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LING INFORMATION

SLING NAME: H77-0384-01 LIFTING BEAM, SRM 4-POINT

PMN: H77-0384-01 | S/N: 100

OTHER IDENTIFIER (e.g. DWG #): 80K22312

DATE OF REQUEST: 09/11/2015 | REQUESTING ORG: TOSC 5400
NOTE:

The NASA Lifting Standard, NASA-STD-8719.9, allows for non-load test slings as follows:

10.3.3 Non-Load Test Slings. Due to unique design and usage requirements, a sling may be designated as a non-load
test sling by the LDEM, with concurrence from the affected/responsible program/project office, the responsible safety,
design engineering, systems engineering, operations, and maintenance organizations. Such slings do not require periodic
load tests. Inspections shall be conducted in accordance with paragraph 10.4. This non-load test designation shall be
formally documented by each installation and the sling marked accordingly to designate it as a non-load test sling.
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DESCRIPTION OF THE PERIODIC LOAD TEST THAT WILL NOT BE PERFORMED

The annual periodic load test of the H77-0384-01 SRM Segment Structural Sling Assembly per paragraph 10.3.2 of the
NASA Lifting Standard, NASA-STD-8719.9 will not be performed.

10.3.2 Periodic Load Testing. _
Slings shall undergo periodic load test at least every 4 years at a specific load test factor of the design rated load as

given in Table 10-3. All components shall be load tested as a system, if practical. Slings used for critical lifts shall be load
tested at least once per year. Slings used infrequently for critical lifts shall be load tested before each critical lift if it has
been over a year since the last load test. Lifting interfaces such as eyebolts, D-rings and lifting lugs permanently
attached to the load are exempt from periodic load testing.

TABLE 10-3 Periodic Load Test Factors. (Based on Manufacturer’s Rated Load)

Equipment Periodic Load Test Factor

Alloy Steel Chain Slings 1.00
Wire Rope Slings 1.00*
Metal Mesh Slings 1.00
Synthetic Rope Slings 1.00
Linear Fiber Slings 1.00
Structural Slings 1.00

Shackles, D-rings, turnbuckles,
Eye Bolts, Lifting Lugs,
Safety Hoist Rings, etc. 1.00

| *Critical lift rope slings of synthetic material shall not be used beyond 50 percent of the manufacturer’s rating to
maintain an equivalent design factor in the load system.

NOTE: The H77-0384-01 SRM Segment Structural Sling Assembly shall be deemed a non-load test sling as described in
NASA Lifting Standard, NASA-STD-8719.9, Paragraph 10.3.3 (Non-Load Test Slings). Such slings do not require periodic
load tests. Inspections shall be conducted in accordance with paragraph NASA-STD-8719.9 Paragraph 10.4.
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SLING DESCRIPTION

General:

The H77-0384-01 SRB 4 Point Structural Sling was specifically designed and is exclusively used for removing completed
SRB Aft Motor Segment Assemblies from the build up stand at the Rotation Processing and Surge Facility {RPSF).

Design Standards:

The Structural Sling meets the following design standard requirements:
KSC-STD-Z-0002 {Lifting Devices and Equipment, Standard for) superseded by NASA-STD-8719.9

Fabricated in accordance with the Code of Standard Practice for Steel Buildings and Bridges, Sept 1, 1976 AMERICAN
INSTITUTE OF STEEL CONSTRUCTION (AISC).

Design Factors:

Structural Analysis (KSCL-1792A-0325) verifies a minimum factor of safety of 5 against ultimate and 3 against yield.

Material/Construction Properties:

The Structural Sling is constructed from ASTM AS88, A514 and A36 steel with pins made from AISI 4340.
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SLING USAGE

Operational History:

The SRB 4 Point Structural Sling is used by connecting it to the clevis end of an Aft Motor Segment Assembly in the RPSF
build up stand. The Structural Sling remains connected to the Aft Motor Assembly while it is lifted from the build up
stand and transferred to an AFT Segment Storage pallet for storage or transfer to the VAB. The Structural Sling was
used during the Shuttle program for over 270 Aft Motor Assembly transfers.

Maintenance History:

Annual:

Sling disassembly to include all pin and bore cleaning, visual inspections and critical weld Magnetic Particle NDE per
NASA-STD-8719.9 paragraph 10.4.

Semi-Annual:

Preventive maintenance and visual inspections requiring partial disassembly.

Prior to Each Use:

Visual inspections are performed prior to each use.

A detailed condition assessment was recently performed and the sling is in very good condition.

NOTE: The sling was used during the Shuttle program during which there were over 270 SRB Aft Motor Assembly lifts
and 30 periodic load tests at 125% SWL with no structural failures found during either visual inspections or NDE post

load test inspections.

Test History:

The Structural Sling was proof load tested per drawing in two cases. The first Proof Load (Case 1) tested one axis of the
sling to 720,000 lbs and the second Proof Load (Case Il) tested the other axis to 360,000 Ibs. Each case was then
repeated annually {Periodic Load Test) with Case | having a load of 550,000 |bs and Case |l having a load of 230,000 |bs.
{Reference 80K22312, Sheet 2, for load test diagrams). No anomalies or failures were reported during NDE post-load
test inspections. The sling has undergone 30 Periodic Load Tests.

