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Preface

This documents is provided as a supplement to the vendor-performed Failure Modes and Effects
Analysis (FMEA). This document includes the following:

» Critical Items List (CIL)

« Rationale for retaining the Critical Ttems
s Controls and verifications

* Recommendations

This document is compliant with the general methodology of NSTS 22206, “Requirements for
Preparation and Approval of Failure Modes and Effects Analysis and Critical Items List”

i
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1.0 Summary of Findings

1.1 System Criticality

Crane 5-37, a three-ton overhead bridge crane, is assessed as critical because failure of the crane
could cause the loss of life and/or critical hardware. The crane functions are identified and
assessed on the Criticality Summary Sheet (see Section 2.2).

1.2 Mechanical Critical ltems

The Mechanical Critical Items identified by the Foley Material Handling Co. are summarized

below. The rationale for acceptability is provided as part of the Critical Item Acceptance
Rationale, Section 3.5,

Original ‘Downgraded
No. Critical Item Criticality Criticality Risk
1 Hoist Gearbox 1 3 Controlled
2 Drum Gear 1 3 Controlled
3 Motor Coupling ! 3 Controlled
4 Hoist Motor Brake IR 3 Controlied
5 External Brake IR 3 Controlled
6 Initial Hoist Upper Limit Switch IR 3 Controlled
7 Final Hoist Upper Limit Switch IR 3 Controlled
8 Gearbox Hazard Monitoring System 18 3 Controlled

The Criticality Category of the critical items was downgraded from the original 1/1R criticality
to a “3” due to the implementation of defined and approved operational controls.

Table 1
GSE Criticality Category Definitions

Criticality Potential Effect or Fallure
i Single failure, which could result in loss of life or load
1R Two redundant hardware items, which if both faiied, could result in loss of

life or load (or loss of a safety or hazard monitoring system).

18 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 that could result in loss of life or load.

e

Single failure, which could result in loss (damage) of a load.

3 Al others.
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1.3  Electrical Critical ltems

There were no electrical critical items identified in this analysis

1.4 Critical Control/Monitor Functions

Speed control encoder failure would cause the hoist function to be disabled, and fail safe.

1.5 Hazards ldentified

Justification for retaining the critical items listed above was based on the data elements provided
in Section 3.5. This justification included the following information: Design, Test, Inspection,
Failure History, and Operationai Use. Risk assessment, based on the criteria identified in the
Reference 5, determined the risk to be acceptable/controlled for the retention of the above critical
itemns. ' '

1.6  Critical Flex Hoses

There were no critical flex hoses identified in this liffing device.

1.7  Critical Orifices

There were no critical orifices identified in this lifting device.

1.8  Critical Filters

There were no critical filters identified in this lifting device.

1.9 End-to-End Areas of Goncern

There were no areas of concern identified that are the design responsibility of other contractors
and/or NASA Centers.

1.10 Sneak Circuits Identified

There was no Sneak Circuit Analysis performed on this system.
2.0  Failure Mode and Effects Analysis

2.1 System Description

General

Crane 5-37 consists of a three-ton capacity, under hung trolley and hoist, Shaw-Box Series
700, wire rope electric hoist, suspended from a single girder bridge, six-part reeved for true
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vertical lift. The crane is located in the Mechanical Engineering Branch Lab. Crane 5-37
supports the loading, unloading, assembly, and handling of structures designed for use as
flight hardware. The crane is pendant-controlled at floor level.

Hoist Assembly
The hotst is composed of:
Main Hoist

The hoisting unit is provided with two means of braking: two electro-mechanical brakes,
a hoist motor brake, and an external brake, each capable of bringing a rated load to zero
speed and holding it (with and without power).

Dual upper limit switches are provided: geared/paddle, so that the primary switch has a
back up. Activation of the initial upper Hmit switch does not inhibit movement in the -
lower direction. Activation of the final upper limit switch requires resetting of the limit
switch prior to movement of the load. A strobe light is provided to indicate that the
second limit has been activated. The strobe remains active while there is power to the
crane and until the upper limit switch has been reset. A lower limit switch is provided to
prevent reverse winding of the wire rope.

Flux Vector Motor Control

A pendant-mounted selector switch provides for Micro speed control (infinitely variable
speed control).

Bridge and Trolley Assembly

The trolley is an under hung electric-motor drive, geared type. Bridge and trolley drives are
variable frequency drives, Electromotive Impulse “G” Series II, which provide infinite speed
control with “Ramp and Hold” operation. Operating speed is 50 FPM, with
stepless/infinitely variable speed control. The direction of trolley movement is East-West.
The crane is provided with adjustable end limit swiiches to stop operation of bridge drive
motor as the end of runway is approached, and to stop operation of the trolley drive motor as.
the end of the bridge girder is approached.

Bridge bumpers are rigidly mounted such that the attaching bolts are not in shear. Trolley
bumpers are the shock-absorbing type.

The bridge and end truck motors are inverter duty, squirre! cage, AC motors with motor
brake. The bridge operating speed is 12 to 75 feet per minute, with stepless infinitely
variable control and the direction of movement is North-South. The bridge conductor system
supplies power to the trolley and pendant control. The conductor system is festooned in
accordance with the National Electric Code.



