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1.0 SUMMARY OF FINDINGS AND RECOMMENDATIONS
1.1 CRITICALITY ASSESSMENT SUMMARY

The 90-Ton RSS Pad-B Hoist is assessed as critical. Failure of the system to support a
payload canister could cause loss of life and/or loss (damage) of a vehicle system. See
section 4.0 on page 17 for additional information.

1.2 MECHANICAL FMEA SUMMARY

There were no mechanical Critical ltems identified in the critical functions assessed in
section 4.0. See section 5.1 on page 21 for additional information.

1.3 ELECTRICAL FMEA SUMMARY

There were no electrical Critical Items identified in the critical functions assessed in section
4.0 for this system. See section 5.2 on page 25 for additional information.

1.4 FLEXHOSE FMEA SUMMARY

There are no flexhoses associated with the critical functions assessed in section 4.0 for this
system.

1.5 ORIFICE FMEA SUMMARY

There are no orifices associated with the critical functions assessed in section 4.0 for this
system.

1.6 FILTER FMEA SUMMARY

There are no filters associated with the critical functions assessed in section 4.0 for this
system.

1.7 HAZARD ANALYSIS SUMMARY

There was one controlled and one accepted risk hazard identified during this analysis which
are summarized below. Additional information is contained in section 7.0.

Hazards |dentified

Hazard No. Hazard Description Hazard Class.
SPC-5210-018-89 Abnormal rope spooling Controlled
RT-ENG-1019 Personnel required to perform work while Accepted Risk

beneath a suspended load
1.8 LPS CONTROL/MONITOR FUNCTIONS REVIEW SUMMARY

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

940105bkPS0162



SAAQ9FTB3-003
REV. A

1.9 SNEAK CIRCUIT ANALYSIS SUMMARY

There was no Sneak Circuit Analysis performed on this system. See section 10.0 on page 80
for additional information.

110 RECOMMENDATIONS

This system has been designed in accordance with NSTS 07700 Vol. X and meets the GSE
“fail safe” requirement of paragraph 3.5.1.2.1.1. No changes are required or recommended
for this system.

111 AREAS OF CONCERN SUMMARY

There were no Areas of Concern identified with this system.

1.12 CRITICALITY CATEGORY 1R ITEMS SUMMARY

There were two criticality category 1R items identified in the critical functions assessed in
section 4.0 for this system. See section 13.0 on page 80 for additional information.

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

This system is baselined for STS by 79K08579, “KSC Facilities, Systems, and Equipment
Organizational Level OMD Baseline,” dated 9/1/93. The OMD Baseline Number is 422.00.

2.2 GROUND RULES

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

List (CIL).”
2.3 DEFINITIONS OF CRITICALITY AND HAZARD CATEGORIES
The following criticality and hazard categories were used throughout this analysis.

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

Category Definitions
1 Single failure which could result in loss of life or vehicle.
1R Two hardware items, which if failed, could result in loss of life or
vehicle.
15 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,
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Category Definitions
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 ltem - A critical item is defined as a Criticality Category 1, 1S, or 2 Single Failure
Point or a redundant hardware item where the secand 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 requir.ec'l
function within specified limits, under specified conditions for a specified duration.

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 p;erfo'rm to accom-
plish its intended purpose. o '

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.
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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 System - A system whose function is te 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.

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.
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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:

d.

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.

a.

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

Document/Drawing No.

NSTS 22206

NSTS 22254

NSS/GO-1740.9B

GP1098G
79K24954

T9K29056

79K40112

79K24955

EA-1813

EA-1814

EA-1815

EA-1844

EA-2123

B-16497
A-13147

A-13106

A-13150
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Outstanding

Rev. EQO Numbers
C -
A _
Basic 1
Basic None
A 3-6
Basic None
C None
A None
B None
B None
A None
Basic None
Basic None
A None
A None

9

Title

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

Methodology For Conduct Of NSTS
Hazard Analyses

NASA Safety Standard for Lifting
Devices and Equipment

KSC Ground Operations Safety Plan

LC39B Payload Canister 90-Ton
Hoist

LC39B RCS Room/RSS 90-Ton Hoist
Mechanical Arrangement

Operational Drawing LC 39 Pad B
Rotating Service Structure

Launch Complex 39B Payload
Canister 90-Ton Hoist

Electrical Schematic Diagram
(Ederer, Inc.)

Electrical Conduit Layout 90-Ton
Fixed Hoist (Ederer, Inc.)

Electrical Interconnection Diagram
(Ederer, Inc.)

A.C. Motor Hoist Panel Wiring
Diagram (Ederer, Inc.)

Delay Set Module Assy. Drawing
{Ederer, Inc.)

4-F-375 Reducer Assy. (Ederer, Inc.)

Hoist Assembly 90-Ton Capacity
(Ederer, Inc.)

Hoist Equipment General Arrange-
ment 90-Ton Fixed Hoist (Ederer,
Inc.)

Band Brake Assy. 35" Brake Drum
(Ederer, Inc.)
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Table 1 (Page 2 of 2). SYSTEM DOCUMENTATION LIST
Outstanding

Document/Drawing No. Rev. EQO Numbers Title

SAAQ9ELB2-001 A None System Assurance Analysis for the
60 Hertz Power Distribution System
Pad B

OMI Q3437 C - Operating Instructions for the 90-Ton
Hoist, Rotating Service Structure

OMI Q6325 A-1 - Maintenance Instructions for the
90-Ton Payload Canister Hoist, Pad
B

OMI M3160 Cc-3 - Payload Canister Hoisting Oper-

ations, Launch Pads A and B

OMI ES026 A - Orbiter Payload Canister Handling -
LC-39 Pads A or B

3.0 SYSTEM DESCRIPTION

The Pad B 90-Ton Hoist was manufactured by Ederer Incorporated of Seattle, Washington.
The Hoist System includes electrical wiring, controls, remote control station, motor brakes,
gear train, single drum with dual reeving, lebus grooving, blocks, hook and welded base. It is
located in the Hoist Equipment Room on the roof of the Pad-B PCR. The hoist is used to
handle Payload Canisters to install vertical payloads in the PCR.

