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TES-32066-1 1. 

DESIGN AND SYSTEM ENGINEERING 

A. Accomplishments 

1. Monitoring and evaluation of Viking 1 Lander power system data continued. 
Figures 1 through 6 show typical SOL day cycles for Mission Days 1145 
and 1175. The RTG series power range as measured at the PCDA was 65 
to 68 watts at fin root temperatures between 2 8 0 ^ and 310"F. The data 
shown are in October and November of 1979. 

Figures 7 through 12 show the Mars landed performance history of Viking 1. 
These data include both the minimum and maximum data for each of the SOL 
days plotted to show the range of performance experienced on the Martian 
surface. 

2. Monitoring and evaluation of Viking 2 Lander power system data continued. 
Figures 13 through 18 show typical SOL day cycles for Mission Days 965 
and 1000. The RTG series power range as measured at the PCDA was 71 
to 72 watts at fin root temperatures between 230°P and 260 °F. The fin root 
temperaturfjs remain below predicted limits. Available maximum power 
data i s sliglitly higher than predicted. 

Figures 19 through 24 show the Mars landed performance history of Viking 
2. These data include both the minimum and maximum data for each of the 
SOL days plotted to show the range of performance experienced on the Martian 
surface. 

3. The length of the Martian year corresponds to approximately 22. 6 months on 
earth. This cycle can be observed in temperature measurements, and in 
measurements which respond to the changes in RTG temperature, the p res ­
sure, and the current and power. Observed fin root temperature variations 
between Martian summer and winter were between 35 and 50 "F. Loss of hot 
junction temperature over the 23 months period was 8-10 °F for each gener­
ator, and due primarily to isotopic fuel decay. The performance of both 
power systems continues to be very satisfactory. 

4. Power system jjerformance data for Pioneer 10 and Pioneer 11 spacecraft 
were monitored through the reporting period and are shown in Figure 25. 
After adjusting for the telemetiy characteristics, the estimated RTG system 
net power was 116 watts for Pioneer 10 and 118 watts for Pioneer Saturn. 
The September 1 encoimter with Saturn appears to have had no deleterious 
effect on the RTG's of the spacecraft power system. The telemetry signals 
from both spacecrafts remain satisfactory. 
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FIGURE 7 
VIKING LANDER CAPSULE NO. 1 
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FIGURE 8 
VIKING LANDER CAPSULE NO. 1 

RTG S/N 111 PERFORMANCE 

.- CO 

O -. 

4.6 

4.5 

4.4 

4.3 *^ 

4.2 

4.1 

SHEET 2 OF 2 

X ^ ^ p a g 

D 

33 • Bnii 

a 

OD OXE 

S 
B" °E » B a Bl igi I I D SDDI^BIII 14 ^ **^ n*^^ wi [Q 

m Dimma oanui imo 

B , tm B a m 

NOTE - THE MRRS LANDED DRTR INCLUDES BOTH 
THE DRILY MINIMUM RNO MRXIMUM DRTR 

T 

^maiFSffi =. ?fcJ -W-W «-»-J n B B !« BO , 1 

•oj It, H aMffijfffiHgWh^ 
$ f 

— ^ rpsjuTH 

42 

40 

38 l-

- 35 

34 

32 

t>"^"™m5 ̂ - S ! " "i 
I to qgC 

• Q, 

° " g S m B 3 

° ^ •? ' 
•5, c s 

^ ^ ^ 
'^""ni^jj 

s* 
'm 

% „ 

•̂  ^ S n 
•i 

,a 

4000 8000 12000 28000 32000 

I L 

MRRS LRNOiNO JULY 20. 1976 

J I I I 1_JI 1 I I I I L J I I L 

16D00 20000 24D00 

TIME FROM MARS LRNDINO (HOURS) 

J I I I 1 I 1 I I L_l I I I I I I I I I I I I I 1 1 1 I ' ' I 

36000 40000 

J_J I I I I I I 
JUL liUO ItP OCT HOT OEC JRH PEI RRR RP> HRT JUH JUL RUO lEP OCI HOT OEC JRH PER MW RPR RUT JUH JUL RUO U P OCT HOT OEC JRN FEi RRR 

