
~'
*

.
,
~

')
;

O
K.

-
//

4
/5

'(
')

7
'

a
~
/
d
o
,
~
f
~
:
&
~

G
U

LF
G

E
N

E
R

A
L

A
T

O
M

IC
G

U
L

F
-G

A
-A

l2
24

2

S'
ID

D
Y

O
F

R
A

D
IO

IS
O

T
O

PE
S.

A
.F

m
'Y

D
EV

IC
ES

FO
R

E
L

E
C

T
R

IC
PR

O
PU

LS
IO

N
SY

ST
EM

V
O

LU
M

E
I
I
I

-
B

R
IE

FI
N

G
.A

ND
R

EV
'IE

M
O

F
W

OR
K

B
y

G
.

B
.

B
ra

d
sh

aw
,

W
.

G
.

H
om

ey
er

,
F

.
D

.
P

o
st

u
la

,
an

d
E

.
J
.

S
te

e
g

e
r

P
re

p
a
re

d
u

n
d

er
C

o
n

tr
a
c
t

N
o.

N
A

S
2

-5
8

9
1

b
y

G
U

LF
G

EN
ER

A
L

A
ro

M
IC

CO
M

PA
NY

S
an

D
ie

g
o

,
C

a
li

fo
rn

ia

fo
r

AM
ES

RE
SE

A
RC

H
CE

N
TE

R

N
A

TI
O

N
A

L
A

ER
O

N
A

U
TI

C
S

A
N

D
SP

A
C

E
A

D
M

IN
IS

TR
A

TI
O

N

S
ep

te
m

b
er

1
9

7
2

('
(N

A
S

A
-C

R
-1

14
50

7)
ST

U
D

Y
O

F
R

A
D

IO
IS

O
T

O
PE

N
7

3
-1

0
7

4
7

\
:

SA
FE

TY
D

E
V

IC
E

S
FO

R
E

L
E

C
T

R
IC

PR
O

PU
L

SI
O

N
I

I
SY

ST
E

M
,

V
O

LU
M

E
3

:
B

R
IE

F
IN

G
AN

D
R

EV
IE

W
O

F
,

W
OR

K
G

.B
.

B
ra

d
sh

aw
,

e
t

a
l

(G
u

lf
G

e
n

e
ra

l
U

n
c
la

s
l

A
to

m
ic

)
.

S
e
p

.
1

9
7

2
87

p
C

SC
L

21
C

G
3

/2
8

4
6

0
9

3
~

'-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
_

.
-
-
-
-

-
-
-
-
-
-
-
-
-

G
U

L
F

G
E

N
E

R
A

L
A

T
O

M
IC

C
O

M
P

A
N

Y
P

.O
.

B
O

X
6

0
8

,
S

A
N

D
IE

G
O

,
C

A
L

IF
O

R
N

IA
9

2
1

1
2

~\
,\

\?
.1

31
47

SI
-.

~~
~
~

.
.

0
/>

:
~

/..
-y

"'-
NO

V
7

2
~
~

..
to

c-
:

c:
.

U
"
')

r"
-"

d
"

R
E

C
E

IV
iD

;:::
:'

\
r"

"'
N

A
!A

sr
i

FA
C

IL
lT

V
::<

'\
~

IN
PU

T
b~
.A
:-
'C

,.~
.'

..
..

/
v

.~
J'
;I
..
.

~,
:.

""
'L

t'f
J'

""
'

r"
/

,:.
..,

.·_
.:.

r:
:-

'O
)\I

."
',

'
-

..,'-
'

."
,

.

./
'



G
U

L
F

G
E

N
E

R
A

L
A

T
O

M
IC

G
U

L
F-

G
A

-A
J.

.2
24

2

ST
U

D
Y

O
F

R
A

D
IO

IS
O

T
O

PE
S.

A
FE

:rY
D

E
V

IC
E

S
FO

R
E

L
E

C
T

R
IC

PR
O

PU
LS

IO
N

SY
ST

EM

V
O

LU
M

E
I
n

-
B

R
IE

fi
N

G
AN

D
R

EV
IE

W
O

F
W

OR
K

B
y

G
.

B
.

B
ra

ds
ha

w
,

W
.

G
.