40-01-728

Controls

A heavy-duty pendant pushbutton station, Electromotive SBP Type, controls the crane from
the floor. The pendant is suspended from a festooned system along the length of the bridge.
Pendant power is furnished by a festooned system in accordance with the National Electric
Code.

The pushbutton station is grounded to the hoist and crane bridge. The pendant cable is
supported by a separate strain relief cable. Pushbutton stations for crane control have heavy-
duty, oil tight, momentary contact devices rated 600 volts. Pendant pushbuttons are
permanently marked with the compass points as references, and are vertically arranged in the
following bottom-to-top grouped order: BRIDGE NORTH; BRIDGE SOUTH; TROLLEY
EAST; TROLLEY WEST; HOIST DOWN; HOIST UP; RESET; STOP; and a selector
switch for hoist MICRO speed and normal speed. A red pilot light indicates that power is
available; a green light indicates activation of the hoist control. An emergency stop
pushbutton and a reset button are provided on the pendant to operate the main line contactor.

Passive Components
Passive components will not be analyzed in the FMEA. The current list of passive
components includes the hook, load block, wire rope, sheaves, and rope drum. However, the

shafting are analyzed as to the attachment method.

Shaft Attachment Points

Method of
Shaft Attachment Standard
Motor Press/Key CMAA/ANSI
Brake-Reducer Press/Key CMAA/ANSI
Bull Gear Press/Key CMAA/ANSI
Drum Press/Key CMAA/ANSI

Analysis results of the shaft attachment points meet the criteria of NSTS 22206 and are,
therefore, considered passive and acceptable as they are.

Drum and Shaft Bearings

The bearings were analyzed to determine 1f the bearings could fail and drop the load.
Rationale for Acceptability follows:

¢ The bearings are double row, roller bearings

e lubricant: grease

* Tests and inspections were performed post retrofit in accordance with Acceptance Test
Procedures defined in the Crane Specification (see Reference 4).

¢ The crane typically operates at low speeds.
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e Crane 5-37 was designed for Moderate Service (Class C) and operates at Light Service
(Class B)

Analysis indicated the bearings to be acceptable. No further discussion is provided on these

items.

2.2

Crane Criticality Assessment

The crane functions are identified and assessed on the following Criticality Assessment
Summary Sheet:

CRANE CRITICALITY ASSESSMENT SUMMARY SHEET

Erane 5-37 Prepared BY: M.Cmmpton”_
ocation: Building 5 Mechanical Engineering Branch Lab Date: September 2002
EFFECT OF CRIT
oUTPUT FUNCTION LOSS/FATLURE CAT NOTES
andling of [Raises/lowers and 1.0ad may drop resulting in possible |Crit  [See FMEA
%oject Flight Lprovicies east/west loss of life or injury to personnel, loss Worksheets
ardware direction movement of lof/potential damage to Flight
critical equipment Hardware or both.
Bridge Provides ability to Failure of the bridge system could Crit  iSee FMEA
System traverse entire length ofjcause flight hardware to contact ‘Worksheets
the facility. facility structure and/or other flight
hardware, loss of life and/or flight
hardware.
Bridge Brake [Provides ability to stop [Failure of the bridge brake system Crit  [See FMEA
System and hold bridge in could cause flight hardware to contact ‘Worksheets
required position. facility structure and/or other flight
hardware, loss of life and/or flight
hardware.
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2.3 = Failure Modes and Analysis Worksheets and Diagrams

The mechanical components of this equipment are identified from the documents and diagrams
referenced in the Documentation list and are analyzed on the following FMEA worksheets.
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FAILURE MODE AND EFFECTS ANALYSIS (FMEA) WORKSHEET

Crane: 3-Ton Bridge Crane; Bldg 5. Mechanical Engineering Branch Lab
Location: Hoist Drum/Gear Case Assembly: Series 700 Shaw-Box

Date: September 200

Prepared By: M. Crompton!

low speed drum

components

safety.

FAILURE EFFECT FAILURE EFFECT ON
Po | PARTNAME PART FUNCTION | PATLREMODE |~ on sysTam CRITICAL HARDWARE | K17
PERFORMANCE [AND/OR PERSONNEL SAFETY '
700-304 IDrum Bearings Friction reduction. Hxcessive bearing Hoist function disabled[No effect. Delay in operation. 3
& 309 Increase service life pressure lack of
lubrication.
Misalignment
700-310 Prum Gear Transmits lifting torque, |Excessive load Loss of load Loss of critical hardware/personnel 1
gear reduction. safety
700-501 Motor Coupling Transmits motor torque  |Excessive load 1oss of load Loss of critical hardware/personnel 1
to gear set safety
Motor Brake Electro- Hold load after hoisting  {Fails to engage One or both holding  |No effect. Delay in operation. iR
Mechanical & External or when de-energized.  |[(Structural failure of  |brakes engage. Load
Brake components) cannot be raised or
Fails to disengage lowered. No effect. Delay in operation. 1R
(Faulty mechanism)
700-117 Hoist Gearbox Transmits power from  |Structural failure of Loss of load. Loss of critical hardware/personnel i
& -179 high speed hoist motor to

IHoist/Drum Encoder

Monitors integrity of
gears and shafting

Excessive backlash and
machine tolerances.

