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: ORIGINAL PAGE IS
1. SUMMARY OFE POOR QUALITY

Engineering vibration tests were conducted for the CGet Away
Special (GAS) adapter beam and two canisters for evaluating

the mounting bolts. Although S-cubic-foot (0.142 m3) containers
were used, they were ballasted to s1mulate the critical configu-
rations of the 2.5-cubic-foot (0.071 m3) containers. Test bolts
were modified to represent the critical cross-section of the
flight bolts. $§train gages were also installed inside the bolts.
Test items were subjected to Z~axis transient acceleration time
histories measured during the STS-1 launch,

Gravity compensation systems were used for relieving the effect

of gravity along the ¥Y-axis. Also, for simulating STS acceleration
at liftoff, the test items were loaded in the X direction with
bungee cords. Tests were performed for several gap conditions
under the bolt heads. For each gap configuration, tests were
carried out with different torque values covering the entire

torque specifications of 100 to 825 in-lb (11.3 to 93.2 m-W)

for these bolts. The test rgsults showed that the forward bolt
experienced maximum strain for all test conditions.

Stresses (calculated from measured strains) in the critical

area of the bolt exceeded the static yield stress of the materia
during some tests. However, no yielding was observed during
microscopic examination of the bolts. A comparison of the test
results for no gap and varying degrees of gap under the bolt
heads does not show direct relationship between gap size and strain
levels in the bolts. Acceleration levels are higher with gaps,
but they do not translate to higher strains since they occur

at higher frequencies. The results also show that with higher
torque, strains due to dynamic loading are somewhat lower.

But total strain increases with higher torque since prestrain
constitutes the major part of the total strain.

2, INTRODUCTION

During the prototype vibration tests of the GAS adapter beam,
significant impactin: of the beam at its support points was
observed.l The impacting resulted from a 0.025-in (0.635 mm)

gap under the bolt heads. This gap is provided for control

of proper load transfer to the orbiter structure, The bolts
could be supjected to unaccertable shock loads because of the
impacts. The adapter beam wuas installed on the orbiter to carry
the EVA (Extra Vehicular Activity) tool kit, weighing approximately
400 pounds (18l.4 kg) for the STS-2 mission. To ensure that

the loads imposed on these bolts during the STS-2 mission were
acceptable, vibration tests were conducted at the Goddard Space
Flight Center (GSFC) with instrumented bolts. These tests showed
no evidence of yielding in these bolts because of the imposed
vibration environment. However, an extrapolation of these
results for the GAS configuration with a weight of 1000 pounds
(453.6 kg) showed stresses to be well beyond the yield strength
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ot the bolt material.d This rairsed concern about the adoguany

of thoe mounting bolis tor corrying the load imposed due to the
1000-pound (483.6 kq) GAS canisters. Therxefore, the present study
was undertaken and vibration tests wore conduected with twe 500-
pound (226,8 kg) GAS canistors mounted on the adapter boam, using
strain-gaged bolts. The objeectives of the tosts woro to:

e bBvaluate the load capability of the adapter beam mounting
holts to withstand the 8TS launch vibration envirvomment.

e Dotermine how the gap under the volt heads aftects loads
imposed on the mounting bolts.

e HKstablish how the torgque values used on the mounting
bolts aftfect the loads imposed on them.

J. TEST CONFIGURATIONS

Vibration tests were conducted for the GAS adapter boam assembly
(portside beam) with two b=cubic-toot {0,142 wd) containers.

The canisters woere hallasted to 500 pounds (226.8 kg) each,
simulating thoe eritical contigurations ot the 2.5 cubic=toot
(0.071 m3) containers. The test setup and hardware used were
deseribed in an eavlier report.l A typical configuration ot

the GAS containers/adapter beam assembly on the ovbiter structure
1s shown in Migure 1. Tests were basically conducted for bay

2 configuration; however, some tests wero also conducted torv

the bay 3 contiguration.

Since the prime objective of these tests was to evaluate the
mount ing bolts, it would have been ideal to use tho flight bolts
in these teosts, However, tlight bolts were not available and

it flight bolts were used, substantial modifications with test
fixture would have been necessary. Thervetfore, the tost bolts
were moditioed simulating the eritiecal arca ol the flight bolts.
The test and tlight bolts are shown in Pigure 2, The tast bolts
were heat=treated, and strain gages were installed inside them.
The flight bolts are wmade from inconel steel having longitudinal
yicld and ultimate strengths of 150,000 (1034 MPa) and 185,000
(1240.9 MPa) psi,* respectively. The mounting of the forward
and sill bolts on the vibration fixture is shown in Figures

3 and 4.  The att bolt mounting was similar to that of the sill
holt.

