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The attached material defines the input parameters for the Servo analysis
to be performed by Section 355.

The values given are best estimates. An attempt has been made to define
the important assumptions in the derivation of the input.
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NASA 3 METER INFRARED TELESCOPE
INPUT PARAMETERS FOR SERVO ANALYSIS MODEL

Coordinate Systems

The coordinate systems used are defined in Figure 1. All parameters for

the Servo analysis model are defined in the yoke coordinates, xy, yy, and
z e
4

Servo Model

A sketch of the proposed Servo-model is shown in Figure 2,

“Soil Spring Constants

The soil constants have been determined using the information described
in IOM 354:76:715. Some of the spring constants shown in this IOM were
found to be in error. Table I shows the corrected spring constants de-
fined in Figure 1. All springs are assumed to act at the base of the re-
spective piers.

The proposed modifications of the foundation has not been included in the
dimensions of Figure 1 and is not reflected in the spring constant calcu-
lations. This effect should be small and is discussed in IOM 354:76:759.

The stiffness matrices for the soil are defined in Table II. The matrices
are r: :renced to the center of the South bearing, Point A in Figure 1 and

are derined in the yoke coordinate system. Units are inches, pounds and
radians.

The North and South piers have been assumed rigid in the calculation of

the matrices, The flexibility of the concrete beams connecting the con-
crete foundations is included.

The soil spring constants not defined in Table I have been aésgmed.to be

very soft, several orders of magnitude below the other springs,

The following deflections have been calculated for a unit torque about the
polar axis applied at the South pier, Point A of Figure 1, The angle &

is the rotation of the South pier, Point A, about axis YY‘
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Method 0, Radians
Pauw .2477 x 10710
AURA .6495 x 10710

Parmelee .1202 X 107

Foundation Weight Properties -

The foundation weight matrix is shown in Table III. The weight matrix
has been computed with respect to the center of the South bearing, Point
A in Figure 1. The units are 1b, in-1b and lb-inz. The yoke coordinate
system is used., The weight of thg North and South stand is not included.
The foundation weighs 880,000 1bs. The moment of inertia about the po-

lar axis is 8.45 X 10lo lb-in2 and the cg is 281 inches below the polar

axis.

Yoke Assembly Properties

The yoke properties will be given two different ways, (1) yoke assembly,
including tube by itself and (2) yoke assembly including tube and gear
drive stiffness., In either case the torsional springs for the assembly
have been calculated from the rigid body inertia and the frequency of the
first torsional mode. Since all of the rotational inertia of the assem~
bly is not effective in the first torsional mode this model is probably

conservative. It has a larger mass with the proper frequency,
a. Yoke/Tube Assembly

The moment of inertia of the yoke/tube assembly is es-
timated at 1.8 X 109 1b-in2 and the first torsional
mode with a locked gear drive is estimated at 9.2 Hz

thus the spring constant is 1.56 X 1010 in-1b/rad.
b. Yoke/Tube/Drive Gear Assembly

The moment of inertia of the yoke/tube/bull gear assem-~

bly is estimated at 1.82 X 10° lb-in> and the first torsion-
al mode with the gear drive between the yoke and fiied ground
is estimated at 7.2 Hz. Thus the spring constant is 9.65 X 109

in-1b/rad.
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Bull Gear Properties
a. Stiffness

The bull gear torsional stiffness was estimated by KPNO at
1.2 X 100 £e-1b/rad.

b. Inertia

The bull gear moment of inertia about the polar axis was es-

timated by scaling a blueprint. The inertia is 2.46 X 107
2
in-1b".

Gear Drive Stiffness

\]

The gear drive stiffness supplied to JPL by KPNO/AURA on June 14, 1976
was 7.8 X 10° in-1b/rad.

A recent reevaluation of the gear drive stiffness was performed by KPNO/
AURA. Each of the two gear boxes have a stiffness of 1.38 X 1_011 in-1b/

rad. The two-gear boxes act in parallel and that resultant spring then
acts in series'with the bull gear.

The gear drive system spring constant obtained from such a combination
was analytically derived by KENO as 11.5 X 10° in-1b/rad.

