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1.0 INTRODUCTION

The Saturn C series w_<s conceived and recommended by the NASA Saturn

Vehicle Study Group in. DecerWoer 1959. This Study Group recomraended

the initial development of the C-I configuration to be followed by-the

C-2_ using a new second_ stage. The S_,turn C-_ vehicle, as originall,y

en.visioned; would have follow_d the. C-2 vehicle_ and would have utilized

the upper sta.ges developed for C-2. Hore recent concepts envision the

Saturn C-_ vehicle as a large step forw<_.rd_ bridging the gap between the

Saturn class of vehicles a:md the ultimate Nova class, and at the se_rl.e

time providing a heavy weight-lifbino _ cap<_,bility at an early date so

that certain spacecraft missions ca_)be met. q!]0.eC-I :_,r_da represent-

ative C-9 configuration are illustrated in figure I. This report -will

give a brief description of a. C-_ akomg _,_ith prelimin_:_,ry flight char-

acteristics. In addition_ a brief description o:C a p r<iba%le _.iova

vehicle including preliminary m_ig]:rt amid perforraa,rlce optim:i z_<_tion infor-

m__%tion is presented. All of the inforl_m.%ion presen_ted in this report

was provided to the NASA Space Task Group, Langley Field, Virginia by

NASA Marshall Space Flight Centex b Huntsvil]_e_ Alab_mta.
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2.0 A SA[IT_RN C-3 VEHICLE

Mission requirement. -

Three-stage escape missions .- The Saturn C-3 vehicle is designed

for the three-stage escape mission. The primary purpose of the

vehicle is to accomplish escape of a spacecraft of about

39,000 pounds. Figure 2 illustrates a basic three-stage C-3

configuration including a possible Apollo spacecraft config-

urat ion.

Configuration.- The configuration shown in figure 2 is based

on a preliminary study of the vehicle systems and its mission

requirements. Basically the configuration consists of three

stages and a payload. The first stag_ designated as S-IB will
have a propellant loading of 1.6 × i0 U pounds and will use two

F-I engines. The oxidizer and fuel used will be liquid oxygen

and RP-I respectivel_. The adjusted thrust level generated

will be about 3 × i0 _ pounds. The second stage, which has been

designated as S-If, has a design capacity of approximately

700,000-pound propellant loading, and will utilize four J-2

engines. This stage will use liquid oxygen and liquid hydro-

gen as an oxidizer and fuel respectively. The adjusted thrust

level for this particular stage will be about 800_000 pounds.

The third and final stage (S-IV) has a design capacity of

lO0,000-pound propellant loading, and will utilize six RL-10A-3

engines. Liquid oxygen and liquid hydrogen will also be used

as an oxidizer and fuel for this stage. The adjusted thrust

generated will be about 90,000 pounds. The payload on top of

the S-IV stage is a representative shape of an Apollo space-

craft. With this C-3 configuration, payloads on the order of

i00,000 pounds can be placed in low orbits, or payloads on the

order of 39_000 pounds can be ts/_en to escape velocities. The

information presented in this report was based on a lift-off

thrust-to-weight ratio of 1.25.

Flight sequence.- A typical flight sequence would be as follows:

(a) Vehicle countdown. S-IB stage ignition followed by

apprbximately 3-second holddown during which the S-IB stage

engine operation is monitored.

(b) After vehicle release, a normal boost flight occurs.

(c) At i0 percent mainstage thrust (tail-off) of the

S-IB stage engines, the separation devices are actuated and

r i
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i

retrorockets retard S-IB, _g relative to the upper stages.

Retrorocket burning time is adequate to prevent "runup" of the

S-IB stage.

(d) After separation of the S-IB from the vehicle, the

second-stage engines are ignited.

(e) Second-stage cutoff is on a depletion signal or a

signal provided by the guidance system. Eight seconds prior

to predicted depletion, the tilt program is arrested, which

reduces the pitch rate of the trajectory to zero. At approx-

imately 0.7 second after the S-If stage cutoff, the S-IV stage

separation devices and ullage rockets are fired. Simultaneously,

S-If retrorockets fire, retarding the S-If stage. 1.7 seconds

later the S-IV stage has cleared the interstage and S-IV stage

start signal is given. (This separation time sequence data

is tentative information pending flight experience.)

