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ABSTRACT

Eaolh the Intelsat VIIA and N-Star Programs
refuired adaptations of the Intelsat VIE Program
Eropelant Tanks ‘o meet specific requirements.
The formar program, with a heavier spacecratt,
greater capacity, higher powe:, and more
capablity with additioral Ku-band Iranspondars,
dermanded maore propelant  capacity W achisvs
the desirad deatgn lite of 22.5 years minimun. It
is characterized by an addilional 9-inch long
cyfindrcal saclion, The laher progra, being
extremely weight critical, required a lighter
waighl vargion of the orginal VIl spherical
proasfant tank 1o achieve the desived mindtom
design Nfe of 10.2 years, It includes a thinner
shall and a Rghter surface tension device.

The resulkart tznks are fabricated in an alt-.

weldes  titanom  conflgurdion  with  glmllar
propeliart management devices (PMOs ) Lo
store and o provide pressurlzed gas-fee
progallants to the main satellte trusters and
reaction contral system thrusters in a zerc g
ewironmend. Each spacecrafl gonlalng mwo
tanks -- one for nitrogen textroxida (NoQy4l
oxidizer and e other for monomethyihydrazine
{MAH} fusl. Hardwars commonality iz achieved
by maintaining e same pressuranl  and
propellant ports' locations and  configurations,
PMD mounting, isopropyl alechel (PA} tesi
syslemn, and spacecralt maunting lnterface cf 32
1abs with e plates locared ngar the tank

aquatar.

INTRODUCTION

Space Syaternsflocal (S5} covtractad  with
Prossure Systerms, Inc. (PS5 to analyze, design,
labricate, assermble, lest, qualify, and deliver
propellant tanke for tha Intalsal Vila (I-VilA) and
N-Star programs.  The I-¥11A grogram provided
for we  qualiflzation unitz and zix flight tanks
while the NN-Bvar program included onea
qualilication unit and six flight tanks,

The Intalsat VIIA sateltites are designed o serve
the mulli-naticnal  global  communications
cooparative, Intelsat, in tha mid-to-late 1900
and bayond with 112,500 telephane cirguits and
three televizion channsls simuitaneously per
spacecraft. This saries include improved
coverages, improved redundancy and refiability,
impreved sighal petormancs, ardd jncreased
capasity.

The WN-Star spacecraft, ordared by Mippon
Telegraph & Tetephane Corporation from Spece
Systemsrloral, provides communicalion services
tor  the Wastern Pacific Rim eountrias,
part-cularly Japan.

Each of the =atellites includes two propelian
tanks - one for the nitrogen tetroxide (NpO4)
oxidizer and ane for the moncmethythydrazing
{(MMH) fusl. They are mechanically mountad in
tandem inside the salefite’s canleal cylinder with
32 equally spacad tabs and welded inta the
propulsion lluid systerm. The tanks are of a4 aiff-
wolded lianium construction.  They incorporate

Both  wversiong  were  Znalyzed, designed, passive propellant management devices fer
fabricaled, tested, and cualilied to Spaca propelam acquisilon and to supply gas-free
SysteinsfLoral's requiremeits.  All flight wnits propellants to the systam thrusters throughout
wera delivered on time, the required misgion lifs. An IPA flow and tost

Copyright @1995 by Pressure Systams, Inc. &
Spaca Systems/loral.  Published by American
Institute of Aemraulics & Astronautics  with
permission.
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system i also installed isfernafy to allow Lesting
of the grtical PMD soreen eigments  after
inslaliation of tha tanks in the spacesrali,
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The I-VA tanks include & oyindrical section to
accommodate e rfequired propaltart weights
while tha N-5iar tanks include a redusad weight
1ank shell and PRAD componants to achieve e
mission's raxinum weight constraind.

These lank assembles reflect the latest in
design innovation and statg-ol-the-an technalogy
for improved manufacturahility, peiomance,

The PMD was specifically analyzed and
designed to mes! \he Intelsal VIlA and N-Star
migsion profile and reguirernerts.

