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ABSTRACT

An _h b proposed fur _puteri_d s_uh_i_ of meshinl of,lil;r_d _ mJ_aliined ir,'o|ule he]icaJ f_. AIsorithm_ for TCA (Too_

C_ Amdy_s) computer projrmms were dr_k)l_d. ]nfluenL_r o£ mi_alisnmcnt on _e shift of the I_ni: contscl and b-L'lsrmssion effort has been

in_es0galed. Num_fic_d exampk_s t;hat illu.,.lrate the d_eh_d Lh_ry are ptovKk'd.
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nncliusof'ha_ccylinder (Figs. A. I.I and A. 1.2)

rudiu_of piu:hcircle of the pinion (Fear)

posd_n _¢tor of s_'[_ _irepre_nmd in c_crdinate q)'MemSu

pee,/uionvector repeesemedim,5,

fear Inmh Ilhickliqq on thepitch _']Jnder

co_Jinsle _y_tem

S_-'face par_.rs o(_ Cl:iss 10 and A.5. ])

Relative vclo¢ityn! mrflce _._iminl widt rcq',CClto $_'f|Ce _j point

_I_IKMI $_C_ WIQ_I O11 thC _llt_l C_.'II_[Jcr

Pn)fili lille of the iavo]ul¢ lll¢ofili ill the point of mlelsectiml of the im_lu_e piofile wilh the pitch cia¢le(Fill_i.A. 1.I llnd A, 1.2

hehx angle on [he piukm (l'cill_ piu'h c_,tinderi'Fills. 9 and A.5.I)

swface Ixwamelers (s_¢ O, in Ft|s. A.I.I and A.I.2)

hMfof mluilu' widlh on ba_e:ylinder (l_ll, A.I .I )

e'4Torof profikl aUnllliof tlorn_l t,ec'_on Of _Blon rlick-¢utler

errorof shzgt anllle (FIB. A. 1.3_

err_ o_ p_ _ea_ _n_._e_,_

/cur a'mund_sion enmr (_/4..t9

half of Iootll thicknes_on biisi cyli.dtr (FiB. A 1.21

II_ld UIJlC _n _ bl_ c')'lindcrof r,idiu_ rl,

Ir,ad mile ,_ d_epilch cySnderotrladiu_ Viii

pmmn and jest tooth s_rf_:e_

r'l_k-iutlli'r I,ilrf'llil _

million inllles of pillion luld Mat lillnle in rntsh v,iUI the rack.cutter T, (r .: t',tI, reqpc¢livcl) iF'lit.A._I.2)

1. INTIqOOUOTION

Cvml_wriNd slmuhnk.mol'n_uhlnll aid ¢olca_ ('lroo_ Conulc¢Allldyss$- "I_A; wasck_eloped far *l_ral t'4_el sadhypmd/tar dr_veq*ith tcx4h
lurll_e 5 arein polm cnnllct, (U _er'_MInusl. l.ttvln. F.|.. and Cmtman.Y. Iqll. I .liven.F.L. el al. |99_, and $_ldlfeld. J|.J.. Jg9).J l'hetll h 110rlat reed
ludevelop T¢_ mnlp, ler proltylms for lomb surfaces _ m imti_lly in hae comK! dull becnmt point cnnulrt dueIn mi_lilf0_m. A t)pkal el_m_k'
of _ich gem driviq lqli_ ililllVil_lilkllilI illlVlllU_hlli_iI _ dllvc

All alpproucbIt _ thill I_'l_¢S INI IlVe_lllalion oflhe imfluonc_:nf Jcm mi._ililrnmrn0on Ik _i/I or ilw bexrinu_oma_'tIml Iram_mlislon
,'rl'nr_ IIJYcz.glsenwlh_t of rrmvnillll id'lrau' lualh nlrf'a4ret I1, INOpoa,#dThe lIpIWol_h tt ¢_l_ml_lll_l Wilh I TCA cmltl_llet _l_'|m MIIml_rknll
II_q llt illu_nde _ _1_ il_h m JWc_Jded.

NA.%AlM-Igll4.t,l



t_ _ OF MlllltING

_n_nlikl/inns

For siliililion of mcthl,|, ccx,rdinlle I.viliml Sl lllcl Si Ill ire rillidi,# cimMcid Io Ixnion I and llir 2. ieSliiCliiely _ili. A i.3). li© Ii_li_ The

nl_shinll, of die lear toolh sulri'llces is conslikired in die fixed coordilllll¢ syliillll S/lliel ts rlll|dly I:onnecled to Ihe hollllillll.

