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ABSTRACT 



RÉSUMÉ 

Lvcl r~ii%ïi~iis~~itw c l c h  r(~toui--i.;q)i(li~ soiit uti1isi;s trhs frtkluciii~ticnt dans les procé(-ii;s 

cl(.  fabric-atiori. par cscniplc dans les opérarioris cic transf(~rt. cl(. cf6c.o1iyag(~ cBt (10 

I I ~ I I L .  Habituciletiicrit. iiric pi.riudc d-att(liit(~ est iic;c*e~siiiic> (lxiih < x b  t ~ - ~ > c ~  

(I'op6rations. L-attente est Ic tcinps oii lc licri rilene rwte çtatioiiri;iirc~ car  1-oiit i l  poiir 

@tri' reiitplac<; ou effectiic i i r i c l  operation d'iisiiiagc. Coritraireriieiit rim rii4caliisrrics 

~>Iii.; sirriplcs. tels c l u ~  1c.s rrik-a~iisr~irs cliiatrc barrvs. 1 ~ s  s~-sti.riic~s i't (.iiriicns ~~~~~~~(wt 

~~iuciiiirc~ i i r icx  p6riodc ci'atrt'ritc csactrl. 

D ~ ~ I I S  c ' f a t  t ( '  t 1it;scb. IIOUS I ~ O L ~ S  bas011s sur des rii6cririisnics A c-wriicls pour la c-ori- 

c.c~)t ion c 1 v  iii~cariisrries de rotoiir-rripidt: Lcs 1n6ca1iisriios ii c-arriw sorir o o t  i11iist;c; r.11 

iitilis:i~~[ un(> 1n6tliode uriifi6(3 pour obtiviir 1111 I I I ~ - : L I I ~ S I I I ~ ~  C I O  ~ - (~to~l i - - r ;~~) i ( lc~  c - 0 1 1 1 1 m - 1 .  

Los pirarrii.tres optirricius sont ot>tc~iiis rri ~iiiriiniisarit la twillc rlc Iw ( ï i ~ i i ( ~  siijor tci aiis 

c.oritriiirircs géorriéti-iqucs ct tic' port0riiiant-e. D c  plus. la piiiss:irico nquiso par I V  riio- 

I clur fAst rklui t (~ 1)iLr 1-idditio~i (i ' i i r i  syst0ii~i~ Clasticliw p o ~ r  ( . o ~ ~ i p c ~ e r  les i-ariatims 

( I c b  (.o111)1c~. Fi~iillt '~ilt '~~t. 1 1 1 1 ~  i l~tcrfxc grapIiiqu~ pst clevc~loppcle poiir aidcr l'iitilisutc~rir 

Iorcl ( 1 ~  l a  t-o~iccptioii dchs ~iik-ar~ismcs ii (*;iixics. 

L-rio rriéthodologk riiotliilairc. est appliqi16c à Iii syrit liiwx c3t I'o1)t i r r i  isat iori ( 1 ~  

riiC<.iiriisrries dc retour-rapide à iongiic coiirsc utilise% clans la ~>rodiic.ticiti cicl ~ ) l i i ( ' ; i f i ( b .  

Soiis pr6scwtoris égdcrricrit la curi(q)tiori d'iiri rri6(.aiiisiri(~ il c-ariic3s .;irriplcx poiii- r - c m -  

~)l;i(-or 1~ ~ ~ i k . i l i i i ~ r ~ i c )  t l i ~  traris~iiissiori r l - i i ~ i c h  niachirio trhstilrl co~riposc;r~ c l ' i i r i  t ra i~i  cl'eri- 

gi.cl~iagcls olliptiqixcs o t  cl-1111 iriCc.aiiisrric~ :i cpiat rc. 1xit.rc.s. 
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CHAPTER 1 

Introduction 

1. Motivation 

Tlio i i i o t  i o i i  o f  t t i c  rriost rorriiriori t?-pcs of qui&-retiirn rncciiariisiiis is procliic:cd 11)- 

a four-t~ar liiikagc. a sis-bar iinkage. or a \\liitwortli niccliariis~ri (Swturi 1992). Thc 





2. Literature Review 



3. Lower-Pairs vs. Higher-Pair Mechanisms 



CHAPTER 2 

Kinematics of Cam Mechanisms and 

Problem Definition 

-4 carii iiicdiariisrii is a iriectiariic-al s!-stem cornposecl of tlircc c~lc~iicbiits: tlio c~i11i: th(. 

f'ollon-ci.: aiid t l i t b  fiseti frariic.. .A foiirtti c4trricrit. c . a . l l r ~ i  tlio rollw is ii~iiiilly arltfccl 

l)tbt\\-clo~i t h(b (.:mi and tlio folloivci- to iniprovt thex rrit.di:inisrri porforrri:iri<.r- Tlic* r-arri 

iirid t l i o  follo\vcr are liriked by il liiglicr kiriematic pair. wIiere11~- tlic coritact bet iwc~i  

t i i t b  tir-i\.iiig cleriic.rit arid tlio drivcri clcmwrit is titlier a lirie or a poirit. 