(f) S-IV stage and payload separation will be determined

by the mission and payload characteristics.

General design characteristics.- Figures 3 through 6 and

_U_[Tle I illustrate the general design characteristics of each

stage system including rigidity (El values), engine operating

parameters, and mass data. An inboard profile of S-If stage

is shown in fibre 7.

2.5 Vehicle structural loads.- The loads presented in figures 8

through ii are preliminary. Tables I and II illustrate the

parameters used in computing these loads. Figures 8 through ii

show wind shear and bending moments for 28-knot and 40-knot

velocity winds including gust factors with the vehicle flight

ready and laterally unsupported. Figure 12 shows the longi-

tudinal force distribution if the stage S-IB engines are cut

off during the holddo_n sequence (rebound). Figure 13

indicates the longitudinal force distribution at lift-off.

Figures 14 through 17 show the vehicle shear and bending

moment at the maximum dynamic pressure point for two con-

ditions: (a) Transient peak; _ = 7.7 ° and _ = 3.2 °,

and (b) _ = 0 ° and _ = 4 ° . Figure_18 presents the longi-

tudinal force distribution at this point.

Figure 19 shows the lo_Igitudinal force distribution at cutoff

of stage <_-!B. The ho] ddo_ and rebound reactions at the

holddo_a_ point are 2,491 _ 270 pounds (holddo_n) and

4,6©8,730 pounds (rebound). The base bending moment for a

28-knot wind is 16_ 600,000 inch-pounds as illustrated in

f iguJ_re 9.
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A preliminary vibration analysis of the Saturn C-3 vehicle
has been made to ascertain natural bending modes and fre-
quencies at_lift-off and maximumdynamic pressure. The lift-
off frequencies were 1.60 cycles per second and 3.67 cycles
per second for the first and second modes, respectively. Fre-
quencies calculated for maximum dynamic pressure condition
were 1.67 cps and 4.05 cps as illustrated in figures 20 and 21.
Relative angular rotation _g these frequencies is shown in
figure 22.

Anticipated vibration levels on tile payload are given below:

Steady state levels Transient levels

20 to 45 cps at 1.14g vector 20 to 50 cps at 2.3g vector

45 to i00 cps at 0.011 in D.A. 50 to 112 cps at 0.018 in D.A.

I00 to 2,000 cps at 5.7g vector 112 to 2_000 cps at ll.4g vector

The launch condition external sound pressure level spectrum

for the payload section is plotted in figure 23. The over-all

sound pressure level versus vehicle station length (for launch

condition) is illustrated in figure 24.

2.6 Aerodynamics.-

2.6.1 Three-stage escape trajectory.- Two typical trajectories are

illustrated in tables III and IV. The 1.25g lift-off thrust-

to-weight ratio is shown in table III and employs the standard

vehicle off-loaded and the 1.15g trajectory is shown in

table IV. Although each of these preliminary trajectories

were calculated assuming slightly different hardware weights,

the velocity and path-angle data are representative of

expected conditions. These trajectories represent a relatively

"flat" ascent to injection.

2.6.2 Stage S-IB flight dynamics.- The Saturn stage S-IB control

system is designed for wind speeds of at least two-sigma

level (approximately 75 m/sec) at the jet-stream level at

Patrick Air Force Base_ Florida. Control of the attitude

loop in pitch and yaw is referenced to an attitude sensor

(gyro) and an airflow direction sensor (angle-of-attack meter

or an accelerometer which is sensitive perpendicular to the

longitudinal axis of the vehicle). Preliminary studies of

the rigid body motion in response to winds and wind shears

indicate that during the high dynamic pressure region (which
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2.6.3

coincides approximately with the highest wind region)_ the

most favorable S-!B control frequency is between 0.15 and

0.3 cycle per second. Damping characteristics will be prob-

Ably somewhat below critical for the S-IB configuration.

S-iB engines gimbal up to the maxim_n_ allowable of 4°_ and

angles of attack up to i0 ° have to be considered during flight

in the high dynamic pressure region. NASA Marshall Space Flight

Center practice requires a control natural frequency of _ to
i
i0

of the vehicle natural bending frequency.

