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FOI(EWO]tD

In thi_) flrnt (ilopo[ully there will I:l rhone procccdlng_, it war: folt

bo Inorc) Joint I_PA - Univur_it F l_oiDe N_- ll_port_nt to capture the nlood told ntnlo_-

_o_Fch _cnli_r_ it bccnril_ ¢Ic_r to t|l_ phoF_ of tho vilrlou0 _ouuiono. ro_ thi_
o_I_l_e_n of t]l_ _cr111nnr t_itltit1| tllc, ro_oon nl| dluctl0uloN w_In tilp_ _ccoFdc_.

It° TO no_ _o_c_nn1_n_ _n_ _Lnlvc_i_ nl_ch _ poz_Ib1_ of thi_ dIDcuu_io_ i_ _
_rollp_ in fr_iI_¢_ o_cn dlucu_nlon o11 o_i_In_| fo_frl ll_to Lh_ |_roccc_i_,

_I b_ nchli_v_d _cJnni_ii_ to b_ _c_. p_ovid_ _ li_ Of nll _nlv_r_Ity noi_

_d _n_ opon_orci_ _y _ w_ _o help zl_blni_ion of Info_m_ioi_ _bo11_ lJllcJl_o-

_o of llxliv_i_ noi_t_ control _ourcc_J. pI|_io;1 of m_crJ_ f_o_l _|Io_ who rc_-
_t in hopcd _h_t _n uz_dc_t_ildln_ of the pondcd I_ provided in _n _ppcI1dl_.

t_ll _o _4_ful _o _Jov_r_mcn_ _cnclo_ in who h_v_ J1_ _hi_ u_f_lln_ _ou_i_|o If|

_i_ pl_zlnln_ in i_iplc_n_ _ho _'c_|tlIF_- t_l_;l_ _o to th_ _1_ho_ who _o_i_o_ oi_
• _ o_ t|i_ _;oln_. Control _ct o_ 1972, _Imc with thci_ p_i_rn; to II_'v_ F _o_ic_

PrlrJclpnl II_ve_i0nto_'_ o£ active, nnd hl_ _n_oci_t_n _or tholr coord_n_tlon

Ind_ntrlnlly-r_l_tcd c_ea_ch pro_rnr_ e_£ortn _t |_AI _I1d to _|I_ _nF who r_a-
n_ L1nlvcrnltlen w_r_ invited _o prc_cnt pondcd with the d_ that _m_ i_ po_nibl_

(_Iril_ 1975 o_ 19?6_, o_ in |_ro_rc_, or _It_ re_nrch In I1oi_i_ control.

[_l_nne_1 _o_ 1977. I'_p_r_ w_o _ollcitcd

_'oJ©c_._ in _ll _r_n_ o_ _oi_ control I_nl,nlorldCo|icn

c_ce.p_ nlr_r_ i_oi_. _mphn_i_ w_J pl_cecl _ndrew _. _;cyb_rt
on In_urltri_lly _onrlo_d, |inrdwnre Jo_cph _. _ulllvnn

oc_nte_ pro_ect_. D_vld i_. T_

In nil, _9 _eo_l_ _tte.ndedl 29 _rom
_inlvor_i_l_, _ _rom _ovo_nm_nt n_d 2 _Ith F_d_1o Unlvcr_Ity

Ot||_r _lli_ion_. _ to_nl o_ 2_ pnpcc_ D_c_mb_r, 1976

_nnbl_ to rQ_pon_ to th_ c_ll _or _np_c_.
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Raymond Cohen

Director of II(lF W, ]{errlc); LaborL1torietJ

PiJrdl_e Univ_ralty, Wolff L_f_yotLo, Indiana

I would llke to welcome you on behalf Act If* cc.rt,*Inly slgnl[Ic_ilt. Thi_ sumlnilr

of l)urduo Univerulty, t)lo School_ of Z_ngi- wLl! enlightc, n the I;I)Aand other government

_oorlngJ and all Of m_ collcguoo, l_o _r_ ngencles COnc_rniIlq unlv_r_it_ noltl_ contro_

d_11ght_d und honored to ho_t thin prcuti- project_J _nd will provldu an und_r_tandlng
glou_, elite group. Wc hnv_ virtually all of thL, nature, scope, and ronult_ of uuch
of th_ unlvor_Itleu rcprou_,ntcd that _ro pro_ctz*. Thi_ will l)e beneflci_ to

_oing r_orch in noi_ control. _Ye olnitted gov_rllment ag_nciet_ in carrying out curre_|t

th_ _Ircraft f_old boc_ul_e It ha_ l)_en _rogram_ nnd in futur_ p|_n_llilg to ll_ple-
covered If| _mi_nr confer_ncot] all[|_inln_ri*. me_t the req_llrulacnt_ o_ the Noise Control

Tor_orJ:ow t_ft_rnool| i_ all kln_l_U_ _,_- 2%ct.

_lon _or which _ nnk yo_ to be prepared. Princlpnl Inw,_tlgi_tor_J In active
'_O.lOrrow afternoon It_ not a_Ide fo_ _ frc_- r_ne_rch progrnm_ ,_t llnLveroltlen w_r_

for-a_l dl_c_nlon, end we hop_ that you li_vit_d to pront, nt information conc_rnlilg

_111 _ prepared to _Ir yo_3r vi_w_ concer_- their work in l_oi._ contrc_l--work recently
ing _oI_o control _menrch, _l_t%'_ ftlt_re coii1_)|_ted, in progr_, or planned fo_" n_t
rog_atory _ctivitloo, _nd other rolatt_d ye_ir. _iipern we're invited on re_enrc)l,

r_tte_n° _,ve|oprn_nt, and d_.1on_trotlon pro_ct_ in
The tltl_ o_ _hi_ .emln_r l.z "The _iI nre_ of nol._ control e_c_pt alrcrn_t

l_nvlronmc.t_l _rot_ctloI_ /%g_ncy - Univ_r- noln_, _ .unlbur of the leading nol.o con-
alty Nol_o llo_e,(irch ,Seminar". /% g_n_raL _rol e_pert. _t univcr_iti_n in the Unite(l

Incro_.o in the nolne Icv_l prodllced by _tatoo were invlted to Joln nbo_t i0 to 15
Inc£en_od tlno o_ no_-prodklclng cqnIp_._nt, government representative0 to d_cll_ their

nnd _ bettor _.d_rt_fnn_Ing o_ the o_feet_ work _n(1 future noe.d.. F,r.ph._i_ w_o plnce_

o_ noi_o on mnn |l_v_ _|o pe*op1_ r_li_:o on hardware ori_nte_ nol_ control proJ_ct_,

that one of the major probl_m_ tnclng the _nd l)rogr_m_ _on_or_d by In_lu_try received
Unlt_d .gt,_t©n i. r_duclng the nol_o l_v_l priority. Oov_rnnlcnt-_pon_or_d pro_ct_
of our onvlronm_t. _he progr_z! that F,I,/% wlll h_ ll.ted, _nd .omo remark, made nboL_t

|I_ mnd_ in combating _nvlronm_nt_l nol_ the'm, In the corI1p_ndillm _h_t will conotlt_itn
_inc_ nnnc_m©nt o_ the 1972 Noi._ Control the nppei1di_ of the pro_e_dlng_.

John _chettlno, _rom th_ Office, oC

Nol.o _bat_m_nt nnd Control will be yo_r
n_t _p_nk_r °

I','I'A QIk/_C?IV_:_]

' John 'Jcho_tlno

D_roctor o_ Hoi.o Control I_cqulrcmen_ in Technology, _t_ff.
O_lc© oC Noi.o _bnfement & Control. |_i_vironm_nt(_l _rot_ctlon AgcncF

_rb_nk you. flay. I wnnt to welcome _okl _t1[l|)ortcd by t|lo l'_cdernl Gov_,rnm_nt b&it

on b_bnl_ o_ the _l_virollment_l l_rote,ct_o_ al_o r_n_rch nuppo_t_d |;_ iAnlvor_tie,_

_%g_c_,. ThIH _emlnnr i. _ v_r_ important under private _rnnt¢i, r_enrch coildt_cted
ol_m_l_t o_ o_r DI_I] to pr_nt to t|l_ by _n_|_tr_ l_l_g their own r_o_4rc_ nn_

Con_n_ _ cor._roh_n_Iv_ r_port oI_ _ll o11_ flnnDcln_ _nd Intmrnatlolla_ r_nrch
rjol_9 nolo_ r_n_nrch, not only ten.arch applicable to the n_edn of _:||_ Fcd=rnL

Oovernmen t.
B-

i
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I think it might be tlppropriato to 9ime did not i_ur1_it a coliii)rohenoive evalu-

glvo _ bit o_ J)nek_ro_Lnd on w)l_it lliiuled utl _tloll o_ th,lt on(Joint/ work to _Iit,lbliIlh
to rJupport 11 ucrninnr by P_irduc, to try to its r_LQwlncu to tho ncL'd_ oE _I_A ond to

obtlJin the i_forln_ition on ongoin_ non-Furl- _orrn th_ boDin [or _dditionnl r_quuut_ oE

er_]ly Eund_d reI_i1rch _t univ_r.iti_u. I t_l_ Con_r(tnI_ _Qv £undln_ to _lupport tho
gue_ iny titl_ i_ _ r/ood ._l_ce to _t_rt. nocdcd I_ & D° _e ilrc t_ow in t[l_ proce_

I'm Di_'ccto_ of '1'echnolo_y R_'quir_muntIJ ond of doii1_ that, _nd w_ thought it ndvi_nblo

|_odt'c_l P_o_r_r_rJ DivifJlon (}_ EPA'U O_fic_ to llp-d_t_ t)l_ inventory dovelopud in tho

oE I_oin_ _b_tcnlcnt _nd Control. On_ mig]It L973-I_74 puviod. _Io _Luo £elt it _dvin-
wond_ how t_cllt_olo_y r_qulrOlIlcnt_ _ind i1|_l_ to _ncl_idu othor _one_rc)_ that is 11ot
F_d_ D_ogr_I) conlo to,other. Th_ _in_wer covoc_d by l+'_d_l _utld_.

_ie_ in the con_tcuction o_ th_ _Iolue Ii_ ]2 to I_ tilonth_ wc hopu to publlnh

Control Act of I(372. i_ tll_t tho Congre_ _ i_u_ibcr of r_I_ortu _ur_ri_i|_ _|I of th_
did not _nvi_ion t]_it the _nvironr_nt_ ongoing i_oi_ _e_c_c]_. Mo_ i_portni_t

Prot_tlo_ A_I_cy would colnpoto with the thigh Just i_llulil_ _n Inventory, thor_ would
_l_ble cap_bllity nlccndy dovelopud with- be nnnlytJio of th_ reL_vnI_cy o_ that noi_

in th_ _cdcc_l ont_li_hI_t. That c_pD- _u_i1rch to _[_A ,_nd other l"edorn] _st_blinh-

billt_ i_ rc_re_cnt_d by tl_o De_n_tlnant o_ _unt _cquir_n_ntn. For the _l_ut tilna, nll
T_nnI_o_t_tlonl t|_ _tlon_l A_ro_nutlcn 1'_eder_l i_genci_D will )i_v_ n butto_ u_do_-

_Nd _l_c_ _dl_Ini_tr_tion_ _nd _om_ 25 othor nt_ildlng of whnt ot)l_ _ge_i_n nc_ doing

Fcd(.'_I _cJ_nci_ ti_t h_d t'anponuibilitv coLcwnt to tlleir z_cdu. Jlight now, th_ce
_o_ noi_ nb_tcnl_nt _i_d control prlo_ to _s no in_ch_f_i_rllto b_ing togoth_r thin body

th_ _n_CtITl_lt O_ th_ _olu_ Contro_ _ct o_ o_ datn nnd tho r_do_n_ c_pc_tn who _

197_. Coordln_tlo_ o_ iJ_1_}of_o_t wn_ d_- Dponr_orln_ thi_ r(_n_cJl. Th_ only proem[n,
_i_bl_ _nd _co_nn_y. A_ _ i_nttor o_ _ctj o_ which w_ _r_ _wnro, that nttc_pted to

hnd tl_o _onponni|)illtlo_ o_ tho_e ot)l_r 25 _oo_diT_to l_dur_ _u_nrch w_n undo_tnkcn

_ncic_ bean p_o_o_ly dlnc|_nr_d, thoce in nvintlon. That body w_ dlnb_nded
wo_d |_v_ I_._ no _o_ _or _ _oI_o Co:_tro_ _v_r_1 yun_s n_o i_ildw_s not _cp|nccd un-
der or nI_ O£_Ico o_ Hoin_ Abntement _nd ill tho 1"cducnl coordlnntion pco_ram w_

Control. In£tlnt_d by _i_A'_ O_icc o_ ]_eB_rci_ nnd

_ Jol) I_ to _tnbliuh thu t_chnolo_7 Dev_lo|JIn_i_t° _ow, wo ho]_a to cncry out
rcgl_i_umontu fo_ t)l_ _:nvlronmontn_ _rot_c- mo_ ngcJ_e_nIv_y th_ nlnndnt_ o_ th_ Holn_

tlon A_ency. I _ccompliuh ti_in by coocdi- Control _ct. I'm pl_nnc_ w© h_v_ tho c©-

nntln_ the _ctIviti_ o_ oth_ I,'_o_I _ourc_o to do that, _nd tho_o _ou_ce_
_ncion nnd ©ncou_n_in_ th©m to _udg_t _ hnvo _de it pQ_nibl_ to Dupport thin

_oc_Nnr_ to _tln_ OIL_ _l_rcmr._tn, _d n_mlnn_.
to _Indoctnke t[_o _ & D ne.c_nonry to nuppoct _'d liko to c_o_0 my _cnl_rk_ b_

o_c _llnto_y nctlvltlcn. F,ncly in 1974, _nno_Jncln_ tJlnt nom_tlmo within thu n_t

the F.nvirorlm_ntnl _cot©ction Ag©nc_ _0 dnyn th_ f.nvlconm_ntnl i_otuction _©ncy
initi_tad itn 1_d_r_l coo_din_tio_ c_npon- will mn_e nvnilnbl©, in th_ Fcda_nl

nlbility. It _iv©n m_ n lot o_ Dlc_n_c_ [_i_ta_. n ntrntoQy for n Nntior_l Hoi_

to _cknowl©d_o th_ pre._onc_ o_ Dr. l"cnnk A_t_m_nt _nd _ontco_ p_o_nI_° I w_nt to
|]_rt, _om North Cn_olin_ _t_to U_ivo_nlty, _eD_t thnt It in n NntJ_r_nl--not _It f.l_A--

who wnJ inntrum_I_tnL in _t_bli_hin_ thnt pco_r_. It will covor nil _pact_ o_ t|lo

p_o_rnm in th_ ©_r_ dny_ of Z;I'Awhen h_ iloi_o p_o]_lP.in,not onl_ pi_co_ fo_ which

wnn e.mployed _y th_ O_tice o_ I_aoonrci_ _nd _p_ hnn re_[_onnl)_illty. HO _ncoucn_ th_
DavaloF_nt o_ I:_, _o hn_ tha cenponni- publle, Induntcy, _nd univ_r_itien to _Ib-

)_i_it_ nt that ti_o _oc coo_dinntion o_ tho air th_ic cerements, r_commen_ntionn, nnd
_cdnr_1 R & b. An a cQ_It o_ npp_o_i- critJqu_ on thi_ ntrntcQ_ do_l_e.nt° It i_

m_t_ly I_ _onthn of _oct o_ tl_ Dn_t o_ tllc do_Iro o_ tho Admlni_trntoc of _PA to
tha O_ic_ u_ i_n_nrcl_ nnd D_v_oI_n_i_t, it po_'_it t|_a wldent pon_Ibl_ pnctici1_ntlon

w_n po_Ibl_ _or ill© _nvironmantnl l_otac - In f._A'n b_Inin©_ o_ _ntnbli_hir_ p_o_nm_

tion _er_cy to pu]_li_h _nd _u)_nit in mid- to _bnt_ nn_ control cnvi_on_ntnl poI1_i-
1975 to tha Con(Jc©_n n r_port on nll on- tloi_0 1_¢ludln_ f_oi_a. I cncouc_g© thi_

_oi_(/ FedP.r_l r_n_n_ci_ denlin_ with noi_a, body to n_bmit it_ commcnt_ n_t_c rnviowln_
t)l_.doc_m_nt.



LAHN TRACTOR HOISE REDUCTION

D_vid R, Tree

Purdut_ Univurnity
_ent La_ayctto, Indlan_ 47907

IHTHODUCTIOII DL'_CI{II'TION OF TI{ACTOR AND TI_ST_

_n _ r_port by H.J. l_udd and _.I_. Uundcr Hoiuu uourc_ idcntiflcatlon progrnmu _urc

[i] prepared £or tlm U._. Environmuntal conducted on two ningle cyllndur, uixtccn

_rotactloN ArJQncyr th_ [n_Jo_ _oi_u _ourc_n hor_c[lowor l_wn _nd gard_Iz tr_ctoro. |]oth

_cportcd. Thi_ _tudy 91v_n noin_ luwl tot A h_d a hydroatatlc transmission _nd

In_ormatlon about thrco typnn o_ lawn _Id_ uhi_id_ wcrc u_cd a_ partial acoustical

inow_rnl a} rccl mowur 2 to 2-1/2 hp, _ncloaurc. Tractor _ had a ni_ npccd gcarcd
b} tim walk-behind rotary mow©r 3 to tr_numi_ion _nd no nldc _hiuldu. _oth

5 hp, c) th_ rldin 9 _'otary _ow_r 5 to tractorn could b_ flttcd with a thrco bladed

fl hp. Tho r_port complctQIy neglected rotary mower.
th_ l_qcr _nd over Incr_[*In9 _o c_ll_d

l_wn _n_ _d_n t_ctor w£th _ow_n_ H(_auur_mcnt_

In order to butter undcrutand tho data

_[_o Intcr_tin9 _indillg_ other than loyola pru_untcd, _ bri_ dcncrlptlon o_ tho d_ta

o_ rotary mowcr_ _ro r©portod _n ro_cr_ncc t_kln 9 proc_o_ i_ _cod_l. All mc_o_l_©-

I th_ _i_nt which _g_c_B with ou_ _indlngn m_ntn r©portcd wcr_ t_kon In a rcwrbcr_tlon
_nd the mccond which docn notl i) the _oom. '_ho tractorn Wcro mounted on _ dyna-

noln_ Icv_l o£ th_ _col mower I_ much momctcr c_pablo of lo_dln9 th_ tractor
ic_ than th_ _ot_ry mownr_ _nd _t thin through thQ whc_l_ and trangmi_ion or

mt_u tho_© £_ no n_cd to try to r_d_ico tha dlrcctly thro_lgh tha cnglnu.
n_imo Icv_l o_ th_ rc_l mower and 2)

thQ _h_rp_ o_ tho rotary blado h_ In tryi_ to dct_rnlnc th_ _oi_o Jo_Irco_
lltt1_ to do w£th thu cuttin 9 procc_a, o_ each tractor, the noln_ lcv_l o_ the

_o1_owlng componont_ wore ©_mln_dt I}

Vig_z_ I roproduc_d _rofn _©_crnncc I _n_/Inc, 2) _xhau_t, 3) _Ir intaka, 4} tranm-
_how_ thu m_or noi_c _ourcc_ r©portcd lai_ion, 5) mower ducP,, _nd 6) whcr_ po_ibl_
£or _ _olln_-powor©d _ot_ry _oWCro vlbr_tloR o_ mQt_1 nur_c_no
_ot_ that _or _th ty_ tho nlaJor hollo

_ourcn im th_ _h_t noddy. In r_po_tillg thQ d_tn in thi_ paper, th_
_o c_llcd cn_/_n_ nolno _nd tr_mi_ion

_'or _vor_l yc_rm _ow th_ flay W. |Iorrick noi_ _I_o incl_zdcm _om_ noi_ _or m_t_1

Labor_ori_ haa b_n _tudying th_ noin_ p_rt_ which wc_c cauncd to vlbratc b_c_unu

level p_oducod _nd r¢_uctlon mct|_od_ for o_ drlvln U _orc_ con_ing _r_m the i_nginc
l_wn _nd _rd_n t_ctor_ 5-i_ |_p with _nd t_n_mi_nlon.
ro_ry l_owi_ _tt_chm_nto At th_ _m_

t_Q th_ A_r£¢_It_r_l F,_,]Inc_inr/ D©part- A_ much _ po_Ibl_ th_ i_olau _ourcQ ide,nt£-

moist o_ Pu_du_ UnJ.v_ralty [2,_] h_n bc_n _Icatlon w_u _cco_ipllnhcd by t_atin,j ©ach

_t_dyif_ tha ©_ct o_ blnd_ _h_rpn_um, component no[_r_tcly or r_duc£n 9 to _n
_bapo, _pc_d_ otc° on th_ c_ttlng qu_llty Innlgni_icnnt valu_ nli noluu Icvcl_ but
_nd _billty. l_cau_ o_ the con£1d_nti_1 one°
n_tlJr© o_ th£_ work, it i_ not i_onalbl©

to _v_ ml_ch dnt_il _bo_t th© c_ttln_ ["or _X_l_pl_:
q_llty wo_'k. Th_ _uthor doe_ know that

they hava _ol_nd that bl_d_ _harpn_, Tha l_olmu luv©l o_ the mower d¢_ck w_rl

npc_d, _n4 design _II e_n h_vQ _ _t_on 9 obtained by drlvln_ _t with quiet clnct_Ic
_ect on _uttln_ a_Ic_©ncy nnd quality, i,otorn, _h_unt _nd _Ir intako noimc w_n

Applo_ta and Crocka_ [4] hav_ _I_o nhown ductod out of the ro_m, _hcr_ po_Ib1_
_h_t thQ_a _t_ c_ |l_v_ _n _©ct m_t_l p_rt_ wur_ rcmQvcd.

I o_ t|iQ no_a p_od_ic_d |_y thQ n_wcr.

h: 3



The blg.jeut problcE, wao to rcduce the at hig)ler frequencluu it bQcomeu le_s
_nglno noiue 1_vol to low enough v_lucE; iliiporta_t. For tractor A on an A-wQlc/ht_d

_o that othor coiilpont!;itllcould be illunut;r_d° bi1ulo tho e_llaunt noi_ iD 6 dB l_luu than

Z"or o_o _r_ctort the: cngi_u wiiD watur tho englne l_OlUOo Wllilu for tractor

coolud by pla_l_ copper ttlbuu Inuldu the _h_u_t ztols_ _ind _nr/Inu noi_u arc
_|I_ air _Ino and th_n thu _n_/Ino wa_ wr_Ipp_d about th_ _alnu.
_ith a l_ad _]Icot.

In order to i_vu_tlgatu th_ _lhau_t and
I_ Ellsn_¢aUo_ it W_U _tI]l ncc_u0ary to othur _oi_e i;_ [llor_ dot_ilt on_ on_i_

U_u t_iillogarltll,lic rcductlo_ nJuthod to wa_ wrapped with l_ad uheet_ (a_ dlucu_u_d
obtain th_ noluo Invol. _arllerl t_ reduce It_ noi_ l_v_l woll

below t_lat o_ the unwrnpped cn_/Inu. Flgur_
_"or _xaln[_l_ in ordor to obtaiIl t]_o u_]lauut 5 _how_ th_ E_oi_ _cv_l of th_ en_In_

;loioos hi| _olu_ uourco_ w_r_ cliiT1inatcd b_or_ a_d aftur w_a_plng with leaded
_c_|_t thu _nr/i_u_ Iti_ nolo_ Icv_1 wau uh_etl;. |_ca_u_ o_ th_ problolIl of thu

inoaIlur_d. T]I_ c_hauot lloluu and _ngln_ lo_arlthmlc roduction En_thod _OlIL_ data

nol_e w_ru then r_cQ_d_d° The u_h_tl_t for th_ uI1wrnppud _ngII_ is l_lu_In_.

nol_ wa_ th_n d_ter_in_d by iogarith_Icly
uubtractin_ tllu _ngln_ Ilolu_ fro_ th_ Fi0ure 6 lJhow_ th_ _ffcct o_ tho muffl_r
colnbln_d noi_o for tractor _. '/'hid data w_r_ takan with

th_ 1_ad wrappcd _gln_, alr Intako _h_u_t_d
Thi_ _mthod h_ oI_ _rlouu draw b_ck out o_ th_ roolrl, _ll m_tnl pnrtu pouulbl_

_ _¢t Val_o_ ar_ n_od_do If th_ col1_i_ud wur_ ru_ovcd, nild thu traNunllu_io1_ wau

l_v_l i_ not nt l_ut i dl_ hlghcr thnu dl_conn_ct_d. 'rh_ _Ir:it .lrnph _how_ thu
t|l_ _n,ll;lo nol_ it i_ Iill_oa_iblo to doter- noi_u l_v_l without a muffler, th_ _c¢ond

J_In_ th_ _act valuo o_ tho _xll_uut nol_o, with thu prod_iction muffl_r and th_ thlrd

If on_ only wnnta to d_t_rmln_ if _ noi_ for tho oxhauut duct_d out oE th_ room°
_urc_ lu _ _laJor _ourc_ t|_o m_t|lod off_r_

no r_ndy di_adv_n_ng_. Thun, in _olno The grnph _how_ that tho inuf_l_r do_u n

o£ t_lo nbaolut_ dnta pr_a_nt_d l_r, v_ry _lood Job in tho high froqt_ncy ran_J_.
thorQ aro _r_qu_ncy ran,Jc_ wh_r_ _o dnta In _act above i000 llz it r_duc_d tho noi_

ca_ bQ present.do 1_v_l to a valv_ v_r_ c/o_c to th_ wrapp_'.d
ungln_ _oi_, nlmo_t 10 dD b_low tll_ pra_ont

DATA _D _SULTS un_In_. Th_ graph al_o _llow_ that th_

mu_lur dou_ v_ry llttl_ at low _r_ql*_nci_.

_ff_ct_ of Lond n_d _d OI_ thu A-w_Ightud _calo thQ mufL'l_r r_ducon
th_ noi_o by nbout 6-7 dD[AI°

Fig_r_ 2 _llow_ _ typical plot o_ tho total

_ound _wor _tl_pL:_ of tll_ tra_tor_ ao Tha big di_ro_¢_ _tw_n th_u two tra_tor_
a _1_nctlon of JpQ_d° _ c_m|_nrl_on o_ £u th_ tran_mi_alo;l u_d in _ach. ["i_lt_ro]
t_ _bno1_tQ valuo o_ tllQ two tr_¢tor_ _how_ that _or tractor A, tho trnr_Jmlu_lon

_ho_id no_ ba _IndQ _Inco they w_ runnln,j i_ th_ moJor noiao .ollrca in th_ high £r_-
undQr dlf_runt ¢ondltlonJ_. T|_ grnph qtl_cy rnng_ and on _n A-w_i_l|it_d b_nl_

down _l_rlF indlc_t_ t_1_t tIl_ ;ioi_ l_wl in onl_ i d_ low_r thnn th_ _ngln_ noln_.

prodL|¢_d _y l_oth tr_hor_ _ a _trong Thi_ plot i_ for t|)o _n_Ir0_m nolnc _nv_l
_unctlo_ o_ _p_ad. outp_:t o_ tlm trnctor without mowers.

_hi_a _'i_luro 4 nhow_ thnt t_)o tranami_ion

A _oml_rlmo;_ o_ tho _ou_d [_wur out[_ut ;_oi_o for tractor I) nt nll _r_qu_n_i_

_ a _*nctlon of _g_n_ 1ond (n_ fond i_ w_ll b_low thn nol._ o_ _ha an_/i_o°
to _t_l_ condition| _or _vornl _11_faront Later t_ttl _how_d _h_t thi_ w._ not th_

_p_d_ for _)oth tr_ctor_ _howcd tllat th_ _oi_iout tran_ml_lon conditlon £or thi_
noln_ o_Ltp_t w_n a vI:r_ w_k function of tra_tor° A1thot;clh tho _oi_i_t ¢ondltlo;l

1o_d. _n _t c_o_ wll_r_ th_ noi_ did w_a onl_ 2 dll[A) hlghor thnn tha on_ r_ort©i1
In_rQa_Q _. thn /o_ wnm Incroa_d_ it ¢ot_Id and n¢_vnr mor_ thnn _ d_ in any I/3 o_tnv_
b_ nhown that mo_t of t_iQ Incr_n_ctl nola_ bnnd.

w_ dtl_ to Incr_,n in th_ noln1: l_rOd_ccd

bF n_m_ met_l p_rt vlbr_tlncJ. ._ow_r D_ck

_n_nQ_ F.x_*_tf a_d '_r_n_mi_lon Noi_ t'igurofl ? and _ _|iow tho nolN_ l_vol in
I/3 octawn o_ l_th mo_r d_ck_ a_ _ i'un0tlo_1

Flgur_ 3 _d 4 _ho_ thn no_ma l_v_1_ o_ o£ _p_:_d° l_oth _ow_ra _how _bo_t th_ _nm_
thn ©n_na, _ha_,_ and tr_n.mi_.ion o_ l_v_l_° Appl_gat_ n:*d Crock_ [4] h._v_
tr_c.tor_ A _l_d _ r_ctlw:Iyo Tho two dIDcu_d i,ow_r Iloi_ in d_t_ilo I_, will

_r_ph_ _ho_ thnt i_ th_ hlgh_ _r©q_l©nclo_, _ot b_ rup_at_d har_.

th_ _n_InQ o_ both trn_tor, in n mnJor coLl-

trlbuto_ o_ n_i_Q° Other Noim_ So*_r_

_i_ t|l_ ©_h_ll_t _o_n_ in Im_rtant IJ*_t thu t_ctor _r_ w_ll b_low thonQ dl_n_©d



above and ore of little Importance at Clearly there is o need for lawn tractors
this time. Briefly all©cussed bclol_ are to ilnve noluu reduction rost,arcb done on th_

the rosult_ of come minor nol_o sources. _n_ino. The dllthor fuels that wlth llttl_

work the noise level floor of _ll typos of
Th_ r_Inoval of the side p_nelu from tractor lawn mow¢Irs will hu the engine.
I% _bow only a ullght overall lncrease in

dB(A) lowll. Some I/3 octave band actually It is surprising to tbls esther the small

incraauod bocauoe of the vibration of amount of noluc reduction work bulng done
the Pnnols. on tiloso small englilos. Th_Ir u0o im not

limited to l_wn tractorn.

Whllo tcntlng tile load wrapped englno
o_ tractor Be all possible ll%utal partxJ The ronearcb work _hould tails two diroctlonD.

wore r_l_ov_iI, flnduros hood, _tc. The A careful oxomlNatlon of the noise _ourc_

removing of tbuuu parts produced a rcduc- of tilL' engine _bould be undnrtaken. Once

ties in til_ 200, 250, 315 liz I/3 octav_ tblu has been acco,lpllail_d, rccolI_olldation

band. A 9 d_ r_ductlon was noted in tbo for engine redesign to reduce noiue can be
315 llz band. There was no effect in the given.
A-w_Ightcd valllo.

A uocond approach should be tllo study of

For both tr_ctor_ the air intake noise enclosures or parti_l onclouuru_ to reduce

w_ very low, Cvo_ _uing the l_ad wrapp_d en_Jlno nolsIlo Ollr ro0onrch _llow_d although
_nglno it could only be l,costlr_d at fre- tractor A ll_s sld_ panels which _orv_d am

quonclem bmlow 1000 II_. a partial enclosure, t|l_y dld little to

reduce the overall nolsu iovel output.

COHCLUSlONS There is no qoe.tion that tlluy did chong_
the dlr_ctlvity pattern o_ thu tractor.

Tb_ r_aulta of thiI* study .hewed tilat t|Io

nols_ luvela in order of Ira|torrance for Tbu B_rrick Laboratorl_u is working in
both tractors w_ru both tbom_ ar_a_ and hope to |lave tumults

to rupert shortly.
Tractor A Tractor B

APPBKCIATIOH

I • _ngino I. cnglno

2o tran_mi_slon 2. u_hau_t The ailthor would like to e_pr_ approcln-
3. _wor do_k 3. ©swat dock tion to tbu following graduate ron_arch
4. _hau.t 4. p_nol vibration aunl_tant_. All of whom h_v_ worked

5. _ir l_takll of r_movablu with the silt|lot over the y_nr. to producu

G. p_Inel vibration p_rt_ th_ data r_portmd I. till_ pap_r. Listed
of re,movable |>_rtn 5. trannmi_ulon in the r_furenccn are puhlicationm which

6. air Intake they wrote from which tb_ data of this
p_por wan tnk,_n. They arms David P.

Some ©_perlmontation with tile transml_.lon _golf 15), Katbl©(_n H. Hill_J [61, Lorno

o_ tractor A Indlcat©d that that vibration H. Tw_©d [7,01, and D_an<_ b. Jaeger [9}.
probl©m of part_ of the tractor may bn

[_or_ impo_tast thnn th_ two flats Indlcat_. |i_:FI_IU_'HCf:S
Som_ ©_p_rim_ntml dat_ wore taken on the
tran.mlmmlon oiltmld© of the tractor. TJllf_ 1. M.d. [hldd nnd F..K. if(alder, "Lawll Howorl

data ©hewed that th_ noim_ produced by Holse and Coat o_ Abatcm_llt", B_port He.
th_ trannmi._ion o_It_Id_ fbo tractor was 550/9-74-011, O..% f;nvlronmuntal Pro-

much l©m_ tlmn th_ nolm_ of tile tr_nsml_nlon toction Agency, J_ln_ 1974.
a_ mourlt_d in t|In tractor, Tills l_nds

to th_ conclilnion that t|l_ tra_nmisolon 2. D.II. Lo_wQr, "Cutting Hfflciuncy and

Im driving othnr pmrtn of the trnctor causing C_Itting Ooality Study of a Lawn Tractor

thm_ to vlbr_to and produce nol_o. Mower", H.S, Tbo_I_, l'urdu_ Univornity,
May 1974.

_iom_ _nnmlrum_.ntu of the u_oin_ outaldu
th_ tractor Indlcat_m that the tractor 3. D.II. Lo_wI_r, "Cllttlng f'.ffIci_ncy and

_Oy may b_ acting _n a l)artlal acoustical Cllttlng Quality 'Jtildyof Hatmrlal Hov_-

oncion_z_ for ibm _nglne.. M_at within a Lawn Tractor Ho_Ior an
Aff=ctcd by the flower Jll_(|o Design",

It Im v_ry clear _rom thi_ work_ that the Pb.D. Th¢Iml_ P_rd&lo Univornity, Hay

_Jor _oi_n go_rc_ of _oth tractora ia 197_.
th_ mnglnn. It Im al.o clo_r that until

thla nolm_: _0urco i_ redfaced, r_dtlction 4. li.L. Applugat_ and M.d. Crocker, "lieder-

of oth._ nol_ .cures. will produce very lag t|lu Hoi_© of a ](story Lawn Hewer

l_ttl_ nolm_ radtlctlon on an A-w_Ight_d lllado", Holnm Control Hngln_orlng, Vol.

l_val. 6, He. i, January - February, 1976, pp.
30-34 •

t



5. O*['* JJ_olf _Nd D.fl. TROD, "[{oI_a 80 - ItALK-DEHI_ID 80 . ]tIDING
l_oductLon and Cutting Efflciuncy _tudy
of _ |,_wn T];acto_" t ll¢_Erlc}_ Labo_ttorlc]I&

[toport, Ill 74-47, 0optefnb_r 1974. 75 75

Go _.H. BuloJ, "£_Di,_ _ourc_ Id_ntlflcn_io_

of _ Gn_don T_ctor"_ |in,rick LairDly- _*' 70 --i

]Iolatad Nolaa", Horrlck Loboratorloo

Doport, ]]L 75-47, |lov_mber 1975, ,_

^..ly.lo .,,. oo.l, of ,,? ,,i
Acouutlc _nclo_uru_ for Ai_ Cooled 55 !
ZfltocnaZ Con_bu_tton _n_naa", llorcLck
Lnbo_ato_loa |(oport_ HL 76-2, Jalz_a_y

1976, FIG, I 5DUDD _0U_CE_ AND I,_VI_ Of" WALK-DEIII_ID

9, D.I_. Jao_o_ aa(l D.|_. T_eo, "Noluo AI{D ltIDIDG LAHN HOHEIt._ FItOH ItEl". 1
_ml_c_ Zdontlficatlon and Hollo l(_duc-

lion of n _all Air Cool_d Intnrnal

Combuntlon HrlCjlll¢=", D_r_lch Labozato_ia_

l(o_ort_ Ill 76_36, Octobo_ 1976,
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"Lawn Tractor Nolsc ]h!ductlon"

prcsefited by

D.ll, Tree

D ?_:CU_;_ITONI

D t lh*.t.rl D.II, Trr.c.'.

The fir.t slldc yotl showed had two Thntt(l because they would not let me

lawn l_tOWer tyIletl yotl W*_re cora]iiii*ll_, l_]]at _(Ivc thi!ra to you.
worm the nlnilarlt£cn or l[l:llllmllarlties

between the two? D_.,1,_on:

D.II. '?'reel Well, the other qucatlo,, 1 have If: of
more #_cneral interest: what is it about the

Th_ first i*lide way repl'oducell fro_ an Unlveri_Ity that mftkc_ this work pertinent

I++PA report which wan prepared by llolt lh!r- to it compared to liolfl_ similar work Ill

#tlle_ _ IIew_il]. Whn+t they did warl take _. industry itself? Did yotl do t]lJu work here

lar_e /lumber of walk-behind and rld_sll because the lJponuor d_d not have the facll-

ZIIOW(_I'I_ Wk_ch _lcrf_ _eIIs tkI1l] about (]-12 JIP, itle. or i. there uometlllng unlquc abollt

and the rcnult_ were averaE_d for all glowPrn, this kind of work that makes It flt the

II. Itrock : University?

Dave, do MOlt httve ally idea Of tile war- D'II,T,,'Pr,eI!:

latloIlu yo. Would exp@ct ill your results If Nellp the ulllqtJencsu of tk_iI work _n

_'oll .WltChQd coi_i)ont_ilts h&it k(_i)t the sztmo frtr as We art. concerned In the tiillqtLeilCsfl

_OWOr i for _xltmple I If yotl ehltnpIcd ti+llll_mls- of the I_ay W, llerrlck Laboratories in tile

_iona hcopi;q< the same type would yotJ expect fact that we do a lot of .ork for lhdltn-

to t_ct _imilar re;iult£; of wotilil yell (+xpect trial pQopl_, Oite of the_e two companle_

n lartie varlatlon7 had the facllltie, but not the manpower

fl. II. Tree_ and they thox_tO[t the work could he ,lolle
" better nt the Lnboratorlen rttthel" tll¢_ll

_0_ _ iloNlt _-]llllk _()&l WO1_id t_et _ilc]l htIWlllt_, tO hlre tile manpower to do Its So

wr_rlatlon, For eKal,iplc I If yol_ awltched to It wasn't the tllll(ItJePLentl Of t]ie WOPR I _¢_ny

It illfforcut hydrontatlc tAnlt yOtl WOtlld t_et ill[lllntrlc:i COllld (1o it, it wat_ the tl_iqtIQ_

ohlfto ill p_kn. but I thl_k the car, Ant hens of t,h_ Laboratories thnt wc do thl_

Wottld ,I.iii kS the (lo_llla/it /lol_c _oxlrce. typ_ of work for lildtlotr_',

IIt .t._,at C, Ilurnt i

Flr_t of all I dliln't ui1d_rnt_lld the Could yOU II_V_ tl_ [t qtlick ru_doWl] Oil

r_fqronao On tile power Icvelno the type Of nufflerl_ On these CIIMillel1? %4('_+e

they more .ophi_tieat_d7

_,I_, Tryn,

Yen, the_c are yel'y nlIIiple 4?.%_iP+rLl_ion-

tyl>_ muffler..

lO

.+ !:'_
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J. II. Ilnl.|i_y

.1. ^. llnllllcrhnrt

Cl_lltei" {or llicoUlll.|cli). !itull|l._[i

llnrLIi ©lit©lille _;tlitl_ Llnivi_rnlty
ll_lell_ll, It©rib _llrolln_

lilTItIIIIUC'I[OII |cvelil el i!fforl: ere dl_rlcrlllcd In Li!i-lUti el Illfilllleilel"
lilld lllllrtetriry lillllllort,

_lll= CcntQr [ur Acouuticnl _ltulll©n (CJ_!I) llecall_ le-

vel.veal in i_llilch pr_nn nolnu collLrol [ollotllllll lu- IU_IUI.T!;
qUi+lciila h)• ii lltlmbcr ol_ colnllnllil=rl fr_la the IleLnl-

[orlllinl_ lildUllti'y. Alter lnltliti i_tliilicn ntld review |ll the mli_ority of pliilch llrena lil)©rntlu1111 , tll_ llri-
o1_ thl_ _li._rattlrci, 11_ witB nllllilrcllt thul_ lll)lnu lit©i- in_ry ilolcle nour_ell tony fi_nernlly be ll.rIDullcll nil
lcmI in la_tnl[orrlill 8 _lril formidnlllci lilld r©aily oolu- 1) _|r e]lhlluaLll, 2) 01cch_lliciti lr_llnctn ihirlllli Llic

_lolta llrli llot llv_llnlllo. ©lily m_dl:ilt llrollre_n hail llllnchlnB eye|n, ntlll _) hnndlinl_ el [lnlnlicd llartls.
hctiu i_da ill IItlilitlTIll I_tlllforl_lllll mac[llnery dcnDILe /% ty[llcnl ilolon Olllililture of n il|nFlie-i'y_l© ollnrn-

relld_ly nckilowirdtlell |illlh ,loin© ).c¥lln. _hin m_y ll_ t|uli el nil ©lice-hick , lll_llil_ill|_ I_rclln 11 ellOWll In

I_L_rlbu_i_l In ll_lrt to thll ill.ill©ulrich cul:ouu_crcll Figure |. _lic vnrllluil ©vclltn thllt occur dllrlnl_ n
in rlennurlll K And nlei_iylillll_ lm[u_ct Iio[_o i_llll vibr_- ©yc;L_ I_ny bll ldcnLlflcd nn I) clutch nctuntlon,

i.ll_ll, _l']lu ©xtl_lllllvn [rill_hlCllLntlon of l;hc Llldunti'y _) lmllncL el the rn_l or= th_ _tripll_t+, _l) liiiDncL el

_lllu hnn COlli.ltlllll!.ltl i;o _hil ill:erich el lln[urln_l_l(In th© nLrillllcr eli th0 workllie©Q I ll) llliilchlul_ o_ tile
oil lluin_ cen_t-ol, worklll©cc , lind 5) n(:l;ulitioll el tilt: |lrnko.

I(eliu_ri_h on I_LnifurlltlllK mncillni=ry lloi,o nnniyilill I_llr tll_ lllirllorle¢i el thia lllll)l!r, ©lily _11© nit ©ll-

liDl_ail ill I.hll Aiittll" O| |lJT_l llitll il pilot IltUlly aUll- linunl_ nnd mecll_nic_l impn©ts will lie treat¢cl. 11m
llOrttd Ill I l_l]or l_ilulA©tli_ln_ Eollipnllll. _lo|lll_ _lllltflil of tim twin= litlq [o the Illlll_llll_ el llili_ll_ll

chlll'luLIIclll_l_l O[ _eili+ni a@le_l;all i_un;ll llr©linll llnrt, Civil I lil Illl]lll_ _ltlllll I lie lilnlll_ b) I telativel/
lll]rl illlinidi lll_(l ii outlier Ol lIolne DOIl_(_el I#l_ll Mmlil_ tichnlilllon.

£din_llle_l. l_liniqu©l lllrl_ iI©vlloped lot lmp_:_:
ilolnl in_lynln, _n_ ii ll_lLlt_l _ll_toi_li wan llcvllollCd AlP, _IIAU_IT_

_o1_ till lrl liilllllltloll o[ IlUll_ COllt_lii tlchliiqllin_
_hl renull wnl it ll.w dlnKrnl wlii_h ©Ill lie ila_ll _tl_ Dlllcndlll _ on th e ll_[clil_ll' oll_rn_lon, it ilerlllli_lni.

llvllllll_lllll tim lllnllillitl ill IlOlue colltl'o], through IBOtlrce o[ eel©l© iliirll_l_ illlllll©-clcl_ _ll_ntloll el it

¢lllllnm=rill_, llorlcll litton lily lie tile O1i_ ellhnuM: nlirlil_lllt_l _ltli
]lnl:l_lfclc ol_lr_l_liirl el" thl] Clutch lind ill'eke.

¥.ll_lnK till liill_t II_lll_#l tllll I_LIoll_l liml;lt_t_

for O_uplLIo/l_l llnfil_y mid II¢_ltli (ill©fill) proviilld TO llrovlde a ilnin ll_s= for till llAlUntlon of l-.vernl
IIl_(l_={ iOC I llltlJOK ll_nl_li ill:lille nolnli r_lluctloll Ilcl- col_rcl_lly nvnilnhlo c_|lnilni, lllfll_rn, Lentil _ira

olllirllLIoll, lhli l'tlelll'ch Will i:o0illlCt_d over I nl_- CoillltlcKlli Ill the lhirth C_roll_ titate Onivernity
llOll IOllth llirlud ill {ill pinnt of tile llfor/lln_lonid _ncctlole fa_ility. I_l_lrin_ I_liill tl_t_ tile i_j_ul-
¢om[lllny, Uauli lill)_illllri tl%lt I_O _ICOI_LI lIOilllll llll_l IlVll _Oll_ll level I_ [h©nllllrl_ll ill ill ftlrictlon ol tim

vibl'_tlon d_tn lleiml lllan_ tlll_ll lll]_ nillileqill_l_ nlitli- initial _llnull_ lirenlllirl. Ill _lllll_lOll I _lil i.|lll _l-
_flil lrl till CA.li llborltoriln, Hilchinu it©conn, marl- quircd [or el_h ill[lilt _o I_hlUli. fill 0,001 Clllli©

tl_l* l,JrIlUliChll_i tool I_ll_d ilia work. mq©llllil _p©r- met©r volul= w_l monltilrell. _'lll iIl_linult tltl dlt_
Illill_ll I lu_ _chnlc_l llnlt!:lil_lll lrol lotll" il©lllcrl el w_re il_CelllT_ to lnour_ that II llllr_lciilllr lufllcr

th_ rnlinierl_l I Itl(l IliUm lilOVl_t©d by LIll cool)lrlo_- did no_ llnlhll I riot[let tim el_llnUn_ nll_ thul _Oll
lllK COllllll_, plI©L) _ llitlll'll ill llltorln& ILlil C_ci_ till ill I=lll

brnk lII8 i_yiit _,

Jlll_ I)_lllnt I_lla C&._ in co_du_tl_ B I lolls'till liroje_

lilmi_ II_ optimllltlclll ill to, lieS [ill" mlnltllllt frill- _llU tyllou el lul_ficre teat©d Wll'll l) lll)_lilln lit©till I

tlir_ nnlll ill I_Uilchinll. _l'l_ll _i,d di= ileilliil _m _ell 2) re,till llilw, _lld ']) ll_ruil_ plnatlc.
In mlitlllllrRlclli lllllOCtl (if punchinB ntn belnl% COII_

Ildaltd 11% thlil Ifliirt. Typlcti tilt. rilluitll Indicate tll_t, it [it_niur/a

i _Inultl Ol piil_ch lit'oil ll(llll control i_fnlr_rch nr= CO _ I|ll lay Ill r©nillcd ilellClldl_l _ en tim imrtlcul_r

luirllld ll'l Llll loil_lnK tlcllonn. Ill I_lhll_lon_ Lypll o1_ lulflcr lOll©ted. It IllOiild lie lilltell thlit

ll



th© reduction Lii n plnll_ envirlmmellt m_ty tl(it be iln v|l)flttlonn ¢ontrltmte alBllLf|cantly to the rndllltcd

dralnlttie an tl]ltt _ttnltled III o lob©©©tory nitu.tlOl_ oourld prennnre level lJ_lrirl H th© i)llnchln8 opcratiotL.
_JtLc t_ other _otl_ceu th:tt 1slip t)_ p_u_ellL, It1 flt_t j

4lit _'viziu_t|on el n_v_Zl_ nln[flerrl _n it p|nnt i)lle_n- !_t)t:l_ llltll_]tt lilt© tnli[_ro_ntldllll( ¢3f _ho shove ol)n_-

Lion yielded ii mnzl:_lJnz nol_ reductlntt of tlnly Io vnLlozm cntl be _nftted I)y con_iderlntt th_ reupnlme of

dB, simple nynterUrl t(] trltnnient excltntLon. For .1 nlll-
_le-deS_ee-of-freedo_ nyr]tel_, iL ctln he shown that

]_or air _c[t)r nyot_nt_ un©d |11 p_rtrl [_ltntt]|llt_ _n _ht!ll t]lC r_ztlo of the plJl_e dtlrll_l(in to the ny_L©i_

uit_llzf[|ed ztlr J_t cnn _eDcr_u I:_ptlit;Iv_ _llttrlt] ]ev- Z]:lttl_-lll period ll) iiittc[i ie_n _h_ln otz_ tile tll_xlmugl

ul_ of llO to 125 dl_, Co;_n_rclal silencer© fc_r nit _eapulmt! of the _ynLenl ©scum nf_er the force has

_Jector ny_tefqn Cllll r_t]tlcu thin l_lpulnlv_ _otztld |cv- tlrl)pp_d to _ero, _11 thin cn_e_ _h_ _e_jn}tlU_n ¢_11 I1_

_1 by nlor_ t]mn 20 illl _L ii typ|clll _ytJtcm opcrntlnH reduced by lncre_tllitt_ tile mnno of the o_ruc_tlre, on

pren_tlre of Q0 pol_l* _thcn the nil©ricer l© properly tim other h*1nd I _h_ll the _n_lo el the ptllae duration

position©d, th_ force ill _h_ _ork[;l¢ce in tt_ learnt to t[l_ nyn_em naturll] period i0 tauch _rc_ter than

equivalent to _hat produced IJy lm open Jet. _ln_ (l,c., tile for¢_ In iip[_ll_tl nlowly) p tile inaxitlll_m

re©lit)line {]c¢_Jrn while thu for_e In _tc_lt_8. In thl_
tlliCllA_IC^l. IHI'ACTS lntt_r cltoe_ tht_ rer;poll_ L© Invernely proportionnl

to otlffneo_ i,e. I lttcreltointl th_ n_iffrlen_ O]llJl_Id
T]I_ _nl_lynl_ of typic_lf punch pr_ nlHt_llturt!n lndi- rethJcc re,penn© ntLd hetlce reduce nold_, _¢helt the

cltte_ tllnt Lher_ nf_ _;_tly cancn _11 w]tieh the do_l- durntion of Lhe force l© equn] to ollc-hn|f the Ilntu-

ilaltt source in the tletunl ptlllchltl_ ollcr_tl(izl, r_l period of the nyo_cnl_ n p0eudo-renollnnee csiutn.
Control of renoOnltt re0pt)ltO_ enn b_ achieved ]Jy de-

Dtlrin_ the pullehin_ oj_ernt|otl_ both the mnchitt_ ct)m- Lntl|n_ tile ny_tcm nr nttdlnlL tln_[llll_, tlo_©ver _ t_n-
pen©sin _nd tha wt)_kpleee _ill be a_ll)Jeete_l to el- fold In©felts© ill th© fr_ct|Otl of _ritlc_ dsmp111_

t_ultnlleOUO lr_piilnivn for©ca u[iich will re_tJ_t ill remll_ ill _ decr_'_oe Ln mllxlmu_ _'_n[iotls_ of ©lily
_oul_J rndl_Ion fro_ the _nuln 8 vlbvutionn_ Tent _llJout i_ille per ©©tit, T]tu0j d_mpitl_ hnn 11_tle [lo-

r_nultn h_vo shown thnL dir_¢_ sflund rntlLitt_o_ front tcn_l_l [or r¢lhJcln_1 punch pl'coa tlols_.
tim _orkplcca c_l_ t_ dol;llllnnt _¢ll_n the ilim_nlotl_

of the _¢orkpI_¢c 4r_ equal L© or _re_r thnn the The l_pDrtnnee of tlle_© connldera_|on_ of punch

w_v©l_ll_th el r_d|flt_tJ _ound. Prom _ _r_e nu_b¢_" _;rcon noise ennllot Im t)vcr¢_phnoiged a_ _h_y ben©

of f_cltt_ilCy almlyBcn _ hn_ beell obn©rvcd that the dire©LIp on th© pt)n_lbl_ mUtlhld_ of cOllLro_lin_ th_

nounal _['¢¢trum [_lldn to I)nak it©lit _00 I{_, Thu_, v|t)ratory _o_lonn ihlrilt_ iit_lletl J)r_n_ npo_'AtJOlln.
_lt_n _h_rn_e_'I_Llc w_fkpiee_ dl_ell_lclnn _xcc_d

itbout four lnche_ (IO,2 em)p nl_llific_llt 0OUlld fadi- For ¢_n_p|u s whett workpJ¢¢_ _rcso _ra _mnl|j a_ In

_tlon ¢Sll lie expected [rom tlt¢_ wo_kIli_¢e, i_i_c¢-portn oper_tionn, the vll)rntiolm of punch

i)r_n_ componelltn ent_ b© expel:ted to be the do_lnnn_

_lt _xll©rl_tlt wan cones|veal to u_ll|_© tltu nfor¢_t)- _ou_een of noin©, Du_ _o Lh_ ch_rfletori_tlc ttur_-

itch 10form_iotl to _nven_l_t_ ilia relntlve _oxl_rl- _lot_ el _h_ l;t_n_[lln8 p_rt of tile _cll|tle cy¢1¢_ tha
tJntlQ_m of Vlhrntiolln nf _aehl_o eta[loller;in and tile r©_ponn_ ill the _tructn_ will b_ controlled pri_nt?-

_rkpl©ce in _ound rndlation _hJrlo_ ['unehins, Thtn lly hy inertia _Jfcetn, ^ _ubatan_lal lncre_nn In

©_p_rJllt_n_ CL*l_tllfltt_tJ O1_ _ _©rleN of tl_ot/_ ill which *1truct.t'_t_. inn*in l/I r_qn|r_d to nchi_va n _t)dur_tta

only the *1r_a of th_ _nfkpl_ce t_nn varied. The©- rr'tJtlCtJt)ll in system real'©line. Tllercfora. in opara-

r_tlcnliy, thin vnri*1Llon nhmdd have had no off©e© titans t41th nmntI wor_plcccn_ |t nppcnrtt necenltAry to

on thn r_nctiol_ _orcnn on tim ;anchlne ttllll tltnn lit- u_llize n prcon of :lnlmtnntiltllJ* hi,her tollna_ c_-
tl¢l effl_c£ oll I_h¢ 13o1._ rndJ_tt_d by mnchLl_ c¢_mpo- p4clty I_h_ll would bc Called for *3it th_ bnmin on* th_

Ileltt:n. Oil thu othqr h_tnd, the slulut_ r*1tll_t¢.tl b[' tho fortaln_ spurn©loll. _'[le unt_ ©Jr _t lrtrSe e_lp.'teJgy

tcot'k_l_c_ /t[tt_ttitl J.ntLrnqfft_ telLh _11 Jtlct*t'*1flO In gtra_, prl'_S l/I i_eqllirt'tl _0 providg" I_h_ tn_111.1_¥1_ otru¢_ura
Ru_ultrt _l_O nlH_wn In Yigura Z_ t_hlch 1'1 n ['lot of nee©nasty [or control of _trueturnl vibrntiontt.

mtrlpprar Itnptlct nnd I_Ullchln_ noise no .1 /line©ion of

w_)rkplnee _r©tt. Hhcll th© _orkplrca nl_e lllerenn_s no tim© both work-

ple_u and _achine CO_l_t)nen_ vihratl.na nr© sJSftifJ"
_la c*_tl be It_ell that _or worlqdeen *1tea*1 lean limit 25 cant contrlhucorn to tile rndl_trd nt*_nd, nl_niflctlMa

nqtmra lncllrs (16l,_ aqu_r_ c_ntJllletur_)_ tll_ p©ak iloirltl rl!dl_Ctiott e.111 I)e achiever] silly Ii}, c{lfttt_o_li;*_i

_oun_t l_v©l lit ©oDcnl:i*111y c0notnnt. Thin in .1.1 ©X- both _vurcca. fl_ moot prolfnct21on n_ttml21ogli It. _Jl_.
pc©lord [ror_ connld_rttlalon o_ tJt_ Ir_dln£1ort ef_lcl©n- ttc*t hu eeOllomicnlJ.y fetanible t:t) cunntrnill tht_ _n_k-

c[' of the t¢orEplecu _lne_ tile Cll_r_cttg*lNt£c l©ll_th piece or to otlbntantlally Increase _lln rannrt of tll_

for ;;h_ _lr+_n in 1can thnn _ lnc),_ (12.7 era). 011 _r©nn itself. Ii; thin ease, the _nly v_nble niter-
Ith*1 othar hnnll_ *t_ tt)_l w0rklll,_c_ nrn_ _n l[lcr_fli_l_tl ii_ltiv_ for nollte reductlnn nll['enrn to hn 111 tha
['ro_ 2_ to 100 _qunru Inches (16l._ to 6t,5.2 squat© _ren dr retlueil_ the forc_ l©vei_ lttvolvc_ durbar

C_ngDqit©r_)t the [l¢_tk m_utld lev©l lncr©nn£*1 Ily nit the ['unchln_ Oll_!ratIoll.
Aver'sKit (If It tin. _111n result in .10 tcouhl ba ©_-

prcr_d If vibr*ttillnu i)f tho ut_rkplece nnd machine ['or n BLvcn opera©Is;t, force redaction cntt he _teeom-

_omFot;entn contrlbutnd cqtmli)' to tile nOtll_l ['ill, hell by 1) fedllcin_ th© p_tzleh-dl_ ©it'rtt'ftn¢_ or

xlc)lnn l_v_ln nr_ plotted lot" n flat I)UUlCh op©r_t©d

_'rlt_l thcnn I_ultm. i{; ;mlnl_ ltu colicJtld©¢l that© _hctt over tt w|tl© rnnl_© of ele*1rnllCeet. I_ c*1tt h_ ;t©gll

Itlm _orkplor_ itlm©n_lonn ©_ce_d tit© t*avcl©n/_rll of that ._bowa cl_ht p_r c_nt cl©nratlcu, th_ pe_k ml_tmd

t'_tllnt©d sottl14_ both workpl©c_ and r_rit'hlne e(l_pnn©fit pre_flura l_v©| |nc_©atl©n drnmtt_le*1|ly t_[_)l
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"Punch 14'el:, NoiiIe Ih_nq_ireh. Development rLnd Demon::tra£1on"

Ilr t!tII!ntud by

J+l_° I++L+ 1 ey

DT SCtH;I_IOII :

P.o Wn_ol+t'rl p+ [blade+

What kil+d, of noi,_+ reduetlot+t+ did you

_mt Ill Ind_utry'I CILn thl+ oI++PILLoP not w_I&p l+t+ di+i goi_ f+tl_]l $ltutli_i+ t&t C/_rpllpr

_IXpI_UPt'a y+t_ yenV+] _+(o ILNII thul'e W_ hlttl _ V_P_ p+_llf%p

•I.H. Bnil_v: punch l+p_t+IL to WOP_ with+ Th4! m_rlml wa+
--. v(_py _0Pt I _o th_l-_ w(&l$ llO i_3])ixct o t' t)3¢+

Wool1 I _11_ p_+{_latloN W_ II_p'_ t]cI_kil1_ Work p_+:c+ O11 thm t_txt_pi_l_ no PpI&+L_p_

to mcmt w,, the 120 d_ peak l_v_l, txnd ve noL:+e _ all+ and the clutch wrx_ wel_ de-

w_l'_ Itbl+ to £xchi+ve that I'or tile oi]_P£xt_Ol]:l £+i+!+l_iI ,_ _t wnc qx£11+t+ t)ut whI+t hmpp_nl+d

w_ _ollsldmred. Thor+ i+ t:omm_hln+i llke hSo wa, that _hi, thin++ hhd n tPsvellnF. I+_d

_,hollUiklld uh+aptl (+[xt_ putlch prl_n+ii erxch cat+- which _t_E+_" dOWIl e_t+d It3 eOt_iI+p: tAi+ alld H_ttilHI

ml_l_ Of doln+ dozc_s of dlffer+t+t j+b[t ,o It+topo.ttton POP _l$m n('x_ Ut_O_I_I'_(TI + _%_

it becomes almost an l_t:'ixctablm I++'oble_ titl- th_ work wa, dot+c.lt hit a he+p_p (clap')

i_@ _o%z i/(_ )'otlp+QiP _o_+ _out+dN. [_o+ w+ that I, the ktt+d of t:oi_e which _:] t.ot_lJy

eho.o r_ ,yuL+m_t_e _l+pPo+Ich iookilll! txt _ _ixn_c_LltXry. it' _'Otl_l++ llIC_l _0 tjlll fi,_

i_%_'_ llXlRlbeI+ O_ _ttchi_mU+ _ItPrOWII]+_ It down Oil+ Of tho+e mhd yon csn be n hero_

_0 OIXI9 +X]IIl _h(tll looked K_ I% _x£Mb+I" O_ o[)I!p(k- I). Ptl++t<+DP
lo_;++ _ C_P_al/XI_ Ct_IL_ot t_[_l_ Ix bll+nhmt

m_%t_l,_mlx_ _hn_ all ]++_nch _P_III)_A CrL[_ b_ IIO_ do _ott dePin+ p+ycr_ixti_.c cl+_%p_%_c+_

COlX_.P{)_d. Th_l'c I:+ :;o mx_ch work t_ be [_ the thlckl+emlL _I+volved_

dOlie I J_it I hatl_:

WIImP_ w_I'_ tll_I+_ _o_lld Pr eogxLP_ 1 eV+Is ILJI t]l_ di+t[_+_r o_ the ill+ minus th_ di_-

_ l%l_lll'4_d_ _4:teP Of th_ ptI+3C]l dlvld+_d by th_ t}llclttxmn.

j_itb, ij[Stl,_.} or' _h+ matcrlnl tlmm. a hundred.

Th_n_ Wei'e m_nnxlt'_d at t%])J)poximtttt+ly

_nl' icwml _tll_t to Oil+ _lde of tht_ opel+afore++

;XOp_II_I ZlO+i_IOlL. We dld tt_hm _o_C ;IIC_I_-

IIF_II_ IkrOtl_l| thc _rkchlllc _Ixd fot_II<_ %'_ry
li_im variation. We wmt'+ in th+ n+nL" field

/

i .....
.L _



UOIS_ REDUCTION OF A COLD-IEADING HACIIINL"

Lynn L. Fault,mr, A_noclat_ Professor

Glen C. Steyer, Grildu,_tu Reuuarch A,ullltant

D_part{11unt of Hucbanical Englnuurlng

The Ohio _tate Univorulty
206 W. 18tb Avonuo

Col uul)uu, Ohio

IHT[(ODUCTION thu so-called "convuntlonal" machlnu _lu-

E11_ntn; lJom_tlm_u to th_ uxtont of mauklng

Hnny mural fo_iillng and ohaplng oporntlonu thu dlr_ct l{ni_act noIuo. Pattormon (_)

much _11 forging, cold-h_adlng and _tm_pi_ig reported th_ [)r_uncu of all cQnvuntional
t[tillzQ incchanlcal Inlp_ict tool_ on th{_ work _inc]lino _l_01unt hal|to _ourco_ much a_

plots. Whllo conuldornblo progr_us hall g_ar_, bu_rlng_, slldu_, cams, _tc., On a
{)_{I _lado in roductloll Of corral, ty[_n Of cold-h_ndlng _acblzlu. Tho oxclt_tlon of

machlnory guno_at_d nol_ If| th_ pa_t fuw panel_ by l_l[_act was noted. M_an_em_nt_
yanrs, comparatlvuly llttlo has buun report- were made of tho sound luvuls with dlag-
_d on _ctLlal noi_u roductloll of tbo _ound mastic utudlozs co _utabllsh coiltrlbutlon

g_sorntod b Z impacting typo .laChlnery. Tile of dlruct impact, air J_ts, and cover

_m_al _nltlal m_mtlsl[itlontlar_ that t|l_ fill- vlbr_tlon of sotmd lovul.
pact procoam of forming tho part l_ thn

_,Jchnnls_l ro_pons_|)In for tho prodtlctlon of MACHINE DI:SC_tlPTION
mound _norgy for this typ, of machlnory.

Antochow (2) utlllz_d a u_4pla l_*pact _a- Thin paper roportm all nlialysls of a blgb

chln_ for _tudy of tbo soond (Ja/_oratod by spuud, doublo blow, cold hoador machln(l nn
t|l_ _ccolo_tlon of thu nip b_tw_on th_ i_bown l_ [,'Igur_ i. This machino p;o(l%Ico_

Impnctlng p_rt_ tormud "_l_p" ,also. T|lo 1/8 lnch button Iliad rivals at a rata of
r_tilt_ of hl_ _tnnl_mlIs .hawed that _otlnd 4G7 par minors. Tho stock matorlal is I/8

cnn bo produc0d boforo actual rmltal-to- inch SAI; 1016 rocot_mod quality boadur wlr_.
II_tal co,tact of tool a_d part dope.cling 'fhoro aro suvor_l stags, to tho rivet _orhl-

tlpon thu g_om_trlu_ Involv0d. Ni_hlmurn lag oporatlon, l'Irnt, all app_'oprlnt.

and T_knh_hl (7) invo.tlgatod tho accolilr- l_ngtb of wlru JlJ clot. A _t of tranmfor
allan (or doc_l_ratlon) of air In tho direct flngors position tbo blank in front of tha

Ir_pact of ,tool _phoro_ as a_ i_pact ;ioi_o dIi_ statloi_. A CO_ El|nob tho;l pu_ho_ t|lu

gonnratlon phol_omonos, 6brl.hamnn [i) blank illtO tho dJo and ptlz'formn the initial
,tudlad fho p_rarm_t_Ir_ tel,tad to tho _ound forming opuratlon. Tile nucond Impact in by

r_dl_tod Fro;, ntro_n wav_n ill rods atruck a flnliH* punch which forms thu flnlsb_d
by _t_ol ball, or rods. Thu offset of lib- rivot hand, allot" w|llch, thu fo_m,:d rIvot

pact voloclty and work|}|_c0 materlal Ilam lit _J_ctod fro[, th¢_ d_o by muan. of a p_l_h

bn_n r_l_ort_d by l)ruco {3). Ht_Itlplu Is- rod and at* air J_t oJ_ctor. T||U cut-off
_)act_ on work-hnrdo_lng matorl_l Ca_ routllt Icv_r, tranmf_ _l_gors, and punch _I_o_nbly

n a chnng_ in mot*i|d l_vol with mlCCossiv0 aro all drlvon from a _Inglo cam._ha_t. T|lo
blr2w_ of tJl_ for_l.g p_ocm_s. Ev¢In for klckotlt utillze_ a rod which Im drIvoll for-

mat_rlal, which aro not work-hard_nlng ward by a cam to push tho finlsb(Id rlvut
bhor¢_ lu ovldanca t:h_t s_*ccofloivu forming from tho dl_:. onco tbo flni,i*ud rival i_

|)low_ produco gro,tor _ound pr_a_iro luvo_, pumhod out Of tho dlo, It in blown _nto a
On_ _xplanat_on I_ that tho flr_t llnpnot In collcctl._ chuto by n1_an_s of al% air Jot,

[)art formln_/ umlnlly doforln_ n groat_r Th¢l air Jut alllo nimtlltanoouIlly hl|)rlcato_

vol_im_ OF mat_rial thall _&icco,tllVO Impacts tllo ptlnch aron with n mist allot syatu_

_nd |inncm _IU _Inorgy i_ ab_or|)od Ill th¢l attachod to tho nlr _upply _ynt¢I,1. 6n cnn
[lart For t||_ initial impact. |"ln_l Imp,eta bo _uon, thi_ Illachh*o tltillzo_ many [_ot,_n-
nr_ typically ,tlll_ad to _chlav,_ lJUrfnco ti_l noi_o prodtlcillg _l_I,_ntu _uch nn c_ms,

flnl_h and dlm_,Ional rilqlli&'om_nts which gnarn, b¢larln_m, _n(| ale J_t_ In addltloIl
d©for_ _all volun_ of |)art m_to_lal and to tho impact muchanim,_ In tho £lvot |load

a|morb llttl_ ©n_rgy. formntlon.

A_ occtirrlng r_,1_It of IIln_iy _mpact lnacbln,.1
nol_, mtt_di_m i. tha no_Ind g0n_ratlon of



MI.'ASUR_NI_IT5 inado at various Do_Itlotln around tllu_c[linu

foF colIll_onoJlt_not opu_tIilg woru uu_d to

SotJI1d [_ru_uro Iuv_1_ W_ Iil_urud leith _ cl_V3nlfy _ind _1_k _h_ milchlno comUon_nt_
I/2 Inch [)ruu1 and l(J_r co_d_I_uo_ InIcro- _iI_do_ur_t_ol_ _I| _uglt_d to noi_ ge_r_-

|)hon_. l_cclu_tlcy _lyu_ _au p_l'_oFtned tlon _ot_l_ti_l. A ty[Ji¢_1 _r_g_ncy _i)._c-
w_th _ 2107 I_ru_l _nd KJilor coi_tant per- trufn i_ _howt_ in Fit;ur_ 2.

UA-_0Q F_d_ral _i_ntl_Ic UDiclul_o_n l{ual A t_llrd )_tIlod of _ourc_ Id_nti_nt£on w_u
Timu An_lyz_. All tlott_d )ii_roril_nt_ wur_ to d_l_y tho _ound |)_uIJur_ l_vol V_rt)_tu
In_d_ if| _ _nuchoi_ chAi_b_ with _i _0- t_n1_ tr_cu oi_ _ dui_l D_I o_i]lo_cope _Ith

i_ D_rt o£ th_ _cou_tl¢ f_cilltlc_ _t T_I_ timing trac_ w_ obt_in_d _rom tllu _lywh_1
Ohio _t_t_ Ulllv_It_ _I1d w_)_ col_struct_d or other known _o_r_nc_ z_n_i _otll thu

t[lu _loor _ro_ to _ul)|)o_t _lo_vy I_chi_ry

_uch nf; thu ¢old_l_dor o_ thl_ _tud_, _o111o o_ t_ no_ _ource cont_Ibutlon_ wur_
_lly Id_ntlfi_d by t]l_ llncar orA-weiqht-

Innnn_ n_ _ho ;_ou_d _r_ur_ _i_I_d1_ d_- dlxip_c_r_i_t f_u_llcy r_onuo d_t_.

_orn di_oc_ly m_a_u_d Dy utili_In_/ _ ro-
t_t_on_1 pot_ntlon_tu_ _tt_ch_d to th_ _ly- Th_ _Ir_t _1_t_re_i_t_ w_r_ t_Qn _or t|l_

t|la trn_t_ co_i)o_tltn. Th_ rot_t_o_l _[id _oF th_ _ni_o _ondlt_onu not _nki_U

[_otai_tlo_t_ wn_ ¢on_ct_d to _h_ _-_u rlvutu. Thu r_t W_D t_Int tho A-w_£_ht_d

o_ _ X-Y p_ott_. A_ th_ i_achlno _ to- _tock _# _od to tI_ m_chln_. Thin inipllod

tat_d _owly tli_ottgll_ c_c_o _ plot o_ _o_- that th_ i_D_ct g_)n_nt_d _o_IDd I_VQI Wn_

_c_L_It in _n _°_la di_|_l_c_nt _hlch ¢_ _i_ o_octloI_ _ flI_i_hnd l)a_tn £_o_ t_lo

o_ _rogL1_I_c_ contont.
A r_d_Ict_on o_ 4 dl)A _o_it_d wllcI_ th_

NOI_F. _OU|_C_: _D_N_I_'_CAT_OH tr_n_ur _cl_a)ll_l_ W_tl di_connuctod. Tlli_

m_cI_nlnm t_tt_o_ tha b1_n_ c_tt f_o_ t|lo

_t_dy to _d-.nti_y _nd _|l_ractori_ tJJo _oc_ul)o o_ tho _pld _chlf_ oD_r_tlon, th_

i_o_tnnc_. Thu _t _iot)lo_1_)i to di_- th_ bl_nk and rnpldl_ r(_t_ct _o tI_t t_

• ol_nd 1_v_In° T_ by J_cuoui_y dlct_t_d _nd h_ncc 1_go _cculu_tlonz). A plot o_

that luvu_ w_th _nd without _oc_ in tho t_n_ l_c_in1_i_nl I_otlon vo_u_ c_i_l_i_I_

r_vnta. T|lln p_ocod_Q _ t_nO£Lll i_ Idol|- motlon° _oLJnd I_ _p_r_I1tl 7 q_f_r_t_d du_

A _coIl_| mothod o_ _ou_c_ _n_ly_ill w_ to I_ q_llto _igld nnd _m_ll, thoru_o_o di_ct

_o_In_ _l_ o_ v_r_o_lu notl_c_ _¢_I_- two punch ol)_tloI_ _o_ o)io _v_t_ It ¢oiI_

_|l _a cowr pnnoln, _i'_LIoncy _Ilnly_i_ O_ _)y on_ _Id_ wi_I) n rockltl_/ h_d _hi_)l

V_iotln _ d_1_¢e.montw _nd _ql_)_cy cont_n_ two too1_. To _ccL_r_t_y _oaitlon

I_' [_t_nt£om_t_ _Iun_. _on_t|_'_i_ontn |ll_d _g_i1_t th_ _to I) _count_d _o_ ._



additionnl 2 d[IA aQutld r_ductlon a_ter ACKNO_LI:DG_H_NT

oli1_Inntlo_ o_ tho trnnuf_r Inoch_nl_m.

Thi_ work w_u Complotod In nlno luonth_
Tho fourth uourco IduntiEiod nftur _limin- utili'_in9 U r_n-months of _ffo_'t nnd wnu

nt_on of thu nbovu w_o tho in_chnlllCOl Uuppo_tud by cJr_ntB _ro_l tho H_tioN_l

"kick out" _hich _Juctod thu Elnioh_d part Hachinory CotT1pany, Tiffin, Ohio totaling
from thu diu. 'l'hlu op_rntion wau found to $fl000.00.
rulJult in _n additloI1nl I dl]A noiou rudtlc-

Othur aourcotJ Idont_fl_d wu_ two p_nultJ _. _b_iuhn_Inn, _4., "_p_r_t_t_l _nd

ovu_ tlm cala uhn_t _nd ovor tho top portion Thuorutical Invoatig_tion oE hcouutic
o_ t|lo [I1_chi_o. i:o_ tho cottipl_tu it1_chi_ _adlntlon _ro_L _tr_ctt_r_a_ Duo to _tron_

m_i[l_ _Iv_tfl_ _ _(_dttct_on o_ _llght1_ Ii1o_o _voD G_I_urntud by Impnct," I_h.D.

than i dBA could bn r_alizod by nddlng Thu_l_, 'tho Ohio _tatu Unlvor_ity, 1974.
dnJ_ping _atarial to thono pmml_.

2. A_tochol_i [4. J.i "A Prull]tlitl_ry _v_-

Tim tumult o_ _llnlIimtlon o_ all o_ th_o tig_tion o_ IIi_pact _olat_," H.S. Tho_i_,
_oucco_J uirn_Itanuounly ro_ultod il_ _ Th_ Ohio _tnt_ Ul_iv_r_it_, 1972.
combinad nolao r_duction of 7 dIJA.

_. Brucu, |(. D*t "Ho_fl_ Control o_ Hut_l

PIIOPO_I_D H_CIIIHE t4ODIFICAT_OI_J _tnmplng Op_r_tion_," _ound and Vibrn-

tign, Nov., 1971, 41-45.
A_tor id_nti_ylng tho noi_o _ourcuu, tlm

followin9 modi_icatlonu wuru _ugg_tcd 4. DoBour, _. _., "Tho I:_act o_ _teol

rnN_d in o_dur IN which thoy _Llltt bt_ Cov_r_ oi_ _IDttl_Iva Hoi_a Att_nu_t_o_w"
implom_ntod. M._J. Thuui_, Tim Ohlo .gtnto Unlvurulty,

I. I_liminatu tlm alr part uJ_ction 1972.

_y_tom nnd _act pnrt_ with n high 5. Gra_, _. [%, "_ol_u fluppro_ion in

vulocity oil uy_t_m. Impnct Mnchin_y" Proc_odinga o_ Z_OVA
2. J(udo_i_n th_ blnl_k tr_Im_ur tn_ch- I_nqlnuorlt_ Col_or_[_coj Pnc_, _'r_nc_,

nl_In_t _o that th_ _cc_Iorntlon cnn Juno 2-_, 1973.
r_ducQd.

3, Provido _n _norqy _b_o_bing, _lo_ly _. l[nnaok_, M. and ['uknmtl[o, _. "A 'Jtudyof Valvo'l'rain_oioua nnd n H_thod o_
dacuh_rntln 9 _top for tho punch

£ocktlr ho_d _mbly to _li_lln_tQ C_m D_i_/ll to l(ad_cu thu _olflO_"
Impact° Intornntlon_l ^utomotivu l:n_in_rin9

Congron_, Jan. 0-12, 1973°

4. _limlnata motal-to-mnt_l impact

Imtwucm klc_-o_It c_m _nt! kick-out 7. tli_hlmur_, G. nnd Tn_nhn_hl, K,,
_od. "I_pnct 'Jound by Ht_tunl Colli_lo_ of

5. Apply damping m_tarlnl to coctnin 'P_o .qtoal Bnll_," Bull. th_ J_p_n _oc.
p_nala _nd coyote, o_ Proc. _n09., I, 2, 47-51.

m_chin_ nnd _na _ound _nti_nctory. _h_ Impactlncj 'ry|_ Prodtlctlon H_china,"

machln_ wa_ _qulpp_d with an oil pu_ip for M.'J. Thuui_, Tho Ohio _tatn Univarulty,
it_b_Icatlon th_rn_oro minor chnngo_ w_ru 1971.

n_cu_ary to utlli_Q _n oil o_ction _yat_Iin

to r_plnc_ tlin air oJ_ctoc. _tnm 2 r_- _. _toy_r, _,. c°, "A Hoi_Q _tud 7 o_ n Cold TM

qulr_ a r_d_ign oE tho pnrta and cam, li_ndln9 Hnchinu," M.I_. _'hurJ£_, Thu Ohio
Thin _di_Ic_tlo_ w_ not m_do on th_ t_t '_tat_ U_Ivo_ity, 1975.

machlnQ but i_ plnnnod _or a _utucu pcoto-
t_p_. _hi_ _o_trcn _itl_t ba roducod b_o_a

thQ _ollowin_ itomu will b_ ©_uct:iva.

Itoma 3, 4 _itd 5 nra nil po_Ibla _ith
mino_" modi_icmtlon to tho mmchln_3, somo

dovu_op_ent in £'at|uirnd to n_r_ I1_ti_-
_ctory machllm op_ration _itI_ thotlo
chan_. Tho Indication t_om thi_ _tudy iI_

that th_ h-w_Ighted _otmd pra_aur_ lav_l
can h_ _aducod to woll Imlo_ _5 d[IA, with n

u_l¢_ o_ thn_= m_cllln_ _Id_ by _idu tlm
_tllt_d l_vul i_ calct_l_t_d to Ilo bulow

0.5 d_A,

!



l'i_uru I. Photograph of tZlu cold-h(_adinq machinu utudiod.

---t I ' I * I ' _ ' l--

Fl_uru 2. Typical ft-cquuncy

_pcctrurn of tho operator r-7_-'_'_-_'--_

loc_tiol_ uound prtltJttut'o l_vol. _-_ . _}
/

/

.... r.-- I -- r - r T ..... T * /--_

rails,L]]* matrtr ¢,tltlitd

l'iquru ,I. DiarJrant o£ tho

-,.,,.'. ,_,,.,. ..... *., ,L...... punch rockur )toad at_tlOlahly• )l,,t r_r_trl ill r t.t h_
,.. _/ itlq_act IltOp for accurato

potlitionino ot thu tool,

m

$

-'
• ,I Lit *11 dl) il_ IL_

FicJttrt_ 3. I)rofilu of th_ blank

trannfc_r m_chani_ra dl_placu_nt, i



_ltoi_e ItcductJorl of A Cold-Heading tlachlne"

prerlczt cll by

I, QL. Frlul hrl_r

firI]CU_qS T(){li

YOUr Table 3:1 Juut dorlPt bcllevc itl In th_ [;1_rlk tI'tt_f "cz" I:_echtll1_II_t llld

T_leI'e 1_ JunL no way I carl peruila(Ic! lny_el_ _OU P_lld r_dl_t_O_ frO_ thl_ (_C)]AI;_KL itOe_

tJlat YOtl Oa/1 ll_VC a l_Oth hlll'I:]OlliO aIl{l hIIvc or Qei'_J*_ tile Pact th(It It excit_d the

1_ _lcnrl ailythirlE WJl_;_ _ol_r _tl_iit{ tll)Ollt _tFuctLIFe nPourld it?
aceclcr_t£o;l. Adi_Ittedly tll_I]o nrr2 computer

g_Ilcrntc(i I but how much did you actually I..L. ]"ILI_I_II_';

uuoy In It_elI" It did :_ot have _IgnifIc(_rlt

L'I!'" !.'a_l_n_l,:, r¢ldl_tlo;l_ but the Forc_n (_¢i_i;ig back thz'u
the cam and bearlnt{_ w_rc O_cI_JD_ th_

W_ II_cd OIlly tlie low_I" IiIlrillOliJ_fl# I']'(_,l_ arld eil_tlll6_,

D:, Hu_ tr l_J.

}(_i_ _o1; D]iOI_(_ IIOt luclude the rcut_

It*_ _arba¢:_ i rlIid it tcnd_ to _l@Icad people

!,

21

.> ;
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[_]IEVL'rtTIftG AI_IIOlt/IAI,COIIDUSTIOI; flOISE

Peter t_, l_niL(l_

Viultlag Profcuuor

[hkv_I, Hi,rrlck I_zboratorlea
o'chool o£ _IcchclulcalEn_In_cr_nE

Purdue Unlveru it_
Ile:*t Lafayette, Indiana 1,7907

$/_;ED Fo]t ItI':SEA]{Clt Oil COt_}_S'['[OI_ OSCII,I_TZOr/ altcrrlntivv Canto for peak shavlntl nnd an a utnlulby
ftlcl, Tho |lltrodlle.tlon o_ ]lenk _havlnt_ _n0 b)" i_tll-
ltic_ hll_ cntlDcd ¢ol_uotlon o_cl21_tiollo _n tt lltU_bcr

Onclll_tory CO_lL_tloll ill _ _ourcc oi" rllln_r_tl o_" _'urzltt_e_ l_nd b_ller_ _hic]l litre o|Iez'ILLCd D_tl0-
eo_buoLloxL nol_c _hlch c_;) occllp IEI vll'tulk).ly any f'aetorl_y o_ natur_tl t:_ for tnany yc_ro, l_c_¢ l;10t{ll-
typ_ o/" Co_bll_tiOlZ n_'ntcraD r_tn_|n_ f*rora fqz'nllcc_ l_tt_ono _nd dcnlt:iI0 _u_t bo able to oIicr_tto _l_tl_-
fo_ rcoldeatlnl he_tl;l_ _y0tc_n uith all output no f_ctorlly on uevvral dlfferetl*. £uelo.
lo_ a0 (_O_000 tl_u/hr, am! combu0tioa chnnbcr_ _en_l-
upll_ oi_1_ _ fL. to bl_t £uril_cc _tovon t_lt]l coil. _notlLer e_cr_ Drc_ntirc for de01_n llznove_lon |_
bu_tloa ch_ab_r_ ntamllll_ 1OO ft. trill. Typlcally_ thc _ee_l to com:ervc f,a_ by achieving; hl_her _ffl-
_olf-cxcitc_ o0_llltt_lorl_l _111 _II12¢ oc_llr under c|encico. Thin will r_lLlire dcpr_rtl_l'eo _'z'or_ well
_o_ opcr_Llll_ COJhllt|oll_. IlL _f_all _VlCCnl 0riCh p_'oVc_ dczll_Iio. In thl_ _|tll_tlorz tho_'c 1o a clear
_o l'urIl_¢co_ the_ _ occlll" o_]_' br_¢_l'_ ihlrl_tl ;L_cl| to llltell_fy _e0enrch _£1'oI'L_ to f111_l_l the
otart-upl b_t cyerl thin In totally imncccpta_l_ _npo _hlch Drill _xl_t In o_zr h;io_lc_o _£ co_bu_-

_'_ _yilteP_00 /}rich ¢tn bln_ £Ul'll_e_ otovc_ I there Ll_nl_n _ocedllren l'ol" [Rcct.|lltl the llcw r_qltil'cmelL_
_xl _o_ oll]_ _;l_o_{t_c_ _11_ _o_l_d pl'ennuro o_" mL_'i"[_ _lthol_ _. rl0kix]_ Iio1_/_ pollutloll dllo to comlJt_loI_
Cl_nt _ltud_ to _c0tro_ th_ b_lckuoz'h a_d caux_|pt_ o0cill_tlou. Co_p_red to earllcl" rc_e_rch efforL_j
l_t_niolot_lc_l _n_u. _c arc £ortuxlate in h_vln_ nt our dlpl_al wotl_

Qoz'c llOWcrfll_ ln_t/ai_Iit_loiL _'oi" cxI_erlrncIIt_l
Cof_bUQt_oN cll_|ncel,_ t_'|J|ctt11)" (l_ftl _l_h thc_ jlrob- t*ll_t_)'/}lo ;10 _c_] /_0 _or_ ]lo_cr_'til tool_ fo_" mrtth¢_-
lc_ In _ c_plrlcal _t_nl_er l_ al3d whc;_ thcy nrloo, ti¢_l nrl_ly_ln n;_ _od_llil_.
At _1_ whe_ th_ro w_o lit_l_ prca01z_ foz. techno-
lo_l_rtl _ntloy_tio_p _LZCllemI_lrl¢_l _Ii_ro_c_lc_l _ Col_bu_|oll of_clll_tlon i/1_ o_ _o_lrn_ D not _hc otll_
h_va l)ocn ndc_lLnt_, Ill, ring, I_ePlo_ z'_ll_l[_l_l_; rapid type o£ eo_buntion nol_e af£ccLlng the e;_vlrorl_c;it
l;inoy_t|on_ ho_YCp D _h_ ¢'m|l|rlcrtl _tl_pE'oncll_o _r¢_ _trOIL;_L1_t l'LLr/_41_aI Ilollel" |Jl_ll_: o_" _hol' cc_bL_tlon

t_|l_cttll_" _lrouffll_ _|)VJLI_b_ cll_;l_ie_l ill ttl_ fll_l nLi]l- _o nn Co_lllun_.lo_ roctP or h_n I _tr0 c#tll_ D holccycr:
_1¥ nltu_lolz. OiLo _uch ilcrtod occurrcll in tho b_ clltlrcly _[l£fcrent _echa_lo_ a_d the mcLhoL1_ o_
Ihlitc_l I]t_0_ i;I the, l_to l_l_OIn _ml e_rl_ 19_O_ col_tro1111_; them _rc_ therefore_ _r_tlrcly dif£ercat
_¢l_cn $1ft*.l_rttl. _n ro|ll_ccll _tt;lll_nctllr_L| _n foz" l'_'o_ the m_thodo rt_lliretl £oz' co_t_'o_l|_ co_bu0tlo;l
l:ldL_ntrlal _I_ domestic _mo. DLu'Jn_ thl_ p_rlod all o_clllation. The rcoearch project nt l_urdue Ulllvcr-
¢x1_1;15_ Jn_tnll_t[c_rl_ h_ to b_ chazlt_e, LI o¥c_ _;id 01t_ o;i vhleh thl_ _nper l_ b_0ctt Llc_lt ex_lJ01vely

tim r._pidl_' _xp_n_ln$_ utlll_cttlon o_ _n_, _l_l_n0
r_d_¢_l ¢hn_f,_ in utlli_atlon nn_ dc_lg;i lcd to
_ily occurr_rLc_ _f nolf-_x¢ltc_ oncl_l_tl_rm which, ClIAllAC_'I_I_I_TIC_ OF ¢OHIIU:;TIO;I OSC1L_._IO_
In _ur_ IJrovld_ th_ _Jtlv_lol_ f_ _n lnel'e_nc_l
r_l'_h _ctiv|_ aim_ _t proYldl_ rt t_ottcr u;idor-

nu_h onelll_tlnn_. /t _l_[l_P _ltl_Llo;i occ_r_ll 111 cor_buntloa _oclll_tion_ al'e c;itlrol_ dl££©r_nt from
E_zrop_ In _h_ 19_O_n _$tc_ _turo_ t:_n b_c_ _wil- thono rcqulreLI £oz' co_b_mtlo:l roar am! ¢o_bl_tloFl
_tll_ _n th_ _r©n_ _lrrou_41n_ tho tlorth _]c_. h[nol it t_et_oove0 un to rcvic_ t|zv dlntlEl_llo_llrl_

chl_r_cL_l'l_tico. CO,_lbLLUL|Ollo_Clllr_tlOIIO eta@

_n th_ IIn_t_ flt_t_n _o h_v_ _ll_oy_ a l_crlo_1 o£ _0 n01f-excitcd, The _pcctr_m o_ thc rn_intc_l fiul_o
_¢_nr_ dllz'l_ wlLle_l _h_ ilc_lrl"_ne¢_ oi" (!O_lbl_Llo_ o_1. l_ tllcl,c_ol'c_ i|or_in_t_cl b_ rt _l_J_l_ _c_ll_cnc_¢ oftclL
elll_tton_ ;m_ b_n relative1}" r_r_ b_cau_ thn rnt_ n_uocl_t¢_l vlth nl_l_-b_dn mid/or higher hn_gulcn
o_ ¢han_ _n d_ntgn _1:_1 utlll_atlon h_a b_c:l quit_ o_ that frc_l_CI_cy, CombuHtlon r_ar _r14 con, hlL_lon

nlo_. _]l|n l_cl'|o_| l_ #_OL_L OVCpI _hoz't_c_ ill th_ I1|_ oEI t]z_ other h_nl|_ f_'_ rnnllo_ ]_t_e_aent_ nn(l o

_u|l[i]_ o_ ntt_llr_ 1. _ rl_Q it ilee_/-_- to uno L)l_r_fo_'_l httt*o n bro_db_lll| _cctrll_. _Ll_ brorvl.



bnnd npectrt_ _(ty have a concentr(ttlon oP ener_y In tire the hey to any rational nolutlon and ult|mately
a ecrlain frequency rn:R;e p hut never nt it dlllcrete prevention o_" eomlltPJlton o_clllation larobh!l_ nnd
frequency. IB approaehint: all ¢!xlnting ;ioind! prob- the Ilollle pollution n_noelated with them.
lcm. it Is lmportarlt, therefore, to atart with it

llpoclrtl_l Itn&lylll_ of the heine l[I order to nelect
the _ollt appropriate ;_etho(l o_ control.