Cllclicll sysmnl $# is in lll:ili7 hid till lyllm. Coordlnlle llllmi/i is Ippliid IQ mtlIlalc mllldlilMICnl IF'if A.i 3). i Ioulh lulfil_

)_i(i = I.l) dllllclicll lelillcl Ille I roll nalmll ill nipmlenisd/$1by vicllll tlmcllolli rillt 0, 01) llid i_)i nml_vely, whlA 01r tie) Im Ihe

surflie i (sic .lt_mldix I). I.llinll co0rdilme mmsfixmllion tim. l i Io $i' we mpriiinl thl cmldilkills o1'¢ontinuris lllillti _" of Jlmlr wolh

ilirfli_t by lollqv_nl _Iclor EcF.(2-5).

o (2)

Viclo¢ E4i. ( I ) _ (2))i_ld italy live indelt,lnl equllimls

/,(,,o,.,.,2.82.i_)--_ S,,¢' (i: l.i ..... 5) (3)

qil_c

b7'1"!7'!--' <"
E.qllliori s)iicm (3) ¢onildn_l *iix unknowns bill oit pliramelli, la) 4tI, may be c_ a.,iulpul The comlnulluq _KihlllOn (if eCllUition syilim (3) is an

ill_liil/llmczil Ihil i_ lil_ed c_l t# folOilii ¢cllllklerilionl:

( I I _limllle Ihll lyMt:m (._) ill r_nlinair Icxll is/lid ill I pollli

#_O) /' (0) ,.io) _lo_ m) _(oi .J0il
• lui 'ui 'I 'Ill ':l '_ I (3)

and _c ll_,t_iln of li_ Ndl order leli_iel _i_ rc_t_rclncel

..

(21 llv,I we c,_ Iolti E_ll. (3) in _ neilhll_od o(P l°' by ful_bi, nl

13) |llquidil)' (6) ii ,_t_rlii whin ilx |ill Ioolh lllrillcrt Irl in l_lll cnnliil. In II_i, cue, ll_in! iun_tkmi (?) we ire lie Io oblido: (li le lildl

u( imnll:i on _wt'll't _-, tf - i,ll rillmlenled i_

Ill) Ihe Irlltlllsii, lll _s iliiirnlinld i

_(i,) - I(I)- _i, lti

"1"114tldllilll/ll_lllld Ilitvi' il found lllimtrt¢I/ly, lit IUlllOUllIN lot whiilon ot mxllhlilt IKllllltlllil il flllNlllelllid in I.ILl'! Mlinuil. 191tq 'lke

II_lch &l_il_d Is Ippllld Inr limulinn #if mllliel of nlilldilln_l kliill/ui_. _l_ I llfllllidli ill dll lu mb411111minl the line coeliit Of llXnll

lllr_lll ii / It illlo Ilmill _i.

I_'AI %TM I(17451 J
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_luitioes (I) and (2) dc_'nlx: continuous stir/ace to surface tinfency, Howe_r. it is no4 exclud©d that duc to misilipmem CClllr contact wiU occur

that muns curve-nn-mrfa_-e umienc _ wl_n tl_ cd_ of • swfsce of aec Far (represented ix. • curve) will contact the surfaice of the retains 8ear.

Comsiderml the case when the edit of the pinioe il in me,L5 with the surfalcc of !he lcm. _e _ill ,se the foLIowinil equalions

• n/ =O
(I I)

Equl_ _'_ (|0) Imd( I I ) rcpn_sem • _ystem oi'fmr nonlinear equlitiolt$ m foul' unkno_os (/'3 is considered ss _ input parimtcr). TI_ x_hition to the

s.vscemof Eqs. ( I01 alld (l I ) lil]ow to n_ain tunctin_s

All three cases oC meshmll, such ;is surface-to luflac¢ with instantaneous point com_.t, cdib_ conllct, "andlira. conlac_ (_e below), m_i._'exist in

mesl_lltll of itwolule _lici| j_ars when Ik}' Ir_ misaligncd or 'dUiraed.

