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I
F' A :‘- . ; ‘ l
E K A ’ ESS-SFDS-LRO4O
' Contract MAS8-32472
i . May 31, 1978
i National Aeronautics and Space Administration
‘ George C. Marshall Space Flight Center
Marshall Space Flight Center, Alabema 35812
Attention: Erich E. Engler, COR
Code EP-13 Bldg. U610
Subject: °  SPACE FABRICATION DEMONSTRATION SYSTEM - Quarterly
Progress Report No. S5, February 16, 1978 - May 15,

1978

Enclosures: (1) Structural Memter Development
(2) Beanm Builder Design, Assembly and Test

References: (a) SFDS - Monthly Progress Letter No. 9, March 30,
1978

(b) SFDS - Monthly Progress Letter No. 10, April 28,
1978

SUMMARY

This fifth quarter year of the Space Fabrication Demonstration
System (SFDS) progrem included the completion of assembly of the
beam builder and its first sutamatic production of a truss!on May k,
1978. During this quarter we also successfully tested a four-bay,
hand~assembled, roll-formed members truss to ultimate load on May 5,
1978. Details associated with these achievements are included in
the enclosures. This report, supplemented by our previous monthly
progress.letters, references {a) and (b), constitutes our f£ifth quar-
terly report.

During the next monthly reporting period, we anticipate camplet-
ing subsystem debugging and establishing the operating parameters for
the beam btuilder. No major problems are anticipated at this time.
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The weekly telcon review continues to provide an excellent
information base for problem resolutions as they occur. These
and the periodic meetings of NASA-MSFC and Grumman program per-
sonnel have assisted in keeping the program progressing smoothly.

DISCUSSION
WBS 1.1 PROGRAM MANAGEMENT

Program progress, in percent campletion, where applicable,
is shown in Figure 1, SFDS Master Program Schedule. Continued
detailed review of tasks camitted versus tasks completed has
help to maintain the SFIS schedule.

WBS 1.2 DESIGN and DEVELOPMENT
1.2.1 Structural Member Development

The test of the structural test truss to ultimate load in
compression was successfully completed during this quarter. The
truss failed at a compression load of 1507 pounds, which is about
115 percent of the theoretical ultimate load. The test and its
results are detailed in Enclosure (1).

No further effort in this development area will be conducted
under the present contract.

1.2.2 Fabrication Facility Design

Detail design of the fabrication facility (beam builder) was
complated during this quarter. Design efforts associated with
subsystem debugging are described in detail in Enclosure (2).

WBS 1.3 FABRICATION and ASSEMBLY
1.3.1 Detailed Parts

Fab*ication of all detailed parts for the beam builder
were completed during this quarter. No further beam builder
detailed parts fabrication will take place under the present
contract.

1.3.2 Assembly

Assembly of the beam builder was completed during this
quarter. Only such efforts for subsystems debugging and proper
beam builder operation which require disassembly and reassembly
will be conducted during the remainder of this contract.

The beam builder ussembly is described in greater detail in
Enclosure (2).
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WBS 1.4 TEST

1.4.1 Pabrication Facility Test

Testing of ‘the fabrication facility (beam builder) was ini-
tiated during this quarter. HNumerous one-bay truss specimena
vere produced during this effort to demonstrate subsystem opera-
tion and detect beam builder problem areas. No significant prodb-

lems were found. The machine operates well. Further detail is
inecluded in Enclosure (2).

1.4.2 Structural Element Test

It is anticipated that the quality assurance, structural
test and demonstration trusses will be produced during the next
quarterly program period. ‘ ‘

WBS 1.5 FLIGHT DEMONSTRATION PLAN

Effort associated with the final SFDS Flight Demonstration
Plan has continued during this reporting period. Submittal of the
draft of this plan is anticipated about the middle of the next
quarterly program period. It will include an evaluation of the
suitability of the ground demonstration beam builder for space flight,
modifications required, recommendations, estimated cost and schedule.

CONCLUSION

The SFDS program is well on its way to a successful con-
clusion with the assembly of the beam builder and first operation
having been done on time.

RECOMMENDATION

NASA-MSFC and Grumman program management personnel continue
close surveillance of the remaining SFDS program elements to
assure successful program completion utilizing telcon and face-

to-face information interchange for problem discussion and resolu-
tion in a timely manner.