Another dlntinl:ui,hint_ characteristic Iv that con=
bufltio_ onclllat|orl0 ina i:lvcll inlltalltttion ugllal-
ly occur only at certain operatlnE eondltion_ (fir-
Inllrate. fuel-to-air ratio, fael componitlon, etc.)
but aro totally alment at other operatIiR; condltlon_.
It in not U/leO_3_0_l _Or co_hlll_tloB ooclllatlo_ to
OCCtlP iluring a brief tBtervpl at start-up and then
eeane .hruptly, bl_tth(! opponlte can al.o happen.
Ib elth_r ca_e thv dlf_'urence between presence and

ah;le/ice o_ combuntion oscillation, typically n/_oillltll
to well over 20 dO, Control of eo_ibtlat|ono0cilla-

tlons, then, mean0 not merely reduction |)tltrather F'_:. 1 C.II_m:-,r/fc_tRelat{o,lah{piJ{i;
total ellnlnatlon of the o0e|ll_tory mode. Old{ _$o':i Coiidni(i${Oll

The oll_cetIv_ of tilere.catch project at Purdue

UnIvel'_Ity ha_ been to provide prnetlcal inful_latloa C_IITI:IIIA l,'OIICONBUSTIOII OSCILLATIONS
which nan _IO nIlllile(i at tile denlgn .t,p.c to prevent
the occurrence of eombustlon oncillatlon In Itpro-

poned device or II,nt_llntlon, To thln end, iltabll- The cxlatcnco of thla cloned loop of cauncD and
Ity erltcrla wcr_ fol_mulntcd for tile feedback loop effectn and its role in uelf-excltett combu_tlon

which l_ renl_nnlble for exeltinl: o_clllntiona, oneilhttlonn wall reco#lnl_ed nild very lucidly de-
Application of thc_ crltnrla requlre_ n knowledi_e

of tile_apli_Inll characteristic, of tileflmae, h ncrlbed by IIaylelgh(I) edmont i00 year_ nt;o.
n0tho(l wa_, therefore, developed for _aensurlogthe Itnylelgh pointed out that the occBFrence Of _t_ell

trni_nf_r fllnetlollof aerated, fuel rich flamen, ooclllatlonn Is critically depemlent on tile_n_i-
IIt_ellfl_ea ar_ u_cd in many typca or prnetlcM tude and. partleulari_, the phane of the co_buntlon
conh.ntlon devlce,, 'fhe data obtalnml were tile r_te oaclllatlonn relative to tileprc..ure o.ellla-

flr_t for such fl_c. to aI,l,cnr In tileliterature, tionn which came them Re _a points out that
It Wn0 al_o reco£nl=cd that dyn_.mlc ntnbllity analy- thiu relntionnhlp, which I_ rcprenente_l by the

_In of fcedhaeh lo_Hm and transfer flmetlolm are arrow In tile hottola part o_ _*I_*l_ dcp_[l_l_on tile
unfumlllnr coneeptn for most people In tileheatln_ dynamic re_ponae I_6 of tileflame Itnelf _n,lon the

induntry. A 01)ecl_leffort wa_, therefore, made to length of the fuel nupply llnc relative to tile
f,_ncrat_ Jnfol_atlon th.t would help co.unlearn wavelength at tile frequency of o0elllatlon. He

th_ r_fiBltn of tile rcncareh effort to Induntry. .urtmarlzen the import_nee of the phana nn_Ic of
tills relationship by statlnR that ooelllatl0im nr_

A typlc_l example of thin _ffurt In the production moat cncourascd when tilere.ultln_ oaclllntlono in
or a nhort merle which ilho_nin .low motion the th_ heat relca._ sate o_ tile fla_e are h_-ph_._
melf-nxclted oilclllatlonn of the flame on the with the prc_nure o_clllationa which eau_ thc_,

mllltl-port burner u_ed in thin lIiYCntlfiatloII in a nnd that _elf-exelted onclllatlolm cannot nemm
nlmpl., trnnaparcnt cc_blmtlon chad|mr. 0211nmovie when thin phase relatlolmhlp I. nca_-'i('l.t_.4

demon,tratea tb_t there arc two ncl)arato but Inter- of O°'
rolate,l ph_on_-n_ th_tl_ OCCRP dtlrlll{_ co_btlntlOll
o_clllatl_n: Thene coilditlona have linentl_edto i_oo(lmlwntage

by all of th_ early Inveatlgatorn of nelf-e_cltmd

I. 0ncillatlon_ of tileburning rate or tlm flame, combuntlon ooclllatloll problcm_ and are cornonly

In tht_ particular cane (and In many other.} called tile"llnylelgh Criterion".
thcna nnnif_,t th_maelvca In _lalble onellln-

tloI1_ of tilenlzc antlpo01tlon or the rcactloll 2_lemoat e_tcnolvc an4 frultfltlu_c of tileIInylclgh
Crltel'loll h.n llectl made by Abbott 12ttnn;a an4 bin
co-worker_ at llattcllo. '_here.fillof their Inven-

t. Ol_ellllltlonm of tDo prcnnuPc ill tho c_bllntloll ticatlolln are nuInmarl$cd 111 lhttll_'n book; I'Co_-

chamllop, buntlon Driven Ooelllntlon_ in ltuluatry"(2)_which
dcserlben oceurrcnccn and nolutloan or eo_blt_tlo_

_le_ tWI3 onclll_llona OCCUr at exactly th_ Ill_lO oscillation problclilfl In a lal'_ llllr_ber oi _ dlfforcnl
frcq.nncy with n flxml pha._ r_lntlolmhip to cavh comlnlation nynte_n.
othel', Tim prc0auro o_clllatlon_ are tile earn*,of

%Ira fi_m_ o_clllatiolm, let they are nl_o y___g,_ I_ lhltn_aben cxp_nded tileIIaylel_h Criterion and put

the fl_ae oaclllntlon.. _21u_. the cnu_e-_rrect it on a ,lunatitatlw baai. by rnanonlnt, from Cherty

rclntlon_hllm b_twc_fith_ne two Dhc.ome._ fol_ a eonnlderatlolm, that tile onelllatlonn cnn build tq*

I cloned loop an _hovn in Ylfl.i* H_cogaltlon oF t|ic

oxlntvne_ of nueh a clone4 lOOD nnd an undnratandill_ and maintain themnclvco only if the folluuil_ (3)
of th_ mnnner In which thin Icndn to _clf-_xcltntlon



Ineq alty condition In met: [qi is the mnplItude of t)le volume expansion

rate of tile rl_e,

fT b'p <It • 0 I:,I. (1) 0 In the phane angle of q relatlve to p, I*nd
0 f I. t,he frequency of the o.cIllntion

(f
1_

where Tla t)le period of the osclllntion," T j"

h in tile time varying heat roletktle of the

flt_r_I!,and With these uubtltlttltlolrJ Eq, (2) can be uolvcd iI:id

p is t)le tiuo v(H'ylnF, ilrt!alnJre |If tbI! comh_Lll- reltri'an({t!d(ul follows:

tlon ch:u_ber at the location of the flame.

'_ I,II M .... o >_ '_ hlJ 2 ]}. (1} gq, (J,a)
The left-hand nlde of Eq. (i) In a quantlty lwopor- hi
UOH_It........t,eo.or,:yg_no_,,Uo.,..,r_ycde. --_--co.0•,I.(_)I_Ltnlua related out re]l_($tcdly that thla r(ite of - ,, _Tq, (hb)

eJler(_y gt!r*eratlon doea IIoL otlly hart! to lle po. Itivc

rather than llegBt|ve, but it hBn to be equrLl to Op >-- _] cell 4 ]':q. (he)
lttrgel" thal} the rltte at Wblcb neountle e:ler/D" Itl ]Z]
tIln/li)l_tcd from the sy:IteI_.

whcl'c 0 Ill the {lhas_ Ikn(:le of the otlelllatlo]m of

In the _0 ye¢tro nlnce neat of lh_tIlBra*nwork Wlk!l tbe vohlme expa:iiHon rate ("roll)Rio velocity")

done, r_t%y inventigators of ¢otalnlatlo[l onclllatlonn of the fl_/ne relative to tile ooe|ll_tlons of

b_ve for_*llnted dlfferetlt crltcrla boded Oil tl'ttRS- the i)resilure, nnd

feP fuIlctloIl cotmlde{'ntloIln. SO far, the trnilnfer _ is the ph*Lso aH/:le of the presnure rel_tIve

fLlnctio[I npIlroac]1 has fou[ld little (t]lpl|¢lltlol] In to the volume velocity.

It)de.try{ nn(l the ]Io_YleI(:h Crlterlon t*& t}t|ll

_bvlouoly, 0 must be -# no thltt con O - cos #.

¢x_n_ivel M flood. Si})cc the trnaofer function The ratio of Jq{ to IP] In tbc left-hand uldo ofal)I)rotkeh is m{cb _lorc powerful, tills aIlpl'OBeh ha0
boon Itnctl in th_ work at ]hll'dLte UBIvoPIIity} Ilnd }:q, (],b) in tile ma6_nltud_ of tile relatlonabip{ (i.e. ,

It bfll_, I;idced I bee{l found to be very fruitful, q'o trannfep fl_tlctlOH) reprint[lied by tile bottom arrow

help its {%ceoptancc llt Indu0try I would llke to nhow in Fig. i. IH ]leferencc ]_ this relatlonahl I) ]lob

that I:q. (I) Ca. to recant into a fol_ which will boon dcnlgr,ated by Lhe oumbol (H*O). 'l'htls,ICq. (I*)

lemd to the De)no criterion as the tPnnnfcr fulletion can be pewrltten an:

apl}t'oacb. ]"oP tbln purpoae t the lcft-hnnd side of

Eq. (i) in rofol_ttlsted ao tl_at it repreneHtn [H'G'ZI i 1 ]:q. (5_)

BCOUnLIC encrFJ ficHert_tlot_ l,er unlt of tlme rather

)ban boi,,,z merely provortio,ml to Umt eneri_ goner- {zllp,.-_{ _. (9b)atlon, 'I_Ic rlflbt-hnnd _l(lo 1o reformulated to rep-

pencil{, a_ou_tlc e[Icr(_Y di_nlIlatlotl no foilown:

I':q, (an) nnd (ab) rcl]rcncItt the "mugnltude criterion"

I T (17l fop tile occurrence of nelf-c_elted eombuntlon oncil-
'I"7_0 q p tit > <1,2> llo -,, , llq* (2) lrttion_ derived by traltl)fcr re[lotion mllalynin trl

{}eference ),, it should be noticed )bat thlm crlier-

loll npplicn at _ frequency at whlcb the nun of the

whereto q In th0 title varyirl(: volurl_ callrtnoioll r_tc phnt)_ htl(_lu_ of Z slid of }['(] I0 =ere. Tills Colldi-

of th_ fl(ule, Lion wan lmpllcd above by nLating tbat 0 • -W

<p2) It* the _le_t& n[ltmre, vtxhte of tb¢ pl'ennt$re at bccrttine 0 i0 the phrkOe nnglo of l['O atld # l_ the
tim fl._o, anti

ld{aflo fll)gle of Z.

llo (i" in the rc_l p,,rt of tile none.tic adntttancc
' O1" tile eo_lbt4t{tiollch¢_bCI'_ (it the flea,to i t` nhottld l_e l'eCo_nl_ed thdt )be llbant_ crit©rlot{

locntioB, at tile frcrltle[tcy of ooelllatlon, /_.Ivcn aboyc la that of a _o/*Itlvo feedback loop.

!Jcvcrnl llwentlgatorn (_, 6) hmvo derived ntabllity

If the left-hand part of gq. (_) In equal to tile c{'ltorln from the proportion of a nefintlvo feedback

rlgbt-bmtld imrt, oncillatio_n will maintain them- loop. 'fhifl 1o entirely lcgltlmntc and merely a

Helve., hot noitttcr grow BoP decoy, If the left-band (l_{entlo/l oY the nigH conveIltlon_ tined ill definillg

aide i_ larger than tile right-land aide, the ollcll- tile .ymbola. The nymbol Y uncd in IIofcrcnco 5 lore

l_tlonu will KPOW, fop lnntanco, related to the nymbol H uaed In

{(cfct'cIl¢c 1, by: l[ " -l.

/{ince E,I. (2) n_mln to be cvnltmtcd at a apcclflc
ft'cqucncy (tbn frellUOtlcy of oscillation), tim

following nubntitutlona arc IH order: AITLIChTIOII OF '_'I'AIJILITY CIIITHiIIA 'l_ 'fllil Dt_)IOII OF

COIiblgrYIoII C{IAHIIEIISA)(D IIIflTI,YLIngll

i,- hqco. (_.r t) i:q.(3_)

,. ,,,,oo, ft,0) ,:,,. (3b) Ideal/y,tiledenlgnerofaco  buatlon.y.tentnhould
tlnve quatltltntive _[l_O_TqtW_iOllOn tba m.gnltt&do mid

(p2> . I{ [pl 2 Eq, (3c) ldlaOe o[' tbc three trn.ntcr fuHction. Z, {I. an,I (]

an fu[IcLtotln or fpeqtlCrley. While nolo delt`a ca/i be

w)lero [PI In t{m _plltu,lc of tlm prcnnuro oncilla- fouIld in IIcfrrcncc_ 5 - 13, complete Information in

blo_ _t thn flm_iO loc_tlon, not_ at the preacH) _t_te or tbc art, gcn_rM1y

l
i
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_v_llable. Certain qunllt_tIve COFIcluIIion:JC_Zl, _00"

however, be drawn from l_q. (5) nnd _ipllllcdat the
delllF_n_tnge to l_in|l_Izi!the lil_elihood of comllu!i-

]".q.(Sb) uhowu that oncillrxtlen_ ¢ixnnot occur uNlcflu "'g+a __m O m m,

the maG,nltude of "l exceed_ that of H_7_G, CnlctLlatlng

Z for the Vet)"nlmpleCO_IbII_tloNchlmberDhcwnI[% -_0°
Fig. 2 one gcta the curvell cf the mallnltudc and
phnnc an/lie_houn in Flt',.3. The nolld lillefor

..... Cylindrical ComblA.tIon

I / Cha_bcr ({_laantl_lle) _O
/ Difl'uaicn ]"lnme 20,z .A

' o,5 ./ \ --/

Flll. 2 l/z,l_la_ alkl _"l_IIlapllrant CcmbJintgo. CIl_mber _ /
.top Pcrx_rlotl_lt£rlfl _:l'faeto 02 Cv._l_atio.t O.i

Ch_;nbur Dcoig.t o,_ Stability

_m_ll dr_plng _howo _ nhl_r D peak at l./h . 0.5; that
11% I%1. l.|1[/ Iowe.t nattlral frcq_tcncy of tile cylindri-
cal coml_uatlol_ cl_mbcr. Alno ohown In Fill. 3 la 0.0[:

0 O.l 0._ 0._ O.g 0._ 0.6 0.7

an catlmat_ dotted ctlrvc)of _ connlntc t with

tll_ _a,urcr:icrttr* /n_d_ 111 o%_1'pro_cc_ 1%tl_%_l'lhle
UnlYcrnlt)'. 'l]*ln eur_e in ©_cncdc.| by tl*e peak in

tho IZI cllrVo for n_r%ll da_pinR blot Not by tho F_/. *_ A'f_'ao_ oJ' _z_l_el_l oil ImpOdarld, of.
lower peak tn the broken cltr¥o £or J_:l l)ert1%lntnH cumb,,tlon ch,_,*r of Fig. 2 [or

to Increannd damlllD_. _n the dc.ign of combti_tlon X/I, - 0."_ (A -l_l_a_a_th)
(_h_bcrn it. il_# th_fore_ dt'flir_bl_ to _lro%'lll_ 1111

_t nho*lldb_ l_intcd ollt%liarth_ word "dnmplnfi" in _In_ Add_ &% T_
liar/d litre ill It_ _roaIl_nt _;ll_o. It i_ _lot F_-

_t_lctnd to d_vlCca which at)norb ncollntic cnel'_'.
|_llt I_.lmo _flcll_dcn n[l)'Ocmi_'.ll fc_tllrol_ which _Nhancc tho l_l_clihood of I_clf-cZcitcd COmbltlltioll oncillr*-
tlltl radiation of mcou_tle ¢:ner_;y £yom th_ corabl_ntlon tlonn. If tllla il_ doltc by optlmlzlnl_ thu lcnf_th
chamber |.o the _nvil'onmcnt. At firnt _lnl_CC_ thin of the _upply line, na la c_mon pr_etlc© in the
ran& _ppc_r to b_ co*Jntcr-productlvu to th_ _onl of dcnl_n of blast l%_r/*nce _tovcn. it mn_t bc |lor_
p_dlA_IN_ Noil_ l'_dir.t_d to th_ cnYlrol_etll, it can In hind that tile cffcctlYcrleaa of |.Ilia t%_sin/_
be dm_onntrntcd, howc_cr, that t|llaform of dlnnllln- dcpetldo oll avoldlnt_ d";_plN_ in tile nti]llll)' fin©

tlon nctll._lllt r_a_Itn 11_ lcnn ;toin_ radintlorl l_ro- (nee Itefcrcllce9).

%'Ide(ltIlattllcrC I. cn_)_*gh oi" thlo dlnalp_tion to
I,r=Ycnt bl_ildlip of ,nlf-c_citcd omolllntioll_
within tll_ com|nlntloll ch_bor. III'2"_:II['II|7rATIOII AIID I{t'AIIUI[I_IIIIT OF F|_%HP:TIIA00FI!H

I_IIICI'IOIIS

A_t far nn the de_lKn of t|l_ nuI*I)l_ linch 1. con-
_©rn_d. it _hollld _c pointed out tllnt for mni{y

_1 _trrl*n_cmanta (Not t.tlu o11_ _lxJwll ill ]"i_. _1) In I:q. (:it%) t_;id (Sb) O ritand_ fol' tilt" t_n_fcr
1 l'ttNction of th_ fl_mo dol'lNtd in ,%loll i%mnlinor tllr_t

"_ l_ tll_ ;Iol_tiY_ lmpctlat*c_ o1" th_ /_n_ OF ml_tl_l'e f} In zcrt_ when th_ £1r_o in not bi_rllllt_. _'lR. 3

i _upply ttlbc_t thq b_lril_r head. '_llla. Any dc_ll|l*
that thin tl'nn_fcr f**nctlon in iml_rt_nt 111

_¢_tllr_ wllleh Iner*a_c tllin lmllcdallC._ will l'cdllcC LIfOWa_rl_

_ _ 2b

5?, ,_ :



I, If (I is 21mall enou_{h at tile ntltural frcquellcy tile flnmt' transfer |t,action II_ thl. l'r_,quenc¥ range

of tile colabtliltlon chrlr_Ilerwhol'_ the ¢ttl've for Ill b_twec_1 -_0 °.nd -120 °ttnd the t_r*_!nttud_ In

Z ||tillIt_ [_i!rtII,th_'n cor.lbuLstloflo_cillat|o_a tLb_]vc _. If the nfttUl'_l frcqLlellOy oZ' tile col_bu,tlon

c_nnot be: _elf_excltcd r_F.itril_en, of th_ pha_ ch_ber |u rlti_ellto 3_0 l[z or abovcb however, t]l_

_{l_ Of d. pha_ relatlon_hIIl of' t_Ic trannfep ftl_ctioll G votild
_itRe It quite l_p0u_Ible to have 0elf-cxclted

2. ]_vcn if the ina_li|tudc uf till! flllx_ trrlnnfi_r ouctilntiOEIIi, Illactual practlec It would not be

function I. uu_h that the
curve for]ll--7_I it_ hJt_,h |)cost*so th_ comb[t)sti_[l of the Ir*c*'ca_ tn

exceeded b_ th_ curve re*' IZ{ at ,om_ fro- {)h.ne an{!i_ and the |{ill-off of th_ magnltt*de of O

q_ic_ci_ t ue.lf-exelted osc_llAttollu will lie| retltxit i_ a raldll deercas_ In th_ Iikei_hood of

onclllstloll if tilerl_tt_ral 1"r_qucncy of t_le combu_-OCOU|" prowldod that the p]la_e angle or tlo_ clittmbcP excc_dn Q_O I_$. Tlllo ca_ be dc_to[l-

_ |lot too clo_e to 0 a at .uch frcq_eIlcl_s. ,tl'_t.d quite rcs(]il_ b_ UlIItlg a co_bustloll Clln_bCr

I,'ormaim ht11"[l_P coltfl(_,*IrfttJoll_tthe p[Itt_(! nl_]iItlr to t)ist _hown In l_ItI.2 bill with _% t_icncop-

rtn({le of II %rlll be nr0&l_d +90 ° over _ ial'ge iIll_eXtellUlo_ which p_/_alts eha_Eillg the ll_tural

frequency rn_I:e. |"or atlch bttrnern it Is, frequency of' the co_ibtl_t|o_ chn_ibcp.

t]l_refore_ d_slrIlIile to avoid |lha_C al)_le8 of

C, between =60 _ and -120" at the natural q'he data lJhOWll IllI'It_. h were oIlt_Incd with a novel

f/'nqtlenc_ of the combustlo_ ch_bc_. _lea,llre_ellt tcchIllque d_Yolol)cd tii&dnr the [h_rd_e
l_roJcot and described i. _efcrcnc_ lO. it cello|at.

A typ|cnl plot of th_ mn6nittl(]o nnd pIlas_ ftn_.le of of mo_lulati[l_ the flow of the ga_/alr mIxtut'_ to
G fOp t]l_ _lllltl-por_ b_ri1er 11n_d I_ th_ I'urd_e _he II_.'_er he.d by _e_l]n of • lottd_Ilca_er _tachcd

': project |a shown I. I,'|_, I,. This sot of data w_n to the mlxlnt_ tnb_ And mcam_rfna tile rad|_tcd aound

takc_ with i_n n_r-to-fuel l'.tlo of 19 which ren%_lts pren_lIr_ m._I_Itutl_ nild Ilhr_ at|ale _%t ¥aI'iou_ fro-

Ill a ycr¥ "h_l'd" nllil cam _act fl_mc (the prii_ar_" nlr qllcIlu|C_, |Path with the finao "o_" n[Id w_th the

rlu])[)]_WA_ _2_ of th_ _toichiora_trlc a_iottllt , Th|, fl_me "off'l. ]'ro_ theme _=ilrc_e_*ts th_ trails|or

fl.fle W|t]t lt_ _uoclatetl bw'gtcl' Ila_ the _l'c_te,t funct|oll d i, calcll|ttted _ fol_ow_:

; tc/Id_nc¥ to 60 |llto /Iclf-cxclted ome|llntlol1_ If

th_ natur_l fl'cqttency of the eombunt|oll cIlanber i. Pall

between _0 IIZ alld 180 ]Iz bccsll,_ the Idlf&,_ all_le of d " -- - I Eq, (6)
Pcff

_]2 'l'lliameaalarcment ncthod la quite aimllla, but it in

%
rather tedlo_a bcc_uac It ill¥Oig_ N_tlrc_gt_ _L

ia -dO0° many die°rote frcqt*_nelc.. Particularly at hlgl]
(

ffe,p4cnclcs thlo r_ethod la alao very oen_ltlv_ to

i, errata l_ phage _¢_luremcnt _gd to ch_ggc_ i. the

e! i:: -I4 IFI:I:Illlo_ bro_g/it nlm_;t olthcr ba rc£1ectlon_ In th_

can be .potted by plottln_ the c_I,Ic_ ratlo or

. ,o ::,, ,,, po,,,pofo°pol,ooo dt,,°,o..d

thrm_t;h |ha mnJorlt_' of th_ d_t_ polnt_.

. _'rom the rmalllt|ll6 0_otll ctll*(o on_ call obtain tl;o

i'I cu,',etransfer f_l_¢tlotl b_ numerical _alll _ccordlllg to

a t:q, (61or by gral)hlc_l mc.n. by .hlftlll_I the
• or|_In on tile l'c_| _Xla b 2 the _ul_t of 1.0. Tha

':_ 1.0 _:rnllhlcnl _roccdtlr_ ten|ilia Ill _ _yqtllnt plot of

tll_ tran_cl' £unctlo_ a_ nltow_ l;l _'lg. _i for the

4 .5 _n_e data polnt_ which w_ro _ll_m_ in Fit;. I*.

•2 II_I_It:HDATIOII D_]I Tiff: AI'I'I.IC^TION Ol_ F|.A_..:

TllAfl[llrtJ/l_]IICTZON_ _3 llUlllI_':lll)tYJl_N

.1 0

_'rCIIIIeNc]_ ll_ In the |:reccdln_ occtlo_ the olgIllfic_gco of tile
ra_g[llt%lll_ f_It('l I111_10 Of the £1"mc traveler _l_ctloll

at |.ha natllral £r_lllt_II¢_ of th_ _(_bI/_t|OIl ch.ml,cr

" Wan dlactlllell, _'or fi giYc;I btlr_l* a[Id floao,

F¢_, _ TI_IIIOI_p _'_lciffo_l of _ulAa_#t_d _clf-ex¢ltcd comt)u_tl_nonclllatien, can, In
['rP[,(I_¢ _'l_ an _lllltlport principle, be |)reveRted by dcnlgnll;fl the c_mbt_atlon

Mo_ I, |llllt?l_• ¢ll_l_cr IIICh t_l_t ltl n_turnl frc(l_allc¥ la #boY_
y_lllQ determined fr0a tile trnnafor fltnctlon_ of

that llur_er _%11_ fl"a_. _hcl'O gPO_ hOWCV_I'_



pr_ctleal llmitzL to ttlin, A be!trot appFoach Tllvllr_ dlncrcIlnnelerlarc not nurilriuinff, atl tile theo-

i_.enerallyllellin denIEnII_gtilt!burnt'riio tltlt_ ri!tlcaldcrlvatlon Of I(cf_rel_eeil,a0_ll_SS tba_ tbc
obtain n PltLInuwhlcb an:rares lltabillty ttlttotlt iiIiitl1,!of the"o!icl]latin_:Pl_une reI_alnn conlcal

qndll_ dellil_nconutrnlntn for tilt"comblii;tioncbttnbi!r, (for a clrctllar burner port}, cbnnr:Inl__crely in
_li_ reqtlIres InfoI_tttlonon the t.ffecLof thi! h('IEtt blltrt!malnln_ fixed at.the b{io_, Tbi'J i_

bllrnnl'para_etcro on the trnn_fcr fllnctionof the ll(0tconillnt¢!ntwltll cxpcrlmuntal observations (_t!
Plains. FiE, _}. In the 10118fulfil,it i:,ccrtalnly within

. [ _ i _ • the l_coFcof the project _tartc4 at Pur:luv to

_ ....... L._ trnn.fcr functionn.

i_ m For the _horte:" tL'rn_ it iu propoocd to obtain
cnoo_!h cxi:erimental data to cstablltdl c_plrlcally
talc lrlfillcnct* of tbc ¢oI,_'_on deDltln variableu i:l

_fi: _ _ burner gco_ctz'y and operation on flame tr.nnfcr
• :._.__ :. Punetionu . 'Phil: lllllltll(l lie done Per the vltrlotlu

/ ; : _L_= I'uelB which _lodcl'n co_lbustlon 0ynter_s tare to be

..'_.:_ bible to hnlldlcwltbout abnot_sal :lol_c c_la_Ion.
A gstleralizc_d l'elat|onuhl]) to l:_ dcriycd Peels tbil_

_ llat_tcan be _llll]i_dto optimi=c tlludcnigltof
_tlrn¢!r:_to o]l_i'it_ tt_ U3tltKI_ requlred, irla

" /_i' : v:srlety or coz_buation ch_=ber._, 5p,*ciPic data for

,". a given burner dculgn will be UIIcPul to c]leckproposed allplieatlo/ll_ of that turner in coll_tlllstlon
with exl:crlmcntal or L'cnernl data on tilecolabuation
chlt_ber.

Duels8 the three ycarll durint; which tileproject at

P_rdue Univcrulty wall Pumlcd by the American Gad
A_sociatlon (AGA) wltb additional /:rants-in-aid

Pro_ tlm _crlcan Scclcty of Hcatlng, Iestrl_eratln8

and Air-Conditioning EnElncer_ (_qllRhE)_ a ta_Is
for tie ncamlrcment atldapplication of flame

F£g. 5 ']'r_itl_#ret,_,,l_It{otloJ' F_g, d _t: transfer functlonn wan laid. Durin_ the next, n_

tlyqt,{tl_ Rcprclhmtc_t_on yet uflPllndsd, idla#lc or thin work_ _or_ealready
idcntlPicd refincmcnt_ Ill the _ea_urcmcnt tecbnlqus_

ohotlld bo llaplcmclltedalld tile appropriate data

_l the project at Ptlrdllel}lllvc_rnity,plc_ql_trallsfcr obtained for a rcprene/itatlve _et of burners llnd
operatlnd conditions, l.lal_ollwith lltdu0try in

_Inction_ tlnv_h_s_ r_easurcdfor a few burner port esnentlo_ both for pichinE mlitnblc burner_ to be

_ec_trlea at a inlr_bcrof dlrfcrcnt nlr-to-fllel tested aml For translatin_ thin technology Pro¢l tlm
ratio, nnd port londlnt_r_, Theso r_sclotlFemelltn show
that both the pllann CIIpYofllldthfl_sgaltud_ curve university to induutr$. ^t;llllhi:has already

or FLK, h can be shifted to substantially lower aH_intcd a llalaon committee for this purpose.
h de_nntrntlon of the application of flnm_ brans-

frequencies by decreasing tileair-to-fuel ratio (i_, for funetlont to a full _ealc combination nynteln la
i_). Thi_ resttlts it* It "_oPtcrt. flatac l}nvill/_ a
larder inner con_ and a r_rhcd decrease in the proposed, h furnace which in stable with llattiral

tOlldC_Cy tO excite onclllntlonn an di_cll_#JCdIll b:nnbtltoselllaton wbclloperated on otter Ixqel5 iG
n(im_ detail in lI_Pcrcnecn 5 and 10, Cllan_cs in the _reni_v OR Jlsnd _or thl_ dcmonntration.
nlr-to-ftl¢l ra_io bays leak bccn l'eeo_llize_alltt

As part of tie next phase of thin work, it is also
priory mnatm for cllmlnatin_ combuntlon o_cilla-

proposed that tll_ result of nlmilnr work /_oln8on
tlon_ ill_ny ellntlnd systems. The r_easurclnellt:1 IIi l_rope be evaluated _tnd lltillzcd to reach tile

otltaln_d provld_ at leant a _lualitatlvc liuldsnce objectless of the project In a coat-cffesti_s
for such effort=. _lan[ler. Tic necessary contacts have already been

established,
_']l_n_ Ine_mtlrcmcnt_ gq'e COll_l_ltcnt wltb tbo tbcorct-

Ical pr_dlctlon (l_ferenc0 lh) that tho pha_o

mn_nltud_ curves or 0 should _hift to lower rrequen- ACKIIOWI.HDGI_II:I_Vd
ciea if tlm sito o1" tlm pro-mixed portion of the
flnm_ iu lncreansd witlmul incrcaslnt! tlm mixture

velocltyl l.e., by ittcrea0int_ port #:izn. Tho The work described in thin paper wns suPl_orted by
_c_tlr@_cllt_ do Ilot I:o_Pll_t however, Ibc theoret- tile follow|IlKsources:
lcal pr©dlction of [I_fercnc_lh that tlm blgh rrc-

fiucns_f pnrt or tile l_nKllitllde till'We l_hoKld be Ai_crlcan Oan Atl_oclatlon:
lnv_r_ly proportional to Prequeney. Innt©nd, the (3) Ornntn Totalin_ $_;0_000
r_eanure_nt_ sho_ n r_latlonshlp Inversely propor-

tlorlal to the r*q_?ar_op t]l_ frequency. Al_o, thomeft_llr_dpha_ lniln ar_ flllchgrcalcp tll_rltbos_

theoretically predicted In Ilofcrcnco lh,





"Preventing Abnormal Combuntion Nol.o"

pro_cntcd by
P. K. Baad_

BL_CIIIIS T_n[h

B" CnhnnL K. MeConnnll:

I thought I ahould JutJt point out for ....... 1. there; any way to ahlft the Fro-
the record that thia wa_ not _tructural guency up in order to gain utabllity?
damping, but daIaplng in th_ acoutltical mode.

P. Bnn¢l_1

_-1 [Inad_p-L It you have a way to chnngo th_
;i'hat'a right, gcoln(_try of tile coinbuation chamber, y_a.

In a practical c_]_e for thu uituatlon you
_--f_mh°Ft_ d_uctib_, it in unlikely that you can do

Can you calculate the critical damping anything to much chang_ tile natural fro-

in n fhlo for a typical Inutallation in quency of tlm comhuntlon chamber. What

advance? you could do i. odd damping; and if you
look at tile thing to _eo wlmre it would do

_: Bamdnt good. yo_ might find a very .impl_ w_y.

_o. you cnn't _ccnune you do not have What you _ho_lld not overlook in that damp-
quantitative information on th_ tran_f¢:r ing dace not h_vc to bo by abaorptlon of

Ftlnction_ for _nyono oF th_ three el_mcnt_ acouatic energy. It could bc by _nhnnco-

at thia ]_oint. If you had a trnnafor _unc- mcnt of th_ radiation out of th_ ay_tcm

tlon of tile _lame; and |ran,for function into the environmcnto Now that may _ound
for the Fn_l aupply, lit and if you could counter-productive to reducing th_ Tenor-

model th_ tranafer Function, ZI which doen ation of heine, but if you radiate it out

contain damping aa one of the param_torai faster thnn it can be genernted, it won't
th_n, yam, you could ¢alculat_ the whole be g_neratod in the tir_t placol
,hobang.

ITI 'P_ chy t
_--M-:rotor' Well, I'm not aura we are talking

In going From equation 4 to 4b, how about damping bccauo_ i_ you coaaid_r tim

did you do it? Hyquiat crltorlon tot feedback and if yo_*

can find a way to got it gilt of pha,o,

___aed._ the:_ you don't haw to add damping.
--I divided the right hand and th_ loft

hand by Ipl2/2. p, pn_a_ L
That'a corr©et. Thcr_ are varioua

K. Mc_onh_llt waya to do it. I_ you call change tile
Yon have" _ aimple model hero and you tranafar Function of the flame, chang_

#allOWed 11/_/% flt_Gkt bit| whet hrlpp_n_ when fuel/nit ratio, change bilr_gr po£t dilncn-

you havre a lllg _)u_no¢ in |bore and thore'a alone, you can nccomplinh the flame thing
n lot of piping down the tuh_ nnd you |lava without dmnplng.
c_clon_ neparntora and all aorta of magnl-
ticent lmpodanc_a? IIow do you control one

O_ thon_? I'_ nwnr_ OF one that'n _.rgin-

ally atnbl, and every once in n whil¢ it
gqtm ot_t OF lloyd.

_"_..___._d.9.t
In principle it la pofaibl_ to model

_t_ch n myato_ llnlng two-port _twork.,

how,_vor it can got complicated v_ry quick-

ly nBd it in uTtllk_,ly in nn oKlt_ting In-

_tnllntlon that anyo[l_ would attempt the
mode|lag, It weald 1)_much more logical
tO _q_klr_ i_peda_c_m with al_ Impedance

tube thnt you wo.ld ntick into the combkm-
|ion nren.

t,
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F* l)* ll_rL, l'rof_n_or

J. !{* 5tuwnrt, &lJm_ct AunleJt,ult l'rofenoor

T. II* lh)d_10on, A_lJoclate Pro|armor

CClltur ftlr A_ountJ¢ill !_tud|eo

[_ortll UaraI1nlt :]tiltu Unlvernlty

IUtleIKh, _orth Cnrolhm

I|ITi_oiIU_rlOll '|lace the CA_I l)_raonllel knew very ILttle nbl, ut the

de0|Bn , ilrodtletlot_, _lltl oi_eratltlnn| reliulrcm_Lrt of

Itl1:ort_nt tit til© _etltar for Acourttlc_l _tthil,_a (CA!{) world plnnnra tlthl _{euemn t:nK[tleura {lad ILLtl_ e_it_rl-
in nolne from t_t)t3dw_irkllil_ mmchln©ry wan ntlmtt|ntt_d cn¢_ with ntllno, n workltl_ a_re_tnent that tri_tl ill

|)y nn IntI_ilry from tilo li_WTt_n Mttchln_ COl_llany o| opt|mI_.e wll_st both ilartl_ cat, Ill b_t _Ol_trlbute to

Creenal_ro, Nortll C_roll{t_ In th_ f_ll of 1970, the _ffort wai_ n_r_ed up_}ll. For Lh_ nLudy, llt_N_i_n

NeWI_IIt Maciilne Col_i|intly lad, dtlrltl_ th_ pr_vlo_{n _nehlnc, _hert:fot'_ iurnl_hcd n planer nnd _ tlttot

y_r, _dn effort_ to r©dttc© nolr_ of thl:Ir pl_llOro call©el|all _ynt_m, mlclllnry ilIlrdware, o[]_¢|al JIHo

(Bln_In nlld ¢Ioltbla ou_'f_c_rtt) with vt:ry tllmlpil01nt- nnd flxtllre_, i$1td cil[_|11t:l_rlnl_ _tlld t¢!¢hlllclan ||me

Itl_ c©nulta (avail tholtt_il nil acouat.Lcal clmnultln_ wil_|e til_ CA:I contrlbt_Le_ [ni:ulty alld _ratlunt_ nt_i-
first had _tt*{iports_d tilt_Ir cf_Ortl_), _ii,2r|_uct_ w|t]l dcntn* tlm_ l_borntory _pncc, _nd mcrt_itt'el_n_ nild

plmlor noIll_ by th_l CA'.l pornollnnl nt th_t_ tlm© tile- nllnlynl_ ci[_{Ii1_1_llt niltl Itlatrum_llt_tioll,
rllat©tl of ollm_ryatIonls m_t_ Iu routlno llOloa Our-

Vaylt Ill th_ [utnl_tlr_ llidu_try aild fa_lllnrlty w|th _o d|r_ct c'_lletnry i_aym_llto w_r_ c'_tle 1tilt|ally to
o_Vl_rA)* ._rt|cl_It In Lh_ Ilt_rature whlch cefofr_iI the Uft|veft_lty by tile ]_r*w_an Mnchillo Coml)nny, Thero

to i_©_odyllnml¢ nt)luQ, _._erl_Itcc it| ffewT_n ahow_d wqro n_veral renailna for Lhlo. Flx'nL, tilo CA_ wan

thai: _l_fler nuI_t_ a_med to be r©_*_t©d In aurae ilro- rchictailt to _lltct* llltO a contract|Jar a_r,_m©r*t till-
|*ortlon to tlm _ollO_lllt_l tll m_f[Iclellt |l_uh_coulld nlld _xIl©rll=n_2_ w|til n u_w

px'ohl_r_ Wall _In_*d to detorrtl{l_ the l|kellhot}d of
l. depth of t:ut ta_t*il on tile itonrd{ _Ikli11_ _|l_lllf|ci_llt pttl_r©nn tow_rli_ et_lut_tlll Lo th©

2. NIdCh a_ buard b,mln{_ cut; l,fOb|ca. 8ccnndly, tha CA;] ha{ Lh_ Kood fort*m©
_* numtlar of huron do/ha |ha cui:tlil_l}

A* Ilpe_lll of _od llmlnH c$1t{ dllrin K that {_erlod Of tlr_l_ to Im c_r_yIn_ out all
nCO_la_lca t_-n|twlll H prol_rll_l unllcr _{}onmlrnill[i of th_

5* nl, e_d mL whlch Clm _i:arIml In fed pant Ha_lollnl A_ronnu_ica nnd *Space Admhllatrath{i{, This£|m eli|C_r*
proBrnm dld 110_ ronLr|¢{, partl_lpanta LO _le_t r_-

_{p,ciflc qle_la_lonm r_ia_d by Hew_ml{ in Initial die- aenrch toi, lca relnt_t} to _trcraft il,)lam, An n ro-
cllamlof*n ln_{ollmdi at{It, ii i:r_Ifi_l, Wnn Klv_ tile opportunll:y _o Imtudy

1. WI{_*t {Iw _laln_ _lm noI_{ Lhn wuo_ if|relier[_" hie rlla¢'fir_h {irobl_. _]tLrdly,

_* In J.t t|tq_ kll{_¢_ _trlklnK LIfo l¢otld{ /urt1|turo i_W%_lf_ICLurlOfl and tfllod {,rt_lll_t n nr© {_mJor

_* Io It tim chi{m ImlliA turn from tile wood{ ill,hmtrl©a In _ofth C_roXlnm, and the Un£v©rnlty cn-

_* in It tim nl{Kle mic which tile knife itrlk_ cournKen f_culty participation {n problem _l{lvln_

tim _'Jd{ that ¢¢Iu|¢{ {law b_nafit ttl lqorth Carollw_ lnlhln_ry.

5. ia _t _he_rln_ cut quieter thnn _ _rMsllt All loll|el Cllr_e r_3nth nt*ldy entabllalled vlbr_t|Oll

G. d,mn th_ nolne l_vnl vary directly with of tile honrdm l)elnR pinna6 nn tli© me_Im_tlom of nolnn
tim d_pth of tilt| _aller_lon, {llr_c_ r,{netary al{pport from Howm_lll Ha-

?. do_l the noimn level vary directly with chin_ Company began Ill January, 197l, 9tnc© thai

_|l_ wld_|l o_ I_Utl tl_a n ;ttlmber of proJ©¢_a hctv_ b_cl_ c¢lndu_tcmd, in
t{IC /011o'_In_ n¢_Llltll, Bllm_m_rI©It ar_ {irov|d_t| tlf

I|, doen tlm nnlno l_vel vary directly ultil npe¢lflc proJec_ act|vl_y I Imrdwnrn d_v_lepm_nt _{ n
_|m i*pq,,d ac which you curl

9, tlo_lw tim nol{l*l l_vnl vnr_f tl) ally prnctlcai tilt|met or IttdIr_c_ rflgui_ of tim m_lldl¢=m la r_vlewet{ I

¢ls:_re{w Nigh I:ho nll.m_lo b,lln_ CtlL_ n |lnt£n_ ¢1[ papyri anti reiior_a and f_tllpOWer tl_vt_l-
o{'n'_tltle lirovl_|edl antl au{{Kontlona nr_ _|V'_n for

|_ bacltw_m remllly II}lp_w_mt_ t|l_w_ _ucil _rk W_ltltl be [irlt{rltl¢la ill ftt_ttr© ren_ar¢{l, d_volupme¢l_, ¢llh|

lnvl_lv_tl In flndlni{ tile enn_rJs {:o l:heae qt*efltitlnn, d_lli_rnt|o{l*

|_tt th_ {lenkJn{{ tim _Inl*wlrl* _uld a_CV_ nil .W b_Inlll
fo_ lindqral_mndJl_l_l lion t)l{¢m mlsht redlic_ tim llOlBe HO_II)'a_DIIKI{}{; HA{IIIII{_*_T HOI.qE _ll}hD [']_OJ_ AI:TIVITY
mmlmlllon, _'h_ _lrn_ l|{'Cilqlon that h_Id _o b© mmi{a

w_n how to _mtmhllmh tim univ_fmlty/indtmtry Jl{lnt Table I Klwn n nl,tt_mry of proJ©c_n, UUl,port Imrlodm,

I_an_llrch m/{_ort* l*w_raol_fm{., nullpor_ 0t){l*'c*_{,¢lnt{ {SB ewtlmmto of _ot{_l

l,



r_nt)u_cco (ln(]lle_sI_IIDO_ef , o11[IeqxJ_[o_cIlt) r_1_L[t't[ itvll1111ble arld provide Vnryltlji dc_r(,_zl of 11t)Ine

t(} wood_orkl;l R _mcliltlery frol_ 1970 to th_ prenellt, rcd_¢tlon.

TIIN dol_.lll" VI_.II_B _Vell q,n tim far rLKIit colunul ,le

zmt include the lnMtou_c [I[)M) effort (pltrtlcu}_rly ADDITIONAL ](ES[_ARCH PIK)DUCT5
_cwumll till©bin© Colniinny) corril, d II_It [ly th© ViIl'lr_ll/I

col;q]ollien, The 5ill elltry |n iilchJded bccauo_, three All ImlPortnl_t product tlult l'_imdtl_ [roi_ univ_rnity

of t]ic [{it_tttl'a1¢le_G Colii]t_cted re¢l_:Ircll _ii wl)oi[t_or_- ron(!_lrch lu tll(![lui_llerof nttldeS_tn th(it r_ccive

lIlJ_ I_chlllery* An eg_Jmntn in _ltd_ ill _6 of th_ 011e_Jzlll_ed trllilliDg iii111 IIriidH_t(* (legreen (_i*S* IlIll]

VUllle o_ eIlu_llnlclttprovided by n¢_v_rnl compnnie_ not l'h,l).). Feur _l,!]. Illl_ three Ph.l). n_udr:lt¢_ did
uccounte¢l [or 111 (Ither [inL|n_l/h th_(,i_ work that relatcll d|ri,ctly to w_lodwl)tk|nll m_-

chillery flO_tte, (1111y tw_ c_[ Lhenv graduntcu (JotlSt

All ¢_ttul_lpt lUln Ira©It mnde tel elltlm:ltc the dlntrlbu- Stewart. l'h.D* ltml Nllliala F¢'lnler s H.5.) arc cot _

Lloll o[ inlltlpo_Jr ilIV¢llvet[ lit woot[worklll_ IlulCllioltry r;!lltly etlllll_llql 111 prl)_Ololl_l tlcLlvlty ¢tlll_l_rnod

nnlne ItDM) over tim lnnt nl_ yeara. "fhln entlrallt_ with then© tyile:_ _f lie|he i:r_d_lemo. [Ir. !it©wart hno

_u is]lentil lit I_jl+ 1. I_ lllcllltll_l_ i)/lrL tlr3_ i_rlllltlnte ii bLiolnetltl (l_ulzJO Ctllltfol _;_rvLcen_ |l_c+) their tlpl_-

tltlltlellto lind [_ctllty without 17c_tlrd to direct telp- ci_ll4zeo _.11 nuloe cotltrol [11 the lumllt:r, we©el prod-
porL. ]_ 10 clltlm¢liced thflt [mtt4et_ll follr (/i) Ollll Iictn. iiiltl ftlrll_ttlrl_ lndtln_rl_o.

I_V_ (_) IB(tll-yeflrfl II_tVn been dcvDte4 to thin effnrt

_llzce 1970. l)lree_ outlay of ir_)lley tutd vl]utl:r_,t¢lt All cf['ort luln II_c[i tnnde to [if©helle the re_tt[to el"

provJd_tl hy lnduntry _n entimat©d lit itboot $_2,0D0. thin t-I'/l_tlrcll 111 th_ 11t_rlltUre llllll t c_ mtlk_ llrellt_ll-

Thin _[_llY_' (Ioe_l llOt lliChldU thl_ I]n[_lll©er_ll_ t[l_ of tntlonn at opproprint_ pro[ennlonal ooclety I_cut-

[lldui_l.l'y IlnrllOOlte]. 111 _)rklntl with l'_t_ctlf_llerO nt In_a, Thlo II_itl r©ntl[_e{) I.II nllolH_ twe[V_ (l_) pill'-
tile C/_] oil Ilgi/l_ [)rol11¢_o or th_ cot_ o[ I)l_rtloIIhl_| 1_o11_tl llftpt_rn z_tttl elKht (LI) major rrl)ortn. Addi-

t_l_lq _ul" Id_el:lll_l_ ol](_ dlqCIIBBIoI)O h_Id tit vAriotl_l cJonnlly I O lllll1_tler O[ artiele_ [love blten pr_pnred

Cor_lltlllle_. for thl3 _rodo Bitl_lll_[11_D Cf_e_*|ll}I tU tllOl_l_ llltltln"

trlen, _]cvernl mhlltlonnl i)opera nll_l r_[lorto rite In

]_1_ pro_cet |1, th© _tood plnner _nn II_udl_l. Project vnrloutl Iltnl_cn o1" pr_l)_lraLlon. A llotlo K o[ tile [la -

I_ r©lltl[l£c_l tln_lyillfll_ IIol_l_ 1or t1_11 _it[It It_ln}ll_ O[ IICrO _lllt_ rl_por_ll 111 };lVl_ll 11o the, L/t0t flcctloII O[

_Ch|ll_tl unud In tile ]unifier, I_tlod prt_thlt_ttl, ilil_ |_r- till© i)nP_r.
l) lt%l_'l_ _lttlt$11trl_l_* Circular nawn, tilth nlme(I rout-

crY, nnd _llopera t_crc ntudte4 lit tll_ laboratory And II_C_I_[}/_TIO_

In tile [leid in i}ro]_t #3, _h_ vlhrntlotl clmr_eo

l.el-ll_t_c a _fl_l al_rth_yitn11_lc (ioJa© tl_ _l_-c_lltlr ll_lw a I_lltlt[lsh _}rk Iio_ b©Clt dell1© tel _-tllfl_ ttl_ levi3], o[ COll-
eOral:rln©d project |t_. ProJec_ |5 1_1 Jllcluded nJllce [tlnl(ll_ oa t(_ _hnt In t_ehtlicnlly ponnll)le, proctl-

_lly_l_ _/_ tr_tlfleoR *lid I*h,I). tll_l_e_ ©it flivvers1 _- cnl, _tlld ©COllOmlcally fun=lblc lit COlt_ro_ o[ noill_

[lecLn tl_ tt_thlWJItk]kl_ l_l_hlnot_ I101.t113. _hl_ mlnc01lll- frum _ootlworkllll_ _lhchlllery. *l'h_' b©nt t4Ay to C_Olllt

high npecll rout©r, n nll_per, iIiId _ _$.fctllllr nn_. twine t-ontrt)l I.ll tht_ hunbt_r, _lt_d Ilroduct_, nnd /or-
TIII_ lltolmlull /or ilroJ¢ct #7 Wfl_ otllII1111_ed 111 IQT_ ii|ttlr_l ltltlUnl_rJ.l_ lfl to d_velop tllltl |m[ll¢l,_-I_t _ roll-

and funtl©d In 1974. It= obJr_tiv_ 1_ to provld© n Jer d©rm_natrntton prnlw_m In ncvernl pinntn with
IlrnctJ_a]. I_lld0 ['or plall_r noll_n cont[uI nlld to e_- rollrcn©ntlttlvl_ _chlncry nnd pr(}duetloll (]pel'_tlt)no.

ttnllol_t_ tho_fl COll[t(l_¢ ll_llCJ[11_ ill (l_lle_ _ot_- _ ii1_¢ltt_)lllll ll_ _I©1_ct¢t_ wh_rc1ll _.[_1_ pt_l_©_fl

_)rkln_ Ir,lc)tlltOm, lind I)cell taettle In ntll_c COlttrol. A (I¢t_11ed floifl_

ll11_l_O _*0111_ tic corltltll_l:_t[, lind nttcrnlll:u _lJld be
I_.tOff RF,SUI.'P5^lid I_I_DNAI_gl)EV_l,Ol+tl_llT m_de co reduce imlne to acceptable Icy©Is by tim

monL npllt-,llrJnclt co_lb|llOtJOl) of toolln_ chonsc_ (re-

_fl _lil[_Jll_ to ltCttl_t &11111e_Ottlllt_l£1_ O_ tile mcch_- flillt[ll_ _l_t)m _(_l) _[[OricG)_ _r_J_ttl!l_ O_ rii_ellJll©_l I
rlll_N O_ _I01_ _llOr_t_Oll O_I_ I_OU_ C_IC1_flt ©IICIO-- _tl$_ ltlhi 1)fllTl_Jtll _(ICII)PIII2_ Iltttl other 0tond_rd

Illlrla Ilt_.1111_iol$, tll_ cl_opol'_tlvn tl[llV_-_[ty/|lldO_- IIO11_ control i)lroecdurcn.

try I_&D©fh_rt Ila_ led to Imrd.arc duwh)pment tlmt
_.1 l)_Ill_ Ill©d, Jn III11_ [Or nt)lR_ eOlll_o_ [lilrilollea A[tnr rill Ct)lltrol J_cflollrell ll_V_ _)Cnll _l_l)l_m¢ltt©ll , 11

O11 Illn_@rll_ m_ltcllnrl_, circular n_wn [or _lltlpl0 _p- dctnll©d nllttlynln _}l$ltl I)_ cnrrJetl out to dctcrmlll©
12_tJc_11o11, t_llO[l_t'_ O[l_ i_ol(hlrl_. A [tt)KeWO_l;hy CR-- I'l_llllCtli]ll 1[I Rt_lJ© C_1_O_111_'11. The op_rntlOll _'etlltl I}_

lell_li]q O_ ;lllCh h_rl]w_r_ dl_vo_()lll_cl_(_ _._ n_ lln_Iclll _ilgll11_orcd for twelve (12) mollth_ ['O).)*OWIIII_ _h_ ¢ilt(l].-

I_II_Q tll_l_l_fh_Atl t11_11_ Jtl I)e111_ prt)du¢_(] by I1c_1_111 ynJll I:o deterllllll0 ally &llldtle 1Iit1_£_©_'©11¢o WI_It iir_-

FI_* _ n)u)_J_ th[_ cl$tt_l'hend lllot_lled ill nil llhlun- nnd r_llablllLy of llolnn control h_rd_,lro.

trial _¢ood plnn=r. 'll_ln cute=all©rid /_lvc_ ft'(_ 15 tu

_ ll_d_ IIO11_ tlYIl&l_lllt fl_ COT_IHI_II I_O R CoIIVef$_loIlfi_ _J&lt_h n tlcl_l[intrtltlell i)t'01_rnm WOtlhll 1) 0nLzlblluh
IILtal mtr_ll_llL kTt|l_l_ Cllttoth©n4 nihl in I_11_ eqqlllcn- t111_ ilt_ml[t_l, lOVe1 tn _)llclt nolnc could l)n e(lnLrol|©d,

tJollll t@¢Itll'qll Op(_rJ_tol"_l_o@&iUO _[I laln thnn QO dl_A 2) ent_hllnh the cent of contrul nnd the CCOllOmtt_
wltlmltt th_ Im_ o( _nclt_mlrem. Ttm d©nlKn prl_cl- [cnnltllllty, 3) entt_bllnh th© r¢lllnblllty (If nnlne

pl_ll Ilrlll RCIIIIIQI |_Wll IIpoR WillCII I_hll CtiLtBUIICA_ WO_ coll_rl)l _l_rdw_re_ ell)el /I) _atl_b].l_h the dccre_ne 111

dliVg)4)pgd I_1"0 dlAI2U_lt_tl 111 ]ltl_t_&r_ _li_h3K _2_* Jnclt_llCi10_ I1_1_115_ lmlllllzmellE 1_ CO&lpll_tl with flit

_lJtllol_tr]kc _1_11111_ pr0_r0N to ttllt lltlra]l.o[ wlt)l thg

ll;_u'ppli tlhot;hl In Illl _ly b_ llltur|}$'_t=tl ns _11 Qn-
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prosrdra, The proKr_lEa uml]d t*atahlJeda the t)l:lite-of- 14. **ltmLuctlnll of Acroilynlltnlc [IolDu In ldlino
the-art and itlelltlfy tht_ tt!clmolooy _apa and _lould, I¢oodworkl*lg Hllchin_o, ') T, F. Itrotlku lind J. [I.
therefore, aerve _,_ a I)a_In for re_llt_tLc _lmL co_t Jlallcy. Pr()_eedin)_M of Inter-)h)l_e 7/*) lip.
I)cneficllll Inve))tment of ad_ll_loTlal ItO_[) fumlo. 369-372) Oct©her 197/).

PAPI_II_ AHI} R_PORT_; 1_. "An Inv_ati_atlml of th_ ldlc ttllln_ of Circu-
lar !;au I_lJtclen,*' R. F. Keltic nnd t/, F.

1. '**_tatt,n of ©©In© Control for Inth, r,trla| th)od licit©r, CAH Report prep(tred for (;o,l, ea To©l©,
i'|allcr_," J. !_. !_tcwart, 1:. I). Har_, and 3. 0. Lid.) g_llmar. Sued©n, Jttly 197/).
Ilalloy. CArl lltternnl Rel)ort I l_ov©t:,ber 1971)
pre[,tlr_d for Oeh_atln H(ichlne Co_pllny. lO, *)Ht!c'h(tlllt_in of Aerollyttfl_llc [Ioloe (;en_r_tJon lit

Idllno b_oodunrklrl_ MachLn_a)" T. I̧ '. liFO©k© and
2, )'&rtalyaJa nnd Control of lnduutrla! _od Planer .I. It. ]lailcy, ASttI: P_per Ho, 75-D1_'1"-/.7,

IIolac,*' It . D* H.rt mid J. S. StcwllrL, Oound and October 197_,
Vibration) pp, 26-27, March 1972.

17. "l)Imellolotlltl I_llulyolu lind _cltlln O of the Aero-
3. *'hnalyaia of l_olBc Ccnera_lol_ 111 IiitLi4atrl_ll (lywl_lmic rlolne Frmhtccd by Idlltlfl Circular

t/ood l)lan©ra, )' J..q. _t_ar_ and F. I}. ]lar_, !;aw_." It. F. Oeltlc, CAS RcFor_ 1'Jr 75-25.
[,r_n_ntcd at A_A rat©linK, AbatrltcL J^!;A. Vol. &uotiat 1975.
52. 1972.

I0. **Oa tile Nature of Idlln8 Nolo© uf Circular _aw
/). ')A Theor©_lcal _nd I!xp_rlmcntal S_udy of _)od ]ll,tdc_), I' H, F. I(eit_r and It, F. _cltle, Jour-

l'lauer [coin© nl_d lt¢) Control," J. _3. fit_art, hal of .qou,ld and Vibration /*/*(/)), 531-5/.3,
I_oc_ornl Theel_), Oorth Carolina Ota_e Ift,lvcr- 1976.
ally) Italetoh, tlt)rth Carolina) ^ul_uo_ 1972.

19. *'Dlmcltuh)lml Arlaly_l_ and _ca|lt,o of tile Act©-
5. "lluw to IhLlld l_tl_lOm,rca f_r l_oit,_ _olltrol Ill dynamic l_oIoc l'rodtJccd by ldlln_ Circular !)a)_

14oodm)rklnfl,*' J. _. *_tcuart, l'ubll_hed In HI!Ill© IHadca," 0. F. )_cltic and *d, F. OoIt_r, ^¢-
Int©rnatiolla_ t4Llod_)rkln_ !hlrvcy. Japatl, 1_)73. cei)_cd for puhllc_t|on by A_?I_, Decca[Jet 197b.

6. "Fc_ C_d¢ for Evah,_cinO _hc _ol_e _r_n01_)n of 20, ')The A¢ot,a_|c IUidlatloll from a l/©In©InK) Rcn_)~
_odw_rklno Machinery," F, 1). Itart and J, .q. natln[I Dlnk," 1). )1, O'llrl_n and 1'. F. Ilndo_olt,
_tcwaft, h)l)o(Iwt)L'klltO M_chllleg'y _lnltufnc_trcrr_ of CAH Intcrnrll Rc[iort, Ill i)l'cl)t_ca_lotl, l_all.
_rlca, 1_00 Arch 'Jtrec_, Philadelphia, 1976,
[)©nttIylV_fi|n) r_vlm_d) J_ulu_try 11)73.

21. "A Tht:orctlcnl _nd I_l)¢lrlrqetlta| I[ivc_)LlSntLon
7. ')Oood_o_klll O M,'_chlner y I_o1_)_ - _otlrccl_ _nd _o- of _ VLbrntlol| _Ju[qlrcollon ModQl for ¢_n lnlhti-

ltttlonB_ '1 J. '3. _i_¢w_rt, '_hlollworkJn O anll Ft_[nl- trl_l b_ootl I)l/_llor, '* M, Black, ©AS Inl_¢rn(_l. O_-
_t.rQ l}lg©a¢, Jtm_ L973. port, In Preilaratl_n , F_11, 1976.

It. '_h_)rkplcc(_ VIbr¢4_loll CoN(;ro| ill _uod I)i_tlera) '' 22, *'Contl'ol o[ lnd_l_rl_| hh.)otl P|(In©r NOlo©
J, _. fltn'_art nnd F. D. Ila_'t. A_ME Fub_lcntfon throt,l_h Improwd Cutte_h_.nd |)©mien. ') J. _.
))u_hor ?3-1if, T°79, _ept_ah_r 1973. '3_©warc and F. D. II_rt. 'ro bc puhllsh_.d lt_

the July/^u_uet 1975 lanue of the .louraal of
9. "ll_ven_lll_tlon of 1(©In© _adl_t_d from A Clfcu~ [¢olac Control F,,l_ln_arinM.

l_ _aw,*' F. D. I[nrt) D. M. ©1©rich _11d I}. A.
Forh)ll. Proceedln_st i_OIO_ COl_ 73, pp. 1,20-
622, Oc¢obar 1973.

|O, "_olaa Contro_ O©aaarch I'roHram on _ootlwt_rklt_g
Maehlnary)" F. I), liar|) d. _1. _ltcwart, e_ a l.
Final /_ep_)rt _0 tilt Hoodw_)rklull Maehitmry Hatm-
f_ctug*erl of ,%'_rlea and gh_ Oou_h_gft lturlllgug©
Maoltl_c_ill_rfl _al(IClfitl())i)Janl,ary 1976.

I1. "l*al)e t_©ductlon T¢clmlqu©. for gl,e _iaw Mill
InduaLry) u ,I, :i. ,_tewart) t_oder_l Saw Mill Tech-
F_!que_ Yol. 3, Hill_r Yr©cmn_ I*uhllcaclon_
1914.

12. "/¢oi_a AI)at©mon¢ Frnctlce_)** J. _. flt_wnr_)
h_)_dworktn;_ and l_til_/_l_tl_'_ I)10¢n_) _overaber
197_.

13. "_¢rodyna_lc _olaa in ldlino t4oml_orkl,iH Mn-
chin©n," T, F. /_rooks, Ds)c_ornl "_llCtIID, _ogth
Carolina ,_tat_ l)ntvoralty, /talliSh) _or_h
Carolina, 1976.
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TLi_J[_ |. 51JlmT_'lryof UootlwnrklltK Htxchitlery ?{olun Itn_D

_r_t Title _l_lllmrC I'_rio,l I'urnonn_l Suj_ort SoLIrcnn ^_mt

1. Hood Plnn_r lloloe ._l_lyoln 11/1/70-5/15/73 I% D. II_rt H_II Hachlue $[O,000
.]. [_. _tewnrt Colnp_lty
.]. It. Ihltley

2. II©WtOl_m_nt o_ T_L Code .5/1_/72-tl/31/72 I_. D. II_rt _/oodworklnll _l,OnO
for NolDa Em|oBion o_ J. !_. _tewlirt Hnchlnery HnntlfncLllrer_
HoodworktnB tlnch/nory W. i(. I_l_ler of A_ericn (_[M^)

3, _otun Contro! II_m_nrch [0/15/72-ti/31/73 Y.b. II_rt, J. ft, ._tew_rt NH_A nml _20,000
Oll _oodtt_rk|ll_ Hizch_ltCry 1). H, OIl_r|ell, IJ. l_riol[j ._ot_¢h_rZl

H. F. It_|ter t _. K¢ltJcj FLiIrll|_ure
t/. i(. F_lnler H_nu_cturoro Ao_oc|ntlol_

4. CXrcLiX_r 0_w _oloe /_/20/73-6/30/7_ N.F. Iteiter C,OHF.XI I,¢d. _/_,000
Annly_X_ t_, Kettiu (_wcdcn)

_. i_^_IA Acoust[cs 9/1/69-0/31/7_ I_, b, Hart, J, '3. 'Jtcwnrt _^'J^ Indlr©ct

Tr_lnlnt_ IIro_r_m T. _rl_okN_ II. H. O=llrl_n aupport - Z
J. II. Ilntl©y, T* Ih llod_on o[ _2._1,000

totnl ©eta-
mated _t

_30_000

6, HlmeaXl_neouQ-Kquipr_nt 111171-12131175 Y.D. ]t4rt Hc_mnn Mnehlne Co. OIOpO00
_lld TOOI_11R IX_n_t|ona J. S. _L©W_r_ ?{QIOOllH_ch_ne CO.

lh)rLh Amorlc_[i Tool Co,

7, _01#© Control l_em©_rch 41|/74-_/31/76 F. I_. II_rt_ J. _. Stewart _10511 _lOO,O00
on 5;ood l'l&ner_ I_. Koltle_ H, 1_, Relter

J, ]'crkin_

2,0

I I
I I i

I I I I I
10/70 10/71 10/72 10/73 10/74 1017_ 10/76
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rlK. i I_ti_t= o¢ I_n_r Co_ottt=4 to Nood_mrkin_ _nchtuer7 I_11& D,
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"Woodworking Machinery }[ols_ I(osuarch,
D_volOpl, unt and D_monutrntion"

presented by
F. D. I1nrt

DT SCU.',STO_,Z _

,TT _. _ll_nonL

Fran_-_ I'm not qultu Clear hero, in d. 'lllchJ_k
the e_clomure method p_ufernble for wood flow did you dampen th_ boards fed into

plnnern? tlle .%nchi 11_?

I,_T ]!n_tt F. llnrt T
It d_pends on the compnnl_n' monetary About the dnmpil_gl in n preliminary

.It_Intlon. We would e_plnin to th_In that a study we did use rubhQr attached ]Jy col%t_ct

ilollc_l cutt_rlload would control thalr cement to dornpeu one side Of n board fed
nolue without the n_od o_ unclonuros. Ilut into n single cutting machine. Tile damping
the clltterhead costs o_ the order of 20_ of woo [neaourobIc, but of re.roe thi_ in not

the initial capitol coBt of the mnchln_-- o practlcol aolutlon. The meet effective
about @600D (lonll Inlstallntion) for n 30 way wa found wnn n di_tri]luted contact of

inch clJtting h_nd. Ilut i_ you can convince .tcul-on-bonrd, _s you would n_l_p_ct. The
them, which in true, that yo_| only have to problem is the mor_ pr_nmuro yet* put oi_ it,

.hnrpni| it one© _v_ry three monthn _ op- the harder it i. to pupil through.

pained to once or twlc_ n day for n utnndard
_t_el _trnight knif_ c_*tt_r, mninten.nc_
coats are rnd_*c_d conmld_rably. If| _oct one

_conomic utudy don. in Alabama with a cnr-
bld_ hand nhownd that in a p_riod of a yoflr

ou w_r_ _avlng monoy _v_n dlucounting the

nltlsl capit_l colst o_ n very _p_nalvo
r_troflt component.
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David K. 11olgerj Assl=t,lnl Profas_or
Kenr_cth G° _l¢Conrl(_ll I Ilrofe_or

Dcp_rtmcnt of EngFncarln 9 S¢l©nca _nLI t_c_i_nics
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En_inccrlfl 9 f_e_corch Institute
Iown StaL_ Url[var_lty

Al,_s_ Iowa 50011

ItffIIOUUCTIOff AUD UACKGI_OUItU _ur_nt_ Qra presented for both fnn_ with and
wJthouL tha alhow duct f.uff_©r= which _oro da_l_]nad

C¢;itrlfLJUoI _rld a._J_J itarl_ _ro th_ Ilrlmary _:_iql_- to provltlc th_ i_cc_ry r_duct_on In pr_J_ure _v-
n_nt of m_ny crop _r_tlon _;_d dryJn_ _y_t_sn_. _I_. With f©w r©_trlct[on_ _ha dasl_Jn _hould h_
Often Lh_ f_Jill ara tho n)ollt I;Iten_c rtof_ _ourc_ _ppl_c_blo _o th_ Inl_C or a_ll_u_t _d_ Of _fttl=r
_mlo¢l_ad _lth _r_ln halldlln_ oJ_ar_tl_n_. In _lal or c_ntrlfutJ_l far_s of _nmll to _odcrat_

It I_ n_c_=ary _o obtalrl _cou_tlcol d_ which
_h_rn_tarl_o tho _o_tnd produc_'d lJy _ho frills Ii_- THE HUJ_I'LEf_
volv_d. OL_rl_9 _he _u_rnar of 1_7.5 _ t¢_t pragr_fr_
rnvolvln 9 I0 _1_1 and 12 ccn_rlfu_l f'_n_ wa= ¢C_T1° TU© f_ufrJar which w_ da=l_n©d for _=_ on I.h_ ©_-
p_et©d. All of Lh0 f_n_ t_Dt_d _ro Ini;a_Jr_l pnrt_ h_u_t _ld= of ¢©n_rlf_!]_l f_n_ with 20 Inch _nd 27
of Q_¢har _]r_ln dryln_ or _or_t_n sy_tcJ_l=. Th_ Ir_ch dlall_ot©r _nlat_ J_ _hctch_d h_ Fl_. I. I1:

_n¢_1_= In dl_t_r _11_ f'r_ll I/J to I0 hp_ r_=p_c° bnff_©_ In I.ha _h_fm or a _0 do_Jr©Q ©Ibm. To n_¢_¢
tlv=ly. Two of ttm _1_1 f_n_ _aro two°_t_ge unlt_ 9c_l_trl_ c_rl_tr_lnl:= at v_rloL_ ffald Io¢_tlons
ulln_ doub_a =hni't©d cll¢ctr_t: _rx_tor'=. TUa ¢_n_rl- t_l_ _lbcJ_ _ll_JJo w_| r©du¢©d i;o a= low _1_ JO d_gr©a=
f_J_l f_n_ w©r= all direct drlv© _nlt_ _th b_ck_ In _l_a ¢_=c_. Cor _ll_r anglQ_ tha .JLJcl: _

wnrd cL_rvad fl_t hl_do_. They r_rt_Jcd from _ _o l_O _c_]th_n_d dow_=tr©afll of th_ elbow =o thnl; thor©
hp _nd had Inl_L dln_atar_ rangln9 frr_n 20 to 27 w_ n_ un_a=_.ruct_d JIn_ of _ht tllroL_911 t.ho muf_
Inch,=. fl_r. The Intarlor _urro¢_ of Ltm hou_ln_l _rld

flew _ld0 of th_ baffl=_ _r_ lln_J _lth _ Inch
ThQ obJ_ctlv©_ of _h= t©_t progrorTi v_ara to obtain thick flb_r_J_©= bl_nkat ¢ov©r_d on th_ _pa_ad =_da
ba=©l_n= n¢o_lc dat_ r_r _nch or tu© 22 f_n_. to wl_h I/Z _nch har_twnre ¢lol.h. In or(I_r ¢o fn_nlflll_a
ot_a_n fr_l thl_ b_10_l;lo d_l_l InrlJr_n_l(_rl wh_c_l i.h_ bnck pr_=t_r© produced by th© m_r_l©r I _t t_a_
_o_ld I_._d l_u m_thmJ_ for qL_lot_n 9 prc_©nL fl_n=_ da_l_Jned =t_ that I.ho _r_ o_" tho ©pan cro== ioctl_n
_nd _o ot)t_ln da|_ for i_ _l_ f_rl r©d©_lgn. Tim or tit© rnLJff_r Incre_©d _llghtly from _h© f=n ©_*

I:aV_ b._rld pr_==L_r© I_va_ rrl_._r©rnon_ _IC ¥_rlo_= that the _u_rl©l _ h_d _ n_9_l_]lb_© ._ff©_ or_ f_rl
fan o_©r_l_rl_ _tat_¢ prc_t_ra_ and Do=lcIofl_l _fourld larl'orr_ln¢©.

el_._JIt_rl_m_ln_ _tcra p_aL_ On tDII i_oFnl. _of_l_Dharl_l
_rril_*| al_ two r/_lIl_, tT_n©_l_ t_po rlt¢or'l_ln_]_ o_

tr_r_ i_l.l_mp_d i_1 only r_l_d©r_l;ea _¢_©_ =_ i_ _

f_¢ d_19 n r_r t_ _f _h_ c_n_r_f_gn_ r_ w_

D_d pr_or_l:_ _v_r _h_ n¢_ll_ _oul_I o_t|_ul. _i_ _1_

_h_r_l_r). _nd r_d _1:_ ¢c(ll_ctnd for I._1_ two
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At lenst two problcm_ cotJId arise in the oso of an LADOIiAT01tYTEST
©lbow duct mufflor In oth0r typa_ of Fnn appllcn-
tlon_. First thoro I_ the 51ze and 9c_i_0try prnb- Loboratory test_ w_ro conducted on _ 27 Inch IO hp
IcJn. For Inrge r_n_ or fDn_ in _ _lze re_trlctod contrlfogal fan which wa_ ¢nl_bl_ of dellvorln9
_pac©, Lhe olbow duct _loy bo too I_r9o [or Ins|ollo- frc_n 2000 to over IO,O00 cfm ot 0 ond 2 Inctm5 of
tlon. All muffter_ con_tructad a_ Dart of th[_ _aLer, re_pocLIvoly. The fan hod eight bock_ard
work w_ra slightly largor thnn Cha fan_ upon which curwd floL blade_ _nd opQrat©d ot 171t5 rpm, Th_
thoy wor= mountcd. Thl_ bulkln_ I_ prl_rlly a to_t areo con=l_,t©d of _ rou9hly circular 25 foot
r©ault of tho nood to havo a Ion 9 enough olbo_ to dlomctnr eJiclo_uro forln©d u_hl 9 _ foot by _ foot
block Ilno of _lght thrau9h tllo r_uffler. For laroe fl_t_ of G Inch thick flbargl_ or_ ]/h Inch plywood
foll_ thn _lz_ _1_o iTlc_n_ that tho wo[ght of n_,f- bockin_J. A _ketch of _ typic01 e_l_rhr_ntnl _tup
[_or_ I_ I=rga ©hOugh _o that moro _upport Is J_ =hown _n FJU. 2. Tho f_n w_ oLt_ch©d to
n_odod th_n is provldad by _[_11ply boltlll 9 tho _uf- _Lond=rd ArICA 22 lilch t_t tullrl_l_ _nd tim e,t_tl¢
rlllr I.o tho f¢ll_ ©_h_u_t° A =_cond pot_ntl_] dis- ond dynamic izr(_=sura w0to monitored throLighout a
_dwntago _ thn_ for hl_Jh flow r_to_ thorn I_ _n t©_t run t_511_9 plLot_t_tic tubc_. All _otl_tlc
oroslon i_ro_Jlcm w_th tho fJb_rglo_ l lllll_9, Thl_ maa_urcmcnt_ wer_ m_do u_ln9 _ _©n0r_l It_dlo 19_
m_n= that a m_r_ a_pon_lvo foarll typQ _b=orb©nL m_- (Typ_ I) procl_loll _ound levol re©tot with aorm
torl=l mu_t bo _=¢d for thu duct I lnln 9. For tho Inch mlcrophono. Tho mlcroDhono w_ rcmotoly
I_hort t©rm te_t_ conduc_od, m_in_m f_ow r_to| In mounted on _ tripod and _ttnch©d to tho SLrl by ©_-
tha vicinity of J0,O00 cfni cau=cd no _lgnlflc_nt L©n=lon cnbl©s durln9 _ t©_t. Tho In=trument wn=
©ro_lon probl©mz° For tha f_n= [©_ted Ihl_ fl_ ¢_llbr_tcd at Ico_t twlc_ d_lly u_ln 9 a Ganeral
rato wm_d ¢auso maximum _Jr valocltle= of _ro_nd Itadlo 1562-A =ound Iovol cnllbrntor, Oct_w bond
ltO to _0 _'t/J_¢o prag_uro lavDl_ woro nl_0_or_d nt _n _rr_y of po_l-
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_1 _l trm C_=e _Jth lh= IDbora_ory t_tl, th_==_l
rclrl_¢tloNi f(Ipral_n_ [ho totoJ r_ductlofl _C n polnf;
OP _n¢or_l_. Thu rnd_c¢lofll _r= pnrtl_lly duo to
_b_arpI;Iorz by tho m_fflof' t_ut _)_o corttaln _ con-
[l'lbu_lofl from th© r_dh'_ctlc_n of tho e_h*ul[+ /_¢

ch_ flold Inl¢lflatl_l reseed, tho f_n _lthm_t ttm
mgfflar =_h*_tted horl=ontally In tho direction of

priv=t= d,mlllng. "ft_e_ffl=r _ilr_¢t_=t thn o_-
h=uJt de_ ¢o'_rd I_r=_= _o_ar_d [Irom)d, Tile meo-
luro_,nt= of Flgo _ _er= r_de i,¢ 20 ft ffo_ tfm Im-
_nufi+led o_hlzul_¢ _ [he c_nC,=rlln* of th+_t _h_u_t.

"* -" . 1h=_% FIg. _ provl_=_ * rm_onab)= ++=tim*to of th_
roductloN In leV=II o_perl=nc_d =t th_ prlvato hc_n_
tvhlch I= a p=rtl_ul+rly zlcnnltlv_ point In thl_
l I IC4.m¢ IO,'I.
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'q{Ibow DucI: Crop Dryer Fnn _xhaust M.ffl_r"
preheated by
D. l(. l[olgor

D T SCU.qSTON z

_: Zl"Irn_qg__L
We put in about o_u _nn year oh thi_ P. llandet

work with Eundlng on _o order of ton to In Figure 3, it _ec.mn to me that the

flfto_n tho_zunnd dollarn. Actually, _ good nmolmt by which po.ltlon 5 o_c_ed, the
deal of tlma wall donated, other poaltion_ i_ _ little more th_n that

for which I would expect dlrectivltV to

__M_:.tor_. ncco&int. Looking at Figure 4. and bonrlng
In Fig%Ires 3 nnd 4, how can you got In ,lind th_ dif£eronce in operating condl-

15 dB Znaortion Loss at polt*t 5 in Pigurn tlons, it nocma inont llkoly the greatest

3 w[lan in l'Ig_iro 4 if yo_ add up th_ bnnd_ contrlbntlonB come from th_ low fr_ll_ncy
you oat nowhere nest that? Al_o _ro thc l)_nd_ around 12_ II_. With n two foot opon-

l_vol_ flat or A-weighted? ing you c_rtnlnly would not got the kind of
dlrcetlvlty Figure 3 Impllo_. Co_dd th_'_

_..L![o_ oqg_L hnvc been flow Interaction noi_o on the
Th_ lev_l_ arm flat. It's not m_n- inicrophon_ for that pol_Itlon?

tlonod in the _'Iguros, but the data in
_Igur_ 4 wn. obtained %l.dor dlff_r_nt op_r- P_-_!9_.L

ati_g condltlo_n tlian that in Figure 3. We did have wind _crcen_ on the micro-

Flg_tro_ 3 nnd d are int_rllnlly conml.tent phone., but of courne it i_ _ posnlbillt_.
sa f_r ns Xn,_ttlon Lo_s i_ concorI,cd. Z might add ti*at on t)m inl_t nld_ whore

flow in not n f_ctor, we did notlco

dlroctivlty, but not glzltw that milch.
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I[65P_,ltCII lIE0 AflKr6Hl.tiff0['AIR-AIII_J[V_ BI_ST HOT_{_

,{01111]_* iJoQckQtlbOrBar,Au_o¢[_Cc prof0Dno_

Hachafl|cal _[_ino_r_n_ itlldHcchAt{lc_

We_C Vlrslnia Univorsity
Hor6antm_t% Weal VirBinin 26)06

AIISTt_CT room_ *to wall nm direct prgaaure bln_C ¢lltlk opora-

tlo[1_, T_I_I¢_Iop@racil1_ noz£1_ aL_ l]t'@maurelAr_

Tho object[V* of tile ran0nrch r0portad In thto pepcr 41.4 i+/c=_+ end )5.2 H/cmz. Tlmno pronnuraB produce
wne to raducu tile nolna lovoL producal by tho nir- n hi6hly turbulont nupor_ontc fl_w of air-abrasive
_6r_slv. dlsclmr_Q throu#t the nom¢la oE _n tnduntri- mixture throu6h tim blame noz_lo, Tho ronultin8
A1 b)_=_ aymtcm wLthnuc Appreci_hl_ _f_c=ln8 th_ hound pressure fowl, when =r_aour=d nc tim locntioo
_B¢iO[_ =U_ACO _g_)[ovorrlR¢p_rfotlr_anC=o l{_par_- nhow_l in F16° 2 for _tr*_brnalva blnacIn_ _nmldo a

m_nt_tl d:veloi_n¢ umlf_8 not0= reduction _ocllniqtmo cabinet without n workplace, wan fouml to be 98 _llA
axcr_pol_Cel _ram _orodyn_mic Joc nolao nbaCor_ant a_ 53,2 ll/cm 2. Other _xF_ri_ntntion {ml indic=ted
_thode led Co eovezal LmpL'uv_dno_cla nnd add-nit time without th0 c_b/llaL the cofltlnuoua no/am loyal
=el=no, or demlBn=. The oxperirn_nt=l _ncilttl== r_aunur=d _¢ tile a._ loc_tlon c_uld ba _ high =a
davslolml _or m_uurIm_nt 0¢ =ound praaaurl luvel, 183 dl_^.

• br_telvo _low r_te _nl nhra*tv= velocity arc _.__.._1.-_._ _dancrglml, /H,. ¢,_,_¢

0 ItG*ROIIUCTI0_ %" _""_"_

to _i_P_CII I ItlCh lie I_tld Cl_ll[Og _051 Ihop i*Qenl_g_

h_v_ long be_n da_l&ned to i_tlsfy _ wide r&n6_ o_
_mluntr/iI requtr_nt|, _ luch bl_nt lyaten_,
{i(_avor, _tr_ now Id_ntLfl_l _ _Jor .outce_ of

_rgor_.nc* goc mtcfaco i_prov¢_nt, _uch bl=.t
l_It_m_ will n._l to Iccomplllh thQir /_nct/on _C
ri141U_llt nl)lllu llylilll,

_I 1_06].e21DF.6CRI I_TIO_ ll_ll i _

Th_ blame _ox_l_ _or _hlch lml, ree*d no_lle anl _dd- _ _,*_n
on illlncer dllell|nl WU[I d_VIlONl lurlns the= lnvle-

tlS_tlon le _hmm in _Ig. l. Thin noz_ll l* wllily Fig. 2 Arren6,ment lot Imanl prs_ur_ l_v_l

- I_0,_ .... , _g_/olenC lur_cl lrcpruvI_nt p_rgo_nc_ ull_ thll

M_caelva flc_ r_t_ _nl nbr_ilve viloclt_o Th*_=

,,,,.,°,,.,,• project. O_h_r perfi)r_ncl p_ca_mtnr_ would lm
bl_st pntta_n _nd ailenc*r w_nr rellnt_nc_ h_t tim

llOi_ ._} Ill _m _m_lllll_llt O_ fll_.qEher p_tt'_l_tel W_R _nc1tldel _[l t|l_

,_,<_X-X\\\\XX\_I r { .:0,,.o_,,,._,-..-s.-o,_.
_1_*_'</////'_2 '' " _ KXImRIY_"TAL FACII, ITlZU

/ _OWON c_ _octt A nchtmLlc dl_K_nm or tim o_ptclmnttl £1_Ilitle_
JT_tkCAIINO iltv_lo{_Id_or thll ra_a_tch tn ih_i in _18, _, _i_q

I) bl_it $71tem i_tad ¢lUrllq_ thlm r_ae_cch project i.-
cludal, In mldltlon to the bl_aC notnl_ with/wltho,at

Fill, I gxiecln I bl_lt notll_ di_tsn _llon_oc, _n _tr crr_prl_ncr _nd _t_ter, _n _lc _upply

l "





to brttvol22.5 ca. T)IODe tt_oquI111tfClesof Llme :1111i peri_dloryof the elF-abrasive flow to el|relents or
di0t_t1¢e coliId then bu ctiIivcrt0dto 81re abrasive w011kon _ilockrt]latQd ecou0tle sources, to ollllat3¢e
Voioclty. the turbulotlttzlbxlllB [_roccDn,_nd to r_duee the

lensth of tbu potential corn rv_ion. ?hie type of
DE'3IG_IAPHtOACIt blent no,z10 doDi_n hen boon reported to redeee

ouporsonlc flow naive by about 10 dllh. An exper[-
InittltI _valuatioll of tll_ blent nozzle iloit, e sttS_t3s- ii_ntel bleat Ilor-zle n_doI r_prc:l_nced by tim drew-
ted that fo_ tile exi0tln8 blent no_=iep bbu nound il_Sshowtlin PiB. b w_o developed. Air hone

proueur_ bowl le l_r_eiy _ /unction of the alr [l_u fittLnBv elltltvganln_ allowed secondary air _t the
ratQ nnd rulntivoly hluen_Itlve to whether abrasive
Io or is ;lot bellll_ dl0ghar_ud, llano0, techlllquoa itcc_malt _ll ,nLtL

which directly attempt to reduce nerodyne:_ic noLe_ m_, _ocA;,o.t "7 ;: 01.,. wa ,_dl
to be I_t prominln_ for rcducttlg tile blast / _'ln_*i_

no:_Lm ,loi_o, Ileeent literature contains several /_ __,,X

inl_OV_tlvm ¢ellemp_e ill a0rodynaellc I_oloa iIb_ttoilmnt.

Thuam seine nbat©n_nt techI1iquea Investigated by _._!*_i';vnrioult toneArchllrll gait be urotlpcd Into the follow-

(n) Usa of flue interaction: A secondary flow
In un_d to interact with the prin_ry flow.

(b) Use Of ejector fllmreudl All al3trfillln_nt l. jftl.|
flew mtx0a with the nmiB flow.

(c) Use 0£ e_t0rllnl _mchanic_l _dification at
tile no_la exibl Tentllad-exit s_o_£ien_ ca:tar ptull
hogties and _tltib_tbed itu_le arrnllile_nta arm FIll. 6 Coaxial llow blast no_lo desiBn

oltat_plu of such techniques.
nanm i}tea0ura ae tilebleat I10_£10 Glr iireeenge to

_]le dosllin apprmnch adopted for this project apart- ©star tim _Jdel and to a_xrround Lhe alr-abr_iive
fred that principally because the exintt:t_ blast flow. To study tile off©oh of bn_InEo_nt anal* of
noltl* bore dD_nalonm wtt¢l well _ntnl}liahed Ill ter_s tim secondary airfltm oil tile eLf-abrasive flow t
of anna of imnufaetu_a nl_d effective nurt_ce f_q)row- three different end platen with pO_tldtnral holes at
met parfofmnce_ noise reduction tnchniqtmm _urnued antoine of O, IO, al_d 30 dallr©aa to tim nlr-abr_nive
_oul,t prlneip_bly be of th_ form of blanc no_tla clew w0re w_chlned and evaluated.
exit Ilo_ l_prow_nte, Airy |ucil teclmtqum_ which
|howm_ _rit could later I}e coaetdarnd for incorpor- Tim ejector _hroud tgchnlqu_ w_ta dewloped f0r both
arian Into tim uxlltt:tll blanc n_la de_iSn, n forc©d entrainment flaw and m Hlf-cntrnin_d floe,

In addition to the potential nob|e reduction result-

Tim llr_ortant criteria applicable to tile blast ins from the antrnbn_nt flow mixin8 _ith the Air-
not_le dent6n_ flIaddition to the acometi_ crtterl_ abrasive tl_ Ln_lde tile nbroud to prods:ca a mllfo_m
_l_h apeaifled th_ desired nob_a radu_tlen and tba flow at tim _xit of the _Jecior, tile rejector ahrvud
parfor_n¢*t criterit _tll_h _pecifl_d that tile e_bn_- nine provides _ ltvor_hle shiebd of tilt a_rodyn*mic
ins blast Borgia _fli_iancy be r_tnin*d, Included acoustic noltrcaa. Passive antr_in_nt flow tm
tim I_eom_trie _ritatin tlmt specified tim raatrlc- usually not an effective n Itoinu eupprenelon t*ch*

ties of physical dt_n_lone slid _ccnaaorle_, the nlqua at controlled i_tcondary £1_ Interaction with
In_chanftal crttarlt tbtb mpecffled easy _nltfacturm tllo _min flow. A repralnntativ_ drawip/$ of tha
eel;t8 durable or replaceable parts, and tim acoito_le developed forced ejector blast nettle dmnll_n ia nl._n
cl_$tari_ that considered Inbblnl and operable8 ovate, in FlU. 7.

I]tPROVV.D I_OZZI_ D_IIGH Itcot*p_ t.t mill,

i eo_q tOCrltO_$
In tim devalol_nt of the fallacies improved blanc \
nestle d$*tisns t attaraptawarm 8nl_r_Ily erode to \lnoorparab_ *xistln8 aacodyl_4mlc seth reduction
doel_n famture_ _ttl_h would reduce the e_r, ii illleal_

._d t_rb,tbe ncn p_odt_dby the mr.tell o_ the .it- __'__XX_-_
' ebrteivt _lw_ from till blanc hoagie with _mblent air, _ -t I '_F-'''-'-''-I'._.. _After each I_ptoved blllb DOIIIG _onfi_llrabiell W_ ,_ ill it I Im

Inbbona fl_4 axp_l_l_ntAtioll [}aRIl[I, _llrtlier lrn_rovo -
l_tn to thole con_lRurAtbosla ware tho11 obtatfnad by /
att_rl_& ths v_ri.l_* _ellfi_t_ratic,n pnr_m_tmrn l_l |
order tl_ experimentally obtain Lhll I11axll_l_ I1OlllG _j_d_CtlO_i _IQ I:hgea i_llt _ttr_ctiv_ l_rroved hogtie

de.lena _tch wer_ d.velop*d _r_ I}rl_tly described [. _.,.--]._2___,..,.