Test results at KPNO on the existing hardware established the effective
system spring constant at 2.4 X 109 in-1b/rad. This spring constant in-
cludes telescope and support stand windup., KPNO suggested that JPL use
a gear drive stiffness of 7.8 X 109 in-1b/rad for the analysis as a con-
servative approximation. The drive stiffness can be taken as high as
11.5 X 10° in-1b/rad if a sensitivity study is desived. A rotational
spring constant of 7.8 X 109 in-1b/rad was used to calculate the yoke

frequencies including the gear drive.
South Pier Properties

a, Stiffness

The influence coefficient and stiffness matrices for the South
Pier are given in Table IV. These matrices are derived from a
finite element model. The South pier was fixed at the top of




the concrete block. The properties are with respect to the
center of the South bearing, Point A in Figure 1. The yoke
coordinate system is used and the units are 1b, in, radians.
From Table IV(a) a torsional spring constant for a unit tor-
que about the Polar axis can be determined, assuming an un-
restrained bearing, thus

5 \

=

®© 44474 x\0™°

By applying forces to the South stand which simulate the gear

train forces an effective spring constant can be determined.
This is estimated as

= 2.00 x\o'o :M—LB(EAD

<

K; = T7.96 x0"° N=-L8f a0

The latter spring constant does not account for the bearing
ball deflections. The above two values bracket the South
pler torsional spring constant,

Inertia

The South pier inertia properties have been crudely estimated
using the output of the finite element program and by scaling
the preiiminary blueprints. Detailed bluebrints of the South
pier were not available. The South stand weighs 8,000 1bs,

the c.g. is 31 inches below the Polar axis and the moment of

inertia about the Polar axis is estimated at 2.7 X 107 lb—inz.

9. North Pier Properties

Stiffness

The influence coefficient and stiffness matrices for the North
pler are given in Table V. These matrices are derived from a
finite element model. The North pier was fixed at the top of
the concrete block. The properties are with respect to the
center of the North bearing, Point B in Figure 1. The yoke

coordinate system is used and the units are 1b, in, radiants.

From the influence coefficient matrix of Table V(a) a torsional




10,

11.

12.

spring constant for . .ait torque about the Polar axis can be
determined as '
N
K" - = L87 x10" -8 [ero
e . 5337 % 10”2

The North bearing is assumed free in the above calculation, By
simulating the damper forces on the North stand an effective

spring constant can be estimated as
~

\<e = .8.4—0xloa w-us/mo
The latter spring constant does not account for the damper spring,
if any, and the ball bearing deflections. The values given above
bracket the estimate for the torsional spring constant for the
North pier.

b. Inertia

The North pier inertia properties have been crudely estimated
using the output of the finite element program and by scaling
the blueprints. .An allowance for the cable wrapup weight was
included. The North stand weighs 27,000 1bs, the c.g. is 97
inches below the Polar axis and the moment of inertia about

Point B is estimated at 5.8 X 108 lb—inz.

Motor Rotor and Small Gear Inertia

The motor rotor and small gear inertia is estimated at 1,11 X 108 lb-inz.

Stator and Gear Case Inertia

For the purposes of this analysis the gear case and Stator inertia is
assumed negligible as compared to the South pier ingréia.

Damper Properties

The equivalent viscous coefficient of the damper is estimated by KPNO as
C=5X 107 to 5.4 X 107 ft-lb-sec. The inertia of the KPNO telescope 1is
3.56 X~106 ft-lb-sec2 and the natural fre uency 1s 1.2 Hz, The system

is approximately critically damped.
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The damper as installed is A-C coupled and acts as an acceleration device.

The coefficient for the acceleration damping, relating torque to angular
acceleration is not available.

KPNO suggested the follwoing alternatives to modelling the damper:

a. Use the KPNO telescope properties defined above to reiate

acceleration to torque for the damper.

b. Obtain acceleration damper characteristics from the hard-
~ ware by examining the bluebrints.

¢. Use, as a first cut, a viscous damper with C = 5 X 107 ft-lb-sec
Or assume a critically damped system. The proposed damper should
be capable of providing critical damping for the NASA telescope.

’

Tachometer Properties

The proposed tachometer assembly is Inland Motor Model TG-5714~C. Pro-

perties for this assembly can be obtained from a commercially available
catalogue,
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