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NOTE REGARDINGANOMENCLATURE OF VEHICLE DESCRIBED IN THIS REPORT:

The chassis,which is the subject of this report, has been referred to throughdut
as that_ of ja 2GKN 3.t. This designation is not strictly correct, but hag “been

used«bp the past by those familiar with the vehicde and is, therefora ™ gontinued
- S ']

Rere.,

Dasically identical three-quarter-traeked chassis are empldyed by the Germérs for
accommodating several different types of body and all.aré known by an appPfepriate

r

"Sonder-Kraftfahrzeug" number. "Sonder-Kraftfahrzelg", usually abbreviated

is the German fof “special motor Pénitle" and numberg™with this prefix

al German military vehicles incYuding those of the

he deSignation "Zugkrafpwagen", abbreviated "Zgkw",
\

‘or{ these three-quarte€r-tracked vehicleg{ ‘génerally fitted with an

iroopgeérrier body, and &Fways intended for€haulage purposes, usually in

Ahe sources of infowmation, upon whichthis report was based, relate specifically

(615 |

chassis\Which 1s basically Similar to that of the Zgkw 3.t but which i8

modate an armoured troop-carrier body. In view

more correctly be termed that of an Sd.Kfz.251.

of this<the chassis




THE ZUCKRAFTWAGEN 3.4 CHASSIS.

e e A £ e e e T —

Page 1.

UCTORY NOTEY

We have recenfly been carrying out an investigation into the design of the thryde+

quarter-jmacked series of Germarn Military Vehicles included under the geng'rdd

claggifttation "Zugkraftwagen" or "ZGKW". Particular attention has béen paid to
theMpodels known as the ZGEW, 3.t and ZGKW 5.t In this report{lan/attempt has
been made to set out, in fairly concise fofm,“the results of pur investigation with

ragard to the chassis of the ZGKW 3.t _model.

The basis of the investigaticn hag+been & combined gtudy cf the chassig“of a

AW 3.%t, Model 251, loaned _toNthe Engineering Department by the Schéol of Tank
l'e gy, and of German“{nstruction manuals and parts lists r@lating to this
type of vehicle. 1%, should be understofd, that upon any spedific facts stated in

the matter which folllows, either the{two sources of inforsmtion were in agreement,

or these factgiwere obtainable from one source onlys Any inconsistency between the

sourcgs{@f information hdg;been clearly stated.

Notewhegarding Illustirations:

———

Plates 1 to 18 ) gre reproductiong”{rom German manuals: the diagrams from one

)
Plates 19 to 56\) manual and bhe"plctorial illustrations from another.
ates 57 £0,96 are photographs of the vehicle whiceh was in our possession dnd
tdketl at the Works
1ta t reproductions fror upon a "Bussing Nag™\ZGEW 1.t.
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chassis

28ign as built by

severali

and

manufacturers

designe

minor modificatione,

tc fulfil several different purposes and to accommadate
several different types of body.
To form the basis 6T ‘ad armoured troop-earrier and

tractor suitablefor trailing loads™p to 3 tons.

be sinea1938 (from examipation of manufacturers'

g8 units; the radigtor bore the inseription
"22.12.40" afid, the main brake ppérating valve, "Year 1938").
T'ype a standardized German War Office design

préeduced by several maoufacturers.

Manufacture of engine of vehicle inspected - Nordeutsche.
Engine named "Nordbau"

R.A.C., raping 30,1 H.P.

No. of evlinders - 6

Bore and stroke 90 x 100 m.m.,
|"-.‘_r

)0 x 110 m.m
Japac L »
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(Quoted from GermEn manuals).

"Hormal" fengine speed:

Engipe output:

Maximum speed on road:

Normal trailed load:@

Hill elimbing ability on loose, sgnd

(0.7

trailed load!

-

Hill e¢limbing abilityo@ loose sand

loads

en , the

Fuel ‘eonsumption crossicountry:

Turning ciptle:

with

without

road:

10/ miles/gallon

up to 6.2 gallons/hour'

150 miles

44 Teet
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GENERAL COMMBNTARY :

- o

The ZCGKW & 3t vehicle covered¥by this report is daszigned to serve as an armoured
troopyeerrier end is, im’general, used by Panzer and Engineer Units of the German
army - It is one of\& range of some seven three-quarter tracked German vehicles
used in various{types of German motorised formations and which vary from the trafked
motor cycled for airborne units up to the ZGKW 18.t used for tank recovery, the 't'
usually ‘tepresenting the trailed load. As an example of this, the ZGKW &M is

- H

also\used tc tow guns or trailers weighing approximately 3 tons.

An important point about these vehicles is thel ratio between the“front axle weight

and the weight on the tracks which is IN) 4.8 on the 3.%t.

Although we have had no experienee of actually operating one of the 3.%‘'types of

vehicle, the cross-country performance cf the typé\a¥ a whole is very good and

ie far superiof An>this respect toahy 4 x 4.

The particuler 3.t vehicle covered by 4hiE report was capfured in Libya in 1941. .

We have no indleftion whatever of “the maker of thig“particular chassls.

We should\2ike tc¢ record quydpprecistion of £he' great help obtained from the War

Of#i&é/M.1.10, who supplied a great deal af‘wvery useful information.

J.H. Al
Commereial
Exp

T

lehicl

erimental Engineer.

©
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DESICN ANALYSIS OF GHASSIS:

The ZGKW.3.f is one of the series of German military vehicles which have come to
be knewn as the three-quarter-tracked type of vehigcles.. There is thug.g
cbaventional wheeled-vehicle type of front axlé™carrying a pair of/phreumatic-tyred,
Ackerman-steered front road wheels. The mA jor part of the wedght of the vehiclg,
however, is borne on twoe flexible, endless tracks which age supported upon bogle

wheels and which extend the full lengt¥ of the chassis available rear of bhe front

wheels.
The general chassis layo@dt»will be readily apparent from Plates 1l and 57. Plate 1
is 8 disgram reprodufgdsfrom a German manual. The individledl units of the chassis

are described und€™ their respectiveyleadings on the pages which follow.
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DESIGN ANALYSIS OF CHASSIS 4QONTINUED).
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SECTION 1 - FRAME,

Deseription of Design.

Frame assembly.

Included in: Leyout diagram: Plate 1.
Pictorial illustratiagns: Plates 35, 36.and 37.

General photographig\Views: Plates §7"sfid 58.

The frame of this vehicle is & very rigid &ssembly enngisting o two deep-webbed

side~members and thirteen closely spaced Pross-members. The general form of\‘the
assembly is clearly shown in Plste! 35« There are no Myets anywhere in*the assembly.

All cross-members are welded tQ Yhe side-members and, butt and T-welddd Yoints are

favoured.

The chassis which came ihto our possessjop’was intended to/@ecommodate an armoured
body. Armoured plates were thus boltdd beneath the f¥amé across the whole of its
width, whilst,the smaller vertical “plates prntécted the webs of the side-members.

4ll the ammowred plates wers. €phced from the frame members, to which they were bolted,
and cgpe*headed bolts werewised for their. attachment. The vertical plates protecting

thewslde-members wili\De€ seen in Plate §7.

The rigid congéruaction of the frame mssembly itself, aided by the reinforcement
provided by Bhe "under-belly™ armour plating and the armoured body, must hawelresulted

in an extremely rigid body-frame unit when the vehicle was complete.

Included in: Layout diagram: Platé\ 1

Pletorial illustrati

General tographic view: Plate 57.

detallurgical report: Pages 178 - Te7.
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DESIGN ANALYSIS OF CHASSIS . % “SECTION 2 - POWER UNIT AND POWER-UNIT CONTROLS,
W-—-—-— —Hdww

Descrigtion of Dasign.

Engine assembly,

Included in: Layout diagrams: Plates 1 and 1B.
Pictorial illustration: Plate 19 ) Also Rlates
) 975 MO0 inclusive.
General photographic view: Plate 57 ) (8€8 text below).

Apatt from one external pictorial view of the powe? unit (Plate 19)§/no reference to
this unit was made in either of the Germam mamials which were dxawn upon for
illustrations for this report. Furthéemore, the engine-qf ‘the ZGKW 3.t, which was

loaned to the Engineering Department, “was not dismentled wWhilst in our pessession.

According to documentary evidence of German origim; however, powexr-units of
identically similar basi¢ design, capacity, bore and stroke, afe\fitted to the

1.t and 3.t models of/the Zugkraftwagen range. A vehicle~of/ the ZGKW 1.t type was
alsoc loaned to the'Engineering Departiment recently for/exdmination and repair and
at that time/buy Engine Seetiopn took advantage of the opportunity afforded, to
dismantle . and inspect, and also to test, the power unit. Extracts from the report
issued by this sectiony,at% that time, upon thé design and test of this power unit,
ape* therefore included herewith:~ (deslgn, pages 15 to 22 ; test, pages 32 10

10: 1llustratdcons, Plates 97 to 100) .

"Brief deScription of German "NORDBAU" Engine - the Power Unit from a BusEing
N,A.Ge\ Semi-Track Vehicle.

Bore 90 m.m. (3.543")

Stroke 110 m.m., (4.33")

Swept Volume: 4,198 litres R.ACy Rating 30.1

Cemnression Ratio 6.,43/1 (App ) .

3




DESIGN ANALYSIS.OF CHASSIS -

Engine (assembly (continued)y

"Grankcase.

“"Monobloe in castidron of robust construction, carrying

rsar main beifig two small width bearings, placed

timing gear,

"The 'main bearing shells are bronze back

and located in the crankcase and

being teken on the cranlshaft location at

"The

crankcage

diaphregm is carried down to th&\bottom flange in ghe\form of

(See

n_ﬁ_f_v_r:\sl -

"The cylinder bores are Mhed with

"Cylinder centref’s" 106 m.m, and

"0il baflfles\are fitted at ths

"Crankshaft.

"Fully balanced, machined all

bearing

walls are cast well

N B8m. m

Yottom of

ROLS (CONTINUED).
eight main hearings, the
1 one either side of the cerankshaft
whiteqmetel 1i: totaddi g2 5 m.m. thick,

the eluteh thrust

he
The

below crankshaft egghv bearing

ibs having bulb

photoegreph Plate 100).

drv liners.

Orver.

"L urnal s 70 m,m. dia, bys~ Front 42 m.m, long

Inter. 31 " "

Centre 42 " Ao

Rear 23 v 4

Rear " Sl -
"Crankpin 95 m.m dia, x 44 m.m long, the ef howevep,\1l8
only 36 m,m due to the large chamfer on each gjde of t bearing{




DESIGN ANALYSIS OF OHASSIS - SECTION 2 FOWER UNIT AND POWER-UNLIT CONTROLS CONTINUED )
= . = — e e
Engine assembly/(c¢ontinued).
"It 48 interesting to meote that the con. rod bearing area per squere inch
of/piston area is 311 compared with 272 for the 28 H.P. Bedford englne,
and that the «Gérméin engine big end is lead bronze lined.
"Crankwslg 15 m.m thick 150 m.m at the widest turned 170 dia. abouj
Pt Tl
\
) -the ,erankshaft journal axis nd tapered to 40 m.m wide at the crankpih,
{Se€ photograph Plate 89).
"Mhe crankshaft has hollow id jouMnpals red 25 and 40g.m resnectively,
and cezled by end es th roAe!
) "The 12 - 10 & soMNing bolts in thedrear coupling Flengs) Yor
f 1ywl : d 8 - 82 m.m dihgwbolts in the fropt Coupling flange 0@
ettaching the TorsiopalNfibrati Damper &hdBelt Pulley. (See sketch p 19)
Miain Bearing Caps sre o¥”Cnet iron and areichécked into the grdnkcase (see photograph
late 100) aad seeufed by 2 - 10 m stiidg psr bearing Kgoh nut is numbered to 1ts
respective stud gud locked by a spliF n
"Connecting Bod.
"Fuldy machine 11 opayp, Yhe strut i 'H" section of
normal degipgr
"Flanpged steeM betked lead bronze besrings are fitted of a
total thicKhess of 3 m.m, secured by 2 C mem dia. fitted
\
Py bolts with "D"™ headsz, and nuts locked plit pins,/egch

it respectlive DOl

L T a 1R m.om ol : ==
'"Cornecting rod centres 182 m.m giving
r ¥ 7
3.33/1
< "Hollow fully flcating gu pin €A
> "The ccmplete connecting rod ageen: Yy
Big eng

red/fcpank ratio of

0

x 15n.m Ich

™
(RN

;ichs 2,194 ‘pounds.,

715 pounds.

n

419
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CONTROIS (CONTINULD

DESIGN ANALYSIS OF GHASSIS

S e e

ND POWER-UNIT
T

Engine assembly, Vco

nrpom thex erankshaft gear wheel; and running at 82 of engine speed, and is mounted

on the/rear mein bearipng’mayu, and the second scavenge pump, mounted on No.2Z bearing

¢ap 1s driven by a h@l¥Ow square ended tu from the driven spindls of the rear pump.

"Pumps &rs infexdbhangeable and heve a common delivery .gh the craikease wali tb
an external\fank bolted to the crankcase, of approx 3 gall. capacity. The! pressure
pump ke‘assembled on a facing at about the centre af the engine inside ghes crankcase,

sa@/driven by a spindle pessing through a cast pockeét to pick up the qrive from the

camshaft gear.

"Preasure suetion is from the external tank, delivering £Heough erankemse wallwto an
external oil cooler bolted to theceerankecese thence th¥olaigh an oil filter (Autoclean
type) to the amnulus formed by\bile oil pump spindde\pessing through %he cast pocket,
so forming a small pressufesgeservoir. All #adn and conneetingpod bearings are

fed by a gallery pipersferred to the main{bgaring caps, which’gets its supply from

rhe reservoir throygh drilled passages'in the centre main bearing eap.

%011 is fed 4u%o the hollow joumnals of the crankgia®t, the supply to the big end
eoming f¥am’both ad jacent mehns, forming a double* feed. Ne oil holes appear in
themadh and rod bearinpf/Bhells, the oil heing fed into a greove mechined on the

chtside dia. of the%ghé11l, and sc intafale bearing by way of glots machined at the

joint at each side

1 1 3 " L1 . v = . P .3 A = /e %8 . N .
"There aré wwo 7 dia holes in the mains and one 9/16 dia. and two 9/32 dig.\holes

in b¥&\end bearings for oill supply from 10llow crank

AMhe rocker gear, through the medium of the hollow rocker shafta wleo draws on the
nregsure reservoir for its supply, draining back through holesrilled 1n the

¢vlinder head
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N ANALYSISNOF CHASSIS - SECTIGN 2 - POHER=2£IT AND POWER-UNIT CONTROLS (CONTINUED)

. { 1 - |
ettor N\ contlinusd

I XL ) «

Eaeh ce@mpurettor has 8 8ingle petrol conneetion, although there are four slternative
®8i#tdons for it on theN\fover, marked P. on the sketeh attached. Each pair of

netrol bosses leadiinto a gallery feeding the needle valves of the imner and outer

‘
ra
e

ut the two galleries do not intercommunicate. The needle vaives

L & 4
K
[

ne per £)loat chanber) must, therefore, be fitted on the same side as the Péirol

conneetions and blank plugs fitted on the other side.

MNlcat chember mechanism:

b Sl

~ "Eaeh carburettor has two entirely separa®e\fflost chembers.
\
ach float chamber ineludes two indémendent floats (weighing 24 grs. eachy\60 m.m

utside the 1lid, 49 m.m dis\&8round the shell ¢ wdAximum thickness 2% m.m, thickness

periphery 24 m.m).

interaction betWgen”the two floats is)obtained by a spetial tubular shaft

round the€ ‘same axis as the /Llotts and carrying two extensions (one at
¢\ rest on top of the Ploat arms and axeNinterposed between the latter

negdle valve shank. ADin driven through the tubular shaft limits its

rotatian,/probably to prevwent damage to the floats if, when dismantling, the
g t tipped{oyer,
ct of 4lle complication intrPoduced by the tubular shaft 1s not clear, siice

7

yngies of tilt, the petrol level will not remein as stable in relation to

iIr scheme . It has, however, the following advantages ;-

XA mes punctured it can be individually replaced.

transmitted through the tubular shaft, and 1t mAy,

A

goldered nssemblies.
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VAUXHALL MOTORS LIMITED )
STANDARD ENGINE TEST LOG SHEET E
GENERAL INFORMATION 3
————— - zZ
OBJECT OF TEST Standerd power smd-ros] losd fuel consumption test, (Using Bedford OY roed losds snd speeds). o
ENGINE n_ogn:_'pn MOD. % sER. NO. 550609 NO.CYL. 8 BORE % ,54" STR. 4,24" DISPL255,.2¢u.C. Rb«A3=1
T WHERE OBTAINED {DESCRIBE conDiTion Removed from Dussing N.A.Gs helf treck vehicle, obtained from W.V.P.E. na.
= by %, TOF overhsul = ®
ELVES ! SIZE (PORT &HEAD) | SEAT ANGLE| MAX. LIFT l LASH (HOT, COLDI) J OPENS (HOT. COLDI LASH | CLOSES (HOT. COLB! LASH g
nTaxe | 43 m/m 47 m/m s0° | | 010" | 3% AT,D,Cy 53° 4,B,D,C: "
exHausT 36 m/m 40 JMI 30° i i » 0007 | 31°% ByB.D.C, 18° AZTuDiC, g}
ARRANGEMENT & OESCRIPTION __ Angularly disposed, included engle between valves 60° ?m
CAMSHAFT (sTDEXP. PT. NOJ Overhead, gear driven. RAMP. IDEG. HEIGHT. HEIGHT DEG. ;h
CYLINDER HEAD/(STD. EXP. PT. NO. TYPE) \ ﬂi
CYLINDERNO s 2 i | Ave. ¢
VOLUME IN HEAD | | { i v 2 5 £
THIEKNESS. COMPRESSED GASKETs045/4047 DIST. TOP OF BLOCK TO PISTON M G .
“MANIFOLDS isTD.. EXP. PT. NO. NO. LEGS. TYPE) EXHAUST § legs, oblang sheped ports sand p ages 63 x 30 m/m sxhaust
INTAKE & legs, ILO'LEGS 37 x 45 !fﬂ. I. DOHEADER 37 m/m, . D. RISER s
HEAT CONTROL (DEscriBe Tapping of exhs menifold, two 24 m/m dis, pipes to snd from inteke end exhoust.
CARBURETOR (STD. EXP. MAKE. MODEL. TYPE. CHOKE SIZE. JETS. DESCRIPTION See note below. for setting. g
Solex, 80eJ.F.¥.2. . ‘Twin choke berrel types i

AIR CLEANER (MAKE, TYPE) FUEL PUMP IMAKE. PT. NOJ Solex,
PISTONS: (57D, EXP. PT.NO. FITS. MTL) _ Light elloye Ricerdo slipper types . . 3 v v
RINGS (NO.. TYPE) 2 compression 3 m/m wide, snd 2 sersper, slotted, 5 m/m wide, one below gudgeon pin,
EXHAUST SYSTEM: PIPE (0. D. LENGTHID T, 2e 0.Ds steel pipe to shop TAIL FIPE 10, D. LENGTH
MUFFLER (MAKE. TYPE, O. D.. LENGTH) i : XL, 5,0 \
IGNITION : GEN ERATOR (MAKE. MOD. PT. NO, DRIVE RATION m_‘l_:_mm_m.‘ COIL (PT. NQJ
DISTRIBUTOR (MAKE, MOD.. PT. NO.) _Beséh L NEIs,
___SPARK PLUGS IMAKE. MGD. DIAM. REACH. GAP: A.C, Zirerund, B2, 14 m/m. 1/2%, 015" FIRING ORDER 1 5.7 .6,2.4,
BREAKER CLEARANCE ,01B" T¥PESPARK CONTROL Automat ie, . INITIAL AUTO SETTING T,D,C,
COOLING SYSTEM . FAN DiAm FITENING BLADES. DRIVE RATIOL0.B/4" dis, 6 bledes, blede length 6 , blede engle, 20° st tip,40°
EQUIPMENT & SETTINGS AS TESTED: FAN ON.®FFi MUFFLER & TAIL PIPE (@H. OFF) AIR CLEANER @M. OFF1 RADIATOR (@M, OFF] Yo Dellle
5 CARE. ADJ. ISTD.. FIXED. ddeieibiEie . FUEL HD. ON CARS. Pump
SPARK CONTROL (AUTO.. dvhishtiiets MANIFOLD HEAT ADJ. Stenderd.
ACCESSORY EQUIPMENT. Generator not chargings
FUEL : COMMERCIAL NAME Pool sP. B8R 54 AT B0 °F KNOCK RATING (IF KNOWN) 69 approx. facx
OlL: COMMERCIAL NAME Castrolite SyA. E. NO. GENERAL MOTORS NO

NOTE: (GENERAL OPERATION, TEST SETTINGS ETCH

Carburetter Setting.

mm Secondary Barrel

Choloe o 26 m/m 5% 26 m/m

¥ein Jet 125 120

S.R, Jeob 55 Nil.

Correction bleeds 6 x 1.4 6 x 1.4

Bmalsion tube 2 x (4 x).0) 2 x (4 x1,0)

B.R. Alr bleeds Veriable Nil.

S.R, Well supply 4 x1,5 ¥4,
. Starter jets, AlT 65 A S s =

Tuel 120

FOnM 9 MM TeA




BRAKE POWER, FUEL AND AIR DATE_2s11.48,  sHEET No.
' 2 2 4 5 s 7 8 ) 10 11 12 13 1415 16 17 18

| NominAL SPEED | || 1800 | 2000 | 2200 { 2400 | 2600 | 2800 | 3000 | 3800 | 3400| 3600 | 3800 | 4000 e oo >
san corn. | 29,00 plus | +408'| (408 | 1405 | 4405 | 1402 | (402 | o402 | (402 | ,402 | 400} ,A400 | e RN U5
VAPQR PRESS .| aB03| 71| .287| .851 | .251| .265] .204| ,272 | ,316| .219] 261} .284| |
_____ [ 20,00 plus | 208 | 237 178 ,154| .151[ .137] .118] ,130| ,086| .181| .139| ,116| ‘

FPRESSURES

oo RO L T e N LGRS MRS IR MRSSeS [EEEINNESE TR 5 RS pes TR MRS IR T _.______,_______
CARB. PR, DRY

lo Lo 10 uka Iu 15 1@ ],N b

! MAKX PR SPARKL . R I R e WORED, A WG, LT O e - P Nl Bk
B.L. SPARK (28 | 85 | 26 | 30 | 38 | 33 [ 88 | o3 | 33 | 33 | S8 | 38 & s e

| _|pETONATION N_| BLo | DBY | DET | B,L,| B.L. N N| N| N N| E b 1) 3
1| camemTEMe. | 1 | @8 | es | 66 | 88 | 91 | 98 0y | 98 | 97 | 94 | 97 [ 99 \ ool e T ey

o=

|
}

CARS DENSITY !
| cam@loEnsiTY | | | s MR s, R e ) W (e D] O (Bitin 1N, o DA b e R
cFFo |iND 2990 | J’o:]

P e i s ) B~ ~\ . N O S B :
48[ TOTAL REVS. ol o R [ TP Y 50 Sk (B0 sy et b,

18] AVG.R.P.M sk o R S i : o S —— S [pP—— 1 -
17| AVG. BRAKE LOAD 141.1 |149.4 249,86 129418081171 10644 F47. Y s
A8l G| B M.E. P = e N1 SN (IS ! I ¥ 4 N 1 8
il 3 |ERIC.LOAD | 19,8| 81,5 83.3 S0CQ WR.6| 48,1 40,7 . AsN I |
20 IND. LOAD 1166,9|172,9 0.9(188.4(166,4|163,8|168.1] | B 1 o i

21 LOAD (IND) - __1150,0(167.1[171L.3 171,3[160.0] 16604 |16440/159,2 St

170, 7|162.8/155.0/144.0]
}/100.4] 95.6 9k.1| 84.6) "

s |

BRAKE TORQUE| 163,28 |191,1|194,5

B.M.E P,

N
(7]

LmEP : “|122.8[129.0[138,2 130.6(1287(126,0(388,0] | | |

CORR.

l.H. P.

e | s2.7] 7ael 81.3]
| lemakeroas | | 139.5[145.6| 148.0
_CORR.MECH. EFF. |

[s fo rm s s s |

| WATER

WT. RATE - o WL 5
TR E RSEMRES, b O - (OSSR [ M0 i o AEE
TEMP. DIFF. N Dl TN A S SRR B 4 e B SR B S It N
.

ST,

8 |

ulu
& jw
't FUEL
L

4 |
on

1

|8 f& |4 |

SFEC.BRAKE
SPEC. IND,
VOL. CARB.

-

:
Si
i
i
i
|
L |
E
w
b
|
T
ol
§ 0
!
—
L
'|
Jl
|

YOL. EFF. = 5 e —
AlR-FUEL RATIO

sl
i

FULL THROTTLE MOTORING FRICTION

47| NOMINAL SPEED - ! LN RS, L SCEN (15 il i b L ENE =
48| F.M. E.P. O e F AL L
as| FoH.P. 8.78] 10.7| 12.8| 15.8| 18.3| 21.6| 26.1] £0.0 33.2| 36.3] 43,7 49.7

FULL THROTTLE COMPRESSION BAR. CORR. FOR TEMP. 909

50 NOMINAL SPEED 500 Ja000 |  |2500 |  |R000 2500 | 3000 3500 _|4000

51 | Ay.G. 08S. PR o RN W 7 @ Y e TR T W © e
52| Wv.c. cORR. PR. 152.3 161.5 152.5 1641 165,3 160.6 152.8 139, 7

Form o r. TaY.
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/RGE 39 Fkor Bussme w6 RPI PRGE /8

FROM FILTER TO

‘ ENGINE
OIL PRESSURE “RELIEF A

B

FROM PRESSURE Pump
TO COOLER.

| - ,
! 2:
N / 7, 4
af.’ H | Z //////j
| il 7 :' Z W/—// |
) /) 1. &
_ =4l T ,// “ 0000
: ;_' [ # 00000 H
! TO_PRESS,
I > /S /// Z / /
| L/ i
W et
//i ' % %y 7
| FROM COOLER TO
FLTER
|
|
ANY EXCESSIVE ‘BULD UP' OF \PRESSURE OR BLOCKAGE IN THE COOLER
IS_TAKEN CARE OF BY VALVE A WHICH BY-PASSES THE OIL DIRECT
X TO THE FILTER, SIMILARLY. WHEN SILTING UP OCCURS IN THE FILTER,
N OL IS BY-PASSED THROUGH VALVE 'BB ' DIRECT T0 THE ENGINE BEARINGS,
Y OL PRESSURE RELIEF VALVE 'C.

SMALL HOLES AT D' HAVE A DAMPENING EFFECT ON THE OIL ENTERING
[HE RELIEF VALVE, AND PREVENT THE BALL CHATTEI?IN@_ONITS SEAT.