C'arii iiiccliiiriisnis ;lrrb iviclcsl>- i i s ~ d  i r i  riiaciiirics arici iristriiriiclnts. Sorricb t?-pic-al cls- 

~ I I I I ~ ) I ( > s  ans  irit~~rrial c-ori~I)ustio~i (brigiii(s. t o s t i l ( b  11whiwbh. t [ i i ~ ( - l ~ i ~ i i -  r t ) t , l h .  i i r i t i  (-~)iirlr- 

I t w  iiiito~iiatic clcl-iccs. C ~ i i  rii(diaiiisriis o f f ~ r  iriiporta~it a(Iv;~iit:~g(bs. r i ; i i i i ( ~ I ~ -  110- 

l)ii(.k~l>t~ti: Ion- fric-tioii: tiigli stiffric~ss: i i r i c l  1-irtiiiilly iirilirriit(d \-cbrsatilit?-. 

1. Classification of Cam Mechanisms 

1.1. Type of output motion. Tho folloiv~r cari ii~itlorgo tn'o typcls o f  riiot ioii. 

>LS il1iistratc.cl il1 Fig- 2.1. 1 1 t i 1 1 ~ ~ 1 ~ -  

Trmslatiiig follo~rer: Tiie foliower is coiipled to tiic franie 1)'- a prisrriatic joirit. 



Figure 2.1: (a)  Planar carn tvith offset kiiife-edgc.. transletirig follonri-: ( 1 ) )  i~laiiiir 
c-a111 \rit 11 os(-illat irig roll(~-fuIlotvc~. 



2. The Displacement Program 

3. Quick-Return Mechanisms 

\I-o cl(~corriposr1 t l i ~  quick-rtlturn I I I C ~ I ; L I ~ ~ S I I ~  irito t liriv' 11~o(lill(1s. t l i ~  Irioror. t l i c a  

r~iodrrlatiiig ~iiccliiiriisr~i. aiid t t i c b  ~ r ~ ~ f o r - r r ~ - t 7 - c l 7 ~ ~ 7 r ~ a . s . s ~ o r ~  strokr g o n t ~ r . d ~ r .  (C-TSG). as 

sliou-II i r i  Fig. 2 .2  aiid '7.3. Critlcr stc;id>.-stutc coriditioiis. t f i ~  rrii~tor i.s u~ i t~ ra t td  i L r  

iiriiforni spcwt m c l  ~><)riudic-all>--vi~r~.ing torqiitl. Ttic iiriiforrri s p c ~ ~ l  frorii t l iv riiutor 

is t h ~ i i  ~ i i c i ( l i i l ; ~ t c r l  1))- thch riiodiilati~ig iiioc-1i;iriisrti t o  poduct '  t l i v  r(~qiiii.(vl t i i t i t  i o i i .  tis 

stion-ri i r i  Fig. '2.3. aiid th(* tiiotioii is tlicii tr;irisiiiittc~d tu tfic C-TSG to riiovcS tlw 

wji-kpiwcb. T t i ~  fiiric-tion o f  t l i r b  C-TSG is to protiiicc a iiriiforiii ~ d o ( - ~ t y  rntsu 1 ) r ~ r i n w i  

t tic. sliaft o f  thc1 riio<liil;~tirig r r i o ~ i i i ~ r i i s r r i  ;iritl t t i ~  tnol. T111is. t l i t ~  I*-TSC; ( * i i l l  I I ( *  ; I  

I~xllscrciv. a Mt-pullcy. or a rack-iiiicl-~~iriioi~ r i i c d i a r i i ~ i i i .  



Figure 2.2: L+-out o f  tlic qiiick-rcturri mcdiaiiisrri 

ModuLcting 1 
U-TSG I I 

Speed 

Figure 2.3: l l o d i r l r b  of ttic cIiiir-k-rrtiirri rntv-lii11iisri.i 



Figure 2.4: Rtllati\-cl layoiits of tlicl aws of t l i o  rilotor and t i i i b  C-TSG: (;i)c.o-axial. 
( 1) p r d l i l 1 .  a r ~ l  ( ( - 1  irit c>rso(-t ing 

! . Speed . Speea 1 +y-- =an 1 
1 

Utxf o r n  
reducrr  c n ~ h C a r  1 

Redbced sys'en Modulofed AnotiFted 
SDeed t s ~ e e d  1 1 naau(ated 

Figure 2.5: .\Iociulcs of the  riiodulatirig ~ricciiaiiis~ri 



Table 2.1: Carii chncnts  of t l i c s  quick-rcturri ~iic~cliariisrri 

l 1 peqwn(liriilar to t l i ~  (iirclrtioii of rriotic,ii of t l i c b  r d .  