Loss of hoist function

1 ower the load to the floor and cease
operations.

18
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FAILURE MODE AND EFFECTS ANALYSIS (FMEA) WORKSHEET

Crane: 3-Ton Bridge Crane; Bldg 5. Mechanical Engineering Branch Lab Date: September 2002
ILocation: Hoist Prepared By: M. Crompton
FAILURE EFFECT FAILURE EFFECT ON
T PART NAME PART FUNCTION |" - iU WODE AND\ " oN sysTEM CRITICAL HARDWARE | ot
PERFORMANCE AND/OR PERSONNEIL SAFETY
(eared Upper Limit Switch, {Upward movement  |Fails open. Internal Unable to raise load. Delay in operation. 1R
Initial precluded after limit |parts failure. Lowering of load is not
switch is encountered ' inhibited. Hoist is
equipped with a final
geared upper limit
switch that will stop
hoist travel if the
primary limit switch fails
open. Requires multiple
failures.
Final Paddle Upper Limit Provides redundant  |Fails open. Internal All hoisting motion Potential loss of life or load. 1R
Switch over travel protection |parts failure. precluded.
in the up direction

10
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FAILURE MODE AND EFFECTS ANALYSIS (FMEA) WORKSHEET
ICrane: 3-Ton Bridge Crane; Bldg 5. Mechanical Engineering Branch Lab Date: September 2002}
Location: Bridge System, Series 700 Shaw-Box Prepared By: M. Crompton
FAILURE EFFECT ON FAILURE EFFECT ON
PART NAME PART FUNCTION FAILURE Mot AND SYSTEM CRITICAL HARDWARE | 0T
PERFORMANCE AND/OR PERSONNEL SAFETY
Flectric AC Provides locomotion for bridge Loss of electrical power  {Unable to operate. Brake  |No effect. Delay in operation. 3
Bridge Drive  {North/South direction will set
Motor
Mechanical failure of No bridge operation No effect. Delay in operation. 3
motor {structural failure of
components)
iGear Box Reduce motor rotation speed Disengages (components  [No bridge operation. Bridge No effect. Delay in operation. 3
structural failure) in Motion: Loss of bridge
and brake. Weight of bridge
crane will stop bridge
motion.
Coupling Transmits motor torque to gear set  [Excessive load No bridge operation No effect. Delay in operation. 3
Bridge Brake [Provides braking action to bridge  iFails to engage (component|l.oss of bridge braking. No effect. Delay in operation. 3
drive motor. structural failure) Weight of bridge crane wili
Fails to disengage (faulty istop motion of bridge.
mechanism) No bridge operation No effect. Delay in operation. 3
{Coupling (2)  [Transmits motor torque to gear set  |[Excessive load No bridge operation No effect. Delay in operation 3
Bridge Supports hoist and trolley assembly. [Excessive load No bridge operation No effect. Delay in operation 3
Assembly Provides North/South movement.

i1
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Crane: 3-Ton Bridge Crane; Bldg 5. Mechanical Engineering Branch Lab Date: September 2002
Location: Trolley (Mechanical) Prepared By: M. Crompton
_ ; FAILURE EFFECT FAILURE EFFECT ON
PAeT ] PART NAME PART FUNCTION D CAUSE | ONSYSTEM CRITICAL HARDWARE 11T
‘ PERFORMANCE (AND/OR PERSONNEL SAFETY
SBT-  Electnical AC Trolley |Provides locomotion for trolley|Loss of electrical power [Unable to operate. No effect. Delay in operation. 3
4801  [Drive Motor assembly in east/west direction(open/short windings) |Trolley brake will set.
Mechanical failure of  [No trolley operation  No effect. Delay in operation. 3
motor (structural failure
components)
Brake Coupling Provides mechanical link Keys disengage No trolley operation  {No effect. Delay in operation. 3

between electric motor, brake
and gear reducer.

SBT-  |Gear Reducer Reduce motor rotation speed  [Disengages (structural  {Trolley stationary: No |No effect. Delay in operation. 3
4803 fatlure components) trolley operation

Trolley in motion: Loss
of trolley drive and
brake. Weight of
assembly will stop

trolley.
Trolley Brake Provides braking drive motor {Fails to disengage No trolley operation  iNo effect. Delay in operation. 3
(faulty mechanism)
Fails to engage Loss of trolley braking. {No effect. Delay in operation. 3
(Structural failure of  |Weight of assembly
components) will stop trolley.

