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SECTION I

SUMMARY OF FINDINGS

1.1 SYSTEM CRITICALITY

The two 30-Ton Bridge Cranes located in the high bay at the Space Station
Processing Facility (SSPF) are assessed as critical due to their direct
interface with flight hardware. A failure could cause loss of life
and/or flight hardware. No critical single failure points were
identified during this analysis. Although no critical single failure
points were identified, this system is being considered a criticality category
1 system. This is due to the uniqueness (one-of-a-kind) of the Space
Station Modules to be lifted. Loss of a Space Station Module could
cause a losgss of mission.

1.2 MECHANICAL CRITICAL ITEMS

There were no mechanical critical items identified in the critical
output functions identified in section IV for this equipment. See
section 5.1 for additional information.

1.3 ELECTRICAL CRITICAL ITEMS

There were no electrical critical items identified in the critical output
functions identified in section IV for this equipment. See section 5.2
for additional information.

1.4 CRITICAL FLEX HOSES

There are no critical flex hoses associated with this equipment.

1.5 CRITICAL ORIFICES

There are no critical orifices associated with this equipment.

1.6 CRITICAL FILTERS

There are no critical filters associated with this equipment.

1.7 CRITICALITY CATEGORY 1R ITEMS

There were eight (8) criticality category 1R items identified in the
critical output functions identified in section IV for this equipment.
See section 5.1, 5.2 and 5.10 for additional information.

1.8 HAZARDS IDENTIFIED

There were no formal hazards identified during this analysis.
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1.9 CRITICAL CONTROL/MONITOR FUNCTIONS

There are no TCMS control/monitor functions associated with this system.
1.10 SNEAK CIRCUITS IDENTIFIED

There was no Sneak Circuit Analysis performed for this system.

1.11 AREAS OF CONCERN AND RECOMMENDATIONS

There were no areas of concern or recommendations to be considered for this
system, reference section XI for further information.
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SECTION II

SYSTEM SUMMARY

2.1 SYSTEM BASELINE

This system is base lined for SSPF by 79K09579, "KSC STS/Cargo Identification List
for Facilities, Systems and Equipment by Baseline Number", dated 07/26/90.
The OMD Baseline is 580.01

2.2 DOCUMENTATION LIST

The document 82K03735, "System Documentation List", establishes the
system baseline configuration. The following documents were used in
completing this analysis

Document/ Rev. Title

Drawing No.

NASA-STD-8719.9 NASA Standard for Lifting Devices
and Equipment.

KNPR 8715.3 KSC Safety Practices Procedural
Requirements

D-2168-A01 SSPF Highbay 30-TON General
Arrangement Drawing

D-2168-MO1 Hoist Assembly & Details

D-21 G8-M02 Hoist Drum Details & Gear
Reducer

D-2168-M03 Bridge Drive Assembly & Details

D-2168-M04 Trolley Drive Assembly & Details

SSP 30309 Product Assurance Requirements

101A16061 Harnischfeger, Crane Control

Sheets 1-15 Electrical Schematic Hoist "A"
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2.3 SYSTEM DESCRIPTION

The 30-Ton Bridge Cranes located in the highbay at the Space Station
Processing Facility each consists of three major subsystems, a 30-ton hoist,
a trolley system and bridge system which allow lifting and positioning of
flight hardware during processing operations.

2.3.1 HOIST SYSTEM

The hoist system consists of dual DC powered variable speed motors, two gear
reducers and two electro-mechanical shoe type brakes. The motor speeds
are selected using a joystick in the cab. The operator has the ability to use a cab
mounted switch to go from high speed (0 to 13.5 FPM) to a more precise low speed (0
to 3.0 FPM). This switch labeled HIGH-LOW affects the range of operation of the
joystick. The hoist is also capable of "Load Float", the ability of the motor to
hold the load in one place using motor torque instead of hoist brakes. The motors
are rated at 30 HP/1150 RPM and are capable of hook travel speeds from 0 to 13.5
feet per minute (FPM), and 0 to 3 FPM in low speed mode. The hoist motors are
interconnected using a shaft, this shaft helps balance the force exerted on
each side of the wire rope drum.

The hoist system is equipped with two (2) shoe type brakes, each of which is
capable of stopping and holding 150% of the full rated load on its own. These
brakes are disengaged by applying a current to the individual brake coils that
creates a magnetic force and overcome brake spring force, thus releasing the
brakes. To engage the brakes the current is withdrawn and the brake spring force
causes the brake shoes to contact the brake wheel and stop hoist moticn. The
hoist system is also equipped with two upper and one lower limit switches which
prevent hoist system over travel. The hoist system is also equipped with
over speed protection which will terminate hoist power and set the hoist
brakes in the event of an over speed condition.