__ _ AO_Oa'qld_HlllAlal0

in this cs.'_e.L_c [tear tooth sud'_ an: in lira. ct,.mac_ mini Ih¢ Jo¢obmn D._ (Eq (61) becomes equal to zero, "lbe I'CA is be,_,d on the illpJr_lbm

rc_rc_:ntr._ I1__p_llldix _l,Two ilrlpot pirill_ll_r3, ,_ly [I and M1, mull be applied and then _ ¢ v, i11get Ihll! dN: mll_x

(13)

wzII be o(rank 4. TXe _n_am_aneous liM of com_'t (m s_8_e _', _i = 1.2 ) i$ U_c,_--,.lir_ of d_ _,ecsor function r, It e. q,) This lie e is the tsmltem to the helix
o_ the be..e c_lindrr of' lCm i (Fill. I). Cumput,tims cou6rm lhe the _rlasmssmn funcit_ is a Xne_ nee n.'l_,_ni_d i_

lad t/_.. nnsmissKm ea'tr_ in/A_'o.

.IHll_M_-_ of .... --- of ......... .._ I_'__-_" " . ..... 11:::

The TI_Pl computer prottyam developed wm liiqdi_ld In ig_,.lilalle of tl_ fotloWinlf ern_s: DIl---dsc dud't innlle etYor l_4sen lhe ixes I_,ccw_e

cwsud). I_.1 normal prolfic amlk. em0_ of k rilck.cuU_r Ihlt I_ltllt_ the pmio.. Ind Dlp|--pmlon Mid amble efTu_ on Ihc pilch cylilder.

Tire maimfmturin/o( heb,:ad | elf,. is bued nn allqplicaiti_e ,A"tw_ trria54nary rack cutler., that like t moldisl8 complements • caqin 8. l'hc I_nk m _nd

0he _ s_. Jeeemted _pamely. bul the tmqJem_y n_k c_aers hawsethe ume iwnl'il_ m_le _ ':, the normal _ectJem .Error Dw.o memts Ih_ .,,!. n,,_.

P'dr_ II,_dIM._ ,,O_ olJqt dlr_ll_ ill Ihc: surfllCt, II_ surl'lK'c unll mHrll_ _c_uiittons (s4e A_tM_iq ] ). I,k_.'evcr. erlr<_rI_lvi_lI idT¢4_lsth_ d_ailpl
pilmrlcrs a,_, r_0, amd I,i is foUow$ (see Appe_i_ 2)

_in.___L!Aa

.'

2
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CorUot Hnee --,_
%

; _- Bran

Figure 1.---C,ontoet Nnee on room eurfacee of •
helical gear.

_,1 = "'rpl sina, I Aa,! (17)

5athe realImJces_of manefactufsns,etlm' DIp! tt caused ducto lead error It_. Lllinii t_ relsdk'n_hipsbetweendaeclrs|lplparamc.sm (u_rAppendix
2). thefollowtnll Isol_mm'xl:

sin2)._. (IS)

_puitioo (18} permit_DIpi to be obwined comMm_ the lead error DII I is Imowo.
[_le ks mimJlpllMat, die Linecolnto_ or roodssurfacesis Rimed inlo point eollUict. _ 1'CA for point cunt_ tq l_im| fm Ihc q_icet_n of

eq_doo symm Ct). The dlWrk_ for iatd, I IPmS for tile solutionof eqllon s)_'m O) is nlm_M_l in App*aclll 4.

The iliflmmct of enorl I)8. Di,,, I. md Dlpl _ inwsdllUXl in Ihefoliow_ ways:(i) M lhe impecl _/the sepsnle _sk_n of rich of die error,, and
(ii) u dw tmP_ hY '¢_n o(4m roilowisJ eombluilon of mort: DI. Dip_l,md D'.l _ _pr . .....

The _ icU4nof effofs/)land DIpi _ms4s imed_ conlact(FII_ 2) Kid dl_, elnwsl Limb fwl_tJonor Iramm_ errnrs (lZill. _
I_i,! _ius_s padtllor ¢oolil¢l II_wl_ Ill Pill. 4 ipllido(_ no( ciiN Inmsndsiiooe_on. The d_lwin|s si_ Ill I_lls. 2 to 4 _ basedcm_ntpulliUon

fo,, pw _nv, w_hme nlmtnl d,u: _ • _. __-,t_,%, 2o*.P,, S(_/_.).lp, (io'. md L., i.6(_.). _ ....
1_ ,..ombi,.,Um of'into Dtrand D|_,twhen Wfi I' ]A_,li r_,_.11o .n edi_ c,m,a (Hil. _).The fmc_IN cf _rwummon en_n soton. _yc=

OJ' ll_ItiID| Is • COili_ Of two illnN_'l lilS_ii' fllnclioM widl'_f_IM Vil_S Of slope (]el B, 6). _ _._mblmillo_ of cnms D.,I _/_dpl ¢InlS41 d_

polh _ ¢'onu_tomthe_lll_ d ihl wo0s _ (PiG ?) aladin almml Iioeli_h,f_ls of I_sdon 4m'l_s(iPlI, $).
The_i_aperltcuhrclse. whem_1_ _ J,ll.l'hemedllmllOfllemmoybeconddm'dinwch|caseimme*h_|c_dm_d_t

is Soim_adsslull em_. bl_r, _ meddn| of illll/is hal sllibk lleciw ._m n mill _n4,rencu Im Non I_71,' _ _, J will c_i,e _n edill ¢onli_
andi_lmsmissi_l ,_mrs.

