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NOTE

This Record is made up of two parts, A
and B. Part A presents background and
procedures used for compiling the reliability
record for the 6000-pound gasoline-engine-
driven fork-lift truck; Part B is the Reliability

Status Report for the truck.

Copyright © 1971
ARINC Research Corporation

Prepared under Contract DAAKO01-70-D-4142
which grants to the U.S. Government a license
to use any material in this publication for
Government purposes.
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# ' This document is one of three prepared under Contract DAAKO01-70-D-4142, Delivery
Order 0001:

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

BACKGROUND AND PROCEDURES

\’URPOSE
\

This record is a compilation of reliability information pertaining to the 6000-pound
gasoline-engine-driven forklift truck and its subsystems and major components. The vehicle
is used in warehousing operations and is described generally by the nomenclature Army
Model MHE-193 (FSN 3930-738-5938). The record serves as the primary management-
control tool for the truck’s reliability. .

2. SCOPE

Part A of the reliability record includes:

A general description of the 6000-pound gasoline-engine-driven fork-lift truck
A general profile of functions that must be rerformed 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

An explanation of the methods used to compute the reliability values

3. DESCRIPTION OF THE TRUCK

The 6000-pound gasoline-engine-driven fork-lift truck to which this reliability record
applies is a nontactical vehicle designed for handling and warehousing of materials. Its
several models differ in the number of engine cylinders, the number and type of tires, the
lift height, and the type of transmission. This record applies to a six-cylinder, pneumatic-
tired (four 7.50X 15 drive-wheel and two 7.50 X 10 steering-wheel tires) vehicle, with an
hydraulic transmission and power steering.

The truck is powered by an internal combustion, piston-driven engine 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 as required by the nature of the load or operation. The speed of the
truck is limited by an engine governor. An overhead guard is provided to protect the
operator from falling objects.
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The truck is composed of 15 systems that perform various functions during the mis-
sion. The systems and brief descriptions of their functions are listed in Table 1.

4. DESCRIPTION OF SYSTEM FUNCTIONS

Table 1. FUNCTIONAL DESCRIPTIONS OF THE TRUCK’S SYSTEMS

Name

Functional Description

Engine System

Fuel System

Exhaust System

Cooling System

Electrical System

Transmission System

Propeller System

Front Axle System

Rear Axle System

Brakes System

Wheels System

Steering System

Frame System

Body System
Hydraulic Lift System

l
|
1
|
1
|
|
|
&
i
l
|
|

|

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

Delivers fuel and air mixture to the engine propor-
tional to the vehicle’s power demand

Transports the products of combustion away from
the engine

Maintains a constant and uniform engine temperature

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

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

Transmits motive power from the transmission to
the differential

Transmits motive power from the propeller
shaft to the front wheels

Transmits steering force to the rear wheels

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

Supports vehicle weight and provides for vehicle
rolling motion and braking action

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

Provides primary vehicle structural support for
systems and operator

Provides enclosure for vehicle systems and operator

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




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 stopping the engine. This procedure
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 1a. In addition to the final stop at the end of the shift,
the vehicle is stopped for 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 1b.

The time values shown in Figure 1 were derived from field observations and
examination of vehicle-use data. In Table 2, 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 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 truck is designed to facilitate ready adjustment, servicing, or replacement of fan
belt, ignition assemblies and parts, carburetor and components, fuel pump and components,
oil filter and components, clutch, starter, generator, generator regulator, battery, wearing
parts of the steering assembly, tires, wheels, lights, and horn. In a typical CONUS Army
Depot, all such work is performed by the motor pool’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.
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Table 2. DISTRIBUTION OF TIME, BY FUNCTION,
DURING ONE MISSION

W Duration Frequency Total 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 4
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

*Assumed value.
**Rounded to 5 hours for the reliability-assessment computations.

) 6. FAILURE DEFINITION

3 . There are no QMRS, SDRs, or specific performance specifications available from which
established performance limits for the 6000-pound gasoline-engine-driven fork-lift truck
might be extracted. Furthermore, the TAERS/TAMMS data that were collected for
; reliability analysis do not record instances of marginal performance detrimental to the
i

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 operation or that results in an unscheduled replacement 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
: *Inoperative due to damage, malfunctioning, or necessary repairs.
5
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MIL-STD-268C: Military Standard Test and Inspection of Trucks, Lift, Fork.

TM 10-3930-238-35P: DG, GS, and Depot Maintenance Repair Parts and Special
Tool List, Truck, Lift, Fork, Gasoline, Pneumatic-Tired Wheels, 6000 Pound
Capacity Army Model MHE-193, Baker Model FJF-060, FSN 3930-738-5938.

