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SECTION L, 0 INTRODUCTION AND SUMMARY

The second static firing test (Test Number MPT -S2-001) of the Main Propulsion
Test Article (MPTA) was successfully conducted at the National Space Techno-
logy Laboratories (NSTL), Bay St. Louwis, Mississippi, on 19 May 1978, The
major test objectave was to {ire the three-engine clusier at 70 percent power
level for 2 nominal 15 seconds to evaluate the integrated performance of the
Main Propulsion System,.

The countdown proceeded in a relatively good fashion, There were only three
significant holds that were encountered., The first was a facility LH2 leak that
developed 1n a line joint, The second was caused by a need to reset all of the
RASCOS cuteoif devices, The third was the failure to ignite one of the free
hydrogen burnoff burners.

Engine 1gnmifion occurred at approximately 1403 with the planned mainstsge
duraitzon zchieved for zll {hree engines, The total firing tzme for 21l three
engines was a5 follows:

Engine #1 - 19,7 seconds
Engine #2 ~ 20,85 seconds
Engine ¥3 -~ 20,73 seconds

Operation of all systems was as expectad with the exception of the recircula-
tion pumps. The purnps were started while the propellant loading was in fast
fill, but they cavitated and lost head at the termmnation of fast {ill. The pumps
were subseguently restarted after pressurizing the tank and draining back
propellant to get good quality, This problem was prunarily asiributed to
excessive back pressure in the facility vent system which 1s being corrected,

Post test inspection of the engines_revealed some discoloration on the inside
of the thrust chamber and distorted drazin lines for Engine #2 (SN 2002}, This
was attributed to a post cut-off engine main fuel valve leakage, The valve has
since been replacad, )

Post test inspection of the ET pressurization diffusers revealed evidence of
damage, which requared their replacesment,

Primary test objectives for this firing and results are as follows:

SD78-8H-0125



Objective

Start, maintamn 70% power level for
15 seconds, and shutdown the three
MPS engines,

Verify capability of integrated
propellant feed system to satisfy
SSME interface requirements
throughout fill, engine conditiomng,
and engine firing, including start
and cut-off transients,

Evaluate LHZ recirculation and
high«point bleed system
performancs.

Evaluate LOZ2 and LHZ2 tank pre- -
pressurization apd engine-run
pressurization.

Determine ignition overpressures
resulting from start sequence,

Evaluate SSME stub nozzle side-load
effects in flight system installafion.

Verify hydraulic and TVC system
performance in mawntaining engine
positions and SSME interface
pressures during start and
shutdown transients,

Evaluate modified propellant loading
procedure to maintain posifive ET
ullage pressure,

Evaluate structural-dynamaic loads
versus predicted levels,

Evaluate radiant heating environment,

Verify functional performance of all
test article, GSE, and facility
systems to supporti increased power
level firings,

g&% Rockwell Intemational

Results

Satisfactorily accomplished,

Satisfactorily accomplished.

Partially accomplished (adverse
effects of LHZ replemish procedure
prevented positive verification),

Satisfactorily accomplished.

Not completed due to questionable
instrumentation data,

Satisfactorily accomplished,

Satisfactorily accomplished,

tisfactorily accomplished,

Satisfactorily accomplished,
avatlable mstrumentation,

with

Satisfactorily accomplished,

Satisfactorily accomplished,

SD78-~8KH-0125
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Several actions were generated as a result of the firing, These zctions are
listed in Table 1.0-1,

Based on the analysis of data, it was concluded that the prmmary cnjectives
of Statzc Firing 2 had been sufficiently safisfied to permit proceeding to
the next planned firing,

SD78-SH-0125
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TABLE 1,0-1 NSTL ACTION LIST - STATIC FIRING NO, 2
(Sheet 1 of 2)

itemn No. Action Required )

SF 21 Conduct 2 review of the specification requirements

applied to gas sampling on the MPTA Facility,
Insure that specifications are realistic, achieveable,
and clear. Make recommendations for changes to
II's and procedures,

SF 2=-2 Re-examaine high point bleed system to determaine
cause and solution to loss of LH2 recirculation
pumps during tanking, One solution may be to
route the high point bleed line directly into the _
18-inch vent line instead of the four-inch line.

SEF 2.3 Determane location of hydrogen lezk in area of
Engine No. 1 power head. Evaluate the need for a
special test requirement at a higher pressure than
normal,

SE 2 -4 Determine the type of diffuser to be installed in
LHZ tank which will be good through the next two
static firings as 2 minimum and determaine
installation schedule,

SEF 25 Review solenoid valves on facility with respect to
recent fzilures and determine method of detection,
preliminary checks that can be made to detect a
potential failure,

SF 2-6 Fix the problem with PCV 469 failure in the auto
mode., PE 469 has failed twice,

SF 2-7 Determine permanent fix to the problem of the
crossed LOX vent valve actuation lines versus the
switch actuation procedures and the light indications
of the MTCE panel.

SF 2-8 Design and install final auxiliary helimm bubbling
system,

SD78-5H-0125
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TABLE L 0-1 NSTL ACTION LIST - STATIC FIRING NO, 2
{Sheet 2 of 2)

Item WNo. Action Reguirea

SF 2-9 Re-evaluate the MPT A shutdown logic with respect
to trme delays and prepare advantages/disadvan-
tages of having a master switch to shut all three
engines down smmultaneously,

(1) Current tune delays
(2) Simultznous shutdown

SF 2-10 ’ Evaluate problem of SATS during gimbal versus
pg., call-up,

SF 2-11 Investigate'post shutdown fire and determane
appropriate action.

SF 2-12 Review redline sei-up procedures with particular
attention to RASCO set-ups,

SEF 2-13 Determine the need for znother special gimbal/
hydraulic test, If one is needed, devise the speczal
tast and submair a2 SAR to NSTL,

SF 2-14 Implement a closed loop system on data squawks,

S¥F 2-15 Implement a system for evacuating tank pressure
transducers {Vacuum reierance system),

SF 2416 Prepare a standard to prevent cross-wiring,
Include special polarity tests when changes are
made,

SF 2-17 Incorporate changes to ATVC control systems to

prevent gne channel loss from causing shutdown.

SE 2418 Insure that emergency procedures include consids
eration of the minimum 1.5 psi i the LOX tank,

SD78-5SH-0125
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2.0 MPTA Static Firing No. 2 Configuration

The MPTA configuration for static firing number two wzs the same as
static firing number one, with the additional modifications to each element
as listed below:

ORBITER

e

——

MCR 4969 MEC Redundant Power

MCR 5377 Preburner Purge Tiume Delay
MCR 5217 SSME Strain Gages

MCR 3604 LH2 Rec:rculation Valve

EXTERNAL TANK

ECPRB00632Z Relocate Helium 11-1_]ectj.on Orifice
ECPB00645A Auxiliary Helium Injectzon Line Support
ECPB00716 MPTA Nose Spike Removal
ECPB00765 Hardwire Existing Strain Gages - MPTA
ECPB00792 Revise Range of Delta-P Transducer Across LOX Screen
ECPB0G795 Installation of Orifice 1n GOZ Vent System
SSME
ECP072 POGO DF1I (Partial)
-6 -
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3.0 Test Operations

3,1 Countdown and Test Sequence

The countdown for Static Firing 2 was imfiated at 075747 on 19 May 1978
with the start of Sequence Sl. ’

LO2 and LHZ systems' chilldown was 1mifiated at 0802, At 0822, L2
slowfill to 2% was begun, The transition to LHZ fast fill occurred at 0835,

LO2 slow i1l to 2% was initiated a2t 0854,

The 60% 1LHM2 level indication (71.82% actual) was received at 0857 and
recirculation start was maitiated. The 98% LH2 level was achieved at 0905,
After start of LH2, replemish at 09i0, the recirculafion pumps cavitzated,
Recirculation was stopped and the pre-valves opened. A subsequent attempt

to start recirculation also resulted in pump cavitation. Aifter a drawback, the
pumps were restarted and performed satisfactorily. A more detzailed discussion
of the recirculation system problem and the corrective action is included in
Section 4,1 of this report.

LO2 2% level reached at 0908 and fast fill was imitiated,

t approximately 0930, leaks were noted on the eighth level of the stand.
A hold 1n the loading operation was imifiated at this time and the red crew
dispatched to the stand to mvestigate, The leaks were repaired and the crew
returned to the TCC,

LO?2 fast fill was reimtiated at 1028 and termainated at the 98% level at 1109,
LHZ replenish was reimitiated atf 1117,

A LO2Z loading sensor specizl test was performed while instrumentation
personnel performed measurement adjustments on the stand,

The instrumentation crew returned to the TCC at approximately 1330 and the
count was resumed, Sequence 4 was imtiated at 1334,

In Sequence 4, a problem was experienced in lighting the three Ires aydrogen
turnoff system i1gmiters. Engines #1 and #2 igniters lit satisfactorily, but the
igniter for Engine #3 failed to 1gnmite. A red crew was sent to the stand to
wnvestigata, Repeated attempts to ignite the #3 burner were unsuccessful,
The crew was brought bhack and the decision made to proczed without the

#3 igniter,

-7 -
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3,1 {continued)

The auto sequence was initiated at 1401 and continued without hold through
the firing period. The engines ran for the planned duration.

Simultanecus drain of LOZ and LHZ was 1nitiated at 1417, Drain was
complete at 1534, -

3.2 Test Events -

Significant events for MPT S2-001 are presented in Table 3.2-1,
3.3 Facility

3.3.1 A post static firing inspection of the flame deflector and associated
High Pressure Industrial Water Sysitem Plumbing was conducted. There was
no structural damage found to either the deflector or associated plumbing.
Likew:se, the flame pattern exhibited no hot spots on the deflector surface.

3.4 Software

The MPT Secftware performed as expected, There was a failure of the FID
buffer readout; however, this was considered a minor problem and had
previously been documented as DRX0167-98, The problem has since been

corrected by SMS MMN-~0211,

3.5 Data Processing

The data procsssing for analog inputs to digital recording systems 1s working
satisfactoraly,

(a) A few manor problems were encountered; however, and are corrected
or in work via data squawks,

{b) More attention was placed on wideband data for this test due to test
duration and power level, The sigmificant data anomalies fall into
the wideband area such as:

(1} 16,5 Hertz noise on one CBW system (100 channels of data), The
noise level 1s between six to ten percent of the total data range
which interfers with data analysis, This problem 1s under
wnvestigation by the test data data acquisition facility., -~
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3.5

(2)

(3}

(continued)

A large number (34) of POGO measurements are not working
or the signal 15 going into saturation. The saturation problem
1s probably an over range of instruments on approximately 20
channels with the rest of measurements under mmvestigation via
data sguawks,

The Orbiter and test stand overpressure measurements are
producing signafures which were not expectea, No known
reason exists at this time to explain data, but the problem
1s under investigation.

Four out of five acoustic measurements are not working

properly. The measurements are under investigation via
data squawks. -
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TABLE 3,2-1,

EVENTS

Start Propellant Load
Chi1laown in Progress

LHo Solid 2% Going to Fast Fill

LHz Soiid 5% - Fast Fili
L4 Solid 20%

L0z Start Staw F111 (2%)
LH2 60% Flashing

tart LHg Recirc Pump
L0z 2% Flashing

Lz 80% Flashing

Ld> 9875 Flashing

L02 2% Solad

L0z Fast Fi11 Open 10% Solid

L0z 207 Wet

L0y 407 Wet

L0z 60% let

105 80% Flashing

102 98% Flashing

02 103% Flashing

Lz 100% Flashiny

Start Auto Sequence

Enginz Ready

tEngine Start

Run Time - #1 - 18.17

#2 - 20.85
#3 - 20.73

Engine OfF

LH2 Prevalves Closed

In1tiate Propellant Drain
L4> Drainback 1n Progress
L0z Drainback i1n Progress
Llz Drain Complete

LHo Orain Complote

MOG0S Compiete

- 10 .
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SIGNIFICANT EVENTS FOR TEST MPT-82

TIME OF DAY

08:02.30
08:11.00
08:35.00
08:35.45
08:54.00
08:54.00
08:56:45
08:57.05
09:00.15
0%:04.00
09:05.50
09:08.50
10:29.30
10:36.00
10:40.50
10:49.00
*T:53.10

:08.50

125,15

.28.,50

:02.40

:09.55

:11.30

14:13

14:17.30
14:20.30
14:30.00
15:18.00
15:34.40
15:35.45
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4.0 INGINEERING ANALYSTS

L3 Propuls:ion Systams

k1,1 Main Propulsion Systems (MPS) - Integrasved

The Orbiter Main Propulszon Suasysztem (MPS), ucilizing three (FE
Space Shuttle main engines (SSME), and assisted by wwo solid
rocket boosters (SRB) durirng the znitizl vhasas of the ascent
Tra]ectory, provides the veloecaty increment and shrust vector
control from liftofs wo & predetermined velocity prior SO orsiv
insertvlon. The MPF includes the SSME's, and has subsystem com~
ponents installed on the External Tank (ET) as well as on the
Orbiter MPS operation begins wath preparation for propvellants
loading and ends arfer landing, The MBS conszsts of the
Tollowing sub-systems;

&. Propellant Feed to Main Engines

b. Propellant F1ll and Drazn

¢. Engine Pre-start Prépellant Conditioning
d. ET Pressurization Convrol

2., Pneumatic Valve Actuaztion, Main Engine GHe Purgs & Lins
Repressurizgtion

. Main Epc-ne (GN2 Purge

0Q

Propellant Management

P.

