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We noun ........... ber thaI I.". bhl .. , potIomm,"",. 
tho "" ..... ' .......... ";On "no re., .. I. ",.,1 work as a 
I....,., I::nai,.. t.onoepo..'cr 3M 10«1"" 0II1P111 .t .ny 
.,... ,i ... ",.,.,M •• ..-.g "'''''' ,binp. on tho Ioo.d 
pIaMI on I,," ......... \1'. ~_. 10f' ....... pIt. I""t a 
...... ........ ."..,.1"" at 4000 rpm orilh tho ""-
"' ....... im ..... tn1, Of' oritb tho ...... _ .... 1lIIi .. on 
ft ... prod"" .. \W)" ~t"" ""'-"" ~ ... lillie 
r ...... if I'fq..m Lo .pi~ lho wboolo. tJt, .. ifttalr.e IIWIi­
loid -"um .. ~itJ"- A Ioood pboood on ,hi< """ ... 10 
hold i .. opoood '" 4000 rpm orin I'fquiro ,bat tho throUle 
be 0$ItII0d wid. '" 1'«1_ mo.ifold _""m. 

II', know I"". ~ .. moo' 111" ~ I ..... and ai, into 
an '"'IIin< '0 inornoe its ""tpuL 

II to tho Job 01 ,b. ".n,m',"o ... d ~'r .,1. , •• r 
"',. '0 ............. t. adj ... tb . r ... "k«I I"~u Iood 
of .,.....h.llbu .. t. lb ..... of looad .blrb tb • •• t'" 
<0 ...... 1. ' _"""1_ f'"i&. 2 ....,.. tho maDmum ........ w~"", l)"pieOl \·-8....,; ...... n prod_ undor 
idoeod 10M -"'itiono. Thia ~ wu pIottod whilo tho 
~ ... wall -""Ii ... t lull '-tlo on. _ MuId. 

1 ~ 1 ·#l-tH I ... '-' ... -,-_ .... _._--t...-. !_ TJpkaJ E..,.-inc Cn.kMaf, -ro.q .. CIorft 
.1 t-'U·T1o .. tlIo Oporollol> 

Tho idoeod tn. ............ and ....... 10 """,bI ... ,;.". orill 
odjuot 1M .,.; ......... d to p«Id .... tho .. me eurvt at 
lull·,hr«tI. """",Iiot'o in , .. t. [",', pul • 3-8.-
• ulom"ie tn&ram''''''' on ,he _ • .,.. ... a nd iratall 
in a''',. )0;<)\0. ieI'. mak. a I"fl·th",,," """*,,,Iiot'o up , 

to 100 mph and ....... u'" .ho 10«1110 workl:'ll' en tho 
dri, ... balt dwinJI thio mn , W. ",II plot" dr. • • >haft 
to<qllO .......... "'-n in ""' ..... in t"ia:. 3, I)u"; .. ,hi. 
..,.,.!era'iorl. dri~ wIt torq .. io _,_ al.tart and 
.......... oharpIy up to 20 mph. M ... 0( thi. torq ... 
l'«luetlon __ plitbod ,utomalltany In the ........ 
__ . Tho t ..... *bNp! ... 'h"" .......... d ... to_ 
n.tioduo-. 

-
,." "'" 

I - ---
I -- ---! -""",' -I 

> • 

•• '" .. 'oo --
fq:. 3-T)'pkaI Drh. Shal l Torq ... Do",_ 

\lurl.....- ~''' lI ·Th",l\J. A .. d ... llon 

TIM .............. in ~' .. _ 3 .h.o ... lbodri ••• ""'t ...... 
.... d torq .... RO&d .... d torq ... in 'hi ..... m .... only 
to lhe d";~ .... ,1 ........ requir«i to kHllIOe eo, mo" 



I",. 01 l!\at panie~lar.peed. ,115 mp/!.. lho drive WIt 
I"OIOd Iond l<wqut ..... 20 It-lbo aO><l 11>0 dri"" ""'It 
inpUII<wqUII from lhe tr.Insmi .. ion """ aboul850 It-Ibs. 
Thu """ .. Ibnt 8Z5 II·lbs or dri"" ""'II torqUII ..... 
.""iloblt '0 oo:ceIonte tho ...... At 100 mpll. tho ro.od 
Iood torquo r<q~Wmenu 00><1 lho dri ....... It input 
torq ....... oq ... l. n-. ;. DO 10/ • ..,..... torquo 10 ..ooej. 

.... te "" ... The ..... """ _ rnui"~m opeod. 
Si .... "" ........... u...- dH-p illlO lho .. 1>.iod or drift 

obon '" tranoraiooioa ou.put ohaft torq .... ~ .• _ 
whot Iot._ .. <.his torq.,. ;. IrlIIOIIInWd 10 the _ ..... 

.-n>m .ho dri ... 0I»1t torque ......... .-" in ria. a. 
.... an d ..... 1"IOIbor <hart .. hieh will ohow dri ... pinion 
,.",. aO><l • .r •• ,,"It torquo lor lho .. me ..... duri!lJ! \he 
...... lulI·throttlt .....,r.ntion. 

I 
I 

,* 
'M 

'M 

'. 
M -
M 

-
M 

'" 
• • • 

---
-,-
............ --- -

__ 1;0 

• .. .. roo -
• '1.0:. 4-Typla l lI,h', 1'1"1 ... a"d ,1.1. Shart To ..... " 

Cu,,'" IIU,I"" Full·Thr<>nr. M •• I."Ui"" 

ror _ ,"'_. ddT, .... 11 ......... " ••• 001.""'" 
'.1,., .,,"11 I .... U ...... ' •• , 0.1. drr •• ,.."'0 , ... .. 
Of. ,"".01. Of , .. , ...... Of, Ic~ .. ln. frk'iouJ , .... .. 
k .... 

T" d .... O<l' drive pinion torq ... <UtVO (Fir. 4) •• 11 
.... need 10 do;' ""..tor the dri .. oMit 1Or<l ............ 
f""" \.he fir. 3.!>art aDd ....... it ... tho FIc. 4 <Iot.r\. 
AI .. aid previoualy ......... ~ lrietiorW ...... 