Should you have any questions with regard to the above, the
enclosures, or the program in general, please contact us.

Very truly yours,
" GRUMMAN AEROSPACE CORPORATION

. AL
Walter K. Muenc

SFDS Program Manager
ce: Distribution: NASA-MSFC

Grumman
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W.B.S. 1.2.1.6 STRUCTURAL MEMBER TEST

A structural test of a one meter x six meter long specimen (four 1.5 meter bays)
was tested on May 5, 1978 under an axial compression load applied by an hydraulic
cylinder and tension rod interconnector loading fixtures at each end of the speci-
men. The ultimate design load based on an SSPS design with concentration ratio of
two was 1300 pounds compression. The structure failed at 1507 pounds; the failure
mode was cap torsion/flexure instability in Bay III with an average load per cap
of 502 pounds compression.

Figure 1-1 shows the test specimen with the method of load application to the
end fixtures and the three instrumented links at the upper fixture installed to
measured induced loads. In addition the links simulate the torsion end attachments
required when applying the beam to actual design configurations under development.
The typical instrumentation, both strain and deflection gage locations are given
in Figure 1-2. In order to keep the total instrumentation requirements within
limits the total number of strain gages was 154 and deflection gages 67 distributed
as given in Table 1-1. ¥

Measured data are shown in the Appendix; these include the strains, stresses
and deflections of all instrumentation for limit and ultimate loads. Also included
are data measurements versus percent of applied load for typical points on the
structure. Figures 1-3 and 1-4 show the plots of measured stresses versus developed
length of the cap cross section in Bay I for ultimate and 1limit loads respectively.
While the curves are drawn connecting points across the corner locations, these
extrapolations are only for identification since the local corner stresses are
much higher, particularly on the centerline. The curve at ultimate indicates a
high degree of torsionel strain as do the deflection data. Figures 1-5 and 1-6
show similar data for the diagonals in Bay I. The data for the tattens between Bay
I and Bay II are given in Figure 1-T.

Using the measured data the loads in the diagonals of Bay I were estimated for
limit and ultimete applied loads; the load at limit is -14.6 pounds and is -22
pounds at ultimate. A major portion of the stresses obtained from strain measure-
ments is caused by bending and torsion induced by the load being applied eccentric-
ally to the member through the spot welds.

Since the horizontal component of the load in the diagcnal is related to the
forces which would be measured by the load links attached to the upper fixture, the
strain measurements in the load links show a substantial difference between links
at each applied external load level. However, if the three loads are averaged, the
limit load is 7.8 pounds and the ultimate load is 15.7 pounds. The horizontal com-
ponents for the upper bay diagonals give 9 pounds and 13.4 pounds for the limit and
wltimate loads respectively.

Further analyses of the data are necessary in order to obtain correlaticn
with techniques for analyzing the structure. These include member load definition
as well as prediction of modes of failure considering joint stiffnesses, member
torsional/bending stiffnesses and initial imperfections.

1-2
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Table 1-1 Test Specimon instrumentation (Sheet 1 of 3)

e IEae L Se Camh Sunbine 8 7 s oot A R e A e R LA A S

STRAIN GAGES
STATIONS NUMBER NUMBER
meemwr | wa | ZAZ | L, | me
1 2 12 3
CAPS 1II 1 6 2
| AXIAL
E GAGES III 1 N 1
! v 1 L 1
!
b
s.
SUBTOTAY
DIAGONALS
' I 1 12 2
, 1I 1 z 1
AXIAL III 1 2 1 2
GAGES
L b -
]
o
L E SUBTOTAL
¥ 1838-004W
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Table 1-1 Test $prcimen instrumentsation (Sheet 2 of 3)

STRAIN GAGES (Contd)

NUMBER NUMBER TOTAL
BAY STATIONS OF GAGES oF NUMBER
IN BAY PER MEMBER MEMBERS OF GAGES
1/11 1 8 2 16
BATTENS
paap /I
GAGES III/IV
SUBTOTAL 16
. BAY 1
JOINT
' ]  BATTEN
{ //
1
BAY II
CAP ~
DTAGONAL
\ /
AXIAL GAGES 12
TRIAXIAL 6 per Cap CAPS = 6
pe—————
1838-004W TOTAL GAGES 15“
16
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Table 1-1 Test Specimen Instrumentation (Sheet 3 of 3)
NUMBER & LOCATION OF DEFLECTION GAGES
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=

