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SUMMARY OF FINDINGS

i.1

System Criticality

The Clark forklift, Model C-500YS200PK, is assessed as
critical. A catastrophic failure of this forklift could
cause loss of life and/or flight hardware.

Mechanical Critical Items

There are no Critical items identified by the Failure
Modes and Effects Analysis (FMEA).

Electrical Critical Itenms

There are no electrical functions associated with the
mechanical forklift system. The vehicle is powered with
a PERKINS DIESEL, Model 4.236. (The engine drives the
hydraulic pump. Engine failure would result in loss of
movement forward or reverse and of 1lift capability.
Controlled lowering would, however, be maintained.)
Critical Flex Hoses

The FMEA identifies all flex hoses to be Critical
Category 1R items.

Critical Orifices

There are no orifices identified to be a Critical Item.
Critical Filters

There are no filters identified to be a Critical Item.
Criticality Category 1R Items

There are 16 Category 1R items identified during the
analysis of the critical functions. The 1R items are
summarized on the Criticality Category 1R Worksheets,
Section 5.2. No single credible cause was identified to
result in the loss of the redundant items.

Critical Control/Monitor Functions

There are no control/monitor functions associated with
this system.

Sneak Circuits Identified

There is no Sneak Circuit Analysis performed for this
forkiift.
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Areas of Concern and Recommendations
Several recommendations are presented in Section 7.0 to

improve the level of protection and minimize or negate
the uncertainties identified in the failure modes and

effects analysis. In summary, the recommendations
address:
. Inspection Procedures
Inclusion of Category 1R Items
. Operator Certification and Biennial Operator

Refresher Training and Daily, Frequent, and
Periodic inspections.

Risk Assessment

Risk assessment was performed in accordance with RECERT-
42-011. The Clark forklift is considered safe to
operate. The overall risk assessment is arrived as
follows:

Hazard Severity Level: Catastrophic
Likelihood: Remote
Risk: Acceptable (Uncertainties Controlled/Managed)

Implementation of the recommendations would further
provide control measures to improve equipment reliability
and minimize residual failure risks.
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2.0 GSYSTEM SUMMARY

2.1

Specifications

Clark Lift

Model No. C500¥S200PK Type D
Clark Equipment

Industrial Truck Division
Battle Creek, Michigan

Side

Shifter

Swing Shift Mfg., Inc.
Ridgefield, WA 98642
Model No. 21793-88/15
Serial No. 89120132

Swing Shift Mfg., Inc.
Ridgefield, WA 98642
Model No. 31753-151
Serial No. 8%120131

Overhead Guard/Cab

Palm

Industries, Inc.

Litchfield, MN 55355
Model No. 2394405 A9900A
Serial No. M832032 01 90

Tires: 10:00 x 20 16 ply Pneumatic

{4 - Front)
(2 — Rear)

Forks: 8" width; 6 ft. long

NOTE:

Maximum fork spread 88"

Modification of the vehicle fork system to
provide side shifting capability was completed
by the local equipment dealer.

Documentation List

The following documents were used in the performance of

this

1.

analysis:

Clark; Planned Maintenance and Adijustment
Procedures;

ASME/ANST B56.1-1988, "safety Standard for Low Lift
and High Lift Trucks"™;

NSTS 22206 Revision D, December 10, 1992,
"Requirements for Preparation and Approval of
Failure Modes and Effects Analysis {FMEA) and
Critical Items List (CIL)."
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RECERT~42~011, "A Standard Operating Procedure for
Preparation of a Request for a Waiver/Deviation to
the Mandatory Requirements of NSS/GO-1740.9B,"
"NASA Safety Standard for Lifting Devices and
Equipment.®

NHB  1700.1(Vi-B), "NASA  Safety Policy and
Reguirements Document," June 1993,
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3.0 DEFINITIONS AND GROUND RULES

3.

1

Definitions

Definitions for the preparation and clarification of the
Failure Modes and Effects Analysis are listed below.

