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1.0 SUMMARY OF FINDINGS AND RECOMMENDATIONS
11 CRITICALITY ASSESSMENT SUMMARY

The two 250-Ton Bridge Cranes at the VAB are assessed as critical. Failure of the system to
support a load or loss of control of the load could cause loss of life, vehicle, and/or loss
(damage) of a vehicle system. See section 4.0 on page 24 for additional information.

1.2 MECHANICAL FMEA SUMMARY
There were 4 mechanical Critical ltems (2 per crane) identified in the critical functions

assessed in section 4.0 for this system. They are summarized below. See section 5.1 on
page 29 and section 6.0 on page 354 for additional information.

Table 1. MECHANICAL CRITICAL ITEMS

Ref Des/ Criticality
Find No. Nomenclature Critical Failure Mode Category
79K16831-5 Level Wind Assembly Fail to Operate 2
79K16831-27 Cable Reel Assembly Fail to Provide Torque 2
{M16)

Brake Fails to Engage 2

1.3 ELECTRICAL FMEA SUMMARY

There were 126 electrical Critical ltems (63 per crane) identified in the critical functions
assessed in section 4.0 for this system. They are summarized below. See section 5.2 on
page 49 and section 6.0 on page 354 for additional information.

Table 2 (Page 1 of 5). Electrical Critical ltems

Ref Des/ Criticality
Find No. Nomenclature Critical Failure Mode Category
Main Hoist
M12-G4 Motor- No Output 1
Generator
Set
M13 Motor, Drive Open Armature Winding 1
M14 Motor, Drive Open Armature Winding 1
1MC Switch, N.O. Contact Fails Closed 2

Master Control
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Table 2 (Page 2 of 5). Electrical Critical Items

Ref Des/
Find No.

1HCR

1LCR

1HS
HCR RUN

LCR RUN

1XR

1FW

S2

1RUN

RPOT
1RR4A
1RR4B
FPOT
1RR7
M1

K10

PS0146

Nomenclature

Relay

Relay

Relay
Relay

Relay

Relay

Relay

Switch, Foot

Relay

Potentiometer
Resistor
Resistor
Potentiometer
Resistor

Meter Relay

Relay

Criticality
Category

Critical Failure Mode

N.O. Contact Fails Open

N.O. Contact Fails Closed or
Relay Fails Activated (Contacts
Remain In The Energized Position)

N.O. Contact Fails Open

N.O. Contact Fails Closed or
Relay Fails Activated (Contacts
Remain In The Energized Position)

N.C. Contact Fails Open

Fails Deactivated (Coil Fails Open)
N.O. Contact Fails Open
N.C. Contact Fails Closed

Fails Deactivated (Coil Fails Open)
N.O. Contact Fails Open
N.C. Contact Fails Closed

N.O. Contact Fails Closed or
Relay Fails Activated (Contacts
Remain In The Energized Position)

Fails Deactivated (Coil Fails Open)
N.O. Contact Fails Open (1 of 3)

N.C. Contact Fails Open
N.O. Contact Fails Closed
N.C. Contact Fails Closed

“PULL IN” Fails Deactivated
(Coil Fails Open)

N.O. Contact Fails Open/
N.C. Contact Fails Closed

Fails Open
Fails open
Fails open
Fails Open
Fails open

High/Low Limit No. 2
N.C. Contact Fails Open

Fails Deactivated (Coil Fails Open)
N.O. Contact Fails Open

2
2
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Table 2 (Page 3 of 5). Electrical Critical Items
Ref Des/ Criticality
Find No. Nomenclature Critical Failure Mode Category
1VR Relay N.O. Contact Fails Closed 2
1KR Relay N.O. Contact Fails Open 1
1SRX Relay Fails Deactivated (Coil Fails Open) 1
N.O. Contact Fails Open 1
1FC Generator Field High Output (Not Inverted) 1
DC Input Controller High Output {Inverted) 1
No output 2
1XR1 Relay Fails Deactivated (Coil Fails Open) 2
N.O. Contact Fails Open (1 of 3) 2
1SYNT/1SYNR1 Synchro Transmitter Erroneous Output 2
and Receiver Assembly
(Selsyn)
Auxiliary Hoist
M9-G3 Motor- No Output 2
Generator
Set
M10 Motor, Drive Open Armature Winding 2
M11 Motor, Drive Open Armature Winding 2
2MC Switch, N.O. Contact Fails Closed 2
Master Control
2HCR Relay N.O. Contact Fails Open 2
N.O. Contact Fails Closed or 2
Relay Fails Activated (Contacts
Remain In The Energized Position)
2LCR Relay N.O. Contact Fails Open 2
N.O. Contact Fails Closed or
Relay Fails Activated (Contacts
Remain In The Energized Position)
2HS Relay N.C. Contact Fails Open 2
HCR RUN Relay Fails Deactivated (Coil Fails Open) 2
N.O. Contact Fails Open 2
N.C. Contact Fails Closed 2
LCR RUN Relay Fails Deactivated (Coil Fails Open) 2
N.O. Contact Fails Open 2
N.C. Contact Fails Closed 2
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Table 2 (Page 4 of 5). Electrical Critical Items

Ref Des/
Find No.

2XR

2FW

S2

2RUN

RPOT
2RR4A
2RR4B
FPOT
2RR7
M2

K9

2VR
2KR
2SRX

2FC

2XR1

2S5YNT/2SYNR2

PS0146

Nomenclature

Relay

Relay

Switch, Foot

Relay

Potentiometer
Resistor
Resistor
Potentiometer
Resistor

Meter Relay

Relay

Relay
Relay
Relay

Generator Field

DC Input Controller

Relay

Synchro Transmitter
and Receiver Assembly

(Selsyn)

Criticality
Category

Critical Failure Mode

N.O. Contact Fails Closed or
Relay Fails Activated (Contacts
Remain In The Energized Position)

Fails Deactivated (Coil Fails Open)
N.O. Contact Fails Open (1 of 3)

N.C. Contact Fails Open
N.O. Contact Fails Closed
N.C. Contact Fails Closed

“PULL IN" Fails Deactivated
(Coil Fails Open)

N.O. Contact Fails Open/
N.C. Contact Fails Closed

Fails Open
Fails open
Fails open
Fails Open
Fails open

High/Low limit No. 2
N.C. Contact Fails Open

Fails Deactivated (Coil Fails Open)
N.O. Contact Fails Open

N.O. Contact Fails Closed
N.O. Contact Fails Open

Fails Deactivated (Coil Fails Open)
N.C. Contact Fails Open

No output
High Output (Not Inverted)
High Output (Inverted)

Fails Deactivated (Coil Fails Open)
N.O. Contact Fails Open (1 of 3)

Erroneous Output

10
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Table 2 (Page 5 of 5). Electrical Critical ltems
Ref Des/ Criticality
Find No. Nomenclature Critical Failure Mode Category
Bridge
RPOT Potentiometer Fails Open 2
3FC Generator Field High Output (Not Inverted) 2
DC input Controlier High Output (Inverted) 2
3SYNT/3SYNR Synchro Transmitter Erroneous Output 2
and Receiver Assembly
(Seisyn)
Trolley
RPOT Potentiometer Fails Open 2
4FC Generator Field High Output (Not Inverted) 2
DC Input Controller High Output (Inverted) 2
ASYNT/4SYNR Synchro Transmitter Erroneous Output 2
and Receiver Assembly
(Selsyn)
Field and Brake Circuit
12CB Circuit Breaker Contact Fails Open (1 of 3) 1
4TR3 Transformer Winding Fails Open or Shorted 1
Hook Swivel Mechanism
5MC Switch, Swivel Control  N.O, contact $54-2 fails closed 2
N.O. contact $SS4-1 fails closed 2
Ccw Relay Relay Fails Activated (Contacts 2
Remain In The Energized Position)
CcCw Relay Relay Fails Activated (Contacts 2

Remain In The Energized Position)

1.4 FLEXHOSE FMEA SUMMARY

There were no critical flexhoses identified in the critical functions assessed in section 4.0 for
this system. See section 5.3 on page 349 for additional information.

1.5 ORIFICE FMEA SUMMARY

There are no orifices associated with this system.
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1.6 FILTER FMEA SUMMARY

There were no critical filters identified in the critical functions assessed in section 4.0 for this
system. See section 5.5 on page 352 for additional information.

1.7 HAZARD ANALYSIS SUMMARY

A list of applicable hazard reports has been developed from: 1) A search of the KSC/RT
Hazard Database for existing, baselined hazards; and 2) New hazard reports generated as a
product of this analysis. Copies of all applicable hazard reports are attached. There were
one eliminated, one controlled and two accepted risk hazards identified during this analysis.

Table 3. Hazards ldentified

Identification Description Classification
SPC-K11851-85 Personnel May Fall When Eliminated

Ascending/Descending the
Access Ladder Leading to
the 250-Ton Bridge Crane

Cabs

V-FAC-GEN-HR-08 Loss of Personnel/Flight Controlled
Hardware During Lifting
Operations

RT-ENG-1019 Personnel Working Under Accepted Risk

Suspended Loads for SRB
Processing (RPSF/VAB),
Orbiter Stacking (VAB),
SSME Maintenance
(VAB/Pad) and MDD
(SLF/CLS/KSC)

RT-ENG-1027 Flight Hardware Accepted Risk
Damage/Loss and/or Per-
sonnel Injury/Death Due to
VAB 250/175-Ton Crane or
Lifting GSE Failure

1.8 LPS CONTROL/MONITOR FUNCTIONS REVIEW SUMMARY

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

12
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1.9 SNEAK CIRCUIT ANALYSIS SUMMARY

There was no Sneak Circuit Analysis performed on this system.

110 RECOMMENDATIONS

The risk associated with the Critical Items identified in section 6.0 on page 354 should be
accepted by management based upon the acceptance rationale provided on the associated
Critical ltems List Sheets.

1.11 AREAS OF CONCERN SUMMARY

There were no Areas of Concern identified with this system.

1.12 CRITICALITY CATEGORY 1R ITEMS SUMMARY

There were 38 (19 per crane) criticality category 1R items identified in the critical functions
assessed in section 4.0 for this system. See section 13.0 on page 562 for additional informa-
tion.

2.0 SYSTEM BASELINE/GROUND RULES/DEFINITIONS/DOCUMENTATION
2.1 SYSTEM BASELINE

This system is baselined for STS by 79K09579, “KSC Facilities, Systems, and Equipment
Organizational Level OMD Baseline,” dated 1/26/94. The OMD Baseline Number is 389.00.

2.2 GROUND RULES

This analysis has been developed in accordance with NSTS 22206, Rev. D, “Requirements for
Preparation and Approval of Failure Modes and Effects Analysis (FMEA) and Critical Items
List (CIL).”

The following additional ground rules and assumptions were used during this analysis.

a. Voltage selector switches (VSS), voltmeters 1VM, 2VM, & 7VM and ammeter GAM (2AM
for bridge and trolley circuits) were not analyzed in the FMEA since these items are not
used during crane operations.

b. Switch, 3KS, was not analyzed in the FMEA since this switch is used for skew correction
of the bridge and is not used during crane operation.

c. The relay assembly, consisting of relays K1-K8, light PL1, switch S1 and fuse F1, was not
analyzed in the FMEA since this is used to test the continuity of various indication cir-
cuits in the system and is not used during crane operation.

d. The power supplied to, and distributed from, the circuit lighting panel, except the supply
to the operators console radios, was not analyzed in the FMEA since this is not directly
involved with operation of the crane.

e. During the previous revision of this analysis, the failure mode of “Coil Fails Open” for the
Instantaneous Overload Relays 1-OLA, 2-OLA, 3-OLA, & 4-OLA was determined to be not
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credible because of the large physical size of the coil. This rationale will be maintained
in this revision.

f. Failure of the speed selector switches (852 & SS3) to change speed ranges or deener-
gize the time delay bypass relays (1TDHH, 2TDHH, 1TDHC, & 2TDHC), or the High Speed
Relays (1HS & 2HS) to return to the deenergized position when commanded will be
assessed as criticality category 3.

If the switch failed closed and remained in coarse speed, the failure can be detected
prior to entering a critical situation because per OM| Q3008, Operating Instructions, the
crane is required to be operated in the fine speed mode when a critical load is within 10
ft. of any structure in the direction of travel. This allows for adequate time and distance
to stop if the hoist, bridge or trolley remain in coarse speed.

If the switch failed closed or the relay failed to return to the deenergized position and
the hoist remained in high speed, the failure can be detected prior to entering a critical
situation because the hoist would be operated in the coarse mode while connecting the
GSE to the hook and a failure would be detected at this time. The hoist is never placed
in high speed mode while there is a load on the hook.

If the switch failed closed and did not deenergize the time delay bypass relays the con-
dition would be detectable to the operator because the hoist high speed or coarse speed
indicator would be illuminated,

g. The current configuration of the crane contains only one upper limit switch. This is in
violation of NSS/GO-1740.9B. ESR K13962 (PCN95695) has been submitted to correct this
discrepancy.

h. During all operations there is at least one Emergency Stop (E-Stop) operator positioned
in full view of the load block, lifting fixtures, and fixture attachment points. When the
load is being moved, there must be complete control over all motions or the operation
will be stopped.

i. Failures which reduce current to and weaken the DC motor field in the bridge and trolley
drives will be assessed as criticality category 3. This failure could result in a speed
increase of the affected drive system when there is no load on the hook. However, with
a load on the hook a speed increase will not be experienced because of the reduced
torque capability of the motors, which also results from the weakened field.

14
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2.3 DEFINITIONS OF CRITICALITY AND HAZARD CATEGORIES
The following criticality and hazard categories were used throughout this apalysis.

2.3.1 Criticality Definitions and Categories. Criticality definitions and categories are defined
as follows:

Category Definitions
1 Single failure which coulid result in loss of life or vehicle.
1R Two hardware items, which if failed, could result in loss of life or
vehicle.
1S Single failure in a safety or hazard monitoring system that could

cause the system to fail to detect, combat, or operate when needed
during the existence of a hazardous condition and could result in
loss of life or vehicle.

2 Single failure that could result in loss (damage) of a vehicle system.

3 All others.
Cause - Major reason or event that produces a failure mode.
Component - A combination of parts, devices, and structures, usually self contained, which
perform a distinctive function in the operation of the overall equipment. A “black box” (e.g.,

transmitter, power supply, cryogenic pump, filter assembly).

Correcting Action - An identification of actions, automatic or manual, which could be taken to
mitigate the effect of failure.

Critical System - Ground Support Equipment/Facility Systems (GSE) is assessed as critical if
loss of overall system function or improper performance of a system function could result in
the loss of life, loss of vehicle, or loss (damage) of a vehicle system.

Critical Item - A critical item is defined as a Criticality Category 1, 1S, or 2 Single Failure
Point or a redundant hardware item where the second failure results in loss of life or vehicle
and the item is not capable of checkout prior to use.

Criticality Assessment - An analysis of each system function to determine if loss or improper
performance of the function could result in loss of life, vehicle, and/or loss (damage) of a
vehicle system without regard to redundancy.

Fail Safe - The ability to sustain a failure without causing loss of life/vehicle or damage to a
vehicle system. (Includes the capability to safe the systems and successfully terminate oper-

ations).
Failure - The inability of a system, subsystem, component, or part to perform its required

function within specified limits, under specified conditions for a specified duration.
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Failure Mode - A description of the manner in which an item can fail.

Function - The activity or operation that a part, component, or system must perform to accom-
plish its intended purpose.

Interface - The point or area where a relationship exists between two or more parts, systems,
programs, persons, or procedures wherein physical and/or functional compatibility is

required.

Like Redundancy - Identical hardware items performing the same function.

Redundancy Screens - The following screens will be evaluated for all identified criticality cat-
egory 1R items.

Screen A - The redundant item is capable of being checked and verified prior to use.

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

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

Line Replaceable Unit (LRU) - An item whose replacement constitutes the optimum organiza-
tional maintenance repair action for a higher indenture item, i.e., any assembly which can be
removed and replaced as a unit from the system at the operating location.

Loss (Damage) of Vehicle System - Loss of the capability to provide the level of system per-
formance required for normal or emergency operations.

Operational Redundancy - Redundant elements, all of which are fully energized during the
subsystem operating cycle. Operational redundancy includes load sharing redundancy
wherein redundant elements are connected in such a manner that, upon failure of one unit,
the remaining redundant elements will continue to perform the subsystem function.
Switching out the failed element is not required.

Passive Component - A component that may be necessary to the performance or structural
integrity of the system but has no active function.

Prerequisite Control Logic - GSE software program logic that assures proper sequence of
commands.

Reactive Control Logic - GSE software program logic that assures automatic reaction to indi-
cated failures.

Safety or Hazard Monitoring Systern - A system whose function is to detect, combat, or
operate when needed during a hazardous condition which has occurred because of prior fail-
ures or events.

Standby Redundancy - Redundant hardware items that are nonoperative until they are
switched into the subsystem upon failure of the primary items. Switching can be accom-
plished by either automatic or manual means.
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Unlike Redundancy - Non-identical items performing the same function.

2.3.2 Hazard Definitions and Categories. Hazard definitions and categories are defined as
follows:

Hazard - The presence of a potential risk situation caused by an unsafe act or condition.

Hazard Analysis - The determination of potential sources of danger and recommended resol-

utions in a timely manner for those conditions found in either the hardware/software systems,
the person-machine relationship, or both, which cause loss of personnel capability, loss of
system, or loss of life or injury to the public.

Hazard Report Closure Classification.

a.

Eliminated Hazard - A hazard that has been eliminated by removing the hazard source or
by deleting the hazardous operations.

Controlled Hazard - The likelihood of occurrence has been reduced to an acceptable
level by implementing the appropriate hazard reduction precedence sequence to comply
with program requirements.

Accepted Risk - Hazard which has not been counteracted by redundancy purge pro-
visions, appropriate safety factors, containment/isolation provision, backup
system/operation, safety devices, alarm/caution and warning devices, or special
automatic/manual procedures. Catastrophic hazards, critical hazards, hazards resulting
from failure to meet program requirements, and Single Failure Points (SFPs}) in emer-
gency systems will be documented. A hazard will be classified as an “accepted risk”
only after (1) all reasonable risk avoidance measures have been identified, studied, and
documented; (2) project/program management has made a decision to accept the risk on
the basis of documented risk acceptance rationale; and (3) Safety management has con-
curred in the accepted risk rationale.

Severity Level - Should the hazard occur, its worst case severity would be:

a.

Catastrophic - Hazard 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.

Critical - Hazard could result in serious injury to personnel, and/or damage to flight or
ground equipment which would cause mission abort or a significant program delay (one
or more days).

Marginal - Hazard could result in a mishap of minor nature inflicting first-aid injury to
personnel, and/or damage to flight or ground equipment which can be tolerated without
abort or repaired without significant program delay (less than one day).

Hazard Report Status.

da.

Closed - Corrective action to eliminate or control the hazard is completed, evaluated,
and verified and management actions to accept the safety risks are completed. Actions
taken, organization which performed actions and completion dates are to be docu-
mented in this data element.

Open - Corrective action evaluation and verification is in progress. The status shall
remain open until management has reviewed the actions taken and accepted the safety
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risk. Actions required, organization responsible for performing the actions and due

dates are to be documented in this data element.

2.4 DOCUMENTATION LIST

The following documents were used in completing this analysis:

Table 4 (Page 1 of 2). SYSTEM DOCUMENTATION LIST

Document/Drawing No.

69-K-L-11388

79K 16831

79K11844

OMI Q3008

OMI Q6003

TM4-152-39 Vols 1 & 2

79K05052
79K05056

79K04421

79K05495

79K05405
79K 16497

79K16835
389.00

PS0146

Basic

Basic

Basic

Basic

Basic

Basic

Basic

June
1992

Outstanding
EO Numbers

Title

10 & 11

None

None

None

None

None

None

None

None
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Vehicle Assembly Building 250-Ton
Bridge Crane No. 1 and 2 Electrical

Mechanical Arrangement 250-Ton
Bridge Cranes High Bays 1-2, 3-4
VAB

System Documentation List VAB
Facility Systems, Cranes

Operating Instructions for the
175-Ton and 250-Ton Bridge Cranes,
VAB

Maintenance Instructions for the
175-Ton and 250-Ton Bridge Cranes,
VAB

Technical Manual Apollo/Saturn
Launch Complex 39 Operating
Instruction/Maintenance Manual
250-Ton Bridge Crane

250-Ton Bridge Crane Modifications

Modifications of 175- and 250-Ton
Bridge Cranes

Field Loss Relay Modifications
175-Ton and 250-Ton Cranes 1 and 2

Emergency Stop Receptacle 250-Ton
Bridge Crane Installation

250-Ton Bridge Crane Modifications

General OMRSD for Load Sensitive
Cranes/Hoists

VAB Cranes OMRSD
VAB Cranes File VI OMRSD
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Table 4 (Page 2 of 2). SYSTEM DOCUMENTATION LIST

Document/Drawing No.

Outstanding

79K17670

NSS/GO-1740.9

General Electric FMEA

SAAQ9ELR2-001

SAA09CU07-009

NSTS 22206

NSTS 22254

TWR 61148

GP1098G
29 CFR 1910

PS0146

LRU-Parts List VAB Facility
Systems, Cranes

NASA Safety Standard for Lifting
Devices and Equipment

L.C39, VAB, 250-Ton Bridge Crane
(FMEA)

System Assurance Analysis of the
60 Hz Low Voltage Power Distrib-
ution System at the VAB

System Assurance Analysis of the
RF Communications System at the
VAB Cranes

Requirements for Preparation and
Approval of Failure Modes and
Effects Analysis (FMEA) and Critical
ltems List (CIL)

Methodology For Conduct Of NSTS
Hazard Analyses

RSRM Propellant Sensitivity to Inad-
vertent Ignition Sources.

KSC Ground Operations Safety Plan

Occupational Safety & Health
Administration, Labor Regulations

Rev. EO Numbers Title
Basic None

B None
Nov. None
1965

A None
Basic None

D None

B None
April None
1991

G None
None None

19



SAAQ9FY12-005
REV. B

3.0 SYSTEM DESCRIPTION

The two 250-ton bridge cranes are electric bridge cranes with a main hook load capacity of
250 tons and an auxiliary hook load capacity of 25 tons. The cranes were specifically
designed for assembly, subassembly and handling operations of space vehicles in the
Vehicle Assembly Building (VAB) (see figures 1 and 2).

The 250-ton cranes operate on crane rails 466 feet above the VAB floor. Crane #1 (K60-0533)
runs hetween high bays 1 & 2 and crane #2 (K60-0534) runs between high bays 3 & 4. The
cranes are used for rotation of flight hardware together with the VAB 175-ton bridge crane
that traverses the VAB transfer aisle. The cranes are used solitarily to perform stacking and
mating operations of flight hardware. The main hoist on each crane is used for handling the
Orbiter, External Tank and SRB segments. The auxiliary hoist is used for handling the SRB
forward assemblies. Each hoist has redundant mechanical drive systems. Each drive system
can move or hold the load if necessary. Crane motions are controlled from the console in the
operator’'s cab located under one bridge truss and are as follows:

* Hoisting and lowering the main and auxiliary load hooks
* Transverse movement of the trolley across the bridge (north/south)
* Traverse movement of the bridge along the craneway {east/west)

* Main hook swiveling

The main hoist, auxiliary hoist, bridge and trolley drives are configurations using motor-
generator (M-G) sets that supply power to the DC drive motors. Each M-G set consists of a
constant-speed AC motor driving a DC generator. Variations in power to the field of the DC
generator provide correspondent variations in power to the DC drive motors.

The cab has four lever-operated master switches (joystick). Each master control switch pro-
vides on/off control of AC power to the relay circuit which in turn provides on/off control of
DC power to brake solenoids and to the generator field winding of the M-G set. The master
control switch also contains a potentiometer which provides variable input of DC power to a
solid state generator field controller which supplies the DC power to the generator field of the
M-G set. This controls the movements of the main and auxiliary hoist load blocks, and the
bridge and trolley travel. Each lever has a ball end with a thumb latch on top. The thumb
latch is a detent or lock for the neutral position of the lever only. Pressing down on the
thumb latch releases the master switch lever from the off position. Each master switch lever
has a squeeze-type lever at the side, which enables the release of the brake when required
for float control. The speed of the motor controlled by the master switch is proportional to
the displacement or movement of the switch lever from the neutral position. Full displace-
ment will produce maximum motor speed in the speed range selected (excluding the float
mode). There are no detents or steps. The master switches are arranged on the cab console
so that the crane will move in the direction which the lever is pushed.

The crane drive systems provide for four speed drive options:

* High Speed: Used for rapid hoisting and lowering of an empty hook (Main & Aux Hoist
only).

* Coarse Speed: Used for maneuvering the load over significant distances (approximately
1/3 of the High Speed range).
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* Fine Speed: Used for maneuvering the load at slower speeds (approximately 1/5 of the
Coarse Speed range) while in close proximately of a structure.

* Float Speed: Used for minute movements of the load at a very slow speed (approximately
1/10 of the Coarse Speed range) for final load positioning (Main & Aux Hoist only).

For precise movement of the crane, a selsyn shaft position indicator and digital counter is
available for each drive system on the crane. The selsyn consists of a synchro transmitter
driven by a belt from the motor, a signalling five-wire conductor system, and a synchro
receiver located in the cab console. The receivers are directly connected to the selsyn motor
position-indicator dials and geared to the digital counters. The sole function of the seisyn is
to monitor, electrically, the position of a shaft in one location, and display it at another
location. The various shaft rotations are displayed on dials on the console.

The load block for the main hoist contains a drive mechanism for rotating the hook 360°. A
hydraulic system provides a means for engaging a sliding jaw chuck which in turn engages
the hook swivel mechanism to allow for swiveling of the hook. The hydraulic system consists
of a reversible pump, actuating cylinder and connecting hoses. The load block receives its
power from the trolley through a reeled conductor cable. The cable reel motor provides
torque in only the up direction. When the main hook is lowered, it pulls the cable from the
reel down against the torque of the reel motor.
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4.0 CRITICALITY ASSESSMENT

The system functions are identified in Figure 3 on page 25 and assessed on the following
Criticality Assessment Sheets (Worksheet 5211-001).
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INPUT

60 HZ FACILITY POWER

CONTROL LOGIC
(OPERATOR)

250-TON BRIDGE
CRANE
VAB

B/L: 389.00
PMN:
K60-0533(CRANE#1)
K60-0534(CRANE#2)

SAAO09FY12-005
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OUTPUT

MOTOR TORQUE TO RAISE,
LOWER, TRANSLATE, AND
ROTATE LOAD FOR VERTICAL
AND HORIZONTAL HANDLING
OF FLIGHT HARDWARE

60 HZ POWER SUPPLY
TO THE CAB CONSOLE
OPERATORS RADIO

FIGURE 3. SYSTEM FUNCTIONS BLOCK DIAGRAM OF THE VAB 250-TON BRIDGE CRANE
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LW100193
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Table 5 (Page 1 of 3). CRITICALITY ASSESSMENT - K60-0533, K60-0534

Program Model Number K60-0533, K60-0534

Baseline Number 389.00

System/Subsystem 250-TON BRIDGE CRANES

Location VAB

Station Set/Facility Code 20, 33

Date FEBRUARY 1994

Prepared By C. CRABB, LSOC 52-11

EFFECT OF LOSS/FAILURE IF:
FAILS TO OPERATE ON TIME

b. FAILS TO CEASE OPERATION ON TIME
c. FAILS DURING OPERATION CRIT/
INPUT/QUTPUT FUNCTION TIME PERIOD d. PREMATURELY OPERATES NONCRIT NOTES
INPUT
60 HZ FACILITY PROVIDES POWER AS a. CRANE CANNOT BE STARTED. DELAY IN QPERATIONS. a. NC
POWER FOR QPERATING REQUIRED b. NA b. NA
CRANE. c. CRANE WILL BE SHUT DOWN, THE BRAKES WILL SET AND c. NC
ALL CRANE MOTIONS WILL STOP. DELAY IN OPERATIONS.
d. NA d. NA
CONTROL LOGIC PROVIDES CONTROL AS a. NA a. NA
(OPERATOR) FOR OPERATING REQUIRED b. LOSS OF CONTROL OF CRANE. POSSIBLE LOSS OF LIFE b. C TWO OPERATORS MAN CONTROLS
CRANE AND HAN- AND/OR VEHICLE, OR DAMAGE TO A VEHICLE SYSTEM. DURING ALL CRITICAL LIFTING
DLING LOAD. c. NA c. NA OPERATIONS. CPERATOR ERROR
d. NA d. NA IS NOT ANALYZED IN THIS FMEA
PER NSTS 22206, REV. D. SEE
HAZARD ANALYSIS SECTION 7.0
FOR FURTHER INFORMATION.
OUTPUT
MOTOR TORQUE TO 250-TON MAIN AS a. LOAD WILL NOT MOVE. DELAY IN OPERATIONS. a. NC
RAISE, LOWER, HOIST: RAISE AND REQUIRED b. LOAD MAY DROP AND CONTACT THE VEHICLE TRANS- b. C
TRANSLATE, AND LOWER SHUTTLE PORTER, VAB FLOOR, WORK PLATFORM, OR OTHER
ROTATE LOAD FOR FLIGHT ELEMENTS FLIGHT HARDWARE RESULTING IN A POSSIBLE LOSS OF
VERTICAL AND HOR- TO SUPPORT _IFE AND/OR VEHICLE, OR DAMAGE TO A VEHICLE
1ZONTAL HANDLING VEHICLE PROC- SYSTEM.
OF FLIGHT HARD- ESSING. c. LOAD MAY DROP AND CONTACT THE VEHICLE TRANS- c. C
WARE AND GROUND PORTER, VAB FLOOR, WORK PLATFORM, OR OTHER
SUPPORT EQUIP- FLIGHT HARDWARE RESULTING IN A POSSIBLE LOSS OF
MENT (GSE). LIFE AND/OR VEHICLE, OR DAMAGE TO A VEHICLE
SYSTEM.
d. LOAD MAY DROP AND CONTACT THE VEHICLE TRANS- d ¢

PORTER, VAB FLOOR, WORK PLATFORM, OR OTHER
FLIGHT HARDWARE RESULTING IN A POSSIBLE LOSS OF
LIFE AND/OR VEHICLE, OR DAMAGE TO A VEHICLE
SYSTEM.
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Table 5 (Page 2 of 3). CRITICALITY ASSESSMENT - K60-0533, K60-0534

Program Mode! Number K60-0533, K60-0534

Baseline Number 389.00

System/Subsystem 250-TON BRIDGE CRANES

Location VAB

Station Set/Facility Code 20, 33

Date FEBRUARY 1994

Prepared By C. CRABB, LSOC 52-11

EFFECT OF LOSS/FAILURE IF:
a. FAILS TO OPERATE ON TIME
b. FAILS TO CEASE OPERATION ON TIME
c. FAILS DURING OPERATION CRIT/
INPUT/QUTPUT FUNCTION TIME PERIOD d. PREMATURELY OPERATES NONCRIT NOTES
250-TON MAIN AS a. LOAD WILL NOT MOVE. DELAY IN OPERATIONS. a. NC
HOIST HOOK REQUIRED b. LOAD WILL CONTINUE TO ROTATE AND MAY CONTACT A b. C
SWIVEL: ROTATE PLATFORM OR OTHER FLIGHT HARDWARE RESULTING N
THE MAIN HOIST A POSSIBLE DAMAGE TO A VEHICLE SYSTEM.
HOOK FOR PROPER c. LOAD ROTATION WILL STOP. DELAY IN OPERATIONS. c. NC
ALIGNMENT TO d. LOAD WILL ROTATE PREMATURELY AND MAY CONTACT A ¢ C
POSITION FLIGHT PLATFORM OR QTHER FLIGHT HARDWARE RESULTING IN
HARDWARE DURING A POSSIBLE DAMAGE TO A VEHICLE SYSTEM.
MATING OPER-
ATIONS.
25-TON AUX. HOIST: AS a. LOAD WILL NOT MOVE. DELAY IN OPERATIONS. a. NC
RAISE AND LOWER REQUIRED b. LOAD MAY DROP AND CONTACT THE TRANSPORTER, VAB b. C
SRB FORWARD FLOOR, WORK PLATFORM, OR OTHER FLIGHT HARDWARE
ASSEMBLY 7O RESULTING IN A POSSIBLE DAMAGE TO A VEHICLE
SUPPORT VEHICLE SYSTEM.
PROCESSING. ¢. LOAD MAY DROP AND CONTACT THE TRANSPORTER. VAB c. €
FLOOR, WORK PLATFORM, OR OTHER FLIGHT HARDWARE
RESULTING IN A POSSIBLE DAMAGE TO A VEHICLE
SYSTEM.
d. LOAD MAY DROP AND CONTACT THE TRANSPORTER, VAB d C
FLOOR, WORK PLATFORM, OR OTHER FLIGHT HARDWARE
RESULTING iN A POSSIBLE DAMAGE TO A VEHICLE
SYSTEM.
BRIDGE MOTION: AS a. LOAD WILL NOT MOVE. DELAY IN OPERATIONS. a. NC
TRANSLATES REQUIRED b. LOAD MAY CONTACT THE VEHICLE TRANSPORTER, VAB b. C
MAJOR SHUTTLE WALL, WORK PLATFORM, OR OTHER FLIGHT HARDWARE
FLIGHT ELEMENTS RESULTING IN A POSSIBLE DAMAGE TO A VEMICLE
EAST/WEST TO SYSTEM.
SUPPORT VEHICLE c. LOAD MAY CONTACT THE VEHICLE TRANSPORTER, VAB c. C
PROCESSING. WALL, WORK PLATFORM, OR OTHER FLIGHT HARDWARE
RESULTING IN A POSSIBLE DAMAGE TO A VEHICLE
SYSTEM.
d. LOAD MAY CONTACT THE VEHICLE TRANSPORTER, VAB 4. C
WALL, WORK PLATFORM, OR OTHER FLIGHT HARDWARE
RESULTING IN A POSSIBLE DAMAGE TO A VEHICLE
SYSTEM.

g "A3d
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Table 5 (Page 3 of 3). CRITICALITY ASSESSMENT - K60-0533, K60-0534

Program Modei Number K80-0533, K60-0534

Baseline Number 389.00

System/Subsystem 250-TON BRIDGE CRANES

Location VAB

Station Set/Facility Code 20, 33
Date FEBRUARY 1994

Prepared By C. CRABB, LSOC 52-11

a.

EFFECT OF LOSS/FAILURE IF:
FAILS TO OPERATE ON TIME

b. FAILS TO CEASE OPERATION ON TIME
c. FAILS DURING OPERATION CRIT/
INPUT/OUTPUT FUNCTION TIME PERIOD d. PREMATURELY OPERATES NONCRIT NOTES
TROLLEY MOTION: AS a. LOAD WILL NOT MOVE. DELAY IN OPERATIONS. a. NC
TRANSLATES REQUIRED b, LOAD MAY CONTACT THE VEHICLE TRANSPORTER, VAB b. C
MAJOR SHUTTLE WALL, WORK PLATFORM, OR OTHER FLIGHT HARDWARE
FLIGHT ELEMENTS RESULTING IN A POSSIBLE DAMAGE TO A VEHICLE
NORTH/SQUTH TO SYSTEM.
SUPPORT VEHICLE ¢. LOAD MAY CONTACT THE VEHICLE TRANSPORTER, VAB ¢c. C
PROCESSING. WALL, WORK PLATFORM, OR OTHER FLIGHT HARDWARE
RESULTING IN A POSSIBLE DAMAGE TO A VEHICLE
SYSTEM.
d. LOAD MAY CONTACT THE VEHICLE TRANSPORTER, VAB d. C
WALL, WORK PLATFORM, OR OTHER FLIGHT HARDWARE
RESULTING IN A POSSIBLE DAMAGE TO A VEHICLE
SYSTEM.
60 HZ POWER SUPPLIES POWER AS a. DELAY iN OPERATIONS. a. NC a. NONE
SUPPLY TO THE TO OPERATE THE REQUIRED b. DELAY IN OPERATIONS. b. NC b. NONE
CAB CONSOLE CAB CONSOLE c. LOSS OF COMMUNICATIONS BETWEEN THE CRANE OPER- c. C c. SEE GROUND RULE h.
OPERATORS OPERATORS ATOR AND THE SUPERVISOR ON THE FLOOR DURING
RADICS. RADIOS. LOAD MOVEMENT OPERATIONS. LOAD MAY CONTACT THE
VEHICLE TRANSPORTER, VAB WALL, VAB FLOOR, WORK
PLATFORM, OR OTHER FLIGHT HARDWARE RESULTING IN
A POSSIBLE DAMAGE TO A VEHICLE SYSTEM.
d. DELAY IN OPERATIONS. d. NC d. NONE

8 'A3d
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5.0 FAILURE MODES AND EFFECTS ANALYSIS (FMEA)

5.1 MECHANICAL FMEA

The mechanical components of the critical functions assessed in section 4.0 for this system
were identified from the documents and diagrams referenced in Table 4 on page 18 and are
depicted on the following figures and analyzed in the associated Mechanical FMEA (Work-

sheet 5211-003). A passive items list precedes the Mechanical FMEA and is shown in
Table 6 on page 30.
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MECHANICAL FAILURE MODES AND EFFECTS ANALYSIS
FOR THE

VAB 250-TON BRIDGE CRANE

250-TON MAIN HOIST

PMN’s: KB60-0533 & K60-0534

The following components were considered passive in the analysis for this system.

Table 6. Mechanical Passive Item List

Find Number Nomenclature

NA Hooks

NA Rope Drums

NA Trolley Rails

NA Load Blocks

NA Bridge Structure

NA Bridge Drive Truck Wheels
NA Wire Ropes

NA Trolley Structure

NA Sheaves

NA Trolley Drive Truck Wheels
NA Bridge Rails

WORKSHEET 5211-002 30
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FLEXIBLE COUPLING \ / FLEXIBLE COUPLING
BRAKE | — MOTOR MOTOR — — BRAKE

GEAR* PINION GEAR GEAR*
REDUCER REDUCER

MAIN HOIST DRUM

MAIN HOIST GEAR

(2 PLACES)
LEVEL WIND **
CROWN
BLOCK
WIRE ROPE TERMINATES
AT EQUALIZER ASSEMBLY
IN CROWN BLOCK
* CRIT 1R ITEM
** CRIT 2 ITEM
LOAD
BLOCK

FIGURE 4. MAIN HOIST BLOCK DIAGRAM
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Table 7 (Page 1 of 2). MECHANICAL FMEA - 250-TON MAIN HOIST
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System  250-TON BRIDGE CRANE, VAB Station Set/Facility Code 20, 33
Subsystem 250-TON MAIN HOIST DRIVE ASSEMBLY Program SPACE SHUTTLE Date FEBRUARY 1994
Drawing No. 79K18831 Sheet No. 2 Reference Figure Used
PMN K80-0533, K680-0534 Prepared By C. CRABB, LSOC 52-11
a. FAILURE MODE
b. CAUSE
c. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
79K16831/4 DC MOTOR, DRIVES MAIN HOIST. a. NO OUTPUT BECAUSE OF LOSS OF ABILITY TO CONTROL THE NO EFFECT. 3
IMPERIAL MAIN HOIST MECHANICAL FAILURE LOAD. REDUNDANT MOTOR CAN
ELECTRIC (2 TOTAL) (ELECTRICAL CIRCUIT CONTROL THE LOAD ON {TS OWN. |F
D-69.72 REMAINS INTACT) BOTH MOTORS FAILED THE BRAKES
(M13 & M14) CAN BE SET TO CONTROL THE LOAD.
MULTIPLE FAILURE REQUIRED TO
RESULT !N DAMAGE TO A VEHICLE
SYSTEM. DELAY OF OPERATIONS.
79K16831/6 MAIN HOIST HOLDS LOAD. a. FAILS TO ENGAGE LOSS OF ABILITY TO HOLD THE LOAD. NO EFFECT. 3
GE BRAKE REDUNDANT BRAKE CAN HOLD THE
1C9528A105- (2 TOTAL) LOAD ON ITS OWN. iF BOTH BRAKES
R1AA FAILED THE MOTORS CAN CONTROL
THE LOAD. MULTIPLE FAILURE
REQUIRED TO RESULT IN DAMAGE TO
A VEHICLE SYSTEM. DELAY OF OPER-
ATIONS.
a. FAILS TO DISENGAGE UNABLE TO OPERATE HOIST. DELAY NQ EFFECT. 3
IN OPERATIONS.
79K16831/2 MAIN HOIST COUPLES MOTOR TO GEAR a. DISENGAGES LOSS OF ABILITY TO CONTROL THE NO EFFECT. 3
SIER-BATH FLEX COU- REDUCER. LOAD WITH THE ATTACHED MOTOR.
SIZE 4 PLING REDUNDANT MOTOR CAN CONTROL
{2 TOTAL}) THE LOAD AND THE BRAKES CAN BE
SET TO HOLD THE LOAD.
79K16831/3 MAIN HOIST TRANSMITS POWER FROM 3. GEAR DISENGAGEMENT LOSS OF ABILITY TO HOLD THE LOAD POSSIBLE LOSS OF LIFE 1R
WESTERN GEAR TRAIN MOTOR TO HOIST DRUM. b. STRUCTURAL FAILURE IF COUPLED WITH A FAILURE IN THE AND/OR VEHICLE.
GEAR INCLUDES ¢. 09FY12-005.112 REDUNDANT DRIVE SYSTEM.
Daos REDUCER, d. CURRENT FLUCTUATION
PINION AND ON THE CONSOLE
DRUM AMMETER
(2 TOTAL) g, NONE
f. SECONDS
g. N/A
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Table 7 (Page 2 of 2). MECHANICAL FMEA - 250-TON MAIN HOIST

System

250-TON BRIDGE CRANE, VAB

Subsystem 250-TON MAIN HOIST DRIVE ASSEMBLY

Drawing No. 79K 16831

PMN KB0-0533, K80-0534

Sheet No, 2

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33
Date FEBRUARY 1994

Reference Figure Used

Prepared By C. CRABB, LSOC 52-11

a. FAILURE MODE
b. CAUSE
¢. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO, PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
79K16831/5 LEVEL WIND ENSURES CORRECT a. FAILS TO OPERATE IMPROPER WIRE ROPE SPOOLING POSSIBLE DAMAGE TO A 2
coLey ASSEMBLY SPOOLING OF WIRE ROPE IN b. GUIDE PIN FAILURE, COULD CAUSE UNEVEN OR UNCON- VEMICLE SYSTEM.
CRANE MULTIPLE LAYERS ON DRUM. CHAIN FAILURE TROLLED LATERAL SHIFT IN LOAD OR
D27423 c. 09FY12-005.001 UNEVEN OR UNCONTROLLED HOISTING

LATERAL SHIFT OF LOAD
RETURN 1MC TO
NEUTRAL OR HIT THE
E-STOP BUTTON
SECONDS

ESTIMATED 3 TO 10
SECONDS

MOTION BECAUSE OF WIRE ROPE
SLIPPING FROM A HIGHER WRAP TO A
LOWER WRAP.
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REV. B

MECHANICAL FAILURE MODES AND EFFECTS ANALYSIS
FOR THE

VAB 250-TON BRIDGE CRANE

MAIN HOIST LOAD BLOCK

PMN’s: K60-0533 & K60-0534

The following components were considered passive in the analysis for this system.

Table 8. Mechanical Passive Item List

Find Number Nomenclature

NA Hooks

NA Rope Drums

NA Trolley Rails

NA Load Blocks

NA Bridge Structure

NA Bridge Drive Truck Wheels
NA Wire Ropes

NA Trolley Structure

NA Sheaves

NA Trolley Drive Truck Wheels
NA Bridge Rails

WORKSHEET 5211-002 34

PS0146
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WIRE ROPE
BLOCK
SHEAVES
++ ++++ 4+ o+ o+ bt bttt
+ + -
GEAR REDUCER
-
COUPLING [ i SLIDING GEAR
JEA LD l“"h )
r ‘9 c
MOTOR — U B HYDRAULIC
CYLINDER
\ | ~—— HYDRAULIC
— X HOSES
HYDRAULIC
PUMP
HOOK

FIGURE 5. LOAD BLOCK FOR THE MAIN HOIST
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Table . MECHANICAL FMEA - 250-TON MAIN HOIST

System

250-TON BRIDGE CRANE, VAB

Subsystem 250-TON MAIN HOIST LOAD BLOCK ASSEMBLY

Drawing No. 79K16831

PMN K80-0533, K60-0534

Sheet No. 2

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33
Date FEBRUARY 1994

Reference Figure Used

Prepared By C. CRABB, LSOC 52-11

a. FAILURE MODE
b. CAUSE
c. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
79K16831/40 MAIN HOIST DRIVES MAIN HOIST HOOK a. FAILS TO OPERATE UNABLE TO ROTATE LOAD. DELAY IN NOQ EFFECT. 3
IMPERIAL HOOK SWIVEL. OPERATIONS.
FRAME SWIVEL
254U MOTOR
iM15)
79K16831/41 MAIN HOIST TRANSMITS POWER FROM a. GEAR DISENGAGEMENT UNABLE TO ROTATE LOAD. DELAY IN NO EFFECT. 3
WESTERN HOOK HOOK SWIVEL MOTOR TO OPERATIONS.
GEAR SWIVEL HOOK.
Dv.7350-C GEAR
TRAIN.
INCLUDES
REDUCER,
CLUTCH
AND BEVEL
GEARS.
79K 18831/42 MAIN HOIST COUPLES HOOK SWIVEL a. DISENGAGES UNABLE TO ROTATE LOAD. DELAY IN NO EFFECT. 3
SIER-BATH HOOK MOTOR TO REDUCER. OPERATIONS.
SIZE 1-1/2 SWIVEL
COUPLING
SIER-BATH MAIN HOIST COUPLES HOOK SWIVEL a. DISENGAGES UNABLE TC ROTATE LOAD. DELAY IN NO EFFECT. 3
SIZE 3-1/2 HOOK REDUCER TO HOOK SWIVEL OPERATIONS.
SWIVEL SLIP JAW CLUTCH.
COUPLING
OIL-DYNE HYDRAULIC PROVIDES HYDRAULIC a. FAIL TO OPERATE UNABLE TO ENGAGE OR DISENGAGE NO EFFECT. 3
PUMP POWER TO HOOK SWIVEL HOOK SWIVEL CLUTCH. DELAY IN
CLUTCH ACTUATION CYL- OPERATIONS.
INDER.
OIL-DYNE HYDRAULIC ACTUATES HOOK SWIVEL a. FAIL TO OPERATE UNABLE TO ENGAGE OR DISENGAGE NO EFFECT. 3
51-0174 CYLINDER CLUTCH MECHANISM. HOOK SWIVEL CLUTCH. DELAY IN
CPERATIONS.
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REV. B

MECHANICAL FAILURE MODES AND EFFECTS ANALYSIS
FOR THE

VAB 250-TON BRIDGE CRANE

CABLE REEL ASSEMBLY

PMN’s: K60-0533 & K60-0534

The following components were considered passive in the analysis for this system.

Table 10. Mechanical Passive Iltem List

Find Number Nomenclature

NA Hooks

NA Rope Drums

NA Trolley Rails

NA Load Blocks

NA Bridge Structure

NA Bridge Drive Truck Wheels
NA Wire Ropes

NA Trolley Structure

NA Sheaves

NA Trolley Drive Truck Wheels
NA Bridge Rails

WORKSHEET 5211-002 37
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Table 11. MECHANICAL FMEA - CABLE REEL ASSEMBLY

System

250-TON BRIDGE CRANE, VAB

Subsystem CABLE REEL ASSEMBLY

Drawing No. 79K16831

PMN K60-05633, K80-0534

Sheet No. 2

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33

Date FEBRUARY 1994
Reference Figure Used

Prepared By C. CRABB, LSOC 52-11

a,
b.

d.
e,

FAILURE MODE
CAUSE

FMN

DETECTION METHOD
CORRECTING ACTION

FAILURE EFFECT
ON VEHICLE

FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
79K 16831/27 CABLE REEL PROVIDES CONSTANT a. FAILS TO PROVIDE LOSS OF TORQUE TO CABLE REEL. POSSIBLE DAMAGE OF A 2
INDUSTRIAL ASSEMBLY TENSION ON HOOK SWIVEL TORQUE CABLE WILL UNWIND OFF CABLE REEL VEHICLE SYSTEM
ELECTRIC (INCLUDES MOTOR CONTROL CABLE b. OPEN/SHORTED MOTOR POSSIBLY FALLING ONTO FLIGHT
FC #59 MOTOR, FROM TROLLEY TO LOAD WINDING, CHAIN DRIVE, HARDWARE.
(M186) DRIVE BLOCK. MECHANICAL FAILURE
MECH- c. 09FY12-005.002
ANISM, d. CABLE UNWINDS
BRAKE AND e. NONE
REEL) f. SECONDS
g. N/A
a. BRAKE FAILS TO CABLE WILL UNWIND OFF CABLE REEL POSSIBLE DAMAGE OF A 2
ENGAGE WHEN HOIST STOPS POSSIBLY VEHICLE SYSTEM
b. BINDING MECHANISM FALLING ONTO FLIGHT HARDWARE.
s 09FY12-005.003
d. CABLE UNWINDS
e. NONE
i, SECONDS
9. N/A

BRAKE FAILS TO DISEN-
GAGE

THE CABLE WOULD PULL THROUGH
BRAKE RESISTANCE WHILE HOOK IS
LOWERING BUT WOULD NOT RETRACT
WHILE HOOK IS RAISING. DELAY OF
OPERATION.

NO EFFECT.

g 'A3d
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MECHANICAL FAILURE MODES AND EFFECTS ANALYSIS

FOR THE

VAB 250-TON BRIDGE CRANE

25-TON AUXILIARY HOIST

PMN’s: K60-0533 & K60-0534

The following components were considered passive in the analysis for this system.

Table 12. Mechanical Passive Item List

Find Number Nomenclature

NA Hooks

NA Rope Drums

NA Troliey Rails

NA Load Blocks

NA Bridge Structure

NA Bridge Drive Truck Wheels
NA Wire Ropes

NA Trolley Structure

NA Sheaves

NA Trolley Drive Truck Wheels
NA Bridge Rails

WORKSHEET 5211-002 40
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REV. B
FLEXIBLE COUPLING —\ /— FLEXIBLE COUPLING
MOTOR MOTOR — BRAKE
GEAR PINION GEAR GEAR
REDUCER REDUCER
AUXILIARY
HOIST DRUM
AUX HOIST GEAR
(2 PLACES)
CROWN
BLOCK
WIRE ROPE TERMINATES
AT EQUALIZER ASSEMBLY
IN CROWN BLOCK
LOAD
BLOCK

FIGURE 7. AUXILIARY HOIST BLOCK DIAGRAM
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Table 13. MECHANICAL FMEA - 25-TON AUXILIARY HOIST

System

250-TON BRIDGE CRANE, VAB

Subsystem 25-TON AUXILIARY HOIST DRIVE ASSEMBLY

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33

Date FEBRUARY 1984

Drawing No. 79K16831 Sheet No. 2 Reference Figure Used
PMN K60-0533, K60-0534 Prepared By C. CRABB, LSOC 52-11
a. FAILURE MODE
b. CAUSE
c. FMN
d. DETECTION METHOD FAILURE EFFECT
e, CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION 4. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
79K16831/15 DC MOTOR, DRIVES AUXILIARY HOIST a. NO OUTPUT BECAUSE OF LOSS OF ABILITY TO CONTROL THE NO EFFECT. 3
IMPERIAL AUXILIARY MECHANICAL FAILURE LOAD. REDUNDANT MOTOR CAN
FRAME Dg92Z HOIST (ELECTRICAL CIRCUIT CONTROL THE LOAD ON ITS OWN. IF
SERIAL NO. {2 TOTAL) REMAINS INTACT) BOTH MOTORS FAILED THE BRAKES
285258 CAN BE SET TO CONTROL THE LOAD.
{M10 & M11) MULTIPLE FAILURE REQUIRED TO
RESULT IN DAMAGE TO A VEHICLE
SYSTEM. DELAY OF OPERATIONS.
79K 16831/18 AUXILIARY HOLDS LOAD a. FAIL TO ENGAGE LOSS OF ABILITY TO HOLD THE LOAD. NQ EFFECT. 3
GE HOIST REDUNDANT BRAKE CAN HOLD THE
1C3528 BRAKE LOAD ON ITS OWN. [F BOTH BRAKES
A103-K10AA (2 TOTAL) FAILED THE MOTORS CAN CONTROL
THE LOAD. MULTIPLE FAILURE
REQUIRED TO RESULT IN DAMAGE TO
A VEHICLE SYSTEM. DELAY OF OPER-
ATIONS.
a. FAIL TO DISENGAGE UNABLE TO OPERATE HOIST. DELAY IN NO EFFECT. 3
OPERATIONS.
79K16831/13/14] AUX. HOIST TRANSMITS POWER FROM a. GEAR DISENGAGEMENT LOSS OF ABILITY TO HOLD THE LOAD. NO EFFECT. 3
WESTERN GEAR TRAIN MOTOR TO HOIST DRUM REDUNDANT AUX. HOIST GEAR TRAIN
GEAR INCLUDES WILL CARRY LOAD. MULTIPLE
S81A REDUCER, FAILURE REQUIRED TO RESULT IN
PINION AND DAMAGE TO A VEHICLE SYSTEM.
DRUM DELAY OF OPERATIONS.
(2 TOTAL)
79K16831/20 AUX. HOIST COUPLES MOTOR TO GEAR a. DISENGAGES LOSS OF ABILITY TO HOLD THE LOAD. NO EFFECT. 3
SIER-BATH FLEXIBLE REDUCER. REDUNDANT AUX. HOIST COUPLING
SIZE 3-1/2 COUPLING WILL CARRY LOAD. MULTIPLE
(2 TOTAL) FAILURE REQUIRED TO RESULT IN
DAMAGE TO A VEHICLE SYSTEM.
DELAY OF OPERATIONS.
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MECHANICAL FAILURE MODES AND EFFECTS ANALYSIS
FOR THE

VAB 250-TON BRIDGE CRANE

TROLLEY ASSEMBLY

PMN’s: K60-05633 & K60-0534

The following components were considered passive in the analysis for this system.

Table 14. Mechanical Passive Item List

Find Number Nomenclature

NA Hooks

NA Rope Drums

NA Trolley Rails

NA Load Blocks

NA Bridge Structure

NA Bridge Drive Truck Wheels
NA Wire Ropes

NA Trolley Structure

NA Sheaves

NA Trolley Drive Truck Wheels
NA Bridge Rails

WORKSHEET 5211-002 43
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REV.B
TROLLEY GEAR TROLLEY
DRIVE REDUCER DRIVE
TRUCK TRUCK
BRAKE MOTOR
FLEXIBLE COUPLING
(TYPICAL 10 PLACES)
MOTOR BRAKE
TROLLEY GEAR TROLLEY
DRIVE REDUCER DRIVE
TRUCK TRUCK

2005B_S08

FIGURE 8. TROLLEY DRIVE BLOCK DIAGRAM
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Table 15. MECHANICAL FMEA - TROLLEY

System

250-TON BRIDGE CRANE, VAB

Subsystem TROLLEY DRIVE ASSEMBLY

Drawing No. 79K16831

PMN K60-0533, K60-0534

Sheet No. 2

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33
Date FEBRUARY 1994

Reference Figure Used

Prepared By C. CRABB, LSOC 52-11

a. FAILURE MODE
b. CAUSE
c. FMN
d. DETECTION METHOD FAILURE EFFECT
e, CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO, PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
79K16831/22 bC MOTOR, DRIVES TROLLEY a. NO QUTPUT BECAUSE OF LOSS OF POWER TO DRIVE TRUCK. NO EFFECT. 3
IMPERIAL TROLLEY MECHANICAL FAILURE DELAY IN OPERATIONS.
FRAME D-35 ORIVE {(ELECTRICAL CIRCUIT
(M7 & M8) {2 TOTAL) REMAINS INTACT)
79K16831/23 TROLLEY PROVIDES TROLLEY BRAKING a. FAIL TO ENGAGE REMAINING TROLLEY DRIVE BRAKE NO EFFECT. 3
GE DRIVE FORCE. WILL STOP TROLLEY. DELAY IN OPER-
1C9516-161 BRAKE ATIONS.
(2 TOTAL)
a. FAIL TO DISENGAGE TROLLEY WILL DRIVE THROUGH THE NO EFFECT. 3
BRAKE CAUSING POSSIBLE DAMAGE
TO THE BRAKE. THE TROLLEY WILL
DRIVE SLOWER THAN THE COM-
MANDED SPEED. DELAY IN OPER-
ATIONS.
79K16831/25 COUPLING COUPLES MOTOR TO GEAR a. DISENGAGES LOSS OF POWER TO DRIVE TRUCK. NO EFFECT. 3
SIER-BATH (2 TOTAL) REDUCER DELAY IN OPERATIONS.
25 CLASS A
79K16831/21 TROLLEY TRANSMITS POWER FROM a. DISENGAGEMENT LOSS OF POWER TO DRIVE TRUCK. NO EFFECT. 3
WESTERN DRIVE MOTOR TO TROLLEY DRIVE DELAY IN OPERATIONS.
GEAR TRAIN WHEELS.
M63-365A INCLUDES
REDUCER,
SHAFT COU-
PLINGS,
PINION
GEARS AND
GEARED
DRIVE
WHEELS
(2 TOTAL)
79K16831/24 COUPLING COUPLES GEAR REDUCER TO a. DISENGAGES LOSS OF POWER TO DRIVE TRUCK. NO EFFECT. 3
SIER-BATH (8 TOTAL) DRIVE SHAFT AND DRIVE DELAY OF OPERATION.
SET NO. 3 SHAFT TO WHEELS.
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REV. B

MECHANICAL FAILURE MODES AND EFFECTS ANALYSIS

FOR THE

VAB 250-TON BRIDGE CRANE

BRIDGE ASSEMBLY

PMN’s: K60-0533 & K60-0534

The following components were considered passive in the analysis for this system.

Table 16. Mechanical Passive Item List

Find Number Nomenclature

NA Hooks

NA Rope Drums

NA Trolley Rails

NA Load Blocks

NA Bridge Structure

NA Bridge Drive Truck Wheels
NA Wire Ropes

NA Troltey Structure

NA Sheaves

NA Trolley Drive Truck Wheels
NA Bridge Rails

WORKSHEET 5211-002 46
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BRIDGE DRIVE TRUCK BRIDGE DRIVE TRUCK
Gear |1 ] @ BRAKE BRAKE |—{ MOTOR GEAR
REDUCER REDUCER
FLEX COUPLING
(4 PLACES)

(o v ~ W
~~ r ~ b
REDUCER ) REDUCER
GEAR GEAR
BRIDGE DRIVE TRUCK BRIDGE DRIVE TRUCK

FIGURE 9. BRIDGE DRIVE BLOCK DIAGRAM
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Table 17. MECHANICAL FMEA - BRIDGE

System  250-TON BRIDGE CRANE, VAB
Subsystem BRIDGE DRIVE ASSEMBLY
Drawing No. 79K16831 Sheet No. 2

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33
Date FEBRUARY 1994
Reference Figure Used

PMN K60-0533, K80-0534 Prepared By C. CRABB, LSOC 52-11
a. FAILURE MODE
b. CAUSE
c. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO, PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
79K 16831/33 DC MOTOR, DRIVES BRIDGE a. NO OUTPUT BECAUSE OF LOSS OF POWER TO BRIDGE TRUCK. NO EFFECT. 3
IMPERIAL SRIDGE MECHANICAL FAILURE DELAY IN OPERATIONS.
FRAME D-4S DRIVE {ELECTRICAL CIRCUIT
(M2, M3, {4 TOTAL) REMAINS INTACT)
M4, M5)
79K16831/34 BRIDGE PROVIDES BRIDGE BRAKING a. FAIL TO ENGAGE REMAINING THREE BRIDGE TRUCK NO EFFECT. 3
GE DRIVE FORCE. BRAKES WILL STOP BRIDGE. DELAY
1C9528 BRAKE IN OPERATIONS.
NO. 1 (4 TOTAL)
a. FAIL TO DISENGAGE BRIDGE WILL DRIVE THROUGH THE NO EFFECT. 3
BRAKE CAUSING POSSIBLE DAMAGE
TO THE BRAKE. THE BRIDGE WILL
DRIVE SLOWER THAN THE COM-
MANDED SPEED. DELAY IN OPER-
ATIONS.
79K16831/35 COUPLING COUPLES MOTOR TO GEAR a. DISENGAGES LOSS OF POWER TO DRIVE TRUCK. NO EFFECT. 3
SIER-BATH (4 TOTAL) REDUCER. DELAY IN OPERATIONS.
SIZE 2-1/2
79K 16831/32 BRIDGE TRANSMITS POWER FROM a. GEAR DISENGAGEMENT LOSS OF POWER TO DRIVE TRUCK. NO EFFECT. 3
WESTERN DRIVE GEAR MOTOR TO BRIDGE DRIVE DELAY IN OPERATIONS.
GEAR TRAIN TRUCK DRIVE WHEELS.
200320 INCLUDES
REDUCER,
IDLER GEAR
AND
GEARED
DRIVE
WHEELS
(4 TOTAL)
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5.2 ELECTRICAL FMEA

The electrical components of the critical functions assessed in section 4.0 for this system
were identified from the documents and diagrams referenced in Table 4 on page 18 and are

depicted on the following figures and analyzed in the associated Electrical FMEA (Worksheet
5211-005).
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REV. B

ELECTRICAL FAILURE MODES AND EFFECTS ANALYSIS
FOR THE

250-TON BRIDGE CRANE

MAIN HOIST CONTROLS
PMN’s: K60-0533 & K60-0534
Failure of any wire harness, cables or connectors that are associated with a criticality cate-

gory 1 situation are included in the failure cause of the connected critical item identified and
will not be listed in the FMEA.
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FIGURE 10. MAIN HOIST ELECTRICAL CONTROL SIMPLIFIED SCHEMATIC (1 OF 3)
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FIGURE 11. MAIN HOIST ELECTRICAL CONTROL SIMPLIFIED SCHEMATIC (2 OF 3)
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FIGURE 12. MAIN HOIST ELECTRICAL CONTROL SIMPLIFIED SCHEMATIC (3 OF 3)
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Table 18. ELECTRICAL FMEA - MAIN POWER DISTRIBUTION

System  250-TON BRIDGE CRANE, VAB
Subsystem MAIN POWER DISTRIBUTION
Drawing No. 69-K-L-11388 Sheet No. 11/12
PMN K80-0533, K60-0534

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33
Date FEBRUARY 1994

Reference Figure Used

Prepared 8y C. CRABB, LSOC §2-11

a. FAILURE MODE
b. CAUSE
c. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO, f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO, PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
MC8 MAIN PROVIDES CIRCUIT OVER- a. PREMATURE TRIP LOSS OF POWER TO CRANE. BRAKES NO EFFECT. 3
CIRCUIT LOAD PROTECTION FOR WILL SET. DELAY OF OPERATION.
BREAKER, FEEDER FURNISHING 480V, 3
1200AT PHASE, 60 CYCLE POWER
FROM SUBSTATION TO
BRIDGE CRANE FEEDRAIL.
a. FAILS TO TRIP POSSIBLE DAMAGE TO CRANE CIRCU- NO EFFECT. 3
ITRY. CIRCUIT BREAKERS LOCATED
DOWNSTREAM, WHICH ARE RATED AT
A LOWER AMPERAGE, WOULD TRIP
REMOVING POWER FROM THE CRANE.
THE BRAKES WILL SET. DELAY OF
OPERATION.
PROVIDES THE ABILITY TO a. SHUNT TRIP FAILS OPEN LOSS OF ABILITY TO SHUT DOWN THE NO EFFECT. 3
SHUT THE CRANE DOWN AND CRANE WITH THE E-STOP BUTTONS
SET THE BRAKES WHEN THE WHEN NEEDED IN AN EMERGENCY.
SHUNT TRIP IS ENERGIZED THE INDIVIDUAL DRIVE SYSTEMS CAN
BY ONE OF THE EMERGENCY BE STOPPED BY THE M-G SET STOP
STOP (E-STOP) BUTTONS. BUTTON. MULTIPLE FAILURE
REQUIRED TO RESULT IN LOSS OF
LIFE, VEHICLE OR DAMAGE TO A
VEHICLE SYSTEM.
PL1 INDICATOR LIGHTS WHEN THE MAIN a. FAILS OPEN OPERATOR WILL NOT HAVE INDI- NO EFFECT. 3
LIGHT CIRCUIT BREAKER (MCB) IS CATION THAT MAIN CIRCUIT BREAKER
CLOSED AND POWER IS SUP- IS CLOSED. DELAY IN OPERATION.
PLIED TO THE CRANE.
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Table 19 (Page 1 of 3). ELECTRICAL FMEA - MAIN HOIST

System  250-TON BRIDGE CRANE, VAB
Subsystem DC MOTOR LOOP

Drawing No. 69-K-L-11388 Sheet No. 12/13/15

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33
Date FEBRUARY 1994
Reference Figure Used

PMN K60-0533, K60-0534 Prepared By C. CRABB, LSOC 52-11
a. FAILURE MODE
b. CAUSE
¢. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
ice CIRCUIT PROVIDES OVERLOAD PRO- a. PREMATURE TRIP LOSS OF POWER TO THE HOIST NO EFFECT. 3
BREAKER, TECTION FOR HOIST CIRCU- CONTROL CIRCUITRY. BRAKES WILL
350AT iTRY. CONTACT PROVIDES SET. DELAY OF OPERATION,
LATCHING FOR START RELAY
1SR.
a. FAILS TO TRIP POSSIBLE DAMAGE TO HOIST CIRCU- NO EFFECT. 3
ITRY. UPSTREAM CB (MCB) MAY TRIP
RESULTING IN LOSS OF POWER TO
MAIN BUS. BRAKES WILL SET. DELAY
OF OPERATION.
a. N.O. CONTACT FAILS M-G SET WILL NOT STAY RUNNING NO EFFECT. 3
OPEN WHEN START BUTTON IS RELEASED.
DELAY OF OPERATICN.
a. N.O. CONTACT FAILS NQO EFFECT ON STARTING OR NO EFFECT. 3
CLOSED RUNNING M-G SET.
PROVIDES THE ABILITY TO a. SHUNT TRIP FAILS OPEN LOSS OF ABILITY TO SHUT DOWN THE NO EFFECT 3
SHUT THE HOIST DOWN AND HOIST BY THE PHASE REVERSAL
SET THE BRAKES WHEN THE RELAY. POSSIBLE DAMAGE TO THE
SHUNT TRIP IS ENERGIZED CRANE CONTROL CIRCUITRY. MUL-
BY THE PHASE REVERSAL TIPLE FAILURE REQUIRED.
RELAY.
oLt OVERLOAD PROVIDES OVERLOAD PRO- a. PREMATURE ACTUATION SHUTDOWN OF THE M-G SET CAUSING NO EFFECT. 3
oL2 TECTION IN EACH OF THE HOIST TO STOP. BRAKES WILL SET.
oL3 THREE i_.EGS OF THE MOTOR DELAY OF OPERATION.
OF THE M-G SET. THREE N.C.
CONTACTS, ARRANGED IN
SERIES, OPEN TO SHUT
DOWN THE M-G SET.
a. FAILS TO ACTUATE POSSIBLE DAMAGE TO THE MOTOR N NO EFFECT. 3
THE M-G SET. UPSTREAM CB (1CB}
MAY TRIP, RESULTING IN LOSS OF
POWER TO THE M-G SET. BRAKES
WILL SET. DELAY OF OPERATION.
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Table 19 (Page 2 of 3). ELECTRICAL FMEA - MAIN HOIST

Systam  250-TON BRIDGE CRANE, VAB
Subsystem DC MOTOR LOOP

Drawing No. 69-K-L-11388 Sheet No. 12/13/15
PMN K80-0533, K60-0534

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33

Date FEBRUARY 1994
Reference Figure Used

Prepared By C. CRABB, LSOC §2-11

FIND NO.
PART NO. PART NAME PART FUNCTION

FAILURE MODE
CAUSE

FMN

DETECTION METHOD
CORRECTING ACTION
TIME TO EFFECT FAILURE EFFECT ON
TIMEFRAME SYSTEM PERFORMANCE

FAILURE EFFECT
ON VEHICLE
SYSTEMS AND/OR
PERSONNEL SAFETY

CRIT
CAT

M12-G4 MOTOR- CONSISTS OF A 500 HP
GENERATOR MOTOR COUPLED TO A 250KW
(M-G) SET, DC GENERATOR TO PROVIDE
500 HP - POWER TO THE ARMATURES
250KW OF THE TWO 150 HP HOIST
MOTORS.