TIM axIt oIot.ft torq ... OUI"\"e dopondo .. the dri .... 
pi .................. Drift pi ...... torq ... ;. "'ullipliod br pro. 
partiom 10 the dri .. pi ...... and Ii ........ ratio. _ it 
;. lI>trI aptit 0<1..,)11 lor the dri ... IIIafl..o I»- ,ho dilr .... 
...,ial oetioo>. 80 .... tho .. had • 3.00:1 dri"" pinion 
and ri"',.... .. \io. llIe ule ahaf. torque 10 1.6 U""", 
tile dri"" pinion torq ... . 

In tho intr«iuetion ..... di.........r b<oI.i .. Uy only 
"what"' .1>0 Uf', d,i~ Ii"" and roar o.le do. TI",y 
deli_ tho.".; .. driving poorer I""" .1>0 .... ......,i"""" 
O<llput ahalt lO.ho ..... r ... 1wIo. 

hl ..... I_ ..... ,.H .... '"I~'doli .... '.; ......... 
Lot', _ tho driI'O line and ...... ule'-' in ~",. I 
.. 0lIl" sui<It. _ tnoco the __ I\:Jw u......h i. .....,_t loy .....,ponent. 

En(ine __ .... r ...... the tn. ............ ""tput 
obaI. 10 ,he r .... t un.innoJ joint h ..... le. to tho ...... 
.......1 Joint opidor •• nd 10 tile dri"" .... ft. 

r,.,.., tho dri ... oh:olt. the .,........ now. thro\lah tho 
..... uni ....... ) joint 10 lho drive pinion 11:1""" _0><1 to 
t he dri • • pinion 1«". from tho dri .... pinion •• 1It 
_ I\owo 10 lilt ring (dri .... ) ...... "" difl ... ntial 
<:aoo. Ao tho """"" now. lrom .1>0 dri ... pinion 10 tho 
ri", IOU. ito torq ... is multipliod in -,">n to.ho 
,... ratio 0( tho dri .. pin.ion arid rill&""'. 

Ao "" _ ""'" '''''''''P the dilr«ftltW pi ...... 
and .... -. "" rIrivi .. .,........ ;. split iato t .... 
0<I1Iai __ n..er""". _I .,........ /lows Into -" 
axIt ohaft .nd _ '- wheel. 

, 

~_ ...... take. or- IooIc at tho indirid",", parto 
that mob ~p tho dri ... li ... oDd ......... 10. CIe.aoion>Uy • 
we will take a IooIc al tho <U1'<Opondi", pattin dri .... 
li_ and ..... ulot of diflom>t d .... n. , 
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DR IVE LINE OPERA liON 

T"" uni, ...... 1 iointa ore "oM In Our ')"pi<al Il OUh _i .. 
dri"" ~ ... (Fic. I I. Two uni ...... ' joints .... _uirf<J 
""'*- , ......... "lII" houoi .... in _I dri,.jl\ll _ only 
""""" up and """" in .-.!a ..... Io.he •• f.-.-.... t 
it.Ioo .......... on ita _n _tor In .... t .... to ,ho ...... . 
f""",, (rig. 15). Thiorneans.hot po ..... """ '~h ,ho dri,·. Ii"" may _h.,"1" di,..,."ion twi ... for ... mpl<. 
""';no po ..... /IowifQf ltom ..... "1Onsmiooion ou'pu. 
ahaft to ,he dri .. thai' .... 1· duo .... dirtdion .. i. fIooon 
,"'-" ,ho f""" wti ....... joi .... ,.. the ..... ..,.; ... 

, ........... ,.,... ...... ....,...,.. 

"""""" IIows from , ........... ""'It 10 , ... dri ... pinion. it 
m.y ..... in "",nllO di ...... ion. """'UOO the axle hu "",vet! 
up or down ot I ..... ). ha,.., ",." .0Il on i", own ...,t .... 
T ... _ /Iow .... y hove .... ~ direo:tiont, """'_ t'" ~ of the ......... y ho, .. allod for .... In ........ 
...... to ... , ........ hitlher III Iowft- 'ho" . he '- ode. 

1101".. we JOt""""" into dri .. Ii ... optn. ..... , ltI.., 
MIl ... """'" 01 .M <Om""'" ......... UoM in dri ... Ii". 
.... vitt 0.,....;., .... 

• 

"~.,.\l.l..ITI() ' "' (,LI:~ 

The tra ... mi..,.iQn .nd ............ Ie housi ........ I .... 
.... 11od in the .. r a •• delioi'" "1Ill1< in ",lotion to .ho 
...... {"'me III underbody otnodUl1t w;,:. 15~ The "",... 
.......... ill ri:Pdly .\1..,1I00.I to lho _ •• fr.o .... and ita 

;r"IItalla.ion ~'II" eha_ ... Iy to .he •• ten. 01 lhe 
<"Ii_In...,.;";"" """'nt o:IeIIo<l. r ... our _ . 
t .... '",n, miuiolo j,utalla\ion a .... 10 tk>es no, <" ..... 
durillf .... o.,....ion . The,...,. ad. houoill3" it ottachod 
to the '- 0JIri.,... ... h;.t, in 'um ................ to the 
1.-..-. Tho rnr ode houoifQf inota'lolio. ......... ....... 
10ft ............. 11 .... ~'II wi.k ..... 1Iousi .... up and 
down _I ond with ode 1Iousi", rotation duri"" 
br.Iki", and aeee ..... tion. Thol.".IIa.;"n an~" r ....... 
...... oxlo houoillf i" ' ...... , ..... ptOl!Ied w"'n.ho ."r it 
'tandi"" 'till.nd.I....-II .... ... 

Fir. 11_1'"on·C ... o, .. , v ..... ity·Type 
U,,),· ..... , Joint_De .......... ' .... 