'NORDBAU' ENGINE FILTER HEADER  (LUB-OIL)
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' FERRODO TYPE ——
FRICTION DISCS

—

g-5Mmeotrs—— [

4 CRAHKSuﬁF‘l

t f===

RAGE IS

2 TUBULAR DOWELS

—" DIAMETRICALLY OPPQSITE

12 SPRINGS

FREE LENGTH 1-219
LENGTH IN PALACE ‘827
MEAN DIA: 43

DIA .OF WIRE 32
No OFEFF. COLS 7
RATE 10618/
TOTAL SPRING LOAD 498 1B,

PRESS. ON FRICTON FACES _0-418/0

CRANKSHAFT

" FRONT FLANGE

L

SP

e

~ 8-8™/m pia. BOLTS

‘NORDRAU TORSION VIBRATION DAMPER

SCALE = FULL SIZE




OF CHASSIS =~

Petrol is deldyeéred from a single petrol

o - | - - 4= .
.2 00lex carburettor,

tvpe i A diagram of the pefrol system appears oI

Unit and Power-Unit\Oentrols

Towehicle




ANALYSIS QR CHASS - SECTION 5 PETROL.

-mgb®rs, cross-membershwand idler suspension units

from this plate it would apPedr that there are glternative feed

$s housed betweed Hhe side-members above and No s
Mount4Ang tes are welded to the cross-members and ge of the

i

. S I S v - - - k2 ; 1, M st we o : 1
oy . fwo* straps with tareaded ends. lhere between the (tank

plates upon which it rests and canvas strips ben

Btraps

plug is situated in the bottom of the f&ml\ at the lowest pefP and a filler

the top at the rear, the latter presumgbly being

In the centre of the tank at theé\Yop., is the livéxy pipe union, and™udside

colled-pipe breather. he pe¥rol tank accessord¢s are shown in Eigte 50

inspected had a single\petrol delivery/pipe leading to the\sduttle but

1ows an alternagive dual sj

to give a

ratem Which is apparently

fuel supply. A three-way tapgysuch as that showps#8t (16) in Plate 50

i Nt d oy O S ey g R ik L A . . siand sk au g i Tt ale 1 A4
to th€“vehicle which wéd d&xamined bu% one of the unions was blanked off

piped\ throughout the gyotem were of copper.

system.

In
L1l

viz. that shown in Pliate

ear alsp\that two




Page 45.

DESIGN ANALYSIS OFN\CHASSIS - SECTIDI™3 - PETROL, EXHAUST AND WATER COOLING SYSTEMS

T e et O T e d ———— T e —

({CONTINUED) :

Water coolin® system.

b - i i ™Y
included in: Plate i
Fietorial illustraticns: Plates 19, 47 and 48,
General photographie view: Plate 59.

Circulation jeerfected by the water pump bolted to the rear of the generator hpnd
eccoling by & large conventional-type radiator for which two fans provide {he ‘air
streah, The circuit includes the radiator .film Bhlock, the oil coolex~the water

plimp, the cylinder block and the radiator top Atuk.

VY

Included in: Iayout didgrdm: Plate 17
Pictopial i1llustration: Plate 47

Geveral

(]
re)
o

photographi ¢ mplew" Plate
o P

The general form of the faddmtor can be seen/ih Plates 47 and 56\ It is of the

v

tube type imWwhich the vertical{Tubes are surrounded; by an imitation
honey-comb to proyide additional coodhdwg surface. There’is a typical brass header
tank and a 1%kY filler cap of fa%Wricated sheet bragd The outer shell of the

adiator le\fOrmed by two simiddr fabricated sheetSmetal halves drawn together and

therebg plamped to the éqre“™by four boltsy {félt packing is included betwean the
cape~proper and thissonfer shell. The tgdiator is mounted directly, with the

: \ : ! 1-4 1 o L]
ENFxception of the Afigertion of a stirip\&f felt packing, on the forward flange of

No.2 erosa-mehber. Tap

tor to this member and there ame
thin rubpew/insulators beneath the heads of these bolts At the top, theé\fadiator

&

18 speAdied by two brace rods linking it with the scuttle; the rods arg’ secured

A\O/8n angle plate, which is, in turn, rivetted to the

Q\ﬁ]“[-;] ngemen t or

This mounting

yrovides a




. 1 18 %
< v of % fan ls
» + £
¢ 4 lﬂ':t 5 4
.A'-'A‘!F W 1€ F a Q‘ Y
A v 11 Jey
I

> I -

Oy~

cort

&




(SC": A

€oolin;

Radi:

b 1h
¥
-
. 1
L San
Tl
- ¥ 4l
LREC ¥
e N0
e 4
L
SQ XY
2N o Py
3N : 4 L]
L ' -
REINC s
L] Nt £ ¥
¥ '-..
™
& 5
»
v
s V g
-
adl&

RARE?




Page 46.

DESIGN ANALYSIS OFCBASSIS - SECTION 4< FRONT AXIE ASSEMBLY AND FRONT SUSPENSION.

Deseription of De§igg.

Front axle\l&yout.

Included im: “Layout diagram: Plate 9,
Pietorial illustrations: Plates 38, 39 and 40,
3 General photographie views: Plates 59, 60 and 61.

The general Jayout of the front axle of the ZGKW 3.t is typical of whesled-véhitle
practices. Pneumatie-tyred, pressed-steel wheels are bolted on the hubg~#hich are,
in tufm, pivotted at either end of the axle beam By a typical king-pin/steering-

[ kpuckle arrangement. Steering is effected through steering arms, Mie rod and drag

{
pen1ink typical of the parts usually associated.with the Aekermgh Principle.
»

A single transverse leaf 8pring is emplgyed for suspensiog and the front Wxle is

braced by a tubular framework of \Wishbone form.
There are no brakes on the ‘tfont wheels.

W Front axle beam.

Enclwdéd in: ILayout diggram: Plate 9,
Pietorial illustration: Plate 38,
GémeTal photographiewiews: Plates 59, 60 and 61.

The frdn® axle beam is & forging of approximétely square seetion with a downwaxrd
bow€d"form as viewed frdm front. Incliped tapered holes are drilled in the eyes
\Eor the king pins8ad there are bogseg and lugs for spring and shock absorber link

attachment. Tapered holes are drilled beneath the spring anehorage bosses 6

8ccommodgte~the wishbone axle-braeing members.

Steerie knuckles.
\
(2 Included in: Layout diagram: Plate 9¢

Pictoriel i1llustration: Plate G2,

General photographic views: Pldtes 59, 60 and Bl

The steering knuckles are machined forgines of basige Wy conventional dasign. The
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Page 48,

M P T 1 T P VTR T T T ™ '
- SAECTIOp. 4 - FRONT AXIE ASSEMBLY AND FRON
. e S e e e

DESICGN Al JALYSIS OF

COTT T
CONT LN

Steering tie.rod.

;. Included in: J#Eyout disgram: Plate 9
stration: Plate 39
weneral photographie view: Plate 61

The left-hand MALY-joint housing is welded to the hollow rod, whilst there is &

threaded-tubd, Attachment for the right-hand ball-joint

of the *od to be adj

fa)
A
b
t
-
B

o 1ar I MO *Yal o Yoy ¥ A v W mhd Al - - & b . - . X

The partly tapered form of the kiig pins, which az& BRriven into tapereg

the eyes of the front axle(bfem, can be seen«frol the above repraductions. The
o

thrust, due to the load“ypeh the front axle, (s borne by the lewer faces of the king

pins which are in cOgtget with the inpern¥l surfaces of thé

screwed

into the lower peghers of the stgedig knuckles. Thdg/design thus appears to

transmit the’Mi6le front axle dpad through

A centfal¥oil duct is

pin and lubricates
tg~upper bearing insth® steering knuckle ) Lubricant is fed from a nipple in the

wer bush of thelknuckle.

front hubs.
e e et et s g

g
=
o
ot
p
LTs
o

Ineluded in:

m
ot
Lo]
&
w

Pictorial illustretion: Pla

General photographic views: Plates &0 and 61,
BERE Prent hiha Brs oAaEinsa aP tha Parmm chram: 4 i :
ie front 1bs " 1 8ting: f the form shown in t} Ve Thére

e fich+ ati Pfan P L T ) P TR " : .
2 elght sti Lng ribs on the inside of each hub, i.%, Jone mid-way betweed esach

Wheel—nttachiug stud. The small-diameter outer end\®# each hub is thfddded
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Front hubs Agont inued).

externa 11:." to car Ty a he avy, fabricated we lded jtee lust-cover

front-wheel bearings.'and oil

Incidded in: Layout diagram Plate 9,
Pictorial 1llustration: Plate 39

Garasbl Y - 1, N B T ) :
eneral phe ygraphic view: Plate 6

Lalk WL O llLe ¥

Thepg\are two taper roller bearings to each hub, &y means of which thé”hubs are

¢irried on the stecring knuckles

hub The Se

An o1l seal is pressed into the

seals are of a conventional design, ‘comn loyed €n Ynbtor vehicles;. the basic

form will be recognized from a stydy of the sectiondd Wiew of the L.Hehub seal on
Plate 9, There is a light Shept-metal casing fde "in two parts, between which is

i 1 g Ao cavawasy1e -
1terlialy An annular coil

gripped the L-section safildng element of rulber-1:

ential S€d#1 between the flexible

élement and the j6awrnal whieh it surpdunds. ihe hub,QVY seals are accommodated

on special jogM™ils, machined on Phe wheel-carrying \sbigots of the steering knuckles,

Front read/wheels.

Ineluded £n% Layout di agrams Plate

4 10T 0Ll YA11¢C View L 1816
-
J wac o 3 " 4l Y shonla - yme 1 Ay I avmAd +hatdn Ay 4 sxn e ) =il P - o
rressed-stedl, disc wheels are employed and their form is well shown in thd
11 x ke Y - M. 2 : - 1 e 3 S 3 1
L1 ‘avdons referred to above ‘he rim of eacn wneel 18 secured tao~the shell
4% 1 £ - 3 3 4+« } 5
by IS of the rim is deta ble to of
v ¢ ! . CrE 4§ ™ ™
! V3 E Lal'go CLI'CLL
" vheel is attached to the by elght flange studg»wiN.ch are held on $h%

inside by thin nuts ead : akeproof washers of sphe external-tooth (EyDe. The

Wheel is elamped to the hub | eight ecan nuts A h el l=gseatad lngkwd'shers are
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EEHSP rdgd wheels (CCHtinUEd',

4§££?f~ﬂ between the wdss and the suitably eounters

Front tyres.
——— el i —

Ineluded in: layout diagram Plate 9

Piectorial 11 LuUstration: Plate 39

General photog

-‘\&ﬁe pneumatic tyres are of rubber or

Ve  cross-country

(Gelfinde) type of tread.

Included in: Layeu¥ diagram )

PA¢torial illustrapida I 38,
General ph apiic vi : Platea B9, 60 and 61

buspension of the fagnt axle is effected™y

1OYE e - AT T Ll ha av]laeaaldnoa vty T - - "y MNad . }
HOvement controjedd by axle-slingsg Noumpers an Det ls of the
RLOY mpoyemts are given undar . their respectivegefidin
Fr
L 4 i aaram} Plate ¢
PlctorialN\Mlustration Plat 3
G(i'f':!_a ™5 nhot rranid o Plate = ( el
ral photographic Plate £ I
The form.8f) the single, inverted, semi-elliptic. transverse. leaf spring e Nshown
len p%ar £ o + Vs i i | ol e o s a2 K 1 . . " 3 1
€learly in the illustrations referred to above A nine-leaf pack is\¥pbwn in the
%4‘.',";_'_' I 12l _1_1. gatrati Y I + ring fr t e 1 Wik ;}1‘!’3
N¢ . ol - n e =} - s » = P,
I ; 1 h ouy LA =F ign of
T t} Wl Se i T
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PESIGH ANALYSIS OF GUASSIS - SECTICH 4 = FRONT »XLE ASSEMBLY +ND FRONT SUSPEISION

) (CONTINUED) :
'Eﬂrinﬁ bumpers.

Included in: Igyout diagram: ' Plate 9.
Pictorial illustrations: Plates 35 and 38.
_ <z General photographic views: Plates 59, 60 and 61,

f»o rubber blocke,#uspended between the spring and the front axle, prevent excessive
Berlection of\ bhe former. A lip is moulded on each rubber block and, by megng’of
M$his, it(iz’carried in a bent-strip retainer pinned to the lower casting Of “the

‘ sprifig tentre clamp. The same pins are also usedito support the axle 8lings.

4

¥Bnaller rubber blocks are pinned to fabricatfed,“Welded retainers.which are welded
%0 the side-members adjacent to No.2 epoSd-mémber. These bumpers serve to preéyent

Bexcessive pivotting of the spring and\front-axle assembly mbout the centrqgl mounting

pin.

PAxle slings.

Included 4n:) Iayout diagrams Plate 9.
| . Pictorial f)¥kustration: Plate 38.
GeneraX photographic views: “(Plates $9, 60 and 61.
Two braided§ metal check-strapg pass round the frept axle about 6" apart, slung from
the fronPvspring-mounting Sziinnion. Holes ere/ drilled in each end of the check
s(?aps by means of which/they are supported from the same pins which earry the lower

W8pring bumpers.

iThe end-finiShing of the check straps is worthy of note. The strap is foldddback
8nd a spgll pin inserted inside the fold. Sheet metal is wrepped round/tile folded
§8nd Q) the strap and holes are drilled through the folded strap and wrafped sheet-

$'tal together. he small pin which is inserted in the fold of (th& strap can be
3 ' :

8€en in the right hand bottom corner of the photograph of the ‘sirap (12) in Platelds.

Bhen, t1c stran is in tension this pin bears upon the uppes edges of the sgheet metal

8 = i i -
| L o2

1%

L &Rrough the eye.

*¥e and prevents any tendency of the strap to pu
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GN ANALYSIS OE~CHASSIS - OSECTIQNCS - FRONT AXIE ASSEMBLY AND FRONT SUSPENBION
B CONTINUED

-axle brAking.

Included in: JIayout diagram: Plate 9,
<: _ . Pietorial illustration! Plate 40 and pages 152 - 214
i of the lMetallurgical Report.
I - -
\ General photogrephic views: Plates 60 and 61.

{dfallurgical Report: Pages 14
The tubulBhP“wishbone front-axle bracing is clearly illustrated in the aboyh

Solid pieces are welded to the en@g of the tubes, maocliided to

q;aaer and threaded as shown in the pictorialf view,

uThe tapered lengths of the front ends of \ble ‘members of theswlshbone are drawp
lv into tapered holes, drilled gompletely through the Ffront-axle beamybeneath
rm.l} b y v -
$he spring anchorages, by thin, ceBtellated nuts onhe threaded extrege\Tront ends

mbers of the wishbone. The rear endd ©Of the members aréngccured to the

Bross piece (65) in Platg™) by similar nut awd taper joints.

Bfhe rcar end of thg wMShbone is attachHe® to No.3 cross-mgmber through the ball joint

BBhown in sectidu\ih Plate 9 and im exploded pictorial\view in Plate 40.

ring af{wslding on one of(PHe tubular wishbone\members of the vehicle which came

nto onr/possession appeea®ed to indicate rebpair of a failure, The position of this
3 ing has been ingigated by the Laboraifry in their sketch on page ]192.

Included in: Layout diagram: Plate 9.
Pictorial illustration: Plate 38.
§Z General photographic views: Plates 59,80 and 61.
'“E suspension incorporates two shock-absorbers which™are of the double-

ed one below each side-memheY. The generals,form

~

BE the main castings will be seen in Plates 38 and 61. “Mwo pistons are detuated

sting by a one-piere, central, stee} cam and the
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Shock absodbérs (continued).
| —

The attac

the

.' pistcns Are linked togethen o effect the retur:r C n eylindrical part of
iﬁ; grsting is closed.\qe/the ends by oct: s whi crewed into position.
SIO"'d gseal is madp,‘beneath the eaps by the insertion of ¢ er #ing and also ocAR
Bhin, circulamsheet-metal disc which covers the end of the cylinder
Bfhe valvey are situated at the of each piston = the circular VMM flaps are
1ightly spring loeded. Bach shock-absorber is goihted by two 1 e edtar bolis
| nuts on a fabricated, welded bracket, wgddad/to cross berWo.l and projectiph
downwards from it.
Bach shock absorber arm is mounted hy ' splined joint onMhe same shaft whheh carries
ghe cam and the eye, at the end va the arm remote #£&oN the shock oty 15 Fitted
With a steel bush, by means, @M\ Which the forked\yertical link is_.adiached to it.

o shaglefabsorber linksxto™the lugs projectimg forward from the
front axle beam is cMarly shown ih Plage 59 There argfbber insuletors on either
S Bide the axlesbpem lugs and eagh{ ¥¥hk is threaded ghd) carries two pairs of lock-
tween{/whleh the insulatpes.and lugs are sag@w¥ched

The longnafiller tubes of\th&’ front

Exbsing their upper gnde”can just be saegl _proje

ember in PlgYe 59.

a
nd Son
3 f T s 2
velgcity/load characteristics of the front shock
sorber testing machine h plotte
page It will be seen that
{ 1 b 1

note . The setscrews

the top ge of the front

apsorbers were inweetigated on
d from the restis appears on
r e Ovparently designe®%o
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(Sealed~Trom vehicle exePyt where marked =

lpont Axle Beam: Section o x 2.4"

2 i Prand w . | > o4 1 Anls
Mgximum front wheel steering lock &Y.

® Eguivalent to

{front of

t

1
=
o
ct
=
=
S

B
e
—
=
.
|
(5

=

t0 rear of

yneres

ute %

ecomgepd€d tyre pressure: B4

¢

Shackle Bo¥t diameter: 0.,

CentresBivot-Pin diameter . 31

&QL;_,\;{ le bracing: Outsi« iam€tsr of 1N
Test dhgweter of threaded 5 -
L1lstan I > L &
T s0 6 i
- o v i -
ers RN - Tork L
nT — ”» o
FI‘O,.‘, . K Al r I'# Fiston diamete
Q~ - wdeY -
*1 © UgE bl #
01 ring Assy Free BT ( r
: iy Vel e 2.6
.
€1l LIl I £ 5102 .,

Load/ g« flection relationship of assembl; seaNpAges 4dlo - &
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DESIGN ANALYSIS OF.GHASSIS - SECTION 4
—_—t =

SN e B

\eontinued),

Individuad plate dimensiona:

Rilscn of Loaves: . 2,7"

Leaf{No\ Av.Thickness (ins). (ins). Radius of

L Curvature \Ehd).

— = e A, S

e r———— -t e —

1 0.301 46.. 0N &Q

N 2 0.307 A7 16 50
3 0,305 41.3 B

en
o o
Do 2]
w o
W -3
A A
L6 3
a0 o
= e
o W

o
Q
]
w
(& ]
(™
W
b
e
(4]

9 0.264 7.9 TE

10 0.265 13,8 35

This medeurement was takehTrom the roughly Ydrnt end of the plate, (see text).

been carried out reference to the appMipriate

§Ef* ¥ reéporis nas peen made at the top of the sub-section deali¥g/with the




e With an e cent? lan iraphs of these tests appegy on

: ring ; L Q6 W 2 o \upon the investig«Pion
g
- i ¢ N ™ to 111 5%etor

1i T | % A o b v
N
. QrOPT
- SN

Th ¥E ot en N 1e sh yRbE st-r in

4 ' o f 5 -

¢ PE AR b 1 gL>¢ with Vauxha Motors
o =T LG '™ a1 & & - - 5 ¥ 3 - 1 R A

g T4 » #9053 l . gCcllon 1 NO Iy P
1

1

- ' exn e 1

A Y




JON ANALYSIS OF GEASSIS - SECTION B2 TRACK-LAYI
T T A - ————— -

=

Wescription of Uesign.

Sayout of Arack-laying units.

. ( Included Ahy~ Layout diagram: Plate

8 % 2
weneral photographic view:
3

e rear end ofsthe vehicle is éarried on two endless, flexil tracks which exfeRd

{pproximately three-quarters of the length of the chassis.

Whe tracks are of conventional tracked-vehicle desigu\ Ynsomuch as thew Mzp® rlexible

H
¢
Q
B
o
ct
H
=1
()
<t
bl
©
=
="
e
5

(¥
a

¥

I
et

§
-?:\i vertical plane by virtue of thel

» . =
Boined together and freely pivotted with respeet to each othexp By¥the track pins

ch track is carried on a driving spracket at the front.end and on an idlemWheel at

i rear. Between these are six%airs of rubber-tyrad)

Bliich carry the weight of thesgéhicle.

pidividuel items of theyPeck-laying units &€rk dealt with unde¥ their respective

Included in: laygit diagram: Plate 5

o

feh driging-sprocket asgémbly and final-dritve gear-train form a single uni

@

ungral layout of which ¥s clearly illusfreted in Plate 5 Further details of the

jilvidual compongBtsd of these units Are given below under their appropriate head\figy.

BlVing-sprocket stub axles.

Included in: Iayout diagram: Plate §

{ Pictorial illustration: Plate 28.

d Wiee . : 5 ek ar ke m ‘ - 3 :
1 stub axles are hollow spigots, flanged at qfeNerd and machined 431

T. ' gea end of each axle is secured to the corpegpdonding flange atdeegh end

Lra; er No,.4 by eight tap bolts The outey ends of the hofl TvW axles

elosed by brass plugs. Bach axle is tapered towerds the outer enad but 3 roporates




ERSTGN ANALYSIS OF CHASSIS - SECTION (9:. TRACK-IAYING UNITS AND
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BFiving-sorocikeb.Btub axles (continued).

BWo paralléel) journals upor wihl€h the parallel-roller, sprocket-wheel-hub bearings
BT &
M ving-sprocket befirings.
Jgdeluded in: Layout diagram: Plate 5.
Pictorial illustration: Plate 28.

p parAllel-roller bearings carry the driving- -sprogket hubs on each stif#axle.
uhqiinncr and outer bearings are of different siZeg\

s,
ffhere are two steel distance-pileces betweem the inner beari ing~a8g® the adjacent

fBhoulder on the axle. The first spand tBe radius betwedn $ie shoulder and the

flournal, whilst the second serves e®e %he inner flange S0 the roller bearing. The

Bearings are separated by a hollow,” frustroidal, ¢#e% distance plecgs and the outer

Bearing is held against this.d¥stance-piece by(a,eircular nut loekdd with a tab washer.

RRlving sprocket hubs.

Tnelmddd in: ILayout diapram: Plate 5
Fictpyial 1llustration: Plate 28,

& generad \form of the hollpi, ~ribbed castinggf/which form the hubs for the driving

BProckdl wheels, will be SAcn from the sectitnnl diagram and pictorial view referred

E <

Q&Fbove~ The hubs @arfy the sprockat(wh¥el at one end and the final drive gear wheel
"

the other, thefdrmer is attached Qy studs and the latter by tap bolts The\duter
Bd of the nul casting is threaded externally to take a large, fabricated, weXdef,
el huy eanp .,
;;" Jirive gears
} Ineluded in Layout diagram Plate «Q
torial 1llustration Plab 2 and page &8
S¢ lurgicel Raport.

Metallurgical Report: P 24




Page 60,

Gl ANALYSIS OF @HASSIS - SECTION.S.L TRACK-IAYING UNITS AND REAR SUSPENSION (CONT

Wnal-drive gears (econtinued).

Be final=drive gears consiat\dT one gear wheel and one pinion to each final-drive
i'Q' ¥oth of which are élparly shown in the above reproductions.

\
e pinion is intepgfel with the short shaft upon which it is carried and is mounted

B two paralled-roller bearings which are borne in the final drive case and coy®dg
fupect1761y- The inner end of the shaft is splined to accommodate the flange

Nece(28) in Plate 28, through which the drive isransmitted.

S gear wheel is carried on the hub and secufed fo it by eight #ap bolts. Part of
Bhe plain portion of these bolts is of a greater diameter thagfi\bhe crest diameter of
$he threads and the tapped holes in thé\lwb are counterboxed accordingly. Eath

Bolt is locked by a tab washer,

Mnel-drive gear case and cever.
Included u: Y layout diagram; Platpsy5.

Pictorial illfystration: PMgtvt 27 and pages 228 - 237.
8 the Metallurgical Report.

Metallurgical Report: Pages =225 - 239.
e gear caa und cover are mgdleable castings gdampéd together at thelr peripheral
fiange gDy tap bolts, thuyg'forming a housing“{of the final drive gear wheel and

%ifghno No intermedi&te gasket or othe® Pecking 18 used.

Boh gear case 4B, tlamped to the circular flange at the end of No.4 cross-member\by

bhe garme eight$ "tap bolts by which the stud axle is secured to it.

Bal] (cdver plates, (10}and (6) in Plate 27, are secured to the main.geay case and
ROV by setscrews and hold the outer races of the pinion roller bearing in positions
3

® gear case is provided with a filler cap and a breather pipe,\oth of which ape

-

U‘\'Il in section

-t
]

o
+
-
J

POt tap bolts secure the main-brake flange-plate td Bue gear-case cover.
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Page 61.

/D REAR SUSPENSION (CONT)
e

1-drive-pifidon bearings.

