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| under contract AP 33(616)-31; 5. The plan 18 presentoq in two parts;

Volue I, System Pian, and Volme 11, Subsystem Plan, e subsystems

are described in Separate books, Volume IT-4 througn II-L,
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20. REQUIREMENT AND/OR JUSTIFICATION

operation of the orbiting

20. This subsystem, the airframe of the .
an additional stage to the W5-107 vehicle, must be cspable of establish-
ing the reconnaissance equipment in orbit and be compatible with the _

The operational environment ig sufficiently different from that of any
other gystem that no equiva.'l.ent_vehicle is available or under develop-

satellite vehicle which is to be

components of the reconnaissance systems.
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The airframe is the beckbone of a final stage for the WB-107 vehicle,
it has strustural integrity fer the beost Phase, and ecarries the equip-
ment required to establish itself in orbit, as well as furnish o frame-
work for the ecompenents of the rescmnaissance subsystems. '

o v, Appresch

Booster vehicles will be derived from the WE-107 (Atlas program). The

Pioneer vehicle airframe is designed to be campetible with the Atlas as |

nnuthesromhlnﬂingandlamhhgequmt of the Atlas system.
The Advanced vehiele airframe vill be designed for use vith a modified.
booster and lammching system. Both airframes must satisfy the

strustural requirements of the boost phase, and contain compenents whick
BAXe CORAOHAN N s A % 2 A BV I Irameans il : 18 > <1 e -

OF THIS FomM MAY

A, p 2
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of being stabilized in the orbit ' alse furnish an adequate framework
during boost. ‘
The tasks of the airframe subsystem, which are each deseribed 1n
par. £le below, are: ' : ' '
1. Pioneer airframe strueture
£. Pioneer adapter and separations
3+ Ploneer pressurizstion system
k. Pioneer emviromment eentrel
5. Advenced airframe struoture and mechanisms
€. Boester modification for the advanced system
7. Advenced pressure system
8. Mveanced envirenment contrel .
9. Dola and other special configuraticms
2 . Tasks of the Subsywtem
1. Picneer Airframe th"ucfure
——————=—wlture
The airframe of the Pioneer vehicle is designed to be compatible
Vith an ummodified Atlas System (vB-107). It is to house the
Picneer propulsien system and reconnaissance equipment., The air-
freme is approximetely 61 inches in dismeter and 18 feet in over-
all length. It is designed to tolerate sbout 8¢ longitudinal
asgeleration and 1.2g lateral acceleraticn. Vibration modes will =
be made ccmpatible with those of the Atlas. The airframe structure -
i
. (1)) 'F’Oal” 613=] »nzvious miTioNs -



-

]

}
!
§

1. PROJECT TITLE 2. SECURITY OF S. PROJECT NUMBER
SUBSYSTEM BEVELOPMENT PLAN - ATRFRAMRE B i o
FOR ADVANCED RECCNNAISSANCE SYSTHM '9*( 115
_ (W) o T S. REPORT DATE
o | v T 1 waseh 1556

MBD 1536
RLD PROJECT CARD :
CONTINUATION SHEET

carries a destruct system which will not permit the vehiele to
re-enter dense atmosphere. The configuration and structure ef the
Pioneer Vehicle is discussed in the appendix.

2. Ploneer Mepter snd Sepersticn System Task

Ne modifications of the Atlas are required for the Pioneer vehicle.
. Attachments to the present moumting ring will ecarry the adapter
- skirt vhich will include the separstien system. ,

The Pionser pressure system is a simple helium system providing
pressure 1o the main propellant tanks and to any components that
require a pressurised atmesphere. The principel reascam for pressur-
iring the propellant tenks is to drive the propellant censtituents
into the combustion chember at a pressure sufficiently high to make
. burbe puwps unnecessary. Furthermere, the internsl tenk pressures
provide gas to any payloed cempenent that mey require & pressurised
environment. The pressurizatien task is eccmmon to the propulsion
subsystem where it is discussed in greater detail. v

3. ' Pioneer Pressurisation Bystem

" k. Pioneer Enviromment Comtrel

This task is that of furnishing a satisfesctory enviromment to each
of the recemnaissance ccmponents. The f£irm requirements on the
elostronic equipment will be furnished by the results of the
envirommental simmlation tests and verified in the STV tests. The
required pressurization can be furnished by the pressure system and
the operating temperature range can be maintained at whatever is
required at or slightly sbove room temperature. The techniques of
temperature centrol are based on the work reported in the eppendix.

5. Advanced Airframe Structure and Mechanisms

The airframe of the Advanced system vill acccamodate a larger pro-
pulsion system and establish a larger payloed om orbit. This design]
mst be based on the actusl performance achieved with the Atlas.
‘The vehicle design will not chenge basically from that reperted in
Ref. a, the prineipal changes being in propellant tank size, and
rossible system for mechanically positioning the recomnaissance
system components, such as cameras and antennae, and unfolding those|
antennse whose sizes have required fe the boost phase.
Such cenfiguraticns as that of the Bola, (Ref. b) will reguire
further analysis and must await the results of tests which may be

i ' SDOMEDENTIAL
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6. Advanced Booster Modiricatien ang tion System

For the Advanced system the payloed 'cav.po,’bility of the booster must b«%

the orbiting vehicle will be sbout 14,000 pounds. Mhig will require
strengthening the front end of the booster. Thig modification will
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Subsystem A - ATRFRAME -
Tab I - GenerelDeeign Specifications

I. GENERAL
A. Statement of the P:roblen
An a.irrrme mst be designed which V:I.ll _
1. Pemmit schievement of meximm recomnaissence capebility
2. Be canpatible with the HS 107 system - .
3. Permit achievement of orbit capability by the end. of 1958
B.. Approach .
| Av'ehielevillbedesigned'hi.chvinneettherem:alents of
(2) ana (3) a.bove, fulfilling 1naouru- as possible the maximm recommaiss-
ance capebility. The comstraints imposed by (2) ana (3) establish the
size &nd weight end dictate the choice of certain components. This will
be the Pioneer Veh:l.ele. | |
To more a.dequately ccmply with the requirements of (1), an im-
Proved reconnaissance vehicle will be designed (ea.lled "Advanced Vehicle")
vhich vﬂl utilize the performance. capabilities of- the Atlas booster but
will assume relmtion of the physical and temporal limitations The

advanced vehicle will provide a possible orbiting cape.bility, but at

reduced rayload, using boosters of lower perromance than Atlas such as IRBM

or large, solid rockets.

A-Tab 1, p1

LOCKHEED AIRCRAFT CORPORATION



C. Solution and Recmmtion

1. Airframe Configuration

The configurationg ©f the Pioneer and Advanced vehicles are
basically the same - & cylindrical body with a conical nbse. The diameter

components during the orbit Phage. .In this conneétion it should be noted

that the skin and strusture

-, section which remaing vith the booster upon separation of the orbital unit.

B A-Tab 1, p 2
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&ft of the tank section 18 in real 1ty an adapter
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rigidity.

The configuration chosen for the Pioneer vehicle is 'ea.sily N
produced. The engine is mounted from the bottom of the most rearward tank.
and is the largest component in the aft section of the #ehicle. In addition

Oof the satellite vehicle from the sustainer, because the entire adapter
section remains with the Atlas sustainer. The ‘compone_nts can be opened out
and reoriented gs necessary during orbitiﬂg‘f o _‘ | _

| The conical nose compartment containg ‘the auxiliary power
source, the gu:!.d}a\.née‘ g.nd control unit, a.nd other sma.'L]_ paylgad components |
as require'd. | It. should be noted that an ogival nose shape ea.n be accommo-
dated vhich will allow moré space for payload co;nponehts , if needed

Communication a.nd power transmission between the forward and

after ants can be Aaccomplished through the space between the tanks

A-Tab 1, p 3
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snd the outer skin. This space also contains the pressurization system
lines and valves > ‘and provides room for the mounting of slot antennas in
- the outer gkin.

The tank assembly of the Pioneer vehicle is .the beitructura.l
~backbone of the vehicle. Thrygt loads from the booster are transmitted

thrusting, its loads are transmitted through the engine mount to the tank
bottoms ang thence, like the booster loads ’ they ére transmitted via the

oo
voE



MSD 1536

k. o@gubuitz vith Atlas

' The a.chievement of campatibility with the present Atles
system has determined the design of the Pioneer vehicle, Th:l.s vehicle
will be carried by the booster ua:l.ng an adapter seetion which will 21t
the attachment rings for the present nose. The mpter section will
remain with the booster on separation. The length ef the vehicle is
determined ’by the cleara.nce between the Atlas booster and the gantry
erane of the present hnneher. The weight of the early versions of the
Pioneer vehicle will be that of the present Atlas booster peyload this
will be :I.ncreaaed to the maximm safe booster loading as the Program

develops. !l‘he only eha.nges in the present Atlas system will be in 'bhe
trajectory.

Investigntion ot the aeredynmics of the Atlas vehiecle
:l.nd:lca.tes that about 2, S per cent of the total impulse of the Propul-
sloh system 1s dissipated in the drag effect. - Purther, 1t is indicated
that redesigning the Pioneer vehicle can only change this between the
limits of 2.4 to 2.6 per cent, vwhich indicates that Some other require-
nent will dietate the size and shape. For example » ‘the aerodynamic
heating during the ea.rly stages of the boost 1is more important. The

Pioneer vehicle ig designed so that its temperature rise vill not
degrade its structural integrity.

AEE“' ‘..BEHH[A[\-‘  ATEb 1, p 5
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6 Perromance

!I.'he performance of the Atlas was mvestigated for the present
DPayload or 3,500 pound.s and for the present maximum paylosd capability of
7,000 pounds. The Pioneer vehicle was designed to use this per:rormance
and to give the addit:l.onal performance required to achieve or'bital capa-
bility with payloa.ds adequate to socomplish visual reconnaissance. The
Advanced vehicle is des:l.gned to achieve the maximum paarload on orbit
for the pertorms.nce of the Atlas booster. The counplete picture of the
‘performs.nce is shown in the s.ppemd.:l.x |

T. Envirommental | control ,‘
\

'.Ble alrframe vill furnish tempere,ture control for the m-
load canponents. . Present studies indicete thst using the power dissi-
. pated- together with Properly designed msulation and radiation sh:l.elds
the correct operating temperatures for. the components can be maintained,
The design will be made a.fter tests in the environmental chember have

been completed. No other type of enviromnental control will be
| per:l’ormed by the elrfrane,
8. G.P.E.

