
General Disclaimer 

One or more of the Following Statements may affect this Document 

 

 This document has been reproduced from the best copy furnished by the 

organizational source. It is being released in the interest of making available as 

much information as possible. 

 

 This document may contain data, which exceeds the sheet parameters. It was 

furnished in this condition by the organizational source and is the best copy 

available. 

 

 This document may contain tone-on-tone or color graphs, charts and/or pictures, 

which have been reproduced in black and white. 

 

 This document is paginated as submitted by the original source. 

 

 Portions of this document are not fully legible due to the historical nature of some 

of the material. However, it is the best reproduction available from the original 

submission. 

 

 

 

 

 

 

 

Produced by the NASA Center for Aerospace Information (CASI) 



............ .......... . ........... . .......... . ........... . . :.:.:-: -:.:.:.:.:.:.: . ...................... . ......................... 
:.:.:.:-:.: .:.:.:.:.:.: ............ ........... . ...... . .. :::::., .. 

· NATIONAL AERONAUTICS AND SPACE ADM NISTRATION 
· . . . · . ... . .. · . . . . .. . ... · :.: -:.:.:.:.:.:.:.:.:. MSC INERNAL NOTE NO. CF-R-69-3 

JANUARY 22, 1969 

APOLLO MISSION ' D 

PERFORMANCE ANALYSIS 

OF RENDEZVOUS CHARTS 

Flight Procedures Bran c h 

FLIGHT CREW SUPPORT DIVISION 

" 7 0 ~'''3 ,rr2 MANNED SPACECRAFT CENTER 

0

; (ACC"SI~ ~8"J --/'ru';;";-;;---_ 

- ~d- (TH:) 

~ t !AGES( ~ ~ (COD~ 
- Ivy ~Cf,i2') 3 l ~ (NASAtt OR TMX OR AD J 
'" NUMBER) - -

(CATEGORY) 

H N. XA 

. . 



r	 Ii+ww,

r

MSC INTERNAL NOTE MSC-CF-R-69-3

APOLLO MISSION D

PERFORMANCE ANALYSIS

OF RE N1)EZVOUS CHARTS

Prepared by:

	

	 ^- 7^! CA0
Larry i3 Mc'4hort
Orbital Procedu;	 Section

j4t4 ^p.	 -
JoIV E. Hutchins
Orbital Procedures Section

Approved by:

	

	 .
1U 1 cn C. on to la
Chief, Orbital Procedures Section

/Paul C. Kramer
Chief, Flight rocedures Branch

es W. Bilodeau
Assistp.nt Chief for Crew Integration

==^O' YI-4a-)el 
"Z7^-	 -

Barren . No h
"'hief,'Ylight Crew Support Division

January 22, 1969



TABLE OF CONS

a

1-1

2-1

2-2

2-3

2-4

2-6

2-8

2-9

3-1

3-3

3-6

3-7

3-8

3-9

4-1

5-1

1.0 SUMMARY

2.0 DISCUSSION

2.1 Study Rules

2.2 Digital Program

2.3 Charts

2.4 Initial Conditions

2.5 Errors in Sensors and Execution

2.6 Braking Schedule and LOS Angular Rate Deadbands

3.0 RESULTS

3.1 Maneuver Values

3.2 Miss Distance

3.3 Translational AV Used

3.4 Arrival Time at TPI

3.5 AT from TPI to TPF

4.0 REFERENCES

5.0 FIGURES

c 'N.	 i

-777777-77



co	 013

as az c^

p
H
p.̂ ,	 p

H
p

.̂^ 	 H
E-i	 H

0
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APOLLO MISSION D
PERFORMANCE ANALYSIS
OF RENDEZVOUS CHARTS

1-.L

1.0 Summary

A digital analysis of the D Mission backup rendezvous

charts has been performed to verify their ability to pre-

dict CST, CDH, TPI, and midcourse corrections in the presence

of system and application errors and trajectory dispersions.