{2
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FAILURE MODE AND EFFECTS ANALYSIS (FMEA) WORKSHEET

rane: 3-Ton Bridge Crane; Bldg 5. Mechanical Engineering Branch Lab

Subsystem: Trolley (Mechanical)

Date: September 2002
Prepared By: M. Crompton|

FAILURE MODE AND

FAILURE EFFECT ON

FAILURE EFFECT ON

CRIT
PART NAME PART FUNCTION _ CRITICAL HARDWARE AND/OR
CAUSE SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
Trolley Supports hoist assembly. Provides |Wheel bearing seizure No trolley operation No effect. Delay in operation. 3
Assembly east/west movement (excessive pressure or
friction)
(2) Coupling  {Provides power linkage between Keys disengagement (set  No trolley operation No effect. Delay in operation. 3

trolley drive wheels

screw sheared)

The electrical components of this equipment were analyzed in the vendor-performed Failure Modes and Effects Analysis (FMEA).
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2.4 Critical Items List (CIL)
No. Critical ltem

Hoist Gearbox

Drum Gear

Motor Coupling

Hoist Motor Brake

External Brake

Initial Hoist Upper Limit Switch
Final Hoist Upper Limit Switch
Gearbox Hazard Monitoring System

NS B L

2.5  Critical ltems List Acceptance Rationale

The justification for retaining the identified critical items is presented here. The rationale is
comprised of the following elements:

Design

Test

Inspection
Failure History
Operational Use

The individual CIL sheets follow.

14
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Critical ltem 1 ~ Hoist Gearbox

Contents

Item Identification: Hoist Gearbox; Part No, 700-117 & 700-179
See Reference 1, “Drive Train System,” Crane 5-37

Criticality Category: 1

Function: Transmits power from high-speed hoist motor to low-speed drum.
Failure Mode: Gear disengagement

Cause: Structural failure of components

Part Number: 700-117 & 700-179

Failure Effect: Loss of hoist drive, loss of hoist holding brakes

Critical Tterns List Acceptance Rationale includes the following items.

A. Design

The design features that minimize the probability of critical failure mode and
causes occurring are listed here:

» Gear/shaft attachment methods are approved by hoisting standards.
° Gearing is designed/manufactured in accordance with AGMA standards.
. Two drum pinion gears distribute tooth face pressure resulting in a high

durability factor and low fatigue.

The hoist and drum encoders, through the PLC, maintain a watchdog status on the
mechanical integrity of the gears and shafting of the gearbox and motor. A
deviation greater than the cumulative angular allowances for backlash and
machining tolerances will result in a major failure. Both the pendant and wal}
displays will show a “Gearbox Failure” can be cleared by resetting the system, but
will re-engage if the count deviates again.

B. Test

Reference 5 addresses in detail the specific test to detect failure modes and causes
during acceptance and certification tests that was performed:

Factory tests before shipments (“The crane manufacturer shall assembie,
wire, and test the overhead crane assembly at the point of overall
assembly.”}

15
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The crane, after being assembled as specified at the contractor’s plant, was tested
without load to determine successful operation of the assembled unit. The
assembled crane is square and in alignment with parts fitted and adjusted
properly. After crane is assembled and aligned, the bridge girders and end tie
connections were maichmarked. Measurements were made, recorded, and
provided for erection so that the crane was “square” on site. Operation is smooth
and quiet. Bearings are cool running. Motor controls, as applicable, are timed
and adjusted to give smooth acceleration and minimum current peaks. After
completion of motor control adjustments, the protective equipment was set to
function at slightly higher than normal peak current and slightly lower than
normal low voltage.

Tests After Erection
Acceptance Test Preparation

The bridge and trolley brakes were adjusted so they stop without excessive
swinging of the hoist ropes. After the completed crane was erected in place,
adjusted, lubricated, and otherwise made ready for operation, it was tested by
the contractor, in the presence of the Government. Bridge and trolley travel
and hoisting tests for speed were made after mechanisms had attained
essentially steady state, prior to taking data.

Crane Acceptance Test Procedures

The contractor prepared a complete set of crane acceptance procedures. The
crane is required to:

¢ Traverse the entire working envelope with no load, 30% of rated load, and
100% or rated load.

¢« Raise and lower 0%, 50%, and 100% of the rated load at the maximum
specified speed.

e Hold 50%, 100%, and 125% of the rated load approximately six inches above
the floor for a period of three minutes without appreciable lowering.

* Bring 0%, 50%, and 100% of the rated load to a stop in the lowering mode at
the maximum specified speed without dropping the load.

s Test the load brake at 50% and 100% of the rated load by voiding the
electrically operated brake(s) and allow the load brake to hold the rated load.
Movement between the application of the load brake and the holding position
shall not exceed 27.

* Bring the hook to a stop at the initial upper limit switch at full speed with no
load and then automatically lower the hook.

¢ Bring the hook to a complete stop at the final upper limit switch at full speed
with no load.

e Record girder deflection at 100% rated load with the hoist at center span.

16
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¢ Stop the hook from being lowered beyond the setting of the lower lirnit
switch.

» Verify proper functioning of all pendant pushbuttons including the emergency
stop button at any speed under all loads.

¢ Record the amperage readings during each phase of the tests specified in the
first two tests above.

+  Meet Class C as defined by CMAA #70.

¢ Verify hoist load float and micro speed operation.

Operational tests are conducted from ground level to identify abnormal
audio/visual indication. Additionally, gearbox lubricant is sampled for freedom
from water, metal particles, sludge, or other contamination.