S ~The~evera.u~ en*irement&l reqnu'emeats%ndie&te that no -
pa.rt of this subgystem will be. G.F.E,

.9. Destruct System

A destruct system H:Lll be :I.ncorporated in the orbiting
veh:l.cle. This system will destroy the capability of the veh:l.cle to
- reenter. the etmosphere suecessfully It does not. Seem necessary. to

employ a destruct system which' 'wil]. o:perate during the boost phase
- sincetheAtlashas such & WA

ATab 1, p 6
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Subsystem A, ATRFRAME
'APPENTIX

1. ATRFRAME
The inteni: of this section is to present a vehicle system deaign
for the ARS. The following study refers pr:hnarily to vehicles of the .

Pioneer order. .
The basic problem requires: :
1. Vehicle orbitel ceapability with an a.eceptable paylosad.
' 2.- Develomment of equipments and systems which would be compatible

with an prbit enviromment.

1.1 Amroach _ -

Time-seale requirements a.re. the predominating influence on
early vehicle systems.. The following ground Tules were adopted as the
most promising for achievemeht of the Ad.e'sired' end product. _

‘1. The evolution of eyetem should provide a high probability

of echleving en artificial satellite in time for the Igy,
: ' 2. The X8M-65 Series "¢" Convairb Atlae missile is to be used
a8 the booster unit for the orbiting stege unit. The |
j , orbiting stage unit replaces the Atlas warhead (3500 pounds).

The orbiting stage must be designed to be compatible with

(RS

the ground handling and launching gystems equipment for
- the Atlas missile.

e EEIRARY
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3. The orbiting stage propellant tankage and propellant -
feed systems are to accmmnodate the amount of propella.nt
| required if the Atla.s booster range ca.pability 1s degrad.ed
by 308,
b, The orbiting stege Propulsion system is to be & liquid
. propellent rocket ¥Pe in the 5,000 to 10,000 1b thrust
(in & vacwuum) category
5. The function of sta.ge sepa.ration Por the satellite vehicle
will oecur shortly after the booster burn-orut to enable
the or'biting vehicle a.ttitud.e eontrol syatem to provide
attitude control of the orbiting vehicle during the long
coasting period in the trajectory, and Prior to starting
of engines of the orbita.l vehicle, |
6._ The aerial reconnaissance system capability potential will
' be demonstrated using two sepa.rate versions of the same

basiec vehicle.

7. The payload is derined es only those equipments. or Qmergy

sourcgg vhich are ca.rried aloft ror perroﬂ rtmctions

n?_cf_eg_sgu_______r the ma.chine is established in in an orbit,

The ground rules adopted suggest the direction of approa.ch
and in Some cases establish design philosophy

I

Wi
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1.2 DesiE_ Concegts'

3 ' The first four ground rules have the mejor influence on the
satellite design. The vehicle system that has evolved incorporates no
major deviations from the present state of the art and the limited de-

| velopment necessary presents no unusual technical Problems. The vehicle
configuration and system designs are not complete.‘ly optimized in view
of the adopted ground rules. However, comparison studies were made in-
volving ma.Jor vehicle structure , and the effects of varying propulsion
systems, to back up the vehicle configuration Presented.

The first ground rule reduces the hardware selection problem
to a matter of availability. Propulsion possibilities explored, includ- )
ing engines Proposed or under development by several engine mam:racturers N
ranged in thrust from 7500 to 9500 lb in e vacuum. »

Designe using ma.ny engines and various Propellant combinations
were considered, The power pla.nt selected was the Aerojet Vanguerd ges
pressure-fed engine vith a thrust in & vacuum of 7500 1b, a speciric

- impulse of 278 sec, and utilizes UDMH + WFNA as propellants.

The second ground rule limits the size and desisn weight of

; o the orbiting vehicle, and 1t a.lso imposes the maJor structural design

4 ' criteria for all struoture of the orbiting vehicle with the " exception of

the tank system. The length of the configuration (216 inches) was deter-

mined by the consideration of gantry clearance of the 8M-65 Atlas in its

d
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and versgug time; also Mash numbeyr vs. altitudé vas plef.ted. This informg.
tion permitted the détermiﬁat'ion °f basie information for struetural ang
8ystem design requir@gnta such as:
1. Acceleration loads on orbiting stage structure » Systems,
 and eomponents, |

i

S
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Ground_nll'e L limits the use of solid rockets. In thig connec-
tion, there are problems of obta.ining a.ccepta'ble specific impulse, vehi -
cle path control, end engine thrust cut-off.

1.3 Solution a.nd Recommendationg

Véhicle slzes a.ndgenei-el a.rra.nganent are shown in Figs 1-1
through 1-4, The a.rra.ngements for the basic 0TV, Pioneer Visual Recon-
naissance, and Pioneer Ferret versions are includ.ed. The photo recon-
naissa.nce a.nd ferret versions are accomplished by adding their respective
equipments and supporting structural systems to the basic oTvV.

. During ‘the bocst Atlas phase of the omy trajectory, e tangenttal
accelera.tion of 6 '5 g's 18 experienced with a payload of 3500 1b. For
design purposes a figure of 8.0 £'s was used in anticipation of the pos-
sible use of a wide ra.nge of trajectories. A transverse or lateral load- -
ing of 1.0 g was employed. The aerodynemic hesting experienced by the
structure Permitted the use of 0. 020 stainless steel or 0.070 magnesium
a.lloy at e poin‘- two feet aft of the end of the nose cone. The design

tangential acceleration during sustainer -engine operation of the OI'V was

5g' 8. _

The ve.ah:l.c:lcB consis'hs of a working hard core missile system
covered by s thin seml -non-working sheli, The working ha.rd core 1s the
load transfer ang load eupporting agent to which is attached all equip-

ments and subsystems and consists of _three mested Pressurized sphericsl




M3D 1536

~—— 1207 oA, —
10

052°
815

.y
B

]



- OTRIOJJ PIROQUI ‘OTOTUSA 9895 TE3TquQ 2-T *914
FIOMEA 1831 TvAimNo |

AT uy MYSINWIT 77200
$VN ) !MM»..‘NN
Nﬁww ) Tt sEpma o
Vo W, - NS0 NSYir 3 b NOLUVLS 4
SDUIVY E8S W00 - 0.4 O - IO TN :vW TRNAH ¥219008
SN 258 W -2 15 IK1- VDTN : NIV
QRS WY) 1IIUS PSTINNUS
] .bi“?gsu 14
: 1STLV VUINTS -

NILSAS WYY Fom9
MULYYYIS TWUS

U7 X 57 W7 KT 872000

e v aw 5 Y

: TTIVOLLONOT ZINVILERY) .
. ’ AW 7 WY 7; 5
- ___(rsu 00 =)

: ) i, . :

s’ B ST INULSTINY =

. v
.. . - | Srunv L3 e

| i o yawzY 1076

yyiL ﬂn&«.\q“!

t__ Wloloo
¢ O]
vy - f ) . o e 9
(>
NIvomey
o} Sy W@ v
»., \u4 .
. _ prisis _ 0D MINSIOVY
" IVIONT Pay v AVILLre svROUS
LY, RIAW 7
NULYINSN SSYI9uiLy
g0 IN 77345
Yoo Ay !
bar' w8 55 /s.«e&g
" XUD ST



MD 1536

S mmm p



’D 1536

OTTFOd PIBOQUT ‘jortey H-T *B1g

INvusa

OC
q 09® 8




» and the orbiting
stage storage battery DPower Source. A chemica] APU system with appro-

Vhich bolts in Place to close out the tank,
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control system during powered flight, or possibly by using gas Jets in

combination with the attitude control syétem. If the gimbaled engine

The first.two feet of the noge cone fairiﬁg is of staiﬁless '
Steel and incorporstes a 1ifting eye for hoisting the vehicle, mhe
1lifting eye is covered by a removable steel ea.i:. The remainder of the
ring conical fairing is 0.070 magnesiwm alloy. Accegs to the guidange
and control campartment is provided. The complete conic_:al rairing is
removable. The nose compartment ig tﬁe_rmo-insﬁlated with fiberglas
insulation backed with e rediant heat foi1 reflector. The compertment
can be bressurized if necessary. a _

The short ¢ylindrical sectien fairing is reserved for various

elot type antenns ingtallations. The antenna dielect_fié will be‘i.;:t
sintered alumina or scme other heé.t-resista.nt dieléctric. |
' The orbiting vehicle 1s attached to the Atlas booster by

means of g cyiiz;drical adaptér or skirt section. AThé adapter is Perma.-
nently fixed by bolting (or other means ) to the Aths at epproximately
vehicle station hés. : It is a magnesium alloy semi -monocogque struéﬁn-e .
utilizing skin, 1‘ongitudina1 members, end frames. The forwara end of
the adapter is econnected to orbitihg vehicle utilizing g machined ring

and clamp errangement. The longitudinal thrusting forces dui'ing the

*




boost phage of the traJectory, aré transferreq by the ada.:ﬁter section
to the orbital stage. me 1o8ds are transterred gram tne sdapter to
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been incorporé.ted into the design to insure the Proper emergence of the
Overhanging equipments on the orbiting vehicle. Should further .in_'vesti- .

~gation revesl the need for additional impulse to cause the body velocity

difrérentia.l at sepa.ra.tion,- & simple mechanical system can be incorporated,
The in-flight Presgurization system for the Pioneer Reconnais-

duction, control, check and vent valves, and the necessery line gg indi-
cated in the schematic diagram Fig. 1-5, As can be seen from-the general
arrangement drawings Figs. 1-1 through 1-k, this system is Quite compact

shell, 4 synthesis of the system ig straightforvard and reguires princi-
pPally selection of readily avéilable components, Fabrication of the

h;l.gh Pressure sphere is within the state of the art. The heat ‘exchanger,
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lant overfiow or vent lines. Pressure requirements for thege Preliminary

functions wii] vary with the peyload weights supporteq by the tanks ang
can reedily be computed for each case, Eliminétion §i’ ‘the low pressure
equimment from the airﬁorne System not only reduces the Weight but also
enhances the reliebility of the vehicle. o

etju:l}ment bave not as yet been carried sufficiently far to permit shewing

the satellite will be of the order of 59, This indicates & need for gen.
erating ang controlling additional heat, fThig T8y require combustion hest.

ers and/or the use of solar energy. fThe need for lising fluid and gaseous
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reservotrs, ang Plubing 1s anticipeted, Extemsive epplicstion of thermo.
msulating and radiant heat reflecting 6: absorbing ma.te;rialé' to the in.
stallations wi1] uwndoubtedly be required. e question of miltiple geys.

lend itself without unaye dirriculty to mogt i-equ:_Lreme'nts. The vehiqle
skin can be mage of steel, aluminum, or magnesiyg metal alloys, and radi.

ators and skin can pe integral (process of Western Roll-Bong Corp., Bagt
Alton, 111.). 1¢ additional radiator surfage ig Tequired, a portion of

the adapter seetion of the vehiéle-boester combination can be retained
vwith the orbiting féhiele.

