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ABSTRACT 

This report constitutes a review of the simulation of the Electrical Power 
Sys tem (EPS) as part of the Command Module Simulator (CMS). The review 
constitutes an evaluation of CMS-MM-09A, CMS- MM- 09B, and CMS- MM-09C math 
models. 
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1 . 0 INTRODUCTION 

This report is in response to AVO RDMc 218. The task required review of 

the Simulated Electrical Power System (EPS) in the Command Module 
Simul ator (CMS). 

The EPS simulations simulate the function of the EPS in the CSM . Electri­
cal power is transferred to the power busses and made avai lable to the 
various loads. As other simulations demand electrical power, a record of 
power dissipation is kept by the EPS simulation. Power utilization is 
reflected back to the power sources in indications of voltage supplied 
and current drains. 

The t ask was initiated by putting math model event logic in a more readily 
usab le form. These flow charts are shown in Appendix A. The math model 
event logic sequences the solution of the detailed equations. Block 
diagrams of the detailed equations are shown in Appendix B. These dia­
grams were used to provide details of the equations quickly without 
reference to symbol definition lists. 

2 . 0 OBJECTIVE 

The objective of this report is to evaluate the presently Simulated 
Electrical Power System in the Command Module Simulators. Any deficiencies 
noted in math model function will be defined and suggestions for improve­
ments will be made. 

3 . 0 SCOPE 

The math models CMS- MM- 09A , 09B, and 09C were evaluated as simulations of 
the Electrical Power Sys tem (EPS). The actual interfaces with other 
simulations were not considered other than the recognition of a command 
for power. 

An evaluation of Assembly Language Program was not accomplished. This 
part of the evaluation was considered beyond the scope of the present AVO . 
The present evaluation is limited to a review of the three EPS math models 
noted above . The possibility that the math models do not describe the 
simulation programs was not considered . 

1 
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4.0 SUMMARY 

Problem 

(Ref. Section 6.1 .1) 
The flow chart for C09ADO calls for 
the solution of equation C2C3 for 
boolean c157. This equation is not 
defined in the present math model . 

(Ref. Section 6 .1 . 2) 
The flow chart for program C09ADO calls 
for the solution of equation C4B7 . This 
equation is not defined in the present 
math model. 

(Ref . Section 6 .1 . 3) 
The flow chart for program C09AEO calls 
for the solution of equation C6A15 for 
boolean c233. This equation is not 
listed in the present math model . 

(Ref. Section 6 . 1 . 4) 
The flow chart for program C09AEO calls 
for the solution of equation C6B46 for 
function CTOL3B. This equation is not 
defined in the math model. 

(Ref . Section 6.1 . 5) 
The flow chart for program C09AEO calls 
for the solution of equation C6B47 for 
boolean c330 . This equation is not 
defined in the math model. 

(Ref . Section 6 .1 . 6) 
The flow chart of program C09AEO calls 
for the solution of C6B48 for boolean 
C331. This equation is not defined in 
the math model. 

2 

Recommendation 

It is recommended that this 
equation be defined or 
deleted from the pr ogram . 

It is recommended tha t thi s 
equation be def ined or 
de l eted from thi s program . 

It is recommended that tbts 
equation be defined or 
deleted from the program . 

It is recommended that equa­
tion C6B46 be added to t he 
program with the fol l owing 
equality : 
CTOL3B = CTOL3B + CDET1 

It is recommended that equa­
tion C6B47 be a dded to the 
program with the following 
equality: 
C330 = 1 ; if CTOL3B > COLDT3B 

and 
(CB1PBL)(C291)> (CB2PBL)(C293) 

It is recommended that the 
equation C6B48 be added to 
the program with the following 
equality : 
C331 = 1; if CT013B > COLDT3B 

and 
(c 291 )(CB1PBL) ~ (c293)(CB2PBL) 
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4,0 CONTINUED 

Problem 

(Ref. Section 6 .1 . 7) 
CLOOP2A contains l ogic to determine 
va lues for booleans C801 and C802 . 
Thi s loop i s accomplished five times . 
It seems that once should be sufficient . 
Secondly, the math model sets a counter 
IR1 = - 5 , The test to start the loop • 
again is accomplished by incrementing 
IRS, It is assumed that I RS should be 
replaced with I R1. Thirdly, equations 
C2B2 and C2B6 define values for C801 
and C802 respectively but a re never 
call ed up by the program . 

(Ref . Section 6 .1 .8) 
CLOOP3 contains logic to define 
boolean C001. C001 is also defined 
by equation C2B7, Although equation 
C2B7 is solved , it is never utilized 
due to the logic contained in CLOOP3 . 

(Ref. Section 6 .1 . 9) 
A value for (C208)(C444) is computed 
and stored in WTEMP16 and WTEMP17 , 

(Ref . Section 6 .1 . 10) 
A value for (C208)(C443) is computed 
and stored in WTEMP15 and WTEMP20 . 

(Ref . Section 6 . 1 .11 ) 
A value for (C208)(C445) is computed 
and stored in WTEMP18 and WTEMP19. 

(Ref. Sec tion 6 .1 .12) 
Computation for CB1PCL (Equation C3B4) 
is in error . The variab le CB2CL is 
used incorrectly . 

3 

Recommenda t i on 

It is recommended that the 
solution of boo l ean C801 and 
C802 be accomplished only 
once and that equations C2B2 
and C2B6 be de l eted from the 
program. 

It is recommended that the 
logic in CLOOP3 be revised 
to utilize equation C2B7 in 
solving for boolean C001. 

It is recommended that one 
of these storage l ocat i ons 
be deleted . 

It is recommended that one 
of these storage l ocations 
be deleted . 

It is recommended t hat one 
of these storage locations 
be deleted . 

It i.s recommended that the 
variable CB2CL be replaced 
with CB1CL in equation C3B4 . 
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4 . 0 CONTINUED 

Problem 

(Ref. Section 6 .1 .1 3) 
A t est is made on CTOL1A through CTOL3C. 
I f overload dura tion, CTOLnp, is less 
t han or equa l to the corresponding over­
loa d time de l ay , COLDTnp, a logic output 
shoul d be defined . This output is not 
defi ned in t he ma th model. 

(Ref. Section 6 .1 .1 4) 
The f ollowing equa tions a re listed in 
the math mode l but no t utilized in the 
program : 

C1C12A 
C2G9 
C4B13 
C6A4A1 
C6A9A 1 
C6A 1 OA 
C6A14A1 

(Ref . Sec tion 6 .1 .1 5) 
CLOOP8 deve l ops l ogi c for de termining 
booleans C219 , C220 , C221 , C223 , C224, 
and c225 . Equations C3B36 , C3B37 , 
C3B38 , C3B41, C3B42 , and C3B43 a lso 
define these same boo l eans but are not 
utilized in the program . 

(Ref . Section 6 . 1 .1 6) 
Equation C4B4 . 1 - there is a decision 
made to set boo l ean C370 depending upon 
the magnitude of C/M Main Bus A and B 
voltages . I f t he main bus vo ltages a re 
equa l, boo l ean c370 could be a "one " or 
a "zero" . 

(Ref. Sect i on 6 . 1 . 17) 
The heat produced by Inverter #2 and 
I nve r te r #3 equati ons (C6A6 and C6A1 1) 
are incorr ec t. 

4 

Recommenda tion 

It is recommended that a 
logic output be added to the 
decision block which sets 
the overload disconnect 
booleans c31 6 through C333 
equa l to zero. Note 
recommended change per 
dotted line in Appendix A, 
Figure A-4 . 

It i s recommended that the 
equations be either utilized 
or deleted from the program. 

Since the booleans a re 
deve l oped i n CLOOPS , it is 
recommended tha t equations 
C3B36 , C3B37 , C3B38 , C3B41, 
C3B42 , and C3B43 be de l e t ed 
f r om the program . 

It is recommended t hat 
equat ion C4B4. 1 be changed 
to t he fo llowi ng : 
C370 1 ; i f CDCV13ACM~CDCV13BCM 
C370 = O; i f CDCV13ACM<CDCV13BCM 

It is recommended tha t equa­
t i ons C6A6 and C6A11 be r e­
vi sed t o r eflect heat produced 
by an i nverter a s a func tion 
of i nverter- current. Thi s can 
be done by substituti ng c5co1 
and C5C02 for C501 and C502 
respective l y in t he pr esent 
equa tions . 
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4 . 0 CONTINUED 

Problem 

(Ref. Section 6 . 3 .1 ) 
In equation C2A7 , the booleans C200 
and C2 01 do not agree with present 
spacecraft design. 

(Ref . Section 6 . 3 . 2) 
In the following fuel ce ll control 
equations , the boolean D55 0N was 
omitted : 
C2A 1 , C2A2, C2A5 , C2A 7 , C2A8 , C2A9 , 
C2A1 0 , C2A11 , C2A1 2 , C2A1 5 , C2A17 , 
C2AB, C2A20 , C2A21, C2A22, C2A25 , 
C2A27, C2A28 , and C2A30 . 

(Ref. Section 6 . 3 . 3) 
The following equa tions are listed in 
t he math mode l but not utilized in the 
program: 
CA1A, CA1E , CE12A, CE12E , CE12C, 
CD6A, CD6E , CF12A 

(Ref . Secti on 6 . 3 .4) 
Uti l ization of variables P5C49 and 
P5C48 in equation CAB i s incorrect. 

(Ref. Section 6 . 3 . 5) 
Uti lization of vari ab l es P5C32 and 
P5C33 in equation CA10 i s incorrect . 

(Ref . Section 6 . 3 . 6) 
In equation CF13 , the ca l cul at i on f or 
bat t ery char ger appr oxima te voltage i s 
in error . 

5 

Recommendation 

It i s recommended that 
booleans C200 and C201 be 
switched to C201 and C200 
respectively to make the 
software consistent with 
hardware design. 

It i s recommended that the 
boolean D5 50N (c/M- S/M not 
sepa r:ated ) be inserted in 
the equations listed. 

It i s recommended that the 
l is t ed equa tions be utilized 
or de leted from the program. 

