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ABSTRACT

This document presents the results of the frequency response test performed
on the Dynamic Docking Test System (DDTS) active table. Sinusoidal dis-
placement commands were applied to the table and the dynamic response

“determined from measured actuator responses and accelerometers mounted to
the table and one actuator.
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1.0 INTRODUCTION

" The DDTS is a six-degree-of-freedom motion simulator developed to perforﬁ
docking simulations using the USA and USSR docking hardware for the Apollo
Sbyuz Test Project. The simulator consists of a rigid structure supporting
one set of docking hardware and active table to which the other set of
docking hardware is attached as shown in Figure 1. The active table is

a rigid structure supported by six hydraulic actuators. The motion of
each actuator is controlled by an electronic control system which receives
commands from equations of motion which provide the desired relative
motions of the two spacecraft during docking.

Frequency response tests were conducted to determine the dynamic response
of the active table to sinusoidal table motion commands. This document
presents the results of these tests and compares them with analytical pre-
dictions provided by NASA Advanced Docking System (NADS), a computer
program developed to model the. dynamics of the active table in response

to table motion commands. The mathematical model is derived in Reference
1, and the computer program is described in Reference 2.

2.0 INSTRUMENTATION
2.1 TABLE MOTION

Table dispiacements are determined by recording time-historiés of.the _
six actuator displacements measured by the linear potentiometers used in
the displacement feedback -of each actuator control system., These measured
actuator lengths are then transformed to table displacements.

Simplified transformations from actuator lengths to table displacements
are derived assuming small displacements about a nominal table position.
Frequency response tests were run with no angular misalignments of the
table; therefore, the Euler ang1es-%re zero. The inertial components of

the actuator lengths at the reference position are then:
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2.1 {Continued)

s r,. X
X; L Xy f5
r ' .
{' s = (Y r ‘
% Log + lvayp-47r, | (1)
r_- z .
S I r 2.
4 0 | f

where Xp s ¥Yp oo and z; are the initial inertial positions of the table
' 0 0 5]

, . . . th
c.g.; rxai’ ryai’ rzai’ are the x, vy, z coordinates of the i tabje

- swivel joint with respect to the table c.g.; and Xe s Yg o 2p are the
' i j i

inertial coordinates of the floor swivel joints for the 1£ﬂ actuator
(see Figure 2). '
Initial actuator lengths are then:
H - . 3
1 afr2 *r2 tr
B ‘/ LT 2 SR (2)

For geometry transformation purposes, it can be assumed that L ry s
- ' 7%

and 10 are constant. Incremental motions of the actuators can then be

' i ' . ,

transforméd to table motions. The transformation between tﬁb1e coordinates

and inertial coordinates is unity.

In general:
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2.1 (Continued)

but, if we let

Sy o _
i r
f\ XT 0 -*mz my xai
s = )¢ -
.V.i i yT + wz 0 UJX r'yai (4)
f" FA -t n 0 7
52{ T y X rzai

where iT, 9T, iT are table translational velocities at any centerline

reference point, and Wys Bya Gy are table angular velocities.

A system of six equatiohs (one for each actuator} and six unknowns (iT,

Yo Zps uys wy 2 mz) can be written and solved.

RT 1
N\ iz
[A] T - K - (5)
' Wy 14
Wy 15
Wy ls
hence:
. . 1,
B A
. /o .
2y - [A]'l s (6)
“x lg-
» 1'5
o, - '
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2.1 (Continued)
. th

The elements of -the 1% row of the [A] matrix are:
TIPS
. X 1
M
A.,=r | /1
12 Syi 0;
A13 =T / ]o. .
z; i - .
(7)
A, =f-r_ T +r r /1
i4 ( s.‘y1 Za, Szi yaj) 0;

A.. = [-r r._-+r r /1
16 ( sxi ya; gyi xai) 0;

Likewise, the same transformation can be used to solve for incrementa1
table displacements relative to its initial position.

/1, -1
AXT .1_ 04
1, -1
AyT o _ 2 0, :
Azg - [A]‘l' 37T, U (8)
49 B RN -
A8 4 Togy
y 1. - 1
AB b Og
1. -1
6 0g
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2.1 (Continued) _

where:

AR, = ¢-

X
86, = 0 Euler angles (9)
e, = ¢

2.2 ACCELERATIONS

Accelerometers were mounted to the active table and to one of the six
hydraulic actuators. Figure 3 shows the Tocation of the ten accelerometers
available. One triaxial accelerometer is mounted to the active table truss
structure and measures accelerations in the x, y, and z directions. A
second triaxial accelerometer mounted to the table corner measures x,
radial, and tangential accelerations. Actuator 6 accelerations are
measured at the top of the cylinder in two orthogonal lateral directions
and the axial direction. Actuator extension accelerations are measured.

by a Kistler servo accelerometer mounted to the upper end of the actuator
piston. |

The table on Page 9 shows the accelerometers recorded and those uséd as
abort limit cues. ' '