L
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The performé.éxce of the Atlas was investigated unjer the essumption
that the present Payload stage could be replaced with a finel powered
stage. The energy per unit mass of the final stage at sustaiﬁer burn-
out was estimated for seversl weights of the final stage The additional
performa.nce required of the final =ztage to put a payload in eircular
orbit et 300 na.utical miles sbove the earth was d.etermined &8s a function

e initial energy per unit mess, gross welght, a.nd burn-out weight for

a8 given propellant performance. In these calcula.tions the final stage,
for a given propulsion system, was assumed to coast to the point where
ﬁr:l.ng would cause bwrn-out of the propellant at the mstant orbital
velocity and altitude were reached. The results of these calculations
are shown in ﬁ?’ig. 2-1} In this figure, energy E Per unit mass o:t one
body in orbit about its brimery is given by

.- @

2 T
Where v is the velocity of the body relative to the center of mass of

the ttro-body eyetem, r 18 the distance of the ‘body from thiz center of
mass, and GM is & constant of the system 1nvolv'1ng the masses of the two
bodies a.nd the gravitational e.ttraction constant. The energy E will
have & negative sign for & body which does not escé.pe rrcm ite primary.
The gross weight is that of the stage going into orbit a.nd the burn-out

weight is the sum of the welghts of payloa.d ltructure, and trapped

propellant. The adapter and Separation gear of thig final stage was
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'assrmed te stay with the.Atias 80 that ite'payioad weight was 160 pounds
greater tha.n the gross we:l.ght of the orbiting vehicle. From the impulse
relationship _

Av=Ig gln (1-':_:;'__) -

where Av is the velocity added by burning the propellant, I_sp is the
specific impulse of the propellant » Oy is the mass of propellant, and
mo is the initial mass, then |

the change in mass of propellant Amp required for a change of specifie

_1m1mlse413p :I.s given by

Anp = -AI'P' m; Tp 1n (1 -_g)
D ‘

Using this relationship the burn-out veights for other propellant per-
formances were determined.

Using the value shown in Ref. 1 the relationship of the energy

per unit mass of the pe.yloa,d and the max:l.mm range of the payload vas de-

tem:Lned. This vas applied to the Atlas, vhere the undegraded Atles vas
assumed to have a capa.bility of 5 500 n, miles maximum range with a 3,500
1b warhead a.nd the resulting total emergies for several ra.nge‘s'were d.eter-
m;lned. Using these relatfonships and the burn-out veights of the Pioneer
and Advanced vehicles, the weights of the peyloads as functions of the .
initial gross weights &nd the Atlas range capability are shown in Figs.
2-2 and 2-3. B8ince both vehicles ean aeccmnodete any qua.nt:_l.ty of propell-
ent less than the maximm, both cen be used over a wide range of payloads
for any performance of the Atlas. ‘The preliminary design of the Advancea

vehicle is discussed in Ref. 2 and illustrated in Fig.3-6 in the same

reference.
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3.  AFRODYNAMICS

The serodynsmic s‘l:ud.tes fér the PIED PIPER are essentially limited
to the initia.l boost phase which is the only portion of the flight oe-
curring in the atmosphere. Thus s the principal aerodynamic considers-

tions are (1) the drag and stability of the ATLAS as affected by substi--

tution of the OTV for the ATLAS ‘warhead, and (2) the serodynamic heating
and airloaé&on the OV as 1t 1s boosted through the atmosphere.
3.1 Drag |
The drag of the PIED PIPER bocst configuration wa.s approxi -
mated by modifying en ATLAS drag ecefficient curve to account for the

-difference in d.rag of the ATLAS warhesd and s cone-cylinder orv with 8

14° ha.lf-a.ngle cone. Using this derived drag coefficient curve and the
trajectory datae shown in Fig. 3-1, the drag impulse of the Pmn PIPER
was calcula‘bed end found to be appro:d.mately 'bhree percent of the thrust
impulse. The drag or the OTV is only about eight bercent of the total
drag of the configuration; thus the drag impulse of the OTV is ebout
0.25% of the initial boost thrust impulse. Considering the small drag
impulse of the O‘l'V it is appa.rent that varying the configuration of the
oTv within reasonable limits would not perceptibly affect the boost
performance of the PIED PIPER.
3.2 Stabilitz
The tip of the nose cone of the OTV extends nea.rly 11 feet

farther forward then the warhead of the ATLAS which it replaces. This

L

s
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of the sphericall:y blunted warhead with g relatively sha.rp cone point

the displacement of the center of pressure is quite smalj, It is esti-

mated tha.t at Mach mmbers greater than 1. 0, the OTV moves the center
of pressure of the ATLAS forward about 12 inches,
3.3 Air losds

The load distribution on the OTV can be easily approximated

'because of the simple cone-cylinder configuration of the vehicle. Load-

:Lng due to penetration of s sherp edged gust was estimated to provide
date for calculating bending moments a.t various Points a.long the OTV.
A 150 foot per second gust at an altitude of 35,000 feet was assumed
and the serodynemic loads were ca.lcula.tedi'ar the angle of attack of 6°
caused by the gust encounter. '.l'his gust condit:lon is rather extreme
end is introduced to cause the maxi mum aerodynamic loads the structure
will be expected to withstand.

3.4 Aerodynamic Heating

Skin heating enalyses were performed at several d.ifrerent loca-

tions for two geometric conrigurations of the OTV. Sketches of the two

configurations which are basically a 15° total angle conical body and
& 30° total angle cone with a cylindri_cal afterbody are shown in Fig. 3-2.

these sketches, -

" LOCKHEED AIRCRAFT CORPORATION
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Transient temperature calculations » using the tra.Jectory shown
in Pig. 3-1 were performed on an IBM 650 compu'ber assuming various

gages of stai_nless _‘steel, a.lumimm allcy, and magnesium aJ.loy for each

location and com"iguration. A resume of the ca.lcula.ted. peak temperature

for each combination of perameters ig presented in Fig. 3-2.
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k. sTRUCTURES A
The étructural loads, analysis » matenals, dynamics and complete
weight brea.kdown of the vehicle are treated in this section. Major

con:rigtzration a.nd weight ana.lysis.
kg Loads

411 Heniling
': The transportation equipment is designed to avoid
stresses a.bove those d.erived from flight conditions. Credling and

Hoisting the vehicle onto the booster ig accom-
Plished by using an eyebolt and pla.te attached to the nose ro.ir:lng
structure. The wWtimgte hoist load tactor is 3 at 15 pull-off, _
b2 Flight
| The 1aamching load factor of the complete system

is 1.5, ‘.'Ehis is not g critical stmctural condition for this
vehicle, '

In desisning the nose and s]d.rt strueture ; & gust
condition was investigated. S8ince ‘bhe compressive strength of the
- outer shell is determined under other conditions, the vehicle is

structurally capable of vithstanding a 150 reet per seeond sharp
edged gust (oc= g° ) This would be very conservative. .

I
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The critice.‘L condition for the primary structure
occurs at first stege burn-out. The ta.ngential acceleration is st
a maximm and :I.s equal to (225 + 32.2) rt/sec or 8 g's (see
Trajectory of CMOC @M 281.1825; Wp 56-00025). The side load factor
vas arbitrarilyj chosen to be 1;0 for design burposes; this combines
& reasonable bending moment with the a.xisl load This conditien is
treated in detail in 8ec. 5, Struetural Ana.lysis.

- The separation of this vehicle from the booster
presents no primary strength problems

At the end of casting a design ‘bhrust of lO 000
pounds ig experienced on this vehicle. This degigns the engine

mount in the compression sense and t.he tie in structure between
" the tanks ang propulsion unit..

There are no structural problems at orbiting
4.2 Struetural Analysis ‘

The primary structure consists of a stirfened shell, the
spher:lca.l propellant tanks, and the Propulsion unit mounting

Three materials vere considered for the shell struc-
ture; magnesimn HK31A alloy, stainless steel AM 350, and an aluminum
6061ST. The materials must Possess the following gemeral properties.

high buckling strength - welght ratio at 500°F., veldability, and

panel flutter failure Prevention. Magnesium HKBZLA excels on each of

the above requirements., Mechs.nical‘properties are given in the sam-

MSD 1536



‘Ple ‘calcdulatim portion. There is ho-panel flutter with t = 0.070

with & panel length of approximately 22", since an internal sheiz
Pressure of 6 psi is contemplated, (Ret. 3).

If further study indicates that HEK314 .i,s not mﬁtablé from
& temperature standpoint, an 0.020 AM 350 stainless steel under
internal Pressure can easily be utilized, |

Sta.inless steel AM 350 is used for the high pressure spherical
tanks., Thig gteel exhi’bits almost 100% efficiency on weldéd Joints;
however, an 85% Probability ragtor is used. At reasonable heat ﬁrea:bs
welded specimeng vere _fbeéteci to 19'{,000_ pei at room.'f:emperatum. Cor-

Any high hép.t treat steel can be utilized for tke propul-
sicn unit mounting structure. | |

Four tank configurstions, 11lustratea in: Tablem6-15, 16, 17

T
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times that of a sphere. In addition, a hoop compression ring must be
included to prevent tenk collapse at the intersection of the tank end

Portion of thig section. The tank ’study ghows that each eylindrieal

tank conriguration welghk approximately 1,000 pounds against the 350
pounds for the spheﬂ.cé.l éonfigﬁrafion. | .

