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3 1.1 BACKGROUND

QC Military Rough Terrain Forklift Trucks (RTFLT) are currently adapted from

commercial construction vehicle designs. Like their commercial cousins,

they are limited to maximum road speeds in the range of 20 mph.

In order to deploy RTFLT's to work locations in the field, they must be

transported on a flatbed trailer or towed by another vehicle. In today's .

modern, highly mobile Army, areas of operations can change rapidly and

frequently. The need to maintain suitable towing or trailering vehicles

" -with each RTFLT imposes a significant logistical burden on the operation.

In the worst case, the equipment would not be available and delays would p

occur until the forklifts could catch up with the fighting units.

Thus, there is a need to examine feasibility of increasing the speed of

RTFLT's over the road so that they can be self-deployable. Speeds of 45

mph over the road or on improved surfaces would achieve this goal.

1.2 OBJECTIVE

The objectives of this study have been threefold:

0 The identification of each technical obstacle to the operation of

current Army RTFLT's at 45 mph over improved surfaces; S->

0 The definition of system and component modifications that would

be required to achieve this performance; and

0 The determination of commercial availability for modified

components.

A Arthur D. Little, Inc.



1.2 METHOD OF APPROACH

The general method of approach consisted of three phases aimed at the above

three objectives. In Phase I, Problem Identification, a literature review

was conducted and the current vehicle manufacturers were consulted to

dete. ine the state of the art and any available background information.

The critical areas were identified and an analytical approach selected,

where needed, to quantify the limitation in performance and modifications
in performance required to increase the speed.

In Phase II, Component Performance, those systems requiring modification

and capable of being analyzed within the scope of the study to set required

componeiLL performance levels were subjected to more detailed analysis. In

some cases, detailed analysis to set required level of performance was not

necessary and commercial availability could be readily assessed from the

basic speed requirements. In others, such as steering, an extremely

, complex system analysis would be required, based on detailed vehicle and

component design data not available without experimental development.

Here, the analysis was used to assess the overall system to determine

whether any critical areas exist where component availability is likely to

preclude the desired performance.

Finally, in Phase III, Component Availability, the critical components

p. which can be specified without vehicle testing at high speeds are assessed

for commercial availability.

In Chapter 2, the major tasks and principal results and conclusions are

summarized.

A Arthur D. Little, Inc. 1-2
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2. SUMMARY

Phase I of this study included discussions with vehicle and component

manufacturers, literature search and review, analysis of the vertical and

pitch dynamics of the current vehicles, and analysis of lateral dynamics

and handling characteristics. On the basis of these studies, it was

concluded that the potential problem areas impeding the operation of

0current Army RTFLT's at 45 mph are as follows:

0 Violent vertical and pitch oscillations will occur for road

excitation frequencies near the natural frequencies of the

vehicle. This excitation will be the expected normal condition

for high-speed operation.

0 Potential handling instabilities and resulting difficulty in

directional control.

0 Difficulty in assembling a suitable drivetrain made up of

available components which will provide both low-speed

gradeability and high-speed operation.

0 Difficulty in obtaining suitable off-road tires which can also

be operated for reasonable periods at 45 mph.

In Phase II, the first three of these problem areas were analyzed from the

o. standpoint of determining the required component performance to overcome

the potential problems. The results of these studies were as follows:

" A compliant suspension system is needed between the axles and

4 the frame of the vehicles for operation at 45 mph.

, The most flexible type of suspension system for adaptation to

existing vehicles appears to be the hydropneumatic system which

has been used successfully on a number of similar vehicles in the

'. past.

& Arthur D. Little, Inc. 2-1
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* Dynamic analysis of the existing Army RTFLT's with a suspension

system added shows that acceptable vertical and pitch dynamics

can be obtained with reasonable hydraulic components. These

types of components are readily available in a range of sizes and

configurations.

* Lateral dynamics and handling characteristics cannot be analyzed

accurately enough with available data to confirm that the

performance is limiting or to design steering systems and select

*. components. In fact, the analysis suggests that handling will be

more affected by the general vehicle design and weight

distribution than by the components selected for the steering

S.-system. The latter are readily available in a variety of sizes

and configurations for this type of vehicle. It is believed that
* 45 mph handling characteristics can only be determined by testing

of a high-speed test vehicle.

6 Tires, being simply a question of available components, were

deferred to Phase III for consideration.

In Phase III, the major questions of available components that can be

addressed without a detailed experimental development program were studied.

These are tires and driveline components. The major findings are:

0 Tires in equivalent sizes are available for the 4K and 6K

machines for which there is some available data on high speed

capabilities. However, it is possible that some limitation may

be placed by the heat buildup on the distance or period of time

allowable at 45 mph.

0 Variable inflation pressures may be used to extend the speed

capabilities of this type of tire.
p.

* For the 10K machine, it is not clear from available information

whether there is an available tire which can provide the desired

rough terrain capabilities as well as 45 mph for reasonable

periods of time.

& Arthur D. Little, Inc. 2-2
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* Testing of the optimum available tires will be required for heat

buildup at the required loads and speeds. This is usually done

on a tire testing machine.

" Significant driveline modifications are required on all three

vehicles to achieve 45 mph operation. Wider range powershift

transmissions are required and lock-up torque converters are

needed for high speed operation. The overall axle ratio must be

reduced for the 6K and 10K machines. Significantly higher power

engines are required on all three machines.

, There does not, however, appear to be any limitation imposed on

the implementation of the upgraded drivelines by lack of

available components. A careful detailed design process is

required to select the optimum components and to modify the

vehicle to fit these components in and mount them.

The next step in the development program should consist primarily ofa experimental evaluation of one or more RTFLT machines. For this, a high

speed vehicle test bed is required. This can be either

San upgraded existing similar machine with a suspension system

such as the Zettelmeyer ZC75C, or

0 a modified M4K and/or M1OA with an added suspension system and

6-r upgraded drive components to meet, at least, the high-speed

Ospecifications. The MIOA size is expected to present the most

serious handling limitations at high speed.

This test vehicle should be tested to investigate the handling

characteristics and to optimize the suspension system design.

It should be noted that the primary purpose of this test program is the

investigation and development of high speed vertical dynamics and handling

characteristics or lateral dynamics. Thus, the capability of the

, Arthur D. Little, Inc. 2-3
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i
test bed at 45 mph is of primary importance. In a prototype vehicle

design, of course, which could be deferred to a later development phase,

low speed gradeability would also be necessary.

In a parallel test program, tire testing for heat buildup should be

conducted on tires selected in consultation with the major tire

manufacturers.

-1

Ai

,M

9

1'

/"AthrD Ltl, n.2- .

SqS-. .'/ ; .- .-.- ' .:'-. :- -:'i- "..'< -:'' .-,-.-i' . "'..-. .-. '.- - ';': .4 "-,-- ,, * :



II
3. DESCRIPTION OF XISTING VEHICLES

3.1 CURRENT ARMY ROUGH TERRAIN FORKLIFT TRUCKS

This study is aimed at evaluating the feasibility of extending the

specifications covering current Army RTFLTs to 45 mph. In the following

subsections, the major specifications for the three Army machines of

interest are summarized. The production vehicles which currently implement

two of these specifications, are described in detail along with a prototype

version of the third.

3.1.1 4000-Pound RTFLT

The 4000 lb. RTFLT is designed to meet Military Specification, MIL-T-52941,

dated 29 November 1977. (1) The principal requirements are summarized in

Table 1.

This specification is implemented by the J. I. Case M4K vehicle which is an

articulated steering machine. The M4K is shown unstuffing a MILVAN

container in Figure 1. The major specifications for the M4K are tabulated

in Table 2.

The M4K was derived from an earlier MC4000 supplied to the Marine Corps.

1The MC4000 had a top speed of 35 mph. A number of units were also supplied

to the Israeli Army with higher engine speed, allowing a 45 mph top speed.

At 35 mph, the MC4000 reportedly ran well on the beach and on paved roads.
However, on dirt roads, they reportedly exhibit considerable heave and

porpoising (pitch) oscillations. The 45 mph units were reportedly very

difficult to control.

Numbers in parentheses refer to the list of references in the

Bibliography.

&Arthur D. Little, Inc. 3-1



I
TABLE I

PRINCIPAL REQUIREMENTS FOR THE 4000 lb. RTFLTI
Rated Load: 4000 lb. at 24-inch load center

Weight: 11,000 lb. or less

Height: 80 inches or less

Length: 166 inches or less

Width: 79 inches or less

Underclearance: 10 inches or greater

Stability: Full circle on a 30% slope with full load

Gradeability: 45% slope with rated load at 2 mph or greater

Fording Depth: 20 inches or greater

Curb Clearance: 39 foot diameter or less

Travel Speed: 20 mph or greater - forward

10 mph or greater - reverse

Type of Steering: Articulated, or Ackerman

(Ackerman to provide two wheel rear or four-wheel cramp

steering)

Type of Forklift: Mast type

3-2
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TABLE 2

MAJOR SPECIFICATIONS - J. I. CASE M4K

moelMK 1%K

ngp ata Metric Englisht
Type ot LiftMaias

Lift Capacity Rated f8t4 kg~u 610mm 40D01bS, (a 24"

Maximum Lift Height 2 54m ItOO"

Degrees of Tilt - Forward ill 11*
Rearward 22* 22* 4

Sideshitt 559 mm Let., 559 mm Right 22" Left. 22" Right i
Fork Rotation Angle 20* Total 0 Total

Dimensions and Weight

Length - Overall 5 21 m 205"

Maximum Height to top of ROPS or Cab 2 03m 80'

Ground Clearance (a center of wheelbase 343mm 13 5"

Wheelbase 2 34 m 92"

Width over tires 201m 79r

Turning Radius (outside ot tires) 4 06m 13'4"

Turning Angle (left and right) 43- 3

ight - No load -less operator 4411 kg 9725 lbS
Front axle -no load 2125 kg 4685 lbs
Rear axle - no load 2286kg 5040 lbs

leigl -With rated load 6226kg 13.725 1bs
Front axle - loaded 4903kg 10.81lbs
Rear axle - loaded 1322kg 2915 lbs '-

Engine - Makte endl Model - Diesel Case - G2070 Case - G207D

Horsepower ) SAE Net (a RPM) 41 0 kW (a 2200 RPM 55H P

11ranmssion - Make and Model Clark -li 2 HR 18340 Clark- 11 2HR 18340

Type - Number Speeds F R Full Powershift 3F 3R Full Powershift 3F 3R

Type - 1 st -empty 5 3km hr -F&R 3 3mph -F& R
2nd 116 k mhr -F& R 7 2mph -F& R
3rd 325kmhr F&R 20 2mph -F&R
4th

Axtles - Makte Rockwell Rockwell 04

Tire -Size 15 x19 5 - PR 15 x19,5- SPR

Electrical System - Voltage 24 volt 24 volt

capacie
Fuel Tank 102L 27Gal,

Cooting 17L 45 Gal

Hydraulic System 61 5L 6501is.

*Transmission, Torque Convener 20 8L 220ts.

*Engine Crankcase 6.6L 7 Ots.

Axles (Each) 15 2L 160ts.i

*Otheir Special Featuires Helicopter Transportabte
Container Compatible
Towable - Single Lever Axle Disconnect
Driving - Flood and Blackout Lighting
ROPS FOPS Canopy (Removable)

C Hydraulic Sideshift
Hydraulic Fork Rotation
Lift and Tiedown Provisions
5(r Free Liftt

3-4
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3.1.2 10.000-Pound RTFLT

The 10,000 lb. RTFLT is designed to meet Military Specification,

MIL-T-52843C, dated I May 1985. (2) The principal requirements are

summarized in Table 3.

The earlier "B" version of this specification was implemented by the

International-Hough MIOA vehicle. This vehicle is a modified bucket loader

as shown in the photograph of Figure 2. The major specifications for the

M10A are summarized in Table 4.

The MIOA, or similar vehicles, have never been tested by International-

Hough at speeds above 22 mph. At this speed on a smooth asphalt track, the

vehicle undergoes heave or porpoising oscillations and tends to oversteer.

3.1.3 6000-Pound Variable Reach RTFLT

IThe 6000 lb. Variable Reach, Rough Terrain Forklift Truck (VRRTFLT) is

covered by Military Specification, MIL-T-53038 (ME), dated 21 March 1984.

(3) The principal requirements are summarized in Table 5.

The 6000 lb. VRRTFLT is not yet in production. However, a prototype

vehicle was the Gradall 534B, shown in military colors in Figure 3. The

major specifications for the Gradall 534B are summarized in Table 6.

The Gradall vehicle incorporates two wheel Ackerman steering on the rear

wheels. These are capable of nearly 900 steering angle, allowing the

vehicle to pivot about the inside front wheel. This gives an attractive

.combination of minimum turning circle (about 29 feet) with fairly long
wheelbase (135 inches).

I

/ Arthur D. Little, Inc.3-



IA~L~ai TABLE 3

PRINCIPAL REQUIREMENTS FOR THE 10000 LB. RTFLT

Rated Load: 10,000 lb. at 48-inch load center

Weight: 37,000 lbs. or less; reduceable to 33,000 lbs. for air

transportability with maximum axle load of 19,000 lbs.

Height: 103 inches or less, with ROPS, muffler, and cab removed

N €if necessary.

Axle Spacing: 108 inches or less

Width: 111 inches or less

Ground Clearance: 13 inches or more (20 degrees or greater angles of

approach and departure)

Stability: full circle on a 25% slope with rated load

Gradeability: 45% slope with rated load at 2 mph or greater

Fording Depth: 60 inches of seawater

Curb Clearance: 45 foot diameter or less

Travel Speed: 20 mph or greater - forward, unloaded

15 mph or greater - forward, loaded

7.5 mph or greater - reverse, loaded

Type of Steering: Articulated

Type of Forklift: Arm type

/L Arthur D. Little, Inc. 3-6
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TABLE 4

MAJOR SPECIFICATIONS - INTERNATIONAL-HOUGH M1OAiN'MIOA Rw
M 101 k it k

Forklift
I 10000 lb (4536 kg) capacity at 48" (1219 mm)

load center to a height of 120"

! All-around disc brakes

i 4-wheel drive
a Hydraulic fork spreading, side shifting and

oscillation capabilities

4 Water fordable to 60" (1.52 m)

ENGINE FULLY HYDRAULIC FORK LIFT FUNCTIONS
Make and Model ............. International DT-466B Type: Closed with pressure control 30 psi (0.21 MPa) and
Type ................ 4 cycle diesel, turbocharged, vacuum relief.

direct start, direct injection Raise boom in 12.0 sec. Lower boom in 9.0 sec.
"Rated hp (kW) ........................... 200 (149) Dump fork in 3.5 sec. Rollback fork in 3.0 sec.
* Flywheel hp (kW) ...................... 184 (137) Reservoir: Sight gauge and one 5 micron spin-on type

governed rpm ............................ 2500 filter. Full flow filtration.
, Max. torque @ 1800 rpm Pump: Single element gear type hydraulic pump.

lb ft (N-m) ........................... 492(363) Main Hyd.: Output at 2500 rpm 28 gal/min at 1000 psi
Bore and Stroke, in (mm) ........ 4.3 x 5.35 (109 x 136) (106 L/min at 6.9 MPa).
No. of cylinders ............................... 6 Steering Hyd.: Output at 2500 rpm 17 gal/min at 1000 psi
Displacement, in' (L) 466 (7.63) (64 L/min at 6.9 MPa).
Electrical system ......................... 24 Volt BOOM FUNCTIONAMA HP U.S. tax purposes .................... .. .. OMFNTOHydraulically actuated to a lift height of 120 inches

* Rated power output of standard engine complete with water (from ground level to top surface of fork tines with
pump, lubricating oil pump andfuel pump under SAE standard tines horizontal) and to a depth of 6 inches below
ambient temperature and barometric conditions of 29. 38" Hg ground level.
and 850F (99.2 kPa and 29.40C).
*° Flywheel power output of standard engine as installed in this TILT FUNCTION
vehicle with addition of fan, air cleaner, alternator, and air Hydraulically actuated
compressor. Roilback @k ground level ............ 13 Degrees

Rollback @ carry position* ......... 22 Degrees
TORQUE CONVERTER Rollback @ maximum height ........ 56 Degrees

Single stage, single phase type, 1.963 to 1 stall ratio. Forward tilt @ carry position ......... 13 Degrees
•*Carry position-measured from heel of forks to the
ground with forks at full rollback 24" (.61 m).

TRANSMISSION SIDE SHIFT FUNCTION
Full power shift, countershaft type, constant mesh. Hydraulically powered-12"(.30 m) (right or left of center).
Speeds 1st 2nd 3rd HYDRAULIC OSCILLATION FUNCTION

Forward, mph (km/h) 4.7 (7.6) 9.5 (15.3) 22.0 (35.4) Hydraulically actuated-6 Degrees clockwise and
Reverse, mph (km/h) 5.7 (9.2) 11.4 (18.3) 22.0 (35.4) counterclockwise relative to the horizontal center line

of the vehicle.
IE T HYDRAULIC FORK SPREAD FUNCTIONHydraulically actuated- providing the following forkPower transfer. spread capability.

Fork spread min.
A LEo(measured inside to inside) .......... 4" (.10 m)

Heavy-duty type with full-floating axle shafts and plane- (measured outside to outside) ...... 79 (2.0 m)
tary final drives. Four wheel drive.

Front axle fixed; rear axle oscillates a total of 280. Vertical SERVICE CAPACITIES (Approx.)
wheel travel of 19" (483 mm). US gal (Litre)

Cooling system ............... 15 (56.8)STEERING Lube systems: L

Articulation right or left ....................... 290 Crankcase ................. 5.5 (21)

Full hydraulic power -smooth steering at any engine Transmission .............. 5 (19)
speed. Differential & final drive, front . 8 (30)

Differential & final drive, rear.. 8 (30)
Hydraulic reservoir ............ 31 (117)

BRAKES Fuel tank .................... 60 (227)
Service - Four wheel air-over-hydraulic, dry disc, caliper

brakes with separate axle-by-axle operation. Operator's INSTRUMENTATION
choice braking: left pedal neutralizes transmission and Gauges: Air pressure, Engine coolant temp., Fuel level,
applies brakes, right pedal applies brakes only. Hydraulic reservoir level, Radiator level, Hourmeter, Tor-

Parking-drum type, air release, spring apply. que converter oil temp., Voltmeter, Engine oil meter.
Warning lights: *Brake, Parking, Applied, * Brake, Partial

system failure warning, Converter temp. overheat,
LOADER LINKAGE Engine coolant overheat, Engine oil low pressure, Filter

Sealed pivot points and Z-bar with extended lubrication change indicator, Hydraulic, and Back up alarm.
intervals. "Buzzer, intermittent with warning lights for low air pressure.*3-8
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TABLE 4 (Continued)

MAJOR SPECIFICATIONS - INTERNATIONAL-HOUGH M1OA

I t4547 mm)

(199
o

35 Igo 1,5"

3 (87 9 mmr (34 )mn)

120"

LENGTH, TINE ONM-ROU
AOD S IO NS WIHSADRr052.6P 2TRS

'3.'

SM.n(i743 dm
WHEELBASE LL 8.2"1

T 342.5 (8700 mm) a.(2 50 m)

~LENGTH, TINES ON GROUND

MaiumRacin(m)5 (48

,, . *ABOVE DIMENSIONS WITH STANDARD 20.5 x 25, 16 PR EL-2 TIRES)

Capacity @ 48 (1219 mm) load center, 5b5 .) 10000 (453)
Length of Tines, in (mm) 72 (1829)

M.Tine ei h wMithl TineL l, In (mm)Height 2.5 (64)
Tine Pcin Heg Middl. fTW, in (mm) Sithe8 (203)

SMMin. inside 4(102)
Tne Spacing (center to center), in (mm) Max. outside 79(2007)

, perMaximum Reach, In (m) 57 (1448)
• -. Reach a 42" (1067 mm), in (rm) 55.5(1410)

Curb Clearance Circle per SAE J695, ft (m) 43(13.1)
Reach @ Max. Lift, Tines Level, In (mm) 35 (889)
Maxi c Tine He ht wth Tines Level, In (lrm) 120 (3048)

. * Hnge Pin Height Max. Lift, In (eem) 134.5 (3416)". Max. Dump Angle 0 Max. Lift 190

ith a et y T ipp n oa d FlStraight Ahead 18730 ( )
indiator hydraugLoadIb )Full Turn 15920 (7228)

AtOperating Weight, b (kg) 37000 (16783)
,-.Rollback @ 24" (609.6 mm) Carry Position 220

Turning Radius @ 24" (609.6 mmr) Carry,

Fork Rolled tnack, Max. Spread, ft (mm) 2 4 (1tAM)

SL; STANDARD FQUIPMENT

Air cleaner, dry-type, dual Filters, transmission, torque Master electrical switch
Elstage, exhaust aspirated converter, cartridge type Rain cap, exhaust%-"'. with safety elemt'ent_ and Filters, fuel, engine oil, Rear pintle hook

'. .'..indicator "hydraulic oil, spin on ROPS & FOPS Cab (ROPS-
•.Alternator, 60 amp Fungus and moisture resis- SAE J1040) & (FOPS-SAE

% Auxiliary steering, ground tance, all electrical circui- J231) w/seat belt (SAE J386).
' t driven pump type try, components and con- heater and defroster.

mElectromagnetic inter- nections are protected Safety lock for hydraulic

ference suppression Horn, air and transmission controls
Fan guard Hourmeter Seat, adjustable bucket
Fenders, all four wheels Lights, front and rear Tie downs and lifting eyes

working

Ak Arthur D. Little, Inc. 3-9
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~ TABLE 5

PRINCIPAL REQUIREMENTS FOR THE 6000 LB. VRRTFLT

q
Rated Load: 6000 lbs. at 24-inch load center

Weight: 35,000 lbs. or less; (axle weight specified as a

function of wheelbase).

102 inches or less.- Height:

Axle Spacing: 96 inches or less

Width: 102 inches or less

Ground Clearance: 12 inches or greater

r Stability: full circle on a 30% slope with rated load

Gradeability: 45% slope with rated load at 2 mph or greater

Fording Depth: 30 inches or greater

Curb Clearance: 34.5 foot diameter or less

Travel Speed: 17 mph or greater - forward, unloaded

15 mph or greater forward, loaded but retracted

7.5 mph or greater - reverse loaded but retracted

Type of Steering: Ackerman

Type of Forklift: Variable reach boom (with specific load capacities

specified at extended reach and height)

1

/1t Arthur D.Little, Inc. 3-10
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MAJOR SPECIFICATIONS - GRADALL 534B

~(2 4XI MM

534B-6(2Mm
3 SECTION BOOM PIVOT STEER
FOUR WHEEL DRIVE 6,000 LBS. (2,722 kg) MAX. CAP.!ROUGH TERRAIN 13

(12.2 m) 40'RDI

WORIN CAPACITY

(11.0 m) 36' LWSECP IT'0
OF PORK FACE) 2

', (9.8m) 32' -
IN

50'

(8.5 m) 28'RDU

(7 3 m) 24'

(4.9# m( 16mm

(2.42 kg) 8'

(6 m) 20'A

24.0' 16' 1' 8 '0

( 31 kg)9( (7m 24( (12( (m

(24m)4

PEFOMNC PEIFCTIN

(1TED CA ACT at 04 (610 mm TR VLS EE S owrd&Rvre)MOT

* ~ ~ ~ ~ ~ ~ ~ ~ ~ (3 LoddMITI0)p~.(1rnm )3.. 1. (256 3rt,4it29acte at) pe4i3 MITIb

Retrat.......6 1p m. (49 mm) Emt......3,0 7b (m9 kg (2. NOT e1e rae lif caact lods

RADEAPALITY OPE' 60 m RATING WPEIGS T Fitiand wil result.e DMO NTtithmain
Loa Empty r .. 6,0 1b(272k)G .....65 Speo)Rad lito determtie allownale lohad.

LEpy... .... 19fpm 3 /)3 ..................... a.r age9 H2.)seiandingponnetlit the boas n

LExted by trcto condtion 10 F s......8,0 lb. (830 k) autB R ULhorizd ecue with qumetlfr-

Liitd y ratin oniton. Frk .. 3-..12,0 1b.he and90kg authorized byep wi radqipmntl. r



SPECIFICATIONS - GRADALL 534B

I

GRADALL
534B MULTI-PURPOSE MATERIAL HANDLER

ACCESSORIES DRIVE-LINE SPECIFICATIONS:
(ADD-ONS TO THE BASIC UNIT) ENGINE

CAB ENCLOSURE Make and Model ....... PerkinsT4.236
All windows and door with Plexiglass. Fuel.................Turbo Diesel
Lockable, swinging door. Cycle...................D
Windshield wiper. Cycles ................ 4

No. of Cylinders 4
HEATER & DEFROSTER FAN Displacement ......... 235.9 cu. in. (3.9 L)

Rated Speed .......... 2600 rpm
ROTATING BEACON Max. Gross BHP ....... 102 HP (76 kw)
AUXILIARY HYDRAULIC CIRCUIT Fuel Tank............. gal. (151.4 L)
Required for all attachments equipped ENGINE FILTERS
with cylinders or other hydraulic com- Two stage dry air cleaner-centrifugal pre-cleaner with
ponents. Consists of valves, controls, continuous dust ejector PLUS cleanable and replaceable
hydraulic lines, dry filter element.

Replaceable element type fuel filter.
Thi macftw Is *sned to M speccations of Pan It ANSI Full flow replaceable element engine oil filter.
856. 1-96 as requkud by OSHA Section 1910. 78(aX2) and
ato coWy w#h ANSI S .1-1975 MW S. 6- 197. ELECTRICAL SYSTEM
I is G Pocv re con kpv , IN oucts. Voltage- 12V Alternator- 61 amp
Theebm ds&Vgn. ,anei aw endspecoions ae suct Battery- 2 @ 565 Cold Cranking AMPs at 0F. each
to change wtt wflotl and witWo mt any RtabSify
on unft#s SO TRANSMISSION

Full power shift. 3 speeds forward, 3 speeds reverse.
225 ft. lb. (305 Nm) torque rating. Neutral start switch.
Shift without stopping. Inching control.
Transmission speed lever on right on steering column.
Forward, neutral, reverse lever on left on steering column.
Single foot pedal control provides both braking and inching

for lifting while maneuvering vehicle.
AXLES

Planetary hubs on rear wheels.
Planetary front axle.

BRAKES
Service - Hydraulic drum on front wheels, hydraulic dynamic breaking

on rear wheels.
Parking - Hand set lever sets caliper on drive line disc,

*Mico brake lock.
TIRES

13:00 x 24- 12PR, G3 type.
90% CaCI filled on 534B-8.
Optional- 15.5x25 12PR, L2 type on front.

STEERING
1. Manual steering possible If engine falls.

Rear wheel steering, 90" pivot around either front tire.
Outside turning radius Is less than chassis length.

INSTRUMENTS
Ammeter. Back-up alarm (horn). Hour meter.
Engine oil pressure, temperature, fuel gauges.
Converter temperature gauge.

CONTROLS
Grouped for operator comfort and convenience.
Boom lift and crowd lever on right.
Tilt and sway lever on left on dash panel.
Foot throttle on floor.

HYDRAULIC SYSTEM
SIn-line pump, direct driven from transmission.

Two separate valve sections allow separate or combined
W W U D W L operation of boom and tilt functions.

New Philadelphia, OH 44663 Lift, crowd, tilt, sway cylinders have safety checks to prevent
dropping of load in the event of hose or other hydraulic
failure.

i/t Arthur D. Little, Inc.
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1 3.2 EXISTING HIGH-SPEED ROUGH TERRAIN VEHICLES

As discussed in the preceding sections, current Army rough terrain forklift

trucks are limited to travel speeds in the 20 mph range. This speed

limitation is also typical for all other identified rough terrain forklift

trucks.

However, a number of vehicles are available which were developed for other

applications and have some potential as platforms for a high-speed forklift

* truck. These are discussed briefly in the following subsections.

3.2.1 Zettelmeyer ZL 75C

% The Zettelmeyer ZL 75C is-a wheel loader which can be considered to be a

prototype of a high speed, 10,000 lb. forklift machine. It is slightly

larger and heavier than the M10A and has a top speed of about 60 Km/hr. or
about 37 mph.

2 The ZL 75C is an articulated machine as shown in Figure 4. Its unique

feature is a hydropneumatic suspension system on both axles. This system

U. is load sensitive. The ZL 75C is powered by a 252 hp Deutz diesel. The

transmission is a four-speed powershift, and the torque converter

incorporates an automatic lockup in 3rd and 4th gear ranges.

q The Military Vehicles and Engineering Establishment in the United Kingdom

tested the ZD 3000 wheel dozer, which is a very similar machine. (4) The

top speed reached in 4th gear was 35.6 mph on dry level asphalt with an

approach run.

* It would appear that the design approached used for the ZL 75C could be

incorporateO in a slightly smaller loader converted to forklift operation
with sufficient modification to the driveline to produce 45 mph (about 20%

speed increase in top gear range).

AIn any case, the machine provides a valuable empirical baseline for the

45 mph 10K RTFLT.

&/t Arthur D. Little, Inc. 3-14
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FIGURE 4. ZETTELMEYER ZL 75C

&Arthur D. Little, Inc.
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3.2.2 Unimog Tractors

Mercedes-Benz manufactures a truck-like tractor which is capable of rough

terrain operation as well as highway speeds up to 49 mph. The specifi-

cations for the larger of the Unimog vehicles, the U1200, are shown in

Table 7. Schmidt Engineering and Equipment Co., Ltd., in Milwaukee, WI

supplies a 4000 lb. capacity forklift attachment for the Unimog with a ten

foot mast.

The Unimog is a truck-like vehicle with a coil-spring suspension on both

axles and Ackerman steering on the front axle. The suspension cannot be

stiffened for operation in the working mode. Thus, forklift operation

. could be expected to produce significant deflections on the suspension.

Also, assuming that the forklift attachment is placed on the front of the

vehicle where the operator can see the work area, the weight distribution

will be adverse for forklift operation. It is likely that counterweight

will have to be added to the rear bed of the vehicle.

W 3.2.3 Trantor Vehicles

Trantor International, Ltd. of Stockport, England has developed two

vehicles for agricultural tractor and transport work. One of these has a

four-wheel drive option. The specifications for both basic vehicles are

similar; those for the higher power version are shown in Table 8.

These vehicles are similar to agricultural tractors except that both axles

are sprung from the frame. The front beam axle is supported on coil

springs and the rear axle on leaf springs. There is no provision to lock

out the suspension when operating in the work mode.

The vehicles have 10 (5x2) forward speeds and are capable of a top speed in

the 45 to 48 mph range in the top range.

o.

Arthur D. Little, Inc.
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TABLE 8

TRANTOR 1262 - SPECIFICATION

ENGINE DRAWBAR
ModelType Perkins 6.3544 Movement 8" (204mm) either side from centre line

Direct injection, Naturally aspirated, four Rec. static laden
stroke, six cylinder, water cooled diesel capacity 2.0 tonnes
engine.

Bore 98.4mm (3.875) POWER LIFT
Stroke 127mm (5.00 in) Type Detachable category 2, 3 point linkage
Swept volume 5.8 Litres (354 cu.in.) with facility to suspend implements for
Compression ratio 16:1 fast transit.
Firing Order 1,5,3,6,2,4 Rec. max. working load
Rotation anti clockwise looking at flywheel end before additional front
Full load speed range 650 to 2800 rpm weights required 2.5 tonnes at end of links
Lubrication system Wet sump
Air compressor Clayton Dewandre SC6 water cooled BRAKES
Max BHP 126 at 2800 rpm BS AU 141a Front brakes 12.25" x 2.5" (311mm x 63.5mm)
Max torque 276 ft at 1.500 rpm BS AU 141 a Rear brakes 13.0" x 5.5 ° (330mm x 140mm)
Filters Oil - paper element Type Separate hydraulic systems with separate

Air - Dry paper cartridge master cylinders activated by air diaphragm
"% Cooling system type Water circulation through block by means units controlled by a dual brake valve.

of thermosyphon and water pump. Hand brake Operates on rear wheels via spring servo
Thermostat opens at 85'C, system and cables
pressurised by a relief valve set at 71b Independant rear wheel
pressure (3.5kg) and located in the brakes 2 further master cylinders activated by air
radiator cap. diaphragms controlled by floor mounted

push buttons, as standard
-' Clutch d s

Type Borg and Beck (33cm) diameter single STEERING
plate heavy duty clutch operated by a Type Power assisted. Adwest steering box
cable from the foot pedal. Steering lock 23K turns of the wheel lock to lock

TRANSMISSION Turning circle 34 ft (10.6m) without brakes

Main gearbox type Eaton model 475 SMA Mk IV 5 speed SUSPENSION
synchromesh Front type Coil sprung, beam axle located by 2

Ratios: 1 st gear 1:6:92 leading radius arms and panhard rod with
2nd gear 1:3:98 telescopic shock absorbers.
3rd gear 1:2:38 Rear type Eleven leaf springs 2 W"" x %" (57mm x
4th gear 1:1:47 6.5mm) with telescopic shock absorbers.

q 5th gear 1:1 Located on four trailing radius arms.
Reverse 1:6:81

Transfer gearbox type 2 speed all helical box, containing pto TYRES
reduction gears when fitted Standard front 10.50 x 18. 8 ply rating

• "' Ratios: High 1:1:28 Standard rear 16/70 x 24, 14 ply rating incorporating
Low 1:3:45 water filler valve.

Differential type Eaton type 1300, 6.33:1 reduction with Optional rear 15 x 28 14 ply rating
diff lock Also available 2 alternative low ground pressure tyre sets

P T Double rear wheel mountings...'* POWER TAKE OFF '

Type Full power, 2 speed, non live pto with low ELECTRICS
power live option. Approx 105 hp Standard circuit 12v negative earth incorporating full road

developed at 540/1000 rpm lighting interior and rear working lights.
Size Six spline 1 3/8" diameter 2 speed heater fan, 2 speed self park

wipers and screen wash.HYDRAULIC POWER Optional Cab presurier unit radio, clock

Hydraulic pump Independent gear pump
Max pressure 2850 psi (190 bars) circuit relief set at AUXILLIARY SERVICES

2500 Air 2 line system with self sealing couplings

Max delivery 9 gallons per minute (50 litres per min) to trailer

i yrui tank 11glos(0lte)Hydraulic Single, double acting, continuous supply
caand 1glon 5 lte}and retumn to tank outlets to implements

Hydraulic couplings Self seal extractor couplings on flow ndfitted as standard.
return unions.

AArthur D. Little, Inc.
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TABLE 8 (Continued)

TRANTOR 1262 - SPECIFICATION

~ HITCHDIMENSIONS
~\ Type Patented independently sprung self- Wheeal baet 100' (250mm)

levelling pick-up hitch, with facilities to Overall length 816" (307mm)
replace standard pick-up hook with Overall height 92" (2337mm) unladen
swinging drawbar. Ground clearance
Positive hook snap latch controlled from (front axle) 15.5" (394mm) with standard wheels

Re. taiclaen drivers seat Ground clearance
Rcpac 3.7atonn (fear axle) 14.0" (356mm) with standard wheels

Lifting height 18.5" (470mm) WEIGHT
Approximately 3.2 tonnes unladen

3-2



These vehicles could be fitted with a forklift mast on their rear end.

However, the controls and operators position would have to be reversed for

ease of operation. Unless two operator positions were provided, this would

produce a front or four-wheel drive, rear wheel steer vehicle for highway

operation.

The weight of this vehicle and the driveline design,which makes use of
truck-type axles without a planetary final drive, would place it in the 4K

RTFLT range.

3.2.4 Truck-Mounted Machines

There are a number of truck mounted machines which can achieve a high

travel speed on the highway and rough terrain operation at the work site.

Two examples are provided by the Gradall G3WD (4x4) boom excavator and the

%I Harnischfeger Omega S All-Terrain crane.

Both of these vehicles are capable of highway speeds of 45 mph or more.

The G3WD has an unsprung rear axle and a leaf-spring suspended front axle.

The Omega S suspends both axles on leaf springs. However, both vehicles

Uallow the suspension to be locked out by the hydraulic shock absorbers when
operated in the work mode.

The G3WD has front wheel Ackerman steering, and the Omega S has four wheel

Ackerman steering which can be used in either the synchronized or crab

"" steer mode.

These types of vehicles would be most suitable for modification to an

extending boom-type of forklift like the 6K VRRTFLT.

Harnischfeger also has developed an active system that uses a truck-mounted

crane hoist cylinder and boom to resist the bounce and pitch oscillations

of the vehicle while travelling between work sites. This system, which is

called "Easy Ride", stabilizes the motion of the vehicle by operating

against the inertia of the boom.

Arthur D. Little, Inc. 3-21



1 3.2.5 Standard Trailing Arm Drive

Standard Manufacturing Co., Inc., of Dallas Texas has developed a skid

steer trailing arm drive chassis which could be used as a platform for a

rough terrain forklift.

The vehicle chassis is shown in Figure 5, and the specifications for the

8W12 model are listed in Table 9. The concept has been applied to a number

of prototype military vehicles with a speed capability of up to 55 mph on

maintained surfaces. Chassis capacities are evidently available up to

100,000 lbs. GVW so they cover the entire range of interest.

The wheels are driven by hydrostatic drives through roller chains on either

side of the vehicle and are steered by skid-steer or speed variation

between sides.

Each wheel is suspended on a trailing arm which is supported by a coil-

spring shock absorber assembly. A hydraulic cylinder is also provided to

allow independent raising and lowering of the wheels. Presumably these

cylinders could also be used to lock the wheels at a specific angle or

height for operation in a work mode. By raising the outer wheels slightly,

the vehicle can be pivoted about its own center.

L

.4

& Arthur D. Little, Inc.
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TABLE 9

I STANDARD 8W12 CHASSIS - SPECIFICATIONS

- 1

.4 1 Vehicle Specifications

Model 8W12 Speed Range 0-45 M PH
f Wight (Empty) 11.000 Lbs Engine:
tWight (G.V.W) 18 000 Lbs Model Detroit Diesel 6 2 LiterType 4 Cycle 8 Cylinder Diesel

Payload Capacity 7.000 Lbs Horsepower 150 H P c, 3.600 rpm
. Drive System All-Wheel Hydrostatic Hydraulic Fluid SAE 1OW Per MIL-L-2104
- Suspension System 8-Wheel Independent Fuel Tank Capacity 50 Gals

Traing Arm Drive Hydraulic Tank Capacity 25 Gals
Steering Pivot T

Automotive Type Control Tires 36 12 50-165
Equipped with Run Flat DevicesOverall Dimensions and Central Tire Inflation on all wheelsLength213"nWth 132 Tire Pressure 35

%J Wit 102' 3 psi
. Height to Top of Cab (Variable) 73" maximum Ground Pressure 8 9 psi

61' minimum Slope Negotiation 60% Longitudinal
Variable Ground Clearance 10 Inch to 22 Inch 40% Side Slope

' Brakes Hydrostatic Braking Towing Capability Vehicle of Equal Weight
and All Wheel Power Disc

Lights Combat Service Iuihniu nni Irv iin c i hit h. ur in u jlhbin ez.% ruriucitq from 4(00i lhs (t ,tu th

with Blackout Feature /i. ,Ihs Mli,,it,, I h i)iiw i Ih, (; t .itth 5 .0i) lbs p %I(di.Id

Operating Pressure
Drive System 6,C90 psi
Wheel Positioning System 2.000 psi
Brake System 1 500 psi
Charge System 350 psi

%r

"a,

/ Arthur D. Little, Inc.
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4. LITERATURE REVIEW

A computer search was conducted covering the major engineering and

government data bases for the period between approximately 1964 and 1986.

Key subject areas were off-road vehicles, industrial vehicles, and military

vehicles, and including subareas such as high-speed capability, suspension

systems, and steering. An extensive list of citations and abstracts

resulted from the search.

However, the bulk of these concerned high mobility off-road applications

and agricultural operations where the maximum speeds are much lower than

45 mph. For example, Holm (5) reviews the performance characteristics of a

IN wide range of wheeled, articulated vehicles but does not address speed

problems or the details of the suspension systems.

*Janowski (6) describes a high-mobility, high-speed vehicle, the Lockheed

Twister. This vehicle is an 8x8 vehicle with a three degree-of-freedom

articulation. In addition, it incorporates a coordinated Ackerman steering

system on the front wheels. The rear tandem axles are supported on a

s walking beam suspension, and the front axles are independently sprung. The

vehicle is capable of extremely high mobility on rough terrain, including

60% gradeability and 30-inch obstacle capability. It is also capable of 55

mph over the highway. This degree of mobility, of course, is not required

for rough terrain forklift operations, but the vehicle shows that high

speed stability can be attained with an appropriate suspension system and

that articulation does not inherently limit high speed highway operation.

Watson (7) describes a tandem axle truck suspension using a combination of

cantilever and torsion springs for operation both on and off the highway.

Specific requirements included large vertical motion, increased roll

stability, and noi-linear spring rate.

A number of papers were found which deal with off-road vehicle ride

characteristics. Claar, et al., (8) provide an excellent summary of a
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number of vehicles, primarily agricultural, which use a variety of

suspension systems to control operator shock and vibrations. Seat, cab,

front axle, and two-axle suspension systems are described. However,

high-speed highway operation is not specifically discussed. In a separate

paper, Claar et al., (9) describe an analytical design method for

simulating a generalized tractor suspension and selecting the design

parameters.

Active seat suspensions are described by Young and Suggs (10) and Hall

(11). These systems use a hydraulic servo system to isolate the seat from

the vehicle motion.

A number of papers were found which deal with methods for characterizing

road roughness. (12-15) These papers describe measurement methods and

spectral characterization techniques. However, none include typical data

%for improved or paved roads.

A considerable body of literature has been published by D. A. Crolla, et

al., at the University of Leeds in England. (16-21) This work concerns

both ride dynamics (vertical oscillation) and steering or lateral dynamics.

Most of the discussion, and quantitative solutions relate to agricultural

vehicles. However, the types of vehicles, especially in the case of

articulated body-steer tractors, are similar to the cases of interest here.

In the case of ride dynamics, Crolla has analyzed both an Ackerman steering

tractor and an Experimental Farm Transport Vehicle (EFTV). (21) The latter

is a truck-like vehicle, which steers by articulation between the front and

rear chassis, has an active suspension and is capable of 65 Km/hr. (40

mph). The characteristics of these vehicles and their RMS vertical

accelerations when simulated with and without suspension system up to 5 m/s

(11 mph) are shown in Figure 6. (21) The RMS vertical accelerations of

suspended vehicles up to road speeds of 25 m/s (56 mph) are shown in Figure

7 (21). It can be seen that the RMS accelerations of the suspended
2

vehicles are in the order of in/s (0.Ig) in the range of 45 mph. This is

a reasonable range of acceleration. However, the comparison between

& Arthur D. Little, Inc.
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FIGURE 6. COMPARISON OF THE VERTICAL ACCELERATIONS
OF THE DRIVER'S SEAT FOR TWO VEHICLES.

(Adapted from Ref. 21)
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suspended and unsuspended vehicles at speeds up to 5 m/s (11 mph) suggests

that at high speeds the unsuspended vehicle would not be acceptable. This

comparison is even more vivid when examined in the frequency domain.

