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WARNING TIME REQUIRED BY THE APOLLO SPACECRAFT
TO SUCCESSFULLY ABORT IN THE EVENT OF A LAUNCH
VEHICLE EXPLOSION

By Charles Teixeira.
SUMMARY

Explosion of a Saturn Launch Vehicle stage will result in pres-
sures which exceed the Apollo Command Module's pressure limits if a
sufficient separation does not exist between the command module and the
explosion. The objective of the study was to determine the separation
{in terms of time from abort initiation to the time of explosion) re-
quired in order that the command module pressure limits are not exceed-
ed. This time is referred to as the required warning time. The study
considered the individual explosion of the three Saturn V stages and
the two Saturn IB stages from the pad to an altitude of &0 000 feet.

The required warning times are the longest on the pad and in the
25 000 to 30 000 foot regime. The maximum warning time required for
the S-IB, S-IVB (Saturn IB), S-IC, S-IT and S-IVB (Saturn V) are 2.68,
3.31, 3.30, 5.88, and 3.50 seconds, respectively.

Sensitivity of the required warning times to changes in such pa-
rameters as launch escape motor thrust, command module pressure limit,
and the TNT equivelent yield, were also considered.

INTRODUCTION

The "safe" separation is defined as the separation required by the
Apollo Command Module (€M) from the exploding leunch vehicle {(Lv) in
order that the total external pressures do not exceed the CM's pressure
limits. These pressures include the overpressure produced by the as-
sumed explosion of the LV's propellants {specifically of a single
stage) and the aerodynamic pressures associated with the gbort. The
safe separation, given more conveniently in terms of time, pius the
0,20-seconds Launch Hscape System {LES) reaction time, establishes the
required warning times as illustrated on page 2.
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The required warning times were determined on the basis of pres-
sure hazards only. Fireball hazards were not considered during the
early phase of the abort studied (first 10 geconds) due to the short
exposure time anticipated and the temperature capebility of the CM.

The fragmentetion hazards are considered to be highly problematical.
However, the overpressure hazard is real and definsble and conseguently
was used as the explosive hazard eriteria for the purposes of this

study.

Knowledge of the required warning times'is necessary in order to:

1. Aid in the establishment of the Emergency Detection System
(FDS) abort limits.

2, Tnable evaluation of the oversll abort system including the
EDS and the Launch Escepe System (LES).

3. Define eritical abort regimes in terms of .the warning time
available and the warning time required in order that the eriticalities
of LV failure modes may be viewed in their proper perspective.

SYMBOLS
CP pressure coefficlent
CT escape motor thrust coefficient
M# Mach number
PA aerodynamic pressure, psi (= Cpq --(Pc)>
PC cavity pressure from smbient, psi
PTOT sum of aerodynamic pressure (PA) and static equivalent of
pressure associated with shock front (2 AP), psi
?TOT average of above, psi
POO ambient pressure, psi
AP peek pressure associated with the shock front (ahbove

ambient), psi



q dynamic pressure, psi
=1 (M pitch rate at separation, deg/sec
R separation between command module and center of detonation

at time cof shock front passage, ft

T required warning time, sec
% time of detonation in seconds after command mcdule -
d
launch vehicle separation

time shock wave reaches command module in seconds after

58 command module - launch vehicle separation
tas time to achieve safe separation, seconds after spacecraft/
launch vehicle separation
o command module angle of attack during abort, deg
e, initidl command medule angle of attack at separétion, deg
¢ circumferential position on command module, deg

GROUNDRULES

Abort Trajectories

(M abort trajectories were obtained through use of a G. E. Mass
computer program, The attitude at the time of abort was assumed to be

a pitch-up condition of -15° angle of attack (;é) and _5°/sec pitch
rate qo for each of the altitude cases. The pitch-up abort condition

was assumed {with exception of pad abort) as a result of a previous
study (ref. 9) which indicated that a pitch-up abort condition generally
requires slightly longer warning times than for a nominal or pitch-down

abort condition. An abort at o = 0°, q, = Ob/sec was assumed for

the pad case as it ig a more reasonable assumption.

The configuration assumed consists of a launch escape vehicle
(1EV) (IEV = LES + CM) with an 11 OOO-pound CM and utilizing a pitch
control motor. Nominal escape motor thrust (g 155 000 1b) and thrust



alinement (1.80°) were assumed in all cases with the exception of the
data presented in the appendix for various LES thrust levels.

Tn computing the CM-LV stage separation-time histories the assump-
tion was made that the LV maintained a constant velocity and flight
path angle after CM-LV separation. This assumption was made in order
to obtain general results which are independent of LV failure modes and
the resulting off-nominal LV trajectories. The assumption is reasonable
for the several seconds after abort under consideration.

, The CM-IV separation-time histories are generally relative to the
CM-LV separation plane. As a result, the separation-time histories
were modified by allowing for the inherent separation between the CM-LV
separation plane and the assumed center of explosion for each stage.

The separations used are given below: .
Stage Initial Separation, 't
s-I 1L0
S-IVB 57
8-IC 230
§-IT . 1ho

SEPARATION PLANE
TNITIAL, SEPARATTON

_ CENTER OF DETONATION



UM Pressure Limits

The loed limits assumed for this study were predicated on the
following objectives: .

1. Maintain capability tc deploy recovery gear.
2, Maintain pressure integrity of the crew compartment.

The capability to deploy the recovery gear requires that the for-
ward heat shield be successfully jettisoned. In order to insure that
the forward heat shield can be jettisoned, the assumption was made
that no deformation would be allowed in the external heat shield,
particularly in the region of the forward heat shield separation plane.
The crew compartment heat shield (which terminates at the separation
plane) has the lowest pressure cepability (table I) according to avail-
able data and conseguently the corresponding pressure limits were used
as the limiting criteria. By insuring that the integrity of the ex-
ternal heat shield be maintained, the second objective, namely, integ-
rity of the internal crew compartment, will in general be satisfied.

Figure 1 illustrates the CM-LES combination and the required de-
ployment of the forward heat shield. The hoost protective cover which
will be put over the (M (as defined at the time of the study) will not
improve the load-carrying ability of the (M's heat shield significantly.
The integrity of the aft heat shield, which is also of importance
because of its energy absorption function at landing, did not pose any
problems since the load limits of the aft heat shield are considerably
higher than the crew compartment heat shield limits.

The influence of the CM pressure limit on the required warning
times 1s shown in the appendix.

Aerodynamic Loads

The aerodynamic pressure loads on the CM during an abort are

functions of the Mach number (M#), dynamic pressure (gq), angle of
attack (o), and escape motor thrust level CT)' These loads generally

reach a maximum at arcund 3.5 seconds after abort and vary considerably
from station to station. Since the area around the forward heat shield



separation plane was considered to be eritical, the loads were computed
for this region using the pressure coefficients given in references 1

through 3.

During an abort the CM will normally oscillate in angle of attack.
For the abort cases studied, the maximum angle of attack (a )

generally reached but did not exceed 20° for aborts from the pad to

10 000 feet. Above 15 000 feet the maximum angle of attack reached but
did not exceed 25°. Since the aerodynamic pressures at a given station
generally increase with an increasing angle of attack, the CM was as-
sumed to be at the maximum angle associated with that particular abori
gt the time (tsa) the shock front passed over the CM. Consequently,

the aerodynamic loads were computed for o = 20° from the pad to

10 000 feet and a = 252 above 15 000 feet.

The pressure limits given in table I are for differential pres—
sures across the external heat shield. Consequently, the pressure in
the cavity between the external heat shield and the crew compartment
must be considered. The pressure in the cavity is maintalned at ambi-
ent +1 psi. In each case studied shock-front passage cccurred when
the pressure in the cavity was below ambient due to the passive venting
which occurs. This below ambient cavity pressure acts essentially as
a static external (positive) pressure and is consequently added to the
aerodynamic pressures. The cavity pressures were obtained from

reference k.

Overpressure Loads

The methods of H. L. Brode (ref. 5} were used to calculate the
overpressures and the shock wave velocities. The following assumptions

were made:

1. TIndividual detonation of each stage of the Saturn IB (s-1B,
g-IVB) and the Saturn V (8-IC, S~II, S~IVB) launch vehicles.

2. Sipgle propellant source at the stages approximate geometric
center.

3. 10 percent TNT equivalent yield - LOX/RP-1 {s5-IB, S5-IC).
60 percent TNT equivalent yield - LOX/H, {s-11, S-IVB}.

4. Reflection factor = 2.0 for the pad case.

Tn the altitude regime considered, the S-IC and the S-IB are
believed to be the most likely to malfunction since they are the



thrusting stages and are subject to propulsion system failures. How-
ever, all LV stages were considered in order to illustrate the relative

explosive hazard of each.

The equivalent TNT yields of 10 percent and 60 percent are the
commonly used eguivalencies for LOX/RP-1 and LOX/HZ, respectively.

These ylelds are generally believed to be conservative (high), however,
the degree of conservatism could not be adequately established. The
influence of the THT yields on the warning times is shown in the ap-

prendix.

The reflection factor of 2.0 is used for the pad case to account
for the explosive energy being expended in a hemispherical shock wave
rather than in a spherical shock as sssumed in reference 5. Actually
the shock will be spherical during the early stages of the expansion.
The portion of the shock wave (lower hemisphere) that is reflected from
the earth's surface will catch up to the upper half of the shock wave
rather quickly due to the higher speed of the reflected shock. This
higher speed is due to the higher air temperature caused by the origi-
nal expansion and to a larger extent by the very high temperature that
will exist due to the fireball that will occur. Merging of the re-
flected shock and the shock consisting of the upper half of the initial
sphere will result in one reinforced shock wave. The refleetion factor
of 2.0 which accounts for the merging of the two shocks has the effect
of doubling the yield and was used for the pad case only.

The propellant quantity available for each altitude case was

- determined by considering the propellant depletion that would occur

during a nominal boost trajectory.