DESIGN, DEVELOPMENT & ASSEMBLY
Tne I©VIIA and  N-Star  propelian  tark

assemblies aummary o capabilities is shown in
Fuqure 1.

relizbility =nd tesling for
communicalions sateliites,

these advanced

FIGURE 1: EViA & N-STAR SPACECRAFT PROPELLANT TANKS
SUMMARY QF CAPABILITIES
. YA H_ﬁTﬁE
Tank Outsida Clametar
Pressurized [in.) A%.35 48.3% e
Tank Lengih
Pressurized (in.}) 58.10 4023
Fank Fluid Capacily, Miniraum
Litars 1275 1000
in 77 805 64,025
Kiaximum Inftial Fropel-ant L.oad 88% of Tank Valurmea 85% ol tank volume
3636 s NoOy 3027 lbs Ny 04
2350 lbs MMH 12358 [bs MM

Fiuids’ MMM, NoQy IPA, Fraon, MMH, NaiDy IPA, Freon,
istilled Walsr, Ar, He, GNu, LNZ, Cistilled Water, Ar, He, GNa, LM2

Tamperature Rarge 19-1220F ye1229F
“Pressures (psia at 12291 )

MECP ¢ 250 260

Collap=ea 3.5 3.0

Proof q2s M2k

Burst 375 375
Winimum Expulsion
Efficiency, % 99.5 995
Leakange Zano tiquid leakaga Zer liguid leakags

= 1% 10°% scofsec He at MECQF *
Preszurani Laakage

< 1x 100 see/sec He at MEOP *
Preszurant Leakade

iaximum Waleght, 15,

104.6

¥7.B

Minimum Deslgn Lite, Years

22.5

10.2

Shiffrags

Tank (95%) Fropeltant
Fitt Fractian)

MO Lateral
{immersad in Freon)

FMD Azial
[lmmarged in Freon)

Launch Yehigla Compatibility

w B0 Hz Malural Frequengy
» 17 Hz Matural Frequency

= 100 Hz Naturel Fragusnoy

= B0 Hz Matoral Freguency
= 20 Hz Matural Freguency

= 100 Hz Molured Fraguency

Allzs, Tilan, & Ariane 4

Atles 2AS & Ariane 44F

* Maximum expected operating pressure.,
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The 1an« shells are rmachined from annealked : -¥ilA
titanium alloy Ti-6AL-4V hemigpharical forgngs N BLY
wilh the |-¥IIA's cylindrical seclion made from an
antealsd Ti-8AL-4Y ring forging. The N-Slar
conliguration doss not have a cylindrieat sechion.
During processing the hemispheras are rough
rmachined, solution haat treated and padial aged,
skim machired, final aged and then dinal
machined,

The tank i mounled 'inta the spacecraft
struclure by 32 equally spaced cireLmferential
tabs with nut plater loceted on one of the
hemispheras near the glih weld. The mourting
tabs ara machined from a ring forging that is
Elgctron Beam {EB) welded to cne of the
Femispheres in e parial machined stale.
Individual taba ere linish machined from the ring
whan Lhe hemisphere & completed. The
propellant and pressurant pers are 1/2 inch
diameler  6AL-4Y  tilanlum-o-304L  CRES
{ransition tubes with 8 flow conlrol venturi in 1he

propellant line.

Figures 2 and 3 depict outlines of the N-Slar and
Intelsal YIlA propellant tany assambilies,

FIG : 0 .
TANK ASSEMBLY

A shall  structural  anelysis  and  fractumg
meachanigs analysis, uldizing the NASA FLAGRO
program, were used lo design the lenk shall
thicknasses and meinlorcements while & siress
analysis was used o aralyze the PMD deialls,
subassamblies, and assemblies includng e
ingtaliation into the tank. An InHial fraclure
mechanics plan with the tanke' hislodram
governed 1he former analysis while the imposed
design and environmental test condiians, as
listed in Flgures 1, 10, end 13, dictated the
struciural and stress analyses parametars and
baunda ry conditicns.

Woight sevings of up to & 1bs. were elfected on
the M-Star 1ank assambly by acoomplighing ihe
tollowing modilicailons:

a.  Reducing tha shell memirane thicknees by
a.0M inch,

b. Reducing the shell reinforcement in e
PMD maurting area,
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c.  Reducing the shel reinfercement in ihe
upper PMC suppor boss arés.

4. Re-contouring and reducing the size of the
mounting taks and surrounding tank shell
reirtforeament

g. FRedusing the PMLI  channel wali
thicknesses and length of the channel
slifening leg.

The propelant managemert device i5 &
screoned galierios and Lrap design. Tha PMD's
far bath programs are the same oxeept tor the
M-STAR weight saving changes and lhe
additional length in the I-VIA unit necassary ta
accommodate the sylindrical tank sheil.  The
PIMD will supply bubble-free propaflants to the
thrusters  under all  mission  Maneuwver
atrviranmerits until propeliarnt depletion.