NUMBER OF
LOCATION OF GAGES
Upper Fixture i

Bay I Two Stations

Bay II One Station (Mid)

Bay III One Station,
One Cap Only

2X18
18
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Figure 1-3 Cap Stresses Bay 1 vs Developed Flat Pattern of Cap at Ultimate Load —
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APPENDIX

STRAINS, STRESSES & DEFLECTIONS
AT LIMIT & ULTIMATE LOADS

CURVES OF TYPICAL MEASUREMENTS
VERSUS PERCENT OF LOAD

PHOTOGRAPHS
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TYPICAL INSTRUMENTATION
MEASUREMENTS AT
SIGNIFICANT LOCATIONS

Vertical Deflection Gages
Upper Fixture

DFV"'l, DFV"Q, DFV-3

Horizontal Deflection Gages
Upper Fixture

Deflection Gages on Cap 2 Center Bay

2p2-1
2p2-2
2D2-3
2n2-4
an2-5
2D2-6

Deflection Gages on Cap 1 Bay I

1D2-1A
1D2-2A
1D2-3A
1D2-LA
1D2-5A
1D2-6A

Strain Gages Cap 2 Bay II

2-C=-3
2-C=l
2-C-8
2-0=T
2-C-9
2-C=-10

Strain Gages Bay I

Cap 2 Cap 3
1-C=-37 1-C=-61
1-C-38 1-C-62
1-C-39 1-C-63
1-C-ko 1-C-64
1-C-k1 1-C-65
1=C=k2 1=C~=66
A~2

I

PR,

U TP LT es




Elaai e i 220 Bt A S A a 2 el aliaa i fan

Cap 2 Cap 3

1-C-43 1-C-67
1-C-Lk 1-C-68
1-C-L5 1-C-69
1-C-k46 1-C-T0
1-C-47 1-C-T1
1-C-L8 1=C=T2

Strain Gages Bay I

Diagonal 1 Diagonal 2
1-D=1 1-D-13
1-D=2 1-D=1k
1-D-3 1-D-15
1-D-4 1-D-16
1-D-5 1-D&7
1-D-6 1-D-18
1-D-7 1-D-19
1-D-8 1-D-20
1-D-9 1-D=-21
1-D-10 D-D=22
1-D-11 1-D-23
1-D=-12 1-D=24

A-3
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Figure A2 71% Limit Load
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Figure A-4 110% Load
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Figure A-5 Failure at 1507 Pounds
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Figure A-6 Cap & Diagonal Failire Bay lil
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Figure A-7 Cap Buckling Figure A-3 Cap Failure
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ENCLOSURE (2)
BEAM BUILDER

DESIGN, ASSEMBLY AND TEST




SFDS
WBS 1.2.2 Pabrication Facility Desig .

This effort is complete with the exception of final updating of dravings which

‘may be required as a result of modifications made during debugging and test opera-
tions presently underway. A status listing of all drawings associated with the

fabrication of SFDS is shown in Table 2-1.
1.3.1 Detail Parts Fahrication

Al]l detail parts for the SFDS have been fabricated.
1.3.2 Assembly

All sudbsystems have been assembled and installed an the SFDS, All limit
switches and electrical wiring has been installed with the exception of the slot
detector vhich is presently being mounted in the guide blocks.

The fully assembled system is shown in Figures 2-1, 2-2 and 2-3 which identify
all of the key components and subsystems. The rolling mill and servo drive install-
ed in the SFDS frame are shown in Figures 2-4 and 2-5. The vertical and diagonal
brace storage magazines are shown in Figure 2-6. The carriage mechanism used ‘o
transport the brace members from the magazine to the cap is shown in Figure 2-7.

The weld/clamp mechanisms used to hold the brace to the cap and actuate the weld
electrodes are shown in Figures 2-8 and 2-9. One of the three cap cutoff mechanisms
mounted to the forward bulkhead is shown in Figure 2-10.