The CM pressure limits given previously (table I) are static pres-
sure limits. The shock wave induces a dynamic load on the CM and
consequently the overpressure load must be equated to an eguivalent
static load.  Studies by North American Aviastion and MSC have indicated
a load factor of 2.0 is applicable, that is, the pressure associated
with the shock wave is twice as severe as the pressure associated with
a statiec load. Consequently a given overpressure is doubled to obtain

an equivalent static pressure.

PROCEDURE

A total of five explosion cases were studied: explosion of the

S-IB S-IVB (Saturn IB), S-IC, S-IT and the S-IVB (Saturn V). Each

case was studied from the pad to 60 000 feet at 5000 feet increments.
In each case, detonation times (td) were assumed and the resulting



total pressure loads acting on the CM at the time the shock front
passed over the CM were calculated and compared to the CM's pressure
limits. TIn order to compute the pressure loads two unknowns had to

be determined:

1. Shock arrival time — the time (tsa) at which the shock front

reaches the CM had to be determined for each assumed detonation time.
This established the flight parameters (q, M# and CT) which were needed

to caleculate the serodynamic pressure distribution aeting on the CM at
the instant of shock front passage.

5. (M - center of detonation (CD) separation - the distance {(R)
between the CM and CD at the time of shock arrival had to be estab-
1ished for each detonation time in order to compute the overpressure

acting on the CM.

The shock arrival time and the corresponding CM - CD separations,
over-pressure, et cetera, were determined for each assumed detonation
+ime with the aid of a computer subroutine which was run in conjunction
with the abort trajectory program. The computations were made using a
reiteration scheme and the stored abort trajectory data. The reitera-
tion scheme is discussed in more detail in reference 6.

Tables IT through VI summarize the shock arrival time tsa’ a,

M#, Cp,

detonation time and LV stage. Around 25 000 to 30 000 feet the abort-
ing CM begins to attain sufficient velocity during the abort to remain
ahead of the shock front for sufficient time td allow the overpressure
to drop to very low values (tenths of a psi). As the abort altitude
increases, the CM eventually is able to cutrun the shock front during
the entire time span under consideration (%10 seconds). The only
pressure loads acting on the CM during this time period are the aero-
dynamic pressure loads which are within the CM's pressure limits.

R, and the AP experienced by the CM for each assumed

The aerodynamic pressure distribution present at the time of shock
arrival was calulated using the flight conditions listed in tables II
through VI, the pressure coefficients from references 1 through 3, and
the cavity pressure data from reference h,* The resulting aervodynamic
pressures (PA) were then totaled with the static equivalent of the

¥perodynamic pressure distributions were not calculated for the
cases where the CM was able to outrun the shock front or when the over-
pressures had dropped to such a low level that it was obvious the CM's

pressure limits were not exceeded.
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overpressure (2 AP) for each assumed detonation time (td) in tables VII
throngh XI. In all cases, the total pressures (PTOT) were relatively

evenly distributed and were averaged (§TOT) around the entire

CM (¢ = 0 - 360°). The loads that were computed and given in the
tobles were for ¢ = 0O - 180° since the loads are symmetrical about the

pitch plane.

The average total pressure load was plotted as a function of
detonation time in figures 3 through 7. The detonation times which
resulted in total pressures which did not exceed the symmetrical 1imit
of 6.1 psi were then determined acceptable {safe) detonation times.

The loads st these times were then rechecked to insure that the un-
symmetrical pressure limits were not exceeded. In each case if the
average pressures d4id not exceed the symmetrical limit, the unsymmetri-~

cal limit was also not exceeded.

The safe separation times are summarized in table XVII and are
added to the 0.20 seconds LES reaction time to obtain the required
warning time. The resulting required warning times are plotted as
functions of the abort altitude in figures 8 and 9.

RESULTS AND DISCUSSION

The warning times required by the Apollo CM are given in figures 8
and 9, The curves show relatively large time requirements on the pad
due primarily to the assumed reflection factor and the large quantity
of propellant available at this time. However, the longest warning
time requirements for the non-thrusting stages are generally .in the
20 000- to 30 000-foot regime where the CM - LV separation-time histo-
ries are the poorest due to the high drag environment. The thrusting
stages (S-IB, S-IC) require the longest times on the pad since pro-
pellant depletion results in warning time requirements in the 20 000~ to
30 000-foot regime which are not quite as high as those on the pad.

As the abort altitude increases and the CM speed during the abort
exceeds sonic speeds, the CM is able to remain ahead of the expanding
shock for progressively longer periods of time. Consequently, when
shock arrival does occur the overpressures are quite low. As a result,
the warning time requirements drop off appreciably after passage
through the 30 000-foot regime. '

Extrapolation of the data presented in figures 8 and 9 should be
avoided due to the highly non~linear nature of the data involved. In
particular, the curves for the thrusting stages (8-1B, S-IC) appear to
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level off in the 50 000- to 60 000-foot regime and extrapolation to
higher altitudes may appear reasonable. However, check cases have
shown the warning times decrease markedly above £0 000 feet. In the
1imiting case, the available propellant {(thrusting stages) approaches
zero at staging and consequently the warning time required would also
approach zero. The §-TB curve given in figure 8, for example, does
not suggest such a decrease.

The large warning time requirements for the S-TT stage (fig. 9)
are due to the large propellant loading and the 60-percent equivalency.

Explosion of a given stage can conceivably inititate explosion of
an adjoining stage. Consequently, the aborting (M may have to contend
with more than one explosion. Qbviously, if the secondary explosion(s)
occurred after the primary explosion, sufficient separation may exist
between the CM and I¥. The time that may in reality elapse between ex-
plosion of adjoining stages is exbremely difficult to estimate at this
time. It is possible, however, to estimate the minimum time that
should elapse between the primary and the secondary explosions in order
that the CM pressure limits will not be exceeded due to the secondary
explosion. TFor exsmple, if the S-TIB explodes (10 000 ft, fig. 8)

2,25 geconds afier abort initiation, the CM pressure limits will not

be exceeded as a result of the S-T explosion since only 2.00 seconds
are required for safe separation. However, if the S-IVB {non-thrusting
stage) explodes (at the same altitude) before 2.60 seconds after abort
initiation, the CM pressure limits will be exceeded due to the 3-IVB
overpressures. This corresponds to .35 seconds between explosions
(2.60 - 2.25), Thus, if the time between explosions is less than

.35 seconds, CM pressure limits will be exceeded by the secondary ex-
plosion. This procedure can be carrisd on throughout the altitude re-
gime in question and for various explosion times, abort times, et cet-

era.

CONCLUSTIONS

Explosion of a Saturn LV stage can result in pressures which ex-
ceed the CM's pressure limits. Deformation of the (M's external struc-
ture can impair or even prevent deployment of the forward heat shield
and subsequent deployment of the recovery gear. The time that must
elapse between abort initiation and the time of explosion (warning
time) in order that CM pressure limits will not be exceeded has been
determined for the Saturn IB and V stages from the pad to an altitude
of 60 000 feet. The maximum warning times required during the launch
phase considered are 2.68, 3.31, 3.30, 5.88, and 3.50 seconds for ex-
plosion of the S-IB, S-IVB (8aturn IB), S-IC, S-II, and the S-TVB

(Saturn V) stages, respectively.
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The effects of increased CM pressure capability, LES thrust and
of various TNT yields on the warning times were also studied. In-
creased pressure capability of the CM by factors of almost 2 and 3 did
not show a large decrease in the required warning times. Increasing
the LES thrust did not improve the situation at the lower altitudes but
did decrease the required warning times sppreciably in the 20 000- to '
30 000-foot regime. Reductions by a factor of 2 in the TNT yields did
not show major reductions in the required warning times below
30 000 feet. However, considerable reductions in the regquired warning
times can occur above 30 000 feet.
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TABLE I.- MAXIMUM ALLOWABLE LIMIT DIFFERENTIAL PRESSURES

SYMMETRICAL

’

Forward heat
shield:
(stetions B81-133)

Crew compartment
heat shield
{stations 23-81)

Aft hest
shield
* (stations 0-23)

Symmetrical pressure limit, psi

0
I

A " Cpd -(iPC)

Crush (+) +6.1 +6.1 - +12.0
Burst (-) ~10.0 -h.5 -5.7
Unsymmetrical pressure limit, psi
Crush (+) +12.1 +11.1 +16.6
Burst (-} b7 -5.8 -5.7
PA = Aerodynamic pressure (psi)
= Porternal ~ PCa.vity'
PExternal = Pw + CPq
PCa.vity =P - (tPc)




TABLE TII.- SHCCK ARRIVAI. TIMES, OVERPRESSURES AND FLIGHT PARAMETERS AT TIME OF SHOCKX ARRIVAL:

PAD -~ 60- 000 FT'; S-IB STAGE EXPLOSION {SATURN IB)

td’ sec tsa’_ gec R, It AP, psi M# CT 9, psi
Pad
1.50 1.59 286 2146 0,28 9.78 0.82
2.00 2.25 528 6.01 0.39 b, 6L 1.58
2.50 3.09 951 2.31 0.51 2.40 2.57
3.00 4. ok 1515 1.25 0.55 0.83 2.98
5000 ft
1.00 1.08 246 14.37 0.48 4,10 1.96
1.50 1.72 Lho L. 4 0.58 2.80 2,81
2,00 2.52 800 1.75 0.67 . 1.91 3.69
2.50 3.44 1335 0.89 0.73 1,10 4,26
10 000 ft
1.00 1.08 246 12.70 0.65 2.75 2,92
1.50 1.73 LLE 3.79 0.73 2.17 3.61
2.00 2.56 8L8 1.39 0.80 1.6k k.26
2,50 3.5L4 1bh1 0,69 0.8k 0.96 L4.46
15 000 ft

1.00 1.08 246 11,41 0.79 2,31 3.hg
1.50 1.72 ‘432 3.56 0.86 1.9k 4,03
2.00 2.60 892 1.13 0.91 1.57 L, L3
2.50 3,65 1556 0.54 0.92 0.85 L, 36

