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CAPABILITY OF ATLAS "F" AS A SPACE VEHICLE BOOSTER

1.0 introduotion
"The study of the Atlas “F" vehicle has been subdivided into two
basic considerations,first as an ICEM and second as s space vehicle
booster.
The ICBM is covered by Convair reports:
AP60-0424,
‘ AE60-0384
SWep=17
Missile specifiocations for missile and ground support.
This report provides results of the study on the Atlas "F" as
a space vehicle booster.
2.0 Summarr
2,1 This report contains prelindnary results of studies conducted
on space vehicles made up of the following upper stages, space
boosted by en unchanged Atlas "F".
(a) Stenderd Centaur upper stage,
(v) Growth Centeur upper stage. (Approximately 150%
propellant capacity of Standard Centaur), - A

(0) Standard Centsur used with Centeur Jr. as upper stages.

Centaur Jr, is 18000 #gross veight preliminary version.

This document contains tnformation aftecting the national defense of the United States within the meaning of the Espionage Laws, Title 18,
USC, Sections 793 and 794 The transmission y fanngr 1of an gnbuthorized person is prohibited by law.
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2.2 Initial studies show that the Atlas "F" vehicle may be i
used in an ummodified condition as a spuce booster for each '
of the three upper stage versions and result in: ’

(a) Two.sigma AMR condition of flight in a completely
umodified eondition,

(b) Three sigma operational condition of flight with
angle of attack control accomplished by the |
addition of easily mounted "black box" equipment.

Noteworthy spsce mission payload results sre as follows.

More complete results are presented in a later section.

(a) The Atlas "P* with Standai1 Centaur version hus the following
. peyload capability:
(a) 15900# in 100 N.Mile polar orbit, ’
(b) 35004 in 24 hr. equatoriul orbit. |
(b) The Atlas "P" with Growth Centeur version has tha following

payload capebility:

(a) 14950# in 100 W, Mile polar orbit.
i (b) 4100# in 24 hr. equatorial orbit,
F (¢) The Atles "F" with Standard Centaur m)éﬁ%%i'ur“‘ﬂ‘r". version
‘ hes the following paylosd capability:
(a) 44A00# in 24 hr. equatorial orbit.

(b) A eoft lunar lending of Centsur Jr. with 2200 1b.

WIO“ .

3.0 Geoeral

’ 3 The upper stege cenfiguration: included in this report may
|

This document contains information affecting the national defense of the United States within the megning of the Esplov‘e Laws, Title 18,
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be used to accomplish a variety of space missions., They are l

presented in a general manner to show the versiitilftyof each
upper stage configuration.
| 3.1 Configuration descriptions

All three upper stage configuretions nay be mounted
by means of suitable adapters directly to an unmodified
Atlas "F",

The Standard Centaur upper stage is an ummodified,
presently designed Centaur space vehicle.

The Growth Centaur upper stage maintains all besic
Centaur features and components with exception of tank
. length. Propellant weight capacity is incressed to |
450004,

Preliminary
The Lentaur Junior upper stage is siziler to basia

Centaur configuration with the following exceptions:

(a) Gross weight,excluding payload,lS8000#.
(b) Tank diemeter 8 feet in place of 10 feet.

(c) One 150004 thrust engine instead of two.
3.2 Pigure 3.2 shows each upper stage version mounted on

the ummodified Atlas "F".

[ 3.3 Configuration weight data is shown in Table 3.3.

3.4 Propulsion data is shown in Table 3.4.

hJ

This document contains information atfecting the national defense of the United States within the meaning of the Espionage Laws, Title 18,
USC. Secticas 793 and 794. The transmission uthorized person is prohibited by law.
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3.5 Loeds

.3.5.1 Actusl maximum bending moments encountered
durin'g flight of Standard Centaur spece vehicle with
Atlas "P" are shown on Fige. 5.14 thm 5,19,
Tank B, M, resistance capacity is also shown. It
represents bending ocapacity remaining due to
pressure and buockling strength, after axial drag
and "g" force loads have been applied. The standard
Centaur/Booster configuration has been analyzed in detail,
No dynamic work was performed on the growth Centaur or with
an upper stage due to lack of time for the study and lack
of specific design data on the upper stages.