1I'htn tho In---....ud ..... ode ho<toina i ... W. 
!alion a1ltrJooo and .... 'i .. heit/ll wilh m ......... to the 
...... 1m ..................... bii>hod ..... dri .. • h.f • ........ 
..... • ..., ........ blia!>od • 



Too tnn'mi",;".', i ... ",lb,;"" anglo i. '00 .!We 
I.,..""'" bj" 100 ,ra",mi";'n', ou'put .hoft """tori i .. 
""""';D.II,II< franteline (.'itr· 1~).Thi,,'n,ler.n 11< __ 
u .... on ,1>0 <= with a spiri"'Ie",1 pro.ra,".,...U.u.~II)". 
,II< prot''''''''' is applied to • I""" m.,hined "'riace on 
'00 ,,,,,n,,,,i,,,ion """'. T _ ",.<h il\E'tl .uri."" an! oi,"'" """,1101 '0"'"' e'.<lI)-' 90 d~ '0 ,1>0 ou,pu, 
,haft "",'nl.,,.li .... II. th<refOl"O, ,1>0 mach ined .uri;"", a, 
,II<- ,"" of ,he ''''''''m;..;on ."-'" i. 5 d~ from ,he 
,'fft;"'I. ,!Ie ou'put .hM, .. nl<r1ine i . 5 ~ lrom 
.h~ hori:wntal 

Too......,. axlo in. lallation "nglo i. tho "ngle for..-..d 
by ,he drive pinion .. nt..-iine in""""'ling ,he fra"", 
lil>O Wig. )6). "fhi, .""Ie <an 1>0 no ....... ""'" on machined 
, uri...,. on tho dill....",'i.1 c"'-;.,. hou",ng o.-on horioro"_ 
'al m""hined . urf .... on ,!Ie dri", pinion lh'W'. 

Thedri, ... h.f, in,~ .. II.'ion angle is """'"u .... by plae· 
ing a pmtrn<1« M ,he 'ubo I"",;"n of ,he dri,'~ shaft. 

r\I\f:lt~,\L JOI\T OPf:R~TI\(; \\(;I.E" 

Un i, ...... 1 join' opon'ing ,nglo i. ano,her eomrnon 
t<'rm in <lrive line di"","';"n. It i. tho .nglo lormed bJ' 
,he """'in~ 01 ,he ",n, ... lioo. of ,~-o dri'" hne oom· 
poncnt<which.,"wupled bya uni,·""",1 }oint (t1g. 10). 
Thi, anglo i • .-..f"""" to ao ,!Ie included 'Tl,Ilk Thi. 
anglo ."nno' be m"""om di,..."I)·. I,m"" be ""],,ubt«! 
lrom ,he in";.IIa,ion ongl<» of ,I>/! oom»o"""" ~'hOch 
a~ ooupied bJ' ,I>/! uniwnal ioinL If the wmpon.nt< 
ore ,iltod in ,he ",me di"",'ion. , he uni""",,1 join. 
opcr .• ti"l< ;.n,le ;' ,he diff ........ ""'~ __ the in.'al"'· 
,ion "ngl ... If ,II< eom»ol'>Oflt. ... ,il,«1 in oppo.;le 
di"",,;" ... ,ho uni, ....... 1 ioin, Op"""ing .ngle i. II>/! .um 
of the i""", lb.;"n ,,~I .. (!'ig. )0), 

I'i~. 1 1-U ni'~"," 1 Join, I'ower t'lo"' 

n ......... 'he .n,,'''~ j~lnl """,.otinl ... ~I •• ;, 
I .. "",",,,, b<fOU .... tho uni .. ' .... Join" in OUI ,y,i<aJ 
d,;,o lin. (Hf. 6) .'. ,h .... n·,"O',"O' ,',lo<i'Y·""" 

The ve"",ity which .. ~fen-ed 10 in ,he non-<» .. tan, 
.,.Ioci,y-type uni,.."...1 joint. is ' Tl,Ilu!ar ve""'ity. 
U.ually a . haft·. ".lo<:i'1 (.pood of rotation) ;, m''''und 
in "'''''' of oomplele tum. (tevolu';"",,) P<'I" time unit 
(minute). I· .... <amp"'. l (lOCl .pm moo", tha, ,he , hal, 

FiJ<. 13--:O;oo·Coo , lonl V,locity· Typ< Uru,.. .... 1 Joinl Op,ralion 
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O P ERATION 

f"", to rotal<' in lhe ),ok. on tl\oirolVn ""nl<n. 
The m<><lol h.u pointor> and divided oil'd .. on lhe 

drivi". and dl'i,..", .tuflJl, Thi. mak .. il PM>ible to 
oompare driving onO drivon ,holl l'(ltalkln at 45 
,,-inl«val .. 

Len look al t •• 1)(1\\ .... IIow through Ibi. Iype 01 
univ ..... 1 join' (~'ii:. (2). A. _ """'" from the 
dri"ing . hall to lhe dri"iog )"(Ik •• il .pli" into lwo 
equal 110" ... TI>< tWO flow. eornbino in the ""'"' and 
thoo .pHt ",",in .. tho 1)(1\\ .... fl()W. into the dri",,,, ),0.' . 
.... lhe power IIows from ,he yoke into the dri ,·." .tuft. 
the 110 ... oombine 0 .... "'oro ..... t •• "oivenal join' 
o ...... til\ll '1\lI1. inereaooo. the .PHd variOlion in the 
output >haft in .......... Si""" our model i, not made for 
pr-<cise measurement. let', O]><nll<> it wit. a 25 d_ 
uni,· ...... 1 joint o]><nlting angle. 00 thot the readingo 
will be oi .... b~ ond "';1)" oompo""' . Our purpooe it to 
dO""'Mtrat. a prinoiple rather tMn take preci .. 
m"",..-.ment.. A uni,· ..... 1 joint ol"'l"'ting in a ear will 
.. Idom 0 ...... '" at an .lIile _"" thon 7 d-. 

\'",w 1 in .1,. 13 ,boll', tho relati, .. _i'ion, of the 
oJri,.., and drivon poin..,... lor one·hall tum or ISO 
d"ll'"'-"" At 1) <k,p--ees.lho point .... are aligned. At 45 
d"ll'"'-"'.,I>< driv"" poin, ... i. al Ie.. tllon 45 d~ The 
ari,..", 'hMt h .. f.11en boh ind lhe dn ... . hofl .ooul 
3 dogree<. At 90 <k,p--ees.,'" dri ... n .tul, hao ""ugh. up 
with the driving , hal,. Atlas dOfl'!"'O.the dril'fll .haft 
i, leadil\ll 'he drivi"" . ho/, bl' .boul 3 d_. AI 180 
d,gl'~>.Ihe poin""" .... alia-n<'<l , ni. i. ~hal i. "o"nl 
h, no. ·<on,lOnt "Io<il" 

M. ume Ihat ,he drilil\ll.halt .. turning at. oo .. «,n' 
,PHd during lhe on .. nalf lum lrom 0 to 180 d~ 
The dri"on ,haft.du,ing Ihi, on,·half turn.""'1 , PHd "" 
it turned lrom 0 to 45 d~.~nd goined '''''''" ... it 
turned lrom 45 to 90 d~ From 90 to l35 d'-'S'""<" 
it gained , PHd and from 135 to 180 d<greeo Ihe dri,-.n 
. halt 1001 . "",,". 