4

N.C. CONTACT FAILS SERIES ARRANGED CONTACT WILL
CLOSED OPEN TO SHUT DOWN M-G SET.

N.C. CONTACT FAILS M-G WILL NOT RUN. DELAY OF OPER-
OPEN ATION.

NO QUTPUT LOSS OF HOIST MOTCR ARMATURE
BRUSH/COMMUTATOR CURRENT. LOSS OF HOIST MOTOR
FAILURE, OPEN/SHORTED TORQUE WHILE THE COMMAND (S
ARMATURE WINDING, BEING GIVEN TC RAISE, LOWER OR
STRUCTURAL FAILURE FLOAT AND THE BRAKES ARE
(BRUSH SPRING, BRUSH RELEASED. LOAD WILL DESCEND.
YOKE, BRUSH RIGGING),
OPEN/SHORTED FIELD
WINDING,
OPEN/SHORTED CABLE
OR CONNECTOR.

09FY 12-005.004

NO {NDICATION OF
CURRENT ON CONSOLE
AMMETER

PRESS THE E-STOP
BUTTON

SECONDS

ESTIMATED 3 TO 10
SECONDS

NO EFFECT.

NO EFFECT.

POSSIBLE LOSS OF LIFE
AND/OR VEHICLE.
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Table 19 (Page 3 of 3). ELECTRICAL FMEA - MAIN HOIST

System  250-TON BRIDGE CRANE, VAB
Subsystem DC MOTOR LOOP

Drawing No. 69-K-L-11388 Sheet No. 12/13/15
PMN K80-0533, K80-0534

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33
Date FEBRUARY 1994

Reference Figure Used

Prepared By C. CRABB, LSQOC 52-11

a. FAILURE MODE
b. CAUSE
¢. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
M13, M14 oC TWO SHUNT WOUND DC a. OPEN ARMATURE LOSS OF ARMATURE DC CURRENT TO POSSIBLE LOSS OF LIFE 1
MOTORS, MOTORS WITH THE ARMA- WINDING BOTH MQTORS. LOSS OF HOIST AND/OR VEHICLE.
150 HP TURES ARRANGED IN SERIES b. BRUSH/COMMUTATOR MOTOR TORQUE WHILE THE
EACH TO PROVIDE MECHANICAL FAILURE, OPEN/SHORTED COMMAND IS GIVEN TO RAISE, LOWER
TORQUE TO RAISE, LOWER ARMATURE WINDING, OR FLOAT LOAD AND THE BRAKES
OR HOLD THE LOAD. THE STRUCTURAL FAILURE ARE RELEASED. LOAD WILL DESCEND.
FIELD WINDINGS, F1-F2 & (BRUSH SPRING, BRUSH
F3-F4, PROVIDE A CONSTANT YOKE, BRUSH RIGGING),
MAGNETIC FIELD TO WORK OPEN/SHORTED CABLE
AGAINST THE VARYING MAG- OR CONNECTOR.
NETIC FIELD OF THE ARMA- c. 09FY12-005.032
TURE LOOP TO PRODUCE d. NO INDICATION OF
TORQUE. CURRENT ON CONSOLE
AMMETER
e. PRESS E-STOP BUTTON
{. SECONDS
g. ESTIMATED 3 TO 10
SECONDS
a. OPEN FIELD WINDING RELAY 1FLA OR 1FLB WILL BE NO EFFECT. 3
DE-ENERGIZED AND OPEN CONTACTS
TO SHUT DOWN M-G SET. DELAY OF
OPERATION.
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Table 20. ELECTRICAL FMEA - MAIN HOIST

System  250-TON BRIDGE CRANE, VAB Station Set/Facility Code 20, 33
Subsystem M-G SENSORS Program SPACE SHUTTLE Date FEBRUARY 1994
Drawing No, 69-K-L-11388 Sheet No, 13 Reference Figure Used
PMN K80-0533, K60-0534 Prepared By C. CRABB, LSOC 52-11
a. FAILURE MODE
b. CAUSE
c. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
1-081 M-G OVER- PROVIDES CAPABILITY TO a. N.C. CONTACT FAILS LOSS OF M-G OVERSPEED PRO- NO EFFECT. 3
SPEED SHUT DOWN THE M-G SET IF CLOSED TECTION. POSSIBLE DAMAGE TO THE
SENSOR AN OVERSPEED CONDITION M-G SET WHEN COUPLED WITH M-G
EXISTS. OVERSPEED.
a. N.C. CONTACT FAILS UNABLE TO START M-G SET. DELAY NO EFFECT. 3
OPEN OF OPERATION.
oTG GENERATOR PROVIDES CAPABILITY TO a. N.C. CONTACT FAILS LOSS OF GENERATOR OVERTEMPER- NO EFFECT. 3
OVERTEM- SHUT DOWN THE M-G SET IF CLOSED ATURE PROTECT!ION. POSSIBLE
PERATURE AN OVERTEMPERATURE CON- DAMAGE TO THE M-G SET WHEN
SENSOR DITION EXISTS. CQUPLED WITH GENERATOR OVER-
TEMPERATURE CONDITION.
a. N.C. CONTACT FAILS UNABLE TO START M-G SET. DELAY NO EFFECT. 3
OPEN OF OPERATION.
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Table 21 (Page 1 of 8). ELECTRICAL FMEA - MAIN HOIST

System  250-TON BRIDGE CRANE, VAB
Subsystem START/RUN CIRCUIT

Drawing No. 69-K-L-11388 Sheet No. 12/13/15
PMN K80-0533, K60-0534

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33
Date FEBRUARY 1994
Reference Figure Used

Prepared By C. CRABB, LSOC 52-11

a.

FAILURE MODE

b. CAUSE
c. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
1ceB CIRCUIT PROVIDE OVERLOAD PRO- a. PREMATURE TRIP LOSS OF POWER TO THE HOIST NO EFFECT. 3
BREAKER, TECTION FOR CIRCUIT PRO- STARTER CONTROLS. THE HOIST
30AT VIDING POWER TO THE HOIST WILL STOP. BRAKES WILL SET.
M-G SET. DELAY OF OPERATION.
a. FAIL TO TRIP POSSIBLE DAMAGE TO THE HOIST NO EFFECT. 3
CIRCUITRY. UPSTREAM CB (1CB) MAY
TRIP. LOSS OF POWER TO THE HOIST
M-G SET. BRAKES WILL SET. DELAY
OF OPERATION.
1TR RELAY, PROVIDES TIMED DELAY FOR a. FAILS DEACTIVATED CONTACTS WILL REMAIN IN NO EFFECT. 3
TIME DELAY DROPPING OUT THE START (COIL FAILS OPEN) DE-ENERGIZED POSITION. M-G SET
CIRCUIT AND PICKING UP WILL NOT GET FULL POWER. DELAY
THE RUN CIRCUIT DURING OF OPERATION.
START OF THE HOIST M-G
SET.
a. FAILS ACTIVATED (CON- M-G SET WILL GET FULL POWER WHEN NO EFFECT. 3
TACTS REMAIN IN THE START BUTTON IS PUSHED, POSSIBLY
ENERGIZED POSITION) CAUSING CURRENT OVERLOAD TO
TRIP. DELAY OF OPERATION.
a. N.O. CONTACT FAILS M-G SET WILL NOT GET FULL POWER. NO EFFECT. 3
OPEN DELAY OF OPERATION.
a. N.O. CONTACT FAILS M-G SET WILL GET FULL POWER WHEN NO EFFECT. 3
CLOSED START BUTTON IS PUSHED, POSSIBLY
CAUSING CURRENT OVERLOAD TO
TRIP. DELAY OF OPERATION.
a. N.C. CONTACT FAILS M-G SET WILL NOT GET FULL POWER. NO EFFECT. 3
CLOSED DELAY OF OPERATION.
a. N.C. CONTACT FAILS M-G SET WILL NOT START. DELAY OF NO EFFECT. 3

OPEN

OPERATION.
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Table 21 (Page 2 of 8). ELECTRICAL FMEA - MAIN HOIST

System

250-TON BRIDGE CRANE, VAB
Subsystem START/RUN CIRCUIT

Drawing No. 69-K-L-11388 Sheet No. 12/13/15

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33
Date FEBRUARY 1994
Reference Figure Used

PMN K60-0533, K60-0534 Prepared By C. CRABB, LSOC 52-11
a. FAILURE MODE
b. CAUSE
¢. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
1Y RELAY CONTROLS STARTING a. FAILS DEACTIVATED CONTACTS WILL REMAIN IN NO EFFECT. 3
CURRENT FCR THE HOIST (COIL FAILS OPEN) DE-ENERGIZED POSITION. M-G SET
M-G SET. WILL NOT START PROPERLY. EXCES-
SIVE START-UP CURRENT TO M-G SET,
THROUGH RELAY CONTACT 1R (RUN
RELAY), WOULD CAUSE M-G SET
OVERLOADS TO TRIP. DELAY OF
OPERATION.
a. FAILS ACTIVATED (CON- THE N.C. CONTACT IN SERIES WITH NO EFFECT. 3
TACTS REMAIN IN THE RELAY RX WILL BE OPEN. THE M-G
ENERGIZED POSITION) SET WILL SHUT DOWN WHEN THE TIME
DELAY RELAY, 1TR, CHANGES STATE
TO ENERGIZE RELAY RX. DELAY OF
OPERATION.
a. N.O. CONTACT FAILS M-G SET WILL NOT START PROPERLY. NO EFFECT. 3
OPEN (1 OF 2) EXCESSIVE START-UP CURRENT TO
M-G SET, THROUGH RELAY CONTACT
1R (RUN RELAY), WOULD CAUSE M-G
SET OVERLOADS TO TRIP. DELAY OF
OPERATION.
a. N.O. CONTACT FAILS CURRENT WILL BYPASS THIS PORTION NO EFFECT. 3
CLOSED (1 OF 2) OF THE CIRCUIT THROUGH RELAY
CONTACT 1R {RUN RELAY). NO EFFECT
ON CRANE OPERATION. RELAY
CONTACT 1S WILL OPEN TO REMOVE
POWER FROM THE START CIRCUIT.
a. N.C. CONTACT FAILS NO EFFECT ON STARTING OR NO EFFECT. 3
CLOSED RUNNING OF M-G SET.
a. N.C. CONTACT FAILS THE M-G SET WILL SHUT DOWN WHEN NO EFFECT. 3
OPEN THE TIME DELAY RELAY, 1TR,
CHANGES STATE TO ENERGIZE RELAY
RX. DELAY OF OPERATION.
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Table 21 (Page 3 of 8). ELECTRICAL FMEA - MAIN HOIST

System  250-TON BRIDGE CRANE, VAB
Subsystem START/RUN CIRCUIT
Drawing No. 89-K-L-11388 Sheet No. 12/13/15

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33
Date FEBRUARY 1994
Reference Figure Used

PMN K80-0533, K80-0534 Prepared By C. CRABB, LSOC 52-11
a. FAILURE MODE
b. CAUSE
c. FMN
d. DETECTION METHOO FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
SX RELAY ENERGIZES TO PROVIDE a. FAILS DEACTIVATED CONTACTS WILL REMAIN IN NO EFFECT. 3
CURRENT TO ENERGIZE 1S (COIL FAILS OPEN) DE-ENERGIZED POSITION. M-G SET
(START RELAY COILS) FOR WILL NOT START. DELAY OF OPERA-
M-G START SEQUENCE TION.
{4 CONTACTS IN SERIES).
a. FAILS ACTIVATED {CON- RELAY 1S WILL REMAIN ENERGIZED. NOQ EFFECT. 3
TACTS REMAIN IN THE THE M-G SET WILL CONTINUE TO RUN
ENERGIZED POSITION) AT A REDUCED VOLTAGE WHEN COM-
MANDED TO STOP. DELAY OF OPER-
ATIONS.
3. N.O. CONTACT FAILS M-G SET WILL NOT START. DELAY OF NO EFFECT. 3
QOPEN (1 OF 4) QOPERATION.
2. N.O. CONTACT FAILS NO EFFECT ON STARTING OR NQ EFFECT. 3
CLOSED (1 OF 4) RUNNING OF M-G SET. SERIES
ARRANGEMENT INSURES POWER
REMOVED FROM START RELAY WHEN
NEEDED.
RX RELAY ENERGIZES TO PROVIDE a. FAILS DEACTIVATED THE M-G SET WILL SHUT DOWN WHEN NO EFFECT. 3
CURRENT TO ENERGIZE 1R {COIL FAILS OPEN) THE TIME DELAY RELAY, 1TR,
{(RUN RELAY COILS) FOR THE CHANGES STATE DURING THE START
M-G START SEQUENCE SEQUENCE. DELAY OF OPERATION.
(4 CONTACTS IN SERIES).
a. FAILS ACTIVATED (CON- RELAY 1R WILL REMAIN ENERGIZED. NO EFFECT. 3
TACTS REMAIN [N THE THE M-G SET WILL CONTINUE TO RUN
ENERGIZED POSITION} WHEN COMMANDED TO STOP. DELAY
OF OPERATIONS.
a. N.O. CONTACT FAILS THE M-G SET WILL SHUT DOWN WHEN NO EFFECT. 3
OPEN { 1 OF 4), THE TIME DELAY RELAY, 1TR,
CHANGES STATE DURING THE START
SEQUENCE. DELAY OF OPERATION.
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Table 21 (Page 4 of 8). ELECTRICAL FMEA - MAIN HOIST

System

250-TON BRIDGE CRANE, VAB
Subsystem START/RUN CIRCUIT

Drawing No. 69-K-L-11388 Sheet No. 12/13/15

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33
Date FEBRUARY 1994
Reference Figure Used

PMN K60-0533, K60-0534 Prepared By C. CRABB, LSOC 52-11
a. FAILURE MODE
b. CAUSE
¢. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
a. N.O. CONTACT FAILS NO EFFECT ON STARTING OR NQ EFFECT. 3
CLOSED ( 1 OF 4). RUNNING OF M-G SET. SERIES
ARRANGEMENT INSURES POWER
REMOVED FROM RUN RELAY WHEN
NEEDED.
1RS RESISTOR PROVIDES A VOLTAGE a. FAILS OPEN M-G SET WILL BE SHUT DOWN WHEN NO EFFECT. 3
DIVIDER FOR STARTING THE N.C. CONTACT OF RELAY 1S
RELAY 1S. OPENS REMOVING POWER FROM THE
1S RELAY COILS OR THE CONTACTS
WILL CHATTER AND THE M-G SET WILL
RECEIVE REDUCED POWER DURING
THE START SEQUENCE. DELAY OF
OPERATION.
2RS RESISTOR PROVIDES A VOLTAGE a. FAILS OPEN M-G SET WiLL NOT START. DELAY OF NO EFFECT. 3
DIVIDER FOR STARTING OPERATION.
RELAY 3.
3RS, 4RS RESISTOR RESISTORS ARRANGED IN a. FAILS OPEN M-G SET WILL BE SHUT DOWN WHEN NO EFFECT. 3
SERIES TO PROVIDE A THE N.C. CONTACT OF RELAY 1R
VOLTAGE DIVIDER FOR RUN OPENS REMOVING POWER FROM THE
RELAY 1R, 1R RELAY COILS OR THE CONTACTS
WILL CHATTER AND THE M-G SET WILL
RECEIVE REDUCED POWER. DELAY OF
OPERATION.
5RS RESISTOR PROVIDES A VOLTAGE a. FAILS OPEN THE M-G SET WILL SHUT DOWN WHEN NO EFFECT. 3
DIVIDER FOR RUN RELAY 1R. THE TIME DELAY RELAY, 1TR,
CHANGES STATE DURING THE START
SEQUENCE. DELAY OF OPERATION.
1S RELAY CONTROLS STARTING a. FAILS DEACTIVATED |F ONE RELAY COIL FAILS OPEN, NO EFFECT. 3
CURRENT FOR THE HOIST (COIL FAILS OPEN) NEITHER WILL BE ENERGIZED. CON-
M-G SET. TWO COILS ARE (1 OF 2). TACTS WILL REMAIN IN
ARRANGED N SERIES {1S-A, DE-ENERGIZED POSITION. M-G SET
15-B) TO ENERGIZE CON- WILL NOT START. DELAY OF OPERA-
TACTS. TION.
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Table 21 (Page 5 of 3). ELECTRICAL FMEA - MAIN HOIST

System

250-TON BRIDGE CRANE, VAB
Subsystem START/RUN CIRCUIT

Drawing No. 69-K-L-11388 Sheet No, 12/13/15

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33
Date FEBRUARY 1994
Reference Figure Used

PMN K80-0533, K60-0534 Prepared By C. CRABB, LSOC 52-11
a. FANURE MODE
b. CAUSE
c. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION 9. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
a. FAILS ACTIVATED (CON- THE M-G SET WILL CONTINUE TO RUN NO EFFECT. 3
TACTS REMAIN N THE AT A REDUCED VOLTAGE WHEN COM-
ENERGIZED POSITION) MANDED TO STOP. DELAY OF OPER-
ATIONS.
N.O. CONTACTS CLOSE TO a. N.O. CONTACT FAILS M-G SET WILL NOT START PROPERLY. NO EFFECT. 3
PROVIDE THE PROPER START OPEN EXCESSIVE START-UP CURRENT TQ
CURRENT TO THE MOTOR IN {1 OF 3) M-G SET, THROUGH RELAY CONTACT
THE M-G SET {1 CONTACT 1R {(RUN RELAY}, WOULD CAUSE M-G
PER PHASE LEG, 3 TOTAL). SET OVERLOADS TO TRIP. DELAY OF
OPERATION.
a. N.O. CONTACT FAILS CURRENT WILL BYPASS THIS PORTION NO EFFECT. 3
CLOSED OF THE CIRCUIT THROUGH RELAY 1R
(1 OF 3) CONTACTS. NO EFFECT ON CRANE
QOPERATION.
N.O. CONTACT CLOSES 7O a. N.O. CONTACT FAILS M-G SET WILL SHUT OFF AFTER START NQ EFFECT. 3
PROVIDE LATCHING FOR OPEN BUTTON IS RELEASED. DELAY OF
RELAY COIL 1SR {HOIST OPERATION.
START). ARRANGED IN PAR-
ALLEL WITH A CONTACT
FROM RELAY 1R TO PROVIDE
CONTINUQUS LATCHING
THROUGH THE START AND
RUN SEQUENCE.
a. N.O. CONTACT FAILS M-G SET WILL RESTART AFTER THE NO EFFECT. 3
CLOSED STOP BUTTON IS RELEASED. THE
POWER CAN BE REMOVED BY
OPENING CIRCUIT BREAKER 1CB.
DELAY OF OPERATION.
N.C. CONTACT OPENS AFTER a. N.C. CONTACT FAILS INITIAL ENERGIZING POWER WILL NO EFFECT. 3

COILS 1S-A & 1S-B ARE ENER-
GIZED TO ALLOW CURRENT
TO FLOW THROUGH THE
VOLTAGE REGULATING
RESISTOR 1RS.

" CLOSED

REMAIN TO RELAYS 1S-A, 1S-B. POS-
SIBLE DAMAGE TO THE RELAYS.
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Table 21 (Page 6 of 8). ELECTRICAL FMEA - MAIN HOIST

System

250-TON BRIDGE CRANE, VAB
Subsystem START/RUN CIRCUIT

Drawing No. 89-K-L-11388 Sheet No. 12/13/15
PMN K80-0533, K60-0534

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33
Date FEBRUARY 1994
Reference Figure Used

Prepared By C. CRABB, LSOC 52-11

FAILURE MODE
CAUSE

FMN

DETECTION METHOD
CORRECTING ACTION

FAILURE EFFECT
ON VEHICLE

FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
a. N.C. CONTACT FAILS RELAY COILS 1S-A & 18-B MAY NOT NO EFFECT. 3
OPEN RECEIVE ENOUGH POWER TO ENER-
GIZE AND CLOSE THE N.O. CONTACTS
FOR STARTING M-G SETS. M-G SET
MAY NOT START. DELAY OF OPERA-
TION.
1R RELAY CONTROLS RUNNING a. FAILS DEACTIVATED iF ONE RELAY COIL FAILS OPEN, NO EFFECT. 3
CURRENT FOR THE HOIST {COIL FAILS OPEN) NEITHER WILL BE ENERGIZED. CON-
M-G SET. TWO COILS ARE {1 OF 2). TACTS WILL REMAIN IN
ARRANGED IN SERIES (1R-A, DE-ENERGIZED POSITION. M-G SET
1R-B) TO ENERGIZE CON- WILL NOT RECEIVE FULL POWER.
TACTS. DELAY OF OPERATION.
a. FAILS ACTIVATED (CON- THE M-G SET WILL CONTINUE TO RUN NO EFFECT. 3
TACTS REMAIN IN THE WHEN COMMANDED TO STOP. DELAY
ENERGIZED POSITION) OF OPERATIONS.
N.O. CONTACTS CLOSE TO a. N.O. CONTACT FAILS MOTOR WOULD NOT GET THE PROPER NO EFFECT. 3
PROVIDE THE PROPER RUN QOPEN RUN CURRENT. M-G SET WILL NOT
CURRENT TO THE MOTOR IN (1 OF 3} RECEIVE FULL POCWER. DELAY CF
THE M-G 3ET (1 CONTACT OPERATION.
PER PHASE LEG, 3 TOTAL).
a. N.O. CONTACT FAILS THIS COULD CAUSE AN EXCESSIVE NO EFFECT. 3
CLOSED START CURRENT WHICH WOULD TRIP
M-G SET OVERLOADS. DELAY OF
OPERATIONS.
N.O. CONTACT CLOSES TO a. N.O. CONTACT FAILS M-G SET WILL SHUT OFF AFTER START NO EFFECT. 3

PROVIDE LATCHING FOR
RELAY COiL 1SR {HOIST
START). ARRANGED IN PAR-
ALLEL WITH A CONTACT
FROM RELAY 1S TO PROVIDE
CONTINUOUS LATCHING
THROUGH THE START AND
RUN SEQUENCE.

QOFEN

RELAY 1S IS DEENERGIZED. DELAY
OF OPERATION.
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Table 21 (Page 7 of 8). ELECTRICAL FMEA

- MAIN HOIST

System

250-TON BRIDGE CRANE, VAB
Subsystem START/RUN CIRCUIT

Drawing No. 89-K-L-11388 Sheet No. 12/13/15
PMN K60-0533, K60-0534

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33
Date FEBRUARY 1994
Reference Figure Used

Prepared By C. CRABB, LSOC 52-11

a. FAILURE MODE
b. CAUSE
c. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
a. N.O. CONTACT FAILS M-G SET WILL RESTART AFTER THE NO EFFECT. 3
CLOSED STOP BUTTON IS RELEASED. THE
POWER CAN BE REMOVED BY
OPENING CIRCUIT BREAKER 1CB.
DELAY OF OPERATION.
N.C. CONTACT OPENS AFTER a. N.C. CONTACT FAILS INITIAL ENERGIZING POWER WiILL NO EFFECT. 3
COILS 1R-A & 1R-B ARE ENER- CLCSED REMAIN TO RELAYS 1R-A, 1R-B. POS-
GIZED TO ALLOW CURRENT SIBLE DAMAGE TO THE RELAYS.
TO FLOW THROUGH THE
VOLTAGE REGULATING
RESISTORS 3RS & 4RS.
a. N.C. CONTACT FAILS RELAY COILS 1R-A & 1R-8 MAY NOT NO EFFECT. 3
OPEN RECEIVE ENOUGH POWER TO ENER-
GIZE AND CLOSE THE N.O. CONTACTS
FOR RUNNING M-G SETS. M-G SET
MAY NOT RECEIVE FULL POWER.
DELAY OF OPERATION.
N.C. CONTACT OPENS TO a. N.C. CONTACT FAILS THE START RELAYS WILL REMAIN NO EFFECT. 3
DEENERGIZE RELAY SX AND CLOSED ENERGIZED. SERIES ARRANGED
1Y IN THE STARTING CONTACT IN 1TR (TIME DELAY) WILL
SEQUENCE TO ALLOW THE REMOVE POWER FROM 1Y. THE CRANE
CRANE TO OPERATE WILL OPERATE NORMALLY THROUGH
NORMALLY. THE RUN CIRCUIT.
a. N.C. CONTACT FAILS M-G SET WILL NOT START. DELAY OF NO EFFECT. 3
OPEN OPERATION.
1 RECT RECTIFIER, CONVERTS AC TO DC FOR a. DIODE FAILS OPEN REDUCED DC OUTPUT. RELAYS NO EFFECT. 3
BRIDGE ENERGIZING RELAY COILS WOULD NOT BE ENERGIZED. M-G SET
1S-A AND 1S-B. WILL NOT START. DELAY OF OPERA-
TION.
a. DIODE FAILS SHORT INCREASED CURRENT TO THE RELAY NO EFFECT. 3

COILS RESULTING IN THE COILS
FAILING OPEN. M-G SET WILL NOT
START. DELAY OF OPERATION.
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Table 21 (Page 8 of 8). ELECTRICAL FMEA - MAIN HOIST

System

250-TON BRIDGE CRANE, VAB
Subsystem START/RUN CIRCUIT

Drawing No. 69-K-L-11388 Sheet No. 12/13/15
PMN K60-0533, K60-0534

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33

Date FEBRUARY 1994
Reference Figure Used

Prepared 8y C. CRABSB, LSOC 52-11

a. FAILURE MODE
b. CAUSE
¢. FMN
d. DETECTION METHOD FAILURE EFFECT
e, CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
2 RECT RECTIFIER, CONVERTS AC TO DC FOR a. DIODE FAILS OPEN REDUCED DC OUTPUT. RELAYS NO EFFECT. 3
BRIDGE ENERGIZING RELAY COILS WOULD NOT B8E ENERGIZED. M-G SET
1R-A AND 1R-B. WOULD NOT RECEIVE FULL POWER.
DELAY OF OPERATION.
a. DIODE FAILS SHORT INCREASED CURRENT TO THE RELAY NO EFFECT. 3

COILS RESULTING IN THE COILS
FAILING OPEN. M-G SET WILL BE SHUT
DOWN. DELAY OF OPERATION.
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Table 22 (Page 1 of 13). ELECTRICAL FMEA - MAIN HOIST

System  250-TON BRIDGE CRANE, VAB
Subsystem BRAKE/SPEED CONTROLS

Drawing No. 69-K-L.-11388 Sheet No. 12/13/15/17/28
PMN K80-0533, K60-0534

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33
Date FEBRUARY 1994
Reference Figure Used

Prepared By C. CRABB, LSOC 52-11

a. FAILURE MODE
b. CAUSE
c. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
1L1A, 1L24, AUTOTRANS- REGULATES THE STARTING a. FAILS OPEN MOTOR M12 WILL NOT GET THE NO EFFECT. 3
1L3A FORMER VOLTAGE FOR MOTOR M12 IN PROPER STARTING VOLTAGE. POS-
THE M-G SET. SIBLE DAMAGE TO THE M-G SET.
(1 PER PHASE LEG, 3 TOTAL). DELAY OF OPERATIONS.
1-OTT AUTOTRANS- PROVIDES CAPABILITY TO a. N.C. CONTACT FAILS POSSIBLE DAMAGE TO THE M-G SET. NO EFFECT. 3
FORMER SHUT DOWN THE HOIST M-G CLOSED MULTIPLE FAILURE REQUIRED. DELAY
QVERTEM- SET {F AUTOTRANS- OF OPERATION.
PERATURE FORMER OVERHEATS.
SENSOR
a. N.C. CONTACT FAILS M-G SET WILL NOT START. DELAY OF NO EFFECT. 3
OPEN OPERATION,
1TR1 CONTROL STEPS DOWN THE BUS a. FAILS OPEN OR SHORT LOSS OF CONTROL POWER. THE NO EFFECT. 3
TRANS- VOLTAGE OF 430V TO THE HOIST M-G SET WILL STOP. THE
FORMER DESIRED CONTROL VOLTAGE BRAKES WILL SET. DELAY CF OPERA-
OF 120V FOR MAIN CONTROL TION.
POWER FOR THE HOIST,
1ceat HOIST PROVIDES OVERLOAD PRO- a. PREMATURE TRIP LOSS OF CONTROL POWER TO THE NO EFFECT. 3
CONTROL TECTION FOR CIRCUIT FUR- HOIST. M-G SET WILL STOP. BRAKES
POWER NISHING CONTROL POWER WILL SET. DELAY OF OPERATION.
CIRCUIT FOR THE HOIST.
BREAKER,
15AT
a. FAILS TO TRIP POSSIBLE DAMAGE TO CONTROL CIR- NO EFFECT. 3
CUITRY. MULTIPLE FAILURE
REQUIRED. UPSTREAM CB 1CCB MAY
TRIP RESULTING IN LOSS OF POWER
TO STARTING AND CONTROL CIR-
CUITS. M-G SET WiLL STOP. BRAKES
WILL SET. DELAY OF OPERATION.
S3 PUSH-BUTTON | PROVIDES POWER TO THE a. START SWITCH FAILS UNABLE TO START M-G SET. DELAY NO EFFECT. 3
SWITCH. HOIST START RELAY 1SR TO OPEN OF OPERAT(ON.
START AND START AND STOP THE M-G
sSToP SET.
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Table 22 (Page 2 of 13). ELECTRICAL FMEA - MAIN HOIST

System

250-TON BRIDGE CRANE, VAB

Subsystem BRAKE/SPEED CONTROLS
Drawing No. 69-K--11388 Sheet No. 12/13/15/17/28
PMN K60-0533, K60-0534

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33
Date FEBRUARY 1994
Reference Figure Used

Prepared By C. CRABB, LSOC 52-11

a. FAILURE MODE
b. CAUSE
c. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
a. START SWITCH FAILS M-G SET WILL RESTART AFTER T HAS NO EFFECT. 3
CLOSED BEEN SHUT DOWN WITH STOP
BUTTON. M-G CAN BE SHUT DOWN BY
OPENING CB 1CCB OR 1CCB1.
a. STOP SWITCH FAILS UNABLE TO SHUT DOWN M-G SET NO EFFECT. 3
CLOSED WITH S3. M-G CAN BE SHUT DOWN BY
QOPENING CB 1CC8 OR 1CCB1.
a. STOP SWITCH FAILS UNABLE 7O START M-G SET. DELAY NO EFFECT. 3
OPEN OF OPERATION.
PL7 INDICATION PROVIDES INDICATION THAT a. FAILS OPEN UNABLE TO DETERMINE iF STARTING NO EFFECT. 3
LAMP THE HOIST M-G SET RELAY ISR IS ENERGIZED. DELAY OF
STARTING RELAY IS ENER- OPERATION.
GIZED.
1SR RELAY ENABLES THE HOIST a. FAILS DEACTIVATED CONTACTS WILL REMAIN IN NO EFFECT. 3
CONTROL CIRCUITRY. (COIL FAILS OPEN) DE-ENERGIZED POSITION. UNABLE TO
START M-G SET. DELAY OF OPERA-
TION.
a. FAILS ACTIVATED (CON- THE M-G SET WILL CONTINUE TO RUN NO EFFECT. 3
TACTS REMAIN IN THE WHEN COMMANDED TO STOP. DELAY
ENERGIZED POSITION) OF OPERATIONS.
N.O. CONTACT CLOSES TO a. N.O. CONTACT FAILS M-G SET WILL START BUT THE HOIST NO EFFECT. 3
ENABLE THE HOIST MASTER OPEN CANNOT BE MOVED, AND THE BRAKES
CONTROL 1MC. CANNOT BE RELEASED WITH 1MC.
DELAY OF OPERATION.
a. N.O. CONTACT FAILS LOSS OF ABILITY TO DISABLE 1MC NO EFFECT. 3
ZLOSED WITH 1SR. TWQ SERIES ARRANGED
N.O. RELAY CONTACTS, 1KR & 1KRX,
WILL DISABLE 1MC.
N.O. CONTACT CLOSES 7O a. N.O. CONTACT FAILS M-G SET WILL NOT START. DELAY OF NO EFFECT-. 3

INITIATE AND MAINTAIN THE
START AND RUN SEQUENCE
FOR THE HOIST M-G SET.

OPEN

OPERATION.
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Table 22 (Page 3 of 13). ELECTRICAL FMEA - MAIN HOIST

System

250-TON BRIDGE CRANE, VAB

Subsystem BRAKE/SPEED CONTROLS
Drawing No, 69-K-L-11388 Sheet No. 12/13/15/17/28

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33
Date FEBRUARY 1994
Reference Figure Used

PMN K80-0533, K60-0534 Prepared By C. CRABB, LSOC 52-11
a. FAILURE MODE
b. CAUSE
c. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
a. N.O. CONTACT FAILS THE M-G SET WILL CONTINUE TO RUN NO EFFECT. 3
CLOSED WHEN COMMANDED TO STOP. DELAY
OF OPERATIONS.
N.C. CONTACT DISABLES THE a. N.C. CONTACT FAILS UNABLE TC START AUXILIARY HOIST. NO EFFECT. 3
QPERATION OF THE AUXIL- OPEN DELAY OF OPERATION.
IARY HOIST WHILE THE MAIN
HOIST IS RUNNING.
a. N.C. CONTACT FAILS WILL NOT LOCK-OUT THE AUXILIARY NO EFFECT. 3
CLOSED HOIST WHILE THE MAIN HOIST IS
OPERATING. NO EFFECT ON THE MAIN
HOIST OPERATION.
1BR2 RELAY ENERGIZES WHEN THE HOIST a. FAILS DEACTIVATED CONTACTS WILL REMAIN IN NO EFFECT. 3
M-G SET IS STARTED TO {COIL FAILS OPEN) DE-ENERGIZED POSITION. 3RAKES
ENABLE THE BRAKE WILL REMAIN SET. DELAY OF OPERA-
SOLENOIDS. THE TWO N.O. TICN,
CONTACTS ARE IN SERIES
WITH 1BR AND 1BR1 CON-
TACTS.
a. FAILS ACTIVATED (CON- THE REDUNDANT CONTACTS OF NO EFFECT. 3
TACTS REMAIN IN THE RELAY 1BR & 1BR1 ARRANGED IN
ENERGIZED POSITION} SERIES WILL OPEN, REMOVING POWER
FROM THE BRAKES TO SET THEM.
a. N.O. CONTACT FAILS BRAKES WILL REMAIN SET. DELAY OF NO EFFECT. 3
OPEN QPERATION.
{1t OF 2)
a. N.O. CONTACT FAILS THE REDUNDANT CONTACTS IN NO EFFECT. 3

CLOSED
{1 OF 2)

SERIES WILL OPEN, REMCOVING POWER
FROM BRAKES TO SET THEM.
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Table 22 (Page 4 of 13). ELECTRICAL FMEA - MAIN HOIST

System

250-TON BRIDGE CRANE, VAB

Subsystem BRAKE/SPEED CONTROLS
Drawing No. 69-K-L-11388 Sheet No. 12/13/15/17/28

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33
Date FEBRUARY 1394
Reference Figure Used

PMN K60-0533, K60-0534 Prepared By C. CRABB, LSOC 52-11
a. FAILURE MODE
b. CAUSE
c. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO, f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR GRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
1MB RELAY ENERGIZES TO TURN ON a. FAILS DEACTIVATED CONTACTS REMAIN IN DEENERGIZED NO EFFECT. 3
BLOWER MOTORS, M17 & (COIL FAILS OPEN) POSITION, THE BLOWER MOTORS
M18. WHEN THE M-G SET IS WILL NOT START. POSSIBLE DAMAGE
STARTED. TO THE DC DRIVE MOTORS. THE
HOIST MOTOR WINDING TEMPER-
ATURE SENSOR WILL SHUT DOWN THE
HOIST M-G SET IF NECESSARY.
a. FAILS ACTIVATED (CON- THE BLOWER MOTORS WILL CONTINUE NO EFFECT. 3
TACTS REMAIN IN THE TO RUN AFTER M-G SET SHUT DOWN.
ENERGIZED POSITION) THEY CAN BE SHUT DOWN BY
OPENING CIRCUIT BREAKER 10CB.
DELAY OF OPERATIONS.
a. N.O. CONTACT FAILS BLOWER MOTORS WILL NOT RECEIVE NO EFFECT. 3
OPEN (1 OF 3) FULL POWER. POSSIBLE DAMAGE TO
THE BLOWER MOTORS AND THE DC
DRIVE MOTORS. THE HOIST MOTOR
WINDING TEMPERATURE SENSOR WILL
SHUT DOWN THE HOIST M-G SET IF
NECESSARY.
a. N.O. CONTACT FAILS NO EFFECT. BLOWER MOTORS WILL NO EFFECT. 3
CLOSED (1 OF 3) SHUT OFF AS EXPECTED.
1MC MASTER A "JOYSTICK* CONNECTED TO a. N.O. CONTACT FAILS UNABLE TO DRIVE THE HOIST NO EFFECT. 3
CONTROL MECHANICAL CONTACTS AND OPEN MOTORS AND RELEASE THE BRAKES
SWITCH REFERENCE POTENTIOMETER FOR NORMAL OPERATIONS. DELAY OF
(RPOT), TO PROVIDE THE OPERATION.
OPERATOR CONTROL OF THE
HOIST FOR RAISING (1MC-2:
OR LOWERING {1MC-2) THE
LOAD AND RELEASING THE
BRAKES BY ENERGIZING THE
HOIST CONTROL OR LOWER
CONTROL RELAYS IN THE i
NORMAL MODE OF OPERA-
TION.
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Table 22 (Page 5 of 13). ELECTRICAL FMEA - MAIN HOIST

System

250-TON BRIDGE CRANE, VAB
Subsystem BRAKE/SPEED CONTROLS

Drawing No. 69-K-L-11388 Sheet No. 12/13/15/17/28
PMN K860-0533, K60-0534

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33

Date FEBRUARY 1994
Reference Figure Used

Prepared By C. CRABB, LSOC 52-11

@ Apoog

FAILURE MODE
CAUSE

FMN

DETECTION METHOD
CORRECTING ACTION

FAILURE EFFECT
ON VEHICLE

FIND NO. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
a. N.O. CONTACT FAILS BRAKES WILL NOT SET WHEN MASTER POSSIBLE DAMAGE TO A 2
CLOSED CONTROL LEVER IS RETURNED TO VEHICLE SYSTEM.

WELDED CONTACT,
BINDING MECHANISM
09FY12-005.005

BRAKE SET LIGHT WILL
NOT COME ON

PRESS THE E-STOP
BUTTON

SECONDS

ESTIMATED 3 TO 10
SECONDS

NEUTRAL POSITION (NO ARMATURE
CURRENT). LOAD WILL DESCEND
WITH REGENERATIVE BRAKING
APPLIED.

N.C. CONTACT (1MC-1) OPENS
WHEN THE 7JOYSTICK” IS
POSITIONED QUT OF DETENT
TO PREVENT THE M-G SET
FROM BEING STARTED.

N.Q. CONTACT (1MC-4)
CLOSES TO ENERGIZE THE
HIGH SPEED RELAYS WHEN
THAT MODE IS SELECTED.

a. N.C. CONTACT FAILS UNABLE TO START THE M-G SET.
OPEN DELAY OF OPERATION.

a. N.C. CONTACT FAILS
CLOSED

M-G SET CAN BE STARTED WITH THE
*JOYSTICK” OUT OF DETENT. OPER-
ATCR ERROR REQUIRED.

a. N.O. CONTACT FAILS LOSS OF HIGH SPEED CAPABILITY.
OPEN DELAY OF OPERATION.

a. N.O. CONTACT FAILS
CLOSED

SPEED SELECTOR SWITCH CONTACT,
S82-§, ARRANGED IN SERIES, WILL
PREVENT THE HIGH SPEED RELAYS
FROM BEING ENERGIZED IF THE HIGH
SPEED MODE IS NOT SELECTED.

NO EFFECT.

NO EFFECT.

NO EFFECT.

NO EFFECT.

[]
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Table 22 (Page 6 of 13). ELECTRICAL FMEA - MAIN HOIST

System

250-TON BRIDGE CRANE, VAB

Subsystem BRAKE/SPEED CONTROLS
Drawing No. 69-K-L-11388 Sheet No. 12/13/15/17/28
PMN K60-0533, K60-0534

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33
Date FEBRUARY 1994
Reference Figure Used

Prepared By C. CRABB, LSOC §2-11

a. FAILURE MODE
b. CAUSE
c. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
1HCR RELAY PROVIDES POWER TO BRAKE a. FAILS DEACTIVATED CONTACTS WILL REMAIN IN NO EFFECT. 3
RELAYS TO RELEASE BRAKES (COIL FAILS OPEN) DE-ENERGIZED POSITION. BRAKES
DURING HOISTING AND CANNOT BE RELEASED AND GENER-
FLOATING OPERATIONS, AND ATOR FIELD CANNOT BE ENERGIZED.
PROVIDES PQWER TO START DELAY OF OPERATION.
THE SEQUENCE TO ENERGIZE
THE GENERATOR FIELD
WINDING.
N.O. CONTACT CLOSES TO a. N.O. CONTACT FAILS BRAKES WILL NOT BE RELEASED AND NO EFFECT. 3

ENERGIZE RELAY 1XR, WHICH
RELEASES THE BRAKES, AND
RELAY 1XR1, WHICH ENABLES
THE GENERATOR FIELD DC
INPUT CONTROLLER.

OPEN

3. N.O. CONTACT FAILS
CLOSED OR RELAY FAILS
ACTIVATED (CONTACTS
REMAIN IN THE ENER-
GIZED POSITION)

b. WELDED CONTACTS,
BINDING MECHANISM

c. 09FY12-005.007

d. BRAKE SET LIGHT WILL
NOT COME ON

e. PRESS THE E-STOP
BUTTON

. SECONDS

g. ESTIMATED 3 TO 10

SECONDS

THE GENERATOR FIELD DC INPUT
CONTROLLER WILL NOT BE ENABLED.
DELAY OF OPERATIONS.

BRAKE RELAYS WILL REMAIN ENER-
GIZED AND BRAKES WILL NOT SET
WHEN HOIST MOTORS ARE COM-
MANDED TO STOP (IN NORMAL OPER-
ATION). LOAD WILL DESCEND WITH
REGENERATIVE BRAKING APPLIED.

POSSIBLE DAMAGE TO A
VEHICLE SYSTEM.
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Table 22 (Page 7 of 13). ELECTRICAL FMEA - MAIN HOIST

System  250-TON 8RIDGE CRANE, VAB
Subsystem BRAKE/SPEED CONTROLS

Station Set/Facility Code 20, 33
Date FEBRUARY 1994

Program SPACE SHUTTLE

Drawing No. 69-K-L-11388 Sheet No, 12/13/15/17/28 Reference Figure Used

S00-112S L3FHSHIOM

Gl

PMN K80-0533, K60-0534 Prepared By C. CRABB, LSOC 52-11
a. FAILURE MODE
b. CAUSE
¢. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT

N.Q. CONTACT CLOSES TO
ENERGIZE HCR RUN WHICH
ENERGIZES 1RUN.

N.O. CONTACT FAILS
OPEN

CORROSION, BINDING
MECHANISM
09FY12-005.006

NO INDICATION OF
CURRENT ON CONSOLE
AMMETER

RETURN THE MASTER
CONTROLLER TO
NEUTRAL OR PRESS THE
E-STOP BUTTON

RELAY 1RUN N.O. CONTACT WILL NOT
CLOSE AND GENERATOR FIELD WILL
NOT BE ENERGIZED. NO HOIST
MOTOR TORQUE. LOAD WILL
DESCEND, WITH REGENERATIVE
BRAKING APPLIED, WHILE THE
COMMAND IS BEING GIVEN TO RAISE
OR FLOAT AND THE BRAKES ARE
RELEASED.

POSSIBLE DAMAGE TO A
VEHICLE SYSTEM.

f. SECONDS
g. ESTIMATED 37O 10
SECONDS
a. N.O. CONTACT FAILS POWER WILL BE REMOVED FROM NO EFFECT. 3
CLOSED RELAY HCR RUN WHEN THE MASTER
CONTROL SWITCH IS RETURNED TO
CENTER AND SERIES RELAY CONTACT
1VR IS DEENERGIZED.
N.O. CONTACT, ARRANGED IN a. N.O. CONTACT FAILS BRAKES WILL SET IMMEDIATELY NO EFFECT. 3

SERIES WITH 1VR, CLOSES TO
KEEP RELAY 1HCR ENER-
GIZED WHILE THE VOLTAGE
IN THE DC DRIVE MOTOR
CIRCUIT IS ABOVE A PREDE-
TERMINED LIMIT. THIS PRE-
VENTS THE BRAKES FROM
SETTING, AFTER THE MASTER
CONTROL SWITCH IS
RETURNED TO NEUTRAL,
WHILE THE MOTORS WIND
DOWN.

OPEN

WHEN THE MASTER CONTROL SWITCH
IS RETURNED TO NEUTRAL. POSSIBLE
DAMAGE TO THE BRAKES.
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Table 22 (Page 8 of 13). ELECTRICAL FMEA - MAIN HOIST

System

250-TON BRIDGE CRANE, VAB

Subsystem BRAKE/SPEED CONTROLS
Drawing No. §9-K-L-11388 Sheet No. 12/13/156/17/28

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33
Date FEBRUARY 1994
Reference Figure Used

PMN K60-0533, K60-0534 Prepared By C. CRABB, L.SOC 52-11
a. FAILURE MODE
b. CAUSE
c. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
a. N.O. CONTACT FAILS SERIES ARRANGEMENT OF 1VR N.O. NO EFFECT. 3
CLOSED CONTACT WiLL REMOVE POWER FROM
1HCR AFTER THE VOLTAGE IN THE DC
MOTOR CIRCUIT GOES BELOW THE
PREDETERMINED LIMIT.
N.O. CONTACT CLOSES TO a. N.O. CONTACT FAILS HAND BRAKE SWITCH S1 CANNOT NO EFFECT. 3
ENABLE THE HAND BRAKE OPEN RELEASE THE BRAKES. DELAY OF
RELEASE SWITCH S1. OPERATION.
a. N.O. CONTACT FAILS HAND BRAKE SWITCH S1 AND N.O. NO EFFECT. 3
CLOSED RELAY CONTACT 1XR, ARRANGED IN
SERIES, WILL PREVENT THE BRAKES
FROM BEING RELEASED INADVERT-
ENTLY.
N.C. CONTACT OPENS TO 3. N.C. CONTACT FAILS RELAY 1LCR WiLL REMAIN LOCKED NO EFFECT. 3
DISABLE THE LOWERING OPEN OUT. UNABLE TO LOWER LOAD.
PORTION OF THE CIRCUITRY. DELAY OF OPERATION.
a. N.C. CONTACT FAILS RELAY 1LCR WILL NOT BE LOCKED NO EFFECT. 3
CLOSED QUT. NO EFFECT ON HOISTING OPER-
ATIONS.
1LCR RELAY PROVIDES POWER TO BRAKE a. FAILS DEACTIVATED CONTACTS WILL REMAIN IN NO EFFECT. 3
RELAYS TO RELEASE BRAKES (COIL FAILS OPEN) DE-ENERGIZED POSITION. BRAKES
DURING LOWERING OPER- CANNOT BE RELEASED AND GENER-
ATIONS, AND PROVIDES ATOR FIELD CANNOT BE ENERGIZED.
POWER TO START THE DELAY OF OPERATION.
SEQUENCE TO ENERGIZE THE
GENERATOR FIELD WINDING.
N.O. CONTACT CLOSES TO a. N.O. CONTACT FAILS BRAKES WILL NOT BE RELEASED AND NO EFFECT. 3
ENERGIZE RELAY 1XR, WHICH OPEN THE GENERATOR FIELD DC [NPUT
RELEASES THE BRAKES, AND CONTROLLER WILL NOT BE ENABLED.
RELAY 1XR1, WHICH ENABLES DELAY OF OPERATIONS.
THE GENERATOR FIELD DC
INPUT CONTROLLER.

g ‘A3
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Table 22 (Page 9 of 13). ELECTRICAL FMEA - MAIN HOIST

System

250-TON BRIDGE CRANE, VAB
Subsystem BSRAKE/SPEED CONTROLS
Drawing No. §9-K-L-11388 Sheet No. 12/13/15/17/28

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33

Date FEBRUARY 1994
Reference Figure Used

PMN  K60-0533, K60-0534 Prepared By C. CRABB, LSOC 52-11
a. FAILURE MODE
b. CAUSE
c. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
a. N.O. CONTACT FAILS BRAKE RELAYS WILL REMAIN ENER- POSSIBLE DAMAGE TO A 2
CLOSED OR RELAY FAILS | GIZED AND BRAKES WILL NOT SET VEHICLE SYSTEM.
ACTIVATED (CONTACTS WHEN HOIST MOTORS ARE COM-
REMAIN IN THE ENER- MANDED TO STOP {IN NORMAL OPER-
GIZED POSITION) ATION). LOAD WILL DESCEND WITH
b. WELDED CONTACTS, REGENERATIVE BRAKING APPLIED.
BINDING MECHANISM
c. 09FY12-005.009
d. BRAKE SET LIGHT WILL
NOT COME ON
e. PRESS THE E-STOP
- BUTTON
~ f. SECONDS
g. ESTIMATED 3 TO 10
SECONDS
N.O. CONTAC' CLOSES TO a. N.O. CONTACT FAILS RELAY 1RUN N.O. CONTACT WILL NOT | POSSIBLE DAMAGE TO A 2
ENERGIZE LCR RUN WHICH OPEN CLOSE AND GENERATOR FIELD WILL VEHICLE SYSTEM.
ENERGIZES 1RUN. b. CORROSION, BINDING NOT BE ENERGIZED. NO HOIST
MECHANISM MOTOR TORQUE. LOAD WILL
c. 09FY12-005.008 DESCEND, WITH REGENERATIVE
d. NO INDICATION OF BRAKING APPLIED, WHILE THE
CURRENT ON CONSOLE COMMAND, VIA THE MASTER
AMMETER CONTROL SWITCH, IS BEING GIVEN TO
e. RETURN THE MASTER LOWER AND THE BRAKES ARE
CONTROLLER TO RELEASED.
NEUTRAL OR PRESS THE
E-STOP BUTTON
f. SECONDS
g. ESTIMATED 3 TO 10

SECONDS

N.O. CONTACT FAILS
CLOSED

POWER WILL BE REMOVED FROM
RELAY LCR RUN WHEN THE MASTER
CONTROL SWITCH IS RETURNED TO
CENTER AND SERIES RELAY CONTACT
1VR IS DEENERGIZED.

NO EFFECT.

g8 ‘A3
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Table 22 (Page 10 of 13). ELECTRICAL FMEA - MAIN HOIST

System

250-TON BRIDGE CRANE, VAB

Subsystem BRAKE/SPEED CONTROLS
Drawing No. 69-K-.-11388 Sheet No. 12/13/15/17/28
PMN K60-0533, K60-0534

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33
Date FEBRUARY 1994
Reference Figure Used

Prepared By C. CRABB, LSOC 52-11

FIND NO,
PART NO.

PART NAME

PART FUNCTION

FAILURE MODE
CAUSE

FMN

DETECTION METHOD
CORRECTING ACTION
TIME TO EFFECT
TIMEFRAME

FAILURE EFFECT ON
SYSTEM PERFORMANCE

FAILURE EFFECT
ON VEHICLE
SYSTEMS AND/OR
PERSONNEL SAFETY

CRIT
CAT

N.O. CONTACT, ARRANGED IN
SERIES WITH 1VR, CLOSES TO
KEEP RELAY 1LCR ENER-
GIZED WHILE THE VOLTAGE
IN THE DC DRIVE MOTOR
CIRCUIT IS ABOVE A PREDE-
TERMINED LIMIT. THIS PRE-
VENTS THE BRAKES FROM
SETTING, AFTER THE MASTER
CONTROL SWITCH IS
RETURNED TO NEUTRAL,
WHILE THE MOTORS WIND
DOWN.

N.O. CONTACT CLOSES TO
ENABLE THE HAND BRAKE
RELEASE SWITCH S1.

N.C. CONTACT OPENS TO
DISABLE THE HOISTING
PORTION OF THE CIRCUITRY.

N.O. CONTACT FAILS
OPEN

N.Q. CONTACT FAILS
CLOSED

N.O. CONTACT FAILS

OPEN

N.O. CONTACT FAILS

CLOSED

N.C. CONTACT FAILS

OPEN

N.C. CONTACT FAILS
CLOSED

BRAKES WILL SET IMMEDIATELY
WHEN THE MASTER CONTROL SWITCH
IS RETURNED TO NEUTRAL. POSSIBLE
DAMAGE TO THE BRAKES.

SERIES ARRANGEMENT OF 1VR N.O.
CONTACT WiLL REMOVE POWER FROM
1LCR AFTER THE VOLTAGE IN THE DC
MOTOR CIRCUIT GOES BELOW THE
PREDETERMINED LIMIT.

HAND BRAKE SWITCH S1 CANNOT
RELEASE THE BRAKES. DELAY OF
OPERATION.

HAND BRAKE SWITCH S1 AND N.O.
RELAY CONTACT 1XR, ARRANGED IN
SERIES, WILL PREVENT THE BRAKES
FROM BEING RELEASED INADVERT-
ENTLY.

RELAY 1HCR WiLL REMAIN LOCKED
OUT. UNABLE TO HOIST LOAD.
DELAY OF OPERATION.

RELAY tHCR WILL NOT BE LOCKED
QUT. NO EFFECT ON LOWERING OPER-
ATIONS.

NQ EFFECT.

NO EFFECT.

NO EFFECT.

NO EFFECT.

NO EFFECT.

NO EFFECT.

(]
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Table 22 (Page 11 of 13). ELECTRICAL FMEA - MAIN HOIST

System

250-TON BRIDGE CRANE, VAB

Subsystem BRAKE/SPEED CONTROLS
Drawing Na. 69-K-L-11388 Sheet No. 12/13/15/17/28

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33
Date FEBRUARY 1994
Reference Figure Used

PMN KB80-0533, K60-0534 Prepared By C. CRABB, LSOC 52-11
a. FAILURE MODE
b. CAUSE
c. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO, f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
1HLS HIGH LEVEL SHUTS DOWN THE HOIST AND a. N.C. CONTACT FAILS UNABLE TO OPERATE THE HOIST IN NO EFFECT, 3
LiIMIT SETS THE BRAKES IN THE OPEN THE HOIST DIRECTION ONLY. 1T WILL
SWITCH EVENT THE UPPER LEVEL OF STILL OPERATE IN THE LOWER MOODE.
TRAVEL IS REACHED. DELAY OF OPERATION.
a. N.C. CONTACT FAILS POSSIBLE DAMAGE TO THE WIRE NO EFFECT. 3
CLOSED ROPE. MULTIPLE FAILURE OR OPER-
ATOR ERROR REQUIRED.
tLLS-A LOW LEVEL SHUTS DOWN THE HOIST AND a. N.C. CONTACT FAILS UNABLE TO OPERATE THE HOIST IN NQ EFFECT. 3
LIMIT SETS THE BRAKES IN THE OPEN THE LOWER DIRECTION ONLY. iT WILL
SWITCH EVENT THE FIRST LOWER STILL OPERATE IN THE HOIST MODE.
LIMIT OF TRAVEL IS DELAY OF OPERATION,
REACHED.
a. N.C. CONTACT FAILS POSSIBLE DAMAGE TO THE WIRE NO EFFECT. 3
CLOSED ROPE. MULTIPLE FAILURE OR OPER-
ATOR ERROR REQUIRED.
1LLS-B LOW LEVEL SHUTS DOWN THE HOIST AND a. N.C. CONTACT FAILS UNABLE TO USE FLCAT MODE. DELAY NO EFFECT. 3
LIMIT SETS THE BRAKES IN THE OPEN OF OPERATION.
SWITCH EVENT THE SECOND LOWER
LIMIT IS REACHED DURING
FLOAT OPERATION.
a. N.C. CONTACT FAILS POSSIBLE DAMAGE TO THE WIRE NO EFFECT. 3
CLOSED ROPE. MULTIPLE FAILURE OR OPER-
ATOR ERROR REQUIRED.
1HSTR TIME DELAY PROVIDES TIMED DELAY FOR a. FAILS DEACTIVATED CONTACT REMAINS IN DE-ENERGIZED NO EFFECT. 3
RELAY ENERGIZING HIGH SPEED {COIL FAILS OPEN) POSITION. UNABLE TO ENERGIZE
RELAY 1HS. HIGH SPEED RELAY AND ACHIEVE
HIGH SPEED TRAVEL.
a. N.O. CONTACT FAILS UNABLE TO ENERGIZE HIGH SPEED NO EFFECT. 3
OPEN RELAY AND ACHIEVE HIGH SPEED
TRAVEL.

8 "'A3d

GO0-CL AJ60VVS



9v10Sd

S00-1 1¢S5 LA3HSHHOM

08

Table 22 (Page 12 of 13). ELECTRICAL FMEA - MAIN HOIST

System

250-TON BRIDGE CRANE, VAB

Subsystem BRAKE/SPEED CONTROLS
Drawing No. 69-K-L-11388 Sheet No. 12/13/15/17/28
PMN K60-0533, K60-0534

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33

Date FEBRUARY 1994
Reference Figure Used

Prepared By C. CRABB, LSOC §2-11

a. FAILURE MODE
b, CAUSE
c. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
a. N.O. CONTACT FAILS SPEED SELECTOR SWITCH CONTACT, NO EFFECT. 3
CLOSED $S2-5, ARRANGED IN SERIES, WILL
PREVENT THE HIGH SPEED RELAY
FROM BEING ENERGIZED IF THE HIGH
SPEED MOQODE IS NOT SELECTED.
1HS RELAY ENERGIZES TO PROVIDE HIGH a. FAILS DEACTIVATED CONTACTS WILL REMAIN IN NQO EFFECT. 3

SPEED OPERATION OF THE
HOIST.

N.C. CONTACT OPENS TO
DEENERGIZE THE FIELD
WEAKENING RELAY, 1FW, TO
WEAKEN THE F{ELD OF THE
DC DRIVE MOTORS AND PUT
THE HOIST IN THE HIGH
SPEED MCDE CONFIGURA-
TION.

N.O. CONTACT CLOSES TO
PROVIDE A REDUNDANT
POWER PATH TO THE BRAKE
RELAYS TO RELEASE THE
BRAKES.

(COIL FAILS OPEN)

N.C. CONTACT FAILS
OPEN

CORROSION
09FY12-005.103
SELSYN POSITION INDi-
CATOR

PRESS THE E-STOP
BUTTON

SECONDS
ESTIMATED 3 TO 10
SECONDS

N.C. CONTACT FAILS
CLOSED

N.O. CONTACT FAILS
QPEN

N.O. CONTACT FAILS
CLOSED

DE-ENERGI!ZED POSITION. LOSS OF
HIGH SPEED RANGE.

THE N.C. CONTACT WILL OPEN, DEEN-
ERGIZING RELAY tFW, WHICH PLACES
RESISTORS 1FWR AND RESA IN
SERIES WITH THE DC MOTQR FIELD
WINDINGS. THE FIELD WILL BE WEAK-
ENED B8Y THE REDUCTION OF
CURRENT THROUGH THE WINDINGS.
THE HOIST WILL BE IN THE HIGH
SPEED MODE CONFIGURATION. THE
HOIST SPEED WILL INCREASE TO
APPROXIMATELY THREE TIMES THE
COMMANDED SPEED.

LOSS OF HIGH SPEED RANGE. NO
EFFECT ON NORMAL OPERATIONS.

PARALLEL ARRANGED CONTACT OF
RELAY 1XR wiLL PROVIDE A POWER
PATH TO RELEASE THE BRAKES.

SERIES ARRANGED CONTACT OF
RELAY 1XR WILL OPEN AND SET THE
BRAKES.

POSSIBLE LOSS OF LIFE
AND/OR VEHICLE.

NO EFFECT.

NO EFFECT.

NO EFFECT.
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Table 22 (Page 13 of 13). ELECTRICAL FMEA - MAIN HOIST

System  250-TON BRIDGE CRANE, VAB
Subsystem BRAKE/SPEED CONTROLS

Drawing No. 69-K-L-11388 Sheet No. 12/13/15/17/28
PMN K60-0533, K60-0534

Pragram SPACE SHUTTLE

Station Set/Facility Code 20, 33
Date FEBRUARY 1994
Reference Figure Used

Prepared By C. CRABB, LSOC 52-11

FIND NO.
PART NO.

PART NAME

PART FUNCTION

e~papogp

FAILURE MODE
CAUSE

FMN

DETECTION METHOD
CORRECTING ACTION
TIME TO EFFECT
TIMEFRAME

FAILURE EFFECT ON
SYSTEM PERFORMANCE

FAILURE EFFECT
ON VEHICLE
SYSTEMS AND/OR
PERSONNEL SAFETY

CRIT
CAT

FAILS ACTIVATED (CON-
TACTS REMAIN IN THE
ENERGIZED POSITION)

THE HOIST WILL REMAIN IN THE HIGH
SPEED MODE. THIS IS DETECTABLE
PRIOR TO ENTERING A CRITICAL SITU-
ATION. DELAY OF OPERATIONS. (SEE
GROUND RULE f).