4. Long-Stroke, Quick-Return Mechanisms 

is shcitvri i r i  Fig:.. '2.6. wlicrc~ &. clcriotcs t h  iirigiila- sl>cc~l of tlic niotoi. rotor: c *  tlic 



Figure 2.6: La>.out of t h  qiiick-rc'r i i i ' r i  riioc-liariistri 

5. Problem Definition 

Tiiis t iicsis focriscs or1 t l i c b  optiriiizat ion of qiiick-rvt urri rricc-Iiariisriis 1))- optiiiiizirig 

irs raiii iiirdiaiiisriis. - h i  iiriportarit aspect o f  c-;itn dcsigii is tlicl riiiriir~iizatioii of c-a ir i  

riiass. .A ~~~~~~~~~~~~t clclsigr1 lias a s~riall voliirrio aiid. Iicricc, srrisdl iliiiss. T l i ~  irlass o f  tlicb 

c.;irii :iffi~.ts tliv ciyrianiic propcrtics of tiic tr:tiisniissiori. \rIiicli c.cirxipi-iscs itciiiis sucli 

a,.; iricrtia forces. 111 ;idclitiori to tlic niatcrial cost. a carri n- i t l i  kirgcl \-oliiiiic iiecds a 

lm-g~  riio tor. t hris flirt ha -  i~icreasirig tlw cost, ailcl .-oluriio o f  t lit1 O \ - c u l 1  ~ i i d i a i i i s i~ i .  

B c l c r ~ ~ o l ~ l i t i ~ i  t l i r  rcqiiirctl toi-qiic. siic.li t1i;it th<. riiot.or is al\v;iys ol)cli*at iris i t t  irs 

r to~iiiiiai spw(1. t l i c ~  sizc- of t lic iiiot (11- c-:iri Iw frirt  tic^ i . c d r i c - c ~ c 1 .  

Tlicb i i i i r i  is to clclvolop tivu r r i c ~  tiodologics. Oii(1 ih t o  opt i i r i i n ~  t-aiii rii(tr-liitilisiris 

I l i -  iiiiiiiriiizirig t liclir sizo. Tlitl sec-ord is to proposcl ;t riict liodology foi- t ticl cichsigr1 OF 

i i ~ i  cbl;istir. torcliic-<:orril,c~~siitiori riictrh;i~iis~ri to dcmiodulate tlic. rcqiiircd torcliici. 



