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WARNING TIME REQUIRED BY T1TE APOLLO SPACECF¡T'T

TO SUCCESSFULLY ABORT TN TITE El¡ENT OF A I'AUNCH

CLE ÐCPLOSTON

By Charfes TeixeiTa

SUMMARY

Þ(plosion of a Saturn Launch Vehicle stage r'rifl result in pres-
sures i¡rhich exceed the Apollo Conuand Modu].ets pressure 1iÌtrits if a

sufficient sepa-retion does not exist betveen the coÚmand noduÌe s'nd the
explosion. The obJective of the study vas to tleterxriine the separation
(ii t"rns of time fron abort initiatíòn to the time of explosion) re-
quired in order that the coÐmand- module pressure 1jmits are not exceed-
ã¿, This time is referred to as the requiïed varning time' The study
considered the individual explosion of the th-ree Saturn V sta€es 8'nd

the two S¿turn IB stages frorn the pad to a.n a1t Ítude of 60 000 feet'

The required varling times are the longest on the pad an¿l in the
25 OOO to 30 OOO foot regiue' The maximuB va'rning tirtre required for
ti"-À-ri, s-rv¡ ( s"t.:"t l¡), s-rc, s-fr and s-rvB (saturn v) a¡e 2'68,
3.31, 3.30, 5'88, and 3'50 seconds, respectively'

Sensitivity of the required. varning tines to chenges in such pa-
rameters as ]-eru¡ch escape notor thÌust ' co¡mand nodule pressure li4'it t
and the TNT equÍvalent yield, !¡elie also considered'

TNTRODUCTION

the "safe" separation is defined as the separa'tion required by the
Apo1lo cormand Mod;1e (CM) from the exploding launch vehicle (],v) Ín
oider that the total externaf pressures do not exceeal the CMrs pressure
limits. These pressures include the overpressure prod'uced by the as-
sÌmed explosion of the LVrs propellants ( specifically of a single
stage) a.nd the aerod¡'namic presèures associated with the abort ' The

safe separation, given 4ore conveniently in telTs of time' plus the
O.2O-seconds Launcb Escape Syste!û (IES) reaction time' establishes the
required. }¡arning tines as illustrated on page 2'
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The requireil va¡ning times vere deternined on the basis of pres-

sure hazardJ only. Firebafl hazertls r'ere not consid'ered during the

ã*iy p¡u". of tire abort studied (fírst 10 seconds ) ¿tue to the short

;";;;" time anticips.ted and the teeperature ce'pability of the cM '
t-t ã- i"uæ."t"tion ha-zards are considered to be highly problematical.

Howeveï, the overpressure hs,zard is real andl definabfe an¿l consequently

ã" r".á as the eiptosive haz€xtl criteria for the purposes of this
study.

Knovledge of the requiretl warning t i¡Les ís necessary in order to:

1. Ai¿Ì in the establist]nent of the Emergency Detection System

(Ps) a¡ort lilaits '

2. En8.ble evaluation of the overall abort systee Íncluding the
ÐS end the f,aunch Escape Systen (Lxs) '

3. Define criticaf abort regimes in terns of the ïaxning tiúe
available and the warning time required in order that the critic¿lities
of LV failure nodes ma,y be vieïed in thei" proper perspective'

cp

ct

M#

p.A

p-a

Poo

AP

SYMBOLS

pressure coeffÍcient

escape motor th-rust coefficient

¡,fach number

aerodlrtra.eic pressure, Psi

cavity pressure frorû s,Bbient ' psi

sun of aerodynamic pressr:re (fo) ana static equivalent of

pressure associa.ted vith shock front (2 
^P), 

psi

everage of above, Psi

a,nbient pressure, PSi

peak pressure associated vith the shock flont (ebove

arbient), psi

(='r- - ("")

, 
TOT

' Tor



qo

dynefllc pressure ' Psí

C:14 pitch rate s,t separation, deg/sec

separatÍon between comnend module and center of deton-s.tlon
at tine of shock front Passage, ft

requlred ws.rning tijne ' sec

tiÍe of ¿letonation in seconds after corrna,nd ¡nodufe -
l-aunch vehlcle separatlon

time shock ua,ve reaches colñfland modu]-e ln seconds aftel
ccmnand nodu.Ie - launch vehicle separation

tine to achieve safe separation' seconds after spacecraft/
LÂunch vehicle seParation

coÌÍnand module angle of attack durlng s,borù, deg

initiá,l corunand module an81e of attack 8-t seperatl'on' deg

circu.nferentlal posítion on corÌ,rland Iûodule, deg

CIô

td

GROUNDTfiJI,ES

Abort Trajectories

cl¿f abort trajectories were obtained through use of a G. E. Mass
computer program. Ít¡e attltude at the tíme of abort },s.s assr¡med to be

a pitch-up condition of -r5" angte of åttack (cJ and -5'/sec pÍtch

rate eo for each of the altitude caêes. TtÌe ditch-up abort conditl.on

wás assumed (with exception of pad abort) as e result of a pÌevious
study (ref. !) whlch indicated that a pitch-up abort condi'tion gener¿l¡¡
requires slightly longer ws,rning ti:les thÊ'n for a nonins,l or pitch-down

abort condltion' An a'bort at øo = oo' qo = oo'lsec wa's assurìed for
the pad case as it is a more reasonable assumption'

The conflguf'atíon assumed consists of a launch escape vehicle
(LEv) (LEV = lES + cu) with an 1l ooo-pound c14 and utitizing a Pitch
control notor. Nominal escepe motor thrust (: 155 000 ].b) Eûit tb¡ust
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a].inement (t'8O') were assumed in aIL cases with ttÌe exceptlon of the

ã"i" pt"""ttt"a in the eppendix for various LES thrust levels '

In conputlng the C14-!V stage sepaÏatio1-tine histories the assuúp-

tion ãs naåe tnãt ttre Ï,vìaintãinetl- a consüant velocity end flight
p"ii. t"ãi" after C14-LV separation' this assurrytion we's made 1n orde"

to obtain general resutts'r'rhich are indepentlent of LV falllÛe motles and

ã"-;;;"lt;"e off-norninaN traJectoriei' The-assuq)tlon 1s reêsonebre

i"r itt. seveial secontÌs after abort under consitleration'

The ct4-LV separatlon-time htstories are generalþ relstive to the

Ct4-Lv separation pl-rt". As a rcesult, the separation-tire histories
r,rere mod.ifÍe¿l by at]-owing for the int¡erent separation between the CM-IV

"ãpÀt"tio" 
pla,nã and the assumed center of explosion for each stage'

Thã separations used are given þeIolr:

Stage

s-r

S -I\TB

s -ïc

s -rr

Inttial Separation, ft

L40

57

230

1l+o

!*1- sEPArArroN P'ANE

I I L-*rr* 
'EPARATT.Ntìt

J-L- .E*.'ER oF DEroNArroN
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cM Pressure Li¡nlts

the to8.d limits assumed for this study were predlcated on the
follówing obJectlves:

I. Ma1nt8.in capabiltty to deploy recovery gear'

2. Ms.lntaln pressure integrity of the cre!¡ compartment '

The capabllity to deploy the recovery gear requires that the fol-
ward heat shleld be successfully iettisoneal. In order to lnsure thet
the fontard heat shield can be iettisonecl, the assurr¡rtion was ns'de

ths,t no deforms,tlon would be âllowed in the external heat shlel¿l,
partlcularly ln the region of the fonrard heat shleld separatlon plane '
ih" "t"* cottrtr)artnent heat shield (which terminates,8't the separation
plane) has t-he lo'¿e st pressure cs,pability (table I) according to avaiL-
å¡f. à"tt and consequentfy the corresponding pressure liûits were usecl

as the linltlng crtteïia. By insurln€ that the integrity. of the.ex-
ternal heat shleld be maintained' the second obiective' namely, integ-
rlty of the internal crew compartment, will in general be satisfled '

Ftgure 1 lll-ustrates the CM-LES comblnation 8'nd the requlred de-
olorryneni of the fovuard heat shíet¿t. The boost protectlve cover lrhlch
*ifï t" put over the CM (as definecl at the time of the study) r'¡ill not
inpïove lhe load-carry1ng abi.lity of the CM's Tìeat shield significantly'
Thè integrity of the aft heat shield, t{hi ch 1s also of lr4rortance
because of lts energ:y ebsoï?tion function at landingr dld not pose any
problems since the load Ìinits of the aft heat shield are considerably
higher th8,n the creÌ¡ eompartment heat shleld limits.

The lnfluence of the CM pressure linit on the required ffarning
tines 1s slìor,tn in the appendix '

AerodJmsfiic Loads

The a,e"odlma.mlc pressure loads on the cM durlng an abort are
functlons of the Mach nurnber (t!#), d¡rna.nic -prgssure (q)' angle of
attack (c), and esca,pe motor thrust fevef (cr). these toads generalfy

reach a maxlmuJn at around 3.5 seconds aft'er abort and vary consideïably
from station to statlon. Since ühe area around the forward heat shfeld
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seps.Ìation plane was consideretl to be cÏitical, the loads vere conputed

roi tnis relion using the pressure coefficients given in references I
thIoueh 1.

During 8.n abort the CM ¡'rill nornally oscillate in a¡81e of attack'
For the abã¡t cases studi.åã, the naxinru- angfe of attack (a-^..)
generally reacheil but alid not exceed 2Oo for aborts fsom the pa'd to
TO ooo fä"t. Above L5 oOO feet the naximum angle of attack re8'cheè but

ãi¿ oot exceed 2!o. Since the aerodynanÍc pressures at a gfven stetion
g"rr.t"ffy increase lrith an Íncieasing angle of atteck, the CM was as-
ãurnecl to'be at the naJ(i-l01.Ù1 angle associated ¡rith that particulâx abort
áf i¡u ti-. (-"r) tru shock front passed over the cM' consequentlv'

the aerodynemic loads were conputed for cl = 20o froll the pad to
L0 OOO feet anð cr = 25o above 15 O00 feet'

The pressrr.e lirnits given in table I are for differentjal pres-

"o""" ""io"" the external heat shÍetd ' consequently, the pressure ln
the cavity betveen the erternal heat shield s':nd the creï conpartnent
must be cánsitlered. The pressure in tbe cavíty is m8'íntalned at sJnbi-

ent tL psi, fn each cs,se studled shock-front passage occurred when

thepre.ssureinthecavitylrasbelovâ]abientduetothepassiveventing
whicir occurs ' This belov Erbient cavi-ty pressure acts essentially es

a static external (positive) pressure a.nd is consequently added to the
aerodlmeEic pressures. The cavity pressures were obtalned froB
reference l+.

o\rerpressuTe l,oeds

The methotls of H. L. Brode (ref. 5) vere used to calcu1ete the
overpressures s.l1tl the shock l¡&ve vetocities. The following assumptions
vere made ¡

1. fndividual detonation of each stage of the Ss'turn 13 (S-IB'
S-Il¡3) end the Saturn v (S-Ic, S-rl' S-IVB) launch vehicles '

2. Sirgle propellant sor.ùce at the stages approxjrate georcetrie
center ,

3. 10 percent TNT equivalent yield - LOX/RP-I (S-IB, S-IC)'- 
6o ie"cuot fNT equivalent vield - lox/H2 (s-rl, s-IvB)'

\. Reflection factor = 2.0 lor the pad case'

In the s.ltitude regime considered ' the S-fC and the S-I3 are
believed to be the nost ]-ike1y to malfu¡ction since they a.re the
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thrusting stages and are subJect to propulsion system failures. Eolr'-
ever, all LV stages vere considered in o"der to illustrate the relatlve
explosive hazard of each.