NO EFFECT.
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Table 23 (Page 1 of 22). ELECTRICAL FMEA - MAIN HOIST

System

250-TON BRIDGE CRANE, VAB

Subsystem BRAKE/SPEED CONTROLS
Drawing No. 69-K-.-11388 Sheet No. 12/13/14/15
PMN K80-0533, K60-0534

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33

Date FEBRUARY 1994
Reference Figure Used

Prepared By C. CRABB, LSOC 52-11

a. FAILURE MODE
b. CAUSE
¢. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
HCR RUN RELAY CONTROLS RELAY 1RUN FOR a. FAILS DEACTIVATED CONTACTS REMAIN IN DE-ENERGIZED POSSIBLE DAMAGE TO A 2
ENERGIZING THE GENERATOR (CQIL FAILS OPEN) POSITION. RELAY 1RUN N.O. VEHICLE SYSTEM.
FIELD WINDING DURING b. CORROSION, FATIGUE CONTACT WILL NOT CLOSE AND THE
HOISTING OR FLOAT OPER- c. 09FY12-005.010 GENERATOR FIELD WINDING WILL NOT
ATIONS. d. NO INDICATION OF BE ENERGIZED. NO HOIST MOTOR
CURRENT ON CONSOLE TORQUE. LOAD WILL DESCEND, WITH
AMMETER REGENERATIVE BRAKING APPLIED,
e. RETURN THE MASTER WHILE THE COMMAND IS BEING GIVEN
CONTROLLER TO TO RAISE OR FLOAT AND THE BRAKES
NEUTRAL OR PRESS THE ARE RELEASED.
E-STOP BUTTON
f. SECONDS
g. ESTIMATED 3 TO 10
SECONDS
a. FAILS ACTIVATED (CON- RELAY 1RUN N.C. CONTACT WilL NO EFFECT 3
TACTS REMAIN IN THE REMAIN CLOSED WHEN THE JOYSTICK
ENERGIZED POSITION) IS RETURNED TO CENTER. THERE
WILL BE NO INPUT TO THE GENER-
ATOR FIELD WINDING BECAUSE THE
GENERATOR FIELD DC INPUT CON-
TROLLER WILL BE DISABLED.
a. N.O. CONTACT FAILS RELAY 1RUN N.O. CONTACT WILL NOT POSSIBLE DAMAGE TO A 2
OPEN CLOSE AND THE GENERATOR FIELD VEHICLE SYSTEM.
b. CORROSION, BINDING WINDING WILL NOT BE ENERGIZED.
MECHANISM NO HOIST MOTOR TORQUE. LOAD
c. 09FY12-005.011 WILL DESCEND, WITH REGENERATIVE
d. NO INDICATION OF BRAKING APPLIED, WHILE THE
CURRENT ON CONSOLE COMMAND IS GIVEN TO RAISE OR
AMMETER FLOAT AND THE BRAKES ARE
e. RETURN THE MASTER RELEASED.
CONTROLLER TO
NEUTRAL OR PRESS THE
E-STOP BUTTON
f. SECONDS
g. ESTIMATED 3 7O 10

SECONDS

g 'A3d
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Table 23 (Page 2 of 22). ELECTRICAL FMEA - MAIN HOIST

System

250-TON BRIDGE CRANE, VAB
Subsystem BRAKE/SPEED CONTROLS

Drawing No. 69-K-L-11388 Sheet No. 12/13/14/15
PMN K60-0533, K80-0534

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33

Date FEBRUARY 1994
Reference Figure Used

Prepared By C. CRABB, LSOC 52-11

a. FAILURE MODE

b. CAUSE

¢. FMN

d. DETECTION METHOD
e. CORRECTING ACTION

FAILURE EFFECT
ON VEHICLE

FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
a. N.O. CONTACT FAILS RELAY 1RUN N.O. CONTACT WILL NO EFFECT. 3
CLOSED REMAIN CLOSED WHEN THE JOYSTICK
IS RETURNED TO CENTER. THERE
WILL BE NO INPUT TO THE GENER-
ATOR FiELD WINDING BECAUSE THE
GENERATOR FIELD OC INPUT CON-
TROLLER WILL BE DISABLED.
a. N.C. CONTACT FAILS RELAY 1RUN N.O. CONTACT WILL NOT POSSIBLE DAMAGE TO A 2
CLOSED CLOSE AND THE GENERATOR FIELD VEHICLE SYSTEM.
b, WELDED CONTACTS, WINDING WILL NOT BE ENERGIZED.
BINDING MECHANISM NO HOIST MOTOR TORQUE. LOAD
c. 09FY12-005.012 WILL DESCEND, WITH REGENERATIVE
d. NO INDICATION OF BRAKING APPLIED, WHILE THE
CURRENT ON CONSOLE COMMAND IS GIVEN TO RAISE OR
AMMETER FLOAT AND THE BRAKES ARE
e. RETURN THE MASTER RELEASED.
CONTROLLER TO
NEUTRAL OR PRESS THE
E-STOP BUTTON
f. SECONDS
g. ESTIMATED 3 TO 10
SECONDS
a. N.C. CONTACT FAILS RELAY 1RUN N.O. CONTACT WiLL NO EFFECT. 3

OPEN

DROP OUT {OPEN) BY GRAVITY
AND/OR THE SPRING FORCE.

8 ‘A3d
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Table 23 (Page 3 of 22). ELECTRICAL FMEA - MAIN HOIST

System  250-TON BRIDGE CRANE, VAB
Subsystem BRAKE/SPEED CONTROLS

Drawing No. 69-K-L-11388 Sheet No. 12/13/14/15
PMN K60-0533, K60-0534

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33
Date FEBRUARY 1994

Reference Figure Used

Prepared 8y C. CRABB, LSOC 52-11

a. FAILURE MODE
b. CAUSE
c. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO, f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
LCR RUN RELAY CONTROLS RELAY 1RUN FOR a. FAILS DEACTIVATED CONTACTS REMAIN IN DE-ENERGIZED POSSIBLE DAMAGE TO A 2
ENERGIZING THE GENERATOR (COIL FAILS OPEN) POSITION. RELAY 1RUN N.O. VEHICLE SYSTEM.
FIELD WINDING DURING LOW- b. CORROSION, FATIGUE CONTACT WILL NOT CLOSE AND THE
ERING OPERATIONS. c. 09FY12-005.013 GENERATOR FIELD WINDING WILL NOT
d. NO INDICATION OF BE ENERGIZED. NO HOIST MOTOR
CURRENT ON CONSOQLE TORQUE. LOAD WILL DESCEND, WITH
AMMETER REGENERATIVE BRAKING APPLIED,
e. RETURN THE MASTER WHEN THE COMMAND, VIA THE
CONTROLLER TO MASTER CONTROL SWITCH, 1S GIVEN
NEUTRAL OR PRESS THE TO LOWER AND THE BRAKES ARE
E-STOP BUTTON RELEASED.
f. SECONDS
g. ESTIMATED 3 TO 10
SECONDS
a. FAILS ACTIVATED {CON- RELAY TRUN N.O. CONTACT WILL NO EFFECT. 3
TACTS REMAIN IN THE REMAIN CLOSED WHEN THE JOYSTICK
ENERGIZED POSITION) 'S RETURNED TO CENTER. THERE
WILL BE NO INPUT TO THE GENER-
ATOR FIELD WINDING BECAUSE THE
GENERATCR FIELD DC INPUT CON-
TROLLER WILL BE DISABLED.
a. N.O. CONTACT FAILS RELAY 1RUN N.O. CONTACT WILL NOT POSSIBLE DAMAGE TO A 2
OPEN CLOSE AND THE GENERATOR FIELD VEHICLE SYSTEM.
b. CORROSION, BINDING WINDING WILL NOT BE ENERGIZED.
MECHANISM NO HOIST MOTCR TORQUE. LOAD
c. 09FY12-005.014 WILL DESCEND, WITH REGENERATIVE
d. NO INDICATION OF BRAKING APPLIED, WHEN THE
CURRENT ON CONSOLE COMMAND, VIA THE MASTER
AMMETER CONTROL SWITCH IS GIVEN TO LOWER
e. RETURN THE MASTER AND THE BRAKES ARE RELEASED.
CONTROLLER TO
NEUTRAL OR PRESS THE
E-STOP BUTTON
f. SECONDS
g. ESTIMATED 3 TO 10
SECONDS

8 'AJY
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Table 23 (Page 4 of 22). ELECTRICAL FMEA - MAIN HOIST

System

250-TON BRIDGE CRANE, VAB

Subsystem BRAKE/SPEED CONTROLS
Drawing No. 69-K-L-11388 Sheet No. 12/13/14/15
PMN K80-0533, K60-0534

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33

Date FEBRUARY 1994
Reference Figure Used

Prepared By C. CRABB, LSOC 52-11

a. FAILURE MODE
b. CAUSE
c. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
a. N.O. CONTACT FAILS RELAY 1RUN N.O. CONTACT WILL NO EFFECT. 3
CLOSED REMAIN CLOSED WHEN THE JOYSTICK
IS RETURNED TO CENTER. THERE
WILL BE NO INPUT TO THE GENER-
ATOR FIELD WINDING BECAUSE THE
GENERATOR FIELD DC INPUT CON-
TROLLER WILL BE DISABLED.
a. N.C. CONTACT FAILS RELAY 1RUN N.O. CONTACT WILL NOT POSSIBLE DAMAGE TO A 2
CLOSED CLOSE AND THE GENERATOR FIELD VEMHICLE SYSTEM.
b. WELDED CONTACTS, WINDING WILL NOT BE ENERGIZED.
BINDING MECHANISM NO HOIST MOTOR TORQUE. LOAD
c. 09FY12-005.015 WILL DESCEND, WiTH REGENERATIVE
d. NO INDICATION OF BRAKING APPLIED, WHEN THE
CURRENT ON CONSOLE COMMAND, VIA THE MASTER
AMMETER CONTROL SWITCH, IS GIVEN TO
e. RETURN THE MASTER LOWER AND THE BRAKES ARE
CONTROLLER TO RELEASED.
NEUTRAL OR PRESS THE
E-STOP BUTTON
f. SECONDS
g. ESTIMATED 3 TO 10
SECONDS
a. N.C. CONTACT FAILS RELAY 1RUN N.O. CONTACT WILL NO EFFECT. 3
OPEN DROP QUT (OPEN) BY GRAVITY
AND/OR THE SPRING FORCE.
1IXR RELAY ENERGIZES WHEN RELAY a. FAILS DEACTIVATED CONTACTS REMAIN IN DE-ENERGIZED NO EFFECT. 3

1HCR OR 1LCR IS ENERGIZED
BY THE MASTER CON-
TROLLER TO PROVIDE POWER
TO THE BRAKE RELAYS 1BR &
1BR1 TO RELEASE THE
BRAKES.

S

{COIL FAILS OPEN)

POSITION. UNABLE TO ENERGIZE
BRAKE RELAYS AND RELEASE
BRAKES. DELAY OF OPERATION.

g 'A3d
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Table 23 (Page 5 of 22). ELECTRICAL FMEA - MAIN HOIST

System

250-TON BRIDGE CRANE, VAB
Subsystem BRAKE/SPEED CONTROLS
Drawing No. 59-K-L-11388 Sheet No. 12/13/14/15

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33
Date FEBRUARY 1994
Reference Figure Used

PMN K60-0533, K80-0534 Prepared By C. CRABSB, LSOC 52-11
a. FAILURE MODE
b. CAUSE
c. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT

98

N.Q. CONTACT CLOSES 7O
ENERGIZE BRAKE RELAYS,
1BR AND 1BR1, WHEN THE
MASTER CONTROLLER IS
MOVED.

N.O. CONTACT CLOSES TO
PROVIDE A REDUNDANT
POWER PATH, THROUGH
SERIES ARRANGED CONTACT
1HS, TO RELEASE THE
BRAKES IN THE HIGH SPEED
MODE.

a. N.O. CONTACT FAILS
OPEN

a. N.O. CONTACT FAILS
CLOSED OR RELAY FAILS
ACTIVATED (CONTACTS
REMAIN IN THE ENER-
GIZED POSITION)

b. WELDED CONTACTS,

BINDING MECHANISM

09FY12-005.018

d. BRAKE SET LIGHT wWiLL
NOT COME ON

e. PRESS THE E-STOP
BUTTON OR THE FOOT
SWITCH S2.

f. SECONDS

g. ESTIMATED 3TO 10
SECONDS

[

a. N.O. CONTACT FAILS
OPEN

a. N.O. CONTACT FAILS
CLOSED

UNABLE TO ENERGIZE BRAKE RELAY
AND RELEASE BRAKES. DELAY OF
OPERATION.

BRAKE RELAYS WILL REMAIN ENER-
GIZED. BRAKES WILL NOT SET WHEN
THE HOIST MOTORS ARE COM-
MANDED, VIA THE MASTER CONTROL
SWITCH TO STOP. LOAD WILL
DESCEND, WITH REGENERATIVE
BRAKING APPLIED.

BRAKES WILL BE RELEASED THROUGH
THE REDUNDANT 1XR CONTACT IN
HIGH SPEED OPERATIONS.

SERIES ARRANGED CONTACT 1HS
WILL OPEN TO REMOVE POWER FROM
THE BRAKE RELAYS.

NO EFFECT.

POSSIBLE DAMAGE TO A
VEHICLE SYSTEM.

NQ EFFECT.

NO EFFECT.

[
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Table 23 (Page 6 of 22). ELECTRICAL FMEA - MAIN HOIST

System

250-TON BRIDGE CRANE, VAB

Subsystem BRAKE/SPEED CONTROLS
Orawing No. 69-K-L-11388 Sheet No. 12/13/14/15

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33
Date FEBRUARY 1994
Reference Figure Used

PMN K60-0533, K60-0534 Prepared By C. CRABB, LSOC 52-11
a. FAILURE MODE
b. CAUSE
c. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
1FW RELAY THE RELAY ENERGIZES WHEN a. FAILS DEACTIVATED THE N.O. CONTACTS WILL BE OPENED POSSIBLE LOSS OF LIFE 1

POWER IS APPLIED TO THE
CRANE, CLOSING THE THREE
NORMALLY OPEN (N.O.) CON-
TACTS. THE TWO SERIES
ARRANGED CONTACTS
BYPASS RESISTOR 1FWR TO
ALLOW AN INCREASE IN
CURRENT TO THE DC MOTOR
FIELD WINDINGS TO
STRENGTHEN THE FIELD. THE
THIRD ENABLES, BUT DOES
NOT ENERGIZE RELAY 1SRX.

THE RELAY IS DEENERGIZED
WHILE IN THE HIGH SPEED
MODE, WHICH OPENS THE
CONTACTS, TO PLACE RESIS-
TORS 1FWR AND RESA IN
SERIES WITH THE FIELD
WINDINGS TO REDUCE THE
CURRENT AND WEAKEN THE
FIELD.

(COIL FAILS OPEN)

b. CORROSION, FATIGUE

c. 09FY12-005.098

d. SELSYN POSITION INDi-
CATOR

e. PRESS THE E-STOP
BUTTON

f. SECONDS

g. ESTIMATED 3 TO 10
SECONDS

a. FAILS ACTIVATED (CON-
TACTS REMAIN IN THE
ENERGIZED POSITION)

a. N.O. CONTACT FAILS
OPEN (1 OF 3}

b. CORROSION, BINDING
MECHANISM

c. 09FY12-005.099

d. SELSYN POSITION INDi{-
CATOR

e. PRESS THE E-STOP
BUTTON

f. SECONDS

g. ESTIMATED 3 TO t0
SECONDS

PLACING RESISTORS 1FWR AND RESA
IN SERIES WITH THE DC MOTOR FIELD
WINDINGS. THE FIELD WILL BE WEAK-
ENED BY THE REDUCTION OF
CURRENT THROUGH THE WINDINGS.
THE HOIST WILL BE IN THE HIGH
SPEED MODE CONFIGURATION. THE
HOIST SPEED WILL INCREASE TO
APPROXIMATELY THREE TIMES THE
COMMANDED SPEED.

LOSS OF HIGH SPEED RANGE. NO
EFFECT ON NORMAL OPERATIONS.

THE N.O. CONTACTS (1 OF 3) WILL BE
OPENED PLACING RESISTOR 1FWR OR
RESA IN SERIES WITH THE DC MOTOR
FIELD WINDINGS. THE FIELD WILL BE
WEAKENED BY THE REDUCTION OF
CURRENT THROUGH THE WINDINGS.
THE HOIST WILL DESCEND AT A
HIGHER RATE OF SPEED THAN
EXPECTED. THE HOIST SPEED WiLL
INCREASE TO APPROXIMATELY TWO
TIMES THE COMMANDED SPEED.

AND/OR VEHICLE.

NO EFFECT

POSSIBLE LOSS OF LIFE
AND/OR VEHICLE.

g 'A3d

S00-CL A460VVS



9¥10S8d

G00-112S LIFHSHHYOM

88

Table 23 (Page 7 of 22). ELECTRICAL FMEA - MAIN HOIST

System  250-TCN BRIDGE CRANE, VAB
Subsystem BRAKE/SPEED CONTROLS
Drawing No. 69-K-|.-11388 Sheet No. 12/13/14/15
PMN K60-0533, K80-0534

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33
Date FEBRUARY 1994
Reference Figure Used

Prepared By C. CRABB, LSOC 52-11

a. FAILURE MODE
b. CAUSE
c. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO, f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
a. N.O. CONTACT FAILS LOSS OF HIGH SPEED RANGE. NO NO EFFECT 3
CLOSED (1 OF 3) EFFECT ON NORMAL OPERATIONS.
1BR RELAY, ENERGIZES TO PROVIDE a. FAILS DEACTIVATED CONTACTS WILL REMAIN IN NO EFFECT. 3
BRAKE POWER TO THE BRAKE (COIL FAILS OPEN) DE-ENERGIZED POSITION. BRAKES
SOLENQIDS TO RELEASE THE WILL NOT RELEASE. DELAY OF OPER-
BRAKES. ALSO PROVIDES ATION.
POWER TO START THE CABLE
REEL TORQUE MOTOR.
TWO N.O. CONTACTS, a. N.O. CONTACT FAILS BRAKES WILL NOT RELEASE. DELAY NO EFFECT. 3
ARRANGED IN SERIES WITH OPEN OF OPERATION.
RELAY CONTACTS 1BR1 &
1BR2, CLOSE TO RELEASE
THE BRAKES.
a. N.O. CONTACT FAILS REDUNDANT CONTACTS N SERIES NO EFFECT. 3
CLOSED WILL OPEN TO SET THE BRAKES.
N.O. CONTACT CLOSES TO a. N.O. CONTACT FAILS THE CABLE REEL WILL NOT START NO EFFECT. 3
! ENERGIZE RELAY 6CR WHICH OPEN AND THE BRAKE WILL NOT RELEASE
i CONTROLS POWER TO WHEN THE HOIST IS STARTED. THE
RELEASE THE BRAKE ON, CABLE WILL PULL THROUGH THE
AND RUN THE CABLE REEL BRAKE RESISTANCE WHILE THE HOOK
TORQUE MOTOR. IS LOWERING, BUT WOULD NOT
RETRACT WHILE THE HOOK IS
RAISING. DELAY OF OPERATIONS.
a. N.O. CONTACT FAILS CABLE REEL MOTOR WILL CONTINUE NO EFFECT. 3
CLOSED TO RUN AND THE BRAKES WILL BE
RELEASED. NO EFFECT ON THE HOIST
OPERATION.
N.C. CONTACT OPENS TO a. N.C. CONTACT FAILS REDUNDANT CONTACT OF RELAY 1BR1 NQ EFFECT. 3

EXTINGUISH THE "BRAKE
SET” LIGHT INDICATOR, PL35,
WHEN THE BRAKES ARE
RELEASED.

CLOSED

WILL OPEN TO SHUT OFF THE BRAKE
SET LiGHT.
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Table 23 (Page 8 of 22). ELECTRICAL FMEA - MAIN HOIST

System

250-TON BRIDGE CRANE, VAB

Subsystem BRAKE/SPEED CONTROLS
Drawing No. 69-K-L-11388 Sheet No. 12/13/14/15
PMN K60-0533, K60-0534

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33
Date FEBRUARY 1994

Reference Figure Used

Prapared By C. CRABB, LSOC 52-11

a, FAILURE MODE
b, CAUSE
¢. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
a. N.C. CONTACT FAILS BRAKE SET LIGHT WILL NOT COME ON NO EFFECT. 3
OPEN WHEN BRAKES ARE SET. INDICATION
PROBLEM ONLY. DELAY OF OPER-
ATIONS.
a. FAILS ACTIVATED (CON- REDUNDANT CONTACTS, 1BR1 & 1BR2, NO EFFECT. 3
TACTS REMAIN IN THE IN SERIES WILL OPEN TO SET THE
ENERGIZED POSITION) BRAKES. BRAKE SET LIGHT WILL NOT
COME ON WHEN BRAKES ARE SET.
CABLE REEL MOTOR WiLL CONTINUE
TO RUN AND THE BRAKES WILL BE
RELEASED. NO EFFECT ON THE HOIST
OPERATION. DELAY OF OPERATIONS.
1BR1 RELAY ENERGIZES TO PROVIDE a. FAILS DEACTIVATED CONTACTS WILL REMAIN N NO EFFECT. 3
POWER TO THE BRAKE {COIL FAILS OPEN) DE-ENERGIZED POSITION. BRAKES
SOLENOIDS TO RELEASE THE WILL NOT RELEASE. DELAY OF OPER-
BRAKES. ATION.
TWO N.C. CONTACTS, a. N.O. CONTACT FAILS BRAKES WILL NOT RELEASE. DELAY NO EFFECT. 3
ARRANGED IN SERIES WITH OPEN OF OPERATION.
RELAY CONTACTS 1BR &
1BR2, CLOSE TO RELEASE
THE BRAKES.
a. N.O. CONTACT FAILS REDUNDANT CONTACTS IN SERIES NO EFFECT. 3
CLOSED WILL OPEN TO SET THE BRAKES.
N.C. CONTACT OPENS TO a. N.C. CONTACT FAILS REDUNDANT CONTACT OF RELAY 1BR NO EFFECT. 3
EXTINGUISH THE "BRAKE CLOSED WILL OPEN TO SHUT OFF THE BRAKE
SET” LIGHT INDICATOR, PL3S, SET LIGHT.
WHEN THE BRAKES ARE
RELEASED.
a. N.C. CONTACT FAILS BRAKE SET LIGHT WILL NOT COME ON NO EFFECT. 3
QPEN WHEN BRAKES ARE SET. INDICATION
PROBLEM ONLY. DELAY OF OPER-
ATIONS.
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Table 23 (Page 9 of 22). ELECTRICAL FMEA - MAIN HOIST

System  250-TON BR!DGE CRANE, VAB
Subsystem BRAKE/SPEED CONTROLS
Drawing No. 69-K-L-11388 Sheet No. 12/13/14/15
PMN K60-0533, K60-0534

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33
Date FEBRUARY 1994

Reference Figure Used

Prepared By C. CRABB, L.SOC 52-11

a. FAILURE MODE
b. CAUSE
c. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
a. FAILS ACTIVATED (CON- REDUNDANT CONTACTS, 1BR & 1BR2, NO EFFECT. 3
TACTS REMAIN IN THE IN SERIES WILL OPEN TO SET THE
ENERGIZED POSITION) BRAKES. BRAKE SET LIGHT WILL NOT
COME ON WHEN BRAKES ARE SET.
DELAY OF OPERATIONS.
1BTR RELAY ENERGIZES TO PROVIDE a. FAILS DEACTIVATED CONTACTS REMAIN IN DE-ENERGIZED NO EFFECT. 3
POWER TO RELAY 1BRX TO (COIL FAILS OPEN) POSITION. RELAY 18BRX WILL NOT BE
REDUCE THE CURRENT TO ENERGIZED CAUSING POSSIBLE
THE BRAKE SOLENOIDS DAMAGE TO THE BRAKE SOLENOIDS
AFTER SOLENOIDS ARE ENER- OR TRIPPING OF BREAKER 1CCB3.
GIZED. BRAKES WILL SET. DELAY OF OPERA-
TION.
a. N.O. CONTACT FAILS RELAY 1BRX WILL NOT BE ENERGIZED NO EFFECT. 3
OPEN CAUSING POSSIBLE DAMAGE TO THE
BRAKE SOLENOIDS OR TRIPPING OF
BREAKER 1CCB3. BRAKES WILL SET.
DELAY OF OPERATION.
a. N.O. CONTACT FAILS RELAY 1BRX WILL REMAIN ENERGIZED NO EFFECT. 3
CLOSED AND THE N.C CONTACT WILL REMAIN
OPEN. BRAKE SOLENOIDS MAY NOT
RECEIVE ENOUGH POWER TO RELEASE
THE BRAKES. DELAY OF OPERATION.
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Table 23 (Page 10 of 22). ELECTRICAL FMEA - MAIN HOIST

System

250-TON BRIDGE CRANE, VAB

Subsystem BRAKE/SPEED CONTROLS
Drawing No. 68-K-L-11388 Sheet No. 12/13/14/15
PMN K80-0533, K60-0534

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33
Date FEBRUARY 1994
Reference Figure Used

Prepared By C. CRABB, LSOC 52-11

FAILURE MODE
CAUSE

FMN

DETECTION METHOD

FAILURE EFFECT

e. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
S2 FOOT SWITCH CONTACT LOCATED a. N.C. CONTACT FAILS NO RPOT GENERATOR FIELD DC INPUT POSSIBLE DAMAGE TO A 2
SWITCH BETWEEN RPOT AND THE OPEN CONTROLLER EXCITATION VOLTAGE VEHICLE SYSTEM.

GENERATOR FIELD DC INPUT
CONTROLLER. THIS IS
ARRANGED TO DISABLE THE
RPOT INPUT 'WHEN OPER-
ATING IN THE FLOAT MODE.

SWITCH CONTACT CLOSES TO
ENERGIZE THE FLOAT RELAY,
MHFLT, WHICH [S USED TO
DiSABLE THE TIME DELAY
RELAY, 1TODHC, TO INSURE
THE OVERVOLTAGE RELAY,
1FOV, IS NOT BYPASSED
WHEN THE FLOAT MODE IS
SELECTED WHILE THE SPEED
SELECTOR SWITCH, S82, IS IN
THE CQARSE SPEED POSI-
TION.

CORROSION, MECHAN-
ICAL FAILURE
09FY12-005.023

NO INDICATION OF
CURRENT ON CONSOLE
AMMETER

RETURN THE MASTER
CONTROLLER TO
NEUTRAL OR PRESS THE
E-STOP BUTTON
SECONDS

ESTIMATED 3 TO 10
SECONDS

N.C. CONTACT FAILS
CLOSED

N.O. CONTACT FAILS
QPEN

AND RESULTING QUTPUT TO GENER-
ATOR FIELD WINDING. NO OUTPUT
FROM GENERATOR. NO HOIST MOTOR
TORQUE WHILE THE COMMAND IS
BEING GIVEN, VIA THE MASTER
CONTROL SWITCH, TO RAISE OR
LOWER AND THE BRAKES ARE
RELEASED. LOAD WILL DESCEND
WITH REGENERATIVE BRAKING
APPLIED.

RPOT WILL REMAIN ENABLED. THIS
HAS NQ EFFECT ON THE FLOAT MQDE
QOF OPERATION UNLESS THE MASTER
CONTROLLER IS NOT RETURNED TO
NEUTRAL. OPERATOR ERROR
REQUIRED.

LOSS OF ABILITY TO DISABLE THE
TIME DELAY RELAY WHEN OPERATING
IN THE FLOAT MODE. THIS WOULD
ALLOW THE TIME DELAY RELAY TO
BYPASS THE OVERVOLTAGE RELAY IF
THE FLOAT MODE IS SELECTED WHILE
THE SPEED SELECTOR SWITCH IS IN
THE COARSE SPEED POSITION. MUL-
TIPLE FAILURE REQUIRED TO RESULT
IN LOSS OF LIFE AND/OR VEHICLE.

NO EFFECT.

NO EFFECT.
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Table 23 (Page 11 of 22). ELECTRICAL FMEA - MAIN HOIST

System

250-TON BRIDGE CRANE, VAB

Subsystem BRAKE/SPEED CONTRQOLS
Drawing No. 69-K-L-11388 Sheet No, 12/13/14/15
PMN K60-0533, K80-0534

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33
Date FEBRUARY 1994

Reference Figure Used

Prepared By C. CRABB, LSOC 52-11

a. FAILURE MODE
b, CAUSE
c. FMN
d. DETECTION METHOD FAILURE EFFECT
e, CORRECTING ACTION ON VEHICLE
FIND NO, f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
a. N.O. CONTACT FAILS THE FLOAT RELAY WILL REMAIN ENER- NQ EFFECT. 3
CLOSED GIZED AND THE CVERVOLTAGE RELAY
WOULD NOT BE BYPASSED IN THE
COARSE SPEED MODE. iF THE HOIST
IS OPERATED IN COARSE SPEED, THE
M-G SET WILL BE SHUT DOWN BY THE
OVERVOLTAGE RELAY AT 115% OF
THE FULL FINE OUTPUT.
CONTACT CLOSES TO ENER- a. N.O. CONTACT FAILS UNABLE TO USE FLOAT CONTROLS NO EFFECT. 3
GIZE RELAY 1HCR TO OPEN FOR FLOATING THE LOAD. DELAY OF
OPERATE THE CRANE IN THE OPERATION.
FLOAT MODE.
a. N.O. CONTACT FAILS RELAY 1HCR WILL REMAIN ENER- POSSIBLE DAMAGE TO A 2
CLOSED GIZED. THIS WILL ENERGIZE THE VEHICLE SYSTEM.
b. CORROSION, WELDED BRAKE RELAYS, 1BR & 1BR1, AND

CONTACT OPENS TO ENABLE
THE OPERATOR TO CONTROL
THE BRAKES WITH BRAKE
SWITCH S1 FOR FLOAT MODE
OPERATIONS.

CONTACT, MECHANICAL
FAILURE

09FY12-005.116
INDICATION OF MOVE-
MENT ON THE CONSOLE
SELSYN

PRESS THE E-STOP
BUTTON

SECONDS

ESTIMATED 3 TO 10
SECONDS

N.C. CONTACT FAILS
OFEN

RELEASE THE BRAKES WHILE NO
COMMAND IS BEING INITIATED TO
MOVE THE LOAD. LOAD WILL
DESCEND WITH REGENERATIVE
BRAKING APPLIED.

THE BRAKES CANNOT BE RELEASED
WITH THE NORMAL MOVEMENT OF
THE MASTER CONTROLLER, 1MC. THE
BRAKES WILL REMAIN SET. DELAY OF
OPERATION.

NO EFFECT.
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Table 23 (Page 12 of 22). ELECTRICAL FMEA - MAIN HOIST

System

250-TON BRIDGE CRANE, VAB

Subsystem BRAKE/SPEED CONTROLS
Drawing No. 69-K-L-11388 Sheet No. 12/13/14/15

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33
Date FEBRUARY 1994
Reference Figure Used

PMN K80-0533, K60-0534 Prepared By C. CRABB, LSOC 52-11
a. FAILURE MODE
b. CAUSE
c. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
a. N.C. CONTACT FAILS THE BRAKES WiLL BE RELEASED POSSIBLE DAMAGE TO A 2
CLOSED WHEN THE FOOT SWITCH 1S ENGAGED. VEHICLE SYSTEM.
b. CORROSION, WELDED LOAD WILL DESCEND WITH REGENER-
CONTACT, MECHANICAL ATIVE BRAKING APPLIED.
FAILURE
c. 09FY12-005.117
d. INDICATION OF MOVE-
MENT ON THE CONSOLE
SELSYN
e. DISENGAGE FOOT
SWITCH S2 OR PRESS
THE E-STOP BUTTON
f. SECONDS
g. ESTIMATED 3 TO 10
SECONDS
31 BRAKE PROVIDES OPERATOR a. N.O. CONTACT FAILS UNABLE TO RELEASE BRAKES FOR NO EFFECT. 3
SWITCH CONTROL OF POWER TO OPEN FLOATING OPERATIONS. DELAY OF
BRAKE RELAYS, 1BR AND QPERATION.
1BR1, TO RELEASE OR SET
THE BRAKES WHEN
REQUIRED DURING FLOAT
OPERATIONS.
a. N.O. CONTACT FAILS BRAKE RELAYS WILL REMAIN ENER- NO EFFECT. 3
CLOSED GIZED AND BRAKES WILL NOT SET
WHEN OPERATOR RELEASES BRAKE
HANDLE DURING FLOAT OPERATIONS.
THE LOAD WILL STILL BE CON-
TROLLED WITH THE FLOAT
POTENTIOMETER, AND THE BRAKES
CAN BE SET BY RELEASING FOOT
SWITCH S2. DELAY OF OPERATION.
3RECT RECTIFIER, CONVERTS 120V AC INPUT TO a. DIODE FAILS OPEN NO DC QUTPUT FROM 3RECT WILL NO EFFECT. 3
BRIDGE DC OQUTPUT FOR ENERGIZING DEENERGIZE DC RELAY 3DC, WHICH
RELAY 1RUN FOR CONTROL- WILL SHUT DOWN THE M-G SET.
LING CURRENT TO THE GEN- BRAKES WiLL SET. DELAY CF OPER-
ERATOR FIELD WINDING. ATIONS.
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Table 23 (Page 13 of 22). ELECTRICAL FMEA - MAIN HOIST

System

250-TON BRIDGE CRANE, VAB
Subsystem BRAKE/SPEED CONTROLS

Drawing No. 69-K-L.-11388 Sheet No. 12/13/14/15
PMN K60-0533, K60-0534

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33
Date FEBRUARY 1994

Reference Figure Used

Prepared By C. CRABB, LSOC 52-11

a. FAILURE MODE
b. CAUSE
c. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION 9. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
a. DIODE FAILS SHORT INCREASED CURRENT TO THE RELAY NO EFFECT. 3
COILS RESULTING IN THE COtILS
FAILING OPEN. RELAY 3DC COiL
FAILING OPEN SHUTS DOWN THE M-G
SET AND SETS THE BRAKES. 1RUN
COIL FAILING OPEN RESULTS IN THE
N.O. CONTACT DROPPING QUT (OPEN)
BY GRAVITY AND/OR THE SPRING
FORCE. DELAY OF OPERATION.
30C RELAY ENERGIZES TO INSURE THE a. FAILS DEACTIVATED RELAY CONTACTS WILL REMAIN IN NO EFFECT. 3
B8RIDGE RECTIFIER, 3RECT, IS (COIL FAILS OPEN) THE DEENERGIZED POSITION. M-G
SUPPLYING THE PROPER SET CANNOT BE STARTED. DELAY OF
QUTPUT. THIS WILL SHUT OPERATIONS,
DOWN THE M-G SET IF 3RECT
QUTPUT IS LOST.
a. N.O. CONTACT FAILS M-G SET CANNOT BE STARTED. DELAY NO EFFECT. 3
OPEN OF OPERATIONS.
a. N.O. CONTACT FAILS LOSS OF M-G SET SHUT DOWN CAPA- NO EFFECT. 3
CLOSED BILITY IF 3RECT OUTPUT IS LOST.
MULTIPLE FAILURE REQUIRED TO
RESULT IN DAMAGE TO A VEHICLE
SYSTEM.
a. N.C. CONTACT FAILS INDICATION OF THE LOSS OF 3RECT NO EFFECT. 3
OPEN OUTPUT WILL NOT COME ON. INDI-
CATION PROBLEM ONLY.
a. N.C. CONTACT FAILS INDICATION OF THE LOSS OF 3RECT NO EFFECT. 3
CLOSED OQUTPUT WILL REMAIN ON CONTIN-
UOUSLY. INDICATION PROBLEM
ONLY. DELAY OF OPERATIONS.
a. FAILS ACTIVATED (CON- LOSS OF M-G SET SHUT DOWN CAPA- NO EFFECT. 3
TACTS REMAIN IN THE BILITY IF 3RECT QUTPUT IS LOST.
ENERGIZED POSITION) MULTIPLE FAILURE REQUIRED TO
RESULT IN DAMAGE TO A VEHICLE
SYSTEM
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Table 23 (Page 14 of 22). ELECTRICAL FMEA - MAIN HOIST

System

250-TON BRIDGE CRANE, VAB

Subsystem BRAKE/SPEED CONTROLS
Drawing No. 69-K-L-11388 Sheet No. 12/13/14/15
PMN KB0-0533, K60-0534

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33
Date FEBRUARY 1994
Reference Figure Used

Prepared By C. CRABB, LSOC 52-11

a. FAILURE MODE

b, CAUSE

¢. FMN

d. DETECTION METHOD FAILURE EFFECT

. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT

1RUN RELAY N.O. CONTACT CLOSES TO a. “PULL IN" FAILS DEACTI- N.O. CONTACT REMAINS N POSSIBLE DAMAGE TO A 2

ALLOW INPUT CURRENT
FROM THE GENERATOR FIELD
DC INPUT CONTROLLER TO
THE M-G SET GENERATOR
FIELD WINDING TO MOVE THE
OC DRIVE MOTORS.

N.C. CONTACT ALLOWS RESI-
DUAL CURRENT IN THE GEN-

ERATOR TO DIMINISH AFTER
THE DRIVE MOTION iS COM-

PLETED.

VATED (COIL FAILS
OPEN)

CORROSION, FATIGUE
09FY12-005.018

NO INDICATION OF
CURRENT ON CONSOLE
AMMETER

RETURN THE MASTER
CONTROLLER TO
NEUTRAL OR PRESS THE
E-STOP BUTTON
SECONDS

ESTIMATED 3 TO 10
SECONDS

“DROP OUT" FAILS
DEACTIVATED {COIL
FAILS OPEN).

FAILS ACTIVATED (CON-
TACTS REMAIN IN THE
ENERGIZED POSITION)

DE-ENERGIZED POSITION. GENER-
ATOR FIELD WINDING WILL NOT BE
ENERGIZED. NO HOQIST MOTOR
TORQUE. LOAD WILL DESCEND, WITH
REGENERATIVE BRAKING APPLIED,
WHEN THE COMMAND S GIVEN, VIA
THE MASTER CONTROL SWITCH, TO
RAISE OR LOWER AND THE BRAKES
ARE RELEASED.

THE N.O. CONTACT WILL DROP QUT
{OPEN) BY GRAVITY AND/OR THE
SPRING FORCE.

N.O. CONTACT WILL REMAIN CLOSED
WHEN THE JOYSTICK IS RETURNED TO
CENTER. THERE WILL BE NO INPUT
TO THE GENERATOR FIELD WINDING
BECAUSE THE GENERATOR FIELD DC
INPUT CONTROLLER WILL BE DISA-
BLED.

VEHICLE SYSTEM.

NO EFFECT.

NO EFFECT.
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Table 23 (Page 15 of 22). ELECTRICAL FMEA - MAIN HOIST

System

250-TON BRIDGE CRANE, VAB
Subsystem BRAKE/SPEED CONTROLS
Drawing No. 69-K-L-11388 Sheet No. 12/13/14/15

Program SPACE SHUTTLE

Station Set/Facitity Code 20, 33

Date FEBRUARY 1994
Reference Figure Used

PMN K80-0533, K60-0534 Prepared By C. CRABB, LSOC 52-11
a. FAILURE MODE
b. CAUSE
c. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME YO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
a. N.C. CONTACT FAHS GENERATOR FIELD WINDING WILL NOT POSSIBLE DAMAGE TC A 2
OPEN/N.C. CONTACT BE ENERGIZED. NO HOIST MOTOR VEHICLE SYSTEM.
FAILS CLOSED TORQUE. LOAD WILL DESCEND, WITH
b. CORROSION, BINDING REGENERATIVE BRAKING APPLIED,
MECHANISM WHEN THE COMMAND, VIA THE
¢. 09FY12-005.019 MASTER CONTROL SWITCH, IS GIVEN
d. NO INDICATION OF TO RAISE OR LOWER AND THE
CURRENT ON CONSOLE BRAKES ARE RELEASED.
AMMETER
e, RETURN THE MASTER
CONTROLLER TO
NEUTRAL OR PRESS THE
E-STOP BUTTON
f. SECONDS
g. ESTIMATED 37O 10
SECONDS
a. N.O. CONTACT FAILS N.O. CONTACT WILL REMAIN CLOSED NO EFFECT. 3
CLOSED/N.C. CONTACT WHEN THE JOYSTICK IS RETURNED TO
FAILS OPEN CENTER. THERE WILL BE NO INPUT
TO THE GENERATOR FIELD WINDING
BECAUSE THE GENERATOR FIELD DC
INPUT CONTROLLER WILL BE DISA-
BLED.
1RS14 RESISTOR PROVIDES A CURRENT a. FAILS OPEN THE RESIDUAL CURRENT IN THE GEN- NO EFFECT. 3
LIMITER FOR THE RESIDUAL ERATOR WILL NOT BE DIMINISHED.
CURRENT IN THE GENERATOR NO EFFECT ON NORMAL QPERATIONS.
AFTER THE DRIVE MOTION IS
COMPLETED.
1ACR RELAY PROVIDES POWER TO ACTI- a. FAILS DEACTIVATED CONTACT REMAINS IN DE-ENERGIZED NO EFFECT. 3
VATE MOTOR OVERHEATING {COIL FAILS OPEN) PCSITION. OVERHEATING ALARM
ALARM. WILL NOT SOUND. NO EFFECT ON
INDICATOR LIGHT.
a. N.O. CONTACT FAILS OVERHEATING ALARM WILL NOT NO EFFECT. 2
OPEN SOUND. NO EFFECT ON INDICATOR
LIGHT.

g ‘A3d
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Table 23 (Page 16 of 22). ELECTRICAL FMEA - MAIN HOIST

System

250-TON BRIDGE CRANE, VAB

Subsystem BRAKE/SPEED CONTROLS
Drawing No. §9-K-L-11388 Sheet No. 12/13/14/15

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33
Date FEBRUARY 1994
Reference Figure Used

PMN K80-0533, K80-0534 Prepared By C. CRABB, LSOC 52-11
a. FAILURE MODE
b. CAUSE
c. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEMICLE
FIND NO, f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
a. N.O. CONTACT FAILS OVERHEATING ALARM WILL SOUND NQ EFFECT. 3
CLOSED INADVERTENTLY. DELAY OF OPERA-
TION.
ALl ALARM, PROVIDES AUDIBLE WARNING a. FAILS TO OPERATE QPERATOR WILL HAVE NO AUDIBLE NO EFFECT. 3
MOTOR TO OPERATOR THAT A WARNING FOR MOTOR OVERMEAT.
OVER- MOTOR IS OVERHEATING ON LIGHT WILL COME ON TO WARN COPER-
HEATING ONE OF THE FOUR DRIVE ATOR WHEN A MOTOR OVERHEATS.
SYSTEMS. THE M-G SET WILL SHUT DOWN AUTO-
MATICALLY IF MOTOR REACHES A
TEMPERATURE LIMIT.
PL8 INDICATION PROVIDES INDICATION THAT a. FAILS OPEN NO INDICATION FOR MOTOR OVER- NO EFFECT. 3
LAMP HOIST MOTOR #1 IS OVER- HEATING FROM LIGHT. ALARM WILL
HEATING. SOUND.
PL9 INDICATION PROVIDES INDICATION THAT a. FAILS OPEN NO INDICATION FOR MOTOR OVER- NO EFFECT. 3
LAMP HOIST MOTCR #2 |S OVER- HEATING FROM LIGHT. ALARM WILL
HEATING. SOUND.
PL1O INDICATION PROVIDES INDICATION THAT a. FAILS OPEN NO INDICATION FOR BLOWER MOTOR NO EFFECT. 3
LAMP HOIST BLOWER MOTOR #1 IS OVERHEATING FROM LIGHT.
OVERHEATING.
PL11 INDICATION PRCVIDES INDICATION THAT a. FAILS OPEN NO INDICATION FOR BLOWER MOTOR NO EFFECT. 3
LAMP HOIST BLOWER MOTCR #2 IS OVERHEATING FROM LIGHT.
OVERHEATING.
1-OLR1, RELAY RELAYS ENERGIZE TO a. FAILS DEACTIVATED CONTACTS REMAIN [N DEENERGIZED NO EFFECT 3
1-OLR2 ENABLE THE BLOWER MOTOR {COIL FAILS OPEN) POSITION. THE BLOWER MOTORS
START RELAY 1MB. PRO- WILL NOT START. BLOWER MOTOR
VIDES CAPABILITY TO SHUT OVERHEATING INDICATION LIGHT
DOWN BOTH BLOWER WILL REMAIN ON. DELAY OF OPERA-
MOTORS AND LIGHT BLOWER TION.
+10TOR OVERHEATING INDI-
CATOR LIGHTS WHEN DEEN-
ERGIZED BY ONE OF THE
BLOWER MOTOR OVERLOADS.

g 'A3d
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SAAO09FY12-005

REV. B
B/L: 389.00
SYS: 250-TON
BRIDGE
CRANE, VAB
Critical Item: Switch, Swivel Control (2 Total, 1/Crane)
Find Number: 5MC
Criticality Category: 2
SAA No: 09FY12-005 System/Area:  250-Ton Bridge Crane
(#1 & #2)/VAB
NASA PMN/ K60-0533, K60-0534/
Part No: NA Name: 250-Ton Bridge Crane
(#1 & #2)/VAB
Mfg/ General Electric/ Drawing/ 69-K-L-11388/
Part No: Type SB-1 Sheet No: 14

Function: Provides control for direction and speed of hook swivel,

Critical Failure Mode/Failure Mode No:
a. N.O. contact $S54-2 fails closed/09FY12-005.068
b. N.O. contact SS54-1 fails closed/09FY 12-005.069

Failure Cause: Welded contact, binding mechanism

Failure Effect: (For both failures) Unable to de-energize relay CW (with contact $SS4-2) or
CCW (with contact SS4-1) to disengage clockwise or counterclockwise hook swivel. The crit-
ical load (Orbiter or ET) will continue to swivel when commanded to stop, possibly contacting
the work platforms or the shuttle stack causing possible damage to a vehicle system. Time
to effect: seconds.

ACCEPTANCE RATIONALE

Design:

Contact Ratings Actual

600 volts 120 volts

20 amps Testing required

* This switch was off-the-shelf hardware selected by the crane manufacturer for this appli-
cation.

506
PS0146
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Table 23 (Page 18 of 22). ELECTRICAL FMEA - MAIN HOIST

System

250-TON BRIDGE CRANE, VAB

Subsystem BRAKE/SPEED CONTROLS
Drawing No. 69-K-L-11388 Sheet No. 12/13/14/15

PMN K60-0533, K60-0534

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33

Date FEBRUARY 1994
Reference Figure Used

Prepared By C. CRABB, LSOC 52-11

a. FAILURE MODE
b. CAUSE
c. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
D1 DIODE PREVENTS HOIST MOTOR #1 a, FAILS OPEN ALARM WILL NOT SOUND WHEN NO EFFECT. 3
OVERHEATING INDICATOR MOTOR #1 OVERHEATS. INDICATION
FROM COMING ON WHILE LIGHT WILL SIGNAL OPERATOR OF
ALARM RELAY, 1ACR, IS OVERHEAT CONDITION.
ENERGIZED WHEN HOIST
MOTOR #2 OVERHEATS,
a. FAILS SHORT HOIST MOTOR #1 OVERHEAT INDI- NO EFFECT. 2
CATOR WILL COME ON WHEN MOTOR
#2 OVERHEATS. ALARM MAY NOT
SOUND.
D2 DIODE PREVENTS HOIST MOTOR #2 a. FAILS OPEN ALARM WILL NOT SOUND WHEN NO EFFECT. 3
OVERHEATING INDICATOR MOTOR #2 OVERHEATS. INDICATION
FROM COMING ON WHILE LIGHT WILL SIGNAL OPERATOR OF
ALARM RELAY, tACR, IS OVERHEAT CONDITION.
ENERGIZED WHEN HOIST
MOTOR #1 OVERHEATS.
a. FAILS SHORT HOIST MOTOR #2 OVERHEAT INDi- NO EFFECT. 3
CATOR WILL COME ON WHEN MOTOR
#1 OVERHEATS. ALARM MAY NOT
SOUND.
1K1 RELAY OVERHEATING TEMPERATURE a. THERMISTOR COiL FAILS LOSS OF MOTOR OVERHEATING NO EFFECT. 3
SENSING RELAY IS ACTU- OPEN DETECTION CIRCUIT. A SECOND
ATED WHEN A THERMISTOR THERMISTOR IN THE SAME WINDINGS
IN THE WINDINGS OF THE WILL ACTUATE RELAY 1K3 TO SHUT
HOIST MOTOR #1 REACHES A DOWN M-G SET IN THE EVENT OF AN
PREDETERMINED TEMPER- QOVERHEAT CONDITION.
ATURE. THE CONTACTS
CLOSE TO SOUND ALARM
AND TURN ON QVERHEATING
INDICATOR LIGHT.
a. THERMISTOR COIL FAILS RELAY MAY BE ENERGIZED CAUSING NO EFFECT. 3

SHORT

ALARM TO SOUND AND OVERHEATING
INDICATOR LIGHT TO COME ON.
DELAY OF OPERATION.

g "'A3d
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Table 23 (Page 19 of 22). ELECTRICAL FMEA - MAIN HOIST

System

250-TON BRIDGE CRANE, VAB

Subsystem BRAKE/SPEED CONTROLS
Drawing No. 69-K-L-11388 Sheet No. 12/13/14/15

Program SPACE SHUTTLE

Station Set/Facitity Code 20, 33
Date FEBRUARY 1994
Reference Figure Used

PMN K60-0533, K60-0534 Prepared By C. CRABB, LSOC 52-11
a. FAILURE MODE
h. CAUSE
c. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEMICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
a. RELAY FAILS DEACTI- CONTACTS REMAIN IN DE-ENERGIZED NO EFFECT. 3
VATED (COIL FAILS POSITION. ALARM WILL NOT SOUND
OPEN} AND OVERHEATING INDICATOR LIGHT
WILL NOT LIGHT. A SECOND
THERMISTOR IN THE SAME WINDINGS
WILL ACTUATE RELAY 1K3 TO SHUT
DOWN M-G SET IN THE EVENT OF AN
OVERHEAT CONDITION.
a. N.O. CONTACT FAILS ALARM WILL NOT SOUND AND OVER- NO EFFECT. 3
OPEN HEATING INDICATOR LIGHT WILL NOT
LIGHT [F A MOTOR OVERHEAT
OCCURS. A SECOND THERMISTOR [N
THE SAME WINDINGS WILL ACTUATE
RELAY 1K3 TO SHUT DOWN M-G SET IN
THE EVENT OF AN OVERHEAT CONDI-
TION.
a. N.O. CONTACT FAILS OVERHEAT ALARM AND LIGHT WILL BE NO EFFECT. 3
LOSED ON. DELAY OF OPERATION.
1K2 RELAY OVERHEATING TEMPERATURE a. THERMISTOR COIL FAILS LOSS OF MOTOR OVERHEATING NO EFFECT. 3
SENSING RELAY IS ACTU- OPEN DETECTION CIRCUIT. A SECOND
ATED WHEN A THERMISTOR THERMISTOR IN THE SAME WINDINGS
IN THE WINDINGS OF HOIST WILL ACTUATE RELAY 1K4 TO SHUT
MOTOR #2 REACHES A PRE- DOWN M-G SET IN THE EVENT OF AN
DETERMINED TEMPERATURE. OVERHEAT CONDITION.
THE CONTACTS CLOSE TO
SOUND ALARM AND TURN ON
OVERHEATING INDICATOR
LIGHT.
a. THERMISTOR COIL FAILS RELAY MAY BE ENERGIZED CAUSING NO EFFECT. 3
SHORT ALARM TO SOUND AND OVERHEATING
INDICATOR LIGHT TO COME ON.
DELAY OF OPERATION.

g ‘A3d
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Table 23 (Page 20 of 22). ELECTRICAL FMEA - MAIN HOIST

System

250-TON BRIDGE CRANE, VAB

Subsystem BRAKE/SPEED CONTROLS
Drawing No. 69-K-L-11388 Sheet No. 12/13/14/15

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33
Date FEBRUARY 1994
Reference Figure Used

PMN K80-0533, K60-0534 Prepared By C. CRABB, LSOC 52-11
a. FAILURE MODE
b. CAUSE
c. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
a. RELAY FAILS DEACTI- CONTACTS REMAIN IN DE-ENERGIZED NO EFFECT. 3
VATED (COIL FAILS POSITION. ALARM WILL NOT SOUND
OPEN) AND OVERHEATING INDICATOR LIGHT
WILL NOT LIGHT. A SECOND
THERMISTOR IN THE SAME WINDINGS
WILL ACTUATE RELAY 1K4 TO SHUT
DOWN M-G SET IN THE EVENT OF AN
QVERHEAT CONDITION.
a. N.O. CONTACT FAILS ALARM WILL NOT SOUND AND OVER- NO EFFECT. 3
OPEN HEATING INDICATOR LIGHT WILL NOT
LIGHT IF A MOTOR OVERHEAT
DCCURS. A SECOND THERMISTOR IN
THE SAME WINDINGS WILL ACTUATE
RELAY 1K4 TO SHUT DOWN M-G SET IN
THE EVENT OF AN OVERHEAT CONDI-
TION.
a. N.O. CONTACT FAILS OVERHEAT ALARM AND LIGHT WiLL BE NO EFFECT. 3
CLOSED ON. DELAY QF OPERATION.
1K3 RELAY OVERHEATING TEMPERATURE a. THERMISTOR COIL FAILS LOSS OF MOTOR OVERHEATING NO EFFECT. 3
SENSING RELAY IS ACTU- OPEN DETECTION CIRCUIT. A SECOND
ATED WHEN A THERMISTOR THERMISTOR IN THE SAME WINDINGS
IN THE WINDINGS OF HOIST WILL ACTUATE RELAY 1K1 TO SOUND
MOTOR #t REACHES A PRE- ALARM AND LIGHT OVERHEATING
DETERMINED TEMPERATURE. INDICATOR LIGHT {N THE EVENT OF
THE CONTACTS OPEN TO AN OVERHEAT CONDITION.
SHUT DOWN THE M-G SET.
a. THERMISTOR COIL FAILS RELAY MAY BE ENERGIZED CAUSING NO EFFECT. 3
SHORT M-G SET TO SHUT DOWN. DELAY OF
OPERATION.

g ‘A3d
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Table 23 (Page 21 of 22). ELECTRICAL FMEA - MAIN HOIST

System

250-TON BRIDGE CRANE, VAB

Subsystem BRAKE/SPEED CONTROLS
Drawing No. 69-K-L-11388 Sheet No. 12/13/14/15

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33
Date FEBRUARY 1994
Reference Figure Used

PMN K80-0533, K60-0534 Prepared By C. CRABB, LSOC 52-11
a. FAILURE MODE
b. CAUSE
c. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
a. RELAY FAILS DEACTI- CONTACTS WILL REMAIN IN NO EFFECT. 3
VATED (COIL FAILS DE-ENERGIZED POSITION, A SECOND
OPEN) THERMISTOR IN THE SAME WINDINGS
WILL ACTUATE RELAY 1K1 TO SOUND
ALARM AND LIGHT OVERHEATING
LIGHT IN THE EVENT OF AN OVERHEAT
CONDITION.
a. N.C. CONTACT FAILS M-G SET WILL NOT SHUT DOWN IF A NQ EFFECT. 3
CLOSED MOTOR OVERHEAT CCCURS. A
SECOND THERMISTOR IN THE SAME
WINDINGS WILL ACTUATE RELAY 1K1
TO SOUND ALARM AND LIGHT QVER-
HEATING INDICATOR LIGHT IN THE
EVENT OF AN OVERHEAT CONDITION.
a. N.C. CONTACT FAILS M-G SET WILL NOT START. DELAY OF NO EFFECT. 3
OPEN OPERATION.
1K4 RELAY OVERHEATING TEMPERATURE a. THERMISTOR COIL FAILS LOSS OF MOTOR OVERHEATING NO EFFECT. 3
SENSING RELAY 1S ACTU- OPEN DETECTION CIRCUIT. A SECOND
ATED WHEN A THERMISTOR THERMISTCR IN THE SAME WINDINGS
IN THE WINDINGS OF HOIST WILL ACTUATE RELAY 1K2 TO SOUND
MOTOR #2 REACHES A PRE- ALARM AND LIGHT OVERHEATING
DETERMINED TEMPERATURE. INDICATOR LIGHT IN THE EVENT OF
THE CONTACTS OPEN TO AN OVERHEAT CONDITION.
SHUT DOWN THE M-G SET.
a. THERMISTOR COIL FAILS RELAY MAY BE ENERGIZED CAUSING NO EFFECT. 3
SHORT M-G SET TO SHUT DOWN. DELAY OF
OPERATION.
a. RELAY FAILS DEACT!- CONTACTS WILL REMAIN IN NO EFFECT. 3
VATED (COIL FAILS DE-ENERGIZED POSITION. A SECOND
OPEN) THERMISTOR [N THE SAME WINDINGS
WILL ACTUATE RELAY 1K2 TO SOUND
ALARM AND LIGHT OVERHEATING
LIGHT IN THE EVENT OF AN OVERHEAT
CONDITION.

g 'AJd
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Table 23 (Page 22 of 22). ELECTRICAL FMEA - MAIN HOIST

System

250-TON BRIDGE CRANE, VAB

Subsystem BRAKE/SPEED CONTROLS
Drawing No. 69-K-L-11388 Sheet No. 12/13/14/15

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33
Date FEBRUARY 1994
Reference Figure Used

PMN K80-0533, K60-0534 Prepared By C. CRABB, LSOC §2-11
a. FAILURE MODE
b. CAUSE
c. FMN
d. DETECTION METHOOD FAILURE EFFECT
e, CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
a. N.C. CONTACT FAILS M-G SET WILL NOT SHUT DOWN IF A NO EFFECT. 3
CLOSED MOTOR OVERHEAT OCCURS. A
SECOND THERMISTOR IN THE SAME
WINDINGS WILL ACTUATE RELAY 1K2
TO SOUND ALARM AND LIGHT OVER-
HEATING INDICATCR LIGHT IN THE
EVENT OF AN OVERHEAT CONDITION.
a. N.C. CONTACT FAILS M-G SET WILL NOT START. DELAY OF NO EFFECT. 3
OPEN QPERATION.
1F3 FUSE PROTECTS FAN MOTORS, M31 a. PREMATURE ACTUATION FAN MOTORS, M31 & M32, WILL STOP. NO EFFECT. 3
& M32, FROM CURRENT OVER- LOSS OF AIRFLOW IN THE RELAY
LOAD. CABINET. NO EFFECT ON CRANE
OPERATION.
a. FAILS TO ACTUATE POSSIBLE DAMAGE TO THE FAN NO EFFECT. 3
MOTORS, M31 & M32. MULTIPLE
FAILURE REQUIRED.
M31, M32 FAN PROVIDES COOLING FOR THE a. FAILS TO OPERATE LOSS OF AIRFLOW IN THE RELAY NO EFFECT. 3
MOTORS DRIVE CONTROL RELAY CABINET. NO EFFECT ON CRANE
CABINET. OPERATION.

g 'A3Y
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Table 24 (Page 1 of 5. ELECTRICAL FMEA - MAIN HOIST

System

250-TON BRIDGE CRANE, VAB

Subsystem SPEED/INDICATION CONTROLS
Drawing No. 69-K-L-11388
PMN K60-0533, K60-0534

Sheet No. 15

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33

Date FEBRUARY 1994
Reference Figure Used

Prepared By C. CRABB, LSOC 52-11

FAILURE MODE
CAUSE

FMN

DETECTION METHOD
CORRECTING ACTION

FAILURE EFFECT
ON VEHICLE

FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
RPOT POTENTIO- REFERENCE POTENTIOMETER a. FAIL OPEN {F THE FAILURE OCCURS ON THE POSSIBLE LOSS OF LIFE 1
METER CONNECTED TO THE MASTER b. CORROSION, FATIGUE RESISTIVE ELEMENT, IT WOULD AND/OR VEHICLE.

CONTROL SWITCH c. 09FY12-005.022 RESULT IN A LOSS OF THE PARALLEL

{JOYSTICK), 1IMC, TO REGU- d. CURRENT INDICATION RESISTANCE BRANCH AND CREATE A

LATE THE INPUT EXCITATION ON CONSOLE AMMETER LARGER INPUT INTO THE GENERATOR

VOLTAGE TO THE GENER- e. BRING THE MASTER FIELD DC INPUT CONTROLLER WHICH

ATOR FIELD DC INPUT CON- CONTROLLER TO WILL CAUSE AN INCREASING SPEED

TROLLER. 1FC, AND THE NEUTRAL OR PRESS OF THE DC MOTORS CONTROLLING

RESULTING QUTPUT TO THE E-STOP BUTTON THE HOIST WHEN THE OVERVOLTAGE

GENERATOR FIELD WINDING f. SECONDS PROTECTION CIRCUIT IS DISABLED

FOR HOIST SPEED CONTROL 9. ESTIMATED 3 TO 10 (COARSE SPEED MODE).

DURING RAISING OR LOW- SECONDS

ERING OPERATIONS. IF THE FAILURE OCCURS ON THE POSSIBLE LOSS OF LIFE R

RESISTIVE ELEMENT, {T WOULD
RESULT IN A LOSS OF THE PARALLEL
RESISTANCE BRANCH AND CREATE A
LARGER INPUT INTO THE GENERATOR
FIELD DC INPUT CONTROLLER WHICH
WILL CAUSE AN INCREASING SPEED
OF THE DC MOTORS CONTROLLING
THE HOIST WHEN THE OVERVOLTAGE
PROTECTION CIRCUIT IS ENABLED
(FINE SPEED MODE) AND COUPLED
WITH A FAILURE IN THE OVER-
VOLTAGE PROTECTION CIRCUIT.

{F THE FAILURE OCCURS ON THE
WIPER ARM 1T WOULD RESULT IN NO
GENERATQR FIELD DC INPUT CON-
TROLLER EXCITATION VOLTAGE. NO

GENERATOR FIELD WINDING VOLTAGE.

NO OUTPUT FROM GENERATOR. NO
HOIST MOTOR TORQUE WHILE THE
COMMAND IS BEING GIVEN, VIA THE
MASTER CONTROL SWITCH, TO RAISE
OR LOWER AND THE BRAKES ARE
RELEASED. LOAD WILL DESCEND
WITH REGENERATIVE BRAKING
APPLIED.

AND/OR VEHICLE.

POSS!BLE DAMAGE 7O A
VEHICLE SYSTEM.

g 'A3d
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Table 24 (Page 2 of 5. ELECTRICAL FMEA - MAIN HOIST

System

250-TON BRIDGE CRANE, VAB

Subsystem SPEED/INDICATION CONTROLS

Drawing No. 63-K-L-11388

Sheet No. 15

Program SPACE SHUTTLE

Station Set/Facility Code 2¢, 33
Date FEBRUARY 1994
Reference Figure Used

PMN K80-0533, K60-0534 Prepared By C. CRABB, LSQC 52-11
a. FAILURE MODE
b. CAUSE
c. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
1RR4A, RESISTOR PROVIDES A VOLTAGE a. FAILS OPEN NO GENERATOR FIELD DC INPUT CON- POSSIBLE DAMAGE TO A 2
1RR4B DIVIDER FOR THE +/- 6VDC b. ZONTAMINATION, COR- TROLLER EXCITATION VOLTAGE IN VEHICLE SYSTEM.
POWER SOURCE TO RPOT, ROSION, FATIGUE THE FINE SPEED MODE OF OPERA-
FOR INPUT TO THE GENER- c. 09FY12-005.072 TION. NO GENERATOR FIELD WINDING
ATOR FIELD DC INPUT CON- d. NO INDICATION OF VOLTAGE. NO QUTPUT FROM GENER-
TROLLER, IFC, TO ALLOW CURRENT ON CONSOLE ATOR. NO HOIST MOTOR TORQUE
FOR HOIST OPERATION IN AMMETER WHILE THE COMMAND IS BEING
THE FINE SPEED MODE. e. BRING THE MASTER GIVEN, VIA THE MASTER CONTROL
CONTROLLER TO SWITCH, TO RAISE OR LOWER THE
NEUTRAL OR PRESS LOAD WHILE THE BRAKES ARE
E-STOP BUTTON RELEASED. LOAD WILL DESCEND
f. SECONDS WITH REGENERATIVE BRAKING
g. ESTIMATED 3 7O 10 APPLIED.
SECONDS
FPOT POTENTIO- CONTROLS THE INPUT a. FAIL CPEN |F THE FAILURE OCCURS ON THE POSSIBLE DAMAGE TO A 2
METER EXCITATION VOLTAGE TO THE b. CORROS!ION, FATIGUE RESISTIVE ELEMENT, IT WOULD VEHICLE SYSTEM.
GENERATCR FIELD DC INPUT c. 09FY12-005.025 RESULT IN A LOSS OF THE PARALLEL
CONTROLLER, tFC, AND THE d. CURRENT INDICATION RESISTANCE BRANCH AND CREATE A

RESULTING QUTPUT TO THE
GENERATOR FIELD WINDING
FOR HOIST CCNTROL DURING
FLOAT OPERATICNS.

-

ON CONSOLE AMMETER
RELEASE BRAKE SWITCH
SECONDS

ESTIMATED 3 TO 10
SECONDS

LARGER INPUT INTO THE GENERATOR
FIELD DC INPUT CONTROLLER WHICH
WILL CAUSE AN INCREASED INPUT TO
THE DC MOTORS CONTROLLING THE
HOIST. THIS COULD RESULT IN AN
INADVERTENT MOVEMENT OF THE
LOAD.

