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SUMMARY AND INTRODUCTION

A study was made to predict the structural damping of the Apollo Ap-
plications Program (AAP) Orbiting Cluster. Structural damping was con-
sidered to be the damping due to internal energy dissipations in the material
and the energy losses due to joint friction. The results are presented as

modal damping coefficients for several low-frequency modes of vibration.

The AAP cluster configuration consists of the S-IVB Orbital Workshop
(OWS), Airlock Module (AM) and Multiple Docking Adapter (MDA}, with the
Command and Service Module (C/SM) docked at the end port of the MDA ahd
the Lunar Module/Apollo Telescope Mount (LM/ATM) docked at a lateral
port. The ATM solar panels are deployed. The cluster configuration is
shown in Fig.1l. The dynamics analysis of this configuration is being per-
formed at Lockhee._r‘ij‘-"Huntsville under contract NAS8-20082 (Ref. 1).

The mode shapes and frequencies were obtained using the Lockheed-
developed Cluster Dynamics Computer Program. In this program, the owSs/
AM, C/SM and LM/ATM were modeled as rigid bodies attached to an elastic
MDA ; the ATM solar panels were modeled as unif_orm cantile;fered beams.
The ATM canister was modeled as a rigid body suspended by rotational

springs. The OWS solar arrays were also assumed rigid.

Based on the assumed rigid masses for the cluster Cempon'enf.s in the
Cluster Dynamics program, the AAP structural damping is the energy dis-
sipated in the ATM solar panel arrays, ATM canister rings, MDA structure
and the docking port joints connecting the C/SM and LM/ATM to the MDA,
The material damping occurs in the ATM solar panel structure, MDA struc-
ture and ATM canister rings. The joint damping occurs in the ATM solar

panel joints and the join;t’é in the MDA longitudinal and radial docking ports.
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The cluster modes and natural frequencies used for this study are
given in Table 1 with a brief description of the deformation mode shapes. These
eight modes were selected as being representative of the expected response.
These values, with the exception of Modes 7 and 8, were obtained from Ref. 1.
Modes 7 and 8 were taken from a separate Cluster Dynamics program anal-
ysis Dr. E. L. Bernstein of Lockheed/ Huntsville,

This report is divided into four sections. The first section presents
the total structural damping and the resultant modal damping coefficients
for the cluster. Section 2 is the material damping study and Section 3, the
joint damping test and results. Descriptions of the instrumentation and test

procedure for the joint damping tests are given in Section 4.
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Section 1
STRUCTURAL DAMPING

Structural damping is considered to be the total of the material damping
and the joint friction damping. For the Apolio Applications
cluster configiration the material damping occurs in the ATM solar panel
{ramework, the ATM canister rings and the MDA structure, The joint damping
is the friction losses in the ATM solar pa-nei joints and the MDA docking port
joints, The other structures in the AAP cluster were assumed to be rigid
bodies for the AAP Cluster Dynamics Analysis (Ref, 1) and, hencé, were as-

sumed to be non-dissipative.

Structural damping coefficients for the AAP cluster obtained from this

study are given in Tables-2, 3 and 4 for temperatures of _7_:_201?:_,___ - SOQFV,__and

150°F, reSpectiv‘:erly. - The damping values are presented as energy dissipated

per cycle of vibration in a normal mode and also as a percentage of critical
damping for the mode. The damping coefficient is computed from the

expression -

_ _DE
L = e x 100% | (L.1)

where: DE is energ-jr dissipated in the structure per cycle

SE is peak strain enmergy in a normal mode,

Damping values are presented for eight modal participation factors for
each normal mode. The modes are normalized so that the generalized mass

of each mode is equal to 1.0 lb-in- s,e-cz.

The contribution to total damping of the MDA docking port joints and
the ATM solar panel joints is included in the tables. The mate rial damping
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energy values determined by analysis were judged to be invalid and were not

included in the tabulated structural damping., A discussion of this problem is

given in Section 2,

The peak strain energy during a cycle of vibration was determined by

equating the peak strain energy to the peak kinetic enérgy;

mass

SE = KE = — f v2 dm (1.2)
where |
v = velocity
Let
wi = natural frequency of ith mode, r-ad/sec.
n = modal participation factor, dimensionless
¢i = eigenvector of the jth modz
Then
. 5 2 mass 2
SE = -5 -rj'mif | ¢i d m (1.3)

In Eq. (1.3) the integral term is equal to the generalized mass, and, since
the eigenvector is normalized to give a generalized mass of 1.0, the strain

energy in the -ith mode is

SE = —%— 1'5]2(.0?' = 112. 27T2f2

ni

) §1.4f)

where fni is tﬂk}, natural frequency of the mode measured in Hertz.

A ]
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Equation (1.4) was used to determine the strain energies for each of
the eight normal 1mnodes as a function of modal participation factor. FEigen-
values and eigenvectors for the modes were determined from the Cluster

Dynamics Analysis of Ref. 1. e

Roo:n temperature data for MDA joint damping were used to calculate
the modal damping values of the cluster because this portion of the structure
is protected by a radiation shield and the structural thermal environment
ranged from -43°F to 68°F (Ref.2). The ATM solar panel joint friction

values for the "normal' joint tightness were used in the tables.

Re sult_:_g __‘angl_ Conclusions

Values for the AAP cluster modal damping coefficient ranged from
14.973% to 0.18365% discounting the coefficient: for Modes 7 and 8. These

two modes are predominately ATM canister bending. Without any values

predicted for thése modes is negligible. The canister ring locks and pivot
joints are of such complexity that no meaningful estimate of the dissipated

energy is possible without test data for the actual hardware,

The highest coefficient was for Mode 2, participation factor 0.25 and
-50°F temperature. The lowest value was for Mode 5, parti¢cipation factor
2.0 and temperature of 72°F. The average coefficient value was approxi-
mately 1% de mping for the unit participation factor, 72°F temperature
mode cases. The structural damping for the 150°F cases was approximately
the same as for the 72°F cases, The average low temperature modal

damping coefficient was around 2% for the unit participation factor.

Figure 2 is a chart of the variation of the modal damping coefficients
for the three temj;ierature values for Mode 1. The modzal damping coefficient
is seen to decrease with increasing amplitude. This decrease is due to the

strain energy increasi_ngh..as the square of the amplitude while the damping

encrgy increases approximately linea-ly.

3..



LMSC/HREC D149410

The results of this study indicate that a detailed investigation of the
damping mechanism is required to predict modal damping coefficients for
a complex structure if something better than '"rule of thumb'" values are

required.

The computation of the energy dissipated in material damping was

"-_.1-'1ot satisfactory in this study, In the case of the MDA this was probably due

‘tz.-'o the use of a framework mathematical model which gave a distorted picture

of the internal stress distribution even when the stiffness and deflection

results were sufficiently accurate, In the case of the material damping in

the solar arrays, the mode shapes computed by the Cluster Dynamics Analysis
program was based on a uniform cantilever beam representation fér the solar
arrays. These mode shapes were not compatible with the actual structure

of the deployable solar arrays and resulted in high stresses and strain energies
in the solar arrays. These high stresses naturally caused the computed

energy dissipated in material damping to be excessive,

Although the values for energy dissipated in material damping are
not valid, a comparison of the energy dissipated with the peak strain energy
computed for the model of the deflected structure indicates that material
damping is small compared to joint damping. For this reason the results
presented in Tables 2 through 4 af‘;.e believed to represent a good
estima:fte of the modal damping coefficient .‘éyejn though they are based only

on joint damping values,

The computed values of the energy di.ssipéted in joint damping appear
reasonable although a comparison of results with full-scale tests could not be
made. These joint damping values were based on tests of typical joint
specimens, and the instrumenga,fgg;gn and test technigues reported in Sections

3 and 4 give repeatable results and the accaracy of measurement is excellent.

Further investigation should cover additional components of the AAP

cluster such as the airlock, workshop and the workshop solar panel arrays,

o
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These components were considered as rigid bodies in the present Cluster
Dynamics Analysis (Ref, 1), Joint damping tests of actual flight hardware,
such as the ATM canister ring pivot joints and locks, would supply data that
cannot be obtained from simplified test specimens, Also, ATM solar panel
joints should be tested in a space environment to determine the effect, if any,
of vacuum conditions, The inclusion of the above items in the study would
increase the amount of predicted structural damping and provide a more

accurate prediction of the cluster modal damping coefficient.

In this study techniques were devéloped for making a rational estimate
of the modal damping coefficients of a complex structure by summing the
energy dissipated due to the various damping mechanisms throughout the
structure. If further study indicates good correlation with results obtained
from full-scale structaral damping tests, a significant advance has been

made in the art of predicting structural damping. Complex and expensive

full-scale testing will no longer be required, and damping predictions can be

made on structures for which a full scale ground test is impractical, The
deployed solar arrays are a good example of this last type of structure, since
they are extremely flexible and designed to operate in a very low gravity

environment,
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Section 2

AAP MATERIAL DAMPING STUDY

2.1 MATERIAL DAMPING

Material damping, or energy dissipated due to internal friction, can be

determined by the following relationship (Ref. 3):

D =Jo" | (2.1)

where

D = specific material damping energy in a part under uniform
stress {in- _1b/in3-cycle)

peak stress (1b/in2)

- J.n = material damping constants

The specific damping energy is representative of the area within the stress-
strain hysteresis loop of the material. - Specific damping energy, D, depends
only on the material and is not a function of shape, stress distribution, or

volume, Ref. 3.

The total damping of a specimen can be determined by integrating over

the volume if D is known,

v
- Dy = f D&V (2.2)

where

Do = total damping energy dissipated by specimen (in-lb/cycle).

V = volume, in?
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The total material damping for a structure is the sum of the material damping

of its parts.

For the general rectangular section with the loads shown in Fig. 3, the
material damping can be determined by integrating between the limits shown

in Fig. 4.

- Note that the Y and Z axes are the principal bending axes and the sides
of the rectangle are parallel to these axes. Eq.(2.3) will be valid only for
cross-sections which can be broken up into rectangles with the sides parallel

to the principal bending axes.

From Eqs.{2.1) and (2.2):

- Jf f f {ABS [(A + B X)Y+(A +B X)Z+C-\ }ndZdeX (2.3}

where

— : 3 3
A =M /T, (1b/1n.)

. 4
B, = VY/IZ.., (1b/in™)

. 3

AZ = My/ly" (1b/1n )

. 4

B, = Vz/_Iy, (1b/in")
C =V /A (1b/in%)
ABS = absolute value

. Figure 3 shows the orientation of the member and the loads. The cross-

__sectié;nal moments of inertia about the principal axes Y and Z are IY and IZ,

respeétively; A is the cross-sectional area. Performing the double integration

onY and Z, Eq, (2.3) gives
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L 3

D, 2_/0- (n+2) (nt )ABS [ (A +B 1X)(A2+B2X)]{ ABS [ (A B X)Y, +(A+B,X)Z o+

" e \ (2 _ . ; n+2
I ANRS ‘(/\1 i [,;lX,Yli(A2+}:52X)Z,1+(,

[ nt+2
- ABS | (A; + B X)Y,+(A,+B,X) zl+c]

X) zz+c] n+2 } D (2.4)

- ABS - (,Al + BIX) Y1+(A2+B2

Equation (2.4) is indeterminate when the bending moment in a plane is zero,
i.e., (Ai+ BiX) = 0. For the case of zero moment in the Y plane; Eq. (2.3)
becomes

, L ,Z, n
D_=JY f f { ABS [ (A, +B,X)Z + c] dz dX (2.5)
: o “Z.. ' '

-y 1 “

where _

Y=Y2--Y1

Integrating Eq.(2.5) on Z

L JY

_ n+l
D, = f (n+1)ABS(A,+B,X) {ABS [(A2+BZX')ZZ + C]
o
n+t]
-ABS [(A2+B2X)Zl + C ] dX (2.6)
Similarly for zero loads in the Z-plane
7 L JZ | ] n+i
Do = _[ (m+1)ABS(A ¥B X) ABS [ (BB X) Yo + €]
o _
T nt+l :
- ABS [ (A +BX) Y, + C] | dx | (2.7)

n+2

q
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The total damping energy per cycle for the specimen can be determined by
ngmerical integration of Egs. (2.4), (2.6) or (2.7), depending on the load con-

dition,

For the "axial load only'" case, Eq. (2.3) reduces to

L
D, =f sz jc|™ ax (2.8)
(o]
where
Y=Y,-Y,
=272
Integrating over the length gives
D, =7JvZL |c|? = 3v]c|® (2.9)

The material damping per cycle for a composite rectangular cross section
can be determined by addition of the energy dissipated by the individual

segments,

A

The above equations have been prograﬁ'ﬁ‘med for the digital computer fo
automatically determine the material 'dampiﬁ;@g" for a specified specimen cross
section and loading. The ATM solar panel structural frame and the ATM
canister roll and gimbal rings are constructed of rectangular tubing. The
MDA structure was modeled as a space frame by use of the’Y-ettram/Husain
plane-framework method, Ref. 4. This method replaces shear panels by a
framework having the same shear resistance pi‘operties. This framework

can be represented by rectangular cross sections.
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2.2 MATERIAL PROPERTIES

The structural frame of the ATM solar panels is constructed of 6061-T6
aluminum alloy tubing and 4130 steel tubing. The ATM canister roll and gim-
bal rings are constructed from 6061-T6 aluminum tubing. The following values

were used for the material damping constants:

6061-T6 Aluminum Alloy (Ref. 5)

g < 15.5 ksi J=4.41 x 10 11

n=1.942
. 15

o > 15.5 ksi JT=513x% 10

n=2.881
4130 Steel (Ref. 6)

9ksi < g < 45 ksi F=43x10 1%

n=36¢6

A literature survey failed to find any material damping properties for
the MDA structural material, 2219-T87 aluminum alloy. A plot of log decre-
ment vs nominal bending stress for several materials including several alum-
inum alloys was found, Ref. 7. The aluminum data were grouped together and
presented as a wide band indicating wide scatter in the test results for all of
these alloys. Based on this observation, the damping constants for 2024-T4
were substituted in the MDA analysis since its chemical composition comes

closest to matching 2219 aluminum alloy.
The damping prOpertiés are:
2024-T4 Aluminum Alloy (Ref. 5)

3.82 % 10 11

n=2.01

e
Il

g < 14 ksi

10 O
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2.3 ATM SOLAR PANEL ARRAYS

The cluster mode shape for each ATM solar panel is a linear combi-
nation of the first two classical cantilever beam mode shapes plus a torsional
mode shape. The eigenvectors used to determine the deflected shapes were

obtained from Table A.2 of Ref. 1.