Procedures for data acquisition were as defined it the cur-

rent LM Rendezvous Procedures Document (Reference 1). The

charts simulated were those from the LM 3 onboard data

package. The mission situation simulated represented the

PNGS inoperative, rendezvous radar information available

from the tapemeter, attitude data from the AGS and control by

the CES. However, use of the CSI and CDH charts is presently

ground ruled out by Reference 2. The study showed that the

standard deviation of the arrival time at TPI was 5.5 minutes.

The mean AT from TPI to intercept with braking and line-of-sight

control was 35.8 minutes with a standard deviation of 1.5 minutes.

If no braking or line-of-sight control was executed after the

second midcourse correction, the mean miss distance would

have been 0.6 n.m. with a standard deviation of .35 n.m.

The mean total translational AV required after insertion was

158 ft/sec with a standard deviation of 20 ft/sec.
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2.0	 Discussion

This analysis was performed to determine the ability of

the charts to predict all maneuvers after insertion required to

complete the LAS-active D mission rendezvous.	 One hundred inde-

pendent sets of initial conditions (IC's) were selected by

, adding random errors to the 6 components of the nominal relative

state vector between the LM and CSM.	 Half of thc% relative

error was incorporated into the inertial state vector of each

vehicle.

The 100 cases were run including system and execution

t•	 .IJ.	 }t', errors with braking and line-of-sight (LOS) control.	 TheH•	 46 	 Y

runs were repeated omitting braking and LOS control to obtain
J 	 •ri .(1` A

miss distance.	 The results of the 100 Monte Carla runs were
•S^	

as

processed to obtain statistical data for the parameters of

interest •	 k

„ t,^^•^^ The first 25 cases were also run witbout system or

application errors to establish the theoretical chart capabilities. 	 x
t 	 •,	 r .v

a	 ;	 1t

IL	

b

I

I

9

1 .^
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2.1	 Study Rules

The following ground rules consistent with D Miss y on

procedures and planning were used in this study:

1. CS" occurs 40 min 56 sec after insertion.

2. CDH occurs 44 min 26 sec after CSI.

3. TPI was assumed to occur 8 minutes after the

elevation angle of 19.73 degrees was reached.

4. The first midcourse correction (MCl) occurred

10 minutes after TPI and the second midcourse

correction (MC2) occurred at 22 minutes after

TPI.

5. CSI and CDH were burned in local vertical

coordinates using impulsive thrust.

6. TPI, MC1 1 MC2, braking, and LOS control

were executed along and normal to the line-

of-sight using finite thrust, burning each

component individually.

7. 130 degrees of CSM orbit travel between TPI

and TPF.

8. No out-of-plane corrections were made prior to

LOS control during the braking phase.



I

2.2	 Digital Program

In the analysis, functions describing the backup

rendezvous charts were programed into a digital routine

which integrated the equations of motion of two particles

about an oblate planet. 	 These functions allowed simulation

of the'proeedures for using the backup rendezvous charts by

incorporating elevation angle (ACTS address 304), range,

y .: and range rate from the tapemeter at the times called for

;.° by the backup data sequence.	 System errors were included
4

in the data taken at each point and an appropriate error

of application was included in each maneuver.
r 	 .

,*	 ' '. ,• r The runs included effects of both bias and random

errors as defined in Section 2.5.	 Bias errors were selected

by the program at the beginning of each run and held constant

"'	 4	 { R: . for that run.	 Random errors were selected at each point

• "f'	 ' data were taken.

1 s 

M	
'r+	

,ak

n.	 .r;•^.ir i. t	 _..
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2.3	 Chests

The chars modeled in the study were those which will be

carried on the D Mission, and are shown in Figures 1-6. 	 The data

sequence was obtained from Reference 1 and is summarized on the

relative motion plot of the nominal trajectory from CSI-40 to TPF

(Figure 7).