H
om

ey
er

,
F

.
D

.
P

o
st

u
la

,
an

d
E

.
J.

S
te

eg
er

P
re

p
ar

ed
u

n
d

er
C

o
n

tr
ac

t
N

o.
NA

S
2-

58
91

by

G
U

LF
G

EN
ER

A
L

A
TO

M
IC

CO
M

PA
NY

S
an

D
ie

go
,

C
al

if
o

rn
ia

fo
r

A
M

ES
R

ES
EA

R
C

H
C

EN
TE

R
N

A
TI

O
N

A
L

A
ER

O
N

A
U

TI
C

S
AN

D
SP

A
C

E
.A

I:1
v1

IN
IS

TR
A

TI
O

N

G
u

lf
G

en
er

al
A

to
m

ic
P

ro
je

c
t

21
13

S
ep

te
m

be
r

19
72

G
U

LF
G

E
N

E
R

A
L

A
T

O
M

IC
C

O
M

P
A

N
Y

P
.O

.
B

O
X

6
0

8
.

S
A

N
D

IE
G

O
.

C
A

L
IF

O
R

N
IA

9
2

1
1

2



FD
R

W
AR

D

T
h

is
sl

id
e

b
ro

ch
u

re
is

th
e

th
ir

d
vo

lu
m

e
of

'
a

f'
in

al
re

p
o

rt
on

th
e

se
co

nd

ph
as

e
of

'
a

st
u

d
y

on
ra

d
io

is
o

to
p

e-
-t

h
er

m
io

n
ic

po
w

er
su

p
p

ly
f'

or
e
le

c
tr

ic
p

ro
­

p
u

ls
io

n
to

th
e

o
u

te
r

p
la

n
e
ts

.
T

he
f'

ir
st

ph
as

e
f'

oc
us

ed
on

th
e

d
es

ig
n

an
d

o
p

er
at

io
n

al
d

e
ta

il
s

f'
or

th
e

5
kW

(e
)

th
er

m
o

n
ic

po
w

er
su

p
p

ly
,

w
hi

ch
is

fu
el

ed

w
it

h
4

4
.2

kW
(t

)
of

'
24

4 C
m

20
3

•
P

h
as

e-
II

co
n

ce
n

tr
at

ed
on

th
e

d
es

ig
n

an
d

an
al

y
si

s

of
'

sa
f'

et
y

eq
ui

pm
en

t
to

p
ro

te
c
t

ag
ai

n
st

d
is

p
e
rs

a
l

of
'

th
e

is
o

to
p

e
fu

e
l.

T
he

sa
f'

et
y

eq
ui

pm
en

t
in

th
is

d
es

ig
n

is
a

p
as

si
v

e
co

nt
ai

nm
en

t
sy

st
em

w
hi

ch
do

es

n
o

t
re

ly
on

th
e

o
p

er
at

io
n

of
'

an
y

m
ec

ha
ni

sm
,

su
ch

as
a

la
u

n
ch

es
ca

p
e

ro
ck

et

o
r

de
pl

oy
m

en
t

of
'

p
ar

ac
h

u
te

s
•

V
ol

um
e

I
of

'
th

is
re

p
o

rt
is

a
su

m
m

ar
y

re
p

o
rt

an
d

V
ol

um
e

II
is

th
e

co
m

pl
et

e

te
ch

n
ic

al
re

p
o

rt
.

/
'



T
he

m
aj

o
r

m
is

si
o

n
an

d
sy

st
em

c
o

n
st

ra
in

ts
o

n
w

hi
ch

th
e

st
u

d
y

w
as

b
as

ed

a
re

g
iv

en
in

th
e

ta
b

le
.

T
he

fu
ll

po
w

er
le

v
e
l

o
f

5
kW

e
is

re
q

u
ir

e
d

d
u

ri
n

g
th

e
fi

rs
t

1
0

,0
0

0
h

o
u

rs
an

d
th

e
la

s
t

1
0

,0
0

0
h

o
u

rs
o

f
th

e
m

is
si

o
n

,

w
it

h
lo

w
po

w
er

re
q

u
ir

e
d

d
u

ri
n

g
th

e
in

te
rv

e
n

in
g

6
,0

0
0

h
o

u
rs

.
S

a
fe

ty

eq
u

ip
m

en
t

re
q

u
ir

e
d

to
p

re
v

en
t

th
e

is
o

to
p

e
fr

o
m

b
ei

n
g

~
i
s
p
e
r
s
e
d

as
a

re
su

lt
o

f
a

la
u

n
ch

a
c
c
id

e
n

t
is

je
tt

is
o

n
e
d

a
ft

e
r

th
e

po
w

er
su

p
p

ly

a
tt

a
in

s
h

y
p

er
b

o
li

c
sp

ee
d

re
la

ti
v

e
to

th
e

e
a
rt

h
.