Included in: Jayeut disgram: Plate 5
<2? Pictorisl illustration: Plete 2
j;rﬁ are two similapqp®ralliel-roller bearings to esacl inion. 'he inner races are
Besced on the pgfallel journals of the pinion shaft or lther side of the piniapg
liflst the ouder” races are carried in th AT case ver respectively The
fetter are ¥ocated longitudinally by the cover plate to +tl case anf to the
:F.af By’ hexagonal and countersunk screws respectitsly
Enal drive gear case oll seals,
| Included in: Layout disgpsg® Platenb
s 1stration Plate 27
?° ail se are to rive uni 8¢ Jone seal for each“shaft
PR jecting from the housing, The als are ¢ conventional AdgBipr described
jth reference to the frenthyWheel-bearing ojl 1 nd t sealilig elements are
the same material. Phe geals for th€pi fte arp~o&rried in the cover
jatas shown at {6¢ Yh Plate 27 and$¢ha pOn Imf 1ed {jornals on the gear-case
l of t ounidng flenge piecefds (28 e 288 T} ub sea are pressed
Bt a cipBWYAr recess in eaeh)gear case cover fhey bear or ecially provided,
?cg?ngd Journals on thé otside diameterseoef\ the inner ends of the hub castings
i;,guarﬁ the maln brgkes against ent™?P oil from the hut
ging-spro
Ineluded in layout diagram Plate B
Pietoris 1 straticn: nd paped 242 250,
{ tad Japgical Report,
? Fener .0graphic view I 5
X
) irgical Heport Pagsf % !
he m iop 3 arh i g ing including the
BBbra) ghe ) the brake drum, the two rime SPrgQERAL e il the nerrow-section
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3 carried op\tWe rubber tyres of the dri ving s 8] nd the dz ig
A\ A v anntasid hed =3 » - AT L't 3 B mva e o P S e =
BAnsmitted by congGy between the sprocket teeth and the ] arge veotl ;[1é iIack
Boes, projecting inwards from the assembled track, (& rack Shoes) The tyrRE

of solid rubber and are moulded on the grooves of steel bands. which arq,Nin turn,
gased.wn the rims of the sprocket wheel, The fomm o 1@ sprocket tge¥Ph can be
;QHE?JE SEEI the plctorial and sectional viewS“rdferred to abow The rollers are
‘ easy Iur it on the pins which carry thew between the twol\cast bers of eéeh
i

a ti; A in the tootl the oupgife of
urred oyeéx,, to the pin:
WELE whe
Included ini : Plates AN\dnd 6
Pictorial illuft¥ations Plgie( b1 and pages 259 - 268.
of e Metallurgical Report.
. Cenera X photographic views w.ates 57 and 62
. L %: reic Repars, {coupled type bogle’): Pages &
B the boghe’ wheels are of {Nricated, welded Afif rivetted pressed el construetion
{e:}ry rubber tyres;e fgey are arranged,.{n bairs and thers are six pairs of bogie
g1 > *h side QR the wehicle. Zéeh"pair of wheels is elded and rivetted
BEem| i 1s daxried on an individual arm, suspended by tor r
BY closesha'cing of the comparatively large-dismeter wheels is pemmitted A\ the
D10 g0 ernate pairs. To enable this, alternate isemblie e Ok different
Rt - side of the hus three blies Wémprising pairs
\
p C. coupled bogle ls and three assembliesX{p whiech the wheels
widely spaced to overlap t former isSeppiies.
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BIG ANALYSIS OF CHWSSIS - SECTION 5 -“MRACK~-LAYING UNITS i
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REAR SUSPENSION (CONT)

Sie wheels (eonbinued).
e senEPEL forn and lavout optwe chassis of both types of bogle wheel assemblies

Bh be desn from the secthondl, pictorial and layout views referred to above,

1 “
5.e§y Spaced Assemblie€:~ 2

Positiongs Bogies No's 2, 4 and 6; left-hand and right-hand.
Congtryétion: Bach assembly is built up on a tubular hub-pieea.with
flanges at™€ach end to which the bogie wheels are secured. Thg rims ofy4he wheels
'}; welded to the webs,

A<

Me tubular part of the hub-piece is of. fairzlythin gauge materiel But heavier flange-
ffoces are welded into each end of the suwedend carry the e barallel-rollerxbedrings
3;0n which each bogie is mounted. Ag~eil seal is also~garried Just inside each inner
pieel-bearing. At the outer epdj\Phe hub piece ig&hedaded internally t0 take a
f8avy, cast hub cap. When gefewed tightly in pRsition, the hub oép\bears upon the
uter race of the outer wheel bearing. Lithle importance is mpparently attached to
the precise tightness oR/this cap, howewdh, as indicated by\tHe device provided for
jocking same, This) consists of a wiwe eirelip reposigg In an annular groove in the
Bub. - A singke(ftole of slightly(gréater diameter thah that of the wire of the

lrclip 15"{r{1lled in the hub dnd a similar sipgle hole in the ecap. One end of the

f.rq.c;rclig 18 bent to'project radially ipwerds and a positive lock is thus provided

'{;w the positions ofythe two holes ecoic€Pde.

* Webs are ofpressed steel and are punched with large holes around which the'gdtal

88 besn tyrned back to form a reinforeing flange. A*wide flange is formefi\‘“round

e ouyside of the webs and to this the rim is secured. Six holes smesdrilled near

B\ Sentre of the web for attachment to the hub-piece, Rivets, with Reads countersuak

the flange of the hub-pieee, are used for this purpose on Gthé\ ¥mner wheel of the

BIT but, in the case of the outer wheel, gix studs, screwfd\ln the outer flanpge of

B® hub-piece, are employed, thus permitting easy removaX/Gf the wheel to previde access

Bthe inner wheel and to the coupled bogies.
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TGN ANALYSIS OF CHESBJS . SECTION 5 -\PRACK-LAYING UNITS AND

jg-wheel-carrisp arms.

frcluded in: LaydQf diagran Plate

v
b
7
TN
J
(=)

Metaldurgical Report: Pages

e bogie-whedlscarrier arms forging general for vn in the a
?:producticnﬂv In conjunction with the torsion ATs, em ed for bogie wut
gy sepve to mount the bogies flexibly upon the Frane. The mode g\ Agfembly in +

gesis with the wheel-carrying spigot rear ofthe/mounting spigot M s shown i

Dliotograph reproduced as

which waa\teken with the bpgie’ wheels remvedy

Shere are left and right

but aly those on the same sMde of
Bhe vehicle are identical, i.e. nothedification is reouted for the two e

t medification is regutred for the two {¥ferent
Bypes of bogie assembly. MoreOX®¥r, the blanks of/Bf® left hand and ight hand arms

Bre obviously identical anflreMy the

ions differéytiate between the

0.

Bboss is provided/Bydeach arm for €i6ow

although use is

iy made of tHP8"in the case of he arms for No.6 §Okle wheela, sinee it is ¢

nly

il the suspemsion of these that

o

bsorberg.ws® incorporated. There is a

PPicaticy on each forging/$or contacting thd\Pubber bumper and the surface of the
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he wheel bearings.

g Opposite egd 'of the arm is of similar external

18 borneMn two needle roller bearings which are, in turn, acco

modated . n castings

BeOrporeted in the frame A separate sub-section

\W;‘tmtin;z of the wi

0

carrier arms in the frame. The torsiop™bar passes through

rlil& LC n{ZL:; \_}f t‘“":': i OW I er LIE ABrm and the splinsd e il

-

the formem\s

but 18 hollow; on the Wehicle
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Bogie-wheel-éaprier arms (contjpued)

I.OﬂG-itUdinal movement of the\WWoOrsion bar with respect to the arm is prevented by =

bolt passing through thé/arm and engaging witl in annular groove in the splined

.l:ngth of the torsidw bar

Mogie wheel bea¥ings.

Ineluded in: ILayout diagram Plate
Pictorial

\Q General photographid views Plates 64, and 65,

/)

. . +h w} 1 h o v T - 141 w11 i .

ach bogie wheel is carried on the wheel-cArrter arm by two pargilél roller beapings

fof different sizes. The bearings areBeptrated by

distance-piéeé and
Bre held in position on the axle of \{h® wheel-carrierMrm by & thin, cirdydar nut,

garried on the threaded end of.thd‘latter

Mashers of alternative thivkies

are ilnsegted’ between the distance-piece outer

gupport and the innex pace of the outer b&mfing to provide fie¥fis of &d justing the

@lignment of the bggle wheels |see, SHGVICE N

= R Ty e T
NCE TRANSIATION A

page Chenthinnest washer, on the vehicle whikb'was inspected,

4 4

; was approximately z

Be15" thick™ahd it was found $Mdt use f a thipnex washer

88 repfhtion of the rollew bearir

lpgluded in: Layout didgram Plate 6.
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‘Bogie hub oil Seals (continued),

A distance-plece with a largelflange, (16) in Plate 30, spans the radius between the

Jou;nal and the shoulder.of the bogie-wheel-carrier arm to permit of good seating of
é;inner wheel bearings:’ The outside of the eylindrical part of this distance piece

\)

Merves ng a land fOr the bogie-hub oill seal and the large, lipped flange protects

the oil seal from the direct ravages of external agents (see sectional diagram!)

' Bogie-spspénsion torsion bars.

( Included in: Layout diagram: Plate 6

I\\ Pictorial illustrdtion: Plate 3Q.
General photogrephic view: Plapé B3.

Metallurgical Report: Pagbs. 22) 3

1]l the bogies are suspended by torsfon bars. Theré W8 one torsion bah o each

-

Wbogie; all the bars are identdcal and the dumb-uedl form is cleaxl¥ Bhown in
Plate 30 Opposite splined ends of each térsten bar are similag/ with exception
6f the annular groove{imythe end upon which*the wheel-carriémarm is borne, which

Berves ns a means of locking the arm %0’ the torsion bap (8ee Bogie-wheel-carrier

ams) .

ifhe torsjion-bars are housed im the hollow ellipt¥¥cal-section cross-members of the
frapge, which, by virtue.'of the capped-endd amnd welded assembly, are free from the
tQX ®ss of foreign matter. There are‘two bars in esch housing, i.e. one supportipg
; left-hand bogieé\dnd one a right-hand. This method of housing the torsion basre
i8ide by side) necessitates the location of all the left-hand bogie-suspensiendunits

Blight1y{in advance of the corresponding right-hand units.

P efids of the torsion bars remote from the bogies which they caxry are splined

B0to nnohor plates, bolted to the freme.
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Bosie-wheel-carrier arm mounting and torsion bar anchorage (continued).

in the anchorage plate outsid€g the outer bearing and the other which is situated

dpeidegythe inner bearing; 'is borne in an annular groove in the bearing-mounting nut.

<

\

"Q provision is maderfor replenishment of lubricant for the needle-roller bearings

without dismantling the assembly.

The torsion Bars are splined into the wheel-carrier arms at one end and at fLhe

opposif€ end are anchored in the splined holes of the torsion-bar anchofegt plates,

Qﬂﬁ of which is shown at (13) in Plate 30. Eaeh\ anthorage plate $¢’Yocated on the
‘ss at the end of the appropriate elliptical-spction cross-mep¥e®\of the frame by

& large dowel, and is secured to it by six\ thp bolts.

Bogie suspension bumpers.

Included in: Laytuf disgram: Plate 6.,
Pietorial illustrations: Plates 3QNand 35.
General photogwéphhic views: Platée;62 and 64,
Mxcessive deflectiomof the torsion baré/is prevented by bumpers carried on the side-
membe o Theng\}¥ one bumper assembly to each bogiey \eonsisting of a rubber block,
{28) in Plath %0, carried in a fabricated, welded, ‘sheet-metal retainer by a pin,
{29) in Firate 30. The retatfiers are welded %o 'the side-members and are clearly

apparent in Plate 35.

ontact with thegumper is made by & projection from the bogie-wheel-carrier arg
Wiich is so, gwated to strike the lower face of the bump ped squarely in the "buwmp

Bhrough" pesition

249 suspension shock-absorbers.
Included int: Layout diagram: Plate. 8¢
Pictorial illustration Pla€eNa0 .

General photographic view: . Pléte 57,
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Bogie suspensiom skoek-absorbers (coptinued).

Shock-absorDers are incorporaped-in the suspension of the No.& bogies on either side
;f the vEalcle only, Gemerally, these shock-absorbers are of the same pattern as
;hégé éncluded in frond ‘edspension; the casings, end-caps, mounting etc. are
@gentical and only %he valves, arms and links appear to differ from the front shocks
labsorvers The form of the links and steel-Bushed arms will be apparent from

Plate 30, aad)further details of the design of the remaining parts of the sfiolk-
@bsorbe\will be found by reference to SECTION 4 under the heading "Front./shock-
aeOtpers".

¢

Bhe velocity/load characteristics of the reey shock-absorbers,\as obtained by

periment, upon the spegimens removed from the vehicle Which was inspectedy ade

graphed on page 412.

Bdler wheels
Included in; “layout diagrem: Plates~] and 7,
Pictorial 1l1ldatration: Plafa 33.
General pHetBgraphic view: {Plate 57.
Bach id

r<wheé Yrassembly consist®; of two pressed-stegel, rubber-tyred wheels. With

ge small Exe€ption they are<jdéntical in design{and construction %o the coupled type

bogieiihecl assembliest The exception 48\ the set of small, strengthening ribs,

B8ded" between the tubular hub-piece and“fhe shell of the wheel (compare the pictorial

SW of the idler{whéel in Plate 33 with that of the coupled type of bogie wheel ih

fate 3 ) Thls ‘detail would not appear to be sufficiently important to prevent

E'“135—‘1‘*:-,-1'.r;;~_-r;:;zt\-i.1:1‘53,( of ilder and bogie wheels in the field in the face of 4 ghortage

I the Mrrect parts, however. This view appears to be confimed by Ahe fact that
) Yeft hand idler wheel of the vehicle which came into our possegsten incorporated
ne

trengthening ribs referred to above.

" the design, construction and dimensions see “Bogie wheels" (eabp led-

i) nage 54,
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-wheel- ie Tms.
Jdler-wheel-cespddr arms
dncluded in: Layeut diagram: Plate 7.

Bictorial illustrations: Plate 33 and pages J0L snd 207
of Metallurgical Report,

\ General photographic views: Plates 62 and 66,
Magallurgical Report: Pages 296 ~ 317.

The arms uponwhich the idler wheels are carried are machined forgings of the {form

ghown in\the reproductions referred to above,

4@9 wheel-carrying axle is tapered but incorporétée two parallel felFnals and a
‘2;hrcaded end, carrying a large nut. By mepns /of these, the idled wheel is mounted

upon parallel-roller bearings, see sectdenal diagram and Platé 33. A% the(dpposite

end, the carrier arm is formed intq a Bimilar tapered ax) with two paraidl journals

but of somewhat largerproportioftg ‘than the wheel-cakrping axle. This Yarger axle

is carried in the idler-wheel fulcrum arm in twd Ylastic journal Dearings. There

are two tapped holes in the”end of the axl® to permit of the at¥fichment of the

retaining cap for thelnner bearing.

Two lugs are pwed¥tded on the main Body of the forgia® for the track ad justment

attachment, [gee"Track tension adjustment™ page “%5)Y%

Idlsr;gpeel fulerum armé.

Y: Included ¥n: Layout diagpam” Plate 7,
Pictorial illustrations: Plate 32 and pages 320 ¥E3,
of Metallurgical Reporth
4
General photographic views: Plates 58, 62 and.86.
Metallurgical Report: Pages 318 -~ 3&8
<’ r-wheel fulerum arms perform the function of supporting the“wheel=-carrier
fms from the frame through the torsion bar suspension. haolXdrm’consists of thrék
tastings the main casting and the two bearing caps, (2)nN3) and (7) in Piabe’32

P Peéspectively.
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Mler-wheel fulerum arms (contifited).

be fulcrup arms are mounted on the circular-section tubular frame cross-member
o<iL, which, upon reférente to SECTION 1 - "FRAME", will be observed to project
Pough the webs of beth side-members. The two bearings upon which the fulcrum

Bes is supported are located one on‘either side of the side-member.

e pearifg;¢aps, (3) and (7) in Plate 32, are part of the plastic bushed beerings,
)y medns of which the fulcrum arm is supported on_the, cross-member. They are each
q;fyhed to the main casting by four studs and are located by a dowel. The

ibular portion of the fulerum arm passes through the large hole ‘cut in the web pf
the side-member and carries the idler-wheéel-carrier arm. The torsion bar by means
O which each idler wheel is suspended,” is attached to/bhe fulcrum arm through a
fircular cover plate, (11) in Rlate' 32. The torsien“bar is splined ¢nto the cover

flate, which, in turn, is stt8ched to the fulcrlm'arm castings (cdp™and main casting)

8ix tap bolts.

lere are left-hand‘and right-hand .vebsions of the idlef-wheel fulcrum arm, the main
lifference betmesn the two being the greater length-O0f the right-hand arm, designed,
Pesumably ( $0 compensate in gdme measure, for the rearward mounting of all the right-

8nd bopies with respect 40\ their left-hand/c¢otnterparts.

'\,
8L forks of the méin casting of the, fulcrum arm are cored hollow for lightness (seé

Betional diagram).

@ler whed] Jsuspension torsion bars.

Included in: Layout dlagram: Plate 7,

Pictorial illustration: Plate 32.

General photographic view: Plate.Bpe%
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Jdler-wheel suspension torsion bars (continued).
[——

suspensioh T each idler whe®l is effected by means of an individual torsion bar.

Phe tPo~torsion bars, ieew those for the left hand and right hand idlers respectively,

<

red identical and thair splined-ended, dumb-bell form is clearly shown in the above
geproductions. ,{ BOth torsion bars are mounted on the same centreline and are ho@sed

gide the tubular No.ll frame cross-member with the result that their lengti{ds
10

fhecessarily rather less than half that of those suspending the bogies.

‘E?cb torsion bar is splined into the end coversplate of the idlerSylgel fulcrum arme
e splined, inner end of the bar is accommddated in a cylindrdcél plug which issg
good fit inside the cross-member and which “is anchored to ghe*latter by two, dowels

welded in position (see sectional diagrém).

Included ing ¢ Leyout diagram: Plate 7,
Pictorial illugfyation: Platé /33 .
fhe idler wheels gmg each mounted upep¥he carrier armg {upon two parallel roller
be f dif'f®rfent sizes. The\dimensions and ifdsbellation are identical with
the rregponding bearings upoh«which the bogié wh€els are mounted.

HddledAgheel oil seals,

\ Included ¥h: Layout diagram Plate 7.

Pictorial illustration: Plate 33.
Hiere again.fhe design, dimensions and installation are identical with the cowmdesponding
par *“he bogies
/s 2arings,
ncluded in: ILayout diagram:® Plate, %
Pietorial illustration: Platen32

Ueneral photographic views:,. Plates 58 and 66
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Pulerum arm beanngs (continued).
.'- m—

Journal beadifgs, incorporating-fabric-based, plastic bushes, are employed for
supporting the fulerum aMas Upon No.ll cross-member and for mounting the idler-

_“5§¢1 carrier arms inS8ide the fulerum amm,

The beerings employed in the first-mentioned function are shown pictorially in
'Plate 32, the bushés being identified by the numbers (4), (5) and (8). ColleYys
are weldef®”to the circular-gection, tubular eross-member to provide shoulders for
t%? beédrings and the whole is machined to presentlaigood bearing s@pfaee to the bushese
\\3 bush for the inner bearing is made in sif pleces to facilitatd assembly and
@ssembly of the fulcrum arm upon the cros@-member is effectef by adding the begting
gaps . One-piece, eylindrical bushes ‘pr#ssed into theiM rdspective housings hre
employed for the remaining three h&8adings of each assémbly. The two £ULETum-arm-
Support bushes are located eagh\by one dowel but/md’'such means of {odking the idler-
wheel-carrier-arm bushes & provided. There\is an annular grofve in each of the
feastings backing the £poBé-member bearing'bhishes and these g¥ooves are fed with
dubricant from greds® nipples in the (Pafring caps. The\bushes themselves are drilled
#0 link the oil\Juct with the working surfece of the, bearing and across each hole

48 an oil-redeining groove.

5&@ jdier-wheel-carriep-drm bearings are dybricated from a nipple situated in the
ting between theytwo bearings. The bushes of these bearings are also grooved

HOr oil retentisnd

lerum-afm-bearing oil seals.

Included in: ILayout diagram!: Plate 7.
N Pictorial illustretions: Plates 32 an¥ 33
®lt wachers sre used for sealing purposes on all the fulcrum-gwh Bearings There

*& two washers for each of the fulcrum-arm-support bearifed. two of these b&iwn
PP 83y £

8rried in grooves in their respective castings and oné being fitted between the
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Wulcrum-arm-bParing oil seals.(eontinued).
leasting &nd’ the shoulder on‘thé cross-member. There is one washer to the inner and
gwo. 10" Ahie outer wheel-carrier-arm bearings. The two washers outside the ocuter

Bearing make a sealdon’both sides of the distance piece.
R

The location o 'ell the washers referred to above can be seen in the sectional

diagram, Plate 7.

Wrack tension adjustment.
> Included in: Iayout diagram: Plate 7.

Pictorial illt€trations: Plate 83 and page 3CI1.
of ‘the MetallurgicaX Report.

Generalsphotographic views: PYates 57, 62 and 6b
ffhe idler-wheel-carrier arm is moumted in bearings{fw'the fulerum arm iR such a
manner that the centreline Of/the idler wheel ‘efh"swing through tHeare of a circle
fWhen movement takes plagceNjH these bearinggl, This method of mounting is employed
8 a means of adjustmeént of the track ténsion. Movement~@f/the idler-wheel-carrier
@rm in the bearing\n the fulcrum &rMm,”thus results in éither inereasing or decreasing
fthe effoctive’dlstance between fhe*centres of the driving sprocket and the idler whesl
@ccordingPo’ the direction efymovement. The,.pésition of the idler-wheel-carrier srm

?!<dutermined by the threaded rod, (37) ip-Plate 33.

Wi® layout of the~mééhanism, by means\Of which track ad justment is effected, is shown
En the left-haqd diagram on Plate 7 and a sketch, showing the idler-wheel-carridy arm

BBd threaged“ad justment rod assembly, appears on page 301.

pH€ thréaded rod, which controls the position of the idler wheel, ig/obviously only

A\ &

éiectiva in preventing movement of the idler wheel in a forward a@drection, since. ghé
'“ts, which this rod carries, bear only on one side of the wieal-carrier arm and the

BIn a4 the forward end of the threaded rod is borne in opan<ended slots in “he lugs of

1€ fulcrum amm casting, and is Tigidly held against /defriward movemant anlw.
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Weack ténsiocd adjustment (continued).
;ﬂe tension/in the track passifg round the idler wheel maintains the latter in a

';Qle position.

\)
¥he pin, by means. @f which the threaded rod is linked to the fulcrum-arm casting,

s of "rolling-pin® form, the large-diameter centre length fitting freely intgdthe
gye of the former and the smaller-diameter end sliding in the lugs of the~latter.
his pin is designed to shear should the tension id\the track at any time become

NJ¢ krest. Spare shearing pins are carried od the vehicle.

fhe threaded adjustment rod passes throygh™ghe bush, (36) ig'Rlate 33, which is
Bupported in the two lugs of the wheelwcarrier-arm. The fwo lock nuts onxthe rod
fgontrol the position of the bush alemg it and apply pressure, through al suitably

Bhaped distance piece, (39) ih Plate 33,

#n the sectional diagram, Plate 7, a cover,'G.1889, for the phreaded, track-tension-

@djustment rod is showh; but there was @6 such cover on tHe “vehicle which we inspected.

firack-shoe assghilies.

Included in: Layput diagrem: Plate 8.
Pictorial illustwation: Plate 34 and pages 332 - 336
< of the Metallurgical Report,

General photdgraphic view: Plate 57,
letallurgical Report: Pages 330 - 343.
.&e main body ‘of each track shoe is a casting, carefully ribbed for strengthfy\ drilled
MBd corg¢a for lightness, The individual shoes are linked together by the“track pins
'“g? Ofhie of which is rigidly fixed to the forked end of one castind\afid is carried in

\

Bdle-roller bearings in the opposite end of the ad jacent castingl\ From each shogf

¥

lerge tocth projects towards the inside of the track, as ssgémbled on the yehipile

gfubber pad is carried on the outside. The track is sthted by one of the“German
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BESIGN ANALYSIS OF CHASSIS -~ SECTION &> TRACK-

ack-shoe assermblies (continued).

f puals which 'was consulted t0“be of type, ZGKW.50/280/140. The appearance of the

gsepbd®c-track will be gefm in Plate 57,

gurface presenté€d, by each shoe, to the inside of the track, in the assembled

I sk

position, is qudbe flat except for the large tooth referred to ambove, and cleapiy

yisible in Flate 8. The flat, inside surface of the track rides on the rubbdr tyres

the driving sprocket, idler and bogie wheels, and, the large teeth engage with the

b,h@ers on the teeth of the driving sprocket. [MHetrack shoe teethapre hollow, and

ufacture the core is removed through anh aperture in th8, tip of the tooth§

4
“ ing man
The tooth protile

ghich is later filled by welding in place™a) small piece of métal.

8 made up of the arcs of two circleg of “Tradii equal to_the pitch of the track and

fie centreline of the tooth-form %g'not perpendicular.fo the flat surfece of the track

ghoe .

e hollow, central papt wf/each track shod {Ssurrounding the deéntre of the track pin)
i.emp:;ycd as an oii\reservoir from whith the track pin_ bearings are lubricated.

s cavity is of \Mmited volume compared with the siz® of the body of the track shoe
BBting, sinegd 1% is blanked off Prom the hollow space inside the track shoe tooth.

Eplenishfiert of the lubridant’is effected through a hole which faces upwards in the

ppeT *ength of the traeck\&nd which is plugged by a countersunk set-screw.

I8 face of the tpack shoe presented %o the outside of the assembled track is castl Ad
dipped troygh,“to accommodete a rubber pad, through which the shoe makes comfart with
TOsq

15{?num pins are located longitudinally by split cotter pins at thedw inner ends

by circular-section cotters at their outer ends, A flat ogSfach cotter engage¥

in the casting end thereby locks the track pinto the casting. The

B8 re otherwise a loose, running fit inside the forked members of the casting.
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-._ck-shoe assemblies (continugd],

- cotbers taken from the veéhicle in our possession were circular in section with
ﬁ!:gg near one end, a8 d€scribed above, That shown in the sectional view in Plate 8
;pears to be of aslightly different form, however,

r
Phe inner rafes Of the needle-roller bearings are a running fit on the track plns

put are loeked to the outer members of the forked casting and thereby te She track

_raﬁ? by the pronged lock-washers marked (7) in Plate 34. The prodgQf the lock-washer
;-.oses in a hole in the casting. The outef racés of the bearings are pressed inth
éte castings. The inner races of the tw& betrings in each fxéick shoe are sepafated

by &8 shouldered distance piece which ig g tight fit on bath.

fhere are two 0il seals to each teack pin, i.e, one Just outside each track pin bearing.
@he seals are all-rubber mouldings with the exgeption of the conv€ntional, annular,
0ll spring holding the.sealing element agalnst the land. An, extension of the inner

sh of each needle-roller bearing servél as a land for the @il seal and the flange of
Bhe bush ;s:wachineﬁ to present a &omcdve surface to the“Gubber sealing element, The
8als are a pdgh it in the centPal member of the $rhck shoe casting. It is probable
a8t the Function of the seald® in preventing phe ingress of foreign matter is more

-nggrtant than that of ‘cofiBerving the lubricant.

LY £

Tubber track sh®e pads, shown in 8eetion in Plate 8, by which the shoes make
BOntact with phe\ground, are secured to the track shoe castings by four tap bplts.
Phe ‘ap bgolts’engage with threaded ferrules which are welded to sheet-metal\Inserts,

Pulde™\Mside each track pad. In the German specification of the ZCKWINT.+ model,

&tl"!-‘:'ﬁ-: pads are referred to as type: "LDP",
’
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_I _Dimngional Dﬁtﬂ .
#“
(Scaled fTrom vehicle except ‘where marked =)
- H{iﬁing—Sprocket Stubslxle: Pitch ecirecle diameter of attaching
‘ flange bolts: 6.3"

Diameter of attaching flange bolts: 0.6"

Final-Drive\Gear-Wheel and Pinion:

No. of teeth on gear wheel: V&1
( No. of teeth on pindon: 14,
\ Width of teetht 2.3"
Distance befwéen centrelines &¢ gear
wheel and pinion: 7.5
Sprocket Wheels: Rim dismeter: 20,3"
Outside diameter. of ‘tyre: 22.4"

(This dimension/1g epproximate as the tyre was in
a partially wort condition).