In the fnllowin_ p_r_raphs.

i _Im coaxial flow blast no_mle ,lenten atco_ta to un_

aacmndary air dl=ch_rEed co_btlly erased tile FIE. 7 yurcnd ejector blast _o_lt d_nlsn



I_terlml flo_ lllCX)££1cntLontcchn£quaa at th_ llo_la )_"

c_[t warn cmplayed £H thu davolcpll_nt aE tho
@Xpalld©d bnrr_1 b]_at IIO_gZO_afltBll. T]lO e_[)alldOd _kgo, 9
barr,_1 bl_ [Io_clo d_al_I1nlJo_n an _Nl_Ir/_ed
_Bil_lJar al)nca Ill _]ILCll tho n|r-nbraolvo _'Io_cull E

oxpQ.d _lonmwhat to dlfl'uea nnd dlaJipato a p_rt o[ _ |0
I_II_norKy. H_ny Vnr_aCiolla O_ barral dJauiaLornp
barrel l_n_th_t alld nu0_er, _I¢o alld locatLon of

barral hal_o _ora o_p_rltr_n_ally avaluntod. Tho q _0
IBOI_CfnVOra[)[o _lao_ IlOtt_lo do_tl o_partn_lltaJly

duvalop©d In Coronaof th_ d_nlfln cr_t_rla _otab-
ll_had izl nhowil by roproeottCal;tva dra_lBI} tn Fifi* /) _ 60

for tile oxpandtld barrel blaat Iloc£1_, _ t_f|1_O lt_f_l/t_

OA I|1 |lO 100 II |K 4R III _IRJl,3K

OCIAVI _AHD ClNIl_l P_I|Q, H|

bla#t I1OC£1_ nolno

In tim tlttvalopm_nt of tim expurlm_nt_l illl_ltcar

FIB* II _l)_ndnd barrol bl_et nozclu damlw_a d_Jgna, Iound ll_iIIIIIIl_lo{I lit apoctfLe fraqu_nclet;
wan rhaoratlcally attompt_d wharo po_mlhl_, _

I_,ach canflgurntlun of a particular blaat /leggJe dl_anolonm of tim allomlc_r d_mt_ua wor* A_nlrAlly
dlllllB w_! operated at _ llUN)ar Of 1101111 air amcertalned b_ atfli'tlllg wLIII _lrl_Aln I¥1lllblt plrll
_[mlliirll _lld_ i_ aach I/](OIIIII4rl_ _lll v_qJ_lOllll [)at" ._nd _1¢_11Vl£yln_ Carl_alll illllneill" _rlll_tlrl| larlllly
for_r_qllCm p4t_lrt_gor_l WIrO l_IlIlrl_, A mummery Of thl {ly trl_l _nd _rror, Co ])rovlda i_*111_ BOlll rndtl¢-
l_rformnncQ r_ulta for tim agfatlo8 blall_ _ogglM tloB* The foll_ll;ll I)_r_l_rlplm provl_l A dHcrlp-
_r_l I:hr_e _)r_ pro_ql_lnll Improvatl Illl/_[_ [IO£11_ lion for orIch Of ghana plrtlcullr *_llen_Ir dim|inns
_l_llllflll _tm l[IVan In T_bl* 1 /or a 13olglgl praoeura gllfl_ warn davolop_d. A1 n_ntlotmd ptevgouily, gill
of tt,2 N/era_ uala[[ age_l Ihuc _br_mlv_, Tho valu©_ th_oraclc_l ¢anmhlmr_tlonn damcr£b_d bal_ warn

_h_ _or shr_mlva fh_ r_t_ and al)r_slva v_l_lty uglllcm! vnly f,_r ghe purpo_ o_ lnitJltlnl Nnalbl_
wigs obg_tJll_d frtT_ onl w4t_tlttrl_llg for each bl/ll_ axpgrln_lltal /lllncor dt_ll_llll, ngTW_ gll*0r|glclt[
Dolmlql* '_11 lmpr_wd bl_t|g _KRIt t]tllll$1 t_ll{; pro- conmlder_i:lona pr_vlll row_rdll;_; whlla otlmrlm wlrl
llr_tg4 tc_tl gh_| _V_IIIA_J_V_gRgIHIU ghafl _RhllIimi_Ivl* BOI_ _ucc_m_fktl.

Tlhl_ llxperl_ntal llalulgl Pot {lavnloplnll a 1(_1NIO1_1 rtqt_0114H_o_silencer for
' _5oui*_ Chcl hurl:In fire% h_Ipful dl_lllri ¢ttrvall vorcl avallibgl

_br&alvl I Abg/llva l_amlura for prndlcCln8 vah_om of nal_n r_ductlan, U_lllIll

_pl of _IOW N_gl IV_locLty l_vel ghaollcurvao _nd d_slNn forfaula, _ IlllNlaltm nllln-
car daaglln waA davilopnd for a fillldlr_/ltlll 41flllctlv_l

g1_l_ _i_l_ , bll/._|n, l_/llllc, tillS, s frwit*ancy of _hau_ 2,000 II_ aa wall _ hgBhgr hat*
• ,2 h_Imtn _ 2 l_/lloc _.5 tlll_ n_nl_l, TO roduce the a_p_ctad w_ar prablnm rmlult-

_xgltln_l NoIllc 16,7 6_.8 96 lnll fro_ _t);r*ql_Vl fLoW, a flared II_lMloltl nllinc0r
Witm (10ttl_nqd t_l IlhoWll In Pl_* 10.

_oaxial 1_1ol_ 15,t* _9.5 _*

_i,m_dsd _arr_l 15,0 60,6 _7

• _oall* mlr pressure - 55,Z H/cm 2

_[_1__gg&QglVII acoustic rolillgl I_og gill DN[_lh_ld ".......
b_rrll _1_I i3of, lla Warl further _tt341yl_d. All
octavl _and an_lyal_ o_ the nola_ from thl_ blair:
Diil_il_11 _Olil III wlll _m tha tXII_ID_ _l_lll_ n0ggll _1111 el _)etN _IIIL _llr_i

WhUB _IIUI'II R{; gill _l[¢ro_hallgl_Itlon OhOWn I_*/_ll _tlletlrl Itllst
In Fill, 2 producad th_ _p_ctrtm _n_lT_l. r_lults Fllh 10 Ilalr_,olt_ re_oo_cor ,ll.ncar/ glared

_h¢_n In I'll. 9. b_rr_l

1



A +i_plo axpnndod volunm oil©riser conolnto of nil Tnblo gxperl,mntnl Result,
GbruIIl: chltt)[_9 I(i cho crona-0acl:tOl_l _ron of _ I)[];u,

rnnultl.ll8 Lu all otflnr_©d bnrrol volume. 111oor_tL- ^branlva &brnnlv_ 6glad

c_lly) Nt cnrt_lli froqua[ICl0o) tho _xlltlliJod volulz_ I"lu_ I(_L_ Voloclty l)r©aStlro
wll! pravJdo a iniam_rch oF acountlc hnpod_vlcu for Bloat: t(uJ:_le 1,owl

tim noEzlu flo_ ar till _nlar_od volum_ gnt_rfncoao w£1:h ks/mLIt, _)/_ec, dB^)
_hlch l_*pedanco chansau wLll c_un_ Lil¢:tdeut aauud 1.2 ks/roll I l- 2 m/net _.5 d)_A
waves Lo ba i)_rtlally rolls[ted back nnd Lntorf_ra I
wLth othor ll_ctdcnt wnvQa_ rcoultln_ fn w)oL_u r_duc- 11oSLlcuccr 14,7 65.tl 96
SLAB. An n gLrnt dculLln of _n nxpnlldad volumo
nLlollcar, a pravLoualF concoLvod and dnvalol)ad Flared ItolinhoLi:r. 14,4 57.9 96
nlloiicor was a_p©rJn_:nlly n(IJuntsd to provldo Imx-
gznurnsloLno roductLon _¢ nbDut 5)000 II_o TtlLo wa_ I_Xpaud_d Vohul_ 14,6 65.4 95
the Lowost oggectlvQ gr©qucncy thng was conv¢IIIOBtlF
pr_c_fca! _¢Lch thlt_ nvaLlablo oLl@ncor. A d_crll)_ I{E_lar_cd 6arru! 15oO 60.4 tJ7
tlvo dr_wlt;L_ oJ[ tt_La oxpandod volul,_ _Llcncor la
shown Ln 1'18. II, * llo:clo air l)rn_aurn _ 55,2 II/cm 2

)1,., _,1, r_._,. _ hn _ C07_I,ff6ION!I

• __//////////_ It Imo b_cll ellowl_ _hat axporlln_KIt_l doveiopLr_nt
UOIII5 llOla6 rod_c|:lOll toellnlquel_ extrapolated from
turbu_+_tlf_ Flow _ll©orlna alld dIJat¢l_llt practical has
led to anvorlll improved blear t_Og£1Q tl[l_ ¢llfonoor

]_¢""'_ L.)_ _///////////,_ ,1¢,1_.... Furthgr,......tlm n_Ioo r©ductlon, l,,vo
boall tlclli_vod for tz_Jot lm[irovod bln0t 1_o¢¢10 and

.......... ///// nHonc_r donlWIn wfth IIo nppr_cl_bl_ r_du_tLon IL_
tl_l*g_;iOF eurf_cG flnjlrov_c_lllt _l[flc_.gBc_ Al_ [II_IICG*

FIU, II _epn:ldo_l volun_ nllencnr Led by nbranivo flow rat_ _nd sbrenlvo volocfty°

S_v_ral oth0r C(I[1CIIIOIOBB C_ll bQ dr_i_l g_om th0

In fire _nlarRod b_rr_l _£1oncor doRl[[ll_ t]lo no_le r©0ulta o_ t[l_ llvproved Iloz¢le donl_tl t_at prosr_m.
s_olo_ concnptu_lly w111 bo roducod by allowlnj_ the Obeorvn_lon_ loads d_rlP6 tho tents and Ills dots
flow _om ghc ;Io1_i_ to [_rtlnlly axp_nd In aB llldIce_Q sha_ tim lmprov©d bl_e_ IIO_.lo dnelUIta
add£Lfonul lol_¢h o_ leilr_irdlanmtgr bnrrgl, Thll_ a_foct galen r0dt_ct|on In l_lwr_l ways, _ _luw
alt|_rSod 114/¢0[ all_a th_ flow to bg auIlaaclugnl:l_* of aOC_ltdglry nlr_ _g with L[lO uo_l_l _|¢_W ZlOi£|1%
tiloWgd do1¢_ [IdlfOrO _1_[$1_ II_aCll_[_od lilts I_[Ig nmblont prOVlllOtl tl(lll_ IlO_n_ r(:ductlOfl. _[L)%_'_VOr_tllo i_or_
• lr. T_III _LXJI_B proSen_ bgtw0gll tim flow I_VJ_U olt_nlflc_nt tit)lag roductfo_ rsnulL_d simply [rum AR
_[10 I)l_fAr_d bflr_Gl _n_| tll_ ne_lefi¢ _Lr should bo elllarBad _lnn_lnr bnrcGl gxtcnoloB. _g dlnP_t_r _lld
]_ ttlCbulol_g thllrl [hRl: In[_lni$ ]l_'ocena got I:]IU [on_th o_ thu b_rrol aetonelon worn _rcl importing

a|lo_ld rostll_, AS Ih_l In _15° 12_ in _nl_rGgd oponlnfls _¢Id isntrnln_llt [Iowa,
bAr_rnl Lnlsrt w_l f[_ted JLIItO _l aces1 cmllflt_ Altd
[h_ Cll_nK thrandsd onto ¢hg gild oF the bl_e¢ no_l_Io, Tim IIoIl_to|tl roloxlator d_oi_¢l wan trio girls aJlgn-
flovor_l onl_r_ld bnrral mllencere warm e)_p_rlrr_ntmlo car con[opt dovolopod. 'fh_ lnl[lal avalu_tlonl_
ly d_vglt_ped w_.Llldll_tgr_nt lln/_t[Inal_ddlsn_tolI-a p_rfor_d wLth _tr only fur n straight b_rrgl d0al/In.
o_ onlnr_gd b_rrll to pr_vldo _lt_rP_Lfvo optin_Jm worg qn_tu oBcouraHl_K _nd au_6gl_od that till
aurg_c_ l_provom_nt pgrgorre_ncom. _[olP_lOl_g prlncipl_ P_y pt'ovldllr0du¢(_ nol_ l_v_Z_

for [fig tlocr, lo _uln0. tlo'#@vmrt lurther ¢Xll_rJlr_lll:_l

_ll_mbranched volu_ wor_ v_r_d_ lndlc_£_d thnl: the
larva part of tho nola_ radii[[LoBnchLuygd rnnultod
from ctm all,riled (II_Io_r o_ tbo J_ddgd b_rrsLo
_lul) IL wag lmt_r concludgd chat chc It_l_mlt_

prln_lpla LCnglg de_a noC _k_ tim llsnl/IciBt lloln_

r_dllStIo_ cotl_[fbtl_lon Ill tllll_ _ll_ll¢Or _flll_fl,
Although th_ fl_rad Itgl_u)ltn r_n&tor I_Llo_¢ar did
rio(; prod[Ionnl;LrACC_.V_ tOn_ rnnliltl% t[my _¢11
_ncltad©_l t)_c_tll_ of i_110 r¢_ll_m_orl_ mfnln_)_ _toflr
chfirfictgr_a_Ica.

Y_ll. 1_ _ttl4_r_nd Dni'ra)_ Afl|11c_r '_l_ g_pullthad VOIUtP_ _lllll_.or ¢o_lcopI; _ll a_pc_Clr_Oll-
• t411y (l_voloJ)_d dur/n8 thl_ i,roJg_ did not lo_d to

J_Kp_fm_n_l l+ll_lto [or _;])_l_ th_'0¢ _dd-oll _llgllcgr _lly _l)¢fc_lbl_ _OI_O roductJo[lo Ablc)rptlVg r_ltRSJAJ
domfKn_ d_volopsd irg surm_r _gd In T_blo 2 I_or _ _fltgr _nlgm6_l_a warn [nhr_¢_tgd _o g£t ]Ln_o thg
Do¢_ll pros_llr_a O_ ]_°_ _/¢_1 _ tl|lll_ n_g_], n[lo_ _l)lr_l. _xp_ndod w)heml portion n_ 1:11onllgt)n_r, but no
_l_yO, _h_p_ ral_ll¢_ I_co obsRlngd from Oll_ I:_l|t o_ _eprovcr_t_ fll IIOli_ r_dtlSLl(_n _fl| obgorvgd,

_¢h daol_ln, _7



'l_hu_nlar_od barrel eLlnncer provided _h_ |rant n_pertd©d barrel iI|en_t_r_ell llmneurodnl;ut_dpr_eeurn
overall _olutlOll Co bI_ut noztle nol_c reductlon level iren f_r_eLiotlOf llO_:_|opte_ure |a Bhown

In turm_ of the vnrloun denl_n eriturin _pQ¢Ifi_d. _rnphlcally in Fi_, l/J, Compnrleon of th©eo curv_l

Altor[leti¥o ]_roi)ortlunl[1MIn oll[nrfimlllitrr(lld|m_ii- for dl//(;raIltdlalr_tere_Itll the *11o_10 oLllym
elm1_ durinB axp_rili_[ttald©wlopiimnt mmblm[ aptl- curve ind/cat_ thnt n 15 dllnai_ r©duetion can tle

;r_m v_hlna to be obtnilmd for _v_rnl of the uttalned for at _on0t e 7 tl/ClS2 reIl_n about olmra*
]iorforllk_nceparai_t_r_, Tnble 2 aho_ that n Ira|no tin_ no_iclcpreeaure_ of 25, 40 and 55 ll/cm2, Ae

rcdu¢l:lon of 9 dllA wnn achieved, could bc e_pocted_ other lnLerllmdlat_ nl_u dial_tera

would provide ell©tier na=_le noln_ reduction for
IIceOllCly_ work hun be©n dollU by eomu ronenrdlor_ to oth_r vtllu_tl oi op_r&l;lll_ laol_zlu pr@eeurn_.
obtain cnlnlmt_r-alded nlleucer d_ntSnn. Such

c_lnp_tc_r*eid_d dOI_IUI3D collld _avo _ lo_ of Lllzm nlld _ IiJ 5 c_ w

_lld eon[lllurn_lon_. [{ollullln /rOlll llJeh de_lflna illld

f..i,,o, o,,oo,d,.,,d*oo,ioro,i..d
raletlotln [or tlm denIBllperei_tar_ o_ uff_c_lvc _,__ I_

el.leuc_r_ _ueh a_ tim enlerflcd die,niter _ilmle_r. -'--'--/ _._=-'----lt,ll)
b_X_\\\\\\\\\\\\\\\"qIt nh_ttld bu r_lnombercd tllal_ tlm_ _Oll_l_lnielle

_lch are for _ir-nbranivu £Io_ throush tim blent
no_:elee end el.It©core ct_rt b_ expected to bu differ- FlU, 13 E_lmndnd barrel cliff©act
i$1L froll the Coll_[U_lOlla _llnt '_ould reauit ]._ air
alone _re _ha flay throush tim uo_la. Boo
Appoi_d/x, in thin mtu*ly_ for e_nli,ple, the all?ace o_ 1_0 --_.
_bl'_lliVeiii(.hlb[_t [IoI_*_[I[Izl_I/el /Ou[Id Co be _I

de_lee_e [11 IIOflO reduetl.en ttehlaved hy e modllled I lle=th" (k]lY
_l..t,,,,,.,o_..lw,.IIe,,e*...e.I,le.t,,o_l*or ="' ' ', ._"...... l

not reduce nir-abra_lw fle_ x_olao, even /or tim _ It0 ,_lt*_ _V _ ,_'_"
#_Tr__lrf|o_t r_ttun. //Ill" _'_'2,1cn,_

-"e,'/'I ;
no_le wm_ _uppor_ed by the PanKborn Division o_ the

C_rborund,,_ Company, Ilesurat,_,,, _rylnlul. The ,,, ,, __%_--k..tl
l'anltborn Dlvinion al_o provided _ho hln_t eyatoln tO 2_ /g} 'i_
l$1d nul_Olll _t[lflr _Orf_ el a_liitanee, nut:h an the rn_,_ r_.am.r., _l/¢m_

_b_IlVfl velocity _ter* for tlll_ e_lmrl_nL_tiol$. FII_. Ill _doUlhl pr_leur_ ].evelfl for Vtlrlkt_t_l
Th= contrlb_tion_ of' John Pella_rln and Kalyan liable© _l,and©d dln_t_r_
_l Ur_du_e I_oe_nrch Aanl.etant0 is al_o I_rnL_/ully
echm_ladtl_d. In _un_ry, thun, it ha* boml _xperl_ntally found

_[Int bnrrel di_[uner pnrn_mt_r_ for _ll_ e_pnild0d

It_YgRgHCg Imrral no_le cen IJ_ _lected to provide a r_duc-
tie© of eu _cll nit 20 die for _lr flow nol|e Kroner-

1. l}oltlh_JJiII)* _1*I YUI d* _.* _lld _bderhAf_l[d+ A. _ted _1_ typl_eAl llOlgll_ (#pel'_tlll_ Colld_Ollg.
I_mI II_tll_tlCt|Oft O[ _(Olel }'role _tlllereell]ke dlt _e_OWllII Add[t[ol$_ l I[udiel O[ rifleHOf#e rldue_lon tl_CIl_
AIA& .lourlml, Vol. 9. He. 12, 1)¢_. 1971, ppo 23t¢0- nlqlm are curreutly bolni_ contemplated.

The nl_pllcLty of the d©volopad flo_ nul_a red©ellen
AFPgh_IXI Air ¢_ly I)lachnrl_u *ghroush I_proved _ochulque l_tvitan appllce_l_n Co eil_nclntl oth_r

llo_la ,l_il_r nolna* *ucll_n turlmlant pipe ll_ imi=e,

cl_nnln_ nebula no/ee and ponnLhly ©nfiitl_ e_ltaumt
Tim _it_ iIuni£1c_nt nolJe _tt©nu_l_l_n for ¢_hauntmd noleo, t_any chew/ear and blowoff ellencer din©i/Ins
co_pr_ito_d aJ.r with no nbraitLv_wan nclii_v_ll uitloB for ll_nun Involvl_l fluw bn_flln_ and po_tlum
the ees_ntmd ©npnndad barrel di_funmr type of wnterint tlinperelon are oItan uneuitad for appli-
no_le m_difl_tion ih_ lit FI6. 13. Thfn nt*p catlona lu which the _i_ea conteltt a imr_leulntn.
ch_118tl in birra[ cromit eoctlon pormU:_ tim _i_w tu Thtt e_l_llided hart01 _chnlque In quit_ hulled Co
bn pe_tl_lly _apan,l_d _nd 0ub_qu©n_ly nit)wed down thla _yl m of nt+le© reduction appUc_tlon.
_)n[orq [)elli_d[Nell_Ilrl_Qdlll_othe Rii_Ill@llt_[i',

I)l_nalon* of tim _ntlr_ hotel% imrtleularly thee©
of tim _ah'_nt_d bnrrul_ _rI crit:lcal to tlm nffue-
(_IVl _'_O[l_qllCla of I_he _axpr_ndedbglrrel llOl_&_,

_l:udlen _ro parroted to del:ermlnn (elmaff=¢tlve

p_rform_t_e r_ for n_varn_ of th_ berrul

i dil_fu_er p_ran_t_rn, eueh al dD lu Pllh 13, in

_arm_ Of V_rf¢_ln flow p#r_n_l_t'_ _ welt fl_ t|]_

f



"lieIlonrch into /%batement of Air-Abrasive Bla:_t Noise"

pro_ontod by
J. E. Sneckonborger

pZ,+Ct+S._TON ;

r)o _xil| t4_l+ + J+ _nnck(_nbt_ l+ f_(+ r :

Virmt of all I wnnt to eompllm,nt you. I have onother elide hero foe nlr only,

This is m good paper in tImt you've got tlle IIerc wo have the e+tpandcd b,rcol conflgur-
St System .nd you've got your data pro- sties discharging sir only. This i, th+

nested me that you cnn re,d it. Out the gr+ph for different dinmetern showing mound

thing that conc_rnu tile in thD velocity pressure to, lot versus nozzle poe.mort+.

device. It's not on ovmraging dovlc+ _Is Z What happens when we chnngc the Cxl)nndc.d

moo it. I've made measurement++ with very dim,stile port: from ll/I6, 13/16, l,I/16-inch
thin wires nnd air dnlnplng can bo trek;on- im th0t the pressure for which nloximum at-

dam+, o+peci.ttywhen you got down to ;+mall tenu_tion in achieved move+ Upward. Wu
pnrticulntos, so that what yell ue+ Is the +Ires tried vsrying the long;h, but th+t

i lowest value0 not an average, doe+ not spp_nr to be too importnnt, al-
though I'Ve mP+en some recent work fro++

,71,_n+iPk.nbt+r,+!It_gr+r + Polnn+ showing that the length im important.
My do£inition of an nvorngo ++loclty

in thin: the particle trnvol, through the R.t.yn_
fir.t hole, then in tlm process of travollng What part of thin project was done by

it decrease0 it's voloclty over the distance your t.ngJneoring acoullticD class and what
b_twmon tlm two disks. 'Jlncowe always kept part was done by subsegucnt thesis, nnd

tllQ dl.k .pacing constant, the measurement would you co[smml_t on the gvnernl c_ucation0l

served MS a comparlmon between diffc.rcnt impact of the project?
designs.

j. _n.ck_nbrlrqilr :

|_, Mt!ntort Th_ engineering ncotmtic_ class got

What wa_ the air velocity? tile equipment in nt about mld-ncmeater nnd
their r_ult wna the grnph that showed the

,?L_nOckonh+._+rJo/_9_i mound pressure level with and without nbrn-

Z do-_+t know. That would require a siva. With that result the company wanted
hot wire anemometer, and with the nbrnsiuo us to continue with mor_ work. Thu_ th_
in thar_, well ........ engine©ring acoustic clnan in one-half a

_em_nt©r Tot the equipment going nnd _howcd

_, McCnnnnal]+! that result. I think th©y benefitted in
ll_v_ you run with pressures higher that it took them Prom the textbook to n

than what you reported in the paper? real industrial problem. An far ns grad;late
_tudy+ w_t |lad two grnduato students i_ tile

+_'. Snock_nhor_ri e_t_ndcd work. Both student, had _ chanco
_-[ghty wna the highest we had reported, to bacom_ _nlnilinr with ao_ of tile r_nl

mad to To to highur |)runnur_ would hnvo up-to-date ldona in uolno control, _nd nl_o
r+q+llrod addltlonnl comprom.or facilities they had to haw th+ hardware built, etc.
that w_ did not have at tlm Univornlty. Both of them mmemcd to haY0 been very

satisfied with their _ffort,.

1{. Cohon+

I go.ms the o_pand©d barrel in the

b_mt from your ntudlnn, flow about n vari-
ation of parameter study--geometric or
otharwJ._m--to optlmir.o for n particular

_ppllcation? I|mva yell done t|li_?

_9

:+i_ !'i



NOISE AND VIDI[ATION S'[UDY OF SMALL
II_I{M[:TIC ItI:FIIIOEIIANT COHPIU:SSO[15

Jnmon F. l[oi._It0n

Profauuor of Mechnnlcn[ l_nginc_riilg
Rny W. Ucrrick I,aboratorle_

['UrdUC University
Wont Lnfnyotte, Indiana 47907

INTItODUCTION cal 0imllnrity it could bo hypotltosiz_d
that tho two compro_uor typoo would hnvo

In.tonged _onnumor raactlon to hou_ohold c_npnrnb]o lloloo gon_rntlon and tran_mla-

ap_linnco no|no l_vol_ io producin_ noi_o _ion char_ctur£uticu.
reduction _ro_Qct_ by runny npplinnco mnnu-

f_turorn. I_W nolmo _Gvol_ h_vc bocoma [,'igur_ I m]low_ tho _ound _pactru_ of a

a dcair_bl_ o_I_ _anture. I_cc_u_ of tho rotnry vnn_ com_ra_or (2) while Figuro
int_rmittnnt oparation of _rc_z_rB. r_frig- 2 _bow_ tha _ound ap_ctrum of a rocipro-

or_tor_, and _ir condition_r_, con_umor, catlng piston comproo_or (3). Tho two

_r_ mor_ fl_nmitlv_ to th_ _oin_ 1oval_ com_r_mor_ wmr_ roughly tho _amQ hor_©-
o_ th_ac npplianca_ th_n to th_ no£_ powor but hod dlf_ar_nt p.mping op_do.

l_vol_ of _nnNy other _I_lla[_c_Q. Th_ rotary Van¢_ compr_Dor h_d two v_o

nt 3500 _PM giving a pumping fr_quoncy
_]inco th_ _ofri_r_nt compr_n_or i_ on_ o_ I17 I[z _nd th_ r_ciprocating pL_ton

o_ tha m_Jor 0_urc_ o_ noia_ in th.oo compro._o_ hnd on_ piaton at 1750 IIPM giv-
applianc_n (i) _ g_n_ral knowl_d_o o_ t/_ ing a pumping fr_qLi©ncy o_ 29 IIZo

nolaa production _nd trinomial|on charac-

t©_£aticn of _m_ll harmotic.11y ._l_d _ho hound ,p_ct_a o£ both compro_or_ aco
compr_._o_ wo_Id b_ Invnhlnbl_ for nolao prim_rlly compoa_d o_ pur_ ton_ (with

r©duction. Id_nti_icntlon of Individu_l varyin_ _mplltud_) o_ tho h.rmonicn o_

compro_or noi_o pro|)1_m_ and Q£_octivQ tho pumping fr_quancy ncro_, tbo _ntir_
nol_o r_d_z_tion ;n_thod_ cotzld th_n b_ apactrum. D_tnil_d _xnmln_tlon of tho
d_valop_d in t_rmn of th_ gan_ral ch_rac- _ound .p_ctr_ will _lao _how _omQ low_r

torIDticD. _c(i_Lonc Y [mrmonica of tho ol_ctrlc_l f_'o-

quincy and th_ ahn_t rotntiozl _r_qu_ncy.
Thi_ pnp_ _ill combinQ _nd goz_©r_lizo Tho .ound ,p_ctra of both compressor, have

th_ r_mL_Ita of novor_1 ra.aarch pro_ct_ bnn_n o_ puro tono activity nn_ _r_qu_nt_y

(over n_ m_n F ya_r_) _n compraq_or noi_a n h_ghar l_val _In01a pl_r_ tono around
ch_rnct_ri_tic, cnrri_d otzt at tha l_ny Wo 500 IIZ (Fi0tzro 1-460 ]IZ, _igur_ 2-570 IIZ).
I[_rrick L.boratori_, P_rd.© Univ_rait F.

A g_N_r_l _nod_1 of compr_m_o_ _oi._ goner- Mo_ur_r_ntg of co_prom_or noin_ w_E_ m_do
_tlon nnd trnn_mi_nlon _ach_nl_m_ in p_- in _n a_achoic z'oom wLth a low_r cut off

_©ntad for tn_d_r_tnndln_ nnd gl_Iding fr_(i_ncy of 100 ]_ w£th th_ microphono nt

_ddltlonnl _rch. tilo mldplnlm of and nppro_imatoly 3 _t.
fro_ thQ compr_oc _holl ._irfaco. Co_-

pnrlnon with thQ _II_ble.nt.oi_ _p_ctrum
GZNE_AL COMP_O_ _OUND SPeCTrUM _Itow_d that _II to._ nbovo I0 dI_ w_r©

C]t_PAU_:RI_TIC,5 att_ibutabl_ to th_ compressor, _p_t-

_bility ta.t_ on th_ rotary v_n_ com_r_-
Th_ t_o geom_trlc colz_Igur_tiona commonly .or, to d_t_rmino control of th_ _xp_rl-
_in¢_d in _m_ll h_rm_tic rofri_/_rnnt corn- m_nt, prod_le_d 003 r_._tabillt_ to wlth-

pr_or_ nr_ thn rotnry vnn_ nnd r_cipro- il_ 4 dl_ of _II ]tnrmonlc_ b_twonn nny two

cntln_ ]_i_to_. I_oth conflg_rntion_ tlt£11_._ run_. ]|Qtt_£ n_r©_i_nt I_ obtaln_d if

_rogr_n_Iv_y r_d_zc_d vo_m_ compr_n_ion Iov0_m _rn _vorn_d ov_ _v_r_l rt_n_.
chnmbo_ I_ which th_ _©_rl[jorant i_ m_ch-

.nlc_lly compr_._od to n highar den.it F
and pr_.,_r_. A dlr_ct driva .1©ctric C0_I_I_.SSOR t{OI.g_ GF,_I:I_TION _ND TIt_S-

motor i_ _tt_chod to thQ compr_..or _r_m_ MI,q_ION MI:CI_NX_H,3

_nd th_ cempr_m_or _y_t_n_ i_ _,rlng ""I'-

I po_t_d in _ hormat£c _|lall. From mnc_nnl- Figur_ 3 in n proposed conceptual diagram

w ..... _-- _.--..e_,_._ j ._:_,qjl.:_̧,_,:_4_:._ .,.,._-_._,J_nt_L_:_._r



Of the general noiuo generation _nd tress- th_ rol0tionuhip betwe(_llcomprousor
mission inechaniDm_ of small hermetic re- vihrati0n and compressor noise (2,4). Tile
frig_rant colnprorloort_{4). 'l'hofigure r_uultil_gcompru_sor secular=ties spectrum
depicts the exciting mcclii*niztlr_sacting on in shows in Figure 5 (n). IIarmonlc_ of
tileIntornnl momboru of th_ compr_st,or the pumping frequency nr_ clearly idQnti-
nnd tile pntlm that the resulting noise liable up to the 43rd hatTnonic. While
and vibration must take through tileColIl- th_ 460 IIZpure tone Is not present (actu-
pronllor to the h_n_tic uholl and on to oily n (laarQson_nce), tileband of pure
th_ nppllonco cabinet, tones from lflO0 I[Z to 2400 IIZ found in

tilenoluo spectrum Is readily apparent,
The exciting fO£COU acting on the moving With the exception of the 460 IIZpure ton_,
and atntionnry pnrts_ i.e., piston Or rotor colnpariflonbetween the noluo spectrum of
and th_ lfalseor ntfltorf consist Of thu Figure I and the acceleration a_cctrum

in_rtin forces of the moving part., the of Figure 5 (a) cnn generally bs mode
_ngnstie fiold forcotl f_Oltltilemotor wi_d- ncro_s thu total [lpoctru[_,

lng_ end the gnu pressure forces froIll
the comprnnuion chmnbor presuures. The Flgur_ 4 (o) uhown typical tiles traces of
inertia forces will occur _t the lower th_ COlnprension chamber pressure at three
lmrmonlca of tlm rotntionnl speed ned the locatlonn for on_ hnl_ nlmft rotation.
magnetic field forco_ at the lower Imrmon- 'l'h_ chamber proseuro incran_o_ tlntil the
ice of th_ _loctricnl fiohl frequency. In dinchnrq0 valve opens nnd the gas flew=
comparison the compression chamber gas out. The ovorpren_uro pulse occurs du_
pressure forest will gonornlly b= rich in to rsntrlctione in gas flow throuqh th_
harmonica of the pumping frequency duo to valve sy0tem. When tim rotating van_
th_ rapid p_o_._ro rico in comprosulon nnd pn_nsn tlt_dlnclmrge valve n _uddon hl|r_t

sharp cutoff after discharge, of compr_nnod gee from the discharge Volvo
port expands back into tho following cam-

At eqtlllib_lum the compression choral)or prennion chaml)or causing e pressure ripple
ga= proneuro forces will bo balanced by on the compression trace.
thv lmnring otl film pressure forces and
th© elovtrlc drive motor torquv, llowcvcr, t'lguro ,I (b) shown the pressure traces
duo to tlmo lag_ in th© oil film and the after a modlflcatlon of the valve =yntem
_Itlctric illOto_ thi_ _ot of forco_ _lld to "_oft0n" the trseo_ and r_du_o tile
torques will not h_ in lmlnnco tnatantnn- higher harmonic content of the compression
eounly (only in average over one rotation) chamber pressure. The modification con-
m_d will caun_ vibratory motion of the _iatcd of increasing the clearance volume
co_pr_=*or nt the harmonica of the pumping and the flow ar_n. Th_ effect was to
frequency. Thn vibrations of the compren- smooth the overall trace, r_duce the over-
nor will th_n bo tranemitt_d to the her- prennure pulse, and eliminate the flash
merle =hell through the nunp_nnion system back pr0naurn rlpplo.
_nd the m|ction-vlhrntlon will dlnturh tile
surrounding ton producing gas-borne earl- Figures 5 (a and b) and /_iguroa 6 (n and b)
ration to the =hell. .how the _ff_ct of tilemodification in

producimJ a reduction of the compressor
Th© compression proc_na and the mnnner in nccoh_ration spectrum and th_ con,presser
which the suction and discharge wives seine nlmCtrum. _ho nol.o r_du_tlon
operate will produc_ pree_urn pulsations offset wan most pronounced abov_ 2000 ll_..
in the suction and discharge gas. Illgh
.Id_ compr._nor_ may communicate th_ din- Rn_nt work (51 using coherence azmlyne.
chang= gn_ pttlaatlo_n to th(}gas in the botw_e_ the compre_nlon ch.mber prmmntl_e
nh*ll while low =id_ comprennorn mnF cam- trace and the compressor noise ha_ =hewn

mlmlcnt_ the moctlon gn/lpulnatlonn to the that tim pro_nure ripple he= littl_ effect
gn= in tim .hell and produc_ gas-horns on noise while tim ovvrpronaurn pul_o nnd
_xcltetion to the ,hell. Mufflarn ore the gon0ral shape of ella pr_onur, trnc_
,tnnd,rd *aluiI_nont of comprcmnorn to r_duc= (producing higher harmonica) hay© a ina_or
thin _xcltntlon. o_f_ct on noise lov_in.

Hh_n any of t ho_o entireties, occur at _uch
frequency =_ to _xolte = r_nonnnt condi- GA_ RF,,q0NANCI_I:FF_,CTS

tion of tile.h_ll or n g_n r_nonnnc_ with-
in the .h_ll, the roeultlng mngnlflcatlon _i= volume of ,in.contalnsd between th_
will produce increased compr_enor noise compronnor and tim hermetic _holl will
_ffectn. vibrate with r©nonnnt amplification If

tim excitation frequency coincid*s with
one of the tmtural froqu_ncion of the ga_

COMPBESSOR VI_P/tTION F,FFF.CT_ vohlmo. Thin phan_num will =_tin_ lads-

pend_ntl F Of tile compro_uor all}ration.

Aec_lmr_tion _mmurmm_nta wore innd_ on
th_ rot.ry vnn_ comprmnaoc to Invcatlgato Analynl. of the rotary vane =lmll cavity



aauuminq the compressor scrupled nn ideal- through a force trnnoducer. Miniature
izod cyllndrical internal volume for low feudingpredicted occoleromoteru, ma.s
the firnt gas ro,onanco frequency should of the .hell, wore used to measure the
occur llround 500 IIZ _lt the narwhal op_rnt- shell motion, _ooonnat frequencies _nd
lag ga. tcmperntuz-e (4,6). Experimental mode shopo_ wore obtained for the comproo-
otqdy of the 460 IIZ,pure tone illl.'iguro1 _or nlmll with the comproo;:or _iochoniuta
revealed a strong nonsltivity of its nmpli- illouIltedinside.
rude to gas temperature° As the tempera-
ture of the q_. clmngos, the sonic voloci- Figure 0 pro_ontu the conlparioon of the
ty and th0roforo the re_onnnt frequency tno_uurcd _holl ro;_onant froquenclo_ to
will clmngo. Thl_ temperature _onnitivity the _ound opactrum of the rotary vane
_uggoutc_ that the 460 IIZ tont_w_u iigo. compro_0or. Prnctically all of the _holl
cavity ro0ononco amplification of the rorJonant froquenciou are idcntlfiMJle in
4th harmonic of the 115 IlZpumping fro- the acoustic Dpoctrum. with the oxcopt-
guency, ion of the ,160IIZgn_ roaot1_nco_ tile

major p_nku in the acoustic spectrum gen-
ts*Itsystem utlllzng two identlcnl ornlly occur nt the Mmll resononceo.

_otary vnno compressors wos uucd to 0tudy
the gns c_vity ro_onnnco affect. Di_charrj_
_ns from n running comprusuor (contnlnlng CONCLUDING IiEHAIIK_
all the pumping haz_nonlc_) wau fed into
the harmotlc uhall ga_ cavity of n static A g_noral concapt of thn noise gan_rntion
(non running) coral, re..or. Thi_ .y._tcm _nd transmitmion mochnnisma of small her
provided gas pulsation excitation to the motlc compran0or_ ha_ bc_n presented with
static co_pra_or gna cavity while olimi- mtpporting axp_t'Imantal _vid_nco. The
noting the otlmr notes sources of n run- _ollowin9 0tatcnmnta raviow and delinaate
sing compra_r_or. '1'he tempornturo of the the pr_uontod mach_ninm_.
all.charge ,la_ f]owlng into tho static
compr_s.or was ralsml so that tho _onic i. Th_ maJo_ source of th_ comproa=o_-
velocity and th_ cavity ro_onanca fro- noi_ is the cc_presalon proc_su and it_
quincy incrannod, generation of multipl_ pumping harmonica.

_'he off_ct of this chang_ in gas tcmpern- 2. Th_ dynamic action of tlm valve_ will
tore and r_onanc_ fr_q_t_ncy is _hown in offact tlm compression process and the
Flgur_ 7. At the b_ginning of the _cguancc noi_a ganvrat_d.
(177.5 F) thu ¢lna renonnnco frequency in

nppro_imataly i0 llZ* below tile .Ith hnzmonlc 3. _ha nois_ ia transnltt=d to tha mts-
©_citntlon frequency nnd _a tiletompcrn- p_ion system and the aurrounding gas
t,rn incrsa_.a th_ gnu ranonanc_ fr_qtlcncy i_ the _hcll by compraaaor motion or by
shifts through the constant frequency 4th auction-dlachargo tube oponlng..
harmonic. A simple chaw/a in tlm geometry
of the compressor was alas tented and 4. Compressor mufflers (suction or di,-
_ffectlvvly moved the gas cavity resonance char,in) will rcduca the noi.o transmittad
frvqummy away from the 4th harmonic with to the aurroundlng gas in tlm ,hall by
tim resultant major reduction of tim dO0 tim .uction-di_charg_ tuba opnntng..
Ig pur_ tons.

5. Gas r_aonancoa of tha gas in the shall
will magnify the vxclting pumping harmonic

HF.IIMR_'X_ _I_.I,L VIBIIATXON Y,FFY.CT_ with r©aulting high noi,_ transmission to
the shall,

To_t_ o_ _©var_l dlff_r_t comprssmors
have .hewn the he_tlc .Imll housing to 5. Trnnsml.ai0n o_ nolsn to th_ _hell
b. the principal radiator of noisa (3,7,0). occurs through the _lmll g_a and the com-
•h. =_citatlon of the shell take_ place in presser suspension .ystem.
two ways; th. gas cavlt7 rnfrig_rant gas
pro,our, _ctin_ ov=r tha Inner surface of 7. 'fileshell in tim major radiation of
tlm shall, and the vibration of the .u.- tlm nol.a, I_.on_ncos of the shell al.o
pension .pringa and the nttction-diachargo magnify the o_citlng pumping harmonic_
tub_= .ctin9 on th_ .h_ll at the connoc- with resulting high tranumi_slon and radi-
lion points. _ho resonant chnractarlatic_ alien of tim nolan,
of the .lmll and th_ r_mdtlng magnlflcn-
tlon of th, excitation at the resonant
fr_u_ncie_ c_n produc_ major _fact. in IIZI}LXOORAPIIY
th_ overall r_diatod compressor noi_.

_he re,snoot Ere¢luoncl_a and mode shnpe_ 1. Sumlki, _.T., and Channud, R.C. (ad-visor), "Noise Rcductlon oF a IIoums-
of ttm rotary v_n_ compressor w_ro d_tsr- hold l(ofrigcrator," MS '£heain, Put-

mind experimentally (o). _ha shell was duo Uniwr=lty (196g]

e_cltod with a_ _loctrodyn_mic shaker
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"llolne _nd Vibration Study of Smoll

llerlnetlc I[efrlgernnt COlllpr_ssors"

prezsentcd by
J. F. l]nmilton

In thu _ouDlln_g with e_h_11 res_n_*ncezl, 5-10 y_i*rs. On thQ o_tsld_ they're _ little

do you f_el d_in_)in_ would b_ eCf_etlve? flnJ.y _bo_it ,Ippu_'_nc_. %9e hnv_ tri_d npr_y
on _on_Inqu _nd ]1_ve _otton _ bit over the

•7. _I_m_Itnn_. ,I dS _ducti_n wu [elt we h_d to get. Other
W_ b_)v_ Du_ d_mplng Qn th_ _|I_. l_nufiicturer_ ll_v_ tried _ouloltlb d_plng

Tho problem _ _ottlng _ m_t_r_l Lh_ wi]] Lre_._ in_Jlde Lho _hell. Th_ _ru

_t_nd tho _em_rnt_*ro. _n_ b_ off_etiw. _£foetlve £or _ _ho_'t L_I_th of t_m_ untll

_to_nnl d_Tn_in_ cQntINg_ _r_ comp1_tt_ly w_z_ _t_ in, £h_n th_:y dogr_d_. We J_ve
out b_cn_oo _nBido th_ _h_l_ th_le ar_ nloo _r_ed to detun_ tho _h_l_, b_t th£0

wo_d llko _o _r_nt_o them for _t l_t number Of h_r[llonlc_ gi_11_r_ted.

l' p ',r



FC CEtlTIIIFUGAL FAtl _lOIS(

David f_aJ, Graduate Instructor
Willlar,i D. S_lm, Profcr, sor

I]_partnlerlt of tlc(:h,]nlc*ll (rl_lnecrJrl_
Tc:rlncs_ Tec_.lolo_JIc_l Ihllvcr_.Jt_ '

Cookcvllle, T_nncs_e ._Sar01

IhiTlt01)UCTI0/I ,inaly_e_ are nearly nonexistent. [arly _orkcr_ [I]
rTl(:(_ure(I f_n Ilol_e I_v_l_ _111c_clev(_lopell empll'lCal

ror_.lrd cLirvccl centr'llrucJnl ir_n_, iir'e u_cd e_tO_l- r_n noJ_o equ_atlc_Jl*,. The _qu*ltlon_ r©l(_ted th_
_[vt_ly It1 I_Jr ¢ondEtlon[ll_ (lied ventll(_tlon 5¥_t_lrl_. rlo]_ _JCrler_[cd to th_ f_n f)_r [rlp_lt _lnd ot_t_r
Tho')o f_rl_ prc_duc© /) _l(Jr_[l'lc_rlt ,_fr_unt (_r nl)l_e r_n pcrfor(_l_lnce i]_r_l_t_F5. At _tj th_(_ cnl[_Jrl-
(ind _r(_ fr_cl_(_ntl ¥ tho rEl_jor _ource or _y_terll c_11 correlclt_on_ i_ro¥_cl_ _ _r _t Jlntlt(_ or th_
nol_. DLI0 to _hc _IT_II 'ay_tc_l _i[Ze _lnd the CIo_c tottll flol_cs produced by (I f_lrl. IJut they glv© no
coul)lln _ of _ln_ll rC ccrltrlfu_l f'_n_ Lo occupied clue to t_l_ _ources nor mcch_[_lTl_. Of noI_o _en©r-
_1)(1¢o_, hlQh (hlllOy_nc(_ to pcoill_ _enc_r_l_[y occurs. _t[on. T_10y _ro henc_ of II[tl(_ or no LI_e in th_
To _lvo[d _[zo tlfld ¢c1_ i)rablcm_ re_ultln_J fl-c_nl t_lc _tudy of tll(: rlol_c _cJUrCe_ It1 _ I'(lrl.

tho flol_cl nc©_ to bo red,iced In strength. A _h_ _lr_[ _ttel_jlt to _t_lJy (_ln rotor no_o vt_ _l_lle
F_:_(_ar(:rl _tudy _u_ I)crN InItl.l_cd (it TeIin_ec Ijy _o_'c_ (irlcl [Ic_l [2_. _r_lQIr rotor nol_ fi_u_e °
Techrlolo_lctll Unlynr'_li.y to I_le_t th[_. /lecd. Th[_ _lent_ _lr_ ;ll(Id_ usIIlg _ rotor op_r_t[n_J _i[_lall_
ilnpc_ dlllcrlb_ t_lo _orl_ in I)rc_Jr_ an FC I'_ln hou_lri,J. A_ _n u_l_cl_©LIF'C ro[of" _ll[ rlorm_ll¥
nol_(I, op(zr_lt© Ill _t(lli, their r_ul[_ _*ccm |o b_ for

_t_lled FIO_. Arid analy_l_ of nol_e from a _t_lled

¢crttrlrLr_l fnn ncli_ i_l'_ (_loLl_JhL (_) ll_: m_ld_ by CIiiIrlnud (_] o_1 _11_iltlca_cd rotor _1_o _)_v_

tha _fr©_t_ _f tha h(_u_hl_ _l_d _lel_rler (I,] _u_t_d that rot(Jr n_l_e _IQ _lnly
rro_ the vortex _lleL_llrl_ m_ch_nl_r% _JfvlnrJ _'1_o to

the rutor*cu[_ff Internctl_n.
bro_d I)(lfld r_rlclor_ n_l$o. _ fc_ I_(:rnF_ts to f'cdLic_

T_(I rip,or p_'_d_l_©_ bro(ld _t_nd itol_o _[id I_ th_ bro.ld b_rld riT_or ncll_a h_t¥o b_cfl m_ldo In th_
_J_ll¢lvell to b_ _h_ la_r(Jq_t ¢C_lltf'_Ii_ltor to tile f_r_ p_t. IhJ[ trlcly h_ve ncJt met _th i11uchsu_.
nol_e. ThQ h_u_ln_ app_'_ to nct ns a re_orlator [mbl©ton 15] put a _rle_ of tr_n_ver_ sl(_t_ In
_nd (llt©r _h]ch r_Jdlfl_ (he ro[ur n_l_©. The [he blades, rl_ hoped to p_ti_lle th_ _ep_rntlo_ of
('otor-_tof_ Int_t'_ctlon c_lf_ produc_ _tf'clrl_j d[_- th_ I_OUllllnr¥ Ii_yl_l" from tile [o_ _)r_ur© IId_ (if
cr_[_ frcq_©ncy nol_n. Tl_u_ a _l_nlficant rcduc- the bl_d©. Trll_ _nudlflc_t[_n prod_¢ad _o_e per-
lion In ovar_ll f_n nol_ _pl_on_s po_l_ln o_ly If form_nca Io_ but IIttl_ nolo© rcductl_n. Pntrov
tha _tronuth of the r(_t_r iiol_© I_ raduced. A_I_ et _1, [6) r©duc_d th© brond I_nll_l n_l_ I_y i_ln_ln_j
r(J(clr ITOI_Q rclh_|lur_ (;aft tlc_t [1_ _lchlovn(J by _c_'ccr_ _t t_l_ cn[/'¥ _o zlllLI o_l_ frc_rt th_ I)l(lllos,
_d_ntlfyln_ nnd d©scr_bln_ th_ _)urcc_ _r th_ ro_ur A ¢on_I_rnble decrease ]n f_n ©fflc[_rl_y

• (t_l_a. Than affort ¢_n b_ ©ff_ct_v0[y _1_11¢cl to acco_l_nnlcd a _m_ll hollo reduction.
_llmh_at_ and/or r_lucn thn _trcn_th of th_ _Jnr
rl)_Ol" rlc)l_a _urc0_, The p_lr_ [OrlCl I)o1_ At tllQ [li_lll_°pn_n_Q _l'©l_l_qllCy

nn_l It_ hQrn_nlc_ I'_ produ¢©d by thQ r0tor-cuLoff
flo:)t (_f _hQ rotor sclur_©s 4F_l)e_r (_¢rodyrlt_rnlc hi Intcr_tlon. /_ _lr_n typ_ or mOnOl)C)ln _JanerAtloll
url,qln, So n likely r_ult _f th_ rlolso r©ductlon _chnnl_ _ _u_J_tcd hy Hu©l_ngr [1,], Uut

of th_ un_tn_dy flu_ In th_ fnn, A by-i)ro_lct of nnture. ._o the I_lndu p_ln_ nolo© II_Q]y r©_ult_
th_ Ir_F)rov©ll flm_ iJnttcr._ hi tll© _ula(a_ I_tl fr'c_n tll_ fluctuatlnQ forc_ _n t_ln cutoff, Th_
dorian could IJ_ Q more nrflclnnt f_n. fluccu_t[_ll_ _ouhl I_o c_u_cd I_y ilia Int©ractl_n _f

the cutoff _lth the _tron_ wl_clty _rldl_nts thnt
_A(:P;G_0UNU _nl_ to occur _ th_ fl_ I_Avns the bl_(l_.

M_[hud_ LCl _llluco this _ol_rc© _1_1¥_[ioeN _T.Lldl©lJ ]tl

_tudl_ _f c_ntrlfu_l f_n nolso h_vo, t_ thl_ d_y, _lotall by m._ny rase_rchar_ [5_]. The _u_J_O_ted
be_n wr_ Ilmll_l In both nu_l_nr _nd _¢upe. tto_t e_llflcntlon_, [_ _chleve • tO to 12 d[I n_l_

_9

t



I) Incron_in9 tile rotor-cut,off dl_tnnce. 2) slopln9 TIlE API'IIOACll
of the rot,or blodes or )) _loplno of tim cutoff
wll,h r©sf)'_ct to the blades. All thre_ modIflca- Tim fan selecled for thi_ project Is a sinole
l,lon$ reduc_ the magnitud_ of the force flucl,(_- width. _ingle Inlet I(1" FC ccntrifu_l f_n made by
tlotls. LAU Industries. Th_ nondlmenslonalized pc_'formDilc_

c_Jrv(" for Ibis f_ln. b_d on m_nuf_cturcr'_ tibia.
Th_ f_n houri© 9 doe_ not .Ippeor to I)e_ .1 tl,lJor noi_e I_ 5hewn IIi Figure h P_rform.]nce rlcfl_uremct(t5
sour©el itsl_lf. IJut rn[hcr. It _¢l.s to mnpllfy or m_do In this si.tJdy clo_.ely follow thi_. curv_.
_Jiipre_ l,h(_ nol_ r_ldlated by l,he mint. f_ells_Jr_=
rTiont_ [0] h_v_ _how_l th_ cnh._nclnlr:rlL of c_rttllrl
fraqu_clc_ by the houri©o. The towu_tt frequency
corr©spor_d_ to the Holttlholtz resonant f'rcqiJ(:rlcy.
The housln9 c_nnLInlly bch_w'_ like _ small _....,rr,
rl_verber_nt Uroom'* pieced .'lround _ I_roo iiol_.e 12 \
_o_Jrce* Agnon et hi. [_] "_oftcncd *_ the houslny ..ll _. j-- °* :_.,.,,,T
_:nvlronrTt_rlt by perfor_tin 0 th_ houri©9 _n(I ¢ovorln 0 I_ 'T_
It _lth set, rid nbsorbln9 m_terlnl. Thl_ _h_orptlon le. _' "" e_...
prodt_ctd _1 maa_Llr_ble re(luctloo In tlt_ _ll_h 'l "re

frcqtlency brood b_r_d nol_©. I_ul, l,hc or©roll oo1"._ . _.,

levell _ld not drop m, ch. _ 1,_ •. _

It©©cop _lll_rt from th_ rCdlJctlon In tile rotor-cutoff n. ' _ "'
InLar_ctlon nulsc, wry Ill,l,lo fan nol_e redLJctlol_ • ' \
ha_ becl_ achieved to d_te. Analytical _n_ly_es on " \
FC c_r_trlfugnl f_n_ hove fill, b_n published _ _!.
l_cnu_c of the m_themnl,lc_l complexity. Llohthlll's "_ ................ "_
nol_© theory (10]. nnd C_,rlo_s modlflc=tlon [11] to .1 ._ i .. ', ._ _ e '_ I., 11 I_
Include _olld bodle_, h_vn fm_n _pplled to _lnmple I._.*_.,,.. b
flow _.rohlt_m_ with _lo_© _uccc_l_. _ll_rl_tldn_ (12] _rtl _..r_..IL_-_w.r(....l*_h _r_(.llCf_,
nn_ly_©l of a_l_ll fm_ nol_o _oorc©_ _howcd pr_nl_le.
Due, _ of hl_ rc_Jlt_ hove bean chnllcn_.d for
a_l_l f_n_ _n_ hl_ methods h4vo*not yet bean
_ppIl©d to c©ntrlfugnl fon_. Finally. Ycow's [I)]
_tl,_mpts to r_dol l,h_ _coultlc b_h_vlor of a d,ctcd £_p_rlmental AI)_ro_ch
¢;ontrlfgo_lJ rotor _ero ';ucces_lful at very low
freq,cJIclo_ (©150 ff_). Prellmlnnry ©_perlment_ arc f_el, 9 p©rformed to

study l,hc flo_ In the f_n u_hl9 Luft_. srr_ko and
The problem of FC ¢ontrlf,9_l f_n noll_ Is Indned hot wire probc_. The tc_t _f_p for th_ e_perl-
very ¢ompl_. An_lyl,lc_l annlyse_ require the mcnt_ I_ _llown In flgur© 2. Thl fan I_ beln9 run
Inp_t of d_l,all=d k,owl©dg_ of l,h= fl_ fluid
II_¢h_dln_ i©¢oml ord_:r affccl,l_ tllrougl;ot_t the f_n. LJ_.I_,

Thl= l,yp_ of rio. dnt_ll for thc cc_plo_ f_n _y_l,cm FI____ !_ :,_r:,_ ................ tJ}S Impo_lbln _l' l,hll time. Th_, the problcm c_n ' " _

.... tri '.....
Thn rotor nl.pcnr_ to bn ll'l_ pr'Jr_e IOU¢C© Of nol_o "L;'_'_'_ lj "_
In n cenl,rlf,gnl [nn* ThI r*ld(IctlOll In l,hc rotor _ r_,_,t_

quieter fan_. ?lodlfyln9 the rot,or _Jeometry to
olll,_ln I II_nlflc_nl nolle reducllon cnn ball, be
_lhlilvl(_ _l,lr th(I hollo iourc(31 on l,_le rotor 4r(3
Identified _nd the mechnnllm_ _f nolle 9mllral,lon at, low _pced (0130 rllm) to nmke tile flow vll_i_llz_*
properly underlined, Ha©co, l,he obJccl,lvll_ of the l'loII ,t_lrn _ffecl,lve. The lloulln_ or the [_n _1
rolo_r_h _rl: m_da C(_lplll_ly of I_l©_loJ_ tO thG I_tfllg IIl_pO =ln(I

I_ZO _ th© i3cl,nl hoillhll_, _rlllllr_ ttlpt _h'll
I) To rP_ll_lrl l,ho nolle _pocl,rl of n centrifugal mounted on tile hotl_llrl9 to me_qlurn tile pre_l_lre

f_lll rl)fOr =lnd l,tl Identify lho Import_nl rlol_¢l dlll,rlllgl,lon _rolllld ttl_ l_llccl, To _go lhO l'llfl'l
l_llr_ll+ lllld till IIIlOke In tll_ houllfl_J, l,fto rotor II

_) TU Ilfll) ly the1 Illforri_l,lon on _lotirc(l_ to re- I_t_jll_i_tl IllIR_ I1 _irobe, whIcfl I_l _tul_tld fly trill
dellgn l,he rolnr to =chlov© =1 II9nlflcenl. red.cth'Jn, rot©tie© of Ilia fen.
I0 dll or more, In fen nolle llYIII.

$_lle of the prel Imln_ry e/(ll_f'im_ntl hive I_egll com-
_1) To rlrltorelit)o l,tlll effect of th_ f_rl hoglln_ on plct¢(I nnd tile fes(lltl COll[Irm ion_ _llumlll,lorll

l'h_l 11011111_nlrl_t©d IIY lh_ r°t°l" °nly" _l_tllll, th9 IlAl,urtl Of l,hl flow. Thai prallur© dlltrl-
_1 Molt of l.h_ work J=l i_floctcd to bg i_llerJm_l_t41, hullo© _rountf l,h_ wholl At, v_rlo.s flrr_ r*Itnl _lrc

Analytic.el mod_ll_ flo_mv_r_ will b_ u'_©(I for nn _t_wn In FIg_re 3. The pol_r plot lhuwl ltl¢ll, l,fmof(for of _Onil'udQ comp_rJlorl (If l,he IIOllo lource_. _l'fll_Hri ]t f4r [r °ot utllform. OLIQ lO l'_1_ I_rol

1 °°





Tho nol'lo produccd by [llO _'¢ln HIll Im mca_*urcd
u_Jll9 n mlcrophono flttod with o _pcclal _a_plin9

_[rt_i_i_Zl I1 tub_ [i6]. Tim tlll_c-microllllonc cc_Tiblnatlon ivlll bo
_lLilh_ hb 0,Jll_li Iocot_(I at _rl oj_tlmtltll radlol and _l_lal position In

,,,°,,o°,.
I _to%I_]/_ fJtO_,5 of" th_ _at_plllln 0 (ubo will flccd to bo _l.ldo cJtl [he

,, +++ ,°+,+,,°°o++°+o++
Th_ fill+ nnd _t_tlc pressure _t tim hi.do outlet
ivlll b_ t_c.lsiir(_(I--(Jllt'lng tho nolso rlln_--u_lrlfj riot

% JC/D wlr_ pr'ollol _lng _t_tlc I)¢¢:_ur_ tnll_. _'llc_o
/,_ nlca_tir_0nt_ _vJll Inglcnlo th0 oper_l. Ing polnt_ nt

\ _. . th_ varlou_ clrcllmrer_n|lal re,lofts In th_ fan. /_rl
\ "_ / /

" / 4ttcnlpt _111 b_ made [o corrolot¢_ the flow p_ttcr'n_
\\ _._ / / In Lho comllI(_t¢1 f_ll I_llll tJl_ flol_o and riow_,

oht_lood In the r,_di_i illffu_cr _porlmc_ltS.

N_'NV_II_5iflhr

_JJl_ llll_E J_vorl _fl_il_li analytical arlnly_t_ _ro vcr? cotTIpr©_+
_llllpl_ f'low hollo _dcl_ cnn b0 cfr©ctlvely u_cd to
_Johlo and Int_rpr'c_t th0 C._porlnlcfltnl rc_ultl. /_n

_I_J_+L5 SP,_FCllO_Till.I_/,_.'+lltttll S_i[II illl ordor of magnltudo analy_,l_* of tho variou_ _ollrcc2s
Tile_J_5*_tlt[tAilC_t [xlUlltt_Nl_ C_n (_l I_llfl¢llo tile _t_ak_t =our¢o:_ from con_ Id0ra-

l/vi,Nt_iu_ i0 j_.Lr_rJ_ILDit__iUIC (_j!_jll ti_n. I'low tlolse e_odoi_ will bo u_cd to _.ld0 trio
study of the following _ou¢c¢_;

I) tho Jet-i_ko flow I©_vlrl 9 illo bl_de_

2_ _c_ralcd flow In tho bladc ii_e
2 C_ (1pImnnt_ _lth Ihn cotnpIclt¢_ r_tn_-=-tJto£ arid• L_pi ]) iurbul©rlt boundary Inyer nolo©

ho._l_q_, lh_ hollo pro_c_t by _h_ _n will b_
mcnl.rcd u=ln9 tho _lmpIo In+duct tmlhod, llo 4) Incldont turb_llent flow ovor lho hi_d©l

_pc'¢lal tn_t roc_l_ aro r_qolrclI. Th_ Inodllct _) slr©n effect _ _ho cutol'f
r_tlio_ h_l b_l folmd _o 91vo rcllnble fnn nolo©

_mllLIr_m_nl_ [141. 0©t=lll or tho proc_duro ar_ I_TE_I'_E'tATI01_ 0F P,I_SUL15
outlltic_ In th_ propo=ed ASIf,_E Stanllnrd 6BP |15].

Trio: _porlt_llt_l _tl_p Is ihuwn In PIgur_ 6. It Tim Inrorlnatlon obtnlilotl fr_ th_ ©_perlmcntl oll
tim rotor _urc_ Io¢_tloll and itrcrlgth_ will

u_c_) lo 9i_1_ tho rctloligrl of |h_ rotor. _otor
Ir_dIPIc_tlorl_ .1_1 then Uo m_d_ (o ollmln_to or

rcdll¢o tll_ _l_lJor rlolso _urc¢_l. PIc4_lll'cr_nt_ t_liI

_,._'_ _.,_< __,_,_* then h_ m_ll_ oil tha rcde_igncd r_tor to d©lermlne

I ........ _J_7 _, ----_ the change In tho nolia loyal ohinln©d. A nol_eri¢ ri*r Hr[_ )+ _._ r(l(hfct]ofl OI 0¢ least IO I)D J_ o_J_CCi_l| for [ha

.17. , _ -q.l©t- rntor. It I_ llhnly+ hoover, ttml th=

. ] I-'". ] t _he f.l) bcimrltl or _h= roto, P'Jdlflc=tlon,. 3",,e

_rl_' _ _ tllOrOuIJh Utl_ril41r]llln_ of th_ rotor _?QI_¢_Iotlrc_
[+._._6 hwSii_.+_l_llitfli_t_,lrl _111 bO =1 _ilCC©_I_Ul r©all_atlon o[ thQ ohJccl, lY(_

or thl= re_earch, Follow-lip _ork oil ho.=ln9 I=
iIIirhlcd for no_t year. Hcncn, with a "qul©t _ r_tor
nnd Ill m_tchlll9 _croll, =[_J,IFIc_nt reduction in
FC centrifugal f'n_ rlol_ c_rl _ cttpcctcd In tim

con_lill_ Q_ ,'1 i_nrl ¢ofIR©ctcd to i1 CJr_ul_tr dil_t VI_I ncnr fllturo,
n transition pl©co, ,_n _tnochoIc tOf+r+In¢3tlo(l ¢t tllo

=nd of ttl_ d,ct pr©vont_ th_ r©fl©ctl_ll of po,nd I_[t'£1_#1C£$i_ck tlmlrd_ the fnrl, Tho fl_w I_ m_tl_0r_(l down °

=tr_om of ttl_ nnacholc tormlnatlo_, Vc_lt,rl fl¢_ 1, tlernnnk, L. L., Ileynoldl, J. L+ and _ll_n+mclcr_--_Jih [l_) lip tllr_O dJff_ronl lhroi[ iI_cs*-
K. g.+ 1_52, J. _coll=tlc_l sllclmL_j_." of _rlc_

will b_ ut_ll in rnlfllml_ tim prc_llrc Io_l In tim (.I._._.h.), 2_,+j_'+l_/_t_ nil(I Proccdllrol
. iy_+_em, for Pr_dlctln 9 V_lltll_tl_ll Sl+_tcm Plolle. _

Thl proilurii Io_dln9 of tim f_n will b_ nchl©v=d by 2. till, P. 5. +ln(I RCal, It. i_,, 1_}0i J./I.$.A.,
placing porou_ malerl_ll on th_ dlfruilr olitlct. 30, g+ Ito1_o 0rlgin, P_r _nll 5pectr_ O"r'-
Th_ fill) ItltIC Orlilllll+l will bn m_nlilrell with I _l
pleznmntiir rln_ I t I _ulllllilll Iociltlorl Ill 1t1¢1duct. _lict_d Centrlf,g_l Fiin_. +l

i
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into Erlgll_il: t_VSTI_ Trm]_latlor_ 3322, ]972.

7. Stall*h, _4. _., OItlallay, J, _. and Phelps, _. fl.,
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"FC Centrlfugal Fan Holnc"
preaented by

W. B. Swim

]_l Swimz p. _nnd.f

'l_liuwork hail buen Univernlty flnancud I would curtoinly think that nnythil_g
but ha. hod n amnll amount of Induutrial that can rec]uco thu noise of forward blnd_

input. T|mre in ono PhD atudent working ¢entrlfugol fan0 by 10-12 d_ will put

on thin _nd wo oxp_ct _irotlnd one mild onu- yournelE into tho poultion compnr_bla to
gtlnrtor mnn yo_rn ¢_ffort by the end of tbe the puople who doveloI_d tho bettor mouoo

flrst phn_e, trap. Thare in c_ huge demand For nuch
fanu. Do you havo nny idon )low llkoly it

.El _c_Connoll I W|II b_ to get tbnt II_uch?
In yotlr proaontation, I did not aeu n

doocrlptlon of inlet condition_. |lava you W._;_wli,_t

give;% connlderatlon to the circumferential Tbo chnncas of _uccaos _EO still
nran of the fan aa oppont_d to thu inlet highly volotilo in my mind nt thin tlmo.

di_matar? I think thmre Imn good ehnnco to g_t n
rotor w|lone bro_d band noi_o in down I0-12

W; :iwlm! dl]. ffh_tbar now we cnn _ot thln into

W_ nr_ u_Ing o ntandnrd Fan configur- hou_ing al_d get tile noi_o down 10-12 d_ in

allan in which tho wheal wldtb itJ 60% of problematical, at thi_ t_rllo.
tho whaol dlomet_r.

_ M_C_q_nn._.]]L _'_6-t|lerq.ontlon occurred to me when
So actually yoll'ro nnklng tbo air to you talk about nolo_ r_ductlon. Aro yo_l

decelerate and than turn 90 d_grcom? talking about lnlot noluo or dinchorgo
nolno?

Yea. Thi_ in tbo curr_nt d_nign for w_ _wlm_

nn FC ¢_ntrlfugal fall. It |Intoa vury tar- qha total--both inlet and dlncharg_.

t,olln path. l_'l:om th_ Inlot tbe air decal-
oral@# into th_ ])lad¢_, kilo air la then

whacked b_ t|lo blad_a what. it then ncce|-
arntas ocro_n tho blod_. Th_n _ll of n
suddo_ th_ nit nc_on t|la houning and _ largo

d_celorotlon nt]aln.

t .



_tmnl, u¥ A. WaUtLuuur J_mnn _', '5hAcke2,[urd Thul_au II. llurkhmrdL

D_Yulull_aull_. I_IILiLI_Q_t" /_n_LUthl_t: P_Dfu|mo[ Au_ot:Lmtu P[u/_umgL"

A_ll_J.ctlltuL'¢41 _l_/$Ll_uurJ.nil [)upL. ll_c]_nt_lcuJ, lln_lllgUt'll_ U [)Ul_to AilrLcul_uraJ. _ITtCv_LrIu [lUpL_

UulLvuraL¢.¥ ol_ CaJ.Lfol_nJ.nD I)avlu IJlll_'u_'aLLy QL C_].llornl_l I)_VL_ llLch_.timn _L_Lu I_rlLvu_'u[L_

I[_TIIODU C'£IOil an _rrlL.

lluduc$.lltt _EIClU]:)' alul_u Ln _t cu_plux pt'_blun_ and _ Th_ A_rLcu]A.ur_. Ih_Lal_u_lll_ l)_l]_t_cnL _1_ the
Cha_,_,_n_i|E_ U pl_l_t.. |_Rcl_Lca_. ull_lllUU_lllLl nU_.U_ 131_L_er_._ o_" _4).[[ul_J_l_ ))&YLu_ h_n L'Ut:U_U[I:Cd _ho

_:lon_ _'a_t _u L_und _E_d l_p_._unLud _ lu'd_: CmlL_ tLL_[]I IIO_,OC _.uV_lm o[ _:_(LII_'_UU _l_n U '_.tlL _hn t_tllJ.--
I_Qry I_OIUU _,U'lU].I _[. _r t_U_ _h_ _c_pL_blu _,t_Vulu LALIt_OL alld UCUl_r_l_ ':q_l_tl_ltit_l:n _rld ILA_ rlu_: Ol_L _.o

ruquL_d by O_LIb. (1). C_ltt'vn_L_y tnnn_ _¢_rkL_l_ _r_aL_ a_.d Ln a _olu_on by lnL_n_n_ _nd co_l_Lnuin_

_[ _Q _E_UUI:_' havre u_cuot_,¥o nu_.uQ lt_vuiu (m_ h[ll[l c_tnIic[_ n_L_u CUUt_I:¢[L ugt_, '£ho _:]ll_d yaA_ U[
J_ 95 dM, Ln llal_. _¢_'k _tru_ and _pl_r_chLil_ 1.10 th_ p_uJ_)¢_ wL_,_, 1_ ¢u_plQ_c.d In _lAy_ 1.977. _h_

250 _:u J_0 pur_l_= o_ U_ILA _t_x_ut_ nxpuuuru _.lntlLu Th_ _uzun_l y_mt" W_l_ _unl_lud t_' _.ntluuLt-)" _ LncLudn

(2), _ul],°t|mu duvu],_)p_Ul_, ux_ll_'4_rj _. H_t_ uLud_nl_j

l_Qltlu _,UVO_,n la_ _ho _uud p_ucu_nlnl_ Lr_L[u_t_'_' II_t_ u[ L[l_ _alatl i_t_u_ul'm O_ |_u_moa_ll_l _lltl W_I_ ftlndu_ I_tin

I;h_ u_ M_ul_,_.u_u _u n_t_LUQ _.uv_ln LI_ _u_y _her I_y ln_unLr_,. AI_. _:hl_c_ y_aru Lnc_.udud f_¢_|Ly

J,tl_lu_glr_,ul_ _L_L Lh_ cJ[_nv_J,_N l_¥a _ idd_.t_t_l_], IlUlIQ[VLmi'JT_ _ _llbl j_m_l_]_n_.o_t.

_u_ I_uLn_ g_du¢_lgl_l '£_ £_,1:_ cunuLt'_t_n_ l_ hLl_h O_JI_L_I'_VI!

_t'ut:nNmlll_ It[otn m,au_: l_lal_ _'[)A l'oq|uJA'_r_llCm Aft nQ_ _h_ _[t_,t_a U_cuP_Q ¢_ ghim pgo]o_l_ wLl_. bQ A [;_

Jn_? _t_l;g_' ul_ g]l_ [u'Jd _1_ ',:_llL_lnul:l* I _lhuuld iIu_ ba n@._l'ch p_'u*J_c_ _.m _:tt d_Yu_op a[[_l_.ynj o_clol_L_

_.a_nl_ _L_a n_ Jb_Ll_ ax_llm_,v_ _La_urM, Theft ptuJ©cL Lm lnLcn_lo_ _o hQ).p tha_ ¢_I_,Y _lth

_h_ duan mua_ FPA rnq_/._¢n_l. _L_rlal_ umQd ¢n_ kulowlcd_Q nl_ Anl:o_t_lull lot" _uct0_ _nd _on-

m_l_ [_'m _lllOU_h D c2,_l_ll_,tt II_l[_&_el _.h_ _¢_._._ _[u_._L_qi _:_tl_ll_'_, n_J_,_a lovalB 1¢11_._=1__'a [.'Jo hlill in

[l_mit_ _L_l_phug_ _'ll ¢_ _od pru_lll_il_ _llv_._t_llmart_j [t[c/_L_ I)_t_:cMu_aN _.ul_ g_.rtl_._til_t[ I_.nQ-£o_[_d

_l tl_lIQ_lca, _ c_nTl_l_| Lz_ Cl_,ll_o_ll_ l_m_: o[ I_Ol|_ CUllL_U_..[l_ CmL_nQ_'lgm I 3) _¥_.u&i_,un 0[

_ _:[_,_ _r_ _niLA_,ult _:lru_Lrl_lt_;_l H_o_y o_ _[_ _g_,tt_l_la° :[_: _J_ _AIll_U_ ba d_l_o I _hQ _cl_rl_ ¢t_f_h_

_r I:_Jca £_tn_ _l_d_l_l_.¢_ll IIl'l I _.n _[_n_|'l], 0 I10_ ixl_o_L_ro Iiu th_ _}_111_.

____ . _,_,_,_ _,_._ _ .,,_, ,_ _:_. ,. :_ _ _.,_,_._._-_ _ L_= L_*?_"i_L_'=, _ _ I



_h_, proJuel: wJJi Jddruan Lho _Lr._; unljLIlumELIIII TA__I.K 1. (',AIIlll_ltl' IIoI_J+ l.liVI;f,S J In I'lff)PI P;OI?JtCI+ (2_
IIo_Ug_OJHI f,uE Eudu+_J+ll_+ _lla IIOLIIQ IUV_I* _Julau ul

[IlU ruPA[I_rch w_11 Jllvu_vu cu_b_llin_j oXLULLiiiJ tuuh- l_o_+a_ iio_r_tl Ih_lull ]_V_I I d_

ilOlO_y WLLh thu illLv_ulll_lll_J+ n_]d opuratJoJl_l cull_ /Jollor rouE_ 9D-gJ

dLLlollr/ Lll tho caiHmry to duu_ll _dd-oll com|lollul_l.u _rl;o IluI_lJll 9_-)+O0
_o_" cllllllury uqtl_ll_Ull+_. O_ht:r ruu¢.Arch _+_11 _.l_vu+_vu 5_41_ml vull_ LO_._.05

lluw tuchllul_li_ _o Imlk_ ilu_.u_l CU_ltru_ tu_hiiL_/_y _tu+llti Vll_VUl_ _J+J-9_

l_Jid uconul_Lc_J+ly _uaulhluo Th_ _l_£11nue_l_Jtl d_ullJll CU:lLrl_uljal _a]l _Jg-_
wJ.J+), rlulll cull_u_l. LiiE+lrl|n_loll +IIIEI JdulzJ J+ll_u ouu_ |lo_ bru_ku tJO-_2

EuJ+ I_dw+lr_. _u_01.yl_on WL_I bu du_ll_llud J+rora Couk_.JIIl _r_ 90-9_

I_hu _'otlo_r_h Ld_nl+ llll_J IJUL_ Lla_El_ ralLUrl_ _h_ll_ II_ll_liunJil+J r _J_-_l

41to c_mL_L|blo cu £1m _llllury ol_v_ollraull_ _Ph_ Ctlll EJ.llt_ _-9_

I_ro_o_llau wJ+_ b_ uuQd _o _lJlnullll.u iic_u_ c41nllul+_ Clln i:ou_c'_u 9_-_J_

ullar_i:lolla alld ht_+_ b_ I_u_to_ /or [gttlcLlun+ll uull+ _Jl:u_l_ c+lll ¢lu+lllol_ 9_-9_1

_tr+l_ll_a _l]d 11uJ+lu _utluc_Lullu J+ll _11 _l_uctl_¢ chul_ /llot_r Lu dr)+ c_llu _9_

Imr. _Pha ll_ol:+J_ypou which _Qu[i I:o I_auL _1_ _hu Cab_u cml c_r_'L_r IJ9-9_

¢lllllll_E_ell _'_qu_L'_laallLu ¢llld _t+KuJ._il+J.UllU iliad h_v_ GrlIvLL_ + _:_1_ droll +JO-[J_J

mL+itl_EJc_a_ i_o_ _'_dactl_lL CapabL_Lloa _12_1 _h_m /+_1_ cat_ cullvuJ, or _Jtl_gL

_J_J. _u_ _l,_hgr _ha _,lu_l_l_m_ amdL|LcntLun _111 'dlL_ck pack ucr_Imb_ur 96o9_J

_11 dtlg'llb_u _Jl fl howl hul_lJ cllllnury _rL¥_rullllmlt _lld _IZ'IiLII£1 ¢+111_ _u -rL_ur 9_o_5
I+_J, t_ll_l_ gilt+ clllllLurLuo o_IIQcLI_UlIu _or cululll4_ G_dlli+ _o_L_u [.tl_._Eu _Jg-_Jl+

b_ll._" _J.th tllQ_r _J+u_m_ _l_d +:liner u_lluc_l_L_El_ C+l_au lJ_L_Ju b_xern tRIogU

J+_ llo_ua _ldul_<Jjl+ _+h_o_l_houl_ _hQ IlrOjQG_ _11 _ G¢_rbux _lld IlglLur drlyu [ol_ cuok¢+¢ _j.cj_

I_LEJcm_t 411furr+a_lur_ _'J+_ b_ d_,_mlll_l.¢d ,,_l_£J

R/_/LJI.T_J APll) IJJ_IJCI2_J_Oll TAILLI_ 2. CA_P+_It_ + tIOl_;/_ I,_IP.I,S +_T _IJ]I_I_R I'_R I.I_VI_L ._

_ulma _tl_l_n FPOL'_a_+ _ocni:l¢+n LII_, no|a_l l_V_l
110LI¢_ I_olLJ_u_ tlg-+J 3

_ha _4rat-_a_r ilruiir_ca L_lcllldml ii_l_ _vul ta_- CoukuL + I_IILI_UL + 9_-9_

Ill]¢CI[_C 13++_rm noul'cl_m+ A_J+ iiO_l_q li_ll_U_mllnLm ull C_IL lllla mol_ltur _J_0

_LJr_a_ _a_n_ X 6allarx_ Iladlu Hudll. _9J3 _uul+d
IAvo_ PiQ_n¢. _rlm rall_a oE i_u_l LavaLa al_d _h.

cur_a_pol_I4n_ io_lrc_a xca prm_ll_ld Lll T_hla _, (2).

_h_ll 2 _l_+l_cll_ll _1_ i_o_l _u¥1_+l Ag 41BV+arA_ _E_XI_ _PmaltJ_jl +

h+2K_aru I m_lu_l+l_ I:Mk41_ h'_gh _hll _lc£u_lhO£_ i_oJ_

I:J_ll_+l AI. _l+l+ru_+tmm_aJ)' I:h_l Wc_cba_+_ o_r l_'o_ (2). llola_ I_udac_lol_-:JuLmd Ab._rhlt_j. pga_arl_la. O_+Mlln-

_+lm J+Jmc_d _'_l_MOl o_ dl_x f_0_ Java1 _J_lLIql_ ral r- ally conalL1¢r_L _o b_ • major _lolae cm_tro_ a_hod0

r_ll_n_ _4_4/4t_unu ot ito_no FlOall_ran_n_ts cur_'lolt_lld_ i_l_lltl 41buo_b_n_ i_urlX_ll l_l_m4P _u bll I_OllL_ 1o_-
1all _o dl_t'armlcnl _L CundL_,L_n_ m_d dl_urul_mm _ll _oc_Lvg. /+o_a l_w_ r_cl._u+m _a grl_ ordar o_

ttloLl_rl ling _ _ug_l _u_ug_g+t_ I gh_ _ro UllQ_tll alld I_y

CIIiIrl_Jall _1+1 _nllnllg'_l]¢_. +_lJ_ll_llgiullrl EUI" rlalu_ll_ _llpI laal_ar_+l_ll I_'a I_ll_llJil_ q_ii_u I_aJtlfll_ wllel_ timid

_lnd _o111:1_o_+_1+_ i+t+_ml ill ¢+lnliQ_JOll h_lrn iI_lllld+ 1:ot1+_31_ w_th I_rJol + I_t©l_llll_ II11_ IIIIO_IJL| Ila _lClClLl

_tdaaa mid _cli'lc _+_lll+nmcLolla i'or r_Ju_ll_l ch_

_lP_ _wand_lll_l ilyll_4mma_ h|llh |_lllllUrll _l_ lll_ iig_t_ I:hll J_L_I_IICI_ _Jba I_11_1 /_Og+ IIOLIII_ _b_l+l'lICJOn

pom_vn _llgl IIt+liai+_,vm _r _3+l_l_m_ hJl_ncholr+lD _h_r_¢_al_/+_ll _nJllll _ha _rJcaE_ _uc_al_ .rot TUlL-

bUnll myJ_14_l_l¢l +tl+l_ ilml_y 7oll_+llw I++Ig mo#_ hllvl al_L_J+ _llrJ41_ll_ h_llLol_¢ culla|doK+_l_ulll I_¢+lu_ Lh¢0 II

I+o_ _m_n E_nld t;01_ad OlP lla_lo_llLed _tll I:h_ CAmLal'7o m_i_rl+ll_ t:a b_ cuwtad. 1"_1_1 ExcJ.llg_l +JE vArlmm

_,1_1_ i_lal J_ ul_t_,l_o[_ltLIl_+ c_ll+l_l+_llm _d iligr_.l_ i_£111_ud-ol_ _ Jll_l Illm_O_ +1+++17J_r_l tb_ IIl_mo_[l_J, ul_
_l_|_l_olk +111¢| i1_¢no¢11¢ _i_m|l|l_ll I I_ull_ll_;l o_ I_IL_rJ_J+Q A ghJ_l| _Jl_ _a_lll_ _ _ll+_ll_ £1o I:h_g _ _l_ll_

_t_m k4_l_h _a_or_J_,a Cm_ld b_ _.+d 1_ _l_a _mm_rT_ _out_d _bm0_bll_ll _dJ_. TI_ buJ_ a0und ab_0rl_tlull

_lJa_ an nuJ._Q _duc¢l_ I _a_cxClc_nf durability+ [or _ l'oem_J_ll_ ¢_p_L_a w_m ub_at_lOd wLgh _ l-4a_,
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fll_ dru[lud In |rotxt u[ th_ abdo_pLIvu uurfucu. [01_ _]tu b_flu_ t_u_L _¢_outlt [ur _h_ hu_l_up.
Whul_ thin [lilt w_u CUllgilL_Uuuly lldhur_d _o thu

uugf#_u, t]lU uL_r_u_u g¢l_lcctud _ora m_utld alld t]lU _unitnLlo.. _h_ _ruwt]l u[ blcLerla .iLd fUtLISXLU WaU
a_uurl+giUlX w_u Kru_g_y rud_cud, Aluo, _-1_1 [l_inu. ubn_ud on vario_u n_luu cunLrol i_Luriallt. Po_ll-

w]l_ch _¢Ull _o _ct uu n bnrrl_, nubuLan_ial_y _u- tial _alxn_y t_k_u_l_u [or _b_o_hll_ uUL{lld_ log

ducud ubuorlltion. IlowQvur, l_ th_u CUlltlllUou_ly- dnm{)ilxj_ vlbraLlOll. [or utl¢_ouu_u_ m nlld [or j_o_yPme_

_dhu_ud [£11_-foamu _ tl0_d $1_ It _hillu u1|clo_u_u, CnlX _l'_u rallrl _*t _huc_d fur tllu£r pon_lb_0
_{l_y _y pgovLda a bet_ar grallu_liut;lo{_ lona thtoq_h o_j_pu_t o[ _|cruur_ll£u_u. _hu tuuLu _u_u gut_ _t

_hQ Oll_lOnugu _. _t_ _hu _lly l_l_urlu_u tun_d cllllditlunu _LlJ_l [n_ fun_uu _[ld IJa_gorl_ _ro_tth
W_du v&rl_tl_n ilt ahaurll_loll cou[[l¢lung, wnu _u_luwltl U A_I U_atx_ncda. {to:)_ o[ Lhu ttaLu_ulu

oblm_v_d, _h_, caru mu#t b_ _mkQl_ Lo cho_.o _tl _u_Lud _r_v_dud _ ¢_rboB u_urcu _or mlcrour_mt)l_m
_buor{itiOl_ _gorlal w£th hiBl_ _buor{itiun c_u_[l- _ro_{l.
_l_ntn. A UC}.A _])ur_utx_a_ _ur_mlc _ual_ W_tl iluo

_uLed ultd com_rud _u_ M_L[t COlma_c_ [_L_Lu* {)ur_blllt_-_aa_ atxd Abrani_n t)_ G¢ldc Ihtfl l in,lrn,
A£1 _xLutlulvu _heor_t_c_l nl_alyuiz; o[ wo_ _lld

I{ula_ {{ad.cgLul_-Vihrn_l,m I}ampl_tl4tu.rlul_, 'gim aUrauiun o[ can rail linur i_Lurl_l*_ h_u buun com-

uu_ _[ vlbga_lUlt d_L_llltl _ PA_orlll_ C_l_ goducn l,l_tud* A_ is _roL_y_u hogi_ot_tn_ _al_ lin_

itoino gcd_atad hy vlbgatin8 o_ nhu_k uxclgud Itu_al llnud uLth gcn dL/_UrUlLt G_ldo rmil u_m_u_laln ran

Mug_cun _ltd II_hO_O. _tly CUm_Ut¢_II vi_con_n_l_ _o_ ap[+_o_t_ly 2 monghu _u du_cr_lnn _ctu_l _an

Mkugl_n itt _t_ Iltd IIV_ug ftlrl_ Wuru tix_ud _lXd rni_ liner _e_, Uo_h theory _nd _ct_al _uL|t_

[OUlld go ULVU _dQg_gu nul_¢ r_du_tiOlXU. I{uWuvQg_ pu11Lg towntdu two u[ _hQ chuo})uug p_u_£_n_ hluh

_og u_ gh_uu Im_l_L_l_ Agu tgoxtbLulo_n Lo ml,{+_y dolxaiky {lu_y_hylQnu and pulyl)gupyl¢ll_ , _ _Lh_

_lld hlYu _uc_cou _h_clx gra _ubJlc_ _o d_m_o al_d _¢_Ig _trlpu [or {luf£_ult_al _mjlgy ¢_1_ _ltiQ_. TIlU_U

dtgQriogg_iun. OIIQ d_mD_11 _ I_u_l_d which ovnrc_mon _y be n_ln o[ high lst{+mct a[id hSuh _br_ot_ I

i ghi_o dr_wb_cku _[1_ d¢l_o_Jt_agQu _ood llOl_u r_duc- _l_ im_u axJ_U[i.lvu £_gurlAl_ nuch _ nccLnl .hould

t_otl _0tls_u o_ L_llditlg a D_¢otldagy nh_ot I_ULA_ _ U_Ud_ hu_ • _JoglLy o[ gh_ cm_Ly cln ggacktl

i {mnul to glm .rl_llml prom1. _lllcun¢ M'V u_ _ould bo Lhlud wlLh I:lm.n _hunpcr i_tutlalo, 1_
VIW{fIOX{IIUgJi+liPL_JI_II Ll[ btJiidII1[[CO_J IU_{i_14llCl[t '°_ _Mud ll{l{_Oll_ L)llt IXO {mJ_1_:_ npl)11¢Ib1© fur _u1,{e reill

i ,_ill/{J-Llich ImllC{llL_ (.["[uxl_+ ${tcll_ilQn cull{.o_ go uesm t_J'41_ w){Ich {I_IVU +{ L)mg_nd 4_I)_¢J)JIJD{]co_g]-

l)und Llm .{_[ mt_d to p_uvldn op_{+ d_mi,Ln_++ ,zJ._iILclone Lu _h+l_ of otoaJ.. _tL_, dl_£c_oacem

_I_ i_JlGIl_ _QL&l tli_ildWJc[I {l_oVldl{ll llUp_rlor sJuuIW- i{t {.hl_cl_l O_I]_IIDJ, OLIII I_11_ IJU _+OVJ.d_t{ _o_ _J+_ll

_[_[I_I °A_lil[IrJ1_ [iU_l EI_UCLI(3}I I111d G'II_4_ U[ _11_ p_oput lllli_ll_igL_O{% _ochi_l[tJGM+

_tm blip{'.O{[ .[ImQ_ r_o_ l, ln_l_ I1mo l,rOvlduu u_- ....[hkrmbll_t_-_l_:,_r_ltC O_ IIIs_ [_$]IWV_wnL_oII&_r_vIL_.

collclIL dRmilll_kl, lluL _{{_s_ I_ l_ubJuc_ to _ki_ _ with n c_c_c p1_[Xc _Le_lol [_ncLionl.B an

Cv_s_u_cl_lly d_mtm_ nlloe_ m_l_L _a +_llo _vallshlu. elt _.¢dusure In _dddCJult Cu bOI.K _ll_ c.n _ttd,_ i_

J,_mlhlo. _e_C_ _*_ro _Uil tli} GU{_y_G m{ld polycl_-
No'ore {_*du_iuli-CtlaXom,rm t{_uri_ll. _]m_ )._C_a bO[l_tu _11eOtll LU WQ_ how _h_y Wo_ld vomit" wtl_fi ueod

hlglm_ Lt_ lio_nll g_dtl_lUll nm_d_ _h,s hiKhlr l.li_l t,r;ll_ _,_ {lon-clut_ puLymgrm.
_OI_* [|tPe_Yl_ t &}t _n_lon_gm I_t? bl clit_pmr N{id

leSl_ g{l_It _Jd_[yJlt_ o_ g_pll_ll_ _i1_ noisy oq_ip- _rmbl_it_'_ml_ _.d _MncL,_m n[ Fl_mi. pu_y_thyJoll_ a

_n_. l)eL,ot_11,_ on ct_ _pplXc_tn,_. cypan o[ mt_- puly_or_ )+olyvl.yl £1uo_J_o_ _4 puly_mide fll_

4_ollugl _tml'_+ll).n Wi{+{.¥_ry ggum _t la[g_t CUltCI_IkO _t_]flt [eM_ud [ug tca_ ,_{Id _IUFWCLWI{PO_'OO_ll;l_g ill
w_1£ _o t tht_t ¢l_r p_._X_. _h_ckltQanon r_nKln_ f_t_m 1/{+-_II to 2-_tl. _or

A v_rloty of i,osmlhl_ b_r_i_ _i_$.ln wu In- fou.d Lu be _a.;. a_cJsf_¢_o_y. PolyVJnyl (IeJochio

H{.L|}llp}l_._clsgltlfi{+{_tI_ _mhlIIy_ mtWy_OIW_Ii{, O{.hI_ {+_ItGgil_l+I _+tt__I ll_ro _IAjll_$tlllVt3.{+O£ &_4_{WfiIkOl_{+ll_

I.lvm n_andardn. '£lm _ente_ _k_ml)_d Lo d_pllcacl b_tL _ho uuxmd abs_zbo_ _my b_ _0d_ed nll_h_ly.
tim prpcglc,k i, xoblmms og .ncIomur_ gabgJcaglOlt

_lI_0 _ IWgg_g |;goJl_P_ _R _mP O_g_fl_ IJ_C_ gr_l ml}" _o_m t'.omRo,,ttma. +_hQ_o tiimI _l_g Ir_ t£ceod Lo co_r_g
C_O_tlgA (3_ It JoYing C_lt _l_l _lt {IQ_ I )omnIbus' _llltmll ltt Lira Cml11WtWglgi4. 'J_IvYs_t _tlma _ui_ w_thn_altd

j,_tiodl_ _:©_m cl_m_Lt_¼ gypl_m], o_ • _nnery. i'oly-
l)l_mcg _.r l_km _ dat_lm*ngsl I:o glm sgfe_l;lw- ouk,r m_tt polyvh_yl fkuorld* _mr_ Lira u{_ly gw_ %-

{_ool og _n mncZun_g_. Pot' I,(} dl_A pog_l_gi_l an- roll _JJ.IWllW¢[I_)_ gllg_ GXCG_IeI_ duTAb[liLy hoth

IilOg_lgm tgau_mimslon loan. O,Z_ upon a_oA will t'g- eK_iI_t ILeum cke.1111_ _Ixd 500 pnl cola w_ter,

d_a g{m m[fm_glvmmen by _OX* A dX o{_It _r_ _tJ.l]. Pulylmld* etovd uj, _*l ,t/;_Jnl_ l{gcem clnwnl;_B _nd

_.4._ _l_ mfgm_lVs[,_._ og gh_ In_iu_r_ by _Z. i,ulyekhyim_ lho_r_d _ood gnllntgl)co _o _0_ _e_ cold

_huI_ _o_kn lho_.d b_ 1LmtLml og d_e%gllvO+ uu l;h*ru _'_l;0t'. Yu_ |,nr?ormm+ic_ rolaglyn go _:ost, 1-_11

fog I_l_ m_1osural _lgh no l;_,,l:llal MOt_lid mt)eo_b_

ln_ Mgog_lX g{_l I_O{IW l¢l_ml M_ gl0_ 20 _ _go{I I.nt_ll_t/on-t_ol_.ul A_mor_l!_ P_ttari*tlu, _]ta_ pogo_

IOuM Vgalamgm b_alldup an4 gl+m _arl.Z g,llc_,ml _o_'_-b'_'_g-i_tel_la_ra U_-i_"_ ctnnqgy
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"Noige I{cdLIction in C_nnorioa"
prcsunt_d by

S. A. Wnggoner

C. l!ur.t! W. n_it:]_y_
You tooted n lot of (lquipm_nt. tins You 111entionud th0t yo_l bonded nOl.O

thi_ donnted by tile companies? thhl film to soItlO acousticill m_torial nnd

its purforl3nnco wail not good. flow did you
,ql _nr/_qg_rT do the bo_(]Ing?