The wire ropes (2 ropes) are fed through sheave assemblies in the RCS room and to the load
block and equalizer bar. Twelve part double reeving is used. There is sufficient length of
wire rope for the load block to reach the pad surface with at least two full wraps remaining on
the wire rope drum. (See figures 1 and 2)

The hoist consists of an electric drive motor with attached solenoid disc brake (motor brake),
which acts as a control brake during deceleration. There is another solenoid disc brake
mounted on the input shaft of the gear reducer which acts as a holding brake. The reducer
brake actuation is delayed via time delay device to prevent excessive deceleration of loads.
The output shaft of the gear reducer is continuous thru the drum assembly and is keyed to it.
An overspeed sensor and up/down geared limit switch are coupled axially to the hoist drum
shaft. Both limit switches have back out capability. An additional final upper limit switch
terminates power to the hoist and does not have back out capability. (See figures 2 and 3)

The hoist is operated by an AC motor acting through a gear reducer to the hoist drum. The
AC motor is a dual speed type rated at 100 HP/1800 RPM and 25 HP/450 RPM producing hook
(load block) speeds of 10.6 fpm and 2.6 fpm. The application of power to the drive motor
energizes the motor brake solenoid and the reducer brake solenoid, causing the brakes to
release and enabling vertical motion of the hoist. These brakes are the self adjusting disc
type and are normally kept engaged by spring compression. Electric power to each brake

10
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solenoid is sufficient to overcome the spring and cause the brake to release. (See figures 2
and 3)

There is also a spring actuated band brake on the hoist drum activated by an overspeed
sensor and switch located on the hoist drum shaft. When the drum rotates at 120% of
maximum rated drum speed for any reason, the overspeed sensor detects the increased RPM
and causes the sensor switch to close. The switch de-energizes the band brake solenoid
valve and energizes the band brake relay. The solenoid valve releases hydraulic fluid from a
hydraulic cylinder which allows the spring loaded actuator to tighten (set) the band brake.
The band brake relay activates the shunt trip circuit breaker terminating power to the hoist
motors and prevents reset of the solenoid valve once the overspeed switch opens when the
drum stops. The band brake relay is de-energized by a reset button located on the hoist
main control panel. The band brake must be released manually by a hydraulic hand pump
connected to the hydraulic cylinder which compresses the spring loaded actuator. (See
figures 1, 2, and 3)

A strain gauge type load cell is installed in the pin of the equalizer bar. It is calibrated to
activate the overload cutout and stop the hoist if the load on the hook exceeds 125% of the
rated load. (See figure 2)

A power monitor is installed to prevent hoist operation if irregularities with 60 Hz power are
present, such as low voltage or reverse phasing.

3.1.1 ANALYSIS OF WIRE ROPE DRUM, GEARBOX SHAFT, AND GEAR RETENTION
METHODS. As a point of special concern for the safety of sensitive loads, the design integrity
of hoist gearboxes was carefully reviewed for failure modes that, if they should occur, could
cause or contribute to dropping a load. The particular failure modes under scrutiny are:

The ability of a gear to slip out-of-mesh with its associated gear or structural Tailure of a gear
possibly caused by:

a. The gear itself slipping axially along the shaft, or
b. The shaft with gear firmly fixed thereon slipping axially out-of-alignment.

c. Broken gear teeth or complete destruclion ol a gear.

The effect of such a failure occurrence followed by a subsequent failure of the drum band
brake would result in the load (payload canister) being dropped possibly causing damage to
the load and/or loss of life. Such failure negates the additional redundancy of the motor and
reducer brakes to the drum band brake.

The hoist gearbox consists of six helical gears. They are the high speed pinion, the high
speed gear, the intermediate pinion, the intermediate gear, the low speed pinion, and the low
speed gear. Motor and motor brake torque are transmitted to the input shaft of the gear
reducer through a coupling keyed to the shafl. The reducer brake is keyed to the opposite
end of the input shaft. The low speed pinion is integrally machined on the input shaft.

The low speed pinion meshes with the low speed gear which is keyed to the first idler shaft.
The intermediate pinion is integrally machined on the first idler shaft. It meshes with the
intermediate gear which is keyed to the second idler shaft. The low speed pinion is integrally

11
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machined on the second idler shaft. It meshes with the low speed gear which is keyed to the
output shaft. The gearbox output shaft is keyed to the hoist drum.

Axial slippage of gears and shafts are prevented by shoulders and the overlap of the gears
themselves within the confined space of the gearbox. The cone bearings are supported by
cups within the gearbox case structure and are retained in place by snap rings. There is
insufficient space within the gear case to allow gears to slip out of mesh with each other or a
shaft to pull free from a bearing.

The hoist drum is mounted such that bearing failure will not cause the load to drop. The
drum is supported on one end by the gearbox output shaft and its associated cone bearings.
The opposite end is supported by the drum bearing assembly such that the bearing and
bearing retainers are loaded in compression when the hoist is in use.

12
940105bkPS0162



SAAQ9FTB3-003 -
A

REV.

1SIOH O¥0AYd NOL-06 €-Qvd "1 3¥N9I4

J00H HOd \_

e

=/ -/
,1-212 13 HOO 14 .2-212 13 HOO4 WOOH SJH

-
-

1SI0H NOL-06 /

o

WOOH INZIW4IND3 1SI0H _./

NIW ..0-.25 13
XYW ,.2-.82¢ 13
SNOILYH1ISN3d
340H 3HIM
HOOH B

22078 HIMOT

13

¥ - |

ull S

T N

FE I T =

~

) = {-

®o078 mwmmblm



SAAQ9FTB3-003

A

REV.

