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COMMUNICATIONS 	TECHNOLOGY 	SATELLITE 

DEPLOYED SOLAR ARRAY 	DYNAMICS TESTS 

by 

T.D. Harrison 

ABSTRACT 

A vibration test facility and a test program 
for the deployed dynamic testing of large flex- 
ible solar arrays are described. The results of 
tests conducted on an array from the Communica- 
tions Technology Satellite Program are presented. 
The tests found 8 blanket resonances, 7 array 
resonances, and the damping coefficients (or the 
equivalent linear damping coefficients for the 
resonances that had a non-linear damping coeffi-
cient) of 4 of the 7 array resonances. Also, it 
is observed that certain resonances are excited 
by subharmonic excitation. 

1. INTRODUCTION 

The Communications Technology Satellite (CTS) 1 , a three-axis stabilized 
spacecraft presently being built by the Canadian Department of Communications 
and the United States National  Aeronautics and Space Administration, is 
scheduled to be launched into its geostationary orbit in late 1975. The 
spacecraft configuration consistE of an earth-tracking central body from 
which are deployed two sun-tracking solar arfays (fold-up flat-pack type 
of 0.6 kW power each). 

The purpose of the deployed-array dynamic tests, a part of the Solar 
Array Technology Experiment Program 2 , was to determine the following factors 
for the CTS solar array, under a 1 "g" gravity field: 

1 



2 

(1) the frequencies and mode shapes of array resonances. 

(2) the damping coefficients of the above resonances. 

(3) the frequencies and mode shapes of blanket resonances. 

The data obtained from the tests described herein have been used to verify an 
analytical Structural Dynamics Model 3  of the array. These data have also 
been used in the evaluation and analyses of other spacecraft subsystems, 
(attitude control and array orientation). 

It was recognized from the beginning that the test program was unusual 
in that conventional vibration test equipment could not be used because of 
requirements for testing at low frequencies, in vacuum, and with low damping 
etc. Work started early in 1973 with the identification of required 
instrumentation and test equipment and in August 1973, the system was tested 
using a low-cost model of the array. During this testing period, procedures 
were developed that ensured that damage to the CTS array would not occur and 
in March 1974 tests were conducted using a CTS array. 

2. 'CTS SOLAR ARRAY 

This report presents results from tests performed on a solar array 
consisting of the CTS development-model blanket and the CTS development-model 
solar array mechanical assembly  (SARA). The CTS development-model blanket (a 
non-functioning mass model) consists of 95 percent glass-cell modules and 5 
percent solar-cell modules glued to a fiberglass reinforced kapton sheet. 
Unlike the flight blanket, the development blanket lacks instrumentation and 
electrical bus wires. (Prior to the testing, accelerometer instrumentation 
wires were attached to the blanket.) The CTS development model  SEMA  is 
composed of six subassemblies as shown in Figure 1: the tip pallet, the tip 
tension mechan:Lsm (model No. 1, which permits torsion motion of boom), the 
boom and actuator, the inboard pallet, the elevation arms and the torsion 
control lines. The physical parameters of this array have been measured or 
calculated 4  and are summarized in Table 1. A photograph of the array mounted 
in the vacuum chamber is shown in Figure 2. 

3. TEST FACILITY 

At the outset, it was concluded that an automatic testing procedure 
was needed in order to obtain satisfactory results. The test set-up shown 
in Figure 3 was built to meet this requirement. 

3.1 DESCRIPTION AND OPERATION OF VIBRATION TEST SET-UP 

The tests were performed with the array deployed downwards in the 
10' x 30' vacuum chamber situated at CRC's David Florida Laboratory. The 
physical arrangement of the test set-up is depicted in the block diagram of 
Figure 3 and operates as follows: the ramp generator provides a time- 
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TABLE 1 

Physical Parameters of CTS Solar Array 

LENGTH OF BOOM 
LENGTH OF BLANKET 
WIDTH OF BLANKET 
MASS/FT 2 OF BLANKET MATERIAL 
MASS/FT OF BOOM 
MASS OF ARRAY TIP PALLET . 

