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Abs t rac t  

The three-stage Taurus-Nike-Tomahawk launch 
v e h i c l e  i s  be ing considered f o r  performance en- 
hancement o f  t h e  e x i s t i n g  Taurus-Tomahawk f l i g h t  
system. I n  a d d i t i o n ,  performance enhancement o f  
o t h e r  e x i s t i n g  two-stage launch veh ic les  i s  be ing 
considered through t h e  use o f  tandem booster  
systems. A e r o b a l l i s t i c  c h a r a c t e r i s t i c s  o f  t h e  
proposed Taurus-Nike-Tomahawk v e h i c l e  a r e  pre- 
sented, as a r e  o v e r a l l  performance c a p a b i l i t i e s  
o f  o t h e r  p o t e n t i a l  three-stage f l i g h t  systems. 

I n t r o d u c t i o n  

The NASA Sounding Rocket Program prov ides a 
means f o r  conduct ing Space Science and App l i -  
c a t i o n s  research i n  t h e  near-ear th environment. 
A number of s u b o r b i t a l  r o c k e t  v e h i c l e  systems 
a r e  c u r r e n t l y  used f o r  t h i s  purpose (Table I ) .  

The m a j o r i t y  o f  Upper Atmosphere and Plasaa 
Physics research i s  a t t a i n e d  through t h e  use o f  
t h e  Tomahawk (9- inch d iameter) ,  Or ion (14-inch 
d iameter)  and Malemute (16- inch diameter) f l i g h t  
systems. Accord ing ly ,  t h e  m a j o r i t y  o f  Solar  and 
Astronomy research i s  a t t a i n e d  us ing  heavier  pay- 
loads f lown on Black-Brant (17.25-inch diameter) 
f l i g h t  systems w i t h  t h e  very heavy, l a r g e  d i -  
ameter payloads i n  these d i s c i p l i n e s  being f lown 
on t h e  boost-guided A r i e s  veh ic le .  

I n  recen t  years, experimental requirements 
have been expressed f o r  s c i e n t i f i c  measurements a t  
the  h igher  a l t i t u d e s - - i . e .  above 600 km--part ic- 
u l a r l y  i n  t h e  Plasma Physics d i s c i p l i n e .  I n  1978, 
t h e  c o s t  e f f e c t i v e  Taurus-Tomahawk system was 
developed t o  he lp  s a t i s f y  t h e  h igher  a l t i t u d e  re -  
quirement f o r  1 igh twe igh t  payloads (60-80 1 b!! 
More r e c e n t l y ,  t h e  Black Bran t  X three-stage sys- 
tem has been developed t o  p rov ide  1.000 k i lomete rs -  
p lus  a l t i t u d e  c a p a b i l i t y .  

TABLE I -PRIMARY NASA SOUNDING ROCKETS 

TOMAHAWK FAMILY . . . . . . . . . . . . . .  9 IN. PRINCIPAL DIAMETER 
NIKE-TOMAHAWK 
TAURUS-TOMAHAWK 

ORION FAMILY . . . . . . . . . . . . . . .  14 IN. PRINCIPAL DIAMETER 
ORION 
NIKE-ORION 
TAURUS-ORION 

MALEMUTE FAMILY . . . . . . . . . . . . . .  16 IN. PRINCIPAL DIAMETER 
NIKE-MALEMUTE 
TERRI ER-14ALEMUTE 

BLACK BRANT V FAMILY. . . . . . . . . . . .  17.26 IN. PRINCIPAL DIAMETER 
BLACK BRANT V 
NIKE-BLACK BRANT V 
TERRIER-BLACK BRANT V (BLACK BRANT IX)  
TERRIER-BLACK BRANT V - NIKKA (BLACK BRANT X) 

*Aerospace Engineer, Performance and Ana lys is  
Sect ion, Sounding Rocket and Bal loon P r o j e c t s  
Branch 

**Head, Performance and Ana lys is  Sect ion, 
Sounding Rocket and Ba l loon  P r o j e c t s  
Branch, Member AIAA 
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Government and therefore is in the public domain. 

D
ow

nl
oa

de
d 

by
 N

A
SA

 L
A

N
G

L
E

Y
 R

E
SE

A
R

C
H

 C
E

N
T

E
R

 o
n 

O
ct

ob
er

 1
4,

 2
02

6 
| h

ttp
://

ar
c.

ai
aa

.o
rg

 | 
D

O
I:

 1
0.