INIWIONYHEY TYOINVHOIW LSIOH OYOIAVd NGL-06 8-0¥d ‘2 3¥n9l4

HOLIMS 1IWIT AEV10Y
%2078 ?aoj_ml/

HOSN3S 033dSH3IA0 WNHA

_—— ONI1dN0J
dWNd aNVH £s INVHE
INVHE ONVE — |_—GONV8 WNEa

HOLIMS LiINN

IXVHE WNYO~ : T

{STHI)
HJLIMS LIWN

1SI0H TO0HLINOD

1133 avol

3INVH8 HOLOW—"

- —

o018 av01
mohozu\\\ aQNV YOOH
oz_._.38|\ {STHJ)

HOLIMS LIWIT

D_l/ -~ 1SIOH ¥3MOd
1137 avO01

73NVd TOHLINDD
IvIIH103713

B3INQ3Y ¥v39 —

vye
H30N03H HV3D

bHva
H3ZITvND3

14



SAAQ9FTB3-003

REY.

A

WY¥9VYIQ 2078 “1SIOH OVO1AYd

NOL-06 8-0vd '€ 3¥N9I14

HOLIMS d0l1S
033dS 3
HIAO
3 g
AN
WNHa u v §
X AVI3Y \
HIWIL (S¥ ¥MBI)
x\\ 1V St “
4VSZZ
¥32Na3y 13INIBYD | ZH 08 \ 1-Zv0L \
8vao TOUINOD | 1/ NoiLvisens /]
. ¥3IMOd | A cey \
2
ONITdN0D HOlOW | 35 | woiow \\\\\§
3181X374 oI19313 | ¥ 1 [ wamoie
g 0
i
1HOI (43ddN) HOLIMS NOILYLS dols
HO1VDIONI HO1IMS 440102 TOHINOD 3
LV3H/HIA0 LN H3MOd 310W3H
HOLOW 031VH3dO 1w
FERER ¥3ddn

15



SAAO9FTB3-003

REV. A

A78WISSY 3INvEg ONvE “LSIOH QY01A¥d NOL-06 §-0vd "¢ 3yn9Id

——
——
—
——— ——_-
— T —

il

(I
HO1iMS s |

LIWI (e

WHV H3AT1

HIANIIAD

U_._Dﬂmcrxl/

o HOLVNLIDOV
WYHOYIO DNNYHAAH
f—1

dinnd aNYH
J0NVD f DITNVHaAH
34NSS3IHd

- -I- -
INTVA
QIONZT0S
HIANTIAD |\\‘

QNMNYHAAH

DONINIT 3¥vH8
aNv aNV8

16



SAAQ9FTB3-003
REV. A

4.0 CRITICALITY ASSESSMENT

The system functions are identified in Figure 5 on page 18 and assessed on the following
Criticality Assessment Sheets (Worksheet 5312-001).
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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 1 on page 9 and are
depicted on the following figure(s) and analyzed in the associated Mechanical FMEA (Work-
sheet 5312-003). A passive items list precedes the Mechanical FMEA and is shown in
Table 3 on page 22.
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MECHANICAL FAILURE MODES AND EFFECTS ANALYSIS
FOR THE

90-TON PAYLOAD HOIST

PMN K61-0168

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

Table 3. MECHANICAL PASSIVE ITEM LIST

Find Number Nomenclature

17 HOOK

17 LOWER BLOCK

16 UPPER BLOCK

19, 20 WIRE ROPES

3 ROPE DRUM

2 DRUM SHAFT

4 PILLOW BLOCK

WORKSHEET 5312-002 22
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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 1 on page 9 and are

depicted on the following figure(s) and analyzed in the associated Electrical FMEA (Worksheet
5312-005).
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ELECTRICAL FAILURE MODES AND EFFECTS ANALYSIS
FOR THE

90-TON PAYLOAD HOIST

PMN K61-0168

Wire harnesses, cables, or connectors were not analyzed in the Electrical FMEA for this
system since a single failure (open or short) could not result in loss of life or vehicle. (Ref.
NSTS 22206 section 4.0, paragraph 4.4.1, subparagraph b[2])

WORKSHEET 5312-004 26
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5.3 FLEXHOSE FMEA

There are no flexhoses associated with the critical functions assessed in section 4.0 for this
system.

5.4 ORIFICE FMEA

There are no orifices associated with the critical functions assessed in section 4.0 for this
system.

5.5 FILTER FMEA

There are no filters associated with the critical functions assessed in section 4.0 for this
system.

6.0 CRITICAL ITEMS LIST
There were no Critical Items identified in this system.
7.0 HAZARD ANALYSIS

The hazard analysis for the 90-Ton Hoist, Pad B PCR was conducted in accordance with NSTS
22254. The objective of this analysis is to:

* Document the hazards identified from the analysis

* Provide visibility of the risks associated with operation of the system

* Evaluate the adequacy of existing controls for the identified hazards

* Propose additional controls and new hazard reports as required

7.1 SAFETY CRITICALITY ASSESSMENT

The 90-Ton Hoist, Pad-B RSS, is assessed as a safety critical system because it handles flight
hardware (payloads).

7.2 SCOPE

The following were assessed in the preparation of this hazard analysis:
« Design hazards that could result in damage to flight hardware or injury to personnel
* Operational/procedural hazards that occur during system use

* Functional interfaces to determine if any hazardous conditions exist across the interfaces
upstream and downstream of the equipment/system

47
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7.3 SUMMARY OF ANALYSIS

System Safety Engineering performed an analysis of the 90-Ton Hoist at the Pad-B PCR. A
KSC/RT Safety and Reliability Hazard Database search, for hazard reports pertaining to this
system, was completed for baseline (B/L) number, and program model number (PMN). A
walkdown of the associated system was conducted, and the system was analyzed with
emphasis on the electrical and mechanical aspects.

A qualitative fault tree was developed for the system in which the top event was Injury/Loss
of Life to personnel or flight hardware damage. The conditions “load drops” or “load con-
tacts personnel” or “load collision due to downward overtravel,” were considered to lead to
the top event.

The search of the KSC/RT Safety and Reliability Hazard Database resulted in one controlied
and one accepted risk hazard identified during this analysis.

The Hazard Analysis Documentation Sheet (KSC Form 29-736), fault tree analysis, and
columnar format sheets provide additional information.

