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Preface 

The Instrument Systems Analysis and Verification Facility (ISAVF) 
in Building 20 was recently outfitted with a 5-ton Overhead Bridge 
Crane. The crane is of standard manufacture and is designed in 
accordance with the general guidelines of CMAA #70, "Specification 
for Electric Overhead Traveling Cranes." The crane is a Class C, 
Moderate Service rated crane. 

A task was issued to the NSI Recertification support Group to 
undertake certain corrective actions on the crane not performed by 
the installer. Additionally, the task called for the design and 
installation of safety platforms, certification and testing of the 
crane and the performance of Failure Mode and Effects Analysis 
(FMEA). The FMEA was to be performed because such an analysis is 
required by NSS/GO-1740.9, "NASA Safety Standard for Lifting 
Devices and Equipment." 

The clean room is intended to be used for certain test and assembly 
operations of flight rated instruments and payloads. An immediate 
requirement surfaced, in the late summer of 1991, to house the 
HEIDI balloon launched payload for approximately a six-month period 
beginning in November 1991. In order to be ready for the payload, 
several tasks, including the crane certification, had to be 
completed. 

This document is the product resulting from the analysis required 
by NASA and the Statement of Work covered by the aforementioned 
TAR. 
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1.0 SUMMARY OF FINDINGS 

1.1 System criticality 

The Five-Ton Bridge Crane is assessed as critical 
because failure of crane could cause the loss of life 
and/or critical hardware. The crane functions are 
identified and assessed on the criticality Assessment 
summary Sheet (see page 2). 

1.2 Mechanical Critical Items 

The gear reducer box is 
Failure Point, based on 
Reference 1; i.e., located 
brake. 

1.3 Electrical Critical Items 

considered to be a Single 
ground rule 3.4.1.b.4 in 

between the drum and nearest 

There were no Electrical Critical Items identified in 
this analysis which qualified as a Single Point Failure 
item. 

1.4 critical Control/Monitor Functions 

There were no concerns identified in the Control/Monitor 
Functions of this equipment. 

1.5 Hazards Identified 

A potential source of danger has been identified in that 
catastrophic failure of the gearbox reducer could cause 
dropping the load and, in turn, possible loss of life or 
injury to personnel, loss of/potential damage to flight, 
hardware, or both. No other critical hazards were 
identified upon application of sections 3.4.2 through 
3.4.6 of Reference 1. 

1.6 Risk Assessment 

Evaluation of the gear reducer box in accordance with 
both NHB 1700.1(V1-A), "Basic Safety Manual," and NHB 
1700.1(VI-B)-Draft, determined the risk to be an 
acceptable one with controls in place. 
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System criticality Assessment summary Sheet 

SYSTEM: 5-Ton ACCO Series 543 Bridge Crane CRANE NO. 20-2 
FLIGHT PROGRAM: HEIDI PREPARED BY: M. Crompton 
LOCATION: Building 20, Room 85A, ISAVF DATE: November 1991 

Effect of Cdt 
Output Function Loss/Failure Cat Notes 

. 

Handling of Hoist: Load may drop critical* See FMEA 
Project Raises/lowers and resulting in worksheets 
Flight provides lateral possible loss of 
Hardware north/south or life or injury to 

east/west personnel, loss 
direction movement of/potential 
of critical damage to Flight 
equipment Hardware or both. 

Critical Lifting Device: A device (crane, hoist, etc.) whose potential failure or 
malfunction (loss of control, dropping a load, etc.) could cause loss of life, 
damage to flight or space hardware, damage to major facility or mission support 
equipment, or seriously delay the objectives of a program. 
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2.0 FAILURE MODE AND EFFECTS ANALYSIS 

2.1 Ground Rules/Definitions/Documentation 

2.1.1 Ground Rules 

This analysis has been developed in accordance 
with the guidelines of References 1-4 (see 
section 2.1.3). 

The ground rules stated in section 3.4.1 of 
Reference 1 were used for this analysis. 

2.1.2 Definition of Criticality categories 

The criticality definitions specified in Table 
5.1 of Reference 1 were used to assign the 
criticality rating. They are repeated below for 
ease of review. 

• Criticality Categories. Failure criticality 
categories are defined as 

category 

1 

1S (GSE 
only) 

Definitions 

A single failure that could cause 
loss of life or flight hardware. 

A 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. 

1R Redundant hardware item(s), all of 
which if failed, could cause loss of 
life or flight hardware. 

2 (GSE 
only) 

A single 
cause loss 
hardware. 

failure 
(damage) 

that 
of 

3 All others (noncritical). 

could 
flight 

critical Item - A criticality 1, 1S, or 2 Single 
Failure Point and redundant hardware items in 
loss of life/vehicle applications (Criticality 
1R) where: 

a. The redundant items 
being checked and 
operation; 

-3-
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b. Loss of a redundant item not readily 
detectable by the operator; or 

c. Redundant items can be lost by a single 
credible cause or event. 

2.1.3 List of References 

The following documents were used in completing 
this analysis: 

1. NSTS 22206, "Requirements for Preparation and 
Approval of Failure Modes and Effects 
Analysis (FMEA) and Critical Items List 
(CIL)," Revision C, December 15, 1989. 

2. NSS/GO-1740.9, "NASA safety Standard for 
Lifting Devices and Equipment," July 1988. 

3. NSS/GO-1740.9B, 
Lifting Devices 
1990, Draft. 

"NASA Safety Standard for 
and Equipment," September 

4. Assurance Requirements Office, Code 302, GSFC 
Document No. S-302-89-01, "Procedure for 
Performing a Failure Mode and Effects 
Analysis (FMEA)," February 1990. 

5. Southern Systems, Inc., Virginia Beach, VA; 

a. Submittals 
b. Operating and Maintenance Manuals with 

Parts List 
c. Inverter Control. 

Twigg Corporation, Acceptance Test Report, 
dated November 15, 1990. 

6. GMI 1710.6, "Design, Inspection, and 
certification of Lifting Devices and 
Equipment," March 1989. 

2.2 system Description 

The ACCO Series 543 is a top running double girder, 
motor driven, dual drive crane rated at five ton 
capacity. Span is equal to 42'-0", lift is 65'-0". 
Additional pertinent dimensions are provided in Figure 
1, reproduced from Reference 5.a. Standard Equipment 
Specifications are provided as Figure 2, likewise 
reproduced from Reference 5.a. Power is supplied at 208 
volts, 60 Hertz, 3-phase alternating current. 

The lifting device is located in the Instrument Systems 
Analysis and verification Facility, Building 20, Room 
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85A. The intended function of the lifting device is to: 
a) hoist the HEIDI gondola to a vertical position, b) 
install the HEIDI telescope in the gondola, and c) hoist 
the gondola/telescope assembly to permit the performance 
of alignment and functional tests. 

2.2.1 General 

The five-ton Instrument Systems Analysis and 
Verification Facility bridge crane consists of a 
hoist trolley and bridge. The trolley runs 
east/west and the bridge runs north/south. 

2.2.2 Hoist Assembly 

The drive unit consists of a 5 HP, 900 RPM 
electric motor, ACCO Part No. 3470451, connected 
to an ACCO Gear Housing, Part No. 62849-11, 
through a keyed coupling. Two holding brakes, 
one located on the motor drive shaft, i.e., ACCO 
rectified D.C. magnetic actuated disc brake and 
the other, an automatic weston-type multiple 
disc mechanical load brake are capable of 
slowing, stopping and holding the load. A 
geared upper and lower limit switch and 
redundant gravity upper limit are provided for 
over-travel protection. 

Hoist controls include a factory adjusted, 
overload cutoff, to prevent the hoist from 
lifting excessive overloads. Cutoff reset 
occurs automatically when the overload, or cause 
of overload, has been removed. 

2.2.3 Bridge and Trolley Assembly 

The trolley drive unit consists of a 0.25 HP, 
900 RPM electric motor integral with a fully 
enclosed oil splash lubricated gear reduction. 
The motor and the gear reduction shafts are 
supported by permanently lubricated precision 
bearings. 

The bridge assembly is powered by two 0.5 HP AC 
electric motors, one at each end of the bridge. 

The trolley drive includes an integrally mounted 
spring set electrically released AC disc brake. 