25
14

/6
.1

98
2-

17
42

 

http://crossmark.crossref.org/dialog/?doi=10.2514%2F6.1982-1742&domain=pdf&date_stamp=2012-08-17


Since i t s  development, t h e  Taurus-Tomahawk 
v e h i c l e  has been s u c c e s s f u l l y  u t i l i z e d  f o r  t h e  
t e n  f l i g h t  miss ions d e t a i l e d  i n  Table 11. The 
o r i g i n a l  chemical re lease  payload f lown on t h e  
Taurus-Tomahawk launch v e h i c l e  was r e l a t i v e l y  
s h o r t  and 1 i g h t w e i g h t  (42 inches long,  approx i -  
mately 60 pounds). The apogee performance cap- 
a b i l i t y  w i t h  these payloads has been i n  excess o f  
550 km. A new c l a s s  o f  chemical re lease  payloads 
w i t h  added s c i e n t i f i c  i ns t rumenta t ion  have been 
designed and a r e  c u r r e n t l y  be ing f lown on t h e  
Taurus-Tomahawk. Wi th t h e  g r e a t e r  weight  o f  t h e  
new payloads (115-120 pounds) t h e  apogee capab i l -  
i t y  has dropped by approx imate ly  100 km. Also, 
t h e  l e n g t h  o f  these payloads a r e  approaching t h e  
70-inch maximum l i m i t  f o r  t h e  Taurus-Tomahawk (due 
t o  a e r o e l a s t i c  s t a b i l i t y  cons idera t ions ) .  I n  
o rder  t o  enhance t h e  performance c a p a b i l i t y  o f  t h e  
Tomahawk f l i g h t  system, cons idera t ion  has been 
g iven t o  t h e  f e a s i b i l i t y  o f  u t i l i z i n g  a th ree-  
stage v e h i c l e  composed o f  a tandem booster  system. 

Taurus-Nike-Tomahawk 

The proposed tandem booster  system t o  be used 
w i t h  t h e  performance-enhanced Tomahawk v e h i c l e  i s  
composed o f  t h e  Taurus (Improved Honest John M31A1) 
r o c k e t  motor as t h e  f i r s t  stage w i t h  t h e  Nike 
( ~ 5 ~ l ) r o c k e t  motor as t h e  second stage. Launch 
c o n f i g u r a t i o n  f o r  t h e  proposed Taurus-Nike-Toma- 
hawk v e h i c l e  i s  shown i n  F igure  1. The Nike motor 
i s  e a s i l y  adapted t o  t h e  Taurus through t h e  use 
o f  t h e  e x i s t i n g  Taurus forward adapter (used on 
Taurus-Orion and Taurus-Tomahawk v e h i c l e s )  and a 
s tandard Nike-Nike in te rs tage .  The Nike-Tomahawk 
adapter  would be mod i f ied  t o  i n c l u d e  a clamp sys- 
tem and associated e l e c t r o n i c s  t o  prevent  pre-  
mature drag separa t ion  o f  t h e  second and t h i r d  
stages. The t imed re lease  o f  t h e  clamp would 
a l l o w  drag separa t ion  t o  occur a t  second stage 
burnout.  

TABLE I 1  - TAURUS-TOMAHAWK LAUNCH HISTORY 

VEHICLE NUMBER 

12.1005 WT 

12.1003 UE 

12.1004 UE 

34.001 UE 

34.002 UE 

34.003 UE 

34.004 UE 

34.005 UE 

34.007 UE 

34.008 UE 

PAYLOAD WEIGHT 

62.3 lbs .  

61.7 l b s .  

62.1 lbs .  

60.9 l b s .  

59.7 lbs .  

69.3 lbs .  

59.7 l b s .  

99.0 lbs .  

57.25 lbs. 

115.0 lbs .  