Rim width. (each): 2.2"
Tyre tread width (each): 1.8"
Piteh cirele diameter of rollers: 23.2"
Diameter of rollers: 2.0%
Diameter of réller mounting pins: 0.8"
Width of Mollers: 2.0"
Overa)] width across outside of

sprocket wheel teeth: 3,3"
Piteh cirele diameter of sprocket

wheel attaching studs: 728
Dismeter of attaching studs: 0,56"

81? Whesls: Rim diameter (both types): 20,4"

Outside tyre diameter (both types): 22.5"

(This dimension is approxirate as the tyre was in
a partially worn condition). .
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pimensional Pata (continued).

Rim width (both types): 2.0"
_<:§ Tyre tread width (both types): 1.4
\ Overall width of widely spaced bogie

assemblies (outside of »im of one
wheel to outside of rim of mating
wheel of pair): 11.5"

Overall width of coupled bogie
assemblies (outside of rim of
one wheel to outside of rim of

ca» mating wheel of pair): 6.5"
) Outside diametier of track-tooth
guide flanges (coupled bogles): 21.8"
Gauge of sheet-metal of webs -
widely spaced bogies: 0.140"
coupled bogies: 0.140%
Dismeéter of lightening holes cut
in webs -
widely spaced\bogies! 3.5"
coupled Bogtes: 2.9"

Pitch circle“diameter of hubspiéce
flange ‘attaching bolts(and

rivéts (widely spaced bogies): 4.8"
Diameter of attaching. studs
(widely spaced bogies): 0.4"
Pitch circle dismeter of coupling
rivets (coupled bogies): 7.8"
¢
Length of distance pieces carried
Y upen, eoupling rivets (coupled
bogles) : 1.3
Bogie Wheel>Carrier Arms: Effective length (i.e. distance
from centreline of wheel-
carrying journals to centre-
line of mounting journals): 11.8"
. \ Diameter of journals -
() for inner mounting bearing: 2.165"
for outer mounting bearing; 2.362"
for inner wheel bearing: 1.968"

for outer wheel bearing: 1.37"
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Dimensional bata {continued!.

Bogie-Sugpénsion Torsion
Bars’ Cverall length: 47 .0"

: <f Length of splines at each end: 1.9

Diameter of main length of torsion
bar: 1.R"

Approximate length at uniform

section, 1.2" dia.: 42 ."
Torque/deflection relationship: g8eNpage 83
.\J%mﬁnsiuns of Bogie-Suspension, Rubber Bumper{Blecks: 2.8" x 2.1" x A"

Bogie Shock-Absorbers (No,6 Bogies L.He €°R.H.):

Piston diawmeter: 21"
Arm lanpth: 69"
Idler-Wheel Agsemblies: All dimensions idemtical to those

given abote Fer the coupled-
type bogie ‘essemblies.

Idler-Wheel-Carrider Mrm: Distance \b¢tween centrelind of wheel-
carrying journals and\centreline
of mounting journalss 2,87

DiStance between centreline of wheel-
carrying jouPn®ls and centreline
of adjustment” rod eye: 7.8
&

Qler-Wheel Fulorum Arm: EffectiveJength (i.e. distance
bégween centreline of frame
cross-member No.l]l and centre-
line of idler wheel mounting
journals) : R

Tr&uk'fi:uinn Shear Pins: Effective diameter (i.e. diameter

of ends): 0.31"

Effective length (i.e., length of
larger-diameter centre
portion =£x distance betweed
mounting forks =

6"

o
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Dimensional Data Lcontinuad!.

Idler-Wheel-Suspension Torsion Bars:

Total“length: 22.3"
\ Length of splines at each end: 1.9°

Diameter of main length of torsion
bar: 1-2“

Approximate length at uniform
section, 1.2" dia.: 17.5"

Igler<Wheel Fulcrum-Arm-Mounting Bearings (Fabrfle-bdsed plastic by@ahes) :
N Outer bearing! 3.9" internal diamefer x
4,5" external diamefer x

2.8" width.

Inner bearing -\ jonrnal: 3.9" internal @iameter x
4.5" exterfiaY diameter x
1.8" width.

- side flangég} 3.9%internal diameter x
5.28% external diameter x
O.2" width.

Iracks: B4tch: 140 m,m.®* =% 5,5"
No. of links«per assembled track =
left-~-hand sida: 65

right-hand side: 56

Track.of tracks (i.e. distéance
between centreline of L.H.

and centreline~of R,H.tracks): 63,0" ¥
o\ Bxtended length.of assembled track -
left-hand side: 303,.2" %
right-hand side:! 308,7" %
Overall width of each shoe: 11.2"
Diameter of track pin: O.79%

Diameter of needle rollers of track
N pin bearings: 0.099"

Length of needle rollers of track
pln bearings: 0.64

Approximate area of ground contact
of track-shoe rubber pad: 15 s8q. in,
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Dimensional Data (continued).

Pressure’on rubber track pads
(caleulated on basig of chassis
fitted with troop-carrier body,

_ < laden) -
on hard surface: 42 1b/sq.in. *
on soft surface: down to 7 lb/sq.in. ¥

Data Bésulting from Experiment upon Parts from Vehicle.

7

:%«orato- reports upon materials of construction:

nere examination of materials has been carried out, reference to the appropriate
laboratory reports has been made at the btop of the sub-gectlon dealing with the

parts concerned.,

_rorque/deflection tests upon/bogie and idler-wheel-suspension torsion-bars:

Tests were carried out wupen”two specimens of each type and a high degree of

econsistency was evident’ between the twoysets of comparative results.

%1erage torque/deflection values were found to bei-
Bogie-suBnension torsion bars® 73 1b.ft./degree.
Idler-suspension torsion bars: 166 1b.ft./degree.
ﬂé;Que/deflection graphs, plotted from the test results upon the four specimens

BDpear on pages A2 - 420,

& full repord upon the torque/deflection tests which were carried out will be, found
o VayurnaYl Motors Limited Experimental Report No.l218 pages 287 to 34 inclusive.
}“Svaetting and fatigue-life investigations of bogie-suspension torsion bars:

3

F°rquefdefkectian tests were carried out, involving comparabiled elockwise and anti-

Blockwise loading:; observed values of torque and deflection‘at the limit of
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eee-cetting and fatigue-life inyestigations of bogie-suspension torsion bars gcontinuagl.

roportion&lity of the same order under both conditions resulted in the conclusion that

tre-setting of torsion.bdrs is not employed.

D

W graph illustrating these results is reproduced on page 421

Bome fatigue.tests of the bogie-suspension torsion bars were also carried out\with the
‘1dea of\giving some indication of the results of preesetting and shotblasting upon bars
£3<?his type. Hepeated stroking of the bars wds effected through the maximum range
g?nsidered possible on the vehicle, i.e. 0 « 362 deflection, corresponding with O %o
43.5 tons/sq.in. stress range. Shotblasting and pre-setiidg\techniques were based

Mipon past experience of Vauxhell Motors.and General Motors“upon work of thigvkind.

A summary of the fatigue-test T@gults has been givem below, but it .should be clearly

‘emphasised here thet the spetimens tested wers taken from the vehicle examined at the

Works snd that nothing was known of their past history as regards life, stressing or

——

gonditions of serviges No final eon¢lusions should, therefore, be drawn from the

results given.

flondition’s Average Life

88 rémoved from vehicle.(maéx. stress 97,00001b/sq.in). 42,924 cycles.

f?ktblalt (mex. stress 97,000 1b/sq.in)e 185,258 cycles.
e-set 16° (mex{ ‘stress 97,000 1b/sg.in). 100,741 cycles.
c-set 20°/(max. stress 97,000 1b/sq.in) 53,533 cycle@s

Bllothlagted and then pre-set 22° (max, stress 96,200 1b/
sq.in. due to smaller dia.) 496,779 Ccycles,

J
#MU11 report upon the work of pre-setting and fatigue-life invegtigation which was

BArried out will be found by reference to Vauxhall Motors Limited, Experimental Report

©,1218 pages 35 to 46 inclusive.
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aximum apd\minimum possible angles between ad jacent shoes of the track

during posifiye ard negative flexing were measured upon three separate

ens and aggverage value determined; each specimen consisted of an assemblyjof

by a track p and complete set of standard bearidg bparts,

Result

C

' : o - -4 o ] o f % FeT=l - .
" gltive 11eX: Sneclimen ': -|_£ 1 ;‘.:': EJD{'._-thvp_:- Tflex™ }jlgc
specimen (2) 131 299°
81 imen (3) 135° a0
1 : \ 2 J bt
Average 1329 Averagh 2200
. -

1]

PoSi7rmveg" FLEx NECHTIVE Fakx
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Reeription of Uesign.
escIiD - —— .

peanamission/layout.

<; Included in: ¢ Payout diagram: Plate 1.
General photographic view: Plate 57.
Berque is transmf%téd from the engine to the driving sprockets through the clutgh,

Pearbox, diffeérential and final drive units respectively.

fhe gof'xbox is mounted in line with the power unit, but sufficiently regrof it to
IBhat e the differential unit to be situated tragsversely between theipwo. Short

f}

fropellor shafts, parallel with the longitudihal axis of the {rghg,’ connect the clutch

#0 the gearvox and the gearbox to the diffeyential unit. Tha output shafts(ptoject

gransversely from either side of then@dfferential and short propellor shaftevliink them

0 the finsl drive assemblies, whilh form part of tiewdriving sprocket unita.

1

irther details of the trgnefiission will be,found under the headI™m@s of the respective

gomponents.

}lutc;\gﬁfemtly.
SECTION 2 ¢ POWER UNIT AND POWER-UNIT CONTROLS{ page 22.

8arboy-gssembly .

£

Included in§ j Layout diagrams* Plates 2 and 3.
Piectorial {d)Iustrations: Plates 21, 22 and 23.
General photographic views: Plates 67, 69, 70 and 71
plleé genergl sTayout of the large, ten-speed, constant-mesh gearbox assemblyrwill be

Boen 7O the diagram on Plate 2, and from the other reproductions refemred toc above.

&
g® upper shafts of the gearbox are arranged to give four forward“dpeeds and a revarge
Pillst it 1is possible to select two alternative gear trains gf\different ratios. %o
Bk these shafts with the output shaft. The full rangeNof the gearbox isxthus eight

O™ard ratios and two reverse.
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Sarbox housifig,
Jncluded in: Layeut diagram: Plate 2.
Rlctorial illustration: Plate 21.

K

fhe gearbox hougipng consists of two main castings, the vertical machined faces. of

General photographic view: Plate 67.

.% ch are clagped together, with no intermediate gasket, by long tap bolts. Che
flane of ®he centre joint thus formed includes the centrelines of the ippu® and out-
{déshafts, and thereby facilitates assembly of the\3hafts, gears and\bearings in

F; Lousintn A single dowel is provided for~leefition of one of these main castingf
fson the other. There are two auxiliarytesstings, one houslu¥ the reverse geéirs
fid the other the selector rods and fdrks. Both are baltad to the right-pand half
Bf the main housing. In additioffyythere are small gagfings for the end\edps and

gountings.

fié large-diameter filleryIug 1s located in the left-hand cagtlrig and there is a

pain plug in the right#hand; both pligs are sealed, wheld.dn position, by cecircular

Béel washers. There are additiopfl “6utlets in the lef#-hand casting, one for the
Qee&;m:har dive and one for the high/low final gear ratio control. A breather in

e form.'sf~a short brass tybs is carried at th€*top of the right-hand casting.

BgbOx mountings.
h InclugedAn: Layout diegrah: Plates 1 and 2.

Pictorial illustration: Plate 21.

General photographic view: Plate 75.
Phe 8€arvox assembly is three-point mounted from the frame, the two froud mountings
BDE. carried upon frame cross-member No.6 and the single rear mountifig upon cross-
No.8 The front mountings are situated at the ends ofXa\transverse cast afm
b1 o) also forms an end cap for the output shaft, whilst aie Single rear mounbting is

Be in a cast bracket, integral with the end-cap fox Ahe final-ratio sHaft.
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Bearvox mountings {continued).

£ ] three mglytings are of the(safie form and a section of the rear one is shown in
Plate s It will be seenthat the two rubber insulators of hollow, conical fomm,

re ¥endwiched betweepn(the double-conical retainer and two appropriately shaped
ﬁz;ance pieces, under the action of a single bolt, carrying & castellated nut and
Bassing through\all the above-mentioned parts and also through the fabricated, dgbble-

Bont, sheef-métal brackets which are welded to the cross-member.

Beardox snafts and gear-engagement sleeves.

Included in: Layout diagram: Plate 2.
Pictorial illustration: Plate 22%
General photdgraphic views: Pla%eg 68, 69 and 70,
Bhere are six shafts in the gearbox\Which, for the purfposes of this repofh only,
flave been named as followsi-

Input shaft A it iiseerasd Xpbluded in the asGemdbly shown at (1)
in Plate 204

Main shafs teessensneseesabddo. Shown at (5¥\ih Plate 22.

: Lay gheft VTR &, NS P NN v L
Reyédrse gear shaft L. \{Jeoovocooases " (88} » ' » 2

Final ratio gear ShALt .:cassnre oM (35 v » "

4 Output Shafh\$4 . ccesssocsssred® mom o (37) m om W

Input shaft:  'This is & very shgTh shaft integral with the forked member of ti®

> universad Yoint of the propeller shaft from the clutch. It is carried by Alie

Bin drive pinion, (59) in Plate 22, into which it is splined.

in shaft: The main shaft is carried in the roller bearing Shown at (52) in
PAte 22 and the ball bearing at (57) in the same plate. Both{these bearings arg
Btuated near the rear end of the shaft and the front end iglOcated inside the~main-

Bive pinion by a small parallel-roller bearing.
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Gearbox shaft® and gear-engagemht sleeves.(continued).

The main shaft carries omnly“he final-ratio gears, which are situated between its
géavmgin bearings. Phe”first, second, third speed gears or the main drive pinion
Aﬁspegti?ely_zﬂ? g jlocked to the shaft by movement of the two sliding gear-engagemeint
eleeves which(lP carries, These sleeves are splined internally and externallyy

$he intepnal splines mating constantly with the splines of the shaft and thesexternal
gplines engaging, as required, with the internallyesplined bosses of th€)gear wheels.
*g}re is an annular groove around the centre of egeh of the gear-cngagement sleeves

o accommodate a striking fork.

lay shaft: The first and secondespeed layshaft ge&rs are integral with\fhe
fshatt and the main-drive and thirsspeed gears are gpidned to it, beings8eparated
by a tubular distance piece. The shaft is carpibd st its extreme .ends and in the

gentre by two parallel-rolld®r bearings and a{ball bearing respeedively.

pyerse-gear shafhs This shaft iegycarried at the frordV end in a parallel-roller

Bearing and at-the) rear end in a Gres¥ bush inside the“mub of the loose reverse gear.
ffhe shaft 1s°éplined over the gpeater part of its{length and carries the fast reverse
ﬁéar and™~e™sliding sleeve hearing dogs, which'may be engaged with similar dogs on the

?efward face of the hab Of the loose reverse gear.

Final ratio shaft: A large sipgle-row ball bearing carries the front end of

Bhe shaft analthe rear end is borne in a small parallel-roller bearing inside/dhe
0S8 of the“rear final-ratio gear. The rear end of the shaft carries theN\internally
Bhd ¢Xternally splined sliding sleeves, by which the alternative traing.@f final-

.
R&GL0 gears may be engaged, whilst the front, splined end links this/shaft permanentiy

Bith the output shaft.
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Gearbox beazidgs (continued).

';e geepbaX” 1s very well previded with bearings, a total of 25 being employed in

ald . Parallel-roller«agQd single-row ball bearings are favoured exclusively, with
e exception of theone brass-bushed journal bearing for the reverse shaft, inside
Blle 1005 Ireverse‘gesr. The type, function and mounting of all the bearings ig.w&ll

BRown in ti€\ sectional diagram, Plate 2.

zﬁ id worthy of note that only the layshaft gears, The final ratio geaM™g“on the main
et and the fixed reverse gear are splined to ¥heir respective, sheTts. All the
pemaining goars in the box are carried in thelT own bearings ‘dhrectly in the gegrbox
jousing, and their mounting is complet€ly 1ndependent of/ths, shafts which pa¥3d.through
them. Two bearings are employed, for €ach gear mounte®.in this manner and,) with the
eeption of the front bearingeQa™the main drive plnlon, the extdnded bosses of the
gear wheels also serve as Ahé\inner races of piie bearings which cerry them. In a
pinilar mammer, there is nb separate outep~race for the mainéphaft steady bearing,

fside the main-drive pinion. The bra€d bush in the hul 8f the loose reverse gear

I8 lubricated gAm/drilling through\the boss of the gear’

ongltudingl) location of thes&nd bearings is eff€eted by caps, secured to the outside
i the Rearbox housing by bap bolts and packed with shims, whilst spring-steel rings,
®POsing in machined{gwooves in the gearbex castings, are employed for location of

\

e intermediate<dbearings.

arbox 01X deals.

Included in: Layout diagram: Plate 2.

{2 Pictorial illustrations: Plates 21 and\Z3.

General photographic views: Plates f8%and 69.
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\gearbox ol seals (continued)s

;@11 sagls are pressed into the shaft end-covers of the gearbox housing where the
.ﬁg;t shaft enters add;output shaft leaves the box. Both these seals are of the
.:tandarﬂised pattérn employed throughout the vehicle and described on page 49

Wwith regard tothe front hub oil seals.

;-a light“sheet-metal oil deflector carried on the output shaft, and clearly visible
'1EEPlate 68, adjacent to the ball bearing carrying-the shaft, reli€yesd’ the output-

PBhaft oll seal of some of its load.

Gearbox selectors.
| Included in: Layout didgram: Plate 3.
Pictorial' illustration: Plate 23.
Genérdl photographic.widws: Plates 67 &nd"71.
€ selector box assembly)is shown in secklen in Plate 3 and~din pictorial view
#n Plate 71. It garrfes three selectOr forks by means ¢f\which the first, second,
ihird, fourth dnd _reverse gears are ‘engaged. The seleStor forks are operated by
fBhe twisting 4nd sliding actiof/of* the selector-bdx/main control rod situated at the

[€0p of the. box.

t?fg the selector foprke mre of brass and are secured to the hardened-steel rods, upon
fiich they are mbapfed, by small gmdbdscrews; the rods slide directly in the casting
Mhich forms €he box and their location is controlled by the usual spring-loaded’ball
Mevice (4e¢ dimgram). The selector-box main control rod is mounted in flanged, brass-
Bushdd Jbearings.
J
e striking fork operating the final-ratio-gear engagement is €hdwn clearly in
B6ct i on CD, of Plate 2. The spring-loaded ball reposes i\ &ither of two pazrte

=

fbherical jndentations in the small, otherwise flat, machiMied face upon the\ outside

¥

Bf the gearbox-housing casting.
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igearbox_con rolss
Tneluded in: Layout’ diagrem! Plate 15.
Fictorial illustration: Plate 45.

:<;

Phere are two separate gear-shift levers, one for engaging the first, second, thitd)

General photographic view! Plate 67.

ourth and reveérse gears, and the other operating the alternative final-ratip ‘gdars.
Both levers are mounted on the fabricated, welded and bolted sheet-metalEbgucture
ghown “at (57) in Plate 45. This structure is bodted to two right-apgld brackets,
:#:éad to each side-member, and spans the gap~batween left and right-hand side-membgma,
Bherevy bridging the differential unit. oIhe.function of thig\ bridge", as it might

ibe termed by virtue of its shape, is to carry the three @ajor manual controlsy ™l.e.

Bhe hand-brake and the two gear-shifb levers.

R welded, shest-metal box is\polted to the top\plétform of the bridge Jand forms a

gate for the lever controllthg the four forward speeds and the reverse, The lever
@tself incorporates a '‘Qall near its lower end which is moupt®d in a brass-bushed socket,
polted to the undénside of the top{platform of the bridge, and shown in section in

flate 15, The)slot of the gateycerresponding with\réverse gear is normally covered by
B light May, pivotted at ogeyend. This flapfis held closed by & coil spring
,<fﬂuuﬁing ite hinged:pgiMot pin (see Platg¢\15), but can easily be opened when it is
fRauired to engage réyerse gear by applyifig slight extra pressure to the gear shift

ever.

fere aresoply two positions of the lever, by which the alternative final-raflio gears
e erpered, and the lever is accordingly mounted on & simple pivot pin Cerried at the
QY of the manual controls bridge., It will be observed from Platé\ 87 that a

fbstitute lever has been fitted to the vehicle which was in QUr\possession; the ({fHim

¢ the original control, however, will be seen from the pdeter reproduced fr€ui Phe

SIman manu&ls.
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Gearbox contrels (continued).,

The appropriate twisting and 81iding motion, required for the engagement of any
particllar gear, is tranemitted to the selector-box main control rod, from the
extreme lower end of the gear-shift lever, through the double~universally jointed
control rod cleariy visible in Plate 67. The end of this shaft, which projects
peneath theuridge is connected to a pivot pin carried in the boss et the extreme

lower end;0f the gear-shift lever through a forked, bent crank.

;\ghe lower end of the final-ratio-engagement geav=shift lever is Iifiked directly
0 the crank on the side of the gearbox, which operates the striking fork, by

means of the long, bent connecting-rod«vigible in Plates Yiand 57.

Differential assembly.

Included in: Layous. @tagram: Plate 4.
Tctorial illustrations: Plates 24,25 and 26.
Yeneral photographie views: Plates 72, 73, 74, 83 and 84,
A spur-wheel diffexential is employed'@nd the unit inclddes a crown wheel and pinion,
by means of which/the drive is transmitted from the longitudinal axis, in which the
Jengine and ‘gearoox lie, 1o thedtransverse axis\required by the final-drive units.,
The layouv is shown in Rlate 4, from which the mode of operation will be apparent.
Ig 08" course of straight-ahead running, the erown wheel, the differential carrier
d the six shafté;pinions and geay wheels which i1t carries, the steering brake-
Grums and the oreke-drum-mounting sleeves, together with the output shafts and
Sutput-shafy gears, all revolve as one unit, with the same angular velocity, about
the camtreline of the output shafts. Upon application of one of the «gféering brakes,
hgwcvep, the differential-carrier gears on the same side as the drims to which brake
Pblication i3 made. being in constant engagement with the teath of the brake~drum=

Mounting sleeve, will commence to rotate about their own.axes, and this rotational

#otion will be transmitted through the differential pigiohs to the output™eMaft




Page 95.

DESIGN ANALYSIS OF CHASSIS .~ SECTION 6 - TRANSMISSION CONTINUED) .

:pifferential assembly (contintged),

differémtial gear wheels,. 80" that equal and opposite angular velocities will be
gfwarted to the left-hand and right-hand shafts respectively and superimposed upon
ny common velocity with which they may already be moving. As pointed out in
Section 7, undeér the heading "layocut and action of steering”, the linkage to ‘the
steering brakes, and the adjustment required of this, is such, that the curve
described, due to the relative reduction in speed of one track-driving sprocket
%Fd the equal increase in speed of the other, 48.tn unison with that“demanded by

he engular deflection of the front road wheels.

The individual units of the differenttal assembly have been dealt with in greater

detail below.

Differentisl housing.

Ineluded in: . ldyout diagram: Plate 4.
Pictorial illustrations: Plates 24, 25 and 26, and
pages” o so.. of the

Metallurgical Report.
General photographic viewsi.'Plates 72 and 83.
Metallurgieal Report: Pages 34
The mafor part of the differential housing is cast in two halves, which are shown
{f (2) and (3) in Piate 24. The machin®d faces of these castings are clamped
bgether by ten/bolts and nuts, without the use of any intermediate packing matewial;
the joint thls formed, lies in a plene which is approximately horizontal, and(which
includes( tHe two principal axes of the rotating rarts of the differentiad “whit, thus
facif{teting assembly of these parts into the housing. The housing\is completed by
Ntree end-cover-plates held in position by tap bolts and shown at (50) and (61) in

lates 25 ¢

=

nd 26 respectively.
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pifferential housing |continued).

Ai<targe drain plug is.prfowvided in the lower, main casting of the housing and in

ghe ‘upper casting there 1s a filler plug with extended neck and cap incorporating

”, dip stick., A% ‘the top of the housing is a small ecombined cover-plate and breather-

tube assembly, held in position by four set-serews. The above aceegsories are well

'shown in the sectional views on Plate 4.

Differential-unit mounting.’

§  Included in: Layout diagrams: Plates.l<anpd 4,
Pictorial illustretion: Plate 24,

General phetegraphic views: Plates 72 and 83,

‘the housing of the differential umit is four-point fléxibly mounted.from frame

fross-memhers No's 4 and 5, ‘two mountings being situated on the forward member of

the two and two mountings 'on the rear.

The four mountiings &are alike and are 6Ff the double-conigal<rubber-insulator type,

With a single, wertical clamping and anchorage bolt, exactly similar to those emp loyed
for the geartox. This type of mounting has been described under the heading

"Gearbox mountings" on page gy . As in the ‘ease of the gearbox, the double-coned

Petuirers are integral with the casting of-the housing. Those for the front mountings
N\

cerried on the forward edge of the upper casting of the main housing and those

for the resr mountings on either side of the pinion tube of the lower casting,

Pheet-netal brackets are welded to No.5 cross-member to support the rear mountings
Bt thoce at the front are carried on solid packing blocks, welded €0 'NS.4 cross-

;3£bor, and tapped to accommodate the anchorage bolts. Exampleg of both front and

F®AT mountings are shown in section on Plate 4.
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Pifferential carrier.

R

Included in: “\layout diagram: Plate 4,
Pictorial illustrations: Plate 25, and pages 339 - 367,
of Metallurgical Report,
General photographic views: Plates 73 and 83.

Matallurgical Report: Pages 256 - 571

[fhe differential carrier is made up of three main components, the centrals casting,

;i ) Mn Plate 285, and the two end-pieeces which are forgings, shownat“(27) in the

4

lgame plate. The three parts are clamped togetl€r to form one unit, along with

$he crown wheel, which is inserted betwedn tle central castdng*and the right-hand

@nd forging, as shown in the sectional, diagram, Clamping’ is effected by 8ix, long.

hexagon-headed bolts, carrying castellated nuts locked“by split pins. Phese bolts

8 machined to & dqumb-bell faerm)’ so that lengths/@t each end, whiehvare of Zreater

Qiemeter, are a good fit fw"$le holes of the parts which they join.
#le centre casting carpies two large-diameter, flanged, phesphur-bronze bushes in

Mliich the bosseg Of) ‘the output-sha®f\dirferential gear\wheels are mounted in the

@8senbled units> Smaller flangéAd, bushes of the sdme material are pressed into the

main flapges of the forged and-pieces to carry the differential~pinion shafts. It
;-ﬁi be_observed from the illustrations thats two different bushes are employed in

5@}58 positions, the,shorter ones being”lised at the ends of' the shafts remote from

'Fe gear wheels Which they ecarry, to permit of accommodation of a longitudinal

®taining device for the shaft.

:fﬂﬁa flenged, brass or phosphur-bronze bushes, (26) in Plate 25, are\pressed into

-“dchntre bores of the end-pieces an
73
0 the unit is assembled.

d serve to carry the brake~drium-mounting siszeves
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DESIGN ANALYSIS Of\CHASSIS - SECTIBN'6 - TRANSWMISSION (CONTINUED

| 2
i fferential{Shafts,

included in: Ieyout diagram: Plate 4.

