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llPTICAT UEHICI.E MEASUREMENT

Porl l: Piclures l-31

28/l Yeors ogo, o meosuring bor ond o sleel lope were su{ficienl lo meosure lhe wheel
olignmenl of o vehicle.
To bring roodholding ond driving choroclerislics to o high slondord, lhe oxle ond wheel
sellings hove become more cunning ond more complex. To meosure ond check lhese
sellings, modern oplicol wheel olignmenl opplionces ore required, lor only lhese ore
occurole enough.
Lel us now corry oul such on oplicol wheel olignmerrl check. Belore we slorl, however, we
sholl exploin o {ew o{ lhe expressions used in conjunclion wilh il.
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2812 Here we hove the "comber" ol the wheel. You probobly olreody l<ncw whol thot is.
The wheel is nol in o verficol plone lo lhe rood. The drowing on lhe le{l shows cleorly
lhol lhe lop ol lhe wheel leons oulword ol o cerloin ongle,r. The experls soy lhol lhe wheel
hos posilive comber. Now, why do lhe chossis designers suspend the wheel like lhis? From lhc
drowing we con see lhol becouse ol lhe ongle of lhe sleering knuckle, lhe wheel lends lo be
pushed in the direclion of lhe orrow. By lhis meons, the ploy in the wheel beorings is

eliminoled ond lhe lood is token ol{ the oxle nul os well os lhe ouler wheel beoring. Bul lhe
lechnicions hove done even more. Look ol lhe righl-hond drowing. The sleering knuckle
ollochmenl leons lowords the olher side. This is colled king pin inclinotion ond il is denoled
on lhe drowing by li.You con see lhol the white line lhrough lhe wheel ond lhe block line
lhrough the oxle joinls ore close logelher ol A ond B on lhe rood.
ll is sullicienl {or us lo know lhol lhis resulls in lighler sleering, il weokerrs lhe jolts {rom lhe
rood ond il olso reduces wheel wobble.
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28/3 Cosler is o lurlher meons of prevenling lhe lendency ol lhe lronl wheels lo wobble.
The moin lhing is lhol cosler couses lhe "lroiling" or "drown" wheel lo olign ilsell 1o lhe
slroighl-oheod driving direclion ond keep ilsell lhere. This sell-olignmenl ol wheels con be
Iound on lhe coslors on pionos, leo lrollies, ond other pieces of lurnilure. And who hos nol
ridden his cycle "no-honded" when he wos young? The cosier ol lhe lronl wheel mokes ii
possible lo do lhis "lricl<". Toke o look ol these drowings. You con cleorly see why lhis is
possible. The while verticol line through lhe cenler o{ lhe wheel inlersecls lhe rood ol poinl B

where the lire louches lhe rood. B is behind interseclion A, lhe dork line of which runs
lhrough lhe cenler ol lhe spindle. The wheel is drown olong olihough, especiolly in lhe cose
ol lhe bicycle, ol lirsl glonce lhis does nol oppeor lo be lhe cose.
The some principle is opplied lo lhe lroni wheels of o molor vehicle, shown on lhe right in
lhe illustrolion. Locolion B lies behind inlerseclion A ol the confinuolion line lhrough lhe
boll joinls or the king pins on older vehicles. Cosler ol lhe wheels is olloined by orronging
lhe boll joinls o{fsel lo eoch olher. The dorl< line illuslroles lhis cleorly.



28/4 ll we toke o look ol lhe wheel posilion {rom obove, we lind lhol lhe lronl wheels ore
nol porollel lo eoch olher. Al the lop ol lhe piclure you con see lhe loe-in. Meosured ot
lhe rim shoulder, ol lhe cenler ol lhe wheels, lhe wheels ore closer logelher ol lhe lronl ond
Iorlher oporl ol lhe reor. You probobly know the reoson lor lhis. Due lo lhe rolling resislonce
when lhe vehicle is operoled, lhe wheels ore pressed opori ol lhe lronl os lor os lhe ploy
o{ lhe lorsion orms, boll joinls or kirrg pins, lie rods elc. permil. And you con imogine whot
would hoppen il lhe vehicle were unloden ond slolionory ond lhe fronl wheels were porollel
lo eoch olher. Eoch wheel iries lo go ils own woy when lhe vehicle is operoled ond lhe
wheels would wobble, lhe sleering would be heovy ond, becouse ol lhe heovy lire weor,
lhe driver would hove to be the owner ol o lire foclory,
One exceplion lo this is our Tronsporler. ln lhe cose ol lhis vehicle, lhe odjuslmenl ronge
{or lhe loe-in of lhe fronl wheels is so orronged thol lhere con be o smoll omounl ol loe-oul
even when lhe vehicle is unloden. This is due lo lhe locl lhol speciol demonds ore ploced
on commerciol vehicles, the oxles ol which hove lo Iullil oll demonds wilh respecl lo sleering
ond driving choroclerislics ond lire weor over lhe {ull ronge, {rom on emply lo o {ully looded
condilion.
Now lel us loke o look ol lhe lower piclure. The lronl wheels ore lurned lo negoliole o bend
ond we con cleorly see lhol foe-in hos now become loe-oul. This is ochieved by on ingenious
orrongemenl o{ lhe fronl oxle ond sleering porls, known lo lhe speciolisi os sleering geomelry;
ond you cerloinly know why lhis is so. When negolioling o bend, lhe ouler wheel hqs io
describe o lorger circle lhon lhe inner wheel. Assume we hove pul o 20o lock on lhe wheels
ond imogine lhol the oxes ol lhe wheels ore exlended by lines,...



