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4.8 REACTION CONTROL SUBSYSTEM (RCS) 

4.8.1 Propellant Usage 

RCS propellant is, used to perform r o t a t i o n s  and sma l l  AV maneuvers, t o  
control the effects of moment unbalance during periods of main engine 
thrusting and to stabilize the vehicle under a variety of conditions. 

The procedure for calculation of propellant use varies with the method of 
use and may further depend on the control system in use (PGNS o r  AGS), 
the mode of vehicle control (attitude hold o r  automatic) and the vehicle mass, 
inertia and center of gravity. 

RCS maneuvers must be broken down to a sequence of activities, each of 
which has a particular procedure for calculating consumption, a s  
detailed below. Consumption is calculated for  each activity and summed to 
provide total usage. 

The following will further aid in the use of the instructions detailed: 

0 During a period of main engine thrusting, the RCS propellant 
required for moment control and for rotations, if any, a re  deter- 
mined independently and summed, 

0 RCS firings for main engine tank settling are synonymous with RCS 
translation maneuvers in calcul'ating usage. 

0 Certain sequences, such as docking and landing, a r e  too involved to 
permit simplified manual calculating of consumption. The usage 
(based on simulation data) is therefore specifically given below. 

0 Vehicle weight must be givcn. 

4.8.1.1 Rotations 

I The propellant consumed for rotations under AGS. control is shown in Figures 
4.8-21 t h r u  4.8-24, 

1. Rates 

I n  t h e  undocked conf igu ra t ion ,  manual r o t a t i o n s  (Rate  Command/Attitude 
Hold) a r e  performed i n  PGNS a t  a maximum rate of 20.0°/sec w i t h  a f u l l y  
d e f l e c t e d  hand c o n t r o l l e r  on t h e  h igh  scale s e t t i n g  and 4 , 0 ° / s e c  on t h e  
l o w  scale s e t t i n g ,  
h igh  and low s c a l i n g  are 2 .0° /sec  and 0,4O/sec r e s p e c t i v e l y .  

I n  t h e  docked c o n f i g u r a t i o n ,  t h e  maximum rates f o r  

' ,  Contract No. NAS 9-1100 
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4.8.1.1 (Continued) 

The propellant consumed for undocked rotations using the rate 
command/attitude-hold mode is shown in Figures 4.8-1 and 4.8-2 
(without RCS plume deflectors) and 4.8-3 (with plume deflectors). 
These figures assume the c,g. location varies with LM inertia. 
Figures 4.8-3.1 through 4.8-3.4 show the propellant consumed for 
rotations using the PGNS rate command/attitude-hold mode in the 
docked configuration (with'plume deflectors) assuming constant 
c.g. locations with varying vehicle inertia. For consistency with 
AGS RCS propellant consumption curves, they are given in terms of 
the body reference system. 

Automatic rotations in each axis, for PGNS, are crew selectable to 
limits of 0.2, 0.5, 2.0 and 10.OO/sec for maneuvers during unpowered 
flight and l0.O0/sec automatically selected during powered flight. 
These rates are stored in the LGC and are selected via the DSKY. 
The propellant consumed for rotations in the automatic mode, in- 
cluding the effects of jet impingement in the descent and docked 
configurations, may be obtaiqed in the following manner: 

Single axis maneuvers may be handled similarly to manual rotations. 
Knowing the maneuver rate, propellant consumed can be obtained 
from Figures 4.8-4 aqd 4.8-5 (without RCS plume deflectors) or 
4.8-6 (with deflectors). The curves shown for the automatic mode 
are for 0.2, 0.5, 2,O'aod 10,OO/sec. For other rates, interpolation 
can be used. Figures 4.8-3.1 through 4.8-3.4 show the propellant 
consumed for rotations using FGNS autQmatic rates of 0.5 and 2.0°/sec 
in the docked configuration (with plume deflectors) assuming constant 
c.g. locations with varying vehicle inertia. 

For multi-axis (combined) maneuvers, knowing the selected total 
vector rate (wo/sec) the vehicle body axis rates (P, Q and Ro/sec) 
may be determined. (Ref. LMO 500-711). Once they are known, the 
corresponding RCS propellant consumption (Wp, Wq and Wr lbs) is 
obtained from Figures 4.8-4, 4.8-5, and 4.8-6. The total propellant 
for the maneuver is then Wp plus the maximum of Wq or Wr. 

To all rotational (manual or automatic) maneuver propellant consump- 
tion calculations, the limit cycling propellant to hold the desired 
rate about each axis, must be added. 
pellant consumption rates in lbs/min as a function of deadband 
and moment of inertia are given in Figures 4.8-7 to 4.8-10. The 
limiting cycling time for rotational maneuver is the maximum value 
of A O/Q, A $/R, or A $/P, where A 0 ,  A $, and A 4 (degrees) are 
the changes in the vehicle's orientation angles in pitch, roll and 
yaw. 

Curves of limit cycling pro- 

LED-540-54 Contract No. NAS 9-1100 
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For automatic rotations in AGS, the vehicle seeks to attain a ra te  de- 
pendent on commanded angle and angular acceleration (which is a function 
of inertia). 
shown iii Figure 4.8-11 as a f u n c t i o n  of commanded ang le .  The a c t u a l  
vehicle ra te  will he this mnsimum or  the applicable ra te  limit, which- 
ever is smaller.  

This maximum rate  for various typical accelerations is 

For rotations with AGS: four jets a r e  always commanded for  rotations 
about the X axis, four jets are coininanded for  Y and Z axis rotations 
in powered flight, and two jets in unpowered flight. 

2. Simultaneous Maneuvers 

For  preliminary planning it should be assumed that all rotational maneuvers 
require rotations about two axes unless i t  is fairly evident that this is not 
required. For  example, pitchover for  visilsility at high gate requires only a 
pitch rotation; orientation for M U  alignment may require pitch and yaw 
rotations. 

The total consumption for  simultaneous maneuvers is the sum of that re- 
quired fo r  yaw and the larger  of that required for pitch o r  roll commanded 
maneuver. 

When inaneuvers a r e  performed during powered flight the total propellant 
used by the RCS is the sum of that used for the maneuver and that used for 
moment control. 

Contract No. NAS 9-1100 
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When the vehicle is not maneuvering, i ts  attitude is maintained within certain 
angular l imits in a limit cycle operation. 
known as deadbands, used as follows: 

There a re  four angular limits, 

I 

Attitude Hold Mode Automatic Mode 

Wide rt5" (Undocked) Wide *5" 

Narrow +o. 3" Narrow +l. 4" (Docked case 
only) 

Narrow A . 0 "  (PGNS; prior to 
undocked engine 
burn only) 

Narrow +o. 3" (Undocked) 

In PGNS mode the deadbands a r e  stated about the (X, U ,  V) axes and in 
AGS mode the deadbands are stated about the (X,Y,  Z )  axes. 
equation i s  supplied to allow for the transforming of moments of inertia 
from the (X,Y,  Z )  axes to the (X, U ,  V) axes. 

The following 

i 
The rate of propellant consumption per axis a s  a function of deadband 
and inertia is determined using the following equation (Ref. LMO-500-352): 

2 . 0.25 (Min. Imp, x Njet) rc 
W =  

Ispm D I 
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where 
e 

W = Propellant consumption per unit time (lb/sec) 

Min. Imp. = That impulse which is obtained from the shortest 
electrical "on" and "off" command (Ref. Figure 4.8-41 
at 70" F). 

Docked Min. Imp. = 9.7 lb-sec 

Undocked Min. Imp. = 0.8 lb-sec 
= Number of jets commanded; depends on the axis commanded, and 

Njet the mode that the LM is in. 
DAP - 
Njet (X-axis) = 2 

Njet (Uand V-axes) = 1 (Note: In docked configuration, Njet = 2) 

AGS 

Njet (X-axis) = 4 

Njet 

- 

(Y-and Z-axes) = 2 

r = Moment arm; depends' on which axis a rotation is made about. 
C 

r (X-axis) = 5 f t  

rc (Y-and Z-axes) = 5.5 ft 

rc (U-and V-axes) = 7.8 f t  

C 

Ispm = That specific impulse which is obtained from the shortest 
electrical "onfT and rroffrc command (Ref. Figure 4.8-42 a t  70'F). 

Docked Ispm = 260 sec  

Undocked Isp, = 165 sec 

D = Deadband commanded, in radians: 5"/57.3, 1.4"/57.3, 1"/57.3, o r  
0.3"/57.3 

2 I = Moment of inertia per  axis (slug-ft ) 

The r e s u l t i n g  F igures  4.8-7 t o  4.8-10 and 4.8-12 t o  4.8-15 show 
p r o p e l l a n t  consumption p e r  u n i t  t i m e .  T o t a l  consumption is ob- 
t a i n e d  by summing t h e  per -ax is  rates and mul t ip ly ing  by t h e  
d u r a t i o n  of t h e  coas t ing  per iod .  It should  be  noted t h a t  t h e  
curves  s u p p l i e d  r e p r e s e n t  minimum t h e o r e t i c a l  va lues ,  and may 
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4.8.1.2 (Continued) 

n o t  b e  c h a r a c t e r i s t i c  of  real  miss ion  coas t s .  D i s tu rb ing  torques  
such as LM ven t ing ,  a tmospheric  drag o r  any o t h e r  v e h i c l e  pe r tu rba -  
t i o n s  a r e  n o t  considered i n  t h e  d e r i v a t i o n  of t h e  equat ion .  

Where atmospheric drag effects are significant, no consumption rate lower 
than 2.0 lbs per hour can be assumed. 

I -  . 

4.8.1.3 Translation 

The propellant required for a steady state RCS burn for a given time is 0.367 
Ibs per  second per jet, based on a minimum’Isp of 273 sec  and.a thrust per  
jet of 100 lbs. 

RCS propellant to provide a given A V  (ft/second) exclusive of propellant 
required for moment control is determined from: 

WR = Wv x AV/8780 

W, = RCS propellant (lbs) 

W = Vehicle weight (lbs) 

For X a x i s :  

Y and Z 
axes 

WR = [Wv X AV/8780]1.12 

1.12 = plume impingement 
c o r r e c t i o n  f a c t o r  

I V 
4.8.1.4 Moment Control 

1. X-, Y- o r  Z-Axis Translation 
Propellant required foY moment control during X-axis translation is negligible. 

Translation maneuvers along the Y- or Z-axis create significant moments 
( r o l l  and p i t c h ,  r e s p e c t i v e l y )  when t h e  c e n t e r  of g r a v i t y  i s  no t  i n  t h e  
p l ane  of t h e  t h r u s t e r s ,  
Propellant consumption per unit A V as a function of vehicle weight can be 
determined using Figure 4.8-16. The p r o p e l l a n t  consumption given i n  F igure  
4.8-16 is t h e  t o t a l  of t h a t  r equ i r ed  f o r  both moment c o n t r o l  and t r a n s l a t i o n .  

2. Descent Engine Thrusting - PGNS 
During descent engine firings, RCS moment control in PGNS operation is 
required during the following: 

a) descent engine start-up 

b)  descent engine throttling (due to mount compliance) 
C) sudden a t t i t u d e  change r equ i r ed  dur ing  descen t  engine  o p e r a t i o n  

The RCS propellant required during the above descent engine operations can 
be determined from the following equations: 

Contract No. NAS 9-1100 
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4.8.1.4 (Continued) 

where the first factor is the larger of either I M I or  IMz I and 
Yavg. avg. 

is multiplied by the second factor, the larger  of either I tl I , o r  I t2 I and; 

= T ( I [ ~ . g . ~ ~  + E A x  + I AT 1 KtAx] 1 -0.5 W Ax$) 
0 

M 
J'avg. Y 

I I [c.g.zo + E Ax + A T KtAx] t, = Y I 1  
1 WoA x 

I 1 [C.g.yo + EZAx - AT KtAx] 
t =  I I  

WoAx 2 

and where: 

Wrcs ,= RCS propellant consumption (lbs) 

T = descent engine final thrust level per maneuver (lbs) 

c.g. =Displacement of the thrust vector from the center 

= 0 (during engine throttling phase) 
Yo of gravity on Y-axis (ft.) 

-~ 

c.g.zo =Displacement of the thrust vector from the center 
of gravity on Z-axis (ft.) 

= 0 (during engine throttling phase) 

= gimbal drive rate (0.2"/57.3)rad. /sec. 

- 

_ ~ _ _ _ _  

wO 

E = uncertainty in position of pitch gimbal angle (0.655/57.3)rad. 
= 0 (during engine throttling phase) 

= uncertainty in position of initial roll gimbal angle 

= 0 (during engine throttling phase) 
(0.655/57.3)rad. EZ 

Contract No. NAS 9-1100 
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A x  = difference between location of center of gravity on X-axis 
and gimbal pivot point 

- (XC. g. - 154") (ft) 
-12 

Xc. g. = location of center of gravity on X-axis (in) 

AT = change in thrust level 
(note: during start-up T initial = 0, so  AT = T) 

= gimbal mount compliance factor 

= moment a rm for  control in pitch and roll maneuvers (5.5 f t )  

= time average moment unbalance about Y-axis (ft-lbs) 

(0.46157.3) X l O - 4  rad / lb .  per ax i s  
Kt 

RO 

M 
'avg. 

= time average moment unbalance about Z-axis (ft-lbs) 
avg. MZ 

I = f (MT) (See Figure 4.8-17.) 
SP 

Pr ior  to engine throttling, and after the initial s ta r t  transient, the thrust 
vector passes through the c. g. Thus in calculating M 'MZ 9 $ 9  

Yavg. avg. 
and t2 for  the RCS propellant used during descent engine throttling, due to 
mount compliance, the terms c. g. 
equal to zero. 

c. g. zo, E A x  and EZ A x  are set 
YO' Y 

Figures 4.8-18, 4.8-19, and 4.8-20 are the  r e s u l t  of a compilation 
of data  from a computer program using Equation (A).  
program w e  e s t ab l i sh  the  following equation: 

From t h i s  

Wrcs  = ( P ~ K C T )  x E% (B) 

where 

= RCS propellant consumption (lbs) 

= propellant factor (Figure 4.8-18) 
Wrcs  

pF 
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Notes : a)  for descent engine start-up, PF is determined from the 
gimbal angle displacement from the nominal gimbal angle 
(including mount compliance) 

b) for descent engine throttling, gimbal angle displacement 
from the nominal gimbal angle is determined from 

6 = KtA T (either 6 8 or 6 $ )  

K = thrust correction factor 
(determined from AT magnitude; note using correct assumptions 
for A T and Figure 4.8-19) 

location correction factor c. g. c =  x 
(determined from vehicle X position; Figure 4.8-20) 

c. g, 

It should be noted that if the descent burn is accomplished docked, where 
the RCS jets a re  inhibited, there is no RCS propellant consumption. Also, 
when an attitude change is required, propellant consumption should be 
determined from the supplied rotation curves (Figures 4.8- 11 and 4..8-21 to  
4.8-24). Now, t h e  RCS propellant consumption during descent engine 
burns can be computed using Equation (B) and Figures 4.8-18, 4.8-19, 
and 4.8-20. 

After the transient period is over, i. e. , during descent engine throttling 
(due to mount compliance), and after large attitude changes during descent 
engine operation, then vehicle attitude stabilization is maintained by control 
of the gimbal drive actuators. While the gimbal drive actuators are in 
control there is no RCS propellant consumption. 

3. Descent Engine Thrusting - AGS 

In addition to control during transients, noted in Para. 4.8.1.4 Par t  2, 
moment control during non-maneuvering descent engine thrusting using 
AGS will be in the form of a combined RCS/gimbal drive actuator limit 
cycle operation and will consume RCS propellant at a rate of 4.2 lbs/minute. 
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4. Ascent Engine Thrusting - Canted Engine 

Nominally, during ascent engine burns the APS/RCS interconnect wil l  be 
manually opened after the ullage maneuver has been completed and wil l  
be closed prior to ascent engine cutoff. For ascent from the lunar sur-  
face the interconnect is opened prior to lift off. Figure 4.8-  25 gives the 
nominal L M  control boundaries for ascent engine firing. Figure 4.8-26 
gives the reduction in the nominal LM control boundaries due to RCS and 
APS thrust  vector location, and thrust magnitude uncertainties vs X C. G. 
location. 

Figures4.8-27 t o  4.8-30 show t h e  RCS p r o p e l l a n t  f l o w  rate,  t h e  d e l t a  
APS/RCS specific impulse (i. e. the difference between the APS alone and 
APS/RCS specific impulse), the delta APS/RCS mixture ratio (i. e. dif- 
ference between APS alone and APS/RCS mixture ratio) and effective RCS 
thrust during moment control. These are shown as functions of the Yc. g. 
and Zc. g. of the manned dry vehicle (i. e. no tanked RCS or APS propel- 
lant), where the dry vehicleweight =5308 lbs. The data presented in the 
figures are for a rotated ascent engine (pitch cant angle of -1.5" and a 
Z-axis offset of +3.75 in. with the DA,P in control), a burnout delta velo- 
city of 6050 ft/sec, and the following lunar mission expected nominal 
ascent engine characteris tics : 

Thrust = 3515 lbs 
Specific Impulse = 308. 9 sec  
Mixture Ratio = 1.593 

The RCS propellant remaining at lunar liftoff is 511. 6 lbs. C. G. locations 
where no data is provided indicate that the maximum available HCS 
restoration capability of 1100 ft-lbs has been exceeded. The APS and 
HCS thrust vectors location and magnitude are nominal. The total propel- 
lant consumption arid burn time may be calculated using the following 
equations. 

Initial Vehicle Weight - AV 
lo In [I Final Vehicle 3 - 32.174 (APS Isp - AAPS/RCS  IS^) 

where 
AAPS/RC§ Isp is obtained from Figure 4.8-107 

A V = 6050 fps 
Initial Vehicle Weight = 11046. 7 lbs 
APS Isp = 308.9 sec 

APS total propellant consumption = Initial Vehicle Weight - 
Final Vehicle Weight 

Contract No. NAS 9-1100 LED-540-54 
Primary No. 664 Grumman Aircraft Engineering Corporation 
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Propellant Consumption 
2. BurnTime = \XI 

APS + WRCS 

where 

0 - 3515 lbs 

IsPApS 308.9 sec - - 9  W - -- FA - 

and 
a 

is obtained from Figure 4.8-27 WRCS 

The RCS propellant flow rate and APS/RCS integrated specific impulse 
during moment control, with PGNS o r  AGS, may be calculated as a 
function of instantaneous Y & Z using Figures 4.8-31 through c. g. C. g. 
4.8-34 and the fo l lowing  equa t ions .  

P 

* a$= Y = 0 nominally B 
4) MUH=XM 

Using MU enter F igures  4.8-31 and 4.8-32 and read w and O/Fg. 
H' H 
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0 - 'H ('IFH) 

6, WOH- (1 + O/FH) 

100 [ 5 . 5 r -  *& - FF] 

For  AGS Control 

6A) For MUU> 0 

For MU < 0 
U 

For MU > O  V 

F o r  MU < O  
V 

DV FS = - 
V 0.013 

1 Fsu 

1 MUV I 
D U  

DV 

('- DU+0.3 - 0 .3  D ) U 

) (l-D + 0.3 - 0.3 DV V 
for  D u s  0.182 

- 
[S1 (Du -0.182) + 1 FSU for.0.182<D < 0 . 5 7 5  

f o r D  > 0.85 

for 0.575<D < 0.85 

U- 6C) F = J 
[S2 (Du - 0.85) + B 11 FSU U 

U' B FSu 1 

i 
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for D < 0.182 . V- - 0.182) + 1 FSV fo r0 .182<DVs0 .575  

V 
6 C )  FV ,={  1 s1 (Dv J 

[Sa (DV - 0.85) + Bll FSV for  D 90 .85  
J 

for 0.575 C D v s  0.85 V LLB1 FS 

0.2 (Vehicle Weight, lbs) + 1900 where B = 
1 5,000 

B1 - 1 
- - 

'1 0.393 

1 - B, 

for  F U >  0 

for F 9 0  V 

For PGNS Cont ro l  

Using MUu and MU 
i n e r t i a  

a long wi th  t h e  e f f e c t i v e  d iagonal  a x i s  V 

2Iyy I22 

V' 

) enter F igures  4.8-33 and 4.8-34. Read TWu - - 
(Ieff ~ y y  + ~ z z  
and TW I and FU and Fv, r e s p e c t i v e l y .  

The fo l lowing  equat ions  a r e  a p p l i c a b l e  both  f o r  AGS and f o r  PGNS 
Cont ro l  : 

8 I - + (0.24892 TWu - 0.00011) Fu 7, wOX- WOH 

+ (0.24892 TW - 0,00011) FV 
V . - + (0.12043 'TWu + 0.00033) FU 

+ (0.12043 TWv + 0,00033) FV 

W~~~~ - W~~ 
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4.8.1.4 (Continued) 
b b . 
W = w  + w  

RCS ox FUEL 

8) F = 100 (F x TWU + F x TWv) 
R U V 

, . 
= Total Flow Rate - ') W~~~~~ - WRCS -t WAPS 

XM Moment unbalance about the center of gravity of the vehicle, 
YMl= ZM ft-lbs 

= X center of gravity with reference to the LM XE coordinate 
system 

X~~~ 

Z 

Y 
- Center of gravity in inches with reference to the dry vehicle 

(i. e. , no tanked RCS or APS propellant) 
- 

c. g. 

XA = The distance from the nozzle throat to the LM XEcoordinate 
system. Nominally 232. 96 inches 

c * g .  I 
= Ascent Engine Thrust = 3500 lbs nominally 

FA 

b e  = Pitch cant angle, radians =- 0.02617 rad  

R o l l  c an t  a n g l e ,  r a d i a n s  = 0 

= 3.75 inches 
zB I l a t e r a l  displacement  

of Ascent Engine 
= 0,  nominally I 

yB 
e 

= RCS propellant flow rate (lb/sec) caused by horizontal 
jet firings w* 

Contract No. NAS 9-1100 
Primary No, 664 Grumman Aerospace Corporat ion 

4.8-14 

LED-540-54 



SNA-8-D-027 (11) REV 2 
Volume I1 LM Data Book 

Subsystem Performance Data - RCS 
4.8.1.4 (Continued) 

= RCS propellant flow rate (lb/sec) caused by vertical jet 
'TV firings 

= RCS oxidizer flow rate (lb/sec) caused by horizontal jet 
WOH firings 

= RCS fuel flow rate (lb/sec) caused by horizontal jet 
FH firings 

= Total RCS oxidizer flow rate (lb/sec) 

= Total RCS fuel flow rate (lb/sec) 

= Total RCS propellant flow rate, ( l b / s e c )  

= Total APS flow rate = 11.43 lb/sec nominally 

* 

I 

e 

W~~~~ 

WRCS 

WAPS 
I 

= Effective RCS force along X axis, lbs 
FR 

= RCS jet pulse width, for the U-axis (sec) 

= RCS jet pulse width, for the V-axis (sec) 
TwV 

F = RCS jet frequency, Hz 

= Moment unbalance, horizontal MUH 

= Moment unbalance, total vertical *'TV 

= Moment Unbalance 

about -U and V axes 

= RCS jet frequency for the U-axis (He) 

= RCS jet frequency for the V-axis (Hz) 

= Isp of APS with interconnect open, less time-integrated 
Isp of APS, RCS combination using APS fuel. 

IMuU 

MUV 

FU 

V 

A APS/RCS Isp 

F 
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4,8.1.4 (Continued) 

u' Muv = Jet duty factor required to compensate for MU 

= RCS jet static frequency corresponding to fixed input to the 

Du* DV 

FS 
Abort Control System Pulse Ratio Modulators 

'1 } = Conversion factors to convert static frequency to dynamic 
frequency (F) 

s2 

APS/RCS = Denotes RCS using A P S  propellant. 

O/FH = RCS oxidizer-to-fuel ratio for horizontal jet firings. 
~ 

For a nominal inflight FITH, 0.81 lbs a r e  used. With off nominal pre- 
staging conditions of roll and pitch attitudes and rates  this may vary from 
0.52 to 2.61 lbs. 

For a nominal FITH from the lunar surface with 0' tilt angles 1.4 lbs of 
fuel are used, For other values of tilt angles up to f40° this varies from 
0.95 t6 2.47 Ibs. 

5. Yaw Moments 
The propellant used for yaw moment control is insignificant for  most pur- 
poses. Usage rate a s  a function of yaw unbalanceis showninFigure4.8-35. 

4.8.1.5 Control Limits 

4.8.1.5.1 Descent Engine: LM Docked o r  Undocked 

4.8.1.5.1.1 2 or  4.Jet Rotational Control 

Using equation 
, 

A C G =  lYcg + CG (6~))  I +  I Zcg +CG (68) I 
where 

ACG = Maximum controllable CG location within the RCS thruster 
capability (Figure 4.8-36) 

i 
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4.8.1.5.1.1 (Continued) 

Ycg = Y axis CG location 

. Zcg = Z axis CG location 

CG(6 Gorse)  = Effective CG in the Y-Z plane; i. e.,  that 
CG controllable by the descent engine thrust 
vector (Figure 4.8- 37), 

the LM controllability can be determined using the following procedure: 

1- Find A CG from Figure 4.8-36, where A CG depends on whether the 
controlling RC S moment is 2- jet o r  4- jet, and upon the magnitude 
of the descent engine thrust level, 

Determine CG(68) and CG(6 +) from Figure 4.8-37 where the Xcg 
location is known and the descent engine thrust vector angle is 
assumed. 

3- Substituting the determined values for ACG, CG(6e) ,  CG(6 +) and 
the known values for Ycg and Zcg in the above equation, it can be 
determined whether the LM is controllable by the following: 

2- 

if A CG 21 Ycg + CG(6q ) I + I Zcg -t CG(68)  I 

if ACG < (  Ycg + CG(6+) I + I Zcg + CG(6e)l  

the LM is controllable, 

the LM is not controllable. 

4.8.1.5.1.2 + X and - X Firing Jets Inhibited 

With both + X and -X jet firing inhibited, the nominal control boundary 
of the LM is a function of the descent engine thrust vector angle. There- 
fore, given the LM CG location, the control boundary is determined by 
using Figure 4.8-37 and the following'logic: 

then LM is controllable, 

then the LM can not be controlled. 

if CG(6 + ,6e ) 2 Ycg or Zcg respectively, 

if CG(6 +,6e ) c Ycg or Zcg respectively, 

4.8.1.5.2 Ascent Engine 

Figure 4.8-25 gives the nominal LM control boundaries for ascent engine 
firing. Figure 4.8-26 gives the reduction in the nominal LM control 
boundaries due to RCS and APS thrust vector location and thrust magni- 
tude uncertainties vs  X CG location. 
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Docking 

The propellant required for docking, obtained from six degrees of freedom 
simulations of a staged LM, together with the mass properties and initial 
conditions is sh;own in Table 4.8-1. 

Landing 
1 

The propellant consumption for landing varies with takeover altitude, landing 
site selection, dass properties, and mode of operation. 
operation for landing are: 

The LM modes of 

Automatic: ullage, descent engine ignition, throttle and spacecraft attitude 
controlled automatically beginning at 50,000 feet. 

Landing Site Redesignation: begin at 50,000 feet; at 8,000 feet new landing 
site is selected and manual pitch and/or yaw 
commands are made. 

Manual Rate of Descent: takeover manual control of spacecraft 's ra te  of 
descent at 500 feet. 

Manual Throttle Control: takeover at  1 ,000  feet to 100 feet - manual throttle 
selected. 

The propellant used for landing, as obtained from simulation studies is 
shown in Table 4.8- 2, 

Pulse Mode 

The rate of p r o p e l l a n t  usage i n  t h e  p u l s e  mode w i t h  PGNS is 
0.0100 l b  per  p u l s e  i n  each axis be ing  p u l s e d ,  f o r  a p u l s e  
width of 14 m i l l i s e c o n d s .  With t h e  PGNS i n  c o n t r o l ,  undocked, 
t h e  minimum RCS p u l s e  width i s  14.60 +0.85 m i l l i s e c o n d s .  
docked, t h e  minimum p u l s e  width i s  60-mil l iseconds (Q,R a x e s ) .  

The rate of p r o p e l l a n t  usage i n  t h e  p u l s e  mode with AGS i n  c o n t r o l  
i s  0.0655 l b / s e c  i n  p i t c h  o r  r o l l  (4 ,64 p u l s e s  p e r  second) and 
0.125 l b / s e c  i n  yaw (4.45 p u l s e s  p e r  second) .  
minimum RCS p u l s e  wid th  i s  13.68 21.5 m i l l i s e c o n d s .  

If 

With AGS, t h e  
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Manuel Override Modes 

I n  d i r e c t  o r  hardover modes t h e  rate of propel lan t  usage i s  0.367 
I b  p e r  second per  j e t .  

Ullage Se t t l i nR  Time 

P r i o r  t o  i n i t i a t i o n  of a l l  main engine burns,  except f o r  FITH wi th  
t h e  DPS on, and APS l i f t - o f f  from t h e  lunar  sur face ,  two o r  four  
+X RC6 t h r u s t e r s  must be f i r e d  t o  provide an acce lera t ion  which w i l l  
.sttie the Main Propulsion Gubsrystem propel lan ts .  Propel lan t  
settl lq rimes ( idea l )  f o r  the tinetaged and Staged LM are determined 
using Figures  4.8-38 and 4 .8 -39 ,  r e s p e c t i v e l y .  However, the p r o p e l l a n t  
s e t t l i n g  times obtainGd from Figures  4.8-38 and 4.8-39 must be c o r r e c t e d  
f o r  t h e  e f f e c t i v e  l o s s  i n  RCS t h r u s t  due t o  plume impingement (unstaged 
conf igura t ion  only) and c o n t r o l  system inef f ic iency  (AGS only) .  The 
Plume Impingement Correct ion Factors  are obtained from Table 4.8-3 
(or  f o r  a s p e c i f i c  spacecraf t  from t h e  appropr ia te  s p a c e c r a f t  appendix),  
and t h e  Control System Eff ic iency Correct ion Factors are obtained from 
Table 4.8-4 (unstaged or  docked) o r  Table 4.8-5 (s taged) .  

The required propel lan t  s e t t l i n g  t i m e  i n  t h e  docked o r  unstaged config- 
u r a t i o n  is  then obtained by mult iplying t h e  propel lan t  s e t t l i n g  t i m e  
from Figure 4.8-38 by t h e  C o r r e c t i o n  F a c t o r  ob ta ined  f o r  Table  4.8-3 
(or the  equivalent  t a b l e  i n  a s p e c i f i c  spacecraf t  appendix) i n  t h e  
PGNS mode, and Table 4.8-3 and Table 4.8-4 i n  the  AGS mode. I n  t h e  
staged configurat ion t h e  required propel lan t  s e t t l i n g  t i m e  obtained 
from Figure 4.8-39 is mul t ip l ied  by t h e  Eff ic iency Correct ion Factors  
(Table 4.8-5) i n  the  AGS mode. The PGNS mode r e q u i r e s  no c o r r e c t i o n  
f o r  c o n t r o l  system inef f ic iency  1.n e i t h e r  t h e  staged o r  unstaged con- 
f i g u r a t i o n .  The s e t t l i n g  t i m e  obtained as described above should be 
increased to  t h e  neares t  0.5 second and an a d d i t i o n a l  0.5 second 
should be added f o r  engine s t a r t  overlap.  

Mass P r o p e r t i e s  

Detai led d a t a  f o r  discrete  v e h i c l e  condi t ions ,  including t r a n s f e r r e d  
equipment, consumables, and propel lan t  a l l o c a t i o n s  f o r  APS, DPS, and 
RCS are given i n  Volume 111, Mass Proper t ies  Data Book. 

RCS Engine C h a r a c t e r i s t i c s  

Figures 4.8-40 through 4.8-47, and Tables  4.8-6 through 4.8-9 
(Ref. LM0-310-335), g i v e  t h e  la tes t  d a t a  on RCS engine performance. 
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4.8.4 - (Continued) 

The fo l lowing  i s  d a t a  p e r t a i n i n g  t o  bui ldup  and decay s ta t i s t ics  on t h e  
RCS engines .  

Condi t ion  T i m e  sec 

Buildup: ON s i g n a l  t o  90% 
s t e a d y - s t a t e  t h r u s t  

Decay: OFF s i g n a l  t o  
WO% t h r u s t  

T i m e  d e l a y  between ON- 
comands  and a c t u a l  s t a r t  
of t h r u s t  bu i ldup  

T i m e  d e l a y  between OFF- 
commands and a c t u a l  s t a r t  
of t h r u s t  decay 

0.021 

0.060 

0.008 

0.0065 

T y p i c a l  curves  of t h r u s t  bu i ldup  and decay are shown i n  F i g u r e s  4.8-48 t o  
4.8-61 ( R e s u l t s  of RCS Engine Supplemental  Q u a l i f i c a t i o n  Test Program, 
LMO-310-335). 

It  should b e  noted t h a t  t h e r e  are no p a r t i c u l a r  i n f l i g h t  environmental  
c h a r a c t e r i s t i c s  t h a t  may cause  an engine  t o  o p e r a t e  d r a s t i c a l l y  d i f f e r e n t  
from nominal.  Nominal v a r i a t i o n s  i n  i n l e t  c o n d i t i o n s  due t o  p r o p e l l a n t  
s l o s h i n g ,  v e h i c l e  s p i n n i n g ,  o r  i n t e r a c t i o n s  of o t h e r  p u l s i n g  j e t s  cause  
no s i g n i f i c a n t  d e v i a t i o n  i n  engine performance. 