<) \ Pietorial illustration: Plate 25.

‘ General photographic views: Plates 73 and 74.

Whe two outputfshafts of the differential unit are identically similar and each
ég splined into one of the output-shaft gear wheels at the inner end, and (s ‘flanged
ffor attachment to the universal coupling at the outer end. The shafi6~are shown
55»5201 in Plate 25.

Uhe spiral-bevel-pinion shaft and the differefitial pinion shaf'%s are integral with
e pinions which they carry, vide (44)) 133) and (33a) reépectively in Plate ™25,
hﬂe differential-pinion shafts ape Wocated by the insention of a distance piece
g8tween the pinion and the flenged face of the beering bush at one _énd and of a

firclip and plain washer A1 ‘%he flange of the”garrier end-piece.at the other.

gown wheel and piniesa.

Included, in: ILayout diagram: RPlate 4,

Pictopial illustration: Plate 25, and pages 374 «nd 377,
of Metallurgical Report.

General photographié yiews: Plates 73, 74 and 83,

Metallurgiedl™teport: Pages 372 - 379,

e 4

Spiral bevel opOWn wheel and pifden’are well shown in the diagrams and

gOtOgraphs reférred to above. The crown wheel is mounted upon the six, differential-

Bfrier bo(ts, between the centre casting and the right-hend end-piece, as‘rvéferred to
Ve .S, Mounting of the pinion has been made the subject of the next p&pagraph.
!

”

ol mounting and bearings.

-~

luded in: Iayout diagram: Plate 4
Pilctorial illustration: Plate 25.

General photographic views: . Plates 72, 74 and/83~
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CONTINUED

BETl ANALYSIS QRLGHASSIS - SECTIONJ6 - TRANSMISSION

Mnion moupting and bearings (cHntinued).

Phe pin¥tr ig carried in‘a s¥ngle-row roller bearing and a double-row ball bearing,

AS;%WO bearings being’ pressed on the pinion shaft and separated by a hollow, cast,

‘ stroidal distagegspiece. The outer races of the two bearings are pressed intg

$%e flenged tubs, (47) in Plate 25, and the whole assembly included in the tube,X1s
fgsenbledinto the differential housing as a single unit. The flange of thhds tube

I8 sathred to the differential housing by ten tap bolts, and shims are ¥iserted between
;}’;uanhinen, end face of the housing and the uhderside of the flange’of the tube,

.: give correct adjustment between the teeth'QF the pinion and¢%he) crown wheel.

Phese shims are drilled to permit the auOve-mentioned, ten tap bolts to pass through

Bhem, =nd an end cover-plate, housiug.san oil seal is glsoVattached by the~game bolts.

Mifferential spur gears and pindons.

Ineluded in:  lefput diagram: Plate 4.

Pictorial illustkation: Plate. 89, and page: 382
of Metallurgical Report.

General phdtdgraphic views: {Pietes 73 and 83.
Me¢a lurgical Repori{@: Pages 380 84
_; addigdegd”to the crown wheel and pinion, the'(gears of the differential unit include
7*551: differential pindons, which are integral with the shafts upon which they are
punted in the carridr, the six differefitial gear wheels, tapered, keyed and nutted
fon these shafédy and the two outpit-shaft gears which are splined on the output
BlETte and/th® bosses of which are borne in the phosphur~bronze bushes of the\réntral

P8ting of the differential carrier. All the above are straight-toothed\gears and

P8 a1y i1lustrated by the reproductions referred to at the top gDfhe paragraph.
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AU L 1_mounting Sépeves.
lni ayout diagram: Plate 4.
Pictorial illustration? Plate 25.
General )rr1t;‘)§;[«£ﬂli, views!: Plates 73 and 84
Meffallurgical Report: Pagas B85 o2
S steer{ny brake drums Are borne upon s16eve vhich are flanged at one egd “o

t}he brake drums and upon which teeth have bee®ycut at the opposit€.end, to
e with the teeth of the differential-carrigr gears. These gléeveg are carried
BB the brass bushes, pressed into the main‘\podes of the differ&ytidl carrier, the
Hnside 5 f the sleeves in turn cafPy Brass bushes tp~gernit free rotatiign Bpon
ly of LO%N” the
; 7 z 3 } ia A P g 114171 ad% w 4
Bifferential carrier and the ocwtpat shafts; this gondition | fulfilled when the

x r o f Yo - A 4 | - mi
ehic is seribing 8 curye\due to applicatjon of one of the sieafifig brakes. ‘he

- BT o,

Brvn of the brake-drum. Blekve can be seensaf\(21) in Pla

Med in: L;-z‘*.j,-'I,‘-l.:'.s disgram: Plate 4.
Pictfpial illustrationy Plate 25,
veneral photograpitieview: Plate 74.
e Nsingle-row rollefSand double-row ball. bearing, carrying the spiral bevel pinion,
Bre shown 2t (484 snd (44) in Platd¢2d, and are also clearly illustrated in the

BEctional difg¥yam and in Plate 74.

Bhere . Sve two other rolling-friction bearings in the assembly, namely tlietwo large-

aisr, of bearings which carry the differential carrier in the\g#3in housing.

RS St ¢ ventional single-row ball bearings and are shown . .af #29) in Plate 25,
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Nery f\te/asse ne into operation, only when the vehicle is
on a course i rass or phosphur-bronze-bushed O
¥ 24 se irings are clearly shown in the sectional diagram
5 nentioned under the headings of the various components in%te

u e regsse

f the short, differential-pinion shafts, are presumably adefuately
vy splash, as no individual oll waye\gye provided Ther® are two

L >pposed grooves in the bushes\for oil retentiony hdwever.

" the two sets of jourgdl Wéarings, by meand\éf which the dif¥erential
ted on the ce-Qrin driving sleeved 8ud by which thesd\gleeves are,
sunted upon the madfoltput shafts, {mSf interest, howgyer®y Two four-
ntern vy groovadwfings, acting d4e oYl ducts, are carnied, one on the boss
ferential-saprier end-piece befween the inner tané of the bearings, upon
e’ > borne in the hduSing, and the cirzeylar nut, by whieh the inner
pégyel s he ajpst t houlder qf\PHe carrier end-piecs. s
bhe bushes are sud=bly drille grooved to make full use of the
ped into ¥G8 circular oil dudt™ There are two, diametrically opposed,
grooves An“each of the smaller bushes, whilst the larger bushes have four
daced at 90°
sulitr i in the centre asting of the differential carrier to{a&id the
to the working sur ces of the two centre bearings ¥ which the
shaf1 e 3
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RESTON ANALYSIS OF/OHASSIS - SECTION'S- TRANSMISSION (CONTINUED).

pifferent ial—~ynit oll seals.

Tncluded in: Layout diagram: Plate 4.
‘<Q Pictorial illustrations: Plates 25 and 26.
\ General photographic view: Plate 74.

Gonventional oif ‘eeals, of the type described with peference to the front-hub eXl
meals on pgPed4c , are used to prevent egress of oll along the output shaftd,\the
brake drum mounting sleeves end the spiral-bevel-pinion shaft, The sealg for these
gg%poaes are shown at (22), (54) and (51) in Plgfesi25 and 26, and/thdy are pressed

Bato the brake-drum-mounting sleeves and the{ thr€e, circular, epd)cover-plates of the

@ifferential housing respectively.

Bteering brakes and drums.

Bse SECTION 7 - STEERING AND BRARES, page: 114.

Final drive units

e final drive unitd _form part of the driwing sprocket unit$y reference to which

§ill be found undep SECTION 5 - TRACKALAYING UNITS ANDREAR SUSPENSION, pages 58 teo

sgropeller shaftis.
__{k Included ipA Sdayout diagram: Plates 1 and 2,
\ Pictorial #]1¥@tration: Plate 20,

General photographic views: Plates 76 and 82.
iour, shor$, Juniversally jointed propeller shafts are incorporated in the tfansmission
Bf the Grehicle. The three designs employed are illustrated in Plate 20«“ Referring
?%:thiﬂ plate, that at (1) links the clutch with the gearbox, that€a®y(3) links the
pearbox with the differential unit and the type shown at (5), of 'Which there are pwa,

B8 designed to couple each of the differential, output shafalg™o its appropriate, final-

Urive unit [t will be seen that the shafts, connectingythe gearbox withXthe
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(continue

eller shelis

ﬁfBrential unit and the. d¥ferential unit with the final-drive units, are each no

' whan 8 pair of ceupYed universal jolints. A hollow shaft., with the universal
dnts welded to thé ends, is employed for transmitting the drive from the cluteh %6
Bints we! ) I :

gearbox, However.,

univewsdal joints vary in size but are all of the same conventional A¢Bign,
,géorﬂting needle-roller bearings. A partiall\\dismantled joint «oBOne of the
»

1

he dif fimaldrive unit, takep from the wvehicle

>
s
-
a
-
0
ot
.
<t
o
ct
a0

bup 1ings, linking %

BMioh was in our possession, is e 76. This photograph illustrates the
Bstruction of the joints, in which fhe)cylindrical ne€dle>roller retalners\ate
ed to the main castings of the Soint by small bgefing caps, using iwQ tap bolts.

fin, steel washers are a gagqfit bdetween the ghtre castings and the open end of

Bhh needle-roller retain€»

gentre-piece of efgh joint is fitted with a grease nipple and is sultably drilled

Bconvey the lubritant to the bedrings.

nsional” Data

';-Ted from vehicle ext here marked )

BNSMISSION RATIOS (CGEARBOX AND OVERAZL) :-

VT T

" A ETMT
Gt ....u_A.“. J - L IEVER I TONE

FINAL-RATIO LEVER:

- Bt foNAR r oW HIGH

LU el
»erae
lever Engine to G'Bo Engine to Engine to G'Bpx Engine to
tput-Shaft Driving- Cutput-Shaft Driving-
Ratio Sprocket Ratio Ratio Sprocket Ratdon

Fipos a.6% B4.64 3 4% 34,04
Second 1.47 43 , 8L 180 17.8)
Thipd ) | 24 .68 0% 01 Q88
Fourtr - 5.46 B3 6.22
: Reve r e 9.25 90.71 3,72 36 .48

[ . el 3 ~ ——
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MISSION (CONTLNUED).

z

Bimensional Data (continued).,

ngx:box: =

Number of geeth of gear-wheels
Main drive pinion: 22
Main-shaft 3rd-speed gear: 29

Majin-shaft 2nd-speed gear: 38

Main-shaft lst-speed gear! 47

lay-shaft main-drive geay: 4
Lay-shaft 3rd-speed“gaar: 34
lay-shaft 2nd-gpeed”gear: 25
lay-shaft lstspeed gear: 16
Reverfe~shaft fast gear: ' 43
Reveprse-shaft loose géar: 35
Main-shaf't low-f¥pal-ratio gear: 26
Main-shaft Aigh-final-ratio geam 41
Final-ratio-shaft low-fipgl~ratio gear: 41
\ Ptiel-ratio-shaft hightPinel-ratio gear: 26

istaflee’s between shaft ®entrelines -

and Lay shaft: ST
Main shaf? )
Lay shaft 1 404
leverse shaft fis . shaft 5 \ag"
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B ToN ANALYSIS OF CHASSIS - SECTION>§~- TRANSMISSION (CONTINUED).

iensional Data (continued).
mensions

(Final-ratio shaft )
Lay shaft and ( ) 6.53"
)

Q (Output shaft

(Final-ratio shaft)
Reverse shaft and ( ) 5.44"
{Output shaft )

dearing sizes -

Input shaft, forward, (roller): 1.769" x $:350" x 0.905"
fZi Input shaft, rear, (rollep)t 2,16g* % 3.350" x 0,908"
4
Main shaft, forward,“steady, (roller): ©.670" x 1.339% a\8.630"
Main shaft, intermedfate (roller): 2.301" x 3.928" x 0.985"
Main shaft, tear (ball): 1.179" x B,.540" x 0,905"
lay shaft, forward {ball): 1,30" x 2.150" x 0,8256"
Lay, shaft, intermediate’\(roller): 1.968" x 3,151" x 0,905"
lay shaft, rear (reller): 1.388" x 3.151" x 1.220%
Reverse shaf$,.forward: 1,723" x 2.,838" x 0,9056*
}
Finalspratio shaft, rear, ‘steady (roller): 0.985" x 1,722" x 0.590"
<  Final-ratio shaft, frept (ball): 1.969" x 4.330" x 1,060"
Output shaft, front (ball): 2.366" x 4.330" x 0.868"
Majin-shaft 3rd-speed-gear, forward 'S
(roller): 2.186" x 3,€50" x 0,905"

Main-shaft 3rd-speed-gear, rear )
Main-shaft Bnd-speed-gear, forward
)

D.617" x 3.935" (x\0,824"

)
A
)

Main-shaft 2nd-speed-gear, vear ) (rollsd): 4
)
Main-shaft lst-speed-gear, forward)
)

)

Main-shaft lst-speed-gear, rear
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N mensional f)ata (continued}.

Loose-reverge gear forward )
) (roller): 2.166" x 3.350" x 0,905"
Loose-rayerse gear rear

<

Final-ratio shaft high-gear, forward)
)

inal-ratio shaft high-gear, rear )
)(ball) 2.463" x 4.923"/%,0.945"
Fipnal-ratio shaft low-gear, forward )
)
Final-ratio shaft low-gesr, rear )
ffgbimeusions marked thus represent the diameters jof the inner path“eT contact of
() the rollers.
Dimensions marked thus represent the diameters of the out€r‘path of contact.of

the rollers.

Blifferential unit:

Number of teeth of gear‘wheels, pinions, ‘étc. -

Spiral«p€yel pinion: 15
Spfral} bevel gear: 29
Oyutput-shaft gears! 45
Differential pinions: . 12
Differentig@i-pinion-shaft gears: 3%
Brake-drum-mounting sleeyeg! 24

Distances Bgtween shaft centrelines -

Pinion shafts and output shafts: 6.06"

see SECTION §, pages 59 to 61.

Gearbox: 1,32 gallons &t

Differential unit: 0.77 gallong\

Final-drive units: 0,24 zallons each %
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,ﬁgEﬂﬁlmd by Experiment upon Parts i

t nofana o)
t, reference to the appropriate

e sub-gection dealing with the

48 concernedy
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BB AALYSIS OFCHASSIS - SECTIONCH) - STEERING AND FRAKES.

Bral Desigh

action of steer\ng.
. et T

Bt apdoactlon

& Ine!

iz steadd by the combined action of turning the front road wheels and

lates 4, 9, 10, 1% and 14.

ey

fiyenicle

ocket, and consequently of the

pereasing ghn‘veloecity of the track driving s

I8k, on ghd cutside of the curve which the vehicle is required to describeg\relative

hat on the inside. OSteering of the front wheelg is effected throughsg' conventional

% ks The speed of the qfited driving sprock®y s increased and

b of mechanical 1links Ihe g1

]

the inner sprocket equally reduced ralstive to the comresibnding gpeed fopr &

fight course, by means of the differeatde]l unit and the gteering brakeas.

Bit-wheel and track steering are meMrolled concurrgAfly from the steeming wheel,

s come, effective until

w

mechanical linkage is €W, that track steBTing doe

I

the
At
B¢eering wheel has begfthitned from the pagiion, correspondddg to which the front
Wheels are set ugbh 2’ straight course{ through a definite angle, which is pre-

|

Thus, for slight\gAriations from a straight

Eepmined but varidble by adjustmant

defiegtion of the front wheels only,

lifand for large-radius curves, steering 1s

Bhe actthY of the differefdad] is simple thaw wlich would be expected of a unit

= ' ¢
?lug Knd . The steepiwg orakes come infe\gberation for smaller-radius curves, but

ESesign is such ition from a large-radius

Blayout 6N 'the steering column assembly, imeluding column, upper and lowep“gteering

wag gxamined was

8 alld steering wheel, 1s shown in Plate 10,
”&géd to accommodate an armoured body and the restricted shape ofythis presumably
flints for the unusual rake of the steering wheel requiring the gddition of the

8teering box ineorporating bevel gears. The conventighd\ mechanism comp¥leing

I'm., drag link. third arm, tie-rod and left-hand an® right-hand steeringtams,

D8 seen in Plates 1 and 9 The layout of the me'ehenical linkage tg@\the steering
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ANALYSIS OF CHAS®IS - SECTION §. STEERING AND BRAKES (CONTINUED).
Il i st !

% and actdeh of steering (continued).

o

e isyde shown in Plates {3 /and 14 and reference to the differential unit will

d:{n SECTION 6 - TRANSMISSION, pages 94 to 102. The prinecipal components

w

PoilD

Bhe stecring mechanism have been described below under their respective headings.

ering wheelg

Included in: layout diagram: Plate 10,

(: Pictorial illustration: Plate 41.

» General photographic yiews® Plates 67 and/77.

gsteﬁri;ﬁ wheel is typical of the design agsociated with rosdévehicles and has
spokes. fub, spokes and rim are stedl“and the whole im dovered in vulcapibe-
material. The wheel is tapefed, keyed and nutted todythe end of the ghort shaft

M which it is carried and accegd(to this nut is oRthinable by removal\ of the light-

joy centre-cap, secured to.i(he ‘boss of the steering wheel by thrgs, tpuntersunk screws.

B steering box asgembly.

Includeg™in: layout diagpam Pl&ate 10,
Pictorial Mllustration: Plate 41,
General” photographic view! Plate 77.

Pupper steering box had apparently been introduced into the design of Model 251
4
)

aa the required reéverse rake of theyatéering wheel. It incorporates two bevel

fa which give & . 'glight increase intle velocity-ratio of the steering machanism,

peastings«Porm the housing of this steering box and are clamped together by &even
BEnd telts. In this respeet, the housing is similar to those of theNgeéarbox
3ﬁgffayentiqi unit, since the contacting machined faces form a join%,/ with no

BPmediante gasket, and in the plane of which lie the rotating pakts of the assembl@x

]
Housing ies cagt in the form of a right-angle bracket nt thd top and by means of

8 it i5 attached by six bolts to the rear and undersifie 3T the dash panel. A

B8 nipple is tapned into one side of the housing,
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e e

I® stesfidp box sssembly (Scohtinued).
y £

‘pil gears are integral with the short shafts, upon which they are mounted, and

';."
4
e opposite end Lo\ bhe gears, one of these shafts carries the steering wheel and
Bbther the stgfmlng-column universal joint. The manner in which the bevel gea?s

fehafts aré\pounted in the housing in double-flanged, brass bushes will be @&pparent

B the &egtional diagram.

Weed to the face of the upper steering box housiag adjoining thef gteéring wheel,
>

ghe device known as the steering indicator which is described/below.

jgring indicstor
Included in: Iayout diasgram: Plate 10.
Pictoria} iliustration: Plate 41.
Géperal photographic view: Plate 77.
ppurpose of the stesring indicator is tg“ghow the driver, Dy, means of a pointer

Bing over a scales the precise lock.Af/which the front{wheels are turned.

Bteering-bix housing is receased, where it faces\ the steering wheel, and the

gession {ormed is covered Gy m small, cast cép of similar shape, attached by five
};e§8unk set-screws. Within the housing $hus formed are the gears whiech operate
jgmPointer of the infieator. These, comprise a large-diameter worm on the main shaft,
;Ling with a small pinion on an oblique intermediate shaft, which also carries a

ller worm 8ngaging, in turn, with another pinion on the spindle upon which~fhe pointer
ounted, The pointer is thus driven from the steering-wheel shaft thiMough two worm
'¥{£icn trains. The layout of the gears and intermediate shaft are ghown in the

diagram representing section, CD, on Plate 10,

Bthe pointer and the scale were missing from the vehicla/which came into our

F¥8sion and details of these parts are consequently not“known.
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RING AND BRAKES (CONTINUED),
e

Plate 10

tration: Plate 41

aphic view: Plate 79

e functicon usually associated with a
1t, 1.6. that of converting the \rotary
simllag motion, but of sma¥¥Br amplitude

whifch the drop~srm is ‘e&rried.

employed, sectional yia@s of which appedr &n

agp

DEHQ Y

whth

ted t

d ¢ the drop-arm

through the

ee B@ES{Ings, the main gmgfe shown at (1)

end cover plate at () in the same plate.

asting will be,8€sn in the sectional

» ¥

ihieh it i8&“sécured to the side-member

strengtheéning ribs between the box and the

ix tapbolts and the centreline of the drop-

between this cover and the mein case. The
gaskets are not employed in either cases

drain plug is included in the heysing.

lumn and is c¢ =2d in theJmin case in

2d to bear some mes

sureN\o# combined

n) The lower bearing\¥s located againhf

n oy four set-serf&ws,’and the upper ok
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-ir ateeriup box assembly (éentinued),

puty #ith Which the wodm sngages is shown et (6) in Plate 41, and the slotted,
peular pearing~piecas,y ‘marked (7), with which the double crank of the drop-arm

is mated, are‘dn extremely good running fit in recesses bored in either side
the nut Both the nut and the bearing-pleces are of hardened steel. Rotation
ghe nut rélative to the steering box housing is prevented by two machined slides,

fdei%ing from the inner surface of the housing, upbn which the nut bears lightly.
y,

drop-arm shaft and the double-armed crank, which engages'witn the nut assembly,
ga single part and apparently a drop forging. The crank{amnfl shaft is carried in
_ibrass bushes which are held in poBEitdon by circular nute and prevented rom

ating by dowels. The shaft prajécts from both side® of the box, and At one end

es the long drop-arm, conpgeted to the drageldnk through which\the front wheels
psteered, whilst at the "Other end, a shogtew/drop-arm is carzi®d, andéd is linked
Bmately to the steépidpg brakes, Both &rms are attached/by”“splines and castellated

locked by splid\ pins,

iring co 1w
Included in: (layweut disgram: Plates 1 and 10
Pictorial illustration: Plate 41
General phefegraphic views: Plates 77 and 79
[8teering collmn includes the worm for the lower steering box and the whole is

f®ently fapnined from the solid bar.

f‘iﬂmn is carried in the steering box in two single-row, smmi-thaust)y ball bearings,
Bted one at each end of the worm; at the upper end it is secuyed to the universal

1hg bv & ;,‘(,-}.[.,3_. tapered and nutted jt)ll’lﬁ-
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Bping-column universal couplihg:

Included in: Layput diagram: Plate 10
~ < Pictoriel 1llustretion: Plate 41
General photographic view: Plate 77

Phniversal goubling, at the top of the steering column, links the latter to ‘the
projacting downwards from the upper steering box, and accommodates any{mis-
Eamept between these two rigidly mounted shafts. The coupling consisbs of a
i;._'thick, rubberized-fabric disec held betweghitwo, three-prongéd.spiders by

#

f bolts and nuts of about S“ diameter. Te splders are attached to the shafts by

Bred and keyed joints closed by nuts.

mt-wheel-steering drag-link.

Included in! Layout \@iagram: Plate 1

Picforial illustration: Plate 41

General photographic view: Plate 61
BBteéering drag-link s of conventional) form with ball-Joirts at either end. It
; hollow rod f tonstruction simidar to the steerigk %ie-rod, and its length is
8table by feans of a similak/phreaded-so’cket, d8gice, locked by twe clamp bolts.

same ~padl- joint end-agsémblies appear to-hefdsed for the drag-link-as for the tie-

X

BWil) be obseryfd,that a bent drdgflink is shown in the plates reproduced from the
M manualg\ 1l and 41, whilet that, taken from the vehicle which came into. bar

B8lod, ywas a plain, straight rod.

REECTION 4 FRONT AXLE ASSEMBLY AND FRONT SUSPENSION, page. &7

JSECTION 4 . FRONT AXLE ASSEMBLY AND FRONT SUSPENSIEN; page 48.
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pering braké/ drums.

Ineluded in: Laygut diagram: Plate 4.

) (: Pictorial 11lustrations: Plates 24 and 26.

General photographic views: Plates 72 and B2.

f.ateeriﬁg brake drums on the vehicle which was examined were of general shape (amd
Broximate -dimensions similar to those shown in the sectional diasgram on Plgtev4d,
; the,fl'snge and web of each drum were separate parts as shown at (60),.8nd (81)

;; g¥ive!y in Plate 26. Six tap bolts hold thé&twd parts togethe®;\. the bolts pass

gough clearance holes in the flanged rim oftie“drum and are saghored in tapped hd)8s

.jha web,

f@ering brake assemblies.

Included in: ILayout \@imgram! Plates 4 and 14.

Piegorial illustratignss Plates 24 gnd“26.

General photograpliic views: Platesg.72,"83 and B4.
Metallurgieel Report (lining® and drums): Pageg~ 392 406
j¥entional-design) brakes of fairly\light construction afe employed for operation of

Btrack stedrimg.

pbagk“pliates are secured, to the end coveps‘of the differential unit by eight tap

B8 Of about 5/16" diameter. The sho® ‘ednsiruction is very light and a conventiona

=

petion is formed @rom thin-gauge, Miat, sheet-metal segments and wrapped sheet-gid¢&1
888, whichare welded together over lengths of approximately one inech at thdBids of

BWrappat yletes only.

;shnes are mounted at the top on & large bolt, of special design{ setured to the
Plate, the forked upper ends of the shoes are supported ageingt this bolt
88 Tormed upon 1t adjncent to the back plate, and a large{plain washer carpi®d at

Bhd of the bolt. The outer end of the bolt is of redtangular seetion ¥nd ‘relative
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Ehering-DIUEALONTIO L _CTOSE shajh, cranks and

Ty _". uded

In d in: ILayout diagrams: Plates
Pictorial 1llustration:

e . 4 2 < e it . = -
weneral photographie views: Plates 6 8 nd

e cross-shaft/Scarrying the cranks from which i
Bakes is eflfected, is situated rear of the differential and just above the Mehtr

e of, thi's unit The cross-shaft and its position in the assembled glWebis can be

=
HeA

Bwe cranks and two collars are carried on. the._éross

I
ir
cT

the shafi™at (118), (106 ). NE : oz X an

e to right across ifeMswhaft.

ND | 3= s orénk. }LE:JB(} t0o theS&kaTt and econnected Ntimately - the steering box

-
9
<

wherebyroatary motion is dmparted tc e Shaft

carwing collar keygd \&O the

t and operating the left-~-hand

copijutction with LinkXNe/ 3

No = . e < - ;
M0 o« + orank mounted freel®™ on the shaft and connecte - 5 N shbe -

BRUing lgvers of the left-hand steering brake

?"‘«? 3 mbined tappet~carrying collar and hand-brak *Onne O\ Srank I ntec

B} a1 nd operating the left-hand steering-brake i: N
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Bering-brakescontrol cross-shdaff, cranks and collars (continued).

8% No.5:\. Similar combined tappet-carrying collar and hand-brake connection crank;
z

ped~freely on the shaftf and operating the right-hand steering-brake in conjunetion

th Link No.6.
1

5 No.56: A%¢rank; mounted freely on the shaft and connected by cable to the

Be-operdting levers of the right-hand steering-brake.