281' ' ' ' they would lhen meel ol A. The dil{erence in lock ol lhe ouler wheel we coll wheelongulorily' You con see ihol in our illuslrolion, lhe lines lhrough rr-r" *fr""i oxes showing thewheel lock ongle do nol meel iusl.onywhere, lhey meel on o-line forming o conlinuolion oflhe reor oxle. lf we ossume lhol the condilions ore lhe some when lhe wheels hove o 20olock on lhe olher side, we hove lhen, so ro speok, ideor condirions. rn such o cose, o1 fourwheels would revolve round rhe common rocorion A when negorioling o bend.
From lhis we conclude thol the reor wheels hove lo be in iire .orr-u.i fosilion in relolionlo lhe Iongiludinol oxis of lhe vehicle, lor lhe driving choroclerislics oi o vehicle ore nolonly inlluenced by the fronl wheels bul olso by rhe reor ones. when cornering, {or exomple,lhe reor wheels os well os lhe lront ones hlue lhe iosk 

"r t..pi"g iie vehicle on lherequired lrock ond providing sloble conlrol ol higher speeds.
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2816 lncorrecl olignmenl ol lhe reor wheels olso hos o negolive elfecl on roodholding,
cornering ond lire weor,
It could be lhot lhe reor wheel lrock is correcl bul the reor oxle or perhops one hol{ sholt
is ol on ongle lo lhe longiludinol oxis of lhe vehicle os shown exoggeroled in our illuslrolion.
Well, thol is thot. Lel us just summorise whol we hove soid so lor: The comber, king pin
inclinolion, cosler ond loe-in oll work logelher lo moke the sleering lighf, prevent wheel
wobble, increose rood so{ely ond keep lire weor wilhin normol limils. To do lhis properly
however, oll lhe ongles musl be correcl ond lhe only woy lo check lhem is lo use on oplicol
oxle olignment gouge.
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l8/7 Before slorling lo meosure lhe vehicle we should like io show you how the oplicol
meosuring equipmenl con be instolled. Piclure A ol lhe top lefl, is o single rom vehicie lifl,B is o drive-on lype ond C is o pil lype loyoul.
Whereos lhese lhree loyouls require on oddiiionol oreo in lhe workshop, lhe lourth orronge-menl in piclure D, which consisls ol o vehicle li{l wilh pivoling wheel supporis, does not.The odvonloge wilh this loyour is lhot rhe floor spoce con be used {or orher work, whenlhe oplicol olignmenl equipmenl is nol in use.
we sholl now meosure o vehicre on one of ihese modern syslems which is orreody inwidespreod use' You will lherr gel 1o know oll crbout rhe opricor equipmenr ond irs use.



2818 Here you see lhe meosuring stond in lronl ol lhe vehicle which lhe service odviser hos
jusl driven in.
"Give this one o complele check Horry becouse lhe owner hos hil o curbslone good ond
hord ond he wonls 1o know il lhe wheel olignmenl is slill O.K."
The mechonic, Horry Jones, hos olreody slorled on lhe preporolory work. He is o keen ond
conscienlious young mon who hos been given the job ol olignment checking in this workshop
ond considers this, quile jusliliobly, 1o be somelhing speciol. Bul lel him lell you whol he
is doing in his own words.
"First of oll l check lhe lire pressures ond recli{y them if necessory. l enler lhe pressures on
o cord which I hove mode oul lor lhis vehicle. Loler on, when we gel lo lhe olignmenl check,
you will see lhis cord.
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28/9 'l - Then I toke rhe wheel cops orf ond remove rhe rronr wheer hub cops wirh rhespeciol lever os shown in piclure 1. This is done becouse ol lhe end of lhe olignmeni lesl,I hove lo check whelher lhe oflsel belween lhe slub oxles is wilhin lhe specified limils.This ond olher preporolory operotions musl be done now becouse if done when lhevehicle hqs been sel up on lhe slond il mighl upset ihe vehicle olignmenl.
2 - on lhe sleering wheel rim r check lhe proy in rire sreering g.o, *h-i.h, os you probobryknow, musl nol be more rhon 1 inch. The rood wheers mJst be in the srroighr-oheodposilion of course.
3 - The regulolions slole lhol lhe vehicle musl be meosured in lhe curb weighl condilion,lhol is, wilh spore wheel ond o iuil ionk or ruer, so r jusr gronce inro rhe rugg-ogu co-porr-menl lo see lhoi ir is empty. Ar lhe some time r rirl ihe ipore wheer up inro G. Iuggogecomporlmenl so lhol lhe cover over lhe sleering geor inspeclion hole is occessible.4 - I then loke lhe cover oll becouse I hove lo JJck the '.enlrot 

f.tiri"" of lhe sleeringgeor loler on.
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3 - l(ing pins ond link pins
ond,

4 - Axial ploy in uppcr torsion ortns.