Figure 8 shows the vertical acceleration spectral density of the unladen

EFTV as a function of frequency for a speed of 2 m/s and a ground roughness

coefficient of 10 which is typical of agricultural situations. It can be

seen that the response of the principal resonant mode decreases from about

10 (m/s2 ) 2/Hz as various degrees of suspension are added. (19, 20)

Crolla and Hales describe the lateral stability of the related tractor-

trailer combination in Reference (16) and Crolla and Horton present an

excellent summary of the lateral stability of an articulated tractor and

farm transport vehicle in Reference (18). In the latter work, they

summarize the equations of motion for the four-degree-of-freedom system

including articulation angle. Linearizing these and making small angle

assumptions, they calculate the eigenvalues or roots as a function of

forward speed. The characteristics of the two vehicles are shown in

Table 10 where the dimensions used are shown in Figure 9. It can be seen

that these are 3000 kg (6600 lb.) vehicles unloaded. The parameter, C

is a tire side force characteristic, and kR and cR are the torsional

stiffness and damping, respectively, of the articulated hinge.

The results are shown in Figures 10 and 11 for the two vehicles as a

function of speed. When the dotted (oscillatory) root is on the axis or in

the positive quadrant, the system would exhibit a weave oscillation. When

the solid (exponential) root crosses into the positive quadrant, the system

would be expected to fold or jackknife around the articulation joint.

For the tractor, which may be closest to the configuration of interest in

this study, the basic case of Figure 10 (a) shows the onset of jackknifing

at 12 m/sec. (27 mph). If the c.g. of the forward section is moved

%forward, as shown in Figures 10 (b) and 10 (c), stability is improved

considerably and the critical speed increases to above 20 m/sec. (45 mph).

This suggests the surprising possibility that a forklift truck may be more

stable if run loaded at high speed.

A& Arthur D. Little, Inc. 4-5

U



-T IM*1 .. _w -J 7.1 '-. ".-3 7. -.- 7

I!
7 V'- WI01 M TA 7-

No suspension

0 I I

Rear suspension

-°0I
Front suspension

-1 I

0 --. 1 - -- I__

Frequency (Hz)

PFIGURE 8. PREDICTED POWER SPECTRAL DENSITY VERTICAL

ACCELERATION AT THE DRIVER'S SEAT OF A FARM

TRANSPORT VEHICLE LAYOUT FOR DIFFERENT

SUSPENSION OPTIONS.

(Adapted from Ref. 20)

'-p

|S

AL Arthur D. Little, Inc.

* 4-6



TABLE 10

It

DATA USED FOR THE LATERAL STABILITY ANALYSIS OF REF. (18)

Typical Farm transport vehicle

articulated

tractor unladen laden

m1 kg2  1500 1500 1500

12
I1 kg m 1500 1000 1000

,- m2 kg 1500 1500 7500

212 kgm 1500 1500 7500

XlF m 0.6, -0.1, -0.6 0.3, 0, -0.3 0.3 0, -0.3

xb

12 m 0.6, -1.3, -1.8 -0.35,-0.65, -0.95 -0.35,-0.65, -0.95

, 21 m 0.6, 1.3 1.8 1.55 1.55 0

X2 R m 0.5, 0.1 0.6 -1.5 -1.5

C. rad "1  3.4 3.4 3.4

kR Nm/rad 50 000 50 000 50 000

cR Nms/rad 0 0 0

i
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I
For the cases of Figures 10 (d), (e), and (f) where the c.g. of the rear

section is located behind the wheels, there is an undamped oscillatory root

which suggests that weaving motion will be very difficult to control.

The results for the farm transport vehicle shown in Figure 11 would apply

for an articulated forklift configuration with asymmetrical sections.

1.7N Here, the unladen behavior is similar to the conventional tractor but with

improved stability. However, when laden, the vehicle shows an abrupt

Sjackknifing transition at relatively low speed. Also, there appears to be

a weaving instability at very low speeds which becomes stable at higher

, speeds or if the weight of the front section is moved forward.

In summary, the literature review shows that practically no experience can
-'

be examined for the behavior of off-road vehicles operating on the road at
speeds in the 45 mph range. This is especially the case for heavy

articulated vehicles. The survey of existing vehicles covered in Section 3

showed that the only existing articulated vehicles approaching this range

are the Zettelmeyer wheel dozers and loaders which operate slightly under

40 mph. No quantitative descriptions of their performance at these speeds

g was available.

Several lighter dual-purpose vehicles with Ackerman steering, such as the

Trantor and the Unimog, have been described in the literature.

However, no experience is available concerning unsprung vehicles operating

at 45 mph. The closest experience seems to be a special version of the

J.1. Case MC4000 forklift truck which was capable of 45 mph. This vehicle

was reportedly very difficult to control on a road or track at this speed

and subject to "porpoising" or pitch vibrations. However, no experimental

data or formal evaluation was offered concerning its behavior.

Dynamic modelling of both ride quality and handling characteristics has

been performed by a number of investigators on vehicles similar to the type

of interest. There are no specific quantitative results available in

A
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II
the literature which can be specifically applied to the design of these

vehicles. However, the available results suggest that a suspension system

will be necessary to limit vehicle vibrations and maintain positive wheel

loads. The results also suggest that careful attention will be required to

the dynamic characteristics of the steering system for articulated vehicles

at these speeds and that weaving, although controllable, may not be

entirely avoidable.

4.1

-5-.1

"S

P...l

.1 
.

i.

R rhrD LtlIc
5-412

• -1 ,



5. IDENTIFICATION OF PROBLEM AREAS - PHASE I

5.1 ESTABLISHMENT OF POTENTIAL PROBLEMS

IAt the outset of the program, conferences were scheduled with technical
personnel at manufacturers which currently manufacture the Army forklift

trucks described in Section 3. In addition, meetings or telephone

conferences were held with a large number of other manufacturers of

off-road vehicles or components, some of which are discussed in Section 3.

The objective of all of these discussions was the identification of

C. potential problem areas for high speed operation on the road. These areas

would then be investigated in greater detail in subsequent tasks by

analysis and state-of-the-art assessments.

As a result of these discussions and the information in the literature

discussed in Section 4., a consensus was soon reached as to the major

potential problem areas. The problem areas and the specific questions to

be addressed in each area are discussed in the following subsections. 4

5.1.1 Vertical Dynamics

It was generally held by all vehicle designers consulted that vertical

dynamics would be a problem at 45 mph. In particular, it was expected that

vertical vibrations or "hop" and pitch vibrations, "porpoising" or "dive,"

would be critical.

% This expectation is based largely on the fact that, even at 20 mph, most of

these vehicles exhibit significant oscillations. Also, the analytical

studies discussed in Section 4. suggest that vehicle oscillation is

critical at high speeds and reduces considerably when a suspension system

is introduced.

In this study no quantitative study was found dealing with 45 mph operation

,. of a vehicle in any of the forklift classes. Moreover, none of the

manufacturers had tested or instrumented a vehicle in this speed range with

the exception of the special Israeli MC4000 discussed in Section 3.1.1.

AL Arthur D. Little, Inc.
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However, it is also significant to note that no vehicle, other than the

'a Israeli MC4000, was identified which operates at any significant speed

above 20 mph without some type of wheel or axle suspension system in

p addition to tire compliance.

Excessive vertical and pitch vibrations can have several major effects:

(a) violent vibrations can cause injury to the driver or cause him to

lose control of the vehicle;

(b) high accelerations will impose inertial loads on all components

causing malfunction and failures, especially structural failures;

(c) vertical and pitch vibrations cause loss of contact between the

tires and the road, again affecting the ability of the driver to

control the vehicle.

Thus, it is clear that this is a significant problem area for high speed

operation and warrants additional study and analysis.

5.1.2 Handling Characteristics

Handling is generally expected to deteriorate at higher speeds. In the

preceding section, it was noted that excessive vertical and pitch

vibrations can lead to unloaded wheels which can affect handling by

reducing or eliminating possible steering forces.

All of these vehicles have poor roll-over stability. The ratio of the

height of the center-of-mass to the track is much higher than most highway

vehicles (i.e. 0.85 to 1.5 compared with 0.65). The pivoted axle shifts

almost all of the lateral weight transfer in a turn to the rigid axle which

4likely accentuates the oversteer characteristics of the articulated

vehicles and understeer of the rear wheel steer vehicle.

& Arthur D. Little, Inc.
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Because the roll axis is steeply inclined, high lateral force in a turn is %

likely coupled to pitch and it may be expected that the pivoted axles will

jack under high lateral forces causing the inside wheel to unload and lift

3 off the surface.

If there is any clearance or compliance in the articulated joint,

articulated steering tends to produce excessive gain. Front wheel lateral

forces tend to increase the joint deflection and tighten the turn.

The work of Crolla (16, 18), discussed in Section 4., clearly shows that

articulated vehicles exhibit potential lateral instabilities which can lead

to jackknifing or weaving. These instabilities are speed dependent and are

- expected to appear as certain critical speeds are attained.

Again, no specific test or analytical data could be found for the vehicles

of interest or vehicles having similar characteristics. However, it is

clear from the information available that this will be a problem area of

concern for the articulated high speed vehicles in the M4K and MIOA
category. A

The specification for the 6000 lb. VRRTFLT calls for Ackerman steering.(3)
. " To get the short turning radius required for this type of vehicle with

Ackerman steering, many off-road vehicles use four-wheel coordinated

steering. Both front and rear axles are, thus, steering axles. In this

case, little additional complexity is required to select four-wheel crab,

two-wheel front, or two-wheel rear steering on alternative modes. The use

a, of two-wheel front, or conventional, Ackerman steering for highway

operation would be expected to provide the minimum handling problems at

high speed. For example, the exponential or jackknifing mode of

instability described in Section 4. would not be possible. Also, the

inertia and slower response expected in an articulated machine would be

eliminated.

J~ ~ ArtAhur D. Little, Inc. 3- 3-
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However, the use of Ackerman rear steering, as is currently used on the

Gradall 543B, for highway operation is expected to produce many handling

problems. Rear end breakaway recovery capability is expected to be poor on

all of these vehicles but non-existent on the rear-wheel steer vehicle. To

reduce the rear slip angle and regain tire traction, it would be necessary

to turn in the direction to increase the yaw rate. In fact, the general

lateral transient response of the rear-wheel steer vehicle will be

unfavorable since yaw damping is the only stabilizing effect and it

decreases with speed. Compared with conventional highway vehicles, all ,

three of these vehicles are likely to exhibit poor control quality and

operator feedback due to:

" lack of steering spin-back
0 lack of steering force gain as lateral force

builds up

* no skid warning

* poor breakaway or skid recovery characteristics

5.1.3 Driveline

The design of the driveline for a vehicle of this type inevitably requires

a trade-off between the low speed, high effort end of the speed range and

the high-speed end of the range. -

RM
The stringent gradeability requirement contained in the specifications for

these vehicles sets a minimum torque capacity at a speed corresponding to

2 mph for each component in the driveline. For a given vehicle, these

requirements are not changed by the addition of a 45 mph top speed

capability.

However, the 45 mph requirement more than doubles the speed requirement at

(Wthe axle. Depending upon where the ratio changes are accomplished to

achieve this increase, substantial increases in speed can occur in several

of the components.

V-%
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For example, the M10A has a total axle ratio of about 24:1. Thus, at 22

mph, the maximum input shaft speed is about 2824 RPM. If upstream speed

increases, alone, are used to increase the wheel speed from 22 mph to 45

mph, the input shaft speed would have to increase to 5775 RPM which is an

extremely high drive shaft speed. This could lead to critical speed and

shaft whip problems.

Most axle manufacturers recommend that the input or pinion shaft speed be

kept below 3500 RPM and, in no case, exceed 4000 RPM. The problem is that

the pinion bearing becomes starved of oil at speeds above this range.

Solution of the problem would require forced or pressurized lubrication

Cwhich adds the requirement for a pump and lubricant passages. Available

axles do not include this feature.

The high shaft speed can be reduced by reducing the overall axle ratio, but

4this will affect the torque which is available from the engine at the low

speed range where the gradeability requirement applies.

Thus, it is clear that potential problems are associated with the selection

of the driveline components and the ability to find compromise ratios among

available components to achieve both 45 mph and low speed gradeability.

Although not anticipated to be major problems in terms of component

availability, it should also be noted that a lock-up torque converter is

likely to be needed at 45 mph in order to get sufficient power at that

speed. Also, peak power is typically absorbed at the top speed, and losses

can be expected to increase significantly at 45 mph compared with 20 mph.

Thus, a larger engine will typically be required.

, 5.1.4 Tires

The type of tires used on Army rough terrain forklift trucks are selected

for their traction and flotation on soft ground. They are typically rated

at 5 mph and are not rated for highway operation for more than short

periods. Thus, at the outset of the study, the availability of suitable

.a
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tires which could operate at 45 mph on the road was viewed as a potential

problem area. This is a problem which must be addressed in terms of

component availability alone, of course, since design changes to the

vehicle will not alleviate the ultimate requirement for a tire to operate

at 45 mph and still be of a size and construction that provides the current

load capabil'ty and flotation characteristics.

5.2 GENERAL DESIGN APPROACH

At this point it should be pointed out that the vehicle designer might

adopt any one of three alternative general design approaches to avoid or

overcome the high speed problems identified in the preceding sections:

(a) New Concept - The designer could choose to leapfrog over the

design problems with a design approach which eliminates many of

them. For example, he could select a basic vehicle chassis

design which is proven at 45 mph and add the forklift equipment

to this chassis. The Standard Manufacturing Trailing Arm Drive

chassis described in Section 3.2.4 exemplifies this type of

chassis. Another example would be an all-terrain truck crane

chassis with a forklift mechanism instead of a crane.

(b) New Conventional Design - The designer could also choose to apply

essentially the same general design as the current vehicles but

adopt component changes and refinements which will overcome the

problems. An example here might be the Zettelmeyer high speed

wheel loader, which is similar to a conventional articulated

loader like the M10A, but has suspended axles and other

improvements needed for high speed operation.

- (c) Modification of Existing Vehicles - It is also possible that one

of the existing vehicles can be modified enough to overcome the

problems. For example, the frame might be cut away enough to

allow the axle or axle beam to be suspended on a compliant

suspension.

SArthur D. Little, Inc.
U5-V

" ," " " " ," ."", .""- ","e" ," .""."'. "" "" ,-".-". "." ," .- '. "." " .,.-*,t ' "."'' I.'tv-, ...-. b., a" . .



This study is primarily aimed at approaches (b) and (c) above for the three

types of RTFLTs covered by References 1, 2, and 3. However, we would

stress the importance of leaving open approach (a) as a promising one for

the development of a high speed RTFLT, especially for the larger capacity

machines.

5.3 ANALYSIS OF RIDE DYNAMICS

5.3.1 Introduction

It is clear that ride dynamics and suspension design will be critical for a

45 mph RTFLT. The work of Crolla, reviewed in Section 4, on similar, but

* not identical vehicles, makes this clear. In addition, no successful 45

mph vehicle of this general type has ever been developed without some form

of suspension system.

Thus, it is clear that an axle or wheel suspension system will be needed.

Because of the need to use final drives for the larger machines and the

desirability to use available rigid or steering axles for all machines, the

most promising approach will be to introduce a compliant suspension between

axle and frame.

It is also clear that to design such a suspension system for any of the

three vehicles of interest here would require a detailed layout design

program supported by dynamic analysis and followed by an experimental

program using laboratory models or a test vehicle. All of this is well

beyond the scope of this study.

* However, to get a start on determining the general characteristics required

of the suspension and the analysis required to size the components, it was

decided to develop a simple heave/pitch model of the system. This model is

described in the following subsections. Solutions were obtained which

allow the preliminary sizing of the possible suspension components.

a.
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5.3.2 Descriotion of the Model

The model was formulated to simulate the vertical and pitch motion of a

vehicle as it moves horizontally over the ground. The model divides the

vehicle into the following major elements.

(a) the sprung mass and inertia of the vehicle,

(b) the front and rear suspension system,

(c) the front and rear unsprung masses (axles, tires, etc.), and

(d) the tire compliance model.

The sprung mass can move vertically and rotate in the pitch direction while

the unsprung masses are restricted to vertical motion. Linear springs and

damping is used for the suspension. The tire compliance is modelled using

a finite foot print method developed by Captain, et al. (22)

Figure 12 shows the schematic diagram of the vehicle model and free-body

diagrams of the components.

5.3.3 Governing Eguations

The vertical equation of motion for the sprung mass is:

mvY = 2 (Fyl + Fy2) -mg (1)

The factor of 2 is introduced because each unsprung mass shown in Figure 12

represents one-half of the axle and one tire.

The equation of motion for pitch is:

= 2 cos 6 - H sin 8)
v y 2 ( 2

+ Fx2( H cos 6 + k2 sin 0

+ Fyl( 1 cos 8 + H sin 0)

+ Fx i k sin P + H cos 0 (2)

A Arthur D. Little, Inc. 5-8
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The displacement variables shown i'i Figure 12 are defined relative to the

equilibrium positions of the masses with the vehicle on flat ground.

Suspension forces are given by the following relationships,

Spring Forces
Fkl K1( Y'I - Yz1 + Yil) (3)

Fk2  K2(Y2 - Y 2 + Y12 )

Damping Forces

F B Yl - yIl (5)
dl 1(w

Fd2 B 2( w2 - U(6)

Total Suspension Force

FyI = Fdl + Fkl (7)

FyI  F + F (8)
yl d2 k2

where y = Y + (9)

• "YZ2 = YO - z 2 (10)

and Y1 l = initial deflection of the
front suspension

Y12 = initial deflection of the
rear suspension

Note that there are no provisions for stops or limits on the suspension,

although that could be added to the model later, if desired.

A Arthur D. Little, Inc.
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The equations of motion for the two unsprung masses are,

14 ~ F -F -

M w I  FVl - FyI  - ig 

(i

M W2 w2 - Fv2 - Fy2 - M 2g (12)

This model assumes that the unsprung masses or axles move at a constant

velocity in the horizontal direction. A more complicated model would be

required to take into account any horizontal compliance and degree of

freedom provided by a detailed design.

The tires are modelled using the finite footprint model of Reference (22).

This model distributes the stiffness and damping of the tire over a fixed

footprint length, 2, as shown in Figure 13.

For a segment, dx, the stiffness is

k dx
V k - (13)

j and the damping coefficient is,

xb = b dx (14)

.The vertical spring force on the segment is

6F =( y - y. + F k (15)

where y = ground elevation at x

y = initial tire deflection

The total verticai spring force can be obtained by summing or integrating

the elemental forces

S"x+Z/2 x+Z/2

F F - y + ) dx (16)
Fvk E lFvk 

=f Y W' ti)

x-Z/2 x-X,'2

, where x is the distance from the tire center to the center of the footprint.
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Equation (16) can be integrated to give,

Fvk k y - y + Yti) (17)

x+kl2

fwhere y= y (18)

~x- /2

For purposes of this study, we are assuming that the ground can be

represented as a sinusoidal wave since we do not have any better data. If

detailed ground measurements on an improved road were available, more

complex waveshapes or a spectral model could be used. However, for the

time being,

y = A sin(2 - x) (19)

where A is the amplitude

A is the wavelength

,.1 Substituting into Equation (18) and integrating gives,

A sin ITxsin X (20)

The damping force, Fvb, Is given by,

F = x+k /2 ' (21)fb

x-Z/2

and y dx (22)
dt * dx dx

where V - vehicle horizontal speed.

-l Combining Equations (21) and (22) gives,
,, Vb

Fvb = k (Yx2 - Yx-) y b (23)

* • .where x2 = x + k/2

x ffi x - /2

/& Arthur D. Little, Inc.
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7
Substituting y from Equation (19) and manipulating allows expressing Fvb in

the form,

F vb b b(y-Y'.) (24)
- 2A £27rx

where 2AV sin 2 o (25)

and the total vertical tire force can be expressed as,

Fv = Fvk + Fvb (26)

The horizontal tire force can be calculated by assuming that the force at

the tire/ground interface is normal to the ground. The horizontal force on

each element is then,

6F -dy - 6F (27)

x dx v

Substituting the elemental spring and damping forces from the preceding

derivation and performing a series of complex algebraic manipulation-. and

integration in the x-direction allows the derivation of the horizontal tire

force,

F =  m7 + Y. £- -Yi Y2-Yl 2k 2 12Y

2
V. 2 2 ' Yl Y + 2A2T£)k• Y. (28)k( X] , 2N

where Yl = A sin 2Th (x - £/2 / (29)

y2 = A sin [2T (x + £/2)/] (30)

The distribution of tire force over the finite length footprint and the

provision for both vertical and horizontal components is of importance for

the general case where road surface wavelength can be small in comparison

N with tire dimensions.

A& Arthur D. Little, Inc.

5-14-9,



5.3.4 Solution of the Eguations

The equations derived in the preceding section were programmed for solution

on an IBM personal computer. The program used to accomplish this is

included as Appendix A of this report.

The simulation was programmed as an initial value problem. The distance x

(xI for front and x2 for rear) for the mid-point of the tires is computed

from the initial positions plus speed multiplied by time. Vertical and

horizontal tire forces for the front and rear tires, respectively, are

termed F and F andF andF
vi xl, adFv2 adFx2*

Nonlinear tire conditions that can occur during operation are:

(a) wheel hop

(b) tire bottoming or stop

Wheel hop is taken into account by programming the following condition,

if F < 0v
te F3.(31)

[ then F = 0 and F = 0

v x

Tire bottoming is programmed by providing an abrupt stiffness increase if

the deflection of the tire exceeds a preset limit. That is,

" if ( Y- YW + Y ti )>Y kim

then F = F + Fv v ex (2

Fx = F x + Fex(Y l k Y2)

where Fex K(y -Y +yt - Y (Td-l) (33)

and Td = stiffness multiplier

Arthur D. Little, Inc.
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The computer simulation program was formulated to allow the user to select

% an infinite stiffness for the suspension system. In this case, the program

alters the governing equations to represent the situation where the axles

and wheels are rigidly attached to the "sprung" mass or frame.

The initial conditions for each simulation are set by the following

relationships:
Mg £

Y = k 2)

Mvg 9i

Yi2 2  2(91+92) (35)

Ytil = (Ylkl + Mwg) /k (36)

Yti2= k2+ Mw2g)/k (37)

x = 0 (38)cg

x X cg + 91 (39)

5 x2  Xcg £2 (40)

5.3.5 Current Vehicle Designs

In order to verify the dynamic problems expected when the current Army

RTFLTs are operated at 45 mph, a series of solutions were obtained using

the model described in the preceding subsections.

As noted earlier, in the absence of detailed road roughness data, it was

decided to excite the vehicles with a sinusoidal road profile. This

requires, of course, a choice of wavelength and amplitude for the assumed

road profile. The vertical and pitch natural frequencies of the three

vehicles on their tires were calculated to lie in the 3 to 5 Hz range. At

45 mph, these correspond to wavelengths in the 13 to 22 foot range which isdI

& Arthur D. Little, Inc.
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certainly a reasonable wavelength for road variations. The amplitude is

arbitrary and was chosen to be 3 inches which was felt to be reasonable as

a rather mild road undulation.

A The computer simulation was then used to determine the dynamic response of

each vehicle. The results for the M1OA are shown in Figures 14 and 15.

Figure 14 shows the vertical motion of the center of mass and the pitch

motion around the center of mass. It can be seen that the motion is quite

violent. Vertical motions of over 1.5 meters occur along with pitch angle

amplitude of about one radian or about 60 degrees. In fact, it is clear

from the vertical motion that the vehicle is bounding along with only

momentary impacts with the road. This is confirmed by the wheel force

variations shown in Figure 15 which shows that the vehicle is flyi ig most

of the time.

AWhile it is dubious that this motion would occur as violently in actuality,

this is a response of the present vehicle to a reasonable road profile with

realistic tire stiffness and damping. Thus, it is quite clear from the

solution that the vehicle would be impossible to control under these

conditions.

Similar results were obtained for the other vehicles. For example, Figures

16 and 17 show the same general behavior for the Gradall 534B at 45 mph.

Figures 18 and 19 show the results for the M4K.

5.4 ANALYSIS OF HANDLING CHARACTERISTICS

It will be recalled that the work of Crolla concerning handling and lateral

instabilities of articulated vehicles was reviewed in Section 4. That

analysis showed that similar articulated vehicles exhibited both

jackknifing and weaving instabilities at speeds in the range of interest.

However, none of these results could be applied quantitatively to the

vehicles of interest in this study.

During this study, Milliken Research Associates, experts in the field of

vehicle handling and stability, were consulted on the subject of handling

& Arthur D. Little, Inc.
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and steering problems. At the outset of their analysis, it was determined

that it would be unlikely that the characteristics of the vehicles,

steering systems and tire forces could be obtained accurately enough within

3 the scope of this program to permit accurate prediction of steering

response under realistic conditions.

Nevertheless, it was found instructive to derive the lateral equations of

motion of the articulated vehicle and examine them under various

simplifying assumptions. The detailed mathematical analysis is presented

in Appendix B of this report and discussed in this section.

First, the dynamic equations for an articulated vehicle are derived using

the Lagrange method. The degrees of freedom are:

* front section forward velocity,

S front section lateral velocity,

* front section yaw rate,

'4': * articulation angle.

AThe equations are then simplified by making use of the following
assum.ptions:

'p

* forward velocity is constant,

• second-order small terms are negligible,

* articulation angle is small and constant or specified as a

function of time.

The resulting set of linear differential equations are expressed in terms

of the dependent variables

* front section yaw rate,

0 front section sideslip angle.

4~G iven enough data concerning the mass distribution of the vehicle and tire

forces, these equations can be solved to simulate the dynamic response of

the vehicle to small angle control inputs. However, we do not have either

At
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tire side force data nor the detailed data required to accurately predict

the moments of inertia and center-of-mass locations of the individual

vehicle segments.p
A linear tire model was formulated to describe the tire forces in terms of

the yaw rate and sideslip angle. However, this required neglecting camber

and traction effects, roll steer effects, and suspension compliances. Even

the remaining cornering stiffness of the tire is subject to a severe lack

of available data for specific tire sizes and inflation pressures. (23)

The LaPlace transforms of the equations were taken leading to a general

matrix equation in sideslip angle,a, and yaw rate, Y, with a time-varying

articulation angle as the driving function. The characteristic equation of

the system was determined and the coefficients which would allow

calculation of the natural frequencies and damping.

Stability of the system was examined by assuming that the articulation

angle is constant and known and solving for the steady-state of values of

8 and Y. The denominator of the steady-state solution was defined as an

under-oversteer parameter. When this parameter is always positive, the

vehicle is defined to be understeer. When it can be negative, the vehicle

is oversteer. The parameter can also show a critical speed at which the

steady-state solution diverges and the vehicle would tend to become

exponentially unstable. Although a vehicle in actual practice might still

be controllable by a driver, it would tend to wander and have poor handling

characteristics beyond this critical speed.

The equations and the under-oversteer parameter were also derived for an

equivalent or corresponding front-wheel steer vehicle.

Sufficient mass data and tire data were available for a very approximate

numerical application of this analysis to the M4K and M10A forklift trucks.

The results suggest the following conclusions:

&
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* The articulated M4K is always understeer and shows no critical

speed above which instability can be expected.

* The front-wheel steer version of the M4K shows an oversteer

characteristic and a very high critical speed, i.e., of the order

of 360 mph.

7 . The articulated M1OA shows an oversteer characteristic and a

critical speed of 41 mph, above which instability can be

expected.
S'

* The front-wheel steer version of the MIOA also is oversteer and

has virtually the same critical speed.

The results suggest that there may not be any severe handling problem with

hthe M4K vehicle in the 45 mph range, even using the current type of

articulated steering.

However, because of its rearward weight distribution, the MIOA appears to

be a handling problem in this speed range whether articulated or

front-wheel steered. It is possible that the critical speed could be

* " increased beyond the 45 mph range by moving the center of mass of the

" vehicle forward or by increasing the cornering stiffness of the front

tires. The latter might be accomplished by increasing the tire pressure.

The mass distribution, of course, is difficult to alter significantly

without a major redesign of the vehicle. One expedient might be to run the

truck with a load on the forks in order to move the center-of-mass forward.

Alteratively, counterweights could be removed from the rear and placed on

the forks.

hi The dynamic characteristics of the steering system, of course, will

critically affect the controllability of the vehicle at high speed. It has

,* already been pointed out that the driver can often overcome the tendency of

the vehicle to become unstable. The important general design

characteristics are a tight, stiff articulation joint and a stiff,

AL Arthur D. Little, Inc. 5-26
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L

high-gain or high-power power steering system. Generally, the natural

frequency of the steering system should be 5 to 10 times that of the basic

vehicle response.

The proper analytical design approach would be to couple the equations

describing the dynamic response of the vehicle with those describing the

steering system. A first step was taken in this direction during this

study by replacing the known articulation angle by a moment which is a

function of articulation angle and angular velocity. The result, which

will not be described here, is a set of four linear differential equations

that yield a third order system. The derivation of Crolla, covered in

Reference (18), covers this type of analytical model. Solution of this

system is a straightforward procedure, but meaningful results would depend

upon the detailed design of the hydraulic servomechanism used for steering

as well as the vehicle weight and inertia characteristics, and accurate
tire cornering characteristics. None of this is available at this point

and much of it implies considerable experimental work to complement the

analysis.I

~i.V

.,,
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W
6. REQUIRED COMPONENT PERFORMANCE - PHASE II

6.1 GENERAL DISCUSSION

The potential problem areas impeding the operation of current Army RTFLTs

at 45 mph were identified in Section 5.1. These are:

a Violent vertical and pitch oscillations will occur for road

excitation frequencies near the natural frequencies of the vehicle.

This excitation will be the expected normal condition for

high-speed operation.

.. * Potential handling instabilities and resulting difficulty in

directional control.

o Difficulty in assembling a suitable drivetrain made up of available

components which will provide both low-speed gradeability and

high-speed operation.

* Difficulty in obtaining suitable off-road tires which can also be

operated for reasonable periods at 45 mph.

Consideration of the tire problem was deferred to Phase III since it is

Wsimply a question of commercial availability.

However, each of the other three problem areas involve design questions and

4the potential or necessity to add or modify components on the vehicles.

Thus, they are analyzed further in this section of the report to determine

a suitable design approach and, where possible, identify the required

component performance.

-I
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I
6.2 SUSPENSION SYSTEM

6.2.1 Dynamic SimulationU
The work of Crolla (19, 20) suggested that the violent vertical

oscillations would decrease markedly with the addition of a suspension

system to isolate the wheels or the wheels and axles from the bulk of the

vehicle mass. This, of course, changes the response mode of the vehicle to

road input. The axle can respond to the road variations through deflection

of the suspension while the center of mass of the vehicle remains

comparatively stable.

.1 ~ To test this conclusion on the vehicles of interest in this study, a series

of computer runs was made with the computer program listed in Appendix A

and discussed in Section 5. A suspension system consisting of springs and

a light damping means was inserted between each axle and the frame of the

machines. The spring rate was then varied in a meaningful physical range

in order to determine an "optimum" spring rate for the suspension system.

This spring rate was defined as the point where the wheel forces would

remain positive under the road accelerations used for the runs shown in

Section 5.

The results for the MIOA are shown in Figures 20 and 21. In Figure 20, it

I can be seen that the vertical amplitude of the center of mass is reduced,

in comparison with that of Figure 14, by a factor of the order of 100.

Likewise, the pitch amplitude is reduced by a factor of about 25. The

vertical acceleration of the center of mass in Figure 20(a) corresponds to

about 0.67g. This is still significant in terms of ride quality and could

undoubtedly be further optimized through the selection of spring rate and

* damping characteristics. However, this should be accomplished by means of

C: an extensive design study across the expected range of excitation

frequencies. It can be seen from Figure 21 that the wheels remain ;in

contact with the road at all times. The suspension spring rate for this

run is 443,475 Newtons/meter for a single wheel and one half axle.

a
'V
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Similar results were obtained with the Gradall 534B VRRTFLT with a single

v wheel spring rate of 206,561 N/m. The results are shown in Figures 22 and

23 for comparison with Figures 16 and 17.

Likewise, the results for the M4K are shown in Figures 24 and 25 for

comparison with Figures 18 and 19. The "optimum" single wheel spring rate

for the M4K is 264,187 N/m.

6.2.2 Suspension System Design

N! The suspension system assumed for the dynamic simulation described in the

preceding section can be implemented in various ways.

For example, the axle could be mounted on a stack of leaf springs which

Sare, in turn, mounted on the frame of the machine. This, of course, is the

typical suspension design used on highway trucks. However, in this case,

7 it is desirable to have a means for locking out the suspension system for

the work made. One method that has been used with a leaf spring suspension

is to employ hydraulic shock absorbers which can be valved so as to prevent

relative motion between the axle and the frame.

Another general design which has been used successfully on many off-road

vehicles is the hydropneumatic spring. In this case, the axle is suspended

P. on hydraulic cylinders which are connected to an air (nitrogen) over

hydraulic accumulator which supplies the compliance. The suspension can be

S. valved off or driven against a stop to lock itself up during the work mode.

Damping can be provided by a flow restriction in the hydraulic lines. This

system has an inherent advantage over a leaf spring design in its

*. flexibility of configuration. Wide ranges of force and spring rate can be

obtained by adjusting the pressure and gas volume. Similar changes for the

Sleaf spring would require significant geometry changes.

At Arthur D. Little, Inc.
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MThe hydropneumatic suspension has been used for large off-road mine-haul
trucks and is used on the Zettelmeyer wheel dozer and loader described in

Section 3.2.1. Another example is an optional system for the John Deere

Model 862 scraper which is capable of speeds up to about 30 mph. Like the

Zettelmeyer system, the axle is supported by a pivoted arm which is

supported on the end opposite the pivot by a hydraulic cylinder as shown in

Figure 26. (24) The frame must be cut away to provide clearance for the

axle motion. Presumably, mounting points for the pivot and the fixed end

of the hydraulic cylinder also need to be added to the frame.

A schematic diagram of the hydraulic system is shown in Figure 27. The

leveling system is a feature in addition to the dynamic suspension

characteristics which allows the static height of the vehicle to be

adjusted or held constant, regardless of the load. The lockdown valve, on

this system, causes the hydraulic cylinders to drive the axle upward

against the frame stops and hold it there rigidly.

The Caterpillar 615 scraper also offers an optional axle suspension which

is similar in design and can be added to an existing vehicle.

The design relationships that govern the design of the hydropneumatic

suspension system are straightforward. The force which can be supported by

a single hydraulic cylinder is given by,

F - r A p (41)

where A - area of the cylinder

r - geometry factor which depends upon the detailed design but might

4.% be expected to range between about 0.8 and 2.0

p - hydraulic pressure in the cylinder

AArthur D. Little, Inc. 6-10
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Assuming that r - 1, the volume of fluid displaced for a one inch axle

Atravel is

AV =A= V A (42)
p

where V - the volume of gas in the hydropneumatic accumulator

The spring rate can be defined as,

AF
K=- = AAp-, (43)

using Eq. (41) and, substituting in Eq. (42) gives,

2
K = (44)

V

A first cut at the design of the system can be made with Eqs. (41 and (44).

For example, for the MIOA, the axle force, F, must be about 12,500 lbs. i

The pressure level in this type of system is typically limited to about

2000 psi. Substituting into Eq. (41) gives a required cylinder area, A, of
2

6.25 in Eq. (44) then gives,

K = 12500 A 2532 lb.
V in.

using the results of Section 6.2.1 (443,475 N/M).

3%

Thus, V = 31 in.3

which is a reasonable gas volume.
L

This preliminary calculation shows that the hydropneumatic suspension

system for the MIOA can be implemented by three inch diameter wheel

cylinders connected to an accumulator with a 31in 3 volume. These

components are straightforward and easy to purchase or custom fabricate.

Likewise, all of the additional components such as valves; and lines are

standard available hydraulic components.

&t Arthur D. Little, Inc. 6-13
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i Similar calculations can be done for the Gradall 534B and the M4K. At a

quiescent pressure level of 2000 psi, the resulting wheel cylinder and gas

volumes are:

Gradall 534B; wheel cylinder - 1.75 in. diameter

gas volume - 10.6 in
3

M4K; wheel cylinder - 1.25 in. diameter

gas volume - 2.07 in
3

These can, of course, be altered for design convenience simply by operating

the system at a lower pressure.

Thus, it can be concluded that there should be no obstacle to obtaining

suitable components with which to add a hydropneumatic suspension system to

the vehicles of interest.
m&

This is not intended, however, to minimize or downplay the effort which

A will be required to design the system in detail and optimize its response

for a wide variety of road conditions. The design of the correct amount of

flow restriction to introduce optimum damping into the system will require

careful attention. Ultimately, the system must be built and tested ,S

experimentally to correctly size all components.
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6.3 STEERING COMPONENTS

6.3.1 Articulated Vehicles

The analysis of Section 5.4 and Appendix B suggests that the M4K in its

present configuration should be stable for small steering angles at 45 mph.

Examining the analysis and the work of Crolla (18) suggests that the

stability of the M1OA could be improved by moving the center of mass of the

vehicle forward, especially by moving the center-of-mass of the front

section forward. This is, of course, difficult to accomplish with an

L% articulated vehicle, especially since it conflicts with the requirement for

a counterbalancing weight for the fork load. The vehicle can be run on the

road with a stable fork load to improve the handling characteristics.

However, this increases the running weight of the machine which will

increase the power required to maintain the 45 mph road speed. An

alternative would be to provide counterweights that can be moved from the

rear to the forks for high speed travel.

Consideration should also be given to increasing the wheelbase of the

P vehicle. This will increase the directional damping of the vehicle and

improve static stability at higher speeds. This would, of course, require

altering the specifications for the vehicles and can be expected to

adversely affect the turning radius.

In any case, the subject of overall vehicle weight balance goes beyond the

* performance requirements of the steering components. L

If. as Ole analvq. ",, the lateral stablb -1. ity nf-rCzT marginal at

speeds in the range of 45 mph, careful driver control can probably extend

the stable range. For the MIOA, this may require improvement of the

hydraulic power steering system to increase its power and response. In

general, this can be accomplished by increasing the hydraulic pressure

and/or the size of the steering cylinders. A pump having increased

pressure or flow capacity or both would also typically be required.

A& Arthur D. Little, Inc. 6-15



Additionally, the articulation joint itself may require design improvement

to eliminate any free play and stiffen the structural components.

There would not appear to be any questions of component availability to

accomplish an improvement of the steering system. Hydraulic components are

available in a wide range of sizes. The most difficult task is likely to

be the fitting of larger components into the space available. This would

require a detailed layout design and, possibly, relocation of other

9components that interfere with the steering.

Since it is not clear, and is not likely to be clear from analytical

Aconsiderations alone, that an improvement of the steering is required, the

logical approach would be an empirical one. An M1OA or a similar vehicle,

* should be built with a suspension system and an upgraded drivetrain capable

of 45 mph. This vehicle could then be tested on a test track to determine

its handling characteristics and the requirements for an improved steering

system.

Parenthetically, it may be noted that a prototype of the above test vehicle

is nearly available in the form of the Zettelmeyer ZL75C. This vehicle

requires only minor drivetrain modifications to reach 45 mph. The

manufacturer has stated that a modified vehicle could be prepared in about

four months, although it might not be capable of meeting the low speed 45%

*gradeability requirement. It would, however, be valuable for empirical

q *investigation of the high-speed handling characteristics.

Ultimately, if testing shows that acceptable handling at 45 mph cannot be

obtained with articulated steering on the 4K and 10K RTFLT's there appears

to be two viable design alternatives.

* Redesign these vehicles as rigid frame, four-wheel steer vehicles

6in which front-wheel steering is used for high-speed operation.

* Lock out the articulation joint for high-speed operation and

replace the front axle with a conventional Ackerman steering axle.

it Arthur D. Little, Inc.
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The principal component availability question for these design alternatives

is the availability of steering axles with suitable drive characteristics.

Four-wheel hydraulic steering controls which are selective among

front-wheel, four-wheel coordinated, four-wheel crab, and rear-wheel

steering are available and currently used for a variety of agricultural

tractors and other equipment. Axle availability will be addressed along

with the other driveline components.

6.3.2 Ackerman Steering

The specification for the 6K VRRTFLT calls for Ackerman steering. Th

prototype Gradall 634B for this vehicle uses a rear-wheel steering ;y.;tem•

As noted in Section 5.1.2, this system is not expected to be acceptable at

45 mph.

One alternative would be to operate the vehicle in reverse for high speed

travel, ts-us producing, in effect, a front-wheel Ackerman steered vehicle.

This has the added benefit of a "forward" bias for the location of the

center-of-mass. The disadvantage is that presumably two operator positions

j (or a reversible position) would be required. No major component changes

would be required.

The second alternative is to go to the four wheel selective steering system

discussed in the preceding section. In this case, the principal component

* requirement again is a steering axle with appropriate drive

*characteristics.

6.4 DRIVELINE COMPONENTS

For purposes of this discussion, the driveline is considered to consist of

all components from the engine to the wheels. The principal components

are:

41 Arthur D. Little, Inc. 6-17
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0 engine

0 torque converter

* transmission

* drive shafts and universal joints

• axle including final drive.

As noted in Section 5.1.3, if the transmission is modified to provide a low

enough gear ratio to raise the rear wheel speed to 45 mph, the input shaft

speed to the drive axles for the two larger vehicles will exceed the normal

limit of 3500 rpm. If the axle ratio is reduced in order to limit this

input speed, other changes are required to produce enough low speed torque

to meet the gradeability requirement. Thus, in general, the entire

drivetrain must be considered at the same time.

The requirements for the drivetrain are:

9 At a wheel speed of 45 mph.

- the input shaft speed to the axle should be 3500 rpm or less.

-the torque delivered to the wheels must be capable of

maintaining 45 mph, taking into account wind resistance,

losses, and a grade requirement (usually 2% or 5%).

I eAt a wheel speed of 2 mph.

* . - the torque delivered to the wheels must be capable of

o' overcoming losses and the grade requirement of 45%.

* -. The torque required to ascend or overcome a grade can easily be computed,

knowing the weight distribution and geometry of the vehicle. As an

example, Figure 28 shows a loaded M1OA on a 45% grade. The principal

geometrical variables needed to calculate the wheel torques are shown on

* the diagram. The position of the forks had to be assumed for this

calculation.

L Arthur D. Little, Inc. 6-18
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Taking the moment balance about the rear wheel gives,

aW - bFf + cL - 0 (46)

Substituting the values from Figure 28 gives,

Ff - 22,732 lbs.

Vertical force equilibrium gives,

Fr + Ff - 46,700 lbs. (47)

which combined with Eq. (46) gives,

AF - 23,968 lbs.

g The wheel torques for each wheel are simply,

T - R F sin 0 (48)

where R - radius of the tire - 2.216 ft.

Substituting the wheel forces gives,

.% Tf - 20,368 ft. lbs.

. T - 21,803 ft. lbs.r

/A Arthur D. Little, Inc. 6-20
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This type of calculation was used to calculate the required wheel torques

to overcome various grades for the three vehicles of interest and upgraded

versions of these vehicles. For purposes of the torque calculation, the

upgraded versions include a weight increase to account for heavier drive

components.

The results of these calculations are shown in Tables 11 through 13 for the

three vehicles. In addition, the torque required to overcome the rolling

resistance of the vehicles is shown. This is based on a rule of thumb used

by the axle manufacturers of 20 lbs. of rolling resistance per 1000 lbs. of

vehicle weight. The torque is calculated knowing the tire radii of the

vehicles.

The only torque not taken into account in Tables 11-13 is that required to

overcome wind resistance. Instead, that requirement will be taken into

account as an added power requirement, principally at 45 mph. The torques

calculated in this section will be used to select and evaluate candidate

driveline components in Section 7.

