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FOREWORD

p .

This document is one of three prepared under Contract DAAKO 1-70-D-4 142, Delivery
Order 0001:

Reliability Record for 6000-Pound Gasoline-Engine-Driven Fork-Lift Truck

Reliability Record for Gasoline-Engi ne-Driven Fork-Lift Truck Family

Failure Modes and Effects Analysis for Gasoline-Engine-Driven Fork-Lift Truck Family

These reports were the result of a six-month review and evaluation of fork-lift truck
operation , including data collection and analysis.
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RELIABILITY RECORD FOR GASOLINE-ENGINE -DRIVEN
FORK-LIFT TRUCK FAMILY

I.

C

1. PURPOSE

This record is a compilation of reliability information pertaining to the family of
gasoline-engine-driven fork-lift trucks used in warehousing operations. The record serves as
the primary management-control tool for the truck’s reliability.

2. SCOPE

The reliability record includes:

A general description of the gasoline-engine-driven fork-lift truck
A general profile of functions that must be performed by the truck and its systems

A description of a typical mission for the truck, indicating the percentages of time
the various systems function during the mission
A definition of “failure” in terms of its effects on the accomplishment of the mission

A list of documents used in the preparation of this reliability record
Reliability block diagrams depicting the relationships between the reliability of the
truck and its major systems and subsystems/assemblies

3. DESCRIPTION OF THE TRUCK

The family of gasoline-engine-driven fork-lift trucks to which this reliability record
applies consists of nontactical fork-lift trucks designed for handling and warehousing of
materials. They are used for transporting loads from one area to another and for depositing
and stacking loads, both indoors and outdoors. The trucks are self-contained rider-type and
capable of handling loads up to 20,000 pounds, depending on the load rating of the
particular truck. The load ratin g indicates the maximum load that the truck can lift when its
load center (center of gravity) is 24 inches from the face of the forks at the specified lift
height.

The truck is powered by an internal combustion, piston-driven engine usually equipped
to eliminate radio interference. Materials handling is accomplished by a two-pronged fork on
an upright boom lift powered for lifting and tilting by an engine-mounted hydraulic pump.
(The hydraulic pump also serves the truck’s power steering.) The boom can be tilted
forward or backward (the maximum tilt varying with the model) as required by the nature
of the load or operation. The speed of the truck is usually limited by an engine governor. An
overhead guard is provided to protect the operator from falling objects.
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Table 1 lists the manufacturers , Federal Stock Numbers , and descriptive data for the
fork-lift trucks that were included in the sample from which the reliability data presented in
this record were collected.

4. DESCRIPTION OF SYSTEM FUNCTIONS

Seventeen systems are used in the truck famil y to perform various functions in the
accomplishment of the mission; some models do not employ all the systems. The systems
and brief descriptions of their functions are listed in Table 2.

5. MISSION PROFILE

Use of the truck generally involves: starting the engine, allowing the engine to warm up
by idling, performing several operating cycles, and then stoppin g the engine. This proced u re
is repeated numerous times during an eight-hour shift. An operating cycle consists of (a) a
drive function, in which the truck moves toward and maneuvers in on a load ; (b) a
tilting/lifting function , in which the truck picks up the load (transmission in neutral position
and the handbrake engaged); (c) a transport function , in which the truck transports the load
to another position; and (d) a deposit function in which the truck deposits the load (again
with the transmission in neutral position and the handbrake engaged).

Observation of operations at several Depot warehouses disclosed that a single
warehousing operation (i.e., transferring one load from one point to another) does not
typify the mission of the truck. The mission is more aptly described by a full day ’s
operation, involving numerous starts and stops and the transporting of numerous loads of
different weights over different distances. Therefore, the mission profile selected describes
the operation of the truck throughout an eight-hour shift .