78/1A The nexl thing to do is io check the {ronl cxle. ll would be poinlless io meosure lhe
front wheels when there is lor loo much ploy irr llre beorings or in lhe linkoge ond sus-
pension os slrown in our liltle corloon. When lhis conrrol be correcled by odjuslmenl lhe
domoged porls mu:t be reploced.

28/11 ln lhis piclure you con see whol hos lo be checked:
1 - Wheel beoring ploy

ond, occording lo vehicle type
ond yeor of monufoclure

2 - Steering bcll joints
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28112 I hove now driven the vehicle onlo lhe tesl slond, bul belore I lill lhe cor, lhere is
one more imporlonl thing to do ond thol is to inserl lhese smoll spocers belween lhe springploles ond lhe lower sfops. The objecr ol liiling rhese spocers is, os shown on the righr, roslop lhe wheels dropping when lhe vehicle is lilled ond lurning lhe spring ploles In lhe
rubber bushes more lhon they ore lurned in normol operotion, Th'e reor wheels would lhen
be very bowlegged when lhe vehicle is lowered ogoin ond il would loke o lew miles oldriving lo move them bock lo lhe normol posilion. Without lhe spocers, lhe comber meosure-
menl would be loo lorge.

28ll' I hove now lifled lhe vehicle so lor lhol the supporls con be swung inlo posilion.
The choins leoding upwords from lhe reor supporls show ihot lhe spocers menlioned belorehqve been inserled. When oll {our supporls ore in posilion, I lower the vehicle until lhe
wheels con iusl be lurned by hond. A red worning lomp on ihe woll lo the right of lhe cor
shows thol lhe supports hove been swung in os lo, os lhey will 9o.
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,8/14 Now I lil lhe VW brockels on lhe wheels. The lwo lixed lugs ol the lop ore pressed
belween lire ond rim by lopping lighily wilh the {lol hond ond lhen the third odiusloble
lug is lilled in lhe some woy. The lever is tightened while lopping oll lhree lugs ollernolely
wilh lhe hond.
The lhree knobs which ore shown Iighl colored here lo moke them slond oul beller, ore used
lo odjusl lhe mirror.

28115 When oll lhe brockels hove been Iilled, lhe mirrors ore inslolled. This is quile simple,
jusl inserl lhe lhree legs ol lhe mirror holder inlo lhe ring on lhe brockel ond lension lhem
wilh lhe lever.
The mirror is pivoled on lhe holder ond swings into lhe horizonlol position oulomolicolly.
Eoch mirror hos lhree surfoces, the cenler one {or the siroighf-oheod wheel posilion qnd lwo
ongled ol 20o lor the meosuremenls wilh lhe wheels on righl ond lell lock.

12
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'8/16 
When lhe mirrors hove been filled, lhe projeclor is swilched on. The lens in llre cenlerof lhe screen throws o groduoled imoge onto ihe mirror which enlorges l6e imoge ond

reflecls il bock 1o lhe screen. This is shown cleorly in the nexf piclure.
The proieclor con be moved sidewoys so thoi lhe compleie groduoled imoge is visible,Arrow 1 points lo o millimeler scole which is used loter on to-check lhe slub oxle oflset.
Under orrow 2 is o leeler device which con be qltoched with o mognel lo ilrc brockel(orrow 3) on lhe projeclor ond used lo olign lhe vehicle properly.
Underneoth on lhe pillor supporling the projeclor (orrow 4) is o meosuring ploie wirich isolloched lo lhe slub oxle during lhe slub oxle oflsel check.

28/17 Here is lhe screen wilh the rellecled imoge ond lhe groduolions which co. be reodoll wilh o hoirline cross. The imoge hos lwo horizontol trock scoles-while q1ys1,v5-qn6l
o verlicol comber 5661g-block orrow. These scoles ore morked in 5 minule groduoiioirs.on lhe right-hond side ol lhe screen is o cosler scole wilh 15 minule groduolions. over lhis
scole is o poinler which slides up ond down the edge ol lhe screen.