NASA l'_f- 10'M_I ._
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$.MNIIRATiONANDMOOiFICAllONOFTOO1M_I_FACE|

The derivation o_"to,_h susSaces it based on the imi_nar_ proces_ of Igemeration of conjvga_ sugfaces by appIK|bon of two rack-cutlers. The

Fnerafinl; surt'ac_$ of Uw rack-cutNn are represented _specd,_14y by plane 5":and cylimb'ica4 sud'ecc _c dl diBer_ s]i_kd) from plane T, (_i. 40).

The rack.c utter _fages _,c end _ ate rilgidly connected each to other ia the Im)¢ess of the imaffmty _nemt_oa. and they are in tuSency *lolti ,tn_ht

fine o_b (Fig. 10). "ghis _ Mid lutes o( tho flags |ofln lUtllO b, that is cqua! to the Imlix anglo oft the p_mon (Igg) pitch cylttgJef. FqNfl | I shows the

mrmal Jc_,on_ of the rack.tuners. Rack-cuMer surface _ fKsmates the pinion toolh surface ?..j. and • ngk-cutter surface _ IK._tites ibe gear tooth

_mlS_4coo_u.Jssu_e

Mm_ble onordinat¢ sydcm, "-_r(r = c.o. 51 and $2 we riindly connected to the tools (rack-cuftert). tkc pinimt and the gear. respecw, e4y. The fixed

coordinate sysr.et_ 5 M tad S,, are rigid)) c-anected Io Ihe frame of the cuttimg machine (IVy. A.5.2).

Oew.'rating Surfa_:

"The rack-cutter _'facc _, (r,_ c.t) is repmccnled m S, I_ the _luat6on

r, :: r,O,,,t,) O_D

_crc ur l, an: the surface parameter,

Bite normal to the: rack-cutter surface is represented a_

ar_
N r - --- x (L_))

Equtttons (19) and (20; w,uqt hc derived twice to reprr_nt _ working surface5 of ts'o rack-cutters that iicnerm¢ tim pinion and the tear. rt_pec-

tiv*:ly (s,:e Appenu_x 5).

Plul/t_ to gear alx_ _ zl_

Z!

FU_ro _0.--Iq_k-eutter m_faooe.

¢,Uf

im

Figu_ 11.--Norm41 imoticm_ of rook.4uglem.
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9,mmmUmdm

The 8no.wed surracc Yr t_ - !.2). the pi,.km or the lieu _ud'ace. isdezen.ined .I the en_lope to zh, family of rack-tuner s.rt'acet, knt"-,'e _,

. _,erndned in Sj (m' Apl_'ndis _) by me Eqs. (_) and(4).

N,.,(, -/(,,,.I,. w,)-o (22)

Her,: _,,.i,)m II_ ruck-,:mlefmrfKc _; Yl i*lhe lemmdixdpalmetn Ofmmi°eisth* Preens f°r _ti°n:N, is tl_ nomnd m d_
rarE-cutler suffice; V(r_) is the relmive velocity in nwshinl o( dw n_.k.cuUef and the sencr_d ,re'face. Equ_ion (21) fepfeqelB in $i tim famUy Of

ra=k-cuam"tin'flicks. Equatioe (22) is the equahon uf mething _ Is the nece_sal)" ilion of movelope existmce.
Equation,, (21)amd (22) _," swf*ee _t by llmee _lated _. Taking into a_m_unldmt Ir it a linem"persn_ter in cqumon of meshing.

itcanhe eLlmZllle¢llad imfl_e _ cainbe mp_nled in I_o-pcmzmeterfnm_.by parameters,,,.._i (lee Appendix _).