The PMD will perform wilh cubble point margins
ol greater than 2.0 times the design crileria
under all conditions.  With no maving parts, the
PMD will provide ieially passive control of lthe
propelant during all accelaralion phasss of the
misaion,

The screenad gallerp-lype FMD is used for
higher flow rates, unlimited durations, and larger
peeslerations as compared to the vane-type
FMC. The galleries ere ¥-shaped siructures
wilh rows of screensd windows on the side
acjacent to the tank wall. The scresncd gallesies
are usad o retain the propellant undar adverse
acceleration conditions, o transpar gas-ree
propellam tram ane location within the tank 1o
tha oullel trap and to provide gas-free prapellanl
1o all ihe thrusters with no limit en Norlh-South
stafionkeeping or East-West maneuver firing
duratiors. In sddition, this PMD is designed 1o
~rovide capabiliies for spin-up and recovery
fram o flat epin.

Tha trap is cylindrically shapad with a0 intermal
screen assembly and screensd vent window.
Tha trap is designed lo retain propeltant ai the
jfank outlel duing spin-mode and adverse
atceleration conditions, and to provide propellant
lar comtingency ope-ation.

The contingency trap volume was selected 1o
provide noaminally & menths of narmal cperation
afler the bulk of the propelant in the tank
empliad. This pre-depletion is detacied oy &
patented detestion technique which can discern
when liqaid is no onger held against the tank
wall by the capilary 1orces in gaps between the
PME channel arms and the jank wail.

The FPMD contains four galleries which are
spaced al 909 to each other, They are jplned &t
the top ol the tank, loliow the inside comour of
the tark, and interdace Into the trap at the boitom
of tha lank. The FMD design incorporaies a 1es!
cystern with an |sopropyl Alcchol {IPA} wetting
line and & pressurization line to the Interior of the
mp. Extemail pons for this systern are 1/8 ingh
diameter lineg located near the propellant autlet
rort. This system can be used 1o bubble poinl
tast tha trap vent screen and gallery arm screans
after tank closura Lhrouph  fimal spacecralt
integration tests. The Iwo test pons are then
welded cizse belore launch.

The PMD is faoricaled from BAL-4Y and 3AL-
2.8V titarium alloys and cominerciaity pure (CP}
tdanium sheet and ber stock. Al delails are
wngsten inerl gas {TIG) or Electren Beam {EE)
welded Into rext assemblies, The PRAD screen
configurations are listed in Figure 4. The screens
are twiled dutch weave cioth. EB  drilled
perforated sheet is also used in the lrapg al the
gallery arms' inferfaces.

F 4;: PMD SCREEN REQUIREMENTS
r VA I-VIA

e FUELYANK | OXIDIZERTANK | = N-STAR

Trap Vent Wintow 200 x 1400 200 « 1400 200 ¥ 14080
304l CRES an4L CRES 3L CRES |

Cantal Booy 200 x 140 165 » 800 200 x 1400
Cylindar 8 Cone 304L CHRES CP Titanium 304L CRES |

Gallery ArmE 200 x 1400 165 x 800 200 = 1400

204L CRES CP Tianium 30l CAES

Page 4




ARter assembly, the PMD |s inounted and welded
inta the outlat hemisphere while the gallery arm-
jo-tank wall gaps are maintainad. The expulsion
aesarnbly s bubble paint tasted and accepied
belore the tank aasambly is dosed. For the N-
Star configuratian thare is one autemalic TIG
airth weld to assemble the fingl fank assembly.
For the [|-VIIA conliguration there are two
autgmatic THS gith welds - the first Joins the
cylindricat cender section to the pressurant or
mouriting hemisphere and the second joing this
subagsembly lo the axpulsion assemkly to finally
¢lose the tank,

The gith welds are radiographic and dye
peretrant inspected and the linal assembly is
strase raliaved in a vacuum heat treat furnace.
The mounting tabs arg then firal machined and
the nJt plates are ingtaled. The tark iz then
ready far final ingpection testing, cleaning, and
delivary.

PMD ANALYSIS & RESIGN

The oparaficnal paramelers used in the design
of the -1 A and M-Star PMD are listed in Figura
5. The -¥IlA and N-Star PMD{s) are shown in
Flqures & ard 7, raspectively. A portion of the
IPA teet systarm has bean omitted for clardty.

FIGURE 5, INTELSAT VIIA & N-STAR
PR NT
ERTS
SUMMARY

NOTE : Unless specifled noted parametars ara
jor Ine 1-v114 and M-Star migglons.