Th" ,......", I ... lheoo! ohonlt<" in ,POOJ i •• hown in 
1';.,..,,2, 3 and 4 in fIg, 13 . The uni,·""",1 join' l"(lk", 
ond ....... are a lev"," , y",,,m which t",,w .... rotalion 
from ,n. dri"ing '" lhe dl'i,-.n .halL Sin,," In. drive and 
dri,·.n ,haf", )'ok .. . ", not rola' ina: in ,he "'_ pla .... 
,be off«th" lev ... "I'm 1onsI'h>IU'\! oo"""n,l)" ehana-il\ll. 
\"iows 2. 3 and 4 ,ho"' the .lTo«ivo arm length> al 0, 
90 and l80 d_, 

Th" ,,1T .. ,i,.., orm length I •• ho"" for onl)' 01\1' 01 t .... 
dn"ing <:ro!!< or"" ""ee tho other dri"i"" ....,...,.I'm 
length i, id.."i",l A> ,ho drivil\ll )"(Ik. rola'" lrom 
0'090 dtogn ..... 'he elf ... "". ~I'm ""'Olth ""'" from 
m",im,n'" to minimum , f'""" 90 '" 180 d_.,he 
off .. ,i\"(' arm IenOlth t:O<'" from minimum to ,",,,imum, 
If the modol i, "" .. cd another o""hall 'urn. the fil'>t 
oneohall C)·.1e will be repeated a, far M dri,·. ond dri,''''' 
.hM' ,]><,«1 n"","",ion, "'" oon.,....". 

\"iew I in Fist. 13 show. t ho dri"inll" . haft poin l« at 
~5 d_ and tbe dri"01\ >haft poi""" at .... than 

45 degrHo. Tn. poin ...... wted from ...-0, Tn;' " 
whot i. mroot b)" non..,.,,,,,ta"t '~od'y, nuri ng t.o 
""'"" veri<><l of time. tho dr"" •• halt 1'0131«1 e .. otl)· 
W tum, and ,'" driven ,haft rotated Ie.. than U IUl'n , 

"WOO<T ootLI . ..... .., 

Fig. III_Slraddl. · ,l1ounltd Dr;" . Pinion 

Tho dn,..", .tuft ,urned slo~",. than the dri,·i". .haft, 
Tho "",""n for ,h" diff""""" in . PHd i, ,boll'" in 
\"i .... 2, 3 and 4 in fIg, 13. Tn. "niv ...... 1 join ........ 

. '11{. 17_0"'l'hu"g ·Moun.td Urin I'inion 

io a a.,."," ')'>t<>m ,lutt '''''''f .... mo'ion from.oo dri"illi 
)"(Ik. to tho dri""n )"oke. Sin .. ,I>< rokeo a ... nol 
lra""lilli in Ih ... me plan<'. lhe 011«",.., 1<,,,," arm 
""'11"1"',,",,oo .. ,,,nll)" "hanlPn,. \'"""~ 3 nnd4 (Fig. (3) 
,how lhe .rr .. ,iw arm k-nil'ru. at 0 ~ 45 ~ 
and 9Od'-'l!fl"l'O. 

The eIf"li, .. arm kmglh. in our 03 ... i, the ,h"""'t 
cli,ta.,.", bot_ tho dri, illi ),0." and '.0 ""nt(1"li". 
of t'" dri"on oh.ft. A. 100 dri"ing )'oko roloto. from 
o <kv-e< to 45 d~ 100 yol:c arm. m.". •• _ to 
the """ta-li ... of II>< rln, 'cn .,h.fl and I~b)' ,lIorton 

, 



the ,1f«li," arm ieo;t ....... ,lie off ... ti,~ """" boeomc 
.hort«. tl>oy will "" ... """ .... rotation in ,ho dri...,n 
. haft. al'hough tho)' a", """';" ing unilorm mo,ion 
lrom the driving liMit. 

A> lhe dri"ing yoko n>IM~. from 4~ d~ to 90 
~ ,ho off«,iv. iev ... ar .... bo<>orno ~\'Ol)' 
longer. nnd Inmmi!. Ieoo rotation .. II>oy btro.,. 
long« (.1g, 13). 

.... tho drivin" )'0<0 rota,,, from ISO ~ to 225 
d~ the n d<.v« to 45 d~ aClion ,"",uro, II is 
lho b<1;inning of a new cycle Ihal will be complctod , 
whon ,he yoko I'0I.:l100 Ixtok to 0 ~. 

Xow. let'. oboorve 110"' tho ,'aria,., .... in rotation 
d..,...".., in ,i"" as tho ';zeoftho "ni,· ...... 1 joinl o"..."t-
inJr .,ngle i. mi.-:l (ri$'. 14). With 0 10 degr<e uni· 
,~I join, O"""lin~ angle.tl\(! driven ,haft 11.-.. fallon 
\><hind thodrivin",haft IoAA ,h.,n I d~at45 d~ 
of ro""ion , 

Along ~'ith tho.pt.ed of .o",hon variation .. whieh a ... 
",,"oed by tho "niv ..... 1 join' o"""ling al an anglo, fI<l 
drh'ina; lorq .. ,·arut.,,,,,. A, tho drivon IiMf' rotalion 
i. in""'ruod b)' tho "ni, ....... 1 joint. it. torqu< i. mi"red. 
TI>e POWff no .. , of """""'. rem. i", tl\(! .. ,,,,.. The p.in 
in rot.>tion i. made at ,ho "po." of torque. 1'1>< 
oppOsite I>old. tf" for rotation"" beI ...... n tl\(! dri" jng 
.nd dri, .. n maft.. Wi,h a .,.. of ro"'hon. t~ '" a 
goin in torque. 