I t is r ecommended t ha t the 
variables P5C48 and P5C49 be 
r epla ced by vari ab l e s P5C32 
and P5C33 respec tively . 

It i s recommended t ha t the 
var iables P5C32 and P5C33 
be rep l a ced by P5C48 and 
P5C49 respectively. 

It is r ecommended t ha t the 
detai led equation for CF13 be 
revised t o be consis t ent with 
the CF13 eq~at i ons developed 
in the s equenc ing portion of 
the ma t h mode l . 
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4 . 0 CONTINUEil 

Problem 

(Ref. Section 6.3 . 7) 
The utilization of . boolean C032 in 
equation CA9 is in error . 

(Ref . Section 6 . 3 . 8) 
The utilization of boolean C032 in 
equation CA10 is in error. 

(Ref . Section 6 .3. 9) 
The utilization of boolean C032 in 
equation CA11 is in error. 

(Ref. Secti on 6 . 3 .1 0) 
The l ogic loop set up for calculation 
of Bat B Norton equivalent conductance 
and current is in error . 

(Ref. Sec tion 6 . 3 .11 ) 
Equation CA9 , calculation of S/M Bus A 
conductance is in error . 

(Ref . Section 6 . 3 .1 2) 
Equation CA11, ca lcula tion of S/M Bus B 
conductance is in error. 

6 

Recommendation 

It is recommended that equa­
tion CA9 be changed as follows: 
Now: CGSMBA = (C032)(CL0AilSMA)t 

co32 C-- - -~ 
Should be: 

CGSMBA = (co32)(CL0AilSMA) 
-.. co32 (_ - - - - ) 

It is recommended that equa-
tion CA1 0 be changed as follows: 
Now : CGCMBB = (C032)(CL0AilCMB) 

¾ co32 (- - - - -) 
Should be: 

CGCMGG = (co32)(CL0AilCMB) 
-$- co32 (- - - - - -) 

It is recommended that equa-
tion CA11 be changed as follows: 
Now : CGSMBB = (C032)(CL0AilSMB) 

-t/r co32 ( ____ _) 
Should be: 

CGSMBB = (co32)(CL0AilSMB) 
-f/1- co32 ( _____ ) 

It is recommended t ha t the 
sequence flow for ca l cu l a tion 
of equati ons Cil13 and Cil16 be 
changed per the dot ted line 
in Appendix A. 

It is recommended that the 
term H2C 12 be replaced with 
H2C11 in equation CA9 . 

It is recommended that the 
term H2C 11 be replaced with 
H2C12 in equation CA11. 



D2- 118198-1 

4.0 CONTINUE]) 

Problem 

(Ref. Section 6.3.1 3) 
The present logic loop established to 
calculate the approxima te battery 
charger voltage could result in a 
condition where the program would go 
into a continuous loop. 

(Ref. Section 6.3.14) 
There is no apparent reason for the 
logic decision developed in the 
sequence flows concerning the 
booleans C821, C822, C817 , and C818 . 

(Ref. Section 6.3.1 5) 
The present EPS simulation does not 
simulate the effect of battery temp­
erature upon battery volt ages . 

7 

Recommendation 

It is recommended that the 
logic loop described be 
changed per dotted l ine in 
Appendix A. 

I t is recommended that the 
rea son for the decision block 
be investigated for possible 
deletion from the program. 

It is recommended that a 
parametric study of battery 
voltages dependent upon state 
of charge, loa d and temp­
erature be undertaken and 
that these results be in­
corporated into the present 
EPS simulation . 
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5,0 CONCLUSIONS 

The basic math models CMS-MM- 09A , 09B, and 09C form a consistent simulation 
of the Electrical Power System (EPS). Si nce an eva l uation of the Assembly 
Language Program was not accomplished, comments cannot be ma de concerning 
the efficiency of the simulation with respect to computer core space 
utilized . It is recognized that modified computer programs result in 
redundant variable scaling and computationa l procedures . If adequate 
memory is available for the simulation and t he rea l time aspect of the 
simulation is not compromised, reprogramming of the EPS simulation is not 
recommended. The actual reprogramming wou l d be more efficiently accomplished 
in preparation for use of the EPS simu l ation in future applications . The 
evalua tion of the math models, noted above, consisted of a determination of 
the fidelity of the s imulation mode l s. A number of discrepancies were 
noted in the course of the review . These are summarized in Sec tion 4 . 0 
and described in detail in Section 6 . 0 . These discrepancies were described, 
assuming that the math models describe the engineering content of the simu­
l ation programs . 

8 
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6 . 0 DISCUSSION 

6 .1 ELECTRI CAL POWER SYSTEMS LOGIC, MATH MODEL CMS1/MM- 09A 

The EPS contro l logic controls most of the operations within the EPS. 
Using switch positions and event occurences as its input, the control 
logic equations provide signals for the simulation of the following : 

a . Fuel Cel l Control and Overload Sensing 

b . Fue l Cell, Radiator, and Ph- Hi Ta lkback Indica tions 

c. Main Bus Ties 

d . Battery Charger 

e . Availability of Power (AC/DC) 

f. AC/DC Undervoltage and Overvoltage 

g. Inverter Control and Overload Sensing 

h. AC Bus Loads 

i. Lighting, LEM , CSM , and Telecom Power (AC/DC) 

6 . 1 . 1 Recommendation to Delete Equat i on C2C3 

The sequence flow chart for C09ADO (Ref. Appendix A, Figure A-1) calls for 
solution of equation C2C3 for boo l ean 0157 . This equation is not listed 
in the present math model . It is r ecommended that this equation be 
defined or deleted from the program . 

6 .1 . 2 Recommendation to Delete Equation C4B7 

The sequence flow chart for C09ADO (Ref . Appendix A, Fi gure A- 3) ca lls for 
the solution of equation C4B7 for function c5cs7 . This equation is not 
defined in the present math model. It is recommended that this equation 
be defined or deleted from the program . 

6 .1. 3 Recommendation to Delete Equation C6A15 

The sequence flow chart for C09AEO (Ref . Appendix A, Figure A- 4) ca lls for 
the solution of C6A15 for bool ean 0233 . This equation is not defined in 
the present math model . It is recommended that this equation be defined 
or deleted from the program . 

9 
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6 .1 .4 Recommendation to Add Equation C6B46 to the Present Math Model 

The sequence flow chart for program C09AEO calls for solution of equation 
C6B46 for function CTOL3B. This equation is not defined in the math model. 
It is recommended that equation C6B46 be added to the program with the 
following equality: 

CT013B = CTOL3B + CDET1 

6 .1 . 5 Recommendation to Add Equation C6B47 to the Present Math Model 

The sequence flow chart for program C09AEO calls for the solution of 
equation C6B47 for boolean 0330 . This equation is not defined in the 
present math model. It is recommended that equation C6B47 be added to the 
program with the following equality: 

0330 = 1; if CTOL3B>COLDT3B and (CB1PBL)(C291 )>(cB2PBL)(C293) 

6 .1 . 6 Recommendation to Add Equation C6B48 to the Present Math Model 

The sequence flow chart for program C09AEO calls for the solution of 
equation C6B48 for boolean 0331 . This equation is not defined in the 
present math model. It is recommended that equation C6B48 be added to 
the program with the following equality: 

6 .1 . 7 

0331 = 1 ; if CTOL3B .>COLDT 3B 
and 

(C291)(CB1PBL) 2(C293)(CB2PBL) 

Recommendation to Delete Equations C2B2 and C2B6 from Present 
Math Model 

Sequence flow of CLOOP2A (Ref . Appendix A, Figure A- 1) conta i ns logic to 
de t ermine the va lues for booleans 0801 and 0802 . The l ogic results in a 
loop that tests E383 , C659 , and C660 to determine values for 0801 and 
C802. This loop is accomplished five times. It seems tha t one calcula-
tion should be sufficient . Secondly, the ma th model sets a counter I R1 = 05 . 
The test to start the loop again is a ccomplished by incrementing I R5 . It 
is ass umed t hat I R5 should be replaced with I R1. Thirdly, equat ions C2B2 
and C2B6 define values f or 0801 and C802 respective l y but are never cal l ed 
up by the sequencing program . It is recommended that the solut ion for 
booleans 0801 and 0802 be accomplished only once and that equations C2B2 
and C2B6 be deleted from the program . 

6 . 1 . 8 Recommendation to Change Sequencing Logic for Calculation of 
Boolean CG01 in Equa tion C2B7 

CLOOP3 , in the sequencing flow charts (Ref. Appendix A, Figure A-1) , con­
tains logic to define boolean C001. C001 is a l so defined by equa tion C2B7 . 
Although equation C2B7 is solved, it is never utilized due to the l ogic 
contained in CLOOP3. It is recommended tha t the logic in CLOOP3 be 
revi sed to utilize equation C2B7 in solving for bool ean C001. 

10 
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Recommendation to Increase the Number of Available Computer 
Storage Locations 

A value for (c205)(c444) is computed and stored in i.-nEMP16 and WTEMP17, 
It is recommended that one of these storage locations be deleted . 

6 .1.10 Recommendation to Increase the Number of Available Computer 
Storage Locations 

A value for (C208)(C443) is computed and stored in WTEMP15 and WTEMP20. 
It is recommended tha t one of these storage locations be deleted. 

6 .1. 11 Recommendation to Increase the Number of Available Computer 
Storage Locations 

A value for (C208)(C445) is computed and stored in WTEMP18 and WTEMP19 , 
It is recommended that one of these storage locations be deleted . 

6 .1.1 2 Recommendation to Change Equation C3B4, AC Bus 1 Phase C 
Current Loading 

Computation for CB1PCL is in error . This equation uses a value of CB2CL 
which is defined as the AC Bus 2 Common 3 Phase Loading per phase . Equa­
tion C3B4 should utilize AC Bus 1 loading values only. It is recommended 
t hat the variable CB2CL be replaced with CB1CL in equation C3B4 , 

6 .1 .1 3 Recommendation to Add a Logic Output in CLOOP12 of the Sequencing 
Portion of Math Model 

In CLOOP12 (Ref . Appendix A, Figure A- 4), a test is made on CTOL1A through 
CTOL3C , If the overload duration, CTOLnp is less than or equa l to the 
corresponding overload t ime delay , COLDTnp, a logic output sho uld be 
defined . This output is not defined in the math model. It is recommended 
that a logic output be added to the decision block which sets the overload 
disconnect boo leans c316 to C333 equa l to zero. Note the recommended 
change per the dotted line in Appendix A . 