M
IS

SI
ON

AN
D

SY
ST

EM
CO

NS
TR

AI
NT

S

RA
DI

OI
SO

TO
PE

PO
W

ER
LE

VE
L

M
IS

SI
ON

DU
RA

TI
ON

LA
UN

CH
VE

HI
CL

E

LA
UN

CH
TR

AJ
EC

TO
RY

SA
FE

TY
PH

IL
OS

OP
HY

SA
FE

TY
EQ

UI
PM

EN
T

C
M
~
2
4
4

5
KW

(E
)

36
,0

00
HR

S

TI
TA

N
III

-D
/C

EN
TA

U
R

DI
RE

CT
IN

JE
CT

IO
N

TO
HY

PE
RB

OL
IC

IN
TA

CT
TH

RO
UG

H
IM

PA
CT

JE
TT

IS
ON

ED
AF

TE
R

LA
UN

CH



~
t

la
u

n
ch

,
th

e
re

fe
re

n
c
e

d
es

ig
n

po
w

er
su

p
p

ly
c
o

n
si

st
s

o
f

th
e

ra
d

io
is

o
to

p
e

h
ea

t
so

u
rc

e,
th

e
c
o

n
v

e
rt

e
r

as
se

m
b

ly
,

an
d

sa
fe

ty
eq

u
ip

m
en

t.
T

he
h

ea
t

so
u

rc
e

c
o

n
si

st
s

o
f

th
e

ra
d

io
is

o
to

p
e

ca
p

su
le

s
an

d
th

e
ca

p
su

le
h

o
ld

e
r.

T
he

c
o

n
v

e
rt

e
r

as
se

m
b

ly
in

cl
u

d
es

e
m

it
te

r
h

ea
t

p
ip

e
s,

th
er

m
io

n
ic

c
o

n
v

e
rt

e
rs

,
e
le

c
tr

ic
a
l

le
a
d

s,
a

b
e
ry

ll
iu

m
n

eu
tr

o
n

sh
ie

ld
,

an
d

a
sp

ac
e

ra
d

ia
to

r.
T

he
sa

fe
ty

eq
u

ip
­

m
en

t
in

cl
u

d
es

an
a
u

x
il

ia
ry

co
o

L
in

g
sy

st
em

w
it

h
h

ea
t

p
ip

es
an

d
a

w
at

er

c
ir

c
u

la
ti

o
n

sy
st

em
,

li
th

iu
m

h
y

d
ri

d
e

n
eu

tr
o

n
sh

ie
ld

in
g

,
a

se
co

n
d

ar
y

co
n

­

ta
in

m
en

t
v

e
ss

e
l

fo
r

th
e

ra
d

io
is

o
to

p
e
,

a
re

e
n

tr
y

sh
ie

ld
,

a
fi

re
sh

ie
ld

,
an

en
la

rg
ed

ae
ro

dy
na

m
ic

fl
a
re

,
an

d
an

im
pa

ct
en

er
g

y
a
b

so
rb

e
r.



HELIUM COOLANT
CIRCULATION CHAMBE

AUXILIARY HEAT PIPE

EMITTER HEAT PIPE

THERMIONIC CONVERTER

PRESSURE SEAL

a) OVERALL VIEW

REENTRY THERMAL SHIELD

HONEYCOMB

iH SHIELDING

CAPSULE

LiH & Zr02 FIRE SHIELD

BERYLLIUM SHIELD

GUIDE RAILS



T
he

c
y

li
n

d
ri

c
a
J.

o
u

te
r

sh
e
ll

o
f

th
e

sa
fe

ty
eq

u
ip

m
en

t
is

0.
55

6
m

et
er

in

d
ia

m
et

er
b

y
3.