Dadinilions & & I
» 7 axis passes through the tank centerkng

and is pemendicular lo the plane of Lhe
circumfarantial mounting points.

s« X & Y oxgs are perpendicular to the £ axis
and each olher and pess through {he tank
centar.

» Tank volume i5 1015 liters {MN-5tar) or 1290
liters {-VIIA) when pressurizad to MEOP
(250 psla). Nominzl salellle dry mase is
12251575 kg {N-Star) or 1895 kg (-v1A).

Tank Load Conditions
N-Star | EVIMA |
Total Propetiant, kg | 1650-2216 | 2060-2820
Onichizer, kg 1018-137%3 | 1263-1740
Fuel kg | 632:843 | 787-1080 |
Tank Pressure psia 18-250 160215
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Tanks arme filad, drained, and launched
oulet down,

Tank 1l Irasticn is behwean 70 and 954G,
The first 40 liters are filled at a flow rate of
23 Vmin maximum and the remaining
propellant at 11 1/min maximum.

Tanks are uprght $155 during handing.

Launch wehicle atttuge contrel and
deployment produce aecelatatlons of up 1o
0.02 g Ieferely ard up te &0 g in any
direction. MNa propetant is required.,

System line priming ozeurs during zero g or
during a <035 rpm =pin abou the lateral, X
axis,

- The prming low rate is 20 mYsee for

Glire.

< The ¥ axis & 400 mm below the fuel
autlet maxamum.

Spinning perigee at up lo 3¢ rpm about the
£ axis may Iollow sysiern priming.
- Tank fill fraclion = B0% or above.
- Spin up requires 5.2 litars maximum at
up ta 10 cofsec.

- Aclive Nutation Contral requines 1.8 lifars
maximiem. Axial scoeleralions of up to
1.0 g may be encouristed.

- Despin requlires 1.3 liers at up to 14 cof
BEC.

« Zaxis spinof up 10 30 qpmor
« X axis spincfupto 14.3 pm.

Agcent Operalions

Post system prdming, the propellant is
requited for attitude contrel at any time
during misskan,

- 20 s pulse width al up to 1000 pulses
per hour.

- Fiow rates ol up 1o 14 cefsec,
Post systam prming, the propefant is

required fur safe mode at any time during
HSS 0N,

- Spin abiedd the X axis at up to 0.3 pm.

= 300 ¢ {I-WIA) or 215 o (N-3tar) Is
regquirad at flow rates of up 1o 10 cofsec.



a Apogee and COibil Augmertaticr tedqires FIGURE &; OF |-VIA
+ leng duration setfling burns at any
fractlon.

- Tank pressure i& repulated to 225230
paia,

« LInlimized burn duration is required,

- The flowy rate is A5 cofsec maximum.

- Tha seitling acceleration is betwean 0.013
and 0,071 g.

v+ Apcgee and Crbil Augmentation failere
mode requirss long duration - Y axlg lateral
ourns

- Fill fractions above 10%.
- B0 minuie duration is required.
- The flow rata is 10 cofsec maximum.

- The lataral acceleration is 0.008 g
rrgximm,

¢« [nce on orblt, stalipnkeeping MBnsUvers
and repasitioning regquire up 1o 4.3 ilters {I-
VIA) and 2638 liters {N-STAR) in any o
four lateral axes.

- Tank pressura & reducing 1o 170 psia
minlraum,

- Tark fill frazbion ig betwean 20 and 0.5%

- The flow rate 8 26 cofsec maxianum.
_ IGU . 0 | MNSTAR PMD
- The leleral acceleration is D008 g

maximum.
« Deprbil reguires up to 2.58 liters in any of
ihe four lateral axes.

« Tank 1ill iractizn is between 8.25 ard
0.15%.

- The flaw rale |8 16 ecfaer maximum,
- The lateral acceleration is Q.004 g
FEXKIFTIL.

v Gag free propollant delivery ie reguirsd
throughout missian,

+ Reoiduals shall be fimded to 0.5% of the
tark volurme maximum.

+ Propedant lermperalurs e between 5% and
88°F,
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The mopellant managerment device [FMD)
design for the EVIA and N-STAR propellant
ierks is based on the SSIL dasign used ‘or the
GOES, VI and Superbird programs.  The
design requirements were quite stringent based
on a necessity to be compatible with any launch
vehicle wusing either apinning o 3 A
siabilized injection systerm.  Funher, ft was
necessary 1o be compalible with pither the
slandard SS 3 avis stabilizad Fouid propulsion
ransfer o system or a spin stabilized sofid
periges or apogee motor, The on-orbit

requirenenls are for unlimiled operabion lor any
lateral or axial allituce control thyuster.

