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FLOW CHART BLOCK C (FIGURE 1A) - DETERMINATION OF AVERAGE PRM INFUT

The PRM input is a normalized variable that is always between zero and
Unity (see Figures 1 and 2). The process of obtaining an average value of
this variable over any interval - say t; to to - is summarized below.

Assume the filter output varies linearly from t; to tp. Therefore, when
a signal starts from |y(t1)|, the curve varies linearly from ‘y(tl) to
|y§tg)l when y(t1) and y(tp) have the same sign, and varies linearly from

‘y tl)l to - ly(tg)‘ when they are of opposite sign. Define
y(t1)| - Dz
X1 o= LéA% I 372 ang
@ .
Xp = lxgﬁ%)! Dé D2 }- when y(t1) and y{t,) have the same
sign, or :
4
bl o
2 SAT - DZ , when y(t1) and y(tp) have the opposite sign
and define \ . _
x3 = the larger of the two (xq or x,) and
. X}, = the smaller of the two. »

g

Six possible cases now arise:
Ls X3> 1. and x), > 1.
2. x3< 0. and xh<0.

3. O.<x3<dn and 0.<x), <1,

b. x, < 0. and 0.< x5 <1.
e 5. X3>l. and 0.< x, <1.
6. x3> 1. and x), £ O.

In the first case the average PRM input (xpry) is equal to 1. 1In the second
xprM = 0. and in the third the average is simply (X3 + xu)/2. In the fourth

~

o
X - X 2
PRM 2, ¥ (X3 - X).L)

In the fifth ' ‘
% - 2o * xo = Xgu -~1.
PRM 2. ¥ (;3 - Xu)

and in the sixth o, % x 1
° q - °
‘ o XPRM = T3] *8(x3 - x))
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As can be seen, xprM is independent of t; and t, and depends oniy on y(tl)
and y(to). In the flow chart (Figure 1A) three sels of filter cutpubts are used:
¥(To) and y(T), y{Tors) and y{Torr + T1), and y(Ton) &nd y(To, + T2).

FLOW CHART BIOCK D (FIGURE 1A) - INTE3RAL F.LFZLIMENT TIMES

The fact that the PRM integralsj(Figure 2) are rarely fulfilled at exact
multiples of AT necessitates interpolation for a more exact determination of the
fulfillment times. Methods of determinating off-and on-time integral completion
times are outlined in Figures 3A and 4A, respectively. Straight-line inter-
polation between filter output values is assumed for every interval under
considerationé

FLOW CHART BLOCK E (FICUKE 1A) - EQUATIONS OF M)WION
2 o o0 - 2
o(1) + {8(zo)} *AT + (d/2) x{AT)® )

. oo DT T e
§To) + G * (AT

Refer to Section B for ay, éxplanation of using AT as *he integration
interval from Ty to T. (O remains constant during AT:.)

o(T)

o(T)

1]

FLOW CHART BLOCK F (FISURE iA) - CIMBAL THIM SYSTEM

To simplify calculations, the angular accelerati.n caused by tnc GV
(Figure 1) is assumed to be constant during each iteration interval and ic
determined by the value of the GTS output at the beginning of each interval.
No interpolation is used to find the exact times at wnich the RCS filter
output reaches GDZ. The equations used in the GTS simulstion are given in
Figure 5A. )

FLOW CHART BICJK o (FIT'RE 1A) - FROPELLANT CUNSUMETICN

The equations used in computing propeilant consumpticon are listed below:

PRM electrical on time = time taken to complete cn-time integral = Tgp = Tk = TT

Specific Impulse during thrusting period = Isp

270, * (1. - e"T2/0.02ky

g
vy
I

F* [ Tp+ Ty - TL)/ISP

sD/jle
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FIGURE 1A

FLOW CHART FOR C
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1GURE 1A

(53

NTROL _ SYSTEM SIMULATIQON

ZINITIAL . . L
ONDITIONS @ Y »
ND FEFINITIO _

. £

TOTAL ACCEL . FROM T, To T JETS ARE ON
) - lis o +TRGaTS /T +RETA(ly@I/ gt

PREDICT FILTER OUTPUT AT

b¢:.:;T\ME T, USING AT =T-T, ‘ / \Q
| . |AND DEFINE ouTeuT = Y(T) M=0
- A = 2
~ | FAND AVERAGE PRM INPUT
4:@::} DURING (T=T,) AND DEFING b
! - - AVERAGE = Xpgm FIND EXACT TIME THAT
@ TW=> TWMIN AND DEFINE |
AW;Bog(l.—xPM)x(T—Tg ~ | THIS TIME = Ton
' SET TWOId = TW ‘ J’ '
TW= TWqy + ATW TO ACCOUN T FOR Ton
: ; AND T, IN EQ.)S oF | 4
‘ MOTION, SET | ’
AL = T=T, —(TW > TWMIN ' = =
J~—*ﬁﬂ&—— °‘E§EE<T TRUE | AT = Ton + T, T

1 5

TS ACCOUNT FOR PR

\ INTEGRATION DURING T
* | {7 ~
° FIND ulTan) AND
/ FALSE Y(Tan) _
I o 4(Ton+T2) BY UNEAR
FIND PROPELL ANT CONSUKED _ -\ A |
AF=0. | [FROM (Tk+T,) TO (Ton+T2) WO @ seTwEEN #T) A (D

SET = AF : SE N = o
K T 2 - FIND AVERAGE PRM
INPUT DURING Tg

a../”b | ’% | | ) CIVIE ST

—8 FUEL=FOEL~-AF & v = X priA
; ¥

| louTeuT , , ' ,
' , < / Co | [TWS B (4-Yppn) ¥ T,

— oo T - 7

/ T= Te+ AT , ‘ ] /
.GV\ >0 ) TRLUE | — . P
— ¢ : : L0 X335

Grumman Aircraft Engineering Corp. o 28 v 1y

[



FIGURE 2

DETAIL FROM FIG. 4
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FIGURE 3A

DETERMINATION OF OFF-TIME

INTEGRAL

COMPLE TION

TIME
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FIGURE 4A

TIME

DETERMINATION OF ON-TIME \NTEGRAL COMPLETION
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"FIGURE &§A

O GIMBAL TRIM SYSTEM  SIMULATION

DEFINE

DDLTDZ = GTS MOTOR INPUT AT TIME =T,
d(t) =6TS MOTOR OUTPUT AT TIME =t
d(t) = DERWATIVE OF MOTOR OUTPUT AT TIME=t

d = SECOND DER\WATIVE OF MOTOR OVTPUT FROM T, TO T
TKGTS = GTS OUTPUT TORQUE FROM T To T=+aT

J;
g0 >cdz )

, JyTRUE

DDOLTDZ -:{ 5@'.)/}5&) !} # DDLTAC

N

d=(spLTDE - d(R))/GTC

\d (To)\}m_'r LM )
&TRUE

(ObLTD2/d(Te) = 0. FRUE &

FALSE

Y
[:}

O O

N

d(M = d () + d(TO* AT +{d/2)%( AT

.dh) = EE‘(To) =¥ .& * A’t

TKGTS = d(M)« 8\6F % G L

i SEE SECTION B8 FoR
' EXPLANATION OF USE
. oF AT
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