11
m

et
er

s
lo

n
g

.
T

he
2.

44
m

et
er

b
as

e
d

ia
m

et
er

o
f

th
e

a
e
ro

­

dy
na

m
ic

fl
a
re

in
th

e
re

fe
re

n
c
e

d
e
si

g
n

ca
n

b
e

in
c
re

a
se

d
to

a
s

m
uc

h
a
s

0
.6

m
et

er
s

to
p

ro
d

u
ce

a
lo

w
er

h
y

p
er

so
n

ic
b

a
ll

is
ti

c
c
o

e
ff

ic
ie

n
t.



113.8

em
o

1.9

75·3

85·3

100.2

156.7

164·7

192·7

J..N.------ 216.8

___-'- --t..~1-311
244 em.

-i~~~SE~" ----..::l~-- 279.7

256.8

I..



A
ft

er
th

e
po

w
er

su
p

p
ly

h
as

be
en

a
c
c
e
le

ra
te

d
to

h
y

p
er

b
o

li
c

sr
ee

d
re

la
ti

v
e

to
th

e
e
a
rt

h
,

th
e

se
co

n
d

ar
y

co
n

ta
in

m
en

t
is

op
en

ed
by

b
re

ak
in

g
th

e
se

a
l

be
tw

ee
n

th
e

fl
ig

h
t

sy
st

em
an

d
sa

fe
ty

eq
u

ip
m

en
t.

T
he

fl
ig

h
t

sy
st

em
is

w
it

hd
ra

w
n

fr
om

th
e

sa
fe

ty
eq

u
ip

m
en

t,
re

m
ov

in
g

th
e

a
u

x
il

ia
ry

h
ea

t
p

ip
es

fr
om

w
it

h
in

th
e

ra
d

io
is

o
to

p
e

h
ea

t
so

u
rc

e.



SA
FE

TY
EQ

U
IP

M
EN

T
PA

CK
A

G
E

..
::
.~

'.
:'

.
::

);
.,

'.
:~

'...
..

·A
U

X
IL

IA
R

Y
H

EA
T

P
IP

E

S
e
p

a
ra

ti
o

n
o

f
sa

fe
ty

eq
u

ip
m

en
t

fr
o

m
fl

ig
h

t
sy

st
em

FL
IG

H
T

SY
ST

EM



T
he

c
o

n
fi

g
u

ra
ti

o
n

o
f

th
e

ra
d

io
is

o
to

p
e

po
w

er
su

p
p

ly
in

h
e
li

o
c
e
n

tr
ic

fl
ig

h
t

is
sh

ow
n.

A
p

o
rt

io
n

o
f

th
e

ra
d

io
is

o
to

p
e

h
ea

t
g

en
er

at
ed

in
th

e
h

e
a
t

so
u

rc
e

is
co

n
v

er
te

d
to

e
le

c
tr

ic
it

y
in

th
e

th
er

m
io

n
ic

c
o

n
v

e
rt

e
rs

an
d

tr
a
n

sn
it

te
d

to

th
e

po
w

er
co

n
d

it
io

n
in

g
eq

ui
pm

en
t

w
hi

ch
is

lo
c
a
te

d
a
t

th
e

p
ay

lo
ad

.
T

he

w
as

te
h

ea
t

is
tr

a
n

sf
e
rr

e
d

th
ro

u
g

h
th

e
n

u
cl

ea
r

ra
d

ia
ti

o
n

sh
ie

ld
an

d
ra

d
ia

te
d

to
sp

ac
e

fr
om

th
e

ra
d

ia
to

r
h

ea
t

p
ip

e
s.