ST



TABLE IT.- SHOCK ARRIVAL TIMES, OVERPRESSURES AND FLIGHT PARAMETERS AT TIME OF SHOCK ARRIVAL:

PAD - 60 000 FT; S-IB STAGE EXPLOSION (SATURN IB) - Comtinued

sec

4 tsa’ sec R, ft AP, ps:'-L M# CT 9, psi
20 000 £+
1.00 1.07 221 13.16 0.91 2.11 3.77
1.50 1.68 383 L,03 0.96 1.95 4,06
1.80 2.20 648 1.57 0.99 1.75 4, o2
2,00 2,61 897 0.98 1.00 1.63 L.27
25 000 ft
1.50 1.58 253 8.81 1.06 1.97 4,05
1.80 1.95 356 L.20 1.08 1.85 L.15
2.00 2.32 558 1.78 1.10 1.72 k.20
2.50 L,10 2041 0.27 1.08 0.64 3.76
30 000 ft ‘
1.00 1.04 186 16.27 1.20 1.92 h.18
1.50 1.57 236 9.38 1.22 1.90 h,25
1.80 1.9h4 333 k,33 1.2k 1.77 4.31
. 1.90 6.62 5551 0.01 0.93 0.10 1.9k
35 000 ft ,
1,00 1.05 198 12.79 1.38 1.85 4,35
1.30 1.37 239 8.28 1.39 1.85 4,36
1.40 1.49 268 6.38 1.40 1.85 4.38
1.50 11.07 10830 0.00 0.78 0.00 0.89

9T



TABLE II,- SHOCK ARRIVAL TIMES, OVERPRESSURES AND FLIGHT PARAMETERS AT TIME OF SHOCK ARRIVAL:

PAD - 60 D0O. FT; S~IBR STAGE EXPLOSION (SATURN IB) - Continued

td, sec tsa.’ sec R, £t AP, psi_ M# CT q, psi
40 000 ft
0.00 0.04 < 180 > 13.00 1.50 0.00 4.29
0,50 0.54 188 13.01 1.49 0.69 L.2h
0.80 0.85 200 11.24 1.49 1.00 k.21
1.10 1.19 280 5,21 1.56 1.88 k.29
1.20 - - _— —— - -
L5 000 £t
0.00 0.0L < 190 > 12.00 1.61 0.00 3.91
0.30 0.34 190 11,59 1.61 0.50 3.88
0.60 0.6k 199 10.4k 1.60 0.75 3.87
0.80 0.86 234 7.12 1.60 1.00 3.85
0.90 _ _— — _— - -
50 000 ft
0.00 0.0k < 195 > 10.00 1.76 0.00 3.65
0.30 0.3k 19% 9.94 1.75 0.50 3.63
0.60 0.66 226 7.02 1.75 0.65 3.61
0.70 _— —— _— - _— —
55 000 ft
0.00 0.0k < 195 > 9.00 1.91 0.00 3.41
0.30 0.3% 196 8.90 1.90 0.55 3.39
0-68 0.65 232 5.99 1.90 0.90 3.38
ODT Ll ———

L1



TARLE TT,- SHOCK ARRIVAL TIMES, OVERPRESSURES AND FLIGHT PARAMETERS AT TIME CF SHCCK ARRIVAL:

PAD - 60 000 FT; $-IB STAGE EXPLOSION (SATURN IB) - Concluded

T
8

sec,
a® "7

AP, psi M# C'l‘ q, psi
60 000 ft
0.00 0.0b < 195 > 8,00 2.07 0.00 3.1k
0.30 0.34 197 7.89 2.06 0.65 3.12
0.60 0.65 239 5.06 '2.06 1.20 3.11
0.70

8T



TABLE II1.- SHOCK ARRIVAL TIMES, OVERPRESSURES AND FLIGHT PARAMETERS AT TIME OF SHOCK ARRIVAL:

PAD - 60 000 FT; S-IVB STAGE EXPLOSION (SATURN IB)

td, sec tsa’ gec R, It AP, psi M# C'I‘ g, psi
Pad

2.00 2.19 Leé 10.0L 0.37 5.25 1.4z

2.30 2,65 680 4.86 0.45 3.3k 2.06

2.50 3.00 861 3.29 0.50 2.64 2.48

, 3.00 3.93 1hik 1.63 0.55 0.94 2.99
5000 £t

1.50 1.58 269 19.02 0.56 3.06 2.62

2.00 2.28 552 k.35 0.65 2,12 3.43

2,30 2,80 822 2.27 0.70 1.72 3.93

2.50 3.18 1041 i1.63 .73 1.38 4,20
.10 000 ft

1.50 1.56 . 234 2h.98 0.71 2.34 3.k

2.00 2,22 483 5.21 0.78 1.81 L.03

2.50 3.16 1016 1.53 0.8k 1.31 4.53

3.00 4.15 1617 0.83 0.81 0.57 k.09
15 000 ft

2.00 2.15 381 8.01 0.88 1.75 4.2k

2.20 2.15 525 4.15 0.90 1.62 L.37

2.50 3.08 917 1.60 0.93 1.37 L.s3

3.00 k,11 1551, 0.79 0.89 0.60 L, 01

6T



TABLE III.- SHOCK ARRIVAL TIMES, OVERPRESSURES AND FLIGHT PARAMETERS AT TIME OF SHOCK ARRIVAL:

PAD - 60 000 FT; S-IVB STAGE EXPLOSION (SATURN IB) - Continued

tgs sec b, sec R, £t AP, psi COM# Co q, psi
20 000 ft

2.00 2,07 264 17.31 0.98 1.78 k,19

2,20 2.32 : 356 8.78 0.99 1.71 L, 25

2.50 2.78 572 3.28 1.00 1.58 L, 27

2.80 3.46 1016 1.25 1.00 1.13 4,15
25 000 ft

2.50 2,59 "301 12.27 1.11 1.65 h.21

2.80 2.98 443 5.17 1,12 1.55 h.21

3.00 3.32 629 2.54 1.11 . 1.26 h.15

3.30 4,08 1153 0.93 1.07 0.67 3.67
30 000 ft

2.50 2,56 269 16.39 1.27 1.60 4,36

2.70 : 2,80 330 9.4k . 1.28 1.5h4 .37

3,00 3.23 527 3.36 1.29 1.26 L.31

3.10 5.69 3206 0.19 1.03 0.25 2.50
35 000 f%

2.50 2.59 322 9.50 1.46 1.55 kLo

2,60 2,73 392 6.03 147 1.52 L. 46

2.70 9.93 8318 0.00 0.8% 0.00 1.06

0c




TABLE III.- SHOCK ARRIVAL TIMES, OVERPRESSURES AND FLIGHT PARAMETERS AT TIME OF SHOCK ARRIVAL:

PAD - 60 000 FT; S-IVB STAGE EXPLOSION (SATURN IB) — Continued

td, sec tsa.’ sec R, £t AP, psi M# CT g, psi
Lo 000 ft
2.10 2.15 bl 17.1% 1.63 1.68 h,h2
2.20 2.27 291 11.33 1.63 1.64 b, hh
2.30 2,h1 369 6.55 1,6k 1.61 4 L6
2,40 _— _— _— _— _— —
45 000 ft
1.80 1.83 198 - 25,92 1.75 1.89 4,11
1.90 1.94 243 16.28 1.77 1,85 .12
2.00 2.07 298 10.18 1.78 1.80 4.15
2.10 - _— —_— —_— - -
50 000 ft
1.60 1.62 184 28.31 1.90 2,08 3.8%
1.70 1.73 207 21,93 1.92 2.04 3.95
1.80 1.85 259 13.28 1.93 1.99 3.88
1.90 _— - - - - _—
55 000 ft
1.50 1.52 186 25,48 2.07 2,26 3.57
1.60 1.63 210 19.73 2.09 2,22 3.59
1.70 1.74 263 11.97 2.10 2.17 3.61
1.80 -

e



TABLE TTI.- SHOCK ARRIVAL TIMES, OVERPRESSURES AND FLIGHT PARAMETERS AT TIME OF SHOCK ARRIVAL:

"PAD - 60 000 FT; S-IVB STAGE EXPLOSION (SATURW IB) - Concluded

tgs sec b, S€C R, Tt AP, psi M# Cop a, psi
60 000 ft

1.50 1.52 203 19.66 2.25 2.k6 3.28

1.60 1.64 253 12.33 2,26 2.k 3.29

1.70 1.76 316 T4k 2.27 3.30

1.80

2.37

e



TABLE IV,- SHOCK ARRIVAL TIMES, OVERPRESSURES AND FLIGHT PARAMETERS AT TIME OF SHOCK ARRIVAL:.