3.5.2 Atlas "™ tenk capaeity to resist maximum
*g" axial loeds is illustrated by Fij. 3.5.2.
Booster section burning time before separation has
been limited to an amount that will not cause "g"

foroes to exceed that shown for total weight on Atlas "F".

top adapter of each space vehicle considered,

3.5.3 Atlas "M tank capacity to resist ground
wind loads is illustrated by Pig. 3.5.3. Minimum
ground tank pressure required per upper stage configuration
will be maintained, Weight of Atlas "™ expendable
propellants has been adjusted to allow for effect of
£1lling back pressure.

of the Espionage Laws, Title 18,
ized person 1s prohibited by law.
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TABLE 3.4

PROPULSICON DATA
(Noxinal Thrust snd Isp)

" Engine —— Tbrust, 1b,  _ Specific Impulse, sec. |
—Jea loval _ Vacuup Ses Level _ VYaouup

He2 Booster (2) 497020 552238 270.1 2300,
(E = 12 Pe = 1000) i
MA-3 Sustainer 57000 80131 218.4 310.8
(B = 25 Pc = 650)
Yernier (2) 900 1200 213.3 284.4
(E = 30 Pe = 500)
Standard Centaur = 30000 == 420
P Grouth Centeur - 4pooe | = 426
Centanr Jr. == 15000 = 420

[

NOTEy; For RR-1 tempersture of 60° F and standard conditions outside of the

. .,:ﬂ?:};'_t__'{' Atles § ) ,4'3‘ F opellant densities ares 10, = 69.7 1b/2¢>
and M=l = 50.4 lb/ttJ o Trajectory calculstions made were based upon the

influsnce of propellant density change upon the nominal propulsion data
shown in Table 3.4.

This decument containe information affecting the natiensl defense of the United Stales within the

] of the Esplonage Lews, Title 18,
i USC, Sections 793 and 794. The tranemission or

ioed person is prohibited by law.
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Space Payload Cspaebility

A booster capsbility study has been conducted to provide
performance estinctes of the Atles F using Centaur type upper
stages. The standard end growth Centaur 24 stege configurations
were considered es well as a 3% stage configuration hsving a
Centaur Jr., staege sbove the standard Centaur.

Calculations of paylosd capability included the constraints
irposed by thc axial loading limits of the Atlas F. Figure 4.l
presents the perfcrmence of thesa vehicles in terms of peyload at
various orbitel and space missions. The payloads shown have been
degraded to include the effects of bolloff, chilldown flow and
restart rockets. Figures 4.2 &nd 4.3 show the trajectory tinme
history to 100 n.mi. orbital conditions for the standard Centaur
configur.tfon with peyloed for the 2i-hour orbit mission. Centaur
Jr. propellant loading was optizised for use with the Atles F end
stendard Centaur. A soft lunar landing payload of 2200 lbs. was

obtained for that configuration.
Dynemic Analysis

Sumrary
A study of dynamic loading, and stebility snd control hes

been conducted for the Atles F plus Centaur vehicles. Details
of the study are presented in this section.

Areas of prime impcrtance considered in the investigation
are a8 follows:

A. Dynsmic loads

This document contains information iftecting the national defense of the United States within the medning of the £spionage Laws. Title 18,
ny manner to an unauthorized person is prohibited by law.
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B. Effect of control system sugmentation by angle
of atteck or accelerometer feedbsck.

C. Slosting snd rigid body stability.

D. FElustic stability,

Two prylosds, representative of the mission thuat the Atlas F
rlus Centsur velicle will be called upon to accomrmodate were
consicered. These payloads sre 4000 pou ds and 17000 pounds.

The design values on the Atlas F portion of the vehicle due
tc longitudinal dymamic loads were those dictated by its application
«s an JCEM snd not attributable to its space booster application.

For the standard control systen the bending moments produced
by 2 sigme AMR wind conditions are below the limit allowable
bending ncment, Howaver, by usine the standard control system
sugmented by an angle of attack or sccelerometer feedbsck system
the lsteral flight losds cen be reduced so thst they sre well
belcw the 1imit allowable load for sll cases considered including
the operational wind conditions., Using such auxiliery feedback
gysters the steedy state angle o!’ attack was reduced to .55 degrees
and the highest bending moment wna decressed from 13.6 x 106 in.-lbs.