The equivalent BIfI yields of LO Percent s,nd. 60 percent are tbe
comonly used. equivalencies for LoX/RP-1 aùd LoX/Hrr respectivety.

f'hese yields are generally believetl to be conselvative (high), bovever 'the alegïee of conservatisn coulat not be adequately established. f?re
inffuence of the fNT yields on the ïarning times is shovn in the ap-
pendix.

The reflection factor of 2.0 is usäd for the pad case to account
for the explosive energy beíng expend ecl in a henispherical shock wave
rather than fn a spherlcal shock as assr¡ued. in reference 5. Actually
the shock lrilJ' bé spherical during the early stages of the expansion '
fh.e portion of the shock rùave (lover hernisphere ) that is reflected from
the earthrs surface vill catch up to the upper half of the shock r¡ave
rather quickly due to the higher speed of the reflected shock. This
higher sp,eed is due to the higher air temper8,ture causetl by the origi-
nal expansion and to a ]-aÌger extent by the very high tetperatü-re thet
Ì¡ill exist due to the firebs.tl that vill occur. Merging of the Ìe-
flected shock antt the shock censisting of the upper half of the initiaÌ
sphere vill result in one rej.nforcetl shock I¡ave. lhe reflection fector
of 2.0 vhich accounts for the ûerging of the tvo shocks has the effect
of tloubling the yield and was used. for the pad case on1y.

The propeltant quantity available for each altitude c&se vas
deterained by considering the propellant depletion that ¡+oultl occu¡
¿ìürÍng a noninal boost traJectory.

T'lxe cM pressu¡e limits given previously (table I) elîe static pres-
sure limits. T?le shock Ìrave inaluces a dlmsmic load. on the C¡Í enal
consequently the overpressure ]"oad must be equated to an equivalent
static loatt. Studies by North Americs,n Aviation a¡¡d MSC heve indicated
a ]-oad factos of 2.0 is appliceble, that is, the pressure associated
v:ith the shock wave is tvice as severe as the pressure a.ssoc iated 'with
a static 1oed. Consequently a gÍven overpressì.tre is doubletl to obtain
en equivelent static pressure.

PROCEDUTX

A totêJ. of five explosion cases aiere stualiedr exp1osion of the
.S-rB s-wB (Saturn IB), S-IC, S-II eBd the S-TVB ( saturn v). Each
c€lse 'was studied fïoü the pad to 6o OOO feet at 5OO0 feet increnents.
In each case, detonation tines (tU) vere s,ssumed and the resulting



tots.I pressure los.ds acting on the cM at the tine the sbock front
passed over the CM vere calculated and conparetl to the CMrs pressure
1j.rit". In order to col¡pute the pressuïe loads tlro unknowns had to
be detentrined:

1. Shock arïival tjre - the tirne (t"") at vhich the shock front

reaches the CM had to be deternined for eacl assuled detous'tion time'
This established the flight pa.raneters (0, M# ana Cr) vhich vere needed

to cal-culate the aeïodlmamic pressure distTibution acting on the gM at
the instant of shock front passage.

2. CM - center of ¿letonation (cD) separation - the distance (R)

between the CM and CD at the time of shock arri-val hatl to be estab-
lishedforeachdetolationti'neinorttertocomputetheoverpressrrre
acting on the CM.

Tlte shock arrival time and the corresponding CM - CD separations '
over-pressure' et cetera' l¡ere determined for each assumedl detonation
time with the aid of a conputer subroutine ïhÍch was run in conJunction
vith the abort tralectory progra,n. The eoruputations Îere made using a

reiteration sche¡oe and the stored abort traiectory data' T'he reitera-
tion scheme i6 discussed in more detail in reference 6'

Tables II through VI sunmarize the shock 8-Trival time tsa' q,

M#, Cr, R, and the 
^P 

experíenced by the cM for each assuned

detonation ti-ûe and LV st€€e. A.round 25 OO0 to 30 oo0 feet the abort-
ing CM begins to attain sufficient r¡elocity during the abort to renain
ahèad of the shock frout for sufficient tixûe td allow the overpressure
to drop to very 1o'¡ values (telths of a psi)' As the abort altitud'e
increaies, the CM er¡entually is able to outrur¡ the shock front during
the entirå time span under àonsideration (â,10 seconds) ' The on-Iy
pressure loads actiug on the CM duling this time period are the aero-
ãyna:nic pressure loads l¡hich are vithin the CMrs pressure li-nits '

The s,erodlmamic pressuÏe d.istrj-bution present at the tiEe of shock

arriva].'was calu].ated using the flight conditions listed in tables 11

tbrough Vf, the pressÌlre coefficients from references I th¡ough 3' and

the cãwity p""""*" data from refeïence b.+ The resultÍng aerodynamlc
Dressures l'Þ.\ were then totaled qith the static equivalent of the
' \ A,l

-*ãeroffiallic 

pressure distributions vere not calculated for the
cases l¡here the CM was able to outrun the shock front or vhen the over-
pïessures had d-Topped to such a lov level that it wa's obvious the CM's

pressure limits vere not exceeded.
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overpressure (2 ¡p) for each essr¡Eed cletonation trne (tu) in tables vlr

thïoì€h XI' In af1 cases, t¡. totaf pressu.res (ero*) 
'were relativefy

evenly distributed and were averaged' (Þr.r) arouna the entire

fi'.t (O = o - 360o). The loads that r¡ere conputeil arltt given in tJle .-
ta¡iàs *ere for 6 = O - IBOo since the loads are slmnetrical about the
pitch p1ane.

The average total pressure load vas plotted as a function of
detonation timé in fi8ures 3 though 7' The detonation tilles vhich
resulted. in total pressures which did not exceed the s]'metrical lfuit
or 6.r psi vere thãn deternined acceptable (safe) detonation times'
The loaãs at these tiaes were then rechecketl to Ínsure that the un-
sl¡metrical pressì.lre limits vere not exceede¿l' In each case if the

"î.""ga 
p"."-"tt"" ditl not exceetl the sy@etrics'l li-Eit, the uns¡rmetrÍ-

caf limit vas also not exceeded.

fhe safe separation times are sr¡nnar i zeti in tsble XVff and are
ad.ded. to the 0.20 seconds LES reaction time to obtain the reqÌtired
vaÍning tjme. The resulting required warning ti'nes are plotted as

functiãns of the abort attitude in figures I and 9'

RESULTS ATD DISCUSSION

The veÌning times required by the Apol.lo CM are given in figures B

and 9. The curi/es shov relatively large tiine requirements on the pad

due priEs,ri].y to the assumetÌ reflection factor antl the large quantity
of piopeUani available at this tirne. However, the longest varning
tim-e rËquirenents for the non-tbrusting stages are generally in the
20 O0O- 

-to 
30 ooo-foot regine vhere the CM - l'V separation-tine histo-

ries a.re tbe poorest clue to the high ilrag environment ' Tbe thrusting
steges (s-IB, S-IC) requíre the longest times on the ped since pro-
peliant ¿lepletion results in varning time requir@ents in the 20 O00- to
ãó ooo-rooi- regiae vhich s,re not quite as high as those on the pa¿l'

As the abort altitude increases and the CM speetl tturing the abort
exceeds sonic speeils, the CM is able to reme.in ahead of the expantling
shock for progrãssively longer periods of tjme' Consequentfy' vhen

shock anival ¿loes occull thè overpressures are quite low' As a result '
the ararning time requirenents d-rop off appreciably after passage

through the 30 ooo-foot regime.

Ð(trapolation of the data presented in figures I and 9 should be
avoided ¿uã to ttre highly non-1ine&r ns,ture of the date involved ' ln
particulax, the curveÀ for the thrusting stages (S-I¡, S-Ic) eppear to
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l-eve1 off ln the 50 OOO- to 60 ooo-foot regime and extrapolatlon to

rliårr"" 
-ãitiit¿"" tuy tpp",," reasonabre ' However'- check cases ha've

"f.ä- 
tft" warnfng times decrease naÏked1y above 60 ooo feet' In the

i]fr;r"s-";;; ; tã" u.va¡r¡iã propertant itt'usttns stages) approaches

zeîo at staging and consetuenily the warning tine Ïequired Ûould also

ãipiot"rt-r"I.' the s-IB ãotl'" gíl'"n in figure B' for exa'mple ' does

not suggest such a decrease'

Thelargewarnl.ngtimerequírenentsfoTthe-S-IIstage(rle.s)
are due to the large propetlant- loading and the 6O-percent equlvalency'

E)cptosion of a given stage can conc,elvably initltate explosion of
an aajãining stage. consequeãtly, the- abortlng cM mav have to contend

with more than one "rpro"iorr, 
oüíiousty, If the seco;d.'ry exploslon(s)

occurred after tbe priÍary explosion' sufficlent- separatl'on rìay exj-st

¡ãi*ãå" tit" cl¡ an¿ iv' túe time that may in rea'1itv elapse between ex-

;i;;i;; åi-"áioitl"e stases is extrernelv dífficurt to estimate at this
ifr". ft is iosslbte, horíever, to estjrate the ninlrnum tirne that

"t 
o,ria ãr*pr.-uetween the primáry and the seconclary explosions in order

iüài-irt" cù pressure li'nit; lrill not be exceeded due to the secondarv

explosion. For example, ii ii."-s-r¡ î5nrl*: (10 ooo ft' fis' B)

l.ãi- Áà.""a, after at¡ort initiation, the cM pressure 1funits will not

[å-á*"""A"¿ as a result of the S-I åxploslon slnce only 2.00 seconils

are required for safe ""pttáiion' 
Hoiuever, if the S-IVB (non-thrusting

;;;*;j'õi;¿"- ("i trt. 'same altituae) before 2'60 seconds after abort

ínltlation, the cM pressure limits will be exceeded duê to tbe S-IVB

oar""pi"""o""". thiÀ correspon¿s to '35 seconds bettteen explosíons

ià-àit- --ã.ái¡. rtrus, if th; ti¡ne between explosions is ress than

.35 seconds, CM pressure linits will be exceeded by the secondary ex-

píá":.o.t, Tnis piocedure can be carried on throughout the altitude re-
-gtrã-i" questioi and for various explosion tines' abort tlmes' et cet-
era.

