[ NASA SUSPENDED LOAD OPERATION INTERIM ANALYSIS/APPACOVAL
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0. ARCULAEMENT

The two documents listed Iin block 47 do not ol low rersonnel to wark
under suspended loade. The reguiresents are as fol lowve:

GF 109BF-"A load will not be lifted, suspended, or transported over
personnel...™

HE5/G0-1740.9=-"Loads shall not be moved over peopla unless
specifically authorized in & technical operating procedure.”

11, DESCRIPTION

Allow personnel to boe in the area Of incressed hazard dironctly under
the suspended load for the operations involved im landing gear
relroction of DV-102 Columbia orbiter after tow to the VAR for orbitor
mating to the wsxternal tank (ET). The orbiter is usually transported
after final processing from the Orbiter Processing Facility (OPF) to
Lhe VAR for mating operations but due Lo safetiy concerns with OV-105
potl landing operations and time critical operations lnvelwved with Lts
flight the orbiter is being towed. Soe detailed deseription of the
gparation, including manloading requirements. ;

"2 CETAILED AATIGNALL

The operation detailed {s performed under the supervision of a
qualified and certified move dirsctor with MASA and SPC cafety
providing on-site support. Only the essential number of personnel
required to perform the operation shall be working under the suspended
ioad. The 1ifting equipment has eurrent prooftest and validation. ALl
holst opermtore have current certifications. The maxisum number of
prople under the suspended load shall not exoeed five (5) at any Lime.
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General Description

This operation involves the mate of the orbiter to the ET uwtilizing
the VAR 2Z50-ton and 175-ton bridge cranes. A detailed engineering
review and hazards analy¥sis of this operation have been conducted.

Due to the unigueness of the activity and the limitations imposed when
Using presant sysiems, hardware and facilities, steps are presani whon
the orbiter is towed into the VAB where suspended load operations are
required under specifically approved and controlled conditions. The
orbiter mate to the ET after towing requires a minismum number of
pereonne]l under the load to perform the following tasks:

1. Hydraulie comnnection/disconnection from Lhe orbiter lefi-hand ET
umbilical for actuation of landing gear retraction.
(5 personnel, 1 howur)

2. Bungee cocking verification in landing gear linkage. (3 personnel-

0 minutes]

3. Mose landing gear door ground cable removal and landing gear
hydraulic strut wipe down., (1 personnel = 10 minules?

4, Armalon removal from landing gear doors and tile inspection
verification around landing gear doors. {4 persopnel - 1 howr?
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FationalefAnalysis: The suspended Icad tasks comply wilh Lhe MAGA
Alternate Safety Standard as follows:

Alternate Standard Heguirement #la: An indeplh analysis was perlorme:d
on the suspendod load operations in OMI 50004, Orbiter/ET mate
operations at Lhe VAB cannot be conducted without personnel beneath
the suspended load. The tasks performed under the load have beon

analyzed and evaluated with the determinaton that no feanible
enginearing design or procedural optlonsg are readily avallable to
gliminate the suspended load operation.

Alternate Standard Requirement #ilb: Secondary support systems Lo
aszume support of {catch) the load were evaluated and were nol
feasible for Lhis operation. Deslipgn eriteria was Loo cumbersoms Lo
prevent Lthe orbiter and sling from being a suspended load and also
previonted access to areas of critical work that needed to bhe
perlfarmed.

AlbLernaleo Standard Requirement #lc: The maximum number of personnel
identified for work to be performed under Lhe suspended load for each
task i=s 5. (FRefarenace Dunrriptinn. 1htems 1 Lhru 4 on page 2010 These

personnel are also identified with safely versls Lo annobate Lhe
required personne]l for the operation.

Alternate Standard Eequiroment #ilc: Technicians will saccomplish the
required task as guickly and safely as possible to minimize Limo
rxposure. [(Heference Description, i1tems 1 Lthru 4 on page £.1

Alternate Standard Requirement #4: OHMl 50004 has been revised Lo
require only the minimum number of technicians to work under the
suspended loads. Steps in the procedurs require perconnel to bo under
the increased hazard only for Lthose steps being worked. The OM1 i=s
available on site for inspRrction durinpg the operation. (Referenco
Description, items 1 thru 4 on page 2.}

Alternate Standard Fequiremant #8 The VAR 175=Lon and Z50-Lton bridpge
crangs are designed, tested, inspecled, maintained, and operated in
accordance with the MASA Safely Standard for LifTLing Dovices and
Equipment, N55/G0-1T740.9. These cranes are designed to a minimum
safety factor of 5 (based on the ultimate yield strenpih? for Lthe
hoirt load-hesring componentisn. The HTO-058T Orbiter l1ifting sling is
designed with a safety factor of 5 against wllimate strengih and &
gafety factor of 3 against yield.