" Daily tests are performed prior to first use each day the crane is used. These tests
verify the functional operation of the crane mechamsms. Tests pertinent to proper
~ gearbox function consist of hoist start, raising/lowering, smooth travel and audio
indication of excessive wear.

C. Inspections

A Periodic Inspection is performed annually for crane recertification. Gearbox
lubricant is inspected as described above. In-depth inspection is performed as
warranted.

D. Failure History

Loss of load due to loss of the hoist gearbox has never been experienced.

E. Operational Use

Gear teeth would have to be lost to effectively impair the mechanical integrity of
the load path. The certified crane operator would receive an audio indication of
such an abnormal condition. Critical lift operators are trained in the specific

hazards and special procedures to mitigate the effects of failure once it has
occurred.
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Critical ltem 2 ~ Drum Gear

Contents

Item Tdentification: Drum Gear, Part No. 700-310

Sub-System Series 700: Shawbox Hoist, Crane 5-37

See Nlustration No. HLT-2, Reference 1.

Criticality Category: 1

Function: Transmits lifting torque and gear reduction.

Failure Mode: Excessive load

Cause: Exc'eeding hoist capacity

Failure Mode Number: N/A

Fatlure Effect: Loss of critical hardware/personnel safety

Critical Items List Acceptance Rationale includes the following items.

A, Design

The hoist is designed to meet all the OSHA requirements cited in OSHA CFR
1910.179 and 1910.306 and CMAA 70. The drum gear meets all the
requirements for Class C, “moderate service” and is manufactured to AGMA
quality class 5 or better. The drum gear is attached to the drum shaft via splines.

B. Test

Specific tests to detect failure modes and causes during acceptance and
certification tests were performed, i.e.:

. Factory tests before shipments
J Crane acceptance test procedures

For details, reference Critical Items List, Item: Hoist Gearbox

C. Inspections

This crane is used for critical lifts and is load tested annually as part of the
Periodic Inspection. Gearing is inspected for wear or cracks. NDT techniques are

used if cracks are suspected. Inspections are performed in accordance with
Paragraph 4.3 of Reference 6 (NASA-STD-8719.9).
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Test reports are documented, dated, and signed. The inspection reports are
maintained on file and made readily available by the Recertification Program
Manager.

D. Failure History

Loss of load due to loss of the hoist drum gear has not been experienced since the
inception of the RECERT Program.

E. Operational Use
Critical Lift Operators are trained in the specific hazards and special procedures

associated with the lift. Emergency procedures are addressed for contingency
actions or other emergencies.
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Critical ltern 3 — Motor Coupling

Contents

Item Identification: Coupling, Motor; SubSystem 700, Shaw-Box, Crane 5-37
Criticality Category: 1

Function: Provides mechanical coupling between the motor and the motor pinion
shaft

Failure Mode: Spline disengagement
Cause: Excessive shear stress

Part Number: 4-1 thru 4-8 (see Reference 1)
Failure Effect: Loss of hoist function

Critical Items 1.ist Acceptance Rationale of the motor coupling includes the
following:

A, Design

The design features that minimize the causes and probability of the critical failure
mode occurring are listed here:

Coupling attachment methods are approved by hoisting standards (i.e. ANSI
compliant).

B. Test

Crane acceptance testing is previously described, with reference to the Hoist
Gearbox. The tests demonstrate the hoist’s ability to meet the Class C service
classification.

A Daily test is performed prior to first use each day the crane is used. This test
verifies the functional operation of the hoist, i.e., hoist start/stop, raising/lowering
and initial limit switch operation, etc., smooth travel and audio indication of
excessive wear.

C. Inspection
A Periodic Inspection is performed annually for recertification and to determine
whether or not critical failure modes have occurred. In-depth investigation is

performed as warranted.
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D. Failure History

Loss of load due to loss of the motor coupling on a properly maintained hoist has
never been experienced.

E. Operational Use

Shaft/splines would have to be lost to effectively impair the mechanical integrity
of the load path. The certified crane operator would receive an audio indication
of such an abnormal condition. Critical lift operators are trained in the specific
procedures to mitigate the effects of failure once it has occurred.
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Critical item 4 — Hoist Motor Brake

Contents

Item Identification: Hoist Motor Brake, Crane 5-37
Criticality Category: 1R
Function: Hold load after hoisting or when de-energized.

Failure mode: a. Fails to engage
b. Fails to disengage

Cause: a. Structural failure of components
b. Failure mechanism

Failure Mode No.: N/A

Failure Effect:  a. One of the two brakes will set
b. The other brake will held load

Critical Items List Acceptance Rationale includes the following items:
A. Design

Operational redundancy minimizes the probability of occurrence of the critical
failure mode and causes. The redundant hardware items are energized during the
crane operating cycle. Upon failure of the brakes, the remaining redundant brake
will continue to perform the holding function.

B. Test

A Periodic Inspection is performed annually for recertification of Crane 5-37.
Testing is performed in accordance with Paragraph 4.3 of NASA-STD-8719.9
{(Reference 2). The Operational Test includes a demonstration of each brake’s
ability to stop and hold a load.