CONCLUS IONS

Explosion of a. Saturn LV stage 
"u'" """oit ln pressures whi ch ex-

""ua 
titã CM's pressure U:nits. Dãfoflnation of the cM's external struc-

ture can ilûpalr or even prevent deploJ¡ment of tbe forwa'rd heat shield
ãrrã 

"o¡"uqoãttt 
deploynent of the rècovery gear' the ti-roe that nust

ãiÀpã"-U.tî."" abãrt initiation an. the lime or explosion (warnlng

iirè) i" order that C'l.f pressure lirrlit s will not be exceeded hs's been

deteirnlned for the saturn IB and v stages fron the pad to an altitude
.i 6o ooo r""t. The maxiiûum r*''arning tijnes required during the launch

;;r;; ;;;"id;'åa are 2.68, 9.3r, 3.30, 5'88, and 3'50 seconds ror ex-

;i;;i"" or the s-rB, s-wa (saturn rB), s-rc, s-rr, and the s-TVB

(saturn v) stages, respectively.
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The effects of increased CM pressure capabll-lty' LES tbrust and

of various Tlfl! yieltls on the varning times ïele also stuilÍed ' In-
cre8sed. pressure capêbility of the Clt by factors of el¡ost 2 end 3 did
not show I large dec?ease in the required varning tirnes ' fncreaslng
the IES thrust ttid not i:nprove the situation at the loner altitutles but
did decrease the required warning times apprec iably in the 20 000- to
30 OOO-foot reg5,ne. Reductions by a factor of 2 in the fI{T yiêIds did
not show naJor ïeductions fn the required warnlng tires be].olr

30 000 feet. However, considerable reductions ln the requfred warnlng
times cèn occur ebove 30 00O feet.



1.

2.

lr,

6.

8.

Rtr'MB{CES

NAA Report, SID63-751+, Data Report for the -!üind Tu¡nel fest of the.-îp"rio 
t áuncl rseapå vehicle Jet Effect Mo¿tel FSJ-1 ín the

iåogr"y 16' Transonic Tunnel. July 1963'

NAa Report, slD63-fl+60, vol. 2, Deta Report for the Apollo Model- 
FSJ-3 Wlna Bunnet Test in Tunnel- A of the von Kafiûan Gas Dynami c

iããriliv. lmc (r"t series), oecenber 1963'

NAA neport, SID63-1L6)+ ' Data Report for the Wind-tunnel Test of the
¡pofio Láunch Escape Vehicle Jet Effect Model FSJ-1 in the
i-"rãi"y 16' Transoiric Tunne:.. Decenber 1963'

NAÀ Memo to MSC' cM Cavity Pressure Deta DuÏing Aborts at various
Al-titudes fron Saturn IB and V Noninal Boost Tralectory' Fefer-
ence 651'l¡t5t36, Ðecember 20' 1965.

Brode, H. L: A Calculation of the Blast Wave from A Spherical
Charge of rIqT. Rand corp. Report No. RM-1965' August 21' 1957'

Aeronutronic lechnícâl Report No' U-108:98' Ðq)losive Hezartls of
Rocket Launchings. November 30, 1960'

MSC lnternal Note - 6L-nt-69: Procedure for calculating tbe O\ter-
-pr.""trr" b<perieuced by a Spacecraft Aborting from a Detonating

iar:nch Ve¡icte. November 3, L965.

NASA Frogra,n Apo11o Working Paper No' 116l: Apollo Range Sa'fety

Destruãt Tinè oelay - s"á¡rn r¡ antt saturn v' JanuarJr 26' !965 '

Adclendr¡u. - NASA Progrsü Apolto l'Iorking Paper No ' 116f : ApoLLo

Renge Safety Destruct Tir!'e Delay - Salt¡rn lB. and\Saturn V (Off-
tqoninel tnii:at Attitud.es and ThÌust Dlsperslons)'
Aueust 3, 1965.

9,



TÀBI,D I . - MAKIMI'M A.LI.OWASLE LIMIT DIFFBENTIAL PREgSI'RES

PA = Aeroðmeüie Pressr¡re (Psi)

= PExt."nal - Pcavity
E, =P +Co-E,(ternaL @ p-
p =P - /tP \- Cavity - \ c/

eo = cne - (tr")

5Ym/ÉnE l

-

usvrflilcAt

Forrartl beat
shieLil

( stetions 81-l-33 )

Creï c@parbneDt
beet shield

(stations 23-81)

Aft heat
shieltl

( stattons 0-23)

Syrmetrical pressure ].Í.nit ' PSi

Crush (+)

Burst (-)

+6. t

-l_0.0

+6.1

-h. 5

+12.0

-5.7

Uns]¡@etrlcel pressure liÌÌtt ' psi

Crusir (+)

Burst (-)

+!2.r

-\. ?

+11.1

-5.8

+16.6

-5 -7



TASLE ]T.- SHOCK ARRIVAI TTMES, OVERPNESSIJRES AIID T'TIGI{T ?ATAMETMS AT TIME OF SHOCK ARRIVA],:

PAÐ - 60.0O0 FT; S-IB STAGE EXPLOSION ( SATUTN IB)

td' sec

1' 5o
'2.00
2. ro
3.00

t - secsa.'

1. 00
1.50
2, 00
2.50

l-.59
) )c,

3. 09
L. 0l+

R, ft

1,00
1.50
2.00
2.50

1. 08
r.72
2.52
3. l+\

2öõ
528
95r

1515

AP, psi

1. 00
1.50
2,00
2.50

1, 08
1.73
2.56
3. 5l+

246
l+l+o

800
133 5

Pad.

21.\6
6. 01
2 '3:-
4.2,

M#

1.08
r.'12
2,60
3.6j

5000

2\6
tt\6
8l+8

rbl+1

r4. 37
l+. l+r
t.75
0.89

ft

0,28
0. 39
0.51
0.55

ct

10

2\6'\32
892

15r6

000

12.T0
3.79
1.39
o,69

9 .78
4,61t
2. l+o

0. 83

0. 48
0. 58
o.67
0.73

ft

çtr' PSi

000

11.lr1
3,16
1, 13
0. 54

0.65
o'73
0. 80
0. 8ì+

\.10
2. 80
1.91
1. to

ft

0. 82
1. 58
2.57
2,98

2,75
2.r7
r-, 6l+
o.96

0
0
0
0

r.96
2. 8r
3.69
)+,26

T9
86
91
92

2.3r
1. 9\
r.57
0.85

2,92
3. 61
\.26
l+.1+6

3. )+9

l+. 03
l+, \3

P



TASLE II.- SHOCK ARRIVAT T]MES, OTßPRESSIJRES AND ÎLIGET P.A¡AMETERS AT TIME OF SEOCK ARRIVAI,: ã,

PAD - 60 OOO FT¡ S-IB STAGE ÐPTOSION ( SAfl'NN fB) - CONtiNUC¿

t., sec
o

r, 00
r. 50
1, 80
2,00

L.gec
3A-

t.50
1.80
2.00
2.50

],0?
r. 68
2.20
2.6r

R, ft

r. 00
1. 50
1. 80
1.90

1, 58
r.95

\, ro

22r
383
6l+8
897

AP, psi

r. 00
1,30
1.1+0
1.50

20 000 ft

r.0)+

1.91+
6.62

213
356
558

20\1

13. 16
l+. 03
r.5'l
o'98

M#

25 000 ft

r.05

1. \9
rI.07

186
236
333

555r

ö. ö-L
)+.20
1.78
o .27

0.9r
0.96
0.99
1,00

C,

30 000 ft

198
239
268

10830

16,27
9. 38
h. 33
0.01

r. 06
r.08
r.1"0
r.08

2.LL
r.9,
L.'1,
t-. bJ

q., Psi

35 000 ft
L2.7 9
8. 28
6. 38
0. 00

t07
1.8t
r.72
u. b4

r.20
r.22
r.2\
0.93

3.'t7
\. 06
\.zz
)+.27

t-.38
1, 39
1. l+0

0 .78

r,92
1.90
L.7'l
0. ro

4. 05
l+,15
l+.20
3.76

1.85
1.85
1.85
o, 00

.4.18
\.2j
l+. 3r
1.91+

l+.35
l+.36
l+. 38
0. 89



TABLE II.- SHOCK AÌRIVAT TIMES, OVBPRESSUFES AND FI,IGHT PATAMETERS AT TIME OF SHOCK ASRIVAJ.:

PAÐ - 60 000.8I¡ s-IB STAGE EXPTOSION ( SATnRtr IB) - Continued

tu, sec

0, 00
0.50
0.80
I. IO
1.20

t - sec

0.0t1
0.51+
0. 85
'I to

0,00
0.30
0.60
o. Bo
0.90

R, ft

< r80
188
200

:3'

0. 0\
o.3l+
o. 6l+

o_3',

0.00
0.30
0.60
o.70

AP, psi

l+o ooo rt

0.00
0.30
o,60
0,70

> 13.00
13. 01
l-r.2\

< 190
f90
199
23\

0,0\
0.31
o. bb

Mf

\5 ooo rt

0. 0l+

0 .34
o.65

> 12.00
n.59
10. U+

7.r2

< l05
19\

??,

r.50
r. l+9

r.49
t.56

c
T

50 0o0 ft

< I Oq

196
é5¿

0.00
0. 69
1. 00
1.88

> 10.00
9. 9\
T.O2

r.6r
-L . b-L

r. 60
1.60

Qr Psl

55 000 ft

\.29
\.2\
\. al
!t.29

> 9.00
8.90
, 

-?n

0.00
o.50
o.75

':30

t. T6
L. l)
r.75

1. 91
1.90
1.90

0.00
0. 50
o.65

3.9r
3. 88
3.87
r_3t

0.00
0. 55
0.90

3.65
3. 63

':!'
3. \r
3.39
ã ãA



TABLE TT.- SIIOCK ARRIVAL TII{ES, OVERPRESS1IRES AND trLIGHÍ PAÌA¡4EIERS AT TllvIE 0F SHOCK ARRMÏ,:

PAÐ - 60 OOO Fî; S-IB STAGE Ð(PLOSION (SATIIFN fB) - CONCIUCIEd

td, sec t . sec
EA'

0.00
0.30
o,60
0. 'I0

0.0\
o. 3l+
0.65

R, ft

< I Q5

r97
2?O

AP, psi

60 ooo ft
> 8. oo

? .89
, 

_26

M#

2.O"1
z,06
, 
_?,

F
co

ct

0, 00
0.65

':10

Q¡ Þsr

3.14
3.r?

'_1'



TASLE TII.- SHOCK ARRTVA], TIMES, OVEfiPRESSIJRES AND F],TGIÍT PA3¡METMS AT T]ME O¡' SHOCK ABRTVA!:

pAD - 60 ooo FT; s-tyB sTAcE ÐGLosroN ( sATuBN tB)

td, sec

2.00
2,30
2.50
3,00

t . sec6A'

r.50
2. 00
2.30
2.50

2.t9
2.6j
3.00
3. 93

R, ff

1. 50
2. 00
2,50
3.00

r. tB

2.80
3.18

\66
6Bo
861

r1+rl+

ÀP, psi

2.00

2.50
3.00

r.56

3.16
4.15

Ped

269
q<t

822
r0\1

r0.04
\.86
3.29
1.63

M#

2.t+j
3.08
l+.11

5000 fr

234
483

1016
r6r-T

L9 .O2
4. 35
) D"f

1. OJ

o.37
o.l+5
0.50
o.5,

"T

10 000 ft

381
525
9r7

r5 51

2¡*. 98
5.2L
1.53
0.83

5.2'
3.31+
?.6+
o. 9l+

o.56
o.65
0. ?o
0. ?3

Q¡ Þsr

15 000 fb
8. 01
)+.15

1.60
0.79

3. 06
2.t2

1?Q

o. Tr
0.78
0. 8l+

0 .81

t.l+2
?.06
2.1+8
2.99

0. 88
0.90
0. 93
0.89

2. 3\
r.81
1.31
0.57

2.62
3. t+3

3.93
l+.20

r -7,
r.62
1. 37
0. 60

3. \\
¡+.03
4. 53
\. 09

4. 2\
\. 3.I
l+.53
¡+. oI

ts
\o



TASLE III,- SHOCK ARRIVA], IIMES, OVERPRESSURIS AI{D Fl,IGflT

pAD - 60 000 rT¡ s-rvB $TAGE EI(ProsroN

t-- sec
d'

2.00
2,20
2.50
2. 80

t . gec
sB'

¿. >u
2. 80
3.00
3.30

2.O7
2.32

J.4Þ

R, ft

2.50
2.TO
3.00
3 .10

z. )y
roA
3.32
l+ .08

261+

356
572

1016

PATAMETMS AT ÎIME OF SHOCK ARRIVAI:

( SATUnN IB) - continued.

