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APOLLO RANGE SAFETY DESTRUCT TIME DELAY
SATURN IB AND SATURN V
(OFF-NOMINAL INITIAL ATTITUDES AND THRUST DISPERSIONS)

By Charles Teixeira
SUMMARY.

The required Range Safety Destruct Time Delay was determined pre-
viously (ref. 1) for the cases of aborts at nurinal initial attitudes
(ab = 0°, q, = 0°). The results of the second phase of the study in

vhich off-nominal attitudes were studied is reported herein. Various
conbinations of angle of attack and pitch rate (ab = #15° q, = +5° [sec)

were considered in addition to several off-nominal thrust conditions.

The off-nominal cases indicate a need for time delays of 3.40 sec-
onds for the Saturn IB and 4.20 seconds for the Saturn V as compared to
the nominal case times of 3.27 and 4.10 seconds, respectively. It is
recormended that the time delays required for the c *f-nominal cases be
the Range Safety Destruct Time Delays for the Saturn IB and V; namely
3.40 and 4.20 seconds, respectively.

INTRODUCTION

The required Range Safety Destruct Time Delay determined in the
previous study assumed nominal aborts only, specifically, aborts at
zero degrees initial angle of attack and zero degrees/second piteh rate,
This simplifying assumption was mede in order to obtein preliminary an-
swers as quickly as possible. It is obvious that Range Safety Destruct
Action will not be employed unless the launch vehicle exceeds its pre-
determined corridor. In almost every case this implies a LV failure
resulting in some attitude-time history other than nominal. Consequently,
this study was performed primarily to determine the effect of various
initial attitudes (at time of abort) on the required time delays deter-
mined in the previous study. In order to limit the scope of the study
to a reasonable level it was arbitrarily assumed that the aborts occurred
at the present limits of #15° angle of attack or & #5°/sec pitch rate and
combinations thereof. These attitude limits will obviously be the upper
limits for the Range Safety case since any angle of attack or pitch rate
at or above these limits will result in an abort whether or not the range



safety corridor has been violated. In addition, several "worst" cases
were studied which assumed that the LV thrust (Saturn V only) was at its
30 high side and the LES thrust was at its 3¢ low side. These thrust
conditions together with Lhe worst initial attitude condlition resulted
in the poorest separation histories and consequently the longest time
delays.

The ground rules employed in this study were essentially the same
ones used in the previous study and will be discussed in this paper only
in regards to exceptions or additions.

SYMBOLS
CP Pressure coefficient
CT Escape motor thrust coefficient
M# Mach number
PA Aerodynamic pressure, psi
PTOT Sum of aerodynamic pressure (PA) and static equivalent of pres-
sure associated with the shock front (2AP), psi
PTOT Average of above, psi
P Ambient pressure, psi
AP Peak pressure associated with the shock front, psi above ambient
q Dynamic pressure, psf
d, Initial pitch rate, deg/sec
R Separation distance, usually from center of detonation, ft
t Time, sec
tD Time ¢ detonation in seconds after command module-launch vehicle
separa..on
t Time shock front reaches command module in seconds after command
sa .
module-launch vehicle separation
Viv Launch vehicle velocity at time of avort, ft/sec



o Commaend module angle of attack during abort, deg
a, Initial command module angle of attack at separation, deg
Y, Flight path angle (lsunch vehicle) relative to horizontal at

time of abort, deg
GROUND RULES
Abvort Trajectories

Six combinations of initial angle of attack and pitch rate were
gtudied for each IV on the pad and at 20, 30, and 40,000 feet.

g fsec | O o 5|5 |-5] 5

The IV-CM separation trajectories (relative to the assumed center of
explosion) are given in figures 1 to 4 for the Saturn IB and figures 5
to 8 for the Saturn V. The corresponding q, M#, and CT histories

were not included due to the large number of curves involved.

Trajectories of the off-nominal thrust cases are given in figures 9
to 11. Since current trajectory dispersion data was avallable only for
the Saturn V at the time the study was performed, the cases studied werc
limited to the Saturn V. The initiasl attitudes chosen for the off-nominsal
thrust cases were the ones which resulted in the highest pressure loads
for the nominal thrust cases.

