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1.0

2.0

3.0

HASA SUSPEMDED LOAD QOPERATION Revision A
AMALYSIS/APPROVAL SI14/94
Mumber SLO-KSC 1996-002

DPERATION:  wars Pathfinder (MPF] liffing operations in thea SAEE 2 High Bay.
SUPPORTIMG DO CUMEMTS: The associated Systam Assurance Andalysis{3AA}
and MPF Fraceduras are:

SaA Q1FE0420-001 20-ton Bridge Crane SAEF 2

BAPYE-51 54 Flight System-Handling and Transportation Cases (1 & 2}

MP2E-5101 Flight Systern: Creise Stage/Eniry Vehicle Integraiion and
Deintagraticn [(Case 3}

MPF6-4101 Enry Wehicle: Mars Lander Module Back-Shell Integraticn and
Deaintegration (Case 4)

MPFE-51 58 Flighl System: Spin Tast Mechanical Preparation and Support
[Cosa &)

MPEE-21 58 Entry Vehicle: Spin Test Mechanical Preparation and Support
[ase O]

GEMERAL DESCRIETION: The fallowing Mars Pathlinder operations requine
three personnel to be directly under tha ifting fixivre, load cell and
hydraset or under the Flight Hardware. |Ref, altached figures)

Case 1-
1] attaching/Detaching the MPF 5/C on & off the Turnowver Fixture (Fig.1]

Case 2-
2] attaching/Detaching the entry/descent and landing (EDL} Stage on & off

the Turnowver Fixture, (Fig. 2}

Ceoase 3-
3 Allaching/Detaching the EDL from the MPF Cruise Space [Fig. 3)

Case 4-
4} attaching the Lander to the Bockshell (Fig. 4)
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Cose 5 and é&-
5) Adtaching/Detaching the EDL or the MPF 5/C on & off the Spin Balaonce
bachine |Figs. 5 and &).

Case 7-
&) hMounting the MPF 5/C onio the Della 3rd stage.

These aperations require three persannel to work below the Lff Fiture when
suspendead from the facility crane in the SAEF 2 High Bay, These liff
operations will be performed using approved procedures cutlined in 2.0
abeve. The test procedures will include warnings ahd precautions fo
minimize the expasure of perscnnal fo suspended loads.

RATIONALE/ANALYSIS: The MPF suspended load cperations comply with the
MaSA Alternale Safety Standard for Suspended Load Dperations because!

alterngle Standard Reauirement 1q: For cases | thru 4, The Flight Systemn
[F/5] componenis do nol have litting provisions fo allow them fo be
inverled and suspended above the component 1o which they are maling.
In cases 5 & and 7, The spacecrait mating/separation ring is smallarin
diameler than the ouler diameler of the spacecraft. It is necessary fo
pasilion persannel beneath the fligghi hardware 1o ensure proper mcting
and de-mating in arder to prevent damaging the flight separaiion surface.

alterngte Standard Requirement 1k For cases 1 thru 4, As shown in Figures 1
thru 4, the persannel are in the prone position during the assambly
operafian. As such, the height of the work plaffarm hand rail would absorb
the impact of a falling ift fixdure, The rails have been andlyzed and are
capable of withstanding & times the [ift ficture weight before overall yielding
accurs, However, if the fixture were to break loose fram the crane hook, the
hydraset and load cell could swing below the handrail level and injure
parsonnel on the platform,

Ih coses 5, & and 7, a secondary support system is not facisible bacause the
seporation inferface represants the only primary structure intarface for the
spacecrdft.

alterngte Standord Requirement 1c: The handling procedures will limit the
number of persannel beneath fhe suspended load to no more than three.

alterncate Stondard Requirement 1d: The MPF Flight System personnsl will
accomplish the mating and separation {asks as quickly and safely as
possible 1o minimize exposure. Frocedures listed in 20 will contral These
operafions.
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Alfernate Jlandard Eequirement 4: Operafional regquirernents will be
included in approved proceduras (pard, 2.0). Thase procedures will e an
site during MPF operatians far inspection.