AP, psi

20 000 ft

2,50
z.60
2.70

2.56
2,80
tâ?
5,69

301
)+Ì+3

6a9
115 3

r?, 3f
8. ?8
3. 28
t.25

M#

25 000 ft

2.19
2.73
9.93

260
330
527

3206

l'2,27
).Lt
2.5\
0.93

0.98
0.99
l_.00
1.00

c-T

30 000 fb

322
392

83L8

16. 39
9.4)+
3.36
0.19

1. ?8
1. .l1

1. 58
r.13

1,11
Ì.12
1.11
r.0T

q.r Psf

35 000 fr
9, 50
6. 03
0. 00

r.6,
L.55
r.26
o.6'l

1.28
t,29
1. 03

)+.19
\.zj
\.zI
L. 15

1.60
1. 5\
r.26
o.25

1. \6
t. l+?

0.8t

4.21
l+. 21
l+. 15
3.67

r.12
0. 00

4. Jb
\.37
tt.31
2.50

¡+. \9
l+. \6
l-.06



TABLE I]T.- SHOCK,qRRIV.AI TIMES, OYERPRESSURES AND FLIGIIT PATAMETERS A1 TIME OT' SHOCK ARRIVA!:

pAÐ - 60 000 FT; s-IVB STAGE EXPTOSION ( SAfURN IB) _ Continued

td,6ec

2.10

2.30
2. I+o

t - secsa'

r.80
1. 90
2. 00
2. r0

?.15
2.2'l
2.\1

R, ft

1.60
r. T0
1.80
1.90

1.83
1,9\
,_?,

2 +

29r

?!,

^P, 
psi

1.50
1 ,60
1. ?0
1.80

l+o ooo ft

r.62
r, 'l3
1.85

198
2\3
298

1? ,lh
]1, 33

6.55

M#

4>

t. 12
-1. OJ

t_]u

181+

20'l
tqo

000

25.92
L6.zB
to:1u

J-. OJ

r.63
1.61+

ft

ct

50 000 ft

r86
210
263

28.31
2r,93
13. 28

1. 68
1. 6l+

1. 6r

r.75
t.77
r.78

9r Psi

55 000 fb
25.\8
L9.73

":lt

r.89
t,85

':30

1, 90
r,92

'_1',

l+. ¡+2

l+. )+\
l+. l+6

2.08
2.0¡+
1. 99

2.O7
2, 09
2. 10

4. 11
\.Lz
\.15

z.26
2.22
¿.tI

3.81+
3.95

':lu

3. tT
3.59
3. 61



TA-BLE IIL- SHOCK ARRTVÀI TffES, OVER?BESSUAES AND ELIGIIT PARAMETEBS AT TIME 0l' SHoCK ARRTVAL:

PAÐ - 60 OOO FT; S-ÏVB STAGE ÐCgtOSrON ( S¿grnW rB) - Concluded

t -. secd'

r. 50
1. 60
1. T0
1 .80

t . 6ecsa'

r.52
r Á)r

t.76

R, ft

203
253

:i'

ÂP, psi

60 ooo fr
L9.66
12. 33

?. \\

M#

2.25
D?Á

"-?,

ct

) 'LÊ,

2. \r
2.3'l

q., Psi

3. 28

"to



TASIE W, - SHOCK ASRWAI TTMES, OVERPRXSSURXS AND ÍT, GI.IT PATAMETENS AT TJT{E O¡' SHOCK ABB!I/A], :

pAÐ - 60 ooo FT; s-Ic sTAcE ÐçLOSION (SATUFN V)

tU, sec

r.t0
2 .00
,.oo
4 .oo

t . aecsa'

r.00
f,t0
2 .00
2.Bo

r.58
2.r9
1.89
).7\

r.00
1,t0
2 ,00
2.ro

34,
5l+8

r\71
255r

r.10
1.71
2.\,
400

AF, psí

Pa.n

1.00
1, t0
2,00

q.7z
L6.67
2.67
r.28

)44
t18
8r1

L712

1.1_0
r.72
2.49
1.49

5000 ft

M#

0 .28
0.18
o.r,
o,l+8

1\7
J22
876

l47,

22.IO
oto
3.7\
r,26

1.10
t.69
DlL.lI

J.r5

10 000 ft

C,

10.18
4.90
r.o2
o .26

9' Þsi

0.49
0.58
o.67
o.70

lo 70

7.17
2.97
L. tb

549
4%
B\,

Lr11

1t 0oo ft

o.78
r.51
2.99

l+.05
2.81+
1.94
1.fD

o.b4
o,72
o.79
o.81

L7.>6
Lol
r.12

t.99
2.78
1.60
4.07

2.82

1.b9
r.00

o.79
o.8t
o .90
0.91

2.8,
t.r1
4.16
I+ -)+6

2.28
1,98
r.6r
o.%

J.9B
4.19
4.\t



TÂBT,I V.- sHocK ARRn/AT IIMES, OVERPRESSUIES AND TT,IGI{T PARAMETERS AT TTT"IE oF sHocK ARRTVAL: P
pAD - 60 000 FE: s-IC sTAcE Ð(PLOSION ( SATURN V) - Contlnued

td, sec

r. t0
2 .00
2.ro
,.oo

t . secsa'

1.00
r.50
2 .00
l. oo

t.6>
o z,o

).)o
\.r+

R, ft

1.10
2. O0
2.20
2.ro

1.07
L.r9
2,16
4.1+l+

417
67\

L1t4
L79t

20 000 ft
^P, 

pEi

1,00
1.50
r.7o
r.8o

297
1\9
466

t7t6

2.\)
6.rr

9.68
3,81

o .76

25 000 ft

l,fr#

1.07
1.60
r.85

LL,l+4

o.9l
t ,00
1.00
o.94

2L.2t
14.\0

( ,>o
o.6r

t17
45o
595

,J18

c1

50 000 fr

r.g0
r.68
1.19
o '51+

t21
182
4¡tr

> 11000

9¡ lsi

rt .>ô
t.\>
1.97
o ,09

1.06
1.08
1.11
r. o)+

J5 000 fr

4 . _Lt,

4.)t
4.26

t.y,
1.89
1.7r
0.49

14,60
9.96
6.rt
o.00

L.26
1.28
L.29
0.9+

4 .10
)i DD

4.it
1 ,)+4

r.?8
r.62

0 .09

t.4t
I .4t)
1.l+T
0.?B

4,50
\,.16
Lqo
2.OO

I.7I
1.?o
r.61
0 .00

4.70
l+.?l
\.16
o.92



TABLE fV.- SHOCI( A3¡WAI TII'{ES, OVERPRESSURES AND IT,TG¡II PAFAMETERS AT TIME 0F SI{OCK ARBIVAI,:

. PAD - 60 OOO FT; S-IC STAGE Ð(PtOSION ( SATURN V) - Conrinued.

tdr sec

0. t0
1.OO
r,10
1.40

t - sec
6A'

0.00
0.to
o.8o
0, 90

O,'T
1.09
1.\'

r, ft

0.40
0.50
o.60
0.70

0,09
0.t8
0.91

12'
)ô>

!!

40 000 ft

AF, psi

0.50
0.60
0.70

< 350
1r8
4oI

tr.12
10.09
5.\9

0.44
0.t\
o.66

45 O00 ft

M#

> 9.60
9.62
,:\,

L.r9
L.62
L.64

o,>4
o.6,

L97
201

?:,

CT

50 00o ft

r.67
1,7r
t_it

Q' Psi

t.77
r,8o
r.82

9.70
9.22
1_2',

20,
211

55 000 ft

\.66
\.7o
4.?1

L.e)+
1.68

':lo

L.97
roo
2.O0

B.06
>.99

\.66
4.66
u:lo

t.67
L.7t

':1u

2.L6
2.r7

4.1+8
)* ,50
4.5r

r.79
1.85

l+.20
4.2r



TABLE rV. - SHOCK ARRIVAL TIMES, OVERPRESSURES AND rT,tGIlT PARAMETEBS AT TIME 0F SI{oCK ABRMI :

PAD - 60 OOO FT; S-IC SIAGE Ð(EI,OSTON ( SATURN V) - Concluded

tu, sec

o.t0
o.60
0.70

t . secag'

o'tl+
u.þ)

R, ft

ztl
240

60 ooo fr

AP, ps j-

7,d+
,.ú

M#

)Dq
D 

'.f

ct

2. rB
2.18

9¡ Psi

450
t'_20



TABLI v.- SHOCK ARRIVAL TltlEs, OVER?RESSIJT¡S AND rT,rcHB PAFAMETER.s AT TIME eF suocK ARRTVAI:

pAÐ - 60 ooo rT, s-II STAGE trpLOSION (SmUnx v)

t¿r sec

2,00
2.50
3.oo
3.50

t -^. sec

1.60
2 .00
2.50
3.00

2.L1
2.86
1.784.ll

R, ft

r. 60
2.00
2.50
3.00

4T
gz?

L1'B
I OÃt

r.?t
2.2\
t.o9
4.08

ÀP, psi

?ad

2 .00
2.ro
3.00
?5ô

4.IB
8.19
1.\r
2.O\

3%
607

1061
rbbb

t.69
2.r9
,.oz
4.05

5000 ft,

M#

0.tB
o.48
o,55
o.rt

162
548
976

1622

21.70
9.?r
3.21
t,6,

2.Lt
2.86
<o,
4.77

10 000 ft

ct

4.94
2.87
r.16
o.48

0.58
0.64
o.72
o .72

27.7r
]0.85
1.\4
L.r>

450
170D

L46'
r882

Q¡ Þsi

lt 000 ft

1. l+4

2.97
2.75

2.84
2.r,
r.j+?
o.65

16.01
4.76
t.61
1.14

o,72
o,77
o.8,
o .81

2,78
3.40
|+.'15
L. 06

DD^
r.87
r.4?
o.6r

0.89
ar oD

0.91
0 .84

3.50
? oc
t+. \:
l+.15

L7'
t.l+B
0.71
o.39

\.26
\,52
l+.20
3.1+ 5



TABLE V.- sHOcK ARRIVAL TII.{ES, OVERPB$SSURES AND ELIGIIT ?AÌA¡,IETERS AT TIIIE 0T sHocK ARRTVAL:

?AÐ - 60 000 FT, S-rr srAOE IÐ(PLOSTON ( SATURN V) - Continued

t¿r sec

2.80
3.00
3.50
[.oo

tse, aec

3, 50
I+.00
4. 50
5.O0

,.o7
1.18
4.26
\.92

R, ft

3,oo
3.50
4.oo
7.o0

677
8Ð

1l+?I

J.82
4.49
,.o7

AP, psi

20 000 ft

3.7o
I+. oo
)+,50

,.50

%1
r07r
L079

t.r2
1.72
\.14
7.r0

6.t9
l+ .10
1.8,
r.4?