IlmWlllm_m

Utinl d_ conditicmsc,f¢onlimue_qUm_y of Malt _ iul'(lu_es(1) and (2). und _Mvin B[he equu_kan_.tl_ms (3). we canobtain thecompelp,Mh
on pinch nnd SeE tno[h surlier, rcslxc_ely. Since the pi_ _ surfuce ts modified 8rid Benefited by cy]_n_icM turf_c _c Ofdr: r_k._-unrv, the
pinkm snd im, r tmdh surf_es are in mesh in point ,.'onlact.The contact pe_ is dlrecled MortI d_ctoo[h lenlth. Al[houSll the misldilmm_nt DI_ m.'curs,
(he cmuct pmb is Mill clus¢ to d_ mun lin_. Pilm_ 121d Z3 show the TCA remlls fo_[he ¢i_e ofDll - 3 a_c mlm. Fib'um 12 _h,m.., thin lhc cnntac'_
pa_ is In Ibemiddle Of _ _ (Ileal) tot_ sm/'aceandFig. 13 dx_w that the functionof urunmisslonenon is anidmosllinear.The retul_ of TCA
conlqnnthat thek_:aJi_Mionof conlact is• neces_ but not • sut_dent _mdili,Ns of the unpmven_nt of mething or belic*l £_u *. Dueto the shapeof
transmissionem)r_ show11i1,Ft|. 13. diemmsf'_ror mc,,hiesm [he neiSMxmn| pair Of leettlwill beaccomp_led w_dlhilh a_elcmiou undvibralio,
This dofe¢| canhe avoided by ;q_plicatimlof • plldesilleed parabolic hn_ction of mmsmi,kan errors thal is -,hlc m ahmflh th_ IdmO5|linear ruction of
_rL_smiss:on enors (Lir,'m. F.L.. 1904). Variou,, r,clJmdq r_ [he predesi|n of • pmaboli¢ function of Iransmiss_on enors v_r_ pr_x_ed in
l.itvln. F.L.. c; el.. IWS.

T*p

(11) Root

T,p

- te. -4k. -41,--e- .4)- 41- e- • -. e - @ -

(b) Iqoot

Fleu_ _|.--Pe_h c,f oc_t_ aeueecl by &'y • _ _
rain: (4t mNII_N_ pinion I_11_ imd_, {b) ge_e Iootlh

16--

10--

0--

-10 _-

•40 _L__..L_ *
-g6-40 -16,.10 -4

/
0 I 10 111 20

Figure I_I..-F_ of trenemlWon .nots for
modified involute heliold g¢le_dltve when
A'y • _ ero rain.
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4. COHCL.USK)N

Ba_d uil die study contained herL'in _ follo_'ing conclu,fionq can be 6fawn:

I Equations of _,ar t,_ih _'flice:, wilh l_sli_d hcarin 8 conUict were devtlop_l.

2 Allodlhms for TCA (Tooth Comia Analysis} o( ,hp_d lad misMiped involu1_ helical l_ar (him ha_ been developed.

3 Numericad exmaplss U1 i11uslraR the develolx.d tbcax_, and permi, one to cletemdne ,he infl_nce ofc.*rrms of ,,lisnm_! are pre_med. Lead

corrcctian may _ m:ctmqm_l with edp contact (Fig. 21.

IqEFEIqlENCEII
IMSL MAT'd/LBRARY: Uler's M,mual. MALI_.USM.t .*511Bh'D-EI_ ggOl-I. I. 2.rdlfl. Ciiywe,4 B I., Houston, Texas 77042=31).'_1, IQ89.

2 Litvin, F.L. and (truman. Y.: "MeRmd_ af.S)'nthe_is and AaM)'si_ lot |lypoid GnrOrive, of Form;le and I_Ezform." J_umnl olM¢¢hnnical

Desij_m 103:83 113. 1981.

3 Litvin. F.I..: T/vary _Ir (",_a'dng (in Ru_ian). I _I cd. in 1960. 2nd ed. in 196;8.

4. Lilvin. F.L.: C;rar Ck,nnwt,yuidApldiedTlw, O; Pl_*nbce Hldl. En_lewood Cliffs, NJ, 1994.

5. Li_rin. EL. et _.: "CoralpUterized Design and Gcncraticm of Lov,.._loi_ lkli_l Gems wilh Modified Surflwc Topology," Jo, mui o/Mechanic,/

Design. 117: 2_4-261. 1995.