6 1“ o-lb’ . (\dth

(for the standard control system) to 6.4 x 10
augmentstion) using operational winds.
The redtlts of & time vaerying anslog simulation of the

Stundard /tles plus Centeur vehicle employing either angle of
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stteck or acceleration feedback show that the steady-state angle
of sttack cen be reduced to 0.5 degrees at the tims of maximum
dynuzic pressure. Root locl of these two loud alleviation schemes
are presented to demonstrate the stability of such methods for
the Atlas F plus Centaur vehicle.

Results of analysis of the coupling of the sutopilot witl
the structural bending nodes are presented that show thut the
syster. is stable through flight. It is shown that coupling of
the first berding rode &nd th: Centaur LO§ tank sloshing at lsunch
when these two modes are st about the same frequency is negligible
and should not present a problem. Sloshing stability of the
vehicle considering two Atlas F tanks and the Centaur LO» tank
sloshing is also demonstrated. The propellant sloshing modes

were found to be quite statle and suggest reducticn of the number

of baffles used in the Atlas LO7 tank.

sk e o
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5.< Dynomlc ]oads
5.,2.1 Introduction
This section presents the results of an investigation to

determine those criticel lowds thut would exist on the Atles F
plus Centeur plus Payload vehicles due to disturbeances of a
trensient or vibratory nature. The investigations put forth are
terpered by the fact that the Atlas F rortion of the vehicles
studied hss clresdy undergone an extons;ve study wbich is reported
in Conveir Aatronautics Report AE 60-0355, utilising this vehicle
as on ICBM booster. In order to effect some consistency in the
treatnent of dynamic loading the design conditioms put forth in
Repcrt B 60=0355 will be applied to the Atlss P plus Centeur plus
Payloud combinstions snd conparisons of the derived dynamic loads
effected. Where this treatment produced design losds in excess
of those rendered by the trest! nt of the Atlas F as an ICBM caerrier,
practical losd relieving mec.. sms are considered. These mechanisms
are discu-sed with practical spplication and high reliability =s
a guide to their use, This dual study is being undertaken in order
tc deternine the practicability of using an unnodified Atlas F

vehicle (which was Jdesigned by ICBM considerations) es & booster

for various upper stages.,
The urper stages conaidered in this study were Centsur with

s 4000 pound paylosd &nd Centeur with & 17000 pound paylosd.

= - e
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r

5.2.2 Grouni Wind losding (Including Effects of Randch Vortex Shedding

-

When the Atlas F plus Centuur missile is erected and sxposed
on the ground it must be capable of resisting the loeds produced i
by the applicetion of ground winds. The intensity of the impinging
vind will be a function of the site selscted for launch, of this
vehicle and lhe design risk for this condition which is comriensurate
with the nission philosoply. For the purposes of the study two
values of equivelant stesdy wind intensities were sssumed, nemely:
l. A 40 mph equivalent stecdy wind velocity which
value is exceeded only .3% of the tirce, on the
average, st the Atlantic Mlssile Range (AMR).
This value is referred to &s a 3 sigme value at
AMR,
2. A 60 mph equivalent steady wind velocity whickh
velue is exceeded only 1% of the time, cn the
average, cver the continental Unjited States.
This velue i3 referred to &3 thc Operational
1% Risk Value.
#dhen the design loading conditlons were formulsted for the
ground winds recognition of not only the effects produced by
stesdy winds were acccunted for but wlso of the effects produced
by vottices being sked by the vehicle. The problem or randorn |

vortex shedding of the winds around a cylinder have been the
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subject of recent studi:c by the NASA Ames Staff :nd Dr. Y. 7. Fung

ef S.T.l.. These studies huve shown that in the supercritical

Revnolds Numbe region (which cccurs on the Atles F plus Centaur
vehicles when exposed to beth 47 wph and 60 rph winds) random |
vertices will be shed by the vehicle in botk the: 1ift and drag
rlerss. These vortices, slthough randor in nature, possess
sufficient strength st the lower frequenctes to excite the minsiles
cantilever rodes which produces loeads in excess of those predicted
Ly two-dinensionsl steady stete serodynemic treory. It is, therefore,
irperative fcr the design of this vehicle that these effects be
included where applicable.