48
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HAZARD ANALYSIS DOCUMENTATION

SAA Number Systemn / Subsystem

SAAQ9FTB3-003 90-Ton Payload Hoist at the Rotating Service Structure Hoist Equipment Room Pad-B

See SAA Cover Sheet for applicable Baseline Number(s), Program Model Number(s), Work Unit Coda(s) and Station Set(s).

The Hazard Analysis was based on the following documentation:

Document Number Title
NSTS 22254 - Methodology For Conduct Of NSTS Hazard Analyses
GP1098G KSC Ground Operations Safety Plan
NSS/GO 1740.9B Safety Standards for Lifting Devices & Equipment
OMI ES026 Orbiter Payload Canister Handling - LC-39 Pads A or B
OMI M3160 Payload Canister Hoisting Operations, Pads A or B
OMI Q3437 90-Ton Hoist, RSS, Pad A/B, KSC
OMI Q6325 90-Ton Payload Canister Hoist, Pad B

The search of the KSC/RT Safety and Reliability Hazard Database resulted in one controlled and one
accepted risk hazard identified during this analysis.

A

Fl
o B A Y

Safety Engineer f L ’i‘w“’\_’ Approved e fl L/:y >
Gary Whitmore My /17 &c) : ' —
_ SupeMitor, System Safety Engineering
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KSC HAZARD REPORT printed 11/04/93 08:38:24 REV. A PAGE 1 of 8
HAZARD #: RT-ENG-1019 REVISION: REVISION DATE: !/ /7
MASTER #: K=-SPC-00355-I-CR DATE IDENTIFIED: 04/05/88 TEAM/LOG: RT/19

TITLE: PERSONNEL WORKING UNDER SUSPENDED LOAD FOR SRB PROCESSING (RPSF/VAB),
ORBITER STACKING (VAB), SSME MAINTENANCE (VAB/PAD), AND MDD (SLF/CLS/KSC)

CONFIGURATION DATA

RESP. ORGANIZATION: SPC/LSOC
LOCATION/STATION SETS: 20,23,29,31
BASELINES: 389.00,400.15

PROGRAM MODEL NUMBERS: Keé0-0531,K60-0533,K60-0534,K60-0562,K60-0563
MISSION EFFECTIVITY: 26+

MISSION PHASE: GROUND PROCESSING
FLOW SEGMENTS: LRR,MULTI,OFF, PAD, PLOAD, RPSF, SSME, VABM, VABO, VABS , VABT
CR: 50404N
SAA/SAR:
OMRSD:
OMI: B5303,B5308,B5309,03008,50004,T5149,V5044,V5E06,V9005
ESR:
LCC:
HAZARD ANALYSIS DATA RISK MATRIX
HAZARD SEVERITY AND LIKELIHOOD OF OCCURRENCE
REPORT STATUS: CLOSED WITH CONTROLS IN PLACE (SEE ASSOC'D CAUSE #)
CLOSURE CLASS: ACCEPTED RISK
PROBABLE
WORST CASE CAUSE: CAUSE 1 L
SEVERITY: CATASTROPHIC I
LIKELIHOOD: REMOTE K
E INFREQUENT
HAZARD TYPE: INDUSTRIAL L
I
PREPARED BY: SPC H
MAIL CODE: 0 REMOTE
o)
ANALYSIS TYPE: OPERATING & SUPP.| D
IMPROBABLE
~CONTROLLED
-ACCEPTED RISK MARGINAL CRITICAL CATASTR.
{i-UNACCEPTABLE SEVERITY LEVELS
APPROVALS
SAFETY ENGINEER: RT=-ENG DATE: 04/05/88
CONTRACTOR SYSTEM/DESIGN ENGINEER: DATE: [/ /
CONTRACTOR SAFETY MANAGER (1): JOHN W. JAMBA DATE: 04/15/88
CONTRACTOR SAFETY MANAGER (2): LEROY B. SPIVEY DATE: 04/15/88
NASA SYSTEM ENGINEER: DATE: [ /
NASA SAFETY MANAGER (1): J. ROBERT LANG DATE: 04/18/88
NASA SAFETY MANAGER (2): J. A. THOMAS DATE: 04/23/88
DATE APPROVED: CCB: 06/07/88 SSRP: 06/22/88 PRCB: [ [/
50
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KSC HAZARD REPORT printed 11/04/93 08:38:24 REV. A PAGE 2 of 8
HAZARD #: RT-ENG-1019 REVISION: REVISTON DATE: /7
MASTER #: EK=-8PC=00355-I-CR DATE IDENTIFIED: 04/05/88 TEAM/LOG: RT/19

HAZARD DESCRIPTION:

current KSC procedures for processing Solid Rocket Motors (SRMs) in the RPSF and
VAB require personnel to work under a suspended load (Static). Personnel are
also requlred to work under the Orbiter when it is lifted to the vertlcal
p051t10n while in the VAB transfer aisle to remove landing gear pins prlor to
raising the gear. In the event an engine change or turbo pump change is
required at the PAD, personnel would be working under the SSME area while the
Orbiter is in the Vertlcal position on the FSS. Also, changing a turbo pump in
the engine shop in the Low Bay at the VAB would require working under the engine
pump when it is being 1nstalled/removed Personnel are required to work under a
suspended load when the Orbiter is mated to the Shuttle Carrier Aircraft (SCA)
at DFRF and when the Orbiter is demated from the SCA at KSC to remove/install
the landing gear pins. In the OPF, personnel are required to work under a
suspended load during 1nstallatlon/remaval of the Orbiter's manueverlng system
(OMS) POD. They are allowed under the load when the OMS post is within 6 inches
of the ball socket.