25 00o ft

M{t

1.01
1.01
o.%
O.BB

4.0r
]+.4,
5.00
>.96

4.61
2.76
2.tL
2.27

448
62,
799
9%

4 
'OO 

ft

"T

L.\1
1.15
0.r8
0.18

q,, Psi

761
02ì

1008' 960

r.1r
1,04
o.%
o.92

L+ .4)
o.lo
1.97
2,r\

to 000

4.3\
\.25
3.62
3,07

0.84
o.l+T
o,16
o.28

ft

L.22
r.19
L.L2
o.Bo

+.2,

2.r9
2.6J

3.99
J,41
2,9L
2.57

L.t7
0 .90
o.rt
0.01

L.26
r_ ,20
r.14
1.02

\. \z
)+.11

3. 58
l_, bJ

o.6,
o.l+9
o.r\
o,t9

l+ .03
3. 5T
3. 13
2. l+3



TABT,E V.- SHOCK ARRWAT TIMES, OVERPRESSURES AND FLTGIII ?A¡AMETEAS AT IIME OF SHOCK ARKTVAI:

3AÐ _ 60 OOO FT, S_II STAGE Ð(PLosToN (SATURN V) _ Continued

t¿r sec

2.50
3 .00
3.1+o
3. 50

t 
"", 

see

2.80
3.r0
3.2o

¿.)o
3.rt
1.69

R, ft

2.30
2,\0
¿.)v
2.60
2.70

2.90
1.12
9.79

486
744

46ù+

12 ,OO ft

AF, psi

2 ,00
2 .10
2.20
2. 30
2. 40

2.16
2.48
2.60
2-71

44)+

643

27,5r
LL.40

)+ Õ,
o.21

J5 O0o ft

y#

JJg
4ot
I+r,
,-!

2.Ø
2.16
2.28
2 )+2

L3.68
t.84
0 .07

1.41
1.42
1.40
o.9l

l+o ooo

cr

J.L

2L.1>
16.o9
L2.2)

2:u

r.47
r.28
0.8t
0.0t

I.r2
L.r2
0.87

129
J,9
l¡r5
>o1

q.' PSi

f5 000 ft

L'ul*
)+ .70
l+.l+C

r.82

1.7r
1.71
t.72
,-!,

r.40
1.09
0 .00

24 .1t
]-9,%
]4.12
9.18

\.T j
l+. 6l+

1.1\

r.l+9
r.4?
1.45
r.\2

r .91
L.92
L,91
r '9lr

l+.81
l+. 81
4.80
lt.80

r.>6
r')l+
1.5r
1.1+8

LRt
l+. 83
L.8l+
l+ .83



TABLE V.- SHOCK A]ìRWAI TIMES, OVEAPFESSURES AND fl.,TGHT PATAMEI'ERS AT TIME 0F SHoCK ARRIVÁL:

PAD - 60 OOQ FT, S-II STAGE Þ{PLOSTON (S¡run¡ V) - Concruded

bur sec

r.80
roô
2.00
2 .10

tsa, sec

r.70
r,80
1.90
2 .00

1.81+
r.%
2 .08

R, ft

r.70
I. Bo
r.90

r,?l+
r.Bt
to7

123
114
4l_5

50 000 ft
AF, psi

21 .62
19,t1
Lt.\9

128
16o
\26

t.7,
r.87

55 00o ft

þ#

D1 tO
L7.J2
,,-T

2.LL
2.L2
2.r1

7|'!

\\,

60 ooo ft

cr

t.67
1.61+
r.6t

çL psi

2.to
2.rL

L4.92
to.)2

!.6)+
t+.66
)1.67

1. 81
1.78
L.74

DL1
2.4)

I+.32
\.35
4. 3.r

2 .10
, 

-o-)
3.75



TISLE IÆ.- SHOCK ARRIVÀ¡ TIMES, OVERPRESSUR¡S AND FT,IGHT PA¡AMETERS AT TIME OF SHOCK ARRIVÁ.L:

pA-D - 60 ooo ¡'ri S_IVB STAGE EXpLosroNS (sArûaN v)

t -. secd'

2.ro
2.70
I.OO

sa-

1.90
2 .00

2.ro

)Lo
l. oo
).t6
1.91

R, ft

r.70
2 .00
2.20
2,ro

2,rt
2.28
2.6J
l.tg

,99
86r

1O70
1)+14

AP, psi

Pad

2,O0
2.20
2.40
2.70

6.J2
3.29
2.38
r.63

1.81

t50

4?8

.7 CÕ

1042

w

tooo ft

o.\1
0. t0
o.rt
o.rt

,.68
\.1'
r.61

ll8
494
68,

rorS

2.r>
2 ,\7

ct

l0 000 ft

1.7'
2.&
r.91
0.94

U, b,
o.6,
0.68
o.73

Q¡ PEi

12.rt
)r oo

1.1+8

l8¡+

79'
12tO

15 0o0 ft

1.89
2.48

200

2.10
r.8l
L.t8

o.71
o,77
0.80
o.81

7.87
1.89
2.00
1 .09

j.5o
1.\4

4.zo

2.16
1.85
1.64
1.27

o.89
o.91
o.9,
o.91

1.60
).9'
l+.to

1'7)+
1.60
1.4?
r.00

\.26
4.\,
\.n
l+ .l+ 6

ts



TABLX VI'- SHoCK ARRWAI TIMES, OVBPRESSURES AIÍD ¡'LIGI{T PARAI/IETERS AT TIME OF SIIOCK ARRIVAI,: H

pAD - 60 OOO rT! S-rU3 ST¡GE ÐCPLOSIONS (SATUR$ V) - Continued

t -. secd'

)2^
2,40
2.70
I,00

t . secsa-

2.ro
2 .80
1. r0
1.40

1,o9

R, ft

2.7 0
,.oo
,.10
,.)o

,18
'426

708
112\

2.ú
,.4)
4.tl+

AP, psi

20 000 ft

2.60
2.70
2.80

1.96)))
1. 08

280
+zz
66o

rlll+

2.79
t.r9

5.88

M#

25 000 ft

r.00
r.00
1.02
I .00

r)+.46

t i\c

0.98

2.)8
2.69
2.8'

l-o ,l+l+

)r9
)+66

>77
ttg+

tT

,0 000 ft

r.68
'I qo

1.4r
o.88

r.12

r .07

Q' Þsi

10,18
]+.r8
2.79
0.19

298
11o
t%

8nB

,t 000 ft

L q4

+.r+
4 .01

l.bL
1.5r
1 .1r

.621

I. fI
1.11

II .,4
8.94
,.8,
0. 00

4.1'
\.1'
\.z!
2.7r

1 .r+?
r,26
1.09
o.20

r.50
r. t1
1.5r
0.8,

4.58\.rl
4.116
) ).1'7

r.46
r .4)+
I.r+o
0.oo

\.77
\.76
\.76
1 .06



TABIE YI.- SHOCK ARÌIVAI TTMES, OVER?RESSUFES AND ¡T,TGI{I PARP¡,IETERS AT ÎIME OT' SHOCK ARRTVA!:

PAD - 60 OOO FTi S-IVB STAGE Ð(PLOSIONS (SATIIRN V) - CONtiNUEd

o'

2,10
2.lio
2.ro

t . sec
sa,'

t.90
2.00
2.10
2.20

2.17
2.r\

l.T0
r.80
1.90
2.00

'I Oa

2 .04
2.16

toz
)+L1

¿P, psi

L0 000 ft

r.60
r.70
r.80
r.90

r.72
]- 84
r.96

r0.46
5.o8

t96
242
297

M#

\, 000

. r81
228
28J

26.26
rb.44
10.24

1.70

':l'
ft

L.62
t-71
1.85

'T

50 000 ft

tol
tol
r.92

r,49
L.49

28.rr
L7.67
10.80

q, psi

185
209
267

,5 oo0 ft

r .58
r'5l+

4,81
u:?t

2.ro
2.11

" _!,

2'.87
19.85
u.rg

l+.80
4.8r
LAt

L.69
t.6l
1.61+

)DO

2.Jz

l+.61
l+.64
o 
_2'

r.8a
r.77

)r 4D

+.)t
\.J'



TA3I,E VI. - SHOCK ANAWA.L T]I.,IES, O1IERPFESSURES AND ¡'IIGHT PARAMETERS AT TIME Of' SIIOCK ATRrvA.],:

PAD - 60 ooo FT; S-IYB sgAGE ÐcProsroNs (SA1IIRN v) - concruded

tu, sec

1.60
1.70
1.80

L.61

R, ft

220

::'

AP, psi

60 ooo ft
16.7L

':90

w

)40
D )t1

cr

z.L4
r_9e

Q' lsi

t._r_t



0

82,j
9',1,,
2.5

Lït.5
180.0

tsa=1.59(td=1.50)

-o.0ll
-0.13
o,27
o.6'I
0.92
o.72

2ÀP

TI.3Ì,E Vfl.- r,oAD SUMMAnY - S-tB EX?r¡SroN (SATUBtr 13)

2I

"Tot

,l+6
n,)+2
2r.33
2r,?3

22.38
22.L8

Lse = 2.25 (ru = ,.oo¡

Þro, = 21.80 rrel

-0.J-0
-o.26
o' 5r
r.2B

1.38

I

67,'
82,5
.9't,,
rl2.5
L51.'
r80.0

t = I.O8 ft = r.oo\\d I

%

-o.2'l
-0.l+8

o. ¡9
r. ¡{5

2.03
t.57

P¿tl

!2.O2

- TOT

2^P

'r'76

.3.30

.3.77

.3.40

?,8,7\

t". = 3.o9 (ia = z.:o¡

'TOl

ÞToT = 12,67 pst

28,\7
28,26
29.23
30.r-9
30.'t7
30,31

0.23
o,20
1.10
1.80
2.88
2.35

t = I.12 ,t- = l-50ì

ÞTm = 29.\o pÊj

-o' 5r
-0. À?
1.0f
2.r8
2.91
2,13

2^P

À,62

. 
TOT

l+.85
4,82

6,trz
7.50
6.97

5000 fr

B

tse = ¡¡.03 (t¿ = 3.oo)

' 9lr

Ptot

8, ¡+3

8,4?
to.0t
1r.L2
11,91
Ir..3?