Coefficients.- Curves of the variation of' normal-force coef-

ficient versus longitudinal stations as a function of Mach

ntu.ubers ran_zing from l.DO to 4.0 are shown in fi_ures 25 stud

26. Figure 27 presents a variation of normal force and center

of pressure with Mach number. The variation of forebody drag
coefficient at _ = 0 ° with Mach nu_oer is sho_cn in figure 28.

Base drag coefficients versus Mach n L_ber for both power-on

and power-off cases are shown in figure 29. Figure 30 shows

a variation of the total drag coefficient versus Mach n_mber

for the power-on and power-off cases.

2.7 Guidance a_d control.-

2.7 .i Conti_ol sche.rae for C-5 vehicle.- Illustrated in figure 51 is

a representation of the general pl_n foz the C-3 vehicle

actuator control.

2.8 Gro_ud support operations .-

2.8 .i Launch site.- The Saturn C-5 vehicle will be launched from

the Atlantic Missile Range. The vehicle will be launched

from facilities utilizing automated_ digital computer systems.

The lava_.,ch comi_01ex presently plarn_ed for the C-3 is Launch

Cos_plex P7. Figure 52 sho_,_s a C-3 on the launch pad. An

over-all pls_nview of l,a_:ach Complex _7 is illustrated in

figure 55. Figure 54 sho_Ts the relative location of major

facilities within Launch Complex 57_ including the operations

support building. Figures 55 and 56 show the first szld second

floor plans of the la_Ir_ch control center (blockhouse).

Space is provided in the enclosed fowler dechs of the service

structure for measuring s.nd check-out equip._lent; and in the

automatic ground cn_c_c-ou_ station at the base of the u_oil-

ica! tow_r. Figure P7 illustrates the service structure;

la_z,_cher_ and _:_bilical to_,_er. Fio-%_re _8 sho_,s the automatic

ground control station which is the concrete base of the

%ur_bilical tower.
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3.1

3.2

3.3

General.- The Nova vehicle configuration is now in the very

preliminary stages of planning and design. Various configu-

rations utilizing various engines and stages are being -tech-

nically evaluated in order to obtain a near-optimtml vehicle

that can lift heavyweights to escape velocities. One of

these Nova configurations is shown in figure 39 and should be

considered as a representative Nova vehicle.

Configuration.- The Nova vehicle configuration shown in figure

39 consists of-three stages and a payload. The first stage,

which is a single tank_ utilizes eight F-1 engines to generate

an adjusted thrust level of 12 × 106 pounds. The oxidizer

and fuel used will be liquid oxygen and RP-I. The second

stage also has eight engines but of the J-2 type, _nd the
f

adjusted thrust level generated is about 1.6 × i0 ° pounds.

This stage will use liguid oxygen and liquid hydrogen as ar_
J " Coxidizer and fuel. The _hmrl and final stage has two J-2

engines that develop about 400,000 pounds of adjusted thrust.

Weight and p_r_opt_Ision data.- Optimization curves of propellant

loading for -the Nova vehicle configuration for 100-nautical-

mile circular orbit are sho_n in figure 40. Figure 41 shows

the optimization curves of propellant loading for the Nova

vehicle for escape mission from !00-nautical-mile minimum

altitude. Figure 42 shows the effect of net structure weight

and specific impulse variations on the Nova vehicle for:

(a) lO0-nautical-mile circular orbit

(b) Escape mission from lO0-nautical-mile altitude
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4.0 TABLES



T.<BLEi.- ENGIKrEOPEP_&TINGPAP_V.TERS

Item

Engine
Manufacturer
Stage association
Oxidizer
Fuel

Nominal mixture ratio o/f
T_ominal flow rate
i_SH, oxidizer
?_SH, fuel

Throat area

Expansion ratio

Nominal thrust

Specific immulse (min)

Maximum gimbal angle

Gimbal rate

Gi_foal acceleration

Length_ gimbal axis to

exit plane

Engine dry weight

Engine wet weight

Units

Ib/sec

ft

ft2
in.

ib

ist Stage

F-i

Rocketdyne

S-!B; 2 engines

Lox

RP-I

2.25:1

5,661.4
71
114

962.11

16:1

I i_500,000

2d Stage

J-2

Rocketdyne

I S-iI, 4 engines!
Lox

LH 2

5.0:i

470.21

25
13o
169.7

27.5:1

200,000
sec

deg (square

pattern)

deg/sec

rad/sec 2

in.

ib

ib

260
+4°

10

1

215.7

11,590

14,438

,422

27 °

3O

25

116
2,028

2,155

5rd Stage

RL 10A-3

Pratt and Whitney

S-IV, 6 engines

Lox

LH 2

5.0:!