2.2.4 AC Inverter 

Speed variation of the electric motors used in 
the hoist, trolley motors and crane drives is 
provided by an E-trAC, AC inverter. Five preset 
speeds are programmable from the control key 
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pad. The E-trAC provides both an adjustable 
voltage and adjustable frequency to the AC 
motor(s), maintaining a constant torque 
capability throughout the motor's speed range. 

2.2.5 Controls 

The five-ton bridge crane is floor controlled 
pendant nine button, push button station, 
pendant mounted from the crane bridge, moveable 
to provide control at any distance from the 
point of loading. 

The pendant has the following controls: Power
On/Off; Hoist - 5 speed position Up, Down, Off; 
Trolley - 5 speed position, Right, Left, Off; 
and Bridge - 5 speed position, Forward, Reverse 
and Off. 

2.3 Mechanical FMEA Worksheets and Block Diagrams 

The mechanical components of this equipment are 
identified from the documents listed in section 2.1.3, 
"List of References" and are analyzed on the following 
FMEA worksheets. 

-6-
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~~.-------

FAILURE MODE AND EFFECTS ANALYSIS (FMEA) WORKSHEET 

SYSTEM: 5-Ton Bridge Crane/ISAVF DATE: September 1991 
SUBSYSTEM: Hoist PREPARED BY: M. Crompton 
PROGRAM: HEIDI " 

FAILURE EFFECT ON 
CRITICAL HARDWARE 

PART FAILURE MODE FAILURE EFFECT ON AND/OR PERSONNEL CRIT 
PART NO. PART NAME FUNCTION AND CAUSE SYSTEM PERFORMANCE SAFETY CAT 

ACCO Electric AC Prime Mover Loss of Unable to operate. No effect. Delay i 

Frame Hoist Drive for Hoist Electrical Brakes will set. in operation. 
284U Motor Power 3 

(Open/Short 
Windings) 

Mechanical Hold load Fails to Motor brake will No effect. Delay 
Load Brake after engage set and hold load. in operation. 

hoisting or (structural 3 
when de- failure of 
energized components) 

ACCO Motor Brake Hold load Fails to Mechanical load No effect. Delay 
60160-1 after engage brake will set and in operation. 

hoisting or (structural hold load. 3 
when de- failure of 
enerqized components) 

Motor Provides Key(s) Mechanical load No effect. Delay 
Coupling mechanical disengagement brake will Bet and in operation. 

link between (set screw hold load. 3 
electric sheared) 
motor and 
drum unit 

ACCO Gear Reducer Transmits Disengages Torque for holding Possible damage 
62849-11 power and (faulty load will be lost. to Flight 

reduces component) Load will drop. Hardware. Could 1 
rotational cause loss of 
speed from life or injury to 
the hoist personnel. 
motor to the 
mechanical 
load brake 
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FAILURE MODE AND EFFECTS ANALYSIS (FMEA) WORKSHEET 

SYSTEM: 5-Ton Bridge Crane/ISAVF DATE: September 1991 
SUBSYSTEM: Hoist PREPARED BY: M. Crompton 
PROGRAM: HEIDI 

FAILURE EFFECT ON 
CRITICAL HARDWARE 

PART FAILURE MODE FAILURE EFFECT ON AND/OR PERSONNEL CRIT 
PART NO. PART NAME FUNCTION AND CAUSE SYSTEM PERFORMANCE SAFETY CAT 

ACCO Drum bearing Support Bearing bind Retards to stops No effect. Delay 
PA6145 hoisting drum up. Failure hoisting and in operation. 3 

and allow due to lowering_ 
rotation. overstress, 

corrosion, 
improper 
assembly. 
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FAILURE MODE AND EFFECTS ANALYSIS (FMEA) WORKSHEET 

SYSTEM: 5-Ton Bridge Crane/ISAVF DATE: September 1991 
SUBSYSTEM: Trolley (Mechanical) PREPARED BY: M. Crompton 
PROGRAM: HEIDI 

FAILURE EFFECT ON 
CRITICAL HARDWARE 

PART NO. PART FAILURE MODE FAILURE EFFECT ON AND/OR PERSONNEL CRIT 
FIND NO. PART NAME FUNCTION AND CAUSE SYSTEM PERFORMANCE SAFETY CAT 

ACCO Electrical AC Provides Loss of Unable to operate. No effect. Delay 3 
Frame 56 Trolley Drive locomotion electrical Trolley brake will in operation. 

Motor, 0.25 for trolley power set. 
H.P. assembly in (open/short 

north/south windings) 
direction 

Mechanical No trolley No effect. Delay 3 
failure of operation. in operation. 
motor 
(structural 
failure 
components) 

None Brake Provides Keys No trolley No effect. Delay 3 
Coupling mechanical disengage operation. in operation. 

link between (set screw 
electric sheared) 
motor, brake 
and gear 
reducer 

ACCO Gear Reducer Reduce motor Disengages Trolley No effect. Delay 3 
65893-01 rotation (structural stationary: No in operation. 

speed failure trolley operation. 
components) Trolley in motion: 