LAUNCH DATE 

10-31-78 

03-23-79 

04-01-79 

03-19-80 

03-22-80 

03-16-80 

04-01-81 

03-25-81 

03-15-82 

03-30-82 

LAUNCH RANGE 

W I  

PFRR 

PFRR 

PFRR 

PFRR 

PFRR 

PFRR 

PFRR 

PFRR 

PFRR 

PAYLOAD TE 416 MOTOR M5E1 MOTOR M31AI MOTOR 

TAURUS - NlKE - TOMAHAWK CTNTI LAUNCH VEHICLE 
DIMENSIONS IN CM 

FIGURE 1 
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The Taurus f i r s t  s tage f i n  panels a r e  mod i f ied  
from standard t rapezo ida l  planform, diamond-prof i 1 e 
booster  f i n s  used on t h e  t a c t i c a l  Nike-Ajax a n t i -  
a i r c r a f t  system. Each panel i s  trimmed a t  t h e  
t i p ,  r ducing exposed f i n  area f rom 5.7 f t 2  t o  5 4.8 f t . Untrimned panels  cou ld  be used i f  needed 
f o r  added s t a b i l i t y  w i t h  ve ry  l i g h t  payloads. A 
M31A1 t a c t i c a l  nozz le  shroud and f i n - a t t a c h  hard- 
ware a r e  u t i l i z e d ,  w i t h  t h e  f i n s  mounted i n  a 
c r u c i f o r m  c o n f i g u r a t i o n .  

Second stage f i n  panels a r e  Aerolab 2.5 ft2 
Nike f i n s  w i t h  a capped l e a d i n g  edge. Due t o  t h e  
heav ie r  f i n  panels, t h e  f i n l s h r o u d  assembly i s  
approx imate ly  30 pounds heav ie r  than t h e  s tandard 
NASA Nike booster  c r u c i f o r m  f i n l s h r o u d  assembly. 
The t h i r d  s tage f i n l s h r o u d  assembly i s  s tandard 
Thiokol  Tomahawk hardware; t h e  f i n  anels  have 9 an exposed area o f  1.85 ft2 (266 i n  ) and a r e  
mounted i n  a c r u c i f o r m  arrangement, i n - l i n e  w i t h  
t h e  f i r s t  and second stage f i n s .  

PERF(RIUNCE S W R Y  FOR THE T D U H * W K  FUllLY OF SOUNDING ROCKETS 

I re. level launch. 85 dcg. QE I 

F igure  2 - Performance Summary f o r  Tomahawk 
Veh ic le  Family 

Pred ic ted  performance c h a r a c t e r i s t i c s  f o r  t h e  
proposed Taurus-Nike-Tomahawk v e h i c l e  have been 
evaluated and a r e  compared w i t h  Nike-Tomahawk 
and Taurus-Tomahawk performance c a p a b i l i t y  i n  
F igure  2. For t h e  l i g h t e r  payload weights, the  
Taurus-Tomahawk has approx imate ly  100 km addi -  
t i o n a l  a l t i t u d e  c a p a b i l i t y  over  the  Nike-Tomahawk. 
Likewise, t h e  Taurus-Nike-Tomahawk v e h i c l e  has 
200 km a d d i t i o n a l  a l t i t u d e  c a p a b i l i t y  over  t h e  
Taurus-Tomahawk. It i s  obvious t h a t  t h e  proposed 
three-stage system has 600-plus km a l t i t u d e  
c a p a b i l i t y  f o r  a payload weight  o f  100 pounds a t  
h igh  launch e l e v a t i o n  angles. 

A l i m i t e d  a e r o b a l l i s t i c  a n a l y s i s  has been 
performed f o r  t h e  proposed Taurus-Nike-Tomahawk 
t o  e s t a b l i s h  t h e  f e a s i b i l i t y  o f  t h e  system as a 
h igh  performance a d d i t i o n  t o  t h e  NASA s t a b l e  of 
opera t iona l  launch vehic les.  Phys ica l  p r o p e r t i e s  
o f  t h e  v e h i c l e  system ( l e s s  payload) a r e  summa- 
r i z e d  i n  Table 111. For t h e  a e r o b a l l i s t i c  para- 
meters presented here, a payload w i t h  t h e  f o l l o w i n g  
c h a r a c t e r i s t i c s  was assumed: 

l e n g t h  - 66 inches 

diameter - 9 inches 

0 nose shape - 3: l  og ive  

weight  - 120 pounds 

cen te r  o f  g r a v i t y  - 30 inches from base 

0 p i t c h  moment o f  i n e r t i a  - 5.5 s l u g - f t z  

0 r o l l  moment o f  i n e r t i a  - 0.26 s l u g - f t  2 

F l i g h t  performance c h a r a c t e r i s t i c s  were 
determined by us ing  t h e  NASA SG-GEM computer pro-  
gram. Th is  program determines t h e  f l i g h t  t r a j e c -  
t o r y  o f  a v e h i c l e  i n  three-dimensional space, as 
i t  i s  ac ted  upon by r o c k e t  motor t h r u s t ,  v e h i c l e  
weight  and aerodynamic fo rces ,  r e l a t i v e  t o  a 
r o t a t i n g  o b l a t e  sphero id ear th.  The r e s u l t s  o f  
t h e  t r a j e c t o r y  s imu la t ion ,  which assumes a launch 
e l e v a t i o n  ang le  o f  83" f rom a sea l e v e l  s i t e ,  can 
be found i n  F igures 3 through 6. Nike i g n i t i o n  