Tho """ uni,_1 joint ean ehani\' ,ho dri,'& maft', 
non_uniform motion inwa uniform drive pinion ,halt 
motion. provi<led lhal : 
t. Thoo".."lio; antrles of the """ .nd front uni.,.....] 

joints are equal (Fi$'. 15), This will be 10. if tho 
trnn""isoion output shalt and dri ... pinion mall 
aro »\\ranol, and if tl>oy lie in tl>< .. me vertiul plane 

2, The driving )'oko of the "''' u"i ...... 1 joint op<rates 
at 90 d_ to Ille drivi"l!' )'Ok~ of tho front uni_ 
"ORal joint. In Our typical dri, .. Ii .... Ih .. o:ond ition 

REAR AXlE AND DRIVE liNE 

' R'NC' H U OF OPiRATlON 

is met oi_ tl\(! dri,· • • haft )'Ok ...... in tile ~me 
p!a"". The)' are ... id to be "in ph .... " 

When tbe uni,xna,1 join .. .... arr.tn~ .. described 
abo.... lhe oon_uniform motion in'rodUDl'd into tho 
dri~e shaft b)' II>< front joinl ;. ca .. olled by lhe 
,..,.,. joint. 

Of «on«'fn in drh~ lin" _.i« or. t~. i" "allo<ion 
an,(l." .kl,h ,."rn , •• ,;U of 'b. ~"i .. r ... 1 j";"' 
_,a'iol •• ~, ... 

A can .. lling a"~1e ';'uation is no, ".....nl in the 
dri,.., line at all time.. A.1e Mu,ing """tion during 
luli ·throule ,I:\rto and panio·.top \>rakin,q o.u'" tho 
roar "niv...,1 joint o,.,....tini angle to inoreaoo f ..... 
than ,ho front joint angle i ............. In ,hi. booklet. 
only the 00.;0 problom of non-oo",t.,"1 ".Iooit)'-I)·pe 
univ ...... ' join .. i. di .. u....;. The actual uni" ...... 1 joint 
O!>I!f(l,ing .nill ... whioh are ...,.ptabt. in a ,!>«'ilk 
car, are do...",ir>e<i by tt.. manufaotu""" A. the typo 
of """ 'Wlpon<ion , t)'pe of engi ... nod ..... ""mi .. lon 
mounting. t.ngth of dri"e wIt. 010. ohan,l(\'. the drh" 
Ii ... ope<ating oh=l<.1i$tks 0\00 ohange, C\<=sionolly. 
It.. install .. ion angl<t ha,.., '" be .... torod '" "ne ... 
...,... spooif,calio"" to provide =p~1ble ""i,..".,.,1 joint 
o ...... ,ing angl ... 

DRIVE PINION MOUNTING 

In Our Iypical """ ad •• ,he dri~e pinion .. ,"addle 
moun«d .. ohown in Fig, 16. In lhe Fol"'n roar axl •• 
the drive pinion ;. •• ..-k".~ , or h'" an o, ... hung 
"",unting (Fi~. 17). Th ... , .. '0 'n'" 01 pinion "",unt­
i~ ",f ... to t l>< Io<alion of the pinion maft b<aringo in 
... !atlon to the pinion g<'III'. TI>< problem in mounting 
the dri,.., pinion i. to keep it in proper- """" with lhe 
rin~ !«'Or. When the drive pin ion .. drivin~ tho rin, 
!!<'Ir. tw<) ","ultant fOl'<'OO are .. ling, One is tl>< end 
th".., and the <>thor i, radial load , Thr"1 load is a 



~ R I,. CI H O ~ fR"'TIO" 

lome nelilll': parnllol to ,he axi, of the old,. while 
,.d.,I I .. d i. a lot<e ncting., right ang\eo to ,ho .h.lt. 

If b«>rinp.,.. i","olkd on I»tb._ of lhe pinion 
"""r. the problem ha, ~ .. ",ddled. The """.,,oy of 
,he pinion g<'W' to "bonge it. ",diol relO(imuhip " 'ith 
the ring g<or i. held book on both ,ideo of the i""". 

In ,he O\ .... hu~·t)·pe mountinK. ,ho tendency of t he 
pinion g<'8r to chani'" ,hi, ...,l,tio""h ip wi,h ,he ,in~ 
g<or i. Mid bock on "nil' "ne 'ide 01 'ho_. 

When ,he dri • • pinion i ... ",ddle mounted. ,he 
tapered mile< b<o.rinp OlIn be mounled c .... togel .... 
Wig. 16) • • in<e they do no, ha, .. to !>old .... k "Pi,..t 
,he pinion g<or'. tende""y 10 ohange ",Ia'ionoltip wi,h 
the drive It<<'' and got out 01 m .. h. The pilot b«>rin~ 
...,.;". thi, mo",,",on~ 

In lhe "vorbung' m<lunled dri". pinion (Fig, , 1). the 
ta.,.,..,J roller """'ring. oro . ...... d I""her ~""'" 1M> that 
'he Iron' bKuing hM '" Ioni ... b"" arm "-iains' tile 
..... r ""'''';ng (ph",) '" hold tho pinion It<<'. in ]In>]l<'' 
mesb. 

The tor"" <lri'·~. ooo,t and floe! ..... oflen uoed in ,."Ir axle <lioo"";o",- The Iorm d,,,-c indical .. tha, 
online »<I~"" is drivinll' IIIe car. Tn the """ ",.Ie. it 
mron. lbo' 'ho pinion 1'<\r i. driving tho rin¥ .-• 
• nr) that Iho t'''II~''''' and difiOffiltial.,... ..... dri "i ng 
,be "'a< ..-...,1,. The tct'm ,o.,t ind "",,," tha' \.he ""( , 
momentum i. drh'iflll ,ho ongine, In ,lie,..,.,. .. Ie, ,hi, 
m ... n. ,h.t ,he """ "'~" '" dri , iflll tho dilfoml,iol 
.... and ril1ll _ . and ,hat ,ho , iflll !<",r i. dri"i "~ 
,he pinion. 