Codes applicable to working under a suspended load are as follows:

A. Occupational Safety and Health Administration (OSHA) standards, 29CFR1910
subpart "N" 1986 edition.

a. 1910.179.n.3.vi (Overhead and Gantry Cranes) "The employer shall require
that the operator avoid carrying the loads over people." (Dynamic Condition)

b. 1910.180.h.4.ii (Crawler, Locomotive and Truck Cranes) "No person should be
permitted to stand or pass under a load on the hook." (Static Condition)

B. American National Standards Institute (ANSI) 1967, 1968, & 1983 editions
read the same.

a. B30.2-3.2.3.e (Overhead and Gantry Cranes) "Loads should not be carried over
pecple. (Dynamic Condition)

b. B30.5-3.2.1.4.e (Crawler, Locomotive and Truck Cranes) "Loads should not be
carried over people. (Dynamic Condition)

C. NASA NSS/G0O-1740 dated July 1982, (January 1988 Draft read the same).

a. Chapter 2 (Cranes) 2.7.14 "...Loads shall not be moved over people. (Dynamic
Condition)

KSC/GP-1098E, Section 2.34, Ground Safety Plan, Volume 1 Safety Requirements
contains requirements for a pretest briefing to be conducted just prior to the
1ift to ensure no open items, all systems and support personnel are ready to
support. Loads are not raised, lowered or left suspended any longer than
necessary to accomplish the task. In the event of a contingency or if a problem
occurs during a lifting operation that prevents the completion of the task,
within the shift in which it began, the load will be returned toc the prelift
position. However, presently there are two exceptions to this: 1) when the
SRMs are suspended in the Rotating, Processing and Surge Facility (RPSF) - to be
checked and inspected, and 2) during processing and stacking of the SRM segments
in the VAB. In the RPSF, the air loads/fiber optic video inspection and
ultrasonic inspection could require more than one work-shift. The tang
inspection in the VAB requires approximately 12 hours to perform; depending on
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KSC HAZARD REPORT printed 11/04/93 08:38:24 REV. A PAGE 3 of 8
HAZARD #: RT-ENG-1019 REVISION: REVISION DATE: / /
MASTER #: K-SPC-00355-I-CR DATE IDENTIFIED: 04/05/88 TEAM/LOG : RT/19

HAZARD DESCRIPTION (CONTINUED):

the problems identified, such as an on-bonding problem, a SRM segment could be
suspended in the VAB between 2 and 8 work-shifts.

While the above loads in the RPSF and VAB are suspended, two crane operators
continuously monitor the load at their control stations. One crane operator is
in the cab and the other crane operator is on the ground with the emergency stop
switch.

HAZARD CAUSE(s):

1. (ACCEPTED RISK/CATASTROPHIC/REMOTE) - Failure of 1lifting devices: 200-ton
crane in the RPSF, 250-ton crane in the VAB, 10-ton crane in the SSME shop, and
the 140-ton 3900T Series 2 crane, the 800-ton TC-4000 Demag, the 250-ton HC-268
Linkbelt truck cranes, and MDD operations at the landing sites. Additional
structural failures include the 250-ton hydraset and/or the SRM Four Point
Lifting Beam. Any one of these failures could result in dropping the load.

HAZARD EFFECT(s):
Serious injury and/or loss of life to personnel.
ENGINEERING/SAFETY REQUIREMENTS:

KSC GP-1098E, Ground Safety Plan,

OSHA standard 29 CFR 1910, 1986 edition,
ANSI standard, 1983 edition,

NASA NSS/GO-1740, July 1982.

OMRSD REQUIREMENTS:

79K16835, "VARIANCE REQUEST MTI 24-80"

LAUNCH COMMIT CRITERIA:

None.

DETAILED ELIMINATION/CONTROL/ACCEPTED RISK RATIONALE:

At the present time there is not an acceptable method to perform SRM/Orbiter
processing and stacking which would prevent personnel from temporarily working
under a suspended load (static condition). The necessary operations include
segment cleaning, inspection, greasing, measuring, insulation debond repairs,
defect analysis, and other functions associated with preparing an SRM segment
for mating/stacking to minimize the hazard and reduce the risk to an acceptable
level. Each lifting device was thoroughly analyzed in accordance with NSTS
22206 and NSTS 22254. The 175-ton crane, the two 200-ton cranes in the RPSF,
and the two 250-ton Bridge Cranes in the VAB completed Design Certification
Reviews in January 1988. The only critical items identified pertain to the
250-ton VAB cranes. These critical items are covered in hazard report
RT-ENG-1027. The 200-ton cranes in the RPSF are being modified to use DC motors
and controls instead of AC to eliminate erratic Trolley and bridge movement.
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DETAILED ELIMINATION/CONTROL/ACCEPTED RISK RATIONALE (CONTINUED):

At DFRF, the MDD is used to mate the Orbiter to the SCA. At contingency landing
sites, the 800-ton TC-4000 Demag and 250-ton HC-268 Linkbelt truck cranes are
used to mate the Orbiter to the SCA. The MDD is used to demate the Orbiter from
the SCA after it arrives at KSC. No single failure points have been identified
on the MDD or the mobile crane lifting devices. Also, the pinned landing gear to
be cycled require a landing gear clear area (2 ft. forward, 2 ft. each side, 2
ft. aft and gear doors clear to ground). Clearance must be acknowledged prior to
raising/lowering the landing gear and/or removing/installing the gear pins.

The SRM Four-Point Lifting Beam which is used for lifting the SRMs has a design
safety factor of greater than 5:1 based on ultimate yield stress. The System
Assurance Analysis for the 250-ton Hydraset SAA00KS01-001, identified only one
seal which is a Category 2 critical item. The failure effect would be a maximum
1/2" hydraset lowering due to O-ring failure/bleed down. The hydraset
structural design safety factor is greater than 5:1 based on ultimate yield
stress. In accordance with NASA and Industry standards, initial proofload
testing has been accomplished for all segment lifting system components. Annual
load testing and scheduled maintenance programs are currently in place (79K
Documents) for the KSC 1lifting hardware.

SAAQ9FY12-011, 10-ton Bridge Crane, for the Space Shuttle Main Engines (SSME) in
the VAB low bay identified two single failure points. The Gear Reducer
(Criticality 1) failure mode would require disengagement or structural failure,
and the Solenoid Holding Brake (Criticality 1R) failure would be failure to
engage, or failure of the Mechanical Load Brake. The four hazards identified
include the lack of an upper limit switch (it has one upper switch) and the
undetectable failure of either the electric brake and/or the mechanical brake.
The fourth hazard pertains to personnel working under a suspended load during
SSME turbo pump installation which is included in this accepted risk. A safety
analysis was accomplished in SAA09PPF134-001 (preliminary), Hypergeol Safing
System, in the OPF and indicated no single failure points. SAA09FY01-001,
30-ton Bridge Crane, indicated no single failure points. An analysis on the
10-ton Hydraset was performed in SAAQO0KS01-002 and indicated 2 single failure
points; the seals on the piston head and the seals on the up/down pump assembly.
This analysis was a generic KS8C center-wide review of all the hydraulic
operated hydrasets.