The resultant mode shapes were input into the Lockheed FRAME pro-
gram ATM solar panel mathematical model (Ref. 8) to obtain the loads for
each member. The FRAME program output was used as input data for the
Material Damping program. The Material Dampiilg program integrates over
each member to determine the energy dissipated for the internal member

loads.

A summation of the total energy dissipated for all the structural mem-

~bers was computed for each mode. This summation for the four solar panel

arrays is given in Table 5 for each cluster mode.

2.4 MULTIPLE DOCKING ADPAPTER

The internal member loads for the MDA structure were determined by
a FRAMYr mathematical model, Ref. 1. The Yettram-Husain plaxie-framework

method of Ref.4 was used to model the structure as a frame.

The eigenvectors from the cluster dynamics analysis for the eight modes
were used as input to the FRAME model. The internal member loads deter-
mined by the FRAME analysis were input in the Material Damping program

to compute the damping energy for each meode.

The results of this analysis are presented in Table 5.

11
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2,5 ATM CANISTER ROLL AND GIMBAL RINGS

The procedure of paragraph 2.4 was used to determine the material
damping in the canister roll ring and gimbal zing. The internal loads were
determined by 2a FRAME ma.thematicql mode"it and &amping energy computed
by the material damping program, Table 5 lists the results for the eight

computed modes,

2.6 RESULTS AND CONCLUSIONS

The total material damping energy for the MDA structuré, ATM canister
rings and ATM solar panel stz cture is summed in Table 5. The eight cluster
modes analyzed are representative of the expected orbital vibration response
and cover several frequencies in the range from 0.186 Hz to 5.624 Hz. The
value of the total material damping is seen to vary over a range from 0.037511
to 27.349 {in-1b/cycle). Most of the values appear to be several times larger
thaz_l;fﬁormally expected and are not consistent from mode to mode. Based on
l’théé’é‘”iréﬁi’eé the modal damping coefficient would be around 32% for the highest
damped case, Mode 2, and approximately 15% for Modes 3 and 4. Damping
ratios of this magnitude are not probable for a structural system similar to
the AAP cluster.

The validity of the material damping energy as determined in this anal-
ysis appears to be questionable. The values do not appear to follow any trend,

- and they fluctuate greatly from mode to mode.

The mathematical simulation of the MDA structure by the Yettram-
Husain method does not present an accurate load distribution from which to
determine the material damping. This model was originally formula_ted“to
determine the MDA stiffness matrix for the Cluster Dynamics Analysis (Ref. 1)
and was not intended to be used for a detail 'St£e$s analysis. A finite element

model would be more applicable and accurate for this task.

In the Cluster Dynamics Analysis, the ATM Q‘:iftlar panel arrays were

modeled as uniform cantilevered beams (Ref. £). Thi mode shapes were °

12
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assumed to be a combination of the first two cantilever bending modes plus
the first torsional mode. Difficulties were encountered in trying to obtain the
the resultant cluster dynamic mode shapes with the solar panel FRAME pro-
gram mathematical model. To obtain the cantilever deflected mode shapes,
unrealistically high joad values were required, especically for panels close to
the restrained end of the array. This resulted in high stress values, hence
high material damping for the modes where the cluster natural frequency was
the panel response value. For a more accurate analysis the panel arrays |
sh'ou‘l‘{'d. be modeled in thé cluster dynamic analysis as a structure more accu-
ratély describing the response of the panel array instead of the cantilevered

beéam of equivalent stiffness.

The excessively high values for the material damping discussed in the
first paragraph of this section are based on the peak strain energy expected
in.ea-ch modé, Equatib..;_r_; 1.4, Since the solar panels require unrealistically
" high loads to conform to the modal displacernents computed by the Cluster .
Dynamics program, the solar panel strain energy as computed by the FRAME
program is ge.n.era.lly much higher than the strain energy characteristic of the
mode, Eq. 1.4. By usiiig the strain energy computed by the FRAME program,
the material damping is found to bé small compared to the joint damping.
Since energy dissipated in materiéil damping and strain energy in the solar
arrays are based on.the same niathematical model, it can be concluded that

the effect of negle’cting material damping is small,

13
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Section 3

AAP JOINT DAMPING

The objective of this test program was to determine basic joint damping
properties for the various types of joints in the AAP cluster. Representative
joint types were made and tested under varying loads, temperatures and fre-
queacies. Two specimens simulated portions of the MDA docking ports, and
a third specimen simulated a typical joint of the ATM solar panels. Test data
from the docking port specimens were reduced to yield damping energy and
load per unit length of joint circumference. Test data from the solar panel
sp-e-cirr;e-n yielded friction torque and the bearing coefficient of friction. Test

results were tabulated and applied to the Joint Damping program (Ref, 2).
3.1 MDA DOCKING PORT JOINTS

The docking port specimens (Fig. 5) were tension-bolted joints based on
NASA Dwgs. 30M14230, 30M14300, 30M14388 and shear-bolted joints based
on NASA Dwgs.30M14392, 30M14401. These specimens were similar to the
full-scale structure in material (2219-T87), finish tolerances and cross
section, but they covered only a two- or three-bolt segment of the circamfer-
ence. A coating of room-temperature vulcanizing sealing compound (RTV 90)
was applied to the faying surfaces of the test specimens, after which the bolts
were ''torqued" to drawing specifications. The test fixture was a torsion pen-
- dulum, having a load beam and two driving shakers at the top and a crank and
angle plate at the base to hold the specimen. Figures 6a, 6b and 6c show the
specimen in the test fixture. | -

' 4

Figure 7 shows circuitry of the test instrument. The torsional pendulum

-des'ign was chosen so that high loads could be applied to the s-pecifnéns using

small shakers. Pye-Ling shakers were tuned with the Monsante oscillator te

14
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drive the pendulum at the system resonant frequency. Large changes in the
natural frequency were possible by moving the weights on the load beam, A
crank and link transformed the pendulum torque to axial load on the specimen
axial load and relative deflection across the specimen joint were measured,
thereby excluding material damping and friction losses in the pendulum sys-
tem, ’I_‘.he specimen load was measured by th : Kistler qu'ar‘tz load washer,
which had a preload compression of 2200 1b applied by the specimen attach
bolt, The change in force was read on the oscilloscope., The sensitivity of
the load washer-charge amplifier system was 0,392 mV/lb, The load level
was controlled by the power amplifier and adjustments of the exciting fre-

quency with respect to the natural frequency of the tedt system,.

To measure the specimen deflection, a Pickering linear variable dif-
ferential transformer (LVDT) was cemented in place and adjusted or nulled
“to a minimurm-signal on the Tektronies e-s—-eil::l:es-éep e. - The sensitivity of the.
system was 10V/0,001 in., with the attenuator of the displacement carrier
preamplifier set on 1,0. (Example disf?)I'acemerit:. The oscilloscope vertical
channel was set at 5V/cm, atten&:;}..tor on 2: Deflection = 5V/cm (2)+10v/
0,001 in, = 0.001 in./cm.) "

A more detailed description of the test instrumentation is given in
Section 4, Test specimen temperature was monitored with thermocouples
attached to each end of the specimen., Temperature was conf:rollecl_ with an-=
insulated box fitted around the base of the torsional pendulum. Dr;r ice was
used for coolant on low tempéj;:ature tests, Two heat guns circulated uir

inside the box to provide a uniform temperature,

Data takeén during testing were as follows: The first photograph (Fig. 8)
is a hysteresis curve of force versus deflection. The applied force and de-
flection are scaled and calculated according té the sensitivity . examples

described _previously. To obtain a measurable area within the hysteresis
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curve, the function dial of the oscilloscope was switched to Channel A —
Channcl B and the curve was expanded as much as possible., The attenuator
was used to decrcase the deflection signal whenever the amplifier became
saturated, Saturation was indicated by a sharp bend in the hysteresis curve
at peak load. The second photograph (representing the tensile loading) and
the third {(compressive loading) were each measured with a planimeter for

damping energy calculations,

The test envelope was determined from the following design and enviro-

mental condifions:
Load: Design bending moment at docking port, M = 300,000 in-1b

o.d. = 33.375in, t =0.25 in.

I = 3568 in-

fi-= Me/I
_ 300,000 _ 33.375
T T 3568 T 2

= 1400 psi (3.1)

For a 2-in. segment the design load is (0.25 x 2) inz x 1400 psi = 700 1b. For
a 3-in. segment 0.2 in. thick, the design load is 0.2 x 3 x 1400 = 840 1b.

The largest temperature range occurs at the MDA radial

Temperature:
port: —430F to 68°F, MDA Mission Cold Case, Radiators -45°F (Ref. 2).

Frequency: 0.1 to 5.0 Hz (Ref. 1),
Data Tabulation

lLoad: Tensile and compressive loads were assumed to be equal in

magnitude,

16
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where
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0

2 cm (127.5 1b/cm)
255 1b |

2 cm = load amplitude

127.5 1b/cm = oscilloscope setting

Deflection: Zero deflection was taken as the midpoint of the hysteresis

<urve where the load line bisector passes through, Tension was measured

above this level, and compression below.

Reference ¥ig, 8:

Compressive deflection 6C = 0.85 cm x 0.001 in./cm

Ten4ile deﬂécti on.. .' _

Damping Energy:

0.85 x 10" ° in,

2.0 cm x 0. 001 11’1/Cm

2.0 x 107> in.

o
H

i

where
a = chamnnel A setting mV/cm
- 0.392 = sensitivity of load washer mV/lb.
e mV . 0V oy 1oad fact
0.392 = <cm =~ 1p ~ ‘o/cm toadiactor
Cv = vertical channel setting V/cm
S = sensitivity of LVDT = 10V/.001 in.
“v v 10V in -4 : :
L = —_ —— = ~ x 10 ° deflection factor
S cm .0-01 in. cm

17
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At = attenuator setting - multiplier of CV/S
Ar = area of hysteresis curve - cm
W © specimen width - in.

Joint Stiffness, Tensile (per inch of docking port circumference):

Joint Stiffness

21(10

6.05 x 10% 1b/in. /in.

where
a; = tensile load (cm)
F, 6= ,load multiplier (1b/cm)
bl. = tensile deflection {cm)
Fb = deflection multiplier (in./cm)
Ws = specimen width (in.)

Joint Stiffness

i

2 /2.0

0'5(10 -)

- 38.25 x 10% 1b/in./in.

where
_ a |
- = slope of hysteresis curve at maximum compiession
2 load.

18
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The distance between the zero deflection line and the point at which the

rate of change of slope on the hysteresis curve is maximum, factored by Fb

is designated as 61'&"

8§, = =0.3 cin x 0.001 in./cm

= -0.3x%x10° 2 in.

The tabulated data (Tables 6 and 7) are plotted on Figs.10 and 11 as
Damping Energy vs Deflection.

Test Observations and Conclusions

Some factors in joint damping are:

Gasket Material: RTV 90, a stiff paste consistency material, was used

in the test piece. "Torguing" pressure squeezed it to a film of about 2 mils

| thiékhé sS.

Bending Primer: The test articles did not use bonding primer (nor does

the full-scale vehicle) but the shear-bolted specimen showed some abraded

areas, and a bonded gasket could have an increased damping effect.

Bolt Tension: The bolts (1/4 - 28) in the tension-bolted specimen were
torqued to 70 in.<1b which gives a stress of 40,000 psi or a tension load of
approximately 1360 1b. The maximum applied loads were approximately half
of this, so for two bolts the load/ bolt = 340 1b and no additional bolt elongation

would ocecur,.

Specimen Bending: The tension-bolted specimen had relatively high

bending under tensile loads (Fig.8). In turn, this caused some bending along

the longitudiné.l axis.

Bolt Hole C_lggfrance:’. In the shear-bolted specimen the bolts were fitted

with clearance in accordance with the drawing. Some sliding occurred which

19
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can be scen as ""kicks' near the zero deflection line in the force-deflection

photograph (Fig. 9b).

4-Deg Ramp: The 4-deg ramp (on the shear-bolted joint) gives increased

resistance to sliding under compressive load, and the effect can be seen as

smaller compressive deflections than the tensile deflections. -

Temperature: There appears to be little effect on damping energy due
to temperature variations (Figs. 10 and 11), The high temperature results

shown on Fig. 1l are for information only (beyond the test envelope).

Vacuum: Gas pumping in structural joints can occur if there is sufficient
joint deflection to ""pump' gas in and out, and if the frequency is relativeISr
high —- 250 to 32,000 Hz (Ref. 3). The test piece had. little gas space because
of the sealant in each joint, and the frequency was so low that no viscous gas

damping would occur,
3.2 MDA DOCKING PORT JOINT DAMPING

The joint damping for the MDA docking ports was determined using the
test values obtained for the joint segments and numerically integrating around

the port circumference. The results are presented as joint damping versus

bending moment for the tension joint and shear-bolted joint.

The joint force-displacement relation is shown in Fig. 12, where k is
the variation of the line load with deflection. The term 6.1 represents the
deflection value at which the relationship between line load and deflection

change slope.

Figure i3 shows the load and deflection distribution for the docking

port for an applied moment, m.

The line lead can bé determined for any deflection, §, from the following

equations.

20
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N_ =k, 6+ (k,-k)) b, 6 26, (3.7
- <
N_=k,b 6 <6, (3.8)

From symmetry the damping energy need only be determined for half
the docking port, ¢ = 7T/2 to -71‘/2.