13
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28118 Now I hove to olign lhe mirror wilh lhe wheel oxis. As I turn ihe wheel slowly, the
imoge on lhe screen describes o lorge or smoll circle occording lo lhe degree ol mis-
olignmenl, The mirror musl be oligned so thol lhe imoge is complelely slolionory when lhe
wheel is lurned. How is lhis done?
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28/19 ll is not eosy lo exploin how lo olign lhe mirror wilh o sioiionory piclure, bul lsholl
lry wilh the oid of lhe drowing on lhe le{l ol the piclure. As we soid before, lhe groduoled
imoge describes smoll circles when lhe wheel is iurned. Look corefully ol o lrock scole os
ihis provides lhe eosiesl meons of moking lhe odjusimenl.
Imoy hove lo oller lhe wheel lock very slighlly lo move the locolion of lhe scole so lhol
il circles through lhe verlicol hoirline.
I now nole, on lhe circle which our lrock scole describes round lhe verlicol hoirline, lhe lwo
horizonlol end poinls ot which the scole is inlersecled by lhe hoirline.
On the drowing, lhis is lhe cose ol lhe lefl end poinl. On lhe righl hond side il wos jusl on
lhe groduolion 

-2 
which is morked wilh o line. Now locole lhe cenler ol lhese lwo poinls.

This is eosy with lhe oid ol lhe scole, We hove olso morked lhe cenler point wilh q shorl
verlicol line.
I now hold lhe wheel ol one ol lhe end poinis ond lurn lhe knob neoresl lo on imoginory
line drown horizonlolly ihrough lhe wheel cenler os shown in righl-hond hol{ ol pictu-re. ln
lhe piclure this line is shown in while ond lhe knob neqresl lo il ls lhe one indicoied by lhe
o rrow,
lhove Io lurn lhis knob so lhot the cenler poinl ol lhe circle moves over inlo lhe hoirline.
Now lurn the wheel ogoin.ond see if lhe imoge is still circling. ll il is, odjusl ogoin unlil lhe
imoge is slolionory when lhe wheel is lurned, The remoining error musl noi exceed 5 minules.
This operolion will probobly seem di{{iculi ol {irsl, bul o{tei you hove done il o few limes il
will be quile slroighl forword.



28120 ln lhis piclure we show you vorious melhods ol mounling lhe mirrors on lhe wheels
ol di{{erenl vehicles.
Piclure 'l shows lhe VW speciol mirror holder which you hove probobly olreody seen. lt con
be olloched directly to lhe wheels o{ oll Tronsporlers ond possenger cors monufoclured up
lo lhe end ol July 1965. This holder is noi odjusloble. l{ lhe scole movemenl on lhe screen is
more lhon 5 minules, move mirror round on wheel ond moke sure lhere is nolhing under lhe
clomping legs ond lhol the legs ore not on o broke odjusiirrg hole. lf lhe scole movemenl
is slill nrore lhon 5 minules il con be ossumed lhol the broke drum is oul ol lrue ond ol lhe
reor o hollshoil moy be benl os well. ll is obvious lhot such domoged porls musl be reploced
before otlempling 1o meosure the wheel olignmenl.
ln Piclure 2 is lhe brockei wilh mirror which is described in lhis siide series. Piclure 3 shows
lhe universol wheel mirror brockel wlrich corr be used for oll wheels from 13lo 15 inches in
diomeler. ll is clomped belween lire ond edge ol rim in lhe usuol monner. The mirror is lhen
olioched os shown in piclure 4 ond clonrped level with ihe cenler ol lhe wheel by lightening
lhe knobs. The mirror is oligned wilh lhree odjusling scre\ fs os olreody exploined. Now lel our
mechonic Horry Jones corry on wilh his slory.

16
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28/21 ln lhe meonlime I hove Iilted ond oligned lhe four mirrors. Belore I lorarer lhe cor onlo
lhe supports I posilion lhe wheel ploles under lhe lront wheels. The wheels con be moved lo
ony lock eosily ond lree ol slress on lhese ploies.
One more poinf, before lowering the vehicle lmusl moke sure lhol lhe wheels ore posilioned
so .lhol lhe botlom porls o{ the rims ore lree for the mognelicolly held leeler opplionce.
Bolonce weighis or rhe ciomp or the mirror brocket must not be in rhe woy.

28/22 lmusl olso ensure thol lhe locking screws in the moving ploles under lhe reqr wheels
ore loose ond lhol the ploles ore locoled roughly os shown i"n the picture on lhe lefi. Theycon lhen move oul with lhe wheels os the vehicle is lowered o, sho*rr in lhe righl-honcl
piclure ond slill hove enough movemenl lo permil ihe reor suspension lo be bounced orrd loollow lhe vehicle lo be moved sidewoys lo olign il properly.
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28123 Afler Iowering lhe vehicle, lloke out lhe spocers becouse lhove to bounce lhe
vehicle ol fronl ond reor o {ew times. llhen lurrr the steering wheel 1o le{l ond righl severol
linres os well.