_olI, the _quipI;Iont you saw in the

nnoehoic roolLl,bits _Nd pioc_a of thlu w_re S:.W_r__Ollnr I
doRat_d. '£h_ _levator we made oursolvus. We purchased thonu [O_lllSwith fillilS

already bonded. Tho films Were contln_*-

_: ,eobnn I ou.ly bonded. [lowovor, we hnvo fOUlld that

What Is the frequency 0pcctrum of the if you juIlt droop the film on the sur[ac_

c_n_? of the foam the ab0orptlOll doe0 not 0uffor
--shy it stnys roughly the ssmc at 85 per-

*_._H_nll-r t cent. but if you tnk_ the SSlIIC filllland

We t_t_d nll sorts o_ cnna: amooth bolld it contillUOUSly, the absorption drops
.Ida, bonded sldo, 70 pound, 95 pound c_ns, to about 45 percent.

nnd we _ound no nignlflcnnt difference in

spectrum b@twcon those. The spcctr_in in
bro_d b_I_d--e_tondlng clear ncross tbo
board--from I00 llz to 15,ODd IIz.

21



Till! tIATUIIE OF IlOISL_ 50utters!; III CO]_RO], VAI.V]!!;

Gurhard R_L!t:litlf

()l_wr it. _'l¢l)anI_l

'Fh_ lloLtJe ConLrol l,at_l'at.ury

'i'he Pettnay_viinl_l 5tlLt._ Utllvqal'tt|ty
Utllverulty Park PA 16tR]2

lnd_ltltrlltl cotl(crol villvuu ami _t_lBtlatortJ _Lrt_ taa]ur "fA_;K I !]PI_C'tlIA AIII} CILO_;_ CO](RI!IJ, TIOH Ol e W/_I,I,

nuitl_ ootir¢otl .tt_ tt*Q ch_ralcaJm I_atrochcmlct_l and IqII_5!_URI_ FI.UCrLIATIOIIS I)Oh'II!_TIII:AH OF A FLOH COHTROI.

oLil_r _ttrl- u_ ot:_Ja111-gtttJ.tl_l llldutt_rlctt. 'riLe vJtlv_ i)l_vic[!

mttllll_+tt_uEtal-_ o'¢_r ttlu ltltlt p_,.,lurlt| y_tlrtl_ r_-
tqlt_tldlll_i to iltl.Ltlo l.r_|ttltll_loll directed _1_ |tldttnLria| II_ thlo p]lctat] Q_ the r_ttetltc]l "4_ ii¢i't'ot'ln¢ll cl:otl_

itol.ott t httvta h©¢tl utl_t:_nl_t|l ltl tlav_lolllnl_ qu_._Li_r ct3_¢c|_l:lott tR['att_lr_ill_11Lt_ Ilrtw_t_ll fhtt_]t tllotl[_ti:d
vtllvts coiil_l_;tll'tlL_,olltt. I'lutlt vttlvtl _nllufllct_r_at'tt iit'i_tltlut't_ t.ra11_llu_izru tt_ dl_[rat'¢tlt tLT_ln_, loc_tlont_

]lttV_ _al_o d_valo]l©tl tt noltl_ pred|ctlt211 nch_raa dr_'-qltltrcllm of oi-l[l_t_ plllti_a t villvi_n I alld Ot]l©l"

u11%llU_ly tlult_l| l_o til_l,_r owll ilZlrLlct_lnr coil- [lu'_ r_tltrl_tioll dt]vl¢_n t cotlp|t:d tu tll_ iln_ciiol.¢n|ly
[liilirt_tIun IIrlta_rll)' bat_| oil ©lnl_lrLcal cot_ald©s- t_ri_lnttte_l 3" plp_. Tile bnatc _b_©ctlvt_ ul thJ.tt

_t;iuntt. IIowti','ttt* t I_h_rtt lt_ _t l_cl_ o[ fuit_lt_l_©tL_tll Iio_t_.u[i of Lha nttldy watt to d©ti_lnlll_ I:h,a fot'cllll_

q_lgtl,L_lvo Ulldat'ttt:tttll]ln_ _f _ht_ val'¢t_ iloln_ [utlcL_.on whlc[i cn_ltl_ta I/ho pipe ",_|1 Vlls_llLloft _nd

K©llg, i_tti_l_lll t.r_tll_l.nta|Olt nlld rtttll_t:_.ull tallctlnll,_ttturl_ tlu|lttct[tLent rndittt:t_d nolt_[:.
_thlcht lit tll_ IItID_t ]lni_ i_t'iallcllLt_l] tirol t]_:vtaloptll_llt

o_ A ul_,_'c_r0tll I[_p_ o_ tl valva itQJ.tl_: prt:tlli:i;l_n It: _nll tlcti_t-ra|n_tl _'¢om i_h_ c_o_tt ¢o_rialt_t|on _lLnt

l_htl_,qtlQ. _'h$,tl llttpctt" pralni_nttl prol|glltln_y lit. _rt_tlL_r thttn t._211 Pliltt tHntq_L©rtl do_llnt¢_tl_ _1"

r©n_gtr_]l r_llultn o[ _n t:ffot'_ t_} ott_lt,3J.ltc the 1111 dt:vI.ct_ti tt2nt,_tll t.h© wt_ll ii_00_lr_ [l_nld In

ftJntlnt_Ql_l t3_c.tl_'Q o[ th_ tl_ltst_ i_¢ntll_ttt.Lolt co_il|_t_,y ilul_lllltttt_ll by nl_ nct_tlt_t|c p_'©nt_ta[t_ _|tl_,d,
_i_hwnl_,ats _11 g:tJiif,¢t_l vnl'ct_, '1"]i_ ttt]_lrcia _[ th_ _letlr t:hra d_vlccti i_hl!l_nt_lv©tt (wll.hln ,3 i_l.ptl tllttltl_al_rB)

nointt IR Ii_,_,_v_l I:o I_ll _hu vlo_llt_ _llrlltl|©ltt I:htl wttll llr_t_ntll-_ fli_ld ltt d_lnlntit_l [ly till |nt_f_n@

ml_|ii_ Ltlk|l_l_ iI_ta_ di]_lt_L_Qn_ o1[ tlln vn|vil _ttrlltl_,©il_ il¢_ut'c fli_ld_ ]lo_i_v©¢ I _]t_._ _loJtl tlt_o

t'ai_c_rl¢_Jt311_ whl_ht .111 tu_n_ _;l_r_t©tl Iit_t.h Lur _ llt_t, ttll[innr to _tl[ll_a ,_l'[J_l_lltly lo th_ plllil _tlll,

b_llQIIt_ And ta¢otlrl(_lc ln_iarllttl l_rt_t_tatlrts fltl|_lo.
_']lal lllt:ill-iltal _tttll. pt'_atltt_u _ltlct.u_.ul)lt 111 _,]it_ A typ|¢til nttr_t_ hali_l ,ap©_rLim o| t.lin tt_ott|f_J_

_hlta rtltl_[opl _ot'c_a I[l_|d Will _td, ta thtt plp_ Wall nr© tthot, m In F|_lrt_ J.^, _ho I_l_a0ut'c ¢_1_10 _aa

1_ gtc¢ot'd_nt:it _t_l/]l LhQ l_|[Itt_ dylln_l t: roBl_olltlQ ,2.76 ttt_ll l.ill¢i_il_tlrt lltlll dlaa_l:¢t" ¢ltL|ort _1[ _ilo
¢]lnrA¢_ml-101_lcts. '_]_Q I'¢_n_lL.[nl{ I_l_li_ Wptll orl[l¢_ _¢crtl 0._. l'h_t]_cnLa llt_a_n |It th_ tll_¢t:t'_tnl

v_,ht't_lon_ _t_a u#un_._,y rttllp_nolh|t_ [t_lr th_ rttdltt_¢Ll _orrt_nllot_l t:o ct_tofl" _r¢_ltJ_nc|_a of v_rlo_a hltlhQr

tto_tltl, ot'l]nr i_odon _,lt _ilil p_pn, '_h_ [irll_a|nt_flca o| thca

[it_nkrt vnrlt_r_ _41_[_ _hq _ylltl o[ _©_1c¢ Rtltl t_p_r_tln_

'fhn i'4u$,ttl Ct_rt_rol l._bort_i:ur_ ttt l'_nt_ _t_l:© hntt colull.t|_n, A _:yi_lcal illp_ _all acc_lcr_tl_fl
lll_ll £[_tlth_c_lrq| vAlvil llo_,lst_ rt'rmt_r_h Ul_lt_r npt_cLrtllrt _r t_lQ tHtta_ _nllJ.t.lutltl ,_ ill l_l_uria i _.o

Ily _ttv©it'tll '_'t_l'4ct tr,Ail_t_t_L_lrllL'/l f_r oV©t: t._o yt_tl_tt, _nnll tl_lbrt_t_tt©lt_ nOtltll[ _ntl_,_Lloil) 111 t_t clr IIn_tt" _ltll
CULoI'f [r_qunncl=tt o_ Lhg |nLacnal _¢_ua_l¢ taL_d_n

Oltl" I]t_la/,_ dll[irOta_} I h_n ll_t_ll _U B_nrch [OI" ltlnl_ht ol" th_ IIJ,]1¢_. At_ tt r_nntllt ul[ Lhla 0 _o btll|©'/t_ tht_t:

I_t_tt_n_lofl _t pr0paBaLlun nt_ that vn_v_ lluJ.o_ nttitlll'lc_nt.l¥ lt_p_ov_tt IJy _lltltali:ln_ ntg_nu_t_Ltm 11_

b_a ttt_wlop_,l, l'r_n_nt t:nch_lqu©_ nr_ hlilhly Tt_chltlqu_n _rc nvailabl_ l'ur _3ptlmltt_tlun ol _all

ts_p_Jc_]L _I1_| l_l_ta_ltt_,la_tad I[or tI,Ll[l[_rcLlt, cltltat_l ._lnll_tlnn_ I[ur ]l$,_i]_©r ol'd_t" mi_l[oa |it ]_lp_ls (nt_lt I i_ot"
t'll' "dAlytati, W_ t_rt_ |sa _tltll.tlon_ i_t_t'ch|ll_ [or _nm[l_ t _f¢,l:niit:t_ I nnd ,_.

l'h_t r_am_rch haa b_ttn _tl.vlde_t lntu t.ha lollu_lnlt _Fl_ut'_t_ 1 nnd _ nr_ t:_l_©l_ (t_]_ n r_¢©llt thanla hy

,_ t:lnkat A.V* l_ar','nlla, 'l^ll /:_parlmcl_tal lawat:lllatlun o[

i tha Wall |bz'a_t_urn F_,uctuntlona In PlplnP, C_nttttnll_g

_llta111_ Cuat:rol I)©vlc_ttt" lq_,I), '[ll©_ltal 'lh_

I,t_llntt_.lvan/,a _t_tt_ Urd.wrnli:Ti ^uilult l*J_'_,
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TASK 2 CliO+;5 COII]_EI.ATION IIJ+'I'W_[!PI Tilt! VI!Lt+CI'IT AtJ _l cont. illunLJon of thltJ ph+ir+e of _h+ reoenrch+

I'I.LJCTUATIOII:; 111 Till! VICIIIITY oi' ^ CtJNTIttJL DEVICE w_ i)J_ii1 to rlt.dy the effects+ o[ wlrlotJU bL'=idrl

/diD IIO'_ISTI(I_API I/ALL J'I{E!;SUItE I.LUCIUA+L'ItJI(:; ouch _zr_ ulho+vn Illl*] _t._i+, in pipe;Ill nyJ_l.emr+, with
r_f;+zrd to bo1+h rndl_tetl rloLn_ tlnd 1+he Inturnnl

Thi_ ruuctlrch |i1ver+tJLiit_ua _hu _ff(!ct o[ Chu _ul'- llrt!tJ_lurt_ fluld.

htl1©tlt i'low r_Blon orl th_ pLp_ w_llJ i)reliiJur+_

I_llJc_Jatlorln _t .uvurnJ+ dol,qlt+£ruam ioclltlonu. For ItI:I'J!I{I{P+CJ!5

i_hln purpone, l:hu cr_na corrul_i_un tcch.lquc i. Zoru:nnkl, 'd.l_.p "^couzJtlc 'l'h,!ory of Axlny_trlc
hnn bcctt uucd l,l]1+w_t:n I+11o i_urhui_nL vu]o¢ILy
i/uc_unl:_ollt+ tSeltned fly hol_ f111n anct,om_t'ry end the+ ItulLlnectL_Jn,_d l)t£c£n," IIASA Tie It-419, 197_.

_nlJ. prnlJoUra l+].LlcLuntloli,1 0u[trlcd l]y +1 I|onh

motlntetJ In|¢roL)h_l_o, _lmp1(: or.if+leer+ "_t+rl_ u+lutl tl) 2+ i-_y_rmnI1, ll. Jt,. "A Th_ore1+IcllJ. told E_pi_r_¢1+_nl
a111x.ln_u _¢tu_1 v+I|ven. Th0oe orIL+tci_-LYi)(_ _;l.udy o_ A¢oui_Jc Propill_+St|Oll itl _1_llI:iu_c_|tlll('i|

ill_eniJe l:urlJoJc11c_ r;el1©raLorn _er+J tlncd l)ccnlli_o Circo|_r l)llcttl." Ph.D_ l h_tiIit Ill l!ng111_eCJll_;

of ttl+]Ir _i_plt+r C]loory, Nhlch "+u bcllevu t/Ill AcoL_nLLcn, 'J'_it+ PunnnyJ.v_nlzl !;_1_i! l_itlvcrnJty+

_Iva I_ mor_ lJ+_nJc urldoral.alld_tl B o_ L)lO pllenumull_ H_r£11 ).+JT_J+

ulIder nLtldy. The renll11.o ob1+nlil_I nht+w 1+_itlL tlLJ+_

l.echltJr[uu ¢+_t_ IJ_ uued n11<:cl_ufu11p Ill _]in turbt+lJci1_

J_+ow I'©Si01i whllrn cori+pt'eBl_il)L1_1+y efJ_ctn call I)_

It_ilor_d. In th_ hlIIhly ct+mpru.alb1_ ru_l(+[l art: of
1_)ii] or|l+ici i_ _Iii_ flral; 2 p_.p© dlnihocer ]o¢+iLJ.Olln,

l+he ILO_-|i|l_l nCllnnO £110 Izo_per_t.ute, [_rcnnt_re I nltd

voloc_+ty fILLCLUa_iUlIU, A _llch Inert dutalJte,I a_idy

o_ Lhn nll_nnl obtnlned by izha ho1+-fllm In required

h_ol_o U0JtlJ_ LI_III Le_:h111+_llO In l:hone 1oc+_1+1oi+n.
Typlcnl rel_111"1_ IHLoVI_ It_ VJlluro 3 lndlc+t_ thnt the

_urhulenc |Io_ J_lnld n_ 3 pipe dl,me_ur= tlowcl.tr©am

of _h_I orifice nlld a_ th_ ¢cn1+or11110, Ln muutly
rel_pOllrlihiil /or chu ll,lpa _all prl_n_I_ire l']+i_ctuntlo[11+

_ur1+hu_ dotmetr_+_;_. Thin _IELlrn la _ plol: of cha
l_1_Jlm_l_ VAJLI_ O1_ 1+ha cor_'aJnt:J+on ¢ocff_+¢Icli1+ +In

_.lltLiOiL o_' rnd_.._]+ And n._I_i._ poel_i_rl.

A _yplc+_1 _pIc1+rum of thq veloc11+y i'1.cC_mtlonn
1+Nu dJIImli_gZ+ll do_[_lll+m o_ l_n orl[Ic_ plate in

mllO1.rIl Jn PJLil_Ira _, A11;llo.kLh ¢11o ,hr._l_tronm

p_i_n_iri tJtlC_Uri_iolIi, tdlIch CO_lj)la n1+rolll_ly Lu

hJIhar order Inl;=rn_1 pipe modei, _re cnun_d by
thllI ¥¢locicy npacLtu_, l:I1©re II no illdlcni_lon chat+

th_i mod_ In Jny _Ay J.nI_lu_aca l+he vnloclty

fJuc_l_at:1onl |I_ lhg v.t_Ir,1_y oil l.ho cont_rol d=ylci,

T+_K 3 7ll_ _&_I;U_I_ENT OF ._0UNO I'0WP;R oF VAI.U_J;
_[) PXPJPI6 _T_TP_I_

i In thin phHa o_ £hq VAlve go|nQ r©menrch we _r_

I eVA jUSt+in _ _ _,1+_lOd O_IIII [o¢ =r_1+J1_,ItJIl__11= _ourHlpo_=_ o_ y_lVln+ _IymEAI V_V=_ _11d orJ_JcI_ Imvu
_el_i opltR¢l_ _E _¢_011_ _JgW condICJoBu _g_I )l_Vl

beet_ ve_ld EO _mble_= ntm_apher_c pro_euro tloLh

dir_¢¢l 7 _n4 with wrlou_ lon_1+hn o_ pJpI nL_ched
do+matt.era. ']_1_ 41Otl;l+_ p_lll_ IPI CR_I'tl]_I1+ed II_lln_

• --; : _ha rsv_rh=r_n1+ ch+mber m_1+hod. _lm hHlc concern
v_+¢h ¢h_n_ _nglce=_1+l ill wltllt_Imr 11n_4 gb1+_l_d

by rh1_ _thod c_n h_ .ned 1+o predlc1+ ¢h, nolx=
_4_l_a1:'m4nt:_ o_ _ V=XY_ Jlt In RC1+II_ p|plnB n_-ni:_m

_nd _|mc_c L1+ c_t_ bI iI_ed co _L.d 7 rnJ_L|v_ pe_-
_or_anc_ o_ yarlou= Co_l_J_uc_l_lO_l ¢0 aV4_l_1+I

quiet; valve dee|gill, X¢ '_m_ dn_dml crml; 1+11o

vmild_ty a_ till m_¢ha4 _tlld t_ll qu_=1+Jonnblm If

I;h_ X'OnU|Ci y_ri_d nJ_n_J'lcnflt:Jy _lth dtfferm_¢

_ ]on_thm o( do*l_¢x=e_ P_.Pl_ R, _lilta PoP n 3 inch

_+. + . ¢OlWI_I;iOlIII_ ;_]tob_l VlllVII nrll lh(P_lt In _'il_tlra J, ]C
tin b= l_n lr¢_ PJR_iro _ ¢h=_ 1+111 rs_u_1+a _rI

¢oiIonlbly c0n=_i1+in1+ r_iardJUnl (l_ the JenB1+h o_

d_,tria_ pJpiI_.
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"The N,lturu OE Nolnu Sourcou in Control Valveu"

presm_tod by
O. Ilo HcDnniel

DT.qCII_LqION I

O____MCl_n I o l z ,T.__ +qnr!ck¢!nbe rrr. r:
'I[II_work hau been going or* for a Ho.t valveu are fed by ,I pump of some

little over two yeoru. The project ut;irted uort up_truom which produc(_u a puls_tlng

with collaborative funding tram uevurol flow. III you_ ,Jtuily conDiderlng the_e
v_ivo II%_Dufaeturorll, Thin col_ to about ptll_tlng o_f_ctll through the Valve?

$6,000, We then uuhmitt(_d a pz'opoonl to
HSF with utrong undorl_ement of the v_lvo o. MeDz*nI¢_I*
induntry through the IS_ co_tlittee on valve NO+ we are Dot utudying thln. W_'vo

noi_o. ,fhi_ illilOUBt_d tO two _50,000 gr_lhtn t_ken great palnzl to _ee that our flow i_
Ear _ total of _100,000. We nl_o have not pulsating. We+re not conuldered any

np_elflc contr_ctn with volvo Inunufacturer_ inturactlon effects.

in product development type work. D. _]u.t¢'r i
Thi[i iB _ Call,neat on Pt2t(_ Dnade'u

l_l _nl]_ eOihl_nt_l In electric /llotorB, tllore glee
YOU l_]_ntiolle_ tlldt yOt_ get ptlnku in [recluoncieu e_cited ill the otgltoro of the_

pip_ w_ll vibr_tlon at /rcgtl_llCioB that 8re _otor_ in whlc h you cornet tr_c e to _y_

_oci_tud wlth t]l_ cut o_[ frcquenelou of thing, reollOlh_bly. '|hen you find out that
th_ g_ medea, _11_ which do _ot _elll to be there I_ n b_rmonlc of the _t_tor current

identifiable with _n_ plpo w_ll mode_. I which e_clte_ thln tour-pole mode. You

think the re_o_ for that i_ that both the h_vu n rotatlnrj fourmpole magnetic force
pipe w_ll mode_ _nd tho g_ lhode_ h_vo cut which _._clte_ the /our-pol_ _t_itor _lod_+

off frcq_oncl_ b_low which they d°n+t o_i_t _0 you get _O_ewhnt th_ _al,e m_t|le[lldtic81

_ut W|llch they dO oKiut for [reqllenci_o _qtl_tlogl_, _ven thotlgh tile phenomeh_ lo
above cut off. For tho (2,0) ga_ mode In qult_ different.
which yotl havo two mod_l dinmot_ro, the

typical cut off _reguancy I_ maybe 2500 ll_ ,7. qgehy t
_or th¢l pipe dlnmetor_ connldered here. lr ffhnt Peter (llnad_) hen offered io n

you look nt tlm corro.pondlng mode oE n v_ry likely explanation, _lthough I would
plp_ wall n_ ,hewn In tim drawing hero (the not believe the ap_ed of sound In nit

_ll_dam_lltnl hoop mode, clliptlc_l In rdlopo: would match the _pocd of hound II* the plp_
F,d.), It obviously couples well with thi_ _Inco tbe latter i_ much higher, llnv_ yotl

ga_ l_Od_, tf yOU taro n ring of plpu only tried to find the modal _reguencia_ of tha
mn Inch long, you will find thnt tlm nnturnl pipe?
_requoncy for thin mode occur_ at .omothing

llko one-tenth of thn cut off frequency o_ ot MeDnn|9]./.L
the gem mode, l}tltnow i_ you don't look at '_but we hnve plnn_ for doing thi_.

the rln9 but look nt n long piece of plpo Also wc plan to tnko n look nt the carte-

you wilt flnd that f,otlz of tho_ inode_ pro m In|ion b_twcen the air and tile pipe wall
p_g_to at _ epe_d that depend, on how far vlbrntlons, l{_mclIlbor though that the pha_

yotl are nbov_ th_ cllt o_r _requcncy. They velocity nt cut off io very hlgh--going

propngnto with n phnmo wave length which toward h_finity--_o there could be n match-
d_p_nd_ on |holt prop_gntlon _p_cd. If you up there.
look _t th_ eguntion_ _*ich d©.cribo_ the

prop_gntlon of thou_ two mod_, you will W ,qned_]_L
find that there i, typically n frequency 'l'_[aap_cd of handing wnvo_ in n pipe

Just mhow tll_ cut of_ _rngunncy of the g_ in not the _poed of eomprou_lon wnvo_ in
mod_ whorn tha_ two medea propagate with the mntorlnl-mlt I_ much, nluch I_...
th_ _m_ l)hn_o opted, _o thnt they nro not

only m_tchad clrcumfer_ntlnlly but _Ino p_ llnn_d_
longltudln_lly. _hnt intor_ctlon whmro Ir I may ba pcrmlttcd to moRn n com-
th_' m_tch IB nli tllr_ dlr_ctlonm occurn merit on n comment on n comment, th© _p©ed

typic_lly _t n _ruqu©ncy Just above the cut of n gn_ mode Just nl>ovo cut off frequency
off fr_gg_ncy of the rj_ mod_. is much, _uch fn_tcr thnn th_ opted or

_ound° llcro you havo _ wnva front which

O_._eD_nl_l_ _Oklld he pnrnllol to tim _xi_ of _llo pipn
I think wn COl* re.alva thl_ by doing _nd which propngnt_ nt the =pried o_ _ognd.

c_rof_ll _n_r_mn_tm to find precl.oly whor_ llowavor in th_ a_inl diroctlon tile trnco

that p_k OCC_Ir_ ill fregllo;ic_, wdvn [_t travel much f_tor° I_ yoxl plot
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thi_ trace wt2vo v_locJ, ty n_l_Inat frequuncy, int_restln_ thing sve [ound i_ that if you

you will _Ind thnt it I_ theoratici_]ly in- hnw. n qnt_ inuLd_ the plp_, _ opposed to a
flnltu _t cut oEf, but then nettleu down liquid, you _t very di_furent _h,lrncte_-

with Incre_ill_ frequency _nd nppronchcu l_tlc_. We conchldcd thI1t it _n _he very

th_ _p_d of _ouI_d. Ilo_ i_ you plot both l_l'_i_di_re_c_ in ilnped_z1_ _lloJl_otch
tho 0p_d of proI_alg_tlOrl o_ th_ bundii_ b_twc.l_n _1_l-fi_ti_| _nd l_q_lld~_netnl thnt

wnvo in n _llpu w_l| no _ _uncLion oE fr_- c,xp1_no th_o. ]IL_V_ you looked _t t]1_?

_loncy, _nd the p_opn_Itlon z1_e_d fo_ th_
co_re_pondln_ _nI3 nlode, you _111 find a o. NcD_nlc_IL

point wh_ro th_ inte_Ii_ct. _c! hovc'nlt 1_oked ilt li_[uldlJ _t _ii.
_ith re_Jrd to val_ noLne wi_h llquld_,

r. _n_i]_n_rr th_! _r_ _Olliedr_0tlcnlly dlfforcnt

concluded _ ntudy I_ _uw m_llt_ pr_bleriL_°

_(Jo loo_In_ nt trnn_In_n_on th_o_Ic/h w_l_
o_ ¢o_nerclnl _ip_. It w_ _ _i_e wr_ppln_

tlt_l_y nl_d w_ did _ot _oo_ _t _ourco_. On_

7_



NOISE CONTI{OL O[' CIIAIN _ALfS

(A CA_ HI_TO[(¥)

IVe_nur So_del, ProEuuIior

l(ay I_. ]Iurrlck Laboratorluu

_chQol o_ Hcch_llIcal ]!n_in_urlzl_
Purd_ Un£v_rulty

_ust I,i*fayuttu, Indlilna 47907

IHTIIODUCTIOH Th_ ori_i:_l tIli1u tllbl_ c(lllud for the
wor}i to t_k_ 14 _ollt)lu. A In_nttlrI_ do-

Thu wo_ ot_rt_d w)l_ _ n1_Jo_ chain lJ_w (]_u_ C_i;dldat_ w_ to do th_ wox'k uI_d_.r
in_nLl_ctilr_ _I_v_ted th_ _lutllol-to _L_|iInlt th(.'r/l_id_c_ oE th_ _t)ior_ in l_nl'ti_l

_oI)o_11 in th_ _r(_(1 o_ _oIIJ_ control [ul_illxlli!nt of hi_ d(l(Jr_(_r_glzlr_nl_I_to.

_ny h_d b_n _ucc_uu£ully coI_pl_t_d by w_ oct _Ith thi_ ob_ctIv_ in [,ind.

_ir_t _Ind tho ;_eco_d wur_ _oI_cur;1_{| with 1,'ortun(ztuly_ _oln th_ _in_l _(_Lilt Vie_-

th_ [_OW_ that t|l_y r_qulr(_ _I_d th_ dILti_wzl_ not to bu _o_s _h_1o (Il_h.D.

_m/Ino_, _Ith thu obJ_ctlvu o_ lll_kln_ un_ortui_tuly, _oln _ _In_nci_l oupEort
th_i_ 1_hto_o '_'h_third w_ conc_rllCd V_W[_olnt_ _ _o_to_ _o_th |)_o_r_;_ do_l_
with th_ r_l[uctlon o_ chain _w v_b_LtLonu l_ot _llow _ _tud_izt to _tII_y thu _¢h

_ tll_y _u _It by th_ ol_er_tor. Titus, inoru di_£1c_11t Ph°Do di_u_t_tlon r_-

that _1_w_l nltc_tlon_ o_ th_ toE,tract w_th _.II.C. lhzty_l_. Th_z0_ it w_ clout

ol)J_ctivu_ _n th_ dovulo_Iil_ work _- _rolll thu I_t_rt that tho otud_nt w,_ to
qui_d _t. _tl_l_y th_ ¢oi_t_'_e.t _ir_t in thu _1ott_d

tlm_l _p_[l _11_dthon tfa_ to _lic)i_ p_1_tIc_t_
'_|_ao_l_n_l obJ_ctlv_ 1_7_d out In th_ l_r g_l_I_tlon _or _xl l_depth _t_z_y _or

pro|_u_l w_oz hi_1 di_rt_tlon.

wo_t lloi_ _lOUrC_Uo b_ tho _i_r/InL,(_hf11_t, Th_l 11_ctl-t11
a_n17_iI_ Itld to th_ bullo_ tll_t llo_holt_

_. _o Invo_tlg_t_ tho 1_ow_r '3_w H_nu_¢- _on_toz" (J_otu ixw_Ivlxl_ th_ _n(/In_

[]_oc_{_rn _o_ _:cnniz_cll _Izd d_v_lo|_- two _ro_ o;_r/_1{__|l_l_t no_II_ tt_lath_

p_ny° [l_r_Ick Lnbor_tory _11ow_hIp0 or _ror,_

t(_nchlxl_ _i_t_n t_h1_lh

wi_h th(_ I[_rrl_k L_boz'_torl_, b_It _n tho

7')



_roa of garden tractor noise control, ear |oval. It wlts quickly realized that

'i'buro wag obvlouuly, froln ,hair point of llleI1uur_ll_nt0wore Rot repouti1blul uv_n
view, no profit in _ponuorlng _ contlnu- W]lC_ it wau gpacili_d that me_uUrClnontg

lag t)1_or_tic_l study, whoue cbllnco of .hould bu t_kcn over gracu turf. Tho
uucce_nt And of bucolalng practically uue- _uthor runlclnboru )laving 0uun an Inlor111_l

fill, wa_ of|lollin tbu buginning. All it report that de0cribod a uort Of round

turned outf tho rouultu of this work b_- robblll ex|]crlmunt whore auroral co_p_nio_
canlu very uucful for dcfinlng crltcr[a meauurud oach othur_ chain uawu, without
_or nlu_flor d_uign, much _)uccouu. The rt)Dult_ dIfferod by up

to 5 dBA,

All tJ%ilJ points out a fundnmuntal disad~

vazltagu in worklzlg with private industry Rather than trace throu[lh _II tbo dotails
(|)orhaDu oxctli_eablu in light of all thu of tbl[i u_parimont, wbictl would ]*ave ro-

advantilgull), It lu |,any tlmus I/llpoIlDibI_ qulred a lot of ilotentinlly usuluuu work

to obtain Itlonuy to pursuo a quciltion In- slncc thu ruport did not el(plain thu Uot-
doptb_ oilcu ,ha i,_,udiat_ problcIll ,hilt ups In detail_ it was ducldud to approach

Catl_ud tho c0;_pony to oponuor ru0_arch i_ tho quui;tlon froi_ thu vh_wpolnt of f_lldn-
Ilolv0d, 'i'hl_lu not to _ay that thu to-" montal acoustlcs. The following ill a di_-

latio;k_hip with ouch "utility" gpon_orll I_ CtlSulon of tbe concluulon_ that waro
not uxcollent _nd bul%ofltial to a unlvur- reachud.

_Ity labor_tory, In _pitu of this diffi-

culty. Tho rulationuhlp with thu sponnor '2h_ potuntial factors that Influunc_ out-
hau ¢o_tlnuud to bu u_c_)ll_nt _nd of _tu- door noi_o in_asuruments flBd l_ako the_ ap-

t_al advantagu to the prelf_nt day° puar to bo non rupumtablo aro sphorlcal

divurgunco lo_uo_ the l)resetlcu o_ w_IIo
Thu followi_g duacrlbus rugult_ of tho Or treos_ offocts of wi_d and tcmporatttru

total throo y0ar r¢Iso_rch a0 it was to- gradients and tbo prU0_llC0 of thu ground.
cmntly compl0tud. It Is dividud into

fo_r part_*. Tho flrllt p_rt dlsctls_us th(I W_ _lay rlafuly ausumc that 0phorical div_r-

dlffictllti_ of tbu Ind_*I_try to gut con- gcnce lo_uu ar_ 6 dl) for onch doubling
slatunt _oill0 _auklru/_u_t_ ant| showtJ that o_ di_ta_co_ provldud wc take _ar flold

th_ chai_ tlaw or tho l_Icropho_u _bould b0 it_a.urcln_ntut that is wu are approailnatoly

placud o_ a h_rd 0_rfnco IH ardor to gut moru tha_ thruo tJmo_ ,ha largo_t cb_i_
do_inablo data, It i_l propo_d that thl_ saw di_r_'**_lon r_moved from thu ccnt0r of
prooodtlru mll0illd b_ adopted n_ a standard, tbo _aw when we tnki_ ok|r _%uasklru;nu_ts.

Thu_ if we tnku a _]asUrCl_ent at 50 f_ot

Tbo _co_¢] |)art _uggc¢its a procaduru for di_tn_c|)_ wo will flail tilat thu _o_d

tnklBg i_door _ao_trcm¢_nttJ Using _n |_r_m0,zru |oval at i00 f_0t i. 6 dl) Ic_nr.
a_ohoic rO0_

Now lot ktu _|)[*ouu w_ havon Io_oi_ wall
Tho third part di.ckl,m_m nol;_o id_ntlfica- at I00 fact distanco. Au a matter of

tlo_ all t|lu chai_ a_w n_d _bow_ that o_- fact_ l_t ua _uppo_] tho Wortst po_iblu

Qin_ oMbnu.t I*oi_u Wa_ thu dominant lea- Cn¢lu: n wall that _Mt¢Indll toward InfiHlt_
t_r_ on ,ha m_w= that wurl} _tudi_d, It in all dlrcctioHu. If wo /org_t at tb_

mhOW_ that l{olmholt_ r¢imo_ator type dl_- ii1o_nt ,ha ni|diti0nml pr_n(!Hce of _round_
_barg_m_ witi_ tb_ CO_bi|I_tlon chamber act- which W_ will dillctlm0 l_ter_ WO _utl that
i_Q au a rOllOI_ax%c_VOlUIT_ot aro a kl_y th_ _icropho_o IShOw/] i_ |_lgklr_ 1 wlll
noi;io _o_rcu, m_anklro two ;]OUHdal q_'|le dlrL'ct sound

WO Want to Ir_a_ure and tho l_OUlld rufl(Ict_d

111 tha fotlrth part_ _ d{Islgn l)rocuduro fat" froz_ o_r post_llatcd "Chi_c0u Wall", Tho

a _Impla low |*n_n filtor mufflor i_ givon total uound pro_uurc i_ a _m_ation of tim
that allows to _llml_atu _tlch of ,ha e_- two affects. I/0t us tako n. al% oxnmpl_

bai_l_t hOlmS _n(| bringm thu saw nol_u down L 1 "4 50 fact aIR| I,2 _ I00 feet. 'fb(:n th0

tO m_ptnblu loW_I., ma_nit%ldO of tbu rufloctud sound pro,aura

I'Inmlly_ n brl.f dlmcunnlon of a comp_ztur I_ npproxim_tuly one fifth o£ tho mngni-
._mulntion m_|ul of two ntrok_ unglnc tuda of tht_ direct Sotlnd prn_I_uro, ncgluc-

tl_ Intorf_rc_c_ offcctQ, T|ltlQ_ a

holm. _ntl_nlo. la giVOll, htllldlnr_ 100 foot from tho llIicrol,huH_ wl_l
add rouc_hly 1.6 dll to OL_r monaurcmant.

OUTDOOR H_:A,_I;I(_I':_|T'_ Tho Wor.t Cn_a_ wh_rll tho inlcropbono im
locat_d dir_ctly nt the wail, giv(_, nil a

At the: timu this work was dana, no Indum- 6 dl% addition, If WO poutttlate, that we

try _to_dord for .liOn.tar|figchaill .row Cn_ _llow n i dH arror_ _llu rcqulrod dl_-nolm(_ wa. in uxi.t_ncn (tbcru may _itill

not b_ onu, for all thnt thn aklthor krlow_), ta_co h(ttwcun microphone and btzildllzg I.

In all informal way, ar/ruumant wAz$ r.achod
_zmon_j companion to m_n_llro noinn At 50

f_t dillt_nC., thn _mw oln,| fold waist l(otu that _II rumaonlllg a|}pll_m al0o tO

high and t|lo microphon(i |)_IIlg loc_tod at t/Is cnmu wbcru we lntorcllnnge tbu locntlon

,0



Of th_ uaw a_d tho I,icrophonu. auihalt a_d to placu oithur tho u_lw Or
the Inicrophono Olla pad on the ground

If thu rotlnd robbin oxporllt_nt dl_cu0u0d (Figure _)). The correction curve i_
In the introduction h_d a large unoufJh uhown in l.'igure 5. Thiu u_uinu to be the
fluid in each C_Bu t0 Not known, only f_aoible w_y to obtain rc[luat_blo

rcuulL_ that aru m_nlngful to onglncuro.
_ ntoro llni_ortant con.idoratlonl often tlonDrofelJoional certification lltaNdard0
n_gluctud by thu practitioner, ilJ the by gov_rnxnunt and municipal _uthoritieo,
pro_uncu of gEound, _oth uaw _nd /lllcro- if they u; _uts uhould be corrected to r_ °
iJhono arc, located cloDu to grounds thuu Into to this rec_llnl(!nd_tion.
_imllar to thu proviouu r_ano_ing we ex-
puct _ uound pruuuuru level lncrunu0 duc INDO011 A_ASUIH:HEIITS
to the ground being ,_n inflnltu wall. If
either or both Inlcrophonu nnd siLw are outdoor nLuno_irclnento itu duucribed can bu
directly at grouted level# our _leaaureJi%entu uiiud lot coJilparliloN incaour_nllcNtu_ dlrec-

_how a 6 dl_ incruasu all coml]_rud to free tional radlatlu_ 111_Inuur_Inuntu, upuctr_l

_luld l_oa_urcltltlllts(thu _nw lu located in _inaly_l_ and component particip_tiol_ idol-
free a[loco or a_ anechoic roo;n)_ Again_ tlficatlon. U_fort_Nately_ they did _ot

this is of no coi_icqt]unco _incu industrial allow o_uy id0ntlficatlon of tho role of

_tal_dardll cnl_ t_k_ this automatically lllto illlgINu e_hau_t ulnco th(_ exhale| _oi_u had
account° _hat i_ i_tl)Ortn_t_ hoWuvur_ is to be olIInlNated from lllOastlremento in or-

that ill c_rtaln frequency bandu wo gut dcz7 to nsuc_u posulblo noluu level i_l-

Intor/_rc_co of_uct_ bucauuu wavu_ re- provulncntu by an "ideal" muffler. This
culvcd by the mlcro|)hon¢., dlroctly travul qucutio_ had to I)_ anuwcrud by ;_eauur_-
a _hortur din|once tl*_n w_vuu that reflect II_nt_ _n ai% _neclloi_ room OF rtlvcrborant

fro_ the ground= rooln. The anechoic room was chosen _lncu
it would bes_ relate to outdoor moa_uro-

_'0_." _ill "acou_tically hard" .efface llko illUntls_ whc_ dlroctlonality Is Important.
c_llt oF a_phalt_ we Call calculat_ thcu(l
l_tu_fcrunc_. |t_furrii_g to l'igure 21 W_ Milauuru_u_tu in n_ anechoic chamber ru-

obkai_ "critical fr_quol]clc_" at which quired g_no _odlfica£1o_u of the chamber,

mound i_ o_tln_ul_hcd. If i_hnu_t gn_ had to bo removed and Lho
absorb Jug w_dg_, had to b_ protected

hr << I_l _galn_t ganoliNo nl_d oli polltltlon. A
;d_rot;d o_ plastic _h_utlng wn, txsad for

thlu pllrpo;lo° One end wa_ open tO inoer_
hu << I°I the Chain g_W and th_ other olld wan coil-

noct_d to _I tube connected to a_ o_hatll_t

th_n thu fir_ o_ thi_ crl_icnl froqu_n- fan (l"lrJure 6)._it_ OCCg_ at

cLI Th_ plastic _hroud, _ivcn while thllb

fo _ _r cnu_od eo_: lo_s in _au_rcd _ound |)ow0r.I'o_ llmp 1)I_.£IC flhcoting, tho trml_lllis-
_lon iO_ for _ound WaV_ propngntl;Ig

w|loro a _ _[_u_d of aotllld, p_rpoNdlcul_r to th(_ fdlo(:ting ca_ be
C_Ictllatad.

A typical .ot_nd proe=uro l_vol correction
with regnrd to the free flold I. plotted For 2 roll Vla_Quoun plnn_Ic, the corroc-
i_ l_IgllrO 3. It in al_o _how_ t]l_t a_ tion CIZr_o for tra_;_i_io_ iOll_ at ra_-

"_cou_Licnlly Itof£" _grfnc_ will low(it do]n in_Idel|c_ lfl _hoW;_ in |,'|guru 7.

_ll_ _ri_ical £rnrjuon_/. Thou, if mat;-
_llrllmollk_l are mpoci_Imd to be carried ell| Nun_ur(_mul_ta Wore takull with n_ _[l(icholc
on groan e the cr_tlcnl frcl(ptunc_ will du- floor. If ot1_door Rlld indoor _nuute-

p_nd on gromm lol_gth_ dunmitye ,1oiottlr_ ;nuNtm _r_ to be compnred_ w_ |lave to add

corlL_nte ata. tO the indoor munmurcmant_ 6 dlI for ground
corr_ctlon_ l_ubtract mhroud trafl_lu_io_

•|tor_orc, if th_ round robbin o_p(:rlmunt lo.o mad _ubtrnct G dl) for oach doubling
Wmm cmrriod o_ OVer Ullcon£rollud t_rfe of cli_co_ slice .I.Nuldo the _oochoic

A _rgn _o%lrCo of orro_ ct_l_t_d, uapu01al- chamber Lho _llcro|*hoN_ ha_ to I_) lOCatod
_y if the Intorfur¢inco froqtl(Incy Wall in ClOlSOr to th_ OnW l)y n(icon_ity, Such
_hm _ai;l range o_ cll_i_ _nw nol_o, corroctlon_ wor_ u_tlnlly very wiIll nltd
l'roddod by _hill work| thuro wn. t_l_ aDo&it good _*_ro_llt lletw(I_l_indoor _(I outdoor

_aing nrtlf%ci_l tllrf, but uv_n that will _xpI:rlmontal r_mult= wn_ obtal;l_d.

(:/lum_ IlrOl)lUl1.1 |;_aumo of the i_torfur-

_m unco fzeqllo,cy bnlng too loW. TO ollmJnato the o_houut noimo from the
.I i_la_ltlrrl._ntrl_ the _¢|l=ttlllt gnu wa_ [_Ipad

l_ W_. tllor_oro r_omm_ndod to carry o_t o11t of th_ mNO_hoic chnml_r during a

i oxp_rlmentn on hard =t_rfaco_ of ccm_nt oF oop_rnto o_por_munt. A plpo wn_ attached



dlructly to tho exhauut porting of thu on- mechanium iu not yet ¢omplotuly undur-
glnu (l'igure 0). Caru ]lad to bo t_hen stood.

that th_ pruuuncu of tile |)ip_, whlcll wau

attached to _n u)dznuilt fnnr did not altur '|'hc_noluu duu £o cnglnL! _xhau_t wlthout

thu _nglnu cil_racturIiJtlct_ apl)ruclably, i_ mufflor had a dufinlt_ peak at n fru-
Aluo, the pipu h_d to bu nolu_ inuulat_d, qucncy that was iduntifl_d au a reuonance

_o that u_ch_uut l)Uluatlon exclt(}d sound frequency of the Iz_utaf_tan_u_u lily,Ifin
radi_tlon of thu pipe dLd not Inturfuru the uxhauut portu and the olautlc behavior

with thu uxperlzi_nt, oE the c_inbustlon chalIlb_r. Thuu, th_

engine wau found to act liko _ char_Jed
SINco an oporator controllud thu zJ|Ju(idof ][ulmholtz resonator. It wau found £o bul

th_ uaw IIl_nually in_Ido th_ anecholc roof_ for t_ _ingl_ cylilldur Cwo-utroko ungln_,
good vuntilntion and protectiv_ cquipi_unt

had to bu provided. _ c_/_p_

l_Jc_u0u of th_ dlfflc_ity o£ controlling f]{ _'_

thu upt_ud of tho f_nw for _n_ prolongud whor_
tl_o, _t wau advlonbl_ to employ _Ithur a
ru_l t_lll__n_1_r or a t_[_u recorder.

Ii_ tho In|fur Cao_w _ r_l_tlvuly uhor_ C _ i1pued of _ound [in/_c]

noluu z_cordlng wa_ played back contlnu- Sp = _£fectivu port area [m2J

ouoly by npllclng thu tal,_ into a loop. 1,p - _ffectlv_ port length [_]

_OU_tCI_ ID]_tlT_I'ICATIOI{ V c - c_IIlbutJtlon chamber volu_ _t

bottom duad c'-.nt(_r[m3]Onco th_ c_imblllty of producing ruponta-

blo fru_ucnc_ _p_c_rum_ Of thu u_w _oi_ _ re_o_nncu frequency [llz]
wnu nci_l_3vud, th_ Iduntiflcntlon of thu fl_

_Jor nol_ _ourc._o of th_ _aw wa_ |_o_ul- Tho _ff_ct producud in pretty flJ_lllnr to

blo. |'otQntl_l c_ndldatu_ woru exhau0t tJlo N_Iuu |)rc.Juccd whon opurllz_g n bottlo
nol_lo_ IntaP.o noi_Q_ cl_a_zl _oiu¢._ ctl£tln_J charged with pr_u_rlztld _Ja_. Thu ga_

noi_i strt_cttlr_l xzo_t1_ f_n _oi_, _nd _aca|)_ II_ form of a uuddun nt_p. Thi_
b_rlI1g _nd piston n_np ILOi_. _xcitutl £h_ r_ionail_ lJyt_t_iI1.

Zt hn_ t_ b_1 rumcmb_rud _h_t in order to t{oIS_ A'I'_'Kt|UATIONBY MUI'I_/,t:[tD|;S_C_|

_L1_t_ all _%udlbl_ Ch_ll_Ju Izt nolz_l o_ c_ny

ai_nl_IcnncQ, _h_ro I_ no ncnI._ In Th_ Id_ntlflcatlon of _hu chnrgud _l_im-
w_tlng ona_ tlmn wi_h th_ Qllmln_tion holt_ resonator _ff_ct w_. m_de durln,

of _Qcond_ry noluo nonrcu_ m_d p_uk_. |ha _lr_t year oE the project. Uulng a
l_thur, th_ mo._ Important no1_ _ourc_ ,Impll_lud _ppro_ch, It wnu found thnt

h_ to b_ _llmln_tcd _Ir_t. |'or In_tnncu, _ _ilmpl_ _p_n_lon ch_mbor nnd tnllplpu
i_ thQ_o £_ _ nol_a _onrco gunoc_tln_j mu_lur couhl bQ d_nlgn_d, n,Jnin or_ t|lo

00 d_| _t m_n_urlng lo_tlon _nd n nolno llol_,holt_ prlnclp]c, thnt wo_ld work w_11

_ourc_ o_ 70 dnl |ha tot_l _otzI1d |_run0_r_ i_ l_i_ r_non_c_ froquuncyi _ivoN by
I_voI lJ U0.5 d_. _llmln_tln_ _|*o uucond-
_ry uourcu o_ 70 d_ COml,l_t_l Y (which J,_y |_

b_ _n _normo_ ci1_in_ori_g _chl_v_mon£) c
w11_ zuduc_ thn to_al :|_. _nly by 0.5 di| _MI_ "
to 110 dl|. lh_ov_r# If wa _r_ _bl_ to

o11mln_t_ _vun only I0 dl| o_ tho prlm_ry whc,r_
nonrc_, th_ tot_l _PI. will bo 73 dll.

c - .p,:od o£ eoun_ [m/.ac]
'_ho pLqm,_ry nol_u _ourcl_ of tho two modol_
Of ch_a _w_ tinder utudy wau do_Inltoly BT - off_ct£vo tnllplprJ _rna [m 2]

tim _xhau_t no£,_ (_l_uro 9). Thin wau o_ Z_, - _ffuctlv_ tailplpo length Ira|
Gotlr_ l_ot _urpriflli_g _l_ico tho t_pnr_

_,|uard doub_,_d an mu_flor, with moru V H - muffl_r volumo [ln3|

_ttant_on u.n_lly rJlV_n _o tho _pnrk could bn m_de nuch that
mrr_tlng _bllity _hun to thu muffling
ablll_._. _ut awn l_tar, wh_m a _ood
ml*_1_r h_d bo,_n d_l_nm|, th_ u_|muut fH|| < f||
noi_o _tlll d_roin_tu(I, Chain nol_o wnr_

fly Intcr_ctlon with tht_ z*ponuor, it w_.

£ound to b. un.lgn/_lcnnt in comp_rl.on found Lh_t if _Hit who vury much bnlc_by run_lng _h_ _aw wt_h chnin _nd without.
'fire worm| no1_ l_wl w_. _ound by runnlnrJ tho muff lot would work vury woll _.
tha _w _t c_tt/ng .|_d. w_th no _ctu_l flt'
cuttln_. Chin cu_tll1_ proco._ lo_d¢id thn _ zlulffl_r, but nn un_c_p£_blo d_op In

aval1_ble l)rnk_ boric _or would aJ_o

I on_n_ _nd roduc_d tho _otnl nolIm output ronult. Zf frillwa_ c_o.e to _|t' brnk_

aom_wlmt. _*1_ partloul_r reduction



horsopowur louuuu would bu acceptable or to a part load on the engine b_tweun 0,7
uvun _bucnt, but the muffler would not _ind 1.0 hp, Whllu the quantitative ogreo-

function very well, l{ulc of tht_l_ rola- sent iu adequate if one consldorLi tile
tlonDhipu wuru worked out to give a good necessary ideallzatlo_ of the odd geolnu-

coillpromlu_ (The cc_ilputur ulmulatJon I,odul tries of th_ real llfu two-cycle engine
that wlll hu discussed n_xt helped In connecting pausngeD and the typlc_l on-

this rcupuct), even firing behavlor Of a ulnnll two-cycle
unglnul the agro_[,est in oscillatory

JuNt l;l pa_uing, _Ingle voltu,u mufflers characteristics hau to bu termed e_cul-

with tallplpu had burn _roducod b ii*uf- lent, e_pucially the frequuncles of
flor inanufactur_r, in tile past an_ sold ouolllatlon.
to chaill saw luanufacturoru, It WaU found

that In m_fiy cases th(_c inufflors were The u_perimuntal as well as the thuoreti-
qulte Unaccuptablo. Thurc were caueu C_I resulti_ show that lJhortly after the

whore fMN > fl{f which msdo the muffler exhaust port has opened, the prcsuuru In
the muffler r(.,achcs m punk. l[oWever_ at

cl_rly INoffoctlvu au far as the Inset this tllnu the offuctlve mass plug in th_

obJuctlonable noi_c band Was CO_curn_d. exhaust port is i_ its extended position
In other Ca_os_ horllupowor lessee wuru and is |)slag forced back by the elasticity
too high. of the cc_ibu_tlo_ cha._er volume. Thin

hlgh frequency oscillation contlnuu_ but

'l'lloInuffler doi_Igned au port of thill pro- decays bocauue of oI_rgy loss. fly the

|act is now in production and is hold as tlmu the exhaust port close**, the hlgh
standard saw equipment. Its porf0r;i*ancu frequency ou_illotlons hau dlsappearud.
_t a typical _Ipe_d is shown in Plgure i0. _hat i_ lu_t is the low frequency oucil-

'fho old spark g_ard type m_fflor wau o_ly latlo_ co_trolicd by the e_panulOl_ chas-
m few dl_ below the no muffler caue. The

b0r and t_il;Ipo. Thlu |(Is fr_guunc
reason for thl_ was the c_x,p]oto abuol|ce o_clllatlon _u _luo vlolblu during t_u

of a t_llpip_, tlm_ th_ _K|I_ust port it_ open.

HAT|II:MATICAL D£SCI{IPTIO_ OP _IIAUS'I' NOISE The expansion chmit_or prutH*uru oscllln-

tlonu w0ro CoiIl[luted for t|lu total range
A_ iiwntlon_d ll* the Introduction, it wau Of load conditions up to full load. It
felt that the straight forward noise COn- show_ that the saI11_ burst llko oscldla-

trol project, Ii% s[}It_ o_ its ohvlouu tory dlscharge charactoristl¢ controlI*
practlc_l _&lccn_l_ wat_ _ot suitable by the rosillt.

: Itself for a Ph,D. dlsmurtation, 'fhtlu,

the author gave B.It.C. Hutyala thu a_.ign- C_*nputed p_ak prossureu in the _xpnnulon
! m_nt to d.v01op a math_Inatlcal ,1odol of chnli_lor w_ro. calculated a_J function of

the _ymt_m that would o_plaln the oK|lauut io_d condltlon_. As _pect(Id, the:us

2. no|._o _mlmmlon b(lhsvlor of m two cycle peak valuo_ rl_ with i_orscpowur since
;: onqino first without and th_n wlth _

muffler. 'fhe a_thor had worked with an incru_u in indlcmtod work ptlr cycle
_' producfl_ _11 incromsu I[i cc_hu_t_d qau
[! combln_tlon_ of II_lmholt_ r_onntor and nr.n,tlreu 'Phi. me.n. that the "r:hnm-

th0r_odyIlorn_o _odmis bm_oroe i*l|dhad pagn0 h0ttlo" 1;_ oharg_d with |ligh_r
r_mmon to hollov0 in th_ u|zccc_= of _uc|1 pressures b_foro it dit_chargu. (before

an m|,proach, thu _Ixhauat ports o[_cn). A vory _llnpl_
inodul that muntultos a _udd(_n oMh_umt

'fho roaultlng model consisted o_ kin_matlc opunlnq to full flow aro_ vahtom prcdlctm
_qt_mtlo_me th_r_od_Da_i_ _t_t_ (_quatio_I|_ a linear Incr_o with horsepower add
m_._ flow _qt_atlon., _tnd acoumti_ eqtla- much larger omclllntion amplltudos, Th_
tlon_, T|IU work WaS publl.h_d t_nd dotail_ more rn_llmti_ model u:lod hero show_

c_n h_ taken from r_fer_ncom [i,2], A ulltnll0r nmplltud¢I_ hcc_ui$o the input Co

_k0tch of n typical two _troke chain maw tim IJel._oltz iIy_tlnllis of the nnturo of
on_Ino I_ _ho'wll in l'Iguro Ii, n ramp. Thlt_ r_mp im strongly dependent

on moan flow condltlolls and _,_hnUrlt mlot

Th_ following r_multn ar_ for an 0nglnu _hapo, or, in oth_r word., on how front

llpood O_ 6000 rQv/mln at part load. and at the c.¢_)ust_.d gau l_ _Kh_llstud.
fit11 lo_d. Comp_t_d typlcml m_:nn pr_m-

mur_ lit th0 (_rmnkc_o_ tho Com_ufltlon _'Igur0 14 show_ a plot of _loUnd pre.._r_
chandler mild t|l_ _uffII:_ oapm_Io_ cha_ht_r l_vol V0rSUm fr_quo;_cy_ ;n¢_astlred and corn-
at= nhow_ in l'Iguro 12 for a [,art tlm_ putod _I)¢ fo_t from tho open _n_jlno tlx-
io_d of 1.0 hor_©|_owmr. |1must (muffler rc_1ovod) of a hnnd-h¢lhl

chain ;law. Tho pomk V_IU_ OCCUr mt

Vlguro i] _hc._ tyi)l_nl m_urud and os.- about i000 Ilz. 'fh_ _pcrlmuntal pointn
pt_tod ¢1_p_nmioll chamb_ pre_ro_e at _oro repr_ilolit o_i]-thlrd octov_ dat_e with

Ioa_ _onditlon o_ ms _nglno-chaln _w npnrk g0a_'d att_chmd to th0 _Khmumt. q'hlg

my;Item ml|d nt an wnqln_ #|)o_d 0:6000 gumrd did not i;%flu_nco thu mound rmdia-
r_v/mllt, Zoro chain haw load corresponds

tlon _pl)rc_Inbly, Agr¢:cm_nt is excellent,



cupoclully when one connidoru tho pooc ro-
nultu that the convctltlonal _pproach fur-

nlnho_, whc_u thc llul_loltz c£foct o_ tho
co_ib0utlon chatnbor-o)dlauut poet co;_blna_

tlon la /ic_lu_tcd° Alao po attonlpt wao
tl{ado to E_NIOVC oound rQdi_tod £roln t)lo

c{l_Ino and chain haw uur£_co_.

l_hon tho low pau{{ _iltur {;]u££1cr lu nL-

tachude tho uo_Ind |_rO_lltlEo lovol Colcu-
latod _nd muan_rod at thu uamo di_tancu

o_ nlx £oot _roln tho tnilplpc end lu

91yon £n I_Iut{ro 15. AUruelncnt lu agaln
qulto u_ti0£yil_u_ conuldu_In_ that ono

Would i_o_ oKl)o_t a Inoru viulblo contrlbu-
_lon _r_n uu_faco r_d_atlon o£fcctu. Thl.

if{ _p_aEotlt at Ercqtlunclcu of 2000 II= _nd

hlghor.

'|'J|o_oror;ult_ nhow that it I_ ;low |)o_Iblo

to _otu_lIy pro_ict t|)o no1_o oml.ulon doe
to tho o_hnlmt o_ n two _troko unglno with

m_d without o_p_nnlon mu£flor. It 1.
now Dou.lblo to do.lgn a chnln _nw i;luf_ior
ducln,J I:hu drawln 9 bo_d _ta_jo of donDJn
W_th o_coll_nt ch_co_ o_ _tlcco_o.

Thlm p_Dor att_pt_ to _u_Izo both tho

|)_WO_ hi,tory o_ _ thE_o your _oi_o coll-
trol _O_CCL. Tho work _t_rLod a_ _ _our-
tau_ _o_th co_t_not_lai ru_onrch JDroJuot
that _u _pon.o_cd by _ 1ondlncj chnln _nw
manuf_0turcc. Good l)ractic_l result.

were obtained du_In9 thla tJm_, but the
r_nl _t_to o_ th_ _rt _dv_nGcm_llt _u

du_n9 th_ l_t_r p_lod of tho pro_cot,
whon th_ Work wn_ t_n_ponnorod.

T_chnic_l _e_ult_ wor_ n rupeatnbla out-

dc_r _1o_tl_'Or_u_t _OCOdt:ru_ _ E_p_l_t_blO
JDdo0_ _n_o_o_t j)rocodu_) llOi;_o flOU1_O_
Idanti£_omtlon, ;m_Icc dc.i,Jn and on_lno
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'q_olse Control of Chain Si*ws"

pro_ent_d by
W. Soude 1

DT .qCIt_.n,TO_I :.

J. D. (31bonN: I,. Pa1:Iknt!rl

In your last figure, what wozl thu We've donc _omo work on ilm_ll 4-cycle

fun_uniunt_] oxlln_Ht frequency? cnglno_ looking zlt perfoz_i1_ince effectn by

_cavenglng. We found that thur_ i_ a prc_-
W t Sned_l[. oL)ru ouciilatlon _ffcct on performance.

The _u]ldnmontal wn_ around I000 llz. _f you take , nay, the pi_ton nt the Illld-
point zlnd c_llctll_tc the IIchiLholt_ rc0o_ntor

_T n_ _11_.onl _fEect, you cnn almont pr_dlct the preoouro

Doo_ that correspond to the flr.t or pL_l_e in the e_hau_t port_. Did you find
u_con_ pe_k _1owz_ th_r_? thLlt effect?

W_ _n.del t _. So.d_.! I

W_ find only one po_:k, we don*t know We _I_o loo_cd lit 4-cycle englne_ _nd

w_)_ro the _econd como_ fEoln° It yo_! look }lave ob[1_rvQd theft _ffect although we h_vo
_t |_irjtlro14, the o_pori_ot_tn_ dnt_ _howu not pursued it bcc_uu_ no one hoe given U_
two p_k_ b_t tho_o two ar_ centercd on tllc the ],on_y to do _o.
thaoc©ticnl peak nt 1000 _i_. _o h_vo not

refined the Inodol _no_Igh to nhow whorc thiu _I, _n_Ick_

_plit com_ from. Did I llnd_r_tnnd yo_ to _, that the
heine level d_t_ yotl Indicated w_ with

._7.D, _ib_nnl the' lend on the blndo_?
My =econ'd question in: Whnt wcru the

prlmnry nouccoo oE noi_ otlzar th_:n e_h_uut? W_ so_dn1_
_il t_=t_ w_r_ dana with an unloaded

W_n-_-_d_!i _.w, bucnu.o wa hnvo found that wlUl c_)t-

It n=em_d to be rndiatlon from £h_ til%g, the noloo loyal actually goom down
muffler w_llm d.e to p_ma_iro pulnon. Tile llttlo bit.
chnln wnm not Importnn£ nt all.

_. n. (]lhnn_i lfow big wn. th.t m_ffl_r yo_ fii1_lly

wren no_wwh_t n_Irprlm_d by the largo propoood to the m_tlfactt_r_r?
b_nd wldth (in Ylgura 14).

W-_t--S-_edeIL I dol_*t have the o_nct dlm_n.lon.,

- It _m not .urpEl.lng b_callmo it i. not bilt it warn nbotlt thltl big (.howlng with
Jl;nt one frequency. Tile p,3rtn open nnd hnnda: f:d.) llowavor, it turned oilt to be

c|o._ n_ thfl g.. dlnch,Ego.. So the port larger than what the Z were tzml.g b%_t much
has Zero croan_ctlon when clo_d but when nm_Ilot" thnn what they thought the would
gnn le dlnchnrged, you have n varlnbl© n_cd.
cEOmm_etlo_ nnd vnrinl)le volume, If _ott
e.mlc_]_te tile _lelmholtn rm_onntor fr_-

quenc_m, yot_ r_ally g=t _ whol_ bnnd.

i

j .



_J]) lt01!;E !;()IJR(_[_ L()CAT;nN ()Y LAf_GE _'IACIIIrJE!; III S(TLI

[)_I 'PIIIJ_IflIf' ](_3d_;ztC)n

Cenf._!I"fL]I"_Ll_it;t|(!itl!;LLI(II_II

_i3rt]l C_I'_I_IIJI !;_ilt¢,lhl[v(_l'nli:y

AII_TItACT

T_Le cntnIJILolllncnL of it [InJne llzb_|lin_ clldu [llr |llrl_l! _n4'hJl_e_ _|t[laCcLl 111 L]lo [L_LllI| r_ve_lle_llzlt az,d _orl-

_|EI_I[ _-_ap_c_ _1o|11_ t]_ _o_lnd Ilower ]_v_l can I_ dlf_Jct_lt wlt]l c(l[ivell_l(lll_| ITlellniJ['_zn_,C _I_LII_I_. T_ll_

in I[LJ_ 0 lit ]]_r_ Lo _1_ col_jl|lca_d vlIJrlltLonll| i_llllt of ttl_ ]dlP_u _tlrr_lc_ _r_!_ _tic_tl[]_d |it ]_K_ m_l-

ch_ll_ a_ _11 ltu _lle dl[f_li K flc(l_ln_J.c_ll cundlt|_lln tlLl_rotlllnllll_ vIlr_l)lln CUl_l_ll_eLtfl _1_ _tl_ _c_l|lt_.

_tllltl _)u_op _lt_tL_Cm_t M_L_I_I |o d_crlIJ_d _tl|ch |_ LJiIO_tJ Iln tZl_ lll)_lJl_JL_ r_OLIIC r_r th_ _Dttllt[ II_J_C_

_(ll_cd IJ_ II vitJ£_tlll K nLir_n¢_ _f _Te_ _;j lt_lely thLtL _ - f Illd_ wher_ In in th_ _Llrf_¢_ II_LI_IC |ll_ll-

_1_ lllt©_F_l 1_ ttl_rl tlt_¢l_ (iver t!nc_i IIILI_V|4]LJ_I C(J_Jlt]IICIIL n_Jl_r_t_ly. Tile _th_ll] _v_llJa _|| iI_ CII_ p_o_-

_1_ m_ch|lIQ cumi)_,¢l_Ln I _1[1[ r_v_lJ_n[l_ _fe_L_ _']lJch Iit)ri_lzll_" _ L_I_ _aIc,[_t|_[i o_ _ll_l [it)w_ _n_[ ilu|_c

_cv_l_ _Fn u[_Lr_lll¢_l _or _u_j_Ctll_llLB o_ _h_ mn_hl_ nllql the 13vo_'_]l _AI-wel_llLe_l llcJwc_- 1_¥_1 w_n _aJiicLI [ly

_1_[i (if tll_ _h_o|llta 011ulltl p_w_ pl_N_tlrcm_l_

Cnl_ V_y _tLy d_pen_ll,_ oll LJ_o _lr_Dil_¢_ _ trio _11_11_ _ nl_d 1_ nho_l lit f_u_c |. CLirr_l_Lly J_ in

n_ltu_ll _F JQval |a l|kn_y to _lnv_ _ inu_l n_ll_F i_ Jll_er_a_ t_ _llow _ttlo_ LIio _vcr_]l OLIL_Ill ll_wer

n_lnn nllll_C_. |rn_li C_ll_ra_lv_ly rc¢_llL|y I ]L fu_ llo|o_ ¢_II_F_ purJll3n_nj _]1¢ _LL_L_ I_ll_l" COl_-

chnFnl_nrJ_ _I_ _chl_ and I_o tl_erlll _(_F p_dJec- cd_e c_ L_I_ nL_lllll [IOW_ UIILIIII_ Of" ttln I_o_n_.un_ _nl-

_llu 11_ _c(_l_n_l_ _olt ch_mt_n. I[(l_e¥_F D IJ_rl _II- _gl_lll_t Itow_r _ILIIL)C Ily _lmltt]o[I _lld 1_ Lha _lljlrl)n_l
flt)_[c F_l_n_ _1_(I nJ_ IIF_V_l_t _h_ fln_eml)_ o_ n tnkel_ _lcr_. AC tile i_e_[iL _|_ it |D _ll_l_z LrI_C

_11_] _v_ to Ll_t(Ir_|n_ _t_| ilu_ [_L)_£° '_ _- _l_¢_lln_ _ll_fllc_ nr_ nil l_t'_ I _he tclt_[ _[_lll_J I'_-

_m©rlcn Jn _l_rll_ 1972 _11_1 _vrml_c_ 197_ w_ro Lllo _lr_¢_ r_13Ez. '_llu. _L _ll_. TIOL J_lJn_,ly

n 1_9



follow that thl_ mfzclllue coml3onl!llt "tilth the IiLr_luflt thll_ 11r_rL, iio]_llluticltted tic!lit-field mu_l_llrelhent
llullr-[|eltl pr_llrJure or thl, lllrlt, ellt int)L|tllt la _he tuclltLlqlte |a rl_l[Llii'l!tl In or_l_,r to 0111rl:_lCCUrlltl!ly
prllllary iil_lne ilource. '[[lU pl'_dllllllllllrttly r_verllur- elltlln:lLe the ¢llndt!tllll_r ilnl] dl:tC[l:lrtl_ Pll)e ll_'aL,lu
hilt ncn_lntic _lchl ndd_ it further _ol_l_lic:ltln¢_. In _111_1llcllc_ tll_ overllil iltlwer le_l. fi(Jslc cnrc inlint
f_ct t IInllley 3 h11rl clclll_llntratcd their tile revcrllerllnt I_e taken 11_ Lilt! ¢lllllce nf tile I_l.ll_lLiremetlt InUtllotl ITI
_ttiLcl field clltl dc)_1nlltu the tiir_!ct pru_nLire field _r_l_!r tn collu wltll tll(_ detectloll nf _1 _i_El_l 11t
even lit the nurfneu o1 the mncl_llle If the _11clLllle ll!_lst 17 _lit Ilel_w the c_v_r_ll level.
111 v_ry l_lr_e. Other II_ollificllclonll tl_ _[le ilenr =
flel_l IEleltltl_ pro_lu,_ty eff_ctll of _td]oll_lllll c_lml_c)- _t_I(FACI! IIITI_ISI'I'¥ _O_'I'IIOD
_letltn alld _oulltl refleutll)n_ fr(lln the lnrtle m11cltllle
_tlrl_llCell which cel'tn_llly occtlr l[| the ¢lla(i of till! '1%.okn(l_lt r,o[l[lllll, lc111:(!t[ iiiitlrct! _l)¢llticltl tecIillll[uca
cu[ttr£fltl1111 _:lllllt!r. 1113d_at_nll/I h¢lll re[erred tu url_ tile cro:ln-corrulllt Ion nlttl collerence fttnctlolt_,
tllena ©fleetly, whlclt I_ttld n_t lie I_l'e_lc,llt I_r nn I_l_r rcverller_ltlt up{icl!n, l|lnlt_Llt_nll (if the Ilrn_
llldlvld_lnl compnrlcllt In n free-fluid t'nvlroltl_l_rlt, ii_eth_l¢l _lre tllsc_la_t.d IEI refcr_n_t_ I _hlle Illilvernt)ll
lie "coll_n_tin11Li_¢l I' of th_ _cou:Jtlc n_nr-llehl nnd I_ettEIrlL5 h11vt__lescrllletl _llJtll proccs_hlK d_ffl-
nroLin_l the milch|lie, ctllth!ll o1" tile ntlCottll I_et[l(Jd IltJ_ tl_ the iOll_ dntn

nnmp]lltli tll_lt!n rullll|rt.d.
H_AII-FII_LI) PJtl!_iSt)[ll_M]_TIIOI}

Aiinther t_llnlll_le ",_hlctL hlla IJeell melltl_llle_l ttl tile
For tll_ cn_l_ o[ tllll centrJ[tti_111 chiller _lho_'ll 111 nclllllltl¢l_ liter:lture hut wh_.ch ll_lll hill. I_eel_ COll-
flKur_ _ t[l_ ntrLicttlr_ll vJl)rltl.lull l_ primarily du_ alderell |It det1111 for 0_tllltl power mcn_LlrClnellt allll
Lo refrl_gr_llt flo',_ f]ucl:ltntlonrl throul_h _11_eollt- noll_ nlntlrce loclltlon In to lUnkl_ tJlle o[ til,_' ellnct
I_r¢llnor, "i'hc i_Otlllll pccllaUr_. Illl_ctrum talterl _t iI re,tilt [or tile rn_ll_tell nounll p_wl_r '_, tlnlll_ly
pOlllt 1,5 I_ alJ_ve the c011cr_© _rknllncc _lol3r itn_l

1 m nwny fr(_m tlL_ cu_lprcnnt_r faclll_ tile r_achltlc 1_ N - / I1_11 _1_; (i)
ahowll Ill fll._lll'e 2. 'l_hl_ llOln_ Ill I_|t[_11111111nntl tll_"

I_ll_ctrttnl Iuynl iltld _ltnpe 1_1 r_:[_rc_cntnt|ve o[ _l_ll- wlterl_ [i in tile fluetu_tltl_l preanure at th_ machine
rltlrl'melltn t_kell ill 11ny re[crcncl_ ilnr_l]uleplpe(I po- n rflec havi _ _lr_n _ _11t ntlrfa_l v_locity u
Illtlon an deeerlll_ll by the Alll _7_ ntntl[l_lrd [nr The Lime nvernfle lien l_, t_f collrue, tile _tlrfllce

m©_l_lrlllll _lllCll|llery noll_l_ 1_1 _liulllllent rtl_mn, 11cott_tlc lnLen_llty 1_n iiiltl lu IlUrlnnl Lo the" allrfneo*

An nilpr_xlt_ltt_ _nnklt_ of _he nolne nottrce_ I)y ITi_ITIII_IEHTATIO_I
I_1_1111_1IIuw_r 1re:v©1Wllll i_ltlc Ii_ltll_ ileltr-fl_ltl 'A I_

_ell_lll._tl ilre_lluro levela tflkCll 2,5 Cl_ iliilLnrlc_ [rot_ _leltnllre_etltl_ Df Lh_ nurfllce al:_l_tle ltltennlLy l n
tltll Innch|11_ O_lrfllcan nil llerfurnl_ll Ily Y.I_UI[I_2 nnll were Ilmde with n i_K/_]/i/_ 2 [Inl nc_l]ll_ror_el'el' c[ioxietl
Inter by llodsn_n.I _IIr©[©rcnce 1 It wan _hown to the m_chine nurf_cc alt_la II_/,130O.66 cm d111.

tlmt th_ m_llod may only I,_r©_11rded na a very micropla_nc plnc©tl litclnne pri_xlmlty to tll_acc,_l-
IrilllBhantinlatt:111titbitunreqllntle1111y llll_hrad|_t- er_meter nI1_l1 mm fro_ tlteInacllIItenllr[ncc, lice

_lol[ef[icll_nclln#lwl:l:leolltnlne_lfor tileliolnlent fJKllte3. 'rht_frcl]llcl]cyrnltEe of tliintrllnniluctlr

cor_p_11_lttn(ne_ Tnbl_ I),nnr_ly th_ rnfrl_ernltt Col_1)Itlat|OllWaS evaluated by i]I)t|_oo[l_ 11fillc;_t_nilll

dtlcllarK_ pl[ll_ nnll till cyltndrlc11I cond©tlnnr, cl_l_- to at leant tl kl[_. Ill ord_r to olttt_J.II Ill - flue, ,111
pOl311Tlt_llllml)e_@tllO #lltll11, t'nllileCtlv_lylIn fJ_.lll:ll n[lalol__,Itlpller nl_iIav_rat_©r may llcunc_lor tho

I. llow_ver, th_ re_tiltllclearly _ho_d that tlt_ t_l tr_11ndtl_era_ lli_llnl_n_lyhe It©corded for con-

naar-fl_Id prenntlt'eorl th_lcomprennor aide of tho VCTIII_IIeOanll dlllltallyllroee_#_rtln_ wltil tilecan_
_¢slclllll_ had cllntrllllltionl from both tile c0mle_aer here, A 20-poltlt aurvey nn_l a c)-l_olnt allrVe_ wclr_
t_nlt_n_iillnclmrl_epIp_, TIle Co_t_Clli_r_lltldill- tnkellov_r Izllncond_lln0rall_dleetlnrB_ pipe aur-

¢I_c_ pipe _ppear tt_l_nr11_tr_)'e,ll1111In l_Olilttli)iiw= /llCCl_t respectively# wltll2 or 3-1_Olllteurv_yn for
_r l_wl. Th_ unrealistic rndiatl_n e_flcle_Icl_n tlterem_InlnK lena nnlny _nchlile components, A
which II_v_ I_c_n ,:nice,lilts*d, pnlrtlculnrly th_ v111tic tyl,lcnl tab_tlcl_lllrl o[ n a_lrvny, 11l tll_ cn_c for
O[ _51.]for _liac_l_r_n_r l_Ida of'tll_c_ndctlner_ the dl_cllflrt_flpipe, Ii__ve[t wl_ll n c_lcul_Itlollof
imply tll_t_ll_,llrectfl_d cumpunclltof _ilC tho 'A*-welKilted p_w_r l_vel. In T_ll)leIf.
prea_ura I_ at Icnnt 17 rillllelnv#th© tot111vell_Jn

_llrl_l (_¢laltmlllt_tiler_ilation efglcleltcy w11anc-
t_e_llyt)for_l©r _anlty lltm_n[l_llll_). Thl_ m_11_xa

TnlIIn I
_.ll_lll_tC__OII[IIIPllt_l_[nntllI_llllltIilll_,f_lciCllCy for

Cylinder nn,l I'll_ ilIt_,_d on H_l_r-Plold Prcan_ir_ I)_lt11

!1 Entlm_ted
I_11_lIIlia AVI_, _Jllrl". _;tlrf. !]tltlll_l Eat Imal_cll

(_lmllOrl_nt l'r©_e_, l,evcl Area I'l_wur l._vnl Itlltllntloll
(,lll_) (m2) (dll) t_f flclency o

Condenser, 102 10,17 112 7.f_
r,_rsl,te

_I (_nd_nnnr, 1{;5 iO,l? 116.5 51,3

ci_nip, altill

Plp_ I0_,5 4.79 115.3 2./,b

i
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50U[_D POWER LI:V_:L,_ RE_KAItCII EFI:OI{T Aft[) ]:UTUkH _/OItK

Tho In_onurcd PAI-wel/lht_d flound imwer levo]n [or AL the _m_!nt £h0re Io no o_[l_r nb0olute nouild pow_

e_ch com]lOlt_l_t ttoln_I tllc nurfnco llttcliillty _toLllod er Iovol dltta _vltllntl]o for com[ii1rlnon u|t[l the rc-
aro.hownbelow li_ T11blo Ill to_:e_hnr ult]l the c.l- nult_ 13r_.crlteLl 111 Table Ill. lloucver, tho renllo-
ct_]llt_d radlatlotl e[|tclcnclou 0 for tho coildt![10ur tlc ncountlc r_dlnt|oll efflc|etlcle_ whlc[t w_re o]l-

_nd dlochilr_o p|po, The lileltnurt!d WllU_ of r_d[n- t_llted for _II0 cond_n0er ilnd d|nch_rK_ j_111_ nutl-
tlon _f[IclcElcy l_ clo_¢ £o unlty for the ¢olldunoer Xc_ts thilt, nt worst s tho taethod i_ |If error by on-

nnd lu typlcnl of £hlck _tt_el l)Irlte, riMl_tlil_ u_th ly 3-6 d[l, Th_ re._orch t_f[ort to dat© h_n con-
/l_urnl Wave l_otloll c]ooo to Or nllove th_ colI_¢_- nlotud of one 8_'_dtiit_ otttdcnt _i]i to tllo complc_io[l

duILCC COlLdltlol1, _co r_fcr_nce _. _ccnlloo of th_ of £he Ph.D. dlunertll£1on, it_lhlatrlnl _upport for
_c(!_ter _urfnco _r_ o[ th_ CO[h]_tl_or_ ill_prO_llrhltc- the author /or ollu _t_erj tos_ther wl_h _ r¢3_c_r¢]l

ly flvo tl_ the dlochilr_o plp_ arca, It wilrl dlf- equipment Kr_nt fro,t _ho ffc_ York 5t_tt{! _cience i1n_i
flcul_ to t[etcr_lllo W]llch com[mneilt w_u _h_ dOl_l- TcchEloIo_y l'oumhltlol_,

nho_i _hnt _ho 'At-wo|sht_d pownr Icv_1 o[ thu dla- cllrnt_ e_llcrl_cntn o;i 1_r_Ic cl;mllotlCILt_ Of vnrlo_

C[I_r_U lllpo I0, Ill [nct, _ dl_ hl_her []tnn tho COla- _llnp_ ofld plato tttlckiLcn_0 r_di_tln 8 llltO dlffcr-
llr_o_or _d_ of the coud_llne_' a11d 3,1 tl[l hl_h_r cn_ ncotl_tlcnl e_vlrottmcElt_ Io order to e_t_bll_[t

_I_11 _ho DOtllld power radl_L_d [ly th_ tot_l cilrtd¢ll- tho aboolu¢o occurncy of the _0thod niiil _ioo to de-

nor _re_, Tho overall *Al-w_ls[itell flower [©v_l for ter_lllU tllo _11110_ii_ 11umb0r of 0urvey po11Ltn [or a

tho l_nChlll_ l_ _[tou_ to b_ I0_).4 d[_ for _ho ll_rt[c - _Iv_n _ccurilcy. ]t l_ ouDllect_d that lot tho Im-
tll_chlll@r co;tdltlona alttl _ dtlm_o_tud by thu d|fl- ilort_[l_ [r_qucn_y ralt_o of l[l_©rc_¢ the _llr[_c_ fr_-

Cll_r_ lllpu _nd Colldcll_r _adln¢|oo. 'l'ho IAi- £1on in lilcollcr_I)t at rola_|v¢ly I_R_ nep_rntlo;1_.
wol_llt©d power l_v_l a_ _ /unct|o[l o[ frcqttcncy In Itl_IrO 5 Bhowo £ho cohorc;ic_ lletw_c¢1 two _ccelcrom-
_how;l Ill fl_ur_ Ii for tll_e two com]31_o_ntB. It c_n ut,lrn Ivxl_llLtcd (311 th_ coildcl_o0r nurfac_ fl_ _ ft_i_c-

b_ _©cn th_ Lll_ dl_ch_r_u lllp_ l_ of ordor 15 dB _IoI) of frcqu_;icy /or t_o a©iIaratlo[l dl_tallccn,

hi_h©r In power lovel In _hn 2-3 kH_ frequcucy _t_IL tho *$ccclero_e_or_ aru closely Ol)aCml (25 imp)

'rahl¢ II

Hcfl_ured Val_lo# o[ _ur/nce Acoustic lll_cllulty

for 1_l.cl_ar_o Plpc (*^'-_©l_hted)

fiurvey ]'olnL t_r_ prcn_11r_ ]u_ V_1ocl_ Ii I m ]jL_lN/m 2 _/._C X 10- watt./t_ 2 _ 10 -3

a 3.9 6,0 12.t*

b 3,5 5._ 10.6
c 3.t, 7,6 12.it

d 3,1 5.fl 9.5
e 3.5 6.9 15.1

[ 3.3 6.3 13.9

M 3.5 fi.l 10.9
h t_.4 6.1 It, .t_

l 3.,J _.5 _9.__
Total 109

t;o.nd power - 0.10') .att./_" x (6.79/9)r_ 2

0,050 watt. (107.6 d_l power IcY©l)

Tnbl. llI

Hr_tflttrcd cAI-HeIK[ItCll 5ound I'o_er

: l._vnla and Radiation Y.Iflcl©ncle. for Chiller

(:{_mpoacI_c Level ,I,1 _fflclcncy o

Co.den.ar, re_rntd,_ 102.8; _ 0,9
[_md_n.er. co_p, .ld_ 99,6 "10.°5 1.05

l)lnchars_ Pll.a 107.6 0.;.2
Comproaool: 8_

Co_p, O©_rlo_ {}5
Tu_blno fl_,4

Turh. I_nrln_ 74

I
Overall l'ow_r Level 109.;* dB

1
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tliu coherence Iu tlu*lrly ulllty ml thlit List, riurfllcu ILI;I:IH{I;NC[_S

IIIOL_Oll Ill ¢oht, rt)llt, {_tjL thl? cl)tlt, l'ell¢_ d(!clelllletl to

_J]_l)nL z_i'o ill. |tlr{l_ tll!{l_ll'_ltJflfl d_ll_llli¢_ I)_t)_l, ii 1. liol]l_t$[in, T. IJ** t'Iil'll!;iLl_lJit|Oll i)f LII1_ _{ur[llci?

C{ll_ 4*cct'Jeron,_ter_ (1_0 tin). Ti)ln {ml)llt_ thJlt ACDUnLIclll hlt¢*nt)|ty H_thod for D_L_)rt_lnlrl_l the
iir(.llll of flit' ¢OIIdl_llilL'l" IJUly bu ).rellLl:d lllJ |ll¢o]l_r_rLt I{o|ul! !_ollnd Dllw_r Df II 1_11"1_1] _'l*lt:h|llU [11 SltlJ, I'

aOllll[] t,ourclzta IIO thllt flllnph! ilt{_l_lzlL|lln of (i t_lll- .|. Alrol_tJt. !{o¢. Altl.) l}_l,[tll)(!_, 1971") (in

t[wly tsm(Lll ilu_iL)ur of 0urf_Lee llcou_tlc ln_)_lty i)uhlIc_itio11).
rfle_u_]r_'llll_[it_) 10 corr_'l:c ['or D_I.{L|| [)owcr dt.,tor{lil-

nntlkon, AIuL), _her_ la _) lle_tl for ii rulIHed. _(inlly 2. I!hl)lnH, C. )_.) ]lodxnon, I. II.) "Dhil_:Lo_)_lc

(ll._(ich_cl) m|_-ophOll_ :llld _lC¢_1_rom_ti_F trll[l_dl{¢(!l" 'r_lltfl fl)F 1.ocllt_nll lJl)|)l_ !jotlt'(_l_l)" [toJne Co11-

coml)ln_ltlon wl_)L ii porltibl_ relld0ut ¢l_vlc_' which trnl I_ILllLIl_erlnll, Vol. ]) 11o. I) duly-Ai){_unt

would r_ll¢) nnrfnce _coIJutJc lllteltn{Ly directly. 197/_, Ii]). _o-&¢),

Tho curr(:iit _erlt]_lrctl pro}_rlllll could I)_ tlcci_l_'rrtLed ]. ]lll[n_y, J. T., "l[iv_t_tJl!lltion ill" the !](_tllld IIz_-

I]y _de,iulll:e t'en_nr_h l'utullx_Fi. The pr,_nel_t _flort dlntlon fr_Jm _l I_irtl_ Cylhl_lrlc_l 5hell lit V_irl-
11_ ].1111|t_tl Lo o11_ mtlntl_r)t_ LIl_Ultl tltlJdt'llt. _;|nce oun Acot{ut_clll ]_llvlrollEnUlltll)" _{.!_. l)ltio_rta-

LL I]_o he.ll entablln)lcd Lhn_ Lhu Lechnll}u_ In f_!_ln- tl_)Ei, !{yrlLcun_ Unlvertlity, ll_,vel_lh_r) 1_75.
LI)IQ) [tllr_[lizr _lllltl, ya|a o[ I:h_ Illltur© ol + Lhe into-

]latency of th_ aurfnc_ taoLlol_ In boln8 pnrformcd. /_. Ilod_lnon, T. ){.) I!r|*uxlle, I(, I)*) "tloln_ _;oLirc©

I[ow_ver, tll)ntl|Utla conll)ar|tlOll tl:t,_tl (tre t_ort)ly l_JCil_lon fol" [.llrl_ _lnchJn_.n from rf_n_ucrmnnl_n

Ilel:dtad* of _;l*rf,lCt_ _cl)tl_i_lcnl liltellll[cy)'* lJ_'¢)c_t'dll_[l_

o[ lnL_r-H,)l_° pl ), 13-1U. t/tl_111n_it,)ll, 1)* C.
(1976],

5. II_llv¢!ruon) W. G. 0 {l_tldltt t J* _** "lJo_O_ _otlrc_l

Id_llL[['lc_ltJotl UflJfl_ C{ih2r¢Itl_ O[ttptit ]lolIlll"

HIll_cLrn," _;oulld (iIILI Vlbrtll.|o{i) Vol* 9, fk]. fl,
AulIu_c 1975_ pp. 15-23,

ttc_ Yo['l_, 1973),

_'18. 1 !]t:hccn,ltlc of Lnrs_ _ I_
C_lllrl_*ug_l Chlllet _lilil_lll_ COtnllOllelltn ' -,

__ /" CTLitl)LII

o....
_'_ . Fig, II _A'-I_eI_ht_d !_uulul Power IInlld-

_* _.L___ J l,cv_l_ for l,|nclmrl_ I'11 ...... , Ct,,,dcnner• ? ¢_ --{ l I I l I

0 I0 20 30 _o
_*i I Ill l_IJ[NUf) kit¢ lO --- --l--l'_'_g--I I -

)'ILL, ;Z *A'-W_IKht_d/ l)r©ut)ure ))and- _i{ I " _]_ j_/_tkI__ _W_AIYOcf_-

L_vol# fox" Chlll_¢ H_ehiT1_ Holion _0_

[1_* 3 Tflgl_dllCIl_ _rrntll_l_ml!Ttl; _1_, 5 Coli_rOltqZu _llll_tll)ll [Olr _illrf_ico

fl)r )'J_lrfnc_ lnt0Tlnlty tHntlnlll't:m_/it_ Vehl¢lty ii[i Condcllra_r _C "_I_o _}el)lt_l:loll_

i
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"Sound POWer Ht'asu_eJI%uI_t

and Noiuu 5ource Location el LarOo Hachines in Situ"
price,tad by

T. I1. Ilodg'Jon

DT_CIIFI_TON :

_'. Hndc_non: O. McDanlol s
There was ,om_ grant stLpporL for thln There to a t_chnique ell|led port|el

proJoat from the II¢_wYork State Technology coherence [unction that purport, to be the
and Sclonce Foundation. ant:wet to all th_ problcmu. Apparently it

tako_ into _ccount additional I_ol/rcon that

,T. TIc_ wouhl contrlbuto to tho ordinary coho_onco
zth ink tile inothod in _xcello_it_ it [unctloll iHtd t]ubtracts them out.

gooa to the bnuic, of the phyuicu of the

_di.tion o_ [Ioundr ogd I hop_ it call bu 'P. IlodrpInn,
de.volop_d into . ..gable toothed. A couple of yon_l_ _go, Chllck l;bbing

and I tried to make tizi_ look uimplo to the
R-__/_{nnl, practicing noiuo control engineer a_ to

|Jr.dent of flllno i_ |lIve looking at whI1t throe Big,el procctlnlng file|heriNCoitld

thlu method. For callbrntion pilrpofl_,, hc do. I think the OCO(IClnIC view eL" UOUrCO
hnu looked at rndlatlon from a [)l.totb and identification i_ probably 5 to I0 y_ar.

nl,o from n .imply ,t*pportcd plate bo_h ahead of what industry i_ looking at at the

below _d through the crlttcnl frequency, moln¢int, llow_vcr_ I would l._tlo a warning=
It tur_ o_t that if you pay attentlo_ to oven thotlgh there are great benefit, to

p|ina_. _ou Ca_ got very good accuracy, the0D nlethod_, thurc are gron_ problelns of

lnde(_d. T|I_ hal.bet Of poiDt_ r_(julrcd, a_i intorprot_tlon. _'|l(_r_htl/1Just got to be
yOU montlon_d, dop0Dd_ o_ the variations OE _lor_ effort p_t into them _nd to coma up

illt_m_ty OVer tho nur_nco .nd pnrticulorly with cage hi_tory .|.diem to .how that tho_

bulow the critical frequ©ncy you Call ua_ily arc uno/ul. You know you Jumt c_n't make
hmva .ron_ which nh.orb, a. well .u rndint_ blnnkot _tat_mont that _n_. that parti_l

he,rid. _o _J*nt yotz h,vo to ,ubtr_ct a. well coherenc_ uolvo, .II Ida,tic|cation probe,m.
m= add _. you go ow_ the uurfnco. Thi_ Junt an you could never ..y that correlation

tend. to bo more o_ a probl_m on _lat, thin .olvod all Jot noise aourc_ identification

_trUCtUE_= .llch _ _chin_ |lou.l_g_ or |)EoblcI_D. I fool that th_r_ i_ _ _r_t Op-
covorn. I would llk_ to nnk yell , qu_tloll portunlty fo_ academia to (Jut in and demon-

on the intennity. Wh_ do you cmphnmlz_ that air.to by long term ca,o hi.tory .t:udi_,.
thole can be no tangential component o_ in- I think thor_ will be n different technlqu.
t©n.lty at the bound.cy o_ tlm plate? _o- _or each type o_ machine.