Summing forces and moments over the interval ¢

Tr=o
/2
foR d¢ =0 (3.9)
-w/z
7r/2
foRZ sing d¢ = MX/Z (3.10)
-7r/2

The deflection 6§ can be expressed as

o
1

= 5, - [R(l - sin¢)] 8

5, - RO+ RO sing (3.11)
where 0 = (5, - 52)/2R

Substitutiﬁ‘;g___Eqs. (3.7) and (3.8) into (3.9) and integrating

21



LMSG/HREC D149346

lfkaa d¢ =0

1r/2 ¢e

Rf [k15+(k2-k1)6i] dd)'{'R'f k_26d¢=0
¢ | -7/2

(k) +k,) [al - Re] (/2) + (i, - ky) [(‘51 -R0)$_- RO cos ¢e]
w(ky - ky) 8, (/2 - ¢ ) =0
Dividing by 8R

[ 5
(k, +K,) ['61% - 1] ;(k1+k2)-(1r/2) + (k_z-kl)cbe%

b.
+—*(~k2 i) - 1-?--_16(,7/2 - d)e.)_ =.COS ,tbé %‘-’0 e

1
_ ;61 | E
[51 ] (-8k) gg (/2 -9) - cos 8, |
=a- 1] = — = 7 : (3.12)
R6 ( 221 (7/2) + (8K) ¢, ,
where
Ak = kz - kl
Zk.ﬁkl +k2

Substituting Egs. (3.7) and (3.8) into (3.10)

| r/2 |
M/2 = sz [kl s+ (kzak'l) 61] sind d¢
. ¢e' ¢
e

¥ sz k, 6 sing d¢
-7r/2 o

22
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Substituting Eq. {3.11) and integrating

M= 2R2

sin2¢
(- AK) (6, - RO) cos ¢_ + (-Ak) R e = - ¢e/2

+ RO (Ek) (r/4) + (Ak) &; cos QSef (3.13)

Divide by 8R

M/OR = 2 R

61 -sin__:-_?.tbe
(-aK) { gR- 1) cosd + (- AR | —F5== - /2

. ;o (Ak) &
+ (LKNr/8) + —5g— cosd,

Substituting Eq. (3.12)

5.
| (-Ak) 5 (1/2-6¢) - cos¢

_ 2 _ R e’ e
M/OR = 2R" j (- AK) STk (7/2) + akd_ - | °°° A

sin2 qbe
reao (2225 4 22)e Tresa

i

+ Ak g5 cos (156 (3.14)

From“Eq. (3.11)

6 =9

I*R9+RB sin ¢
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5. N ’
éi: Eﬁ-l +31n¢e

Substituting Eq. (3.12) and multiplying through

6
e—la (Tk,) = Ak cos ¢+ (Xk(7/2) + Ak ¢ ) sin ¢_

Solving for OR

6i 1rk2

sk cos¢_+ sz) (r/2) + Ak ¢e] sin ¢

8R = (3.15)

For the case where the force-deflection slope changes at zero deflec~

tion, 63.'7: 0.0, the following derivation is valid.
Summing forces

/2 -
foRd¢ =0 - (3.16)
-7r/2.

The line load can be expressed

= > \
N, =k, 6 520 | (3.17)
| - <

N =k, & §<0

5 =RO(siné -singd ) - (3.18)

. 24
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Substituting Eqs. {3.17) and (3.18) into Eq.(3.16) and integrating

- 7/2
| f k, 6R(sin¢ - sin ¢_) d¢
e
d’e
+ f k, 6R (sin ¢ - sin ¢ ) d¢ =0
-7/2

R [(-A:k) (cos d)e-l- qf)e S'in¢e) - (Zk)'(W/Z) sin¢e] =0

cot §_ + b, = (-7/2) '):—k (3.19)

The above equations were digitally **’rogrammeé to determine the docking

port joint damping.

For the docking port geometry and k; and k‘;z test values, the above
equations were solved for a range of qﬁe values from -1r/2 to 11'/2 in five-
degree intervals, For the case where 6, = 0.0 there is only one ¢e value as

determined by Eg. (3.19) above.

The docking port rotation ® was determined by Eq, (3. 15) and the

- resultant bending moment from Eq. (3.14) for the partlculra.r d} 6, k; and ky
values. Integrating numerically around the docking porc, c1rcum£erence, the
deflectmns were dem"m:.ned and the corresponding damping values obtained
from the joint test dita. The results of this study are presented in Figs. 14.
through 15 as charts of docking port joint damping vs bénding moment for the
two types of joints. These charts are presented for the different:temperature

values,
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The eigenvectors from the AAP Cluster dynamics analysis were multi-
plied by the MDA stiffness matrix to obtain the docking port bending moments
for the eight cluster modes. These bending moments for the radial and longi-
tudinal docking ports are given in Table 8, These values and the charts in
Figs.14 and 15 were used to obtain the joint damping values listed in Tables
9"and 10 for eight normalizing factors. Each of the docking ports was con-

structed with two shear-bolted joints and one tension joint,

3.3 ATM SOLAR PANEL JOINTS

| The solar panel joint specimen (Fig. 16) is representative of a scissors
joint of the ATM solar array.(NASA Dwg. GC700315), The test joint was
designed into the pivot point of a simple pendulum. The nut on the pivot bolt
was used to adjust the tightness of the scissors joint" from the drawing spec=-
ified "finger tight" to 1/6-turn tighter and 1/6?turn looser., Pendulum fre-
quency was varied by moving the weight tray through four positions on the
. pendulum tube. Shear load on the joint was varied with lead weights on the
tray. Tests were run at =50, 72 and 150°F vnth thé sf}ecimeﬁ éﬁéloséd in the
insulated box. Thermocouples were attached to the specimen to measure and

monitor the temperature.

Figure 17 is a typical data sheet fror\ﬁ.'-t‘he X-Y recorder, The output of
the LVDT was adjusted to read as the offset of the lower end of the pendulum
tube. For each test the péndulum rod was marfmally disPIa_,-céd through the
same angle and then released. The feed rate of the x-y plotter was set to

accommeodate one set of ioadings' on a sheet,

cy'cles‘/in. = sec/in.

Frequency -

cycle s/s’ ec

The test envelope was determined by the fellowing:
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Load:; Shear load at joint is 275 1b, which is factored for equivalent
loading on a 1/2-in, diameter bearing. Factored shear load: Ps = 183 1b;
joint rotation = +1.56 deg.

Temperature: The range for the $-IVB solar panel structure was -60
to 167°F and for the ATM solar panel, 35 to 154°F (Ref. 2).

0.1 to 5.0, Ref. (1).

Data Tabulation — Solar Panel Specimen;

Reference: Table 11 and Fig, 17

Decay: The change in amplitude from the initial offset of 3.0 in, was

measured over s€veral cycles and then averaged,

tube, tray and weights,

Friction Torque Derivation: Friction torque was derived as follows:

rictio:

For a pendulum having a distributed mass:

d = distance of centroid from pivot
p = radius of gyration about pivot

m = total mass

F = friction torque at pivot
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Over a one-half cycle, measured from maximum positive displacement to
negative displacement, the change in kinetic energy is zero, Equating the

change in kinetic energy to the work:
i rned (0% 2, | _
arngd((z‘vo-(60--A6))-I:"(ZG)O-!,‘__.Q) = 0

L mgd (2086 - A8%) - F(20_-A8) = 0

. 2F | |
A = med for one-half cycle. (3.22)

The change in amplitude for a full cycle is:

200 = 2E
mgd
F = 2A68 Qf-‘il (3.23)

il

2 A® Pﬁ in./cycle/in. = rad/cycle

where
b = deflection of tip of pendulum arm, in.
R = 1én__gth of pendulum arm, in,

The tabulated data from Tables 11, 12 and 13 is plotted on Figs. 18, 19 and 20
as friction torque vs load.

I F has the form:
F = mgl +cld (3.25)

where |l is the product of the coefficient of friction and the radius of the
friction circle: |

L= fr S (3.26)
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Equation of Motion: Equation of motion, with friction damping at pivot

is
2 ., )
mp 0 + mgdé=+F (3.20)

where © = 0 (t) is the angular displacement of the pendulum from vertical

~and
i = 71;,- J@g (3.21)
P
then
F = mgfr, tcfr . o
r, = radius of ¢ylindrical part of bearing
= 0,25 in.
B P radius oﬁf_ __‘_3_3_““:31,'___ ol.f prgssu;e of the d1sc Porf:iqn of bearing
= 0.395 in,

Coefficient of friction f = /r

AF 1.35
e.g., {Fig.18) = Amg = 358 0.0108
c = 1.20
. _ 0,0108

The calculated values of f are given in Table 14,

Test Observation and Conclusions

Solar panel joint damping is expressed as friction torgque, and from
this a coefficient of friction was _c-alcul_at,ed. The effect of low temperature
on the scissors joint is very large: friction torque increases about 3 times

when the temperature changes from 72 to -50°F. This effect is probably
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caused by the large contraction of the aluminum block tightening onto the
steel pivot bolt, The high temperature case (15GOF) decreased friction

torque about 10%.

Joint tightness was varied through three positions to allow for varia-
tions in assembly to "finger tight.," As expected the "tight' condition in-
creased the friction torque (approximately 35% for -50 and 72°F, and 15%
for 15‘0014"‘).

Frequency increases brou;g‘ht increases in friction torque of 15 to 25%

over the range of 0.34 to 0,75 Hz.

3.4 ATM SOLAR PANEL JOINT DAMPING

The joint demping for the ATM solar panel arrays was determined
using the results of the test program. The panel joint rotations and loads,
for the eight cluster modes, were obtained from the J.ockheed FRAME pro-

gram analysis.

The joint damping can be determined by inte grating the torsional fric-

tion force,

b =f Fde (3.27)
where |

F=c+ uP

P =k6

Substituting into Eq. (3.27) and integrating
2

D=co+ 3 UKo (3.28)
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‘since

where P and 67 are the force and displacement for the unit modal amplitude.
Eq. (3.28) becomes

For the one complete cycle

D=4c¢ -qej-i-%,u,nz]?j@j (3.30)

The total joint damping for the solar panel array was determined by summing

~.the rotations and forces for all the panel joints.

D=4cnY 0ls2us” TPl e (3.31)

~Equation (3.31) was digitally programmed to automatically determine
the total joint damping for the four solar panei < rrays for all eight cluster
modes. The constants ¢ and y were taken from the table of test results,

Table 14. Eight nermalizing factors, n, were used in the analysis.”

Tables 15, 16 and 17 are the results of this analysis for the three tem-

perature values for the three joint tightnesses,

3.5 ATM CANISTER RING JOINT DAMPING

The ATM canister roll and gimbal rings were interconnected and
attached to the ATM stiu.cture by four pivot joints and two locks, Due to the
complexity of these connections no simple simulation could be made to ade- -
quately determ1ne the damping in these joints, Actual joints and locks would

be requlred ior any sort of meamngful test program.
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Section 4
INSTRUMENTATION

To determine the net work being done on a subject by a cyclic load,
the area enclosed by the hysteresis loop representing the force-displacement
relationship may be used. For most structural joints, this area is ex-
pected to be extremely small in comparison with that representing the peak

level of stored (recoverable) energy reached during a cycle.

4,1 MEASUREMENT METHOD

Referring to the hypothetical hysteresis loop in Fig.21, the work done
by the force per cycle is

X

D’o i:f [Fl (x) '-Fz(x)] ax (4.1)

-xX

o
where F, [x(t)] is the loading branch of the hysteresis loop during a cycle
and F, [x(t)] is the unloading branch. The force and displacement ampli-

tudes are Fo and X respectively., If damping is low, the maximum difference
max | FI {x) - FZ (x)]| << F_‘O = rax , Fl(.x_) l = max I Fz,(x) l

i.e., the force signal is much greater than the bracketed integrand in Eq, (4.1)
so that the integrand is difficult to measu;i‘e with accuracy from records of the
force and displacement signals. The degree of amplication of the force signal
to obtain the desirable resolution is limited by the dynamic range of the ampli-
fier and/or the recording equipment which must handle F, without reaching

saturation. This limitation may be overcome, however, by first subtracting
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the quantity(Fo/xo)x (t} from F [x(t)] . The resulting signal is never
greater than the integrand, so that amplication to obtain the necessary

% .
resolution is possible, Damping is determined by evaluating the integral

X

° Fo Fo
D, = Fl(x)- T *| - Fz(x)- praft dx (4.2)
., o o |}
o
' F
from the plot F(x) - -}-c-?'-_ x(t) vs, x(t), as shown in Fig, 22,
le) .

Published damping data for, say, 6061 aluminum in the Té condition

are that

D =4.41 x 1071} o 1.942
L9 , o

' iﬁ=Lb/};;3/cycle

for

g_ < 15,500 1b/in”

where DcD is the specific damping capacity of the material and 0"0 the stress
amplitude, Young's modulus for the material is approximately 107 1b/ inz.

For a stress amplitude

_10% . -:

The corresponding strain amplitude is

-3
€, = 10

a— : .
Assuming sufficient signal-to-noise ratio.
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and, referring to Fig. 21, the width of the hysteresis opening (a strain) at

Zero stress is

i

~ -7

DO
3o - 0 .

€h
In other words, € h is approximately 0.01% of € o In a previous dynamic
experiment with a specimen with very little structural damping the actual
width of the hysteresis was some 30 times greater than the predicted value
based on material damping alone. For a joint specimen where frictional
losses are definitely present {as in the present case), a hysteresis loop
width of 1% may be assumed as a working figure for instrumentation design
purposes, If both force and displacement are sinusoidal in time, a hysteresis
loop of 1% width is equivalent to a phase difference of 1 deg between these sig-
nals., The damping measurement instrumentation must, therefore, be capable
of resolving very small strains (or displacements) while ma1nta1n1ng almost

zero-phase relationship durlng low frequency dynarmc tests,

4,2 TRANSDUCERS AND ASSOCIATED INSTRUMENTATION

A piezoelectric force transducer was selected for measuring the force
applied to the test specimen. - The selection of the piezoelectric type over a
strain-gage type was based on considerations of signal-to-noise ratio, line-
arity, repeatability, accuracy, temperature insensitivity, and general rugged-
ness and simplicity. With a high-grade charge amplifier, a good piezoelectric
transducer can preserve amplitude and phase responses to well below 1 Hz.
The characteristics of a recommended transducer-amplifier c=civ;pbi_natid-n
will subsequently be discussed in detail, | o

A Linear Variable Differential Transformer (LVDT) is selected for

measuring specimen deformations.
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4,2.1 Force Transducer and Charge Amplifier

The recommended force measuring instrumentation consists of a Kistler
Model 903 A quartz force transducer and a Kistler Model 503 charge amplifier,
The specifications for the 903A are:

Range (compression). .c.cevevesnanrssessas .'..lb 12,000
Resolution (limited by amplifier noise) ........ 1b 0.01
Sensitivity (nominal)...ecievevenn picocoulomb/‘lb 20
Resonant frequency, no load -
(nominal). . ..... .. thieiecasan s enn s kHz 50
Compliance ¢oocvvvnenennanne cessrersessain, /b 4x10-8
Capacitance (nominal).....ecevese0... picofarads 70
Height.....cooiiieiiirinnnnnans cresreanne . in. 0.5
Outer diameter (MaX.). e .. ceesatreoceessnsss inN, 1.10
Inner diameter ........... P § : 1 0.41
 TempeTatuTe range . covivisnssnsonsssnsses OF e =320 to +H00 - -
Vibration and shock v vieveevrenncnnssnnsaese B 10,000
Weighi (approxXimate)...vcesvesveacssssoness OZ, 1.3
Linearityiv.ecesescsnrssnnansesa o of full scale 1
Repeatability,.cvivveesvinereess. % of full scale 0.5
Insulation resistance ...,....vseeeeeesese.., OhMS 1012 (min)
Temperature SensSitivity . .v.eeeeveeesnsses %/°F 0.01

Outstanding features of this make and model are the low capacitanc'e and high

insulation resistance, which are essential qualities for low no1se and flat

response in the subaudio frequency range.