MASS OF ARRAY INBOARD PALLET 
MOMENT OF INERTIA OF TIP PALLET ABOUT BLANKET 

CONNECTION LINE 

MOMENT OF INERTIA OF TIP PALLET ALONG ARRAY 
TORSIONAL AXIS, ABOUT CENTER OF MASS OF TIP 
PALLET 

MOMENT OF INERTIA OF TIP PALLET, ALONG IN-PLANE 
DIRECTION, ABOUT CENTER OF MASS OF TIP PALLET 

MOMENT OF INERTIA OF BLANKET, IN-PLANE, ABOUT 
SPACECRAFT END OF ELEVATION ARMS 

MOMENT OF INERTIA OF ARRAY BASE PLATE, IN-PLANE 
. ABOUT SPACECRAFT END OF.ELEVATION ARMS 
DISTANCE FROM SPACECRAFT END OF ELEVATION 

ARMS TO THE ARRAY INBOARD PALLET 
SPRING RATE OF ARRAY TENSION SPRING 
EFFECTIVE SPRING RATE OF ELEVATION ARMS AND 

INBOARD PALLET In-PLANE 

ARRAY TENSION LOAD 

DISTANCE FROM BOOM TIP TO CENTER OF MASS OF 
TIP PALLET 

DISTANCE FROM BOOM CENTER LINE TO BLANKET 
CONNECTION LINE 

LOAD ON TORSION CONTROL LINE 

BENDING STIFFNESS OF BOOM 

285.5" 

256.0" 

51.6" 

.00475 slug/ft2  

.00599 slug/ft 

.2486 slugs 

.0914 slugs 

.0421 ft-lb-sec 2 

.454 ft-lb-sec 2 

.0195 ft-lb-sec 2 

92.33 ft-lb-sec 2 

.5755 ft-lb-sec 2 

2.458 ft. 

9.0 lb/ft 

35. lb/ft 

5.0 lb. 

6.75" 

2.5" 

IN - .312 lb. 
OUT - .750 lb. 

2320 lb-ft2  
, 

2640 lb-ft 
IN-PLANE 

OUT-OF-PLANE 
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dependent voltage to the voltage control input of the function generator. 
The output of the function generator is a sinusoidal voltage with a frequency 
that is proportional to the input voltage. Feeding this sinusoidal signal 
into the hydraulic exciter results in a translational motion at the saine 

 frequency. The solar array is suspended from either of Vd0 mounts on the 
linear/rotational motion mechanism (Figure 4). The first mount (a table 
which slides on 'linear' bearings connected directly to the hydraulic 
cylinder of the exciter; provides translational motion. The second mount 
provides rotational motion about a vertical axis through the use of a 'zero-
backlash' rack and pinion gear. Accelerometers are mounted on the tip 
pallet of the array. As shown in Figure 3, these accelerometers indicate 
accelerations of the tip pallet along three axes; these axes are: 

1) parallel to the blanket and through the Centre of Gravity (C.G.) of 
the pallet-(in-plane accelerometer). 

2) perpendicular to the blanket and through the C.G. of the 
pallet-(out-of-plane accelerometer). 

3) perpendicular to the blanket and through a point offset parallel 
to the blanket from the C.G. by 2 feet-(torsion accelerometer). 

By subtracting the out-of-plane accelerations from the accelerations along 
axis 3, torsional accelerations are obtained. The signals from the accelero-
meters are fed through the tank wall to the control console where they are 
conditioned by filters and amplifiers and are recorded. The phase of the 
accelerometers output with respect to the input signal (the linear variable 
differential transformer (LVDT) output signal is used) is measured by the 
phase analyzer and recorded on the x-y recorder. 

3.2 DESCRIPTION OF SPECIALIZED EQUIPMENT 

3.2.1 Ramp Generator 

The ramp generator provides a voltage which increases linearly with 
time. The peak amplitude of the ramp is adjustable up to +5 volts and the 
start voltage is adjustable between -5 and +5 volts. The ramp generator 
together with the function generator can produce a sweep rate which may be 
continuously adjusted between  0 .5 sec/Hz and 10 6  sec/Hz. Accuracy is better 
than t0.25% for frequency and linearity distortion is less than 0.5% of full 
scale. 