6 $1adlfeld, H.J: Hand/w_t o[B,._el _md lt)p,,id Ge,_. Kaches_er lar4,tuw oil "[ethnalosy. 1993.
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APPINDIX 1. |OUATIONI OF PINION AND GLAR IroOlrH IIURFACE8

The equations peesented/n Li_in. F.L., 1994 for mmh sm'/acs_ of hdk'd im_olute _ear_ ud the coordinale symms _ used. The tooth side surface

I] .(_l ) o£ • loll-hand pinion (sec the cross-sectlon in Fi|. A.I. IO} and the unit normal Jl W d_ mr/'_ are re.,iprc._nU_das follows:

,,(,,. _ ). -_, ,J,(e, + I,,) + ,, co, x0, _o,(o, + ,, )| (A._. ,)

- _n).hlm(_. -ml)]

"("}" I -'mx_i cos("_'Jl
L -,:o_xh, J

(A.I_)

TSe _m'f_c tooth sid_ II (_-,2)°'_a risht.hKI grar (_cc Ihe crosq-_cbon _ Fill A.1.2) amd_ umt e_nnal m2 t_ the q_face are xepresencedb_'the
cqumtions

r:(u z. O_) = } -'b: rJn(U:- qz )_"u: cos).,, cm(0:, - "')t (A. |.3)
L ,.: bin_..= - p_Oz ]

"_,in_,_,:,qin(O-,.- qz)7

-c_X_z J
{A.I.4)

Here: (_,. q,) (t -1.2) acethe surf_e r.arlmz_lers.The relionsld_ betw_n dm _si Bnl-4mmclcrq ire r_pmsen,.d M Appe_llx 2 andtheiznolzlions
arc li,,,in in the mwl-mm.

F_' snnuUIttono(mer,,htnI coordifum 5ys_mn5St and32 that m r/sidly _-.r.ncl,'14:d*..'.ntnion I end i,em 2, rcspecUvclyOrig.A. 1.3)arc q._k:d.
meahin8 (d the liHr tooth svKacesis ¢'_oskJes_ in th_ fixed coor_instesyslem $! that is rij_,41_connectedto abehousinlJ.Coordinate syJtemSp is am
auxiliary flned co, rdh_ zy,aem. Coordma_ sysuero.54 is applied to _imulale the er_r_r,of u _embly (Fill. A.I ._).

,'I'
Ilt't_lle of II--, • , art

xl
l _--I_leciio,'i of ni

7 \\
//.__ ,

Figure A.I.i,--CrooI liition oil hM,cli gem' it).
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Figure A.1,3.---Al_li_l _liru_ symm.
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APPENDIX _.--RI[LATION8 BETWEEN THE DEalGN PARAMETERS

The remainin8 design parmm_rs (_'e IIw non_nclamre) are determined u follow_

mnarj = --_--_-, (i = 1,2) (A.2.1)
sin ). pi

g (A.2.2)
P_ = P,, sin_.pi

PR ,

_'rl " _- la_sum'n8 ,hat the backlash is v.crOt (A.2.3)

.,,_ ,_ _ (A.2.4)
2

N, (A.2.5}
rp_ = 2Pn sin_._

_, = rpicosa n (A.2,6)

tan )._.
tan _.j_ = _ (A.2.7)

cos o[N

Pi s r/,f tan kb/i, rpt mn_p,

H_ -- 2'_pt

(A.2.8)

(A.2.9)

--Pl-= rhl --=--_-I--- N--.L- m21 (A.2.10)
/,2 rb2 rp2 /V2

_ASA TM- |07451 13



APPIENNmX 3.- -ALOORITHM OFTCA FOR ALIQNEO GEAIq8

The TCA computerwogram requiresthe solutmnof the_yqcm of Eq. (3). The algorithm de.loped is ba_edunCOml_atkm by theft,llo_inll s_.p_:

_ep I: lp the ca_e of aligned 8ears we havc

_'bZ _ )'b2 -- Zb (A.3.I)

,,[I) =t,(2) ___, (]) = (2, - . -_ep 2. Considerinl___f .af tnu n)/ n)/ , we oeum me equation

+ P! - 0Z = 02- - q2 4 02 (A.3.2)

wheref 1is the input parameter.

Step 3: Cons_rinS j_tj : x_2> the _ ,A.3 {,,o(._.:_.2,. we _tat,

(_,,-+,_.,),,,,(o,÷p,-,,).(,,,*,.)