Cnll._ of thn _tlCk Condition which yot_ In-
troduce through vorticity, the tmlgnntl_l 9q_Hcnn__ni_
valoclty o_ the nit at the plato ourl'aco Well, l}endat and Plornol conducted a

mllmt |>U _erO. _ ,_O no Ii_coi_Iotonoy in numlnar recently gilt O_ tile W_t Co.at on
your ,tatem_nt. thl, technique. Apparently ,II it roquir=,

in _om_ prcproconming ho_ore yOtl gO lltto
T. H_d_on the FFT, end they clnl_ all no_t_ of won-

P_ I'Ve belabored the point n durful thing_ for it.
little b_catlno nom_ of the mnln critlci_m

_'v_ received on till. method hma |).o1| t|l_ _* _{od._i

(|uantionl flOW can t|l_ plata IKI flexure I wotzld Just make on. final rum_rk
Kadimt_ tnngnntially w|l_n the merle. I, that. n. in all comlnltlng work. t|l_ intul-

por_ndlcql_r to tha plato? logenco in in the mind of t|l_ u_er not in
the mothod.|

_. cphe"_
I_d lik_ to mak_ n commnntl In gnnarnl

nl_ny of |llano p.p_r_ Indicate . .trent fl_C(l
for indentiflcntlon of no|no t_ourc(l,. Ho

don't h.v_ nt |hi. tlm_, wry good tech-
nlqu_s. |I.rvey _fozlck. if you nnd ot|le_n

nra really Inter_ted _t g_ttlng at the ..at
7 of _ problem that wollld hn l;on_flci_l |lorenz;

tha bo_rd. Jt would b_ to d_volop a .ou_co

:'". idontlflcntlon technlqlm that wotlld |1o army
to _pply nnd be oconomic_l.

9_
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IqtOJECTS ON I/_IH(OVING TIrE RgVERJ_E]tATIO_I 'I'I_CIfNIQDE!;

OF 'II{I_HI_SUI([(I(EtlTOF ti()l_;I_I:HITTI!D IIY _IACIJilII_;

Jl¢_ TIchy_ PFO[_IIB_r

The Pell[lny|v_llln !;tvitt, _[itvcrtJlty
Iltllvt_rul[y Park, PA 161_02

INTI[O]}VffI'ION llcclzdo /t Hrcdt delzl o[ IlttL'flC]Ofl II:Z_ bcert ilcvotcd

_o i_lprovtsl 8 the prc¢|nlorl o_ Lilt" rn_th(idn for _Otltld

t;1LIi Che ltlCl_cn_|ll_ cmpha_ln W)liCll In b¢lll_ pldcctl ilot_er m¢_tlrC;n_nttl, rio t)l_L llhhlntry ¢flrz be llrvvld-

Oll the tpr_llcy of Ol;F cllv|rollr_ellL_ _lld with the ed wttJl fltJfflclcfl( j_lllltelLIicts _o _nk¢ the r_t_tlr_ -
_rowLh |tl _)lC u0e o[ _t_lc)tl[ic_z nlhl r_gC]lnnlctzl cqtllp- i_cr_tn _lLh nllffic|el_ ro|iztblllty al_ll _t r_nBtlll_bll_

_tlt In lfltIil_try, offlccn I hereon find co_k_tJill_len conU.
Lhe_c_ bec0_ca /_ d_ltl|_t! itced _o ch_ncLcTlto the

rtoltlc ePrml_tcd by thcoc vnriou_ ilol_ 0otl_cct_ 111 Tilt' nOUthl power rndlaLcd I)y zl nattr_e _tln |)c m¢_lntlr-
_ll_h _l w_y th£1c th_ tl_l_ ollt_lsl_tl _r¢l_t _cuntlrcme[ILn _tl l)y two mc_hodtl, i, ^cco_dltl_ to the flrflt

• t dl[r0rcllt lnbol'ntorlco, Illnll_n oz" r_nrturc_n_ll_ t_.Lhod, _hc lt_t¢llB|Ly _f _tnllh|, I, 11_ I_aBur_d on

_ltctl will be co_llflrnlllc. ¢t nph(lre oz" other atll_ablc Ilypo_hc_lc_l nttr/,Icc_
_tllld the rant[line nlhl th_ _otnl l)O_CC In d©t_r_lsl-

II_fl|¢nlly th_r_ lift) two tnethodr_ i1_1c¢| in iIecsct'll)ltl/_ cd by

the ntl|nc rm_[Lg_,l by _tchlll_rS. 1. Th0 UOUltd ._

lcrnm_rel_wla are dvtvrmi,ed either at mm or _rc _ - _f l'da, (1}
C[lflr_ct_tl_C potllt8 _[ /I _llCC_l_tl ¢llOttlIIC_ [r_l_
tim v_chlno. 2. T|m total _oun_ po_r v_ltt_

hy tim _achin_ I_ dvL_l_tllcd,

i_ The n_thml t_.nl:lorlrd under I lu norn_*lly ralatlvely In rcplnce*t by Om nt,,_a_lon over It _ufi'lcient num-
riimple ,1nil q.lck, tim _Jor _dvmllt_lRo IlC|ll,,I thn_ bet of po|tltn ill which th_ aotmd pcen_tera In i_wn*

_I I:hc _opn*l pr_att_o l©vnl cdll I_ (Ic[_r;tlllVd tat Lho orcli. AI_O* lg l_ n_llr_¢*l _hrtt th_ l_'_11nlty _nl_Ilonlt;_O;l O[ th_n opor4tor mid Ch.n I)rovllfc Lhe data be calc.la_cd fro_ Clio r_l_to[I ] • p2/p¢, _lrld t]l_t

I l,ceded for bin hrnrinB prot©ctloll. Alno, thin tim (ll_'cutlotltof |_ |d©.tlc_l _¢lth I:h_ itorm_l to

Z
_o_ghlt(I C_tl ]_0 tl_[ttl [0 CO_pflrc_ g_I_ BflmO protltic_a tll_ ntlrgncv fii,. !_tl_hmlrt with a n_tKllCtttcd Ii,mhcr o[

Off glle pfodllCttoll llllO, prov_dctl thfig Lhu Ftl(]ltl_(lll DOtll_.O nlld tJl_lr rrcotr_endctl loctttiotl_ llnv_ b_¢fl

il cl,nrt_¢terlsglc_ or tiz¢ prtlt|uct e_ n [utletioll of d_vclop_d _llltl L}I_ 111*t)l)_l)l_ _r_'o_tl w_r_ _ll_lT_lt_t_

_1181_ Of r_dl_gloll r_l_ll_ ctt/l_tallt. IhlW_Vc_, for Tllto nt_tlltltl l_ _c/lcrally nppl/cabla to large _ig_

tha *l_i_n pu_po_¢n of the CIl¥[_oll_t IR I¢_l|C_t tho BOtlgC_ _ltCrl Cdllll0t Ile _lflc0tl l_ It _vorll©r_ttt3_

.; _chln_ In op_tc_lt,8, tim JllfOg_tlogl o[I gho vOUrld raor_, l_ ogtlv_" to relh,c_ t_ltl _rro_ duo tO tile

nemzlnsle_n. ¢lthcr It, n. n.nchoh: chamber (which racy have n

hnrd floor If thin ia n typical m).ree lnntallathn)

TO evglt*0.t_ _o_l CIl_/fl_rl_ col_pl_t_ly t|l_ IIol._ or" Ill .1 n_mlaile_lOlC crlvirOllmCrl_,

t)J_ d rrmchtna, tIln _llfOrP_t:lOrl oa _:ha total rndlaLcd

nOlllld IHI_P h_ i:o bo nva/l_bl_ Ill _cr_ of £rl_ 2. Thin (l_l)_ dcfll_ I_lt_l ghfl fl_COlld Ifl_g[IOtl [I)r

_l]O_JlPt]_l_ O_ ilia I_/ll]t_ltl_d llOllllt] power lfl III_CI_t] _Ol' vorlll_r_oH _(}01_ fill th_l _tlnul'cri_Hlt _rl¥1_l)llM411lt,

_ lcaag t_ p_cp_n¢_t L. To provide che dealflu_c EvLdr_ltly. by t_a *,atuc_, £hln mn_htltl In l/mttrd
of th_ 8mcrltn¢ _flvlron_tlt with tlt_a dtttn necc_n_ry to Og'_ll._ or medlttm _IIX_ _otlrc_N _lll_ O_J_gll'_ ntlValt-
_o rvd.ce the nolnP, lnwln In tile far //nhl of tim gaScn connlntl.g of fnlrly good prc¢lalo. In tho

_cltlna, _lt_ In p_rtlc.larly c_nentlal. If tim r,_u.ltn .n wall na rcano.nble ct)nt of tim faclll-

m_chlne In locag.d t. a ro_m. nhop or nlmllsr klml tlun nIId q.lck mc_ntlfcmcllt ilroccthlrn, paftlctll_ly

(1[ _rlClotttl_l_* _. ]rD]" cor_pl_ tlll('l _tll_[ll_ _01_1- l[ _t_crll cll'ctronlt2 _qlllllr_vll[ ft_r _ll_l prDc_l_B-

parlnon of Identical or nlmllar product_ (¢ltlmr In 8 In t,_lnfl t/ned. For th/a ran_ua Imth lmluntry

laanufoctnrad h_ wrlolm ¢uml, anlea or nlmilar pro- aml rune*dr'oh or C_n_lll_ lnlltlr_torla_ flrl_ e_[llOylll_

_..tacr.rud by i,._ C*ml,_ay). ,l_ta_lnatlon.

thg nbov_t-_rl£torlotl Jll l:hll TIII_ l:lla _nOlll_ tie Lho Ee_v_fch lit
F.r _accnt paper ilroecrt_e

i
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the revertlerlttton method for nolald power mulirtllr¢- reverberaLloa room r11utbod ha© IJee[I freq.erltIy crit-
i_elltn ilcrfornled lit the D_lnlrtment of Ar¢'hltectllral lciz_d [Mr _b|o nyatc_lltle error. Ilowever, It
ilrl_lllecrltl K Of Tbo Pelnlnylv_nlla !;Late Urllvernlty. r_Llllt lie eoll_ld_red that very fee _otirec¢l radi/Ite
_/']lo rc0earcb bile bce[i ttilotloored by tile I_r41otn or _ound IBEO it free nllace _ _lntl tb_r_foro, the re©tilt©
contrlletl_ wltb the follo'd|11X _l_lleiea or compllnietl: of re©lie(tree©elite In .1 reverll_r/itl(in roogl earl ellarac-
American 5soleLy of IleatinBp i_cfrlHcratlon lind Air- terl_e tile _ource more renllntlcnIly.
CoBd[tlonln_ I_n_lllecrn, lee,, I} 6 K InnLrumentn,
ilatlollnl Science FOOlldntlon (2 ffrnnta) and i/atiotllll Ano£her tlottrce of (!rear In tile duterln[nllLlon of the
ihtr(lntl of Standltrdn. notliId power In an In©trill©lent nnml)llB _ of tb_

ltlterft_relICe ilat£ern of th© revcrberetnt portion of
[qlliiCIPl,l_S AitD I'IIOIILEMSOF SSUIII) i'oNi!l_ HEA:;Ulli!HI!_T!; th_ nound field 15], particularly If the iiource
IN IIEVEI(SI_ItATIOtl ]IOO_!i rlldlateo flare relies, m) thai the maxlm,i ntld minima

I)[ tlt(z nDtllll| pretllnlro havt! c_lnnld_rllllle level

T]Io dctorralnntlon str aOutld l,ow©r Ill rcvurboratlon cliff©rail©e. Tile effectlvclle_*, of the tlound prestJure
r0nma l_ baaed oa the etOnUlalltlon tbag the revcrber- nqultrt!d aver*l_lltH_ dependtl oil bath [hc apa¢lal var-
II[l_ DOUllt[ field ball 4 tllllforFa en_'rsy delinl_y iiilll lability aad the nil_b_r o_" iincorre_lltcd nnlnplea
thnL the ©nergy density Ia proportlullal to the tnktln. At bJsb fr_llaerlclen, whPii gbe i1o1111tl field
ptnt_r radiated by tile /ioor4_. I_ In oft©n alml lu ullfftrlcntly difftlne, tile vnrlnltce of tbt_
anatlm_d tbat: the _ollnd ilr£n_tlro mluared lu proper- average 112 ol)tfilncd from il mtmplen to tbe I:roo I;lelln
Lionel to tile ©nergy ilennlty, Inl_ this In true ouly p2 In tile dlffua_ flehl In glveli accordlllg to
if tbe pr_oaure aquarcd la aver_8_d over the entire Scbroeder (6] and i.abnnn I71 hy

volnme of tile reverberation room. 02 . i

Til_ practical procedurea _o determIll¢ tile eased p H (2)

power 111 th_ [ov©rberntlorl room fire d_ncrlilod Ill At frerl_t¢llcJco lo_r thnn npproalmately f -
tile A_S BI.21 "l_¢thoda lot tlm P©tct_ahmtlol_ oI 20110 ¢_I']V, whur_ T la the room rewrb©ratlon time
_)_Ll_ P/_'I4_FLev_ln of Small !lout©ca Ill itevnrber- lllLtl V it_ vOhlmo _ tb_ Vflrltlllee IB _Iv#211 byotis© IIoomd*. Thin aim©lard ttefl_len tile limit0 of

tile pr©elalon of the 0ound power dct©ff_lnatlon, 0 _

t_llch can b© ©ape©ted If all provlalena of tim o_ " --0 (3)atamlard are no,Jailed antl_ pnrtlct_lAfly, if tile - H
ellHber In qoalltled ©ccordln_ to described qoalI-

2 •flcatlon proc©durn for a particular type of moored, whet© (I I. Al¢ilOu_h no tbeoretlcal llredlctlon
G_narally. til©pr_elnlon of tb_ m_natl1"em©nt_de- 0

for U2lta_ been obtained_ ¢;sllcrlmcntal data ar_
peMa oa tim _o.rcn _p_tr*_. If [_bc GOulld ilOtllt_¢ _vall_tblc [l_].
radiates _ bro_dbnnd apectrum, Ira power can I10

m_n_lred more flccur*t_ly tImB til_ p_rlr of i_ flOllrC_ _]1¢11 _klrl_ _ULtla_ OOtllld pow©F fa©nmlrementa, tbn
that radiate© _ imrf(_w band apnetrura or nlnBle _otn[ variance, a , of th© nOUthl [)swat d_tel-mlnnd
freqt,enelea Ill, _im ren©areix apmmored by tim In tba reverberation room In _Ivcn by tile sum of
provlouAly _ntlonud A_urteIo_ eoncmltraterl ivmlnly tim two varlaneea:
on _be problrm_ nf _¢nnure_ent_ aL iJlnl_lo frmln¢ll-

etes b_ca.H of th© Kenoral difficultly, involved, o_ - 02 + o 2 (t,)w p

There arm two _ulJnr i_otlrc_t of error lit determine- T_ determln_ tbo ntlltabJllty of tile reverberatlOll
Lion of the eoond pownrl I. The varlatlonn of
th_ mettle|l? r_dlated _Olllhl ptlw¢_* with the location room l'or tbo aquila[ pew#Jr in©ttmlrem©nto, til_ foot_
of tb_ _ourcm Ill tll_ roo_ t_nd 2, tiI© error llltro- Ilaa EO b_ qtlnll[lod nccortillt_ to t)l_ Ilroe©dtlrcn i|_-
d_eed by _a_aaurln8 the _eund field at n llmi_ml eerLbrd II_ tile A_!I ._1.21. Tbl_ prated.re donn not

tJ©tor_lll_ tl2 directly, [lll_ lnvolve_ tim tlnc_rt_|nty
ntltaborof p©int_. Addl_lOllal error can lie c_[in©d O[ t_tq BOIIII_ l)_l_r d_termlnatlona baaed on both

by tile lack of preclalon ef _11©or/tilpraent for sis- effe_ta dencrlbed previously.hal proc_n_ln8, miCrOpilo]le cellbratloll and ilia

like, trot timn_ errata can be unaally kept well The banlc Idea of tlm qunl£flcatlon proe©dnrn In to
©rider control by thq foo_ dnnl_ner or operator, teal the chnmb©r iliid_r tIl_ nr.m_ condltlona o1_ ll:n

lira ratio©lena of both tbll _OUlld pow_l" rtdl_tloll actll_l ling. The _ourld i_ource for the qlmllflcatloB
with the #aurae poaltlon _n(I froq.eacy, and tim t_at la a n_ll loodnpnak©r (rcpr©oellth,_ a point
ao_md pr©n.are #pmtlally In tile room are boat Ill:- _outcu) tbat lfl pieced Ill tll_ [)OlZltlOII O[ aCl:ila_
acrlbed by tlla variance of tim a_atiatlcal lawn e_t_reea teat©d, l_le _ound prenoura Io sampled aT.I

procnnned with tile equJ_¢ttt deal_ncd for tiler
for thaaa varlatlnns, linrtlCtllar cbtlmber, Tim charm[mr l_ teatmi for _ach

Tb_ v*rlatlona of _Otlnd power wl_il aotlrco poetltloB on©-Lhird oet_v_ bnnd of tbo required frcrlti©rtcy
p2 i_aw bonn prndlcted theoretically [2]i h_wcv©r, range of tb_ chamber. Tile particular erie-third

-. octave band In n.l.llvlded ref;.larly litre 22-25
IIie agp_rJment_lly determined yalllolt _r_ _lJcb freqao_cy /ntorvala #lad thq loodnpefl_gr reel,_Tina Ill
lower, partic.larly at lay fruR._neloa [31, Add-

ltlnflally, tba _ound power averstied, tot IB=tflrlCt3_ tbn frc_ fluid la d_tcrrqllled _tt t)lea*l frequencies.

over a band of fr.quencl©a that In radiated Into Tbc laudnp0ak_r la then pinned Ill tha cb_mbor nnd
the fev_rb©r_tlon room_ In lower theft lil_ I_Otllld tile ©pat Jelly avnrat;ed value of thet hound [l_l_flrHirt_

power willch the #a_ eoarca WOuld radlaCa Into Ire© )©vol In d©t_rnln©d for each o[ tlm 22 lr_q.¢nclea._paca [_J, particularly _t low frequenclea, Tile ^fC©r correctlnlt Lhc.n val.en for tim lo.dapeaker

ca]Llbr_tlOll, the _tnndard dnviatlon of tim i_ntlrnl
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[)rt!naBrt! hiv91 v_lh]_ |[J caJeu]ltted. If the t_lgll[- TIll, [lll]lur d(3_![ not [irc_[ellt tiny d_t:llied _lltt_ria|

Lud_ o1` Lh|rl tJi:allddlrtl dl!VltlLlon e_et!t!dfl th(. va|lle (ill till! rel_Par_h _-er]ulLiJ but 0lily hi'[(!fly nllll_llllrll_J
t[ttfllll_d Ily tll_ rlt/lllt[/Irtl_ tilt* C]llt[llllei _ tlot_/i Ilot [ht. tIchlovelllt'lltrl with r(!fer(!ltC(!ll to JiturnLiice con-

qunIlfy for t_/inurc*ln_ntrJ, t;l[rl|tlg tilt' dt!tulln.

It in apparent that the qua|lflcatlon procedure LII- I. Rend'arch IlelaL_d to thl_ Ef1`_ct of Rotlltin_
volvetJ the coml)lnnd i!ffeetn t)f thu frequtr!lcy de- ._l_fl_2m_rr !

II_ncJtlBel_ Ill" tile :lollnd r:ttllatloll nml tile [I 2 llverll/|JltI.

|ll ()l'(ler to flllll Ollt to whirr extellt _]le t'XJllLlllg 'lhl_ flrllt tar;k _ttr; to d_termlnl! tip2 balll¢ chllil_Pfl In

rcv_rht_r_tlOll rool_ll qtltlllfy for ml.aflllr(.[_l!ll_a I1_ i_tlr_ tilt" iit)llfl(I fl_d_ _l'[ll!ra_d lit ii al[l_lll fl'l!lltlt!tlcy

tolll_ I i_il[ly chtl_[)_/l wl_rl_ tt!_ltt_tJ on /Ill l[itl_rlllltlOllal _IIP[I I1 _otatln_ I dlf_tl/ll_r _ll!l ll])[_lh!d, I:ro_ mennur_

Iltl!llll 19_* [t "_tlil folln_l that llOlle of the Cllltllll_a_ mt!lltl/ lit all /lnl*chtllc ch/l_ll_!r II. ]lllH ]lt!_'ll fOlllttl_ tiff

ch_lmbern with hard _alln qu,lI|fled ll_ lo_ frequen- expelled, that tll_ movltl_ dlffu.cr (_ll_ll r_fleetln R

cl_tl, th_z rllltlnd _llvell [}l!_llUil_ of t_le Ihq_pler effect In-

volved) In itct_lally a freql_etlcy i!lodulatt)r. If th_

_lal: nr_ £[le t_elllla _o nc[lleVl.* qll_tllfl_atlolt anti lit- lll_ltll_llt iiiiv_ hll/i tl tl|n_lh! fr(!lltleltey_ tltt_ _[}ectrllm

12rc_tncl the [IrcctllJo[l (If tho iffellnllrl_l_tltrl? Tile tltltlll([ flf tho rl!_le_t_d i#avt_ ¢OltBltttrl Ill ilcV_rtlI ll[l_tl_

lll_/l_llll'l_ tlVcrll_ltt_[ _lff lrallroved by the tlr_ (If it _|Ltl 1`rt2(Jll_211ey llltllI'valfl (l_llt!lldlillt tlll the nlleed of

roL_ttltlg dlffufler, _lllell lBtroduecn aln]_llLildc ttlld _le tllffllflCl_ e_llte_-ctl tlrotlntl LIle lllelllel_t _'ave

frcllu_ncy q_ldlll_ltlOB Of thl_ flOIlIllI flell_ alld rethlCerl frcl[Uellt_y. IIn|ul_ tile frl_lltlt!lley I_lhllll_tl(llt th_ol'y
IIIC Vl fin Cl_ 0 2 ulldt!r t _ v 1` c of l/ t i._ iI for electrical nlgnllltl, thl] [!lUdttllt_lotl llld©l_ of

nultable diffuser dcu _n n eannld_rable _a ii can I1_ al_l}le tthtllmd dlffttncr could b_ determltlt!d. It
nc[ll_Vl_ll. "_atl fotllh] thtlt thl_ lnr_el" tile tiff flirter ciltd the

hl$11er tile I!llldtli/Ite(l frellUUltCy _ th_ I}lrtllJt_ e(luld

Ttic vtlrltttlon oll the rmllttted llotlnd po'_l" "_lttt both bt! tll_ i_pectrttl_l of tile r_/|©ct_ll '_'avg. _ll_ll tl[ttlr_

1`rcquetlqy nntl ponI_l_ll enn Ii_ dgcreant_d Ily lnerean- iltln_i tile rotntln8 dlffuller Ill n rcv©rb_ratloll room,

lll_ th© Ii_d_ll dfll_plll_ dntl t]ltltl ll_[}rovltlg tllO i_t(ltltti t[lle ii[l_etFiil_ 1_12_o_t_/i eVl_ll [iFofld_t Ily r©fle_tltlllgl of

overlap. I.o_ fr_qu_tley nllflorberu placed un rover- _hlIhl froll th_ _l[]n. 'l_lln lfl tll!_ to ellch _llcctrll_

berniziofl room wnlln t'epre_ellt n prtle_|enl _ollltl_ll line '_]lll2[i w[lell rtl[ICgtl_d I'['1191 the dl_1'ua_r I_eiier-
to the Ilroblcm. _tte_ a new line np_etrum. Addltlonnliy the dlffu_©r

i_l_dulntcn the nmplltu(le of the "oIl[Itl pr©tli_ul_o 111

Thu ral_¢nreh ilpoB0ort'd lly th© nbov_-snelttloned tile rnf_nl. It t'ollltl lie con_lllllcd thn I- _lle fllllll

II_ll_i_l_ COB_£1_lut©_l rlot119 datu for th_ dcl_l_ll o_ I_ffoct of tile rotntln K dlffun_r In tim doun(I /l©ld

rcwrberatlon ro_r_ _lll_h I_llll_l_ _c_tlICe_Ilt O[ Ill _lll_llflF to _lltl _Ctl_l'tl_lO[I ()f t]l_ fl(lllnl_ flQhl _y

th o _OIIllll I/o_l_r "_l_h belier pr_clfl|on. Tile rcnllitn ts I, ultl_otlnl nourect /1[1_ t]lorofore_ th_ iIll_l_lnl

Of _llIfl r©utltlr©h _tr¢l _ufl_rL_rll ill i_]le ii_xt OeCtIOB* Vttrl_llC_ of l) _ Ill fltl_ri fl _tlntl _l_ld IN 1111112rlIIm_lll_r

_h¢lli _ll_ll the z/oure© r_tllat_ i_ Illll_lll l'r_quelley.

I(F.,_I/I,T_ OF 14_I_AIICII }'or i_rnctlcnl i)url_onon, thn reduction o1 the v_rlt_n-
cc eml b_ dcncrlbcd In terms Of A ItI_lli'_ Of MCrl_*

Th_ r_n_flrcll corhllleted (hlrlll_ tllt_ _ year" p_rlod at Thin me.liB tha_ _hc tllll_llll_r O[" Inlt2rollhofl_n ilrl_ll for

'l'h_ Pt_nllnylvallln 5tstc IInlvcrtllty wnn orlc.tcd In the _cnnnln8 of tho UOUlld field earl bn olth©r rn*
two dir©cI;lor, n. l. '1'o _xlll(lrl_ LII9 haole klltt_lcd_u thlced or, leith _11_ narl_ Iltlmlmr of i_Icrophonl_n, £11_

t_ th_ rl_ntintlenl prop_rtleu of tim aOUlld fleldn_ pr_©l_1`oll o1' th_ reuultn In l_provml [1, /ll. A1-
_dullt_d [ly thl_ I1_vltl_. I diffun©r_ _fltl th© cffce_ uf thoush _l_y_rlll kfndB o[ (lif_ilui_rl_ _t_r(3 retired, I_()r¢

lllCrt_/llt_(I [I_CI_I_I dn_plll_ oil th_ i)rop_r_I_I_ 01 £tll_ I¢ork hnn to hi1 th/tla Ill,ore/ nlly COllClll_lOn Oil _ll

i_nllnll fl_ld 111 th_ r©v_rbr.rtltlnB ruor_ with or with- (iptl_um tl_nlfill mid IlitlcCmel_t of £h_ dl1`fu_r In the
out thq I_)vlll_ dll_1`tl/ll_r, t_l_cl_ fill _tl'B_ly© _tlld_ r_v©r[icr_tlOlt rol_m ciiii tl_ f_tlo.

on thu _ffoct o[ nill_rcc ponlLhlll on _hc _outld power
rtldlntion |inn b©en ColBhlcti_d. _* another" fltl[tect Aililtll©r ¢ltlldy Of l.h9 illfftlflOl" *drill directly rl!hltutl

O_ I.Ill_ Nork _na rl_lnt¢ll I:o _ll_ nltpllention of the tt) thn qo_llflentloll I)roc_thtr© of Ilia room _n ¢le-

$_Illml theoret1`Cal _nd r_pet'lm_tlt_l kfluwl_dfi© ou f|[lell Ill A_I_;ill.21. Thin ntudy w_n ll©rfarme,l Ill

L|t_ _lll(l_lll_ fD_ (IIHll_ll Qr rl_corll_trllctl(t[i uf coll_l)lll_ltiO[i _l_ll _11o ilnl_llll) _ ol _ Lh© I_)d_u, arid _11_

_l_tlnfi IrOOm_, no that th_ mellllur_mCll_ of I_Olln_ r_lll_.tl _r_ ©_l)ri_l_l_ll 1`ti I;_rlllrl Of thc I./nll Ab_lolt'p-

p_w_r could I_ done wl_l_ better pr©einlon. ^ltlim_h tlon co©ffl¢le.t [/)J. It w¢l_ /OUlld tll_llz with h1`_hly
_ny pl:ohl_o Ilnyn b©©n noived_ thar_ nr_ ntll[ many nb0orbln_l wnlia n.d without tll_ dif_uncr o_©r_tllllt,
t|)rttqu_n_lonM _;Itl ftlrtll_ r©n_rch will D_ tl©C_t)l_nry tho |'ollffl ilocfl tlO_ ilu_ll/y, Thin wl_ll ill II_r(.IRell_
l I1 flllll I._lq _BgI¢IIF/I. It htltl to II11 r_coffllll¢ll, £h¢lt "_lth Lh_ CenLa I_cr_'tlHl_cd (itl fill llltl_Hl_tt_Oll_l [)_llo.

pt_lc£1cuJ_rly tll_ r©nr_Fch oil th© t_f©cLfl of rotn_ln/_ Alnt) trlu Im_nlhtllt_ of q.all_yln$ t)lt_ chll_h©r d(_-

tlll_fll_'lQrR lli frolq t_ll lh_orci_lcA_, pOlllt Of VI©'_ tt I_elldn Oll Ill© flollrc© lloi_ltlo[i. _liciI Oll(iTn_'lllg tliQ
compl_t_l_ ne_ nre_. The ©f/ncta of th_ tl_n vary- cllf1`t,ncr the q.allfic_tlon erl_crJo/i wnn tq_pr_nchcd,
1'lt,_I btlUlld_ry Condll_JOll_ i)ll lhe flOlllltl fl_ltl l/I lll/_ IHJI_ nt io_ frcl].en_lc/I ill ll_rLIciil/_r It htla Ilc¢ll

"' C(lY_Fffd hy flfl_" _lll)l_e_t_io[let Illhl tll_'oft)r_ th_ fUlhl- folllitl _OCllt_fl_ to l[Icr_sr_© Ill(3 _flil fll)flt}F_lf_l_n O[
_m_nt_l prlnelpl_a nf th_ _l)ro_teh had to Im found, tim room to _ch/©vc th_ qtJnilflention, i'or a oo

I_ Al_t)_ ClI_ _l_perll_lll'_l gcff_nrch l_r(tsra_ll I_ollzted to _'llr I/llk/Io'_n _'l_flooll_ th© lllercnnell C]lnmber _li tltl-

m snth_rMIR prn¢ll¢_l dettn _or diraec applle4Llolln wt_l porllClorl (¢1 "_ 0.1_) _C i_l(Itllo RIIsl hlEII freq.©_¢lc_

r_qu/ra _dwneu,l alactronlc ©quipm_nt nml th© col1- the roo_ In l©nn llk_lF to qualify chnn _lktll Its"

_e_l(/ll *)l_ n _t'aAt _mouut t)r data. wall nh_orption (_t _. 0,0:))* Th©r©fnr_, t+n have

eonel,ld©d that fror_ n pr_etieni i)O/llt of vL¢_ only



tile 111cI'¢n0_ oZ" the low frequ_:ley _lleol'ptloll elnl Ilo Ill the _[llLloll_l ]ltlre_nl o[ Stund_rclu l[_port [12].

recemr_end_d Ulld If tile ql,_tli/lcution hall to I_e

nchieved, It In ee_ent|nl to illcrctl_e the :nodLll Yts'r:t, Lhe effect of u;lll aml_lLLutle w_l_ uLt,cl/_d. 2
dlonp|ri_ In t)le |ow frt!qllency re_lon. IL hllo Ile_ll foiJttd, t]lllt the iipnt|lll vnrlntLcc of [_

decrelzoe_J with lllcrenotllg n:nl311Ll,tle of the w_,ll

Ql_al|ficatton for i_ltlttl_lcl no_,rc_ poolttolln uzzu _luo o_¢llllltln,l_, Willie the freqiJ_ney of the wall

_]xperl_entlllly l]lveutt_llt_d zlnti _he _'c01tlto ]tavc Otl¢||lllt|Oll_l ]llld n very emit|/ effect on tile v_rlnnee
Ilectl foqJl:d to co['renpOlld _lth tile l'e¢_nuncndnttollrl of Ii 2. Tllll: rcu_llt In ql]ll:o lol_lcltl , Ilcenttl]e t_le

111 tile AN_] _1.21. Ilec_tt_l_ tile m_llt|ple llotlrec 13oo - lncre_ltled _lnpllLiJll_ l_l ctlur_l;_E_ de,per II_odutxltlo_

it,.oil U_LllO_I iN not too ]lrelef:|el_l_ thta prob|enl _'_1_ of tile _Ol_llti fle|d. The ll_p|ittJde of the wltll
no(: deeply e_plorcd, o_citl_ttol_l 1_ lnlttla_loIJ_ to the uJLZu of tile ro-

taLlnll dl f fll_er.

AiioLher p['ohlem r_laccd _o th_ d|tfur_r OllCr_ttoJl

_hlch wan _lJrtlued wezn [tic c_t_llt of _]le dlffoeer Another i_l'oiJp of ccilcuilltion[1 were devoted to thu

eff_c_ Oil _:ho t_O_lltl power r,_tllntion frolB tile uourc_, otlldy t)f the eff_e(: of well iib_orl,tinll on _he nl)r_-
T_3_ro wer_ illd[e_tlotl_ llO] _lnt_ tile llll_t_llli_aneoll_l till v_rl_l:eo of Iz2, Cilletl|at:i0n_ w_re p_rfofm_'tl

power fod|_tctl IJy n nlotlo]lolc aourc[t in _ foncLioll of for 22 fr_qtleoeicu of _]le 12511£ o]l_-L]l._rd eel:ova
tile llll_t_lll:ollCOtl_ d|ffutler iio_ltl011 _iid I t]lcrttforc, blltltl wl_]l tile IJO_Jlnl/iry fLx_cl n;Id with _he well

It _n_ Iioped thnl: tl,c difftt_er will aloe rednce the onclll_:l:ln K el: n eo]t_tnn_ _ml_lltude. _'ha wloc_

npe_tl_l v_l'/flt_Oll_ of th_ r_l_Le_ _outld power all of _he elll_tiul vnr|nBcn _'_rc d._.ffe_cllt for etlcIi of
tll_ zlource 1_ moved I_hrou_hot_(; th_ c]l_tnl_cr. I[_w(_ver the _2 freqtlelletea. ]lowever the _verodeu OVOlP tile

I_y c_tre_ll i_gtlelu_'cp_cn_ [3] it l:a_ [ic_11 lotted, t_l_t ulle-thlfd octllv_ Ii_lld lndlcnte thrlt wii:ll lllerenn/n_

the dlffueer lien lle_liKtbie effect OIl tile vnrlntion_ well nboorptlon (fro;* ci - 0,06 to O.12) tile over-
of _ho l'at_fatl_tJ MOillll_ power wlth 0otlrt:a iio_lLlon_, _ee o[ Vlll'Jallc_ Ar_0 dect-e_tJ_lfl_ _'t'onl 1,_ Lo 0,75

for tl_o wall o_clll_tln_, '_1o calculn_lon_ wer_

'_1_ racllAtion o_ noUIltl ft'or_ the _ottrcc dtlrlB_ olin llerform_cl [or two no_rc¢_ pOt_ltiollMI erie cho0cn

dlfftloc_ ¢cvo/uclon will h_lva t:o l_c _f_ud|¢d ftlrt]icr, rando_tty |JloidG Of (_[IU _OOB_ alld onc very C_ooc to

etJ)_Ci_i _OtIrCI_ llJlo_eill_ l_[le ill_tfl_L_llCOlle _a_llrc- _hG wall to _Ir_t;ltltc the two pl'o[;a[_ll_ OOLl_Ce poo-
M_nc of r_dla_(_tl 0outld powtlt _ _lll [l_vn to he coil- ll_lolln, |n both ea_u tile effect of _tbnorptlon wnn

m£ruc_ed, Wlllch nn n prelimillnry ntudy llldlcnLe_ oimlinr nnt] ilion, tile Pl_ure of fferlt_ ware lint tOO

IN lltli_ll _ compll_ l;a_k, deilelldnrtl_ on l:he llollfco [)un£tlOllO, It Call be COlt-

cludc_ _[lflL a_ low frerllle_eiee tile illC_©_eti f_odml

2. 'I_leoretieel| flttttl_ of t[l_ Tim_ V_r_/tl_ IIoun,]nr_ damplll K Hlve_ tll_ _dvall_ of _lecr_anet[ vnriall¢O
(]ondlt|o_ of 112_ _f t[ll_ 1_ _lgo Lrt+e_ [IIBIJo_ fr_qtlelIcle_

will h_vi] Lo [)e _olllld,

l_ ord_ [0 [_ the ezperim_ntal _neitltn on _ll_

thao_, _ tlleO_lcal _del of Lira _ov¢_l;o_'a_lllfl _llother ee_le_ o[ Ca]cul_L|ono were devoted to the

fOt_T_ aa ba_n devalolled 111], To aimula_e tile Lime- eLtt_ly of the effect of the _all al, norp_lon and tile
varyXn 8 boundary condtkiona tt r©c_anslelar ro_m ha_ wall oaclllntl(_n_ on th_ act.nl power radiated by a

DeeB coll_ider_ with o_a w_tll oeelllatlnl_ _ a l_trse monopoio n_urce Into the rew_b_ration room, f_
_pl_tltJ_ (tip _o OI1_ WB_©lc_t)I Of _lt_ _OllDd _OlICC_ tlll_ eagle 10 _OIICC_ pOfl_Ll_ll_ were C11o_11I _ _n-

fraqi_¢ney) _nd at a low fr©quency correnpondil_ to aide of _lle char_bcr _lld _ wry cJo_: to I_lle bol.ld_ry.
the Fmlatlv_ly nlow epoed o[ tll_ rotn_ln8 dlfft, eer.

_]lfl mAt_l_LIc_ treatment W_B axtrenmly complex_ TII_ calcllletlo_n avnr_ed ov_r 22 trequ_nclea of th_

however _lle laodel allowa tile Ca]Ctlla_loll O_ Lh_ 1251l_ on_-th_d _ctave balld lfldJc_ttt_ LhPtt the

noulld prleaNilf_ ill t[la room aL any pnfn_ and for any power radiated lille th_ C)lnmller With ilia fl_od
any mon0pole aouree ponl_lolt with _hn freqoency anti bolJnd_ty In ny_t©m_lcnlly lenn C]l_n _lt_ power

_mpllLod_ of L[IQ onc_ll_tinB well _ _ parnm_Eer, whlcIi tile nourca Wollld bn radl_tlll8 into free np_ce,

_AOI;h_p pRr_n_t_ l_ tile J_petlallCe o_ roo_ wnllu. _[]le dlfferetlce for _ partlculflr _01l_Cm po_l_lOll lfl
1111l_IJt_ll All 10 (ll_. T]IQ po1qer _V_r_fld OVf_ _ iIOllrCe

Atthovsh th_ m_the_cte_l nol_tlon w_n Dn_lc_tly ponltlonn reol_lta 111 Lh_ lliff_r.nce of 3 to 6 _IB

ob_i_ed l_ _ clolled for_, tile nctoal ,|ct_r/_tn_I:i(in depcnlliB8 oil the abeo_ptloB, lncteanet[ nhnorpclo,I
of _om_ coafficJen_ lm baaed on appro_J_t_ zlo_- tlecreame_ title ny_te_lc error nllKhtly (by

ut_on_ of nn lnflnita illml,_ of eqt,a_lotzo, Alao. approxl_taly I d_), Tile effect of wmll oacllla-

In ord¢_ to _yA]ll_t_ t]la aLa_laLIcal p_rnr_cnrn allCh _lOlla on _h¢ radiated _ound power l_ _e_y nm_ll.
an ehn _p_lal vnrl_ncn of p _ and tile acLl+ally re* _in conflr;_e tl+e e_pecim_ntal ffn_llll_e wlth th_

dinted power by t)l_ eo_l_ce r_qulra_ l:he uao of c_r_- ro_n_l_K dlffuaer [3].

pu_ar p_O_r_UZ W_llch e111_ll eevef_l llolt_e of C_T_pII--

Lotion on a f_L co_ptt_ar (IPM 370) nntl vet'y /ni_a FJBnUy, _lt_ calcul_Llon_ of tile qu_lif|cAtl_l_ pfo-
m_mory Oil: lol_L 300[), eelll_re havo b©elt performer|, An e_llcc_t[ from ex-

p©ri_netltal _©atllLn 011 rof_A[lll_ dl_tlll_r_ lncrenned

:. , _J_II_K _h_ d_¥elop_d theory an_l c_mlllltmt" l)rogram_ n motl_ dn_plnfi _nd Che w_li oeclll_tlonn at'a ©0e_n-

_efJel of e_lcu|_lol_ II_ been performed. Bccauea tlal to nc|lievo tile qualification.
o_ ti_ _nd f_n_n¢i_l llmitatJonn, only _ llml_ed

_1 v_l_ O_ parceller| _ym _e_ mt_lll|od t _nd l_ In A_ rnentlon©d Itef_re_ the d¢._¢rlptlon of the re,t_l_

hoped th_ ft, rtl_r financial _upporL wll_ h_ found repre_eBtn only the _Jor _Ina _f the rmmeercll.

to conclnue in tllis _rk. Tho correspondence wl_h _ore detAllcd work 11_o beeO done,

_ha n_e_nttrell d_L_ _n rotn_tn_ dlfftlnern Ilnl beel_

fou:Id yary _tlnf_ctory, Tlla re_uitn nro _umm_rl_©d
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la_m_ Involved l_ _;rk Oft Ilotlnd p0w_r _a_nllr_mn[tl;ft
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"Pl'oJecto Ol1 _mproVllliJ the _v_rberi_tion Technlque_
of th_ _e_u_eftlcnt o_ |;oi_e Emitted by Hachineu"

pre_ented by

_. Tichy

DTnCII_TON _

I{. Coht!n I

_llIIAl': 0t_ndnrd ]6-72 which you hod It _pp_nr_ to n_c_ thnt in n _roud-bru_h

_lo_q_(_iIiol_t_ i_ r_v_r_urot_o]1 room hn_ _unt u_d _or _ound po_r _Du_c[ilent_ oro _ot

boon with_nwn. _h_ re_on in that now AII_I found iz_ univ_r_itic_ except for _copl_
;;1.21 is woll cotabli_hud _nd w_ _el thore who or_ doing tt_tin_, or who _r_ doing

io no I_io_ l_ecd to h_vu _ _p_Fote _tnndnrd. _uuen_cll into _ilzdII|_ la_tt_r w_y_ to I]_o

_Io 0thor _oi_ _l_nt Z would I_o to m_o mu_urcln_nto in that type of chn,_ber. On
in tJ_t o_Ol_t the vI_rlou_ [n_urcti_oI_t th_ other hnnd, _ou _Ind m_ny of th_n_ i_

moth0d_, th_ _everborntion rooi_ i_lothod I_Iny Indu_tr_ 1_ec_u_ of th_ _iI_plicity o_ th0
np_n_' to _ t_ndu[y coml_licntcd _c_u_Ju tho _on_uz'ezn_nt. It i_ my opinion thot tho

_tn_rd which cov_ru it IB "£_tt_" o_d pcopl_ who t_nv_ _hc_o ch_t_b_r_, _u_len_ they

th_ _ro IIlo_o "down" _nd 'don_t_ " tho_ on _ro luc_ u_o_h tp ]l_vo _ _oo_ oco_ic_]
th_ other m_thod_. ||ow_v_r_ I wo_zld cnqtioI_ _n_il_cr, don't know how to u_o th_r_. C_n

thnt thi_ in not _ proper conclusion. Th_ we t_ll industry that if th=y mnk_ th_
l_o|)|¢r_ i_ that th_ othQ_ ii_othod_ hnv_ not _)on_r_mo])t_ i_ _hu_ _oom_ tJ)_t L))_J_ Cn_

b_n ]_ought _Ip to dnto _or the 1_t 15 _xp_ct rc_ult_ _ithin _ cortnil_ _ccu_c_7 :
y_nI#. Th©y nrc _till only covered by n

tOtnlIy obno1©ta _merlcan _tnnd_rd _1.2. !_T Tt_

Thq £evi_lun o_ tim othQ&" mathodn iB lon U yeD, I thlb}_ w_ cnn tell them that.
p_n_ _ve_du_, _nd tho [act that thoy h_vo Tha _o_ between [r_u-[_aI_ _nd ch_mh_

_ot be_n brought up to dat_ con_tLtut_, in would b_ about _ to 5 dlh oI_ tho av_r_9_.

I_y _Btl_t_o_, a v_y _ioL1n (J_ i_ OUr

I_Btio_ :n©anti_e,_eht _y_t_m that I hopn tho

_t_o_ |)t_IOA_ O_ flt_n_a_d_ will recogntzo.
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A NOISE CONTBOL PROJECT IN A -r;NACI(-I'OODPBOCHSSING pLAI_'p

D. Muster, Brown fl_d BOOt Profo0soF

Depnrt.lont of Mechanical ]_nglnuuring
Unlvnruity of ][ollrlton

IIouiJton, Te_B 77004

ADSTRACT in flat Cnvc, which wvrc In placv 4000 yearn

ngo z. In thoIF modorn forl,_, wo havo pop-

In food-procoa_Inq plnntn thorn Gro _Inlquo corn, potato, corn and who_ton ch_N,
Nolno contro_ probl_mN. On tho ono ha_d, whQ_ton I_rot_ol_ _nd cr_ckoru, _d bltn Of

fadarnl guida lino_ roquira tlmt tho plnnt_ corni_l _xtr_*dod at high tol,paraturo and
bo q_zi_t. On tho other0 rogul_tion, govern- pr_n_Llr_ _o that thoy puf_ into a vnrlaty

InrJ Cl_nlin_n_ r_q_Irn fr_gllont w_hdo_nn of form_ for _ub_qL1ont drying nnd, pot-
of wnllu _nd _qL*lpm_at. Thu_, plant _n_i- h_p_, conting with oil or other Ingredients.
no_r_ .a_ ,o_t (fo_ noln_) - hnrd (for

cl_anlinoan) _olutLon_ to their prob1_m_, Tho _urf_c_ of th_ oquipmont u._d in

an almost .olf_cont_adictory not of r_qulr_- _n_k-food proca_inr_ plant_ _r_ pra_rnbly
mQNt_° nt_nI_ nt©_II nO copper, h_o_o° br_,

MOnQI m_tal or othar coppar n_loy i. p_r-

Zn th_ paper, th_ gQnoral n_tnr_ of th_ mittad to como in contact with th_ fat_

_unctlonal r_ql_ir_m_nt_ _or tho _q_ipm_nt with which tho hlta and piacoa o_ food _ro
in a tJnnck-_ood pro_aa_In_ plant i_ diu- fried or co_t_d. Z_ el_nnlinQ_ w_ro th_

cu_n©d. ThQ r_ault_ o_ _n initial _rvay onl_ connidoratlon, any of th_ coppar
whici_ dQfln©_ th_ noin_ control probl_m nr_ alloya _bovn or ntninl_a _t_el woL_Id p_l_-

glvon. Tha _ourcn_ o_ noi_Q Inehzda con- _Ic.. llowovar, tho oii layar o_ th_ frlod
v_yo_. _Ir _otn, c_m]_zntor_, _trudlng nnd .na_k i_ tho _ol*rc_ Of a _orloL_n p_oblam.

packaging ma_hln_n, _ir-movin_ _ql*ipm_nt _hQ limlt to th_ _|l_If li_ _ nna_k-_ood_

_nd lar_ panola of atainla_a at_1 in vat_, i.d.t_rminod primarily _Jy th_ rancid
t_nk_ _nd ovan_. ThQ appronc|l _l_ct_d to taato which dnvolop_ from th_ _low o_Idn-

nolvo tho probl_m_ comhin_d an _dLlcntlonal tlon o_ doubl_ cnrhon honda in th_ oiln.
program with th_ d_v_lopmant _f practicnl _o r_actiotl i_ cntnl_d by light nnd

.o_itlona to th_ _o_t proh_m_, Concur- tra_o _mo_intn of mQt_l ioE1_, _arti_rly
rosily, in concort with tha corpornt_ _ngl- tho_Q of copper, llancQ t|i_ r_qv.lr_m_ntn

n_Qrlng _ta_ and mnnagorn, a long-rnngn that only _tnin]_ nto_l h_ _z_ad wh.ravnr

plall fo_ nolaa~cont_o_ w_o d_volop_d. Tha fntu Or _nt-covar_d food c_man in _ontact
plan provld_d _or th_ i_a*zing o[ _ngia_ring with tha _qLiipm_nt and thnt llght-lmpor-

Inntr_iction_ t_ pl_t m_gnrn and _ngin_or_, vlo_lu packng_n bo _l_od.
d_v_lopln_ _n improvad cqulpm_nt m_Int_nanc_

nch_du1_, tha inel.mlon of Iow-noi._ r_qulr_- Tho _ql_Ipm_nt Inc1_d_ npa_i_Ic ma_hln_n

m_nta in n_w-aq_Ipm_nt proc_*r_mant _pacifi- _or par_ormlnrJ th_ _ollowin_ functlon.
c_tion_ and a contlnuin_ program o_ oduca- (_mually par_orm_d in tha ordnr giwn) l

tlon nnd tr_ininr] in nola_-control t_chnol- 0 rn_Ivi/_ tho r_w _o0dnt_ff (potatoa_,
ogy for plnnt pornonn_l, corn and wh_nt) in u_-Lo froi_ht-c_

__ODUCTION q_*_ntlti__

, _3__9_ni_,_/a d _r_ "DP//_ri_J_t _ raw _ood-
Thorn in _ _*nlq_la ch._a_t_r to th_ .om_tLma.- _tu_ (_aY, rnm_vln_j tha ny_. o_ th_

contr_dlctory rnqui_m_nt_ p1_cod on th_ pot_too_, _o_klncJ and nh_plng th_

da_Ign_rn and op.rator_ of _nack-_ood pro- cornm_l mL_, atc) r

c_Ing p_antn. _la _u_ge_t_ that it wo_zld • .li_Inr I or _trL1dinq_h_ donlr_bla to nat th. _ont_t of thair -_- ....

nolmQ control problem bQrotn procc_adlng. • ._'ryin_t
_n_ck foOdn, _ wQ know them, mr,. _ rala-

I tlvQly t_c-nt innov_tlon, axcapt for popcorn Y-Matz, S. A,. ....._i-............ I_, Art

:{nm_ FoOd t]_me|Itl__Oc

which ban barn _n _tn_rican _oodatuf_ at Publl,hlng Conrpany. Wa_tport. C(mn_ctic_tt.

lan_t uinc_ th_ timm o_ tha ancl_nt d_po_it_ 1975.
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. drytnq or hnktnqt porhapn plantu. II_ any tJ]lift tile work forco nor-

. continq tim product with oil, tmlt. really in t|lo procotJuiiig aroas ltq approxi-mately 45 mon and women. Admlnltltrativo
_pico;I and/or c|lo_r_o: p_r/lonnol do not normally ontar tllu pro-

. pa_knqinq_ and alwayn costing aroau.

• convmytnq tho product to, from and
throtlgh t]lo eqtlipm0nt. |;'or _auy clu_ming, th_ walltl, floor_ and

CL'lllngs of tho proc_nlng rooml_ aro tllo
Tho proconoing in complotoly automatic, or othur hard nurfacol; (_uch a_ flnln|lod
m_chani_d from rocoivlng t|l(l raw fo0d-_tuff c_ment). 'fho fryoru and drying ovona aro
to packaging. Mat_ do_cribot_ t|m onglnoor- located in largn roomu with hard-_urfacod
ino and douign of typical machlne,_ equip- wnllu _nd floors, but the c_illngu are
aunt i_ dencrlb_d clearly with many refer- relatlvoly high (abo_zt30 ft.) in order to
encon to the npoci/ic equipment awlll_bl_* . provide op_co whore the hot, molut air

rluin,j from the _qulpllmnt ;naycollect and
A_ nn o_ampl_, lot uu conuldor thu .equon- then b_ rot:lovedt|irouijht]l_roof by Inrgc

tlal opnrntion_ and equlpmunt nQc_ary to (5-ft. diameter) fanu.
make a corn-puff product at a typical rate
of 30D poundu of ch_or_e curia per hour. There are work utationu in the proco_ir*g
Tim cornnmal ml_ is _oakod in large (I0 ft. roomu at thu ponition_ .hewn in Figure i.
x 2 ft. x 2 ft.), wheeled, _tainlo_ ut_ol The individual taska of the majority of
vat_. _ftor tlm bulk of tlw fluid 11_ the work force r_qulroa that they remain
removed, tlm damp cornlnoal ini_ i_ formed at |lair work utatlonu or in one room only.
into lO-lnch long, 6-Inch diluu_t_r cylln- IIoW_v_r, thoao who maintain and norvico
d_ro. 'l_l_o _ro fed into prou_url_od e_- tlm cqulpm_nt move throughout _II parka of
trudlng machlnna with a wator-coolod dig t}m proconnlng room_.
|le_dwhich produco_ tho puff_. A conveyor
pan_na tlm pu_fa through a drying oven with Tlm enlightened mnnngoment of the co_pany
n larg_ flow-thro_qh cnpnclty for hot air. wan aware of th_ O_I[A guldolln_a for accept-
_not|lor conv_yor ¢arrlo_ the driod curl. to able l_velt_ Of noiao exposure in induatrial

tu_l_r wll_ro |while ntill |lot) th_ nr_ onvlronmonts. Tlmy wanted to know tlm corn-
coated with oli and a _pray-drlmd omulalon pany'_ po_Itlon via-a-via thong lovel_ of
of cheddar in powder form. l.'romtlm tomb- o_poauro. In particular, tlmy wanted to
inr tim fininhod puff_ are |met:ported by know if there were arua_ of potential aging
n long (vibrating) conveyor to the pack- hazard in their plant_. If th_.y_i.t_cl,
aging m_chlnaa. Tho conveyor in long in what mlqht ba don_ to reduc_ tim noiae
order to let tho ctlKl= cool. At each loyola to tlm acceptable limits. Finally,
machin_ tho off-loading from tho canv0yor what plan could Im propoaad to mako tim
im accomplished by high-pr_naur_ air J_t. control of seine in their plantn a minimal
which _w_ep the curia o_f th_ conveyor and pcohl¢_m in the future. At that time ther_
into th_ maw of t|m packaging machine, w_ra no onglnoera in tlm company [on the
Th_ latter tor0porarily ator_m, motors (by corporat_ anginamring ntaff or in tim
w_ight) nnd packnge_ tlm cucln, uaually in plan|a) who had taken trebling in acountica
baqn which ar_ made by th_ machine from or noinm control tmc|Inology.
rolla of Imprinted plantlc film. libra,
man on|are t|m ncona to pack the pnckaqo_ I. thi_ _It_mtion, th_ company docld_d to
in nhlpplng carton_. Auxiliary _quipm0nt hlra an out.ido conrail|ant ( n imivaralty
for praparlng tim mi_ nnd other not-on-llno profa_nor) (I) to mak_ an initial noinn
functlona lnclude_ bl_ndara, mlxera, p_t_m nurvey of thm procaaainq ar_a., [2) to
and blow_r_. Ununlly, the pla/tt In oqttlppod analy_ tho r_ault, of the murray and do-
with a largo-capaclty elf-moving r_yntmnto fine the company'n problem, nnd (3) to pra-
r_mov_ t|lq hot, meier, grma_e-ladmn vapora non| recommondationo and a plan of action.
to th_ ot_tald_.

Tho _urv_y r_rttlltti are _tlmmnriz_d in Tahlm
_c_u_ of their _hort _holf llfo, snack- i. 'fhonoisiest alton wore (I) in th_
food_ era umu_lly hold within rolatlwly packaging room undcrnuath an olevat_d
.her| dl.tanco. (_ay, I00 miloa) of tile vibrating conv_yor [95-98 dllA)_ and at tlm
_roc©_In9 plant. One of the iarg_ comport- _ido of tim packaging machinm_ (90-92 dBA)*

o. opera|an over 50 planta. Umzally _ach (2) at work mtatlona near the combut:tor.
on. produc., t}m .aurabaaic _rodtlct finn. which heated th= oil in tlm fry=r vat_
_um, roach plant ia about th_ nam_ uita and (9_-96 dl)A): {3) ;*oar t|m containor_ into
contaln_ tlln.am_ oqulpm.nt, which the raw potatoam w=rn firm| r_coivmd

DI,_CU,_SION _Occaalonally0 the lov©l, under tim convmy-
or o_cended I00 dBA. It waa found that in

•h. layout of th_ plant at whlc|l the pro- th_o came. the o_connlvo nolao wna duo to

Joct )l_r_ warn conducted l_ mhown in FlgUC_ lind bcarlnga in tlm out-of-balanc_ wotorn

I. Ira conflgut_tlon, mqilipm_nt arran_a- u#nd to g_n_ato t|l_Impact force_ n_caa-
._nt and .lrm aro typlcnl of many _lmular ,ary for tho oporation o_ tho convnyor.
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(00-92 dL_)f nuar the cornmenl nll_ o_trndoru tll. nttldcnt_ nt; C_Zl;o _ttldloo In tbo courfle,

(09-90 dDA)I a;id nenr the air J(_tfJ tltl_d _o 'fbo approacbo_ to tboso problelllts are dlo-
owoop tha prodtlct off a conveyor OntO cllllued below,
nnotbor conveyor or into a pacl_Iz_in_J .la-

chlno (Intermittent noiuo, to 92 dl)A). The l_rA ,i_Lin q rlaom
overall loyola nt avon i'clatively quiet

locatlon_ varied from 02-07 dDA. Tbu., no Tbaro wore two noi.u-bnznrd arena In tile

area in tile proconulnrj roo,l Wall zlo far be- packaging _oolIl. Ol|o wan _t tbu rear of

low the acceptable 90 dDA l_vol an to not the packaging machinou underneath _n old-

be o_ concor_. _'be_e w(_o llOVOri|l _Iroao V,lt_d vlbr_tl_g conveyor. _ llOCOlld wan
wboro the bayard wn_ toni (no d_fined by inlmodintoi_ adjacent to tbo pnckaqincj me-

the o_[I_ glzid(_lineu), cbinom at thuir sldoii. AIr Jot_ u.od to
control tb_ flow of tile product off the

fPbe fJLlrVe_"rO_tzlt_ fiord dlncu_,od wIcb tbo conveyor contrlbllto to the overall nOltlO
(_n_lno(3_ who hnd boon _l_lrp_d the tntl_ o_ In tll_ roolll.
org_nIXlll_ the comp_nyl/1 offo_t to redllco

naiad in It_ plant[s, frith hl_ collnborntlon, • e_qnvZg_nr n_13L-. Tbo conveyor i_ n _mooth-
the eonmultnnt prepared tbe followlng _o- ourfacod, uhallow, _talnlosn _t_el pnn.
yo_r plnn. _t wn_ pro0onted to the carper- It i_ not o_ i: .ll_Jbt nlz_lo alonq Itt]

ate In_nn_3(_ment and approved. It wa_ agreed longtb (40 ft.) no tbat til_ delivery polnt_
tb_t for the pEodll_t _r{_ lower tll_ln tb_ O13_r_11CO

(1) tbe conooItant wo_&ld polar. The entice conv_yor in hun_ from
(n) prop_rc and preheat a _orlo_ of the coiling no that it iz] about {I fret from

l_ctu_e_ on _COil_tIC_ _nd I%01110 COHt_OI to thD floor, _n o_t-of-balnnco electric

nolcctcd onglnoor_ of tile corporate oriel- ll_tor I_ l_ount_d dircotly to the bottom of
n_erlng atnff, the pan no that it dellvor_ n periodically

(b) n_.Ist in tbo o_tabllsbmont of rccurrlng force to tile pnn. 'file force

tl co£portlto-lovol aCOIIJ_tlCtl l_lborlltory. C_[l_](_ th 0 p_ll tO vibrato _n d tJl_ p_Odllct
(ThI_ would be done by provldlrl_ n ecbedu]¢ flown to the lower dollvary points at tbe
of noi_e-moan_Iring nnd nnalF_l_ equipment p_ckaglng inneblnon.
which WOllld be pI]ucba_od oue_ n t_o-yoer

perlod. B _Ir_t-year budget o_ $i0,000 _mmedlatoly below tile conveyor tbere lu

would bn provlded.) conflnad ,pace {0 ft. x 31%ft. in vertlcnl

(c) prepare (in connultntlon with cron_ n_otlon x 40 ft. lon_) with a hnrd-
the englnoerlng 0taft) n long-ran_n plan nurfaced wall nnd floor on two _Idaa, the

concernln_ the control of noi_e il_ th_ oonvoyor bottom nnd bnck¢ of tile packagln:)
CO_tl_ly'_l pl¢llltl_, ["achl_ on tile otber two. H_lntllll%ncl

(d) provide nn _nglneerln_] con.t_Itlng pernonnel nnd othorn regularly move throu,jh
norvloe to rncomrm0nd muthod_, deelgn Cilnng_a tbll np_co.
_nd procedural for _edllcinq nol_o fit tile

Iocntlon_ whore the noln¢ lovol_ were in The hound _pectz'um here lu dotal;fated by
o_c_u_ O_ O_JIl/_guld0llna_, tile impact noluo of tbo conveyor power

(_) p_ovlde the company englneerln_l nource and tb_ noln_ radlntad from tba

llhrnry wlth n llnt o_ nultnble tnxt_, Jour- bottom of tile conveyor. _le packaging
nnl_ nnd other technical literature, m_chlno contr_buten n lower-lev_l coll_c-

I (2) the company would tlon of COl.ponent_ due to ell. lnternction.
• (n) furnieh fundn in a one-year bud- Impact nnd vlb_ntlon of ltn pal'tl. Tile

got to lu_port th_ Item_ IIntod above, prodtlct (a_ It m_vo=) cont_Ib(lto. _ lower-

(b) • nalgn nn ndeqtlntO groltp of level, br0ad-balzd bnckqround nolue, n

L anglneern _nd tochnlolan_ to the nolao- obtluhing notind cnu,cd by t'ho rllttln,j of
control project laboratory (Hot_; G engi- tile nalt-rotlghon_d ntlrfacen of the myriad

:_ noer_ attended the cla_, 3 of whom worn of cllIp_ on the conveyor. Tile comblned
analgnnd permnnently to a nzwly o_tabli_bod level ix'am all nourcem i_ from 95-9fl dDA,
noln_}-control nectlon of the angine_rJll g In two Inntnncoo tile nol_ from tile co_-

ntnff.) v_yor mxc_edod I00 dDl% (102-10d dPA Inter-

(c) provldo adeqllnt_ fn_ilitiotl for mi£tently). Ib w_ a clatterln_ .ound
tile laboratory and locturon cltcd .bore, C_tl_ed h b_¢l buarlngn in bbo _lectrlc

Th_ mx_.ctlltlon wna t|lnt nt tIl_ end of t tile motor d_[vln_ the conv_yor,
y_r bile co_pnny vngineorn would be ado-

qunt_ly trained nnd oqtllpp_d tO opormte TWO nppronchem w_ro attempted to r_dilco
_Ith only occanlon¢%l connllltatlon _rom out- tile conveyor nol_/ (I) n dnr_Ing mntc_Inl
mid_ tbn company, wan applied Ill p_tch_n in .nvnral pattern.

to tile bottom of n nnmplo nectlon of tent
In Talll_l I t|l. principal nol.n problems nlld conveyor. Th_ rodttctlon nchlov_d wa_ _Ig-

notlrce_ arm tmbtllntedo The generill cb_ri_c- nlflcnnt (_ppro)¢Im_tely 9 dllA) under t]l_

t_lltlcn o_ th_ eel.= nnll_cos are noted, t=nt condittonnt however, tile application
/%n nbtmr.pb wan made to nolvn th_ worst of a _imilar treatment to a_ ncttlal convny-
problem. Immediately. The m_nmtlrmmantm, or WOllld be dlfflcttlt and e_pannlv., nl-
nn_ly_In and noltltlonn warn conducted with thoouh It wollld be rolntlv_Iy .amy to apply
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_t tJl(_ ti[ll_ tho conveyor wan fabricated. In ouuuilary, tilo ovorall noino oE tho pack-
AD _ conueffuonco, t]lo final rucotnltlondation aging _lnchlno i_ duo to marly uourcos only
was diroct_d at t]lo long-rnngo problem, ono of which (the exhaust _o1_o from tho
All future llcquinitionu of _inlll_r convoy- pnollmnttc favor aetuatorn) in anlonablo to
or_ (which aro functionally excallont) lmmodiatu modlticntion. An improvomont in
would ineludo n low-noiMo requlrom_nt alJ a lutur_ Inntallatlonu will bo posnlblo by
p_rt of |holt purchnmo _pocific_tlon. innt_lling an acoustic b_rrlor botwoon tho
l_urtlmr,when |ha existing conv_yor_ are roach|no and itt_oporator, flyntorlng |ha
_hut down _or n long porlod, on nttumpt p_ck_oM of nhipping c_rtonu _olidly
will bo m_do to tro_t them with d_mpin_ a0nin_t |ha r_r w_ll o_ tlm room, tlm
matorlnl, acou,tlc chnracteri_tica of |ha room az'o

improved without intortorin_ with tile
_l'hoproduct noloo rom_In_ ullch_god and cleanllnont_ r_quir_llmnt_.
tl_tro_tod! |lowovor, it ix| _xpected that
dnnlpino the conveyor pan will prob_b]y • Air _nt noi_L_n. Air iota _ro installed
roduco tho noluo from thin uourco an wall. at about I15m to |ha flow-lino of |ha pro-
_Jlo nurf_co_ o_ tha pro(|o_t (ro_rjJlonm|by duct _o_ th_ conveyor. Tho J_t_ _w0_p
_alt, ate.) mu_t bo ncc_ptod n_ i_ and pro- tho product o_f |ha _ido of th_ convoyor
cludo nny noriouu _tt_1_pt nt roducin o |ha onto anothar convoyor or Into th_ etorago
noi_o c_u_od hy |hair rubbing. In _ddltion, bin of |ha pnckacJln,j,inch|no. Tho Jot.
|ha rubbir, 9 noi_m i_ io_ obJeetionablo are r.imply vnlvod plpr._which use 100-p_i
thnn tlm nolaou from other _ourcer_. _hop air. Their nol_o Io _ it_jo_ compo-

nent of tho 95-9B d|IAmea#urod bcno_th tho
_'he bonrin0 noi_e problem wa_ eaaily _olvod: convoyor pan. _ar tho Jotu it i_ _liohtly
|ha b_arlno_ w_re _in_ly r_plncod. For th_ hiohor. _inco q_iot-flow _t dovico_ aro
long-form, an iI,provodmninten_nco and to- _vailnbla, tlm rocommondation w_ mado to
placoment _ch_dul_ wa_ instituted and, in _pocify thuir u_o.
futur_ _cqui_Itioi|_ of |ha conv_yorn, 110-
proved bo_ringn will bo rcquo_tod, tn null,mary,nit Jott_porform wall In

ehnn_]in0 |ha direction of f_o_ o_ tho pro-
In mlmmnry, it w_ rocommondod tlmt tha duct without damaging it. 91nm, it wn_ n
conveyor noloo c_m bo r_duc©d by npplyln_ bat|or choice to _olect or__mprov_d (quiet-

damplng trentm.nt to th_ bottom _urfaco or) Jot than to roplne_ thornwith m_chnni-
of th_ convoyor pan. |ha b_rin_j noi_o c_n cnl d_vlcoa which wouhl lmve gro_t_r pot©n-
bo mlimlnatad hy ruplaolng tho bear|ago, tlnl for damaging |ha producer.
nnd (for thn proven|) nothing can ha don_
_bO%It tJl_prodLlct _oi_a. Zn t|loflat,ira, * rr_nr enml)un_Ln._ip_, f'oIIr combtl_tOr_
|ha convayoc mnnuf_turor will bo raqulrod nr_ ua_d in e_ch tryor, _nch one ina_rtod
to r_duco th_ nolno of hi_ product. Acou_- into tl_ocombustion chnmhor through ml
t_c tro_tmont of tho _p_co hohlnd |ha pack- ov_r_i_o circular opening in |ha w_ll of
n_Inq m_chln_ doou not nppo_r to boa tlm fryor. _t a nearby work _tntlon, Lho
f_nNibla #olutlon. noiuo loyal wn_ 94-96 dllA. For optlm_l

combumtlo_, th_ Co_tltl_tor_ roqLilr¢l _Jro_t
. _nr_a,ilqq m_r....Lh//..Innnot._. T e _ourcon of volumo_ o_ _ir and ttlrbulontml_ing,
noin_ _n thinpncka_]_n_ mauhizm woro r,_chnnl- combin_tlon which al_o cnunoa |ha hlgh-
cal plu_ th_ acoustic _oian from |ha ox- lev_l, roaring _ound _noel_t_d with iC.
h_ttnt _Ir of pneumntlc lovor nctuntoro Altar consultation with th_ m_nufnctut..r
(90-92 dI_A). ?ha noin_ .ourcon in the of tho combuntora it w_n rec0mmondmd ttmt
m_chln_ ara many. Unfortun_toly, dotnllnd (I) |ha air inlet_ bo modifl0d, a circular
_xnmln_tlon of tho machin_ ia not fen_ihlot tuba ba uaod to oncompam_ tho combu_tor
thum, no _Igniflcmnt roduction In overall _lon_J approximately two-thlrd_ of It#
noinn i_ pom_lhlo. On thl_ har_l_, it wn. longth, (2) th_ fllal/air mi_turo b_ n_-
aur_d that (I) |ha m_h_u_t pasta would be Juat_d mo no to minimizo tlm noi_m. Tim
r_d_,Ign_d no _o to roducm tho |loi_ from brond-ban¢1, low-froqumlcy ;10iaeof tho
[:hl_ _ourc_ _nd (2), in futur_ Inntall_tlon_, combustion procon_ procludod achiovlnff
_n _cou_tiu barrier would bm Iimtnllod ha- nigniflcant reduction by clmnginV I:ho_ir
twoon tho m_cllin., nnd their oporatorn, inlot_ from hol_n to tubon (thoro wnn only
_n Imnmdiat_ r_ductlon in ovorall no|no nt 1-2 dl)A improvnmont}. Tho gr0ntar roduc-
tha work #tntlono wmm h_'ought _bout by n lion can bo nchioved b_ toddle|noth_ rnta
mlmplm c|mng_ in t|l_ncouatlcnl cImrnctor of carabao|ion (oo na to roduco th_ roqulr©-
of tim room. r,arg_ packngo_ of fohlod man| to_ nl_,)nn_ ndJu=tinq |ha fuel/air
corrugat_d-pnl_r mhipplng contaln_rn woro mlxtur_. It appanz'n tim| n 4-5 dI_A r_duc-
brought n©nr tim WOrk ntmtiona, fly _torin 9 lion will bo ponniblo by thi# mnana.
th_nl_o AS to cov_r _ l_rg_ portlon of t]l_
r_r w_ll. th_ ov=rnll _oimo in |ha room In _umznnry, |ha o_ly Imm_dI_to rod|lotion
w_ rmducod _bo_t 2 all)A,enough to mako tlm in frya_ combu_tlon noi0o co.ridb_ achlovod

x,ork-_tntlon noian-lnvolm only marginally by roducing tim heat domand, or by ndJumt-

ha_._rdou_, ing tim fuol/nir ml_tur_ nnd roducin_ th_

i0_



totnl volumo of nlt requlrod. In tho long- locntlonn whoro nol_o wau a potential or

torm_ nn Improvod alrlot to tho cornbuotlon ro_1 Im_ard (a_ doflnQd by tho OS/l_ guido-

chnmhor may provldo nn Improvemont. llno_). A plan wnn dovolop_d to train
co_ny _ngillOO_tl Jn nco_znt_cn _nd nola_-

* .-..a_O_|°r_oi___]_roh]nmrl_° I_ota_oon r.ntor_ng col_trol tochnologyt unlng tho _oIutlo_

the prodtlctlon linu in tho rocolvlng room fo_ tho worut problonm o_ cooo ntudlo_.
hlt tho 01oplng .Ldo_ of largo inn}on of _on_-torm plnn who devolop0d _/Ith tho col-

_octangtll_ croIla-Moctloo° _']lloc_ur;oo Inborat_on o_ co_Tp_ny ongi_oar_ _d l_ol_-
tho _t_inloo_ _t_ol pano1_ oC tho tank to nr_ wh£ch included tho entMJllohmont o_

vlbr_t0. 'Pho r_It1_n_ low-f_oqtloncy rtltn- nolrlo-lfl_tl_onl_nt Inhoroto_y. I_ng_n_rlng
blo wn_ ;_o_ olwny_ o_co_vo, I_ _ould bo _nn_ructlonu _¢oro ItJ_uo_ _o CO_rOc_ ol¢In_-

roducod _o bulo_ accop_ablo Iovolo by _tlf- Ing noloo problom_. Now ot roplacolnont
fenlng tho t_nk _Ido l_nn_l_ a:Id by provld- agulpm_nt wlll bo purchn_cd with lo_-nolnn

Ing a rubbor, pnd-llko anvil for tho pota- nu a con_rnct ap_clfic_ion, _horo ponolblo.
toe_ to _trIP,o wtl0n they ontor_d. Tho doulqn of no_v plantn will Includo fon-

ture_ which w£11 In_ui'e tlmt noi_o lov_lo

.gUM_I_Y At+D CONCLUSIO_q_ will bo bolow O_ll_ guldollnon. An onllght-

ono_ ttt_nag_Ino_t _nd ont]itlol_ grid r_cop-
A _ul'vo_ rondo in a unnck-food pro_o_oln_ tlvo on!_Inoor_ aro _ dollght to wor_ with

Tablo 1

[l_vol_ in dllA)

I

_Ptmcti0n [Aroa] _oc_IvLng Prop_ratlon Slicing I:_trudlng Frying Drying Conwy_ng P_c_ogln

P_oduc_ HI • M_ H3 H_ _4_ _0 _ H_ _0_ _ _2,_

_o_n _hlp_ _ / _g_0

_o_ _ _ _ _ _ d_ /_ _ _o_ _gG _G_II_ _~gB _ _o_g_

_ _oyn_u_Io_ (_g _o_dl _d_0 h_g_lov_10 lo_n_

lovol)

Mochanlcal (N) I. Pnnnl vlbrntlona Impac_ (Int_rmlttant° low-fr©qu_nc F rumble)
2. Pnnol vlbrntion, foccnd (multiple-frequency, noino|
3. M_chlna p_td (Into_actlon, vlbratlon and £_pact nol_o)
4, t_chln_ part, tmnrlog {nnrrow-band with _trong _Ingl©-_nqu_ocy

componont)
5, P_oduc_ cubhlng (rolnt£voly loud _hu_hlng nounal duo to rubhlng

ou_ncon|

_* No prohlom
_* .5_ Yootnot_ 2o*.- •

_t

tt 10._
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"A NOIUe Control Project Irl _ Snacll-l'ood Proc_tJolng Plant"
I)rns_nt_d by
D. _]uutor

_ T.qCU.q._ION :

}I. No_lckI tlrTlCth_It a lower |ovol In sot. We h_vo

'l'horo ore _ome caues I_horo indulJtry fmmd that they will accept that aa _ final
will do Just enough to mo_t D rC.¢luirement, go_l wl_h on into,rim goal of 90 dDA,
Thnt_Jl _ino. _n thu course o_ your Inw;Dti-

gntionn havo they and you tried to got below _ Wa_q_n(_r,
the reguircmon_.? WIllie knowledge nnd rc_ult_ of th/a

_tudy be uharod with other co,lpanlv_? Cnn

D. Mtl._rl f got _ copy of the report?
" ' Thai--in the thlrd time that I h_vo done

_hi_. Of th_ thr_, thi_ i_ the o_o that'_ D. H_It*t_!ri
bo_n mout _uccen_ful. Z think what you ore No, ulr. I wa,_ lucky to t_,ll you

: _kin_ imn mel_ure of the enlightenment of what I did. It's not that th_ _ngin_erm
_|i¢__0Ila_cl_t I_vo_ whcr_ there l_ nn c_- involv_.d do not wan_ to oharo thi_ Infer

lightened m_nn_emont, the pro_surua don't mn£1on, it'_ the l_gal people who _III not
permit t_icm £o go I,llch belot_, o_ £kln cllvo the clcara[ico. )%t one tlI,_ or another

ba_i_, if I were part of their rn_nnrJcmcnt, vlrtu_lly every company in tha country i_
Z would not go below eli|let, in violation, bu_ they don't llke _o admlt

it.

_I-_'crntand _Xactly wh_t you' re any_ C.. lh_r.t I

lag. bllt l]ovO they do_ _ Co.t-benefit _Ol]lotinleD It'_ _ot the _n_c_o_to'
otudi©u, for a_amplo, to determine if they fault that t|loF cnn't comply, l'vo o_on

_hould go below for _lolr own per0on_l t_,'onrm_ of thu government g_ttlng into

benefit.? the act and preventing n noise control p_o-

codtlre from bol_ r] allowed. For e_nmpl_,
_L Z'vo been _orklng with the poultry pro-

I would gay y_n, to the extent that ce_in_ Industry and _l_y w_ntad to u.a a
one of t|l_ flr_t thlngm I n,ked them to do in_'Inr covered _onm matoclal that could be

:r wa_ to look at their maintenance program, placed in a hum3 coiling, Thi_ one pl_nt

_'v_ found that if you hnv_ _ good main- w_nted to r_pl_co axistlng flh_rglaam Iny-
tanance program, you'll not h_ve noi_e in p.nol_ with thl_ foam, but th_ U_DA

problem_ to th. degree that you will I_ you would not allow it unl_._ th_ jolnt_ wer_
•! hnv_ a poor progrnm. Other thnn this, thoy taped. Tha proa_nt Joints ware not taped.

did not con_id_r other co_t benofitn, Th.a U_DA wn_ upping the r_]_Ir_.m_nt.,
a£fcctlv_Iy prav_ntlng th. u._ of thi.

h_ _I. Nozlck_ new mntcrisl.
_,, _ 'l'h_levels that they reduced to, [_7-90

_ d_A roughly, can atill b_ harmful to the _Tt _I_91].gY_L

'_ .mploy_o_, I re.an It'a nail "OK, we _re You took a _wlpa at r_.enrch_r, who• cl_n_" now[" do ro¢J_nrch that 1_ not applied, and yat
r_ _ tl Colln%llt_t yell nay you c_nnot publish.

_._.__Mqm_rl I think the point that _hould b_ _nde h_r_
I thi+nk that's nn unfnlr b_rden to i. th.t unlv_r.ltle_ _ro uniquely po_i-

plac_ on them. I_ you w_nt th_.m to go tionad to do re.o_rch in th_ puhllc domain,

lowmr, you are going to hav_ to Juotlfl'. _p_ciall), if mlpport in provldad for by,
If yon do, they'll _rolmbIy do it. l_t'o may, n public agm_cy. Thl. is the

only way, Z _ae, in which programs c_n Do

_i_/!H_.rt made in tJlm public domain whor_ result, are
_-q_tzlnk there's n _rant deal of vnrl_- published, dlatributad _nd implemented

blllty amongst In_..trle_ in term. of without the .trlng_ that o_t_n go _long
pol_cla_ the corpornt_ ntructur_ normally with oth_r _orm, of support for research.
horn. Thar_ nr_ compnn/©n in tlorth C_rollna

that hav_ _at a qo_l of 85 dllA. They haw _, _u_tnZLl.

- . nat aqr_.Iv_ policle_ to m_t that goal. Wall, apparently I wa.n't making my-

might _ay that with r_pact to the .uminar _alf cl_ar. I am not about to d_cry the

progr_m_ tlmt wa _ronont over th_ ynar_'nt nocd for toe,arch, or the f_ct that people
North Onrollnn _tate, _ always racon_m©nd do it. _hnt I tried to nny wnn thn_ all
that _llat ba th_ ultilnnta goal until such the r_.eareh In tlm world, if it i_ not in

"n lOl

&
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tho ]l_t1(]0 of an_ineorn in tho c_Ennller of thu rcsei:rch io in thclr hn_id_J in a [orln

colnpnnlc0--p(!op|o who do not h_v_ th_ t|loy c_n u_u, tho _o_on_ch do_u hot _ut to

_pociollzed cnp_billty, do_u not do _ny where tho Inon_y i_: to _he_ tho produetu

good. T]le_o penplo I[iny have nn Jntu11_ct_Inl nro going out the b_ck door. Thl_ is w|lat
IRt_o_t in _z_rch, l_ut unti_ th_ r_uult_ concurn'3 m_.

. _L
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8f,ID_.-TAPE DEMONSTRATIONS OF THE ]_FPKCTS AND CONTJIOL 01' NOISE:

AN _PI_KCTIV_ _.'DUCA'PIONAL R_SOUIICI_

Hilllnm S. Gotley, Professor

Onlver_it y of HltJ_ourl - Rolln

Dupartm_nt of H_chanlcal and B_roupnce Hnglne_rlng
,olla, Missouri 65401

XNTIIODUCTXON

not £_gui£_ _D _co_iv_ _o_]Dt o_

Noi_ _ _robably th_ l_t w_l_ undor_tood t_m_ or _ _r_at d_nl of skill. TILe

pollut_t_ both _m to c_u_o_ _nd control, l_borntor_ _quIpm_nt req_llr_d i_
_owQvar. r_c_t r_d_ictlon_ In _r, w_t_, avall_b1_ at mont univ_r_Iti_ wlth

_© thD o_t_ Of noi_ both a. _ h_Ith co_t_ _r_ nomi_l,

|_ and an _rrltant i_ th_ daily llv©_ v. _h_ o.ly _ u_[_m_nt _eod_d by th_
o_ t_illlon_, uD_r la a _Smm _l_d_ proJ¢cto_ _nd a

• _d_um-_zlc_d r_o_ ty_ t_p_ r_-
_d_t_on _nd r_u_t_on of nola_ n_ In corder,

_ro_£_m o_ _ |_ro_ frozlt. For th_ mo_t vl. _h_ p_n_nt_tlon can b_ In_rr_pted
_t_ how_w_r, ntud_ of _11 _a, pro- at _ny tlm_ _o_ quontlon_, co_m_nt_,

¢o_tro_ of _oi_Q. Wl_hout _ncr©_d know- Ncrlpt (_i_cl_dlng rcproductloNn of

A _a_ta_ p_o|_l_m _m tho c_Irr_nt _k of

_uc_t_on_ m_tor_ that _r_ _nt_t_n_, SLID|: AND TAP_ P|I_PARAT_ON

with _t_|_t_o_a_ _ro_am_ _N_ r_a_rch Al_ho_h _h_ pr_nt_tlo_ _1_t b_ t_chnl-

_r_ _I_ m_llt_d _or _ovQ1op_ng _u_h not D_ o_ _ro_.lonal qlln_Ity to _c_om o

_in _o Y_oum L_nor g_u_. On_ partlcu_ Sl_d_ c_n b_ photographed from a wld_ _a-

I_£I_ _ttr_tly_ _orm_ i_ _ _r_uDt_tlon fifty of co_y, On_ mQth_d fo£ pr_p_r_tlon

w_h _ t_p_ _o£_ing. _om_ fQ_t_ir_J and overhead |_roJ_cto_n. T|_ m_rklng p_n_ _

i° Tho _rQm_nt_ti_n_ _r_ _l_-cont_i_Id c_n ba _a_l_ c_r_t_d with _ cotton _w_b

_n_ _n _2y _ m_i_d for una _ny- d_mp_n_d with alcohol. _n _ddlt_on,

_ _t_ _¥ _h_ u._r i_ noca_- oncy to _id I. pr_r_t_on of th_ flnimh_d

_r¥. drawln_, l,l_ing _ dlf_on_ color of

_n_ for _tr|l_tlozl° IT|in Intt_r copy _ud_ _ctu_l noln_ _ol_c_n_ _coun-

_t_tloNu of ty_*_ of _ound_ no_o mnt_ri_l, nJld _trllct!_r_n for nol_ control_

_ . l_v_m, _qu©nc_ _n_1¥_i_ _nd ate. _lldo_ for on_ of th_ _nt_tlon.
_o_l._ _o._.) (S_ur_n o_ Communlt Z Noi_) d_i_t noi_

cm
m n_tu_ o_ oa_h p_a_nt_t_on i_ _d_p- d|JA vn_Dl_. _Im_. The_ w_ra prepared |J_

I _r_w_.d _u_c.hlmB. _c l©v_1 r_cordlng n_p_t_iy. ThQ two

_v° D_w_opm_nt _f th_ _r_aontatloNa _o_. _ortlon_ w_r_ th_n compom_d Into _ ni_Io



3S_n qloos Dlido _nd copied. _nd exalnplo0 of Aoooeint_d ulideo followz

_o_ Ino_t p_nt_tlo_ll, thu dyn_I11i_ rongu Thi_ d_nlonut_tlon iD c_ll_d "L_rN-

_nd frequency r_zJpon_ of _ typlc_l _tor_o in_ Ahout Sound", It In pr0_unt_d
t_pu rocordo_ _r_ _dc_u_tol uuin_ _ top_ by th_ D_rt_nt o£ _ech_nIc_l _nd

o_od of 3 3/4 £nch_o _r uecond. F_ctoru Aero._pnco l_ngi_rin_, Unlv0r_ity of

that contrlb_to to over,t1 qunllty of tho Ni_ouri-[Iol1_ through _ gr_nt from
t_p_ r_cordi_/ _ra_ th_ II_llliburto_ Company. I ho_

i. R_l_tivo volu_oa of volcu _n_ other that _h_t you _ nnd ho_r will il-

tonou, otc) mu_t b_ conlp_tibl_ in _ound, _nd uupplemont _h_t you m_y
ordor to provido _ co_n_ort_ble flu- alr_ kz_ow from your oci_nco _nd

e'Inph_olz_d c_n bo ol_v_tod _bout 5 _i_ w_ will b_ di_¢ua_in_ during
d_ _bovo _vora_ vol¢_ 1_v_la_ l_v- _2 thiu d_onatrn_ionz

olo _ro_t_r t]_ 1O dD bolow _vor_g_ Wh_t it_ ooun_?

voic_ lovol0 nhould in _on_r_l bo _lhy learn nb_ut hound?
_voldcd b_cnu_o o_ pouolblo _uklng flow do w_ d0_crlbo zJound?

by _mblont noi_o l_volo in tho flu- Ilo_ io _ound _nuure_?
t_i_g _ron. Input l_vol_ to th_ flow do w_ control un_nt_d oound?

t_o r_co_dor c_n b_ monltor_d by _ ]low do_ _otlnd _ff_t us?
_ound l_v_l m_t_r In_t_d in th_

input _Ircuit. (Th_ _tor mu_t b_ Hh_t io _ound?

_bl_ to _ccopt in_ut_ _om _ourcoa
otho_ th_zz _ microphono°) $3 _ound i_ n diaturb_ncu in tho pr_-

ii. I_o_ volca roco_dl_j n _ound lovol _ur_ of tll_ _i_ which in produced by
r0Qt_r _n bo tz_d i_ tho l_Ic_o_honu _om_ _ovin_ obJoct {or _ou_¢_ o_

i_ _rot_ct_d |_y n wlz_d_cr_on. ¢io_o- nola_) that la in cozlt_ct _ith _Ic.

t_Ikln_ th_ mlcro_honQ [_ri_it_ nc¢_p- _otlon of tho noi_Q nou_c_ i_ trnn_-
tablo _o£_in_a to b_ _nd_ in _oln- mitred _rom on_ p_rtlclo o_ tha _ir

tlvaly noi_ _urround_n_o. to _nothor, c£_ti_g _ _ound w_v_.
Ill. _'_n_i_nt _Itchl_ ilo_o_ that oc_tzr

moda c_n b_ ollmil_tod by _utting oound that w_ _o_|id n_mo - _ f©_ _r_

o_t th_ tznw_nt©_ t_ _egn1_nt _nd ,04 thu h_z_ vole0! _ b_ bnnd_

m_ bQ _1_blQ to U_O _ na_ond t_po _6 cl_nna_ _nd n loud_k_ _llch _o

_©¢o_d_ _or _n_ut, o_ _ np©_tru_ _7 th_ ono you _r_ li_tanln_ to no_.
uh_r to _imul_t_ h_nrln_ o_ t_nnrl- "J0 i w_ll now piny n _hort _gm_nt o_

t_po _ thon b_ co_i_d to obtain In _ch o_ _ch cnn_, jo_ moving

_ddltion_ t_pa_ _or di_t_Ib_ition, object t_anDmLt_ Ira _otion to
non,by _n_tlcl_ o_ _i_ th_D_ pnr_

_LI_A_ P_F.'J_._TATIO[_._ _9 ti¢l_ _n turn collldo with n_i_h-
boring _rti_laa, _nd c_tlna th©

_c_ad b_1ow _r_ thr_ _lidQ-t_o p_- dlnturb_Nc_ to p_op_nto _ _ _o_md
_Nt_on_ tl_t h_v_ ]_n d_volop_ ov_£ w_v_, in much th_ _m_ _ n_ _i[_-

th_ _t _£v_ _o_r_, In ra_onno to th_ pl_ _r_ _d_ b_ dropplng n nton_
o_iz_t_on_l na_ o_ np_i_c _rotzD_. M_ny into _ pool o_ _nt_r ....
otha_ _a_nt_tlonQ (©v_n _ _Q_io_) could

_ _aY_ope_ _o_ other _olz_a_ tha numbo_ ]low Do W_ D_crlb_ _o_znd?
_n_ ty_ _n_ only on _ha Imagination,

i_g_n_z_t_, _ o_p©_i©n_a o_ tho _uthor. 'J12 Th_r_ _ thrno m_in thingn that wo

• tz_t:know _bollt _I" _/Iv_n _o_ind _n

_nd _o_t_on! t©_minology_ b_ni_ i|l- th_ _0undl Ira _qu_ncy coNtont_
Jtrumont_tlo_ _d _l_z_mont_j th_ humnn _nd tho _p_d w_th which tho notznd

_r _n_ It_ _pon_ to _o_Indj le_/i_l_tlon_ w_v_ _ropn_Jnton ....