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

65659-04 Trolley Brake Provides Fails to No trolley No effect. Delay 3 
braking drive disengage operation .. in operation. 
motor (faulty 

~~~!:t_~I!_~ B~) , -
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FAILURE MODE AND EFFECTS ANALYSIS (FMEA) WORKSREET 

SYSTEM: 5-Ton Bridge Crane/ISAVF DATE: September 1991 
SUBSYSTEM: Trolley (Mechanical) PREPARED BY: M. Crompton 
PROGRAM: HEIDI 

FAILURE EFFECT ON 
CRITICAL HARDWARE 

PART NO. PART FAILURE MODE FAILURE EFFECT ON AND/OR PERSONNEL CRIT 
FIND NO. PART NAME FUNCTION AND CAUSE SYSTEM PERFORMANCE SAFETY CAT 

Fails to Loss of trolley No effect. Delay 3 
engage braking, weight of in operation. 
(structural trolley assembly 
failure will stop motion 
components) of trolley. 

None Trolley Supports Wheel bearing No trolley No effect. Delay 3 
Assembly hoist seizure operation. in operation. 

assembly. (excessive 
Provides pressure or 
north/south friction) 
movement 

None Coupling Provide power Keys No trolley No effect. Delay 3 
linkage disengagement operation. in operation .. 
between (set screw 
trolley drive sheared) 
wheels 
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FAILURE MODE AND EFFECTS ANALYSIS (FMEA) WORKSHEET 

SYSTEM: 5-Ton Bridge Crane/ISAVF DATE: September 1991 
SUBSYSTEM: Bridge (Mechanical) PREPARED BY: M. Crompton 
PROGRAM: HEIDI 

FAILURE EFFECT ON 
CRITICAL HARDWARE 

PART NO. FAILURE MODE FAILURE EFFECT ON AND/OR PERSONNEL CRIT 
FIND NO. PART NAME PART FUNCTION AND CAUSE SYSTEM PERFORMANCE SAFETY CAT 

None Electric AC Provides Loss of Unable to operate. No effect. Delay 3 
Bridge Drive locomotion electrical Brake will set. in operation .. 
Motor, 0.5 for bridge power 
H.P. east/west (open/short 

direction windings 

Mechanical No bridge No effect. Delay 3 
failure of operation~ in operation .. 
motor 
(structural 
failure 
components) 

ACCO Bridge Gear Reduce motor Disengages Bridge stationary: No effect. Delay 3 
65893-01 Reducer rotation (structural No bridge in operation .. 

speed failure operation. 
components) Bridge in motion: 

Loss of bridge 
drive and brake. 
Weight of bridge 
crane will stop 
motion of bridge. 

None Bridge Support hoist Wheel bearing No bridge No effect. Delay 3 
Assembly and trolley (excessive operation .. in operation. 

assembly, pressure or 
provides friction) 
north/south 
movement 

ACCD Bridge Brake Provide Fail to Loss of bridge No effect. Delay 3 
65659-04 braking engage braking. Weight in operation. 

action to (structural of bridge crane 
bridge drive failure will stop motion 
motor components) of bridge. 
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FAILURE MODE AND EFFECTS ANALYSIS (FMEA) WORKSHEET ! 

SYSTEM: 5-Ton Bridge Crane/ISAVF DATE: September 1991 
SUBSYSTEM: Bridge (Mechanical) PREPARED BY: M. Crompton 
PROGRAM: HEIDI 

FAILURE EFFECT ON 
CRITICAL HARDWARE 

PART NO. FAILURE MODE FAILURE EFFECT ON AND/OR PERSONNEL CRIT 
FIND NO. PART NAME PART FUNCTION AND CAUSE SYSTEM PERFORMANCE SAFETY CAT 

Fail to No bridge No effect. Delay 3 
disengage operation. in operation .. 
(faulty (Faulty mechanism) 
mechanism) 

------ -------- ~---
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2.4 Electrical FMEA Worksheets and Block Diagrams 

The electrical components of this equipment are 
identified from the documents and diagrams listed in 
section 2.1.3, "List of References" and are analyzed on 
the following FMEA worksheets. 

-14-
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FAILURE MODE AND EFFECTS ANALYSIS (FMEA) WORKSHEET 

SYSTEM: 5-Ton Bridge Crane/ISAVF DATE: September 1991 
SUBSYSTEM: Main Line Bridge Circuit PREPARED BY: M. Crompton 
PROGRAM: HEIDI 

FAILURE EFFECT ON 
CRITICAL HARDWARE 

PART FAILURE MODE FAILURE EFFECT ON AND/OR PERSONNEL CRIT 
PART NO. PART NAME FUNCTION AND CAUSE SYSTEM PERFORMANCE SAFETY CAT 

Device 30 Amp Main Energize and Fail to No power to crane. No effect. Delay 3 
610-31 Disconnect at de-energize close. in operation. 

floor level crane feeder Mechanical 
linkage 
broken. 

Fail to open. Crane stays No effect. 3 
Mechanical energized. Main 
linkage contactor will de-
broken. energize crane. 

Device 30 Amp Crane Energize and Fail to No power to crane. No effect. Delay 3 
610-32 Disconnect de-energize close. in operation. 

crane Mechanical 
linkage 
broken. 

Fail to open. Crane stays No effect. 3 
Mechanical energized. Main 
linkage contactor will de-
broken. energize crane. 

M Main Energize and Fail to No power to crane. No effect. Delay 3 
Contactor de-energize close~ Open in operation. 

crane. coil 

• Fail to open. Crane stays No effect. 3 
contacts energized. Device 
fused 610-31 or Device 
together. 610-32 will de-

energize ~rane. , 
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FAILURE MODE AND EFFECTS ANALYSIS (FMEA) WORKSHEET 

SYSTEM: 5-Ton Bridge Crane/ISAVF DATE: September 1991 
SUBSYSTEM: Main Line Bridge Circuit PREPARED BY: M. Crompton ! 

PROGRAM: HEIDI 

FAILURE EFFECT ON 
CRITICAL HARDWARE 

PART FAILURE MODE FAILURE EFFECT ON AND/OR PERSONNEL CRIT 
PART NO. PART NAME FUNCTION AND CAUSE SYSTEM PERFORMANCE SAFETY CAT 

MCX Main Control Provides Fails open. No control power No effect. Delay 3 
Transformer l20V. control Excessive to crane. in operation. 

power for current. 
main 
contactor of 
bridge panel. 

Fails No control power No effect. Delay 3 
shorted. to crane. in operation. 
Vibration. 

BFU Bridge Fuses Protects Fuses blow. Crane will not No effect. Delay 3 
(3) bridge 208V. Excessive bridge. in operation. 

system from current. 
overload and 
short. 

MCFU Main Control Protects main Blown fuse. M contact or will No effect. Delay 3 
Fuse ( 1 ) and bridge Excessive drop out. in operation. 

l20V. system current. 
from overload 
and short. 

OLR Bridge Protects Fail open. Loss of 1 phase to No effect. Delay 3 
Overload bridge motors Overcurrent. motor. in operation .. 
Relays (3) from 

excessive 
current. 

Fail closed. Loss or overload No effect. 3 
Contacts protection. 
fused Requires double 
together. failure. 

-16-



40-01-320 

FAILURE MODE AND EFFECTS ANALYSIS (FMEA) WORKSHEET 

SYSTEM: 5-Ton Bridge Crane/ISAVF DATE: September 1991 
SUBSYSTEM: Main Line Bridge Circuit PREPARED BY: M. Crompton 
PROGRAM: HEIDI 

FAILURE EFFECT ON 
CRITICAL HARDWARE 

PART FAILURE MODE FAILURE EFFECT ON AND/OR PERSONNEL CRIT 
PART NO. PART NAME FUNCTION AND CAUSE SYSTEM PERFORMANCE SAFETY CAT : 

1M and 2M Bridge Motor Bridge drive open motor. Crane will bridge No effect. 3 
( 2 ) motors. Excessive with one motor in 

heat or operation. 
current. Requires double 

failure .. 

Shorted Will cause No effect. Delay 3 
motor. operation of in operation. 
Excessive overloads. 
heat or 
current. 

None Bridge Brake Stops bridge Open winding. Brake will engage No effect. Delay 3 
( 2 ) motion. Excessive and cauee in operation .. 

heat or overloads to 
current. operate. 

Shorted Excessive current No effect. Delay 3 
winding. will cause in operation. 
Excessive overloads to 
heat or operate. Brake 
current. will engage. 

Rl/R2/R3 Bridge Limits Fail open. Loss of 1 phase to No effect. Delay 3 
Starting starting OVer current motor when in operation. 
Resistors (6) current starting. 

surge, for 
bridge 
motors. 

Fail short. Downstream No effect. Delay 3 
Vibration. overloads protect in operation. 

; circuit. 

None Power On Push Energizes M Fail open. No power to crane. No effect. Delay 3 