36
3o.}
26o
28. lO6
40: i

15,000
420

±4 °

15

58

69
285
291

!

I'0
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TABLE II.- LOAD PA/K&I4ETEI_S

......... _ ........... L.....................:....... '[-- ........................... i_ 7].4-Vehicle weight (]b) 2_608_750 I_778_000 082_

Usable booster propellan:ts (lb) I 1,600. 000 769, 270 73, 984

Velhicle center-of-gra,vity station.

Lon_z,itudinal load fa,ctor (g{)

Anp]].e of a-tt_ck (deg)

"" " n-1(.lmb_..L s_:gle (deg)

i. m5 2.73

,..O ,_O0 'io _' /(.

o 7,  ,o/1 oJ • 7

l, 197

2_.11

N.A.

N.A.

D_gn&_ic equa, tion for. re,bound

])yn'__mic equ_:_,tion. for hol.ddown

R : 0.67 (th:_:ust) / (weifght)
r

R h : 1.7 (thrust - (wei{6ht)



page Ii - 4 . ,,

TABLE Ill.- PBELIMINAIIY ASCBNT TRJL]ECTORY

![_iree-sl;a[_e escape mission

Injection at 20014a - 1.25g ]Aft-off

S-£B SLate - Isp , 260 ,qec (sea level.)

FI i(;ht prope] In.hi COI]$Ulll])tiOn - I_526_OO0 lh

L1l'l;-off weight - 2,4OO_O00 lh

L] Ft-off Lh_nJs t/weight ratio = I. 25

'I_rust = 2 >< 1500K

S-II Stage - Isp = J)22 sec (vacut_l)

F.l.ight prol)elln, ut consumption = 556,600 lb

Lift-off weight = 751_ 400 ib

Thrust :- 4 x 200K

S-IV Stage - lap = h20 cec (vacuum)

F],ight, propell,,nt consumption = 91,750 ib

Lift-off weight :- ]-SQ, 78J ].b

'Fnmtst = 6 X IDK (engines canted 6 °)

.... I £Jl- tTt\7] .......7-;<T 17 ,:ai-gqw,TI
ang;J.e see IOn fiancee _ -- t -- ,

 sec,__-..... ,>_Zj_> ] , , . . ....ro.a,,glo.___,Io,, l  oog, 
S']'_GE I

0

10.25

20. O0

40. O0

6O. O0

8O. OO

IO0. O0

120. O0

_l_=ES_
STAGE II

1_-U72.,,%764.--,]o--7,-f_<7-]
140.0 67.01 I 1,811.0 1

160 •0 71.45 l, 932.0

180.0 75.62 i 2,107.0

200.0 7Q.]4 i 2, _06. O

220.0 _52.06 i 2,530.0

2))0.0 84..46 [2,779.0

260.0 86.39 !3,093.0

2[30.0 87.92 3,355.0

300.0 89.09 3_ 687.0

520. O 89.94 4, 0[53.0

340.0 90.50 4_ I160.0

560.0 90.79 4,915.0

38o. o 90.84 5,428. o

4oo.o 90.63 _ 6, o].8.o

420.0 90.18 6,708.0

25.8'_9__9o.oo _9_j.o
STAGE I11"