3.2.2 Hydraulic Exciter 

The hydraulic exciter (Figure 5) consists of an electrical controller, 
a position transducer (LVDT), a cylinder and a servo-valve configured in a 
servo (feedback) loop along with a hydraulic power source (power unit, filters 
and an accumulator). The performance specifications are given in Table 2. 

3.2.3 Phase Analyzer 

The phase analyzer is designed to indicate the phase angle between the 
LVDT input signal and the accelerometer output signal. ' 



Frequency Range 

Resolution 

Velocity resolution 

Stiction 

Stroke 

Time constant for 1/4" impulse input 

Distortion at 2 Hz 

System Pressure 

Flow Rate (Peak) 

Power Requirements 

D-C to 5 Hz 

> .0005" 

> .03"/sec. 

< .0001" 

3tt 

< .010 sec. 

5% 

2200 psi. 

2 &al./min. 

220V 8 amps. 3 ph. 
110V 14 amp. 1 ph. 

(1)  

(2) 
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TABLE 2 

Hydraulic Exciter Performance Parameters 

At resonance the phase angle between the accelerations of the base and 
tip of the array shift by 90 ° . For 'low damped' systems this phase shift 
occurs over a narrow frequency range and the phase analyzer enables one to 
find the resonant frequency easily and accurately. To calculate the phase 
angle, the phase analyzer utilizes the relationship that the cosine of the 
phase angle is a function of the D.C. component of the product of the input 
(LVDT) and the output (accelerometer) signals. Mathematically, this may be 
shown as follows; Let the input = Fo sin (wt), and the output = Ao sin (wt + 
M), where Fo = peak amplitude of input (LVDT), Ao = peak amplitude of output 
(accelerometer), w = frequency and M = phase angle between input and output. 

The product of the input and output, FoAo {sin (wt)} {sin (wt + Ml, is 

FoAo {1/2 cos 	- 1/2 cos M sin 2wt + 1/2 sin M sin 2wt}. 

The D.C. component of (1) is 

{1/2 , FoAo (cos M)}. 

Expression (2) gives the phase between the input position and the out-
put acceleration. The input displacement may be related to the input accel-
eration by differentiating the input displacement, {Fo sin (wt)}, twice, and 
obtaining base acceleration - w2  Fo sin wt; i.e. when displacement is used in 
place of acceleration, the output of the phase analyzer is multiplied by 
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-11w2 . This does not affect the finding of resonance since resonance occurs 
when the phase analyzer produces a zero voltage output, i.e. when q) = 90° , 
270° , etc. 

3.2.4 Fi/ters 

The filters shown in Figure 3 are 6-pole Butterworth filters 5 . The 
components of the filters were matched carefully to allow phase differences 
between the filters of less than 1 °  between 0-4 Hz. A 1 °  phase shift will 
introduce a negligible error in finding the resonance point by phase since 
resonance oceurs over a narrow frequency band (the arrays have a small 
damping coefficient). 

4. TEST PROCEDURE 

The test procedures developed for array testing are outlined in this 
section. 

4.1 AMBIENT CONDITIONS 

Preliminary resonance searches are conducted at NTP (Ambient Conditions) 
in order to observe the array response to sinusoidal excitation and to 
determine safe excitation amplitudes. 

4.2 VACUUM CONDITIONS 

Tests are conducted under vacuum conditions (10-3  torr at a nominal 
temperature of 70°F) in order to eliminate the effects of air friction. 

4.2.1 Resonance Searches 

The resonant frequencies of the array are determined by exciting the 
'Dase cf the array with a constant amplitude, sinusoidal motion. The 
excitation freuency is swept linearly at a rate slow enough to allow the 
resonance zo build up. An appropriate initial sweep rate may be determined 
from the follow -ing equation: 

0 = C fn (n/(df/dt)) 

where 

df/dt = sweep rate, 

= damping coefficient (C/C c) 

fn = resonant frequency, and 

O = Hok's sweep rate parameter. 

Ref. 6 states that if 0>2 the sweep rate is slow enough to allow the build-up 
of the quadrature response. 

(3) 
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Tests conducted with the above-mentioned sweeps indicate the approxi-
mate frequencies at which resonance occurs. By sweeping through the 
resonance with a slower sweep rate, the resonant frequency may be determined 
more accurately. 