P No.7: A tappet-carrying collar; keyed to~the“shaft and operating the right-

id steering-brake, in conjunction with Link! Noi.6.

lbrief indication of the operation of {the steering-brake<éentrol eross-shaftiand

@ cranks and collars which it capries has been given(b&low.

@ cross-shaft is turned throughiout the whole of the movement of the “steering wheel
Wwirtue of the connectidn of the latter by.conmtinuous mechanicel links to the ecrank
@cribed above as Link No.l. The 1links referred to as tagpet-carrying collars, are
fllars incorporating a projection im “WHich is mounted .4 Hexagon-headed set-gerew in
Bl a8 positiof)that its centreline is at right angles/to that of the shaft but does
B intersect) it. At a given'deflection of the)gteering linkage or hand-brake lever,
Hustebie by varying the position of the set=screw, the tip of the latter impinges
or ﬁ flat face incorperated in the bogs '‘of each of the cranks carrying the brake
bies, (Links No%s\3 and 6 above), ‘@nd further deflection in the same direction résilts
8imultanegiie ‘movement of the collar and adjacent crank in thet direction. The
Sition of.the set-screw in its threaded moﬁnting is locked by means of a\nut. The

8% facks incorporated in the bosses of cranks No's 3 and 6 are eachiide enough to
(/
4

plimodate the tappets borne in the collars on either side.

Slable the right-hand brake to be brought into action upon rotation of theldhaft

g¥le direction from the datum position, and the left-hend” one, upon rotatdodn in the
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e ing brake-control crosg<shaft, cranks and collars (continued) .

Snogite direction, the~right-hand crank normally projects upwards from the shaft and
S left-hand one, downwards. Left-hand end right-hand hand-brake cranks are arranged

% the reverse jianfer.

jehorage (t0 the cross-shaft of those collars and cranks, stated above to b keyed to
he fhaft, is effected by clamp bolts, fitted in semi-split bosses; radiused grooves
2 milled in the shaft and the clamp bolts engégé with these to preyent relative
ptation between the boss and the shaft. The 'rotating bossegiars brass-bushed dnd
feh carry an independent grease nipplein)\ The cross-shaft{itself is hollow With solia

plded ends; it is supported at ita ends in brass bushed’borne in two large trunnions.

geering-orake-cross-shaft modnting trunnions.

Included ing layout diagram: - Plate 14
Pictorial illustdation: Plate/35

General phepdgraphic view: _Plate 81

B large triampytar trunnions supporting the steering brake control cross-shaft are

Bfabricatdd,” sheet-metal eqngvruction, punched with large holes for lightness and

ded go, Trame crosc-members No's 5 and 6:.{ These trunnions each carry a brass bush

-f*%serves as a bearing for the crosswshaft and the shaft and bushes are assembled

B0 the trunnion €fom the right-handefid, The whole assembly is thus held in

fition by ay“end cover-plate attached to the right-hand trunnion by a single’s@t-screw.

'Erin-jgggaamccntrol main push-and-pull rod.

( included in: Ilayout diagrams; Plates 13 agd)ls
Piectorial illustration: Plate 42

General photographic view: Plate/82
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eeering-brake-control main push-snd-pull rod (continued).

ihe main push-and-pull rod serves to link the right-hand drop-arm of the lower steering-
3‘? shaft to an intermedlate crank carried on the left-hand cross-sh;ft—support t runnjeny
ﬁidh is, in turn, 1inked to the crank rigidly secured to the extreme left-hand end ‘of
_;. erogss-shaft., = The main length of the push-and-pull rod is hollow and incorpbrates

g double set .to permit of its accommodation between the various controls and Gther
somponent® in the neighbourhood of the scuttle. It is forked at either.end to

a;iiitate its attachment to the cranks which is‘effected by conventiomal, freely

vvotted joints.

he salient feature of the link, howeyer;.is the spring-gp@-cylinder device{which

irmits of a certain measure of lost-motion. This assembly is well shown'in the
jectional and exploded views of Blates 13 end 42 respéctively, and no further Exp-ﬁnﬂthn
8 required. It will be appreciamted thaﬁ this ‘loat motion device \is effective, to an |
iqual extent, in both tenmslon and compression, since the force transmitted will be
ﬂuorbed by the same weoil spring in each case. The assembly from the vehicle in our

ossession was- Joad/deflection tested and the results will be found on page

leering-prake-control, intermediate crank and linkage.

Included in: \ Layout diagram: Plate 13

% Pictorial illustration: Plate 42

General .photographic views: Plates 81 and 82

Smpleting the linkage, between the right-hand drop-arm of the lower steering box
®Sembly and the steering-brake-control cross-shaft, is the bell-erank mpd ‘double-

:rkgd rod ghown at the right-hand side of the diagram on Plate 13. Through this
ilﬂgﬁ, the design of which will be apparent from the illustrastion)” the main push-gni«
1l rog operates the extreme left-hand crank, Link No.l, of'.the steering-brake-cdntrol

BS-shaft, Plain, pin joints are employed for the forked link and are lorked by

11t pins. There are brass-bushed bearings for the Bhort shaft upon which the
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ng-brake-control, intepmediate crank and linkage (continued).

: ig earried. These\are mounted on either side of the bell-crank, one in the

_1 hand trunnion and jone in an additional bracket also welded to No.6 cross-member.
pearings and shaft are sssembled from the right-hand side into the brackets which
g¢hem, dn 2 similar manner to that required for the steering-brake~contnol, cross-
A similar end-retaining plate, secured to the right~hand bracket by a single

T Gait, ig also employed.

‘e ng system.

Included in: ILayout diagrams® Platés. 6, 12, 15 and 16
Pictorial /{illustrations: Plates 27, 29, 44,945 ‘and 46

B mein brakes of the vehicle are located inside tMs driving sprockeb(wheels and are

erated from the foot pedal shrough a compressed-air system. Thevyehicle i3 also

Pvided with a hand-braké control; this ds'mechanically linked) to the steering brakes,

# design and operation of which have been described earlier in this section, see

B8 114 et seq: Provision is madelon both foot and hand systems for co-ordinated

;iication of. the brakes of a_trailer suitably eguipped.

{5-brake assemblies.
Included . in}” Iayout diagram: Plate 5

Pictorial illustration: Plate 29

General photographic views: Plates 80 and 85
Metallurgicel Report (linings only): Pages £40 249 angRI5 288
i<f?mponent parts of each main-brake assembly are well shown in Platé 289, and the
@, which is part of the driving-sprocket casting, in Plate 27.%/The general
Blgn of the brake units is similar to that of the steering bfakes described on
€98 114 to 116; the diameter is slightly larger, however, ‘and the shoe-operating-

nechanism is slightly different.
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iain-brake assemblies (continued).

ey flange plate is of fairly heavy-gauge sheet-metal and is bolted to the Tinal- drives
bear-case cover by eipght tap bolts. The shoes are each formed from two sheet-metal
gections welded“together, at the ends only, in the manpner employed in the constrachion

of the steering-brake shoes. The 1linings are alsc of similar form, attached {50 the
shoes by ‘steel rivets arranged in palrs across the lining width; the lMiimgs are
penerously chamfered at both leading and trailing.edges. A longers NPing segment 1is
fmioyed for the trailing shoe than for the Jleading.

fhe primary lever of the shoe-operating mechanism, (46) in(Rlate 29, is piveit8d upon

[ts brass-bushed bearing on the special bolt secured to the back plate, whleh alsc acts
§8 the stop against which the lower ends of the breke'shoes (upper in Plate 29) are
ipported when the brake is\mot applied. At\fhe”lower ends, thesleading shoe carries

@ fork, attached by three\Tivets, upon whieh is mounted a rollew, whilst the-tr&;;;ng
fioe carries a freely\pivotted lever, Ancorporating a step, /which bears upon the roller
f the leading: shoe. Actuation of\ this lever, whick ig effected by a fixed pin,
jrojecting from the primary, shoe~operating lever, results in separation of the upper
iids of.the” brake shoes. +The shoes are normally closed by three, coil, tension springs,
fehiCcan be seen in Plate 29; two spripgs are fitted in parallel across the upper epdp

f the shoes.

interesting ‘auxiliary to the shoe-operating mechanism is the hingsd lever @hown at

;’) in Plate 29, with which an additional pin on the primary lever engages and thersby
Bpldes supplementary pressure to the trailing shoe near its mid pointg~’ The hinged

't@r is pivotted from the back-plate and the hinge, which is springsloaded, accommddgles
F‘Emvement of the primary lever which would otherwise resul® ‘in‘excessive appli€ation

: Pressure through this suxiliary mechanism. The auxiddary lever bears updn a

Bdened-steel plate, welded to the inside of the brake shoe. The mech@iism described
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fin-brake_sgdemblies (continued).
Reve cdb,be seen in Plate 8% which shows the main-breke back plate assembly with

S ke~choes and secondaxy’operating lever removed.

Bake pedal and Adinkage to operating valves.

Igéluded in: Layout diagram! Plate 12

Pictorial illustration: Plate 44
jereNits a conventional brake pedal and the linkage \Of rods and crapks %0 the
j‘;hting valves for both the main and trailea brake systems is shown in Plate 12,
B8 brake pedal pivots upon the same pin ag\ie used for the glutch pedal, this pin
Bing mounted in a bracket welded to apd projecting reamperds from frame croBSg*fember
pe4. The intermediate~crank pivwet 'pin is held in g pracket secured tp, eross-member
6. DBoth these pivot pins.G@rry a grease nipple™ifi one end. Thé double-forked
s, linking the lower eddrof the brake pedal with the intermediate crank, and the
ftermediate crank wish the main-brake-valvé-operating leveri/although indicated by
Bferent numbers, Ahe. (38) and (42)4)>$n Plate 44, are the seme length and appear to

Pinterchangeable’

Blgn and ‘ed justment of the Linkage are such that the trailer-brake system is put in

Bretiion before the main=brake system.

@ crapressed-aixn \gystem:

Iaclided in: Layout diagram: Plate 16

Pictorial illustration: Plate 486
I8 madpy brakes sre applied by the action of air pressure upon thé pistofi/of the
ﬁytiug cylinder; +the piston is connected by mechanicel linkage ¥g/the brake cablagy
P eylinder is normally under atmospheric pressure, but a relmage 'valve is openedy
Bl depression of the foot pedal, and the operating cylimde™is thereby incdddadd in

P tompressed-air circuit. When the braking system of the vehicle is conpected to
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hipped, the trailer brakes will normally be included

be held clear of the drums by the air pressure

by releasing the pressure, and the valve, b}
linked to both hand and foot comtrols. Air is sugpliled
a compressor, driven by the engine, and the pequisite
system &t all times when the engine is rumgipg, by the
or and of a spring-ldaded blow-off yadive Two

system to incaewgs the capacity

matically ghd\plctorially on EXqies 16 and 46, respectively

the eirecuit has\¥been tabulated bh&low in order

"
-

5
cr
b

in this repont,

Comgressor
Valve. Filte™and Feed-Point £ar/Auxiliary Equipment
MainNCircuit Non-Retupd Yalve

Main-Circuit Resgwvolir

—

Dashboard
Pressure

.
AL
vauge

lﬁegérvol
I -

ler-Brake

ling for Trailer

Brake Connection
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pompressedeic system (continued).

S foaturs of interest which \{8/common to most of the above units, in which it can
.‘k,glied, is the use gf\ 1light alloy castings for the housings Such castings

{_ ;mm;uyed for the bembined blow-off valve, filter and auxiliary feed-point, the
s-oircuit nomsreturn valve, the main-brake operating valve, the trailer-brake-

MSouit nop=xeturn valve and the trailer-brake operating valve, in conjunciiQn with

Bee1 unfers, brass valve-seats, sockets, cocks, bushes etc., and casf-Ix¥on‘ceps.

L

'_‘1’ gompre 8807
» Included int: Layout diagram: Plate 16

Pictorial illustraliian: Plate 46

General photograpliic views: Plates 86 and 87
eingle-cylinder, reciprocatin@ dompressor is emplQyad end is well showd in the

@otographs, Plates 86 and &7, It will be segh Yhat the crankces®, of the compressor

a three-piece casting\ofen at the bottam; = this is bolted %e/a large, hollow

Bojection, formed adpart of the crankgase casting of thefiower unit, on the right-
;.. gide of the{engine, at the feopt+end. The smaliSgrankshaft of the compressor
BPrics a 1a#gd pulley wheel agp)the front end, which“is driven by a "V"-belt from a

Blley ofi wte end of the crankshaft.

Meetion of the big-end pearing of the compressor is effected by splash from the
#8nl tase of the~efigine through the hollow support., The air feed to the head of,.ihe
Bpressor lalMitted with a metal-packed filter with a detachable top, which gam be

B8R in thevillustrationa.

I-6ff valve, filter and suxiliary feed point unit.

Included in: Layout diagram: Plate 16
Pictorial illustration: Plate 46

seneral photographic view Plate g0
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Included in: Jaydut diagram: Plate 16
.<:? Pietorial illustration: Plate 46
-

\ General photographic view: Plate 91

hand slde-members

e main-circuif ‘mon-return valve unit is bolted to the right

Bd-way bepween cross-members No's 5 and 6; 1t is design to prevent loss /€

@

ngSShre under normal circumstances from the braking side of the system.tyg

L_escrilua-:_: above, is into Chamber 1 \#htch communicategeydirectly with

BMiec valves, which are arpanged to open under Al¥id pressure to gewmnit air to pass

som Chamber 2 to Chamber ¥, and from Chambdr 4 to Chamber l,ybut not in the reverse

irection in either ca¥e. Very light{(fprings are employed~Tor the closure of these

Alves. The gxit) communicates with\Chamber 3, and in %@e normal course of events

fie pas

sage of/air is thus frod/Ohamber 1 to ChambBep 2, through the one-way valve from
piamber, £\to Chember 3, and\ght through the exit’/ to the pipe-line leading to the

QEExvolir.

0 holes, yidi¥le in the outew/Tace of the diaphragm-valve housing, are passées

Clamber 3, whilst the centre hole of this valve communicates with

4 gdontains a spring-loaded plunger, incorporating a projection by/wméans of which

8lve separating this chamber from No,l is opened upon depressign,of“the plunger
er 4, beneath the plunger, is an outlet to. the Thdzs air in Chambag\3
re~determined pressure will find its way through the«dddphragm valve ipto
whereupon it will depress the plunger, whichg in™Murn, will open-e valve

with Chamber 1, and air from the comnre&for will pass out.fo/the exhaust
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. w ANJ""\.:.-EEJ.

ve (continued).

e circult pooereturn val
byass orifi of w&T¥ fine

sitégted on

exhaust 1is

ne

it

-
co

me a
esh

T oa

he diaphragm

bore,

of the unit remote
of a cylindrical housing,
uzes. The design of

ia AP
-~ WA

very thin-gauge,

-proof paper washer apd\ \8 covered by a tbhin,

Bthe same diameter. Above the fibre wash&r is the cast-irongd¥sc which carries
ad of the
'n-cil‘:::._..._.__ --__A.l:_'..‘_i-}-‘
Included in: lay@ui Y Plate 16
Biewtorial illustragidn: Plate 46
seneral photogfféphic view: Platé’p7
main-cir t re®ervoir is & sheet-pétal tank made up{in three parts with welde
s, o showk WY’ (14) in Plate 46\ It is carried ‘golldly upon cross-members N
nd ¢ the by ht«ghgle brackets, walded to the ends of the tank In
outlet are at of the tanl 4nd“the unions are held in position by
j!"s% I plug ig Micluded at the ddotfom of the tank.
Bll-broke opergbihg-valve 19§
i in: ILayout diagram: Plate 16
Pictorial illustration! Plate 46
( General photographie view: Plate 92
7 s
BB unit incorporates two valves, an inlet and an exhaust; the former is y
Bl depression of the foot-brake pedal and thereby exposes Ale“vpiston of the main

PE® operating cylinder

Pedal returns to its

to

he pressure of the system;

from the

ieves) She pressure on that side of the system.

face shown

in whiech steel

the exhaust valve

ay

™

wa Ll

normal position and releages'dthe vressura bv whien

connecting Chamber 4 with the exhaus

d
ied

iz



Page 129.

a1 Gl ANALYSIS OF CHASSIS - SECTION £/+ STEERING AND BRAKES (CONTINUED).
e LSS

prake opglating-valve assembly (continued).

BLl-
5 applid.

f4§.1od?d view of thenit appears on Plate 92, from which the functions of the
aprious parts will (b& appreciated. The lever, shown in the top, left-hand corner

£ the plate, fs 'pivotted at its centre Dboss to the forked rod by the pin shownj «the
sper end of _the lever is connected ultimately to the foot-brake pedal by a/system of
inks attached by a pin, passing through the uppermost hole, whilst theldower end

R8s contact with a steel ball, mounted on the plumger which is carried in the main
flinder of the unit. It will be seen that @ definite and pre~determined depression
fthe plunger in the cylinder results iiglosure of the exhaush valve, followed
Bediately, but not until exhaust waly® closure is comiplate, by opening gf\the inlet
1lve . It will also be observely (that the two coilisprings, one bearing upon the

linger, and one bearing upomn/the inlet-valve diS¢ and resisting depreéssion of the
Bnger. are balanced agalust the two larger, coil springs, housed in the upper cylinder
Fthe unit. Cursory.examination of the dimensions of the-@ssembly revealed that the
Ping, bearingeupon’ the inner facé‘©of“the plunger, must _be almost fully compressed

lore exhausfeyalve closure takeseplace, but in splfe of this, it is difficult to

Bgine that’ there can be very much deflection of the upper springs before the inlet

" {§ fully opened.

B disc valves, employed for inlet and exhaust, are rubber faced, and the sealing

ment of the, plunger is of leather.

Webrakeoperating-cylinder assembly.

 C

Included in: Layout diagram: Plate 16
Pictorial illustration: Plate 46

General photographic view: Plates935
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B -brake opeprabing-cylinder assembly (continued).

-T,;plodad Yiew is shown on Plete 93 of the operating-cylinder-and-piston assembly,

an® of which the presgure in the compressed-asir system is converted to force in

izipchanical, brake-apérating linkage.
N

assembly, whlelr is mounted upon No.6 cross-member, consists only of a cylindex,
{ston and cfylMnder-head, together with a large, coil spring, which separates bhe
lston from the head, and thus resists any depression of the former. The \¢ylinder is
;‘Eirly light-gauge material (approximately 3/33“ thick), and the idead’ is attached
gnmans of six studs and a eircular ring, drilled to accommodate“the studs.
Emunication with the air-pressure system I's by a union, welded to the end of the

flinder opposite to the head. The pisten is a ?abricated, shest-metal asEembly,

jged circumferentially with leathey to effect a seal/ against the cylinders-walls.

pailer-brake-circuit non-pétuen-valve unit.

Included ia Jayout diagram: Plate /26
Pictorial illdstration: Plate” 46
General photographic view: \Plate 94
#8 unit is ©oTted to the lowerflange of the rightehand side-member, just rear of
10 fréievcross-member, ‘endvprevents return @fair from the trailer brake side of
16€ system. There are-%wo valves, one off bhe diephragm and the other of the ball
$€;: both are arréngéd to open undeg\ pressure of air from the entry side, and proylde

ffernative pagseges through the unit.

®xploded. view will be found upon Plate 94, from which the operation will“De self
S:Fnatoryg The lower passage of the unit was cut in two and the seetion 1s shown
ﬁ‘@ bottom of the sbove plate. The diaphragm valve i1s of similar design and sizg,
Bthat incorporated in the main-circuit non-return-valve unif\w thin, brass diaphragnm,

Vere d by a fibre washer of the same dismeter being employad. A very lightepring is

Bl for closure of the Ball valve which presumably takés the greater flemof the two



Page 131.

SaTCN ANALYSIS OF CHASSIS - SECTION %  STEERING AND BRAKES (CONTINUED).

jer-brake=circuit reservoir.

o o -

Included in: layout diagram: Plate 16
Pictorial illustration: Plate 46
Q General photographic views: Plates 57 and 58

pegervoir in/the trailer brake system is of larger capacity than that includediin

main cir¢uit and serving both branches of the system, but is of precisely/similax

egign and comnstruction. The circumferential, welded joints between the-preéssed ends
ind the cylindrical centre portion are visible in the illustrations. Unions arxe

K/
ppired to the ends by nuts and there is a drain plug at the bottom:

peservoir is carried inm a cradle formedi.by two sheet-mefal strips, spannipg\the
petween frame cross-members No's! Il.and 12, and is segured in position(by two

gpaps of lighter sectjom, anchored to the same crogdymembers.

er-brake circuit operating valve unit.

Included im:  lLayout diagram: Plate) 16
Pictorial illustration: Plate 46
Generaliphotographic viewgi: ‘Plates 88, 89 and 95
trailer«<brake shoes are held 'clear of the drums by the air pressure in the syste
d consequently the functiom of the trailersbpake-operating valve is the progressiv
floase of this pressutey upon applicati¢i\of either the hand or foot brakes of the

phicle

mode of gperation of the valves will be apparent from a study of the explodsd
i€torial view on Plate 95. The fork, shown in the top, left-hand corne®™of this
ate, ) is mechanically linked to both the foot-brake pedal and the hamd-brake lev:

'8uch a manner, that alr is released through this unit, and the\ trailer brakes

@Peby applied, before thé brakes on the tractor come into gffect.
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grailer-brake eirocuit operating valve unit (continued).

;sth dise valves are rubber faced, but a leather sealing element is employed upon

fﬁﬁ plunger. The inner, coil spring, carried on the bolt connected to the striking
ig balanced against the outer spring, surrounding the plunger assembly, %o give

{forK,

§15ressive openlng of the valve.

“%-1ler-brake cocka
Included in: Iayout diagram: Plate 16

Pictorial illustration: Plate 46
b eock is inserted in the line, between the operating valve and the trailer coupling,
0 prevent loss of pressure when no trailexr is drawn. A simple two-position ceck
8 employed which may be set either to the opem or the closed position by the
:é;nnngntly attached lever. The ‘centre-piece and bush are brass and the housing is

i@ ferrous casting.

Irai ler-brake connection.

Included ‘in: Iayout diagram: Plate 16
Pictorial illustration: Plate 46
he adaptor, .by means of which the:compressed-air braking system of the tractor is
ioupled to that of the trailer, can be seen in the two reproductions, referred to
1bo e, baken from German manusls, but there was no such fitting upon the vehicle which

fme into our possession and consequently no further details are known.,

Bshboard pressure-gauges.

Included in: Pictorial illustration: Plate 52

‘dual-pneedle instrument is fitted to the dashboard to record the pressures in the
:1!ﬂlat the reservolr in the main-circuit and at the main-brake-operating cylinder
ference to the instrument will be found in SECTION 8 - ELECTRIGAL SYSTEM AND

ISTRUMENT S, Pipe-lines are taken to the dashboard from-the' four-way union.rear of
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f
g

\pashboard préssure-gauges (continued).

‘the m=in cgi'reuit reservoiry and from the outlet of the main-brake-operaiing valve

gg‘épectivelYa
\
ne-1ines and unjens of the compressed air system.
Included in: Iayout diagram: Plate 16
Pictorial illustration: Plate 46
With(the exception of the leads to the dashboard pPessure-gauges, stesl.pipes of

NBout 7/16" dismeter internal bore are used thiroughout the system; \Ahe pressure

gauge leads have a considerably smaller bore:

The upnions employed at junctions, and\for connection of‘\the pipe-lines toythe® various

units, are all of the same design, 'which is illustrated in the diagram{ below.

FI8RE WRSHEK HEXRGON _NUT

N
7z

\

/ %

CONICRL STEEW WASHER S7EEL "owrvE”
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:nain—bfake operating linkage.
[

Included in: Isyont diagram: Plate 12
Pictorial illustration: Plate 44
General photographic view: Plate 67
The main—braké op@rating cylinder is arranged to apply both brakes conculre

$hrough the main-brake operating cross-shaft. The system of cranks and c

rods employed will be seen in the diagram on Plate 12. The cross-shaft, Jies paral

With erpss-members 6 and 7 and is situated between Phem; it is borne in-en

’fgiings bolted to the side-members. The three cranks are rigidly“secured
{

Peediused grooves, milled in the shaft. Straight rods link\the two outer

Becured each by two bolts to bragtkets, welded to ihe "top flanges of the Tfra

pember .

Hand-brake lever and Sidnkage.

Inelnded in: Ieyout diagrams: Plates 14 and 15
Pictorial illustration: Plate 45
Gefieral photographie wiews: DPlates 67 and 88

:Je,hand“brake lever is/Wwell shown in Plat€ "15; it is mounted on a single,

nneidng

>

A dha
2 C e

fshaft by clamp bolts fitted in their semi-8plit bosses and engaging with sma

clancs

Bhe cross-shaft with the brake-operatilig cables and th® ends of the cablg ddsings

yivo

dae

+

RiD® on the bridge, which also carries-the two gear-shift levers. A spring-loaded

fladrant . polted to the vertical member of the bridge. The pawl may be x«

Bconvendidnal, vent lever, attached to the hand-grip (see diagram).

P5ible cables conneet the cranks of the steering-brake cross-shafy, designat

8wl is carried-at  the lower end of/the hand-brake lever and engages with a

TV

othe -

B a8d

Bhks 1o's 4 and 5, (see pages 117/8), to opposite ends of a hQpdzontal balance

1st the lower end of the hand-brake lever is connected girectly to the

N} ARl nt

-ad

by
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Nd-prake lever and linkage (comtimued).

 this Dar by a short rod, Porked at both ends. Operation of the hand-brake lever
égigagults in application of both steering brakes concurrently and with egual
Bpces. Link No.4 of“the steering brake cross-shaft is a bell-crank, one arm of
Mieh is connectéd by a eable through a coll, tension spring to the trailer-brake
Serating valve unit; the design of the connection is such that application~of/ the

Sailer brekes precedes thet of the brakes of the tractor.

K bove linkage is clearly shown in the diagyams ‘on Plates 14 and(15.

mensional Dats.

Bealed from vehicle except where marked with x)

;;lring Wheel: Qutside diameter: 1768
 ]er Steering Box:
No$ 0t teeth of bevel geirs -
steering-wheelsshaft gear: 14
steering-column gear: 18

Beering Column end Lower St¢ePing Box!

OQutsidediameter of columhi 1.8%
Oytgide diameter of worm teeth: 1.8"
Ifternal diametexw/of worm teeth! 1.3"
Piteh of worm! 0.38"
Effective lengths of cranks at mid-stroke:! 2.8"

Effective length of drop-arms -

L.H, (operating steering of front
wheels) ! 8.8"

R.H, (operating track steering): 4,7%



:factife radius

Aearall “1everage
<

Prective length

ering'Brakesi

D Brakes:

gS1Gi ANALYSIS OF CHASSIS

Mmensional Data

continued).

at which steering third arm acts:

ratio » mteeri drop-arm shaft to
steering-brake-fpntrol croass-shaft:

of erenks upon steering brake control cross-

shaft by means of whiech the brakes are
operated:

Internal drum dinmst;r:

Leverage rastio of shoe-operating mechanism -
leading shoe:
trailing shoes

Distance from ceptweline of brake asSembly
0 lineg ofaction of effective
"cam-&ip™ forces -
ieading ;hoe:
trailing shoe:

Circumferential length of liners ~
trailing:

leading:

Width of liners:

Intﬁthal drum diameter?