425.85_} 90. O0 6, 931t.0

430.0 90.04 6, 958.0

450.0 90.24 7,074.0

470• 0 90.38 7,195.0

))90.o 90.48 7,520. o

510. o 90.52 7,449. o

550.0 90.92 7,583.0

550.0 90.47 ' 7, 720.0

570.0: 90.38 7,862.0

590.0 90.23 8, OO9.O

61o. o i 9o.o3 8,161.0

633.0 I 89.75 8,342.0

655.o J 89.45 8, 5o5.o

673.o I 89.1o 8,674.o

693.o I 88.70 : 8,850.0

713.0 1 88.24 i 9, 032.0

733.o I ,B7.74 i 9,222-o

753.0 1 87.lB i 9,421.o

773. o I u6.u7 ; 9,628.o

793.0 I _'3.90 1 9, 846.0

813.0 I U'5•IU ! iOj076.0

8]5.0 I 84. ill i i0_ 518.0

853.0 [ 8_.59 10,576.0

854.02 I 83.54 i0,590.0

NOTE[::

Weight IAngle of attack

01).... 5 (deg)

_]/---[ ..... o-- o ] ...... o ]-_g.-_7-F .....o-U-7---] 2,_,oo,ooo
.0015| 28.07 .138 [ 0 1 12.88 | I58"57 I .027| 2,281,731

260 | 61.32 .568 | .004 13.59 | 222.3 I 1.386l 2,169, 251

.43 | 156.8 2.665 | .217 15.594 11,18o.o I 10.44 | ]_,938,h62

25.29 | 304.6 6"940 I 1.6_) 17.58 12,82Ll.o I 25.30 I 1,7°'[,";92
))0.33 / 523.7 13.67 / 6.1.2 2].211 13,356.o I 40.38 | 1, #;(6, 925,
52.25 | 865.4 22.96 | 16.08 26.156 I 2'157"O I 52.b0 | 1,2,6,15*

60.70 | 1,351.0 34.87 / 35,.36 53.08 / 785.4 I 6l.o1 / 1,o1_,,384
64.2o _LLT:Z!:9_ 4_:.49__]_ 5o.79_ _._£_L_ >79:9__J_6)t__.[_ >7!:_ooo__

0

• 025

•120

0

0

0

0

0

0

--]{_7i_-8....... 7oo799--_o-._£--[ _rp.6o '-6,;-97- .... >F_[/i[oo-.... o-- ......
51.92 69.87 10.70 | 195.10 65.65 7b6,714 -1.25

62 55 97.6(] 32.19 | 50.92 67 .I54 (;98,799 -4.66

75.72 1.35.94 11.8}, | 13.24 69.23 660, 8815 -7.55

83.30 178. I)5 3.2.57 / 2.96 71.03 622,970 -9.70

91.23 [ 225.50 13.58 | O. 7 h ] 72, 82 585,055 -11.27

97.30 277.39 i4.51 | .246 74. 60 547, ii)0 -12. ,34

lOl. 90 554.58 15.38 | .126 76.40 509, 226 -15. O0

1o5.o5 397-51 16.61 | .o8_ 78.19 471, 32_1 -13.3o

:1.o6.82 i66.69 18.o7 / .075 79.98 435,396 -13.50

] 07.43 542.75 I 19.80 ] .083 81.77 593,481 -13.05

107.06 626.1.0 I 21.90 .105 83.56 357,567 -12.57

105.97 718.52 21). II9 .162 85.56 519, 652 -ii. 90

104.46 820.15 27.79 .254l 87.15 281,737 -11.07

102.96 952.63 52.11 .40hi 88.94 243,823 -10.08

102.02 I, 057.67 :58.02 •'.59] 90.73 205,908 -8.96

101.96 _7.00 49_.]_) .6401 91.25 __b8Ol__ -8.61

£176---<o_7.o- 5.75-i ...... _L%-I- 2_F;_gf-
101.95 1,125.0 5.77 95. O0 / ].5], 896
101.59 1_,265.0 5.94 94 .I)6 _ 147,610

i00.82 I, 40 I)•0

99.72 1,547.0

98. 513 i, 692.0

97.04 ],840.0

95- 70 i, 991. o

951 •53 2,1411 •0

93.55 2,7540-0

93.29 2, 46O. 0

93.62 2,647.0

94.78 2,813.0

96.94 2,982.0

100.30 3,155.0

]05.07 3,331.0

111.46 5,510.0

319.71 3,693.0

1_30.09 3,880.0

142.86 4,070.0

158.3]. 4,264.0

176.78 4, l)62.0

i o° 6"" 4,664.0..u. ou

200. O0 4,674.0

6. ii

6.30

6.50

6.71 (
6.94 !