F
L

IG
H

T
C

O
N

F
IG

U
R

A
T

IO
N

EL
EC

TR
IC

A
L

LE
A

D

TH
ER

M
IO

N
IC

C
O

N
V

ER
TE

R
S

R
A

D
IA

TO
R

H
EA

T
P

IP
E

S
IN

SU
IA

T
E

D
FO

R
PA

SS
A

G
E

TH
RO

U
G

H
B

e
SH

IE
L

D

~C
TI
ON

O
F

PA
Y

LO
A

D



T
he

24
4 C

m
20

3
ra

d
io

is
o

to
p

e
is

co
n

ta
in

ed
in

13
6

ca
p

su
le

s
o

f
tu

n
g

st
en

25
%

rh
en

iu
m

a
ll

o
y

.
E

ac
h

ca
p

su
le

is
si

ze
d

to
al

lo
w

v
o

id
vo

lu
m

e
fo

r
h

el
iu

m

ac
cu

m
u

la
ti

o
n

o
v

er
a

p
er

io
d

O
f

15
0

d
ay

s.
D

ur
in

g
th

e
m

is
si

o
n

th
e

h
el

iu
m

g
as

is
re

le
a
se

d
th

ro
u

g
h

a
p

o
ro

u
s

p
lu

g
o

f
tu

n
g

st
en

25
%

rh
en

iu
m

a
ll

o
y

.

T
he

p
l
~
g

is
si

ze
d

to
m

ai
n

ta
in

a
h

el
iu

m
p

re
ss

u
re

o
v

er
th

e
fu

e
l

to
su

p
p

re
ss

th
e

v
ap

o
ri

za
ti

o
n

o
f

fu
e
l.



IS
O

T
O

P
E

F
U

E
L

C
A

P
S

U
L

E T
IG

w
tl

D

RE
.T

A
\N

E.
R

R
IN

G

.,oc
.m·

-11
~

\
L

R
U

P
T

U
R

E
..

D
IS

K

'-
PO

R
O

U
S

,U
N

G
5T

E
.N

-2
.5
~R
e

,...
.

3
/

.C
D5

(1
11

.
~
f

3'
em

.
~1
.c
S em
.

.IO
C

M
.

--
--

..

t
~

•9
98

c.
m

.0
\1

\.

.0
5(

11
).



H
ea

t
is

tr
a
n

sf
e
rr

e
d

fr
om

th
e

ra
d

io
is

o
to

p
e

ca
p

su
le

s
to

th
e

e
m

it
te

r
h

ea
t

p
ip

e
s

by
th

er
m

al
ra

d
ia

ti
o

n
.

In
th

e
la

u
n

ch
c
o

n
fi

g
u

ra
ti

o
n

,
th

e
re

ar
e

a
u

x
il

ia
ry

h
ea

t
p

ip
es

in
se

rt
e
d

be
tw

ee
n

th
e

ra
d

io
is

o
to

p
e

ca
p

su
le

s
an

d
th

e

e
m

it
te

r
h

ea
t

p
ip

e
s

w
hi

ch
re

m
ov

e
th

e
is

o
to

p
ic

h
ea

t
by

co
n

d
u

ct
io

n
th

ro
u

g
h

h
el

iu
m

g
as

.
T

he
h

ea
t

so
u

rc
e

is
co

v
er

ed
w

it
h

m
u

lt
i-

fo
il

th
er

m
al

in
su

la
ti

o
n

to
re

d
u

ce
h

e
a
t

le
ak

ag
e.



R
A

D
IO

IS
O

TO
P

E
H

E
A

T
S

O
U

R
C

E
O

UT
ER

G
R

ID
P

L
A

n
LA

I.J
NC

H
C
O
N
F
I
~
I
O
N

SH
O

W
N

IN
T

H
IS

SE
C

TO
R

A
lJ

X
IL

IA
R

Y
H

E
A

T
P

IP
E

SE
CT

IO
N

A
-A

IN
N

ER
G

R
ID

PL
AX

I



T
he

th
er

m
io

n
ic

co
n

v
er

te
r

c
o

n
si

st
s

o
f

a
tu

n
g

st
e
n

e
m

it
te

r
an

d
n

io
b

iu
m

c
o

ll
e
c
to

r
w

it
h

ce
si

u
m

p
re

ss
u

re
m

ai
n

ta
in

ed
in

th
e

in
te

re
le

c
tr

o
d

e
sp

ac
e

by

a
g

ra
p

h
it

e
so

rp
ti

o
n

-t
y

p
e

ce
si

u
m

re
se

rv
o

ir
.

H
ea

t
is

tr
a
n

sf
e
rr

e
d

to
th

e

e
m

it
te

r
by

a
h

ea
t

p
ip

e
in

te
g

ra
l

w
it

h
th

e
e
m

it
te

r.
T

he
v

ap
o

r
sp

ac
e

in
th

e

h
e
a
t

p
ip

e
is

se
p

ar
at

ed
fr

om
th

e
li

q
u

id
sp

ac
e

by
a

p
o

ro
u

s
tu

b
e
.