PAD a, = 15°, q, = 5° /sec 30 low LES thrust
30 high LV thrust
20 000 ft a, = -15°, q = -5° [sec 30 low LES thrust
30 high LV thrust
30 000 £t | o =-25°, q = -5° /sec | 30 low IES thrust
30 high LV thrust




Aerodynamic ILoads

In the previous study, angle of ettack oseillations during all of
the aborts studied approached but did not exceed +20°, The assumption
was then made that the CM was at an angle of attack of 20° at the in-
stant of shock front passage and the aerodynamic pressure distributions
were calculated for this angle of attack, In the present study, the
angle of attack oscillations frequently exceeded 20° and approached but
did not exceed +25°, Consequently, for these cases, aerodynamic pres-
sure distributions were calculated at the maximum angle of attack at=-
tained of +25°.

PROCEDURE

Abort trajectories were run for each of the six initial attitude

conditions at each altitude considered for both the Saturn IB and Vl. A

reiteration proram was used as in the previous study to determine the
shock arrival time. the flight parameters (q, M#, CT’ et cetera) at

the instant of shock front passage, overpressure, et cetera. The re-
sults are presented in tables I to IV, The data is presented for each
of the six combinations of angle ot attack andd?itch rate including for
refe rence purposes, the nominal case of oy = 9, = d’/sec from the

previous study.

The procedure employed was to plck the pa..icular initial attitude
which resulted in the combination of highest aerodynamic and overpres-
sure loads and to concentiate the study on these cases. For example,
the Saturn IB pad case of o = 15° = q, = 5° [sec (tD = 2,00 seconds )

results in a combinaticn of aerodynamic pressures and overpressures
which when combined are higher thar the total pressures encountered in
the other cases. The aerodynamic pressure distributicns for these

worst cases were calculated as in the previous study and are given in
tables V to XI. The area around station 93 was again considered to be
critical and the serodynamic prezsures at this station were totaled with
the static equivalent of the overpressure in tables XII to IV. The total
pressures acting on the CM are then ave d in order to obtain an aver-
age clrcumferential load at station 93, The pressures are symmetrical
about the pitch plane)., This average total lcad (PTOT) is then plctted

lThe 10 000 ft case was omitted in this study since the previous
study indicated this altitude reglon did not present any time delay re-
quirement above that of the pad or the 20 to 40 000 ft cases.



as a function of detonation time in figures 12 and 13. 'The total : ..~
age loads which equal the symmetrical limit of 6.1 psi is then t' mini-
mun acceptable detonation time as long as the unsymmetrical load timit
is also not exceeded. The maximum acceptable detonation time (safe de-
struct time) plus the .5 second lag time is then the required Range
Safety Destruct Time Delay.

The 30 000 foot case resulted in & dlscontinuity in the total pres-
sure loading between detonation times (tD) of 2.4 and 2.5 seconds for

the TB and 2.9 and 3.0 seconds for the Sgturn V. Thls is due to the CM's
ability to outrun the shock front for a short time at this particular
altitude. The CM is not able to remain ahead of the shock front for the
10 seconds under consideration until aborts at 4O 000 feet and sbove.

In order to better define the "knee" in the total pressure curves as a
function of detonatic time, severes. cases were run between detonation
times of 2.00 and 3.00 seconds for the worst initial altitude conditions.

The off nominal thrust cases were studied by the same procedure
iscussed above. Altitudes of O, 20, and 30 J00 feet were considered
for the Saturn V. The LES main motor thrust was assumed to be at the
30 1low level and the LV thrust was assumed to be at the 30 high
level. The initlal attitudes assumed were the ones which resulted in
the highest loads In the former cases. The shock arrival times, flight
parameters, et cetera, for each assumed detonation time is given in
table XVI, and the aerodynamic pressure distributions are given in
table XVII, The total pressure load summary is given in table XVIII with
the average total pressure (PTOT) plotted as a function of detomation

time in figure 1b,
CONCLUSIONS

The safe destruct times obtained from figures 12 to 1 are sum-
marized on the following page together with their corresponding re-
quired Range Safety Destruct Time Delays. (Safe destruct time +.5 sec =
Range Safety Destruct Time Delay ).