The performance of the Kistler Model 503 charge amnlifier is "g'reatlir

_dependent on the transducer character:nsncs and the mode of operation, A

full descnptmn of the anticipated performa.nce of the force measurmg system

is given in the following.
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4,2,2 Frequency Response Limits

The frequency response of the piezoelectric transducer-charge ampli-
fier combination is determined by the following parameters: transducer
capacitance and insulating resistance, cable capacitance, amplifier feedback
capacitance and ghunting resistance. If the feedback capacitance is greater
than 1% of the total input capacitance (trarisducer plus cable), the upper fre-
quency limit (-3 dB point) of the system is approximately 100 kHz, For the
present application, therefpre, the high frequency limit of the system intro-
duces no measurement .a rror so long as the feedback capacitance is not less
than 3 pF which is, in fact; less than the smaliest selectable capacitance in

the amplifier,

The low frequency limit of t‘he.' system is most critically measured in
terms of the phase relationship between the physical input and the voltage
output of the charge amplifier, and is governed by: (1) the transducer capac-
itance and insulating resistance, and (2) the timé constant of the feedback -

circuit in the charge amplifier,

Referring to the specifications, the Kistler Model 903 A force trans-
ducer is seen to have a nominal capacitance of 70 pF and a nominal insulation
resistance greater than 1012 ohms, This transducer, therefore, has a time
constant greater than 70 x 10~ 12 1012 = 79 sec. The phase shift at 1 Hz
is then less than 0,1 deg, so that the low frequ_ency‘ response characteristics

of the system is not limited by the transducer,

For normal operations, the Short Time Constant is selected on the Kistler

s 503 charge amplifier, in which case, a log-ohm resistor is connected between
the input and output terminals. This resistance shunts the feedback capacitor
and limits the low frejuency response of the charge amplifier. The phase

shift at 1 Hz is approximately 0.2 deg if a feedback capacitance of 50,000 pF

is used in parallel with the shunting resistance of 109 ohms. Using the system

in the indicated mode, therefore, the predicted maximum phase error is 0.3

deg at 1 Hz. The accompanying amplitude response is completely flat, -
& _ ’
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4,2,3 Sensitivity and Noise ' \\
|

The nominal voltage sensitivity of the transducer-charge amplifier

system is given by the expression

' _ transducer sensitivity (pCb/lb)) Vg
S(v /1b) = feedback capac1tance (pF) 4.3)

with a 50,000 pF feedback

20

- »
56000 - 0.4x 10 v/lb

5=
The noise output of the system is determined by the total input capaci-
tance, and is apprommately equivalent to one p1cocoulomb per 10 J00 pF of

input capacitance. With a 600 pF 1nput the noise is, therefore, approxnnately

0.06 pCb (rms), or 0.0030 1b, The noise of the force measuring system,

- ~therefore, does not-limit the resolution of measurement for ,éll....;pr_&crtigal_. :

purposes,

4.2,4 Zero Drift and Time Constant Check

The piezoelectric force transducer used in the experiments was a

Kistler Model 903A Load Washer (LW, Serial No. 32219). It has a certified
sensitivity of 19.6 pCbh/1b, and a capacitance of 51,0 pF. The charge ampli-

fier (CA) used for the LW signal was a Kistler Model 503 {serial No, 731).
A teflon inSulated coaxial cable was used, The length of this cable is 15 ft,
with a total capacitance of 550 pF - The total input capac1tance to the CA

input is, therefore,
550 + 51 = 601 pF.
The CA output drift was measured with the :]‘-;__.W connected but without
a load. Results are shown in Fig,.23. Itis seé.n;{;that in the long time cons- -

tant mode. with the range setting on 5K that the CA no-load outp'ut drift is
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less than +0.2 mv in 270 sec. Since the overall sensitivity in this condition

is 0.392 mv/1b, the above voltage drift corresr onded to approximately a

range of drift of +1 1b, which is quite satisfactory for the tests in this project.

The time constant of the force measuring system was investigated by
applying a constant force to the LW and recording the decay of the CA output.
Results of three tests are also shown in Fig. 23 corresponding to three CA
range settings, It is noted that in the Long TC mode, the time constant for

either the 5K range setting or the 2K range setting was greater than 270 sec,

The force measuring system therefore, introduced a phase shift signif-

icantly less than 1 deg during tests.

4,2,3 Displazement Sensor and Carrier Preamplifier

As indicated previousiy, a LVDT was selected for measuring the rela-
tive displacement between the two segments of the bolted test specimen, The
LVDT used was a Pickérin-g Model No, 7234 '(Ser{al No, l)'wi_.rtrh the following

nominal properties:
b '

\' Displacement range: +0.020 in,
Linearity: . <0.1%
Excitation requirement: 2.0 v at 2400 Hz
:Null voltage: 0.07 mv
Terzperature range: -20 to 160°F

Beyond this range nonlinearity is 1%/160°F
Uncorrected phase shift: 15 deg (approx.)

- (between carrier output at 2400 Hz)
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The carrier preamplifier (CP) used was a Hewlett- Packard/Sanborn
Model 350-1100B (serial No.2409) with the following nominal characteristics

Carrier Voltage: 5.0 v {approx.)
 Carrier Frequency: 2400 Hz (approx.)
, Frequency Response: -3 dB at 480 Hz

Gain Stability: better than 2%

Linearity: +0.2%

Noise and Ripple: 2% of signal

Drift: _ <2 mv/hr.

Figure 24 shows a schematic diagram of the displacement sensing in-
strumentation. A stepdown transformer was used to match the carrier vol-
tage cutput of the CP to the LVDT. R

 The nia;xithpm"'s-e'nsitiv'iiy.'fbf the system is’ "1’()4 v /in. “The noise at this

sensitivity is eqﬁiiralent to 0.6 x -10'4 in,,peak to peak,

4.3 DATA RECORDS

.Docking port joint specimen dampmg data were obtained by ptotographing
the force-deflection relationship in the steady-state, as it was displayed on
the CRT of an oscilloscope (Fig. 25), |

After the specimen response had reacﬁé_d a s-teady-’.st-ate condition the
fgrce-déﬂ_ection relationship was first obt;ai;z-;zed'by switching the horizontal
aénpliﬁér to the channel A only" mode of 6pe ration. The horizontal ampli-
fier is then switched into ope fat’ié’ri in the differential ("A-B") mode,
~ The 300K ohm potentiometer is adjuéfé_d untxlan ‘optimum value of K is deter-
mined to obtain the maximum posé—imé*"éxpansio-n of the horizontal .display of
(F-kd) A phetographig record of the resulting "expanded hysteresis loop"
was then made. The measurement accuracy of the area enclosed by the

1
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hysteresis loop (proportional to the energy dissipated per cycle) was, of
course, greatly improved by this technique. Figures 8 and 9 represent

typficé.l photographic records taken during docking port joint tests,
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Table 1

MODES AND FREQUENCIES FOR AAP CLUSTER

Mode 0 rFre-q-t-;:-lencym Des.criﬁtion of Mode Shape |

1 r 0.186 ATM Solar Panel First Bending
Mode ,

2 0.590 LM/ATM Coupled with Solar Panel
Motion

3 : 0.668 | ATM Solar Panel Twisting

4 0.670 LM/ATM Bending Coupled with

: Solar Panel Motion

5 : 1.154 ATM Solar Panel Second Bending
Mode

6 2.193 C/SM Bending

2. ...l 3662 | Canister Bending

8 5.624 Canister Bending
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Table 2
STRUCTURAL DAMPING — AAP CLUSTER (72°F)
MODE 1
M..t;é;al o _I_);cking Port ATM Solar Panel | Total Strain Damping
Partici- . Joint Damping | Joint Damping Damping Energy |Coe fficient
pation (in-lb/cycle) (in*lb/cycle) (in-lb/c'ycle) (in-1b) (Percentage)
— 7 -# — ..
.25 12115-2 .20843-1 22055-1 |.42681-1 |.41132+1
.50 .24231-2 .42483-1 44906-1 |.17072+0 | .20938+1
.75 .36347-2 .64920-1 .68555-1 .38413+0 | .14103+1
1.0 48461-2 .88154-1 93000-1 |.68289+0 | .10841+1
1.25 60577-2 1121840 1182440 |.10670+1 | .88213+0
1.50 126922 .13701+0 .14428+0 |.15365+1 | .74746+0
1.75 .84808-2 1626440 1711240 | .20914+1 | .6513040
2.0 96922-2 .18906+0 719875+0 |.27316+1 | 5791740
MODE 2
.25 .3534840 .38727-1 3922140 | .42944+0 | 7127041
.50 8043040 .77987-1 8430340 |.17178+1 | .39064+1
.75 1354141 .11778+0 L14719+1 | .38650+1 | .30314+1
1.0 21223+1 1581040 22604+1 |.68711+1 | 2641841
1.25 3142441 .19896+0 3341441 | .1073642 | .24774%1
1.50 4381441 2403540 46218+1 }.1546042 | .23796+1
1.75 585711 2822740 .61394+1 |.21043+2 | .23223+1
2.0 .75049+1 .3247240 ,78296+1 | .2748442 | .22676+1

"12115-2 = .12115 x 10°

2
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Table 2 (Continued)
MODE 3
Modal Docking Port | ATM Solar Panel | Total Strain Damping
Partici- Joint Damping Joint Damping Damping Energy | Coefficient
pation (in-lb/cycle) (in*lb/cycle) (in-lb/cycle)l (in-1b) (Percentage]
.25 Small 1317540 1317540 .55049+0f .19051+1
.50 Small .29166+0 .29166+0 .2202041| .10543+1
.75 Small .47973+0 4797340 | .49544+1| .7707640
1.0 " Small 69595+0 .69595+0 .88079+1} .62895+0
1.25 Small .94034+40 .94034+0 .13762+2| .54390+0
1.50 Small 12129+1 J12129+1 .19818+2| ,48717+0
1.75 Small 1513641 1513641 .26974+2| 4466640
2.0 : Small L18425+1 .18425+1 | ,35232+2] .41628+0
MODE 4 .
.25 .69653-1 1775940 2472440 .55380+0| .35537+1
.50 .13930+0 .38299+0 .52229+40 2215241 .18768+1
.15 .20896+0 6162040 .82516+0 4984241 .13178+1
1.0 2786140 8772240 11558+1 = | .88608+1] .10383+1
1.25 .34826+0 11661+1 .15144+1 .13845+1| .87066+0
1.50 4179240 1482741 .19006+1 .19937+41| .75883+0
1.75 4875740 .18272+1 .23148+1 | .27136+2]. .67902+0
2.0 57094+0 | .21995+1 27704+1 | .35443+2| 6221940
48
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Table 2 (Continued)
MODE §
Modal Decking Port ATM Solar Panel | Total Strain | Damping
Partici- Joint Damping Joint Damping Damping Energy | Coefficient
pation {in-1b/cycle) (in—lb/cyc-le) (in-1b/cycle) (in-1b) (Percentage)
.25 Small .2336240 .23362+0 . 16429+1 .11319+1
.50 Small 48708+0 .48708+0 .65715+1] .59000+0
.75 Small .76038+0 .76038+0 .14736+j .40935+0
1.0 Small .10535+1 .10535+1 .26286+2] .31902+5
1.25 Small .13665+1 13665+1 41072+2 2648440
1.50 Small .16993+1 .16993+1 .59144+2 .22869+0
1.75 Small .20520+1 .2052041 .80501+%J .20290+0
2.0 Small 2424541 .24245+1 {10514+ (1835640
MODE 6 ’
.25 .98310+0 48625-1 10317+1 | .59330+1 .13842+1
.50 2979541 .98538-1 .30780+1 23732+ .10324+1
.75 6316441 1497140 64661+1 | 53398+ 9638740
1.0 .10972+2 2021740 1117442 .94929+2 .93697+0
1.25 1668442 .25591+0 1694042 | .14833+3 .90903+0
1,50 2350542 .31093+0 2381642 .21359+3 .88754+0
1.75 3138142 .36722+0 .3174842 29072+Y .8692340
2.0 3962742 .42480+0 4005242 | .37972¢3 .83962+0
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Table 2 (Continued)
MODE 7
Modal Docking Port ATM Soiar Panel | Total Strain Damping
Partici- Joint Damping Joint Damping Damping Energy | Coefficient
pation (in-lb/cycle') (in—]b/cycle) (in—lb/Cycle)ﬁ (in-1b) (Percentage)
.25 .12489-1 49037-2 . .17393-1 | 1654442 | .83683-2
.50 .24978-1 .98395-2 .34818-1 |.66175+2 | .41882-2
.75 .37466- 1 .14807-1 .52273-1 | ,14889+3 | .27946-2
1.0 .49955-1 .19807-1" 69762-1 | .26470+3 | .20979-2
1.25 .62444-1 .24839-1 .87283-1 |.4135943 | .16799-2
1.50 .74933-1 .29904-1 1048440 | .59558+3 | .14012-2
1.75 .87422-1 .35000-1 1224240 .81064+3 | .1202-2
2.0 999111 | 401281 .14004+0 | .10588+4 ] .10528-2
MODE 8
.25 .18635-1 .62968-2 .24932-1 | .39020+2 | .50860-2
50 .37271-1 .12637-1 .49908-1 | .15608+3 | .25453-2
75 . 55906~ 1 .19022-1 .74928-1 |.3511843 | .16983-2
1.0 .74542-1 .25450-1 99992-1 | .6243243 | .12749-2
1.25 93177-1 31923-1 | B 1251040 | .97550+3 | .10208-2
1.50 .11181+0 .38439-1 1502540 |{.14047+4 | .85140-3
1.75 .13045+0 44999~ 1 1758540 |.19120+4| .73043-3
2.0 | . .14908+0 .51603-1 _.20068+0 | .24973+4 .63966-3_
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Table 3
STRUCTURAL DAMPING — AAP CLUSTER (-50°F)