The initial segment of a typical shift is as follows: (a) the operator performs daily
preventive-maintenance tasks, such as checking oil level , coolant level , battery condition ,
belt condition, and lights; (b) he starts the truck and allows it to idle until the engine
reaches operating temperature, (c) he proceeds through several cycles of driving to, lifting,
transporting, and depositing a load, (d) he stops the engine and “parks” the truck. Such an
initial segment is illustrated in Figure la. In addition to the final stop at the end of the shift ,
the vehicle is stopped f or a morning break, a meal break, an afternoon break , and an average
of four other times for various reasons during the shift. Engine warm-up occurs only at the
beginning of the shift and after the meal break. The typical complete shift described above
is illustrated in Figure lb.

The time values shown in Figure 1 were derived from field observations and
examination of vehicle-use data covering 515 trucks over the period December 1968 to
August i970.* In Table 3, the durations and frequencies of occurrence of the various
functions are listed and converted to percentages of total operating time. The total
operating time of 4.66 hours for the 8-hour mission was rounded to 5 hours in the
subsequent reliability-assessment computations.

*The records were obtained at three Depots: The Atlanta Army Depot , Forest Park , Georgia; the Red
River Army Depot, Texarkana, Texas; and the Defense General Supply Center, Richmond , Virginia.2
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Table 1. DESCRIPTIO N OF GASOLINE-ENGINE-DJUVEN FORK LIFT TRUCK FAMILY

Manufacturer FSN t~pse~ty Hei~ st 

— 

Locabon Di,thbution

as ATAD RRAD DGSC

Clark 3930-956-0094 4,000 144 Solid rubber 14
Minneapolis-Moline 3930-724-3570 4,000 144 Pneumatic 4

Minneapolis-Moline 3930-064.5868 4,000 144 Pneumatic 3 25
Minneapolis-Moline 3930-064.6564 4,000 144 Solid rubber 9 2

Yale & Towne 3930.271.1449 2,000 130 Solid rubber 1 5
Towmotor 3930-292-1100 6,000 127 Solid rubber 6
Towmotor 3930-292.1098 6,000 168 Solid rubber 3
Clark 3930-542-2175 4,000 100 Solid rubber 7
Clark 3930-542-2176 4,000 144 Solid rubber 10
Raker 3930-738-5938 6,000 168 Pneumatic 5 2
Clark 3930-781-3857 2,000 100 Solid rubber 3
Clark 3930.965-0093 4,000 100 Solid rubber 2
Clark 3930-915-0093 4,000 100 Solid rubber 2
Clark 3930.954.9311 4,000 100 Solid rubber 12 6
Clark 3930.954-1303 4 ,000 144 Solid rubber 21 22 6
Allis Chalmers 3930-958.3684 6,000 168 Pneumatic 17 9
Raker 3930-879-6870 6.000 168 Pneumatic 4
Minneapolia.Moline 3930.064-5869 6,000 168 Pneumatic 1
Towmotor 3930.781-3856 4 ,000 100 Solid rubber 5 1
Tow motor 3930-781-3855 4 ,000 144 Solid rubber 91 12 25
Towmotor 3930-073.9222 4,000 144 Pneumat ic 8

Service-Caster 3930-214-1025 4,000 180 Solid rubber 1
Clark 3930-J02-2113 4 ,000 212 Solid rubber 1

I-

-~ Clark 3930-266-8955 4,000 144 Pneumatic 6
Towmotor 3930.P00-8120 3,000 130 Solid rubber 1
Allis Chalmers 3930-203.2842 2,000 130 Pneumatic 3
Clark 3930.203-2842 2,000 130 Pneumatic 3
Clark 3930.266.8961 4,000 144 Solid rubber 1
Towmotor 3930.752-9464 4 ,000 144 Solid rubber 55
Automatic
Transportation 3930-679.4457 10,000 100 Solid rubber 3