4.2.2 Damping 

Modal damping is obtained by abruptly stopping the shaker at each 
resonant point and observing the decay rate. The relationship between the 
damping coefficient and decay rate is: 

1Ao - 	ln (-A—) 

where 

N = no. of cycles, 

Ao = initial amplitude, 

A
n 

= amplitude after N cycles, and 

= C/Cc = damping ratio. 

4.2.3 Linearity 

Short sweeps past the known resonances are made using an amplitude 
reduced to one half of that used for the resonance searches. For a linear 
response the output is reduced by one half of the original response and the 
resonant frequency does not change. 

5. TEST RESULTS 

Under ambient test conditions only the in-plane excitations could be 
performed. The array has a large surface area and is over damped in the 
other two directions by air friction. 

For the initial run, a sweep rate of 2000 sec/Hz was chosen by substi-
tuting into Eq. 3 the values = 0.1 and fn  = 0.25 Hz. The excitation 
amplitude was arbitrarily chosen to be 0.25" peak-to-peak. 

5.1 OBSERVATIONS FROM AMBIENT TEST RUNS 

The first in-plane/torsion* resonance was found to be at 0.36 Hz. No 
other resonances were found between 0.1 and 1 Hz. The array resonated with 
an amplitude of 6". Some coupling with torsion was noted. The blanket 
behaved as a rigid plate with the elevation arms flexing to allow movement. 

" Resonances are described in terms of the definitions given in Ref. [3]. 

(4) 
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5.2 VACUUM CONCITIONS 

The ambient tests indicated that a very large 'gain' was to be expected 
from the array during resonance. It was therefore decided that for vacuum 
testing, the peak-to-peak amplitude should be reduced to .060" for the initial 
run. From the response o.f the array during this first run, it was concluded 
that a 0.1" peak-to-peak amplitude would not damage the array. This higher 
amplitude gave a better signal to noise ratio. 

Three series of tests were performed. These are: 

(1) In-plane excitation 

(2) Out-of-Plane excitation 

(3) Torsion excitation  

Run numbers 1 -'12 

Run numbers 13 - 22 

Run numbers 23 - 30. 

During the first run from 0.5 Hz to 1.0 Hz (run no. 4) the signals 
from the accelerometers became very noisy (Figure B-1). It was noted that 
the noise had a predominant 7 Hz component. The filters were then modified 
to have a 5 Hz cut-off frequency resulting in a higher quality signal from 
the accelerometers (Figure B-2, run no. 5). 

The test results are summarized in Table 3. Table A-1 contains a 
detailed accounting of all tests performed. The strip chart records, along 
with the phase analyzer outputs are provided in Appendix B. The resonant 
frequencies quoted are accurate to within ±.01 Hz for those frequencies 
below 1 Hz and to within ±.05 Hz for those frequencies above 1 Hz. 

5.2.1 Description of Resonances Found with In-Plane Excitation 

Testing was initiated with in-plane sweeps between 0.1 Hz to 0.5 Hz. 
Three resonances were found. The first of these, the 1st out-of-plane , 
occurred at 0.27 Hz. Its mode shape was that of a beam's 1st cantilever 
with the blanket remaining flat, and was coupled to torsion to a small 
degree. The second, the 1st in-plane/torsion, occurred at .35 Hz. The mode 
shape was similar to that found under ambient conditions, but with a greater 
torsional motion (3 ° ). The third resonance to occur was the second out-of-
plane (Figure 6). The frequency of this mode was 0.73 Hz and occurred at an 
excitation frequency of 0.36 Hz. 

The frequency range from 0.5 to 1 Hz was investigated with sweep no. 4 
(15 Hz filters) and sweep no. 5 (5 Hz filters). The boom's fundamental mode 
(Figure 7) of 2.55 Hz was excited with excitation frequencies of 0.54 Hz and 
0.89 Hz. The second out-of-plane resonance, Figure 6, was found to be at 
0.74 Hz. During this resonance the boom and blanket touched. The third 
in-plane/torsion occurred at 0.84 Hz. Its mode shape is shown in Figure 8. 