MODE 1

Modal Docking Port ATM Solar-_ln_?.-'?a‘r-xel- Total Strain Dampiﬁglm |

Partici- Joint Damping Joint Damping Damping Energy { Coefficient

pation (in-1b/cycle) (in—lb/cycle) (in*lb/cycle)l (in~1b) (Percentage]
25 25575-2" .33731-1 36287-1 | .42681-1 67675+
.50 .51153-2 .70491-1 75606~ 1 .17072+0f .35252+1
.75 76727-2 .1102840 1179540 | .38413+0] .24442+1
1.0 .10230-1 1531040 .16333+0 | .68289+0] .19038+1
1.25 .12788-1 1989540 2117440 | .10670+1] ,15796+1
1.50 .15346-1 .2478340 26318+0 | .15365+1] .13634+1
1.75 .17903-1 2997340 31763+0 | .20913+) .12089+1
2.0 ..20461-1 3546740 3751340 | .27316+1) .10931+1 “

MODE 2 .
.25 .7461940 61617-1 8078140 | .42944+0] .14973+2
.50 1649441 . 12526+0 1774741 | 1717841 8223741
.75 .28287+1 .19092+0 .30196+1 | .38650+1] .62189+1
1.0 4313741 25861+0 45723+1 | .6871141| .52969+1
1.25 60915+1 .3283240 64198+1 | 10736+2| .47598+1
1.50 .81679+1 .40005+0 85680+1 | .15460+2| .44115+1
1.75 .10495+2 4738140 1096942 | .21043+2| .4149341
2.0 1307242 5495940 '_.1_36;@5}_2' | .37484+2| 39452+

*.25575-2 = .25575 x 1072 » /’ | .
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Table 3 (Continued)

MODE 3
Modal ” Docking Port ATM Solar Panel | Total Strain Damping
Partici- Joint Damping Joint Damping Damping Energy | Cocfficient
pation (in-lb/cycle) (in-lb/cycle) (‘in—lb/s:ycle) (in-1b) (Percentage)
.25 Small .2‘3894+0 .23894+0 .55049+0| .34550+1
.50 Small .58494+0 .58464+0 .22020+1 ] .21145+1
.75 Small .10380+1 .10380+1 49544+1| .16677+1
1.0 Small .15981+1 .15981+1 .88079+1) .14443+1
1.25 Small .22652+1 .22652+1 J1376242] 1310241
1.50 Small .3039541 .30395+1 .19818+2] .,12208+1
1,75 Small .39207+1 .39207+1 26974421 1157041
2.0 |  Sman 49090+1 40909+1 | .35232+42| 9242640 |
MODE 4
.25 .14704+40 .31079+0 4579340 .55380+0] .65806+1
.30 .29408+40 .7273140 1021441 " 2215241 .36703+1
.75 4411240 1249641 .16907+1 .49842+1| .27001+1
1.0 .58816+0 18776+1 .2465841 .88608+1 ] .22151+1
1.25 7351940 26113+1 33465+1 | .13845+2] .19240+1
1.50 .89988+0 .34508+1 4350741 | 1993742 1737141
1.75 ;106.65+1 . .43960+1 5462541 .2.,7_;1'36+2.- .160234.0
2.0 .12414+1 .54469+1 .66883+1 .35443+2 | .15021+0
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MODE 5
Modal Docking Port ATM Solar Panel | Total Strain Damping -
Partici- Joint Damping Joint Damping Damping Energy | Coefficient
pation (in-lb/cycle) (in-lb/cycle) (in-lb/cycle)‘ (in-1b) (Percentage]
.25 Small .39021+0 .39021+0 .1642'9+1 .18306+1
.50 Small .85585+0  .85585+0 |.65715+1 | ,10367+1
15 Small .13969+1 .13969+1 | .14786+2| .75202+0
1.0 Small .20134+1 2013441 | .26286+2 | .60970+0
1.25 Small ,27053+1 .27053+1 | .41072+2 | .52430+0
1.50 Small 3472741 3472741 | .59144+2 | .46738+0
1.75 Small | 43154+1 4315441 | .8050142 | .4267140
2.0 Small .52336+1 .52336+1 |.10514+3 | .39623+0
MODE 6 .
.25 .21133+1 ,78044-1 ,21913+1 | .59330+1} .29400+1
.50 .57980+1 .16095+0 .56490+1 | .23732+2 | .19987+1
TF .11206+2 .24871+40 .11455+2 | .53398+2j .17076+1
1.9 1778542 .34134+0 1812642 | .94929+2 | .15199+1
1.25 2570542 4388240 .26144+2 | .14833+3] .14030+1
1.50 .34985+2 5411740 3552642 | .21359+3| .13240+1
1.75 4493042 | 6483740 4557842 | .29072+3 | .12479+1}
2.0 .55276+2 ."-76044+o .56036+2 | .37972+3| .11747+1
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Table 3 {(Continued)

MODE 7
Modal Do.cking Po’rt A'I:M Solar .Panel Total Strain Damp.in.g
Partici- Joint Damping Joint Damping Damping Energy Coefficient
pation (in-1b/cycle) (in-1b/cycle) {(in-1b/cycle) (in-1b) (Percentage)
25 .16435+0 17627~2 .17.211-!-0 .16544+2 .82809-1
.50 .32850+0 .15648-1 .3441540 |.6°175+2 | .41397-1
.75 .49282+40 .23654-1 .51647+0 |.14889+3 .27612-1
1.0 .65909+0 .31783-1 .69087+0 |.26470+3 .20776-1
1.25 .82136+0 .40034-1 .86139+0 |[.41359+3 .16578-1
1.50 .98563+40 .48407-1 .10340+1 .59558+3 .13820-1
1.75 .11499+1 .56902-1 .12068+1 .81064+3 .11850~1
2.0 .13142+1 i .65519-1 .13797+1 .10588+4 .10373-1
MODE g
.25 .21965+0 .99710-2 .30647+0 .39020+2 § .62519-1
.50 .43930+0 .20109-1 4594140 .15608+3 | .23430-1
75 .65894+0 30414~ 1 .68935+0 | .35118+3 | .15625-1
1.0 .87860+0 .40885-1 91949+0 .62432+3 | .11723-1
1.25 .10983+1 .51524-1 .11498+1 .97550+3 | .93823-2
1.50 1329741 .62330-1 .13920+1 |.14047+4 | .78880-2
1.75 .15696+1 .732302-1 .16419+1 .19120+4 | .68355-2
2.0 .18212+1 .84441-1 719056+1 .24973+4 | .60740-2
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STRUCTURAL DAMPING — AAP CLUSTER (150°F)

MODE 1
Modal Docking Port ATM Solar Panel Total Strain Damping
Partici- Joint Damping Joint Damping Damping Energy Coefficient
‘pation (in-1b/cycle) (in-1b/cycle) (in-1b/cycle} (in-1b) (Percentage)
25 12115-27 26904-1 | .28116-1 | .42681-1] .52437+1
.50 .24231-2 .54334-1 56757-1 1707240 | .26464+1
.75 .36347-2 .82291-1 .85926-1 .3841340 | .17806+1
1.0 .48461-2 1107840 1156340 .68289+0 | .13478+1
1.25 60577-2 1397940 1458540 .10670+1 | .10881+1
1.50 12692-2 1693240 .17659+0 | .15365+1 | .9148440
1.75 .84808-2 .19939+0 .20787+0 .20914+1 | .79117+40
2.0 .96922-2 .22998+0 .23967+0 .27316+1 | .69841+0
MODE 2 ’
,
| .25 .35348+0 .50292-1 4037740 4294440 | .7484+1
.50 .80430+0 .10094+0 .90524+0 1717841 | .41948+1
.75 13541+1 .1519340 .15060+1 .38650+1 | .31016+1
1.0 .21223+1 .20328+0 .23256+1 68711+1 | .26941+1
1.25 .31424+1 .25498+0 13397441 1073642 | .25189+1
1.50 43814+1 .30763+o 46884+, 15460+2 | .24139+1
1.75 .58571+1 .35943+0 .62165+1 2104342 | .23515+1
2.0 .75049+1 7917141 2748442 | .22930+1

* 12115-2 = .12115x 10~

2
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Table 4 (Continued)

MODE 3
Modal Docking Port ATM Solar Panel Total Strain Dainping
Partici- Joint Damping Joint Damping Damping Energy Coefficient
pation (in-lb/cycle) (in—lb/cycle) (in~1b/cyc1e) (in-1b) {(Percentage)
.25 Small .16264+0 1626440 55049+0| .23518+1
.50 Small .34389+40 .34389+0 22020+1} .12431+)
.75 Small 5437640 5437640 49544+1] .87361+0
1’,0 Small L16225+0 . 76225+0 88079+11 .68887+0
1.25 Smail .99936+0 .99936+0 1376242 .57803+0
1.50 Small . 12551+1 .12551+1 .19818+2| .50411+0
1.75 Small .15294+1 .15294+1 2697442 4513340
2.0 Small .18224+1 .18224+1 3523242 .41173+0
MODE g4
.25 .69653-1 .22247+0 .2921240 .55380+0] .41987+1
50 .13930+40 4633440 .60264+0 22152+1] .21655+1
.75 .20896+0 7225940 .93155+0 .49842+1 | .14877+1
1.0 .27861+0 .10002+1 .12788+1 88608+1 | .94557+0
1.25 .34826+0 .12963+1 16440+1 .13845+1] .94557+0
1.50 4179240 16107+1 .20286+1 1993741 .8100140
1.75 4875740 .19435+1 .24311+1 2713642 7131340
2.0 .57094+0 .2:947+1 .28656+1

.35443+2

6435740
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Table 4 (Continued)
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MODE 5
Modal Docking Port ATM Solar Panel | Total Strain Damping
Partici- Joint Damping Joint Damping Damping Energy | Coefficient
pation (in-lb/cycle) (in-.lb/cycle) (in-lb/c:ycle) (in-1b) (Percentage]
.25 Small .29805+0 . .29805+9 .16429+1) .14441+1
.50 Small .60921+0 .60921+0 65715+1] .73793+0
75 Small .9334940 .93349+0 .14786+2] .50254+0
1.0 Small .12709+1 .12709+1 .26286+2| .38486+0
1.25 Small .16214+1 .16214+1 4107242 .31424+0
1.50 Small .19850+1 .19850+1 .59144+2| .26715+0
1.75 Small .23618+1 .23618+1 .80501+2] .23354+0
2.0 Small 2751741 27517+1 .10514+43] .20833+0 |
MODE 6 ’
.25 | .98310+0 .62949-1 .10460+1 .59330+1 | .14034+1
.50 .29795+1 .12674+0 .31062+1 3473242 | .10419+1
.75 .63164+1 .19138+0 .65078+1 .533984+2 | .97011+4+0
1.0 .10972+2 .25687+0 .11240+2 .94929+2 | .9425040
1.25 1668442 3232040 1700742 .1483343 | .91267+0
1.50 .23505+2 .39038+0 .23895+2 .21359+3 | .89051+40
1.75 .31381+2 4584040 .31839+2 .29072+3 .87}7'6+0
2.0 .39627+2 8272640 40154+2 37972+3 | .8417440
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Table 4 (Continued)

MODE 7 ,
A R ]
Moda] Docking Port ATM Solar Funel Total Strain Damping
Partici- Joint Damping Joint Damping Damping Energy | Cocfficient
pation (in-1b/cycle) (in-1b/cycle) (in-1b/cycle) {in-1b) | (Percentage)
.25 .12489-1 .63793-2l .18868-1 .16544+2 | .90784-2
.50 .24978-1 .12780-1 .37758-1 66175+2 | .45418-2
.75 .37466- 1 .19202-1 .56668-1 .14889+3 | .30296-2
1.0 .49955-1 .25645-1 .75600-1 2647043 | .22735-2
1.25 62444 -1 .32109-1 ,94553-1 4135943 | .18198-2
1,50 74933 .38594-1 1135340 | .59558+3 | .15173-2
1.75 .87422-1 }4510151 .13252+0 .81064+3 | ,13013-2
2.0 .99911-1 .51629-i 1515440 .10588+4 | .11392-2
MJODE 8 .
.25 .18635-1 .81908-2 .26826-1 | .39020+2 | .54724-2
.50 .37271-1 .16411-1 .53682-1 .15608+3 | .27378-2
.15 .55906~1 .24659-1 .80565-1 5511843 | ,18261-2
1.0 .74542-1 .32957-1 .10748+0 .62432+3 | .13704-2
1.25 .93177-1 41244-1 .13442+0 9755043 | .10969-2
1.50 . 1118140 .49580-1 .16139+0 14047+4 | .91452-3
1.75 .13045+0 .57945-1 .18840+0 1912044 | .78435-3
2.0 .14908+0 66339-1 .2154240 | .24973+4 | .68664-3
58
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Table 5
MATERIAL DAMPING —- AAP CLUSTER