Hyster 3930428-0598 15,000 100 Pneumatic 1

Hyster 3930-897-4632 15,000 210 Pneumatic 5 7 2
Clark FSC.3930-NFN 20,000 210 Pneumatic 1
Allis Chalmers 3930-1208-3242 5,000 144 Pneumatic 2
Towmotor 3930-678-9917 4,000 100 Solid rubber 10
White 3930.P00-9608 4,000 100 Solid rubber 16
White 3930-P00-9607 6,000 136 Pneumatic 15
B.B. Lift
Corporation 3930.209.2841 6,000 168 Pneumatic 1

Gerlinger 3930-514-3477 15,000 210 Pneumatic 1
Towmotor 3930-273-8225 4,000 144 Solid rubber 3
Yale 3930-214-1026 4,000 144 Solid rubber 5
Hyater 3930-238-4411 10,000 210 Pneumatic 1
Hyater 3930-038-4410 10,000 — — 1
Baker-York 3930-209-3242 6,000 — — 1

•RM.d with 24” lowl center. Tot*l 188 202 99

______ -.- - —- - -~~
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Table 2. FUNCTIONAL DESCRIPTIONS OF THE TRUCK’s SYSTEMS

Name Functional Description

Engine System Provides motive power for propelling the fork-lift
truck and for driving accessory subsystems, such as
the generator assembly, water pump, and hydraulic
pump

Fuel System Delivers fuel and air mix ture to the engine propor-
tional to the vehicle’s power demand

Exhaust System Transports the products of combustion away from
the ‘ngine

Cooling System Maintains a constant and uniform engine temperature

Electrical System Generates, regulates, and delivers electrical power
for engine ignition and operation of electrical sub-
systems

Transmission System Transmits engine power and regulates the power
torque/speed characteristic in response to vehicle
demand and operator set point

Propeller System Transmits motive power from the transmission to
the differential

Front Axle System Transmits motive power from the propeller shaft to
the front wheels

Rear Axle System Transmits steering force to the rear wheels

Brakes System Reduces vehicle speed by converting vehicle kinetic
energy to heat energy and holds vehicle immobile
when stopped

Wheels System Supports vehicle weigh t and provides for vehicle
rolling motion and braking action

Steering System Controls the direction of vehicle motion in response
to operator set point

Frame System Provides primary vehicle structural support for systems
and operator

Body System Provides enclosure for vehicle systems and operator

Suspension System Dampen vibrations transmitted to operator and load
during movement of vehicle

Clutch System Permits engagement of transmission gearing to permit
forward or reverse vehicle motion in response to
operator signal

Hydraulic Lift System Generates, regulates and delivers hydraulic power
for lifting and tilting the load

4
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b. Typical Complete Shift (Mission)

Total Operating TIme 5 hours
Total Nonoperating Time 3 hours

Two 0.25-hour rest breaks
One 1.00-hour meal break
Four 0.375-hour random stops

Total Shift (Mission) Time 8 hours

Figure 1. MISSION PROFILE
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Table 3. DISTRIBUTION OF TIME , BY FUNCTION,
DURING ONE MISSION

Duration Frequency Tota l Percentage
Function per Occurrence of Time of Operating

(minutes) Occurrence (minutes) Time

Start 0.25 8 2.0 0.7

Idle 5.00 2 10.0 3.6

Drive 0.75 89 66.7 23.8

Lift 0.75 89 66.7 23.8

Transport 0.75 89 66.7 23.8

Deposit 0.75 89 66.7 23.8

Stop *0.16 8 1.3 0.5

Total Operating Time 280.1 100.00

Operating Time * *4.66 hours
Non Operating Time 3.34 hours

Mission Time 8.00 hours

*Assume(i value.
**Round M to 5 hours for the reilabillty-assessment computations.

6 
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The number of cycles (load s moved ) during the typical 8-hour shift was computed as
follows:

given: Total start time — 2 minutes
a

Total idle time 10 minutes
Total stop time 1.3 minutes
Total operating time 280.1 minutes (4.66 hours)
Drive/lift/transport/deposit cycle 3 minutes

then
top, time - (tsta rt + tj dj e + tstop )

Number of loads — ____________________________

(tcfrjye + tlj ft + t transpo rt + tdepn~ t)

= 
[280.1- (2 + 10 + 1.3) 1

3
- 89

The mission-time profile was developed by use of the matrix presented in Appendix A.