6 .1 . 14 Recommendation to Add Equations to the Sequencing Port ion 
of the Math Mode l 

The following equations are defined but not uti lized in the sequencing 
portion of the math model : 

C1C12A 
C2G9 
C4B13 

C6A4A 1 
C6A9A 1 
C6A10A 
C6A14A1 

It is recommended that the above equations be utilized or de l eted from 
the program. 

11 
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Recommendation to Delete Equations C3B36, C3B37, C3B38, C3B41, 
C3B42, and C3B43 

CLOOP8 (Ref. Appendix A, Figure A-3) of the sequencing portion of math model 
develops logic for determining va lues of booleans C219 , C220 , C221 , C223 , 
C224, and C225, Since the equations listed above also define these same 
booleans but are not utilized in the program , it is recommended that these 
equations be deleted from the progr am. 

6 .1.1 6 Recommendation to Change Equati on C4B4 ,1, C/M Main Bus A aµd C/M 
Main Bus B Voltages 

Boolean c370 is set depending upon the magnitude of C/M Main Bus A and B 
voltages. If the main busses are equa l, boo l ean c370 could be a logic 
"one" or "zero". It is recommended that equation C4B4 ,1 be changed to 
the following: 

c370 
c370 

1 ; if CDCVBACM~ CDCVBBCM 
= 0 ; if CDCVBACM <. CDCVBBCM 

6 .1.17 Recommendation to Change Equation C6A6 and C6A11 

Equations C6A6 and C6A1 1 are defined as the heat produced by Inverter # 2 
and Inverter #3 respectively. The heat produced should be a function of 
the individual inverter currents. It is recommended that equat ions C6A6 
and C6A11 be changed to reflect this by substituting c5co1 and c5co2 for 
C501 and c502 respectively in the present math model equations . 

6 .2 ELECTRICAL POWER SYSTEMS DISPLAYS, MATH MODEL CMS-MM- 09B 

The equations developed in this math model provide the Simulated Command 
Module and the I OS with visual indications of the EPS simulated status . 
This math model a l so conditions EPS signals for telemetry transmissions . 
No discrepancies were noted upon review of Electrical Power Systems 
Displays Math Model CMS-MM-09E . 

6.3 ELECTRICAL POWER SYSTEM BUS EQUATIONS , MATH MODEL CMS -MM- 09C 

The equations developed in this math model are to provide signa ls for the 
simulation of the following: 

a. DC Bus Vo ltages and Loads 

b . Battery and Fuel Cell Currents 

c. Fuel Cell Sensor Currents 

d . Circuit Breaker Trip Currents 

e . Charging and Discharging of Batteries 

12 



D2-118198-1 

Rec ommendation to Change Equation C2A7, Fuel Cel l No . 1 
Oxygen Purge Function 

In equation C2A7 (Ref . Appendix B, Figure B-2A) the power for the purge 
function is dependent upon boolean C200 or (C201 and c561) . Investigation 
per references 10 and 11 has revealed that power for this funct ion is 
dependent upon C201 or (C200 and c561). It is recommended that C200 and 
C201 be switched to make the software consistent with hardware . 

Recommendations to Change the Following Fue l Cell Control Equations 
C2A1, C2A2, C2A5, C2A8, C2A10, C2A9, C2A7, C2A11, C2A12 , C2A15 , 
C2A18, C2A20, C2A17, C2A21, C2A22 , C2A25, C2A28 , C2A30, and C2A27 

All fuel cell control functions must inc lude the boolean D550N (C/M-S/M 
not separated) for proper operation. It is recommended that the boo lean 
D550N be inserted into the equations listed above . 

Recommendation to Add Equations to Sequencing Flow Charts of 
Program 9C 

The following equations a re developed in the detailed equations of the 
program but are not included in the sequencing portion of the math model 
per the existing flow charts : 

CA1A, CA1B, CB12A , CB12B, CB12C , CD6A , CD6B , and CF12A 

Since the above list of equations must be computed in the math mode l, it 
is recommended that the existing sequence flow charts be revised to 
reflect their computation . 

Recommendation to Change Equation CAB , Load Conductance of 
C/M Bus A 

Calculation of C/M Bus A conductance contains two terms which a re associated 
with main bus B. It is recommended that the terms P5C48 and P5C49 be 
replaced with the terms P5C32 and P5C33 respectively . 

6 .3. 5 Recommendation to Change Equation CA10 , Load Conductance of 
C/M Bus B 

Ca lculation of C/M Bus B conductance contains two terms which are associ ated 
with ma in bus A. It is recommended that the terms P5C32 and P5C33 be 
replaced with P5C48 and P5C49 respectively . 

6.3.6 Recommendation to Change Equation CF13 , Battery Charger 
Approximate Vo ltage 

A calculation of battery charger approximate voltage is obtained by making 
a summation of line conductances in equation CF13 (Ref. Appendix B, Figure 
B-51C) . An equation of this nature is an obvious error . It is recommended 
that equation CF13 be revised to be consistent with the battery charger 
voltages developed in the sequencing portion of the math mode l (Ref . 
Appendix A, Figure A-10). 

13 
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Recommendation to Change Equation CA9, Load Conductance of S/M 
Bus A 

An error in equation CA9 is due to incorrect usage of boolean C032 . The 
boolean C032 is defined as a main-bus-test-load-boolean . Equa t ion CA9 
should be developed to use a test load or an actua l l oad . Therefore, 
equation CA9 should be changed to the following: 

Now : CGSMBA = (co32 )(CLOAJ)SMA) -F/J- C032 ( ___ ) 
Should be : CGSMBA = (co32)(CLOAJ)SMA -J/1' co32 ( ___ ) 

Recommenda tion t o Change Equation CA1 0 Loa d Conduc t ance of C/M 
Bus B 

An error in equation CA10 is due to incorrect usage of boo l ean co32 . The 
boolean C032 is defined as a ma in-bus-test-load-boolean . Equa tion CA1 0 
shoul d be developed to use a test loa d or an actual load . Therefore , 
equation CA10 should be changed to the following : 

Now : ( co32) ( CLOAJ)CMB) 1'- co32 ( ____ ) 
Shoul d be: 

CGCMBB 
CGCMBB (CO 3 2) ( C LOAJ)CMB) ¢ CO 3 2 (- - - - ) 

Recommendation to Change Equation CA11, Load Conductance of S/M 
Bus B 

An error in equa tion CA11 is due t o incorrec t usage of boolean co3 2 . The 
boo l ean C032 is defined as a main- bus-test-load- boolean . Equation CA11 
shoul d be deve loped to use a test load or an a ctua l load . Therefore, 
equation CA11 should be changed to the following : 

Now : 
Should be : 

CGSMBB = (co32) (CLOAJ)SMB )!, co32 (- - - - - ) 
CGSMBB = ( co32) ( CLOADSMB) :p C032 (- - - - -) 

6 . 3 . 10 Recommendation to Change Sequence Flowchart for Calculating Ba ttery 
B Norton Equivalent Current and Conductanc e 

The logic loop that is present ly set up for calculation of the Bat tery B 
Norton Equivalent current and conductance will set both the equiva lents 
equal to zero regard l ess of the spacecraft circuit breaker configuration . 
It is recommended that the sequence flow for calculation of equations CD13 
and Cn1 6 be changed per the dotted line in Appendix A, Fi gure A- 7 , to 
correct this situation . 

6 . 3 .1 1 Recommendation to Change Equation CA9, Load Cond~ctance of S/M 
Bus A 

Calculation of S/M Bus A Load Conductance contains a term which is associated 
with S/M Bus B. It is recommended that the term H2C12 be replaced with H2C11 . 

14 
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Recommendation to Change Equation CA11 , Load Conductance of S/M 
Bus B 

Calculation of S/M Bus B Load Conductance contains a t erm which is associated 
with S/M Bus A. It is recommended that the term H2C11 be replaced with H2C12. 

Recommendation to Change the Sequence Flow for Developing the 
Approximate Battery Charger Vo l tage 

The present logic loop in Appendix A, Figure A-11, is in error . A condi­
tion exists where the program could go into a continuous loop because one 
output of a decision b l ock is essentially tied to the input of the same 
decision block. It is recommended that the negative output of the decision, 
CVCHGC-.75 CDCVBBCM, be routed to 11E rather than 11D to avoid getting 
into a continuous loop. 

Recommendation for Possible Deletion of Circuit Breaker Trip Logic 

There is no apparent reason for the l ogic decision developed in sequence 
flow Appendix A concerning circuit breaker trip test booleans C822, C821, 
C817, and C818 . It is recommended that the reason for this decision block 
be investigated for possible deletion from the program. 

Recommendation to Add Battery Temperature Effects to the EPS 
Simula tion 

The present EPS simulation does not simulate the effect of battery tempera­
ture upon battery voltages . It is recommended that a parametric study of 
battery voltages dependent upon state of charge, load, and battery tempera­
ture be undertaken and that these results be incorporated into the pres ent 
EPS simulation . 
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APPENJ)IX A 

PROGRAM SEQUENCI NG FLOWCHARTS FOR 

MATH MOI)ELS 9A, 9B , ANI) 9C 
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APPENIHX B 

BLOCK DIAGRAMS OF THE DETAILED EQUATIONS FOR MATH MODELS 9A, 9B, AND 9C 

These block diagrams were developed to provi de details of equat i ons quickly 
without reference to symbol definition lists. No t e that if a symbol defi­
nition appears more than once on a singl e page, it will be defined only 
once. The 'AND' function is a series of function events diagrammed in 
series. The 'OR' function is a series of f unctional events diagrammed 
in parallel. In some cases other symbol s are used. A product i s denoted 
1111' 11 and a summation is denoted by 11 1 11 
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Ea. . .V() . Fu,,d,,,, E6/. JJ,,, F'u,..,+ ;,,.,,. 