The final tank scnfiguration wtl11zing spherical tanks 1s
shown in Paragraph 5.1. With the pressure-feq eystem, this 1s the most

etrigient structure that can be used, Lkgha.nical Properties, assump-

response of the vehicle and the dynamics of the control system, 1t ig
necesiary to invest:lg@te the structural dynmvics} of the vehicle, In
eddition, this study is neceBSer to ettabliuh the dynmnic loading of
the structure of the orbiting_ st&gc and to‘~investiga€e the Possibility
for the occurrence of dangerous structural résqmces.' .I"or the sake of
order end clarity, the study is divided into two Parts according to the
Phase of the flight as £ollows: | |

1. Orbiting Phase :

2.  Boost Phasge

b.3.1 Orbitg Phase

In general, the orbiting DPhase can be divided into two
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sub-phases: (1) the separation problem which incluﬁ.es the events pec-
essary to enter an orbit, amy (2) the erbi%ing Problem. It will be
assumed that there gre né eicitations in the latter sub-phase; in the
rémer there are many, the most mdxftant being due to:
1. The impulsive léadihg at separation
2, Mof.or s‘l:arfing ‘
3. Maneuvering with the control ‘moto.rs
It is apparent that the main motor supporting struc-
ture 1is relatively flexible compared with the remainder of the orbit-
ing stage structure. For purpose of analysis, the main motor assembly
will be‘ a.s@d to be one rigid nass connected by an elastic strueture
to another rigid mags dampif;l.sing the tanks ang equipment. While it is
spparent that the motor assembly 1 relatively rigid, tne assumption
that the tankq are Tigld requires some Justification., It may be shown
that complete and ﬁ_ea.rly complete thin, spherical shellg vibrate only
in modes which involve Primerily stretehing of the wall vith consequent
high energy storage, implying high natural rrequencies; :

5
i

W




g drifriBl

Btege. The mode will be considered in some detail below. The trensient
response of thé structure due to motor starting hag essentially the same
nature as that dye to separation impul se.

During maneuvering, two different exeitations could be

introduced by the control motors:. pitch-yaw and roll .correc'_bions » Piteh-

yaw corrections could excite g vibration consisting of a combinatioen of
lateral translation ang i'otation of the motor assembly relstive to the
Primery structure. » The lover_na.tura.l frequency of' this mode wag foun_d to

- be 6.4 cps. This ealculation involved the use of Lagrange's equations

wherein the potential energy included the strain energies due to bending,
extension, and compression of the tubuiar métor ‘supports. Ineluding the

requirementsg of censerva;bion of linear ang angular moments reduced the

Roll corrections can induce a mode wherein the motor
assenbly ha.s‘a rotation about the vehicle axig reiativ're to the primary
structure. By g method similar to that ugeq gbove the lower naturgl fre-

quency in this mode was 'found to be 9.9 eps. 1In calculating this frequency

it vas assumed that thé po‘bentia.l energy eonéisted only in that due 4o
bending of the tubuler éupporting structure.
4.3.2 Boost Phage |
“—‘




exists the possibility op excessive structura] loading within the orbiting
stage ag @ result of" the general vibrations of the vehicle, |

and frequency, the vehicle vas sim:lgted by & free-free beam with magg and
flexursl Tigldity distribution 1a§nt1ca.1 to that of the vehicle. Table

k-l shows the distributions used in these camputations. These data repregent
the.'lgest estimates available gt the time of cfalculations. The actual ca)-
'culations of the model shapes and f:;equ;ncies were performed on the IR 650
computer using a progranm based on Stodola's iterative method. The resuyt.
ing model shapes ang ri'equengies re plotted in Fig.ho] pop launch ang

booster bizrn-out configurations. It should be noted tha;t the model shapeg

L i
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stage that could be excited by the genera.l vibrations of the complete

vehicle two seem to be of primary importance: lateral end torsional

vibrations of the motor assembly relative to the remainder of the vehicle;

In estimating the natural frequencies of thesge modes it

was assumed 'bhst the motor assembly of the orbiting stage constituted a

rigid mmss, connected by an elastic struecture to an infinitely massive 3
rigid body which was assumed to simlste the rems:l.nder of the vehicle.
The lateral mode is a cambingtion of lateral translation end bending with
& lower natural frequency of 5.2 eps. The torsional mode has s. natursl
frequency of 8.6 ecps.

The torsional mode could be excited by rell corrections
or by coupling with torsional vibrations or the complete vehicle.

The lateral mode could be excited by pitch-ysw corrections

of by eoupling with lateral vibrations of the complete vehicle. From Fig.

k-1, it is seen that the vehicle hag fundamental flexursl normel modes

of 3 b cps at launch and of 9 9 cps st second-sts.ge burn-out. Between

1aunch and gecond-stage burn-out a mode will exist with & natural frequency
coincid.:l.ng vith the figure of 5.2 eps calcula.ted above for the lsters.l mode -
of the orbiting stege motor assembly. Obviously, the possibility of a

dangerous rescnance exists and further study is required to establish its '

‘severity.

2
’
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. TABLE L1 | |
WEIGHT AND nmxmn msmmxons
| (Boosmz PLUS mnmm STAGE)

W' DATA

w (LB/N)
2 6 (EI)

ANALYSIS ET(LBAN"x10) BuRNoUT BURNOUT
STA. NO. FUS. STA. (LAUNGH) = owp STAGE  LAUNGH  2ND STAGE
0 259 o 0 o 1.0
2 363 24780 2b780 74,0 7h.0
3 15 a0 A0 .0 7.0
L L7 30000 30000 35 . 3.5
5 519 35500 3550 .2 b.2
6 51 S10 - sigo0 2372 2
7 623 18000 178000 470.2 b2
8 675 379980 319960  L70.2 be2
9 727 379980 1379980 k70,2 \ L.2
1o 9 L7gso - brhg6o  y70.2 b2
L 81 L7960 LkTh960  170,2 be2
12 883 L7h960 Likgeo k70,2 . L.2
13 935 574960 574960 - 294,0 18.0
it 987 . 683960 683960  353.0 . 189
15 1039 683960 683960 353.0 18.0
16 1091 683960 683960  340.0 - 18.0
17 13 7000000 30000 - 250,0 15.9
18 1195 7000000 30000 ka6
19 127 7000000 - 30000 126.0 0.0
20 1299 7000000 30000 0.0 0.0

i
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Length \

First modew, = 21.4 rad./sec. = 3.4 cycles/sec.

~
U
-~
.
o
T

o o o

Lowest natural frequenéy

Second mode "2 = 150 rad./sec. = 24 cycles/sec.

al Length ‘
(<) 6 First mode w, =621 rad./sec. = 9.9 c_ycles'/sgc;
. Lowesf nafufal frequency \
- Forward -——-——
1.0

Fig. b1 Flexural Mode Shapes of Total Vehicle
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h 3 3 Typical Oonical Tank Bottom Btmcture

Cy! lnder

sin 30° » .5; tan 60° = 1.73
| Oirowsference = 169 tn.
Gros; sectional area = 2830 in

'Vert:l.cal lou.d = 2830 x 320
= 910,000 lb

_Iég— ® 4800 1b/in

' © ALe - 00 1b/in
14800 Ib/in. Nioog cone = g = 3600 1t/
b/in, o ’
8300 It ’. e _ longitudinanly, |
/ ' - This induces ccﬁpression in the
9600 1b/in, ' . '

ring due to change in direction,

Boop tension relief: _
Gonical "‘A'32°";‘6’Fl,'73 = 17,700 1b/1n :

Oylindrical st B EEL 9600 1/t

Assure average x length A toc B is rel:ler load in ring

Average is 13650 1b/in and £=3.6 in.; therefore,
~loed is 47,800 1b.:
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"» | t P = 8300 x60 . 48,000 1
_ Tl

Fet load in ring is 248,000 - 47,800 = 200,000 1b
Fetp = -2-—35-% = 6700 1b/in.

I - ‘
= bueckl
P i critica.; loa.gling for ring buckling

Lrequired = 6700 27000
= : 3 x30 x100
= 2,02 in

for this particular

pressure and angle .
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by Structur’al Testing

The structural testing of this vehicle is to be performed as

described below., In general, Lockheed. conducts all tests except the proof

1oa.ding of the spherical "tanks;

er.

this is to be done by the tank manufactur-
Any testing with tanks pressurized must be pertormed under explosive

conditions » 8ince the Pregsures are so great.

The miscella.neous tests consist of engine mount ; hoist bsttery

case, welded magneslium and AM 350 steel specimeng » natural frequency of

engine and tank ccmbination, and any other necessary structure. Any heat

simulation ean be attained by means of radimt energy lamps.

The gust condit:!.on (altitud.e b = 35, 000, U = 100 ft/sec) is

criticel for the nose shell and nose~tank attack structure. Thig test is

to be simzlated by means of a whiffle tree. ettaehed to the shell with tanks

pressurized The latter isg necessary since the bending must be tsken by

the tanks between the cene base and the seps.retion pls.ne as noted 4in the
sketch in paragraph 5. 3. |

The maximm longitudinal load fsetor condition at first

stage
burn~out is teeted lagt.

This condition is critical ror most ot the

structure end ig the failing load test. 'The nose eone may be removed

during this test in order that s:!mxla.ted loed can be :I.mposed on the equip-

ment racks. A1l loa.d is genera.ted by means of hyd.reulic Jacks a.nd tension

straps. The skirt of the vehicle is 80 mounted as to s:hmla.te booster

attach.

f

i
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5. smﬁcm ANALYSIS

The following asbstmptions have been made:

1.
2.

Stress formilae from Ret. 6.

Load ra.ctor of 1.5 for a.ny ground type conditions and tank
design since they are pressurized on the ground. The load'
factor of rlight conditiens is 1.25.

Weld e_fficiency is 85%.

U.I.8. for AM350 stainless thin sheet at roon temperature
16 198500 psi. Limit ellowable stress 18 therefore:

198500 x 85 . 112,200 psi (Ref. L)

1.5
For thick members such as rings, U.T.8. of AM350 is.
160,000 psi. ‘
Mechanical prbperties of HK31A magnesium (Ref. 5) are in
Figs. 5-1 and 5.2, o
COn:pression on curved sheet ig eonservatively eatimEbed as

t 1.6
9E(b) (Ret. 6)

Design gross weight WG -of the orbiting vehicle is 3500 1b

for ell structure except ‘the spherical tanks and hoist
21tting.