l8/2[ Now comes fhe losl bul mosl imporlonf job before lhe ocluol meosurement slorls. This

is lhe olignment of lhe vehicle wilhin the opticol rectongle o{ the lesl stond ond lhe whole
success of lhe opticol meosuring procedure depends entirely on the occurocy of this operolion.
Looking of fhe piclure you will see whol lmeon. The four projectors, connecled by lines, {ornr
the oplicol reclongle. The vehicle is oligned so thol the longitudirrol oxis os shown by lhe
cenler line is porollel with the projectors. The Iongiludinol oxis is lhus ot right ongles lo fhe
lwo projeclor oxes.
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18/25 The olignmenl is done wilh lhe oid ol lwo {eeler opplionces. Here lom jusl oboul lo
ploce one ol lhese feelers on lhe brockel provided on lhe projecfor. The bose ol lhe feeler
musl be ogoinsl lhe smoll shoulder on the brocke{. The leeler hos o groduoled scole ond o
slide' lnside lhe feeler is o Ilexible sleel rule lo which ihe slide con be clomped. At the end ol
fhe sleel rule is o mognel which con be seen ol lhe righl-hond end ol the opplionce.

28/26 lnow pull lhe sleel rule oul ond slick lhe mognel on ol lowesl poinl of lhe wheel rim
The groduolions on lhe rule ore ol no imporlonce.

,l



2gDV The red index line on the slide is ploced ol zero ond lhe slide clomped in posifion.
lnow hovc o lixed dimension lrom llre rim to lhe index line on the slide, but the slide con
slill be moved olong lhe blue scole. You will soon see why lhis is so.

28t28 When I hove repeoled lhis procedure on lhe olher {ronl wheel, I move lhe two
feelers lo lhe reqr wheels. The clomp on lhe slide musl nol be releosed when doing ihis'
As lhe reor wheels hove o differeni lrock meosuremenl lhe sleel rule hos lo be moved ond
lhis crlso moves lhe slide which is clomped 1o the rule with lhe resull lhol lhe index line is no
longer of zero.

20
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28/29 Al lhe lop ol lhis piclure ore lhe reodings obloined for lhe reor wheels ond il you
look closely you con see lhoi lhe lefl side is 

-0.5 
ond lhe right side -1 

.5.

The vehicle musl now be moved sidewoys uniil lhe figure ond lhe sign is lhe some on bolh
sides.
As lhe lorge minus ligure is on lhe righl-hond side lmusl move the vehicle 1o lhe left unlil lhe
red index lines ore on lhe {igure 

-1 
on eoch side os shown in lhe pictures of the bollom.

ll lhe reor wheels were exocily os lor oporl os lhe lronl wheels lhe index lines would be ol
zero ol lhe reor oller centrolizing jusl os ol lhe lronl, Do you lollow?
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28/30 The vehicle is now exoclly ot right ongles 1o the opiicol oxes ond musl nol be moved
ol oll, so I lighlen lhe lwo screws holding lhe roller ploles in position loking core lhot the -lselling does nol oller,

28131 Thol brings us lo lhe end of lhe preporolory work ond belore we breok o{f for o
smoke lel us jusl go over lhe procedure lor oligning lhe vehicle ogoin. The piclures in lhe
bockground will help us:
Wilh lhe oid ol lhe {eeler opplionce Mr. Jones sel the meosuremeni lo zero on lhe fronl
wheels ond lhen lronslerred i1 to lhe reor wheels. To equolise lhe index line difference on the
scole, the vehicle wos pushed lo one side ond lhe roller ploles were lhen fixed in posilion.
Righf, lel us hove o cigorelle now ond we will lhen go on wilh lhe second porl'

22
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Porl 2: Piclures 32-59

28132 The lirsl thing ldo now is 1o ploce lhe wheel tensioner in posilion on lhe lronl wheels.
I musl check beforehond lhol lhe lension is set 1o 8-12 kg. which is lhe Iorce speci{ied for lhe
possenger cors, On lhe Tronsporler models lhe selling is 12-1 8 kg.
The lensioner is ploced on lhe lires ol the widesl porl ol lhe wolls ond roughly level wilh lhe
lower oxle tube. The object o{ lhe iensioner is lo loke up oll lhe ploy in lhe linkoge ond
move lhe wheels lo the posilion in which lhey ore when lhe vehicle is running.

I
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28/rt lsel the lell lronl wheel lo zero on lhe lrock scole in lhe slroighl oheod posilion. ln

olher words, lhe verlicol hoirline inlersecls lhe horizonlol lrock scole ol "0" os indicoted by

lhe dork orrow. I con now reod oll lhe comber ongle on lhe verlicol comber scole os shown

by the lighl orrow. The ongle is *35 minules. Jusl lo remind you: lrom mork lo mork is 5',

the 10'morks ore slighlly longer ond lhe holl ond lull degrees longer slill. llhen enler this

comber ongle ol *35' on lhe lesl cord'