The I....., 11<»1 ind"",1e< ,ha, tho "lIii .. drive and 
rear wheel dri~e ,,'" O<IuoL 

DuM .... a dri, .. eo"di'ion, tho "ri"" pinion shalt end 
thru., i. forward and is con'aino<! by ,he """ b«>ring. 
During '" eo,,,' eondi'ion "" on «>a$t, the dri'", pinion 
.... f' ond thr",,' i, """"".r<! and i. eonlt\ino<! by tl>e 
fron' bearing. On a floe, condi,ion , th.." i, 01 .m,.,... 
"" ",d tb" ", in ,he pi nion , 

Usual I)'. 'M pinion ,...., boari ng i, I,,!VI' ,h.n the 
front bearing. booa" .. pinion end ,hr"'t forte> on dri, .. 
.... generally vea .... tbon on oout (Fi,_ 17). On , ho 
rord ,traddle-mounted ",nion, tho bearinll' aT\> tl>e 
... me site to faci litate manuTao,u", and ottvi..,. 

DRIVE PINION BEARING PRELOAD 

r"" quic\ pinion and ri .... lfI"l' """,ation, the!<"," 
mWl' be held in exaotl)' ,lie proper """,b. Thio "'''''''' 
,ba' ,he pinion g<'<IT mu.' be hold '0 ..... ond play. 
Zero ""d pt..)'. in a .halt n>OUn,ed on 'wo oppooed 
tapered roll ... b«>riflll'. """,ns ,hat t ..... muot he ..... 
"I.,,,,,,,,,, I><-t_n ,he 00"", ond roll ...... "nd bet""",n 
the rollero and oup. in bo'h bearinJf'. A, "' .. """'" 
previously. pinion 4Ind th""t "" ....... di"""ion .. it 
_ from dri,'o to ..... t. If tbore io any .learnn"" a' 
'M roll ..... tM ",nion . har, "ill "olk book and for,h 
.. the dire<:, ion of thruot oh.'ng<)<. A walking pinion 

. baft "''''''''' ,ha, ,he ",nion . nd ring goa, aro ",alkin.<: 
in .nd ou, of proper .... h. 

To .... uro ..... 4Ind pla~ at all times, ,ho hooring 
rones are actually f""-"'<l "Pin" ,he rolleN •• nd ,lie 
rolleN agains, ,hoir cups. by tightening ,he pinion .haft 
nut ..... 'he pinion , h,,/t nu, i. 'ighlened . ,he pi nion 
.haft !\an"". ,he oil oIinllo\', the front hooring ' pa<er, 
,nd ,ho ..... r "".ring ""no oro !""-"'<l <1_ togetb .... 

In lhe ford ..... , a.to.. tho hoori n1 ' pa<er io rolb"," 
ihle -'" that a, a ._ifoed torquo on tr.. pinion nu" ,ho 

til'. !~:>.n·""nlin.o:- Goor Set Timin.<: )1;"k 

lpa<>'!' i. ><tueeud to a Ihort.er I,ngth. A. lho '1"""-
"" .. """' ..... ,he hooring oon ... ", pulled oro.... 'OINt .... 
and P""'" the bearing roll ..... "";"" 'heir oup<. When 
,hey are preooed to the point w ...... abou' ~ 15 intb· 
poutld torq ... is I'Oquired to kotp ,lie .baf, """ting. 
tile beariflll' "'" pro"",ly Pl"looded , .... 'M pinion wf' 
nut i. tillhtorwd oo),ond to. point 01 ..... ole-Man""., 
,ho roller b<ariflll'. ,ho pinion .h.,1t i . .. "'tohed. Thi. 
", .. tob ",,,,,,in, i. the pinion .halt and it tend, t~ k""P 
the hoorin1 rollE-rs _led ",'1<1 ... " II "1""",inR oondition. 

DRIVE PINION BEARING SPACER 

Wh)' b.\~" .po .... bet" ...... the t.>(>(ftd mile< ro.r. 
iTlll """""! The 'po""" i. plaoed 1Ie' .. ',-,",n the b«>ring 
.""..,., III." ,he)' .,'" pi""hed bet~"," I"" pin",n inpul 
. h,1l I\.,ng<l ~nd the pinion I«<Ir. Thi, will """'" the 
""""11ll <'Ir'" '" rot.>'" alo". with tho thalt , II a cone 
. "'nds "ill. ~'hile ,lie «>m»<ln'. '" ""xt '" i ~ ""la". i, 
will be "chen-ed" into a .hor .... length by ,lie movin~ 
rom po"... .. , If ,he """. \lero""" """'t .... both preload 
and pinch will "" lost. 

DRIVE PINION AND RING GEAR 

In h)-po;d g<ars. the teetll .... not .I"'igh .. They .... 
our"ed or tend to lollow lho form of a >1"",1. Thoro .... 
,·. riou, od"anlalte' in u";ng a hypoid ring .nd pinion -, 

" 



• 
t,... :t-OIIf ..... H.1 CUe A_bIJo 

An ImllOflan. I ... , ... is t.Ir.a ..... ~ ow. 10 .- on 
01'1'_ POltem. It 10 not --.ry 10 "",'elt the "",,!fr-
li_ .. I, the ..... with >piral bevtl ..... (.'i~. 18). 
The l>ini~" par i •• ","ally ott below the ..... torli .. 01 
the ri". roar. Thi. is what .... b\eI ... to 10 ..... ,hedrivo 
oIWl, alld in turn 10 ....... tho ,unnd 01 .be ..... which 
"",k .. ,"" ... tire ."tomobile ........... "..... by """' 
bypo;.! ........... ha,.. OIl ODd-wi. didi ... octiool bo-
......... be IftIlI ....... ";!.h tbt I'olli .. oction. Ilta .... 
0( 1.bio oIidi .. ...uoo., ... an able ... lap .Iot n.w and 
pi ..... ~ .tUck ill tun! Ii_ ... " __ pori,,", 
.... «10. --... ............. " 'l.oieI ... nlMi .. ri .. 
nodpin .... ,...._ 

Pinion .nd ri", ....... _ "",y be '--fIed .. hunt­
i .... "" •• hun.;"" ond po>rtial ""'"-~unli"". t:..h ...... 
!\<ation Iwo 110 ""'" ..... Ulrem<n .. fo< " "'irJ .. 1Or)' ..... 
tooth ronta« I"IU .... . 