CHAPTER 3 

Cam-Size Minimizat ion Under 

Pressure- Angle Bounds 

C'iirii-sizo riii~iir~iizatiori is iirirlc~rsroo~l ticrc as t h  prowss of sc~lc.ctirig t l i ( ~  gcwi~i(~ti.ic- 

~~~~~~~~~~~~~~s of a cani-follo\wr rric<.lianisrci o f  t h  srrialltw possil~lc sim. n-liilcl ol)scn-i~ig 

c.orist rai rits on pwforrriarice indic-;itors siich a s  prrsurcb iirigk~. c-mi-profi l(. 1-acliiih of' 

cw-\xturc. etc. Thc approach prcsoritctl ici t t i i s  c - t iapt i~  is ii s t r - c ~ i i r r i l i ~ i r ~ c l  vtwioii o f  r l i c b  

11ic1t liod proposcd by .-lcigt~lcs aricl Lcjpcz-C;ijiiri ( 199 1 ). Thch o!)je1ct il-c is tu cic~-cxiop a 

i i r i i f i c d  r i i c a t  liod for rhc c)pt imimt io11 of' ('iini rri'cIiaiiis~~is. 

1. Pressure Angle 



2 DETERlLIS.\TIOS OF THE OC'CCRRESCE OF THE ~I.-\SIJIL*".\I PRESSC-RE . -ISGLE 

2. Determination of the Occurrence of the Maximuin Pressure 

Angle 



3. Translating Follower 

T h  stiid!- of t h  kiiifo-cdgo tr;~~isIatiiig follu~vc~ is c q i i i ~ ~ i l c ~ i i r  t o  t l i r l  st iitl!. of' r 110 

rollor trarislatirig follow~r. TIioy I ~ o t l i  l i ; i \ - c x  r I i ( ~  siiriic p~-(~ssiiro iiiigk~ distril)iitiori. n-licr~ 

t  1io 1)roRIil of ttic caiii iritli t l i o  kiiifcvclg(b Solloux~r Iwirig dcscrilwcl II!. t l i<~ triij(lctor~- 

0 1 '  t  li(1 (.(lIll 1.0 o f  t 1 l ( b  follo\vc~r-roll(~i-. 

T l i ~  ~olIo\i*c~r-clispliico~~ii~rit prograiri of ;L caiii iiiwliaiiisiii is i i ~ i i i i l l > -  givwi as t l i ~  

si1111 01' ii ~.oiistiliit alid a positii-cb-scrriiclclfinitc fun(-tion O( t : ) .  For ;I c x r r i  \vit 11 tri~ris- 

Lit irig Soll»wcr. thcl coristarit is c. \rliicli rcprtwrits t lic: si~iiiIl<lst ( l ispl~ici~tii~~ii~ of l i o  

follou-W. Fig. 3.2. Thc tlisp1;iccrxicrit of t l i ~  followcr cari Iw tvrittcm as 



( T I  - P 
tan c l  = - 

o t c. 



1 '  

, ' 
.. / - 150 

50 'QG : 50 M O  2% 300 250 
'3 



4. Oscillating Follower 





5 .  Graphical User Interface 

i r i r  cuct  il-() G CI Builder to aid the rlcsigncr during the dcsigri procclss. 



Sclrct tilt-' t>-PC' of folloivcr 
s r t  tlic x~irisimiirn i l l l ( > \ ~ d  prclssiircl xiiglc 
scxt t l i ~  riiiriirriimi alioivcd prcbssiiro a iglc~ 
iiiitial giiess of the 10c.iitioti of the rriasir i i t i rr i  

prossurr itiigI(1 
initial gii'ss o f  t t i v  Iomtiori of thcl ir i i r i i i r i i i r i i  

I)TCSSI~I.C i t ~ i ~ l f '  

sr 1cc.t t ht) displac.cw icxrit ~ > i ' ~ f i i . i l i ~  

ohairi th(. uptirriiirri <.itIri pararrirbttbrs 
display t h )  prc.ssiirtb aiiglrb clistribiitiori 
displzi>- t tic cwn profilc 
rlisplav t tic. clispluc-ciricmr progr-iirii 
exit t h  program 

Table 3.1: G LI fiiricr ioris 



CHAPTER 4 

-- 

O pt imizat ion of the Elast ic Torque 

Compensator 

Tho ol)jt*ct il.(* of t,liis ç1iaptt.r is to  dcvclop a nict iiodoiog?- t o  clesigri aicl s ~ m t  liesizc. 

a c-mi-spririg iricvhanisrn to  compeiisate t h  loaci variations duc t o  a prkriociic. torclricl- 

O S  0 1 1 1 1 1  1 0 1 1 O 1 O -  [*-(JI. 

tiio cas(. of a (:am-followcr systcrii. tlic rccliiircid 1-clocity is iisiiwlly c.o~israri?. I ) i i t  thcb 

t-oquii-v<i torqur  is periodic. ~ ) ( * c ~ ~ I I s c  th<\ vtli)city of th(1 f ~ i l o u - ~ r  f l i l ~ * t ~ i i l t ~ ~  pvrio~li~-;dl~. .  

Tlicl soliitiori is t o  iisc a cai~i-spi-itig ni(di;t~iistii to  C O ~ I ~ I X ~ I I S ; ~ . ~ ~ ~  t,lio H I I C - ~  11itt ing toi-(~ricb 