ESR M03542 installs and replaces the motor terminal blocks with non-
fused disconnect switches to be used to disconnect the wiring for
megger testing. These are installed on the hoist, trolley and bridge
motors.

ESR M03596 provides for the alignment of the feed rails which provide
crane power. There are gusset plates mounted on the power feed shoe
support on the horizontal support. This is a Facility Modification.

ESR MO03599 provides for the grounding of the crane feed rail hanger
brackets. This is a Facility Modification.

EO1-SAA21CRS1-001 provides for the installation of the Crane Remote
Emergency Stop at the Electrical Service Pedestals.

2.3.2 TROLLEY SYSTEM

The trolley system is equipped with a DC powered variable speed motor, a gear
reducer and a single electro-mechanical shoe type brake. The trolley motor is
rated at 1.5 HP at 1150 RPM and is capable of moving the trolley at speeds from 0-
30 FPM in high speed and O to 3.0 FPM in low speed. The operator has the ability
to use a cab mounted switch to go from high speed (0 to 30.0 FPM) to a more precise
low speed (0 to 3.0 FPM). This switch, labeled HIGH-LOW, affects the range of
operation of the joystick.




The trolley system is equipped with a single electro-mechanical shoe type brake
which will stop and hold the trolley. The trolley system is also equipped with
slow down and over travel limit switches. The over travel limit switch will
terminate control power to the trolley in the effected direction and set trolley
brake should the limits be passed. The trolley also includes a slow down limit
switch, which at a given location will force the trolley to a slow speed, this
acts as a safety device. The over speed protection will terminate all control
power if the set limit is passed.

2.3.3 BRIDGE SYSTEM

The bridge system consists of two variable speed main motors, two gear reducers,
and two electro-mechanical shoe type brakes. The bridge motors are rated at 2.0
HP at 850 RPM. The motors are capable of moving the bridge at variable speeds up to
30.0 FPM. The operator has the ability to use a cab mounted switch to go from high
speed (0 to 30.0 FPM) to a more precise low speed (0 to 3.0 FPM). This switch,
labeled HIGH-LOW, affects the range of operation of the joystick.

The bridge is equipped with two electro-mechanical shoe type brakes which are
used for stopping and holding the bridge. The bridge also is equipped with limit
switches that protect against bridge over travel, collision and over speed. If
the over travel limits are passed the limit switch opens and terminates control
power to the bridge in its current direction and sets the bridge brake. The
bridge over speed protection will terminate all control power if set
limits are passed. The bridge system is also equipped with a slow down limit
switch. This limit switch provides protection against hitting the end stops by
requiring the bridge to slow to micro speed a set distance from the stops.

2.3.4 CRANE CONTROL

Each 30-Ton Bridge crane is controlled from a cab mounted under the bridge,
containing all regquired operator controls. The crane is also equipped with remote
E-Stop stations Located throughout the highbay which enable personnel, other
than the operator, to halt all crane motion on both cranes by removing power.
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SECTION III

DEFINITIONS AND GROUND RULES

3.1 DEFINITIONS

Definitions necessary for the clarification of criticality categories,
hazard analysis, and "time to effect" are listed below.

Criticality Categories:

CRITICALITY POTENTIAL EFFECT OF FAILURE

1 A single failure which could result in
loss of life or flight hardware.

1R Two redundant hardware items, which if
both failed, could result in loss of life
or vehicle (or loss of a safety or
hazard monitoring system associated with
flight crew emergency egress).

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

2 A single failure which could result in
loss. (damage) of a flight hardware
system.
3 All other effects (i.e., delay, no effect).

Note: For this analysis, the term "vehicle" includes payloads.

b. Hazard Report Closure Classification

(1) Eliminated - A hazard that has been eliminated by completely
removing the hazard causal factors or by deleting the hazardous
operation {(e.g., modifying the system/GSE by ESR implementation).

10
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(2) Controlled - The likelihood of occurrence has been reduces to an
acceptable level by implementing the appropriate Hazard Reduction
Precedence Sequence (HRPS)to comply with program requirements
(e.g., OMI controls, physical controls).

{3) Accepted Risk - A hazard that has not been completely eliminated or
controlled, and the residual risk has been accepted by project/program
management on the basis of risk acceptance rationale. These risks
are considered a part of doing business and necessary to
continue the program phase.