The Pi4D design has been verified by testa in
the drop towers at the Lniversity of Santa Ciara
and at NASA-Lewis Fesearch Center. Additional
zerc g testing was also condusted or. lhe NASA
K485 aircraft. Data fram some of these tests
are oresanlad in Aslerences 3 amd 2,

Figure & presents PMD  requiremants end
predicted  performance  {wr the  major
requirements.

EIGURE §: PMD HOLDING REQUIREM A TENTIO
KEY REQUI

CAPABILITY FOR KEY REQUIREMENTS
EJ OPERATIONAL REGUIREMENT CAPABILITY
FHASE (g-inchas} {grinches} EAFETY FACTOH _ |

Launeh Mo Gas Inlsskion Scregns ipmersad [ rilimjles

Orhit Raising 1.33 (Daidizer) 4.97 [owidizer] 3.7

HrS Statlonkoaping .

{2 thrugters fifng .25 (oxldizerh | 4,97 (oedcizar) 2na

EAN MAaneuvars i

{2 thrusters liing’ 0.25 {oxidizer) 4.97 [oxidizer) 0.0
| Spin-upfde-gpin 244 {oxidizer) 437 [enidizer} 2.0
[ Flat spin recovary 4.3 (luel) 11,1 ffuel) 25

Based on worst casa sereen holding requiremert,

QUALIEICATION TESTS

Three test spetimens -- une |-IA Fus| Tank,
ame 1WA Oxidizer Tank, and one M-Star tank
ware suhjected lo qualification testing as listed in
Figura &.

FIGUEE 9: QUALIFICATION FESTS FOR

PROPELLANT TANKE
Preliminary inspaction of Produgt

Mass Mezsurament

Pre-Proct WVolumatrlc Capacity
Ambtent Pragf Prassurs Test
Posi-Proof Volumetde Capaciry
Cryogenic Prood Pressure Tast
Post-Cryo Proof Velumetric Capacity
Bubbla Paint Tast

Cleanfiness CThack

Sine & Random Vibraticn Test
Claanliness CTheck

Bubb'!e Poirt Tes*

Accelaratian

Pressune Cycles

Expulgion Test

Bubtle Poirt Test

Extarnal Laakape Test
Radegraghic Inspaclicn

Dye Penetrant Inspachicn
Yisyal Inapection

Gieanliness Check

Burst Pressure

Dale Aaview

* This 1eat was not performed on tha N-Slar
qualification tank since il had been accomgllshad
successfully on the |-V tank assemblies.

The quelitication les! starts wilh an inspection for
dimensions, varification ol previous inspections
and tests, identfication, successful complation of
2 ranufactuirg  panning, damage, znhd
material certifications. The dry tank assermnbiy s
weighed on & predision scale. Actusl weights af
102,45 and 102.64 |bs, for I-¥HA and 78.79 |bs.
for M-Btar were within spocifization limits, Tha
lank is subjected to an ambient hydrostatic praof
progsure of 322.5 psig for 86 seconds maximum
and the mass of water requirad to fll! the ‘ank is
rmaasured to determing the actual lank volume
balore and sher the application of the proot
prassure.

A cryogenic prool pressure test, whitizing 1ruid
nitrngan &l 440 psig for  three seconds
maxrmur, i then performed fcllowed by an
armbient hydrostalic volumeltric capacity check 1o
datermine if there is any change from the original
tant volume. The permanent set shalt not
ovpeed 0.2% Maximum pgrmanent set for the
thres :est specimens was 0.04%. An externa’
lsakage tast is run at 240 psig with helium gas
for 15 minwes minimum  ir a  chamber
evaruated to 02 microns of mereury or less
Leakage shall not exceed 1 x 10 sco/sec of
hellum gas. Maxirrum measured leakage was 1
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x 108 geofsec which is esseniinlly the
background reading,

Bubale poird tests with isopropyl Adeehol {IFA]
as the test medium are accomplished on the
channel arms and trap vent window screens as &
uril snd on e cone and cylinder screen
assemblies inside the irap as a unit. The formar
woreens are tested usling the IPA flow and test
systam buit into the tank assembly, Bubble
paints are verfied for S0 seconds mirlmum to
varfy PMI screen integrity then the capillary
preakdown valua is measured. The tanks are
cleaned 1o the kevels specified in Figure 14 and

all fluide enlering lhe tark are filtered 10 the 19
micron absolule level,

Vibration lests are perfomed on the tanks in
each of three orthogonal axes. The test fixue
simulales the tank-to-Epacecralt  insallation
inlerlace but is also sJfficienty stiff to be
congidered a rfigid mass and ot introduce
spurious inputs to or responses rom the tand
assernbly, Figure 10 presents the vibration tes
parametars.