Leverage ratio of\(shioe-operating mechanism -
leading shoe:
trailing shoe?

Distance from centreline of brake assy. to
lines of action of effective "cam-

tip" forces -

leading shoe:

trailing shose:
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(i i

1.65:1

2.7%

g!‘l"

5.3:1

6.0:1

4o 4"

2.7"
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Dimensional Uata (continued).

Circumferential length of liners -

leading: 142"
trailing: 18.1"
Width of liners: S 1”

Jength of ¢ranks on main-brake control cross-shaft -

Crank linked to operating cylindem! 5.92"
(Z? Cranks linked to brakes: 342"
Band-brake leverage ratio (centre of grip-fo‘cable

| attachment) ¢ 5.25:1

fength of hand-brake connection crapks on cross-shafts 4.9"

Gompressed-Alir System:

Brake-gperating-piston diameter: a.9"
ExtépnaYl diameter of brake pipes: 0.57"
Internal diemeter of brake pipes! 0.46"

lta Hegulting from Experiment) upon Parts from Vehicle.

Bhordtory reports updn‘materials of con€%ruction:

fere examination(of materials has ‘beén carried out, reference to the appropriate
Mboratory reports has been made at the top of the sub-section dealing with the

pETts concerned.

MiVestipation of design of coil spring from steering-brake-control main push-
s and-pull rod:

e spring was removed from its housing and the following design“particulars werg

0ted ;-
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a Resulting from Experimenf.itpon Parts from Vehicle (continued).
pat *XP

Free\height: : 4,53"
S01id height: 2.38"
So1id load! 280 lbs. wt.
Load at 1" deflection: 120 1lbs. wis
Load at 1.5" deflection: 183 1lbs." Wt.
: Estimated rate: ' 124 1bs/in.

Length, when assembled id push-and-

pull rod: 4.25"
Estimated preload when/assembled in push-

and-pull rod: 35 lbs. wt.
Outside dis.eqf “spring: 1.86"
Inside dta.\of spring: N A
Diageter) of wire: 0.21"
Tetal number of collsé 9% aﬁprox.
Kumber of working eoils: 8
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¢ nerﬁl US'i [l -

fectrical sBystem layout.

Ineluded ins \FPictorial illustrations: Plates 52 and 53
;igition is by the Bbseh rotating-magnet-type magneto mounted on the R.H., side of
$he engine and driven from the idler shaft of the timing-gear train. The sparking
Blugs sre enclosed beneath a cover, attached by two thumb screws and the plug/leads
;rﬁ encaéed in a single, metal-covered, flexible cable, linking the magn€td to the
; arking-plug cover; all these parts can iLe clearly seen in the photogPaph taken
3 .; a report upon a ZGKW 1t vehicle, Plate .98, Further referencé tc the

jegneto will be found in the report upon,the, power unit by oud Engine Section,
page 2l .

1

Burrent for all other requirement€, which include starting, lighting, horn, etec.,
88 supplied from a single, Jl@=yolt accumulatogy\housed in the frame between the
gearbox and the petrcl tank. The bettery¢is“replenished by a\d¥namo, driven from

'he engine.

Biformation, pepdfding the electrieadl equipment powéred‘by the battery, is largely
j@stricted. $o"that apparent frm Plates 52 and"\83.X No electrical circuit diagranm
8s indimded in any of the German manuals f£¥om which other illustrations in this
"frt have been reproduCed. Moreoverx the vehicle which ceme into our possession
bare chassi&f{’and even as such the electrical equipment was in a depleted

On ghis vehicle there were thus no major electrical accessories, apart
he ~etarter, and of the eircuit, there remained only two, metal-coveréd
Heide cables of fairly large diameter, extending from the battery, &1dng the

s far

~[[ember &

o

8 the scuttle, from which point it appeardd/that a number
2 P PI

ads had originally been tapped.

r detalils of the main items involved in the ®lektrical system have been

Pt out below under their respective headines.
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Iricluded in: Layody diagram: Plate 1

Pictoriel illustration: Plate 53

General photographic views: Plate 57

;a pattery is apperéntly a conventional, six-cell, 12-volt, lead-plate/sulphuric-
=ﬂ1a accumilater and is shown at (48) in Plate 53. I+t is housed in a battery\box
_ituated, rgar of the gearbox and just in front of the petrol tank. The Original
1

H.tgfgy had been removed from the vehicle which wag examined, and thatiwisible in

$6) general photographic view is an English regflacement.

Battery box-
Included in: Layout disgram: Plate 1
Pictorial Mllustration: Plate 53
Gegepal photographic view:” Plate 88
fhe battery box is mountddren the frame adjadent to L.H. side-member; it is attached

$0 cross-members 8 amd 9.t the inner end,)and to the L.H, &ide-member at the outer

Ind, by brackets w€lded to the members™4in both cases.

e design of/Phe battery box srld be seen from the, 11lustration at the top of

late 3% from which {§ woyld“mppear that the’battery is completely enclosed. All
M\ narts shown in this plate were not present on the vehicle which came into our
P

I088ession, howevers

Bttery cabled)

Included in: Pigporial illustration: Plate 53
{ : General photographic view: Plate 88
i8xib] o metal-covered cables, adequately clipped to the rigid fixtudres which they

8J0in, appear to be employed throughout. Two, such cables ¥emained on the vehicle

BBCh came into our possession, end extended, from the battery, along the I{H, 'side-
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at 1o Plate 3 g NG/
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int Piethrial illustration: Plate 52

General photographic view: Plate 67

arg~tarried on the dash-panel in the usual

Besure gauge, ‘@mmeter, revolution counter; cooling-water-temperature recorden,

-geargdy Tor the air-brake system and a tachograph by means of which p@€hpenent

ge instruments, only the air-brake pressupe-gfuge and ammeter ‘gfmained on the

examined at the Works, and %hé only illustre¥ive

which could be foupd\I'm German manuals,

of all the instruments\or details of theiy design are, thexréfo¥e, not

67 shows the daghboerd, of the vehiclevphich was examiped*at the Works,
he condition as received with the exceptigh of the British odlspressure gauge,

gh had been fitted in the aperture at the\extreme L.H, side, of' the dash. From a
gy of the instrugent™® fitted and the{femaining aperturss,~it would appear that the

of locatidn\of the instrumenteN\from left to right %3 that in which they are

produced from one of the GermAn“manuals, and the instruments, referred

zinning of\ Phis section, cam\O® traced upon it and are believed to be:i-

(1) coolingswater-temperature recorder

(15) revolution counter

' CHASSIS _ SECTION;8/- EIECTRICAL SYSTEM AND INSTRUMENT'S (CONTINUED),
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fnetrument s.fedntinued).

No tachometer is shown upon this plate, but it is fairly certain that one is normally
£1t460; since documentary evidence of German origin, whieh has been inspected, would
5;pear to indicate ‘thiat such instruments are employed throughout the Zugkraftwagen
geries of vehigles, and reference is made to a tachometer in the operating instpPuctions
of the 3t model which are included in this report. It is probable that th®\ Instrument
was bolted to the dashboard at the extreme R.H., end; One of these instPuments taken
feod 'a 5t vehicle was examined at the Works. It included a kilometer recorder and a
gedle, indicating road-speed in kilometressper~hour, togetherwith a red, warning

fight, which was arranged to illuminate-when this speed beefw® excessive; tHe remaining
parts of this instrument were missing,~but from certaip-German manuals whieh“have been

fudied, it would appear that & tlme clock and an adfegraphic recorder are included, by

jlgans of which trip mileages ourney and waiti times may be recorded.
. I ges, ¥y ng b

fi® air-brake pressure-gauge is a dual-needle instrument and-¥ndicates the pressures in
¢ system Doth at €h®& reservoir of the’jiain circuit and at’the main-brake operating

Blinder.
B8 remainine instruments would appear to conferm to conventional designs.

is}carried on the desshboard, are the ignition switch, starter button, light switch,
\
jEfficator controd ete. Such details ‘as are known with regerd to these parts ard

BW0 in Plates\ 52 and 67.

Bboapd afid scuttle.

<2 Included in: ILayout diagrams: Plates 1 and 14

Pietorial illustration: Plate 49

General photographic view: Plate 6%
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R shboard énl” scuttle (contini®a ).

siee bimetal dashboard And scuttle structure, upon which the instruments, steering

(=T

'.'-'l
feed and minor contpdls are mounte

S It is & fabricated
.

Beembly, of the ather complex design shown, and the sheet-metal components are foined
Beinly by rivéebs. The whole assembly is bolted to the upper flanges of the gide-

gembers.

) No obseryations of this kifd
)
) wepe\made with regard{to the
)
)

Eléctrical System on Instruments

ta Resulting from Experiment upon Parts) from Vehicle.
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k. + REPAIR AND MAINTENANCE.
:.{-' ot o e

Bates 55 and 66 ‘have been reproduced from a parts list appertaining to the ZGKW

B 0delX26X, and shows some avxiliary equipment which is presumably stowed on the
by

-'ele.

% known, however,

A

Full details ¢P\the tools and spares which are intended to be carried are

Beopy of a Germgn instruction manual (less illustretions) relating to a ZGKW 3%

of vehdcle with open, troop-carrier body, was inspected at the Works agd &

. J
anslation of the operating, maintenance and repaip instructions contaified therein

‘2§nruﬁwced belowi=
¥

BERVICE INSTRUCTIONS.

"WORKING OF VEHICLE;

Qa) Preparations for the journey.

;hforc ommencing @ journey wie~following work hes wo™ be carried outs-
The fuel prowisions in both tagks‘are to be examimdd.

2. The war®r™eével in the radifafior is to be examipad.

%. The &N level in the engfrie has to be exagiped with a measure.
4 The pressure of the fyres is to be tegted.

.\ The tension of{bhe tracks must be\tested. The track must, on an

f8n rodd) pass over the Rirst and last running wheels without touching them, and rest

o+
b
o]
s
;
;
L7

6. Parpbiéularly in cold weather, the air container of the pneuma

o be emptded of water by the drain screw.

e ——

Bhe specd’recorder is to be made ready daily before the vehicle is used,N\In the

oW{ng manner:-

$
p

(a) Open the apparatus (turn key to the left).

(b) Turn the milled holding ring of the spring clemp Yo the left and{taKe

Pecording disc out.
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B VICE, REPAIR AND-MAINTENANCE - TRANSTATION (CONTINUED).

"(cf Wind the clock gtéfdily by turning the milled ring to the left.

td) Adjust the hande of the clock by turning the milled disc in the left®
B 8e’corner of the cloelk
) Insert’sthe recording disc. It is inserted in such manner that it
Bes at the extemdor margin below the red tongue. In the margin of the disc a time=
Hace is found. The disc is to be turned so that thé tip of the red tongue,foints
it the pogpective time of the day. Then the spring clemp is replaced amf,the ring
'.Qnrneﬁ to the right. When doing so, care hag“td be taken that tpeyTrecording dise
not shifted. Minor corrections can be carriéd out even after Tastening the spring

(£) Adjust the daily kilometre’recorder at "0™ by turning the adjusting

Bbutton in the direction indicated(by the arrow and {close the 1id.

Bb) Starting of engine.
Before the engine is Started, the following points have tolbe observed:-
1. Ged™\sontrol lever of{the main gear to be put into neutral.

5.,{Miel tap to be opeped; fuel pump to~ge/filled from the auxiliary

ik by dropring petrol.

< 3. Ignition tg)be switched on.
\ 4. Starting’carburettor to fe‘operated without supplying gas by handle
Bpedal gas levér. Starter button{to be pressed. When the engine is cold, the

Bitoh must be, disengaged before the electric starter is operated and the starxting
Bbe agsi¥ted by turning the crank. After the engine has started, the StArting

-<§prettor must be switched off immediately (release the starting buttom). The

Pee way cock is to be switched over to the main tank.
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ERV IO e

lle) Servige instructions before and during the journey.
1. DBefore compencing to drive, let the engine first run warm for a few
?:g{es, gt a low numben‘of Tevolutions (about 1000 revolutions per minute), until
:g cooling water h#se reached a temperature of 50° centigrades.
2.7 Watch the temperature of the cooling water. Open the flap-wall)of
Be radiator“when the engine is hot, close it when the engine is cold. The, most
oufable temperature is between 80° and 85° centigrade.
'(i 3, Watch the oil-pressure indicatory Whilst the car is'\working, the
pessure should not fall below 1 atmospherey absolute pressure, When the oil prefsure
fminishes or when no pressure at all ¥&\indicated, dangerls‘imminent and the\defect
B8t be eliminated before continuing\the journey. :
4, If the vehicle isg driven daily, the €Ilter packing has to‘'be squeezed
g8 daily by means of the_ erdss-bar fitted to.the filter.
After thé\ engine has been st rest for days, thig cleansing operation

B to be repeated geveral times.

5. During the journey wabeh the revolutiop\imdicator; the engine must not
B at more than 2800 revolutiofésper minute.

6. The brake preégsure must not exceed 5 atmospheres, absolute pressure.

7. The tap for filling of tyre® is to be examined frequently as to its
rect position. {This applies ondy ¥0 vehicles in which the tyre-filling bottle
Parranged in,{he’ driver's cab).

€.) The reduction gear lever must be let in correctly.

'Q Stopping of engine and vehicle.

engine is stopped by switching off the ignition.

I fuel teps are to be shut.




Page 148.

A ATT T A T NAT MRANCEAMMTON [ ORI TMNITED
RV ICE W IR AND MATNTT v_JLl{n.,f,-;..—lr[.‘,L'dI'-" { CONTINUE] Ve
—e e

fer each jolPpEy the bolts, supports and rubber pads of the caterplllar tracks

B to bedexamined and, in sp\leT as may be necessary, 1o be repaired or replaced.

N z & a z . s 1 2 - - 1 h |
jf<£w frost-protectiveg~agént is mimed with the cooling water, the latter ghould be
BRined when there i6ja risk of frost.

PTNSTRUCTIONS FOR DRIVING:
{a) Gean Control.

B bpen-country gear must not be put in unless the. vehicle is at prest. When the

the lever must be moved forward, when the open-country gear is

The transmission geaTr.i8\to be changed in&he' usual manner, by dis-

Beeging the clutch in accordance withwthe gear-shift diagram. When changlug up,

Beh the clutch out completaly. When changing dowaapush the clutch out twice, half
BY only, and accelerate infegnediately
B0y chenging over tofhevfeverse gear, prgsp the lever to the’deft and backward and

=

o
L
A

h the same{Sp&ed as uphill, The gear which in

to_the heéBpective slope 1§ %o be put in, not during, but vefore

ugf?;ﬂ; any consideraplé/plope (uphill ozx downhill) as otherwise the load train, going
Bbill, would immedietely stop when thelelutch is disengaged, whilst, going downhill,
B Would mccelerebe so much that gea®s could no longer be changed and the brakeg glone

Puld hold thedtrain.

h) ¥oave s

BME/ hand-brake acts through the brake-rods on the steering-brakes and thus through
}
B8 steering mechenism on the caterpillar tracks of the vehiclsq Any incorrect use

the i ring the journey may cause considerableNddmage to the stéeging

@B and, moreover, divert the vehicle from its directidn.
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EOTICE.,

HAND-BRAKENIE THIREFORE TO BE USED AS A PARRING BRAKE ONLY AND TO BE APPLIED

TH

BowIy, BUPIRMLY, AFTER THEQWEHICLE HAS STOPPED.

'.C}d?1V3? of a tractdbr fwust be so familiar with the effect of the hand-brake that

AT 4=
P y

DOES NOT OPERALE~IHL HAND-BRAKE WHILST DRIVING, even in the event of sudden

ergencies. 8oy in one special case, i.e. when the tractor, driven with a trélier
ftted witha'pneumatic brake, is skidding; then the trailer alone may be affected

$he fiand-brake being carefully applied, as far as mid position, and the, skidding

Bere tractor may thereby be controlled,
3/ :

B8) Driving on the road.

Peive carefully inside towns end villa@es} over bridges,~Qn ® slippery trackiapd on

jends .

N order to have a better comtrol of the vehiclgsnd to aveid abruptidpplication of
i€ brakes in any circumstdnges, gas must he cut down in good tdne‘and e lower gear

in. before passing/#ny dangerocus spot.

i journeys in Qemvoy, the interv&ls between vehicled miist be as many metres as the

Mving speed 95 kilometres-parihour

fer{ving in open cowAtry.
Plving obliquely(@n‘a slope and turaltg of the stecring wheel on a slope should be

Pided as m

ich s possible.

Ben. atithe crests of hill-tops or in similar conditions of the groundy/tide front
BEls have 1ifted themselves considerably from the ground, then the ea®‘fust be

gtrolled carefully in order to avoid too rapid & falling forwerd, Which might cauge

fi8ge to the front axle Ditches are best crossed in an obligile direction. On
i8S in the onen country the driving should be slow in gTdér to reduce the 8gnger

pthe tracics coming off the wheels,
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| #ihen the vahifcle is parked on &'glope for any length of time, it should always be
iecurad by putting stones ox )ogs underneath The best method of commencing the

driviog on a steep slope{J5 to protect the vehicle, by stones or logs, from rolling

&;nnwarﬂ and then o ¥welease the hand-brake.

Whuring the driving obliquely on steep slopes, the track on the lower side can

Basily come;Off the whesels. In such cases it should be attempted to makesbh® track
fin ofi Yhe wheels again by turning the steering-whe®l in the direction Q# the

3

?L;il] glope and by slow driving in reverse.
s

Wlhen driving in reverse, particularly op \Ivose ground, forei{gn bodies easily

Bdbhere between the chain and the rubdemr.byre of the driviug-wheel; thereb¥ the chain
esily climbs on to the wheel I tn this case the/t@#éh of the chain{s¥ick on the
@riving-rollers of the drivingathesl, the drivipg {ust not be conthpgved owing to the
b!nger of breaking the chelns Before contdnuwing to drive in révérse, the vehicle must

driven in a forward/@irection for a showt while until th€.ehein is correctly located

BB the driving wheel

115t driving’ in rever it agtherefore necessary for the chain to be watched, if

je8S10ble by the second dyiver
£

®) Non-skid devidds

BOR roads covered With ice or snow, snow chains have to be put on every third qf

BORrth chain-link The snow-chain is to be fastened with its two shoes to/Pué chain-
Bink igisuch mannsr that the chains are lying crosswise over the rubber<pads In
B upper part of the chain, the closed side of the chain-shoe must\pdint in the

grection of driving The chain-shoes are to be secured by splints.
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[R(7) Driving Ghit

WoonnectOnOT pneumn rgke® the cable for the parking tail-light has to be

=qunested arefully Whan trailer is coupled whose brakes have been applied, the

Brake s of the trm 2 Qi released before commencing the journey and the presgure
W

atic brake is to be examined. The pneumatic .brakées

o
s
-
w0
4
I

I6f the tralLey Wi t 3 elegsed when the pressure reserve is about 2 atmospheres,
lEbaolute D¥e sSSUTT =n there is a danger of skidding, the hand-brake mmy» be applied

’lqwl:’;r faind thereby 2 trailer alone may be :-\._1:.:‘,.; :]ed‘_

O

QRINSTRUCTIC Rl
2
e \ (8]
pe following instructions for paPsdirng the various gffuctural parts of/Z%he carriage

BEito good condition 1 ‘hadewed For any moRe’ extensive repairiwork expert

8 ordering of s =Ngarts has to be ffane in accordance,«ith D BﬁCIE

fBpare parts fgh %he e and the ‘elutech are to bezOxdered in accordance with the

QlBt of spgredparts of e fifmMaybach, which Ahst Ms issued with each vehicle.

8 removal of €CNe ne and clutck must be carried out in the following ordend
Blsconnect #hS fuel | - * pipes, exhaust pipes, water pipes, oil pipes . (ei€ctric
£98 apd Tods 5a ) ¢ radiator; disconnect the cardan shaft at Alle ecluteh

Ae”" and ni - nsion the engine.

e o4 [ in be carried out _mafbter 1ifting the valve cover.

e hand cra; ) 1 y ne valvesdY5e.g., the exhaust vn]va, ia
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#oompletely (d4fted. The oppo&ite valve - inlet valve - of the cylinder is then
in 8 clpsed position and caw be adjusted by turning the eccentrie, after loosening

ghé pceentric screw. The valves are to be adjusted to a play of 0.25 millimetres.

7

Mhen changing valve)springs, the piston of the respective eylinder is to be put in
the upper-dead-gentre position. After pressing down the spring washers, the Kay

can be taken\out with the aid of pliers.

#The Deeger securing device fitted to the valve dise\prevents a destruction of

f; ve and piston in the event of the spring breeking.
()

ifFor the purpose of grinding the valves  BL® water in the engilne must be draiwmed)
ﬁhe pipe junction to the radiator, the“ig¢nition esble conme€ctions and the Perminal
fflange at the exhaust collectingypipé are to be disdonuected and the head  of the
Bylinder is to be taken off. AAfter loosening, #hé. screws of the ¢cyillhder head and
i8king off the valve gead, tMe entire cylirder™head can be taken .6ff by 1ifting it.
#hen so doing, care Hag to be taken that tWé cylinder head {gasket is not damaged.

Major unevennesses.in the valve seatings should be removed, before grinding, with a
& ’ 24 &,

Buitable cutteb.

{c) Cleaning of piston Hegds.
i order to remove ghe/carbon depositg im the piston heads, the pistons are to be
B8t into the upper=dead-centre positioh. The carbon deposits on the valves and on

Bhe cylinder fieed are to be scraped off and removed carefully without damaging %the

87" Fitting cylinder head,

982 putting on the cylinder head, care has to be taken that.bhs eylinder head gasket

# i perfect condition. In the case of the slightest defact a new gasket must be

peerted, Attention must be paid to the mark "OO"

on ‘vhe camshaft-wheel)
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#rhe screw-nutsrof the cylindenheed are to be tightened little by little, starting
‘from the eéntre. After puttifiz on the head, the valve clearance is to be adjusted
ut<0335 millimetres. +Th® engine should then be run warm without load, whereupon all

As screws of the cylinder head are to be tightened once more.

WBefore finaldy\fastening the cylinder head, the valve 1lift of the front and pea>»
§nlet valvep’are to be measured, as & precaution. The 1ift must amount to\4.5
milligetres in the lower-dead-centre of the correspdnding piston.

(.

#(e) Carpurettor.

For the purpose of cleaning or of chappihg the jets, the.air supply pipe is{to)be
Hoosened from the air filter and tha upper 1id with the, six squere-neck séPews taken

of f. The fuel jets are then acadgsible from abovel

#The jets are to be install€d in accordance with the instructiofs)df the Jet Diagram,
Bhen new main jets amrg msBd, the exchange may only apply to~Jets of a different size.

The type of jet, which is shown by the/ manufacture numbgnr‘engraved on the jet, must

Blways be the .same. The jets must hot be reamed g@\ chulked or altered in any other

danne r.

;Iggcmplete closing of ¢Me starter deviceseguses damage to the engine. Disturbances
A the carburettor mey arise owing toi“ elogged jets, clogged filters, leaking float
falve ang penetfation of water. The jets must only be cleaned by blowing throhgh

jiem. Ieaking floats are to be replaced.

() Fuel pump.
RE.Not enough fuel is supplied, some leakage in the circulstion mechénism, from the
B8l pump to the fuel tank, may be the cause. Tightening of'€l]* connections,

Pfaination of the packing of the glass bell fitted to th&pump and of the packing of

® three-way cock are likely to remedy the defect. In, the pump, moreoveér, the
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" followip@\disturbances might<arise:
1. If fuel escapes from the ventilation hole at the back of the membrane
é§51ng, then the memprane is broken and must be replaced.

N 2. If @] and not fuel escapes from the ventilation hole, then either the
Jubrication gf\Yhe ram carried out from the crank case is excessive, or the TamOr
$he ram guide has been worn out by long use. In this case the damaged parbe must
te replaced.
¢ 3.

may slso be the cause. In this case the wvalye casing must be“replaced.

L

f, after long use, the fuel praofueldon diminishes, Worn-out valwes

#During the guarantes period any large repair worlk is)to be carried outs by the work-
Bhop of the supplier firm, Engines in need of \@ complete overhsuh sre to be sent,

@fter expiration of the pudrantee period, g the firm Maybach, Wriedrichshafen, or to

fihe wo: of thelg/contractors fop the purpose of repailr.
REor smaller repair work which in wWiew of its urgency may be carried out by the crew,

Bhe o Lowintg limits of playdare indiceted for wssembling:-
1, The piston’pldy is 6/10C to 7/100 millimetres, measured transversely to
R Piston pin. This,is to be examinédj.on assembling, with a steel strip. The
fQuirement for ebfdining this playi® & round and cylindrical cylinder liner of
BXimun ovalitin'2/100 millimetres.
&¢ The cylinder liner is to be examined before installing new gphstons or,

P ehessary, to be replaced by a new one. At the same time the two ‘Tabber packing

»
& ire to be replaced

The piston rings should have a percussion play'Of.0.2 millimetreg atfd
RETOOvE play of 2/100 to 3/100 millimetres. Before the\Imatallation theyawe to

lubricated with plenty of oil.
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"4, The'seating of the piston pin in the piston eye has to be such that
$he piston( et a temperature @P,20° centigrade, can still be pressed into the pin
pore by, hand.
< 5. The play of the piston pin in the connecting rod bushing shall be such
im;t, even if therpieton rod, with piston pin put in, has been heated in hot steam
;»1inder oil of a temperature of about 190° centigrade for 20 to 30 minutes, tiie ‘piston
pin does not get stuck.

6. On installation of new pistons, care has to be taken thet\ the piston is
fﬁitonical shape towards its upper part. For the) adjustment of the\€onnecting rod,
?:80181 tools only may be used,

7. The play of the connectip@\rod bearing shoudd\pe 6/100 to 7/100. willimetres,
#n the state of tight tension on theNcPank pin. Thissbearing brass must{De"in tight
génsion when it is to be ad justed,Wo this play. Any“gcratching must be ' avoided =as
uch as possible. The play is to be ascertained‘by measuring widh\2 micrometer, from
Bhe crank pin and the phdaring. The bearings of the casings are to be inserted with

fhe aid of special peamérs, with a play(6f 7/100 millimetres<

8, Aftep the installatioh“of new pistons, fhe¥engine is slowly, over a

féngth of fidelhours, to be acgelerated from tickihg over to 1800 revolutions per minute.
firing the™driving, care has\fo be taken thatsoverhauled engines are driven gently and
Botild fiot carry a weightuntil they have/twn warm. When running in new pistonms,

fbrication is to v&.applied from abeve.