7.19

7.45

7.73

8.08

8.4]. I

8.78

9.Y{

9-60

i0.07

I0.60

11.17

11.82

12.55

13. TT

14.30

:L4.35

95.92

97.40

5)8.87

100.35

101.84

t.o2). 5,5

105.21

106 ;'_4

lo8,08

1o9, 59

113 . ].2

112.64

114.]8

] ] 5-71

117.25

118.80

120.54

121.89

12£). !I h

] 21). 99

143, 3211

139, 039

154,79:5

) 15o,),67
f 126, 3_81

12], 896

117,610

i13, 3211

108,396

104, ii0

99,824

95,558

91.,255

86,967

82, 68]_

78,596

74,110

69, 82))

65,558

61,253

t 2',. 07 61, 0]55
...........................

i. Path anC.]e is the ansle measure(]

between the local vertical and tile

ve] oclty vector.

2.

-7.17

-7.17

-7.14

-7- 08

-6.99

-6.87

-6.72

-6.54

-6.53

-6. o5

-5.83

-5- 48

-5.16

-4.81

-4.43

-4. o5

-3.6o

-5.15

-2.67

-l. 43

--I. 65

-1.. ii

-0.55

-.52

Tilt _mg]qe is the amgle

measure(] between the launch

vert]c&l and the vehicle axis.
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TABLE IV.- PRELIMINARY ASCENT _AJE, CTORY

Three-stage escape mission

Injeebion at 20OKra- 1.15g 1:Ift-off

S-IB Stage - Isp = 260 sec (sea level)

Flight propellant consumption = 1,600,000 ib

Lift-off weight = 2,608_ 730 lb

Lift-off thrust/weight ratio = 1.15

Thrust = 2 X ]900K

S-If Stage - Isp = 422 see (vacuum)

Flight propellant consumption = 678,100 ib

._ Lift-off weight = 883,730 ib
ThI_/st = h × 200K

S-IV Stage - Isp : 420 see (vacuum)

Flight propellsnt consumption = 94j144 ib

Lift-off weii_ht : 154,650 ib

Thrust = 6 × 15K (engines canted 6 O)

........ _Tat7 C ..................................... T .........................................
Time I _ I Velocity Altitude I Range F - D l]aqmalic Tilt

an_±e [( IT2 ] pressure angle(._ec) [_._2_;} ,,,/eee) Cl_,,} I (l_,) J_(m/Gec [[ (Ke/,.l) (aeg)
............................................

STAGE I

0

i0.2_ I .001 I J+'{.'}
20.00 I .171 I _9.'E

40.04 I 5.61 I 100.2

60.04 I 13.58 I 211.9
80.04 I 26.61 I T09.0

100.04 I 39.39 I 608.J_

120..04 I 49.90 I 965.0

138.67 I 56.42 I 1.420.0
.................................

STAGE II

--Z-_&_l-,i;7 N-_Z7
l_O.O [ 50.85 ( 1,424.2

100.0 02.05 { ].,508.0

it_O.O I 6_.20 [ 1;617.0

200.0 i 72.88 I 1,749.4

220.0 i 70._9 I 1,903.7

240.0 I _0.27 I 2,079.0

200.0 I 85.08 I 2,274.6

2_0.0 I Uh.5q I 2,490.5

500.0 I 87.25 I 2,727.3

520.0 I 88.75 I 2,986.0

"340.O I 8g.86 I 3,268.3

obo.o I ¢@0.70 I 3,576. 7

5_$0.0 1 91.27 I 3,914.6

400.0 1 91.U_J I 4,206.5

'+20.0 I 91.O{ I 4,69,{].8

440.0 i 9±.')4 I 9,160.O

400.0 [ 9A.]9 I 5,682.2

liUO.O I 90.O6 I 6,283.1

496.5051 90.00 I 6,852.1

_ SmAG__II...............

0.359 _ 11.26 0
.o9 o ii .80 19.07

12.38 95.22

1.77 .o41 13.95 592-7

4.83 I .5o3 16.07 1,717-0

I0.18 2.50 18.17 2,808.0

18.14 7.80 22.32 2, 2h8.0

29"09 I 18.74 27.34 980.9

_P'__2<_L_29"__?_....3>42 too21
...... 1
42.22 !