C. Inspections

Daily, monthly, and Periodic Inspections are performed in accordance with the
Paragraph 4.4 of NASA-STD-8719.9. Functional operating and control
mechanisms are checked daily for maladjustments. Inspections for brake wear are
performed annualty.
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D. Risk Control and Mitigation for Critical 1R {tems

As presented in the Critical Category 1R Redundancy Screen Table, the risk of
the failed item is controlled and mitigated through the implementation of daily,
monthly, and periodic inspections.

E. Failure History

Loss of load due to brake failure has not been experienced, since the inception of
the RECERT Program.,

F. Operational Use

Critical lift operators are trained in the specific hazards and special procedures .
associated with the Lift Emergency procedures addressed for contingency actions.
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Critical ltem 5 — External Brake

Contents

Item Identification: Hoist Motor Brake, Crane 5-37
Criticality Category: 1R
Function: Hold load after hoisting or when de-energized.

Failure mode: a. Fails to engage
b. Fails to disengage

Cause: a. Structural failure of components
b. Failure mechanism

Failure Mode No.: N/A

Failure Effect: a. One of the two brakes will set
b. The other brake will hold load

Critical Items List Acceptance Rationale includes the following items:
A, Design

Operational redundancy minimizes the probability of occurrence of the critical
failure mode and causes. The redundant hardware items are energized during the
crane operating cycle. Upon failure of the brakes, the remaining redundant brake
will continue to perform the holding function.

B. Test

A Periodic Inspection is performed annually for recertification of Crane 5-37.
Testing is performed in accordance with Paragraph 4.3 of NASA-STD-8719.9
(Reference 2). The Operational Test includes a demonstration of each brake’s
ability to stop and hold a load.

C. Inspections
Daily, monthly, and Periodic Inspections are performed in accordance with the
Paragraph 4.4 of NASA-STD-8719.9. Functional operating and control

mechanisms are checked daily for maladjustments. Inspections for brake wear are
performed annually.
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D. Risk Control and Mitigation for Critical 1R Ttems

As presented in the Critical Category 1R Redundancy Screen Table, the risk of
the failed item is controllied and mitigated through the implementation of daily,
monthly, and periodic inspections.

E. Failure History

Loss of load due to brake failure has not been experienced, since the inception of
the RECERT Program.

F. Operational Use

Critical lift operators are trained in the specific hazards and special procedures
associated with the Lift Emergency procedures addressed for contingency actions.
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Critical 1R ltem 6 — Initial Hoist Upper Limit Switch

Contents

Item Identification: Initial Hoist Upper Limit Switch, Geared, Item No. HL 74,
Crane 5-37

Criticality Category: 1R

Function: Crane movement in the raise direction is precluded after the limit
switch is encountered. Movement in the “lower” direction 1s not inhibited.

Failure Mode: a. Fails to engage
b. Failure mechanism

Cause: a. Corroded contacts
b. Contacts fused together

Failure Mode Number: N/A

Failure Effect: & Hoist will stop and brakes will set if moving up
b. No effect. Two limit switches are used

Critical Ttems List Acceptance Rationale includes the following items:
A. Design

Operational redundancy minimizes the probability of loss of the load due to
contact failure. Redundancy is “unlike” in that non-identical hardware items
{e.g., initial and final upper limit switches) perform the same function.

B. Test

Periodic testing is performed annually for recertification of Crane 5-37. Limit
switches/Limit switch trip is checked for attachment, position, alignment and
effectiveness.

C. Inspections

Checkout and verification of each limit switch is performed annually during
formal Periodic Inspection. Daily inspections, performed by the certified
operator, do not include verification of the functional operation of the final upper
fimit switch, but rather are limited to checking the availability of power to the
limit switch.
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D. Risk Control and Mitigation for Critical 1R Items

As presented in the Critical Category 1R Redundancy Screen Table, the risk of
the failed item is controlled and mitigated through the implementation of daily,
monthly, and periodic inspections.

E. Failure History

Loss of load due to initial hoist upper limit switch malfunction has not been
experienced, since the inception of the RECERT program.

F. Operational Use
Critical Lift Operators are trained in the specific hazards and special procedures

associated with the lift. Emergency procedures are addressed for contingency
actions. ' .
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Critical 1R Itern 7 — Final Hoist Upper Limit Switch

Contents

Item Identification: Final Hotst Upper Limit Switch; Paddle type, Crane 5-37
Critical Category: 1R
Function: All hoisting motion is precluded after the limit switch is encountered.

Failure Mode: a. Fails open
b. Fails closed

Cause: a. Corroded contacts i
b. Contacts fused together

Failure Mode Number: N/A

Failure Effect: a. Hook unable to operate.
b. Hook block does not stop at limit switch.

Critical Ttems List Acceptance Rationale includes the following items,
A. Design

Operational redundancy is the primary design feature, which minimizes the
probability of loss of the load due to contact failure. Redundancy is “unlike” in
that non-identical hardware items, e.g., initial and final upper limit switches,
perform the same function.