PAD - 60 000 FT; S-IC STAGE EXPLOSTON (SATURN V)

tgs sec t ., sec ‘ R, ft &P, psi A Cy q, psi
Pad -

1.50 1.58 3Ls k7,72 0.28 10.38 0.78

2,00 2.19 548 16.67 ¢.38 4,90 1.51

3.00 3.89 173 2.67 0.55 1.02 2.99

4,00 5.7h 2551 1.28 0.48 0.26 2.23
5000 ft

1.00 1.10 34l 22.10 0.49 %.05 1.99

1.50 1.71 518 9.29 0.58 2.84 2,78

2.00 2.5 853 3.Th 0.67 1.9% 3.60

2.80 %.99 1752 1.26 0.70 1.72 .07
10 000 %

1.00 1.10 347 19.79 0.64 2.82 2.85

1.50 1.72 522 7.57 0.72 2,22 3.53

2.00 2.4g 876 2.97 0.79 1.69 k.16

2.50 3.49 1475 S 1.36 0.83 1.00 L 46
15 000 ft

1.00 1.10 3hg 17.56 2,28

1.50 1.69 hos 8.03 1.98

2.00 2.4 843 2.92: 1.61

2.50 3.55 1533 1.12 0.9

£e



TABLE TV.- SHOCK ARRIVAL TIMES, OVERPRESSURES AND FLIGHT PARAMETERS AT TIME OF SHOCK ARRIVAL:

PAD - 60 Q00 FT:

§-IC STAGE EXPLOSION (SATURN V) - Continued

td’ sec t_sa’ sec R, ft AP, psi M# CT Qs psi
20 000 ft
1.50 1.65 L37 9.68 0.97 1.90 4,16
2.00 2,32 6Th 3.83 1.00 1.68 4,33
2.50 3.36 1334 1.23 1.00 1.19 4.26
3.00 k.3 1795 0.76 .94 0.5L 3.53
25 000 ft
1.00 1.07 297 21.21 1.06 1.5 k.10
1.50 1.59 3Lkg 14,40 1.08 1.89 4,22
2.00 2.16 Le6 7.56 1.11 1.71 4,33
3.00 bbb 1976 0.61 1.0k 0.49 3.4
30 000 ft
1.50 1.59 337 13.56 1.26 1.78 k.50
2,00 2,15 450 7.45 1.28 1.62 L.,56
2.20 2.5 595 3.97 1.29 1.55 L.59
2.30 6.71 5338 0.09 0.94 0.09 2.00
35 000 £t
1.00 1.07 323 14,60 1.k3 1.71 4.70
1.50 1.60 382 9.96 1.46 1.70 L.
1.70 1.85 hsh 6.71 1.h7 1.63 L.76
1.80 11.hk > 11000 0.00 0.78 0.00 0.92




TABLE IV.- SHOCK ARRIVAL TIMES, OVERPRESSURES AND FLTGHT PARAMETERS AT TIME OF SHOCK ARRIVAL:

PAD - 60 000 FT; S-IC STAGE EXPLOSION (SATURN V) - Continued

tqs sec t_,» S€C R, ft AP, psi M# Co q, psi

Lo 000 £t

0.50 0.57 325 13.32 1.59 1.67 L .66

1.00 1.09 365 10.09 1.62 1.71 k.70

1.30 1.5 b7 5.49 1.6k 1.71 b7l

1.40 - - - - - -
45 000 ft

0.00 0.09 < 350 > 9,60 1.77 1.2 4.66

0.50 0.58 358 9.62 1.80 1.68 L .66

0.8o 0.91 hor 7.h2 1.82 1.70 4,70

0190 - - - - -— ——
50 000 ft

0.40 0.4 197 9,70 1.97 1.67 b 48

0.50 0.54 201 9.22 1.99 1.73 k.50

0.60 0.66 226 7.02 2.00 1.7k 4,51

0.70 - -- -- -- -- o
55 000 ft

0.50 0.54 205 8.06 2.16 1.79 L.20

0.60 0.65 2%3% 5.99 2.17 1.85 .21

0.70 - -—

-
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TABLE TV.- SHOCK ARRIVAL TIMES, OVERPRESSURES AND FLTIGHT PARAMETERS AT TIME OF SHOCK ARRIVAL:

PAD - 0 000 FT; S-IC STAGE EXFLOSION (SATURN V) - Concluded

9z

td’ sec L 3§c R, ft AP, psi M# cT q, psi
60 000 £t

0.50 0.5k 207 7.0 | 2.25 2.18 3.59

0.60. 0.65 240 5.06 2.27 2,18 3.60

0.70 - . - - — .




TABLE V,- SHOCK ARRIVAL TIMES, OVERPRESSURES AND FLIGHT PARAMETERS AT TIME OF SHOCK ARRTIVAL:

PAD - 60 000 FT, S-II STAGE EXPLOSION (SATURN V)

tgs sec tgogs SEC R, £t AP, psi M# C‘l‘ q, psi
Pad
2.00 2.13 L77 27.18 0.38 h.o4 1.L44
2.50 2,86 822 8.39 0.48 2.87 2.28
3.00 3.78 1358 3.4 0.55 1.16 2,97
3.50 h,73 1932 2.04 0.53 0.48 2.75
5000 ft
1.60 1.71 395 . 23.70 0.58 2.84 2.78
2.00 2.2k 607 9.21 0.64 2.15 3.40
2.50 3.09 1061, 3.23 0.72 1.4t b5
3.00 k.08 1666 1.65 0.72 0.65 L.06
10 000 ft
1.60 1.69 362 ' 27.71 0.72 2.25 3.50
2.00 - 2.19 548 10.85 0.77 1.87 3.95
2,50 %.02 976 3.4 0.83 1.47 4,45
3.00 4,05 1622 1.55 0.81 0.61 4.15
) 15 000 ft '

2.00 2.13 450 16.0% 0.89 1.75 4,26
2.50 2.86 792 b.76 0.92 1.48 L.52
3.00 3.92 1465 1.63 0.91 0.7 k.20
3.50 g 1882 1.1k 0.84 0.29 3.45

1z



TABLE V.- SHOCK ARRIVAL TIMES, OVERPRESSURES AND FLIGHT PARAMETERS AT TIME OF SHOCK ARRIVAL:

PAD - 60 000 PT, S-IT STAGE EXPLOSTON {SATURN V) - Continued

td’ sec tygs S€C R, £t AP, psi _ M# GT g, psi
20 000 ft
2.80 3.07 677 6.19 1.01 1.43 4,34
3.00 3,38 825 k.10 1.01 1.15 L.25
3.50 h.26 1282 1.83 0.9 0.58 3.62
L,00 4,92 I4TL 1.47 0.88 0.38 3.07
25 000 £t
3.50 3.82 55 . 4.61 1.11 0.84 3.99
4.00 4,49 973 2.76 1.04 0.k7 3.1
4.50 5.07 1071 2,31 0.97 0.%6 2,91
5.00 557 1079 2.27 0.92 0.28 2.57
27 500 £t
3.00 3.12 LLB 14,43 1.22 1.57 L. Lo
3.50 3.72 625 6.76 1.19 0.90 h.11
4.00 L., 34 799 3.97 1.12 0.53 3.58
7.00 7.50 og7 2.5k .80 0.03 1.63
30 000 ft
3.70 L,01 763 L. o5 1.26 0.65 k.03
4,00 4.3 921 2.87 1.20 - 0.49 3.57
4.50 5,00 1008 2.39 1.1k 0.34 3.13
5.50 5.96 - 960 2.63 1.02 0.19 2.43




TABLE V.- SHOCK ARRIVAL TIMES, OVERPRESSURES AND FLIGHT PARAMETERS AT TIME OF SHOCK ARRTVAL:

PAD - 60 000 FT, S-II STAGE EXPLOSION (SATURN V) - Continued

tg, SeC tqs SEC R, Tt AP, psi M# Cp q, psi
32 500 ft
2.50 2.56 332 27.51 1.41 1.47 b, Th
3.00 3.13 486 11.h40 1l.ke 1.28 .70
3.40 3.69 Thi 4,35 1.k 0.85 L. ke
3.50 7.22 ko2l 0.23 0.97 0.05 1.82
35 000 ft
2.80 2.90 LTTE 15.68 1.52 1.ko h.75
3.10 3,32 643 5.8k 1.52 1.09 4.6L
3.20 9.79 1795 0.07 .87 ¢.00 1.1k
Lo 000 £t
2.30 2.36 358 21..35 1.71 1.49 .81
2.ho 2.48 Los 16.09 1.711 1.47 h.81
2.50 2,60 L55 12,25 1.72 1.45 4,80
2.60 2.73 517 9.12 1.72 1l.h2 4.80
2.70 - -- - -- “— _—
k5 000 1t
2,00 2.05 329 2L .3) 1.91 1.56 4,82
2.10 2.16 359 19.95 1.92 1.54 h.83
2.20 2,28 kis 14 .32 1.93 1.51 L84
2.30 2.42 503 9.18 1.9% - 1.k8 4.83
2.40 - - - - - o

68



TABLE V.- SHOCK ARRIVAL TIMES, OVERPRESSURES AND FLIGHT PARAMETERS AT TIME OF SHOCK ARRTVAL:

PAD - 60 000 FT, S-II STAGE EXPLOSION (SATURN V) - Concluded

t4s s€C tgqr SEC R, It AP, psi M# | Co a, psi
' 50 000 ft
1.80 1.84 323 23 .62 2,11 1.67 L4, 6L
1.90 1.5 354 19.33 2.12 1.64 4,66
2,00 2.08 h1s 13.49 2,13 1.63 4,67
2.10 - - -- -- -- -
55 Q00 ft
1.70 1.7k 328 21,29 2.30 1.81 h.32
1.80 1.85 360 17.32 2.31 1.78 4.35
1.90 1.97 426 11.96 2.33 1.74 L.37
2,00 - - —-— - - -
60 000 ft
1.70 1.75% 374 14,92 2.41 2.10 3.73
1.80 . 1.87 Lo 10.32 2.43 2.05 3.75
1.90 - - - - —_— -




TABLE VI.- SHOCK ARRIVAL TIMES, OVERPRESSURES AND FLIGHT PARAMETERS AT TIME OF SHOCK ARRIVAL:

PAD - 60 000 FT; S-IVB STAGE EXPLOSIONS (SATURN V)

td, sec tsa’ sec . R, ft AP, psi V# CT g, psi
Pad
2.20 2.49 599 6.12 0.43 3.75 1.89
2.50 3.00 861 3.29 0.50 2,64 2.48
2.70 3.36 1070 2.38 0.53 1.91 2.77
3,00 3.93 11k 1.63 0.95 Q.94 2.99
5000 ft
1.90 2,13 478 5.68 0.63 2.25 3.30
2.00 2.28 552 k.35 0.65 2.10 3.4
2.20 2,63 729 2.73 0.68 1.83 3.77
2.50 3.18 1042 1.63 0.73 1.38 4,20
10 000 ft
1.70 1.81 318 12.53 0.73 2.16 3.60
2,00 2.23 Lol k.99 C.77 1.85 3.95
2.20 2.59 685 2.77 0.80 1.64 h.23
2,50 3.18 1038 1.48 .83 1.27 L .50
15 000 ft
2.00 2.15 38 7.87 0.89 1.7 L.26
2,20 2,47 543 3.80 0.91 1.60 I 43
2.40 2.88 795 2.00 0.93 1.y 4.53
2.70 3.52 1210 1.09 0.93 1.¢0 b 46