These in-depth system analyses of the lifting devices insure that safety and
operational personnel, as well as KSC management, are aware that all potential
hazards have been identified and controls established to reduce the risk of
working under a suspended load to an acceptable level.

All crane operators are certified and licensed per KMI 6430.4 Examination and
Licensing of KSC Facility Crane Operators. Annual physicals for crane operators
are required. To further minimize these hazards, only the personnel absolutely
necessary to perform the operation are allowed to work near or under the
suspended load.

All operations at KSC, with regard to working under a suspended load, are under
"STATIC CONDITIONS" only. In no case is a load moved over personnel.

KSC Computerized 6-32 53




SAAQO9FTB3-003

KSC HAZARD REPORT printed 11/04/93 08:38:24 REV. A PAGE 6 of 8
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OMI/TPS/WAD VERIFICATION (CONTINUED):

Aft booster assembly on MLP

B5303 Connection of GEI umbilical plate to bottom of Aft skirt prior
to set down of Aft booster assembly on MLP

B5303 Reshimming of HDP Spherical bearings to meet HDP load
distribution requirements

B5303 Sighting of HDP Spherical bearing DELTA scales during reshimming
operation

B5303 Cleaning of segment tang/capture feature for inspections

B5303 Cleaning of Aft end SRM insulation and J-Joint surfaces for
inspections

B5303 Inspection of tang/capture feature (visual)

B5303 Inspection of SRM Aft end insulation, propellant relief flap and
J-Joint surfaces (visual)

B5303 Air load/fiber optic video inspection of the capture
feature-to-insulation bondline

B5303 Ultrasonic inspection of the insulation bondline behind the
capture feature barrier O-ring groove

B5303 SRM tang J-Joint and relief flap profile measurements

B5303 V-2 volume filler installation in tang capture feature

B5303 O-ring and barrier seal installation during field joint mating

B5303 J-Seal abrading

B5303 J-Joint adhesive application

B5303 Final joint closeout inspection

B5303 Field joint assembly fixture (FJAF) installation

B5303 Field joint mating process

B5303 Forward assembly clevis cleaning

B5303 Forward assembly clevis inspection

B5303 Forward assembly clevis grease application

B5303 O-ring groove inspection

T-5149 ET OFFLOAD MOVE AND SECURE IN C/0 CELL

ET transporter is driven out from under external tank
(technicians steer transporter).

Disconnect Aft hardpoint- (2 persons under external tank raised
slightly off transporter)

VAB ORBITER HANDLING/HOISTING

50004 Slowly raise both 175-ton and 250-ton cranes until Orbiter main
gear clears floor 6 inches +/- 4 inches.

S0004 Remove safety pin (G070-502453) from Nose Landing Gear Door and
Ground Pin (GW70-500696-002) from Nose Landing Gear Lock Brace
Assembly.

S0004 Remove safety pin (G070-502461-001) from left main gear door and

Ground Pin (GW70-500696-003) from left main gear.
50004 Remove safety pin (G070-502461-001) from right gear door and
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HAZARD #: RT-ENG-1019 REVISION: REVISION DATE: !l 7
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SUMMARY ACCEPTANCE RATIONALE:
None.
OMI/TPS/WAD VERIFICATION:

The following OMIs contain steps and/or cautions to alert personel of the hazard
and the requirement to minimize time under the suspended load:

RPSF

OMI NUMBER TASK/OPERATION

B5308 Cleaning of segment tang/capture feature for inspections

B5308 Cleaning of Aft end SRM insulation and J-Joint surfaces for
inspections

B5308 Inspection of tang/capture feature (visual)

B5308 Inspection of SRM Aft end insulation, propellant relief flap and
J=-Joint surfaces (visual)

B5308 Air load/fiber optic video inspection of the capture
feature-to-insulation bondline

B5308 Ultrasonic inspection of the insulation bondline behind the
capture feature barrier O-ring groove

B5308 Installation/removal of protective pie-shapes over forward

insulation and propellant surfaces of SRM while handling
ring/end cover assembly is suspended above

B5308 Mating of Aft skirt to RPSF build-up stand support post ball
fittings (cleaning surfaces)

B5308 Installation of protective velostat sheeting on tang aft
surfaces

B5308 Inspection of SRM leak ports

B5308 Application of grease to bare metal surfaces of tang/capture
feature

B5309 Cleaning of SRM Aft segment tang

B5309 Inspection of SRM Aft segment tang and crotch

B5309 Application of grease to Aft segment tang

B5309 Positioning of external tank attach (ETA) Ring on Aft segment
stubs

B5309 Installation/removal of protective pie-shapes over forward

insulation and propellant surfaces of SRM while handling
ring/end cover assembly is suspended above

B5309 Mating of Aft skirt to SRM transportation pallet support post
ball fittings.
B5309 Installation of O-ring prior to segment mate. (Segment

suspended 3' above another segment. Technicians hands/arms
under suspended load).

VAB
(B5303 Repairs of defects on SRM insulation, J-Joint, or metal parts in
work) (SRM or FWD ASSY) - not used for STS5-26R.
B5303 Cleaning Aft skirt shoes and HDP bearings prior to set down of
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OMI/TPS/WAD VERIFICATION (CONTINUED):
Ground Pin from the right main gear.
S0004 Inspect tile on and around landing gear doors.
SSME LRU COMPONENT INSTALLATION/REMOVAL IN VAB - LOW BAY

V5EQ06 Lifting operations in SSME area to remove/install SSME turbo
pump.