Hazard Levels - There are three levels for which a hazard can
be identified. Hazard level will be categorized as follows:

(1) Catastrophic (CA) - 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 (applicable for accepted risk

hazards only).

(2) Critical (CR) - Hazard could result in serious injury to
personnel and/or damage to flight and ground equipment which
could cause mission abort or a significant program delay
(applicable for accepted risk hazards only).

(3) Controlled (CN) - Has been counteracted by appropriate
design, safety devices, alarm/caution and warning devices, or
special automatic/manual procedures (applicable for

controlled hazards only).

Hazard Report Status

(1) Closed - Corrective action/evaluation has been completed. OMRSD
requirements have been identified and closed loop contrel is
established . Governing procedural controls (e.g., OMIs, TPSs,
etc...) are in place. In case of hazards which document design
deficiencies, the modification has been completed, the modified
system configuration has been verified, and the certification has
been documented.

(2) Open - Corrective measure/procedural hazard controls are not in
place, or evaluation is pending.

Likelihood of Occurrence - The probability the hazard will occur,
considering the in-place hazard controls. Likelihood of
occurrence will be categorized as follows:

11
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Ao: Unlikely - Extremely remote possibility that hazard will occur
in the life of the program; strong controls are in place.

Bo: Likely - Could happen in the life of the program, but not
expected; controls have minor limitations or uncertainties.

Co: Probable - Expected to happen in the life of the program;
controls have significant limitations of uncertainties. Hazard
reports with this likelihood of occurrence are considered unacceptable

risk.

f. Time to Effect - The analysis shall determine the time for
the failure effect to occur, which will be specified as follows:

Immediate less than 1 second

Seconds 31 to 60 seconds

Minutes 60 seconds to 60 minutes
Hours 60 minutes to 24 hours

Days 24 hours to process completion

The description which indicates the shortest credible time or time
range available to correct the situation before the effect is
manifested shall be identified.

3.2 GROUND RULES

This analysis has been developed in accordance with KHB 1710.2, "Kennedy Space
Center Safety Practices Handbook".

a. Passive components will not be analyzed in the FMEA but will
be considered in the Hazard Analysis.

b. Noncompliance to the requirements of NASA-STD-8719.9
NASA Standard for Lifting Devices and Equipment shall be
identified in the FMEA.

c. Failure in system setup (e.g., Manual operated devices
erroneously left open) will not be identified as critical

items.

d. The worst-case effect of a failed component will be
assumed.

e. For this analysis, it is assumed all control software is
functioning as designed.

12
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SECTION IV
CRITICALITY ASSESSMENT

4.1 HARDWARE/RELIABILITY BLOCK DIAGRAM

This system input and output functions are identified from the
following Hardware/Reliability Block Diagram.

ELECTRICAL POWER
-~ 488 voLTS —
2 FEASK
5% wEwrs SSPF ELECTRICAL FOWER
128 VOLTS FOR:
1 _CRANR CONZTROL
~ACCESSONIES
HIGHBAY
CONTROLS
oy Fhow |
~EAST/WESY ~ :
CwORSRISOOTR  — 20-TON FORCR/MOTION
.z_m = ~LP/DONN
m{ | ~RAST/WRST
~FLOAT L _——. ~WORTR/ BOUTH
BRIDGE —EMRRaNCY
STOP /80LD
~CPERATIONAL
sPRED
R CRANES ~riar
- STRUCTURAL -
surFoR?

4.2 CRITICALITY ASSESMENT WORKSHEETS

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

The Criticality Assessment Worksheets are performed to determine
whether the GSE or facility system 1s Critical or Non-critical in
terms of reliability impact. If loss or improper performance of any
one of the system's functions, without regard to redundancy, could
result in loss of life or loss of flight hardware or damage to flight
hardware, the total system is assessed as Critical. If loss or
improper performance of all of the system's functions could not result
in any of the aforementioned effects, the system will be considered Non-
critical.