FToT = 5.87 psl

Pr

0.40
r,31
1.11
1.æ
2.r9
3.t12
3,08

t = 2.52

26P

ÞTOT = IO.OO Þsi

-0,0?
-0,09
-0.Ì5
2.03

3.9¡r
3.19

2

2AP

Prù¡

,54

¿ = 2'oo)

2.Ð
3.81"
3.61
l+.4o
\.69

,.58

Pror

3 .50

3.43
3.41
3.35

6.85
7.44
6.69

Þ*, = 4.1+5 ps

t", = 3.lr! (tu = e.:o)

Þ,o,

P¡

o.13
-o.10
0.?\
2.06
2.83
4.61+
2.fi

2ÁP

.2? lsl

r.78

Prot

r.9r
r.68

3.84
\.61
6,\2
\.i6

?ron = 3.?3 nsl



o

r,6s = I.og (tu = :..0)

67 '582.,

II2. 
'rr7.5

a8o. o

TÂ3I10 VIl.- l,oA¡ SIJMMÂRY - S-Ir ÐGl,oslol[ (SÀTURI fB) - Conti¡ueil

-1.10
-1.00

1. 13
2. t8
3,01+
2.19

2LP ?rot

25 .!o

2l{.30
2!.1{o
26.r3
2',1 .98
28.1¡l+
21 .99

t"a - r.73 (tu = r.:o)

lToT - 26.3? psi Þ1þT = 9.Ir Dsi Þ*, - 1r.98 nsi Þro.¡ = 3.60 lsr

"Â

-0.52
-0.5\
r.76
3. ]9
3.81

0.0
67 ,,
82. 

'9',1.5
112. 5
r51.'
r8o, o

tsÈ = r..o8 (tu = r.oo)

2ÀP

10 000 ft

-0,4b
-0.68
-0.39
r '93
3, \l-
3.50
3.17

Prot

7

2LP

.t8

7 .38
7 .06
7.04

lo.??
11.39
ro.6l

'Tor

Es¡'= 2,16 (td = ,.00)

22.82

22.L\
22.1+3
2\.'t5
26.23
P6,32
25 -99

%

-o.]'t
0, ?lr

!.09
ù.38

rsa = r.72 (tu = r.æ)

2AP

ÞToT = 2\.3 ?st

-0.56
-0.69
-0.Lt
z.16
3.68
3.28
3,ll¡

2ÃP

2.78

'mT

lt 000 ft

2,4'
2.67
3.52
5. U+

6.87
7 .16

'TÐT

7

tse = 3.5\ (tu = z.:o)

P

6'sø
6.43
6.9t
9.28

10.80
to.I+o
L0.26

o.03
o.9r

2.88
3.89
3.28
2.27

tsa = 2.60 (tu = z.oo)

o\

2LP

'tot - "

-0.58
-0.35
r.29
2.96
\.69
l¡.36
3.1+2

^ ToT

2ÃP

.72 psi

I .38

1.1¡1

\.26

\.66
3.65

2.26

r. 68
r.91

5.22
695
6.6t1
5,68

t = 3.65 (rd = 2.50)

Þ

-0.15
t. L].
t.7 6
3.16
\.82
2. tì+
r.77

=l¡

2^P

,66 pst

1

o.93
2.r9
2,8\
4,61+
5 .90

2,85

Þ.ì'¡lm = 3.45 psl



o

0.o
67.,
8a.,
9',1.5

rl-2.5

180.0

EA¡I,E VII.- LOÀD SI,I'+IANY - S-IB EXPTOSION (SATI'RN I¡) - coDclù¿Ieil

r.or(tu = r. qo)

-0.60
-0.T1
-0.12
2.37
¡, ol
3.58
3. !3

'ror

26.32

2r.72
25.61
26,20
28.69
30.33
29.90
29.',15

r"" = r.68 (tu = r.:o)

PIOT = 28.08 !6Í

o

-o.24
-o,27
r.92
3.oo
4. ?l+
!.13
l+.oB

q.0
6't,,
82.,
9't.5

IL2.5
r51.'
180.0

t

2AP

= r.58(td = I.5o)

20 000 rt

-0.21
-0,2lt
1.93
3.01
4.?\
\.13
4.09

B

2

.06

AP

7 .79
9.98

Ìr.06
12.BO
12 -r9
12.11r

'ToT .

11,62

tsè = 2.20 (tu = r.ao)

r?,41
r?.38
19. r5
20,63
22.36
2L.7 

'21. ?1

'mr

0.03
4.75

4.90
3.99

t"" = l'95

= 10.63

F-- = 20.21 Dsl. tlJr

2^P

-o.73
-o.26
0.4?
3. o8
[.8t
4.2e
4. 18

psi

(tu = r.eo)

2^P

. 
TOT

3.14

2t 000 ft

3.02
3.r7
3.89
6.35
8.ol+

7 .oB

I .l+0

tse = 2.6I (tu = z.oo)

8.17
8. rl+
8.87

lr.l¡8
13.25
12.62
12.58

Ë
^mÍ

-o.o5
o. 19
o.90
3.3r
\.gø
3.æ
3.72

tu. = 2.32 (tu = e.oo)

P¡

ÞToT = 10.79 ?sr

).ôr. psl

2^P

-o.Io
-0. 13
0..99
3.r5
5.34
l+.30
l+. o?

26P

Pml

I ,

r.9t
2.L5
2,86
5.27
6.9e

,.æ

'mÎ

3.56

3.46
3.43
l+.55

7.rl
B.90
7 ,86
7 .63

Þ,o, - ù. t+8

tsa = [.ro (tu = r.¡o)

Pmr = 6.23 psi

o.l+6
r.l+5

4.28
2.6r
2.52

!si

0 .5¡¡

r.00
r.99
2.53
3.87
4.82
3.r5
3.06

'mr 3.07 ps

-t



+

0.0
67,'
82.5
9't.,

r20.0
rï1.5
180.0

tse= z.tg (rd = 2.09

.0.01r
-0.02
-0,15
0,6r.
r. !\
L.52
1. r5

2AP

TA3I,E WII.- I,OA¡ ST'ì.tr'{ARY - S-IVB Ð{PI¡SION ( SATIJRII IB)

20 ,08

20.12
20,06
19.93
2a,69
2r,12
2r.60

t = 2.65

ÞToT = 20.f5 psi

0, r0
0,03

-0.06
0.87
r'Tll

2^P

ia = e.¡o)

o

0.0
61,5
BI.5
97 .5

120.0
út.,
I80.0

tsa = r.58 (rd = r.59

'mT

9

PaaI

,72

9 '82
9.75
9.66

r0.59
1r. !6
r.r,97

-0.02
-0.03
-o.09
0,93
1.81
2'73

2^P

tsa = 3.oo (tu = a.:o)

Þrm = 10'68 P"i

Pl

Ptor

3B

0.17
o.22
0.t9
r. 06

2.26

,0l¡

38.02
38.01
3'.1 .95
38.9?
39.85
1+0.77
l¡o.ls

2Ar

PA

ÞroT = 39.11 psl

'Tor

-0.0À
-0.Ì0
-0.12
l. \8
2.55
3. T1
3.01r

6.j8

2LP

6.'lj
6.80
6.'t7
7 ,6+
0.31
9.3'
8.81+

rd = 2.09

5000 ft

t6â = 3.93

B

'mÎ

.?0

?ToT = l.T1 psi

8,66
8.60
8.58

ro.t8
rr.25
12.4r
u.?!

0.39
1.30
],.II
1.90
2.r9
3.1+3
3. OB

2ôP

co

t = 2.80 lt- = a.soìsa \Cl I

ÞToT = 10.8? p5i

= :.oo)

0. t0
0.12
2.30

\.26
3.f2

3.26

3,6'
\,16
\.37

,.\,
6.69

Ptor

ÞroT = 5.20 Þsi

lr.:l¡

L.5r
lr.6\
1r,66
6.8¡+
8.05
8.80
't .66

t = 3.rB

Þron = 6.5r rrsr

-0.05
0.02
1.f5

3.33
l+. iI
3.16

2AP

gd = 2,5(

Prm

3.26

3,21
3.28
I+.\]

6.r9
?.83
6.)+2

ÞmT = 5. ìrI p6i



0

0.0
67 ,'
82.5
n,,

rr7 .,
r8o.o

tuu = 1.Þ6 (tu = r.>o)

-0,19
-o.r"
-0.6r

1.08
,.r9
,.04

rABIio yIIr,- LoAD SUUITARY - s-M ErptOSlON (SmUrN 13) - CoEriDue¿r

2¡P 'To4

Ì9

\9.77
)+9.1¡l+
)+9.J,
tr.60
,t.o\
51.5>
5t.o0

.%

a&

ÞroÎ = 5r.r9 pst

-a.t'l
-o.rl+
-0.0,

,,89
4. 06

ó

2¿P

o.0
6r.5
82,'

.5
t-20.0
r57 .'
r-80.0

d = 2.oo)

t = z.La

10 000 ft

Prq¡

-o.64
-0.61
o,û7
0.\9
4.1+6
l+, û?
,.!r.

10.42

10.05
10.08
10.)9
t2.81
14.rr-
ú,!8
rt.7\

2¿P

= ..0Ð

Þ** = rz'ff Psr I

'Tm

t

16.02

T

15.r8
r5.4r
L6.o9
16.51
20.118
20.09
19.l+3

i.r6 (tu = e.>o)

-0.15
o.tt
0.82
2.89
l+,I,
)+.ú
2.88

2ÁP

Þn* = I?.66 rrsl

-o.58
-o,16
o,t6
2.9r
l+.61
4.rr

Pro't

2LP

iu = z. eo)

5 .06

2.91

,.88

7 .2r

5.9\

rt 000 ft

'rm

8.r0

tse = r+.r5 (tu = t.oo)

ÞroT = 5.r8 psi

7 .72
7 .9\
8,66

LI.2Ì
12,91
12,6t
t,6'1

Pr

0.19
r. 15
r.rr
2-79
t.\t
2.1\

b". = J.o8 (tu = e.:o)

2&

ÞTOt = 10.50 Þsi

-o.48
o.\,
1,12
1.98
5.et+
\.90
5,12

Pmt

2¿P

I .66

1.85
2.79
2,n
3,t1\.\,
,.tl
)+.1+0

'TOI

1.20

ÞroT = ,.71 Þ6

2,72
).t t
)+.tz.l.Ú
9.04
8.rc
6.62

t_- = 4.II

Þr* = 6.16 psi

0.16
r.28
r.\5
2.10
2 )+1
,.7'
1,49

d - ,.oo)

'Tof

1.58

r.?4
2.æ
t.o5
5.68
4.or
,.rt
5.ql

Þrm = ,.72 !s



0.0
67 .t
Ba.,
91 .5

I20.0

r8o.o

t". = 2'o? (t" = e'oo)

TABI,E VIII.- I,OAD STJTT'{ARY . S.IVB Ð(?I,OS]ON (SAIUBN IB) - COÃti¡UEd

-0.18
0.12
o.60

'.LJ
j+.8.r

\.09
4, 05

-Tm

,t+.62

,l+.À4
1\.7\
,, ,22

,9.\9
t8.rL
a8.6'l

tÉ^= 2,52 (td = 2,20)

P¡

Þror = ,?.08 psi

-o

2¿P

12
0l+

I6
2l+

,9\
,at

0

0,o
67 ,'
82.,
s7 .,

t20.0
L57 .'
r8o.o

20 000 ft

E.a= 2,59 (tu = z':o)

'mÎ

r7

P¡.

