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A INTRODUCTION i i, oo bkt bt s Stew R

lined in paragraph B below R4 g 4 g

The use of simulated missile (SM) tanks in place of actual missile
tanks has been approved for Group I, Test Plan 5. The basic reason for the
use of simulated missile tanks is that they will be able to withstand over-
pressure, which could conceivably result from aPropellant Loading System
malfunction. :

Since The Martin Company's "battleship tanks" in general dupli-
cate the dimensional requirements of the J-1 missile, and since these tanks °
are available, their use has already been recommended by ADL,

We have included this section on-SM tanks to specify ADL re-
quirements as far, as SM tank subsystems are concerned and to point out
problems that their use imposges on the PLS tests. 1- r o

The SM tank basic requirements presented in this report repre-
sent’ an outline of the over-all rather than the speciﬁc requirements. Prep-
aration of detailed specifications will require-full knowledge of the J 1 mia-
sile characteristics which are, not avallable to ADL ’ £ a A

A comparison of the effect of the SM tank with that of the missile ;
tank depends mainly on the liquid oxygen boil-off associated with the tank:
We feel that this problem can be.solved analytically, and the solution sub-
sequently checked by tests with the PLS and the J-1 missile :

Plans for installation of the SM tanks at OSTF are briefly out-
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B. REQUIREMENTS FOR THE USE OF SIMULATED MISSILE -
TANKS A'r &é'rF .

1. General

All OSTF components should duplicate the operational equipment.
This requirement has been waived to allow the use of SM tanks, but acces-
sory equipment should duplicate the actual missile equipment. All valves,
fill lines, disconnects, vent valves, etc. should exactly duplicate the mis-
sile hardware. Martin Drawing 327-0354063 has been used as a reference
in the preparation of these specifications. If this drawing should be revieed
or superseded the following requirements must be re- evaluated
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. a. Tank drientatiozi g ';,:'”"

SM tanks should be located at the same elevations ‘as the J-1
missile tanks. Vents, fill connectors, etc. should be oriented as in the
missile so that silo facilities, such as vent ducts and fill lines, are com-
patible with the SM tanks. The station marks of the SM tanks should be
altered to coincide as closely as possible with the station marks for the

D = o

} missile tanks as shown in the Martin Drawing 327-0354063.
] b. _Tank Fitting
] | o (1) Stage I Fuel Tank. ‘The test configuration must resemble
| as closely as possible the corresponding conﬁguranon of the actual mis-
i sile system Stage I fuel tank must be equipped mth fhe followmg items:
ta) A fuel dxsconnect mstalled at the same, elg— : iy
= | | ; \/\/ vation and oriented as on thé J-1 missile
‘ ' should be the same model disconnect as that
intended for use on the missilg, ;
. (b) The fisel i1l Line, installod between'the dis= " -
"‘:-_l,,;connect and: the tanks, ghould duplicate the TN A
1 ' e isonfig ‘ ﬁﬁ
(c) Fuel drain lines and valves, which. ‘.hauia I
be the same as those intended tor use’ in the Q o
miasile, should be provided < el
) A (d) A'vent valve, which should be the same as ©
that to be used in the missile, should be pro- )
l ot _-vided ,,,,, 3 ; : : : ot e
-~ (e) Insulation on 11quid oxygen lines which pau T
& through-fuel tank should also be provided. : )‘t:}
r - & ek :
) ) ‘:"‘ 3 i ! :1\
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i (2) Stage I Liquid Oxygen Tank. The test configuration must
- resemble as closely as possible the corresponding configuration of the
actual missile system. The Stage I liquid oxygen tank must be equipped
wnh the followzng 1tem8. ey
; (a) A 11qu1d oxygen disconnect mstaued and P
i oriented as on the J-1 missxle. & taeg
~ ' ;: i AR
. (b) L1qu1d oxygen £ill lines mstalled bet\veen A R
. , the dxsconnect and the tanks L
g S (C)A hqmd oxygen line ‘to engmes valved 80 IS | ‘;L/
; that the cooldown mass is: ‘'the same as that Lot
H ,for the rmssxle system,.; A iyl N
’ (d) Remove the cyhndrxcal hehum tankand ‘) ; /ii 4
mstall spherxcal helium tanks. Tt fo ‘/__, L
(e) One ‘vent valve :

L= (3) Stje 1L qumd Oxygen Tahk; The. te?t ;@onfz,gux'atiohmust
resemble as closely as L]:»oss1ble the corresponding conﬁguratm of the
actual rmssxle system " The Stage II hqtud oxygen tanks must be: equipped
with’ the followmg néms 4 , PRI S R ,

k'-"di‘sco-me’ct and the hquid oxyg.enl tank

$apt S i

(c) A hqumd oxygen line to engmes, valved 80
" that the cooldown inass is the same as that
i for the mmsxle system