The time delays required by the off-nominal attitude aborts studied
do not differ appreciably from the delays determined necessary in the
previous study for the nominal attitude aborts. This is due to the
small effect the initial attitude has on the separation-time histories
during the early portion of the abort trajectory as can be seen from the
table on the following page.
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The worst initial attitude at each altitude (a,o s =15, q = =5° [sec
for altitude cases and ab = +15’, qo = 5P/sec for the pad case) resulted

in just slightly higher required time delays. The lowgest time delay re-
quired occurs on the pad and the recommended time delay will agein be de-
termined by the pad case.

The offe-nominal thrust cac=2s established the required time delay to
be at =« 20 000 feet. This i. aear the altituas where the IEV experiences
the severest drag loads and consequently the wcrst LV~CM separation-time
history. In addition, the assumptions made were such as to produce a
"worst case." The pitch up attitude (or.o = - 15, q, = -5° [sec) resulted

in the CM being "chased" by the LV which together with the thrust condi-
tions assumed (ILV 30 high side and IES 30 low side) resulted in a partic-
ularly severe separation-time history with the subsequent high loading.
The probability of these events occurring together is extremely small
and consequently the required off nominal thrust time delays should be
of academic interest only.

The recommended fixed time delays during first stage burn fo- the

Saturn IB and the Saturn V are 3.40 and 4,20 seconds, respectively, as
determined by the worst off nominal initial attitude case on the pad.
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TABLE XI.~ AFRODYNAMIC PRESSURE DISTRIBUTIONS

40 000 FT ABORT - SATURN V

[PA = Cpq + 1, psi]

STA ¢ by, =210

93 0.0 0.041
67.5 - .033

82.5 .048

97.5 3. 660

112.5 3.596

180.0 2.848

81 0.0 0. 050
22.5 - .120

45,0 - .100

82.5 .030

97.5 5.030

135.0 6.510

157.5 3. 260

180.0 3.100

bkl 0.0 0.678
22.5 .551

45.0 . TH6

67.5 . 894

82.5 2.780

97.5 4,220

112.5 5,610

135.0 7. 500

157.5 6.720

180.0 6.520
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TARLE XV.- LOAD SUMMARY - L0 000 FT CASE
SATURN V

teg = 2.10 (tD = 2.00)

[ F, 2AP Poor
,O .0 2. Oh 29. ‘)h
CT."‘ --05 29.!*-‘-
82.5 .09 26,y
o7.% 3.66 20.50 33,1
112.» 3.80 53.10
180-0 2.85 32.3

PTOT = 26,0k psi



TABLE XVI,- SHOCK ARRIVAL TIMES, OVERPRESSURES AKD

FLIGHT PARAMETERS AT TIME OF SHOCK ARRIVAL

SATURR V

{OFF NOMINAL THRUST)

ton q ut Cp R ap “uax
PAD
ty = 2.00
2.20 2o 0.h k.18 6k5 2.0 20
ty = 3.00
3.85 £16 0.6c 0.98 15%0 k.30 20
tp = k.00
5.4%2 L33 0.59 0.26 2670 1.82 20
20 000 ft
ty = 2.00
2.07 657 1.02 1.59 3Th 36.25 2
ty = 3.00
3.31 669 1.06 1.27 T9h 6.54 25
ty= k.00
4,99 L36 .93 .30 1628 1.68 2




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

(OFF KROMINAL THRUST) - Concluded

t q m# c R AP

2.4 ygul 1.33 1.43 282 60.38

2.57 719 1.36 1.34 395 28.29

tp = 3.00

3.15 718 1.38 1.23 568 12.25
ty = 3.40

3.82 T13 1.39 1.18 978 3.65
ty = 3.50

CHf out runs shock front
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