OR

NO GENERATOR FIELD DC INPUT CON-
TROLLER EXCITATION VOLTAGE WHILE
IN THE FLOAT MODE. NO GENERATOR
FIELD WINDING VOLTAGE. NO QUTPUT
FROM GENERATOR. NO HOIST MOTOR
TORQUE WHILE THE COMMAND IS
BEING GIVEN TO FLOAT AND THE
BRAKES ARE RELEASED, VIA THE
BRAKE SWITCH. LOAD WILL DESCEND
‘WITH REGENERATIVE BRAKING
APPLIED.

g 'A3d
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Table 24 (Page 3 of 5. ELECTRICAL FMEA - MAIN HOIST

System  250-TON BRIDGE CRANE, VAB
Subsystemn SPEED/!INDICATION CONTROLS
Drawing No. 69-K-L_-11388 Sheet No. 15
PMN KB80-0533, K60-0534

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33
Date FEBRUARY 1984

Reference Figure Used

Prepared By C. CRABB, LSOC 52-11

a. FAILURE MODE
b. CAUSE
c. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFCRMANCE PERSONNEL SAFETY CAT
1RR7 RESISTOR PROVIDES A VOLTAGE a. FAILS OPEN NO GENERATOR FIELD DC INPUT CON- POSSIBLE DAMAGE TO A 2
DIVIDER FOR THE INPUT b. CONTAMINATION, COR- TROLLER EXCITATION VOLTAGE IN VEHICLE SYSTEM.
FROM FPOT TO THE GENER- ROSION, FATIGUE THE FLOAT MODE OF OPERATION. NO
ATOR FIELD DC INPUT CON- c. 09FY12-005.073 GENERATOR FIELD WINDING VOLTAGE.
TROLLER, {FC, TO ALLOW d. NO INDICATION OF NO OUTPUT FROM GENERATOR. NO
FOR HOIST OPERATION IN CURRENT ON CONSOLE HOIST MOTOR TORQUE WHILE THE
THE FLOAT MODE. AMMETER COMMAND IS BEING GIVEN TO FLOAT
a. RELEASE BRAKE SWITCH AND THE BRAKES ARE RELEASED, VIA
f. SECONDS THE BRAKE SWITCH. LOAD WILL
g. ESTIMATED 3 TO 10 DESCEND WITH REGENERATIVE
SECONDS BRAKING APPLIED.
7AM AMMETER PROVIDES INDICATION AT a. FAILS OPEN LOSS OF INDICATION TO OPERATOR NO EFFECT. 3
THE CCNSOLE OF THE OF MOTOR CURRENT. DELAY OF
ZURRENT TO THE HOIST OPERATION.
MOTORS.
M1 HOIST CONTROLS RELAY K10 TO a. “AILS DEACTIVATED CONTACTS REMAIN |N DE-ENERGIZED NO EFFECT. 3
METER SCALE CURRENT READING ON COIL FAILS OPEN) POSITION. CURRENT READING ON
RELAY THE CONSOLE AMMETER BY CONSOLE AMMETER WILL NOT BE
A FACTOR OF 10 WHEN THE SCALED BY A FACTOR OF 10. DELAY
HOIST MOTORS CURRENT OF OPERATION.
REACHES 60 AMPS. ALSO
CONTROLS CONSOLE LIGHT
PL34 TO INDICATE TO OPER-
ATOR WHEN CURRENT
READING IS SCALED.
a. HIGH/LOW LIMIT NO. 1 PL34 WILL NOT LIGHT WHEN CURRENT NO EFFECT. 3
N.O. CONTACT FAILS TO HOIST MOTORS REACHES 60 AMPS
OPEN TO INDICATE TO OPERATOR THAT THE
CONSOLE AMMETER READING 1S NOW
SCALED. DELAY OF OPERATION.
a. HIGH/LOW LIMIT NO. 1 PL34 WILL BE LIT FOR ENTIRE RANGE NO EFFECT. 3

N.O. CONTACT FAILS
CLOSED

OF CURRENT TO HOIST MOTORS.
DELAY OF OPERATION.

g 'A3d
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System  250-TON BRIDGE CRANE, VAB
Subsystem SPEED/INDICATION CONTROLS
Drawing No. 69-K-L-11388 Sheet No. 15
PMN K60-0533, K60-0534

Station Set/Facility Code 20, 33
Date FEBRUARY 1994

Reference Figure Used

Prepared By C. CRABB, LSOC 52-11

Program SPACE SHUTTLE

G001 125 13IHSHAOM

L0l

FAILURE MODE
CAUSE

FMN

DETECTION METHOD
CORRECTING ACTION

FAILURE EFFECT
ON VEHICLE

FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
a. HIGH/LOW LIMIT NO. 2 RELAY K10 WILL NOT BE DEENER- NO EFFECT. 3
N.C. CONTACT FAILS GIZED TO BRING RESISTOR R1 INTO
CLOSED USE TO SCALE THE CURRENT
READING ON THE CONSOLE AMMETER.
DELAY OF OPERATION.
a. HIGH/LOW LIMIT NO. 2 RELAY K10 WILL NOT BE ENERGIZED POSSIBLE DAMAGE TO A 2
N.C. CONTACT FAILS AND THE CURRENT READING CN VEHICLE SYSTEM.
OPEN CONSOLE AMMETER WILL BE SCALED
b. CORROSION, BINDING WITHOUT INDICATION FROM CONSOLE
MECHANISM LIGHT PL34. THIS COULD LEAD TO AN
c. 09FY12-005.029 OPERATOR GIVING AN ERRONEQUS
d. ABNORMAL MOVEMENT INPUT DURING FLOAT OPERATIONS
OF LOAD RESULTING IN AN INADVERTENT
e. PRESS E-STOP OR MQOVEMENT OF THE LOAD.
RELEASE BRAKE SWITCH
f. SECONDS
g. ESTIMATED 3 7O 10
SECONDS
K10 RELAY ENERGIZED WHEN HOIST a. FAILS DEACTIVATED CONTACT REMAINS IN DE-ENERGIZED POSSIBLE DAMAGE TO A 2

MOTORS ARE DRAWING LESS

THAN 60 AMPS. CONTACT IS
CLOSED TO ALLOW THE
CONSOLE AMMETER TO
DISPLAY ACTUAL CURRENT.
DE-ENERGIZED WHEN
CURRENT REACHES 60 AMPS
TO SCALE THE CURRENT
READING ON THE CONSOLE
AMMETER BY A FACTOR OF
10.

{COIL FAILS OPEN)
CORROSION, FATIGUE
09FY12-005.030
ABNORMAL MOVEMENT
OF LOAD

PRESS E-STOP OR
RELEASE BRAKE SWITCH
SECONDS

ESTIMATED 3 TO 10
SECONDS

POSITION. THE CURRENT READING
ON THE CONSOLE AMMETER WILL BE
SCALED WITHOUT INDICATION FROM
CONSOLE LIGHT PL34. THIS COULD
LEAD TO AN OPERATOR GIVING AN
ERRONEOUS INPUT DURING FLOAT
OPERATIONS RESULTING IN AN INAD-
VERTENT MOVEMENT OF THE LOAD.

VEHICLE SYSTEM.
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Table 24 (Page 5 of 5). ELECTRICAL FMEA - MAIN HOIST

System

250-TON BRIDGE CRANE, VAB

Subsystem SPEED/INDICATION CONTROLS

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33
Date FEBRUARY 1994

Drawing No. 69-K-L-11388 Sheet No. 15 Reference Figure Used
PMN K60-0533, K60-0534 Prepared By C. CRABB, LSOC 52-11
a. FAILURE MODE !
b. CAUSE
¢c. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
a. N.O. CONTACT FaILS THE CURRENT READING ON THE POSSIBLE DAMAGE TO A 2
OPEN CONSOLE AMMETER WILL BE SCALED VEHICLE SYSTEM.
b. CORROSION, BINDING WITHOUT INDICATION FROM CONSOLE
MECHANISM LIGHT PL34. THIS COULD LEAD TO AN
c. 09FY12-005.031 OPERATOR GIVING AN ERRONEOUS
d. ABNORMAL MOVEMENT INPUT DURING FLOAT OPERATIONS
OF LOAD RESULTING IN AN INADVERTENT
2. PRESS E-STOP OR MOVEMENT OF THE LOAD.
RELEASE BRAKE SWITCH
f. SECONDS
g. ESTIMATED 3TO 10
’ SECONDS
a. N.O. CONTACT FAILS RESISTOR R1 WILL NOT BE BROUGHT NQ EFFECT. 3
CLOSED INTO USE TO SCALE THE CURRENT
READING ON THE CONSOLE AMMETER.
DELAY OF OPERATION.
R1 RESISTOR, WHEN CURRENT IN THE a. FAILS OPEN NO CURRENT READING ON CONSOLE NO EFFECT. 3
VARIABLE HOIST MOTORS REACHES 80 AMMETER FOR HIGH CURRENT OPER-
AMPS, THIS RESISTCR IS ATIONS. DELAY OF OPERATION.
USED FOR CURRENT LIMITING
TO TO SCALE THE CONSOLE
AMMETER CURRENT READING
BY A FACTOR OF 10.
PL34 INDICATOR LIGHTS WHEN CURRENT TO a. FallL OPEN FAILS TO INDICATE TO OPERATOR NQ EFFECT. 3
LIGHT HOIST MOTORS REACHES 60 THAT THE READING ON THE CONSOLE
AMPS AND INDICATES TO AMMETER IS SCALED BY A FACTOR
THE OPERATOR THAT THE OF 10. OPERATOR WILL SEE CHANGE
CONSOLE AMMETER READING IN CURRENT ON THE AMMETER WHEN
IS NOW SCALED BY A CURRENT REACHES 80A. DELAY OF
FACTOR OF 10. OPERATION.
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Table 25 (Page 1 of 8). ELECTRICAL FMEA - MAIN HOIST

System

250-TON BRIDGE CRANE, VAB

Subsystem MONITOR/PROTECTION, MOTOR FLLD, BRAKE CIRCUITS

Drawing No. 69-K-L-11388

Sheet No. 12/13/15

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33
Date FEBRUARY 1394
Reference Figure Used

PMN K60-0533, K60-0534 Prepared By C. CRABB, LSOC 52-11
a. FAILURE MODE
b. CAUSE
c. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION dg. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
1VR RELAY, MONITORS VOLTAGE IN THE a. FAILS DEACTIVATED CONTACT REMAINS IN DE-ENERGIZED NO EFFECT. 3
VOLTAGE HOIST MOTOR LOOP AND (COIL FAILS OPEN) POSITION. BRAKES WILL SET {MME-
PROVIDES LATCHING TO DIATELY WHEN MASTER CONTROL
KEEP RELAYS 1HCR OR ILCR SWITCH IS MOVED TO STOP POSITION.
ENERGIZED, AFTER MASTER POSSIBLE DAMAGE TO THE BRAKES.
CONTROL SWITCH IS
RETURNED TO THE NEUTRAL
POSITION. THIS PREVENTS
THE BRAKES FROM SETTING
WHILE VOLTAGE IN THE
MOTOR LOOP IS ABOVE A
PREDETERMINED LIMIT.
a. N.O. CONTACT FAILS BRAKES WILL SET IMMEDIATELY NO EFFECT. 3
OPEN WHEN MASTER CONTROL SWITCH IS
MOVED TQO STOP POSITION. POS-
SIBLE DAMAGE TO THE BRAKES.
a. N.O. CONTACT FAILS BRAKE RELAYS WILL REMAIN ENER- POSSIBLE DAMAGE TO A 2
CLOSED GIZED AND BRAKES WILL NOT SET VEHICLE SYSTEM.
b. WELDED CONTACT, WHEN THE HOIST MOTORS ARE COM-
BINDING MECHANISM MANDED, VIA THE MASTER CONTROL
c. 09FY12-005.033 SWITCH, TO STOP. LOAD WILL
d. BRAKE SET LIGHT WILL DESCEND WITH REGENERATIVE
NOT COME ON BRAKING APPLIED.
e. PRESS E-STOP BUTTON
f. SECONDS
g. ESTIMATED 3 TO 10
SECONDS
1KR RELAY MONITORS VOLTAGE SUP- a. FAILS DEACTIVATED CONTACTS REMAIN IN DE-ENERGIZED NO EFFECT. 3
PLIED TO THE MOTOR N THE (COIL FAILS OPEN) POSITION. BRAKES WILL BE SET.
M-G SET, AND THE HOOK DELAY OF OPERATION.
SWIVEL CONTROLS. THIS
WILL DISABLE THE CON-
TROLS AND SET THE BRAKES
|F THE YOLTAGE IS LOST.
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Table 25 (Page 2 of 8). ELECTRICAL FMEA - MAIN HOIST

System

250-TON BRIDGE CRANE, VAB
Subsystem MONITOR/PROTECTION, MOTOR FLD, BRAKE CIRCUITS
Drawing No. 69-K-L-11388

Sheet No. 12/13/1§

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33
Date FEBRUARY 1994
Reference Figure Used

PMN K60-0533, K60-0534 Prepared By C. CRABB, LSOC §2-11
a. FAILURE MODE
b, CAUSE
c. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
a.

N.O. CONTACT CLOSES TC
ENERGIZE RELAY 1SRX.
RELAY 1SRX CONTACT
CLOSES TO BYPASS
RESISTOR RESA WHICH
ALLOWS AN INCREASE N
CURRENT TO THE DC MOTOR
FIELD WINDINGS TO
STRENGTHEN THE FIELD FOR
NORMAL OPERATIONS.

N.Q. CONTACT, ARRANGED IN
SERIES WITH RELAY
CONTACT tKRX CLOSES TO
ENABLE THE HOIST CONTROL
CIRCUITRY.

N.O. CONTACT CLOSES 7O
ENABLE FOOT SWITCH S2
FOR USE IN THE FLOAT
CONTROL MODE.

o

N.O.CONTACT FAILS
OPEN

CORROSION, BINDING
MECHANISM
09FY12-005.102
SELSYN POSITION IND!-
CATOR

PRESS THE E-STOP
BUTTON

SECONDS

ESTIMATED 3 TO 10
SECONDS

N.Q. CONTACT FAILS
CLOSED

N.Q. CONTACT FAILS
OPEN

N.O. CONTACT FAILS

CLOSED

N.Q. CONTACT FAILS
OPEN

N.O. CONTACT FAILS
CLOSED

THE N.O. CONTACT WILL BE OPEN TO
DEENERGIZE RELAY 1SRX. THIS
PLACES RESISTOR RESA IN SERIES
WITH THE DC MOTOR FIELD
WINDINGS. THE FIELD WILL BE WEAK-
ENED BY THE REDUCTION OF
CURRENT THROUGH THE WINDINGS.
THE HOIST SPEED WILL INCREASE 7O
APPROXIMATELY TWO TIMES THE
COMMANDED SPEED.

SERIES ARRANGED RELAY CONTACT

1FW WILL OPEN TO DEENERGIZE 1SRX.

NO EFFECT ON NORMAL OPERATION.

CONTROL CIRCUITRY WILL NOT BE
ENABLED. BRAKES WILL BE SET.
DELAY OF OPERATION.

RELAY CONTACT 1KRX, ARRANGED IN
SERIES, WILL OPEN TO DISABLE THE
CIRCUIT.

FOOT SWITCH S2 Wil.L NOT BE
ENABLED FOR THE FLOAT MODE.
BRAKES WILL BE SET. DELAY OF
QPERATION.

FOOT SWITCH S2 WILL REMAIN
ENABLED. NO EFFECT ON NORMAL
OPERATION.

POSSIBLE LOSS OF LIFE
AND/OR VEHICLE.

NQO EFFECT.

NO EFFECT.

NO EFFECT.

NO EFFECT.

NO EFFECT.
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Table 25 (Page 3 of 8). ELECTRICAL FMEA - MAIN HOIST

System

Drawing No. 69-K-L.-11388

250-TON BRIDGE CRANE, VAB
Subsystem MONITOR/PROTECTION, MOTOR FLD, BRAKE CIRCUITS

Sheet No. 12/13/15

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33
Date FEBRUARY 1994
Reference Figure Used

PMN K80-0533, K60-0534 Prepared By C. CRABB, LSCC 52-11
a. FAILURE MODE
b. CAUSE
c. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
N.O. CONTACT, ARRANGED IN a. N.O. CONTACT FAILS FAN MOTORS WILL NOT COME ON. NO EFFECT. 3
SERIES WITH RELAY OPEN LOSS OF AIRFLOW IN THE RELAY
CONTACT 1KRX, CLOSES TO CABINET. NO EFFECT ON CRANE
ZNERGIZE FAN MOTORS M31 OPERATION.
& M32 WHICH PROVIDE
COOLING FOR THE DRIVE
CONTROL RELAY CABINET.
a. N.O. CONTACT FAILS RELAY CONTACT 1KRX, ARRANGED IN NO EFFECT. 3
CLOSED SERIES, WILL OPEN TO DISABLE THE
FAN MOTORS.
N.O. CONTACT, ARRANGED [N a. N.O. CONTACT FAILS RELAY 1BRX WILL NOT BE ENERGIZED NO EFFECT. 3
SERIES WITH RELAY OPEN CAUSING POSSIBLE DAMAGE TO THE
CONTACT 1BTR CLOSES TO BRAKE SOLENOQIDS OR TRIPPING OF
ENERGIZE RELAY 1BRX CB 1CCB3. BRAKES WILL SET. DELAY
WHICH OPENS TO REDUCE OF OPERATION.
THE CURRENT TO THE BRAKE
SOLENOIDS AFTER THEY ARE
ENERGIZED.
a. N.O. CONTACT FAILS RELAY CONTACT 1BTR, ARRANGED IN NO EFFECT. 3
CLOSED SERIES, WILL OPEN TO DEENERGIZE
RELAY 1BRX. NO EFFECT ON HOIST
OPERATION.
a. FAILS ACTIVATED (CON- FOOT SWITCH S2 WILL REMAIN NO EFFECT. 3
TACTS REMAIN IN THE ENABLED. NO EFFECT ON NORMAL
ENERGIZED POSITION) OPERATION.
1RF8, FUSE, 10A PROVIDES PROTECTION a. PREMATURE ACTUATION RELAY KR WILL BE DEENERGIZED NQ EFFECT. 3
1RF10 AGAINST AN OVERCURRENT WHICH WILL DISABLE THE HOIST CON-
CONDITION FOR 1KR RELAY TROLS. THE BRAKES WILL. SET.
COIL. DELAY OF OPERATIONS.
a. FAILS TO ACTUATE 1KR RELAY COIL MAY BE EXPOSED TO NO EFFECT. 3
HIGHER THAN EXPECTED CURRENTS.
POSSIBLE DAMAGE TO THE RELAY
COIL. MULTIPLE FAILURE REQUIRED.
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System  250-TON BRIDGE CRANE, VAB Station Set/Facility Code 20, 33
Subsystem MONITOR/PROTECTION, MOTOR FLD, BRAKE CIRCUITS Program SPACE SHUTTLE Date FEBRUARY 1994
Drawing Na. 69-K-L-11388 Sheet No. 12/13/15 Reference Figure Used
PMN K60-0533, K80-0534 Prepared By C. CRABB, LSOC 52-11
a. FAILURE MODE
b. CAUSE
c. FMN
d. OETECTION METHOD FAILURE EFFECT
a. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
1CCB2 CIRCUIT PROVIDES OVERLOAD PRO- a. PREMATURE TRIP LOSS OF POWER TO THE HOIST DC NO EFFECT. 3
BREAKER, TECTION FOR CIRCUIT PRO- MOTOR FIELD WINDINGS AND FIELD
16AT VIDING POWER TO THE HOIST LOSS RELAY. M-G SET WILL SHUT
DC MOTOR FIELLD WINDINGS. DOWN WHEN 1FLA AND/OR 1FLB DEEN-
ERGIZE. DELAY OF OPERATION.
a. FAILS TO TRIP UPSTREAM BREAKER 12CB MAY TRIP NO EFFECT. 3
CAUSING BRAKES TO SET. POSSIBLE
DAMAGE TO THE MOTOR FIELD
WINDINGS. DELAY OF OPERATION.
1SRX RELAY PROVIDES PATH FOR FULL a. FAILS DEACTIVATED THE N.O. CONTACT WILL BE OPENED POSSIBLE LOSS OF LIFE 1
POWER TO THE DC MOTOR (COIL FAILS OPEN) PLACING RESISTOR RESA IN SERIES AND/OR VEHICLE.
FIELD FOR NORMAL OPER- b. CORROSION, FATIGUE WITH THE DC MOTOR FIELD
ATIONS WHEN ENERGIZED. c. 09FY12-005.100 WINDINGS. THE FIELD WILL BE WEAK-
WHEN (T IS DEENERGIZED d. SELSYN POSITION INDI- ENED BY THE REDUCTION OF
THE DC MOTOR FIELD CATOR CURRENT THROUGH THE WINDINGS.
RECEIVES REDUCED POWER 2. PRESS THE E-STOP THE HOIST SPEED WILL INCREASE TO
FOR HIGH SPEED OPER- BUTTON APPROXIMATELY TWO TIMES THE
ATIONS. f. SECONDS COMMANDED SPEED.
g. ESTIMATED 3 TO 10
SECONDS
a. N.O. CONTACT FAILS THE N.O. CONTACT WILL BE OPENED POSSIBLE LOSS OF LIFE 1
OPEN PLACING RESISTOR RESA IN SERIES AND/OR VEHICLE.
b. CORROSION, BINDING WITH THE DC MCTOR FIELD
MECHANISM WINDINGS. THE FIELD WILL BE WEAK-
c. 09FY12-005.101 ENED BY THE REDUCTICN OF
d. SELSYN POSITION INDI- CURRENT THROUGH THE WINDINGS.
CATOR THE HOIST SPEED WILL INCREASE TO
2. PRESS THE E-STOP APPROXIMATELY TWO TIMES THE
BUTTON COMMANDED SPEED.
f. SECONDS
g. ESTIMATED 3 TO 10
SECONDS
a. N.O. CONTACT FAILS LOSS OF ABILITY TO REDUCE THE NO EFFECT. 3
CLOSED POWER TO THE DC MOTOR FIELD FOR
HIGH SPEED OPERATION.
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Table 25 (Page 5 of 8). ELECTRICAL FMEA - MAIN HOIST

System

Subsystem MONITOR/PROTECTION, MOTOR FLD, BRAKE CIRCUITS

250-TON BRIDGE CRANE, VAB

Drawing No. 62-K-L-11388

Sheet No. 12/13/15

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33

Date FEBRUARY 1994
Reference Figure Used

PMN K60-0533, K60-0534 Prepared By C. CRABB, LSOC 52-1t
a. FAILURE MODE
b, CAUSE
¢c. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
1FLA RELAY PROVIDES PROTECTION IF a. FAILS DEACTIVATED CONTACT WILL REMAIN IN NO EFFECT. 3
POWER TO THE EAST OC {COIL FAILS OPEN) DE-ENERGIZED POSITION. M-G SET
MOTOR FIELD WINDING IS WILL NOT RUN. DELAY OF OPERA-
LOST. N.O. CONTACT WILL TION.
OPEN TO SHUT DOWN THE
M-G SET.
a. N.O. CONTACT FAILS M-G SET WILL NOT RUN. DELAY OF NO EFFECT. 3
OPEN OPERATION.
a. N.O. CONTACT FAILS {F POWER IS LOST IN THE MOTOR NO EFFECT. 3
CLOSED FIELD WINDING CIRCUIT. THE
CONTACT FOR RELAY 1FLB WiLL OPEN
TO SHUT DOWN THE M-G SET. IF ONE
MOTOR FIELD WINDING OPENS, THE
REMAINING OPERATIONAL MOTOR
WILL HOLD LOAD.
1FLB RELAY PROVIDES PROTECTION IF a. FAILS DEACTIVATED CONTACT WILL REMAIN IN NO EFFECT. 3
POWER TO THE WEST DC (COIL FAILS OPEN) DE-ENERGIZED POSITION. M-G SET
MOTOR FIELD WINDING iS WILL NOT RUN. DELAY OF OPERA-
LOST. N.O. CONTACT WILL TION.
QPEN TO SHUT DOWN THE
M-G SET.
a. N.O. CONTACT FAILS M-G SET WILL NOT RUN. DELAY OF NO EFFECT 3
OPEN OPERATION.
a. N.O. CONTACT FAILS IF POWER IS LOST IN THE MOTOR NO EFFECT 3
CLOSED FIELD WINDING CIRCUIT, THE
CONTACT FOR RELAY 1FLA WILL OPEN
TO SHUT DOWN THE M-G SET. IF ONE
MOTOR FIELD WINDING OPENS, THE
REMAINING OPERATIONAL MOTOR
WILL HOLD LOAD.
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System  250-TON BRIDGE CRANE, vVAB Station Set/Facility Code 20, 33
Subsystem MONITOR/PROTECTION, MOTOR FILLD, BRAKE CIRCUITS Program SPACE SHUTTLE Date FEBRUARY 1994
Drawing No. §9-K-L-11388 Sheet No. 12/13/15 Reference Figure Used
PMN K80-0533, K60-0534 Prepared By C. CRABB, LSOC 52-11
a. FAJLURE MODE
b, CAUSE
¢. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
RESA RESISTOR PROVIDES VOLTAGE DIVIDING a. FAIL OPEN NO POWER TO FIELD WINDINGS IN THE NO EFFECT. 3
CAPABILITY TO REDUCE THE HIGH SPEED MODE. THE M-G SET
VOLTAGE ACROSS THE DC WILL BE SHUT DOWN BY THE FIELD
MOTOR FIELD WINDINGS FOR LOSS RELAYS. DELAY OF OPERATION.
OPERATION IN THE HiGH
SPEED MODE.
RESB RESISTOR PRCVIDES VOLTAGE DIVIDING a. FAILS OPEN NO POWER TO F!ELD WINDINGS. THE NO EFFECT. 3
CAPABILITY TO REGULATE M-G SET WILL BE SHUT DOWN BY THE
THE VOLTAGE ACROSS THE FIELD LOSS RELAYS. DELAY OF OPER-
DC MOTOR FIELD WINDINGS. ATION.
1RES1 RESISTOR, MAINTAINS PREDETERMINED a. FAIL OPEN THE DC MOTOR FIELD WINDINGS MAY NO EFFECT. 3
THYRITE VOLTAGE CEILING ACROSS BE EXPOSED TO HIGHER VOLTAGES
THE DC MOTOR FiELD THAN EXPECTED. POSSIBLE DAMAGE
WINDINGS. THIS WILL NOT TO THE MOTOR FIELD WINDINGS.
CONDUCT UNTIL IT REACHES
THE BREAKDOWN VOLTAGE
AT WHICH TIME IT WILL
CONDUCT AND KEEP THE DC
MOTOR FIELD WINDINGS AT
THE PROPER VOLTAGE.
1FWR RESISTOR PROVIDES VOLTAGE DIVIDING a. FAIL OPEN NO POWER TO FIELD WINDINGS IN THE NO EFFECT. 3
CAPABILITY TO REDUCE THE HIGH SPEED MODE. THE M-G SET
JOLTAGE ACROSS THE DC WILL BE SHUT DOWN BY THE FIELD
MOTOR FIELD WINDINGS FOR LOSS RELAYS. DELAY OF OPERATION.
OPERATION IN THE HIGH
SPEED MODE.
1CCB3 CIRCUIT PROVIDES OVERLOAD PRO- a. PREMATURE TRIP LOSS OF POWER TO THE BRAKE NO EFFECT. 3
BREAKER, TECTION FOR CIRCUIT PRO- SOLENOIDS. BRAKES WILL SET.
30AT VIDING POWER TO THE DELAY OF OPERATION,
BRAKE SOLENOIDS.
a. FAILS TO TRIP UPSTREAM CIRCUIT BREAKER 12CB NO EFFECT. 3
MAY TRIP CAUSING BRAKES TO SET.
POSSIBLE DAMAGE TO THE BRAKE
SOLENOIDS. DELAY OF OPERATION.
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Table 25 (Page 7 of 8). ELECTRICAL FMEA - MAIN HOIST

System

250-TON BRIDGE CRANE, VAB

Subsystem MONITOR/PROTECTION, MOTOR FLD, BRAKE CIRCUITS

Drawing No. 69-K-L-11388
PMN K80-0533, K60-0534

Sheet No. 12/13/15

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33
Date FEBRUARY 1994

Reference Figure Used

Prepared By C. CRABB, LSOC 52-11

a. FAILURE MODE
b. CAUSE
c. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FANLURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
1BRX RELAY ENERGIZES TO REDUCE THE a. FAILS DEACTIVATED CONTACT REMAINS IN DE-ENERGIZED NO EFFECT. 3
VOLTAGE DROP ON THE (COIL FAILS OPEN) POSITION CAUSING POSSIBLE
BRAKE SOLENOIDS AFTER DAMAGE TO THE BRAKE SOLENOIDS
THE INITIAL VOLTAGE OR TRIPPING OF CB 1CCB3. BRAKES
REQUIRED TO RELEASE WILL SET. DELAY OF OPERATION.
BRAKES HAS BEEN APPLIED.
a. N.C. CONTACT FAILS POSSIBLE DAMAGE TO THE BRAKE NO EFFECT. 3
CLOSED SOLENQIDS OR TRIPPING OF CB
1CCB3. BRAKES WILL SET. DELAY OF
OPERATION.
a. N.C. CONTACT FAILS BRAKE SOLENOIDS MAY NOT RECEIVE NO EFFECT. 3
OPEN ENOUGH POWER TO RELEASE THE
BRAKES. DELAY OF OPERATION.
RESC RESISTOR PROVIDES VOLTAGE DIVIDING a. FAIL OPEN NO POWER TO BRAKE SOLENOID. NO EFFECT. 3
TO REDUCE THE VOLTAGE BRAKES WILL SET. DELAY OF OPERA-
ACROSS THE BRAKE TION.
SOLENOIDS AFTER THEY ARE
INITIALLY ENERGIZED.
RESD RESISTOR PROVIDES VOLTAGE DIVIDING a. FAIL OPEN NO POWER TO BRAKE SOLENCID. NO EFFECT. 3
TO REGULATE THE VOLTAGE BRAKES WILL SET. DELAY OF OPERA-
ACROSS THE BRAKE TION.
SOLENOIDS.
1RES2 RESISTOR, MAINTAINS PREDETERMINED a. FAIL OPEN BRAKE SOLENOIDS MAY BE EXPOSED NO EFFECT. 3
THYRITE VOLTAGE CEILING ACROSS TO HIGHER VOLTAGES THAN
THE BRAKE SOLENOIDS. EXPECTED. POSSIBLE DAMAGE TO
THIS WILL NOT CONDUCT THE SOLENQIDS.
UNTIL IT REACHES THE
BREAKDOWN VOLTAGE AT
WHICH TIME IT WiILL
CONDUCT AND KEEP THE
BRAKE SOLENOQIDS AT THE
PROPER VOLTAGE.
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Table 25 (Page 8 of 8). ELECTRICAL FMEA - MAIN HOIST

System

250-TON BRIDGE CRANE, VAB

Subsystem MONITOR/PROTECTION, MOTOR FLD, BRAKE CIRCUITS

Drawing No. 69-K-L-11388

Sheet No. 12/13/15

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33
Date FEBRUARY 1994
Reference Figure Used

PMN Kg§0-0533, K60-0534 Prepared By C. CRABB, LSOC 52-11
a. FAILURE MODE
b. CAUSE
¢. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO. . TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
BR BRAKE WHEN THE COIL, CON- a. FAILS DEACTIVATED BRAKES WILL SET. DELAY OF OPERA- NO EFFECT. 3
SOLENOID TROLLED BY RELAYS 1BR, (COIL FAILS OPEN) TION.
{1 OF 2) 1BR1. AND 1BR2, IS ENER-
GIZED, BRAKES WILL
RELEASE.
PL3S INDICATION PROVIDES INDICATION THAT a. FAILS OPEN LIGHT WILL NOT COME ON TO INDI- NO EFFECT. 3
LAMP BRAKES ARE SET. CATE BRAKES ARE SET.
1-OLA RELAY. SHUTS DOWN THE HOIST M-G a. N.C. CONTACT FAILS M-G SET WILL NOT SHUT DOWN iF AN NO EFFECT. 3
OVERLOAD SET IF THE HOIST MOTORS CLOSED OVERLOAD CONDITION OQCCURS. POS-
(INSTANTA- EXPERIENCE AN OVERLOAD. SIBLE DAMAGE TO THE DC DRIVE
NEOUS) {NOTE GROUND RULE e). MOTORS. MULTIPLE FAILURE
REQUIRED.
a. N.C. CONTACT FAILS M-G SET WILL NOT RUN. DELAY OF NO EFFECT. 3
OPEN OPERATION.

8 ‘A3
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FTable 26 (Page 1 of 16). ELECTRICAL FMEA - MAIN HOIST

FYS tem

250-TON BRIDGE CRANE, VAB

Station Set/Facility Code 20, 33

Subsystem MONITORING, SPEED CONTROL, INDICATION CIRCUIT Program SPACE SHUTTLE Date FEBRUARY 1994
Drawing No. 69-K-L-11388 Sheet No. 12/13/15/16 Reference Figure Used
PMN KB0-0533, K80-0534 Prepared By C. CRABB, LSOC 52-11
a. FAILURE MODE
8. CAUSE
c. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
1KRX RELAY PROVIDES PROTECTION a. FAILS DEACTIVATED CONTACT REMAINS IN DE-ENERGIZED NO EFFECT. 3
AGAINST THE LOSS OF {COIL FAILS OPEN) POSITION. HOIST CONTROLS WILL
POWER TO THE GENERATOR REMAIN DISABLED. DELAY OF OPER-
FIELD DC INPUT CON- ATIONS.
TROLLER. RELAYS 1KR1,
tKR2, & 1KR3 MONITCR THIS
POWER AND ENERGIZE THIS
RELAY. THIS ENABLES THE
HOIST CONTROLS IF THE
POWER IS PRESENT AND [T
DISABLES THE CONTROLS IF
THE POWER IS NOT PRESENT.
a. N.O. CONTACT FAiLS HOIST CONTROLS WILL REMAIN DISA- NO EFFECT. 3
OPEN BLED. DELAY OF OPERATIONS.
a. N.O. CONTACT FAILS LOSS OF ABILITY TO DISABLE THE NO EFFECT. 3
CLOSED HOIST CONTROLS |F POWER IS LOST
TO ONE OF THE THREE RELAYS. MUL-
TIPLE FAILURE REQUIRED.
1KR1 RELAY MONITORS POWER SUPPLIED a. FAILS DEACTIVATED CONTACT REMAINS IN DE-ENERGIZED NO EFFECT. 3
TO THE GENERATOR FIELD DC {COIL FAILS OPEN) POSITION. RELAY 1KRX WILL REMAIN
INPUT CONTROLLER DOWN- DEENERGIZED. HOIST CONTROLS
STREAM OF TRANSFORMER WILL REMAIN DISABLED. DELAY OF
1RT1. THE N.O. CONTACT iS OPERATIONS.
ARRANGED IN SERIES WITH
CONTACTS OF RELAYS 1KR2
& 1KR3 WHICH CLOSE TO
ENERGIZE RELAY 1KRX.
a. MN.O. CONTACT FAILS RELAY 1KRX WILL REMAIN DEENER- NO EFFECT. 3
OPEN GIZED. HOIST CONTROLS WiILL
REMAIN DISABLED. DELAY OF OPER-
ATIONS.
a. N.O. CONTACT FaILS LOSS OF ABILITY TO DISABLE THE NO EFFECT. 3
CLOSED HOIST CONTROLS IF POWER FROM
TRANSFORMER 1RT1 IS LOST. MUL-
TIPLE FAILURE REQUIRED

g A3y
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Table 26 (Page 2 of 16). ELECTRICAL FMEA - MAIN HOIST

System

Drawing No. 69-K-L-11388

250-TON BRIDGE CRANE, VAB
Subsystem MONITORING, SPEED CONTROL, iNDICATION CIRCUIT
Sheet No. 12/13/15/16

Program SPACE SHUTTLE

Station Set/Facility Code 20, 32
Date FEBRUARY 1294
Reference Figure Used

PMN KB0-0533, K60-0534 Prepared By C. CRABB, LSOC 52-11
a. FAILURE MODE
b. CAUSE
c. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
tKR2 RELAY MONITORS POWER SUPPLIED a. FAILS DEACTIVATED CONTACT REMAINS [N DE-ENERGIZED NO EFFECT. 3
TO THE GENERATOR FIELD DC (COIL FAILS OPEN) POSITION. RELAY 1KRX WILL REMAIN
INPUT CONTROLLER DOWN- DEENERGIZED. HOIST CONTROLS
STREAM OF TRANSFORMER WILL REMAIN DISABLED. DELAY OF
IRT1. THE N.O. CONTACT IS OPERATIONS.
ARRANGED IN SERIES WITH
CONTACTS OF RELAYS 1KR1
& 1KR3 WHICH CLOSE TO
ENERGIZE RELAY 1KRX.
a. N.O. CONTACT FAILS RELAY 1KRX WILL REMAIN DEENER- NO EFFECT. 3
OPEN GIZED. HOIST CONTROLS WilLL
REMAIN DISABLED. DELAY OF QPER-
ATIONS.
a. N.O. CONTACT FAILS LOSS OF ABILITY TO DISABLE THE NO EFFECT. 3
CLOSED HOIST CONTROLS IF POWER FROM
TRANSFORMER 1RT1 IS LOST. MUL-
TIPLE FAILURE REQUIRED.
1KR3 RELAY MONITORS POWER SUPPLIED a. FAILS DEACTIVATED CONTACT REMAINS IN DE-ENERGIZED NO EFFECT. 3
TO THE GENERATOR FIELD DC {COIL FAILS OPEN) POSITION. RELAY t1KRX WiLL REMAIN
INPUT CONTROLLER DOWN- DEENERGIZED. HOIST CONTROLS
STREAM OF TRANSFORMER WILL REMAIN DISABLED. DELAY OF
1RT2. THE N.O. CONTACT IS OPERATIONS.
ARRANGED IN SERIES WITH
CONTACTS OF RELAYS 1KR1
& 1KR2 WHICH CLOSE TO
ENERGIZE RELAY 1KRX.
a. N.O. CONTACT FAILS RELAY 1KRX WILL REMAIN DEENER- NO EFFECT. 3
OPEN GIZED. HOIST CONTROLS WILL
REMAIN DISABLED. DELAY OF QOPER-
ATIONS.
a. N.O. CONTACT FAILS LOSS OF ABILITY TO DISABLE THE NO EFFECT. 3
CLOSED HOIST CONTROLS IF POWER FROM
TRANSFORMER 1RT2 IS LOST. MUL-
TIPLE FAILURE REQUIRED.
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Table 26 (Page 3 of 16). ELECTRICAL FMEA - MAIN HOIST

System  250-TON BRIDGE CRANE, VAB
Subsystem MONITORING, SPEED CONTROL, INDICATION CIRCUIT

Program SPACE SHUTTLE

Drawing No. 69-K-L-11388

Sheet No. 12/13/15/16

Station Set/Facility Code 20, 33
Date FEBRUARY 1994
Reference Figure Used

PMN K60-0533, K60-0534 Prepared By C. CRABB, LSOC 52-11
a. FAILURE MODE
b. CAUSE
c. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION 9. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
1RF1, FUSE, 8A PROVIDES PROTECTION a. PREMATURE ACTUATION RELAYS 1KR1, & 1KR2 WILL BE DEEN- NO EFFECT. 3
t1RF2 AGAINST AN OVERCURRENT ERGIZED WHICH WILL DISABLE THE
CONDITION UPSTREAM OF HOIST CONTROLS. THE BRAKES WILL
TRANSFORMER 1RTH. SET. DELAY OF OPERATIONS.
a. FAILS TO ACTUATE TRANSFORMER 1RT1 AND GENERATOR NO EFFECT. 3
FIELD DC INPUT CONTROLLER MAY BE
EXPOSED TO HIGHER THAN EXPECTED
CURRENTS. POSSIBLE DAMAGE TO
THESE COMPONENTS. MULTIPLE
FAILURE REQUIRED.
1RF3 FUSE, 154 PROVIDES PROTECTION a. PREMATURE ACTUATION RELAY 1KR1 WILL BE DEENERGIZED NO EFFECT. 3
AGAINST AN OVERCURRENT WHICH WILL DISABLE THE HOIST CON-
CONDITION DOWNSTREAM OF TROLS. THE BRAKES WILL SET.
TRANSFORMER 1RT1. DELAY OF OPERATIONS.
a. FAILS TO ACTUATE GENERATOR FIELD DC INPUT CON- NO EFFECT. 3
TROLLER MAY BE EXPOSED TO
HIGHER THAN EXPECTED CURRENTS.
POSSIBLE DAMAGE TO THIS COMPO-
NENT. MULTIPLE FAILURE REQUIRED.
1RF4 FUSE, 15A PROVIDES PROTECTION a. PREMATURE ACTUATION RELAY 1KR2 WILL BE DEENERGIZED NO EFFECT. 3
AGAINST AN OVERCURRENT WHICH WILL DISABLE THE HOIST CON-
CONDITION DOWNSTREAM OF TROLS. THE BRAKES WiLL SET.
TRANSFORMER 1RTI. DELAY OF OPERATIONS.
a. FAILS TO ACTUATE GENERATOR FIELD DC INPUT CON- NO EFFECT. 3
TROLLER MAY BE EXPOSED TO
HIGHER THAN EXPECTED CURRENTS.
POSSIBLE DAMAGE TO THIS COMPO-
NENT. MULTIPLE FAILURE REQUIRED.
1RFS, FUSE, .5A PROVIDES PROTECTION a. PREMATURE ACTUATION RELAY 1KR3 WILL BE DEENERGIZED NO EFFECT. 3
1RF8 AGAINST AN OVERCURRENT WHICH WILL DISABLE THE HOIST CON-
CONDITION UPSTREAM OF TROLS. THE BRAKES WILL SET.
TRANSFORMER 1RT2. DELAY OF OPERATIONS.

8 'A3d
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Table 26 (Page 4 of 16). ELECTRICAL FMEA - MAIN HOIST

System

250-TON BRIDGE CRANE, VAB

Subsystem MONITORING, SPEED CONTROL. 'NDICATION CIRCUIT

Drawing No. 69-K-L-11388
PMN K60-0533, K60-0534

Sheet No. :12/13/15/16

Pragram SPACE SHUTTLE

Station Set/Facility Code 20, 33
Date FEBRUARY 1994
Reference Figure Used

Prepared By C. CRABB, LSOC 52-11

a. FAILURE MODE
b. CAUSE
c. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
a. FAILS TO ACTUATE TRANSFORMER 1RT2 AND GENERATOR NO EFFECT. 3
FIELD DC INPUT CONTROLLER MAY BE
EXPOSED TO HIGHER THAN EXPECTED
CURRENTS. POSSIBLE DAMAGE TO
THESE COMPONENTS. MULTIPLE
FAILURE REQUIRED.
1RF7, FUSE, .5A PROVIDES PROTECTION a. PREMATURE ACTUATION RELAY 1KR3 WILL BE DEENERGIZED NO EFFECT. 3
IRF8 AGAINST AN OVERCURRENT WHICH WILL DISABLE THE HOIST CON-
CONDITION DOWNSTREAM OF TROLS. THE BRAKES WILL SET.
TRANSFORMER 1RT2. DELAY OF OPERATIONS.
a. FAILS TO ACTUATE GENERATOR FIELD OC INPUT CON- NO EFFECT. 3
TROLLER MAY BE EXPOSED TO
HIGHER THAN EXPECTED CURRENTS.
POSSIBLE DAMAGE TO THIS COMPO-
NENT. MULTIPLE FAILURE REQUIRED.
1RT1 ISOLATION STEPS DOWN THE BUS a. FAILS OPEN OR SHORT LOSS OF POWER TO THE GENERATOR NO EFFECT. 3
TRANS- VOLTAGE OF 480V TO THE FIELD OC INPUT CONTROLLER.
FORMER DESIRED VOLTAGE OF 240V RELAYS 1KR1 & 1KR2 WILL BE DEEN-
FOR USE IN THE GENERATOR ERGIZED TO DISABLE THE HOIST
FIELD DC INPUT CON- CONTROL CIRCUIT. BRAKES WILL
TROLLER. SET. DELAY OF OPERATION.
1RT2 CONTROL STEPS DOWN THE BUS a. FAILS OPEN OR SHORT LOSS OF POWER TO THE GENERATOR NO EFFECT. 3
TRANS- VOLTAGE OF 480V TO THE FIELD DC INPUT CONTROLLER. RELAY
FORMER DESIRED VOLTAGE OF 120V 1KR3 WILL BE DEENERGIZED TO
FOR USE IN THE GENERATOR DISABLE THE HO!ST CONTROL
FIELD DC INPUT CON- CIRCUIT. BRAKES WILL SET. DELAY
TROLLER. OF OPERATION.

g "A3Y
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Table 26 (Page 5 of 16). ELECTRICAL FMEA - MAIN HOIST

System

250-TON BRIDGE CRANE, VAB

Subsystem MONITORING, SPEED CONTROL, INDICATION CIRCUIT

Drawing No. 69-K-L-11388

Sheet No. 12/13/15/16

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33
Date FEBRUARY 1994
Reference Figure Used

PMN K60-0533, K60-0534 Prepared By C. CRABB, LSOC 52-11
a. FAILURE MODE
b. CAUSE
¢c. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO, f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
1FC GENERATOR A SOLID STATE ASSEMBLY a. HIGH OUTPUT (NOT INCREASE IN SPEED OF THE DC POSSIBLE LOSS OF LIFE 1
FIELD DC WHICH PROVIDES DC INVERTED) MOTORS CONTROLLING THE HOIST IN AND/OR VEHICLE.
INPUT CON- EXCITATION TO THE GENER- b. BOARD COMPONENT THE DIRECTION COMMANDED WHEN
TROLLER ATOR FIELD OF THE SHORT, BOARD COMPO- THE OVERVOLTAGE PROTECTION
MOTOR-GENERATOR SET NENT OPEN, LOSS OF CIRCUIT IS DISABLED (COARSE SPEED
{M12-G4). THE EXCITATION IS VOLTAGE FEEDBACK MODE).
PROPORTIONAL TO THE FROM THE DC DRIVE
INPUT SUPPLIED FROM THE MOTOR LOOP
CONTROL POTENTIOMETERS ¢. 09FY12-005.079 INCREASE IN SPEED OF THE DC POSSIBLE LOSS OF LIFE R
{RPOT/FPOT) AND IS USED TO d. HIGH INDICATION OF MOTORS CONTROLLING THE HOIST IN AND/OR VEHICLE.
DRIVE THE DC MOTORS CURRENT ON CONSOLE THE DIRECTION COMMANDED WHEN
WHICH CONTROL THE HOIST. AMMETER, OR SPEED ON THE OVERVOLTAGE PROTECTION
THE SELSYN CIRCUIT IS ENABLED (FINE & FLOAT
e. BRING THE MASTER SPEED MODE) AND COUPLED WITH A
CONTROLLER TO FAILURE IN THE OVERVOLTAGE PRO-
NEUTRAL OR PRESS TECTION CIRCUIT.
E-STOP BUTTON
f. SECONDS
g. ESTIMATED 3 TO 10
SECONDS
a. HIGH QUTPUT INCREASE N SPEED OF THE DC POSSIBLE LOSS OF LIFE 1
(INVERTED) MOTORS CONTROLLING THE HOIST IN AND/OR VEHICLE.
b. BOARD COMPONENT THE OPPOSITE DIRECTION THAN COM-
SHORT MANDED WHEN THE OVERVOLTAGE
c. 09FY12-005.080 PROTECTIGN CIRCUIT IS DISABLED
d. HIGH INDICATION OF {COARSE SPEED MODE).
CURRENT ON CONSOLE
AMMETER, OR SPEED ON
THE SELSYN INCREASE IN SPEED OF THE DC POSSIBLE LLOSS OF LIFE 1R

BRING THE MASTER
CONTROLLER TO
NEUTRAL OR PRESS
E-STOP BUTTON
SECONDS
ESTIMATED 3 TO 10
SECONDS

MOTORS CONTROLLING THE HOIST IN
THE OPPOSITE DIRECTION THAN COM-
MANDED WHEN THE OVERVOLTAGE
PROTECTION CIRCUIT IS ENABLED
(FINE & FLOAT SPEED MODE) AND
COUPLED WITH A FAILURE IN THE
OVERVOLTAGE PROTECTION CIRCUIT.

AND/OR VEHICLE.

8 'A3d
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Table 26 (Page 6 of 16). ELECTRICAL FMEA -

MAIN HOIST

System  250-TON BRIDGE CRANE, VAB

Subsystem MONITORING, SPEED CONTROL, INDICATION CIRCUIT
Drawing No. 69-K-L-11388 Sheet No. 12/13/15/16

PMN K60-0533, K80-0534

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33
Date FEBRUARY 1994

Reference Figure Used

Prepared By C. CRABB, LSOC 52-11

a. FAILURE MODE
b. CAUSE
c. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
a. NO QUTPUT NO DC EXCITATION TO THE GENER- POSSIBLE DAMAGE TO A 2
b. CONTAMINATION, COR- ATOR FIELD WINDING. NO QUTPUT VEHICLE SYSTEM.
ROSION, BOARD COMPO- FROM GENERATOR. NO HOIST MOTOR
NENT OPEN TORQUE WHILE THE COMMAND (S
¢. 09FY12-005.074 BEING GIVEN TO RAISE, LOWER, OR
d. NO INDICATION OF FLOAT THE LOAD AND THE BRAKES
CURRENT ON CONSOLE ARE RELEASED. LOAD WILL DESCEND
AMMETER WITH REGENERATIVE BRAKING
e. BRING THE MASTER APPLIED.
CONTROLLER TO
NEUTRAL OR PRESS
E-STOP BUTTON
f. SECONDS
g. ESTIMATED 3 TO 10
SECONDS
1XR1 RELAY ENABLES THE GENERATOR a. FAILS DEACTIVATED CONTACTS REMAIN IN DE-ENERGIZED POSSIBLE DAMAGE TO A 2

FIELD DC INPUT CONTROLLER
WHEN RELAY 1HCR OR 1LCR
IS ENERGIZED.

{COIL FAILS OPEN)

b. CORROSION, FATIGUE

c. 09FY12-005.075

d. NO INDICATION OF
CURRENT ON CONSOLE
AMMETER

e. BRING THE MASTER
CONTROLLER TO
NEUTRAL OR PRESS
E-STOP BUTTON

. SECONDS

g. ESTIMATED 37O 10

SECONDS

POSITION. NO DC EXCITATICON TO THE
GENERATOR FIELD. NO OUTPUT FROM
GENERATOR. NO HOIST MOTOR
TORQUE WHILE THE COMMAND IS
BEING GIVEN, VIA THE MASTER
CONTROL SWITCH, TO RAISE CR
LOWER AND THE BRAKES ARE
RELEASED. LOAD WILL DESCEND
WITH REGENERATIVE BRAKING
APPLIED.

VEHICLE SYSTEM.

8 'A3Yd
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Operational Use:

* Correcting Action:

1

2)

J)

4)

6)

The failure can be recognized via the ammeter {lack or increase of current) and
the Selsyn (positions change) that is in view of both operators.

When the failure indication is noticed, the operator can stop all crane operations
by pressing the E-Stop button or releasing the brake switch.

When the high output failure occurs, the motor generator set will be shut down
by an overvoltage protection relay when the voltage in the DC mator loop
reaches 115% of the full fine voltage output.

Operators are trained and certified to operate these cranes and know and
understand what to do if a failure indication is present.

During all critical lifts, there is at least one remote Emergency Stop (E-Stop)
operator observing the load lift, and can stop the crane if a failure indication is
noticed.

Operationally, the crane must be operated in the fine or float speed mode if a
critical load is within 10 feet of any structure in the direction of travel.

¢ Timeframe:

— Estimated operator reaction time is 3 to 10 seconds.

PS0146

462
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Table 26 (Page 8 of 16). ELECTRICAL FMEA - MAIN HOIST

System

250-TON BRIDGE CRANE, VAB

Subsystem MONITORING, SPEED CONTROL, INDICATION CIRCUIT
Drawing No, 69-K-[-11388

Sheet No. 12/13/15/16

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33

Date FEBRUARY 1994
Reference Figure Used

PMN K80-0533, K60-0534 Prepared By C. CRABB, LSOC 52-11
a. FAILURE MODE
b. CAUSE
c. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
a. N.O. CONTACT FAILS THE BI-DIRECTIONAL AMPLIFIER IN NQ EFFECT. 3
CLOSED THE GENERATOR FIELD DC INPUT
CONTROLLER WILL REMAIN ENABLED.
POSSIBLE DAMAGE TO THIS COMPO-
NENT.
N.O. CONTACT CLOSES 70O a. N.O. CONTACT FAILS THE FIRING CIRCUIT IN THE GENER- POSSIBLE DAMAGE TC A 2
ENABLE THE FIRING CIRCUIT OPEN ATOR FIELD DC INPUT CONTROLLER VEHICLE SYSTEM.
IN THE GENERATOR FIELD DC b. CORROSION, BINDING WILL NOT BE ENABLED. NO DC
INPUT CONTROLLER. MECHANISM EXCITATION TO THE GENERATOR
c. 09FY12-005.078 FIELD. NO QUTPUT FROM GENER-
d. NO INDICATION OF ATOR. NO HOIST MOTOR TORQUE
CURRENT ON CONSOLE WHILE THE COMMAND IS BEING
AMMETER GIVEN, VIA THE MASTER CONTROL
e. BRING THE MASTER SWITCH, TO RAISE OR LOWER AND
CONTROLLER TO THE BRAKES ARE RELEASED. LOAD
NEUTRAL OR PRESS WILL DESCEND WITH REGENERATIVE
E-STOP BUTTON BRAKING APPLIED.
f. SECONDS
9. ESTIMATED 3 TO 10

SECONDS

N.O. CONTACT FAILS
CLOSED

FAILS ACTIVATED (CON-
TACTS REMAIN IN THE
ENERGIZED POSITION)

THE FIRING CIRCUIT IN THE GENER-
ATOR FIELD DC INPUT CONTROLLER
WILL REMAIN ENABLED. POSSIBLE
DAMAGE TO THIS COMPONENT.

THE GENERATOR FIELD DC INPUT
CONTROLLER WILL REMAIN ENABLED
WHEN THE MASTER CONTROL LEVER
IS RETURNED TO THE NEUTRAL POSI-
TICN. WITH RPOT CENTERED THERE
WILL BE NO INPUT TO THE DC
MOTORS AND THE HOIST WILL STOP.

NO EFFECT.

NO EFFECT.

g 'AJd
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Table 26 (Page 9 of 16). ELECTRICAL FMEA - MAIN HOIST

System  250-TON BRIDGE CRANE, vAB

Subsystem MONITORING, SPEED CONTROL, INDICATION CIRCUIT
Drawing No. 69-K-L-11388 Sheet No, 12/13/15/18

PMN KB0-0533, K60-0534

Station Set/Facility Code 20, 33
Date FEBRUARY 1994

Reference Figure Used

Prepared B8y C. CRABB, LSOC 52-11

Program SPACE SHUTTLE

S00-112S 1IFHSHAOM

Gcl

a. FAILURE MODE

b. CAUSE

c. FMN

d. DETECTION METHOD
e. CORRECTING ACTION

FAILURE EFFECT
ON VEHICLE

FIND NO, f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
1SYNT, SYNCHRO PROVIDES HOIST POSITION a. ERRONEOUS QUTPUT LOSS OF ACCURATE POSITION INDI- POSSIBLE DAMAGE TO A 2
1SYNR1 TRANS- AND MOTION INDICATION TO (INDICATION) CATION OR LOAD MOTION INDICATION VEHICLE SYSTEM.
MITTER AND THE OPERATOR IN CAB. THE b. CORROSION, BINDING COULD RESULT IN IMPROPER LOAD
RECEIVER OPERATOR USES THIS INDI- MECHANISM POSITIONING.
ASSEMBLY CATOR TO DETERMINE MOVE- c. 09FY12-005.034
(SELSYN) MENT DISTANCE WHEN d. LOAD MOVEMENT NOT
REQUIRED TO MAKE SMALL CORRESPONDING WITH
INCREMENTAL MOVES FOR CHANGE ON CONSOLE
MATE/DEMATE OPERATIONS. METER
e. RETURN THE MASTER
CONTROLLER TO
NEUTRAL
f. SECONDS
3. ESTIMATED 3 TO 10
SECONDS
MHFLT RELAY ENERGIZED WHEN THE FOOT a. FAILS DEACTIVATED CONTACT REMAINS IN THE POSSIBLE LOSS OF LIFE R

SWITCH, S2, IS ENGAGED FOR
FLOAT MOOE OPERATIONS.
THIS PREVENTS THE TIME
DELAY RELAY, {TDHC, FROM
BEING ENERGIZED AND
BYPASSING THE OVER-
VOLTAGE RELAY, 1FOV, WHEN
THE SPEED SELECTOR
SWITCH, SS2. IS IN THE
COARSE SPEED POSITION.

{COIL FAILS QPEN)

b. CORROSION, FATIGUE

09FY12-005.120

d. HIGH INDICATION OF
CURRENT ON CONSOLE
AMMETER, OR SPEED ON
THE SELSYN

e. RELEASE THE BRAKE
SWITCH, S1, OR PRESS
E-STOP BUTTON

f. SECONDS

3. ESTIMATED 3TO 10
SECONDS

g

DE-ENERGIZED POSITION. THE TIME
DELAY RELAY WiILL BE ENERGIZED
AND BYPASS THE OVERVOLTAGE
RELAY WHEN THE SPEED SELECTOR
SWITCH IS IN THE COARSE SPEED
POSITION AND THE OPERATOR IS
FLOATING THE LOAD. THIS WILL
RESULT IN LOSS OF ABILITY TO AUTO-
MATICALLY SHUT DOWN THE M-G SET
WHEN COUPLED WITH A FAILURE OF
THE GENERATOR FIELD DC INPUT
CONTROLLER, 1FC, CAUSING AN
OVERVOLTAGE CONDITION IN THE DC
MOTOR LOOP RESULTING IN AN
INCREASE IN SPEED OF THE DC
MOTORS CONTROLLING THE HOIST.

AND/COR VEHICLE.

g ‘Add
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Table 26 (Page 10 of 16). ELECTRICAL FMEA - MAIN HOIST

System

250-TON BRIDGE CRANE, VAB

Subsystem MONITORING, SPEED CONTROL, INDICATION CIRCUIT

Drawing No. 69-K-L-11388
PMN K80-0533, K60-0534

Sheet No. 12/13/15/16

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33
Date FEBRUARY 1994
Reference Figure Used

Prepared By C. CRABB, LSOC 52-11

a. FAILURE MOOE
b. CAUSE
c. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO, f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
a. N.C. CONTACT FAILS THE TIME DELAY RELAY WILL NOT BE NO EFFECT. 3
QPEN ENERGIZED AND WILL NOT BYPASS
THE OVERVOLTAGE RELAY. {F THE
CRANE IS OPERATING (N THE COARSE
SPEED MODE, THE OVERVOLTAGE
RELAY WILL SHUT DOWN THE M-G SET
WHEN THE VOLTAGE IN THE DC
MOTOR LOOP REACHES 115% OF THE
FULL FINE QUTPUT.
a. N.C. CONTACT FAILS THE TIME DELAY RELAY WILL BE POSSIBLE LOSS OF LIFE 1R
CLOSED ENERGIZED AND BYPASS THE OVER- AND/OR VEHICLE.
b. WELDED CONTACTS, VOLTAGE RELAY WHEN THE SPEED
BINDING MECHANISM SELECTOR SWITCH IS IN THE COARSE
c. 09FY12-005.121 SPEED POSITION AND THE OPERATOR
d. HIGH INDICATION OF IS FLOATING THE LOAD. THIS WILL
CURRENT ON CONSOLE RESULT IN LOSS OF ABILITY TO AUTO-
AMMETER, OR SPEED ON MATICALLY SHUT DOWN THE M-G SET
THE SELSYN WHEN COUPLED WITH A FAILURE OF
e. RELEASE THE BRAKE THE GENERATOR FIELD DC INPUT
SWITCH, S1, OR PRESS CONTROLLER, 1FC, CAUSING AN
E-STOP BUTTON OVERVOLTAGE CONDITION IN THE DC
f. SECONDS MOTOR LOOP RESULTING IN AN
g. ESTIMATED 3 TO 10 INCREASE IN SPEED OF THE DC
SECONDS MOTORS CONTROLLING THE HOIST.
1FOV RELAY PROTECTS AGAINST AN a. FAILS DEACTIVATED N.O. CONTACT WiLL REMAIN IN THE NO EFFECT. 3
QVERVOLTAGE CONDITION N {COIL FAILS OPEN) DE-ENERGIZED POSITION. HOIST M-G
THE DC MOTOR LOOP WHICH SET CANNOT BE STARTED. DELAY OF
CAN RESULT IN A SPEED QOPERATION.
INCREASE OF THE HOIST. IT
IS CONFIGURED TO SHUT
DOWN THE M-G SET IF AN
OVERVOLTAGE CONDITION
{115% OF THE FULL FINE
OUTPUT) IS DETECTED IN THE
DC MOTOR LOOP WHILE N
THE FINE SPEED OR FLCAT
MODE OF OPERATION.
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Table 26 (Page 11 of 16). ELECTRICAL FMEA - MAIN HOIST

System  250-TON BRIDGE CRANE, VAB

Subsystem MONITORING, SPEED CONTROL, INDICATION CIRCUIT

Drawing No. 69-K-L.-11388
PMN K60-0533, K60-0534

Sheet No. 12/13/15/16

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33

Date FEBRUARY 1994
Reference Figure Used

Prepared By C. CRABS, LSOC 52-11

a. FAILURE MODE
b, CAUSE
c. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
a. COIL FAILS TO DEENER- THIS WiLL RESULT IN LOSS OF POSSIBLE LOSS OF LIFE IR
GIZE ABILITY TO AUTOMATICALLY SHUT AND/OR VEHICLE.
b. CONTAMINATION, COR- DOWN THE M-G SET WHEN COUPLED
ROSION, BOARD COMPO- WITH A FAILURE OF THE GENERATOR
NENT OPEN FIELD DC INPUT CONTROLLER, 1FC,
c. 09FY12-005.122 OR REFERENCE POTENTIOMETER,
d. HIGH INDICATION OF RPOT, CAUSING AN OVERVOLTAGE
CURRENT ON CONSOLE CONDITION IN THE DC MOTOR LOOP
AMMETER, COR SPEED ON RESULTING IN AN INCREASE IN SPEED
THE SELSYN OF THE DC MOTORS CONTROLLING
e. BRING THE MASTER THE MOIST.
CONTROLLER TO
NEUTRAL OR PRESS
E-STOP BUTTON
f. SECONDS
g. ESTIMATED 3 TO 10
SECONDS
a. N.O. CONTACT FAILS HOIST M-G SET CANNOT BE STARTED. NQ EFFECT. 3
OPEN DELAY OF OPERATION.
2. N.O. CONTACT FAILS THIS WILL RESULT IN LOSS OF POSSIBLE LOSS OF LIFE 1R

CLOSED

WELDED CONTACT,
BINDING MECHANISM
09FY12-005.123

HIGH INDICATION OF
CURRENT ON CONSOLE
AMMETER, CR SPEED ON
THE SELSYN

BRING THE MASTER
CONTROLLER TO
NEUTRAL OR PRESS
E-STOP BUTTON
SECONDS

ESTIMATED 3 TO 10
SECONDS

ABILITY TO AUTOMATICALLY SHUT
DOWN THE M-G SET WHEN COUPLED
WITH A FAILURE OF THE GENERATOR
FIELD DC INPUT CONTROLLER, 1FC,
OR REFERENCE POTENTIOMETER,
RPOT, CAUSING AN OVERVOLTAGE
CONDITION IN THE DC MOTOR LOOP
RESULTING (N AN INCREASE IN SPEED
QF THE DC MOTORS CONTROLLING
THE HOIST.

AND/OR VEHICLE.