2.3.1	 CSI

The CSI chart solution is based on a Maclaurin's expansion

of four variables for the delta V at CST (range rate at 30, 20,

and 10 minutes prior to CSI and range 10 minutes prior to CST).

' The coefficients are determined by the simultaneous solution of

several expansions, each representing a dispersed trajectory prior

to CSI.

2.3.2	 CDH

.'^ The CDH chart solution utilizes the sinusoidal time h1story

of range rate variations from coellipticity and relative velocity

errors from coellipticity.	 Range rate data for the CDH chart are

taken 29, 18, and 7 minutes prior to CDH.

2.3.3	 TPI and MCC

The TPI charts solve for the relative position and velocity at

TPI .resolved into normal and along the line-of-sight (LOS) coordinates.
Y

The measured relative conditons are differenced from the required

conditions for int =rcept in 130 degrees of orbit travel. 	 Informa-

tion required for the TPI charts is the elevation angle at 8 and

e	 zim

'' 5 minutes prior to TPI and range and range rate at 5 minutes before
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.!	 1'PI T	 i 4t	 tCC ch ra is mani tain the time ofn a0 m. ar manner h M,	 160- 

TPF consistent with the TPI maneuver. Data are taken for the

middcourses 5 and 8 minutes after TPI for MC1 and at 17 and 24 min-

utes after TPI for MC2. The same measurement sequence as used

at TPI is used for both midcourse corrections.

•	 4

t
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1

2.4	 Initial Conditons

.The initial conditions were generated by perturbing the

nominal state vectors of the LM and CSM with errors supplied by

a relative covariance matrix. Half the relative error was applied

to the 'state vector of each vehicle.

The nominal vectors relative to the LM orbital plane were

derived from Reference 3 and are summarized as follows:

Table 2-1
Initial Conditions
Insertion + 56 Sec

(95 hrs 41 min 48 sec)

LM Altitude	 863730 feet

CSM Altitude	 798403 feet

LM Total Velocity	 25431.2 ft/sec

CSM Total Velocity 	 25468.7 ft/sec

LM Flight Path Angle	 -.00563 deg

CSM Flight Path Angle 	 -.00652 deg

In Plane Central Angle 	 .401 deg

LM Latitude	 1.4 deg

Out of Plane Distance 	 -31.3 feet

Out of Plane Velocity	 -.02 ft/sec

Heading Angle (relative to equator) 	 29 deg

y



The covariance matrix used for initialization of

the Monte Carlo runs is as follows:

Table 2-2
Covariance Matrix

9725775• -358310.0 11.8853 799.127 -205.801 -.043464

-358310.0 12124470. -6.36828 -887.559 199.080 	 .0249741

11.8353 -6.36828	 6262300. .0189843 -.004047 20.2459

799.127 -887.559	 .0189843 11.35113 -.42248	 .0000708

-205.861 199.080 -.004047 -.42248 3.202925 .00001599

-o434646	 .029741 20.2459	 -.00007o8 .00001599 2.394625

It was obtained by increasing between 9 and 25 times the

diagonal elements of a post insertion covariance matrix

provided by Math Physics Branch.

2-7



2. 5 	 Errors in Sensors and Executes

2-8
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The la errors in sensor and maneuver executions were.

1. System Errors

A. Noise

1) Range	 .333%

2) Range Rate	 .433% or .433 ft/sec
which ever is larger

3) Elevation Angle	 .12 degree

B. Biases and Drifts (constant for a given run)

1) Range Rate	 .333 ft/sec

2) Initial Pitch Bias 	 .1 deg (assumes
calibrated COAS)

3) Pitch Drift Rate	 .23 deg/hr

2. Execution Errors

A. Reading Tapemeter

1) Range Rate	 .25 ft/sec

2) Range

a) Outer Scale
	

2400 ft

b) Middle Scale
	

100 ft

B. Application of Burns	 .5 ft/sec (per axis)

C. Time Measurements
	

1.0 Eec



2.6	 Brakina Schedule and LOTS Angular Rate Deadbands
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The braking schedule used in this simulation consisted

of five gates and a lower limit on the range rate. The first

gate was at 13500 feet. At this point only LOS control was

executed because the allowed range rate was 80 ft/sec. The

second gate was at 6000 ft with an allowed range rate of

30 ft/sec. The nominal range rate at this range was 29 ft/sec.