(Sistiioka c.t al .  199:3. 1994a. 1994h. arid 19%). Tliv rriairi piirposr* of r i i r  spring is tu  

;il)sorl) 0110rp,3- f m i  tlic systc.rri wiicri thcl rcquireci torclu(> is loue. aiitl rdoasc~ o1ie1rg?- 

t c, t iic1 systcvii n'heri t h  rcquirc~l torqtic* is hifiii. Csirig t hi.; r~i<~r-iia~iisrri. ctc~pic-r(~(l i ~ i  

Fi%. 4.1. t I I ( *  i ~ ~ o t o r  (-mi Iw o p ~ a t  ( Y I  i ~ r  ( - o ~ ~ s t ; ~ t i t  \-(~lo(-it>.. Tl"' ( ~ L I I I - ~ I I I - ~ I I ~ ,  3>-31 t b l l l  \\*;L> 

tcbr~iit~l iiri  c.1a.i.t~ t o n ~ u e  co~npensr~tor (ETC) i r i  (Lam c*t aI.. 1991). 

1. Nomenclature 

Thch ~io ta t io t i  uscd to  ctcscril~c t lw  carii-spririg s~.stcrri is listcd bc~lon-: 



Figure 4.2: Liiyotit of (a)  t l ic  priiiiary s~+stciii aiitl (1)) tlic ETC systi:iri 



2. Mechanism Dynamics and Mat hemat ical Model 

ii.hc*r-cb L is t i l t .  Lagrangiar~. aucl / is tfic gewralinvl 1;)r(-o. 

TILO ki~wtir- a ~ d  potcntiid cw3rgic.s ;mX rep~-c:scbr~ttd by T m d  -. ~ . r q ~ ~ - t i \ x ~ l \ - .  I t  

is ~ ~ S S I I I I I ( ~ ( I  that tho p u t ~ ~ t i i d  ( * I ~ C \ I - ~ J -  co~isists of' only t l l t b  (:Iastic C I I ~ ~ ~ ~ J -  st or(d i 1 1  t h o  

q ~ r i u , q .  a1u1 li(~ice. 

- l & ~ d o ~ - ( ~ .  r l t ~  first m c l  S ( T C ) I L ~  ~ C ~ I - I I I S  d  ti^ L i ~ g r ~ l g ~  quation (4 .1  ) ~ W I I W  





4.3 SELECT103 OF THE SPFUSG COSST--4ST 

tlic sizc of 

3. Selection of the Spring Constant 

3.1. Lower Bound. I n  lligli-spwd W I I ~  applicat io~ib. huch a s  in iiir(-i.ilf't 01. iri  

;iiitoiiiol)ilo mgiiies. a rapid rcciprocatirig motion of t h  fo1lo~~r.i is iisiially ~)ro(li~rvl.  

I I I  tli(wa c-iisvs. i t  is iriiportarit to avoicl rcsoriilri(.(b txbtivcrbri t l i ~  rclc'iproc'i~tiiig rriotiori 

of' t t i o  oritl of' t1,o spritig iit~d t l i ~  riatilral fi.~que~icies of \'il)riitiu~l of t l iv  spririg-fi)llo\v(~ 

hyst ( ' 1 1 1 .  



-1.3 SELECTIOS OF T H E  SPRISC; C'OSST-4ST 

F o r  a carri riicchariisni wi t 11 sri iripiit arigular vc1ocit~- of w ,  (riid/s). t l i c b  pusitir~xi 

of r Iio spriiig is givc.11 trs a fi~rictiori of rirrit~ iri tlw forrri 

II 

f ( f )  sin(rrd,f.)rlt n = 1. 2 .  . . - 
" . 



4.3 SELECTIOS OF THE SPRISC; COSST,-\ST 

3.2. Optimum Design of Helical Springs. -4s s l i c ~ ~ i  i r i  t I I P  !)rvvio~is wr -  

riolis. i t  is atlvaritagcoiis to s ~ l c c t  ;i liigli spi'irig coIistilrit. I-fon-(l\~*r- i f  t S ~ S ~ I L ~  

<.oristai~t is lm-go. tlic forw acting uri tiir (.iiIxi is also largc. tlius rcsultirig iri iiricli~sir- 

i ~ t , l ~  forc.os 0 1 1  t l i t )  bclariiigs ;irid iricrcvisirig wvar. Tiiclrrforr. at t i1v rricist c-o~riprossod 

(.ori~litiori of' tlic spririg. tiic* tursiorial siicar strcss riiiist riot (isc:rbotl a s~,c~cifi(d valiic' -rd. 

i f  orily t i i v  torsicirial sliclar st rvss :ilid ac:ti\-c coils ;ire corisictcrcd. Spor ts ( 198.5) s l i o w ~ i  



4.3 SELECT105 OF THE SPIUSG COSST,\ST 

cli;it if r tic spririg is desigricd so tliat tIit1 i i i i ~ i i r r i ~ i i i i  Ioad ( PI,,,,, ). s t  rcbss ( r,,,,,, ). aiid dc- 

f c ~ . t  ion arcb wactly one-half t h  i~ixxirriiiiii ioad (P,,,,,). stress (T~, , , , )  aiid deflclctiori. 

t l i v  spriiig will contain tlic least possible airioilnt of matcrial. 