F i g u r e  4.8-62 d e f i n e s  t h e  r e g i o n  of s a f e  RCS engine o p e r a t i o n ,  which i s  
g iven  i n  terms of 1) t h e  number of h e a t e r s  i n  o p e r a t i o n ,  2) t h e  number of 
p u l s e s  and t h e  OFF t i m e  between p u l s e s  t o  reach  a r e d l i n e  i n j e c t o r  head 
tempera ture  of 108'F. 
F i g u r e  4.8-62 could cause  engine mal func t ion .  
v e l o p e  i s  f a r  removed from t h e  unsafe  r e g i o n  of engine o p e r a t i o n ,  and d u r i n g  
a nominal miss ion  t h e r e  i s  no p o s s i b i l i t y  of e n t e r i n g  t h i s  r e g i o n  when i n  
au tomat ic  mode. Note t h a t  t h e  d a t a  s u p p l i e d  i n  F igure  4.8-62 w a s  a t  t h e  
minimum v o l t a g e  f o r  t h e  duty c y c l e ,  and t h e r e f o r e  t h e  r e d l i n e  r e p r e s e n t s  
t h e  w o r s t  c a s e ,  lowest  r e d l i n e  ( i . e , ,  any change of assumed c o n d i t i o n s  can  
only r e s u l t  i n  decreas ing  t h e  unsafe  r e g i o n s  of F i g u r e  4.8-62). 

Engine o p e r a t i o n  i n  t h e  unsafe  r e g i o n  shown i n  
The miss ion  o p e r a t i n g  en- 

The d r i b b l e  volumes of t h e  Marquardt R4D engine are as fol lows:  
0.04425 i n . 3 ,  o x i d i z e r  s i d e  0.03574 i n . 3 .  
a s  the volume i n  t h e  l n j e c t o r  from t h e  p r o p e l l a n t  shutof f  valve (when c l o s e d )  
t o  the e x i t  from t h e  i n j e c t o r  i n t o  the combustion chamber. 

f u e l  s i d e  
The d r i b b l e  volume i s  def ined  I 
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4.8.3 Electrical Power Requirements for the RCS Thrusters 

The power requirement per pound of propellant consumed for operation 
of  the chruster valves is 0.077 watt-hours for the primary coils and 
0.019 watt-hours for the secondary coils. 

i 

Contract No. NAS 9-1100 LED- 540- 54 
Primary No. 664 Grumman Aerospace Corporation 

4 .8 -20 .1  



SNA-&D-027(11)  REV 2 Amendment 1 2 8  
7 / 2 7 / 7 1  

Volume I1 LM Data Book 

Subsystem Performance Data - RCS 

4.8.6 

4 . 8 . 6 . 1  

4 .8 .6 .1 .1  

RCS Plume Impingement of t h e  LM 

Due t o  plume impingement on the LM, cont inuous LM RCS j e t  
f i r i n g s  are l i m i t e d  as i n d i c a t e d  i n  Opera t iona l  L i m i t a t i o n  
RCS-5. 

RCS Plume Impingement Heating E f f e c t s  - f o r  Contingency 
S i t u a t i o n s  Only. 

RCS +X Engines, LM Unstaged 

F i g u r e  4.8-106 shows t h e  plume impingement limits of t h e  +X 
RCS t h r u s t e r s  i n  terms of a l lowable  t h r u s t e r  a c t i v i t y  a t  
v a r i o u s  duty c y c l e s  as a f u n c t i o n  of e lapsed  t i m e .  The 
primary +X f i r i n g  c o n s t r a i n t  is the a l lowable  plume impinge- 
ment c a p a b i l i t i e s .  The plume d e f l e c t o r  c o n s t r a i n t  shown is 
based on a n a l y s i s  and t h e  f i r i n g  t i m e s  are f a r  i n  excess  of 
any f l i g h t  o r  t es t  exper ience .  
used i n  contingency s i t u a t i o n s  and n o t  f o r  nominal miss ion  
p lanning .  The maximum nominal f i r i n g  remains 40 seconds.  Also 
shown are the c o n s t r a i n t s  f o r  the s c i e n t i f i c  equipment bay,  
quad I11 stowage, quad I V  MESA i n s u l a t i o n ,  and t h e  l a d d e r  rung. 

F igure  4.8-106 should only  b e  

The e f f e c t s  of exceeding the +X RCS plume impingement c o n s t r a i n t  
w i l l  probably r e s u l t  i n  plume d e f l e c t o r  f a i l u r e .  
c o n f i g u r a t i o n  a f t e r  f a i l u r e  is undefined and h e a t i n g  rates 
obta ined  are unknown. Assuming t h e s e  rates t o  b e  e q u a l  t o  plume 
h e a t i n g  wi thout  d e f l e c t o r s ,  t h e  fo l lowing  thermal and s t r u c t u r a l  
problems w i l l  occur:  

The d e f l e c t o r  

o D/S quad thermal b l a n k e t s  would be  s e v e r e l y  degraded 
(approaching an u n i n s u l a t e d  c o n f i g u r a t i o n ) .  Lunar 
s t a y  and l i f e b o a t  miss ion  could not  b e  accomplished. 

o The hardware (screws, washers, s t a n d o f f s )  used t o  r e t a i n  
A/S and D/S plume s h i e l d s  and i n s u l a t i o n  b l a n k e t s  could 
b e  over temperatured , caus ing  these s h i e l d s  and b l a n k e t s  
t o  f a l l  f r e e  of the LM due t o  "g" loads  and v i b r a t i o n s .  
This would cause  l o s s  of micrometeroid p r o t e c t i o n  f o r  
AIS and D/S tanks .  

o Plume impingement on i n t e r s t a g e  area would cause  damage 
t o  t h e  A/S FITH i n s u l a t i o n ,  l e a d i n g  t o  overtemperature  
and subsequent  f a i l u r e  of the A/S FITH s h i e l d  d u r i n g  
FITH a b o r t .  Poss ib ly  l o o s e  D/S FITH b l a n k e t s  could b e  
blown o f f  and b l o c k  the v e n t  areas i n c r e a s i n g  A/S and 
D/S p r e s s u r e s  dur ing  FITH burns.  
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The h i g h e r  h e a t i n g  would s e v e r e l y  degrade t h e  l a n d i n g  
gear  i n s u l a t i o n ,  and would cause lqnding  g e a r  
s t r u c t u r a l  temperatures  t o  exceed a c c e p t a b l e  l i m i t s  
f o r  adequate  s t r e n g t h .  I n  t h i s  c o n d i t i o n ,  a l u n a r  
landing  could n o t  b e  accomplished. 

F a i l u r e  of t h e  plume d e f l e c t o r  could r e s u l t  i n  impact 
w i t h  t h e  RCS t h r u s t e r  and p o s s i b l e  f a i l u r e  of t h e  
t h r u s t e r .  

b e  seen from Figure  4.8-106 t h a t  i t  is  p o s s i b l e  t o  exceed 
t h e  LM-10 l a d d e r ,  quad I11 stowage, quad I V  MESA, and t h e  sc i -  
e n t i f  i c  equipment bay i n s u l a t i o n  c o n s t r a i n t s  wi thout  exceeding 
t h e  plume d e f l e c t o r  c o n s t r a i n t s .  
c o n s t r a i n  landing  b u t  may a l te r  mission o p e r a t i o n s  as expla ined  
below: 

These s i t u a t i o n s  w i l l  n o t  

o I f  l a d d e r  plume-impingement c o n s t r a i n t s  are exceeded 
w i t h o u t  exceeding the plume d e f l e c t o r  l i m i t s ,  i t  may b e  
r e q u i r e d  t o  a b o r t  t h e  EVA. Evalua t ion  of t h e  l a n d i n g  
condi t ions  t o  determine t h e  s e v e r i t y  of FUT h e a t i n g ,  
and sun  o r i e n t a t i o n  could b e  eva lua ted  a f t e r  touchdown 
and t h e  l a d d e r  c o n s t r a i n t s  could b e  reviewed b e f o r e  EVA. 

o I f  t h e  s c i e n t i f i c  equipment bay l i m i t s  are exceeded 
wi thout  exceeding t h e  d e f l e c t o r  l i m i t ,  t h e r e  w i l l  b e  a 
l o s s  of t h e  Mylar p o r t i o n  of t h e  two SEQ bay b l a n k e t s .  
Nine l a y e r s  of the h-fi lm w i l l  remain on the top  of the 
SEQ bay,  and f i v e  l a y e r s  of h-f i lm w i l l  remain on t h e  
s i d e  of t h e  SEQ bay.  Degraded thermal  i n s u l a t i o n  reduces 
t h e  c a p a b i l i t y  of t h e  LM t o  perform thermal ly  s e v e r e  
miss ions  and new t i m e l i n e  and procedura l  changes may b e  
r e q u i r e d  t o  ensure mission s u c c e s s .  During l u n a r  s t a y  
w i t h  sun on quad 11, t h e  degraded b l a n k e t s  would cause  
ALSEP t o  r u n  h o t .  The ALSEP would have t o  b e  removed 
soon a f t e r  touchdown. I n  a d d i t i o n ,  t h e  temperature  of 
t h e  water  l i n e  i n l e t  t o  PLSS could exceed i t s  temperature  
l i m i t .  I f  quad 11 were i n  shadow, i t  is  p o s s i b l e  that  
t h e  D/S w a t e r l i n e  w i l l  f r e e z e .  
b l a n k e t s  dur ing  a l i f e b o a t  mission would r e q u i r e  t h a t  
quad I1 exper ience  l i m i t e d  sun o r  co ld  holds .  

The degraded quad I1 

o Exceeding t h e  quad 111 stowage area l i m i t  w i l l  r e s u l t  i n  
t h e  l o s s  of t h e  Mylar p o r t i o n  of t h e  i n s u l a t i o n  b l a n k e t  
covering t h e  top of t h e  c e n t e r  p a l l e t  of t h e  quad I11 
stowage area. This  w i l l  leave 1 8  l a y e r s  of h-fi lm i n t a c t ,  
F i r i n g  of t h e  engine t o  t h e  plume d e f l e c t o r  l i m i t  would 
produce shr inkage  of t h e  remaining h-fi lm l a y e r s ,  b u t  no 
a d d i t i o n a l  damage. The quad I11 stowage area is  thermal ly  
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i s o l a t e d  from t h e  descent  s t a g e  and degrada t ion  of t h e  
stowage a r e a  b l anke t  w i l l  n o t  a f f e c t  t h e  descent  s t a g e  
thermal  performance. Degradat ion of t h e  i n s u l a t i o n  
b l a n k e t  w i l l  i n c r e a s e  t h e  stowage a r e a  tempera ture  
excurs ions  f o r  extreme h o t  o r  co ld  l and ing  o r i e n t a t i o n s .  

Exceeding t h e  quad I V  MESA l i m i t  w i l l  r e s u l t  i n  t h e  loss  
of t h e  Mylar p o r t i o n  of t h e  i n s u l a t i o n  b l anke t  on t h e  
outboard (when stowed) f a c e  of t h e  quad I V  MESA. S ince  
t h e  MESA i s  thermal ly  i s o l a t e d  from t h e  D / S ,  deg rada t ion  
of t h i s  b l anke t  w i l l  have no e f f e c t  on t h e  D/S thermal  
performance. Loss  of t h e  Mylar p o r t i o n  of the b l a n k e t  
would l e a v e  n i n e  l a y e r s  of h-fi lm i n t a c t ,  which would 
provide  adequate  thermal  p r o t e c t i o n  f o r  MESA f o r  a nomi- 
n a l  LM o r i e n t a t i o n  on t h e  luna r  s u r f a c e .  It is  f e l t  t h a t  
i n t e r n a l  MESA h e a t e r s  can provide  enough energy t o  com- 
pensa te  f o r  any a d d i t i o n a l  h e a t  l o s s  through a degraded 
b l a n k e t .  I f  a f t e r  l and ing ,  t h e  LM i s  o r i e n t e d  w i t h  sun 
on quad I V ,  temperatures  w i t h i n  MESA could poss ib ly  
exceed d e s i r a b l e  l i m i t s .  The MESA has  t h r e e  f l i g h t  
tempera ture  senso r s  which would al low a r ea l - t ime  d e f i n i -  
t i o n  of a thermal  problem. Should MESA tempera tures  
exceed d e s i r a b l e  l i m i t s ,  t h e  MESA could b e  deployed, and 
tempera ture  s e n s i t i v e  equipment could be removed and 
r e l o c a t e d .  

From Figure  4.8-106 t h e  maximum cont inuous f i r i n g  of t h e  RCS 
without exceeding t h e  plume d e f l e c t o r  c o n s t r a i n t  i s  140 seconds.  
This corresponds t o  t h e  maximum a l lowable  plume d e f l e c t o r  s t r u t  
temperature  of 1050'F. (Text cont inued on next  page3 
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To prevent  overtemperature  of the plume d e f l e c t o r ,  a set of 
working curves  i s  included.  From t h e s e  curves  (Figures  
4.8-107 through 4.8-110) permissable  LM +X RCS cont inuous 
f i r i n g s  w i t h  t h e  LM unstaged can b e  d e r i v e d  which w i l l  n o t  
overtemperature  t h e  d e f l e c t o r .  F i g u r e  4.8-107 i s  a p l o t  of 
i n c r e a s e  i n  d e f l e c t o r  s t r u t  t empera ture  v e r s u s  f i r i n g  t i m e  
f o r  a range  of i n i t i a l  s t r u t  temperature .  F igure  4.8-108 
shows t h e  decrease  i n  temperature  v e r s u s  cooldown t i m e  f o r  
a range  of i n i t i a l  s t r u t  t empera tures ,  F igures  4.8-107 and 
4.8-108 were c r o s s  p l o t t e d  t o  produce F igures  4.8-109 and 
4.8-110. 

F igures  4.8-107 through-110 can be  used t o  determine a l lowable  
cont inuous f i r i n g s  which w i l l  n o t  overtemperature  t h e  d e f l e c t o r .  
I f ,  f o r  example, t h e  requi red  t o t a l  f i r i n g  t i m e  i s  200 seconds 
(60 seconds i n  excess of t h e  140 second maximum continuous 
l i m i t )  t h e  fo l lowing  duty c y c l e s  could b e  u t i l i z e d .  

F i r i n g  o r  
Cooldown 

F i r i n g  
Cooldown 
F i r i n g  
Cooldown 
F i r i n g  
Cooldown 
F i r i n g  

Time 
(set) 

40 
200 

60 
400 

7 1  
60 
29 

T ( i n i t i a l )  T ( F i n a l )  F igure  T U t i l i z e d  

250 
575 
485 
8 70 
530 
950 
850 

325 
-9 0 
385 

-340 
420 

-100 
165 

5 75 
485 
870 
530 
950 
850 

1015 

4.8-107 
4.8-110 
4.8-109 
4.8-110 
4.8-109 
4.8-108 
4.8-107 

I I I 

F i g u r e  4.8-111 conta ins  a quick method f o r  s e l e c t i n g  a s p e c i f i c  
number of c o n s t a n t  d u r a t i o n  f i . r i n g s  and cooldowns w i t h i n  t h e  
1050°F s t r u t  l i m i t .  Severa l  examples i n  t h e  u s e  of F i g u r e  
4.8-111 are t a b u l a t e d  below f o r  t h e  200-second t o t a l  burn- 
t i m e  : 

F i r i n g  T i m e  Cooldown T i m e  Number of F i r i n g s  
(set> (Set) 

100 
66.6 
50 
40 

300 
140 

80 
55 
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Figure  4.8-112 c o n t a i n s  a firing-plus-cooldown time-optimiza- 
t i o n  p l o t .  For a g iven  t o t a l  f i r i n g  t i m e  requirement ,  u s e  of 
F i g u r e  4.8-112 w i l l  a l low t h e  u s e r  t o  p l a n  f o r  achiev ing  t h e  
t o t a l  f i r i n g  t i m e  requirement w i t h i n  t h e  minimum t o t a l  t i m e  
span. A s  an example assume 260 seconds of f i r i n g  t i m e  is 
r e q u i r e d .  

Solu t ion :  (using F i g u r e  4.8-112) 

1st f i r i n g  i s  always 140 seconds ( t h e  maximum a l l o w a b l e  
s i n g l e  f i r i n g  from 250'F). 

Then cooldown f o r  300 seconds on t h e  cooldown curve .  
(300 seconds w a s  s e l e c t e d  because cool ing  beyond t h i s  
p o i n t  s lows down as the s l o p e  becomes h o r i z o n t a l ) .  

2nd f i r i n g  i s  92 seconds g i v i n g  an accumulated f i r i n g  
t i m e  of 232 seconds (determined by drawing a , h o r i z o n t a l  
l i ne  from t h e  cooldown.curve t o  t h e  f i r i n g  curve) .  

Required 3rd f i r i n g  is  28  seconds t o  achieve  t h e  t o t a l  
f i r i n g  t i m e  of 260 seconds.  The necessary  cooldown 
f o r  t h e  3rd f i r i n g  i s  obta ined  by l o c a t i n g  t h e  inter-  
s e c t i o n  of t h e  28 second f i r i n g  on the f i r i n g  curve  
and moving h o r i z o n t a l l y  t o  t h e  cooldown curve.  The 
r e q u i r e d  cooldown is 50 seconds.  

U t i l i z i n g  these methods t o  ex tend  f i r i n g  times h a s  no effect  on tLe 
l a d d e r  whose c o n s t r a i n t  i s  exceeded. The s i d e  of t h e  SEQ, quad 
ILL stowage and quad I V  MESA b l a n k e t  e f f e c t s  w i l l  d i f f e r .  
v i o u s l y  d iscussed ,  a small amount of degrada t ion  i s  expec ted  f o r  
140 seconds of f i r i n g  (which does n o t  exceed t h e  d e f l e c t o r  con- 
s t r a i n t s ) ,  However, i f  F igures  4.8-107 through 4.8-112 are used 
t o  o b t a i n  more f i r i n g  t i m e ,  t h e  mylar w i l l  be des t royed .  This  i s  
because t h e  d e f l e c t o r  cooldown t i m e s  are n o t  s u f f i c i e n t  t o  a l l o w  
t h e  mylar t o  c o o l  down, r e s u l t i n g  i n  h e a t  accumulation i n  t h e  
b l a n k e t .  P o t e n t i a l l y  t h e  quad I11 stowage b l a n k e t ,  quad I V  MESA 
b l a n k e t  and t h e  t o p  of t h e  SEQ could  b e  reduced t o  8 l a y e r s ,  and 
t h e  s i d e  of t h e  SEQ t o  4 l a y e r s  ( a l l  b l a n k e t s  26 l a y e r s  o r i g i n a l ) ,  
r e s u l t i n g  i n  very poor i n s u l a t i o n  performance. To p r e v e n t  b l a n k e t  
damage f o r  f i r i n g s  g r e a t e r  than t h e  maximum a l lowable  cont inuous 
f i r i n g  € o r  each area, F igures  4.8-113, 4.8-113.1, 4.8-113.2, and 
4.8-113.3 are provided.  To i l l u s t r a t e  t h e ' u s e  of F i g u r e  4.8-113.3, 
t h e  fo l lowing  schedule  could b e  u t i l i z e d  i f  200 seconds of f i r i n g  
are r e q u i r e d :  

As pre-  
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1. 100-second i n i t i a l  f i r i n g .  

2. 1100-second cooldown (Figure 4.8-113.3) f o r  a 70- 
second f i r i n g .  

3.  70-second continuous f i r i n g .  

4. 490-second cooldown f o r  the remaining 30-second f i r i n g  
tha t  i s  l e f t  t o  t o t a l  200 seconds.  

5.  30-second continuous f i r i n g .  

4 .8 .6 .1 .2  RCS +X Engines,  LM Staged 

The quad I RCS engine (BlD) has a 325-second l i m i t  f o r  a 
continuous f i r i n g .  A t  t h i s  t i m e ,  degrada t ion  of t h e  Mylar 
p o r t i o n  of t h e  b l a n k e t  over AIS panel  140 b e g i n s .  (See Fig.  
4.8-120) 
26 layers of i n s u l a t i o n ,  degrada t ion  of t h e s e  f o u r  l a y e r s  
would have n e g l i g i b l e  impact on t h e  AIS thermal  performance. 

S ince  there are only f o u r  Mylar l a y e r s  of a t o t a l  of 

The quad I11 RCS engine (B3D) has  a 140-second l i m i t  f o r  a 
cont inuous f i r i n g ,  a f t e r  which degrada t ion  of t h e  Mylar p o r t i o n  
of t h e  b l a n k e t  covering AIS panel  129 begins  ( s e e  Fig.  4.8-120). 
Complete l o s s  of a l l  of t h e  Mylar would l e a v e  16 i n t a c t  l a y e r s  
of h-f i lm i n s u l a t i o n ,  The r e l a t i v e l y  s m a l l  a f f e c t e d  a r e a  and 
l a r g e  number of remaining l a y e r s  would cause t h e  l o s s  of t h e  
Mylar l a y e r s  t o  have a n e g l i g i b l e  a f f e c t  on t h e  A / S  thermal  
performance. 

The quad I1 and quad I V  RCS engines  (A2D, A4D) have an 85- 
second l i m i t  f o r  a continuous f i r i n g .  The c o n s t r a i n i n g  i t e m s  
are t h e  aluminum frames of A/S  panels  130 and 137 ( s e e  F ig .  
4.8-120). Exceeding t h e  f i r i n g  c o n s t r a i n t  w i l l  cause t h e  
frames t o  exceed t h e i r  temperature  l i m i t  of 780°F. Above 
t h i s  temperature ,  expected v i b r a t i o n  loads  w i l l  exceed t h e  
aluminum u l t i m a t e  s t r e n g t h  and f a i l u r e  of t h e  frame w i l l  occur .  
S i n c e  t h e  aluminum s k i n  i s  f a s t e n e d  t o  t h e  AIS s t r u c t u r e  
through t h e  frame, f a i l u r e  of the  frame could al low t h e  e n t i r e  
p a n e l  ( s k i n  and frame) t o  f a l l  f r e e  of t h e  AIS. This  would 
r e s u l t  i n  loss of micrometeroid p r o t e c t i o n  f o r  t h e  A I S  f u e l  
and o x i d i z e r  tanks .  

F igures  4.8-114 through 4.8-117 show t h e  h e a t i n g  and cool ing 
t i m e s  r e q u i r e d  i n  order  t o  maintain t h e  frame temperature  a t  
o r  below 780°F dur ing  an RCS down-firing cyc le .  
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F igure  4.8-114 p r e s e n t s  the i n c r e a s e  i n  tempera ture  of the 
130-panel aluminum frame vs. RCS f i r i n g  t i m e  f o r  a r ange  of 
i n i t i a l  frame temperatures .  

F igu re  4.8-115 p r e s e n t s  the dec rease  i n  temperature  vs.  
cooldown t i m e  f o r  a range  of i n i t i a l  frame temperature .  

F igures  4.8-114 and 115 are c ross -p lo t t ed  t o  produce F igu re  
4.8-116 which p resen t s  i n c r e a s e  i n  tempera ture  vs. i n i t i a l  
tempera ture  f o r  a range of f i r i n g  t i m e s  and F igu re  4.8-117 
which p r e s e n t s  the decrease  i n  frame tempera ture  vs. i n i t i a l  
frame tempera ture  f o r  a range of cooldown t i m e s .  

F igure  4.8-114 through Figure  4.8-117 can be  used t o  de t e r -  
mine a l lowable  duty cyc le s .  I f ,  f o r  example, t h e  r equ i r ed  
f i r i n g  t i m e  f o r  a p a r t i c u l a r  maneuver i s  150 seconds ( f a r  i n  
excess  of t h e  85-second maximum cont inuous l i m i t )  the follow- 
i n g  duty cyc le s  could be  u t i l i z e d .  
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F i r i n g  o r  
Cool down 

Example 1 

T i m e  1 T L F i t i a l )  AT T ( F i n a l )  F i g u r e  1 OF I OF I U t i l i z e d  I 

F i r i n g  

Cooldown 

F i r i n g  

Cooldown I 0 . 5  m i n .  I 730 I -80 

30 sec. 430 205 635 4.8-116 

.15 min. 635 - 40 595 4.8-115 

40 sec. 595 190 780 4.8-116 

F i r i n g  1 31.0 sec. I 650 I 128 
I I I 

Example 2 

T ( F i n a l )  
OF 

580 

400 

680 

550 

730 

65 0 

778 

F i g u r e  
U t i l i z e d  

4.8-114 

4.8-115 

4.8-114 

4.8-115 

4.8-114 

4.8-115 

4.8-114 

F i r i n g  I 30 sec. 1 250 1 240 I 490 1 4.8-116 I 
I Cooldown I 3 .0 m i n .  I 490 I -125 I 365 . I 4.8-117 I 
I F i r i n g  1 50 sec. I 365 I 330 I 695 1 4.8-116 I 
I Cooldown I 3.0 min. I 695 I -265 I 430 1 4.8-117 I 

i n g  t o  s o l a r  h e a t  i n p u t .  
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F i r i n g  T i m e  Cooldown T i m e  
(Seconds) (Minutes) 

75.0 6.9 

50.0 1.9 

37.5 1.1 

30.0 0.8 

4.8.6.1.3 RCS -X Engines,  LM Unstaged o r  Staged 

Number of F i r i n g s  

2 

3 

4 

5 

F igure  4.8-119 p r e s e n t s  t h e  c o n s t r a i n t s  on -X RCS engine  f i r i n g .  
The S-band s t e e r a b l e  antenna curves  c o n s t r a i n  engines  A3U and 
B4U. They are based  on i n i t i a l  temperatures  as read on f l i g h t  
s e n s o r  GT 0454T. The f i r i n g  l i m i t s  correspond t o  t h e  antenna 
q u a l i f i c a t i o n  temperature  l i m i t  of 170°F. It is  p o s s i b l e  t h a t  
t h e  antenna h a s  a h i g h e r  temperature  l i m i t ,  bu t  i n s u f f i c i e n t  
d a t a  is  a v a i l a b l e  t o  determine a h i g h e r  upper l i m i t .  

The EVA antenna curve (F igure  4.8-119) c o n s t r a i n s  engines  A3U 
and B2U. This  antenna may a l s o  have a d d i t i o n a l  c a p a b i l i t y ,  
b u t  i n s u f f i c i e n t  d a t a  i s  a v a i l a b l e  t o  determine a h i g h e r  upper 
l i m i t .  

The curve € o r  t h e  A/S upper midsec t ion  panels  (Figure 4.8-119) 
c o n s t r a i n s  a l l  -X RCS engines .  This curve r e p r e s e n t s  the l i m i t  
f o r  t h e  aluminum frames on panels  84 through 89, 9 1  and 92 ( s e e  
F igure  4.8-120). Exceeding t h i s  l i m i t  could r e s u l t  i n  t h e  
aluminum s k i n s  f a l l i n g  f r e e  of t h e  AIS, and t h e  l o s s  of micro- 
meteroid p r o t e c t i o n .  

4.8.6.1..4 RCS - +Y and +Z Engines,  LM Staged and Unstaged 

The -Y t h r u s t e r s ,  A3R and A4R, produce t h e  same h e a t i n g  t o  the 
S-band s t e e r a b l e  antenna as t h e  -X engines ,  A3U and B4U. These 
engines  t h e r e f o r e  have t h e  same c o n s t r a i n t  (F igure  4.8-119) a s  
t h e  two -X t h r u s t e r s .  

The +Y and +Z engines  cause  i n s i g n i f i c a n t  h e a t i n g  t o  the A I S  and 
D/S i n s u l a t i o n  panels  and t h e  l a n d i n g  gear .  
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4.8.6.2 E f f e c t s  of RCS Plume Impingement on A t t i t u d e  Control 

Tables 4.8-13 and 4.8-14 show t h e  a t t i t u d e  c o n t r o l  a u t h o r i t y  of t h e  RCS 
with t h e  LM equippbd.with plume'def lectors .  Since t h e  X-axis l o c a t i o n  of 
the  center  of pressure on t h e  d e f l e c t o r s  is approximately X = 222 i n .  
(above t h e  expected v e h i c l e  center  of g r a v i t y  only i n  t h e  heavy descent  
configurat ion)  the  e f f e c t  of t h e  r e s u l t i n g  s i d e  forces  caused by RCS 
impingement is an increase  i n  a t t i t u d e  c o n t r o l  a u t h o r i t y .  However, i n  
vehic le  configurat ions where t h e  vehic le  center  of g r a v i t y  i s  above the  
center  of pressure ,  such as i n  the  docked mode, t h e  cont ro l  a u t h o r i t y  
is reduced by t h e  a c t u a l  ca lcu la ted  impingement f o r c e  components and the  
assoc ia ted  p i t c h  and r o l l  moments of each t h r u s t e r  i n  t h e  var ious  LM 
configurat ions.  The standard LM body a x i s  system is used. It  is  t o  be 
noted t h a t  during a p i t c h  o r  r o l l  maneuver only t h e  downward f i r i n g  j e t ( s )  
cont r ibu tes  an impingement moment. 

I 

The f o r c e s  on t h e  plume d e f l e c t o r s  during t h r u s t i n g  can be resolved with 
respec t  t o  both the X-Y-Z body axis system and the X-U-V a x i s  system a s  
shown i n  Figure 4.8-97. 
a s  those of t h e  d e f l e c t o r s ,  are a l s o  shown. 

The coordinates  a t  which t h e  forces  act ,  as w e l l  

4.8.6.3 RCS Plume Impingement Forces During Staging 

Figure 4.8-98 shows t h e  pressure d i s t r i b u t i o n  on the plume d e f l e c t o r  as 
a func t ion  of chord length.  These d a t a  were determined by using t h e  
Grumman Reference ( I sen t ropic)  Plume Profile and together  wi th  t h e  in- 
formation given i n  Figure 4.8-97, which s p e c i f i e s  maximum values ,  should  
more accura te ly  p r e d i c t  t h e  d e f l e c t o r  performance range. Based on these 
da ta ,  Figure 4.8-99 shows t h e  magnitude of t h e  normal force  on t h e  plume 
d e f l e c t o r  a s  a func t ion  of r o t a t i o n  of RCS t h r u s t e r s  with respec t  t o  t h e  
d e f l e c t o r s ;  Figure 4.8-100 shows t h e  lnagnitude of the  vertical  impingement 
f o r c e  as a func t ion  of engine s i d e s l i p  along t h e  quad diagonal (U o r  V 
a x i s ) ;  Figures  4.8-101 and 4.8-102 show the  v e r t i c a l  and the  h o r i z o n t a l  
impingement f o r c e s  as a funct ion of separa t ion  dis tance;  Figure 4.8-103 
shows t h e  h o r i z o n t d  impingement force as a funct ion of s i d e s l i p  and Fig- 
u r e s  4.8-104 and 4.8-105 show t h e  d i s t a n c e  of t h e  hor izonta l  f o r c e  from 
t h e  top deck as a funct ion of i o t a t i o n ,  s i d e s l i p  and separa t ion .  It  is 
t o  be noted t h a t  all. hor izonta l  f o r c e s  ( forces  i n  the  Y-Z plane) a c t  
h w a r d  along t h e i r  respec t ive  quad diagonals .  
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Engine Location and Alignment 

Engine Reference Location 

The RCS engine locations for Quad IV follow. 

Engine X Station Y Station 2 Station 
Reference (Inches) (Inches) (Inches) 

Forward 254.0 61.5 66.35 

UP 258.8* 66.1 66.1 

Down 248.7* 66.1 66.1 

Side (right) 254.0 66.35 61.5 

*Point of assumed application of thrust. The RCS thruster location, 
identification, and geometry are given in Figures 4.8-63 and 4.8-64. 

Quads I, I1 and I11 have the same X, Y and Z coordinates except for 
appropriate sign differences. 

The error tolerance on these nominal coordinates by specification does 
not exceed 0.3 inches (30) . 
Navigation and Control Subsystem Equipment Performance and Interface 
Specification.) 

(LSP-370-3A Lunar Module Primary Guidance, 

RCS Engine Alignment 

Figure 438-64.1,RCS Manufacturing and Assembly Uncertainties, shows the 
results of a study conducted at GAC to determine the uncertainties in 
the RCS thrust vector due to manufacturing and assembly tolerances. 

(Text continued on next page.) 

Contract No. NAS 9-1100 
Primary No. 664 Gruman Aerospace Corporation 

4.8-22.2 

LED-540-54 



Amendment 110 
5 /21/71  

SNA-8-D-027(11) REV 2 

\ 

Volume I1 LM Data Book 
Subsystem Performance Data - RCS 

4.8.7.2 (Continued) 

The s tudy  determined t h a t  t h e  al ignment  of t h e  RCS c l u s t e r  du r ing  
v e h i c l e  assembly i s  a c c u r a t e  enough t o  i n s u r e  t h a t  t h e  t h r u s t  v e c t o r  
u n c e r t a i n t i e s  are h e l d  w i t h i n  t h e  3" c o n i c a l  a n g l e  c o n t r o l  s p e c i f i -  
c a t i o n  (LSP 370-38, see above) .  

F igu re  4.8-64.2,(RCS Thrus t  Vector U n c e r t a i n t i e s )  shows, f o r  a t y p i c a l  
X, Y and Z t h r u s t e r ,  a s e c t i o n  of t h e  p o s s i b l e  area t h a t  can be  swept 
o u t  by t h e  t h r u s t  v e c t o r  and s t i l l  be  w i t h i n  t h e  c o n t r o l  requi rements  
(shown c r o s s  ha t ched) .  
of t h e  p r o f i l e  of t h e  root-sum-square (RSS) of t h e  manufactur ing and 
assembly t o l e r a n c e s .  