In order to predict the louds whick would be imposed on the
erected, exposed Atlss F plus Centaur missile conbinutions the
power spectral inputs used were those after the study of Fung,
utilizing an cuto-correlation coefficient of 1 tc express the
rendon vortex distribution along the vehicle length, 4 steady
drag coefficient, CD’ of .0.525 was used for both the 40 rph
and 60 mph wind cuses. Also, eince the strength of the randor
vortices shed incresses with lbwer frequency, all stages of the
nissile were assumed tc be fully tsnked witk a 17,000 1b, payload
atop the Centaur. This conditicn provided the lowest missile
cantilever frequency &nd resulted in the highest vortex shedding

loeds. The bending moments producad by the stesdy drag, oscillatory

——
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5.2.3

1ift forces on the rissile were combined vectorially tc render a

resul tunt bending roment distributicn slong the length of the

missile. This distribution is shown in FicureS5l for both the
40 mph and ¢0 mph wind ceses, In order to determine the total
bending moment distribution aslone the missile the effects of
riselignments, disconnect forcea, etc., should be corbined with
this value.

When the vehicle is in & condition cf tanking where less
than the full arounts of liquids zre sboard the bending moments
prcduced bty ground winds, including the effects of random vortex

shedding, will be less th:n those shown in Figure 51.

Longitudins]l Dynamiocs Loads

When the Atles F plus Centeur vehicle is subjected to the
rapidly varying engine thrust forces produced by booster und
auatain?r build-up and cut-off, longitudinsl dynemic louds are
1lposod‘on the vehicle structure. In order to sscertain the
msgnitude of these dynamic loads & spring-msss model, representing
the msass and stiffnes: characteristics of the vehicle togetler
with those lateral distortions of the tank structure produced by
an accelerating columof liquid, will be subjected to these engines
thrust build-up and cuteoff charecteriastiecs.

These engine characteristics were obtained frcm NAA and are
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their hest conserveative est iate of these parametors at this
tira, A typleal bcester und susteinsr engine thrust build-up
curve is showm In Figure 5.2 Tke deluy tire between bcoster und
sustainer thrust build-up is intentionsl in order tc diminish
the loauding felt by the vellcle struecture. This velue is the
8ule +93 Wes used on th: SY-G5E missilos,

The rissils whs -xarined for ceptive thrust bulld-up .ni free
launch «t beth seul level sni altituie (1C,0C0 femt).

Tre raxinw rcceleruti-n: experienced h: the IO? «nd Fuel
licuilds (wtich are of prire concern in tank 2esign) fov both
ceptive and thrust ouild-up s#ni free launcl ar. chown In Tetle 8,1,
Alic srowur wre tlcue acceleretinng which weould Lo ir;c-ed cn the
Atlea P LC'p und Fuel liqulids when this vericle 1 vsed «s un ICEM,
It sheowld te nrted thet for ¢ Zucl capabilitr dasign «n the Atlas F
beeste = th~ design lcading Cﬂf?ltlons are Jue tc use of the veticle
es «n JJBM, Theref-re, for these condition: th= spoce erplicstions
of tha Atlus F gre nct designing eonditions.,

The mexinum accelersticn experienced by the LC2 ad Fuel
liquids due to cuptive thrust cut-off were slsc derlved. It wus
essumed th:t the eugine thrust fcrces woulid decwy fren 1C0% to 10%
thrhst values in 0.2 seccnds, simultanecusly for all engines, |
These velues cre shown in Tebie 8,1 Also ahown sre ccmparable vaiu"s

¢ the Atlss P wh:r used us :n ICRM, Here rgain ecnpuri-on of the

[
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T B - ) T N
F_LI. S _FOR VARIOUS UPPER STAGE LO

MISSILE LAUNCH LONG. LIMIT DESIGN LOAD FACTORS
CONF. ALTITUWDE CAPTIVE THRUST B,U.| CAPTIVE THRUST C.O.:LVPREE LAUNCH
Mr My Ty M r L