43.261

57.94

70.82 I

81.98

91.4

99.26

105.51

110.29 !

113.55

1].5.521

116.25!

i15.87

114.55

122.49 i
i09.9i

lO7.12 ;
104.51

102.59

i01.99

96.29

37- 86

62.98

91 .li

122.49

197.21

195.64

2_8.01

284.6o

335.73

391.78

453.16

520.34

593.86

674 •34

762.55

859.36

9(]5.86

i, 083.40

i, 189 .ii

8.78 I 302.1
8.81 I 263.8

9.27 I 51.6

9.72 I 11.9

10.20 1 2.2

10.73 I 0.4

ii.32 I .1

ii .98 I .0

i2.71 I .0

i3.55 I .0

14.5o I .o

15.59 I .0

16.87 I .o
18.37 I .0
20.16 I .0

22.34 I .1
25.06 I .l

28-52 I .3

55.08 I .5

38.08 I .6

496.365 90.00 6,8)2.1 iO1.99 1,189.11 5.66

506.0 90.11 6,906.6 I01.92 1,254.55 5-74

516.0 90.20 6,964.2 101.73 1,922.61 5.82

536.0 90-56 7,082.2 101-03 1,460.86 5.99

556.0 90.I18 7,204.2 99.97 1,601.50 6.18

576.0 90.55 7,330.2 98.66 1,744.60 6.37

596.0 90.57 7,460.5 97.22 1,890.25 6.57

616.0 90.54 7,595.0 95.75 2,058.54 6.79

636.0 90.47 7,753.9 94.40 2,189.56 7.02

696.0 90._5 7,877-3 9_.27 2, _43.40 7.27

676.0 90.18 8,025.6 92.53 2,500.13 7.54

698.0 89.94 8,194.5 92.32 2,675.99 7.86

718.0 89.67 8,355.7 92.87 2, 8_9,10 8.18

758.0 89.36 8,518.5 94-28 3,005.36 8.52

758.0 88.99 8,689.4 96.74 3,174.87 8.89

778.0 88.58 8,866.9 100.45 3,347-71 9.29

789.0 88.12 9,051.5 105.60 3,523.96 9.73

818.0 87.60 9,244.0 112.42 3, 703.70 i0.22

838.0 87.04 9,445.0 121.15 3,887.02 10.76

858.0 86.43 9, 65_.6 132-00 4,075.99 11.36

878.0 89.76 9,876.9 145.29 4,264.69 12.02

898.0 85.05 i0,1]0.3 161.29 4,459.23 12.78

918.0 84.28 10,557.4 180.31 4,657.68 13.63

955.704 8_.55 10,589.3 199.96 ;+,836.70 14.48
....................................................

N(FI'ES: i •

0

.004

.i75
3.61

13.38

26.64

39-46

49.67

56.74

56.74

56.86

58.70

60.93

62.36

64.19
66. o2

67.85

69.68

7i. 5i

73- 35

75 .i8

77.oi

78.84
80.67

82.50

84.33
86.16

87.99

89.49

91.78

92.52

93.28
94.82

96.37

97.92

99- ;*9
101.06

102.64

104.24

lo5.82

107.59

lO9.2o

iio. 82

112.45

llll. 09

115.73
117.38
119 .o3

120.69

122.35
124.02

125 .69

127.16

WeJ ght I _gle of

(lb) i attack

J (d_g)