5.1 DESIGS OF -4 LOSG-STROKE QCICK-RETCRX hIECH=\SISlI 

CHAPTER 5 

Applications 

1. Design of a Long-Stroke Quick-Return Mechanism 

TIio i-asr iiriclrr stiid?. arises i r i  tlitl procliictiori of \.eriec.r. -4 quick-r(bt~mi  dia- 

ii i s r i i  is iio~~clrcl t o  traiisporî ilri<l gliic ïpiicc:r strips n-itli tlic cli~iimsiuris of 9 111 iiatigtli. 

0.30 I I I  ividtii. ancl 5 ni~ii  of t t~i(~kii(wi. T l i ( b  strok(8 o f  t 11(1 ~ ~ ~ ( ~ ( ~ i ~ i ~ l i i ~ t ~ ~  ih 13 I I I  : I I ~ ( I  r I I I ,  

ptlriocl rvqiiirorl for cacti operation ie iiboiit 2 S. Tlicb qui<-k-n~tiirii iiiur i o i i  ib (Iiw-ri!~<~(l 

i ~ i  Till)l(b 3.1. a11~1 illustratcd i r i  Figiiws 3.1 arid 5.2. T ~ c  forii-arc1 a i i ( 1  nbt  111-11 111ot ions 

;Li-(' > i 1 ) 1 > i - < > ~ i i i i i i t ~ ~ ~ l  s r  a 4 -  1 0 - i ~ i  S I  t h t  t1itb ili~~>liii . i~iii<~iir.  \-(liorit?-. 

i l ( '~ ' (bi( lr i~ti~)~~. i~11cl jvrk iLrtl ~11100th a t  tlic crlcl points. 

T t i ~  lorig-strokcb iiiotioii (sari bel iniplrriieritcd 11- iricaris of ii slicl(.r clri\-ri1 vitli(1r 

1))- tlio I)(~It  of a I~c%lt-piillcy rri<diariisrn or IV-  tlic riiit of a Imll S(T(W-. \\*P dis(-iiss tlw 

t \VO ('iiS('5 I>~blo~i.. 

Table 5.1: Qtiick-1-c~tiirti rriotioii 



0. 
O 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2 

Time (sec) 

Figure 5.1: Qiiick-rctiirii rriutioli 

Table 5.2: Parariicwrs of t hc carri for t licl belt-pullc?- riicc.liariisrii 

1 
- - :3 

O =  = 0.59GS rad = 34.2' 
TD~-\ , , , ,~  i ~ ( O - l ) ( l G )  

L-siriz w DC riioror optariitittg i i t  its rioriiiiial s p o ( ~ l  o f  3000 rprti- \vit11 ii S ~ H V Y ~  

rcdiicw c'itli rat io of 100 : 1. clac11 opcratiori takcs esac t ly  "sr-oriels to pcxrfc~t-III. 

Applyirig thcl riicltIiuci ci(~\-cdo~icci iii  t h e  prcvioiis c-Iiaptcm. r l i ~  o~)tii~iiirri  pir;rriicS- 

rtbi.s of  t lio carri arcb obta i~iwl  aricl sliowri i r i  Table 5 . 2 .  Thcl prcssstirc ii~iglc distribiitiori 

aiid tlw profilc of thc  ciiïii for t h  kclt-pull- rnccliariisrn arc slion-ri in Fig. 3.3 arirl 5.4. 



1 DESIGS OF X LOSCLSTROKE QUICI<-RETL-RS IIEC'H=\SIS~I 

-1.51 1 I 
1 I l 

O 0.2 0.4 0.6 0.8 1 1.2 1 4  1.6 1.8 2 
Time (sec) 

4 [  I 1 

11 i 

(I 
C ' 
O 1 
'" 0 d a l 
0) 

1 
l 

-4 9 1 

O 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2 
Time (sec) 



-5.1 DESIGS OF -4 LOSG-STROKE QuILK-RETC-RS lIEC'H,ASISlI 

Figure 5.3: Pressurc angle distribution for a I)r4t-pull(~y iiioc4i;iriisrii 

1 
- Ptrcn-cuwe ' 
- Cam profile ' 
- - 1 Base ctrcie , 

Figure 5.4: Profi l~ of thc riiiriitxiiiiri-sizc cwrii for ~ t i c .  lwIt-pii11(~y ~riidiitriisrii 



Figure 5.5: Plot of thc ciirvatiirta 

Table 5.3: Paraiiictcm of th[. (-mi 



Figure 5.6: Fliictuatiiig torqiic o r i  the asis of tlir follon-<tr 



n-ticlrc ;,, is thcl nominal spcod of t hc. DC' rriotor 



h 

Table 5.4: i'aranictclx-s o f  tiw ETC' (.mi 

Optimum spring / Suboptimum spring 1 
0.0586 m 1 0.0761 nl I 

I 
1 

c 0.1744 r i i  I 0.1146 111 1 

TIi(h optiniiiiii clisplwe~rioiit prograin of tiic ETC is showri in Fig. 5.Sa. I t  shoiild 

, 6  

t>ri riorrcl t tiat thc displaccrilrmr: prograni is not srnootti ciurirtg t h e  fi111 (->-CIP. I f  t l i t z  

0.1744 ni l 0- 1 1-16 II1 I 

ETC' s>-stcwi is dcsigricrl siic:ii tliat t h  spririg is uptiriiui~i. t i i ~  r r i a s i r r i i i i r i  r1is~>l;i~.c~r11~~1it 