GURE 10: QUALIFICATION VIBRATION TEST REQUIREMENTS
LYILS N-Siar
Test Fiuid Frean
Fluid Weight, Ib, "A83T7-3E42 303A0- 3035
Tost Pressure, psig 240-250 )
' acoaleration (g)
Sine vibratian (Diry) Axis -
All 5-10.8 25in 5. A
10.8-20 4
2h-100 1.%
100-400 1
Areelaration {g)
Sine Vioratior (Wet) A s H -F
Laterml 8-10.8 LhinS A
(X EY) 10.8-45 3
45.100 2
Axial B-18.2 Z0inS.A
{2) 18,2720 £.8
A0.22 Ramp Cown
22-50 2.6
o0-52 Rarmp Down
52-100 1.3
Sine Vibration Sweep Aale,
DetaveaMinule
Random Vibration {(Wet) Ereguerey (Hd Levela
20-1a0 +HiNdBA O ciave
100-800 05492/Hz
800-2000 28/ ctave

Rardom Vibration Duralion,
Mintes (Each Axis)

Cwerall g-rms

2

a7
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FIGURE 11; TANK NATURAL
FREQUENCIES, 95% FRL
FRACTION {HZ)

AXIS | CALCULATED | MEASUHED
NGar | X 70 70-60
Y 70 70
[ Z . ot 70-80
AV X 80 £0-70
¥ 60 §0-70
z 70 70

The Frean load simulzles the worst casc
oxicizer load condiion. Up to 13 accelromelers
are instaled on the tank to measure the
regponsa levels and to characterize  the
response  specirum. Up 10 faur control
aocalerametars ane mounted an the test fiture
to provide & closed fonp contral systemn with the
vibration driver equipmeni 1o insure that
speaiiication raquirements are mél. The wak
=ine vibratton specirum Input is notched to limit
the acceleration loads on tha lank.  Natural
frequency results ara presented in Figure 11.
They arg consisten! and meet the specilication
lirrit o1 =50 Hz for all axas,

Using IPA or Freen, the tank is flushed through
the pressurant and propelant pors  atter
vibration testing and the effluent anslyzed for
clmanfness level.  This check dotermines
comtamination is self-generating in the lank
durng testing, the gquartity and size af
comaminants, the non-vglatile residue, and the
type of particles.

Post-vibration bubble poinl \asts sre performed
% WMW’%P"B&W

HEHERES -~y - tha bratioli ekl One
representative corflguration of the -YIlA tank
was subjected to steady accelaration loads while
flited with 3239 Ihy. of Frach and pressurized o
280 psig. The tank was installed in & test fixturs
simulating th¢ spececralt Interface and rotaled in
a centriluge in three different orientations to
apply the nel ullimate acceleration vectors of
4.35q, 5.40y, and 7.84g for one minute each.

Pressure cycling lests, using distllled deionized
watar, eengist ol 10 cycles from Zero 1o J22.5
psig (proot pressure), 96 cycles from Zero lo 255
pslg (MEQP), anc five external pressure
icollap=a) cycles from ambiant pressure to 3.0
psid {N-Slar} or 3.5 paid {I-VHA), The inlemal
pressure leste were run for live seconds
maximum while the external pressure tes! was
hald for 28 secard maximum, Follewing these
lests an expulsion tesi was performed.  The

[mitial How iz dischanged inte an evacuated surge
tank to simulate orbital oparations, The 1ank is
grainad in the werical attiude using a 230 psig
ullage pressure and a llow rate of 1.35 gpm.
Pressure drop and residusl water volumne are
maasured. The gualification units demansirated
resiguals well within tha raquirermentz of 389 in
[viiA) and 305 in? (N-Star). A final set of
varification tests, including bubble point lasls,
axterna leakege 1est, dya penetrant inspection
of the complete exlarnal surface, radiographic
ingpeation of tha ginh weld ard Intemal PMD
views. visual inspection, and cleanfinese cheotk
(NWRA and paticle count) are perommed before
the Burst test,

Finally, a burst pressure lest was pefformed on
tha water-fidad est specimen to 387 peig. Mo
leakage or rupture was allowed. The |-V1IA lank
assembiy wWith the CRES PMD screens and ihe
N-Siar assambly wara then prassurized 1o aciual
rupture.  The YA qualfication tank wih the
titaniurm and CHES FMO screens was taken to
burst but not ruptured since the tank shell was
scheduled or use as @ test specimen on ancthar
LORAL program. Aciual burst pressures wels
479 peig and 472.8 psig, respectively.