.>6

-o.lL
o.rt
0.98
5.r,
l+.r0
)¡-nÊ

r7,44
\ .6o
re,r2
20. B0
22.rO

2¿P

tea = 2.?8 (t

ÞToT = 2o,o) lsi

'rm

2\.r\

-o.Ø
0,19
o.90

\.ú
,.90

d+,\t
2\.6'I
2r.t2
28,09
29,89
28,8!
zB,62

2¿P

r"" = 2.98

= 2.ro)

P¡

?Tm = 4.26 Fsr

. TdI

-o.)2
-0. ]t
4.97
1.5'.1

b.t?
\.10

Þ.)t)

2AÌ
(tu = z.so)

6.rr
6,L
j .\6
9.87

rL.rz
10,l+6
10.28

ö

?tot

10,r4

ooo

t

Þr* = 9,oB lsi

'À

= l.'16 (td = 2.80)

ft

10.22
I0.r9
11,)l
I'.9I
r>,7L
r[,66
1lr.\\

o.r+
I. T2
r.?l+
1.r\
l+.81
2.98

2¿P

t" = 1.12

?TOT = ]r.02 pst

?rot

o.ot
o.l+T
1.1)+
1.29
]'¡.TB

,.\9
t.\2

2.ro

2¡P

2.84
1,62
4 .21+

6,ù
7 .5r
5 .l+8
5 ,40

u = 
''*)

. TOT

t.08

Þro, = 5,I4 lsr

5.r8

8.17
9.06
8.r7

r", = 4.08 (tu = l.i$

Þroa = 7.t? pÊl

0,04
1.rB
I,9I
1.26
\.zt
2.Þ
2. r8

2^P Prm

I ,86

1.90
1.2\,.n
,.!2
6.o9
4. 11
l+. olt

ÞEoT = )+,22 psi



0

TABL! VL- tnÀD Suttt¡tRy - S- ß ÐcióÀION (SÆüirX S) - concLuiled

0.0
67 ,,
8e.,
9t ,,

120.0

úo.o

È = 2.56

t.!2

..4

..01
,. oo
.n

2¿P

- 2.5o)

Pto¡

t2 .78

12.66
,2.\6
t\.ot
16.79
58,78
t7.r>
õ?.t l+

t = 2.8o

Pr

Þroq = ,r.?5 I)s]

-0.ûT
-0, 07

1.1+1
[.0]+
5.8'
)+,56
l+-r?

2¿P

t¿ = 2'?o)

,o 00o ft

r8.88

Prm

I8.8r
18.8r
20.29
22.92
2\.7r
2[.li+
2t.ùi

t = t.zt

Þroe = 22.02 pul

-0.01+
0. t4
r.7r
l+.04

, 'r\l+.16
3.76

2¿P

= j.*)

6

6.69
't ,06
8.4t

to.76
)2,ú
r0,88
I0.l+8

b"r= 5 ,69

Þro, = 9,66 lsl

Pr

-0.04
o.?l+
o.80
\.9
z.)+6
2.35

2AP
u'r'Ð
Prm

0.r8

o.52
1,12
r.18
r.\5
2.Ol.r
2.84
2.'ta

ÞTø = l;69 psj

+-P



0

0.0
67 .5
82.5
9',(.5

TI2, 
'),5',t,>

]Bo,o

t"" = ].,5B (rd = 1.tc

0.0,
-0. d+
-0.12
o.26
o.6\
0.88
0.69

TABI,¡ ,- TOAD SII,IMARY . S-IC T:ßLOS]ON (SÀTURT V)

Ð

'fot
.47

Ð.\o
cÞ 't2Þ.70
96.08
ú 't2#,L'

tse = 2.19 (td = 2'oo)

o.d+
'0.09
-o.2>
o.lr9

1.68
r,1t

Í^^ = .17

ó

0.0
67 .5
82.'
97 .'

r57.5
r8o. o

Ped

t

33.3!

I

-A

33.38
33.25
33.09
33. B3
3l*.52
35.02
31.6?

tsa = 1.89 (td = ,.oo)

.10

-o.:À
-o.r>
o.\2
I.l+o
r.99
t.r2

('"

o.5>
1.00
0.86
1.8r

j.\t
t. o4

Þrn = )1'%

,00

?AP

l+4.20

'T04

Ir+
)+t
\t
44\,
I+6

4t

t

d+

Þ>
62
6o
19

5.31r

PA

-0.24
-o.6,
-o.60
o.9)
2.O2
2.80

.7r

5.69
6.r1
6.20
7 .t,
B,n
8. r8

%cn = \4.eo

('u = 
''>Ð

2^P

rsa = 5.T! (tu = t+.ooJ

5000 ft

Fr* = 7.I8

-0, o5
a.2t
o.4o
a.69
o.t8

2.Ot

18.58

Ptol

tsâ = 2'45 (tu = a.oo)

18.3!
r7 .95
1?.98
19.51
20,60
21.38
20,96

P¡

2.56

-o.28
-o. ro
-o.59
r.77

2,Ð

Þror = 19.51

2AP

'lm
2.5r
2.',tg
2.96
3.25
3.1\
l.r . BB
|¡.59

r. !8

'TûT

ÞTor = 3,1+3

7 .20
?. 18
7 .o9
9.r,

LO,rt
L.r5
ro. r8

r = 3.99

0. crl

z.)+9
,.74
4.5r
a.4

Þro, = 9 'oÞ

2ÀP

t

2.52

2, 8a)

. ToT

2.19
2,73
2.7\
5.01

I.03
).00

ÞTor = I¡.6I



þ

tsa = r.1o (tu = r.o)

o.o
67 .,

9t .,
r12.5
Lr7 .'
t8o. o

ÎA¡LE ü.- IþAD SUr'r,rÀRT - S-rC Ð@LoSIol{ lSAflnN V) - Coût1ûued

.A

-o.2,
-o,6t
-o.6r
o.%
2 .08
2.Ù1

2LP

39

tÍor

.t8
18.95
58.n
40.54
\L.66
42.\>
l+1.91

tsê = I.?2 (t¿ = 1.50)

'l
-4.27

-o,6r
r.6t
t.a,
t.&
2.Bt

F* = 40.51

0

t

r0 000 fr

0.0
67 .,
82.'
9t .,

t-\2.,

r8o. o

r5

.ro (tu = :-.oo)

-o.ro

-o.4,
t.
l.4e
,.,L
5.',|L

r\
!l+.8?
rL.55
r\,t3
].6.'t7
18. rT
r8.Tg
18. or

t'a = 2.t+9 (tu = z'oo)

2ÀP

'¡
-0.42
-0.2t
0.I0
2.\5
t.95\.u
1.r7

35.12'

Þ¡,n' = t6' ¡!

. 
TOT

14.62

,+.69
n.ù
fr.r4
18.6,
ß.29

?AI

rsa = r,69 (.u = t.rÐ

P

-0.?0
-o,8t
-4.25
2.40
l+.12
1.68

,

Þr* = 56.62

.9t

Plct¡

2LP

,.r2
>,69
6,0!
8.r9
9,81

}O.II
9. rr

15 000 ft

ts& = ,.[9 (tð = 2,t9

16.06

Prm

-o.06
o.29
t. r0

,,80
t.r9
2.18

15,36
15.2r
15.83
r.8. \6
20.18
19. ?\
19.58

t = 2.44 lt- = ¿.oolaa \d t

2ÀP

P¡

-0,4o
o,t2
2.88
t+.r9
4.29

Þtm = 1'r ' 8e

2ôP

!Tm

z,66

t.8?
5.rL
6.>z
5.9r
4.90

5.8)r

. 
ToT

,.22
5.1¡4
,.r2
8.72

r0.4,
10.1t
9.I8

Þn..,¡ = I¡ 
'?6

tsd= t.r, (tu = z.:o)

Þr* = ? '9r

-0,Ø
o.Ð

,.58
t+.79
1.Ûf
r.16

2ÀP

2

2.r9
t.t9
)+ ,00
5.82
7 .o1
4.rÌ
,.8o

Fror = 1..5¿



bsa = 1.6t (ta = 1.t(

0.0
67 .,
82.5

.>

LrÏ ,'
r8o . o

rÁBr,E ü,- r,oAD SLTMMARY - s-rc El@l,osroN (sAruR¡I v) - coÈclu¿Led

.A

-o.4
o,4?
t.o7
\.8,
\.ea
l+ .18

2ÂP

r9.'16

'1ûT

19.rt
19,l¡9

22.8t
Pt+.6r
21.*
2r.9+

E = 2.12

-O.II
0,05
0.78
,.26
>.o,
)+.10
4 ,06

fu, = 22.I5

(tu

2^P

20 000 ft

ô

tsa = 1,Ø (tu = t.oo,

=2

0.0
67 .'
82.,
%.,

L12.'
rr7 .,
r8o,o

,oo)

7 .66

-o.'¿o

o.4r

)r.72
l+. r,
)+. 06

8.\t+
LO.g¿

Lr.76
]f .72

t sa

2ÂP

.t6

Þr* = 10.20

o,b
1.17
r.8o
1.6>
)+,Ð
,. os
2.99

"tot

\2.\2

(ta = z'>o)

2ÄP

l+2.14
I+2,Io
\2.81
4r.19
l¡? . !+
\6.r1
!6.1+8

t r.>s (td

-4.29
-o.t)
o,l+2
t,oL
l+,85
\.ez
l+.1?

Prm

Þro, = t+4.7a

z.8z
1.61
t+ .26
6,LL
7.1+1
,.r\
,.\,

2^?

25 000 ft

r"u = 4.]* (iu = ,,oo)

I. 5o)

-o,2'
o,9,
1.98
,.tt
t.7\
2.82

Pr* = ),f8

'T()¡I

,Bo

28 '5t
28.47
29.22
,Ì.85
,r.6>
1r.æ
52,n

t = 2.16

2^P

-o.lo
-0,02
o.71

)+.98
\. û5
1.99

Frm = rr.16

L.r2

('.
2L?

ttgt

r.29
2.\>
t.ro
4 ,Þ)
,.26
r+.[9
l+ .1+

2
' 
oo)

Lr.rz

'ror

15. ro
1\. )+t

r8.3'I
20.10
19.1'l
19,11

Þr* = 1.86

Pl

'lm -'

0,30
r. L3

3.51

('
2ÀP

d,

7.36 r^^ = 2.22

,. oo)

L.22

tror

2.65
).o¿
¡+.14
)+.1,

,.81



1""= \'7t (td = 
''to)

Prm

\.92
5. r0
,.5r
5.1+ll
7 ,>2
? .1\

2òP

r.{BL¡ x.- roAD sut'l.laRy - s-rr Ð(PLosroN (sATunì v)

4 -o8

t". = ).?8 (td = ,.oo)

o.52
0,84
r.02
t.\t
L.t6
, .4l+
t,06

Pmr = 5.7,

?tor

6,t\
7.1+r
7 .r,
8. 16
8.t4

1l-. L0
9,82

t = l+.o8 /t- = r.oolaa \o I

2ÄP

-Tm

P

P&d

6.82

t,J4
\.51
\,t2
\.9
1.t+6
'f .06
6.oo

Ë"" = 2.86 (td = 2.50)

-o.48
o.r9
o.7t
L.t4

4.28
t.oo

Fr* = 8.44

2ôP

\¡

. 
TOT

]-6.gl
16'9r
16.86
r7 .'1,
r8.51
L9.t2
18.8o

t.1o

r". = 5.09 (tu = t.t9

2AP

0.24
1.0,
1 02
r.69

1.76
2.70

.66=,

Pror

õ. 
ToT

6,\'
6.29
7 .57
8.84
9.Ð

ro.8j+
9.6,

.A

16.78

%r¡n = l?'8?

tuu = 2.r, (tu = z.oo)

0.It
0.1,
0.08
o.91
L '7t2.54

2ôP

'TþT

,\.r9
,\.26
54,rl
>\.82
>5.52
>r.Þ
55.6r

5000 ft

6.\6

t,^= 2.2\ (td = 2,00)

-0.o,
-0.u
0.9t
2.18
t.\9
¡+.rB
t.L7

Fror = 8'55

2^P

Plm

L8,t
18. â7
r8,26
19.81+
20,90
22.Ø

P¡

,16

Pî,ì,f = 5!.94

o.ot
-0.r0
-o.2,
o.l+6
r.r-6
L.r9
r.2>

,\

2^P

0

0.o
67 ,'
82.'
97 .>

rJ2.'
rrl .5
r8o.o

ú.42

Þr* = Ì9 '86

bsa = r.?1" (tu = :-,eo)

-0,09
-0.15
-0,ú
r.\2

2.