A s  a r e s u l t  of t h e  s tudy ,  i t  w a s  decided t h a t  no measurement of RCS 
c l u s t e r  a l ignment  is necessary  f o r  LM-5 and subsequent .  

Superimposed on t h i s  s e c t i o n  is  a n  o u t l i n e  

I n  over  f o r t y  a c t u a l  measurements on f o u r  LM v e h i c l e s  t h e  l a r g e s t  
t h r u s t e r s  misal ignment  measured about  any a x i s  w a s  0" 28' 45". Th i s  
i n d i c a t e s  t h a t  on a 3a b a s i s  t h e  wors t  c a s e  misalignment expected i s  
less t h a n  1.5" about  any a x i s  and t h a t  the t h r u s t e r s  are be ing  pos i -  
t i oned  more a c c u r a t e l y  than  p r e d i c t e d  i n  t h e  manufactur ing s tudy .  

4.8.8 Helium Tank Loading 

The RCS hel ium b o t t l e  loading  envelope i s  g iven  i n  c o n s t r a i n t  RCS-18 
i n  t h e  s p a c e c r a f t  appendixes ,  t o g e t h e r  w i th  t h e  helium t ank  p res su re -  
tempera ture  l i m i t a t i o n s .  

4.8.9 P r o p e l l a n t  Quant i ty  Measuring Device 

The RCS t anks  have an  i n f l i g h t  gauging system wi th  an  e s t ima ted  
u n c e r t a i n t y  of 5% of f u l l  s c a l e  d e f l e c t i o n .  S ince  t h e  PQMD was 
de f ined  by t h e  LM-1 RCS p r o p e l l a n t  load  of 616 I b ,  t h e  cab in  d i s p l a y  
pegs a t  100% of t h i s  va lue .  However, due t o  t h e  f a c t  t h a t  25.8 l b  
of p r o p e l l a n t  remains t rapped i n  t h e  l i n e s  and i s  t h e r e f o r e  unavai l -  
a b l e  f o r  t h r u s t i n g ,  t h e  100% v a l u e  i s  based on a 590.2 l b  usab le  
l o a d .  The gauging system u n c e r t a i n t y  of 5% a p p l i e s  t o  t h i s  load  and 
cor responds  t o  29.5 l b .  F igure  4 . 8 - 6 5 . i ~  a c o r r e l a t i o n  of t h e  a c t u a l  
p r o p e l l a n t  weight  remaining i n  t h e  LM-RCS as a f u n c t i o n  of d i sp l ayed  
PQMD reading .  Also shown a r e :  1 )  The maximum amount of unexpel led  
p r o p e l l a n t  (12.2 l b )  due t o  b ladder  e f f i c i e n c y  of 98%; 2)  The 
maximum O/F u n c e r t a i n t y  r e s u l t i n g  from an  o v e r a l l  miss ion  O/F of 
1.88 which l e a v e s  an excess  of 14.8 l b  of o x i d i z e r  ( equ iva len t  t o  
12.3 l b  of p r o p e l l a n t  a t  O/F = 2.00);  3)  Nominal, minimum, and 
maximum l o a d s  f o r  LM-4 and subsequent v e h i c l e s  w i th  a p r e s s u r i z e d  RCS. 
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I n  case of PQMD m a l f u n c t i o n ,  F i g .  4.8-66 would serve as i t s  backup.  
T h i s  f i g u r e  g i v e s  p r o p e l l a n t  q u a n t i t y  v e r s u s  h e l i u m  p r e s s u r e  reduc-  
t i o n  f o r  several t e m p e r a t u r e s .  (NOTE: O r i g i n a l  he l ium p r e s s u r e  
f rom which t h e  p r e s s u r e  r e d u c t i o n  is  c a l c u l a t e d  r e f e r s  t o  t h e  
nominal  p r e s s u r e  f o r  several deno ted  t e m p e r a t u r e s . )  

I n  F i g u r e  4.8-67,. t h e  r a t i o  of t h e  f i n a l  t o  i n i t i a l  t e m p e r a t u r e  of 
t h e  he l ium,  d u r i n g  h i g h  RCS p r o p e l l a n t  consumption rates, is  shown 
as a f u n c t i o n  of t h e  p r e s s u r e  r a t i o .  T h i s  f i g u r e  w a s  d e r i v e d  from 
d a t a  t a k e n  d u r i n g  h i g h  RCS consumpt ion  rates on t h e  LM-3 f l i g h t  and  
assumes t h a t  t h e s e  p e r i o d s  are t y p i c a l  of d u t y  c y c l e s  e x p e c t e d  d u r i n g  
o r i e n t a t i o n  and MPS b u r n s  on s u b s e q u e n t  f l i g h t s .  
s p e c i f i c  vehicles are g i v e n  i n  t h e  s p a c e c r a f t  append ices . .  

Data a p p l i c a b l e  t o  

4 .8 .10 P r o p e l l a n t  Flow R e g u l a t i o n  

4 .8 .10 .1  R e g u l a t o r .  P r e s s u r e s  

The f o l l o w i n g  t a b l e  shows t h e  r e g u l a t o r  o u t l e t  p r e s s u r e s  f o r  he l ium 
t a n k  p r e s s u r e s  of  500 t o  4500 p s i a .  
f o r  h e l i u m  b o t t l e  p r e s s u r e s  below 500 p s i a  unde r  t h e  f o l l o w i n g  
c o n d i t i o n s :  

T h i s  t a b l e  is  a l s o  a p p l i c a b l e  

3 e n g i n e  o p e r a t i o n ;  H e  t a n k  p r e s s u r e  = 450 p s i a .  
2 e n g i n e  o p e r a t i o n ;  H e  t a n k  p r e s s u r e  = 400 p s i a .  
1 e n g i n e  o p e r a t i o n ;  H e  t a n k  p r e s s u r e  = 350 p s i a .  

Valve  P r imary  R e g u l a t o r  Secondary  R e g u l a t o r  
S t a t u s  O u t l e t  P r e s s u r e ,  p s i  O u t l e t  P r e s s u r e ,  p s i  

Lockup 1 7 8  t o  188 182  t o  192  

Open (He f lows  
181 + 3 up t o  100%) - 

4 .8 .10 .2  Mani fo ld  P r e s s u r e s  Using APS/RCS I n t e r c o n n e c t  

185  f 3 

The f o l l o w i n g  t a b l e  shows t h e  p r o p e l l a n t  p r e s s u r e  i n  t h e  RCS m a n i f o l d  
when t h e  APS/RCS i n t e r c o n n e c t  is  open.  

Ascen t  Engine RCS Manifo ld  
S t a t u s  P r e s s u r e ,  p s i a  

1 7 3  + 3 F i r i n g  - 
Not F i r i n g  178  t o  194 
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Valve C h a r a c t e r i s t i c s  

Engine Valves 

There  h a s  been  no l i m i t  e s t a b l i s h e d  f o r  c o n t i n u o u s  o p e r a t i o n  of  t h e  
e n g i n e  valves when power is  c o n t i n u o u s l y  a p p l i e d  t o  them w i t h  p ro-  
p e l l a n t  f l o w i n g .  The maximum t i m e  d u r a t i o n  t h e  e n g i n e  valves may 
be  a c t i v a t e d  w i t h o u t  p r o p e l  t i s  2 m i n u t e s  d u r i n g  any 15-minute  
p e r i o d  f o r  t h e  p r imary  c o i l  nd 45 m i n u t e s  d u r i n g  any  60-minute 
p e r i o d  f o r  the secondary  c o i l s .  
i n i t i a l  t e m p e r a t u r e  of  80°F and maximum terminal v o l t a g e s  o f  15 VDC 
f o r  a s i n g l e  d i r e c t  c o i l  a n d  30 VDC f o r  two d i r e c t  c o i l s  i n  series. 

RCS P r o p e l l a n t  D e p l e t i o n  

Complete e x p u l s i o n  of RCS p r o p e l l a n t  i s  u n d e s i r a b l e .  Fo r  f l i g h t  
s a f e t y  p l a n n i n g  pu rposes , '  p r o p e l l a n t  u t i l i z a t i o n  s h o u l d  b e  ter- 
minated p r i o r  t o  e x p u l s i o n  of t h e  last  of the u s a b l e  p r o p e l l a n t .  
A marg in  of s a f e t y ' i s  n e c e s s a r y  due t o  u n c e r t a i n t i e s  i n  t h e  mea- 
s u r i n g  sys t ems .  Dur ing  emergency s i t u a t i o n s  t h a t  r ' equi re  u s e  of the 
RCS, p r o p e l l a n t  consumption may b e  e x t e n d e d ,  b u t  s h o u l d  be  ter- 
mina ted  a t  the f i r s t  i n d i c a t i o n  of a d e c r e a s e  i n  man i fo ld  p r e s s u r e .  

These  v a l u e s  are based  on an  

Blow'down O p e r a t i o n  

P a r t i a l  o r  comple t e  l o s s  of a s y s t e m ' s  he l ium due t o  a l e a k  up- 
stream of  t h e  quad check valves l i m i t s  t h e  o p e r a t i o n  c a p a b i l i t y  
of tha t  sys t em.  Fol lowing  t h e  he l ibm l o s s ,  t h e  sys tem can b e  
o p e r a t e d  i n  blowdown mode u n t i l  t h e  m a n i f o l d  p r e s s u r e  d r o p s  t o  
100 p s i a .  F i g u r e  4.8-67.1 shows t h e  amount of p r o p e l l a n t  which i s  
a v a i l a b l e  f rom blowdown o p e r a t i o n  of a sys tem.  

The a s sumpt ions  made f o r  d e t e r m i n i n g  t h e  b e s t  r a s e  c u r v e ,  c o n s i d e r  
maximum t a n k  s i z e ,  p r o p e l l a n t  t e m p e r a t u r e  o f  40"F, b e s t  O/F f o r  
comple te  p r o p e l l a n t  consumption 52.05 and a n  i n i t i a l  man i fo ld  p r e s -  
s u r e  of  184  p s i a .  The w o r s t  case as sumpt ions  c o n s i d e r  a minimum 
t a n k  s i z e ,  a p r o p e l l a n t  t e m p e r a t u r e  of 100"F,  a n  O/F of 1.88 and a n  
i n i t i a l  m a n i f o l d  p r e s s u r e  of 178 p s i a .  The ve r t i ca l  a x i s  i n  
F i g u r e  4.8-67.1 shows e x a c t  values f o r  t h e  p e r c e n t a g e  of  p r o p e l l a n t s  
r ema in ing .  When e s t i m a t i n g  t h e  amount o f  p r o p e l l a n t  a v a i l a b l e  from 
blowdown o p e r a t i o n  by u s i n g  t h e  r e a d i n g s  t a k e n  j u s t  p r i o r  t o  p r e s -  
s u r i z a t i o n  f a i l u r e  t h e  e r r o r s  i n h e r e n t  i n  t h e  measur ing  sys tem s h o u l d  
b e . t a k e n  i n t o  a c c o u n t .  For  example: An i n d i c a t i o n  of 80% j u s t  be- 
f o r e  p r e s s u r i z a t i o n  sys tem f a i l u r e ,  i f  s u b j e c t e d  t o  an e r r o r  of 
- +lo% r e s u l t s  i n  90% p r o p e l l a n t  r ema in ing  and  30 l b s .  a v a i l a b l e  from 
blowdown i n  t h e  w o r s t  case. 
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RCS Thermal  Requirements 

RCS Heater Duty Cycle 

The duty cycle for  RCS Quad Heaters for  particular missions can be 
found in  the appendices. 

Pa rame t r i c  Study of RCS Steady Firings 

The computer model developed f rom the latest PRI test  (Reference: 
LMO-510-879 "Test Report - Environmental Testing on a LM-Aft RCS 
Thrus te r  Cluster", 2 July 1968) was used to analyze the thermal effect 
of 
e jector ,  2)  the "D" Ox valve and 3)  the quad temperature. 

steady firings plus variable thermal inputs on the 1) Down engine 

Steady firings were considered for  durations of 5 seconds to 120 seconds. 
Only fir ings on the I'D" engine were considered. The effects of solar  
input and LM structure temperature during fir ing and soakback were also 
considered. 

Solar input was determined for  the cluster orientation in Figure 4.8-68. 

LM structure  temperature was s e t  at 30°F & 100°F. These temperatures 
correspond to the predicted range of LM structure temperature for  worst  
case missions. 

The maximum soakback temperatures for  the I'D" injector, Ox valve, and 
t h e  quad versus  the  s teady f i r i n g  time dura t ion  a r e  tabula ted  i n  
Table 4.8-10 f o r  a l l  cases  analyzed, 

In Figure 4.8-69 a r e  plotted the temperatures for  the injector and quad, 
for cases 1 and 4. These curves show the maximum effect of LM temper- 
ature and solar input on peak soakback. 

Figures 4.8-70 through 4.8-81 conta in  t h e  t r ans i en t  response curves f o r  
t he  i n j e c t o r ,  quad and engine ox id ize r  valve.  P l o t s  a r e  arranged so t h a t ,  
for  each case of boundary conditions, the nine incremental firings are 
shown on the same figure. Injector, quad and Ox valve temperatures 
r i s e  from steady state condition as prescribed by the particular case to 
the f i r s t  incremental burn point (5 seconds) and then proceed along the 
indicated heavy black line (for 5, 10,  15,  20, 30, 40, G O ,  90 & 120seconds 
during firing). Soakback curves take off f rom the heavy, thick line for  all 
of the nine incremental firings. A good estimate can be obtained by using 
l inear interpolation for burn t imes  in-between those plotted, 

Other cngine injectors and valves in  a quad may be expected to respond 
approximately the same as given for engine "D"; however, the quad 
response will be slower and have a lower peak. 

Contract No. NAS 9-1100 LED-540-54 
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4.8.13.3 E f f e c t s  of O r i e n t a t i o n  on RCS Tank Temperatures 

Extended t i m e  pe r iods  of p a r t i c u l a r  v e h i c l e  o r i e n t a t i o n  wi th  
r e s p e c t  t o  t h e  sun can cause  t h e  RCS p r o p e l l a n t  tempera ture  
l i m i t s ,  and poss ib ly  t h e i r  upper f r a c t u r e  mechanics l i m i t  t o  
b e  exceeded. These l i m i t s  are 40°F t o  100°F f o r  t h e  p r o p e l l a n t ,  
The upper f r a c t u r e  mechanics l i m i t s  are g iven  i n  F i g u r e  3.8.1-1 
o f  t h e  appendixes.  

F i g u r e  4.8-81.1 shows p l o t s  of t h e  tempera ture  change rates f o r  
t h e  RCS p r o p e l l a n t  tank s k i n s  as a f u n c t i d n  of p r o p e l l a n t  q u a n t i t y  
( p e r c e n t a g e ) .  
H Missions v e h i c l e  o r i e n t a t i o n .  Hence, i t  is p o s s i b l e  t o  c a l c u l a t e  
t ank  s k i n  tempera tures  f o r  any t i m e  i n t e r v a l  by us ing  t h e  tank 
start tempera ture  and in fo rma t ion  con ta ined  i n  F igu re  4.8-81.1. 
The d a t a  i n d i c a t e s  t h a t  f o r  a nominal H Mission, t h e  RCS t anks  
s t a y  w e l l  w i t h i n  t h e i r  t empera ture  l i m i t s .  

These p l o t s  are parameter ized  wi th  respect t o  

Con t rac t  No. NAS 9-1100 
\\ Primary N o .  664 Grumman Aerospace Corpora t ion  
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4.8.14 

4.8.14.1 

RCS Performance L i m i t a t i o n s  a s  a R e s u l t  of Gimbal Drive Actua tor  (+Pitch 
o r  ,&Roll)  F a i l u r e  During Powered Descent 

Plume Impingement Cons tca in t s  due t o  GDA F a i l u r e .  

Based en c u r r e n t  RCS c o n s t r a i n t s ,  t h e  maximum a l lowable  GDA o f f s e t  
ang le  a t  f a i l u r e  i s  l i m i t e d  by RCS plume impingement. 
p r e s e n t s  t h e  l i m i t i n g  case, I n  t h e  p e r i o d  of 0 t o  600 seconds GDA 
lockup a t  o f f s e t  angles  g r e a t e r  t h a n  t h e  i n d i c a t e d  a l lowable  w i l l  
e v e n t u a l l y  f a i l  t h e  S-Band s t e e r a b l e  an tenna ,  Likewise,  a f t e r  600 
seconds,  lockup a t  g r e a t e r  than  maximum a l lowable  angles  w i l l  e v e n t u a l l y  
l e a d  t o  f a i l u r e  of t h e  plume d e f l e c t o r s .  
t h e  curve ,  a d d i t i o n a l  hardware damage may r e s u l t ,  w i th  t h e  sequence 
of deg rada t ion  be ing  u n r e l a t e d  t o  t h e  i t e m  i n d i c a t e d  on F igure  
The exac t  sequence of thermal  deg rada t ion  can b e  determined from t h e  
d a t a  p re sen ted  i n  t h e  a p p r o p r i a t e  s p a c e c r a f t  appendix. 

S ince  RCS i s  normally used only €o r  major a t t i t u d e  maneuvers du r ing  
powered d e s c e n t ,  accumulated RCS f i r i n g  t i m e  can b e  used a s  an i n d i c a t i o n  
of DPS gimbal m i s t r i m  due t o  a f a i l u r e .  F igure  4.8-89 shows t h e  maximum 
a l lowable  accumulated RCS t h r u s t e r  f i r i n g  t i m e  (+ o r  -XI as a f u n c t i o n  
of D/E burn  t i m e  dur ing  powered descent .  Accumulated f i r i n g  h i s t o r i e s  
i n  excess  of t hose  shown a r e  i n d i c a t i v e  of RCS duty  cyc le s  which cause  
excess ive  plume impingement. 

Add i t iona l  RCS P r o p e l l a n t  Consumption a s  a Resul t  of GDA F a i l u r e  

Nominally t h e  gimbal led descent  engine  t r a c k s  t h e  v e h i c l e  c e n t e r  
of mass and c o n t r o l s  t h e  a t t i t u d e  of t h e  v e h i c l e  f o r  sma l l  maneuvers. 
Therefore ,  t h e  RCS je ts  f i r e ,  i n  nominal ope ra t ion  dur ing  the  
l a r g e  changes of t h r u s t  and l a r g e  a t t i t u d e  change combined-fai lure  
maneuvers. However, i f  e i t h e r  o r  bo th  of t h e  GDA's  (gimbal  d r i v e  
a c t u a t o r s )  f a i l ,  t h e  RCS j e t s  would have t h e  a d d i t i o n a l  job  of cor-  
r e c t i n g  any to rque  unbalanced c r e a t e d  by t h e  descen t  engine  o f f s e t  from 
t h e  v e h i c l e  c e n t e r  of mass, Thus, t h e  RCS p r o p e l l a n t  expend i tu re ,  
i f  t h e  GDA's  f a i l ,  is an  amount p r o p o r t i o n a l  t o  t h e  engine center-of-  
mass o f f s e t .  

F igures  4.8-82 through 4.8-85 p r e s e n t  t h e  RCS p r o p e l l a n t  consumed 
dur ing  powered descent  f o r  a locked p i t c h  o r  r o l l  GDA f a i l u r e ,  The 
RCS p r o p e l l a n t  consumption c a l c u l a t i o n s  assume t h e  engine  was locked 
away from t h e  nominal v a l u e  a t  t h e  angular  increments  g iven .  Although 
t h e  r e s u l t s  p re sen ted  are f o r  s e p a r a t e  p i t c h  and r o l l  f a i l u r e ,  they  
are a p p l i c a b l e  t o  a combined f a i l u r e .  The combined-fai lure  p r o p e l l a n t  
usage can b e  obta ined  by t ak ing  t h e  r o o t  - sum - square  of t h e  RCS 
p r o p e l l a n t  consumption f o r  t h e  i n d i v i d u a l  angle  o f f s e t s  ( p i t c h  and 
r o l l ) .  

F igure  4.8-88 

However, f o r  t h e  p o i n t s  above 

4.8-88. 

4.8.14.2 
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4.8.14.2 Continued: 
The RCS h a s  l i m i t e d  to rque  a u t h o r i t y  (2200 f t  - l b f ) .  The to rque  
a u t h o r i t y  can b e  exceeded a t  va r ious ,  combinations of descen t  engine  
o f f s e t ,  F igu res  4.8-86 and 4.8-87 show t h e  maximum p i t c h  o r  r o l l  
ang le  a t  t h e  t i m e  of GDA f a i l u r e  dur ing  powered descent  f i r i n g  
t h a t  w i l l  p rov ide  s u f f i c i e n t  RCS p r o p e l l a n t  a t  l u n a r  touchdown t o  
complete t h e  miss ion  o r  t h a t  w i l l  n o t  exceed t h e  to rque  a u t h o r i t y  
of t h e  RCS. 

. .  

Contrac t  No. NAS 9-1100 LED-540-54 
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4.8.15 Parametric Study of RCS Pulse Firings 

Pulse firings were considered for durations of 50, 100, 200 and 400 
seconds, at duty cycles of 10, 25, 50, 100 percent, A 100 percent duty 
cycle constitutes a steady firing (see Paragraph 4.8.13). 

, 

Pulse Width 
= Pulse Width + Off Time Percent 

For each firing LM structure temperature was maintained at 100°F and 
solar input was determined for the cluster orientation in Figure 4.8-68. 

I The maximum soakback temperature versus the percent duty cycle for the 
durations above, for the "D" injector, Quad and Ox v a l v e  a r e  p re sen ted  
in Figures 4.8-90, 4.8-91 and 4.8-92 respectively. 

Three pulse widths (50, 100, 500 ms)  were run for each of the above 
cases. The results showed that the peak soakback for a given duty cycle 
is independent of the three pulse widths used. This would hold true for 
any pulse width greater than 30 ms because 80% of the full I is achieved. 

The maximum peak soakback temperature for long duration pulsing trains 
occurs at low duty cycles (about 10%). The reason for this is the inter- 
ruption of propellant coolant flow thru the injector during the off times. 
As the duty cycle decreases the off time inbetween each pulse increases, 
allowing more heat from the combustion chamber to soak back. A point is 
reached when the duty cycle is just sufficient to maintain significant com- 
bustion chamber temperatures and the combustion chamber conducts heat 
back into the injector due to the temperature gradient. Normally, in a 
steady burn, this combustion chamber soakback is balanced by the pro- 
pellant coolant flow in the injector at an injector temperature of 175°F. 
However, when this coolant flow is interrupted, this balance is ended and 
soakback works to boost the injector temperature during the off time. 
the 10% duty cycle and durations in excess of 200 sec, the injector 
temperature continues to rise to 211°F at 400 seconds. 
soakback results in a peak injector temperature of 263°F. 

SP 

For 

The post-pulsing 

Contract No. NAS 9-1100 
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Parametric Study of RCS Heater Failure 

The computer model developed from the latest PR-1 test  (LMO-510- 
879, "Test Report - Environmental Testing On a LM-Aft RCS 
Thruster Cluster, Par, I - Cold Soak and Heater Warmup Test", 
dated 2 July 1968) was used to analyze "ONtt and "OFF" heater failure 
modes and the effect of variable thermal inputs. Two heater failures 
per engine and single heater failures were investigated. The results 
for the double failures a re  summarized in Table 4.8-11 and Figures 
4.8-93 through 4.8-96, 
i n  Table 4.8-12. 

The failures considered were two heaters per engine full "ON" or 
"OFF" and one heater per engine full "ONtt or  "OFF". Since the 
cluster heaters a r e  redundant, all two-heater cases considered re- 
quire a double failure on the same engine. For any single "OFF" 
failure the normal heater operating temperatures a re  maintained due 
to  the redundancy feature. In addition, three variables were con- 
sidered, namely solar input, heater voltage and LM structure 
temperature. 

The s i n g l e  f a i l u r e  r e s u l t s  are summarized 

To study the maximum temperature deviations from normal, the 
three variable boundary condition values were put  i n  at maximum 
and minimum levels, Solar input was calculated for the orientation 
of the cluster as shown in Figure 4.8- 68. Heater voltage levels of 
24 VDC and 32 VDC were used corresponding to the minimum and 
maximum inputs from the LM batteries, 

LM structure temperature was put  i n  at 30°F or  100°F. These 
temperatures correspond to the predicted range of LM structure 
temperature for worst case missions. 

For the double failures, the sixteen ser ies  shown in Table 4.8-11 
represent all the combinations of the six parameters and the two 
failure modes, Each series was divided into four subseries which 
correspond to  the four engines: Side, Forward, Down and Up (see 
Figure 4.8-68). 

The "initial temperature" (Table 4.8-11) is the steady state temper- 
ature for normal heater operation and for the conditions listed in the 
particular series,  The "steady state temperature" is the tempera- 
ture reached due to a particular heater failure mode on a particular 
engine for a given set  of conditions. 

For the "ON" failure mode the 'Ut and ID' engine Ox valves were 
found to be the most responsive of the four engine Ox valves. 
Figures 4.8-93 and 4.8-94 and Table 4.8-11, the  following should 
be noted: 

From 

1. The effect of LM structure temperature is small compared to the 
effect of solar input and maximum voltage on the final steady 
state temperature, 

Contract No, NAS 9-1100 LED-540-54 
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4.8.16 (Continued) 
I 

2. There is no unique correspondence between a particular failure 
and se t  of conditions with a particular quad steady state temp- 
erature. 

NASA reference (NASA MSC TWX EP4-10-68-PP6-Tl68) states that 
a minimum combustion chamber flange (CCF) temperature of 120°F 
is required prior to firing the RCS engines. TMC Margin Testing 
1968, unpublished, indicates that for injector temperatures of 100°F- 
140°F the C C F  is approximately 8°F less. Thus for the off failures, 
any injector whose steady state temperature is below 128°F indicates 
an unsafe condition. From Table 4.8-11 and Figures 4.8-95 and 
4.8-96 t h e  f o l l o w i n g  i s  noted :  

1. Series: II(All);IV(All);VI(All); VIII(Al1);X (S and F); XIV (S & 
F); XVI (S and F). All Fail the above criterion. 

2. The quad lower tempera ture  l i m i t  i s  119'F. For t h e  series 
l i s t e d  above t h e  quad lower l i m i t  i s  n o t  reached.  

3. A voltage of 24 or  32 volts has no effect on the injector or quad 
in the 'OFF' failure mode, The heaters on the other engine pro- 
vide the same heat (i. e. , they are temperature controlled) in 
both the 24 volt and 32 volt ser ies ,  with corresponding para- 
meters, to maintain the same quad and injector temperatures. 

For the single failures, three ser ies  of "ON" failures a re  shown in 
Table 4.8-12. "OFF" failures do not produce any change in cluster 
temperatures. 

C o n t r a c t  No. NAS 9-1100 
Primary No. 664 Grumman Aerospace Corpora t ion  
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Ixx 
(slug- 
ft2) 

2746 

2746 

2746 

3002 

5284 
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'YY 
(slug- 
f t2) 

2648 

2648 

2648 

2728 

2782 

1 
TABLE 4.8-1. RCS PROPELLANT USAGE FOR DOCKING ( P A M .  4.8.1.6) 

5210 

5210 

5210 

54 34 

10 ,449  

Mass P rope r t i e s  

Izz 
(slug- 
ft2) 

1460 

1460 

1460 

1767 

5166 

Closing 
Rate  

(ft/sec) 

1 . 0 8  

3. 54 

5.10 

7 .18  

7. 28 

Range 
(feet) 

327 

327 

327 

495.5 

574 

RCS Propel lant  Used 

Mean 
( W  

10. 6 trans. 
6.9 rot .  

12.9 trans. 
7. 3 r o t .  

14.2 trans. 
7.0 rot .  

33.3 

58.2 

'These m a s s  p r o p e r t i e s  were used for t h e  purpose of t h i s  a n a l y s i s .  
Reference should b e  made t o  Volume 111, Spacec ra f t  Opera t iona l  Data 
Book, f o r  c u r r e n t  o f f i c i a l  m a s s  p r o p e r t i e s  d a t a ,  

Contract No. NAS 9-1100 
Primary No. 664 Grumman Aircraf t  Engineering Corporation 
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TABLE 4.8-2. RCS PROPELLANT USAGE FOR LANDING1 ( p m -  4 0 8 . 1 0 7 )  

Wt 
(lbs) 

16,622 

16, 622 

17,400 

17,400 

17,400 

17,400 

17,400 

33,134 

33,134 

1 

Mass  Proper t ies  

hx 
(slug- 
ft2) 

12.402 

12,402 

12,900 

12,900 

12.900 

12,900 

12,900 

22,804 

22,804 

'YY 
(slug- 
ft2) 

13, 324 

13. 324 

13,400 

13.400 

13,400 

13,400 

13,400 

25,154 

25,154 

12 2 

slug-  
ft2) 

15,882 

15,882 

16,000 

16,000 

16 ,000  

16,000 

16 ,000  

25,300 

25,300 

Takeover 
Altitude 
(feet) 

500 

500 

1,000 

700 

500 

300 

100 

50,000 

8,000 

Mode of 
Operation 

Rate of 
Descent 

Manual 

Manual 

Manual 

Manual 

Manual 

Manual 

Automatic 

Landing sitf 
Redesigns- 
tion 

RCS Propel lant  Used 

44. 6 

45.0 

32.1 

36.2 

37.9 

37.7 

38.2 

34.6 

35.4 

I These mass p r o p e r t i e s  w e r e  used f o r  t h e  purpose of t h i s  a n a l y s i s .  
Reference should be  made t o  Volume 111, S p a c e c r a f t  Opera t iona l  Data 
Book, f o r  c u r r e n t  o f f i c i a l  m a s s  p r o p e r t i e s  d a t a .  

Contract No. NAS-9-1100 
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57.7 

56.4 

55.5 

58.5 

61.8 

61.2 

61 .1  

40.2 

45.9 
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Table 4.8-3. Plume Impingement Correction Factor for Ullage Calculations 
(Para. 4.8 .2)  

2-jet (IId and IVd) 
2-jet (Id and md) 

Table 4.8-4. Control System Efficiency (Unstaged or Docked) - AGS (Para. 4 . 8 . 2 )  

CONTROL MODE ULLAGE CORRECTION FACTOR 

4-jet primary coils 1.10 

4-jet secondary coils 1.00 

2-jet primary coils 1.04 

Table 4.8-5. Control System Efficiency (Staged) - AGS (Para. 4.8 .2)  

ASCENT PROP. ULLAGE 
CONTROL MODE REMAINING (LBS) CORRECTION FACTOR* 

4-jet primary coils 0 1.06 
5300 1 

4-jet secondary coils 

2-jet primary coils 

0 .  1.04 
5300 1 

0 
5300 

1 
1 

*These numbers can be interpolated for ascent propellant weights between 
0 and 5300 lbs. 

Contract No. NAS 9-1190 t Primary No. 664 Grumman Aerospace Corporation 
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COEFFICIENT 

1.776 

1.773 

1.775 

Table 4.8-6 Engine Performance Test Conditions Using "GREEN" N2O4 
and Helium - Saturated Propellants (Para. 4.8.4) 

FT/SEC RATIO SEC 3aIsp 

5096 2.049 281.0 0.90% 

5008 2.058 275.7 0.88% 

5204 2.012 286.8 1.59% 

--- 

VALVE VOLTAGE, 
PROPELLANT PRIMARY COIL, PROPELLANT PRESSURE 

CONDITION TEMPERATURE, O F  VOLTS CONDITIONS, PSIAl 

Nominal 70 f 10  25 W.2 170 f 2.5 

Low 40 * 5 21  a . 2  170 * 2.5 

High 100 * 5 29 N . 2  170 * 2.5 

l P r e s s u r e  is read at  engine inlets during steady state firing. 

Table 4.8-7, Steady State RCS Engine Vacuum Performance 

CONDITION 
(SEE TABLE 

4.8-6 1 

Nominal 

Low 

High 

THRUST, 
LB . 

100.3 

99.7 

100.4 

Contract No. NAS 9-1100 
Primary No. 664 Grumman Aerospace Corporation 

4.8-34 

(Para. 4.8.4) 

NUMBER 

RUNS 
O F  5-SEC. 