1.4.1 Fabrication Facility Test

Subsystem debugging was performed off site prior to integration of the sub-
system into the final assembly to minimize potential problems with full system
integration and debugging. The vertical and diagonal weld/clamp assemblies were
setup on an off-site test bed to check clamp up, electrode activation and weld cycle
functions Figure 2-11. The brace magazine assemblies were similarly tested, Figure
2-12, to check brace dispenser functions and required brace spacing in magazine.

The software packaszes for autamatic sequencing of the subsystems were checked with

each subsystem af{ter wiring and installation of limit switches. The rolling mills

for cap forming were checked earlier in the program at the vendor prior to shipment
to Grummen.

Eight thousand feet of material was slit and roll formed to fabricate vertical
and disgonal braces Figure 2-13 for use in the initial functional tests. A similar
amount of material has been cut and coiled for fabrication of beam cap members,
Figure 2-14.

The full system was operated to test interfacing of subsystems, aligmment and
software functional capability. 3Several single-bay truss sections Figure 2-15 and a
two-bay section Figure 2-1€ were automatically fabricated by the equipment. As a
result of these initial tests minor modifications are being made to correct problems
incurred. The principal problem areas to date have been some waviness on the return

2-2




flange of the cap member and intermittent welds. Both of these problems appear to
be a result of improper alignment of the copper guide blocks to the rolling mills
and weld/clamp mechanisms. The blocks are heing nodiﬁed gnd rea.lisned pr:lor to

continued full-system operation.
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Table 2-1 (Sheet 1 of 3)