Space Shuttle Main Zngones ((FE)

1. Engine Heat Shield -

J. Pogo Suppression (nov applicahle to MPT S52-001)

All of the tast objectives vervaning Lo the MPS delineated in
the Dertailled Test Plar for Test No. MPT-S52 were essenizally mew

The on-site quick look data review for static Tiring MPT-82
notad the following anomalies-

&. Cavitation of the IHZ recirculstion pumps during the count-
down. This was causad by back pressure in ths Gy vent systam
choking off the hagh voint bleed Jlow The sive s 1ssuing
& CR ©o modify whe vent system.

b. The engine #3 nozzle was discolored. This is attributed to
Terburning caused by a lesking mein fusel valve. The walve
has been replaced Tha nozzle 15 okay as is.

¢. The engine #3 inlet vressure measurements snitted badly
during the firing with the ILI2 vressure approachins the red-
line. This was predacted oy SD instrumenat-on a&s these
transducers are not insulaged., They will be insulazted Zor
static firing #3.

SD78-8H-0125
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Propellant Loading.

Simplaified leading and instrumentation schematics for the EHE
and I0, systems are presented in Figures &L.1,1.1-1 througn -4;
Figures 4,1.1.1-1 and -2 for IH,. These messursments represent
the datva wnich has oeen resviswed Zor this report. Timelines for
the ILi, and I0, vankings are included as Figures 4.1.1.1-5 and
-6 respectively.

le Tankang Procedure. -

The only restriction on hydrogen tanking was an ET maxamum
tank pressure of 20 psig TO Drevent a pressure cycle (the
loadang procedurs weas wratben with a2 10 psig limit to insure
that the 20 psig would not be violatad)

a, Perform inivzal Jzcilaty and venacle chiil by flowang cold
gas Irom the barge svoraze tank pressurazazion vaporizer
“hrough the system and out vnrougn the IT vent valve.

0. Initially 2111 wne fecaiicy and venicle to the 24 level by
pressurizing she oarge storage tanks to 65 psig and flowing
IH, 1nfo the system tnrougn the facality slow fal11l valve.
Flow during this period was estimated Lo be about 1000 gpm.

c. Fast f111 to the 98% ievel by Jlowing througn the Tacility
Jast £ill valve. Flow during tais period was approximately
12,350 gpm average.

d. Top to mhe 100% level througn the facilivy slow Zill (FCV1OT)
and replerash (ICV1IOS) valves av a flow in excess of 1000
zom. -

e, Maantain vhe 100% level wath wne replenish valve.

“li? =
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4,1.1.1.2 LE2 Tanking Discussion
a. Timeline

The sequence of events for the LH2 tanging are listed bdelow.
The Times oFf events wWere obtained from the Zigtorian's Log
except those designated (~) which are From the DEE. All
times are referenced to T-0 of 78:139:14:10:556.010.

Time, Seconds Event
-22,10L Start LE2 chillidown
-20,871 tart LH2 slow £3i11
-20,575 (*) TLH2 at 0.5% sensor
-20,470 () L2 at 2% sensor
-20,253 () LH2 at 3% sensor
-20,239 (%) LE2 at 1% sensor
-20,16L . Starc LE2 fast f11l
-20,137 LH2 at 5% sensor
-20,100 (#) LH2 at b sensor
-20,098 () - LH2 at 10% sensor
-19,773 (*) LH? at 20% sensor
-19,3k1 (=) LE2 at k0% sensor
-18,900 (~) LH2 at 60% sensor
-18,859 Recire pumps on
-18,h59 (=) LE2 at 80% sensor
-18,k11 L2 at 987 sensor
-18,376 (=) 142 at 100% sensor
-18,369 (~) N IH2 at 100.3% seasor
~18,3€0 tov fast f211
-138,347 () LH2 at 101.0% seasor

o
=i

T Li2 Ullage Pressure
Tigure 1,1,1.1-7 - AkSpolklom, =7 TLHZ ullasge pressure 2.

For system chalidown and vanking the maximm 3T ullage
pressure occurs during Tacalisy conill down. The measured
value of 5.8 psig agrees with the RT computer prediction
of 5.1 psig. -

A second smaller pressure pezk of 3.1 psig ocecurs during
fast £111. Sevaral additional pressure pesks are zndicatad
a% approximately T-17,500 and T-1&,000 sec., These were a
result of ullage pressurizatzon associsted with recirc pump
restart atcamps (See preconditioning discussion). All
pressures are below the maximm ZT cycle lxmit of 20 psig.
Mo anomalies were observed in ullage pressure during the LE2
loading.
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MPS 12 F/D lipe and Orb/GSE I/F Temperacure

Figure 1,1.1.1-8 - aAh1TO8hgH, MES f11l line temperature
Figure L.1,1.1-9 - gk1T8705H, Orb/GSE I/# tempersture

Sovh measurements 1ndicate that the nydrogen reacned liquad
temperature av approximasely ~20,750 seconds, The off~scale
high 1ndications subsequent to -17,000 are assocaisted with
recirc pump attempted starts. (see pre-condisioning)

Orb/GSE LH2 I/F and Fast Fill Valve (MVIOL) Pressures

1.1-10 - ¢k1lP87CkH, Orb/GSE I/F Pressures
1.1-11 - 7L1PQ761H, Fast Fill Valve (MVLO1)
inlet pressure

Figure 4.1,
Figure k.1.

The pressure iime nistories indicate several anomalaes. The
first pressure spike at -20,16k seconds (Figure b 1.1.1-10) =s
caused by the opening of the main Pzeilaty Fi11 valve (MVLOL)
and the passage of warm LI2 (trapped at the valve inlet)

through the s¥stem, Thig 1s normal and expected.

With fast f111 complstion, facility valve MVLOL was closad,
followed almost immediazely by the copenming of the Orbiser
toppang velve and The closing of the inboard £211 and drazin
valve. This sequence caused The Dressure surge shown on
figure £,1.1.1-10 at -18,3k0 sec. A4 second pesk was seen at
~17,650 seconds with the closture of the outboard 111 and
draxn valve,

The two pressurization cycles; shown in botH Jigures, between
-16,000 seconds and -1%,000 seconds wers performed to permit
leak checking of the faeility drain lines in which a mazor
nydrogen leak had been detected. Red crew personnel were
able to sufficiently reduce the Ilow from a leaking Marmon
flange that the test was resumed. Venting of the transfer
system, prior To The crew encering the area, 1s shown in both
f1gures at approximacely -17,000 seconds. At abour -10,000
gseconds flow o The wvehicle was reintroduced and hydrogen
loading was satisfactorily completed.

-21 -
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Tlowrate

Yo flowmeter is ingtalled in the LH2 main £2x11 system so flow-
rates mist be determained from the point sensors in the ET LH2
tank or from the delta P sensors. As of thais writing the delta
P data nas not been evaluated. The Tollowing average Ilow-
rates Detween poant level sensors 1s based on the first flash
of each sensor as recorded i1n the historzans log (DEE data was
inconsiscent for this purpose). Thas is reflected 1n Figure
h,1.1.1-5. -

Level Volime Tame Flow
From=To (Gallons) (Minutes) (GEM

0.5% - 2% 5,686 2.60 2,187

% - 5% 11,449 5.18 2,209

5% - 10% 8,08k 1.10 7,3k0
10% - 20% 68,81k 5.30 12,984

20% - oo 90,90 6.98 13,022

Log, - 60% 90,901 7.52 12,093
60% - 80% 91,327 - 7.78 11,73k

80% - 98% 9,941 0.83 11,929

LH?2 Point Sensor Operstion

As of this writing, analysis of the point sensor operatlon 1S
not complete., Due to computer buffer saturation, DEE data
on polnt sensor operation is rejected. PCM and SATS data
from the Slidell Computer Complex, during the tanking
operaTion, is similarly unusable due to sampling raves and
"fhainping” procedures. TFortunately, the discrete data frem
the sensors in vhe 98% to 101% areas is recorded on PCM and
can be made available by special request, This daca will be
analyzed upon receipt,

- 26 =
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LO2 Tank:ing Troesdure

Restrictions on LO2 tapking were: (a) maximm flowrate limited to
3500 gym to prevent Slow induced vibration =1 the Crbiter/GSE
dzsconnect spoolpisce bellows, (o) maximum IT LO2 tank Dressure
was limited to 18 psig to avord creawiig a2 tark pressure cycle
(the procedure was written with 2 16 psig lim:t <0 1insure zhat
the 18 psig would not be violated), and (¢) minimum 3T LO2 Tank
pressure at tank levels sbove 10% was restrictad to 0.5 psig o
meet tank structural regquirementcs,

a. Initiedly chall che Tacilzty lines by a gravity flow of 1LO2
from the vented barge storage tanks ouc through the system
dump valve (MVL10) and through the ZT.

b. Continue Facality chill by pressurizing the barge storage
tanks o 38 psiz.

c. Initiate Orbiter ckall and 111 by brainging on one 250 gpm
replenish pump,. throttling flow with the replenisn valve,
LCV illk, apd venting the chilldown vapors through the I 102
tank vent valve., Maaintain LOZ2 ats Orbiver ZCO sensors.

f= N
.
l:;

i11 the T ©o vhe 2% lewel utal:zing the il Flow capacuty
of the 250 gpm replenish pump.

e. Fill the T to the 98} lewvel utilizing three 1000 gpm main
punps (one from each barge) and one 250 gpm replenish pump.

£. Top to the 100% level with one 250 £pm pump.

g. Mainvain tne 100% level with the rsplenish system.

-

102 anking Discussion

The 105 loading system performed sawisTacsorily Several large
lezks were discoversd on the 102 Barges bubt were sucn wat zhey
could be reduced to an acceputable level. - Mo other ser-ous
anomalles were noted.

a, Timeline
The sequence of events for the I0p tanking is listed below
The times of svents were ovtained from the Historian's Log
and 2rom the DEE (+). All times =re rsferenced to T-0 of
78:139:1k:10:56.010.

-27 -
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Time, Seconds Zvent % BBoR QUALITY

-22,101 vart 10, challdown
-21.,926 Start 105 gravity cnill
-20,986 Pressurizse barge storage htanks
-20,031 Start repl. pump-inxtiate Ord

ch111/£i11
-19,055 Start inatial 2111 to 2%
-18,5690(+) 0, 2% sensor -
-18,606(=) I0o 3% sensor
-17,300 PCVLED Fazlure
-16,6k1 105 5% sensor

IHy Systam Problems
-13,285 tart fast full
-13,273(*) I0p 10% sensor )
-12,057(+) 105 20% sensor
-12,632(+) 10, 409 sensor -
-12,156(+) 102_60% sensor .
-11,888(+) I05 80% sensor™ 77 7 -
-11,5h1 ~ Shutdowvn one 1000 gpm pump
-11,226 Shutdown sscond 1000 grm pump
-10,901(+) 0o 98% sensor
-10,8k6 tart Topping to 100%
- 9,763(-) 10, 99.85% sensor
- 9,725(=) 105 100% sensor
- 9,580(~) 10, 100.15% sensor

o. IO, ET Ullage Pressure
Tagure 4 1.1.1.12 - AL8POLECH, ET Ullage Pressurs No. 2

I0, ET ullage pressure 25 as expected during challdown and
£1ll:ng of the facility, orbiter and BT The mexamum allags
pressure of 2.L psig occurs durang fzcilisy chiiidown. The
small rise 1n pressure av apout -19,000 sec. occurred during
inatizl wenk f111 AT eporoxametely -16,500 seconds tne
Praimary ET Vent Valve was closed putvaing the auxiliary vent
lines crafice into control. Thais cack pressure 1s reguared
for tank svructurazl sviffness. In preparation Tor the STArs

of fast Tall, the primery vent was ovened (-13,300 sac.)

The <ank venved pefore the 10, oarge pumps were brougat up

©o speed. AT the end of fast ©I11, the primary vent was again
opened, putting the orafice back in control for the remainder
of the prefairing period.

The pressures are always below the T maxaomum oycle lamaf
of 18 msiz and apove the Tank minimmm of .5 vsig when the
vank level is above i0%

111 Taine Temperatufg . .
Frgure 1,1.1.1-13 - Gh1T8725E, Orb/GSE I/T Temperasure
The datae indicates tnev liquad O, arraved at the Oro/GSE/I/F

C.

g2

L3
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t
© approximately -20500 seconds Draor Te branging
Dlenisn pump on line 2% -20031 seconds, A
temperature 1¢ seen zafter the repienish pump comes on line

Orpiver and Facilosy Laine Pressure

Faigure b 1.1,1-1bk vh1ogho8KE, MPS 10X Foll Line Press P227
Figure %,1 1 1-15 ckip872by, Orb/GSE/I/F Fressurs

Figure 4,1,1,1-16 7LI1PG709H, Main F1ll Valve (MV10Q) >ressure
Figure 4.1.1.1-17 :hmgvoh**, PCYLE9 Outlet Pressure

The orbaiger and Zacility line pressures appear ©o be normal
when comparad with the sequence of events. Two znomalies
nave oeen identified during datve review. They ars:

(1) On Fagure L.1.1.1-1L a pressure spike az

T arproxaimasely
-3000 saconds 13 indicavad. Revier of a1l

available
data both upstream 2nd downstream of this measurement.
&35 wall z= d’SQ*EuE daga, does noT sunnorz Thas annar,_u
anomely. Iv has been concluded that the "spize” 1s bad
data. .