TE



TABLE VI.- SHOCK ARRIVAL TIMES, OVERPRESSURES AND FLIGHT PARAMETERS AT TIME OF SHOCK ARRIVAL:

PAD - 60 Q00 FT; S~IVB STAGE

EXPLOSICNS (SATURN V) - Continued

td, sec tsa’ sec R, ft AP, psi M# CT q, psi
20 000 ft
2.20 2.30 318 11.35 1.00 1.68 4.33
2,40 2.57 - b2 5.96 1.00 1.59 L, 325
2.70 3,09 708 2,22 1.02 1.41 b, 34
3.00 3.75 1124 1.08 1.00 0.88 4,03
25 000 f%
2,50 2.57 280 14 .46 1.12 1.61 4.35
2.80 2.9 koo 5.73 1,13 1.51 h.35
3,10 3,45 660 2,32 1.13 1.11 L .21
3.k0 b 14 1114 0.98 1.07 623 2.71
30 000 ft
2,70 2.79 319 10,18 1.31 1.h47 4,58
3.00 3.19 466 4 .38 1.31 1.26 4,53
3.10 3.37 5TT 2.79 1.31 1.09 4 he
3,30 5.88 1ok 0.19 1.03 0.20 2.47
35 000 Tt
2.50 2.58 208 11.34 1.50 1.46 Y77
2,60 2,69 330 8.9 1.51 1.4% 4.76
2,70 2.83 397 5.85 1.51 1.k0 k76
2.80 10,44 8778 0.00 0.83 0.00 1.06

gt



TABLE VI.- SHOCK ARRIVAL TIMES, OVERPRESSURES AND FLIGHT PARAMETERS AT TIME OF SHOCK ARRTVAL:

PAD - 60 000 FT; S-IVB STAGE EXPLOSIONS (SATURN V) - Continued

td, sec tsa’ seg R, ft AP, psi M# CT a, psi
%0 Q00 ft

2.30 2,37 302 10.L46 1.70 1.49 4,81

2.40 2.54 13 5.08 1.71 1.49 L.81

2.50 - - - - - -
R OOO.ft

1.90 1.93 196 26.26 1.91 1.59 4 .80

2.00 2.04 242 16.44 1.91 1.58 4,81

2.10 2.16 297 10.24 1.92 1.54% 4 82

. 2,20 -- - - - - --
50 000 ft

1.70 1.72 . 183 28.51 2,10 1.69 i,61

1.80 1.84% 228 17.67 2,11 1.67 4,64

1.90 1.96 283 10.80 2.13 1.64 L .66

2,00 - - - -— “— -
55 000 1t

1,60 1.62 185 25,87 2.29 1.85 I, 30

1.70 1.73 209 19.85 2.30 1.82 .33

1.80 1.85 267 11.59 2.32 1.77 L,35

1.90 -- - -- - -- --
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TABLE VI.- SHOCK ARRIVAL TIMES, OVERPRESSURES AND FLIGHT PARAMETERS AT TIME OF SHOCK ARRIVAL:

PAD - 60 Q00 FT; S-IVB STAGE EXPLOSIONS (SATURN V) - Concluded

td’ sec tsa’ sec R, Tt AP, psi M# Y q, psi

60 000 ft

1.63 220 16.71 2.39 2.14 3.73
. 9.80 2,41 2.09 3.73

e
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TABLE VII.— LOAD SUMMARY - S5-IB EXPLOSION (SATURN IB)

Pad

b, = :.L,l59.(1:d .z 1.50) b, * 2.25 (tﬂ = 2_00) sa = 309 (td = 2.59) tg, = 403 (td = 3.00)

P, 2 AP Poor Py 2 4P Pror P, 2 4P Pror 2, 2 ap -
0.03 - 21.hg” c.0ok 12.06 0.18 4,80 0.4o 2.90

{ -0.0b Caluhe -0.10 11,92 0.23 L.85 1,31 3.81
1 -0.13 ] 21.k6 | 21.33 -0.26 | 12.02 1L.76 0.20 462 L.82 1.11 2.50 3.61
0.27 . 21,713 0.51 12.53 1.10 5.72 1.90 L 4o
0.67 22,13 1,28 13.30 1.80 6.2 2,19 k.69
0.92 . 22,38 1.7% |- 13.77 2.88 7.50 3.42 © 5,92
0.72 : 22.18 1,38 13.40 2.35 6.97 3.08 5.58

Prop = 21.80 pai ‘?TOT = 12.67 psi Frop = 5-87 pst Brop = 4.5 psi
5000 £t
toq = 108 (t, = 1.09) t,, = 112 (t.d = 1.50) t,, = 2,52 (td = 2.00) tog = 3.4k (1, = 2.50)

By 2 AP Poop P, 2 AP Prop P, 2 AP Prop P, 2 AP Prap
~0.09 | 28.65 -0,11 8.83 -0.07 3.h3 . 0.13 1.91

L =027 28,47 ~0.51 8.43 -0.09 3. -0.10 1.68
-0.48 | 28.7% | 28,26 -0.47 B.ok B.47 «0.15 3.50} 3.35 0.7h 1.78 2.52
0.49 29,23 1,07 10.01 2.03 5.53 2.06 3.84
1,45 30.19 2,18 11.12 3.35 6.85 2.83 4,61
2.03 30.77 2.97 11,91 3.94 7.h4b L,64 6.42
1.57 30.31 2.k3 11.37 3,19 6.69 2.98" .76

Frop = 29:40 pei © Prop = 10.00 psi By = 5.27 psi Brop = 3-73 pst

Ge



TABLE VII.- LOAD SUMMARY - S-IB EXPLOSION (SATURN IB) - Contimued

10 000 £t
= = = = = 2. =2, = 3.5h = 2,50
t, = 1.08 (td = 1.00) b, = 1.73 (td 1.50) b, = 2.56 (td 2 oo) o, = 3.5 (td 5)
P
P, 2 8P | Bpyn Py 2 AP Prr P, 2 AP Poor P, 2 AP o
-0.28 25.12 -0.20 7.38 =-0.33 2,45 0.03 1.
-1.10 2. 30 -0.52 7.06 ~3.11 2,67 0.91 2.29
-1.00 24,40 -0.54 7.04 0.7h 3.52 1,19 2,57
1.13 | 25.40] 26.53 1.76 | 7.58 9.3k - 2.78 5.44 2.88 1.38 L,26
2.58 27.98 3.19 10,77 .09 6.87 3.89 5.27
3,04 28, 4k 3.81 11.39 4.38 7.16 3.28 4,66
2.59 27.99 3,03 10.61 3.21 5.99 s.27 3.65
Prop = 26-37 psi Brop = 9-11 pei Brogp = 4,98 psi FTOT = 3,60 pst
15 000 ft
t,, = 1.08 (td = 1.00) t,, = 172 (td = 1.50) ty, = 2.60 (td = 2.00) b, = 3.65 (td = 2.50)
P, 2 6F | B P, 2 AP - P, 2 AP Brop P, 2 AP Prop
~0.46 22.36 -0.56 ' 6.56 -0.58 1.68 -0.15 0.93
-0.68 22.14 ~0.69 6.43 ~0.,35 1,91 1.11 2.19
-0.39 22.43 -0.15 6.97 1.29 3.55 1.76 2,8k
1.93 | 22.82¢ ai.75 2,16 | 7.12 9.28 2.96 2.26] 5.22 3.56 1.08 1 L.gy
3.k 26.23 3.68 10.80 4,69 6.95 4.8z 5.90
3.50 26,32 3.28 10.ko L,38 6.64 2,14 3.22
3.17 25.99 3.1% 10.26 3.2 5.68 1.77 2.85
Frop = 24.3 psi " Pppp = 8.72 psi Ppop = 466 psi Blop = 3-45 psi

9¢




| TABLE VII.- LOAD SUMMARY - S-IB EXPLOSION (SATURN IB) - Concluded

. 20 000 ft
t, = 1.07(td = 1.00) t, = 1.68 (td = 1.50) ty, = 2.20 (td = 1.80) by, = 2.61 (ta = 2.00)
$ P, 2 AP | Pron P, 2 AP Prop Py 2 AP Pror P, 2 AP L -
0.0 ~0.60 25.72 -0.24 7.82 -0.12 3.02 -0.05 1.91
67.5 -0.71 25.61 -0.27 7.79 ©.03 3.17 0.19 2,15
82.5 -0.12 26,20 1.92 9.98 0.75 3.89 0.90 2,86
97.5 2.37 | 26.32 | 2B.69 3.00 8.06 11.06 3.21 3.14 6.35 3.3 1.96 5.27
112,5 4,01 30.33 I o7k 12.60 k.90 8.0k 4,96 £.62
157.5 3.58 29.90 4,13 12.19 3.99 7.13 3.90 5.86
180.0 3.43 29.75 h.08 12,14 3.94 7.08 3.72 5.68
F’E‘OT = 28.08 psi- ?TOT = 10.63 psi ?TOT = 5.61 psi FTOT = 4 48 psi
25 000 ft
b = 1.5B(td = 1.50) ty, = 1.95 (td = 1.50) t,, =2.32 (td = 2.00) t = 410 (td = 2.50)
b R 2 &P | Poyn. P, 2 AP Prop By 2 AP Pooe P, 2 AP Pror
0.0 | ~0.21 17.k1 -G.73 8.17 -0.10 3.45 0.ke 1.00
67.5 ~0.24 17.38 -0.26 8.14 -0.13 3.43 1.45 1,99
82.5 1.93 19.55 0. 47 8.87 0.99 .55 1.99 2.53
97.5 3.0 | 17.62 |20.63 3.08 8.40. 11.48 3.55 3.56; 7.11 3.33 0.5k 3.87
112.5 L, Th 22.36 4,85 13.25 5.34 8.90 4.28 L.82
157.5 4,13 24.75 h.z22 12.62 L.30 7.86 2.61 3.15
180.0 k.09 21.71 4.18 12.58 k.07 7.63 2.52 3.06
.Ero-r = 20.21 psi ?TOT = 10.79 psi Prop = 6-23 psi Poop = 3-07 psi.