The remaining gates were 20 ft/sec at 3000 ft, 10 ft/sec, at

1500 ft and 5 ft/sec at 500 ft. The lower range rate limit

consisted of a straight line connecting 20 ft/sec at 13500 ft

and 0 ft/sec at intercept.

Both the upper and rower range rate limits are shown in

Figure 8. LOS control procedures were simulated by sampling

inertial drift of the LOS inplane and normal to the orbit

plane every 15 seconds beginning at a range of 13500 ft.

When the LOS rates exceeded .3 mr/sec at a sampling time,

thrust was applied in the appropriate axis in increments

of 1 second until the LOS rate was reduced below the

threshold. The 15 seconds were allowed to elapse before

sampling again.
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3.0	 Results_

Several sets of Monte Carlo runs were made to obtain

statistical data for determination of the effects of errors,

trajectory dispersions, and braking on the size of maneuvers,

arrival time at TPI, and total translational QV. The sets

of runs are identified in the following table:

Table 3-1
Run Summary

Errors in
Number	 Maneuver	 Maneuvers	 LOS Control

Set	 of Runs	 Solutions	 Applied	 and Braking

A	 100	 Yes	 With Errors	 Yes

No

Solutions for the maneuvers in SET A were obtained with

and without Errors so that the effect of sensor and reading

errors on the chart solutions could be determined. However,

all maneuvers. for SET A were made usi...,; the solutions with

errors. The runs for SET B were identical to SET A, but

with braking and hOS control., ommitted to establish

miss distance.

SE'I';', C and D were run to establish baseline data for

chart performance. It was felt that a reduced number of runs

B	 100 Yes With Errors No

C	 25 No No Errors No

D	 25 No No Errors Yes

would suffice to obtain statistically meaningf ,il results since
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only initial conditions were varied. Examination of sig-

nificant parameters such as maneuver solution and miss
t

distances revealed nearly normal statistical distributions,

confirming the adequacy of the 25 runs for those sets. The

runs for SETS C and D were made with the same initial con-

ditions as the first 25 runs of SET A.

ti

r,

10
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3.1	 Maneuver Values

The nominal chart ,solutions, average, mean, and standard

deviation for each maneuver in SET A and SET D are shown in

Table 3-2 on Page 3-4. Me data given for SET A are the

solutions with errors. The average, mean, and standard devia-

tion for the difference between the error solution and the no

error solution computed for each maneuver in SET A are shown

in Table 3-3 on Page 3-5•

It can be noted from the data on Tables 3-2 and 3-3 that

the chart solutions with errors Progressively decrease in

accuracy from CSI to CDH to TPI. The trend then reverses with

McCCl more accurate than TPI and MCC2 being the most accurate

of the maneuvers.
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Table 3-3

Differences Between Chart Solutions
With Errors and Without Errors in SET A

Maneuver Average Mean	 Standard Deviation
ft sec ft sea  ft/see	 1_

CSI A" VH .79 .01 1.02

CDh A4 4 VV .94 .07 1.24

CDH 4a VH .48 -.06 .59

TPI a 11 VLOS 2.31 -.04 2089

TPI 4AVN 2.06 -.08 2.57

MCC"",VLOS 2.50 -.24 3.07

WC1148VN 1.19 -.14 1.45

MOC24dVLOS .47 -.00 .59

McC2MVN .54 .02 .66

The data of Table 3-2 indicates the amount of error

directly attributable to the sensor and reading errors

listed in Section 2.5.
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3.2	 Miss Distance

The miss distance was established by sets B and C. The

average in plane miss distance at the point of closest

approach for the 25 cases without errors (SET C) was

513 feet, and for the 100 cases with errors (SET B) was

2505 feet.