Atlas F Sea Level 2.5¢ 1.15g 1.23g 2.13g 2.13g | 1.66g
I1CBM 10, 000" 2,6g 1.16¢ 1.25g 1.25g | 2.22¢ | 1.75¢
Atlas F +| Sea Level 2,5¢ 1l.15¢g 1.23g 1.23g 2,04g | 1.57g
Centaur +| 10,000' 2,6¢ 1.16¢ 1.25g 1.25¢g 2,13g | 1l.66g
40004 P/L
Atlas F + | Sea Level 2,5g 1.15¢ 1.23¢g 1.23g 2,Rg | 1.55¢
Centaur +| 10,000° 2.6g 1.16g 1.25g 1.25g | 2.10g | 1.63g
17,000 PAL |

i

Np = Limit longitudinal load factor on Atlas F fuel liquid
f nL = Limit longitudinal load factor on Atlas F L0, liquid

TABLE 5-1
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sccelerstions sbow thot the deslgn lo-ding cenditicna sre due tc th

uge of the vehiels a3 an ICBM,

In-f1ig¢ht beoster engine cut-off wus agéin sssured tc tuke i
0.7 secrnds tc decay {rom 100% te 10% of booster thrust s:-i produced
very srnll sccalereticr n the liquid. The sare (5 true of in-
flight sustseiner mut--ff,

In surrury it 1s shown tiet the deaign velues on the Atlus P
pecrticon of this vehicle comtinstion nre those produced by its
epplication 63 en ITBM and nct attributeblc to it.: spsce booster
appl icetion,

5.2.4 Vibretion Chergcteristics of tha Vakicle

It i© ccnvenlent in c-lewdrting the flicht lords snd atebility
chsraocteristics on th fiexihle-bodied wehiclce to expreas its
elostic properties in terr: cf freo-free nutursl frequencie- and
roie functicns. U-ing rormel rcde theory, th stability endloeds
antlyses; ere ensily rerforped. Vibration cheracteristics of the
Atles F plus Centeur with both ¢ 400C peund e¢nd & 17,000 pound
peylocd vere “eterrmined usin : lurred ms-s distribution of 33
stations und on Influence coefficient metrix fer “7 atetiocns.
Influence coefficients were developed from calculaterd beem

hending un? shear stiffress data,

The caleuwlsticns were perforred for three time instunts

during the bcost phrse of flight, nemely:
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5.245

1. Mis3iile fully tenked ( t = 0)

2, Vissile st time cf ruximum dynumic pressure (t = 60 sec.)

3. Missile at time prior tc berster ongine cut-off (t = 129 sec.,

In #11 cases any significant sloshing rss~es were removed. These
resses were courled buck into the cvierall dynaric equations of
rotion a5 generrlized forces fcr the tirc dependent sclutions.,

The naturel freguencies and generelized mtsses for the first
five olasiic roios of vibration ar: surrarigzed in Table §,2 ’lso
presented are the correspondiny purameters for the f,1.,s F missile
when usad &3 sn ICRM,

Flots of tho deflected shupes of the first thres elsstic
modes of vibretion for bteth puylosds «t t = 0, t = 60 sec., «nd
t = 12¢ seconds ar: shown in Flgures5.3through 5.8

Plots of the node point vuristions of th- first three nodes
witk time for the tw- vehicles arc sto.n in Figures59 und 5.10
Also plctted in Figurefll cre the corresponding nodsl vuriations
for the Atlas F when used wi sn ICBYN,
Laterel Fliyht lLoud

In arrroschin: the protler of determining the latercl flight
loads cn the Atlus F plus Centsur plus Payloed vehiele twc studies
were performed, numely:

1. lateral flight locds irmpesed by using « stendard control

syster similsr to thut ysed on the Atles F ICBN ({.e.

&7
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FIGURE .1

ATLAS F OTRIES MISSILF VARIATION OF THT NODE
POINTS VS, TIVE OF ULIGHT FOR THE FIRST THREE

AL TALITS T WAL LI R Rt s g
h o g i BT MADE . = 160
—_ e 2D MODE
—_— . JRD MADE
1
‘ 0 140
I By g
| Il
| 4 | = — —
t s S
El{':—#—' i 18
| !
! v V)
T / N
. g X
r— — — — __ o |
~ i 4
] & 6o el LR
2k /Mr / <
__——__,—..:- = /
+ GO0 # <«
Wikl - e
T — —— -
— —
e ‘___—_.;"j a =i _
1200 —‘\ EREQUEMNCY 20
L Pt
L))
t i MHoC Ia}
o A0 40 . €0 ao 1¢© /20
NI N TIME ~ SECONDS
{ PREPARED BY DATE | CHECKED BY DATE T REVISED BY Y (3
Ve F) et P APt Rk X

FORM NO. A1107-1




-

SECRET

_ AE-00-0496

CONVAIR i ASTRONAUTICS Mme_  __ 38

control by rate and rosition gyro and pre-programmed
fiirtt puth).