1

8. RELIABILITY BLOCK DIAGRAMS l

Reliability block diagrams for the 6000-pound gasoline-engine-driven fork-lift truck are

presented in Figures 2 through 18. Figure 2 is an overall reliability block diagram for the [
truck, based on the 8-hour-shift mission. The predicted probability of the truck’s
completing the mission without a failure is shown to be 0.80657. 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) the probability, R, that the system will perform successfully for the time the vehicle
operates in the specified function during the five operating hours of the eight-hour mission,
(3) the percentage, t, of the total 5-hour operating time that the system operates in the
specified function.

Figures 4 through 18 are reliability block diagrams for the fifteen 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) the probability, R, that the subsystem/assembly or component will operate
successfully during the five operating hours of the 8-hour shift, and (3) the percentage, t, of
the total 5-hour operating time that the subsystem/assembly or component operates. In
addition, in the component blocks, a number in parentheses indicates the number of such
components in the subsystem/assembly.

All the reliability values in Figures 2—18 are derived from the component failure rates
tabulated, with supporting data, in the Appendix. The data were collected from
maintenance and utilization records at three Depots.

9. RELIABILITY CALCULATIONS -

9.1 Function Reliability

The reliability of each function is the product of the probabilities that the individual )
systems required for that function will perform satisfactorily in that function throughout |
the mission. The reliability of the start function, for example, is computed by the equation:

Ryart = Rosgtart X Rosggart X Rosgtart

*A “phantom” component, with reliability R', is included for each subsystem/assembly to account for the '
failures ascribed to the subsystem/assembly as a whole.
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The method of computing the reliability of the fuel system in the start function (the
third term in the above equation) is shown below to exemplify the method used for
computing all such system reliabilities.

Rosgiart = € 02 Tstart
where

Failure rate of the fuel system (failures per hour)

]

Aos

No3o1 tNo3o2 tNo3os tAozos *Aozos *Ao3r2

where, for example
*

’
No3o1 =Noso1 *Aozor1 *Aosor2 *Aoszors Y Aosors *Aosors
therefore

Nos = 130.28 X 107°

and Ty, = (tgart) (Total operating time in hours)
= (0.007) (5)
= 0.035 hours
Therefore
B cgare ™ & (130.28 X 107°) (0.035)

0.99995

With the other two terms computed in like manner, the reliability equation for the Start
function is quantified as follows:

Ritart

0.99456 X 0.99983 X 0.99995

0.99434

9.2 Predicted Mission Reliability

The predicted probability of the truck’s successfully completing the mission is the
product of the probabilities that the individual functions will perform satisfactorily
throughout the mission. This is expressed by the equation:

Riission = FBstart X Ridie X Rarive X Ryigt X Riransport X Rgeposit X Ritop

With the seven probabilities computed in the same manner as described in the previous
section for Ry, 4, the reliability equation for the mission is quantified as follows:

Rossion = 099434 X 0.99418 X 0.94344 X 0.95825 X 0.94344 X 0.95825 X 0.99832

0.80657

*Component failure rates (e.g., A\o3011) were obtained from the tabulation presented in the Appendix. The
rate N'yxxx represents the “phantom” component that accounts for failures ascribed to the
subsystem/assembly as a whole; these rates are included in the Appendix tabulation.

10
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9.3 Observed Mission Reliability

The predicted mission reliability computed as outlined in Sections 9.1 and 9.2 is based
on the use of component reliabilities. Component reliabilities were computed from the
failure rates tabulated in the appendix. The component failure rates were derived by
summing all failures and unscheduled removals or repair actions and dividing by the total
component operating time. This procedure provides the best estimate of the component
failure rate.

However, it was observed that during maintenance actions the mechanic often repairs or
replaces more than one component — that which deadlined the truck plus those which,
upon examination, he believes would preclude successful operation of the truck or one of its
systems. These actions were counted against the components even though the truck failed or
was deadlined only once. In the computation of truck reliability as described in Sections 9.1
and 9.2, there is an inherent assumption that a single component repair action is performed
each time the truck fails or is deadlined.

Therefore, the predicted truck reliability based on component reliabilities provides a
pessimistic estimate. It does not take into account the maintenance policy in effect, which
requires the mechanic to inspect and repair as necessary every time a gasoline-engine-driven
fork-lift truck is in the shop.

A more realistic assessment of the reliability of the 6000-pound truck can be made by
computing the failure rate of the truck on the basis of its operating hours and the number of
times it was down for unscheduled maintenance. The total number of times the 6000-pound
fork-lift truck was down for maintenance during the time period for which the data were
collected was 671. Therefore,

Number of Maintenance Actions

A =
SICk Total Operating Hours

671

= —

62,481
= 0.01074

since T = truck mission operating time = 5 hours

Remyek = o Mruck T -(0.01074)(5)

=

& 0.0537

0.94717

Therefore, the probability that the 6000-pound GED fork-lift truck will successfully
complete an eight-hour (5 operating hours) mission is assessed to be 0.9477.