AB50-KSI

HK31A-KS )

140

180

AB50 U.T.S. subcooled and

160 | tempered

UT.S. x 85
AB5p ==X 2 "design Iimit

120

100

y 2

8,
7 /
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\\( fxsm'u.'r.s’.‘v |
TN~

20F T Z\\ R
o . ﬁg?”’:?%
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\r E HS3 \ \ .
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Temperature (degrees F)

Fig 5-1. Mechanieal Prop°rties of AM350 Stainless Steel
and HK 31A Magnesium Alloy

A-Apdx, p 42

E x 1076 psi
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Stress (psi)

Fig 5-2. Column Allowable for HK 31A Magnesium at 430°F
A-Apdx, p b3
AatHS
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5.1 Tank Structure (Final Configuration)
CONDITION:

TANK DATA:

(1) p = 3000 psi
d = 32" )
v=10.2 £t3

(2) p = 315 psi
4 o= b2 .
vs 19.6 ft.3 '

(3) p = 300 psi

Required gages for strength
utilizing AM350 stainless steel:

t=_pa .

_ RS 112:200_ .

| (1) ¢ 000 x 32 : oot
Lt PRy - 250

(2) + . 330 x bh.2 .0321; ) .036

(3) t+. 32x5 -

.0396 ' .045

* NOTES: 1. Pressures include head_a.nd assumed tolerance of
5 psi
.2. Gege on tank (3) increased because of engine

‘mount attach.,
g '

LOCKHEED ARCRAPT CORPORATION

il
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5.2 Tank Intérsection Rings

'.~Condition: Burncut of first'stage, We = 6500 lb,

h = m,m, nz = 8-0, nx = lno’ hnk DESign

Pressures ég Shown.

1)
(4)
3y
(2) Forces at
intersection
cos = .73
.82
L
Belium Tank: @ = 32 1n -
Cross Sectional Ares - 8o4 in 2
Circunference = 101 in
UDME Tenk: Q. 4.2 1p
Cross Sectional Ares = 1530 in-2
Circumference = 139 in

MSD 1537



Tension Ring at A T )

Loa.d.ing (1) PxArea - 3000 x 80k -

Circumference 101
Loading (2) = 23,800 1b/in
—P x Area - 2685 x 8oL
Circm;f‘erence - 101

= 21,300 1b/in

i.oading (3) 35« 8ol = 3450 1b/in

101 x .73
Losding (4) 3450 sin 43°
: = 2350 Slb/m
I R
A} & : .
A T= 2350 x 32
f—— 32—} | o 2» |
' T = 37,600 1b
37600 x 1.5

Area required - 15'0',000 = .352 :!.na, at A

- 330 x 1530 3630 1b/in

Tension Ring at B

Loading (1) 139 .
Loading (2) 30.x 1530

Loading (3) ‘8“300 X150 . koso 1b/in

139 x .82

l'-030]!’-|-l|-.2 = 8900011)
T2 ’ :

. 89,000 x 1.5 _ .836 1n® at B
hres required . B20x L0

i

fiwRird



M3D 1537

- 5.3 Tank Attaclments to Outer Shell

bondition: Burn-out of first stage, W =’6500_lb

Stainless

steal

Separation
point

2125

Ylzgnesium

: .063 Stainless
~ ‘ steel tension *'7070,
- ring | Magnesium

I

Lower Atﬁach

Assume lower attach carries entire vertical loed:

Wy - Wy -(Weight of sne11)

Wp= 6500 - 300 . 6200 1b, Internal 1oad

Vertical loading at 4 . 6?7005_3 = 825 1b/in

Design loading along A-B is - 825 ,’7‘0%'25 = 1460 1b/in




. '-°°k‘"d down Clrcumference = 1(49) = 154"

This ada.ptor a.lso carries scme side load.

" Tension Ring (assuming no weld to tank)

\/ x1.25 = 4o,koo 1b
40, 400 2
Required Area 16 _ .252 in

Interna.l pressure is 325 psi minimum for this Ico_ndition.

Circumferential loading is 1170 x 1. 25 = 1460 1b/in.

Distance s must be at least '3-2?'—1 = h.S in. Ring is ,

therefore 4.5 x .063 = .283 in°.

- MSD 1536

B
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Upper Tank Attach

J

Assume upper attach carries entiife side load:

| Upper attach ring

V = 62001 R = 30"

?mg;‘ap% shear flow

= 65.% 1b /1in.
F = Kiw]f) (%3 Bhear buckling

Witht = 0K Byo.oo - Thx30x25 = 5550 pat
T- %ﬁ% x 1.25 = 2050 psi |

A mintmm of .00 1s required for rigidity.

MISSILE SYSTEMS DIVISION
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5.4 Shell Structure '

HMOD 1536

Condition: Burnout of flfS"f
sfage, W =650 Ib, h = 200,000,

S'ramless s1'eel
T = 652°F 020 steel
T = 549%F 070 magnesium

HGIA magnes i um

At plane A-B:

Cross sectional area
+>In,=1.0 Area of material

- Circumference

Moment of inertia

90" - |
n,=8.0 : '
{ l , T = 320%
A ' B .070 magnesi um

With internal ressure of 6 8i:
AxTel load "'3']500' X8 = 28,0 oo! Ib

. Bending moment = '3500 x 90 = 316,000 1b
Relieving losd = T—(é) = 17,000 b

o = (28000 - 17ooo) + 316000 x 30

A-B 13.% | 5900
t = .070
x 1.25
.o7o 1.6

= 10° x

80n=l0

2830 ing
13.4 in
189 in
5900 jn4

2U30 ‘psi

= 3040 psi

) = 3280 psi

o

i i
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MGD 1534

Lower Portion of Shell

~T1
Separation
plane
X |
. Cpe— 2 ]
'2-’1;7 66 |
s @ .
il ; s |l t=,156 |
/ \ | | L | Magngsium __{
Lo v
. Booster '
aSN|

These rrames act as stabilizing members against buckl:l.ng of
the skin

ATes of stiffner
Area of web = .33

MISSRE SYSTEMS DIVISION




MSD 1536

Lower Portion of Shell without Internal Pressure .

t = .080 magnesium for panel flutter requirements

| 1.6
30 = 36k pst

Fbuckling.a 9x5.hx 106

A =Tt = 6L x .080 = 15.4 1n?
I= 3 = 77303 x .080 = 6800 1a*

Since axial and moment loads act at the same time end t = .080
is a requirement.

1.25 [28°°° + 3175?3%:_30] x

15.% 3640 pet

90% ultimate taken
by .080 cylinder
10% by stiffness

X

iaeooo) x 1o$ - 3500 1b
316000) x 10% = 39,600 1b

| =\—+-.oao'

(——
1"

2 4. _ 22
A.aaoinf_zl—s 35.8

!

61510 F, = 15,000 psi (See
‘ paragraph 5.1)

Ixx 18 minimm st kg2 1n®*
r=[3502 . 39600x 0

1. 25 = 6920 psi

These stiffners would therefore be adequate.

et

el

REE 1
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5.5 Nose CoheAggEggrt Structure

Condition: Gust of 100'/sec
at 35,000 (This
Is a conservative
estimate.)
Helium
tank Nose cone
.090 magnesium
} doubler
| UBMH
tank Stee! clip
’ (‘ e ~ ‘Bending in the
040 steel - nose shell equals
column support 0 110,000% |b, from
' o o 150'/sec design
(1.5 is used for
rigidity)
R = 30,5 —a-l p. 110,000 1835 Ib. Total
) : 60 )
Antenna load per side
well :
185 |
*—'835 = 2400 Ibs = 1900 Ib. from shell
~sin 50° cos l4 .
Poin+ A

2400 cos 50 ~ 1900 sin 14°
= 1080 Ib, into the ring
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18 in
t = .oho .
lg.,5 X .OII-O o .180

- 220 - 13,300 pat

l =

o
.

o
Iy? .8.. 0011 11!!"
f

N-.180

chmhg = 20,000 psi
Feolum = 18,000 ps1

e = 1,5

A= 12 x ,07T0= .84

/°’=§§!5: = 2200 psi

1:870 = 2800 psi

Assume doubler takes all the
load at lower end,

o = ,1;%6,_ = 5100 psi'
F, =9xk.8x10° ('—‘m)
9%

= 5200 _psi

K

MBS
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5.6 Equipment Support Structure

-.|»|3"|<- Condition: Burn-out of first
F c stage, W, = 3500 1b
h = 200,800 £t
nz = 8.0, nx = 1-0

Loads into the helium tank are
stabilized laterally by the
internal high Pressure,

Vertical loeding on each support:

L= 5% * ™5/

8 x 16

Assume the bending is taken by uniform loading along
OB, OC, and OD (since Tlexibility increases going
from center to edge of Platform), '

0B = &‘% = 10,000 1b
oc'=onaél‘22-2"~l3 = 8,200 1
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The tension loading due to moment ig taken by the la.sh down straps
at opposite points, A, P, and @

A -.:-24' ' B

Loading due to moment = %%-:_O?'E = 26 Ib/ln‘

‘ J ; : ‘ ‘ ; 4 Design ultimate vertical
' loading = 1,25 (26 + 75) =
q = 37.5 1b/in 126 1b/in
: 8
|
' _ Tofal load = 126 x 16 =
| 2010
|
lF‘ Helium tank
. 16" An

[

Assume QB is a bea:n supported on each end (ccnservative),

Column BH
must take 2010/2 = 1005 1b

F-—I.S——l ,

X ——— H4—X -t = .ok A = .10 I .=,

o restrained
i £ = 15 P = .25  from twisting

£
Fbuckling = 20,000 psi y 2 61
g = "_1233 = 10,000 ps1  Feolum = 18,000 psi

‘Johnson-Euler

§

i
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True length, 10 inches
~ True angle, 36°

Cos 36° = 8|

10,000 Ib, design limit thrust

_ Each member takes %- 3100 1b. x 1.25 = 3880 b,
X . : .