The environment in which the truck works depends on the nature of the operation it
supports. In the warehousing environment typical to the Continental United States
(CONUS) — for which the vehicle is designed and in which our data were gathered — the
vehicle generally drives and transports across relatively flat and smooth surfaces in a
moderate temperature and humidity range. The aisle widths required by MIL-STD-268C for
maneuvering the vehicle are shown in Table 4.

Table 4. AISLE-WIDTH REQUIREMENTS

Width in Feet

Capacity ( lbs.) For Trucks For Trucks
With With
Solid Pneumatic

- Tires Tires

2,000 10 12
4,000 12 15
6,000 14 18
8,000 14 20

10,000 — 22
15,000 — 25
20,000 — 28

7

~ 

_ _ . _ - _ _~.. _ _ _ _ _~~. _ . ~_ _~_ _~. _ _ _ 
- ... _ _ ~_ _ _ .... _ _ _ _~~~. -~~_ .~ _ . _ _ _ - _ . - .. _ _ . _~~~-_ _ _ _ _ . 



-

~~~~~~~~~~~~~~~~~~~~~~~

The truck is designed to facilitate ready adjustment , servi r ing, or replacement of fan
belt , ignition assemblies and parts , carburetor and components , fuel pump and components ,
oil filter and components, clutch , starter, generator, ger~rator regulator , battery, wearing
parts of the steering assembly, tires, wheels, ligh ts, and horn. In a typical CONIJS Army
Depot, all such work is performed by the motor pooi’s maintenance shop (i.e., depot level
of maintenance), Any maintenance at the user location is performed by a roving mechanic
from this shop. Operators do not perform any maintenance.

6. FAILURE DEFINITION

There are no QMRS, SDRs, or specific performance specifications available from which
established performance limits for the gasoline-engine-driven fork-lift truck migh t be
extracted. Furthermore, the TAERS/TAMMS data that were collected for reliability analysis
do not record instances of marginal performance detrimental to the mission. Consequently,
it was not feasible to define failure in the quantitative terms of performance criteria. As the
best alternative, failure was defined as any incident that deadlines * the vehicle during
operatio n or that results in an unscheduled replacemen t or repair action.

7. LIST OF DOCUMENTS USED

The following documents were used in preparing this reliability record :
- AMCR 702-8: Quality Assurance Reliability Record and Status Report
- TB-750-93-1: Functional Grouping Codes: Combat Tactical, and Support Vehicle

and Special Purpose Equipment
MJL-T-21870: Military Specification Trucks, Lift , Fork , Gasoline; General Specifica-
tions For
TM 10-3930-622-14: Technical Manual Operation , Service, Maintenance Instructions
or Truck, Fork, Lift, Gasoline Engine Driven, Pneumatic Rubber Tires. 6,000 Pound
Capacity, Baker Model FJF-060, Army Model MHE-210

Additionally, several Technical Manuals containing listings of repair parts and special
tools (—35P and —20P manuals) were used to identify parts, FSNs, and nomenclatures
appearing on the maintenance-action forms from which the failure data were ex tracted .

8. RELIABILITY BLOCK DIAGRAMS

Reliability block diagrams for the family of gasoline-engine-driven fork-lift trucks are
presented in Figures 2 through 20. Figure 2 is an overall reliability block diagram for the