EST

The scceplanca tests for The |-VHA and N-Star
propellant tanks are listed in Figure 12.

FIGURE 12: ACCEPTANCE TESTS FOR
THE FORAL SPACECRAFT

Freliminary Inapaclion of Product
hMass Mezsuramenl

Pre-Proof Yolumeitic Capasity
apnbient Proof Pressure Test
Fost-Proo! Veolumetric Capadity
Cryogenlc Proot Pressure Tes!
Fost-Cryo Proof Volumetrie Capacity
Extarnal Leakage Tesl

Bubble Point Tast

Sine & Randem Vibration Test
Ambvlent Proo] Pressure ~
Exnulslon Tast

Bubble Point Test

Exiarnal Leakage Test
Aadiographic Inspection

Dya Penelrant Inspaction

Visual inepection

Cleanliness Check

Dala Reviaw

* Thiz teel i not perfarmed on the N-3ta- tanks.



Figure 13.  Acceptance Vibration Test Begulrements
J-¥RA N-Star
Test Fuid Freon Diletllled, Deionized Yater
Fluld Weight, Ib. AB3IT.3842 2094-2058
Tesl Pressura, psig 190-200 240-250
Aoceleration (g)
Sine Vibraton (Wet) Axjs Eregpengy (H2} -Pia
HN-Star
Lateral 513 Agin S.A,
{3 8¥) 1317 3.3
1745 2.3
45-100Q 1.54
M-Etar
Axial 5223 510 5.4,
() 53 3-24 7.6
24-28 Aamp Down
26-50 2
50-52 Ramp Down
E2-100G 1
[-VIlA
|atara 5-10.8 REREEE
(X &Y} 10.8-45 231
45-100 1.54
[RUITE:S
Axial 182 ABInS.A,
(7. 18.2-20 5
20-32 Barmp Dawn
22-50 2
50-52 Farmp Down
R2-100 1
Sine Wiralion Sweep Rata, 4
Dctaves/Minne
Random Vibration, [Wet} F n Levels
40100 +30d8/Qctavea
100-800 027GEH2
BOO-2000 -3dBOclave

Cvarall g-rms

Aandom Vilyration Durasion,
Minutes (Each Axis}

6.2

The scceptance test stade with an inspeciion for
dirmenzions, verification of previous inspections
and tests, identifization, succassful complelion of
all -manufacturing planning, damage, and
matarial certilications, The dry tank assembly ig
weighed on 2 precision scaie. The tank is
subjectsd to Aan ambient hydrostatic  proof
pressure of 322.5 psig ‘or a maximum of B8
scconds. Tha miass of water required to fill The
tank is measurad lo delarming the aciual tank
volume before and alter the aoplication of he
prool pressure.  Parmanent set must not exceed

9% The drained and dried tank is then
axposed 1o a cryogenle pronf pressure test at
440 psig lof five seconds maximum. The tank is
fillard with Irguid nitrogen and fotally submerged in
B stainless stesl lmed pil Mlec with liquid
nitroger.  The tank is vented, drained, and
alinwed lo reach ambieml condilions without
hegting.  Another volumetdc capacity test is
perdormed with water 1o insure that Ihe 18st
specimen has nol expelienced a permanant set
grealer than 0.2%. An external leakage lest i5
run at 240 psig with helium gas for 15 minules
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minimomt in & vacuum chamber evacuatsd o 0.2
microng of mercury of l2ss. Leakage must not
exceed 1 x 10-5 scefsee of helium pas.

To varly the integrily of the PMD ecreenad
glerens after tha proof pressure tests, bubble
point tests with IPA as the test fiuid are
perfarmed in two phases. The first phase tasts
the channel arms and Lrap vent window and the
s=cond phase chacks the trag agsambly intemal
soreens. The bubble point is held for & mirmmun
of 80 seconds and then the capiflary breakdowr
is measured.

vibration tests, conligured as degcribed in Figura
13, are parformed on the tanks in each of three
orhagaonal axas,

Sufficient response aceelarometears are ingtallad
on the test specimen to characlerize the tank
resporses and conircl accaelerometsrs  are
plaged on the test fixlure to insure sompliance
with the spacification requlrements. The sine
vibration spestrurn_jfput |8
sacoataration loads “Sh IR
hydrostatie proot pressure test is then repeatad
lor the Inteleal wnits.