_Sth o_ _th _'_do_ du_n_ covor_Q o_ unit .g14 Under mo_t conditlonn, _ 3 daclbQl

on _oun_ _ae,ond_r_ _hool, iznlv_t_, _nd ¢|z_n_/_ In Do_md _r_n _Y_l in
gmna_ _bllc (_ _ no_-ta_hnlcnl, _of_r- _bout tho _1_t that Im notlco-

nl_d_J_ nc_t w_th nli_a ch_a _Ic_- ch_0 that occurs, _or _x_mp1_,

t_o _15 who_ onu _ow_r l_w_mow_r _ o_nr_
tln_ nnd _ _a¢0_d ona In _t_t_d

_p_a_nt_tlv_ a_carptm _om th_ _i_t_ l_poo., on th_ otho_ h_d, _ 10
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declbal Incraa8o in sound pro_sure to loud sol|ms occurs gradually over

luuol is very signlflcant, and Is a psriod of several yo.lrs ....
Judged by IliOn| puoplu to b_ about

twice as loud .... In 1970 the fedoral governmont pas-

sed a law to protest employuo_*
017 Anothor important proporty of sound h,!ar{ng whilo they are at work. Thn

wavss lu the speed with which they l_w says that nolsu levels must be
travol through alr .... r_duced so that most workers will

not have a henrlng loss, even after
IIDw Im sound Detracted? many year_ Of exposure.

S18 Ths prooonco of sound is most often $25 HhilQ the hOlmS lovols arc bolng

dst_rl_inod by thu osr or by a infers- lowered, workers I_tzst Wsar ho_rlNg
phons. Wo shall dlnouus each sf protectors which lowsr tho soundu

thono now..., that reach ths oar drum. Those pro-

tectort_ can be elthor ear plugs or
A n*icrophona is a vory s_nsitlve do- car muffs.
vlco which rospondu to sound waves

that csmo in contact with it. Th¢i Loss of hearing usually takus plato
mlc_ophona often has a thin dla- gradually and without psln. In
pllragm (llko an car drum), who_o ms- fact, tho porson may not even be

|ion eros|ca a _mall ol_ctrlcal aware that he or she is partlnlly
mlgnal. Thi_ _ignal can bo in- daaf until it is too l_t_. In this

S19 croascd In siz_ by an amplifier, and respect, hearing loss is different

tlmn dlmplayud on a astor which is from othor typos of Injuries, such
callbr_tsd to rsad in declbolo. The as _ys damsgo, a cut, or a broken
inatrumont which doos tllis in c_lled bono.
a sound lavol motor....

I will now read part of tho l)Qclara-

,022 Controlling unwanted _ound, or noi0e, tlon of Ind_pond_nco. 'fhi_ is the
no that our _urroundlng_ are q.lotor way it would sound to a porson wlth

and moro p%_noant, is important to normal hearing... |_OW llst_n to tho
all o_ us. Nolso control always in- snmo passag_ through the oafs of a

: volvom a so_rco of noi_, a path for p_roon with morns haarlng loss. Aa

transmltti_g th_ noise, and a rscslv- you llston, think of /low much that
_r who hmar_ tho holms. Thors_ore, pnr_on is missing, and bow h_ OF

noic_ Ca_ ba r_ducud by maklng ths she mu_t .tral_ to host nvoryday

mourco gui_t_r_ by bloeklng ths path, sp_och. Think of how fortunat_ you
or by prot_ctlng t||_ rsc_Ivsr. Thes_ are to have good h_arlng. Don't

m©tbOds usually lllvolvo th_ ass o_ tako your h_aring for grnntsd....
_, mat_rlals for absorbing or isolating

noi_. Th© cholco of inatorlals do- B26 II_ro arc a f_w 0implo rulmm that

pon_, upon how th_ sound on_rgy is will holp you to protect your hoar-

di_trlb1|t_d - noi,_ scutch, that arc Ing, a_d that of othors:....
$_ mostly low-fr_guel)cy, _uoh ns l_wn-

_owo¢_ _d motorcycl_, r_qulrs ons "AN IHT/{ODUCTZON TO INDUSTRIAL NOISL _ AND
typo of tr_atmont_ whil_ nols_s that ITS CONTI{OL"
h_vo high fr_qtlonclos, ,,_uch am J_t

mircraft _nd power saws, r_qulr_ a Cov_r_ _ound gunorablon and propag_tlonl
dlff_r_nb tr_tm0nt. |]lfica most tor_Inology! Instrum_nt_tlon and m_ur_-

_oi_e_ ar_ produced by machines, tho me.ntsl combi_ntlo_ of sounds; ¢ound
(j m_cha_Ic_l s_gln_0rs who dsalgn thcln fislds/ _vniilatlon of d_ta/ acountlcnl

ml_o have r_mpon_lhillty fop maklag m_t_rlal_j crltorla and Imglmlatlonl O,glIA

bb©m qui_t_r, nolso rogul_tlon,/ hnarlng conmmrv_tlonj
prlnclpl_s of nols_ control/ ca_o study.

flow Dons .gound Affoct [In? St_Itablo for UnIv_rslty studont_ (p_rtic-
ularly |home in ocisnco and angln_orlng} |

_23 _ound m_d _oI_o Jlav_ two main of- prof_sslonnl soclntlmm/ tochnlcal and
f_ctn on humnnn. Thorn arc annoy- mnnagnrlnl p_rflpnnol in Industry. 35 inln-

sacs, mad Ios_ of h_nrlng .... ut_nl 32 _lldnnl script wit|| slldo chnngo.
Indlcatcd.

fl24 Zf a p.raon Is ©xpo_cd to loud

_o.ndm for a long enough tlmn, he kopronnntativa e_cmrpts from tho .erlpt,
m_y d_vmlop a henrlng lomn, _i_ and ©_mpl_:s of al|soclat_d .llds_ followl

mOal)ll that |m may not hoar hounds

llk_ chlrpln_ bird. or crlckobs, or Sl Thi, pr_nontatlon wa. prepared nt

I that ordln_r _p_och In not loud tho Unlvar_ty of Hl_sourl-Rolla,

_nough fo_ him to und.r_tand. U_u- through a grant from th_ Hisnourl
_lly, _onn of h_nr_ng fro_ oxpOnllrO Zndu_trlal Commlmmlon.



Tho puL'pouo_ of _hltJ prouontation Dnma_e riu}¢ to h_n_'lng 1_ _o_o0aud
a_o to dc_cribl_ lndu_trial nolu_ _nd b F A-w_lghtod 0ound lcvoln mca_ttrcd

'_2 iLu offccto/ to dincuul] bn01c nol0o nt th_ _nr ....
_10_nu_cm_tlIs orit_rla, arid lcgl_ln-
rich; and to pro_ont guid_lln(_u for, However, if lovclu Lo which _n _m-
n_d cx_mpl_u of, tho r_duction of ploy_c l_ cxpo_od vary throughout
lndut)trinl hollO. _12 the wor_ln_ day, then the axpoullr_

can bu calculntcrl a_ 0hown bF the
First of rill , what lu nol_u? Hol0_ ex_mplo on tho _lide. Often _ doui-
lu dofifl_d a_ u_w(tnt_d 0ound, and m_£or Or _ol_ Cxpollure _o_Jtor o_-

_ c_n Cal_o _floynncot lnt_rf_r_nco fcr_ t]l_ b_ut _lctJlod fnr nl_._r_
with _l_cuch collu_mnicntion, ln_bility d_lly OXl_O_ur_ level.. Tho do_l-

loo_ o_ h_nrinrJ..., carried b F t|:o _mploy_ol a micro-
pho_ in tyl_lcally cllppcd to th_

Noiuo l_ chn_actorlz_d by IL_ l_vol, collar clo_ to the ear rcccivin_
G6 dura_lon_ and frequency conLcnt, tho greater o_o_ro. Acoustic

• ho l_v_l or lntc_lty Of _oi_ 1_ on_rgy n_riv_n_ aC th_ mlcrophono l_
moauur_d with _ d_cib_l nc_lo that first A°wcl_ht_d, _nd _h_n otorcd in
typically ranrjo_ from z_o (th_ a c_ll for lntor r_adout. Solo
thro_hold of h_nrin_ _or youn(J dooimoL_ru h_v_ n _olf-cont_inod
_dul_) _o 120 (loud rock b_nd, o_ r_adout, whila oth_r_ rcqutr_ n
n_nr a pnoumatic drill). Tho dcci- _p_rato devlco for thlu pu_po_.
bol ncalQ l_ logarl_hmic, which rip- Thor_ 1_ nl_o n _i_nnl thn_ lndi-
proxl_nL_a tho ro_pon_o of tho humafl cnteo whon tho lovel corr_npo,dl,_
o_ to nol_ of diffor_t ln_llui- to 15 minut_ or le_ _po_ur_ (115
_i_ .... dl}A) hns b_on roached or _cc_dcd...

Tha n_cond ronuon _oc identifying Th_ _11do 0how_ OS;IA nolue limits
tha pr_doi_lnnflt froqu_ncin_ In n and dnily c_po_urcn....
nol_a nourca la thnt all nco_uticnl

m_E_r£a/_ o_d for nol_ cofltrol II_nrin_ lo_ lm _o_rmincd fro_ th_
por_orm b_t_r a_ nom_ fr©q,_flcl(_ nv_rag_ tl|ro_hold of h_ring nt 500,
t|ln_ othor_. _horoforo, _rcqu_ncy _1_ 1000, n_d 2000 IJ_, a_ mon_urcd b_, an
nn_lyni_ l_ lmportnilt _or optimum nudlo_ot_r. I(og,lnr h_rin_ t_nta
no_o_lon of _t_rlal_ for n |)n_lc- of c_ploy_o0 c_pon_d to no_ l_v_10
_ll_r _p_llcnLlon. _bovo 05 dl)A _ra rcquirud in ord.r

to ldontl_y tho_o In ch_ unprotected

c_ _n_ynl_ _ro ob_lfl©d from _oufl(|
lav_l m_t_rn _nd fr_qtloncy _nnlyz- $20 _f nn nmploy_o 1_ oxpo_d primarilF
_ru.°°_ £o direct _otl_d (nuc_l n_ f_om a

nunrb_ nmchlne), th_n th_ nddition
_9 Th_ mom_ co_u_on typ_ of frcqu_nc_ Of ncou_ticnl nbaorptlon to tho _ur-

nn_lyzcr _Qpnr_au th_ a_sdlblo fra- rot_nd_n_ wilZ do littl© if nn_
qL_ancy r_ngo (20-20,000 H_) into l0 good. l_m_mb_r thn_ aCO_lnticnl nb-
_d_oinln!l, o_ contlgllo_, _quoncy _ocption 1_ ua_ful onl_ _ th_ ro-
anoke. T]l_ low_t bnnd in c0ntar_d c_lv_r ll! _po_od l)r_mnrlly to ra-
n_ 31.5 I[_, and _h_ oLh_r band. _c_ _l_ctod _otlnd, nnd _f th_ matorial
cnnt_r_d _ 63, 125, 250, 500, lo0o, adcql_ntoly nbnorb_ th_ domlnnnt
2000, 4000, 0000, nnd 16,000 IIz° fr_que.ncir._ ....
_l_ca _ch c_nLi)r fr_quonc_ In £wic_
thn pr_cod_fl_ cantnr _r_qu_flcy, tho Pro_rnma for rc:d:_c_lon o_ l_dtl_trJnl
go_u_tl_ _ of 10 d_oll)al lav_ln noi_o nr_ bnnod upon k_owlcd_o of
_n c_11_d _ octnva b_fl_| f_oqllo_cy S17 th_ gall_ra_lo_ _nd p_o_c*_ntion of
_n_lyn_. HO_ th_ Ch_rQ in ono nol_n, ndotl_t_cnl in_nt:r_;_,_.t_
deulbal l_v_l obtained from ench avnll=blllky of .ultoblo mnterlalH_
_C_qliOllC_ banL1, Thi_ laval lfldl- and nbovo rill common _enea. I_t _tu

enac_y i_ concentrntad In n (jlven _ny rntlonnl nol_ contcol progc_m.
fc_uoncy ;)nnd. Th_ _e_oltln_ o11-
_r_y _i_t_btlf:lO_ or t'l"¢(l_J_ll_y _eC- _1_ Th_ flc_t _tep In n nolno control

t_um in on_n_Inl for _v_l_intJn_ _ild _]_o_jr_ll_i|J _o Id_ntlfy tile nol_o

tlonad u_cllar, only Hi)lit: t_l_ tl_o e _)tlt £1|(31_ _l_l-
portnnce relatlv_ to one nnothcr.

m TO dumonntr_ta ¢_n Oct_va b_d _o- _t _nk_lJ [|o nel_o to I/w_t tlmo

m qiaenol, _o_iy_;[n_ the f_ml11Ar _oulld nnd monoy in r_dtlcin_] nolno from n
o_ _ b_r;_In,j dog will bo tza_d.... nource th,_t i_ not u/_nlflc_nt, or

I 112



in raducin9 tho noi_o to a Iovol far with n I0 dOh decrunuo in air diu-
bulow th_L of t]i_ _UILI_I_IRcJ _ourcou.. chn_ _olu_i WOUld _¢I _ r_ducLlo_

of i0 dl_ in noluo l_wl_ in _ho

_19 Tho nuxt _t_p in to li_t _nd ovnlu- coll_r ar_, to _bout 05 dBA ....
a_u v_iou_ pouillblo _olu_ _ontrol

p_oc_du_Ii_ In _v_ry p_obl_me _h_ro $3_ of cour_ tlot _Ii noi_ control

i_ _ _ourc_ o_ _ou_c_ of nolo_t ono prob1_in_ h_vi_ ollnpl_ o_ _vldoI_t _o-
or mo_ pnLho b_ which _ht_ nol_o i_ lutionu. IIowt,ver_ tho _ppro_ch d_-

tr_n_init_ _nd on_ o_" mor_ roc_iv- crihed _nd illu_trnL_d in thII_ pro-

r_duc_d. Any of thou_ _l_m_n_u can _nd _conomical In_Lhod for donlin_

b_ alL_od to correct th_ _Loiu_ with any nolu_ probl_ml from _In_pl_
_oblorao•_ _o colnpl_.

_2J AnoLhur Important Noi_ control p_in- If th1_ pr_ntntlon h_ _iv_ _ou

clplu r_cogni_ th_ di£f_r_nc_ b_- _ bott_r under_t_ndlnq of the na-
tw_un _b_o_ptlon _nd _t_nua_ion of turu _nd _ontrol of Indu_tri_l

_oi_u .... noi_oe thon i_ _ur|_oo_ h_Is h_N

_24 IdunLifica_Ion of _lankin_ pa_hu io

_noti_r pr_ncipl_ Lh_t lu crucial "_OU_CES Ol_ COM_UNI_¥ NOI_E"
fo_ o_ct_v_ hollo coz_rol.

fl_nKin9 p_h I_ any rout_ by which llluutrnLo_ nctu_l _nd _intiv_ _ound l_v-

_Ido o_ _ bn_r1_ to th_ otho_ _- _t_tive condi_ion_° I)_cil_l _nd d_

cl_lln_ t{l_ b_1_r mnt_ri_1 i_oulf, qunntiLie_ _r_ d_crib_d. E_ch ulid_
Typlcal fl_nkln_ p_Lh_ Includ_ _ap_ uhow_ a noi_ nourco and _ 9_aphl¢ l_vol

_round doo_a_ window_ _nd vi_win_J r_ordin9 of dI_ v_r_u_ Lim_. ,_uiLabl_

p_nol_, _n_ ducLwork u_d _or v_ntl- fo_ _II ¢]_oup_ _rom hioh _chool Lh_ugh
l_tlone h_in_ or coolln_. _m_m o _dul_. 15 mlnuL_; lfl_lld_n; _crlpt
b_r Lh_ an_ nlr l_nk_ iz_ n _ruc- with alldo _h_n_j_ Indlc_L_d.

_n_ th_a _Innkin_ pn_h_ b_com_, nnd _n_pl_ o_ _iociatcd _lldu_ _ollow_

_26 _ c_a ntud_ will now b_ p_nnL_d ThltJ L_po conL_in_ n _qu_nc_ o_ 17
to i_lu_r_a _h_ noi_a conL_ol _op_x_Ln_iv_ _ourcu_ o_ com_llnity

prln_Ipl_ Ju_L d_nc_ibnd .... no1_. Th_ _ollowln_ In_tr_c_1onn
will n_i_L you in _t_lz_9 up Lh_

'J_7 _ |_o_ _va_ with _ _ouz_d l_v_l L_po r©¢o_d_ loudup_or_t _nd
• _r indicated thnL th_ _wo prin- _lid_ proJocLor _o Lh_ L|I_ d_mon-

¢u_o_ op0_io_ in _h_ coil_r_ _nd pon_Ibla for your nud1_nc_,..,

_i_ di_chA_ga _rom pn_u_n_Ic control

VnlVa_ in _ha _ml>l_r. At n _pl- Tha r_ni_d_r of Ll_o L_pa _|Iould b_

_I op_r_Lor_n Io_n_Ion, coiln_ h_rd b_ _h_ nudi_nc_ ....
noi_a W_ 9_-5 d_f p_nk n_nor1_blo_

_olna w_ _00-_01 d_ _d _o_i_¢_ Th_ _ound_ you will ha_ _r_ _i_h_

_m_)l_I_n w_ 92-4 dlJ_. nlo_L p_opla _nco_ante_ in dnil_ llv-
In9 - r_thor_ tho_ nr_ r(ipr_n_ntn-

._2_ Po_nlb1_ noi_ control proce.dur_n in- LivQ o_ L_plcnl noi_a l_v©In in u_ o

_io_; _nolo_Ir_ o_ ©_ch coilorj _-

dillon o£ _b_o_|_tion _o wnll_ _nd Tll_ _ound you h©_r will nl_o ba dia-
c_i1_n_j _n_ In_t_ll_ion o_ air di_- play_1 _Jr_phicnll_ on a _lld_ th_

dlnplny i_ on _ha _ppQr portlon o_

_l_o_d th_ _h_ nco_1_ _n_¢_ w_z plot o_ _ound lav_1_ I_Ir_d in A-

_ni_o_ly _in_Ib_L_d ov_ n WldQ waloht=d d_¢ib_l_w vora_1_ _ in
_ql_ncy b_nd_ _nn91n9 _om 200 to _l_condn. Th_ A-w_i_hLed d_clb_l

5000 II_. i)oon_luQ o_ th_ low-_- _c_l_l o_ dD_ _pp_ox_nt_u Lha Why

ql_oncy n_L_nu_ion Chn_c_i_Ic o_ yo_Ir _r_ p_c_Iv_ _o_Ind. 1_w _-

Lh_ _r_ _©duc_ion o_ noi_a nbovo qu_nci_ nr_ w_i_llc_1 l_n hoavily

500 I{_ w_ o_ _jronL_ l_porLan¢_ thnn hl_h _qu_nci_e to which _h_

duc_lon o_ 10 dI_ fo_ _ch on_lo_urn

I wn_ ©mtabli_h_d. Th_ _t_l _ct_



_£guro I. _lide SI? fronl "l,unrnlng /d_out I,'igur_ 4. Slide S20 [rom "An Introduction
_olln_". to Indu_trlal Noi_o and It_ Control",

Fiou|'o 5, Typical _lld_ _roIi1 "Source_ o_
Flgu_ 2. Slid_ SI9 [rom "l_arning Bbout
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";tide T_pe Demon01:rntlona of tile l._fccta _nd Control of Nolle=
_n l:_foctiv(! _duc_Elo_l Renourco"

pr_._nto0 by
_. S. nmtloy

D L'_CI_.qr,TON _

Yotl h_vo m_ntton_d tho Linport:anco of w _nl:l_y_ =
_duc_J_g £h_ public, _t on oorly _ge, To _n_, th_ progrnm hnu b_n m_0o
_bout hollo° _ would _1_ to n_d thnt wo nvn_lobl_ to the _pon_oc_, nn0 Z p_onnl

bu_ _lmpl F to _how £h_m how to _void go_tLng _hrotzgh univ_r_ity _'_tcn_Lon _rv_cot_.
Into tro_lblo wL_h nol_a when d_a_gning
mnchLn_r_. Thi_ L_ no_ curron_ly b_ln_ D. ML..I_r
donol p_rh_p_ thi_ l_ why wo h_vc _o runny -_nve wL_h_n th_ Zn_tl_ua o_ Nol_o
nol_ m_chJn_ around. Control |_nglne_rlng a comm_t_ .e_ u[_ _c

provl_ _ccr_dltn_on _o_" noltJo coRtrol

• Hhnt kLn_l of di_r_butLon _, your or Pot_r l_n_0o 1_ you nro ln_or_.t_.d in_h_.
pro_rnm racoLvLng?

, - = . ,

T,L.:. , •



V_IIICLR NOIS_ 50U|IGE LEVEL

MF_SU RING _Y_T_M

l;hnur L. ?llxuon. Proh_uuor

}_|_ctroacott_[ic=l J_ou_]rch _borl_[ofy

D_p_rtt]lont nf J_l{_ct_lcol J_nglnourlnrj
Tho UnlwrultV nf T_d?J nt AUBHn

]N'FIIODUCTION uproading o[ the _ound wnwJ _=nd _ know|udgu o[ tho

mc_3tJutottlllNt dlg[arlcu. If P01u [ll_ rJqu|v.}lt]flt prutJ-

?_ now mothod for KlaaJJu(lt_ _cotl_tlc no|D{J [roln _[iro nt o.lo mutof[hun [h{_ pre_lluui'u _lt t_fly(JltJtonco

muv|n_ vohlcl0_ Ula! _how_ congld_blu prom_u I_ _J|vuN by
h_ boun conc[_lv_d _nd IoaCud (1)._ ._lncu th_

mu_Llrocl rlollJo can _o II_do_ull{|ont o_"dlutonco ond _ _ Po/r {I)

mun_ur_d _]o_t_tl _ltltl JJoc_nn_lZ_!d _hQ .NO|_ _ourco whor_J r J_ t_l[_ dlzll_lflc_J _rom 111oSOtlrCO IR nlU_(_(u.

L_vol. A uurph_ _olico tndor, ulnndar_J l_b uqul 9-
nl_l_[. _ov_r_| _t_cJe]t _c_l_ttl _nd _o (uri¢Jl_ Y_t_t't_ _[1 <3ppJyln_ thltJ conco|)[ [_ Erltl muC]tlu(olflolll o. r

Li_od _o I_t_]orn0.9[ th_ r_o[_lod _nd c_ln pt_|lm|nar'/ Holn_ _rom n movln 0 voh|c]o. I1_ cqulwlullt _JoLirct_
In,Ill. _J[(otlgth 1._ _lvun by

|nltlnl to_ul[_ w_ro uncoumg|n_ _tld thu U._. P_ _ pz (.I}

Dopt_ttm_l_t o[ _'(_t]_porln_lo_ _u_xlod nn |mlnrov_d

|rnll]om_n[otlofl ttnll tJvnluntlon o[tho nccL_rncy o{ whon p _nd r nro m0_tirod dyil_mlc_]|y_u thu Vu-
[h_ n_'gl_rn. Colnp_lr|_oll_ w_r¢_ to b_ m_do _[} t_lU h|clo _o_llou b).. _hl_ c_n bo do(J(] wl[h _ flotllld

p_nbynlan_ll(O_lOnt nt 50_nt n_ld thai Boc_[y o_ l_vol lnelor and dl_lnnc¢_ m_o_tlrll]_ (ndnt. TJlo
_[OlllO_|vo |_glnu_r_' nolnl_ umla_lo_| tu_tu. =_nll_=Ic_Z np(_ndln_ n_unlp[Zoll will _ discussed _t

longth lal_r. 1)oc_¢_o o! tho dl|/_r_nco In =pcod_
?_ho npot_notcd glud_ rov_nlod thai alrnplo modl_c_- for =lound nlld to[l_o w_vu_ n mon_u(_d d|_lallc_ oh tot

rM l_d_rrl co_ld riot pr(]v|do ndoqLlato rnngu lnfor _ ValLIQ Of PO |_J
nh1[Io_ fn(lllltad lot Iho =y_lUrno _n nddlllonl _lo_lnd

u_moflt prob|{_ntn co_lmon _o nil i_lothodr_ tot i_lun_

urlng vohlch_ noiao, w_lut_ v In thu vl;hlcla _poud toward [ho ='nd_t _nd c
In _lcouJlllc wnvu f_13ul?d.

.P__IFI!I_ on Nol_0 _]ourco l._vol. H_L. Thla glv¢_u

Thl= now mothr, d lot mon=lgr|_ vohlclo notao l== NIIL - 213 I_L o p ÷ 20[o(Jtor' - 201o_so(I - v/c) (4)
b_ned on the /on_;cmnd mothcKt for _poclfyln_ tht_

_outca _l='ongth o_ _n o|ncltoncot_ullc trnll_ducor. Thu _'lrgt I[:rlll l_ gilnply _Otlll{J _lg_tlll£fl _.elvo|. t_J_._
• For example. Ih_ _lCOll=[lc pr_=_uro per arnporo /tiny tltJ gJvofl by gotlllll IUVOI fll_to_'tl. _fl _p_roxlmnllon

_o mnnlurc..d nl n c0nvonlent lllt=lnnc_ In Iho lnr [or tim l_at [e(;ll g|vog
flold. _'hnt pfan_uru In tt_n cortcch_d _or dl=lnnc¢_

.... . to glw_ t}n _qulvnlnnt pr=_¢,,r_ put _mporu at ono N_IL ._ _L ÷ 20 to'_to(' _ 0.4343 v/c (5)
_lar. _llch _ rn_m_u/arnunt I= Im==_(t on aphoricnl

For _ vohlclo gpo¢;d of 60 mi;h tho nppro_lnl_llon

_ Ra_of_flcon nppuar In Humorlcal o(dor at Iho and of ro=u[[_ In nn orror of 0.J6 (IlL With n _loun(| l_val
th_ popor, illotor with olact_Icol otlti_g[ pfopor[|o(lo| _o floltod

fl
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pru,_uuro *ndd rndllr with _ rnnrjo voltage output, The lnttlal zJystem uged ,'In early model police dr_p-
the oxp(l]zJzlton ilL'Ova ciltl be InlplelnUZlted with 'd|lh- pier rtldclr lnod|fP2d tlllghtly to _[vo a dc pot(InLIol

pie nndlog tochnlquot_ on 'Jhown lllPIedure I. out proportlon_)l to vehicle npeod. An /_NSI type 11

/JouncI lt!vel meter with till ac t)otentli31 OUt propor-
AdvnntJ_l _g_!J tlonal to Inntanmn_ouu hound pro:Inure gave the

pr_buro MtJnol, Laboratory type lc_J convertoru

_llch o munt_uronlant t]y_ltefn provlden _lomo unlqtlu wuriJ tlz]od and Integration arid uummatlon wile done
Information end mnozltlrulnt]ntll lot moving vuhlclou+ with ntnndard opuratlonnl ampllflern.

?_U long all tile vehicle nDP_e lit al)ovi _ tile _llnblont r
tile m0tl_uronlonl bacomuu a quo_l-/ItdtIc on(_ IIIfil(!orJ The mdnr antennn .JyUtOl]l y¢_3ll rnountud on n trll_d

of a high _Lpued trnntJlunt. When N,qL lu plotted vt_r- no tlmt the vehicle could bu trnckt_d In anglt_. Tlllx_

tJUZJv0htclo track oncJln _t3 It I_ trockud by the radar, wail della _ hnnd but an ilutoln_ltlc fln_llo Ir_c_lng
n uource dlroctlvlty plot In produced. With two leer]led hn_ bt_n Investigated (2). '|'he antunna wn_

poll_lb_/_ eIId tile InlctoplIDflU CIOtJO tO tile trach, cot_ph_d to _1 D[nl]-Coillno potontloml_ttrr to c_nvert

nearly 360 ° o2 the dlroctlvlty plot can ba prc_luced. NSL to foet,_ngulnr coordtnatun for polar plotting on
Anyduulrod filtering ofthuocou0tlcnlgn_lcanbe an X-Yplottur. '£ho omnldlractlon_l mlcrophonewan

unod. Tht_ rouultlng N,ql. Itz o unique property of the placed n(_nr the radar. Pro_uure tuban for Idghw_y

vehicle IIItldo tinder tile partlculnr tlpocd condition _n vehicle coultting were uned to tltart z_IKI atop the
If It wolu ntotlono13% bll_l. In thu equivalent uou_d range Integrator. *£he tJlrjn of the velocity potential

pro_lmtu level t_t n flail dlut_nco that car= bt_ (Jxtra- wtz_ r_vor_ud at the clo_uut point o! npproc_ch with a
pointed Into adieu (_ffuclud aronn. The quantity pro- cam on th_ nntannn rotnttn_ zdl_ft. ,qlnco high t_poud

video a more accurate nourcu n_lul tllOll their uued In pnnn by meouuromuntu were /lot ontIclp_t¢:d the third
nny highway or airport heine prediction tuchnlquo, term In llq. (S), thu correction [or vuhlclo and neural

upeed, woo It, It oft'.

Thin nyut_m hod name obvlouiJ dluadvantngo_ but one

'_hreob¢lnlc uaoll_ro nugg_ntutt for Noluo_ourco Important advantage. It worked, nxKI folrlywnll.
f.ovul man_uremuntn. ,qlncu It tun banlc property of Dtnadvontnguu for convenient fluhl rln_ [_,cluded n

IIl¢l _DUICO_ on obvlotttl u_lo|tl forvuhlcle no[tlU tllnl0- bulky _yalulll, ac e_IKI battery powtlr l'uqulred /_lld
alan ntnndt_rdn. It In appllcnl)lo to air, water or pr_tstsuro tube Inntallotlon nt th_ illUnxlurolnuzlt _lto.

land vohlclt_. 7hie lnchldl]_ nlrcr_lt of all klndn, Ilunultu that will be nh_.vn latur Indicated that a
benin, highway and recreational vohlelun. Mua_- dlr_ctlonM mlcrophonu tracking with the radar would

ulolfl_/_t_ oll n(Iw vohlcIo_ nnd periodic tenth on old hove buc, n holplul. It wan nine dl_covurc, dnt thin
anon c_n be quickly m_do. point that on automobile won n poor radar t_rgot In

the panu I)y I_llgntloll. A head oil t_ltuntlon, typical

J_oll_ofdlll_ncu onlorce_nunt tn n IloCOnd baporlant of police _peud coati=el u_o_ rJavo good return t_Pjn(_l
application, lllneu any roI_runco dlntmlce can be but clone brondnldo ol_p_ct gcavo _ertouu nlgnnl drop

u#od In N_I., the Olin written In Ill(/ local law con bo auto.

unod, _hoA mlcropholmplacomont In noncritical
ned violation loyola Indlcot_d oven thou_/h the vii- _l_l_r_vnrl Mgch_ _ PM gnrtnr

Plaid In not nunr th_ microphone. Dlr_ctlvlty of I_lct_
ale o11=o Included In violation l(Ivol_. 'l'hu lmprow¢l mod_l o[ tim Noted _ource bevel Motoz"

tlnpportod by DO'I' wnn donlgnnd to _lllmlnntt_ _omn el

Vehicle noI=_o r_ductton tuuuareh In n third m_ggut_nd tba d[nndv_ntngnn or' th_ uarll_r model (3). A dI0-
iI_. With t'roquoi'_ey dll_crlmlnntlon, occurt3tfl t_nco inotlzJurJng rtldt_£ W_l/i p_lroha_Jod, lntog(t_tod cl_

¢ou¢cn l_zvoln and dlrecttvlty vohlclo nolau _ourcun cult tochnlqu_u and oil b_ttoW operation wmtplallmld.
and their charn(:lorlntlcn cnn ba l=olnted _nd 'l'ho radar uned _ Gunn diode r! nlgnnl #ourcu which

Iltndlod. 'J.'hon cort(ictlon ml_rlllllro0 fll¢ly pfl nun- wat_ t`reflutlrl_ i_todulat¢_d with t_ ttlnnglllar '¢lQvo,

g_nted nnd the ollect ol tho==_ nmnuurou accurately The difference Iroqut_ncy I_JtWOUll the transmitted
dotormln¢_d, nign_l and tim r_t'loctt_d ruturn wan thun proportional

to range. Tara/lit motion c_u=_ud a doppler uhllt

'l'lm nuggontlon= nPovo h_vo boon el n gunu_nl which wa_ removed hy eye.raging. The nynt_m Inlld(_-

13_ttl[¢l, Th(l_() flro_ lie doul)t_ epuclllc 111o_311uromoflt monPld "with lntogrntud circuit (_omporlllnt=l Q/xl
prohl0mn to which N_I, mnth_lt_ cnn be t'rultfully powert_d by n _Hnglo 1_ volt battery II= nhowrt In I'lg-
_ppllud, uro I.

h_
Tim nynt_m wan compacI# nlmpla to power from

I IMPI_P¢IIII_I_ATION cnr bntt_Jty, _lmpl¢_to u_t tip nnd roqulrud no pron-

nt_r_ tubao, llowuvor, r_dnr problomaagolnllmll_d
t_ hll _tfl/lrJ_._t_k_c, cJ-9_, P_.I?I_!.,JL,___ the nyntum'n unofuln_nn, In the doppler red,r, _lg-

nol drop otthl g_vo cure velocity volt,go nisei cauaed

¢
I
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Jsoma rc=ngoerror oulof tho lntogrt_lor, With tho I'M oon_lbly controlled.
rod0r, It toltdod to "_oo _ tl!o |_r_]c]zJt lnr0_t, inov|ll_]

or I]ot. ThL_u, tJJglloZ drop out_ from t}m whl¢lo A rJro_Jt d_ol _f ddtn wur_ L_P.on that wouJd t_ko

_|lowod tho r_dor to _Jo bulldlnrj_ _owr_] hundr_Jd_J _noth_r l,JngtJty p,lpcr to dt_p]lly _nd dlsJcuu_, 1'11_t_-

O_ mc]tu_'_lOW_ly, 'J'l_oll o_ro_L_ly ]cJr_(] r_]nrJo orrnrB l'oro i Oll|y d b='l_f v_rb,_| ¢lJ_ctllJ_lion Of t_l(_ro_uJtfJ

rt_J_llt_Jd, will bo p_z_unt_d h_ro. Th_ flrz_t p_obl_m rotJt_lt_

[II;_ULT,_ ured by o mJcrophonu _Jl_o _t_ovo thu pl_n_, Tho

iTiIcrop_lonl] r_c_|v(_ l_ d[rl]c:t lind r/afluct(](l w=3vo t_lt_t

uotJrc_J wt_lJ ITiountud ofl _ plcl_ up truck i_lld Inoll_tJr_- ¢Jn_:_JI_J lln oc|d nlu|tlp]_ o_ ii IL_[_" w,3voJUllCjth, rot LI

._ hora_ |oud up_ol;_r with _ dtffu_r co_l_ pointed wr- produc_ luvul_ 6 dll too high _nd clo_tructivo l[_t_r-

t|colly _JfV0d _t_ c111Or_ln|dJr_Jct|on_l iJou_'co. |_Jll}: __'Ollc_ ]_=-oducll'J z_JrotJ. _'or v_' |on_ r_JL_rt_; tllrJ

nol_e filtered to o_o octaw c_nte_cd t=t I _Jlz w_ two wov_J _ru II_ i_u, t_l_) Iovol i_ 6dB too hJgh
LllJ(_d, '_'1]__tlllu |oud _]_(_]t;(_r wlt_l_LIt thl_ diffu_J_r buL tlphorlc_! _E'oodinrj c_ntrol_ _h_ voriotion with

rZrJL_ro 2 _J_)Ow_Jt_lo ='o_lg]tll Of tWO p_Cll_bF runtl II1o1_ J'or llol_l_ lJour¢_ llg |hi] buNdw|dth lncr_Jo_o_J_ tho

po_slto dlroctlol_u ot nb_ut 25 mph wtth th_ olrll_ld_- nullo b_conl_ I_t]_ pronoL_n¢od b_c_u_ tho dlr_c_ and
l'(_ctJonlll IIoufc_, _Jl(_ *lX_u" or= |_1_ _lol; 0='o (l_t_ r_f]_ctl_d wnvt_ btlc_lIl(i Jl_,,J_ CO_'_'ul_itf:d. W_l_Jfl t|lo

cc_l'¢_ctcd to o[io mL_t_r rll(_a_ur_d in _n op_Jn _o|d _rl|c_ophollo lu on t_lCJtl_]_¢tln_J pl_tl_ Jt 1_ _l ttt_

with tho v_Jlklcl_ _tc_tlofla_y, Ttl_ co_l_pond_nc_ ]_- i)o[nt of r(_tl_,ctlo_, prot_uro d(_lb|ln9 occurs, i_o

twour_ till] (WO i/l¢_rltlr(]fllOllt_ lzl coll_|_ll_r_d Io bo v_ry I_u|J_ _l_llJt ond uphc='Jct_J ,'Jl31"o_l]lnr_ro_JLiJtlJ. /_ con-

with tl_o d_0ction_t no_nd _otl_c_, N,_ _cc_ocy 1_

=loon to bo _ood to _bout 30 _ on otLhu_" i_id_ o_ tho T_m In_o_Lir_rTionta ovor lltli')orfoclly rcJ|loctlng _round
mclln ]obo. It l0 _p_li'_nt tht_ r_||_tion_l from n_r- ro_tllt_d In _,v_| Jn_;_c= _l_J f_lnllxl_ ovur tho dl_-

J_' |lou_o_ w0ro _rrivll)_ at .f 50 _ w|t_ ro_]_ct to th(] t_nco o1 |.S to J3 nl_L__J. Tho I J_]l_ octnwJ I_d

I]lr_ Jn Iobo, _uvor_| _1_11_ ctlr_l wo='_ muoi_t(_d oil no|l_o u_lowod _lJl[Iol_t no I1113,_-iT_il_pottor_ bL_ _1_ "=
_V_| occ_lilo_l== o |'lg[lr(= 4 t_l lh_ corn_loto dctt_ on lctt| _lpr_dtllrJ did n_t occur, W_I_='I tho iiilcrophon_

tl c_11"_1_1t|ltl fQ_l_|t Oi_ _ COOpO_'_|lV(_ ptlu',l_r by, J|o on I_t _Jround_ Ilo ITICI_-_T_|np_t_¢l_ll occ_lr='_d oven for
rondo I_iui_lly fUltB ll_ hot JI diro_:tiolll_ ulvJ_r c_]ll_t_ll_t t_lo ptlro tono but tho ducoy' with dlllt_nco In _||

I_po_c| _nd (llr_ctJoll condlt|on_, i_to t_l_t L_o J_ft cnl_o_l wtl_l
m_,_J_r we===moro d_J_octiw thr_n tho ¢lgtl_ ollu. Thlu

_'nct w_r= vo_l_l_d _, |ho owner, hg,_n, rolJ_ctlortu p ,, _'o/r 1'_
c_uld b_ I_o_lhlo nt-t, _0 °.

'£hu ln_=ureml_nt ult,_ w_= f_r _roln Ido_l y¢]t tho _qu_tlon (,5) |h_Jn t_¢omo_ .f_]0 lo_Lor _, _Jlmll_r

ro_=_l_n woro _ll_ito good, I_o_uZE_ IndJc_t_ that ,_ _'oiJult_ _t_J l_¢:on r_p_t_d In Ltl_ |lt_'4_uro (6J.
dl_octJonn| _nlcr_phonQ wouJ_! h_vo lmp_owd tho d_-

,'oct_vLty mn_=_lronl_ntn _t thai al_o. Dlfi_ct_nt torr_ln pr_xlLico dl_for_l_t ro_Jction cor_l'lL-

cl_nt_ whlcll uo _r hnv_ d_tll_d nnnl_,tlctH modo|ln_.

U_lin_l n 0rounll I_v_l illicrophOllt_ _olvo_ oNo _=ob|l_m
NOI_ _/_U_I_MI;N_I' l'flOlll.1_Ml] IJ_t _llft_r_nt tl_l_0nolltn _ro _poctoiJ _t di_or_n_

_ocotton_. Without _ _ood prop_lc_tloJ_ modol Lh_oo

_ou_r_| pc'opt_n_Jo_ glc_ll_lt'omo_l|l_ w_ro m_lo Jr= _n _Plpo_¢lllt_l _='o _lot t_rt_lllc|_b|_l but tho_' _1_'oI_tQ_ltJur_
opon l'lQId to i_[ovldo c_trollod condltlon_ _n_J 4 ,_lJlo.
_Jmt4|ntlon of _ha vc_hJlc]n nolcm mon_r_mant probl_m

(5), .'_ | _.ll=; p_lr_ ton_ and J/3 ond I ocl4vo nol_u M_|_lpl_ =_o_zrco_produco I_r_dlctal)l_ dlrocLIvo

dotlb|a ornnLdJ_(_c_JoNtll I=ot_l'ca_l Iii phil]o, Out of l_ln_31o llottrCo_o _'ltt_=i, nlul_JpJo I=oLircoI_ I_rc_i_ol_tno

_ro _tll_| 1,5 m_torll ovur d_llt_lNcQ_l from [,5 to 33 cl_lbl_J,
iTioEor_ W_ ull0d to ille_ko iilc_n_luf_1_lll_n_o |fl o1_ 00 _

. q_md_llt, ,']yrnmotP/ roqul_od ol_ly on_ q_lnd='tlnt,
VohLcl_ h=VQ _n_' nol0o _lJr¢o_ but two wor_ co_- CONC._U'J_Oh_ AND I_I;COM_I;_D/_TIOI'_J

m ==Jd_rod _ flrn| o_d_r ,_ppro_mnt_ol_ that provided t=

wt _mall onmJgh _lL_mborof wr_nl_lo,_ that (;oLddb_ ro_- I_ l_ concluded thnt Nniu_ *_o_c_l l,_wJl Mon_tu_o-

_ 11'/



m_nt_ c_n be very uun(ul In vuh[cie noIu_ piobIemz)
IJ_itIJo[lluprot)lllnlIl rtJm{l[n. "_'houn_;_puc_(3dIloor
rod_r puri'orlnnncu fu _ inQJor prcJbtunl but uolwb|o.
/_l)ot/t n _wo mnn y_ot u[fort 1$_rucoll_rnond(_(|to _||ow
InoNy DOlll_lbl_ |lb}lrovrJmUnt uchIlmuu to b{,' ti'Ll_d lind
ova |_1_t(Jli•

Th(_ ptoblum o1(non_ph_rLcnL Dproodh_rj_nd rnox-iilln
pa_.torll_ L_ comitloF. _.o_1| no|u_ [h{_t_ur(_nl(in|_ _i_(1
pori_|cu|_rly Lf_port_t to th_ NI]I, uyutelL_. Ilow_v_r,
n _iml)lu (JO_nndJuntm_n_o[ th_ r,_n(J(_Io_ convert_r
of |*lOLIr_ | _,_il ch_n_(_ th_ u_pon_l.qt on _,h_tt_rtll.
Dl__'_rallt oJ(u_ with d_f(_-_n (.__l_c/,_Lg u_ltf_co_ dru

t_l_ could _o u_od with _ (_ro_ln(l |_w_l Iilicrophon_
_nd r_colll_r_tlol_ to ndJ_t thu r_JO t_rm. '_hlu
co_l|d IIc r_ccan_plL_h(_dw_.th o _h_lo p_u _vith _
(_mr.ldltuct|onn| II_ul_| _ourco.

bucn_l_0 of f.ho 0_-o_t I_otu_|a! o_ thu I_I'JLayulun_ It i_

t|F.uud _{t(_r _.h(}f_dar prob|omfl _r_ _o|vod.._{)o|n,
_t lu_f_t _ two malt }'_r (_ort _ r_ct)li_m_ndud_

Dh'actlvity of Hol0o _rom Movin(3 V(_chlc|uo" |'roc_

Cop_nhag_ll Dnl_m_rk o
(2) Juan G_ Cnnom_nu_|, "Ang_u "_r_ckln_ _nd_r fIy_-

_am _oi",_cou_|_ _'olt_ _YI_an_omnntu, _ M_ 'I'hn-
nla I/n_v_r_l_y o_ Ta_ not/_tLz_ Au_lnt I(J75.

MQ_aucin_] V_hLclQ N_tJo .to_rco Lnwl." h1_ The~

(_) |_m.ln k° Wnrnl_. "A M_thod for HoLn_ .%_Jr¢o

M_ "th_l_ 1_heUn_vnrnlty of _Cn_u _/_u_ln
D_c_mt_r 1_72.

(5|'_.IVI. I.lttio _rxl i:.L. ]]|_on, "I_op_otion of
N_t_ from Mul_lpIo _]o_rco_ ov_" JzJv_| C;ro_lIl(l_"
_ouc. _co_m. _m. Voi 5(] _L_ppl(_m_n__o I I'aJ!
1975, p. _ll0.

• _lmp_d_nc.(_ o! ltoft Ground n_t lt_ _._ct on Pr_c-
' itch| M_a_I_rnon_.n. N |. J_cou_. _)oc° ._m. VoL
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"Vehicle Nolae _ource Loyal McntluL'In9 _yntom"
praounted by
E. L. ]lixaon

Dl',_ClLq,q TO_I :

'L'hl_ project h_d funding of abo_lt forty p, Hnnd.:
thollannd dolloru wit|l a totnl effort of 2.5 Ila. Hie ground-plane roflectioH

111t_1_yOwlS'n* DEal)IOta been con_Iderad in pL'Ollt_JlcJntln_j
noioo laglolatlon?

J. ,qu] ] lynn t
----'Hlmt wno the rofluctln_ uucf_ce uoc,d H_ lieder II:PA)j

to makm thai _ound decay tcnta? ffna it 'illi_ pr'6_I_nl waB approached by e_om-

gr_nD? loin U n Inr_ dnto bn_e to datormino the
pot_ntinl vorl_bllit 7 of _ wide _nn_e of

_. II_n_l ground covet" m_torlolu. _ho 'JAI:J36G
T|lo decoy d_tn w_ obtalnod over o tc_t, on thu otheE h_nd, 1_ _ controll_d

_u_fnc_ con1_o_od of _ ro_d, _ _tch O_ _tl_f_ce toot.

th_ _II'o11 ill fEoDt of _ |lO_U.

dl=tnnce?

F_ty feat.

ll3



EVALUATION OF ri_W HETIIODS FOR ME:ASURIHG
HOI_H OF I]EAVY TI{UCKS AND _USES

Joseph W. SullIvnn, Asoiutant Professor

Ray W. l[orrick Laboratories

School of Hochanical Enolnoerin 0
Purduo Univur01ty

West Lafayette, Indiana 47907

ZHTIiODUCTIOH under favorable weather condltlonm. Tbo
two wcathur condition, which mo_t _dvoruoly

With th_ r_cont ln_uanco by thu Fudur_l affect tuft. _r_ procil_ltntion and wind.
Govurnmont o_ nolun ruh_u for n_w t_ucku, Thu J]66b _tni_delrd r_commnnd, _pocificnlly
tbo mnnufncturer h_ b_n plnecd in tbu rolo that tb_ tont pad bo dry during tho t_utn
of tbn mn_or _n_orcur. In thiu rola, tho and that tim wind .pucd b_ la_, tban 12 _ph
manufacturQr w0111d do tbo bulk of tho tuft- (19.] km/hr). A wot pad uurf._c_ inurca_.
ing to dnt_rmin_ compli_nc_ witb tho n_w tiro noi,_ and r.in incr_n_ background
ragul_tlonn nnd would tb_n labol hl_ v_hicl_, lov_l noi.o in addition to having unpr_dict-
in t_timony o£ complianc_. Th_ rol_ of tb_ _blu _ffcct_ on di,nip_tion nnd nc_tt_ring
F_do_al _nviro,m_ntnl l.rot_ction Aguncy in of 0ound wavo pcopngntion. Al_o, th_
thl_, would boono o_ _olcctiv_ _nforc_maNt pr_©ncc of both rain _nd wl_d r_quir_
_uditin0. _oci,1 micropbonu protection which

introduce .p_ci_l problumu in c_librntion
_o _ar, tbo rog_ll_tio_ a_ publinh_d in th_ _nd mnl_lto_nnc_.
Fad_ral R©_i_tor April 13, 1975 _pply only
to modium _nd hoary truck, (over 10,000 Tho offuct_ of wind on .ound propagation
_ound_ gro,n wbicl_ r_ting) - truck_ which b_txu_n uourco _nd r_coivo_ _r_ COml_la_

IBa_ i_t_.co_ _ro cu,tom _acmblnd to _nd unpradict_bl_ in pr_cticQ° Th_ affQctn
thQ buyor'_ ,po_lfi_tion. Sinc_ thQ c_nnot bo g_g_d _olnly in torm_ of _n
t_lloring often illvolvu_ m_Jor nol_ pro- av_ragQ wind valocity but mll.t t_k_ into
d_lcl_g drivn train components, th©_Q do_u _ccouNt thn d_tnll_d naturn of tbo VOlOOit 1,
not _l_t m "_t_nd_rd" production truck dl_tribution clo_o to th_ ground, that l_,
from th_ vl_wImint of noin_ _minalon_. in tho boundary l_yo_ (2). Tho gon_r_l
Wh_t thll$ _o_n_ i_ t|l_t tho m_nuf_ctur_r _ff_ct i, o_o of diffrnctlNg_ or bundtnq Of
will h_v_ to t_.t frequently for compli_nc_ tho ,ound w_v_u in proportion to tho local
- p_rh_pm 1004. Thl_, in _ddition to h_nvy v_locity g_dlont, _llicl_ in turn _ltor.
d_v_lol_m_nt_l lo_d_ to m¢_t compll_ncu in both tho pb_a_ rolatlo;:_hil_ _nd _l_plitudu of
t:,_ _;t,ro, lmpli_ that th_ tru_k m_nuf_c- tbo .ound w_v©_ _t th_ mlcrophonQ.
tur_r must h_va _ mathod for noi,Q t_tlng
tb_t c_ b_ II_d on d_l,_nd. Unfortun_t_l_t t_urth©_'l_oro_ V_rl_tlon_ in t_mp_r_tur_#
no al_ch ,_thod _l_t_. humidity, _nd bnromntrlc _r_ro c_n pro-

d_co llnl_r_dict_blo _ff_ctn on mound prol_g_-
Tb_ pran_nt ;n_tbod for tnnting l_ b_n_d on tion from th_ voblclu to t|m microphon_, _nd
_ d36_b, _t_rio_ _ound L©V_I of II_v¥ _bnngo_ in tim miCrol,hona lt_nl_ which c_n-
Truckn and Bu._m. Thi. mQtbod ha. g_lnod n not alwaym ba corr_.ct_d. ThQ v_ti_blQ and
_olid r_putation with industry _nd rogula- unprudict_blo n,tul'n of tha w_th_r in tim
tion _0_ncion n_ 41 mu_nn for mo_uring tbo Mldw©_t (wh_r_ moat h_vy t_uckn _rn
m_xlm,m no|ha in d_A _mittrd by _ v_hiola, l.reduced) llmlt, both tha mcll_d,ling and th_

to _ith_r _id_. _t a low _nollgll _[mad wllor_ number of t_nts which can be cond_lctad. O_
tlro no|too In n_liglbl_ (i). Tim d366b tho nvor_,lc only 75_ of t|m workl._g d_y_

t_mt _qt_i_n that tbu vahlolo |)_ accnl_rat_d ca_ bo used for t_ntlng. And m_Icb of thl_
in nuch a _nnn_r that _,_Imum rated _pand b_ l,ul_tba do_o %luJ_0 microphoBo wiBd ncr_:_n.
attaln_d within a pro,crlb_d di_tnnc_ with- It |mconlam m_ndatory, th_r_forn, to |l_v_

out _co_dlng 35 mph (56.3 km/br). S_o ,%atbpd for rant lad©pendent of w_ntb_r
FAgur_ I for th_ outdoor tnnt pnd dlmanulons, conditlonn.

_V_;l though d366b r_mult_ _r_ w_ll accoptad, In rocog_Itlon of thlm n_d for _n _ll-

I th_ m_thod dooll |l_v_ _rlou_ =nvlronmantnl waath©_ tn=t mnthod th_ Motor Vnhi_l_ M_nu-

limlt_tiono. Tomt_ cnn only h_ conducted fnctllr©rm A_noclntlon (MVMA bna Inltl_ted



rotsonrch at tho ilurrlck Laborato_Iu., Purduo ruvulzla tZlo wu_knous OL: tho J366b l,ot|Iodz

UnlVo_oltye to dot_ml_o what mothodl; oEu mound pro£1ouro Io obt_Inod st only ono point
fu_alblo £o_ all-woath¢:r tuotin_.* This in zipncu, nnd, although undouhtably uue£ul

paper doucrlbQu two ouch methods. /or dotorz1_Inlnc/ maxlmum road_Ido nol_o,
thora lu aa Car a. is known no technical

TE_T H_T£iOD REQUII{[_MENT_ baal_ £or uuln_ thlu in[o_m_tlon to _xtr_-

polato to f_rthar dlstnncuu.
Auldu £roln tha nccd _o_ wu_til_r prot_ctlcn,

teat In_thod should hays th_ /ollowlno Thus, the _und_Inontal qucutlon involvln_

major _equlrem_nta: me_uuremuntu In a small _p_co is _hould the

ta_t ;.otitod be da_ign_d to ul_uiata a
I. Thu l_oi_ d_tn ;n_l.t b_ coiil]_atlble with drlvo-by toat, that is _AE J366b, _nd thoro-

tho sad use. by corralat_ with _n ontabllohed, uMIstlnu
d_t_ b_ool or _hould the iilcthod be designed

2. Tho [[lualnzrolnunt _aclllty 0hould be to provldo anothor_ Do_ulbly moro uuo_il

iocotod close to tho m_nu[acturlng nraa. mo_0uro o_ noi0o ouch _ sound power? Tho
two mathodo chooon _o_ utudy oddrooz_ both

3. Tho timc fo_ te_t should bo short nnd vlcwpol_to.

the illmnpowor _uqulr_d should bo itilnlm_l.
DESCRIPTION OY NEW METJJOD3

I_ oaoanco, nn all-wo_tho_ _ncillty Ino_a a
_ully onclo_d oro_ c_p_blo of _omo t_liIporo- flUuroo 2 _nd 3 llluut_atu tho baoicu of tho

turo and humidity control. Cloarly, it io two mothod_ undor uv_Io,_tlon, l}oth mi_thodo

_ot p_actlcal to o_clo0o _ J366 alto oven if utill_o a _cml-a_ocholc _ooi11 _d multipl_
tho vohiclo wor_ locatod .t_tlo_ry _n(I tho mlcrophollc_ ill o_mplin_ th_ ncou_tlc flcld

_icrophosam move.d past tho v_hi¢l_, n_ in o_ thu vohlclu _u tho v_hlcla _inlulatcu _n
tho _l|tornatlonal llnrvo0tor _tIAP _sclllty operational modo.

(3}. Tho |_HAP (Sourco Noluu An_lyolo P_d]

_acillty m_ko_ usa o_ th_ concopt o_ m_In- In tho "Reduce(| D_Iva-Uy _imul_tlo_" m_thod,

t_Ini_ tha _nla ralntlvo dlapl_c_munt l'iuu_'a 2, tha mlcropilono nrray_ (o_a o_
butwooll _ic_o|_ho_o and vohlclo n_ _ tu_ctlo_ _nc|| oldo fo_ n 2-uld_ toot) a_o t_vol*_d

o_ o_In_ _pI_od n_ in tho 'JAI:J166b ta_t, pnot tho v_hlclo ao t|l_ vohlclo oimulat_u

hut with tho vohlclo _t_tlonar_. Thlo _vo_ _ wldo opo_ throttl_ nccolo_atlon. Thin 10
CO_uld_l_bl_ _[laCo alnco th_ _u;inln_ and n dlr_ct _d_ptatlon o_ tho _NAP _othod
_h_tdow_ dlat_c_a _or tho vuhlcl_ _ro o_cept that mlzltIpl_ mlcrophon_ _r_ u_ud

_llml_nt©d. J;vo_ _o tho _p_a ruqul_d _or apses _vora_ln U o[ _olznd proanuro l_
la on t|m ozdar OE II,000 Et (Z020 m •), tha vartic_l dlr_ctlon nnd tha :nic_ophonna

Th_ co_t to _l_lly enclo_ ac0_10tlc_lly nro _t a di_tnnca o_ 15 _oot (4._ _} _om
treat, and malnt_l;_ _uch _ _nclllty would bo th_ vehlcio c_nto_lln_ vor_tii_ 50 _¢_t (15.2

p_ohlbltlv_. Th_n too, n I_9_ E_clllty mJ in tho _NAP muthod, fly koopinu tho gala
could _Ot, i_ _lonuKal, h_ _itt_d i;l _o_t to a;l_l_l_r orlo_t_tlo_ O| tho _icrophono array

_i#ti_9 m_nu_tu_l_c/ _r_. with ro_p_ct to the v_hlcl_ _ in tho _N_l_

Inothod (Or th_ JlGGb ;n_thod) d_rln¢/ nccol-
It Im _an thu_o_ that an _ll-wont|lor tsar arntlo_, tho ncoustlc dlr_ctlonallty I_ lasts

m_thod to h_ con_Idor©d p_ctIcnl must or loaa pr_uarv_d dapondlnc/ o_ whmt|mr th_

o_com_,a_ _ r_l_tlv_ly _m_ll ;_p_c_. Thl_ vohi_lo hna _tond(:d _o_rco_, _uch _o a _ront
_¢_ that t|l_ v_hlcl_ m11at hn 1oc_t_d _nc/l_o chn;l_l_ with _nr oxh_uut.

_tatlon_ry _nd thc mioro_|lono(_) must bo
plac_d much clo_or to th_ vohiclo. Thla Tho _ect o_ mlcroj_hono .pacilz_ _or thi.
l_d_ _a directly to tho ql_o_tlo_ oE what concept was _x_mizlad I_ n p_oll_innEy _t_dy
kind oE _lo_msr©mo_t dnt_ _uch _ ¢chnm_ by a ai_pll_Icd multi-polo ¢omp_tor _tod_l

_Id p_odl|co. I_ tho t;HAP _gthod, it llc_a O£ n typical COX: trllch t_ctor with vortical

b_©n _how_ that thu _mx d_ V_hm coKr_lat_a ©_hau_t (4). |_i_uroa 4 slid 5 show _ co_-
woll With J366h dat_. Thin could b_ p_ri_on o_ th_ _Icrophorlo (_colvcrJ

Antlcdpnt_d _Inca both mon_tromont_ _ro rondo nnrnpZin_ o_ thai £1nld directly out _om tho

_t th_ _nm_ pol_t in _pnco r_Intlv_ to the a£(|_ o_ th_ vuhlcl_ whan tha nouKc_
vohlcln, at n _Iv_n o_Ina apP.od# nvun char_ct_ri_ticu _ broad b_nd (_'Igut'_ 3)

thouuh tho _ccolo_atlon-tlm_ hlatory of th_ and narl'ow b_nd (fi_/u_ 4). A study o_
v_hlolo I_ ;lot the na_o. Howov_ bo_un_ tho_o two cacao _vcal that (_) th_ ulmcu

o_ th_ r_l_ctlvo _ro_nd piano, o_ would avor_.lo _a_ _iold ha_Jinn at about 15 E©_t
_ot ©xp_ot co_'rtllatlo_ whu_ mi_opho_o _om t|m "vohlclo" co[ltm_ll;Io, (h) ada_j1_t_
Orl_t_tlo_ i_ clmn_ud boc_on o_ th_ dop_nd- specs nvorn_ln_ cnn bn don_ with only a f_w

_nco o/_ th0 ncotmtlc _i©Id 01_ tho noiao rccclv¢ira and (c} tho dcuron o_ co_Intlon
xourco di_t_lh_itlo_ _od _poct_al ch_r_ctn_- botwonls _Inolu r_calv_r_ _lui_u i_v©_a

latioa OE th_ vChicl_. This d_pond_co _qlza£a law dCp_sda OlZ thu bandwidth st tile
nOtlrC_| tho wld(lr thn bam|wldth tho b_tto_

# Th_ opinions, _l_dit|_m, _d conal_alo_ th_ co_rolntlo;|,
cxpra=aod [_ thi_ papor ar_ tho_o o_ tho

_thor _d _ot no_onaarily th0n_ o_ t|l_

Motor V_hi_l_ Ma_.fnct|ir_ A_aocl_tlon, Zn_.
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In the "Sumi-Anecholc Sound Po_e_" method. The currunt level of o_fort Involvc_ two

Ylquro 5, the uound power o£ the v_hlclo In Hautern degree _tuduntu, and thu program

obtalnod, at a fixed up_d/1oad condition, tlmotablo callu for thlu lovul of uf_oct
bn_ed on the theory o_ moauurlng oound power through 1977.

in n ocml-anocholc _paco (5). In tbi0
adapt_tlon, mlcrophonoa nee arranged along iIEPI_It_HCI_S

a clrcul_ boom tllnt, when rot_tudt would

cut aN Imagln_ry humluphor_ into oqunl 1. H,C. Kayo and _°_. Ungor, "Acou,tlc and

acoao (_). Eor a humL_phorlcnl .urfn¢o Performance Teat Comp_rl.on of Inltlal
located In the £ac _lold of the vohlclo, the Quieted Truck Hith Contompocy Production
nounal power i_ calculnted _rom the _quatloN: Trucklt, " nuport _/o. DOT-TST-?4-2,

_eptcmbec, 1973.

L w - _p + 20 log r - 2.5 dg, re 10 -12 w_tt
2. CAl. Gorboh|, "Uue o_ _haltoru to

whore _ 1_ the lavul (co 2 x 10 -5 rl/m 2) o_ Protect a Vehicle Paun iJy Noluo
N_urmncnt Paclllty," Ph.D. 'l'|l_u1_,

tile _paco avorn_jo aound _ren_uc_ over all Purdue OniVcL'ulty S 1974.
inicrophon_, and r i_ the radtuu of the

h_mi_ph_ in _¢et. 3. H. Mlllo_, "Sourc0 llola_ Annlyui, Pad",
T_uck Enqlnoerin_ Center publication,

The me_o,r_ent procedure would conalut of a
COntl_tto_ _c_n_in_ /_nd nveraqlng o_ the Intecn_tlonnl |l_rve_ter Company.

mlcropho;io et_ny, li* u_oh _/3-oct_ve b_nd, 4. J°H. _ullivnn, "_'c_Ibillty Study of

_ the boo_ rotated At a con_tnnt npo©d. At Concoptn for on All-ff_nther _olao Te_t
t|lO _d O_ Off0 rovolt_tlon, the _ln_l aVOCado b'_clllty _or Trtlcke_ " |(epoch IlL 75-39e
level, _n' in _cb bnnd would be u_ed to Prcpnted unde£ Color,act PU7508-C2.16

o_Icul_t_ the corro,[>ondlng I-W from the _or Motor Vuhlcl_ Mnnufnctuc_rn

above equation. Alternately, tim value o_ _a_oclation, Inc.

_,p b_ 5. A.P.G. Patoraon and _.E. Coo=a, Jr.,
n_tec CoOld be

tlme_ R_ the _A_re o_ the vehicl_ _ole_ "llnndbook o_ Nol_e MOA_tlC¢_ont_"

niece it would r_prement that _p which General |lndto Company, 1972
WOuld b_va been me_uted at c_dium r had the
|loine EEom th0 vnblole b_ r_dlat0d 6. _.T. 3©nki_, _A t_uw _ound IntegrAtors"

uni£ormlt_ in nll dlroo_lon,, Doll Laboratocle_ Bocord, Vol. 32._opt 1954, pp, 331-335.

Am a £1nal nolo, th_ _Lrectivity pattern o_
hh_ vehl_l_ COtlld bc mxtrauL0d _rom t|t_

men.urad d_tn I£ n mtoc_ge _apebillty wece
_vnllnbla nn part o_ tha _ea_urement _ymtem.

CURRENT P_0GI_AM fiTATU_

N_Itbec method h_m bean mv_hmted am oE thle

w_itlng. The major eE[ort to dmtn hen been
in the _on_t_._hlo;| _nd Gheokou_ of the

mlozophon, traverm_ me_hnnl._; and in _
moemurin_ _nd deElnln9 tlm _¢ouetlc flold

_ound A typical CO_ tru_k. _lgurn ?
_bc_= the trtlok and the vectlnaily muapended " _ "_, _+

mlerophon_ boom to be u_ed It; the mlmulnted _.___.,_,{
d_Iv_-by _=u_'ement_, The boom l_ -- _

that the dl.pleoe_nh O_ the boom 1, control-

1.d by .ng,n,,pe.d _ngine lo_d i, _--_/.,-_= y

cont_olled b_ .d]uatment og water _low to m N,"_

w_t_r brake d_namom_ter _untad i_ the

truck behind the trannmlamlon. _'_"_/

_Ino_ Nth _tho_a zequlre multiple micro-

phone _=mpling, thu lnatcu_nta_ion ha. bo_n
denl_ned to acoo_modet_ both. A Iohot_tlo _._,_
OL' the .y=tem 1. mbown in Flotlco _. 'ghe

;'-, prog_a_m_able o_loulmtoc (mlnlcomput_r_will

u_cv_ to control mlcrophon_ =equ-nolng, _1_. 1 Mlnlm_ 0_?. _366h T_at _Itn0 _torl end tr_nlp_llt_ dAt_ end [_rovldu _oth

nun_nclc and plot output.

i
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"l_valuatlon oE Hew Nct]1odn _or _lennnrln_
Holuo of IIe_)v_ Truckn olld Buneu"

prenonted by

DT.qC[h°.n_I_ l

,71 ,_]_u_ ,7. _11_livnn_

' Til_ project _ hn_o d_ncrlb_d i_ _unded ' If'is ,i _rnctlcal prob]cfll o_ c1111t_t_
_t n rnto o_ 01xty thouunnd doZln_xJ wit_l _ ¢_Iltro_ _lld e_o_ne. _I_o, _olv _£_qu_nclo_

_. T_ ](_v_r_rnnt roo_iM _ro not _ e_a_is_vc

_o_o _N _ multi-|_t|1 _v_rOliInIint, olz_

r_nlIy wnn_n to kl_ow tho _ou_d power o_ _l_ _!Lt
oou_c_° _n nddltionnl _an_[It in _inln_ n aemL-

Whnt i_ wroil_ with d_Iv_n_ n tr_ek n_ccholc envlro_rn_nt lu thnt di_ct_vlty
through _ _avorber_nt roo_a with ol_an _nd_? _o_fn_tlolz cnn I_ obtnlJ_ed.

••"i,:_
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I_]II_]I_CTIOII AIID rI[:ASUItEH[!IIT fJl_ ]JIC,I[L¢AYF_OJ_

]lJlt_ldo Crl!en_ I AzJfJitlt_tlt I_z'ol'e_Ilor

!;c11¢1ol o_ I!tl_litlc_rlllf_
Th_ [lnlveF_lty of AInhnl_ Xn ItlrmfrtKh_in

I_I_mln_hnm_ Al_hnm_ 3_2_4

INTItODUCTI011 thlll 4111t_imnlyztllt zlyotcm.
- the vcr[_cztL|on of Lha zhlrqu_¢y of t]t_ nqu|p-

|ll _c_'ttt y©rtrza Lh_t:o hzt_ltt_n _n lncrcnn_*l ilL_l)]_c m_nt nyJstem _l[id th_ _ll_r|m_rltz_l Ilroc_lllr_tJ
zt_r©nozt_t o_ iio_zsu. Trn_l_ itllJn_ h_ pztrtlculttr hno t_y czlrry|n_I ou_ i_l_|d work zt_ zl ;ztllnh©r Of
zst©_dlly i_ro_ _[_h tho _ii_rzll _rowth o_ _ho poilu- ts_tczl ill COl_JUiictl_tt w|trl per_t}tln_. [ro_ th_
lzttloztD _lnt[ WJt]l _t_ _Ktc_rn ov0t" ltr_ JT1LrLmiot_. Alnbzsltlcz_J|_hl_y l]_i_ztrtme_.
'_ho li_r_lt_t|ll_ ll_tTnllK_ro_ v_hlcl_ts _11t| their _t*_nLeF - t)lo dcv_]oll_t¢_t _f tt f_L1]y vertf_©d zltld itocIl~
co11c_ncr_lon on mtt_or h|_hwz_yzs z_r_ t_ltJor ¢olltr|_lLi- m_llt_d _omp_[©r l_ru_4r_m _oi- th© _r_llietJll[z o_
_|tl_ [ttcto_zt _o_ttx'd th_zt p_-oll]cfll. Crzlfflc [tolzt_ i1_ztcrillLof0 Ilna©d on Lt_u r_Lh-

odo]oKy of th_ _tXona! Co_l_er_tlv_ Illllh_y
£11F_bru_ry 197_ th_ Fed_r_£ litBhwny Ad_XIil_trnti_lt ll_a_rch IbroKrnm (_CIt_l') llepor_ 117 _nd
(_f the1 |l_l_mcn_ Of Trttn_pot'tatlor|j lz_ _eco_ttttllll_ lncl_lXiI K t_l_ cor_tJof_ [l_e_ltLe-cl |n [_[_[ _
_]f th_ problem, _r_zte[_t_ll i1_1_ _ovt_l-ii|l)_ r_l_l_ll_lt_ _llor_ |tort.

t)_z_tldtal_requ[_'oll ©_tch nLtttt_ d©o[r|;ll4 _cll©rztl n|d to lnclutll[iF_ Bt_ld_lln_ts lot" tho p©lcc_|oll o_
ztcllie_n iIOlnn |_v_ln o1_ _|1 |In h|Kll_Z_)* I_toJ_cta vtt¥Ii_ura I zsop_whtt_ t_ul)J_cttvop Input II_rn_'_L©r_.
l_n]o_ cn_tAll_ _t_t_d_d vnllt_. F_I* ©._nr_pIQ__t0- - th_ llr]sl_nLzlt_oll _ th© |lrc_Ict_v i_ pi'o_rz_r_
_|_}r _o roo|llen_oz_, zachl_o]zt_ ¢hl_rCh_f hospital,s, of tho Tz'_l_ull_rt_tJot_ ._yzst_rqC_n_r t_lzd ztt_
_A_ nTtd _t t_Lmh_L_ O_ _thnt" lo¢_tlo_ thu d_z_l_Tt _avztltlzl_loIl o_ th_ ztd©lllszIcy o_ [_a _lOCL_t_ltL_I-

not_ _VO1 wnl _t for an L_O vnht_ o_ 70 d_A. tl(_n from tll_ vic_oint o_ _ pe_ uacr.
Th[_ m©linN tt_L Jn _)lnnQ ]o_sLlo[l_ _ho ¥_llU_ o_ 70 - the _:lJ_ln_10ol_ or m_zznl_r_l ZSltllIi_©dl_ed L_ttf-

_l_ no|uo iltsr_t_eterzz _1_d _t z_t_tlzt_lcnl nc_nly-
tibia C_]l_ll[ no_ t_t_ _cset|_d trite _hzt;I tcrl _o_ ee_L of zz|_ o£ the1 i]l_t'vr._l d[f_r_[IC_.
¢htt tJmq_ t_v_tl (IL_rl[l_ ruzzh I_out_ - Lh_ |d_'_tlf_clt_loll_ CDl]ec_|onD _T_d Cltt_l_)_-

Jn_ o_ thoaQ puhlXahed m_torXa|a which r_l_ct

¢)1_ 2t mlln_ (|gv_|lzp thn Cz_]l_y to ACc_lr?ttQ_y lit'e- nol_ Ii_¢_Zl(!Llozt _nd _zl_ur_r_t i_o_" tht_ Altt-
diet _fX_ nolNa _dJ_nL to planned hX_hwTn.
Thirl _ul_ lnvoXw not only _tle l_pl_ll_ntlon of bnm_ Ill_hway F_p_rtmel_t.

pr(_l_r _n_lyt_nl t_ch_tXqtJ_, h_ _Xn_ thQ dewlop- Tha _ltlal Lhre_ w_hlm_ r_port I]1'_ _cport Humber 7_~^
p_IIL o_ _xpnr_fHit_l iit_Dcelh_ttfl nnLI z_lll_ttrtttll_ fst_fJ 1_ _v_t[]_l_|_ f_o_ thD ]_lL_(inz_l TcchrlJCZtl _ll_O_'ta_tJolt_Xcien_ to m©nMur_ in th_ _l_l_l _hG n_cLted _t_tXa-

5ervXce In _lprXns[l_l_|. V_r_ln_*
L_etlI tlancrlptXort o_ _X_ E_ot_n.

TIIQ i_vor_11 pU[l_l_Qn O_ th_ c_l_trAct t_tW_ll th_ PIIF.IIICT'IV_. I'_OC_A_4_
IIrttwl*_X_ of Al_h_m_ In _lix'm[l_hnm _nd th_ _t_L_ o_
_lAb_ |ll_h'vz_ l)_p_rtra_ttt ward t_ln _I_sv_liJ)_r_11Lo_ There ztr© tw_ niiX_ _a_lc_]n P_qthoLl_ thct_ _[_
_n_It_ca_ _n_ _xTl_r_mel_t_X t_ola LEJpaz'_lt _he approwd by th_ F©Lt_rnl I[X_lhw_y Administration.
nv.ctt_ pr_dlctl_l_ ztnd _n_l_r_e_.t_ o_ hJ_h_y _|'zt_- Tha r_nthod clll_t_Ined Jl_ _tinnnl Cuo[_0r_lvt_ ]limb*
_Je. zloJ_. Th_ _CLu_X K_lm which wr.r_, achieved w_y ]I©no_rch I'toBr_m Itepur_ 1]7 In _hu _m_ on which

Lh_ _aphnn|n wzttsii|_lc_d dl_|¢ll_ _hl8 mtlLily. T]I_
_[_t othnz" _i_iir_vn_l in_ltotl |_ cIJItL_lf_©t| |rl thQ I_©ll_rt_cf_t

- thn Xl_r_tX_n _nl_ lmpl_zlt_X_ll 0_ m_ _p_r_ I)OT-TgC-YII_^-72-1. ^l_ other I_l)Xn_ jl_Jc-
_l_OM_|_ trz_c iin|_tq d_t_l _l_qtlZfll_l_n _ii_i LIv_ m_tlLodz_ or v_c_zttiolt_ o_ L_I_ t_o z_Isov¢_r_qltI_

_ _¢_cLl_n_7 _IILI c_jl_|l|q (_r _lts_m|ll_ll_ K)I_ ntA-

_tal_c_ fll)l_tn i_lt_al_a CLIrrtaKl_ly rellll_r©_i Y_rnL_ Coll_|dq_ _hn Tr_ttn_o_t_t_lcl]t _yl_ums_ K_n_tlt"

th_ fOK_ O_ zt i_Ck O_ pIJrtCll_l c_rd_a w_th i_p_t_[Itn-
_or the Au_tX¢ tr_lc z_olN_ _t_t_ _C_ILLI_I_



tlon from T_C it1 CnmbrldRe, litlutlnchull(!Lta, At t]l_ libt_ly tO Una different deflfticfolt_*
Unlveraity thla pro_ran wau adapLcd for une by tim

II|Kbh'zly I)cpartlnent:'tt comptitcr litld ileverzsi tt!et cli_lcrl it1 order to illuutratt_ typlc_] proBt'ale lllptlt and
tcert! rttr_. The doctlmel_tatlon wztzl found Lo be! rule- OUtpUt, tc[t highway eorLfiguration= were COLICeivad

qtlate for II ntru u.or arid tbc rcen|trl were comparzlllle nnd ttnalf_ed tl_l[l_ tbc computer program. IItarLhor, -
Lo thene from Lh_ t(CIIRP lit _ech0tl. Inoruj nil _ert enecn wt_r_ completely checked nnd

vnrifie_d hy hand calclnla_lone, A cnpy of tile co_-
Tile Krentcnt parL of Llla ef[ort at tile Ul_lveriiILy pietod 11_ptlt forla, a dencrlptloa, n 0katch. a.d a
celltercd on tile IICIIILP li7 method. The _llgorl_ltm eowputer prltltatLt war, giVell for czacb of thc tell
for tbin pradictivo _cbcme wnn devclapcd by llolt c_suort,
Bernnek nnd HeWlann i¢1 1971 tin I(CILRPReport 117 ceLl-

tied _[llKhwn_* Noirl_ a A I)cnl_n C.tilde for IIl_!lww_y_- l)ctailed lnntruetlona for the programPn una. Includ-
e=era, It Nan followed Lip IT3 1973 by r(CIHLIt Report ln_ the toll tee_ oxntapleat tied tl lletlng of tim
l/Ji by the same con0altantn. Thin later report pre- final pr0sram ituulf in available in Velumu IlI,
lie=ted taodlfled ilrocetltlretl of evaluating tho IIoltlO /In nr*a _lallunl for Traffic I/=Inn Prediction Computer
r©dncLlon qualitle_ Of road=Ida Imrrlern, elevated _ ][Plt Ih:port tblmber 711C.
and depr©nned bighway neetlofzu, rnadohle nLruetlzrerz,

lind liIlch fact=re. It =herAld be _rdph0fllgl_d tbnt no cball_ee wtlra made to
tile program _hIc_l would reOUIL ill ito 110_ conferee-

The Alabama IllRhway DepArtment had ill ltu peon=anion ink to tile authori_ed predictive _utbndology.
a computerl_ed vcrnio,i nf the IICIIIIP Report 117 meth-

od and had Applied It nn ll ilUlaber of octa01ono LO Th0 progrnra well ueed to predict tile traffic helen
pl_adict traffic nolne. Tba re=alto were compared to pare==tern at 66 alien wbera field re==nutria=tit=
actual I_eaatlre_lltn Hblch wc:ra made tlaill_ a ill=ill= ware tllkalt, Tile 117 prugrn_ wan fotnld to 110 ill1
_naai check-llheat proeedort% The vnluea were faced o_t£oliellt ilrlldictive program for AlAbamA Illghwaytl
LO be oftell nB _llch ea _ dIIA apart. The highway in ganera_ mild Wal_ race=ended an tba routIIlO al_A~
en_ineern conaequantly bad little ==liPide=ca in tile lyrical tool of tba Ilighway I)epart_ent.
t_chn[qll_. The varlnbllity, of coupe=, migbt have

originated from neveral caaneo. Pert _ay have been III_IfWAY ItOI_ HI:A_JURP21E_T
due to ghe lwp©rfactiona 1. the Report 117 toothed

a= the prograt_ in one did not hav_ tile geport 1/,4 liar/riB a,I arror-/roa, well-documented, And autbo-
correctionn. _o docl_alltlltlon Nell available for riled computer pr0gr_nt wan |=parallel to tim llillhwlty
the cemputer program no tIlfl_ it ann ponnible that Depart_rlt. Ilowever hllving _ /Itll_llblQ techn/qu_ for
part of _he error _ter_ned from _itber error= ill tile fnfla_tlrlll 8 ltoi_sll we= @rlfti_lllil_i fill wall. "Lhn Depart-
program or from Lha i_lflttfla O[* thu program ltoelf, n_nt waa vary C_lltlool= 0 and wLch ra_|oa, ill belier-
Fl_lally tilers wan r©nnl311 to believe that part of tbe leg tim 0atpat free predictive corqnlter protlr=_.
variability wan due to the m_llllurr_cnt _ethod. _ithout Innvlna tile nhlllty to make rnliabl© mell-

NCIIRP llnpor_ lit Computer PrntLrqm llltrcraent0 wliich a_ree4 witb pred/ctlona for axilltlng- -- hlgbwa)'ft IIt_ cotlld tbcy really hava coIIfldellCO ill
limit proJ©ctlann for ==lee |evolA on hlgtlwnyll to

It wan an cxpreAa ptlrpoee Of l;hll program lit elm bn blt[it twenty yoera hence/
Unlverllity to folly doc_eTtt tim liiKbway I)epllrt-

mant'n v©rnlon of _lla _CIIIIP Report 117 c_rnpnter pro- EqUIP_h'T _KbE_IOII AND TR',ITIlt_
i_ra_ to _nnnra I:haL it wan frva of error, Of eclttnl

lmportllnca wan the 6oal of mllkln_ tile program tally Clearly tile =election of good ilmtroeae;It_ttlo[I wa_l a
to uen alva= by inagperloficed parnonnal, toll priority. It t#ll_ nil ©arty deci_ioll that the

equipment be of high precinion and capable of
The coding of ellch neap In tim program wlln carefully achlavin R A_II Type 1 IHmclflcntlonn, Thill vlimi-

checked. Tile llpproxlmeta repren_atAtion of tile nntel] A iHimber Of potcntllll nyntra_e from COllnlderA-
Kr_pba Art _epnrt 117 .ned In tile co=Furor program
ware verified and, in _}llt canna, extended in tile tioll. In _veltla_llig vnrioun traffl, c IlOl_a mvllnure-
lnt=reat of greater accuracy. All ny_bola tined III neat and anlllynin ayetema the foblowinlR guidalinen
the _n_lre program and tbalr units If riley vat= warn adnptadl
dlMnaionlll warn ft,lly identified by Ebs eat=naive
tllt_ Of CA)h'_ ClZrdn. _cli n)_bo]._ ave= il" uIIod an - Lbe _quipll_nt _lnt be cllpa|)lt_ of laeAllurinR

theme i_olno parll_terll incorporated into cur-
e d,m,r/ variable, Nan treed to rcpranent etlly fl _iR- rent federal regtlllltionll. It =bonld also ba
gla varinhl_ througho.t tim entire progrlla, ohio to deter_lne tbone amine pare_tnrll which

mlKbt ba incorporntvd Into _tltnr_z federal mild
The lnpttt /llhl o_ttp'd_ for_ltn wars lmprovt_d for par- _tata re_ltll;ttlo0o.
pome_t of clarit)* iti3d to rt_dtl_.¢l tbll cllnliea of codin_ - tile eqttip_ltL _liouhl ba capable of atltomdLi-
•rcor=. h pre-prlntad Input data form Was prepared, rally prtlduclu18 data or reeordA wblch clln ba
All vnrlnhlea .mad mn /llput _arillblen wnra dillcusned clltalogcd nnd pel_allentiy ntored,
ill datall, Special attention won given to thane - tile eqnll;m_ilt ehould bn In actual, prod.etlon
tnpnt p_ra_tarm which nard =¢mewhtt n.bJectlva in

And have been altbJectml to wldeepraad and

eater©. An an exa=pla it wa_ n_cenaary to daflnll pertinent field 1_4_lnt_llaglca.
Stlch ta_ a_ *'Hox_l", ",_mooth", arid "googh '_ Iolld- - the equipment I[Iotlld have a good _i_tenaacc
way anrfnea_ no that tile proper correction factor

conld 5a xppliad. In the =b.cnce o_ =pacific rifler- rnc0rd and tb= Mnltflletur_r shonht have a goodp_tion o[| lluch _att=ra differ©nt ellgi_learl_ veca relnltlltlotl for ll_rvIca.
- tile nqn[pment llhouhl by llvallabla for ,Irmon-
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atrzttlun purpoeea and Lhe manufacturer nhotl|d nyrLtem tlrtd Ill making related Lrnfflc menuuretaenta,
nt_ppfy a llttt of cul{tot_ertl who ann be con- _ood field Lee[mlquu taunt be atrlcLly adhered to.
12acted.

The i{o,Jtltl level ml!ter mttr,__tba e_lll, r(tted before n
"fho or[l_pment Deareh rcntllted Ill I:lle lduIILlf{catlon run, IL _lttst I)u proLecLt'd al_eleat hoetlle ellvlron-
of t',to tlpetem_ manufactured hp different flrmn "4hleh laellte ilut:h all rein, e;_eetlfllvo hll{aldlty, lind extrem_n
would nAtlnfy the prln¢lpl_ r¢lr]ulrem_llte. The PA of temperatnre. Of couree It: nhOllld never bu
fJOD I)lBlt/tl A¢ouotlce nyeEelm wn_ eelecLed, dropped or treated roughly,

An t_portttnt ohJ©ctlve of the iltttdy wan L{in doeu- Durltl 8 a full. all ¢!xtraneelln noluclt t_och an eollver-
mentnLloll of thtL nolue data t_eqttleltloll nyatcm no erttlnn, Ilnrkln K doge, tr,llllil, elld ttlrp|anen Dntnt be
Lh_t c'.'el| on lllexperlenced peruon could quickly rlEorotlllly excluded fro;m the readlnll. The doalred

lentil to opernte It. Tile dt_talla or thin doetJInell- meanurcmc'llt In tile Lio value of the trafft_ heine.
racial1 /_r_ Riven 1_ Va|tJmt_ II. lit, titan Haaua| for

I)A (_{]{} ffolee I)ei'e At!tltlloltlotl _vattlm. 'f[llo volt{me _hollld erich exLrnllcoll_ nol_erl oct_llr, Lhe r_eordltl_
lneltldoo rt lengthy dl_,etnlttion of all componellLe (if enn }le n_t)pped oF th_ tlnwentod no|nun ceil he
I:he ny_Lo_ and cook-|]ook proeeduren fop Ire uee, removed derlo_ thQ analyt, l_ u_tll_ th_ nell'*Pert:

den|_tled for that2 purponu, The nuhJ_etlve challllul
In reco_T_ltlon of the fact that proper plannin_ of the DA 600 la woeful for locating thane ,_ol,ea,
ritually nlmpltflea meaauremel_Lu in tile ft©ld atten-
tlott wan Riven to tlltil anpect of the data aequl_l- The use of r_dar to r_e_t,ure epeede arid tile Uac of
tlollprocedure* _pcclal rn_ged ca_rplll_ canoe were _raffle cotnltera to d0tel_alne traffl_ flown of car
made to accommodate each of th_ two t_ete of data and trucke la recerma_nded.

acqulnlLtotl equipment. ^u another e_ample ef f/old
orl_ntetl activity, n stdlatentlal a_onnt of practical Care/u1 m_aear|:r_enta of hlshwny altSll_ent efld
Information concerning the protectlolt of cond_neor important dlatanc©a In i_partant,
mlcrophonen In high humidity envlronmente was pre-

aeltt_d. The lnt_nt of LIicna effort_ wee to help _I_PIDK_¢_ I,iHI_'J FOR Llo RRASUR_2tRIIT!;
ml_llmi_a tile difficult prohlt_n that are nlwnya

pr_a©nt whell field t_enmlremelltn are _elll_ m4de. Llo 1_ a etntlattcal descriptor. It co_£1d be anti-

II| order to cheek tile varloun el]u_pmc[tt co_[ioecn_n mated a n_ber of different tlmea for tile _amehaole tr,_fflc flow and a Ilumber of differ©at valuea
nnd to develop 8ood operatlI_K prae_dt_r©n fib field would renal|, I_hag one in interested In in eetl-
te_te warn cofldtlcted with, and name|linen by, per- metill8 Ira **true _* vall*a for the I_lv_ft traffic rloM
cannel from tile Alabama II£_T_ap I_cportment. All dlntrlh_ttlon, 1hie 1_ _ueh the _aac ae tryln8 to
co_ponenta Gildoqu|_l_ent _onfl_llratlona _re dolor- anti.t© the true _a_ of et, l_ d[_trl|*t_t|o_ hy col-
rained to be fully up©rat/anal anti ko a¢co_plleh tim culatin8 averafle_ I,aeed upon a limited nt_ber of
Intended purpesoa, t3oaaurgmcflt_, In general the I_re v_t|uea whlcl_ _0

ACCURAffY OF HY_fiUR_D RE_[I}._9 £nto tile taler{lotion of tile average tile _aora likely
tile _vern_n will ha close to the meal|. In a nimllar

AlthouKIl no m_eur_ent la totallp error free, th_ faahlon |'lO In estlt_._tcd by nnaly_ln_ Itu#!eruullm©a-
equipr_nt syat_m and utll_aatlOlt proc_duroe deval- ellrr_nt_ of tim noise level, the ooro _aatlrementa

. aped for the Alabama Ill_hway ])_partraent In an _rror- that ar_ _ada the morn likely the unrivaled Llo
r_ fr_u n_ In practical with curr_nt technology, value t¢llI he clone to the trne value.

_[le pr©cl_lo{t _|crophone _nd the electronic clr- Detailed c_lcu|a_loH_ weta m_de _hlch chewed _}lat
caltry compliea with K_I Type 1 apectfleatlona, at a data acquteltlost rate of one monnur_aeqt per

Ilencn tile __p2llvld,_ r©adlnga are 8_nerally accu- necond the I)A 600 ayste_ produc_s ea_la_ten of Ll0rate to within + _ dR/t.
which are acc,_rata within .__ 1 d_A wl_h 95% ¢onfl-

The d_ta readln_e are acqtttred nL tile rapid rate of dellee If the rim ta 15 mlnlit©a lea8 or lon_r. The

one par _econd _o tim| _ny re_dlnlle cell I,e ac= theory and calculetl0na not{raaults for both LlO
qel_d dil_lfl_ _l_fl a ahort rut! ItTId {.lOCall I)e aCetl-
rarely meaal_rod, and 1.50 at 95Z, 90_, and O0_ confld©nce loYola lira

i, rcn_ntod in App_ndl_ A of Vnl,_a_ I of the final
The dag readlnaa are encoded l;I hJn_ for_ tll_la report.
prevontln8 the de_radatlo_ that mlsht renal| fr,_a
rocordln/_ tim data lit analot_ fealilon. COHP^ItI_ON OP ffF.A.qUR_.[)̂ _D PRgDICTgD VAI,Ur,fl

'l_lern Ill lie lo_n (_f accuracy lfl runnlpR t},_ analyaln It lies hnen rotated earlier that nolnn meaatirem_ntl

fay |'lO o;_ the a_oc|flted 14all8 calculator alnce tile worm _tdt_ at 66 loeatlonrl, Per cecil of tllaae tile

progrel_t do little PJore thai| COiint,atore, and I,lo value wan predicted by kilo _(;IIItP Report 117
print, proKrn_ Ill ira final form anti co_parlnann worn made.