(2) Figure L,1.1.1-15 snows a2 signiflcant reverse Dressurs
spike at approximstsaly -11.,000 seconds Investigation
has shown this to e the resalt of valve sequencing
such that she facilisy dump valve (MV11O) came open
before the main fall valve (MV109) reached the closed
position,

Flowrate -

The data received from she ac:l;:y Zloumeters was ~ncomelusaive
g shat flowrates must oe determined Zrom she p0int sensors in
the ET I0p wank or from she delta P sensors. The following
average Tlowratas between point level sensors 18 based on

the first flash of eacn sensor. Delita P dazga con:‘*ms e
flow razes. This 1s ceflecsed za Fagure b 1.1. l . 32ecause
of = number of LOX leaks in the dock/barse are the vanking
procedure nad to be sxtended defors the ssars of "Fast Till.
Durzng Fast Tiil the 3500 gpm flow lomagation ras excseded
slightly (approximataly 3600 gpm max.) The vast conductor
was maintaining 3500 gpm as indaicated t©o him by & Danel meter
Thas 135 well waithin che meter Tolerance.

r.n
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QR POOR &

Iavel ) Volunme Time Tiouw
From-To {salicns) {Minuzes) _(ero
2% - 5% L,2ul 3k,15 124
5% - 10% 11,908 56.13 212

0% - 209 12,949 3.60 3597
209, - Lo% 25,018 7.08 3532
Lo%, - 60% 27,838 - 7.93 3509
50% - 80% 15,670 L ley - 3508
80% - 9%% 0,095 16.k5 2h37
984 - 99.859% 2,651 -18.97 140
99.85% - 100% 215 0.63 339
100% - 100.15% . 215 2,2 89

T 102 Point Sensor (Operziion

As wes sftated for IH,., a5 of this Wwriting DOINT SEnsSOr OpPers-
Tion nas not ceen combletely evaluated due to a lack of adequate
dava. The sensor operatvion in the top of the ET IO, tank will
be evaluated I{rom PCM data upon recexpt of that data.

hoa.1.1.5 L, Replenish -

The outputr Zrom zhe 10, replenash flowmetver was inconclusive.
Jowever, no other anomslies are known.

,1.1.1.7 L, System In Auto Sequence and Zngine Fairing

The L32 loading system performed azs sxpected.
L,1.1.1.8 1D, System In Auto Sequence and Engine Firing
The 102 loading system performed as expecsed.

L,1,1.1.9 IH, Desanking Procedure

L

1AV
3
n
cl
iy
o]
ct
cl
jny
1]
£

The only restriction oz the off-loading of

L o IH
- -T2
tank ullage pressure was not o exceed 16 psa

o
[
Q
By
§e
g

cthe barges for drainback by opening tank vents and
mzin line valves,

b. In the vest stand, open the mzman 211 valve (MV101)
c. Open the Orbiter outboard fi11l1 and drain valve.

d. Pressuraze she =T 332 Tank To not greater shan 10 psaig.
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2. Open the Qrbiter inboard £:11 and drazin valve zand drain vack
o parge. Do not lncrease IT tank pressurz above 16 vsig.

1%, Devankipg Discussion

Drain of the IX a
be seen 11 FiguFe k.1
on The chart are rs
grm.

nk was accomplisned without 1ncident, as can
J1,1.1-18, 1H,_ tank uilege pressurs  Times
Teranced to T-0. The average Tlow was 7500

L02 Detanking Procedure

Restrictions on off-loading of IO, were That flow was not o exceed
3500 gym (as controlled by Orb/GSE interface £111 line orifice),
ET I0, tenk initial ullage pressure not tc excsed 7 psig (To
estabIzish proper inlet conditions to the Zlow limiszng orifice),
end thaw the Orviver 2211 aznd drain valves were not to be operatad
with g delta P across either of them 1n excess of 50 psad
a. Qpen the outbeoard 2ill and drain valve afuer the Jirst
pressurizing between it and the facilisy mazn £:11 valve
(MV109) to equalize tressure across PV9. (3ota the inboard
and outbosrd Fiil and drain valves are closad at the end of
aubo-sequence)

b. Close m2in dump valve (MV110), pressure control valve
(pcvk69) and pressure consrol bypass (pavlelele)

c. Open MV109 and olock valve (MV108).

d. Pressurize main T111 line G0 reduce delsa F across inpoard
211 and drain velive

e. Open inbosrd Till

and valye, Mvlll and 20VLE69 seq=
wentrally, but in rap

a1n v
order,
dO Devanking Discussion

OfZ-loading of I0, was accomploshed as sxpected and witnous

1ncident as can b€ seen by Fagures L.1.1.1-19, ET 10, U__age
Pressurs, and L.1.1.1.20, Orbzter 10, ¥111 Zize Pressure

Detanking was initisted with a 7 Uszg wllage pressure and was

increased to 9 vsig agiter avproximately 2 minubes, This 33 _
sufficient time to reduce the LO2 head in the vank so vhat the
inleT pressure To the flow limiting orafice_deoes not cause Flow tq_
exceed 3500 gpm. Average drain flow was 2600 gpm.

The pressure rise ir the [0, Fz
opening of the outhoard 2iil & el valve at approximasely 950
seconds, wes due To vrapped I0s 13 <he line vellows and valves.
This condicion 1S not anomalous, but the magrnitade of the pressurs

111
dra

is greatver than will be sesn in flaight cecauss ol the
shorter duration of a locked-up condition for ITlignw.
- 37-
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1.2 Pressurizalon Systen. r zation gyssem performance for the
IT I, end T0p vanks 1s presented in Fagures b 1.3.2-1 shrough -1B  Included
e tank ullage pressuare histories, pressurant characteristics &t tne Orb/ET

interface, ORB/CGSE interface pressure, and ORR/SSME interface pressurant
characteristices for wnich EZngine Fo. 1 was selesctad as representative.

Uliage pressures In ooth tanks wers meintained within vhe prspress and prass-
urization control bands., Ullage pressurs oversnoot, whacn occurred during
MPT-8¢102, was solved oy an orilfice modif:cation to the GSE aelarim scpoly
valves. The ¥, prepress conurol vand was L3-U6 psia Zor sShis sest wo

avoid countdéown recycling dus to erronsous SSME ctransducer informacion. =Rase-
line 1L, prepress control band is kl-bh pgia,

Orb/SSME interface pressurant characteristics wers as expected during the
firing. Orp/SSME interface GH, pressurant pressures and temperaturss were
reasonaoly similar for the three engines GOp gpressurss rangsd from 2 low
of about 2300 psia for Engine Mo 2 to a high of about 2610 psiz Zor Engine
Mo 3. Orb/SSME interzce temperatures ranged Srom 2b59F Jor Eangtne No. 2

to 3259F for Engine ¥o. 3 at engine cutof® command. The GOo pressurant
temperature diad not stabilize during the 15 second Zirzng dus ©o she slow
response of the SSME heat exchangers, bulb the G02 Temperature Transient
characseristic was evident 1n Drevious single engine tests. GH, pressurant
temperavure 2t the Orb/ET interface vas belov the ICD minimum for 70%

nower lavel, natv is CconsisTent with more yrscent engine data -which indicatas 2
different tempersture vs. power level characteristic than that n the Orn/

ET ICD. Pressurization duct pressures at the Orb/ET :nverface and IT orifice
inley were near the sxpected values, except for she 10, Zlow control valve,
wnich cycled once during the stayst transient. Lhae pressurization flow connrol
velves did not cycle durzng the firing Tae I, Ilow control valves rema-ned
closed as the ullzage pressare dropped predictanly Srom the L3-h§ psia orepress
control cand <o the 32-3L Ds-a mainsTage pressurizatoon control pand. The
05 flow control valves remained open in order TO SUpply Iressurant 4o
ma2intain 20-22 psig ullage pressure (3b 7-36.7 psia at ground level). The
orafices in the G02 flow cootrol valves ars szzed To melntaln 20-22 psig
ullage pressure durzng Ilighwt.
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4.1.1.3 Preconditioning
L.,1.1.3.1 1d2 Preconditioning (LH2 Recairculation, LE2 High Point Bleed)

For MPT-S2-001 a number of physzcal and procedural changes had been
incorporated to eliminate previcusly-identified problems and to
bevter aid in verafication of system performance. OCne of vhe major
procedural changes was to turn the recirc pumps on prior to fast
Till termanation. Tor this test the pumps were wurnsd on at the
60% level. As predzcted, stable pump operation was obtained, as
seen on Figure &.1.1.3.1-1la (-18.870.sec to -18,380 sec).

Howewver, snortly aiter fast 11l Termanztion the pumps cavitated.
Examination of the aveilable dava plus verbal information from
cognizant personnel has establisned that the incident was the
result of desagn problems with the facility rather than an
inherent deficlency of the LH2 preconditioning system.

Durang Fast £111 the main £111 valve (MVLOL) and whe topping/
replenish valve (LCV10S) were open and the slow 11l valve
(FCVLO7) was closed; flow entered the orbiter system through ihe
inboard Tall and drain valve (PV12). Refer to Figure 4.1.1.1-1
for valve locations. As noted earlier, the regirc pumps were
Turned on durang fast 211 and operated stably. At fast fil1
Terminatlon the topping mode is activated by closing MVL0L. The
desired (ICD) vopping rate 15 9-11 1b/sec (920-1120 gpm). ZInas-
mach as vhe range of the topping Tlowmeter (FE10S5) s only 0-300
gym 2% was assumed that a nomiral topping rate of 1000 gpm could
not be attained througn LCV105, consequently FCVIOT was opened
approxamately 50% wo help assure thet an adequate TODPRLREZ ratTe was
attained. DPrior experience had shown that, with the facil:oty
valves in the noted positions, high Ort/GSE I/F pressures resuls,
thereoy causing relief valve (RVL) to open (33 psig cracking
pressure). To avoid opening the relief valve, MVLOM was opened
to trim the I/F pressure by dumping fluid into the facility vent
system. The flow from MVIOL was dumped inco a L" facaility line
also used by the LH2 hagn point bleed system and the RTLS dump
system. DPressures on the order of 10 psig were developed in the
faczlity vent line, as shown n Figure &,1,1,3.1-2 (7-18,350 see).
Inasmuch a2s the pressure in the orbiter 17" line s on she order
of 3.5 psig (2.5 ps1 hydrostatic head plus 1.0 psig ullage
pressure), vapor flowed 1nto the 17" line through the high point
bleed line. The inflow of vaepor displaced l-quad xn the 17" line
and resuwlted in recirec pump cavitaztion.

- 56 =
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An additzonal problem has been noted relative to the topplug rate.
The topping ©low enters the orbiver system through the replenisn
valve (PVL3), after wnich it merges with the recirc refurn Flow
going to the ET. High topping flow rates can cause high pressure
drops 1n the reecire return line, thereby causing a reducgtion 1n
recirc punp flow. -n FTigure L,1.1.3.1-1z (T-18,380 see) 1t 1s
seen that the reecirc pump delta P dad go hign during tcopping,
indaicative of reduced flowrzte. The calculaved flow rave during
the topping perzod is 0.%9 ib/sec.

The calculated pressure dyop througn the orbiter replenisa sysTtem
15 9.0 ps1 at a topplag rate of 11.0 1b/sec. With 2.8 psi hydro-
stacic head at the O0rb/GSE I/F plus 1.0 psig =T ullage pressure
the expected max interface pressure would be 12.8 psig. On
Figure 4,1,1.3.1-3 1t 1s seen thai the Orb/GSE I/F pressure was
approximately L0 psig durang she topping period (T-18,380 sec)
resulting 1n a orbater system delva P of 36.2 psi (40-2.8-1.0 =
36.2 ps1), The estimated topping flow is 22.06 1b/sec

(11 ,f36.2' = 22.06 1n/sec), or 2250 gpm. Alchougn the high

9.0 -

topping rate is 20T considered wo be the praneapal cause of Tae
recirculation D@D CaVitatlion, 1v Was a contributing faclor ioas-
mich as she reduced recirc pump flow tends To cause more of the
system heat load To g0 To evaporation rather than to bulk heaton
of the liquid. It 1s to be emphasized, however, tThat recirc pump
cavztation could be caused by excess back pressurs in the recire
revurn line, and pump cavisation might have been encountered even
1¥ the haigh facilaity vent line pressure had not teen encountered
concurrently. -

If there 1s any "culprait’ in the pump cavitation evenc, 1%t may be
considered so be the lack of facil:ivy flowmeter to measure topplng
flowrate. The absence of a sultable flowmeter caused the Test
conduczor to operate 'blznd", thereby resulving in the sequence of
events that resulved 1n pump cavitasion.

To help awvoid recurrence of recire pump cavitatlon due To algn
pressure 1n the Tacility vent line, The M3TL facility i1s being
modafzed to add a2 new section of 3" dzameter line so duct the L2
high point bleed Zlow o the 18" wvent l-ne independent of Il

from valves TCVLO6 and MVIOL., TIi is recommended that a suitable
topping flowmever be incorporated into the Tac1litTy as soon as
possible. Unatil a flowmever 1s available, the Orb/GSE I/F pressure
(GL1P8704H) may De used as a giade., For the ICD sopping range of
9-11 1b/sec (920-1120 gym) the anticipated interface pressure is
9.8 to 12.8 ps1g. T% 1s recommended that during topping the
interface pressure be maintained in the range of 10-13 psig
(replenish valve PVL3 open, and inbeard F&D valve PVL2 closed)
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The topping Ilow should be atvvained -nitially witn LOCVIOS zlone.
Subsequent adjustments to the position of LCVL0S and/or the
partial opening of FCV1QT7 should be made on the basas of the
observed I/F pressure.