20 

8 

8 
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I Table 4.8-8. Average Response Times of RCS Engine Valves Using Primary Coils 

(Para. 4 .8 .4 )  
TIME FROM ELECTRI- TIME FROM ELECTRI- TIME FROM ELECTRE 
CAL SIGNAL "ON" TO CAL SIGNAL "OFF" TO CAL SIGNAL "0FF"TO 

1 VALVE VALVE FULL OPEN VALVE FULL CLOSE VALVE FULL CLOSE 
.' VOLTAGE, (ALL PULSE WIDTHS), (ALL P.W. EXCEPT (.013 SEC. P.W.), 

VOLTS SECONDS . 0 1 3  SEC). SEC. SECONDS 

' 

- Fuel Oxidizer Fuel Oxidizer Fuel Oxidizer 

21  f 0 . 2  0.0091 0.0112 0,0054 0,0071 0.0050 0.0050 

25 & 0 . 2  0.0078 0.0095 

0 .0066  0 .0056 0 . 0 0 7 3  0.0052 I 29a 0 . 2  0 .0066 0,0080 

(I 
Table 4.8-9, Average Opening Response Times of RCS Engine 

Valves Using Secondary Coils (Para. 4 .8 .4 )  

VALVE 
VOLTAGE 
VOLTS 

2 4 &  0.2 

27dz 0.2 

Contract No. NAS 9-1100 
Primary No, 664 

TIME FROM ELECTRICAL SIGNAL 
'ION" TO VALVE FULL OPEN, 

SECONDS 

- Fuel Oxidizer 

0.0270 0.0378 

0.0232 0.0325 

LED- 540- 54 
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CASE III CASE N .LM = 100oF CASE I LM .= 30°F CASE II LM = 1OO'F 
No Solar No Solar Solar 

Firing Duration Injector Ox Valve uad Injector OX Valve Quad Injector OX Valve 'Quad Injector OX Valve Quad 
(Seconds) O F  " F  I "F O F  OF 1 "F "F OF OF 

TABLE 4.8-10. PEAK SOAKBACK TEMPEMTURE FOR I'D" INJECTOR (PAM. 4.8.13.2) 

5 

10 

15 

185 138 148 187 140 151 189 141 152 191 144 155 

204 138 155 206 140 155 207 141 157 210 145 161 

215 137 158 211 139 161 217 140 161 220 145 165 

Contract No. NAS 9-1100 
Primary No. 664 
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LM 
Structure 

Temperature 
" F  

30 
30 
30 
30 

30 
30 
30 
30 

100 
100 
100 
100 

100 
100 
100 
100 

30 
30 
30 
30 

30 
30 
30 
30 

100 
100 
100 
100 

100 
100 
100 
100 

Amendment 21  

Heater 
Voltage Solar 

24 NONE 
24 NONE 
24 NONE 
24 NONE 
24 NONE 
24 NONE 
24 NONE 
24 NONE 
24 NONE 
24 NONE 
24 NONE 
24 NONE 
24 NONE 
24 NONE 
24 NONE 
24 NONE 
32 NONE 
32 NONE 
32 NONE 
32 NONE 
32 NONE 
32 NONE 
32 NONE 
32 NONE 
32 NONE 
32 NONE 
32 NONE 
32 NONE 
32 NONE 
32 NONE 
32 NONE 
32 NONE 
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146 
146 
155.5 
142 

131 
131 
127.5 
133.5 

154 
154 
171 
145 

127.5 
127.5 
123.0 
131 

171 
165.5 
190 
157.5 

137.0 
130.5 
128.0 
133.5 

TABLE 4.8-11. SUMMARY 'IF HEATER DOUBLE-FAILURE RESULTS (PARA. 4.8.16) 

** 
** 
** 
** 

* 
* 

** 
** 
** 
** 

* 
* 

** 
** 
** 
** 

Tern 

Initia 

- 
I 

- 

106 
106 
136 
136 
106 
106 
136 
136 
122 
122 
137 
137 

- 

- 

ra ture  "E 
Valve 

Xeady State 
Quad1 Steady State Notes 

- 
Initial - 

140.0 
140.0 
139.0 
140.0 
140.0 
140.0 
139.0 
140.0 
138.0 
140.0 
140.0 
139.0 

138.0 
140.0 
140.0 
139.0 

__ 

- 

- 

Failure 
Mode 

ON 
ON 
ON 
ON 
O F F  
O F F  
O F F  
O F F  

lector 
Steady State 

178 
178 
180 
187 

109 
109 
106.15 
109.5 
184 
184 
186 
195. 

Series Mia 
- 

134 
134 
134 
134 

134 
134 
134 
134 
136 
136 
136 
a36 

- 

- 

I S  
F 
D 
U 

126.5 
124.0 
158.5 
162.0 

89 

145.0 
163.0 
167.0 

124.5 

152 
149.5 
185.5 
191.5 

89.0 
88.5 

120.5 
119 

177.5 
175.0 
202 
205 

111 
111.5 
126.0 
124.5 

150 
138 

I1 s 
F 
D 
U 

ni s 
F 
D 
U 

O N  
ON 
ON 
ON 

I V S  
F 
D 
U 

OFF 
OFF 
O F F  
O F F  

117 
117 
119 
116 

122 
122 
137 
137 

106 
106 
136 
136 

106 
106 
136 
136 

122 
122 
137 
137 

~ 

- 

- 

136 
136 
136 
136 

v s  
F 
D 
U 

ON 
ON 
ON 
ON 

140.0 
140.0 
139.0 
140.0 

230 
230 
232 
247 

134 
134 
134 
136 

VI s 
F 
D 
U 

140.0 
140.0 
139.0 
140.0 

138.0 
140.0 
140.0 
139.0 

- 

134 
134 
134 
134 

136 
136 
136 
136 

110 
109.5 
111 
108 

241 
246 
251 
262.5 

O F F  
O F F  
OFF 
O F F  

ON 
O N  
ON 
ON 

VI1 s 
F 
D 
U 

VI11 s 
F 
D 
U 

138.0 
140.0 
140.0 
139.0 

122 
122 
137 
137 - 

136 
136 
136 
136 - 

116.5 
116.5 
119.0 
116 

O F F  
OFF 
O F F  
O F F  

Note: Both heaters  on the engine shown a r e  failed either off or on as shown. 
The heaters  on the other engines in the cluster a r e  operating normally. 
On failure where Ox valve steady state temperature exceeds 175°F 
Off failure where C. C. F. steady s ta te  temperature is below the 120°F lower limit 

* 
** 
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OFF 
O F F  
OFF 
OFF 

Amendment 21 
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139 
141 
138 
138 

ON 
ON 
ON 
ON 
OFF 
OFF 
OFF 
O F F  

ON 
ON 
ON 
ON 
OFF 
OFF 
OFF 
OFF 
ON 
ON 
ON 
ON 
O F F  
OFF 

139 
138 
140 
138 

139 
138 
140 
138 
139 
141 
138 
138 

139 
141 
138 
138 

139 
138 
140 
138 

139 
138 

30 
30 
30 
30 
30 
30 
30 
30 

100 
100 
100 
100 
100 
100 
100 
100 

32 
32 
32 
32 

32 
32 
32 
32 
32 
32 
32 
32 

32 
32 
32 
32 
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TABLE 4.8-11. (Continued) 

I Temperature " F  Structure 

Voltage 
ector 
Steady State 

Valve 
Steady Statc nitia 

&ad 
Steady Statc 

( 
Initial 

Failure 

141 

Series  Solar Notes 

YES 
YES 
YES 
YES 

YES 
YES 
YES 
YES 

__ 

108 
107 
137 
137 

108 
107 
137 
137 
126 
126 
138 
138 

126 
126 
138 
138 

- 

- 

- 

135 
135 
135 
135 

135 
135 
135 
135 

- 

142.5 
141.0 
177.0 
179.5 

101 
101 
132 
131.5 

124 
172.5 
202 
204 

123.5 
123.5 
137 
137.5 

M S  
F 
D 
U 

xs 
F 
D 
U 

X I S  
F 
D 
U 

XI1 s 
F 
D 
U 

XIII s 
F 
D 
U 

- 

202 
202.5 
205 
213 
127 
127 
130 
129 

158 
158 
168.5 
150 

132 
132 
131 
134 

* 
* 

** 
** 
- 

24 
30 . 24 

24 

YES 
YES 
YES 
YES 

YES 
YES 
YES 
YES 

- 

138 
138 
138 
130 
138 
138 
138 
138 
135 
135 
135 
135 
135 
135 
135 
135 
138 
138. 
138 
138 

138 
138 
138 
138 

~ 

- 

- 

- 

226.5 
227.0 
231 
237.5 

133.5 
134 
137 
137.5 

185 
184.5 
195.0 
177.5 

136 
136 
136 
137.5 

203 
202 
221 
189.5 

132.5 
,133 
131 
134.5 

225.5 
225.5 
243.5 
213.5 

136.5 
136.5 
137 
137 

* 
* - 

100 
100 
100 
100 24 

YES 
YES 
YES 
YES 

YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 

YES 
YES 
YES 
YES 

- 

__ 

- 

- 

108 
107 
137 
137 

108 
107 
137 
137 

126 
126 
138 
138 

126 
126 
138 
138 

- 

- 

- 

* 
* 
* 
* 

** 
** 
- 

278 
278 
284 
294 

126.5 
. 127.5 

130 
129 

298 
299 
305 
315.5 
134 
134 
137 
137 

184 
181 
232 
234 
101 
10 1 
132 
131.5 

211 
208.5 
252.5 
254.5 

123.5 
123.5 
137 
137 

X r V S  
F 
D 
U 

X V S  
F 
D 
U 

* 
* 
* 
* 

** 
** 
- 

XVI s 
F' 
D 
U - 

Note: Both heaters  on the engine shown a r e  failed either off or on as shown. 
The heaters  on the other engines i n  the cluster are operating normally. 

On failure where Ox valve steady state temperature exceeds 175°F 
Off failure where C. C. F. steady s ta te  temperature is below the 120°F lower limit 

* 
** 
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TABLE 4.8-12. SUMMARY OF HEATER SINGLE-FAILURE RESULTS (PARA. 4.8.16)  

Structure 
Failure 

Series 

32 
32 
32 
32 
32 
32 
32 
32 
32- 
32 
32 

__ 

__ 

I 

I 
Initial 
_ _  - 

138 
140 
140 
139 
139 
141 
138 
138 

__ 

139 
138 
140 
138 

ector 
lteady Statt 

_ _  .-. 

177 
1 l a  
ia i  
180 
192 
192 
201 
195 
217 
217 
227 
22 1 

- 

I___ 

C 
hit ia l  

122 
122 
137 
137 
108 
107 
137 
137 
126 
126 
138 
138 

__ 

I Valve 
;teady State Initial 

Temperature "F 'r 159 

137 
135 
I72 135 
1 70 135 
169 138 
168 138 
195 138 
195 138 ____ __ 

Note: (1) Only one heater on the engine shown has failed on. 
is off. The heaters on the other engines i n  the cluster a r e  operating normally. 

(2)' Series shown in this table have parametric inputs similar to those in Table 4.8-10. 
except these a r e  for single heater failure. 

The other heater on the engine 

* On failure where Ox valve steady state temperature exceeds 175°F 
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Amendment 109 
5/7/71 

m cu r( 0 

Sg? - NOI&dWflSN03 &NVT'I3dOUd 

Figure 4.8- 1. RCS Prbpellant for Rotation versus Vehicle Inertia 
(See Para. 4.8. 1. 1) 
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0 
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Figure 4.8-2. RCS Propellant for Rotation veraus Vehicle Inertia 
(See Para. 4.8.1.1) 
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0 PITCH OR ROLL RATE COMMAND/ATTITUDE HOLD MODE - PGNS 

0 WITH PLUME DEFLECTORS 

25 

20 

15 

10 

5 

0 
10 15 20 25 

UNSTAGED 
30 

VEHICLE INERTIA, I ~ O R  - SLUG-FTI x lo3 

I .  

Figure 4.8-3. RCS Propellant for Rotation versus Vehicle Inertia 
(See Para. 4. 8. 1. 1) 
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0 PITCH OR ROLL RATE - e 4O)SEC MANUAL; .5'/SEC AUTO 
0 ATTITUDE HOLD OR AUTOMATIC - PGNS 

0 WITH PLUME DEFLECTORS 

0 CSM/LM DOCKED 

LOCATIONS IN LM COORDINATES XCG 
MEASURED FROM STA. 254 

0 CONSUMPTION FOR .5'/SEC 
MULTIPLY ORDINATE READING 
BY 5/4 

1.0 2.0 3.0 4.0 5.0 
VEHICLE INERTIA, Iw o r  Izz -SLUG - F T ~  x lo5 

Figure 4.8-3.1. RCS Propellant Consumption for Pitch o r  Roll Rotations 
Versus Vehicle Inertia at Constant C. G. (PGNS, Docked). (See Para. 4.8.1.1) 
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PITCH OR ROLL RATE - 2. Oo/SEC 
ATTITUDE HOLD OR AUTOMATIC - PGNS 

0 WITH PLUNIE DEFLECTORS 
o CSM/LMDOCKED 

LOCATIONS IN LM COORDINATES ' XCG 
MEASURED FROM STA. 254 

1.0 2.0 3.0 4.0 5.0 

VEHICLE INERTIA, Iw OR Izz - SLUG - F T ~  x lo5 

Figure 4.8-3.2. RCS Propellant Consumption for Pitch or Roll Rotations 
Versus Vehicle Inertia at Constant C. G. (PGNS, Docked). (See Para. 4.8. 1. 1) 
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Figure 4.8-3.3. RCS Propellant Consumption for Yaw Rotations Versus 
Vehicle Inertia at Constant C. G. (PGNS, Docked) (See Para. 4. 8. 1. 1) 
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VEHICLE INERTIA, & -SLUG - FT2 X 10 4 

Figure 4.8-3.4. RCS Propellant for Yaw Rotations Versus Vehicle Inertia 
at Constant C. G. (PGNS, Docked). (See Para. 4.8.1.1) 
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Figure 4. 8-4. RCS Propellant for Rotation versus Vehicle Inertia 
(See Para. 4. 8. 1. 1) 
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Amendment 109 
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"1 3 5 
1 .  ) STAGED 

7 8  

VEHICLE INERTIA, I=OR rZz -SLUG - F T ~  x lo3 

Figure 4.8-5. RCS Propellant for Rotation versus Vehicle Inertia 
(See Para. 4.8. 1. 1) 
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12 

10 

8 

6 

4 

2 

n " 
10 15 20 25 30 
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Figure 4.8-6. RCS Propellant for Rotation versus Vehicle Inertia 
(See Para. 4, 8. 1. 1) 
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i io  i5 

b- SLUG - F T ~  x lo3 

20 25 

Figure 4.8-7. RCS Propellant Usage, Pitch or Roll - Digital Autopilot Undocked 
Not compensated for atmospheric drag or other vehicle pertur- 
bations (See Paragraphs 4.8.1.1 and 4 . 8 . 1 . 2 )  
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Figure 4.8-8. RCS Propellant Usage, Yaw - Digital Autopilot Undocked 
Not compensated for atmospheric drag o r  other vehicle pertur- 
bations (See Paragraphs 4.8.1.1 and 4.8.1.2) 
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IUU, h 

Figure 4.8-9, RCS Propellant Usage, Pitch or RoIl - Digital Autopilot Docked 
Not compensated for atmospheric drag or other vehicle pertur- 
bations (See Paragraphs 4.8.1.1 and 4.8.1.2) 
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0 2 4 6 8 10 

2 4 -SLUG - FT X 10 

Figure 4.8-10. RCS Propellant Usage, Yaw - Digital Autopidt Docked 
Not compensated for atmospheric drag or other vehicle 
perturbations (See Paragraphs 4.8. I. 1 and 4.8.1.2) 
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F i g u r e  4.8-11. Maximum Vehicle Rotation Rate via RCS versus Commanded Angle 
for Typical Angular Acceleration (See Paragraph 4.8.1.1) 
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Figure 4.8-12. RCS Propellant Usage, Pitch o r  Roll - AGS Undocked 
Not compensated for atmospheric drag or other 
vehicle perturbations (See Paragraph 4.8.1.2) 

25 

Contract No. NAS 9-1100 
Primary No. 664 Grumman Aircraft Engineering Corporation 

4.8-51 

LED-540-54 



SNA-8-D-027 (11) REV 2 

cu 
0 
d 

X 

50 

40 

30 

20 

10 

0 
0 

Volume I1 LM Data Book 
Subsystem Performance Data - RCS 

5 10 15 

-SLUG - F T ~  x lo3 IXX 

20 25 

Figure 4.8-13. RCS Propellant Usage, Yaw - AGS Undocked 
Not compensated for atmospheric drag o r  other vehicle 
perturbations (See Paragraph 4.8.1.2) 
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Figure 4.8-14. RCS Propellant Usage, Pitch or Roll - AGS Docked 
Not compensated for atmospheric drag or other 
vehicle perturbations (See Paragraph 4.8.1.2) 
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Figure 4.8-15. RCS Propellant Usage YAW-AGS, Docked. Not 
Compensated for Atmospheric Drag or Other Vehicle 
Perturbations [See Paragraphs 4.8. 1. 1 and 4.8. 1.2) 
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Figure 4.8- 16. RCS Propellant Consumption/Unit Delta Velocity versus Vehicle 
Weight for X, Y, or Z Translation - PGNS or AGS (See Paragraph 4.8.1.4) 
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Figure 4.8-17. RCS Specific Impulse vs  Descent Engine Moment Unbalance 
(See Para. 4.8 .1 .4 )  
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Figure 4.8-23. RCS Propellant for  Rotation versus Vehicle Inertia, Pitch o r  Roll 
Rate Command/Attitude Hold Mode - AGS (See Paragraph 4.8.1.4) 
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Figure 4.8-24. RCS Propellant for Rotation versus Vehicle Inertia Yaw-Rate 
Command/Attitude Hold Mode - AGS (See Paragraph 4.8.1.4) 
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Figure 4.8-25. Nominal Limits on Ascent Y and Z C. G. Location for 
LM Controllability (Ascent Engine Canted -1.5O) 
(See Para. 4.8.1.4) 

Contract No. NAS 9-1100 LED- 540- 54 
Primary No. 664 Grumman Aircraft Engineering Corporation 

4.8-64 



SNA-8-D-027 (11) REV 2 
Volume 11 LM Data Book 

Subsystem Performance Data - RCS 

240 244 240 252 256 

X-AXS C.G. (ZNCHES) 

Figure 4.8-26. Reduction in Controllability Boundary Due to RCS and APS 
Thrust Vector and Alignment Uncertainties vs X C.  G. 
Location (See Para. 4.8.1.4) 
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F i g u r e  4-8-27, RCS Propellant Flow Rate (lb/sec) for Moment Control 
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F igure  4.8-28. Delta APS/RCS Specific Impulse (seconds) During Moment 
Control versus Dry Vehicle C. G. (See Para. 4.8 .1 .4 )  
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Figure 4.8-30. Delta Integrated APS/RCS Mixture Ratio During Moment 
Control versus Dry Vehicle C. G. (See Para. 4.8.1.4) 
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Figure 4.8-34. Frequency versus Moment Unbalance 
(See Para. 4.8.1.4)  
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Figure 4.8-35. RCS Propellant Usage versus Yaw Moment Unbalance 
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Figure 4.8-36, Maximum Controllable C. G. in  the Y-Z Plane vs Descent Engine 
Thrust Level (2 or  4 Jet Control) (See Para. 4.8.1.5.1.1) 
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Figure 4.8-41, Reaction Control Jets: Total Impulse versus Electrical Pulse 
Width (See Paragraph 4.8.4) 
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Figure 4.8-42. Reaction Control Jet Specific Impulse versus Electrical Pulse 
Width (See Paragraph 4.8.4) 
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Figure 4.8-44. LM RCS Engine - Thrust vs Manifold Pressure 
(See Para. 4.8.4) 
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Figure 4.8-45. Effect of Propellant Consumption on Helium Tank AP for 
Selected Initial Helium Tank Pressures and Temperatures 

(Initial Helium Temperature = 20°F) (See Para. 4 . 8 . 4 )  
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Figure 4.8-46. Effect of Propellant Consumption on Helium Tank AP for 
Selected Initial Helium Tank Pressures and Temperatures 

(Initial Helium Temperature = 60°F) (See Para. 4.8.4) 
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Figure 4.8-47. Effect of Propellant Consumption on Helium Tank A P  for 
Selected Initial Helium Tank Pressures  and Temperatures 

(Initid Helium Temperatures = 100°F) (See Para. 4 .8 .4 )  
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Figure 4.8-48. RCS Engine Thrust Buildup and Decay vs Time (Pulse width: 13 ms; 
Condition: Ambient, 2520.2 volts) (See Para. 4.8 .4)  
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Figure 4.8-49. RCS Engine Thrust Buildup and Decay vs Time (Pulse width: 15 ms; 
Condition: Ambient, 2.55  0.2  volts)  (See Para. 4.8 .4)  
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Figure 4.8-50. RCS Engine Thrust Buildup and Decay vs Time (Pulse 
width: 20 ms;  Condition: Ambient, 25 & 0.2 vo l t s )  (See Para. 4.8.4) 
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Figure 4.8-51. RCS Engine Thrust Buildup and Decay VS Time (Pulse 
width: 30 ms;  Condition: Ambient, 2 5 2  0.2 volts)(See Para. 4.8.4) 
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Figure 4.8-52. RCS Engine Thrust Buildup and Decay vs  Time (Pulse 
width: 40 ms; Condition: Ambient, 2 5 k  0 .2  vol t s )  (See Para. 4 .8 .4 )  
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Figure 4.8-53. RCS Engine Thrust Buildup and Decay vs  Time (Pulse 

width: 60 ms; Condition: Ambient, 2 5 ?  0.2 vo l t s )  (See Para. 4 .8 .4 )  
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Figure 4.8-54. RCS Engine Thrust Buildup and Decay vs Time (Pulse 

width: 13 ms; Condition: Cold, 2 1 k O . 2  volts)(See Para. 4.8.4) 
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Figure 4.8-55. RCS Engine Thrust Buildup and Decay vs Time (Pulse 
width: 13 ms; Condition: Cold, 21 2 0.2 volts)(See Para. 4.8.4) 
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r'igure Q. 8-56. RCS Engine Thrust Buildup and Decay vs  Time (Pulse 
width: 40 ms;  Condition: Cold, 2 1 k O . 2  volts)(See Para. 4.8.4) 
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Figure 4-8-57, RCS Engine Thrust Buildup and Decay vs  Time (Pulse 
width: 40 nis; Condition: Cold, 2 1  +- 0.2  vo l t s )  
(See Para 4.8.4) 
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Figure 4.8-58. RCS Engine Thrust Buildup and Decay vs Time (F'ulse 
width: 13 ms; Condition: Hot, 2 9 k  0.2 vol ts)  (See Para.  4.8.4) 
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Figure 4.8-59. RCS Engine Thrust Buildup and Decay vs Time (Pulse 
width: 13 ms;  Condition: Hot, 29+  0 . 2  volts) 
(See Para.  4.8.4) 
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Figure 4.8-60. RCS Engine Thrust Buildup and Decay vs Time (Pulse 
width: 40 ms; Condition: Hot, 29? 0 . 2  vo l t s )  (See P a r a .  4 . 8 . 4 )  
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Figure 4.8-61. RCS Engine Thrust Buildup and Decay vs Time (Pulse 
width: 40 ms; Condition: Hot, 2 9 2  0 . 2  volts)(See Para.  4 .8 .4 )  
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Figure 4.8-63. RCS Thruster Location and Identification 
(See Para. 4.8.7) 
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Figure 4 . 8 - 6 4 .  LM/RCS Thrust Chamber Geometry 
(See Para. 4 . 8 . 7 )  
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Figure 4.8-64.1 RCS Manufacturing and Assembly Uncertainties 
(See Para. 4.8.7.2) 
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Figure 4.8-65. Correlation of Propellant Quantity Measuring Device 
(PQMD) Reading with Actual Propellant Quantity 
Remaining in the LM RCS System (See Para. 4.8.9) 
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Figure 4.8-66. RCS H e  Tank Pressure  Reduction vs 
Propellant Quantity Remaining (See Para .  4 .8 .9 )  
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Figure 4.8-67.  Determination of Helium Temperature Change Due to High RCS 
Propellant Consumption Rates (See P a r a .  4 . 8 . 9 )  
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Figure 4.8- 69. Peak Soakback Temperature versus 
Steady Firing Duration (See Para .  4 . 8 . 1 3 . 2 )  
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Figure 4.8-70. Steady Firing - Injector Response and Soakback 
(See Para. 4.8.13.2)  
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Figure 4.8-72. Steady Firing - Quad Response and Soakback 
(See Para. 4.8.13.2) 
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Figure 4.8- 73. Steady Nring - Injector Response and Soakback 
(See Para. 4.8.13.2) 
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Figure 4.8-74. Steady Firing - Ox. Valve Response and 
(See Para. 4.8.13.2) 
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Figure 4.8-75. Steady Firing - Quad Response and Soakback I 
(See Para. 4 . 8 . 1 3 . 2 )  
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Mgure 4.8-76. Steady Firing - Injeckor R~eponeg and Soakbads 
(See Para. 4 .8 .13 .2 )  
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(See Para. 4 . 8 . 1 3 . 2 )  
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Figure 4.8- 78. Steady Firing - Quad Response and Soakback 
(See Para .  4 .8 .13 .2)  
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Figure 4.8- 79. steady Firing - Injector Response and Soakback 
(See Para. 4.8 .13 .2)  
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Figure 4.8-80. Steady Firing - Ox. Valve B s p o n s e  and Soakback 
(See Para. 4.8 .13 .2)  
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Figure 4.8-81. Steady Firing - Quad Response and Soakback 
(See Para.  4.8.13.2) 
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Figure 4.8-85. Additional RCS Propellant Consumption as a Result of a Roll GDA Failure 
During a DPS Firing (Para 4.8.14)  
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Figure 4.8-86. Maximum Allowable Pitch GDA Failure Angle 
Vs. Time During Powered Descent (See Para. 4.8.14.2)  
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Figure 4.8-87. Maximum Allowable Roll GDA Failure Angle 
Vs. Time During Powered Descent (See Para. 4.8. 14.2) 
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Figure 4.8-88. Maximum Allowable GDA Offset Angle at the Time of GDA 
Failure VB Time During a DPS Firing (See para. 4 .8 .14)  
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Figure 4.8-89. Allowable RCS (t or - X) Firing Time vs .  Time 
From PDI With a Failed GDA 

(See Para. 4.8.14) 
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Figure 4.8-90. Peak Soakback Temperature 
of 'Dl Injector versus Percent Duty Cycle 
(See Para .  4.8.15) 
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Figure 4.8-91. Peak Soakback Temperature of 

Quad versusmPercent Duty Cycle 
(See Para. 4.8.15) 
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Figure 4.8-92. Peak Soakback Temperature of 
Ox Valve versus Percent Duty Cycle 
(See Para.  4.8.15) 
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Figure 4.8-93. Comparison of Ox Valve ('U' Engine) Transients for a Spectrum 
of 'U' Engine Heater-On Failures (See Para. 4 . 8 . 1 6 )  
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Figure 4.8-94. Comparison of Quad Transients for a Spectrum 
of 'U' Engine Heater-On Failures (See Para .  4.8.16) 
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Figure 4.8-95. Comparison of Injector 'F' Engine Transients for a 
Spectrum of F' Engine Heater-Off Failures 
(See Para. 4.8.16) 

Contract No. NAS 9-1100 LED-540-54 
Primary No. 664 Grumman Aircraft Engineering Corporation 

4.8-127 



SNA-8-D-027 (11) REV 2 
Volume I1 LM Data Book 

Subsystem Performance Data - RCS 

Y 

4 E 

Figure 4.8-96. Comparison of C&W Transients for a 
Spectrum of IF1 Engine Heater-Off Failures 
(See Para. 4.8.16) 
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Figure 4.8-9 7 .  Location of RCS Plume Deflector 
and Impingement Forces (Para. 4 . 8 . 6 . 2 )  
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Figure 4.8-98. Deflector Pressure Distribution 
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Figure 4.8-100. Vertical Impingement Force vs. Ascent/Descent 
Stage Side Slip 

(See Para. 4 . 8 . 6 . 3 )  
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Figure 4.8-101. Vertical Impingement Force vs. Ascent/Descent 
Stage Separation 

(See Para. 4 . 8 . 6 . 3 )  
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Figure 4.8-102. Vertical Distance From Top Deck (of Descent Stage) of 
Horizontal Force vs. Ascent/Descent Stage Side Slip and Rotation 

(See Para. 4 . 8 . 6 . 3 )  
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Figure 4.8-103. Horizontal Impingement Force 
vs. Ascent/Descent Stage Side Slip 

(See Para. 4.8.6.3) 
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Figure 4.8-104. Horizantal Force vs Separation Distance 
(See Para. 4 . 8 . 6 - 3 )  
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Figure 4.8-105. Vertical Distance From Top Deck of Horizontal 
Force vs. Ascent/Descent Stage Separation 

(See Para. 4 .8 .6 .3 )  
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Figtire 4.8-106. +X Plume Impingement Capability - 
Unstaged (See Para e 4.8.6 1) 
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Figure 4.8-107. Temperature Change of Plume Deflector Center 
Strut During Firing ( S e e  Para. 4.8.6.1)  
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Figure 4.8-108. Temperature Change of Plume Deflector Center 
Strut During Cooldown (See ,Para. 4 . 8 . 6 . 1 )  
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Figure 4.8-109. Temperature Rise Due to Heating of Plume 
Deflector Strut vs. Initial Strut Temperature For, 
a Range of Firing Times (See Para. 4.8.6.1) 
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Figure 4. 8-110. AT (Coolingj of Plume Deflector Center Strut 
vs. Initial Shut Temperature for a Range of 
Cooldown Times (See Para. 4.8.6.1) 
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Figure 4.8-111. Cooldown Time Required Between Firings VB. Firing 
Time for a Range of Total Number of Fir ing  With an 

' Initial Temperature of 250°F (See Para. 4 . 8 . 6 . 1 )  
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FIRING TIME - SEC 

Amendment 105 
2/17/71 

i 

COOEDOWN TIME - SEC 

Figure 4.8-112. Firing Plus Cooldown Time 
Optimization (See Para. 4.8.6.1) 

Contract No. NAS 9-1100 
Primary No. 664 Grumman Aerospace Corporation 
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Amendment 116 
7 / 2 / 7 1  

0 0 0 
(0 dr ey 

0 co 
- 0  
0 

CONTINUOUS FIRING DURATION 
(FOR SUBSEQUENT FZRINGS AFTER INITIAL 
65 SECOND FIRING) - SECONDS 

Figure 4.8=113. Cool Down Time Required for Subsequent Firings after 65 Seconds 
of Firing on the Quad III Stowage Compartment (See Para. 4.8.6.1) 

Contract No. NAS 9-1100 
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Amendment 11 6 
7 / 2 / 7 1  i 

Figure 4.8-113.1. Cool Down Time Required for Bubsequent Firings After 73 Seconds 
of Firing on the MESA (See Para. 4.8.6.1) 

Contract No. NAS 9-1100 
Primary No. 664 Grumman Aerospace Corporation 
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Amendment 116 
7 / 2 / 7 1  

CONTINUOUS FIR.ING DURATION (FOR SUBSEQUENT FIRINGS AFTER 
INITIAL 66 SECOND FIRWG) ,., SECONDS 

Figure 4.8-113.2. Cool Down Time Required for Subsequent Firings after 66 Seconds 
of Firing on the Side of SEQ (See Para. 4.8.6.1) 

Contract No. NAS 9-1100 
Primary No. 664 Grumman Aerospace Corporation 
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CONTINUOUS FIRING DURATION (FOR SUBSEQUENT FIRINGS AFTER 
INITIAL 100 SECOND FIRING) - SECONDS 

Figure 4.8-113.3 Cool Down Time Required for Subsequent-Firings after 100 Seconds 
of Firing on the Top of SEQ (See Para. 4.8.6.1) 

Contract No. NAS 9-1180 
Primary No, 664 Grumman Aerospace Corporation 
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Amendment 105 
2/17/71 

Figure 4.8-114. ATmeating) of 0.032" Aluminum Frame vs. Firing Time for a 
Range of Initial Frame Temperatures (See Para. 4.8.6.1) 

Contract No. NAS 9-1100 
j- Primary No. 664 Grumman Aerospace Corporation 
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8-115. 
Range of Initial Frame Temperatures (See Para. 4.8; 6.1) 

AT (Cooldown) af 0.032" Aluminum Frame vs. Coa,,Jwn Time for a 
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Figure 4.8-116. AT (Heating) of e 032" Aluminum Frame vs. Initial Frame 
Temperature for a Range of Firing Times (See Para. 4.8:  6.1) 
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Figure 4.8-117. AT (Cooling) of 0.032" Aluminum Frame vs. Initial Frame 
Temperature €or a Range of Cooldown Times (See Para. 4.8;  6.1) 

Contract No. NAS 9-1100 
Primary No. 664 Grumman Aerospace Corporation 

4.8-149 

LED-540-54 



SNA-8-D-O27(II) REV 2 
Volume II LM Data Book 

Subsystem Performance Data --RCS 

Amendment 105 
2/17/71 

Figure 4.8- 118. Cooldown Time Required Between Firings vs. Firing Time 
for a Range of Total Number of Firings With an 

Initial Temperature of 250°F (See Para. 4.8.6.1)  

Contract No. NAS 9-1100 
Primary No. 664 Grumman Aerospace Corporation 
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Amendment 128 
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Figure 4.8-119. LM-8 and Subsequent RCS Plume Impingement Capability 
for  Antennas (See Para. 4 . 8 . 6 . 1 )  

Contract No. NAS 9-1100 
Pr imary  No. 664 Grumman Aerospace Corporation 
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4.9 STRUCTURAL /MECHANICAL 

4.9.1 Sample Return Container C. G. and Weight Tolerances 

The maximum allowable weight of each loaded Sample Return Container 
(SRC) is 80 earth lbs. 
is 160 lbs. 