truck. Figure 3 is a function reliability diagram showing the systems that are required to
operate to accomplish a given function and the relationships of the systems to one another.
In all cases, the simple serial relationships are apparent. Each block is identified by the name
of the system and contains (1) the Functional Grouping Code for the system , assigned in
accordance with TB-250-93-1, (2) a space for inserting the probability, R , that the system
will perform successfully for the time the vehicle operates in the specified function during
the eight-hour mission, (3) the percentage, t, of the total operating time that the system
operates in the specified function.

*Inoperatiye due to damage, malfunctioning, or necessary repairs.

8
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Figures 4 through 20 are reliability block diagrams for the seventeen systems of the
truck. These diagrams show the reliability relationship of the major subsystems/assemblies
of each system and of the major components of each subsystem/assembly. The reliability
relationships of the subsystems/assemblies are represented vertically to the left of the
double line; those of the components of the subsystems/assemblies are represented
horizontally to the right of the double line. In all cases, the simple serial relationships are
apparent. Each block in the diagrams is identified by the name of the subsystem/assembly
or component and contains (1) the Functional Group Code for the subsystem/assembly or
component, (2) a space for inserting the failure rate, X , in the case of the subsystem!
assembly blocks and the failure rate itself in the case of the component blocks , and (3) the
percentage, t, of the total operating time that the subsystem/assembly or component
operates. A “phantom” component, with failure rate X ’, is included for each subsystem/
assembly to account for the failures ascribed to the subsystem/assembly as a whole.

9, RELIABILITY CALCULATIONS

9.1 Basic Data

The failure rates for the components of the fork-lift truck family were based on data
extracted from approximately 24,000 maintenance records covering the period from
December 1968 through August 1970 on a truck sample size of 515. The data were
analyzed by computer to determine total operating hours on each component, number of
failures for each component, maintenance manhours and mean maintenance manhours for
each component, and component reliability. Appendix B documents the results of this
analysis in tabular form.

Table 1 of Section 3 listed the various trucks included in the sample. Table 5 shows the
distribution of the sample by lifting capacity. The preponderance of the trucks were in the
4000-pound class and 6000-pound class. In this analysis, all the data collected from this

Table 5. CAPACITY DISTRIBUTION OF FORK-LIFF TRUCKS

Capacity Number of Percent of
(lbs ) Trucks Truck Inventory

2000 17 3.30
3000 1 .19
4000 406 78.83
5000 2 .39
6000 65 12.62

10000 6 1.17
15000 16 3.11
16000 1 .19
20000 1 .19

Total 515 100.00

9

.

~

—-—-- — -
~~ 

--- .- -
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

--