After a down period vo fix a fagrlaty lesk the vapor in the
orbiter L7" line was expelled by a brief drainback period, and
The recirc pumps were reactivated, Stable operation was attalined
as shown by the pump delta P curve on Fagure 4.1.1.3-1b. A%
T-10,150 sec replenish flow was initiated., The recirc pumps
continued to operate stably after replemish iniviavion bub the
recare flow dropped slagntly in response wo the added back
pressure produced by the replenish flow. With stable recire
Tump operation the engine inlet Temperatlure reguirsments were
easily met., Figure L1,1.1.3.1-% shows the engine inlet conditions
obtained from MPT-82-001. The values were very close to prediched
and the prestart conditions were well within the engine prestarc
box. It is noted that for thas test the ullage pressure was sev
at L3-16 psia instead of the baseline range of L1-43 psia. The
higher pressures were used to compensate for errors 1n the
1nstrumentation for the "engine ready" signal, thereby helping

To avoid an unrecessary firing inmibit signal.

On the basis of data from MPT-32-001 1t 18 concluded that the LER
preconditionaing system is satisfactory. Observed anomalzes are
explained by provlems originating in Tco2 Sfacality. Resolution of
<he physical and procedural problems n the facilaity snould

prevent a recurrence of The recirc pump cavitation problem.
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koi.1.3.2 10, Precondiztioning (IDQ Overboard Rleed. Antizeyser) For

MPT-32-C01 the L02 oreconditioning system worxed sacvisfactoriliy. The engine
inlet DresTart tempsratures were within the start vox, and she YPOP discnarge
was suocooled. This informstion is shown in Faigure L.1.3.3.2-1. The under-
lined measursments -n the Taple of Figure L 1.1.3 2-1 are vhe ones used Jor
the figure. Althougn the pressure lavels ars clusstered fowara ths lower
pressure side of the prestart oox, vernsl nformzcion Irom SEST OpServers
ind:eatas thas the pressures actually vers closer o the predicted values

The only problsm was procsdural. For this test she oleed low had oesn
adjusved ©o 80 gpm, based on verbal informetion. Althougn the desired rangs
is 69.5 ©o 75.9 gpm (11-12 1b/sec ), the 80 zpm 1s closer to the desirsd range
than had been obtained 1n previous tasss. However, at T-R80 sec. the bleed
low was 1nexplicably increased to approximasely 105 gpm. Figure L,31.31.3.2-2
shows the Orb/GSE bleed I/F pressure during asutosseduencs

The only effzet of the anomaly jras to degrade evaluation of the basel-ne
system. For future tesus 1T 1s recommended shat the blsed “low consrol valye
(TCV112) be preadjusted to 2 bleed rats of 70-75 zpm w-th 1004 ioad and
ventaed ET; readjustment should be made only 2f the desired rave 15 not attain-
ed at the 100% level.

For this test the auxtliary helium bubbling systam was implementad for the
antigeyser line. Tnasmuch as the hel:=um flow is controlizd by an or:fice

in the ET sgysvem, there was no epparsnt charge 1n antlgeyser sysTam operation
from previous tasts. The eshim=ted Orb/ET I/F Tamperaturs vas -295 30%
during autosequence as opposed To vhe meximum allowanle temperaturs of
-291.7°9F As 1n previous uests, there was no temperafure spike in the engine
inlat temperziurs during autosesquence-drain-oack.

3ased on data from MPT-S2-00L and previous Tests 15 15 concluded Tnat <he
0o precondivioning system is satisfactory  Pre-setsing the oleed control

valye and avoiding readjustments during a test will aid in a more complece
verification of oazssline system performance.

- 59 -

SD78-8H-0125



5Ll HS=8LS

SPACE DIVISION (ROCKUELL)
FROPULSION ANALYSIS GROUP

FI&OEE

4.0 1.3, /- la

TES™ NMIER PPTSFR
TES™ DaTE nay 19, 1379

, A41P9862H  NE-2 LHZ RECIRCN PUMP DPRESS
0
- O 2 i A
START TOPH/NG VEMT LINE
Puiar oPeJuL' WhTH {TOPFIVA
15 //.-'? PJ 1D
STABUE rec [PomP oReeaTion ~ [0 Y7 P5ec Kecsxe
8.5 A\D 5 1Lkgcd/ssl ““‘\ t'/
. 'i FUnpP CayrnTioy
A RECIGC PUNES STARTED |- Lf
10 .
A
* J'\ ( 4
[ ! |
5 6 \
l '
b STARYT |FAST FfeL 1 Ld -
R
Y
Lo ILEVEL InDIC J
-5
-a‘a -all "'2-0 "lcg "1.3 "‘l? "‘tﬁ

j4578

X104

TINE IN SECONDS

{REF TIMet 78,1390,14,19,56. 1&)




€CI0~HS-BLUS

[

SPACE DIVISION {ROCKUELL)

Tl

=t U D

FIGURE 4, 1.[. 3./—~1h

TEST MODIR

HPYSFZ

PROPULSTON ANALYSS GROUP TEST DATE HAY 19, 1975
A41P986EH  ME-2 LH2 RECIRCN PUMP DPRESS
12.5
_‘, STALT ﬁszc%m_-w
~STHBLE R4CIRG § NErL f_W
10.0 / &.125 i
‘ \\ i bR L8 Ssel Ploel
- ‘ﬂ[ 1
L UL TSP TPV PR Y R A el i W
7.5 t
‘ -STABLE RefFcre OPERYIION
- alt Asio 1
1 14 Lfs/séﬂ_
5.6
a's
8.0
"1-5 "1-“ '1-3 "lda "l-l 'l-a "9.9 '6.3 "@-7 "'BGB _015
x30
TINE It SECONDS (REF YIME' 78,139,14,16,56. 10)

14578

ALTTVD HOOd J0
SI E9vd TVNIDIEO


http:79],13:9,14410,.56

SCTI0-HS-8LOS

SPACE DIVISION (ROCKUELL)
PROPULSION ANALYSIS GROUP

FIGIUEE lll;/a /.3:/"2-

TES™ NN BER HPT1aF2

TEST DATE HAv 19, 1978

G4A1PE713H  LH2 RTLS DUMR QGSE/ORB INTFC P PT22

VENT § DUmP M\
OFENED FIRST 7T

o4 —
ImE

- H-

—

B L\J! LL'.

13,5
10.0
D
?
: 7.6
P .
5 5.0
l ]
G
g2.5 \
0.0 /'J

-2.,9

TIME IN SECONDS

-Iug
x104

} t
~1.8 -1.7

(REF "INEL 78,136,14,10,56. 1¢)

-1.6




ORIGINAL PAGE IS
OF POOR QUALITY

FIGURE o dd . 3. 2=/

A

—t

o0

-
|
'n
I
i

R i
R [ S B TR
- S - S - S I IS NCS B T JEST 35 U

; S Q1 E i ¥R S -

e I e o S TR

- . _ - NEivg SR S T T\ N S~
N Ty T ....I..H.Illl“\l\m ..HiM. = f””i === ==
DR W (O Ko s I e ol ol
s T A i YA AR SR TR T
RS S N R R S B S
N N BN N S e i | IS Y O T
- N — Tz - HMHM_ ==z -/1N*lm, )A....” .”r-“ =l it el P R I
.........D/ N S ..-..m/wm_hn:lli-w//w./i.}..uxll-fmf..i.. =E53 MRS AN
N — PR R w R U S ) et Bl . N
N e 7L g PR R VERTS N EWE. u._.uu.w..l.rl. JE* R EE % B
B B B E o e e o LN o S I R R
8 B L - C_ D.u"\.l SRR _M ATl § o_M. k)
R B - =il e Rl = -
e 1 e A St ey -G L R
N I gup— G _1 a/U - — i U e /1.. !
M -w.-l - = - Mu:.t,~ ~ < - M.\_..W.
: b ¢
¢
¥ R

'
|

Ve p Spy T

|

i
T—l'_l
| "
4

4

]
by

.
1
|
()

TION o« AP

ey P4
!
I
i
|

IPLE 3O 4

V4P 1338

34

et il

F131H (F4EB)\ ypPrr3ok

—————y

v preige

i

v (S

V#r /23 H(FYED
74 [F‘;/évﬂ'f)1 val Praze i
.":.r'i:
|
.
7
£ -

¥

';1?0 [
LENGINE VL

V4 71,237 ¢

| V41717337

o
S v T30 (S) Valvsr P rrzocl (s).

£t

%4

o
1

{
:

Nvarri1337 ¢ (S)

=

:I.’hl
7o
. o5

i
Nz
i

4
[ .
N

i

t! !

e

El

{

- Q . Y e e

. = IEQ iR N Troa gt R TS
T REITTE AR TN R TR e V|
DIl mEm e s (e ) e ITE L -
IOII —-— —w...ﬁ .I-__ ..H. _nl.l..l——y -h —I,n.l_ ..un.ll._ i -

T T T e R
RS R Sl SR vl S S . S S Rt
I C PR G




GZ210-HS-8LdS

SPACE DIVISICN (ROCKLELL)
FROPULSION ANALYSIS GRIWP

FIGUEE £ 1.1.3.Z2~2

TEST NABER

MPTSFE

Hav 19, 1§78

100 G41PB757H  FE L02 BLEED GSE,JRD INYFC P PTS
80
D
T“ .
! 60
et —{— BD| GPM (VERB AL /F0) [
P
5 a0 )
1 ‘ , |
{105|armlesD i
} |
2 Webvimbospd s, ] www.
| |
\ h
AS
0 {
-60Q 532 482 -302 -g2o2 -iee ¢

14278

TIE Ih SECCHOS

(REF TIME: 76,136,14,12,86. 13)




SZ10-He-8LOS

-99-

Dl

Exeath "G

TEST NUMBER M F3F2

5PACE DIVISION (ROCKUELL) .
PRONGLATON ANNLYSTS GROLS FIGURE 4/, 4 1.3.1- 3 TEG™ DATE MY 19, 1978
G4L1P8704H LH2 FILL/DRAIN GSE-/ORB INTFC P PT}
80
—— AAST AL TERMINATED ¥
TRFPING INITIATED
69
START FAST |FILL Y \
40 .
m. ,/
0 =N . \
“ﬁm_ﬂ__/ q\\wr~‘~“\Hj“j
-20
-2.,2 2.1 2,0 ~1.9 ~1.0 «f ? -1.6
Xyt

TIAE IN SECONDS

(REF TINEY 78,139.14,10,58. 10}

14678



7

Q-
-

B DT 2 L B m f
A G INE L H TANDVIEMEERATOCE 4 i
! ! ! | v ti i Hale oo |::..i lli.;i, ol b ‘.iii f‘ .
SR J I T S ":.jl-=:~:i::i’----.it,='.. RN
Al ' i -s o {“ _il:‘ it 'L. .‘.]_“: i n".‘a .":' ."‘E I.-‘\-“ B IR A A -
s | 74 euierenarats L LSRR e
ulg{?jﬁgf AL "jf‘: o ey AL e o Rt
\/ /I' ;ﬂl_ L '1'.‘_.‘ T ;] :ll il [ e ,.:
W& s 1AM ik oy | e B ).
" \/{Z)Tu/.zom L T S I T R R il
| WA 2 A2ad 1 Nt A 0
Wi 7130/ N WL R O TR O O R S B
e [ T HEH Gl P S R TN Y B I R St
A E ’ it L e g (r"F:Q"T -
| A 0 A I R P A O 31 g o R I T
' I ! AT LN B O e IH”‘T ql 1\1
MES _ EME} N e bl i e o+ l
[ 5 R A 53

: =5 57'%_
Q (14 FirF f’m'

BT EE

TEMFE

Y
S~
/ =

§2I0~HS-8L3S

AIFTVAD ¥00d 40 -
gl @HVd TVNIDIEO

i |l Al . ,; '.-: ——'l , \ 1 - I.: -. v ,
EE T PRI g =
A NE | oEE ke P :
N , 9/3fn5’m¢) ~b | M i
1L : . , TN i X
At , X = , FPRECICTIIN w/%z/} ,
ol I R | ot 4370 .6 Pyrat e paie .
donbt ';'u N ap ! ] .:: : s y ! ! nt, | N I I , '
.gp. E :.:ti"ﬁlﬁ- - :l ::,3|0 |:l“» ii:;ﬁ'{ ,: ::[ Hl ﬂ N 4, ,i i;i i;; r lp Cy s 55 .!Ir‘] .I-
' i TP e ] P i i ' o e ved[v o i ), 1 ol f |
ARG ' ", Pl _ : ! { ll;l 1 I I .!,m ol 1 - ,
' L -ig ,::. 'ii! . !I: ! i l{‘, 'i'i Pf* SS c'//e' "} :"CJS//A ! L ;i': 1 A X ,.' 1':: riferey f' o '{; v “!; i ”:": :::‘ “.s i‘%'
A O Y O A M | eft e Ut L L |'l RS N A A T ~|" it !||i ilsi N TR L G O d
A AR 0 11 A A




S
ORIGINAL é)UAf& TIY @A Rockwell International
OF POOR Space Drvision

Loz, b Propellant Feed Syswam. Sropellant Jesd

-

system perZormancs 18
vresented in Figures + L.1.54-1 chrougn -10. Overall angans 1nlets conaitiors,
pressure, temperaturs, and ¥PSP, sxpanded plots for IiHp Tressure TrRNSLENts
and LD, starsc pressire transment are yrovided Tor Engine No. 2 wnich was
selected as typical. IO, surge pressures during sputdown ere provided Zor
Engine No. 1 and =ngine Jo. 2 inlets. The orovellans feed sysvtem verformed
as expected Tor MPT-5F2 except that during engine shutdown, peak L0, engine
inlet pressures differed more whan expectad for wns vhree sngines «ith

Eng. No. 1 inlet pressare oeing higner shan predicted. Fesdlone rressures
for steady state flow were within predicsad limits and NESP requirsments
were metv FoOr MPT-SF2, both the engine start apd shutdown commands were
staggered. The engines were started at .120 second intervals. Engine
shutdown was -nitiated by Engine Ho. 1 which was followed alter 1.3 seconds
by both Engine No. 2 and Engane No. 3. For engine shusdown, IO, sarge
pressures were approximately 62 psi aT the Orb/SSME interface. 2nd peak
inlet pressure “or Engine No. L was 175 psia. Maximum design cperating
gressure is 199 psia for the 1l2-iach feedlines. An increase in the IO

Inliet Prassure For Engine No. 1 was noted afver cutofi. This lncrease 18
creater then vredicted and is being lnvestigeted. Manimm Orb/SSME 10,
1nlet pressure was 68 psia during engine stars. I, start slump was neglag-
1ble and the shurdown surge pressure was shout 2.5 Dsi.
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éL Rockwell Intemational
Spacea Division

Li.1.5 Pneumatic Systems

bo1.2.5.1 Helium Systen. The performance of the Helium System was
different than the required basaline vbecause of an operational change made
necessary o avold an engine shutdown 1a the event of a possible 750 pszg
regulavor fazlure. The operational change performed was to open tne c¢ross-
over solencid valves praor to stert of Auto Sequence., However, because of
this change and the fact that tne regulator “or Engine No. 1 was operating
out-of-spec high, vehicle supplied nelivm for a2ll shree Bagines was
supplied Trom the Enging ¥o. 1 Storage Bottle. This supply situation
exzsted from start of Auto Sequence tvhrougn post-firing surges except

for the subburner purge time period. System fraiction pressure losses wers
high enougn with the flowrate reguirements Tor this purge %o bring <he
individuzl engine regulators on-line,

The Storage Bottle pressures and vemperatares Zor Auto Sequence and Fairing
are snown on Figures 4,1.1.5.1-1 chrough -8. The usage from Zngine Yo. 1
Bottle versus 2 or 3 can oe easily seen on these figures.