8 'A3d
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Table 26 (Page 12 of 16). ELECTRICAL FMEA - MAIN HOIST

System

Drawing No. 69-K-L.-11388

250-TON BRIDGE CRANE, VAB
Subsystem MONITORING, SPEED CONTROL, iNDICATION CIRCUIT

Sheet No. 12/13/15/16

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33
Date FEBRUARY 1994
Reference Figure Used

PMN K60-0533, K60-0534 Prepared By C. CRABB, LSOC 52-11
a. FAILURE MODE
b. CAUSE
c. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
N.C. CONTACT CONTROLS a. N.C. CONTACT FAiLS FOV TRIP LIGHT WILL NOT COME ON. NO EFFECT. 3
POWER TO THE FOV TRIP OPEN DELAY OF OPERATION.
LIGHT WHICH IS USED TO
VERIFY PROPER OPERATION
OF THIS RELAY DURING THE
PRE-OPS CHECK.
a. N.C. CONTACT FAILS FOV TRIP LIGHT WILL REMAIN ON. NO EFFECT. 3
CLOSED DELAY OF OPERATION.
1FOV TRIP INDICATOR LIGHTS WHEN THE FOV CON- a. FAIL OPEN FAILS TO INDICATE THE PROPER NO EFFECT. 3
LIGHT LIGHT TACTS ARE IN THE DEENER- OPERATION OF THE FOV RELAY.
GIZED POSITION TO DELAY OF OPERATION.
INDICATE THAT THE FOV
RELAY IS DISABLED WHICH
WILL PREVENT THE M-G SET
FROM BEING STARTED. THIS
1S EXTINGUISHED WHEN THE
FOV RELAY IS ENABLED TO
ALLOW FOR M-G SET START.
1FOV RECT RECTIFIER, MAINTAINS A POSITIVE a. DIODE FAILS NO INPUT FROM THE DC MOTOR LOOP POSSIBLE LOSS OF LIFE 1R
BRIDGE VOLTAGE INPUT TO RELAY OPEN/SHORTED TO THE OVERVOLTAGE RELAY. THIS AND/OR VEHICLE.
1FOV REGARDLESS OF THE b. CORROSION, FATIGUE WILL RESULT IN LOSS OF ABILITY TO
VOLTAGE POLARITY AND c. 09FY12-005.124 AUTOMATICALLY SHUT DOWN THE
CURRENT DIRECTION IN THE d. HIGH INDICATION OF M-G SET WHEN COUPLED WITH A
DC MOTOR LOOP. CURRENT ON CONSOLE FAILURE OF THE GENERATOR FIELD
AMMETER, OR SPEED ON DC INPUT CONTROLLER, 1FC, OR REF-
THE SELSYN ERENCE POTENTIOMETER, RPOT,
e. BRING THE MASTER CAUSING AN OVERVOLTAGE CONDI-
CONTROLLER TO TION IN THE DC MOTOR LOOP
NEUTRAL OR PRESS RESULTING IN AN INCREASE IN SPEED
E-STOP BUTTON OF THE DC MOTORS CONTROLLING
f. SECONDS THE HOIST.
9. ESTIMATED 3 TO 10
SECONDS

8 ‘A3
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Table 26 (Page 13 of 16). ELECTRICAL FMEA - MAIN HOIST

System

250-TON BRIDGE CRANE, VAB

Subsystem MONITORING, SPEED CONTROL, INDICATION CIRCUIT
Drawing No. 69-K-L-11388

Sheet No. 12/13/15/16

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33
Date FEBRUARY 1994
Reference Figure Used

PMN K80-0533, K60-0534 Prepared By C. CRABB, LSOC 52-11
a. FAILURE MODE
b. CAUSE
c. FMN
d. DETECTION METHOQD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
1TDHC RELAY, BYPASSES THE OVER- a. FAILS DEACTIVATED N.Q. CONTACT WILL REMAIN IN THE NO EFFECT. 3
TIME DELAY VOLTAGE RELAY, 1FOV, WHEN (COIL FAILS OPEN) DE-ENERGIZED POSITION AND WON'T
ENERGIZED BY POSITIONING BYPASS THE OVERVOLTAGE RELAY.
THE SPEED SELECTOR IF THE CRANE IS OPERATING IN THE
SWITCH, 8S2 TO COARSE COARSE SPEED MODE, THE OVER-
SPEED. THE TIME DELAY IS VOLTAGE RELAY WiLL SHUT DOWN
SET TO PROVIDE TIME FOR THE M-G SET WHEN THE VOLTAGE IN
THE VOLTAGE IN THE DC THE DC MOTOR LOOP REACHES 115%
MOTOR LOOP TO GO BELOW OF THE FULL FINE QUTPUT.
THE 115% FULL FINE
VOLTAGE THRESHOLD WHEN
THE SPEED SELECTOR
SWITCH 1S POSITIONED FROM
COARSE TO FINE SPEED
WHILE THE CRANE IS IN
MOTION. THIS PREVENTS
INADVERTENT SHUT DOWNS
OF THE M-G SET.
a. MN.O. CONTACT FAILS THE OVERVOLTAGE RELAY WON'T BE NO EFFECT. 3

OPEN

BYPASSED. IF THE CRANE IS CPER-
ATING IN THE COARSE SPEED MODE,
THE OVERVOLTAGE RELAY WILL SHUT
DOWN THE M-G SET WHEN THE
VOLTAGE IN THE DC MOTOR LOOP
REACHES 115% OF THE FULL FINE
OUTPUT.

g 'A3d
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Table 26 (Page 14 of 16). ELECTRICAL FMEA - MAIN HOIST

System

250-TON BRIDGE CRANE, VAB

Subsystem MONITORING, SPEED CONTROL, INDICATION CIRCUIT

Drawing No. 69-K-L-11388

Sheet No. 12/13/15/16

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33
Date FEBRUARY 1994
Reference Figure Used

PMN K60-0533, K60-0534 Prepared By C. CRABB, LSOC 52-11
a. FAILURE MODE
b. CAUSE
c. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
a. N.O. CONTACT FAILS THE OVERVOLTAGE RELAY WILL BE POSSIBLE LOSS OF LIFE 1R
CLOSED BYPASSED WHEN THE SPEED AND/OR VEHICLE.
b. WELDED CONTACT, SELECTOR SWITCH IS IN THE FINE
BINDING MECHANISM SPEED POSITION. THIS WILL RESULT
c. 09FY12-005.125 IN LOSS OF ABILITY TO AUTOMAT-
d. HIGH INDICATION OF {CALLY SHUT DOWN THE M-G SET
CURRENT ON CONSOLE WHEN COUPLED WITH A FAILURE OF
AMMETER, OR SPEED ON THE GENERATOR FIELD DC INPUT
THE SELSYN CONTROLLER, 1FC, OR REFERENCE
2. BRING THE MASTER POTENTIOMETER, RPOT, CAUSING AN
CONTROLLER TO OVERVOLTAGE CONDITION IN THE DC
NEUTRAL OR PRESS MOTOR LOOP RESULTING IN AN
E-STOP BUTTON INCREASE IN SPEED OF THE DC
f. SECONDS MOTORS CONTROLLING THE HOIST.
g. ESTIMATED 3 TO 10
SECONDS
N.O. CONTACT CLOSES TO a. N.O. CONTACT FAILS NO INDICATION THAT THE RELAY IS NO EFFECT. 3
ILLUMINATE THE INDICATOR OPEN ENERGIZED. DELAY OF OPERATION.
WHICH SHOWS THAT THE
TIME DELAY RELAY IS ENER-
GIZED AND BYPASSING THE
OVERVOLTAGE RELAY.
a. N.O. CONTACT FAILS THE INDICATION THAT THE RELAY IS NO EFFECT. 3
CLOSED ENERGIZED WILL BE ILLUMINATED
CONSTANTLY. DELAY OF OPERATION.
1TDHH RELAY, BYPASSES THE OVER- a. FAILS DEACTIVATED N.O. CONTACT WILL REMAIN IN THE NO EFFECT. 3
TIME DELAY VOLTAGE RELAY, 1FOV, WHEN (COIL FAILS OPEN) DE-ENERGIZED POSITION AND WON'T
ENERGIZED BY POSITIONING BYPASS THE OVERVOLTAGE RELAY.
THE SPEED SELECTOR |IF THE CRANE IS OPERATING IN THE
SWITCH, $S2, TO HIGH HIGH SPEED MODE, THE OVER-
SPEED. VOLTAGE RELAY WILL SHUT DOWN
THE M-G SET WHEN THE VOLTAGE IN
THE DC MOTOR LOOP REACHES 115%
OF THE FULL FINE OUTPUT.

g ‘'A3d
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Table 26 (Page 15 of 16). ELECTRICAL FMEA - MAIN HOIST
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System  250-TON BRIDGE CRANE, VAB
Subsystem MONITORING, SPEED CONTROL, INDICATION CIRCUIT
Drawing No. 69-K-L-11388 Sheet No. 12/13/15/186

Station Set/Facility Code 20, 33
Date FEBRUARY 1994
Reference Figure Used

Program SPACE SHUTTLE

G00-112S 133IHSHIOM

3512

PMN KB0-0533, K60-0534 Prepared By C. CRABSB, LSOC 52-11
a. FAILURE MODE
b. CAUSE
c. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
a. N.O. CONTACT FAILS THE OVERVOLTAGE RELAY WON'T BE NQ EFFECT. 3
QPEN BYPASSED. IF THE CRANE IS OPER-
ATING IN THE HIGH SPEED MODE, THE
OVERVOLTAGE RELAY WiLL SHUT
DOWN THE M-G SET WHEN THE
VOLTAGE IN THE DC MOTOR LOOP
REACHES 115% OF THE FULL FINE
QUTPUT.
a. N.O. CONTACT FAILS THE OVERVOLTAGE RELAY WILL BE POSSIBLE LOSS OF LIFE 1R

w

CLOSED

WELDED CONTACT,
BINDING MECHANISM
09FY12-005.126

HiGH INDICATION OF
CURRENT ON CONSOLE
AMMETER, OR SPEED ON
THE SELSYN

BRING THE MASTER
CONTROLLER TO
NEUTRAL OR PRESS
E-STOP BUTTON
SECONDS

ESTIMATED 3 TO 10
SECONDS

CLOSED

BYPASSED WHEN THE SPEED
SELECTOR SWITCH IS IN THE FINE
SPEED POSITION. THIS WILL RESULT
IN LOSS OF ABILITY TO AUTOMAT-
ICALLY SHUT DOWN THE M-G SET
WHEN COUPLED WITH A FAILURE OF
THE GENERATOR FIELD DC INPUT
CONTROLLER, 1FC, OR REFERENCE
POTENTIOMETER, RPOT, CAUSING AN
OVERVOLTAGE CONDITION IN THE DC
MOTOR LOOP RESULTING IN AN
INCREASE IN SPEED OF THE DC
MOTORS CONTROLLING THE HOIST.

ENERGIZED WILL BE ILLUMINATED
CONSTANTLY. DELAY OF OPERATION.

AND/OR VEHICLE.

N.O. CONTACT CLOSES TO a. N.OC. CONTACT FAILS NO INDICATION THAT THE RELAY IS NO EFFECT. 3
ILLUMINATE THE INDICATCR OPEN ENERGIZED. DELAY OF OPERATION.
WHICH SHOWS THAT THE
TIME DELAY RELAY IS ENER-
GIZED AND BYPASSING THE
OVERVOLTAGE RELAY.
a. N.O. CONTACT FALLS THE INDICATION THAT THE RELAY IS NO EFFECT. 3

g ‘A3
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Table 36 (Page 2 of 2). ELECTRICAL FMEA - BRIDGE DRIVE

System
Subsystem DC MQTOR LOOP
Drawing No. 69-K-L-11388

PMN K60-0533, K60-0534

250-TON BRIDGE CRANE, VAB

Sheet No. 11/21/24

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33
Date FEBRUARY 1994
Reference Figure Used

Prepared By C. CRABB, LSOC 52-11

a. FAILURE MODE
b. CAUSE
c. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
a. N.C. CONTACT FAILS BACKUP CONTACT IN SERIES WILL NO EFFECT. 3
CLOSED OPEN TO SHUT DOWN M-G SET.
a. N.C. CONTACT FAILS M-G WILL NOT RUN. DELAY OF OPER- NO EFFECT. 3
OPEN ATION.
M1-G1 MOTOR- CONSISTS OF A 125 HP a. NO OUTPUT LOSS OF POWER TO BRIDGE MOTORS. NQ EFFECT. 3
GENERATOR MOTOR COUPLED TO A 85 KW DELAY OF OPERATION.
{M-G) SET, DC GENERATOR TO PROVIDE
126 HP - 85 POWER TO THE ARMATURES
KW OF THE FOUR 25 HP BRIDGE
MOTORS.
M2, M3, MOTORS, 25 FOUR SHUNT WOUND DC a. OPEN ARMATURE LOSS OF POWER TO TWO DRIVE NO EFFECT. 3
M4, M5 HP EACH MOTORS. TWO MOTOR WINDINGS MOTORS. BRIDGE SPEED WILL BE
ARMATURES ARE ARRANGED RESTRICTED. BRIDGE MAY SKEW.
IN SERIES (M2 & M3. M4 & DELAY OF OPERATION.
MS5) ON EITHER SIDE OF THE
BRIDGE TO PROVIDE
MECHANICAL TORQUE TO
DRIVE THE BRIDGE. THE
FIELD WINDINGS PROVIDE A
CONSTANT MAGNETIC FIELD
TO WORK AGAINST THE
VARYING MAGNETIC FIELD OF
THE ARMATURE LOOP TO
PRODUCE TORQUE.
a. OPEN FIELD WINDING RELAY 3FLA, 3FLB, 3FLC, OR 3FLD NO EFFECT. 3

WILL BE DE-ENERGIZED AND OPEN
CONTACTS TO SHUT DOWN M-G SET.
DELAY OF OPERATION.
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FIGURE 15. AUXILIARY HOIST ELECTRICAL CONTROL SIMPLIFIED SCHEMATIC (1 OF 3)
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FIGURE 16. AUXILIARY HOIST ELECTRICAL CONTROL SIMPLIFIED SCHEMATIC (2 OF 3)
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FIGURE 17. AUXILIARY HOIST ELECTRICAL CONTROL SIMPLIFIED SCHEMATIC (3 OF 3)
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S | Table 27 (Page 1 of 3). ELECTRICAL FMEA - AUXILIARY HOIST
CxD System  250-TON BRIDGE CRANE, VAB Station Set/Facility Code 20, 33
nI'! Subsystem DC MOTOR LOOP Program SPACE SHUTTLE Date FEBRUARY 1994
m Drawing No. 69-K-L-11388 Sheat No, 11/12/17/18 Reference Figure Used
- PMN K60-0533, K80-0534 Prepared By C. CRABB, LSOC 52-11
§ a. FAILURE MODE
- b. CAUSE
Q c. FMN
8 d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
2cB CIRCUIT PROVIDES OVERLOAD PRO- a. PREMATURE TRIP LLOSS OF POWER TO THE HOIST NO EFFECT. 3
BREAKER, TECTION FOR HOIST CIRCU- CONTROL CIRCUITRY. BRAKES WILL
350AT ITRY. CONTACT PROVIDES SET. DELAY OF OPERATION.
LATCHING FOR START RELAY
23R.
a. FAILS TO TRIP POSSIBLE DAMAGE TO HOIST CIRCU- NOQ EFFECT. 3
iTRY. UPSTREAM CB (MCB) MAY TRIP
RESULTING IN LOSS OF POWER TO
MAIN BUS. 8RAKES WILL SET. DELAY
OF OPERATION.
—
g a. N.O. CONTACT FAILS M-G SET WILL NOT STAY RUNNING NQ EFFECT. 3
OPEN WHEN START BUTTON IS RELEASED.
DELAY OF CPERATION.
a. N.O. CONTACT FAILS NO EFFECT ON STARTING OR NO EFFECT. 3
CLOSED RUNNING M-G SET.
PROVIDES THE ABILITY TO a. SHUNT TRIP FAILS OPEN LOSS OF ABILITY TO SHUT DOWN THE NO EFFECT 3
SHUT THE HOIST DOWN AND HOIST BY THE PHASE REVERSAL
SET THE BRAKES WHEN THE RELAY. POSSIBLE DAMAGE TQ THE
SHUNT TRIP IS ENERGIZED CRANE CONTROL CIRCUITRY. MUL-
BY THE PHASE REVERSAL TIPLE FAILURE REQUIRED.
RELAY.
10L OVERLOAD PROVIDES OVERLOAD PRO- a. PREMATURE ACTUATION SHUTDOWN OF THE M-G SET CAUSING NO EFFECT. 3
20L TECTION !N EACH OF THE HOIST TO STOP. BRAKES WILL SET.
30L THREE LEGS OF THE MOTOR DELAY OF OPERATION.
OF THE M-G SET. THREE N.C.
CONTACTS, ARRANGED IN
SERIES, OPEN TO SHUT
DOWN THE M-G SET.
a. FAILS TO ACTUATE POSSIBLE DAMAGE TO THE MOTOR IN NO EFFECT. 3
THE M-G SET. UPSTREAM CB (2CB)
MAY TRIP, RESULTING IN LOSS OF
POWER TO THE M-G SET. BRAKES
WIHLL SET. DELAY OF OPERATION.
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Table 27 (Page 2 of 3). ELECTRICAL FMEA - AUXILIARY HOIST
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System  250-TON BRIDGE CRANE, VAB
Subsystem OC MOTOR LOOP

Station Set/Facility Code 20, 33

Program SPACE SHUTTLE Date FEBRUARY 1994

G00-L12S LIFHSHIOM
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Drawing No. 69-K-L-11388
PMN K80-0533, K60-0534

Sheet No. 11/12/17/18

Reference Figure Used

Prepared By C. CRABB, LSOC 52-11

a. FAILURE MODE
b. CAUSE
c. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTICN ON VEHICLE
FiND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
a. N.C. CONTACT FAILS SERIES ARRANGED CONTACT WILL NO EFFECT. 3
CLOSED OPEN TO SHUT DOWN M-G SET.
a. N.C. CONTACT FAILS M-G WILL NOT RUN. DELAY OF OPER- NOQ EFFECT. 3
OPEN ATION.
M9-G3 MOTOR- CONSISTS OF A 150 HP a. NO QUTPUT LOSS OF HOIST MOTOR ARMATURE POSSIBLE DAMAGE TO A 2
GENERATOR MOTOR COUPLED TO A 85KW b. BRUSH/COMMUTATOR CURRENT. LOSS OF HOIST MOTOR VEHICLE SYSTEM.
(M-G) SET, DC GENERATOR TO PROVIDE FAILURE, OPEN/SHORTED TORQUE WHILE THE COMMAND IS
150 HP - POWER TO THE ARMATURES ARMATURE WINDING, BEING GIVEN TO RAISE, LOWER OR
35KW QF THE TWO 40 HP HOIST STRUCTURAL FAILURE FLOAT AND THE BRAKES ARE

MOTORS.

{BRUSH SPRING, BRUSH
YOKE, BRUSH RIGGING),
OPEN/SHORTED FIELD
WINDING.
09FY12-005.035

NO INDICATION OF
CURRENT ON CONSOLE
AMMETER

PRESS THE E-STOP
BUTTON

SECONDS

ESTIMATED 3 TO 10
SECONDS

RELEASED. LOAD WILL DESCEND.
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Table 27 (Page 3 of 3). ELECTRICAL FMEA - AUXILIARY HOIST

System
Subsystem DC MOTOR LOOP
Drawing No. 69-K-L-11388

250-TON BRIDGE CRANE, VAB

Sheet No. 11/12/17/18

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33
Date FEBRUARY 1994
Reference Figure Used

PMN KB0-0533, K60-0534 Prepared By C. CRABB, LSOC 52-11
a. FAILURE MODE
b. CAUSE
c. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
M10, M11 bC TWO SHUNT WOUND DC a. OPEN ARMATURE LOSS OF ARMATURE DC CURRENT TO POSSIBLE DAMAGE TO A 2
MOTORS, 40 MOTORS WITH THE ARMA- WINDING BOTH MOTORS. LOSS OF HOIST VEHICLE SYSTEM.
HP EACH TURES ARRANGED !N SERIES b. BRUSH/COMMUTATOR MOTOR TORQUE WHILE THE

TQO PROVIDE MECHANICAL FAILURE, OPEN/SHORTED COMMAND IS GIVEN TO RAISE, LOWER

TORQUE TO RAISE, LOWER ARMATURE WINDING, OR FLOAT LOAD AND THE BRAKES

OR HOLD THE LOAD. THE STRUCTURAL FAILURE ARE RELEASED. LOAD WILL DESCEND.

FIELD WINDINGS, F1-F2 & (BRUSH SPRING, BRUSH

F3-F4, PROVIDE A CONSTANT YOKE, BRUSH RIGGING).

MAGNETIC FIELD TO WORK c. 09FY12-005.063

AGAINST THE VARYING MAG- d. NO INDICATION OF

NETIC FIELD OF THE ARMA- CURRENT ON CONSOLE

TURE LOOP TO PRODUCE AMMETER

TORQUE. e. PRESS E-STOP BUTTON
f. SECONDS
g. ESTIMATED 3 TQ 10

SECONDS

OPEN FIELD WINDING

RELAY 2FLA OR 2FLB WILL BE
DE-ENERGIZED AND OPEN CONTACTS
TO SHUT DOWN M-G SET. DELAY OF
OPERATION.

NO EFFECT.
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Table 28. ELECTRICAL FMEA - AUXILIARY HOIST

System
Subsystem M-G SENSORS

250-TON BRIDGE CRANE, VAB

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33
Date FEBRUARY 1994

Drawing No. 69-K-L-11388 Sheet No, 17 Reference Figure Used
PMN K60-0533, KB80-0534 Prepared By C. CRABB, LSOC 52-11
a. FAILURE MODE
b. CAUSE
c. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
2081 M-G OVER- PROVIDES CAPABILITY TO a. N.C. CONTACT FAILS LOSS OF M-G OVERSPEED PRO- NO EFFECT. 3
SPEED SHUT DOWN THE M-G SET IF CLOSED TECTION. POSSIBLE DAMAGE TO THE
SENSOR AN OVERSPEED CONDITION M-G SET WHEN COUPLED WITH M-G
EXISTS. OVERSPEED.
a. N.C. CONTACT FAILS UNABLE TO START M-G SET. DELAY NO EFFECT. 3
OPEN OF OPERATION.
oTG GENERATOR PROVIDES CAPABILITY TO a. N.C. CONTACT FAILS LOSS OF GENERATOR OVERTEMPER- NO EFFECT. 3
OVERTEM- SHUT DOWN THE M-G SET IF CLOSED ATURE PROTECTION. POSSIBLE
PERATURE AN OVERTEMPERATURE CON- DAMAGE TO THE M-G SET WHEN
SENSOR DITION EXISTS. COUPLED WITH GENERATOR OVER-
TEMPERATURE CONDITION.
a. MN.C. CONTACT FAILS UNABLE TO START M-G SET. DELAY NO EFFECT. 3
OPEN OF OPERATION.
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Table 29 (Page 1 of 4. ELECTRICAL FMEA - AUXILIARY HOIST

System

Drawing No. 69-K-L-11388

250-TON BRIDGE CRANE, VAB
Subsystem START/RUN CIRCUIT

Sheet No. 18

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33
Date FEBRUARY 1294
Reference Figure Used

PMN K60-0533, K60-0534 Prepared By C. CRABB, LSOC 52-11
a. FAILURE MODE
b. CAUSE
c. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
2cecs CIRCUIT PROVIDE QVERLOAD PRO- a. PREMATURE TRIP LOSS OF POWER TO THE HOIST NO EFFECT. 3
BREAKER, TECTION FOR CIRCUIT PRO- STARTER CONTROLS. THE HOIST
30AT VIDING POWER TO THE HOIST WILL STOP. BRAKES WILL SET.
M-G SET. DELAY OF OPERATION.
a. FAIL TO TRIP POSSIBLE DAMAGE TO THE HOIST NO EFFECT. 3
CIRCUITRY. UPSTREAM CB (2CB) MAY
TRIP. LOSS OF POWER TO THE HOIST
M-G SET. BRAKES WILL SET. DELAY
OF OPERATION.
2TR RELAY, PROVIDES TIMED DELAY FOR a. FAILS DEACTIVATED CONTACTS WILL REMAIN IN NO EFFECT. 3
TIME DELAY DROPPING OUT THE START (COIL FAILS OPEN) DE-ENERGIZED POSITION. M-G SET
CIRCUIT AND PICKING UP WILL NOT GET FULL POWER. DELAY
THE RUN CIRCUIT DURING OF OPERATION.
START OF THE HOIST M-G
SET.
a. FAILS ACTIVATED (CON- M-G SET WILL GET FULL POWER WHEN NQ EFFECT. 3
TACTS REMAIN IN THE START BUTTON IS PUSHED, POSSIBLY
ENERGIZED POSITION} CAUSING CURRENT OVERLOAD TO
TRIP. DELAY OF OPERATION.
a. N.O. CONTACT FAILS M-G SET WILL NOT GET FULL POWER. NO EFFECT. 3
OPEN DELAY OF OPERATION.
a. N.O. CONTACT FAILS M-G SET WILL GET FULL POWER WHEN NO EFFECT. 3
CLOSED START BUTTON IS PUSHED, POSSIBLY
CAUSING CURRENT OVERLOAD TO
TRIP. DELAY OF OPERATION.
a. N.C. CONTACT FAILS M-G SET WILL NOT GET FULL POWER. NO EFFECT. 3
CLOSED DELAY OF OPERATION.
a. N.C. CONTACT FAILS M-G SET WILL NOT START. DELAY OF NO EFFECT. 3
OPEN OPERATION.
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Table 29 (Page 2 of 4. ELECTRICAL FMEA - AUXILIARY HOIST

System
Subsystem START/RUN CIRCUIT
Drawing No. 69-K-L-11388

PMN K80-0533, K80-0534

250-TON BRIDGE CRANE, VAB

Sheet No, 18

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33

Date FEBRUARY 1994
Reference Figure Used

Prepared By C. CRABB, LSOC 52-11

a. FAILURE MODE
b. CAUSE
c. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
Y RELAY CONTROLS STARTING a. FAILS DEACTIVATED CONTACTS WILL REMAIN IN NO EFFECT. 3
CURRENT FOR THE HOIST (COIL FAILS OPEN) DE-ENERGIZED POSITION. M-G SET
M-G SET. WILL NOT START PROPERLY. EXCES-
SIVE START-UP CURRENT TO M-G SET,
THROUGH RELAY CONTACT 2R (RUN
RELAY), WOULD CAUSE M-G SET
OVERLOADS TO TRIP. DELAY QF
OPERATION.
a. FAILS ACTIVATED {CON- CURRENT WILL BYPASS THIS PORTION NO EFFECT. 3
TACTS REMAIN IN THE OF THE CIRCUIT THROUGH RELAY
ENERGIZED POSITION) CONTACT 2R (RUN RELAY). NO EFFECT
ON CRANE OPERATION,
a. N.O. CONTACT FAILS M-G SET WILL NOT START PROPERLY. NC EFFECT. 3
OPEN (1 OF 2) EXCESSIVE START-UP CURRENT 7O
M-G SET, THROUGH RELAY CONTACT
2R (RUN RELAY)}, WOULD CAUSE M-G
SET OVERLOADS TO TRIP. DELAY OF
OPERATION.
a. N.O. CONTACT FAILS CURRENT WILL 8YPASS THIS PORTION NO EFFECT. 3
CLOSED (1 OF 2) OF THE CIRCUIT THROUGH RELAY
CONTACT 2R (RUN RELAY}. NO EFFECT
ON CRANE OPERATION.
a. N.C. CONTACT FAILS NO EFFECT ON STARTING OR NQ EFFECT. 3
CLOSED RUNNING OF M-G SET.
a. N.C. CONTACT FAILS THE M-G SET WILL SHUT DOWN WHEN NO EFFECT. 3

QOPEN

THE TIME DELAY RELAY, 1TR,
CHANGES STATE TQ ENERGIZE RELAY
2R. DELAY OF QPERATION.
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Table 29 (Page 3 of 4. ELECTRICAL FMEA - AUXILIARY HOIST

System  250-TON BR!DGE CRANE, VAB
Subsystem START/RUN CIRCUIT
Drawing No. 69-K-L-11388

Program SPACE SHUTTLE
Sheet No. 18

Station SetFacility Code 20, 33
Date FEBRUARY 1994
Reference Figure Used

PMN K80-0533, K80-0534 Prepared By C. CRABB, LSOC 52-11
a. FAILURE MODE
b. CAUSE
c. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
28 RELAY CONTROLS STARTING a. FAILS DEACTIVATED CONTACTS WILL REMAIN IN NO EFFECT. 3
CURRENT FOR THE HOIST (COIL FAILS OPEN) DE-ENERGIZED POSITION. M-G SET
M-G SET. WILL NOT START PROPERLY. EXCES-
SIVE START-UP CURRENT TO M-G SET,
THROUGH RELAY CONTACT 2R (RUN
RELAY), WOULD CAUSE M-G SET
OVERLOADS TO TRIP. DELAY OF
OPERATION.
a. FAILS ACTIVATED (CON- THE M-G SET WILL CONTINUE TO RUN NO EFFECT. 3
TACTS REMAIN IN THE AT A REDUCED VOLTAGE WHEN COM-
ENERGIZED POSITION) MANDED TO STOP. DELAY OF OPER-
ATIONS.
N.O. CONTACTS CLOSE TO a. N.O. CONTACT FAILS M-G SET WILL NOT START PROPERLY. NO EFFECT. 3
PROVIDE THE PROPER START OPEN EXCESSIVE START-UP CURRENT TO
CURRENT TO THE MOTOR IN {1 OF 3) M-G SET, THROUGH RELAY CONTACT
THE M-G SET {1 CONTACT 2R (RUN RELAY), WOULD CAUSE M-G
PER PHASE LEG, 3 TOTAL). SET OVERLOADS TO TRIP. DELAY OF
OPERATION.
a. N.O. CONTACT FAILS CURRENT WILL BYPASS THIS PORTION NO EFFECT. 3
CLOSED OF THE CIRCUIT THROUGH RELAY 2R
{1 OF 3) CONTACTS. NO EFFECT ON CRANE
OPERATION.
N.O. CONTACT CLOSES TO a. N.O. CONTACT FAILS M-G SET WILL SHUT OFF AFTER START NO EFFECT. 3
PROVIDE LATCHING FOR OPEN BUTTON IS RELEASED. DELAY OF
RELAY COIL 2SR (HOIST OPERATION.
START).
a. N.O. CONTACT FAILS M-G SET WILL RESTART AFTER THE NO EFFECT. 3
CLOSED STOP BUTTON IS RELEASED. THE
POWER CAN BE REMOVED BY
OPENING CIRCUIT BREAKER 2CB.
DELAY OF OPERATION.
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Table 29 (Page 4 of 4). ELECTRICAL FMEA - AUXILIARY HOIST

System  250-TON BRIDGE CRANE, VAB
Subsystem START/RUN CIRCUIT

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33
Date FEBRUARY 1994

Drawing No. 69-K-L-11388 Sheet No. 18 Reference Figure Used
PMN K60-0533, KB0-0534 Prepared By C. CRABB, LSOC 52-11
a, FAILURE MODE
b. CAUSE
¢. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
2R RELAY CONTROLS RUNNING a. FAILS DEACTIVATED CONTACTS WILL REMAIN N NO EFFECT. 3
CURRENT FOR THE HOIST (COIL FAILS OPEN) DE-ENERGIZED POSITION. M-G SET
M-G SET. WILL NOT RECEIVE FULL POWER.
DELAY OF OPERATION.
a. FAILS ACTIVATED {CON- THE M-G SET WILL CONTINUE TO RUN NO EFFECT. 3
TACTS REMAIN IN THE WHEN COMMANDED TO STOP. DELAY
ENERGIZED POSITION) OF OPERATIONS.
N.O. CONTACTS CLOSE TO a. N.O. CONTACT FAILS MOTOR WOULD NOT GET THE PROPER NO EFFECT. 3
PROVIDE THE PROPER RUN CPEN RUN CURRENT. M-G SET WILL NOT
CURRENT TQ THE MOTOR IN {1 OF 3) RECEIVE FULL POWER. DELAY OF
THE M-G SET {1 CONTACT OPERATION.
PER PHASE LEG, 3 TOTAL).
3. N.O. CONTACT FAILS THIS COULD CAUSE AN EXCESSIVE NO EFFECT. 3
‘ CLOSED START CURRENT WHICH WQULD TRIP
1 M-G SET OVERLOADS. DELAY OF
OPERATIONS.
N.C. CONTACT OPENS TO a. N.C. CONTACT FAILS SERIES ARRANGED CONTACT {N 2TR NO EFFECT. 3
DEENERGIZE RELAY 2Y IN CLOSED {TIME DELAY) WILL REMOVE POWER
THE STARTING SEQUENCE TO FROM 2Y. THE CRANE WILL OPERATE
ALLOW THE CRANE TO NORMALLY THROUGH THE RUN
OPERATE NORMALLY. CIRCUIT.
a. N.C. CONTACT FAILS M-G SET WILL NOT START. DELAY OF NO EFFECT. 3
OPEN OPERATION.
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Table 30 (Page 1 of 13). ELECTRICAL FMEA - AUXILIARY HOIST

System  250-TON BRIDGE CRANE, VAB
Subsystem BRAKE/SPEED CONTROLS

Program SPACE SHUTTLE

Drawing No. 89-K-L-11388
PMN K80-0533, K60-0534

Sheet No. 13/17/18/28

Station Set/Faciiity Code 20, 33
Date FEBRUARY 1994
Reference Figure Used

Prepared By C. CRABB, LSOC §2-11

a. FAILURE MODE
b. CAUSE
¢. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO, PART NAME PART FUNCTION 9. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
2L1A, 2024, AUTOTRANS- REGULATES THE STARTING a. FAILS OPEN MOTOR M9 WILL NOT GET THE NO EFFECT. 3
2L3A FORMER VOLTAGE FOR MOTOR M9 IN PROPER STARTING VOLTAGE. POS-
THE M-G SET. SIBLE DAMAGE TO THE M-G SET.
(1 PER PHASE LEG, 3 TOTAL). DELAY OF OPERATIONS.
2-OTT AUTOTRANS- PROVIDES CAPABILITY TO a. N.C. CONTACT FAILS POSSIBLE DAMAGE TO THE M-G SET. NO EFFECT. 3
FORMER SHUT DOWN THE HOIST M-G CLOSED MULTIPLE FAILURE REQUIRED. DELAY
OVERTEM- SET IF AUTOTRANS- OF OPERATION.
PERATURE FORMER OVERHEATS.
SENSOR
a. N.C. CONTACT FAILS M-G SET WILL NOT START. DELAY OF NO EFFECT. 3
OPEN OPERATION.,
2TRA1 CONTROL STEPS DOWN THE BUS a. FAILS OPEN OR SHORT LOSS OF CONTROL POWER. THE NO EFFECT. 3
TRANS- VOLTAGE OF 480V TO THE HOIST M-G SET WilLL STOP. THE
FORMER DESIRED CONTROL VOLTAGE BRAKES WILL SET. DELAY OF OPERA-
OF 120V FOR MAIN CONTROL TION.
POWER FOR THE HOIST.
2CCB1 HOIST PROVIDES OVERLOAD PRC- a. PREMATURE TRIP LOSS OF CONTROL POWER TO THE NO EFFECT. 3
CONTROL TECTION FOR CIRCUIT FUR- HOIST. M-G SET WILL STOP. BRAKES
POWER NISHING CONTROL POWER WILL SET. DELAY OF OPERATION.
CIRCUIT FOR THE HOIST.
BREAKER,
15AT
a. FAILS TO TRIP POSSIBLE DAMAGE TO CONTROL CIR- NO EFFECT. 3
CUITRY. MULTIPLE FAILURE
REQUIRED. UPSTREAM CB 2CCB MAY
TRIP RESULTING IN LOSS OF POWER
TO STARTING AND CONTROL CIR-
CUITS. M-G SET WILL STOP. BRAKES
WILL SET. DELAY OF OPERATION.
S3 PUSH-BUTTON| PROVIDES POWER TO THE a. START SWITCH FAILS UNABLE TO START M-G SET. DELAY NO EFFECT. 3
SWITCH, HOIST START RELAY 28R TQ QOPEN OF OPERATION.
START AND START AND STOP THE M-G
STOP SET.
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Table 30 (Page 2 of 13). ELECTRICAL FMEA - AUXILIARY HOIST

System  250-TON BRIDGE CRANE, VAB
Subsystem BRAKE/SPEED CONTROLS

Program SPACE SHUTTLE

Drawing No. 69-K-L-11388

Sheet No. 13/17/18/28

Station Set/Facility Code 20, 33
Date FEBRUARY 1994
Reference Figure Used

PMN K60-0533, K§0-0534 Prepared 8y C. CRABB, LSOC 52-11
a. FAILURE MODE
b. CAUSE
¢. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
a. START SWITCH FAILS M-G SET WILL RESTART AFTER IT HAS NO EFFECT. 3
CLOSED BEEN SHUT DOWN WITH STCOP
BUTTON. M-G CAN 8E SHUT DOWN BY
OPENING CB 2CCB OR 2CC81.
a. STOP SWITCH FAILS UNABLE TO SHUT DOWN M-G SET NO EFFECT. 3
CLOSED WITH S83. M-G CAN BE SHUT DOWN BY
OPENING CB 2CCB OR 2CCB!1.
a. STOP SWITCH FAILS UNABLE TO START M-G SET. DELAY NO EFFECT. 3
OPEN OF OPERATION.
PL1S INDICATION PROVIDES INDICATION THAT a. FAILS OPEN UNABLE TO DETERMINE IF STARTING NOQ EFFECT. 3
LAMP THE HOIST M-G SET RELAY 2SR IS ENERGIZED. DELAY OF
STARTING RELAY IS ENER- QOPERATION.
GIZED.
2SR RELAY ENABLES THE HOIST a. FAILS DEACTIVATED CONTACTS WILL REMAIN IN NO EFFECT. 3
CONTROL CIRCUITRY. (COIL FAILS OPEN) DE-ENERGIZED POSITION. UNABLE 7O
START M-G SET. DELAY OF OPERA-
TION.
a. FAILS ACTIVATED (CON- THE M-G SET WILL CONTINUE TO RUN NO EFFECT. 3
TACTS REMAIN IN THE WHEN COMMANDED TO STOP. DELAY
ENERGIZED POSITION) OF OPERATIONS.
N.O. CONTACT CLOSES TO a. N.O. CONTACT FAILS M-G SET WILL START BUT THE HOIST NO EFFECT. 3
ENABLE THE HOIST MASTER OPEN CANNOT BE MOVED, AND THE BRAKES
CONTROL 2MC. CANNOT BE RELEASED WITH 2MC.
DELAY OF OPERATION.
a. N.O. CONTACT FAILS LOSS OF ABILITY TO DISABLE 2MC NOQ EFFECT. 3
©  CLOSED WITH 2SR. TWO SERIES ARRANGED
N.O. RELAY CONTACTS, 2KR & 2KRX,
WILL DISABLE 2MC.
N.O. CONTACT CLOSES TO a. N.O. CONTACT FAILS M-G SET WILL NOT START. DELAY OF NO EFFECT. 3

INITIATE AND MAINTAIN THE
START AND RUN SEQUENCE
FOR THE HOIST M-G SET

OPEN

OPERATION.
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Table 30 (Page 3 of 13). ELECTRICAL FMEA -

AUXILIARY HOIST

System  250-TON BRIDGE CRANE, VAB
Subsystem BRAKE/SPEED CONTROLS
Drawing No. 69-K-L-11388 Sheet No. 13/17/18/28

Program SPACE SHUTTLE

PMN K60-0533, K60-0534

Station Set/Facility Code 20, 33
Date FEBRUARY 1994
Referenca Figure Used

Prepared By C. CRABB, LSOC 52-11

4

FAILURE MODE

b. CAUSE
c. FMN
d. DETECTION METHOD FAILURE EFFECT
a. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
a. N.O. CONTACT FAILS THE M-G SET WILL CONTINUE TO RUN NO EFFECT. 3
CLOSED WHEN COMMANDED TO STOP. DELAY
OF OPERATIONS.
N.C. CONTACT DISABLES THE a. MN.C. CONTACT FAILS UNABLE TC START THE MAIN HOIST. NO EFFECT. 3
OPERATION OF THE MAIN OPEN DELAY OF OPERATION.
HOIST WHILE THE AUXILIARY
HOIST IS RUNNING.
a. N.C. CONTACT FAILS WILL. NOT LOCK-OUT THE MAIN HOIST NO EFFECT. 3
CLOSED WHILE AUXILIARY HOIST IS OPER-
ATING. NO EFFECT ON AUXILIARY
HOIST OPERATION.
2B8R2 RELAY ENERGIZES WHEN THE HOIST a. FAILS DEACTIVATED CONTACTS WILL REMAIN IN NO EFFECT. 3
M-G SET IS STARTED TO {COIL FAILS OPEN) DE-ENERGIZED POSITION. BRAKES
ENABLE THE BRAKE WILL REMAIN SET. DELAY OF OPERA-
SOLENOIDS. THE TWO N.O. TION.
CONTACTS ARE IN SERIES
WITH 2BR AND 2BR1 CON-
TACTS.
a. FAILS ACTIVATED {CON- THE REDUNDANT CONTACTS OF NO EFFECT. 3
TACTS REMAIN IN THE RELAY 28R & 28R1 ARRANGED IN
ENERGIZED POSITION) SERIES WILL OPEN, REMOVING POWER
FROM THE BRAKES TO SET THEM.
a. N.O. CONTACT FAILS BRAKES WILL REMAIN SET. DELAY OF NO EFFECT. 3
OPEN QOPERATION.
{1 OF 2)
a. N.O. CONTACT FAILS THE REDUNDANT CONTACTS IN NO EFFECT. 3

CLOSED
(1 0F 2)

SERIES WILL OPEN, REMOVING POWER
FROM BRAKES TO SET THEM.
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Table 30 (Page 4 of 13). ELECTRICAL FMEA - AUXILIARY HOIST

System  250-TON BRIDGE CRANE, VAB

Subsystem BRAKE/SPEED CONTROLS

Drawing No. 69-K-L-11388 Sheet No. 13/17/18/28
PMN K60-0533, K60-0534

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33
Date FEBRUARY 1994
Reference Figure Used

Prepared By C. CRABB, LSOC 52-11

FIND NO,

PART NO. PART NAME PART FUNCTION

FAILURE MODE
CAUSE

FMN

DETECTION METHOD
CORRECTING ACTION
TIME TO EFFECT
TIMEFRAME

FAILURE EFFECT ON
SYSTEM PERFORMANCE

FAILURE EFFECT
ON VEHICLE
SYSTEMS AND/OR
PERSONNEL SAFETY

CRIT
CAT

2MB RELAY ENERGIZES TC TURN ON
BLOWER MOTORS, M19 &
M20, WHEN THE M-G SET IS

STARTED.

2MC MASTER
CONTROL
SWITCH

A 7JOYSTICK” CONNECTED TO
MECHANICAL CONTACTS AND
REFERENCE POTENTIOMETER
{RPOT), TO PROVIDE THE
OPERATOR CONTROL OF THE
HOIST FOR RAISING OR LOW-
ERING THE LOAD AND
RELEASING THE BRAKES BY
ENERGIZING THE HOIST
CONTROL OR LOWER
CONTROL RELAYS IN THE
NORMAL MODE OF OPERA-
TION.

»la~pappee

FAILS DEACTIVATED
(COIL FAILS OPEN)

FAILS ACTIVATED (CON-
TACTS REMAIN IN THE
ENERGIZED POSITION)

N.OC. CONTACT FAILS
QPEN (1 OF 3)

N.O. CONTACT FAILS
CLOSED (1 OF 3)

N.O. CONTACT FAILS
OPEN

CONTACTS REMAIN iN DEENERGIZED
POSITION. THE BLOWER MOTORS
WILL NOT START. POSSIBLE DAMAGE
TO THE DC DRIVE MOTORS. THE
HOIST MOTOR WINDING TEMPER-
ATURE SENSOR WILL SHUT DOWN THE
HOIST M-G SET IF NECESSARY.

THE BLOWER MOTORS WILL CONTINUE
TO RUN AFTER M-G SET SKUT DOWN.
THEY CAN BE SHUT DOWN BY
OPENING CIRCUIT BREAKER 10CB.
DELAY OF OPERATIONS.

BLOWER MOTORS WILL NOT RECEIVE
FULL POWER. POSSIBLE DAMAGE TO
THE BLOWER MOTORS AND THE DC
CRIVE MOTORS. THE HOIST MOTCOR
WINDING TEMPERATURE SENSOR WILL
SHUT DOWN THE HOIST M-G SET IF
NECESSARY.

NO EFFECT. BLOWER MOTORS WILL
SHUT OFF AS EXPECTED.

UNABLE TO DRIVE THE HOIST

MOTORS AND RELEASE THE BRAKES
FOR NORMAL OPERATIONS. DELAY OF
OPERATION.

NO EFFECT.

NO EFFECT.

NO EFFECT.

NO EFFECT.

NO EFFECT.
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Table 30 (Page 5 of 13). ELECTRICAL FMEA -

AUXILIARY HOIST

System  250-TON BRIDGE CRANE, vVAB
Subsystem BRAKE/SPEED CONTROLS
Drawing No. 69-K-L-11388 Sheet No. 13/17/18/28

Program SPACE SHUTTLE

PMN K60-0833, K60-0534

Station Set/Facility Code 20, 33
Date FEBRUARY 1994
Reference Figure Used

Prepared By C. CRABB, LSOC 52-11

FIND NO.
PART NO.

PART NAME

PART FUNCTION

a. FAILURE MODE

b. CAUSE

c. FMN

d. DETECTION METHOD
e. CORRECTING ACTION
. TIME TO EFFECT

g. TIMEFRAME

FAILURE EFFECT ON
SYSTEM PERFORMANCE

FAILURE EFFECT
ON VEHICLE
SYSTEMS AND/OR
PERSONNEL SAFETY

CRIT
CAT

N.C. CONTACT OPENS WHEN
THE "JOYSTICK” IS POSI-
TIONED OUT OF DETENT TO
PREVENT THE M-G SET FROM
BEING STARTED.

N.O. CONTACT CLOSES TO
ENERGIZE THE HIGH SPEED
RELAYS WHEN THAT MODE IS
SELECTED.

a. N.O. CONTACT FAILS
CLOSED

b. WELDED CONTACT,
BINDING MECHANISM

c. 09FY12-005.036

d. BRAKE SET LIGHT WILL
NOT COME ON

e. PRESS THE E-STOP
BUTTON

f. SECONDS

g. ESTIMATED 3 TO 10
SECONDS

a. N.C. CONTACT FAILS
OPEN

a. N.C. CONTACT FAILS

CLOSED

a. N.O. CONTACT FAILS
OPEN

a. N.O. CONTACT FAILS
CLOSED

BRAKES WILL NOT SET WHEN MASTER
CONTROL LEVER IS RETURNED TO
NEUTRAL POSITION (NO ARMATURE
CURRENT). LOAD WILL DESCEND
WITH REGENERATIVE BRAKING
APPLIED.

UNABLE TO START THE M-G SET.
DELAY OF OPERATION.

M-G SET CAN BE STARTED WITH THE
“JOYSTICK” OUT OF DETENT. OPER-
ATOR ERROR REQUIRED.

LOSS OF HIGH SPEED CAPABILITY.
DELAY OF OPERATION.

SPEED SELECTOR SWITCH CONTACT
ARRANGED IN SERIES WILL PREVENT
THE HIGH SPEED RELAYS FROM BEING
ENERGIZED F THE HIGH SPEED MODE
IS NOT SELECTED.

POSSIBLE DAMAGE TO A
VEHICLE SYSTEM.

NO EFFECT.

NQ EFFECT.

NO EFFECT.

NO EFFECT.

L5
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System  250-TON BRIDGE CRANE, VAB
Subsystem BRAKE/SPEED CONTROLS
Drawing No. 69-K-_-11388 Sheet No. 13/17/18/28

Station Set/Facility Code 20, 33
Date FEBRUARY 1994
Reference Figure Used

Program SPACE SHUTTLE

S00-112S LIFHSHHIOM

ISl

PMN KB0-0533, K80-0534 Prepared By C. CRABB, LSOC 52-11
a. FAILURE MODE
b. CAUSE
c. FMN
d. DETECTION METHOD FAILURE EFFECT
e, CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
2HCR RELAY PROVIDES POWER TO BRAKE a. FAILS DEACTIVATED CONTACTS WILL REMAIN IN NQ EFFECT. 3
RELAYS TO RELEASE BRAKES {COIL FAILS OPEN) DE-ENERGIZED POSITION. BRAKES
DURING HOISTING AND CANNOT BE RELEASED AND GENER-
FLOATING OPERATIONS, AND ATOR FIELD CANNOT BE ENERGIZED.
PROVIDES POWER TO START DELAY OF OPERATION.
THE SEQUENCE TO ENERGIZE
THE GENERATOR FIELD
WINDING.
N.O. CONTACT CLOSES TO a. N.O. CONTACT FAILS BRAKES WILL NOT BE RELEASED AND NOQ EFFECT. 3

ENERGIZE RELAY 2XR, WHICH
RELEASES THE BRAKES, AND
RELAY 2XR1, WHICH ENABLES
THE GENERATOR FIELD DC
INPUT CONTROLLER.

OPEN

a. N.O. CONTACT FAILS
CLOSED OR RELAY FAILS
ACTIVATED (CONTACTS
REMAIN IN THE ENER-
GIZED POSITION)

b. WELDED CONTACTS,
BINDING MECHANISM

¢. 09FY12-005.038

d. BRAKE SET LIGHT WILL
NOT COME ON

e. PRESS THE E-STOP
BUTTCON

f. SECONDS

g. ESTIMATED 3 TO 10
SECONDS

THE GENERATOR FIELD DC INPUT
CONTROLLER WILL NOT BE ENABLED.
DELAY OF OPERATIONS.

BRAKE RELAYS WILL REMAIN ENER-
GIZED AND BRAKES WILL NOT SET
WHEN HOIST MOTCORS ARE COM-
MANDED TO STOP (IN NORMAL OPER-
ATION). LOAD WILL DESCEND WITH
REGENERATIVE BRAKING APPLIED.

POSSIBLE DAMAGE TO A
VEHICLE SYSTEM.

8 ‘A3
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Table 30 (Page 7 of 13). ELECTRICAL FMEA - AUXILIARY HOIST

System

250-TON BRIDGE CRANE, VAB

Subsystem BRAKE/SPEED CONTROLS

Drawing No. 69-K-L-11388

Sheet No. 13/17/18/28

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33
Date FEBRUARY 1994
Reference Figure Used

PMN K80-0533, K80-0534 Prepared By C. CRABB, LSOC 52-11
a. FAILURE MODE
b. CAUSE
c. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT

N.O. CONTACT CLOSES TO
ENERGIZE HCR RUN WHICH
ENERGIZES 2RUN.

N.O. CONTACT, ARRANGED (N
SERIES WITH 2VR, CLOSES 72
KEEP RELAY 2ZHCR ENER-
GIZED WHILE THE VOLTAGE
IN THE DC DRIVE MOTOR
CIRCUIT IS ABOVE A PREDE-
TERMINED LIMIT. THIS PRE-
VENTS THE BRAKES FROM
SETTING, AFTER THE MASTER
CONTROL SWITCH IS
RETURNED TO NEUTRAL,
WHILE THE MOTORS WIND
DOWN.

N.O. CONTACT FAILS
OPEN

CORROSION, BINDING
MECHANISM
09FY12-005.037

NO INDICATION OF
CURRENT ON CONSOLE
AMMETER

RETURN THE MASTER
CONTROLLER TO
NEUTRAL OR PRESS THE
E-STOP BUTTON
SECONDS

ESTIMATED 3 TO 10
SECONDS

N.Q. CONTACT FAILS
CLOSED

N.O. CONTACT FAILS
OPEN

RELAY 2RUN N.O. CONTACT WILL NOT
CLOSE AND GENERATOR FIELD WILL
NOT BE ENERGIZED. NO HOIST
MOTOR TORQUE. LOAD WILL
DESCEND, WITH REGENERATIVE
BRAKING APPLIED, WHILE THE
COMMAND IS BEING GIVEN TO RAISE
OR FLOAT AND THE BRAKES ARE
RELEASED.

POWER WilLL BE REMOVED FROM
RELAY HCR RUN WHEN THE MASTER
CONTROL SWITCH IS RETURNED TO
CENTER AND SERIES RELAY CONTACT
2VR IS DEENERGIZED.

BRAKES WILL SET IMMEDIATELY
WHEN THE MASTER CONTROL SWITCH
IS RETURNED TO NEUTRAL. POSSIBLE
DAMAGE TO THE BRAKES.

POSSIBLE DAMAGE TO A
VEHICLE SYSTEM.

NO EFFECT.

NO EFFECT.

[N

g "A3d

G00-CL A460VVS



gv10Sd

G00-1 129 L133HSHIOM

£G1

Table 30 (Page 8 of 13). ELECTRICAL FMEA - AUXILIARY HOIST

System  250-TON BRIDGE CRANE, VAB
Subsystam BRAKE/SPEED CONTROLS
Drawing No, 69-K-L-11388 Sheet No. 13/17/18/28

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33
Date FEBRUARY 1994
Reference Figure Used

PMN K80-0533, K60-0534 Prepared By C. CRABB, LSOC 52-11
a. FAILURE MODE
b. CAUSE
c. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
a. N.O. CONTACT FAILS SERIES ARRANGEMENT OF 2VR N.O. NO EFFECT. 3
CLOSED CONTACT WILL REMOVE POWER FROM
2HCR AFTER THE VOLTAGE IN THE DC
MOTOR CIRCUIT GOES BELOW THE
PREDETERMINED LIMIT.
N.O. CONTACT CLOSES TO a. N.O. CONTACT FAILS HAND BRAKE SWITCH S1 CANNOT NO EFFECT. 3
ENABLE THE HAND BRAKE QPEN RELEASE THE BRAKES. DELAY OF
RELEASE SWITCH S1. CPERATION.
a. N.O. CONTACT FAILS HAND BRAKE SWITCH S1 AND N.O. NO EFFECT. 3
CLOSED RELAY CONTACT 2XR, ARRANGED IN
SERIES, WILL PREVENT THE BRAKES
FROM BEING RELEASED INADVERT-
ENTLY.
N.C. CONTACT OPENS TO a. N.C. CONTACT FAILS RELAY 2LCR WILL REMAIN LOCKED NO EFFECT. 3
DISABLE THE LOWERING OPEN QUT. UNABLE TO LOWER LCAD.
PORTION OF THE CIRCUITRY. DELAY OF OPERATION.
a. N.C. CONTACT FAILS RELAY 2L.CR WILL NOT BE LOCKED NO EFFECT. 3
CLOSED OUT. NQ EFFECT ON HOISTING CPER-
ATIONS.
2LCR RELAY PROVIDES POWER TO BRAKE a. FAILS DEACTIVATED CONTACTS WILL REMAIN IN NO EFFECT. 3
RELAYS TO RELEASE BRAKES {COIL FAILS OPEN) DE-ENERGIZED POSITION. BRAKES
DURING LOWERING OPER- CANNOT BE RELEASED AND GENER-
ATIONS, AND PROVIDES ATOR FIELD CANNOT BE ENERGIZED.
POWER TO START THE DELAY OF OPERATION.
SEQUENCE TO ENERGIZE THE
GENERATOR FIELD WINDING.
N.O. CONTACT CLOSES TO a. N.O. CONTACT FAILS BRAKES WILL NOT BE RELEASED AND NO EFFECT. 3
ENERGIZE RELAY 2XR, WHICH OPEN THE GENERATOR FIELD DC INPUT
RELEASES THE BRAKES, AND CONTROLLER WILL NOT BE ENABLED.
RELAY 2XR1, WHICH ENABLES DELAY OF OPERATIONS.
THE GENERATOR FIELD DC
INPUT CONTROLLER.

g 'A3d
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System 250-TON BRIDGE CRANE, VAB Station Set/Facility Code 20, 33
Subsystem BRAKE/SPEED CONTROLS Program SPACE SHUTTLE Date FEBRUARY 1994
Drawing No. 69-K-L-11388 Sheet No, 13/17/18/28 Reference Figure Used
PMN K80-0533, K80-0534 Prepared By C. CRABB, LSQC 52-11
a. FAILURE MODE
b. CAUSE
c. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
a. N.O. CONTACT FAILS BRAKE RELAYS WILL REMAIN ENER- POSSIBLE DAMAGE TO A 2
CLOSED OR RELAY FAILS GIZED AND BRAKES WILL NOT SET VEHICLE SYSTEM.
ACTIVATED (CONTACTS WHEN HOIST MOTORS ARE COM-
REMAIN IN THE ENER- MANDED TO STOP {IN NORMAL OPER-
GIZED POSITION) ATION). LOAD WILL DESCEND WiTH
b. WELDED CCTACTS, REGENERATIVE BRAKING APPLIED.
BINDING MECHANISM
c. 09FY12-005.040
d. BRAKE SET LIGHT WiLL
NOT COME ON
e. PRESS THE E-STOP
BUTTON
f. SECONDS
g. ESTIMATED 3 TO 10
SECONDS
N.O. CONTACT CLOSES TO a. N.O. CONTACT FAILS RELAY 2RUN N.O. CONTACT WILL NOT POSSIBLE DAMAGE TO A 2
ENERGIZE LCR RUN WHICH OPEN CLOSE AND GENERATOR FIELD WILL VEHICLE SYSTEM.
ENERGIZES 2RUN, b. CORROSION, BINDING NOT BE ENERGIZED. NO HOIST
MECHANISM MOTOR TORQUE. LOAD WILL
¢. 09FY12-005.039 DESCEND, WITH REGENERATIVE
d. NO {NDICATION OF BRAKING APPLIED, WHILE THE
CURRENT ON CONSOLE COMMAND, VIA THE MASTER
AMMETER CONTROL SWITCH, IS BEING GIVEN TO
e. RETURN THE MASTER LOWER AND THE BRAKES ARE
CONTROLLER TC RELEASED.
NEUTRAL OR PRESS THE
E-STOP BUTTON
f. SECONDS
3. ESTIMATED 3 TC 10
SECONDS
a. N.O. CONTACT FAILS POWER WILL BE REMOVED FROM NO EFFECT. 3
CLOSED RELAY LCR RUN WHEN THE MASTER
CONTROL SWITCH IS RETURNED TQ
CENTER AND SERIES RELAY CONTACT
2VR IS DEENERGIZED.

4 'AJY
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' Table 30 (Page 10 of 13). ELECTRICAL FMEA - AUXILIARY HOIST

System

Drawing No. 63-K-L-11388

250-TON BRIDGE CRANE, VAB
Subsystem BRAKE/SPEED CONTROLS

Sheet No. 13/17/18/28

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33
Date FEBRUARY 1994
Reference Figure Used

PMN K80-0533, K60-0534 Prepared By C. CRABB, LSOC 52-11
a. FAILURE MODE
b. CAUSE
c. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION 9. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT

N.O. CONTACT, ARRANGED IN
SERIES WITH 2VR, CLOSES TO
KEEP RELAY 2LCR ENER-
GIZED WHILE THE VOLTAGE
IN THE DC DRIVE MOTOR
CIRCUIT IS ABOVE A PREDE-
TERMINED LIMIT. THIS PRE-
VENTS THE BRAKES FROM
SETTING, AFTER THE MASTER
CONTROL SWITCH IS
RETURNED TO NEUTRAL,
WHILE THE MOTORS WIND
DOWN.

N.O. CONTACT CLOSES 7O
ENABLE THE HAND BRAKE
RELEASE SWITCH S1.

N.C. CONTACT OPENS TO
DISABLE THE HOISTING
PORTION OF THE CIRCUITRY.

o4

N.Q. CONTACT FAILS
OPEN

N.Q. CONTACT FAILS
CLOSED

N.O. CONTACT FAILS

OPEN

N.O. CONTACT FAILS

CLOSED

N.C. CONTACT FAILS

OPEN

N.C. CONTACT FAILS
CLOSED

BRAKES WILL SET IMMEDIATELY
WHEN THE MASTER CONTROL SWITCH
IS RETURNED TQ NEUTRAL. POSSIBLE
DAMAGE TO THE BRAKES.

SERIES ARRANGEMENT OF 2VR N.O.
CONTACT WILL REMOVE POWER FROM
2LCR AFTER THE VOLTAGE [N THE DC
MOTOR CIRCUIT GOES BELOW THE
PREDETERMINED LiMIT.

HAND BRAKE SWITCH S1 CANNOT
RELEASE THE BRAKES. DELAY OF
OPERATION.

HAND BRAKE SWITCH S1 AND N.O.
RELAY CONTACT 2XR, ARRANGED IN
SERIES, WiLL PREVENT THE BRAKES
FROM BEING RELEASED INADVERT-
ENTLY.

RELAY 2HCR WilLL REMAIN LOCKED
QUT. UNABLE TO HOIST LOAD.
DELAY OF OPERATION.

RELAY 2HCR WILL NOT BE LOCKED
OUT. NO EFFECT ON LOWERING OPER-
ATIONS.

NO EFFECT.

NO EFFECT.

NO EFFECT.

NO EFFECT.

NO EFFECT.

NO EFFECT.

g 'AJd
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Table 30 (Page 11 of 13). ELECTRICAL FMEA - AUXILIARY HOIST

System  250-TON BRIDGE CRANE, VAB

Subsystem BRAKE/SPEED CONTROLS

Drawing No, 69-K-L-11388 Sheet No. 13/17/18/28
PMN K80-0533, K60-0534

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33
Date FEBRUARY 1994
Reference Figure Used

Prepared By C. CRABB, LSOC 52-11

a. FAILURE MODE
b. CAUSE
¢. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
2HLS3 HIGH LEVEL SHUTS DOWN THE HOIST AND a. N.C. CONTACT FAILS UNABLE TO OPERATE THE HOIST IN NO EFFECT. 3
LIMIT SETS THE BRAKES IN THE OPEN THE HOIST DIRECTION ONLY. 1T WILL
SWITCH EVENT THE UPPER LEVEL OF STILL OPERATE iN THE LOWER MOODE.
TRAVEL IS REACHED. DELAY OF OPERATION.
a. N.C. CONTACT FAILS POSSIBLE DAMAGE TO THE WIRE NO EFFECT. 3
CLOSED ROPE. MULTIPLE FAILURE OR OPER-
ATOR ERROR REQUIRED.
2LLS-A LOW LEVEL SHUTS DOWN THE HOIST AND a. N.C. CONTACT FAILS UNABLE TO OPERATE THE HOIST IN NO EFFECT. 3
LIMIT SETS THE BRAKES IN THE OPEN THE LOWER DIRECTION ONLY. IT WILL
SWITCH EVENT THE FIRST LOWER STILL OPERATE IN THE HOIST MODE.
LIMIT OF TRAVEL IS DELAY OF OPERATION.
REACHED.
a. N.C. CONTACT FAlLS POSSIBLE DAMAGE TO THE WIRE NO EFFECT. 3
CLOSED ROPE. MULTIPLE FAILURE OR OPER-
ATOR ERROR REQUIRED.
2LLS-B LOW LEVEL SHUTS DOWN THE HOIST AND a. N.C. CONTACT FAILS UNABLE TO USE FLOAT MODE. DELAY NO EFFECT. 3
LIMIT SETS THE BRAKES IN THE OPEN OF OPERATION.
SWITCH EVENT THE SECOND LOWER
LIMIT IS REACHED DURING
FLOAT OPERATION.
a. N.C. CONTACT FAILS POSSIBLE DAMAGE TC THE WIRE NO EFFECT. 3
CLOSED ROPE. MULTIPLE FAILURE OR OPER-
ATOR ERROR REQUIRED.
2HSTR TIME DELAY PROVIDES TIMED DELAY FOR a. FAILS DEACTIVATED CONTACT REMAINS N DE-ENERGIZED NO EFFECT. 3
RELAY ENERGIZING HIGH SPEED {COIL FAILS OPEN) POSITION. UNABLE TO ENERGIZE
RELAY 2HS. HIGH SPEED RELAY AND ACHIEVE
HIGH SPEED TRAVEL.
a. N.O. CONTACT FAILS UNABLE TO ENERGIZE HIGH SPEED NO EFFECT. 3
QPEN RELAY AND ACHIEVE HiGH SPEED
TRAVEL.

8 "AJd
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Table 30 (Page 12 of 13). ELECTRICAL FMEA - AUXILIARY HOIST

System
Subsystem BRAKE/SPEED CONTROLS

250-TON BRIDGE CRANE, VAB

Drawing No, 69-K-L-11388

Sheet No. 13/17/18/28

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33
Date FEBRUARY 1994
Reference Figure Used

PMN K60-0533, K80-0534 Prepared By C. CRABB, LSOC 52-11
a. FAILURE MODE
b. CAUSE
c. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
a. N.O. CONTACT FAILS SPEED SELECTOR SWITCH CONTACT, NO EFFECT. 3
CLOSED ARRANGED IN SERIES, WILL PREVENT
THE HIGH SPEED RELAY FROM BEING
ENERGIZED IF THE HIGH SPEED MODE
IS NOT SELECTED.
2HS RELAY ENERGIZES TO PROVIDE HIGH a. FAILS DEACTIVATED CONTACTS WILL REMAIN IN NO EFFECT. 3
SPEED OPERATION OF THE (COIL FAILS OPEN) DE-ENERGIZED POSITION. LOSS OF
HOIST. HIGH SPEED RANGE.
N.C. CONTACT OPENS TO a. N.C. CONTACT FAILS THE N.C. CONTACT WILL OPEN, DEEN- POSSIBLE DAMAGE TO A 2
DEENERGIZE THE FIELD OPEN ERGIZING RELAY 2FW, WHICH PLACES VEHICLE SYSTEM.
WEAKENING RELAY, 2FW, TO b. CORROSION RESISTORS 2FWR AND RESA IN
WEAKEN THE FIELD OF THE c. 09FY12-005.111 SERIES WITH THE DC MOTOR FIELD
DC DRIVE MOTORS AND PUT d. SELSYN POSITION iNDI- WINDINGS. THE FIELD WILL BE WEAK-
THE HOIST IN THE HIGH CATOR ENED BY THE REDUCTION OF
SPEED MODE CONFIGURA- e. PRESS THE E-STOP CURRENT THROUGH THE WINDINGS.
TION. BUTTON THE HOIST WILL BE IN THE HIGH
i SECONDS SPEED MODE CONFIGURATION. THE
9. ESTIMATED 3 TO 10 HOIST SPEED WILL INCREASE TO

N.C. CONTACT CLOSES TO
PROVIDE A REDUNDANT
POWER PATH TO THE BRAKE
RELAYS TO RELEASE THE
BRAKES.

SECONDS

N.C. CONTACT FAILS

CLOSED

N.O. CONTACT FAILS
QPEN

N.O. CONTACT FAILS
CLOSED

APPROXIMATELY THREE TIMES THE
COMMANDED SPEED.

LOSS OF HIGH SPEED RANGE. NO
EFFECT ON NORMAL OPERATIONS.

PARALLEL ARRANGED CONTACT OF
RELAY 2XR WILL PROVIDE A POWER
PATH TO RELEASE THE BRAKES.

SERIES ARRANGED CONTACT OF
RELAY 2XR WILL OPEN AND SET THE
BRAKES.

NO EFFECT.

NO EFFECT.

NO EFFECT.
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Table 30 (Page 13 of 13). ELECTRICAL FMEA - AUXILIARY HOIST

System  250-TON BRIDGE CRANE, VAB

Subsystem BRAKE/SPEED CONTROLS Program SPACE SHUTTLE
Drawing No. 69-K-L-11388 Sheet No. 13/17/18/28
PMN K60-0533, K60-0534

Station Set/Facility Code 20, 33
Date FEBRUARY 1994

Reference Figure Used

Prepared By C. CRABB, LSOC 52-11

a. FAILURE MODE

b. CAUSE

c. FMN

d. DETECTION METHOD
e. CORRECTING ACTION
f

FAILURE EFFECT
ON VEHICLE
SYSTEMS AND/OR
PERSONNEL SAFETY

CRIT
CAT

FIND NO. . TIME TO EFFECT FAILURE EFFECT ON
PART NO. PART NAME PART FUNCTION 9. TIMEFRAME SYSTEM PERFORMANCE
a. FAILS ACTIVATED {CON- THE HOIST WILL REMAIN IN THE HIGH
TACTS REMAIN IN THE SPEED MODE. THIS IS DETECTABLE
ENERGIZED POSITION) PRIOR TO ENTERING A CRITICAL SITU-

ATION. DELAY OF OPERATIONS. (SEE
GROUND RULE f).

NO EFFECT.

8 'A3d
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Table 31 (Page 1 of 21). ELECTRICAL FMEA - AUXILIARY HOIST

System  250-TON BRIDGE CRANE, VAB
Subsystem BRAKE/SPEED CONTROLS
Orawing No. 69-K-L-11388 Sheet No, 12/17/18/19

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33

Date FEBRUARY 1994
Reference Figure Used

PMN K80-0533, K60-0534 Prepared By C. CRABB, LSOC 52-11
a. FAILURE MODE
b. CAUSE
c. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
HCR RUN RELAY CONTROLS RELAY 2RUN FOR a. FAILS DEACTIVATED CONTACTS REMAIN IN DE-ENERGIZED POSSIBLE DAMAGE TO A 2
ENERGIZING THE GENERATOR (COIL FAILS OPEN) POSITION. RELAY 2RUN N.O. VEHICLE SYSTEM.
FIELD WINDING DURING b. CORROSION, FATIGUE CONTACT WILL NOT CLOSE AND THE
HOISTING OR FLOAT OPER- ¢. 09FY12-005.041 GENERATOR FIELD WINDING WILL NOT
ATIONS. d. NO INDICATION OF BE ENERGIZED. NO HOIST MOTOR

CURRENT ON CONSOLE
AMMETER

e. RETURN THE MASTER
CONTROLLER TO
NEUTRAL OR PRESS THE
E-STOP BUTTON

f. SECONDS

g. ESTIMATED 3 TO 10
SECONDS

a. FAILS ACTIVATED (CON-
TACTS REMAIN IN THE
ENERGIZED POSITION)

a. N.O. CONTACT FAILS
OPEN

b. CORROSION, BINDING
MECHANISM

. 09FY12-005.042

d. NO INDICATION OF
CURRENT ON CONSOLE
AMMETER

e, RETURN THE MASTER
CONTROLLER TO
NEUTRAL OR PRESS THE
E-STOP BUTTON

. SECONDS

g. ESTIMATED 3 TO 10

SECONDS

TORQUE. LOAD WILL DESCEND, WITH
REGENERATIVE BRAKING APPLIED,
WHILE THE COMMAND IS BEING GIVEN
TO RAISE OR FLOAT AND THE BRAKES
ARE RELEASED.