FIJr. 21_0Ilr'ftftli.1 I·in .... Ooa' O!>t .... tlooo 

A h., .. , ,.or .... ill ..... in whie/l >..,. one pi!Don 
.... tooth _ iato _tact ";th ai, II" n.,. _ 
tooth. The 1.56 "';'" with 9 Iftt~ "" .... pin ... ud 
:I2tooethOfttl •• ri .. _.i1.~"".i .. _oec.. [ftoolh 
10111"" pi""",;. ""'"""" with tooth I .... \he ri". ..... . 
:u lho '"" mil, pi";"" IOOth I will <Or\taet ri ... ...... 
(MOlt "umbfti, 1.10.19,28-5.14.2:3,12_9,1&21 _ •• 
13.22,11_ 8,17,26 _ 3,12,21,30_7, 16, 2.1_ 2.11,20, 
2!I _ ~.15,z.&, ..... boek to l. In 1M .. ntt ..... bov •• , be 
,I""",," In<li .. ", t~. ond of 0 ... ""ool"t;on of ,II< nn, 

" 

'.tN(tHU Of O'l •• TlON 

tI:OaJ" anod tbe olllrt of a ...... "","OIution. 
A .o.·hu"hn( I'" ..,1 is ...... in whieh any 0 .. 

plni"" too,h will contact only a I.w ri". ,... t .... h. 
and in which oil poooibl< tooth «>nt.>e1. """bOnat;o", 
"';1) """" .... t in """ revoIu';"" of tbe ri". JOU. Tbe 
3.oo,l .. tio, with .. u... a 100000r>d:JO.or IUr>d 39-tooth 
<Ombination on tho pinion ~r>d rint: ...... is • _. 
hun.;"' ....... 

F"lJc. !!-Dlfr ...... ' .. 1 !'Inion"'" SkI. (: .... 0,. .. ,I0I0 

A ,.,hol _· ••• 11 ......... I is ...... in wlUeh _OJ" 
OlIO pinion tooth """'" into _tac, ";'h only pu\ of 
lbe n .... J:tar ..... h. bu, """" t .... n ono revoIut;"" 0/ tho 
rin, lNl" Ia ~"ired to bring outall poooible..". tooth 
contao' """bO .. lIonl. Tho 3.(,,);1 ratio .. ith a 10. and 
35-lNl" tooth ..... bi .. tion is a par,;,,1 non· hun';". -", , ...... u .... 4 ~.;.t ... ·h.h ........ to U •• 
• ......... ··u ........... k_ ,~ .. _ """ d,;n .... 
, ..... (n, .• ,). TbiI...-ki"';. ........ at .... ftnal ..... 
tooth Ia~ Optnol;..... If , ..... _ .. d n., "an 

t~. :3_llift" • •• nll.1 1'00·" f·loo· 
durlnlC S, rol. ht-Ah.ad Tn.,·., 



IIA. AXLl AN D DUVI LINI 

• ,~ • ___ ... , of ,j"",. , .. , , .. ,~ ~lU 100 ~·_kj., 

'01.,10<, ~1>I,b 100, . ... '100 .. '0,,...1 'OI<1h .... 

• i ... 2~_l)j lhr • • II.1 I ...... u .,. .. 
with 0... Wh .. , Sta, ..... 17 

DiFfERENTIA L CASE 

Tho dilltftft,;'1 <200 .. rnountod i. d .......... eaoti ... 
t>.t ..... ,_ taptrOd roller boarinp (~. 1:01. It AII'" 
"""' ,,.. rina 11""". whieh ;. .'tachod '" i, by bol .... 
1'0 ..... Ik>wo lrom ,ho dri~ pinion", ,,,. rina "" •• nd 
tbe rina ,..., dri_ ,be cliff ... "t;'1 <not. In.ide ,,,. 
dilf .... ntial .... ""' lou, gI<\n. 1M 'WO dill ...... ';..1 
pinion ....... are mountod on 'M oIiff .... "';.1 pinion 
olmfl.. TM pinion rovs .". r .... '" I"", on thrY own 
"""ton. b.o, ,hoy ha ... '" tn.wI in .......... 'M 
dilf ...... 'itJ .... "" pi ...... ohaf. """Ie (t •. 2. ). Two _ ....... ..., onoobod witll tho pi.ion ___ Tho _ 

rovs ... ,_ '" , .... 00'1 u..v own _ ..... Sinot ""'" 
... rnountod "" the diff ...... 1.io1 ........ trrii .... ""'" 

do not tn.wI in ........ like the pinion ........ T". .... 
oha(, .. ruplinr<l '" ,,.. aid< roan (Pit, 22). 

Dorin, .trai.nl-ahr<ld tra •• I. ,),0 diff ..... ' .. 1 ._ 
.... mbir .. vol, ..... unjL The diff .... n';.1 pinio .. 
rota ... in. dro .. bul do _ ,urn "" I"';, 0"" <tn"'" 
(Pit. 23). 60th oide ...... ""' driven., tho _.peod 
and boob '"' wbetio ... ,..,.;,. ., .he _ 0fI'ted. 

U ...... 1I00:I .... _ , ...... <>DO ..... ,..,. .... not , ..... 
t~ 21). Wi,. ,hio_tiooI. IMdill_tiol ... , .... 
til< pin"", ....... i. u..v _ ........ Since _ ..... 

,.... io OUItionarr. 'iooy _ 10>. ... '" "'"' ... Ihtir" '""' _ ....... iooy •• .. lk .. .-oo&I!d tboOUltionarJ __ . 