The Orn/SSME inverface pressures and temperatures during Auto Seduence and
Firing are presented on Pagures 4.1,1.5.1-9 througn -1L. These fagures
confirm vhe algh regulator pressure for Tigine No. 1. ‘TPhey also show that
the Orb/SSME interface pressure requirements of 700-800 psia were viclsated
for Engine No. 1. A1l inverface cemperaturss wers within the requirements
except for Purge Sequence 3 wnea she temperazture drovped below the band
oscause of the low purge rates. This performznce was not expected. For
the next firang test, 1% 15 recommended that the regulavor component
problems be fixed so that crossover valve operation can be returned to
normal. Also, Tae problem with the regulator that suppliss Engane Wo. 1
snould be correctad. -

The Pneumatic Actuat-on Sysvem performed as required for this test.

Fagure 4,1.1,5.1-15 shows the Surge Chember pressure. The pressure was
azbove the normal range of 700 -780 psag oecause of the high regulated
pressure and tne open crossover valves. However, this pressure level does
not create any problems. N .
4.1.1.5.2 GE2 Zurge System. The GH2 Purge System savisfied 211
requirements during whis test. The Orp/SSME Interface pressures are
shown on Fagures 4 1.1.5.2-1 through -3. All <hree :nterface pressures
were within the required pands of 5%50-030 psiz althougn Fngine 1 was

Just barely above the minimum reguirement. The Orb/SSME interfzee
pressure was & 625 Dsig wnien 1s below the required load of 630-900 psig.
This proolem will oe corrscted for the next Test oy raising the facality
GN2 Purge regulator control band <o 720 - 50 psig.

The Orb/SSME Interface temperatures were within the reguired ranges. Tha
data 1s presented on Figures 4.1.1.5.2-L througn -6.
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Figure 4.1.1.5.1-6
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Figure 4.1.1.5.1-11
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Figure 4.1.1.5.1-12
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DERFORMANCE

The operaztion of the SEME's zppeared satisfactory and programmed
cutoff's were achaeved on all thrze sngines.

POSITION  ENGINE DURATION( Seconds)
STAR? TO CUTOFF COMMAWD T-ZERO TO CUTOFF
1 2001 18.85 15.10
2 2003 20.53 16.90
3 2002 20.41 16.90

Figures Lb,1.1.6-1 through k.1.1.6-3 depict the SSME main combustzon
champer pressure start buildup profiles To the onjective 70 percent
vower level. Superimposed over the dasta traces are the ICD build-
up envelopes and the proposed revision per IRN 013L wo modafy the
band to be representative of the present engine svtart seguencs.
(HOTE: The bualdup enveloves are Tor a start to the 100 Dercent
power level,) -

Figures 4.1.1.6-4 through 4.1.1.6-6 present the compleve fxring
chamber pressure dasa traces. No ancmalies were poted.

Table 4 1.1.6-1 1s a compariscon of vest data from the MPT4 test
and tvhe last acceptance test of the particular engines. Alvhough
g devail data reviev has not opeen completed, thers appears to be
good correlation and repeatapility.
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FIGURE 4116-2
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FIGURE 4.116-5
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FIGURE 4.LI6-6
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SSME PERFORMANCE

TABLE 4.116-]

Engine 2601 | 2ool 2662 | 2002 2003 | 2¢03
Test Fecility 32T META SET META SiT META
Test lumper 9c2-098 | MPT-SEF2 202-103 HPT-512 cC2-105 [MET-ST2
Date 1-25-718 5-10-78 |2-22-78 5-12-78 13-28-78 3-10-78
Slice Tima, sac 65 O k.o To 55.0 15 9 To 55 © 15.9 ™o
Power Level G.T70 0.70 Q.7C 0 70 0 70 0.7C
MCC Pr, nsia 2067.2 2660 2063.4h 2060 26067 5 | 20hke
Qxidizer ¥low, GEM 3%75.9 Eielols} 381C 3 WO Z49.0 330
Fuel Flow, GP'{ ICTes 7 1C5Co i1Ce0T.1 1052C 1CT7Q O 1CHe350
0x1d Freburner Pr, a | 303C 5 3200 3098.6 3125 309%.0 3200
FPOT Turbine Pemp, 3 | i2c3.C 1260 122k.9 1270 1135.2 1119
Fusl Preburner Pr, a | 3140.1 3850 3148.7 3250 3175 S 3250
HPFT Purbaine Temp, R | 15%2.0 1310 1015.0 1350 17k6.5 1765
IFOT Spesd, RFPH L367.1 kzasg L3kl O L2280 L273 1 L200
HPOT Speed, BT 231Gkl b | 222¢C 21977.6 221C0 2151Lk.5 215CC
LPFT Speec, REM 1331L.5 1R1cC 13207.L LnCo 132Th.G 135CC
HPFT Sreed, 8P 2dlchk.p 285CC0 25116.2 26CC0 Z2039T7.5 2cSCO
IPOT Disch Pr, ms:a 328 0 320 335.1 2ho 312.8 220
EPCGT Daszn Pr, osiz 3329 O asnn 063.0 3075 2876.0 o720
H20T Disch Temm, R 183.5 182 9 103.0 183 5 122.4 131.9
Boost Disch Pr, uwsia | 5031.2 | L@z 5095.9 3260 LoTT & L5350
IPFT Disch Pr. ©sia 202.8 120 203.9 205 218.3 212
IPFT Disch Temmn. 3 L3.3 Li,0 41,5 bo,2 L1.7 Li.2
HPFT Disch Pr, Dpsiz bize g _CG0 4Li06.L LC20 4123.3 LCOo
10V Position 0.903 o 07 0.2C0 0.21 0.602 o.o1
MFV Position 0,585 G =85 0.971 1 69 0.593 1.00
CCY Position G.658 N7 0.7l n 70 0.71& ~T1
OFOV Position 0.561 J.55 G.556 0 53 | 0.303 C.54
FPOV Position 0.601 0.67 0.678 0.565 0.700 Q7
INDEPENDENTS
Oxid Inlet Pr, psia 101.8 26 101 5 2o 101.8 fg
Ox1d_inlet Temm, R 163 6 TELLL 16k 2 16 = | 16h.2 1k 3
Fuel Inlss Pr, psia L. 7 - 350 Bl 2 e 45,2 2k g
Fuel Inlel Temp, R 37-3 37k 37 2 3T.7 37.0 37.3
O0x Pressurant Pr, vsia 2610 27h0 0 2520 2540.0 2810
Ox Pressurans Temp,. R 735 782.0 78k 7k0.0C 7c2
Fl Pressurzant ®r, psid 2360 2260,0 2200 2310.0 2220
Fl Pressurant Temo, R 302 457.0 L35 L5T.0 kly
MISCELLANEQUS

PSE (Oxidizer) £0.9 £2.9 72,

NPSP (Fuel) 18.0 hife! 17,

NOTE: ALl data et SITE CONDITIONS.
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@i% Rockwell Intemational
Space Division

Propulsion Systems - Orbiter

The main propulsion system conilguration for Static Firing
Number 2 was changed Ifrom Static Fazrang Number 1 as follows:

1. Ppneumatic System crossover valves were opened to provide
parallel operation of the He storage system.

2. Pre-Valve and Fill and Drain valve thermocouples were moved
from the valve actuators to the valve solenocid valves,

3. The Engine #2 -0003 750 psig helium regulator was replaced
by a nmew -0003 regulator and the Engine #3 -0003 750 psig
helium regulator was replaced by a new -0004 regulator.

4. The three -000l LHp Recirculation Pump Valves were replaced
by =0011 valves.

The Orbaiter Main Propulsion system performed satasfactoraly
throughout the test. System ancmalies were minor in nature and
dad not affect the outcome of the test.

£.1.2.1 Components

4,1.2.1.1 Prevalve Performance. The LOp and LHz prevalves funciioned

normally throughout the test.

4.1.2.1.2 Vacuum Jacketed Lines. Performance of all vacuum jacketed

lines during the No. 2 stataic firaing test was normal. Vacuum
readings taken arfter the test show that all lines were within
specification requirements for vacuum. The FH18 (MC271-0075=0018)
line i1ndicated a good vacuum. Thas was i1ts First vacuum readaing o
after having been evacunated following the first static firing.
Addaitional vacuum readings will be necessary before a decay

trend can be establaished for this line.

Vacuum jacket surface temperatures which are monitored on lines
selected as representative of other vacuum jacketed lines were at
their expected temperature. LOp feedline (MC271-0074-0103)
surface temperature was the coldest at ~20F. However, this MPTAw
Only-line has a heat short close to the sensor. The sensor was
moved teo thais location prior to the second firaing from a location
directly on the heat shoxt where 1t indicated a -60F temperature
during the first faring.
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4.1.2.1.3 Feedline Inlet Pressure Transducers. LHp and LOg Main Engine
Number 3 feedline inlet preasgsure transducers, V41PO3906A and
V41P93954, showed lower than normal pressure readings during
engine operatiocn when compared with normal pressure readings on
engines 1 and 2. This condition was expected to occur as the
transducers on engines number 1 and 2 were lnsulated and the
transducer on Englne #3 inlet was not. This characteristic is
caused by calibration shifts resulting from thexrmal gradients

within the transducer. It is recommended that the Main Engine
=3 transducer be 1nsulated.

The pressure on the main engine ¥3 LH, inlet pressure transducer
went off scale high approxaimately 13.6 seconds after Tg. The
engine number 1 and number 2 LH; inlet pressures were normal
throughout the test firing. It i1s probable that there 1s an
apen circurt in the transducer bradge. It is recommended that
the transducer be tested to determine Tailure meode and replaced
1f defectaive.

4.1.2.1.4 Point Sensors. Review of test data from the Rockwell procured
point sensor transducers (ET and Orbiter) and (ET and Orbiter)
point sensor electronics boxes indicates tinat they operated
properly except for the following:

The ET LOX poant sensors 4, 3, 2 and 1%, measurement numbexs
A4BKO860W, A48XS861W, A48X9862W and A48X9863W were reported by
MMC to stay in the dry mode during the tanking. MMC auid Rockwell
are now troubleshooting the problem.

10X low level point sensors 1 and 3, measurement numbers
V41X1555X and V41X1557¥, have a zexrp volts dc output signal
during the whole test which i1s an indication of oad data or an
open sensor clrcuit. However, an observer on the lecading display
panel reports that lights for these sensors indicated that they
were functional.

4.1.2.1.5 Temperature Measurement. The surface temperature sensors for
measurements A41T9437H for the fi1ll and drain valve and
A41TG4B8H for the prevalve were reported. to be incorrectly
installed during static firing number cne. This condation was
corrected for the second static firing as indicated by the
temperatures recorded during statzc firing number two. The
solenocid temperatures were as high as 280°F prior to servaicing.
Following introduction of LH,; the fill and drazn valve temperature
was reduced to as low as =509 and the prevalve temperature was
reduced to as low as -20°F. These values are acceptable.
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4.1.2.1.6 LHs Recarculating Pumps. The performance of the recarculating
pumps durang static firing number two was in accordance with the
specification except during the To-18400 to To-16800 taime peraiod.
(Transition from LHo, tanking fast flow to topping). Two
irregularities were noted during this pericd. One was a spike in
the pump differential pressure (approx. 12 psi) occurring at
approximately To~18300 and the other was pump cavitation occurring
intermittently during the aforementioned time span. These two
anomalies were typical for all three pumps. The pump differential
pressures (P701, P702 & P703), LHp inlet pressure at the orbiter
interface (FP228) and valve position diata were analyzed to determine
the cause of the anomalies. Although some of the data were
guestionable, the following conclusions were drawn.