6.5 BRAKES

It was seen in Section 5.4 that the RTFLT's, especially the larger

vehicles, will be marginally stable at 45 mph. In this situation, the

capability of the brake system to provide safe controlled stops without

skidding can be important in maintaining driver control of the vehicle.

The brake systems used on the current vehicles vary. For example, the MIOA

uses air over hydraulically actuated dry-disc brakes with independent

circuits for each axle. The Gradall machine uses hydraulic drum brakes on

the front axle and dynamic braking with the hydrostatic transmission on the

rear wheels.

The capacity of the brake systems is not likely to be a problem at 45 mph.

They should be sized to be capable of producing a full-skid and this torque

requirement will not change significantly at higher speed.

i

ALArthur D. Little, Inc.
6-21

. . .,.. ,. .•.-. " ., - . . - . ; '" v : ,..,- -;,. -. '-.5-'. .%',"



II

0m0 COv-4 IACo
0 V N 0% v3 d'o (3 w-01

H

r-4

ii!~ r- C%. 1 00

4..

o0 No enJ( H N%

01-C 0100 W04

i-I S S S _

H 0I)0 r- Co

4 0 4

0c m0 0 I W 0

494

6-22



0q 0 N CV
C0 0 o .0 LO

Q) N

>

0 r 0 0 
OD 0c mtcC t

Nj 0- Q

V N

aU)

Co

G). 490

.64

0 N)4

AArthur D. Little, Inc.6-3o



3
I

o- m ko

0 %D Ln %0O

I'" 
I - I"

ON H

0-

0 Cq0(I. Co

00

0N

ON r.-4 -:r 0m

ND0

A Arthur D. Little, Inc.
6-24



I
However, improved stability may be necessary for good handling

characteristics in a hard stop. Because of the relatively high

center-of-mass, these vehicles will have significant longitudinal load

transfer during high decelerations. This will have a tendency to unload

the rear wheels and cause skid or rear end breakaway. Load proportioning

to regulate the front to rear pressure may be used to avoid rear wheel

skidding. This is commonly done on highway trucks. Automobiles with front

disc brakes and rear drum brakes also contain a proportioning valve which

7. is a standard brake system component. Unloading at high decelerations is

sometimes incorporated by providing a special control which senses body

angle.

Another method for avoiding skid is the incorporation of an anti-skid or

anti-lock brake control. The Bosch electronic pulsed system has recently

been available on production automobiles and several systems are likely to

be available soon as off-the-shelf components.

Stability during braking is also affected by the scrub radius for systems

using a steering axle. As illustrated in Figure 29, the scrub radius,rs,g is determined by the distance between the intersection of the kingpin pivot

* axis with the ground and the center of the tire footprint. If this radius

is positive, uneven braking force will cause one wheel to deflect outward

toward the higher braking force and, thus, produce an undesirable outward

steering moment. Negative scrub radius, produces inward deflection

resulting in stabilizing tire forces.

Many of the higher capacity planetary steering axles employ a vertical

kingpin axis which, of course, produces a very large positive scrub radius.

At low speeds, this may not be serious, but at high speeds, it is likely to

cause unstable handling characteristics during braking and undesirable

sensitivity to bumps and irregularity in the road surface.

Thus, if Ackerman steering is to be used on any of these vehicles operating

at 45 mph, it is recommended that the steering axle incorporate a design

which provides minimum positive or negative scrub radius.

I
4

4 Arthur D. Little, Inc. 6-25
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1 6.6 OTHER COMPONENTS

Because of their importance to the feasibility of 45 mph RTFLT's, the

discussion has centered around the suspension system, steering system,

3 drivetrain, and tires. A number of other components which are not as

critical to basic feasibility, should also be considered in a final vehicle

specification.

6.6.1 Driver Safety

The current vehicle specifications call for roll-over protective

structures, driver restraints, and driver seats which conform to applicable

SAE standards and should be adequate for highway operation. However, if

the final vehicle design selected requires constant driver attention and

control to maintain stability, consideration should be given to the

addition of a sleep warning system for the driver. The highest fatality

rate for surface mining operations was, at one time, due to the drivers of

wheel loaders falling asleep during high-speed tramming operation. The

vehicle would then jack-knife and tip over.

* It is believed that a sleep warning system would be a development item.

However, several years ago, the Bureau of Mines was conducting research on

the subject and a prototype system may have resulted.

q 6.6.2 Visibility

'A The current specification for headlamps conforms to the relevant SAE

standards but these should be reviewed for adequacy at highway speeds.

Rearview mirrors should be added to the specification for highway

operation.

A& Arthur D. Little, Inc. 6-27



S7. COMMERCIAL AVAILABILITY STUDY - PHASE III

7.1 TIRES

7.1.1 General Discussion

At the outset of the study, it was clear that there is a potential problem

or limitation operating at 45 mph with the tires used on the current

RTFLT's. These tires are typically rated at 5 mph.

Off-the-road tires are designed for high strength and durability. They

typically have a lot of plys and rubber. The major problem with operating

them at high speed is due to heat build up which leads to tread separation,

accelerated wear, and susceptibility to damage.

Generally, this requires that a given tire, under specified load and

inflation conditions, must be limited to a maximum distance or period of

"* time at which point it must be allowed to cool down.

Two industry rating standards apply to this type of service at speeds of

Sinterest in this study:

r0 Mining and Logging Service

This service limits the operation of the tires to 55 mph and the

total distance to 55 miles in any 1 1/2 hour period. The Tire

and Rim Association standards which apply to this service are

shown in Tables 14-16. (25)

0 Off-The-Road Haulage Service

This service limits the operation of the tires to 40 mph and a

distance of 2.5 miles. The Tire and Rim Association standards

which apply to this service are shown in Tables 17-20.

%.

A Arthur D. Little. Inc.
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In addition to these general industry standards, speed-load-pressure data

for a number of tires used in mobile crane applications is supplied by

Michelin. (26) These are summarized in the useful sizes in Tables 21-24.

3 Finally, Michelin publishes a highway speed load vs. pressure rating for

their XL All-Terrain tires which are often used for military applications.
0The table of data for this series is shown in Table 25.

It should be emphasized that the data shown in this section was the only

specific data found which rates tires at speeds approaching or exceeding 45

mph.

It is quite likely that many of the off-road tires not covered by this data

could be used under favorable conditions at 45 mph. Favorable conditions

generally involve high inflation pressures, low loads, and limited periods

of time at speed. However, the manufacturers suggest that any application

outside the recommended range should be tested.

7.1.2 4K RTFLT

V The individual tire load for the 4K RTFLT will likely be about 2900 lbs.,

unloaded, after it has been upgraded for 45 mph operation. Maximum loaded

tire load will be about 6000 lbs.

The current tire size for the M4K is 15 x 19.5 - 8PR inflated to 45 psi.

The ML version of this tire is rated to 55 mph for 55 miles in a 1 1/2 hour

period as shown in Table 16. In addition, there are three 20-inch crane

tires shown in Tables 21 through 23, each of which has ample load capacity

at 45 mph and 90 psi inflation. Finally, Table 25 shows a number of

20-inch tires with highway speed load ratings above 6000 lbs.

Thus, it appears almost certain that an acceptable tire can be found for

the high-speed 4K RTFLT. The required inflation pressure is likely to be
wl much higher than 45 psi, probably over 70 psi. In fact, itmuchhiger han45 pi, robblyove 70 si.In act itmay prove

expedient to design the vehicle to allow high pressures for highway

j operation and somewhat lower pressures where off-road mobility is required

/i Arthur D. Little, Inc. 7-9'i1
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TABLE 21

MICHELIN TIRE SPECIFICATIONS3

CRANE APPLICATION
SIZE PLY RATING

1O.OOR20X PR14-LRG
PR16-LRH

LOADS PER AXLE (LBS) AT VARIOUS INFLATION PRESSURES (PSI) IS) = SINGLE - 2 TIRES
(D) =DUAL - 4TIRES

Speed]

(mph) 90psl 95ps, I00lps 105psi 1 IOpsl 11 ps, 1 20psi 125psi 130psi

0 _S . .22.540 23460 24,380 25.315 26.260 27,165 28,1652
0 40,585 42,235 43.89U 45,565 47.255 48.895 50,6952

S 18935 19,710 '0.480 21.265 22.055 22.820 23,6602
0-3 0 . ..... . 34 090 35.480 36.865 38.275 39.695 41.070 42.5852

S 16,535 _ 17.250 _ 17,965 18.700 _ 19.410 20.165 20.955 21.7452
0 29,770 31,050 32.340 33655 34.930 36,295 37.730 39.1652
S 14.975 15.655 16.335 17.035 17,715 18.425 19.180 19.930 20.4752;"10 4-56 3595 3685

10." 0 26.960 28.180 29.400 30,655 31.880 33,165 34.530 35.905' 36.S553
S 12.330_ 12.915 13485 14.090 14.720' 15.280 15,720 16.125

20 0 22.195 23,240 24,265 25,365 26,510; 27,520 28.410 29,445'
I 11575 12 115 12695 13290 13 785 .4190 14.575'

* ~~30 _ _ _ _ _ _ _ _0 _20,830 21,800 _ 22,850 23,935; 24,82J 25.755 26.475
S 11.540 12.090 12,690: 13.255 13.675 14,055'
0 20.765 21,765 22 845. 23.870 24,675 25,670 _

S 11,190 11,750 '2330 . 12.815 13,205 13.580'
0 20,140 21,150 22 205. 23.070 23.995 24,620'

A Arthur D. Little, Inc.
7-1 0
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TABLE 22

MICHELIN TIRE SPECIFICATIONSI

CRANE APPLICATION
S SIZE PLY RATING

I1I00R20X PR14-LRG
PRI6-LRH

LOADS PER AXLE (LOS) AT VARIOUS INFLATION PRESSURES (PSI) (S) = SINGLE - 2 TIRES
(0)__ DUAL -4 TIRES

Speed
(mph) 9 0psi 95psi IOOpsi 105psi 1 IOpsi 11 5psi I20psi 125psi 130psi

a S 23,795 24,390 .._25,780 26,770 27,700 28,385 29.5252
0 1 42,150 43,900 45,650 47,400 49,155 50,940 52,6202

0-3 S 19.990 20,820 21,655 22,485 23,270 23,845 24,8002
0 35,405 36,875 38,345 39,815 41.290 42,790 44,2002
S 17,460 18,230 19,000 19,770 20,325 21,120 22,000 22,6002
0 30,930 32,285 33,640 35,000 36,380 37,705 38,955 40,140L

, S 15810 16,540 17,275 18,010 18,570 19.290 20140 20,775 21,5502

4.2 0 28.000 29,295 30.590 31,885 33,195 34,465 35.665 36,795 39,0402

20 S 13,040 13,652 14,115 14,775 15,42-0 16,0002 16,620 17,2003
D 23,090 24,170 25,275 26.325 27.305 28.6252 30,065 30,4603

30 S 12235 12,675 13320 -13,910 14,4702 15,035 15,6603
D 21.665 22,710 23,700 25,490 ,,26,750' 27,000 27,7153

S 12.145 12,640 13,320 13.845 14.450' 14.990 1

40 0 21,610 22,635 23,590 24,660 26,195' 26,5503

S 11.725 12,320 12.900 13,455 14,000' 14,6353

0 20,970 21,945 22,845 24,230 25,090' 25,885'

/1& Arthur D. Little, Inc. 7-11
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3 TABLE 23

MICHELIN TIRE SPECIFICATIONSI

CRANE APPLICATION

SIZE PLY RATING
12.00R20X PR1S-LRJ

LOADS PER AXLE (LOS) AT VARIOUS INFLATION PRESSURES (PSI) (S) = SINGLE - 2 TIRES
_ _ _ _ _ (D) = DUAL - 4 TIRES

* "Speed
(mph) 90psi 95psi IOOpsi 105psi 1 Iopsi 115psi 120psi 125psi 130psi

S 0 25,985 27,110 28,235 29,345 30.380 31.530
0 0 46,290 48,260 50.235 52,175 53.985 56.005

0-3 S 21,830__ 22,775 23,720 24,650 25,520 26.485
0 38,880 40,540 42,195 43.825 45.350 47.045
S 19.150 20.020 20.890 21.700 22,570 23.440 24.2105

-0 34,090 35,620 37,150 38,570 40.095 41.620 42.960
S 17.360 18,190 19,020 19,805 20.800 21.460 22.190 23.065

10 D 30.915 31,090 33,830 35.200 36,635 38,105 39,375 40,900
S 13,725 14,420 15,075 15,775 16,445 17,105 17,800 18.410 19.025

20 0 24.425 25,650 i6.7 200 29,190 30.340 31,565 32.655 33.790
30 S 12,930 13,545 14,215 14,830 15,480 16.110 16.685 17.440
30 0 22,990 24.070 25,245 26.325 27,455 28,565 29,610 30,920

S 12.900 13.530 14.195 14.800 15.470 16.050 16.660
40 0 22.930 24.035 25.200 26.255 27,435 28,470 29,585

S 12.510 13.155 13,760 14,390 15000 15,560 16,365 1 1
50 0 22,235 23.365 24.425 25,525 26.600 27.620 28,995

& .

,4 Arthur D. Little, Inc -1
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TABLE 24

MICEHLIN TIRE SPECIFICATIONS

3
I

p CRANE APPLICATION

SIZE TYPE STRENGTH INDEX

14.00R24 XVC ...

LOADS PER TIRE (LBS) AT VARIOUS INFLATION PRESSURES (PSI)

._ _ 72psi 87psi 94ps i  102psi 109psi 116psi 123psi 131psi 138psi 145psi

STATIC
OR 22.050 25.570 27,340 29,110 29.990 30,870 31.640 32.080 32,520 32.960

* CREEP

5MPH 14.330 16,540 17.640 18.740 19,290 19.850 20.290 20.510 20.840 21.060

IMPH 11.910 13,670 14,550 15,440 15.880 16.320 16,760 16.980 17.200 17.420

19MPH 10.800 12.350 13.120 13.890 14.330 14.660 14.990 15.210 15.440 15.550

25MPH 10.360 11 910 12,680 13,450 13.890 14.220 14,550 14.770 14.990 15,100
31MPH 9.920 11,470 12.130 13.010 13.450 13,780 14.110 14,330 14,550 14,660

40MPH 9.260 10.800 11,580 12.350 12,790 13,120 13,450 13,670 13.890 14.001

44MPH 9.040 10.580 11,360 12.130 12,570 12,900 13,230 13,450 13.670 13.780
47MPH 8.820 10,360 11.140 11,910 12,350 12,680 13.010 13,230 13,450 13.560

'. 50MPH 8.600 10.140 10.910 11.690 12,130 12,460 12.790 13.010 13.230 13.340

I
SArthur D. Little, Inc. 7 -13
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All Terrain Tires TABLE 25

XL

A traction-type tire des~gned primarily
for off-the-road applications It offers
exceptional grip when working in fields
forests, or mountains Popu'ar for
military applications

- - HARD PLATE
Overall 1GROUND CONTACT HIGHWAY SPEED

TIRE Ted PR', 00 Si L Width -Approve(! Area Length Width Imax Loads Per Tire
SuTeaL Type (In I (in l (In I RPM Rims jIn I (in In IT SSeed 61, Pressure

.0E4J COF

6 50R16 XC 10 IT 27 0 13 5 6 9 712 1 37 6 8 1 50a 75 2.200 lb ( 75 PSITypes L 45E__._0F &

xc OCJJ 6 5H
7 00R16 Type L. 6 IT 30 6 13 9 18 679 40 SOC socE SOC. 45 9 5 15 4 75 1.875 lb (di 45 PSI

- I ~55OF SOC. EV0G SOC ----

1 4 W0. 5 DOF 5 50F.
XC t5 - 0JJ 6 5H

7 COR16 Ty 0 I o T "0 6 14 2 78 679 50SE SOC. 5OCE SDC. 43 9 8 8 5 4 75 2,540 lb Ca75 PSI

%~ ~ ~ 50F D 6 G C

7 50R16 X* 8 IT 31 6 146 8 3 658 DOWJ46 9 6 7 240l 6 S
Type L 550F1 SOC. SOOG SOC.

6 50H SOC L________

900R16 XL' 14 ThIs 360 16 1 95 584 6.50H 75 3,085 lb @60 PSI

12 5R165 XLM LR C TblIs 316J5 16 3 116 5 72 9 25 92 0 15 80 65 3.035 lb @a35 PSI

*Alsoi available in XS __

Pilot
Measuring Rim in Bold Type

it Arthur D. Little, Inc. 7-4



TABLE 25

(Continued)

HARDO PLATE
Overall GROUND CONTACT HIGHWAY SPEED

TIRE PR/ 0 0 S I. R Width Approved Area Length Width Max Loads Per Tire
Size Tread LR Type (ki I n (In I RPM Rims ___ (In.) lIn I (In I Speed P~a Pressure

~. 750R20 XL 12 TT 36 5 17 0 83 568 6.0.55, 65 474 100 52 75 3,9801Ib @95 PSI

8 25R20 XL 14 TT 38 3 17 9 8 9 541 6.0. 6.5, 70 62 0 10 8 64 65 4.500 Ih @ 95PSI

9 0OR20 XL 14 TT 40 6 18 8 10 0 512 6.5, 7.0, 7.5 70.4 11 3 7 2 65 5,510 lb @ 105PSi

10 0OR20 XL 16 TT 42 0 19 5 108 495 70, 7.5,.80 74 7 11 8 76 65 6.610 lb Ca 115 PSI

. 10 5R20 XL 8 TT 37 5 17 2 109 557 9.0 77 0 10 7 7 6 56 3,253 lb @a50 PSI

I 100R20 XL 16 TT 43 1 200 11 2 482 7 33.,75.98.0,.85. 90 840 11 2 8 7 65 7,200thb @ 115 PSI

I 100R20 XL 16 Thls 43 1 200 11 2 482 7 33. 7.5. 8.0,8 5. 90 840 11 2 8 7 65 7.200 lb C@ 115 PSI

* 120OR20) XL* 18 TT 44 3 20 6 11 9 468 7 33, 75, 80, 8.5. 90 87 1 12 6 8 3 65 8.100 lb @d120 PSI

12 00R20 XL 18 This 4 4 3  2 0 6 11 9 468 7 33, 75, 80.,8.5. 90 87 1 12 6 8 3 65 8,1001b (d)120 PSI

12 5R20 jXLU 12 TT 40 6 184 13 1 516 11 0 92 7 12 4 9 1 56 4,190 lb (0 50OPSI

12 561) XL' 12 This 406 18 4 13 2 516 11.0 92 7 12 4 9 1 56 4,190h lb C 50 PSI

S 14 75 80820~ V~ LRJ TT 45 0 20 5 14 5 465 9 DV, I10.100W.V 131 9 12 9 11 9 50 10,150 lb @c 125 PSI

14 75 8OP?UJ XL' I RJ This 45 0 20 5 14 5 465 90OV. I1O.00W,V 131 9 12 9 11 9 50 10, 150 lb @ 12 5 PSI

14 00R21 XL' 18 TI 494 22 8 14 6 421 9 0, 90OV. I 0.OOWV 1442 13 9 12 0 50 9,920 lb Or100 PSI

14 0062l XL 18 TIs 494 22 8 14 6 421 9 0.9 011, 10O.OOW.V 1442 13 9 10 50 9,920 lb (.b 100 PSI

15 5 ROR70 XI.- [P3 TT 46 7 21 3 15 1 448 10.00W. 11 25 147 12 4 13 2 50 13.118 lb (@ 125 PSI

155 80R20 XL-* LRJ This 46 7 21 3 15 1 448 10-00W, 11 25 147 12 4 13 2 50 13.118 lb (a 125 PSI

16 0OR20 XL' 28 TT 53 1 24 1 15 7 394 10.00W 11 25 178 3 16 0 136 40 12,460 lb @a90 PSI

16 IUR20 XL 28 This 53 1 24 1 15 7 394 10.00W, 1t 25 178 3 16 0 13 6 40 12.460h lb(d 90 PS!

16 0(R20 Type C 28 TT 53 1 24 1 15 7 394 10.00W. 11 25 178 3 160 13 6 60 10,000 b OP110 PSI

24R20 5 XL PR16 This 54 8 24 6 23 8 384 18 00 251 3 13 6 20 5 40 15,435h @bCa80 PSI

241 21 XIL PRI6 Th:s 54 8 24 7 23 0 388 18 00 DC 263 8 14 2 20 9 40 15,435 lb (& 80 PSI

% 13R22 5 XL. 18 TIbs 44 5 20 6 11 7 468 9.0 101 8 12 1 9 1 65 8,268t lb C 125 PSI

12 0OR24 XL 18 TT 48 3 22 4 11 6 430 8.5 1074 13 2 8 8 65 8.820th @a110 PSI

Also availahie in XS
Pilot

%1 rig Rim in Bold Type

AArthur D. Little, Inc.
* 7-15



and the speeds are low. In this case, an on-board compressor would be

required to reinflate the tires.

AM General has developed a central tire inflation system (CTIS) for use on

the M923 5-ton Army truck. This system allows complete control of the tire

inflation pressure from the driver's seat while the vehicle is moving.

7.1.3 6K VRRTFLT

*The individual tire load for the 6K VRRTFLT will likely be about 5000 lbs.,

unloaded, and 7000 lbs., loaded, after it has been upgraded for 45 mph

operation.

The current tire size for the Gradall 534B is 13.00-24-12 PR. The ML

version of this tire is rated to 50 mph for 50 miles in a 1 1/2 hour period

as shown in Table 15. The above loads are acceptable for inflation

pressure in the 50-85 psi range.

Another candidate is the 14.00 R24 crane tire shown in Table 24 which has

an ample load rating at 45 mph. The 12.00 R24 XL all-terrain tire shown in

Table 25 also appears to be a viable candidate at highway speeds.

Thus, it appears that an acceptable tire should be available for this

vehicle.

7.1.4 10K RTFLT

-. The maximum individual tire load for the 10K RTFLT will likely be about

15,000 lbs. loaded and unloaded, after it has been upgraded to 45 mph

operation.

The current tire size for the MIOA is 20.5 x 25 - 16PR inflated to 50 psi.

No equivalent was found for these tires among those rated at high speed.

None of the ML service tires can provide sufficient load capacity.

I, Only the 12.00 R20X crane tires shown in Table 23 can supply this load

capacity and inflation pressure must be above 110 psi.

& Arthur D. Little, Inc. 7-16
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- In the XL series of Table 25, the 24R 20.5 XL can supply this load capacity

at 80 psi, but the loaded radius will be smaller.

For tires of the same nominal diameter, the Michelin 18.00 R25 XS and 21.00

R25 XS tires can provide sufficient load capacity. These are so-called

sand tires and it is not known whether they will prove rugged enough for

fork-lift operations in hard ground and rocky areas. The only speed

information is that the maximum recommended speed on a road surface is 40

mph and on a track, 30 mph.

-Thus, it is not clear from the information obtained from the tire

manufacturers whether a tire is commercially available for the 10K RTFLT

which can satisfy the two requirements:

* provide sufficient strength and ruggedness for rough-terrain

• , - fork-lift operations; and

* provide 45 mph speed capability for reasonable periods of

operation.

It appears that high speed testing of candidate tires known to satisfy the

ruggedness criterion will be required to determine their high speed

capability.

7.2 DRIVELINE COMPONENTS

The general requirements for the driveline components were established in

Section 6.4. These are:

* At a wheel speed of 45 mph and the vehicle unloaded,

- the input shaft speed to the drive axles should be kept at

P% or below 3500 rpm.

- the torque delivered to the drive wheels must be capable of

maintaining 45 mph on a specified grade (e.g., 2% or 5%)

A""Arthur D.Litte, Inc. 7-17
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7.7J

0 At a wheel speed of 2 mph and with rated forklift load,

the torque delivered to the drive wheels must be capable of

climbing a 45% grade assuming that the wheels do not slip.

Gear ratios in the transmission between these limiting conditions would

V determine the speed ranges provided by each gear selection. If one were

designing a high production vehicle such as an agricultural tractor, one

would tailor these gear ratios to provide, as much as possible, the desired

speeds in each range. For this type of vehicle, it is conventional to work

within the confines of available components.

. As part of this study, manufacturers of axles and transmissions were

contacted and asked for recommendations in the light of the above general

requirements and the existing components in the three vehicles of interest.

Several combinations of components were examined for feasibility,

especially for the 10K RTFLT which presents the major problems due to its

*: required torque levels for the gradeability specification.

Combinations of driveline components that appear feasible for each vehicle

are presented in the following subsections. The torque requirements used

are those summarized in Tables 11 through 13 of Section 6.4. The total

torque requirement was used for the 6K VR RTFLT so this vehicle is assumed

to change from the asymmetric arrangement of the Gradall 534B with

hydrostatic rear wheel drive to a symmetric arrangement similar to the

other vehicles.

The relationship to the steering system and the possible requirement to go

to Ackerman steering for all of the vehicles is recognized by examining and

* -citing available steering axles which have equivalent drive

characteristics.

We should point out that no attempt has been made to deal with detailed

geometrical constraints for the components. This would have required

information which we did not have and a level of effort beyond the scope of

the project. To a degree, a vehicle, especially its frame, must be

AL Arthur D. Little. Inc. 7-18
I3



.. 7 - .K W.Im " ' 
. - . .

designed around its major components. To cut and patch in replacement

components which may be larger and have different shape characteristics may

not be practical.

However, feasibility questions clearly belong to the larger picture. We

have assumed that feasible driveline components will be accommodated by

*performing the detailed layout design work and structural changes that are

needed to fit them in and mount them.

7.2.1 4K RTFLT

The torque requirements for this vehicle were given in Table 11. The

*torque requirements for the upgraded vehicle assumed some weight penalty

., for upgrading the drive components and the engine.

Of the three vehicles, this vehicle has the simplest drivetrain to upgrade

to 45 mph because the axles are single-stage reduction axles which

* currently operate with a very low input speed, about .150 rpm at 20 mph.

Thus, the speed of the axle only increases to about 2800 rpm at 45 mph and

the same axle can be used to meet this requirement. Since it was also

found to be capable of the torque required at 2 mph, the Rockwell axle can

*.. also be used on the upgraded vehicle.

To get the higher speed, Clark Equipment Co. recommends replacing their

current M4K transmission with a six speed transmission with an overdrive

range for high speed operation. A lock-up torque converter is integral

with this transmission. Clark also recommends replacement of the 55 hp

JI Case engine with a Cummins 120 hp engine. The original drivetrain is

compared with the upgraded version in Table 26.

The drivetrain speeds for the upgraded version are shown in Table 27. For

a 5% grade, the torque requirement shown in Table 11 for an unloaded

vehicle is 1272 ft. lbs. which suggests that the 120 hp engine would not be

able to hold speed on a 5% grade. The 2% grade, however, requires a torque

of 728 ft. lbs. which translates into an engine torque of 161 ft. lbs. AL

2350 rpm, this is a power requirement of 72 hp. Allowing a typical power

/& Arthur D. Little, Inc. 7-19I
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Table 27

Drivetrain 6peeds for the Upgraded 4K RTFLT

Wheel Axle Driveshaft Engine

Speed Speed Speed Speed

MPH RPM RPM RPM

45 416.4 2831.7 2350.3

2 18.5 125.9 884.7

4..

"I

I

A Arthur D. Little, Inc.
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requirement to overcome wind resistance at 45 mph of 28 hp still totals to

only 100 hp, within the capabilities of a 120 hp engine. Thus, this

version should be capable of holding speed on a 2% grade.

5 At 2 mph and 45% grade, the loaded vehicle requires 10,443 ft. lbs. at the

wheels or 273 ft. lbs. at the engine which should be available at 2350 rpm.

The total power required is 46 hp. At this speed, wind resistance would

add very little power requirement, probably about 2 hp.

7.2.2 6K VRRTFLT

The torque requirements for this vehicle were given in Table 12. The

torque requirements for the upgraded vehicle again assumed some additional

weight penalty for upgrading the drive components including a larger

engine.

The existing Gradall 534B has a conventional front axle and a hydrostatic

drive for the rear wheels. The front axle is a two stage axle including

both differential and planetary final drive reductions. In arriving at an

upgraded version of this vehicle, we assumed that the hydrostatic drive

will be replaced with a conventional axle identical with the one selected

for the front wheels. The transmission then supplies power to both of

* . these axles. Since this vehicle has a two-stage axle, the input drive

shaft speed at a road speed of 18 mph is about 2500 rpm. Thus, increase of

the road speed to 45 mph requires a reduction in the overall axle ratio to

keep the drive shaft speed in the 3000 rpm range. To minimize this

* *reduction, a transmission having an overspeed characteristic in the top

gear range is desirable. Finally, an engine with considerably more power

*is required both for the power required at 45 mph and the torque required

at 2 mph.

One version of this upgraded drivetrain is shown in comparison with the

existing Gradall 534B (front axle) in Table 28.

04

& Arthur D. Little, Inc.
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The drivetrain speeds for the upgraded version are shown in Table 29. The

unloaded wheel torques from Table 12 for 2% and 5% grades are 1203 ft. lbs.

and 2406 ft. lbs., respectively. These translate into engine torques of

230 ft. lbs. and 460 ft. lbs., respectively. The corresponding power

requirements are 90 and 180 hp. Adding an expected wind resistance

requirement of 28 hp at 45 mph gives total power requirements of 118 hp and

208 hp for the 2% and 5% grades. Thus, the GM 225 hp engine shown in Table

28 should enable the vehicle to hold speed on a 5% grade at 45 mph.

At 2 mph and 45% grade, the loaded vehicle requires 21,948 ft. lbs. at the

wheels or 449 ft. lbs. at the engine which also should be within the

capability of the GM engine. The total power requirement at this speed,

allowing 2 hp for wind resistance, is 75 hp.

7.2.3 10K RTFLT

The torque requirements for this vehicle were given in Table 13. Assuming

additional weight for the upgraded vehicle leads to a maximum wheel torque

requirement at 2 mph for a 45% grade of 54,849 ft. lbs.

Because the existing vehicle uses an axle with an overall ratio of 24.05,

the axle input speed is 2823 rpm at the maximum wheel speed of 22 mph. If

this is increased to 45 mph, the axle input speed would increase to 5775

rpm which is unacceptable for available axles. To reduce this to our

criterion of 3500 rpm requires dropping the overall axle ratio to a maximum

of 14.57. Several commercially available axles were found in the correct

axle load range which have available ratios down to and below this maximum.

For the drivetrain option investigated further, a Rockwell axle having an

* overall ratio of 12.11 was selected as a prototype.

: q, The next problem that occurs with this drivetrain results from the

relatively low ratio chosen on the existing M10A for the International S700

transmission. This ratio of 4.322 in first gear range would result in a

required engine torque of about 1300 ft. lbs. for the 45% grade even with

the Rockwell axle. This very high torque level is normally found only on

i engines rated in the 450 to 475 hp tange. Thus, it is desirable to reduce

& Arthur D. Little, Inc.
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Table 29

Drivetrain Speeds-for the URP-raded 6K VR RTFLT

Wheel Axle Driveshaft Engine

Speed Speed Speed Speed

MPH RPM RPM RPM

45 314.4 2981 2057

2 14 132 854
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K
this torque level. This can be done by selecting a transmi 4 on which has

a higher ratio in first gear, allowing a higher engine speed and lower

engine torque at the 2 mph wheel speed.

The driveline upgrade shown in Table 30 uses a Twin-Disc powershift

Ir transmission which increases the ratio in first speed to 5.96.

The driveline speeds for the upgraded version are shown in Table 31. The

unloaded wheel torques from Table 13 for 2% and 5% grades are 3151 and 6404

ft. lbs., respectively. The corresponding power requirements are 248 hp

and 465 hp, adding an estimated 35 hp to overcome wind resistance. This

shows that the engine will have to be upgraded to maintain 45 mph on a

grade. It is likely, however, that it will prove desirable to specify the

45 mph on the lower grade rather than incur the penalties for a 5% grade.

At 2 mph and 45% grade, the loaded vehicle requires 950 ft. lbs. at the

engine. This is feasible but would require a fairly large engine,

equivalent to the Caterpillar 3406 series which are rated between 280 and

375 hp.a
If the Clark 34640 6-speed powershift transmission were substituted for the

Twin-Disc unit, the lowest gear ratio could be increased to 7.15, resulting
in a significant reduction in engine torque on a 45% grade. This would

3likely allow the use of a smaller engine. However, the Clark 34000 series

transmissions will not be available for at least 18 months according to

Clark.

The ZF Model 4WG 65 II gearbox would allow a moderate increase in gear

ratio to 6.3 which might allow a slightly smaller engine.

7.2.4 Steering Axles

The possibility has been raised in the discussion of handling problems that

it may be desirable to go to rigid-frame four wheel steering vehicles to

replace the current articulated machines. Also, it is likely that the 6K

a VR RTFLT will adopt a more conventional four wheel steering system for the

U/ Arthur D. Little, Inc. 7-26
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W Table 31

Drivetrain Speeds for the Upgraded 10K RTFLT

Wheel Axle Driveshaft Engine

Speed Speed Speed Speed

MPH RPM RPM RPM

445 284.3 3443 2651

2 12.63 153 912

AL rhrD.Ltl, n.72



45 mph version. Thus, the availability of equivalent steering axles for

each of the upgraded versions discussed in the preceding section becomes an

important question.

In general, it can be stated that the axle manufacturers provide an

equivalent or near-equivalent steering axle for each rigid axle.

For example, the current Rockwell D-140-FSH x 18 axle used on the M4K would

be retained in the upgraded version of Table 26. This is a single

reduction truck axle. There is no direct equivalent steering axle.

However, the FDS-1600 series steering axles provide slightly larger load

capacity and similar axle ratios.

However, in the case of the double reduction planetary axles used on the

larger machines, the available steering axle equivalents employ a vertical

kingpin design in most cases. It was pointed out in Section 6.5 that the

S•.[ vertical kingpin design leads to a large positive scrub radius which, in

turn, produces destabilizing steering moments during braking or when the

wheels encounter a bump. At high speed when handling stability is likely

U to be marginal, at best, such behavior is not desirable. Thus, if Ackerman

steering is selected for these larger machines, the steering axle should

.* employ a non-vertical kingpin axis which provides a small positive or

negative scrub radius.

None of the U.S. axle manufacturers surveyed provide a tilted kingpin axle.

ZF and SOMA appear to provide a full line of steering axles with tilted

kingpin axis. However, the SOMA axis is reportedly only 80 off-vertical.

Even taking the typical 2 of camber into account, this would likely leave

.- a significant positive scrub radius.

S'"ZF states that their steering axles provide negative scrub radius. Thus,

tentatively, it may be concluded that the ZF axles are the most suitable

", available for high speed operation. Parenthetically, it may be noted that

" ' ZF axles are used on the Zettelmeyer ZL75C. An illustration of a ZF axle

with titled kingpin axis is shown in Figure 30.

& Arthur D. Little, Inc. 7-29
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B
7.3 HYDRAULIC POWER STEERING COMPONENTS

Commercial components are available for implementing any of the basic

steering systems discussed in Section 6.3 A number of manufacturers supply

components but the types of interest here are described in Appendix D under

the heading, ZF Steering Gear, for convenience since this manufacturer

supplied a complete line.

As noted in Section 6.3.1, the gain or steering force available can be

varied by the selection of steering power cylinders and pumps. However,

the choice of steering gear which contains the control valve will depend

upon the vehicle configuration.

*J For cases where a direct mechanical link is possible between the steering

gear and the steering knuckle or articulation pivot, a semi-integral power

steering gear, either single or dual circuit, would be used. These units

are recirculating ball and nut steering gears, similar to those used on

passenger cars, except that the power cylinder is not integral to the

steering gear as it is in a lighter duty unit. Instead, the power

3 cylinders are separately mounted at the steering joint and are connected to

the integral control valve by hydraulic lines. The hydraulic steering

force parallels the direct mechanical link which serves as an emergency

backup and also provides driver feedback.

"" The dual-circuit design provides extra safety for larger machines where

manual steering alone would not be capable of steering the vehicle if a

hydraulic circuit failed. In this case, two independent valves are

provided in the steering gear which control two completely independent

*- power cylinders. One of these circuits is usually supplied by an

engine-driven pump and the other by a wheel-driven pump so that power

"- steering is preserved even if the engine fails.

For vehicles where no mechanical linkage can be provided between the

steering gear and the steered joint, hydrostatic steering units can be

used. They are not recommended for applications exceeding about 30 mph,

but this limit appears to be based upon operational or statutory, rather

Arthur D. Little, Inc. 7-31



than technical considerations. The steering box meters a volume of

pressurized oil to the power cylinder which depends upon the steering wheel

angle. Both engine-driven and wheel-driven supply pumps are typically used

for emergency backup in case of cylinder failure.

In addition to the basic steering gear with integral control valves,

steering component manufacturers also supply a wide variety of pumps and

valves to tailor the system to individual needs.

A variety of mechanical components are also available for the linkage

between the steering wheel and steering gear. Of particular interest for a

dual-position steering arrangement of the type discussed in Section 6.3.2,

intermediate steering gears are available which allow several steering

columns to be connected to one steering box.

.°.
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8. CONCLUSIONS

The major conclusions reached as a result of this study are as follows:

(a) Upgrading the three sizes of Army RTFLT's to 45 mph so that they can

be self-deployable appears generally feasible on the basis of the

information obtained in this study. However, limitations may be

imposed by handling characteristics and tires, especially on the

larger size units. These problem areas could not be fully resolved

with available information.

(b) All three RTFLT's will require the addition of a suspension system for

high speed operation. The most readily adaptable design is a

hydropneumatic system which can be implemented with available

S. hydraulic components and gas-over-hydraulic accumulators. The vehicle

65 frames will require modification to provide clearance for axle motion

and to mount supporting arms.

(c) Handling characteristics cannot be fully resolved without an extensive

- analysis and high speed testing. It is clear that handling problems

can occur with the articulated vehicles and the 10K size, at least,

has marginal static stability. Ultimately, it may prove necessary to

lock up the articulated joint and provide auxiliary Ackerman

pfront-wheel steering for 45 mph. Alternatively, all three machines

could be redesigned as four-wheel coordinated steered machines with

front-wheel steering for highway or high speed travel.

(d) Components appear to be generally available to implement the various
steering system options. However, there is a limitation on available

two-stage planetary steering axles which are suitable, from a handling

point of view, at 45 mph.

.( e) Significant driveline modifications are required on all three vehicles

to achieve 45 mph operation. Wider range powershift transmissions are

*required and lock-up torque converters are needed for the high speed

operation. The overall axle ratio must be reduced for the larger

A& Arthur D. Little, Inc. 8-1
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machines. Significantly higher power engines are required in all

0% three cases to provide enough power for high-speed operation and, in

the case of the 10K machine, enough torque for low-speed gradeability.

(f) Tires, in equivalent sizes, appear to be available for the 4K and 6K

machines for which there is some data on high speed capabilities.

However, it is possible that some limitation may be placed on the

distance or period of time allowable at 45 mph for tires which are

IJ suitable for rough terrain fork lift operations. Also, adjustment of

the inflation pressure to separate levels for 45 mph road operation

? "and rough terrain operation may be required.

(g) It is not clear, from the information available from tire

*.1 manufacturers, whether there is a commercially available tire for the

10K machine that can provide sufficient strength and 45 mph capability

dfor reasonable periods of operation.

(h) Ultimately, testing will be required to establish the operating

limitations at 45 mph on available tires. This data does not appear

to be available at the present.

,

.
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9. RECOMMENDATIONS

It is clear from the results of this study that the next step of

the development program leading to a self-deployable rough terrain forklift

truck must involve a combination of testing and design analysis.

Three areas of experimental evaluation are of major importance.

a Experimental testing and optimization of a suspension system,

0 Experimental evaluation of handling characteristics, especially
of the articulated vehicles,

* Tire testing under high speed conditions.

The first two of these require a vehicle test bed. Thus, it is recommended

that a development test machine be designed and built for this purpose. It
would appear that two approaches could be taken to obtain such a test bed:

* The first approach would be to select a machine similar to the

Army RTFLT's which has a suspension system and can be upgraded

V. to 45 mph. The only vehicle located which meets these criteria

is the Zettelmeyer ZL75C.

0 The second approach would be to modify either the M4K or the MIOA

to add a suspension system and upgrade the drive components for 45

mph operation. This will require a detailed layout design to

determine whether suitable components and subassemblies can be

added to the existing vehicle. The MIOA size is expected to

present the most serious handling problems and, thus, would be

preferable as the test machine.

Tire testing will be required to determine the limitations on 45 mph

operation placed on the machines by the tire heat buildup. It is

recommended that this problem be approached in the following way:

& Arthur D. Little, Inc. 9-1



0 The optimum available tire should be selected for each vehicle in

consultation with each of the major tire suppliers.

* These tires should be tested on a tire test machine under

appropriate combinations of load and inflation pressure. Heat

buildup is monitored during this type of testing by means of

thermocouples in the tires.

0 Several independent testing laboratories have the capability for

this type of testing.

If detailed analytical modeling and dynamic analysis is required to develop
appropriate vehicle handling characteristics, it is likely that tire side

force versus slip angle characteristics will be required for the tires.

This will also require special tire tests since this data is not now

available for off-road vehicle tires.

5,
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Appendix A

Computer Program "TRUCK"

for

Simulation of Vertical and Pitch Motion
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PROGRAM TRUCE::
DIMENSION STAFE(B) ,DERY(8)

COMMON /PARAM/SFPEED,WAVE,AMP-L.,AMY,AI1V,A-MW1 pAMW2 'V

I ,AL, AL1. , AL2, AH, Aki.1 , AK2,AP I , A12, (4:i
ABT,XCSG, XSTEF, YL INM, I D IF

COMMON /V AR/YO,,YIN1 ,Y'IN2,Y [-INi ,YTIN2.',1 rHE'lA, '(CdtYW2 '
1CMO ILIFT ,i... FT2,f F7 ,FY2 F X1I ,F'X 2

COMMON /DYN/"I ,TSTEP F:,'5 TATF',DERY,STIMrvF,F fIME,NS.YS, ISTii:
COMON/CONS1I/P'I,,PATH

b~ C OPf-EN (4 ,F II E= TRUCK-'. (31Ii.,r st at(..t~i-NEW'.
OPEN (5, F I LE='1TRUCK:. DBG' statu.S=7- NEW'
OFPEN (5, F I. L:E: I RLICK-'. FPRN' 73tatUS::NEW'
OIF'EN(7,F I L.E='IRU)CK-. DnT ,statLts= NjLD )
WRITE (5,930_))
PATfH = 0)
[F* (PATH.EQWJ. WRITE(5,999)

C AMY MASS )IF VEHICLE (KGt
C ATY MOMENT OF IN ER[*IA (K:.G*Ml*M)
C AMW1 MAS3S OIF FRONT' UNSP. MASS (1E.ALH) (s
C AMW2- M MA SS OF: REAR UNSP. MASS (EACH.) 0(KB)
C AL FOOT PRIiNT LENGT1H (M)

C ALl = FRONT SUJSPENSION FROM CO (M)
C AL2 =:REAR SUSPENSION FROM CG (N)
C AH HI OF CO FROM SUSP. CO)NT. (M)
C Al I SE IFF'NESS O-FRONT r3USPIENSION (EACH) (N/M)
C 12 AK2 STIFFNESS OF' REAR SUSPENS4ION (EACH) (N/M)r

* C ABt : DAMPING OF' FRONT SUSPENSION (EACH) (N*S/M1
C AE'2 =DAMPING OF REAR SUJSPENSJION (EACH) (N*S/M)
C A T TIRE STIFFNESS (N/M)

3C ABT 1 IRE DAMPING (N*S/M)
C YLIM = LIMIT OF TIRE DEFLEC"TION

~ C TDI F = STIFFNESS MULTIPLIER FOR TIRE STOP
I-A C isTI'.F = 1, FOR INF'INJ*r'EL.Y STIF'F SUSPFENSIO0Ns (NO NEED 'TO CHANGE.