The eweep from 1 to 3 Hz (Run No. 11) yielded 4 blanket modes and the 
boom fundamental resonance. The blanket resonances occurred at 1.17 Hz, 1.47 
Hz, 1.92 Hz, and 2.0 Hz. The first two resonances are shown in Figures 9 and 
10 respectively. The latter two resonances were very complex and a descrip-
tion has not been attempted. The boom's fundamental resonance occurred at 
2.6 Hz (Figure 7). 
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TABLE 3 

Summary of Test Results 

Description of* 	 Resonant 
Resonance 	 Frequency (Hz) 	 Damping Coefficients 

1st out-of-plane 	 .27 	 .01 	large amplitudes 
.004 	small amplitudes 

1st in-plane/torsion 	 .35 	 .01 	large amplitudes 
.003 	small amplitudes 

2nd in-plane/torsion 	 .44 	 --- 	not obtainable - reverts 
to 3rd in-plane/torsion 

2nd out-of-plane 	 .74 	 .02 	large amplitudes 
.002 	small amplitudes 

3rd in-plane/torsion 	 .84 	 .002 	not amplitude dependent 

3rd out-of-plane 	 1.3 	 not measured 

Boom fundamental 	 2.6 	** 	.004 

Blanket Modes 	 .90 
1.17 

	

1.47 	 Not measured but visually 
observed to be very low 

1.65 
1.92 
2.0 
2.4 
2.65 

* 	Per. Reference 3. 

** 	Ref. 3 describes this resonance as the 4th out-of-plane or the 5th in- 
plane/torsion depending upon direction (see Figure 7) 

5.2.2 Description of Resonances Found with Out-of-Plane Excitation 

The out-Of-plane excitation runs (No. 13 - 21) were initiated with a 
sweep from 0.1 to 0.75 Hz. The first and second out-of-plane resonances were 
found at 0.27 Hz and 0.73 Hz respectively. The boom fundamental resonance 
(2.6 Hz) was excited at the 0.37 Hz and 0.54 Hz sweep points. The remaining 
out-of-plane sweeps excited those resonances that were found by the in-plane 
sweeps (third in-plane/torsion, 1.17 Hz, 1.92 Hz, and 2.0 Hz blanket modes 
and the 2.55 Hz boom resonance) as well as 3 different resonances, viz - a 
blanket mode at .90 Hz (Figure 11), one at 1.65 Hz (Figure 13), and the third 
out-of-plane resonance at 1.3 Hz (Figure 12). 
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5.2.3 Description of Resonances Found with Torsion Excitation 

The torsional excitations were initiated with a sweep from 0.1 to 1 Hz 
(Run No. 22). The only new resonance to be found occurred at 0.44 Hz - the 
second in-plane/torsion (Figure 14). The resonance was very weak (low gain). 
The torsional sweeps excited all the previously found array resonances and 
blanket modes but unlike the other two excitation types, the boom fundamental 
was only excited at the excitation frequency of 2.6 riz. 

5.2.4 Effects of Tension Distribution on Resonant Frequencies 

During the development of analytical models there was much discussion 
on the effects of the torsion control lines and the blanket tension 
distribution on the torsional resonant frequencies. In order to measure 
experimentally the effects of the above parameters, the torsion control lines 
were removed along with the outer 5" clamps of the blanket. Using the 
frequencies found during Run No. 22, the modes were searched for manually and 
peaked (Run No. 27). Within experimental accuracies (±.01 Hz), the only 
resonant frequency between 0.1 and 1 Hz to change was the .90 Hz blanket mode 
which dropped to .86 Hz. 

5.2.5 Linearity 

The third in-plane/torsion resonance is the only resonance that was 
considered linear - (i.e. its motion may be described by the solution of a 
linear differential equation). The first in-plane/torsion, the first and 
second out-of-plane resonances have a non-linear damping coefficient (not 
proportional to X). The second out-of-plane  resonant frequency is dependent 
upon excitation amplitude, and both the second out-of-plane resonance and the 
boom fundamental resonance could be excited by excitations of a lower 
frequency than the resonant frequency (superharmonic 7  response). All blanket 
modes along with the third out-of-plane resonance had peak amplitudes which 
were independent of excitation amplitude. The second in-plane/torsion 
resonance had such a low gain that its linearity could not be evaluated. 