~~~~~
— -

~~~~~~~
-

~~~~~~~~~~~
- --- —  -

~~~
--..--— .-—-



sample population were used in calculating component failure rates. No attempt was made
to evaluate the statistical correlation between component failure rate and such factors as
truck capacity, truck age, depot location, and truck manufacturer.

92  Component Accumulated Hours

The Depot records disclosed that approximately 783,290 hours were accumulated by
the 515 trucks during the period January 1969 to June 1970. Component accumulated
times were determined by multiplying these hours by the percentage, t , of total time during
the mission that each component was determined to operate. For example , the components
of the engine assembly (Group Code 0100) were determined to operate in all functions
except the stop function (see matrix in Appendix A), i.e., during 99.5 percent of the
operating time. Therefore, accumulated time for the engine-assembly components = 0.995 X
783,290 = 779,374 hours. Accumulated times for the other components of the truck were
computed similarly, except for two deviations that were necessary for computing the hours
for the generator and alternator assemblies. Very few trucks in the sample were equipped
with alternators; the total hours for these trucks amounted to 3,051. Therefore, the
accumulated time for the generator assembly and its associated parts was computed to be
783,290 - 3,051 = 780,239.

93 Component Failure Rates

Component failure rates were computed simply by dividing the observed number of
failures of the component by the accumulated hours. For example, for the Accessory Drive
(Group Code 01005) of the Engine Assembly, 25 failures were recorded. Therefore:

A0 1005 25 failures/779 ,374 hours
— 0.032 X 10~ ~ failures/hour

ft -

The failure rate for components of which there is more than one in the subsystem /
assembly represents the rate for that component group in the subsystem/assembly.

9.4 Component Reliability

The reliability (probability of completing the mission) of each component was
computed as follows:

-

where

— component reliability
— component failure rate
— component operating time during the mission
— truck operating time during the mission X t

L _ _  

10 
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Therefore, for the Accessory Drive component:

R01005  — e~~ o i o os Toi oo s

- e (0’032 x iQ- 3 ) X 4.98

= 0.99984

9.5 Subsystem/Assembly Reliability

The failure rates for the subsystems/assemblies are not inserted on the reliability block
diagrams because the components that comprise the subsystems/assemblies vary with the
truck model. The reliability value may be computed either by (1) summing the failure rates
of the constituent components (being sure to include the rate for the “phantom ”
component representing the failure ascribed to the subsystem/assembly as a whole — i.e. A ’ )
and converting to a probability value by the exponential expression R = e AT , or by (2)
taking the product of the component reliabilities computed as described in Section 9.4
(again , being sure to include the reliability value — R ’ — for the “phantom ” component).
The latter method must be used when operating times for components within the
subsystem/assembly differ. As an example of the second method, the computation for the
Engine Assembly (group code 0100), assuming all of the components listed in the diagram,
is as follows :

R0100 — R’0100 X R01001 X R010~ 2 X - . .
— 0.99930 X 0.99991 X 0.99925 X . . - 0.99987
- 0.99710

9.6 System Reliability

The reliability for a given system is the product of the reliability values for the
subsystems/assemblies comprising that system, as shown to the left of the double line in the
system reliability block diagrams.

9.7 Function Reliability

The reliability of each of the truck’s seven functions is the product of the probabilities
that the systems required for that function will operate successfully in that function for the
entire mission. This is expressed mathematically as follows (the start function is used for
demonstration):

oo To6g~rt ~~Toi~~ rt —X o3 To3~~~tX e  X e

where

— Failure rate of the electrical system”
A01 Failure rate of the engine system *

A03 — Failure rate of the fuel system*

*Summation of failure rates for the constituent components and the phantom component.
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To6 start — Operating time of the electrical system in the start function
Toi s~~t — Operating time of the engine system in the start function
To3 s~~t — Operating time of the fuel system in the start function

9.8 Mission Reliability

The probability of the truck’s completing the mission successfully, then, is the product
of the seven function reliability values. This is expressed mathematically as follows:

Rm~~on - X Ridle X R~~ive X Ruft X Rtransport X R~~~051t X R~~~,

Foek Family

_HI
~~~ 

o 

idle —;
~
;—+E 

2:

D.poait Thn.poit ____________
I I

23.8 23.8 23.8

ft

Stop

0.50

KEY
S

- (Prob.bikty at
tile

Name mama sicce&vIly)

(Psatset of opststm timsi

Figure 2. TRUCK RELIABILITY BLOCK DIAGRAM
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APPENDIX A

- -

~ COMPONENT MISSION PROFILE MATRIX
• 0

• This appendix presents the matrix from which the mission profile for the gasoline.
engine-driven fork-lift truck was developed. It indicates the function or functions for which

- each component, identified by its Function Group Code, is required to operate. In

- 
compiling the matrix , we made assumptions concerning mission time for some components,
as follows:

1. The lights and associated accessories are required to operate 25 percent of the total
mission time.

- 2. The horn and its associated accessories are required to operate 2.1 percent of the
total mission time.

3. The components associated with the creeping/inching function are used 22 percent
- of the time during the lift and deposit functions.

These assumptions are based upon the observations made of the operation of the trucks.
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APPENDIX B

COMPONENT RELIABILITY AND MAINTAINABILIT Y DATA

NOTE

The values marked by an asterisk are for
the “phantom ” component that represents

- - - - failures ascribed to the subsystem/assembly as
a whole. This rate must be added to the other
appropriate component failure rates to deter-
mine the failure rate of the subsystem!
assembly.

The failure rates shown for the compo-
nents represent the rate of failure for that
component group in the subsystem/assembl y
of which it is a part . For example, the failure
rate for spark plugs is the spark-plug group
rate rather than a single spark-plug rate.
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