RELAY 2RUN N.O. CONTACT WILL
REMAIN CLOSED WHEN THE JOYSTICK
'S RETURNED TO CENTER. THERE
WILL BE NO INPUT TO THE GENER-
ATOR FIELD WINDING BECAUSE THE
GENERATOR FIELD DC INPUT CON-
TROLLER WILL BE DISABLED.

RELAY 2RUN N.O. CONTACT WILL NOT
CLOSE AND THE GENERATOR FIELD
WINDING WILL NOT BE ENERGIZED.
NO HOIST MOTOR TORQUE. LOAD
WILL DESCEND, WITH REGENERATIVE
BRAKING APPLIED, WHILE THE
COMMAND IS GIVEN TC RAISE OR
FLOAT AND THE BRAKES ARE
RELEASED.

NO EFFECT.

POSSIBLE DAMAGE TO A
VEHICLE SYSTEM.
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Table 31 (Page 2 of 21). ELECTRICAL FMEA -

AUXILIARY HOIST

System  250-TON BRIDGE CRANE, VAB
Subsystem BRAKE/SPEED CONTROLS
Drawing No. 69-K-L-11388 Sheet No. 12/17/18/12

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33
Date FEBRUARY 1994
Refarence Figure Used

PMN K80-0533, K60-0534 Prepared By C. CRABB, LSOC 52-11
a. FAILURE MODE
b. CAUSE
¢. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
a

N.Q. CONTACT FAILS
CLOSED

N.C. CONTACT FAILS
CLOSED

WELDED CONTACTS,
BINDING MECHANISM
09FY12-005.043

NO INDICATION OF
CURRENT ON CONSOLE
AMMETER

RETURN THE MASTER
CONTROLLER TO
NEUTRAL OR PRESS THE
E-STOP BUTTON
SECONDS

ESTIMATED 3 TO 10
SECONDS

N.C. CONTACT FAILS
OPEN

RELAY 2RUN N.O. CONTACT wiLL
REMAIN CLOSED WHEN THE JOYSTICK
IS RETURNED TO CENTER. THERE
WILL BE NO INPUT TQ THE GENER-
ATOR FIELD WINDING BECAUSE THE
GENERATOR FIELD DC INPUT CON-
TROLLER WILL BE DISABLED.

RELAY 2RUN N.O. CONTACT WILL NOT
CLOSE AND THE GENERATOR FIELD
WINDING WILL NOT BE ENERGIZED.
NO HOIST MOTOR TORQUE. LOAD
WILL DESCEND, WITH REGENERATIVE
BRAKING APPLIED, WHILE THE
COMMAND IS GIVEN TO RAISE OR
FLOAT AND THE BRAKES ARE
RELEASED.

RELAY 2RUN N.O. CONTACT WILL
DROP OUT (OPEN) BY GRAVITY
AND/OR THE SPRING FORCE.

NO EFFECT.

POSSIBLE DAMAGE TO A
VEHICLE SYSTEM.

NO EFFECT.
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Table 31 (Page 3 of 21). ELECTRICAL FMEA - AUXILIARY HOIST

System  250-TON BRIDGE CRANE, VAB
Subsystem BRAKE/SPEED CONTROLS
Drawing Mo. 69-K-L.-11388
PMN K60-0533, K60-0534

Sheet No. 12/17/18/19

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33
Date FEBRUARY 1994

Reference Figure Used

Prepared By C. CRABB, LSOC 52-11

FAILURE MODE
CAUSE

FMN

DETECTION METHOD
CORRECTING ACTION

FAILURE EFFECT
ON VEHICLE

FIND NO, f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
LCR RUN RELAY CONTROLS RELAY 2RUN FOR a. FAILS DEACTIVATED CONTACTS REMAIN IN DE-ENERGIZED POSSIBLE DAMAGE TO A 2
ENERGIZING THE GENERATOR (COIL FAILS OPEN) POSITION. RELAY 2RUN N.O. VEHICLE SYSTEM.
FIELD WINDING DURING LOW- b. CORROSION, FATIGUE CONTACT WILL NOT CLOSE AND THE
ERING OPERATIONS. c. 09FY12-005.044 GENERATOR FIELD WINDING WILL NOT
d. NO INDICATION OF BE ENERGIZED. NO HOIST MOTOR
CURRENT ON CONSOLE TORQUE. LOAD WILL DESCEND, WITH
AMMETER REGENERATIVE BRAKING APPLIED,
e. RETURN THE MASTER WHEN THE COMMAND, VIA THE
CONTROLLER TO MASTER CONTROL SWITCH. 'S GIVEN
NEUTRAL OR PRESS THE TO LOWER AND THE BRAKES ARE
E-STOP BUTTON RELEASED.
f. SECONDS
g. ESTIMATED 3 TC 10
SECONDS
a. FAILS ACTIVATED (CON- RELAY 2RUN N.O. CONTACT WILL NO EFFECT. 3
TACTS REMAIN IN THE REMAIN CLOSED WHEN THE JOYSTICK
ENERGIZED POSITION) IS RETURNED TO CENTER. THERE
WILL BE NO INPUT TO THE GENER-
ATOR FIELD WINDING BECAUSE THE
GENERATOR FIELD DC INPUT CON-
TROLLER WILL BE DISABLED.
a. N.O. CONTACT FAILS RELAY 2RUN N.O. CONTACT WILL NOT POSSIBLE DAMAGE TO A 2
OPEN CLOSE AND THE GENERATOR FIELD VEHICLE SYSTEM.
b. CORROSION, BINDING WINDING WILL NOT BE ENERGIZED.

MECHANISM
09FY12-005.045

NO INDICATION OF
CURRENT ON CONSOLE
AMMETER

RETURN THE MASTER
CONTROLLER TO
NEUTRAL OR PRESS THE
E-STOP BUTTON
SECONDS

ESTIMATED 3 TO 10
SECONDS

NO HOIST MOTOR TORQUE. LOAD
WILL DESCEND, WITH REGENERATIVE
BRAKING APPLIED, WHEN THE
COMMAND, VIA THE MASTER
CONTROL SWITCH IS GIVEN TO LOWER
AND THE BRAKES ARE RELEASED
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Table 31 (Page 4 of 21). ELECTRICAL FMEA -

AUXILIARY HOIST

System  250-TON BRIDGE CRANE, VAB

Subsystem BRAKE/SPEED CONTROLS

Drawing No. 69-K-L-11388 Sheet No. 12/17/18/19
PMN K80-0533, K60-0534

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33
Date FEBRUARY 1994

Reference Figure Used

Prepared By C. CRABBS, LSOC 52-11

a. FAILURE MODE
b. CAUSE
c. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
a. N.O. CONTACT FAILS RELAY 2RUN N.O. CONTACT WILL NO EFFECT. 3
CLOSED REMAIN CLOSED WHEN THE JOYSTICK
IS RETURNED TO CENTER. THERE
WILL BE NOQ INPUT TO THE GENER-
ATOR FIELD WINDING BECAUSE THE
GENERATOR FIELD DC INPUT CON-
TROLLER WILL BE DISABLED.
a. N.C. CONTACT FAILS RELAY 2RUN N.O. CONTACT WILL NOT POSSIBLE DAMAGE TO A 2
CLOSED CLOSE AND THE GENERATOR FIELD VEHICLE SYSTEM.
b. WELDED CONTACTS, WINDING WILL NOT BE ENERGIZED.
BINDING MECHANISM NQ HOIST MOTOR TORQUE. LOAD
c. 09FY12-005.048 WILL DESCEND. WITH REGENERATIVE
d. NO INDICATION QOF BRAKING APPLIED, WHEN THE
CURRENT ON CONSOLE COMMAND, VIA THE MASTER
AMMETER CONTROL SWITCH, IS GIVEN TO
e. RETURN THE MASTER LOWER AND THE BRAKES ARE
CONTROLLER TO RELEASED.
NEUTRAL OR PRESS THE
E-STOP BUTTON
f. SECONDS
g. ESTIMATED 3 7O 10
SECONDS
a. N.C. CONTACT FAILS RELAY 2RUN N.O. CONTACT WiLL NO EFFECT. 3
OPEN DROP OUT (OPEN) BY GRAVITY
AND/OR THE SPRING FORCE.
2XR RELAY ENERGIZES WHEN RELAY a. FAILS DEACTIVATED CONTACTS REMAIN IN DE-ENERGIZED NO EFFECT. 3
2HCR OR 2LCR IS ENERGIZED (COIL FAILS OPEN) POSITION. UNABLE TO ENERGIZE
BY THE MASTER CON- BRAKE RELAYS AND RELEASE
TROLLER TO PROVIDE POWER BRAKES. DELAY OF OPERATION.
TO THE BRAKE RELAYS 2BR &
2BR1 TO RELEASE THE
BRAKES.
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Table 31 (Page 5 of 21). ELECTRICAL FMEA - AUXILIARY HOIST

System  250-TON BRIDGE CRANE, VAB

Subsystem BRAKE/SPEED CONTROLS

Drawing No. 69-K-1.-11388 Sheet No. 12/17/18/19
PMN K60-0533, K60-0534

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33
Date FEBRUARY 1994

Reference Figure Used

Prepared By C. CRABB, LSOC 52-11

FIND NO.
PART NO.

PART NAME

PART FUNCTION

FAILURE MODE
CAUSE

FMN

DETECTION METHOD
CORRECTING ACTION
TIME TO EFFECT
TIMEFRAME

Q-0 2o ow

FAILURE EFFECT ON
SYSTEM PERFORMANCE

FAILURE EFFECT
ON VEHICLE
SYSTEMS AND/OR
PERSONNEL SAFETY

CRIT
CAT

£91

N.QO. CONTACT CLOSES TO
ENERGIZE BRAKE RELAYS,
28R AND 2BR1, WHEN THE
MASTER CONTROLLER IS
MOVED.

N.©. CONTACT CLOSES TO
PROVIDE A REDUNDANT
POWER PATH, THROUGH
SERIES ARRANGED CONTACT
2HS, TO RELEASE THE
BRAKES [N THE HIGH SPEED
MODE.

a. N.O. CONTACT FAILS
CPEN

a. N.O. CONTACT FAILS
CLOSED OR RELAY FAILS
ACTIVATED (CONTACTS
REMAIN IN THE ENER-
GIZED POSITION)

b. WELDED CONTACTS,

BINDING MECHANISM

09FY12-005.047

d. BRAKE SET LIGHT WILL
NOT COME ON

e. PRESS THE E-STOP
BUTTON OR THE FOOT
SWITCH S2.

. SECONDS

g. ESTIMATED 3 TO 10

SECONDS

o

a. N.O. CONTACT FAILS
OPEN

a. N.O. CONTACT FAILS
CLOSED

UNABLE TO ENERGIZE BRAKE RELAY
AND RELEASE BRAKES. DELAY OF
OPERATION.

BRAKE RELAYS WiLL REMAIN ENER-
GIZED. BRAKES WILL NOT SET WHEN
THE HOIST MOTORS ARE COM-
MANDED, VIA THE MASTER CONTROL
SWITCH TO STOP. LOAD WILL
DESCEND, WITH REGENERATIVE
ERAKING APPLIED.

BRAKES WILL BE RELEASED THROUGH
THE REDUNDANT 2XR CONTACT IN
HIGH SPEED OPERATIONS.

SERIES ARRANGED CONTACT 2HS
WILL OPEN TC REMOVE POWER FROM
THE BRAKE RELAYS.

NQ EFFECT.

POSSIBLE DAMAGE TO A
VEHICLE SYSTEM.

NO EFFECT.

NO EFFECT.
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Table 31 (Page 6 of 21). ELECTRICAL FMEA - AUXILIARY HOIST

System  250-TON BRIDGE CRANE, VAB
Subsystem BRAKE/SPEED CONTROLS
Drawing No. 69-K.L-11388 Sheet No. 12/17/18/19

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33
Date FEBRUARY 1994
Reference Figure Used

PMN K60-0533, K60-0534 Prepared 8y C. CRABB, LSOC 52-11
a. FAILURE MODE
b. CAUSE
c. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
2FW RELAY THE RELAY ENERGIZES WHEN a. FAILS DEACTIVATED THE N.O. CONTACTS WILL BE OPENED POSSIBLE DAMAGE TO A 2
POWER IS APPLIED TO THE (COIL FAILS OPEN) PLACING RESISTORS 2FWR AND RESA VEHICLE SYSTEM.
CRANE, CLOSING THE THREE b. CORROSION, FATIGUE IN SERIES WITH THE DC MOTOR FIELD
NORMALLY OPEN (N.O.) CON- c. 09FY12-005.106 WINDINGS. THE FIELD WILL BE WEAK-
TACTS. THE TWO SERIES d. SELSYN POSITION INDI- ENED BY THE REDUCTION OF
ARRANGED CONTACTS CATOR CURRENT THROUGH THE WINDINGS.
BYPASS RESISTOR 2FWR TO e. PRESS THE E-STOP THE HOIST WILL BE IN THE HIGH
ALLOW AN INCREASE IN BUTTON SPEED MODE CONFIGURATION. THE
CURRENT TO THE DC MOTOR f. SECONDS HOIST SPEED WILL INCREASE TO
FIELD WINDINGS TO g. ESTIMATED 3 TO 10 APPROXIMATELY THREE T!MES THE
STRENGTHEN THE FIELD. THE SECONDS COMMANDED SPEED.
THIRD ENABLES, BUT DOES
NOT ENERGIZE RELAY 2SRX.
THE RELAY !S DEENERGIZED
WHILE IN THE HIGH SPEED
MODE, WHICH OPENS THE
CONTACTS, TO PLACE RESIS-
TORS 2FWR AND RESA IN
SERIES WiTH THE FIELD
WINDINGS TO REDUCE THE
CURRENT AND WEAKEN THE
FIELD.
a. FAILS ACTIVATED (CON- LOSS OF HIGH SPEED RANGE. NO NO EFFECT 3
TACTS REMAIN IN THE EFFECT ON NORMAL OPERATIONS.
ENERGIZED POSITION)
a. N.O. CONTACT FAILS THE N.O. CONTACTS {1 OF 3) WILL BE POSSIBLE DAMAGE TO A 2
OPEN (1 OF 3) OPENED PLACING RESISTOR 2FWR OR VEHICLE SYSTEM.
b. CORROSION, BINDING RESA IN SERIES WITH THE DC MOTOR
MECHANISM FIELD WINDINGS. THE FIELD WILL BE
c. 09FY12-005.107 WEAKENED BY THE REDUCTION OF
d. SELSYN POSITION INDI- CURRENT THROUGH THE WINDINGS.
CATOR THE HOIST WILL DESCEND AT A
e. PRESS THE E-STOP HIGHER RATE OF SPEED THAN
BUTTON EXPECTED. THE HOIST SPEED WILL
f. SECONDS INCREASE TO APPROXIMATELY TWO
g. ESTIMATED 3 TO 10 TIMES THE COMMANDED SPEED.
SECONDS
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Table 31 (Page 7 of 21). ELECTRICAL FMEA - AUXILIARY HOIST

System  250-TON BRIDGE CRANE, VAB
Subsystem BRAKE/SPEED CONTROLS
Drawing No. 89-K-L-11388 Sheet No. 12/17/18/19

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33
Date FEBRUARY 1994
Reference Figure Used

PMN K60-0533, KB0-0534 Prepared By C. CRABB, LSOC 52-11
a. FAILURE MODE
b. CAUSE
c. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
a. N.O. CONTACT FAILS LOSS OF HIGH SPEED RANGE. NO NO EFFECT 3
CLOSED (1 OF 3) EFFECT ON NORMAL OPERATIONS.
2BR RELAY, ENERGIZES TO PROVIDE a. FAILS DEACTIVATED CONTACTS WILL REMAIN IN NO EFFECT. 3
BRAKE POWER TO THE BRAKE (COIL FAILS OPEN) DE-ENERGIZED POSITION. BRAKES
SOLENOIDS TO RELEASE THE WILL NOT RELEASE. DELAY OF OPER-
BRAKES. ATION.
TWO N.O. CONTACTS, 3. N.O. CONTACT FAILS BRAKES WILL NOT RELEASE. DELAY NO EFFECT. 3
ARRANGED IN SERIES WITH OPEN OF OPERATION.
RELAY CONTACTS 2BR1 &
2BR2, CLOSE TO RELEASE
THE BRAKES.
a. N.O. CONTACT FAILS REDUNDANT CONTACTS IN SERIES NO EFFECT. 3
CLOSED WILL OPEN TO SET THE BRAKES.
N.C. CONTACT OPENS TO a. N.C. CONTACT FAILS REDUNDANT CONTACT OF RELAY 2BR1 NQ EFFECT. 3
EXTINGUISH THE “BRAKE CLOSED WILL OPEN TO SHUT OFF THE BRAKE
SET” LIGHT INDICATOR, PL386, SET LIGHT.
WHEN THE BRAKES ARE
RELEASED.
a. N.C. CONTACT FAILS BRAKE SET LIGHT WILL NOT COME ON NO EFFECT. 3
OPEN WHEN BRAKES ARE SET. INDICATION
PROBLEM ONLY. DELAY OF OPER-
ATIONS,
a. FAILS ACTIVATED (CON- REDUNDANT CONTACTS, 2BR1 & 2BR2, NO EFFECT. 3
TACTS REMAIN IN THE IN SERIES WILL OPEN TO SET THE
ENERGIZED POSITION) BRAKES. BRAKE SET LIGHT WILL NOT
COME ON WHEN BRAKES ARE SET.
DELAY OF OPERATIONS.
2BR1 RELAY ENERGIZES TO PROVIDE a. FAILS DEACTIVATED CONTACTS WILL REMAIN iN NO EFFECT. 3
POWER TO THE BRAKE {COIL FAILS OPEN) DE-ENERGIZED POSITION. 3RAKES
SOLENOIDS TO RELEASE THE WILL NOT RELEASE. DELAY OF OPER-
BRAKES. ATION.
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Table 31 (Page 8 of 21). ELECTRICAL FMEA - AUXILIARY HOIST

System  250-TON BRIDGE CRANE, VAB
Subsystem BRAKE/SPEED CONTROLS
Drawing No. 69-K-L.-11388 Sheet No. 12/17/18/19

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33
Date FEBRUARY 1994
Reference Figure Used

PMN KB0-0533, K60-0534 Prepared By C. CRABB, LSOC 52-11
a. FAILURE MODE
b. CAUSE
¢. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION d. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
TWO N.O. CONTACTS, 3. N.O. CONTACT FAILS BRAKES WILL NOT RELEASE. DELAY NO EFFECT. 3
ARRANGED IN SERIES WITH OPEN OF OPERATION.
RELAY CONTACTS 2BR &
28BR2, CLOSE TC RELEASE
THE BRAKES.
a. N.O. CONTACT FAILS REDUNDANT CONTACTS IN SERIES NO EFFECT. 3
CLOSED WILL OPEN TO SET THE BRAKES.
N.C. CONTACT OPENS TO a. N.C. CONTACT FAILS REDUNDANT CONTACT OF RELAY 2BR NO EFFECT. 3
EXTINGUISH THE "BRAKE CLOSED WILL OPEN TO SHUT QFF THE BRAKE
SET” LIGHT INDICATOR, PL36, SET LIGHT.
WHEN THE BRAKES ARE
RELEASED.
a. N.C. CONTACT FAILS BRAKE SET LIGHT WILL NOT COME ON NO EFFECT. 3
OPEN WHEN BRAKES ARE SET. iNDICATION
PROBLEM ONLY. DELAY C~ OPER-
ATIONS.
a. FAILS ACTIVATED (CON- REDUNDANT CONTACTS, 28R & 2BR2, NO EFFECT. 3
TACTS REMAIN IN THE IN SERIES WILL OPEN TO SET THE
ENERGIZED POSITION) BRAKES. BRAKE SET LIGHT WILL NOT
COME ON WHEN BRAKES ARE SET.
DELAY OF OPERATIONS.
2BTR RELAY ENERGIZES TO PROVIDE a. FAILS DEACTIVATED CONTACTS REMAIN IN DE-ENERGIZED NO EFFECT. 3
POWER TO RELAY 2BRX TO {COIL FAILS OPEN) POSITION. RELAY 2BRX WILL NOT BE
REDUCE THE CURRENT TO ENERGIZED CAUSING POSSIBLE
THE BRAKE SOLENOIDS DAMAGE TO THE BRAKE SOLENOIDS
AFTER SOLENOIDS ARE ENER- OR TRIPPING OF BREAKER 2CCB3.
GIZED. BRAKES WILL SET. DELAY OF OPERA-
TION.
a. N.O. CONTACT FAILS RELAY 2BRX WILL NOT BE ENERGIZED NO EFFECT. 3
OPEN CAUSING POSSIBLE DAMAGE TO THE
BRAKE SOLENQIDS OR TRIPPING OF
BREAKER 2CCB3. BRAKES WILL SET.
DELAY OF OPERATION.
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System 250-TON BRIDGE CRANE, VAB

Subsystem BRAKE/SPEED CONTROLS

Drawing No. 63-K-1.-11388 Sheet No, 12/17/18/19
PMN K60-0533, K60-0534

Station Set/Facility Code 20, 33
Date FEBRUARY 1994

Reference Figure \ised

Prepared By C. CRABB, LSOC 52-11

Programm SPACE SHUTTLE

S00-1125 LIFAHSHIOM

£91

a. FAILURE MODE
b. CAUSE
c. FMN
d. DETECTION METHOD FAILURE EFFECT
e, CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
a. N.O. CONTACT FAILS RELAY 2BRX WiLL REMAIN ENERGIZED NO EFFECT. 3
CLOSED AND THE N.C CONTACT Wil REMAIN
OPEN. BRAKE SOLENCIDS MAY NOT
RECEIVE ENQUGH POWER TO RELEASE
THE BRAKES. DELAY OF OPERATION.
S2 FOQT SWITCH CONTACT LOCATED a. N.C. CONTACT FAILS NO RPOT GENERATOR FIELD DC INPUT POSSIBLE DAMAGE TQ A 2
SWITCH BETWEEN RPOT AND THE OPEN CONTROLLER EXCITATION VOLTAGE VEHICLE SYSTEM.
GENERATOR FIELD DC INPUT b. CORROSION, MECHAN- AND RESULTING OUTPUT TO GENER-
CONTROLLER. THIS IS ICAL FAILURE ATOR FIELD WINDING. NO QUTPUT
ARRANGED TO DISABLE THE c. 09FY12-005.054 FROM GENERATOR. NO HOIST MOTOR
RPOT INPUT WHEN OPER- d. NO INDICATION OF TORQUE WHILE THE COMMAND IS
ATING IN THE FLOAT MODE. CURRENT ON CONSOLE BEING GIVEN, VIA THE MASTER
AMMETER CONTROL SWITCH, TO RAISE OR
e. RETURN THE MASTER LOWER AND THE BRAKES ARE
CONTROLLER TO RELEASED. LOAD WILL DESCEND
NEUTRAL OR PRESS THE WITH REGENERATIVE BRAKING
E-STOP BUTTON APPLIED.
f. SECONDS
g. ESTIMATED 3 TO 10
SECONDS
a. N.C. CONTACT FAILS RPOT WILL REMAIN ENABLED. THIS NO EFFECT. 3
CLOSED HAS NO EFFECT ON THE FLOAT MODE
OF OPERATION UNLESS THE MASTER
CONTROLLER IS NOT RETURNED TO
NEUTRAL. OPERATOCR ERROR
REQUIRED.

g ‘A3

G00-CLA460VVS



griosd

G00-1 125 LIFHSHIOM

891

Tabie 31 (Page 10 of 21). ELECTRICAL FMEA - AUXILIARY HOIST

System  250-TON BRIDGE CRANE, VAB
Subsystem BRAKE/SPEED CONTROLS

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33
Date FEBRUARY 1994

Drawing No. 69-K-L.-11388 Sheet No. 12/17/18/19 Reference Figure Used
PMN K80-0533, K60-0534 Prepared By C. CRABB, LSOC 52-11
a. FAILURE MODE
b. CAUSE
c. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
SWITCH CONTACT CLOSES TO a. N.O. CONTACT FAILS LOSS OF ABILITY TO DISABLE THE NO EFFECT. 3
ENERGIZE THE FLOAT RELAY, OPEN TIME DELAY RELAY WHEN OPERATING
AHFLT, WHICH {S USED TO IN THE FLOAT MODE. THIS WOULD
DISABLE THE TIME DELAY ALLOW THE TIME DELAY RELAY TO
RELAY, 2TDHC, TO INSURE BYPASS THE OVERVOLTAGE RELAY IF
THE OVERVOLTAGE RELAY, THE FLOAT MODE IS SELECTED WHILE
2FOV, IS NOT BYPASSED THE SPEED SELECTOR SWITCH IS IN
WHEN THE FLOAT MODE IS THE COARSE SPEED POSITION. MUL-
SELECTED WHILE THE SPEED TIPLE FAILURE REQUIRED TO RESULT
SELECTOR SWITCH, SS2, IS IN IN DAMAGE TO A VEHICLE SYSTEM.
THE COARSE SPEED POSI-
TION.
a. N.O. CONTACT FAILS THE FLOAT RELAY WILL REMAIN ENER- NO EFFECT. 3
CLOSED GIZED AND THE OVERVOLTAGE RELAY
WOULD NOT BE BYPASSED IN THE
COARSE SPEED MODE. |F THE HOIST
IS OPERATED IN COARSE SPEED, THE
M-G SET WILL BE SHUT DOWN BY THE
| OVERVOLTAGE RELAY AT 115% OF
THE FULL FINE QUTPUT.
CONTACT CLOSES TO ENER- a. N.O. CONTACT FAILS UNABLE TO USE FLOAT CONTROLS NO EFFECT. 3
Gi{ZE RELAY 2HCR TO OPEN FOR FLOATING THE LOAD. DELAY OF
OPERATE THE CRANE IN THE OPERATION.
FLOAT MODE.
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System  250-TON BRIDGE CRANE, VAB
Subsystem BRAKE/SPEED CONTROLS

Station Set/Facility Code 20, 33

Program SPACE SHUTTLE Date FEBRUARY 1994

G00-1 125 LITHSHHOM
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Drawing No. 69-K-L-11388
PMN K60-0533, K80-0534

Sheet No. 12/17/18/19

Reference Figure Used

Prepared By C. CRABB, LSOC 52-11

a. FAILURE MODE
b. CAUSE
c. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO, PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
a. N.O. CONTACT FAILS RELAY 2HCR WILL REMAIN ENER- POSSIBLE DAMAGE TO A 2
CLOSED GIZED. THIS WILL ENERGIZE THE VEHICLE SYSTEM.
5. CORROSION, WELDED BRAKE RELAYS, ZBR & 2BR1, AND
CONTACT, MECHANICAL RELEASE THE BRAKES WHILE NO
FAILURE COMMAND 1S BEING INITIATED TO
c. 09FY12-005.118 MOVE THE LOAD. LOAD WILL
d. INDICATION OF MOVE- DESCEND WITH REGENERATIVE
MENT ON THE CONSOLE BRAKING APPLIED.
SELSYN
e. PRESS THE E-STOP
BUTTON
f. SECONDS
g. ESTIMATED 3 TO 10

CONTACT OPENS TO ENABLE
THE OPERATOR TO CONTROL
THE BRAKES WITH BRAKE
SWITCH St FOR FLOAT MODE
OPERATICNS.

SECONDS

N.C. CONTACT FAILS
OPEN

N.C. CONTACT FAILS
CLOSED

CORROSION, WELDED
CONTACT, MECHANICAL
FAILURE

09FY12-005.119
INDICATION OF MOVE-
MENT ON THE CONSOLE
SELSYN

DISENGAGE FOOT
SWITCH S2 OR PRESS
THE E-STOP BUTTON
SECONDS

ESTIMATED 3 TO 10
SECONDS

THE BRAKES CANNOT BE RELEASED
WITH THE NORMAL MOVEMENT OF
THE MASTER CONTROLLER, 2MC. THE
BRAKES WILL REMAIN SET. DELAY OF
OPERATION.

THE BRAKES WiLL BE RELEASED
WHEN THE FOOT SWITCH IS ENGAGED.
LOAD WilLL DESCEND WITH REGENER-
ATIVE BRAKING APPLIED.

NO EFFECT.

POSSIBLE DAMAGE TO A
VEHICLE SYSTEM.

[&]
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Table 31 (Page 12 of 21). ELECTRICAL FMEA - AUXILIARY HOIST

System  250-TON BRIDGE CRANE, VAB

Subsystem BRAKE/SPEED CONTROLS

Drawing No. 89-K-L-11388 Sheet No. 12/17/18/19
PMN K60-0533, KB80-0534

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33
Date FEBRUARY 1994
Reference Figure Used

Prepared By C. CRABB, LSOC §2-11t

a. FAILURE MODE
b. CAUSE
c. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
St BRAKE PROVIDES OPERATOR a. N.O. CONTACT FAILS UNABLE TO RELEASE BRAKES FOR NO EFFECT. 3
SWITCH CONTROL OF POWER TO OPEN FLOATING OPERATIONS. DELAY OF
BRAKE RELAYS, 28R AND OPERATION.
2BR1, TO RELEASE OR SET
THE BRAKES WHEN
REQUIRED DURING FLOAT
OPERATIONS.
a. N.O. CONTACT FAILS BRAKE RELAYS WILL REMAIN ENER- NQ EFFECT. 3
CLOSED GIZED AND BRAKES WILL NOT SET
WHEN OPERATOR RELEASES BRAKE
HANDLE DURING FLOAT OPERATIONS.
THE LOAD WILL STILL BE CON-
TROLLED WITH THE FLOAT
POTENTIOMETER, AND THE BRAKES
CAN BE SET BY RELEASING FOOT
SWITCH S2. DELAY OF OPERATION.
4RECT RECTIFIER, CONVERTS 120V AC INPUT TO a. DIODE FAILS OPEN NO DC OUTPUT FROM 4RECT WILL NO EFFECT. 3
BRIDGE DC OUTPUT FOR ENERGIZING DEENERGIZE DC RELAY 4DC, WHICH
RELAY 2ZRUN FOR CONTROL- WILL SHUT DOWN THE M-G SET.
LING CURRENT TO THE GEN- BRAKES WILL SET. DELAY OF OPER-
ERATOR FIELD WINDING. ATIONS.
a. DIODE FAILS SHORT INCREASED CURRENT TO THE RELAY NQ EFFECT. 3
COILS RESULTING IN THE COILS
FAILING OPEN. RELAY 4DC COIL
FAILING OPEN SHUTS DOWN THE M-G
SET AND SETS THE BRAKES. 2RUN
COIL FAILING OPEN RESULTS IN THE
N.O. CONTACT DROPPING QUT (OPEN)
BY GRAVITY AND/OR THE SPRING
FORCE. DELAY OF OPERATION.
4DC RELAY ENERGIZES TO INSURE THE a. FAILS DEACTIVATED RELAY CONTACTS WILL REMAIN IN NO EFFECT. 3
BRIDGE RECTIFIER, 4RECT, IS {COIL FAILS OPEN) THE DEENERGIZED POSITION. M-G
SUPPLYING THE PROPER SET CANNOT BE STARTED. DELAY OF
OUTPUT. THIS WILL SHUT OPERATIONS.
DOWN THE M-G SET IF 4RECT
OUTPUT 1S LOST,
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Table 31 (Page 13 of 21). ELECTRICAL FMEA - AUXILIARY HOIST

System

250-TON BRIDGE CRANE, VAB

Subsystem BRAKE/SPEED CONTROLS
Drawing No. 69-K-L-11388

Sheet No. 12/17/18/19

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33
Date FEBRUARY 1994
Reference Figure Used

PMN K80-0533, K50-0534 Prepared By C. CRABB, LSOC 52-11
a. FAILURE MODE
b. CAUSE
c. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION d. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
a. N.O. CONTACT FAILS M-G SET CANNOT BE STARTED. DELAY NO EFFECT. 3
OPEN QOF OPERATIONS.
a. N.O. CONTACT FAILS LOSS OF M-G SET SHUT DOWN CAPA- NO EFFECT. 3
CLOSED BILITY IF 4RECT QUTPUT IS LOST.
MULTIPLE FAILURE REQUIRED TO
RESULT IN DAMAGE TO A VEHICLE
SYSTEM.
a. N.C. CONTACT FAILS INDICATION OF THE LOSS OF 4RECT NO EFFECT. 3
QOPEN QUTPUT WILL NOT COME ON. INDI-
CATION PROBLEM ONLY.
a. N.C. CONTACT FAILS INDICATION OF THE LOSS OF 4RECT NO EFFECT. 3
CLOSED QUTPUT WILL REMAIN ON CONTIN-
UOUSLY. INDICATION PROBLEM
ONLY. DELAY OF QPERATIONS.
a. FAILS ACTIVATED (CON- LOSS OF M-G SET SHUT DOWN CAPA- NO EFFECT. 3
TACTS REMAIN IN THE BILITY IF 4RECT OUTPUT IS LOST.
ENERGIZED POSITION) MULTIPLE FAILURE REQUIRED TO
RESULT IN DAMAGE TO A VEHICLE
SYSTEM.
2RUN RELAY N.O. CONTACT CLOSES TO a. “PULL IN" FAILS DEACTI- N.O. CONTACT REMAINS IN POSSIBLE DAMAGE TO A 2
ALLOW INPUT CURRENT VATED (COIL FAILS DE-ENERGIZED POSITION. GENER- VEHICLE SYSTEM.
FROM THE GENERATOR FIELD OPEN) ATOR FIELD WINDING WILL NOT BE
DC INPUT CONTROLLER TO b. CORROSION, FATIGUE ENERGIZED. NO HOIST MOTOR
THE M-G SET GENERATOR c. 09FY12-005.049 TORQUE. LOAD WILL DESCEND, WITH
FIELD WINDING TO MOVE THE d. NO INDICATION OF REGENERATIVE BRAKING APPLIED,
DC DRIVE MOTORS. CURRENT ON CONSOLE WHEN THE COMMAND IS GIVEN, VIA
AMMETER THE MASTER CONTROL SWITCH, TO
N.C. CONTACT ALLOWS RESI- e. RETURN THE MASTER RAISE OR LOWER AND THE BRAKES
DUAL CURRENT IN THE GEN-
CONTROLLER TO ARE RELEASED.
ERATOR TO DIMINISH AFTER
NEUTRAL OR PRESS THE
THE DRIVE MOTION {S COM-
PLETED. E-STOP BUTTON
f. SECONDS
g. ESTIMATED 3 TO 10
SECONDS
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Table 31 (Page 14 of 21). ELECTRICAL FMEA - AUXILIARY HOIST

System

250-TON BRIDGE CRANE, VAB

Subsystem BRAKE/SPEED CONTROLS

Drawing No. G9-K-L-11388

Sheet No. 12/17/18/12

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33

Date FEBRUARY 1994
Reference Figure Used

PMN K80-0533, K60-0534 Prepared By C. CRABB, LSOC 52-11
a. FAILURE MODE
b. CAUSE
c. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO, f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g- TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
a. "DROP OUT" FAILS THE N.O. CONTACT WILL DROP QUT NO EFFECT. 3
DEACTIVATED (COIL (OPEN) BY GRAVITY AND/OR THE
FAILS OPEN). SPRING FORCE.
a. FAILS ACTIVATED (CON- N.Q. CONTACT WILL REMAIN CLOSED NO EFFECT. 3
TACTS REMAIN iN THE WHEN THE JOYSTICK IS RETURNED TO
ENERGIZED POSITION) CENTER. THERE WILL BE NO INPUT
TO THE GENERATOR FIELD WINDING
BECAUSE THE GENERATOR FIELD DC
INPUT CONTROLLER WILL BE DISA-
BLED.
a. N.O. CONTACT FAILS GENERATOR FIELD WINDING WILL NOT POSSIBLE DAMAGE TO A 2
OPEN/N.C. CONTACT BE ENERGIZED. NO HOIST MOTOR VEHICLE SYSTEM.
FAILS CLOSED TORQUE. LOAD WILL DESCEND, WITH
b. CORROSION, BINDING REGENERATIVE BRAKING APPLIED,
MECHANISM WHEN THE COMMAND, VIA THE
c. 09FY12-005.050 MASTER CONTROL SWITCH, IS GIVEN
d. NO INDICATION OF TO RAISE OR LOWER AND THE
CURRENT ON CONSOLE BRAKES ARE RELEASED.
AMMETER
e. RETURN THE MASTER
CONTROLLER TO
NEUTRAL OR PRESS THE
E-STOP BUTTON
f. SECONDS
g. ESTIMATED 3 TO 10

SECONDS

N.C. CONTACT FAILS
CLOSED/N.C. CONTACT
FAILS OPEN

N.O. CONTACT WILL REMAIN CLOSED
WHEN THE JOYSTICK {S RETURNED TO
CENTER. THERE WILL BE NO INPUT
TO THE GENERATOR FIELD WINDING
BECAUSE THE GENERATOR FIELD DC
INPUT CONTROLLER WILL BE DISA-
BLED.

NO EFFECT.
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Table 31 (Page 15 of 21). ELECTRICAL FMEA - AUXILIARY HOIST

System  250-TON BRIDGE CRANE, VAB

Subsystem BRAKE/SPEED CONTROLS

Drawing No, 69-K-L-11388 Sheet No. 12/17/18/19
PMN K80-0533, K60-0534

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33
Date FEBRUARY 1994
Reference Figure Used

Prepared By C. CRABB, LSOC 52-11

a. FAILURE MODE
b. CAUSE
c. FMN
d. DETECTION METHQD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
2RS14 RESISTOR PROVIDES A CURRENT a. FAILS OPEN THE RESIDUAL CURRENT IN THE GEN- NO EFFECT. 3
LIMITER FOR THE RESIDUAL ERATOR WILL NOT BE DIMINISHED.
CURRENT IN THE GENERATOR NO EFFECT ON NORMAL OPERATIONS.
AFTER THE DRIVE MOTION IS
COMPLETED.
2ACR RELAY PROVIDES POWER TO ACTI- a. FAILS DEACTIVATED CONTACT REMAINS [N DE-ENERGIZED NQ EFFECT. 3
VATE MOTOR OVERHEATING {COIL FAILS OPEN) POSITION. OVERHEATING ALARM
ALARM. WILL NOT SOUND. NO EFFECT ON
INDICATOR LIGHT.
a. N.O. CONTACT FAILS OVERREATING ALARM WILL NOT NO EFFECT. 3
OPEN SOUND. NO EFFECT ON INDICATOR
LIGHT.
a. N.O. CONTACT FAILS OVERHEATING ALARM WILL SOUND NO EFFECT. 3
CLOSED INADVERTENTLY. DELAY OF OPERA-
TION.
PLiS {INDICATION PROVIDES INDICATION THAT a. FAILS OPEN NO INDICATION FOR MOTOR OVER- NO EFFECT. 3
LAMP HOIST MOTOR #! IS OVER- HEATING FROM LIGHT. ALARM WILL
HEATING. SOUND.
PL17 INDICATION PROVIDES INDICATION THAT a. FAILS OPEN NO INDICATION FOR MOTOR QVER- NQ EFFECT. 3
LAMP HOIST MOTOR #2 1S OVER- HEATING FROM LIGHT. ALARM WILL
HEATING. SOUND.
PL18 INDICATION PROVIDES INDICATION THAT a. FAILS OPEN NO INDICATION FOR BLOWER MOTOR NQ EFFECT. 3
LAMP HOIST BLOWER MOTOR #1 IS OVERHEATING FROM LIGHT.
OVERHEATING.
PL1Q INDICATION PROVIDES INDICATION THAT a. FAILS OPEN NO INDICATION FOR BLOWER MOTOR NQ EFFECT. 3
LAMP HOIST BLOWER MOTOR #2 IS OVERHEATING FROM LIGHT.
OVERHEATING.
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Table 31 (Page 16 of 21). ELECTRICAL FMEA - AUXILIARY HOIST

System  250-TON BRIDGE CRANE, VAB
Subsystem BRAKE/SPEED CONTROLS
Drawing No, 69-K-L-11388 Sheet No. 12/17/18/19

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33
Date FEBRUARY 1994
Reference Figure Used

PMN K60-0533, K60-0534 Prepared By C. CRABB, L.SOC 52-11
a. FAILURE MODE
b. CAUSE
c. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
2-OLR1, RELAY RELAYS ENERGIZE TO a. FAILS DEACTIVATED CONTACTS REMAIN IN DEENERGIZED NO EFFECT 3
2-OLR2 ENABLE THE BLOWER MOTOR (COIL FAILS OPEN) POSITION. THE BLOWER MOTORS
START RELAY 2MB. PRO- WILL NOT START. BLOWER MOTOR
VIDES CAPABILITY TO SHUT CVERHEATING INDICATION LIGHT
DOWN BOTH BLOWER WILL REMAIN ON. DELAY OF OPERA-
MOTORS AND LIGHT BLOWER TION.
MOTOR OVERHEATING {NDi-
CATOR LIGHTS WHEN DEEN-
ERGIZED BY ONE OF THE
8LOWER MOTOR OVERLOADS.
a. FAILS ACTIVATED (CON- LOSS OF ABILITY TO DISABLE OR NO EFFECT 3
TACTS REMAIN IN THE DETECT A FAILURE OF THE BLOWER
ENERGIZED POSITION} MOTOR WHEN COUPLED WITH A
BLOWER MOTOR OVERLOAD. THE
HOIST MOTOR WINDING TEMPER-
ATURE SENSOR WILL SHUT DOWN THE
HOIST M-G SET IF NECESSARY.
a. N.C. CONTACT FAILS BLOWER MOTOR OVERHEATING INDI- NO EFFECT 3
CLOSED CATION LIGHT WILL REMAIN ON.
DELAY OF OPERATION.
a. N.C. CONTACT FAILS BLOWER MOTOR OVERHEATING INDI- NO EFFECT 3
OPEN CATION LIGHT WILL NOT COME ON IF
AN OVERHEAT OCCURS. THE BLOWER
MOTOR WILL BE SHUT DOWN BY THE
N.O. CONTACT. THE HOIST MOTOR
WINDING TEMPERATURE SENSOR WILL
SHUT DOWN THE HOIST M-G SET IF
NECESSARY.
a. N.O. CONTACT FAILS THE BLOWER MOTORS WILL NOT NO EFFECT 3
OPEN START. POSSIBLE DAMAGE TO THE
DC DRIVE MOTORS. THE HOIST
MOTOR WINDING TEMPERATURE
SENSOR WILL SHUT DOWN THE HQIST
M-G SET IF NECESSARY.
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Table 31 (Page 17 of 21). ELECTRICAL FMEA - AUXILIARY HOIST

System 250-TON BRIDGE CRANE, VAB Station Set/Facility Code 20, 33
Subsystem BRAKE/SPEED CONTROLS Program SPACE SHUTTLE Date FEBRUARY 1994
Drawing No. 63-K.L-11388 Sheet No. 12/17/18/19 Reference Figure Used
PMN K80-0533, K60-0534 Prepared By C. CRABB, LSOC 52-11
a. FAILURE MODE
b. CAUSE
c. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
a. N.O. CONTACT FAILS LOSS OF ABILITY TO DISABLE THE NO EFFECT 3
CLOSED BLOWER MOTORS WHEN COUPLED
WITH A BLOWER MOTOR OVERLOAD.
THE OVERLOAD INDICATOR WILL
SIGNAL THE OPERATOR. THE HOIST
MOTOR WINDING TEMPERATURE
SENSOR WILL SHUT DOWN THE HOIST
M-G SET !F NECESSARY.
D3 DIODE PREVENTS HOIST MOTOR #1 a. FAILS OPEN ALARM WILL NOT SOUND WHEN NO EFFECT. 3
QOVERHEATING INDICATOR MOTOR #1 OVERHEATS. INDICATION
FROM COMING ON WHILE LIGHT WILL SIGNAL OPERATOR OF
ALARM RELAY, 2ACR, IS OVERHEAT CONDITION.
ENERGIZED WHEN HOIST
MOTOR #2 OVERHEATS.
a. FAILS SHORT HOIST MOTOR #1 OVERHEAT INDI- NO EFFECT. 3
CATOR WILL COME ON WHEN MOTOR
#2 OVERHEATS. ALARM MAY NOT
SOUND.
D4 DIODE PREVENTS HOIST MOTOR #2 a. FAILS OPEN ALARM WILL NOT SOUND WHEN NO EFFECT. 3
OVERHEATING INDICATOR MOTOR #2 OVERHEATS. iINDICATION
FROM COMING ON WHILE LIGHT WILL SIGNAL OPERATOR OF
ALARM RELAY, 2ACR, IS OVERHEAT CONDITION.
ENERGIZED WHEN HOIST
MOTOR #1 OVERHEATS.
a. FAILS SHORT HOIST MOTOR #2 OVERHEAT INDI- NO EFFECT. 3
CATOR WILL COME ON WHEN MOTOR
: #1 OVERHEATS. ALARM MAY NOT
i SOUND.
|
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Table 31 (Page 18 of 21). ELECTRICAL FMEA - AUXILIARY HOIST

System  250-TON BRIDGE CRANE, VAB
Subsystem BRAKE/SPEED CONTROLS
Drawing No. 69-K-L-11388 Sheet No. 12/17/18/19

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33
Date FEBRUARY 1994
Reference Figure Used

PMN K60-0533, K60-0534 Prepared By C. CRABB, LSOC 52-11
a. FAILURE MODE
b. CAUSE
c. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
2K1 RELAY OVERHEATING TEMPERATURE a. THERMISTOR COIL FAILS LOSS OF MOTOR OVERHEATING NO EFFECT. 3
SENSING RELAY IS ACTU- OPEN DETECTION CIRCUIT. A SECOND
ATED WHEN A THERMISTOR THERMISTOR IN THE SAME WINDINGS
IN THE WINDINGS OF THE WILL ACTUATE RELAY 2K3 TO SHUT
HOIST MOTOR #1 REACHES A DOWN M-G SET IN THE EVENT OF AN
PREDETERMINED TEMPER- OVERHEAT CONDITION.
ATURE. THE CONTACTS
CLOSE TO SOUND ALARM
AND TURN ON OVERHEATING
INDICATOR LIGHT.
a. THERMISTOR COIL FAILS RELAY MAY BE ENERGIZED CAUSING NO EFFECT. 3
SHORT ALARM TO SOUND AND OVERHEATING
INDICATOR LIGHT TO COME ON.
DELAY OF OPERATION.
a. RELAY FAILS DEACTI- CONTACTS REMAIN IN DE-ENERGIZED NO EFFECT. 3
VATED (COIL FAILS POSITION. ALARM WILL NOT SOUND
OPEN) AND OVERHEATING INDICATCOR LIGHT
WILL NOT LIGHT. A SECOND
THERMISTOR IN THE SAME WINDINGS
WILL ACTUATE RELAY 2K3 TO SHUT
DOWN M-G SET IN THE EVENT OF AN
OVERHEAT CONDITION.
a. N.O. CONTACT FAILS ALARM WILL NOT SOUND AND OVER- NO EFFECT. 3
OPEN HEATING INDICATOR LIGHT WILL NOT
LIGHT IF A MOTOR OVERHEAT
QCCURS. A SECOND THERMISTOR IN
THE SAME WINDINGS WILL ACTUATE
RELAY 2K3 TO SHUT DOWN M-G SET IN
THE EVENT OF AN OVERHEAT CONDI-
TION. .
a. N.O. CONTACT FAILS OVERHEAT ALARM AND LIGHT WILL BE NO EFFECT. 3

CLOSED

ON. DELAY OF OPERATION.
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Table 31 (Page 19 of 21). ELECTRICAL FMEA - AUXILIARY HOIST

System 250-TON BRIDGE CRANE, VAB
Subsystem BRAKE/SPEED CONTROLS
Drawing No, 69-K-L-11388 Sheet No. 12/17/18/19

PMN K60-0533, K60-0534

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33
Date FEBRUARY 1994
Reference Figure Used

Prepared By C. CRABB, LSOC 52-11

a. FAILURE MODE
b. CAUSE
c. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
K2 RELAY QOVERHEATING TEMPERATURE a. THERMISTOR COIL FAILS LOSS OF MOTOR OVERHEATING NO EFFECT. 3
SENSING RELAY IS ACTU- OPEN DETECTION CIRCUIT. A SECOND
ATED WHEN A THERMISTOR THERMISTOR IN THE SAME WINDINGS
IN THE WINDINGS OF HOIST WILL ACTUATE RELAY 2K4 TO SHUT
MOTOR #2 REACHES A PRE- DOWN M-G SET IN THE EVENT OF AN
DETERMINED TEMPERATURE. QVERHEAT CONDITION.
THE CONTACTS CLOSE TO
SOUND ALARM AND TURN ON
OVERHEATING INDICATOR
LIGHT.
a. THERMISTOR COIL FAILS RELAY MAY BE ENERGIZED CAUSING NO EFFECT. 3
SHORT ALARM TO SOUND AND OVERHEATING
INDICATOR LIGHT TO COME ON.
DELAY OF OPERATION.
a. RELAY FAILS DEACTI- CONTACTS REMAIN IN DE-ENERGIZED NO EFFECT. 3
VATED (COIL FAILS POSITION. ALARM WILL NOT SOUND
OPEN) AND OVERHEATING INDICATOR LIGHT
WILL NOT LIGHT. A SECOND
THERMISTOR IN THE SAME WINDINGS
WILL ACTUATE RELAY 2K4 TO SHUT
DOWN M-G SET IN THE EVENT OF AN
OVERHEAT CONDITION.
a. N.Q. CONTACT FAILS ALARM WILL NOT SOUND AND OVER- NQ EFFECT. 3
OPEN HEATING INDICATOR LIGHT WILL NOT
LIGHT IF A MOTOR OVERHEAT
OCCURS. A SECOND THERMISTOR IN
THE SAME WINDINGS WILL ACTUATE
RELAY 2K4 TO SHUT DOWN M-G SET IN
THE EVENT OF AN OVERHEAT CONDI-
TION.
a. N.O. CONTACT FAILS OVERHEAT ALARM AND LIGHT WILL BE NO EFFECT. 3

CLOSED

ON. DELAY OF OPERATION.
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System  250-TON BRIDGE CRANE, VAB Station Set/Facility Code 20, 33
Subsystem BRAKE/SPEED CONTROLS Program SPACE SHUTTLE Date FEBRUARY 1994
Drawing No, 89-K-L-11388 Sheet No. 12/17/18/19 Reference Figure Used
PMN K60-0533, K60-0534 Prepared 8y C. CRABB, LSOC 52-11
a. FAILURE MODE
b. CAUSE
c. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION dg. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
2K3 RELAY OVERHEATING TEMPERATURE a. THERMISTOR COIL FAILS LOSS OF MOTOR OVERHEATING NO EFFECT. 3
SENSING RELAY IS ACTU- OPEN DETECTION CIRCUIT. A SECOND
ATED WHEN A THERMISTOR THERMISTOR IN THE SAME WINDINGS
IN THE WINDINGS OF HOIST WILL ACTUATE RELAY 2K1 TO SOUND
MOTOR #1 REACHES A PRE- ALARM AND LIGHT OVERHEATING
DETERMINED TEMPERATURE. INDICATOR LIGHT IN THE EVENT OF
THE CONTACTS OPEN TO AN OVERHEAT CONDITION.
SHUT DOWN THE M-G SET
a. THERMISTOR COIL FAILS RELAY MAY BE ENERGIZED CAUSING NO EFFECT. 3
SHORT M-G SET TO SHUT DOWN. DELAY OF
OPERATION.
a. RELAY FAILS DEACTI- CONTACTS WILL REMAIN IN NO EFFECT. 3
VATED (COIL FAILS DE-ENERGIZED POSITION. A SECOND
OPEN) THERMISTOR IN THE SAME WINDINGS
WILL ACTUATE RELAY 2K1 TO SOUND
ALARM AND LIGHT OVERHEATING
LIGHT IN THE EVENT OF AN OVERHEAT
CONDITION.
a. N.C. CONTACT FAILS M-G SET WILL NOT SHUT DOWN IF A NO EFFECT. 3
CLOSED MOTOR OVERHEAT OCCURS. A
SECOND THERMISTOR IN THE SAME
WINDINGS WILL ACTUATE RELAY 2K1
TO SOUND ALARM AND LIGHT OVER-
HEATING INDICATOR LIGHT IN THE
EVENT OF AN OVERHEAT CONDITION.
a. N.C. CONTACT Fa{LS M-G SET WILL NOT START. DELAY OF NO EFFECT. 3
OPEN OPERATION.
2K4 RELAY OVERHEATING TEMPERATURE 1. THERMISTOR COIL FAILS LOSS OF MOTOR OVERHEATING NO EFFECT. 3
SENSING RELAY IS ACTU- OPEN DETECTION CIRCUIT. A SECOND
ATED WHEN A THERMISTOR THERMISTOR !N THE SAME WINDINGS
IN THE WINDINGS OF HOIST WILL ACTUATE RELAY 2K2 TO SOUND
MOTOR #2 REACHES A PRE- ALARM AND LIGHT OVERHEATING
DETERMINED TEMPERATURE. INDICATOR LIGHT IN THE EVENT OF
THE CONTACTS OPEN TO AN OVERHEAT CONDITION.
SHUT DOWN THE M-G SET.
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Table 31 (Page 21 of 21). ELECTRICAL FMEA - AUXILIARY HOIST

System

250-TON BRIDGE CRANE, VAB

Subsystem BRAKE/SPEED CONTROLS

Drawing No. 69-K-L-11388

Sheet No. 12/17/18/19

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33
Date FEBRUARY 1994

Reference Figure Used

Prepared By C. CRABB, LSOC 52-11

PART FUNCTION

~PpRrOoEp

FAILURE MODE
CAUSE

FMN

DETECTION METHOD
CORRECTING ACTION
TIME TO EFFECT
TIMEFRAME

FAILURE EFFECT ON
SYSTEM PERFORMANCE

FAILURE EFFECT
ON VEHICLE
SYSTEMS AND/OR
PERSONNEL SAFETY

CRIT
CAT

PMN K80-0533, K60-0534
FIND NO,
PART NO. PART NAME
2F2 FUSE
M33, M34 FAN
MOTORS

PROTECTS FAN MOTORS, M33
& M34, FROM CURRENT OVER-
LOAD.

PROVIDES COOLING FOR THE
DRIVE CONTROL RELAY
CABINET.

THERMISTOR COIL FAILS
SHORT

RELAY FAILS DEACTI-
VATED (COIL FAILS
OPEN)

N.C. CONTACT FAILS
CLOSED

N.C. CONTACT FAILS
OPEN

PREMATURE ACTUATION

FAILS TO ACTUATE

FAILS TO OPERATE

RELAY MAY BE ENERGIZED CAUSING
M-G SET TO SHUT DOWN. DELAY OF
OPERATION.

CONTACTS WILL REMAIN IN
DE-ENERGIZED POSITION. A SECOND
THERMISTOR IN THE SAME WINDINGS
WILL ACTUATE RELAY 2K2 TO SOUND
ALARM AND LIGHT OVERHEATING
LIGHT IN THE EVENT OF AN OVERHEAT
CONDITION.

M-G SET WILL NOT SHUT DOWN IF A
MOTOR OVERHEAT OCCURS. A
SECOND THERMISTOR IN THE SAME
WINDINGS WILL ACTUATE RELAY 2K2
TO SOUND ALARM AND LIGHT OVER-
HEATING INDICATOR LIGHT IN THE
EVENT OF AN OVERHEAT CONDITION.

M-G SET WILL NOT START. DELAY OF
QPERATION.

FAN MOTORS, M33 & M34, WILL STOP.
LOSS OF AIRFLOW IN THE RELAY
CABINET. NO EFFECT ON CRANE
OPERATION.

POSSIBLE DAMAGE TO THE FAN
MOTORS, M33 & M34. MULTIPLE
FAILURE REQUIRED.

LOSS OF AIRFLOW IN THE RELAY
CABINET. NO EFFECT ON CRANE
OPERATION.

NO EFFECT.

NO EFFECT.

NO EFFECT.

NO EFFECT.

NQ EFFECT.

NO EFFECT.

NO EFFECT.
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Table 32 (Page 1 of 5. ELECTRICAL FMEA - AUXILIARY HOIST

System  250-TON BRIDGE CRANE, VAB
Subsystem SPEED/INDICATION CONTROLS

Drawing No. 69-K-L-11388

Sheet No. 17/19

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33
Date FEBRUARY 1994
Reference Figure Used

PMN K60-0533, K80-0534 Prepared By C. CRABB, LSOC 52-11
a. FAILURE MODE
b. CAUSE
c. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
RPOT POTENTIO- REFERENCE POTENTIOMETER a. FAIL OPEN iF THE FAILURE OCCURS ON THE POSSIBLE DAMAGE TO A 2
METER CONNECTED TO THE MASTER b. CORROSION, FATIGUE RESISTIVE ELEMENT, IT WOULD VEHICLE SYSTEM.
CONTROL SWITCH c. 09FY12-005.053 RESULT IN A LOSS OF THE PARALLEL
{JOYSTICK), 2MC, TO REGU- d. CURRENT INDICATION RESISTANCE BRANCH AND CREATE A
LATE THE INPUT EXCITATION ON CONSOLE AMMETER LARGER (NPUT INTO THE GENERATOR
VOLTAGE TO THE GENER- e. BRING THE MASTER FIELD DC INPUT CONTROLLER WHICH
ATOR FIELD DC INPUT CON- CONTROLLER TO WILL CAUSE AN INCREASING SPEED
TROLLER, 2FC, AND THE NEUTRAL OR PRESS OF THE DC MOTORS CONTROLLING
RESULTING QUTPUT TO THE E-STOP BUTTON THE HOIST.
GENERATOR FIELD WINDING f. SECONDS OR
FOR HOIST SPEED CONTROL g. ESTIMATED 3 TO 10 IF THE FAILURE OCCURS ON THE
DURING RAISING OR LOW- SECONDS WIPER ARM IT WOULD RESULT IN NO
ERING OPERATIONS. GENERATOR FIELD DC INPUT CON-
TROLLER EXCITATION VOLTAGE. NO
GENERATOR FIELD WINDING VOLTAGE.
NO OUTPUT FROM GENERATOR. NO
HOIST MOTOR TORQUE WHILE THE
COMMAND IS BEING GIVEN, VIA THE
MASTER CONTROL SWITCH, TO RAISE
OR LOWER AND THE BRAKES ARE
RELEASED. LOAL WILL DESCEND
WITH REGENERATIVE BRAKING
APPLIED.
2RR4A, RESISTOR PROVIDES A VOLTAGE a. 'FAILS OPEN NO GENERATOR FIELD DC INPUT CON- POSSIBLE DAMAGE TO A 2
2RR4B DIVIDER FOR THE +/- 8VDC b. CONTAMINATION, COR- TROLLER EXCITATION VOLTAGE IN VEHICLE SYSTEM.
POWER SOURCE 7O RPOT, ROSION, FATIGUE THE FINE SPEED MODE OF OPERA-
FOR INPUT TO THE GENER- c. 09FY12-005.088 TION. NO GENERATOR F{ELD WINDING
ATOR FIELD DC {NPUT CON- d. NO INDICATION OF VOLTAGE. NO OUTPUT FROM GENER-
TROLLER, 2FC, TO ALLOW CURRENT ON CONSOLE ATOR. NO HOIST MOTOR TORQUE
FOR HOIST OPERATION IN AMMETER WHILE THE COMMAND IS BEING
THE FINE SPEED MODE. e. BRING THE MASTER GIVEN, VIA THE MASTER CONTROL
CONTROLLER TO SWITCH, TO RAISE OR LOWER THE
NEUTRAL OR PRESS LOAD WHILE THE BRAKES ARE
E-STOP BUTTON RELEASED. LOAD WILL DESCEND
f. SECONDS WITH REGENERATIVE BRAKING
g. ESTIMATED 3TO 10 APPLIED.
SECONDS
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System  250-TON BRIDGE CRANE, VAB Station Set/Facility Code 20, 33
Subsystem SPEED/INDICATION CONTROLS Program SPACE SHUTTLE Date FEBRUARY 1994
Drawing No. 69-K-L-11388 Sheet No. 17/19 Reference Figure Used
PMN K60-0533, K60-0534 Prepared By C. CRABB, LSOC 52-11
a. FAILURE MODE
b. CAUSE
c. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
FPOT POTENTIO- CONTROLS THE INPUT a. FAIL OPEN IF THE FAILURE OCCURS ON THE POSSIBLE DAMAGE TO A 2
METER EXCITATION VOLTAGE TO THE b. CORROSION, FATIGUE RESISTIVE ELEMENT, 1T WOULD VEHICLE SYSTEM.
GENERATOR FIELD DC INPUT c. 09FY12-005.058 RESULT IN A LOSS OF THE PARALLEL
CONTROLLER, 2FC, AND THE d. CURRENT INDICATION RESISTANCE BRANCH AND CREATE A
RESULTING OUTPUT TO THE ON CONSOLE AMMETER LARGER INPUT INTO THE GENERATOR
GENERATOR FIELD WINDING e. RELEASE BRAKE SWITCH FIELD DC INPUT CONTROLLER WHICH
FOR HOIST CONTROL DURING f. SECONDS WilLL CAUSE AN INCREASED INPUT TO
FLOAT OPERATIONS. g. ESTIMATED 3 TO 10 THE DC MOTORS CONTROLLING THE
SECONDS HOIST. THIS COULD RESULT IN AN
INADVERTENT MOVEMENT OF THE
LOAD.
OR
NO GENERATOR FIELD DC INPUT CON-
TROLLER EXCITATION VOLTAGE WHILE
IN THE FLOAT MODE. NO GENERATOR
FIELD WINDING VOLTAGE. NO OQUTPUT
FROM GENERATOR. NO HOIST MOTOR
TORQUE WHILE THE COMMAND IS
BEING GIVEN TO FLOAT AND THE
BRAKES ARE RELEASED, VIA THE
BRAKE SWITCH. LOAD WILL DESCEND
WITH REGENERATIVE BRAKING
APPLIED.
2RR7 RESISTOR PROVIDES A VOLTAGE a. FAILS OPEN NO GENERATOR FIELD DC INPUT CON- POSSIBLE DAMAGE TO A 2
DIVIDER FOR THE INPUT b. CONTAMINATION, COR- TROLLER EXCITATION VOLTAGE IN VERICLE SYSTEM.
FROM FPOT TO THE GENER- ROSION, FATIGUE THE FLOAT MODE OF OPERATION. NO
ATOR FIELD DC INPUT CON- c. 09FY12-005.089 GENERATOCR FIELD WINDING VOLTAGE.
TROLLER, 2FC, TO ALLOW d. NO INDICATION OF NO OUTPUT FROM GENERATOR. NO
FOR HOIST OPERATION N CURRENT ON CONSOLE HOIST MOTOR TORQUE WHILE THE
THE FLOAT MODE. AMMETER COMMAND IS BEING GIVEN TO FLOAT
2. RELEASE BRAKE SWITCH AND THE BRAKES ARE RELEASED, VIA
f. SECONDS THE BRAKE SWITCH. LOAD WILL
g. ESTIMATED 3 TC 10 DESCEND WITH REGENERATIVE
SECONDS BRAKING APPLIED.
7AM AMMETER PROVIDES INDICATION AT a. FAILS CPEN LOSS OF INDICATION TO OPERATOR NQ EFFECT. 3
THE CONSOLE OF THE OF MOTOR CURRENT. DELAY OF
CURRENT TO THE HOIST OPERATION.
MOTORS,
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Table 32 (Page 3 of 5). ELECTRICAL FMEA - AUXILIARY HOIST

System

250-TON BRIDGE CRANE, VAB

Subsystem SPEED/INDICATION CONTROLS

Drawing No. 69-K-L-11388

Sheet No. 17/19

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33
Date FEBRUARY 1994
Reference Figure Used

PMN K60-0533, K80-0534 Prepared By C. CRABB, LSOC 52-11
a. FAILURE MODE
b. CAUSE
¢. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
M2 HOIST CONTROLS RELAY K2 TO a. FAILS DEACTIVATED CONTACTS REMAIN IN DE-ENERGIZED NO EFFECT. 3
METER SCALE CURRENT READING ON (COIL FAILS OPEN) POSITION. CURRENT READING ON
RELAY THE CONSOLE AMMETER BY CONSOLE AMMETER WILL NOT BE
A FACTOR OF 10 WHEN THE SCALED BY A FACTOR OF 10. DELAY
HOIST MOTORS CURRENT OF OPERATION.
REACHES 20 AMPS. ALSO
CONTROLS CONSOLE LIGHT
PL34 TO INDICATE TO OPER-
ATOR WHEN CURRENT
READING 1S SCALED.
a. HIGH/LOW LIMIT NO. 1 PL34 WILL NOT LIGHT WHEN CURRENT NO EFFECT. 3
N.QO. CONTACT FAILS TO HOIST MOTORS REACHES 20 AMPS
OPEN TO INDICATE TO OPERATOR THAT THE
CONSOLE AMMETER READING 1S NOW
SCALED. DELAY OF OPERATION.
a. HIGH/LOW LIMIT NO. 1 PL34 WILL BE LIT FOR ENTIRE RANGE NO EFFECT. 3
N.Q. CONTACT FAILS OF CURRENT TQO HOIST MOTORS.
CLOSED DELAY OF OPERATION.
a. HIGH/LOW LIMIT NO. 2 RELAY K9 WILL NOT BE DEENERGIZED NO EFFECT. 3
N.C. CONTACT FAILS TO BRING RESISTOR R2 INTO USE TO
CLOSED SCALE THE CURRENT READING ON
THE CONSOLE AMMETER. DELAY OF
OPERATION.
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System  250-TON BR!DOGE CRANE, VAB Station Set/Facility Code 20, 33
Subsystem SPEED/INDICATION CONTROLS Program SPACE SHUTTLE Date FEBRUARY 1994
Drawing No. 69-K-L-11388 Sheet No. 17/19 Reference Figure Used
PMN K80-0533, K60-0534 Prepared By C. CRABB, LSOC 52-11
a. FAILURE MODE
b. CAUSE
c. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
a. HIGH/LOW LIMIT NO. 2 RELAY K9 WILL NOT BE ENERGIZED POSSIBLE DAMAGE TO A 2
N.C. CONTACT FAILS AND THE CURRENT READING ON VERICLE SYSTEM.
OPEN CONSOLE AMMETER WILL BE SCALED
b. CORROSION, BINDING WITHOUT INDICATION FROM CONSOLE
MECHANISM LIGHT PL34. THIS COULD LEAD TO AN
¢. 09FY12-005.060 QPERATOR GIVING AN ERRONEQUS
d. ABNORMAL MOVEMENT INPUT DURING FLOAT OPERATIONS
OF LOAD RESULTING IN AN INADVERTENT
e. PRESS E-STOP OR MOVEMENT OF THE LOAD.
RELEASE BRAKE SWITCH
f. SECONDS
g. ESTIMATED 370 10
SECONDS
K9 RELAY ENERGIZED WHEN HOIST a. FAILS DEACTIVATED CONTACT REMAINS iN DE-ENERGIZED POSSIBLE DAMAGE TO A 2
MOTORS ARE DRAWING LESS {COIL FAILS OPEN) POSITION. THE CURRENT READING VEHICLE SYSTEM.
THAN 20 AMPS. CONTACT IS b. CORROSION, FATIGUE ON THE CONSOLE AMMETER WILL BE
CLOSED O ALLOW THE c. 09FY12-005.061 SCALED WITHOUT INDICATION FROM
CONSOLE AMMETER TO d. ABNORMAL MOVEMENT CONSOLE LIGHT PL34. THIS COULD
DISPLAY ACTUAL CURRENT. OF LOAD LEAD TO AN OPERATOR GIVING AN
DE-ENERGIZED WHEN e. PRESS E-STOP OR ERRONEOUS INPUT DURING FLOAT
CURRENT REACHES 20 AMPS RELEASE BRAKE SWITCH OPERATIONS RESULTING IN AN INAD-
TO SCALE THE CURRENT f. SECONDS VERTENT MOVEMENT OF THE LOAD.
READING ON THE CONSOLE g. ESTIMATED 3 TO 10
AMMETER BY A FACTOR OF SECONDS
10.
a. N.O. CONTACT FAILS THE CURRENT READING ON THE POSSIBLE DAMAGE TO A 2
OPEN CONSOLE AMMETER WILL BE SCALED VEHICLE SYSTEM.
b. CORROSION, BINDING WITHOUT INDICATION FROM CONSOLE
MECHANISM LIGHT PL34. THIS COULD LEAD TO AN
c. 09FY12-005.062 OPERATOR GIVING AN ERRONEQUS
d. ABNORMAL MOVEMENT INPUT DURING FLOAT OPERATIONS
OF LOAD RESULTING IN AN INADVERTENT
e. PRESS E-STOP OR MOVEMENT OF THE LOAD.
RELEASE BRAKE SWITCH
f. SECONDS
g. ESTIMATED 3 TO 10
SECONDS
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Table 32 (Page 5 of 5. ELECTRICAL FMEA - AUXILIARY HOIST

System

250-TON BRIDGE CRANE, VAB

Subsystem SPEED/INDICATION CONTROLS
Drawing No. 69-K-L-11388
PMN K60-0533, K60-0534

Sheet No. 17/19

Program SPACE SHUTTLE

Station Sat/Facility Code 20, 33
Date FEBRUARY 1994
Reference Figure Used

Prepared By C. CRABB, LSOC 52-11

FAILURE MODE
CAUSE

FMN

DETECTION METHOD
CORRECTING ACTION

FAILURE EFFECT
ON VEHICLE

FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO, PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
a. N.O. CONTACT FAILS RESISTOR R2 WILL NOT BE BROUGHT NO EFFECT. 3
CLOSED INTO USE TO SCALE THE CURRENT
READING ON THE CONSOLE AMMETER.
DELAY OF OPERATION.
R2 RESISTOR, WHEN CURRENT IN THE a. FAILS OPEN NO CURRENT READING ON CONSOLE NO EFFECT. 3
VARIABLE HOIST MOTORS REACH 20 AMMETER FOR HIGH CURRENT OPER-
AMPS, THIS RESISTOR IS ATIONS. DELAY OF OPERATION.
USED FOR CURRENT LIMITING
TO TO SCALE THE CONSOLE
AMMETER CURRENT READING
BY A FACTOR OF 10.
PL34 INDICATOR LIGHTS WHEN CURRENT TO a. FAIL OPEN FAILS TO INDICATE TO OPERATOR NQ EFFECT. 3
LIGHT HOIST MOTORS REACHES 20 THAT THE READING ON THE CONSOLE
AMPS AND INDICATES TO AMMETER IS SCALED BY A FACTOR
THE OPERATOR THAT THE OF 10. OPERATOR WILL SEE CHANGE
CONSOLE AMMETER READING IN CURRENT ON THE AMMETER WHEN
IS NOW SCALED BY A CURRENT REACHES 60A. DELAY OF
FACTOR OF 10. OPERATION.
2-0LA RELAY, SHUTS DOWN THE HOIST M-G a. N.C. CONTACT FAILS M-G SET WILL NOT SHUT DOWN |F AN NO EFFECT. 3
OVERLOAD SET IF THE HOIST MOTORS CLOSED OVERLOAD CONDITION OCCURS. POS-
(INSTANTA- EXPERIENCE AN OVERLOAD. SIBLE DAMAGE TO THE DC DRIVE
NEQUS} {NOTE GROUND RULE e). MOTORS. MULTIPLE FAILURE
REQUIRED.
a. N.C. CONTACT FAILS M-G SET WILL NOT RUN. DELAY OF NO EFFECT. 3

OPEN

OPERATION.
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Table 33 (Page 1 of 3 ELECTRICAL FMEA - AUXILIARY HOIST

System

250-TON BRIDGE CRANE, VAB

Subsystem MONITORING/PROTECTION CIRCUITS
Drawing No. 69-K-_-11388

Sheet No. 17/18/19

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33
Date FEBRUARY 1994

Reference Figure Used

Prepared By C. CRABB, LSOC 52-11

PART FUNCTION

@ ~papgye

FAILURE MODE
CAUSE

FMN

DETECTION METHOD
CORRECTING ACTION
TIME TO EFFECT
TIMEFRAME

FAILURE EFFECT ON
SYSTEM PERFORMANCE

FAILURE EFFECT
ON VEHICLE
SYSTEMS AND/OR
PERSONNEL SAFETY

CRIT
CAT

PMN K80-0533, K80-0534
FIND NO,
PART NO. PART NAME
VR RELAY,
VOLTAGE
2KR RELAY

MONITORS VOLTAGE IN THE
HOIST MOTOR LOOP AND
PROVIDES LATCHING TO
KEEP RELAYS 2HCR OR 2LCR
ENERGIZED, AFTER MASTER
CONTROL SWITCH IS
RETURNED TO THE NEUTRAL
POSITION. THIS PREVENTS
THE BRAKES FROM SETTING
WHILE VOLTAGE IN THE
MOTOR LOOP IS ABOVE A
PREDETERMINED LIMIT.