The average, mean, and standard deviation of the

components of the miss distance in a local vertical

.	 coordinate system with X along the radius vector of the

LM, Z along the angular momentum vector of the LM, and

Y completing the right-handed system were as follows:

Table 3 -4
Coordinates at Closest Approach

Axis Average Mean Standard Deviation

SET B SET C SET B SET C SET B SET C
Feet Feet Feet Feet Feet Feet

X 1482 375 -915 -375 1802 219

Y 2020 350 w-802 -350 2710 188

Z 1844 1508 -124 - 95 2332 1879

I
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3.3

The mean total translation AV used in the 25 cases without

errors ( SE'T D) was 138.2 ft/sec with a standard deviation of

13.4 ft/se-c while the mean for the 100 cases with errors (SET A)

was 158.7 ft /sec with a standard deviation of 20.5 ft/sec.

The minimum end maximum AV cases without errors required

108.2 ft/sec and 170.8 ft/sec, respectively, while with errors

minimum and maximum AV cases required 100.0 ft/sec and 227.0 ft/sec.

Figure 9 shows the distribution of total AV.

A breakdown of how the AV was used is shown in the following

table:

't' +t r •k .

	 Table 3-5

Translation AV

7

44:

Maneuver AV (SET D)
Average Without Errors

ft/sec

CS1 3?.4

CDI.i 4o.9 

TPI 22.1

Mcci 1.9

bICC2 1.3

Braking and LOS
Control 35.2

AV (SET A)
Average With Errors

ft/sec

36.8

4o.2

24 .0

6.8

10.8

40.0

1t^^^ 1
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3.4	 Arrival Time at TPI

; The mean arrival at TPI for the 25 cases without errors

(SET C) was 5 seconds later than nominal with a standard de-

viation of 18 seconds, while the mean Vir the 100 cases with

errors (SET A) was 12 seconds late with a standard deviation
s	 .

of 5 min and 35 seconds.

ti
Figure 10 shows the distribution of arrival'time at TPI

over intervals of two minutes for the 100 cases with errors.

Yi

f	
^r

-fey 1' Y

.Y14 I t

r
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i
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'f 3.5	 AT from TPI to TPF

The mean AT from TPI to close approach without braking forPP	 g

the 25 cases in SET C was 1980 seconds with a standard deviation

of 18 seconds while the mean AT of transfer without braking for

the 100 cases in SET B was 1963 seconds with a standard devia-

tion of 72 seconds,

The mean AT from TPI to intercept with braking and LOS

control for the 25 cases in SET D was 2121 seconds with a standard

deviation of 22 seconds while the mean AT of transfer with

braking for the 100 in SET A was 2148 seconds with a standard

'.a.;
deviation of 87 seconds.	 The nominal case required 2115 seconds

with braking and LOS control.

Figure 11 shows the distribution of the AT transfer with

e v. braking for the 100 cases with errors.
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W A ô  ^^ ^ ^ ^ ^ ^^ o rA ^ -4 ^ ^^ ^ ^ ^ ^ ^ m^^ m^ ^ ^

^^^aJOB\rnrnrnz\rn "^.rn8000 O\8^^O^^^^ ^^r-j-I
r-1 ^4 rA r-1 r-I r-A ri r-1 r-1 r.4 r-4 r 4 r-1 r-1	 r-1 rl r-) r-1

co
40

ocotl- U\ rn N O co tl- ll\.^ N O Q\ N In ^ N r-I 0\ t` \D ^ N r-1 a\ t- \0 ^ M r-1 CT CO \D 	\
	 WN 0p p	 ^p [ Qp	