TABLE I 1 1  - TAURUS NIKE TOMAHAWK PHYSICAL PROPERTIES ( l e s s  payload) 

Event 

Taurus I g n i t i o n  

Taurus Burnout 

Nike I g n i t i o n  

Ni ke Burnout 

Tomahawk I g n i t i o n  

Tomahawk I g n i t i o n  +2 

Tomahawk I g n i t i o n  +4 

Tomahawk I g n i t i o n  +6 

Tomahawk I g n i t i o n  +7 

Tomahawk I g n i t i o n  +8 

Tomahawk Burnout 

Nominal Time 
(Seconds) 

0.0 

3.515 

8.0 

11.54 

18.0 

20.0 

22.0 

24.0 

25.0 

26.0 

26.93 

Meight  
(Pounds) 

4916.00 

3237.75 

1910.90 

1155.90 

547.00 

451.00 

348.00 

252.00 

211.00 

174.00 

149.60 

C. G. 
( Inches)  

167.739 

204.093 

114.129 

136.002 

70.49 

71.74 

70.81 

66.55 

61.81 

52.42 

44.09 

C. G. 
Reference 

Taurus NEP 

Taurus NEP 

Nike NEP 

Nike NEP 

Tomahawk NEP 

Tomahawk NEP 

Tomahawk NEP 

Tomahawk NEP 

Tomahawk NEP 

Tomahawk NEP 

Tomahawk NEP 

I Y Y  
( s l u g - f t 2 )  

12867.987 

9731.173 

2224.214 

1837.627 

202.08 

174.56 

146.50 

121.63 

102.77 

80.73 

62.81 

I X X  
( s l u g - f t 2 )  

77.496 

53.876 

19.615 

14.815 

2.25 

2.11 

1.91 

1.70 

1.60 

1.47 

1.37 
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Taurus Nike Tmha*L 
1M l b .  Payload - 83' QE YFC 

Figure 3 - Trajectory Profile 

Taurus N ike  Tomahawk 
120 l b .  Payload - 83' QE WFC 

occurs at 8.0 seconds and Tomahawk ignition is 
set at 18.0 seconds. The apogee obtained is 566 
kilometers with an impact range of 325 kilometers. 
The maximum Mach number of 10.3 occurs at Tomahawk 
burnout with a maximum dynamic pressure of 9,575 
psf occurring near burnout of the second stage. 
This represents an increased apogee capabi 1 i ty in 
excess of 100 kilometers over the Taurus-Tomahawk; 
and, while there is essentially no change in the 
expected maximum Mach number, the three-stage 
system offers a definite improvement in flight 
dynamic pressure. On the Taurus-Tomahawk, the 
maximum dynamic pressure occurring at Taurus burn- 
out, would be approximately 14,000 psf. 

Taurus Nike T m h a w k  
120 l b .  Paylaod - 83' QE WFC 

TIME (sec) 

1 1 I 1 

0 10 20 30 40 50 
TIME (sec) 

Figure 4 - Velocity vs. Flight Time 

Figure 5 - Mach Number vs. Flight Time 

Vehicle rigid-body and flexible-body stability 
characteristics have been examined. The degra- 
dation of vehicle rigid-body stability due to 
aeroelasticity was determined by using the NASA/ 
GSFC FLMD-I1 computer pr~gram.~ A 3.0 degree 
angle of attack was assumed at the time of max- 
imum dynamic pressure during the burn phases for 
both the first and second stage motors. These 
represent the most critical points during the 
flight. Both the rigid and flexible-body centers- 
of-pressure and the mass center for this vehicle 
can be found in Figure 7. First stage rigid-body 
stability is 2.3 calibers (based on the Taurus 
diameter of 22.75 inches) at the time of maximum 
dynamic pressure. Flexible-body bending effects 
result in a 22% reduction in stability at that 
time to 1.79 calibers. The stability index, which 
is the ratio of the flight dynamic pressure to the 
dynamic pressure at which positive static stabil- 
ity ceases to exist, is 0.18. This is well below 
the accepted maximum limit of 0.5. The minimum 
stability margin which occurs at first stage 
ignition is only 0.92 calibers. By using un- 
modified Nike-Ajax fins, the center of pressure is 
moved aft, thus increasing stability at 1 iftoff. 
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Taurus N ike  T m h a w k  
120 I b .  Payload - 83' QE YFC 