5.2.6 Damping 

The damping coefficients for the first and second out-of-plane, and the 
first in-plane/torsion are a non-linear function of velocity. The values 
given in Tables 3 and A-1 are the equivalent linear coefficient and are valid 
only for the quoted amplitudes. The damping coefficient for the third in-
plane/torsion resonance was not amplitude dependent. The second in-plane/ 
torsion resonance reverted to the third in-plane/torsion when the excitation 
was stopped and prevented the obtaining of the damping coefficient. 

The damping coefficients proved to be elusive numbers to obtain with 
any degree of repeatability. Although a repeatability of ±.0005 could be 
obtained for any given set-up, the values varied by ±.002 for different 
set-ups. This variation in damping is probably due to variations in the 
static and sliding coefficients cf friction of the linear bearing of the 
tip tension mechanism in the torsion direction. Such variations in friction 
have been noted during various bench tests of the tip tension mechanism. 
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6. CONCLUDING REMARKS 

The test program has found 6 array resonances, 8 blanket resonances, 
and a fundamental boom -..-esonance. The test results indicate that the array 
possesses non-linear characteristics in the damping and elastic parameters 
of the governing differential equation. The damping coefficient or the 
equivalent linear damping coefficients (for non-linear damping cases) of 4 
of the array resonances are given; the remaining resonances are of such a 
low amplitude that the damping coefficient could not be obtained. The 
damping coefficient can vary depending upon the condition of the tip tension 
mechanism bearing. 

The two outer five inch portions of the blanket along with the torsion 
control lines do not contribute significantly to the torsional stiffness of 
the CTS array tested. 
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Figure 1. CTS Solar Array 



Figure 2. CTS Solar Array 
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Figure 5. Hydraulic Exciter 
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0 -4> 
A 	 A 

DIRECTION OF VIBRATION 
MOVES ABOUT BOOM AXIS 

Figure 6. Mode Shape of Second Out-of-Plane 
Resonance (.74 Hz) 

Figure 7. Mode Shape of Boom Fundamental 
(2.55 Hz) 

Figure 8. Mode Shape of Third In-Plane/Torsion 
Resonance (.84 Hz) 

Figure 9. Blanket Mode Shape (1.17 Hz) 
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Figure 10. Blanket Mode Shape (1.47 Hz) Figure 11. Blanket Mode Shape (.90 Hz) 

Figure 12. Mode Shape of Third Out of Plane 
Resonance (1.3 Hz) 

Figure 13. Blanket Mode Shape (1.65 Hz) 
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Figure 14. Mode Shape of Second In-Plane/Torsion Resonance (.44 Hz) 
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Detailed Test Results 



TABLE A-1 

Sweep 	Excitation 	Resonant 	 Response* 	Damping 
Test 	Type of 	Range of 	Rate 	Amplitude 	Frequency 	Description of** 	 Amplitude 	Coefficient 
No. Excitation 	Sweep 	Sec/Hz 	(peak-peak) 	 Hz 	 Resonance 	 Peak-peak 	 c/cc Comments 

1 	in-plane 	 .1-.5 	7633 	 .060" 	 .35 	1st in-plane/torsion 	 Test run 15 Hz filters. 

2 	in-plane 	.25-.45 	14934 	 .112" 	 .27 	1st out-of-plane 	 1" 	 15 Hz filters 

	

.35 	1st in-plane/torsion 	 4"3°  

	

.73 	2nd out-of-plane 	 .5" 	 Excited by .37 Hz excitation 

frequency. 

3 	in-plane 	No sweep 	 .112" 	 .35 	1st in-plane/torsion 	 .01 	 Large amplitudes 

	

.003 	Small amplitudes 

4 	in-plane 	.5-1.0 	13470 	 .112" 	 2.5 	Boom fundamental 	 1" 	 Excited by .55 Hz excitation 

frcqueney. 

	

.74 	2nd out-of-plane 	 1" 	 Blanket touches boom 

	

.83 	3rd in-plane/torsion 	 Signal very noisy during run No. 4 

5 	in-plane 	.5-1.0 	13470 	 .100" 	 2.6 	Boom fundamental 	 1" 	 Excited by .54 Hz excitation 

frequency. 