B. Test

Periodic testing is performed annually for recertification of the crane 5-37 limit
switches. Limit switch trip is checked for attachment, position, alignment, and
effectiveness.

C. Inspections

Checkout and venification of each limit switch is performed annually during
formal Periodic Inspection. Daily inspections, performed by the certified
operator, do not include recertification of the functional operation of the final
upper limit switch, but rather are limited to checking the availability of power to
the limit switch.
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D. Risk Contro! and Mitigation for Critical 1R Iems

As presented in the Critical Category 1R Redundancy Screen Table, the risk of
the failed item is controlled and mitigated through the implementation of daily,
monthly, and periodic inspections.

E. Failure History

Loss of load due to limit switch malfunction has not been experienced since the
inception of the RECERT Program.

F. Operational Use
- Critical Lift Operators are trained in the specific hazards and special procedures

associated with the lift. Emergency procedures are addressed for contingency
actions. (
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Critical ltern 8 — Gearbox Hazard Monitoring System

Contents

Item Identification: Gearbox Hazard Monitoring System, crane 5-37
Critical Category: 1S
Function: Monitors integrity of gears and shafting

Failure Mode: a. Excessive gear/shafting angular deviation
b, Backlash and tolerance

Cause: . Mechanical failure of discrete components.

Failure Part Number: Lakeshore Model No. 8500

Failure Effect: Hoist unable to operate

Critical Items List Acceptance Rationale includes the following items.

A Design

The hoist and drum encoders, through the PLC, maintain a watchdog status on the
mechanical integrity of the gears and shafting of the gearbox and motor. A
deviation greater than the cumulative angular allowances for backlash and
machining tolerances will result in a major failure. Both the pendant and wall
displays will show a “Gearbox Failure”, which can be cleared by resetting the
system, but will re-engage if the count deviates again.

B. Test

Erroneous or no encoder output will result in disabling of the hoist function.

C. Inspections

Audio/visual indications of gear wear and excessive play are checked during
Periodic Inspection of the reduction drive. The lubricant also 1s sampled, when
required, for metal particles. Either or both of these indications would indicate
whether or not critical failure modes have occurred.

D. Failure History: N/A

E. Operational Use

The hoist function would be disabled upon encoder failure.
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2.6  Criticality Category 1R items

The FMEA is a single failure point analysis and does not address multiple failures with the
following clarification:

The combined effect of failure of two like and/or unlike redundant items that could result
in loss of life/load will be evaluated.

These items are classified as criticality category 1R items. Redundancy screens must be
addressed for all Criticality Category IR items. Determination of “Pass,” “Fail,” or “"N/A” {not
applicable) must be documented in the summary list of IR items. The GSE redundancy screens
are defined as follows:

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

Screen B - Loss of the redundant item is readily detectible by the ground crew. (This
screen is not applicable to standby redundancy.)

Screen C - Loss of ali redundant items cannot result from a single credible cause, such as
contamination, -

Accordingly, two items are identified herein as category 1R items: the load brake and the final
upper limit switch. These items are identified as critical items in accordance with Reference 1.
A critical item 18 defined as any one of the following:

I A Criticality 1, 1S, or 2 Single Failure Point
A redundant hardware item where the second failure results in loss of life or load
and the item is not capable of checkout during normal ground operations (i.e., a
single fault tolerant item which fails Redundancy Screen A).

The 1R items are addressed on the following redundancy screen summary.
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CRITICALITY CATEGORY 1R REDUNDANCY SCREENS

Crane 5-37 Date: September 2002
Location: Building 5, Mechanical Engineering Branch Lab Prepared by: Mel Crompton |
PART FAULURE FAILURE EFFECT | REDUNDANCY TEST AND INSPECTION
NAME MODE ON CRANE SCREENS REQUIREMENTS FOR RISK
PERFORMANCE Pass Fail CONTROL AND MITIGATION
Hoist Loss of Unable to operate. C A/B | Requirements for annual, monthly
Motor electrical Brakes will set inspection, and daily validation of
Brake power the brakes in accordance with
Electro- Mechanical Unable to operate. NASA-STD-8719.9
Mechanical | failure Brakes will set.
External Loss of Unable to operate. C A/B | Requirements for annual, monthiy
Brake, electrical Brakes will set inspection, and daily validation of
Electro- power the brakes in accordance with
Mechanical | Mechanical Unable to operate. NASA-STD-8719.9
failure Brakes will set
Initial Fails oper/ Limits the upward C A/B Requirements for annual, monthly
Upper corroded movement of the hook inspection, and daily validation of
Limit contacts block the limit switch in accordance
Switch Fails closed/ Loss of initial limit with NASA-STD-8719.9
contacts fused | switch protection.
together
Final himit switch
available
Final Fails open/ Hoist will stop. Brakes C A/B | Requirement for annual
Upper corraded will set. operational test of the final upper
Limit contacts limit switch, including manual
Switch Fails closed/ Loss of final limit verification that all hoist motion

contacts fused
together

switch protection

Initial limit switch
available

is precluded.
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3.0 Risk Assessment

The following risk assessment evaluation was performed in accordance with Reference 5, NPG
8715.3. A Risk Assessment Matrix is inciuded (see Figure 3). The severity and probability
estimates for each of the critical items are documented. The controls are considered to be in
place to achieve minimum residual risk.