LMSC/HREC D149346

o

ATM ATM Total
Solar.. Canister Damping
Mode MDA Panels Rings {in-1b/cycle)
1 11345 - 17 26153 - 1 13346 - 4 .37511-1
2 27097 + 2 23961 + 0 12522 - 1 27349 + 2
3 13812 - {1 16842 + 2 27802 - 14 16842 + 2
4 65279 + 0 15673 + 2 .37068 - 3 16326 + 2
5 81236 - 13 16961 + 1 15731 - 15 16961 + 1
6 26243 + 1 42942 - 1 11094 - 3 26674 + 1
7 .20927 + 0 11786 - 2 .58363 + 0 .79408 + 0
8 61672 + 0 16636 - 2 68719 + 0 13056 + 1 |

* 11345-1 = .11345 x 10"

1
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Table

MDA DOCKING PORT BENDIMZ MOMENTS

LMSC/HREC D!49346

8

Description of Mode Shape

Bending Moment

ATM Soiar Panel First Bending Mode

LM/ATM Coupled with Solar Panel
Motion

ATM Solar Panel Twisting

LM/ATM Bending Coupled with Solar
Panel Motion

ATM Solar Panel Second Bending Mode
C/SM Bending
Canister Bending

Canister Bending

| (ino‘“lb)
Liongitudinal Radial
Docking Port Docking Port
 Small 153,70
5106.94 39736.30
Small Small
993,77 7842.69
Small Small
96863.30 10892.70
4995.53 4876 .60
7454.15 5745.90
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MDA DOCKING PORT JOINT DAMPING (72°F)

Table 9

LMSC/HREC D149346

MODE 1

I;Iodal Longitudinal Port Radial Port Total Damping
artici-

a;ol: Shear Joint | Tension Joint | Shear Joint |Tension Joint (in.-lb/cycle)

D
0.25 Small Small .38425-3% | ,44303-3 12115-2
0.50 Small Small . 76850-3 .88606-3 .24231-2
0.75 Small Small .11528-2 .13291-2 .36347-2
1.0 Small Small .15370-2 17721-2 .48461-2
1.25 Small Small .10213-2 .22151-2 ,60577-2
1.50 Small Small .23055-2 26582-2 .72692-2
1.75 Small Small .26898-2 .31012-2 .84808-2
2.0 Small Small .30740-2 .35442-2 .96922 -2

MODE 2

fl\godtajl ; Longitudinal Port Radial Port Total Damping
artictr-

pation Shear Joint| Tension Joint | Shear Joint jTension Joint (in.-lb/cycle)
0.25 L12767-1 .14720-1 .99241.1 .11454+0 .35348+0
0.50 .25535-1 .29441-1 .24736+0 .22907-!-0 .80430+0
0.75 .38302-1 44161-1 .44486+0 .34361+0 .13541+1
1.0 .51069-1 .58881-1 7515640 .45814+0 21223+1
1.25 .63837-1 .73602-1 .11842+1 .57268+0 .31424+1
1.50 76604-1 .88322-1 17263+1 .68722+0 43814+1
1.75 .89371-1 .10304+0 23868+1 .80176+0 .58571+1
2.0 l 1021440 1177640 .31333+1 .91630+0 L15049+1 -
S -3

.38425-3 = ,38425x 10
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Table 9 {(Continued)

MODE 4
Modal Longitudinal Port Radial Port Total Damping
g:é;i;i;_ Shear Joint | Tension Joint | Shear Joint (Tension Joint (in.-1b/cycle)
0.25 | .24844-2 .28645-2 .19607-). .22606-1 .69653-1
0.50 .49688-2 .57289-2 .39213-1 .45212-1 .13930+0
0.75 .74533-2 .85934-2 .58820-1 .67818-1 .20896+0
1.0 .99377-2 .11458-1 . 18427-1 90424 -1 2786140
1.25 12422 -1 .14322-1 .98034-1 .11303+0 .34826+0
1.50 .14907-1 .17187-1 .1176440 .13564+0 4179240
1.75 «17391-1 .20051-1 .13725+0 .15824+0 ' .48757+0
2.0 .19875-1 .22916-1 1737140 .18085+0 .57094+0
MODIE 6
(Modal Longitudinal Port Radial Port Total Dampiug
Partici- —
pation | Shear Joint| Tension Joint|Shear Joint {Tension Joint (1n.-1b/cycl.e)
0.25 .30902+0 27920+0 27232-1 .31397-1 .98310+0
- 0.50 .11247+1 .5584040 .54463-1 .62795-1 29795+1
0.75 | .26106+1 .83760+0 .81695-1 .94192-1 .63164+1
1.0 47557+1 ,11168+1 .10893+0 1255940 .10972+2
1.25 L T4295+1 -13960+1 .13616+0 .15699+0 .16684+2
1.50 .1064442 16752+1 17678+0 .18838+0 .23505+2
1.75 .14372+2 . 1954441 .23124+0 .21978+0 .3138142
2.0 .18296+2 22336+1 2750040 2511840 .396274+2
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Table ¢ (Continued)

MODE 7

Modal Longitudinal Port Radial Port ‘Total Damping

Partici-

p:éol,fl Shear Joint | Tension Joint | Shear Joint |Tension Joint (in.-lb/cycle)
0.25 .12489-1 .14399-1 12192 <=1 .14056-1 .T7817-1
0.50 24978-1 28798-1 24383=1 28113-1 .15563+0
0.75 .37466-1 .43198-1 +36574-1 42169-1 .23345+0
1.0 .49955-1 .57597-1 .48766." .56226=-1 3112740
1.25 62444 -1 .71996-1 .60957-1 .710282-1 .38908+0
1.50 . 14933=1 .86395-1 . 131491 .84339-1 46690+0
1,75 87422 -1 .10079+0 .86340-1 .98395-1 .54471+0
2.0 .99911-1 1151940 .97532-1 .11245+0 6225340

MODE 8

;’10‘1‘?1_ Longitudinal Port Radial Port Total Damping
artici- - : =

pation Shear Joint| Tension Joint | Shear Joint |Tension Joint (in.-lb/cycle)
0.25 | .18635-1 .21486-1 .14365-1 16562 -1 .10450+0
0.50 .37271-1 42972-1 28730-1 .33124-1 20810+0
0.75 .55906-1 _ .64458-1 43094-1 49686-1 3121440
1.0 74542 -1 .85944-1 .57459=1 .66248-1 41619+0
1.25 | .93177-1 .10743+0 .11824-1 .82811-1 .52024+0
1.50 .11181+0 .12892+0 .86188-1 .99373-1 .62429+0
1.75 .13045t+0 .15040+0 .10055+0 «11593+0 .12833+0
2.0 .14903+0 171890 . 11492+0 .132504+0 .8323%+0
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Table 10

[

LMSC/HREC D149346

MDA DOCKING PORT DAMPING (-50°F)

MODE 1

Modal Longitudinal Port Radial Port | Total Damping

5::;::1- _Shcar Joint | Tension Joint | Shear Joint |Tension Joint (in.-—lb/cycle)
0.25 | Small Small .57638-3" | .14048-2 .25575-2
0.50 Small Small .11528=-2 .28097=-2 .51153-2
0.75 | Small Small . 17291-2 42145-2 .76727-2
1.0 Small Small .23055=2 561932 .10230-1
1.25 | Small Small .28819-2 . 102412 .12788-1
1.50 | Small Small .34583-2 .84290-2 .15346-1
1.75 | Small Small .40346-2 .98338-2 .17903-1
2.0 Small Small .46110-2 .11239-1 20461-1

MODI 2

g:?;t:i- Longitudinal Port Radial Port Total Damping

pation Shecar Joint! Tension Joint | Shear Joint |[Tension Joint (in.—lb/cycle)
0.25 | .19151-1 46678-1 .14901+0 .36319+0 T4619%+0
0.50 1 .38302-1 .93356-1 .37657+0 .12639+0 164944 1
0.75 | .57453-1 .14003+0 . 74209+0 .10896+1 .28287+1
1.0 .76604-1 .18671+0 .12605+1 .14528+1 A43137+1
1.25 | .95755-1 .2333%+0 .19253+1 | ,18160+1 609151
1.50 | .11491+0 .28007+0 2739441 21792+1 .81679+1
1.75 | .13406+0 . -32674+0 .3678%+1 25423+1 1049542
2.0 .15428+0 .37342+0 -47420+1 | .29055+1 13071+%2

* 57638-3 = .57638 x 10"

3
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Table 10 (Continued)

MODE 4

Modal Longitudinal Port Radial Port Total Damping

Eff{?,f” Shear Joint | Tension Joint | Shear Joint |Tension Joint | (in.-lo/cycle)
0.25 .37266-2 .90831-2 .29410-1 . 711683-1 1470440
0.50 .74533-2 .18166-1 .58820-1 .14337+0 .29408+0
0.75 .11180-1 27249-1 .88230-1 .21505+0 4411240
1.0 .14607-1 .36333-1 1176440 .28673+0 .58816+0
1.25 .18633-1 .45416-1 1470540 .35841+0 .7351H0
1.50 .22360-1 .54499-1 .18528+0 -43010+0 -89988+0
1.75 .26086-1 .L3582-1 2244940 .50178+0 .10665+1
2.0 .29813-1 .72665-1 .26782+0 .57346+0 12414+1

MODE 6

Modal Longitudinal Port Radial Port Total Damping

f::tli.ct::l- SheafJoint Tension Joint | Shear Joint |Tension Joint | (in.-1b/cycle)
0.25 | .52334+40 .88534+0 .40848-1 .99560-1 21133+1
0.50 | .18324+1 177071 .81695-1 .19912+0 .57980+1
.75 | .400630+1 .26560+1 .12254+0 .29868+0 .11206+2
1.0 | .67550+1 | .35414+1 .16785+0 | .39824+0 17785+2
1.25 | .10168+2 .44267+1 2223 +0 .49780+0 257052
1,50 | .14253+2 .53120+1 .28482+0 .59736+0 3498542
1.75 | .18662+2 61974+1 .35562+0 .69692+0 44930+2
2.0 .23258+2 .70823+1 .44070+0 .79648+0 .55276+2
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LMSC/HREC D149346

Table 10 (Continued)

MODE 7

11\34:?311- Longitudinal Port Radial Port Total Damping

pation Shear Joint | Tension Jaint | Shear Joint |Tension Joint (in.—lb/cycle)
0.25 | .18733-1 -45660-1 .18287-1 44572 -1 .16435+0
0.50 .37466-1 .91319-1 .36574-1 .89145-1 .32850+v
0.75 .56200-1 .13698+0 .54862 -1 .13372+0 .49282+0
1.0 .74933-1 1826440 .73149-1 .17829+0 - .65909+0
1.25 .93666-1 .22830+0 .91436-1 2228640 8213640
1.50 .11240+0 2739640 .10972+0 .26743+0 .98563+0
1.75 1311340 .31962+0 .12801+0 .31201+0 .11499+1
2.0 .14987+0 .365234+0 .14730+0 .35656+0 13142+1

MODE 8

Modal Longitudinal Port Radial Port Total Damping

§:§§,’,‘f"' Shear Joint| Tension Joint | Shear Joint |Tension Joint | (in.-1b/cycle)
0.25 | .27953-1 .68131-1 .21547-1 .52518-1 .21965+0
0.50 | .55906-1 .13626+0 .43094-1 .10504+0 -43930+0
0.75 | .83859-1 2043%H0 .64641-1 .15755+0 .65894+0
1.0 | .1118140 27253+0 .86189-1 21007+0 .87860+0
1.25 | .13977+0 .34066+0 .10774+0 262590 .10983+1
1.50 | .17362+0 40879+0 .12928+0 .3151140 .13297+1

- 1.75 | .21090+0 47692+0 1511140 .36763+0 .15686+1
2.0 24817+0 .54505+0 - 1798440 4201440 - .18212+1
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Table. lla
SOLAR PANEL SCISSORS JOINT DATA (72°F)

Nut: c "Normal (finger tight)
Test Date: 4-22-69 PM R = 99.06
Position of Fre.eq, | becay | Weight | C.G.Distancel F = bmgd
Weights (cps) b W = mg d 4-R
in/cycle 1b, in, in-1b
Lower .34 0.07 254.5 92.7 4.17
0,09 | 143.5 93,1 3,03
0.11 98,5 92,7 | 2.54
0.475 9.5 84,7 0.97
2nd 42 0.12 2545 57,8 4.45
0.15 143.5 58.25 3.16
0.187 98.5 58.2- 2.71
0.663 9.5 58,2 0,93
3rd .50 0.22 254.,5 37.9 5.36
0.25 143.5 8.6 3.50
0.30 98,5 38.75 2.89
0.85 ;9.5 43,3 0.88
Top | 71 0.46 254,5 17.2 5.1
0.56 143,5 18.0 3.64
0.65 98.5 18.26 2.80
| 133 9.5 27.75 0.89
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Table 11b
SOLAR PANEL SCISSORS JOINT DATA (72°F)

Nut: Tight
Test Date: 4-22-69 R = 99,06
Position of Fréq. becay ' Weight |C.G.Distance| F = bmgd
Weights (cps) b W = mg d 4 R
in/cycle ib. in, Ca-1b
Lower .34 0,11 254.5 92.7 6.51
0.13 | 143.5 93.1 4.39
0.16 - 98,5 92,7 3.68
0.94 _ 9.5 84.7 1.91
2nd .43 0.18 254,5 57.8 6.21
0.26 143.5 58.25 5.49
0.325 98.5 | 8.2 4.76
1.5 9.5 58.2 2.09
3rd .52 0.28 254.5 37.9 6.83
0.45 143.5 38.6 6.29
0.52 98.5 38.75 5.02
§.5 | 43.3
Top .75 0.80 254.,5 17.2 8.90
0.95 143.5 18,0 6.18
1.2 98.5 | 18.26 5.46
9.5 27.75 ]
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Table l_lc
SOLAR PANEL SCISSORS JOINT DATA (72°F)

Nut: Loose
Test Date: 4-22-69 R = 99.06
Position of Frc'eq. i)eca.y | Weight 'fC.G.Dista.nce ¥ =bmgd
Weights (cps) b W = mg d 4 R
in/ecycle 1b. in, in-1b
Lower .34 .050 254.5 92.7 2.98
.070 | 143.5 93.1 2,36
.078 98.5 92.7 1,76
.20 9.5 84,7 0.41
an .43 .11 254.5 57.8 4.09
.13 143.5 58.25 2.74
153 98.5 58.2. 2.21
.31 9.5 58.2 2.43
3rd .5 ' .156 254,5 37.9 3.8
] .186 143.5 38.6 2.6
21 98.5 38.75 2,02
.39 9.5 43,3 0.405
Top .71 .39 2545 17.2 4,33
.47 - 143,5 18,0 3.06
.55 98.5 18.26 2.5
.61 9.5 27,75 0.407
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Table 12a
SOL AR PANEL SCISSORS JOINT DATA (1 SOOF)

