APPROVAL SHEET FOR SUSPENDED LOAD OPERATIONS

==

SLO-KSC- 1591-017

CHANGE 1-JULY 1998
LOW PRESSURE OXIDIZER DUCT REMOVAL/INSTALLATION IN THE VERTICAL ASSEMBLY

TITLE

=

BUILDING {(VAB) EWGINE SHOP aND SSMETF

DOCUMENT NUMBER/TITLE _ OMI V5SE02-SSME HIGH PRESSURE OXIDIZER TURBO PUMP REMOVAL/INSTALLATION

AND OMI V5E63-5SME ALTERMWATE HIGH PRESSURE OXIDIZER TUREO FUMP REMOVAL fINSTALLATTON

PREFARED BY _ KATHLEEN MUERAY

DATE  APRIL 1996

e
e

REQCUIRED APPROVAL

CONTRACTOR DESIGH A& QA COPERATIONS SAFETY

NASA DESKEM ___ _R&OA OPERATIONS SAFETY
TYPE OF PRINT MAME , SIGNATURE | oRan. DATE

J. LEWER, ROC SAFETY

Roc-enic | T-2a-48

K. HOSHSTRASSER, ROC MGR., :
SR&OA ( f ; g | A - 5T At T/f 3{/‘ 78
E. GARDZE, ROC MCGR., SSME ENG_ JM@M V—GC_ _?]T:"]LE}E}
D. EWERS, ROC MGR., SSME TECH | | e :
Ops Jﬂ 5-&-2-_. I"'EC:'C ‘?“Ef"?.?
D. HAUSMAN, ROC SITE DIR. ‘Lﬂ = s 2-31-98
. Zb‘q-h [ F o i .
J. JAMBA, USA SLAP COORD. Igﬁ—hﬂ %—&mi—a DSh-chE .‘p'{;:,"‘i‘-ﬁ
J. GARRETT, USA SAFETY ENG W) LJ E:.m Q\
alylee
i B '.}‘_'\-.."'I.’ ELtﬂ.-}
A. STEVENS, USA MGR. S&RE hizimtn—- T w\a |5
M. GLEN} MASA SR&QA e e NPT IR
g [ L L s e M

CONTHRACTOR DIRECTOR OF SAFETY
IRy
N

b

'r' 3 _n'lﬂl_,r

(ﬂf-‘r’*ﬁ D)

W5 ECIRRE T35 11178 (OHE TRAE FONW-BEPAMT NG SUTHORTED)



NASA SUSPENDED LOAD OPERATION
ANALYSIS/APPROVAL

NUMBER: SLO-KSC-1991-017
CHANGE 1 - JULY 1998
FAGE10OF S

OPERATION - Low Pressure Oxidizer Duct Removal/Tnstzllation in the Vehicle Assembly Building
{(VAR) engine shop.

SUPPORTING DOCUMENTS - The associaled operaticnal procedures/system assurance analysis are
as follows:

- OMI W3ED2-55ME High Pressure Oxidizer Turbo Pump Remoeval/Installation
; OMI V3IE63-S5ME Altemate High Pressure Oxidizer Turbo Pump Removal/Installation
- M1 V3EG3-55ME Altemate High Pressure Oxidizer Turbe Pump Removal/Installation
- SAADUEY 121003 - System Assurance Analysis of the 10-Ton Bridge Crane al the Space
shurtle Main Engine Assembly Area in the VAB Low Bay
SAADBCRO-001 - System Assurance Analysis of the 10 & 15-Ton Bridae Cranes at the
S5MEFF

GENERAL DESCRIPTION FOR OMI VSE02 AND VSE63: Permit two (2) technicians to be directly
under the suspended LPOD during installation/removal of the lifting hardware as follows

Eemoval of Low Pressure Oxidizer Duct
Inztallation of Low Pressure Oxidizer Duct

The Low Pressure Oxidizer Duct { LPOD) removalfinstallztion procedures are performed in the SSMEPF
using the 10-ton bridge crane or in the VAB using the 10-ton bridge crane located in the Main Engine
Shop. The 10-ton bridge crane is wiilized with nylon lifting slings to lift the LPOD into position for

installation or removal, The installation and removal of the LPOD requires the technicians invelved to
work under the suspended LPOD,

During the procedures 1o removefinstall the low pressure oxidizer duct (LPODY, a maximum of two
technicians will be required 1o work beneath the suspended LPOD for appraximately 15 minutes,

RATIONALE/ANALYSIS - The suspended load tasks comply with the NASA Allernate Safery
Standard as follows:
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Alternate Standard Requirement #la - The operation cannot be conducted without personnel working
beneath the LPOD during operations invelving the connection and disconnection of the LPOD 1o the
SSME prior 1o and post HPOTP installationremoval. LPOD lifting operations in the VAB low bay cell
have been evaluated and it has been determined that there are no proceduralfoperational means to
eliminate personnel exposure 1o the suspended load that reduce the hazard level. In addition, it is no
feasible to redesign the lifting/handling equipment in such a manner as to eliminate the requirement for
personnel o work under a suspended load during these operations,

Alternate Standard Requirement #lb - The possible use of a secondary support system to catch the
load in the event of a crane failure has been reviewed and determined not to be feasible. This conclusion
was reached primarily due to the requirement to position the LPOD directly over the 35ME in order 1o
comnect or disconnect t/from the gimbal assembly before or after [ifting operations.