(d) A sphencal hehum tank § i i3 4

(e) Insulation and heater stnps to the fuel line
; whxch passes through the hquid oxygen tank.
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(4) Stage II Fuel Tank. The test configuration must regén

'sile system. The Stage II fuel tank must be equxpped with. fthégjo tk

xtems. : ; : R T etk e ‘
R ! ' o : 14\'; i‘( :
(a) A fuel disconnect oriented as in the J=1 | ,
missile. _ ; - i
(b) A fuel line mstalled between the disc.onneet ), ] i
and the fuel tank S okl T T
Jgy e b 15y
(c) A vent. ; " b

(5) The Helium System The hehugn system must be ﬁdapted
as outlined below. These changes are to follow the desxgn of the d-1
mxssne. : 4 ‘ : ; ! e b &l i

H
N

(a) Remove the cylmdmcal helmm tank. ing e
Stage II liquid oxygen tank- anid rlepla"'-g B
‘with two spherlcal tanks

T (1

boo i

: )
i

v 1’ & i
B

(b) Install one spherlcdi.ﬁeﬁn tank inthe
Stage II liquid oxygen tank ¢ oy

(c) Install helium dlsconnects at the misqile
; skm for, roth st,agem 4 ” ir

AP INag: (d) install all mternal mnss;_ :
o BT B ;gcept the in -flight héat ex

ol i ¥ ? | & .,.‘!{,I«(w' e
(e) Install rehef valves o{n ‘the: he’linxﬂ_py*em,
H’
AP

(f) Install an ant1geysering helium ﬁne. :

3

o i : : i 1ol
(6) Nitro en System N1trogen system - nitz‘ogen inletgcon-

nections and lines should be built into both Stage I and Stage II to bermi

the operatmn of pneumauc valves. L
i iz U, r i1
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c. Tank Instrumentation - "

(1) ‘StaLge I Fuel Tank. Stage I fuel tank should be équipped ‘
with the instrumentation listed below and illustrated in Figure VI-a.

(a) A temperature sensor (TR- 101)llocated in
the fill and drain line to measure tempera-
ture of fuel delivered.

'4.:,' . ¢ I Ii
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(b) A pressure sensor (PR-112) in the top of
~ the tank to measure ullage pressure.

(c) A 11qu1d sensor (LSR 151) in the top of the R,
tank above the 110%-full level :

(2) Stage I Liquid Oxygen Tank. Stage I liquid oxygen should
be equlpped with the instrumentation listed below and is illustrated in
Figure VI- . - » b e :

i~

(a) A temperature sensor (TR-219 and- T‘R;ZZO)_
in each fill line between‘the fuel tank and the
liquid oxygen tank.

s i e ) (b) . A liquid sensor (LSR- 253) located at the bot-
tom of the tank to 'sense the arrwal of liquid
. phase i, : : :
‘ (C) A liquid sensor (LLR 251) located at the
95% full level '

(d) A pressure sensor (PR 225) in the top of
the tank to measure ullage pressure

(e) A liquid sensor (LSR-251) located at the top
of the tank above the 110%-full level.

(f) A differential pressure liquid level sensing
_ -device (LLR-251) operating over the range
) - 110% full.

Zrthur D Nittle. Inc.
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(3) Stgge II Lxgmd Oxygen Tank. Stage II liquid oxygen tank'3 SE R
should be equipped with the instrumentation listed below and illustrated :

in Figure VI-a.

(a) A liquid sensor (LSR-254) at the bottom of -
the tank to sense the arrival of liquid phase

(b) A 11qu1d sensor (LLR- 252) at the 95%-full '
level. .

(c) A pressure sensor (PR-226) in the top of -
the tank to measure ullage pressure.u R

(d) A 11qu1d sensor (LSR 252) at the top of the
tank .above the llo%-full level

~ (e) A differential pressure liquid level'se'nsing !
dev1ce (LLR-252) to operate over the range S
o 110% full ' : S e

_ (4) Stage I Fuel Tank. Stage II fuel tank should be equipped
with the mstrumentatxon listed below and 111ustrated m F:lg'ure Vl-a..

o (a) A temperature sensor (TR-102) located in
777777 the fill and drain line: to measure‘-tempera-
' _ture of fuel dehver d

kA e e

_ ;pressuvre ‘senso (PB ) in the top
the tank to measure the ullage pressure.

N T Tqid aeaor (LSR-151) at the top of the
b ' tank above the 110%- full level.

Tk &
oy "':"‘1*

EE:
with the 1 instrumentation listed below and illustrated in Figure VI-a.