ORBITER AND SCA MATE/DEMATE

55022 Orbiter SCA mate/demate at DFRF/KSC

55044 Orbiter SCA mate/demate at contingency landing sites.

V9005VL1 Hydraulic standard power up/power down for raising/lowering
landing gear.

V5011 OMS POD removal/installation in the OPF.

Q3199

SAA REFERENCES:

SAAQ09FY012-005,, "SAAO9FY012-004"

FMEA/CIL REFERENCES:

None.

BACKGROUND:

The Occupational Safety and Health Administration (OSHA) has stated that OSHA

will not issue waivers to authorize the exposure of employees working beneath
suspended loads. OSHA also states that any work procedures requiring such

exposure are done so at the risk of the employer. The following reduces this
risk to an acceptable level:

a. All GSE developed for processing and inspection is designed to preclude the
exposure of employees under suspended loads where ever possible.

b. All inspection techniques are developed with proper inspection tools that
would eliminate inspection procedures under suspended loads where ever possible.

c. In those cases where it is not feasible to eliminate employee exposure
working under a suspended load, an appropriate risk assessment must be made to
assure the controls employed and the risk acceptance rationale is approved by
management.

INTERFACES:

None.
56
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STATUS OF OPEN WORK:

The current Operations and Maintenance Requirements Specifications (OMRS) for
the 200-ton crane in the RPSF and the 250-tone crane in the VAB are 79K27158 and
79K16835. These documents are currently under review and the requirements for
the OMRSD File VI are being prepared.

REMARKS:

6/22/88 - SSRP changed to Industrial. This HR was neither approved nor
disapproved with CR 50404N, but left to KSC to control as an Industrial hazard.
This hazard will be maintained in the KSC Hazard Data Base. Status changed to
closed. "Damage to flight hardware" deleted from hazard effect data element.

2/17/89 - Added O-ring inspectoscope operation and references to cranes and OMIs
used for Orbiter/SCA mate/demate at DFRF/KSC/CLS. Also added reference to
hazard report RT-ENG-1027, which covers the 250-ton VAB crane single failure
peints.
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HAZARD #: SPC-5210-018-89 REVISION: REVISION DATE: /
MASTER #: K-SPC-00000-S-HT DATE IDENTIFIED: 03/28/89 TEAM/LOG: POST/94

TITLE: DAMAGE TO PAYLOAD AND/OR PAYLOAD CANISTER DURING PAD-B PCR 90-TON HOIST
OPERATIONS

CONFIGURATION DATA

RESP. ORGANIZATION: LSOC
LOCATION/STATION SETS: 23
BASELINES: 422.00
PROGRAM MODEL NUMBERS: K61-0168
MISSION EFFECTIVITY: 36+
MISSION PHASE: GROUND PROCESSING
FLOW SEGMENTS: PAD
CR: 50414H
SAA/SAR: SAAO09FY05-001
OMRSD:
OMI: M3160,Q3437,06325
ESR:
LCC:
HAZARD ANALYSIS DATA RISK MATRIX
HAZARD SEVERITY AND LIKELIHOOD OF OCCURRENCE
REPORT STATUS: CLOSED WITH CONTROLS IN PLACE (SEE ASSOC'D CAUSE #)
CLOSURE CLASS: CONTROLLED
PROBABLE
WORST CASE CAUSE: NONE L
SEVERITY: CRITICAL I
LIKELIHOOD: IMPROBABLE K
E INFREQUENT
HAZARD TYPE: SHUTTLE L
T
PREPARED BY: SPC H
MAIL CODE: O REMOTE
o
ANALYSIS TYPE: OPERATING & SUPP.| D
IMPROBABLE
~CONTROLLED
-ACCEPTED RISK MARGINAL CRITICAL CATASTR.
#-UNACCEPTABLE SEVERITY LEVELS
APPROVALS
SAFETY ENGINEER: J. YARBORO DATE: 04/07/89
CONTRACTOR SYSTEM/DESIGN ENGINEER: DATE:
CONTRACTOR SAFETY MANAGER (1): J. R. HANKINS DATE: 12/20/89
CONTRACTOR SAFETY MANAGER (2): DAVID T. HOGGE DATE: 12/21/89
NASA SYSTEM ENGINEER: DATE: [/ /
NASA SAFETY MANAGER (1): RONALD R. GILLETT DATE: 12/21/89
NASA SAFETY MANAGER (2): J. ROBERT LANG DATE: 12/21/89
DATE APPROVED: CCB: 01/04/90 SSRP: 01/18/90 PRCB: 02/06/90
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HAZARD DESCRIPTION:

The 90-Ton, base-mounted Payload Canister Hoist is installed in the Hoist
Equipment Room at the 212-foot level of the Rotating Service Structure (RSS) at
Pad-B. The primary operational use for the 90-Ton hoist is to raise the payload
canister and its associated payload for payload off-loading into the Payload
Changeout Room. The hoist is operated by an AC motor acting through a gear
reducer to a single drum with dual reeving.

The dual reeving system consists of the upper sheave nest and lower block made
of alternating large and small diameter sheaves. Wire rope from the drum
alternately crosses from one sheave to the next sheave of the same diameter, and
eventually dead ends through a spelter socket to an equalizer bar opposite the
wire rope's original starting point on the first high speed sheave. The
equalizer bar distributes the load evenly between the two wire ropes by pivoting
about a rocker pin. With this configuration, two separate wire ropes are
provided which are capable of supporting the load if the other rope fails.

During hoisting operations, the wire ropes are spooled onto the drum. The wire
rope drum is double reeved; each rope is spooled with ten layers on each drum
half. The drum is equipped with grooving to provide proper rope spooling. As
the load is raised, abnormal spooling occurs at about the seventh wire rope
layer resulting in the length of the two ropes becoming uneven. As the uneven
spooling continues, the equalizer bar begins to tilt from its horizontal
position to a slanted position (approximately 6-8 inches of rotation [15
degrees] at the end of the bar) trying to distribute the load evenly between the
two wire ropes. If the uneven spooling is allowed to continue, the equalizer bar
will move further until one of the spelter sockets begins to bear against the
under surface of the equalizer bar, thus, kinking the wire rope and possibly
damaging the spelter connection. Upon futher travel, it is possible for the
equalizer bar to reach the vertical position, transferring all the load to one
rope. This abnormal condition could result in damage to the hoist mechanism
and/or hardware.