C AKA1, AiK"2 ETC.)
C

*READ(7,*) SPEED
READ7,*) WAVE '

READ(7,*) AMPL
READ (7,*
READ(7I,*) AMY
READ)(7, *) (A1Y
READ(7,*) ANWi

55*READ (7, *) AMW2
READ(7,*) AL
READ (7, *) ALlI
READ(7,*) AL;?aiREAD('7,*) AH
READ(7,*) Ai::l
READ(/,,*) A P .2p
READ(7,*) ABI& READ(7,*) AB12

READ)(7, *) AR T
REAr)(7,*) 'itIM
READ(7,*) TDIF

.0.
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READ(7,*) NSYS
REA[)(7,*) isTIF
READ.(7,*) XCt

READ(7,*) STIME
READ(7,*) FTIME

C

C
REiAD(71*)

READ('7,*) iTIMER
READ(7,*)
IF'( ITIMER .E0. 0 )THEN

TSTEP XSTEP/SPEED
ELSEIF( ITIMER .ED. 1 )THEN

ELSE TTF
WRITE(*
WRITE(*, *)
WRITE(*,*)
WRITE (* ,*) 'HHITIMER can only equal C) or 1 1!1!!!'
WRITE(*,*
WRITE(*,*) 'I have taken it equal to 0 sinc~e you made a

' mistake

TSTEP =XSTEP/SPEED
WRITE(*, *)

WRITE(*,,*)
WRITE(*,*) 'Because of this................. TSTEP ',TSTEP
WRITE (*,*3 ENDI F

C
C

IF (ISTIF-EQ.1) TSTE' TSTEF/5
PSTEF = 0. 1
G = 9.8
F11 = 3.14159
T = STIME

C
IF (ISTIF.EQ.(u') GOTO 5

tAMV = AMV+2..0*UAMW1+AMW2)
AIV = AIV+2.C0* (AMW1*ALI*ALI+AMW2*AL2*AL24)
AMW1 = 0.0

16. AMW2 = 0. o
NSYS = 4

5 CONTINUE

VINI = AMV*G*AL2/(AL1+AL2)/2.0/AK1
*YIN2 = MV*G*AL1/(AL1+AL2)/2./A::2

YTIN1 (YIN1*AK1+AMW1*G)/Af::T
YTIN2-' (YIN2*A;:'2+AMW2*G)/A m:1

C
DO 10 I=1 NSYS

STATE(I) = .)
DERY(I) = C).0
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Ic'jw iWNi~ - W-W-,

"I' . 4. I Ni. It..

Fo I

C WR ITE(4,' , [,i T X , ( ,THL- I"
c WRIIE (4,9 1 t.i) YW , 4 1L.1 I f . I. 1F I.
c ~ ~~~WR I I'E ( 4,9 F V :1 P, 1F x : I:: I 1.!. '

I F (M (o ) ( I ,F i F' I I V. - . i ..I ,F 1 ' .01 1-I. L -P ).)
I WF[TE-(6,,9"'F ) I. "., IR -.E.I -' .F ,9-. 2

CAl.I RVDII-
XCi = XCFG+SPEfD* I SIf-F'
IF (T-.t.E.F'I IMF') f4.t0 '20,

"~~ C) C F1)F-0 -1A I ( 2X, " 6 , X.' H :: . 4 ,-.,: XI2! 4) X .... .F 4,:, , ,
1. ' y n X , ' -: !1 .-. ,i: I-.t , >I X , = . : :

910 FORMA I ( X, , .... I-8 , W . , . 4., . , PM
I T I I F X I 1 I- I [

20C F0R Ma A.X T X fl: V1 2,;X 1- 4 X F H. :'.X,
FX 1 -4X .,.' .X : , 4X ~ FH

930 FiJR MATW (I X 1' 1. (J 9~ 1 ' i i f* 6F f V 1 t:'! ri~ f- IJ H

940 FORMA[ (F .(1X,1::. IC). 4) 4 1 X F :. .
999 FORMAT (2X, 'NOW Er\lI r I.I. 1 N I I ' Iif3F' I'1",

END
C

iC *** RIKDIF *** ]aC
C RUNGE--KL'TA 4TH ORDER INIF ]RI. ..)i- KOUlIIN.
C VARI ADL.E.S:

C BY , Y) , Y I ., , Y , , FfRi 1 ,, IT

8UBRO LJ r INE. RK:D I F
DIMENSION Sy' (8) ,YI) (8) ,Y1 <.F) ,Y, 8H) , *iAI (8) DFRY(8)
COMMON / DYN/1 , TSTEF' ,,.. S 1 T .. , 1 ST IMP N - . PIE , NSYS, STn
COMMON /CONSTiFI , 3,F" IH
IF' (FATH . EC!. I ) WR I- [F-( , ,"i

A C I F (DEBUb. EQ. 1) WR IE (5,.'i)U)
H=rsrEF' / 2:. u

NEEW=(
cC

' .[)O 1C ( I:=~INSYS'
SY I ) (5 1'- ( I ';

"Y 0 I ) :::=.) . Y

V43TA TE" (I) :-'I-*I)FFY (l) I . I ., IF .1
1 0 CONT I NLF
C

r =+H
CALL 1U--SIM

C

D(O :20 1 1 , NSYF;
Y1. ( .[) =DE.RY (I.)
S IA TE (I) =SY (1 I I *I- F", I

,207 IJCONr F NUE
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C

CALL EOSIM

DO 'UI=1,NSYS

Y2 (1) =DERY (1I
STATE (I) =SY (I) +TSTEF'*DERY (I)

.30 CONT INUE

T=1+H
CALL EUSIM
H =H/3 0

C
DO 40 I=1,NSYS

FRT1=2.C)*(Y1(I)+Y2(I))
FPRT2."YC) (I) + DERY (I)
STATE (I) =SY (I) +H*PRTI+H*F'RT2

40 CONTINUE
C

NEW = I
CALL EOSIM

C
RETURN

999? FORMAT(2X,'ENTERING RK:DIF'/)
END

C
C
C **EDSIM

C EQUATION SIMULATION SUBROUTINE

SUBROUTINE EOSIM~

DIMENSION STATE (8),DERY (6)
COMMON /FPARAM/SF-EED, WAVE, AMFPL,AMV, AIY,AMW1 ,AMW-2
1 ,AL,AL1,AL-,AH,A[:1*,AF'2,AB1,AB'4,AK-T

2 ,ABT,XCG,XSTEP,YLIM,TDIF
COMMON /VAR/Yu),YIN1,YIN2,YTINI,YTFIN2-,THETA,YW1,YW2

* 1 , ILIFT1 ,ILIFT2.,FV1 ,FV2,FX1 ,FX2
COMMON /E)YN/T,TSTEP,STATE,DERY,STIME,FTIME,NSYS,ISTIF
COMMON /CONS'T/F1 ,G,FATH
IF (PATH.EQ.1) WRITE(5,999)

Y() = STATE(1)

DY() =STATE(2)
THETA = STATE(3)

*DTHETA = STATE(4)
p.

* IF (ISTIF.EQ.1) GOTO 20

YW1 = STATE(5)
%DYWI = STATE (6)

YW2 =STATE(7)
DYW2 = STATE(B)

20 CONTINUE
C
C SUSPENSION FORCES

YL1 Y0)+ALI*THETA
YL2 = YC-AL2*THETA
DY1 = DYO+ALI*DTHETA
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DY2 =DYO-AL2*DTHETA

IF (ISTIF..EQ.0) GOTO 30Q
A YW1 YL1

YW2 = YL2
DYWi = DYl

DYW2 = DY2
Th CONTINUE

C
FK-.1 AK1*(YW1--YL1+YIN1)
FD1 = AB1*(DYWA-DY1)
FY I = FtIK1 +FD 1
F V-*2 = AK-:2* (YW2-YL2+Y I N'2)
FD2 = AEI2*(DYW2-DY2)
FY2 = FK:2'-FD2

C OBTAIN FV1,FV2,FX1,FX2 FROM THE TIRE MODEL
XI = XCG+AL1
X2 = XCG-AL2
CALL TIRE(YW1,DYW1,X1,YTIN1,FY1,FX1,IL.IFT1)
CALL TIRE(YW2,DYW2L,X2-,YTIN2,FV2,FX2, ILIFT2)
IF' (ISTIF.EQOu) GOTO 40

FYI = FYI.
FY2 = FY2

40 CONTINUE

DERY(1) = DYG--
DERY(2) = -G+2..0*(FY1+FY2)/AMY
DERY'(3) = DTHETA
DERY(4) = 2-.0*(-FY2*(AL.2*COS(THETA)-AH*SIN(THETAfl

I 1 FX2*(AH*CQS(THETA)eAL2*SIN(THE--TA))
2 +FY1*(AL1*COS(THETrA)+AH*SIN('THETA))

3 +FX1*(-ALI*SIN(THETlA)+AH*COS(THET1A)))/AIY

C
IF (ISTIF.EQS1) GOTO 50
DERY(S) = DYWI

q DERY(6) = -6+(FV1-FY1)/AMW1
DERY(7) = DYW2
DERY(6) =-G+(FY2-FY2)/AMW2

50 CONTINUE
C

RETURN
999 FORMAT(2X,'NOW ENTERING EQSIM-)

END
C
C
C **TIRE**

SUBROUTINE TIRE (YW,DYW,X,YTIN,FV,FX,IL.IFT)
COMMON /PARAM/BP-EED,WAYE,AMPL,AMY,AIY,AMw1 ,AMW2

4w1 AL,AL1 ,AL.2,AH,AK1 'IAi:.2,ABI.,AB2,AKT,-
2 ~ABT,XCG,XSTEF',YL.IM,TDIF

COMMON /CONST/P'I,G,P-ATH
IF (PATH.EO.1) WRITE(5,999)

ILIFT = C-
YV = WAYE*AMPL*SIN(PI*AL/WAYE)*SIN(2.0*PI*X/WAVE)/PI/AL
DYAY = 2.0:*AMP'L*(SPEED/AL)*SIN(P'I*AL/WAYE)*COS(2.o-*pI*XWAVE)
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YDIF YAV-YW+YTIN
FYK:: = (-T*YDIF
FYB =ABT'*(DYAY-DYW)

F') FYK+.4FVB
Y1 =fML *S IN (2.O*P I(X -(AL /p.0))WAVE)
Y2 AMFL *I N(2. )*PI(X +(AL /2. ()) )/WAVE)yAINJi =P (I I/ WAVE) * (Y23*BORTI (AMFL *rMPL - Y 2*Y2)

1-Y1I*SORT ((4MFL*1MF-Y 1*Y1I)
p. +gMPL*rMIPL*2. u-*L/WYE)

FX =(Y2-Y1 I) * (DYW*(ABT+4 (YW-YlI N) *i*KT) /AL
1 -Ak'T* (Y2*Y2-Y1*Y1) /2. Q/jl-

2 -SPEED*(ABT/AL)*V1NT1
IF (FY.LE.0'.cr) 'THEN

FX C0.0f
F-) 

( 
T

ILIFT 1.
ENDI F

IF (YDIF.L3E.YLIM) THEN
FEXT = ('TDIF-1.0) *A .T * (YDItF--YLIM)
F'V = F') + F EXT
FX = FX + FEXT*(Yi--Y2)/AL-
ENDIF

RETURN
999 FORMAT(Xq'NOW ENTERING TIRE')

END
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20.. 12 SPEED
4.31 WAVE
0. 076 AMPL

4354. 6 AMV

5915. e. AIV
226.8 AMW I
226.8 AMW2
.09 AL
1.26 (L 1

1.07 AL2.
28 A

2566"'.9. AF:I 1
2566"39.

.- 125'. AB I

1253 AB2

61-1704. AFV:T
44 1.5 AB-

0. 15 Y1 I M
I (. 00 TD I F
8 NSYS
U0 I.STIF
0. 0 XCG

S1. F I ME

ITIMER = 1 to choose your own ISTEF', or else =0.
"1 I Tr I < -R

.045 T Si EF

,-'.

,
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Appendix B

Analysis of Lateral Stability and Response
of Articulated Fork-Lift Trucks
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i ____________

B-I Equations of Motion

A schematic diagram of the articulated vehicle is shown in Figure B-1,
where the centers of masses for the two halves of the body are defined.

The tire forces of each body segment are shown as X. along the axis and Y.5 lateral to the axis. 1

The resultant velocities of the two body segments are,

2 22()
N V1  = u1  + V i

2 2 2
V2  = u 2  + v i  

(2)

The velocity relationships at the hinge joint can be written,

P% u2 = u cos 0 -(v b r ) sin 0 (3)

-U 2  1 (3)

v 2 = U1 sin 8 +(vi- b1rl) cos 9 (4)

r2 = r1 - 8 (5)

Combining Eqs (1) through (5) gives

V 22 =  u22+ v 2 2 + (v 1  2
2 2 2-

- 2a r [ulsin 9 + (v b rl)Cos 0] + a r (6)
. 2 1 1  2 2

The total kinetic energy in the system can be written as,

a-

-UT = 16Min 2 + 2 )+ 1/2 m u2 +V2
(Ul2  vi2) m2 (u2 2

+ 1/2 l1rl 2 + 1/2 12r2
2  (7)

Where mi and Ii are the masses and moments of inertia of the two segments.

* -. Substituting Eqs. (5) and (6) into (7) gives,

AL Arthur D. Little, Inc. B-i
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Figure B-I

Schematic Diagram of An Articulated Vehicle
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T - 1/2 m 1 (u 2 + v1 ) + 1/2 m2 [U2 + (v - br) 1

• g ~ ~~- m2a2r2  [UlSin g +( 1 -b r ) c s 8
2 21 r 2  1 (8)

+ 1/2 a2 rm2 + 1/2 1lrl 2 + 1/2 1 (r-4)2  (8)

Differentiating T with respect to u gives,

T M u1 - m2a2 (r1 - ) sin 9 (9)

where M =m 1 + m2  (10)

Differentiating T with respect to v1 gives,

T =M v - m (b + a cos ma cos E (11)
a v 1 -m 2(b 1  2 ) 1 + 2 2

Differentiating T with respect to r1 can be shown to give,

. 3r1D Jr1 - m2 (b1 + a2 cos )v 1

- m2 a2 u1 sin E - J2  (12)

where J = 1 + J2 (13)

and J1I1 + m2 b (b + a2 cos) (14)

.2=12 + m2 a2 (a2 + b1 cos 0) (15)

La Grange's equations can be written,

/

it Arthur D. Little, Inc.
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d- a 3T Qi (16)
dt

Since 41 uI

|; 4,c2 = v 1

43 = r 1

' dT
d. 0 (17)
dq.

1

d 3T (8
dt Qi (18)

The external forces and moments are,

XQ1 = X1 + X2 Cos 9 + Y2 sin 9 (19)

Q2 
= Y 1 

+ Y 2 cos @ - X 2 sin e (20)

Q3 = alYl - (bl + c2 Cos 9) Y2 + b1 sin 0 X2  (21)

Combining Eqs. (9), (11), (12), (18), (19), (20) and (21) gives,

M( - v1r1 ) - m2 a 2 (i - ) sin 9 - m2 a 2 (rl - $)O cos 9

=X I + X 2 cos G + Y 2 sin 9 (22)

M ( + Ulr m2 (bl + a 2 cos ) r +mar sin 9

1 1 2 21 22 1

+ m2 a 2 W cos - m2 a 0 sin 0

YI + Y2 cos 9- X 2 sin G (23)

', J I -m (bI + a2 Cos )V + Ulr) - ma2 sin 0) (Ul - Vr)1 2 2

+ m2a 2 v 1 Osin 0 - m2au cos e - J2 "

a Y - (b1 + k2 cos 0) Y2 +(b1 sin 9)X 2  (24)

& Arthur D. Little, Inc.
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Eqs. (22), (23), and (24) can be simplified by making the following
~assumpt ions :

(a) 0 is a small angle so that

I cos 0 = I

sine -" 0

(b) the motion is "linear" so that the higher order velocity

terms vlrl, rl , and 2 can be neglected.

(c) the axial velocity is constant so that U 1  0 and uI = U

These reduce Eqs. (22), (23), and (24) to,

M(VI + Ur1 ) - m2(b 1 + a2 )I + m2 a 2 = I + Y2 (25)

J r 1 - m 2 (b1 +a 2 ) (v 1 + Ur1) - m2 a2UO - J2

= aYl -(k 2 + b1 )Y2  (26)

If we make the further assumption that the hinge joint is rigid, then 0

caa be considered a fixed or known time variable parameter rather than
a variable. Defining the front section sideslip angle,

K1 = vI / U (27)

3then allows Eqs. (25) and (26) to be written.

M U + r - m2 (b + a = Y + Y - ma2 (28)
r) 1(2 1 2 ~ 1 1 2 2 2

Jr 1 - m2 (b1 + a2)U(BI + rl) = aY1 - (22 + bl) Y 2

22+ m2a2U4 + J2 (29)

Equations (28) and (29) are the equations of motion of the vehicle under

the simplifying assumptions made in the preceding paragraphs. The dependent
variables are the yaw rate of the front section, rl, and the sideslip angle

at the c.g. of the front section, 81.

The tire side forces Y1 and Y 2 , can be derived neglecting camber and traction

effects, roll steer, and compliances.
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Assuming linear behavior,

Y1 = Cla (30)

Y2 = C2 2  (31)

where C 1 2 are the cornering stiffnesses

1a,2 are the slip angles

The slip angles can be defined in terms of velocities and geometry.

tan aI = vl + air(Ob. U l (32)

.0, 1

.which for uI = U and small a1 becomes
a

ai +1 a-- r I  (33)

tan 2 = v - b2 r2
u 2

= uI sin e + (vI - blrl) cos 9- a2 r2 - b2 r2

u1 cos 9 - (v1 - blr 1 ) sin 9 (34)

* For small angles 9 and a2 and uI = U, Eq. (34) becomes,! ' £2

9 + 1- (bl)r - (r -U

Z2+ b I

-( )r I + E + ( 2) (35)

Substituting Eqs. (34) and (35) into (30) and (31)

Y C1 1 +  ) (36)
U

Y2 C2 (8 - (2 + rI + 9 + Z ] (37)

U U

AL Arthur D. Little, Inc. B-6
4 B-6 ' ~-...-



and substituting Eqs. (36) and (37) into (28) and (29) gives, after some

manipulation,

MU6 1 Yi - m2 (b + a2) 1 + (MU - Yr)ri

S= C2(0 + k_2 )-m a (38)
2 U 2

where
Y _ C1 + C2  (39)

r aCl- U + 2)C2  (40)
U

Similarly,

Jrl - Lm2U(bl + a2) + Nr 1

- m2 U(bI + a 2) 1 - N

- (k + bl)C 2 (9 + 9 )  m a2U2 + J29 (41)

(2 10) - m2a 2 (41

where N ; al 1 - (£2 + b1)C2  (42)

2 )2
N r 1 (2 C2 (43)

U

Eqs. (38) through (43) represent a set of linear differential equations
for 1 and r1 , assuming small angle, 9, constant velocity, u= = U, and

"* linear tire forces.

B-2 Stability Considerations

Taking the LaPlace transform of Eqs. (38) and (41) and writing them in
%. matrix form,

N

ALArthur D. Little, Inc.
0B-7



Bi

(MUS - YI) [-m2 (bI + a2 )s + (MU - Y 1s)

-m2U(b I + a2 )s + N [Js - (m2U(b I + a2 ) + Nr) rl(s)

,2
2 92 + C(44)

2 2 2 U 2

92 ( 2 +b(s)

2 [2 + U1)2 + m2a2]s - ( 2 + blIC2

The stability of this system can be examined by determining the roots or

eigenvalues of Eq. (44). These are determined by setting the left side

i of the equation equal to zero and solving for the roots of the polynomial
in s.

2
. As + B s+ C = O (45)

where

A U[MJ- m2 (b + a2 2 (46)

B -JY- UMN + m2 (bI + a ] - m2 (bI + (47)"r 2 -1Y 2[~ aY r  2 a12) 8 ,

C = U[m 2 (bI + a2 )Y + MN8 ] + [Y N - YrNr] (48)

If we make a further assumption that the articulation angle is fixed
(0 = constant), we can obtain a steady state solution for sideslip angle
and yaw rate from Eq. (44) which becomes,

+ a)Y MU - YrI C 2 (49)

" ~-N8 -[m2U(bl + a2)+Nr rl-2 + b)C

,AL Arthur D. Little, Inc. B-8
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Solving for BI and rl

= -[Nr + m2 J(b1 + a2)] C2 + (MU - Y)(Z2 + b1 )C2  (50)

A

Y (Z + b C+N C
r 1  2 b)C 2 

+  2 (51)
1 A

where

U[MNB+ m (b + a2)B] + YNr -NY (52)
2 1 2 B - r

A can be defined as an understeer/oversteer parameter.

We will note, without actually deriving the equations, that the preceding

analysis can be repeated for a front-wheel steered vehicle resulting in

j a simplified steady-state solution in which the understeer/oversteer parameter
is of the form,

A =MUN + Y N - YrN (53)
B r rB

It can be seen that the understeer/oversteer parameter for the articulated

vehicle has an additional term. Also, the other force and moment

parameters differ as follows:

Front-Wheel Steer Articulated Steer

Y = Cl + C2 YB = Cl + C i

NB 1aC - bC NB a1 (z2 + bl)C2

P=aC I -bC 2  = ac -( b)

1 2 2 1 2 1i2r r

N =a2c + bc 2 a2c1 + (
r 1 2 N 2 (11 2 + 1  

2r

U U

Arthur D. Little, Inc.~B- 9
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B-3 Vehicle Geometry and Weight Distribution

It is possible to examine the under-oversteer parameter defined in the
preceding section for a particular vehicle if we know details of the
geometry and weight distribution for the vehicle. Although we do not
have this data for any of the vehicles of interest, we know enough
about the existing Army vehicles, the M4K and the MIOA to make some good
approximations. The geometry factors required are derived here.

Figure B-2 shows the centers of mass of the vehicle and the two body
segments along with the various geometrical factors.

It is clear that,

a + b = Z1 + k2 = k (54)

The definition of the center-of-mass can be used to determine that,

w I (b + a - Z1) =w 2 (a2 - a + 1 ) (55)

which yields,

a (£1 + a2 )w2 + (91 - 1 )w1  (56)
w

since w I + w2 =w (57)

Eq. (54) then gives,

(9,- a2 )w + (£2 b)W (58)Sb 2 ( 2 2 (2 11(8

w

Defining, - 1  (59)

w

and substituting into Eqs. (56) and (58) gives,

a = £1 + [a2 (l- n) - bnj (60)

b = £2 - [a 2 (l-n) - b1 n] (61)

% Thus,
bl = (l) + (a_£1) (62)

a, = 91 - b (63)

b2 = i2 - a2  (64)
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IFigure B-2

Mass Distribution and Geometry Factors
for the Articulated Vehicle
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A
B-4 Tire Data

The analysis in the preceding sections requires tire data on cornering
stiffness for numerical solutions. Tire manufacturers were contactedP and stated that this data is not available for the off-road vehicle
tires used on the RTFLT's. However, data was found for similar sized
truck tires in Reference (23). This is summarized in the graph of
Figure B-3.

For the MIOA, which uses 20.5 x 25 tires at 90 psi, the data was taken

directly from Figure B-3. The front tire load is 6200 lbs. for a
coefficient of 0.134. The rear tire load is 12,150 lbs. for a coefficient
of 0.083. The corresponding cornering stiffnesses for two front and two
rear tires are:

Front, C1  -10.134)(12400)(180) =95 ,210 lb/rad.

SRear, C -(0.083)(24300)(180) -115,570 Ib/rad.
2  77

For the M4K, the nominal inflation pressure is 45 psi instead of 90 psi

and there is no available data at 45 psi. For front and rear individual

tire loads of 2343 and 2520 lbs., respectively, Figure B-3 would give a
cornering coefficient of about 0.15. It is known that this coefficient
decreases as the pressure decreases. In lieu of any data, we have

assumed for the purposes of a first approximation that the coefficient
at 45 psi is 0.12. This allows the calculation of the cornering

•4 "stiffnesses:

C = -(0.12)(4685)(180) = 32,212 lb/rad.

C -(0.12)(5040)(180) 34,652 lb/rad.
2T

]] /t Arthur D. Little, Inc.
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15-22.5/H TRUCK TIRE
@ 90 PSI

From "Mechanics of Pneumatic Tires", Ref. (23)

I .20-

.18

.146,-

*12-

40

.1
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.06--

2 4 6 8 10 12

.LOAD, KIPS

r, Figure B-3

- Cornering Coefficient vs. Load
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B-5 Vehicle Calculations

(a) M4K

An assumed weight distribution for the two body segments was made for the
M4K using the following geometrical paramaters as covered in Section B-3.

a1 = a2 = 23 in. = 1.9167 ft.

b1 = b2 = 23 in. = 1.9167 ft.

k = X 2 = 46 in. = 3.8333 ft.

W, = 4507.5 lbs.

w = 5217.5 lbs.

w = w1 + w 2 = 9725 lbs.

A second case was also calculated assuming that the centers of mass for the
two segments were about one-half the above distances from the wheel centerlines.
The results which will not be reproduced here showed the same critical speed.

The resulting force and moment parameters for the M4K are:

Y= C1 + C2 = -32,212 - 34,652 = -6.6864 x 104 lb/rad.
!J ,N ale I - (2+ bl)C 2

- 1.9167 (-32212) - (5.750)(-34652) = 13.75083 x 104 lb-ft

r G 2. b)rad.

UY= aCl - (Z2 + b)C 2 
= 7 .12 6

2 2 x 104 lb-ft

rad.

Ur ac + (22 + bi) C2 = -126.40203 x 104 lb-ftrad.

* "The vehicle masses are:

M w _ 9725 lb-sec
32.5 ft.

* w2  5217.5 162.03 ib-sec2

2 g 32.5 ft.

Substituting the above parameters into Eq. (52) gives,

A = 59.52 U + 747.18309 x 108

U

AL Arthur D. Little, Inc. 14
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which can be written as,

UA = 59.52 (U
2 + 12.55 x 10 )

9This shows that A is always positive and may be considered an understeer
vehicle by this analysis. There is no critical speed at which an abrupt
change in stability would occur.

A similar calculation can be performed assuming that the M4K has the same
mass distribution but is steered by its front wheels instead of by body
articulation. Here Eq. (53) and its corresponding relations for Yr, N6, Yr
and Nr are used. This calculation which will not be reproduced here shows
that the vehicle would be expected to be oversteer but the critical speed
is very high, of the order of 360 mph.

(b) MIOA

, .P. Using the manufacturer data for the location of the center of mass and the
wheel loading, the following weight distribution was assumed for the MlOA:

a I = 0

2 = 50 in. = 4.1666 ft.

bI = 48 in. = 4 ft.

b2 = 10 in. = 0.8333 ft.

£ = 48 in. = 4 ft.

z = 60 in. = 5 ft.

a = 71.51 in. = 5.959 ft.

b = 36.49 in. = 3.041 ft.

w1 = 9920 lbs.

w = 26,780 lbs.

w = w1 + w2 = 36,700 lbs.

The resulting force and moment parameters for the M1OA are:
YI G 1 + C2 = -2.1078 x 105 lb/rad.

N6 = 10.401 x 105 lb-ft/rad.

UYr = 10.401 x 105 lb-ft/rad.

UN = -93.612 x 105 lb-ft/rad.

M w = 7 lb-sec 2

g ft.

w2  lb-sec 2

2 - = 831.689 ft.

i& Arthur D. Little, Inc. B-15
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Substituting into Eq. (52) gives,

A -2.462 x 10 8 U + 8.9134 x 1011U U

or UA= -2.462 x 108 (U2 - 3620)

Thus, the critical speed is determined by,

1/2
% U = (3620) = 60.2 ft/sec.

= 41 mph

Using the same weight distribution but assuming a non-articulated front

wheel steering vehicle, Eq. (53) and its associated parameters can be used
to obtain
b 8 2

UA = 2.4609 x 108 [U2 - 3792]

which gives a critical speed,

IN U = (3792) 1 /2 = 61.6 ft/sec.

= 42 mph

b which is virtually the same as that for the articulated vehicle.

I
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3 Ag~endix C

Sources of Information Consulted
During the Study
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C.1 Overall Vehicle Design

1. J.I. Case
P.O. Box 5215

Terre Haute, IN 47805
Louis T. Jensen, Engineer, (812) 466-1236
Jerry A. Waite, Government Marketing, (414) 636-7546

2. Dresser Industries, Inc.
International-Hough Division
755 South Milwaukee Ave.
Libertyville, IL 60048
John Kurowski, Engineer, (312) 367-2354
Ken Houtz, Engineer, (312) 367-2370
Fred Wolter, Government Sales, (312) 367-2838

3. The Gradall Co.
406 Mill Ave., SW
New Philadelphia, OH 44663
Rich Liggett, Chi(- Engineer
Rod Reese, Manager, Military Sales (216) 334-2211

4. Coyote Loader Sales, Inc.
N.A. Distributors for Zettelmeyer
4300 Crane Centre Dr.

K Streetsboro, OH 44240
Steve Kabay, President, (216) 562-4811

5. Standard Manufacturing Co., Inc.
Dallas, TX
Jim Kurowski, Engineer, (214) 337-8911

6. Harnischfeger Corp.
Milwaukee, WI 53201
William Stucker, Specialized Products

7. Deere & Co.
Moline, IL 61265
Victor C. Pierrot, Division Manager, Special Projects
William Long, Division Manager, Government Sales (309) 752-5581

8. Trantor International Ltd.
38 Station Rd.
Heaton Mersey, Stockport SK43QT
United KingdomI G.A.B. Edwards, Chairman & Managing Director

9. The University of Leeds
5 .Department of Mechanical Engineering

Leeds LSZ 9JT
United Kingdom
D.A. Crolla
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. . .

C-2 Driveline Components

1. Clark Equipment Co.
Buchanan, MI

Roger Warner, Manager Government Sales and Applications
(616) 697-4467

2. Rockwell International Corp.
2135 West Maple Rd.
Troy, MI 48084
Larry Bowman, Manager, Off-Road Engineering

(313) 435-1501

3. Twin Disc, Inc.

Racine, WI 53403
Robert W. Bachmann, Application Engineer
(414) 634-1981

4. Dana Corp.

Spicer Division

P.O. Box 2424
Fort Wayne, IN 46801

Vince Kelble, (219) 483-7174

5. ZF of North America, Inc.
500 Barclay Blvd.

Lincolnshire, IL 60069
David L. Steinmuller, Account Manager
(312) 634-3500

6. SOMA of America, Inc.
P.O. Box 9368, Briarfield Sta.

Hampton, VA 23670
W. Douglas Richardson, Jr., Sales Representative
(804) 827-0310

7. Eaton Corp.
Axle and Brake Division
P.O. Box 4008
Kalamazoo, MI 49003
Rich Melkerson, (616) 342-3018

8. Borg and Beck
Division of Borg-Warner Corporation
6700 18 1/2 Mile Rd.

• Sterling Heights, MI 48078
(313) 739-6000

i
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m
C.3 Tires

1. The Goodyear Tire & Rubber Co.
Technical Center
Akron, OH 44316-0001
A.V. Musci, (216) 796-3863
Area Accounts Manager, Off-the-Road Tire Applications

2. Michelin Tire Corp.
P.O. Box 19001
Greenville, SC 29602

pFrank R. Grimaldi, (803) 234-5275
Government Applications, Product Engineering Group
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ROCKWELL FRONT NON-DRIVE AXLES
Hubs and Drums

Rating I) Brake Types and Sizes C3, Studs, Bolt Cir, Dia.
Axie Series Pounds (Kg) Inches (mm) Inches (mm)

FC-901 7,000 Cam-Master T 15 x 3 5 (381 x 89)
(3175) Stopmaster

FD-931 9,000
F-7(4100) Cam-Master T 1
FF-971 12.000 Stopmaster 15 x 4 (381 x 102)

Center-Point' (5400)
FF-941 12,000 Cam-Master T 15 x 4(381 x 102)

Easy Steer (5400) Stopmaster 10 Stud, 11 25 (286)
Stopmaster 15 x 5 (381 x 127)
Cam-Master 0 165 x 5 (419 x 127)
Dura-Master Air Disc ADB 1540

FF-942 13,200 Cam-Master 0 16 5 x 5 (419 x 127)
Easy Steer (6000) Stopmaster 15 x 5 (381 x 127)

FG-941 14.600 Dura-Master Air Disc ADB 1540
Easy Steer (6600)

FL-941 20.000 Cam-Master Q
Easy Steer (9100) Stopmaster 15 x 6 (381 x 152)

Stopmaster 17 x 6 [432 x 152) 10 Stud. 11 25 (2861
Dura-Master Air Disc ADB 1560 10 Stud. 13 19 f335)

FL-951 22.000FL-951 (10000) Stopmaster 17 x 6 (432 x 152)

4 FU-910 28,000
_," (12700) Cam-Master 2025 x 5 (514 x 127) 10 Stud. 13 19 (335)

b

a ROCKWELL FRONT DRIVE AXLES M114ladmHubs and Drums
Axle C@peety Ratios Broke Types and Sizes Studs, Olt Ck. DILe.
swim Pounde (KO) (Otr Available) Inhe (mm) hihes (mm)

FDS-75 7,500 (3400) 6.14, 6.20, 6.80, 6.83, 7.20 Hydraulic Disc 15.4 x 1.5 (391 x 38) 6 Stud, 8.75 (222.3)
Cast spoke wheels

FDS-90 9,000 (4100) 6.14, 6.20, 7.20 Stopmaster Air/Hyd. 15 x 4 (381 x 102) 10 Stud, 11.25 (286)
_ _ _Hydraulic Disc 15.4 x 1.5 (391 x 38) Cast spoke wheels

FDS-1600 16,000 (7300) 4.63, 5.29, 5.83, 6.17, 6.50, 7.20, 7.80, 8.20 Stopmaster Air!Hyd 17.25 x 4 (438 x 102) 10 Stud, 11 25 (286)

FDS-1805 Double Reduction - 5.91, 6.38, 7.42, 8.04,
8.69, 9.04, 9.76, 10.11, 11.364

* FDS- 1807 21,000 (9500) Single Reduction - LH Gearing
4.11, 4.33, 4.62, 4.89, 5.29, 6.17, 7.40

FDS-1808 Single Reduction - RH Gearing Stopmaster Air/Hyd. 17 x 6 (432 x 152) 10 Stud, 11.25 (286)
4.11, 4.63, 5.29, 6.17, 7.40 10 Stud, 13.19 (335)

* FDS-2100 Single Reduction - RH Gearing
4.11, 4.63, 5.29, 6.17, 7.40

FDS-2101 21,000 (9500) Single Reduction - LH Gearing
23,000 (10500)04 4.11, 4.33, 4.62, 4.89, 5.29, 6.17, 7.40

FDS-2102 Double Reduction - 5.91, 6.38, 7.42. 8.04,
8.69, 9.04, 9.76, 10.11, 11.36(ft
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GCW(j) Pounds (Kg) Housing Housing Hubs and Drums
Rating® Highway Size at Wall Thickness Brake Types Studs, Bolt

Axis Pounds Ratios Spring Seat at Spring Seat and Sizes® Circle Dia.
! Series (Kg) Turnpike Paved2 Description (Others Available) Inches (mm) inches (mm) inches (mm) Inches (mm)

3,000 29.000 29,000 Hypoid 4.88, 5,29, 5.83, 6.20. 425 x 3.8125" D.140 I300 2,00 2,0 Sing. .7(9)6 Stud, 8.75 (222)

(5900) (13000) (13000) Red. 6.80, 7,80 (108 x 96.8) .375 (95)

F 15.000 35,000 35,000 H 52,.poid 83. 4 . 25 x 3.8125

0ng 5.29, 5.83, 6.14, 25385 7Stopmaster 15 6 Stud, 8.75 (222)
(6800) (16000) (16000) Red. 6.83, 7.17 (108 x 96.8) 3 (95) (381 x 127)

Cam-Master 165 x 5
(419 x 127)

Cam-Master 16.5 x 6
17.500 50,000 50,000 Hypoid 3.73, 4.10, 456, (419 x 152)

7 (8000) (23000) (23000) Sing. 4.88, 538, 5.86. 6.14, Stopmaster 15 x 6
Red. 6.83, 717, 7.80, 8.20 (127 x 108) S375m(515)H 72 Re(381 x 152)

Dura-Master Air Disc
_ADB-1560

72 18.500 50.000 50.000 Hypoid 3.73. 4 10, 4.56, 5 x 4 25
84n00 000) (000 g 4.88. 5.38, 5.86, 6 14, (127 x 108)8400) (23000) (23000) Red. 683. 7 17, 780, 8.20

20.000 50.000 50.000 Hypoid 3.73. 4 10, 4.56. 5 x 4.25
M172 Sing. 488, 5,38, 5.86. 6.14. 375 (95)(9100) (23000) (23000) Red 6.83. 7.17, 7.80, 8.20 (127 x 108)

3.55, 373, 3.90, 4.10.
22,000 65.000 65.000 4.33, 4.44, 4,63, 488. 5.25 x 4.625.. Q100 2,00 ,00 6.0 Sing. 375 (9 5)
(10000) (30000) (30000) 5.29. 5.86, 614. 6.83, (133 x 117)"Red e.7.17. 7.80

R-155 23.000 75,000 65,000 Hypoid 3.36, 3.73, 3.91, 4.10, 5.25 x 4.625
(10500) (34000) (30000) ing. 4.30, 4.56, 489 5.38 (33 x 117) 50 (13) Cam-Master 16.5

3Red 5.57, 6.14. 7.33 (419 x 178) 10 Stud. 11.25 (286)

H eStopmaster 15 x 7
R-255 23,000 85.000 85,000 e 4.64, 591, 9.76. 1136. 5.25 x 4.625 .50 (13) (381 x 178)

(10500) (39000) (39000) Red 12.82 (133 x 117) Dura-Master Air Disc

H d 3.42, 3.55, 3.70, 3.90. ADB 1560

RL17 20,000 127.000 100000 g 4.11. 4.33, 4.63, 4.88, 5.25 x 4.625 375 (9.5)(9100) (58000) (45000) Red. 5.29, 5.57, 5.86, 6.14, (133 x 117)Red 6.83, 7.40
hHd 3.42, 3,55, 3.70, 3.90.

R, 170 23,000 127,000 100,000 Sing. 4.11, 4.33, 4.63, 4.88. 5.25 x 4.625 .50 (13)
SIi) (10500) (58000) (45000) ed 5.29, 5.57. 5.86, 6.14, (133 x 117)ed 6.83, 7.40

23,000 127,000 100,000 Hyp. Hel. 5.49, 610, 6.43, 6.86 525 x 4.625
Dble 7.23, 7.84, 9.11, 10.13, (133 x 117) 5R.(10500) Red. 10.97

20 70 , Hypoid 3.70, 3.90. 4.11. 4.33, 5.50 x 5.50 Cam-Master 16.5 x 7.S -7 26 0 0 1 7 0 0 00 0 0 Sing. 4.63, 4 88, 5.29, 5.57, ( 4 x 1 0 56 (14)(4 9 x 1 8
(12000) (58000) (45000) Red. 6,14, 6.83, 7.40 (140 x 140) (419 x 178)

3000 0,000 Hypoid 3.70, 3.90. 4.11, 4.33.
U-170 3.0004 127,000 100,000 Sing 463. 4.88. 5.29, 5.57, 5 50 x 5 50 .56 (14)(13600. (58000) (45000) Red 614,6.83, 740 0140 x 140)
".___ 16400)

29,000,
36.000 ,00 Hyp Hel. 5.91,638, 651. 703, 550 x 550

U-240 (300,4 (9000) (9000 Dble 721, 779, 8.65. 9.76, 140 x 140 56 (14)
._U24 (13200, 3W0) (39M) Red. 1046, 1136, 1453 (140 x 140)

•., 16400)

30.000, .9616Cam-Master 16.5 x 7
3 127000.000 Hyp He. 5.49 610 6.43 686 550 x 550 (419 x 178) 10 Stud, 11.25 (286)U-270 13600e 723 7.84, 9.11. 1013 (140 x 140) 56 (14) Cam-Master 18 x 7 10 Stud, 13.19 (335)(13600. (58000) (Red 1097
16400) (457 x 178)

H poid 370,390, 4.11.4 33, 650 x 550
W-170 42.000I4 27,000 100,000 ing. 463, 488, 5.29, 5.57. 65 (140(17300, (58000) (45000) Red 6 14, 683, 740 (165 x 140)

"-* t_ _ 19000) _______ ___ _____
38000

0 42.000 127,000 100,000 Hyp Hel 549, 6 10, 643. 6.86, 650 550
W-7-200 2,0 0,0 Dble. 7 23, 7.84, 9 11, 10 13. 6 0x50 66 (171

(17300? (58000) (45000) Red 1097 (165 x 140)
19000)

I

":" D- 3

u



Rockwell planetary axles are designed for a dependable axle shafts and gearing designed
wide range of heavy-duty applications, and engineered to meet your requirements.
Steering axles, rigid axles tandems and Planetary tandem and tridem axles feature
tridems ... all with a wide selection of gear through-drive in-line design with optional
reductions, capacities, brakes and vehicle driver controlled inter-axle differential to
mounts to meet special needs. provide maximum utilization of pulling power

in off-road use as well as speed and
Whether on- or off-highway - huge dumps versatility for highway travel. Optional
or heavy-haulers - rough terrain or truck overdrive carriers provide ratios that are
mounted cranes - front end loaders, lift designed to maintain the minimum speeds
trucks, log skidders or other special purpose required by most states for highway travel.
vehicles; there is probably a Rockwell axle
combination to meet your needs. Special TA-Series transmission/axle

combination assemblies are available for
. All Rockwell planetary axles feature rugged smaller lift trucks and other short wheel base

rectangular shaped axle housings, strong vehicles.

• ". TYPICAL USAGE 0
AXLE TRACK

SERIES VEHICLE LBS. KGS. OVERALL RATIOS RANGE
NSM-820 R R T CRANE 27.000 12.247 80"-81 38"

2032 MM -2067 MM

PSS-165 SPECIAL PURPOSE 12.500 5.760 1430.1526.1609 1744.1925,2046,2244 67-795"
PSS- 166 2376.2574 1702 MM -2019 MM

PSC-204 REACH TRUCK 20.000 9.070 1430,1609, 17 44. 1925, 20 27. 2046. 795"-83"

PSC-205 2244. 2255. 2376.2574 2019 MM -2108 MM.

