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SECTION I

SUMMARY OF FINDINGS

1.1 SYSTEM CRITICALITY
The East 50-Ton Bridge Crane located at the PHSF is assessed as
critical due tn its direct interface with flight hardware, a

fajlure could cause loss of life and/or flight hardware. No
critical single failures were identified during this analysis.

1.2 MECHANICAL CRITICAL ITENS
There were no mechanical critical items identified in the

critical output functions identified in section IV for this
equipment. See section 5.1 for additicnal information.

1.3 ELECTRICAL CRITICAL ITEMS
There were no electrical critical items identified in the

critical cutput 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 ORIFVICES

There are no critical orifices associated with this equipment.
1.6 CRITICAL FILTERS

There are no critical filters associated with this equipinent.
1.7 CRITICALITY CATEGORY 1R ITEMS

There were five (5) critical category 1R items identified in the
critical output functions identified in section IV for this

equipment. See section 5.1, 5.2, 5.3 and 5.4 for additional
information.

1.8 EAZARDS IDENTIFIED

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

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

1.10 SHEAK CIRCUITS IDENTIFIED
There was no Sneak Circuit Analysis performed fbr this system.
1.11 ARXAS QF CONCERN AND RECOMMENDATIONS

There was one area of concern ard recommendation to be considered
‘for this system, reference section XI for further information.
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SECTION II
SYSTEN SUMMARY

2.1 SYSTEM BASELINE

This system is baselined for ST3 by 79K09573, "KSC STS/Cargo
Identification List for Facilities, Systems and Equipment by
Baseline Number", dated 07/26/90. The OMD Baseline is 529.00.

2.2 DOCUMENTATION LIST

The document 79K29884, "System Documentation List", establishes
the system baseline configuration. The following documents were
used in completing this analysis:

Document /

A-14272 BAS . Crane Erection bDrawing, 50-Ton
Capacity Bridge Crane, Ederer
Incorp.

A-14213 BAS Band Brake Ass'y Drawing

NSS/GO B NASA Safety Standard for Lifting

1740.9 Devices and Equipment.

KHB 5310.9 BAS SC Ground Systems Safety And
Reliability Analysis

EC-2007, BAS Electrical Control Drawings,

Sheets 1-6 Ederer Incorp.
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2.3 SYSTEM DESCRIFTION

The East 50-Ton Bridge Crane located in the high bay of the PHSF
clean room consists of three major subsystems, a hoist, trolley
and bridge system which allow lifting and positioning of flight
hardware as required during processing.

2.3.1 HOIST SYSTEM

The hoist system consists of a two (2) speed main motor and a two
(2) speed micro motor, a gear reducer and electric clutch. The
main motor is rated at 50 HP/1800 RPM and 16.7 HP/600 RPM. The
micro motor is rated at 7.5 HP/1800 RPM and 2.5 HP/600 RPM. The
main motor is capable of hook travel speeds of 13.65 and 4.55
feet per minute (FPM). The micro motor is capable of hook travel
speeds of 1.81 and 0.60 FPM. The hoist main and micro motor are
separated by an electric clutch which is used to disengage the
micro motor from the gear train while not in use, the clutch is
activated when the operator moves the console mounted selector
switch from the main motor position to the micro motor position.

The hoist system is equipped with three (3) brakes, each of which
is capable of stopping and holding 150% of the full rated load on
its own. The hoist is equipped with two (2) electro-mechanical
shoe type brakas. These brakes are disengaged by applying a
current to the individual brake coils that create 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 drum and
stop hoist motion. The hoist system is also equipped with a wire
rope drum mounted band type emergency brake. This brake is
disengaged using compressed air pressure and applied by spring
force. Should an emergency occur, the compressed air is vented
and the spring force engages the brake. This brake may be
activated by the operator using the E-Stop switch or by the drum
overspeed switch if an overspeed occurs. The hoist is equipped
with an air compressor which supplies the required air pressure
for the emergency brake system. The hoist system is also equipped
with redundant upper limit switches and a single lower limit
switch. The primary upper limit switch is a gear driven unit.
Should this limit be reached, all upward motion will bhe
terminated, the crane can be driven downwards so as to clear the
limit and resume normal operations. The second and final limit
switch is a paddle type that terminates all crane power if the
preset limit is exceeded.