Othor objectives ot these tests were to evaluate the oftect

of torgue values used on the mounting bolts and gap sizes under
bolt beads on stresses in the beolts. For this purpose, tests
wore conducted with torque varying from 100 to 425 in=-lb (11.3
to 48 m=N) tor the aft and torward bolts and 200 to 825 in-lb

¥Rockwell Intornational Corporation Drawing No. V073-34012,
Mateorial Spoecitication MBOL70-076.

&
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(22.6 to 93.2 m-N) for the sill bolt. The gap under the bolt
heads was also varied from no gap to a maximum gap of 0.025
inch (0,635 mm).

The erfect of gravity acting along the Y-axis was compensated

by bungee cords with lg load of 1166 pounds (5186 N). In addition,
the effect of STS acceleration in the X direction was simulated

by pulling on the canisters with a 1,535-pound (6828 N) load
representing an acceleration of 1.5g. This load was applied

at a location above the center of gravity (c,g.) of the beam/canister
system. The 1535-pound (6828 N) load is based on moment con-
siderations. The gravity compensation systaems used in these

tests are shown in Figure 5,

Torque in the bracket/adapter beam and bracket/canister interface
bolts were 200 and 400 in-lb (22.6 and 45.2 m=-N), respectively,
in these tests.

4. INSTRUMENTATION

As mentioned earlier, strain gages were installed inside the
three mounting bolts. Accelerometers were also mounted on the
canisters and the bolt heads (shown in Figures 6 and 7, respec-
tively).

8. VIBRATION TESTS

5.1 TEST SPECIFICATIONS

Earlier tests on the agdapter beam with simulated load for the

EVA tool kit showed that the Z-axis test produced maximum bolt
loads.? Therefore, in the present study, only Z-axis excitation

was applied. The test items were subjected to transient acceleration
time histories measured duripny STS-1 launch. The Z-axis acceleration
time history, taken from the STS-1 DATE data, is shown in Figure

8.4 In the present tests, a 12.8-second time frame (from the

Z—-axis accelerometer V34A9430A) including main engine ignition,

SRB ignition, and liftoff was used.

5.2 BAY 2 TESTS

As mentioned earlier, the mounting bolts were modified to represent
the critical area of the flight bolts, and heat treated, These
strain-gaged bolts were calibrated to obtain their load/strain
characteristics., A typical vibration test procedure consisted

of:

e Mounting the GAS adapter beam assembly on the shaker
and applying preload on bungee cord system;

e Applying suitable torque on the bolts and measuring prestrain
in the bolts due to torquing;
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® Applying f-axis transient wavetorms (mentioned earlier)
and recording strain and acceleration during the test,

Vibration tests were conducted using the transient wavetorm
control (TWC) of the GenRad aystem, In each test, a series
Of transient wavetorms, starting at one-eighth of full level,
was applied to the shaker using the Z-axis ST8-1 accelerometer
data. Initially, tests were implemented with shims (no gap)
under the bolt heads, This provided a linear system response
characteristic, The excitation was gradually increased to the
desired test level, compensating the drive signal at each level
by the most recent ly measured system transfer tunction. For
tests with gap, the same drive signals as obtained with no gap
were used,

Since the wavetorms are unsymmetrical, both positive and negative
polarity were tested, For some tests, the negative polarity
produeced unacceptable shaker displacement, Therefore, tests

were restricted to positive polarvity,

Tesats were conducted tor several gap dimensions (no gap, tull
gap, 0. 010=1n (0,254 mm) gap, and 0,005%=1n (0,127 mm) gap).
For each gap contiguration, tests were carried out to cover
the entire torgque specifications for these bolts, 100 to 825
in=1b (11.3 to 93.2 m=N).

$«3 BAY 3 TESTS

he bay 3 configuration is similar to bay 2, except that the

Aa1ll bolt location 18 ditterent, Tests were only conducted

ftor no=gap and tull=gap conditions for thais contiguration,

It should be noted that for bay 3, the 8111 bolt was not strain-
gaged or modiftied to contorm to the critical dimension of the
tlight bolt, This would not attect the evaluation of the maximum
loads on these boltsa, since on all tests, the torward bolt ex-
perienced the highest strain,

6.  RESULTS AND ANALYSIS

Uning specitications and procedures previously mentioned, tests
were conducted for a number of different test conditions.