Button contactor for Vibration. in operation. 

crane power. 
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FAILURE MODE AND EFFECTS ANALYSIS (FMEA) WORKSHEET 

SYSTEM: 5-Ton Bridge Crane/ISAVF DATE: September 1991 
SUBSYSTEM: Main Line Bridge Circuit PREPARED BY: M. Crompton 
PROGRAM: HEIDI 

FAILURE EFFECT ON 
CRITICAL HARDWARE 

PART FAILURE MODE FAILURE EFFECT ON AND/OR PERSONNEL CRIT 
PART NO. PART NAME FUNCTION AND CAUSE SYSTEM PERFORMANCE SAFETY CAT 

Fail closed. Power stays on No effect. Delay 3 
Contacts crane. Crane can in operation. 
fused. be de-energized 

with Device 610-31 
at floor level. 

None Power Off De-energizes Fail open. No power to crane. No effect. Delay 3 
Push Button M contactor. Vibration. in operation. 

Fail closed. Power stays on No effect. Delay 3 
Contacts crane. Crane can in operation. 
fused. be de-energized 

with Device 610-31 
at floor level. 

None Push Button Operates Fail open. Forward, reverse, No effect. Delay 3 
Operator, bridge Vibration. or acceleration in operation. 
Bridge Forward, relays will not 

Reverse, and energize. Bridge 
Acceleration will not operate 
contactors. or operate slowly. 

Fail closed. Forward, reverse, No effect. Delay 3 
contacts or acceleration in operation. 
fused relays will stay 
together. energized. Bridge 

will continue to 
operate. Can be 
stopped with power 
Off push button or 
main disconnect. 
Requires double 
failure. 

LS#4 Bridge Travel Inhibits Fail open. Crane will not No effect. Delay 3 
Limit switch bridge Vibration. bridge. in operation. 
(2 ) movement, 

-------- - --
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FAILURE MODE AND EFFECTS ANALYSIS (FMEA) WORKSHEET 

SYSTEM: 5-Ton Bridge Crane/ISAVF DATE: September 1991 
SUBSYSTEM: Main Line Bridge Circuit PREPARED BY: M. Crompton 
PROGRAM: HEIDI 

FAILURE EFFECT ON 
CRITICAL HARDWARE 

PART FAILURE MODE FAILURE EFFECT ON AND/OR PERSONNEL CRIT 
PART NO. PART NAME FUNCTION AND CAUSE SYSTEM PERFORMANCE SAFETY CAT 

Fail closed. Crane will No effect. Delay 3 
Contacts continue to bridge in operation. 
fused until push button 
together. is released. 

F Forward Provides Fail open. Crane will not No effect. Delay 3 
contactor 208V. to Vibration. bridge in forward in operation. 

bridge motor direction. 
in forward 
direction. 

Fail closed. Crane will No effect. Delay 3 
contacts continue to bridge in operation. 
fused when push button 
together. is released. 

Crane can be 
stopped with power 
Off button. 
Requires double 
failure. 

R Reverse Provides Fail open. Crane will not No effect. Delay 3 
contactor 208V. to Vibration. bridge in reverse in operation. 

bridge motor direction. 
in reverse 
direction. 

Fail closed. Crane will No effect. Delay 3 
contacts continue to bridge in operation. 
fused when push button 
together. is released. 

Crane can be 
stopped with power 
Off button. 
Requires double 
failure .. 

---------- -
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FAILURE MODE AND EFFECTS ANALYSIS (FMEA) WORKSHEET 

SYSTEM: 5-Ton Bridge Crane/ISAVF DATE: September 1991 
SUBSYSTEM: Main Line Bridge Circuit PREPARED BY: M. Crompton 
PROGRAM: HEIDI 

FAILURE EFFECT ON 
CRITICAL HARDWARE 

PART FAILURE MODE FAILURE EFFECT ON AND/OR PERSONNEL CRIT 
PART NO. PART NAME FUNCTION AND CAUSE SYSTEM PERFORMANCE SAFETY CAT 

A Acceleration Shorts out Fail open. Crane will not No effect. Delay 3 
contactor (4 ) starting Vibration. accelerate. in operation. 

resistors for 
bridge 
motors. 

Fail closed. Crane will run at No effect. Delay 3 
Contacts a faster speed. in operation .. 
fused Can be stopped by 
together .. releasing push 

button. 

None Normally Inhibits Fail open. Crane will not No effect. Delay 3 
closed forward Vibration. bridge in forward in operation. 
interlock on contactor direction. 
reverse from 
contactor energizing. 

Fail closed .. Forward and No effect. Delay 3 
Contacts reverse mechanical in operation. 
fused interlock will 
together. prevent 

simultaneous 
operation of 
directional 
contactors. 
Requires double 
failure. 

None Normally Inhibits Fail open. Crane will not No effect. Delay 3 
closed reverse Vibration bridge in reverse in operation. 
interlock on contactor direction. 
forward from 
contactor energizing. 
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FAILURE MODE AND EFFECTS ANALYSIS (FMEA) WORKSHEET 

SYSTEM: 5-Ton Bridge Crane/ISAVF DATE: September 1991 I 
SUBSYSTEM: Main Line Bridge Circuit PREPARED BY: M. Crompton 
PROGRAM: HEIDI 

I 

FAILURE EFFECT ON 
CRITICAL HARDWARE 

PART FAILURE MODE FAILURE EFFECT ON AND/OR PERSONNEL CRIT 
PART NO. PART NAME FUNCTION AND CAUSE SYSTEM PERFORMANCE SAFETY CAT 

Fail closed. Forward and No effect. Delay 3 
Contacts reverse mechanical in operation. 
fused interlock will 
together. prevent 

simultaneous 
operation of 
directional 
contactors. 
Requires double 
failure. 

None Normally De-energizes Fail open. Crane will not No effect. Delay 3 
closed all bridge Vibration. bridge. in operation. 
interlock on contactors 
overload when 
relay overloads 

operate. 

Fail closed. Bridge will No effect. Delay 3 
Contacts continue to in operation. 
fused operate when 
together. overloads trip. 

BFU fuses will 
blow to stop 
bridge. Requires 
double failure. 
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FAILURE MODE AND EFFECTS ANALYSIS (FMEA) WORKSHEET 

SYSTEM: 5-Ton Bridge Crane/ISAVF DATE: September 1991 
SUBSYSTEM: Trolley Circuit PREPARED BY: M. Crompton 
PROGRAM: HEIDI 

i FAILURE EFFECT ON 
CRITICAL HARDWARE 

PART FAILURE MODE FAILURE EFFECT ON AND/OR PERSONNEL CRIT 
PART NO. PART NAME FUNCTION AND CAUSE SYSTEM PERFORMANCE SAFETY CAT 

TFU Trolley Fuses Protects Fuses blow. Crane will not No effect. Delay 3 
(3 ) trolley 208V. Excessive trolley. in operation. 

system from current. 
overload and 
short. 

TOL Trolley Protects Fail open. Loss of 1 phase to No effect. Delay 3 
Overload trolley motor Overcurrent. motor. in operation. 
Relays (3) from 

excessive 
current. 

Fail closed. Loss of overload No effect. Delay 3 
Contacts protection. in operation. 
fused Requires double ! together. failure. 

None Trolley Motor Trolley drive Open motor. Crane will not No effect. Delay 3 
motor. Excessive trolley. in operation. 

heat or 
current. 

Shorted Will cause No effect. Delay 3 
motor. operation of in operation. 
Excessive overloads. 
heat or 
current. 

None Trolley Brake Stops trolley Open winding. Brake will engage No effect. Delay 3 
motion. Excessive and cause fuses to in operation. 

heat or blow. 
current. 

---------- --- ----------
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FAILURE MODE AND EFFECTS ANALYSIS (FMEA) WORKSHEET 

SYSTEM: 5-Ton Bridge Crane/ISAVF DATE: September 1991 . 
SUBSYSTEM: Trolley Circuit PREPARED BY: M. Crompton 
PROGRAM: HEIDI 

FAILURE EFFECT ON 
CRITICAL HARDWARE 

I 
PART FAILURE MODE FAILURE EFFECT ON AND/OR PERSONNEL CRIT 

I PART NO. PART NAME FUNCTION AND CAUSE SYSTEM PERFORMANCE SAFETY CAT 

Shorted Excessive current No effect. Delay 3 i 

winding. will cause fuses in operation .. 
Excessive to blow. 
heat or 

! current. 

Rl/R2/R3 Trolley Limits Fail open. Loss of 1 phase to No effect. Delay 3 
Starting starting Overcurrent .. motor when in operation. 
Resistors (3) current surge starting. 

for trolley 
motor. 

Fail short. Downstream No effect. Delay 3 
Vibration. overloads protect in operation .. 

circuit. 

None Push Button Operates Fail open. Forward, reverse, No effect. Delay 3 