L



TABLE VIII.- LOAD SUMMARY - S-IVB EXPLOSION (SATURN IB)

Pad
%, = 2.19 (td = 2-00) b, = 2.65 (td = 2.30) t, = 3.00 (t by, = 3.93 (td = 3.00)
4 Py | 28P | Fpop Pp | 28P | Prop Py 2 ap Fa 2 8% | Ppgp
0.0 -0.0k 20.12 0.10 9.82 0.7 0.39 3.65
67.5 -0.02 20.06 0,03 9.75 0.22 1.30 4,56
B2.5 -0,15 20.08] 19.93 -0.06 | 9.72 9.66 0.19 - 6,58 .11 3.26 4,37
97.5 0.61 20.69 0.87 10.59 1.06 1.90 5.16
120.0 1.hh 21.52 1.7k 11.L6 1.73 2.19 5.Lk5
15T7.5 1.52 21,60 2.25 11,97 2.77 3.43 6.69
180.0 1.15 21.23 1.76 11.48 2.26 3,08 6.34
PTO'I.‘ = 20,75 psi P‘IV:)T = 10.68 psi PTOT = PTOT = 5,20 psi
5000 £t
tep = 1,58 (td = 1.50) tog = 2.28 (td = 2.00) by = 2.80 (t to = 3:18 (td = 2.50)
8 P, 24P | Ppgn P, 2 AP Prap P, 2 AP P, 2 AP Prom
0.0 | -0.02 38.02 -0,0h B.66 -0.03 -0.05 3,21
67.5 ~0.03 38.01 -0.10 §.60 0.10 0.02 3.28
87.5 ~0,09 38.04F 37.95 -0.12 | 8.70 B.s8 0.12 b, 84 1.15 3.26 L.y
97.5 0.93 38.97 1.48 10.18 2.30 2.29 5.55
120,0 1.81 39.85 2.55 11.25 3.51 3.33 6.59
157.5 2.73 Lo, 77 3.71 12.41 4,26 h.57 7.83
150.0 2,15 40.19 3.0k 11.7h 3.12 3.16 6.h2
§TOT = 39.11 psl Pror = 10.87 psi ﬁTOT ?TOT = 5,41 psi

ola



TABLE VIII,~ LOAD SUMMARY - S-IVE EXPLOSION {SATURN IB) - Continued Aw

10 000 ft
by, = 156 (td - 1.50) b = 2.2 (td = 2.00) b, =3.16 (td - 2.50) IR RL (td - 3.00)
4 Ea 2 Ap Prop By 2 &8 L . B, 2 AP Poor Py 2 4P Poor
c.0. | -0.19 kg.T7 ~0.37 10.05 -0.15 2.91 0.19 1.8%
67.5 -0.52 Lg.hy -0,34 10.08 0.51 3.57 1.13 2.79
82.5 -0.61 Lg.35 -0.03 10.39 0.82 5.88 1.51 2.97
97.5 1.64 | 45,96 | 51.60 2,39 | 10.k2 12.81 2,89 3.06 5.95 2.21 1.66 3.87
120,0 3.08 53.0k 3.89 k.31 4,15 T7.21 2.79 445
157.5 3.59 53.55 4,06 14,58 4.16 7.22 3.5 5.07
180.0 3.04 53.00 3.32 15.7h 2.88 5.6k 2.7Th k.ho
?TOT = 51,39 psi ?TOT = 12.33 psi ?TOT = 5.38 psi ?To'r = 3.71 pei
15 000 £t
te = 215 (5, = 2.00) teg = 2445 (54 = 2.20) tog = 308 (g = 2.50) by = 421 (g = 3.00)
$ Py 2 AP Prop By 2 AP P’rom P‘,L 2 AP Prop By 2 Ap . PTOT
0.0 -0,6k 15,38 -0.58 T.72 -0.48 2.72 0.16 1.74
67.5 ~0.61 15.41 ~0.36 7.9k 0.43 3,63 1.28 2.86
82.5 0.07 16,02 | 16.09 0.36 8.30 8.66 1.12 3.20 4,52 L5 1.58 3.03
975 0.49 16.51 2.91 ‘ 1l.21 3.98 T.18 2,10 3.68
120.0 b6 £0.48 4.61 12.91 5.84 9.0k 2,43 4.01
157.5 4,07 20.09 4,31 i2,61 k.90 8.10 3.5 5.33
180.0 3.4 19.43 3.37 11.67 342 6.62 3.49 5.07
§T0‘1' = 17.66 psi PTO‘I‘ = 10.50 psi PTOT = 6.16 psi §TOT = 3,72 .psi

6%



TABLE VIIT.- TOAD SUMMARY - S-IVB EXELOSION (SATURN IB) - Conmtimued

207000 £t
tq = 20T (td = 2.00) t, = 2.32 (td = 2.29) t, = 278 (td = 2.50) b, = 3.46 (td = 2.80)
Y P, 24P | Bygp P, 2 AP Prop P, 2 s Prop 2 2 AP Pror
0.0° | -0.18 3h -0.12 17k -0.05 €.51 0,34 2.84%
67.5 Q.12 3T 0.0k 17.60 0.19 6.75 1.12 3.62
82.5 0.60 3h.,62 | 35,22 Q.76 | 17.56 18.32 0.90 6.56 T.k6 1.74 2.50 4 2k
97-5 3,13 37.75 3,24 20.80 3,31 9.87 3.54 6.04
120.0 4 .87 39,49 Lok 22.50 I 06 11.52 4.81 T.5L
157.5 k.09 38.71 4,03 21.59 3.90 10.46 2.98 5,48
180.0 L.os 38.67 5.98 21.54 3.72 10.28 2.90 5.k0
Frop = 3708 psi Brop = 20:05 psi By = 908 pei Brop = 914 st
25 000 ft
6, = 259 (td = 2.50) & = 2.98 (td = 2.80) 8, = 3.32 (td = 3.00) t, = k.08 (td = 5.30)
Py 2 AP Pror Py 2 ap Bpor P, R AP Pyor P, 2 AP Pror
-0.11 2i 43 -0.12 10.22 0.05 5.18 0,0k 1.90
0.13 24 67 -0.15 10.19 G 5.55 1,38 3.24
0.98 ol sy | 25,52 0.97 | 10.34 11,31 1.14 5.08 6.22 1.91 1.86 3.77
3.55 28,09 3.57 13.91 3.29 8.37 3.26 5.12
5.35 29,89 537 15.7L 4,78 9.86 4,23 6.09
4,30 28.84 I, 32 14,66 3,49 8.57 2.25 k.11
4,08 28.62 4,10 1k 4 3.2 8.50 2,18 © 4,0k
?TOT = 27.26 psi ?TOT = 13.02 pei T:TOT = 7.57 p&i ﬁTOT = 4.22 psi

0%




TABLE VIII.- LOAD SUMMARY - $-IVB EXPLOSION (SATURN TB) - Concluded

30 Q00 £t
b, = 256 (td = 2.50) & = 2.80 (td - 2.70) ty = 3.3 (td = 3.00) 6, =5.69 (td » 3.10)
¢ B, 2 4P Brop P, 2 op PTO‘I‘ PA 2 AP Prop PA 2 AP o
0.0 -0.12 32,66 -0.07 18.81 ) -0.0k 6.68 -0.0k 0.32°
67.5 ~0.32 32,46 ~-0.07 18.81 0.34 T.06 0.74 1.12
82.5 1.25 32.78 | 34,03 1.1 118,88 20.29 1.7 6.72 8.43 0.80 | 0.38 1.18
7.5 .oy 36.79 boob 22,92 Lok 10.76 1.05 1.43
120. 6.00 38.78 5.83 24 71 5,54 12.26 1.66 2.0
157.5 L7 37.55 4 .56 2h Bl k.16 10.88 2.46 2.84
1680.0 4.36 37.34 b.aTt 25,05 3.76 10.48 2.35 2.73
?TOT = 35.75 psi ivm = 22.02 psi }TOT = 0.66 psi PTOT = 1.69 psi

™



TABLE TX,- LOAD SIMMARY - S-IC EXPLOSION (SATURN V)

Pad
= 1.58 (td =150 b, =29 (b, = 2,00 | t,,=3.89 (td = 5.00) = 5.7k (td = h.O(i)
P, 2 AP Pror | Ea 2 AP Pyor P, 2 AP Pror
0.0 33.38 | 0.35 5.69 -0,05 2.51
-0.,09 33.25 | 1,00 6.3 0.23 2.79
-0.25 | 33.34. 33.09 | 0.86 5.34 6.20 040 2.56 2.96
0.kg 33.83 | 1.81 7.15 0.69 3.25
1.23 34,57 § 2.25 T.59 0.58 3.1L
1.68 35.02 | 3.L43 8,711 2,32 4.68
1,3% 34.67 | 3.04 8.38 2.03 4.59
?TOT = 33,96 Poop = 7.18 By = 3.43

