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LMA Deorbit Burn 

Summary: A proc edure for the flight controllers i s recommended (Section I - B) . 

Other methods are discussed and a strip chart istory o a 

typical "Ullage Burn" is presented. 

A request was received Lt.s t week to look into several aspects 

of the planned LMA Deorbit Burn . This unmanned burn will be made t o put 

the LM ascent stage into a lunar impact orbit as a test of the seismomete r 

and will be made using the auto ullage feature of P42 . 

I. Procedures 

The burn will be under ground control. T he procedures are summarized 

as follows : 

Rendezvous 

P30 - wit:. pad 
R03 - 5 deg deadband 
POO 
Mode control to Auto ( from free ) 
CM SEP 
Gnd call P42 
Auto trim (1160) 
Enter on FL V9 9 whe burn cutoff criteria eac e 



./\s it is desir:1ble to have Lun;J.r imp;J.ct at a specified locc..iio the 

poim at which Lhe flight cointroller ENr E 11S on the fl:.:t.sh in g Verb :J0 becomes 

c ii.ical. Th e pr blcm is further cornplic::i.ted by tl c fact tl ::it t he ·c is a 

signal transit Lime of nc·1rly 2 sec nds CD.ch wo.. y o..nd th e flight contro lc r , 

[or all p r ::i.ctical purposes , has only the downlinked D:-:;KY is play ( 40 ) 

to gui c him . Th rern;iinder of this section iscusses severa l cri crL1 

the flight controller may use . 

A: 1sing VG or 6 V (R2 and R3 of N40) 

One criteria for 11 Entering11 would be when eithe r VG , the r emaining 

velocit y to be gained, or 6 V measured r eached a given value . An i nhe rent 

problem in using either vari able as a criteria is that the isplay is updated 

only once every 2 seconds , making any estimations difficult . A typical 

delta V gained in 2 seconds with 4 j et ullage is 4 . 8 fps for an almost empty 

LMA . 

Any c ross axi s a ccelerations will affe c t the VG and 6 V displays . 

These may cause the flight controller to err . To illustrate , due to t · e 

vehicle dynamics there i s_ a cross axis acceleration during ullage results 

in a 6.Vy of about 5 fps per minute . Being unaware of this at the time , the 

a thor made a run us i ng the criteria of V G being l ess than 5 fps . Since VG 

never went below 5 . 4 fps , the 11 ENTER11 was not made at the proper time 

r e sulting in residuals (N85) of - 9 . 6, 5 . 5 , and 0 . 7 fps . In the missi on 

the targets will be b iased for this cross axis acceleration , but b iasing 

the targets will not remove the effect of the cross axis acceleration on he 

DS ,cy display ( 40 ). Assuming the flight controller is aware o the situa 

tion , the fact that VG does not approach zero, but s o me fun ction of time, 

may degrade his pe r fo rmance . 

As i ndicate d t he autho r foun d it diffic ult to keep the r esiduals small 

using a velocity criteria . In six o r seven run s made using this criteria 

a nd with 4 jet ullage the average magnitude of t he X axis residual was about 

7 ps . Perhaps with more practice and concentration the er or could be 

r e duced , but the author still oes not recommen d thi s method . 



T3 : Tit e criteria (Rl of N40) 

This criteri:.1 would be to Enter on some value of T , ( lU of 1. T40) . 

In this method the flight controller would determine the burn duration 

::ind b ":.is it by t he s i gnal transit time and the 3 1 / 2 second s ullage sta r ts 

be.fore TIG . It should b e noted th.'.lt TFI i s incremented every second 

(If no -..>n_Q on V 9Q ) and tha t estimations of fractions of a second arc not 

diffi ,uli to rn::ikc . 

The calcuLltion of the value of TFI to Enter on could be m.'.l e bc:forc 

ha nd on the b.J.si s of v ehicle wei ght and RCS thruster ata . Or it could 

be calculate d duri ng the burn by the following metho~ 

1 . F ind the 6 V gained during 2 seconds . Th i s c an be calculate d 

before han d or found by subtracting any two succ e ssive di splays 

of 6 V (R 3 o r N40 ) which will be sm.'.lll and easy to handle at TIG . 

2 . Look up DSKY di splay time the II Enter11 should be made at us ing 

the graph giv en in figure 1 (or lA) or a similar one based on 

perhaps more a ccurate data . 

T he plot given in figures 1 and lA takes into account the 3 1/2 seconds of 

ullage before TIG a nd suppose s a 3 second total transit time . 

The flight controlle r should have no difficulty in u s ing this method, 

including the 6 V calculation, as he will have at l east one full minute before 

ha ving to t.J.ke action . 

The a uthor has made sev eral run::; using this method an has had 

very sati sfactory results . The VX residual s have all been less than 3. 5 fps . 

A word of caution , i f you will excus e my being p r esumptious , would 

be to make sure the Auto t rim m aneuv e r (R6 0) i s exercised at least once . 

In po.st missions APS to depletion burns have t, en made by the CSM m neuv e r 

in g th e LMA to the bu rn attitude prio r t o separat ion an the t im maneuve 

i n P 42 being bypassed . T h is meant that the LM could have an at ·tudc er ro 

... 



:t i r-11 i .io n ol' ~,::; rnucll as !i deg per J.xis (at SEJ> tl1 c LIVI/\ is in a 5 deg 
d ' ~tdban cl . Wilen P42 i s entered , it sets the cJc;1cJban cJ to 1 dc.: g about the 
angles it fo und until the trim maneuver is performed .) However , once 
the J\PS was lit , the DJ\P steered the J...,MJ\ to the proper ;ittitude . In 
this case , though , no s uch steering will occur and a reasonab y large 
burn error may result. 

II . Performance 

Due to the time limitations a detailed analysis of the LM performance 
during an 11 ullage burn 11 has not been made . Enou·gh tests have been made , 
however, to show that such a burn will give satisfa ctory results . 

F or demonstration purpose s a 200 fps ullage burn was made 
on the Hybrid. The platform was aligned such that at ignition the gimbal 
angle s were close t o zero . A strip chart history of the run is presented 
in Fig. 2 . During the burn the platform angles r emained within the 1 deg 
deadbJ.nd . The drifting off of the gimbal angles a ter the burn is ac counted 
for by the DAP being reset to the 5 deg deadband . The burn was terminated 
using the method suggested above . The residuals were (N85 ) 0 . 9, 5 . 4 , and 
0 . 4 fps body axis X, Y, and Z re spectively. It should be noted that in all 
the runs performed a VY body axis residual of about 5 feet per secon occurre d 
and that this is attributable to the dynamics of the extremely light v ehicle . 
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