Operator, trolley Vibration .. or acceleration in operation. 
Trolley forward, relays will not 

reverse and energize. Trolley 
acceleration will not operate 
contactors. or operate slowly. 

Fail closed. Forward, reverse No effect. Delay 3 
Contacts or acceleration in operation. 
fused relays will stay 
together. energized. 

Trolley will 
continue to 
operate. Can be 
stopped with power 
Off push button or 
main disconnect. 
Requires double 
failure .. 
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FAILURE MODE AND EFFECTS ANALYSIS (FMEA) WORKSHEET 

SYSTEM: 5-Ton Bridge Crane/ISAVF DATE: September 1991 
SUBSYSTEM: Trolley Circuit PREPARED BY: M. Crompton 
PROGRAM: HEIDI 

FAILURE EFFECT ON 
CRITICAL HARDWARE 

PART FAILURE MODE FAILURE EFFECT ON AND/OR PERSONNEL CRIT 
PART NO. PART NAME FUNCTION AND CAUSE SYSTEM PERFORMANCE SAFETY CAT 

LS#4 Trolley Inhibits Fail open. Crane will not No effect. Delay 3 
Travel Limit trolley Vibration. trolley. in operation. 
Switch (2 ) movement. 

Fail closed. Crane will No effect. Delay 3 
Contacts continue to in operation. 
fused trolley until push 
together. button is 

released .. 

F Forward Provides Fail open. Crane will not No effect. Delay 3 
Contactor 208V. to Vibration .. trolley in forward in operation. 

trolley motor direction. 
in forward 
direction. 

Fail closed. Crane will No effect. Delay 3 
contacts continue to in operation. 
fused trolley when push 
together. button is 

released. Crane 
can be stopped 
with power Off 
button. Requires 
double failure. 

R Reverse Provides Fail open. Crane will not No effect. Delay 3 
contactor 208V. to Vibration. trolley in reverse in operation .. 

trolley motor direction. 
in reverse 
direction. 
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FAILURE MODE AND EFFECTS ANALYSIS (FMEA) WORKSHEET ! 

SYSTEM: 5-Ton Bridge Crane/ISAVF DATE: September 1991 i 

SUBSYSTEM: Trolley Circuit PREPARED BY: M. Crompton 
PROGRAM: HEIDI I 

FAILURE EFFECT ON 
CRITICAL HARDWARE 

PART FAILURE MODE FAILURE EFFECT ON AND/OR PERSONNEL CRIT 
PART NO. PART NAME FUNCTION AND CAUSE SYSTEM PERFORMANCE SAFETY CAT 

Fail closed. Crane will No effect. Delay 3 
contacts continue to in operation. 
fused trolley when push 
together. button is 

released .. Crane 
can be stopped 
with power Off 
button. Requires 
double failure. 

A Acceleration Shorts out Fail open .. Trolley will not No effect. Delay 3 
Contactor (4) starting Vibration .. accelerate. in operation. 

resistors for 
trolley 
motor .. 

Fail closed. Trolley will run No effect. Delay 3 
contacts at a faster speed. in operation. 
fused Can be stopped by 
together. releasing push 

button. 

None Normally Inhibits Fail open. Crane will not No effect. Delay 3 
closed forward Vibration. trolley in forward in operation. 
interlock on contactor direction. 

I 
reverse from 
contactor ~t:"1:~Egi_~ing .. 
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FAILURE MODE AND EFFECTS ANALYSIS (FMEA) WORKSHEET 

SYSTEM: S-Ton Bridge Crane/ISAVF DATE: September 1991 
SUBSYSTEM: Trolley Circuit PREPARED BY: M. Crompton 
PROGRAM: HEIDI 

. 

FAILURE EFFECT ON 
CRITICAL HARDWARE 

PART FAILURE MODE FAILURE EFFECT ON AND/OR PERSONNEL CRIT 
PART NO. PART NAME FUNCTION AND CAUSE SYSTEM PERFORMANCE SAFETY CAT 

Fail closed. Forward and No effect. Delay 3 
Contacts reverse mechanical in operation. 
fused interlock will 
together. prevent 

simultaneous 
operation of 
directional 
contactors. 
Requires double 
failure. 

None Normally Inhibits Fail open. Crane will not No effect. Delay 3 
closed reverse Vibration. trolley in reverse in operation. 
interlock on contactor direction. 
forward from 
contactor energizing. 

Fail closed. Forward and No effect. Delay 3 
Contacts reverse mechanical in operation. 
fused interlock will 
together. prevent 

simultaneous 
operation of 
directional 
contactors. 
Requires double 

1 failure. 
. 

None Normally De-energizes Fail open. Crane will not No effect. Delay 3 
closed all trolley Vibration. trolley. in operation. 
interlock on contactors 
overload when 
relay overloads 

operate. 
- -------

-26-



40-01-320 

FAILURE MODE AND EFFECTS ANALYSIS (FMEA) WORKSHEET 

SYSTEM: 5-Ton Bridge Crane/ISAVF DATE: September 1991 
SUBSYSTEM: Trolley Circuit PREPARED BY: M. Crompton 
PROGRAM: HEIDI 

FAILURE EFFECT ON 
CRITICAL HARDWARE 

PART FAILURE MODE FAILURE EFFECT ON AND/OR PERSONNEL CRIT 
PART NO. PART NAME FUNCTION AND CAUSE SYSTEM PERFORMANCE SAFETY CAT 

Fail closed. Trolley will No effect. Delay 3 
contacts continue to in operation. 
fused operate when 
together. overloads trip. 

TFU fuses will 
blow to stop 
trolley. Requires 
double failure. 
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FAILURE MODE AND EFFECTS ANALYSIS (FMEA) WORKSHEET 

SYSTEM: 5-Ton Bridge Crane/ISAVF DATE: September 1991 
SUBSYSTEM: Hoist Circuit PREPARED BY: M. Crompton 
PROGRAM: HEIDI 

FAILURE EFFECT ON 
CRITICAL HARDWARE 

PART FAILURE MODE FAILURE EFFECT ON AND/OR PERSONNEL CRIT 
PART NO. PART NAME FUNCTION AND CAUSE SYSTEM PERFORMANCE SAFETY CAT 

HFU Hoist Fuses Protects Fuses blow. Crane hoist will No effect. Delay 3 
( 3) hoist 208V. Excessive not operate. in operation .. 

system from current .. 
overload and 
short. 

VFI A.C. Inverter Provides Fail no Crane hoist will No effect. Delay 3 
variable output. not operate. in operation. 
frequency Excessive 
power and heat or 
fault monitor vibration. 
for hoist 
drive. 

Fail Crane hoist will No effect. Delay 3 
continuous continue to in operation. 
output. operate .. Can be 
Excessive stopped with power 
heat or Off push button or 
vibration. main disconnect .. 

Requires double 
failure. 

None Hoist Motor Hoist drive Open motor. Crane will not No effect. Delay 3 
motor .. Excessive hoist. in operation. 

heat or 
current. 

Shorted Crane will not No effect. Delay 3 
motor. hoist. Will cause in operation. 
Excessive operation of 
heat or inverter fault 
current. circuit. 
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FAILURE MODE AND EFFECTS ANALYSIS (FMEA) WORKSHEET 

SYSTEM: 5-Ton Bridge Crane/ISAVF DATE: September 1991 
SUBSYSTEM: Hoist Circuit PREPARED BY: M. Crompton 
PROGRAM: HEIDI 

FAILURE EFFECT ON 
CRITICAL HARDWARE 

PART FAILURE MODE FAILURE EFFECT ON AND/OR PERSONNEL CRIT 
PART NO. PART NAME FUNCTION AND CAUSE SYSTEM PERFORMANCE SAFETY CAT 

HCX Hoist Control Provides Fails open. No control power No effect. Delay 3 
Transformer 120V. control Excessive to hoist and in operation. 

power for current. trolley. 
hoist and 
trolley 
panels. 

Fails No control power No effect. Delay 3 
shorted. to hoist and in operation. 
Vibration. trolley. 

HCFU Hoist Control Protects Fuse blown. Crane hoist and No effect. Delay 3 
Fuse (1 ) hoist and Excessive trolley will not in operation. 

trolley 120V. current. operate. 
control 
circuits. 

None Hoist Brake, Provides D.C. Fail open. Brake will not No effect. Delay 3 
Diode Bridge power for Excessive release. in operation. 

hoist brake voltage. 
release. 

Fail short. Brake will not No effect. Delay 3 
Excessive release. in operation. 
current. 

None Hoist Brake Stops hoist Fails open. Brake will engage. No effect. Delay 3 
motion. Excessive in operation. 

heat or 
current. 

Fails Brake will engage. No effect. Delay 3 
shorted. in operation. 
Excessive 
heat or 
current. -_._.- ._--- -------
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FAILURE MODE AND EFFECTS ANALYSIS (FHEA) WORKSHEET 