OPgRATIt_AL PII_I,D PROCglIURY,3 In 28 of the 66 cane| one or more lap|it varlahlea
were outnlde th_ range of tile ch_rttl In ttCliRp

6_ no*a_ error will nlwaym occur In ualng tlm P_ 600 _eport 117. Per _xa_ple, the traffic flow or tile

r,



parc©nttlfiv truck mix at ttt3en w_ro Ietlt_ thntt tire 2, Tn_erpreta_lon of PfH 90-2, Ill:V-101 U,JJ, Dep_Ft-
t_ltlllcet Vtlluee al)llcarln_ on tim charttl. The Corn- mcnt of 'l'rtlllaporteflon, Itederal II|ffhwtly AtJ_mllltt_-
peter pro_rml uan coded tt_ nnnllmu the *l_llcet trntlotl, W_nhlll_tOn, I).C. 20_90, Hey tut 1973.
chart value ttht]lluvcr tltlch o¢cllrrcd,

3. I)roccd_lrcn for Ahntrment qf Ill h_a_ Trnffl_
_lllCe It Watt reaeoeehle to e_llCCt a l)rlorl Lht_t the l/nltJe end Ct)nntrt,etlon llolen l)rtt_t copy of
ntatlt_Cleal cheract_rtntlce Of the dtttl_ valSllt dcllen_l vohtmu 7, chapter 7 ecctiolt 3, l_nucd July 19,
on whctht_r or nut all lllllut pata_otcFtl _crc wlthlll 197,_, {/._, DcptlFtl_nt of Tra[lallortat|on , l'edcrnl
ranl_tl throe n_tu af tJttltltlttca| alia|yule were per- Hl_ht/ny Atlmtnlntratloll. _tat* fl,qton, D.C. 20_90,
furtaedl oli _tltlt the 311 ctltJctJ vlthln tile merle, otl

Junt tile 2tl canon outalda tile rml_e, trod on nil 66 h. RCIIRP Itcpt_rt ]17. Hl_ay PIolnal A D_n
etlOCu ltl_[_cd to_utht_r_ Gtli_le f_ny I:n_lnver_ Colin G. Cordon.

_?ttltan 3. Gel|mtay, 13. _ndrml RiJlll©r _ arid Dan-
Thtl flndllt_tl _nre enncntlally the name for all ivl L. tlnlnon, IIolt llera/lek and ffe_Inalt, Inc.,
three _rouplnfin. Lee _n_olc% CA, 1971.

Th_ avcraRu dtffvrnnco between th© taetlatlrvd Lto 5. rtCIIRP I{eltorc |6h, Hl_l_l_v: A.Itleld _V_al-
tmtloll _f Treffic rlnlnt_ Ileduct_fml /Icn_re_ 1_.

valno tle|n_ the datit ncqulnltlen Ilyetcm and tile pro- _lldrc_ Kefller altd Allan C,, Pl©rnol, Ilol_ Ileratlvkdieted value tmltl_ the corrected IICllltI' Ileport 117
pt'e?_ram far the cane of 66 II_e_llllr_m©ll£11 wan 1,91 and _c'4_lall t ]llC._ CAIID_tl Park. CA. 1973.

d|_A_ tile i)rcdlctnd value hnln/_ the hldhcr, O, _]t_mmary t_f I'roKrnn_ 'rhrm_, IICffRI' I'foJeet

Thr©u tenth far normality _erv applied to the net ot -3_'7-./3_ Enrnhlls_t_n_n_ n_.'ltnn,lnrda ft_r [ll l_hw_ay"
66 valuen of At tim predicted valtl0 t_tlltte tile Inert- Nolnt_ l.evtrl_ Vohlraon l-VII l_olt llerfllttlh alld
aured value, lhey werta tile chl-nquared _oothlctltl-of- He.lie t lee. _ llovctnbar, 197h,

fit tcat, n nkrtwn_tla tt_tlt, nnd a hurtonIte te_. At 7. Traffic _ola_ I'emllctlon alld Heatllt_tl_-the 9_X cenlld©nce )evnl, tile data did nnc co:lira-
diet the hypothaaln of nerr_allty for nrly of the ur'e_ /___._1/ ltI, J. II, h'eodward, _. II, Creche,

D. L, (;arrett. III'R Ilepnrt Ht._ber 78^, 'Jcatv of
thtct t£11tn, Alahntm IIl?lhway I)cpartn_nt. 1976.

Althotq_h tile tnonzl of Cite 66 vaiu©a of difference

(A _ prmlleted - _anurnd) In 1.91 dBA 1c wa_ found Thin rencnrch prol©cc ttan attpported h? tile _t_t_ of
that the probability In 95_ that the a ct2_a.l - _nn ^lahnmn Illfihwnf I)epartme,lt In Cooperation with II.5.
fttlln atr_wrmro In tile Interval froa -l.b2 dl_A to I)cpnrttacnt of Transportation Fctlernl IltEh_ay _dmtn-

avnrlJ_q tha_rndlct'lonl Iv_ tile n_ v/thins n_l the
...... _ .... IIv0earch I'n_J©ct 930-075

l_dlflc_tlonn to th_ Report 117 pr_dtcttv_ _thod-
ololK7 cannot: b_ Juaclfl_d h7 tile 6fi tastn dlsctmned
_boVm. A Inflict Immhnr of tenth with a _¢ld©r t'ange
of tlrnfflc _nd hl_hwtl 7 (:hetracterl_tlcn wmlld he
r_qulr_d for ttm dawlep_nt of any corroctln8
chat3gwe. End tndead, tile rt_nt_It of ,1 _rtt cxt©nalvn
t_ml; ilroBr_m mldht well be that no Chert.lien 8re Ilia-
tilted,

From th_ 66 t_attt, tile heat I)Olllt ostI_tt_ In that
th_ pr_dlctlv_ pl'ol_rtl_ overprcdlctn hy about 1.9
d_lA. llm,_zvaz', there la n _ulmtantl_l probability
that tim dlffarcrlcm Ia lnna than thin, imrhapn _vcn
£oro.

_l_*vd on th_ 66 tnat_ cimdlmtml In conj.(teflon with
thlm report, It appenrn I:hat th_ ffCllKP Report 117
_ethodolndy prvdlctll traffic nolna with _rt accuracy
con_lltont wtlh that of _at en_lnentlnfl denllln
th¢orlaa lnw_lvlnll co=plea prohlv_n,

1. EoI_CZ__.n21 rr__C*_,,Lq _y_r_n__!9. I'fn 90-2, U.n.
Del*artlacnt of Trannportal:lon, Federal IlI]hway

t_ Admlnl_trtttlon, _4alhltl_ton_ l).C. 20590_ Fchru-
ar_ fl, 197J.
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"Prediction .rid Meom:rel.ont o_ IIighway NoIDe"
pro_0nted by
_. I[. Greene

DInCUSfll fiN:

P. Mnn_|_nch_ one, _inoth_'_ and how Inuch money he0 been
Since you nmnple once per uecond, expended by them modifying th_ lit pro-

areN't tho_o tlnmplos corrQlatcd? Doe0n't cedure.

thlu inv.lldnte yot1_ calculation of confl- _ don't think the nccurncy that the
donee llmltfl? coltlp_ter progroms glve iu renlIy needed.

flow Is the hlghway dt_partment uming
I_, R.. _nn_i this d_Ita?

Ye_, the dntn points sro soiil_whnt

cor_olntcd, |)litI don't think thio is a I_, II. C_re_n_L
problem. TO prepare for nntlcipntcd law_uit_,

and to find the sotlrce Of errors iR noise

I'm wond_rlng if tho various l_ighway

d_pnrtm_nta around the country talk with

I •
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_LINATED P]EASUREMI:NT OF UIIBAN TIt_I'I_ICNOIS_

_. I_. I*_otloth _nd I{. 1_. Lambert

PupartmL, nt o_ i_l_ctrictll l.'n_jincering

UniverrJlty of Hlnnunot_
_Ilnnu_ipoliu, HJnnuzJot_ 55455

I_ITRODUC'I'ZOI| Thin papur io divided into four par_n:
(I) _I uu_nnry of tho t]luorotic_l t11odul_,

_vo_l _uon_ch_tJ (1,2) h_vc n_(]goDtud (2) _ COlIlp_rIvoll OE _xporiilluNt_l L'(i_ultu
that hlgh-nltitud_ nolHe _nDurcmunt_ might _nd thco_otic_l prcdictlonu, (3] _ uun_inry

b_ nn u_ctiw n_u_;_ of u_tabli_hlnq bn_Je- of th_ Eindlng_ of th_ u_udy a_d (4) an
llnu dnt_ Eo_ a _l_tlally nv_cagcd i_olu_ c:itimation of o_ort.

o_ nolua _b_teI,_ont rcUulntionn in n t:i_ucif- ']'IIICORI:_'ICALMOD_L,_

i¢ nc_n could I:h_n b_ _ou_¢d by ro_tin_

_ori_l m_u_cm_nt_ over _ _urloO oE ti_ic. Two thcorutlcnl _nod_l_ for E_p_ntln_ tha

n_ov_ _ noi_-ifn_nct_d _r_ _ Ilot t_l_bJ_ct _cv_r_l n_um|_tlol|_ w_ m_d_ _bot_t the
to the di_ricul_ic_ tho_ aco l_t_l_lly a_o- tJou_co_ of _oi_ nl_d th_ cit_ In which tho_

niqu_ _or ohtoinln_ _pntinl nvurn_a_, tlon o_ _ch _odol.

Amonq thQ _nL1_l (]round-lovol t_chnicnl

probl_m_ _r_: I) _ l_r0_ l_umb_ o_nluna_re- The l'l_t Cit_{ _oclul

b_ m_d_ _Im_Itan_o_mly, nnd 3) th_ ropier- Tho _ic_t mod_l, enll_d tho "Flat City
nbillty o_ l_mlr_m_ntn _t _ pnrti¢_l_r Hodel", i_ _imilo_ to _ ddcivntlon _o_

nlt_ c_n bo _tron_ly infl_i_nc_d by ch0nu_ _t_ndy-_tnt_ noiD_ _t (]round l_wl by ,ghow
in th_ loc_l I:oin_ _nvI_oilm_tlt. ni_d Ol_Jon (3). Con_Ider tha clt_ to bu

pl_ul cl_culn_ ro_/iot| o_ _i_It_ rndiua ;_c

Th_ l_In obJ_ct_v_ o_ th_ r_ch h_Eo with N _o_rc_n (nloto_ vahicl_} o_ntlt:(/

_n_;|t in_thodn. It wn_ d_¢id_d to _ocL1_ th_ T_o p_rnmotc_ ti i_ ¢onntnnt ovuc th_ re,_lon
_tudy oll tho _oll_d _l_id nbov_ n _p_i_l nnd th_ uoLlrc_ nct _a nt_tIilticnlly Inda-

ty_a o_ urlmn oc_n -- n ]n_n m_troPolit_n pund_nt monopol_ locnta_! on n_i In_inita,
downtown commoralnl nc_, hnvln_ "c_nyon- p_ctly ra_l_ctln_ plnnu al:r_co. '_h_

llko" _t_t_ wi_h t_ar_ _aphnlt, concr_to, di_ectJvity _nctoc o_ _ch _o_r¢o in Jn_u-

_n_ _la_ n_ic_nc_n. Thin typa o_ tlcbnn p_ndcu_t o_ tt_ _ngl_ o_ n_i_Lith nDd _l¢:vn-
n_'on Will hQ_no_t_r _a c_ll_d n "r_v_b_- tloi_/ thnt lu, tha HO_EC_3 |)OWUr i_ r_dlnt_d

_nt city". _Inca moto_ v_hlcl_n contrlb_t_ uniformly into _ I]c_ini_pIlo_o_bovn tha plnna
mo_t o_ th_ nmblnnt nolau in _t_c|__ _Itlln- o_ th_ dlt_.

_lon, thl_ _t_d_ _ocu_od on rolntlonnh_n
batw_ thQ dannity o_ v_hi¢i_Inr _E_ _i_r_ I nhow_ tha c_li_drlcnl coordlnn_o

in thQ dow_own _con n_d _ho _ound i_Ira _y_t_m that I_ _l_d. |_In_] thi_ modal,
_t_i_tlo_ _t _n alav_od In_n_ire,/n_nt ix31|_t, th_ totnl rn_nn-t_qLl_r_ I}rn_nLir_ nt thn

p_r_m_t_ o_ p_Jm_ry _ntor_ut w_ th_ m_nur_I|t I_oJnt O w_ fotlIldto b_ (4)

h,Ji(/ht_ o_ th,1 b_ildin_n _nd othQ_ _om_t- P-_ PuHN{'t:I |'"nzm j÷l:i['(_n(I{¢2_m _ 1"2]i_Icnl dJm_n_ion_ o_ th_ city, Lh_ hel_hL )f

..... , o_ th_ m_n_:cemant point, tim oE_ctivu
a_n o_ cov_ OE tho m_na_©m_t, and (i)
th_ _n_Itlonc_ o_ _tmonph_i_ _b_oE_tlo;_,

Tho Inv©atlgatloI_ Involv=d th<: _ormulntlo_ wh_ro pc J_ tllo t_p_clEIc _tco_tl_ Imp_d_llC_

_I o_ a now _hao_atlcol ncou_kl¢ _nodol oE _ o_ _i_, which is t_kon to b_ _pp_o_Im_toly
r_v_rbor_Ilt _It_/ th_ m_l_ wor_ v_rlfi_ pc - 415 _yl_ fo_ tho p_it-|_o_n_o_ th_
on _ limit¢_ bnnlu _it|l npproprinto _xpoci- _t[i_y. I_ 11), _m in tha h_iuht o_ tlia

_m_rcm_nt [>oin_ _nd |1_ It_ tJl_ rnditm o_
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Figure 2. Urban c_il Ino_ol (top VieW).
Figure I. Coordlnat_ systc,l for Flat City

tnodel. Thu total m_an-squmr_ pruIlsuru at th_
a_rial mua_urcmunt point may bo expressed

the circular city. ThQ quantity _l(K) is nlz tbu SUm of IX "dlruct Componunt" nnd a

the _x_onol%tlal integral. Thu paramnter H "rovorburc_t colnponont". The direct coln_
may be ustlmatod by counting traffic on ponont is the ilolJnd flold at the m_anure-

city ntroots, or by other muanu. The. para- aunt point that r_uultu from lino-of-_Ight
motor sn is d_p_dont o_ tcmporatur_ _ola- propag_tlo_ fro_ 0o_rco to r(!colvor;

rive h%*mh]ity, and the frequoncy tango of the rovorboront componunt is the oound

Intoramt, a_d may bu obtaln_d from one of fleld that i_ produced at thQ muaouremont
.ovoral rofor_nc_n. Values _or th_ no|so point by multiplu r_fl_ctlon_ from thu
_w_r W, whlcb dupund on frequency and th_ otr_utm and b_llding walls, that l_, tile
typu of W_blcl¢_, aru also availabl_ in tho portion o£ tho revu_bor_nt flold that

lltcratur_, panuun through tho topu of thu colin. Th_
pro_ndur_ uu_d to Comput(_ th_ contrlbution_

Th_ |(ev_b_rmnt Clt:_ Hod_l of tb_flo compono.t0 in dlvid_d into tbr_u
partml (I_ calcul_tlon of the ruvorb_rolzt

T|lO for_ulatlon of the mucond nolno modal _ound fi_Id nt: ntruut l_v_l uning pow_r-

in i_ .area r_p_ctn uimilar to that of a balance rulation._ (2) computation of the
modal foc "Noln_ propsgntloz_ in C_llular contribution of the rovorb_:ront field to

|Jrb_n and Indumt_lal ._pac_ by Davlno and th_ total _an_q_nru pr_mur_ at th_

I.yo_ (5). 'rbo modal diffur_, however, from _otial m_aourum_nt point, unlng _ .Imi)lo
th_ on_ 1. _of. (5) in that it ,p_clflcally radJatlo*1 mod_l, an(] (3) u_Ing a mlmlla_

donor|ban _ hard-wall_d, cnnyott-llko down- radi_tlon modul, COmpUtation of th_ co_trl-
towll _raa, and in_h*d_n _v_ral nlmpll/ylnr_ b,tion of lin_-of-slght propagation tD the
a_n_*mption_. ][or_ the downtow_ nr_ is total hound flold at tbg _oamurc_ont point.
mod_l_d _m on array of _mi-r_v_rbo_nt Th_ rosult_ obtained in (2) and (]) are th_

calls corro.pondlng to thu _trnnt nnd .|do- r_vorburont and dlr_ct compono_tn, r_,puc-

walk npncnm |)_twou. building. Th_zr_ arm tivuly. They nru _itmm_d to obtain th_
tbr_ typnn of c_ll,t "A-c_lln" (,treat total mua_-_quaro pronnuru of tll_ _ound
i_t_r_uctl0_n), "|l-c_lln" (_a_t-wost field, The calculations wo_o done in a

_truot_) and "C-cnl]_" (north-f_o_Ith _traigbtforward manner u.lng a digital cam-

ntrm_t_). Th_ Cit_ i_ annumnd to bt_ square, put_r program termed CITHOIS.
havln 9 uniformly .g_]_[.o buildingn nnd uni-

form mtr_©t wldt|lm. A _ by 3 block city i. TII_ two thunr_tlcal inodnlu ylulded nlmilar

_bow_ i_ _Igur_ 2. ru0ults for _itu_tlo_n approximating thu

anticipated u_p_rltn_lltml Ino_surcmo_tm.
• h_ h.igbt of _a_ll building i, thu tb_orot- l[0wevur, each modal in It.all provld_d in-

Ic_l city in amlsum_d to b_ h, uom_ mo_n nlghto into v_riou_ c|laract_rl.tlcs of th_z
%lalun. Th_ gt#_facon O_ the mtrt_tn and norl_l _noanur_m_lzt t¢_chnlqun.

b_lldlng wAlln are nsnun*cd to bo perfectly
K_fl_ctlng, that ifl, thnl_ ab_orptlon co- E_I)I_HIH[_HTA_

_ffle.lontn _r© ¢_ro at nil froliUOllClon.

_hl. i_ the _o called "Id_al reverberant To tt_st the practicality of tbu _ial
city". _h_ nature and location of the _oi_ mol%itori.g m_thod and to verify tll_
motor vuhi_l_ nolnn _ourc_t* ill thin mpd_l thuor_tleal models on a llmlt_d bail|n,

ar_ id_ntlcal to thum_ in th_ f'lat City two _xporlm_ntn wor_: conducted. 'l'ap_

m_ol_ mKq_pt that th_ mourca_ wltbln tb_ rocordl_g_ of noi_ abov_ tba c_ntral

_Ity aru %_niformly dlntributod ovur thu ))unl_i(lm_ dlntriet of Ml_l%_mpolln_ Minnnnota
mtroOtl_ o_l:_0 wtlr_ mnd_ on two _p_rat_ occs_i0nm f_o[,



the tops of two of tbc city's tallest are plotted in Figure 3. Altbough the

buildings. The first uet of tsp_ re- absolute l(ivuls agree quite closely, it

cording, was l.adu On October 22-23, 1975 would bu unwise to attacb too much slgnlf-
from a window on the 28tb floor of tile Icancc to tills agreuinont in view of tbo
Foobay Toworl about 90 In above street level. Idoallzation_l that were u.ud in tile predlc-
Tbls papnr ri..ports some of tile results ob- tioN l,utbod. More i/nportant is the sIIni-

rained from this set of tapu recordlngtL. ]arity in shapes of the curves, indicating
thi1t the mcat*urcd NOiSe lcvols do respond

A precluio[% sound level meter with _ wind- to changing traffic density in a manner

screen protecting the microphonu war} used predicted by tbo theory. During the early

to provide aN nudlo slgnal to tbo input of morning hours, however, tbo measured levels
n blgb-quality portable taps _ecorder, do not drop au low as the theory predicts.

II_glnnlng at 12100 noonp recordings three A ulmilnr retlult haft bcun reported by
minut_:fl i_ lengtb wtlre ;nndo at 15 sllnutu others using ground-level ;nQssur_n%entn (3,
Intorvnltl until 3130 s,m, on the following 7]. It ILl ponnible that tbln observation

d_y. A callbratlon tone and voice Iduntl- Is due to a "background noi0e" from local
ficatlon wore placed on tbe tape at hotlrly sourcctl other than veblculor traffic, oucb

intorvahl. Nol_o tJignals on the tape wi!r(: as air conditioning egulpmtnlt, wind Intor-
A-welghted and analyzed w[tb a statistical action wlth stationary objects, and p0rbnps

dlstrlbutlon at%alyzor, unnbllng the comps- dlst_nt sources of low-frequency sound.
tmtlon of the ullorgy-equival_nt sound pros- AltbotLgb tbl)su typos of sources were Not

sure level Lee for oacb tbree minut_ nolss specifically idontlflablo from tba measure-

sample (&). '_llonO inoasured I.,,qv_Iuos were must location, tnlbJ_ctlv_ listening made
compared with values predicted by tile it seem plausible tbat .lost of tlm early

CITHOI:I model, morning Iloiuo was not produced by vcblcles
wltbin the centrnl']J_slness district.

Nolm_ l_vol prcdlotion0 with tile CITIIOIS

l,od¢)l roqBirud mtlitablo g_omotrlcal pars- To illuMtrat_ the effect o_ sucb _ back-
rnuttlr, domcrlhlng tb0 dllne_glon_ of tile ground noi_e, a level of 56.6 dllA waft

m_astlr_mont _ituntion. V_luos for tbo bypoth_slzcd _Ind flubtrnctcd from tim
acoustic power ot_tptlt of dlff_rent type. of actual mt._nsgred dat_ in Flguro 3. This

_tor vcblcl_s w_r_ obtmln_d from tbo valu_ gives all approxIinat_ "best fit"

llterntur_, and the v_hlclo d_nslty for b_twt_en the re.ultlng curve and th_ thee-
each type warn dnrivcd from trafflc flow rotical prediction. Tile shapes of tbe._

data provldcd by th_ Mi;meapoli_ Public two ctlrvcs ate oven more _imilnr, lending

Work. Department. The prediction alas In- support to tbo concept of a r_nldual
eluded tho _ff¢:cta of atn_pborlc ab.orp- "background noise". Am_uming tbat ono
tlo_, (lopond0_t primarily o_ air tempera- d_slrom to moaners ollly traffic noise fro_
tufa nnd rol_tivo humidity. Xt Was n_c_0- an nt:rlal measurement point, an i_portant

_mry to flr_t p_rfor_ the pr_dlctlonn In criterion in tbe cholc_ of a /noamlr_m_nt
octavt_ b_dm_ and tb_n comblno tbo ro_l_ltn location is a r0_idtlal "background noise"

to obtain tim A-w01ghted level prcdictlon, lev_l that la a_ low am pos_Ibl_. Probably
the mlrnploflt way to _vnlt&itt_ n prospective

ll_ton to tho re.ldual nolne durln 9 the
early inorglng botlrs_ attc[_ptlng to deter-

. _ tlllne wll_tbor t[l_ gol.o _msnat_ [rnm motor
vublclo_ or from some tlndt_flired _OilrC_.

_I SUMM]%IIY

[i} a _Implc and utmful model for the
noi._ flold ovor an aroa without nhloldlng

Z °ridr.f ootl°blldin ,be°sped, (2) a mor. complex but realistic

M_ A--4% ¢IT_tSPr_RU_ b" "'0 _\ computor model th_tt includes some of the

I shi_ldiIIg _ff_ct. of bt_ildlngn yields ctl-
._ntially the _nmo result, nm tb_ almpl_

t_[' P_odol mild dumoIlmtrat_ snV_ral .nllunt
#_ml e". I]_t, _,_. charact_rlmtic_ of th_ rov_rb_ru_t sOtllld

}t h'_ ' ' _'_ ........ t , . flcld 1. a city, _lld (3) o_porimental
_o hm lh_ h_ _amur¢:_1_t/l of I, r nnd prcdlctloa_ of th_

._.I_.14._ c01nput_r ms(el coml_art_ favorn)ly if a
Figtlrn _. M_a_ur_ nnd prctllctm(l A-wtl!*Jhted rclsidtlal noifln laYel i. takelt Into account.

¢l_orgy-oqulvalo_t t_ound pros.err:

l_voln, l'o_hay Tower location. Adtlitlonal re.catch rclat¢Id to tlm aerial

I noifm monitoring tecbnlqut_ co_lld b_ don_

Th_ prodlcted and m_nnurcd A-w_ightod l,aq ell botb tho0r_tical and _pnrlm_ntal bamm_.
walu_ for bll_ Fo_hay Tow0r _porimr.nt

141 i



Improved theorutic_l modoltl for the rovor- (3) Ground/5}_y Studies
burent field that Incl_*do the frequency- (thuorctical wor)_,

dcpt_adunt off_ctr_ of .olJnd .b.orptlon flcld nlonuurelncntn --_+ --H+
[]+ducin 9 propagation and roflcctlon could bo _nd uca1_ Inod_lln_)

dovolopud. Other r_inemcnti_ might Includ_ (4) I_qt_il_m_nt i) l_pondablo $2000.00accounting for tho random movctI_nt of vchl-

clu_ aI:d tha rnndorn llolghtu of bL1ildlngu, li) l'ormancnt $4000.00

Ho_o oxpu_ilnunt_l work r_m_Inn to bo dono
in v_rloun _runn of urban noiuo Inonuur_- ACKI_O_LI_DGEM[:NTS

m_rtt bofor_ olovat_d _Llrvoyn can bu utl-
lig_d. Tho rcl_untnhility of tho |no|hod 'l'|luwrlteru 9ratofully ackilowlcdgu Inonotnry
nl_o_lld bo t_tud. I_llrtb_r vorlflcatlon of tJupport from both th_ Councll on _nvlron-
thtl thuocct£c_l mod_lu would bo facilitated iItuntal Qu_*llty _lld tho Grndu_to School,

by largo _uNtbor_ Of :n_innuro_1_ntn fro_1 dif- Univ_rBity Of _lIilt_cuotn_ and coopoE_tlo;1

fereI_t hoightn nntl tlndur vary169 traffic from tho l'ublic Hork_ Dcpartln_t_t, Clty of
condition.. Corrol_tlon of nolno l_:vol_s MinI*cal_olla , _nd th_ l,ollutlon CoI_trol

and trnf_i_ dunnltlo_ co_Id ho done for Agency, Stat_ of _|Innouota.

dl_furont day_ of tl_ wu_h and foc dlffcr-
on| _a_nu. A :_if_Ici_nt amount of d_ta |{_I_EI_I"_ICI:S

would innk_ po=_iblu _;_ nccurato "calibra-

tion" of a th_.orotlc_l modul and al_o pro- 1. D. It. Whir:toy and S. _. Orlouky, 1974
vld_ _ d_ta ba_ with which futuro moa_r_- Procu_dln a Int_rNolu_ 1974, 12_J-132.

moats find tr_nd_ cot_id bo coml_r_d. TIIL_ |li0h _m_asur_mur_t concopt for

m_thod cotlld posnibly b_ _xtunc|_d to indtl_- _*l_sousi;Ig community _nvironm_nt_Inol_.
tri_l _rmam involving othor ki[ida of noi_o 2. If. Chana_Id find It. SiI_alons, 1975 Thn

_ourc_s. Jollrnal of tho Aco_z_tlc_l ._oclot_--qf

Anotha_ Intoro_tin 9 _ppllc_tlon of this h_6_l_'_-_?, 90_:__'--Community IioI_o

m_nfltlromunt ran|hod i_ tho d_volo|im_nt of _Ito_in9 by _ t_tb_d balloon.
rol_tlon_ b_twoon _I_I nolso ;_]_a_urum_nt_

and _ctuol noi_o lavoin on tho gk'ound. 3. _. A. G. |ihnw _nd _|. 01_o_, 1972, Tho.To_trnnl of tho Acoustlcnl 5oelety _'_-

F._[_rlm.ntal appro_ch_ cot_Id oml_loy _imt:l- _i_rlc_ 5_,----I_I_3. _ll_o_y olr'-'-

tan_ot1_ g_o_md and _k_ m_anu_omontu or =t_a_tat_ urbnn noino _or an ideal
;,_ir_m_sts u_in 9 _c_Im motlal_.

homog_noo_Is city.

Y.FYOI_T 4. _. _.. Fronoth, 1976 _:l_vnt_d Mo_atlrn-

undortake, over a 12 _o_th p_rlod with

rol*ghl ¥ tl_ _ollowlnt) breakdown in nf_ort _l_Ivmr.lty ot_nnamota.

and mqulpmmnt co_t_l 5. If. G. Davl_u and R. |{. |.yon. 197] Thn

T_mk _Vol Of _ffort/ Journal of t|]_ Acollmtlcal :]ocl_tJ__o--_--
m_n monthn

(I) Theor©tioal |ion in c_llular urban And Indttstrlal

_od°lin_ [_* _++ _3++* .p.c...
(2) _i_Id Memnnre- 6. S. I_. Fro_oth, op. clt., 54-59.

monta [] [] _+++
r_+44 7. |_. OIIlon, 1972 'fb,_Journal of t|)_(1)Comp_teE work _J 'LtU

Ac_,t:fltlc_l :_Oci_ty of-K_-Fl_h-'52, 1291-
(4) _quipmont i) f:xpendablo $i00O.00 [_'0_. S_rv,.y_--mo-t-or vuh-l_'o noleo.

li) P_rmanont $5000. O0

+ pr_B_Ipai invomtigator , ++ ro_nrch no-
slstant, .f_..b rom_aru|l am_ocIato

(B) - It is umtlm.tnd that additional t*mu-

f_ll r._o.r_h In thlm _I,_clfl_ aresa of fioln_

monltorJn_, l could b_ cond_|ct_d ovor all 18
month poriOd wlth th. followln 9 breakdown
in _ffortl

(I} Tbeor_t Jc_l

[_ .o_.lin9 f'l]" _L_"_';"D_.'_'+_"
(2) Field _loaeure*-

monta (on_ o_

1

J
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"F.lovnted Mooourcmont of Urban '|_rnffico Holo_"

prooonted by
IL. F. Lombort

Dt._cll_mtO.,

flOW dooo ono inco_'poroto horn blowing .q. Wn_ ___nn4,rl
into modolt_ of city noi0o? Why do p¢_opl_ in tho upper uto_io,

complain about noi;_e moro thnn otho_0?

Horn blowing doesn't ._cm to bo quito R. Lnmbt_rt_

tho problcm il_ tho Midwo_t o_ it in on the _to moinly o p_ycholo_ical offoct.
F._nt coaut, ond wc didI*'t tako it into You havo a dlfforGnt clicntolo in tho

account, upl}_r otoric_,

W_ Snedml[ K. McConnt!llt
Aro 'yol_o_ying thor tho noise icvol _o th_ro mnJor highways n©nrby?

incronnoo with height?

,]{l [,.mbor t 1

Som_ of th_ compononta of noioo will
i_creamo, hut not tho totsl nol_o.

i .

"? '



THE DI_SIGN O[" I'.'[_CLOSURESl_Ol[LOW FREQUI:NCY _IOISE_CO_['E_OL

G. II. l(oopmann, Ar*fJociato Pro_ossor

Univo_Ity of l[ou_ton
Dap_rtnlont of Machanloal I::igiI1_rlng

Hollst_n, T0xil. 77004

INTItODUC_IOt{ nr_ fnlrly low, and thus n ,_dal approach

in fcn_ibla. Th_ obJoctiw: of thiQ work

In th_ aron of low frequency nolua cont*'ol w_ to (Iovalop n m_thod o_ quantifying tha
involving il]tara_tlon_ b_twa_n vlbratil_[j _tant o_ collplLn_ botwo_n nn _cou_tlc

nurfncon nnd tha ncourltic pra:J_Lira Eiold. c_vlty nnd It_ _nclo_in_ _la_Lbla wall_ nt
which thQ_ _cIo_, it in not _nCOmlilOn £o a given frequency in t_rI_u o_ a _Ing1_ _um-

_ind cnNQm wh_r_ tho _tr_ctur_l _n(| nco_l_- bor. _uch a m_thod woLlld _rovldo th_ do-
tlc_1 T1_Od_ axhlhlt a nl_t_a11_, r_Jonnnt _Ign _ngln_r with n pr_cticnl m_n_ of

condition. A_ a coN_qu_nc(_ o_ thif] co_~ Id_ntlfyi_g which sur_tlc_ o[_ _ co_pl_x
d£tlon, high Lnt_n_ity di_crot_ tono_ c_n anclo_Iro nra mo_t li}_ly to coupl_ atrong-

b_ q_n_r_t_d botll L_Lt_rnnlly and _t_rn_l- Iy wLth th_ int_rlor ncou_t_c c_vity. With
ly to thQ anclonLng aur_ac_, thu_ c_*nlng thl. inEorm_tion _v_il_b1_, it w0t*Id th_n

_eriou_ _nnoyat_co or po_ibla h_nrd to bo po_IblQ to da_ign onclo_ur_ with a

_rb_ p_nonn_l in th_ tlo_o _l_v_ronmont. r_Iniinl_1_of Inod_] cotlpllng_ _d i]onca n max-
In th_ dQnign of c4bln_ for trnn_port v_- imum o_ low fraqu_ncy noi_a r©ductlon.

hiclan f_r _nmp_, thi_ coupling condi-
tlon often r_llt_ _n th_ g_n_ratlon of COU_LI[IG MI:ClfANISMS

low f_qu_nc_ int_rlor noi_ _hnrnctori_ad

b_ n .nrlon of di.cr©t_ ton_n commoi_Iy To a_nmln_ t_iQ nntLlra of th_ cou_llng math-
r_rra(l to _ 'l)ody |_oom_'o Tha almo_ nni_m_ ii_volve.d II_ _nclo._ir_ _1_n_mlcn, it

pr_d_ct_h1_ r_oc_tlr_c_ o_ _body l_oomm i _ CO[lV_Ni_£ to _Iv_d_ th_ di_c_D_orl Into

with _¢h n_w dn_lqn i_ _mpl_ avld_[_c_ two pnrt_I _Irnt, that coL_plLI_tJb_twa_n
thnt, _l_hou_h i_ i_ r_coclnlz_d nn n _t_i¢- .tr_ct_*ral/nco_intical mod_ which occL*r, in

tur_I/_c_unticnl prot)1om, th_r_ in tltill th_ _r_qLl_nc_ domain Lnvo_ving th_ _fact_

no pr_ctlc_l matliod nvni_bln to Idonti_y of m_t_Inl rn_onnnc_ nnL1 _cond, tll_t cou-
whLch p_rt of th_ _trL1ctur_ co_*plo_ _fl- plln_ I_atw©_n _tr_ict_*rnl/_co_intlc_l mod_

_i_ntly with t|_ Interior _c_Llntic flnl(I. .h_p_ in th_ _p_tinl (_om_in involvlng tho
i_m n r_n_l_t, ct_nt corr_ct_v_ _n_n_irn_ matc11_g of mod_l g_om_tr_n. Con_d_r

which _ttampt to r_duco thi_ phenomenon coup_Ln_ Ln tha fraqlloncy _1om_Ln _Ir_t.

_r_ _i._i_1_ l)_a_ oil _ fnlr1_ _InprodLlctiva Th_ _ollowlng _oL*_ cnn_ nr_ pon_Ibl_
'try It _nd _W bnnLn. Slmilnr prol}lam_

occur _n th_ d_.ign of tlrlht _ittil_g _coLl,- C_S_: _ r_onant _£_t;ct_nl/
_c_ _n_lo_;r.n_ MLIt_I rononn_c_ bo_ renonl_nt nco_int_c_

_w._n t|]_ fl_xil,_ _l_clo_Ii_,] wnll_ of thu C_SF. D r_nnnt _tructurnl/non-covar _n_ th_ Int_rlo_ _n[ulILl. o_ nit cnn

_rontly _ndllc_ n_d n_m_tima. ¢omp1_t_Iy rQ_onnnt _co_l_tlcnl
_.ntroy thn o£_._tivan_._ of nn _nclo.uro. C_SI: C nnn-ranon_nt .tr_ct_*r_i/

_li_ in anpQcin1_y t_tl. if thn _truct_r_I/ rQnonnnt nco_tLc_l

_collntlc_l rnnOl%_nc_ _qilQ_c_ cOltlC_d_n
with that of th_ noin_ no_Irc_ for which C_ D n_n-r_on_i1t .trLlct_l_nl/

t|l_ al_Clon_Ir_ w_ _gln_11y i_and_d, n_n-ro_o[1_nt ncou_tlcnl

O[kIECTIVI _.0_' WOR_, Can_ A Ill th_ mont tro*li)1_Jom_ _rom th_
noi.. cor*trol point o_ vL_w _inco it ro[_rn-

• h. _xt_n_ of r_._rch w_rk r_port_1 in nantn th_ .tronga,t couplin_ ¢on_Ltlon I_-tw_nn t|1_ _cot_tIc_1 nnd n_ruc_Ir_1 mod_l

_r_qu_nclan. Tha ndditLon of dnn,_ing tontrt_ctla_I/_cotlat_1 co_l_ling problam._

donc_l)_d _b_vo. Th_,n _r_ limitad m_Lnly air]mr thi_ ntr_ictur_ ar thQ nco._tic_l

i to th_ low _r©q_l_nc_ cn_ _h_r_ both th_ c_vlty wa_id act to ra(luc_ th_ coIll_llf_g to

_tr_le.t_;r_1 _nd _ollatic_l mod_l d_n_It_ nom_ a_,t_nt, bllt _t low _q_innc1_ thi_



treatment is only marginally effective, figure i. In this c;Lt*o, a ulmply supported

Altarnntlv_Iy, cn_Je A could be transponod flexible plat:u forms thu bottoln of i* 'hard

to th_ lo_uer couplud c/i!l_rlU or C or to walled' rectangillar box. 'l')leqil_rltlorl
the IcatJt cotJplod c_iiIo D hV selectively nndor conslder_Itioll is, what is the extent

ndJu_tlng th_ modal frcguoncleiJ of elth_r of g¢_omotrlc coupling b_twe{tn i* _J_t of
the strtlcttl_o Or t|lu _Ico[istlc c;tvity, pl_Ite modes {m, n) and t)l(_acoustic mode

Thi:J could I)_ _icllloved l}y a]torinq th¢_ ma'Js (I,1,0) for the condition of milttLal tons-
Or t|l_ lltlffno0n oE the sir°claire nnd/or nanc_ _:t a freqll_ncy, f. An answer call be

the g_ometry of t|lo acoustic cavity. Wilon fOrl,tllatod by flrot writing a Gr_on*t_ func-

vlcw_d from iL practlcal point of vi(_w, how_ lion for tile IIolmholtz equation of the form
over, the in(filledOf rudtlclnq coupllng _)y

o.ootlngoodal0*o at .o°into**g.ooo] i0po0odomain is difflcttlt to implealunt. Problemtl GL_ =
of prodi_tlng uncoilpled modal frcqtlonclcu _ "i_ e

(I)

of bOt|l the structure and tho intorlor

zlcoustleal cavity l)oforo assembly are for- wIloro Po (?) is t|lO acountlc prea0_*ro at a
tnlda_Io, l_tlrthur, even If a nlod_ll froqtlell- flold point _ in the box dill)to a unit: vof

Cy mismatch in implOlll_nto(l after assembly, llme veloclt_, ilOtlrCO Qo (_) at a llourco
there Is always the poutlil)illty tllat ilny point -' on tile pl_|tt), I_ Is tile density of
qaltls nC|llovod could bn obvlntod by rtub._- r.

qtl_nt s|llfts i_ _odal reso_a_ceu dil_ to the |los°silo medium, and 0p_,Q_ is the

chnl]goll i_ _blant tenlptlr_ttlr_ or lltrtlctur- p)latlo anqle l)_tw_en P_ nnd Q_. If the
ill I_oul_dary co.dillon.5 ovor a period of Gro_n'o fil_letlon iu known l:or the tlurfaco
tlmo. Thin cotldltlon would be especially doIlcribed b F tIIo plate, the flold pressure

llkol M Ill the case of otltdoor onclonuros at ally point Ill th(l bO_ dtlo to n_ nrbltrar},

covorlng mochlnos w|li°_l g_norato float an voloclty dit_trlbution of the pinto V(___)
_/_II a_ mOil_d, call lid written _to

.,osoot.el°t.,,ot. ol a o,,otloaloo,,- °*°""°' ,.,piing ill t|l_ npnti_l do_ai_ b_pn_no_ maBy
of tho _bOvo _robl_l_m to a l_l_go _xtont.

In thi. domain, tile extent of couplin_ I_

controlled b_ adJilmtlng th_ il_dal ge.olr_- Generally, equation (21 off_rn n monna of
t_len of t|lo ntructuru _/id Itn unclosed coupling t|lo motion el an onolouing ot_Ie-

c_'/Ity to on_tlro tllnt n ml_mntcllnd condl- turo with tllo i;Itorlor Ci_vity in t|lo opa-
tlon _Intn in the frequency bnnd_* w|ioro tial domail_. T|io velocity di_trlbutlon

coupling i_ moot likoly. Slnco modnl g(_o- v(_) would ho given by tho modo nhnpo of
Inotri_m are lonn _annitivo to onvlronmontnl the onelonlng ntructuro within the rnllgo of

Ctl_J_ than lllOd_%i_OqllO_eiotl_ t|IOEO I_ frnqu_ncie_ whore couplln,_ in the _roqtlallc_
gr_nt_c cortnint_, _h_t n docoupiod condi- dom,_l_* might OCCLIr, /% more u_o_'ul coupling
tlon predicted in the npatlal domain would quantity hanod on l,'qi_ntlon (21 can be davul-
r_mnln no ovora porlod of tlmo. I_ nhould opod aa follow_. If tho nrbitrary v_Ioclty
be noted that con.tralnt= which nlt_r modal di/|t_'Ibutlon in chosen .uch that

q_om_tri_. I_It_r modal ira°san°ion ,'_ well,

_nd tht_ nn ndvnnt_go of treatment in t:ho -i0p_,°_npntlal domain in that nltor_tlons to the v(_;) - IQ=iF!)I (3)
ntructtlrn or cnvlt M which prodtlc¢_ modal
geometry mlnm_tehom will produce modal

_rOgtlonc_, igl.matcho_= in addition, thn corraspondlng pronnuro at a given fl,:Id
l_ol_t would asnum_ a _1_11.1 valuo

Tl_."JOINT ACCI._I_PANCr.I*'UNCTIOH

Oi:olltlEylng coupling in tho npntlal domain
reqtllr., a knowled_o of t|lo _odal guomotrloo

of both t|l. mHclom_ng ntrtlcttlr_ nnd it_ .into Q. (_._)I has t|l_ valil_ of unlit.

intorlor c_vlty plu. a method of COtlpllng PMAX(_ would be the totml pro_silro at athem together. Tll_ dnncrlptlon of the cott-

piing qt_antlty cnllnd thn Joint acc0ptaneo giVOl* fi(lld point obtalnod by _ummln_ ov_r

£_lnctlon form° t|lo banl. for thin paper. All the tlnlt volilm_ v_lociti_, di.tril)t*tcld
Thin approach will Do mainly from all nCOUII- over tll_ nurfacn _I . Th_ ratio of the

£1C point O_ vlnw whnrnln tho _tructtlro Eiold praoni_ro P(_) duo to nn nrbltrnry

will II_ r.pr_n_nt_d Ill term, of _qtllval_nt voloclty dlt_tril)tltlOn v(?:) with the ilbove.

• . v_loclt M nourc._ dIiltrllultod nrotlnd th(_ PHAX(_) convonlnntl Y glv_ tllo degre.n of

boundary of th_ nco_imtlc cavity. To n_- coupling In term. of o ltlnglo number,plain th. dot_ll, of the mqthod, it In usa-

fill to conmld_r th_ _Impl_ _mpln nhow;l on
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rnnrling in values from _ero (perfect role- 'file ntiffenaru ubould thuu be plucud
matching of modal guomotrioa to unity (per- parallel to on._ another nnd _lthur
fact matcbinu of modal g_omatrio.). Tim a_lu at n di_tnnc_ of b/3 and 2L/3

rntio P(r)/pK_x(_) cnn be referred to an along th_ length L, of the plato.Thiu placement woqld uup_ro_s the
the Joint acceptance function, 4 wbor_ utrongly coupled (2,2) plato mode

while enilancinq a weakly coupled one

I oodhonoa,minioi etheo oroil,,t***o-v(_:) . dSp tural/acouuticnl coupling in tho fro-
J = t', .,_I , . (5) quoncy rang. of tho anal.Dad oourco.

I dB0 Till{ J.A.F. - A CASI: STUDY

Tho oxpr_union '*Joint accoptnncu" wan Thiu s_ction preuantsl a few of tho rQsult0

originally introducad in tba analyui_ of of nn Invuutigation on th_ low frequency
tha rasp.n0, of _tructur_fl to random acous- interior noluo of a llghtwoight tranuit

tie lo_ding and giv_ n m_4_nur_ of th_ van and illu_trat_s how the Joint _ocopt-

_xtant to which npnrticulnr _tructural anoa function can b. u_led au _ guido to

re.don 'acc_ptW _ glvan nco_*atic t_ac_ way.- raducing tim interior noi_o l_vol.
length° In thin work, it can b_ inter-

prated in a _Imilar mnnno_, i.o., in torm_ D_lring tho l,oalnlr_m_nt of tha hound pr_0-
of _dal analy_la. Thuu, for nny arbitrary aura loyal in tho interior of tho vail, it

vII)ratlng _rfac_ enclooing an ncou_tic was obmorvod that s_veral, strongly ra_o-

cavity, tbo Joint accaptance function d_- nnnt froquonalos occurred in tho frequency
finam tho _tent to which tlm acou0tlc npectrul, as tho o_gino spa_d wn_ slowly

rnodon of tha cavity geomatrically '.coopt' incranoed from idl_ to normal oparating
thm structural re.dos of an anal.sing our- conditiono [approx. 1000-5000 r.p.m.).

fnc_ at _ glvon frequency. Tile po_k frequonci_o along with their _,l-

plitudos ns m_n_urod at tbo oar of a front
UOI_ OF 'flll_ J.A.F. - A SIMPI.I: _XAMPLI_ tJOat pa_ongor ar_ given in fig_Iro 2.

(_{ote that tho prouaures aro givon in dB
TO illuotrnto how tbo Joint Acc_pt_ncm lln).
Function ca_ b. us0d at thn design mtngo,

conaid_r th_ following problem. '3uppo_o TO Idontify tho acoustic re.dos which car-
that two nti_fnnar_ wero to bo addnd to the reu}_ond_d to tho frcgunnclon of th_ pr_m-
plat_ in th_ pr_vioua oxal_pla of tho roc- n_*ra peak_ obsorv_d in the lull acal_ _I-

tang111nr bo_/plato _ymtom. Froqu_l_cy porimontm, _ _tudy On a it12 ocal_ modal
m_ne_ir_m._tn of th_ oourco to ba ancloo_d of tho van was conducted. K_pori_nts on
in the bo_ indlcnt_ that tbo (I,I,0) ncou_- model vorifiod tha _xlotonco of tho .b-

tic cavity mad. will b_ strongly o_cltod, _orvod acou.tic re.dos and producod _% mca-

F_Irth_r, pr_llmlnory c_Ic_llationo of tha _ure of tboir corresponding ahnpa functiona
plnt_ r_sponno Indic_t_ that tha (i,2), axprnnsod in torm_ of pr_sauru dlntribu-
(2,I_ nnd (2,_) plata modo_ occur at fr_- tlon.. With aco_istic rvodnl Inf0rm_tion

gu©nci_ at or aro_ind tha ro_onant fro- _vnll_blo, it wan th_n po_slblo to g_narato

quonc_" of tha (l,l,0) no.earle mod_, _m th_ _quired Groan's function IP.(_)/Q.(_,)]O_ontion in, whqr_ should tho mtlffanars

bn plncod on th_ platm to minlmir,_ cotlpling, ov_r thomo nncloslng nurfacoa for which
Th_ J.A.F. nhown in flg_ro i can bo appliad coupling was m_npactod (ace I_a_t .action

to thim _robl_m in tho following wny_ for d_tail.). An o_nmpla of n Ora_n'm
function corrompondlng to tlm aingl, at.an-

l) Th_ g_0m_trie cpupllng l)_tw_on tho tie mod_ at I13 IIz is nhown in flguro 2
(l,l,0) no.untie mad. and th_ (1,2) klndor tha spatial domain |landing.

: nod (2,1) plato mod_n is waak and thun

th_a _d¢_ _ood _lot ha co_oidarod in Tb_ noxt _tep was to diacov_r which o_clo-
th_ guomtlon of what_ to placa th_ _ing murfacon of th_ tr.nnlt van w©ra cou-

ntlf_enmrm, piing nttongly with tho ncoustlc mpncm at
2) Th_ goo_t_ie cok*pling b_tw_on th_ thn troublosom_ fr_gu©nci_s. 'X'.'Oobvlo_s

(l,l,0) acoilmtic mad. and th_ (2,_) candid.tom for thl_ otudy war. th_ floo_

plato moda In vary ,trong. _lun, tile and roof pn_ol_ aincn both of tlmno wor_

_tlff©n.rm _hould not l.*a plac_d along camp.sad of aovmtnl inrg_, naarly flat,
thn two cent_rlin_ of th_ plata _nr- unutlffonod surfaces. A typical nccal_ra-

alibi to tha x nnd y n_I.. rfbono Io- tlon ranpon.o of thm floor pnnol over tho
anti.no would only act to _nhnnco th_ frequancy r_ng_ of Int_rn.t i_ lhown in

mod_ and ha.ca tlln co|Ipling, fig. 2. Hot. that tho r_nonant p_km of

3) I_.xami_tlon O_ th. gno_trie coupling th_ structural to.porto, corro_p0iido clona-_n flglr_ i _I a f_lllctio.*of pinta ly wit|* than. of tile no.untie roaponsa of
_m_d.m (m. n) indlcaton that tho two tha _nclo.ed np_c_. A almilnr cklrvo wn_

plat. mOde_ (l,g) nnd (3.1) coupla obtaln_d for tho atruct_iral to,panda of

wmnk1_ wit|& th_ (i,I,0) aco.mti_ mode. the _oof panol. To idontify which of tbo



vibrating oLirfaces cooplod most strongly to n suitable scale. The Green's function

with the acoustic modor* of the _ipaco, the [Po (_)/O. (_ )] ann be obtained by exciting
voloclty distributions v(_ D ) of the floor the space wlth n z*mall moveable acoustic
and roof pnnolfJ wore m_a,urod at _ach :iourco located in tile piano of the earle-

resonant frequency. A typical velocity sing sorfac_s |lad _nasnril%g the corre_po".d-dlstrlbstion of the floor at 113 I)_ is

shown in flgoro 2. The next stop wan to Inq acoustlc pr_sour_ at a fixed flold

couple the monntlrad panel vlbrntions with point, prefor,_bly n_ar _ corner.
the acountle Green's fungi" nn at th_ ob-

served resonant frogo_nelos via _qoation _lith a suitable .lodol end s0pporting noon-
(5), and coil|pete tile corresponding Joint ratutI nv._ilnbia, the modal trequenclos of

aceuptnnco f_Inctlon. In the exa.lplo shown the splice can be dotormlned by driving
in flgtlro 9, the colilputed J.A.t'. had n the ncoustlc sotlrco through the frequency

value of 0.[)3, thus indicating a very rnngo ot Interest and noting tile fraguon-
strong cpupllng botw.on the floor mode and cles at which the prossurn at the fi_od

tlm _coostlc cavity mod_ at n frogu_ncy of field point undergoes n 01nxintum re,pones.
113 lIE. By performing similar operatlonu (During this stop care most be takml to

on the romalnlng acoLmtlc and structural avoid placing tlm uourco or receiver near

response fHnctlonne the |nest strongly coo- th_ nodal point of an ncoustlc leeds).
plod ,urfncos were idontlflml for vibration )'ollowlng idontificatlon of ths acou.tlc

control tr_stmnnt, resonant fr_qu_nclon, the next steep is to
gone|rate an acoustic Groan's functlon

With identification of tile strongly coupled IPo (_)/Q.(_.)] for n given surface at each
surfaces, tho n_Kt stop was to 11_odlfy (_ithor of the rosonnnt frequencies. Thin is

thos_ s_rfacos OF the acollstlc space to achlovod by rocordlng the amplltudo andproduce a doco_Iplcd condition. It* tranu-

port vehicles erich as _ transit van, _odl- pha_o of th_ prommtlr_ nt a flood _leld
point whllo n_vlng t]]o source ov_r thom_

flcatlon of th. acooatic space In not a

p_actlcal conaldoratlon and thus the re- surfaces for which corresponding full
_pof|so of t|l_ enclosing stlrfac_ must be scale structornl r_nponse data are

altered. As n general rule, docoupllng Is ztvailablo.

bent achlovod by producing n gcometrlcnl A second means of ncqoirlng an acoustic_In_atch between the mod_s Of surface and
Groon's fonctlon for an Irrog_llarly ahapod

thos_ of the _nclosmd apace. Prnctlcillly, enclosure Im the acoustic tlnlto sl_m_nt

this can b_ Implcm_nt_d bw attaching ntlf- method which necessitates the u_ of a
fon_rn to th_ ©nc]omlng m_irfac_s to produce fairly elaborate con_utmr program. In

a nx*d.1 r_sponsm wharn tlm antlnodal raglon_ this mathematical method, thu volume of an

of the surface colnclda with the nodal irreg_llnrly shaped np_cu is rJ_d)_tltutod
r_glonm of the acoumtic apace nnd vlco with a sot Of smalle_, more simply shaped

vo_m_, volu_o_ which, in combinatlQn, approximate

GF.NERATING Gl{F,t:N't]),'UNCTION:; to tho orlginnl .hnpc. By choosing appro-
priate mIlnpo functlonm which m_tlmfy tha
pressure condltlonn on the boundnrlo_ o1_

In the provlous soctlons it wa_ shown that theme .mallet volumes, the modal g©om_tryin ord©t to write the Joint acceptance

ftHlctlon for a pa£tIct|l_' _ystmln, th_ dy- of th_ orlginnl volttm_ can ba obtnin.d nt
n_mlc ronponn, ch_rnct_Intlcn Of both tim _ach ro_onant freqtloncy of tile cnvlty. In

_tri_cttlr_ a_d _nclom_d nco_tic space _ust t_Irn, tile Gr_on's fttnctlo_ c&n be g_orated
b¢_ know_, of the two, th0 dynamic r_nponso In tares of a sarlco mlmmation in which
of th_ structure im caroler to obtain l:Inco ui_c]lof t]m torln_ represent the frcgkmncy,

m_a_urmmontm on th._ full ,calo prototype gaotnotry, and damping charnct_rl_tlcn of

glva _xactl[ the information r_qulr_d in each argo=tic mod_ con_Idnr©d. An e_n._*l_
_gu.tlon (51, i.ao the re.plod frcqkmncios of this modolllng t_chniquc Im lllu_trntod

and corr_apondlng mod_l goomctrlm_. F_tll in figure 3, where the acotmtlc space of a
• c_la m_anurnnmnt, of t]lo _cot_ntlc Green's transit VnU in idaallz_d in terms of si_-

function, however, ara complicated h_yond tc_cn flnito olonmntn. The torte.pending

practicality by th_ cOupl_d motion of tho frmqtlonclea and rlhap¢: f_tnctlons of tlm
marie.lag mtrqct_tro and thus it becomes first few nco_Istlc modes are also shown

neca._mnry to construct, .It|far physically (scala it12). Note that the _lantlng of

OF mathematically, an cqtlivalont model of the rctluctlng nor_nco_ _cut_Its in _xldal

the uncoupl_d _coustlc space. Two model geometries that nrm charnctorizod by curved
|lag tachniqons which cnn ho unod to ganof rather than flat nodal _urfaccs.

ate aco_mtic Or_'n ftlnctlon_ for irrcg_l-
inrly nhaped c;*clomlt'._ nt_ doncrlbod n. CUItltENf LI_VHL OP BC_IVITY

follow,. The method do.crlbed in thltl paper im pro-
Ono m_thod of acqtllrlng th_ aco_Imtlc re- sontly being uo_d to study _avornl Ind_ts-

sponma of an Irregul_rly nilap_d space in trlmll Z .pollmOr_d projects with a view

to construct _ phymlc_l _ad_l of th_ nonce toward m_klng r_comm_ndatlons for [Iolnn

i_+11



r_duction fo_tlrc_ nt fho deui I11 ut,lgo.
TIoorotlc_L1 _tudion on th_ r_filltnnont of

lml,roving tho tcchniquo of guncroting
Grscn'n funcflon_, aro being condllct_d
am a joint project by the author and tho
following pcoplo z

Dr. M. Potyt and d. L_a, I.S.V.|_. Figuro 3(a) IdIlnlizatio_ of half van _)d_l

Univ"-rslty of Southa111pton, U.K.

Pr°f* If" P°llnrd, School of PhFnlc'J, _ /_ l_

Univo_'_ity of t|ew Sotlth |Val_o,

_lydney, Australin°

593 lit.. (Thoory) 1150 llz. (_1

NEI'_ERI_NCI|S 606 llz. (E_pt.) 1174 ll_:.(I|)

i. M. PE'I"VP, J. LEA and G. H. I_OOPMANN0 _ __ __

1975, Journal of Sound and Vibration --

4r*(4), 495-502, A flairs slam, at
motbod for datarmiI1ing tho ncou.tic

modes of Irregular nhnpsd cavitioa, 1556 ll_. (T) 1605 lIz. (_)

2. G. II. I(OOP_tN and l[. L'. POLLARD, _ '
1976, Jou_nnl of Sound and Vibration,
/_{2), 302-305, 2% Joint accaptanco

_unctlon for _trucfurnl-_coustic_l 2026 11_. (_)
coupling problems. ISI7 llz. (I:) 1992 llz. (I_}

l"iqur_ 3(b) Nods li116_ for tho ncotlntic

O_O_l_y' JD I IItodoo of a ,todul van, --- _perimmntal,
x o | ' th_ora tlcnl.
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Cavity w_th a l"l_Ibl_ llOttom
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"The Daslgn of Eticlootlres [or LOW [Irequmicy Holse Control"

presont_d by
G. Koopmnnn

D T,_CO_ n TO1/|

_i Koo_mnnn
'_'|*I.proJoct had _ funding of about P, nnndnl

thirty thousand dollarlJ (from Induotry) flow did you got the input data for tho
cov_rlng five to six innn yonro of work. annlyol_?

_. C_ohnn_ n_ Koopmnnn_
"---'_h-ln imn good o_amplo of how wo can ' We' umcd both cnlc_l_t_d data nnd cx-

uom advanced t_cllnl_|tl_o to do]we noi,o porimontal dQta for tllo iI1put.

probloms.

You mantion_d that tlm low freqlioncy
intmrnnl Noimo won about _io sam_ wh_thor

tho yon was mtationory or rolling. Would W. So.d,,11

not tho oxcltmtion ])Y tho roadway /[*cr_a_o Tb_ [)Igg_.t problem in implcmentlng
tho IOW freqtloncy noiBo? an advanced tcchI11quo llk_ thin ill Indus-

try In gabflng t_lO indtlatrl_l people to

o s_Moo_nn, _co its value. 'J'hc_' often hnvo tho nttl-

In tJl_ pa_tlcul_r co.e w_ found that tud_ that thin la "bhlo nky" ra_oarch and
tho o_cltatlon by the onglno wan bh_ major ha** llttlo practical value. Tim problem
nollrc_ of _oi_Q. io o_o Of cdtlcnblon.

"_*In in _ good d_.%g_ tochni_uo and
in much prmf_rabl_ to tho tyJl© o: add-on
noln_ control that is curt©ably boing u_md.

L¸ :̧i

t



DESIGrII/iGDIESEL ErIGIRESFOR REDUC[DflOISE

Richard H. Lyon
I_IchardG. DeJorlg*

f4assach.settsInstituteaf Technology
D_partn_ntof M_charllcalEnghle_rln_
C_ll_)rld_ _ Massachu_tt_ D2139

APPI{OACDESTO _CHIHERY flOISEREDUCTIO_I In our uork,we hove tended to conccntratoon th_
prop_(JaLJonof ei1_r_y_JLhh_ thenlach]n_0for a

Th_r_ I_ atle_Labli_hedand widely practlcedtech- nuII_)erof r_asons. FlrsED the_lodlflcaL1onof the
nology COn_urned_Ith _o]vJn{jiloi_ Drot)1_mscalled g_ner_torof audible_n_r(Jyoften_ffecLsthe other
"llo1_cC011Lr01'_,A_though tller_Is no Inherent p_rfor_rlancepar_Tl_t_r_In ,_l_Jorw_y. For e_mD1e,
IJmlt_tlonIn _op_ or _ppro(_chl_Ip_Jedby th_ na_, th_ high fre(lu_cyco_iporlent_OF ¢oE11bu_LJonch_ngler
Lh_ t©l_Lbook__nd CC_l_'_e_dealln_with 11oI_eCol_Lrol ple_mareare wry c_o_ly a$_ocl_t_dwlth th_ cQ_i_
il_vitt_nd_d LO rc_EI'_ctth_ _1_nJnR Lo "add-on" bust_o_ processILl.If, and ch_rlg_|_Ithl_procus_
Droc_durc_for _b_LJnR no1_. such _$ the ureaof h_ved|r_ct thter_cLlonwlth perform_ fL_1
mt_f_Icr_j_nclo_l_r_s_I$o|l|_or_Iwr_pp_l_I _nd th_ ucorlontyl(_ndthe productionof thcrfiIc_|l)o11_tmat_,
1_ka, The _cn_ral ImpIIc_tlonth l_ol_control Is ]nterf_reflc__l_h th_ proc(;_of r_dlaL1onusually
that _h_ no|_ J_ d_It _Lhl tluttho basicd_JDn _n_ conventionalnoise coIILrol-_ en_|o_ure._j
or _p_r_tJorlof th_ devlc_ makln9 or tran_mltt_n9 wrappln9_,Dreadsand the lJkelalthouuh there_rn
th_ noI_ ]_ affected_ IiLtI_ as possth_e, proced.rcssuchas p_rforatth9th_ext_rlor_ur-

fnce_willchmay b_ _ppllcableincerLalnclrc_-
Nolma control_o d_f]n_d tends to b_ app]_c_bIeh_ sLan_e_ and can be c(_der_ _ a p_rt of rede_lgn,
_Jtu_t_on_ In _hlch th_ n_mb_r of In_t_ll_Lions

d_c_ n_L Jl_fy thu effort InvolvedIn r_(e_i_n, Th_ "p_th" of vlbratlomalenerg_wlthln t_ machhle
or the t_chno_og_for _c_I redesign I_ unc_rt_hl m_y _on_JstQf coi1n_ctth,Jrod__nd 11nk_9_ rod
NQIma controltcnd_ to b_ e_pcns_veper treated tatln9 _h_ft__nd bearthgs,_Llff_nlnufr_me_of
Ul_JL,_nd _h_ ur_ILco_L do©_ noL d_¢r_(_owry much v_rJQu_ kJnd_D_nd _h_ _Eruc_r_I fr_n_worl_,M_y
A_ the number of unit_ Incr_e_. Th_ no]_ con- of th_s_ Itemsar_ Insta11_da_m_nufacturedpiec_5
trol _raatrnantm_ a1_o _nL_rferew_Eh th_n_Inte- th the machln_,_o th_t _nsta111n9a n_d]f]_dsub-
n_n¢_, operntlma,or _cc_pt_b_Iltyof th_ d_vJce, _LJtLit_Is _ultefeasible_IthouLm_Jor changesto

th_ r_t of Lh_machln_. ThL_,p_th rn_dlflc_t_ons
Th_ _1&_rn_LJvaLo no]_ control I_ rcdellgn(for _r_ _uit_ rma_on_bl_to contc_late _ I_n9_ th_
r_duced noJ._e).R_de_Ign Involve_changED9the bn_ c functionof tle Dart _ a _o m_ nt_hled.
b_Ic ¢on_tr_cLJon,I_yout_Qr f_br_c_tJonof EDQ
d_vl¢_ to rcduc_the _m_unt of h_gh frequency PATR ANALYSI_OF A DIESEL E_GINE
anerDY that JL _m|t_. Such redesign h_ _ h|gh
|n_tl_1 cQ_t -_ In the cn91n_rth9 ,_rvlce_re- W_ have carrl_dout e_p_rI_nt_] _nd th_oretlc_1
q_Jred tQ d_tem_f_ethe d_Ir_bIe d_Ign ch_nge_ _n_Iy_s of th_ Lr_n_mi_i_n Qf h_gh fr_(lu_ncy
_nd the _toolth9 n_c_ry to |_pIc_nL th_nl,buL (audible)ci1_r_Jyfr_n the c_lu_tlon ch_l.b_rs_r_
th_ prod_ict1_n¢_L m_y be In_]grilflc_nt1_,dlffer_nE face_to the rad|atln9 _urfac_ of th_ engineca_-
_rom before _nd on_ c_i_a_o Jn_tJt_techanges that Ing. Th_ tw_ ma_or p_ths -- tDro1_gh_h_ head
_olw n_n-_o||_prob1_m_ at thQ _m_ tJn_, Such an _LrLi_tur__nd thro_lgtlth_ plston-conn_c_Ing-rod-
_pproach I_ mau_11_'onI_ _v_J1_hIeto m_nufactur_r_ crankshaft_f_)ly .- w_ro ewlu_t_d map_rat_ly.
who _r© _b|e _Q Ju_If}, th_ co_t_ b_,their_Ies Th_ _p_rJn_ntal _tu(i1_ provldo_s with(]u_nL|L_-
v_1_ _nd pot_nt1_1m_rk_tln9_n_f_t_, tlvn hlfor_L_on on Lran_fer_n_l_np_tmobIlIty

f_nctI_n_,whlle the theorotI¢_1_tudl_ n11ewL_
Th_ _trate{Lvfor r_dc_Jgnwill b_ v_ry d_p_n(_nLon t_ correI_t©th_ f_llctlon_1r_latlon__Ith the
_ha d_¥Jca, On_ c_rltr},_o r(_duc_the _n_r_tJon r_ch_nJcaIcanf1_ur_E|o_of th_©I¢_nL_, Thl_
of _n_rg_vaL _udlb_e frequ_ncle_by modlf_thgInl- I_tter corr_laLJoni_ of pnrt_cu1_rl_p_rt_nce|n
p_c_i ¢o_bma_Ii)nprQce._e,_ or _h_Qv_r. Dna c_ cv_]u_tln__h_ _t_ecL OF _ d_1_ ¢h(_n__II{Io_
_Q tr_ to blockQr _th_r_l_ reduc_thl_energy r_li_tlon.

• r _ It prop_9_ta$fr_ wher_ It J_ 9en_rathdLu
r_dlat]n9_irf_c_. Or on_ can try tQ keep th_ A d_jr_m of th_ four cyl]nd_rd]e_el_nglnel_(l
_n_r_y from b_In9r_dl_ted _ aL_dlb1__ound, Very In th _ _tudy i_ _h_wn Jn F19ureI, The UlJp_r_ur-
uf_en_ A m_d |tr_t©_vw111 De n_ce_r_ tQ oh- focenf thu pl_Eon_ _clte,_wlLh r_nd_mnoJ_
t_Jn the.d_Ired de.gree_f _b_t_nL. (_Ith th_ h_d In p1_c_) and lhevlbratJon_t

I _n_w IQc_ted_L Car_rJdg_Dol1_bor_tlvf|.C_rl{19_, M_ss,



point on the casing detunntned by carryino out the In order to understand this transmission pathD we
reciprocal experiment of rl_aSurlflg tile vrbratlon have r;l_asured and derived LrlO trarlsfer _lld Input
of th_ piston surface _hen the casing was _xcrtl_d moblllLles for trio nloJor e}enlents of the pail1
nL the measuring location. _rlen the plsLOrlwas (plston-corlnectln9 rod= crankshafL, bearlrig Ir]ounL-
removed and tll_J head Installed and Lhe surface of casth_). Exp_rh_ntal consistency b_tween the
the h_od W_ (_xclt_d from laolow, and the cos|nO r,oblllt|es of th_ el_Elle_ts and the calculated
rcspon_o Jt_asur_d, Irl_ r_tto of trl_ velocity of nloblltty of c(]nblnatlons of element5 can he very
r_$pon_Q to drive force Is the trnnsf_r mobility valuable in corlfinlllng assurI_ptlorlsabout tile
and Is shown for o piston _L Lop dead center, nature of structural corlnecblons. Good tlleoreti-

ca1 ntod_ls of the olc_ntsj again based on th_
. /(_,. experirl_Jntally det_nllln_d nlob|lItles of elcn_rlts.

] r .,,,:..,_ can hu quite helpful In _ug_o_tthg structural
..... modlflcat|on_ that t_fght reduce the radiated noise.

I,,, I J I \ ............. .; Tht_ _Ja._ured t.r_nsfer ItlObll_t_ frolll tJl_ top of t_le

...... J J: IJ_" l I i _l _ piston to the big end Is sh_n In Figure 3, and
............J |" t_ _,K,--InL,/_._ I fromthecrankpin to adJacenth=,artn9 Journal oftim crankshaf_ 1_ sh_n In Figure 4. Hlth the

--,.;.,;/T;r-nY_.jrl_'i)_ /C / appropriate lnput,T_bllltles of the elen_nts in-

,,,,,,=(,, ._I_ u=,_,.._'¢*u i. i eluded,we can combine thoso_e(_sure(ltransfer
=_,_, /........ _.- .... F" functionsm_them_tlc_llyto predict tiletransferfunction fr_l the piston top to the crankshaft

b_nring journal. A cornparlsunof the calculated
value of this function b_sed on measurc_:nts taken

Flgtxre1: Diagramof four Cylln(l_rIsuzu Diesel on tile thdlvldunl1terns with a r_nsurercnt of trio
Engln_ U_cd In Study Showing Elen_nts overall transfer function Is sh_n in figure 5.
of Trnn_nllsslonP_ths generally_tim agreement I._ good to about 2 kits,

hut it breaksdown at higher frequencies. This is
The results of the e_l)erfmenL are shown In probabiy because the rno_n_ntsat Joining points,
Fig.re Z, For equal, force amplitudes on th_ neglected In the calculation do, In f_ct, becom_
plitan and the c_,ltndnr head, the piston-connect- Important at higher frequcrlci=s,
tag rod p_th _o the engine casing will d_ln_te : ,. . .................
bml_ 2 kilz, while b¢ittl pnths _re of neerl.v equal
tmportnnc_ above 2 ktlz. Per the. purposes of this ' " /

StuffY= we hnvc concentrated our efforts t(_nrd u .- /tunder, tending thm pinion-connecting rod paths.

-\We =$sur_ the& the ptst0ns, connocth) 9 rods, and _ :_
cranksh=fh or= n_rly vertically aligned when the. =: , _.......
corr_untton pulnP I_ Initiated, Con_erluently, the ;; "
dynmntc=l r_del for IDa ehments Is for v¢rttcal _-_'
motions and forces, andmon_nt_ and fIo_iur_ "

_.11=(except for the crnnkthlft) nrm Ignored.

,/--V Vvl_ _/_l Flgur_ 3: Ratio of Connecting Dad Dig-End VoIocl-

ra -_, d_ ._ ty to Drive Force at Top of Piston• Hh|ch Is Transfer Mobility flegnftude fnr

i.___:_, , . ," _ .,,
•,, the Pllton-Conn¢ctfng Dad Eler_nt

k,) flit01tZ _ -II

,lxlg I 1 I

Figure Z: Comparison of Vibration Trnnsmlsston _ ----_i"- _ ; .... ;'---
Through li©ad.CasingPath and Piston- .,v,_,(,.,=

Conr_ct tng-Rod-Cr=mksh=f t-Cos In9 Path. Figure 4:. H_gnitude of Transfer liability Fro_

I itote dc_lnanca of" latter patti t_eIow Crankpln (wh_r= hlg end connects) to

Z ktlz. Crankshaft Journal
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_je C(]ur_Q_ _llOt'O w'Jl[ llO Cases In W[J]CII f.llU dE-

=lrod chon9o (o be=tin9 r_ountad In rubber, for
example) mnv not be acceptable because of' s_no

o_r=¢lon41 _rro_,l_=¢tcttos shof'Af_stobllftyorporfor_t_nco 11fe. Untilb_lc con;ldor_tlons of
vibrational p_rfonltonco ore Included In the

; _lachh)o du_tgn 5trotogys bogeyer, _e will be
forced to live with the uns=ttsfoctory lJmlto-

: tlon_ of bnnd-ald nni_o control,

157
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"Ds_igning Diesel _ngino. Eor |_uduc_d Noiue"

prc_ntud by
_. IZ. Lyon

||T TtY_nl th_o rct_ult_. _t i_ d_tailed In th_
'_-{_ work _,lu unf.ndcd nnd w_n boot- thoail_,

Iogocd onto other pro_ecta. Th_ t_tol
lovul of _ffort w_ n_out t_vo m_n ye_r_. _** I_nnd_:

Cnn yo_* identlfy th_ Bprlng_ nnd mn.u

_¢_.q_innf olcmon£_ If| your .lodol _ partlc111_r p_rt_
_q-d--youuuo alnu_oldn!Input_ to g_t of tho _ngino?

tho component ch_nct_ri_tlc_?
It. _r_°nL

l[L_[iy_n_ Wo wero n_oro _ntorc_t_d in _i_l_tln_
_o, w_ _mcd r_nd_l, o_cltn_io_, th_ input powor to th_ _y_cr_. _o didn't

w_._ to go_ involvcd in _ d_t_ilcd id_ntl-

_. C_!!nn_ £1cntlon of th_ modol p_r_motern.

Wor_ th_ componont_ r_;_ov_d from tho
ongln, when they wo_o t_tod? C. ll.rnt_

Pld you Iooh nt _tlguc li_ o_

Did yo_ nLto_j)t to nccollnt foL" clonr-

nncon batwoP.n pnrtn? ,71 ._1_li_nnL
Do yo_l o_poct non-lllloaritioD to In-

__/._o/!_ L v_lldnto your rcmiltD7
¥oa. whon th©re wnm an oli film bo-

E,orh_p_.

_h_pj
_-h_'Idn' t thcro bo n nnturel frcquency

_._oci_t_d with bonding of th_ COlln_ctlng
rod?

R_ _,_
_*_hnp., b_t thlm _o_,n'L mhow tip in

I

1



S'I'UDIE_q OF CONDUS'I'ION A_ID MI:CJlAHICAI,LY INDUCED
NOISI_ IN D;ESEI, ENGI_d:S

Andrew F. Seyburt

Dupar_nent of Mechanical Engin0Qrlng
Unlveruity o_ Kentucky

Lexington, Kuntucky 4050_

XNTItODUC'rION reduced to 80 dBA, effective January l,
19u2.

_Ludlou havo uhowl% thnt _urfaco tranuporkn-
_ion (trucko, bu_c0, care) io th_ major DIESI_L _IfGINl_ r_OISE

Cauoo o_ hollo ¢ompl_i_t_ in 01ou_ induo-

trlallzu_ co_l_tri_o Ill. In tha U:_Itcd Tho dh_uol e:_glno ill uDually ono of th_l
_t_tq_ _t lo_ot _wIcQ a_ raany pooplc aro thr_ _o0t Import_Int hollo uo_co0 of

_i_t_rbod b_ tra_£1c hOllO ao alr_.ra_t moo_ hoary duty trucko 15]. Th_ othor
noloQ |2|. It io n_imatod [2] that our- major noi00 _o_rcoo ar_ uoually (but not

f_co trnn0porta_ion _xpo0oo l_otwoon 15 and llmit_d to) tht_ cooling _aa and th_ _n_

33 million p_opl_ to an o_td_or Day/Hight glno _xhau0t. Hollo control hnrdw_

_o_Irld L_vo_, I,dn, o_coodlng 65 dl_, a l_v_l (hotter ml:fflor_J, moro _flciont _n.)
i_ _onurally availablo to r_d_*co tho

that h_ booi_ follnd to prodLico wido_proad ¢ouli_tj _n and _ngi_o o_h_uot noi_c.comp1_Inta a_ woll a_ thro_t_ of l_g_l ac-
tion [3]. onco _hi0 ha_ b._on don_ th_ di_0ol onglno

i_ normall F th_ m_Jor .ou_co o_ noi_.

O_ tho moro th_n 125 mill£on vohlcloa in 'rhi_, col_l_lOd with tho _act that 9_% o_
new h_avy duty trucko _ro dio_1-1_ow_rcd

tho Un£t_d _tat_n only about 3.75 million _2_, _qulroI_ that th_ m_chanl.m o_ di_o_
_ro claDoi_i_d a0 mm_i_*m or ho_v_ dut_

truck_ (Gro_ VohiclQ Wolgh_ Ratln_ _- _ignlf_callt g_Inn oro to b_ achieved in
c_odln5 10000 lb.). '_ho_o _ruck. only
compci_a _bol_t 10_ o£ th_ traf_l_ on major truck nolo0 control.

ro_Lt_ I1J b_t _ro r_pon_Iblo for about

75_ o_ thQ tot_l _ound power r_di_tod b_ T_adltlon_l_, di_ol _nglno nolm_ |_obeon _01_Ivlded into c_mbuutlo_ induc©d

_II v©h£alo_ [2]. _nd m_chanlc_lly Induced noi_o (not_:

T|_ mo_t _n_o_In_ _[_oc_ of truffle noi._ Intak_ _nd o_h_u_t hOllO _ not con_Id-

_o th_ fll_ctl*_tlng noi_ l_vol ro_ul_In_ c_t_gor1_0d nnp_r_toly). Combunt_on_ro_ _h_ _act that Vohlcul_ tr_[Ei_ i_

_ntarmi_t©nt. For typic_l tr_ic flowo I_i_o I_ hollo Indllcod b_ tho _ll:c_at_n_
_ forco_ wltll_ tho com_u_tlon ch_mb_r_

o_ _omobilu_ on1_, th_ _luctua_Ing o_ th_ e,n,Jin_. Tho domln_at tran_mlm.lon_oI_ lovolm _ro not no_Ico_blo i_ ono
_ _rth_r th_n _bo_|_ 200 _flot _rom th_ p_th_ for comb_._lorl Nolno _ro_

roadway. |low©v_r_ ¢Inco truck_ _r_ _bout Io Tho c_l_nd_r ho_d

wldoIy dl_porm_d, th_ £111Ctl_at_l_g noluo 2. tlm c_llndor llnar and w_t_ir J_ck_t

_.¥_In arQ _t©_d_d _n orda_ o_ m_nltudQ
_t|lok' _rom thQ ro_dw_ 7 |l] ° _. tho p_ton/connoctln.J rod/_r_f_k.ha_t

Undor thQ m_nd_tno o_ th_ Nol_o Control 'rho tr_n0_i_on o_ _nor_¥ alon_ tb_r_Aat o_ 1972_ th_ U._. Y.nv_ronm_nt_l Pro-

t_on Agenc7 h_ Id_ntlfl.d tru_k_ a0 a p_th_ i_ dop_nd_nt on tho d_n_Ic propor-
££o_ of t_ _nglno _trLlct_r_i p_rtlc_r1_

m_or nol_ _ourc_ in th_ Unlt©d _t_to_ [4] th_ _ti_n_._ and damping. Attq:_ptn to_nd |_ i_.u_d no_o llmi_ rogul_tlon_ for
truok_ _Iro_dy Qng_d ill Intor_t_t_ corn- 0hc,d t_la _mport_,¢_ of tho _truct_r_l r_-
morc_. _n _ddltlon, Y.PA h_ _ot hollo fJl_o_,_ ot tho ongln_ blo_, _nd Ito _ff_ct

llmlt_ for _w tr_k_. Y._f_o_ivo d_nua_ on noINo_ h_v_ _o1:u_tod in o_o_le. _n_illo

_ 197a tho m_xlmlu_ p_rml_l|>lo nol.o (_n_Ino-l_lock w_ll_ woro ropl_ced by alavol will bo 0] d_A _t 50 _t, _Id will |m
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bighly damped maturlal [6]), the "buaring '|he most important aspect of tb_!ue curves,
bear|l" unglne ( a thick beam was used to a_ _ar all noluu is conci_rncd, itl the

connect th_ main bearing cllps together rapid i_cu_uuru rise at the bcginnlng of
[7]) and the "magnc_iuln" engine (8]. combuutlon, i_hcn fu_l is injected into

_xc_pt for the lllag;l(_uiutnengine, w]llch the ¢Oll11Julltlunoballlbur, there is a chert

rcuultcd in a noluc reduction of dbout time delay whllu the fuel v_I_oriz(_s ,
lo dBA (it hlld _ wall tbickncuu of 1 inch), upre_du throughout the chamber and il}

incrcaslng the lltructuF¢ll lltiffnu:_u b_' boated to the combuution te:np_rature.
rcd_ulgn _*Dp_*rll to yield only _bout a Once the approz_riatu temperature and

3 dllA rcductlon of noise IT|. proutluru are ru_cbcd, ignition takull

place, llowcvur, this Initi_l phauc of
Con_Id_rabl_ inuight into the rilecllaniiJE11 corl_buutlon ia accompanlcd by a rapid rise

of c01tlbUStion noluu iu _aillud by utudying In pruusur_ due to tbu bu_nln_l of tbc
the colrlbuution pr_uuuro tirae blutory, cxcosu _uul acculnulatud In the ClI_LIEI[_t!r

Figure 1 chows three typical cyllnclor during tb_ ig/iltion delay p_rlod. Alter

pre_qru tiln_ bigtoricu for tbru_ e_(/In_ thiu inlti_l phaue of combustion, the
conditionu [2400 rpm, 7, 60 and 120 ft-lb £ucl burnu rlloru slowly _l_tlthe pcuu_uru

torguu) for a V-type nnturally-i_:Jplr;itud, ru,_chuu a nta_imum _llghtly after top-dcad-

_l_oct-inJectlon dlezml unglno, rated at center {TDC), th_n ducrcaucu during the
155 bllp at 3300 rpn1_ Figilr_ 2. ux[J_n_ioi_ _tro_c. Th_ high rate of prcu-

sure rlllu Just a£t_r ignition iu generally
proportional to the ignition delay and

1200_ causcu the charactcri_tlc dlcu_l el_glno
_k_lo_k"

........ --_1--_ hit*torlu, lu ,i blgh frequency ouclllatlon

due to prumr*_Ire wave reDona_co in the

co;_bustlon chatrfl]ur, combustlon cha_-

7 _t-lb bur inod_ Iu of negllglblu il_portanc_ to

60_ nolsu lilncu it iu of very high fro||coney.
The SlIl_ll fluctuating curve at the bottoi_l

of Plguru 1 i_ what reliLalnu when the

2400 rpm, 7 ft-lb pro.sure time history
i_ £11turud to remove til_ l)rusuuru COlB-
L_onunt, below 800 llz. Thi_ ig qultu

_trikil1(j when on_ connidur_ that most

: dlus_l unglnu noAuu Is _bovu 000 ]I=. At*
' - wall bl} dlmcuumcd later, the engine _truc-

{' -5 O t(mso_} ÷5 tore does not radlato t*ound _fici_ntly

at ell:]mr vi_ry low or vory high fruquunclc_ I
: PJ _tlr_ _ Co/_b_mtlon 9_'{llmUres at 2400 Z_, and it lu tbe _tld-fruguuncy c0mponent_

(000-3000 II_) of tbt_ Colnbll_tlon pr_nuuru

that u_cltc tll_:noiau producing mOdUS o£
tlln _nglnu block•

• . . ,' ,',,., ' , , ' ".,;

• .I, .:' "." ,i_', ' "'

" , '11'
': :,d|:' ..;._'.' ' . . "'
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2400 rpln. ri_II , ? fl. '-h thr,,,,,_.

Ino_¢_o_ Q_tlon o_ th_ _ngin_ l_lock low _d l_id-froquu_¢y raffle thu Comb_tlon

r_n_. r_itlnU 11_ incr¢_d _ombu_tlo_ tratt_d at _ultipl_rl of ti_o _Irlng _r_qu_n-

noln=, cy. nnd nt hl_h _r_qu_nc_ tho combuntlon

pr(_uru ia _u,_ntially a broad-band
• hq Dro_d _k =bov_ 3500 |I_ in aach of random proco_u. Pi0ur_ 5 nhow, th(; v_ri-

thq _¢trA i_ th_ _nh_,tlon chl_b_r n_ion o_ ovor_ll t._glno no_o 1ovol with
_o_o_a_c_ n_n in Fi_J_r_ I. _h_ fr©qu_ncy _p_(Id _nd torq_ wh_r_ th_ _ic_o_hono wa:_

_Inc_ th_ 9_ tcmpa_tu_ (_n_ th_ _p_d o_ t|_ _ngino. _ho Incr_ _olnn with

o_ _ot_nd] i_ hlgh©r. _p_ed i:l du_ to th_ addltlo_al _it_tion

cnuu_d b_ a nhi_t o_ th_ comh_t,tion

Fi0 _|r_ 4 im _ ,p_trum o_ tho 7 _t-lb vp_ctr_ t_ high_ _rc_uoncy _, a ronult
_ozql_a _x_==ur_ hl_to_ with a bandwld_h o_ Incron_d :il_od.
o_ 10 II_. Th_ _ndivi_u_l harn_nlc_ o_

v_nl_d by unln_ 1:ho umnllor bnndwldth. _01
For th_ _n_in_ npo_d o_ 2400 rpm th_ _.___._ _'

th. hioh_r h_r_on_cn arm I/;tacl_r muitipl_ _ _o,:o,,.. o.o oo o .
_n_er_tln_a_p_ctao_ tho combun_lon /_"_
ch_b_r r_no_n s _m_qly, it i_ _ llro_d-

b_nd random plmno_non. '_hin i_ prob_l)ly _ " /

changin 9 du_II_¢/ combuation, o_u_in_ th_

£roquo;lc_ o_ r_o_nc_ dqer_._1 d_l=[_ 9

the _xpannion =trok_)• l,'lour_ 5 Variation oF A-w_ight_d .ouna l_v_l

I with ©nglna _p_cd and torque.

t lbX





_II_CHANICALL¥ INDUCED HOI_I: Piuton £mp_ctu cnn bo r_ducod by: unln_

ovcrui_cd piMto_u to r_duco th_ runnln_]

HochnnLcnliy Induced nol_e in di_u_L clc_c_ncu, dLBpl_cLn_ tha p_ton/connact-

ongLn_u lu c_utled by t_iccll_t_Ic_lii,p_ctn in_-rod pin to ona ulde o_ th_ lonqitudLn-
(duo to clcncnncon), _'ictLon. _nd cot_- nl _xi_ of tho l_laton (thl_ cnu_a_J two
tln_ IInb_1_l_cc. Th_ iIL_chn_Lc_1 noi_ I_ _,i_Ioc Imp_ct. _l_ tho pl_ton hlt_ tha

u_u_lly d_tormLnod by motocln_ thu engln_ linar innt_nd o_ o .inglo l_cgo ona),or b_

_nd notln_ tho hollo l_val, Th_ ccII_buo- unln_ _ nh_m (rondo o_ t_1on-Ii,p=o_n_t0d
tlon hollo I_ tho di_r_nco between tho _int_rcd bcon_a |9|p _or _x_t_ip1_) _hlch

l_otorod nol.o _nd th_ tot_l noL.a, Thl_ i_ nttnch_d to tho .Ida a_ thu pl.ton _nd

pcoc_duro _.nunlo_ that tho .L_ch_nlc_l hold_ tho pi.ton on on_ _id_ o_ tho
_oI_ Lu i_dopondant of t]la colllbu.tlon cylindoc ll_nc throu_]lout tho _n_inu

pr_ic_. Th1_ _uml_t_on in_y bu _du- cyclo. _11 o_ th_.e mo_l£1c_tionu h_va

_uch na vnlvo train nol.a, but i_ II_ only i oc 2 dl)_.
¢_Eo_ _o_ other _cch_n_c_l noi_ DOUrC_B

nuch _B bonrln_ _nd l_L_ton l_ip_ct z_olu_, Hork curra_tly undac p_o_r_ I_ dlractcd

_h_ro tho zn¢ch_nlc_l LII1_nct_ nru highly _t ]_r_dlctln_J th_ co_pon_o o_ tho cylln-

dap_ndoi_t on tho _n_z_tud_ o_ tho corn- dot l_n_c to pL_ton impact n_ _ _unct$on
_tlMt_oN _r_U_Ol_. TO _l_uuru _IO_O O_ lln_r _nd piston _o_1_t_yl ru_nln_]

hollo _ourc¢_ on_ ¢_ c_/cctIv_- ch_ct_r1_tlc_

i¥ "_ILmln_ta" tho noucco l_y nn _pl_ro- tlmin_, _tc.). It L_ _uo_nbl_ to

prLnto _odl_ic_tLonl _nd not_ th_ dJ._f_c- _._J_1o that l_i_ton impnct noL.a In |_o_oc-
cnc_ In nol_ lav_l, l"or o_nmplo, tho t_onnl to t]_ vlbc_t£on o_ th_ cylln_¢_

noL_a contcib_tLoz_ o_ piston _ipnct_ I_ iLn_r [thar_ I_ _olno a_p_ci_,_ont_l _vLd0nco
o_t_n q_t1_la_ by _ub_tltlltln_ pi_tonu to con_l th£. [11]) _nd _ l_thQn_atlcnl

o_ io_ cla_r_nco _o_ t_t_ildnrd l_ton_, mod_l pc_dictinrJ llnor vlbr_tlun c_n l_u
u_d to _tlm_to tha r_1_tlv_ _oct on

_oi_a o_ ch_n_In_ _n_ o_ tha pncnm_toru
Ln tho n_odel.