28/tL Here is o piclure ol q lesl cord. A horizonlol line divides il inlo lwo holves, lhe upper

hqll {or the {ronl oxle ond the lower holl lor lhe reor qxle. The cord is olso divided
downwords by o green dolled line so lhol we hove o quorler ol lhe cord lor eoch wheel.
Mr. Jones hos enlered lhe comber ongle ol l-35 minules lor lhe lell lronl wheel ogoinsl the
ccmber scole of lhe top lell. On the bock ol the cord ore ihe correcl sellings {or lhe vorious
models.
We odvise you lo use ihe cords issued by lhe Volkswogen foclory becouse lhey hove suiloble
scoles lor oll lhe necessory meosuremenls os well os lhe specified sellings lor our vehicles'
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28/35 I hod sel lhe le{t lronl wheel lo "0" lrock previously so I con now reod oll the lolol
irock ongle or loe-in of the lronl wheels on lhe righl-hond lronl wheel.
The reoding o{ I 15 minules con be seen in lhe righl-hond porl o{ the piclure qnd lolso enler
lhis in lhe lesl cord. lsholl exploin how to use lhis ligure in lhe nexl slide bul one.

28/36 I now meosure lhe comber of the righl-hond lronl wheel by posilioning the imoge ol
zero on lhe trock scole ond reoding o{{ tlre comber ongle ol 1 40 minules. This is olso enlered
on lhe cord os wilh lhe olher fronl wheel.
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28137 Bock lo lhe lolol lrock ongle or loe-in os il is usuolly colled. ll wos *15 minules wilh
lhe wheels pressed oporl ol lhe lronl ond is shown os enlered on lhe lesl cord ol lhe lop ol
lhis piclure. I now divide lhis ligure inlo lwo porls by moving lhe wheels very slighlly unlil
lhe hoirlines in bolh projeclors indicole 17.5'on lhe lrock scoles os shown in lhe two circles

ol lhe bollom of lhe piclure. The wheels ore now in lhe slroighl oheod posilion ond lhe sleer-
ing geor should be lhe cenirol posilion ond lhis is whol I om going to check nexl.

I
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28/38 You will remember lhol when preporing lhe vehicle lpul lhe spore wheel in lhe
luggoge comporlmenl ond removed the cover over lhe hole giving occess lo lhe sleering
geor. ll lhod lo do lhis now lshould probobly upsel lhe olignmenl o{ lhe vehicle ond lhis
would moke lurlher meosuremenls useless. I proceed very corelully now when checking the
cenlrol posilion ol lhe sleering wilh o lorch. ll il is correcl, lhe groove in lhe morking ring or
the elched mork on lhe worm spindle should be in line wilh lhe rib in lhe housing. The
spokes in lhe sleering wheel should olso be horizonlol.

281t9 ll lhe sleering geor is nol cenlrolised, lhe mork on lhe sleering worm spindle musl be
broughl inlo olignmenl. This is done by wolching the imoge ond lurning lhe iie-rods in
opposiie direclions 1o ensure lhol lhe loe-in on bolh wheels remoins lhe some ond lhe lolol
loe-in is wiihin lhe specilied loleronce.
When the sleering is only slighlly out ol line from lhe cenlrol posilion, il is usuolly suflicienl
lo odjust one lie-rod only.
As you probobly remember: Turning lhe lie-rod in direclion o{ molion 

- dork orrows 
-increoses lhe foe-in. Turning in lhe opposile direclion 

- 
lighl orrows 

- 
reduces lhe loe-in.



28i40 Here you con see how lhe cenlrol posilion ol lhe steering is checked on Type 3

vehicles. On the lell ol lhe piclure is the illuminoled mirror Type W'l 44 which is mode lor
us by Messrs. Mcrlro.-lhe cobles lor lhe lomp hove crocodile clips so lhol they con be
olioched {o ground ond lhe live lerminol o{ lhe broke lighi swilch on lhe mosler cylinder.
The ignition musl be swilched on. Tlre mirror is ihen locoied obove the sleering box so lhol
you con check lhe position ol lhe sleering. The steering is lhen cllered os on Type 1 vehicles.

28/41 I r,orv corry on wilh the meosuremenl o{ lhe righl-hond reor wheel. I reod oll lhe
ccrmber ongle, I 55 minules os indicoled by lhe dork orrow ond lhe ioe-in, -F 10 minules os
shown by the lighl orrow, ond enler bolh {igures on the lest cord. Then ldo the some on lhe
le{l re:r wheel.
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28142 Here is lhe lower porl of o cord lor o Type 1 showing lhe volues {or lhe reor oxle.

I hove enlered lhe comber ongles in lhe lwo ouler verlicol scoles ond lhe lrock ongle or loe
inlloe oul in lhe lwo horizonlol scoles. ln lhis cose, lhe wheel ongle is f 10 minules lor lhe
righl wheel ond 

-5 
minules lor the lell wheel.