These fins may be utilized for light-weight pay- 
loads. At second stage maximum dynamic pressure, 
the rigid-body stability margin (based on 16.25 
inch Nike diameter) is 2.59 calibers, with a flex- 
ible-body stability margin of 2.42 calibers. This 
is only a-6.5% reduction in stability. The sta- 
bility index is 0.29, again well below the 0.5 
maximum limit. 

A full six-degree-of-freedom dynamic stability 
analysis for the proposed Taurus-Nike-Tomahawk 
vehicle is not presented here. However, steady- 
state roll rate calculations were performed and 
compared with the natural aerodynamic pitching 
frequency to identify pitch-roll resonanceregions. 
A number of fin cant combinations were evaluated; 
a feasible combination appears to be as follows: 

Taurus - 5 minutes 
Nike - 40 minutes 
Tomahawk - 15 minutes 
(a1 1 clockwise) 

Figure 6 - Dynamic Pressure vs. Flight Time 

TUIYS-lllke-T-h.lI 
Center of Gravity and R ig id  Body Center o f  Prerrur. 

Taurus N f k c  Tonuhark 
120 lb .  Paylold - 83' QE UFC 

. - . . -. - - 
PITCHING FREQUENCY 

Figure 8 - Steady-State Roll Rate and Natural 
Frequency vs. Flight Time 

The resulting steady-state roll rate profile for 
the above fin cant combination is plotted in Fig- 
ure 8. The natural undamped aerodynamic pitching 
frequency is also plotted for comparison. The 
only resonance crossing occurs during Tomahawk 
coasting prior to ignition. Resonance at this 
point occurs at considerably less dynamic pres- 
sure than the similar resonance condition for the 
two-stage Taurus-Tomahawk. ' The maximum roll rates 
for each of the stages occurs at respective motor 
burnout points: 

Taurus Burnout -9.9 cps 
Ni ke Burnout - 3.8 cps 
Tomahawk Burnout - 6.1 cps 

Figure 7 - Taurus-Nike-Tomahawk Stability 
Characteristics 
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Other P o t e n t i a l  Three-Stage Vehic les 

Considerat ion o f  us ing  a Taurus-Nike tandem 
booster  system w i t h  the  Tomahawk s u s t a i n e r  l e d  t o  
the  p o s s i b i l i t y  o f  us ing  t h i s  approach t o  enhance 
t h e  performance o f  o t h e r  e x i s t i n g  two-stage launch 
vehic les.  Any v e h i c l e  c u r r e n t l y  boosted by a Nike 
would p o t e n t i a l l y  lend  i t s e l f  t o  Taurus-Nike tan-  
dem booster  a p p l i c a t i o n .  I n  t h e  NASA Sounding 
Rocket Program, t h e  Nike i s  used as a booster  f o r  
Orion, Malemute, and Black Bran t  V susta iners.  
Used i n  con junc t ion  w i t h  a Taurus-Nike tandem 
booster  system, these sus ta iners  form t h e  v e h i c l e  
c o n f i g u r a t i o n s  presented i n  F igure  9. 

These t h r e e  veh ic les  a r e  proposed i n  concept 
on ly ;  no at tempts have been made here t o  e s t a b l i s h  
the  f e a s i b i l i t y  o f  these f l i g h t  systems. The 
Taurus-Nike-Orion and Taurus-Nike-Malemute com- 
b i n a t i o n s  would be " b o l t - t o g e t h e r "  systems. No 
new hardware would be requi red,  s ince  bo th  t h e  
Or ion and Malemute a r e  f l own w i t h  clamp-together 
i n t e r s t a g e s  compat ib le  w i t h  t h e  Nike. A Nike 
i g n i t i o n  subsystem would be requ i red ,  however. 
For t h e  Black Bran t  V sus ta iner ,  a clamp-together 
i n t e r s t a g e  between t h e  Nike and Black Bran t  V 
would have t o  be designed. 

