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Conslderations about the attitude and orbit acqu sition phases led top a

max imum power of 24%W consumed by the propuleion subaysiem
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IRTRODUCT 10K

The Lmpulee 1a &n important parameter for the design e.d oper
satellite orbit and attitude control eyetems that use reaction tata, Ir
controlling the motlen of the satellite, 1t le neceasary to knuv what
glven jet will deliver before beginning any maneuver so that 1% can be
accomplished with a minimum consumption of fuel: fusl belng Lhe critic
that determines the uesful 1life of the satellite.

One of the manners used to determine the impulse of & thruete
experimentally measure the thrust and integrate tt gver a certain tine
However, la satellite control systeme the jets develop a low thruat on
of 0.5 to 20.0M and commonly operate in a pulsed mode with cycle times
S0ms. This low thrust and ehort cycle time complicates the meazurement
interference from the mechanical dynemic response characteristilcs of t
balance.

Rere, this problem 1s discussed by presenting a dynamic analy
actual performance of a thrust balance intended for use in the range «
1008 and with pulse cycle times of 50ma. In what follows, the balance
described, a mathematical analysis of 1ts dynamic behavior is complet:

results are compared with some experimental measurements.

THE BALANCE

Flgure 1 shows the general features of the thrust balance. T

thruster under test is attached to & table which ip "-m”ced L1 wive o
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Hrection of thrust by means of two flexures. The table butta against a
ileioeletric force transducer and is held in place by means of a compression
rpring/screw throad device., The traneducer is connected to a charge amplifier
which in turn ie hooked to some recording device. In the experiments discussed

wre, the aignal waa recorded with a storage cacilloscope.
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Figure 1. Thrust Balance.

with the objective of being able to control mechanical damping, the
table is also Ffitted with a magnetic damper. The damper was positioned at more
than one location with respect to the table during the tests, and will be

discussed in a later paper.
DYNAMIC CHARACTERISTICS

The measurement system can be viewed as in Figure 2. In that schema,

the original thrust force signal F(t) is transformed to & displacement aignal
X{t) by the table,

Tis) Ky Na 1Y
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Figure 2, Schematic representation of the system.

The displacement is then transferred to a electprical charge signal qit), then
vit) alter passing through the amplifier,and findly, to,a displecement hit) on &

graph. Each of the transformations involves a transfer function, which depends
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upon the nature of the device employed, that modifies the lncoming sign

Limiting the analysle to the table, X(t) can be found from

E
Xt} = Flt - ) tie} ar

where tit) is the Lnverse La place transform of the transfer function T

the table which in this case is shown to be

W
P - E—
T{s}'S'42(w s+ W
n ™

where

miradl’s]

¢ = o/ (-]

K = equlvalent spring constant of all table supports [N/m]
M = mass of the table [kg]

¢ = damping constant [N.e/m)

Teo eimulate the pulsed mode operation of the micro thruster, F
considered to be a square wave with an emplitude equal to the magnitude
thrust A and a periocd T equal to twice the pulse duration time. During
time of the thruster 0 ¢ t £ T/2 the displacement 1z given by

X(e) = A {1 - e-;m|

nt {cos Hdt . Ben WdtJ]

1-¢

where

During the off time T/2 < t < T

-cWor
Xith = nT e n ain(ﬂdt .+ B
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where

-0.05¢w
all - ain (o.oswd + #H
1=
Ay = -0.05¢%
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L
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Table 1 liste the characteristic values of the measurement system. In
Figure 3 is the idealized dieplacement response of the table utilizing these
values to a increase in level of 6M.

Table 1

Characteristics of the thrust balance

Table mass 0.650kg

L]
Table moment of inertia 91.7x10 kg.m'
Rigidity of flexures 22 7x10" R/n

Rigidity of spring/thread mechanism 3.27x10" N/m

Ratural frequency 591 rad/s
-

Maxitum table displacement 0.44x10 m
2

Time constent 2.4x10 8

TESTS

The baiance was mounted on a magslve concrete block as shown in

Figure 4. A thrust level of 6N was sinulated by suspending a welght from the

table and & step change te zero was effected by cutting the chord.
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Figure 4,
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Figure 3. Response of table displacement to atep

increase of thrust from O to 6N,
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Fipure 5 shows a sample of typical resulta In which it can be seen

that the system deesn't behave as predicted by the mathematical model. In the

Figure , it is easy to see that
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However, there is the following behavior
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Figure 5.

This result was believed to be due to a low rigldity in the
trangducer support and the parts were stiffened. Figure B shows the results

after the modificatlon and it can been seen that the math model provides a

to
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Balance dynamic response

a thrust level of 6N.

reagohable prediction of the table behavior,
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Figuie 6. Balance response,
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Based on these results, it is felt that the present balance
introduce any real distortion Into the thrust signel for the conditic
it was designed. In fact, it appears that pulses down to 20me may be

measured.

CUNCLUSLONS

The results shown in Figs. 3. 5 and 6 demonstrate that tha
mathematical model employed in the analysis provides a reasonable pre
of the system behavior and the feasibility of the system concept to tt
purpose. The dependence of the system dynamic regsponse characteristioc:
geometrical parameters is shown; the transducer and fts mounting devis
determine the mechanical damping,and the spring/thread mechanism does
on the system equivalent stiffness. The measurement system can be view
mass-spring-damper system wlith an adequate damping coefficlent within

to 0.8 ideal values range.

The development will be continued after scme modifications in
in the nriginal design through the accuracy evalueation, calibration me

and accessories definition.
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