111! 1111 Ilia 

W l RRT JUH JUL RUO U P OCT ROT OCC JRH FEI RRR RPR RRT JVR JUL RUO lEP OCT ROT OEC JRH PCI 

m t IMO n i l 

•CHLCULRTED PRRHMETERS RT RTO POWER OUTPUT RECEPTfiCLE •WTELEOYNE ENEROY SYSTEMS 



FIGURE 9 
VIKING LANDER CAPSULE NO. 1 

RTG S/N 112 PERFORMANCE 

400 
SHEET I OF 2 

° - c: 7 
1^ ,-, *~ *i-

1*. =• r . ~ 

I 

300 E ^ ^ C ^ - . — i ail 
a a fioi 0 

igniiiima monotaiiuaini 
ilM^iiff"*' asotoa iiap D 

- t % -

03 

a_ 

200 

•1100 

— s 
— K-_ c:; a g ^ r.: o 

=: :/; o j u^ 
' — 0- o 

- 1000 

NOTE THE MRRS LANDED DRTR INCLUDES BOTH 
THE DRILY MINIMUM fiNO MfiXIMUM ORTfl 

300 -

BOO 

1 

D 

1 

i 
1 

t3 O t3 

a--B- H 

1 

B 
3 — # • 

OD ijl D 

l u n 

__ _ __ 
aM'iiin"""f"""'^"'*.T''*." 

^ 
Th 4 ^ 

1 1 % 
Janm 
I ^TOP 

1 

l4j 

> 
o 
u 

iC 

O 
t l 

(̂  
I — 

UJ 

to 
t o 
UJ 

u. 

cr 

w 
a. 

24 

20 

16 
(pa^fS* gnsd pw-ffi 

a H R 1 91 " 
P ff m -« 

• 
u.iiua-

b[ffl ff * 

" 

^ 

0 4D0D 6000 
I 
' MRRS LflNOINO JULY 20 . 1976 

1 I I I 1 I 1 I 1 I I L 

I Z O O D 

I I I 1 I I I I L 

28000 

JUL R'JO ICP OCT HOT OCC JRN FCt RRR RPR RRT JUH JUL RUO ICP OCT NOT OCC JRN FCt RRR I 

1111 iin 

160D0 20000 24DO0 

TIME FROM MARS LfiNDINO (HOURS) 

J I I I I I I I 1 I I I I 1 I I I I I I 1 1 I I 

32000 36000 40000 

I RRT JUH JUL RUO <CP ICT NIT OEC JRN FEI RRR RPR RRT JUH JUL RUO ICP OCI ROT OCC JRN PCI RRR 

tilt Hit 

I I I I I I I L - _ l I I 
R M RRT JIM JUL RUO ICP OCI ROT OCC JRN PCI 

tllO lltl 

•WTELEOYNE ENEROY SYSTEMS 



4.6 

4.5 

4.4 

4.3 

FIGURE 
VIKING LANDER 

RTG S/N 112 

10 
CAPSULE NO. 1 
PERFORMANCE SHEET 2 OF 2 

4.1 L. 

WfU<Mv 

r 
1 n D m 

1 11 . . E 

D 

H B BSD 

1 c 

1 
ID D 

R i j f 

a 

. ,.,. 

a 

m o Dooiua cbooiD m m Bl 

a 

I I DD 

u mmi 

" " ^ 

NOTE - THE tlflRS LflNOEU ORTfl INCLUDES BOTH 
THE DRILY nlNIHUn RNO HRXIHUH ORTR 

L<: — 

(-) z: 

feSlSgi^g a 5 j J , _ „ _Drt, 
l i ; sUHt B a Ejfi i i a % » J 1 

•« It H «awas^i^ a, 
i 

• - ^ 4£m 

42 

40 

38 

r 36 

34 

32 ^ 

1 1 
t:a: .'o"f.^ n43 

- "It: 
1 _0! «?! 

m <3 

• 

B S n ^ m 

™ s n 
• D 

D Q, 

1 

a 
^ ^ T , , 

™™\j j " 
7,,?^?* 
& 

) 

di*D 

D 

iP 

C 

i 
p 

n° a 

•* 

001X3 

%ti 

4000 8000 12000 28000 32000 36D00 40000 16000 20DD0 24000 

' MARS LRNDINO JULY 20. 1976 TIME FROM MfiRS LRNDINO (HOURS) 