PAYLOAD XM22E8 MOTOR M5EI MOTOR M31AI MOTOR 
I 

TAURUS - NIKE - ORION CTNOI  LAUNCH VEHICLE 
DIMENSIONS IN CM 

LOAD TX 516 MOTOR M5EI  MOTOR M31A1 MOTOR 

TAURUS - NIKE - MALEMUTE CTNM) LAUNCH VEHICLE 
DIMENSIONS IN CM 

PAYLOAD BLACK BRANT P C  MOTOR M5EI MOTOR 
I 

M31AI MOTOR 

TAURUS - NIKE - BLACK BRANT P C  LAUNCH VEHICLE 
DIMENSIONS IN CM 

F igure  9 - Orion, Malemute, and Black Bran t  V Susta iners i n  Combination w i t h  
Taurus-Nike Tandem Booster System 
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Since t h e  Malemute and Black Bran t  V sus- 
t a i n e r s  a r e  c u r r e n t l y  be ing  f lown w i t h  t h e  T e r r i e r  
MK 12 Mod 1 (X256A1) booster ,  a  tandem booster  
concept u t i l i z i n g  t h e  Talos MK 11 Mod 2 (X251C1) 
as a f i r s t  s tage i n  c o n j e c t i o n  w i t h  t h e  T e r r i e r  
as a second stage i s  proposed f o r  these susta iners.  
The Ta los -Ter r ie r  combinat ion has been used 
s u c c e s s f u l l y  by Sandia Labora to r ies  i n  t h e  Talos- 
T e r r i e r - R e c r u i t  (TATER) v e h i c l e  designed f o r  nose- 
t i p  and h e a t s h i e l d  m a t e r i a l s  research. The 
proposed three-stage sounding r o c k e t  v e h i c l e s  
us ing  t h e  T a l o s - T e r r i e r  boos te r  combinat ion would 
u t i l i z e  a drag separa t ion  i n t e r s t a g e  between the  
boosters; t h e  i n t e r s t a g e  would be a new design. 

The launch c o n f i g u r a t i o n s  f o r  t h e  proposed 
Talos-Terr ier-Malemute and Talos-Terr ier -Black 
Bran t  V veh ic les  a r e  shown i n  F igure  10. As w i t h  
t h e  Taurus-Nike systems, no at tempt  i s  made here 
t o  e s t a b l i s h  f e a s i b i l i t y  o f  these two Ta los -Ter r ie r  
v e h i c l e  systems. The Talos f i n s  considered here 
a r e  t h e  same as used on t h e  opera t iona l  TATER I 1  
vehic les;  these a r e  f o u r  tapered double-wedge f i n s  
w i t h  zero c e n t e r  1  i n e  sweepback, 5.7 ft2 per  panel. 
The T e r r i e r  f i n s  a r e  t h e  same 2.5 f t 2  capped f i n s  
considered f o r  Nike second stage a p p l i c a t i o n .  

Performance est imates have been made f o r  these 
f i v e  p o t e n t i a l  new three-stage v e h i c l e s  by per-  
forming 3-D f l i g h t  s imulat ions.  The a n t i c i p a t e d  
performance enhancement f rom these proposed new 
veh ic les  i s  dep ic ted  i n  F igures 11, 12, and 13. 

F igure  11 - Performance Summary f o r  Or ion 
Veh ic le  Fami 1 y  

TALOS - TERRIER - MALEMUTE (TTMI  LAUNCH VEHICLE 
DIMENSIONS IN CM 

PAYLOAD BLACK BRANT P C  MOTOR X256A1  MOTOR X251C1 MOTOR I 

TALOS - TERRIER - BLACK BRANT P C  LAUNCH VEHICLE 
DIMENSIONS IN CM 

F igure  10 - Malemute and Black Bran t  V Susta iners i n  Combination w i t h  Talos- 
T e r r i e r  Tandem Booster System 
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Figure 11 shows a performance summary f o r  t h e  
Or ion f a m i l y  o f  sounding r o c k e t  vehic les.  As 
seen, t h e  Taurus-Nike-Orion would enhance Or ion 
performance by approx imate ly  100 km over  t h e  
Taurus-Orion. For t h e  heavier  payload weights, 
t h e  three-stage system would e s t a b l i s h  a 300 km 
c a p a b i l i t y  f o r  t h e  Or ion  v e h i c l e  f a m i l y  as com- 
pared t o  t h e  c u r r e n t  200 km c a p a b i l i t y .  