2.3.2 TROLLEY SYSTEM

The trolley system is equipped with a two speed main motor and a
single speed micro motor. a gear reducer, an electric clutch and
a single electro-mechanical type brake. The trolley main motor is
rated at 1.5 HP at 1200 RPM and .56 HP at 450 RPM. The micro
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motor is rated at .25 HP at 1800 RPM. The main motor is capable
of moving the trolley at speeds of 21.3 FPM in high speed and 7.9
in low speed. The micro motor will move the trolley at 1.5 FPM.
The main and micro motor are separated by an electric clutch
which is used to disengage the micro motor from the main motor
and the gear reducer when not in use.

The trolley system is equipped with a single electro-mechanical
type brake which will stop and hold the ctrolley. The trolley
system is also equipped with overtravel limit switches which will
terminate power to the trolley and set trelley brake should the
limit be passed. The trolley can be operated in the opposite
direction after contact with the limit switch so as to clear the
limit area and resume normal operations. The trolley system is
also equipped with fixed end stops which will prevent contact
with facility by the trolley should the limit switch fail.

2.3.3 BRIDGR SYSTEM

The bridge system consists of a two speed main motor, a single
speed micro motor, a gear reducer, an electric clutch and a
single electro-mechanical type brake. The bridge main motor is
rated at 2.0 HP at 1800 RPM and .66 HP at 600 RPM. The micro
motor 1is rated at .25 HP at 1800 RPM. The main motor is capable
of moviny the bridge at 22.5 FPM in high speed and 7.5 FPM in
main motor low speed. The micro motor is capable of 1.6 FPM. The
two motors are separated by an electric clutch that is used to
disengage the micro motor from the gear train when not in use.

The bridge is equipped with a single electro-mechanical type
brake which is used for stopping and holding the bridge on
command. The bridge also is equipped with limit switches that
protect against bridge overtravel, if the limits are passed the
limit switch opens and terminates power to the bridge and sets
the bridge brake. The bridge can be operated in the opposite
direction after contact with the limit switch so as to clear the
limit area and resume normal operations. The bridge system is
also equipped with fixed end stops which will prevent contact
with facility by the bridge should the limit switch fail.

2.3.4 CRANE CONTROL CONSOLE

The East 50-Ton Bridge crane is controlled from a mobile control
console, this console contains all required operator controls.
The crane is also equipped with a remote E-Stop station which
enable others than the operator to halt all crane motion.
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SECTION III
DEFINITIONS AMD GROUND RULES

3.1 DEFINITIONS

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

a. Criticality Categories:

CRITICALITY BOTENTIAL EFFECT OF FATLURE

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 luss of life or
vehicle (or loss of a safety or hazard
monitoring system associated with flight
crew emergency egress).

18 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
reduced 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 considuered 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 com.leted.
OMRSD requirements have been identified and closed loop
control is established . Governing procedural controls
(e.g., OMIs, TPSs, PMOMIs, etc...) are in place. Incase
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 contrcls 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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Unlikely - Extremely remote possibility that hazard will
occur in the life of the program; strong controls are in
place.

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

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 - 1 tc 60 seconds

Minutes - 60 seconds to 60 minutes

Hours - 60 minutes to 24 hours

Days - 24 hours to process completion

The descriptor 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 ana

"Kennedy

Analyses
1.

2.

lysis has been developed in accordance with KHB 5310.9,
Space Center Ground Systems Safety and Reliability

Passive components will not be analyzed in the FMFA.

Noncompliance to the requirements of NSS/G0-1740.9
NASA Safety Standard for Lifting Devices and Equipment
shall be identified in the FMEA.