The spike in the pump differential pressure was caused by the
sequence of operation of the facality valves durang the transition
from fast fill to topping. Incorrect sequence of the Facility
valves will overload the vehicle recirculation~replenish line thus
causing the recirculating pump to work against excessive back
pressure resulting in a hagher than normal diffexential or pump
outlet pressure. Faigure 4.2.1-1 shows the positions of the valves
during the time in questicn. At the tame of the spike MV1OL ais
closed and subsequently opened. This condition will overload

the vehicle replenasi line. However, the spike lasted for only
100 seconds because the facility cool down valve (TCV106) was
opened and relieved the pressure.

The pump cavitation was caused by the presence of hydrogen vapor
at tne suction side of the pump resulting frem the blockage of
the high point bleed lane. The high point bleed line and the
facilaty cool down line discharge into a cdmmon pipe in the
hydrogen vent system to the burn stack. During the taime the hagh
point bleed was venting into the common pipe the facaliaity chall
down valve (TCV106) was opened discharging sufficient hydrogen
into the common pipe to cause a back pressure on the high poant
bleed line.

It 1s recommended:

.

1. A separate line discharging directly into the Ho vent
line to the burn stack be provided for the hign point
bleed.

2. The sequence of the facilaty valve operation duraing the
transition from fast f1l1l to topping be investigated.

3. The validaty of the discretes for the concerned facility
valve positions be verified.
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4.1.2.2 Feed Systenm

4.1.2.2,1 Daifferential Pressure Propelliant Monitoring System. The
dafferential Pressure Propellant Monitoring System {measurements
V41P14644A(1LHs) and V41P1564A(L0s) 1s operating satizsfactorily
and essentially the same as on static firing #1. Proper full
tank pressure levels of 2.63 PSID versus 2.7 PSID (predicted)
for LHy and 67.35 PSID versus 65.8 PSID predicted for LOs were
achieved., Accuracy at these valves for a full tank were within
1.0% (LH,)} and 2.6% (LOg) versus the 4% requirement.

The output signals still exh:ibit the slow oscillations that were
experienced on the first static firing. The oscillations were
about 200 to 250 Mv (peak to peak) at 0.04 Hz with secondary
oscillations of 30 Mv (pezk to peak) at 1 Hz. This problem has
not occurred on other A P signal conditioners during development
and qualification tests which included satisfactory completion of
an EMI test. These considerations and the unlikely propabilizty
that a fluid problem would create synchronized signals in both
tanks indicates an electrical proolem exists outside of the AP
system. NSTIL is now investigating this problem.

4.1.2.2.2 Ullage Pressure Control System. All orbiter components of
the ullage pressure control system operated satisfactorily., The
problem with the LH, ullage pressure transducers encountered on
the farst static firing did not zeocuur. During tanking, auto—
sequence and detanking, the ORB ullage pressure signal conditioner
and ET transducers properly indicated the ullage pressure with
close agresment on all readings. The ORB ullage pressure signal
condaitioners also i1ssued the appropriate flow control valve

command signals cduraing antosequence and during the static fizing
with no problems.

4.1.2.3 Pneumatic System

4.1.2.3.1 MPS Pneumatic Supply System. The crossover valves were
opened approximately 30 minutes prior to Py which causes paraliel
operation of the pneumatic supply system and regulators. AT
this time the Engine =2 regulator outlet pressure indicated
approximately 812 psia and 1t continued to indicate this pressure
except during purge sequence 4 wnen it dropped te 776 psia. After
purge sedquence 4 1t agaln increasad to an indacated 812 psia until
the crossover valves were closed.

Examination of the engine supply pressures shows that except
during periods of high helium demand the engane one helaum
regulator supplied the helium requirements. This i1s a feature

of parallel mounted regulators in which the regulator wath the
highest output pressure will supply output flow until its output
can no longer supply demanca., 7This rs shown by examining supply
pressure decay as seen in Figure 4.1.2-2 wheze the supply pressure
of engine one drops while the other supply pressures remain high.
When the purge segquencs starts, helium supply pressures all drop.

- 111-
SD78-SH-0125



@L% Rockwell Intermatonal
Space Dvision

The pressure neasurements given by the data are all within the
tolerance of the gage readings and as a consequence cammot be
used to definitely determine the actual performance of the system
on a comparatlive basis. Examination of Fagure 4.1.2-3 shows the
outlet pressure of the engine two regulator to have a higher
output pressure than the engine number one regulator. This leads
to the erroneous conclusion that the engine two regulator
supplies the helium. -

The pneumatic helwum systern with parallel mounted regulators is
performing as expected, -

It is recommended that an end to end calibration be performed
on all pneumatic system transducers.
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A4 1 3 PROPULSION SYSTEMS - ET
4 1.3.1 Propellant Loading
Tanking and detanking was successfully accomplished.

Maximum Fast Fill Temperatures (9F)

Ich ) Obsarved
L.H2 422 - =422
L0 . -290 -292

Fast Fill Flowrates (GPM)

1CD Observed
LHy 10,170-12,000 12,900
L0z 4,420-—4,980| 3,600

The maximum ullage prassure observed during loading was 6.7 psig
for CH2 and 2.5 psig for GO2.
4.1.3.2 Anti-geysering
The Anti-geyser System performed as expected and met all ICD require-
nents. —
4.1.3.3 Pressurization

The observed ullage pre-pressurization rise rates were less than pre-
dicted.

UTlage Rise Rates (psi/sac)

Predictad {bserved
GHo 1.9 1.2
602 1.6 1.1

J1lage volumes and pre-pressurization flow rates are being evaluated
to explain the predicted/observed deviations.
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4,1.3.4 Componants

The 102 diffuser was bore scoped. Flaw-l1ka suspects wers noted

around the periphery of some o the vent noies. The diffuser wili pe removea
and replacad with a 1ike 1tem.

The LH? diffuser will be removed and replacad with a hegvier walled
configuratien. The flicht umit removed will be nspected.

The Teflon gasket under the LO2 vent orifice leaked. The orifice
design 1s being modified to show serrations 1n the vicinity of the seal,

The 3.7 1n. dirameter LOZ vent ori1fice 15 being replaced with a
3.5 1, dia. orifice. The 3.5 1n. d1a. arifice will be Tocated to clear the
ullage pressuyre sense port.
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4.1, 4 Propulsion System - SSME

Propellant Load and Chilldown

Propellant load and SSME chilldown were satisfactorily accomplished without
incident. Main Engine Position No, 2 Main Fuel Valve hydraulic warmant
return fluid again displayed the lowest temperature of the three SSME's
showing a minimurn of -4°F, It 1is significant that a stabilizing trend was
indicated during the latter manutes of chilldown prior to increasing SSME
hydraulic supply pressure. Since SSME hydraulic standby recirculation
differential pressure was essentially equal to that of the prececing tests,

the stabilizing trend may be zttributed to operating at an increased SSME
hydraulic supply temperature of 10 to 15°F.

Attemnpt to obtain more predictable results for the SSME Heat Shield Support
Ring temperature measurements was only partially successful, Although
insulation of LH2 system temperature sensors in the proxunity of the support
ring thermocouples was accomplished, the No., 2 SSME position measurements
gave erratic results and will require further corrective action before the
measurerment can be considered acceptable as a redline parameter,

Aunto-Sequence and Start

SSME responses through auto-sequence and start appeared normal in all
respects. No Engine Start Enable inhibits were displayed and therefore no
rollback or resume options were umplemented, Key engine start plateaun
parameters wers well within expected range indicaring good response to pre-
test adjustments made to oxidizer preburner oxidizer valve open loop command
position, Accordingly, all critical start plateau performance parameters were on
predicted target values, Other SSME coantrol logic changes rmjade to acco-
mmodate the seventy percent start and to oprimaize start perfermance preoduced
predictable and expecied results.

SSME Ma.msta.gg and Shutdown

Steady-state, SSME mainstage, site performance was within predicted range
and provided acceptable margin when compared to nominal seventy percent
control limits, No anomalous performaznce/operational characteristics were
observed.

The S5ME proceeded through programmed duration and shutdown as commanded
by SATS. Shutdown characteristics were satisfactory depicting nominal engine
MCC pressure and turbopump speed decay tumes and rates,
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4,1, 4 (continued)

Post Shutdown

Post shutdown observations revealed considerable residual after burmng irom
about the nozzle exit plane of the S&ME's, Hardware exsrmination confirmed
that the No, 2 position SSME nozzle had been subjected to considerable over=
heating as indicated by a patiern of discoloration, most pronounce on the
mside nozzle wall, Post-test data evaluation revealed evidence that substan~
t1zl LHZ leakage existed past the SSME, Position Neo, 2, Maimn Fuel Valve
after shutdown and continued during the detanking tume phase for a duration
greater than 6,000 seconds. Reason for the leakage from the MFV could not
be determained after removzl and checkout at Rocketdyne. No valve defects
were found that would result in such leakage, Further evaluation will be
made and safeguards to mimimsize the effects, should another smmilar incident
occur, will be established, Materizls analysis revealed that no degradation
(structural materal properties) cccurred and the nozzle 1s suitable for
further testing,
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4.2 AVIONICS SYSTEMS

4.,2.1

4.2.2

Electracal Power., Distraibution and Control (EPDC)

The EFDC system performed satisfactorxly during Static Firang
Test SF=002.

Instrumentation

4.2.2.1 Orbitex Instrumentéthg

The orbiter instrumentation equipment includes transducers,
signal condaitioners, the PCM Master Unit and frequency divaision
multaiplexers (FDM's).

No anomalies were observed i1in the Flight Instrumentation PCM
System. One pressure tramsducer failed (Engine 3 LH2 pump
inlet) and has been zeplaced.

The DFI Wideband Measurement System experienced a high percentage
of anomalous measurements. Some (45) data squawks were submitt
against (120) wideband measuremenis as follows: 7 {HFA accelero-
meters, (34) LFA accelerometers (POGO) and (4) acoustics. The
data squawks xdentify the following types of measurement anomalies:
erratic data, no data sagnal, clipped data, and bias shxft. The
reasons ior the problems which resulted in these measurement
anomalies will be i1dentified and resclved as the individual data
squawks are worked by the Rockwell Instrumentation groups at
Downey and NSTL.
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Instrumentation - ET
ET 0I

No 01 instrumentation was Iostqduring the firing. One (1)
discrepancy reportad a ground computer error,

ET OFI

~

PCH operation was satisfactory.
Nine (9) instrumentation discrepancies were reported of which five (5)
were noisy but had recoverable data for the majority of the {iring.

FOM operation was satisfactory.

Nofsy FOM operation expertenced prior to SFZ was corrected by tsrminating
FOM signal returms to ET ground.

Three ?3} of thirty (30) high frequency channels had questionable data.
A1l acoustic data was godd. Two (2) of twenty-five {25) POGO channels
had questionable data.

ET OTI

Overall the DTI instrumentation functioned satisfactorily.
Nina (9) instrumentation discrepancias were reported. Five (5) were
POG0 data and four (4) were temperature data.

SSME Instrumentation

No anomalies were observed, Rocketdyne considers system
performance to be highly successful for this stage in the program.
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_4,2.2, 4 g_ym

Test MPT-S2-Q01

There were a total of 855 measurements recorded on the GTI/DTI system
(555 on Beckman, 186 on CBW, 114 on High Freg). A total number of

106 datz squawks were written by the data evaluators. Five measurements
were 1dentifred bad prior to %est, 24 required changas to the MSI file
for Slidell processing, and three required seftware changes. Therefore,
32 of the 106 data squawks can be ¢lassified as invalid from the stand-
point of the instrumentation system_s. Another 35 squawks partain to

a common problem on the CBYW recorders and appear to be in the processing
or recording procedure. The remaining 39 squawks are presently under

investigation.
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Flight Contrel System

The planned use of the Flight Contreol System during Static
Test SF=002 included gimballing the engines from the null to
the start positions prior to engine ignition, gimballing from
the start to the run positions after thrust buildup, gimbaliling
from the run to the shutdown positions prior to cutoff, and
gimballing back to the null position after the firing. The
Flight Control System performed satisfactorily during the test,
with the ATVC drivers properly commanding the engine actuators
to gimbal the engines to the required positions 1n response to
input commands from SATS via the FC-MDM.

Engine sidelcads during engine ignition and shutdown cause

some éngine movement, as indicated by the ATVC actuator position
neasurements. The most significant sideload measurement,

which appeared on Engine 2 in the pitch axis, indicated a
transient movement of the engine bell of approximately one
degree peak-to-peak. Although a large pressure surge (approX.
1600 psi) was observed in the primary hydraulic system at the
time of the sideloads, no significant hydraulic surge was
indicated by the actuator secondary hydraulic pressure measure—
ment. There was no indication, therefore, that the secondaxy
pressures would approach the levels where an aciuatior error
indication would be generated by the farlure detection circuit.

Data Processing Svstem (DPS)

The MPTA DPS system, which consists of the FC-MDM, OI-MDM, the
three EIU's, and the data bus system, operated satisfactorily
during Statac Firing Test SF-002Z2.
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Section 4.3 Hvdraulic System Analysis

During cthe second MPTA static firing, the primary hydraulic
system test objectives Were:

(2) Verify the hydraulic system has the capability to meet
the prelaunch warmant flow reguirements (pressure,
temperature and f£low) of the Orbiter/SSME Interface
Control Document (ICD)} 13M15000.

(b} Obtain prelaunch warmant f£low data to verify the
hydraulic system match model and to support hydraulaic
system thermal analysis.

(c) Evaluate hydraulic system pressure transients when the

engines are gimballed and also during engine start,
engine run and engine shutdown.