2. Llateral flight louds impcied by sugmentinz the
configuretion abeve with angle «f atteck or accelerometer
feedbuck within tha ccntrsl lcop.

The main purpcese c¢f the dusl avppresel. was, on3, tc deterrine if &n
augmented control systen couln suffjciently reduce the lateral
flight losda on tris wohiele 3c that an unmodified Atlas F ICBM
structure could te directly utiiised as & bcoster fcr tris program,
and two, thy effect & ncrparisen of the weight saving, thet are
reclised by an sutrierted syiter cver s standard ICBM type control
syster,

To deterrine tre letersl losds imposed on the velicle during

criticsl times of flight the following enclyses were performed:

e) PFrom optimized performunce trajectories for both the

| 4000 pound snd 1700C pcund psyloed configurations the
time of maximur dynzmic pressure end its v:alus were
determined,

b) The velicle ws3s exerined as a rigid body sn? the bemding
moment distribution for a unit angle of attack at this
dynamic pressure wu: derived.

¢) The total angle of sttcck that would be dmposed on this

vehicle when subjected toi
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5.2.6

1. Cperaticna) winds - 1% risk wind profile
and a norrally applied 60 fps, (1-cos) type,
gust (P1g.512 »ndsll).

2, 7 sigma AMR winds (Pig5.12 p,7513) and pre-
prograrred f11ight pzth so thet the velicle
flies & serc sngle of sttack reen winter
wind trejectory.

3. Same es (2 except using 2 sigms AMR winds
(Figf.1" andsl”).

The control aystem utilized in these studles was cf the
standerd rate and position gyro type.

d) The sngles of attrck that would be imposed for the
conditions lf;ted in (¢) augmenting the ccntrol system
with an angle of attack or cccelerometo~ feedback locp.

e¢) The followinr purameters were used in deternining the
maximur. latersl lords slong the length of the velicle

Dyn. Pres. Mach, No, Yelecity
750 psf 1.7 130C fps
Standerd Control System
Utilizing « standerd rate s«nd rousiticn gyro type control
syster the following criteris for ctngles of atteck end envine
control deflections imposed on toth the 400 pound &nd 17000

pound peyloed versions were derived:
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Wird Required i
Codition: Puyloed Angle of Attgck Fng, Deflection
Steady Stute Gust
: ~
Cperation.l L00C 1t, 4.5 deg. 2.6/ deg. 4,08 deg.
1700C 1t, .5 deg. 2.6. deg. 3.55 deg.
3 slgma AMR 4000 1b, 3.3 deg. 2.2 deg. 3.16 deg.
17009 1b, 3.3 deg. 2.7 deg. 2,75 deg.
2 sigma AMR 4000 1b. 2.2 deg. 1,76 deg. 2,0 deg.
. 17000 1b, 2,2 deg. 1,76 deg. 2,0 deg.

The required engine deflections listed above do not include
raquirements for such static unbzlunces as thrust misal ignment,
geometric:]l slighnment errors, c. g. offsets, ctc. An additional
ellowznce $f opproximetely .75 degrees should b mude for this
purpose. The bending moment distritution is shown in Figuresfl4
throughksl9 for the vericus condition:. A4s cun be seen by
exmnineticn of ttesse curves only the 2 jigrme AMR wind ccnditions
prcduce bending rorents below thy sllowable bending moments on
the uqéodified Atlss F tank, T[or othe» wind conditions the
AtqujF LO5 tenk would need Incres.ed pressuve to wccept those
loaqé. Al .o for the 4000 pound paylosd versicn winds sbove 2

sigﬁa AMR strangth would require lurger engine control deflections

than ure now presently availsbla.
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FIGURE = 1/ ;
Wind Conditions: - Operational
14 risk
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