~3E'l0 034- <!3fj';,,3 l 339 

C 3 81'1 
t3B'JO 

e3 15,;i , 
3 :, 

0 

c ERO, MC.010
1 

M<!OII 
2Ei0 - TMv~v-lc r tt I 1ero f 
MCOJO- r..,v , #:, V.,11, l-''9M 
AU'"'' -I.- v, #3 Vc,il,. low 

,:3 8 ~4-

C3B:J S 

1!38:, io 

i!. 340 
C. 34 I 
C. ,4 .,__ 

Set: I1,1 veyfer- ±t. I Pka,;e 

A,B,ic! Vo/+e,~e 1 I.,vev+e, 
# :i. PJ,,4s e A1 6, t C. Voilat/e, 

it I~ vl!'rler # J Paase. 

A, 8, $ C. V4/fe19e 

Co..,pufe ,1..,,1 Set : T,vevl-er 
J;. I Pn,.<e A, 8, i. c! Vo fla9e, 
r.,,ve,fer ,#;/ f1,, 11,e .4, 8, it C. 

Voffa9e, ;J. J,, v,,.d-, tt 3 

Ph<1•e A, B,i<! Ve1f,.9e 

/!VIN IA ( 
l!Vl:Nl f! 

cvrN1 e. 
/!.VJ,v,t:,, =tK:1.l 

ev,N~B 

7 

1!.VINtA "') 
evrN18 ( 
(!VIII/IC..'- CK,?i 

/!,'JI/J;:A ( /+Ck23[ Q 
evr.v:18/ Q.- r,,,.,, t Prase 
CVI/J).I!- \ c,..,,,.,,t 
e ITIHA lood,,~ 
evrN~ ~) 
t VI/J~C. 

e.vTN;il! 

evr.V3A ) 
C.v,AJ:H! 
l!VJI/ L 

5et-: T.,v.edtr JL, Phase 
A,8, te Vo i+4qe aV'd Tnverft­
tr 5 Pn..se A,6,tCYolf.,9e 

e.vrN,,;;A] 
~VT/,/:J6 = (!1(/0 

e.vrN :ti! 
<!VIN -'Al 
.!VTIJ'!! 8 
'VT V3,-

<.'.,.,y,,pute Tv,ve,ter it I Plaase A, B,.i ~ <!.uvvewt 
TV1vedev ,;I,::, Pho;;<. A1 8,i.C C,uvve.,,t'

1 
,.,,.d 

Tv>v.ev+ev ;ti, 3 Pha~e A, i?, :t C c:;,..,.,, +-
/:'6/, No, ;,.,..,,t,tm E&,/1/o Fw,,,f,,.., 
d,ol .!TTIPA ChE'3I err:;;ipe 
C.687 Cr:rIP8 U,i,37 e.~:r'JPA 
C'i>/{13' C.TI'/Pe. t:1,t,;'S C.TTJP/J 

~.:::;iPA <:!b84'i CTI',PC. 

(q 

A-2. 



Set- <! ~ '"', :'. ; , ') C;/?. I I :!. ~- 7 ,, (' :, ;: f 11: (! ;· • - -lo 
e;i1q- IV'V :±i • ,o-' .. -,,>e• L.ess Trc1 ..... ,J:; VA~ 

c no- T>1v 
c:n1- Iv·1 

~;:3- .J t1 I 

ea'4-r.., .. 

ti- :; 

:ii 3 
:::- I 

# ;; 

Voi--:oo•" L:~-;s :;,.,,,, 

-,~ Ii -'J-!' l I"• • ,•~I, 1·•~'.) •. /:. 

✓d :-laqe. , ... ,_.: -/e1;,,- 1 :,· > 

Voli.,.,;e L~s,. . ~--'•"' ;3/') ''i/.' 
Vi Ht:1 e , ,,.., ... TV.av , ~? ·./,r ~ 

• 

c!..ovi.1 p ,,dc.. Fi.1,ei <!en l1-:l1i'3 A~ Puwp Par.uer) r/c 1;;; :t 3 

[,~,,.,,,, <!1 ,r~"";-11 /p~~s~, av.d. F/r-_ l;'-,t.'3 (!c,wfro/ 
/,1c'J1f'r 11 ,.tfr., ;•·.:... 

F,'J,. No, F t.Avit 110)1 

C.J03 e;s-o 
C5D4- i! :>.s1 
1!31/S c; S2. 
C!.4A/ (C;u:.so)( D5S!>/JJ 

1'.!4A'2.. (e:.cs1)( D,~-o fJ, Q) Ac.!o~ plrs~f'd ~u,.C'.,s::r , ... /~ 

© Ac.eomp lisked ;y1 Gro'.A:: :, .... Three (AA3 C c:ic.~-,) C Psso11 

eLOOM 

StT: 
~:uq: I 
C. ;.c:20• i 

C:2:1.1: I 

se-r: (i) 
e.:iiJ~ I 
c,;1;4.:.1 
C,VJ': I 

eow,p<Ate AC. g._.s I t.t Voliaqe /oovAc, AC. 
g.,s /~:t V .. t+a1e ? 130 VAC.

1 
AC@,,, 1.t;i_ 

IA~de.,-vo/-1•~ :,_ La-1,i<, Ac 8us lli-Z Ovt!'rvn/+,iJn 

La+ei,.1 Ae. f!us /:f :z. u.,rlrr/0•1t"vvdfaqe iai,~1 
B«s If :2 Ovuload t.ai,k1 I:v,v,,-y~y/8us J :t l. 

17,,,.,..,e._t- 0/V, Pow« on 8us /0,2, rn.,.,der 
/OY:2 l!owh.1 M• ➔ • r C,""""'T, r ... ved,r 1it2 
De. r,.p.,r/ e.,,,,,.-+, I., v,-+e, 3 8',.., A ,t 8 DC 
r .. p .... t (!uyu ,,t-

Ea. Mo. Fu.,,t,011 
C.383'1 ei,B 

c;,44-

1!;4, 

<!24 6 

/!35'8 
(!31,0 

~35'9 

e, en 
c3 Di 
e. 3 p,:. 
1!48 ii 
~+e12 

c'.'.4 ll' I 

('.'!840 
✓, 8'44 
~384.S' 

/!3 £?45'. I 
C 3 /?4r., I 
(!! 8'45", :2. 

c. 3 84 s; 2. 

C:3 fl 4-(, c.:: {,6 1 ID':-

- 'f-i 7 
('"IF 

; ,,.. f~,; ?' 

F1AV1C71 OJ,'\ 

c:u., 
c~:,q 
.!'HO 
C.7 "4-
c,;, c: 
r 4-1'41 
C 4 C4 4-

! '1 <" I 
t.r .• ,,. I 

J 

~4/!fj c,4-eq 3 

/!48'l !4-Ct/4 

4 ID t!4C'IS-

Cov,,,p1,de Ba 1-/e«j C!l,a,,er A t l!«rv,,,~ Pra11< Pe, 
Phase, C-M Ma·,,, 5'.,, A Voli<1'3<= 2 l!M ,111,,·,., (Jps 

ff Vo l-la9e; g,. -H t!"Y'j I! 1-10.9 ev- B'1,1s A :t 8 [)e,_ 

T"'p"'t tuvr•nt, E"f"'afi'o~ C.41!7 M•s~·""'J 1 
a.,,,( I>1ver+e, j;f 3 !!0111ftol /1'1•/ny <!,ur,l'11-/-

£a. No, F ... vte fi'D YI 

C4A4 

!.484,J 
C.485" 
t4Bb 
t!.487 

4813 

C5C5'3 
l!.'370 

C.41!78 
es-c 03 

C.5t:.87 
c:?4C.f.5' 

C.oqAvo Ei<rr 
2.S-Pe.--r s~.:!.-

FIG. A-3 PROGRAM SEQUENCE FOR CMS-MM-09A (CoNr.) 
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• 

(04AEO f•/Y·> 

1.~5" Pe.., Se<!!>:-td 

<!.•CJrlM 
CFC3TG8 

i!FC'II&'Jl- F/4 / 
eu~ewt- Bus A 

T,Wle. +o Di'5~011.-1et!i 

-lo o,·., ... ,uci f/4 :i 

+o /11~•oe>1ec1 P/<!. 

F/e. I {!t,,15 A$ 8 1 T,..,e 

5',.,s A~ 81 a;,d T,;,.e 
I 6',.,s A :t e 

f;Q, /vo. 
<!5A3 

e.5A8 
/!~A 13 

/!5A/8 
C5A:i.3 

C!.5A~8 

£6<, /Jo 
C.5A :3 

e.~AB 
c:.5A 13 
e.5A 18 

EQ, No, 
C!.5"A ~ 
t5"A8 
es-A I! 
t!.S/1 IS 
e.s-A:1.! 

Fu"'~-1101,1 
i!TOU>NIA C!i/4 •O (l!Fl!II13'Al 

er D~ o,v I B t I\ A 
C:. T P~D/\J ;-A 

e.1 {)t!.DtJ:,f! I I 
c:.ro-•o)) .M { v + 

<!.lc14-ll!Kl(Ui!?I 

Fuvie+10'1 

~~::~:; l!Ml-l!Kl,(l!Ft!.llIBA-l!l<!'J 

C.TDt!.•AlaA 

I! T Dto~ ~ f! 
CTO~OIJ!!A 

K4- -a 

Cow,p,de. f::lt11p:,<td T,..., e O/t. ev Flt!.. ; F/e I 8"sl/1 
F/c. I B'«s B, F/4 .:Z Bws ~, F/e. :I e...,,, 5_i F/c 3 lJ us A , F/t:. 3 
Bus l5i F/t!, I 0/L ov IV<!. 13u, A ti B.I F/4;. 0/4 ov fl<! 

g.,~ At 8, ,:);,,d F/e.. 3 oil. "' Ric. 1.fµs At /3 
1=61. N,;. Fu.,d10~ ra. Mo. rt.A ,.,,-/u,v· 
l!5"A+ l!.TDLF(!IA c!S','lf J!.o,:,z... 
C5A'f ~TOLFClli' 25A;c U,co 
Cl"A14-
(!5A 19 
C:'/i;.,f 

l!!ToLrl!.JA 

'JTOL c :.15 

,A 

l,00:J 

I 
L...-£·' ... c=;,_,_'1 __ ~...u~-~---~ ___ f_ L __ _ __J 

2 

'::>ET : 

C.TOLFC.IAJ 
l!.OOZ. 