Alternate $Hfandord RBequirement 4: The SAEF 2 20 ton bridge crone is fested,
inspecied, maintained, and operated in accordance with the MASA Safely
Standard for Litting Cevices and Equipment M35/G0-1740.7.

The crana is load tested at 100 percent rated capadcity annually and has a
manthly, quarterly, semianneal and annual preveniative maintenance
program o ensure proper operation.  The crane is load tested to 125
percent rated capacity when new ar following o major refoair or
moadification,

The spacecraft lift fixiure was designed with an ultimate facior of safety of
7.8 times raled lood and proof lested to a foctor of 2.2 times rated load
annually, The liff fixtures were designed ta handle the wors! case
spacecraft weight.

When lifting The Flight Hardware, the crane will be connected ta a hydrased,
crane scale, i fislures, and spacecrall, Maximurm weight of the
spacecraft is approximately 1740 pounds.,

Only cerlified craneg operaiorns will be allowead ta operate the crana par
KhAlE430. 4, Examinglion and Licensing of KA Facility Crane Operalorns,

Arn individual will be stationed at the crane main circuit breaker during
hoisting to immediately remaove power, thus seting the brakes, should a
failure cocur with the crone conirols.

The crane will be cperatad in a slow-spaed mode whean the Flight
Hardware is in close proximity 1o its inilial or final tesling position.

Allernate Mandard Bequireameant #: Systam Assurance Analysis (S84] has
been performed on the SAEF 2 crane that will be used 1o lift the spacecralt,
Each SAs includeas o Failure Madas and Effects Analysis/Critical items lisi
[FMEASCIL) and g hazard analysis.,

The fas (QIFS0420-C01) for the 20 ton Bridge Crane in SAEF 2 identifies no
Category | Mechanical or El=cincal Crifical [lems,

A hwdrgse! will be vzed for the initial 1 or 2 inches of Irovel during separation
and the final 1 or 2 inches of ravel during mating.
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Pre-operational checks of the crane contfral system will ke parformed prior
to each lift of the spacacrafi,

Allernate Standard Requirement §: Pre-cperatianal inspactions will be
performed, The spacecraft lift fixivres have been proof tested, dye
penetrant inspectad, tagged and will be visually inspected prior to each
spacecraft lift.

Alternoie Standord Requiremant 9 Troined and certified crane operatorns
shall operate the crane confrols ai all limes when parscnnel are beneath
suspendad loads.

Alternate Stondard Requiremeni 10: Fara 2.0 procedures estaklish

gppropriate hazard conirol areas belore initiating operdiions. Only the
minimal number of perscnnel (manloaded in procedure] will be permitted
in this arecs.

alterndgte Slandard Eequirement 11; A pre-task briefing and a safely walk
dowrn af the hazard control area will e performead immediately prcr to
egch operation o ensure personnel are ready to support,

Altarnate Mtondard Beguirement 12: Perscnnel beneath the suspended
load will e in voice contact with the crane cperalor and test conductor
throughout the operation. At gany time during the cperation anyene can
call a safety hold, The crane operator will have full visual contact with The
load throughout the operation.

Allernate Standard Requirement {3: The test conductor, the crane
cperalorn and the crane power cut-off switch operator will be in visual
contact with the persannal banaath the suspendead lead throughout the
operction.

APPROWVAL: DATE:

/ﬁfﬁﬂ%ﬂ s oo/ 7

el K. Hevn-:_:-l-:‘ls
Direcior, dafety and
Relicbility (RT)
Fennedy Space Cenfer
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Figure 1 Attaching/Detaching the MPF 3/C Gn & Off the Turnover Fixture
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Figure 2 Attaching/Detaching the ECL On & Off the Turnover Fixiure
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A attaching/Detaching the EOL from the MPF Cruise Slage

Figure
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Figure 4 Atlaching the Lander Info the Backshell
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Figura 5 Aftaching Detaching the EDL On & Off the KSC Spin Balance Machine
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Figure & Mounting/Removing the MFF 5/C On & Off the KSC 3pin Balance Machine
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Figure 7 Mounting the MPF 5/C Inte the Delta 3rd Slage
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