SYSTEM: 5-Ton Bridge Crane/ISAVF DATE: September 1991 
SUBSYSTEM: Hoist Circuit PREPARED BY: M. Crompton 
PROGRAM: HEIDI 

FAILURE EFFECT ON 
• CRITICAL HARDWARE 

PART FAILURE MODE FAILURE EFFECT ON AND/OR PERSONNEL CRIT 
PART NO. PART NAME FUNCTION AND CAUSE SYSTEM PERFORMANCE SAFETY CAT 

BC Brake Applies D.C. Fail open. Brake will engage. No effect. Delay 3 
Contact or power to Vibration. in operation. 

release hoist 
brake. 

Fail closed. Brake will No effect. Delay 3 
Contacts release. in operation. 
fused Mechanical load 
together. brake will engage. 

Requires double 
failure. 

None Normally Allows brake Fail open. Brake will engage. No effect. Delay 3 
closed contactor to Vibration. in operation. 
interlock on function 
fault relay unless a 

fault exists 
in the 
monitor 
circuit. 

Fail closed. Loss of fault No effect. Delay 3 
contacts monitor brake set. in operation .. 
fused Brake will engage 
together. when hoist push 

button is 
released. 
Requires double 
failure. 

BR Brake Reduced Reduces D.C. Fail open. Brake will not No effect. Delay 3 
Voltage voltage to Vibration. release. in operation. 
contactor brake coil 

after brake 

'-------
releases. 
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FAILURE MODE AND EFFECTS ANALYSIS (FMEA) WORKSHEET 

SYSTEM: 5-Ton Bridge Crane/ISAVF DATE: September 1991 
SUBSYSTEM: Hoist Circuit PREPARED BY: M. Crompton 
PROGRAM: HEIDI 

FAILURE EFFECT ON 
CRITICAL HARDWARE 

PART FAILURE MODE FAILURE EFFECT ON AND/OR PERSONNEL CRIT 
PART NO. PART NAME FUNCTION AND CAUSE SYSTEM PERFORMANCE SAFETY CAT 

Fail closed. Brake will operate No effect. 3 
Contacts normally but at 
fused full voltage. 
together. 

None Brake Switch Energizes Fail open. Brake will operate No effect. 3 
brake reduced Vibration. normally but at 
voltage full voltage. 
contactor. 

Fail closed. Brake will nat No effect. Delay 3 
Contacts release. in operation. 
fused 
together. 

None Push Button Provides Fail open. Hoist will not No effect. Delay 3 
Operator, forward, Vibration. operate or operate in operation. 
Hoist reverse, and slowly. 

acceleration 
commands to 
A.C. 
Inverter. 

Fail closed. Hoist will No effect. Delay 3 
Contacts continue to in operation. 
fused operate. Can be 
together. stopped with power 

Off push button or 
main disconnect. 

None Overload Prevents the Fail open. Hoist forward will No effect. Delay 3 
Cutoff hoist from Vibration. not operate. in operation. 

lifting 
excessive 
overloads. 

- -- ._--
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FAILURE MODE AND EFFECTS ANALYSIS (FMEA) WORKSHEET 

SYSTEM: S-Ton Bridge Crane/ISAVF DATE: September 1991 
SUBSYSTEM: Hoist Circuit PREPARED BY: M. Crompton 
PROGRAM: HEIDI 

FAILURE EFFECT ON 
CRITICAL HARDWARE 

PART FAILURE MODE FAILURE EFFECT ON AND/OR PERSONNEL CRIT 
PART NO. PART NAME FUNCTION AND CAUSE SYSTEM PERFORMANCE SAFETY CAT 

Fail closed. Hoist will be No effect. Delay 3 
Contacts allowed to operate in operation. 
fused with an excessive 
together. overload. Monitor 

circuit will 
identify overload 
and stop 
operation. 
Requires double 
failure. 

None Gravity Limit Prevents Fail open. Hoist will not No effect. Delay 3 
Switch hoist Vibration. operate in forward in operation. 

overtravel in direction. 
the forward 
direction. 

Fail closed. Two-blocking will No effect. 3 
i Contacts occur. Requires 

fused double failure. 
together. 

None Geared Limit Prevents Fail open. Hoist will not No effect. Delay 3 
Switch hoist Vibration. operate in in operation. 

overtravel in direction of 
both forward failure. 
and reverse 
directions. 

Fail closed. In forward No effect. Delay 3 
Contacts direction, the in operation. 
fused gravity limit 
together. switch will 

prevent 
overtravel. 
Requires double 
failure. -----_._._-_ ...... _--_ ...... _--- --... ---
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FAILURE MODE AND EFFECTS ANALYSIS (FMEA) WORKSHEET 

SYSTEM: 5-Ton Bridge Crane/ISAVF DATE: September 1991 
SUBSYSTEM: Hoist Circuit PREPARED BY: M. Crompton 
PROGRAM: HEIDI 

FAILURE EFFECT ON 
CRITICAL HARDWARE 

PART FAILURE MODE FAILURE EFFECT ON AND/OR PERSONNEL CRIT 
PART NO. PART NAME FUNCTION AND CAUSE SYSTEM PERFORMANCE SAFETY CAT 

In reverse No effect. Delay 3 
direction, in operation. 
releasing the push 
button operator 
will prevent 
Qvertravel. 
Requires double 

L.....- ___ .......... _ .. _ '--- -- --- L -- - - ----
failure. 

--~- - --~.-.- .. -~ ~ .. ------- ---- --
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3.0 CRITICAL ITEMS LIST (CIL) 

3.1 Item Identification 

Item: Gear Reducer, ACCO, Wright, Part No. 62849-11. 

system: ACCO Series 543 Top Running Double Girder 
Motorized Dual Drive Crane located at the Instrument 
Systems and Verification Facility, Building 20, Room 
85A. 

Flight Program: HEIDI 

Reference Documentation: Wright Parts Manual 58979-09, 
Rev. 4-21-89. 

3.2 criticality Category 

3.2.1 Hardware criticality 1: The gear reducer box is 
considered to be a single Failure Point, based 
on ground rule 3.4.1.b.4 in Reference 1; i.e., 
located between the drum and nearest brake. 

3.2.2 Potential Effect of Failure: Could cause loss 
of life or injury to personnel. Possible loss 
of/damage to Flight Hardware. 

3.3 Function 

Transmits power and reduces rotational speed from the 
hoist motor to the mechanical load brake. 

3.4 Failure Mode 

Disengages. 

3.5 cause(s) 

3.5.1 Faulty Component; e.g., improper heat treatment 
of gears. 

3.5.2 Lack of Maintenance 

Inadequate lubrication resulting in excessive 
wear. 

3.5.3 Improper Gear Clearances 

• Temperature rise resulting in loss of 
hardness. 

• Excessive wear. 
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3.5.4 Excessive loading 

Shock loading at lift - imposing excessive "G" 
forces resulting in exceeding the rated capacity 
of the crane. 

3.6 Failure Mode Number 

Reference ACCO Part Number 62849-11, ACCO Operation and 
Maintenance Manual with Parts List. 

3.7 Failure Effect 

Potential effect of failure: Dropping the load could 
cause loss of life or injury to personnel. Possible 
loss of/damage to Flight Hardware. 

Detectability: Impending gearbox failure may be 
detectable by the following means: 

Measurement of the baseline gearbox vibration 
signature and subsequent periodic monitoring at 
regular intervals as part of the RECERT Program; 

A significant change in the noise level emanating 
from the gearbox; 

An extremely elevated temperature of the oil in the 
gearbox; and 

Gearbox disassembly to allow more detailed 
inspection if external conditions indicate the 
need. 

3.8 Rationale for Acceptability 

Rationale for acceptance includes the following items. 

3.8.1 Design 

The design 
probability 
failure mode 

features which minimize the 
of occurrence of the critical 
and causes are listed here. 

Communications with both the crane manufacturer 
and installer confirm that the subject crane 
gearbox was designed and built in accordance 
with CMAA Specification #70, "Specification for 
Electric Overhead Traveling Cranes," Class C 
(Moderate Service). Structural and mechanical 
parts are designed in accordance with Chapter 
Nos. 70-3 and 70-4, respectively. 

The gearbox components were designed so that the 
calculated static stress in the material, based 
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does not exceed 20% of the 
ultimate strength of the 

The gears are attached to the shaft by means of 
a hardened key and splines in accordance with 