P R T CRANE 1430, 1609, 17441925.2027. 2046. 80'
PSC.353 REACH TRUCK 22.000 10.000 22 44. 22 55, 23 76,25 74 2032 MM

PSC-593 1560.1755. 1903. 2100.2211,2232,

R T CRANE 25.000 11.337 24 48.24 60.25 92.2808 79-84"
1665,1609.1744.1755.2006.2100,2211, 2007MM-2134MMPSC-594 22 32. 24 48. 24 60, 25 08, 25 92, 28 08

PSM-593 RT CRANE 25.000 11.340 1560.1665 1755.1903.2100.2232.2448. 75-807
PSM-594 2592,2808 1905 MM -2050 MM
PSM-596 R T CRANE 25.000 11.340 1332.1342. 1476, 1480,1665,1903.21 00.2220. 81" -82"
.__, PSM-596 R T RN_2.0 1 0 2448.24 60,2580,2592.2808.2952 1 2057 MM -2083 MM

PSC-723 R T CRANE 28.500 12.930 1794.2065.2239. 2470.2602. 2626 81-
28 80.2894.3049,3303 (2057 MM)

* :, *~ PSM-824
PSC-824 R T CRANE 28.000 12.701 13 32.13 42,14 7614 80. 16 6519 03 2100, 80"-99"
PSOC-824 30.000 13,608 22 20. 24 48, 24 60. 25 80. 25 92,28 08. 29 52 2032 MM- 2515 MM.
(Trunnhon-Mount)

PSM-826 RT CRANE 35.000 15.876 1332.1480.1665.1755.1903.21 09.2220. 81 38"- 114"
2460, 2580, 2592.2664. 2808 2067MM -2642MM

PSM-1044 R T CRANE 35.000 15.876 1211.1332.1480.1665,1755,1903.2109. 81375" -96"
PSC-1045 2220.24 60,2580. 2592. 2664.2808 2067MM -2438MM

1332 1480 1665 1755 19'3 2109 2220
PSM-1614 49.000 22,226 2460 2580 2592 2664 2808 875"- 101
PSC-1614 53,000 24.041 1567 1741 206521562239 2480 2612 2223MM -2565MM

2894 3035 3049 3134 3303

.1'q 1211.1342,1440.1480.1665. 19032100.

PSC- 1615 R T CRANE 50.000 22.675 22 20.23 40.2664 87 5"-101
1425. 1578. 1652, 1741. 1959, 2239.2470, 2223 MM -2565 MM

_2612 2894, 31 34
2 11276 '332 '404 1480 1560 1600

Fh, 1755 1903 100 22 20 24 60 25 92

PSLM-1616 SPECIAL PURPOSE 40.000 18.144 2808 3096 100"- 1191
Drop Box 914948990 1043 1100 2540MM -3023MM

1 9 1189 1237 1304 1414 1560 1650

1 828 1926 2086 2300
PSC-1875 1 49 1938 2028 21 38 2253 2405 99" 121

24 49 ?89 3033 3207 3553 3848 2515MM -3073MM

PSC-4564 R T CRANE 70.000 31 752 Iq 19 38 20 28 21 38 22 53 24 05 112'
D- :4 2 4'49 28PH i 33 32 07 35 53 38 48 2845MM

D-1:7.~ ~ . 4 ~. ~ ~ \\.2*~* **~<~*~*~*... -:.-.:-:



PRSRE, plntr riidaxe

PS-SERIES, planetary steering axles PR-SERIES, planetary rigid axles

SPR-SERIES, tandem planetary axles TA-SERIES, combination transmission/axle assemblies

MIN. PLANET

RIM GEAR FOOTNOTES

BRAKES SIZE HUB & DRUM CARRIER RATIO

17 25x4"H(438MM x 102MM) 24 12Stud- 16 63BC-422MM
610MM I The loads shown represent

16 x225"H(406MM x57MM) 24 8Stud 1500DBC381MM 0-140 331 rypaiusageotnese axles
610MM S F- 140 Acual pe,mitted us varies

____________ wilth type of vishice and tp
20" of service Individual intlls-

165x5.5"H(419M Wi 127 MM) t2o00 must be aoved by
508 MM 81 M 331 not e p.tonw d by

8 'Ad 1 00BC 31 M T 33 1 Rockwelt Off-tHighway Engi-

18" x .526" Dry Dtsc (457 MM x 159MM 610MM F140 neerig

. ... .. . . 2 Non-drive steering axise

17"x4"DLH 18" x 625 Dry Disc 610MM 121tud 1635 BC .422MM D-140 331

17 x4"DLH(432MM x102MM) 24 D-140
18 x 625 Dry Disc (457 MM x159MM) 610MM 125tid 1663 BC 422MM F-140 361

1T"x4'H(432MM x102MM) 24 "12Stud 1663 BC.422MM D-140 361
17 25x4' H (438MM x 102 MMI 610 MM F-140

1Tx4"H(432MM x1O2MM) 24 12Stud 1663BC-422MM H-140 361
17 25'x 4" H(438 MM 102MM4 ) 610MM H-172

24 12Stud 1811 BC-460MM D-142 4235117" x4" DLH (432 MM x 102 MM) 6 MM

1725"x 4H (438 MM x 102 MM)
2025"x4"RSA(514MM x 102MM) 24' 12Stud- 1663 BC -422MM H-140 361

19,5" x 1"Dry Disc (495 MM x25MM) 610MM H-172 4235 1

~~17 25" x 4" H (438 MM x 102-MM )
oM24" 12Stud-1663'BC-422MM 0-100 36.1

20 25"x4"RSA(514MM x 102MM) 610MM
. 20 25" x 5P (514 MM x 127 MM )-

20 25 x 4 RSA (514 MM x 02MM 122025 x 4 RSH (Y4 MM x 102MM. 24 12Stud -1663 BC 422MM Q-100 361
2025 x4 P S,S14MM 102MM 610MM R-140

2025 x4RSA(514MM x 102MM) 25 23Stud 1663 BC 422MM 0-100 3.6:1
20 25 x4" RSH(514MM x 102 MM) 635MM 4235.1 Opt.

20 25 x4'RSA. RSH
2025x4 RSA, RSH(514MM x 102MM) 25 23Stud 1663 BC422MM R 155 361
195 xl DryDisc(495MM x25MM) 635MM 22Stud 16 63 BC 422 MM 42351 Opt

2025 x4 RSA(514MM x 102MM) 25 12StUd 1738 BC 441MM SQHP 361
635 MM

20 x4 RDA(508MM x 102MM 25 22Stud 195 BC 4q9MM R 140 521
635 MM
29

2025 x4 P(514 MM x 102MM 635MM 23Stud 195 BC 495MM R 140 521
28 .8 RSAf711MM x203MM ,29 315ttd 195 BC 495MM R 155

1737 MM
"-,. *-- D-5



AXLE TYPICAL USAGE ® TRACK
SERIES VEHICLE LBS. KGS. OVERALL RATIOS RANGE

PRTA-134 COMPACTOR 7,500 3,402 13 57.15.56.16 97.18 70.19.25. 41 25-54 420 35. 22 00. 22 44 1048 MM - 1384 MM

PRA-164 COMPACTOR 9,500 4.309 13 57. 15 56. 16.97. 18 70. 1925. 54 5 -61 3820.35. 22 00. 2244 1384 MM - 1559 MM

SPECIAL PURPOSE 10.000 4.536
PRS-204 LOADER 14.000 6.350 14 30. 15 26.16 09, 17 44. 19 25, 63 75" -80 75
PRS-205 LIFT TRUCK 21 000 9,526 20 46. 22 44, 23.76.25 74 1619 MM -2051 MM

PRC-204 14 30, 16,09,17 44, 19.25.20.27, 20.46 37.6-41 6"
% PRC-205 LOADER0004.990 22 44.22 55. 23.76. 25.74 955 MM -1057 MM.

PRS-264 SPECIAL PURP SE 11.000 4.990 1560.1665. 1755.1903.21 00, 612-680
LOADER 16.OOC 7,258

PRS-265 LIFT TRUCK 21.000 9.526 22 32, 24 48,25 92.28 08 1554 MM - 1727 MM

PC2 E U1665. 1609. 17 44. 17 55,20 06,21 00,2211. 82"
- - 22 32.24 48, 24 60.25 80.25.92.28.08 2083 MM.

PRC-593 SPECIAL PURPOSE 14.000 6,350 1560. 1665. 1755.1903,21 00.2232. 63" -88 25
PRC-594 LOADER 18,000 8.165 2448.25 92, 28 08 1600 MM -2242 MM

SPECIAL PURPOSE 14.000 6.350 13 32, 13 42. 1476. 14 80. 1665. 19 03 72 5-94'
PRS-596 LOADER 18.000 8.165 21 00. 22 20. 24 48. 24 60, 25.80, 2592. 1842MM -2388MM

LIFT TRUCK 21,000 9,526 28.08. 29.52

PRLC-614 LIFT TRUCK 45.000 20.412 13.32. 13.42. 1476. 14.80. 16.65. 19.03. 71 25-78 7521 00, 22.20.24.48. 2460.25.80. 2592. 11 2000 MM
28.08.29 52 1810MM-2000MM

~1PRC-672 SPECIAL PURPOSE 22.000 9079 1332. 1342. 14 76. 1480. 1u 00 1665, 63'- 93
PRC-673 LOADER 24,000 11.159 19 03.21 00.2220.2340.2448.2460- 2362MM25 80. 25.92. 26.64. 28 08, 29 52

12 31. 12 76. 13.32, 14 04. 1480. 15.60. 79"- 81 25
PRC-676 LOADER 24.000 11.159 1600. 1665, 17.55. 1903.21 00.2220.2460. 2007 MM -2064 MM

25.92. 28.08. 30 96
13.42. 14 76. 16,65. 1760. 19.03. 38.38' - 43"

PRLC-824 LIFT TRUCK 60.000 27.216 21 00. 22 20. 24 60, 25 80. 28 08. 975 MM - 1092 MM
2952

1342, 1476. 16.65, 1760. 1903. 75 5-78 5"
PRLM-855 LIFT TRUCK 65.000 29.484 21 00. 22.20. 24 60. 2580. 28.08. 1918 MM - 1994 MM

2952
PRC-863 13 32. 13.42, 14.76, 14 80. 1665. 19 03. 21 00, 85" -87
PRG-864 SPECIAL PIIRPOSE 13,000 5.897 22 20.24.48.24.60.25 80.25 92.28.08.29.52 2159 MM -2210 MM
PRC-1 103 LOG SKIDDER 19.59, 2239, 24.70, 26.12, 28.80 81'-92"
PRC-1104 LOG SKIDDER - 19.59, 20.70, 22.39. 24.70. 26.12, 28.94 2057 MM.-2377 MM.
PRC- 1105 LOG SKIDDER 19 59, 20.70, 22.39, 24.70, 26.12, 28.94

PRC-1314 SPECIAL PURPOSE 31,000 14.062 17 49. 19 24, 21.38.22.53, 24.05, 25.35, 56 7-108'
PRC-1315 LOADER 37.500 17,010 25 42.27.49.28 97.30.46.32,07. 1440MM -2743MM35.53. 3727.37.44, 38.48.40.56

PRM-1615 SPECIAL PURPOSE 32000 14.515 1749.1938,2028.2138,2253,24.05. 97 5"-116.38
LOADER 37.500 17.010 25 42, 27 49, 2897, 32,07. 35.53, 38,48 2477 MM. -2959 MM.

PRC. t615 LOADE 40,000 18.182 21 38, 22.53, 24 05, 25.35, 25.42, 27.49, 75"-81.4"
PR 65 LOD40,000 2897, 3046, 31 94, 32.07, 35.53, 38.48 1905 MM.-2068 MM.

PRLC-1736 SPECIAL 18 43, 19.,. 20,28, 21.38.22.53, 23 19, 82"-108"
PRLC.1737 PURPOSE 38,500 17,500 24 05, 25.35, 27 49, 30.33, 32.07, 35.53 2083 MM.-2743 MM.
PRC-1756 LOADER 37.500 17.010 12 11. 1332.14 80, 1665.17 55, 1903, 21 09. 86.75" -91'
PRC-1757 22 20, 24 60.25 80, 25 92, 26 64, 28 08 2204 MM -2311 MM

PRLC-1756 LiFT TRUCK 70000 12 11, 13 32, 14 80.16 65.17 55, 74'- 78 5"

PRLC-1757 L31752 1903.21 09, 2220.2460.2580, 1880MM -1994MM25 92. 26 64, 28 08

- tt -1154, 12 69. 14 10. 14 80. 14 86. 15 86.
C6 28. 16 77, 18 09. 18 13. 19 07. 19 11. 86" -88PRC-19?; LIFT TRUCK 8 000 38 556 i 2035. 21 15,2151.2326.2344.2451. 2184MM -2235MM

25 38 27 13, 30 07, 32 56

T)-A m *-.. * *-



~Rockwell

87& DRHM432MMM 76MM)

12.5" x 2.25" FSH HYD (318 MM. x 57 MM.) 508 MM. 8 Stud -I15 BC - 381 MM 53500 3 3 1 lercifdyuafsi-
17"'x3" H(432 MM x 76MM 24' h ods Show beapresent

610 MM. Ropc se of Oi'-thesaxesg

16 " x 225"H 06MM 65MM) 7M. 508 MM.010 3 6it Sutypie o;25veice dts
86"x P(1M 17M 4 Stud - 15 BC -381 MM. 535400 : fsrieneda nti

18'x 625 Dr Di32 45x7 MM x24M 610MMs b ppoedb

16"3W5'His(40MM 20 89u-1'-8 MM.M-40 33
MM5' 5 F-H(19M.1:144M00

16 x 2 '5 H(406 MM 24 5Sud 15" 5083 MM, D-140 361 6 ulbfror2=t vncis
16 5" x5'P (419 MM it127 MM) 641 8Sud-150CM81M F-140
18'x 625" Dry Disc (5 Mx6m) 60M

17" Wei DisH(30MM 20 10MM 6M. BStud -15'8BC- 381 M M. 3.40 31
16'~50 M3.5 HF40MM48MM

167'x 2"H (41MM 6MM) 24" 8 Stud -15" BC.- 381 MM. D-140 3.
16 " x'(419MM.x 127MM 610M lSu-1.3B42MM F-140 424:1 ot
18'x .625-Dr Disc (5M 1M)52 ~

16x.5' 22H (41MM x 4MM)'H- 3,61
16." x5 p' (419 MM x 7 MM ) 24" td-1"BC 8 M -4 .41Ot
18" x .65V ryDs (4 57 MM x 1 6 MM) 610 MM, 12 Stud - 1663" BC -422 MM F-140 521Ot
18'x62538 DrMDsc(476 MM)x16M

17.5" x6425 H (41 MM. x 02M) 24' 10Su-7.8BC42M H-140 36:1
16.5" x45'P(49MM.x 12MM) 610M Stud-1&3"BC -4422MM, H-172
168"x.65"Dry1DMM (457 MM) 6MM 60M
175"x"H (38MM x1 MM)
17-25"x 4"H (438 MM x102MM) 24" 1Std-7.8BC-42M H-1407 36:1
17.25"x 64' SH (438 MM. x 102 MM.) 610 MM 12 Stud -16.638" BC-42MM. -172 4.:1Ot
17.5x 625' Dyi(48 MM 6 6025MM.

13'5 We Disc (330 MMx17M )

17.25' x4"RH (438MM. 102 MM ) 25'H14/7 3.6:1
17.25' x4" RSH (438 MM x6102 MM.) 6105MM. 12Stud -16.63" BC -422 MM L-100 4.24:1 Opt.

172" x65 4"y Hi (438M M x 102M)25
13"Wet Disc (330 MM.)63M lSt-1660-2 M H12 361

17.25" x 4" AH (438 MM x 102 MM) 24" 3.61
17.25" x64" ASA (438 MM x 102 MM) 610 MM 12 Stud-1673" BC -4422MM 0-100 4.412p

172"x4 S 48M.x12MA) 25" H4/2 3.6:1
17.25' x 4" HS438 MM. 102M) 635 MM 12 Stud - 16.638" BC0-442 MM L-172

20' H-140/172
None 508 MM. 12 Stud - 16.63' BC -422 MM. L-1 72 4.235:1

OR-100

18" x 625 Dry Disc (457 MM x615.9MM) 610M 23Su0 975 052M -1400 .:
20 25" x 5"P (514 MM x6127 MM) 25" 3Su -1 5 C- 0 M -4
17 " Wet Disc (432 MM) 635MM

635 MM

17 25" if4"(438 MM x102 MM) 25' M.23 Stud - 19.75' BC0-502 MM. R-155 5.2:1
______635 M.

None 25 23 Stud - 19.75' BI0- 502 M M. OR-100 4,235:1
___________________ 635 MM _ __ ______

20 25 6 4' ASH (514 MM x 102 MM ) 25" 0-100 3.6:1
2025"x5"P(514MM 6 1271MtML_____635MM. 12 Stud - 16 63" BC- 442 MM R-140 4.24:10 t.
17 25" x4" Ht438BMMx 102 MM 8 Stud'- 17 38' BC0-442 MM.
17 25 x4ARSH (438 MM x6102 MM) 10Stud - 17 380BC- 442 MM.
17.25" x4" PSA (438 MM x6102 MM) 24" 12 Stud - 16,63'8BC -422 MM, 0-100 36:1
16 5" x7" P(419 MM x 178 MM) 610 MM 12 Stud -20.38" BC -518 MM R-140
18" x7" P (457 MM x178 MM) 19Stud - 17 38"BCO-442MM,
20.25" 6 7" p 514 MM x 178M 23 Stud - 16.63" BC0-422M M
20.25" x 7 P(514MMx 178 MM 25" 12 Stud -21 38" BC -543 MM A10 33
l7'Wet Disc (432 MM )635 MM 22 Stud -21 38'8BC- 543MM 4 41 Opt

D- 7
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TYPICAL USAGE (D
AXLE TRACK

SERIES VEHICLE LBS. KGS. OVERALL RATIOS RANGE

PRC-379 1749.17.771843.1924.1938.20,28 76-11338
PRC-3796 LOADER 45.000 20.412 21 38. 22.53. 24.05. 25 35. 25 42. 27.49. 76M - 28
PRC-379 28 97 30.46. 31.94. 32 07. 35.53. 38.48 1930MM -2880MM

PRC-4264 LOADER 50.000 22,680 17 76, 18 43. 1924.20.28.21 38.2253.2405, 99.'- 100'
25 35,27.49.2897.30 46.31.94,35.53.3848 2515 MM - 2540 MM

PRC-4805 LOADER 88.000 39.917 17 49.17 77. 1843. 1924. 1938.20 28. 94 75"-96"PRC-4805 LOTRUK 21 38. 22,53. 24 05. 25.35, 25 42. 27 49. 2407 MM - 2438 MMPRC4807 LIFT TRUCK 115.000 52.164 28 97, 30 46, 31.94,32.07, 3553, 38 48
16 03.17 49.19.24.21 38.2405.24 51. 70'-71"

PRC-5054 SPECIAL PURPO SE 70.000 31.752 2 3.1 4 1778 M M -18
-- 2535,31 94 1778 MM - 1803 MM

LOADER 91,500 41504 1603.17 49,19,24.21 38.24 05.24 51 955"-1045
PRLC-7314 LIFT TRUCK 200.000 90.720 25.35.31 94 2426 MM. - 2654 MM

PRC-10254 LIFT TRUCK 353.000 160.000 24 60/21 32 122"
m 3099 MM

TYPICAL USAGE®_0
AXLE TRACK

SERIES VEHICLE LBS. KGS. OVERALL RATIOS RANGE
12 76. 13 32, 14 04. 14 80 15 60. 1600, 1665. 85"- 104"SPRC-1356 SPECIAL PURPOSE 65.000 29,464 17 55. 1903, 21 00.22 00.24.60. 25.92.28 08. 2159 MM.-2642MM

SPRC-1357 TRUCK CRANE 80.000 36.288 30.96 26

SPRC-1735 SPECIAL PURPOSE 85.000 38556 1276. 1332. 14 04, 14.80. 15.60. 1600, 16 55. 85" - 100"
SPRC-1736 TRUCK CRANE 105.000 47,628 17.55. 19 03.21.00.22.00.24.60.25.92, 28.08. 2159 MM. -2540 MM.30.96

SPRC-1926 100.000 45.360 12 78. 1337.14 10,1486.15 86.16 76,18 13.
SPECIAL PURPOSE 120.000 54.432 19 10.21 15.23 43. 2537 86"- 115"TRUCK CRANE 2184 MM. -2921 MM.

110,000 49,896 16 40,17 16.18 09,19 07.20 35.21 51. 23.26,

130.000 58,968 24 51. 27 13.30 07.32 56

With 0 756 Drop Gear Carrier 90'
SPRC-1927 LOGHAULER 350.000 158.730 9 59.10 66.11 24.11 99.12 64.13 71. 15 93.17 72 2286 MM

With 756 Drop Gear Carrier

SPECIAL PURPOSE 12 83,14 55,16 16.17 03,18 18,19 16
SPRC-4806 TRUCK CRANE 150,000 68.040 20 78,24 24.26 86 93"- 116"

180,000 81.647 With 1 1 Drop Gear Carrier 2362 MM. - 2946 MM
16 98.19 24.21 38.22 53.24 05, 25 35.

27 49 32 07, 35 53
12 76 1332 1404. 1480. 1560, 1600. 1665

EPRC-1357 TRUCK CRANE 120,000 54.432 17 55 19 03.21 00.22 00.24 60.25 92,28 08. 85-104"
30.96 2159 MM. - 2642 MM

EPRC-1736 TRC R12 76 1332. 14 04 14 80. 15 60. 1600, 1655,
EPRC+1736 TRUCK CRANE 155,000 70.308 1755 1903 21 00, 2200.2460.2592.2808 85"-100"

% 3096 2159 MM - 2540 MM

With 756 Drop Gear Carrier
12 83,14 55,16 16.1703.18 18.1916,

EPRC-4806 TRUCK CRANE 240.000 108,863 2078, 2424, 26 86 93" - 116"
With 11 Drop Gear Carrier 2362 MM. - 2946 MM

1698.1924,21 38,22.53,2405.2535.
27 49.3207. 35 53

TYPICAL USAGE TA
AXLE TRACK ,

SERIES VEHICLE LBS. [ KGS. OVERALL RATIOS RANGE
TA-267 TOW TRACTOR 6.000 2.722 13 57,15.56,16.97.1870 42" -60.78"

T R R02 _19.25,22.00 1067 MM - 1544 MM.

TA-268 TOW TRACTOR 10.000 4.536 1357, 1556. 1697. 1870 1925. 22 00 48"-51.5"
1219 MM. - 1308 MM.

TA-274 LIFT TRUCK t 25000 11.340 11 06.11.66.1423,16.69, 43.38" -47.89"18.31 1102 MM - 1216 MM,

3362 3 73.4.10,4.63.4.89,5.29,5.83 70"
TA 32LIFT TRUCK 29,000 13.15461,87.,802078M ___6 17.6,83, 7.17. 780, 820 1778 MM

D-8
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PSC-824 Series For All.Terrain Cranes

0(

Disc brake version Drum brake version

Rated Capacity: 27,500 lbs (12,474 Kg)
Carrier: H-140 available ratios - 3.7, 4.111

Optional No-Spin* or Hi Traction differentials
Planetary: Fast planetary 2.6:1 ratio
Overall Axle Ratios: 9.62:1, 10:69:1
Axle Shafts: Double cardon axle shaft assembly
Brakes: * 20.25 x 4 (514.3 mm x 102 mm) RSA air drum brake "

with or without parking feature
, Dual 6 piston caliper hydraulic disc brakes

Mounting Centers - 36.62" (930.1 mm) 60.50" (1536.7 mm)
Hub Flange to Flange - w/disc brake 90.25" (2292.4 mm)

w/drum brake 86.00" (2184.4 mm)
-. Axle Overall Length - w/disc brake 102.36" (2600.0 mm)

w/drum brake 97.52" (2477.0 mm)
Steer Angle - 280
Tracks - 85.28" (2166.1 mm), 82.12" (2085.8 mm)
Load Radius - 26.5" (673.1 mm), 24.7" (627.4 mm)
Rim Sizes - 17" x 25" (431.8 mm x 635.0 mm),

10" x 24" (254 mm x 609.6 mm)

*Trademark of Dyneer Corp.

0. Ol Rockwell International
Off-Highway Products and Supply Division
Rockwell International Corporation
2135 West Maple Road
Troy, Michigan 48084 U.S.A.

%Li in U S A Copynght Rixkwe IntemaonalI195 TP-8543 (ISSUED 4-5)
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D-1 3000
Planetary Drive Axles
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DS- 13000
Planetary Drive Steer Axle

CAPACITY RATINGS VARY WITH APPLICATION
AND SERVICE.

CAPACITY DATA FOR SPECIFIC APPLICATIONS
FURNISHED ON REQUEST.

SPECIFICATIONS AND/OR DESIGNS ARE SUBJECT
TO CHANGE WITHOUT NOTICE OR OBLIGATION.

p

CLARK Componen t s
C~qRKOivision

Buchanan, Michigan U.S.A 49107
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enIt ER Rigid Drive Axles~2 .n a N U Axse o Nominal (LA.W. IAvailable Ave.ilablis Track Min. im Btake TVp of"18. Ring Gear r

W Wi Umodaleo Rating iLbs.l Ratio Range Rng. (in. Size Jim-) And Si..e Dlemntare (in.)
12 1,0 1 1 1 .5t 45t 32 8 Mach, or yd.

121.200 5 517 to1 12.25 24 to 40.2 8.50 Mac or Hsy637

GT-20 1,800 15.50 to 30.00 28,41to50.0 5 Mach. or Hyo.
80 7 00'OiP x 1 75' 37

30 3.000 30710 5.38______________.2____ 30Hyd. 11 00' Die. x2.00'
_____________________________________3.00 .070 538 421056. 1400 Sid. Brake & Drm 7.125

Hy. I11.00' 131 . 2.00-
~, T ES SE H TW R S 44 3,300 3.071to 5.89 42.2 to 58.2 '400Drm 80

THESY TE T ATWO K id1.00 rok 2.00

60-SF 4.200 3.541to 7 17 42.2 to0S6.2 '5.00 Syd Br.ak e x Drum 7s
Spincer Heavy Axle Division's Sales-Engineers St Brk & ~.1.0 Drum280

understand complete industrial vehicular drive- 80 i'F SAW0 3.5410 7 17 46 0to060 16.50 HY&1200 Brae. x Drum

train systems - it's Part of "The Spicer Know-.,. i.i3o'ia2.0
ledge Package" of Spicer clutches, transsmissions, 70 750 3.7310 7.17 50 01to70.0 1650 St.13.0raie. .DrumO 10.500

V. u-joints and axles that we share with Customners Hd 415'~.o.0
in Meeting the challenge of new product design 70~ 000 33071 48000 1.0 Sid. Brake & Drum 100

reurmnsand improving existing industrial Approx. 69.50 Disc 2.8'01a 12.5000orrequirement 13.500 5.290 to 717 WID.~S 20.00Wc itr 30
drivetrain systems. I prx 85 Du isto 13.00ie

*" The emphasis throughout the Spicer Heavy Axle F 155S 16,500 4 780o 7 17 Wpoux 95 20.00 nuxl 26is.v145

Product Engineering Group is flexibility -!-jI your Pis~o on00 1s4..125r0 05 Ar1.5'D..vl

-Wor F.I7S/700 4Drt 71 p ,als00 20i 1Or,0 Oai sc 14250'
demanding specifications and Our wide variety of W/ul 200 Hdalc ic1.5

.. pieresigns and options make a system that G 175S 17.500 3.541 to.817 Avro.7.0 20.00 Adraulic Dis u 6' a -- O
0.r works best for you. And our Engineering Group . W/Duals , HyralcDs

and nine Spicer axle manufacturing facilities real- G-17ST 17.500 4 56 to 7.17 Apprx.a10 201.00 HAraulic0 Disc x1575

ize the importance of quick response and product . . Aprs 72.rauli Disc0 -57oi

turnarond ime n te idusrialvehculr M-90SAppox.72 0 At 1650'Die. .7.0'tun-ron tmeinte ndstil ehcua M19S 19.000 3.54 o 8.17 W/Duals' 00 Hydraulic Disc 17.000
19.makes.00 Approx. 72.00 Ait WSW50 Die . 7,'(

MlB190.00 3.70 :0 7.17 wDas 20.00 Hydraulic Disc I700
skcka the specifications and Spicer Axle features . . , ...

challenge us with Your custom or special ap- M2S 2200 35to81 App~rox. 72.00 200 i 65'De0.' 1.0
I ' WDusf 0.0 Ar 650 . . 1.0.

Plicatioris - thet let's work together on a Spi=e prs 20
Axle orSpiehrSystem thaosright for you. *220T i 22.000 3.70to 7 17 .1 iui 20.00 Air 16.50' iv .l o7.0' 7

- 23000Approx. 72.00
W-211CS 2300 35410 7.1 IUI 20.00 - 1 18.000

Steering Nont-Drive Axles_______
5Axis Nominai O.A.W. 1 Avalabl Available Track Mix. Rim Brake Type r11111. Ring Gear

MoCdlNo. Rating (Lbs.) Ratio Renge Range (in.) Size (in.) I And Size Diameter tin.) "

44DF 3,0 I 15.00 Disc 5-Bolt (11.72'Rotor MI
3.0 /A F 16.50 Disc &-Bolt (12.SO'Rotor)

70F .700 NIA 16.50 Disc 12.68' Die.

' 806100C) MIA 77.20 6o2.90 .0 Air 15.00' - e a.3.5' I
- ~ , 0. HydraullcDisc

00 Air 15.00' DIe. a 4.0'
1.75 1,500 N/A 78.70012 20.0 Wyru~cDs A

XI mo isLw M19 Air 15.00' Dim. . 4.0'
1.120 1000 N/A 79.110061 e.60 1 20.00 1.0 l.a50

2..0v Hydraulic DiscNA

Steerin Drv Aire 15.00_ 61s._ x_ _ _.0_

150 Dir 5ol.0 Roo
SOr 4,3012000 3NA1 7.7 9.41 40 16, D :c1.8 De.65

o .6310. Air0 150 0: D. 04.0

Li.w Available ~Avaie DIse Min. Rim Brake Type 01".i Rin Gar '

aI Rag Rne (in.) Size (in.) And Size I Dimtrin

44-F0330083. 7 2o5$ 55i.6600 Disc .8 8' i.. 1600o

4.10 .5 to , 6.17 Ato. 72 200 Ai 16.50'68 1.8 Dim. .0' 180

-7 ,4 -,0 1 - -~ 3.73 to 6.17 wi ut 0 0 Air 16.00' Di.o 7 .0 80

9.00 529 o T.. 619to 0.3 2000 Air 16.50 12./00 or0

_____ ____ ____ ____ .ft
COM4
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~ Independent Carriers
AGl Ninl.A W_ Available TZ -' Tc F-Mln Pn SrT e yeoP CR' Model No. Rlatilng (Lbs.) RaioRne dt (n) Size (/0.l And S.':* Diameter (in.)

is-is NIA 5.17 to 1225 NJA NIA NIA 7.375
UT-20-IS NIA I 5..W t. 30.00 IVA NIA NiA 7 17
44-IC NIA ".73 to 5 81 W'A .11A W4A Vt.500~70-IC W/A -43 to t 20 tAA 4A12250

R30-IC WA 5.29to 1. 1 N;A NA W/A l.1.00o

Rigid Drive Axles-Doublea Reduction
Isa Nmna .. Availab Track Min Rimn Broke Type I f. Ring Geari

~: SPICER FE.ATURES* =oel N'.. olalng (Lbs.) 11.1/0 Range ~aIdqIhIn Su6 (in.) And Size Dimtr t.
IP 15A W(0 .4 00 to20 ?1 34? S7 160 Had 7 0/Da. . 157' '1knt"n

Spime CAD-CAM Systemsi P-/BR 15.000 10.00 to 24.00 1 13 1.00 Hyd, 1 81" Dig . a 1 6 - 108

Pvr iarenge-rnuie ~vwSse Rigid Drive Axles-Planetary , res 1/.ir - aa.-----biIRiger
Axl Nominal G A.W jAve//able TrlyrckBa e e IlRigGa

PaNt 274206) rihiif Model No. Rating (Lbe.) Ratio Rangg Idt fi/Ia Suie On,)1 And b/are Dismee fin.)

% Prcso Forlte,. D~iffer-ential Cearing PRA0 S o3 lt4'bto615 4 22.00 15y5' id,. 3.rur0.t0

Rf~ld Inolut SP~ne% 2.00 isc 15 ?s' Die.

Ont-Piar Carrier llvesagrs P/A ;300 . ;.70 p/tt. 3 4/1ot -7' 5lie!Ow
2','.0UG~L~. 1. P9 to^t1 4l0to8

Cast-lin Oil Ctgnanneli, Tat "i'(11
I, rg P lsry.u 6"C Pit-1. "000 'i Wa .4 i, J A) Air 17 4 r r~.

* Letesi F9a',ener Tecrhnoslogy t Hyd'1 0 I.jy .3 Ia A 92

tiSI.A (Hi1gh Strenigth, Low AlloylP6181 2860 .4 a. to' 0; a. Is., 1/'t 1
Steel Hotasings 7.0211bi 4.200 1ll to3 , d1'1 Die< i IS'c 1,01

Inltegralt~~ Supports l/drui
Induction Heat-Trested Spindles P-63R1 27.10W al100 a,1 Cr0. 15.75 Die. x 8.30 or I 12.008

15.75' Dix .412'
lilnftibaeal Suspension Hubs. D~rm PSORH 12.200 A iG 1 .a Hyd. 12.80 Ole.x s472 3.614
or Disc& and Brakes P-9711 22.00 (lW 117/l.a C,.a !95 . ir 1r.14' Die. s7.67 12.598

Variable Spetisg Sef P-9Ale 22,300 3.26 to 5.28 i.' 1 t.53 AIr 15.00* nle. . 7.006 T 2.330
Oilml ai hmelP-9911 28,600 _ 9.00/ toO U0 71.81 21,// Air 16.14" Dl.. a 7.87' 1 2 70/s
Optoml arierPleeiinlP.90 24.300 1 e800 to 11.0)0 7'1 bi 000 AO1.1,W ~x.7 12.476

OpimlSm-float or Full Filoat Dedm - _xM,. _

P.10011 i 226001 tO.oa 1a. 7.11 .00 P~n 14.961
OPtiMi Pshasellary Wbeel-EAids I Iyo. 15.75' Dfid. .31P-102R T. x86/ 101 1.0 / /./a * 22.I MtW 4 i.r.67'

28,80/lieA/si d.rouic I
P-103R 28,W o . te, 2/ D 00 /.)i -na b1 i L, 16.02' 151s. .4.72" 12.596

24.300 1 11.77 768 20.00 Air I100" Di-. x 7.00" 3,4

P.1S3.io90 e00 to 220 Do 5 2140 Disc73 Oe x55 16.307
P-160 18,20 80 o 6 7 21 M Air 19.85' Die. x 7.80' 1.6

P1O 5500 1001to200o 0711 5 7.00 19, .El or1i2c 21854

gpsflgg~m~a~ly .28R 21,8 3.t00 to. 25.002 f rl 5 1/ 24.00 . ArTin18.304

P.3001 88.200 I 1018.0 151 31 Air 25.9 Dies 7886

-ao'Ds 21.048

Steering Drive Axles-Planetary
Axie ~ oinal 0.A.W.I -Available Typical Irock, M_! nRim - 4- tit, R typ 'D/t. -q ar

Model No. Rating ILbs.( Ratio Range Width Cnt Size (in) I Ai~d Size7 Daee (In.)_
,,10 Me,, H,, lydlraulic Drum

laS- I/a I a--a.. W1 lol~ tj/ Ii/.0 ~ i a.I001 15. j'a/ x A lui. w0
4 , .Disc 15.25" Die.

yrulc Dnrm n 50o
PS 130010 18.04)0 16 fig1/o3C19 63 00 to. h I 2', 20.00" 151.2" Da. x 3.15' 12.00 o

Disc 15.25" Di.

PS-11100 28,000 184t / 480 90j 2.0 Air 17.25" Dia. a 4.00"

SPCR AEA ~P-62S 14.200 0 o 21 Ia7 37? 839 is.00 I Ily/. 12.80' fie. x 3.15' 99041

P62 2.00 7-,in /.'0 71/r:1.O() 15.75" Did. x .30' or -2.008

C APUATIN OLIY:P-09S 20.00(" "N in .1//a0.00 , 7/8/1 20010 Air 16. 14" D~~ .1 2.216
St Spicer axule capacity ratings, features and specifi- P1 I02S 28 800 6./sO to ie 0- I .12 0. tAir 16.14" /la. x 7.87" 12.6R/'

-~ cations vary depending upon aet model, type of I -0~ 2.0 17t 00~20 -i/ldrui
application and type of sevice. Application ap- 198"Oa.7' 12,598
Pleovals Must ticobtfainled from Spicer Heavy Axle I' 1St /.0 60112/ ~ .5 "0 Nu 72 3aa35' 60
hsdtistrnl Engineering L.)epartltent. Sicer~ spe P155 IBOS I I /Oto200C0 7b994 2400 1*rH~~a~r_ 16.142
cificatiotts are subject to change without notice.a . ~-..J..L .. _

Tandem Axles-Planetary
FAxle -~ .ii~ Assile-bla TT vics 1Tra ck Mitt R-4im- DIair fyilRing GearSOWee Heavy ModalIn 11=1 No. Rating (LbsI. Ratio Range Idltl (In.) Size fin.) And SieTV __ Diameater (In.)Done Corporation I P914400 80080 75 00 Ar1.4 IF...6" 12

PO Box 2=2 P-111T 448001 3 211 to 5,28 73.39 19.50 Alt 15.00" 111- x Y00* 12.30
Fort Wayne, IN 46a01 P-99T 57.300 R .00 to 10 00 -'181 20.00 Air 16.14" OW., x 7.Ilt 12.205

P... P103T 57,300 1/010 o20.00 81110 24.00 l.arr12.l911

Contect Spo 15.00' Slip R"n Hub Optional

I) I S
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7 R-AITS 798 FESIBILITY OF ROUGH TERRIN 
FORKLIFT TRUCKS WITH Al 3/'

ROAD SPEED CAPABILITY OF 45 NPH(U) LITTLE (ARTHUR 0)~INC CAMBRIDGE MR J S NOWLRND NAY B6 RDL-54964
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3 MR/F
PLANETARY DRIVE AXLE

GENERAL SPECIFICATIONS

NOMINAL LOAD RATING 15,000 LBS

TORQUE CAPACITY (@ Diff. Centerline) 45,000 IN.-LBS.

DRY WEIGHT 650 - 900 LBS

LUBRICANT 80w90 GEAR LUBE (MIL L2105C)

LUBE CAPACITY 7 - 13 QUARTS

BRAKE OPTIONS AIR, HYDRAULIC, DISC

DIFFERENTIAL CARRIER PLANETARY WHEEL ENDS

TYPE: SPIRAL BEVEL RATIO OPTIONS: 3.5:1. 5.6:1

SIZE: 7.8 INCHES DIAMETER WHEEL MOUNTING: 1/-16 UNF STUDS

OPTIONS: STANDARD, LIMITED SLIP OPTIONS: (10) STUDS ON 13.18 DIA B.C.

* DIFF. LOCK (HYDRAULIC OR (FOR 20 IN. & LARGER WHEELS)

AIR ACTUATED) (8) STUDS ON 10.83 DIA. B.C.

INPUT FLANGES: MECHANICS, SPICER (FOR 15 INCH & LARGER WHEELS)

AVAILABLE RATIOS

GEAR DIFFERENTIAL PLANETARY GEAR DIFFERENTIAL PLANETARY
SET RATIO 3.5 5.6 SET RATIO 3.5 5.6

11 x 27 2.45 858 13.72 7 x 35 5.0 1750 28.0

12 x 27 2.25 788 12.60 8 x 35 438 15.33 24.53

13 x 27 2.08 728 1260 8 x 35 438 15.33 2453

14 x 27 193 6.76 1081 10 x 35 350 12.25 19.60

15 x 27 180 630 1008 11 x 35 3 18 1113 1781

16 x 27 169 592 947 12 x 35 292 1022 16.35

17 x 27 159 557 890 13 x 35 269 942 15.0C

- Dimensions to suit vehicle requirements.
- Available with Standard Mounting Pad Configuration or Trunnion Mount Feature.

NOTE: (1) Torque values given for axles may be increased or
decreased depending on type of application.

(2) Approved loads depend upon actual track and
mounting centers desired.

Product Information given Is representative and varies with each application. Please consult us

for specific Information.

'4Q( SOMA
OF AMERICA, INC.

P 0 Box 9368 Briarfield Station
Hampton. Virginia 23670

D-2.3 Telephone (804) 827-0310 Telex 82-3400
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3 MRDi/F
PLANETARY DRIVE STEER AXLE

gte'o

GENERAL SPECIFICATIONS

NOMINAL LOAD RATING 15,000 LBS.

TORQUE CAPACITY (@ Diff. Centerline) 45,000 IN.-LBS.
DRY WEIGHT 650 - 900 LBS.

LUBRICANT 80w90 GEAR LUBE (MIL L2105C)
LUBE CAPACITY 7 - 13 QUARTS

BRAKE OPTIONS AIR, HYDRAULIC, DISC

DIFFERENTIAL CARRIER PLANETARY WHEEL ENDS

TYPE: SPIRAL BEVEL RATIO OPTIONS: 3.5:1, 5.6:1

SIZE: 7.8 INCHES DIAMETER WHEEL MOUNTING: 1/4-16 UNF STUDS

OPTIONS: STANDARD, LIMITED SLIP OPTIONS: (10) STUDS ON 13.18 DIA B.C.
DIFF. LOCK (HYDRAULIC OR (FOR 20 IN. & LARGER WHEELS)

AIR ACTUATED) (8) STUDS ON 10.83 DIA. B.C.
INPUT FLANGES: MECHANICS. SPICER (FOR 15 INCH & LARGER WHEELS)

AVAILABLE RATIOS

GEAR DIFFERENTIAL PLANETARY GEAR DIFFERENTIAL PLANETARY
SET RATIO 3.5 5.6 SET RATIO 3.5 5.6

11 x 27 2.45 8.58 13.72 7 x35 5.0 17.50 28.0

12 x 27 2.25 7.88 12.60 8 x 35 4.38 15.33 24.53

13 x 27 208 728 1260 8 x 35 4.38 15.33 24.53

14 x 27 1.93 6.76 10.81 10 x 35 3.50 12.25 19.60

15 x 27 1.80 630 1008 11 x35 3.18 11.13 17.81

16 x 27 1.69 5.92 9.47 12 x 35 2.92 10.22 16.35

17 x 27 1.59 5.57 8.90 13 x 35 2.69 9.42 15.06

- Dimensions to suit vehicle requirements.
- Available with Standard Mounting Pad Configuration or Trunnion Mount Feature.
- Steering Cylinder mounts on front or back of axle.
- With up to 350 steer angle

NOTE: (1) Torque values given for axles may be increased or
decreased depending on type of application.
(2) Approved loads depend upon actual track and
mounting centers desired.

Product Information given Is representative and varies with each application. Please consult us
for specific Information.

MAW' 40( SOMA.
CF AMERICA s INC.
P.0, Box 9368 Briarfield Station
Hampton, Virginia 23670
Telephone (804) 827-0310 Telex 82-3400
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5 MR/F
PLANETARY DRIVE AXLE

1

GENERAL SPECIFICATIONS

NOMINAL LOAD RATING 30.000 LBS.
TORQUE CAPACITY (@ Diff. Centerline) 90.000 IN.-LBS.

DRY WEIGHT 800 -1400 LBS.

LUBRICANT 80w90 GEAR LUBE (MIL L2105C)

LUBE CAPACITY 14 -20 QUARTS
BRAKE OPTIONS AIR, HYDRAULIC, DISC

DIFFERENTIAL CARRIER PLANETARY WHEEL ENDS

TYPE: SPIRAL BEVEL RATIO OPTIONS: 3.5.1, 5.6:1

SIZE: 10.75 INCHES DIAMETER WHEEL MOUNTING: 3/4-16 UNF STUDS
OPTIONS: STANDARD, LIMITED SLIP, OPTIONS:(10) STUDS ON 13.18 DIA. B.C.