F igure  12 - Performance Summary f o r  Malemute 
Veh ic le  Family 

A performance summary f o r  t h e  Ma1 emute f a m i l y  
o f  r o c k e t  veh ic les  i s  presented i n  F igure  12. 
The three-stage Taurus-Nike-Malemute has i n  excess 
o f  100 km more a l t i t u d e  c a p a b i l i t y  than  t h e  ex- 
i s t i n g  Terr ier-Malemute. The proposed Talos- 
Terr ier-Malemute v e h i c l e  has over  1,000 km a l t i -  
tude c a p a b i l i t y  f o r  payload weights l e s s  than 300 
pounds. For payload weights  g r e a t e r  than 350 
pounds, i t  has g r e a t e r  performance c a p a b i l i t y  
than t h e  c u r r e n t l y  opera t iona l  B lack Bran t  X. 

,.OW - 

BOO - 

600 - 

4w - 

2W - 
200 

S i m i l a r  performance data f o r  t h e  Black-Brant 
V f a m i l y  o f  v e h i c l e s  i s  inc luded  i n  F igure  13. 
The Taurus-Nike and Ta los -Ter r ie r  boosted systems 
have g e n e r a l l y  t h e  same performance enhancement 
over  t h e  T e r r i e r  - a lone  boosted system as i n  t h e  
Malemute case. B a s i c a l l y ,  t h e  Malemute f a m i l y  i s  
more e f f e c t i v e  f o r  payload weights  l e s s  than 350 
pounds and t h e  Black Bran t  V f a m i l y  i s  more e f f e c -  
t i v e  f o r  payload weights over  350 pounds. Th is  i s  
n o t  t h e  case f o r  t h e  Black Bran t  X, where t h e  
Black Bran t  V motor i s  n o t  t h e  f i n a l  stage. The 
h i g h  mass f r a c t i o n  t h i r d  s tage o f  t h e  Black Bran t  
X r e s u l t s  i n  a s teeper  performance curve, w i t h  a 
more severe performance pena l t y  f o r  g r e a t e r  pay- 
l o a d  weights. It i s  i n t e r e s t i n g  t o  n o t e  t h a t  f o r  
payload weights  near 350 pounds, t h e  Black BrantX,  
Ta los -Ter r ie r -B lack  Bran t  V and Ta los -Ter r ie r -  
Malemute a l l  have approx imate ly  s i m i l a r  apogee 
a l t i t u d e s  a t  t h e  h i g h  launch e l e v a t i o n  angles. 

Summary 

The p r e d i c t e d  performance c a p a b i l i t i e s  o f  s i x  
newly-proposed three-stage sounding r o c k e t  veh i -  
c l e s  u s i n g  tandem boosters have been inves t iga ted .  
A e r o b a l l i s t i c  c h a r a c t e r i s t i c s  have been examined 
f o r  one o f  t h e  proposed veh ic les - - the  Taurus- 
Nike-Tomahawk; based on t h i s  b r i e f  ana lys is ,  t h i s  
v e h i c l e  appears t o  be a f e a s i b l e  concept. En- 
hanced performance c a p a b i l i t i e s  o f  t h e  Tomahawk 
and Or ion  sus ta iners  us ing  t h e  Taurus-Nike tandem 
boos te r  c o n f i g u r a t i o n  a r e  on t h e  o rder  o f  100-200 
km; these three-stage v e h i c l e s  would be a v a l -  
uab le  asset  i n  t h e  NASA Plasma Physics r o c k e t  
program. 

P r e l i m i n a r y  performance s tud ies  have i n d i c a t e d  
t h a t  t h e  Malemute and Black Bran t  V susta iners,  
when boosted by  a T a l o s - T e r r i e r  tandem booster  
system, have performance c a p a b i l i t i e s  equal t o  t h e  
Black Bran t  X f o r  payload weights  on t h e  o rder  o f  
350 pounds. For payload weights g r e a t e r  than 350 
pounds, t h e  proposed veh ic les  have g r e a t e r  per-  
formance c a p a b i l i t i e s  than t h e  Black Bran t  X. 
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F igure  13 - Performance Summary f o r  B lack Bran t  V 
Veh ic le  Family 
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