The total combined maximum weight for two SRC's 

The allowable C. G. positions and tolerances are: 

SRC #1 LM X Station 265.90 +0.75 
-1.75 

LM Y Station -20.75 22.0 

LM 2 Station -6.0 f3.0 
LM X Station 257.44 +0.75 

-1 75 
LM Y Station -20.75 22.0 

LM 2 Station -6.0 23.0 

SRC 82 

Contract No. NAS 9-1100 
Primary No. 664 Grumman Aerospace Corporation 

4.9-1 
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5.0 AERODYNAMICS (NASA DATA SOURCE) 

5.1 Extreme A l t i t u d e  Aerodynamic Drag Coeff ic ients  f o r  t he  LM and the  
LEI-SIVB 

This s e c t i o n  presents  extreme a l t i t u d e  aerodynamic drag c o e f f i c i e n t s  
f o r  t he  LM-SIVB configuration as shown i n  Figure 5.1-1, and includes 

‘ t h e  extreme a l t i t u d e  aerodynamic drag coe€f ic ien ts  from Reference 1 
1 f o r  t he  LM configuration as shown i n  Figure 5.1-2. 

The drag c o e f f i c i e n t s  were calculated using t h e  f r e e  molecular flow 
theoi-y as presented i n  Reference 2. The drag d i f f u s e  r e f l e c t i o n  
equation f o r  a f l a t  plate  i s  as follows: 

1 2 
-(’ sin + J;; s s i n  e (1 + 7) e r f  ( S  s i n  e )  + 

% =  [ e  2s 

- s i n 2  e J 
sw 

where 0 is the  angle of a t t a c k  between the  su r face  and the  flow 
d i r ec t ion ,  and S denotes the  molecular speed r a t i o  which can a l s o  
be expressed i n  terms 
exponent y by 

S 

It was assumed t h a t  S 

requi res  knowledge of 
Reference 2. 

of t he  Mach number, M ,  and the  i s en t rop ic  

w a s  equal t o  10.0 and equal to  S s i n c e  S 

the  su r face  temperature, as explained i n  
W’ W 

It should be noted t h a t  the  drag coe f f i c i en t s  presented i n  
Table 5.1-1 (from Reference 1) and Table 5.1-2 have been ca lcu la ted  
using the  standard Apollo re ference  a rea  of 129.4 f t  . 
flow conditions are assumed t o  be v a l i d  only f o r  a l t i t u d e s  below 
325,000 f e e t ,  while t h e  f r e e  molecular flow conditions are assumed 
t o  e x i s t  above an a l t i t u d e  of 450,000 f e e t .  It  is not known, a t  
the present ,  i n  what manner o r  a t  what a l t i t u d e  the  t r a n s i t i o n  from 
f r e e  molecular flow t o  continuum takes place,  but i t  i s  assumed t o  
occur between 450,000 f e e t  and 325,000 f e e t .  Therefore, s i n c e  the  
dynamic pressure expected by the t i m e  a l t i t u d e  has decreased t o  
300,000 - 325,000 f e e t  i s  expected t o  he s u f f i c i e n t l y  large enough 
t o  s u b s t a n t i a l l y  a l t e r  the  f r a g i l e  LM o r i g i n a l  geometry, no continuum 
aerodynamic da ta  is included. The f r e e  molecular flow da ta  presented 
should be used f o r  a l t i t u d e s  g r e a t e r  than 300,000 f e e t .  

2 Continuum 

Contract No. NAS 9-1100 LED-540-54 
Primary No. 664 Grumman Ai rc ra f t  Engineering,Corporation 
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5.1 Extreme A l t i t u d e  Aerodynamic Drag Coeff ic ien ts  fo r  the  LM and the  
LM- SIVB (Continued) 

Centers of pressure,  Table 5.1-3, $or the  var ious LM configurat ions 
were determined by ca lcu la t ing  t h e  cent ro ids  of the  projected areas 
f o r  the var ious vehic le  configurat ions and a t t i t u d e s .  The centers  
of pressure are defined as s t a t i o n  numbers i n  t h e  s tandard LM a x i s  
system as shown i n  Sect ion 2.0 of t h i s  volume. 

References 

1. R. S .  Morton, Jr., Extreme A l t i t u d e  Aerodynamic Drag Coeffi-  
c i e n t s  f o r  t h e  LM, MSC Memorandum t o  PM3, March 30, 1967. 

2. Howard W. Emmons, Fundamentals'of Gas Dynamics, Vol. 11, High 
Speed Aerodynamics and Jet Propulsion, Princeton Universi ty  
Press ,  1958, pp. 703-705. 

5.1.1 CSM-LM Docked Aerodynamic Coeff ic ien ts  a t  Extreme A l t i t u d e  

Drag c o e f f i c i e n t s  f o r  the  LM and the CSM (Spacecraft  Operational 
Data Book, Volume I, Section 6.0) were used t o  c a l c u l a t e  drag 
coef f ic ien ts  a t  extreme a l t i t u d e  (2450,000 feet) f o r  the CSM-LM 
i n  the  docked configuration. Locations of t h e  center  of pressure 
f o r  various a t t i t u d e s  were a l s o  calculated.  

The f r e e  molecular flow drag c o e f f i c i e n t s  f o r  the  CSM + Total  LM 
( l e s s  landing l e g s  and pads) and the  CSM + LM Ascent Stage are 
given i n  Table 5.1-4 f o r  var ious vehic le  a t t i t u d e s .  Angles of 
a t t a c k  and s i d e s l i p  are defined i n  t h e  s tandard LM axis system 
as shown i n  Sect ion 2.0 of t h i s  Volume. 
given i n  Table 5.1-5, were determined by ca lcu la t ing  t h e  centroids  
of the projected areas f o r  the C S M +  LM configurat ions and a t t i -  
tudes,  and are defined as s t a t i o n  numbers i n  the  standard 1l.1 a x i s  
system. 

The centers  of pressure,  

Cont rac t  No. NAS 9-1100 LED-540-54 
'\ 

Primary No. 664 Grumman A i r c r a f t  Engineer ing Corporat ion 
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Table  5.1-1. LM Free  Molecular Flow Drag C o e f f i c i e n t s  

Reference Area = 129.4 f t  
2 

T o t a l  LM (Less Landing Legs and Pads) 

cD A t  t i  tude  - 
ct = 0" B = 0" 2.60 

01 = 90" B = 0" 3.20 

01 = 180" B = 0" 2.60 

ct = 0" 8 = 90" 3.34 

Ascent S tqge  

01 = 0" 

a = 90" 

ct = 180" 

ct = 0" 

01 = 0" 

ct = 90" 

a = 180" 

ct = 0" 

A t  t i  tude  

B = 0" 

B = 0" 

8 = 0" 

B = 90" 

Descent Stage (Less Landing Legs and Pads) 

A t t i t u d e  

8 = oo 
B = 0" 

B = 0" 

B = 90" 

2 . 1 1  

1 .65 

2 . 1 1  

1.83 

2.52 

1.55 

2.52 

1.55 

Tumbling Drag C o e f f i c i e n t  

T Q t a l  LM* CD = 2.97 

C = 1.97 Ascent Stage 

Descent Stage* C,, = 2.04 
D 

*Less landing  l e g s  and pads.  

LED-540-54 Cont rac t  No. NAS 9-1100 
Primary No. 664 Grumman Aircraf t  Engineer ing Corporat ion 
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Table  5.1-2. LM-STVB F ree  Molecular Flow Drag C o e f f i c i e n t s  

Reference Area = 129.4 f t "  

A t t i t u d e  

ci = 0" R = i)" 

ci = 90" I3 = 0" 

ci = 180" 3 = 0" 

c1 = 0" 6 = 90" 

Tumbling 

D 
c 
- 

6.75 

2 3 . 4 0  

(2.75 

2:. 49 

16.78 

Con t rac t  No. NAS 9-1100 
Primary No. 664 Grumman A i r c r a f t  Engineering C o r p o r a t i m  
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TABLE 5.1-3. LM CENTERS OF PRESSURE FOR DIFFERENT 
VEHICLE CONFIGURATIONS AND ATTITUDES 

Tota l  LM ( l e s s  landing l e g s  and pads) 

At t i tude  

a 3 0" B = 0" 

a = 90" $ = 0" 

= i a o o  B = 0" 

a = 0" , B = 90" 

Att i tude  

a = 0" B = oo  
a I 90" B = 0" 

a = 180" = 00 

a e 0" $ = 90" 

Center-of-Pressure Location 

Ascent S tage  

Center-of-Pressure Location 

Descent Stage ( l e s s  landing legs  and pads)  

Contract No. NAS 9-1100 LED-540-54 
Primary No. 664 Grumman Ai rc ra f t  Engineering Corporation 
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TABLE 5.1-4. D O C ~ E D  CSM-LM FREE MOLECULAR n o w  DRAG COEFFICIENTS 

- CD I 1  A t t i t u d e  f '  

a = 0" B = 0" 

a = 90' = 0' 

a = 180' B = 0" 

a = 0" B = 90" 

2.60 

8.21 

2.60 ' 

8.35 

CSM + Ascent S t a g e  

CD - A t t i t u d e  

= 0" B = 0" '2.11 " 

a = 90" B = 0" 6.66 

a = 180" = 0" 2.41 

a = 0" B = 90" 6.84 

Tumbling Drag C o e f f i c i e n t  

CSM + T o t a l  LM" 

CSM + Ascent S t a g e  

\, I , )  I 

*Less l a n d i n g  l e g s  and pads.  

i i C o n t r a c t  No. NAS 9-1100 _ I  , I  I' LED-540454 1 . 
Primary No. 664 Grumman A i r c r a f t  Engineer ing  Corpora t ion  
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TABLE 5.1-5. DOCKED CSM-LM CENTERS OF PRESSURE 

CSM + T o t a l  LM (less l a n d i n g  l e g s  and pads) 

A t t i t u d e  

a = 0" 6 = 0" 

a 90" f3 = 0" 

a 0" f3 = 90" 

a = 180" f3 = Oo 

A t  t i t  ude 

= 0" f3 = 0" 

a = 90" B = 0" 

a = 180" f3 = 0" 

a = 0" f3 = 90" 

CSM + Ascent S t a g e  

C o n t r a c t  N O .  'NAS 9-1100 LED-5 40-54 
Primary No. 664 Grumman A i r c r a f t  Engineer ing  Corpora t ion  

5.1-7 

I 



SNA-8-D-027(11) REV 2 
Volume I1 LM Data 3ook 

Aerodynamics 

a=ODEG ' 1  
REFERENCE AREA 129.4 FT2 
REFERENCE LENGTH = 154.0 IN 

Figure 5. 1-1. LM-S-IVB Configuration (See Para. 5 . 1 )  

1 
Contract No. NAS 9-1100 1ed-5 40-54 
Primary No. 664 Grumman Aircraft Engineering Corporation 
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REFERENCE AREA = 129.4 FT2 
REFERENCE LENGTH = 154.0 I N  

FRONT VIEW 

SIDE VIEW 

TOP VIEW 

Figure 5.1-2. LM Axis System and Configuration Geometry (See Para. 5.1) 

Contract No. NAS 9-1100 LED-540-54 
Primary No. 664 Grumman Aircraft Engineering Corporation 
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6.0 MISSION EVENT SEQUENCES 

6.1 Abort Stage 

The time sequences for an abort stage are given in Table 6.1-1 and the 
associated logic block diagram of Figure 6.1.1. The assumption made 
is that the Abort-Stage button is depressed during dement engine firing. 
However, the data can generally be applied with minor modification to 
other applications of Abort-Stage activation. 

Contract No. NAS 9-1100 
Primary No. 664 Grumman Aerospace Corporation 

6.1-1 
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TABLE 6,1-1. LM ABORT STAGE SEQUENCE 

APS ENGINE ON (T1) 

Stage Nuts and Bolts and ECI ' 

Relays Activated 

Stage Nuts and Bolts and ECI 

Removal Completed 

Guillotine Relay Activated 

Guillotine Severs Umbilical 

APS Engine Builds Up to  10% Thrus t  

Assuming 180 ps i  P re -P res su re  

APS Engine Builds Up t o  90% Thrus t  

Assuming 180 ps i  P re -P res su re  

APS Engine Builds up to 10% Thrus t  

Assuming 100 ps i  P re -P res su re  

APS 

Assuming 100 ps i  P re -P res su re  

engine Builds Up to  90% Thrust  

Amendment 104 
2 / 2 / 7 1  

Elapsed Time (Seconds) 

Minimum 

0,242 

0,320 

0.324 

0.430 , 

3.012 

0.004 

0.006 

0. 30 

0.325 

Nominal 

0.000 

0.010 

0.012 

0.020 

0.046 

0.070 

0.100 

0.150 

0.312 

0.400 

0.410 

6.62 

0.000 

0.008 

0.012 

0.090 

0.100 

0.545 (2) 

0.555 (2) 

(1) See Figure 4,7-16, Descent Engine Thrust  Decay for  Shutdowns, 
(2) See Figure 4,6-29, APS Fire in the Hole (FITH) Thrust  Build Up, 

Contract No. NAS 9-1100 
Pr imary  No. 664 Grumman Aerospace Corporation 

6.1-2 

Maximum 

0.382 (1) 

0.480 

0.493 

4.030 

10.012 (1) 

0.011 

0.016 

0.43 (2) 

0,455 (2) 

.LED- 540- 54 
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Min: To  + .324 
Max: To  + .493 ----- 

Amendment 106 
3 1 a m  

Nom: To  + .010 ------ 
S&C Relays _-__--. 

Ascent Engine 
P res s .  Relay 

Pull-In 

I 
Nom: To + .020 ------ 

ED Relays 
-----. 
Pressurizatlon 
Squib Blows 

Min: To  + .430 

Max: To  t 4.030 

Squib 

Action 

----_- 

------ 
Ascent Engine 
Pressurized 

(1) 

To 

Manual 

Operation 

Initiate Abort 

Stage Sequence 

----- 

----- 

1 
7 

- 
T I 

Nom: To  + .150 ------ 
S&C Relays 
LCC Recognizers 
Abort-Stage 
h o g r a m  (2) 

Engine On 
------ 

I 

Nom: T1 + .090 -_---- 
ED Relays -_---- 

Guilloline 
Relay 
Activated- 

1 
Nom: T 1  + .lo0 

Squib Action 

------ 
__- - - -  
Guillotine 
Severs  
Umbillcal 

Min: To  + .320 
Max: To + .480 

S&C Relays 
------ 

Min: T i  + .004 

Max: T i  + .011 

ED Relays 

Stage Nuts & 
Bolts & ECI 
Relays 1 Activated 

_ _ _ _ - -  
_ _ _ - - -  

Nom: To + ,012 ------ 
S&C Relays _ _ _ _ _ -  

Descent Engine 
c u t  Oil 

Min: To  + .242 

Max: To + .382 

Main Engine 

Relay Drop-Out 

Descent Engine 
Decays to 

- - - --- 

Nom: To + .046 ------ 
S&C Relays ------ 
Ascent Stage 

EPS Batteries 
Activated 

Min: T i  + 008 

Max: T i  + 016 

Squib Action 
------ 
-__- - -  
Stage Nuls & 
Bolts & ECI 
Removal -l Compleled 

Nom: To + . O l O  

S&C Relays n Dead Faced 

------ 
----- 
Descent Stage 
EPS Batteries 

Mln: T i  + . 3 0  

Max: TI  + . 4 3  

ED Relays 
-__--- 
------ 
Ascent Engine 
Builds Up To 
la Thrust 

Min: T1 + . 3 2 5  

Max: T 1  + . 4 5 5  

Propellant 
Flow Build 

------ 
UP 

Ascent Engine 

Legend 

Min, Max, or Nom. 
Time Alter 
Reference (3) 

Source o r  
Initiating 
Command 

Events 

-_---- 

------ 

NOTES 
(1) Ascent Engine Pressurization includes 

Helium and Propellant Tanks. Max 
Time is  fo r  Full Pressure.  

Also applies to AGS, Time = To + . lo0  
7 

(2) 

(3) Time In Seconds. 

(4) "And" Logic 

(5) Assumes 180 PSI Pressure.  

I MM DB - 232 

Figure 6.1- 1. Block Diagram of LM Abort Stage Sequence 

Contract No. NAS 9-1100 
Primary No. 664 Grumman Aerospace Corporation 
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7.0 SPACECRAFT BENDING MODES 

7 .1  LM Bending Data 

This section presents the Lunar Module (LM) Free-Free Modes for one 
weight condition with the mated ascent and descent stages, and two conditions 
of the ascent stage only. These data shown in Tables 7.1-1, 7.1-2 and 7.1-3 
were obtained from ground vih-ation tests of LTA-3. Accuracy on frequency 
is approximately 10% and up to 50% on amplitudes. ,Damping values a re  con- 
sidered low because the test article did not have some items that contribute 
to damping. 

(Ref: MSC source data memo, ffLunar Module (LM) Free-Free Modes,Il 
ES2 to EG23, 9 November 1967) 

(1 

Contract No. NAS 9-1100 LED-540-54 
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Mode 

Frequency 
Damping 

Displ. a t  RCS's 

Cluster  I 

Cluster  I1 

Cluster  III 

Cluster  IV 

Displ. a t  IMU 

Displ. a t  Desc. 
Engine 

Rotations a t  IMU 

Rotations a t  
Desc. Engine 

Volume 1.1 LM Data Book 
Subsystem Performance Data-Bending Modes 

Table 7.1-1, Modal Displacements a t  Lunar Touchdown Condition 

Config: Mated Ascent/Descent Stages F r e e - F r e e  
Ascent Stage Full, Descent Empty 

g = 2 c/cc 

1 

8.06 
.07 

.20 

.12 

.ll 

* 10 -. 25 
.12 

-. 14 -. 24 -. 25 
-. 24 
.18 -. 24 
0.00 

.26 
0.00 

0.000 
.055 
0.000 

a 0.000 
0.000 

a Y  
a 0.000 

a -.010 
a 0.000 

a 0.005 

X 

X 

Y 

Generalized Mass 5.231 

2 

8.18 
.06 

0.195 
.151 
.121 

0.000 -. 215 
.156 

-. 129 -. 210 -. 229 
-. 226 
.190 -. 198 
0.000 
.292 
0.000 

0.000 
.090 
0.000 

0.000 
0.000 
0.000 

-. 0164 
0.0000 

.0082 

5.072 

3 

10.20 
.02 

0.000 -. 106 -. 080 
0.000 
.159 -. 090 
0.000 
.154 
,200 

0.000 -. 120 
.152 

.035 -. 062 
0.000 

-. 330 
.078 
.462 

0.000 
0.000 

.0045 

-. 0141 
.0490 
.0070 

2.290 

4 

10.210 
.055 

0.105 -. 105 -. 100 
0.000 
.093 -. 136 

-. 098 
.096 
.064 

-. 104 --. 100 
0.000 

0.000 
0.000 -. 024 
0.000 -. 022 -. 033 
.0031 
.0037 
0.0000 

.0190 
-. 0030 
-. 0095 
1.948 

5 

11.900 
.028 

. l oo  

.350 

.520 

.580 -. 870 

.eo0 

0.000 -. 830 -. 530 
-. 440 
.350 -. 230 
-. 075 
.470 
.340 

0.000 
.190 
.240 

-. 0058 
-. 0069 
-. 0097 

.0027 

.0082 

-. 0014 
8.468 

6 

12.180 
.025 

0.000 
0.000 
0.000 

-. 306 
0.000 
0.000 

-. 287 
0.000 
0.000 

0.000 
0.000 
0.000 

0.000 
0.000 -. 182 
0.000 
0.000 
0.000 

-. 0018 
-. 0022 

0.0000 

0.0000 
0.0000 

0.0000 

1.943 

7 

12.500 
.048 

0.000 
.182 
.450 

1.000 -. 534 -. 550 
.740 -. 542 -. 158 

-. 300 
.170 
0.000 

-. 027 
.279 
.580 

0.000 
.025 
,050 

.0013 

.0015 
0.0035 

-. 0045 
.0045 
.0022 

5.998 

Units 

Hz 

n. d. 

n. d. 

n. d. 

n. d. 

n. d. 

n. d. 

rad/in. 

rad/in. 

lb-set' 
inch 

Note: Modal displacements a r e  normalized to one (1) inch maximum amplitude. 
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Table 7 .1 -2 .  Modal Displacements a t  Lunar Lift-off 

Config: Ascent Stage F r e e - F r e e  with Ful l  Tanks 

Mode 1 

Frequency 11.08 
Damping g = 2 C/Cc e062 

Displacements a t  RCS's 

Cluster  1 

Cluster I1 

Cluster IIJ 

Cluster IV 

Displ. a t  IMU 

Displ. a t  Asc. 
Engine 

Rotations at IMU 

Rotation at  Asc. 
Engine 

Generalized Mass  

X -.3513 
Y -.0321 
Z -.5764 

X -.3199 
Y .7270 
z .0918 

X .4731 
Y .7128 
Z -.3226 

X -.0183 
Y -.4364 
Z -.0977 

x -.1201 
Y -.3417 
Z -.0347 

X -.0478 
Y .0183 
z - . lo89 

u -.0099 

u -.0045 
Y 

n z  -.0018 

m -.0050 

u -.0019 

u -.0017 
Y 

4.3730 

2 

17.15 
.020 

.4084 

.7580 
-. 0725 

-. 8530 

-. 0408 
.6755 

.4463 

.4985 

.1738 

.0564 

.3631 

.0068 

.0140 

.2636 

. loo1  

.1246 
I 0762 
.1965 

0034 

.0035 

.0066 

-. 00063 

.0045 

.0038 

2.2500 

Note: Modal displacements a r e  not normalized. 

Contract No, NAS 9-1100 
P r i m a r y  No. 664 

3 4 

18-97 19.82 
.058 .013 

-.0729 .0727 
.0537 -.OEM 

-.1172 .0614 

.0771 .3762 
-.1200 .1188 

.1472 -.0319 

-.3752 .4063 
-.1403 .2551 
-.1402 .0499 

-.0060 .0675 
-.0933 .1850 

,0034 -.2103 

-.0451 .2089 
-.0408 .0143 

.0181 - . lo77 

-. 0065 -. 0466 
.1100 -.loo9 
.0439 -.2320 

-.0022 .0056 

-.0024 .0065 

-. 0006 -. 00014 

-. 00023 .00035 

-.0017 .0049 

-s 00011 - 0  0021 

9740 1.8140 

5 

24.25 
.032 

-. 0260 
.9323 -. 5392 

.4194 
.1712 
.0247 

-. 2164 
.0357 
.0795 

-. 0384 -. 0555 -. 2774 

.0625 
,2813 
.1420 

-. 0356 
.0918 
.0973 

- D  0012 

-. 00095 

.0113 

-. 00038 

.0063 

-. 0030 

3.7460 

6 

27.55 
,015 

-. 0358 

-. 2268 
.2787 

2.9640 
' .2785 -. 4564 

-2.8290 
.0239 
.2272 

.3501 

.2678 

.3036 

.0210 -. 0581 -. 0570 

.0802 
,6722 -. 2100 

-- 0026 
-. 0014 

.0080 

-. 0016 

,0440 

-. 0130 

6.0210 

Units 

Hz 

n. d. 

n. d. 

n. d. 

n. d. 

n. d. 

n. d. 

rad/in. 

rad/in. 

2 lb-sec 
inch 

LED-540-54 
Grumman Aircraf t  Engineering Corporation 
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Table 7.1-3. Modal Displacements a t  Terminal  Rendezvous 

Mode 

Frequency 
Dnmping g = 2 c/cc 

Displacenicnt at RCS's 

Cluster I 

Cluster  I1 

Cluster  III 

Cluster  IV 

Displ. a t  IMU 

Displ. a t  Asc. 
Engiile 

Rotations at IMU 

Rotations at  Asc. 
Engine 

Generalized Mass 

X 
Y 
Z 

X 
Y 
Z 

X 
Y 
Z 

X 
Y 
Z 

X 
Y 
Z 

X 
Y 
Z 

a 

a 

a 

a 

1 

18.400 
.062 

0.000 
0.000 -. 140 
0.470 

0.140 
-. 300 

-. 590 -. 300 -. 130 
0.000 
0.000 
0.150 

0.000 
0.000 
0.000 

0.000 
0.1.00 
0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.7388 

Config: Ascent Stage F r e e - F r e e ,  Empty Tanks 

2 

19.600 
.020 

0.000 
0.000 
0.100 

-. 270 
0.150 
0.000 

0.220 
0.150 
0.000 

0.000 
0.000 -. 140 
0.000 
0.000 
0.000 

0.000 
0.000 
0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.3263 

3 

22.500 
.058 

0.000 
0.000 
0.290 

-. 910 
0.220 -. 100 
0.000 
0.000 
0.000 

0.000 
0.000 
0.000 

-. 250 
0.170 
0.240 

0.290 
0.190 
0.360 

-. 0065 
-. 0077 
0.0039 

0.0000 
0.0069 
-. 0037 
3.7780 

4 

23.500 -. 013 

-. 400 
-. 870 0.730 

0.290 -. 130 
0.130 

-. 200 -. 130 
0,000 

0.000 -. 400 -. 200 
0.000 -. 070 
0.070 

-. 100 
0.000 
0.110 

-. 0084 
-. 0100 
0.0000 

0.0000 
0.0090 
0.0053 

2.0240 

Note: Modal displacements are normalized to one (1) inch maximum amplitude. 

Contract No, NAS 9-1100 
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5 

25.700 
.032 

0.290 
0.140 
0.310 

-. 530 
0.150 
0.000 

0.600 
0.150 
0.000 

-. 140 
0.120 -. 200 
0.050 
0.240 
0.050 

0.000 
0.000 
0.000 

0.0064 
0.0077 
0.0064 

0.0000 
-. 0096 
0.0000 

1.6680 

6 

31.900 
.015 

-. 170 
0.150 
0.100 

0. 9.40 
0,190 -. 210 
-. 900 
0.150 
0.100 

0.130 -. 190 -. 160 
0.000 -. 065 
0.000 

0.000 
1.000 
-. 180 
0.000 

0.000 

0.000 

0.0000 
-. 0630 
-. 0170 
2.2720 

Units 

Hz 

n. d. 

n. d. 

n. d. 

n. d. 

n. d. 

n. d. 

rad/in. 

rad/in. 

2 lb-sec 
inch 

LED-540-54 
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9 Propellant Slosh 
8.0 PROPELLANT SLOSH 

Amendment 112 
6/8/71 

This section presents the LM tank sloshing data. t is based on the pen- 
dulum mechanical analogy to the fluid equations. It is also assumed that 
the acceleration is in the positive XE direction. 

8.1 Descent Tank Sloshing Data 

The fundamental sloshing frequency is given by 

I- 

where a is the acceleration along the vehicle X axis, R is the tank radius, 
25.5 inches. Table 8.1-1 presents the slosh functions for (each of) the 
propellant tanks . 

8.1.1 References 

I LMO-500-721, "Mechanical Model Representation of the LMMP Descent 
Stage Propellant Sloshing", 1 August 1969. 

LMO-500-583, "A Comparison Between a Static and Dynamic Liquid 
Propellant Method for Calculating LM Mass Properties, If P June 1967. 

Contract No. NAS 9-1100 
Pr imary  No. 664 Grumman Aerospace Corporation 

8.1-1 

LED-540-54 



SNA-8-D-027 (11) REV 2 

8.2 
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Propellant Slosh 

Ascent Tank Sloshing Data 

The fundamental sloshing frequency is given by the same expression as  is 
shown in Para.graph 8.1, but in the case of the ascent tanks R is 
24.7 inches. 

Table 8.2-1 presents the slosh functions for (each of) the propellant 
tanks. 

8.2.1 Reference 

LMO-500-168, "Mechanical Model Representations for LM Ascent and 
Descent Stage Propellant Sloshing, 8 April 1964. 
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Table 8.1-1. Descent Tank Propellant Slosh Functions 

Fraction of Ratio:Slosh Mass A, Frequency 
Propellant in Tank to Max Prop. Mass Par ame t e r 

0.0 
0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.7 
0.8 
0.9 
1.0 

0.00 
0.08 
0.14 
0.17 
0.19 
0.20 
0.21 
0.20 
0.18 
0.15 
0.00 

1.00 
1.10 
1.16 
1.22 
1.30 
1.34 
1.35 
1.35 
1.36 
1.52 
2.50 

Amendment 112 
6/8/71 

Sup p or t 
Position* 

-0.22 
-0.22 
-0.22 
-0.20 
-0.17 
-0.13 
-0.05 
0.02 
0.10 
0; 21 
0.22 

*Support Position is the ratio of pendulum support distance (xT measured from the 
tank center positive toward the top) to the tank diameter. 

Contract No. NAS 9-1100 
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Table 8.2-1. Ascent Tank Propellant Slosh Functions 

Fraction of Ratio: Slosh Mass A ,  Frequency support 
Propellant in Tank to Max Prop. Mass Parameter Position 

0 
0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.7 
0.8 
0.9 
1.0 

0 
0.08 
0.16 
0.22 
0,27 
0.30 
0.31 
0.30 
0.27 
0.19 
0 

1.00 
1.06 
1.10 
1.14 
1.18 
1.22 
1.27 
1.33 
1.43 
1.64 
2.30 

o *  
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

*Su.pport position is at center of the tank. 
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Appendixes for  LM-3 thru LM-5 have been 
removed from Revision 2. Revisions 
subsequent t o  the Apollo 11 f l i gh t  may 
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9.0 VENTING IMPULSES 

9.1 Disturbing Impulses due to Venting of Gases 

In-flight experience has shown that the thrust neutralizers provided for 
external vents on the LM are less effective than expected and that venting 
gases through these external vents will produce forces and torques which 
will disturb the vehicle attitude and motion to a measurable extent. 

It has, therefore, been deemed prudent to assume that the thrust neutralizers 
are totally ineffective when examining the possible effects of venting. The 
maximum possible forces (which will occur at the start of the venting) and 
the total impulses thus determined are summarized in Table 9.1-1 and figures 
9.1-1 through 9.1-4, 

References: 

1) LMO-510-1612 "Impulse due to LM Venting", May 22, 1970 

9.2 LM Active Docked Control Performance 

Table 9.2-1 presents the results of a series of FMES/FCI testing performed 
to determine the acceptability of various LM control modes for docked 
operations. The table indicates the various vehicle configurations and the 
recommended, satisfactory or unsatisfactory, control modes for each con- 
figuration. Where data were available, RCS propellant consumption is also 
indicated. For some vehicle configurations only thrusting maneuvers were 
listed, since it was assumed that if the higher weight configuration was 
controllable for coasting, maneuvering and PTC, the lighter configuration 
would also be controllable in the same modes. (Reference: LTR 500~10130, 
FMES/FCI LM Docked Contingency Control Modes Test Report , dated Jan. 1971). 
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it Dynamics Data F1: 
I 

00 m m  cucu 
O d d  

II II II 

I3 a3 

m 
m 
d 

00 I 
II I1 II 

if a3 

m 
cum .cu 

I w o  
II I1 I I  

$ 4  

ti a3 
0 

m .  . .  
r l m  w w  

o + r l  I I O  
I I  II II II  II II 
X h N  X h N  

.o g g  

F r F r k l  FrFrFr 

X 

22 
R S  

m cu 

m * m  c u I  I 
II II I1 
x h X  

oddc 
0 0  
.b  

d d r m  cue I 
II II II 
X h N  

Q, .4  

h 

E!. 

o w  
4063 r ( m  I 
II II II 
W h N  

n 

d 

r l m  
wcucu d m  I 
II II II  
X h N  
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0 0 0 0  
d 00 m o  m m  m m  w m  w w  * 
400 O l W  0 1  I o w w  

m m  cum m cum dr l  drl 
c- d d  d o 0  osio; 0 1 +  0 1  I 

drl d m* 
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m m  m l - l  
0 0  

I o +  
II II II 

d o '  

G 2 2  

A b * b  
S O O N  
0000 

I I + +  
d d d d  
II I1 ) O / I I  

g 2 2  

m 
b 

400 400 
II II II I1 II II 

m 
N 
br l0  . m o  

N r l W  
II II I1 
X h N  

go';  

m 0 
W 0 
.a3 . 
df- m m 
I I I I  I1 
X h  N 

:d I 

m m  
N O N  .o . m .Q, 
d W N  mcu I 
I1 II I1 
X h N  

0 
O d d  
. b b  m o o  

I%;; 

I I  I I  II 
X h N  
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Legend t o  Table 9.2-1 (LM-Active Docked Control Matrix) 

ENS /AGS 

Rating 

Mode Sw. 

DSJSY Verb 

U-V J e t s  

GDA s 

DAP DB 

BAL CPL 

ATT/TRANS 

AGS DB 

Axis A t t  Cont 

Amendment 9 9 
1/28/71 

P = PGNS 
A = AGS 

R = Recommended 
S = Sat i s fac tory  
U = Unsatisfactory/Unstable(See Reference f o r  

AH = Atti tude Hold 
de ta i l ed  i n  forma t ion )  

Auto = Automatic 
Auto/AH = Either  Automatic o r  Atti tude Hold 

76 = Pulse 
77 = Rate Command/Attitude Hold 

E = Enable 
D = Disable (V65E) 

E = Enable 
O f f  = Off 

1.4 = 1.4" 
5 = 5" ( A l l  weight i n  LM v ia  DAP load) 

5* = 5" (Weight d i s t r ibu ted  between LM and 
CSM v i a  DAP load) 

On = On 
O f f  = O f f  

2 = 2 J e t  
4 = 4 Je t  

Min = .3' 
Max = 5.0" 

D = Direct  
P = Pulse 
M = Mode Control 

Control Axis Input A = ACA 
T = T/TCA 

1 1  - 1 1  =.Not applicable o r  has no e f f e c t  

* 
- ' -  i n  direct ' .  ** 

Performed i n  pulse but known t o  y i e ld  b e t t e r  performance 

, Not - 
U a t i o n s  Zf-Ki?iiifiiE- configuration. 

.. - , - .  .. . , . . . . . . - . 