Nut: Normal (finger tight)
Test Date: 74-24-69 AM R = 99.06
Position of Frleq. becay | .Weight | C.G.Distance] F = bmgd
Weights (cps) b W = mg d 4 R
in/cycle 1b. in, in-1b
Lower .34 0.065 254.5 92.7 3,88
0.093 | 143.5 93.1 3.14
0.113 98.5 92.7 2.61
0.70 9.5 84.7 1.42
2nd .40 © 0,109 254.5 57.8 4,05
0.151 143,5 58.25 3,19
0.20 - | 98.5 58,2 2,89
1.05 9.5 58,2 1.46
3rd .50 0.165 254,5 37.9 4.02
0.218 143.5 38.6 3,25
0,281 98.5 38.75 2,71
1,35 9.5 43.3 1.40
Top .66 0.34 _254.5 _ 17,2 3.18
0,50 143.5 18.0 | 326
0.60 98.5 18,26 2.58
2.8 9.5 27.75 1.87
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Table 12b

SOLAR PANEL SCISSORS JOINT DATA (150°F)

Nut: Tight
Test Date: 4-24-69 AM R = 99.06

Position of Fre.q.. iJecay | Weight | C.G.Distancqd F = bmgd

Weights (cps) b W = mg d 4 R

in/cycle 1b, in, in-1b

Lower .34 0.067 254.5 92.7 3.99

0.092 | 143.5 93.1 3.10

0.13 98.5 92,7 2.99

0.63 9.5 84,7 1.28

2nd 42 0,12 254.5 57.8 4,47

0,17 143.5 58.25 3.59

0.22 98.5 58.2- 3,17

0.96 9.5 58.2 1.34

3rd .50 0.19 254.5 37.9 4.62

0.27 143.5 38,6 3.77

0.36 98.5 38.75 3.46

1.5 95 43.3 1,56

Top .75 0.50 254,5 17.2 5.55

0,60 143.5 18.0 3.91

0.68 98.5 18.26 2.93

2.3 9.5 27.75 1.53
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Table 12c

SOLAR PANEL SCISSORS JOINT DATA (150°F)

Nut: Loose

Test Date: 4-24-69 R =99.06

Position of} Fregq. Decay | Weight ' C.G.Distance| F = bmgd

Weights (cps) b W = mg d 4 R

i_n/cycle b, in, in-1b

Lower .34 ,032 254.5 92.7 1.91
.042 | 143.5 93.1 1.42
.053 98.5 92.7 1.22
.205 9.% 84,7 416

2nd .44 .055 254.5 57.8 2.04
.075 143.5 5R8.25 1.58
.095 98.5 58.2 1.37
.34 9.5 58.2 47

3rd .50 .08 254,5 - 37.9 1.95
12 143.5 38.6 1.68
.15 98.5 38.?5 1.45
42 9..5 . 43.3 44

Top .70 225 | 254.5 17.2 2.50
.30 143.5 18.0 1.95
36 98.5 18.26 1.55
..70 9.5 27,75 .47
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Table 13a
SOLAR PANEL SCISSORS JOIN'T DATA (-50°F)

LMSC/HREC D149346

Nut: Normal
Test Date: 4-24-69 R = 99.06
Position of Fr'eaq. becay | Weighnt | C.G.Distancg F = bmgd
Weights (cps) b W = mg d 4 R
in/cycle 1b. in, in-1b
Lower ._33 0.21 254.5 92.7 12.5
0.25 143.5 93.1 8.43
0.27 98.5 92.7 6.22
0.61 9.5 84.7 1.24
2nd 43 0.35 254.5 57.8 13.0
0.41 143.5 58.25 8.65
0.45 98. 5 58.2 6.50
0.91 9.5 58.2 1.27
3rd .52 G 56 254.5 37.9 13.64
0.68 143,5 38.6 9.52
0.71 98.5 38.75 6.84
1.24 é.S 43.3 1.29
Top 7 1.47 254.5 17.2 16.3
1.55 143.5 18.0 10.1
1.61 98.5 18,26 7.32
2.0 9.5 27.75 1.33
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Table 13b
SOLAR PANEL SCISSORS JOINT DATA (-50°F)

Nut: Tight
Test Date: 4-23-69 R =99.06
Position of Fr;aq. becay | Weight | C.G.Distance] F = bmgd
Weights {cps) b W = mg d 4 R
in/cycle lb, in, in-1b
Lower .34 0.31 254.5 92.7 18.5
0.39 143.5 93.1 13.15
0.5 98.5 92.7 11.5
2.7 " 9.5 84.7 5.98
2nd .42 0.5 254.5 57.8 18.6
0.65 143.5 58.25 13.7
0.8 98.5 58.2. 11,56
9.5 58.2
3rd .54 0.85 254,5 37.9 20.65
1.1 143.5 38.6 15.4
1.22 98.5 38.75 11.75
9.5 43.3
Top 71 1.67 254,5 17.2 18.56
2.1 143.5 18.0 13,70
2.5 98.5 18,26 11,38
9.5 27.75
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Table 13c¢
SOLAR PANEL SCISSORS JOINT DATA (-50°F)

Nut: Lioose
Test Date: 4-24-69 R = 99,06

Position of Fréq. becay | Weight | C.G.Distancel F = bmgd

Weignts {cps} b W = mg d 4 R
in/cycle 1b. in, in-lb

Lower .34 0.22 254.5 92.7 13,1
0.24 143.5 93.1 8.1

0.27 98.5 92.7 6.22

0.63 9.5 84.7 1.28

2nd .43 0.37 254.5 57.8 13.74
- 0.44 143.5 58.25 9.3

0.50 98.5 58.2. 7.22

0.95 9.5 58.2 1.32

3rd .52 0.61 254.5 37.9 14 .84
0,72 143.5 38.6 | 10.1

0.75 98.5 38.75 7.23

1.26 9').5 43.3 | 1,31

Top .83 1.39 254.5 17.2 15.45

1.6 143.5 18.0 10.40

1.7 98.5 18.26 7.73

1.9 9.5 27.75 1.27
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PRECEDING PAGE BLANK NOT FILRED,

Table 14
SOLAR PANEL SCISSORS JOINT COEFFICIENT OF FRICTION

-

P, |

:

Design | Temp Tightness Slope Intercept| Coeff,
Load °F 1 c f
183 72 Normal 0.0121 1.65 0.0484
183 72 Tight 0.0128 3.6 0.0512
183 72 |Loose 0.0108 1.2 0.0432
183 -50 Normal 0.046 2.6 0.184
183 -50 Tight 0.048 7.5 0.192
183 -50 Loose 0.044 3.1 0.176
183 150 Normal 0.008 2,15 0.032
183 150 Tight 0.008 2,55 0.032

| 183 150 Loose 0.006 1,0 0.024
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Table 15

ATM SCLAR PANEL ARRAY JOINT DAMPING —
ROOM TEMPERATURE (72°F)

Norm. MODE 1 MODE 2
Factor| Loose Fit | Normal Fit Tight Fit | Loose Fit | Normal Fit| Tight Fit
0.25 .,15525-1%= .20843-1 .45028-1 .28209-1 .38727-1 .84197-1
0.50 .31160-1 .42483-1 .90899-1 .56894-1 .77987-1 .16896+0
0.75 47807-1 .64920-1 13761+0 .86053-1 11778+0 .25428+0
1.0 .65166-1 .88154-1 .18517+0 .11569+0 .15810+0 .34017+0
1.25 .83235-1 .11218+0 .23357+0 .14580+0 .19896+0 42661+0
1.50 .10202+0 .13701+0 .28281+0 .17638+0 .24035+0 | .51363+0
1.75 .121514+0 .1626440 .33290+0 -.20744-1-0 .28227+0 .60120+0
{ 2.0 .14171-!-0' .18906+0 .38383+0 .23897+0 .32472+0 .68934+0
Norm. MODE 3 : MODE 4
Factor | Loose Fit | Normal Fit | Tight Fit Loose Fit Normal Fit| Tight Fit
0.25 .98145-1 1317540 27163+0 .13145+0 .1775%0 .37183+0
0.50 2214240 2916640 .57304+0 2877340 .38299+0 .77308+0
0.75 .36984+10 479730 .90425+0 46883+0 .61620+0 .12038+1
1.0 .54338+0 .6G595+0 .12652+1 | .67476+0 .87722+0 .16639+1
1.25 .74206+0 .9403440 .16560+1 .90551+0 11661+1 .21534+1
1.50 .96588+0 J12129+1 .20766+1 11611+1 .14827+1 26723+1
1.75 .12148+1 .15136+1 25270+1 .14415+1 18272+1 .32207+1
2.0 .14889+1 .18425+1 .30071+1 17467+1 219951 .37985t+1

* 15525-1 = .15525 x 10°

]_ :
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Table 15 {Continued)

Norim. MODE 5 MODE 6

Factor| Loose Fit | Normal Fit | Tight I'it | Loose Fit | Normal Fit| Tight Fit
0.25 | .17115+0 | .23362+0 49857+0 | .35469-1 | .48625-1 | .10537+0
0.50 | ,36080+40 | .48708+0 .10181+1 { .72080-1 | .98538-1 | .21210+0
0.75 | .56776+0 | .76038+0 15587+ | .10983+0 | .1497140 | .32017+0
1.0 .79243+0 | .10535+1 2120241 | .148724+0 | .20217+0 | .42960+0
1.25 | .10348+1 | .13665+1 27027+1 | .18876+0 | .2559140 | .5403%40
1.50 | .12949+1 | .16993+1 .33062+1 | .22993+0 | .31093+0 | .65252+0
1.75 | .15727+1 | .20520+1 3930741 | .27225+0 | .3672240 | .76601+0
2.0 .18682+1 | .24245+1 45762+1 | .31570+0 | .42480+0 | .88084+0

Norm. MODE 7 MODE 8

Factor | Loose Fit | Normal Fit | Tight Fit | Loose Fit | Normal Fit) Tight Fit
0.25 | .35690-2 | .49037-2 .10681-1 | .45821-2 | .62968-2 | .13714-1
0.50 | .71666-2 | .98395-2 .21396-1 | .92054-2 | .12637-1 | .27474-1
0.75 | .10793-1 | .14807-1 .32145-1 | .13867-1| .19022-1 | .41280-1
1.0 .14448-1 | .19807-1 .42927-1 | ,18567-1| .25450-1 | .55133-1
1.25 | .18131-1 | .24839-1 .53744-11] .23307-1{ .31923-1 | .69033-1
1,50 | .21844-1 | .29904-1 | .64595-1| .28086-1| .38439-1 | .82979-1
1.75 | .25584-1 | .35000-1 .75479-1] .32904-1| .44999-1 | .96971-1
2.0 .29354-1 | .40128-1 .86398-1| .37762-1{ .51603-1

.111014+0
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Table 16

LMSC/HREC D149346

ATM SOLAR PANEL ARRAY JOINT DAMPING —
LOW TEMPERATURE (-50°F)

Norm. MODE 1 MODE 2

Factor | Loose Fit | Normal Fit | Tight Fit | Loose Fit | Normal Fit Tight Fit
0.25 .39860-1* .33731-1 .94511-11.73228-1 .61617-1 .17588+0
0.50 .82618-1 .70491-1 .19218+0 | .14839+0 1252640 | .35387+0
0.75 .12827+0 | .11028+0 .29302+0 | .22549+0 .19092+0 | .53397+0C
1.0 .17683+0 .15310+0 .39701+0 | .30452+0 .25861+0 | .71619+0
1.25 .22828+0 | .19895+0 .50417+0 .3;8549-1-0 .32832+0 | .90051+0
1.50 L28263+0 | .24783+0 : | .61448+0 ) .46840+0 .40005+0 | .10869%+1
1.75 .33987+0 | .2997340 L72796+0 | .55324+0 47381+0 | .12755+1
2.0 .40002+0 | .35467+0 .84460+0 | .64001+0 -5495%+0 | .14661+1

Norm. . MODE 3 MODEIE 4

Factor| Loose Fit | Normal Fit | Tight Fit | Loose Fit | Normal Fit] Tight Fit
0.25 2722740 | .23894+0 .5907140 } .35809+0 31079+0 | .79916+0
0.50 .64695+0 | .584944+0 .12931+1 {.81732+0 7273140 | .17087+1
0.75 .11240+1 .10380+1 21073411 .13777+1 .12496+1 | .27285+1
1.0 .17035+1 .15981+1 .30331+1 | .20392+1 L18776+1 .38587+1
1.25 | .23853+1 | .22652+1 40706+1 | .28018+1 .26113+1 | .50992+1
1.50 .31696+1 -30395+1 5219941 | .36656+1 .34508+1 .64500+1
1.75 40563+1 .39207+1 .64808+1 | .46305+1 43960+1 L79111+1
2.0 .50453+1 .49090+1 .78535+1 | .56966+1 .54469+1

.9482 6+ 1

*.39860-1 = .39860 x 10°

1
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Table 16 (Continued)

Norm. MODE 5 MCDE 6

Factor| Loose Fit | Normal Fit | Tight Fit i_,oose Fit | Normal Fit| Tight Fit
0.25 | .45636+0 | .39021+0 .10562+1 | .92479-1 | .78044-1 | .22065+0
0.50 | .98486+0 | .8558540 21910+1 | .1896140 | .16095+0 | .44638+0
0.75 | .15855+1 | .13969+1 .34046+1 | .29138+0 | .24871+0 | .67717+0
1.0 25583+1 | .20134+1 46969+1 | .39781+0 | .34134+0 | .91304+0
1.25 { .30033+1 | .27053+1 606791 | .50889+0 | .43882+0 | .11540+0
1.50 | .38204+1 | .34727+1 75176+1 | .62461+0 | 5411740 | .14000+1
1.75 | .47096+1 | .43154+1 .90460+1 | .74498t0 | .64837+0 | .16511+1
2.0 | .56710+1 | .52336+1 .10653+2 | .8700040 | .76044+0 | .19072+1