H
ea

t
is

re
m

ov
ed

fr
om

th
e

c
o

ll
e
c
to

r
o

f
th

e
th

er
m

io
n

ic
co

n
v

er
te

r
by

a
c
o

ll
e
c
to

r
h

e
a
t

p
ip

e
.

T
he

ra
d

ia
to

r
h

e
a
t

p
ip

e
is

in
se

rt
e
d

in
th

e
so

ck
et

in
th

e
b

as
e

o
f

th
e

c
o

ll
e
c
to

r
h

ea
t

p
ip

e
.



THERMIONIC CONVERTER

INSULATOR SEAL

EMITTER LEAD

POROUS TUBE FOR
COLLECTOR HEAT PIPE

EMITTER HEAT PIPE

POROUS
TUBE

HEAT
PIPE
VAPOR
SPACE

TRANSITION PIECE

COLLECTOR LEAD-..-iiWh

GRAPHITE CESIUM
RESERVOIR



O
f

th
e

69
th

er
m

io
n

ic
co

n
v

er
te

r
m

od
ul

es
in

o
p

e
ra

ti
o

n
a
t

th
e

b
eg

in
n

in
g

o
f

li
fe

(B
O

L)
,

it
is

as
su

m
ed

th
a
t

59
w

il
l

re
m

ai
n

in
o

p
e
ra

ti
o

n
a
t

th
e

en
d

o
f

li
fe

(E
O

L
).

T
he

re
d

u
c
ti

o
n

in
n

et
o

u
tp

u
t

o
v

er
th

e
li

fe
ti

m
e

o
f

th
e

po
w

er

su
p

p
ly

re
su

lt
s

fr
om

d
ec

ay
o

f
th

e
ra

d
io

is
o

to
p

e
fu

e
l

as
w

el
l

as
th

e

p
o

st
u

la
te

d
fa

il
u

re
o

f
1

0
o

f
th

e
co

n
v

er
te

r
m

o
d

u
le

s.



EL
EC

TR
IC

AL
PE

RF
OR

MA
NC

E
PA

RA
M

ET
ER

S

BO
L

EO
L

NU
MB

ER
OF

OP
ER

AT
IN

G
CO

NV
ER

TE
RS

69
59

NE
T

OU
TP

UT
(K

W
E)

5.
93

5.
00

OV
ER

AL
L

EF
FI

CI
EN

CY
(%

)
13

.4
13

.2

TO
TA

L
TH

ER
MA

L
PO

WE
R

(K
W

T)
44

.2
37

.7
8

VO
LT

AG
E

TO
P.

C.
(V

OL
TS

)
15

.2
14

.9



T
he

m
as

s
o

f
th

e
po

w
er

su
p

p
ly

p
ri

o
r

to
je

tt
is

o
n

o
f

th
e

sa
fe

ty
eq

u
ip

m
en

t

is
72

3.
5

k
g

w
h

ic
h

re
p

re
se

n
ts

th
e

su
m

o
f

th
e

m
as

se
s

o
f

th
e

fl
ig

h
t

sy
st

em

an
d

o
f

th
e

sa
fe

ty
eq

u
ip

m
en

t.



SY
ST

EM
MA

SS
SU

MM
AR

Y

EX
TE

ND
ED

M
IS

SI
ON

SY
ST

EM

DI
SP

OS
AB

LE
SA

FE
TY

EQ
UI

PM
EN

T

TO
TA

L
MA

SS
AT

LA
UN

CH

1
4

8
.5

KG

57
5.

3
KG

72
3.

8
KG



T
h

is
c
h

a
rt

sh
ow

s
th

e
d

is
tr

ib
u

ti
o

n
o

f
m

as
s

fo
r

th
e

m
aj

o
r

fl
ig

h
t

sy
st

em
co

m
po

ne
nt

s.
T

he
to

ta
l

fl
ig

h
t

sy
st

em
m

as
s

is
1

5
5

.5
kg

,
w

hi
ch

re
su

lt
s

in
a

sy
st

em
fl

ig
h

t
sp

e
c
if

ic
po

w
er

o
f

28
4

w
at

ts
"C

el
)/

kg
.