industry standard design practices. 

Gear design is in accordance with American Gear 
Manufacturers Association (AGMA) standards. 

Additionally, the ACCO hoist is equipped with an 
overload limiting device designed to permit 
hoist operation within its rated load and to 
limit the amount of overload that can be lifted 
by a properly maintained hoist under normal 
operating conditions. The overload cutoff is 
factory set and tested for loads between 
110/125% capacity. Overloading, including that 
dynamically induced, results in securing of 
power. 

Design modification to install a holding brake 
between the motor and drum unit, was discussed 
with the manufacturer. Whereas the modification 
was considered to be technically feasible, the 
modification would be extremely expensive to 
accomplish and difficult to maintain. Also, 
such modifications may compromise the proven 
reliability of off-the-shelf, OEM equipment. 

3.8.2 Test 

ACCO tests include crane tests to assure. 
satisfactory operation, load tests - including 
tests to set the overload cutoff device and 
dielectric tests. The subject tests may be 
witnessed by the customer, in accordance with 
Contract requirements. 

Specific tests performed at NASA/GSFC have been 
performed as follows. 

Acceptance Tests performed by Southern Crane, 
Inc., and witnessed by representatives of 
Code 271.3, Design and Construction section 
C, and NSI Technology Services Corporation, 
Recertification Support (NSI). These tests 
included hoisting and holding 125% of rated 
load. 

Certification Tests were performed by NSI in 
accordance with NSI Document No. 40-02-736, 
"Certification Test Procedure." These 
procedures included hoisting, lowering and 
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traveling with rated load. A thorough 
inspection, including lubricant level, was 
also performed prior to the tests. 

Additionally, Rated Load and operational 
Tests, as defined in NSS/GO-1740.9, "NASA 
Safety Standard for Lifting Devices and 
Equipment," and OSHA 1910.179 will be 
performed annually and monthly as part of the 
on-going Lifting Device and Equipment 
Recertification Program. 

Condition 

Crane certification current, including 

Tests: Proof/Rated Load operational 

Vibration - A baseline gearbox noise signature 
will be obtained and monitored as a function of 
crane use and criteria established by MIL-STD 
167-1 and typical industry standards. 

3.8.3 Inspections 

ACCO performs standard in-process manufacturing 
inspections and batch tests utilizing 
statistical methods. Lubricant levels are 
verified prior to the gearboxes leaving the 
plant and AFTER crane erection. 

Inspections performed at NASA/GSFC minimize the 
probability of failure because they are also 
combined with preventative maintenance. 

Daily inspections will be performed by a 
certified crane operator prior to first use each 
day. Inspections will be performed in 
accordance with the requirements of NSS/GO-
1740.9 and OSHA 1910.179. While primarily 
intended to assure limit switch operation, any 
change in gearbox noise level from day-to-day 
would easily be discernible and suspect. 

Frequent inspections are performed monthly by 
NSI Recertification Support inspectors. 
Inspections are performed in accordance with the 
requirements of OSHA 29 CFR 1910.179 and 
ANSI/ASME B.30 Series, as applicable and a 
detailed "Inspection and Preventative 
Maintenance Procedure" for each crane. These 
inspections require both visual and hands-on 
testing of all crane operations and load line. 
The inspection technician will be alert for any 
unusual sounds which may indicate trouble. 
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Periodic inspections will be performed annually 
by NSI Recertification Support inspectors. 
Inspections are performed in accordance with the 
above listed standards and procedures. 

The Periodic inspections will include all of the 
requirements of Frequent inspections plus 
boarding the bridge to conduct cleaning, 
adjustments, measurements, lubrication, and any 
repair necessary. 

3.8.4 Failure History 

Two gearbox failures were reported by the 
manufacturer; each having occurred more than ten 
years ago. The failures resulted in dropping 
the load. 

The first failure was caused by lack of proper 
user maintenance - inadequate lubricant level. 

The second failure reported was caused by 
nonheat-treated gearing resultant in soft gears. 
The failure cause of the "softgear" problem was 
attributed to a fault in the inspection process 
at ACCO. Appropriate action to rectify the 
cause was immediately taken by the manufacturer 
to forestall any future problems. 

The Crane Manufacturers Association of America, 
Inc. , (CMAA) was contacted pertinent to 
acquiring statistical data to establish the 
numerical probability of failure for a typical 
gearbox. Failure history data was not available 
from this source. The CMAA recommended that 
their membership be polled to obtain the 
required data. This activity is presently in 
process. The statistical failure history data, 
thus obtained, will be utilized to establish a 
quantitative method to complement the 
qualitative risk assessment method presently 
utilized. The failure history data resultant 
from the poll will be provided, at a later date, 
as an attachment to this FMEA. 

3.8.5 operational Use 

on-site crane operator training is presently in 
place which includes emphasis on the following 
items. Operator observance of these items will 
additionally mitigate the effect of the critical 
item. 

• Adherence to safety standards. 
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• Under no condition shall the crane be loaded 
beyond its rated capacity. 

• Operator shall not, at any time, jerk the 
load during lifting. 

• All lift personnel to be excluded from 
beneath the load and lift personnel to be 
located in the immediate vicinity of the load 
only in accordance with specific, documented 
and strictly enforced lift procedures. 

• Traffic control tape, limited access 
signs/flashing lights are in place and the 
lift area is secured from nonessential 
personnel. 

• All lift personnel are wearing the required 
safety equipment. 

4.0 RISK ASSESSMENT 

The following evaluation of risk acceptance was performed in 
accordance with the criteria of Reference #2, section 2.1.3. 

severity and probability indices were assigned in this 
assessment, as follows: 

Severity Class I: Catastrophic - may cause death or major 
system destruction 

Probability Estimate D - Unlikely to occur. 

These indices yield a Risk Assessment Code (RAC) equal to a 
RAC 3. All RACs 3-6 are considered nonserious, however, they 
establish a scheme for prioritizing for corrective action. 

A risk assessment of the subject Gearbox Failure Effect was 
similarly performed using the method defined in Reference 3. 
This assessment was performed, although the document is in the 
draft stage, as an exercise to compare results with the above 
Risk Assessment. 

severity Level: Catastrophic. A hazard that could result in 
a mishap causing fatal injury to personnel, and/or loss of one 
or more major elements of the flight vehicle or ground 
facility. 

Likelihood of Occurrence: Improbable: Extremely remote 
possibility that it will happen in the life of the program. 
Strong controls in place. 

These indices are plotted on the Reference 3, Risk Matrix, 