. Requires t = .036 I" 0,D. 4130 (HT 95,000 ps!) steel tubing
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6. WEIGHT AND BALANCE
This section includes detailed information Tor the Pioneer Orbiting
Test Vehicle, Pioneering Visual Reconnaissance Vehicle » a.nd the Pioneer

Ferret Reconnaissa.nce Vehicle s and conta:lns the following welght compari -

son gtudies:

1. Conical vs ogive nose section
2, Pressur:l,zed V8. non-pressurized aft seetion
3. Discussiocn - Pressurization system welght comparison
k., Propellant tank stﬁdies (high vs. low Pressure)
| a. UM & WFNA |
b. JP-4 & LOX
Table 6-1 provides & summary of weights for the _three vehicles.
Mements of inertia for the Pioneer Ferret Reconnaigsance Vehicle are 1isted
in Teble 6-2. ‘
Payload weights for the three vehicles are gii'en in Tables 6-3 through
6-5. v S
In the welght empty breakdown in Tables 66 through 6-11, the pro-
pellant ta.nks have not been listed under structure for the convenience
of weight comparison. However, as all ta.nks are Primary load-carrying
encumbers, 'bhey should be considered es structures. .
Table 6-12 presents a weight comparison Of the nobe section for éoni-
cal and ogive.configurations. Teble 6-l3 presents a weight comparison

for the skirt secfion (pressurized versus non-pressurized). In these

I

At
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comparisons identical values are omitted; only divergent'values are re-

corded.

propulsion 8ystem and the pump-fed propulsion system. Both systems are

based on 3,560 1b total Propellant.

6.1 Weight

6-2 Moments of Inertia

The reference axts for momentg of -inertis are shown in the

gketch. * Roll moments of inertig are sbout
the z.Z axis. Pitch and yav moments of in.
ertia were assumed to be identical,

- The Piocneer Ferret Reconnaissance
Vehicle ﬁas used as a typieal exémple for
the moment .of inertia calculations,

6.3 Center of Gravity
w

The longitudinal reference datug 18 located at the extreme tip

" of the noge hemisphere, which ig fuselage station zero, The extreme aft

end of the vehicle 1g fﬁselage station 216.0, These stations are common

o 2
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to all pioneer vehicles. A maximm center of gravity tra.vei oceurs on the
Pioneer OTV version. The eenter of gravity moves from Station 131 at sep- o
aration to Station 122 at engiﬁe burn-out, a dietance of nine inches.  This
center-of-gravity trafel occurs :l.n approximately 30 secends.

The weight and center of gravity at engine burn-out reflect 20
1b of fuel remain in the thrust chember. -

6.4 Pressurizatien System ﬁei@t Comperisons |

A rressurization syatem' data summary is presented in Table 6-18
for the pressure-fed proptﬂ.sion system being propgsed for the Pioneer
Vehicle a.nd compa.red with data for & pump-fed but otherwise similar system.
It wi].l be nated that the decreaae in weight of the preuurization 8system
for the ptmp-fed prepulsion system is about 184 peunds. Abeut 168 pounds
of this a.rises from the reduetion of wall thiekneu of the helitm tank made
possible by the red.uction of the ma.ximmn pressure from 3000 to 335 psi.
The remaining 16 pounds is an actusl decrease in helium veight.

Table 6-18 also shows that an increagse of weight of sbout 37
pounds in the pump-fed system results if en APU fuel ta.nk of 19.8 eubie
feet volume to be pressurized to 100 psi is added to the system. On the
other hand, no change of weight of the pressure-fed system is necessary
due to the large helium: residual available between the 300 psi presguri-
zation level and the 100 psi APU tank pressure. .

Simila.rly, Table 6-19 shows a T2 pound decrease in pressuriza-

- tion system weights for'LOX-J'é—h \PU system if a turﬁopxmp is used in the

propulsion system insteed of ioressm‘e feed., and the pressurizing helium
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is stored a.t the temperature of liquid oxygen. More striking, however ,b is
the weight ccmpa.rison between; belium storage at LOX temperature (-297°F)
end at room (100%F assumed) temperature. The cost of not taking advant-
age of the opportunity for storing the pressurizing gas at LOX texnperature
is 125 pounds for the pressure-fed system and 25 pounds for the punp-fed

system. In both cases, the weight ot the varm gas storage system is well

- over twice that of the cold gas storage system.




. TABLE 6-1

'SUMMARY: WEIGHT AND BALANGE

BREAKDOWN -

Structure

Propellant Tanks - Assembly
Propulsion System
Pressurization System
Guidance & Attitude Control
Distruct System

WEIGHT EMPTY
C. G. @ Sta.

PAYLOAD .

Equipment + Antemnae
Power  Source
Propellant

TOTAL PAYLOAD
C. G. at_ Sta.

GROSS WEIGHT
' C. G. at} Sta,
, Adapter Sec_:tion‘
WEIGHT AT SEPARATION
C. G. at Sta.

WEIGHT AT BURNOUT
C. G, at Sta.

MSD 1536

Pioneer Pioneer Pioneer
Orbiting Visual Ferret
Test " Recon, Recon,
Vehicle  Vehicle Vehicle
L35 L35 L35
495 L9s Los
163 163 163
30 30 30
150 150 . 150
[hi L1
1,31} 1,3]1; 1,31
(132) (132) (132)
Lol 537 590
537 Lol Wa
1,155 1,15_5 1,155
2,186 2,186 2,186
(135) (137) (ko)
3,500 3,500 3,500
(1Y) a3 @3
- =156 -156 | -156
306 . 33E 3L
(131) (13k) (136)
2,209 2,209 2,209
(122) (126) (129)

¥

s
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TABLE 6-2
MOMENTS OF INERTTA
FIONEER FERRET RECONNAISSANCE VEHICLE
- . WEIGHT  ¢.g. MOMENTS OF INERTTA
CONDITION (1BS) (STA)  PITCH OR Yay ROLL
GROSS WEIGHT | - 3,500 137 1020 150
AT SEPARATION 3,3h4 136 930 120
AT BURNOUT 2,209 199 820 110
* SLUG FTao

A‘%: P 63
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TABLE 6-3

PAYLOAD: PIONEER (RBITAL TEST VEHICLE

- ITEMS e WEIGHT
EQUIPMENT . _ ‘
1. Beacon Transponder 20
2, Command Receiver : 8
3. Telemetering , ‘ Lo
L. Instrumentation : Loo
Antennae ) . :
l. Slot ~° (Beacon) 1
2. Slot (Command) 1

3. Slot-Circumferential g'l'ele.) 12
L. Slot- " Space) 12

Total Equipment Weight and C. G. = L9l 1b at Sta. 170

POWER SOURCE

1. Batteries (Sta. 57) | | 307
2, Batteries (Sta. 90) 200
3. Circuitry - : : 30

Total Power Source Weight and C. G. 537 1b at Sta. 72

' PROPELLANT - |
1. Fuel - DM ‘ 04
2. Oxidiger - WFNA ‘ _ "85

Total Propellant Weight and G. G. 1,155 1b at Sta. 151

TOTAL PAYLOAD WEIGHT AND C. G. . 2,185 1b at Sta. 135

A-fpax, p 64
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'PAYLOAD: PIONEER VISUAL RECONNATSSANCE VEHTGLE

ITEMS | WEIGHT
1. Container - Sealeq (Incl,) ‘ 150
Camera - -

. Film Processor .
Photo Readont Piclups
2+ TV Readout Electronics ‘ 150
3e TV Modulator + Data Transmitter 30
Le Cormand Receiver 8
5. Programmer 30
6. Power Converter - 50
7o Beacon Transponder 20

8e Telemetering - Monitor L5
Antemnae '
ls Slot = Circum (Monitor) 12,0
2¢ Slot = (Comna.nd_) 1.0
3. Slot - (Beacon) 1.0
h. DiSh 36" Assembly (InC].c) b0.0
Dish - 36" . 10f
Transmitter 104
'Gimbal & Mts, 1o#
Servo Motor 104 . v
Total Equipment Weight and C. g. 537 1b at Sta. 170
POWER SOURCE - : .
l. Batteries (Sta. 57) 274
2. Batteries (Sta. 90) - 200
3. CGircuitry | . 20

Total Power Source Weight and C. G, Lok 1b at Sta, 72

PROPELLANT .
1. Fuel - umg 4 304
2. Oxidizer - WFNA 851

Total Propellant Weight and C, G, 1,155 1b at Sta. 151

TOTAL PAYLOAD WEIGHT AND C. G, ) . 2,186 1bv at Sta. 137
A-Apax, p 65 |




. ' ITEMS
EQUIPMENT : ,

- 1. Crystal Video Receivers (Ferret) 150
2. Data Reduction Equip, 30
3+ Data Recorder + Electronics 150
L. Data Transmitters (Incl. Spares) 8
S¢ Command Receiver (Incl, Spares) 8
6+ Programmer : 10
7o Power Converter _ ' . 50
8. Beacon Trensponder 20
9« Telemetering - (Monitor) ks

Anternae L
l. Dish - 35" (Inel, Mts. & Fittings) 13
24 Dish - 25%  n e w8
3¢ Dish = 17v LR L
he Dish = 11" = "noon " 2
5e¢ Helix = 11" Dia.Coil (Incl.Mts, & 30

Ruia)

6. Helix ~ S" Dia.Coil 18
Te Helix =2,5" Dia,Coil ® n 18
8+ Slot - Circum, (Tele-Monitor) - 32
9« Slot = Circum, (Data-Ferret) 12
10, Slot _ Cormand) : 1
11, Slot : .B’ﬂaa’con) : 1
Total Equipment Weight and C. G, 590 1b at Sta. 176
 POWER SOURCE 3 .
1. Batteries (Sta. 57) 321
2. Batteries (Sta. 90) ' ~ 100
‘Total Power Source Weight and C. G. L1 1b at Sta. &6
" . PROPELLANT | _
1. Fuel - UDMH | 30k
2. Oxidizer - WFNA 851 ,
 Total Propellant Weight and C. G, 1,155 1b at Sta. 19
TOTAL PAYLOAD WEIGHT AND C. g. 2,186 1b at Sta. 140

A-Apdx, p 66
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TABLE 6-6
WETGHT EMPTY STRUCTURE

MSD 1536

LIEAS WEIGHY
Nose Section :
Lo Hoist Assy, L
2. Skin (,020 St1) L
3¢ Skin (,080 Mag) 56
?. Insulatj.on 2;. :
8. Frames & Doublers 2
Te Access Door Instl, 1
8. Misco . _g
Total Nose Sec. Weight & . g, 91 1b at Sta, 77
Skirt Section - Fixed , o
1. Skin I Mag 25
2. Separation Clamp - (Upper Sec,) 42
3+ Tension Strap ' 32
le I = Sections 2
. 16
[y MiBCo : ___J‘ o
Total Fixed Weight & c, g, - U8 at Sta, U2
Adapter Section ) 6
o Skin  (.080 Mag 7
2, Ring = . 6
3¢  Ring 12
5. Separa tlon Clamp (Lower Sec.) 53
6s I - Sections ‘ . . 5
7« Doublers 2
8. Track InStlo 2
90. lﬁ.sc. __:!..
Total Adapter Sec, Weight & C, G, 156 1b at Sta, 173
S rts : |
1, ipment - Fud, 39
2. Equipment - Aft, 27
3. Guide Instl.~Adapter - _ | S .
_ Tota_l Support Weight and c. G, 71 1b at Sta, 120 -