Th_ _1od_l _Ic_t cnlcul_t_n th_ pl_ton

Turl_oclmr_c_! afi_In_ _c_ u_u_lly domLI_tcd _Id_-_occ_ _oc n _Lv_n _omat_y nnd
by mach_Icnl _olna _ourcan_ nnd th_ i_oJoc combu_tlon pco_uco tin1_ hl.to_y. Tho

m_ch_nlcnl _ol.a _ollrcQ i. t_u_lly dua to ILnec i_ _u_lalad _ _ ni_l_la o_ll_tor
|_laton l_p_t_ [9]. A piston Impnct _nd th_ _nnpon0a to tho piston _Ida-

occ_r_ when th_ pl_ton trnn_ar_ _ro_l tho _orca i_ c_Ic_1_t_d. Th_ |_L_ton _o_on-
non-_|_ru_t to th_ thrust _de o_ thQ tu_ _t i_p_ct _ _i_o c_Ic_1_P. '_ rind

cy1_nd©r lln_ JL1nt _Etec TDC dt_rln_ th_ u_] Ii_ tho cnlcul_tlon o_ tha iLn_' r_-

comhu.tion _h_a o_ th_ _n_n_ c_cl_, .l_onau. t'i_c_ I0 £n _ typicnl lln_r _a-
_Igur_ 9. lllnton imp_ct_ occor _ _ev_r_l _l_on_ pr_dict_ by tha _nthemntlcnl

othlsc t_ma_ du_in_ _h_ _n_in_ cycla bt_ modol, l_xpecim_I_t_l dnt_ w_11 |_ _c_I

only th_ 1_p_c_ _t TDC d_Ir_ co_bu_tlon _ n va_i_Ic_tLOl_ o_ th_ pi_tol_ i_pnct
i_ _n_£1c_nt_ _£nc© tho combu_tlon _od_l. Onca tho mod_l _n _a_n_d, da-

pr_nntl_ _ctln_ on tho |_1_ton _t thL_ _I_ ch_rt_ wlll I_o con_tr_ct_ to nho_
point c_._ tha im[mct to bo _lllto _v_o° th_ c_l_tIv_ ©_act on nol.o _han k_

_ i:i°0 ---_-----_......t..... ,t- ,----

F1_ora I0 R_nl_onn_ OE c_llnda_ _Ino_ to
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_U_AIIY B. Prlede, T. "_oI_o and ICnglneorlng

Dooign" Phil. TrnnrJ. I(oy. _oc. of
Th_ _10ch_niom_ of combu_tloo and moch_n- Londonl Al Vol. 2G3, 19G8.

ic_lly induced di_ocl engino noi0u oro

boln_ il_vcntlg_tcd IN _n o_ort to _o- 9. LanfJl R._.t "_ourcoll _I1d X(_d_iction
duc(l tho noltlo _Eom hoavy duty tEuckfl, o[ Diauol ICnglno Hol_o" Droclltlclin_n
It Wnfl _howll that by cx_i_inlng tho col.- noductlon of Hnchinor_ tlolut_, Purd !L_u_

buutlon pc_o_uro .pcctcum nnd thu enginu Univ_ruity, Uuccmbur I_12; 1975,

_tructurAl frequency reupon.o thnt I11n._y pp. 191-202.
of th(_ ch_r.ctorlotlcn of combustion

nolI_o could b_ _xplnin_d. In p_rtlcul_r, 10. _oyb_rt_ A.F._ Crockur, M.J._ "Tho
it W_ flhow_ that n_tur_lly-n_1_. _ rnti!iI Uoo o_ Cohoro_co '_ochniqu_o to Pro-

dic_l onginco (dlr_Ict-in_oction) n_o dirt th_ _ff_ct of Engino Oporating

in tho 500-3500 llz rc'.Jlon .inco both A'JME Tr_n.nchionu V. 97, _or|oo I_,

tho fr0quoncy _e.ponse _nd the comhu_Ition N41 t_omb_v, 1"9_.
presuuro upuctrum nro high in thi_ ragion,

nn comparod to turbochncgcd ongino, of 11. l"iolding, _.J., "Idof_tific_tloI_ of

cqulvalont _puod and tocquc, whcro thu Mochnnical _ou_ceu of Noise in a

Univoc_Ity o_ _laJ_cl_o.toc, _ngland,

Pinton Impnct ;loluo, n major _ourco of 196U.
nol_e on turbochacged ongineo, iu bolng

uimulnted matbom_ticnlly with tho nlm
of dovoloplng danlgn guidcllne_ to aid

_n(]inecrn in m_klng prnctlcal douign
modlflcation, to roduco thls _ourco of

nol_o°

i. Thlo.sun, G.J., "Community _oin_

(]11oto GrOllnd Trnn_port_tlon"

Noinn Control _n_Inoorlng, Vol° 2
No: 2, i'_74, pp. C4-=_7. "

2. Dacksround Doeumunt for ProDo_cd

Hodlllm ,nlld lloAvy TEuck I;ol_c, IIugu-
latlolzn, _:PA-550/9-V4-01U, U._.
_,nvlronmuntnl P_otection Agnncyf

ffanhin,jton, DC, Octobo_, 1974.

3. gld_'ed, K.M., "Ann¢Innmo_t of

Co_mlln_t_ ffol_o"_ NOI_ Control

4, Idonti_Acatlon o_ l,_o_uct_ An HnJo_
;]olItcon o_ _oino, [,'edoral lI_gint_r,

Hnahlllgton, DC, JUNo 21, 1974,
pp. 11197-11199.

5. Btandt, R.I,., "Truck NoI_ Control"

Procn_d/*_. _ Rnductlon. Of flnchinoz'__ _y.

i_]]_'na, Dacomb.r 10-12, 1975.

pp, 158-190.

6. J_nklnm, fl./l., Kt_.hn_, II.K., "DArnel
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"Studlo_ of Combuutlon _nd M_chonlcmlly

Induced }lolne in Diomol l_rlglne_"

prcuontcd b F

A. l,'. Soybor_

_a_lq_b_ r t:

'rhla work wa_ inltinlly fu1_dcd by the

Nntlon_l _clonco Foundntion and in now bulng

funded by industry. 'fho totnl funding ovor

tho pnat flvo yoaru lla_ b_n about fifty
_*ouHnnd dollnrs. Tho totsl lovol of _/fort

hnm boon approxlmat¢_ly thr_o to four m_n

yOl_r_,
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OPI".N DIOCUO_IOI/ Oil _OCI_TAL _]DO II_ NOI_ COII_'ItOL m

Co-Chairmen: _. Co_en (Purdue) and lI_rve_ IIoztek (ERA)

_peak_11_ for _PA, T want to p_roon- _ett_r rcSui_tlon i11 the ion_ run.
a11_ thank ench o_ you for p_rtlclpatl;iK woa_d nov llh_ to nit back _nd lIDten to
In thln _c_|n_p. I tllo_l_ILt i_ van cx- what you hnve to offerl
tpemol_ _ortl_hi1_ and I hop_ thnt _ou

_haro t|_t oplnlon_ _ tlLink the b_c_i_ If. _nh.Ii:
o_ it will bo o_n o:i_ t_e do_tLmentat_oll

_et_ rQioa_ed _d _etD wlde_re_d c_reu- I}oth _ov_n_ont _d InduDtr_ ar_ In-
latlon, tcre_tc_ in no_oo control. _h_ _l_orBi_

_u a re_ulntop_ _en_ we _1|_t coil- t_ in n_ |dcal onvlronment in wblcll to
• i_oP th_ a_ila|_Ic _t_t0-o_-the-art explore _oi0e control _thodolofl_ a_
teehnolo_7, in addition to other thli1_u,
_]l_n _e _0_ul_te _li_tlo_ for t_l_ practlc_ noi_ control _ol_tlonD. In

pa_t_eul_r_ u_IverBitle_ ll_vc thQ _tL_11-
p_oteetlo_ o_ t|le _llbllc hc_ith. _i fled people and n_e_nap_ Fa_lllti_ that
c_c_ _hcr0 thor_ i_ _ inad_l_te i|_ta _m_l] a_d _edlu_ al_cd flldu_trlca 1_ch.
_3_o to hQlp IL_ _or_ t_lem_ r©_tllntor_ _nte_net_n bot_e_n _ov_r_m_t, t_nlv_-
_etlon_, _c _a_ _o ollt and fn;id pPo_ra_ Dlt_ _lld Indl_tr_ help_ _d_ic_t_ at_identm
to dem0n_trate tJlo _tate-of-th_-_rt _or who _ill In tur_ el_tor indl_tr_ t1_on
tl_e teehno_o_ altl_r unilate_a11_ or _rnd_l_tlon. Ho_ |_d1_ri_ _i;l_ tJl_t
i_ eon_tLnetlon vlth _nothoP _011c_. W_ tJlo_ can _t_port l_ol_o control ren0_reh
h_ _ _o_ple o_ t|_no de_on_tr_tlo_ o_ the ILnlv_rnlt_ ie_©i _tLeh C]ic_per

TO _ _otL A _ra_e of r_ercnce of 1_o_tant re_onn wh_ il_d_ntr_ cJloonen
tlle _i_d_ o_ _ctlo_n that _e ar_ co_id- to _ippopt no|_e _o_rol _©areh _t
• Pl_, _oJt o_ _o_ pro_nbl_ knDv that 1111_VCPDitle_* AN nddltlonal boNe_It to

on h_v_ tP_c_ and _o_pren_orn° RO are hoped re_e_r_b la th_ contact that t]l_Ir

In th© flnal _t_e_ of propAri;_ no_i_eu e_l_Ineer_ hnve _Ith _xportB In the _Iold_
o_ _Ix other pr_1_n: _otorc_01_B_ Thi_ i_ _ t_po o_ eonti_IL1n_ _dt_e_tlo_
_u_n_ iom1_rB _n_ do_orD_ truck molln_ed
co_pRe_orJ _nd re_rl_ep_or u;_It_° _or praet_clnF. _n_in_ePa.

_nto_ to e_ph_nlze _re _n_ arc the n]_ond :4ol_hi_ ll_if o_ th_ _Inln_
ot|_r pro_ctn that w_ ar_ eon_Idep_n_ ti_e i_ _l_etlnalon o_ _]_e lunt_©m. Tho
_op _t_P_ _ct_lln, _n_ An_ h_p _h_t rc_In|n_ tlme _111 be apart di_e_a_In_
_hln _r_1_p _ 81_m _n _rovldln_ _o_e oth©r Ide_ tJJnt _n_ono mi_h_ h_ve.

L_t _ _ highlight _h©_: R1_to_o_il_m_ _©a_h aILpporte_ _ tha t_nITer_i_, a_
light _r_c_I, t_Quj Dno_obi_0nD _apl_ O_poa_d to _cmo_p_l_ on • n_e_1_Ic _ro-
r_il _r_It nTate_a, p_¥_ment brethren dt_ct. D0e_ _n_ne wi_|l to c_nt7
_nd r_drli11, ©nPthmo_11_, oqa|_ent

nn_ _ _rlet7 o_ homa an_ _o_Dt_p p_o- od th_ th_ro u©c_B to _la _o _o_er_m©_t
_c_. _o_0 _ thann _a Ill the ver_ _el_e_ i_tere_ted i_ _l_ndlnfi _l&_le rona_pch

|i_¥e _o_ nli_e_ionn or IdeAn I _o wi_1 "_a11_ In tJ_ er_c_ _' of _ ;_u_b©p _ _o_©r_-

bQ |_ to ]Imtn_ _O tJle_o AnTt|_In_ _e_t a_c_o1_n_ nnd i_ not _'_e_er_ r' cno11_h
_0_ c_n _roT_d_ _o I_ _11_ inad to a f_p _on_dern_ion |J_ th_ l_tlon_ _elel,ce

_uded w1_h oni¥ mlnor e_Itln_.



If. t+_+n (.IT):
Po_nd_tlQn. +PILe Natlonnl Seiancm Foxindlt=

tlOlll in parttculart _11Bt doe°n+t geer% In" Concol+niNg tile pr_ble_ of rt+nponding

tore,ted in haole refl_tlrch in _irboPllO to |<FP'n, I belleVc m_nj" Of the proble_

_couotfco. 7iehy al,o mentioned tile _eed encountered ]zero _re related Lo the poor

POP l+tan_rtrd_*_+tlon oP noise Ll@flfltlrcinQntfl+ tlmtn¢: Prorl _11 P,cttl_eZ_ ?ep+r point op

it, Ping +_: vie, and the limited time or york, It
le not alwayo po.alble to complete a

Ae Joh_ (nohettlno) 0ald yesterday, mn.ter', degree program In a _peeificd
when l:l'A +do created dud the Itotoe Con- length of time, .my 9 or 12 months.

trot Act wa0 pttnned+thope wan no latch- I am aloe concerned that _OmO %lli_ver--
lllt_ r roooltrCh ill _ _ _'l_pp ]_lLndane nattlro

tlcn +r elvins Z:PA _nothar cbltpL(_p tO d o with little cducatl+Lnnl value. Thi_
PoOOnl.cb _b0ro tbat capability cxlnt_d work ,hould be done toyeommercl_l orgmnl-
_n other _r+mfl+ The 11lltJ attd Iln_ do have _a+ion..
the chtxz'tcp to do tkctt. W_ bnvo _t£nt

l+@Centl_ reactivated federal i_tcr_goncy _, (_alten:
PI_I3eP'PI_]I P_l&elo+ +ilh(_ ftlnctton of Lho

panoln In to aanno, the ongoin k reoo_rch 1_ill Oatle_e W_flto to co_mont o n the

an_ d_velopmont that i, being r,nde_ b_ n0ea Per _dtt_Gtlo_ iD nolmo control.
tho f_d_r_l _ovornment+ ll_pofull_, we

can l_elztlf 7 needn oi' voido In the run_- _,,O_t_L.(_!i_._._L-J!-_):
_g areal% lln<] thro'_gb thl_ medium initi-

ate federal _Ct_OD| not _e_oflo_rl]_ done I think _bero io _ n_tlon.l need Per
b_ EPA but done by the a_e.]cy that hau education i. noi,e colltrol, and _.hlo

the pPOpOp c_p_btltW, ettu_ation nbould begin i. the public

achool ayntcm. I:¥©n _t the unlverolty

p, ],_d. {r._,_+_), _ovol, onl_ _ .m.t_ percentaflo of _he
' ' ' AttldOlltO rocoIye Por_l edu+tttlon in

llOl fl O contro_ +

I o_nnot reclmt thio opporttl_ItF to _o_t engineering +_trric%111_ _r_ _].

_iOk %1_ th_ k_y WOFd_ # )oko_ b_ JipJ Pomdy overcrowded _nd it la almont Im-
TIC i_P "'Qt_lld_Pdl_at_O_ _i_('[ _@_GllPe_e_t po_fli_lo to _dd a mandatory Cour_e ID

_+tho_olo_, I thlll_ tb_.t thmPo _. no floJne eontpol. 'Ph@ lip, me _o tPUO of

q_.ot_oII that _O_m _O_tpO_ in _be Uni- OlCmOllt_r_ flt_ _econO_r_ od_e_tloh

tu_ /It;it©, h_ rocolv_d a trem_ndo_o _xlrr_ettl_+ The alternatlvo in to tetra-

boont throtl_h the lloloe Control A_t _ttce noloo control in oth_r relcttod

_IGO_ b_ CoA_p@_O _ tbo re_po_lb_ll- _otlrocfl | _op eXfl_plO, _n R coUrBo On
t_ _i_on _o _l*A to pnoh roEul_tion+ pop _aC)ltn_ do01Kn.
nOi_a emln_ion nt_nd_rdo _lld, ttlti_tely+

pPodtlqt floile labeling. A+ one doe. tbl., !t, ,%,_+k
thO pro+bl_fl Op _Ql_l_tlrq_ton_ te_]tnl_uO

et_d RQOIIP_C_ b(_COm_ i_ortK_t. _n tha Connumer education in noise control
tntcrn.tion_l mr+n_ there _ro _ n%l_ber

l_ very important, _ nro ng_rcaniyol}'

of ltanderd_ that haye co_o out junt RoYin_ in _ COl_lUmOr @dU_AtiOll prOdrm_,

1=+cent%IT) +otlO OP %h@_ Otill i_ dr_ft, We now _ro qmi_g _It OX]iibit which Im

bttt nlren_y Yary _d¥_noad,_n_ lloyd only being nnlit Rro_in_ to high dc_nlty aremo
tO _@ r_tJ_'_4d by the member bod2en, _n

to inform people on the effecto of noloc_
the 11_Ite4 fltatem, ve do not I+fly_ tho Hitat CA_ bO dOn_ ) #_tC ' _O ftro Al_O dQ.

OOtl_ItQP_RPtl _OP tbg+° _c&_1_rc_+_t_ otall" Yolo1_Ing _oY_Pfll bul1_tlnfl and h_t.doutn.
d_rdlm. It i_ _'ilti_.+ I i_ the iO_ 1,1111 .

¢0 ragullktc _oln_ o_t_aion unl_.n there I)+ _PPe (PtlP_I

R_t _1_r_If_t_lpO t|lrat coYPp, _iI t_pe_ Of I dam pormon_ll_ aware of on© l*Ub/lc
;t_i_fl _Ol|p_. Th_ bmO_ _t_Rrd_ pop hChO01 ._+tolq that i_Qltld_ _ g©ctio_i

the phyo_cnl me&ourmmo_t oP no_lfld h_'e on no,me _n tbolr fir_do acbool aclence

_t b_a;_ completely tll_dl_ted in the la+t e/Aria; l+lOWe_'P.p I what 1, t_ught In pro-

f_ftoen or twenty },oal'n, fl0ntod in+oppoctl_,

W© _I_o h_tyu _tbunen in nolne control

_dttont_on, Once _er_ cementer. I give
Ileyeral permon+ _ontio_ed the pro])lem Of 4 gtlo_t locturo Oh nolo© to 1% Cl_o_ l_

_(_O_Rt_ _i_IO to PO_POItd tO P:P_ | IItbllob_d _Otll_r dnp_Ptmen% on campum, A few of

_FP+n. The _roblam acorn, to I)o o_o OP Rot. rhone nttldantn hn_n th©n claimed th#tt

tiCK the _rP th_o_lgh "_lll','oPIIlity Chl_ltn_iO In tho_" b_yo "exporil]nce" in _0i0© _olltrol.

time lop _n _ioro+tod /AC_;It_ meal)or to Tllln t_'pe of .Ittl_tlo;x Im nppmllln K mad
POIP Olld l_(_13q, q_t_o1:r. _O+dg to bo CorrQcted.

+
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D. M_¢.er (IIBIV. nf Ilnuntnh): Hentlern. Hunter and Lyon commented that it
in :latuPal for companieo to want to protect

The Acoliotic_l flociety (of Amvrten) %he ron_ltn of univernlty re0_arch Dponnor-
han thn Coordtnattn C Committee for l:n- ed by them. particularly if the project in
vironmental Acoumticu. Theov pvople wry hardware orion|yd.
have information available for loctlirco

on the nub_cct of nolno control and _. _nhnn;
ncountico. Th©P_ are .-ogionnl coordin_-
torn'who h_vo llotn of people nvall_lJle When ne_otintin6 n rencnrch contract
for K|Yln8 tAlkn at comml;nity race|thEn, with induntry, nf_r_emcnt 0hould 1)e

reached on what material can he pnDli_hvd

D. q.r_ n and what cn:lnot. I find that thin
-- _voidn proDlema conccrnin_ confidential-

The American Oocioty for Enflincorln_ try. llowcvor, if the work I_unt 1_c kept
F.duc_tion _lno ban an Acou0tlcn Cot_[nit- compl_tcly neeret, then it doonnlt be-
toe. lone at a univernity.

]1_ Nn¢_._.k l'rofcu_or llurut ha_ a commcl*t rvg_rfl-

The aviation induntry |lab an lmprvB- In|| lnduntry/Kovornmozlt r01atlon_hlpn.
nlvo od_lCl_tion program° McDolLnell Dou(_-

il la, haa developed _ nimpll_ttc ulide C. liurnL IV.P.I.):
! prn_@ntntlo, on noino nnd the of recta of
' noino related to _viation. In a_ditio,. Wherever poanlblo _PA (and other re_-
Ii A_AA h_m p_t out n_voral film_ and ulntory aficncloo) ahotlld ne0k to _vo14

_lido/tap© nhown on heine° _n advernnry rclatlonnhlp with induotry.
Pcrhapo JoinL fundinfl vcntur©_ Dotwocn

II. !_amh_!'t {_!_nno.nta): t;overnm_nt an_ t_*d_ntPy might help the
_Y_r _11.y proDlcm.

t! I _nt_d to doncrlbo on_ of the
_ thlnflm that we have done at flll_nonotal II l tieback:

i! whleh I think haa boon vor_ ofgeetlyo., 'J_hraaO_ |Inm a _©chantoal QngilloQr_n_ We arc ¢onaldcrln_ _tl_it that ponnlbll-
71 profoaaor In air pollution| a olvll an- lt;. _Oll h_vo to remember, thotl_h I that

! _inoerln_ prof_anor in .olld waato, and Y,PA ha. a man.ate I. th_ _oI._ Control
_<,. an ¢l_ctrl_al ¢_ll_lll_Orl_8 profonuor lit Act that aayn _|IA will protect thQ ptth-
_ nolno o1"f_r _t courflo r_vallctblo to atu- llc h_alth _tnd welfare, llomntln©n, that

'_! d©nt_ in the coll_o of llhoral art_. Juat In an advoranry poaltlon to maklns
Wc call it "In|rogue|lea to _avlro_- a bach.

._, _antat T©Ch;lOlO_y" and wo typicallyx,,
_ de| from n©v_nty-flva to una hundrqd
g_ ntu_enta per your who tak© thl_ courac, w, _n?_1, (l,.L_._:

We talk to _lt©m nDo_t the pPobl©mn
lnVolvod_ incllidln_ t/to pot_ntlat llml- In_lintria_ nponao_a or nolao control

t_tion_ of toohnolo_y 111 Do1Vlll_ tli_a¢_ pro_o_t_ often do not allo¢ pro_rea¢ ha-

prohle.ma. 'Ph© r_nponnon that wo oh- yond a point of flx©d aohlnvcmcnt. Horo
taln0_ from counaalora on llb:ral _duca- bnnlc rnn_arch lima to Do bootlesKod, an

Lion have ha_n vat 7 favorable to thin 11 fact of ltf_. Pt_rol_ flxad nolno eon-
oo_#rao, trol la not rnaeareh that In valuable

II. llaadet in the look ranKo, _nd W© _hotIld not
- rol7 on it completely for a_nd_mlc proh-

Wlth r_rd to n_ucation In nolne l©mn. Cot_plod with the praotical proD-
control, I hollava that th© Inntltuto lem of noise control nhould ho ro_esreh

of flolao Control _n_ln_orln_ |*am a tom- that alma to tlncovcP fundamental anp_cta

_it_ _t tQ thl_ Q_tlcat_onl Dtlt ghID thl%t nppl_ to a yarloty or ¢lovlcnn, or
commitment in llmlt_d, prlmarilF, %_ clnnno, or _lachlnor_, t_onmy flh0111_ D©

the pra_¢laln_ engineer. P: do thia madn availal)1_ to aupI_icme.t indumtrlal

throllgh al_;_llnlcohf_r©noe_ a11¢Iour bl- contract, to allow l_ol_ow-lI_ _t%;dd¢o of

monthly putllcatl0n, _ c_._nn__r_- fundamental qu©atlonn,

_, _9h9/I: It in unfair to In_untr_ for the _ov.

or[i_t to rogltlat_ the _oli_ fro_ Ita

_oth_p pP0111_ ar_A that 1;_ D_ll productn and _ot to provl_© tmchnlcal
:antlon_d 1: ono 5f prnvidlnK anceanl- help _n tl;_ form Of n_tLcntlon.
blllt7 an_ _ano_|nat_nn of nolao con-

tPol moltitlonn to In_uatry _h_n th_ r_-
hearth la proprl©tary in n_turn.
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_,. ll.r_ U_.c,. nt.t_): w. l_ol,e_ <l,:pa):

We enn help Induntry by making avail- I wanted to comment Jllnt a little bit

Able qualified pooplo to help nolve in- About thiu area of otlmulatin_ i)ome type
du_tryl_ noloe Control _orblemc, We do Of cooperation bctwr.en the ra_ulatod or
thin mainly through pemearch _rnnte that potentially reiiulatr.d indnntry and the
aerve aa |l.C,, And Ph.D. theoes, atleney, in thic aaae L'PA, thnt'_ In

the protean of dav_lopln_ rc_ulAtlona.

Pl, _umt_!': I'm pcrnonally placed tn tl*at pol_ition
every day, A_d tile ntudie_ that we ht_va

The pPobl_m ID vr.Py acute am0n_ onBoln_ that Arc In direct aupport of

_mnll indllatrloa {3 to h Inilllon dollarn rc_ulAtlon d_velopmcnt put un in a nit-

per year nhlea). Ib A r.ompany of thio uatlon where we haY_ to look At r.on-

ni_c a nlnKlr, cn_Ineor may |lave a wide flletln_ intcrenta when We award the
rnnBe of reaponalhllltlan, and cannot contract. Wa arc icsAlly limited or
h_ nn expert in [*olaf. control. Wm need not allowed to let contraatn directly
to make available to thc_e people Infer- with tile Induatry tbnt I. 8olnB to be

mAtlon On noioo coatrol, patent|ally regulated bmcauae there in
Wlth resBrd to education, I tblnk a dlrmet conflict of interest that _llm-

We aheuld he mor_ careful wltb nomcn- inAten that _r©_ of co.potation, I

clAturc nnd terminology, Durln_ the think there arc name other thln_a that

tmehnleal a_nalon_ I noted many termn c_n ho done,_nd one I_ to ho©p the In-
Aria phrAo_n that Were miou0_d or were duatry Appraised of our proMre_o* When
_o% cve_ defined, our contraetora come In wlth draft ro-

portg_ we review th_;_ In-house And ar.nd

11_ (_nhen thcne out to knowlcdBcAhle pcopl© In
• induntry to _et tholr oomment_. Wo+v_

Fr_tnk II_trtwo_Id llke to eom_mnt Al.o hold _etin_e witb Industry re,re-

on cooperntlve proBrAmm. _ntAtiYo_ to dlncuan np_clflc Inaue_
tk_t are crltic_l to a particular rule-

F. ,._: makln_, Thl= pant July w_ held A m_ct-
In_ el* Hoaaurnmcnt HethodoloBy for Au%o-

Unlvepalty/Induntry/Kowernment co- mobll_n And Lisht Truckn in which All

o_crntlv_ pPoKr_m_ ar_ Importnnt, IIiBht thin principle Indnatry And @nYironBont_l
;lOW WO D©od _ [lumber of de_onBtratlo_ ;_roupn had A r.hnncc to p_rtielpAtm,

proKr_ma to _how what cA_ P_ Aoll_oY_d I[OWeY_r_ We are le_nlly llmltcd, once
In tho area of _oia0 control umIIIB w© knBin the regulatory d_YolOpme_t

mxlBtin_ t©r.hnolo_, procenn, to wh_t We can and cnnSt do
from A eoopnrAtlve ntandpolnt| wo e_n-

D. Muatnr: not contract directly with l_du_try,
Of Courao_ We CnI_ contract With unlv_r.*

Th0rc munt b© _ way to _ot practical nltic_ And other unbiAncd aourco.,
Inform_tlon on hal.. control to prAc-

tlcln_ ondinccra Who do not )l_V_ time *T, ]L_II_y (n,c. I1tatn)I
to read tho Journala. P©rhnpn KPA can
help tha_ p_ople in thl_ ro_Ard. One thtn_ which I would llkc to

comment on In wh_t I ao_ AD A national

C. l(ur.tl need. That la, come _oc_.Infl o_ the

prohlvm of occupational cxponure to

It WOUI_ ho w_r_ diffir.Ult to find _ nOiCe. Itlfl been _y oh_ryAtloii t|l_

prod_ct that in m_nuf_cturcd tit thin thane moat aff©ctcd by oecup_tion_l
OouAtr_f %h_t _00_ not |tAY_ A l_AnuPA(_- IlOine hAYO the l@a_t Ahillty tO do_l
turer)n _naocIAtlon Aa_oci_tod with it. With th_ nlttlation, I'm npeaktn8 _h0Ut

Th_mn or_,_l_tio_0 could bc u_d for thono citig_lln Who ripe d_lly dnaultod,
dintrlbutlo_ of nail© (_ontrol informa- Ahtincd by heine in tholP _ob, For m_ny

ti0n to their m_mb_r compAnlo_, ynnra WneVU known that _x_an_tvo oxpO-
OUpO to floifl_ r.Ati_ma por_Anont noi_

• _ Ita_l Induced threshold nhlft or do_fncna, yet
what _trn we duln_.T It'n been di_trc_n-

Onl comment _hol_t thu trade Annoo[a- ink to ohn_rve how little proBra_a )tam
tloI;_* W_ WOnt o¼t to _ Jlti_h_r of boon _Ad_* 0_e only _a_d_ tO I'cVlOW

pl_llta _nd did mtudi@m In di£faP_nt tentlmo_ At recent pt_hllr, ho_rlIt_ o_
nitu&ilO;_* d_Y©lop_d hho dat_* did the Im_ufinco Of B _ol_c atfindfird to

• om_ _llot .tudio_ on nlimln_tin_ .ome undernt_nd tho preaont ntate oi" _ffAlra,
o_ the difficult problem, and brou_llt One problem which I hcltcvo impcdma

i th_a dAt_ b_k ill #tad hald ru_lonAl pro_r_n in n d_Ck of In_o_tIvoa. Un-

_¢mi,_r_ thronKhout th_ U,i). WO b_vo fortunntcly, duo to pr_m_nt elr_um-

had 8ood rnaponno to thlm type of atnneo., m_ny of the or_anl_Ation_ which

Approach A_d I r©oom:_e;id it hifihly, arc big _noufll_ to hAVO r._p_bllitlen in
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noine co.trol _re nlno the onen whlch inE in the _ron of noi_n control. Pcr-

tvIld to h_ve l_r_e capltnl Inve_t;_cntn h_p_ mo_t Importantly, _inivvr_it1_ tr_-
in .olny equipment, DO thc¥ haw rc_l dltlonally do r_0_nrch in thv publJc do-
i:iccntlven to dcmon_tr_to no_e control? I_nln, T dontt thlwlh ! tla_d to dlncunn

Do %boy h_vc nny Incontlvcu to pub11Dh _ny further thc problema nnoocl_ted wlth
•_d dlntrlbtlt_ or, Izl _tzlyway, commune- proprietary ]nformatlon _nd th_ _ood

cato tholr rc_ultD? O_ tho other h_nd, that |t dovD. _ donlt _now vhnt bunl-

_mnllor eomp_nle_ don_t have • c_p_bill- :lYnn unlyer_ItJ_o could _var h_v_ In
ty for nolnv control, _c_rd]c_0 of who- that _r_n i_ wc con_Ider vducatlon to lie

thor or not they |t_vc tin).i;Icvntiven. I our m_i_ functlon.
tl_1[_ %h_t_n one problem, _nd hi_torlc- A:_othcr polnt _ would llkc to makv in

_11_" 6o_e_nment h_ nt_ppvd _n to mc_t that _ bcllevc u._ver_ltloD c_n Iic wv_y

prol)Iv=n IJke thl_. coot ef_cctLve. Let me Klv_ _ou nn cx-
If _v _ro _olnK to _o _nythiil_ b_tt nipple. We*re _vcn 0u_port_d for a thro_

_tlc_ _couutlc 1_and-_i_ on our problemol yc_r ot_dy by thv II_tlonnl Inetltut_ f_r
thlnk vc mu_t rvco_nlze the ;food _or Occup_tlon_l _nfety _n_ ]Ic_ith, Wo h_Lvv

_ncarch, A flrnt ot_D mJ_ht b_ to d_- all offo_'t o_ _bout _ dozen m_. yvnrn,

flne oome npcclflc prohlvm_ in occupa- and ve'vc 01_¢iltmorv thnn _3o0_o00. We
t_on_l :_oln_ v_pon1_r_o Tn othor Wordn, provlded Inform_tlon to r_ducc nol_e

a llnt nlmll_r to th© onv whlch Fou vx[_o_urc for _roxlmat_ly o:ic i*_i£ of

pro_entcd_ ]t_r_vy (l_o_IcK), of tho l_rob- tllv m1111on or _o workcr_ i:_ thc tvxt11©
l_m_ thnt Y.I'Ah_ Idontl£1c_. I don't Iiiduntry to 90 d]IA or ic_. Co_t ©ffec-

)_now of _l_h _ ll_t In the _r_n Of oc- tiyvnvo_: let mo _Ivv _ou ozto cx_mpl_
cup_tlon_l nol_e° With or _Ithot_t ouch _In_ t_chnlquc_ remarkably _Imll_r to

_t llat, thouKh, I think It I_ _l_p_r©.t thone Profvn0or Lyon t_l_cd nbout tod_y

that w_ _ro do_lln_ wlth _ problem of for _ dlv_ol en_In_. Wvlvc _ttnck©d

n_tlon_l importnnco an_ it v11_ r_qulr_ m_Jor p_ol_Ivm, that o_ tcxtil© _plnnln_,
l_r_, contlnttv_zB offort if wv _ro _o- modolllnK it piety b_ l>l©cc_ puttlnfl the

I_ to _0t _n_whcr_° i)10ce0 to_vthvr, uo1_ _iI th_ t_chnlqllc

I n_o tho_o prob]vm_ n_ _cI_ o_ two that we hnow how to _oe, W_Y¢ d_mon-

typv_. ?he flint t_© I_ ©xlotlnfl prob- otrnt_d on ap[_roxi_tely i000 0p1ndl_0,
lom_ whorQ ItoIBo _c¥©i_ _r_ p_rh_lln rune- In 3 pl_nt_ I11 _ _tnton, thnt no1_o lov-

61n_ll_" abov_ _ccopt_hl_ loYo_a_ thor_ el0 ca;* b_ red.cod to below rio dllA at th_

I_ _ t_©ndoti_ novd f_r tra1_l_d IndIv1d- cont Of _-7 _ _pi_dlo. _iow thln com-

ti_in to h_ndl_ thouo _I'oI)Io_, L©t mo p_r_n with l_tcu_ Iz_dl_nt_ _tlmate_
61¥a _rOIL_n _x_mplo. _h_ %vxti_o Ind_D- _IYen _rllv_ thi_ mo;l_h o£ $31-_i

try h_n _bo1_t 7,000 pl_ntn; If _v tr}. to _pln_l_. _Inc_ tl_©ro _r© 19 mi111on

on_h o_ thon_ _Inntn I% wo%_d tako un pot=nt1_l _nvln_n for tho t_tllo Indue-

;nolo th_n _0 _o_n _o np_ ona d_ i_ try whlch0 of collr_v_ I_ _vntu_ll_,

onoh pl_nt (if _ _or]_ '_ d_'n _ _oa_). n_vln_ to connum_r_, At tho _m_ tlmo,
think thn_v I_ _ _oi_ _or _tnlvo_n|ti_n and ]l_rha_ nor© 1_portnlltl_, wo'v©

in _d_©n_N6 %hl_ _tlcliln_ p_oblv_. _llmln_tcd _n into_erAb_ hvnlLh ha_

On_ _thod which Immodi_t©IF com©. to _or thotln_n_n o_ _aoplv. &_ le_,t w_
mln_ la throtlF.h ,hort CottrD_ao Our d_- h_Y¢ _roviL1_d th_ i;l£or_n_1on.

_rtmont h_ had _over_l |it_ndr_ In_Iv1_- _o_, ivt me d_ncrlb© rolen that I nc_

_in for l|tc|i ,hort cot_r_n ov©r t|lo p_nt for ti1_ ttnJv©r_1%_ _n_ _ov©;,nn_:it lzl

thro= o_ _our _ro_j _It_ |icrhn|_D tilnt _tL©ml_In_ to _dr_nn homo o_ thauo _rob-
wlll h_l_. l_mn. Th_ _1_t cate_orF, I think w_

_ho n0co;id t_pe of _roblom In o_o hnvv • _ut_ _n obli_LloI_i _ mo_nl r_-
_hi_h I th[n_ c_n ba c|larAatar1_ad _ |_on_Iblll_ to commllnlc_to _lmpl_ t_h-
on_ Fnq_Irln_ _ _or |_nkthr_uflh, Fo_ n1_n_ to thoBv i;idlvldu_In who _o flo_

_mp1_ i;lhorant [_oln_ from cort_In h_Y_ t©chnlc_ b_ck_rot_zzd_ 11ut noy_%ho-

Kin_n Of o_v_t_o_o Wv por|i_pn nrQ Ii_. i_0, h_ rv_o_Ibllltl©_ for _oiv1nfl
_l_nln_ to l_nd©_t_nd thorn but w_ _on_t oxlnLl_ ;_olno _olJl_mn. Th© 0Qcond c_t_-

noo Vor_ _n_n_ mollttlonJ comII1/_ forth _% _or_ of pI'obl©_D w111 roqt_Ir_ _oo_ b_nlc

thin I_oIn%o rQa0nrch. _ur_l_, t_lilv©r_t1_ an_ _ov-
I'_ llh_ _o 1_In£or_o nomc Of tha er_mnntn hQY© nom_ r_ponnlb111t_ to pnr-

thinKa thnt Ila_ (Cohvn) 9hid. X think ttclpRte ll_ thin.
.n_vnrnltiaa at. unlq_t_l_ pvnitlon©_ to l]_aclrically_ let _. £ot to th_ prob-
ln_d the ©f£ort hera° We _rc a_c_lator_vd lamn of _lgpl_ort widish hay. _lrc.,ty bonn
1_ trainin_ _nd oxgnrl_nco to _e o_ol_- J_otlt_oll,_d. We'Ve _11 ©xporionc©d rrt4_-
_lndo_ in OUr _ll_ro_h to llrObl©_n _lha tr_tlon_ I. tl'yln_ to tnltiat_ l_ro_r_mn

thl#, W_ _rn w_ll eRuipgn_ with ln_trti- to nolYe no_o of titn gl_oblnmn witlcIt h_w_
_e;tt_tlOTt e oomlltit,nr_i nnd l)_r_o_lt_l, Our bvon d_crlbcd. In it _o_ii_ I;I th_

prlm_r_ £unvtlon la to te.ch, .rid nur_ly n_tlonal Intnrent £0,' _o much ¢on£u_Ion

wo )IAym It Z*01O i_ tr_ln_ both ©_K_ho_r_ to 0Xl_t, _ to Who II_n rcnponolbllltinn
_ Well a_ otitor ])_opl_ witil _nn train- £or whist? []urol_, tile t©_h_llc_ i)robl_m_
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are difficult czloudll for us.

The fln_l point, which hss _ircad7 K. MoConnell ([nwm dtate_:

Peon _do, I u11ppo_el lu that it in cx-

panulva Lo adllc_ta _ upeclallot ill _olae Tbla problem of lack o_ facilltloa

¢o_ztrol. Al_ont Qycry _r_lu_ta ntudcnt la a _reat pa_inlt_ to am_ll_r u;llvc_al-

_©qltlron uupportj fl;lanci_1 _upportp 1_ tle_ aFo_and thc cO1_lltr_. _c _ to_d_

_oma _ay. A_d_ura_thi_ Io _ _oblc_ In e£_act, i_l_t wc cnnlt do the roooa¢c_l
o_ _it_iclant llatlon_i i_tercnt that th_ bcca_no w_ do;_t h_ve tho oi_ui_m_nt_ lJ_t

_da¢_l _ovo_IL_ont c_IL IlrOVldo nom_ in- wc c_I_tt d_t th_ oqul_ent _ithollt tho

_t illto thi_, _cne_rch. Ite_ n vic_ou_ c_elc.

k'. _]li_ckn_:i_r_e r (W.V.t/.I: _ _o_ld llke to nce _I_A Inv_t_ta
_oloo expouu_ Izl o_11 tow;l_. A1_o_t

wo_id llko to m_tlo[_ two 1_o|_Ic_n_ cvcr_ 0m_ll town h_ _ _rniJ_ _1_v_tort

that _ h_v_ _ncouIltc_'all with _o_p_ct to _Ith 6_I_ d_Ind cnp_b111tla_ _zd tllo

Pt_lldln_ o£ no_0o control rc0_nrch, T|_ _ola_ 10vol_ can _a qultc aIIIlo¥1_ to

_Ir_i iIa _ p_ob10_ vltll _e_ch _ui_dln_ tho _©nld_nt_ l_o_rby, Ho_t ot tho ¢on-

_om Ind1_tr_. A_tor a _o_rchor 0olvc0 pnnlc_ Lllat _;_u_i_t_iro thi_ uqlti|_:lt

th© |_dlata _d o_ • comp_n_ tho_ _ro low tacllllolo_ coml_I:lo_ thnt do

io lltt_ In_ontlvo _o_ tho co_i_It_ to i_ot hnv_ the kno_l_d_ _or t|ic illc_n_

_und _ddltlo_al _.c_c_rch to i_IYeatld_ta tlvo) to appl_ c_Intln_ nQl_ control

_oi'a _tlnda_ntal q_o_tio;_n dbOUt tho dovelop_cntn to th_i_ ii_odl_ct_.

_h0 other l_:'obla_i concorzla th_ di_i- !iI _
_it_ t|l_t tho_a o_ _o who do not hava

_r_ 1_o_Lor_ |_av_ in _ttln_ r_- Oont_o_ I t|l_k _oIL _or co_Izi_ nnd _o_

a_n_c_ _nndlng Ii_ ;lolo_ ¢ontl, o_. Ro _our _rnnk _o_cn_ and pcrtlnont p1.o_n_n-

c_ll°t |lOnplb1_ _0 _t_ the bi_ cont_cto tlo_n, _he II_In_r ID ove_ and t)i_ _aat

that _ PQ do_ to _la_tor utl_i_a tho

ma_roh I_|i_ _oun_1 _h_ coltntr_.

r
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f:PA-UHIVEIISITY TIOISF: SEMIIIAI_

IIO!;TIHI

October i[I-20_ 1976

Pnrdl_ [{nivernl ty

Wci_t Lafayette, Indiana h7907

IIAAI)E, P.K,, V1ult. Prof., Purdu¢_ Unlveralty, 171 ]Irook,_icle Lance, ]'.yettcvllle, ICY 13066

BAILEY, J,li.p I{.C. State Unlverulty, ]_iO. {1ox 5801_ {lalci_!h. IIC 2"1607

l{A{tlIY_I[., llo/ao ]tot;ulation ]le]lorter, Bureau oY l{atlonal A£falra, 1231 25th attest, }{W,
Wa_hlntILon, D.C. 20037

|IIIACJ}t]I.H., Auuoc. Prof. Unlvcrulty of" Sotre Di*mcD Acronpace & Heehanlcal Enlz,r.,

I;otro I}n_o, Indiana h65_6

CIIA{[O, Y,H., En_Inoor (hcouuticn), EI'A IIolue Enforcement FacJllty, P.O, Box 2089,
Snlzdu_ky, Ohio 1_h870

CO}{};ll,It.,Dir_ctorj IJ_rrlck Laboratorloo, School oz" t{_chanlcal [in_Jneerln_, Pur4uo
Unlvcrnlty, West Lal'nyctt_p Indiana J*'fgo'f

h'L¥, Y., Project O£flcer, El'A, Wa_lhlngton, D.C. 20J,60

I'AULKICEIt, L.L., Aaaoc. Prof., 0111o Stats Univcralty, 206 _, 10th Av_., Colun, bu.,
Ohlo J_3210

FOtlTAIT{_, W,C,, Sorrlck Lahoratorloo, School of Mechanical EnsIneorint_, Purduo
UnlvernltT, Wcut La_n_tto, Indinna h'1907

SATI,EY D W.U,, l_ro£, of Hoehanlcal En_ln0erln_ Aoronpac_, IJnlvernlty of Hlnnourij
1111 S_amora Dr., IIolla, Hlnaourl 65ho1

OIDflO_l, J,D,, Prof. o_ H_ci{_;{tenl En_.ineorln_, l_on_-liltl_inllInnt. of Tech,, Torr_ l{aute,
InOlana 5T003

OltY.Y:fHCpP:.11.,A._. ['rot. Univ. of Alabana - Blrmln_ham, I;ollool oi" EnKro D
Univ. Station, Bll"rnlnRham I Alz_bam_ 3_29h

IIAHII/tOZf_ J.Y._ Pro_. M©ch. Engr._ Purdu0 Un_vorl_l%y_ W_nt h_ft.y_tto t Indiana h'/907

IIAIW_ I'.D._ I'rof._ Horth Carolina llt, at_ Unlvnralty, C_ntor for Aeounttcal Stu,llon_
Box _801 t Italol_l*_ north Carolina 2"?60'[

liIgfl00, _:., I'rof.| Unlv©rolt_, o£ Taxaa, Auntln_ Texau '(_'/12

_IODOSON, T,II._ _or_h Carolln_ Crate Univeralty, C_Iltor for Acouotlcnl Studlou,
P.O. llox 5_01. ltalotgh, _;orth C_rollna 27607

IiOLO_;IID l).K._ ^ant. Prof., Inw_ S_gt_ UnlYer_ity I 103 Lab of Mechanical D_p%, of
?;nt_r. _lul,_ & Hueh,_ Amen_ Iowa 50011

_lUIt_Ti C.J._ Aano_° l'rOfo of Mech° [:nKr,D Vlrslnia PolytoehllI¢ Yn,t. & L_t_,to Unlv._
[l©pt. oi" Ho_hanlcal _;iKlnoorinRl ]llach;_burg_ Vir/_inl_ 21,061

KOOPHAI{I(, O._ A_ao_. Prof., tlnl_cralty of I[ouuton, Dept. of Machanlcal Cngln_orlnR!
Ilott_ton| Toxmn '_7OOh

LAMIIF;IiT_ l},_., Prof., Unlv_ralty of H[Inlo,ota_ J']l_. f:ll_r, bopt., Hinn_apolin,
Hlnn_aota 5_h_

h¥Ofl_ J],fl._ I'ro£._ HIT, ?'t Hau_ hv_,, I_, 3-366, C_bridKe, H_onach,taettn 02139

HA_fl/IhCll, {'.h,, PhTalclnt, ;le, tlon_,l llureau o1' 1;tnlzdardn. Wt_ri}ii/t6toll _ D.C. 0023h

MC (IO/41iP;hL,K.O., l'rof,, f,n_r. Uclvnc_ & Hoeh_n_cs I Iow_ _t_Le UnJvor{_It_
20_ l,e,h or' 14_ohzLn_¢O. Iowa 30010

MC {)AHIKI,, O,li., |'_nnnTlY_nl. [H*nt_ Ul;lvornl_ys 213 Ensr. Unit E, U/11vornILy I'nrh_

MC KI_tiKIiY, W,li.. Chief, l'hynlc_1 A_on_a Control Section, I{IOI]{},I*6'(6Columbia
]'_rkway, Cinelnn_1_ Ohlu l+_2_6

MII_JT_I}_ D._ llrown _ {(oo_ l'ro£._ Ilnlv_rnlty of l[ouaton, D©pt. st NQch, _.n_r° I
_[ou._on D Text. 'l'fOOh



fI07+_C_, ll°J., Acting Chirr - 'i'ucllnalo#_yl EPAI 'Jn:lhtnrlton, D,C+ ,2ohio

I{AJ_ l),j _pull, Ii$_lt, rtlCtOl'p rlcc]lltnll, al I..'llCr. ]l_pt, I 'l'_n[l¢?llllc_ T(!t:h. Illliv, I
Co_k_vlllej Tenl_cnzJ_l! 3/]_o1

lIOlJ_[ll W,j l_l'rln_h ChlClf_ l_llr_+rtcu 'Yl'ltlltlp_rtlltioll I EI+Au WILiihinf_tolll I],C+ _Ol+_o

_qCllETTIIIOp J+Co I l)ir+ 'l'ech _ Fed, Pro_'. I)Iv+p I_l_/ll Illll;hint_tonl I/,C. _01,60

t_EII[IAIJ I N°It,, Project Ha+If., Fl+lto=I.ay Inc,, I',0° Box _J]+ IrvinK, 'I'_xn. 750_O

[_EYIIt_IITj A,F.j An_t° l>rof°j Ulllv<!ralty of K_n_tlcltyl I,exllltr.tonl EL'tltt£cky _+O_O6

I_IICCKEIIIII!IIOI_IIj J°E,, AII_c, Pl'of,, Wcnt Vlr_lnit_ Ihllv_rlllty, _lcch_nlcal EnHJl_o_rln/I
anti Mcchanicn, _IorcaJltow_l_ Wct_t Vlr+linia 2_50_

ltO_I)L'L_ W, I l'rof° ol' IIech_nlc_i E_.l;l¢!_rlnt{, l_t£r_lu_ University+ West I,af_y_ttcl
Illdlalln h?90'_

IIULLIVAtlI J,W+_ An_to Prof°, Ilcchftnlcal Englncerlrlii, Purdue U;llveralty+ Wcmt

I.afay_tt_, Imliana h'r907

UIIIH_ W.lloa ]'for° ._Jchool of IIechaIllcal Engincerlng Tcnncnr_e_ 'fcchnolotlical

UIllv_rnlty_ ]loz 501h TTU_ Cookevlllce Tenltcuncc J_501

_/CJ[I$ J,_ l'raf,# I+clln tlLate tlnivcl'ulty, hi, plied lleucarch I,al+_ Ullivcrnity Phi'h#
Palm _yl varlia 16_J OP+

TII_;F,_ D.It°_ ProP+, I<ay W, Jlcrrick I,aboratorieo, ]+llrd_£c llnivcruity, t/_nt I+aPayctt_,
Inill_na 1,7907

WAO0011P:II_11,, D_volol_i=,_l£tLll61necr-C_ttltlcry l{olnc, Univcrnity of Cnllfornla_ AE. En_r.

lJ_pt,, UCII, Davlm_ California 95616

,%.

;+L , . •

179

."'.i.

+r



APIq_NDIX 3

COHPF.r;DIUf!OF UrlIVI_RSITYI_E_:AiICl!IH _OISl_ CO_'ROL

101

t '



COt{PEI(DIU[I OF UI{IVHI{f]ITY I_]_SI.'A{{C}[If( I(OI:]E COIiTI¢OL

The followln_ compilation is IL ri:iL_it of n quei_t|onltire aeIlt to over 300

coll_.eo _ILd unlvcri11t_i1 i_ the IINit_d _t:tteo z'equ_:Itin_! Informatlon on

_t_tltD of curz'_ttt _nd recently comlllot_d llol_i! control pro_cttl. Althou_lh

t]iQ _anln |_urpo_c w_u to det_r_in_ the exti!ilt o£ _tlndiNi_ of nolle co[itrol

rcuo_tpc]] by tho ilrIvnte ,_otor. proJectn with oth_x' _o_zrccn of fundn al*o

al_o lloted. ]:_ch ut]|vcr_Ity I, li_cd in _iph_bctlc_l order _Inn_ _ith th_

m_ll11_t{ _ddro,_ _nd th_ d_]Jnrtr/cnt _Ii which the reno_rch _r_ conducted.

Th_ tnbul_tcd inrorm_loxt Ixzcl_zde0; #% i;hort I i1_c_iptlve tltl_ of tll_ [iroJect_

th_ _mouIlt of fLlni[in_D _it]]cr _ot_l or _llnunl I th_ i_o_rec Of fu[Id[_t_, e|th_p

whoso tll_ thP_ col_zmtt_ ro_r_n_ th_ l_v_l Of _£ort |Jy the prlzlclp_tl [nv_-

tlKat_r(.), KPadt_ate stt*do#Lt(n) and rcsoarch a01_oclnte(.) ronpoctlvclyl tho

prlILclpal Invontl_atoz'(_}_ and the actual or entlnatcd coml:letlon date. To

I_Q _nCltldctl i_l t. li_ comllcndium# rc_(_f_pch project. ]tad to O_ltlllf_{ thQ CZ'it_pla

that th_F l_sve tt_ndlnE o_cce_llx_K $i000 end/or ropresent a total level or

_f£ol't _xocodln_ two m_;t monthn. Only pl'o_ect, in proKrc0s or comllletc_l in th_

l'a_t three y_ar_ nr_ li_te,l.

i



P]{OJI:CT AMOUIUf OF SOUIICE LEVEL O,_" EF],'O]IT PI{IIICIPAI, COHPLETIOH
'I+ITL): J,'t/tlDI/Io (IIAI{-ItOS.I IrlvI.:!:'I'[.C,ATr)I+(_) DA'P):

AUBUIt ti UI+IV/_]tSi'rY
DICPAII'IH;:!IT OF IIIDUSTJIIAL ErIoIIIEI.:I{II[G

AUbUIItl, ALABAHA

0uard Deutsn
to Itcducn Clr-

eular El_,w $, 2,000 Urll v, 2 0 O Truckiz 1/+r +t•
Dllldo llol oc

UI+IV_IISITY OF CALIFOIIIIIA-DAVIS
DPCI'AI{TtIEtUI' OF HECIIAIiICAL t:/IGIIIHEI¢IIIO

DAVII), CALIFOIIIII^ 95616

_il©naln_ of
Two-Gtroko $ +1_,000 Ti_du.. Karnoft 1/76
Motorcyolon

l)mi_nz'tmnnt of AKrt+ll]turIL1 Hrlt_Irle,+,rln_

H_na_rehCnnn©z'}'llolp_ $ 7,000 Only, l 2 6 Holcy 19711

Control of _oloo $ l_h_500 Indu0. 1 20 12 Wit_oilor 3/?6L_YQIO in
ChDILorlo0

|la(1_ctlon and

Control or _ 37,600 Illdu0. 1 20 12 Wa_[gonor .5/'i"1;{OI_Q ;,avola
I11 C¢_3_or t _n

UNIVXIIHITY OF CI/(CI/HIATI

H_,CIIARICAI, h'_OII;F.EIII[[OI)_:PAI{TMKIIT
MAIL I,OC, '(;_

CI_CII#BATI. O)IIO _5_I

Control VI_Iv_. $ 0,700 Iiidu.. 0 1 3 _;nKli_h & JIrown 19"r3

bln. ,qllnne_r _ _, 0()O I.dun. 6 h _ l';I*gl i nh 19ThPer focm_nca

u.rb_ Tr.eX $ 1,000 h_(lu.. 0,5 I 0 Moroo 197;*Noln.

• Trnnalnnt I]o.nd _;one _ 6 0 Hor,o 19_'(

BK_T._A_ _oIto _ 6 0 Horne/l_rown 19'r7

;' COIIt[ELI, (11;I VF.B'J ITY

' DEPAIITM_:_ OF HRCIIA_ICAL AND Ah'ItO_I'ACY.i':l(Oi/;_:;';,ItH)

ITII^CA) _W _OIIK lht_9]

.II_,l_cup_nrNoi_[lot_i" $ _l(}_000/yr At{0 3 _h 0 (]eoz'Ko

i
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PI¢OJf:¢T AHOUNT OY LEV+_?I+O]: H].'_-'OWr PI{INCIPAI, C0tIPLI,:TZO[I

'P I '['I+I: I,'UIJDIIIG _T(JUIiC I': (ITA_I.IIn!;, } I I{VI':!;T I C,A'JPOIII _ _ DA'I'}_

].'LOHIDA ATLANTIC UIIIV]C_I_;I'PY
I)EI'AHT_.]KII'I' 0{" OCEA_I I,;NGINI:I_:HIIIG
I_OCA IIATOI{, I"LOIIIDA

+St t_,t+e Needed

ICenoaz, eh lIL $ 30+000 ]"I, llI:{I • 3 i_I 0 I)I£FIZ_ 10]'I'I"JrbILn )_o} no'
Contro}

t_Lit t _ lleed¢+_I

l¢_uo_rch 11_ $ 30,000 l,'I+ I)I:I¢ _ _ 0 [)ot_r, i0/76lJ{'blLl£ Jlol tle
CotiL _oJ.

_'II_tA IIol0e

:lodel Evalu_tloll $ 20,000 {"I,, DOT & 3 G 0 l)unn 3/7G
Dnt._ Pl+oJ ec L FIIWA

l]Ln +.m needod

{Icnenrch In _ 10,000 I"L D_I¢ ] 6 0 /hLnn 1/'(5;Urban I(olne
COlXtro}

I{oloe Hodel

_vnlu_t.Jon ¢ 11,0OO FL DOT 3 6 0 DLLnn l]Th
l'roJ o_++

FI, OIIZI)A T_:C]{rfOI, OGICAI, UIIIVtH{SITY
H_CHAPIIt_AL EtlOII{E_I}IIIG AI(D At:llOt_l'ACI: t+CIt:IICI:S I)_:I'AI}'_II2CIIn-'
I%O, BOX _O00

OI}I,APIDO, FI.OIIIDA 3201G

Nolnm l'roHris ra
P+o colle wlth
CQnl+r_1 F1or_+dn _, 19,500 FI, IIEII & J+ (_ 0 Venire 12/'/'t_
II¢*_, on_1 CO/nl_itln. llUtJ
X_7 Nolno _+

OP+OIIt]_A I/I£1TI'I+U'P_ OF 'PI:CIilIOI+OG} +
n_llOOL OP AP:I_O+IP_CP.+ H+¢GItiL_P:I¢II+G

ATLANTA, ¢+_O{_GIA 30332

Comb*&n _[olt nlld

k;n+_l'oJ_y Nulmm $ _J_lOOO/yP //A:]A 2 b 6 _trnhle '+'/7+P[n Tx_rho_+roz+Lti-
nlon +J_mt omn

/tmn_om ,_n_ [JB-

n++emdy Comblln- i_ _pO00/}+p PitH" _ {$ '1 +_Lrnhle 12/'1_'_tOn [+t+e+ e. n_ n

,, _n ]):l+em+i P_n+_ne

:" . . ,_moxlm_.J*opl+op_p.
t,to. ¢+t 5Pllrbo- Sh_+OOO/3yrntiAgAt,c+i+0,6 6 _.1+ Zlnn 8/'f7

_:, ! fmn Xn_ot.m

U+IV_I_ITt OF tl,l,tliOtfl

, . m AO_ICULTU_AL _rlOIllt:P:ItJ_({I)P:I'AitTHE/('I'

: IlflI+ANA+ ll,l,I PIO_+{ GII}Oii
• ; flolMo mnd Yl+ 111, A_X',

...._" ' l,rmt_,on O+POPP" + JO_O0(} i",_[+t., tlt+p,. J$ +Z{lO Yoerflet O/'[+P

', +

+
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+
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P]IOJECT AHOUI#T 0F :R)UIICH LI_VHL 01; HFFOIIT PIIIIICIPAL COHPLHTION
j,TITLI: ].'UI{I) I I+G ( P1^rt-I!_:_. I I r;v I_;T I(; A'I'OI+( !; 1 DATF! ,

IOWA Z_'AT{_ UII_VI':I{SITY
HJ_C]IAIIICAL ]C$1GIItKEIIIII(; D}JI+AII'PIII:_I'I'

At_I_S, IOWA 50011

::till l oLiL_le
AX [ iLl-{"l ow '

T_trbpsnachlllv _16[],000 AFOt;II, I!;U, 6 OkII,;h! fundud Lill
Wnko l'{'odue- (to d.te) :i:;]" 9/30/'('[

_ionj TDCLIlJI-
jlort Ixlld Int<!_-

• .' l_¢t io_

]]lljL{nr.erin _ _;cJence txIld {lo_heL!IIcll,.]),._nl'Im¢_nt

Crop Pryer $ i0,000 I!;U 2 2 0 llo]l{t_r 6/T6!101oo

A_='lcLilttLrnl $ i0,000 h_Ehtb. ;! 1 0 I{OI+Ic':" L0/75Fall rlolno

PoWOI" OPf0oL
_.noitlvILy _, 7,000 U_;AI",CI:C 30 0 J[olt_er 0/76
Study

UtlIVI;II'JITY O_' KAt{_AI;
l}l_I'AltTH_r('I' OY' A_{tO_PACE EI{0ItlI;I;I¢IIIL]
_OOh LEAIIPIt;D

I, AWJI_._ICl;, _AIISAS 6601+9

A {Io._l'_h PPo-

It*_+1ol • ;folio _ 29,911+ IJASA-I._loy 3 1_ 3 ]lon_nm 1/77
In 0ol=©ra£
Avlat IQn hli'plaaeH

UI(IV_;IttJITY OY K_21TUCKY
YO_t_:OT|IY D _PAItTM t:tYP

LI';XI/4tiTOt¢ = Kt;{fTUCKY h050]

t¢ot,mo Control UtIDA & KY

+ in Woodwor_Intl I; 90fOOO l]tato 0o¥- 0,3 0.I 0 _PtLn6 1970

IIld%lQ{;_ OPflm(_nt

T]I_ UnIVf;lIlti'_'YOP HAtPJACI{U,_IITT:J

H_;CI/AIIIC_L fHfOZIil_.PIJLII/({DfJPAILTMHIiT

' AHI{_IIPT, HAtI[IACI{U/IyITT_ 0100;t

_lld_ Nol._ Up f'l_ lid od liu._ 2 3 O Ivoy 6/7'I_l_rpJnrA

Aoo_ln_.Io h'/lelo. U/itulldod ?lono _ 3 0 {funnel1 _/7"[

HAO_AC._II/II_TT_{II('_'."ITI{T_;Of' 'PI-;CIIt;OLOGY

3-360

CAI|I{IIIDO__ HA_JIIAC{Illf{P;TTI] 021_9

|In_{{,on_I,m l)lnt.rl-

b_tlon in J_ro_,l- $ 'I_,({o0 fitly 51 _]+ i0 Cr_r_rl_ll• _)_nd {landom

Vibration

. Aoo_.t lo_l

Hodellnd top $1{+?,t_o0 fft]l,'/llarird 6 2t+ O IJon

_11_'_, on liolno _151,;¢01 filly 6 h8 12 I,yoll 1,/'1_
: l'ropaK_Jon

i



PIIOJECT ArIOUtJT OF LEVEL OF EF]"O[V/' PIIINCIPAL corIPLETIO[(
.PI ,PI.l: _'IINI) IIIG t:OU[ICE ( HArI-rlo!_. ) I NV]:!IT [_A'PO fl I !; ) /_ATI':

UIIIVIC_(t_ITY Of" III[I[IH_]OTA
I.:LEC'/'HICAL EflGIf[EEIIIIIG DEPA]{THI.:]I'I'

141NIIEAPO I.I0 D rl i_i fH_SOTA

.s ioll n ]"d tii.
:loloe Honltor- $ ii,000 1 _ 0 I._L_bcrt (_/'(6
I11_ Unlverulty

_'low Duct $ t_O_O00 IISI" iO 21+ O l.nnb_rt 12/78AcoBotlcu

/_l_atlal l'ilt._r - $ 25.000 II!;_' h 12 O I.nmbt!rt 9/'(h
Int_ _echniquc a

HI/31;I[_UIPI'I tYPATI.: UIIIVEIIt_ITY
Dt:PAII'_H_II_' O1." A/:[IOPI[Y_;1C_ AND AEI_O_PAC_; I:IIGIIIEEI_IIIG
DIIAN_:II A 01_ DIIA_IICII AP
HI/_GI/IOIPI'I L_TATI_ HI_t;I_'JIPl'I 39762

_llI| I[o_t _hlcld
F2_C tuft lnt_ _ _o, O00 r{A._A h _ O Sh_pnrd 12/'(G

UtIIV_:li_I_'Y OF HI_DOUIII-IIDLLA
D_PAIIPI'HY.IIT OF HKCIIAIIICAI. & AI;IIOOPACE EI(GIIIEEI_III_

HOLI.A j H_III;OUIt I 6_ho1

J©t Implnt_ament

through _rf_c_ _ _,o00 Unlv° _ 12 0 Octtlng I/7_
Acou_tlcn_

Acoustic 11_- _ 29,d06 IIAI]A I._ng- 6 12 O Koval 5/'l'f
_o_InQ & IBt_p1or Icy ILo_o_reh

Yuno1_

_4t_c_t_on _n _ 3,000 HO IfL_luntri-
Ac]o_n_._.c_n nl Commlnnion 3 O O Qntloy 12/'_

l[nllibur tozl Co.

Tlll_ IJ/IIVRiUIIT_ O_ NY.I_IIAIIKA
COI.h_:o_: OP _OIr(_Y.IIINO AtfD TI_ClirlOJ.OOY

hlt_COLN, NY.II_A:_KA 6_0t)

Noln_ _xlmn_ro _ :Lh_o00 Ylt:I I IIIOt]ll lit 00 (_pllntcr 1"_/'l't" " . _}_P_h Pro-

De _rtm_nt o_ _tL -|_pIil II_ aIL|Pn

, _uburban rio $,n e ,'

Control lln11_t_ _ _!OjO00 [JfDA Fll 9 0 0 Cook 1/'r'[Comblr_,t i0n_l ot

A_rtL_I&IL_rAI Y.n_IBeel'In_ l}_pnrLmczlt
_e_c_oP 'Pe_t I,_b

Comp_ IZ" II_or-

,g_ ot Z¢ol_n ,_ l_O00 Tractor 0 0 3 I,ovl_Icl_a

ment_ mnd _halP

An_lynk¢

ltH$



I)I(OJECT AHOUIiT OF SOUItC]£ LI:VI':L OF I'.'I:FOI_T PI}II¢CIPAI, C0t.IDLHTIOII
T I'P Ll: _'_I IIB I rIc, I _I^rI.I.IO_i. I _ tIV_!.q'r T_ ATOI_ I _ 1 I_AT{.:

'i'{{l: UtIIVI.:}I_ITY Of" I{I:I_[IA_KA . (_OII'rllltHHl

CoIltl'o1 O_ I_t_rl_]l

l'r_u I{ola_e '_hru _; 20,'t90 IIIEL_L_° 6 12 O ]l_Lum_al'te_ _/75

I{_W J_:{I'J_:_ I/hqTITUTI': OF T_:CItIIOLOC*Y
_I:PAICT_}I_}I'i' OF III£CI{_IIICAL l_I(iII{l_l:l_ItI({
I{EWAI}K_ I}_5/ Jl_II_Y 0'_io2

I_]t. oz'_ct ion

I{o}_'i_ll _AIIOLIIIA [3TATH U[I.tVI:iI_IT¥
C_:[{T_dll I_o{i AC(]U_I'_CAL _TUDIEt_

IIAL_I_{{, tiOltTll CA{LOLIt{A

Coor_Iilatad

Ilo1_u Control

Hat,_l_or_in_

r_/'_Inl n I{ P_o_rnm

'_. _o_nQ _0,000 DOT 2 {,_ 12 IIaltQr 6/77



pROJECT AHOUHT 0F LEVIH. OF EFFOIIT PItIHCIPAL CQMPLET[OII

T ITI,H l,'ll ]_l)l [IC, !;OUI_C E (J,IA[I-HO_; _ ) I NVH:;T I P,Aq'_!_ ( _ ) .. DATE

IIOIIT][ CAIIOLI[iA gTATI': UIlIVI:i_SITY - (:O[ITIIiIJE[I

Iloi so Problem

tdelxLlflc_Ltlon _* 60,000 indu.. 'l 21, O Ih_rt 8/73_lld SoluL 1oll

_nthe,io

Aet'ody[l_Ini c
[)l_fuuion ¢, 10,000 NASA 2 o 9 I{,_r t _/73

Trt_napor t_t ton $ 5_00o DOT P 0 O lleit_!r _/'(h
I[oi lie [_y]Elpo _ I u[_

Acoll.tl¢ llndl_-
[lone lione 1_ 36 O IIodg.on 11/76

t loll f;'ol_ l(o-
tatln_ Dlnk

Trnnsi_nt Soulld

Gonor_tion _t $ y,O00 Intox.El_l 1_ 36 (] IlodF._on 1_/75
Impact

Iloino Heaauro- llew York

{a¢l_t on lnr_o SLate _3¢1.
machlll0n ll* $ 10,O00 & T_ch.
_itu l,'oundat 1on 1_ 72 O ]tod_:_on 5/76

UNIV_ItDIT¥ OF NOIITI[ DAKOTA
DEPAIITH_,_T OF HI:.CllAIIICAL I_II(}IN_I:IIIIIG
OIIANI) YOI_K_, ItOItTl[ DAKOTA _202

I(ol.Q Itcdlac _lol_
ll_ 1C _l_lna $ 2,000 Indian. _ 1_ O [iadlcr ':/7"_

Nol._ I]*_rvn¥ of
1,1 _lLl_ a Pro-

_. llQYalop- [(oxle 1 1 O fl_(ller 5/77
mcnL Urll_

T]I_, OJtlO flTATIC. UNIVEIll]IT_
DEI'A_TH_N_ OF HKCIIA[IICAL EIIGI_]:l:llII(O
206 W. 16%h AVe,

COLUMItIIII w OHIO l* _210

Lmwnmovor I(olno $ iJilOO0 Indun, 2 6 0 Faulkner 6/7J_

Jlall_.C _tldy Of
Imp_{_ _(olnc $ i0_000 Indu_, 3 6 0 Fnulkncr 9/'¢h

_mpae¢ Hn_hinn $ 8,000 lndt_, 2 6 0 Fnulkner (;/'(_

I_t_r_etio;i aT

,_t_tl_li_t _nd $ hOmOOO II_duno _ i_ 0 Fnt_Ikn_ 9/'[_
Pro_Ctn o£
Co_bla ¢1_,.[OI_

;]_n)' ot finlu_Ci $ l_,OOO In(hl_, 3 6 o Jonon 6/76

} : , . AL%_I_It_,%OI'a
Nolnn It nlh_e t, 1on

by barr_ _t'. $ h,O00 Un_v* 0 6 O Haran 9/'(6

---% Ill(_OO ¢$_

fi '- _*._pin R Hr_ h. $ J*,000 Indl_,. 1 6 0 Fnulknor 9/'t!_

L_.. _t l'_Ipe $ 6,000 Indu.. 2 6 0 Y.ulki_er 12/75
Wrmppln_ If},._n_

19(1

' !• , } " ,

i: L "2_



PnoJECT AMOUIIT OF I,t:VHI,O],"EFI.'O]Vr PIIIIICIPAI, COM},I,UTION

T TTI.I: i_IJIII)IN(_ SdUI_C]: {IIAl(-rIo_.I TrIvF:!;?_c'A'J'OII{:I1 T)ATI:

OKLAILOHA []TAT]:UNIV]'.'III]ITY
UCI[OOL OF AI(CIJIT_:CTUItE

I]'|'ILLWATF:IIo OKLAILOHA "[liO'(J_

Vlou_l Contrl-

but.loll to Speech $ 5,000 lJniv. J_ 1 O 11oy,_r _/76
|'urcept _on I.
I{olne

'J_][l'_I_:IIII-_Y[,VAIiIA[_TATE UI;IVEJISITY
AI'PLI_:D It_;_I:AILClII,AIL

FoO. ]]OX 30

i_TA'_]CCOI.I,[C01_,I_]':IIII_YI,VAIIIAi_01

Axlal ]"low Fall

_t_e Un.Londy _ 33,000 IIt_vy _ 6_ 0 I_ruce 9/7"t

3c_ttaz'Iil_ _ 31_p_oo rhlvy O 18 O lhLych 12/7_

_holl_ $ h],600 lh_vy O i_ 0 IInyeh _/77

I'l_ollh_ Dyna- $ _9_000 IIavy O ill O _]nowdoll 6/7__Ic AbILor l)_z'_

Uii__o_(IF ]_|'_gn_z'o
IJintrlbt_tlox_ oil ._ _StO00 flnvy, 7tArA 1 _ 0 II_E_dcr.on 9/7"r
Ax1_l Flow F_n

A;_lal Flow F_n $ i(_,o00 IIA/;A 1 _ O Iic.4crno¢l 9/'('r
to inlot i)lato_-

t to;in

_I'i'opl_1.orI_LII- $i(_5_ooo lhLvy _ O 12 I,uml_y & Iie_l_Ic_orl 9/77

In_nI'_c _1on o_
Inle_ Turbul_xlce

•nd 0uLd© V_llo $ 3_i_00 lh_vy 3 (_ 0 ThOml)non &

Wlt]l |'tOJl_1noth I'n]_ 0hn 1_ r_I'nY/_I_A

'Cavltmtlo_ _nd $i00,O0[} llt_vy _ O 9 3[oli & l[elzdcl'uozl 9/'_'[
I(oi.o _len11._

_ourno. on _im- $ _,O00 llavy 1 6 0 t,nuchle 9/77
pll Clu_1 l'ropnl-

, A_i_)mm_r le $ _O_000 I{nvy _ O 0 I,auch lo 10/'l'I

i T_'ilt_l_llt lloun-
d_r_' l,n¥_r Flow

Aetlve Coritrol _ _!3_'r0o l;_v_ D ii O I,nwthcr 9/77O_ _lO_l_d Fluldl

'" II_rln6 Jlnmc_R*l $ I._,2_O Iln.vy O O 0 I41chnel & l'rout 9/77

'" ll©l_ol_ _ Inte-

.:' , _r.l lltu(_' $ _},II00 ll_vy O 5 0 Thompnox_ & l,'nnlon 9/'(T

: IYl

s j_.,



IHIOJI!CT AHOUNT OF LI:VHL OF EI'I"OW_ PBHICIPAL COI.IPLETION

'l'I_'I,I: I,'UNIJlIIG SOU[ICE (MAII-IIOS. I IIIVE_TI_IAT_F¢I!_ ) DATE

TIIE PEIIIISYI.VANIA STATE UIIIVI':II:;ITY - CONTIIIUI.:D

!:ffectu of Guu

Inclu.lon. oa $ 231500 Navy O 13 0 flicker 9/77
_ound Propa_a-
tloa in Vlaco-
olaatlc llat_rlal.

Study of Som_
Refloctlon ai1d $ 33,700 lhLvy 0 19 0 !;kudr_yk 9/'r7
D1 ffractlon

Vibi'a_ 1 o[I ctlld

Sound of Plato- $ lh,000 lhLvy O _I O Sku_rzyk 9/77
llk_ _qt r _Lct _ire _

_nt_IIl© Vibration
laol_tlon Pro- $200,000 Navy " 20 12 2h IIlckcr 9/'r7 f

Aol'o_|l_c_ h'n_lllc_rliiK Dt!l*ILrtment
:_t_ IIAm_mnnd lhlildII1_

J_t I{ola_ &

Coh0ronc_ Otruc- $ l_6pO00 IIASA 3.6 1_ O Arndt
t IL_-@

C_vltat loll $ IO,000 IIct hcrland. 3 O 3 Armlttlol.o
II_vy

['t _ ao_l'o Fio]d

Xn a Turb_Llent $ 12,O00/yr :l_vy 1.2 6 0 Arildt
J©t

_QI'O_COIiMt I¢

no._rch In _ 30,000 NASA 2.]_ 6 0 A*'ndt 19"13

l)ollmrtm_at of H_ehanlcal EllfllnecrinK
21_ _nfilne_rin6 llnlt _']

U_IDA Acouatlcn _ 2_,'I_9 U_]DA For. _ i;_ 6 lteothof 'I/'r_

NAtlA Acouotic. V _ 52_63_ [IASA 3 12 12 ]lecthof "I/71_

II_F Duct
hcouatlcn $ _7,0_-" ICSF 3 12 19 ]¢ecthof 9/73

NA:{A Acountlc_ $ 26,316 IIAIIA 2 2}* 0 Itcethof 3/'r6IV

U_DA Aco*_ntlc. $ 2T_333 USDA For, 2 12 6 lleethof 9/76

NA_]A Acouut*la. _ 2_,273 [IA_;A 0 2h 0 fteethof _/TJ+

;;ARIAJh_ct, $ _6,316 NASA l 12 12 I[cethof 12/75"i ' Acol_lt l_n

• I[_F NUlI¢: _ _2_11_ IIIIF 3 12 12 IlecthoJ_ 12/75Control

: Vmlv_ HfKra. $ 5,000 Iildun, 0 6 0 llec,lho r l_/'[7Coll_bor_t lot

_tJF [loi_ $ _J_oo _I'_F ] 12 12 Heothof iI/'_6(:ontrol

l'_l NC_TO[I (Jtl IVEItll IT_
"+_ AESO_|*_C,N A_II)HF,CIIAIIICAL [}ClJllICHrlDEI,AIITHI'.'IIT

PIIINCF, TOrI_ flEW JEIl/]_i_
]

III%_I'_OP _'12011l_ $ JtO|OOO/)'l _ [IA_ 1 _2 0 Ilowell contlntlll_6

01 :



pR]liCIPAL CGI4pLI:TI 0[I
I._:V OF EFFORT

pllo J _C'? AMOUII'P 01" SOUItCE _l.lt.tIol.to:: • 1 .i ;IV _!;'r I {_T_IL _ S } _ A_-'I: •

T!T_A,; I,'IIICDTIIC.

PliiIICllTOli _{IIIVEI_BITY - COII'I'INtJED

_y_¢c 0hut tlo 1 1 0 Dow_ll 11/76

i_cnpolx_c

pIIBD_E BII IV El_Ir_Y
_IIOO]. IIECIIhlI%CAL I¸:I{c'I[IE_HtIII_
WIJI_T I.AP_ _:_TE, [tlDIAIIA I*'190'I 8/77

Uiutott Imp_ct _ _0.o00 Illduil. _ 6 O :ieybcrt

_Ioluc Tree & Crocke¢ 1:!/76

I.n_n Idoucr $ {16,500 in_%_l_./Ut_v. 13 31 O
Trnetor Ilola_

llqi_ Bc_rcc Tr_e & S_ed_l 12/'[6
i_cn%i_c_tlc_t & $ i+3_3_ _ _ndu,. 8 2t) O

{'or (_Br_c_
'l'ra¢_,_r" 'rr_ 6/16

.t_ot.ar_ ¢oml+rc_aor$ _o,O00 Indu,. n (; 0
l{cJ._a

rloi.c & Vi_ratio_ Crnc_crD Coh_x_+ i_]'[_

_'_om ,l_ransl:orttt- $300,000 _15? Tree, :_ulli'C_.t_

Qt ht_l _ [4m¢ll_It©r_

ll;,%_lltl_I¢_%io_ i0 -°h 0 Tren t fiulllVafl, l_/'f_
on 'l'ruc_a _ I;_ crocker

I,_ To_.al r,ttt_Xn', 6177

{;.eloauro 1./2 3 o llt.m_l_o_

piF_= llmm_ln_ In,ban. 1 1/2 6 0 lla_ilto. 61"lh

Co_tln¢:_ _ _5 ,o09 iI_mil_on II]'16
i 1/2 6 0

'r,.ce 81"f't
pit_%oB Coral,pan _o r 3 "_ 0
l{o{.{_a /IL_I_y $ ]o,OOO ln#,u_ 12/,16_

Ilmw M_*_inr $ 33,000 Int$_, 3 8 0
ConcmpGn 81'17

At{_o_%i_ Htt_l_r 5 ;!h 0 croch_l', *,%_slli_all
$ 75.000 Inau.,

Truok _.lno 9 _'1 0

' ' . Ht;l{_ Don_rol llldBs, iI, ik (_ Soodcl

• .f Cl_ln ;htw_ $ 30,000

• . ' _ p_£mmtionn In_lln. 15 15 0 _;o_t{nl 9/'(5
i{_ Yo_r Cylindnl' $ l_O,O00

:" , /;oodel
_O_a ptlLa.tlunm In 15 I_ I)

l{_ fr _a r_t iol{ $ hi),BOO llldl{_ •

tar T_p¢ _aa I1_-$ _tOOO BIXlV. 12 ig! O
O_gFg_t _t_O_1
F.nglntt

I ,

',, j:. i

• .!

- i i I I_



IH{0JECT AHOUIIT ill; LI':VI:L OF I:I:FOICT IH{IHCIPAL Cf)HPI, ETION

_'I'P l.l: _'UI_D I llI: :;('IIIlC I: I l¸IAll-_¸In:; ' I TIIVl:_'r T_IATOII I _;1 [IA']'I.!

PUIIDUI': UIIIVI.:II._ITY ~ COIITIIIUIIII

Jclt l:xcltcd

O_cllltxtlono In _ 5i,OO(l ASIII_A_: & h 2I+ II Leonr_rd. Go_dl+chlnidt 12/'[6
Gao l,'lllmoo A(IA

l/ol.ol)l°I_ci3tudyl"n_Ilnc _, 110,_o0 IISF h 2h 0 Crocker 197h

In-DxLct Y_n _ 1,700 AI¢I I/P 1 O Crocker 197hI(ollo_r_ h

Dleocl l:nglno $ i0,oo0 Ui1iv. 0 I_ 0 Crocker ]2/'15IIoloe

!]o_ind l_o.cr llonc O 6 I) _ul I i'I,LIl 2/'('[
I,l otLO1&I' Cln¢_IIt

/lone O 6 O Trcc "I/77
lit udy

Dltet Acountica $ 96,5oo IIA/]A _ 36 0 Vltidyr_ 6/'16

Wih_ lllLrri_ra

for l{olne tioga- $ 9,000 Unlv, O 9 O Tr_c 12/7]+

I)AH I)IEOO OTA'rI: UtIIVEIIBITY
DEPAItTNHIiT OF AEItOSPACE l':II_IIII:I:[tIIIG

/}AIIDIEGO) CALII,'OIIIIIA 921/12

ACOIIOtlC C]I_r-

nc_aplntlc_ of I_ i_ 0 Conly 6/75
In_raCtlht_ Ilone

l]11pnP_olll_ JOLa

U_IVhI_ITI Of SOU'NIl:fill CALIFOIII(IA
D);I'A_TMEIIT OF AEIIO_I]ACH I:$IGIIII:EII_IIG

UIIIVEIIIIIT_ PAIIK

I,oIlANOEI.Et)_ CALI_'OIII(IA 90007

he axl;ItI_l nIld

yl.ta I)ynamlc

Mo_Inll:%.g of $199_335 DOT h.6 _9 26,6 I.a_f.r 8/76
t)la Jot l_nl,e
Ab.tomnn_

Probler_"

IIna_ I#_I no
llan=_r_ll I'ro,lect $ 57,291 flASh l,h 9._ i I' l,_uf_r ii/'[7

'tent & hdvloory
_t_ppopt fop

•_o1._ _ Honli: $I06_358 llcl)o.lloll,

F_tiqlta ot [lll_h DolaKlaa 1 .5 ll_.O K¢_pll_n+ Van I)*'lent 1;t/'16
I*1 l+t Dnvlce_

I_TAMFOIIIt IJ II IV t:ll:l I't +_
DEI'AIITHENT OF H_:CIIARICAL I':IIOlI(EEI_II{_

DTA_F(JI_t) _ CAI, IFOIIN IA 91,_0_

Int©rl_nl flow $ 6O+O00/yr IIDI',t:;18, h 6 0 Johl_ntol__Ill am

IIYIIACIJIIH IJIIIVHI_II IT_
DEPAIt'_M_;N_ OF Hk;CIIANICAI, _ AI';ItO_I'ACI': i+;rl<_I;¢KHltlIIO
13_ I.I_IK IIAI,L OF i':llOIliKHItlIlI]
S'(IIACUSP.+ IlI+;W %OIIK

rln1.. IloOu_tl_t_ $2_000 DOT I+ lh O l]o_ah+Jh I0/76

J_Lm



PHOJECT AHOUIYI' OF :;OU))CH LEVEL OF HFI"OICr PqIIIC.TI'AI, COI!PLI:TIOI4
TITLI: [.'t)II ]) I I{C, I I.IAII.IIO:_. I T[IVI:_')' [ c, A'I'(J[¢ ( !: I bATE

UIIIVE}ISITY OF 'I'E){I})_SI;I:E
.DEI'ABTHE[IT O_" I,IECHA[IICAL _ AI.I}_O:_I'A_I': E)IGIE)EE{!IIh;

KZ{OXV ILLI_, '1'Etl )II;_ _ EE 37916

Study of FtLn
l{oltlo d_e to
l"luctu_tlntl
Lift, Inlet $ h'fiO6O t{A_A- 3 9 O I.l_*_l_Ine 6/7"I
')'tl r bxlloi_co I t__iiI Lr!_t_ _
DII{Lor t ion

Inyo_t It_tlon
of Inlc_t l{oi_

._ul, I_eC _ nlon $ 51.I_O t{ASA- 3 9 0 L_.a,,EhLi i_e 10]76
Uuln_ ]{Ifl]l !;ul_- LiLnt_it'y
Ilonlc linch I{tt{_-
bern

II¢l ttcttrc h o;i

ColnpreD_or t{oine $ 13.'160 I{_I" 1 5 0 I,un,d_ine 6/'17
and Efrlclency

_:nt_incci'i;l_I ScIi:nec & 1,1_chrtIllcn lh!ilt_rtmcnt
P_rkinn {la_]

I_ltttlt _{olnq )'_e-
_llctlon Ho_oX $ i0,000 I[{IC 2.5 _.5 0 C.:'ley 'f/T7
i'oi' Clo_t_¢1 Loo_l
CoolinK []_.t _.

TY_{_I_'_[]_F, T_CHNOI,OOICAL UI{IVI:II!;ITY
MI_C{iAIIICAL Y:I)GII)):I:III[{S D_:PAI_THI_)IT
BOX 501h
¢OOK_:Vl I,I,_:, T l_I)l{l'.'tI_ l_I:

_{olne Control

HLnLeour,e $ 5,000 TDP]I 2 0.5 U Swim 10]79

i IIoimo Co;1%1'ol

Hork.hop _ 5,000 TDPI{ 1.5 1 0 Swim 7176

-II_tmit{n & Cl)n-

i r*Ll'lle_iOll of $1_!0,000 OlllV¢ IL'Unllnt 10 6 2 _eita 6/'VI

fiol_Q Control [It. of Til t
l"_ il1 LZ ItS1", Xlidtlr;.

P.C, _rtn tloine $ 15,000 Univ. 6 12 1 :_wtla& [[ttJ 6]'/'f
CQfalltln L lot{

Inat_llllity $ 6_,_oo ]{ASA _ lh 8 PuI'dtt _2/'f5
CombunLion

In.t_l*llity $ _gt000 I{ASA _._ 5 6 l'ttrdy _ Ventrlec 12/76

Uff_V_llnlTY O_' 'L'{:XAt] AT AUSTIIt
APIq,IT.II {_t:_)2AliCl[ I,AIIOI_ATOItlI:S

AUIITI [{, '_'2Xh I{ 'f B'I 12

Hi_h'XlttcnnltZ $179,_00 AFO_ll, DOT, 20 5_ lh lll_ckatock '¢At'l©n{{ouh_ llAV,q{':A_,

[{hl]h _, Otlll

l)erim_._1,'Hr.- _ '( ,_00 Ilnlv. 1 9 O lit xnot_ l_/'f6

V_hi¢_lt* {)Q_nd _ )*.'2.)000 DOT 3 _2{* O ][Iano;_ 627_Damnation



I'IIOJECT _llOUIdT OF LEVI:I, O1,' I';FI"OIIT I'IlllIClI>AL COI,IPI, I;TIOII

T I'l'l,l_ I'llllll I II_ _OIJl/C _ iiiArl.llO:; ' IlIV _!!_T__A'roll I !; / I)A'r I,!

I/,_+ IiAVAL ^CADEII%'
DI_I,AIITItL+IT? 0I,' IIECIIAIIICAL J_IIOIIIIC_I{IIIG

ArdllAl'Ol, I_ j IIAIIY LAIID _1 Ill.12

• l!o_llc!_ _uri'lLce _ 10_200 I/_vy It 0 O I,opnrLlo 10/73_hllril_ i+or I uI. I cll

_/oniJdn _low :_ t]lO00 Illivy ] 0 O l, op fir clo ll/'16

Co_ndn/ll_fr_c_
l.lOli _lolne ll_l|_- $ _]looo Iltlvy 3 O O l_ld_,r 5/7_
lip _lli a_ Oll ill, vie _

Conncla De_i fin _ _)i OOO Ill_ vy 3 O O ltut _cr ]0/7_|,1%l, lllll_t_ _ pI)

Flow 1(o1_ An-

_1¥01o i'or Illi_li
l_re_oliro Air _ _t 7,1oo ll_lvy 3 0 0 [lldr.tcl_ 10/7_
14_l. or l_lp I nli

7ILLAflOVA UIIIVEII_ITY
Zll0_I?I/'l'_ Y011 ?IIX%FI_I,OII?ATIOII _TUI)][Id_
V_ZI,LAIIOVA j I'i_lill_ Y LYA llI A 1_005

lli.ull¥ l'or ._ Jl_O00 I_A DOT 1 I_ O _lch_l_tnr '(/'f'_
_L'r_i'i'l_ lloll_e 29

_ll_lli+ _o l.lla
F,II1 l'or _1i0 _ JiSjO00 I'A DO'l', 3 0 _ _cliu_t_r 7/75
|'ilOl_i 1_v 111 o
%]pier

ilol _o Po_llllt 1oil
lli.lld_" i'or t.h© _ ltlO00 I'll DOT 1 J+ O ,_chun_-or 10/75
All©n'. own Ilp_il,

VI_IIfIIliZA POLY?_IIItIC 2FdI_'I'X'IIT_ & LI'I'ATF, UItIV_II'_I?Y
141_CIIA II I CAlf, _IlIIZII _ _II I I1(1

_ll,AfJl_lllluIIo_ VIIIOII_ZA _liOl_l

llnlnq _,ev_ln ill _ 701000 ltl]_' 11 ]_ O Ilul, nL & l¢iLclln_l 10/7_
_s nlii'nc £ tll' ll%li
i% i_ lll_ Ii

Hollo Control _ri
i_ll_ I'ollltry I_ro - _ I_DO_O Inllun_ 1 9 CI Ihir_L _ tl_olilturn {)/71]
_n lnl_ _ Ilclllll _l_l "

A_iViii(In _1 Ac 0_ll 1,1I:
;llpp_a_ninn Cnll_ _ 561l_65 IfAl;A 1_ 1_ 0 rl_yreh 1_/7_

- - _llpil li

oi" • IILr_chnd_
lnmbr_nr wl_li i% HO_O i _ 0 JhlPBt 7/77
_ound Ab=nrhln_
T_oRln_

_]ound l_nnllrl _onl 1 _ . 0 Ihil'_t $/'_]Lewl Pr_Ic_lon

... in I,llrll_ tl_olln



],}:VJ!L OF EF]"O]I'I' P]_IrICII'AI, COtIPLI_TIOrt

I,[_O,I]_CTT TTI,J{ AI1OUIIT]_UIIn T fie,OF !_OU]ICE /_IATI.II_ __ III v].:.__' _'c,Aq_f_l_/ !_ I I_^T]!

VI]{GII_]:A POLYTEC][IIIC I[I_';'_TUTE _, ,_TATJ_ UTIIYEJ{!_ITY - COfI'I'IIIUEI)

.A quant.l,t a-

tiv_ Depth lloile J[n_lu B ° 1 {_ O [liver _1 1_/75
|'eI'ceI_to]" rLxl a
]Lll_d Hobll_._.y Aid

U_IV_II_ITY OF 'dJ'.':JT VI[IGIfIIA
M_:C]IAIiZCAL ]_IIGI[II'.'_[IIIIG AflIJ _[]_CilAIIIC_ DI-:PA]_TTII_IT

MOltOAl_TO'dll_ h'L'[_T VIIIC, IIIIA ._6.qO6

_De_._n l'or th_
_1|1l'.t__ IIie ILt Of"

Alr-Ab_'an_.vc_ $ 10,350 Indua. 2 _.2 O !_nec_,enhel'_cr I_/'_l_
|ll,_u t ]1o_.:_1e
_oin_

_ o i_lldt _:'t_r[Bmin-

UlO_ t.h:'ough I_Jl_ecount_(! IJx_lv. 0,3 ]_ 0 _n_r:._,enbe_'g_'l" _;/75
lio_t o0. J_o._lo10

I _pav. t. Anno_-
,'_aiLt. o1" P]l_n0
]: l_J_'_ Opor_tlon _: 1_,090 UG-I_PA/OZlAC 1_ 9 O _;neek_nl_ex'_er 1_/76
orl Come,liltS"
[(OJ.Do

_._i_u,l_tu _ _ - - _ _ _,,_._tt,,_,_*_._T._l_._l_,_-_-._l_,_ r_l_.._r_._ . _-_T,-_-.- . 4_

_rLL



7.

-
B

E
S

TA
V

J_,.A
_L

ECO
P

Y