DIFF. LOCK (HYDRAULIC OR (FOR 20 IN. & LARGER WHEELS)
AIR ACTUATED) (8) STUDS ON 10.83 DIA. B.C.

INPUT FLANGES: MECHANICS, SPICER (FOR 15 INCH & LARGER WHEELS)

AVAILABLE RATIOS* GEAR DIFFERENTIAL PLANETARY GEAR DIFFERENTIAL PLANETARY
SET RATIO 3.5 5.6 SET RATIO 3.5 5.6

11 x 27 2.45 8.58 13.72 20 x 27 1.35 4.72 7.56

12 x 27 2.25 7.88 12.60 7 x 35 500 1750 28.0

13 x 27 2.08 7.28 11.65 8 x 35 4.38 15.33 74.53

14 x 27 1.93 6.76 10.81 9 x 35 3.89 13,62 21.78

15 x 27 1.80 6.30 10.08 10 x 35 3.50 12.25 19.60

16 x 27 1.69 5.92 9.47 11 x35 3.18 11.13 17.81

17 x 27 1.54 5.57 8.90 12 x 35 2.92 10.22 16.35

.18 x 27 1.50 5.25 8.40 13 x 35 2.69 9.42 15.06

19 x 27 1.42 4.97 7.95

- Dimensions to suit vehicle requirements.

NOTE: (1) Torque values given for axles may be increased or
decreased depending on type of application.
(2) Approved loads depend upon actual track and
mounting centers desired.

Product Information given Is representative and varies with each application. Please consult us
for specific Information.

i , 4OSOMA.
OF AMERICA, INC.
P.O. Box 9368 Briarfield Station
Hampton, Virginia 23670
Telephone (804) 827-0310 Telex 82-3400
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5 MRDi/F
PLANETARY DRIVE STEER AXLE

GENERAL SPECIFICATIONS

NOMINAL LOAD RATING 30,000 LBS.
TORQUE CAPACITY . (@ Diff. Centerline) 90,000 IN.-LBS

DRY WEIGHT 800 - 1400 LBS.

LUBRICANT 80w90 GEAR LUBE (MIL L2105C)

LUBE CAPACITY 14 -. 20 QUARTS

BRAKE OPTIONS AIR. HYDRAULIC, DISC

DIFFERENTIAL CARRIER PLANETARY WHEEL ENDS

TYPE: SPIRAL BEVEL RATIO OPTIONS: 3.5:1, 5.6:1

SIZE: 10.75 INCHES DIAMETER WHEEL MOUNTING: (10)3/,-16UNF ON 13.18DIA B.C.

OPTIONS: STANDARD, LIMITED SLIP, (FOR 20 INCH AND LARGER WHEELS)

DIFF. LOCK (HYDRAULIC OR

AIR ACTUATED)

* INPUT FLANGES: MECHANICS, SPICER

AVAILABLE RATIOS

U GEAR DIFFERENTIAL PLANETARY GEAR DIFFERENTIAL PLANETARY
SET RATIO 3.5 5.6 SET RATIO 3.5 5.6

11 x 27 2.45 8.58 13.72 20 x 27 1.35 472 756

12 x 27 2.25 7.88 12-60 7 x 35 5.00 17.50 280

13 x 27 2.08 7.28 11.65 8x35 438 1533 2453

14 x 27 1.93 6.76 10.81 9 x 35 3.89 1362 21 78

15 x 27 1.80 6.30 10.08 10 x 35 350 1225 1960

16 x 27 1.69 5.92 9.47 11 x35 318 1113 1781

17x27 1.54 5.57 8.90 12 x 35 292 1022 1635

18x27 1.50 5.25 8.40 13 x 35 269 942 1506

19 x 27 1.42 4.97 7.95

- Steering Cylinder Mounts on front or back of axle. - Dimensions to suit vehicle requirements.
-With up to 350 steer angle.

NOTE: (1) Torque values given for axles may be increased or
decreased depending on type of application.

019 (2) Approved loads depend upon actual track and
mounting centers desired.

,.. Product Information given Is representative and varies with each application. Please consult us

for specific Information.

es M

a., 9( aSO
P.O. Box 9368 Briarfield Station
Hampton, Virginia 23670

Telephone (804) 827-0310 Telex 82-3400
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3 Clark Power Shift Transmissions
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18 00 Series
Long Drop
Full Powershift Transmission

S=

a/
0l
0!

CAPACITY RATINGS VARY WITH APPLICATION
AND SERVICE.

CAPACITY DATA FOR SPECIFIC APPLICATIONS
FURNISHED ON REQUEST.

DESIGNED FOR USE WITH CLARK
TORQUE CONVERTERS.

SPECIFICATIONS AND/OR DESIGNS SUBJECT TO
CHANGE WITHOUT NOTICE OR OBLIGATION.

Components
CDivision

COPYRIGHT CLARK EQUIPMENT CO.
Buchanan, Michigan U.S.A. 49107 D-2 8
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IA)nes

Long Drop Powershift
Transmission
Six Speeds Forward and 3 Speeds Reverse

,

I • -i 'p

CAPACITY RATINGS VARY WITH APPLCATION "AND SERVICE. '

CAPACITY DATA FOR SPECIFIC APPLICATIONS

FURNISHED ON REQUEST.

DESIGNED FOR USE WITH CLARK TORQUE
CONVERTERS.

SPECIFICATIONS AND/OR DESIGNS ARE SUBJECT
TO CHANGE WITHOUT NOTICE OR OBLIGATION

CLARK COMPONENTS COMPANY
BUCHANAN, MICHIGAN U.S.A. 49107

D-29
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.Specifications
S

Ratios

3 Speed 4 Speed 6_Speed
Number of Speeds. Model 34340 - 34440 34640

Fwd & Rev Fwd & Rev Fwd & Rev~~~~~Full Pow ershift ... . . . .. ..
1 st 5.85 5.85 7.15 7.5

3 2nd 2.44 2.44 5.22 2.98
Speed 3rd .79 1.39 2.98 .96

4 Speed 4th .79 2.17
6 Speed 5th .96

6th .70

Wide range of ratios available for most industry require-
ments. Contact the Marketing Communications Depart-
ment. 324 East Dewey Ave. Buchanan, MI. 49107.

Sfor more information.
ill Configurations:

Long Drop

Remote Mounted Transmission
Midship Mounted Converter/Transmission
Engine Mounted Converter/Transmission

Options:

Lock-up: Electric and Automatic
*Clutch Modulation

Controls: Mechanical or Electric
Clutch Disconnect: Air or Hydraulic
Inching Valve: Mechanical or Hydraulic
Pump Disconnect

* Axle Disconnect. Front or Rear
Mechanical Parking Brake

4:7 Emergency Steering Pump Drive
Tachometer Drive
Speedometer Drive
Interaxle Differential

Converter:

H & MHR 34000 ConverterTransmission Series

O Converter Identification 14 14 1 14 3 14 4 14 5 14 7 15 155 16

Circuit Diameter 14" 14" 14" 14" 14" 14" 15" 15" 16"

Stall Torque Ratio 3 140 2 715 2039 2218 1 820 2292 3090 1 780 3050

* D-31
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I Twin Disc Power Shift Transmissions
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1130 Series .150 to 325 h

MOUNTING-Either remote ly-mou nted transmis-
sion and engine-mounted hydraulic torque
converter mounted on the engine, depending on

torqe cnveterselection.

HYDRAULIC TORQUE CONVERTER -Single-stage
APPLICATIONS 15", Type 6 circuit or 14.5 or 16". Type 8 circuit;
Crash truckseRubber tire tractors. Rail switchers wet flywheel.

4: and equipment* Logging yarderse Specialized
mining equipment-Crone carrlersoOff-highway Ratios
haul truckcs-Scrapers oSnow plows-Ol field FRADADRVequlpmenf.Winches and holsts*Compac-
tors*Log loaders eSpecial purpose equip- -m-o-n

ment*Alrport vehicles. TD 1DC ll idt rW 41h, Vf

44__113_ 3.90 2.46' 4449 .660 5The 1130 Series provides power-shitting in all four
forward and reverse speeds, Several ratio spreads 44-4132 4.68 2.59 4.19 .660 7.11
are available. The 1130 Series is also available with--
five or six speeds forward, one reverse The 1130 is 4411303 5.96 3.03 1.51 .77 7.13
rated between 150 and 325 hp' (gross) Maximum -414 -.9 2.41 -.49input speed is 2800,-pm' 414 .627416 80 89
Depending on specific modle transmission- conto.,ct Twin 441142 5.0412.79 1.28 .710 7.111
Disc for optionai ratingsAdionlRtsAvlae
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Specif ications

MaximumlInput Speed-RPM ...................................................... 2800
Cooling Flow Available-GPM (a2000 RPM*.I................. I....... ................... 17
Maximum Temperature of Converter Oil . ......................... ....... 2500 F.
Cooling Required-% of Maximum Input Horsepower . .......... ....................... 33-1/3%
Oil Type ............. ....... SAE 1 OW ClassCD or Automatic Transmission Flud-Type C-3
OiliCapacity-Gallons (Approx.) .. . . . .1.. . .. . . . . . . . . . .. . . . . . . . 1
Converter Flywheel Housing-Wet Type................................... I......... SAE No. I
W eight-Converter (Approx.) .. . . . . . . . . . . . . . . . . . . . . . . . . . . .537 lbs.

Transmission (Approx.) . . . . . . . . . . . . . .. . . . . . . . . . . ..125 1bs.
Transmission Output: Frontoand Rear .............................................. Standard
Speedometer Drive. ... ... .. .. ...... ....... . .......... Standard
Retarder (Except 15 " converter)................. ....... ..................... Optional
Retarder Capacity -Lbs. -Ft. @2000 RPM . ............. ......... ..................... ..700
Parking Brake .. .................... .............. Opional.
Brake Controlled Declutch ...... ................. ... ............. I........... Optlonal
Automatic Lock- Up (Except 15 " converter)..................... ................... Opffonal
Power Pump Drive . . . . . . . .. . . . . .. . .. . I.. . .I . . . . . .... Optional
Electric Range Selector System ......... Optional
Output Disconnect . . . . . . . . . . . . . . . . . . . . . . . . .Optional

- on tact r 3S 'j Af-r ~ ( I -,* Q(~'*>~ j e
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* ZF Powershift transmissions
of the WG range

Zahnradfabrik Passau GmbH has a wide range of po-
wershift transmissions available in the so-called WG
range to cater for the sector of drive technology in

the field of construction machines, construction site -

vehicles and industrial lift trucks as well as a versatile
range of mobile working machines

Design Performance
long centre short centre range

distance distance
, Model Model up to kW

WG 120 WG 121 105

WG 150 WG 151 135

WG 180 WG 181 170

WG 200 WG 201 190

These powershift transmissions consist of a hydrody-
namic torque converter and a rear-mounted rever-
sing transmission of countershaft design and hydrau-
lically actuated disc clutches The supply options
have 3. 4. 5, or 6 forward and 3 reverse gears.

*o The dimensions of the models WG 120 and WG 150
respectively the models WG 180 and WG 200 are
identical. Thanks to the four-wheel drive and the lar-
ge centre distance between input and output shaft 0
these are particularly suitable for installation in buk-
ket loaders, bulldozers, skit steer vehicles, graders.
mobile trains, timber extraction vehicles, dumpers.

;. roll-on-roll-off tractors, rail-mounted vehicles and so
"I 'on

For technical details and installation dimensions, see ---

pages 5 - 9 inclusive.

The dimensions of the models WG 121 and WG 151
- respectively the models WG 181 and WG 201 are al-

so identical. However, these transmissions only have
one output which is located under the input shaft
with only a short centre distance. As a result, they
are particularly suited to installation in crawler-moun-
ted graders, crawler-mounted loaders, fork lift trucks,
rubber wheel compacters, industrial tractors and
shunting engines.
For technical details and installation dimensions see
pages 10- 13 inclusive
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for the transmissions of the WG range

The powershift transmissions of the WG range can It is also possible to have the following:
be adapted to suit an extremely wide range of instal- 0 an option of 1 or 2 engine driven P.T.O. units (16)
lation and operating conditions due to its different - disengageable or constantly running - for fitting
versions and the range of additional equipment a pump for the hydraulic system which operates

the implements and for steering power.
Installation options 0 a P.T.O., dependent on the reversing transmission
The transmissions can be supplied for any of the fol- (instead of the 2 nd engine driven P.T.O )
lowing: 0 an optional connection for installing an emergency
0 Flange mounting (1) with various SAE engine steering pump (15) or, on rail-bound vehicles a se-

connections or with condary pump
0 an end cover (4) for separate installation 0 output flanges for various universal shafts

In addition, it is also possible to install the torque The models with short centre distance (WG 121/ 151
• converter and WG 181/201) are also be supplied as follows:

0 as a separate converter transmission (6) (model 0 a 4, 5 or 6 speed version with additional multi-disc
code HN 500 -see page 14) clutch (14) as well as

In this case, the reversing transmission is equipped 0 an engine driven P.T.O. (16) with an extension of
with an input flange (7). With this configuration, the the input shaft - disengageable or constantly run-
transmissions with four-wheel drive (WG 120/150 ning - to allow a pump to be fitted to operate the

i. and WG 180/200) can also be driven from the rever- hydraulic system for the implements.
se side. * with a speedometer connection (11)

0 with output flanges for a variety of universal
Torque converter design shafts
The characteristics of the torque converter (2) are
particularly beneficial in heavy duty applications. This Transmission control system
is especially true of its ability to increase tractive for- The options for transmission control (17) are a me-

* ce when it encounters increasing tractional resistan- chanical-hydraulic system or an electro-hydraulic sy-
ce. The rating of a converter is determined on the ba- stem, although the 5 and 6 speed models can only be
sis of engine and vehicle data. Depending upon what operated by an electro-hydraulic control system.
is required, it can be equipped with
0 a stator free wheel The mechanical control is actuated by 2 spools. One
0 a free wheel brake or with has the positions forward-neutral-reverse", the other
0 an automatically operating lock-up clutch (3) is there for shifting the gears in numerical sequence.

, . This clutch locks up the torque converter and does As addtitional equipment, a so-called safety pack can
t.. so at the point where torque conversion is nil. i e be supplied This contains a reversing lock for gears

S ." when there is no increase in tractive force 3 and 4 as well as a position for total neutral (all clut-
ches vented)

* Reversing transmission design
The four-wheel drive models are available with a ran- On the electrical control system , a range of selector
ge of centre distances (8) between input and output switches are available options being
shafts: 500 mm with WG 120/150 and an option of 0 steering column control switch: SG4/SG6 (18),

.
4 0 0 ,500 or 555 mm on the WG 180/200 DW 1 (20)

) Moreover, these transmissions can be equipped with 0 console switch: SG4/SG6 (19)
the following components:
0 S a disconnect device (9) for the front output. on Apart from the fact that it is much more convenient

the WG 180/200 models, this is also possible for to install, the electrical control unit also has the folio-
the rear output wing advantages

* a parking brake (10) on rear output 0 installation of a starter interlock and a reversing
0 a speedometer connection (11) interlock0 an integrated, lockable inter-axle differential (12) 0 simplified form of automation with ZF automatic

- only on WG 180/200 - with a torque ratio of 1 1 control EST 2 (21) - for this refer to separate
or 1:2 technical data sheet F 43426/ RT 3394

0 0 a flange mounted axle drive (13)
0 an additional multi-disc clutch (14) which is ne- With both control units (mechanical and electrical). it

cessary for the 4,5 or 6 speed version is possible to reverse while in motion in 1st and 2nd

gear In addition, by installing a dual pressure control
valve (23) it is possible to optimize shift quality

2
n D-37
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1 Converter housing for direct in- 10 Parking brake 19 Console switch SG 4/ SG 6 ,
stallation 11 Speedometer connection 20 Rotary reversing switch DW 1

2Torque converter 12 Inter-axle differential 21 Automatic control unit EST 2 1
fl3 Lock-up clutch 13 Axle drive, flange-mounted 22 Inching valve

4 Cover for separate istallation 14 Multi-disc clutch for 4, 5 23 Dual pressure control valve
5 Retarder and 6-speed version 24 Pressure cut-out

,6 HN 500 converter transmission 15 Emergency steering pump 25 Micro-filter
7 Input flange (for separate instal- 16 PTO unit, engine driven D-826 Transmission connection for

lation) 17 Transmission control ]-8 separate filter installation

8 Centre distance input/ output 18 Steering column switch SG 4/ 27 Converter charge and shift

-vow Q

re DO 
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U Retarder hydraulically or pneumatically by means of a second
Transmissions of the WG range can, if so desired, be brake pedal (working brake)
equipped with a retarder (5). However, this is only
possible in the version for separate installation On electric transmission control systems, pressure

cut-out is actuated by a switch on the brake pedal.
Converter unit This interrupts the electrical supply to the solenoid
The HN 500 (6) converter transmission - technical valves The switch may however not operate until a
details and installation dimensions given on page 14 brake presssure of 2 5 bar has been reached
- can only be flange mounted, although it can, be
supplied with a range of SAE engine connections. Inching device
The torque converter can optionally be equipped Vehicles such as fork-lift trucks require an inching
with a stator free wheel and also with an automatical- device so that they can advance at the lowest possi-
ly engaging lock-up clutch. The converter charge and ble speed (Wawling) without any alteration to engine
shift pump, with the necessary pressure and suction speed. Transmissions affected by this are therefore
line connections for the reversing transmission are equipped with a crawler valve (22). Operation is ei-

* integrated in the HN 500 unit ther by means of the brake pedal or a separate in-
ching pedal.

' In addition, there are 2 possible connections on the
. converter transmission for engine driven P.T.O.s (16) Oil supply

- disengageable or constantly running - (for the in- The pump (27) needed for the oil supply of the
stallation of a pump to operate implement hydraulics torque converter and the control system is installed

I.. and boost steering power). in the transmission. The oil is cleaned in the main oil
flow. The micro-filter (25) required for this can either

Pressure cut-out be fitted to the transmission or installed separately in
On vehicles such as bucket loaders and crawler- the vehicle - the transmission connection (26) is
mounted loaders, a pressure cut-out (24) must be there for separate installation of filter.
fitted to enable full engine power to be supplied to
the hydraulic system controlling implements This de- Heat exchanger
vice interrupts the oil pressure in the multi-disc clut- A heat exchanger is provided for cooling torque con-

'. ches. In the case of mechanical transmission control, verter and lubrication oil (see installation instructions
it is integrated in the shift block and can be actuated page 15, item 12)

! Applications

D-39
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I Four-wheel drive versions
Models WG 120, WG 150 and WG 180, WG 200

.4

Design of
4, 5 and 6-speed

transmission

4~Ii

K3'

_911 1

Clutches operated on 5 and 6-speed transmission (see diagram)

Ist gear 2nd gear 3rd gear 4th gear 5th gear 6th gear
Forward KV + K K4 + K KV +K2 K4 +K2 KV +K3 K4 +K3

Reverse KR+K1 KR+K2 KR +K3---

D-40



Technical data (WG 120/150 and WG 180/200)

WG 200

-' 190

WG 180

170U

E*

$ WG 150
I

-130

WG 120

-105-

uI~u

800 1000 1350 1500

max. turbine torque (Nm]*

WG 120 and WG 150 WG 180 and WG 200
I.

. Engine speed max 2 800/ min P

Stall torque ratio deperdent on converter version 1 5 to 3 2

Engine Tut total max 500 Nm max 700 Nm

E driven n 10 x n_ 1 0 x nne

o-: Reversingtrans- max 71ONm max 1270Nm
C. mission dependent n(,,, 1 04 x n,,, 1 053 x n,,)

Speedo drive n 2,/n , =267 n /n =267

Mass
(without oil) 3 WG ... approx 290 kg approx 390 kg

4 WG ... approx 350 kg approx 450 kg

5/6WG... approx 350kg approx 450kg

* dependent on type of vehicle and application dependent on transmission version

6
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Ratios (WG 120/150 and WG 180/200)

Ratios
Forward Reverse

Model Version 1st. 2nd 3rd 4th 5th 6th 1st 2nd 3rd

391 2304 0964 0617 391 2304 0964

4.425 225 10 064 4425 225 10

3 WG ... " 4531 2304 0964 0617 4531 2304 0964

4 WG ... 4531 29 1 475 0617 4531 29 1 475WG 120

and 59 2304 0964 0617 59 2304 0964
WG !150 59 3775 1475 0617 59 3775 1 475

2
) 4531 29 2304 1475 0964 0617 4531 2304 0964

5 WG... _
5.292 3387 2304 1 475 0964 0617 5292 2304 0964.6 WG ... 1

__

59 3775 2304 1 475 0964 0617 59 2304 0964

3918 2366 1 125 0611 3918 2366 1 125

4166 2594 1 178 0672 4 166 2509 1.178

3WG...1i 4271 2531 1 237 0706 4271 2531 1 237

4 WG ... 4975 2531 1 237 0706 4975 2531 1237
WG 180 W.. ______ __ __ __and5.099 2594 1 178 0672 5099 2594 1178... and
WG 200 5373 2594 1 178 0672 5373 2594 1 178

5986 2594 1 178 0672 5.986 2594 1 178

2) 5.986 342 2594 148 1 178 0672 5.986 2594 1178
5 WG ... I

5.986 3904 2594 1692 1 178 0768 5986 2595 1178
6 WG ...1

5987 3416 274 1 563 1068 0609 5987 274 1068

) The same ratios apply for the 3-speed versions (without 4th gear)

2) The 5- and 6-speed versions are only supplied with elektro-hydraulic gearshift

The same ratios apply for the 5-speed versions (without 6th gear)

*D-42
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' Installation dimensions (WG 120/150 and WG 180/200)

Key to drawings F* WG 120/150 WG 180/200

1 Torque converter without lock-

2 Micro-filter in main oil flow up clutch (WK) 251 278
Mounting pads with lock-up 3525 360

0 clutch
5 Front output; disconnect or with differential to w l

order (flange type optional) > with lock-up
clutch and 370 377

6 Speedo connection conforming to E2 DIN retarder
75532 (position optional on WG 180/ 200)

8 Oil filler hole with dipstick ** 03

9 Possible connection point for emergency stee- 2 12 - 255 " 13
ring pump -155.7-

12 Engine driven P.T 0.

13 Option of 2nd engine driven P TO. or reversing
transmission dependent P TO

14 Rear output optionally fitted with parking brake
(flange type optional)

15 Connection to heat exchanger

16 Connection from heat exchanger

20 Oil drain hole**2 4

81/2 Pressure cut-out valve, optional for pneumatic
or hydraulic actuation 8

** The connections for the oil filler hole with dip- 4

stick and the oil drain hole may be exchanged

- 220 -

Versions 03
2 12 - 299,5 13A 2 Electro-hydraulic control 2 2825 3

A 4 Mechanical-hydraulic control for 3 and 4-
speed versions

F Converter bell housing with end cover and in
put flange for separate installation

G SAE engine connection for direct installation

P Rear output with parking brake 8

\V Dimensions given in I apply to models
WG 180/200

44
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* -273,5 0
(302)

Electric (15 --

connection (2 )

CF~ ',02
A 2.

1 56156 275 302 WG 120/150 -248-
- 86,1- - 175

jReversing shaft -

B612

w wA4 Gear control shaft
9" CS c> .1(

9, Q 
b0

-14 4
15

- 143- 408
5 - 338 432 20

1-17 - 289 70- 2 WG 180/200 -285

-'8 21

xmL A Gearcontrol shaft

A4 Gear 02

61
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iS
Design of
4,5 and 6-speed
transmission

~KRT K1ii

K V.

- K4 K3

4 Clutches operated on 5 and 6-speed transmission (see diagram)

1 st gear 2nd gear 3rd gear 4th gear 5th gear 6th gear

Forward KV + K1 K4 +K1 KV +K2 K4 +K2 KV+K3 K4±+K3

Reverse KRi-K1 KR +K2 KR + K3--

Technical data

Ratios
Forward Reverse

% Model IVersion 1st 2nd 3rd 4th 5th 6th 1st I2nd 3rd

3 WG ... 1 1 470 239 10 064 4,70 2 39 j10
T G2 W.. 612 239 10 064 612 2.39 I 10

* and ___

* WG 151 5 WG ... 2 ) 4 7 30 239 1 53 10 064 470 239 10
6 G..612 392 239 1 53 10 064 612 239 10

3 WG..."~ 5736 2485 0968 0632 5736 2,485 0968
WG 181 4 WG...

andO 5.. 2
) 5736 374 2485 1 62 0968 0632 5736 2845 06

The same ratios apply for the 5-speed ve-rsions (without 6th gear

10
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WG 201

-190

WG 181

0

.1*C -170

C

E

130 WG151

WG121

0 -105 -

p800 10010 1350 1500

Max. turbine torque [Nm]*

-JWG 121 and WG 151 f WG 181 and WG 201

Engine speed' max 2 800/min max. 2 800/min

Stall torque ratio dependent on converter version 1 5 to 3.2

P.T.O. Tumax 500 Nm max. 700 Nm

engine dependent n O1 0 x n eq 1. Ox ~ ngn

Speedo, drive n -o 1 545 not peo 1 4

Mass~
(without oil) 3 WG ... approx 220 kg approx. 300 kg

4 WG ... approx 250 kg approx. 370 kg

5/6 WG ... approx 250 kg approx. 370 kg

dependent on vehicle type and application dependent on transmission version

* D-4 6
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ZF Hydromedia reversing gearbox 4 WG 65 11

.3,

The ZF Hydromedia reversing gearbox 4 WG 65 II consists of a hydrodynamic torque converter (Fottinger converter),
and a rear mounted 4-speed reversing and transfer gearbox of the countershaft and planetary type. It can be used in

- various applications e. g. in heavy shovel loaders, graders or similar vehicles and is installed separately from the en-

gine (input via a propshaft).

The favourable characteristics of the converter (e.g. increase in tractive power with increasing rolling resistance)

are used to full advantage in all speed ranges and in both directions of rotation. Up and down changes of the four

speeds can be carried out under load in both directions of travel.

The converter can be supplied with or without brake free wheel depending on the installation of the gearbox. The
brake free wheel increases the braking effect of the engine during downhill travel.

r- The power for forward and reverse travel is transmitted via a spur gear countershaft assembly by means of hydrau-

7 lically actuated multiple disc clutches and a planetary gear with hydraulically actuated multiple disc brake. Se-
CO lection of gearbox is made electro-hydraulically. The gear changing operation is carried out via a universally ad-
0 justable standard selector switch. This can be mounted in various positions on the steering column, on the dashboard

or on a console.

I The model 4 WG 65 II is constructed for all-wheel drive and one of the outputs can be disconnected. Disconnection
Vr can be carried out whilst the vehicle is moving, but the connection of the drive should only take place with the ye-
•L tg hicle stationary. If required, the gearbox can be supplied with a parking brake.

D-4
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The converter filling- and shift pump is accommodated in the converter housing. The pump supplies the foam-free
oil for the converter oil circuit. Cleaning of the oil takes place in the main oil flow. The filter used for this pur-
pose is not attached to the gearbox in order that it may be positioned in the most convenient and accessible place
in the vehicle. The control parts and valves are arranged on the gearbox such that they too are easily accessible
from the outside. To cool the converter and lubricating oil circuit, an oil cooler with a capacity of approximately
1.4 • 10 6 J/kWh (250 kcal/HPh) is necessary. However, this value is only determining factor.

! The gearbox is equipped for driving the steering pump and the pumps for hydraulic operating equipment with two
engine controlled power take offs. However, an emergency steering pump can be fitted which is dependent on the

: driving revs.

Power can be cut off (e.g. on shovel loaders) by breaking the voltage for the magnets. A switch for this is fitted on
the brake pedal, but this may be only operated at a braking pressure of 2. 5 bar (atu).

Technical data

Input power max kW (HP) 260 (350) Mass (Weight) approx. 850 kg (1, 875 lbs.) 0
, Input speed max r. p. m. 2500 Oil capacity approx. 40 dm 3

.. Input torque max Nm (ft. lbs. 'i 1 000 (725)

.* Ratios (mechanical) 1. gear 6.1 6.43 The max. torque increase of converter

forward 2. gear 2.63 3.36 at stall point is 2.0 to 3. 5 depending

and 3. gear 1.73 1.77 on type
reverse 4. gear 0.72 0.924

engine dependent 1.05
power take offs

'4 Schematic drawing of the gearbox

1. Input
2. Torque converter

12 -- -05 3. Clutch "reverse"
4. Clutch "forward"
5. Clutch 1. and 3. gear

f 6 6. Clutch 3. and 4. gear
11 Tj 7. Output

- _ 8. Brake 1. and 2. gear

i1 9. Clutch 2. and 4. gear
,. "10. Connection for oil pump, depending on speed

of output (e.g. for emergency steering pump)
11. Engageable and disengageable output

12. Connection for engine controlled power takeoff (i 1.05)

* D-48
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(Basic version)

125 170

'N

t , tkk,.,

* + '. -. t / + -J +

,-2I t J ' , ,I

26! 190 4 /0 560 52.

9/2

1''

"e2o 19g iS 17

Key to drawings

t "1. Input, 8 holes 0 14.1 mm 10. Connection from heat exchanger

2. Mounting surfaces, thread MI 16, depth 11. Magnetic filter ,'

- of thread 30 mm 12 i ote

3. Connection for engine controlled power take offs 1.Cneto oha xhne
(i =1. 05) e.g. for hydraulic pumps1.Concinthetxhagr,

4.Otpt bls 414. Engageable and disengageable output
"' 15. Connection to filter F.

5. Converter filling- and shift pump

S6. Speedometer connection 16. Hydraulic pump (not supplied by ZF)

Conn cti n fr oi pu p, utpu co troled17. Lever for optional m ounted parking brake

(e.g. for emergency steering pump) 18. Connection for control pressure manometer '

S8. Oil inlet with measuring stick 19. Connection from filter

9. Electro-hydraulic control 20. Gear shift lever for all-wheel drive

~D-49
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~ Installation examples for the type 4 WG 65 11

The illustrations shows installation

possibilities from the ZF range

for fitting in a grader, shovel

* loader and scraper.

Sujc otcnclmdfctos

Fo istlltin nesigtinsplas eqes rspctveistlltin*ra ins
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Diesel Truck Enginei
FEATURES

~ FUEL ECONOMY
Variable-Timed Fuel :njection...Broad rpm Turbo-

charger Match ...High Lift Cam Shaft...Full-Range
Governor for Precise Speed Control.Result: High mpg

RELIABILITY AND DEPENDABILITY
Wate Maintenance-Free Fuel System.. Gear-Driven
Water Pump...High Strength Bearings... Result:
Reduces Costly Road Failures and Shop Time

n * EFFICIENCY MATCHED' ) Effective Operating Range...High Torque Rise...
Big Displacement.. Variable-Timed Fuel Injection...
Result: Less Shifting...Less Driver Fatigue SPECIFICATIONS

6 CYLINDER, 4-STROKE-CYCLE DIESEL

* LOW MAINTENANCE AND REPAIR COSTS Bore .......................................... 5.4 in (137 mm)
Stroke ....... ................................. 6.5 in (165 m m )Exchange Components ... Competitive Parts Prices

an..n -t e P r e s Displacement ................................. 893 cu in (14.6 L)
Reusable Parts at Overhaul... Maintenance-Free Fuel Aspiration ........................... Turbocharged-Aftercooled

System... Result: Low Operating Costs Compression Ratio ................................... 14.5 to 1
Rotation (from flywheel end) ................... Counterclockwise
AMA Rating for U.S.A. Tax Purposes .......... ........... 70.0 hp

Capacity for Liquids U.S. Gal Liter
Cooling System * ........................... 6.0 22.7

% m PARTS AVAILABILITY Lube Oil System (refill) ...................... 9.0 34.1U Computerized Parts System...High Parts Inventory Weight, Net Dry (approximate) .................. 2,870 lb (1302 kg)

... Parts Distribution Centers... Result: Reduces Costly Engine only. Capacity will vary with radiator size and use of cab heater.
Downtime

DIMENSIONS
DURABILITY -59 2 n - 352 inf503 mm " 894 MM "

10 Hardened Liners.. Total Hardened Crankshaft... -
Quality Standards... Result: Less Downtime... P

Increased Revenue

LOW OIL CONSUMPTION 125MM

Reduces Make-Up Oil Costs... Excellent Oil Control 16 2 ,n
... Less Maintenance Time... Result: Reduces Oil and 412mm

Maintenance Costs -
.,

D-52
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a 3408E- 310 hp OIE13EL TRUCK ENGINE

ERFORMANCE CURVES STANDARD ECIUIPMENT
* Air Compressor. Gear-Driven. 12 cfm (0 34 m 3 min)

-~11~' -* Air-Fuel Ratio Control
1200 71600 * Automatic Variable Timing

1100 -- 140 * Coolant Conditioner. Dry-Charge
- E * Crankcase Breather

900 1200 z Dipstick (R H. Side)
800 * I Fan Drive (Adjustable)1u 70 1000

700 e Flywheel and SAE No 1 Housing
- I& Fuel Filter (Spin-On)

" 1" LI1IiI • Fuel Priming Pump
*350 # Fuel Transfer Pump

,250 * Governor Control
75_ 300 Hydra-Mechanical Governor. Full-Range

. - 200  * • Jacket Water Pump. Gear-Driven
20-- --- 150 Lifting Eyes

e Lube Oil Cooler
"e Lube OilFilter (Spmn-On)

36 1 1-1220 9 Lube Oil Pump
----- ---- a Oil Pan (Front or Rear Sump)

.032 - 29 Single Tach Drive (SAE Standard)

I IiIIiiL
e Solenoid Shutoff (12 Volt)

1000 1200 1400 1600 1800 2000 * Turbocharger (Mid-Mounted)
Engine Speed

rpm

OPTIONAL EQUIPMENT
m Air Cleaner with Service Indicator
D Alternator, 12 Volt, 65 Ampere*ERFORMANCE DATA Auxiliary Pulleys and Drives

Rkated hp (kW) ................................. 310(231) * BrakeSaver (Hydraulic Retarder)
%ill1 Load rpm ..................................... 2100 e Exhaust Fittings and Couplings'. Ld rpm--------------------------------2100 * Fans and Fan Accessories

Operating Rarpm )-------------------------........ 700 Primary Fuel FilterOperating Range (rpm) ............................. 1000 Starter(12or24 Volt)
,gtitude Capability-ft (m) .................... 7,500 (2286) Transmission Mountings
'ak Torque - Ib-ft (Nem) ...................... 1140(1546)

Preak Torque rpm .................................. 1100
Torque Rise ...................... ............... 47%
.eight per hp- Ib (kg) ........................... 9.3(4.2)

:3SFC RATING CONDITIONS
The ratio of fuel burned to hp produced is defined as Brake Specific Performance is based on SAE J1349 standard conditions of 29.61 in.
= 'el Consumption (BSFC) The BSFC curve shown above is at full Hg (100 kPa) and 77°F (25°C).

d. While it is a standard industry practice to display rated (full load)
9FC curves. truck engines generally operate a very small portion of Fuel consumption is based on fuel oil having an HHV of 19.590 Btu/Ib
the time at full load Instead they operate on various part load BSFC (45 570 kJ kg) and weighing 7.076 b/U.S. gal (848 giliter).
curves which are too numerous to publish Therefore. predicting fuel16dnupo rmrte fl od SCcrvscnb ~lazg The curves shown are fora standardengine without fan, butequipped

hiJnsumption from rated (full load)I BSFC curves can be misleading. with air compressor and fuel, lubricating oil, and jacket water pumps.
x 41terpillar Truck Engines are designed to provide good fuel consump-
tidn throughout the entire operating range under both full load and Additional ratings may be available for specific customer requirements.
part load conditions Contact your local Caterpillar representative for Consult your Caterpillar representative for details
' f ther information

Internationai System (if U~nits Si IS W~,t~ in tihs ptjhi( at ,-*~

LEHT40S2 (i 84)
6 n5des LEiT225 .... ' ''9 . . .., .. D-53
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Diesel Truck Engine

FEATURES

44 FUEL ECONOMY 
r

r~Full-Range Governor ... Automatic Variable Timing
Advance ... Result: Excellent Fuel Economy

RELIABILITY AND DIESEL DURABILITY
Diesel Tough Components ... Over a Quarte- Million

in Service Since 1967 ...Result: Long Engine Life

* TOP PERFORMANCE
* ,. ~ Immediate Response ... High Torque Rise...

Wide Operating Range ... Result: Peak Performance

LOW MAINTENANCE COSTS
Simple Adjustments ... Ease of Serviceability... SPECIFICATIONS

*Maintenance-Free Fuel System ... Result: Low Cost ofS Operation and Simpli~if, Maintenance 8 CYLINDER, 4-STROKE-CYCLE DIESEL
Bore ............................................4.5 in (1114 m m )

PR D C U P R E V C SStroke ............................................5.0 in (127 mm)
% PRODUCT SUPORT SERVICESDisplacement ...............................636 cu in(10.4 L)

Over 2,000 Dealer Locations in North America... Aspiration ..................................... Turbocharged
CmueiePatSytm.FsPatDeieyCompression Ratio................................................... 16.5 to 1

Resput:ereares Dowtme and Pareseier Rotation (from flywheel and)....................... ... Counterclockwise
... Resut: Deceases owntimeand InreasesAMA Rating for U.S.A. Tax Purposes................................ 64.8 hp
PrdciiyCapacity for Liquids U.S. Gal Liter

Cooling System*......................................... 6.3 24.0
Lube Oil System (refill) .................................. 5.0 18.9

REBUILDABILITY Weight, Net Dry (approximate) .......................... 1,450 lb (658 kg)

In-Frame Overhaul, Out-of-Frame Overhaul, an *Engine only. Capacity will vary with radiator size and use of cab heater.
Remanufactured Engines or Short Blocks Available for
Fast Turnaround ... Low Cost Exchange Components...
Dry Repair Sleeves Availabe .Result: Low Cost Per Mile
of Operation DIMENSIONS

36.2 in *36.0 in

BIG DISPLACEMENT 919 mm 914 mm

636 cu in (10.4 liter) Displacement ... Excellent
Acceleration and Response ... Result: Permits Use of
Economical, Five-Speed Transmission

351 in
891 mmS fl ~METALLURGY AND DESIGN *-

Precise Casting of Cylinder Block and Heads in 13 7 in

Caterpillar's Own Foundry ... Two-Ring Pistons Reduce 34 MM

w ~ Friction Drag ... Total Hardened Crankshaft ... Crankshaft
% Regrindable ... Result: Structural R~gIdlty

D-5 4
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3208-225 hp DIESEL TRUCK ENGINEn

PERFORMANCE CURVES STANDARD EQUIPMENT
9 Automatic Variable Timing

I I* Flywheel and SAE No. 2 Housing
600 800 * Fuel Filter (Spin-On)
50 * - - -- t 750 Fuel Transfer Pump

L500 -- --- -- 700 E  e Jacket Water Pump
- 5650 z * Lifting Eyes

450 -600 * Lube Oil Cooler
- Lube Oil Filters (Spin-On)

* Mechanical Governor (Full-Range)

250 -- 1200 * Oil Pan (Front or Rear Sump)

0 o200 -- own - 150 * Positive Crankcase Ventilation
S-* * Solenoid Shutoff (12 Volt)

0- 150 100 * Supports
100 - 1* Tachometer Drive (SAE Standard)

. 50 9 Turbocharger
", - - - - Water Separator

" 0.40 - - - - - - 250

iA . 3a - -N MO 225-- -

z .a 0 35 ,,,.u22
in200

030.- , , , ,OPTIONAL EQUIPMENT
1000 1400 1800 2200 2600 * Air Compressor, 12 cfm (0.34 m 3/min)

Engine Speed * Alternators
12 Volt, 60 Ampere
24 Volt, 40 Ampere

e Auxiliary Pulleys and Drives
PERFORMANCE DATA * Exhaust Connections

Rated hp (kW) ................................................................... 225 (168)t t Fans and Fan Accessories

Full Load rpm ........................................................................... 2600 * Hydraulic Steering Pum p

Low Idle rpm ............................................................................ 650 M ounting and Drive
. Operating Range (rpm) ............................................................ 1200 * Noise Suppression Equipment

Altitude Capability- ft (m) ......................................... 7,500(2286) 9 Solenoid Shutoff (24 Volt)
* Peak Torque-lb-ft (N. m) ............................................... 585(793) a Starter (12 or 24 Volt)

Peak Torque rpm ...................................................................... 1400 e Transm ission Mountings
Torque R ise ...................................................... 0........................ 29%
W eight per hp- lb (kg) ....................................................... 6.4 (2.9)

tFor on-highway service as defined in 3208 Selection Guide.

*B3S-- RATING CONDITIONS
.' The ratio of fuel burned to hp produced is defined as Brake Specific Performance is based on SAE J1349 standard conditions of 29.61 in.

Fuel Consumption (BSFC). The BSFC curve shown above is at full Hg (100 kPa) and 77"F (25°C).
load. While it is a standard industry practice to display rated (full

-e load) BSFC curves, truck engines generally operate a very small por- Fuel consumption is based on fuel oil having an HHV of 19,590 Btu/Ib
",o. tion of the time at full load. Instead, they operate on various part load (45 570 kJ/kg) and weighing 7.076 lb/U.S. gal (848 g/liter).
LA BSFC curves which are toc numerous to publish. Therefore, predict-

ing fuel consumption from rated (full load) BSFC curves can be The curves shown are for a standard engine without tan, but equipped
misleading. Caterpillar Truck Engines are designed to provide good with fuel, lubricating oil, and jacket water pumps.
fuel consumption throughout the entire operating range under both
full load and part load conditions. Contact your local Caterpillar Additional ratings may be available for specific customer require-

represent ative for further information ments. Consult your Caterpillar representative for details.

Ir
br

S The Internationa System of Units ,SII is used in t vs pub ica ion M ateals and pec ifca thons are sub ect to change w ithout no ice
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TRUCK DIESEL

Lb4

SSPECI FICATIONS
Im-.s-r Rating I') k%% I IN) hnip 66TS1 CPL Code: 0598 Curve. 4250-3

Rated interl 2)0( rpn 12 i0(1 rpin i PROGucYON
400 394

Pca.. [or(I;oe 170)0 rpm) 194\tt (4 lb) it)
\ommral Torquei Ri.. 1'1

Iniorto ltline 0-( ~linder 1 tv~ lr)ei, tin 0. a

As.piration To rhm ii argm(d 0200 200

pt ( )pra t ing Cle'. 4 (4 T

(-ILIt( 11 [ ngager11Vf

TorqueI (80(1 pmi'[1 4017 N.rt ft 1()) lb) I - -)-0

Blore arid Stroke 102 \ 120, mm~ -4.0 2 4.7 it.