I I I I I I I I I I I I I I I I 1 I I I I I \ I I I I I I I I L _ l I I I I I I I I I I L _ J I U _ l I — I I I I — L _ l I I 
JUL RUO SCF OCI HOT OCC JR:I FCI RRR RPR HRT JUH JUL RUO (CP OCI HIV DEC JRH FCI RRR 

Hit 1111 

.CRLCULRTED PRRRMETERS RT RTO POWER OUTPUT RECEPTfiCLE 

RPR RRT JUH JUL RUO ICP OCT NOV OCC JRN FCt RRR RPI HRT JUH JUL RUO ICP OCT NOV OCC JRN FCI NRII RPR HRT JUN JUL RUO U P M I MOV OCC JRH FCt 

lilt lilt IttO lltl 

•WTELEOYNE ENEROY SYSTEMS 



FIGURE 11 
VIKING LANDER CAPSULE NO. 1 

RTG SERIES PERFORMANCE SHEET 1 OF 2 

3 a I 

a 

a • ocD 13 • QHD 

0 

m tD a 

a 

m a 

• 

a o 

WBBD 

a 

QD l i oa CI oma 

NOTE THE MfiRS LRNOED DfiTR INCLUDES BOTH 
THE ORILY MINIMUM RNO MRXIMUM ORTR 

N^£:SE ° %ni_ . ^ 
r 9 a B( m n k % D D T 1 

•~ * H f^BffiHSgffl^to $ S 
W « M B 

0 4 

80" 

72 

€8 

n'S^f's.fe? 
- - • % -

' rr F)^ 
03 n s s = d 

B g a 
1 n 
* B B "̂  

a 
i f ' 
% 

1 

' D 
^ cimt 

SS^inoi 
uu^ 

W?^°?'. 
anam/^" tf 

J3 
0 
C [ f t 

B* n 

0 4000 8000 

L 
12000 28000 32000 16000 20DQ0 24000 

MRRS LfiNDINO JULY 20. 1976 TIME FROM MRRS LRNDINO (HOURS) 

I I l__J I I I 1 I I I I I I I I I I I I I I I I I I I I I I I 1 I I 1 I I 1 I I 1 1—I 1 1 1 1 L 

36000 40000 

J I 1 I I I 1 I 
JUL RUO IIP OCI HOT OCC JRH FEI RRR RPR RRT JUH JUL RUO ICP OCI NOV DEC JRH FCt RRR RPI RRT JUN JUL RUO ICP tCT HOT OCC JRN FEI RRR RPR RRT JUH JUL RUO ICP OCI HOV OCC JRN PCt HRR V I RRT JUH JUL RUO ICP OCI HOT OCC JRN FCI 

n i l itn n i l t i l l l i l t l l t l 

•WTELEOYNE ENEROY SYSTEMS •POWER CONDITIONINO RNO DISTRIBUTION ASSEMBLY 



FIGURE 12 
VIKING LANDER CAPSULE NO. 1 

RTG SERIES PERFORMANCE 
SHEET 2 OF 2 

4.4 

4.3 

NOTE - THE MfiRS LANDED DRTR INCLUDES BOTH 
THE DAILY MINIMUM AND MAXIMUM OATH 

^ <r, 4.1 

4.0 

3.9 

3.8 

3.7 

3.6 

a a 

m m^ 

tP 

a" °5 * B n m •ff • 1 D zinaBiD tljonipom Lim 

[X3 UtMXK naownm ion 

IB gi on a o » 

0 4000 BDOD 

' MARS LRNDINO JULY 20. 1976 

12000 16000 20000 24000 

TIME FROM MfiRS LfiNDINO (HOURS) 

28000 32000 36000 40000 

I I 1_ 1_I.-1 L_L-_1 L_J 1 L_J I 1 I I I L__l I I I I L_l I I I I I I I I 1 I I L—I I 1 I I 1 I I 1 I I I—1 I I I—I I 
J'JL RiJO ICP OCT POV OEC JMi PCt HRR RPR HRT JUH JUL RUO lEP OCI HOV OCC <tM *Ct MM RPR RRT JUN JUL RUO ICP tCI HOV OCC JRN PCt RRR RPR KRV JUN JUL RUO ICP OCT HOV OCC JRN FCI HRR RPR RRT JUN JUt RUO ICP OCI NOV OCC JRH FCt 

W'TELEOYNE ENEROY SYSTEMS 



•
 o
 

9
 r- o
 

PO
WE
R
 
O
U
T
P
U
T
*
 

(
W
R
I
T
S
)
 

C
JO

 

fN
O

 
C

O
 

4
^ 

C
O

 

cn
 

C
O

 
C

O
 

L
O
R
D
 
V
O
L
T
R
G
E
*
 

(
V
O
L
T
S
)
 

^ 
4

>
. 