	

.74 	2nd out-of-plane 	 1" 	 5 Hz filte:s - will be used for 

	

.84 	3rd in•plane/torsion 	 10° 	 remaining runs 

	

2.6 	Boom fundamental 	 1" 	 Excited by .89 Hz excitation 

frequency. 

6 	in-plane 	No sweep 	 .35 	1st in-plane/torsion 	 .01 	 Large ampliturinç 

	

.005 	Small amplitudes 

7 	in-plane 	.28-.44 	14600 • 	.1" 	 .35 	1st in-plane/torsion 	 4"3°  

	

.73 	2nd out-of-plane 	 .5" 	 Excited by .36 Hz excitation 

frequency. 

8 . in-plane 	.76-.90 	14300 	 .1" 	 .84 	3rd in-plane/torsion 	 10°  

	

2.6 	Boom fundamental 	 Excited by .90 Hz excitation 

frequency. 

9 	in-plane 	No svveep 	 .1" 	 .84 	3rd in-plane/torsion 	 .003 	C/Cc not amplitude dependent. 

10 in-plane 	.28-.40 	17561 	 .35 	1st in-plane/torsion 	 4"3° 	 Excited by .36 Hz excitation 

	

.73 	2nd out-of-plane 	 frequency. 



11 	in-plane 	1.0-3.0 	3045 	 .1" 	 1.17 	Blanket 	 1" 

	

1.47 	Blanket 	 1" 

	

1.92 	Blanket 	 1" 

	

2.0 	Blanket 	 1" 

	

2.6 	Boom fundamental 	 1" 

11A in-plane 	No sweep 	 .1" 	 2.6 	Boom fundamental 

12 in-plane 	2.4-2.7 	11450 	 .1" 	 2.56 	Boomfundamental 	 1" 

13 out-of-plane 	.1-.75 	10500 	 .06" 	 .27 	1st out-of-plane 	 2" 

	

2.6 	Boom fundamental 	 1" 

	

2.6 	Boom fundamental 

	

.73 	2nd out-of-plane 

14 out-of-plane 	.21-.32 	14300 	.1" 	 .265 	1st out-of-plane 6"5°  

.003 

Excited by .37 Hz excitation 

frequency. 

Excited by .54 Hz excitation 

frequency. 

15 out-of-plane 	No sweep 	 .1" 	 .27 	1st out-of-plane 	 .01 	 Large amplitudes 

	

.004 	Small amplitudes 

16 out-of-plane 	.5-1.0 	10600 	 1.6 	Boom fundamental 	 1" 	 Excited by .54 Hz excitation 

frequency. 

	

.75 	2nd out-of-plane 	 1" 	 Blanket touches boom. 

	

.84 	3rd in-plane/torsion 	 1" 

	

2.6 	Boom fundamental 	 1" 	 Excited by .89 Hz excitation 

frequency. 

	

.90 	Blanket 	 1" 

17 out-of-plane 	No sweep 	 .1" 	 .74 	2nd out-of-plane 	 .02 	Large amplitudes 

	

.002 	Small amplitudes 

18 out-of-plane 	No sweep 	14300 	 .1" 	 .74 	2nd out-of-plane 	 1" 

19 out-of-plane 	.72-.76 	35300 	 .03 	 .73 	2nd out-of-plane 	 .5" 

20 out-of-plane 	1-3 	2230 	 1.17 	Blanket 	 1" 

	

1.3 	Blanket 	 1" 

	

1.92 	Blanket 	 1" 

	

2.0 	Blanket 

	

2.4 	Blanket 	 1" 

	

2.6 	Boom fundamental 	 1" 

• Visual estimation 

•• Per definition of Ref. (3). 



26 Torsion 

27 Torsion 

28 Torsion 

29 Torsion 

No sweep 

No sweep 

No sweep 

No sweep 

.06° 

Sweep 	Excitation 	Resonant 	 Response* 	Damping 
Test Type of 	Range of 	Rate 	Amplitude 	Frequency 	Description of** 	 Amplitude 	Coefficient 
No. Excitation 	9Neep 	Sec/Hz 	(peak-peak) 	 Hz 	 Resonance 	 peak-peak 	 c/cc 

Comments 

21 	 Peaking of modes found in run No. 

20 for mode shape observation. 