Total Structure Weight and €, @, . L35 1b at Sta, 136

A-Apax, P 67
(A3 .
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TABLE 6-7

M5D 1536

FROPELLANT TaNKS

ASSEMIY

R

Tension Ring

Cover - Access
Cover ~ Access

Insulation - He, - 1.0v

Insulation - UDMH - 1.0
Insulation - WFNA - 1.0"

Ring & Cover (@

Misc,
Total Assenbly Weight & C. G,

u 5] 8

WEIGHT

198
57
93

33

L f

' 8 Baw

L5 s, @ Sta, 128

-\ocnupmcuncoammu

tH

e s



TABLE 6-8
PROPULSION STSTEM

Total System Weight & . g,
(# Aerojet Items,)

TABLE 6-9

' - WEIGHT
Thrust Chamber 90 *
Mount - Thrust Chambey 8 »
Valves & Regulators 21 #
Electrical Sequence Units T %
Plumbing 7%
Control Engines (Incl. Valves) (2) 16 %
Feed Iine = UDMH 3
Feed Iine - WFNA ' 1
- Filler Valve & Plumbing - upmy 2
Filler Valve & Plumbing - wrNg 3
Supts, - Control Engines - 3
lﬂ.sc. 2

PRESSURIZATION SYSTRM

IR : ' WEIGHT

IBS,
Pressure Regulators (3) “1a3
Check Valveg (3) 0.7
Relief Valves (3) 1.5
Solenoid Valves - (3) 3.3
Pressure Operateqd alve (1) 0.}
Helium (9,18 £t. 3@ 3000 psi) 17,
Bladder Instlo (2) ’ 1.6
Plunbing & Fittings 3.1
Misc. ‘ __0_0_7

Total System Weight ¢ c. g,

' (See Propellant Tanks Section

for He. Sphers)

'MSD 1536

30:0 1bs. @ sta. 113




| TMBIE6-10
GUIDANCE AND ATTITUDE CONTROL

ITEMS WEIGHT

ls Torque Drive Unit | 20
2. Autopilot 20
e Thrust On-Off System -5
‘be Transition Computer 20
5+ Attitude Reference. 20
6. Damping Computer 15
Te Attitude Indication 10
8. Horizon Sensory System 5
9+ Torque Wheel Trim System 15
10, Container ‘ 15
L. Circuitry g

Total System Weight & C. G, 150.0 1be. @ Sta. 73

TABLE 6-11
DESTRUCT SYSTEM
by} o L

Charge . 28.5

Mechanical Mechanism 12.5

Total System Wedght & C. G, 11.0 1bs. @ Sta. 115

A-Apax, P70

SD 1536
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Apdx, A Table 6-12 .

MSD 1536

Weight Comparisen for Nose Section
(Conical vs, Ogive)

i

‘”

L)

”l

]

[/
Feames 119,18
95.38"
, ”
L&aa;ﬂ g
Tems ConicaL  Nose . Oceive Nose
M. 8 Gace | Weignt 'MTL.8 Gace WeieHT

Hoist Firrine @ ' 4 “+
Skin ® .00 Sy . <4 020 sy S
Skin © 070 Mnc. S2 « 088 Mne., 76
Fine @ s 5
RinG . @
Feames ¢ Dovereres 2 3
INsuLaTION. 2l 28
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TABLE 6-14

 PROPELLANT TANK STUDY
 (He - UDMH - WFMA)

HIGH PRESSURE =~ LOW PRESSURE

ITEMS ' (PRESSURE FED) _(PUMP FED)
=  MTL* GAGE  WEIGHT MTL* GAGE +© WEIGHT
Sphere - He  (32,0" OD). #215 198 032 30
Sphere - UDMH (h).2" OD) - 036 ST ~ +016 2l
Sphere WFNA  (5L.0" 0D) ~ W0L5 93 016 33
Ring (Junction He & UDMH Spheres) 1 3
Ring (Junction UDMH & WFNA Spheres) 33 b
Pump - Engine 0 Ls
Helium , 0 16uk | "b.s
Comparative Totals | | v Lo8.y 139.5
% Mtl. AM 350 Stainless
Ref: -
'Pressures - PSIF
High - Low
He Sphere 3,000 335
UDMH *® 315 35
WFHA - ® 1300 30
A‘AP‘:-K: P T3
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Apdx. & Table 6-16
Propellant Tank Study
(JP-L, LOX)

Mr.. AM3s0
Pressvee: Psie,

ot
<08

'MSD 1536

FIGURE - XIT - FIGURE - IV
HigH Pressume | Low Pressure | HigH PrRE3sSURE [|Low Pressure
TANKS LGNTL-‘ WEIGHT | MTL. | WeleHT IMTL. | WeieHT [MTL. WgieHT
SOV K174 o2 .01 QI | .06 Oz {.016
AGE | 10 M, |GAGE * §GAGE | R Gase| Bi%, Rin
APU o | 2 oz
SPHERE |.040| 58| 58| .0 | 2al%e]| 7 23l.oaf 17| 23
JP-4 :
N-21F]
SPuERE loao| 72| 7zl | af sef - | - | - | f - | -
RaTe - - - - . - J.e0o| 44| 44|90 4| 14
Frustum . - . - - < fJ.100]l 74 4 o025 18 8
Cone : - - - - = f-ror] s usloas| av| e
LOX e
: 0
SpHere |.os0| 130 ] 130| 0w | 42! 52| - - - - - -
Crumber| - | - | = | = [ - | - Loso| 134 w4[8%%| 11| za
CoNnE - - - - - = Lot | 5| ns|l.ozs! 27 27
Totaw Tanks 2601260 88} 11 496 502 120 133
FA\RING -Supr, 39| 39 39| 39 10 10 13 13
Rines 531 53 S 4 T 5211 5_2L 1921 192
TotaL WT. 352|352 1341157 1027 (1033 3251 338




~Apdx. A Table 6-17
Propellant Tank Study
(9P-L, LOX) -

MTL.« AM350
Pressure - Psig.

l
FIGURE - IT
TANKS HieH Pressure| Low PRESSURE JHien Pressure |[Low Pressure |
MIL.| WeleHT IMyu| Weont [MTL ] Weent MTL | WeieHT
Srer St TR Jonce Lor T fonce[om T ok o el
APU ’ ore ' , '
Seuere {.03z2| 47 47|06 | 17| 23 _

Cone- U - - -1 - Tl 7 f-o82f 40| 40].040] 20| 20
. - 048 . | coes -
Frustum | - - - - - " fer0 | 125|125 [.0a0 | 125] 1258
" Cone-L - - - =l - © feror| 90| 90].063] 53] s3

P-4 ‘ '

" .02 : 0j2
Frustuml.ooo | 137 37 |.01e.] 18] 24].090 ] 17| .o 10 13
Cone AOT | US| 115028 | 27 - &T10T e 16).o2s| 21] 27

. ’ )

LOX : .

Y 012 . 012
Crunoer |.090 | 134| 134.|:912 18| 24{.0m0] 135] 135] oC 18 24
Cone  Lior | ns| nsloes | 27| 27|01 el ne o025 | at| a7
[ToraL-Tanks 548] 548 107 | 125 699 699 | 280| 289
Farme-sore| | 7] g T o| of ol o
Rines 324! 324 132] 132 484{484 204| 204
AL W, 889, 889, 25612741 - ma3jnes 45847 493
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B Table 6-18

PRESSURIZATION SYSTEM DATA SUMMARY

Pressure-fed -fed

System

Propellant tank (Note 1) ‘Fuel  Oxid Fuel  Oxid

Tank Volume, cu £t - , 19.6  29.0 19.6 - 29.0
 Tenk Pressure, psi | ;s 0 35 3
He Sphere preséure » psi (Note 2) 3000 o 335

He Sphere volume, cu £t 912 9.12

He Sphere inside diam., in.  mo 310

He Sphere weight, 1b | 198 30

Helium gas weight, 1b (Note 3) |  16.b 0.5

Total weight, 1b. . 2k . 30.5

Addition of an AFPU tank of 19.8 cu £t volume pressurized at 100 pei would
cause the following changes: o

He Sphere pressure, psi _ No change _ 730}

: 4 _ (See Note 4) _
He Sphere volume, cu £t = " _ 9.12
He Sphere inside dism., in. oo 3.0

- He Sphere weight, 1b E " 66
Helium gas wt., 1b S o " 1.3
Totel weight, 1b o n . 67.3
NOTES: (1) Fuel is unsymmetricel-dimethyl hydrazine; oxidizer is white

fuming nitric acid. Total propellant weight 3560 1b.
(2) Initiel helium temperature assumed 100°F. | |
(3) Belium assumed to be heated to OF. after being withdrawn from
 storage vessel. o ’
(4) Residual in sphere after Propellant tanks are pressurized at

300 psi is more than sufficient to bressurize the APU tank at
100 psi. : ' _




Table 6-19 |

PRESSURIZATTON SYSTEM DATA SUMMARY

System " Pressure Fed
Propellant tank (Note 1) Fuel oxid APU
Tank volume, cu £t 27.3 k3.1 19.8
Tank pressure, psi (Note 2) 315 300 100
'He Sphere volmé, cu £t (Note 3) 2.90
He Sphere inside diem., in. 21.2

~ He Sphere weight, 1b | 12.5
Helium gas weight, 1b o 15‘.11-
Totel weight, 1b 879

NOTES: (1) Fuel is JP-b; oxidiger is LOX. Totel p
4340 1b. APU fuel is 1230 1b hydrazine.