.^
 

4
>

' 

. 
• 

• 
* 

ro
 

CO
 

> 
cn

 

HO
T

 J
U

N
C

TI
O

N
 

(R
T

D
) 

TE
M

PE
R

R
TU

R
E

 
("

F
) 

F
IN

 
RO

O
T

 
(T

H
E

R
M

IS
TO

R
) 

TE
M

PE
R

R
TU

R
E

 
(•

F
) 

to
 

to
 

o
 

o
 

to
 

C
O

 
o

 
o

 
o

 
o

 
o

 
o

 

ro
 

O
 

o
 

ro
 

C
O

 
o

 
C

O
 

C
O

 
o

 
^̂

 
o

 
o

 

4^
 

F
- 

0
0 

Q
 

O
 

33
 

r- f- 03
 

—
1 

16 

ME (HOURS 

ro
 

o
 

ro
 

jik
> 

1 Q
3 

—
1 cn
 

CO
 

-J
 

to
 f \ 

1 

0 O
 

0 b
 o

 

o
 o
 

0 

o
 

9 O
 

3 

O
 

o
 

o
 

o
 

o
 o
 

-a
 

-o
 

ja
 

o_
 

o
 

o
 

o
 o
 

—
f—

 o
 

o
 

o
 

C
O

 
C

3 a 3
3 -<
 

C
O

 

m
 

70
 

o
 

C
O

 

C
O

 
< *-
* 

3 
5?

 
33

 
•-

• 
70

 
2 

C
O

 
Q

 

C
3 

3
3 -<
 

V
. 

a 
2 

m
 

•-
• 

» 
tp

 
3:

 
o

 
-

\ 
3

> 
"t

J 
C

O
 

m
 

cr
 

5
0 

r-
-n

 
m

 
o

 
50

 
2 

3 
C

3 
3

3 
. 3
3 

k-
4 

7
0 

O
J 

o
 

m
 

o
 -<
 

o
 

ro
 

0
0 a:
 

m
 

m
 

C
3 -n
 

O
) 



FJGURE 14 

VIKING LANDER CAPSULE JJO. 2 

RTG S/N 114 MARS DAY/NIGHT PERFORMANCE CYCLE 
oc 
o 
1— '-^ 
to li_ 
•-. o 
i : w 
a: 
bJ UJ 
X oe: 
+ - =3 
w » -

cc 
f - Cki 
O liJ 
£3 Q. 
as xz 

UJ 
2 H-
•-• U-

^^ 

»- u. 
tt: • 
v ^ w-^ 

2 UJ 
O t i i 
•-. 23 
H- 1 -
O CC 
2 a : 
:3 UJ 
-3 Q_ 

XT 
H- UJ 
O h-
3 : 

» 
UJ 
ci> 
CE — 
1— to 
_J t -
O _ l 

> 
O w 
t r 

320 

300 

280 

260 

240 

1020 

1000 

980 

960 

940 

4 . 5 

4 . 4 

4 . 3 

4 . 2 

a. '-^ 
h- to 

O »-
CC 

OC 3 
UJ ^-f 
3 
O 
0. 

38 

36 

34 

32 

SOL DRY 

o 

965 

o u o 
._ i> .^ 
° 

*«. 
o 

o -

SHEET 2 

O 
n 

OF'3 

O 
\j 

.' 

o o O o o ' ' ° ^ o o o o 
o 

o 
o o 

o 
o 

0 

) G o o 
o . o 

O o 

o 
o 6 

o 

o 

0 
) C 

o 

GMI 

o 

5/J 

0 

:3/79 

c 

''~~ 

0 o 

8 12 . 16 

LOCAL LANDER TIME .(HOURS) 