MONITORS VOLTAGE SUP-
PLIED TO THE MOTOR IN THE
M-G SET. THIS WILL DISABLE
THE CONTROLS AND SET THE
BRAKES IF THE YOLTAGE IS
LOST.

b

[

FAILS DEACTIVATED
(COIL FALLS OPEN)

N.O. CONTACT FAILS
OPEN

N.O. CONTACT FAILS
CLOSED

WELDED CONTACT,
BINDING MECHANISM
09FY12-005.064

BRAKE SET LIGHT WILL
NOT COME ON

PRESS E-STOP BUTTON
SECONDS

ESTIMATED 3 TO 10
SECONDS

FAILS DEACTIVATED
{COIL FAILS OPEN)

CONTACT REMAINS IN DE-ENERGIZED
POSITION. BRAKES WHLL SET IMME-
DIATELY WHEN MASTER CONTROL

SWITCH IS MQVED TO STOP POSITION.

POSSIBLE DAMAGE TO THE BRAKES.

BRAKES WILL SET IMMEDIATELY
WHEN MASTER CONTROL SWITCH IS
MOVED TO STOP POSITION. POS-
SIBLE DAMAGE TO THE BRAKES.

BRAKE RELAYS WILL REMAIN ENER-
GIZED AND BRAKES WILL NOT SET
WHEN THE HOIST MOTORS ARE COM-
MANDED, V1A THE MASTER CONTROL
SWITCH, TO STOP. LOAD WILL
DESCEND WITH REGENERATIVE
BRAKING APPLIED.

CONTACTS REMAIN IN DE-ENERGIZED
POSITION. BRAKES WILL BE SET.
DELAY OF OPERATION.

NO EFFECT.

NO EFFECT.

POSSIBLE DAMAGE TO A
VEHICLE SYSTEM.

NO EFFECT.
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Table 33 (Page 2 of 3. ELECTRICAL FMEA - AUXILIARY HOIST

System  250-TON BRIDGE CRANE, VAB
Subsystem MONITORING/PROTECTION CIRCUITS
Drawing No. 69-K-_-11388 Sheet No. 17/18/19
PMN K60-0533, K60-0534

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33
Date FEBRUARY 1994
Reference Figure Used

Prepared By C. CRABB, LSOC 52-11

a. FAILURE MODE
b. CAUSE
c. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO, PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
N.O. CONTACT CLOSES TO a. N.O.CONTACT FAILS THE N.O. CONTACT WILL BE OPEN TO POSSIBLE DAMAGE TO 2
ENERGIZE RELAY 2SRX. OPEN DEENERGIZE RELAY 2SRX. THIS VEHICLE SYSTEM.
RELAY 28RX CONTACT b. CORROSION, BINDING PLACES RESISTOR RESA iN SERIES
CLOSES TO BYPASS MECHANISM WITH THE DC MOTOR FIELD
RESISTOR RESA WHICH c. 09FY12-005.110 WINDINGS. THE FIELD WILL BE WEAK-
ALLOWS AN INCREASE IN d. SELSYN POSITION INDIi- ENED BY THE REDUCTION OF
CURRENT TO THE DC MOTOR CATOR CURRENT THRQUGH THE WINDINGS.
FIELD WINDINGS TO e. PRESS THE E-STOP THE HOIST SPEED WILL INCREASE TO
STRENGTHEN THE FIELD FOR BUTTON APPROXIMATELY TWO TIMES THE
NORMAL OPERATIONS. f. SECONDS COMMANDED SPEED.
g. ESTIMATED 3 TO 10
SECONDS
a. N.O. CONTACT FAILS SERIES ARRANGED RELAY CONTACT NO EFFECT. 3
CLOSED 2FW WILL OPEN TO DEENERGIZE 2SRX.
NO EFFECT ON NORMAL OPERATION.
N.O. CONTACT, ARRANGED N a. N.O. CONTACT FAILS CCONTROL CIRCUITRY WILL NOT BE NO EFFECT. 2
SERIES WITH RELAY OPEN ENABLED. BRAKES WILL BE SET.
CONTACT 2KRX CLOSES 7O DELAY OF OPERATION.
ENABLE THE HOIST ZONTROL
CIRCUITRY.
a. N.O. CONTACT FAILS RELAY CONTACT 2KRX, ARRANGED N NQ EFFECT. 3
CLOSED SERIES, WILL OPEN TO DISABLE THE
CIRCUIT.
N.O. CONTACT CLOSES TO a. N.O. CONTACT FAILS FOOT SWITCH 32 WILL NOT BE NO EFFECT. 3
ENABLE FOOT SWITCH S2 OPEN ENABLED FOR THE FLOAT MODE.
FOR USE IN THE FLOAT BRAKES WILL BE SET. DELAY OF
CONTROL MODE. OPERATION,
a. N.O. CONTACT FAILS FOOT SWITCH S2 WILL REMAIN NO EFFECT. 3

CLOSED

ENABLED. NO EFFECT ON NORMAL
QOPERATION.
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Table 33 (Page 3 of 3 ELECTRICAL FMEA - AUXILIARY HOIST

System  250-TON BRIDGE CRANE, VAB
Subsystem MONITORING/PROTECTION CIRCUITS
Drawing No. 69-K-L-11388 Sheet No. 17/18/19

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33
Date FEBRUARY 1994
Reference Figure Used

PMN K80-0533, K60-0534 Prepared By C. CRABB, LSOC §2-11
a. FAILURE MOOE
b. CAUSE
¢. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
N.O. CONTACT, ARRANGED IN a. N.O. CONTACT FAILS FAN MOTORS WILL NOT COME ON. NO EFFECT. 3
SERIES WITH RELAY OPEN LOSS OF AIRFLOW IN THE RELAY
CONTACT 2KRX, CLOSES TO CABINET. NO EFFECT ON CRANE
ENERGIZE FAN MOTORS M33 OPERATION.
& M34 WHICH PROVIDE
COOLING FOR THE DRIVE
CONTROL RELAY CABINET.
a. N.O. CONTACT FAILS RELAY CONTACT 2KRX, ARRANGED IN NO EFFECT. 3
CLOSED SERIES, WILL OPEN TO DISABLE THE
FAN MOTORS.
N.O. CONTACT, ARRANGED IN a. N.O. CONTACT FAILS RELAY 2BRX WILL NOT BE ENERGIZED NO EFFECT. 3
SERIES WITH RELAY OPEN CAUSING POSSIBLE DAMAGE TO THE
CONTACT 2BTR CLOSES 7O BRAKE SOLENOQIDS OR TRIPPING OF
ENERGIZE RELAY 2BRX, CB 2CCB3. BRAKES WILL SET. DELAY
WHICH OPENS TO REDUCE OF OPERATION.
THE CURRENT TO THE BRAKE
SOLENOIDS AFTER THEY ARE
ENERGIZED.
a. N.O. CONTACT FAILS RELAY CONTACT 2BTR, ARRANGED IN NO EFFECT. 3
CLOSED SERIES, WILL OPEN TO DEENERGIZE
RELAY 2BRX. NO EFFECT ON HOIST
OPERATION.
a. FAILS ACTIVATED (CON- FOOT SWITCH S2 WILL REMAIN NO EFFECT. 3
TACTS REMAIN IN THE ENABLED. NO EFFECT ON NORMAL
ENERGIZED POSITION) OPERATION.
2RF9, FUSE, 10A PROVIDES PROTECTION a. PREMATURE ACTUATION RELAY 2KR WILL BE DEENERGIZED NO EFFECT. 3
2RF10 AGAINST AN OVERCURRENT WHICH WILL DISABLE THE HOIST CON-
CONDITION FOR 2KR RELAY TROLS. THE BRAKES WILL SET.
COIL. DELAY OF OPERATIONS.
a. FAILS TO ACTUATE 2KR RELAY COIL MAY BE EXPOSED TO NO EFFECT. 3
HIGHER THAN EXPECTED CURRENTS.
POSSIBLE DAMAGE TO THE RELAY
COiL. MULTIPLE FAILURE REQUIRED.
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Table 34 (Page 1 of 5. ELECTRICAL FMEA - AUXILIARY HOIST

System

250-TON BRIDGE CRANE, VAB

Subsystem MONITOR/PROTECTION, MOTOR FLD, BRAKE CIRCUITS

Drawing No. 69-K-L.-11388

Sheet No. 17/18

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33
Date FEBRUARY 1994
Reference Figure Used

PMN K60-0533, K80-0534 Prepared By C. CRABB, LSOC 52-11
a. FAILURE MODE
b. CAUSE
c. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
2ccae2 CIRCUIT PROVIDES OVERLOAD PRO- a. PREMATURE TRIP LOSS OF POWER TO THE HOIST DC NOQ EFFECT. 3
BREAKER, TECTION FOR CIRCUIT PRO- MOTOR FIELD WINDINGS AND FIELD
15AT VIDING POWER TO THE HOIST LOSS RELAY. M-G SET WILL SHUT
DC MOTOR FIELD WINDINGS. DOWN WHEN 2FLA AND/OR 2FLB DEEN-
ERGIZE. DELAY OF OPERATION.
a. FAILS TO TRIP UPSTREAM BREAKER 12CB MAY TRIP NO EFFECT. 3
CAUSING BRAKES TO SET. POSSIBLE
DAMAGE TO THE MOTOR FIELD
WINDINGS. DELAY OF OPERATION.
2SRX RELAY PROVIDES PATH FOR FULL a. FAILS DEACTIVATED THE N.O. CONTACT WiILL BE OPENED POSSIBLE DAMAGE TO A 2
POWER TO THE DC MOTOR (COIL FAILS OPEN) PLACING RESISTOR RESA IN SERIES VEHICLE SYSTEM.
FIELD FOR NORMAL OPER- b. CORROSION, FATIGUE WITH THE DC MOTOR FIELD
ATIONS WHEN ENERGIZED. c. 09FY12-005.108 WINDINGS. THE FIELD WILL BE WEAK-
WHEN IT IS DEENERGIZED d. SELSYN POSITION INDi- ENED BY THE REDUCTION OF
THE DC MOTCR FIELD CATOR CURRENT THROUGH THE WINDINGS.
RECEIVES REDUCED POWER e. PRESS THE E-STOP THE HOIST SPEED WILL INCREASE TO
FOR HIGH SPEED OPER- BUTTON APPROXIMATELY TWO TIMES THE
ATIONS. f. SECONDS COMMANDED SPEED.
g. ESTIMATED 3 TO 10
SECONDS
a. N.O. CONTACT FAILS THE N.O. CONTACT WILL BE OPENED POSSIBLE DAMAGE TO A 2

OPEN

CORROSION, BINDING
MECHANISM
09FY12-005.109
SELSYN POSITION INDi-
CATOR

PRESS THE E-STOP
BUTTON

SECONDS
ESTIMATED 3 TO 10
SECONDS

N.O. CONTACT FAILS
CLOSED

PLACING RESISTOR RESA IN SERIES
WITH THE DC MOTCR FIELD
WINDINGS. THE FIELD WILL BE WEAK-
ENED BY THE REDUCTION OF
CURRENT THROUGH THE WINDINGS.
THE HOIST SPEED WILL INCREASE TO
APPROXIMATELY TWO TIMES THE
COMMANDED SPEED.

LOSS OF ABILITY TO REDUCE THE
POWER TO THE DC MOTOR FIELD FOR
HIGH SPEED OPERATION.

VEHICLE SYSTEM.

NO EFFECT.
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System  250-TON BRIDGE CRANE, VAB Station Set/Facility Code 20, 33
Subsystem MONITOR/PROTECTION, MOTOR FLD, 8RAKE CIRCUITS Program SPACE SHUTTLE Date FEBRUARY 1994
Drawing No. 89-K-L-11388 Sheet No. 17/18 Reference Figure Used
PMN K80-0533, K60-0534 Prepared By C. CRABS, LSOC 52-11
a., FAILURE MODE
b. CAUSE
c. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
2FLA RELAY PROVIDES PROTECTION (F a. FAILS DEACTIVATED CONTACT WILL REMAIN IN NO EFFECT. 3
POWER TO THE WEST DC (COIL FAILS OPEN) DE-ENERGIZED POSITION. M-G SET
MOTOR FIELD WINDING IS WILL NOT RUN. DELAY OF OPERA-
LOST. N.O. CONTACT WILL TION.
OPEN TO SHUT DOWN THE
M-G SET.
a. N.O. CONTACT FAILS M-G SET WILL NOT RUN. DELAY OF NO EFFECT. 3
OPEN OPERATION.
a. N.O. CONTACT FAILS IF POWER IS LOST IN THE MOTOR NO EFFECT. 3
CLOSED FIELD WINDING CIRCUIT, THE
CONTACT FOR RELAY 2FLB WILL OPEN
TO SHUT DOWN THE M-G SET. !F ONE
MOTOR FIELD WINDING OPENS, THE
REMAINING CPERATIONAL MOTOR
WILL HOLD _OAD.
2FLB RELAY PROVIDES PROTECTION IF a. FAILS DEACTIVATED CONTACT WILL REMAIN IN NO EFFECT. 3
POWER TO THE EAST OC (COIL FAILS OPEN) DE-ENERGIZED POSITION. M-G SET
MOTOR FIELD WINDING IS WILL NOT RUN. DELAY CF OPERA-
LOST. N.O. CONTACT WillL TION.
OPEN TO SHUT DOWN THE
M-G SET.
a. N.O. CONTACT FAILS M-G SET WILL NOT RUN. DELAY OF NO EFFECT 3
OPEN OPERATION.
a. N.O. CONTACT FaILS IF POWER IS LOST IN THE MOTOR NO EFFECT 3
CLOSED FIELD WINDING CIRCUIT, THE
CONTACT FOR RELAY 2FLA WILL OPEN
TO SHUT DOWN THE M-G SET. IF ONE
MOTOR FIELD WINDING OPENS, THE
REMAINING OPERATIONAL MOTOR
WILL HOLD LOAD.
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System 250-TON BRIDGE CRANE, VAB Station Set/Facility Code 20, 33
Subsystem MONITOR/PROTECTION, MOTOR FLD, BRAKE CIRCUITS Program SPACE SHUTTLE Date FEBRUARY 1294
Drawing No. 69-K-L-11388 Sheet No. 17/18 Reference Figure Used
PMN K60-0533, K60-0534 Prepared By C. CRABB, LSOC 52-11
a. FAILURE MODE ‘
b. CAUSE
c. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
RESA RESISTOR PROVIDES VOLTAGE DIVIDING a. FAIL OPEN NO POWER TO FIELD WINDINGS IN THE NO EFFECT. 3
CAPABILITY TO REDUCE THE HIGH SPEED MODE. THE M-G SET
VOLTAGE ACROSS THE DC WILL 2E SHUT DOWN BY THE FIELD
MOTOR FIELD WINDINGS FOR LOSS RELAYS. DELAY OF CPERATION.
OPERATION IN THE RIGH
SPEED MODE.
RESB RESISTOR PROVIDES VOLTAGE DIVIDING a. FAILS OPEN NO POWER TO FIELD WINDINGS. THE NO EFFECT. 3
CAPABILITY TO REGULATE M-G SET WILL BE SHUT DOWN BY THE
THE VOLTAGE ACROSS THE FIELD LOSS RELAYS. DELAY OF OPER-
DC MOTOR FIELD WINDINGS. ATION.
2RES1 RESISTOR, MAINTAINS PREDETERMINED a. FAIL OPEN THE DC MOTOR FIELD WINDINGS MAY NO EFFECT. 3
THYRITE VOLTAGE CEILING ACROSS BE EXPOSED TO HIGHER VOLTAGES
THE DC MOTOR FIELD THAN EXPECTED. POSSIBLE DAMAGE
WINDINGS, THIS WILL NOT TO THE MOTOR FIELD WINDINGS.
CONDUCT UNTIL IT REACHES
THE BREAKDOWN VOLTAGE
AT WHICH TIME 1T WiLL
CONDUCT AND KEEP THE DC
MOTOR FIELD WINDINGS AT
THE PROPER VOLTAGE.
2FWR RESISTOR PROVIDES VOLTAGE DIVIDING a. FAIL OPEN NO POWER TO FIELD WINDINGS IN THE NO EFFECT. 3
CAPABILITY TC REDUCE THE HIGH SPEED MODE. THE M-G SET
VOLTAGE ACROSS THE DC WILL BE SHUT DOWN BY THE FIELD
MOTOR FIELD WINDINGS FOR LOSS RELAYS. DELAY OF OPERATION.
OPERATION IN THE HIGH
SPEED MODE.
2CCB3 CIRCUIT PROVIDES OVERLOAD PRO- a. PREMATURE TRIP LOSS OF POWER TO THE BRAKE NO EFFECT. 3
BREAKER, TECTION FOR CIRCUIT PRO- SOLENOIDS. BRAKES WILL SET.
20AT VIDING POWER TO THE DELAY OF OPERATION.
BRAKE SOLENOIDS.
a. FAILS TO TRIP UPSTREAM CIRCUIT BREAKER 12C8 NO EFFECT. 3
MAY TRIP CAUSING BRAKES TO SET.
POSSIBLE DAMAGE TO THE BRAKE
SOLENQIDS. DELAY OF OPERATION.

8 ‘A3
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Table 34 (Page 4 of 5. ELECTRICAL FMEA - AUXILIARY HOIST

System

250-TON BRIDGE CRANE, VAB

Subsystam MONITOR/PROTECTION, MOTOR FLD, BRAKE CIRCUITS

Drawing No. 69-K-L-11388

Sheet No. 17/18

Program SPACE SHUTTLE

Station Set/Facility Cade 20, 33
Date FEBRUARY 1994
Reference Figure Used

PMN K60-0533, K60-0534 Prepared By C. CRABB, LSOC 52-11
a. FAILURE MODE
b. CAUSE
¢. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
2BRX RELAY ENERGIZES TO REDUCE THE a. FAILS DEACTIVATED CONTACT REMAINS IN DE-ENERGIZED NO EFFECT. 3
VOLTAGE DROP ON THE (COIL FAILS OPEN) POSITION CAUSING POSSIBLE
BRAKE SOLENOIDS AFTER DAMAGE TO THE BRAKE SCLENOIDS
THE INITIAL VOLTAGE OR TRIPPING OF CB 2CCB3. BRAKES
REQUIRED TO RELEASE WILL SET. DELAY OF OPERATION.
BRAKES HAS BEEN APPLIED.
a. N.C. CONTACT FAILS POSSIBLE DAMAGE TO THE BRAKE NO EFFECT. 3
CLOSED SOLENOQIDS OR TRIPPING OF CB
2CCB3. BRAKES WILL SET. DELAY OF
OPERATION.
a. N.C. CONTACT FAILS BRAKE SOLENOIDS MAY NOT RECEIVE NO EFFECT. 3
OPEN ENOUGH POWER TO RELEASE THE
BRAKES. DELAY OF OPERATION.
RESC RESISTOR PROVIDES VOLTAGE DIVIDING a. FAIL OPEN NO POWER TO BRAKE SOLENOID. NO EFFECT. 3
TO REDUCE THE VOLTAGE BRAKES WILL SET. DELAY OF OPERA-
ACROSS THE BRAKE TION.
SOLENOIDS AFTER THEY ARE
INITIALLY ENERGIZED.
2RES2 RESISTOR, MAINTAINS PREDETERMINED a. FAIL OPEN BRAKE SOLENOIDS MAY BE EXPOSED NO EFFECT. 3
THYRITE VOLTAGE CEILING ACROSS TO HIGHER VOLTAGES THAN
THE BRAKE SOLENOIDS. EXPECTED. POSSIBLE DAMAGE TO
THIS WILL NOT CONDUCT THE SOLENOIDS.
UNTIL IT REACHES THE
BREAKDOWN VOLTAGE AT
WHICH TIME T WILL
CONDUCT AND KEEP THE
BRAKE SOLENQIDS AT THE
PROPER VOLTAGE.
BR BRAKE WHEN THE COIL, CON- a. FAILS DEACTIVATED BRAKES WILL SET. DELAY OF OPERA- NO EFFECT. 3
SOLENOID TROLLED BY RELAYS 28R, (COIL FAILS OPEN) TION.
(1 OF 2) 2BR1, AND 2BR2, IS ENER-
GIZED, BRAKES WILL
RELEASE.

g 'A3d
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Table 34 (Page 5 of 5). ELECTRICAL FMEA - AUXILIARY HOIST

System  250-TON BRIDGE CRANE, VAB

Subsystem MONITOR/PROTECTION, MOTOR FLD, BRAKE CIRCUITS
Drawing No. 69-K-L-11388
PMN K60-0533, K80-0534

Sheet No. 17/18

Program

SPACE SHUTTLE

Station Set/Facility Code 20, 33
Date FEBRUARY 1994

Reference Figure Used

Prepared By C. CRABB, LSOC 52-11

a. FAILURE MODE

b. CAUSE

c. FMN

d. DETECTION METHOD FAILURE EFFECT

e. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT

PL36 INDICATION PROVIDES INDICATION THAT a. FAILS OPEN LIGHT WILL NOT COME ON TO INDI- NO EFFECT. 3
LAMP BRAKES ARE SET. CATE BRAKES ARE SET.

g 'A3d
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System  250-TON BRIDGE CRANE, VAB Station Set/Facility Code 20, 33
Subsystem MONITORING, SPEED CONTROL, iNDICATION CIRCUIT Program SPACE SHUTTLE Date FEBRUARY 1994
Drawing No. 69-K-L-11388 Sheet No. 12/17/19/20 Reference Figure Used
PMN K60-0533, K60-0534 Prepared By C. CRABB, LSOC 52-11
a. FAILURE MODE
b. CAUSE
¢c. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION 9. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
2KRX RELAY PROVIDES PROTECTION a. FAILS DEACTIVATED CONTACT REMAINS IN DE-ENERGIZED NQ EFFECT. 3
AGAINST THE LOSS OF {COIL FAILS OPEN) POSITION. HOIST CONTROLS WILL
POWER TO THE GENERATOR REMAIN DISABLED. DELAY OF OPER-
FIELD DC INPUT CON- ATIONS.
TROLLER. RELAYS 2KR1,
2KR2, & 2KR3 MONITOR THIS
POWER AND ENERGIZE THIS
RELAY. THiS ENABLES THE
HOIST CONTROLS IF THE
POWER IS PRESENT AND T
DISABLES THE CONTROLS |F
THE POWER IS NOT PRESENT.
a. N.O. CONTACT FAILS HOIST CONTROLS WILL REMAIN DISA- NO EFFECT. 3
OPEN BLED. DELAY OF OPERATIONS.
a. N.O. CONTACT FAILS LOSS OF ABILITY TO DISABLE THE NO EFFECT. 3
CLOSED HOIST CONTROLS IF POWER IS LOST
TO ONE OF THE THREE RELAYS. MUL-
TIPLE FAILURE REQUIRED.
2KR1 RELAY MONITORS POWER SUPPLIED a. FAILS DEACTIVATED CONTACT REMAINS IN DE-ENERGIZED NO EFFECT. 3
TO THE GENERATOR FIELD DC {COIL FAILS OPEN} POSITION. RELAY 2KRX WILL REMAIN
INPUT CONTROLLER DOWN- DEENERGIZED. HOIST CONTROLS
STREAM OF TRANSFORMER WILL REMAIN DISABLED. DELAY OF
2RT1. THE N.O. CONTACT IS OPERATIONS.
ARRANGED IN SERIES WITH
CONTACTS OF RELAYS 2KR2
& 2KR3 WHICH CLOSE TO
ENERGIZE RELAY 2KRX.
a. N.O. CONTACT FAILS RELAY 2KRX WILL REMAIN DEENER- NO EFFECT. 3
OFEN GIZED. HOIST CONTROLS WILL
REMAIN DISABLED. DELAY OF OPER-
ATIONS.
a. N.O. CONTACT FAILS LOSS OF ABILITY TO DISABLE THE NO EFFECT. 3
CLOSED HOIST CONTROLS IF PCWER FROM
TRANSFORMER 2RT1 IS LOST. MUL-
TIPLE FAILURE REQUIRED

g "A3d
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5)

6)

SAA09FY12-005
REV. B

During all critical lifts, there is at least one remote Emergency Stop (E-Stop)
operator observing the load lift, and can stop the crane if a failure indication is
noticed.

Operationally, the crane must be operated in the fine or float speed mode if a
critical load is within 10 feet of any structure in the direction of travel.

During final SRB mate, all crane operations are ceased and final mate is accom-
plished by use of the 250-Ton Hydra-Set.

¢ Timeframe:

— Estimated operator reaction time is 3 to 10 seconds.

WORKSHEET 5211-013 396

PS0146
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Table 35 (Page 3 of 14). ELECTRICAL FMEA - AUXILIARY HOIST

System  250-TON BRIDGE CRANE, VAB
Subsystem MONITORING, SPEED CONTROL, INDICATION CIRCUIT

Program SPACE SHUTTLE

Drawing No. 69-K-L-11388
PMN K60-0533, K60-0534

Sheet No. 12/17/19/20

Station Set/Facility Code 20, 33
Date FEBRUARY 1994
Reference Figure Used

Prepared By C. CRABB, LSOC 352-11

a. FAILURE MODE
b. CAUSE
c. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
2RF1, FUSE, 5A PROVIDES PROTECTION a. PREMATURE ACTUATION RELAYS 2KR1, & 2KR2 WILL BE DEEN- NO EFFECT. 3
2RF2 AGAINST AN OVERCURRENT ERGIZED WHICH WILL DISABLE THE
CONDITION UPSTREAM OF HOIST CONTROLS. THE BRAKES WiLL
TRANSFORMER 2RT1. SET. DELAY OF OPERATIONS.
a. FAILS TO ACTUATE TRANSFORMER 2RT1 AND GENERATOR NO EFFECT. 3
FIELD DC INPUT CONTROLLER MAY BE
EXPOSED TO HIGHER THAN EXPECTED
CURRENTS. POSSIBLE DAMAGE TO
THESE COMPONENTS. MULTIPLE
FAILURE REQUIRED.
2RF3 FUSE, 10A PROVIDES PROTECTION a. PREMATURE ACTUATION RELAY 2KR1 WILL BE DEENERGIZED NO EFFECT. 3
AGAINST AN OVERCURRENT WHICH WILL DISABLE THE HOIST CON-
CONDITION DOWNSTREAM OF TROLS. THE BRAKES WILL SET.
TRANSFCRMER 2RT1. DELAY OF OPERATIONS
a. FAILS TO ACTUATE GENERATOR FIELD DC INPUT CON- NO EFFECT. 3
TROLLER MAY BE EXPOSED TO
HIGHER THAN EXPECTED CURRENTS.
POSSIBLE DAMAGE TO THIS COMPO-
NENT. MULTIPLE FAILURE REQUIRED.
2RF4 FUSE, 10A PROVIDES PROTECTION a. PREMATURE ACTUATION RELAY 2KR2 WILL BE DEENERGIZED NO EFFECT. 3
AGAINST AN OVERCURRENT ‘WHICH WILL DISABLE THE HOIST CON-
CONDITION DOWNSTREAM OF TROLS. THE BRAKES WiLL SET.
TRANSFORMER 2RT1. DELAY OF OPERATIONS.
a. FAILS TO ACTUATE GENERATOR FIELD DC INPUT CON- NO EFFECT. 3
TROLLER MAY BE EXPOSED TO
HIGHER THAN EXPECTED CURRENTS.
POSSIBLE DAMAGE TO THIS COMPO-
NENT. MULTIPLE FAILURE REQUIRED.
2RF5, FUSE, .SA PROVIDES PROTECTION a. PREMATURE ACTUATICN RELAY 2KR3 WILL BE DEENERGIZED NC EFFECT. 3
2RF§ AGAINST AN OVERCURRENT WHICH WILL DISABLE THE HOIST CON-
CONDITION UPSTREAM OF TROLS. THE BRAKES WILL SET.
TRANSFORMER 2RT2. DELAY OF OPERATIONS.

g 'A3d
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Table 35 (Page 4 of 14). ELECTRICAL FMEA - AUXILIARY HOIST

System  250-TON BRIDGE CRANE, VAB
Subsystem MONITORING, SPEED CONTROL, INDICATION CiRCUIT

Program SPACE SHUTTLE

Drawing No. 69-K-L-11388
PMN K60-0533, K60-0534

Sheet No. 12/17/19/20

Station Set/Facility Code 20, 33
Date FEBRUARY 1994
Reference Figure Used

Prepared 8y C. CRABB, LSOC 52-11

FAILURE MODE
CAUSE

FMN

DETECTION METHOD
CORRECTING ACTION
TIME TO EFFECT
TIMEFRAME

FAILURE EFFECT ON
SYSTEM PERFORMANCE

FAILURE EFFECT
ON VEHICLE
SYSTEMS AND/OR
PERSONNEL SAFETY

CRIT
CAT

FIND NO.

PART NO. PART NAME PART FUNCTION
2RF7, FUSE, .5A PROVIDES PROTECTION
2RF8 AGAINST AN OVERCURRENT

CONDITION DOWNSTREAM OF
TRANSFORMER 2RT2.
2RTH ISOLATION STEPS DOWN THE BUS
TRANS- VOLTAGE OF 480V TO THE
FORMER DESIRED YOLTAGE OF 240V
FOR USE iN THE GENERATOR
FIELD DC INPUT CON-
TROLLER.
2RT2 CONTROL STEPS DCOWN THE BUS
TRANS- VOLTAGE OF 480V TO THE
FORMER DESIRED VOLTAGE OF 120V
FOR USE IN THE GENERATOR
FIELD DC INPUT CON-
TROLLER.

vlenpapEp

FAILS TO ACTUATE

a. PREMATURE ACTUATION

a. FAILS TO ACTUATE

a. FAILS OPEN OR SHORT

a. FAILS OPEN OR SHORT

TRANSFORMER 2RT2 AND GENERATOR
FIELD DC INPUT CONTROLLER MAY BE
EXPOSED TO HIGHER THAN EXPECTED
CURRENTS. POSSIBLE DAMAGE TO
THESE COMPONENTS. MULTIPLE
FAILURE REQUIRED.

RELAY 2KR3 WILL BE DEENERGIZED
WHICH WILL DISABLE THE HOIST CON-
TROLS. THE BRAKES WILL SET.

DELAY OF OPERATIONS.

GENERATOR FIELD DC INPUT CON-
TROLLER MAY BE EXPOSED TO
HIGHER THAN EXPECTED CURRENTS.
POSSIBLE DAMAGE TO THIS COMPO-
NENT. MULTIPLE FAILURE REQUIRED.

LOSS OF POWER TO THE GENERATOR
FIELD DC INPUT CONTROLLER.
RELAYS 2KR1 & 2KR2 WILL BE DEEN-
ERGIZED TO DISABLE THE HOIST
CONTROL CIRCUIT. BRAKES WitLL
SET. DELAY OF OPERATION.

LOSS OF POWER TO THE GENERATOR
FIELD DC INPUT CONTROLLER. RELAY
2KR3 WILL BE DEENERGIZED TO
DISABLE THE HOIST CONTROL
CIRCUIT. BRAKES WILL SET. DELAY
OF OPERATION.

NO EFFECT.

NO EFFECT.

NO EFFECT.

NO EFFECT.

NO EFFECT.

8 'A3d
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Table 35 (Page 5 of 14). ELECTRICAL FMEA -

AUXILIARY HOIST

System 250-TON BRIDGE CRANE, vAB

Subsystem MONITORING, SPEED CONTROL, INDICATION CIRCUIT
Drawing No, 69-K-1-11388 Sheet No. 12/17/19/20

PMN K80-0533, K80-0534

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33

Date FEBRUARY 1994
Reference Figure Used

Prepared By C. CRABB, LSOC §52-11

FAILURE MODE
CAUSE

FMN

DETECTION METHOD
CORRECTING ACTION

“a o a0 o
LRI et R

FAILURE EFFECT
ON VEHICLE

FIND NO, TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO, PART NAME PART FUNCTION TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
2FC GENERATOR A SOLID STATE ASSEMBLY a. HIGH OUTPUT {NOT INCREASE IN SPEED OF THE DC POSSIBLE DAMAGE TO A 2
FIELD DC WHICH PROVIDES DC INVERTED} MOTORS CONTROLLING THE HOIST IN VEHICLE SYSTEM.
INPUT CON- EXCITATION TO THE GENER- b. BOARD COMPONENT THE DIRECTION COMMANDED.
TROLLER ATCR FIELD OF THE SHORT, BOARD COMPO-

MOTOR-GENERATOR SET
(M8-G3). THE EXCITATION IS
PROPORTIONAL TO THE
INPUT SUPPLIED FROM THE
CONTROL POTENTIOMETERS
(RPOT/FPQOT) AND IS USED TO
DRIVE THE DC MOTORS

| WHICH CONTROL THE HOIST.

NENT OPEN, LOSS OF
VOLTAGE FEEDBACK
FROM THE DC DRIVE
MOTOR LOOP

c. 09FY12-005.086

d. HIGH INDICATION OF
CURRENT ON CONSOLE
AMMETER, OR SPEED ON
THE SELSYN

e. BRING THE MASTER
CONTROLLER TO
NEUTRAL OR PRESS
E-STOP BUTTON

f. SECONDS

g. ESTIMATED 3 TO 10
SECONDS

a. HIGH QUTPUT INCREASE IN SPEED OF THE DC
INVERTED) MOTORS CONTROLLING THE HOIST, IN

b. BOARD COMPONENT THE OPPQSITE DIRECTION THAN COM-
SHORT MANDED.

¢. 09FY12-005.087

d. HIGH INDICATION OF
CURRENT ON CONSOLE
AMMETER, OR SPEED ON
THE SELSYN

e. BRING THE MASTER
CONTROLLER TO
NEUTRAL OR PRESS
E-STOP BUTTON

. SECONDS

9. ESTIMATED 3 TO 10

SECONDS

POSSIBLE DAMAGE TO A
VEHICLE SYSTEM.

g 'A3d
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Table 35 (Page 6 of 14). ELECTRICAL FMEA - AUXILIARY HOIST

System  250-TON BRIDGE CRANE, VAB

Subsystem MONITORING, SPEED CONTROL, INDICATION CIRCUIT

Drawing No, 89-K-__-11388

Sheet No. 12/17/19/20

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33
Date FEBRUARY 1994
Reference Figure Used

PMN K60-0533, K60-0534 Prepared 8y C. CRABB, LSOC 52-11
a. FAILURE MODE
b. CAUSE
c. FMN
d. DETECTION METHOO FAILURE EFFECT
e, CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
a. NO QUTPUT NO DC EXCITATION TO THE GENER- POSSIBLE DAMAGE TO A 2
b. CONTAMINATION, COR- ATOR FIELD WINDING. NO OUTPUT VEHICLE SYSTEM.
ROSION, BOARD COMPO- FROM GENERATOR. NO HOIST MOTOR
NENT OPEN TORQUE WHILE THE COMMAND (S
c. 09FY12-005.085 BEING GIVEN TO RAISE, LOWER, OR
d. NO INDICATION OF FLOAT THE LOAD AND THE BRAKES
CURRENT ON CONSOLE ARE RELEASED. LOAD WILL DESCEND
AMMETER WITH REGENERATIVE BRAKING
e. BRING THE MASTER APPLIED.
CONTROLLER TO
NEUTRAL CR PRESS
E-STOP BUTTON
. SECONDS
g. ESTIMATED 3 TO 10
SECONDS
2XR1 RELAY ENABLES THE GENERATOR a. FAILS DEACTIVATED CONTACTS REMAIN IN DE-ENERGIZED POSSIBLE DAMAGE TO A 2
FIELD DC INPUT CCNTROLLER {COIL FAILS OPEN) POSITION. NO DC EXCITATION TO THE VEHICLE SYSTEM.
WHEN RELAY 2HCR OR 2LCR b. CORROSION, FATIGUE GENERATOR FIELD. NO OUTPUT FROM
1S ENERGIZED. c. 09FY12-005.090 GENERATOR. NO HOIST MOTOR
d. O INDICATION OF TORQUE WHILE THE COMMAND IS
CURRENT ON CONSOLE BEING GIVEN, VIA THE MASTER
AMMETER CONTROL SWITCH, TO RAISE OR
e. BRING THE MASTER LOWER AND THE BRAKES ARE
CONTROLLER TO RELEASED. LOAD WilLL DESCEND
NEUTRAL OR PRESS WITH REGENERATIVE BRAKING
E-STOP BUTTON APPLIED.
f. SECONDS
g. ESTIMATED 3 7O 10
SECONDS

g ‘A3
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Table 35 (Page 7 of 14). ELECTRICAL FMEA - AUXILIARY HOIST

System

250-TON BRIDGE CRANE, VAB

Subsystem MONITORING, SPEED CONTROL, INDICATION CIRCUIT

Drawing No. 69-K-L-11388

Sheet No. 12/17/19/20

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33

Date FEBRUARY 1994
Reference Figure Used

PMN K80-0533, K60-0534 Prepared By C. CRABB, LSOC 52-11
a, FAILURE MODE
b. CAUSE
c. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
N.O. CONTACT CLOSES TO a. N.O. CONTACT FAILS THE SPEED REGULATOR IN THE GEN- POSSIBLE DAMAGE TO A 2
ENABLE THE SPEED REGU- OPEN ERATOR FIELD DC INPUT CONTROLLER VEHICLE SYSTEM.
LATOR IN THE GENERATOR b. CORROSION, BINDING WILL NOT BE ENABLED. NO DC
FIELD DC INPUT CON- MECHANISM EXCITATION TO THE GENERATOR
TROLLER. ¢. 09FY12-005.091 FIELD. NO OUTPUT FROM GENER-
d. NO INDICATION OF ATOR. NO HOIST MOTOR TORQUE
CURRENT ON CONSOLE WHILE THE COMMAND IS BEING
AMMETER GIVEN, VIA THE MASTER CONTROL
e. BRING THE MASTER SWITCH, TO RAISE OR LOWER AND
CONTROLLER TO THE BRAKES ARE RELEASED. LOAD
NEUTRAL OR PRESS WILL DESCEND WITH REGENERATIVE
E-STOP BUTTON BRAKING APPLIED.
f. SECONDS
g. ESTIMATED 3 TO 10
SECONDS
a. N.O. CONTACT FAILS THE SPEED REGULATOR IN THE GEN- NO EFFECT. 3
CLOSED ERATOR FIELD DC INPUT CONTROLLER
WILL REMAIN ENABLED. POSSIBLE
DAMAGE TO THIS COMPONENT.
N.O. CONTACT CLOSES TO a. N.O. CONTACT FAILS THE BI-DIRECTIONAL AMPLIFIER IN POSSIBLE DAMAGE TO A 2

ENABLE THE BI-DIRECTIONAL
AMPLIFIER IN THE GENER-
ATOR FIELD DC INPUT CON-
TROLLER.

OPEN

CORROSION, BINDING
MECHANISM
09FY12-005.092

NO INDICATION OF
CURRENT ON CONSOLE
AMMETER

BRING THE MASTER
CONTROLLER TO
NEUTRAL OR PRESS
£-STOP BUTTON
SECONDS

ESTIMATED 3 TO 10
SECONDS

THE GENERATOR FIELD DC INPUT
CONTROLLER WILL NOT BE ENABLED.
NO DC EXCITATION TO THE GENER-
ATOR FIELD. NO QUTPUT FROM GEN-
ERATOR. NO HOIST MOTOR TORQUE
WHILE THE COMMAND 1S BEING
GIVEN, VIA THE MASTER CONTROL
SWITCH, TO RAISE OR LOWER AND
THE BRAKES ARE RELEASED. LOAD
WILL DESCEND WITH REGENERATIVE
BRAKING APPLIED.

VEHICLE SYSTEM.

8 ‘A3
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Table 35 (Page 8 of 14). ELECTRICAL FMEA - AUXILIARY HOIST

System

250-TON BR!DGE CRANE, VAB

Subsystam MONITORING, SPEED CONTROL, INDICATION CIRCUIT

Drawing No. 69-K-L-11388
PMN K80-0533, K60-0534

Sheet No. 12/17/19/20

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33

Date FEBRUARY 1994
Reference Figure Used

Prepared By C. CRABB, LSOC 52-1

FAILURE MODE
CAUSE

FMN

d. DETECTION METHOD
e. CORRECTING ACTION

o g

FAILURE EFFECT
ON VEHICLE

FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
a. N.O. CONTACT FAILS THE BI-DIRECTIONAL AMPLIFIER IN NQ EFFECT. 3

N.Q. CONTACT CLOSES TO
ENABLE THE FIRING CIRCUIT
IN THE GENERATOR FiELD DC
INPUT CONTROLLER.

CLOSED

a. N.O. CONTACT FAILS
OPEN

b. CORROSION, BINDING
MECHANISM

c. 09FY12-005.093

d. NO INDICATION OF
CURRENT ON CONSOLE
AMMETER

a. BRING THE MASTER
CONTROLLER TO
NEUTRAL CR PRESS
E-STOP BUTTON

. SECONDS

g. ESTIMATED 3 7O 10

SECONDS

a. N.O. CONTACT FAILS
CLOSED

a. FAILS ACTIVATED (CON-
TACTS REMAIN IN THE
ENERGIZED POSITION)

THE GENERATOR FIELD DC INPUT
CONTROLLER WILL REMAIN ENABLED.
POSSIBLE DAMAGE TO THIS COMPO-
NENT.

THE FIRING CIRCUIT IN THE GENER-
ATOR FIELD DC INPUT CONTROLLER
WILL NOT BE ENABLED. NO DC
EXCITATION TO THE GENERATOR
FIELD. NO OUTPUT FROM GENER-
ATOR. NO HOIST MOTOR TORQUE
WHILE THE COMMAND IS BEING
GIVEN, VIA THE MASTER CONTROL
SWITCH, TO RAISE OR LOWER AND
THE BRAKES ARE RELEASED. LOAD
WILL DESCEND WITH REGENERATIVE
BRAKING APPLIED.

THE FIRING CIRCUIT IN THE GENER-
ATOR FIELD DC INPUT CONTROLLER
WILL REMAIN ENABLED. POSSIBLE
DAMAGE TO THIS COMPONENT.

THE GENERATOR FIELD DC INPUT
CONTROLLER WILL REMAIN ENABLED
WHEN THE MASTER CONTROL LEVER
IS RETURNED TO THE NEUTRAL POSI-
TION. WITH RPOT CENTERED THERE
WILL BE NO INPUT TO THE DC
MOTORS AND THE HOIST WILL STOP.

POSSIBLE DAMAGE TO A
VEHICLE SYSTEM.

NO EFFECT.

NO EFFECT.

r

g "'A3d
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Table 35 (Page 9 of 14. ELECTRICAL FMEA - AUXILIARY HOIST

System

250-TON BRIDGE CRANE, VAB

Subsystem MONITORING, SPEED CONTROL, INDICATION CIRCUIT

Drawing No. 69-K-.-11388

Sheet No. 12/17/19/20

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33
Date FEBRUARY 1994
Reference Figure Used

PMN K60-0533, K60-0534 Prepared By C. CRABB, LSOC 52-1t
a. FAILURE MODE
b. CAUSE
c. FMN
d. DETECTION METHOD FAJLURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
2SYNT, SYNCHRO PROVIDES HOIST POSITION a. ERRONEOUS OUTPUT LOSS OF ACCURATE POSITION iNDI- POSSIBLE DAMAGE TO A 2
2SYNR2 TRANS- AND MOT!ON INDICATION TO {INDICATION} CATION OR LOAD MOTION {NDICATION VEHICLE SYSTEM.
MITTER AND THE OPERATOR IN CAB. THE b. CORROSION, BINDING COULD RESULT IN IMPROPER LCAD
RECEIVER OPERATOR USES THIS INDI- MECHANISM POSITIONING.
ASSEMBLY CATOR TO DETERMINE MOVE- c. 09FY12-005.065
(SELSYN) MENT DISTANCE WHEN d. LOAD MOVEMENT NOT
REQUIRED TO MAKE SMALL CORRESPONDING WITH
INCREMENTAL MOVES FOR CHANGE ON CONSCLE
MATE/DEMATE OPERATIONS. METER
e. RETURN THE MASTER
CONTROLLER TO
NEUTRAL
f. SECONDS
g. ESTIMATED 3 TO 10
SECONDS
AHFLT RELAY ENERG!ZED WHEN THE FOOT a. FAILS DEACTIVATED CONTACT REMAINS IN DE-ENERGIZED NO EFFECT. 3
SWITCH. S2, IS ENGAGED FOR {COIL FAILS OPEN) POSITION. THE TIME DELAY RELAY
FLOAT MODE OPERATIONS. WILL BE ENERGIZED AND BYPASS THE
THIS PREVENTS THE TIME OVERVOLTAGE RELAY WHEN THE
DELAY RELAY, 2TDHC, FROM SPEED SELECTOR SWITCH, SS2, IS IN
BEING ENERGIZED AND THE COARSE SPEED POSITION AND
BYPASSING THE OVER- THE OPERATOR IS FLOATING THE
VOLTAGE RELAY, 2FOV, WHEN LOAD. MULTIPLE FAILURE REQUIRED
THE SPEED SELECTOR TO RESULT IN DAMAGE TO A VEHICLE
SWITCH, S32, IS IN THE SYSTEM.
COARSE SPEED POSITION.
a. N.C. CONTACT FAILS THE TIME DELAY RELAY WILL NOT BE NO EFFECT. 3

OPEN

ENERGIZED AND WILL NOT BYPASS
THE OVERVOLTAGE RELAY. [F THE
CRANE IS OPERATING IN THE COARSE
SPEED MODE, THE OVERVOLTAGE
RELAY WILL SHUT DOWN THE M-G SET
WHEN THE VOLTAGE IN THE DC
MOTOR LOOP REACHES 115% OF THE
FULL FINE QUTPUT.

8 'A3d

GO0-CL A460VVS



9v10Sd

G00-11CS LIFHSHHOM

c0¢

Table 35 (Page 10 of 14). ELECTRICAL FMEA - AUXILIARY HOIST

System

250-TON BRIDGE CRANE, VAB

Subsystem MONITORING, SPEED CONTROL, INDICATION CIRCUIT

Drawing No. 69-K-L-11388

Sheet No. 12/17/19/20

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33
Date FEBRUARY 1994
Reference Figure Used

PMN K80-0533, K60-0534 Prepared By C. CRABB, LSOC 52-11
a. FAILURE MODE
b. CAUSE
¢. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
a. N.C. CONTACT FAILS THE TIME DELAY RELAY WILL BE NO EFFECT. 3
CLOSED ENERGIZED AND BYPASS THE OVER-
VOLTAGE RELAY WHEN THE SPEED
SELECTOR SWITCH, SS2, IS IN THE
COARSE SPEED POSITION AND THE
OPERATOR IS FLOATING THE LOAD.
MULTIPLE FAILURE REQUIRED TO
RESULT IN DAMAGE TO A VEHICLE
SYSTEM.
2FOV RELAY PROTECTS AGAINST AN a. FAILS DEACTIVATED N.O. CONTACT WILL REMAIN IN THE NO EFFECT. 3
OVERVOLTAGE CONDITION IN {COIL FAILS OPEN) DE-ENERGIZED POSITION. HOIST M-G
THE DC MOTOR LOOP WHICH SET CANNOT BE STARTED. DELAY OF
CAN RESULT N A SPEED OPERATION.
INCREASE OF THE HOIST. IT
IS CONFIGURED TO SHUT
DOWN THE M-G SET IF AN
QOVERVOLTAGE CONDITION
{115% OF THE FULL FINE
OUTPUT) IS DETECTED IN THE
DC MOTOR LOOP WHILE IN
THE FINE SPEED OR FLOAT
MODE OF OPERATION.
a. COIL FAILS TO DEENER- LOSS OF ABILITY TO SHUT DOWN THE NO EFFECT. 3
GIZE M-G SET IF AN OVERVOLTAGE CONDI-
TION EXISTS IN THE DC MOTOR LOOP.
MULTIPLE FAILURE REQUIRED TO
RESULT IN DAMAGE TO A VEHICLE
SYSTEM.
a. MN.O. CONTACT FAILS HOIST M-G SET CANNOT BE STARTED. NO EFFECT. 3
OPEN DELAY OF OPERATION.
a. N.O. CONTACT FAILS LOSS OF ABILITY TO SHUT DOWN THE NO EFFECT. 3

CLOSED

M-G SET IF AN OVERVOLTAGE CONDI-

TION EXISTS IN THE DC MOTOR LOOP.

MULTIPLE FAILURE REQUIRED TO
RESULT IN DAMAGE TO A VEHICLE
SYSTEM
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Table 35 (Page 11 of 14). ELECTRICAL FMEA - AUXILIARY HOIST

System

250-TON BRIDGE CRANE, VAB

Subsystem MONITORING, SPEED CONTROL, INDICATION CIRCUIT

Drawing No. 69-K-L-11388
PMN K60-0533, K60-0534

Sheet No. 12/17/19/20

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33
Date FEBRUARY 1994

Reference Figure Used

Prepared By C. CRABB, LSOC 52-11

a. FAILURE MODE
b. CAUSE
c. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAJLURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
N.C. CONTACT CONTROLS a. N.C. CONTACT FAILS FOV TRIP LIGHT WILL NOT COME ON. NO EFFECT. 3
POWER TO THE FOV TRIP OPEN DELAY OF OPERATION.
LIGHT WHICH IS USED TO
VERIFY PROPER OPERATION
OF THIS RELAY DURING THE
PRE-OPS CHECK.
a. N.C. CONTACT FAILS FOV TRIP LIGHT WILL REMAIN ON. NQ EFFECT. 3
CLOSED DELAY OF OPERATION.
2FOV TRIP INDICATOR LIGHTS WHEN THE FOV CON- a. FAIL OPEN FAILS TO INDICATE THE PROPER NO EFFECT. 3
LIGHT LIGHT TACTS ARE IN THE DEENER- OPERATION OF THE FOV RELAY.
GIZED POSITION TO DELAY OF OPERATION.
INDICATE THAT THE FOV
RELAY IS DISABLED WHICH
WILL PREVENT THE M-G SET
FROM BEING STARTED. THiS
IS EXTINGUISHED WHEN THE
FOV RELAY IS ENABLED TO
ALLOW FOR M-G SET START.
2FOV RECT RECTIFIER, MAINTAINS A POSITIVE a. DIODE FAILS NO INPUT FROM THE DC MOTOR LOOP NO EFFECT. 3
BRIDGE VOLTAGE INPUT TO RELAY OPEN/SHORTED TO THE OVERVOLTAGE RELAY. LOSS
2FOV REGARDLESS OF THE OF ABILITY TO SHUT DOWN THE M-G
VOLTAGE POLARITY AND SET IF AN OVERVOLTAGE CONDITION
CURRENT DIRECTION IN THE EXISTS IN THE DC MOTOR LOOP.
DC MOTOR LOOP. MULTIPLE FAILURE REQUIRED TO
RESULT IN DAMAGE TO A VEHICLE
SYSTEM.
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Table 35 (Page 12 of 14). ELECTRICAL FMEA - AUXILIARY HOIST

System

250-TON BRIDGE CRANE, VAB

Subsystem MONITORING, SPEED CONTROL, INDICATION CIRCUIT
Drawing No. 89-K-L-11388
PMN K80-0533, K60-0534

Sheet No. 12/17/19/20

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33
Date FEBRUARY 1994

Reference Figure Used

Prepared By C. CRABB, LSOC 52-11

a. FAILURE MODE
b. CAUSE
c. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g- TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
2TDHC RELAY, BYPASSES THE OVER- a. FAILS DEACTIVATED N.O. CONTACT WILL REMAIN IN THE NO EFFECT. 3
TIME DELAY VOLTAGE RELAY, 2FOV, WHEN {COIL FAILS OPEN) DE-ENERGIZED POSITION AND WON'T
ENERGIZED BY POSITIONING BYPASS THE OVERVOLTAGE RELAY.
THE SPEED SELECTOR IF THE CRANE IS OPERATING IN THE
SWITCH, S82 TO COARSE COARSE SPEED MODE, THE OVER-
SPEED. THE TIME DELAY IS VOLTAGE RELAY WILL SHUT DOWN
SET TO PROVIDE TIME FOR THE M-G SET WHEN THE VOLTAGE IN
THE VOLTAGE IN THE DC THE DC MOTOR LOOP REACHES 115%
MOTOR LOOP TO GO BELOW OF THE FULL FINE QUTPUT.
THE 115% FULL FINE
VOLTAGE THRESHOLD WHEN
THE SPEED SELECTOR
SWITCH IS POSITIONED FROM
COARSE TO FINE SPEED
WHILE THE CRANE IS IN
MOTION. THIS PREVENTS
{INADVERTENT SHUT DOWNS
OF THE M-G SET.
a. N.O. CONTACT FAILS THE OVERVOLTAGE RELAY WON'T BE NO EFFECT. 3
OPEN BYPASSED. IF THE CRANE IS OPER-
ATING IN THE COARSE SPEED MODE,
THE OVERVOLTAGE RELAY WILL SHUT
DOWN THE M-G SET WHEN THE
VOLTAGE IN THE DC MOTOR LOOP
REACHES 115% OF THE FULL FINE
QUTPUT.
a. N.O. CONTACT FAILS THE OVERVOLTAGE RELAY WILL BE NO EFFECT. 3
CLOSED BYPASSED WHEN THE SPEED
SELECTOR SWITCH IS IN THE FINE
SPEED POSITION. MULTIPLE FAILURE
REQUIRED TO RESULT IN DAMAGE TO
A VEHICLE SYSTEM SYSTEM.
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System  250-TON BRIDGE CRANE, VAB Station Set/Facility Code 20, 33
Subsystem MONITORING, SPEED CONTROL, INDICATION CIRCUIT Program SPACE SHUTTLE Date FEBRUARY 1994
Drawing No. 69-K-L-11388 Sheet No. 12/17/19/20 Reference Figure Used
PMN K60-0533, K60-0534 Prepared By C. CRABB, LSOC 52-11
a. FAILURE MODE
b. CAUSE
c. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAJLURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
N.O. CONTACT CLOSES TO a. N.O. CONTACT FAILS NO INDICATION THAT THE RELAY IS NO EFFECT. 3
ILLUMINATE THE INDICATOR OPEN ENERGIZED. DELAY OF OPERATION.
WHICH SHOWS THAT THE
TIME DELAY RELAY IS ENER-
GIZED AND BYPASSING THE
OVERVOLTAGE RELAY.
a. N.O. CONTACT FAILS THE INDICATION THAT THE RELAY IS NO EFFECT. 3
CLOSED ENERGIZED WILL BE {LLUMINATED
CONSTANTLY. DELAY OF OPERATION.
2TDHH RELAY, BYPASSES THE OVER- a. FAILS DEACTIVATED N.O. CONTACT WILL REMAIN IN THE NO EFFECT. 3
TIME DELAY VOLTAGE RELAY, 2FOV, WHEN (COIL FAILS QPEN) DE-ENERGIZED POSITION AND WONT
ENERGIZED BY POSITIONING BYPASS THE OVERVOLTAGE RELAY.
THE SPEED SELECTOR |F THE CRANE IS OPERATING IN THE
SWITCH, SS2, TO HIGH HIGH SPEED MODE, THE OVER-
SPEED. VOLTAGE RELAY WILL SHUT DOWN
THE M-G SET WHEN THE VOLTAGE IN
THE DC MOTOR LOOP REACHES 118%
OF THE FULL FINE QUTPUT.
a. N.O. CONTACT FAILS THE OVERVOLTAGE RELAY WON'T BE NO EFFECT. 3
OPEN BYPASSED. IF THE CRANE IS OPER-
ATING IN THE HIGH SPEED MQDE, THE
OVERVOLTAGE RELAY WILL SHUT
DOWN THE M-G SET WHEN THE
VOLTAGE IN THE DC MOTOR LOOP
REACHES 115% OF THE FULL FINE
OUTPUT.
a. N.O. CONTACT FAILS THE OVERVOLTAGE RELAY WILL BE NO EFFECT. 3
CLOSED BYPASSED WHEN THE SPEED
SELECTOR SWITCH IS IN THE FiINE
SPEED POSITION. MULTIPLE FAILURE
REQUIRED TO RESULT IN DAMAGE TO
A VEHICLE SYSTEM SYSTEM.
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Table 35 (Page 14 of 14). ELECTRICAL FMEA - AUXILIARY HOIST

System

250-TON BRIDGE CRANE, VAB

Subsystem MONITORING, SPEED CONTROL, INDICATION CIRCUIT

Drawing No. 69-K-L.-11388
PMN K60-0533, K60-0534

Sheet No. 12/17/19/20

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33
Date FEBRUARY 1994

Reference Figure Used

Prepared By C. CRABB, LSOC 52-11

PART FUNCTION

a. FAILURE MODE

b. CAUSE

c. FMN

d. DETECTION METHOD
CORRECTING ACTION
TIME TO EFFECT

FAILURE EFFECT ON
SYSTEM PERFORMANCE

FAILURE EFFECT
ON VEHICLE
SYSTEMS AND/OR
PERSONNEL SAFETY

CRIT
CAT

FIND NO.

PART NO. PART NAME
COARSE INDICATOR
SPEED LIGHT
LIGHT
HIGH SPEED | INDICATOR
LIGHT LIGHT

N.O. CONTACT CLOSES TO
ILLUMINATE THE INDICATOR
WHICH SHOWS THAT THE
TIME DELAY RELAY IS ENER-
GIZED AND BYPASSING THE
OVERVOLTAGE RELAY.

LIGHTS WHEN THE 2TDHC
CONTACTS ARE IN THE ENER-
GIZED POSITION TO INDI-
CATE THAT THE FOV RELAY
S BYPASSED FOR COARSE
SPEED OPERATIONS. THIS IS
EXTINGUISHED WHEN THE
2TDHC RELAY 'S DEENER-
GIZED TO ALLOW THE FOV
RELAY TO OPERATE IN THE
FINE OR FLOAT MODE.

LIGHTS WHEN THE 2TDHH
CONTACTS ARE IN THE ENER-
GIZED POSITION TO INDI-
CATE THAT THE FOV RELAY
IS BYPASSED FOR HIGH
SPEED OPERATIONS. THIS IS
EXTINGUISHED WHEN THE
2TDHH RELAY |S DEENER-
GIZED TO ALLOW THE FOV
RELAY TO OPERATE IN THE
FINE CR FLOAT MODE.

e
f.
g. TIMEFRAME
a

N.O. CONTACT FAILS
OPEN

a. N.O. CONTACT FAILS
CLOSED

a. FAIL OPEN

a. FAIL OPEN

NO {NDICATION THAT THE RELAY IS
ENERGIZED. DELAY OF OPERATION.

THE INDICATION THAT THE RELAY IS
ENERGIZED WILL BE ILLUMINATED

CONSTANTLY. DELAY OF OPERATION.

FAILS TO INDICATE THE PROPER
OPERATION OF THE 2TDHC RELAY.
DELAY OF OPERATION.

FAILS TO INDICATE THE PROPER
OPERATION OF THE 2TDHH RELAY.
DELAY OF OPERATION.

NQ EFFECT.

NO EFFECT.

NO EFFECT.