Critical Item - A critical item is defined as any one of
the folliowing:

1. A Criticality Category 1, 1S or 2 Single Failure
Point.
2. A redundant hardware item where the second failure

results in loss of life or flight hardware (F/H)
and the item is not capable of checkout during
normal ground operations (i.e., a single fault
tolerant item which fails Redundancy Screen A).

Critical (Reliability Impact) - If loss or improper

performance of any one of the system's functions, without
regard to redundance, could result in loss of life or
loss of flight hardware or damage to flight hardware, the
total system is assessed as Critical. If loss or
improper performance of all of the system's functions
could not result if any of the aforementioned effects,
the system will be considered Noncritical.

Criticality Category

Criticality Potential Effect or Failure
1 Single failure which could result in loss

of life or flight hardware.

1R Two redundant hardware items, which if
both failed, could result in loss of life
or F/H (or loss of a safety or hazard
monitoring system).

1s Single failure in a safety or hazard
monitoring system that could cause the
system to fail to detect, combat, or
operate when needed during the existence
of a hazardous condition and could result
in loss of life or flight hardware.

2 Single failure which could result in loss
{damage) of flight hardware.

3 All others.

Failure Modes and Effects Analysis (FMEA) - A bottoms up

systematic, inductive, methodical analysis performed to
identify and document all identifiable failure modes at
a prescribed level and to specify the resultant effect of

- .
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the modes of faillure. It is usually performed to
identify critical single failure point in hardware. The
FMEA is subsidiary to a Hazard Analysis.

Hazard Analvsis - A hazard analysis shall, as a minimum,
determine potential sources of danger, identify most
probable failure modes, and recommend resolutions for
those conditions found in the hardware-facility-
environment~human relationship that could cause loss of
life, personal injury, or loss of 1lifting device,
facility, or locad.

Redundancy Screens - Redundancy screens must be addressed
for all Criticality Category 1R items. Determination of
"Pass," "Fail," or "N/A" (not applicable) must be
documented in the summary 1list of 1R items. The GSE
redundancy screens are defined as follows:

(a) Screen A - The redundant item is capable of being
checked and verified during normal ground
operations.

({b) Screen B -~ Loss of the redundant item is readily
detectable by the operator. (This screen is not
applicable to standby redundancy.}

(c) ©Screen C - Loss of all redundant items cannot
result from a single credible cause, such as
contamination. It is assumed here that loss of the
redundant item(s) is not detectable by scheduled
test, inspections, and maintenance nor operator's
daily check prior to first use daily.

Time to Effect - The time for the failure effect to
occur in this analysis is specified as follows:

BT Short Term - Months
LT Long Term ~ Years

Ground Rules

This analysis is developed in accordance with NSTS 22206,
Revision D, "Requirements for Preparation and Approval of
Failure Modes and Effects Analysis (FMEA) and Critical
Items List (CIL)."

The following ground rules and assumptions are
established for this analysis:

a. For this analysis, it is assumed that forklift
operators are trained and certified to operate this
system.

b. This analysis assumes worst case scenario when

analyzing Ground Support Equipment (GSE).
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Passive components are not analyzed in this FMEa,
but should be considered in a separate Hazard
Analysis which is not part of this effort.

Failures of redundant items which meet the criteria
described in 3.1.(a), (b) and (c¢) above are
classified as Criticality Category 1R.
Requirements for periodiec test, inspection or
functional validation of these items are invoked
through the appropriate operation and maintenance
regquirements decumentation. Single failure within
the system controls which could cause loss of a 1R
item is not be identified as 1R but is listed as a
cause of the failure of the 1R items which it
controls. Such system controls are included in the
periodic test, inspection or functional validation
requirement invoked on the 1R item.

Redundancy screens are addressed for all
Criticality Category 1R items. Determination of
"Pass," "Fail," or "N/A" (not applicable) are
documented in the summary list of 1R itens.

Failures due to human error in system setup {e.qg.,
manual valves erroneously in the wrong position)
are not considered in this FMEA.

This analysis assumes that all components,
lubricants, and hydraulic fluids and fluid levels
are as recommended by the original equipment
manufacturer.