"CLUTCH:

The clutch is adjusted in such manner that the measurement "A™ is abou 4l millimetres.
B8510ct motion of the cluteh pedal must not be less than 2 centimetres. Care has to

® taken that the pedal is adjusted in time The clutch itselff ¢annot be adjusted,

B8T of the 1ining may be permitted to continue until "A" jgdabout 53 millimetres.

£ Thi g refers toc a photograph not included in this repdSet.
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"On inatallation*of the clutch gare has to be taken that the utch hubs should be
EnsilV mowable on the sliding\shaft. For carrying out the installation, an asuxiliery
shaft 13 required having/ai® least one part which fits into the groove profile of the

<

b . The shaft must¥ d¢ arranged in such manner that the driving plates can be shifted
!

\
Byer the shaft frem the back. Then, the parts are to be installed into the flywHhedql

#n this ordery “first driving plate, intermediate ring second driving plate,

"TRANSMISSION GEAR:
% <
;;ffects of the transmission gear and steering-Bear are to be remoyed by skilled wolles
men . For removal of the transmission geag)\ the rear part of Nle carriage body has’to

be removed.

"RUNNING GEAR:
e right and left casingsrof* the lateral drive® are 1« be exapdped frequently ss

0 whether they fit tiZhtly. Through lodsening of the screwgja crack can arise between

Bhe lateral drive ofiding and the fastgmfrg flange

BIn order tosA7did dammge, the #Prews on the fastefilpf flange are, therefore, frequently
0 be exahinéd as to whether ey f£it tight; _ff)necessary, they must be tightened and
secired. For the purpgserof tightening ths, driving wheel, the brake and the hub have

8 be removed.

N

PCuide wheels~and running wheels whose rubber tyres have becc

®eplaced py.wheels with new tyres.

”{gl Removal of running wheels and guide wheels
Ptter screwing off the wheel-cap locked by a spring ring, the whegel nut which is f{pged

Bth a securing disc is to be removed Thereupon each runnjm® Wheel with its Hearings

B8 be taken off from the axle On installation care has %o be taken tha{ the packing

figs are not desmaged.




Page 157.

eERVICE, REPAIR AND MAINTENANCE - TRANSEATION (CONTINUED).

#‘_

#(b) Removal dpd/installation of ‘¢ driving wheel.

rAfter removal of the split pime and after loosening of the hexagon nuts, the driving jm
.;heel cgX be drawn off faom the driving axle with a special tool. On installation of
gpedriving wheel extreme care has to be observed. The driving wheel must not be

nocked on to the driving axle.

#(c) Alignment of the running gear.

M'I»
®The alignment of the running gear can be carried out\with improvised.teols as follows:-

e e driving wheels and idler wheels are to be\straightened with € straight-edge orstie

like, in such manner that an cblong with cderrect right angleg™is formed. Intosthe

guide ring of each of the driving and 1dleT wheels an iron wlock has to be fltted. The i
gentrelines of the blocks must be marked accurately aad ‘their outer edges\miist be |
provided with slots. Intc the/slots a thin wirej\knotted at both eids; is inserted,
ereupon the driving and guidée wheels are turned in opposite direetions until the wire
{8 tightly stretched. “Then the internal-or external running-wheels are straightened
ith the aid of the sbraight wire. Iateral deviations dge to be straightened out by

mserting addit{opél shims on the whesl-carrier armg’

WSHOCK ABSOREERS fi
§§~the lever of the shoek absorber has £o be removed from the axle, care must be
ken, on re-assembling, that the notéh on the frontal surface of the shoek absorbep

@ fits into the centreline of the lever. Any deviation will result in destwietion

it the shoekabsorber.

——
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"CATERPILLAR TRACK:

#({a) Tenasltn of tracks.

climbing of the track or adhesion

qghﬂer excessive tensiod/of the tracks, caused by
foreign bodiesyythe shearing bolt of the track adjustment device will break. '\
order to install™a new one the tensioning serew nut and loek nut must be loossnen.
After inst@hling the new shearing bolt, the chain is tightened again. On{an even

froad tdie track should not touch the front and the pear running wheels;&®n the other

mgnning wheels it should rest loosely.

#(b) Putting on caterpillar tracks.
fThe caterpillar track is to be laid fuf\on the ground 4n ‘such manner that the rubber
pads, when driving forward, are regting on the track {daks at the frontynMdn the direction

of driving. The last track J4ak but one is to be supnorted by tractor is

x

K
£

-

firiven in reverse on the Midwout caterpillan™track, The end pf\the track is laid
Pver the driving wheel,\apd, while driving“eh in reverse, pulded with a hemp rope to the
dler wheel. Ovep~the slackened idlep(iheel both ends of /the track may be connected

BY turning the.dgiving wheel.

Or the ppArpose of putting & chain on, the trdatsr may be driven slowly with only one
Eraci .
<.
"TRACK~LINKS:
) Changing & track link.
€ exchange of defective track links is to be carried out in the followiwg order:-
1. ©Slacken the track.

2. Knock off the split pins from both track-pins,

9. Knock out both track-pins with the long striking\pin provided. Insert

e oo end of the striking pin in the track pin for gidding the latter,
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"4\ Pull the track Zinks apart in such manner that the tension acts in the

Mdirectionl of the prongs oOf the locking plates.

<_ 5. The new(tpack link i8 to be installed in such manner that both prongs

B the locking pla¥es fit into the bores provided therefor, in the adjeoining links

=]

6. AUrilve the treck-pins in with the striking pin.
7%/ Put the track on and tighten it, in accordance with sectiop %) -
ipage A58.

Pb) Removal of the internal perts of the trdck. Yink.

et

Remove the packing discs.

2. Take off the internal bpughfngs of the rollsr bearing as wellwas“the
?ackings, with the removal device The removal dev#¢®/is to be insert€d. 8o far that
Bt catches behind the interna) bishing.

3. Take off thawdafective packinga\from the internal{dbubhings of the

4. Remove £ha“follers from the ‘external rin of~thé vearing of the track

links.
5. Do not remove the external rings of the hearing, or the intermediate
Plishing unjeds they are defectiys

6. Clean all fis parts which may,wb¥1ll be used.

8¢) Installation of internal parts QR “Chain link.
1. Clean the chain-link,
20N\ 1Insert the rollers in the external bushing of the bearing witligrease.

3, Drive in the external ring of the bearing and the rollers v ‘means of the

EiAlet provided for the external ring of the bearpin
: provided fo he external ring ! ear

SR S nE.
4, The internal bushing iz to be i: ed 1in order to{ protect the rollers

BOn 0111,

g out

ng
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"6, (Brive in the other external bushing of the bearing with the triblet

longing to it.,

7. The track Jink is to be put on the triblet provided for the external ring
8¢ the pearing, one dntérnal bushing being used as a hold-up. The cone for driving\in
i_to be on the other internal bushing. Both internal bushings are to be driven, with
jdght blows.Of “the hammer, into the intermediate bushing in the track link bearing.

8. Put on the cone for the internal bushing and the guide ring. The slide
urfaces of the slide packing are to be gremsed amd to be driven inp~with the bell

/
p#longing thereto.

*RUBBER PADS:
iefective or lost rubber pads mudb,De replaced by new(ones. The installetion of rubber

#ds is to be carried out as follows:i-

After cleaning the trough of the track link, the track pad is Imserted. The screws of

B8 side of the pad ares/pulled tight. Thereby the track.pad 1s caused to fit correctly.

8 screws of the Opposite side cah‘thén be screwed im apd tightened. The height of
@ividual rubber pads which aré’pnewly inserted, i& to be adjusted by cutting the rubber

ils alrefdy’ worn off.

#"STEERING..GEAR :
)r exchanging the steering gear, the steering lever must not be knocked off by force

Bl the steering gear. The lever is to be removed from the steering rod with a

Moval device.

Fits installation, the steering gear is to be aligned accurately, i.e. after the

?aring #ear case has been fastened to the frame, the support’for the steering collmn
0 be fastened without jamming. Before putting up thewsteering lever, the swivels

fbhe lever rod are to be placed at right angles to the, worm. In order{to be able to
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mperform this gdjustment, 1t is necessary for the 1id of the steering case to be

_Jremovet'i from the case.

ihppe’ . steering lever igsthen put on the lever rod, shifted by one tooth from the vertidal

e the front (in thHe ,direction of driving). If the steering lever is correctly fa8tened

ffo the steering'gear, the steering stop for the final position will not take plaee in the

steering gday itself, but at the front axle knuckle or steering knuckle. Thé steering

Mever must be put on loosely and be screwed on with the screw nut on thésteering rod.

Satisfy yourself by turning the hand-wheel in beth\directions that\ple steering gean

pyes easily. The steering gear is, after Tembving the oil £illey screw, to bée pilled

leompletely with gear lubricating oil. in order to make it possible for the & to

f8scape, & tube piece has to be used forfilling.

"BRAKE DEVICE AND . SYEFRING BRAKES:
¥The steering brakes are ‘go.fto be coupled With*'the steering geawn/that they begin %o

Bake cffect at about % of a turn of the.st¥ering-wheel to the right or left. The

f8d justing can be apried out from gieldriver's cab,

flhe wear gf\tHe steering brake<sfs negligible. A¢hange of the linings is, therefore,

equired y&ry seldom. FQr whe purpose of cHenging the linings, the floor plate, the

brides. 0 the frame apd\the joint between differentisl and lateral drive gear are to ba

Siioved .

[

fllewly 1ined‘bPakes are to be adjusted and to be ground by driving. After eqmplete

#00ling, %he braking and driving test are to be repeated. If the brake effect lessens

fithont’ visible cause and if the pneumatic device snd the rods are jdu'gdod order, the

loocked for in the breske linings being clogged with ‘oil.
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"SPEED RECORDER:
®in theocase of major distumbBnces the sgpeed recorder is to be exchanged. When a
shéft. Y5 installed, it.i8/to be tested as to whether it moves easily. For this purpdes
becrewm&rivﬁr is to,be inserted in the slot of the connecting piece, whereby the
movemen® can be ‘ebserved. If the shaft moves with difficulty, investigation mhet be
gade as to Where the jamming occurs (fastening of the clips, too sharp a cufxe, sagging
;tcr) It is only after removal of such defeets that the shaft may be €omnected. When
@he pignal lamp fails, the 1id found on the head“Qf the casing is ¢ be screwed off,

: ; 5
Phe bulb is then accessible and can be exchamngsfl, if necessary,

"EILECTRIC ARRANGEMENTS:
Mifhen looking for the source of @ @efect, the circuil Mdiagram must be followed.
cumulator, magneto, lightipgadynamo and signeisdynamo are to be_gtfénded to in

with the speciwlsdescriptions. MoYeover, the following is pointed out:-

ub\any work on the sferting device, lighting dynamo, magneto,

%
L. ]
o
M
ot
|
="
L
=]
i
o

gegulating switchete., the frame wire of the accumul®edoP has invariably to be loosened.
B view of dapper of short cipeMit, no tools must b€ placed on the accumulator. Fuses
plich have “blown are to be replaced by new eores.” Any defects in the wires must first
lberomoved .

4 STRUCT:C

FGENERAL OBSERVATIONS:

PCare fu)\ maintenance and frequent testing mas to condition and fitness £of the road,

Oeet'“ €r with correct driving, will ensure that ths tractor is alwaye /ready for use,

ricants prescribed by the Supreme Command of thesArfiyy may be used for

BOTication he lubrication scheme issued with each v8&higle is strictly.to“be

IMplied with Aa a supplement to the handbook for d¥imvers (H Dv 471)/8lort instructions




Page 163,

EERVICE, REPAIR ANDWAINTENANCE - TRANSLATION (CONTINUED).

nfor 1ubricatdon and maintenance; are given hereunder:-

"ENGINE :
: égzexamination of the30il gauge in the engine, the vehicle must stand in a horizontal
3

:Josition- Exchedmé of oil is only to be carried out when the engine has run ho¥~end

Bt the follQfing mileagew:-

Mileage in kilometres 500 km.

L . - 1200 km.,

QL " " " 2500 km.
>

after after every further 2500 km.,

e stuffing box of the water pump af@\the throttle rodesare tc be lubricated /after

fevery 1000 kilometres.

"TRANSMISSION GEARCAND CLUTCH:

he transmission gearScapings for driving,\reduction and differential gesrs contain

o

-

geparate oll chambgrs Which are to be (Ubricated separat€ly: The places for lubrication
i

Bre shown in picgtures 3®and 6.% The oil filler sorewSfor the differential gear is

Btcessible €hvough a flap in th€! floor of the driver's cab. The filler screw for the
gearboy anhd the dip-sticlk cdan be reached thnough a flap in the floor of the crew's

Eempartnent ,

8 oil in theJgedrbox is to be éxthanged at the same mileages as the oil in the
Mgine, The“oll level in the gearbox and in the driving wheel casing is to %e)20 -

¥ milligetres below the inlet aperture.

main bearing of the clutch is to be greased after every 2000 %dlometres.
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1CE, REPAIR AUD MAINTENANCE - TRANSIATION (CONTINUED) .

- ———

"CARBURETTOR :

¥ ng or for changin jete the suection cap is to be loosened and the upper
For cleaping or for changing™jets ti ti P t loosened and ¢ P}

]Qto be taken off. * Phe fuel jets are then accessible from above,

\
Bthe starting demite is to be tested from time to time as to complete closing, when

$he starter bubton is released. If the starting device does not close tightp fuel

sonsumption“will increase and damage to the engine will result.

'QZ‘ "FUEL FILTER:
he filter fitted to the fuel pump and the fine-mesh straine¥ in ‘the carburettor gre

%0 be cleaned at certain intervals.

Wifter cleaning the milled screw nitt under the filtex'glass must be reftightened.

"AIR FILTER:
fhe air filter is %0/be cleaned on each£illing with fuels </The filter lining is to
b removed by liffing, to be cleaned Am petrol used for'weashing, moistened with engine

811, and beforé.installation the oil must drip off ‘well.

Q-e remogable oil tank is\to be filled with~engine oil after cleaning, as far as the
“éﬁpnting pointer. Care must be takenrthat the packing is there. Badly cleaned
flters reduce theyperformance of the €ngine, increase fuel consumption and diminigh

i length of IiPe of the engine.

POIL FILTER:

M8 mud-cup of the oil filter is to be taken off and cleaned oncel awéek. The diwmes
B the filter must only be cleaned by compressed air. The packing must be tightenéd
Bth the stuffing screw nut, if necessary. Care has to bed{teken, however, thet after-
Blds toe spindle can still be turned easily by hand. ‘“UeTective packing® are to be

Banged .
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SERVICE, REPAIR AND MAINTENANCE - TRANCTATION (CONTINUED).

"GOQLING APFARATUS:
#The radisdtor is to be filTed with clean water. The strainer in the filler cap must

adt e removed during £10ling.

#1f an anti-freege dgent is mixed with the cooling water, the radiator is to be ninged

Iwell with fréash water after the danger of frost is over,

#In the case of loss of water all the pipe connections and the stuffing bdx of the water

WD must be examined; if neceasary, the packing\l® to be tightened eo?r replaced.

Hit certain intervals the inside and outside 6f the radiator mugt be cleaned.

"

BIf the rediator boils very easily, § Yilogram of "P3", Eirst dissolved inXwyater, is
to be added to the radiator. AfteT" termination of (Thé& journey the hot water is to
ibe drained; after the engine has cooled, the radiator is to be rinsed with fresh water

and to be refilled with WateT.

'}

#In spring snd autumn the radiator is. %0’ be rinsed with d ¥P3" solution. For this
Purpose 2 - 3 taPiespoonsful of "P3{“are to be dissolyed in a bucket of water, to be
filled intg th® radiator and £résh weter to be added. After a few days the "P3"

@olution~I8 to be thrownsoutvand the radiatof td be re-filled with water.

iWhén the radiator hés-become dirty throbgh dust, compressed air should be blown through
g6 from both sides

fhe ran balt is to be examined as to correct tension.

"The tension bands of the lighting-dynamo must be pulled tight in omdar to cbtain

’{%r@vt engagement of the water pump spindle,
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SEFVICE- REPAIR ANPN\MAINTENANCE -~ TRANSIEATION (CONTINUED).
'ﬁ____g___—-‘-——-————wzzw

"STEBRING GEAR:
| WThe oil"level of the steering gear must be examined after every 5000 kilometres and,

whelle¥er necessary, to bersupplemented by gear oil. The steering gear is to be tested

k‘(mltimﬂ to time fox lost motion. The joints are to be lubricated frequently.

#SHOCK ABSORBERS:
#The oil lével of the shock absorbers is to be examined after every 2000 kilomstres

,02 driving. Special oil only is to be used fopr We=filling.

"CATERPILLAR TRACKS
WAfter every long Journey an examinatiom imust be made whether all the fastenings of
$he track pins are still there and whether the rubber pads are in good condition. The
gontents of the greaee chambersg ©f'the chain linkg<aré to be examined after sach long

Journey. The amount of gredse used up is to.be ‘replaced,

WERAKE DEVICE4
fThe compressed-aid container is to b€ jemptied of water hefore any long journeys, in
Brticular in frosty weather. The removal of the.wafer is absolutely indispensable
@ince othegwise, in the case of frost, the devies would become frozen. The linings
Pf theowake bands are fméquently to be exemineéd as to whether they are clogged with oil.

hﬁ;ctive connectionsigre to be replaced\

"ELECTRYIC ARRANGEMENTS:
ter evexy'\2000 kilometres of driving the gap between the electrodes of the ‘spark
Higs i to be examined. The gaps should be 0.4 millimetres. The spdpk plugs are to
{’ unnved and cleaned. All the cables are to be examined as to Pléees worn through;
f€cessary, they are to be insulated or replaced, The cable/connection and cable

Bints are to be examined as to whether they fit tightly. The terminal clamps,of the

U lators are to be kept clean and to be greased slightly. The level &f fluid in
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SERVICE, REPAIR AND\MATNTENANCE - TRAMEIATIC
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Wthe cells 16/40 be examined, o8d.if necessary it is to be supplemented by distilled
water Phe fuses and Incandescent lamps of the supply tank are to be replaced in good
+

time ((if necessary. Thgyteeth of the starter pinion and of the flywheel are to be
<«

Xledned and re-greased” frequently

"GRNERAL MAINTENANCE:
"By eliminmeition of minor defects, major damage can be avoidad. TherefoPe ™all nuts,
.%fports etc. of the carriage and carriage body dre\to be examined,ag\t6 whether they
;t tightly. Any changes in the valve clearfinpe’ and defects whieh may arise in th®

mlectric devices are to be removed immediadely

'he clutch is to be examined frequehtly. The clutech.le¥er must have thenprescribed

ifter thorcugh cleaning 8#”the vehicle all poli'shed metal part@\dre to be greased
gor protection againgt)rust SURFACES CQVERED EY COLOURED. RAINT MUST NOT BE CLEANED
TH RAGS SCAKED IN ©IL OR GREASE. The” red paint of thesndubrication points to be

fibricated by Hend is to be replaced All the rods are to be examined

B0 lostymdiion and to be 1bricated regularlf\with a few drops of oil.

Fz:ﬂsesf once a year ‘thé tyres of the fregt wheel and of the spare wheel are to be

fken off the rims.%o be freed from*rUet and painted with rust protection dye. (The
PFEgoing instrcd$ions do not apply Mo "Luka tyres"), Any defective tyres are\ tovhe

placed . if the tyres of the front-wheels are worn off in & one-sided manfi®y this

B8 thal“the track alignment is not in order.

¥ hood is to be 1ifted when the vehicles are at rest. All the leAther straps are

ther grease.
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_gﬁﬁﬂCE, REPAIR AND, MAINTENANCE - TRANSIATION (CONTINUED),
e

#the stock Of “tools, equipment &md spare parts is to be examined frequently. Any

Mamaged{peTts are to be repaired or replaced.

NPBARRIAGE BODY.
e
"DESCHIPTION:

iThe 1ight 3-ton trector (Sd. Kfz.1l) has an open metal carriage body with ‘a“hood for
Bny kind of weather. In order to facilitate its removal, the carriage™“body is divided

fgind the driver's cab. The driver's cab off€r8 ‘mccommodation fo¥ _two persons.
3 . = & -
fbservation mirror, spotlights and two wind-screen wipers are ¥ittéd to the wind-seréen;

ghe direction indicators are fitted behidpd\the entrance in ¢he driver's cab. The

fecumulator is arranged under the segdend driver's seat.

"ACCOMMODATION OF E@UIPMENT AND BAGGAGE!
ffrom the crew's compartméa¥, the tool case$ situsted behind theviriver's cad are

he tqol cases 1, 2 and 3 8re found. In the cases

¥

0
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o0
e
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pend 2 the tools{dnd spare parts §re Placed, in cese $\epare chain-links, rubber pads
B8 non-skid,tgeins. In the mfddle shelf the spare)wheel and below it the wire rope
Togls™and spare parts‘peguired for minor repair work are placed
the driver's seat, A list of the gsebommodation of tocls and equipment is found

the back of the dpiver's seat and a¥ed in the tool cases 1 and 2.

B accommodafon of the equipment of the trailer, the right and left hand side,shelves

provigegy

"REMOVAL OF THE CARRIAGE BODY:
Srder to 1ift up the rear part of the carriage body, the fasteiing screws are td/be
prened, the leather connection between the front and rear Wings to be removed mnd the

RBEric yire to the parki

light to be severed.
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nVICE, REPAIR ANDWMAINTENANCE - TRANSLATION (CONTINUED).
%g_m

#for work dQ\be cerried out ofi.the transmission gear and the brake device only the

vear part) of the carriage\body is to be removed. When the driver's cab is to be

the positive/or negative cable is first to be removed from the accumulator,

TEenove d,
\
he €18 ic wirgg @or direction indicators, spotlights, wind-screen wipers etec. are

to be broken at\their terminal clamps and the screw connections between the dash~beoard

Bnd the driver's cab to be loosened."

N




Page 170,

R RBORATORY REPORTS.

Samples of 'most of the main units of the vehicls were despatched to the Labhoratory
for an examination of the materials of comstructiol:.  Reports from/the.laboratory

\
4@:{:1 these samples have been reproduced in this section on pages 175 t. 105,

fhe results of this investigation of‘materials have beena, summarised on pagés ™1’

175 by the Chief Chemist and Metallurgist.
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SULMARY OF LAGORATORY INVESTIGATIONS.

Reproduced below is a memorandum from the Chief Chemist and ketallurgist upon the

gub ject -of the materials employed in thg construction of the ZGKW 3.t.

"28th Mareh, 1944,

MUETALLURGIGAL, EXAMINATION OF ZGKW 3.¢.

#The gezeral picture derived from the many detailed reports has the following
‘EfinCip‘l aspects:-
"Everywhere we have found high material quality, with no eyideénce that performance

has been sacrificed in the interests of economy or production man-hours.

"It should be noted that this particular vehicle ig'malleged to be of early vintags,

i.e. 1938,

"In our present circumstances, it is mylopinion that it is going to be very difficult

toc manufacture am¢equally high quality“product in thisleduntry.

} "a) Al]l gtm#ls appear to hawe been carefully made - of satisfactory cleanliness,

and efiten with effecient\ grain-size control:

<@hi With regard to alYloying elements; while nickel is rarely encountered, the
chrome-molybdentm combination i8, very common; generally thess alloys are used™in
rather lgrpér smounts than is English, or U.S.A, preatiece, i.e. Chromium asmdund
1.2%,.8n4 Molybdenum around O.3%. Such amounts have been met in some<ralatively

SiEN]l sections which certainly do not merit such high contenta.

"a) From our domestic experience, the outstanding German quality was in the sfeel
tastings; their standards of soundness, delicacy and neatness, mechanieal

Properties and finish were substantially better than We have previougldy“seen any-

Where,
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S ABORATORY REPORTS ACONTINUED) .
|

SUMARY OF LAGORATORY INVESTIGATIONS (CONTINUED).
SRy OF LAORATORY INVESTICAZIONS (CONTITUED)

example af\gvch metallurgical craftmanship was the Track Shoe whieh

TR\ Bupre

o

<; Wod of exceptionalYyhdelieate sections, and light weight, and had a most elaborate
procedure for dea¥ing with the core print, and also had the added complication_af
being locadly "case hardened. I imagine with a specially developed plant, lag-sout,
this ledftdr refinement could, however, be achieved during a modified nomm@lising

eyel®d”for the castings.

szb) It wses also very surprising that gearyoxy“inal drive, an®gifferential

’ easings were made of a very good grade of pearlitic (or.mtD-heart) malleatdla
jpon - with the high properties ofwlensile around 3Q %Ows/sq.inch and refSphable

' ductility
"EBverywhere we found the forgings to be well"made, with aceyretedy controlled
grain-flow, partieylarly in the case Of the gearas. With ofie exception all gears
were made of CashvBardening chromepmolybdenum steel ~f0h quite efficiently case
hardened tgihave rore strengfh \05-85 trsne/sq,ineh, and a good level of hardness
of the adgh The one exdeption was a8 particeularly heavily loaded gear which was
madeNgf the orthodoy cede hardening 4&% Nickel and Chromium steel, with core

’ 4
%¢r9ng=h 85 tﬂngfsqvinnhw

forsion gha¥ts were of n normdl good standard of chrome-vanadium s pracYice;

garefyNy heat-treated with good atmosphere control, but no special suilare

fdnishing by shot-blasting e€te., - or very thorough protection agaiust

"(The torsion shafts from a later model were of a similar stanfaTd of properties,

DUt were made of a 1% chromium, 1% silicon steel).
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SABORATORY REPORTS\{CONTINUED
—

OF JABORATORY INVESTIGATFONS (CONTINUEQlJ

ne 'I Phe frame side-membhérs were of high dUt_')’ mangane se -I';:.'l}*?‘ﬁ@p,tﬁj}_,_ and mangane se-
£
copper steels, Bb¥iougly hot-formed, with Tensile Strength of around 40 tong/

sq.inch.

#p) '"Miscellaneous Items,

"Bronze Bearings (in Diff. casings) of a norfial)tast phosphor#ronze type.

"General Bolts. The usual heat-treated £arhdn steel around«80 tons/sq.inch
tensile strength.
"Nuts. Of the usual bright drawna _steel, with carbon eontent betweens0.20 and

0.40%; no extravagant ugemade of free-cupt¥ag steel.

4 "Cast Iron. Of normal mohxdlloy, approximatéyl4 tons/sq.inch Tarsile Strength -

no apparently very high steel mixes \gnd phosphorus cdn%®nts not very low
(about 0.5%Y.

) "Rubber. Very Bood properties & /génerally synthefdeé“of, apparently, Buna-S

H.,S., BAVISTER,

Q ' CHIEF CEEMIST & METALLURGIST, "
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B word. "rubber"™, has been used throughoug™th¥s report, to raefer to any materials

Bltch exhibited the physical properties ®auzlly associated mi¢H rubber. It ghould

ba urderstood that excepl he "'?‘-.‘:TP'GT‘;-' has “oeen

ag in the Laboratory Reporfm.bsuch materials mA§/ be natural rubpep~Or synthetic

to indicate only the

measuremants ware

-Efz- proportions of fthe narts concernedsaund in cases

vehiCle’
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