.... ""'" •• .. ,k·· _nd ,1>0 OUI'ionary ..... ,..,.. they 
dri ... lhe ott .... oide fNI" a t ,..;.. ,,,.;. OW" opood 01 
trawlin, Ihtir" .,;"' ... The pinion ...... are 1101 only 
""wlin, ,Joej, <iro ... ,hey are a loo rota'in, on lheir 
"om """ .... T""'lwo ,"olio .. "'" tombint " In riri.in, 
,he 0 .. oidt fI«'t ., Iwi ... ". oPI't<I 01 .... """'ion. 
The rnovinc .. het! .. now lumina al ' ...... Iho.peod ol 
lbediff ...... I ... I_. bul til< torq .... ppI;td '" I, io only 
....... 10>.1101'100....., ... applied '" ,''' dilf ...... lial _ . 
n •• ' ..... ,.11«1 .... 011 ,,,., ..... ......... n......., .. 
ar ""oli .. I ..... is ""'-I by ...... halI. "..._ ,1M 
_,. whet! is ",~ .... a, ,_ ttoe opMd ... tho 
diff ...... tial ...... n .... we Io>.~ an ."..."ri"" -"'ilion • 
.. hid> is diroetly oppooi~ '" ""'uction ..... power ""-' 
lrom lhe d .. "" pi""'" '" til< "Ill[ ,...,.. torque .... 

t'i.R'. ~II- Eq ... · I.cI<k Dill"._ I .. 1 

,"ultipliod in dinct,.-oportion '" ,be ""' .... loII. Wha • 
.... .. ir>ed in ...... ue ar , .... ti ... f_ .... poi<! lar by 
.... in """'''''''" In ,ho dilffftftlw dri ... wi,h ..... whet! 
ObtiO""I7. """'"'" • pir>ed _Old it is paid for ift .... ... ....., .... 

When tM .... _ ...... OId" _. 11M , ......... het! 
Ira ...... ohoNr dim ..... IlIan 1M ..... ,_ .. het! (!"if. 
~). Tho i ........ _ m .... , lhoftf~. """Ie ....,.. 
oIowl1 ,han the ... t.idt .. het!. In ,h. ai' ... ,ion. ,'''' 
diff"""tial pinloll _ill ··w.lk·· I ....... ttl on 11M olowtr 
'"",inJ iouid. aide _.nd 'hrreb~ i""""",, ,ho.peod 
of ,ho I ...... 'umin, outoide aide_. 



lIMITED·SLlP DIFFERENTIALS 
Two 'ypoo 01 limitod.,hp dirr ..... ' ... b .... IIO«l ~n 

Ford ..... and Ilg" ttu<k .. 'fMY oro ,ho ford F.qua· 
I.o<k .nd ,ho Thornton-Spk<1- J'ow ... I.ok. 

I .......... no.. llu-ouJ;h ,be ~:q",,"I.o<k dlll""",,,i.1 i. tho 
....... .. ,hot In the eon,·.n,ional dlrr ... n'ial omopt 
tlIat tI .. dilr ......... 1 a<tion .. poan .. Uy _U ..... lf<I by a 
-.u.n' rriot .... <lut.clo Wit!. 2111). 

n.r.e doc_ 11M dutdo pIo ......... lo<kod into 
tlot diJr"",,,iol .... "ft" ( ".. th Two tnw.o _ 
"utdo ............ tpIinod to a <I~",k h~b whitll. in 
,....". is ",II....:! to ,to. It{, ... 10 1lIofl.. 

I'I~. 29_l'ow.r· I..ok Ditr.nnli.ol_DI _ mblod 

REAR AXLE AND DRIVE LINE 

'.'NC'HI 0"' 

".. :s ...... ,lot .. ~,"" ....... ......-. ,be dill" ....... ' iol 
..... to tbe ".k, .. 10 ohal"l: an id<ft,1oa1 "utdo "" ,to. 
~te oidt of tbe dirr ...... 'ial __ t. tbe dirr"",,,iol 
<aOt" to ,be It{, . ,10 thall. 

~;""h <Iu,.h ,,,,,, • ..,,,,,, .. 01 ~""," I~n .... ~ 1><,......, 
''''''''''''and ' .... d. 8"" ri"l/_ ( ~13. 29). 'file IWQ oul.,. 
pl4'" . nd.be _I ... pble ~ lo<'od'o tho dar .... n'ial 
<U< by "" ....... 1 'up. TIw- .. lema) lUll pIo,. thot i • 
i ....... llod nOl' to ,IMO "... is" llellt-rillo opri..". plote. 
,..... opri", pbo'~ io i ...... llf<I ..... h ,to. ..... _ (_ ) 
oidt _I .... ,IMo ...... The ....w .... ,wo platH (dl ... ) 
loa ... imlfnlal >pIi ......... ~ ...-.. lo<k to ti,. 'PIi....:! h~~ 
on ,100 oide _ ri ... n.. ..... _ ri .. io, In , ..... 
'PIi..! to ,ho :ulo .... 11 .nd aces .... ....-..... plate 
..-1 ... , ,ho "u'ok po><k. Si_ t ... oide _ ri .... flt. 
1Itt.1i ..... , ... piniono on tho, ....... ohal"l (""' •• Wil l. a ny 
"u,...,.,..j ,,,,,,,, .. rtItd by ,IMo m,,,,, . lIaf, . nd It. Vinions 
will i"- , .. ri., "-3"1"-" ,lie <1.,,<1. boook and ,hu, 
oon .... ' ,ho, olllT ..... ';.1 ..... <11..,.(1)" to tI •• ad ..... ". 

1'1>0 IIm i'od41lp dllf....""ial ma ...... I .. ore "". riJidly 
ot""'l>eo.I to II,,, dillOftnlial """'. n<Ir "'" lho)" . ,,,,,,1>eo.I 
to _ oth..-. AI bolh ....w. 01 tho Il10, ... Il101 .. tho<e ..... 
'wo /la, ourl_ .. ..... ..,. 'ho, ,IMor 1_ • ..•.. .-hioh 
........ with ,ho ~ .. --\ .. .... )M"d __ 

(re", ... ) .." 1ft t .... ohaf' op<"ftl .... ot tho dirr ...... ,w.-. 
Wheot tbe dilf ...... , .. 1 a.. ......... I" <i, ..... ~ion, 

, ... _to IlIoI\.o oriD be r.......J '0""'" ... 1 .... _ .... 
of , ...... . _, .. m"" a ........ n apply preMute ..,i .... ,to. 
du,.h po:ttb. Tho .. u ...... will apply .. hoth..- ,be power 
IIow io from lho dirr ..... 'ial """" to.I>o .. 1o .... 1 ....... 
lrom ,be •• Ie '''''It to '1Mo ,'ilf .... n';,1 ...... 
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