' MSD 1536

Pamp Fed

Fuel Oxid APU

2713 431 19.8

25 30  .100
0.50
1.8

12.5
2.7
15.2

ropellant weight

(2) Helium assumed to be heated to 100°F between storage sphere

and propellant tank. -

(3) Heliwm storage pressure 3000 psi, temperature -297°l'
(temperature of 1iquid oxygen). For He at 3000 psi and

100°F.,
' He Sphere Vol., cu £t 8.57
j«#  He Sphere I.D., in. 0.k
He Spﬁere wt., 1b 178
Helium gss wt., 1b  15.k
Total weight, 1b | 193.%

1.73
17.1
8.0
2.7

ho.7

i 1 it 3
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Te MGERAEURECONEGLGFSAMLI{EECQ@ONERTS _ oo
This analysis indica'bes that the average tempera.ture of the equip-

.ment in the pioneer satellite vehicle will be in the vicinity of room

era.ture 20° C) 1f certain emission conditions of the outer surface
temp : )

. of the vehicle can be maintained. If no heat is generated internally,

rocw temperature csn be obtained by painting the inside surfaces black

| and by processing the outer vehicle éurfaée so that the ratio of the .

absorption coefficient for low temperature radietion to the absorption
coefficient for the soler spectrun is about O T7. Polished nickel has
approximately this ratio df absérption coefficients. 'Sligh‘hly differ-
ent surface emissivitiea would have to 'be chosen to attain rocm temper
ature {f heat is genera.ted. within the vehicle,

An euxiliary means of controlling the averege temperature, however,
will ha.ve to be provided because of the possible vﬁriati?n of the average -

: interna.l heat dissipation and bece.use of the gradual erosion oi' the

surta.ce. This means could consist of (1) hea‘bing or cooling & fluid

'reservoir by using an externsl ra.dia'bor only during the "day" or during

the. "night", or (2) properly drawing or retracting high],v reflective
metal foils ebout the internal ccmpénents. |
For an average :I.nterna.l power dissipation of 50 watts, the aver-
ege temperature of the components will be about 5° C 1if the outer
surface is black, and about 28° C if the outer surface has the emission
properties: of polished niekel (a.n absorption coefﬁ.cieni: of 0.12 for

low temperature radiations and 0.15 for the solar spectrum). Because

LOCKHEED ARCRAFT CORPORATION
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01' the large heat capacity of the components .within the vehicle, the
- maximm "day nigh " difference of their average tem;pera.ture will be
only sbout 5° C tor & darkened outer surfsce , and about 2° C for the
nickel type surfa.ce. With special eﬁ.‘ort the va.riation of the temper-
ature of the film processing unit can be held within about *0.5° c.

A grea.t deal of care must be taken to design the eqaipment - 1o}
that the required temperature range for each component can be ma:tn-
ta:l.ned. Thig a.na.lysis essumes that a good thermal design has alrea.dy
been accmnplished and that a fluid is circulated about the. equipment
to maintain temperature contrel. Fluid cireulation jackebs are assumed
to surround the equipment wmits completely 80 that the surfaces will
be ra.diating heat to each other and to the skin of the vehicle at nearly
the. same temperature. v

“The gverage temperature of the équipment wili depend upon (1) the
heat generated by the equipment, (2) the emiss:lv:lties of the ra.diating
surfaces, and (3) the heat absorbed by 'I'.he skin of the vehicle from the

- external incident ra,dia.tion. v

Heat radiation from the sun and from the ea.rth incident on the
surface elements or the vehicle has been calculated es a function of
the orbital angle by assuming a nose-up attitude of the vehicle a.nd
. 'using an albedo of 0.43 end a solar constant of 1340 watts /m . The
earth was essumed to radiate from :L'_l:s entire surface the energy that
1t absorbs from the sun. The altitude of the vehicle was taken as 300

miles. If the external surface of the vehicle is "coated white" such

1 TR
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that it has an absorption coefficient for the solar spectrum of 0.30

end a low tmnpera:bure a.bsorption coefficient of 0.80, then the temper

.atures of the surface elements in radiative equilibrium with the absorbed

external radiation are glven as a function of the orbit angle @ in Figs.'
T-1, 7-2 and 7-3. | | _
0f course, the actual temperature differences 6f the skin elements
around the vehicle will be much more reia.xed because of (1) radiation
from the skin to the 1nterior of the vehicle > (2) heat conduction along
the skin, and (3) heat genera.tim within the vehicle. - A maximum differ-
ence in the viecinity of a.bout 30° ¢ should be expected for the cond.itions
essumed in this enalysis. The temperature of the skin will be taken
such that . |
B0 6 To* Ap = E(6)+Hy, - - - 1)
where | ' N . |
Ego = lov temperature emissivity of outer skin surface
Ay = area of skin
6 = Stefa.n-Boltzmann constant

H(®) = total external heat radiation per unit time absorbed by
gkin while at the orbital angle® , and

Hyp = net heat per unit time tra.nsrerred fram heat generating
components to- skin. '

Let 4; be the a.rea. of the heat generation components that is
available for direct radiation to the skin Then, if H, and Hp are
respectively the luminosities of‘suri’a‘.ces Al and A,, the heat per

unit time leaving A) is AjH;, and the heat per wait time radiating

LOCKHEED ARCRAFT CORPORATION
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Adiabatic Skin Tempefrature of Conical Surface vs. Positioi; in Orbit

Pig. 7-1
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Fig. 7-2 = Adiabatic Skin Temperature of Cylindrical Surface vs. Position in Orbit
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internally from surface Ao 1s AoHs. Of the quantity AsH,, however,
only ﬂ (AQEQ) * reashesg 4, the i'emad.nder reaches other portions of
Ay itselr, Hence, the net heat flow from 4 18 : -

Hl2 = ‘A'l(Hi — He)-

reflected portion of the inteﬁsity _A& H incident on A2 » Plus the
reflected portion of the intenait;v (1~ f})Hz incident op A, from
other regions of A, ltself. Or, 1r B am E, reprééent,respectively,
the emissivity of A and the inner surface of Ay, then

TR e (B) By, wa

Hy =B, 6T2“. + (1-8,) % B+ (1-E,) (1- _"1)32_

A2

By solving the aboye twvo equations for Hy and Hp, the net

heat transfer fronm A becomesA‘ 6(z, b m h)
‘ 1% -0

flo=4(8 -5,) - 7. s el (2)
| %% (3,-1
and, of courge,

dt

* This is an &pproximation.




MSD 1536

where
| M = Mass of heat generating -ﬂ-ompénents
8 = Average spec:j.fic heat of M ,
P = Heat’ generated in N i:er unit time, .and |
T; has been taken as the average temperature of M,

N :
Finally, by substituting the expression for To from equation

(1) into equation (2), and then equating the resultant expression to

the right side of equation (3), the folloying equation is obtained
glving the temperature change Qf the mass M:
o L
s & _ He) -85 .5, (W)
at K A2 an

Where K = __1 1/h

By T W”'ﬂ[%?a'l]

A

Since the fore and aft sections of the vehicle will pe fairly
well 1solated thermally by the rocket fuel tanks (this condition can
be insured by polishing the tank valls), heat balance equations should

be set up sepmtely for each section. Only the nose iection is con-

sidered in this analysis. For thig section, the following values will
be used: '

M = 500 1b |
8 =0.4 ca1 /O/g o (5)
. =5.00 ¥

4 =8.35 12

Bl =B =Exp= 0.95

K =0.311

fr

i G
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In the steady state condition, after ‘the influence of the initial
component temperatures becomes small, the average temperature of the

equipment can be obtained by substituting rtla 0 in equation (%) ana

end using the average values of H(©) ang P during an orbitel perioq,
4 _E(e) +KP
6 'Ii = AQ an '
If we assume that only attitude control equipment ang ba;ttei'ieé are
located in the nose, then the average heat generated will be about

50 watts, By using (&) = 2620 watts » the average tenipe’ra.turé of
the components wiyy be 278 x (50 C). If the surface of the vehicle

will not be muich greater than heat generation in the nose, the a.vera;ge

temperature of the équipment in that section should be ’nea.rly the same.
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This condition can be met by Placing the Pressurized compartment,
which conté.ins the camera, the r;]n,_ the procegsigg unit, and the
read-out table » Within an enclosure of ares A2 This enclosure will

then be maintained at an average temperature of about 20° C by the
circulating £Inig described above. Although the temperature of this

fluid will vary by g ma.xinmm o2£2.5° ¢ within the orbital peﬁoa, :
. the averags temperature of the pressurized unit will only vary by
about #),5° ¢ a6 Ehowﬁ bel&w because of .its heat capeacity. .

Equations(2) ang (3) also apply to this configuration, so
that the 'a.verage temperature of the pressurizg'd unit will have the
following timg va.riation:b

R R A B, 6(1'1‘* - T2‘*), ' - (6)
at :
vhere
. ~ » 1
f12 = T & 1 3
- A
and Ms = heat eapacity of pressuriz'ed‘ unit

= average temperature of mass M

T> * temperature of enclosure

P % heat generated in pressurized unit
A

afea. of pressui‘ized unit

1-\~2 = ares of enclosure

A-Apdx, p 88

e
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The average temperature T, or the pressurized unit ig
g€lven by the expression,‘ ' |

e oTE, 3 (7)
v * T+ — '
. 2 A Bp
vhere P = Avemge pover éenera.ted. Per orbital period

2
and To= average temperature of enclosure. _ |
By putting Ty T+ T and T, é"ﬁa.;. A Ty, then the
solu'tion of equation (6) ig approximately:
7 ~[p-F thym, o T, AT - (8)
. The rolléving Mues will be used for this eonfiguration:

- Ms=3, 52 x‘lol’ watt-seéonds,
v v ——oSeconas
- oc

6 1b of film

6 liters or solutions
15 1b aluminum

4 = 0.67 M

Ay = 0.926 M2

Senchoadi AR L i) | HE %5
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From the‘ealculatibns indicsted sbove, AT, should undulate

from 42.5 € %0 -2.5° ¢ in & period of 90 minutes. Thus, the meximum
va.riation in the temperature of the pressurized unit from the ‘mean cen

be estimated from equation (8) vy putting P=F,ATp = 20.’ C, and
t % 3340 sec. (duration of "aay"). The result is 7 = 0.58° ¢

If the film Processing unit is kept in neighborhood of the center of
| the pressurized unit ’ the tempere.tures fluctuations should be _same-
- What less severe , | _

Thi‘s enalysis of the gross heat effects indicates that the

emissivity of the surface of the vehicle can be ehosen 80 that the
e.vera.ge temperature of the vehicle componente will be in the vieinity
of normal room tempereture Moreover, the environment of the £ilm
 processing unit should be adequate if the average tempera.ture of the
eireulating filuid can be maintained at e constant . Value,

A-Apdx, p 90

i

R
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