included herein as Figure 4. The risk, as described above, is 
considered to be a "Controlled Hazard." The imposition of 
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appropriate, readily implementable, verifiable controls will 
aid in the further reduction of minimal residual risk. 
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WORK· RaTeD' SERIES 543 -CP gUNNING DOU8L= GIRDER 
\10TCRIZED DUAL DRIVE CRANE 

54. ; 

STANDARD EQUIPMENT SPECIFICATIONS 

DESIGN FACTORS Standard capacity ratwgs ,1'13;1 e~oresen: ~",,, ~"[ 

'oad at .1'\~ "look of any type of hoist. Tne era!'e ,r.ali ~e ,0 ,es,<.;red 

:hat :~e oad carryIng parts, eXCl!HJt structural 'Y'l!!'f"'bers inc ~O'S;"" 
'ope'S and ijeaflng, :;na!i be 1e!lgned so that ,he ca,c.Jlarec itcH,C nres'5 
:n :he :":13-reflal, based on the eared :oao, ,haii "'ot ~)(Ce~d ::CG

-; ::;1 : ... ~ 

puo!isn~ average ultimate sHengtn of ii"e materl;;i -~:s ;"'ta:,0":' 
stress prOVIde'S a margIn of strength to aHow for vanatlons n -ne proo_ 
~n:ie$ of materialS, maroufaC'l:unng and ooeranng conC:t:ons. and :::"",cn 
assumptions. HOwever, under no condition snail 'he c.-ar~ :Je oaeed 
beyond Its rated capa<:1ty. 

BEAMS Bridge oeam $nall be dfHI9ned <(1 accordance Nf(!"> a,es, 
soeclf;cations of the Crane Manufacturers Assoc,allon 01 ':"me' ::2 at'::: 
shall be of standard structural shapes constructed 'n accord wfl'1 ':"ISC 
specifications, under full load the oeam deh?(:~ eri snail ~c, exceed 
1 ;300 of the span. 3ndge beam shail be s.<!Ie<:t8C1 suuc::.ual "etll mem
bers oro ... ided with ralls. Rails shall oe secure!v 'aStene-d " Olace ,0 
ma!ntaln cent!!' -jistanc9. Provision shall be made to prevent creep,ng 
af the bridge _ :;:;y ~leans of a POSItiVe stOP at the ends of the railS. 
The bridge beam shaH be braced to matntiiun sQuareness Nlth t:"le 
trucks. Bridge beam shaH have adequate lateral Jl:Jffness -Nltn a ""1"1-
mum iateral momem ':)f inertia of 1/20 that of :"e I'-!"t:cal ~eam 

'noment of Inertia. 

eND TRUCKS The end truCK frame ~haH be .... e,ded irsm sm..:ctural 
$l'1apes Into a single unit as to prevent Cli$tortlon ana m,smatcn of qears 
'-Inder maximum rated load. End truck wneeibase snail be a ~Inlmum 
at 1!7 of tne crane soan, One wneet in each truCIC: snail be Jeafed and 
meshed With a pinIon, ihe truck shall contain d'Jpnragm rnemoers 
weldea to ~ruck frame, to maintain illignment 3r>d d,str:bute rn":CK 
;oads uniformly on Inner and outer truck member, A wnatH gear oro
tectlng guard shatl be part of the end truck. P~e HUCK snail be deSigned 
50 :hat t"le drop of the truck will be Ijmited to ore ncr'! ,n case ~f aXle 
or 'Nheei failure, Attacnment or ~nd '(ruck :0 ~r'cge :leam snail oe 
bOlted. 

CRANE WHEELS Crane wheelS shaH be double fiange steel and '"',ave 
tread surfaces hardened ,0 3i5 to 425 Bnnel!, Eacn wree! 'inall ~e 
supPOrted on tapered roller bearll"lgs moumee ::In nsrrenar.{ n:les 
suitable to take radial and thrust lOads, The wheels 51'\all oe vOrlc31:ed 
31 ~he factory WIth a sodium base grease and prOVided ..... rr. ,ultaOle 
-eservoir of lubricant to e:imlnate the need fer f'elo iuDr'Car:on. Nheel 
<l,.;les must ha"a mounting nuts for bearing adjustn"'enL iVhee! mau"'t
'<1g shaH be deSIgned so that aXles and wheels tar ~e CemO\ied '""iI:-rOl..t 
dIsturbing other truck e-lements of theIr alignment. Qr've -NneelS snail 
':::Ie -'atcned oalrs withIn .001 ;nChes per InCh of d,ameter or :; 70t3! 
af ,010 inChes on the- diameter whIchever IS smaller 

RUNWAYS 'The crane runway, runway raIl!, arc HOOS :;nail ::e cur· 

Cll$lHt!d and .ns-ra!led by ,he user. 

The runway ralls shall oe sualgnt, parallel, ievel, and at :re ;arne 
ele ... atlon_ "!"he distance center to cent&r and tne ele'lat:or> ,,"'lad ::,z 

Nith!n a !olerance of plus or minus 1 ;S". T.,e c'-!r"wav 'ails ,MOl/IO '")e 
standard fa Ii sections of a proQer size for the crane :0 ~e ,nSlaliec ~nd 
rT'lust oe orovided With proQar rail spliCft. 

The c::-ane -'-..,"'IWav snail be detiqned wan sufficlerr H-er"gtt1 3r"d - gIC:,', 

:0 prevent "noue lateral or "ertlcal deflection. 

WELDING Netding snail be done Oy certlfie<l Ne!Cer~ arc ,nal! ~e -., 
)Ccordance Nnl'l :r'ie ..... mencan NelClif'g Soc:e!',! ;."rcares, -, Ne'cs 
;;ran ::e <:luc-::de. :;natl "lave gOOd Ne!(l oeneuat'on "~!! -:t :+3C"S ir-e 
Jncercuts. ana :i'\e welds H'a!l 'Tlanlfest workmanl,,,,e jcceararce. 

:AANE DR!VE ::3C:~ "'~o : .. ..;~" inail ::e crC;\i c:ec N':- 1 -'-!' CJI :e.1lf 
~o~or -'-<dwce~ -'~" :J"'Je --'-'0:::' ':Jr ;e~c." ·r:.;C-: ;--3" :"! .~: 'I ~"C:O~"'O 

::;: ~'~vr;~ :;W:\{ -~:eo- C::ass 3 '""w 3t on ,., J ·.E\l';\' "],~~ 3nd s~ali 

'31,',- -'!'!!ase-d .;;.: :"c ',:::e era"'e ,nail ali< ~t~1rJ "f ""C .. :'·~<::: jn "21C" 

'~duCer ,., ,"',e N1t~ :~e ~Oto' ~e '-"'Olor5 :;r-~I' oe :";"9r3' "Iq"\ - .>'/ 

~"C;O$ed j" :olasn .:cr'c:neo ;ear 'educ!!r;. -~e ;ear '''C~C~;on ;~ar-" 

;:-.11:: ::e ;wccoreo :Jv :Jrec,s,On :Jal! or -Olier :Jea"ncs. 

",-,' :leaf ng5 ,,, :";e :;"3ne ,-.neeIS ~"10se swcpon:ng 
:"1"! Cr.ve ,nah-; 3MO :_-e jear 'eot.;c,:on snar'!s. $I'\ail ce ::es'9ned 'or 
~ hours 8-,0 bearing ;,fe i"!"'IMimUm, 

SR10GE BUMPERS T~e b"oge ,had be orovlde<l N'tn :
~JoaOte of stOPping rhe c:rane nOt ,nCiUC ~- " 
.;;f deceleration not :0 exceeo three "ee! oer se<:~""c ::~f _""..;~' 

:~avelln9 :n i!ltt'!!r direction at 20% of ~aH=d spee<l. ,he ~umce 
have suffIcient ~nergy absoroing capacity :0 stoP [ne crane 
,raveling at;; sceeo of at least 40% at tn! rated load speed. 

~AIL SWeEPS Bridge :rucks shall be eQ ... .IIOped wl:n sweeps ~J 
;!xtend oelow tne toP of the raIl and prOtect In front of tne cn; 
NnIfflIS. 

ELECTRICAL CONTROLS E!ectrical controls shall be SIngle !pcted 
or multi speeo as determ,ned oy speed requIrements. 8f1dge Control 
shall ,nCluae a me,nline magnetic contactor, manually operated fused 
-nalnline O'SCOMneCt With iOCK~Ut prOVIsion, :lrancn CIrCUIt J U$6S, 
'eversing br·o.ge ::onuOi and :ranstor:-ner with fused secondary, 3ridge 
,:cntrol shall be -"'11Qunted on brioge in NEMA 3A: enclosure actuated 
'~Or"' a oenaant OUSh bUHon station suspended from either movtble Of 
. :<.eo ;:Qlnt on brioge or movable With trolley hoist as specificallv called 
'or n aOOi,Catlon. Single ioeed ,"'11otors or two speed mOtors shail Oe 
::;tov,oeo .-'./I,h 1 ;Oi,d state centrO! to adjust the startIng torque and 
Jc::e~eratron. 

gAleGE CONOL.::-:-ORS ANO WIRING ~igid Hack flatw!re 'estocr 
,Mall ~e proviaec ,,11 :he c~ane. Ad other wIring of :he crane :ira!! t;~ 

n o-g,o or ~!ex,c· ::;:n(lw,t 31',0 In accordancz WI!h NatIonal c:ec~"c 

:.:Jde. 

PAINTING -he ~ -e oefore snioment st'lall 08 ocunted W!I" one ::oat 'f 
-nustard yellow 'ea.: 'ree chromate paint. 

OPERATfNG AND ~A1NTENANC5 ?roper erection 'nstrUC'[10ns, ::art5 'SI 
3nO ~alnterance ~~;:·CJC:lons NIII oe 11IfI"ltSMed ""1I1'l :he c~ane. 

WARNING ~::::u:prr,er-' -::eSC~ioec ,"1ereln :s not aeslgned ;or anc snoUic ~C! 
:e '~sed ':)r If!iMr;, L::loortl1'~ or :ransportmg r;umans. 

"1ccl!/rca{!cns to Jcqrace, 'erate. or otrer'Nls8 aller :hls :::rane or "(>~H 
~cwlpmen: Shall :;e 5,-, l~on1.ea onfy Qy !:"le onglnal ~Cu!oment Tanulac: ylef 

:1 :ualll'ec ;;r:)!ess<~al "ngn"'eer 

;;:3H\.lre ~o -:C~OIY '" .~ any :ne~' ~e 'J"Ilt;H!Otl$ ~oteO ~en~tn carl "~5ud ,~ 

~er'ows :::0011:' 'I'1!U'~1 j,-~dior orooerw -::amage. 

FIGURE 2 
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(HAZARD SEVERITY AND LIKELIHOOD OF 
OCCURRENCE WITH CONTROLS IN PLACE) 
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