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

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

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
BLECTRICAL POWER
- ;5' w:rs S 128 VoLTS FOR.
ool PHSF | sooem comus
couthaLS
~UP/D0WK
-EAST/WEST 50 -~ TON
~NORTN/ SOUTH
-R-sTOP
-MAIN/KICRO | >
-ow/orr PORCR/MOTION
«~UP /D0
-BAST/WEST
~NORTR/ SOUTR
BERIDGE CRANE | ——p -mercexcy
STOP/MOLD
~OFEAATICEAL
A¥EERD
MECHANICAL POWER
~ STRUCTURAL S——
SUPFORT

Figure 4-1. Hardware/Reliability Block'Diagram

4.2 CRITICALITY ASSESSMENT WORKSHEETS

This system input and outpﬁt functions are assessed on the
following Criticality Assessment Summary sheet,
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SECTION V

FAILURE MODES AND EFFECTS ANALYSIS AND CIL

5.1 MECHANICAL FMEA WORKSHEETS AND BLOCK DIAGRAMS

The mechianical 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.

16
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FAILURE MODES AND EFFECTS ANALYSIS

YOR THE

EAST 50-TON PHSF BRIDGE CRANE

The following components
for this section

were considered passive in the analysis

Homanclature Lind Mumbar
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

17




SAAOLHS11-005

sayeig

TBOTUBYIBN~0I10D9T]Y

1aonpay —
ieay

uoTIzandyJuo) WajlsAs 3ISTOH *1 3an31y

B3 :Oﬂcﬁm\\\\\

Y23ITMS ITUTT
paiean

8ur1dnoy 4p1-4 uan

aean unlg

I0J0}
0101
1030l ﬁ
i 10ss21dwoy
- J aty
ﬁl\lrlllﬁllu -
H - T S — —
4 T Y :
1 _ _ - ajeag pueg
) .m H ! £ouaBiamy
L ‘B ER “ .
JﬁT . + ri‘
= 4a3ngo _ _ u i
e - H : L
[ 1 s
= ° TI7? . \ Yalirag
_ S m _ paadsiaap
)
&
, 5
, — !
: J .ﬁ

ﬁ

wnxg
adoy ai1Tm

18



SAAOLHS11-005

Figure 2. Trolley System Configuration
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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 FLEXHOSE FMEA WORKSHEETS

The are no flexhoses associated with the critical output
functions identified in section 4.0 for this system.

5.4 ORIFICE FMEA WORKSHEETS

There are no orifices associated with this system.

5.5 FILTER FMEA WORKSHEETS

There are no filters associated with this system.

5.6 CRITICAL ITEMS LIST

There were no critical items identified during this analysis

5.7 CRITICAL PFLEXHOSES

Not applicable

5.8 CRITICAL ORIFICES

Not applicable

5.9 CRITICAL FILTERS

Not applicable

5.10 CRITICAL CATEGORY 1R ITEMS

There wéie 5 Category 1R items identified durihg 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 System Hazard Analysis (SHA) on the
East. 50-Ton Bridge Crane for use at the Payload Hazardous
Servicing Facility (PHSF) is to identify and document any
system or equipment safety concerns that represent a design
risk to system safety. This SHA follows the guidelines in
KHB 5310.9, Kennedy Space Center Ground Systems Safety and
Reliabillty Analyses.

The SHA complements the reliability analysis by reporting
hazards normally ground-ruled out of the FMEA, such as
generic hazards, failure of passive components, or human
factors. The following were assessed in the preparation of
this SHA:

o Concerns that could cause loss of life and/or
flight hardware.

o Component failure leading to dropped load

o Improper maintenance/operation procedures

o Design issues that affect normal operation of the
system.

6.2 RESULTS

The areas assessed by this SHA are depicted on the top level
fault tree with the assessment rationale documented on the
SHA worksheets. The potential hazards arise from either
structural fallure or improper assembly of hardware, which
could result in dropped flight hardware.

Hoist hardware failures must be accompanied with operator
error to result in death/injury of personnel and/or
loss/damage to equipment. The other system failures identi-
fied also require multiple failures to occur. Single hoist
passive component failure increases the possibility of
death/injury and loss/damage to flight hardware. However,
these components meet required design specifications and are
regularly inspected.