5000 ft
o= 110 _(td = 1.00) £, = 172 (’cd = 1.50) & =245 (td " 2.00) t_ = 3.99 (td = 2.80)
B, 2 AP Prop P, 2 AP Poor Py 2 AP Brop
-0.2% 18.34 |-0.28 T.20 0.07 2.59
-0.63 17.95 | =0.3¢ 7.18 0.21 2.73
-0.60 18,58 17.98 | -0.39 T.48 T7.09 0.22 2.52 a.Th
0.93 19,51 1,77 .35 2.h9 5.01
2.02 20.60 | 3.05 10.53 3,7h 6.26
2.80 21.38 3.85 11.33 ks 7.03
538 20.96 | 2,90 10.38 3,5 5.86
Prop * 44,80 Frop = 29-52 FTOT = 9,05 ﬁTOT = 4,67

en




_ TABLE IX,- LOAD SUMMARY - 8-IC EXFLOSION (SATURN V) -~ Continued

10 000 Pt -
by, = 1.10 (td = 1.0() t, = L.72 (td = 1.50) t = 249 (td =2 oo) b, = 349 (td = 2.50)
¢ By 2 AP | Paur P, 2 AP Prop Py 2 AP Pogp Py 2 AP Pror
" 0.0] -0.25 39,3% { 0,27 k.87 | -0.h2 5.52 -0,06 2.66
CBT.5 ] -0.65 38,93 | -0.59 14,55 | -0.25 5.69 0.29 .01
B2.,5) -0.61| 39.58 | 38.97 | -0.61 15.14 14,53 0.1C 5,94 6,04 1,10 2.72 3,82
9751 0.9 ko,5h | 1.63 16,77 2,45 8.39 2.79 5.51
112,51 2.08 41,66 | 3.03 18.17 3.9 9.87 5,80 6.52
157.51 2.B7 ko ks | 3,64 18.78 | k.17 10,11, 3.19 5,91
180,01 2.33 hi.gn | 2.87 18.01 | 3.17 g.11 2,18 L.ooc -
By = 4053 Brop = 1654 Frop = 7+90 Brogp = 476
15 000 fo
¢, = 1,10 (td = 1.00) b = 1.69 (td = 1.50) b, = 2 (td = 2.00) 6, = 3.55 (td = 2.50)
S P, | 24P | P N 2 AP ?TOT P, 2 4P Pror P, 2 AP Poop
0.0} -0.50 3 62 {-0,70 15,36 | ~0.62 5,22 -0.05 2.19
67.5 1 -0.73 .39 {-0.85 15.21 | -0.k0 5,44 0.% 3,19
. B2.5 | -0k3 | 35,12 | .69 [-0.73 16.06 15.83 0.32 5.84 5,52 1.66 2,24 4,00
g97.5 | 1.92 s7.0b | 2,40 18.46 | 2.88 8.72 3,58 5.8z
112.5 | 3.42 38.54 | 4,12 20,18 | k.59 10.43 L.79 7.03
157.5 ¢ 3.51 38.63 | 5.68 19,74 | k.29 10,13 1.57 Ly
180.0| 3.71 38.29 | 3,52 19.58 3.3 9.18 1.56 3.80
?TOT = 35,62 Boop = 17-82 ?TOT =7.91 ?TOT = k.52

A



| TABLE TX.- LOAD SUMMARY - S-IC EXPLOSION (SATURN V) - Concluded

20 000 ft
b= 1.6 (td = 1.50) b, = 2.3 (tﬂ = a.oo) tg, = 3.36 (td = 2.50) b, = b3 (ta = 5.00)

$ Py | 208P | Bpyp P, 2 4P P By 2 AP Proor Py 2 AP P
- g.0| -o.2% 19,53 | ~c.11 T.55 0.36 2.82 -0,25 1.29
675 -0.27) 19,49 0.05 7.71 | 1.17 3.6% 0,93 2,45
82,5 o.7! 19.76| =20.23| 0.78 7.66 B | 1,80 | 2.46 L.c6 1.98 1.52 3,50
.5 3.07 22.83] 3.26 10.92 3.65 6.11 3.1% 4.65
12,5 .83 2h.6L| 5.05 12,71 | b5 741 3,7k 5.6
157.5 4,22 23,98 { 4.10 11.76 3.08 5.54 2.97 4 Lg
180.C|] 4,18 23,94 | L,06 11.72 2.99 5.45 2.B2 4,3
FTOT = 22,15 FTOT = 10.20 PTOT = 5,18 Bror = 3,86

25 000 Tt

b, = 1.07 (td = 1.00) t, = 159 (td a 1.50) b, = 226 (td - e.oo) T = bbb (td = 3.00)

b P, 2 8P | Ppap Py 2 AP Pror P, 2 AP o P, 2 AF Prop
0.0 -0.28 ho,1h4 | -0.29 28,51 | -0.18 14,9k 0,30 1.%2
67.5| -0.32 k2,10 ! -0.33 28.47| -0.02 15.10 1.h3 2,65
Bz2.5 o1 hete| L2831 0.42 28.80 29.22 0.71 15.12 | 1h.k1 1.80 1.22 3.02
97.5 2.97 5,39 3,06 - 3.5 3,25 18.37 2.92- hk
1125 Lk.72 L.k ] 4.8 33,651 L4.98 20.10 3.51 b3
157.5 L11 46,53 | 4.22 3%,02 k,05 19.17 2.75 3.97
180,01 4.06 LA 48 1 b7 32.97 3.99 19.11 2.61 5,83
'i»‘TOT = Lk 72 F:wr = 31.16 iro*r = 17.36 FTOT = 3.53




TABLE X.- LOAD SUMMARY - $-II EXPLOSION (SATURN V)

Pad
to, = 2413 (td = 2.00) t,, = 2.86 (td = 2.50) ty, = 378 (td = 3.00) b = 4T3 (td = 5.50)
P, 2 AP Prop B, 2 AP Pror ?, 2 AP Bror 2, 2 AP Pror |
0.0 0.0% 54,39 0.15 16.93 -0,48 6,34 0.52 4 .60
67.5 -0.10 54,26 1 0.13 16.91 0.59 741 C.8% Loz
82.5 -0.25 54,11 0.08 16.86 0.73 T7.55 1.02 5.10
97.5 0.6 5h,36 54 B2 0.97 16.78 17.75 L.3k4 6.82 8.16 1.43 4,08 5.51
112.5 1.16 55.52 1.73 18,51 1.52 8.34 1.36 5.4
157.5 1.59 55 .55 2.5k 19.%2 k.28 11.10 3.hY T.52
180.0 1.25 55.61 | 2.02 18.80 3.00 9.82 5.06 7.1k
—P_mw = 54,94 Bpgp = 1787 By = 8.4 T’mm =5.73
5000 ft
tgg = 172 (td - 1.60) by, = 242 (td = 2.00) tog = 3409 (td = 2.50) b, = 408 (ta = 3.00)
By 2 AP Prop P, 2 AP Eror P, 2 ap Py or P, | 24P Pror
-0.16 Ly 24 =0,09 18,33 -0.03 6.43 0.24 3.5k
-0.55 46.85 -0.15 iB.27 -0.17 6.29 1.03 4,33
-0.51 46,89 -0,16 18,26 0.91 T.37 1.02 b,32
1.01 | U47.%0 48.4 1.2 | 1B.ke 19.84 2,38 | 6.46 8.8k 1.69] 3.301 4.99
2.10 bg.50 2,48 20.90 3.49 9.95 2.16 5.46
2.86 50,26 3,63 22.05 4.38 10.84 5,76 T.06
2.35 | Lo, 715 2,97 21.39 3.17 5,63 2,70 £.00
?TOT = 48,40 ?To'r = 19,86 ?TOT = 8,55 §TOT = 5,66

S



TARLE X,- LOAD SUMMARY - S-IT1 EXPLOSION (SATURN V) - Continued

10 000 ft

5, = 1.69 (td = 1.60) tog = 2:19 (td = 2.00) £, = 302 (td = 2.50) 6 = b5 (td = 3.00)
$ PA W 2 AP PTOT PA 2 AP PTOT PA 2 AP PTD‘.T.‘ PA 2 AP PTOT
0.0 ~0.27 55.15 =07 21,25 -0.31 6.57 0.09 3.19

67.5 -0.61 54,81 ~0.52 21.18 0.09 6.97 1.0k L1k
87.5 | -0.70 5472 | -0.34 21.36 0.L3 7.31 | L.83 b33
97.5 1.60 | s5.k2 | sT.02 2.20 { 21.70 23.90 2.75 6.88 9.63 2,14 3.10 | 5.2
120.0 3.06 56,48 2.76 2l 46 L,16 11,04 2.7h 5,84
1575 3.58 55,00 3.87 25.57 b7 11.35 3.36 6.46
180.0 1 3.03 58.45 3.2 2l,92 3.23 10.11 | 2.69 5,79
Prop = 56.81 Prop = 23.26 Brgp = 9-11 Pogp = 5 .08
15 000 ft

by = 27 (¥ 2.00) oo = 286 (15 = 2.50) |t =392 (tq = 3.00) o =TT (84 = 3.50)
Py 2 AP Pror B, 2 AP Frop P, 28 | Prog P, 2 AP Poor
0,0 -0.56 31.52 -0.41 9.11 o.he 3,68 0,18 2.46
67.5 =043 31.65 0.19 9.71 1.29 L .55 1.06 3,34
82.5 0.27 32,55 0.7 10.29 1.73 4,99 | 1.5 3.43
97.5 2,73 | 32.08 | 3k.81 3,19 | 952 | 12,71 3.06 | 3.26 6.32 1.68 | 2.28 | 3.96
120.0 L5 36.53 4,78 13,30 3.99 T.25 2.02 L,30
157.5 L 36.19 L.ko 13.92 2.8 6.15 3.55 5.53
180.0 3.30 35,38 3.15 12,67 2.50 5.76 2.63 k.ol
?TOT = 34.16 Fror = 11.80 EBpor = 5.66 Pror = .ok

o1




TABLE ¥.- LOAD SUMMARY - S-IT EXPLOSION (SATURN V) - Continued

20 000 ft
b, = 307 (td = 2.80) e T 3.38 (td = 3.00) b = .26 (td = 5.50) bep = 4,92 (td = u.oo)

) B, 2 AP Prow 2, 2 AP Prop PA 2 AP Prop P, 2 AP pTOT
0.0 0.09 1247 0.29 8.49 0.53 4,19 -0.,20 3.08
67.5 0.5h 12.92 1.16 9.36 1.hg 5,15 0.65 5.94
81.5 0.82 12.38 | 13.20 1.80 8.20 | 10.00 2.01 3 .66 5.67 0.80 | 2.9 L 17
97.5 3.49 15,87 3.64 11.84 3.30 6.95 1.61 k.90
120,0 3.68 16,06 L.o4 15.14 4,22 7.88 2.03 5.32
157.5 3.69 16.07 3.07 11.27 2.60 £.26 2.19 5.48
180.0 3.63 16.01 2.98 11.18 2.52 6.18 1.99 5.28
Fpop = 1473 Frop = 10.91 Pror = 6.18 ?TOT = 4,67

