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The Y a xis option of Routine 64 (V7 9) was designe d to be used with the 

restrictions that CDUX b e close to 7. 25 deg. and CDUZ be zero. If these con

ditions are met, th e positive Y stable member axis and th e positive Y RCS 

control axis are paralle1 and point in the same direction. This is important 

because of the way the Y axis option i s implemented i n the computer . Basi

c ally th e situation is that sufficient storage was not available when R64 was 

coded to make th e command rate a function of CDUX. 

The easiest v1ay to explain the effect of this is to consider a specific 

example . Let us assume that register 1 of N79 i s loaded with a rat e of -0 . 05 

deg/sec . Routin e 64 will give two commands to the DAP . One will be a com

manded increment for CDUY to be ·added every 0. 1 sec. For the case we are 

cons idering, the increment will be a negative number , - 0. 005 deg. The sec

ond command will he the commanded rate about the Y RCS control axis. For 

our example , that will b e -0 . 05 deg/ sec. If CDUX = 7 . 25 and CDUZ = 0, 

then both commands will be negative about axes which point in the same direc

tion so everything is coordinated. If, however , CDUX = 180 deg and CDUZ = 0 

both commands will still be negative but about axes that point in roughly 

oppos ite directions so that the effect is that of having the commande d gimbal 

angle inc rement i n one direction and the commanded rate in the opposite direc

tion . This obviously i s a contradictory situation . 



The question is what penalty do you pay for flying in a "heads down" 

(CDUX = 180 deg.) configuration? To answer this question two simul ations 

were run on the MIT all digital simulator . Both simulations used the Y 

axis option of R64 ,vith a rate of -0. 0507 deg/sec and a deadband of 0. 5 deg 

loaded in N79. The sequence of astronaut actions executed in both simulations 

is the same and i s liste d in Table 1. The difference between the two runs i s 

that one simulation, r ef erred to as "heads up", starts fro m initial gimbal 

angl es CDUX , = 0, CDUY = 0, and CDUZ = 0, wh ich nearl y meet the restric

tions of the R64 Y axis option . The other run, referred to as "heads down11
, 

starts from initial gimbal angles CDUX = 180, CDUY = 0, and CDUZ = 0 which 

violates the CDUX restriction by 1 72 degrees. 

Figure 1 i s a plot of CDUY for the HEADS UP run. As can be seen,CDUY 

is a smoothly decreasing function of time. Figure 2 is a plot of CDUY for the 

HEADS DOWN run . The plot in this cas e has a saw tooth nature. Wm t is im

po rtant i s t hat, despite the fact that CDUY do es not decrease smoothly, its 

a verage rate of decrease , over the long term, is correct. 

Figure 3 i s a plot of the Y component in body a xes of S/ C angular velocity 

for the HEADS UP run . It is not a constant , but i t does re main in the vicinity 

of - . 05 as i s desired. Figure 4 is a plot of Y body rate for the HEADS DOWN 

run. Keep in mind that with CDUX = 180 a positi ve Y body rate i mplie s a nega

tive rotation about Y stable member. As can b e seen, R64 starts by producing 

a negative body r ate which i s the wrong direction since a negative rotation about 

Y stable member i s desired . After a brief time the DAP drives th e rat e positive. 

This typ e of behavior has been observed on the Co mmand Mo dule Simulator and 

is understandable from the way R64 is programmed . Th e positive rate achieved 

i s too high and eventually the DAP slows the vehicle down , so much so that the 

r ate i s actually driven negative . After a brief time, the rate is again driven 

po sitive . This cycle can be seen to repeat as time passes and is the rate his

to ry that corresponds to the saw tooth CDUY history of Figure 2 . All the changes 

in r a te shown in Figure 4 are , of course , the re_sult of j et firing . 



One indicator of the efficiency of DAP operation is the phase plane . 

Figure 5 is the Y phase plane for the HEADS UP run showing a nice small 

limit cycle cente red near the horizontal axis. Figure 6, on the other hand, i s 

theY phase plane for the HEADS DOWN run. Here the height of the limit cycle 

i s much greater and is centered cons idera bly above the horizontal axis indicat

i ng less efficient operations. 

Of course the most important criterion for judging effic i ency is fuel 

cons umption. Table 2 i s a summary of jet activity an d fuel usage for the 

HEADS UP run. Total firings is 22 an d total fu e l is 0. 17 lbs. The same 

summary for the HEADS DO\VN run, Table 3, shov;,s tota l firings to b e 90 

and total fuel to be 1. 02 l bs. Both runs are of e xactly the same l ength. 

CONCLUSION 

Analysis of the simulation runs indic ate s that flying heads down in R6 4 

at -0. 0507 deg/sec will work but at a penalty in smoothness and efficiency. 

The S/C motion will b e considerably more jerky than flying heads up in R64. 

The S/ C will fly in the correct direction fo r a while at too high a rate then . 
briefly reverse its direction and effectively back up a bit then start forward 

again and so on. Fuel usage will b e considerably higher for heads down opera

tion. Comparison of the two simulations discussed in this memo shows fuel 

usage to be increased by a factor of six . Actual increase in flight may be 

greater or less depending on what disturbances the S/C experiences. 



TABLE 1 

Astronaut sequence for both simulation runs. 

T = 5 V 48E 
IF V 0 4 N 46 THEN PROCEED 
IF V 06 N 47 THEN PROCEED 
I F V 06 N 48 THEN PROCEED 
T = 15 V 46 E 
T = 17 V 79 E 
IF V 0 6 TH EN V 25 E 
I F V 21 T HEN -00507 E 
IF V 22 THEN +00050 E 
I F V 23 THEN + 11111 E 
WAIT 2 PROCEED 



TABLE 2 

Jet firing and fuel consumption table for HEADS UP simulation run 

R CS JET # TIME 0 # FIRINGS FUEL US ED 

1 0.0 1 1 0.00 
2 0.0 5 3 0 . 02 
3 0.01 1 0.00 
4 0.0 5 3 0.02 
5 0.01 1 0.00 
6 0.0 2 2 0.01 
7 0.0 1 1 0.0 0 
8 0.0 2 2 0.01 
9 0. 00 0 0.0 0 

10 0. 00 0 0.00 
11 0.0 0 0 0.00 
12 0.0 0 0 0.00 
1 3 0. 02 2 0.01 
14 0.02 2 0.01 
15 0.0 2 2 0.01 
16 0. 02 2 0.01 

AL L J ETS 0.2 8 22 0. 17 



Jet firing and fuel consumption table fo r HEADS DOWN simulation run 

RCS JET # TIME ON # FIRINGS FUEL USED 

1 0. 45 31 0.2 6 
2 0. 47 7 o. 19 
3 0. 45 31 0.2 6 
4 0. 47 7 0. 19 
5 0.0 2 2 0.0 1 
6 0.0 1 1 0.00 
7 0.0 2 2 0.0 1 
8 0. 01 1 0.0 0 
9 0.0 0 0 0.00 

10 0.0 0 0 0.00 
11 0.0 0 0 0.00 
12 0.0 0 0 0.00 
13 0.0 2 2 0.01 
14 0.0 2 2 0.01 
15 0.0 2 2 0.01 
16 0.0 2 2 0.01 

ALL J ETS 2.00 90 1. 02 
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Figure 1 CDUY vs. TIME for HEADS UP 
simulation run 
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Figure 3 Body rate vs. TIME for HEADS UP 
,simulation . run 
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Y body rate vs. TIME for HEADS DOWN 
simulation run 
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Figure 5 Y phase plane for HEADS UP 
simulation run 
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Figure 6 Y phase plane for HEADS DOW 
simulation run 