Data trom these tests were analyzed, and time history plots

tor selected Cchannels of satrain and accelervation data were ac-
quited, These time history plots were obtained tor a 2-second
pPeriod, encompassing the maximum rvesponse,

The strain-gaged bolts were calibrated betore the test, These
bolts were also calibrated atter the vibration tests, A  compari-
son of the pre- and postvibration calibration results tor the
second forward bolt s shown 1n Figure 9, It should be noted

that two ftorward bolt were used during the vibration tests,

The first torward bolt was replaced by the second one afterv
several tests, This was done because strains obtained on the

12
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first bolt due to torquing, were not very stable. This could
be attributed to inconsistency in the lubrication of the bolts.
However, it was felt that replacing it with a new bolt would
improve the quality of the data. As seen from this figure,

the load-strain characteristics are linear for the bol%., Also,
the variation in the pre- and postvibration calibration results
is not very significant~-only around 4 percent. This indicates
that strain-gage results obtained during the vibration tests
should be accurate,

The test results showed that the forward bolt had the highest
strain levels for all test conditions. Therefore, results are
presented only for the forward bolt. However, Figures 10 and
11 display comparisons of strain levels in the three bolts for
two tests runs that produced the highest levels of strain due
to loading in the forward bolt.

A comparison of test results for positive and negative pulses
showed the response to be higher for the negative pulse (Figure
12). A comparison of several accelerometer responses from no-gap
to full-gap conditions, is shown in Figures 13 through 15.

It can be observed from these figures that the accelerometer
responses for no-gap conditions are of low=frequency content.
This is due to low-frequency input. With gap, the frequency
content is high. This is due to metal-to-metal impacting of

the adapter beam at its support points.

Figures 16 through 19 show the effect of gap size. They indicate
no direct relationship between gap size and strain levels in

tue bolt. The acceleration levels are higher with gap, but

they do not translate to higher strain levels because these
accelerations occur at higher frequencies. However, these higher
accelerations can have an important effect on GAS payloads.

The effects of torquing (prestrain) on bolt strains are depicted
in Figures 20 through 23. These data show that when using higher
prestrain, strain levels due to loading are somewhat lower.

But, total strain is higher with higher prestrain. This is
because the prestrain constitutes a major part of the total
strain at higher torque levels.

Stresses at the critical area of tne bholt were calculated by
proportioning stresses at the gage location, in accordance with
their areas. Rockwell hardness tests on the 4340 heat-treated
bolt indicated ultimate and yield stresses of the bolt to

be 180,000 psi (1241 MPa) and 167,000 psi (1151 MPa), respectively.
For some test conditions, the stresses (calculated from measured
strains) at the critical area exceeded the yield stress of the
material. Visual examination of the bolts after testing did

ORIGINAL PAGE I8
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not reveal any deformation, Microscopic¢ examination* was conducted
on both the forward bolt which experienced the highest load

and the att bolt where the loading was well below yield. The
examination did not indiecate any yielding in either bolt. But,
nuts tor both these bolts had extensive flow on their bearing
surtaces, This could be attributed to torquing or impacting
because it has occurred for both nuts. Although the Eorward
bolt experienced loading beyond its static yield strength, it
did not really yield. This is probably due to the dynamic yield
strength being higher than its static yield strength, and its
notch strength bheing higher than the tensile strength.0

It should be noted that in the present investigation, the stiffness
effect of the supporting structure on bolt strength has not

been addressed. IE the stiffness of the supporting structure

is lower than that ot the fixture used in the vibration tests,

the loads imposed on the bolts could be higher.3

7. CONCLUSIONS

The following conclusions were made based on the test results:

e In all tests, the torward bolt experienced the highest
strain levels, For some test conditions,; stresses {calculated
from measured strains) in the critical areas exceeded
the static yield strength of the material, but microscopic
examination showed no yielding in the bolt.

e No direct relationships have been found bhetween gap size
and strain levels in the bolt. Acceleration levels are
higher with gap condition, but they do not translate
to higher strains since they occur at higher frequencies.
However, these higher accelerations could have an important
effect on GAS payloads.

e With higher torque (prestrain), strains due to dynamic
loading are somewhat lower. But, total strain increases
with higher prestrain as with higher torque, the prestrain
constitutes a major part of the total strain.

*Pertarmed by Michael Barthelmy, Code 313.1, Goddard Space Flight
Center.
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