(a) A pressure sensor (PR 608) in one of the :
‘two spheres in the Stage I liquid oxygen

(5) ‘Heliurn System. The helium system should be equipped 5
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!c) A pressure senisor (PR 609) ir) the heuum
sphere in the Stage I liquid oxygen ’ta.n&‘. .

dF’SM TANKS ON. LQ_
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: _xg,effec}s of the substitution of SM tanks can be :
he ¢ i,ffer nce~m bo114-off produged by the dl;‘ferende ;in heat
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on' 1

Ti'ate b ' heat tra.nsfer*‘cbntrols the :lm.' &l .boll#

equently, it cox{trols the rate at which the
{Therefore; a ‘missile! tank made of a ma- "
dih‘usthy would ‘be ‘ejp : -
onsequently, a‘ rap:lq ullage -ipres‘m'p
u 1) mh missile hnks
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The tank mass and heat capac1ty w111 affect the total amount SRl
of boil-off; The liquid oxygen transfer capability is related to the: .
amount of boil-off. ' If the liquid oxygen boil-off is excessive with SM
ianks, the transfer capability will be reduced. The effects of SM tanks
on b011 off must be kept in mmd durmg evaluatmn of the test results.

1f SM tanks are supphed for tests they must be designed g0 -
that the thermal stresses will not be excesswe when hquid oxygen is

soinitted ie thie tanks.:

To determine the ab111ty of the PLS to load the prescnbed.
amount of helium durmg the desired'time interval requires the use of
the missile helium system. Pressurization of the SM tanks with helium
is not antlclpated since such pressurization is not a part of the PLS I
responsibility. However the in-missile helium piping is requlred for
the unload sequence. If this unload capab1hty is not provided unloadmg
must be done with vents open, and the propellant's drain rate must be
controlled manually. When no unload gas is used, manual control is, :
necessary during the initial drain period so that a negative pressure in
the missile tank ullage will be prevented Manual control is not posaxbl
with the present control system Furthermore th %ests‘ha’vetbeeg- de-
signed'to determine the adequac' ofith ag e By SHE
quently, ah unload cycle that uges ‘tH _
. It appears that the cost of 1nstanmg the missile heh, ;
' negligibly d1fferent from the cost of mstalhng,aumhary plplng to supply ,
unload gas., This is part1cular1y true when one considers that modifi- .. ... ..
cation of control system as well as of the missile helium p1p1ng would be
requlred if auxlhary p1p1ng (for unload gas) were used. . . - o

P gThe sudet 8.0 the loadmg deppnds ion he"‘
,9 dehveli the req§ ét? amfounts of prOpél!am in the

actor wi 87 oW - shbuld be *#egrod Mced in the t

plpmg mus‘ be’ 1d_‘ tital tothe mﬁ 1} i
‘Small per,ce._ntage rinci'eases in line reslstancesw i ‘ e -

‘the system's capabihty to.an undegirable level. ametbfr
skould be reproduced faithfully, all bends and, other configuratxondshould

be the same as those' in the J-1 missile. All valves should be identical

to the missile valves so that the flow conditions will be the same. All

‘vents should be the'same as those in the missile so that the back-pressure

' conditions to be experlenced durmg transfer will be duphcated AL valves
shcould be the same ‘as the missile’ valves so that the leakage rates will be
duplicated and the capability of the blanket gas system can'be evsa!uated ;

In short, all of the plumbing associated wath the SM tanks should be a ] _
duplicate of the J-1 m1ssxle plumbmg.g i oL & nehl
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" SECTION VII
RECOMMENDATIONS FOR
. GROUP II, TEST PLAN 6 o= ORI .
ﬁnhur 0. Little, Inr.
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Group I, Test Plan 5 is designed to evaluate the ability of the ek
PLS to load an operational missile. The tests listed in Section II should
be adequate to check out all PLS requirements.

Loading procedures for the SM tanks (Group I, Test Plan 5)
differ from those for the actual missile (Group II, Test Plan 6) in that:

1. The rate of liquid oxygen boil-off for SM tanks

differs from that for missile tanks. b

2. During elevation of the missile, the missile

Cok
tanks will be pressurized with warm helium @ i

gas from the umbilical connections, but such : .

elevation will not take place with the SM tanks.
3. Some of the supply requirements for nitrogen

gas in the actual loading will not be duplicated . :
in the loadmg of the SM tanks. {
Group II, Test Plan 6 should include two over- all PLS tests. , : '
repeats of the combined PLS test of Group I, Test Plan 5, so that the _ it 2 }
effects of these differences on loading can be evaluated and the veri- | o { ¢
fication of the PLS design can be completed. e EL Tt g
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