C.TOL f"'<!.113 (! 00) 

l!TOLFe::zA =O (!003 = 0 
l!TDLF<!.28 (!OOh 

e.roLre3A l!oo4 
C- TO F 3 {!OD 

cov,,,p,dc. He"t Pvbdu~~d T«vevt•~ I, 2,i/ ,
1 

:rv1vedev l,:i,i3 fle"t o,.,,put +,., El!.S1 

T11vevH'< 1, 1, Ii/ 3 Tew,p l<o-+e1 TY1 veft<'Y 1,1,4~ 

Tewpeva+wve_. T>1ve< ➔ <'Y /1 l 1 ,i, Tew,p, +o 
'Tt..M 1 ..-,ol J"ved,v b2,J( 5 Ovn~ea1 Fa,lsve 

[Q./\Jo. r,.,",+,·,,.,. [/Si.I.Jo, ,-,.,"cf,,.,,. 
1!/oAI (!QPJNVI C!1,A4- <!.TXIIVI 

<!4-A" ~GlPJ/JV2.. 1!6AC/ ernvV2. 
1!.,A11 1!0.PTNVJ aA/4- t.TINV3 

t!."A.2. <!./Jl TNVI 1!6A'4A C'.TINVITM 

l!'A1 CaI/.JV2.. e6A'IA e.rrNv:z.TM 
lt.AIZ. C.G.TNV3 (!bA/4A 1!TINV3TM 
1!4A i lDTT/JVI UA, t!.:>.31 

e,AB l!l)TT/,JV2. tloA/O e.232 
e_ t.l 

C.owip<-<le. Ovev Load Pela~ T,;..,e r.,vedev 
tt I Pl,a5e A, Ii_; ft1 Ovevfoad Dela" 7 ,,,e 
r.,,vev1ev- #- ;i PJ,,ase A1 e,:t I!.; «rnd 
t>vev !Dad Ve la~ T,;... e Ty, ved,v tt 3 Phase 
A,~ if!. 

f'tl, /Jo. 
c "B 3 

e" B"t 
l i:, 8 l> 
tlo8~I 
(! c, 5;:7 

C t,8J3 
e to B '"'I 
i.!6 F:45 

3 

F,...,d,~ 
(!OLDT IA 

(!oLDT '8 

i!oL DT 1 ~ 

~OLDT::IA 

(.Ol DT;;, i! 
i!.Ol :r-;. i.. 

i!tH 01 3/i 
,:}i,LOT:E 

. ,-,; ["7 , .!-

e_ iOL t A 
30D"- t ;:::,,-300 

<! TOL 3~ 

Cow,pu+e. OvP·,-/ood Duva+,a>< Tyiv,•rlevl 
i"hooe A < •• - Ovedood c,,,,o!,~ 
r., veder ;; Fi,ase A, 8, g <!. Ow·v /,od 
D&Ava+,~ ry, \,'~y-fp~ 3 Pl1P:!; ;; g, ht L. 

[Q No. Fuv-i, ·...,,._ 
l!.b84- <'.-Oi...lA 

I!. I., 'fl 10 

C6 8/b 
(!b8~;;_ 

Cb 8:?S 
C 6 8i!4-
lb 84-0 
C. to84(, 

b85-

~ 1 OL I 3' 

C10LIC. 

e TDL ~ 8 
~) c,~ ~ '!.. 

<!. 7 ol 3 A 
(!. T 0L ~ 8 

Set- +o + 300 

<! T OLIA 

e_ T DL I 13 
C... TOL t 

i!. TOL ~A 

I! TOLJI 'fl 

l, ToL;;..!.. 

l Tl L ?A 

t! TO'- JS° 
<!.TOLo(!.. 

C81PAL- 8~, I Ph<>-se A 
Lood,~i 

lTOL/4 

t 
!!.TOI.. 5~ 

5.e+ +o I : ry,vev+n tt I l?us1 Phase 
A, B, ~ l! o/< P,seo.,,,.ee:t- r,,v,de,­
tt ;i FI,.,, :z. PJ,,as6! /11 B, i I. 6/L 
/)1S!Cl'l>l!Ut 0"1ef Tv,-J"tJer ±J J 
f!us ,.. fka,;~ A, 8,. ic C>/,,.. p,·.,•"'"'l!t" 

EO.. /Jo. F1,,1.,,d,'w-
U, 86 l!.!17 

l!.~8/2. (.3/q 

Cc, BIi?, t32 I 
e. bB;t; 
e t.--B3.) 

e:.en. 
c'?i, 842 

eH+B 

Rt +o revo 
01.. (;TIA 

' roLDTl/3 

1 VT 

e 123 

t. :r:>!r 
e. J:,1 
c_3;, ', 

C.331 

~TDLIA 

r!-TOL I~ 

C..TOL! ~ 

C.317 
C3I'! 
l ?~ I 

Set -lo I : r.,-,ev-/-er I eus f Phase 
/1,B;Je 0/c Pr~o11,int, r.,wrfPr 2. 
5usl PJ.ase: A,~-4~ o/,.{)is,•H­

""o.t; 1- IHverfey 3 Bwsl fi,as"' 
A, B, i C. o/,,.. /)154D,..,,,.,t 

J;Q, !JD F .... .,,~-1,;...,,. 
~ I,, 8 5' C. 3 I' 

1!.'-811 e" s 
e,1,, I] 17 (!, 3 l 0 

C1,P.3 C:)22. 

e&.s:q C 3;,4-

c.b85S l'.326 

t!.GB'tl (!J 2 8 
U,847 C!33D 

s- C'.33 2... 

·2310 =i .:. ,;e 
...... v 

1 
Oi..D~~, C. t 0~2A 

,!oLO r;, f! 1Hl ~$ 

toL 01" :tt!_ :!.1 CL;.,-.... 

<cOL OT 3A TOL3A 

3.3 _3_::.. r ·::,~·;;,. --..... 
I':._,;.;- ::. -:.:J.. .,J 
..!. ~~., ..; 3;.;\;, 
~~;◄ _·-:;j 

toi D""3B .!.ToL'3E /'?.It' _. _ _,I :., 

nl Q- J~ ~ "f.Ql '3C!.. _.:.y-~ 

4 



C/f1AJ/f ·&o7etr· fjG / fZAo,,i-roe f,v,,E. r 7°eHP - -p,., 
t!,i111JB·&c~ ,-ur - p/c,1., 
/!AJAX-eFe3T~- r):,:, 

(!,l,JA'/ - t f<C1£.01- ,de, IZn.cw1ro.e ().;n.c.r T&,,p-77,.,, 
c11111S'-c,,-czflor- fl-1.-

11oL-CR:3 £1:J, r/e-3 

IA1-Cli:1IIW- r-;t I /1,YPeaGs,</ R,;:;; ?e=s:, - 77"'1 
Jl/8-eFr:zJlz_P- f'/c '-

(AJA'rC/'C31{Z f'- r/4 3 

c11M,o.crc10Zl'- rlc-1 01'>1G~ ,ce:,s Re= - 77"" 
U/1/1/- efCzoZ-P- r/cL 
'll,11,~.(/(3021'- r/e-3 

F); I tJ,r~ /:c,:, f?e-s - 7?1<1 
1/:- ,,_ 
,o/'e~ 
f/c I MoDl/t-€. SK1II /61,JP - 7/M 

e11,11,1-cr-ci $1'!-'F r/4.'-
CAL418-cl'C3sKr- J%,3 

IAt?·O:c/Cff- f/C-/ (!op{)~ £,(,t,t.S7" !6'!'1P - 7/"1 
,vfrCf'C~C6. 1/c.L 

JA,/-CFO,CU:- f'/c.3 

e111AZ?:CJ6cllf!TM-D1M!ef lv✓'<u,,,r B,m (11r;~ our -T;f,, 
(1t1112J ·(!Ie111l!ffl- P ,1?.u-r C.,~,apr tJ,,rr A - T,/M 
AIA2tf-CJ6AT8TM i5RTT B - ?7,,-, 

eA•N!NI!JIJTr~ 811:rr C - TlM 

,A:u- CIFc/T~ - f1e I o vTPvr -TIM 
',l//11Z7-cIFC.2T'M- f/c.,2- - 77"1 

CAJA28-CIFC3TW F/e,"5 -TIM 
CAJA2f- ~1,6- r):; I i,,11,4~,e, PH r,4cTl)I! > 7,2 

CAlll3tr C JI. 7- 1::,C 2, 

/11AJ/ ·GIi.i - r/,:, 3 

CA1A3·1,.CR:\WJ),!1.,,-!,7C/ /lj'J»2<>GE,J r'-c:x,Jf?ATe -7,7M 
l!AJJl5a -CK1.1,.,'D>\1.: r/c z_ 
CA1 ~3f ·Cf'c3W])H2.· ffc 3 

Cil!AI ·cfco i,ll>,n,.,- f;C, I 0!(.Y6c!'/,J F'-"w <"-"'= --;;'"'I 
c1r1 II'- -crc1..woo:z.- fjt, .,__ 
c;;1 3 -er w 02-- 17= 

• 

G,,,o0PJ { ,:;.. V/JKl'/S,£<-

,4N D D c.. Cut!l..Lc-A.JT"'S. ) 

CJ/ZAI- CVAC/3 IPA -

2Jl"L-·CYl/eBtp.8 -

(:J,, 'l.A3 -CYl/<-BJPC, -

CALJ44 ·CrAC6zM -
2115-;:y,>CS~PS­

CAV'i, ·C,,Ac.82 R::. -

21/f-CY,P/l//::BI -
eA2.1,8-CYPlJ,1Jet3;­

lM ·t:rft:ltCBr 
?AJD-CYPAAC82< 

z,,,/1 -o'fBAC9:z.· 

U/fZ-(' l'Ft:.,4e_.i.Z. 