NO EFFECT.
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Table 36 (Page 1 of 2). ELECTRICAL FMEA

- BRIDGE DRIVE

System

Subsystem DC MOTOR LOOP
Drawing No. 69-K.L_-11388

250-TON BRIDGE CRANE, VAB

Sheet No. 11/21/24

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33
Date FEBRUARY 1994
Reference Figure Used

PMN K60-0533, K60-0534 Prepared By C. CRABB, LSOC 52-11
a. FAILURE MODE
b. CAUSE
c. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO, PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
3c8 BRIDGE PROVIDES OVERLOAD PRO- a. PREMATURE TRIP LOSS OF POWER TO BR!DGE DRIVE NQ EFFECT. 3
DRIVE TECTION FOR BRIDGE M.G. SET. BRAKES WILL SET. DELAY
CIRCUIT CONTROL CIRCUITRY. OF OPERATION.
BREAKER, CONTACT PROVIDES
350 AT LATCHING FOR START RELAY
3SR.
a. FAIL TO TRIP POSSIBLE DAMAGE TO THE BRIDGE NO EFFECT. 3
CONTROL CIRCUITRY. UPSTREAM CB
{MCB) MAY TRIP RESULTING IN LOSS
OF POWER TO MAIN BUS. BRAKES
WILL SET. DELAY OF OPERATIONS.
a. N.O. CONTACT FAILS M-G SET WILL NOT STAY RUNNING NQ EFFECT. 3
OPEN WHEN START BUTTON IS RELEASED.
DELAY OF OPERATION,
a. N.O. CONTACT FAILS NO EFFECT ON STARTING OR NO EFFECT. 3
CLOSED RUNNING M-G SET.
PROVIDES THE ABILITY TO a. SHUNT TRIP FAILS OPEN LOSS OF ABILITY TO SHUT DOWN THE NO EFFECT 3
SHUT THE BRIDGE DOWN AND BRIDGE BY THE PHASE REVERSAL
SET THE BRAKES WHEN THE RELAY. POSSIBLE DAMAGE TO THE
SHUNT TRIP IS ENERGIZED CRANE CONTROL CIRCUITRY. MUL-
8Y THE PHASE REVERSAL TIPLE FAJLURE REQUIRED.
RELAY.
1-OL QOVERLOAD, PROVIDES OVERLOAD PRO- a. PREMATURE ACTUATION SHUTDOWN OF THE M-G SET CAUSING NO EFFECT. 3
2-0L THERMAL TECTION IN EACH OF THE THE BRIDGE TO STOP. BRAKES WILL
3-OL THREE LEGS OF THE MOTOR SET. DELAY OF OPERATION.
OF THE M-G SET. THREE N.C.
CONTACTS, ARRANGED IN
SERIES, OPEN TO SHUT
DOWN THE M-G SET.
a. FAILS TO ACTUATE POSSIBLE DAMAGE TO THE MOTOR N NO EFFECT. 3

THE M-G SET. UPSTREAM CB (3CB)}
MAY TRIP, RESULTING {N LOSS OF

POWER TO THE M-G SET. BRAKES

WILL SET. DELAY OF OPERATION
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Table 36 (Page 2 of 2). ELECTRICAL FMEA - BRIDGE DRIVE

System
Subsystem DC MQTOR LOOP
Drawing No. 69-K-L-11388

PMN K60-0533, K60-0534

250-TON BRIDGE CRANE, VAB

Sheet No. 11/21/24

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33
Date FEBRUARY 1994
Reference Figure Used

Prepared By C. CRABB, LSOC 52-11

a. FAILURE MODE
b. CAUSE
c. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
a. N.C. CONTACT FAILS BACKUP CONTACT IN SERIES WILL NO EFFECT. 3
CLOSED OPEN TO SHUT DOWN M-G SET.
a. N.C. CONTACT FAILS M-G WILL NOT RUN. DELAY OF OPER- NO EFFECT. 3
OPEN ATION.
M1-G1 MOTOR- CONSISTS OF A 125 HP a. NO OUTPUT LOSS OF POWER TO BRIDGE MOTORS. NQ EFFECT. 3
GENERATOR MOTOR COUPLED TO A 85 KW DELAY OF OPERATION.
{M-G) SET, DC GENERATOR TO PROVIDE
126 HP - 85 POWER TO THE ARMATURES
KW OF THE FOUR 25 HP BRIDGE
MOTORS.
M2, M3, MOTORS, 25 FOUR SHUNT WOUND DC a. OPEN ARMATURE LOSS OF POWER TO TWO DRIVE NO EFFECT. 3
M4, M5 HP EACH MOTORS. TWO MOTOR WINDINGS MOTORS. BRIDGE SPEED WILL BE
ARMATURES ARE ARRANGED RESTRICTED. BRIDGE MAY SKEW.
IN SERIES (M2 & M3. M4 & DELAY OF OPERATION.
MS5) ON EITHER SIDE OF THE
BRIDGE TO PROVIDE
MECHANICAL TORQUE TO
DRIVE THE BRIDGE. THE
FIELD WINDINGS PROVIDE A
CONSTANT MAGNETIC FIELD
TO WORK AGAINST THE
VARYING MAGNETIC FIELD OF
THE ARMATURE LOOP TO
PRODUCE TORQUE.
a. OPEN FIELD WINDING RELAY 3FLA, 3FLB, 3FLC, OR 3FLD NO EFFECT. 3

WILL BE DE-ENERGIZED AND OPEN
CONTACTS TO SHUT DOWN M-G SET.
DELAY OF OPERATION.
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Table 37 (Page 1 of 7). ELECTRICAL FMEA - BRIDGE DRIVE

System

250-TON BRIDGE CRANE, VAB

Subsystem M-G SENSORS, START/RUN CIRCUIT

Drawing No. 69-K-L-11388
PMN K60-0533, K60-0534

Sheet No. 21/22/23/24

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33

Date FEBRUARY 1994
Reference Figure Used

Prepared By C. CRABB, LSOC 52-11

a. FAILURE MODE
b. CAUSE
c. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
3-0st M-G OVER- PROVIDES CAPABILITY TO a. N.C. CONTACT FAILS LOSS OF M-G OVERSPEED PRO- NO EFFECT. 3
SPEED SHUT DOWN THE M-G SET IF CLOSED TECTION. POSSIBLE DAMAGE TO THE
SENSOR AN OVERSPEED CONDITION M-G SET WHEN COUPLED WITH M-G
EXISTS. OVERSPEED.
a. N.C. CONTACT FAILS UNABLE TO START M-G SET. DELAY NO EFFECT. 3
OPEN OF OPERATION.
o7G GENERATOR PROVIDES CAPABILITY TO a. N.C. CONTACT FAILS LOSS OF GENERATOR OVERTEMPER- NO EFFECT. 3
OVERTEM- SHUT DOWN THE M-G SET IF CLOSED ATURE PROTECTION. POSSIBLE
PERATURE AN OVERTEMPERATURE CON-~ DAMAGE TO THE M-G SET WHEN
SENSCR DITION EXISTS. COUPLED WITH GENERATOR OVER-
TEMPERATURE CONDITION.
a. N.C. CONTACT FAILS UNABLE TO START M-G SET. DELAY NO EFFECT. 3
OPEN OF OPERATION.
3cCC8 CIRCUIT PROVIDES OVERLOAD PRO- a. PREMATURE TRIP LOSS OF POWER TQO BRIDGE DRIVE NO EFFECT. 3
BREAKER, TECTION FOR CIRCUIT PRO- STARTER CONTROLS. BRIDGE DRIVE
30 AT VIDING POWER TO BRIDGE WILL STOP. BRAKES WILL SET.
DRIVE M-G SET. DELAY OF OPERATION.
a. FAILS TO TRIP POSSIBLE DAMAGE TO THE BRIDGE NO EFFECT. 3
CONTROL CIRCUITRY. UPSTREAM CB
(3CB) MAY TRIP. LOSS OF POWER TO
THE BRIDGE DRIVE M-G SET. BRAKES
WILL SET. DELAY OF OPERATION.
3TR RELAY, PROVIDES TIMED DELAY FOR a. FAILS DEACTIVATED CONTACTS WILL REMAIN IN NO EFFECT. 3
TIME DROPPING OUT THE START {COIL FAILS OPEN) DE-ENERGIZED POSITION. M-G SET
CIRCUIT AND PICKING UP WILL NOT GET FULL POWER. DELAY
THE RUN CIRCUIT FOR THE OF OPERATION.
BRIDGE DRIVE M-G SET.
a. FAILS ACTIVATED (CON- M-G SET WILL GET FULL POWER WHEN NO EFFECT. 3
TACTS REMAIN IN THE START BUTTON IS PUSHED, POSSIBLY
ENERGIZED POSITION) CAUSING CURRENT OVERLCAD TO
LR(P‘ DELAY OF OPERATION,
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Table 37 (Page 2 of 7). ELECTRICAL FMEA - BRIDGE DRIVE

System  250-TON BRIDGE CRANE, VAB

Subsystem M-G SENSORS, START/RUN CIRCUIT

Drawing No. 69-K-L_-11388
PMN K60-0533, K80-0534

Sheet No. 21/22/23/24

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33

Date FEBRUARY 1994
Reference Figure Used

Prepared By C. CRABB, LSOC 52-11

a. FAILURE MODE
b. CAUSE
c. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
a. N.O. CONTACT FAILS M-G SET WILL NOT GET FULL POWER. NO EFFECT. 3
OPEN DELAY OF OPERATION.
a. N.O. CONTACT FAILS M-G SET WILL GET FULL POWER WHEN NO EFFECT. 3
CLOSED START BUTTON IS PUSHED, POSSIBLY
CAUSING CURRENT OVERLOAD TO
TRIP. DELAY OF OPERATION.
a. N.C. CONTACT FAILS M-G SET WILL NOT GET FULL POWER. NO EFFECT. 3
CLOSED DELAY OF OPERATION.
a. N.C. CONTACT FAILS M-G SET WILL GET FULL POWER WHEN
OPEN START BUTTON IS PUSHED, POSSIBLY
CAUSING CURRENT OVERLOAD TO
TRIP. DELAY OF OPERATION.
3y RELAY CONTROLS STARTING a. FAILS DEACTIVATED CONTACT WILL REMAIN IN NO EFFECT. 3
CURRENT ~OR BRIDGE DRIVE {COIL FAILS OPEN) DE-ENERGIZED POSITION. M-G SET
M-G SET. WILL NOT START PROPERLY. EXCES-
SIVE START-UP CURRENT TO M-G SET,
THROUGH RELAY CONTACT 3R (RUN
RELAY), WOULD CAUSE M-G SET
OVERLOADS TO TRIP. DELAY OF
OPERATION.
a. FAILS ACTIVATED (CON- CURRENT WILL BYPASS THIS PORTION NO EFFECT. 3
TACTS REMAIN IN THE OF THE CIRCUIT THROUGH RELAY
ENERGIZED POSITION) CONTACT 3R (RUN RELAY). NO EFFECT
ON CRANE OPERATION.
a. N.O. CONTACT FAILS M-G SET WILL NOT START PROPERLY. NO EFFECT. 3

OPEN (1 OF 2)

EXCESSIVE START-UP CURRENT TO
M-G SET, THROUGH RELAY CONTACT
3R {RUN RELAY), WOULD CAUSE M-G
SET OVERLOADS TO TRIP. DELAY OF
OPERATION.
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Table 37 (Page 3 of 7). ELECTRICAL FMEA

- BRIDGE DRIVE

System

250-TON BRIDGE CRANE, VAB

Subsystem M-G SENSORS, START/RUN CIRCUIT

Drawing No. 69-K-1.-11388

Sheet No. 21/22/23/24

Program SPACE SHUTTLE

Station Set/Facility Cade 20, 33
Date FEBRUARY 1994
Reference Figure Used

PMN K80-0533, K60-0534 Prepared By C. CRABB, LSOC 52-11
a. FAILURE MODE
b. CAUSE
c. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
a. N.O. CONTACT FAILS CURRENT WILL BYPASS THIS PORTION NQ EFFECT. 3
CLOSED (1 OF 2) OF THE CIRCUIT THROUGH RELAY
CONTACT 3R (RUN RELAY). NO EFFECT
ON CRANE OPERATION. RELAY
CONTACT 3S WILL OPEN TO REMOVE
POWER FROM THE START CIRCUIT.
a. N.C. CONTACT FAILS NO EFFECT ON STARTING OR NO EFFECT. 3
CLOSED RUNNING OF M-G SET.
a. N.C. CONTACT FAILS M-G SET WOULD NOT GET FULL NOQ EFFECT. 3
OPEN POWER. DELAY OF OPERATION.
38 RELAY CONTROLS STARTING a. FAILS DEACTIVATED CONTACTS WiLL REMAIN IN NO EFFECT 3
CURRENT FOR THE BRIDGE (COIL FAILS QOPEN) DE-ENERGIZED POSITION. M-G SET
M-G SET. WILL NOT START PROPERLY. EXCES-
SIVE START-UP CURRENT TO M-G SET,
THROUGH RELAY CONTACT 3R {RUN
RELAY), WOULD CAUSE M-G SET
OVERLOADS TO TRIP DELAY OF
OPERATION.
a. FAILS ACTIVATED (CON- THE M-G SET WILL CONTINUE TO RUN NO EFFECT. 3
TACTS REMAIN IN THE AT A REDUCED VOL.TAGE WHEN COM-
ENERGIZED POSITION} MANDED TO STOP. DELAY OF OPER-
ATIONS.
N.O. CONTACTS CLOSE TO a. N.O. CONTACT FAILS M-G SET WILL NOT START PROPERLY. NO EFFECT. 3
PROVIDE THE PROPER START OPEN EXCESSIVE START-UP CURRENT TO
CURRENT TO THE MOTOR (N {1 OF 3) M-G SET, THROUGH RELAY CONTACT
THE M-G SET (t CONTACT 3R {RUN RELAY), WOULD CAUSE M-G
PER PHASE LEG, 3 TOTAL). SET OVERLOADS TO TRIP. DELAY OF
OPERATION.
a. N.O. CONTACT FAILS CURRENT WILL BYPASS THIS PORTION NO EFFECT. 3

CLOSED
{1 OF 3)

OF THE CIRCUIT THROUGH RELAY 3R
CONTACTS. NO EFFECT ON CRANE
QPERATION.

g 'A3d

G00-CL AJ60VVS



9v10Sd

G00-1 125 LIFHSHIOM

4%4

Table 37 (Page 4 of 7). ELECTRICAL FMEA - BRIDGE DRIVE

System  250-TON BRIDGE CRANE, VAB
Subsystem M-G SENSORS, START/RUN CIRCUIT
Drawing No, 69-K-L.-11388 Sheet No. 21/22/23/24

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33
Date FEBRUARY 1994
Reference Figure Used

PMN K80-0533, K60-0534 Prepared By C. CRABB, LSOC §2-11
a. FAILURE MOOE
b. CAUSE
c. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
N.Q. CONTACT CLOSES TO a. N.O. CONTACT FAILS M-G SET WILL SHUT OFF AFTER START NO EFFECT. 3
PROVIDE LATCHING FOR OPEN BUTTON IS RELEASED. DELAY OF
RELAY COIL 3SR (BRIDGE OPERATION.
START).
a. N.O. CONTACT FAILS M-G SET WILL RESTART AFTER THE NO EFFECT. 3
CLOSED STOP BUTTON IS RELEASED. THE
POWER CAN BE REMOVED BY
OPENING CIRCUIT BREAKER 3CB.
DELAY OF OPERATION.
R RELAY CONTROLS RUNNING a. FAILS DEACTIVATED CONTACTS WILL REMAIN IN NO EFFECT. 3
CURRENT TO THE BRIDGE (COIL FAILS OPEN) DE-ENERGIZED POSITION. M-G SET
M-G SET. WILL NOT GET FULL POWER. DELAY
OF OPERATION.
a. FAILS ACTIVATED (CON- THE M-G SET WILL CONTINUE TO RUN NO EFFECT. 3
TACTS REMAIN IN THE WHEN COMMANDED TO STOP. DELAY
ENERGIZED POSITION) OF OPERATIONS.
N.O. CONTACTS CLOSE TO a. N.O. CONTACT FAILS MOTOR WOULD NOT GET THE PROPER NO EFFECT. 3
PROVIDE THE PROPER RUN QOPEN RUN CURRENT. M-G SET WILL NOT
CURRENT TO THE MOTOR IN {1 OF 3} RECEIVE FULL POWER. DELAY OF
THE M-G SET {1 CONTACT OPERATION.
PER PHASE LEG, 3 TOTAL).
a. N.O. CONTACT FAILS THIS COULD CAUSE AN EXCESSIVE NO EFFECT. 3
CLOSED START CURRENT WHICH WOULD TRIP
M-G SET OVERLOADS. DELAY OF
OPERATIONS.
N.C. CONTACT OPENS TO a. N.C. CONTACT FAILS SERIES ARRANGED CONTACT IN 3TR NO EFFECT. 3
DEENERGIZE RELAY 3Y IN CLOSED (TIME DELAY} WiLL REMOVE POWER
THE STARTING SEQUENCE TO FROM 3Y. THE CRANE WILL OPERATE
ALLOW THE CRANE TO NORMALLY THROUGH THE RUN
OPERATE NORMALLY. CIRCUIT.
a. N.C. CONTACT FAILS M-G SET WILL NOT START. DELAY OF NO EFFECT. 3

OPEN

OPERATION.
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Table 37 (Page 5 of 7). ELECTRICAL FMEA - BRIDGE DRIVE

System

250-TON BRIDGE CRANE, VAB

Subsystem M-G SENSORS, START/RUN CIRCUIT
Drawing No. 69-K-L-11388

Sheet No, 21/22/23/24

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33
Date FEBRUARY 1994
Reference Figure Used

PMN KB0-0533, K60-0534 Prepared By C. CRABB, LSOC 52-11
a. FAILURE MODE
b. CAUSE
¢c. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
N.O. CONTACT CLOSES TO a. N.O. CONTACT FAILS BLOWER MOTOR WILL BE SHUT DOWN NO EFFECT. 3
ENABLE THE BLOWER MOTOR CLOSED BY SER!ES ARRANGED CONTACTS OF
STARTER RELAY 3MB. THE OVERLOAD RELAYS 30LR1, 30LR2,
JOLR3, OR 30LR4.
a. N.O. CONTACT FAILS BLOWER MOTOR WILL NOT BE NO EFFECT. 3
OPEN STARTED WHEN THE M-G SET IS
STARTED. THE BRIDGE MOTOR
WINDING TEMPERATURE SENSOR WiLL
SHUT DOWN THE BRIDGE M-G SET IF A
MOTOR OVERHEATS. DELAY OF OPER-
ATION.
3L1A, AUTOTRANS- REGULATES THE STARTING a. FAILS OPEN MOTOR M1 WILL NOT GET THE NO EFFECT. 3
3L2A, FORMER VOLTAGE FOR MOTOR M1 IN PROPER STARTING VOLTAGE. POS-
3L3Aa THE M-G SET. SIBLE DAMAGE TC THE M-G SET.
{1 PER PHASE LEG, 3 TOTAL). DELAY OF OPERATIONS.
3-0TT AUTOTRANS- PROVIDES CAPABILITY TO a. N.C. CONTACT FAILS POSSIBLE DAMAGE TO THE M-G SET. NC EFFECT. 3
FORMER SHUTDOWN BRIDGE DRIVE CLOSED MULTIPLE FAILURE REQUIRED. DELAY
OVERTEM- M-G SET IF OF CPERATION.
PERATURE AUTOTRANSFORMER OVER-
SENSOR HEATS.
a. N.C. CONTACT FAILS M-G SET WILL NOT START. DELAY OF NO EFFECT. 3
OPEN QOPERATION.
3TR1 CONTROL STEPS DOWN THE BUS a. FAILS OPEN OR SHORT LOSS OF CONTROL POWER. BRIDGE NQ EFFECT. 3
TRANS- VOLTAGE OF 480V TO THE DRIVE M-G SET WILL STOP. BRAKES
FORMER DESIRED CONTROL VOLTAGE WILL SET. DELAY OF OPERATION.
OF 120V FOR MAIN CONTROL
POWER FOR THE BRIDGE
DRIVE.
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Table 37 (Page 6 of 7). ELECTRICAL FMEA - BRIDGE DRIVE

System

250-TON BRIDGE CRANE, VAB

Subsystem M-G SENSORS, START/RUN CIRCUIT
Drawing No. 69-K-L-11388
PMN K80-0533, K60-0534

Sheet No. 21/22/23/24

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33
Date FEBRUARY 1994
Reference Figure Used

Prepared By C. CRABB, LSOC 52-11

a. FAILURE MODE
b. CAUSE
c. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
3CCB1 BRIDGE PROVIDES OVERLOAD PRO- a. PREMATURE TRIP LOSS OF CONTROL POWER TC THE NO EFFECT. 3
DRIVE TECTION FOR CIRCUIT FUR- BRIDGE DRIVE. M-G SET WILL STOP.
CONTROL NISHING CONTROL POWER BRAKES WILL SET. DELAY OF OPERA-
POWER FOR THE BRIDGE DRIVE. TION.
CIRCUIT
BREAKER,
15 AT
a. FAILS TO TRIP POSSIBLE DAMAGE TO CONTROL CIR- NO EFFECT. 3
CUITRY. MULTIPLE FAILURE
REQUIRED. UPSTREAM CB 3CCB MAY
TRIP RESULTING IN LOSS OF POWER
TO STARTING AND CONTROL CIR-
CUITS. M-G SET WILL STOP. BRAKES
WILL SET. DELAY OF OPERATION.
S3 PUSH-BUTTON| PROVIDES POWER TO THE a. START SWITCH FAILS UNABLE TC START M-G SET. DELAY NO EFFECT. 3
SWITCH, BRIDGE START RELAY 3SR TO CPEN OF OPERATION.
START AND START AND STOP THE M-G
STOP SET.
a. START SWITCH FAILS M-G SET WILL RESTART AFTER IT HAS NO EFFECT. 3
CLOSED BEEN SHUT DOWN WITH STOP
BUTTON. M-G CAN BE SHUT DOWN BY
OPENING CB 3CCB OR 3CCB1.
a. STOP SWITCH FAILS UNABLE TO SHUT DOWN M-G SET NO EFFECT. 3
CLOSED WITH S3. M-G CAN BE SHUT DOWN BY
OPENING CB 3CCB OR 3CCB1.
a. STOP SWITCH FAILS UNABLE TO START M-G SET. DELAY NO EFFECT. 3
OPEN OF OPERATION.
PL20 INDICATION PROVIDES INDICATION THAT a. FAILS OPEN UNABLE TO DETERMINE iF STARTING NO EFFECT. 3
LAMP BRIDGE DRIVE M-G SET RELAY IS ENERGIZED. DELAY OF

STARTING RELAY IS ENER-
GIZED.

OPERATION.
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Table 37 (Page 7 of 7). ELECTRICAL FMEA - BRIDGE DRIVE

System

250-TON BRIDGE CRANE, VAB

Subsystemm M-G SENSORS, START/RUN CIRCUIT
Drawing No. 69-K-L-11388
PMN K60-0533, K60-0534

Sheet No. 21/22/23/24

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33

Date FEBRUARY 1994
Reference Figure Used

Prepared By C. CRABB, LSOC §2-11

FAILURE MODE
CAUSE

FMN

DETECTION METHOD
CORRECTING ACTION

FAILURE EFFECT
ON VEHICLE

FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
ISR RELAY ENABLES THE BRIDGE a. FAILS DEACTIVATED CONTACTS WILL REMAIN IN NO EFFECT. 3
CONTROL CIRCUITRY. (COIL FAILS OPEN) DE-ENERGIZED POSITION. UNABLE TO
START M-G SET. DELAY OF OPERA-
TION.
a. FAILS ACTIVATED (CON- THE M-G SET WILL CONTINUE TO RUN NQ EFFECT. 3
TACTS REMAIN IN THE WHEN COMMANDED TO STOP. DELAY
ENERGIZED POSITION) OF OPERATIONS.
N.O. CONTACT CLOSES TO a. N.O. CONTACT FAILS M-G SET WILL START BUT THE BRIDGE NO EFFECT. 3
ENABLE THE BRIDGE MASTER OPEN CANNOT BE MOVED, AND THE BRAKES
CONTROL 3MC. CANNOT BE RELEASED WITH 3MC.
DELAY OF OPERATION.
a. N.O. CONTACT FAILS LOSS OF ABILITY TO DISABLE 3MC NO EFFECT. 3
CLOSED WITH 3SR. SERIES ARRANGED N.O.
RELAY CONTACT OF 3KRX, WILL
DISABLE 3MC.
N.O. CONTACT CLOSES TO a. N.O. CONTACT FAILS M-G SET WILL NOT START. DELAY OF NO EFFECT. 3
INITIATE AND MAINTAIN THE OPEN OPERATION.
START AND RUN SEQUENCE
FOR THE BRIDGE M-G SET.
a. N.O. CONTACT FAILS THE M-G SET WILL CONTINUE TO RUN NO EFFECT. 3

CLOSED

WHEN COMMANDED TO STOP. DELAY
OF OPERATIONS
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Table 38 (Page 1 of 14). ELECTRICAL FMEA - BRIDGE DRIVE

System

250-TON BRIDGE CRANE, VAB

Subsystem SPEED CONTROLS, BRAKE, INDICATION CIRCUIT
Drawing No. 69-K-L-11388

Sheet No. 21/22/24

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33
Date FEBRUARY 1994
Reference Figure Used

PMN K60-0533, K60-0534 Prepared By C. CRABB, LSOC 52-11
a. FAILURE MODE
b. CAUSE
¢c. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
3MC MASTER A7 QYSTICK” CONNECTED TO a. N.O. CONTACT FAILS UNABLE TO DRIVE THE BRIDGE NO EFFECT. 3
CONTROL MECHANICAL CONTACTS AND OPEN (1 OF 2) MOTORS AND RELEASE THE BRAKES
SWITCH REFERENCE POTENTIOMETER FOR NORMAL OPERATIONS. DELAY OF
(RPOT), TO PROVIDE THE OPERATION.
OPERATOR CONTROL OF THE
BRIDGE TRAVEL IN THE
EASTANEST DIRECTION.
a. N.O. CONTACT FAILS BRAKES WILL NOT SET WHEN THE NO EFFECT. 3
CLOSED (1 OF 2) MASTER CONTROL LEVER IS
RETURNED TO THE NEUTRAL POSI-
TION. WITH RPOT CENTERED THERE
WILL BE NO INPUT TO THE DC
MOTORS AND THE BRIDGE WILL STOP.
N.C. CONTACT {3MCS) OPENS a. N.C. CONTACT FAILS UNABLE TO START THE M-G SET. NO EFFECT. 3
WHEN THE "JOYSTICK” IS OPEN DELAY OF OPERATION.
POSITIONED QUT OF DETENT
TO PREVENT THE M-G SET
FROM 3EING STARTED.
a. N.C. CONTACT FAILS M-G SET CAN BE STARTED WITH THE NO EFFECT. 3
CLOSED 7JOYSTICK” OUT OF DETENT. OPER-
ATOR ERROR REQUIRED.
3ECR RELAY CONTROLS POWER TO RELAY a. FAILS DEACTIVATED CONTACTS WILL REMAIN IN NO EFFECT. 3
3BR, TO RELEASE THE (COIL FAILS OPEN) DE-ENERGIZED POSITION. BRAKES
BRAKES, AND RELAY 3XR, TO WILL NOT RELEASE WHEN THE
ENABLE THE GENERATOR MASTER CONTROLLER IS MOVED OUT
FIELD DC INPUT CONTROLLER OF NEUTRAL, AND THE BRAKE SWITCH
DURING BRIDGE TRAVEL. IS NOT ENGAGED. THE GENERATOR
FIELD DC INPUT CONTROLLER WILL BE
DISABLED PROVIDING NO OUTPUT TO
THE M-G SET. THE BRIDGE WILL NOT
MOVE. DELAY OF OPERATION.
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Tabie 38 (Page 2 of 14). ELECTRICAL FMEA - BRIDGE DRIVE

System

250-TON BRIDGE CRANE, VAB

Subsystem SPEED CONTROLS, BRAKE, INDICATION CIRCUIT
Drawing No. 69-K-.-11388

Sheet No. 21/22/24

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33
Date FEBRUARY 1994
Reference Figure Used

PMN K60-0533, K80-0534 Prepared By C. CRABB, LSCC 52-11
a. FAILURE MODE
b. CAUSE
c. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO, f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
a. FAILS ACTIVATED (CON- BRAKES WILL NOT SET AND THE GEN- NO EFFECT. 3
TACTS REMAIN IN THE ERATOR FIELD DC INPUT CONTROLLER
ENERGIZED POSITION) WILL REMAIN ENABLED WHEN THE
MASTER CONTROL LEVER IS
RETURNED TO THE NEUTRAL POSI-
TION. WITH RPOT CENTERED THERE
WILL BE NO INPUT TO THE DC
MOTORS AND THE BRIDGE WILL STOP.
N.O. CONTACT CLOSES TO a. N.O. CONTACT FAILS BRAKES WILL NOT RELEASE WHEN NO EFFECT. 3
ENERGIZE RELAY 3BR 7O OPEN THE MASTER CONTROLLER IS MOVED
RELEASE THE BRAKES. OUT OF NEUTRAL, AND THE BRAKE
SWITCH 1S NOT ENGAGED, CAUSING
POSSIBLE DAMAGE TO THE BRAKES.
DELAY OF OPERATION.
a. N.O. CONTACT FAILS BRAKES WILL NOT SET WHEN THE NO EFFECT. 3
CLOSED MASTER CONTROL LEVER IS
RETURNED TO THE NEUTRAL POSt-
TION. WITH RPOT CENTERED THERE
WILL BE NO INPUT TO THE DC
MOTORS AND THE BRIDGE WILL STOP.
N.O. CONTACT CLOSES TO a. N.O. CONTACT FAILS THE GENERATOR FIELD DC INPUT NO EFFECT. 3
ENERGIZE RELAY 3XR TO OPEN CONTROLLER WILL NOT BE ENABLED
ENABLE THE GENERATOR WHEN THE MASTER CONTROLLER IS
FIELD DC INPUT CON- MOVED QUT OF NEUTRAL RESULTING
TROLLER. IN NO OQUTPUT TO THE M-G SET. THE
BRIDGE WILL NOT MOVE. DELAY OF
OPERATION.
a. N.O. CONTACT FAILS THE GENERATOR FIELD DC INPUT NO EFFECT. 3
CLOSED CONTROLLER WILL REMAIN ENABLED
WHEN THE MASTER CONTROL LEVER
IS RETURNED TO THE NEUTRAL POSI-
TION. WITH RPOT CENTERED THERE
WILL BE NO INPUT TO THE DC
MOTORS AND THE BRIDGE WILL STOP.
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Table 38 (Page 3 of 14), ELECTRICAL FMEA - BRIDGE DRIVE

System

250-TON BRIDGE CRANE, VAB

Subsystem SPEED CONTROLS, BRAKE, INDICATION CIRCUIT

Drawing No. §9-K-_-11388

Sheet No. 21/22/24

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33
Date FEBRUARY 1994
Reference Figure Used

PMN K60-0533, K60-0534 Prepared By C. CRABB, LSOC 5§2-11
a. FAILURE MODE
b. CAUSE
c. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO, f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
N.C. CONTACT OPENS TO a. N.C. CONTACT FAILS RELAY 3WCR WILL NOT BE LOCKED NO EFFECT. 3
DISABLE RELAY 3WCR. CLOSED ouT.
a. N.C. CONTACT FAILS UNABLE TO TRAVEL IN OPPOSITE NO EFFECT. 3
OPEN DIRECTION. DELAY OF OPERATION,
3WCR RELAY CONTROLS POWER TO RELAY a. FAILS DEACTIVATED CONTACTS WILL REMAIN IN NO EFFECT. 3
3BR., TO RELEASE THE {COIL FAILS OPEN) DE-ENERGIZED POSITION. BRAKES
BRAKES, AND RELAY 3XR, TO WILL NOT RELEASE WHEN THE
ENABLE THE GENERATOR MASTER CONTROLLER IS MOVED CUT
FIELD DC INPUT CONTROLLER OF NEUTRAL, AND THE BRAKE SWITCH
DURING BRIDGE TRAVEL. IS NOT ENGAGED. THE GENERATOR
FIELD DC INPUT CONTROLLER WILL BE
DISABLED PROVIDING NO OUTPUT TO
THE M-G SET. THE BRIDGE WILL NOT
MOVE. DELAY OF OPERATION.
a. FAILS ACTIVATED (CON- BRAKES WILL NOT SET AND THE GEN- NO EFFECT. 3
TACTS REMAIN IN THE ERATOR FIELD DC INPUT CONTROLLER
ENERGIZED POSITION) WILL REMAIN ENABLED WHEN THE
MASTER CONTROL LEVER iS
RETURNED TO THE NEUTRAL POSI-
TION. WITH RPOT CENTERED THERE
WILL BE NO INPUT TO THE DC
MOTORS AND THE BRIDGE WILL STOP.
N.O. CONTACT CLOSES TO a. N.O. CONTACT FAILS BRAKES WILL NOT RELEASE WHEN NO EFFECT. 3
ENERGIZE RELAY 38R TC OPEN THE MASTER CONTROLLER IS MOVED
RELEASE THE BRAKES. OUT OF NEUTRAL, AND THE BRAKE
SWITCH (S NOT ENGAGED, CAUSING
POSSIBLY DAMAGE TO THE BRAKES.
DELAY C~ OPERATION.
a. N.O. CONTACT FAILS BRAKES WILL NOT SET WHEN THE NO EFFECT. 3

CLOSED

MASTER CONTROL LEVER IS
RETURNED TO THE NEUTRAL POSI-
TION. WITH RPQT CENTERED THERE
WILL BE NO INPUT TQ THE DC
MOTORS AND THE BRIDGE WILL STOP.
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Table 38 (Page 4 of 14). ELECTRICAL FMEA - BRIDGE DRIVE

System

250-TON BRIDGE CRANE, VAB

Subsystem SPEED CONTROLS, BRAKE, INDICATION CIRCUIT
Drawing No. 69-K-L-11388

Sheet No. 21/22/24

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33
Date FEBRUARY 1994
Reference Figure Used

Prepared By C. CRABB, LSOC 52-11

PART FUNCTION

FAILURE MODE
CAUSE

FMN

DETECTION METHOD
CORRECTING ACTION
TIME TO EFFECT
TIMEFRAME

FAILURE EFFECT ON
SYSTEM PERFORMANCE

FAILURE EFFECT
ON VEHICLE
SYSTEMS AND/OR
PERSONNEL SAFETY

CRIT
CAT

PMN K80-0533, K60-0534
FIND NO.
PART NO. PART NAME
JETLS END TRAVEL
LIMIT
SWITCH
3WTLS END TRAVEL
LiMiT
SWITCH

N.O. CONTACT CLOSES TO
ENERGIZE RELAY 3XR TO
ENABLE THE GENERATOR
FIELD DC INPUT CON-
TROLLER.

N.C. CONTACT CPENS TO
DISABLE RELAY 3ECR.

SETS THE BRAKES ON THE
BRIDGE DRIVE (N THE EENT
THE EAST END LIMIT OF
TRAVEL |S REACHED.

SETS THE BRAKES ON THE
BRIDGE DRIVE IN THE EVENT
THE CRANE IS BEING OPER-
ATED TOO CLOSE TO THE
325-TON 8RIDGE CRANE.

N.Q. CONTACT FAILS
OPEN

N.O. CONTACT FAILS
CLOSED

N.C. CONTACT FAILS
CLOSED

N.C. CONTACT FAILS
OPEN

N.C. CONTACT FAILS
OPEN

N.C. CONTACT FAILS
CLOSED

N.C. CONTACT FAILS
OPEN

THE GENERATOR FIELD DC INPUT
CONTROLLER WILL NOT BE ENABLED
WHEN THE MASTER CONTROLLER IS
MOVED OUT OF NEUTRAL RESULTING
IN NO OUTPUT TO THE M-G SET. THE
BRIDGE WILL NOT MOVE. DELAY OF
OPERATION.

THE GENERATOR FIELD DC INPUT
CONTROLLER WILL REMAIN ENABLED
WHEN THE MASTER CONTROL LEVER
IS RETURNED TO THE NEUTRAL POSI-
TION. WITH RPOT CENTERED THERE
WILL BE NO INPUT TO THE OC

MOTORS AND THE BRIDGE WILL STOP.

RELAY 3ECR WILL NCT BE LOCKED
OouT.

UNABLE TO TRAVEL IN OPPOSITE
DIRECTION. DELAY OF OPERATION.

BRAKES WILL NOT RELEASE UNLESS
THE BRAKE SWITCH IS ENGAGED,
CAUSING POSSIBLE DAMAGE TO THE
BRAKES. DELAY OF OPERATION.

POSSIBLE DAMAGE TO THE BRIDGE
STRUCTURE. MULTIPLE FAILURE OR
OPERATCR ERROR REQUIRED.

BRAKES WILL NOT RELEASE UNLESS
THE BRAKE SWITCH IS ENGAGED,
CAUSING POSSIBLE DAMAGE TO THE
BRAKES. DELAY OF OPERATION.

NO EFFECT.

NO EFFECT.

NO EFFECT.

NO EFFECT.

NQ EFFECT.

NO EFFECT.

NO EFFECT.
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Table 38 (Page 5 of 14). ELECTRICAL FMEA - BRIDGE DRIVE

System

250-TON BRIDGE CRANE, VAB

Subsystem SPEED CONTROLS, BRAKE, INDICATION CIRCUIT
Drawing No, 89-K-L-11388

Sheet No. 21/22/24

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33
Date FEBRUARY 1994
Reference Figure Used

PMN K60-0533, K60-0534 Prepared By C. CRABS, LSOC 352-11
a. FAILURE MODE
b. CAUSE
c. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
a. N.C. CONTACT FAILS POSSIBLE DAMAGE TO THE BRIDGE NO EFFECT. 3
CLOSED STRUCTURE OR THE 325-TON BRIDGE
CRANE BRIDGE STRUCTURE. MUL-
TIPLE FAILURE OR OPERATOR ERROR
REQUIRED.
HCR RUN RELAY CONTROLS RELAY 3RUN FOR a. FAILS DEACTIVATED CONTACTS REMAIN IN DE-ENERGIZED NQ EFFECT. 3
ENERGIZING THE GENERATOR {CQIL FAILS OPEN) POSITION. THE GENERATOR FIELD
FIELD WINDING FOR BRIDGE WINDING WiILL NOT BE ENERGIZED.
TRAVEL. NO QUTPUT FROM GENERATOR.
UNABLE TO MOVE BRIDGE. DELAY OF
QPERATION.
a. FAILS ACTIVATED (CON- RELAY 3RUN N.O. CONTACT WILL NO EFFECT. 3
TACTS REMAIN IN THE REMAIN CLOSED WHEN THE JOYSTICK
ENERGIZED POSITION) IS RETURNED TO CENTER. THERE
WILL BE NO INPUT TO THE GENER-
ATOR FIELD WINDING BECAUSE THE
GENERATOR FIELD DC INPUT CON-
TROLLER WILL BE DISABLED.
a. N.O. CONTACT FAILS THE GENERATOR FIELD WINDING WILL NO EFFECT. 3
OPEN NOT BE ENERGIZED. NO QUTPUT
FROM GENERATOR. UNABLE TO MOVE
BRIDGE. DELAY OF OPERATION.
a. N.O. CONTACT FAILS RELAY 3RUN N.O. CONTACT WILL NO EFFECT. 3
CLOSED REMAIN CLOSED WHEN THE JOYSTICK
IS RETURNED TO CENTER. THERE
WILL BE NO INPUT TO THE GENER-
ATOR FIELD WINDING BECAUSE THE
GENERATOR FIELD DC INPUT CON-
TROLLER WILL BE DISABLED.
a. N.C. CONTACT FAILS THE GENERATOR FIELD WINDING WILL NO EFFECT. 3
CLOSED NOT BE ENERGIZED. NO QUTPUT
FROM GENERATOR. UNABLE TO MOVE
BRIDGE. DELAY OF OPERATION.
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Table 38 (Page 6 of 14). ELECTRICAL FMEA - BRIDGE DRIVE

System

250-TCN BRIDGE CRANE, VAB

Subsystem SPEED CONTROLS, BRAKE, INDICATION CIRCUIT
Drawing No. 69-K-L-11388
PMN K60-0533, K80-0534

Sheet No. 21/22/24

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33
Date FEBRUARY 1924
Reference Figure Used

Prepared By C. CRABB, LSOC 52-11

FAILURE MODE

b. CAUSE
c. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
a. N.C. CONTACT FAILS RELAY 3RUN N.O. CONTACT WILL NO EFFECT. 3
QPEN DROP OUT (OPEN) BY GRAVITY
AND/OR THE SPRING FORCE.
N.O. CONTACT, ARRANGED IN a. N.O. CONTACT FAILS BRAKES WILL SET IMMEDIATELY NO EFFECT. 3
SERIES WITH 3VR, CLOSES TO OPEN WHEN THE JOYSTICK IS RETURNED TO
PROVIDE SELF LATCHING NEUTRAL. POSSIBLE DAMAGE TO THE
AND KEEP RELAY 3ECR ENER- BRAKES.
GIZED TO PRCVIDE FOR A
SMOOTH SLOW TO STOP
MOVEMENT BY KEEPING THE
BRAKES RELEASED UNTIL
THE VOLTAGE IN THE DC
MOTOR LOCP GOES BELOW A
PREDETERMINED LIMIT.
a. N.O. CONTACT FAILS SERIES ARRANGED CONTACT OF NO EFFECT. 3
CLOSED RELAY 3VR WILL OPEN WHEN THE
VOLTAGE IN THE DC MOTOR GOES
BELOW THE PREDETERMINED LEVEL
TO DEENERGIZE RELAYS HCR RUN
AND 3ECR. THE VOLTAGE IN THE DC
MOTOR LOOP WILL DECREASE WHEN
THE JOYSTICK 1S RETURNED TO
NEUTRAL.
LCR RUN RELAY CONTROLS RELAY 3RUN FOR a. FAILS DEACTIVATED CONTACTS REMAIN IN DE-ENERGIZED NO EFFECT. 3
ENERGIZING THE GENERATOR (COIL FAILS OPEN) POSITION. THE GENERATOR FIELD
FIELD WINDING FOR BRIDGE WINDING WILL NOT BE ENERGIZED.
TRAVEL. NO OQUTPUT FROM GENERATOR.
UNABLE TO MOVE BRIDGE. DELAY OF
OPERATION.
a. FAILS ACTIVATED (CON- RELAY 3RUN N.O. CONTACT WILL NO EFFECT. 3

TACTS REMAIN IN THE
ENERGIZED POSITION)

REMAIN CLOSED WHEN THE JOYSTICK
IS RETURNED TO CENTER. THERE
WILL BE NO INPUT TO THE GENER-
ATOR FIELD WINDING BECAUSE THE
GENERATOR FIELD DC INPUT CON-
TROLLER WILL BE DISABLED
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Table 38 (Page 7 of 14). ELECTRICAL FMEA - BRIDGE DRIVE

System

Drawing No. 69-K-L-11388

250-TON BRIDGE CRANE, vaB
Subsystem SPEED CONTROLS, BRAKE, INDICATION CIRCUIT

Sheet No. 21/22/24

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33
Date FEBRUARY 1994
Reference Figure Used

PMN K60-0533, K80-0534 Prepared By C. CRABB, LSOC 52-11
a, FAILURE MODE
b. CAUSE
c. FMN
d. DETECTION METHOD FAILURE EFFECT
a. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT

N.O. CONTACT. ARRANGED IN
SERIES WITH 3VR, CLOSES TO
PROVIDE SELF LATCHING
AND KEEP RELAY 3WCR
ENERGIZED TO PROVIDE FOR
A SMOOTH SLOW TQ STOP
MOVEMENT BY KEEPING THE
BRAKES RELEASED UNTIL
THE VOLTAGE IN THE DC
MOTCR LOOP GOES BELOW A
PREDETERMINED LIMIT.

N.O. CONTACT FAILS
OPEN

N.O. CONTACT FAILS
CLOSED

N.C. CONTACT FAILS
CLOSED

N.C. CONTACT FAILS
OPEN

N.O. CONTACT FAILS
OPEN

THE GENERATOR FIELD WINDING WILL
NOT BE ENERGIZED. NO QUTPUT
FROM GENERATOR. UNABLE TO MOVE
BRIDGE. DELAY OF OPERATION.

RELAY 3RUN N.O. CONTACT WILL
REMAIN CLOSED WHEN THE JOYSTICK
IS RETURNED TO CENTER. THERE
WILL BE NO INPUT TO THE GENER-
ATOR FIELD WINDING BECAUSE THE
GENERATOR FIELD DC INPUT CON-
TROLLER WILL BE DISABLED.

THE GENERATOR FIELD WINDING WiLL
NOT BE ENERGIZED. NO QUTPUT
FROM GENERATOR. UNABLE TO MOVE
BRIDGE. DELAY OF OPERATION.

RELAY JRUN N.O. CONTACT WiLL
DROP QUT (OPEN) BY GRAVITY
AND/OR THE SPRING FORCE.

BRAKES WILL SET IMMEDIATELY
WHEN THE JOYSTICK (S RETURNED 7O
NEUTRAL. POSSIBLE DAMAGE TO THE
BRAKES.

NO EFFECT.

NO EFFECT.

NO EFFECT.

NO EFFECT.

NO EFFECT.
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Table 38 (Page 8 of 14). ELECTRICAL FMEA - BRIDGE DRIVE

System  250-TON BRIDGE CRANE, VAB

Subsystem SPEED CONTROLS, BRAKE, iNDICATION CIRCUIT
Drawing No. 69-K-L-11388 Sheet No. 21/22/24

PMN K80-0533, K80-0534

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33
Date FEBRUARY 1994

Reference Figure Used

Prepared By C. CRABB, LSOC 52-11

a. FAILURE MODE
b. CAUSE
c. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
a. N.O. CONTACT FAILS SERIES ARRANGED CONTACT OF NOQ EFFECT. 3
CLOSED RELAY 3VR WILL OPEN WHEN THE
VOLTAGE IN THE DC MOTOR GOES
BELOW THE PREDETERMINED LEVEL
TO DEENERGIZE RELAYS HCR RUN
AND 3WCR. THE VOLTAGE IN THE DC
MOTOR LOOP WILL DECREASE WHEN
THE JOYSTICK IS RETURNED TO
NEUTRAL.
Si BRAKE PROVIDES CAPABILITY TO a. FAILS OPEN UNABLE TO RELEASE BRAKES WHILE NO EFFECT. 3
SWITCH RELEASE THE BRAKES WHILE MASTER CONTROL SWITCH IS IN
THE MASTER CONTROL NEUTRAL POSITION.
SWITCH IS IN THE NEUTRAL
POSITION.
a. FAILS CLOSED BRAKES WILL BE RELEASED WHILE NO EFFECT. 3
THE MASTER CONTROL SWITCH IS IN
THE NEUTRAL POSITION. WITH THE
MASTER CONTROL SWITCH CENTERED
THERE WILL BE NO INPUT TO THE DC
MOTORS AND THE BRIDGE WILL STOP.
3BR RELAY, ENERGIZES TO PROVIDE a. FAILS DEACTIVATED CONTACTS WILL REMAIN IN NO EFFECT. 3
BRAKE POWER TO THE BRAKE {COIL FAILS CPEN) DE-ENERGIZED POSITION. BRAKES
SOLENOIDS TO RELEASE THE WILL NOT RELEASE WHEN THE
BRAKES. MASTER CONTROLLER IS MOVED OUT
OF NEUTRAL, OR THE BRAKE SWITCH
IS ENGAGED, CAUSING POSSIBLE
DAMAGE TO THE BRAKES. DELAY OF
OPERATION.
a. FAILS ACTIVATED (CON- BRAKES WILL NOT SET WHEN THE NO EFFECT. 3
TACTS REMAIN IN THE MASTER CONTROL LEVER IS
ENERGIZED POSITION) RETURNED TO THE NEUTRAL POSI-
TION. ‘WITH RPOT CENTERED THERE
WILL BE NO INPUT TO THE DC
MOTORS AND THE BRIDGE WILL STOP.
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Table 38 (Page 9 of 14). ELECTRICAL FMEA - BRIDGE DRIVE

System

250-TON BRIDGE CRANE, VAB

Subsystem SPEED CONTROLS, BRAKE, INDICATION CIRCUIT
Drawing No. 59-K-L-11388

Sheet No. 21/22/24

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33
Date FEBRUARY 1994
Reference Figure Used

PMN K60-0533, K60-0534 Prepared By C. CRABB, LSOC 52-11
a. FAILURE MODE
b. CAUSE
¢. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
a. N.Q. CONTACT FAILS BRAKES WILL NOT RELEASE WHEN NQO EFFECT. 3
OPEN (1 OF 2) THE MASTER CONTROLLER IS MOVED
OUT OF NEUTRAL, OR THE BRAKE
SWITCH IS ENGAGED, CAUSING POS-
SIBLE DAMAGE TO THE BRAKES.
DELAY OF OPERATION.
a. N.O. CONTACT FAILS SERIES ARRANGED CONTACT WILL NO EFFECT. 3
CLOSED (1 OF 2) OPEN TO SET BRAKES.
3SDR RELAY, ENERGIZED BY THE COARSE a. FAILS DEACTIVATED CONTACTS REMAIN IN DE-ENERGIZED NO EFFECT. 3
3LOW DOWN SPEED ENABLE SWITCH, (COIL FAILS OPEN) POSITION. BRIDGE WILL ONLY
3CSES, TO ALLOW THE TRAVEL IN THE FINE SPEED RANGE.
BRIDGE TO OPERATE IN
COARSE SPEED. IT IS
DE-ENERGIZED BY LIMIT
SWITCH 3ESDLS OR 3WSDLS
TO ALLOW TRAVEL CNLY IN
THE FINE SPEED RANGE
WHEN THE BRIDGE IS WITHIN
10 FEET FROM THE EAST END
OF TRAVEL OR W!THIN CLOSE
PROXIMITY OF THE 325-TON
BRIDGE CRANE.
a. FAILS ACTIVATED (CON- BRIDGE TRAVEL SPEED WILL NOT NO EFFECT. 3
TACTS REMAIN IN THE REDUCE WHEN 10 FT. LIMIT IS
ENERGIZED POSITION) REACHED OR WHEN WITHIN CLOSE
PROXIMITY OF THE 325-TON BRIDGE
CRANE. MULTIPLE FAILURE OR OPER-
ATOR ERROR REQUIRED.
a. N.O. CONTACT FAILS BRIDGE WILL ONLY TRAVEL IN THE NO EFFECT. 3
OPEN (1 OF 2) FINE SPEED RANGE.
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Table 38 (Page 10 of 14). ELECTRICAL FMEA - BRIDGE DRIVE

System

250-TON BRIDGE CRANE, VAB

Subsystem SPEED CONTROLS, BRAKE, INDICATION CIRCUIT
Drawing No. 69-K-L-11388

Sheet No. 21/22/24

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33
Date FEBRUARY 1994
Reference Figure Used

PMN K80-0533, K80-0534 Prepared By C. CRABB, LSOC 52-11
a. FAILURE MODE
b. CAUSE
c. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NOQ. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
a. N.O. CONTACT FAILS BRIDGE TRAVEL SPEED WILL NOT NO EFFECT. 3
CLOSED (1 OF 2) REDUCE WHEN 10 FT. LIMIT IS
REACHED OR WHEN WITHIN CLOSE
PROXIMITY OF THE 325-TON BRIDGE
CRANE. MULTIPLE FAILURE OR OPER-
ATOR ERROR REQUIRED.
N.O. CONTACT CLOSES TO a. N.O. CONTACT FAILS RELAY WILL NOT REMAIN ENERGIZED NQ EFFECT. 3
PROVIDE RELAY SELF OPEN WHEN THE COARSE SELECT ENABLE
LATCHING. SWITCH IS RELEASED. BRIDGE WILL
ONLY TRAVEL IN THE FINE SPEED
RANGE.
a. N.O. CONTACT FAILS BRIDGE TRAVEL SPEED WILL NOT NO EFFECT. 3
CLOSED REDUCE WHEN 10 FT. LIMIT iS
REACHED OR WHEN WITHIN CLOSE
PROXIMITY OF THE 325-TON BRIDGE
CRANE. MULTIPLE FAILURE OR OPER-
ATOR ERROR REQUIRED.
3CSES SWITCH, ENERGIZES RELAY 3SDR TO a. FAILS OPEN BRIDGE WILL ONLY TRAVEL IN THE NO EFFECT. 3
COARSE ALLCW THE BRIDGE TO FINE SPEED RANGE.
SPEED OPERATE iN THE COARSE
ENABLE SPEED RANGE.
a. FAILS CLOSED RELAY 3SDR WILL REMAIN ENER- NO EFFECT. 3
GIZED. BRIDGE TRAVEL SPEED WILL
NOT REDUCE WHEN 10 FT. LIMIT IS
REACHED OR WHEN WITHIN CLOSE
PROXIMITY OF THE 325-TON BRIDGE
CRANE. MULTIPLE FAILURE OR OPER-
ATOR ERROR REQUIRED.
3ESDLS SWITCH, OPENS TO DE-ENERGIZE a. FAILS OPEN BRIDGE WILL ONLY TRAVEL iN THE NO EFFECT. 3
LIMIT RELAY 3SDR AND LIMIT THE FINE SPEED RANGE.
SRIDGE TRAVEL TQ THE FINE
SPEED RANGE WHEN BRIDGE
COMES WITHIN 10 FT. OF THE
EAST END OF TRAVEL.
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Table 38 (Page 11 of 14). ELECTRICAL FMEA - BRIDGE DRIVE

System

250-TON BRIDGE CRANE, VAB

Subsystem SPEED CONTROLS, BRAKE, INDICATION CIRCUIT
Drawing No. 69-K-L.11388
PMN K80-0533, K60-0534

Sheet No. 21/22/24

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33
Date FEBRUARY 1994

Reference Figure Used

Prepared By C. CRABS, LSQC 52-11

a. FAILURE MODE
b. CAUSE
c. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
a. FAILS CLOSED RELAY 3SDR WILL REMAIN ENER- NO EFFECT. 3
GIZED. BRIDGE TRAVEL SPEED WiILL
NOT REDUCE WHEN 10 FT. LIMIT IS
REACHED. MULTIPLE FAILURE OR
OPERATOR ERROR REQUIRED.
3WSDLS SWITCH, OPENS TO DE-ENERGIZE a. FAILS OPEN BRIDGE WILL ONLY TRAVEL (N THE NO EFFECT. 3
LIMIT RELAY 3SDR AND LIMIT THE FINE SPEED RANGE.
BRIDGE TRAVEL TO THE FINE
SPEED RANGE WHEN THE
BRIDGE COMES WITHIN
CLOSE PROXIMITY OF THE
325-TON BRIDGE CRANE,
a. FAILS CLOSED RELAY 3SDR WILL REMAIN ENER- NO EFFECT. 3
GIZED. BRIDGE TRAVEL SPEED WILL
NOT REDUCE WHEN WITHIN CLOSE
PROXIMITY OF THE 325-TON BRIDGE
CRANE. MULTIPLE FAILURE OR OPER-
ATOR ERROR REQUIRED.
SRECT RECTIFIER, CONVERTS 120V AC INPUT TO a. DIODE FAILS OPEN NO DC OUTPUT FROM SRECT. NO EFFECT. 3
BRIDGE OC OUTPUT ~OR ENERGIZING

RELAY 3ZRUN FOR CONTROL-
LING CURRENT TO THE GEN-
ERATOR FIELD WINDING.

IF THE FAILURE OCCURS WHILE 3RUN
“DROP QUT” COIL IS ENERGIZED, THE
GENERATOR FIELD WINDING WILL NOT
BE ENERGIZED. THERE WILL BE NO
QUTPUT FROM THE GENERATOR AND
NO MOVEMENT FRCM THE BRIDGE.
DELAY OF OPERATIONS.

OR

IF THE FAILURE OCCURS WHILE 3RUN
“PULL IN” COIL IS ENERGIZED THE
N.O. CONTACT WILL DROP OUT {OPEN)
BY GRAVITY AND/OR THE SPRING
FORCE RESULTING IN NO MOVEMENT
FROM THE BRIDGE. DELAY OF OPER-
ATIONS.
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Table 38 (Page 12 of 14). ELECTRICAL FMEA - BRIDGE DRIVE

Systemn

250-TON BRIDGE CRANE, VAB

Subsystem SPEED CONTROLS, BRAKE, INDICATION CIRCUIT

Drawing No. 69-K-L-11388

Sheet No. 21/22/24

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33
Date FEBRUARY 1994
Reference Figure Used

PMN K80-0533, K60-0534 Prepared By C. CRABB, LSOC 52-11
a. FAILURE MODE
b. CAUSE
c. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NQ. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
a. DIODE FAILS SHORT INCREASED CURRENT TO THE RELAY NO EFFECT. 3
3RUN COILS RESULTING IN THE COILS
FAILING OPEN.
IF THE FAILURE OCCURS WHILE 3RUN
"DROP OUT” COIl. IS ENERGIZED, THE
GENERATOR FIELD WINDING WILL NOT
BE ENERGIZED. THERE WILL BE NO
QUTPUT FROM THE GENERATOR AND
NO MOVEMENT FROM THE BRIDGE.
DELAY OF OPERATIONS.
OR
IF THE FAILURE OCCURS WHILE 3RUN
"PULL IN” COIL iS ENERGIZED, THE
INCREASED CURRENT TO THE RELAY
COIL RESULTS IN THE COIL FAILING
OPEN. THE N.O. CONTACT WILL DROP
QUT (OPEN) BY GRAVITY AND/OR THE
SPRING FORCE. DELAY OF OPERA-
TION.
3RUN RELAY N.O. CONTACT CLOSES TO a. “PULL IN" FAILS DEACTI- CONTACTS REMAIN IN DE-ENERGIZED NO EFFECT. 3
ALLOW INPUT CURRENT VATED (COIL FAILS POSITION. GENERATOR FIELD
FROM THE GENERATOR FIELD OPEN) WINDING WILL NOT BE ENERGIZED.
DC INPUT CONTROLLER TO NO OUTPUT FROM GENERATOR.
THE M-G SET GENERATOR DELAY OF OPERATION.
FIELD WINDING TO MOVE THE
DC DRIVE MOTORS.
N.C. CONTACT ALLOWS RESI-
DUAL CURRENT IN THE GEN-
ERATOR TO DIMINISH AFTER
THE DRIVE MOTION IS COM-
PLETED.
a. "DROP OUT” FAILS THE N.O. CONTACT WILL DRCP OUT NO EFFECT. 3
DEACTIVATED (COIL {OPEN) BY GRAVITY AND/OR THE
FAILS OPEN) SPRING FORCE.
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Table 38 (Page 13 of 14). ELECTRICAL FMEA - BRIDGE DRIVE

System

250-TON BRIDGE CRANE, VAB

Subsystern SPEED CONTROLS, BRAKE, INDICATION CIRCUIT

Drawing No. 69-K-L-11388
PMN K60-0833, K60-0534

Sheet No. 21/22/24

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33
Date FEBRUARY 1994
Reference Figure Used

Prepared By C. CRABB, LSOQC §2-11

PART FUNCTION

&

FAILURE MODE
CAUSE

FMN

DETECTION METHOD
CORRECTING ACTION
TIME TO EFFECT
TIMEFRAME

FAILURE EFFECT ON
SYSTEM PERFORMANCE

FAILURE EFFECT
ON VEHICLE
SYSTEMS AND/OR
PERSONNEL SAFETY

CRIT
CAT

FIND NO.
PART NO. PART NAME
SRES RESISTOR
PL21 INDICATION
LAMP

PL22 INDICATION
LAMP

PL23 INDICATION
LAMP

PROVIDES A CURRENT
LIMITER FOR THE RESIDUAL
CURRENT IN THE GENERATOR
AFTER THE DRIVE MOTION IS
COMPLETED.

PROVIDES INDICATION THAT
BRIDGE DRIVE MOTOR #1 IS
OVERHEATING.

PROVIDES INDICATION THAT
BRIDGE DRIVE MOTOR #2 18
OVERHEATING.

PROVIDES INDICATION THAT
BRIDGE DRIVE MOTOR #3 IS
OVERHEATING.

ple~po

FAILS ACTIVATED (CON-
TACTS REMAIN IN THE
ENERGIZED POSITION)

N.O. CONTACT FAILS
OPEN/N.C. CONTACT
FAILS CLOSED

N.O. CONTACT FAILS
CLOSED/N.C. CONTACT
FAILS OPEN

FAILS OPEN

FAILS OPEN

FAILS OPEN

FAILS OPEN

N.O. CONTACT WILL REMAIN CLOSED
WHEN THE JOYSTICK {S RETURNED TO
CENTER. THERE WILL BE NO INPUT
TO THE GENERATOR FIELD WINDING
BECAUSE THE GENERATOR FIELD DC
INPUT CONTROLLER WILL BE DISA-
BLED.

GENERATOR FIELD WILL NOT BE ENER-
GIZED. NO QUTPUT FROM GENER-
ATOR. DELAY OF OPERATION.

N.O. CONTACT WILL REMAIN CLOSED
WHEN THE JOYSTICK IS RETURNED TO
CENTER. THERE WILL BE NO INPUT
TO THE GENERATOR FIELD WINDING
BECAUSE THE GENERATOR FIELD DC
INPUT CONTROLLER WILL BE DISA-
BLED.

THE RESIDUAL CURRENT IN THE GEN-
ERATOR WILL NOT BE DIMINISHED.
NO EFFECT ON NORMAL OPERATIONS,

NO INDICATION FOR MOTOR OVER-
HEATING FROM LIGHT. ALARM WILL
SOUND.

NO INDICATION FOR MOTOR OVER-
HEATING FROM LIGHT. ALARM WILL
SOUND.

NO INDICATION FOR MOTOR OVER-
HEATING FROM LIGHT. ALARM WILL
SOUND.

NO EFFECT.

NO EFFECT.

NO EFFECT.

NO EFFECT.

NO EFFECT.

NO EFFECT.

NO EFFECT.

“)
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Table 38 (Page 14 of 14). ELECTRICAL FMEA - BRIDGE DRIVE

System

250-TON BRIDGE CRANE, VAB

Subsystem SPEED CONTROLS, BRAKE, iNDICATION CIRCUIT

Drawing No. 69-K-L-11388

Sheet No. 21/22/24

Program SPACE SHUTTLE

Station Set/Facility Code 20, 33
Date FEBRUARY 1924
Reference Figure Used

PMN K60-0533, K80-0534 Prepared By C. CRABB, LSOC 52-11
a. FAILURE MODE
b. CAUSE
c. FMN
d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO, f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
PL24 INDICATION PROVIDES INDICATION THAT a. FAILS OPEN NO INDICATION FOR MOTOR OVER- NO EFFECT. 3
LAMP BRIDGE DRIVE MOTOR #4 IS HEATING FROM LIGHT. ALARM WiLL
OVERHEATING. SOUND.
PL25 INDICATION PROVIDES INDICATION THAT a. FAILS OPEN NO INDICATION FOR BLOWER MOTOR NO EFFECT. 3
LAMP BRIDGE DRIVE BLOWER OVERHEATING FROM LIGHT.
MOTOR #1 IS OVERHEATING.
PL26 INDICATION PROVIDES INDICATION THAT a. FAILS OPEN NO INDICATION FOR BLOWER MOTOR NO EFFECT. 3
LAMP BRIDGE DRIVE BLOWER OVERHEATING FROM LIGHT.
MOTOR #2 1S OVERHEATING.
PL27 INDICATICN PROVIDES INDICATION THAT a. FAILS OPEN NO INDICATION FOR BLOWER MOTOR NO EFFECT. 3
LAMP BRIDGE DRIVE BLOWER OVERHEATING FROM LIGHT.
MOTOR #3 !S OVERHEATING.
PL28 INDICATION PROVIDES INDICATION THAT a. FAILS OPEN NO INDICATION FOR BLOWER MOTOR NO EFFECT. 3
LAMP BRIDGE DRIVE BLOWER QVERHEATING FROM LIGHT.
MOTOR #4 IS OVERHEATING.
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S | Table 39 (Page 1 of 2. ELECTRICAL FMEA - BRIDGE DRIVE
é System  250-TON BRIDGE CRANE, VAB Station Set/Facility Code 20, 33
% Subsystem BLOWER MOTOR CONTROL Program SPACE SHUTTLE Date FEBRUARY 1994
m Drawing No. 69-K-.-11388 Sheet No. 22/23/28 Reference Figure Used
- PMN K80-0533, K60-0534 Prepared By C. CRABB, LSOC 52-11
13)]
n a. FAILURE MODE
- b. CAUSE
o] c. FMN
oo-l d. DETECTION METHOD FAILURE EFFECT
e. CORRECTING ACTION ON VEHICLE
FIND NO. f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
3MB RELAY ENERGIZES TO TURN ON a. FAILS DEACTIVATED CONTACTS REMAIN IN DEENERGIZED NO EFFECT. 3
BLOWER MOTORS, M23, M24, (COIL FAILS OPEN) POSITION. THE BLOWER MOTORS
M25 & M26, WHEN THE M-G WILL NOT START. POSSIBLE DAMAGE
SET IS STARTED. TO THE DC DRIVE MOTORS. THE
BRIDGE MOTOR WINDING TEMPER-
ATURE SENSOR WilL SHUT DOWN THE
BRIDGE M-G SET IF NECESSARY.
a. FAILS ACTIVATED (CON- THE BLOWER MOTORS WILL CONTINUE NO EFFECT. 3
TACTS REMAIN IN THE TO RUN AFTER M-G SET SHUT DOWN.
ENERGIZED POSITION) THEY CAN BE SHUT DOWN BY
N OPENING CIRCUIT BREAKER 11CB.
s DELAY OF OPERATIONS.
a. N.O. CONTACT FAILS BLOWER MOTORS WILL NOT RECEIVE NO EFFECT. 3
OPEN (1 OF 3) FULL POWER. POSSIBLE DAMAGE TO
THE BLOWER MOTORS AND THE DC
DRIVE MOTORS. THE BRIDGE MOTCOR
WINDING TEMPERATURE SENSOR WILL
SHUT DOWN THE BRIDGE M-G SET iF
NECESSARY.
a. N.O. CONTACT FAILS BLOWER MOTORS WILL BE SHUT OFF NO EFFECT. 3
CLOSED (1 OF 3} AS ZXPECTED.
30LR1, RELAY RELAYS ENERGIZE TO 