22 Torsion 	.1-1 	6400 	 .06° 	 .27 	1st out-of-plane 	 1 -  

	

.35 	1st in-plane/torsion 	 3" 

	

.42 	2nd in-plane/torsion 	 5°  

	

.74 	2nd out-of-plane 

	

.84 	3rd in-plane/torsion 

	

.90 	Blanket 

23 Torsion 	.75-.88 	11300 ' 	.06° 	 .84 	3rd in-plane/torsion 	 6°  

24 Torsion 	No sweep 	 .86° 	 .84 	3rd in-plane/torsion 

25 Torsion 	1-3 	2400 	 .06° 	 1.17 	Blanket 	 1" 

	

1.3 	Blan ket 	 1" 

	

1.47 	Blanket 	 1" 

	

1.65 	Blanket 	 1" 

	

2.0 	Blanket 	 1" 

	

2.4 	Blanket 	 1" 

	

2.6 	Boom fundamental 	 1" 

	

2.65 	Blanket 	 1" 

very weak 

.004 

Peaking of modes found in runs No. 

22 and No. 25 for mode shape 

observation and linearity checks. 

	

.27 	1st out-of-plane 	 No torsion control lines. Two outer 

	

.35 	1st in-plane/torsion 	 hold dovvn bars of tip pallet were 

	

.42 	2nd in-plane/torsion 	 removed. Resonances were peaked 

	

.84 	3rd in-plane/torsion 	 by hand. 

	

.86 	Blanket 

.44 	2nd in-plane/torsion 	 C/Cc not obtainable - resonance 

reverts to 3rd in-plane/torsion after 

excitation is stopped. 

Boom fundamental 	 .004 2.55 

* Visual estimation 
`• Per definition of Ref. le 



APPENDIX B 

23 

Strip Chart Records 
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Figure 8-1. Strip Chart Record of Input and Response, Run No. 4 
Excitation of Second Out of Plane Resonance — 15 Hz Filters. 
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Figure 8-2, Strip Chart Record of Input and Response, Run No. 5 
Excitation of Second Out of Plane Resonance — 5 Hz Filters. 
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Figure B-3. Frequency Sweep Out of Plane Excitation, Run No. 13 
Shovving First Out of Plane Resonance. 
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Figure 8-4. Frequency Sweep — Out of Plane Excitation, Run No. 14 
Showing First Out of Plane Resonance. 
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Excitation of First Out of Plane Resonance. 
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Showing First In-Plane/Torsion Resonance. 
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Figure  8-7. Strip Chart Record of Input and Response, Run No. 2 
Excitation of First In-Plane/Torsion. 
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Figure 8-8. Strip Chart Record of Input and Response, Run No. 22 
Excitation of Second ln-Planefrorsion Resonance. 
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Figure 8-9. Frequency Svveep — Out of Plane Excitation, Run No. 19 
Showing Second Out of Plane Resonance. 
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Figure 8-10. Strip Chart Record of Input and Response, Run No. 5 
Excitation of Third In-Plane/Torsion Resonance. 
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Figure 8-11. Frequency Sweep — Torsion Excitation, Run No. 23 
Showing Third In-Plane/Torsion Resonance. 
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Figure B-12. Strip Chart Record of Input and Response, Run No. 20 

Excitation of Boom Fundamental Mode. 
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Figure B-13. Strip Chart Record of Input and Response, Run No. 13 

Excitation of Boom Fundamental by .37 Hz Excitation Frequency (Superharmonic Response). 
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Figure B-14. Strip Chart Record of Input and Response, RUI7 No. 6 
Decay of First In-Plane/Torsion Resonance. 
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Figure 8-15. Strip Chart Record of Input and Response, Run No. 28 
Decay of Second In-Plane/Torsion Respnance. 
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Figure 8-16. Strip Chart Record of Input and Response, Run No. 17 
Decay of Second Out of Plane Resonance. (Small Amplitudes) 
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Figure  B-17. Strip Chart Record of Input and Response, Run No. 9 

Decay of Third In-Plane/Torsion Resonance. 
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Figure 8-18. Strip Chart Record of Input and Response, RUI7 No. 11 
Decay of Boom Fundamental Mode. 
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