20 24 

•CflLCULflTEO PfiRflMETERS AT RTO OUTPUT RECEPTACLE "^TELEDYNE ENERGY SYSTEMS 



•
 

"T
J 

O 

PO
WE
R
 
AT
 
P
C
D
R
*
 

.
 (
W
A
T
T
S
)
 

V
O
L
T
A
G
E
 
AT
 
P
C
D
R
*
 

(
V
O
L
T
S
)
 

C
U

R
R

E
N

T
 

(A
M

P
S

) 

o
 

C
O

 
C

O
 

C
O

 
C

O
 

o 
ro

 
-J

 
-J

 
0

0 
C

O
 

0
0 

C
O

 

•*>
' 

cn
 

tn
 

-o
 

-~
J
 

0
0
 

0
0
 

o
 

0
0
 

ro
 

C
O
 

.*>
. 

0
0
 

tn
 

0
0
 

0
0
 

<D
 

o
 

to
 

ro
 

3>
 

a:
 

o
 

a •-
I m
 

-i
 

70
 

•-#
 

03
 

cr
 

o
 

z a>
 

tn
 

CO
 

m
 

3 CO
 

r-

O
 

33
 

a m
 

53
 

a •<
 

2 m
 

m
 

2 m
 

5J
 

-<
 

C
O

 

-<
 

C
O

 
-H

 

m
 

3 C
O

 

rn
 

o c C
O

 

.̂
 

C
O
 

I
-
.
 

ro
 

»-
.
 

tn
 

ra
 

o
 

ro
 

4
^
 

3
 

—
4
 

cn
 

C
O
 

V
.
 

-J
 i I 

c
 

C
 

C
 

o
 < <
 

3
 o
 c
 

o
 k

 

•
 o
 

o
 

o
 

o
 

o
 

0
 r
 o
 

o
 

o
 

o
 

o
 c
 

c
 

c
 

c
 

c
 « 
.
 

n
 

C
O

 
o r-

70
 

a 
-i

 
33

 
03

 
-<

 
C

O
 

to
 

m
 

CO
 

70
 

cn
 

•-
' 

rn
 

C
O

 

00
 

3C
 

m
 

rn
 

C
O

 

o
 



h- »-̂  
to u . 

^ 1 
ai 
UJ bJ 
ar tt: 
»- ra 
v^ I— 

cc 
V- t i i 
O UJ 2 ^ Qi. rr 

2 h-

t - U_ 
tK o 

2 UJ 
o ce: 
•-• rs 
•— I -
c j t c 
2 o ; 
rD UJ 

r: 
—̂ UJ 

o I-
rc 

» 
UJ 
CD 
a. ' -
I— to 

> o 
> 

cn 
o 

ra 
I— to 
ra h-
CD I— 

cc 
cc 3 
UJ w 
3 
CD 
OL. 

320 

300 

2ff0 

260 

240 

1020 

1000 

98t) 

960 

940 

4.5 

4.4 

4.3 

4.2 

38 

36 

34 

32 

FJGURE 16 

VIKING LANDER CAPSULE NO. 2 

RTG S/N 113 MARS ORY/NIGHT PERFORMANCE CYCLE 

SOL DAY 1000 

X o o 

SHEET 1 

o 

OF 3 

o 

o o o o o o o o o 

« 
• 

o o o Q o 
O Q O O O O O O O 

o 0 o o o 0 I > G 0 0 0 o o o 

o o o o 
0 

o , > c o 

( 

o 

'MT 1 

o 

) / 2 8 / 

o 

7Q _ 
/ y 

o 

"•^ 1 

0 

8 12 16 

LOCAL LANDER TIME (HOURS) 