/I C-

AC 

Ac 

Ac 

;:us " 1 J:l,MS.S ,,1 

e 
~ 

BJ/S "'2 Pll;<JSE A 

e 
C-

Yt!J~,-,,,,~~ 8./S "'I 

~c....r~~~ ffv'sW"Z.. 

~L-7',tt/<i,6 

J/d,1.TA:,£ 

,.;:::,k'.4e A 

8 
C 

p,,;,,;~ /1 
13 

"-

CAJ;// •(!/IBTc;f,I!!,- B A ~/C,I' C#A?.e~,e Y O"-r',,.66 

~ 34,,f•C /l'LK:.BBA - D e J/~ 8;fr,13,<sA 

CA3,15- c t[)CIJBB · O c!- J/4,,_;r,96€ t3,pr B / .s B 
CA3A' -C PLjjc/1' - ,9,977r,e_y' ,a,,-_,, C )/,?L-r;oJGE 

'AM2 ·e.Y£JcjJ;fCH - De ;,o,_-r-,,.,,,. H-,.,,., p <,1.s A a fM 

01/3'93 - ,!! ;,'l),:; ,8,eq,,1- De l04'-7"-9G<c /<4A,A/ $KS ,8 C./M 

t:A:M7-CPY~AJ/- Py,<20 B ,.;,rre.e>-' A J,1:,,,_;r,,,;6£ 
t.113118-cPJP>B;,' • py,,eD @.-,,~Y 8 ,,'a,,,:rAc,-c 

G,1!,e>UP 3. I (Ac / Oc. Vp,1_,,-A6es \ 
- P'M S/6 C-,,._D) 

CA3tY-C-J/tJ//lci,'1- /,C HA',,v' 4vs / P#ASC A - T/M 

i!A3BZ,·CV8ZJJ,c711· Ac H✓1,A/ eus 2 p,,_,,,,:ys- ,4 - 7/"1 

CA393·Cy'MYA7M- D:: r'tJ<-77/c-L= UA,,,,.,, flu- A- 77,,., 
CA381-t!VMll13TH· De, YP<-771,$€' MF/IN /3,;,5 i3 - 711'1 
CA3B,S'•t,v/31H17/<1- De. y',:N.r,s ,e;;rr l3v.s // - T/,<t 

C,JJ3B~-C;,',til8DT,<,- D c. Vo= 13,,,,,-r Pus e - -r;,,.,, 

6,}397-eya:;,e,12e- l)c /,:J,_;r,,;;;,e: 8A~"'.Y ,e',=,.Ay 9vs- 0i 

C'llfAl ·CllcYM</11- AC fb,_,,,.,,c=,e - (!/- ovr,P1,r woeD To P/4 

CA4113-roct'l'1CM- lJC /'i7?71'fe7c£ - o/-ff cJvrPvr ;vo~i:> n, q/A 

t'll4A4 ·c DCI//IC!1- PG /JHNc7c-Z - o/"1 cvTPvT u,'tf,ev 77< P/A 

CA+JlS·cwP>IZ Mcllf-/l/£JP¢P ho<JJ/2Rn' Here.e - " 
CA#lb - (! w'J:>02 Mc/.1- CJ Y YGEJJ /"",t,o,-,eATE" ;<16Tc~ - " 
C'A4n-cs" -r1c11- Moov1,,£ S-,K,,,.,, /ct""l-?7.? .4 n .t-'. ~--

,, 
Cl,4A,8·et.Tl'/CM-t.!o,v.:>. £°Yr!A"5T 7,,,,,,,,p ;t/e= " 

6/i'OUP ,5 (;Ios f--lcreR D,$p~ 

CA48 1-CA cJ/,HJ-AC ;/t11,,7Hfl.:,;E= - .:ros oc/T.RIT J,1/aE'P,.,,,, J),,f,/ 
CA4 EJ.3 -CiiC;,','U- l)t!, //tJ~eTBB - ,, 
IJA'/64-C~l'ff- /X!, ,9HM&Tc/Z- - ,, 
CA485- CIVO/IZ.}1I- Hf~/II F.t.ow ,wcfEIZ - II 

CA4B6 -C Wl)Qi!A,f,J:- 0 X )I 6,1, /J rLL>w Me'7EI':. - " 
CA '9B 7-~S;l::7"/o/.r-J,401)1/I-E 5K,;// T~MP 1-f,.r,,;,:- " 
CA'/BtJ - CETMI- {!p,v[). ,t;Y)/,4(JST 7£',c,,P f/e,Eli!- " 

CA~J-ercsT;<fcH- sysff/11 Te:srH~ - " 

( EXIT 

Sf QUE NC E FOR CMS-MM-OC/B 



,------------------------------------------------------ ------...--~- ..------ -~~ ------- --------.--------------- ----- --- ....,. 

DZ- IIBl~/3-\ 

• 

CA3A - C.r-L.~ - CSM Cu,iuur -,o 

LEH 

C/138 - t +c81- C'S/'1 C 1,111,u-~ 

Tb L~"1 - 7J.l-1 

GAi - (6PL!Ja - )..o•b Co,-8)1Jc.1'i'..Jc.e - F(P/1._ Bt1.:. 

CA'L - c~oPL ~o or Co#JtJ. FrPh .. Bll.'S 

CA3 - C~,'J...TB - J- o"'"O C'o,.JOUC'TANCl!. - rL/'5.Hr ,Bv:s 

GA+ • C681<B - i! •TT" fi'L V 5v3 

CAS- Ct'i88A - - /311rr .8.,_. /4 
(A~ - C-6411.6 JJ"rT 8~ B 

CA?- c,;ac - 13,. rr C 
CM· C6ct1811 - - Cj_., ,1,;s A 
CA?- C4.Sl'1/M - ¥M 9i,.s A 
c A ,o- <!t,CMsa - - C/t,t 8tJS B 
CAIi • - J.oAl> CoAlll,",-"'"'•"- - :S M 8<1S S 

ii!. ( co,,tp.,,-,r p,,_ B,,..- fot..rJ!lf<.4S.) 

C"•~ CPY~A• Py/!!o BAT A Yol-TA4~ 

C.-13- C:t1a. • f'yl'o Bwr A o-1<. 

CA,1- cPy-- Py1<0 /3IIT " jl'DLr;lf•/T 

Ct\,1'5- p ,3-,r B o. ,< . 

G,Q.oUP-' (coM?ll'ni Fie. C.\JE.lt..~...,,. ,\Mb 

'>-y'-----------~---~c.o,.,,t:io vc..,.11111-lU!.. 5Qvw·.) 

"?,er <!\oo•o 

:lM tl>'-'S A toJc,1"' 

C.o,-HJ . ,..., '6/lt/\ 
e..is. 6 

c-.n - c.35'­

CA19 - C.'!>SJ 

C#\\.,- C4F<.I 

CA._.. CC:,F<.Z.. 

CA"Z-1- CGR.3 -

CAR- Cl.~c.\ -

~A>.~- C:tfC?. -

CA2'\- (:tFC3 -

Ff-Z. 

F/:-3 

F/:.. 
Ff- z. 
F/c.. 3 

F/c. I 

F/c. ~ 
t='/c. 3 

H.'Z :x...i- L-,~ ~,:. otol 

\42. ':!'~- ~,~e_ ~T2. otJ 

Co,-J'l>l)C..'TA._, c..1=. 

Co/J"C)IJC..TA NC:..'Si. 

Co,-,FDUC-TAIJC.E. 

cv.,z.ee.,-.n- 1=&,U1 v. 

Ct.J jc:~~""'"" "i:,.QVlV, 

CvPJZEN> E6},J,Y. 

CA2!S- (! \00 - ~/Pl DU~ ,A C~N N6c.re1> TO S/M ev-s 8 

CA2G.- c. \ 10 - 0 ,.;e: oF T+>.E.. "F/C" . .'~ C.0....,f-JE'('...TIEi) TO <:..IM M.V-4 

CAZ7- C. I II - o,.;e OF -rHfi Fie•_,. CutvlV6e,.r6b n, C/N µ,-.JB 

CAz&- CI IL - F.C I Co,,nvde-T6l'J 7D ..}/.,,.,,, /3VS A 
cAz., - c, ,3 - ,=/c; 2 cl,;µ A.Je,:;..,reu n .v,...., 9 ..,AS /J 

I 
c..:AjD- c,14 - r/c.a Co..v/V~C-Tt::b 70 -V.-1 i:fu.S A 

Cl-l3 J- CF&.IHNA - r/c CvJ?e.£,-1.,- Sv,..,,~4',r✓ OIV- MIJ/4 

I 
._:,-1_32;" cF<tM.v6 - r'/c. C ula~i;..,J\ 5v-~,q·uo,J -M,-JS 

CA33""" cr:c<iMIJ A- r1c C0;..J!>lJc-,;-1NC£ SvM,.,,,J'.IT".nJN-/JIJ,IA 

1~"*"'cfc&MtJO - Fie_ Co..v:P"'&.T/l,t,C~$.,.,._,, ... ,~1,.,,7'_""' -"'11-J?:. 