;.cos{-b,,n(0,+Pz-_)" E
(A.3.3)

Step 4: Considering )._l_ __._._2,and Eq_. lA.3.I ,to (A 3.2). we _ht_in

(_,*rb:)sJn(e,+p, ,_,).(,,,,..)

xcos_.bco,(oI. Pl - ¢I)= 0
(A.3.4)

Step $: Considering ..'_) "- :._2) and I-q. (A.3. l,.we oblam

(u{ *u2)sinkb-p{O ! - P20_, =0 (A.3.5)

Step 6: EqutUons ¢A.3.3 ! and IA.3.4! yie Id

Ntep?: I-_Juation_(A 3.4 ; and(A 35 Jyield

Step 8:F.4ua;ienmm(A.3.{,and (A.3.6)yield

Ntep 9; I_uu_!,,n (A.3.._)itlds

el = _t +0: H! (A.3.6J

N,
e..- -_+l;uma,--'0,

" k N2 ) N2
(A.3.7)

•- q._ - 8_ • a, (A.3.8)

r_tO_ +r,+rb:O
.: - --_= . ...! (A.3.9_

_'ol¢: IMIg_ff_te.fu! t* f_ ,._Co,HIi,|p_t p_r..mctgr, in addni,m to 01 r _at t_ r_Ut_ for _ '|C,% for I||t_'_l I_lf*,

NASA T): :(_':.i._l I,I
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APPIENOQ( 4._TCA ALGORITHM POR MIIIAL.IGNED GEAR DFUVE8

Am milial lu¢_ is required for the toluliOa d equation lyslem (3) in the case of 8eu mitalillnmcut. The required tel of i_ramelers.

p,o! =.1(u:01.4_10).t_o) ' .(o) _29),1_o) _ camI_ obtained by the foll(wein$clefivtUoas

Step I: tlsin8 ecpumcm.11) _2)"4 : n_/ , wr ubmin

sin )q,2 sin A7 (A.4. I )

(4'2 -e: -q2 +*+)

We cmsidcr that wll_l pinion +lilt lngk in'or. Dlpl. occult. -e hart: _bl iI _'b2 lllld _p! It _'p2 (m AppclSdiz21.

+%_lq)2: t:sinl equation.(l)+y m nl2_m.s'¢ obtain

_ sin X+., . +..
stow, .. -+ .-:-ra- mn w.,, (@i "Ol - #i -ill) (A.4.2)

• sin _-I,+ "

Slep 3: t',in I equation x?' ---._?', we ,.4xain

! (£-_2 ,:o,4_ 2 -_?') (A.4.3)
142 _ i..(mb_.h2 sinl) 2

FttIp 4: IJiin I cqilticm y?) - yS2; , we <)blain

;., I I .11) sin X.I,2 .,,in Ay
++ ""+

-(_,2 ,,in @2 - u2 c.'o+_.t+ ¢m 4Jz)_++¥] (A.4.4)

Slip +: IJ.. I tqul,,n :,1) = :_2), .. Obllen

.qllp 7: F:.,qu_Kmns¢A4.1 | andIA 4.21 )'_Id

t +.:(+_ )q,,)e; + _- t I *"' st,
IA.4._)

41tt_" 8I + +lJ: - • i IA.4.6)

_'@2 '82 + 1'12 (A.4,7)

When .+ Is _ttt,Nn. lie othvr five pirlmelmrq may N dllelmmnedby 1+4_+A z._l u, (A 4.'/).Parame41lr*+lis rellMd s.t_ ilw nmilnltudc-: nf t_
pt,ml,m _t'_ .f tl_ i_m<m crms m+t't_ by t_ tqumiou



r 2

(A.4.8)

_h_ r,n _ rl.c rj,.
Eq_linn_ (A.4.3J o_w (A 4.5) lind (A4.'/) to (/I,.4.$) I_1 oN Io delelllZlip4eIxlr_lllleter,_pi li IJ_ millul Su_++fc¢the solulionol die syslemof Eq.

131¢onsidetinlPdm.f I is li_n.

NASA TIM- 107451 18



APPImOIX S.--SUImACE8 QFTOOIH RACK.CUlllml

As a u_miMe¢ that two rack.cutters m'c qqdied for the sepmme leneretion of the lear end the pimon (F'_. 11(8)). The sear rack.cutter is a

cnnventk)nldmI that i_ usedfor FnetlttOn of mvoimc Jem Id it,i nmmsi Mctioa is rqxescnl_ in $c2 (FIB"! l(c)} as

_ COSCtn "1

' - i (A.5.1)

r.2(., ).M¢_.(.,). ia . _,na.

where (FIE. II(c)J

o oII* (A52)

The ecluatjon_d Ihc surfaceand the UlLitnomud tu thr surraccof lear csck-cumr _-r n_ rCl_._ntcd inS_as

r_(ut./_) ,, Mtc2 rc2(ut) (A.5.3)

wlcr¢ (Fil_.A.$.J(b))

I_l, a.,!