'To¡r

\I .2\
l+6,It
46.89
l+8.1+1

\9.50
,o,26
)19.'15

2ô?

IrT.)ro

%Or = r+8.1+o

-o.ú

-0.5r
r.01
2. r0
2.ú
e.1,

0

0.o
67 .5
82.,
97 .'

112.5
rït .5
rgo.0



o

r"u = 1.69 (tu = r.eo)

0.o
67 .5
87 .>
97 .5

I20.0
LrI ''
r,8o,o

TABI,E X.- TOÂD SUMMARY . S-1I ÐFTOSTON (SATIJBN V) - CONtiDUEd

Pr

-o.4
-0.6Ì
-0.70
r,60
1.06
).)o
1.ot

2LP

Þrc4 = t6 '81

'To¡r

,>.\2

rsê = 2.r9 (tu = a.oo)

5\,81
>\,72
,7 .o2
58.18
59.ao
t8.\,

-0.47
-o.r2
-o 'tt+
2.20
2.76
t.B7
,.22

10 000 ft

2LP

ó

r", = ,.tJ (.u = ,,oo

0.0
67 ,5
82,5

.5
120.0
Þ7 .'
r8o.o

'Tor

P¡

2!

t

-o.16
-0,!)
o.27

\.45
l+.U
1.10

2L.21
2I.18
2r,56
21.90
2\.\6
2>.57
d+.92

.70

2^P

t

-

. 
TOT

.02 ('"

-0.rr-
0,09
o.\t
2,7'
\. 16
4.)+7
3.21

l$Í = 21.26

'mT

,2

2.50)

t

,08

tL.52
tr.6,
,2.3>
,l+.81
t6.r)
56,L9
t5 .r8

EA
= 2.s6 (rd

'Tûr

6

b"" = !.05 (t" = ,.*)

.88

-0,4r
0.r9
o.n
,,L9
[.rg
4.1+0

t,t,

6.r7
6.91
'l .tL
9.61

tr, ol+
rL.1,
lO.II

r.t 00o fr

2 tlP

æ)

0.o9
r.d+
L.21

),t.
2.69

Þ*, = 9.rL i*, = 5.oB

'Tm

2LP

9.r2

t." - 1.92 (tu = r.oo)

9.]-1
9.7L

LO.29
L2.7L
Lr.to
Lt.9z
12.67

'Tm

?l

t .10

t.r9
l+.!+
4.))
,.Ð+
t,84
6,)+6
>,'t9

Þ = rr.8o
TOT

o,42

t.71
t.06
5.99
2.89
2.>O

2AP Pror

t.. = )+,71 (t" = 1.5o)

,.26

1.68
\.r>
tr.99
6.12

Þ,r)
5 .76

o. rB
r. 06
1.15
r.68

2,61

Þr* = 5,66

2^P Pro¡

2.28

z.\6
t.r\
t.4t
1.96j+,ro

,.rt
)+.91

îror = 4.ol



ô

t = 3.O7 /t- = 2,80\sE, lcl I

0.o
6I .,
81 .'

,,
L20.o
Lr1 ,>
180,0

fA3¡E x.- r¡Á¡ sUl'tMARY - s-II Ð(PLosIoN (sArURN v) - conti-aued

o,09
0.>4
0.82
t.\9
1.68
t.69
J.63

2^P 'ToI

t2.tB

12.\7
1.2.92
11.20
lt .87
t-6.06
L6,o7
ú.01

¡.re (ta
PA

FToT = lr+,?,

o.29
r,r.6
r.8o
t.6\j+.94

1,stz.*

20 000 ft

0

2^P

t"" = 1,82 (tu = l,:o)

t

0,o
67 .,
B?.5
91 .5

120,0
L>',t ,5
180.0

'00)

?ror

?n

8.20

rsa = 4,26 (tù = ,.50)

o,l+2

L.g1
t.\7
\.t9
2.Vl
l.98

B.j+9
9.16

10.o0
u.e,4
ú.14
L1'4
rÌ. LB

2LP

Þ*, = 1o,9I

o.51
r.49
2.01
,.to
\.22
2.60
2.r2

'mT

2Á?

9.22

rsa = r+.49 ("u = l.oo¡

9.e
!0.t9
]a.19
L2.69
Ð,81

]-I.20

'TO4

rsa - 4.92 (id = 4.00)

E = [.6?

o.ro
r,l+l
r.79
2.89
t.\9
2,7)+

4,r9
,.!,
t,67

?.88
6.26

Ð 000 ft

2ôP

.A

-o.20
o.6,
o.89
1.6f,
2.o5

r.99

Þ*, = 6,:.8

.1t)T

2LP

,.r2

tsa = r.or (.u = u.to)

,,82
6.9'
7 ,rr
8,1+1

9.01
8.26
8.II

nm,

tA

,.08
1.9tt
)+.17
l+,90

>.12
5.1+8
,.28

0,02
r.ú
r.jB
2.25
2.rt

2.1>

Þror = ?.8I

2^?

Þro{ = 4'6?

'Tot

l+ -62

)}.64
,.78
6.oo
6.8,
.¡.14

6.cl

?¡.

-0.05
o.86
o.8o
o.81
o,67
t,o32.*

(tu

Þro* = 6.r+t

2LP

, *)

l+.5l+

"Tor
j+ .l+9
t.j+o
> '1t+,,t,
,.2r
7 .>7
?.rr8

ÞTor = 5 .8r

F
-.¡



rss= t.Lz (f = i.*¡

o.0
67 ,,
8'l ,,
9t .,

r20,0
L57 ,'
r8o.o

LABIE X.- InÀD SUMMARY - S-II ÐFrnsroN (smUnn v) - coDcruded

.A

-0.t2
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Figrrre 2,- Total pressr:re tlistrlbution.



Fleure 3.- fotal lressure 1oÊd6 - explosion of S-fB stage (Saturn IB).
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Figure 1.- Forvarô heat thield deploynent'



FlAure 4.- lota,I pres6ure loèds - explosion of S-I\IB stege (Sêturn IB)



fieure 5.- Total pressure foads - e)(ploslon of S-IC stÈge (SatuÌn v)'
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Flgure 6.- Total ptessu¡e los,¿ls - exploslon of S-rI Etêge (S&tu¡n V).
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¡.lgule ?,- Totê1 lressu¡e loa¿ls _ e)q)loelon of g-¡llB stage (Saturn V).



Flgure 8.- lequlred l¡arnfÞg tl$e - e4)loslon of S¿turn IB stÉges



Ftgure 9.- Requl¡ed lrarnlng tfue - exp}oslon of Seturn V stage6.
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A"PENDTX

The required varting tines are dependent to varying degrees on the
fo].lowing factors :

1' CM pressure limit

2. LES thrust (total i-npu].se )

3. T1IIT explosive YieJ.d

Ìn the nain body of the study current val'ues for the CM pressule fi'mÍt
i6,r psi) ena r,is thlust (155 000 lb) vere usetl as Here the frequentLy
used ilûT yIe1d.s of fO perc.ni and 60 percent for Lox/RP-I and I0x/82,

respectively. Values for these tbree paraneters vere varied in orde¡
to iltugtreie tbeir influence on the required Ìrarning tines' The case

of an S-IC stage explosion vas cohsítlered ' The resulting warnlng times
are given ln fieures 

^-I ' ^-2, 
andl A-3, together vith the l¡a"ning time

curwãs for the uoninal conititions consitleretl Previously' fhe increasetl
i¡s t¡"ost cases required that approxi.nat ions be raade since wlnô tunnel
tla,ta $as not avaiiable at these higher thrust levels' As a re8ult ' the
pressure ttistributlons obtained frcB the nominaf th¡rst cases Ïere
iodified to account for the higher dyn€mic Pressures associated with
the increasetl thrust cases' In s.tldition, the LES thrust cases did not
consider the corresponding LE\¡',reight increase that I'ou1tl necesserily
have to occuï. However' the results, though not exact, do illustrate
the reletive influence of the th¡ust on the required varning times '

It is apparent frorn figr:res A-1, A-2 and A-3 that drastic j-E-

provenents in Ct'l and LES capabilities ]rould in most cases not ?educe

ihe requÍred. ïarning tiees si8nifics.ntly. fncreaslng tbe Cl'!r s pressure
.Iimits lrcm 6.1 to i5 psi reduces the required I'aJning tiae by only
,55 seconds (a: oOO ftl . This is a rather modest tetì]rn for qhat I'ould
rLquire a maJor CM notlification. Above 30 000 feet the Cl'f pressure
tùiit hes a di-Einishing effect on the required !¡arnÍng times due to the
cM's ability to outrun the shock front '

lncreasing the LES tÌìrust bv 25 percent and 50 pe cent results in
an appreciable reduction in the required varning times in the 20 000-
to 3ó OOO-foot regine. Hovever' on the ped, the Ïa.rning times 8re
not retluced. significantly.

nèduction of the fNT equiva.lent yield' shows a ma'rked decrease
(figu¡e A-3) in the required. Ì'srning tj-nes. after approximately
25 óoo feet (5 percent and 3 percent cases). A¡ even more d-Tastic
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decreaseoccursforthelpercentcase.However'thepedandlouer
;i;l;ã" regùle in general stil1 require consi'Ierable warning tines'

The above resul-ts indicate the rather insensitive lature of the

""q,.,ii.d 
varning tìmes' Increasing the cM pressuÏe linit and the LES

It"ïst "oof¿ 
ref,uire maJor retlesign to sisnifics'ntfv ?educe the re-

quired r¡ernins ti-nes. ¿¡ove ãõ-õõo rttt, rover TNT'yield s 9ou1f 11duce
ii ã-i"q"lt.a larning tines silnificantly- particuls'rly if the yiel-tls

a¡e in 
-the order of 3 to 5 percent (Lox/RP-f) '



Ftgu¡e A-1,- lequlred warnlng tl¡es ' vs¡lous CM pressure lLnltE.
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Etgure A-2'- Requfreil vernlng t1úes - vsrlous IìES tb¡ust levels'
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¡igu¡e A-3.- Requlredl Íarnlng tl¡¡es - v¿rious TlcT yields,
o\
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