Piston~~~~~ -i~l~mn --.8 0 l i

(niprew.ort Ratio 18.73 1 M.-,1)

I~ Lub Sv.tefl ( )d ( ap Im lv 10.4 1 1i1- L'.1 ill'.) 1400 - - - - - - - - -

(oolant (apam tv (1. [ Ii L, t.

h)r~ising vl it i t tyiel

and vc( tr(,, il) kg(8811) 1
kg .i 3 ~~~~~UEL CONSU"iN Alt ih

Veight to Povsr Rartio 1.4 kg k'i, h55l pi a 30 00- I00 t0 300

ENGI'NE SPEED-O P

*For 4.2 Trucks 1v:6 000 kq (35 000 lbs

(__EPA Certnbed ________

PERFORMANJCE: n ginv e rtoti.int vn it l tiili Iti )4'3 ( crs,. 3'..' 1,ftwn i1 (it3i: tlr, cnizint. \th \iti'r fiIMii)

arit le temp'rmur ind I kI',i oo I() In. lm'. I lIV. :\,mlel 53(031 altlfrit~fi til .ind1 :)t: Ill' .':t::lilm'llt

presm rt, No 2 diew.l ttifl ill he' s'thin : it 1hit 0 is w P

t~m lengine itev; IOr(mk in A(41t11 ietrtirl:i l ~ j ,ir'. \%itl

LI.tern im~ n '(~~' oniton D -57_ _ .'-~



6 BT5.9

DESIGN FEATURES AVAILABLE EQUIPMENT
p (ast Iron Skirted Block: k% III ;',III, iwxi ig'L ;iic Air ( onpresfir: - ,' ,~' -w, I

i\~~ \\(11411t0-1 tli~i fcf H r ifk~Fit 'ijicu1wrt t i i lifi Air Intake A( (e~~irie%: I 1 ' - OF

(onne( ling Rod%: I)n q~ i Irg irLt t I ( 11f 1 iLk( tioI ( ifr 1,) I i 10~ 1i 1 IfH , \, i i j .

*j tii '111i ( i' w it \\ ittli( hi ri i f r ft iti (cI tr\tmiI (~rl

'j. (rakshfl:F cic~il ttt \ ,Ii iitgi Micr\ight, m~ ti Alternators: K ~ .K i

rnfi\ircf tifcn.!th drift !(,\\t~h tici fi( ci d cci m t.lit- Exhaut A((essories: \ ' ' c

111,i\1Mffcrf tIrcic tLci[~t .tmiifnoh (I t't hifm k ind hv~i~i Fan Drities: FI -riri I' i . ' ic---

Iftilfl Irrr lilt, IF' i ((i

F ewier Parts: It- rif\iftitff xii ri"Itr iiilftiifit ind Fl %sh('&ls: I,, f il~l' tt i tifm i- (w i fi ( fI, t

S rei,iir.
Fuel ystem. Direrc tut-i Inlet titin 'A iii high d ,ir iritikt Flywheel Housing%: \crri'I'cmr I \c cc \F c

)or, t o )cr iwIler I( III IILccI I icn afi m fI m,)offc ,,I , ri k tmt iI ( r iJ klrfg 1 )1 . f(if \.if (iit l l iitc Iiit ' i fif IIIici

fifIflatigi Freon (omnpressor Mountings: hi wI tirirri riliffr imil

. ~ Parts Siiiplicity: I itlult , trigie I( it, tcoi I fR ( c i nd wki F tcI i t HmLi ( wniiIf '.

re aie \ith cirdifl,ir\ imncl tool, front Pow-er Take-off: Pci H ' iiF cttr ind iii *l(t (Irfii o

* Side Mounted Gear Driven Crankshaft: icr 1(m t-ngrutfl-t
IfirgifT ~Front Engine Supports: hiti InKi Ilt wi ii'

b Single Belt Fan, Alternator, and Water Pumip Drive: wth 'fiif K

ttfficcrffgcc~tr lrrfinct ffcintnci ~HdrauliR Pumnp lri,.es: I Flin t rift ',\I \ fir 8\f 1i

Tlurbocharger: ( Ld i nN p i)cclt I I Rl( crlc i hl~ii grFf i'

_if) rtfi , i~ iA lfiflifiifcii tuck fi 'li i il 'fli t c iifiwtf Oil Pan%: Fr twi ili itit im p I\ii tf ,%' -ftl iint4tl jrilf

. ii 'i cii t eltlt-rit tifr i l It ptriif c I(M 1ff cr Iiit n t~ih 'i

' \haFici to t -ic t i 1id mil Starters: FI-' w 'I c()i Io H ccig i'frf

Valvets: ( )tft i t,ikt mi l )Ff tit, t \f.t ,filk -t~i -I( hc Fi I f-I itr Turb~o( harger Lo( ations F F c1hi rM 1ri \\c f t ill AI - J ii I Ifofllt

W.ater Inlet (onnet tions: FiiftIi ticiflit Fr i Flu wi c iF

f oso

632
(249) 944

Gman:sailj

312 

' 
2296 26 3- _

(1 6) 113) ( 3

-- . - - 9

14 582 Frontf Face _____Reat Face
(229) o1 RioctI, 't MOO,

CmisEngine C~ompany, Inc. '-' 'I m"-I'iclC llr

Columbus, Indiana
47202

EiiLitmi1, 338104'i5 Pmc'ic,t I U "; A R'- i 85

* D-5 8



V_. ~~~- 7w ~ 7'~ 7~ - - Q . .--

Truck Diesel Formula® 240
j Power Torque 240

.'

* Im

*Specifications Design Features

Metric Camshaft: 2 in. (51 mm) diameter camshaft controls all
valve and injector movement. Induction hardened alloy

Power Rating (Formula) ... 240 bhp 179 kW steel with gear drive. Crowned roller camshaft followers
Rated Speed 1800rpm 1800 rpm for long camshaft and follower life.
Peak Torque(1300 RPM) .. 900 lb.-ft. 1 220 Nam

•Nominal Torque Rise Mec29% 29%/ Connecting Rods: Drop forged, 12 in. (305 mm) center
to center length. Rifle drilled for pressure lubrication

Power Rating (PowerTorque) 240bhp 179 kW of piston pin. Taper piston pin end reduces bearing
Rated Speed ............ 2100 rpm 2100 rpm pressures.
Peak Torque (1300 RPM). 900 lb.-ft. 1 220 Nm Corrosion Resistor: Spin-on type, mounted. Checks rust
Nominal Torque Rise ....... 50% 50% and corrosion, controls acidity, and removes impurities

Clutch Engagement from coolant.
Torque (800 RPM) . 650 lb.-ft. 881 N m Crankshaft: High tensile strength steel forging. Bearing

Number of Cylinders . . 6 6 journals and fillets are induction hardened. Fully counter-
Bore and Strokse.....52 x6in. 140 x 152mm
Piston Displacement 855 cu. in. 14 Lt.

• Compression Ratio 15.0:1 15.0:1 Cylinder Block: Alloy cast iron with removable, wet
Operating Cycles ... ......... 4 4 liners.
Lube System Oil Cap. 11.0 U.S. gals. 42 L Cylinder Heads: Each head serves two cylinders. Drilled

' C Cfuel supply and return lines. High temperature and wear
, '. Net Weight with Std. resistant inserts on intake and exhaust valve seats.

Accessories, Dry . 2480 lbs. 1 126 kg
Weight at Rated Power 10.3 lbs./hp 6.2 kglkW Exhaust Manifold: Pulse type design for less restricted
Installation Diagram Number . . 3035949 and more energy efficient exhaust flow to the turbo-

tSpin.on full flow and bypass filter are included in total, charger.
. . ...... Filters: Lubricating oil; spin-on paper element full flow,

-00." and spin-on stacked disc bypass, mounted to oil cooler.
Fuel: super filter spin-on paper element engine mounted.
Water: spin-on paper element, corrosion inhibitor.
Fuel System: Cummins PTTM wear-compensating
system with integral governor. Camshaft actuated Topi :,.Stop injectors.
Lubricating Oil Cooler: Tube and fin type, two pass
water cooled with spin-on full flow and by-pass filters.
Temperature controlled by-pass circuit to maintain oil
temperature. Integral pressure relief valve and low oil
pressure/full flow filter restriction alarm.

13 50,, 59 09 '

_ _ _.Design Features continued on back page.
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I Formula' 240 1800 RPM Power Torque 240 2100 RPM
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% Performance Curve: C.4109-A CPL Code: 0497 Performance Curve: CO-4085.2 CPL Code: 0497

Design Features Continued Performance
Lubrication: Force feed to all bearings, gear type pump Engine performance at SAE standard J816b conditionsofu500cft.i0 altitudefe73
with pressure regulation from main bearing oil supply of 500 ft. (150 m) altitude (29.00 inches [736 mm] Hg dry
galley. barometer), 85°F (29°C) air intake temperature, and
Thermostat: Single ventless, modulating by-pass type; 0.38 inches (9.6 mm) Hg water vapor pressure with No. 2
low leakage, can be used with shutterless cooling diesel fuel will be within 5% of that shown at the time of
system. engine shipment. Actual performance may vary with dif-

Turbocharger: Cummins manufactured T-46. ferent ambient conditions.

Valves: Dual intake and exhaust each cylinder. Each Curves represent performance of the engine with water
valve 17/, in. (47 mm) diameter. High temperature and pump, lubricating oil pump, fuel system, compressor

wear resistant face on exhaust valve. (unloaded) and air cleaner; not included are alternator,
fan and optional equipment.

1 Water Pump: Poly-vee belt driven, centrifugal type.

S4 Conversion Factors to Metric:

Available Equipment Torque lb.-ft. x 1.356 = Nem

* Air Compressor: Cummins 13.2 CFM (374 L/min.) one Power bhp x .746 = kW
. cylinder, coupling driven and pressure charged; 30 CFM Fuel lb./bhp-hr. x .608 = kg/kW-hr.

(850 L/min.) two cylinder.
- Electrical Equipment: 12 and 24 volt starter: 12 and 24
S * -. volt alternators of various ampere outputs.

Fan Mounting: Bracket mounted hub and pulley. Hub
201/4 in. (514 mm) above crankshaft.

. Flywheel: For various 14 in. (356 mm) and 15/2 in. (394
JI mm) automotive clutches.

Flywheel Housing: S.A.E. No. 1 or 2 cast aluminum with
*. % mounting pads.

Front Mounting: Provision for pad type engine support.
, % or 6 in. (152 mm) diameter trunnion.

Governor: Limiting speed or variable speed, dual
flyweight with single or dual throttle controls.

Oil Pan: Stamped steel rear sump, cast aluminum front
sump, 9 U.S. gallon (34.0 L) capacity.

d 11 Steering Pump Drive: Coupling driven, two bolt flange
0. mounting at rear of lube pump.. Cummns has always been a pioneer in product improvement Thus specifcahons

Other Optional Accessories: Can be provided by may change without notice illustratons may include optional equipment

Cummins upon request to fit spec:al applications. 'tummins Engine Company, Inc., Columbus, Indiana 47202
- 1D-60



FORMULa 270CPOWER TORQUE 270
c TRUCK DIESEL

ir I

SPECI FICATIONS
FOo-a 270 CPL Cod, 0579 C.-.v C4190

F'm.r orui (Formula) 2()1 k% 27) hhp9 0 0

Rx,¢i d ",)777l 180071 rp7m I 1ll)) rpl700

IAk 1h)r7m i) )I I 1  ) f i r77 I ' 1 ) ) I1) It 700

1)mrRainn (Power Torque)i 2011 kWV 1270 77.7(7+ ~-- 200

R' , )llfJ l '1())) [' 2)1 (21)0 rpm ) K t-tl 1-
"% t ) r(l I r II -111 I 4 )' N m It. I s
'N,)m i,il hm lt- k;1"v 48("., (48~l",,l )- 400

7)1 7 ,,r.'tit 1,)7,,I1,1 , .. IJoLLLLLL
hm(117 (80 7 r720 1-4 1) i t 1 1-00 1400 1600 1800

\ ,Ifr7 Ib l r ()I ( ,,l777I r,, I, ,71 ENGINE SPEED - RPM

(Irv jno) Y7m7kv al)) mI F 777 . b17I ~, 1,'" L o d G00,nd So.d 1600 RPM
p MaximumNo LodGo.11"e~ -0ee = 2050 APA4

'I X? ) 71 ,,I ( t-1 7 1) li7 14 L 1 -') I. , III,) S raA k 'lo *p0w 0Se 2050 RPM

POWer Torque 270 CPL Code 0S79 C-0,e: C0-4190-1

)edt(y( k~4 'i70

t( )iI ' .tr (" . 4 I II .0 00'

fXe ( I).)17 21' 17( goo100'
*\( I ,',,,,7[r,,. I )rv I I ))) k 2J 47))) Ibh. 111111111111111111111111111

ivhl it RaIt I t'(Aw'vr -) kg k',A7 '1, 2 l I 1

(71 IIt7 )it.~ran7 Num77be71) ))).-. 275

'7)"pin i)7 1 III P%%5 1777 I 7) p.'. 11cr r I m) 771 w I'l I7 I 0. . . ..fi4111 2 5 o

Pf RFORMAN( 1: 00 -00 1

.7 ... 1 , '-,,, 211 1 M77 t.*, I I,,17 1 , . 1 .. -

It7 ..... -v,. 77117/777~700 7300 7500 7700 1700 2700

777"" ...7717 ... I7* 777 (7 ,.v M:::77,on7 PoL odC.. m-.d Sp..d 27000RPM
7777 M777 Ma uln No Load Governed Speed 7 2390 RPM

64,577 .77) 777 7 ,7 ((777 . .. ...7 7 I77~ ....... 1,77,75,7 Broke Horsepower 00)l 2390 RPM
2 ", r l I I ....I ,,,. 7, 0 1 It ' . ,71 ,77 , ,, ,
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..w m,,~ w U ~ w2 7 0
*POWER TORQUE 270

DESIGN FEATURES AVAILABLE EQUIPMENT

It ani I I: I\ T I II 11 IF) 1 0)1. 01w w i r p e s I\ I .,l I \1 .

Ir ( t,\ I I I\\ i I ( 11t,, I\ (,rif l R\i. ~ r 11 'cl IT c, ci, i

( ra L'.jtt ii wl kv X11 '111(i c -! 'cc IlcIC IN, oroM ountRing : -Ir. , j w i 1,,'
( 'nt, tin Ro d s: I I ;i i .c I( ,' Im Li 1 ill c iit- I, 'F ,, I t I- wt'l II I tc I,- I, I ' I

jLIT ii '.icll 'p il't II\iII. TTIIl ItTU i, ii IlII. ' LIII'itritia Il ip : ~ I ~ iuIT i I I

( LITILI lit: I I''LL~r it 1 (,I I\ T iii (,. ITTTit _, w,4LTI (Fan1 Moi u ti ng: ii ll . .1 0 1.1

IdiMi ldhit Other Optiona I-e %or'% ~lj ?),-( I~ cri cjl i uiiii

(~ Lub rtn l _Co ler: i' iiiil ii FJhe Housing: I'. ~cil

L ( ti rHe : [.it huii hci l l ii. ( liic K I l rl c~ 'IILLI11IIiIIm

1"2 1111 llwl'il

Fitersi~: I i ii ilg (il pin I)lII pillcit ci\ I'.t\ Iitil il(I\\ 204lPa :'tmq ( (( ci m ~ k milm 1m

iwrbohargiri( iLlildi, h\. lp,iiiiiliu fun d N)ii (I I 4IiK

Fuealv% S I~IVi ciM1fuki' i 'TIi. M-d !wf \iiii('i 'ii tw
\%;Il)~~~~~(4 62-~ri in,\q IjIlp

(3350101atur (5090 2irlc F i )1111I,1 (I

ti~nipor8i1mm Irtgri 1502mmet\il id 1(% Jl

pr - r-t ll1(% itv c ti t~ n a~r

Lu rc to :lm I ic I l w ii', Ie \II ~m
w t r - ie w _kl li m to 1 ,1 ) M1i-( I LJ1 1

Th r o t t -n l m l ((IL i I \ III \I) \24m

ItLiit' -,iki',( (,vu d I,1, II Lcc-' 011, 'Td)i(c IdiiivI'e' 'c, It11l1Cc'c'11C (I (ItIIi'dsI(.0 i.

Tu bo h rg r (icp~ Twcicccici c-ciricccc Ic,,~ ti'c~cdiioll QcL'i'

Valves: ~ ~ ~ ~ ~ ~ ~ ~ ~ Cmmn Engine Company,, inInc.jt mhJ lmlr (h('962r
4- ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ou bs IIFIIndIiIanal~frf iiitme~tucil %,i
Ff.'I'ifil 147202w

5 !1 Ji

Water Pump:tcr .)&)3 SC liiir Picuiti' Ii U I W Il' 'wr11h4fII 1 (FI i 2 5i

..-klf Id. I) Iii I i-. -..- Il*(\ k~'- '~* ~ - S . - . - ~ - . .
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POWER TORQUE L10-285
TRUCK DIESEL

IF T I I C I L LI a)

aN-'a

SPECIFICATIONS___________ ______

____________________________________________________Power Torque LIO-285 CPL Code; 0783 Cur":. C-4385
Power Rating 285 bhp (213 IkW) 7000
Rated Speed 2200 rpm (2200 rpm) 900o -- - -__O Peak Torque (100 rpm) 950 lb.-t. (1288 N-m) I 8x00
Nominal Torque Rise 40%/ (40~ 700 7- - -

Clutch Engagemento 60

Torque (800 rpm 55)) If)-if. (746 N-n)u
Number of Cylinders 6 (6)3W P

Bore and Stroke 4.92 1x i. 154 in. l125XI 16 mini21
Piston Displacement 611 (U. in. IO fo1)200
Compression Ratio 16. 225 51.

Operating Cycles 4 14) tr2

tIC) System Cap). 1) 11.5. gak. (34 L)

Weight at Rated Power 6.7 )sh (4.1 kg,'kW) 7
Installation Diagram Number 3042702 1200 1400 1600 1800 2000 2200

tSpin-on full flovv and bypsoters are m (tIded in t01t1l. ENFOdGaNE SPEED 220RP

MJoxlmun No Load Governed Speed 2578 RPM
Stae H1"Pine =0 at2S70 RPM

PERFORMANCE:
Engine periorrrtaneat SAE ,tandairdt 1t 14) (oindition. or ill) it ( Or~ rleiriunt pert'irrrir of thc engine %%ith tiit) vstern
(90 rn) altitude 129.61 mt his ftg 1li0i) kParl harometril. pressure. %%,itlr (WIll~.) I1m)I(irilng oil pisrnp iir tiinipti,srir Wnloaded) ind

77'F (25'0 air intake temperatfure. indl 0 it in hes fig (I kf'im 'AQih 10) in Ht ,( ) 1250 ni inlet air r,ftriliol indl vsith 2 0i in. figI
water vapor pressure with No 2 (dVSies . wiu l il hEf vrithin ;",, ofi riln0 1111 '11isii rcstrition. niii inlo u IiiIi in ltrrn tor tan
that shown at the time ot engin , shipmnent. AV ,1 to j iritirniirli V itiiini( irtuipineni ainid i~\ in iii nntt
may vary with dIifetent aihient imd it in

D-63
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SPOWER TORQUE 110-285
TRUCK DIESEL

DESIG FEA URESThermostat: Nev. design maintains (iorric t engine coola ntDESGN FE TU EStenip ( rallirv ,ind(l(intriils engine, intake air temp)erature

Air Intake System: Optimnized atterc ooling pros ies (oc ifIi' n(I'i
,the j cs linders for imiproved fuel Co. onornV, faster('i[sn 5 i iis lsIijri~t xas a

reonse. anti reciuc cd internal temjietu(Lrtmro in( reised h,0rhiic- t iriL tistlhiittl pre)ids iir.i (A1 sh t ga

Aftercooler: Ness attert ocilcr ss ith tiMo pass c oolant tl\ Valves: I filili tii ind c~ titi h ( ylirrer. Generoius
a nd ia ce ore yields higher ete tis efess rind loswer air Vavs ulo Iit i,i ihtit a 1%%ltiiroel(

ci temp~erature. h siii 11)( rid Pi (11(01)
Bearings: Exceptionally large steel-ba( ked tni-metal bearings Vibration Damper: \ I,( (ilis tliiitlot ico iflsidi( triiit

It throu)hout engine providie long engine lite. M
n ri i-uigh location in the block, large 1.81t in.WaePup(enrciltsi.x ioutty osig

-2nn)diameter (anm permits short stitl injector train \,itt punip i i reiiio\cd froim h)ick side of gear
for prec ise fuel metering anti high injection pressures. lioki~iig riir srs it c ss ithoit diistuirbing radiator or other

*. resulting in excellent fuel ecLonomy. Crowned cam totcu mlmrt
.4% toljowe%(r rollers provide long cam and follower life.tiitti iijiitrt

LConnecting Rods: Drop forged I-beam constructiton for
strength. Tapered piston pin end prtovides stronger pis'ton AVAI LABLE EQU I PMENT
pin bore for durability. Short 8.58 in. (2 18mini) length
reduces oserall enginei height.

Crankshaft: Induction hardened tor strength. Large 4_5 AirConipessr_ uimn t__IM i 174 L mmi. tnt,
11 m) ai bains orduailty Lgh ylinder. couplig dris en and lpressure charged;: 1) (F 1\t
114 inImai herins ttr drablit. Eght850 L miin.i tsso ', inder (oupting riien and naturalls

- counterweights instead of twelve reduce engine sseight asjpiratedl.
ss hile providing full engine balance. ElectricalEquipment. 12 \olt anti 24 solt starter; 12 and 24UCylinder Head: One-piece cylinder head reduces engine volt alternators of various ampere outputs.
length and provides a rigid bead-to-blot k fit. Ports are, Fan Mounting: Poty-see belt diriven at .8 times engine
oriented to provide free intake and exhaust floss; short sec.Hhj7i.(.2mn bv rnsat te a

~' exhaust ports provide low heat rejection. SVd lb1 f.(3 m bv rnsat te a

.~Cylinder Liners: Mid-stop, shortened water jacket length fyheel Fpaing andU sped in.(able.)an 5', n
reduces heat rejection to the coolant and p)ros ides, more Fyhe:Frsaiu 4i.(5 iiad1 n

* consistent liner/blot k sealing. Ness liner c lamping tec h- lwhe Ho4umin g: SuAtiiE co Ilutches. aumnu wtj nique minimi/es liner s. ibration. mlyouln uing sAE .Iad2cstauiu t
WExhaust Manifold: Pulse design reduces hac 1, pressure for mroutMnting Pad p nin upn

better fuel ec onomy and more etItic ient e~xhauLst flOsy toFotMutig a0yeeniespot
the tu rbocha rger for ouctstancding throuttle respo~nse and Governor: Liliting speed or s'ariable speed. dual flywseight

.~driveability. si-th -si ngle or dual thrcttle (tontrols.
SFilters: Engine mountedi, FLEEIGUARD spin-on full flow and Oil Pan: Stamped steel., U.S. galloin (26.5 11 capacity,

bypass oil filters, coola nt, and fuerl filters elin)inate exter- optional sumj) locations; jtront and rear).
nal brackets and plumbing and prosvidle cleaner, faster Other Optional Accessories: Can be provided by Cummins
s serv iceability, to fit spec aI applications.

:fuel System: Cummins PT' wiear-c ompensating syste1m. 75610
Camshaft actuated ITop Stop injectors. Direct throttle (on
trol for maximum driving ease.

,.Gear Driven Components: Inductlion hardevned helic ,il gears,
-P dis e all base engine c omponents. in(clciding ssater puJmp.433In

lube pump, camshatt. fuel p11111) air (tirrpressor. 10.15Rm
hydraulic pumnp and tvio fan optiions. t

IZ !nt -ral Air Manifold: Integral intaike nianitding using the,(3.8mn
\ atter ooder housing and ro( ker htusing, prosides iotai ke

-and exhaust gas handling uin saiv side ot eniginle+

eliminating need for air c rossoer antd separate intaike
mianifoli to ritluce engine height and irnprise (
' esponsiis eness.It7

Lube Oil Cooler: U nitized diesign pros ies Iul Uts o11%\(l 13 i.51 n
cooling for high etfet tiseness ari light sseight.(0 al( N0Mt

Lubrication: Potiitisec pressure luiiir tion to ill ino, ing
parts,. in( titlding bearings geiars indl ose rfiead isserinliie

- for long lift-, piston (oiling for re~lilt Anid duribilits
Piston: I figb top ring piston viith three- rings, ts i, hroue
0rn ft d i pressionr rings an rit %( )(' isi I ;~etiu I~ r,i il oil C nies P, al'a~s beer, a pioneer in pfodcf improvement Thu~s specificaionsj o to ring. I ugh top ring pro% ides Oft(i wint c tirlibstiiin 'My change without notice iliusraiis may ,include optional ecuipmer

an odresponr)se
Steering Pump Drive: (a(-ir drisen \Nith ~-iA tsso iiilt Cummins Engine Company, Inc.

fge miourting. Columbus, IN 47202
U.S.A.

Buiietin 3380679 Printed in USA. 3186
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I C TRUCK DIESEL

I IF?)
I I L I

& SPECIFICATIONS
fotmJ.11 0-IO300 CPI. COd. 0671 C- C04276-e 01

PowerRating (Formula' 300 bhp (224 kW r--
Ra~ted Spee 1900t rpnl 1 1910 )nm ,00

Peak InrquoII ( o rfrni 950 lb ii '1 288 \.mi 07 -

Nnli I(7rqLiC RISCa 15" E.07:

Power Rating ([10-300) 300 bhp (224 k W) 2-

Rated Spee'd-------2100 rpm 12100 rpmi
PekTrI I I0(ll rpni 95(1 l(1t 288 N-in 0

\orninal Torque7 Rose 27., (27'', 0

020

IltIt h En gagtrent .~' s

Ircr(iu&V 8001 rlpmil (51l-t 740 N-ni, 300 - - - ---

iN '_ wI C6IIfl(t , f1 i

H o e a d 't o c4 (12 1\-) 54 in ;12 -)\ 11 ini~ 10 11.0 13 00 700 000

Opcerating C,(l74 4 0.300 CPL COd. 0077 .. ."1111

t , lem (~lp. U S gal-. 1 14 Li
(-olant (ia ic it%'1 q?-. 'I '-

Not \vI Wight sIt?1l 'St [ '0 -

A t( rt. 1)r' 1,9 it1 Ib. 18-0 kg~ 1 8

k",vight it Rated Po\xer 0.4 II.-.. hp 1 kg, kt\
In'tdildatian [Diagran \Nonher 1042-02 [J .~

t~pin-on full flo%% bv.-;xa- jjtillr ar in c ed int) tl - 7

%4PERFORMANCE: s ? I0
0 - --- 4------200

f -l. n - 2 (vl 1.11) 14. s 717 7,1 .77771 f Ii I I 1 1 1 7 wl ( , ti I II. 0 -.

oIl ry '777II w id, - 51 oi '. I 1i j Im rw c it7 -(,7 55,, -7 1 I

ihvit h1m j tsr .7? 17- 1171 1 777 w7 l),limcni \( luil. 1w. m7,7 ill - 00 110 75I 00 1100 17000 2, 00

s th U i ( v ( )eoew i pc2 liri i I7 - i t h I nt'tri c tIi 1,7 .7i '311M F.117 211 G. ti ilN 210 RP
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FORMULA: 94I110 -W

IL10-300
TRUCK DIESEL

DI~ESIGN ~~ FEATUJRES Therrno%tat: \i-\%~ i nn ~ t i

I it the tli i is ii ir iiiitrot ii 1(11 et onu if~iS lii Turbt harger: ( t i in. inli I I - I iiihI iii~. 1 i in f

i I .I~ i i I I i i iii ii iiii, if l'Iii,

X Aterc oler: \st\ ater i oki ler %\ ith tswo Ila- ( oolint tit)\\i~~iiiiii iit

i a g r Iont huld hig~her tittvoi 51 fi 5 id lil\frir It .orI ~ !" I II.jL'I l,\ Jl

Herng:E\i, eiiionall\ large stk-cl-hit kevl tri-nietal heliringhi V'ibration D~amper: \ i i ii
1 i iti it It")

tihiI2toughot ongirie proside long eigile lite. ,(~-
-Camshaft: H~igh liltationf in the blotk, lre2.81 in. Wae Pump: (i iI ~ t . ir,

I2 mtilli (ianikiter tarn periit, short, stif itt (, il ltot train \% h .I ~i.H . n f.
for prec ise Wet metering a nd high in er tion presures. 1, tIl -\1i(I(~ukrtiiw(rwe

Srellting in v\cellent tmel e( onorfl%. (ro\% ned ( ant lobe' TI~iit(lii'iSI5iiiititiiiu iiiiii tii
A-4 'ind Lrani tollovier rollers pro\ ido long ( am ind tolloser uftli ii~ifft

:Connecting_ Rods: Drop) torged 1-'I-bea (linsIrLit1 tior AVAI LABLE EQUI PM~ENT
s.r trentzth. Tapered piston lilf efllnd poidis strongirer tuisilir

pin btore tot dnrahilits. Short 8.-8 in. 218 flili lituth Air Compressor: ( ititfitiri'l I ;2 1 C ~ 4 I mii.1 ril
redusk C, MI Cra 11 engine height. I SIliill I iii ljl( t in i i -k mn i rgi-i ii (f \.1

SCrankshaft: tndUrtion hairdened iior strength kilrgo 4.-) inl -,1) t rlif I 1\ ( S11c ti r u)iting diiiii ind natirill
1 4 nimi mnain bearins for durahihits. Light .ispiriirit.

orintert,%vight, instead lit t\selsv, nedure enC e~sb ElIectrical Equipment: 12 \()hi a nd 24 olttaiiricr 12 id 2-4
1,1 b ~r0 iiiling t1.ll engine halanro \' It llternutiir ofi \-iTIiiii Jfiripire o~tIMIlts

*~ ylinderHead: One-pier c ' linden head redin O (s en.giri a onig rls- ibl lie i 8hb iLi
S length andl proS, Ies a rigid heaid-to-blor k tit. Ports are jwcdi I tub tI- ill 4-12 muli ibui~c ( rmnkshatt. O ther tll

o urientedl to pros ide tree Intake and e),halUst iloss- short hLl) sIlJ lg ng rd dtl iadiilble.
es haust ports pnn ~ide loss% heat retortion. Flywheel: f or Sarilns 14 in. 1 1-i 11nn anld 15) .In.

Cytinder Liners: mid-stop., shortened %\ater lar ket length 139~4 minil i IL011101tis (i InkI htis.
reduces heat reje tion to the I oola nt and pros ides nmore Flywheel Housing: SAE ',so. I aind 2 cast aluminum %\ilt)
lonsistent lin-er bloc k sealing. (es\ liner ( hinmiung fer h- moontng Pamds.
niIV quo iniizes linor \ ibraition. front_ Mounting: Pal tv 10IIL eingliel supp~lort.

Exhaust -Manifold: Pulse rdesign redILK s bar(,k tires~ure ton Governor: I wilting speeid or o rwiibe speed. uit1 ls t.%eight
h etter fuel eortifi and mortetfttnlent eshaus t ilo%\ ii0 %\ itl single or dual,1 throttle rontrols.

~.. the tulrb~ocharger tfor out~stadinug throttle rvspiinse andl Oil Pan: Starniped stool 7 L'.S. gallon (2b.- Ll apal itN.
Ilniseahilit . optional sump~j Ioi Itionis Wiont and roanri

Filters: Enigine mounted. LEL TG1, ARt) spin-on muill ilossail Ohr pinlAcssre:(a b i e ind ininins
twrpas o11il bters, (ool~int. and ttal tilters eliminate e\ter- to lit sl)iriil ipinitions.
rm nl lirar kets aind plumbing andl tr0% iie ( loanerlaster
scrs, ir eabilutts .6s

Fuel Sy'stemn: CU fitnii' PT' (192. raimi)liii ig5 tr
C amshaft a( tuated PT[) into tors,. Dire( t throttle ( iinirol
fo br ma-s"Iimunim Iing ease.

* Gear Driven Compnnts: Iflnlre timo ha rdeneilch b l i , 4337in
ilrite all haso engine coniponents, IMn ri.ding \%atilr jtiulrli1
lube11 pumirp. (imshatt trio1 pip ir I oiilprlssior
hs (ran hr pumnp and 155(1 tan options.

* Integral Air Manifold: integral intaike iianitiildiuig us ig tI__
uiterI liller hooNrng and rocker housing. pros df's itioki
an ifillhaiust gas handlinigo runv Nide ot engine.1.4In

elmiatn nood for air crossover atn~l svpairato intaikeI
manifold to ni~duI V engine height and imliros3.oi. I51.6s

0. Lube Oil Cooler: Cnitized deisign tiril Ides till tllos% oil
* ioli ng tor h igh ittectIis% cris, and I Ight ssoeight.
Lubrication: Positus 0 pressure lUbritiiiri( liill itig

padrts. In( lulling bearings, gears ind ovorheail assemlblies
q~ for long lifeo' piston ( olling fi r reliability inii iii rabilut,. Cumr"nvs ti,is alwats ten a rioneer in P~roducr nnnuirOernerinO5 Thssedoa~

* Piston: High top ring pistion \55th th roe rings, t\ss Ii r rm e 2JChne Iforotc Muraolsmvncuopialetpe

fm l 0( 1 lmpressimn rings andld a tssoJPpie o nni-rail oil e
(ountroll ring. H igh hip) ring prtiris i ti's tint Ilinblistioif
and goodil resos~nse. Cummins Engine Company, Inc.

SSteering Pump Drive: (jeoar dris iien55th tw \151 hi it Columbus, IN 47202
fltange mounting. U.S.A.

D-66 Bulletin 3380579 Printed ini USA Rev 6/85



-FORMU LAT300
NTC-300

BIG CAM IVTRUCK DIESEL

14-4

SPECI FICATIONS FrrnI. 30CPL Ca.064C-C29A

PoIA(Lr R itirnjrua30 24 k'l,, I Mbhp) 00
Ra t d S pee d 1800_ _ I~r In 1800 rp n 1 900

Peaik Torq ue (130(0 rjni --- 11-6 N~n-m (h)) 11) ttI
NominalI Torque Rise 14", .0 0 30

Power Rating (NTC-300) 224 kWS 1,0 _ ~ hhp! 22

Rated Speed 0) S 0' 10m
Pea1k Torqu H( I0 rpm()t)f 1 31i6 Nrni 110 1X) lbi
Nominal TorqLuffRisv

Clutch Engagement w-__
Torque (800 rpmi) 8 14 N-m 000Li

Number of Cylinders 0- ()6) 120 1400 "o oo 1600a

Bore and Stroke 140 x 152 irm x5 t, i. ENGINE SPEID-RPM

Piston Displsicement 1L85 (t.In)Mamimum Fuil Load Goxafruld Spoad I OW RPM
14 8- U ii)Maximunh No Load GO-nefl.Spe 20S50RPM

Compression Ratio -51 (15. 5: 11 __ ospmi0100

Operating Cycles 4_ (4)
tLube System Oil Cal). 42 L (11.0 U.S. gals. NTC-300 Cal. Code 0474 Cu-o C0-429-Al

Coolant Capacity 21 L (5.5 U.S. aals)10

Net Weight with Std. r7+
Accessories, Dry 1 149 kg -- (2,5 30 lbhs.)

Weight at Rated Power i.] kg/kW (8.4 lbs./hpo . 70

Installation Diagrami Number 1041462 .2 32S

tSpin-on full flow and by-pass filter, are included in total. IF27

PE RFORMANCE0

mEng Aij per iirman e miofr st ir'r'~ itii'tnlk vn i'itl .i ,n I and'.i Ii Ii 1 , iio s.irto o \ili n i i,.to 5I 32S

NI) 2 oiesel fuel w ill be itihn 3 , io th it howsn at h,' fit,m of rlg,n,-'~Ilp

C urves repjre~i'ft p-t'rl ,im v ofi thi' i ,In I, hod Vul f ....' iSi'l liij

ubricating oil pumpi a"i impre o liSli1 nloiiiti wini ith 201i mm I1ii ,00 130 ISM* SPED- 00RPM 0w ,() inilet air rvfi'Stllion and w~ith 7,0 tini 2 0 in Pig ',xhiku~t rei't t lEGIEa l[-P

ncludi-d are altern,.tiir in opitiil vqui' *'iill 'I aini) mpo- ldlii i, M*IiMuil ol Load GmOo.utd Speed 210RPM
M, ilulm No Load GoOuud Spnd 390 RPM
Brila. fonuiporn 0 ol 2380 RPM

*D- 67
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FORMULA3
SNTC-300

BIG CAM IV
S TRUCK DIESEL

DESIGN FEATURES AVAILABLE EQUIPMENT9 Attertouling: -\it to \%,it'r o\ It k i i rt Ir t , itr i I rI) tot() Air (ompressor: ( ininsm 1-4 1 nm I 1 2 Wn

" 11\ i I l ~iiiti li ttn x i tlt I'l Cistrii1li5 I 11t (i~ta [- I prrlflIit'nt I I\( 'r)itM Il t Irt-' ( I .i -

0 ii r ris I t( I ot rilit.I l w \ 0 thinf no 0t1iti i It r f 15 n1,t it)ift\. 11(i-
ti iiliittr ollrs rins i it l Itii. -irti int lft l lrotr ittFont Heautr: 'nitshi (i I-,i\il t %l illit(i i ir

C ne tIg1ods: Dro m tiird , ISr mmi 12 n. -ollh r %\II Goserno: Eqipm nt 1 2t iir 25 %oih sI 12t '1il t 24 t ~tt
1%nter)I, l kgh tle cill e tor 1,ress.ure lu rco n t t 11~ r ith l (ing 1 %Itt ~ ill ipt ,w okin trIjis
kpfis ltm p i tl )pis o ( pin end in Il~l he rng Othn M ~oting: lirm i : ( 111n .n1r11d hsI LuO iirn
pressures fii nii rmmnw It pro Lie!, Ii i 5 e i jip t

CorrosionResistor: intgra part mm! th th4rmnIttnhousing
11it- srng odd ol- %\et I t l t e i-ngt (,it pr l me t l I IIssIL~~lt% 11

crls( ad t i d~ le tsr l inc tion hartl iet . ( rul r lu tilm!pl
cw loutrvig roe rpticlrg( manitloi it
i.~ Cylindt Block:ng Alloyl cast ironl tss th remtiors abe)erIie

Concinge He ds: Daoh hea ered io mil l iders i lledvro:1-iii gspe r\Ir~il ed (tJilt %,i
Iunel uplynd riteurlines. Htgh emrature atind () WheargI
reitan t [in s aer ,on pik n d e xhausct o valve in seat1s.r tt o lr l

Exhaust Manifold: Accslsees typ in~g br lesse rehi ted and

oreseneg R e istrent eaus I tsv ( t th t rot. har1 r.1I.
ithrs:g loaded rd Lurcatin il pinm -o) paper Ie(men
full lo and sion- onstaro ied d it yad mounted tf)ILliiiI

Cnkshrafu: SUPh eRile sin-on ipeiltr entingie2

mounted. Wagter:si-npde lmntegn one 2.n

Fuiel Bltk: ummns PTas ir witnipinsating \sS stiner".81.

fureain su lCoelb and reunlns inh temprturet pans %ar
coedtn winth pnon iultake and bxhus paes iltes.

pEassureauifolo: Pilster esg orls restrice tinalrmnd!8
Lubricetion: Foreciednto eal earingso the typeotumti - ,
Fith r s r e egu .Lubatit n g o ilat spn F n a pe rigt lemenptnl 5~ 931

Oil an:, tampd sn teel ear sui.( bast , lminunt]t i
cumoletr. Ful SU.S.I E sil ni o p er tmetsngn

Ste erd Pu aperv: pinoung er elnt en gil montd tss 25 1.l t1,,

F u ntin Sy t rearim of " lub e arI pumtiil i ,'crl 3
thmotatsg al vtentles thirmi tit to W it t0it tO[)c 7s.

mebicting Olo ler by-pas and i nt t~e singl timn IttinIo25i

redued mwi thnto forl lo\, ng d bypIthtltr,
Tempeare cou nsle nianuac, trurt t~ saingleintr oil ~ nshld~ay e, tnern~oc poeetTusseitnaio

47emmeau It ntegradiamer relic ttnteatr nd fms oear8
ressantul fae ( i te xha strito ilari.se.n

WatercaPum: Highe fle o llt lrist-jng, tgenriua type
with vresue treghuiong t min blo rin k o itslu SIt~l to umisEgieCman,

flmp, thro.0 th raUS.illo )(p itt r47 0

moutin Bulei 33805r ofC Vtb Prntd nUSi8

Thermostts:..ua - . ..-.- - - - - -- 1. -hrii~a, to pr -rt

metering ~ ~ of byp sadrd~trto% e nl tmt

valye featre re ovabl -,vt,, lr ir............ in
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Bai nie6V-92 6V-92T 6V.92TA
Basc ngne9285 Injectors 9B90 Injectors 9B90 Injectors

Model 8063-7000 8063-7300 8063-7400

Description Naturally Aspirated Turbocharged Turbocharged-Attercooled

Number of Cylinders 6 6 6
Bore and Stroke 4.84 in x 5 in 4.84 in x 5 in 4.84 in x 5 in

1123 mm x 127 mm) (123 mm x 127 mm) (123 mm x 127 minI

Displacement 552 cu in 552 cu in 552 CLI in
(9.05 liters) (9.05 liters) (9,05 liters)

Rated Gross Power;
SAE: 77*F (25 0C) and 29.31 288 BHP (215 kW)
in Hg (99 kPa) Bar. (Dry) ', 2100 RPM
85*F (29.4'C) and 330 BHP 1246 kW) 345 BHP (257 kW)

*29.00 in Hg 198.19 kPal (a 2100 RPM ra 2100 RPM
Barometer (Dry)

*Continuous Gross Power:
85*F (29.4'C) and 225 BHP (168 kWl
29.00 in Hg 198.19 kPai it 1800 RPM
Barometer (Dry)

Torque:
SAE: 77 F (25 0C) and 29.31 777 lb ft (1054 Nem)
in Hg (99 kPal Bar. (Dry) ~ i1600 RPM
85 *F (29.4 *C) and 9531lb ft 11292 Nom) 9531lb ft 11292 Nem)

*29.00 in Hg (98.19 kPa (it 1300 RPM (i 1400 RPM
Barometer (Dry)

Compression Ratio 19 to 1 17 to 1 17 to 1
Approximate Dimensions:

Length 41 in (1041 mm) 41 in (1041 mm) 41 in (1041 mm)
Width 39 in (991 mm) 39 in (991 mm) 39 in (991 minI
Height 47 in (1194 mm) 52 in (1321 mm) 52 in (1321 mm)
Net Weight (Dry) 1960 lbs (889 kg) 2005 lbs (909 kg) 2025 lbs (919 kg)

For complete dimensional information, refer to installation drawing 2SA393 for Model 8063-7000. 2SA41 3 for Model 8063-7300, 2SA394 for Model 8083-7000 and

Rating Explanation
RATED BHP is the power rating for variable speed and load applications where full power is required intermittently. FUEL CONSUMPTION
not include power requirements for accessory and standard equipment. For complete engine specifications for your particular requirem~r
t Ratinig conditions of SAE 77P *125'C) and 29 31 in Hg 199 kPa) Barometer (Dry) 'Rating conditions of 85 aF 129 4*C1 and 2900 in Hg (98 19 kPaf Baromeier fc),

BASIC ENGINE PERFORMANCE BASIC ENGINE PERFORMANCE BASIC ENGINE PERFORMANCE
MODEL 61192 WITH 9285 INJECTOR~t MODEL SV.92T WITH 9890 INJECTORS' MODEL 6V-92TA WITH 9890 INJECTORS*

a:Y. -1.

t. . .. .