Mexi, an expulsion test, using distilad, deicnizad
water, iz compleled. Waler is flowed al 1.358
gpm [worgt case miszlon {low rale) with a 220-
240 psig ullage pressurc while Lhe tank pregsure
drop and residuals &re measured and compared
tn {he specilicalion reguirements. The bubble
pain! tests, external leakage lesl, radiographic
inspaction of the ginh weld ard intarmal PMD
viewn, dy¢ peretrant inspection of the oxternal
surface, and visual inspection are pedormad o
vorily the tank has no damage &= a result of the
gnvirenmental lasts,

Finally, tha units are cleaned to Figure 14 levels,
purged to a -859F dew point, pressurized 1o 13
psig with dry GNo, the porls capped, and
packaged in ‘wo esealed plastic bags for
shipmarnd.

Figures 15 and *8 depict gutines of Lha [-VIIA
and M-Star propellant tanks showing the port
crientations.  In both cesez the top view
lliugtrales the prassurant port while the batom
view shows the laigar diameter propelant cullel
port with the two flanking IPA aystem leet ports.
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FIGURE 14: TANK CLEANLINESS LEVEL

Particle Size Maxlmum Amount
_M‘ ———Mm_
= 100 Microns Mg
FE-100 Microns 8
51-75 Mlcrons 20
10-50 Micrans 500
< 10 Microns Mo Silting
HOTES:

1, Mo matallles > 50 microns
2. Mon-velalive rasidua (NVR} less than

1mgf 100 ml.
FIGUR ; F |-VIIA
JANK WITH PORTS




c USIONS

-

The VLA and N-Star propsllant tanks have met
el design ohjeclives thal can be verfied by
analysts and the gualification 1851 spacimens
have successiully passed all tesls.

The PMD dosign has been sussessiully used on
“six Intelsat VIl missiots  and  two GDES

missicns, Mo anomalous operation has been
egngounlered during trensfar amit or Gh-orhit
oparations.

Eight I-W1IA propeliant tanks have bean delivered
to Spece Sysiemsfloral.  They inciudse two
gualificaticn units and six fight units. Of these
tamk assemblizs towr contsmed titanium mesn
screens in the PMD lar use in the oxidizer
system and four were fubricated with CRES
miesh soreens in tha PMD 1or vea in the [uel
systern.  Sewven N-Stas lanks, all with CRES
meszh FMD screers, have been delive-ed o
Space Systemsileral. Thase include one
qualification unit and six fight units, Al units
were dalivarad o time,

The |-VIA saiellites are schaduled lor launch in
1995 using the Arane 4 serigs launch vahicle.
Two M-Slar spacecraft are also slaled lor iBunch
in 1995 on the Apare 4 boostar with the first
schaduled on August 3. The lirst V1A satellite
was launched successhully from Kourou, French
Guiana on May 17, 1595 at 10 pm PDT,

ACK EM

The authors wsh (o thank the lollowing
individuals for thair assiglance on the successiul
complation ¢f the V1A and N-Slar Propelian
Tark Programs: Don Jaskle of FMD
Technolpgy, Andover, Ma who provided much
FMD 188t support and consuftelion ard Bruge
MNehls and Denny Jakubee of Brunswick Com.
Caata Mesa, CTA who contributed to the
develuprnent, fabrication, and delivery of the
PMD soreaned elements,

i addifion, tharks are expressed o Harold
Braun znd Larry Hicks ol Foster Englnesring,
wondland Hills, CA who performed the Stress &
Fracture Mechanics Anakyses & supported the
customer design reviews. Finafly, thankes arg
exprassed to all ol PSl's subcomtrackors who
providod materals, detail parts, manhcurs, and
senvices to make Ihe programs & sUCCEss.

BEFERENGES

1. Yeh, T. and Qren, G.F. "Analytical and
Experimental Modeling of Zero/Low Gravity
Fluigd Behavior®, AlAL B7-18B5, 10B7.

2. ¥Yeoh, T. and Bond, DL, "Testing af
Propellant Management Davice for 3-axis
Geosynchionous Spacecraft", 10th
Aerospace Testing Saminar, Margh 1987,

Fage 12