DRAWING NO. SHT RO. REV DESCRIPTION
RDML4T-2050 1 NC General Configuration

-2053 1 A Vertical & Diagonal Canisters

=-2060 A Yoder Roller Base Plate

-2061 1 A Yoder Roller Sub-assy

-2061 2 A Yoder Roller Sub-assy

-2062 No Dwg Bulkh'd 1,2,3 Flame Cut Temp

~2063 1 A Bulkh'd No. 1 Weldment Assy

=2064 1 NC Slot Detector Bracket

-2065 1 A Bulkh'd No. 2 Weldment Assy

2067 1 B Bulkh'd No. 3 Weldment Assy

-2068 1 A Int Struct Mtg Brackets

-2069 1 NC Int Weld Block Supports

-2069 2 NC Int Weld Block Supports

-20T0 1l A Struct Sub-assy & Alignment

-20T0 2 A Struct Sub-assy & Alignment

-207T1 1l A Yoder Roller-Box Beam Sub-assy

2072 1l A Box Beam to Bulkh'd No. 1, No. 2, No. 3
Mtg Brkts

-2072 2 A Box Beam to Bulkh'd No. 1, No. 2, No. 3
Mtg Brkts

=2072 3 A Box Beam to Bulkh'd No. 1, No. 2, No. 3
Mtg Brkts

-2073 1 NC Int Weld Block Support

-2073 2 NC Int Weld Block Support

-2076 1 NC Int Structure Weldment

=2076 2 NC Int Structure Weldment

-2076 3 NC Int Structure Weldment

~2076 L NC Int Structure Weldment

~2077 1 A Base Frame Weldment

-2078 1 NC Bulkh'd to Base Mtg Bracket

-2081 1 Adv Cut-off Mechanism Assy

=2082 1 A Box Beam Weldment

-2082 2 A Box Beam Weldment

-2083 1 A Yoder Mill Installation Bracket

-2085 1 NC Raw Mat'l Spool Assy

-2085 2 NC Raw Mat'l Spool Details

-2091 1 NC Scissor Mechanism Details

-2091 2 NC Scissor Mechanism Details

-2091 3 NC Scissor Mechanism Details

~2091 4 NC Scissor Mechanism Details

-2092 1l A Weld Block Assy

=2092 2 A Weld Block Assy

«2093 1 NC Scissor Details

=2093 2 NC Scissor Details

-2094% 1 NC Weld Block Details

-2095 1 NC Scissor Details

-2096 1 NC Weld Block Assy
2=k
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Table 2-1 (Sheet 2 of 3)
DRAWING KO. SHT. NO. REV. DESCRIPTION
RDMLLT-2096 2 NC Weld Block Assy
-2096 3 KC Weld Block Assy
-2097 1l A Canister Brkt Details
~2097 2 A Canister Helix Detail
~2097 3 KC Canister Dummy Brace
-2098 1 NC Canister Bracket Details
-2099 1 A Canister Strap & Pivot Pets
-2099 2 A Canister Hinge Mtg Brkt
-2099 3 RC Canister Mtg Bracket
=2100 1 RC Canister Sub-assy
-2102 1 NC Carriage Assy
=2102 2 A Carriage Details
=2102 3 NC Carriage Details
-2102 b NC Carriage Details
=2102 S NC Carriage Details
-2103 1 NC Clamp Assy - Aft Diag Brace
-2103 2 KC Clamp Assy - Aft Diag Brace
=210k 1 NC Clamp Assy - Fwd Diag Brace
-2104 2 KC Clamp Assy - Fwd Diag Brace
-2107 1l A Cut-off Mech Upper Sub-assy
-2108 1 NC Cut-off Mech Middle Sub-assy
-2109 1 A Cut-off Mech Lower Sub-assy
=2111 1 NC Facility Requirements
-2112 1 NC Yoder Drive Sub-assy
-2115 1 2-28-78 Drawing Tree
-2116 1 NC Int Support Brkt Weld Block
-2116 2 NC Int Support Brkt Weld Block
-2117 1 NC Installation Template
-2118 1 NC Installation Template
-2119 1 NC Geometry Sheet
-2120 1 NC Int Weld Block Inst Temp
-2121 1l A (ut-off Mech Upper Details
-2121 2 A (Cut-off Mech Upper Details
-2122 1l RC Cut-off Mech Middle Details
-2123 1l A Cut-off Mech Lower Details
~2123 2 A Cut-off Mech Lower Details
-2125 1l A Canister Drive Details
2126 1 NC Canister Drive Details
«2127 1l A Canister Drive Assy
-2129 1 A Canister End Cap Assy
«2129 2 A Canister End Cap Assy
-2130 1 NC Canister Latch Details Mtg Brkt
-2130 2 NC Canister Strap at Latch End
«2130 3 KC Canister Mtg Brkt Det
-2131 1l KC Diagonal Support Structure
-2132 1 NC Feed Spool Details
=2133 1l NC Feed Spool Details
2=5
" .




O Table 2-1 (Sheet 3 of 3)
DRAVING NO.  SHT. NO.  RV. DESCRIPTION
RDMLLT-2133 2 NC Feed Spool Details
-2136 1 NC Feed Spool Assy
-2137 1l NC Transformer Mtg Plates
-2138 1 NC Yoder Drive Bushing
-2139 1 NC Mat'l Hoist
2141 1 NC Brace Spacer
=2001 NC Assy Diagram
=2002 NC System Cabling
~2003 NC Interface Rack Utilization
~2004 NC Control Panel Configuration
~2005 NC Control System Functional Diagram
~2006 NC Lamp Drivers & Switch Duffers
-2007 NC Processor Rack Layout
«2010 NC Material Position Registers
=-2011 NC Voltage Controlled Oscillator & Linear
Ramp Gn
-2012 NC Fifo Buffer & Control
-2013 NC Isolators & Line Drivers
-201L NC Slot Sense Detectors
-2015 NC Limit Switch Wiring
, -2016 NC Motor Control Relay Junct Box Assy
L -2017 NC Motor Control Relay Junct Box Details
-2018 NC Typical Motor, Solenoid Control Circuits
-2019 NC 115VAC Power Supply Control
~2020 NC Motor Power Supplies
-2200 NC Final Assy
2-6
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Figure 2-2 SFDS Assembly — View Forward




Figure 2-3 SFDS Assembly — View AFT
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Figure 24 Upper Cap Roll Forming Mill and Drive
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Figure 2.6 Brace Storage Magazines

Figure 2 7 Brace Transport Mechanism
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Figure 2-8 Wela Mecharism




sl WELD ELECTRODES
45 w8
23 . . CAP MEMBER

o p‘

K

1838 111W

Figure 2.9 Weld Electrode Mechanism
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Figure 2-10 Weid/Clamp Mechanism Test Bed

Figure 2.11 Cap Cutoff Mechanism
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Figure 2-13 Roll Formed Brace Members
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Figure 2 15 Single Bay Beam Secticns




Figure 2-16 Machine rabricated Two-Bay Beam
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