Fiuids

1. Internal leakage is included in the assessment
of the "fail open" failure mode.

2. External leakage is considered where leaks are
detrimental to system operation or personnel
safety.

3. All components located in the systenm

downstream of the final filter are assessed
for a possible source of contamination (e.g.,
transducers, temperature probes, component
soft goods),

4. Filters, orifices and flex hoses are analyzed
in the FMEA as part of the respective systen.

The following classification of failure modes, as a
minimum, is included in the CIL:

1. All Functional Criticality Category 1 and 2
items.
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2. All Functional Criticality 1R items where (1}
first failure could result in loss of life
and/or flight hardware or (2) next failure of
any redundant item could cause loss of
operator/forklift.

3. All Functional Criticality cCategory 1R items
that fail one or more redundancy screens.

This FMEA only analyzes the failure modes and
effects of the forklift system and components.
Other safety issues involving operating personnel
gqualifications, inherent hazards of a specific
critical 1ift, and provisions for facility
protection and emergency recovery during 1lift
operations, etc., will be addressed in the specific
Critical Lift Procedure. The Procedure is usually
initiated and funded by the Project.
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4.0 CRITICALITY ASSESSMENT

4.

1

Criticality Assessment Worksheets

This system input and output functions are assessed on
the following Criticality Assessment Summary sheet.

The Criticality Assessment Worksheets are performed to
determine whether the GSE is Critical or Noncritical in
terms of reliability impact. If loss or improper
performance of any one of the system's functions, without
regard to redundancy, could result in loss of life or
loss of flight hardware or damage to flight hardware, the
total system is assessed as Critical. If loss or
improper performance of all of the system's functions
could not result in any of the aforementioned effects,
the system is considered Noncritical.
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5.0 FAILURE MCDES AND EFFECTS ANALYSIS AND CIL

5.1

Mechanical FMEA Worksheets

The mechanical components of the Clark forkliift, Model C-
500YS200PK are identified from documents referenced in
the Documentation List and are analyzed on the following
worksheets,

- 11 -~
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Criticality Category 1R Worksheets

There are sixteen (16} Category 1R items identified
during the analysis of the critical output functions.
The 1R items are summarized on the following Criticality
Category 1R Worksheets.
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RATIONALE FOR ACCEPTABILITY

No mechanical critical items were identified by the FMEA.
Note that the Criticality 1R items are acceptable in that each
item is capable of checkout during normal ground operations.
Documentation of the following data elements: Design, Test
and Inspection, Failure History and Operational Use are
provided to categorize the analysis for risk assessment.

6.1 Design
Forklift design is in accordance with ASME/ANSI B56.1-
i988, "gSafety Standard for Low Lift and High Lift
Trucks," to minimize the probability of occurrence of the
critical failure modes and causes.

6.2 Test and Inspection

. Operator inspection prior to first use daily.
] Freguent inspection monthly.
. Periodic inspection annually.

6.3 Failure History
No significant failure history to impact FMEA.
6.4 Operational Use

6.4.1% Failures due to human error are not considered
in the performance of a failure modes and
effects analysis.

The inclusion here of the following paragraph
reproduced from ASME/ANSI B56.1-1988 is
considered most appropriate:

The use of powered industrial trucks
is subject to certain hazards that
cannot be completely eliminated by
mechanical means, but the risks can
be minimized by the exercise of
intelligence, care, and common
sense. It is therefore essential to
have competent and qualified
operators, thoroughly trained in the
safe operation of the equipment and
the handling of the loads. Serious
hazards are overloading, instability
of the load, obstruction to the free
passage of the load, poor
maintenance, and using eguipment for
a purpose for which it was not
intended or designed.

......23"..
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AREAS OF CONCERN AND RECOMMENDATIONS

The following recommendations are provided to further improve
operational safety and reliability of this eguipment for
flight preoject support.

7.1

It iz recommended that:

7.1.1 critical forklift inspections be performed by
gqualified, designated personnel;
7.1.2 the sixteen (16) Criticality Category 1R items

identified during this analysis be included in
the Periodic inspection annually; and,

7.1.3 such inspections should be performed according
to approved technical operating procedures.