25 000 ft
b, = 3.82 (td - 3.50) | sy, = kb9 (td ='h.oo) 6, = 5.07 (td - 1+.5o) b, = 5:5T (td = 5.00)

By 2 AP E, P, 2 AP Bror Py 2 AP Pror P, 2 AP Pror
0.0 0.h2 9.64 0.30 5,82 0.02 h,64 -0.05 L.Lhg
67.5 1.37 10.59 1.k 6.93 1.16 5.78 0,86 5,40
B7.5 1.97 g.22 11.19 1.79 5.52 T.31 1.38 h .62 6.00 0.80] k.54 5.34
1.5 3.4y 12.69 2,89 8.u1 2.2% 6.85 0.81 1 s5.35
120,0 .59 13,81 3.hg 9.01 2,51 7.13 0.67 5.21
157.5 2.07 11.29 2.7k 8.26 2.52 7.4 3.03 757
180.0 1.98 11.20 2,59 8.11 2.35 £.97 2.94 7.48
A 11.67 Prom = 7.81 Brop = 6.45 Fror = 5.81

L



TABIE X.- LOAD SUMMARY - S-II EXFLOSION (SATURN V) - Concluded’

27 500 ft

by =312 (b, =3.00) | 8 =372 (5, =3.50) | 6 = b3k (5= 200) |5 =750 (55 = 7.00)
¢ i 2 AP Fror P, 2 ap Prop P, 2 AP Epor B 2 AP oT
0.0 -,12 28.74 0.15 13.67 0.2k 8.18 0.05 5.13

67.5 1.28 30.14 0.93 1h.b5 1.k2 9.36 0.46 5.5h
87.5 1.67 28.86 30.43 2,13 | 13.52 15.65 1.81 T 9.75 0.51 | 5.08 5.59
975 L.06 32,92 3,89 17,41 2,97 10.91 0.76 5.84
120.0 5.6 3k b7 b.55 18.07 3.59 11.53 0.92 6.00
157.5 k20 33.05 2.62 16.14 2.80 10.74 1.51 €.59
180.¢ 3.77 32.63 2,41 15.93 2.65 10.59 1.21 6.29

PTOT = 31.9%5 PTOT = 16.09 P'I'OT = g.l5 ﬁmT =5.88

30 000 £t

b, = k0L (td = 3.70) b, = W3 (td =, h.oo) b, = 5.00 (tcl = h.5o) B, = 596 (td = 5.50)
4 B, 2 AP Pror By 2 AP Pror P, 2 AP PTOT PA 2 AP P‘I‘OT
0.0 0.08 5.58 0.09 =.B3 ©.07 4 .85 ~0.14 5.12

67.5 1.68 10,12 145 7.19 1.30 6.08 0.62 5.88

87.5 2.53 8.50 11.03 2,17 5.7h T.91 1.54 4,78 6.32 0.68 ] 5.26 5,94

97.5 3.86 12.36 3.33 9.07 2.5 T.23 0.93 £.19

120.0 k.50 13.00 3.87 9.61 2.75 753 1,51 6.T7
157.5 1.97 1047 2,19 7.93 2.76 7.5k 2.30 7.56
180.0 2.34 . 10,84 2.51 8.25 2.57 7.35 2.19 745
‘P‘TOT = 11.12 PTOT = 8,13 Brgp = 680 From = 6.4




TABIT, XT,- LOAD SUMMARY - S-IVB EXPLOSICN (SATURN V)
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or = L. 37psi

P

OT = 6-""5 PSi

10 000 ft

or = 10,14 psi

Ey

TABLE XI.- LOAD SUMMARY ~ S-IVB EXFLOSIOR {SATURN V) - Continued

or = 17.63 psi
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PTOT = 3,79 psi

= T.22 psi
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20 000 £%

PTOT = 1%.98 psi

TABLE XT.- LOAD SUMMARY - S-IVE EXPLOSTON (SATURN V} - Continued
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TABLE XT,~ LOAD SUMMARY - 5-IVB EXPLOSTON (SATURN ¥) - Concluded

30 000 ft
t_ = 2.79 (td = 2.70) toy = 239 (% = 3,00 b = 337 (ty = 3.10) t = 5.88 (1;‘i = 5.50)
® B, e &P | Foyp Py 22p | Prop Py 24P | Py Py 2 AP 'PTOT
0.0 0.26 20.62 -0.12 8.6k 0.10 5,65 0.1k 0.52
67.5 0.5L 20.87 0.1L 8.87 0.95 6.53 0.62 1.00
82.5°) 1,32 { =20.36 { 21,68 1.70 | B8.76 | 1G.46 2.2k 5,58 | 7.82 0.68 0.38 1.06
g7.5 1 4.08 2k, bh 4,05 12.81 b,15 9.73 0.9 1.32
120.0 6.08 26,04 5.55 14,31 k&7 10.45 1.53 1.91
157.5 k.56 24,92 3.98 12.7% 2.78 8.36 2.33 2.71
180.0 4,12 o4 LB 3.62 12.38 2.55 8,13 2,21 2.59
§T0T = 23,48 psi Ppop * 11.62 psi ?TOT = B.30 psi Brgp = 3.4 psi
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TABIE XII.- REQUIRED WARNING TIMES - PAD TO 60 OO0 FT - SATURN IB AND V

SATURN 1B SATURN ¥
5-IVE 8-IC 5-1I 5-1VEB
ALITTUDE
ft x 10..3 tss,sec + .20, tss’sec tss tss,sec T= tss tss,sec T= tss + N tss,sec T 85 +
sec 8ac Bec sec

0 2,47 2,65 2.85 3.10 3.30 3.31 3.51 2.68 2.88
5 1.89 2.35 2,55 2,26 2.6 2.83 3.03 2.33 2.53
1¢ 1.83 2.40 2.60 2,18 2,38 2.80 3,00 2.30 2,50
15 1.76 2.50 2,70 2.18 2,38 2.93 3,13 2.h3 2.63
20 1.78 2.71 2,91 2.38 2.58 3.50 3.770 2.76 2.96
25 2.10 3,08 3.28 2,67 2.87 .55 475 3.13 3.33
27.5 - - - - - 5.17 5.37 -— -
30 1.90 3,05 3,25 2.30 2,50 5.68 5.88 3.20 3.50
35 1.50 2.70 2,90 2.00 2,20 3.20 3.40 2,80 3.00
40 1.20 2,ho 2.60 1;1;0 1.60 2.70 2,90 2.50 2.70
ks ¢.90 2,10 2.30 0,90 1.10 2.40 2,60 2.20 2.ho
50 0.70 1.90 2,10 0.70 0.90 2,10 2.30 2.00 2,20
55 0.70 1.80 2.00 0.70 0.90 2.00 2.20 1.50 2.10
%] 0.70 1.80 2,00 0.60 0.80 1.90 2,10 1.80 2.00

€<



STA

STA sTA.
y3, 681 o3
. _ ;‘RESSURE DISTRIBUTION
OVERPRESSURE SYMMETRY AXIS
[ /
REGION OF
TNTEREST
CAVITY, AMBIENT +1 psi
AERODYNAMTC
. PRESSURE
TOTAL PRESSURE P RES Fa

ToT

Figure 2.- Total pressure digtribution.
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APPENDIX

The required warning times are dependent to varying degrees on the
following factors:

1. CM pressure limit
2. LES thrust (total impulse)

3. THT expleosive yield

In the main body of the study current values for the CM pressure limit
(6.1 psi) and LES thrust {155 000 1b) were used as were the frequently
nsed TNT yields of 10 percent and 60 percent for LOX/RP-1 and LOX/H2,

respectively. Values for these three parameters were varied in order
to illustrate their influence on the required warning times. The case
of an S-IC stege explosion was considered. The resulting warning times
are given in figures A-1, A-2, and A-3, together with the warning time
curves for the nominal conditions considered previously. The increased
LES thrust cases required that approximations be made since wind tunnel
data was not availsble at these higher thrust levels. As & result, the
‘pressure distribubtions obtained from the nominal thrust cases were
modified to account for the higher dynamic pressures associated with
the incremsed thrust cases. In addition, the LES thrust cases did not
consider the corresponding LEV weight increase that would necessarily
have to occur. However, the results, though not exact, do illustrate
the relative influence of the thrust on the required werning times.

It is apparent from figures A-1, A~2 and A-3 that drastic im-
provements in CM and LES capabilities would in most cases not reduce
the required warning times significantly. Increasing the CM's pressure
limits from 6.1 to 15 psi reduces the required warning time by only
.55 seconds (25 000 £t). This is a rather modest return for what would
require a major CM modification. Above 30 000 feet the CM pressure
limit haes & diminishing effect on the required warning times due to the
CM's ability to outrun the shock front.

Increasing the LES thrust by 25 percent and 50 percent results in
an appreciable reduction in the required warning times in the 20 000-
to 30 000-foot regime. However, on the pad, the warning times are

not reduced significantly.

Reduction of the TNT equivalent yield shows a marked decrease
(figure A-3) in the required warning times after approximately
25 000 feet (5 percent and 3 percent cases). An even more drastic



i

decrease oceurs for the 1 percent case. However, the pad and lower
altitude regime in general still require considerable warning times.

The above results indicate the rather insensitive nature of the .
required warning times. Inereasing the CM pressure limit and the LES
thrust would require major redesign %o significantly reduce the re-
quired warning times. Above 30 000 feet, lower TNT yilelds could reduce
the required warning times significantly, particularly if the yields
are in the order of 3 to 5 percent (LOX/RP-1).



Flgure A-1.- Required warning times - various CM pressure limits.
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Figure A-2,- Required warning times - various LES thrust levels.
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Figure A-3.- Required warning f.imes_ - various TNT yields.