4.3.1 Hydraulic Svstem Performance

-

This test was conducted with purge gas flowrates through the
aft fuselage compartment approximatzly the same as the flow
rates used durang static firing MPT-851-001. However, all
hydraulic system temperatures were generally warmer than those
experienced on previous static firings (Refer to Figure
4.3.1-1) due to the combination of (l) increased fluid tempera-—
ture at the facility/GSE interface (as planned) and (2) a hot
day. This condition also caused the hydraulic system delta
temperatures to be less than those encountered on previous
static firings. Another impeortant data point was obtazined for
warmant flow svaluation.

The hydraulic flowrate data during the simulacted warmant £low
mode 1s not useful because the flowrates were below the sensi-—-
tive range of the 0 to 80 gpm GSE flow transducers. Thessa
transducers are 1n the return lines of the S70~0756 unit.
Useful flow data will be obtained when additional low range
flow transducers are added to the Orbiter/SSME interface for
static firing #5. The expected warmant flowrate range will be
0.12 to 0.38 ¢pm as specified in ICD 13M1SQ00.

The significant hydraulic temperatures during warmant flow are
shown in Figures 4.3.1-1 through 4.3.1-~8. ICD 13M13000 re-—
guires that the Orbiter/SSME interface temperature be maintained
at 60CF or above from propellant locading to simulated APU starc.
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This requirement was met because the temperature range was 920F
to 979F for all three engines. Fiqure 4.3.1-3 presents data

for engine 3. This data 1s tyvical for the other two engines.

Hydraulic f£luid outlet temperatures for the main oxidizer
valves (MOV) and main fuel valves (MFV) are a redline with a
lower limit of -20°F during warmant flow. These temperatures
must also be 359°F minimum from To-3 minutes uncil engine start.
All valve temperactures were well within these limits. Figqures
4,3.1-4 and 4.3.1-5 present temperature profiles for engine 2
MOV and MFV, respectively. MOV temperacures for the otner wwo
engines were 29F to 59F warmer than engine 2. However, the MEFV
temperatures for the other two engilnes were approximately 18°F
warmer than the temperature at engine 2. The MFV cutlet tem-
perature at engine 2 was also colder during static firings
MPT-31-001 and MPT-S51-002 (Refer to Section 4.3 of SD78-SE-Q0077)
and i1s still under i1nvestigation. Figures 4.3.1-4 and 4,3.1-5
also show the expected rapid heatup rate when hydraulic pressure
1S increased to 3000 psi.

The significant hydraulic system pressures during this cest are
shown in Figures 4.3.1-9 through 4.3.1-14., ICD 13M15000 ra-
quires that a 200 psid minimum differential pressure ac a speci-
fi1ed flow be maintzained across sach engine during warmant flow.
As previously stated, flow cannot be verified at this time.

The differential pressure across each endgine was maintained
between 220 psid and 230 psid. Therefore, the minimum regulire-
ment was met. Figures 4.3.1-11 and 4.3.1-12 present data for
engine 3. This data 1s typical for the other two engines.

Hydraulic pressure transients were nominal when (1) gimballing
to the start, run and shutdown positions and (2) slewing the
engine propellant valves for engine start and engine shutdown.
The pressures ranged from 50 psi ©o 250 bsi on the supply side
and 20 psi to 110 psi on che return side. Some greater praessure
spikes/dropouts were experienced as discussed below in Section
4,3.1.1.

4,3.1.1 Englne Sideloads

During the engine start and shutdown transients, i1t was ob-
served that engine 2 thrust chamber movement was considerable
when compared to the relative inactivity of the other wwo
engines. This movement has been attributed teo engine sideloads

experienced during thrust buildup and thrust decay. It is
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noted that the sideloads are higher than predicted but are well
within actuator load capability.

Figures 4.3.1.1-1 and 4.3.1.1-2 present engine 2 pitch and yaw
actuator positions while Figures 4.3.1.1-3 and 4.3.1.1-4 pre-
sent -~ engine 2 pitch and yaw actuator cylinder differential
pressures. As can be seen, the pitch actuator experienced a
maximum movement of + 0.5 degrees and the corresponding maxi-
num cylinder AP was 1500 psid (vs. a predicted 650 psid).
Engine 2 vaw actuator parameters are slightly less. Also, the
parameters for the other two engines were negligible. Figure
4.,3.1.1~5 presents hydraulic supply pressure at engine 2
Qrbiter/SSME interface for this same time period. The pressure
spiked to 3400 ps:i and dropped toc 2540 psi because the sideload
activity 1S the same as an actuator step input. These pressure
excursions did not threaten the engine propellant valves be-
cause shutdown had already been achieved. Other hydraul:ic
system pressure transients were considerably less than those
shown 1n Faigure 4.3.1.i-5. The fact that engine 2 moved more
than the other engines 1s currently under investigation.

4,3.1.2 Conclusions

Performance of the facility, GSE, and test article hydraulic
systems was satisfactory.

With the exception of warmant f£low verlflcétlon, all Orbiter/
SSME ICD warmant flow reguirements were met.

Hydraulaic pressure transients during gimballing, engine start,
engine run and engine shutdown were nominal.

Thrust chamber movement for sngine 2 was considerable when com-
pared to the relative inactivity of the other two engines.

This incident 1s under investigation.
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4.3.2 Hydraulics - Thermodynamics

The recorded available data from SF-2 5/19/78 has been reviewed. The
gata show that no temperature problems occurred on the Orbiter hydraulics
systams during the low and high pressure flow periods of the tests. System
temperatures were from 10 to 159F higher than temperatures from the previous
test due to a higher fluid supply temperature from the Greer Unit and slightly
warmer environments  Flows have not yet been measured, so no SSME
HAS heat balances have been calculated to date, Because of slightly higher
system temperatures, the cooldown rate of the standby line increased to
~3.3 OF/min. from ~2.7 OF/min for the previous tests. Figures 4.3.2.1]
through 4.3.2.4 present the current test data. Figure 4.3.2.] shows data at
5 hours after the start of cryo fi111 at low (circulation pump) pressures.
Figure 4.3.2.2 shows data after going to high (main pump) pressures.

Figures 4.3.2.3 &and 4 3.2.4 are Main Engine #1 p1tch actuator temperatures
at 5 hours after the start of cryo f111 for low and high pressure operation,
respectively.
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d,4 Purge and Vent Analvsais

4,4,1 Orbiter Purge Svstem ORIGNAL PAGR
OF PQOR QUALIT;S

4,4,1,1 Aft Fuselage Compartment Purge

The design objectives of the purge system are to 1) maintain a positive
pressure in the aft fuselage (AF) to prevent air intrusion, 2) prevent
accumulation of hazardous gases, and 3) maintain the temperature of

the main engine controllers and compartment structure within allow-
able limats,

Set-up: 7The purge system flow rates for the test were as follows:

Mid Fuselage Plenum 159.9 1b/min
Aft Fuselage 65.3 1b/min

The aft fuselage compartment vent doors were set in the purge
position for the test. )

Test Results: The pressurz in the aft fuselage compariment varied
between 0.04 to 0.10 psig dnring the test. A minimum pressure of
0.019 psig 1s required to prevent air intrusion with a 30 knot wind,

The purge system prevents the accumulaticn of hazardous gases, The
inerting of the aft fuselage from air (20.,95% O and 0.95% Argon)

to less than 50 parts per million of O, was achieved in approximately
15 minutes as indicated on the hazardous gas detection system (EGDS)
mass spectrometer. The temperature of the structure and the bulk

gas were both well above the lower limait of mainus 50F. For addition-
al details on temperatures, see Section 4.56.1.

The aft fuselage compartment purge system met or exceeded all the
design requirements for the static fairang test.

4.4,1.2 ET/Orbiter Disconnect Purge

The purpose of this purge is to maintain a positive pressure in the
ET/Orb disconnect plate gap to prevent cryo~pumping on the LHs side
and to prevent ice build-up on the LOX side.

A redline value of 0.08 psig minimum was established for the LH,
side. The mipnimum pressure recorded during the test was 0.11 psig.
The pressure is recorded on itwo strip chart recorders with a measure-
ment range of 0-0,25 psig.

The ET/Orbiter disconnect purge system exceeded all design require-—
ments during the static firaing test.
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4,4.2 PURGE AND VENT - ET

The updated thermal math model of the Intertank for a 75 to 85°F ambient
day predicts an Intertank gas temperature of -181CF ¥ I50F, The four DTI
Intertank gas temperaturaes read within 59F of the nominal predicted value (1.e.,
between -176 and ~1869F) when the Intertank gas temoerature reached steady state.

The DFI box gas temperature thermal math model predicts a gas temperature
of +30F £ 50F for the ambient conditions on the test day. The DFI compartment
gas temperature measurements were readiag +3 and +5°F in the DFI box when 1t
reached sitsady stats.

The Intertank hazardous gases were purged as predicted.
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4.4,3 Hazardous Gas Detection Svstem (HGDS) (U72-1186)

The design objective of the HGDS 1s to detect the presence of
hydrogen, oxygen, argon and helium in the aft fuselage and the ET/
Intertank compartment.

Prior to inertang the aft fuselage with GNp, oxygen and argon were
detected. Approximately 15 minutes after initiation of the GNp
inerting purge, the oxygen content was reduced from 20.95% to 350
parts per million. Hydrogen was detected just subsequent to firing.
The peak value was 600 parts per million (ppm) decreasing to less
than 100 ppm 1n two minutes and remained at or below this level for
the remainder of the test. '

A helium reading of 0.8% helium in the aft fuselage was detected,
Thas leakage may have occurred in the ET/Orbiter disconmect circuait
and/or from the MPS components.,

Calibration tests (Hz, 05, Hellﬁm, Argon) before and after the static
fizing test. shows no degradsation of performance of the HGDS,

The HGDS performed satisfactoraily during the static firing test,

4.4.,3.1 Deltz Hazardous Gas Detection Svstem (HGDS-C70-1179)

The design objective is to detect hydrogen in selected locations in
the aft fuselage, ET/Intertank, helium purge outflow line from the
LHs T-0 umbilical panel and facility. -
At approximately T-70 minutes, the sensor above main engine number
one gave an indication of hydrogen. 7The -valne increased slowly to
approxmmataly 0.1% at T-105 seconds. The values are estimated since
the readaing i1s below the lower calibratzon limit of 0.5% hydrogen.
At T-105 seconds the reading increased to between 0.2 o 0.3%. At
T+10 minutes the level had decreased to zero.

At approximately 1343 hours during the detanking, the sensor above
main engine number one detected hydrogen which increased to approxie
mately 0.3% over a perirod of approximately 15 mimutes. At the same
time sensor number 5 (prevalve cluster area) indicated less than
0.1% hydrogen., The 5000 SCFM purge was activated and the hvdrogen
concentration decreased to zero in 8 minutes. The 5000 SCFM purge
was secured at this time and there were no further hydrogen
indiecataons.

The delta hazardous gas detection system performed satisfactorzly
during the stataic firing test.
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4.5 Structures
4.5,1 Structural Analysis - Orbiter

4.5.1.1 Loads

There were no indicated structural loads problems on SF-2. PCM
strain gage data for ET/Orhit er attachment loads agree well with pre-
dicted loads. All of the hardwire measurements for ET attachment loads

have been squawked.

There are no structural loads problems anticipated for thrust build-
up to 90% of rated thrust. Predicted loads for 90% thrust (with no

winds) are about one-half of design loads.

Ignition Overpressurs

Three i1gnition overpressure transducers were installed in the "Orbiter®
base heat shield and seven 1n the MPTA test stand for SF-2, as for SF-1. All
measUrements, excent FA8P9977H, dispiayed output. However, following review
of the output, all of the measurements were '"'squawked.' The squawks requested
a verification of measurement system integrity and calibration, No data,
constdered valid, on ignition overpressure has been obtained from SF-] or

SF-2Z.
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The stress analysis resulis of the 19 May, 1978 firing (SF-2) are
contained in this section.

4,5,1.2,1 Aft Fuselage Structure - Vibroacoustilc Response

Vonitored instrumentatzion revealed the dynamic responses were as
gxpected, saimilar to SF-1, for this 70% power level firing. Power Spectral
Density (PSD) plots and Root Mean Square (RMS) strain data have been
requested for future detail evaluation,

One vibroacoustic gage was noted to be either defective or incorrectly
calibratea, In addition a 16,5 Hertz signal of unknown origan was noted
in the oseillograph data, This signal was present before, during and after
the test engine firang. Data squawks have been submitied to rectify these
problenms,

4,5,1.2,2 Shell Structure Strain Gages

Nearly all monitored strain gages revealed negligible response data,
stresses less than 6000 psi, for this 70% power level test. The 3569800H
strain gage at the Xo 1307 wing strap indicated a tensile stress of 12,000
psi as was anticipated.

An unexplained 16,5.Hertz signal sppeared throughout all data and one
strain gage i1s erther defective or calibratea incorrectly. Data squawks

have been submitted to remedy these problems.,

4,5.1.2.3 Frames and Bulkhead S{rzain Gages

All monaitored strain gages wers well withan acceptable lamats, The
maximum stress recorded in titanium structure was approxaimately 26,000 psi,
The maximum stress recorded in aluminum structure was approximately 10,000
psi.