~---------------,-.;0-

PROGRAM SEQUENCE FOR 

~ ..... ,~.- ... ., ~ ·-· .... 
'"' - et.ff>A - s ... r A oPe"A/ c,,:r 1/1&1,,.,....,,,,~ ( I > 2 . .:r ,,.,,_P,) 

c.t,1- - C:.£_£e:i.~ -

ct>~ - c..uec... -

C.'b4 - t:~oef.. - 8111r 14 ~,e..., c.1e--r //o ... ~.-N;i: ( I< 2.!J' ~-P.$) 

e,V>5- c..e:o-e.e. -

Cf>(, - c..E.00,C... -

c..•7 - cUBA - 6A-r A _r,.,-r£1,.,,,,,,,, ./!!1s1.sr,,,,.,,.,GI"' ( J.> 7,.S-.--~) 

'-~8 - (!.IC~BB -

c.~, - a.;!eee--

c..eio - CJ!,.:J!!JA - 8Ar ,4 .,J,wTe.llV.-. ,t?,::,er,.s.:rH....,.CI!'" fr" < .l,S- ---~ 

C:~\\ - Cµ,5fJ -

cell.- c.J2.0ec-

C~l)- CGEQA - '8~ A. Co"lt> 'e.Q\J1V l:t. >1,I:') 

C~>I. CC:.U>ll • 

c.,.s - tc;,E.Qc.. -

cei. - tttQi>. - eo.-. A Ca•~._..-.- cQ"'", (.:I< z..-) 
ctn-c=r. -
<:•ia - C'.l.EQ:.. -

<..&i, - c.:XA&c:_ - l!A'T A/ e./c.. C ,J L'I:..• w.,. ~Q\l\\l PJ,.J.tJT° 

~ .... ,.,,.,, .. \...o,.,l> 

I'!,.,-, Ale./'- Co,,n~uc...,.-Aw<.~ E..Q.J,v. 

ao.~ A/8/C. i!;.QIJI\I. ,. ,>OT c,,,:.o 

<.ll.m-C.w-.= -

c_,.., -C<i,A'bt... -

C.1!,n.- C,o3-'t • 

C~;G- C."T'°'U(.. -

t.~'2-,.- C.1'~V ec.. -
~= A/ B/c. E&>J,-1 . lt-1£1/ ~~~A~<-C.. 

e, ... ...- A/f>/C. EG,')'1f\l T .. ~~- Vo'-T.-4et. 

0 

.Z.2 

CMS-MM-09C 
A e, 

l 
I 



CC /. CG,.,O 

CCZ.-crJ/l?BtJA- J1A1" B11s. A rnrll el)i11V Ra; 

C<3-CrJ/VBBA· /!~T p,. A ,H<v Eos,, Yo.r 

Cc+·C68o - 9,,,- £1,c, 
Cc5-cr)l,e8B!J· 3,,,- B•~ 

C"·~rHl'BM· /J~r /3.s 

i} Co1V/:,1u.~uc,E 

B T;e11 £6),;,~ . ft;:: 

.8 THL". J:i:,.;,f Vo,.r 

:2./ )---------------------' 

Cl)I-CoZS· 

Cpz-c=­
CJ»•Co:Z7 • 
U>-l·toZB· 

9,.,,- ,R~sl/ T• ,A4Al,9 C'o,vNG-,-r,oA/ 

8~r 8u.S /!I -n, /VTAI B C-,,vJV/k:.no,t/ 

('•,VIV/TC-TtOiJ 

.,,,t,NV#C,r/t:J;.,/ 

0 

CP$•CIXV6.fC."1- C/M /IIIAJN -'VJ .,f 

CJ>/,· C,DCIBBCM• ,,,,., ~AJN'&B 

::Si!:1" 

CIU, 

C//8 

C//7 

C,Z I 

C4M' •O 
Co¼ 

C•Jl 

C,o]8 

CoH 
CO♦? 

FIG A 7 

.. 

Cp,AJ·t:PM" 

CNB/' C'o3• 

- A/S/ G EdJVn/, C,.v r~e-P MNA 

- A/,,s/e fi"QVr•" C,.µ r'6e,a /VIIJB 

C..DbC.- C'~r,v11- J. ,Ne c..,.,o..-r.,.,~ce • o/6/.:. cCv,v 7V ""1 

c.1'/?i>·CL.rlVCL- - ~/#/c. EOJ, ,, rp/-1AJ/$ 

ClJ1 - ~c.r,e. - 2et.31r co.,w -e-K!. 

CDl"f-C6NO<.C.- ,(/o,v,,.J t;,;,u, ✓ C-o.-,,;~- g,,,rc 

t:.&;7- Cr/'</t:J~ -AtoArDN C&-., "' C'vtti!El4fl" - B,4r-c.. 

~re.~ ~A"'° Ou.sA 

,.,.,.,,:;. !,arr Bou..s g <:.ks 

0 

c..p,i,.- CG,NtJ#A- .t,loL,n,,J £&Jun/ Co-..b -p,,.rA 

c.1>1.s- c.r,./c)e;,J - No1n,,.J /!:6JoJi-l C1,11atU1Vr-8AT A 

c,;,_,-,,, l 
C<,IJO!!B r 0 
C:rA.,lt)ti!A 

Ccwo~ 

~,,r 
Cl$/VO.e.A -=-- O 

c.r,uolZA ~ o 

<-1>•~- ~GftJOi!-B- NoO..TC..J e-:i1..hV , C.oi,.J"i:) ~ ~,.,"T" 

PROGRAM 

c..01"-CLNOJZ6- ~oe:-T"O-..l E0u1V CiR.fiC.£'-ff - ~PIT~ 

-,,rr 

CGJ.JOR/3 • 0 

CI>JORB:O 

_________ _j 

SEQUENCE FOR CMS-MM-09C (CON'r) 

~1;.?'C."-'-.~~,") 'f=.Ft:.-0, ,. ,_ - ,\.-_, > 

t_l-\A,l\r_,.1c_., 

4 7 



C0 .9 - /J,J/1.- C•;<J»~cr-.-.,J 1!:,,c-rw.::£,J 

C.L>? - C 121- CoPDV<:..:r,,.µ 3en.,.J.,;~,...J 

C.1J10- CJ14-

CI:l ,,-c ,,J-
CD//11-C 13r 

CDJ/B-C038 

cPll-<&1J0()6A-J,Ju.-,.J .E'4\ltt~-}Jaw 

' 

-- - --

8.PTA ~- fallU/4 

8Ar ,B /IPD ,'(t./B 

'3ArC ,.,.,,, J1JJf, 

~ATC. ,,,.,, M/JB 

A/8/c /fd) iJ,il /1,r,, /"'IAll'f 

A/4/e eli)J1{, A"!) f,,H-\8 

c.p,1,..-C.z-TOT'A~- To-r,tL :I-J.J<J.l>G Al.a 
CD,t·f;6~B- -/1001.a /ti 

=-cz:>JoDel'·/,/~r,,il:,,.J., J-UOlltA 
epu- ·/JIOiB 

y :u&-CG ]'b'r"'AL.- /~AL0..ii, -IJ,o:r,e ''l-----~ 

t>l.4-c,t!Yl'fN~) 8.Js Y•4..T"Ad& l-1114 ,,.; 

cbz\-cricf}'~~.J .ii f/J .:r..,,..~,.,,~. 

ct>u--,~,c. - 619T C cu-~Flr_1e/VT I 
CDU·C,J~<:_. - f3ATC. ~pP1G,t:Nr2. 

CD.Z'1-~~6JIITC - (04'f'A6~ - f3,qr C 

C:.1>26-C?JCVM/JA - J'#~TA&e­

q,z.7- cr,c:.y ,-,NS - /lo'-~ 

,'t/,41,f (.Z',.JT"&tLM@.1AT6 .J 
HIJS ( J:'JJ r7:l!-M6J>nm5) 

co.30 •C.JD' - 8"1:r II ,-. HfJ A C,;6-~,JT 

cP3I - CZJX- fl,rr 6 Tt) "-1.18 Cull-2E.NT 

CD.s,.,,_ er»~- BA< C TO ,-,Nil (! "~,c.6,vr 

CAP -CJJ>,S- OMC r,> MiJB {! v~f/r 

C£/ -c,01 - 4,., .II ;o MiJA I (r,:,,:.,,,,.eJ> D /~GLT)Ot-J) 

CEZ. -c,06 - a,,, JJ r• /1'1B ~ ( r->4.J'l,er, j) /,IZ£< ,., • .,) 

Ci$ ·c,03· 8'1:r C n, M'1A r (Fo,z,,;""'i:> "P1Jl.l:.C...T>tu,,i) 

ce+ -c1of-- {3.,,-c ,.. MIOtl, .I (F•~~= 1),2~TI0Nj 

cP.1-f;A -cue&& - Tor~ I- 14/.Ble ;'Qt10I 1b HJJ J,1,5,::s, 

c:.1)2-4,B-CYBATc- Y1JL .. rAd6 Bl'tT C C:E5- ~ l?1'2. - CWRt-C .. 1,f"t' ..,__.__""'p,"ue!:) U,-J<-\1\AM&e. /ti Pt 

C,1;~-C.C:T1E:.- <!O'-.) N,~'iL \,)("' b~ 

C~&- c:.,-....- \ 
(...""') - C.\'LW ­

C..li."3,• C,n..,­

C.E.1\- C..\'7-.&i-

C.o N'T 

'b1o"t:>e b\t.'-<-···n·--.l ~"Y'b~ ~ 

NE-J.T ~ :,e1LA~l0t,l 

C.CT1i(.~ 3 V 

N 

4 

FIG.A-8 PROGRAM SEQUENCE FOR CMS-MM-09C {CoN'r) 
A-8 



0 2 -11!3 / 98- I 

t:€J2 ~<JocY[J,Jc..rf­

U1'3 · c.pc ~l!, Bc:.1"'1 _.:_ 

c,=-7 - eocv BAs,., - s;,.., M l'J,,.; Bus /I 
cF7-4 · CDctltJBSl'f- Mlt/N 8<JS ,8 

8 

ii•- Coo?- 13 •"' A ,e~s !'Ill" 
c, ,,.,. C040- -e"' t, ,,-.,..,,~ Ml-I~ 

0'1- e :i,c.,...,,_- /lo,...,.,,,.,, B;tr JI.SI! 
c..n.,- c:u5,n-aA· 131¾T A C.11:e.&JJT 

'>-'-----------1c,::s--ci:x:.Yf'~r- YoL-rAt:. 17 -8Ar C C:~ i6' " el \o\"lo8 A • 6A'1" A TI-Jl!ltl 

G'1JiJ1'f YD4T~4,,t;; { I < 2.5) 

<.<'10,1-Ct;Oe(}- /111-rC' Co,ut>•c-n,,ve,~ (r<z.5) 
cl'i•4·CI0~6/- 811re. c.,,,,.,,,,. fe"i (.r <z.s) 

C-1'"11 -c1111•tsc- s~r(: TNlf{ t;()<J1v Y= (.I<:z.5) 

.. 