D-7



specif ications
8V-92 8V-92T 8V-92TA
9285 Injectors 9A90 Injectors 9A90 Injectors

of8083-7000 8083-7300 8083-7400

Naturally Aspirated Turbocharged Turoocharged-Aftercooled

8 8 8

4.84 i n x 5 in 4.84 in x 5 in 4.84 in x 5 in
(123 mnm x 127 mm) (123 mm x 127 mm) (123 mm x 127 mm)

736 cu in 736 cu in 736 cu in
(12.07 liters) (12.07 liters) (12.07 liters)

384 BHP (286 kW)
q,~ 2100 RPM

435 BHP (325 kW) 450 BHP (336 kWV)
i, 2100 RPM rt, 2100 RPM

300 BHP (224 kW)
ra 1800 RPM

b 1036 lb ft (1405 Nem)
(a 1600 RPM

1252 lb ft (1697 Nem) 1257 lb ft (1704 Nom)
a1200 RPM a1400 RPM

-* 19 to1 171to1 171to1

a48 in 11219 mmn) 48 in (1219 mm) 48 in (1219 mm)
39 in (991 mm) 39 in (991 mm) 39 in (991 mm)
51 in (1295 mm) 52 in (1321 mm) 52 in (1321 mm)

~A 4 2345 lbs (1064 kg) 2395 lbs (1086 kg) 2415 lbs (1095 kg)

1OI :*URVE shows fuel used in pounds per brake horsepower hour THIS RATING does
ments. see your distributor or authorized Detroit Diesel Allison representativepe f r a c

- prfrmnc
BASIC ENGINE PERFORMANCE BASIC ENGINE PERFORMANCE BASIC ENGINE PERFORMANCE

MODEL 8V.92 WITH 9285 INJECTOR~t MODEL 8V 92T WITH 9A90) INJECTORS' MODEL 8V-92TA WITH 9A90 INJECTORS*

---- ----

D-7



_____ ____ ____standard equipment
Aftercooler Injectors-Carn operated. unit type, clean tip

Air Inlet Housing Ilnstrument$-W ter temperature, oil pressure.

Alternator-12 volt. 65 amps. 6V-92, 6V-92T. and amme2Ter anlyd streIwth V n
6V-92TA only: 24 volt. 65 amps 8V-92, 8V-921. V9Tnl'A
and 8V-92TA only Lube Oil Cooler

Crankshaft Pulley Lube Oil Filter-Full flow. spi n-on

Engine Mounts Oil Pan-25' rear down or 150 front down
Exhaut Manfoldinclination angle. rear sump, 6V-92, 6V-92T. and
Exhaut Manfold6V-92TA only: 170 inclination angle. rear sump.

Fan-28 in. 6 blades, right-hand. suct ion. 6V-92 8V-92, 8V-92T. and 8V-92TA only
only: 32 in. 8 blades, right-hand, suction. 5V-92T Starting Motor-12 volt, high output. 6V-92, 6V-92T.
and 6V-92TA: 34 in. 8 blades. right-hand, suction, and 6V-92TA only: 24 volt. 8V-92, 8V-92T. and
8V-92. 8V-92T. and 8V-92TA 8V-92TA only

Flywheel-SAE #1 Turbocharger-6V-92T. 6V-921A, 8V-92T. and

Flywheel Housing-SAE #1 8V-92TA only

Fuel Filters-Spin-on "Jibration Damper-Thick. single. heavy, viscous.

Govenor-Limiing peed8V-92, 8V-92T. and 8V-92TA only

For a complete listing ot standard and optional equipment. consul', our authorized Detroit Diesel Allison representative.

Specifications subject to change without notice. 0

WORLDWIDE - *
REGIONAL OFFICES DetrI U oit3~ Diesel Allison bi r.iiF;',m

AlOr! ivision of General Motors iii~~S.i l
* ,ietmii BIiI el E t 1, tit i),1 'w i:1t. A N 1i

AfIh4 llison Ai jl

OFFICES

3SA154 8-83LihinUSA
D- 73LihinUSA

U%
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Basic Engine 6V.71 TV-71TBai nieC65 Injectors N75 Injectors

Model 7063-7000 7063-7300

Description Naturally Aspirated Turbocharged

Number of Cylinders 6 6

Bore and Stroke 4.25 in x 5 in 4.25 in x 5 in
(108 mm x 127 mm) (108 mm x 127 mm)

Displacement 426 cu in 426 cu in
(6.99 liters) (6.99 liters)

Rated Gross Power:
SAE: 77°F (25°C) and 29.31 in Hg 230 BHP (172 kW)
(99 kPa) Barometer (Dry) Ca 2100 RPM
85°F (29.4°C) and 29.00 in Hg - 277 BHP (207 kW)
(98.19 kPa) Barometer (Dry) C 2100 RPM

Continuous Gross Power:
SAE: 77F (25C) and 29.31 in Hg 176 BHP (131 kW)
(99 kPa) Barometer (Dry) Ci 1800 RPM

Torque:
SAE: 77°F (25°C) and 29.31 in Hg 609 lb ft (826 Nem)
(99 kPa) Barometer (Dry) @ 1600 RPM
85°F (29.4 C) and 29.00 Hg - 765 lb ft (1037 Nem)
(98.19 kPa) Barometer (Dry) @ 1400 RPM

Compression Ratio 18.7 to 1 17 to 1

Approximate Dimensions:
Length 41 in (1041 mm) 41 in (1041 mm)
Width 39 in (991 mm) 40 in (1016 mm)
Height 48 in (1219 mm) 53 in (1346 mm)
Net Weight (Dry) 2010 ibs (912 kg) 2080 lbs (944 kg)

For complete dimensional information, refer to installation drawing 2SA197 for Model 7063.7000, 2SA429 for Model 7063.7300, 2SA198 for Model 7083700

Rating Explanation BASIC ENGINE PERFORMANCE BASIC ENGINE PERFORMANCEMODEL 6V-T1 WITH C65 INJECTORSf MODEL 6V-71T WITH N75 INJECTORS*
RATED BHP is the power rating for variable - -- - --......... . ...... .. 1
speed and load applications where full T'0

power is required intermittently. - - . -- . . .

FUEL CONSUMPTION CURVE shows fuel _. . • . .,

used in pounds per brake horsepower hour.

THIS RATING does not include power re-
quirements for accessory and standard
equipment.
For complete engine specifications for your .. . .

particular requirements, see your
distributor or authorized Detroit Diesel ._... .
Allison representative. "

tRating conditions of SAE: 77°F (25 C) and
29.31 in Hg (99 kPa) Barometer (Dry) '

*Rating conditions of 85°F (29.4°C) and . ' .

29.00 in Hg (98.19 kPa) Barom-'-r (Dry) ..... ..

D-75



specifi!cations
8V-71 SV-71T
N65 Injectors N75 Injectors

7083-7000 7083-7300
Naturally Aspirated Turbocharged
8 8

4.25 in x 5Sin 4.25 in x 5 in
(108 mnm x 127 mm) (108 mm x 127 mm)

568 cu in 568 cu in
(9.32 liters) (9.32 liters)

305 BHP (228 kW)
a 2100 RPM

- 362 BHP (270 kW)
@ 2100 RPM

235 BHP (175 kW)
@0 1800 RPM

d 811 lb ft (11100 Nemn)
@ 1600 RPM

- 975 lb ft (1322 Norm)
@ 1400 RPM

18.7 to 1 17 to 1

47 in (1194 mm) 50 in (1270 mm)
39 in (991 mm) 40 in (1016 mm)
51 in (1295 mm) 53 in (1346 mm)

42310 lbs (1048 kg) 2495 l bs (1132 kg)

* 000. and 2SA381 for Model 7063-7300.

-:-: performance
BASIC ENGINE PERFORMANCE BASIC ENGINE PERFORMANCE

MODEL #y 71 WITH N66 INJECTORSt MODEL SV.71T WITH N75 INJECTORS*

"362 84

22D.- 2

... M~lO.. .ULCO O
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T -. w *~

Air nle Houingstandard equipment
Air Ilet HusingInjectors-Cam operated, unit typ44 clear11tip-.

Alternator-12 volt, 65 amp, 6V-71 and 6V-71T; Instruments -Ammeter, water tempefatite and
24 volt, 65 amp, 8V-71 and 8V-71T oil pressure gauges, and starter switch,

Crankshaft Pulley 6V-71, 8V-71, and 8V-71T only

Engine Mounts Lube Oil Cooler

Exhaust Manifold Lube Oil Filter- Full-f low, spin-on

Fan-28 in (711 mm), 6 blades, suction, 6V-71 Oil Pan-Stamped steel pan for 200 inclination
only; 34 in (864 mm), 8 blades, suction. 8V-71 and angle, rear sump, 6V-71, 6V-71T, and 8V-71T;
8V-71T; fan bracket and pulley assembly only, stamped steel pan for 170 inclination angle,
6V-71T 8V-71 only

f.Flywheel-SAE #1 Starting Motor- 12 volt, 6V-71 and 6V-7 1T:
Flyweel ousig-SA #124 volt, 8V-71 and 8V-71T

Fuel Filters-Spin-on Turbocharger- 6V-7 1 T and 8V-7 iT only

Governor- Limiting speed, 6V-71, 8V-71, and
8V-71T; variable speed, 6V-71T only

For a complete listing of standard and optional equipment, consult your authorized Detroit Diesel Allison representative.

Specifications subject to change without notice.

% WORLDWIDE D ee elnbruh nln
REGIONAL OFFICES '1Detinit Dis lAllisonWelnbruhEgad

1 4 0 4 2 5 7 3 6 g 1  Dvison o Geera MoorsJohannesburg. South Africa
Atlanta, Georgia 04 iiino eea oosNairobi. Kenya

i404/ 2534000 WetOueeDie Adelaide, Australia
Napervilfe. Illinois reD 0 M130 WstOte rie Detroit, Michigan 48239-4001 Brisbane. Australia
(312/961-67501 (313/592-Aust000)
Dallas. Texas Fremont. California Dandenong. Victoria. Australia Jurong Town Singapore Antwerp Belgu Jakarta. Indonesia
(214/659- 5050) (415/498 b290) 11 3 797 7qI ifii ?f 4F~P7 Biei Bienne Switzerland Taipei, Taiwan

Helsinki Finland Tokyo Japan
Dearborn. Michigan London. Ontario. Canada Athens Greece Mexico City Mexico Lisbon Portugal Bogota. Colombia
(313/565-0411) 1519/452-5000) f(30) 7 0 6669 (9051 250 4354 Oslo Norway Buenos Aires Argerina

OFFICES Paris France Lima. Peru
* Edison. New Jersey Rotterdam The Netherlands Coral Gables. Florid- Denver Colorado U S A Ruesselsheim Germany Santiago. Chile

(2011246-5074) (311 10-29-0000 (305/ 446-49001 -7 Los Angeles California U S A Stockholm Sweden Sao Paulo Biasif
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4-71 4-71T
Basic Engine N65 Injectors N75 Injectors

Model 1043-5000, 1043-7000 1043-8300

Number of Cylinders 4 4

Description Naturally Aspirated Turbocharged

Bore and Stroke 4.25 in x 5 in 4.25 in x 5 in
(108 mm x 127 mm) (108 mm x 127 mm)

Displacement 284 cu in 284 cu in
(4.66 liters) (4.66 liters)

Compression Ratio 18.7 to 1 17 to 1

Rated Gross Power:
SAE: 77°F (25°C) and 29.31 in 155 BHP (116 kW)
Hg (99 kPa) Barometer (Dry) (( 2100 RPM
85°F (29.4°C) and 29.00 in Hg 190 BHP (142 kW)
(98.19 kPa) Barometer (Dry) - @ 2100 RPM

Continuous Gross Power:
SAE: 77°F (25°C) and 29.31 in 118 BHP (88 kW)
Hg (99 kPa) Barometer (Dry) C 1800 RPM

Torque:
SAE: 77-F (25-C) and 29.31 in 407 lb ft (552 Nem)
Hg (99 kPa) Barometer (Dry) @ 1600 RPM
85°F (29.4°C) and 29.00 in Hg 525 lb ft (712 Nem)
(98.19 kPa) Barometer (Dry) @ 1400 RPM

Approximate Dimensions:
Length 42 in (1067 mm) 44 in (1118 mm)
Width 29 in (737 mm) 31 in (787 mm)
Height 42 in (1067 mm) 44 in (1118 mm)
Net Weight (Dry) 1780 lbs (807 kg) 1830 lbs (830 kg)

For complete dimensional Information, refer to installation drawing 2SA78 for Model 1043-5000, 2SA74 for Model 1043-7000, 2SA438 for Model 1043-8300, 2SA72 for h

% Rating Explanation BASIC ENGINE PERFORMANCE BASIC ENGINE PERFORMANCE
RATED BHP is the power rating for MODEL 4-71 WITH N65 INJECTORSt MODEL 4-71T WITH N75 INJECTORS*
variable speed and load applications -

where full power is required intermittently .,. .
CONTINUOUS BHP is the power rating for , .

applications operating under a constant
load and speed for long periods of time
FUEL CONSUMPTION CURVE shows fuel
used in pounds per brake horsepower
hour.
THIS RATING does not include power re.
quirements for accessory and standard
equipment.
For complete engine specifications for - .'
your particular requirements, see your . , j. , ,
distributor or authorized Detroit Diesel
Allison representative.
tRating conditions of SAE: 77*F (25°C)
and 29.31 in Hg (99 kPa) Barometer (Dry) .

*Rating conditions of 85°F (29.4°C)
and 29.00 in Hg (98.19 kPa) . . .

Barometer (Dry)

D- 79
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_____ __ _specifi!cations

6-71 6-liTf
N65 Injectors N75 Injectors

I1063-5000, 1063-7000 1063-8300

6 6

Naturally Aspirated Turbocharged

4.25 in x 5 in 4.25 in x 5 in
(108 Mm x 127 mm) (108 mnm x 127 mm)

426 cu in 426 cu in
(6.99 liters) (6.99 liters)

18.7 to 1 17 to 1

230 BHP (172 kW)
Ca 2100 RPM

S.- 280 BHP (209 kW)
- (a 2100 RPM

176 BH P (131 kW)
Cy 1800 RPM

609 lb ft (826 Nemn)
Ca1600 RPM

762 lb ft (1033 Nem)
ra 1400 RPM

54 in (1372 mm) 56 in (1422 mm)
29 in (737 mm) 32 in (813 mm)
39 in (991 mm) 50 in (1270 mm)
2190 lbs (993 kg) 2240 lbs (1016 kg)

&;;1e 10634000, 2SA71 f or Model 1063-7000 and 2SA453 for Model 1063-8300.

* performance
BASIC ENGINE PERFORMANCE BASIC ENGINE PERFORMANCE

MODEL 6471 WITH N65 INJECTORSt MODEL 6.71T WITH N75 INJECTORS'

- ------- - -

S.e
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_ standard equipment
Air Inlet Housing Injectors-Cam operated. unit type. clean tip

Alternator-12 volt. 42 amp Instruments-Ammeter. oil pressure and

Crankshaft Pulley water temperature gauges. and starter
Enginea Moulley switch. 4-71. 4.71T. and 6-71 only
Engine Mounts Lube Oil Cooler

Exhaust Manifold Lube Oil Filter-Full flow

Fan-18 in, 6-blade suction type. 4-71 only: Oil Pan-Cast iron pan for 16' inclination
26 in, 4-blade. blower type. 4-71T only: angle, 4-71 only stamped steel pan for 20-
22 in. 6-blade, suction type. 6-71 only: inclination angle, 4-71T and 6-71 only:
3 . a l t 6 ocast iron pan for 30' rear down or 28' front

Flywheel-SAE #3, 4-71T only: SAE #1. down inclination angle. 671T only
4-71. 6-71. and 6-71T only Shutdown Controls-Manual shutdown with

Flywheel Housing-SAE #3, 4-71T only: 50 in (1270 mim) cable
SAE #1. 4-71, 6-71, and 6-71T only Starting Motor-12 volt

Fuel Filters-Spin-on Turbocharger-4-71T and 6-71T only

Governor-Variable speed. with throttle controls
Vibration Damper-Single. heavy, viscous

For a complete listing of standard and optional equipment, consult your authorized Detroit Diesel Allison representative.

Information and specifications subject to change without notice or obligation.

WORLDWIDE
REGIONAL OFFICES Detm it Diesel Allison Welingborough. England
Atlanta Georgia! m Division of General Motors Nairobi. Kenya
404/257 3630) lAdelaide. Austraia

Naperville Illinois Aetlll 01 1 3 13400 Outer Drive. West. Detroit. Michigan 48239-4001 Brisbane. Australia
312961 67501 (313/592-5000) Sydney. Australia

West Perth Australia
Dallas Texas Fremont California Dandenong Victoria Australia Jurong Town Singapore Antwerp Belgium Jakarta Indonesia
214659 50501 .415 498 5200) r61) 3 797 7q911 65) 265 4697 Biel Bienne Switzerland Taipei. Taiwan

Helsinki Finland Tokyo Japan
Detroit Michigan london Ontario Canai Athens Greece Mexico City Mexico Lisbon Portugal Bogota. Colombia
313/556 5800) 519 452 50001 '30i 1 770 669 (905) 250 4354 Oslo Norway Buenos Aires Argentina

OFFICES Paris France Lima Peru
* Parsippany New Jersey Rotterdam t he Netheriands Lora, mabes Fiorida Denver Colorado U S A Ruesselsein Germany Santiago Chile

1201/993-4040) 1311 10 29 0000 1305. 446 49001 Los Angeles California U S A S, ockhort, Sweden Sao Paulo Brasil

3A77 4-84 D-81 Litho in U.S.A.
D-8



Detmit Diesel Engines fan-to-flywheel
models

7*3-53 3-53T 4-53 4-53T 6V-53 6V-53T

98 hp 131lhp 136 hp 17b hp 210 hp 235 hp

bo

Tyia -3
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Basic Engine 3-53 3-53T 4-53
N50 Injectors N65 Injectors N60 Injectors

Model 5033-7000 5033-8300 5043-7000

Number of Cylinders 3 3 4

Bore and Stroke 3.875 in x 4.5 in 3.875 in x 4.5 in 3.873 in x 4.5 in
(98mm x 114 mm) (98 mm x 114 mm) (98 mm x 114 mm)

Displacement 159 cu in 159 cu in 212 cu in
(2.61 liters) (2.61 liters) (3.48 liters)

Rated Gross Power:
85*F (29.4C) and 98 BHP (73 kW) 131 BHP (98 kW) 136 BHP (101 kW)

,' 29.00 in Hg (98.19 kPa) @ 2800 RPM @ 2500 RPM @ 2800 RPM
Barometer (Dry)

Continuous Rating:
85F (29.4 C) and 70 BHP (52 kW) 93 BHP (69 kW)
29.00 in Hg (98.19 kPa) @ 2400 RPM @ 2400 RPM
Barometer (Dry)

Torque:
85°F (29.4°C) and 205 lb ft 312 lb ft 282 lb ft
29.00 in Hg (98.19 kPa) (278 Nem) (423 Nom) (382 Nem)
Barometer (Dry) @ 1800 RPM @ 1600 RPM @ 1800 RPM

o Compression Ratio 21 to 1 18.7 to 1 21 to 1

Approximate Dimensions:
Length 33 in (838 mm) 33 in (838 mm) 39 in (991 mm)
Width 27 in (686 mm) 29 in (737 mm) 27 in (686 mm)
Height 35 in (889 mm) 40 in (1016 mm) 37 in (940 mm)
Approx. Net Weight (Dry) 965 lbs (438 kg) 1000 lbs (454 kg) 1110 lbs (503 kg)

For complete dimensional Information, refer to Installation drawing 2SA302 for Model 5033-7000, 2SA449 for Model 5033-8300, 2SA262 for Model 5043-7000, 2,

Rating Explanation
RATED BHP is the power rating for variable speed and load applications where full power is required intermittently.
FUEL CONSUMPTION CURVE shows fuel used in pounds per brake horsepower hour.

* THIS RATING does not include power requirements for accessory and standard equipment.
For complete engine specifications for your particular requirements, see your distributor or authorized Detroit Diesel Allison representative.

BASIC ENGINE PERFORMANCE BASIC ENGINE PERFORMANCE BASIC ENGINE PERFORMANCE
MODEL 3-53 WITH N50 INJECTORS* MODEL 3-53T WITH N65 INJECTORS* MODEL 4-53 WITH N50 INJECTORS*

h4. - .. .,- - -
-- ,.. . . . . - . . ;

'. . .. -

NO .,: "),03 0o'4.1

* D-83
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;specifications
-1 -4-53T 6V-53 6V-53T

65 Injetors N50 Injectors 5A55 Injectors

5043-8301 5063-7000 5063-5300

4 6 6

3.875 in x 4.5 in 3.875 in x 4.5 in 3.875 in x 4.5 in
p (98mm x 114mm) (98mm x 114mm) (98mm x 114mm)

212 cu in 318 cu in 318 cu in
(3.48 liters) (5.22 liters) (5.22 liters)

- 175 BHP (131 kW) 210 BHP (157 kW) 235 BHP (175 kW)
@ 2500 RPM @ 2800 RPM @ 2600 RPM

140 BHP (104 kW)
@2400 RPM

420 Ib ft 445 lb ft 568 lb ft
(569 Nor) (603 Nom) (770 Nom)
@ 1800 RPM @ 1500 RPM @ 1800 RPM

18.7 to 1 21 to 1 18.7 to 1

O 39 in (991 mm) 39 in (991 mm) 39 in (991 mm)
30 in (762 mm) 40 in (1016 mm) 37 in (940 mm)
39 in (991 mm) 37 in (940 mm) 41 in (1041 mm)
1260 lbs (572 kg) 1485 lbs (674 kg) 1695 lbs (769 kg)

ZTr for Model 5043-301, 2SA293 for Model 5063-7000 and 2SA448 for Model 5063-5300.

tRating conditions of SAE: 77F (25C) and 29.31 in Hg (99 kPa) Barometer (Dry)
* Rating conditions of: 85°F (29.4°C) and 29.00 in Hg (98.19 kPa) Barometer (Dry) perform ance

BASIC ENGINE PERFORMANCE BASIC ENGINE PERFORMANCE BASIC ENGINE PERFORMANCE

MODEL 4.53T WITH N66 INJECTORS' MODEL GV-53 WITH N50 INJECTORS* MODEL SVS3T WITH SASS INJECTORS*

a I

-" : i ' - ',o= -0w

a 0* .
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standard equipment
Air Inlet Housing Injectors-Cam operated, unit type, clean tip
Altemator-12 volt, 42 amp Instruments-Water temperature gauge, oil
Crankshaft Pulley pressure gauge, ammeter, and starter switch,

3-53, 4-53, 4-53T, and 6V-53
Exhaust Manifold Lube Oil Cooler
Fan-22 in (559 mm), 5 blades, suction, 3-53, Lube Oil Filter-Full flow; no bypass filter

3-53T, 4-53, and 4-53T; 22 in (559 mm), required
6 blades, suction, 6V-53 and 6V-53T

Flywheel-SAE #4, 3-53 and 4-53; SAE #3, Oil Pan-Stamped steel pan for 100 inclination
3-53T, 4-53T, and 6V-53; SAE #2, 6V-53T only angle, 3-53 only; stamped steel pan for 30 °

rear or 200 front inclination angle, 3-53T only;
Flywheel Housing-SAE #4, 3-53 and 4-53; stamped steel pan for 200 inclination angle,
SAE #3, 3-53T, 4-53T, and 6V-53; SAE #2, 4-53 and 4-53T; cast iron pan, 15° inclination6V-53T only angle, 6V-53 only; stamped steel pan for 150

Fuel Filters inclination angle, 6V-53T only
Governor-Variable speed, 3-53, 3-53T, 4-53, Starting Motor-12 volt
4-53T, and 6V-53; limiting speed, 6V-53T only Turbocharger-3-53T, 4-53T, and 6V-53T

For a complete listing of standard and optional equipment, consult your authorized Detroit Diesel Allison representative.

Specifications subject to change without notice.

M.

On WORLDWIDE n uuu Dis lA l onNrhmtnEgad.REGIONAL OFFICES O tmit Diesel Allison .glandJohannesburg, South Africa
Atlanta Georgia Division of General Motors Nanrob rS Kenya
(404/257-3630) Adelaide. Australia
Naperville, Illinois flotPlRI, s e IMl 13400 Outer Drive, West, Detroit, Michigan 48239-4001 Brisbane. Australia
(312/961-6750) lison (313/592-5000) Sydney Australia

West Perth. Australia
Dallas Texas Fremont, Cahforna Dandenong. Victora Australia Jurong Town. Singapore Antwerp. Belgium Jakarta. Indonesia
(214/659-5050) (415/498 5200) (61) 3-797-7911 (65) 265-4697 Biel Bienne, Switzerland Taipei, Taiwan

Mi Helsinki, Finland Tokyo. Japan
Detroit. Michigan London Ontario Canada Athens Greece MexicO City. Mexico Lisbon. Portugal Bogota. Colombia

-- (313/556-5800) (519/452-5000) 1301 1-770 6669 (905) 250-4354 Oslo. Norway Buenos Aires, Argentina
OFFICES Paris. France Lima, Peru

Parsippany. New Jersey Rotterdam. The Netherlands Coral Gables. Florida Denver. Colorado. U S A Ruesselsheim. Germany Santiago, Chile
l201/993-4040) (31) 10-29-0000 (305/446-4900, Los Angeles California. U S A Stockholm, Sweden Sao Paulo, Brasil
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ZF Steering Gear
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S 2.5. Semi-integral power steering
gears

In these power steering gears the
mechanical steering gear and the

%] 40 control valve form one unit. The power
cylinders are connected to the valve
by hose lines. They are generally

S supported at the axle and the
steering arms. Steering gears of this Fig. 29: Scraper loader with semi-
type are installed in vehicles which ig raper loaerit semi-
require higher steering effort due integral power steering gear,
to their higher steering axle load, Type 7402. and power cylnders
in which the required hydraulic power
exceeds the volume which can be
economically housed in the power
cylinder of a steering gear of integral

* . design. Installation begins at steering
axle loads of approx. 8 tons in vehicles

, -, • controlled by steering knuckls.
"' A second possibility for the use of
" semi-integral power steering gears

arises when the push rod is unable
* , to transmit the required steering

forces due to its length or offset.
, " Number and size of power cylinders

can be selected to provide full Fig. 30: Articulated shovel loader
hydraulic steering assistance in with semi-integral power steering gear,
relation to the max. steering effort Type 7401, and power cylinders
which occurs and the required steering
speed.

2 Fig. 31: Hydraulic flow diagram for
semi-integral hydraulic power steering
gear with remote control valve of the

Design hydraulic steering limiting system, and
S The semi-integral power steering an emergency steering installation with

gear comprises a complete manual 3 radial piston pump driven by the road
steering gear, in which the steering I wheels and automatic cut-in valve

*! effort is transmitted from the input .1 .
," shaft via a ball circuit to the steering 4.. 4

nut and from there via a gear system ^.. -
, to the sector shaft. The steering nut 6

is moved up and down by the moving
thread of the worm and will cause the .
sector shaft to make a rotary motion.

_ The control valve is located centrally 7 -
74. in relation to the input shaft and -.

integrally attached to the steering gear
* housing. Connections for pressure

, ., and return lines, as well as for power 8

cylinders, are on the valve housing.
The control valve is mounted on the
worm shaft and is moved axially back I Main pump The valves for limiting hydraulic

and forth with the latter. This will dis- 2 Emergency steering pump with steering as shown in fig. 33 can be
place metering edges in such flow control applied for oil flows up to 100 dm 3/min.
a manner that the pressure oil can 3 Automatic stand-by valve At higher oil volumes in construction
flow from the pump to one end of 4 Flow indicator with control lamp machinery, a remote control valve can
the power cylinder. When the steering 5 Remote control valve for pot/er be used which will start to functionl wheel is released, the valve is steering limitation with pressure when the steering limiting valve
returned to its neutral position by relief and flow control responds. The remote control valve
spring action; the return flow is there- 6 Pressure relief valve will then direct the major portion of
fore maintained. This type of steering 7 Semi-integral power steering g~dr the oil flow directly back into the

•. gear can be optionally provided with with hydraulic steering limiter return flow. Pertinent function is
a hydraulic steer!ng limiter, as well as for remote control shown in fig. 31.
with hydraulic reaction. 8 Power cylinders D-87
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Fig. 32: Semi-integral power steering Two valve sleeves are incorporated
gear, Type 7401 4,into the housing cover to act as

hydraulic steering limiters.
Both spools are fitted by connecting
links to a torth sector, which pivots
in the housing cover and is in mesh
with a tooth disc fixed to the sector
shaft. When the sector shaft is turned,
one piston slides upwards and the
other downwards. After a certain
movement of the valve piston, which
can be altered by screwing the valve
sleeve in or out, the downwards slid-
ing piston uncovers an oil drain gap in
the valve sleeve through which the
pressure oil can flow out of the
cylinder to the return line.

I Steering nut
2 Ball recirculation tube
3 Centring springs
4 Steering valve
5 Worm with input shaft
6 Output shaft

0

*CC*

..

Fig. 33: Schematic diagram of semi-
* ,Co integral hydraulic power steering gear

with hydraulic steering limiting system;
- piston movement to the right just

before the stop, steering limiter valves D-88
* open 15



I Fig 34 Dual circuit hydrulic power
steering gear. Type 7421

~44

2.6. Dual circuit hydraulic power pressure is totally lost in the other, example Type 7421-can be incorpo-
steering gears for instance as a result of a pipe rated into a steering circuit with

burst. One circuit is normally fed a degree of hydraulic feedback.
. Very heavy and special-purpose from an engine-driven pump and the To suit customers' requirements we

vehicles with extremely high axle other from a transmission-driven can also supply the dual circuit power
loads cannot usually be steered pump which operates whenever the steering system with hydraulic
manually should the hydraulic system vehicle is rolling. However, we have steering limiting.

,. fail without exceeding the manual also supplied systems with both Pressure in both oil circuits is con-
effort limits. For such applications we circuits fed from an engine-driven trolled by remote regulating valves so
have developed dual circuit semi- pump and an additional circuit con- that a predetermined range of limit

* '"integral steering gear with two sisting of a vehicle-driven pump and movement is provided just before the
, independent steering valves which cut-in valve, mechanical steering lock stops are

control the oil at high pressure in two In order to maintain the driver's "feel" reached. ZF dual circuit power steer-
, entirely separate circuits. Vehicles for the road surface through the steer- ing systems represent a useful con-

thus equipped can still be steered by ing wheel on such heavy vehicles, tribution to road safety at reasonable
• means of one circuit even if oil the dual circuit power steering - for cost.

Fig. 35: Four-wheel drive dumper truck
with Type 7421 dual circuit hydraulic

D-89 power steering and one actuating ram
for each steering circuit

%,-%,,-,',,..'.,'', ',,, . .,% '.,',-' ''-',"•", ,., . ." .- - ' . . . . . . . .
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Fig. 36: Schematic representation of 1 Oil tank with filter 6 Check valve
a dual circuit steering system 2 Engine-driven main pump 7 Type 7421 dual circuit hydraulic

with flow limiting power steering with independent
3 Vehicle-driven radial piston pump hydraulic steering limiters for each

N with flow limiting hydraulic circuit
4 Flow indicator 8 Power cylinder
5 Remote control valve

with pressure relief

::1

C..

Fig. 37: Specimen installation for
Type 7421 dual circuit hydraulic power
steering on a truck crane,
with Type 7677 engine-driven vane type
pump, Type 8607 vehicle-driven radial
piston pump and one Type 8465

p actuating ram at each steered axle D-90 17
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3. Hydrostatic steering gears
ZF Servostat 2

I The ZF Servostat 2 system features
hydraulic power assistance and
hydrostatic transmission of steering
force to the steering wheels of the
vehicle. The conventional mechanical
linkage is replaced by two columns
of Oil enclosed in the connecting lines
of the system. The vehicle can also
be steered without hydraulic power
assistance, when it has to be towed
away, for example. It is also possible

Zo to incorporate our hydrostatic steering
systems as a control element in a
full power steering layout.

'- " Fig 38: ZF Servostat 2, Type 8470

* The ZF Servostat 2 can be installed pressure pump (8) and thus synchro- from the oil pump. This special design
in vehicles with a max. design speed nizes the angle selected at the steer- feature reduces gap leakages,
of 50 km'h (31 mile h). It is often ing wheel with the angle adopted by prevents hydraulic seizure of the
chosen for vehicles on which it is the steered wheels. rotor and permits high working
difficult to establish a mechanical link The control valve consists of the pressures to be used.
between the steering box and the steering box housing (10) with valve A series of valves forms an integral
steered road wheels: self-propelled bore and the spool control valve (12), part of the ZF Servostat 2 unit in order

S construction machines, stacker trucks, which can rotate and move axially to satisfy various operating and safety
large tractors and harvesters, in the bore. The outer sleeve of the requirements:
for example. spool valve is provided with radial - a pressure limiting valve (1), which

and axial control grooves, which restricts the discharge pressure from
Design correspond with channels in the bore the oil pump (8) to the predetermined
The ZF Servostat 2 consists primarily wall of the valve. Axial displacement system operating pressure;
of a metering pump and a control of the spool control valve causes - two safety valves (5 and 16) to limit
valve. These two assemblies are build-up of working pressure and peak pressures in the lines to the
combined to form a single unit. controls the direction of oil flow in power cylinder ("closed" version
The metering pump is a gear-ring accordance with steering wheel only);

,.. pattern rotor pump. The internally movement; rotary movement of the - two replenishing valves (6 and 17), 'p

, toothed stator (2) has seven teeth; valve controls the distribution action one for each compartment of the
in it revolves the externally toothed of the metering pump. The spool is power cylinder, to prevent cavitation 64

rotor (3) with six teeth. Oil displa- coupled to rotor (3) by means of in the steering system;
cement cavities are formed between cardan shaft (4) so that no relative - a check valve (9) in the pressure

I. the flanks of the teeth as they mesh. rotary movement is possible, and union, approved by the German
The gear-ring pattern pump requires linked at the other end to steering vehicle testing authorities (TOV), to
a rotary distribution control system spindle (13) by an adjustable coupling prevent air from being drawn in if the "

, ynchronized with the rotor, since the in the form of a steep-pitch thread. pressure line should fracture;
dividing line between the suction When the steering wheel is turned, - a non-return valve (11), to prevent
and discharge zones of the pump relative rotary movement between automatic return movement of the
revolves with the planetary movement the steering spindle and the spool steered wheels when the control valve

I of the rotor. Distribution control is control valve displaces the spool is fully open ("closed" version only);
by the rotary movement of the spool control valve axially from its neutral - a bypass valve (15), through which
control valve (12), which is synchroni- or rest position against the return the metering pump can draw up oil
zed with the rotor. Depending on force exerted by centring springs (14). from the tank when the steering is

, turning movement at the steering The common internal space occupied operated without hydraulic power
wheel, the rotor pump meters the by the rotor and the control valve is assistance. I

18 volumetric flow of oil from the oil exposed to the discharge pressure
D-91 -
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I Pressure limiting valve 17
2 Stator
3 Rotor
4 Cardan shaft
5 Safety valve

L 6 Replenishing valve (cylinder side)
7 Oil tank CM Discharge from pressure oil pump
8 Oil pressure pump Metered volumetric flow to power
9 TUV check valve cylinder

10 Steering valve
11 Non-return valve r Return flow
12 Spool control valve Trapped oil at non-specific pressure,
13 Steering spindle or changeover phase of distribution
14 Spring carrier with centering control system

springs
15 Bypass valve (metering pump)
16 Safety valve Fig. 39: Operating diagram of ZF
17 Replenishing valve Servostat 2 ("cosed" version); steering
18 Power cylinder D-92 wheel turned counter-clockwise

I
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Two ZF Servostat 2 type series are
available (see Figs. 39 and 40).
The "open" version (types 8490-8497)

S permits free return movement of the
axle to the straight-ahead position. The
"closed" version (types 8470-8477),
on the other hand, inhibits return
wheel movement. This is designed to
prevent shock being transmitted back
to the steering wheel, when driving
on rough terrain, for instance. On
certain types of vehicle, articulated
loaders for example, this version is
essential to ensure stable steering.

Fig. 40: Diagram of ZF Servostat 2,

"open" version, in neutral position

'- _ , - Fig. 41: Fork lift truck
S ,4 ~ " 49 ! with hydrostatic steering, comprising

. ZF Servostat 2, oil pump (with oil
--. . V -A J . ,tank attached) and power cylinder

Fig. 42: Hydrostatic steering on an
articulated shovel loader, consisting
of the ZF Servostat 2, one ZF engine-
driven radial piston pump and one
ZF vehicle-driven radial piston pump
(emergency steering pump), an oil
tank with filter elements, a ZF flow

* indicator, a ZF cut-in valve and D-93
20 ZF nower cylinders

L:i
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ZF Vane Pumps
for power steering gears

Type max. Operating Speed range theor. Displacement fcm3
l /rev.]

pressure [bar] Il/mini
intermittent min max. 10 20 30 40

7671 500 6000 8A

7672 500 6000 15

p 100

7673 or 500 4 500 16.5

130

7674 150 (D 500 4000 2

*7677 400 3500 32]

7681 500 6000 :8 A5
100

a7682 10 500 6000

in development

A&Arthur D. Little, Inc. n9
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ZF Radial Piston Pumps

for power steering gears

Type ma.Oeaig Speed range theor. Displacement (Cm
3 /revj

pressue [bar I1/mini
PIntermittent min. Imax. 10 2 0 30 40

8601 200 400 7000 3.

8604 0 150 400 5000

8605 E 16

180 250 4500

0in development

ZF Radial Piston Double Pumps
for power steering gears and other equipment, e.g. brake boosters

Type max. Operating Speed range theor. Displacement (cm /rev.)
pressure (bar) 11I/mini
Intermittent min. (max. 1.0 2.0 3.0 4.0

1 180 :3

8601 400 7000

2000A6

D- 97
/C Arthur D. Little, Inc.



ZF Tandem Pumps
for power steering gears and other equipment, e.g. brake boosters

Type max. Operating Speed range theor. Displacement [cm
3 /rev.)

pressure (bar) Il/mini
intermittent mi. max.2.5 5 75 10

~~vane pump for power steerng gear (

130 I

r08691 500 60008.5 !

radial piston pump for further equipment

200 065
.

.0 vane pump for power steering gear
a" 100

130 (

7600 500 6000
m vacum pump for

increased braking power

Q in development

ZF Rotor Pumps

Type max Oipmtn Speed range theor. Displacement [cm
3 /rev.]

pre (Outt Lb,,] il/min
intermittent min. max. 10 20 30 40

7633 800 4000

7634 600 3500 314Al Ig
7636 500 300 20 3I

7646 360 260 2 EI ,
D-%

A Arthur D. Little, Inc. D-98



ZF Rotor Low Pressure Pumps

Type max. Operating Input theor. Displacement [cm
3 /rev.)

pressure (bar)
const interm ma 1 40 80 1 11

7602 10.8- 4

7603 10 2 -2 13

7605 6 2 I

7606 2 IJ

6- 7 I

0 7621 *55- 6.8

7623 I 10 ___I_

?..7630 
U3- 87630 20 50 2500 0

7631 I8-98

7644 24 027,51_____

7647 36 041 5

017654 20 fl25
20 3700

7654 
40 42

7660 8 [ -j 22

- 15 - 18 - - --

7661 10 WZ25

7662 15 jj2 40

• ~66 5 6 ... ,a,0-58 oo.°

76r 50 2500 8 ~ ~ -iI
7664 850 5

7666 38 12

7667 48 -150

- 7668 65 j7 7 o-18 150

available onreus

D-99

AL Arthur D. Little, Inc.
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ZF Oil Reservoirs with Integrated Filter

Type Oil capacity Idm 3 
1 up to mark

-0.25 0.5 0.75 1.0 1.25 1Z

1 t' I ,
762 11

7672

ImI

7672 (FD 
_____

C

C

7632

7672 0 l

76327672

A 76332

00

763631

in development On request, all reservoirs can be supplied with brackets

D-1004 Arthur 1). Little. Inc.
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ZF Power Cylinders
standard range

Type Piston pressure [kNl Stroke I o mmat max. 180 bar' (The max, pressure depends an tihe stroke length)
( t I F F 150 200 250 3 00 350 4 00 45o 5o 0

8343 28.60 21 80 150- 400

.11 8344 35.30 26.50 150-400

8345 42,70 33.90 1 50-4 0 ~

8346 50.90 39.80 I 150-400

8347 69.20 54.80 150 -450

8348 (D) 102.10 83.80 150--450 I

4 8349 141.30 118.70 200 -500

F 1 - Thrust (large piston area) F2  Pull (small piston arpa)

i ,n development

& Arthur D. Little, Inc. D-102
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ZF Relay and Telescopic Shaftsh Connecting links between steering wheel and steering gear

Type Torque , Stroke total Stroke
Ifmi K1 during operation e. . for comm. veh

min with tilting cab

7023 50 .30 > 50

7026 125 '30 >50

ZF Relay Shafts

Relay sr-afts (Type 7023 for private cars ar-d Type 7026 for commercial vehicles) of any required dimensions can be supplied upon

P reiliest This also applies for rigid shafts and articrilations wittr one or two joints and two-hole or multi-hole flanges or flange type

onts

Th- fi.s of the rr o, irts and shaftis Cai be mad~e from either steel or i ghit mretal alloy.
Erxample Aiumr,rrim Relay shalt with damper element Type 7023

D- 103
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ZF Universal Joints
for application in vehicle and mechanical engineering

Type Torque Flexure angle of steering column Fork version

I Nml during operation at standstill Steel Light metal alloy

IN recommended
n-n200

02350 only when onet Un,
02V5 wrsJI joint is used ntO 900

with 45" ostl
* orn two or more

0
b,7

recommended
max 200

aonly when one uni
versal joint is used. max. 900

G 02 125 max. 450 possible i
7026 with two or more

E Joints

0

for gear shift linkages

S 7026 125 go0 90goo.

max permissible for continuous dynamic operation

5

are
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ZF Steering Columns for Commercial Vehicles
Connecting links between steering wheel and steering gear

Type Torque (j
(Nmj 

0

0 0

S 7360 125

0

X

0 736 125 0j

0,

.00

C0

h max permissible for continuous dynamic operation

The dimensions of the steeringt columns arid of the slewing and adjustment rdirges ire deteimined fullowing consultation with our engineering department.

D-105
AArthur D. Little, Inc.

% i % %



ZF Intermediate Steering Gears

Type Angle Torque : Version

INmI Stub shaft Jacket tube

7860 900 125

i-

7862 770 125

7861 900 125

. 7863 770 125

_

7864 900 125

Sselectable. e 9 for 2 drivng positions

0 max, perrmissible for continuous dynamic operation

Ratio 1, please contact ZF Pf other ratios are requ red

* . ,

A r D. Little, ID-106A._ Arthur I). LtlInc.
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Forklift trucks, rough terrain vehicles, off-road vehicles,
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The Objective of this study was to determine the feasibility of
increasing the road speed of Army Rough Terrain Forklift Trucks
to 45 mph so that they can be self-deployable. The scope of

work included the identification of technical obstacles to high

speed operation, the definition of system and component
modifications that would be required, and the determination of
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Abstract (continued)

commercial availability for the required components.

Although 45 mph operation of these vehicles is feasible, a number
of modifications will be required. These include the addition of
a suspension system; improvement of weight distribution and the I
steering system; modification of the drivetrain; and careful
attention to the selection and operating conditions for the tires.

Generally, commercial components are available to implement these
modifications, although considerable engineering will be required.
Tires may place a limitation on time and distance at 45 mph, and
it is not clear from available information whether a suitable,
commercially available tire exists for the largest machine
(10,000 lb. capacity).
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