The cranes are equipped with redundant hoist drive systems (including
hoigt wiro ropes and holding brakes), each capable of 1ifLing and
holding the load up to the cranes’ rated capacity. The cranes have o

dual braking system with overspeed braking.
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The cranes were one-time proofloaded at 125 percent of rated capacity,
load tested annually at 100 percent of rated capacity, and have a
monthly, guarterly, semiannual and annual preventative maintenance
program to ensure proper operation.

The wire rope is inspected monthly for discrepancies. HNondestructive
testing of the crane hook is performed annually.

When performing the mate operation, the 250-ton bridge crane is
connected to the forward spreader beam of the H70-0597 orbiter 13ifling
sling and the 175-ton bridpge crane is connocted to the aft spreader
beam but disconnected after orbiter 1ift and rotation to wverlical. The

orbiter will not exceed 226,000 pounds (wvaries wilh orbiter and
pavload configuration? and the erbiter lifting sling weighs
approdimately 64,400 pounds. The masximuem load l1ifted will not be ower
290,000 pounds which is wilhin the crane'"s raled capacibty.

Alternate Standard Requirement A7: System Assurance Analyses,
(SAADOEY12-005/5AA0BFY12-0061 have been completed on the Z50-Lon and

175-ton VAR bridpe cranes. Each SAA includes a failure modes and
effects analysisfcritical item list (FMEA/CIL) and a hazard analyvsis.
The SAA's identify single failure points (SFP"s) (31 for the Z50-

ton crane and 20 for the 175-ton crane) in the main hoist system when
the hoist is Iifting or lowering. Failure of the motor-generator set
{one each) or the main hoist motors (two each) would allow the load to
lower without regenerative braking at 10 feet/minute (2 inches/
cecondl. Fallure of the remaining SFP's would allow the load to lower

with regenerative braking at 0.25 feet/second (0.05 inches//secomdl.
There are no SFP's when the hoist is statie.

There is no history of failure with the SFP's in the critical failurne
miocd e . The use of high qualitly, reliable componants and a
comprehensive maintenance, inspection, and test program, including
precperational checks ensures that the crane systems operate properly.
1f a failure were to occur, it can be recognized by a brake sel light,
ammeter, or selsyn position indicator {depending on the failure) which
are in view of both crane oparators. The crane operators would secure
the load by applying the brakes. The longest getimated operator and
eystem reaction time, i.8. without regenerative braking, Lo recognize
the failure and set the brakes is 3 seconds and the load would have
descended an estimated 12 inches. This estimatle assumes a solid rocket
booster segment being lowered at 10 feel/minute and failure cccurring.
In addition, Emergency Stop operators, remote from the crane
operator's cab, can stop the crane if a failure indication is
observed. In summary, there should be sufficient time to observe a
failure and stop the crane before injuring personnel working under the
suspended load.
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The associated S5AA CIL Sheets (pps. 315-32G1 for the 250-tonm crane and
pps. J05-345 for the 175=-ton crane) identify all Yhe ratiomale fTor
accepting the risk of 5FFP*s, inciuding desipn information, failure
history, and Lthe aperational comtrols in effect to minimize Lhe risks
(maintenance, lnspection, test, elc.).

Alternale Standard Requirement B8: Visual inspections for cracks aor
nlther signs of damage or anomalles are performed on the crame hnook and
Iifting eling assembly with crane functional checks performed prior Lo
gach operation per HS5/GO-17a0.9.

Alternate Standard Fequirement ¥9; The crang opsrators, emergency
pendant operators, and meachanical technicians are all trained and have
current certifications. Opearators will remain at the crane controls
while personnel are under the load.

Alternate Standard Hequicromont 10: Appropriate safety clears araas
shall be eztablished and maintained prior to and during bLhe operalion,
Uniy the minimus nusmber of people will be permibtted in this area,

Alternate Standard Requiremeant 11: Personmnel are briefod just prior 1o
performing the task about Lthe hazard involwing Lhe sunpendecd Toood, A
pretask briefinmg and a safety walkdown of the arean are conducbed prior
ter Lthe [ift to ensure that all systems and persocnnel are rready L0

support . All participants are insiructed on their specific Lasks and
warnod of the hazards involwved. Following any orew chanpgre, new
personnel are instructed by the task leader on their specific tasks

and warned of the hazards involved.

Altermate Standard Reguirement 12: Fersonnel hempeplh Lhe soaapendod
load will be in radio, visual, and voice contact with Lhn crann
controiller andsor signal person. Upon loss of communicabtion, the
gperation shall stop immediately, personnel shall clesar Lhe hazardous
area, and the load shall be safed. Operations shall not conbtlnue
unti! compunicatlions are restored.

Alternale Standard Reguirement 13: Ground controllers and E-siop
operators are properly ponslitioned during ail phases of Lhe 1i1fLing
operration in full view of the load block, Tifting fixtures and flyiluree
attach polnts. ne E-astop operator, remoito from the crane aperator’
cab, =an stop the crane {f A fAallure indication ia obhserved,

Pargonnel working bernmath the load shall remain in continuoun sipght of
the operator andsor signal person.
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