Definitions for Risk Severity Class, Probability Estimate and Risk follow.
Risk Severity Class:

Severity is an assessment of the worst potential consequence, defined by degree of injury or
property damage, which could occur. The severity classifications are defined as follows:

Class I~ Catastrophic — A condition that may cause death or permanently disabling injury,
facility destruction, or loss of personnel. major systems, or load.

Class I - Cnitical — A condition that may cause severe injury or occupational illness, or major
property damage to facilities, systems, equipment, or flight hardware.

Class 111 - Moderate — A condition that may cause minor injury or occupational illness, or minor
property damage to facilities, systems, equipment, or flight hardware.

Class IV — Negligible — A condition that could cause the need for minor first aid treatment
though would not adversely affect personal safety or health. A condition that subjects facilities,
equipment, or tlight hardware to more than normal wear and tear.

Probability Estimate:

Probability is the likeithood that an identified hazard will result in a mishap, based on an
assessment of such factors as location, exposure in terms of cycles or hours of operation, and
affected population. The qualitative risk assessment method utilized herein uses the Jikelihood
of occurrence, probability, definitions listed below.

A - Likely to occur immediately
B — Probability will occur in time
C —May occur in time

D - Unlikely to occur

E ~ Improbable to occur

The risk matrix is completed by documenting each hazard cause severity and likelthood of
occurrence in the appropriate risk assessment code block.
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3.1 Risk Assessment Code (RAC) and Closure
Probability Estimate

Severity Class A B C D E
I i I 2 3 e
I 1 2 3 4 5
m 2 3 4 3 6
v 3 4 5 6 7

Figure 3

Crane 3-37 Risk Assessment Code Matrix

A summary of the risk assessment criteria for the Critical ltems List components follows.

Critical Item Severity Class Probability RAC No.
I. Hoist Gearbox* Catastrophic (I) Improbable(E) 4
2. Drum Gear* Catastrophic (I} Improbable(E) 4
3. Motor Coupling* Catastrophic (1) Improbable(E) 4
4. Hoist Motor Brake™ Catastrophic (1) Improbable(E) 4
5. External Brake* Catastrophic (1) Improbable(E) 4
6. Initial Hoist Upper Limit Switch* Catastrophic (I) Improbabie(L) 4
7. Final Hoist Upper Limit Switch® Catastrophic (I) Improbable(E) 4
8. Gearbox Hazard Monitoring System®  Catastrophic (I) Improbable(E) 4

it is noted that the effectiveness of the in place controls and verifications 18 demonstrated by the
fact that lifting device failure has not been a contributing root cause since the inception of the

lifting device certification program in 1985.

4.0 Conirols, Verifications

Controis are summarnized below:

»  Compliance with Hoisting Standards, 1.e., CMAA
*  Compliance with OSHA Regulations

*  Comphance with AGMA standards

» Documented, signed, and approved test procedures
* Performance of factory tests before shipment

*  Acceptance testing

» Requirement for Daily, Monthly, and Periodic tests and imspections

= Performance of rated load tests
Verifications are as follows:
»  Certification documentation

*  Certified Critical Lift Crane Operators
*  Documented, dated, and signed Test Reports

»  Signed Lifting Device Operator Daily Crane and Hoist Inspection and Limit Switch Test Log
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4.1  Criticality Closure Classification

The criticality categorization for the critical items identified herein have been reassessed for
credibility and reasonableness on the basis of:

= Defined and approved operating controls, including contingency provisions,

* Data elements, including the following information: Design, Test, Inspection, and Failure
History,

= Specification documentation,

*  (GSFC safety regulations, and

»  QOperational experience with the equipment.

Controls and verifications are in place to achieve minimum risk. Assessment of the remaining
risks was performed in accordance with NPG 8715.3, “NASA Safety Manual.” The Criticality
Category of the critical items, see Table 1, was downgraded from the original 1/1R criticality to a
“3"™ due to the consideration of defined and approved operational controls.

5.0 Critical Control/Monitor Functions

There are no critical control/monitor functions associated with this crane. No critical
control/monitor function analysis is, therefore, required.

6.0 End-to-End Analysis

There were no areas of concern identified during this analysis.

7.0 Sneak Circuit Analysis

There was no sneak circuit analysis performed on this lifting device.

8.0 Recommendations

* Continue to certify the lifting device as required by operations. Continue to perform
maintenance of the critical items per OEM requirements.

*  Only certified, trained operators shall be authorized to operate lifting devices.

*  Maintain documents/approved test and inspection procedures current.

* Review/update this analysis, as required, to reflect any changes in operation or facility
improvements that affect the crane system.

8.0  Conclusion

Based on the above analysis, the risk hazard with controls and verification in place, is assessed to

be acceptable/controlled. With a RAC 4, it is concluded that this crane 1S in compliance with the
requirements set forth in NASA-STD-8719.9 for performing critical lift operations.
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