. - ~  'performa- but known -.to 'be -sa-E-is~actory^aue-€o ' s i m -  
- -. . . - . .. -.. - ~ . .. 

LED- 5.40- 5 4 Contract No. NAS 9-1100 
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Figure 9.1-2 SHe Tank Venting Pressure and Thrust for 46 Lb Load 
Through SHe Thrust Neutral izer (See Para. 9 . 1 )  
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data presented a r e  o n l y  v a l i d  up t o  the  
A p o l l o  12 launch date, 14 November 1969, 
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Volume I1 LM Data Book 
S / C  C o n s t r a i n t s  & Opera t iona l  L i m i t a t i o n s  - Comm 

L M 6 i 3 . 1  COMMUNICATIONS 

OPERATIONAL LIMITATIONS 
OR PROCEDURE 

LM6/C-5 SM RCS Plume Impingement on 
S t e e r a b l e  Antenna 

CSM je ts  B 3  and C4 are no t  cons t r a ined  
by S-band s t e e r a b l e  antenna on LM-6 
i n  l i g h t  of t h e  7 seconds maximum 
a l l o w a b l e  plume h e a t i n g  imposed by t h e  
LM thermal  i n s u l a t i o n .  

RATIONALE 

Amendment 23 
11/6 /69  

Continuous f i r i n g  l i m i t e d  p e r  
Paragraph 3.8 RCS-5, planned l and ing  
s i t e ,  sun ang le ,  and s t a y  t i m e  per-  
m i t  thermal  c o n t r o l  c o a t i n g  degra- 
da t ion ,  due t o  impingement, i n  ex- 
c e s s  of amount p r e d i c t e d  f o r  nom- 
i n a l  miss ion  ope ra t ions .  See Para- 
graph LM6/4.1.2.8 f o r  a d d i t i o n a l  
r a t i o n a l e  and a f f e c t s  of plume in-  
duced torque .  

jl Cont rac t  No. NAS 9-1100 ' Primary No. 664 Grumman Aerospace Corporat ion 
LM6/3.1.1-1 
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Volume I1 LM Data Book ' 

S I C  C o n s t r a i n t s  & O p e r a t i o n a l  Limitations-Prop-APS 

LM6/3.6 PROPULSION - APS 

OPERATIONAL LIMITATION RAT1 ONALE 
OR PROCEDURE 

LM6/APS-1 P r o p e l l a n t  Tank Pressure-  
Temperature L i m i t  R e l a t i o n s h i p  
(NASA DATA SOURCE) 

The p r o p e l l a n t  tank p r e s s u r e s  should  n o t  
exceed t h e  v a l u e s  g iven  i n  F i g u r e s  
LM613.6.1-1, LM6/3.6.1-2 and LM6/3.6.1-3. 

LM6/APS-9 Ambient Helium Storage  Tank ~ 

P r e s s u r e  r 

R e l i a b i l i t y  i s  reduced below 
llowable '  va lue .  

I f  maximum i s  exceeded, r e l i a b i l i t y  
i s  reduced below a l l o w a b l e  v a l u e .  
I f  minimum i s  exceeded, t h e r e  w i l l  
b e  i n s u f f i c i e n t  helium t o  conple te  
a l u n a r  mission d u t y  c y c l e .  

Eelium t a n k  p r e s s u r e  l i m i t a t i o n s  are 
g iven  i n  F i g u r e  LM613.6.1-4. 

. I. 

Contrac t  No. NAS 9-1100 
Primary No. 664  . I  

Grumman Aerospace Corpora t ion  
LM613.6.1-1 
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(NASA DATA SOURCE) 
260 

240 

220 

2 00 

180 
60 80 100 

TEMPERATURE (OF) 

120 

F igu re  LM6/3.6.1-1. Maximum Al lowab le  Pressure-Temperature 
L i m i t  Re la t i onsh ip  f o r  LM-6 Ascent Stage 
Propel 1 a n t  Tanks 
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i Figure LM6/3.6.1-2. 'APS Fuel Tank Pressure-Temperature L i rn i  tati ons 
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SIC Cons t r a in t s  & Operat ional  Limi ta t ions  - Prop-APS 

Amendment 22 
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Figure LM6/3.6.1-3. APS Oxidizer Tank Pressure-Temperature Limitations 
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Figure LM6/3.6.1-4. APS He1 i urn Tank Pressure-Temperature 
Li in i  t a t i o n s  
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Volume I1 LM Data Book 
SIC C o n s t r a i n t s  & O p e r a t i o n a l  L i m i t a t i o n s  -Prop-DPS 

LM613.7 PROPULSION - DPS 

OPERATIONAL LIMITATION 
OR PROCEDURE 

LM6IDPS-6 P r o p e l l a n t  Tank Pressure-  
Temperature L i m i t  R e l a t i o n s h i p  

The p r o p e l l a n t  t a n k  p r e s s u r e s  should n o t  
exceed t h e  v a l u e s  g iven  i n  F i g u r e s  
LM6/ 3.7 .l-1, LM613.7 . l-2 and LM6l3.7 . l-3. 

LM6fDPS-8 Non-Throttl ing Range Engine 
Opera t ion  (NASA DATA SOURCE) 

The maximum a l l o w a b l e  burn t i m e  3n t h e  
n o n - t h r o t t l i n g  range  f o r  t h e  LM-6 DPS 
engine  dur ing  t h e  l u n a r  landing  d u t y  
c y c l e  i s  50 seconds.  

LM6fDPS-17 Engine I n t e r f a c e  P r e s s u r e  
(Fuel  and Oxidizer)  

Event Minimum Maximum 

P r eburn 30 p s i a  275 p s i a  

During Burn 150 p s i a  275  p s i a  
@ FTP 

120 p s i a  @ 10% 
t o  65% t h r u s t  
(See Note) 

Amendment 26 
11/13/ 69 

RAT I ONALE 

R e l i a b i l i t y  i s  reduced ,below the 
a l l o w a b l e  va lue .  

Off-nominal mixture  r a t i o s  may re- 
s u l t  o r  t h e  t h r u s t  chamber may burn  
through. 

I f  maximum i s  exceeded, b u r s t  d i s k  
p r e s s u r e  w i l l  be  exceeded and hel ium 
supply w i l l  b e  reduced. 

I f  below minimum, f r e e z i n g  of f u e l  
i n  h e a t  exchanger may r e s u l t .  

I f  maximum exceeded, b u r s t  d i s k  
p r e s s u r e  w i l l  b e  exceeded and helium 
supply w i l l  be  reduced. 

I f  below minimum, extreme combustion 
roughness may r e s u l t ,  which could 
cause  engine damage. 

NOTE: Severe chamber p r e s s u r e  s p i k e s  can occur  as t h e s e  l i m i t s  are approached; 
t h e r e f o r e ,  o p e r a t i o n  near  t h e s e  l i m i t s  should be  minimized. 

LM6fDPS-20 Ambient 'Helium Storage  Tank 
Pressure-Temperature L i m i t a t i o n s  

Ambient helium t a n k  p r e s s u r e  l i m i t a t i o n s  I f  t h e  maximum i s  exceeded, r e l i a b i l i t y  
are g iven  i n  F i g u r e  LM613.7.1-4. i s  reduced below a l l o w a b l e  v a l u e .  

C o n t r a c t  No. NAS 9-1100 LED-540-54 
Primary No. 664 Grurmnan Aerospace Corporat ion 

LM613.7.1-1 
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i Figure LM6/3.7,1-2. DPS Fuel Tank Pressure-Temperature Limi ta t ions  
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Figure LM6/3.7.1-3. DPS Oxidizer Tank Pressure-Temperature 
Limitations 
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F i g u r e  LM613.7.1-4. DPS Ambient  H e l i u m  Tank P r e s s u r e -  
Temperature L i m i t a t i o n s  
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Amendment 22 
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i 
Volume I1 LM Data Book 

SIC C o n s t r a i n t s  and Opera t iona l  Limitations-Prop-RCS 

LM613.8 - REACTION CONTROL SUBSYSTEM 

OP E RAT I ONAL LIMI TAT I ON 
OR PROCEDURE 

RATIONALE 

LMGIRCS-13 P r o p e l l a n t  Tank Pressure-  
Temperature L i m i t  Re la t ionsh ip  
(NASA DATA SOURCE) . 
The p r o p e l l a n t  t a n k  p r e s s u r e  should R e l i a b i l i t y  i s  reduced below t h e  
n o t  exceed t h e  v a l u e s  g iven  i n  a l lowable  va lue .  
F i g u r e  LM613.8.1-1. 

LM6/RCS-17 RCS Helium B o t t l e  Pressure-  .- 
Temperature L i m i t a t i o n s  

RCS helium b o t t l e  pressure- ' temperature  I f  t h e  maximum i s  exceeded, r e l i a b i l -  
l i m i t a t i o n s  are g iven  i n  Eigure  i t y  i s  reduced below a l lowable  v a l u e s .  
LM613.8.1-2. 

i, Cont rac t  No. NAS 9-1100 
Primary No. 664 Grumman Aerospace Corpora t ion  

LM613.8.1-1 
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SEC REG M A X  LOCKUP 

NOTE: 1- 
I CURVES BASED ON FOLLOWING I PRESSURIZATION SCHEDULE AT 
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~M6/4 .1 .2  S-Band Communications (NASA DATA SOURCE) 

A summary c.hart g iv ing  RF margins a t  luna r  d i s t a n c e  f o r  S-band 
downlink communicatlons i s  given i n  Table LM6/4.1.2-1. 

LM6/4.1.2.8 RCS Plume Impingement on S tee rab le  Antenna 

(a )  Maximum Allowable Plume Heating 
0 
, 30 seconds continuous LM -X upf i r ing  engines of quads 3 and 4 
'45 seconds continuous CSM -X forward f i r i n g  engines B 3  and C 4  

O 7  seconds continuous CSM -X forward f i r i n g  engines B 3  and C 4  
(LM/CSM docked, antenna stowed) Also s e e  c o n s t r a i n t  RCS-5 

(LM/CSM docked, antenna unstowed) ( 7  seconds i s  a v e h i c l e  thermal 
i n s u l a t i o n  c o n s t r a i n t ;  r e f e rence  c o n s t r a i n t  RCS-5) 

(b) Cumulative F i r i n g  

Cumulative f i r i n g  on t h e  antenna,  when poin ted  o u t s i d e  a l lowable  
reg ion  (Figure 4.1-2), i s  no t  a cons t r a in t  f o r  LM-6. Proposed 
landing s i t e  (23.45" west)  and sun e l eva t ion  angle  a t  landing 
(5") permits  thermal c o n t r o l  coa t ing  degradat ion i n  excess  of 
amount poss ib l e .  
d a t i o n  i n  thermal p r o p e r t i e s  (a = 0.2 t o  a = 0 .4 )  befo re  overheat ing,  
Degradation caused by LM-6 and CSM RCS I i r i n g s  i s  not  expected t o  
exceed 40%; a = 0.28).  

(Antenna can withstand approximately 100% degra- 

(c) Plume Induced Torque 

Plume torque from CSM RCS may cause antenna t o  l o s e  lock  i f  f i r i n g s  
a r e  190 mi l l i seconds  i n  du ra t ion  o r  g r e a t e r  ( r e fe rence  H-1 mission 
Revs 11 and 1 2 ;  antenna p o s i t i o n s  P+68", Y+19" and P+86", Y+12" which 
are  c l o s e  t o  worst  o r i e n t a t i o n ;  worst o r i e n t a t i o n  could cause l o s s  
of lock  wi th  CSM pu l se  du ra t ion  of 150 mi l l i s econds ) .  I f  t h e  LM-6 
antenna angles  are t o  be maintained, i t  would be advisable  t o  switch 
from Auto t o  Manual S l e w  mode when f i r i n g s  of 190 mi l l i s econds  o r  
g r e a t e r  are a n t i c i p a t e d .  The a l t e r n a t i v e  would be t o  Auto-Track 
wi th  t h e  antenna i n  a more d e s i r a b l e  o r i e n t a t i o n  (P i t ch  angles  +165" 
t o  +195" and +15" t o  -15" wi th  yaw angles  +O" t o  +30° are p re fe r r ed  
o r i e n t a t i o n s  where l o s s  of lock  i s  not  a n t i c i p a t e d ) .  No s t r u c t u r a l  
damage is a n t i c i p a t e d  i f  antenna i s  dr iven  i n t o  i t s  mechanical s tops .  
Care should be exerc ised  wi th  respect t o  in-the-stops ope ra t ion  of 
the  antenna which could cause damage due t o  overheat ing;  r e fe rence  
SODB c o n s t r a i n t  C-19. 

\ 
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Table LMG/4.1. 2-1 Sumnary Chart, RF Margins ( N m i n a l )  a t  Lunar Distance. LM S-band 
Oownlink Comnunicationr (NASA DATA SOURCE) 

Equipment 
Used 

Mode 

1 .  Vo ice lB IO 
H i  B i t  TLH - 

2A. PRN Ranaina 
v o i c e j B i o  - 
H i  B i t  TM 

28. PRll Ranging 
VoiceIBIO 
Hi B i t  TM 

3. Lo B i t  TM 

4 .  BU Voice 
Lo B i t  TM 

5. BU Voice 

6 .  Emergency Key 

7. VoicelBio 
Lo B i t  TM 

8. LK Voice 
EVA Vo ice  
Lo B i t  TI4 
B in  
EMU (3.9-kH2 

Channel) 

9. LM Voice 
EVA Voice 
EMU (3.9-kHz 

Channel) 
H i  B i t  TI4 

10. LM Voice 
EVA Voice 
EMU (3.9-kHz 

Channel) 
H i  B i t  M 
TV (E & W 

11A. PRN Ranging 

110. PRN Ranging 

NOTES: 
. Rangc = 215 000 n.mi.; omni gain taken as -3 dB; TM and vo ice  computed f o r  
* 2A denntes downliqk mnd- 2 w i t h  up l inb  mnde 1 (PRN only); 28 denotes downlink mode 2 w i t h  u p l i n k  mode 6 (PRN. Voice, and 

. Worst-case margins are genera l l y  1-2 dB lower than the  nominal margins given here. 
* Shaded b locks  denote t h a t  these margins are  negative by more than 10 dB f o r  a t  l e a s t  one channel o r  serv ice  w i t h i n  the  mode. 

BER and 70% W I ,  respec t ive ly .  

updata). S i m i l a r l y  f o r  modes 11A and 110. 

"'Pesults g iven  f o r  cooled-paramp 30-ft  s ta t ions ;  uncooled-paramp r e s u l t s  a re  3.3 dB worse. 
(d )App l icah le  t o  Goldstone 210-ft  s t a t i o n  (MARS); Parkcs (PSK) 210-ft  s t a t i o n  i s  1.5 dB worse. 
(C)Steerahle/210-tt  c o r h i n a t i o n  gives the  same margins as the  erec tab le lB5- f t .  
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LM614.2.4 Thermal V a r i a t i o n s  f o r  t h e  MESA 

F i g u r e s  LM614.2.4-1 through LM614.2.4-4 i n d i c a t e  thermal  response  
f o r  t h e  MESA and temperature  s ens i t i ve  stowed equipment. Data are 
provided f o r  c o l d ,  nominal, and h o t  c o n d i t i o n s .  The c o l d  case i s  
f o r  7.22"F sun  a n g l e  and 60°F tempera ture  a t  MESA deployment. 
i n a l  case i s  f o r  10.12"F sun a n g l e  and 70°F temperature  a t  deplay- 
ment. 
ployment w i t h  sun  i n c i d e n t  on MESA. 

Nom- 

Hot case is  f o r  40°F sun a n g l e  and 80°F temperature  a t  de- 

i 
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F i g u r e  LM6/4.2.4-3. SRC Thermal Response i n  MESA Well 
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Figure LM6/4.2.4-4. Stereo Camera Thermal Response 
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LM6 /4.3.8 Envi ronmenta l  C o n t r o l  Equipment 

LM6/4.3.8.1 Heat T r a n s p o r t  S e c t i o n  Water S u b l i m a t o r s  

F i g u r e s  LM6/4.3.8-1 and  LM6/4.3.8-2 p r e s e n t  g l y c o l  o u t l e t  
t e m p e r a t u r e  as a f u n c t i o n  of g l y c o l  i n l e t  t e m p e r a t u r e  f o r  
p r imary  HTS s u b l i m a t o r  (209) and secondary  HTS s u b l i m a t o r  
( 2 2 4 ) ,  r e s p e c t i v e l y .  F i g u r e s  LM6/4.3.8-3 and LM6/4.3.8-4 
r e p r e s e n t  h e a t  r e j e c t i o n  c a p a b i l i t i e s  f o r  p r imary  HTS sub- 
l i m a t o r  (209) and  secondary  HTS s u b l i m a t o r  ( 2 2 4 ) ,  r e s p e c t i v e l y .  

' C o n t r a c t  No. NAS 9-1100 
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Acceptance Test Performance (U/N 129) 
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Figure LM6/4.3.8-3. LM-6 Primary HTS Sublimator (209) 
Heat Rejection Capability for UA = 780- sF (U/N 129) 
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Figure LM6/4.3.8-4. 'LM-6 Secondary HTS Sublimator (224) 

BTU Heat Rejection Capability for UA = 150 HRO,#J/N 144) 
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FLOW RATE - LB/HR 

Pump Load L i n e  and HTS AP C h a r a c t e r i s t i c s  F i g u r e  LM6/4.3.8-5. 
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LM614.3.11 Duty Cycle of LM Heaters 

The es t imated  average  h e a t e r  powers of t h e  LM Heaters  f o r  t h e  
LM6/H Mission are presented  i n  Table  LM614.3.11-1. The m i s s i o n  
phases  o r  d e f i n a b l e  s p a c e c r a f t  o p e r a t i o n s  occur  as shown i n  t h e  
headings of t h e  t a b l e .  

Antenna (S-band S t e e r a b l e ,  Rendezvous Radar,  Landing Radar) h e a t e r  
requirements  w e r e  determined from a review and a p p l i c a t i o n  of t h e  
fo l lowing  : 

a )  Thermal S t u d i e s  
b)  Acceptance and q u a l i f i c a t i o n  tes t  d a t a  
c )  LM-3, LM-4, LM-5 f l i g h t  d a t a  

Guidance Equipment (IMU, ASA) h e a t e r  requirements  w e r e  determined 
f roni a combination of t h e  fo l lowing  : 

a )  C a l c u l a t i o n s  us ing  v e h i c l e  s t r u c t u r e  and coolan t  
tempera tures ,  when a p p l i c a b l e  

b )  LM-3, LM-4, and LM-5 f l i g h t  data  

Window and AOT h e a t e r s  are n o n t h e r m o s t a t i c a l l y  c o n t r o l l e d / c o n s t a n t  
power d e v i c e s .  Table  LM614.3.11-1 l i s t s  t h e  nominal h e a t e r  power 
of t h e s e  i t e m s  and i n d i c a t e s  wors t  case usage f o r  t h e  H 1  Mission.  
The window h e a t e r s  w i l l  be  energ ized  a t  t h e  d i s c r e t i o n  of t h e  crew 
when fogging i s  noted .  

The RCS T h r u s t e r  h e a t e r  requirements  were determined from t h e  
fo l lowing:  

a )  Thermal S t u d i e s  
b)  LM-3, LM-4, and LM-5 f l i g h t  d a t a  

Lunar s t a y  estimates of h e a t e r  duty c y c l e  f o r  antenna and RCS 
Thrus te r  h e a t e r s  were based on a low sun a n g l e  a t  l a n d i n g  (10" t o  
13")) and d i d  n o t  cons ider  any shadowing o r  v e h i c l e  t i l t i n g  due 
t o  i r r e g u l a r  t e r r a i n .  
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LM614.5.1.4 Guidance Computer E r a s a b l e  Memory Constants  (NASA DATA SOURCE) 

The fo l lowing  l i s t i n g s  p e r t a i n  t o  t h e  LM Guidance Computer 
(LGC) pad loaded e r a s a b l e  memory c o n s t a n t s .  Mission t i m e  
computed c o n s t a n t s ,  such a s  s ta te  v e c t o r s ,  e t c . ,  are n o t  
inc luded .  

Table  LM614.5.1-1 c o n t a i n s  a t a b u l a r  ? . is t ing of t h e  e r a s a b l e  
l o a d ,  b o t h  miss ion  t a p e  parameters  and launch t a p e  parameters .  
The remarks column c o n t a i n s  a s h o r t  d e s c r i p t i o n  of t h e  use  of 
t h e  c o n s t a n t .  

The "Rev" column denotes  t h e  number of r e v i s i o n s  t o  t h e  v a l u e  
of t h e  corresponding parameter  t h a t  have been i n c o r p o r a t e d  i n  
p u b l i c a t i o n s  of t h e  Apollo 1 2  erasable l o a d .  

A s i n g l e  o r  double  star (* o r  **) n e x t  t o  a parameter  mnemonic 
denotes  t h a t  i t  i s  a l s o  i n  t h e  i n f l i g h t  e r a s a b l e  load ,  These 
parameters  would have t o  be  v e r i f i e d  o r  re loaded  i n  o r d e r  t o  
completely i n i t i a l i z e  t h e  LGC i n  o r b i t .  A s i n g l e  s tar  denotes  
loading  by ground u p l i n k ;  a double  s ta r  denotes  loading  by t h e  
a s t r o n a u t  v i a  t h e  DSKY. 
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LM6/4.5.1.5.2 Assembly Alignment Data of Spacecraft Docking Mating Surfaces 
to the Navigation Base. 

Angular Alignment of the Docking Ring 
Seal Surface Relative to  the Navigation 
Base Axes 

About Z About Y 
-oo 1' 10" -00 1 1  

Sign Convention for Docking 
Ring Surface Plane Tilt 

i 
i 

+X 

++ 
(Right Hand Rule) 

+Z 

Note: Al l  data shown is for an unpressurized LM at ambient conditions. 
(REF: LAV-566-109 Dated August 8, 1968) 

LED -540 - 54 Contract No. NAS 9-1100 
Pr imary  No. 664 Grumman Aircraft Engineering Corporation 
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LM6/ 4.5.1.5.3 AOT Alignment Data 

The azimuth and e l e v a t i o n  angles  f o r  t h e  r e a r  r i g h t ,  r e a r  
l e f t  and t h e  c l o s e  ( r e a r )  d e t e n t  p o s i t i o n s  of t h e  AOT 
( r e l a t i v e  t o  t h e  AOT mounting s u r f a c e )  are t abu la t ed  below 
f o r  LM-6 (AOT Designat ion  613 , S e r i a l  No. 19 ). These rear 
d e t e n t  angles  have been c a l c u l a t e d  us ing  measured azimuth 
and e l e v a t i o n  ang le s  of t h e  f r o n t  d e t e n t  p o s i t i o n s .  . The 
u n c e r t a i n t y  a s s o c i a t e d  wi th  t h e s e  c a l c u l a t e d  ang le s  i s  
f 2  arc minutes.  

The f r o n t  3 de t en t  ang le s  a r e  measured, r e l a t i v e  t o  t h e  AOT 
mounting s u r f a c e ,  a t  Kollsman Instrument  Corporat ion and 
have a measurement u n c e r t a i n t y  of +30 a r c  seconds.  
in format ion ,  t hese  measured ang le s  are inc luded  i n  t h e  
t a b u l a t i o n .  To v e r i f y  t h e s e  measured va lues ,  an AOT func- 
t i o n a l  test has been performed on t h e  s p a c e c r a f t .  

For 

LM-6 AOT DETENT DATA 

F r o n t  (Measure4  

Data 

Azim. (Deg) 
Elev. (Deg) 

Data - 
Azim. (Deg) 
Elev. (Deg) 

R - F -- L - 

300.356 0.315 60.280 
45.078 45.101 45.099 

RR 

Rear (Calcu la ted)  

CL LR 

120.355 180.339 240.312 
45.074 45.052 45.053 

The above da ta  i s  f o r  an unpressur ized  v e h i c l e  a t  ambient 
cond i t ions .  

Cont rac t  No. NAS 9-1100 
Primary No. 664 Grummen A i r c r a f t  Engineer ing Corporat ion 

LM6/4.5.1-20 
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LM6/4.5.1.5.4 COAS Alignment Data 

The al ignments  of t h e  COAS a t  t h e  forward and overhehd l o c a t i o n s  
were performed wi th  a cab in  p r e s s u r e  of 5 p s i g  a t  ambient tempera- 
t u r e .  The fo l lowing  is t h e  da t a ;  

Lo c a t i o n  Alignment (Vehic le  Axis) 

COAS Forward P o s i t i o n  
( R e l a t i v e  LM NAV Base Gage) 

COAS Overhead P o s i t i o n  
( R e l a t i v e  t o  t h e  C e n t e r l i n e  
of t h e  Docking Tunnel) 

P i t c h  (Y) : '0'0'0" 
Yaw (X) :  0'0'0" 
R o l l  (2): O*O'O" 

P a r a l l e l  t o  LM "X" a x i s  

Yaw (about  X) n o t  measured. 

w i t h i n  f 30 n min. 

Note: U s e  r i g h t  hand r u l e  t o  e s t a b l i s h  s i g n .  

-LED-540-54 Contrac t  No. NAS 9-1100 
Primary No. 664 Grumman A i r c r a f t  Engineering Corporat ion 
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LM6/4.5.2.1 Abort  Sensor  Assembly 

The LM-6 ASA S e t  P o i n t  Temperature, as r e a d  by T/M #GI-3301, 
The nomiqal is TSet 

temperature  r e a d i n g  i n  t h e  "OFF" mode i s  121,O'F. 
ature maintenace l i m i t s  are, qpecif  i e d  i n  Paragraph 4.5.2.1. 

= 121.7'F (Standby and Operate  Modes). 
The temper- 

j, 

5 .  1 y ! ,.* 
.lL.+,.- ,J 

Contrac t  No, NAS 9-110 ,' 7 
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LM6 / 4 -5 .2- 1 '': ."_ 91,' 



1 

, .  
SNA-8-D-027 (11) REV 2 

Vilume I1 LM Data eook 
i i ;$sys te~  Performance ~ a t a  - GN&C 

LM614.5.2.1.2 AGS Angular Mounting Error 
I 

! '  
; *  1 . -  

' r  
L 

' + x  , 1 ,  

TFe measured mechanical alignment error of the ASA 
mounting surface as compared to the NAV, Base Gage 
(Vehicle Coordinate System) and to the IMU is shown 
below: 

ASA/NAV. Base IMU/NAV. ,Base ASA/lMU 
Pitch: -00" 02' 40" -00" 01' 27" -00" 01' 13" 
Roll: -00" 00' 54" -00" 01' 42" +OOo 00' 48" 

Yaw: -00" 01' 28'' -00" 02' 00" +OOo 00' 32'' 

(Ref, : LDW 280-51067, dated 25 June 1968) 

Contract No. NAS 9-1100 LED-540-54 
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LM614.5.2.2 Abort E l e c t r o n i c s  Assembly (NASA DATA SOURCE) 

The fo l lowing  l i s t i n g s  p e r t a i n  t o  t h e  Abort E l e c t r o n i c s  
Assembly Memory Cons tan ts .  

Table  LM614.5.2-1 con ta ins  a g los sa ry  of t h e  c o n s t a n t s .  

Table  LM614.5.2-2 c o n t a i n s  t h e  c u r r e n t  va lues  i n  bo th  o c t a l  and 
decimal ,  w i th  u n i t s .  

An a s t e r i s k  by t h e  name of t h e  cons t an t s  i n d i c a t e s  t h a t  t h e s e  
c o n s t a n t s  are dependent on t h e  hardware t o  he used du r ing  a miss ion .  

i 
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LM6/4.5.4.2 Rendezvous Radar Angular Mounting Error 

I+ X! 
I +MAW1 
ga 

I 
I 

i 

The angular installation error between the LM-6 NAV. 
Base Gage (Vehicle Coordinate Syatem) and the RR ' 

alignment gage is shown below: 

Pitch: 1-00" 02' 38" 
Roll: -00" 00' 46" 
Yaw: +OO" 00' 56" 
RSS: 2' 56" 

These errors are  well within the M S  3-aXis specifica- 
tion error of 15.5'. 

(Ref. : LMO-566-121, dated 3 February 1969) 

Contract No. NAS 9-1100 LED-540-54 
No. 664 Grumman Aerospace Corporation. 

LM6/4.5.4-1 
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RR T i m e l i n e  O p e r a t i o n  

Amendment 28 
11 /14 /69  

F i g u r e s  LM6/4.5.4-9 and LM6/4.5.4-10 show t h e  p r e d i c t e d  t e m p e r a t u r e  
r e s p o n s e  of t h e  h i g h  power m u l t i p l i e r  c h a i n  (HPMC) and t h e  g y r o  
package  d u r i n g  t h e  LM-6 m i s s i o n  from undocking t o  touchdown and from 
l u n a r  a s c e n t  t o  t h e  comple t ion  of t h e  rendezvous  sequence .  The 
t e m p e r a t u r e  p r o f i l e s  shown are b a s e d  on a November 1 4 ,  1969 l a u n c h  
d a t e  t r a j e c t o r y  and t h e  f o l l o w i n g  o p e r a t i o n a l  t i m e l i n e :  

MISSION H-1 RR TIMELINE (Time i n  Hrs:Min G.E.T.) 
I 

RR "ON" RR "OFF" 

107 : 00 
108 : 40 
109: 50 
112 : 1 0  
139 : 40 
142: 22 

107 : 07 
108  : 48 
110: 11 
112 : 35 
140 : 1 0  
145: 35 

The Rendezvous Radar Antenna Assembly (RRAA) t e m p e r a t u r e  s e n s o r  
(GN7723T) shou ld  b e  mon i to red  c o n t i n u o u s l y  w h i l e  t h e  RR i s  on t o  
a s s u r e  t h a t  t h e  t e m p e r a t u r e  r ise does  n o t  exceed  p r e d i c t e d  v a l u e s .  
I f  t h e  RRAA t e m p e r a t u r e  exceeds  t h e  management c u r v e  of F i g u r e s  
LM6/4.5.4-9 and LM6/4.5.4-10 t h e  RR shou ld  b e  t u r n e d  o f f  as s o o n  as 
i t s  u s e  is  no l o n g e r  r e q u i r e d .  I n  a d d i t i o n  t o  t h e  o f f  p e r i o d s  
i n c l u d e d  i n  t h e  p r e s e n t  t i m e l i n e ,  t h e  RR s h o u l d  b e  t u r n e d  o f f  whenever 
p o s s i b l e  f o r  t h o s e  t i m e s  when t h e  measured RRAA t e m p e r a t u r e  exceeds  
t h e  management l i n e .  T h i s  p r o c e d u r e  w i l l  a s s u r e  t h a t  t h e r e  is 
s u f f i c i e n t  i n - l i m i t  o p e r a t i n g  t i m e  t o  accompl i sh  mandatory RR ope r -  
a t i o n .  

i 

C o n t r a c t  No. NAS 9-1100 
Primary No. 664 Grumman Aerospace  C o r p o r a t i o n  

LM6/4.5.4-1.1 

LED-540-54 
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RR and T AGC Voltage Versus Range 

F i g u r e  LM614.5.4-6, shows t h e  expected AGC v o l t a g e  l e v e l s  v e r s u s  
range and s i g n a l  l eve l  f o r  RR No. 23 wi th  T No. 23. The u s e  of 
curves  i n s t e a d  on nomographs permi ts  a b e t t e r  v i s u a l i z a t i o n  of 
t h e  i n t e r a c t i o n  of t h e  v a r i a b l e s  and a l s o  avoids  t h e  d i f f i c u l t y  
of t r y i n g  t o  des ign  a nomograph t o  f i t  e m p i r i c a l  d a t a  on non- 
l i n e a r l y  i n t e r r e l a t e d  v a r i a b l e s .  

RR and T AGC Voltage Versus Range and LOS Angle 

F igures  LM614.5.4-7 and LM614.5.4-8 show RR AGC readings  a t  sev- 
eral  ranges between 0.2 n m i  and 400 n m i ,  as a f u n c t i o n  of t h e  
a n g l e  between t h e  LOS and t h e  antenna b o r e s i g h t .  The d a t a  are 
shown f o r  angles  o u t  t o  +lo" i n  both  t h e  s h a f t  and t runnion  axes ,  
except  where v e r y  low s i g n a l  levels would produce low AGC r e a d i n g s  
which would be  of l i t t l e  v a l u e .  

Rendezvous Radar Se l f  Test 

F i g u r e  LM614.5.4-1 shows t h e  e f f e c t s  of environment on t h e  RR 
Se l f  T e s t  parameters  of range and range rate.  

Allowable Vehicle  Acce lera t ions  During RR Power Off Per iods  

F igures  LM614.5.4-2 through LM614.5.4-5 show t h e  maximum a l lowable  
LM body a c c e l e r a t i o n s  f o r  any angular  p o s i t i o n  of t h e  RR antenna 
t runnion  and s h a f t  axes  under which t h e  antenna w i l l  no t  move 
from a f i x e d  p o s i t i o n  w i t h  no power a p p l i e d  t o  t h e  RR. The e f f e c t  
of vary ing  t h e  antenna temperatures  i s  a l s o  i n d i c a t e d  i n  t h e  
f i g u r e s  . 
The antenna s h a f t  a x i s  w i l l  always be p a r a l l e l  t o  t h e  LM Y-axis. 
Therefore ,  LM body a c c e l e r a t i o n s  about  t h e  LM Y-axis can be  used 
d i r e c t l y .  However, a s  t h e  s h a f t  a x i s  r o t a t e s ,  t h e  t runnion  a x i s  
w i l l  b e  p a r a l l e l  t o  t h e  LM X-axis a t  0" s h a f t  p o s i t i o n  and para l -  
l e l  t o  t h e  LM Z-axis a t  -90' s h a f t  p o s i t i o n .  
p o s i t i o n s ,  t h e  a l lowable  LM a c c e l e r a t i o n  about  t h e  LM axes m u s t  b e  
converted t o  t h e  a c c e l e r a t i o n  about  t h e  t runnion  a x i s  a t  t h e  
a p p r o p r i a t e  s h a f t  p o s i t i o n .  