o f  t tic. spriiig itiiist l)il iric.ro;is(lrl t o  t ! i ~  poirit t v l i c w  t h c b  r r i i r i i r r i i r r r i  ~! ispla~-r~ri ic~~i~ is o i i c b  

1i;ilf o f  t l l ~  ~ ~ i i i ~ i t ~ i ~ i r ~ i  ~21ltl~. k l ~  S I I O ~ V I ~  i i ~  Fig. 5-921. But ils Ei l ) l~ l  3.-! ~ l i ~ i \ - ~ -  t110 ( * i i i i i  

sizo for t t i ~  rricchanism ivitli t h  optiniuni spririg is qiiitc largo. Th. \-alilcl o f  t t i ( b  

r i i ; i s i i i i t i i r i  crlisplac.crnc~rit is sclcc.tc~cI t o  l ) t  Ir = 0.01G1 rii. as stlon~i i r i  Fig. 5-91,. siic.11 

tI i (1  (.;i~ii sizv of' tlic ETC systcirli is siriiilar- tu t t ic1 sizv of' t l i c b  prirriar>- c-arii. 

TIiv parmietcrs for t h  carn of ttio ETC arc givcri i r i  Td)lc 5.4. Tlitl carri profilcb. 

t l i c l  pitcli-ciin-cl. a n c l  the basc circltl are shown in Fig. 5.10. 



Figure 5.9: Displacciii<~rit of tlic spriiig: (a)  optiiiiuiii spririg: ( I I )  siit)optiiiiiiiii oipriiig 

Figure 5.10: Ciiiri profilcl of' t h  ETC 

-- 
Csirig staiiilrss stwl \vin. \vitIl dosigr1 t o r ~ i u i i i i l  slicar st r(lss o f  r d  = i .,O 1 1  Pii. 

;tilt1 riiodulus of ci;istic+it~- of G' = 69 GPii. t h  pai.;iiiir-tcsi-s of t.lic opti~riiiiii  spi-iiig arcb 

stiowii i r i  Tr-itdc 5.5. 

Tiicb 3-D riiociel of th<? riiotlulating rriecliariisiii for tlic cliiick-retiirii i r i c ~ c l i ~ i r i i s r i i  

\vas produccd using ProErigiriric!r. Tlie rricctiariisrri is showri in Fig. 5.11 arid .5.12. 



Table 5.5: Parmrictcm of thc spririg 

Figure 5.11: :3-D rriodr>l of tlic rriodulat irig riiccliii~ii~i~i 

L-si~ig a s ~ ) o ( ~ l  i l~~ lp l i f i (b~  \vit11 a11 ;m~plificxt ion o f  1 : G 12. t l i ( 8  sircv>l) o f  t 1 1 ~ ~  f( )!~O\V(*I-  

is (.;~l(-lll;tt(~I to 1 ~ 8  44.3'- s o t < >  tll i l t  .?l? is th(% (-111)(~  of* s- t l l f b  I I ~ ~ L S ~ I I ~ I I I I I  ~ I ) ( ~ ( Y !  t . i i t ~ O  

[)i-od1ic.~~l iv i t l i  a plariar SI>CCV~-O-C~IIII. Tliis riitio is l i i i i i t c d  b>* t1io ~)rc~sstirc~ ariglo. 

1.2.1. Equivulent ~ r ~ o ~ r t c r t t  of inertz'c~. Tlich rqiiiva1r:rit rriuriicArit o f  iritbrtiw is i i i -  

c l i i c d  1)'- AI t.lic. rriovirig parts c-oiiplc*d to tlw folloivc~. -4gaiii. t h  iricrtia O H  t h  



Figure 5.12: Front \-ic.n- of the niotiiilatirig riicr-liariism 

, : I11011i(>llt of' illO1-t iil C ~ I I ( ~  t 0  t h t b  II l i tSS o f  t fi(> t l - i i ~ i ~ ~ > < ) S t  (>CI r)i>j(i(*t. ;Lriri Est i i i . 0 ~ .  

Foi- t lir .  I)all wrcw niatic of staiiilcss stccl witli dcnsity p = 7.32 x 10.'' kg/rri". 

T11c' toquiroti t0rq11~ ~ K I C T C ~ ~ S C ~ S  witli tlic sclti;rrt of t h  ariiplificatiori: tlicsc$or(~. if 

a largcb arriplific-atiori firc toi. is iiscd. tlicl torqiiv 1icc4ed to 1 ) ~ .  c ' o i r i  pcwsatcd iiiigiit iio t 



5 . 2  REPL-ALEMEST OF ELLIPTIC GE-ARS CSISG -4 SISCLE C';\AI .\IECH.4SISl[ 

Figure 5.13: Fliict uatirig torciirc ori thcs asis  of t h  follo\vc~r 

2. Replacement of Elliptic Gears Using a Single Cam Mecha- 

nism 

T I i ( ~  pr-ol)lc~rl~ ac I ~ m d  ccmsists of r ~ p l x i r i g  t lit tt-ar~sr[~issiot~ ~ ~ ~ ( v - / i x t i i ~ t ~ ~  o f  i l  r w  i l i l  

rii;ic:liiiic~. Fig. 5-14. c o ~ ~ ~ p o s c r i  of a11 t4lipti<:-gc;ir trait1 arid a fiiiir-t>;ii- liiikago. n - i t l i  ii 