From lhese lwo ligures I work out lhe tolol lrock ongle. Figures wilh the some sign, lhol is

plus or minus, ore simply odded logelher. When lhe signs ore differenl, the smoll figure is

sublrocled from the lorge ligure.
ln our exomple, lhe 

-5 
minules ore loken owoy lrom the f 10 minules ond we lhen hove o

lolol lrock ongle o{ *5 minutes, which I enler in lhe scole ot lhe lop. This figure lells me lhol
lhe lrock ongll is within lhe loleronce loid down buf does nol soy onylhing oboul lhe posilion
ol lhe reor oxle in relqlion lo the longiludinol vehicle oxis.

The nexl piclure shows how lhis is done. According lo resulls, o cross is mode in one ol the

lwo squores lo which lhe orrow is poinling'
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28i4t The posilion ol lhe reor oxle is checked wilh the oid ol lhe evoluolion diogrom on
the bock ol lhe tesl cords lor lhe vorious VW models.
Here you see o squore slonding on one corner. The squore is divided inlo smoll squores wilh
green lines ond lhe lwo lop sides hove o scole which is morked {rom 

-1 
o lo I 'l o in 5 minule

divisions. The lrock ongle {or bolh reor wheels musl be locoled on lhese scoles ond lhe green
lines lollowed lrom these poinls lowords lhe cenler of lhe squore. Approximolely in lhe cenler
o{ lhe squore is o smoll red oblong oreo. The poinl where lhe exlended lines meel musl be
inside lhis smoll oblong. Bul don'l lel lhis diogrom pul you o{1, il is quile eosy lo use os I

sholl show you in lhe next piclure.

28/44 Firsl of oll lmusl iind the lrock or wheel olignmenl ongles on the two scoles. The
ongles hove been writlen on lhe cord here lo moke il cleorer. They ore 

-5 
minules for lhe

lell wheel ond 10 minules for the right wheel. From lhese poinls ldrow lines in lowords lhe
red oblong. As you see, lhe inlerseclion point is jusl inside lhe red oreo. This meons ihqt
lhe oxle olignmenf ond the lolol lrock ongle ol our reor oxle ore O.K.
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2g/45 I now conlinue wilh the lronl oxle check ond lind the dillerence in wheel lock ongle

ond cosler. Comber ond lrock ongle or loe-in were done eorlier on. I slorl wilh the lefl lront

wheel ond lurn il lo o 20 lell lock so lcon reod olf lhe dilference in wheel lock ongle on lhe

righl hond mirror, lhe 20o lock ongle is obloined lrom ihe 20' ongle ol the side mirrors ond

w-hen lhe lrock scole indicoles zero o{ler lhe wheel hos been lurned os shown in lell piclure.

Al lhe some time I sel the cosler indicolor lo zero so lhol loler when the wheels ore on lhe

opposile lock I con reod o{J ihe cosler ongle.

Zgt4b As I jusl soid, I now reod oll lhe dillerence in wheel ongle on the righl hond fronl

wheel ond enler it ogoinsl lhe oppropriole scole on ihe cord. This ligure con be seen lrom lhe

posilion o{ lhe verticol line on lhe lrock scole ond is in lhis cose -1o 
40'. This is lhe di{{erence

in lock ongle belween lhe wheel on lhe oulside ol the curve ond lhe wheel on lhe inside.

Jusl o wofo oboul reoding lhe scole in lhis exomple. The lrock scole here is inlersecled on

lhe minus side by lhe verticol comber scole ond conlinues slightly o{fset. l1 is lherelore eosier

lo reod bqckwords lrom lhe 
-lo 

rnqlft. The lour divisions lo lhe right equol 20 minules ond

lhis musl be sublrocled from -2o 
lo give us -1 

o 40'.

When meosuring lhe dil{erence in wheel lock ongle we must olwoys remember lhol lhe wheel

on lhe inside of lhe curve is locked over lo 20o ond lhe ongulor dillerence meosured on lhe

wheel on lhe oulside ol lhe curve.
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28/47 I now oller the lock of the righl hond wheel lo 20o ond sel lhe cosler poinler lo zero.

28/48 Hoving done lhis, I swing the wheel to o 20o righl lock, reod oll lhe cosler ongle of
-F40 ond enler lhis on lhe cord. One odvonloge wilh lhis olignmenl meosuring equifimenl
is lhol Ido not hove lo work oul lhe cosler ongle; lcon reod il o{f direclly oller moving lhe
wheels from one 20o lock lo lhe olher.
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28/49 As the righl-hond wheel is on o 20o lock I con reod o{l lhe dilference in wheel ongle
on lhe le{f wheel. ll is 

-2o 
20' here ond is enlered inlo lhe scole lor lhe lell wheel on lhe

cord. The only lhing lefl now is lhe cosler ongle for this wheel.