Alternate Standard Requirement #le - The maximum number of pecsonnzl permitted under the load at
any limea 15

Lwer (2],

Alternate Standard Requirement #1d - The two technicians will accomplish their task as quickly and
safely as
passible in order o minimize exposure time.

Alternate Standard Requirement #4 - Operation and Maintenance Instructions (OMI) VSEO? and
V3EG2 have been revised (o pemit only the minimum required number of personnel under the suspended
lead during the installation/rermoval of the required hardware. The OMI is available on site during the
aperation for inspection.

Alternate Standard Requirement #6 - Su spended load operations assceiated with LPOD lifting wse the
SSMEPF 10-ton bridge crane or the VAB Engine Shop 10-ton bridge crane. The crane is designed,
tested, inspected, maintained and operated in accordance with NE5/Go-17409, The crane is designed
with a minimum safety factor of 5:1, based on ultimate material strength of the hoist Joad carrying
COmponents,
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The SSMEPF 10-ton bridge crane is equipped with a hoist motoer brake and 2 losd hald/halt drum brake,
each capable of stopping and helding the load at the crane's rated capacity, The moter brake provides
retarding torque o hold the load when no power is being transmitted. It is an electrically released disc
brake set by spring compression o apply load nolding torgue to the motor shaft, The load held/halt deom
brake provides retarding torque 1o hold the load when no power is being transmitted if the load moves
down afler stopping.  This electrically released brake applies load holding torque directly to the hoist
drum,

The VAB 10-ton bridge crane is equipped with mechanical and magnetic braking systems with overspeed
braking, each of which is capable of stopping and holding the load at the crane’s rated capacity. The
mechanical load brake controls the lowering speed of the hoist motar, If the speed of the load begins o
exceed that of the motor, the brake beging 1o set slowing the rate of descent. The magnetic load brake
provides braking torque to the hoist motor pimion shaft, Whenever the hoist motor is enargized the
solenoid in the magnetic load brake is also encrgized causing the magnetic load brake o release.
Therefore whenever power is removed from the hoist maotor, the magnetic brake will set.

The cranc is load tested annually at 100% of rated load and the Operational Maintenance Requirements
and Specifications Document (ONMD), File VL requires verification of the load test prior to any critical
lift. The acceptance test of the crane was performed in the VAB in 1982 a1 125% of rated load. Detailed
preventative maintenance is performed monthly, quarterly and annually on the crane to ensure proper
operalion,

Alternate Standard Requirement #7 - A System Assurance Analysis (SAA) has been completed on the
ten-ton crane. The analysis includes a Failure Modes and Effects AnalysisfCritical lems List
(FMEASCIL) and a hazard analysis (see supporting documents).

The SAA for the SSMEFF 10 & 15-Ten Bridge Cranes identifies one SEP, the Programmable Logic
Controller (PLC), The PLC contrals motion for the hoist, bridge and trolley. The identified failure mode
15 erroneous inpul or output which could cause the load to travel in an uncommanded direction, The PLO
iz designed to industry standard and is UL listed, Internal diagnostics verify all crane controls each time
the crane is wsed and cranc contral functional thecks are performed before cach use. The PLC is
electrically isolated from external voltages/cuments,
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The SAA for the VAR 10-ton bridge crane identifies one single failure point (SFP) for the ten-ton bBridge
crane in the hoist gear drive when the system is hotsting or lowering, The identified failure mede is
disengagement of the drive gear as a result of structural failure of the teeth, shafts or keys which will
allow the load 1o drop. There is no histary of failure with the SEP in the critical failure mode, The use of
high quality components and a comprehensive maintenance, inspection and test program including pre-
operational checks ensure that the crane system aperates properly, The gears and shafts are designed in
accordance with American Gear Manufacturers Association and Crane Manufacturers of America
Association standards and all load bearing parts are designed so that the static stress, caleulated for rated
load, does not exceed 20 percent of the average ultimate material strength.

The associated SAA CIL Sheets identify all rationale for accepting the risk of the SFP, including design
information-, failure history and the aperational controls in effect o minimize the risks associated with
crang operation.

Alternate Standard Requirement #5 — Visual inspections for cracks or other signs of damage or
anomalies are performed on the crane, hook and lifting assembly and crane functional checks are
performed before each operation per NSS/GO-1740.9.

Alternate Standard Requirement #9 - Trained and licensed crame operators shall remain at the crane
controls while personnel are under the load

Alternale Standard Requirement #10 - Appropriate safety clear areas are established hefore mitiating
operations. Only the minimum of number of personnel will be permitted in this area,

Alternate Standard Requirement #11 - A pre-task briefing and a safety walkdown of the area are
camducted prior to the 1ift 1o ensure that all systems and personnel are ready 1o support. Al participants
are nstructed on their specific tasks and warned of hazards mvolved. Following any crew change, the
new personnel are instructed by the task leader on their tasks and warned of hazards invalved

Alternate Standard Requirement 12 - Personnel beneath the suspended load will be in voice contact
with the crane controller/signal persen. Upan loss of communication, the operation shall stop
immediately, personnel shall clear the hazardous area and the load shall be safed Operations shall not
resume until communications are restored,
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Alternate Standard Requirement #13 - Ground contrellers and E-stop cperators are properly
positicned during all phases of the lifting operation in full view of the load bleck, lifting fixtures and
attach points, Personnel working beneath the load shall remain in continucus sight of the operator/signal
person.
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