Sling Rated Load versus Actual Load:

The rated SWL capacity of the Structural Sling is currently 360,000 Ibs but has been re-assessed to be capable of a
370,000 Ibs capacity. (Reference KSC-TOSC-13812) The Sling will be re-tagged with the new 370,000 |b SWL.

The completed SRM AFT Assembly is predicted to weigh ~365,000 lbs {~99% SWL).

Storage Provisions:

The Structural Sling is stored inside protected from the environment when not in use.

Planned Future Use:

The Structural Sling is planned for use in the RPSF during SRM Pathfinder processing training currently scheduled for
February 2016 and for SRM processing for the remainder of the SLS Program.
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RATIONALE FOR NON-PERFORMANCE

NOTE: If any of this rationale changes after approval, it is the responsibility of the requesting organization to contact
the LDEM, re-submit a non-load-test request form and/or request removal of the sling from the non-load test sling
list. Additionally any item on the non-load test sling list is subject to periodic review by the LDEM.

Fracture analysis was performed using NASGRO to determine remaining cycle life based on an NDE minimum

detectable crack size.
Structural analysis was reviewed to determine highest stress points which is-the upper tension rod bearing plate

surface at the zero degree axis.

The minimum crack size and maximum design stress were entered into NASGRO and analysis run for 500,000 cycles.

Results: (see attached for NASGRO analysis)
3.22” long crack thru flange thickness at edge of hole after 95,967 cycles (undetected).

Conclusion;

SLS Program SRB sling cycle life assuming 1 SLS launch per year for 20 year program {with 4x contingency/safety factor)
provides 160 cycles (2 AFT Assemblies/yr x 20 years x 4 S.F.) Fracture analysis indicates a very high probability that a
flaw will be detected during visual inspections or NDE examinations far in advance of a critical crack size developing.

There have never been and there are currently no indications of structural failures, flaws or cracks in the H77-0384-01
SRM Segment Structural Sling Assembly .

Recommended Maintenance:
The sling will continue to be inspected in accordance with NASA-STD-8719.9, Paragraph 10.4:

Annual;
Complete sling disassembly to include all pin and bore cleaning and lubrication. Structural member visual inspections

and NDE of pins, bores and critical welds.
Prior to Each Use:
Visual inspections will be performed prior to each use.

The sling is in very good condition and shall be stored inside away from corrosive environment.
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RATIONALE FOR NON-PERFORMANCE

Describe the risks, if any, of not performing the load test and how they will be mitigated:
Risk: Undetected flaw could propagate to a critical crack size resulting in structural failure under load.
The risk mitigations for not performing the Annual Load Test are as follows:

1. Fracture analysis indicates > 95,000 cycles remain before a flaw could propagate to critical crack size, expected
cycle life over next 20 years < 1,000 cycles.

2. Structural Slings are inspected per NASA-STD-8719.9 paragraph 10.4 including full disassembly and NDE of pins
and welds.

3. The NASA Lifting Standard allows for slings that are of “unique design and usage” to be designated as non-load
test slings. This sling is designed and used exclusively for removing completed SRB Aft Motor Segment
Assemblies from the build up stand at the Rotation Processing and Surge Facility (RPSF) and the load cases are
well understood and repeated.

4. This sling has been used during the Shuttle program for over 270 AFT Motor Assembly transfers and it has
undergone over 30 load tests with na structural failures ever found from visual and/or NDE inspections.

5. This sling was periodically loaded to 98% of the SWL during Shuttle Program operations {352,470lbs lifted
weight/360,000ibs SWL). An additional load test does not reduce the risk (5 x 1) as ample mitigations exist.

6. Prior to use preventive maintenance shall include complete sling disassembly and inspection with critical weld
NDE in accordance with NASA-STD-8719.9, paragraph 10.4 and the referenced drawings.

7. There will be prior-to-use visual inspections.

This sling is stored indoors.

9. Structural analysis (KSCL-1792A-0325) verifies a minimum factor of safety of 5 against ultimate and 3 against
yield.

10. The original initial proof load test of 720,000lbs equates to a 195% proof load of the new 370,0001b SWL.

11. Personnel performing AFT Motor Assembly transfers are trained and follow specific written procedures.

12. A Condition Assessment was recently performed on the sling and it was found to be in very good condition.

13. The sling will be used first with an inert segment of equivalent mass to a flight segment during SRM Pathfinder
processing training before being used with flight hardware.

o
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ADDITIONAL INFORMATION

The Non-Load-Test Sling request for the H77-0384-01 SRM Segment Structural Sling Assembly was presented to the
Chief Engineer Review on July 15, 2015 and the Program Review Board (PRB) on Sept 9th, 2015. The PRB Board
concurred with the addition of the H77-0384-01 SRM Segment Structural Sling Assembly to be added to the KSC List of

Non-Load Test Slings. See attached presentation from the PRB.

-~ GRANE HOOK

H77-0384-01
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SRM Off Load Rotation I‘

Description / Use (H77-0388-00)
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