A
la

rg
e

p
o

rt
io

n
o

f
th

e
m

as
s

is
a
tt

ri
b

u
te

d
to

th
e

b
er

y
ll

iu
m

n
eu

tr
o

n
sh

ie
ld

(2
5%

),
w

hi
ch

is
d

es
ig

n
ed

to
li

m
it

th
e

n
eu

tr
o

n
do

se
to

<
10

12
n

o
t

o
v

er
a

tw
o

-m
et

er
d

ia
m

et
er

p
la

n
e

in
3

6
,0

0
0

h
o

u
rs

,
an

d
to

po
w

er
co

n
d

it
io

n
in

g
an

d
tr

an
sm

is
si

o
n

(3
0%

).



CU
RI

UM
IS

OT
OP

E
CA

PS
UL

ES

HE
AT

SO
UR

CE
ST

RU
CT

UR
E,

IN
SU

LA
TI

ON

EM
IT

TE
R

HE
AT

PI
PE

S,
TI

DI
OD

ES

RA
DI

AT
OR

HE
AT

PI
PE

S,
RA

DI
AT

OR

BE
RY

LL
IU

M
NE

UT
RO

N
SH

IE
LD

,
BL

AS
T

SH
IE

LD

TR
AN

SM
IS

SI
ON

LI
N

ES
,

BO
OM

S,
PO

WE
R

CO
ND

IT
IO

NE
R

TO
TA

L

2
9

.2
kg

15
.5

kg

15
.4

kg

9.
5

kg

30
.0

kg

48
.9

kg

14
8.

5
kg



T
h

is
ta

b
le

g
iv

es
a

br
ea

kd
ow

n
o

f
th

e
m

aj
o

r
sa

fe
ty

sy
st

em
co

m
po

ne
nt

s
an

d
th

e
ir

d
es

ig
n

m
as

se
s.

T
h

is
sy

st
em

re
p

re
se

n
ts

79
%

o
f

th
e

la
u

n
ch

m
as

s,
b

u
t

h
as

o
n

ly
a

sm
al

l
in

fl
u

e
n

c
e

on
p

ay
lo

ad
m

as
s

si
n

ce
it

is
e
je

c
te

d
e
a
rl

y
in

th
e

m
is

si
o

n
.

M
os

t
o

f
th

e
sa

fe
ty

sy
st

em
m

as
s

is
a
ss

o
c
ia

te
d

w
it

h
re

e
n

tr
y

p
ro

te
c
ti

o
n

(2
6%

),
st

ru
c
tu

re
(2

5%
)

an
d

th
e

fi
re

sh
ie

ld
(1

2%
).



RE
EN

TR
Y

HE
AT

IN
G

PR
OT

EC
TI

ON

IM
PA

CT
PR

OT
EC

TI
ON

MA
SS

ZI
RC

ON
IA

/L
iH

FI
RE

SH
IE

LD

D
H

BI
OL

OG
IC

AL
SH

IE
LD

ST
RU

CT
UR

E,
LA

UN
CH

CO
OL

IN
G,

JE
TT

IS
ON

EQ
.

AU
XI

LI
AR

Y
RA

DI
AT

OR

BL
AS

T
SH

IE
LD

,
RE

CO
VE

RY
AI

DS

TO
TA

L

s

15
2.

0
kg

60
.8

kg

67
.5

kg

78
.6

kg

14
3.

5
kg

32
.5

kg

40
.4

kg

57
5.

3
kg



A
su

m
m

ar
y

o
f

th
e

e
le

c
tr

ic
a
l
p
o
w
~
r

o
u

tp
u

t
fr

om
th

e
sy

st
em

a
t

b
e
g

in
n

in
g

-o
f-

li
fe

(B
O

L)
an

d
e
n

d
-o

f-
li

fe
(E

O
L

),
a
ft

e
r

3
6

,0
0

0
h

o
u

rs
,

is
sh

ow
n.

A
ls

o
sh

ow
n

is
su

m
m

ar
y

o
f

th
e

m
as

se
s

o
f

th
e

m
aj

o
r

co
m

po
ne

nt
s

o
f

th
e

sy
st

em
an

d
o

v
e
ra

ll
d

im
en

si
o

n
s.