Norm. MODE 7 MODE 38

Factor | i,oose Fit | Normal Fit | Tight Fit | Loose Fit | Normal Fit| Tight Fit
0.25 | .92412-2 | .77627-2 .22280-1 | .11869-1 | .99710-2 | .28609-1
0.50 | .18599-1 | .15648-1 .44688-1 | .23897-1 | .20109-1 | .57392-1
0.75 | .28074-1 | .23654-1 .67223-1 | .36085-1 { .30414-1 | .86349-1
1.0 .37665-1 | .31783-1 .89885-1 | .48433-1 | ,40885-1 | .11548+0
1.25 | .47373-1 | .40034-1 .11267+0 | .60941-1 | .51524-1_1{ .14479+0
1.50 | .57198-1 | .48407-1 .13559+0 | .73608-1 | .62330-1 | .17427+90
1.75 | .67140-1 | .56902-1 .15864+0 | .86434-1 | .7330Z-1 | .20392+0C
2.0 .77196-1 { .65519-1 .181814+0 | .99421-1 | .84441-1 | .23375+0
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Table 17

LMSC/HREC D149346

ATM SOLAR PANEL ARRAY JOINT DAMPING —
HIGH TEMPERATURE (150°F)

Norm. MODE 1 MODE 2

Factor| Loose Fit | Normal Fi’ | Tight F'it | Looose Fit | Normal Fit| Tight Fit
0.25 .12588-1* .26904-1 .31860-1 23442 -1 .50292-1 .59616-1
0.50 .25572-1 .54334-1 64247=1 47148-1 .10094+0 .11958+0
0.75 .38950-1 .82291 -1 .97160-1 .7117-1 .15193+0 .17990+0
1.0 .5274-1 .11078+0 .130€63+0 .95351-1 2032340 .24058+0
1.25 .66893-1 .13979+0 .16457+0 .11984+0 .25498+0 .30160+0
1.50 .81457-1 .16932+0 .19906+0 .14461+0 3070340 | .36297+0
1.75 .96416-1 | .19939+0 .23408+0 .16963+0 .35943+0 42470+0
2.0 1117740 .22998+0 26963+0 .19492+0 41212+¢ | .48678+0

Norm, MODE 3 MODE 4

Factor|{ Loose Fit | Normnal Fit | Tight Fit | Loose Fit Norma) Fit Tight Fit
0.25 .78296-1 .16264+0 1911640 .10710+0 2224710 .26215+0
0.50 .17056+0 .3438%+0 .40094+0 .22598+0 4633440 .54270+0
0.75 2767840 .54376+0 .62934+0 .35966+0 .72259+0 .84162+0
1.0 .39697+0 .76225+0 .87635+0 .50712+0 .10002+1 .1158%+1
1.25 .53112+0 .99936+9 .11420+1 .66839%+0 .12963+1 .14947+1
1.50 .67923+0 .12551+1 .14263+1 .84345+0 | .16107+1 .18488+%+1
1.75 .84131+0 -15294+1 17291+ 1 .10323+1 .19435+1 22212+1
2.0 .10173+1 .18224+1 .20506+1 .12349¢1 22947+ 1 26121+1

*.12588-1 = .12588 x 10”

1
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Table 17 (Continued)

r

Norm. ‘. MODE 5 MODE 6

Factor| Loose Fit | Normal Fit | Tight Fit | Loose Fit | Normal Fit| Tight Fit
0.25 .14049+0 .29805+u .35228+0 .29399-1 .62949-1 . 74582 -1
0.50 .29083+0 .60921+0 .71767+0 .59432-1 1267440 | .15001+0
0.75 45100+0 .93349+0 .10962+1 .90099-1 .19138+0 | .22628+0
1.0 .62101+0 L12709+1 .14878+1 .12140+0 .25687+0 | .30340+0
1.25 .80086+0 .16214+1 .18926+1 1533440 | .32320+0 | .38136+0
1.50 .99054+0 .19850+1 23104+1 .18590+0 | .39038+0 | .46017+0
1.75 .11901+1 .23618+1 2741441 2191140 .45840+0 | .53983+0
2.0 .13994-!-1- 27517+1 .31855+1 25294+0 52726+0 | .62033+0

Norm. MODE 7 , | MODE 8

FFactor Loose Fit | Normal Fit | Tight Fit | Loose Fit | Normal Fit{ Tight ¥Fit
0.25 .29702 -2 .63793-2 . 75642 -2 .38138-2 .81908-2 .97119-2
0.50 .59562 -2 .12780-1 .15150-1 1 .76494-2 16411-1 .19453-1
0.75 .89582 -2 .19202 -1 22756-1 .11507-1 .245659-1 29223-1
1.0 .11976-1 .25645-1 .30384-1| .15386-1 .32937-1 .39022-1
1.25 .15010-1 .32109-1 .38033-1 .19287-1 41244-1 .48850-1
1.50 .18060-1 .38594-1 45704 -1 .23209-1 .49580-1 .58707-1
1.75 21125-1 45101 -1 .53395-1 27154-1 .57945-1 .68593-1
2.0 .24207-1 .51629-1 .61108-1 .31120-1] .66339-1 .78508-1
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Fig.5 - Test Specimens

103



LMSC/HREC D149346

duijunoy uswiidadg

eg ‘813

H.

gy

104



LMSC/HREC D149346

wininpusd jeuotsio], - 49 "31d

ToOM pear

105



LMSC/HREC D149346

[ Oscilloscope

Monsanto Osciilator

-

, C ( . &
~
! J

Fig. 6¢c - Instrument Rack

106



LMSC/HREC D149346

wnnpuag [eUOlsS I0 ], I07 worjejuawunajsuy - ; Sig

[

1eudts 1098189y

odx04 potiddy Iomodg
- 81}
I{

¢ 'ON 19®YyS

U

rarpridury
Iamod

,li SUIG-TIEA

I33UNno ) polasd

SABM
a1enbg

srdury
“15U0 D)

N

odoJ50111080

odooso[1osQ I "ON *oyeyg§
SOTUOIIND], | \
BUSIg 901040 UOTI}OED ;._/
[PHPES 99501 HOHE (yoeqq) )
reusig T . 3 ofuey ...
jpowaderdsi(y 1oty ‘dury o8 xeyd peor
4+ [E913I9 A Z31end)
X
\ 2dooso11080 IoulIojsuBi],
xaryrpdwy dH ~ojny
Tejuoz1IoH _
JojIsAur ~ ===
= |
I- ] i
Teudig 1 i
_ 1 O
1 =
¢ 3100¢ | ‘dwre-osag 0
IajswIotjualod ToIIIED !
uotjejIdxXy
UOTIBRIIONT
S - ™ ‘.I-lf

1067



LMSC/HREC D149346

Test No. 12
Hysteriesis Loop

Horizontal (Force) Scale:
127.5 1b/cm

Vertical (Deflection) Scale:
0.001 in. /cm

Positive Half of
Hysteresis Loop Expanded

Horizontal Scale: 5.1 lb/cm
Vertical Scale: 0.0004 in./cin

Enclosed Area: 21.52 cm2=
21.9 in.-1b/in.-width

Negative Half of
Hysteresis Loop Expanded

Horizontal Scale: 12.75 lb/cm
Vertical Scale: 0.0001 in./cm

Enclosed Area: 13.52 cmz =
8.62 in.-1b/in.-width

Fig.8 - Test Photographs — Tension-Bolted Specimen



. LMSC/HREC D149346

Test No. 32
Hysteresis Loop

Horizontal (Force) Scale:
127.5 1b/cm

Vertical (Deflection) Scale:
0.001 in./cm

Expanded Hysteresis
Loop

Horizontal Scale: 25.5 lb/cm
Vertical: 0.001 in./cm

Enclosed Area = 22.6 sz =
191.7 in.-1b/in.-width

Fig.9 - Test Protographs — Shear- Bolted Specimen

109



LMSC/HREC D149346

“. .—.J:., _W_

T T

rin

et e

pheri S

i

&

A --E: ot i

by

i

©p e

e

i el

v

1

“Room T'erﬁpe rature

=

)

Ly
sl Jpboiel S

N
ST il
R i
1t |—-\1!KA1

for Tension-Bolted Jo

g

110

'il

11

1
in, T

a

*3 in.elb/

Fig, 10a - Damping Energy vs Deflection

- 2 § b -
4 L -4 »u E

re » -F 4 4 ] B Kol
- ||l1 r.,. o - 5 5 w~1 -1 | T 4
FHH gat ERERLHE (EERRIAAH I8 M T
g s h Pebheels I H R

T w HER e i : H __ﬁ‘.-“
1 Rikhg: 11 it ettt

T T + T it T
. .- i i [ b ts. I M CEi
i o 13 HIBET (A
i o Y I gaN
It 3k t 1
H i 1 i HH
s FEE B3 T ﬂ +F
L : pihi “ s it
Hi : HA !
x [ , m i i
i - _.“.. R | .,m, L wV

(22 4 s - .4

E08 Fatd 8t - el

T R R C BTN SR et SRS e B S B el o




LMSC/HREC D149346

R ek ORas AIRY ahies E T B L l11 !
] ¥ g E . B A . ANE ,‘m >4 ot -5 e
TRE T pnRAeyEayam : : ) : e
AN AERpsyReRREE] SRR duEn) : , -b.“w. FEEE: 1 R i it
H - iy S AR E NN} ¥ u H.. ,w
E1E LT T T L bl el i i8] il
- 4 ' AEISRE RREEA EaETR TR s Sl Ra 1 EUR] - 117 mﬁv
4 m r KRN ] HiH b e e ,.;L, : 1M .w o th it
b TR B 4] SR TR R © By 13 1Y
i SR 2 B i3 £t -
SN HE T 8 | | g
't 1 e g AT " e i [ *
L. BERA - : e ! : D . W .
_ ] ..M w. 10 ) _,,
I : L., 1
R il 1
1L 4
=

for Tension~-Bolted Jo

t WY AR AN g
L JFHS 1 Fobbbig (4 4 .
Lin.t M N +
R BAEN
: R T LLEED - LA TH LT
i Tl + - A
ARERERE H RRERRE : 3 o Frh AnsREARAS

- M : e o : Rrans (o
3 i . H - e LR 4 FUANSN =B o
i

42

o

in,:
_.}
.
o
1

Freq.

0

1

2
ect

1

Fig. 10b - Damping Energy vs De

Sym,
o
A
|

s
L1
m.. B L -~ Fan
f e e k C s
o L BN [ 1)
i @ : : SRR I
ind ol P ERRAERYS SHELHHH
s ¥ ” THAT SR il e
i nas B o B 1 e o ] o T L |
Vs) w L <N o AN R S R ; ol o

T

gy

By LiH EEs Er "‘“
o " saunkaak R i _
(=B HHE A i _
B R + .,

ngr

T
- o
a, T e
m i b kEEundydalin =
3 lisn
_i‘ “_ u ﬁ;
t AR Rn s "
1. joEaEEs i i
5is Y : 3 1
il A | i
¢ ! ; _ oo ' - U e " s . v ,ﬂ B o : ¥ ; _. i

111



MSC/HREC D149346

L

FE

PP S

-

LTy i L e -

P O et ]

=

bAr oy

N ek (i

Room Temperature

b

Fro o g TICHY
© 00 5
O O M
b~ 0= I~ 11
N HTH ” : ; TEFI T
an mw; <H O W TE aad
_ L R ,
1.4 i el i ©— A i
B~ i ag it . Sadns b
1 o ]
4 o otk — O&B NRNEN q LI
I 12 . B
S : igi 0 TR :
o “ T i |
Hey | L
g NghP - il
ml O _ | \
(i) e S RagERandas -
™ M . +
THo! T =
-H o : B n:a./.u ] -t
i R e e et T
- i e wcam g el 1] -
- 7.;.“-. ﬂ . b
L ER ¥ -
i 8 AR+ .
_vy v.ﬁ...L.. = - Hm -
b “ % Fhes peaty boes i _._ HEEEEE ;
Lt £ = o e T ;
R TN i H i
Mt Tt . i ,.
g .—1- '
i It
| :

Damp

* T

FaRNy amik I T H .

1 JERES] A : i n

: THHTH: T R ik !

: Pl M e i i

: EERaaE IS F LT3y 1

g §EERN gl LI év H :
o phiafde it abAnus Rt 1

Fig.lla - Damping Energy vs Deflection for Shear-Bolted Joint

112



LMSC/HREC D149346

Py 2y

R e

Pye—

t

1n

on for Shear-Bolted Jo

.
=
-

'
1
t
+
1
+
'
-
+
t

113

Frjat + vt S e

3ys ud B
i o 19 ‘ S

é
T
ta

-
|

.
k-

T

IR

Fig.11b - Damping Energy vs Deflect

s ivarissiry fu

nin o

i Damping Energy

L | v e

A



Flos

LMSC/HREC D149346

t

L =3, e imreiiieitiee s .
3 : 300x 10 lno-lb/ino it bept it I IR SRty B WT'i'% T
k THEE b ks Lyt - i - iy
: i
-
B ey e ‘ =} 5 ! ’ 2
R weaky tuEd S : 3 Jha 2 ; :
e . : [ :
e f ol :
5 ; ! b
Damping Energy 200 , e
; : =
TH - : l ==
e fh 4
I T T qut : . i r;
LR 100 i EE
i s! ' :
= a5l ks : i R !
i s =
] idids e e
ta £ : S En ; ; 5
‘ >t : : ; S : et
~ -3 il et EEEEE
—l. ¥ - A: _‘. ’ & T 2 LI -
EES e e lgmeem2i ' in,
TS ey e . s
3 ; TGP o im Sym, Freq.
: "\ e 0.84
= = A& 1.30
T B -z.23
' 10j0 et
: :  SEE: ?
B3 = ;! :
= = =
i S T B
: e 200 &5 :

Fig.llc - Damping Energy vs Deflection for Shear-Bolted Joint

114



LMSC/HREC D149346

Fig. 12 - Joint Force-Displacement Relation
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Fig.13 - Docking Port Load-Deflection Distribution
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