28150 To meosure lhe cosler ongle, I oller lhe lock on lhis wheel lo 20o ond reod ol{ lhe
cosler ongle of -l 30 45 minules. This is obtoined o{ter selling lhe cosler poinler lo zero wilh
lhe wheel on o 20o lell lock. You will remember lhol lhis wos lhe lirsl selling lmode oller
meosuring lhe reor oxle olignmeni.
Thoi brings us lo end of lhe vehicle olignmenl check.
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28/51 We sholl now 90 over lhe losl porl ol whol Horry Jones showed us ogoin just lo
relresh your memories,
He slorled on lell lronl wheel shown ot lhe lop lelt ol lhis piclure.
1. Sel wheel lo 20o lefl lock ond cosler poinler lo zero.
2. Then reod o{l lhe di{{erence in wheel lock ongle on righl-hond wheel ond enler il on lhe

cord.
3. Alter lock ol righl wheel lo 20o ond sel cosler poinler lo zero.
4' Move righl wheel lo 20o right lock, reod ofl cosler ongle ond enler il on cord.
5. Bock lo lefl wheel. Reod off dif{erence in lock ongle ond enler it on cord.
6. Aller lock ol le{t wheel lo 20o, reod cosler ongle ond enler il on cord.
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28/52 To go bock lo lhe subjecl of meosuring cosler. How do you check lhe cosler when you
connol reod it olf directly os we could wilh lhis lesl slond?
It con be worked oul from lhe comber ongles ol o 20o lock lo le{t ond righl on eoch lronl
wheel. ln our exomple il wos 

-40'lor 
lhe lell wheel on o righl lock ond F1o 50'on o lefl

lock. The ongle belween lhese volues is 20 30' ond oll you hove lo do now is lo compore lhis
ligure wilh lhe specilied ligure.
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28/5t Finolly we should like lo show you how the slub oxle olfsel is meosured in oddilion
lo lhe normol vehicle olignmenl check. The piclure shows lhe objecl o{ lhis meosuremenl.
Mr. Jones checks whelher lhe slub oxle o{fsel is within lhe limil ol I mm which is ihe figure
loid down for oll VW vehicles. This check only brings usoble resulls i{, os in our cose, o
complele olignmenl check hos been corried oul belorehond ond ihe lronl oxle loe-in ond
comber ongles ore in order.
A lurlher imporlont condition is lhol lhe olignmenl o{ lhe vehicle in lhe slond must be
checked ogoin lo ensure lhol il is still exocl. The repeoled chonges ol fronl wheel lock could
hove moved lhe vehicle slighlly ol lhe lronl ond this would upsel lhe meosuremenl of lhe
slub oxle ollset.

28/54 lhove lherelore checked lhe olignmenf of lhe vehicle ond divided lhe loe-in of lhe
{ronl wheels so lhol ii is lhe some on eoch wheel.
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28155 I lhen loke lhe mirrors of{ very corelully lo ovoid ollering lhe posilion ol lhe wheels.
Be{ore removing lhe mirrors I hove o quick glonce ol lhe lrock scole lo see lhol lhe loe-in is

slill O. K.
Pleose nole lhol lhe brockels ore nol loken olf.

28156 The lwo smoll ploles which we menlioned when describing lhe projeclors ore now
mounled on lhe slub oxles. The plote for the lell wheel, os shown in lhe lell piclure, hos o
hollow spindle which lits into lhe slub oxle over lhe end ol lhe speedo coble. The plote lor
lhe righl-hond wheel hos o mognel which holds il on the slub oxle.
llhen lurn the ploles so lhol lhe red lines ore verlicol.
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28/57 I now oim lhe projecior ol lhe plole so lhol lhe projecled zero line is oligned wilh lhe
verlicol red line os shown in lefl piclure. The scole imoge is bockwords becouse the reversing
ellecl ol lhe mirror is missing. For this some reoson lmusl olso lurn lhe fronl ring on lhe
projeclor lens lo moke lhe prolecled piclure reosonobly cleor.
The orrow on lhe righl-hond side ol lhe piclure on the right points lo o millimeler scole on
which I now reod oll o ligure. I lhen repeot lhe process on the olher side.

28158 Here ore lhe lwo scoles wilh lhe indicoted ligures. On lhe lell we hove 47 mm ond on
lhe righl 43 mm. The dillerence belween lhese volues gives us o slub oxle oflsel ol 4 mm.
This is well wilhin lhe limil of 8 mm, so I moke o cross in lhe O.K. squore on lhe cord.

:,:
:&l:

- 

1-
:J:

:^:
:L:

:a:
:l:

:^:

47mm

- 43mm
4mm

.160 inch

mox. Smm : .320 inch

:,: {::::::^:
- 

1-

==:^:
:L:

==:4:
:l::::::^:

38

j



----.--.-

28159 The olignmenl check is now linished ond Horry Jones, our mechonic, lokes lhe mirrors
oll the reor wheels ond removes oll lhe brockels. He lhen reploces lhe hub cops, noi
lorgetling lo secure lhe speedo coble wilh o new colter pin, lils lhe wheel cops ond honds
vehicle ond lesl cord bock 1o lhe service odviser.
The service odviser looks ol lhe cord ond lells lhe cuslomer, when he comes lo collecl his
cor, lhol lhe sleering ond wheel olignmenl ore in order,
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