Fr
om

th
is

c
h

a
rt

it
is

se
en

th
a
t

th
e

to
ta

l
m

as
s

a
t

la
u

n
ch

is
7

3
0

.8
kg

w
h

il
e

th
e

m
as

s
o

f
th

e
ex

te
n

d
ed

m
is

si
o

n
fl

ig
h

t
sy

st
em

is
1

5
5

.5
k

g
.



RADIOISOTOPE THEW1IONIC POYfR SUPPLY

ELECTRICAL BOL EOL

NUMBER OF OPERATING CONVERTERS 69 59

NET OUTPUT (kWe) 5.93 5.0

OVERALL EFFICIENCY (%) 13.4 13.2

TOTAL THERMAL POWER (kWt) 44.2 37.77

VOLTAGE TO P.C. (VOLTS) 15.2 14.9

PHYSICAL

FLIGHT SYSTEMS MASS 148.5 KG

SAFETY SYSTEM MASS 575.3 KG

TOTAL MASS 723.8 KG

OVERALL LENGTH 3.11 METERS

SAFETY RADIATOR DIAMETER 0.556 METERS

FLARE DIAMETER 2.44 METERS
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lAUNCH PAD FIRE PIUlECTIOO

HEAT STORAGE

INSULATION

INSULATION/HEAT STORAGE

THERMAL SWITCH MATERIALS

DIFFERENTIAL EXPANSION RADIATION SHIELDS

MODIFIED AUXILIARY RADIATOR DESIGN
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ALTERNATE ABORT CONFIGURATIONS CONSIDERED

- RTPS NOSE FORWARD ATTITUDE SELECTED

RANGE OF REENTRY TRAJECTORIES SUPPLIED BY NASA AMES CONSIDERED

- FLIGHT PATH ANGLES FROM -100 TO -900

- 900 LAUNCH AZIMUTH
- LOW EARTH ORBIT REENTRY

TRANSIENT AERODYNAMIC HEATING ANALYSIS FOR BRACKETING WORST CASE

THERMAL PROTECTION SYSTEM SELECTED FOR ANALYSIS

- PYROCARB 406 ABLATOR
- ZIRCONIA FELT INSULATION
- STAINLESS STEEL STRUCTURE

TRANSIENT MASS LOSS RATES OF ABLATOR COMPUTED
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STEADY STATE:

TRANSIENT ANALYSIS:

ENERGY ABSORPTION

SENSIBLE HEAT
LATENT HEAT
VAPORIZATION HEAT

TEMPERATURE DROP

FIRE ENVIRONMENT
INTERNAL HEAT

HEAT PIPE TEMPERATURE LIMITS

GGA TAC-2D THERMAL ANALYZER DIGITAL COMPUTER
CODE

DETAILED MODEL OF ALL SUBSYSTEMS

CONDUCTIVITY, LATENT HEATS, SPECIFIC HEATS,
TEMPERATURE DEPENDENCE

VARIABLE BOUNDRY CONDITIONS

LUMPED MODEL USED FOR VERIFICATION
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DESIGN TERMINAL VELOCITY 45 M/SEC
(147 FPS)

DESIGN IMPACT DECELERATION 200 GIS

HONEYCOMB THICKNESS 0.73 M

KINETIC ENERGY ABSORBED 4.8(10)5 J

HONEYCOMB MASS 25.1 KG

AERODYNAMIC FLARE MASS 35.7 KG

IMPACT PROTECTION MASS 60.8 KG
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Encapsulation costs

Emitter heat pipes

Thermionic converters

Radiator heat pipes

Power conditioning

Beryllium shield

FLIGHT SYSTEM COSTS

Unit Cost

$ 100/thermal watt

$ 15,000/capsule

$ 5,000

$ 5,000

$ 2,000

$ 2,000/module

$ 700/ 1b

Item Cost (103 $)

4,420

2,040

38

Heat source case & insulation

Safety System

Auxiliary heat pipes

Fire shield

LiH shielding

Reentry heat shield

Structure

Assembly operations

Launch support equipment

Auxiliary prelaunch shielding

$ 750

TOTAL

20

300

30

50

60
40

200

100

30

8,172