In a comparison of this value with that computed by the method described in Sections
9.1 and 9.2 (i.e., 0.80657), the ratio between the values of At for each reliability value was
computed as follows:

LL%‘A—A T T T B N P I T TRy NV U e LR R .
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S AT o1e
Rpredicted = 0.80657 = of™1 11" - ¢~0.2150

Ryek = 09477 = ¢ Mruck T 00537

where

A; = failure rate for ith component

t; = percent of time component i operates
Therefore,

n

i% AT 02150

— = 4.004
AtruckT 0.0537

This ratio can be used for estimating the relationship between predictions and
assessments made on 6000-pound fork-lift trucks in the future, assuming that the
maintenance policy remains the same. It is emphasized that this ratio can be used for such
predictions only at the truck level.
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PART B

RELIABILITY STATUS REPORT

1. PURPOSE

Part B of this document presents reliability, maintainability, and availability values for
the 6000-pound gasoline-engine-driven fork-lift truck and its constituent systems. The values
are inserted on AMC Form 1576-R, following the summary of computational procedures in
the following sections.

2. COMPUTATIONAL PROCEDURES
2.1 Reliability

_ The system reliability values were computed for the 5-hour operating period observed
P to be typical for an 8hour shift (the mission period). The probability that the engine
system, for example, will operate successfully for the duration of the mission is computed as
follows:

: y R@ﬂgine T3 RO]OOXROIOI XR0102XR0103XR0104XROIOSXROIOGXROIOB

0.99225 X 0.99926 X 0.99784 X 0.99976 X 0.99639 X 0.99233 X 0.99799 X 0.99992

T,
]

0.97593
In which, for example,

Ro1o1 = e Mo1o1) (Tor01)

d

g where

o101 '7\:)101 +No1011 *No1012 * No1013 + Noro14 = 14.91 X 10-5*

To101 = (to101) (Total operating time in hours) = (0.995) (5) = 4.98 hours

where
to101 = percentage of operating time component operates during mission as
determined from Reliability Record of Fork-Lift-Truck Family.

Therefore
-5
Roio1 = e—(14.91 X 107°) (4.98) _ 0.99926

*Component failure rates (e.g., Ao 1011) were obtained from the tabulation presented in the Appendix. The
rate A'xxxx represents the ‘“phantom” component that accounts for failures ascribed to the
subsystem/assembly as a whole; these rates are included in the Appendix tabulation.
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2.2 Maintainability

The values shown in Status Report Part B for truck and system maintainability are the
mean maintenance manhours per failure for the truck or system. They were computed by
summing the total manhours expended to remedy the failures of the subsystem/assemblies
or parts and dividing by the total number of failures. The data for these computations were
taken from the Reliability Record for the Fork-Lift-Truck Family. The mean maintenance
manhours per failure is considered equivalent to the usual measure of maintainability, mean
time to repair, since failures are virtually all corrected by a single maintenance man.

2.3 Availability

Availability for the fork lift truck is defined as the probability that the truck is
operating or is ready to operate at any point in time. The following expression is used to
compute availability:

Aj t
A = il
+ MMMH;
At
where
N = failure rate of i*h item
t; = proportion of mission time during which item i operates

MMMH; = mean maintenance man hours for ith item (equivalent to mean time to repair as

explained in the previous section)

This expression is valid when the following conditions apply:

1. A continuous demand for the truck exists during the 5-hour operating period
2. Maintenance personnel are available only during the same 5-hour operating period
3. Maintenance is1 initiated immediately when failure occurs
4. MMMH; <« —
At

Since these conditions are essentially met in the situation under consideration, the
expression provides a reasonable estimate of availability.

As an example of the computation, the availability of the Propeller System is
determined as follows. From the failure rate data in the Appendix, the sum of the failure
rates for the Propeller System is 33.61 X 10 failures per hour. Since the proportion of
mission time during which each component operates (t;) is the same for all components,

NG =4 ZN
Therefore,

Z A\t = 0.476 (33.61X 107%) = 15998 X 10°°

26




For the Propeller System, the MMMH is 3.06 hours per failure. Therefore, the
availability is
1
15.998 X 10°°
1

15.998 X 10”5

+ 3.06

= 0.99951

This procedure is applicable for all systems in the truck. When the observed overall
truck availability is computed, however, the fact that an average of 4.004 failures were
corrected during each maintenance event must be accounted for (see Section 9.3). At the
truck level, then, where Z \; t; = 0.043, we obtain the observed availability

4.004
0.043
4.004

Data limitations prohibit the computation of such correction factors for multiple
maintenance events at the system or lower levels.
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APPENDIX

FAILURE-RATE 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 represent the rate
of failure for that part or group of similar
parts in the subsystem/assembly. For exam-
ple, the failure rate for the group of six spark
plugs (06059) is represented by the value in
the table. The failure rate for a single spark
plug would be this number divided by six.
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