No Forxrmal Hazard Reports for NASA Level III Risk Assessment
Board (RAB) approval were generated.
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HAZARD IDENTIFICATION DATA

SYSTEM/SUBSYSTEM (TITLE)

50~-TON BRIDGE CRANE AT PHSF

B/L

529.00

PMM PCN

The following hazard identification crteria were amsidered during the hazard analysis:

DESIGN SAFETY CHECKLIST SECTION NUMBER AND TITLE: KHB 5310.9, APPENDIX I:

B 1.0 Handling and Transportation

® 3.0 Electrical/Electronic

0O s.0 Hydraulic

HOXRR X

HAZARD ANALYSIS ELEMENTS: WHE 5300.4 (1D-2)
FAILURE MODE AND EFFECTS ARALYSIS (FKEA)

FUNCTIONAL AND PRYSICAL INTERFACES

O 2.0 Flulds, Gases/Pneumatics

O 4.0 Faclilities

KHB 5310.9%, KENNEDY SPACE CENTER GROUND SYSTEMS SAFETY AND RELTABILITY ANALYSES

OCCUPATIONAL SAFETY AND HEALTH STANDARDS (OSHA) 2% CFR 1910 (7-1-90 EDITION}

EW-E-002 Rev.D, SPACE SHUTTLE PROGRAM GSE GENERAL DESIGN REQUIREMENTS Change 49

The Hazard Analysis was based on the following systam doamentation (list documents here):
NASA Safety Standard for Lifting Devices and

NSS/GO 1790.9 Rev, B

KHB 5310.9
A-14272

A-142"3
EC-2007, Sheet 1-6
OMRSD B2K03657

Equipment

KSC Ground Systems Safety and Reliability Analysis

Crane Erection Drawing, 50-Ton Capacity Bridge
Crane, Ederer Incorp.

Band Brake Ass'y Drawing

Electrical Control Drawings, Ederer Incorp.

PHSF 50 Ton Bridge Crane OMRSD

OT Browaig

R.T. Bowman, Senior Engineer,

SRM&Q Eng. Analysis, P194

APPROVED:

L2 nn

gz/??féL

W.W. McEwen, Mgr., SRM&Q Eng. Analysis, F194

APPROVED (MNASA):
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LIKELIHOOD

OF

OCCURRENCE

KSC HAZARD
GROUP

SAAQ1HS11-005

RISK INDEX MATRIX

Co Highly
Probable
Bo Likely
Ao Unlikely
As Bs Cs
Minor Injury  Serious Loss of
or Minor Injury Personnel,
Damage or Minor  Vehicle, or
Damege  Equipment
SEVERITY
RISK INDEX DESCRIPTION
STRIPED

THOSE HAZARDS FOR WHICH MORE DETAILED
MANAGFMENT ATTENTIONM IS STRONGLY EECOMMENDED.

GRAY ARFA

THOSE HAZARDS WHICH MAY REQUIRE ADDITIONAL
REFINEMENT AND FURTHER EVALUAITON BASED ON
ADDITIONAL DATA AND/OR FOZR WHICH CURRECTIVE
ACTION IS DEEMED NECESSARY.

CLEAR AREA

THOSE HAZARDS WHICH DO NOT REQUIRE HIGHER LEVEL
MANAGEMMENT ATTENTION BUT WHICH ARE PRESENTED
TO MANAGEMENT FOR INFORMATION.
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SECTION VII
CONTROL LOGIC ANALYSIS

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

SECTICN VIII

EMERGENCY SAFING ANALYSIS

This system is not controlled by a computer control system. No
emergency safing analysis is therefore required.

SECTION IX

SNEAK CIRCUIT AMNALYSIS

Per KHB 5310.9%, Appendix H, the methodology for the cdntrol of
sneak circuits is not formally implemented in the design of this
equipment. WNo sneak circuit analysis is therefore required. |
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SECTION X
EMD-TO-END AMALYSIS

The system interfaces with the following system:

PHSEF 60 HERTZ POWER
SAAO1HS113-001 REV, A
CRITICAL SYSTEM

EAST PHSF S0-TON BRIDGE
CRANE

SAAO1HS11-005

CRITICAL SYSTEM

Figure 10-1. End-to-End System Block Diagram

SECTION XI

AREAS OF CONCERN AND RECOMMENDATIONS

11.1 AREAS OF CONCERN

There are no current OMI's or OMRSD for this system,

11.2 RECOMMENDATIONS

Approve and release an OMI and OMRSD for the new 50-Ton Bridge
Crane.
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