13
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SECTION V

FAILURE MODES AND EFFECTS ANALYSIS AND CIL

5.1 MECHANICAL FMEA WORKSHEETS AND BLOCK DIAGRAMS

The mechanical components of the critical output functions identified in section IV
for this equipment were identified from the documents and diagrams referenced in the

Documentation List and are analyzed on the following FMEA worksheets. A passive

items list precedes the FMEA Worksheets and is contained on the following page.
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FAILURE MODESAND EFFECTS ANALYSIS
FOR THE

30-TON SSPF HIGH BAY CRANES

The following components were considered passive in the analysis for this section

Nomenclature Find Number

Bridge Beams None
Bridge Wheels None

Trolley Frame ‘ None
Trolley Wheels None
Hoist Rope Drum None
Hoist Wire Rope None
Hoist Hook None
Hoist Lower Block Assy None

Electrical Enclosures None
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5.2 ELECTRICAL FMEA WORKSHEETS AND BLOCK DIAGRAMS

The electrical components of the critical output functions identified in section
IV for this equipment were identified from the documents and diagrams
referenced in the Documentation List and are analyzed on the following FMEA
worksheets.
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5.3 FLEX HOSE FMEA WORKSHEETS

There are no flex hoses associated with this system.

54  ORFICE FMEA WORKSHEETS

There are no orifices associated with this system.

5.5 FIETER FMEA WORKSHEETS

There are no filters associated with this system.

5.6 CRITICAL ITEM LIST

There are no critical items identified during this analysis.

5.7  CRITICAL FLEXHOSES
Not applicable.

5.8  CRITICAL ORIFICES
Not applicable.

5.9  CRITICAL FILTERS
Not applicable.

5.10 CRITICAL CATEGORY 1R ITEMS

There are 3 category IR items identified during the analysis of the critical output
functions identified in section 4.0 for this system. The 1R items are summarized on the
following Criticality Category 1R Items Worksheets
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SECTION VI
HAZARD ANALYSIS

6.1  Objective

The objective of this Hazard Analysis on the LHA Bracketry Set is to identify and document any
system or equipment design safety concerns that represent a risk to safe system operation. This
Hazard Analysis was conducted in accordance with the guidelines in KNPR 8715.3 KSC Safety
Practices Procedural Requirements.

This Safety Hazard Analysis (SHA) compliments the reliability analysis by supporting hazards
normally ground ruled out of the FEMA such as generic hazards or passive components. The
following were assessed in the preparation of this SHA:

e Concerns that could cause injury to personnel and/or damage to flight hardware.
¢ Design issues that effect normal operations of the system.

6.2 Results

The areas assessed by this Hazard Analysis are developed on the attached fault tree and are
documented on the SHA worksheets, which follow. The SHA identified the following hazardous
conditions:

a) Impact/Collision

b) Catastrophic Structural Failure
c) Electrical System failure

d) Passive Component Failure

There were no uncontrolled hazards identified; therefore, no formal Hazard Report for NASA
Level III Risk Assessment Board (RAB) approval was generated.
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RISK INDEX MATRIX

SAA21CRS1-001
MARCH 2005
REV. A

. Likelihood of Occurrence — The probability the hazard will occur, considering the
in- place hazard controls. Likelihood of occurrence will be categorized as follows:

Mishap Definition

Description Category
Probable A
Infrequent B
Remote C
Improbable D

Risk Index Classification

Expected to happen in the life of the program.

Could happen in the life of the program. Controls

have significant limitations

Could happen in the life of the program. Controls
have minor limitations or uncertainties

Extremely remote possibility that it will happen in
the life of the program. Strong controls are in place.

SEVERITY
LIKELTHOOD OF T I T
OCCURANCE MARGINAL CRITICAL CATASTROPHIC
A. PROBABLE IIA 1A IA
B. INFREQUENT 1B 1B 1B
C. REMOTE TIC 1c IC
D. IMPROBABLE 11D 1D ID
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SECTION VII
CONTROL LOGIG ANALYSIS

There are no TCMS control/monitor functions associated with this system. No control logic
analysis is therefore required.

SECTION VIII
EMERGENCY SAFING ANALYSIS

This system contains an emergency stop circuit, for further information reference
electrical FMEA.

SECTION IX
CONTROL LOGIG ANALYSIS

Per KHB 5310.9, Appendix H, the methodology for the control of sneak circuits is not
formally implemented in the design of this equipment. No sneak circuit analysis is
therefore required.
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SECTION X
END TO END ANALYSIS

The system interfaces with the following systems:

SSPF 60 HETZ POWER
SAA21ACS1-001
CRITICAL SYSTEM

SSPF HIGH BAY 30-TON
BRIDGE CRANE
SAA21CRS1-001

CRITICAL SYSTEM

SECTION XI
AREAS OF CONCERN AND RECOMMENDATIONS

11.1 AREAS OF CONCERN

There are no areas of concern.

11.2 RECOMMNEDATIONS

There are no recommendations.
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