For o t h e r  s h a f t .  

Cont rac t  No. NAS 9-1100 
Primary No. 664 Grumman Aerospace Corporation 

LM614.5.4-2 

LED-540-54 
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Figure LM6/4.5.4-1. Environmental Effects on RR Self Test Parameters 
(See Para.  4 . 5 . 4 . 4 . 1 2 )  
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Figure LM6/4.5.4-2. Allowable Acceleration Trunnion Axis -v , -  
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Figure LM6/4. 5.4-3. Allowable Acceleration Trunnion Axis 

Contract No. NAS 9-1100 
Primary No. 664 Grumman Aerospace Corporation 

~ M 6 j 4  ; 5.4-5 

, LED-540-54 



SNA-8-D-02'7 (U) REV2 
Volume II LM Data Book 

Subsystem l?erformance Data - GN&C 

xs/saamaa - HIT do N O I J , V Z I B T ~ ~ V  2 
Figure LM6/4.5.4-4. Allowable Acceleration Shaft Axis 
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Figure LM6/4.5.4-5. Allowable Acceleration Shaft Axis 
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0 

Figure LM6/4.5,4-6. LM6RR AGC Versus Signal Level and Range With T No. 23 
(See Para, 4.5.4.4.11) 

Grumman Aerospace Corporation 
Contract No, NAS 9-1100 LED-540-54 
Primary No, 664 
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0 ALL DATA ROUNDED OFF TO NEAREST TENTH 

@ 1.5NMRANGE 
0 1200 FT RANGE 

-10 -8 -6 -4 -2 0 2 4 6 8 10 

SHAFT AXIS ANGLE (IDS) - DEGREES 
(+ = BACK) 

Figure LM6/4.5.4-7. AGC Versus Shaft Axis Angles 
' (See Para. 4.5.4.4.11.1) 
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e ALL DATA ROUNDED OFF TO NEAREST TENTH 

@ 400NMRANGE 
@ 100NMRANGE 
@ 50NMBANGE 
4 1.5NMRANGE 8 5 1200 FT. RANGE 

Amendment 2 4  
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0 +2 +4 +6 +8 +10 -10 -8 -6 -4 -2 

TRUNNION AXIS ANGLE (LW) - DEGREES 
(+ = c c w )  

Figure LM6)4.5.4.-8. AGC Versus Trunnion Axis Angle 
' (See Para. 4.5.4.4.11.1)  
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4, - 3tlfllfl3dWl.l. 
Figure  LM6/4.5.4-9. Predic ted RR HPMC and Gyro Temperature 

P r o f i l e  f o r  F i n a l  F l i g h t  Plan T imel ine 
(Undocking t o  Touchdown) 
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F igure  LM6/4.5.4-10. Predic ted RR HPMC and Gyro Temperature 
P r o f i l e  for  F ina l  F l i g h t  Plan T imel ine 

(ASCENT TO DOCKING) 
Contract No. NAS 9-1100 LED-540-54 
Primary No. 664 Grumman Aerospace Corporation 
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i 

LM6/4.5.5.1.16 LR Power Monitor 

Meter w i t h  LR P-46. 

Note: The power i n  m i l l i w a t t s  i s  a t  t h e  o u t p u t  of t h e  m u l t i p l i e r  c h a i n  
and does i n c l u d e  l o s s e s  i n  t h e  an tenna  assembly. 

LM614.5.5.1.17 Loss of  LR Lock a s  a Funct ion  of Vehic le  P i t c h  and R o l l  f o r  
an  Apollo 11 Type T r a j e c t o r y  

F igu res  LM6/4.5.5-1 through LM6/4.5.5-4 d e s c r i b e  t h e  LR l o s s  
of l o c k  as a f u n c t i o n  of v e h i c l e  p i t c h  and r o l l  f o r  t h e  
nominal descen t  t r a j e c t o r y  f o r  an tenna  p o s i t i o n s  1 and 2 ,  
r e s p e c t i v e l y .  

LM614.5.5.1.18 Expected A l t i t u d e  of  LR Ve loc i ty  and Range I n i t i a l  "Data 
Good" I n d i c a t i o n  

F igu re  LM614.5.5-5 d e s c r i b e s  t h e  s igna l - to -no i se  (S/N) 
r a t i o  as a f u n c t i o n  of a l t i t u d e  f o r  LR beams 1, 2 and 3 
( i . e . ,  t h e  v e l o c i t y  beams).  The minimum S/N t h r e s h o l d  
r e q u i r e d  f o r  lock-on and t h e  range  sweep l i m i t  are a l s o  
i n d i c a t e d .  
beam 4 ( t h e  range  beam). 

F i g u r e  LM6/4.5.5-6 i n c l u d e s  t h e  same d a t a  f o r  

A l t i m e t e r  lock-on ("Data Good") i s  achieved  when beams 1, 
2 and 4 are locked-on. Ve loc i ty  lock-on i s  achieved  when 
beams 1, 2 and 3 are locked-on. 

Note: The band on range a c q u i s i t i o n  a l t i t u d e  i s  due t o  
v a r i a t i o n s  i n  t h e  fo l lowing  items: 

a )  Radar tempera ture  
b)  S igna l - to-noise  (S/N) u n c e r t a i n t i e s  

LM6/4.5.5.1.21 LR P r e d i c t e d  Accuracy 

F igu re  LM6/4.5.5-7 shows t h e  p r e d i c t e d  LR accuracy  a s  a 
f u n c t i o n  of t i m e  from i g n i t i o n  and of a l t i t u d e ,  f o r  
an Apollo 11 t y p e  descen t  t r a j e c t o r y .  

Con t rac t  No. NAS 9-1100 
Primary No. 664 Grumman Aerospace ,&orpora t ion  
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LM614.5.5.2 Landing Radar Temperature Prof ire' ' 

Amendment 23 
1 1 / 6 / 6 9  

F i g u r e  LM614.5.5-8 p r e s e n t s  t h e  Landing Radar Antenna Assembly 
t y p i c a l  h i g h  tempera ture  and low tempera ture  p r o f i l e s  f o r  
LM6iMission H-1. 

I >  
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IJlo!4.5.5.3 Landing Radar Mechanical Alignment 

-NAV. BASE CAGE 

VEHICLE I 

Amendment 4 
9 / 2 6 / 6 9  

+ z  

The Landing Radar Antenna Assembly alignment for LM-6 with respect 
to the Vehicle Coordinate System (Nav. Base Gage) is shown below: 

Position #1 Position #2 

Pitch: 
Roll : 
Yaw: 

-24" 02' 27" +OO" 01' 17tt 
-00" 03' 57" -00" 03' 06'' 
-06" 07' 33" -06" 06' 13" 

(Ref. : LMO-566-215, dated Sept. 1969) 

Contract No. NAS 9-1100 
Primary No. 664 Grumman Aerospace Corporation 
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Figure LM6/4. 5 . 5 - 3 .  LR Loss of Lock versus Roll Angle 
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Figure LM6/4.5.5-5. Landing Radar Lock-on 
Capability - Velocity Beams 

Grumman Aerospace Corporation 
LED-540-54 Contract No.  NAS 9-1100 
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Figure LM6/4.5.5-6. Landing Radar Lock-on 
Capability - Range Beam . 
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F i g u r e  LM6/4.5.5-8. Landing Radar Antenna Assembly Temperature P r o f i l e  
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(NASA DATA SOURCE) 

LM6/4.6.1 Mission H 1  (LM-6) APS P r e f l i g h t  Ana lys i s  

The APS miss ion  duty c y c l e  used i n  t h e  fo l lowing  a n a l y s i s  i s  a s  
fol lows:  

Event Dura t ion  

APS Lunar 
L i f t o f f  To Dep le t ion  

The' planned APS miss ion  duty  c y c l e  w i l l  b e  a manned burn i n i t i a t e d  
from t h e  l u n a r  s u r f a c e  and of a d u r a t i o n  t o  achieve  t h e  r e q u i r e d  
AV of approximately 6090 f p s .  

The v e h i c l e  weight  c h a r a c t e r i s  t ics  and loaded p r o p e l l a n t  q u a n t i t i e s  
w e r e  ob ta ined  from Reference 1. 
t h e  LM-6 APS p h y s i c a l  c h a r a c t e r i s  t ics.  

It should  b e  noted  t h a t  t h e  e f f e c t  of t h e  Reac t ion  Cont ro l  System 
on APS performance has  been neg lec t ed  i n  t h i s  a n a l y s i s .  
w i l l  a f f e c t  APS performance i n  t h e  fo l lowing  manner: 

1 )  RCS p r o p e l l a n t  consumption (APS/RCS in t e rconnec t  c losed)  w i l l  

Table  LM6/4.6.1-1 i s  a summary of 

The RCS 

a l t e r  v e h i c l e  weight;  

RCS p r o p e l l a n t  consumption through t h e  APS/RCS i n t e r c o n n e c t  
w i l l  decrease  t h e  p r o p e l l a n t  a v a i l a b l e  t o  t h e  APS and t h u s  
s h o r t e n  t h e  APS burn t i m e  a v a i l a b l e  and decrease  t h e  AV 
c a p a b i l i t y .  A l s o ,  s i n c e  t h e  RCS o p e r a t e s  a t  a mixture  r a t i o  
d i f f e r e n t  from t h a t  of t h e  APS, t h e  mixture  r a t i o  from t h e  
APS tanks  w i l l  b e  changed. (The mixture  r a t i o  of t h e  a s c e n t  
engine w i l l  n o t  be  s i g n i f i c a n t l y  changed.) 

2)  

The engine  performance c h a r a c t e r i z a t i o n  c o n s i s t s  of C* ( cha rac t e r -  
i s t i c  exhaust  v e l o c i t y ) ,  Cf ( t h r u s t  c o e f f i c i e n t )  , A, ( t h r o a t  a r e a )  , 
and interface- to-chamber f l u i d  flow r e s i s t a n c e s  def ined  as f u n c t i o n s ,  
where a p p l i c a b l e ,  of Pc (chamber p r e s s u r e )  , p (mixture  r a t i o )  , 
T ( p r o p e l l a n t  tempera ture) ,  $ (engine  b u m  t ime) ,  tac 
t i m e  on chamber) , and hel ium s a t u r a t i o n  i n t o  the  p r o p e f l a n t s .  

(accumulated 

The helium r e g u l a t o r  c h a r a c t e r i z a t i o n  used was t h e  nominal C las s  I - 
primary r e g u l a t o r  expected performance. 

The nominal mixture  r a t i o  of 1.605 is f o r  nonsa tu ra t ed  p r o p e l l a n t  
cond i t ions  p r i o r  t o  i g n i t i o n .  I f  t h e  t anks  are p res su r i zed  earlier 
than  i s  no* planned and, t h e r e f o r e ,  cause  helium s a t u r a t i o n  of t h e  
p r o p e l l a n t s  , t h e  mix tu re  r a t i o  w i l l  s h i f t  t o  1.599. 

Cont rac t  No. NAS 9-1100 -LED-540-54 
Primary N o .  664 Grumman Aerospace Corporat ion 
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LM614.6.1 (Continued) 

The l i q u i d  p r o p e l l a n t  bu lk  tempera tures  a t  t h e  s ta r t  of t h e  f i r s t  
APS burn were assumed t o  be  70°F f o r  o x i d i z e r  and fuel. 

P l o t s  from t h e  s i m u l a t i o n  of t h e  LM-6 APS nominal performance under 
t h e  assumptions and cond i t ions  d i scussed  p rev ious ly  are p resen ted  
i n  F igu res  LM6/4.6.1-1 through LM6/4.6.1-9. 
p r e s e n t s  t h e  p r e d i c t e d  a b l a t i v e  chamber t h r o a t  area as a f u n c t i o n  
of burn  t i m e .  The t ime-varying c h a r a c t e r i s t i c  of t h i s  parameter  
i s  inc luded  because of i ts  i n f l u e n c e  i n  impar t ing  a t ime-varying 
c h a r a c t e r  t o  o t h e r  propuls ion  parameters .  

F igu re  LM6/4.6.1-2 

APS performance d a t a  a t  t h r e e  t i m e  p o i n t s  have been t a b u l a t e d  and 
are p resen ted  i n  Table  LM614.6.1-2. 
i n  t h i s  t a b l e  is t h e  burn  t i m e  a v a i l a b l e  assuming no RCS usage 
of APS p r o p e l l a n t  through t h e  in t e rconnec t .  

The burnout  t i m e  p re sen ted  

An u n c e r t a i n t y  propagat ion  d i s p e r s i o n  a n a l y s i s  was conducted us ing  
root-sum-squaring techniques t o  determine APS performance d i s p e r s i o n s .  
The u n c e r t a i n t i e s  a s s o c i a t e d  wi th  the  b a s i c  parameters  d e f i n i n g  
propuls ion  system o p e r a t i o n  a r e  l i s t e d  i n  Table  LM6/4.6.1-3. 
v a l u e s  g iven  i n  Table  LM614.6.1-3 have been der ived  from Rocketdyne 
and Grumman d a t a  by t h e  methods d iscussed  i n  Reference 2 .  
v a l u e s  express  t h e  u n c e r t a i n t y  of t h e  va r ious  parameters  as 
1-sigma a t  a 50 pe rcen t  conf idence  level. 
a s  i n p u t  t o  e s t a b l i s h  t h e  performance d i s p e r s i o n s  inc luded  as p a r t  
of Table  LM6/4.6;1-2. 
average va lues  of t h e  va r ious  parameters  taken over  t h e  duty cyc le .  
The column l a b e l e d  "Total  Standard Deviat ion" i s  t h e  s t anda rd  
d e v i a t i o n  which must be used i n  conjunct ion  wi th  t h e  given average  
va lues .  This  t o t a l  s t anda rd  d e v i a t i o n  is  t h e  r e s u l t  of combining 
t h e  e r r o r  a s s o c i a t e d  wi th  p r e d i c t i n g  t h e  parameter  ( a s  i n  Table  
LM6/4.6.1-2, column l a b e l e d  "Dispersions/Standard Deviation") w i th  
t h e  e r r o r  r e s u l t i n g  from use  of a cons t an t  (average)  va lue .  

The 

These 

These va lues  were used 

Also p resen ted  i n  Table LM614.6.1-2 are 

The d a t a  p re sen ted  h e r e i n  are v a l i d  f o r  nominal system cond i t ions .  
The va lues  of propuls ion  system parameters  presented  h e r e i n  do 
n o t  r e p r e s e n t  boundary cond i t ions  of o p e r a t i o n  f o r  t h e  system and, 
t h e r e f o r e ,  should  n o t  be  used as l i m i t  v a l u e s .  

The recommended va lues  of mixture  r a t i o  s h i f t  r e s u l t i n g  from APS m a l -  
f u n c t i o n s  a r e :  -0.018; +0.010 mixture r a t i o  u n i t s  from t h e  nominal. 

Cont rac t  No. NAS 9-1100 
Primary No. 664 Grumman Aerospace Corpora t ion  

LM6/4.6.1-2 
NASA - MSC 
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Table LM6/4.6.1-1 

LM-6 APS Engine and Feed System Physical Character is t ics  

Engine ( 

Engine No. 

In j ec to r  N o .  

I n i t i a l  Chamber Throat Area ( i n  ) 

Nozzle Ex i t  Area ( i n  ) 

2 

2 

Rocketdyne S/N O O O l C  

Rocketdyne S/N 4097716 

16.358 

748.959 

I n i t i a l  Expansion Ratio 45.785 

In j ec to r  Resistance ( l b  2 5 sec /lbm-ft )@ f- 
t i m e  zero and 70°F 

Oxidizer 

Fuel 

12832. 

20646. 

Feed System 

Total  Volume (Pressurized, Check Valves 
3 (2) t o  engine in t e r f ace )  (f t ) 

Oxidizer 36.94 

Fue 1 37.02 

Resistance, Tank Bottom t o  Engine Inter-  
f ace  (lbf-sec 2 / l b  - f t  5 ) a t  70°F ( 3 )  

m 
I 

Oxidizer 2396. 

Fue 1 4008. 

("Rocketdyne Log Book, "Acceptance T e s t  Data Package f o r  Rocket Engine 
Assembly-Ascent LM-Part No. RS000580-001-00, S e r i a l  N o .  0001," 
30 August 1968. 
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(*)Per  t e l e c o n  P. E. Cota ,  MSC Propuls ion ,  1 August 1969. 

(3)Per  t e l e c o n  L, Rothenberg,  GAC P ropu l s ioh ,  24 J u l y  1969. 
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LM-6 APS UNCERTAINTY DISPERSIONS 

Amendment 1 
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i 

PARAMETER 

Charac t e r i s t i c  Exhaust Velocity (C*), 
f t / s e c  

Specif ic  Impulse(1 p, lbf-sec/lbm 
S P  

Mixture Ratio * 
Propel lant  Feed Sys em Oxidizer 

Propel lant  Feed System Fuel Resis- 
tance ,  lbf-sec2/1 b-ft5 

Propel lant  Tank U1 lage Pressures,  
psia  

Propel lant  Tank Ullage A P ,  psia 

Propel lant  B u l k  Temperatures, O F  

Propel lant  B u l k  AT,  O F  

2 Ablative Engine Throat Area, in 

Resistance,  1 bf-sec 5 / l bm- f t5  

STANDARD 
D EV I AT ION 

20.55 

1.209 

0.. o o m  

9.79 

12.80 

1 . 3  

0.167 

1.7 

0.5 

0 * 222 

*Engine parameters a t  standard in t e r f ace  condi t i cns  

STANDARD 
D EV I AT I ON 

(%I 

0.36 

0.39 

0.55 

0.35 

0.29 

0.72 
---- 
2..43 
_--_ 
1.35 

Cont rac t  No. NAS 9-1100 LED-540-54 
Primary No. 664 Grumman Aerospace Corporat ion 
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Figure LM6/4.6.1-2 Mission H1 APS Preflight Performance Prediction - 
Throat Area Vs. Time 
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Figure LM6/4.6.1-3 Mission H 1  APS Preflight Performance Prediction - 
Oxidizer and Fuel Flowrates Vs. Time 
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Figure LM6/4.6.1-5 Mission H1 APS Preflight Performance Prediction - 
Fuel and Oxidizer System Pressures Vs.  Time 
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Figure LM6/4.6.1-8 Mission H1 APS Preflight Performance Prediction - 
Helium Tank Temperature V s .  Time 
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Figure LM6/4.6.1-9 Mission HI APS P r e f l i g h t  Performance P red ic t ion  - 
Total Helium Remaining Vs. Time 
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LM614.6.8 Thrust Vector Change With Burn Time 

The initial thrust vector displacement on engine serial number 
OOOlC is Z = -0.029 inches, Y = -0.025 inches. 
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LM614.6.9 P r e f l i g h t  Thermal Analys is  of APS 

Figures  LM614.6.9-1 through LM6j4.6.9-6 document t h e  LM-6 p r e f l i g h t  
thermal  a n a l y s i s  of t h e  APS . 
g ive  t h e  p r e d i c t e d  tempera ture  response  of t h e  APS engine  mounts, 
valve package and i n j e c t o r  , r e s p e c t i v e l y .  F igures  LM614.6.9-4 and 
LM614.6.9-5 g i v e  t h e  p r e s s u r e  and tempera ture  response  of t h e  APS 
helium b o t t l e  as a f u n c t i o n  of t i m e  a f t e r  an APS burn.  
F igures  LM614.6.9-6 and LM614.6.9-7 g ive  t h e  bu lk  f u e l  and o x i d i z e r  
temperature  a s  a func t ion  of e l apsed  t i m e  dur ing  t h e  miss ion .  

F igures  LM614.6.9-1 through LM614.6.9-3 

F i n a l l y ,  

P r o p e l l a n t  valve tempera ture  i s  based on a n a l y s i s  w i th  ve ry  l i t t l e  
exper imenta l  v e r i f i c a t i o n .  It i s  recommended t h a t  a 25 p e r c e n t  
margin,  (based upon t h e  d e l t a  between start tempera ture  and any 
p o i n t  on t h e  curve)  f o r  u n c e r t a i n t i e s  i n  t h e  a n a l y s i s ,  be  added 
t o  t h e  tempera ture  rise shown i n  F igu re  LM614.6.9-2. 
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LM6/4.7.1 Mission H-1 (LM-6) DPS P r e f l i g h t  Analys is  (NASA DATA SOURCE) 

The d a t a  presented  h e r e i n  are v a l i d  only f o r  t h e  system a t  
nominal condi t ions  and do n o t  r e p r e s e n t  t h e  boundary c o n d i t i o n s  
of o p e r a t i o n  f o r  t h e  system. Therefore ,  t h e s e  v a l u e s  should  n o t  
b e  used as l i m i t  v a l u e s .  

The nominal miss ion  duty c y c l e  f o r  t h e  Mission H-l/LM-6 DPS is 
p r e s e n t e d  i n  F i g u r e  LM6/4.7.1-1. The s p a c e c r a f t  weight  and 
p r o p e l l a n t  loading  used i n  t h e  s i m u l a t i o n  are g iven  i n  Table  
LM6/4.7.1-1. Descent engine and feed  system p h y s i c a l  charac- 
t e r i s t ics  a r e  shown i n  Table  LM6/4.7.1-2. 

It  should b e  noted t h a t  a l l  performance parameters  p r e s e n t e d  
are f o r  DPS o p e r a t i o n  only ,  and do n o t  i n c l u d e  RCS cont r ibu-  
t i o n s  t o  t h r u s t  o r  v e l o c i t y  ga in .  The p r e d i c t e d  RCS p r o p e l l a n t  
usage w a s  s imula ted  dur ing  t h e  burns  as a weight change. 

The helium r e g u l a t o r  c h a r a c t e r i s t i c s  used t o  e s t a b l i s h  the DPS 
p r o p e l l a n t  t a n k  u l l a g e  p r e s s u r e s  were der ived  from GAEC PIT d a t a .  
P r o p e l l a n t  tempera tures  measured d u r i n g  Missions F and G were assumed 
t o  b e  r e p r e s e n t a t i v e  of t h o s e  t o  b e  expected dur ing  Mission H-1. 

A summary of t h e  Mission H-1 (LM-6) performance p r e d i c t i o n  i s  g iven  
i n  Table  LM6/4.7.1-3 and F i g u r e s  LM6/4.7.1-1 through LM6/4.7.1-9. 
F i g u r e s  LM614.7.1-10 and LM6/4.7.1-11 p r e s e n t  t h e  v e h i c l e  and engine  
r e l a t e d  e f f e c t i v e  s p e c i f i c  impulse as f u n c t i o n s  of burn  t i m e .  A pre- 
d i c t i o n  of t h e  s u p e r c r i t i c a l  helium t a n k  p r e s s u r e  p r o f i l e  i s  presented  
i n  F i g u r e  LM6/4.7.1-12. The d i s p e r s i o n s  a s s o c i a t e d  w i t h  t h r u s t ,  spe- 
c i f i c  impulse,  and mixture  r a t i o  are given i n  F i g u r e s  LM6/4.7.1-13 
through LM614.7.1-15, r e s p e c t i v e l y .  

The v e h i c l e  e f f e c t i v e  s p e c i f i c  impulse f o r  t h e  d e s c e n t  b u r n  w a s  
300.5 seconds.  This  v a l u e  i n c l u d e s  t h e  e f f e c t  of approximately 
87  lbm of consumables which are e x p e l l e d  from t h e  s p a c e c r a f t  dur ing  
t h e  t i m e  from PDI t o  l u n a r  touchdown. The v a l u e  o f  t h e  engine  
e f f e c t i v e  s p e c i f i c  impulse which does n o t  i n c l u d e  t h e  e f f e c t  of 
t h e  consumables o t h e r  than  p r o p e l l a n t  was 302.6 seconds.  It should  
be  noted t h a t  t h e  e f f e c t i v e  s p e c i f i c  impulse i s  n o t  only a f u n c t i o n  
of engine performance b u t  i s  dependent on v e h i c l e  i n i t i a l  mass, 
mass changes w i t h  t i m e ,  and v e l o c i t y  requirements .  S u b s t a n t i a l  
d e v i a t i o n s  from t h e  c o n d i t i o n s  of  t h e  s i m u l a t i o n  w i l l  i n v a l i d a t e  
t h e  use  of t h i s  e f f e c t i v e  s p e c i f i c  impulse.  The 1-sigma v a r i a t i o n  
i n  e f f e c t i v e  engine  s p e c i f i c  impulse i s  f 1,97 seconds f o r  t h e  
s imula t ion .  The e f f e c t i v e  v e h i c l e  mixture  r a t i o  i s  1.593. and t h e  
1-sigma v a r i a t i o n  i s  f 0.0075. 

The LM-6 DPS s h u t o f f  valve mal func t ion  c h a r a c t e r i z a t i o n  d a t a  are 
as fo l lows:  a n  AB valve mal func t ion  w i l l  r e s u l t  i n  s h i f t s  of 
+0.020, -0.93 seconds,  and -274 l b f  f o r  mixture  r a t i o ,  s p e c i f i c  
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LM6/4.7.1 (Continued) 

impulse,  and t h r u s t ,  r e s p e c t i v e l y ;  while  a CD valve mal func t ion  w i l l  
r e s u l t  i n  s h i f t s  of -0.021, -0.78 seconds,  and -235 l b f ,  r e s p e c t i v e l y ,  
f o r  t h e  g iven  parameters .  These d a t a  are a p p l i c a b l e  t o  FTP o p e r a t i o n  only .  

During t h e  nominal miss ion ,  t h e  low leve l  s e n s o r  should n o t  b e  a c t i v a t e d  
p r i o r  t o  t h e  nominal touchdown t i m e  (680 seconds a f t e r  d e s c e n t  burn ig-  
n i t i o n ) .  I f  t h e  v e h i c l e  i s  hover ing  t h e  o x i d i z e r  low level s e n s o r  should 
be  a c t i v a t e d  a t  approximately 719 f3 seconds (assuming nominal CG s h i f t s -  
see Table  LM6/4.7.1-1). 
s i g n a l  t o  o x i d i z e r  d e p l e t i o n  i s  p r e d i c t e d  t o  b e  113 f 3  seconds o r  832 
f3 seconds a f t e r  engine i g n i t i o n .  The d i s p e r s i o n  i n  t i m e  i s  based on 
t h e  d i s p e r s i o n  i n  t h e  o x i d i z e r  l e v e l  a t  low level s e n s o r  a c t i v a t i o n  ( s e e  
paragraph LM6 /4,7.5)  , 

The approximate hover  t i m e  from the low level 

A docked LM-6 Descent Propuls ion  System (DPS) burn t o  p r o p e l l a n t  de- 
p l e t i o n  s i m u l a t i o n  was made us ing  t h e  Descent Ascent Monte Car lo  Pro- 
gram (DAMP). 

The d a t a  presented  h e r e i n  are v a l i d  only f o r  t h e  systems a t  nominal 
c o n d i t i o n s  and do n o t  r e p r e s e n t  t h e  boundary c o n d i t i o n s  of o p e r a t i o n  

. f o r  t h e  system, Therefore ,  these v a l u e s  should n o t  be used a s  l i m i t  
v a l u e s .  

It was assumed t h a t  a t  engine  i g n i t i o n ,  t h e  LM was docked w i t h  t h e  
CSM. The miss ion  duty c y c l e  c o n s i s t e d  of a minimum t h r o t t l e  (approxi- 
mately 12.2% of f u l l  t h r u s t )  segment of 26 seconds w i t h  t h e  remainder 
of t h e  burn a t  t h e  Fixed T h r o t t l e  P o s i t i o n  (FTP). The burn w a s  t e rmina ted  
when e i t h e r  t h e  u s a b l e  o x i d i z e r  o r  f u e l  w a s  d e p l e t e d .  

The i n i t i a l  s p a c e c r a f t  weight was assumed t o  b e  70,007 lbm w i t h  
11,148.0 lbm and 6,943.9 lbm of tanked o x i d i z e r  and f u e l ,  r e s p e c t i v e l y .  
Deple t ion  occurs  when t h e  tanked q u a n t i t i e s  reach  108 lbm f o r  o x i d i z e r  
o r  15 lbm f o r  f u e l .  

A t  573.0 seconds a f t e r  i g n i t i o n ,  f u e l  d e p l e t i o n  occurred w i t h  approxi- 
mately 1 . 4  lbm of u s a b l e  o x i d i z e r  remaining. The v e l o c i t y  change f o r  
t h e  burn w a s  2905.2 f t / s e c .  
n e g l e c t s  consumables o t h e r  than  p r o p e l l a n t s  t h a t  are e x p e l l e d  from 
t h e  s p a c e c r a f t  dur ing  t h e  burn,  w a s  302.64 seconds.  The e f f e c t i v e  v e h i c l e  
s p e c i f i c  impulse w a s  301.32 seconds.  The average mixture  r a t i o  was 
1.593. 

The e f f e c t i v e  engine  s p e c i f i c  impulse,  which 

F igures  LM6/4.7.1-16 through LM6/4.7.1-24 p r e s e n t  DPS engine parameters  
f o r  t h e  burn.  

Chamber p r e s s u r e  v e r s u s  commanded t h r u s t  f o r  z e r o ,  nominal,  and 
maximum t h r o a t  . e ros ion  i s  shown i n  Figure LM6/4.7.1-25, Chamber 
p r e s s u r e  v e r s u s  t i m e  f o r  z e r o ,  nominal, and maximum t h r o a t  e r o s i o n  
over  t h e  LM-6 duty  c y c l e  i s  shown i n  F igures  LM6/4.7.1-26 through 
LM6/4.7.1-28, r e s p e c t i v e l y .  
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LM-6 DESCENT PROPULSION SYSTEM 

WEIGHT CHARACTERI STI c s 
SPACECRAFT WEIGHTS (lbm) 

11350.9 
7078.3 
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4604.2 
18429.2 

10933.1 
33966.5 

UNUSABLE PROPELLANTS 

Ox i d  i z  er F u e l  

TRAPPED PROPELLANT 
F i l l  L ines  
Engine 
Balance Lines  
Branch L i n e s  
Common Lines  
I s o l a t i o n  SQ Bypass and Miscel laneous 
Heat Exchanger 

S t a r t  T r a n s i e n t  (Two c y c l e s )  
Shutdown T r a n s i e n t  (Two c y c l e s )  

Tank Wett ing 
Zero-G Can 
Center  of Gravi ty  (Thrus t  Vector) 
Unporting Prevent ion  
P r o p e l l a n t  Vapor 

L i n e s  
Heat Exchange 

LOST PROPELLANT 

RESIDUALS I N  TANKS 

PROPELLANT USABLE FOR BURN TO DEPLETION 

TOTAL UNUSABLES 

(60.4) 
0.2 

12.2 
11.3 
17.0 
19.0 

0.7 
0.0 

(5 2) 
2.6 
2.6 

2.0 
8.6 

75.0 
16.0 
19.0 

(-27.5) 
-27.5 

0.0 

(120.6) 

(35.2) 
0 . 1  
6.4 
7 . 3  
8 .0  
8 . 1  
0.7 
4.6 

(5  7) 
. 2 . 0  
3.7 

(23.4) 
2.0 
5 .2  
3 . 0  

10.7 
2 .5  

(-16.7) 
- 1 2 . 1  

-4.6 

158.7 47.6 
206.3 

Note: Unusables are d e f i n e d  as t h a t  p r o p e l l a n t  which i s  p h y s i c a l l y  u n a v a i l a b l e  
t o  t h e  engine.  

'These mass p r o p e r t i e s  were used f o r  t h e  purpose of t h i s  a n a l y s i s .  Reference 
should b e  made t o  Volume 111, S p a c e c r a f t  O p e r a t i o n a l  Data Book, f o r  c u r r e n t  
o f f i c i a l  mass p r o p e r t i e s  d a t a .  

Cont rac t  No, NAS 9-1100 LED-540-54 
Primary No. 664 Grumman Aerospace Corpora t ion  
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Table LM6/4.7.1-2 

LM-6 D e s  c e n t  Propuls ion  Engine 
and Feed System P h y s i c a l  C h a r a c t e r i s t i c s  

ENGINE 

Engine Number 

Chamber Throat  Area, I n  

Nozzle E x i t  Area, I n  

Nozzle Expansion R a t i o  

O x i d i z e r  I n t e r f a c e  t o  Chamber 

2 

2 

lbm-sec 
lbf-f  t b  R e s i s t a n c e  a t  FTP 

F u e l  I n t e r f a c e  t o  Chamber 
l b m -  s ec R e s i s t a n c e  a t  FTP lbf-ftf, 

2 F u e l  F i lm Coolant Tapoff 
Ibm-sec 
l b  f - f t 5 P o i n t  t o  Combustion Chamber 

FEED SYSTEM 

O x i d i z e r  P r o p e l l a n t  Tanks, T o t a l  
4 126.0 3 

Ambient Volume, F t  

F u e l  P r o p e l l a n t  Tanks, T o t a l  
4 126.0 3 

Ambient Volume, F t  

Oxid izer  Tank t o  I n t e r f a c e  
lbm-s e c 
lbf-f  t' 427.032 R e s i s t a n c e  , 

F u e l  Tank t o  I n t e r f a c e  
lbm-se c 
I b f - f t T  674 .532 R e s i s t a n c e ,  

'TRW No. 01827-6173-R000, TRW LM De'scent Engine Serial No. 1040 
Acceptance T e s t  Performance Report ,  Paragraph 6.9, 19 J u l y  1968. 