HAZARD CAUSE(s):

1) Uneven wire rope spooling on hoist drum.
2) Wire rope (structural) failure.

HAZARD EFFECT(s):

Possible damage to hoist mechanism and/or payload canister/payload.
ENGINEERING/SAFETY REQUIREMENTS:

NS5-G0/1740.9.

OMRSD REQUIREMENTS:

None.

LAUNCH COMMIT CRITERIA:

None.
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HAZARD #: SPC-5210-018-89 REVISION: REVISION DATE: / /7
MASTER #: K-SPC-00000-S-HT DATE IDENTIFIED: 03/28/89 TEAM/LOG: POST/94

DETAILED ELIMINATION/CONTROL/ACCEPTED RISK RATIONALE:

1) OMI Q3437, Operating Instructions for 90-Ton Hoist, RSS, Pre-ops Setup,
sequence 01-000 (prior to each hoist operation) requires a walkdown inspection
of the entire hoist mechanism to ensure operational readiness of wire ropes,
drum and block assemblies, and equalizer sheaves. Sequence 01-009 requires the
hoist operator to establish communications with each observer involved with
hoisting operations, which also includes the emergency stop operator in the
forward reaction control room (207-foot level), the emergency stop operator
(130-foot level-Side 2), the Pad level observer, and hoist room observer
(207-foot level), who observes the hoist drum spooling.

OMI M3160, Payload Canister Hoisting Operations, Launch Pad A/B, requires OIS
communications be maintained between all observers during hoisting operations.
Emergency procedures require observers to halt hoisting operations if any
anomalies occur.

2) OMI Q6325, Maintenance Instructions for the 90-Ton Payload Canister Hoist,
Pad B, provides for monthly wire rope inspections and an annual 100% rated load
test of the hoist. The wire rope safety factor is 5 to 1. Balanced dual
reeving provides 2 separate ropes, each capable of supporting the locad (dual
failure required).

SUMMARY ACCEPTANCE RATIONALE:

None.

OMI/TPS/WAD VERIFICATION:

OMIs Q3437, Q6325, and M3160.

SAA REFERENCES:

SAAQ9FY05-001, "90-TON HOIST PAD-B"

FMEA/CIL REFERENCES:

None.

BACKGROUND:

The 90-Ton Payload Canister Hoist at Pad-B was modified to meet the July 1982
version of NSS/GO-1740.9 (NASA Safety Standard for Lifting Devices and
Equipment), which required that hoists lifting critical flight hardware be
equipped with two wire ropes. The July 1988 revision of NSS/GO-1740.9 does not
require dual wire ropes for critical hoists. This condition does not exist for
the Pad-A 90-Ton hoist, which is single reeved.

INTERFACES:

None.

STATUS OF OPEN WORK:

None.
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HAZARD #: SPC-5210-018-89 REVISION: REVISION DATE: /7
MASTER #: K-SPC-00000-S-HT DATE IDENTIFIED: 03/28/89 TEAM/LOG: POST/94
REMARKS:

1/04/90 - This hazard report was approved by the Joint Launch and Landing Level
IIT configuration Control Board/SPC Risk Review Board.

1/18/90 - Presented to and approved by the SSRP.
1/25/90 - Approved by the Level II PRCB.

2/06/90 - Approved by the Level I PRCB.
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7.4 FAULT TREE ANALYSIS

A qualitative fault tree analysis was developed with the top event identified as “Injury/Loss of
Life to personnel or Flight Hardware Damage”. Potential hazardous conditions leading to the
top event have been assessed on the Hazard Analysis Worksheets located in Section 7.5.
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7.5 HAZARD ANALYSIS WORKSHEETS

The Hazard Analysis Worksheets were prepared in conjunction with the fault tree analysis
depicting the specific hazardous canditions, causes, effects, safety/engineering requirements,
and hazard elimination/control provisions. Worksheets are attached.
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8.0 LPS CONTROL/MONITOR FUNCTIONS REVIEW

There are no LPS control/monitor functions associated with this system.
9.0 END-TO-END ANALYSIS

This system interfaces with and requires the support of the systems depicted in Figure 9 on
page 79. An assessment of the loss of each interfacing system follows.

Table 7. INTERFACING SYSTEM LOSS ASSESSMENT

Interfacing Concurrence in Other SAA
System Title Effect of Loss SAA Number Comments
60 Hz Power Hoist will stop SAAQSELB2-001 Yes.
Pad-B and the brakes
will set. Non-
critical.
78
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LWoa2393

90-TON HOIST
PAD B

SAAOQ9FTB3-003

SAAQ9FTBE3-003
REV. A

60 HERTZ POWER
DISTRIBUTION
SYSTEM
PAD B

SAAOSELB2-001

FIGURE 9. END-TO-END BLOCK DIAGRAM
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10.0 SNEAK CIRCUIT ANALYSIS

There was no Sneak Circuit Analysis performed on this system.
11.0 EMERGENCY SAFING ANALYSIS

There are no Emergency Safing Circuits associated with this system.
12.0 AREAS OF CONCERN

There were no Areas of Concern identified during this analysis.

13.0 CRITICALITY CATEGORY 1R ANALYSIS

Improper performance of this system could result in loss of life or vehicle; therefore, the com-
ponents used in the critical functions are analyzed in the following reliability block diagram.

13.1 RELIABILITY BLOCK DIAGRAM

The components of this system are described in the following reliability block diagram. The
reliability block diagram depicts the logical relationship of system components in series and
parallel paths that lead to the desired event. Those items identified as criticality category 1R
are summarized in section 13.2,
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13.2 CRITICALITY CATEGORY 1R ITEMS

There were two criticality category 1R items identified. See section 13.1 for additional infor-
mation. The 1R items are summarized on the following Criticality Category 1R ltems
Summary Sheets (Worksheet 5312-015).
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