20 24 

•CALCULRTED PflRfiMETERS AT RTO OUTPUT RECEPTACLE "^TELEDYNE ENERGY SYSTEMS 



o 

to U-
t-i o 
r: w 
Oi. 
UJ tu 
a: Qc 
t- ra 

H- as 
C3 UJ 
o a, 
(ks zr 

UJ 
2 H-

O <-
I- U. 
CC o 

2 UJ 

•-• ra 
»- ̂ ^ 
tJ cc 
2 fiC 
r3 UJ 

r: 
I— UJ 
O K-
2 

320 

300 

2&0 

260 

240 

1020 

1000 

980 

960 

940 

4.5 
m 
UJ 
tb 
CL '-^ 

*- w 4.4 
CD _J 

> o 4.3 

o 

FIGURE 1 7 

VIKING LANDER CAPSULE NO. 2 

RTG-S/N 114 JIflRS-OAY/NIGHT PERFORMANCE CYCLE 

SOL 

1 O-

DAY 
< 

o 

1000 

o . o o 
. « 

o r 
o o o 

SHEET 2 

^̂  
• O 

o 

OF 3 

O 

4.2 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

r̂  O 

o < 

0 

> c 

0 

o 

o 

o 

o 

o 

o 

o 

o 

0 

o 

o 

ra 
0- ^ 
1— to 
=3 »— 
C3 I— 

tc 
Oi 3 
UJ «w 
3 
0 -

38 

36 

34 

32 

1 ^ 0 o o o o , > ^ 

o 

( 

o 

'MT 1 

o 

5/28/ 

o 

7Q •. 
la ~ 

O 

-— 1 

o 

8 12 16 

LOCAL LANDER TIME (HOURS) 

20 24 

•CALCULATED PARAMETERS AT RTO OUTPUT RECEPTACLE ^TELEDYNE ENERGY SYSTEMS 



o
 

2
: 

PO
W

ER
 

A
T

 
P

C
D

R
* 

(W
A

T
T

S
) 

CO
 

CO
 

CO
 

00
 

-J
 

ca
 

ro
 

-J
 

tn
 

VO
LT

AG
E 
R
T
 P
CD

A*
 

(V
OL

TS
) 

00
 

0>
 

00
 

CO
 

• 
• 

. 
^ 

•»>
- 

cn
 

cn
 

-J
 

C
U

R
R

E
N

T 
(A

M
P

S
) 

C
3 

O
 

•ja
 

33
 

a m
 

53
 

3 rn
 

rx
 

o cr
 

eo
 

.^
 

a)
 

.-
»
 

ro
 

>-
.
 

tn
 

ra
 

0
 ro
 

4.
-

<~
.
 

ro
 

C
O
 

to
 

1
 i t
o
-i 

,,
 

<
 

0
 C
 ,
 

0
 

0
 G
 

0
 

)
 Q
 

7 0
 0
 

>
 0
 

>
 

\
 

-
-

'
C

O
O

O
O

O
C

O
O

O
t

O
t

O
 

c
o

o
r

o
^

'
t

n
t

x
j

o
r

o 

0
 

0
 

1
 

0
 c c 

0
 

0
 

0
 

0
 

0
 c 

0
 

'"
 

1
 ( 1 

)
—
1
—
 

i i 

1
 

1
 i 

0
 

\>
 0
 

0
 

3
 0
 

9
 

">
 

3
 0
 

0
 

3
 

J
 

3
 i 

'
 

.
 

{
 

1
 CO
 

0
 r- 0
 

33
 

-<
 

0
 
0
 

0
 t 

T
 m
 

m
 

ci
 

ca
 

CO
 

5
0
 .
 

-H
 

0
 

CO
 

rn
 

5
3
 

1-
4
 

m
 

CO
 <
:
 

t-
t 

3
 
5
^
 

3
3

 
t~

4 
T

O
 
2
 

CO
 
0
 

a
 
1
-

3
3
 3
3
 

-<
 
2
 

V
.
 
a
 

2
 
rn
 

.-
.
 P
9
 

0
3
 

3
 

0
 

-H
 3
3
 

-
0
 C
O
 

m
 
cr
 

53
 r
-

-n
 m
 

C9
 

5
0
 
2
 

3
 
C
3
 

33
 •
 

2
 

0
 
ro
 

m
 

0
 
-<
 

0
 

•^
 

•>
•
 

Q
 cr
 

5
0
 

m
 

H
 

U
/
 

m
 



FIGURE 19 
VIKING LRNDER CAPSULE NO. 2 
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FIGURE 2 1 

V I K I N G LRNDER CRPSULE NO. 2 

RTG S/N 114 PERFORMRNCE 
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FIGURE 23 
VIKING LRNDER CRPSULE NO. 
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FIGURE 24 
VIKING LANDER CAPSULE NO. 

RTG SERIES PERFORMANCE 
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FIGURE 25 

RTG FLIGHT SYSTEM PERFORMANCE 
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