2,608,730 0

2, 49% 461 .00_
2,377, 961 .00

2,146,788 0

i, 916,018 0

1,685,249 0

1,454,480 0

1,225,710 0

i, 008,726 0

883,730 0

881,203 -.241

843,288 -4.46

805,374 -8.40

767,459 -ii.60

'(29,544 -14.11

691,690 -16.01

653,719 -17.37

615,800 -18.26

577,885 -18.76

539,971 -18.91

502,056 -18.76

464,141 -18.37

426,227 -17.77

388,312 -16.98

3_0,397 -16.03

312,483 -14.93

274,568 -13.71

236,653 -12.38

205,630 -11.20

154,630

i52,565

150,422

146,137

141,851

137,565

153,280

128,994

124,708

120,422

116,137

111,422

107,157

102,851

98,565

94,280

89,994

85,708

81,423

77,137

72,851

68,565

64,280

60,486

-8.9i

-8.87
-8.81

-8.68

-8.51

-8.3l
-8.o8

-7.82

-7.59

-7.20

-6.85

-6.43

-6.01

-5.57

-5.io
-4.61

-4.09

-3.54

-2.97

-2.38
-i.77

-i.14

-0.49
+.i0

Path an_512 is the angle measured 2. Tilt an%;le is the angle measured
between the local vertical and the between the 1<'ranch vertical and

velocity vector, the vehicle ca[is.

III
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TABLE V. SINGLE TANK NOVA, OPTIMIZED LOADINGS

WITH PAYLOAD FoR ESCAPE MISSION TIrROUGI{ MINIMUM

ALTITUDE WEIGHT AND PROPULSION DATA., CONFIGURATION

STAGE I

Engine

Propellant

Thrust (ib)

Adjusted thrust (Ib)

_sp(sec)

FIO_'_rate (]_'b/see)

Exit area (in.)2

Missile diameter (in.)

W].].,15, Payload, Ib

WI6 ' Guid. com.partment, Ib

W2, Guid. and control, ib

W3, Fuse].age, ib

W4, Propulsion, ib

WS, Recovery equip., ib

W6, Trapped prop. , Ib

W7, Usable residuals, ib

W$, Prop. consumption_ Ib

Ws,16 ' Structure wt, ib

wn,16 ' Sbruc. net _rb, Ib

Wa,16 ' Stage _t, ib

W Lift-off wb, ib
O,

W Cutoff w-t, Ib
O,

r, Mass ratio

Au, Charac. 'vel.

%/%

I,' /W
V_.C C

(m/ eo)

L0X/RP- I

8 X 1,500,000

12,000,000

26o
299 (vac)

46,154

:L29, I_6

52O

I, 000

170,500

156,55o

40,000

65,200

55,150

7,050,000

367,850

468,200

7,498,200

9,600,000

2,570,000

5,735

5,692

I.25

Ii

8(G-2)
LOX/LH-

8 X 200,000

1,600,000

£1-22

5,792

596

500

48,750

22,21o

8,000

11,59o

6,670

1,533,000

79,440

97,500

1,450,500

2,101,800

768,800

2,734

4,156

0.76m

III

2(J-2)

LOX/LH

2 X 200,000

400,000

260

180,500

5OO

2,000

15,450

4,900

0

5,420

I19,530 FPR

2,200MRS

442,800

22,850

48,000

490,800

671,300

228,500

2,938

4,454

0.596

IV
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SPACF_RAFT

L

VE_ICLE INSTRUMENT COMPARTMENT

STAGE S-IV_

STAGE S-II

STAGE S-IB"

APOLLO

........ STA 2595 SEPARATION PLANE,

.........STA 2401 FIELD SPLICE

........STA 2551 FIELD SPLICE

STA 2219

SPACECRAFT

......STA 2064 SEPARATION PLANE

.....STA 1981 GIMBAL PLANE

---STA 1888 FIELD SPLICE

---STA 1775

11641127

__.<_!_>__ .....STA 1047 POSSIBLE SEPARATION PLANE

....... 859 FIELD SPLICE

910"-.....

-- , - -STA _'(9

_[_ ....... STA i00 GIMBAL PLANE

F igure 2.- Saturn C-3 vehicle.
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Figure 3. - E! versus longi%udinai s%a£ion for c_l_+__,,,___

C-3 vehicle
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Weight = 152,783 lb - 216 lb/sec (1.25 G vehicle liftoff acc.:ref, table 3)
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Sta 9'39 Field splice

----Sta 148 Typical separa_tion plane

--Sta i00 Gimbz_l plane

Sta -40 Field splice

Figure 7.- S-II stage inboard profile,
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FIRST FREE-FREE BEN]31N6 MODES AT LIFT-OFF & MAX q
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CONTROL SCHEME FOR SATURN C3 CONFIGURATION
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