C.l'/a- 8,.T (! ~.~I[., 

Cff1f1"-'<-- R£&,.srA,,Jce Crl'J'Te,;eM) 
C.Flr&+-IJ>c-

C..~'"C"E .... ~C.-

FIG. A-'1 

CFI,, - c..rPU1e • (Jv ,< ,et,._,.,- - 3ArC 

era <•• C.F8 

't&~•c.-,.\.\Vt!.'t,A C.>JC,.e'-'S.A : Cv&e,usc. 

._.A i 41, (% .... e,.,.yp. \1 1i!. ( 'J:._.) 

<:.?6 

C. ~~ .-\""" .. t.bl!DA c.,:.-i-e~C,.C.. 
9 

C:.9,.Te-H.~11..-cC.~ c.-e-~•C:s.c--. 

Pl<OGRAM SEQUENCE FOR :MS-MM- /)9C ·coN'r.) 



r,,. c,,. 

Ce'IX-C(H{. e l't'T 

CE1JD-C!,.U. · t,,,,..,-

9 

• 

C,:'.J-~pcf,114 - 0A-r 1', u5,. e, '1'01.-1"',a..c;., S. 

c,r+-t:.r&~- ~,,.-,- S Cvt2Lt!§.wr 

refl'1P4zCk>M : CA$'...,,A•c.e..~ 

c,,rb11'/1•CGO~ I c ... •rSMP~~ceeM 
1--------------------'---...i /0 

FIG A-IC PRCGRAM 

CFIZ.S·t&+f -

e,,e, u;- CD4S-

,o 

UAT .B 

8AT A 

>--_;_-.....IC"'fb-C't'AS,'-~fl- '""-""""T C.'4-"-~~ 

P"fl"fl.OJI. . ~O ~A ... 11. 

SEQUENCE FOR CMS -MM-09C CCoN>-r.) 

,\- ,o 



0;2.-J/8/'113-1 

13,tr C'K~,e Tit>.!) 

r" &r A 

8,,T C t1,1.e~&/!, 

Tia> ,71> p,,rC 

CZ.75 

0 

AP~Lot, &-r e r,t.t.e C VAf3'<.J,U~. 'S 

Yo<..r- --=2:.o8c.--­

C9'3J5'5 + • 7 

CGt31!~+ • 7 

II 

FIG. A-II 

c. ve.H6c -­
;,.e 

t-----... 0) 
9-,,,- CH/?GK 

PROGRAM 

/5/\T A/s/e /c6'v!V 

eoNl.i ~ M~.A oJ.JLY°?' 

CVA!Jclle. ~ 
(! l)C YBIU!.'1 + . 75° 

S[QUf NC E FOR CMS-MM-09C (CoN'T.) 

!IC. 

{?A~ # l=QiJ1r" 

c.aJJI,,/ -n M~~ o,..;1.y ? 

_ _ REi,t~~ 

REC'oHM,etJbt"'D Cf-! AtJGS. 

,-+111E'i ; '-- ' 

A-II 



/J 

A/.,JMl}e'e tJ ._ 

C·l!.QV111' p/ln 

• 

i< _/ >2. 
~---------------.' ('/,/8AT:5 --------, 

IrEHP: taM­

l<~J•Xcv,~ 

~,._.Pz .Z.1S­

( ••")(cv~""" 

TBMP~1-f,!1S'· 

{,~)(cVA&:11/e 

011c.y'J"4,4,.Ta 

C..11, .. t/J,IIJC ,., -#-C.,J,:..JIJ1 

c,: l.3 - CI PL./J<:-

dA'r ( c.,,e.f"..JT" 

SEQUENC[ FOR CMS-MM-oqc 

f ~ 11A • ,...,._,..,.., ~ 

,4~11~.01o.J:U-" 

--◄ o:t 0--~..c 

... rl'IB~41,t,;: 

ct,c,v PLIIJ: .. 

- ,_ 



D2- J 1819'3-I 

CF1t.- cbc.v~eA- 9.,,,- ,311s A (bl..rJ44'.!:. 

~FI~ 

lct>c..t1"e" -
e.JU .. V/l.40f#,,c,,.p 

(l'o~ ( c;,:acH .,yc,:,ne-,.,,,,.J 
/ + Clln.•MPA (C6,e;r;,A) 

FIG A-/3 PROGRAM SEQUENCE FOR 

I c,- 18-CDGY8&8 - iJAr /3vs B / JJ,1.-..,,...,dA 

• J)C.¥ J338 • CV811SB -r ~e:ttl F:!"'"",e} f!l/r5MPB) 
-f 'Cl!ro'MPi3}( C<1B6.B 

CMS- MM -09C 



DZ-118118·' 

CGI - C ///,1-?:I - /JC I r e ,,_.,.,, ,•;,,,:_ Vc,";r'4 ;,:= 

C6 Z. - ,:'/'CIA - F/c I (! ,,,M!,e&.V/ 

ce,3 - C/1.IFC/ -;:-/4 I ,l,Z _;r,_,.,,NE µr,c (!,;,<, 

~ "f - CIF-CICM - P/c / e v,,trl<!E.vr ro C/>1 

C6S - C! HCUI - r/c I ,,.,,,,,,,.,,.,,,_ P<>~ 

c., - cVTFcz. - p/c 2.. Tee.,-,,,iAL roa-A<S,£ 

(6 7 - CrCZA - FIG Z. e ,/,tZ/ZeA/, 

C6B - c1uFt:.2-- - F/c z. ,/.2 ..7,,-L,NE HT2 c.✓~ 

Ct, 9 • C IFCZ.cH - Fie z. c-,.:u.E/./T ro c,;,-,, 
cc.,o- e,,c;t,q - F/c.z ;14,.~,c... p, ,.,,.e-
C6// - C >'T Fe 3 • F/c.3 ,,,.,,,,_.,,.,,;,_ f"o,,,rrl46 

<:r;1z.- CFCZ-A - ,C/ c3 (!,.;,a,a.e,.,,-r 

C6!3- C Hf!Z'~ - F/c3 1/,2 .Iw-L,,;G )1..-e ev,,,_ 

CG/1- Crl"c.3cl'f - Fl"-3 c,_.,12,,r,.,r ro c;.,'M 

C615- Cff~3A Fk 3 /-le,4r£1l!.- ?•.,,;€1'!­

CG11,- C,IdHCMA - (' .. ne,1.,vr 7D yt,,,.,., MNA ~R.o~ F,-C~ 
CGlfl- e,IJ2f-,F/4 / Co,IP. r,, .y,., 1711:S AjP THXI/ ,,,.,,, .S.C 

C6t'·CJ>3o·~• " ., '' 

C6zt>· Co.31 • F/c~ " " ,, " " 

C6Z/- CFc.r,o,.,,11- ~Ar,o ,,,, lfh'A r,/4- .r"' Ton,, 1'/eJ 

CGU:: CrCJ,r~ - r/"- I ,'/,✓ ,4 se-,,.,so,e Cv~ 

C6.t.r Cl'r:/rP· !"):./ µtJ lJ S,:'NS,Jtz, C,,1,uz4,v, 

C6Z4- C.FC~B,t- rkz MN}( S&NSIJIL CuµE,.Jr 

C6ZS· C l'Cz-Itn- /le z_ "'1NB s&,vs.012- Ctu= 
Co:/1-.. CFC3IiJA-l7c3 ,.,,,.,A ,5e,-J,S,Je e,,,,_,,_,,,,,,­

Cl,27- C Fc:,.zu- F/C3 ,<1/JJJ '5,:'tv.S()l2, C,11,e.E/J'r 

CH/- CDC.y8£/3- p,.r if?•LA Y /3-h ( o<.m6,E 

CHi-c Dc.YPL-8 - Ft.,,;,,,,-/ /¾ 9,,,:, n><-r"6-e 

ZiJ./ 

:ser 

C1J,7} 
C/118 =O 
ce,tl 

C87Z 

SEr 

C!S,5' 

co,, 
ce,9 
CfJZo 

C8~7 =o 
l838 ·~ 
iJ8Z7 

1!83::J 

FIG. A-14 PROGRAM Sf QUENCE 

0 

C Jl!J:;,v/T' 8.ee"'A1<-e£. 

7~ B o&.E,1.1/ 

c;1?•es2 1 -aATA-LL,,r ~,,... B"""-S c~ 77£~PP~D 

o 8·ae,z- • ,B,,,,-,JJ- ffer ,Bs;:,,,v O as ca. 7,e, pP!d) 

C#JrCB/7· ;'IN/9 _F.;r p,c c.a r,re,,~ 
c,;,,,. c4-r ,.,,,,,.,. rLT" B= c. .e. T,e,1,R'f!,:D 

I 

e111zA - CfAc: 9.,,,r A,.. e ,a.,,, 1i1 a,e. c,.,,~ 
H12.B ·('fee." i1.,,,rB T• C Bv.> ✓'" e ,8. c,,,,-.,,,._,,-

CH.3 • ce,s· ,1,,/IIA -8.,,,r ,!J.,.s A (!.J!!,. Te,pp.n> 

Cff5" -(!Bl(,• t,,111//-,l?,ATT C dB. /,/t/.ff'6b 

CJlt, · C819· ;t,fJ.IB- g,,rrC i!. B 1/2,PFIED 

C,{4 · C&o- MAIB- B,,r'B~ 8 (!,,,8 , TJ),pp,s-.z, 

CH1zc • c,V1- 13,,r C ,-o t;J,,r J3vs /1 C. .e, 7,2,P,C,,D 

eJ112[) -es3r B,,.r(: 7,, f3Ar B vs B C'.e 76,1,P,<¥.D 

CH:l i:BZS- /il,ir ,4 -,P,v.c E~Y c~. T;e,rP.n:> 
CH/ I) - es;q • 8/li ,8- R,.,F? c,v,,R.y C',13 r.e,PPD'D 

c1112E-CB.31- &r (" ~,;/8,i!, ,5,r,ey -r ?/.-' CD 7ie,Pr'J!']:, 
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