M

U.
t`L^	 \,6 t^^- ^000000co00coa000a00000co C7\ C31\ 	 C7\O\O\Q\O\O\

1	 1	 1	 1	 9	 1	 1	 1	 1	 1	 1	 1	 1	 1	 1	 1	 1	 r	 1	 1	 1	 1	 1	 1	 1	 1	 1	 1	 1	 1	 1	 1	 1	 N
0
h

- •	 —1



N

5-2

u1 ,,D N aD O,% 0,% O r-1 N M .7 -:i to ^,D C- oD a0 a1 O ri
p
- L. U^ U\ LA to U^	 z ti t-:

C7	 1	 1	 1	 1	 1	 1	 1	 1	 1	 1	 1	 1	 1	 1	 1	 1	 1	 1	 1	 1

2 ^D\D N t- tl- t-• t- N^ ^ oti0 ^t0cno0c0oba0 ac) co
c

H OD ^j r-4 00 --1 r-1 t` .-7 r-I t- -:t U (-• t O t` M O t-
o 0\ 0\ O ^I r -1 N M MtI*N t11 \^pp t` N O\ O\ Qp' r*

 t- W M cc) M ao co co co c0 ap ac 00 00 a0 (7\O\. O\
I	 I	 I	 I	 I	 I	 I	 I	 I	 I	 I	 I	 I	 I	 I	 I	 I	 I	 I	 I

p O r-1 N M 7 Lr^ 1. t:_ aD C E O N M- try 1D N a0 O\ O
2 N rN-I rC--JI rN-I rNI rN-I N^	 r-1N	 M M M M M M M M M fr(Y)r-i r i N r-A rA r-1 r-1 r-1 rl r-1 rl H r-1 Z

^O O\ r-1 M U, t` O7 r-1 M u1 tom- O\ r-1 M U1 t-• ON r-I M
L a-:r u•^ \,o ao (T O r4 N - tf^ ^p t-- ao O r4 N M	 ^ f^	 0

Lr\U. 
r-4-I -̂i rl rr--I ^--1 r-A rA r-1 r-I r-•t -1 r--1 r-I ^	 rA r-1 ^	 Z1

.	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .
O G r 1 N M J\ ^ L .

` a0 O\ O r4 N M I Lr^ \,O N a0 0\
N N N N N N N N N N N M M M M M M M M M M

.&v r I r 1 r-•1 rl r I r l r-A r-1 r-4 r-I r-1 rA r-1 ri ri rA r--I r-I r-A r-A

M r-I O CO \0 U\ M r-4 O 00 N U\ M N O co C.- In M
O G -1r N r; M i^ ^p N ^p ^p O\ O r4 N MA -:; lr\ \,DU. 0 0 0 0 OrA 0 0 0 0 0 0^^^^^^^^

1	 1	 1	 1	 1	 1	 1	 1	 1	 1	 1	 1	 1	 1	 1	 1	 1	 1	 1	 1

O O r! N M^ U \^ t` 06O\O r4 N M _; U^ ^t-^aOO\

	

I N
r-I rN-A r1 r-1 r-1 r1 r- I r-{	 r'-{ r-I r-A H r-I r-4 r-I rl r-1 r-I r-I

l71 V ^ N N

^

o
M

^
O
-

I  I 
O I

ti w 0 0 w ;n
+
0 >

^^ao io
p
a a

O
fV

tp

O O O O
in — N

.fx 'm l cr

CD

M
\
N

G
N

U.



a o+N
.IX

..._. . ....

3	 ^I'

T
.cr

ut
Z
V

c
V

Z
O
N
N

I
A

r

Fi t'ure
	

5-3

8

o,
N

n o

Xq

"ti



ma

6

Z f:::,	 I! I	 i i
O x

W1 f7	 h	 ^ -
Q

zm

LLJ c+

N
h	 O	 a0
O	

C6	 ._

h	 O	 c+

Q
Z
<

De
i

N
F

w
H- p	 I „ u

n
n
^O
C

.	 I

I

I

W
K

p ,Ure

	 5-^

2
a

r

Z
a

N ~
V W

W m
4D

r D r_
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