I 

2GAEC Cold Flow Tests 

3TRW No. 4721.3.69-63, LM-6, Engine S e r i a l  No. 1040 Descent Engine 
C h a r a c t e r i s t i c  Equations , March 1969 

Approximate v a l u e s .  4 

1040 

54.197' 
4 2569.7 

47. 74 

3960. O3 

6325.2 

465069 

Cont rac t  No. NAS 9-1100 
Primary No. 664 Grumman Aerospace Corpora t ion  
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Table LM614.7.1-3. (Continued) 
Mission H1 Final DPS Preflight Performance Prediction 
Summary (Performance During Hover-To-Depletion) 

Parameter 

Throttle Position % 

ISP 

F 

MR 

Pc 

wo 

Wf 

wo 

WF 

756 seconds of 
second burn 

Nominal 
Performance 

25.70 

294.68 

2698 

1.6039 

832 seconds 
Depletion (Ox) 

Nominal 
Performance 

24.60 

294.24 

25.58 24.16 

5.639 5.408 

3.516 3.370 

515.64 95.69 

281.15 19.38 

Contract No. NAS 9-1100 
Primary No. 664 Grumman Aerospace Corporation 
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Figure LM6/4.7.1-1. 
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Thrust V s .  Time 
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Figure  LM6/4.7.1-2. Miss ion  H1 F i n a l  DPS P r e f l i g h t  Performance P r e d i c t i o n -  
S p e c i f i c  Impulse Vs.  Time 

Contract No. NAS 9-1100 LED-540-54 
Primary No. 664 Grumman Aerospace Corporation 

LM614.7.1-8 



SNA-8-D-027(11) REV 2 

Volume I1 LM Data Book 
Subsystem Performance Data-Prop-DPS 

Amendment 24 

(NASA DATA SOURCE) 
11 /, 10 / 6 9 

0 
v) 

0 

u) co 
'? 

8 8 6 8 

oiiw m i x i  w 
- "! 

c 
v! 

0 
c 

v) 
7 

0 
(Y 

7 

'9 - '9 - '9 
c 

'9 - 'c! 
c 

F i g u r e  LM6/4.7.1-3. Miss ion  H1 F i n a l  DPS P r e f l i g h t  Performance P r e d i c t i o n -  
M i x t u r e  R a t i o  Vs. Time 

Contract No. NAS 9-1100 LED-540-54 
Primary No, 664 Grumman Aerospace Corporation 

LM6/4.7.1-9 

, .  

P 



SNA-8-D-O27(II) REV 2 

Volume I1 LM Data Book 
Subsystem Performance Data-Prop-DPS 

Amendment 24 
11/10/69 

(NASA DATA SOURCE(' 

0 
m 

0 
m 0 m z 0 0 

ri m ri 0 
m 

( l N l 3 d 3 d )  NOISOY3 lVOllHl 
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F igu re  LM6/4.7.1-5. M iss ion  H1 F i n a l  DPS P r e f l i g h t  Performance P r e d i c t i o n -  
O x i d i z e r  Flow Rate Vs. Time 
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Figure LM6/4.7.1-6. Mission H1 Final DPS Preflight Performance Prediction- 
Fuel Flow Rate Vs. Time I 
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F i g u r e  LM6/4.7.1-7. Miss ion  H1 F i n a l  DPS P r e f l i g h t  Performance P r e d i c t i o n -  
O x i d i z e r  I n t e r f a c e  Pressure Vs. Time 
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Figure LM6/4.7.1-8. Mission H1 Final DPS Preflight Performance Predictsion- 
Fuel Interface Pressure Vs. Time 
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FigurejLM6/4.7.1-9. Mission H1 Final DPS Preflight Performance Prediction- 
Chamber Pressure V s .  Time 
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Figure LM6/4.7.1-10. Mission H1 Final DPS Pref l ight  Perfomance Prediction- 
Effective Vehicle Specif ic  Impulse Vs. Time 
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F igu re  LM6/4.7.1-11. Miss ion  H1 F i n a l  DPS P r e f l i g h t  Performance P r e d i c t i o n -  
E f f e c t i v e  Engine S p e c i f i c  Impulse Vs. Time 
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:igure LM6/4.7.1-12. Mission H1 Final DPS Preflight Performance Prediction- 
Supercri t ical  He1 i urn Bottle Pressure Vs. Time 

C o n t r a c t  No. NAS 9-1100 LED-540-54 
Primary No. 664 Grumman Aerospace Corpora t ion  

LM6/4.7.1-18 



SNA-&D-027(11) REV 2 
i 

Amendrnen t 24 
11110169 

(NASA DATA SOURCE) 
Volume I1 LM Data Book 

Subsys t e m  P e r f o q a n c e  Data-Prop-DPS 

(33s) 3 S l n d W I  314133dS 

Figure LM6/4.7.1-13. Mission H1 Final DPS Preflight Performance Prediction- 
Specific Impulse Dispersion Vs. Time 
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Figure LM6/4.7.1-17. Mission H-1  DPS Preflight Performance 
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Predi c t i  on-Docked FTP Burn t o  Dep le t ion-  
M ix tu re  R a t i o  Vs T ime 

I 
C o n t r a c t  No. NAS 9-1100 LED-540-54 
Primary No. 664 Grumman Aerospace Corporat ion 

LM614.7.1-24 



i 
Amendment 24 

SNA-8-D-'OZS(II) REV 2 11/10/69 
, >  , /  _ .  

Volume I1 LM Data Book (NASA DATA SOURCE) 
Subsys tern Performance Data-Prop-DPS 

0 
h 
N 

2 0 u, 0 
0) 43 0. 

(v E N (v (v 
8 
m 

3 m 

(335) 3SlndWI  3 1 4 3 3 d S  3NI9N3 3A1133dd3 

1 
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Figure LM6/4.7.1-20. Mission H-1 DPS Pref l igh t  Performance 
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Effective Vehicle Isp Vs Time 

I 
Cont rac t  No. NAS 9-1100 LED-540-54 
Primary No. 664 Grumman Aerospace Corpora t ion  

LM6/4.7.1-26 



SNA-O-D-027(11) REV 2 

Volurne 11 I.,M Date Rook 
Subayatem Performance Data-Prop-DPS 

Amendment 24 
111 LO 1 69 

(NASA DATA 'SOURCE) 

- ~. 
00 9 * (v 0 2 r! z 

( x E / w e i )  jivu MOU i3ni 
F i g u r e  LM6/4.7.1-21. M iss ion  H-1 DPS P r e f l i g h t  Performance 

Pred i  ct ion-Docked FTP Burn t o  Depl e t i  on- 
Fuel Flow Rate Vs Time 

LED-5 40-54 
Grumman Aerospace Corporat ion 

LM6/4.7.1-27 



I '  ' 

SNA-8-D-O27(II) REV 2 

Amendment 2 4 
111 10 I 6 9  

Volume I1 LM Data Book 
Subsystem Performance Data-Prop-DPS 

(NASA DATA SOURCE) 

8 
0. 

0 
0 
Q) 

w 

c r 

8 
m 

8 
(v 

0 
0 u) 0 - v) 

c 
0 3 (v 

0 
0 

v) m 
(33s /W91)  31VI MOW HZlalXO 

Figure LM6/4.7.1-22. Mission H-1 DPS Preflight Performance 
Predi c t i  on-Docked FTP Burn to  Depletion- 
Oxidizer Flow Rate Vs Time 
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Figure LM6/4.7.1-25. Mission H-1 DPS Preflight Performance Prediction-Chamber 
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Figure LM6/4.7.1-26. Mission H-1 DPS Preflight Performance Prediction- 

Chamber Pressure Vs Time for Zero Throat Erosion 
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I Figure LM6/4.7.1-28. Mission H-1 DPS Preflight Performance Prediction- 
Chamber Pressure Vs Time for Maximum Predi cted 
Throat Eros i on 
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LM614.7.2 Superc r i t i ca l  Helium Tank Pressure (NASA DATA SOURCE) 

The predicted hea t  leak pressure rise rate fo r  the  LM-6 super- 
c r i t i c a l  helium tank i s  8.55 p s i l h r .  This prediction is  based 
upon an analysis  of the heat  leak performance measured on the  
s p e c i f i c  tanks f o r  LM-6 i n  cold-flow tests a t  GAEC, Bethpage, 
and vendor acceptance tests.  The above prediction includes a 
measurement uncertainty of 0.35 p s i l h r .  

The above value of the hea t  leak pressure rise r a t e  is the b e s t  
value currently avai lable .  It w i l l  be updated with data  from 
the  countdown demonstration tes t  as those data become avai lable .  

LED-540-54 Contract No. NAS 9-1100 
Primary No. 664 Grumman Aircraft  Enkineering Corporation 
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LM614.7.5 DPS P r o p e l l a n t  Tank Low Level Sensor Opera t ion  

Data from GAC g i v e  t h e  p r o p e l l a n t  q u a n t i t i e s  remaining i n  t h e  
DPS t a n k s  ( a t  70'F) a t  t h e  t ine of low level s e n s o r  a c t u a t i o n  
as : 

Tank 

Fuel  
Oxid izer  

Quant i ty  

202f9.9 lbin p e r  tank  
322-fl3.4 lbm p e r  tank  

The p r o p e l l a n t s  i n  t h e  feed  l i n e s  and h e a t  exchanger should b e  
added and t h e  p r o p e l l a n t s  i n  t h e  zero-g can and f o r  unp.orting preven- 
t i o n  should  b e  deducted from t h e  above q u a n t i t i e s .  Values € o r  
t h e s e  are< taken from t h e  S p a c e c r a f t  O p e r a t i o n a l  Data. Bopk, 
Volume 111, Rev 2 ,  20 August 1969, S e c t i o n  5.6: 

Component Fuel ,  lbm Oxid izer ,  lbm 

Feed Lines  + 1 2 . 1  +27.5 
Heat Exchanger + 4.6 -0- 
Zero-G Can - 5.2 - 8.6 

T o t a l  

The p r o p e l l a n t  q u a n t i t y  c o r r e c t i o n s  t a b u l a t e d  above should be  
a p p l i e d  r e g a r d l e s s  of whether d e p l e t i o n  occurs  from a s i n g l e  
tank  o r  bo th  tanks  of a p a i r  s imul taneous ly .  
i n  both  cases t h e  t rapped q u a n t i t i e s  w i l l  be used o r  no t  used 
i d e n t i c a l l y  (helium i n g e s t i o n  upon d e p l e t i o n  of a s i n g l e  t a n k  
e f f e c t i v e l y  s h u t s  o f f  t h e  undepleted t a n k ) .  Also, s i n c e  a t  t h e  
t i m e  of low level sensor  a c t u a t i o n  i t  i s  n o t  p o s s i b l e  t o  d e t e r -  
mine whether o r  n o t  both tanks  of a p a i r  are a t  t h e  
l e v e l  ( they  b o t h  could b e  a t  t h e  h i g h  o r  a t  t h e  low 
s i n g l e  tank d i s p e r s i o n s  should be summed t o  arrive a t  t h e  d i s -  
p e r s i o n s  f o r  b o t h  tanks  of a p a i r  t aken  t o g e t h e r .  

Based upon t h e  above Statements  and d a t a  t h e  p r o p e l l a n t  q u a n t i t i e s  
a v a i l a b l e  a f t e r  low level sensor  a c t u a t i o n  are a s  fo?lows: 

This  i s  so  because 

Fuel  404.8f19.8 lbm 

Oxidizer  646.9226.8 lbm 

Cont rac t  No. NAS 9-1100 LED-540-54 
Primary No. 664 Grumman Aerospace Corpora t ion  
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The mean v a l u e s  of f u e l  and o x i d i z e r  flow rate dur ing  hover  
from low level senso r  a c t u a t i o n  t o  d e p l e t i o n  were c a l c u l a t e d  
t o  be: 

Fue l  Flow Rate: 3.482 lbmlsec 

Oxid izer  Flow Rate: 5.585 lbm/sec 

(Spacecraf t  Opera t iona l  Data Book, Volume 11, Rev. 2, 1 September 
1969, Para. LM614.7.1). 

Using t h e  above flow r a t e s  and p r o p e l l a n t  q u a n t i t i e s  t h e  burn  
t i m e  from low level sensor  a c t u a t i o n  t o  d e p l e t i o n  w a s  c a l c u l a t e d  
t o  be  116.3 seconds f o r  f u e l  and 115.8 seconds f o r  o x i d i z e r .  
Both t h e  burn t i m e s  g iven above are s l i g h t l y  on t h e  c o n s e r v a t i v e  
s i d e  i n  a s  much as use  of a mean flow rate i s  conse rva t ive  by 
approximately 1 . 6  seconds compared t o  i n t e g r a t i n g  along a t h r u s t -  
t i m e  curve.  

The d i s p e r s i o n s  a s s o c i a t e d  wi th  t h e  burn  t i m e s  g iven above are 
f5.7 seconds f o r  f u e l  and f4 .8  seconds f o r  o x i d i z e r .  Therefore ,  
t h e  minimum burn t i m e s  from low level sensor  a c t u a t i o n  t o  
d e p l e t i o n  were c a l c u l a t e d  t o  be  110.6 seconds f o r  f u e l  and 
111.0 seconds f o r  o x i d i z e r .  

Because t h e r e  are two f u e l  and two o x i d i z e r  tanks ,  each w i t h  a 
low level sensor  wi th  t h e  d i s p e r s i o n  given i n  t h e  f i r s t  paragraph ,  
t h e  RSS d i s p e r s i o n  f o r  t h e  two tanks  of a p a i r  r e p r e s e n t s  a more 
l i k e l y  c a s e  than  t h e  maximum d i s p e r s i o n  case  g iven  immediately 
gbove. 
a v a i l a b l e  a t  low level senso r  a c t i v a t i o n  w e r e  c a l c u l a t e d  t o  be  
?14.0 and t19.0 lbm, r e s p e c t i v e l y .  
a s s o c i a t e d  wi th  t h e s e  q u a n t i t i e s  are 24.0 seconds f o r  f u e l  and 
23.4 seconds f o r  o x i d i z e r .  Thus, t h e  RSS minimum burn  t i m e s  were 
c a l c u l a t e d  t o  be 112.3 seconds f o r  f u e l  and 112.4 seconds € o r  
o x i d i z e r .  

The RSS d i s p e r s i o n s  f o r  t h e  t o t a l  f u e l  and t o t a l  o x i d i z e r  

The burn t i m e  d i s p e r s i o n s  

The above burn t ime c a l c u l a t i o n s  do no t  t a k e  i n t o  account  t h e  un- 
c e r t a i n t y  about  t h e  nominal p r e d i c t e d  f low r a t e s .  

C o n t r a c t  No. NAS 9-1100 
Primary No. 664 

LED-540-54 
Grumman Aerospace Corporat ion 
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LM614.7.6.1 DPS Engine Thrus t  Vector Alignmenp 

The gimbal t r i m  angles  f o r  t h e  DPS engine  may b e  c a l c u l a t e d  u s i n g  
t h e  equat ions  provided i n  Paragraph 4.7.6.1. 
angles  of t h e  DPS engine a t  t h e  s t a r t  of t h e  D O 1  burn are g iven  i n  
t h e  Spacecraf t  Opera t iona l  Data Book, Volume 111, Mass P r o p e r t i e s ,  
Revis ion  2 ,  as: 

The t h r u s t  v e c t o r  

68  = -0,660 degrees  

6$T = -0- degrees  - 
T 

These v a l u e s ,  t o g e t h e r  w i t h  a s t a r t u p  t h r u s t  of 1268 pounds, w e r e  
t h e n  used t o  c a l c u l a t e  t h e  gimbal t r i m  angles:  

6 8  = -0,718 degrees  

6$ = +0.058 degrees  

These are t h e  recommended launch pa'd s e t t i n g s  f o r  t h e  DPS gimbal 
t r i m  a n g l e s  a t  t h e  s t a r t  of the D O 1  burn.  

The t r i m  a n g l e s  are se t  u s i n g  t h e  LM Guidance Computer (LGC), and 
must b e  expressed r e f e r e n c e d , t o  t h e  p o s i t i v e  gimbal s t o p s .  
accomplish t h i s  , 6.05 degrees  'were added t o  t h e  t r i m  angles  above. 

To 

This  r e s u l t s  i n  

68 '  = 5.332 degrees  

6$' = 6.108 degrees  

b o t h  r e f e r r e d  t o  t h e  p o s i t i v e  gimbal s t o p s .  

The LGC h a s  a nominal d r i v e  rate of 0.2000 degreeslsecond hard- 
wired i n t o  i t .  Therefore ,  a l l  a c t u a l  gimbal angles  must b e  
converted t o  e q u i v a l e n t  a n g l e s  based on t h e  hard-wired d r i v e  rate 
us ing  t h e  a c t u a l  gimbal d r i v e  rates i n  both  p i t c h  and r o l l .  
e n t e r e d  via t h e  LGC e r a s a b l e  memory l o a d ,  t h e  angles  must b e  expressed 
as d r i v e  t i m e s  (from t h e  p o s i t i v e  s t o p s ) .  Where e n t e r e d  o r  d i s p l a y e d  
on t h e  DSKY t h e  e q u i v a l e n t  a n g l e s  must b e  expressed as degrees  of  
arc. 

Where 

Cont rac t  No. NAS 9-1100 LED-540-54 
Primary N o .  664 Grumman Aerospace Corporat ion 
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LM6/4.7.6.1 DPS Engine T h r u s t  V e c t o r  Alignment  (Cont inued)  

The GPA drive rates are l i s t e d  below. 

F u n c t i o n a l  Drive 
Axis Rate 

P i t c h  (X-Z p l a n e )  0.2116'  deg / sec  

R o l l  (X-Y p l a n e )  0.2122 d e g / s e c  

The gimbal  t r i m  d a t a  t o  b e  e n t e r e d  i n  t h e  LGC e r a s a b l e  memory l o a d  
a r e  t h e n  o b t a i n e d  as follows : 

= ' 25 .19  seconds  
0.2116 PITTIME = 

ROLLTIME = "' = 28.79 seconds  
0.2122 

The c o r r e s p o n d i n g  a n g l e s  t o  be e n t e r e d  or  read f r o m ~ t h e  DSKY are 
o b t a i n e d  as fo l lows  : 

P-TRIM = 66'  (o*2000) o.2116 = 5.038 d e g r e e s  

R-TRIM = 6$' (::a:::) = 5.758 d e g r e e s  

C o n t r a c t  No. NAS 9-1100 
Pr imary  No. 664 

LED-540-54 
Grummah Aerospace C o r p o r a t i o n  
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LM614.7.6.2 GDA Dr ive  Rates 

Measurement Data 

Time of T r a v e l  - p i t c h  57.17 sec These t i m e s  are t h e  
- r o l l  57.03 sec average of 3 measure- 

ments made on LM-6 a t  
Angular R a t e  - p i t c h  0.2116 O / s e c  Eethpage and KSC. 

- r o l l  0.2122 '/set 

NOTE: Computed Angle of T rave l  = 12.1" ( i n  e i t h e r  a x i s )  

1 
\ 

i 
Cont rac t  No. NAS 9-1100 
Primary No. 664 

LED-540-54 
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LM6/4.7.8 P r e f l i g h t  Thermal Analysis  of DPS 

Figures  LM6/4.7.8-1 through LM6/4.7.8-14 document t h e  p r e f l i g h t  
. thermal a n a l y s i s  of t h e  LM-6 DPS. 

show t h e  SHe tank  temperature  and p res su re  response during a DPS 
burn. 
e x t e r n a l  h e a t  exchanger,  whi le  Figure LM6/4.7.8-4 shows t h e  f u e l  
temperature drop ac ross  t h e  h e a t  exchanger as a func t ion  of f u e l  
flow rate. 

Figures  LM6/4.7.8-1 and LM6/4.7.8-2 

Figure LM6/4.7.8-3 g ives  t h e  o u t l e t  temperature of t h e  

Figures  LM6/4.7.8-5 and LM6/4.7.8-6 show t h e  i n t e r n a l  h e a t  exchanger 
i n l e t  and o u t l e t  t enpe ra tu res  a s  a func t ion  of engine burn t i m e .  
Figure LM6/4.7.8-7 g ives  t h e  temperature of t h e  f u e l  l i n e  a t  t h e  
engine i n t e r f a c e  and a t  j u s t  upstream of t h e  flow c o n t r o l  va lves .  
Likewise, F igures  LM6/4.7.8-8 through LM6/4.7.8-10 show temperature 
response of t h e  i n j e c t o r  manifold,  f u e l  shutof f  va lve ,  and f u e l  
flow c o n t r o l  va lve  f o r  t h e  DPS. Temperatures of t h e  corresponding 
component i n  t h e  ox id ize r  feed system are expected t o  be  similar.  
F ina l ly ,  Figures  LM6/4.7.8-11 through LM6/4.7.8-14 show t h e  bulk  
p rope l l an t  temperatures  as a func t ion  of mission elapsed t i m e .  

\ 
Propel lan t  va lve  and l i n e  temperatures are based on a n a l y s i s .  It 
is recommended t h a t  a 25 percent  margin (based upon t h e  d i f f e r e n c e  
between t h e  s ta r t  temperature and any p o i n t  on t h e  curve) f o r  
unce r t a in tv  i n  t h e  ana lys i s ,  be  added t o  t h e  temperature rises i n  
Figures  LM6/4.7.8-7 through LM6/4.7.8-10. 

\ 

Contract  No. NAS 9-1100 
Primary No. 664 Grumman Aerospace Corporation 

LM6/4.7.8-1 

LED-540-54 



Amendment 32 
11/18/69 

SNA-8-D-027(11) REV 2 
Volume I1 LM Data Book 

Subsystem Performance Data-Prop-DPS 

0 e m 
I 

. .  
0 
CO 
m 

0 
ID m 

I I 

0 

0 
0 e 

I 

0 e 
I 

(Ao) 3YnlWY3dW31 Y N W l  lW3IlIY3Y3dllS 

Figure LM6/4.7.8-1. Supercritical Helium T a n k  Temperature V s .  
Engine Burn Time 
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Figure  LM6/4.7.8-2. S u p e r c r i t i c a l  Helium Tank Pressure Vs.  
Engine Burn Time 
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Figure LM6/4.7.8-4. Fuel Temperature Drop Across the External 
Heat ExchaLger Vs. Fuel Flow Rate 
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Figure LM6/4.7.8-5. Internal Heat Exchanger I n l e t  Temperature Vs. 
Engine Burn Time 
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Figure LM6/4.7.8-7. Fuel Line Temperature Vs Time 
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TO BE SUPPLIED 

F i g u r e  LM6/4.7.8-8. Temperature Response of DPS I n j e c t o r  
V s  Elapsed T i m e  P a s t  I g n i t i o n  
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Fuel Shu to f f  Valve Vs Time 
F igu re  LM6/4.7.8;9. Temperature o f  Fuel Duct t o  I n j e c t o r  and 
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F i g u r e  LM6/4.7.8-13. M iss ion  H P r e d i c t e d  Thermocouple Response- 
Descent Stage GQ4218T -Z Tank 
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F i g u r e  LM6/4.7.8-14. M i s s i o n  H P r e d i c t e d  Thermocouple Response- 
Descent Stage GQ3719T - Y  Tank 
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LM614.7.12.1 DPS Propel lan t  Tank Venting f o r  Lunar Landing Mission 

The thermal p r o f i l e  f o r  t h e  DPS propel lan t  tanks is dependent upon 
engine burn t i m e  and quant i ty  of r e s i d u a l  p r o p e l l a n t  i n  t h e  s p e c i f i c  
tank. The f r a c t u r e  mechanics l i m i t s  are dependent upon t h e  pressur- 
i z a t i o n  h i s t o r y  of each tank and t h e  b u r s t  d i s c  pressure  (measured 
va lue  of 265 p s i d  f o r  t h e  LM-6 tanks) .  

I n  t h e  event of f a i l u r e  of t h e  LM-6 DPS oxid izer  tanks t o  vent ,  abor t  
i s  not  necessary i f  t h e  propel lan t  remaining i n  each oxid izer  tank is  
a t  l e a s t  150 pounds. I f  t h e  propel lan t  remaining i n  any oxid izer  tank 
is  less than 150 pounds, i n  excess of two hours i s  required f o r  temper- 
a t u r e s  t o  i n c r e a s e  t o  a poin t  such t h a t  t h e  f r a c t u r e  mechanics may be 
reached. 

These r e s u l t s  are based on a DPS bulk propel lan t  temperature of 70°F 
a t  t h e  t i m e  of t h e  main engine f i r i n g ,  and a f r a c t u r e  mechanics l i m i t  
of 103°F a t  265 ps id .  For a DPS bulk temperature of 75°F a t  t h e  t i m e  
of t h e  main engine f i r i n g ,  t h e  l i m i t i n g  propel lan t  quant i ty  increases  
from 150 pounds t o  220 pounds. 

I n  t h e  event of f a i l u r e  of t h e  LM-6 DPS f u e l  tanks t o  v e n t ,  a b o r t  i s  
not  necessary t o  avoid f r a c t u r e  mechanics l i m i t s .  

* Graphs of u l l a g e  pressure  versus  t i m e  a f t e r  touchdown, showing t h e  
maximum al lowable pressure  from f r a c t u r e  mechanics f o r  var ious  quanti-  
t i es  of r e s i d u a l  o x i d i z e r ,  are given i n  Figures LM614.7.12-1 and 
LM614.7.12-2. 
pec t ive ly .  

These are f o r  t h e  nominal and hot  landing cases ,  res- 

*NASA DATA SOURCE 

Contract No. NAS 9-1100 LED-540-54 
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NOTE: NOMINAL LANDING CASE - 6 I N .  LANDING GEAR STROKE, EXHAUST NOZZLE 
12 I N .  ABOVE SURFACE, BASE HEAT SHIELD 
38 I N .  ABOVE SURFACE. 

1 '  

- '-0 2 3 4 5 6 7 8 9 10 

TIME AFTER TOUCHDOWN (HOURS) 

F i g u r e  LM6/4.7.12-1. U1 l a g e  Pressure Vs Time A f t e r  Touchdown f o r  
F a i l u r e  of  t h e  O x i d i z e r  Tanks t o  Vent v -  Nominal 
Landing Case 

Grumman Aerospace Corpora t ion  
LM6 / 4  7 12-2 
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NOTE: HOT LANDING CASE - MAXIMUM LANDING GEAR STROKE, BURIED EXHAUST 
NOZZLE, BASE HEAT SHIELD 9 I N .  AGOVE LUNAR SURFACE. 

---0 1 2 3 4 5 6 7 8 9 10 
TIME AFTER TOUCHDOWN (HOURS) 

F i g u r e  LM6/4.7.12-2. U l l a g e  Pressure  Vs Time a f t e r  Touchdown f o r  
F a i l u r e  o f  t h e  O x i d i z e r  Tanks t o  Vent  - H o t  
Land ing  Case 

act N o .  NAS 9-1100 LED-540-54 
ry No. 6 6 4  Grumman Aerospace Corporation NASA - MSC 
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F i g u r e  LM614.7.15-1. Descent Engine Regulator Perlormance 
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LM6/4.8.6.1 M u l t i p l e  Steady S t a t e  F i r i n g s  Heat ing E f f e c t s  

Amendment 25 
' 11/11/69  

F igu re  LM6/4.8.6-1 shows t h e  plume impingement l i m i t s  of t h e  SX 
and -X RCS t h r u s t e r s  i n  terms of a l lowab le  t h r u s t e r  a c t j v i t y  a t  
v a r i o u s  du ty  c y c l e s ,  as a f u n c t i o n  of e l apsed  t i m e .  The pr imary 
fX f i r i n g  c o n s t r a i n t  cu rves  r e p r e s e n t  t h e  a t t a i n m e n t  of maximum 
a l lowab le  S-Band 'antenna e l e c t r o n i c  p a r t s  tempera ture  assuming 
75'F and 35°F start t empera tb res ,  as w e l l  a s  t h e  e f f e c t i v e  M i s -  
s i o n  G an tenna  p o s i t i o n i n g .  Also  shown is t h e  c o n s t r a i n t  cu rve  
f o r  t h e  EVA an tenna .  The pr imary -X f i r i n g  c o n s t r a i n t  curve  i s  a 
combinat ion of plume impingement c a p a b i l i t i e s  of RCS plume d e f l e c -  
t o r s ,  t h e  f r o n t  of the s c i e n t i f i c  e q u i  e n t  bay and s i d e  of quad 
3;  o r  plume d e f l e c t o r s  and t h e  l and ing  
f i t t i n g  and t h e  deploy  t r u s s  end f i t t i n g .  Exceeding t h e s e  l i m i t s  
w i l l  c ause  p o t e n t i a l  l o s s  of t h e  i t e m  i avo lved .  

g a r  secondary s t r u t  end 

j i 
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Figure LM6/4.8.6-1. Plume Impingement Capability - Unstaged 
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LM614.8.14 RCS Plume Impingement C o n s t r a i n t s  as a R e s u l t  of Gimbal 
Drive Ac tua to r  (t P i t c h  o r  ? Rol l )  F a i l u r e  During a DPS 
Burn i n  PGNS Mode 

F i g u r e  LM614.8.14-1 shows t h e  maximum a l lowab le  o f f s e t  a n g l e s  a s  
l i m i t e d  by t h e  RCS impingement c o n s t r a i n t s  f o r  t h e  a f f e c t e d  veh i -  
c le  hardware. 
impingement c a p a b i l i t y  curve  (See F i g u r e  LM614.8.6-1). 

These cu rves  were developed from t h e  LM-6 RCS plume 

I n  even t  of a GDA F a i l u r e  d u r i n g  powered d e s c e n t ,  RCS plume im- 
pingement may c o n s t r a i n  t h e  mis s ion .  
t h e  maximum a l l o w a b l e  accumulated RCS f i r i n g  t i m e  a t  any j u n c t u r e  
du r ing  powered d e s c e n t ,  f o r  GDA F a i l u r e  a t  s e v e r a l  d i f f e r e n t  t i m e s .  
The cu rves  r e f l e c t  d u t y  c y c l e s  which cause  f a i l u r e  of t h e  plume 
d e f l e c t o r s  o r  l and ing  g e a r  f i t t i n g s .  

F i g u r e  LM614.8.14-2 r e p r e s e n t s  

F i g u r e s  LM614.8.14-3 and LM614.8.14-4 show t h e  nominal d e s c e n t  en- 
g i n e  gimbal  a n g l e s  ( p i t c h  and t o l l ,  r e s p e c t i v e l y )  f o r  t h e  Miss ion  H-1  
p r o f i l e .  F u r t h e r ,  t hey  a l s o  show t h e  maximum a l lowab le  GDA o f f s e t  
a n g l e  a t  f a i l u r e  d u r i n g  PDI, f o r  RCS f u e l  consumption and c o n t r o l l a -  
b i l i t y  c o n s t r a i n t s .  

F i g u r e s  LM614.8.14-5 and LM614.8.14-6 p r e s e n t  t h e  maximum a l l o w a b l e  
d e l t a  from nominal ,  GDA r o l l  and p i t c h  a n g l e s  a t  f a i l u r e ,  w i t h  r e s p e c t  
t o  f u e l  consumption and c o n t r o l l a b i l i t y  (See F i g u r e  LM614.8.14-1). 
T h i s  should  f a c i l i t a t e  real  t i m e  e v a l u a t i o n  of t h e  f e a s i b i l i t y  of 
con t inu ing  powered descen t  once a f a i l u r e  h a s  occur red .  
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Figure LM6/4.8.14-1. Maximum Allowable GDA O f f s e t  Angle a t  t h e  
Time o f  GDA Fai lure  Vs Time During a DPS Fir ing 
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F i g u r e  LM6/4.8.14-2. Maximum Al lowab le  Accumulated RCS F i r i n g  Time Per 
- X  or +X RCS Engine Vs Elapsed Time Past  P D I  f o r  
Plume D e f l e c t o r  and Landing Gear 
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F igu re  LM6/4.8.14-3. M iss ion  H-1 Nominal Expected P i t c h  GDA Angle 
( 6 $  - FMES N o t a t i o n )  and Maximum Al lowab le  
Dev ia t i ons  for RCS P r o p e l l a n t  and C o n t r o l l a b i l i t y  
Red L ines as a Func t ion  o f  Elapsed Burn Time 
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Figure LM6/4.8.14-4. Mission H-1 Nominal Expected Roll GDA Angle 
( 6 $  - FMES Notat ion)  and Maximum Allowable 
Deviations for  RCS Prope l l an t  and C o n t r o l l a b i l i t y  
Redlines a s  a Function o f  Elapsed Burn Time 
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Figure LM6/4.8.14-5. Maximum Allowable Roll GDA Offse t  Angle a t  the  Time 
of GDA Fai lure  Vs Time D u r i n g  a DPS F i r i n g  (PDI) 
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Figure LM6/4.8.14-6. Maximum Allowable Pitch GDA Angle a t  the Time 
o f  GDA Failure Vs Time Dur ing  a DPS F i r i n g  
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