! 0 0 0
M,¢2" 0 crop sinp i, sinP

-.st.19 c_sl_ Jo_mnl9 (^.5._)

0 O I

J:OfI_ pUrpOJCOf JotlliTliion Q( COIiUJCt,the _ sectionof pinion r_k.c_t_ cleviale_from dlc nJx_nallectian of _t Fnr rszk culr andin

replemd in S_1la (J_|8. |i(b))

I ---.cusun-¢.._.*lna.
r,l(u c ):' Mtl_,q(u, )= |"c Una,, - a,a_ cola,, -u,_ (A.S.6)

a, Lot-...
Ploum kl.1.--'ro _ Of ¢OOk-44U_li¢Itl111e.
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whcrc

o

The _urface equtinm of pinion mck-_-uller ]_. is tt.pm_enled in 5r

_,(_,.t,)- MJr_(.,} (A.S.S,

wl_'rc IF*it,.A.$.Ita))

'I 0 0 0 1

M,,. 1 = 0 cosl3 -smJ_ -!_ sinp /

The um_ normal 1o _, is rels_med in "_chy _luazions

Lhatyield

t"

i I - sin Cir.+ 2_cu ¢ _'0_Crn
n -",_-_-----J-(COSa. +2a.u.cosa.)cosJJ (A.5.11D

+ 2 2 .......
•vl 4a,.u, [-(cosur.

In _ procetl for Ilw prl,or,, the two rigidly ccmne¢ledrsck.cutter_ I_rrmm lran,lation,l mmi_. while the pinion And I,,empetfurm rolmmmad
monont as Mmwmin Fq_.A._.2.

The equationof n-.Ihin| _:lv,ecn mrl'act _, t r • ¢.1)of therack tufter md the pinion (Fro) _ surfKe T (I -1,2) camhe rcpre_em_l ,._

Y1_'"'_1_"" .... 01
Yn

,1

/I
o, ;

Yo_ 0------_, -( I

(_j "1 xn

1' '4m

O_ I ..... rt

_1 -"rm

FigureA&.|_Oenemion of l,_,n end Imr by mak-Cufler_.
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f(,,.t,, v,)-o (^.5.12)

whcw .vjis_ ansleofroUgoaofthe_ IIdl pi_esqforleM_l_m. Th_ dedvalkmofequa_-_ofI_I/_iI isbasedon lhelhao_m [halthecomIO_

.omml m T_,.,d _ laus¢IX_Sdnullh dw i_ uis oi'm_io.. Trim, we hsv¢

.Xr_._..c. _. Z_-z__._., fA.S.13)
n_v /ly r N_

Hm_ (_I,A,5.2) _ lave

,.i, (X, • O, )', = rt_, 2) in b ¢_u_ for _ Ienmmion.
(ii) IX, ; 0, }'¢ - - rplyi) i. tl_ m_ for pinion Fn_raiou.

AfU)r mmsforum,iom, we olSai. ¢k followw lqumiots of mmhiq _ween T-l asxl _._. and )'2 and _ n.pt_uvely

f("_.lr,v/I ) " rplqVl - I_ sinp - am cmfl

,,.0+
.#. _ ,i _0

_in CI_ - 2ac_ c COs_n

(A.$. I,;)

I(',.(-. _._ )" 5,)Wa - l, sin [_- am cosp

sin a n

(A,S.IS)

wh(,r¢ q_,(i =1.2) ,o I}_ II;kl of lira ind Fir mmlinn.

/Im.Iil_II
P_l _ _ sFl h ;,:nm1_ed by ;a_-cIr tm_ sItbce _-r andiq _ In $1 _ _ _om_n)

n(.,,lc,V_). MisM_r_(uc,l , _/(u,,l,,W)),- 0 (A.$.16)

whe_/T'il,. A.S._a))

cosvi sm,#] 00_

l-sln_l cosVl 0 (^.s.i'_

*.,1I 0 rpiV;
Mn_ = 0 1 0

,_(,.a..._,_)- .%,M,,,(,,.z,}. _(,,._,._,_)- o

(A.5.I$)

(A.5.I9I
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_llr.̂ .5.2(b))

M2 m =[_lin)l!F2 C_I_2O0 !_ 0 0

 ,oo*'*,i:]=OlO- 2
OI

Mint !_)O °

(A._._)

IA.S.2I)

N,/_A 1'_ 1074J1 _o
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