No critical items were identified as a result of this
analysis. There are numerocus redundant hardware items.
All are capable of checkout during normal operations.
The time for failure to occur for 11 of the 2% components
analyzed herein was, however, determined to be "Short
Term, " i.e., months. Implementation of the
aforementioned scheduled test and inspections will
mitigate the respective failure modes. Certain hazards

cannot be eliminated by mechanical means. Operators
thoroughly trained in the safe operation of the egquipment
can minimize the risk of human error. The present

forklift operator refresher course interval is two years,
based on the recommendations of both the forklift
manufacturer and the National Safety Council.

It is recommended that appropriate, pertinent portions of
this analysis pertaining to:

. operator training and biennial refresher training;
and
U the significance of operator inspections prior to

first use daily, Freguent monthly inspection and
Periodic inspection annually.

be included in the next revision of the Engineering
Services Division Safety Manual.

The act of stacking loads or setting forks on other
surfaces has been identified as a potential cause of
sudden upright unloading and could result in hose damage.
It is recommended that means of detecting reverse fork
locading be considered to alert the operator as to
possible unloading of the uprights.
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RISK ASS5ESSMENT

Risk assessment was performed in accordance with Figure 2,
reproduced from RECERT-42-011, see Section 2.2, Documentation
List, No. 8. The rationale for retaining the critical systems
was developed based on:

L Consideration of the aforementioned parameters: Design,
Test, Inspection, Failure History and Operational Use,

Definitions of the "Hazard Severity Levels" and “Likelihood of
Occurrence" are self-explanatory (see Figure 2).

Hazard Severity Level : Catastrophic

Likelihood : Remote
Risk : Acceptable (Uncertainties Controlled/Managed)

- AT -



“{g-LANLT00L L SHN NI D XIANIddY ‘1-D 3HNOI4 40 NOISHIAA A3IGON V S XIHLYIN INFNSSISSY MSIH LHIDTY D4SO SIHL «

- 9Z -

| 9inbiy

€661 ANNC W INIWND0A SINIWIHINDIY GNY ADIT0d AL34VS VSVN.

JASIH 19V 1Ld3aDOVNN

(QIDVYNVYIN INIdd VH
(JIDVYNVYIN /G3ITIOHLNOD OL J3Lo3dXF
/A3TIOHLINOD SIALINIV.LHIONN) SILLNIV.LHIONN) LON]
ASIH 318V L4300V JSIH 3718V 14300V FLOWIY
(LSIX3 INIddVH
{1SIXT STINIVLYIONN HONHAL | (LSIX3 SILLNIV.LHIONN HONINI SILLNIVLIHIONN HONIN) ainooi
ASH F19VI43DDVNN JASIY 318V Ld430DVYNN ASId 3718V¥ 14300V TYNOISYI00
INFddVH O1
(LSIX3 SILNIVILHIONNI {(1S1X3 SILLNIVLEIONN) (LSIX3 S3LLNIV.LYIONN) G31L03d4X3)
ASIH A8V IL4IO0VNN JASIY 318VI1d43DOVNN

FI1gVvE0Hd

L O O O

T T I

(FHVYMAUYH
1HOI4 40 SSOT HO
ALINV1vVd NI LINS3Y Q1N02)
IHdOHLSVLIVD

(FOVAVA JHVMAHVYH
LIHDIY LNVIIFINDIS HO AHNCNI
SNOIY3S NI LINS3d a1nod)
IVOILLIHO

(3DOVINVA IHVMAUVH
LHO1TH HONIN 5O AHNNI
HONIW NI L71NS34 a1no0)

TYNIDHVYIN

S13ATT ALIMIAIS »aHVZYH

FONIHHNII0 40 AOOHINTANIT SNSHAA STHATT ALIHINIS AHVZVH

0G9-10~-07

* INFWSSISSV 2ISiH HOA

NOILLVIIHILHED4d 2489