2.3 HYDRAULIC PRESSURES

Hydraulic pressure measurements were recordedion oscillograph recorders

for each actuator. Due to recorder channel limitations, supply pressUre
measurements for all six actuators were measured while differential pressure
measurements for actuators 1 through 5 were recorded. Differential pressures
were obtaihed from the pressure feedback signals in the control system for
each actuator. - /*



D2-118546-1 = S

VIEW A<A

)

Figure 3. Active. Table Accé]erometer Locations



D2-118546-1

DDTS TABLE
FREQUENCY RESPONSE TEST ACCELEROMETERS

ACCEL. o RECORD USED AS - LIMIT

NO. ON_TAPE ABORT LIMIT. ACCEL .
T | |

2R X X - ’_r_3.0 g
T X X 43.0 g
4R X |

5T X )
6X

7Y X X $3.0 g
87 X X +3.0 g
oX X X . .. #3.0g
SL X |
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3.0 TEST INPUTS

The frequency response test was conducted with the table positioned on

the simulator centerline with the actuators at mid-stroke (xI- = 88.159;
- , _ o

yp =zp = 0). Sinusoidal table commands of 0.05 inch amplitude were
0 0 ‘ '

used in each of the X, ¥, and z directions.

Commanded actuator lengths are determined from

A]l A%y

A]z AYy

613 .; [A] AZI (10)
a1, a0, o .
A15 Aey

A16 AG,

where the terms of the [A] matrix are defined in equation (7).

During docking simulations, each actuator receives a position command and
a velocity command as indicated in the actuator control system block diagram
shown in Figure'4. However, for the frequency response test, the rate

command gain, Krt’ was set to zero because the automatic signal generator
used in the test was not capable of generating a constant amplitude sine

sweep position command and a corresponding rate command simultansously.

To minimize the magnitudes of table and attuator responses and to reduce
the wear and tear on the linear potentiometers, a .05 inch magni tude
-s1nuso1da1 table pos1t1on command signal was used. An automatic frequency.
: sweep1ng signal generator was used to sweep from 1.0 Hz to 40 Hz in 1.0 Hz

increments. Fifteen cycles of command signal were used at each freguency.
- .

10
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4.0 FREQUENCY RESPONSE PREDICTIONS

Freguency response characteristics of the table for position commands in”
the x, y, and z directions were obtained using NADS computer program
(References 1 and 2). These predictions are shown in Figure 5. The
table frequency response exhibits two resonances--one at the hydraulic
resonant frequency (& 30 Hz) and another which corresponds to the bending
frequency of the actuators (v~ 11 Hz). In the Tateral directions, the
hydraulic resonance occurs at approximately 22 Hz due to increased effec-
tive mass in the lateral direction.

Table and actuator acceleration predictions for each test were also
obtained (Figures 6 and 7). Based on these acceleration predictions, a
table and actuator acceleration Timit of 3.0 g was established to preclude
possible damage to the table or actuators. Acce]érometers on the table and
actuator 6 (see Section 2.1) were monitored during the test, and an auto-
matic abort capability was utilized. ' |

5.0 TEST RESULTS

Frequenty response tests were attempted in the x, y, and 2z directions.
The first test (z-axis) was aborted automatically at 9 Hz due to measured
accelerations exceeding the abort limit of 2.5 g. The abort 1imit was
raised to 3.0 g, and the test was rerun. Again the test was automatically
aborted at 9 Hz due to excessive accelerations.

It was apparent that the table possessed a resonant peak in the 10-15 Hz
range which is higher in mégnitude than predicted. Therefore, to prevent
possible damage to the table, actuators, or potentiometers, the tests in
the y and x directions were conducted using the same 3.0 g abort Timit.
The y-axis test was automatically aborted ‘at 9 Hz, and the x-axis test

was aborted at 11 Hz.

/
i
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5.0 {Continued)

A comparison of frequency response test table motions with prédicted

table displacements is shown in Figure 8, A complete set of table motion
frequency response test data is presented in the appendices. Measured :
‘table accelerations are compared with predictéd table accelerations in
Figure 9. Figure 10 compares measured actuator lateral accelerations at
the upper end of actuator 6 cylinder with predicted actuator accelerations.

The cause of the higher dynamic responses has not been identified.
Reducing the damping associated with actuator bending dynamics resulted
in sTightly higher analytical table dynamics, but could not account for
the observed difference. =

The analytical fregquency response predictions show negligible coupling -
between table responses in the commanded direction and responses in the
other directions. Test results show that the off-axis coupling was less
than 30 percent of the commanded table motion at frequencies below 10 Hz.
Test results shown in the appendices indicate that the coupling becomes
more significant as the command frequency approaches the resonant fre-
quency of the table.

6.0 CONCLUSIONS ANb RECOMMENDATIONS

The DDTS active table exhibits significantly higher dynamic characteristics
than was predicted. It is recommended that further study be conducted to
understand this discrepancy. This information is desirable so that the
feasibility of utilizing the DDTS to perform other dynamic motion simu-
lations and dynamic tests can be assessed. '

16
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APPENDIX A
TEST NO. 1 Z-AXIS
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