s i i ~ ~ p l ( ~ r  ~ ~ ~ ( d ~ i ~ ~ l i ~ i l i .  T l i ~  0 1 1 d  rosidt is a cari  i~ieclia~iisrii with i ~ i i t l i r ~ i u i i i  s im ot)tai~i(d 

iisiiig t f i i l  ~iic~tliocl proposc~l ~ I I  t h c l  [wvioiis stv+riolis. 
- - 
I Il(% fii~ic-tiori of tlie hur-bar  iricctiariisrri is to prodiicct t h  clcsircd rockcar iriotioii 

of tlic tlrivcri liiik. wlicreas the fiiriction of the elliptk-gctar train is to sriiootli tli(i 

i~iotioii protfiiccd t ~ y  t h t  four-bar linkagcl. Iriclceci. siticc~ tlics riiorioii of r I i c1  links o f  



, j t i c  1 j G e a r  Train Linkage 

Figure 5.14: TI-arisriiissioii riirc-liariisrii of a tc l s t i l t~  ~ i i ; i ( - l i i i ~ ( ~ .  

Figure 5.15: Sk'trli of tiir ~ l l ipt ic-gmr i i i ( a ~ 1 i i i i i i ~ i i i  

Figure 5.16: Skctcli of the four-bar nicciiaiiisiii 



-5.2 REPL-4CEIIEST OF ELLIPTIC GE.\RS L'SISC; -4 SISGLE C=\.\I IlECH.\SISlI 

Table 5.6: Parmietci-s of tlio trarisrriissiori niccliariisrri 



5 . 2  REPL-4CElIEST OF ELLIPTIC GE=\RS L'SISG .? SISGLE C . U l  .\lECH.\SISlI 

Figure 5.17: I r i p i i r - c ~ i i t p u t  plots of t l i c b  c'llipr ii.-gc\2tr t rairi 



.5.2 REPL..-lCE,\IEST OF ELLIPTIC GE-ARS L-SISG A SISGLE C.411 SIECH-ASIS1I 

Figure 5.19: I i i p i i t - o u t  p i t  plots of r l ic l  (-oiiiposctl t i i o c . l i a i i i s r i i  



Table 5.7: Parariiutcrs of t tic.  opt i r ~ i i i r r i  uarri rricc.tixnisrri 



5.7  REPL.4LElIEST OF ELLIPTIC GEARS cSISG .A SISGLE C-UI  IIECH=\SISlI 

- P~rcn-curve 
- Cam profile 

- - Base circie 

- - - -  

Figure 5.21: Profilc of t l ici  optiriiurii caru 



CHAPTER 6 

Conclusions and Recommendat ions for 

Future Work 

1. Conclusions 



6.2 RECOlIlIESD=\TIOSS FOR FUTURE \YORK 

to  c~tivc~t-t  rotary niot ion to trarislatory motion arrd a n  elast ic torqiio coriiperisator 

irrt> desig~ied. 

1 ' l i t b  1-cplaci*iiiciit of tiicb trarisriiissiori rriiicliariis~ri of' a tctstile r~inc.lii~ii~ c.oiiiposcd 

o f  i i r i  calliptic-gear t rain aiici a four-bar lirikagcx with a siniplcr nicdiitriisni bascd on  

cwris is :LISCI i i ic lu~i~>d.  

2. Recornmendations for Future Work 

Tlic proposcd optirriization nirtliod lias to t ~ c  cwericird t o  c->-1iridric:al. spkicric-al. 

i i r i c l  spariiti ritni rriwhanisrns. 

Fiirtliclr rcscardi is riocdcd to pro\-(% chat t l i c x  r i i i r i i r r i i i r ~ i  c ; i z r b  o f  tl io ( - a r i i  is 0 1 ) -  

tairicrl n-tien thc  niixxirriiini a n d  niiriiniuni values of t h  prcssiircB iiriglc aril equal b u t  

o f  oppositc. sigris. 

Irxipltbrrirrit ing a n  optinlization nict tiod t hat considcrs strcJss c-oriccrit ratinri \v\-ticri 

rniiiiiiiiziiig thci cxr i  sim slioiild also bc gi\-cri tliir attcntiori 
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-4PPESDIS -4. PITCH CCR\-E .ASD C-411 PROFILE 

APPENDIX A 

Pitch Curve and Cam Profile 

Ii i  ordcr co avoid uiiclcrcuttiiig or largc? (:ontact-stresses L)cbttwcii t l ic l  (.;titi arid t t i c b  

rollcr. t h t l  radius of the rollcr iriiist \ > c h  a fraction of t h  rriiriiriiurri radius o f  cun-atiircb 

of' tlic' pitcli (.iir\-e. Thch csprcssiori for thc ciin-ature of t l i ~  pitc.11 cilr\.cl is gii-cri as 

( -Aiigt~l(~s iuid Ltipez-Cajuri. 1991 ). 

Tlicwforca. t . 1 1 ~  niiriiniiirri radii~s of c.rirvaturc* is 



APPESDIS A. PITCH CCR\'E A S D  C'.\If PROFILE 

Figure A.1: Gcoiric~tr~. of  clic r'arll profil('. 