A 18,5 Hexrtz signal of unknown origin appeared throughout a good deal
of the data snd one gage did not record any strain where sigmiZicant strain

was anticipated, Data squawks have been submiited to remedy these problems.,

4,5,1.2.4 Primary Thrust Structure Strain Gages

Twenty-one {21) strain gages mounted to the prumary thrust structure
were monitored, PSD's and RMS strain data have been requested for future
analysis of dynamic sitrain contributions in the thrust structure. A
summary of antaicipated member strains, derived from JMFTA proof test
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influence coefficient data, versus corrected SF-2 actual member strains is
contained in Table 4.5.1.2-1, ¥From this summary of results it camn be
seen that four strain gages exceeded anticipated levels to an apprecizble
extent (> 30% exceedance). Three of these gages are relatively lightly
loaded. One strain gageA35G9908H on the V070-351121 ait thrust truss
strut 1s comparatively highly loaded but this strut is capable of
surviving zn ultimate strain of approximately three times the level
experience on SF-2, It was =2lso noted that the back to back strain gages
located on the aft portion of the VO70-351108 main lower thrust structure
strut read much lower than expected., Investigation is currently in
progress to attempt to explain this phenomenon.

Nearly all strain gage oscillograph data contained z 16,5 Hertz signal
of unknown oragan throughout the data, before, during and after engine
firang, This signzal was of sufficient amplitude such that in many instances
it was as large as the primary load displacement. In zddition to the 16,5
Hz znomaly one gage was either defective or calabrated incorrectly, Squawks
on all apparent malfunctions have been submitted for rectificatzon prior
to the next firding. )

4,5.1.2.5 Manifold Support Strut Sirain Gages

Four (4) streain gages mounted to the LOp and IHg manifold support
struts were monitored, One strain gage yielded totally useless erratic
aata. The other three gages contained a 16,5 Hertz signal whose
amplitude exceeded the anticipated strains in the supports, Data sguawks
were submitted to rectify these anomolies, The response to the LOj
gource pressure after shut-down which occurred duraing 8F-1 on the
manifold supports could not be detected in the SF-2 data due to the
magnitude of the 16,5 Hz exiraneous signal,
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Table 4_.5,1.2~1

Summary of Thrusi Structure Strains

Strain ' Ratio

Gage localion kecorded 16,5 Iz Corrected Predicted Actual/ Capabilily

Number Part/No . Sirain Lrror Sirain Stirain « Predicted (Min,)

A\ A A\ A\
A35G9901H  V070-351124 720 -60 660 681 .97 3801

9508 1121 -1140 0 ~1140 ~880 1.30 3385
9910 1149 780 0 780 ) 705 1.11 4315
9912 1263 1080 ~120 960 955 1.01 4013
9914 1120 400 ~300 100 123 .81 2285
9917 1139 ~-360 130 -330 -317 .84 -3036
9918 : 1139 -360 +120 ~240 ~395 .61 ~2036
9919 1806 -1050 +150 -900 -886 1,02 ~4455
9920 1806 -1200 +160 ~1050 ~1051 1.00 ~4455
5931 1108  -1500 ' 1300 ~1200 ~1080 1.11 4653
2932 1108 ~1680 1180 ~1500 -1525 .98 4653 g
9933 1108 ~900 +180 ~720 ~999 .72 4653 8
9934 1108 720 F150 -570 ~1232 .46 4653 &
9945 1212 300 -120 180 205 .88 2548 g
9947 1211 0 - 0 -159 - 1911
9949 1210 300 ~195 105 239 A4 2401 E%
9451 1825 800 ~-360 240 229 1.05 ~1875
9953 1825 900 ~450) 450 333 1.35 6585
9961 1958 ~600 1480 -120 -66 1.82 2740
9963 1126 -600 1360 -240 -94 2,56 4003
9969 1208 -375 +195 ~180 -184 .98 -1203

Sr-2 Raw O'graph Data.

Coxrection lor 16.5 Hz extraneous sipgnal in data,
Prediction based on MPILA dnfluence coefficient tests,
Ultimate strain at ihe design load condition,
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4.5.1.3 Vibroacoustics

Thirty-one (31} vibration and five (5) acoustic measurements from the MML"
and 36 vibration, 42 strain, and 12 acoustic measurements from TR-S132004
were monitored during SF-1. Seven (7) MML wibration (A08D$433, A08D9434,
A08D9436, A08D9589, A08D9649, and A08D9540) and all five (5) MML

acoustic (V08Y968l, V08Y9684, V08Y9686, V08Y9689, and V08Y9692), did

not function correctly during the firing, TR-S132004 vibration measurement
2126, and strain measurements-3048331L, 2021, 2236, and 2237 did not

function correctly.

Acceleration spectral density analysis (ASD's) of the MML functional vibration
measurements show the levels, when scalad upward to a 109% thrust level, to be
within the existing random vibration criteria for the measurement's locations.
Operational MML acoustic measurements will be required before exact 109%
thrust vibration levels can be established, Evaluation of the TR-S132004
vibration ASD's 1s currently 1n progress.

The 24 Rocketdyne Division strain gages on the low pressure turbo pump
flange showed a maxunum of approxmmately 304 In/In RMS based on Space
Division strain spectral analyses of the measurements. Telecons with
Rocketdyne personnel have established that their analyses of the data has
produced the same results,

Evaluation of the TR-S132004 acoustic measurements in comjunction with
MML overpressure measurements 1s still in progress at this tune,
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£.5.2 STRUCTURES ~ EXTERNAL TANK
4.5,2.1 Lopads

An analysis of the thrust strut i1nstrumentation revealed that tne

average thrust per engine was 295,000 pounds. This 1s approximately 73%
of full engine thrust,

4,5.2.2 Stress

An investigation of all strain gages on the tank showed that the
highest stress was 16,300 psi. and this occurred 1n the forward left
Orbiter attach fitting. This stress was determined from the difference
between the strain before and during engine firing. It does not account
for the relieving stress due to the weight of the Orbiter (acting opposite
to the thrust stress). However, even without the Orbiter weight stress
being subtracted, the stress level is well below the allowable level of
52000 psi. )

4.5.2.3 Vibroacoustics

Review of O-gram data for the MPTA 2nd firing was accomplished with the

following conclusions:

Low Freauency 22 good channels 13* bad channels
High Frequency 29 good channels 3* bad channels
Acoustic 7 good channels 0* bad channels

*Data squaks were 1mplemented for all bad channels

The PSD data requested, after review of the O-grams, has not been
race1ved from the computer facil1ties.. This data is required to make any

valid assessment of the vibroacoustic environments.
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4.5.3 PCGO

There wers no PCGO ocbjectives planned for static firing
tesc number two (SF2-001) that was conductad on 12 May,
1978. However, a review of the SF2-001 data 1s being
performed for assessment of system responses, for cor-
ralation with analytical pradictions, and for evaluation
of data quality.

A preliminary evaluation of feedline pressure data in-
dicates that the £f£reguency of the fundamental fesdline
mode 1s in good agrszement with analytical predictions.
The LPOTP inlet pressure responses to engine start
transients were approximately 40 psi peak to peak, and
they decaved as sxpectad in 4 to 6 seconds. These LPOTP
inlet pressure responses during steady-state burn were
equal to or less than 7 psi peak to peak at 3 Hz. Their
responses to engine shutdown transients were approximatsly
50 psi peak to peak. The dynamic signature throughout
the rest of the LOX feedline system was gimilar to the
LPQTP inlet pressura. The first feedline mode appears
to be approximately 3 Hz which corrssponds to analytical
pradictions.

POGO Analysis predicts significant coupling at 3 Hz be-
tween structure, feed system, and engine system. There
was no evidence 1n SF2-001 data for divergent oscil-
lation at 3 Hz, nor at the higher fresquencies.

Using Rocketdyne engine gains, a worst case analysais

shows the system to bhe stable for the SF3-001 15 second
firing at 90% power level. The analysis for extending

the burn toime to 40 seconds will he compleved by 2 June,
1978. It is recommended that plans processd for SF3-001
without 2 POGO suppressor. Thirty-£four {34) individual
squawk~shests were prepared on SF2-001 POGO znstrumenctaticon
and/or data anomalies.

This number 1s comparzad with 56 sguawk sheets preparad for
SFI-002. The SF2-001 squawks include dead signals, hias

shifts, erratic signals, clipped signals, and signals
without NSTL station calibrations. Corrective action
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4.5.3 POGO (Continued)

gshould he taken for all of these anomalies prior to SF3-
Q01.

The data from the nine {9) accelerometers in the POGO Safety
Cutoff Systern were judged to be unusable. These were three
gimbal, three HPOTP, and three LPOTP accelerometers. The
source of the anomalles noted on the data 1s currently being
investigated. This includes the checking of coaxial connectors,
moisture, proper torque, open shields, and full-scale range
settings. A Special Action Requirement (SAR} N-410 has been
written to perform an end-to-end insertion check on this
mstrumentation prior to SF 3=00l, The cutoff system should
be monitored during SF 3-001, but NOT enabled,
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4.6.1 Thermal Analysis
SUMMARY.

Temperature data for the tanking and autosaquence phases of MPT SF2-01 have
been reviewed and did not indicate any problems with respect to the Thermal
Control System for MPTA or OV 102. Al1 of the bulk GN, temperaturas were
well above the minimum Timits astablished for thermal ges1gn during the
test and cold bulk @GNy stratification was minmmal  Simiiarly, all of the
structurs measurements were well above minimum Timits

A preliminary evaluation of these results indicates that apparently the
MPS cryogenic heat gain 1s below the levels used for OV 102 design. At
this poeint in time, however, analysis has not been performed to establish
environmental heat gain difTerences betwsen QV 102 and MPTA. Future
MPTA tests, however, should continue to exhib1t compartment bulk GN2 and
structure temperatures well within the levels previously established for
0¥ 102 prelaunch design.

Test Confiauration & Conditions

MPTA considerations which would affect the compartment temperature
responses 1n comparison to QV 102 were as follows.

1. The PYaD GN, purge flow rates and 1nlet temperatures for MPT SF2-01
are given in Table 4.6.1-1. As shown, the Circuit #3 flow rate 1s
essentially the same as used for QV 102 compartment thermal control
design. The flow rate for Circuit 2 (1307 plenum} was considerably
h1gher than the design value. Inlet temperatures were somewhat
higher during the test than the design value.

2. Magor structural/insulation d1fferencés bhetween MPTA and QV 1G2
include* a) an aluminum boilerplate base heat shield on MPTA, b)
uninsulated OMS decks on MPTA

3. Ambient air temperatures rangad from 74%F to 87°F during MPTSFZ2-01
tanking/autosequence.

DISCUSSION

A brief summary of MPTSF2-01 minwmum tamperatures during tanking/autosesguence
1s given 1n Table 4.6.1-2. _
A review of the data shows all of the measurements were within expectad
11m1ts during both tests. The primary concarn relative to tanking was the
capability of the PV&D GNy purge system to maintain temperatures above the
Timi1ts established for QV 102. For 0OV 102, MPS cryogenic components are
expected to absoro approximataly 50 Btu/sec from the aft fuselage compartment
during cryo loading and prelaunch hold. The PV&D GN, temperature available,
however, indicates that the actual MPS cryo heat gain 1s probably somewhat
Jower. Basad on the PY&D GNg flow rates, inlet tamperatures and exit
temperatures, data from MPTSF2-01 1ndicated energy loss from the GN, at
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Table 4 6 1-1 PV&D GN2 Inlet Temperature/Flow Rate During

Tanking

Circurl #2

(1307 Plenum)
MPTSF2-01 159.94/Mn @ 72°1
0V 102 (Min Guaranteed/Non Cryo 118#/Min @ 70%F
Payload)
OV 102 (Min Guaranieed/Cryo 135#/M1n @ 40°E
Payload)

Circuil #3

65.3#/Min. @ 75°F
66 8#/Min @ 70°F

66.84/Min @ 70°F

uCIsIg S0eds
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Table 4.6.1-2 Aft Fuselage Compartment Temperature Summary

Compartment Bulk GN2 Temperatures
fuselage Structure
Thrust Structure Boron Epoxy

SSME Gimbal Bearingds

0V 102 Prelaunch
Min Design Limt

MPTSF2-01 Min

Temperatures
Recorded

i8 to +60°F

+23 to 168°F

130 to 162°F
+42°F

81 ¥DVd TVNIDI™O
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DISCUSSION (Continued)

29 Btu/sec. Considerable uncertainty 1s associated with knowing the true aft
compartment 1nlet temperature for the 1307 plenum Tlow as well as measure-
ment tolerances. The MPS cryo heat gain could be aporoximated as equal to
the GN» energy loss plus environmental heat gains and subsystem heat losses
At this time, environmental heat gains and_subsystem heat losses have not
been established.

A1though PV&D GNp purge Tlow rates and/or temperatures were high with
respect to OV 102 design, an evaluation of the data does not indicate that
any major problems regarding minimum temperatures will be encountered 1n
future MPTA tesis. Similarly, no major problems are expected for the
Thermal Control Systsm on QV 102.

4,6.2 THERMODYNAMICS - &T

The Intertank structural temperatures were calculated to be -1550F I 309F,
Data from five DFI sensors showed steady stats I/7 skin temperatures beiween
-150 and -160°F with one fTailure. Two of the DTI sensars yi1elded continuous
data reaching steady stats temperatures of ~128°F and -~1739F, Data from a third
DTI measurement steadied out at -1229F after an erratic beginning.

The Intertank Y-Joint skin temperiture in the area where temperature sensors
are located were calcuylated to be -200 * 50CF. Data from this area show steady
state readings of -198°F, 213°F, and -229°F at Stations X¢1110, X 1112, and XT1114,
respectively. LOo and LHp structure temperature decreased prediclabiy as the
propellants were ?oaded. The TPS surface temperatures after propeilant loading were
beiow ambient and above freezing as expected. Ervatic TPS surface temperatures wera
recorded in areas affected by solar fluxes. ’

Ice/Frost was not an objective of this test.
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4,7 Ground Support Equipment
4.7.1 Orbiter Provided
4.7.1.L Mechanical

H77-0741 Aft ET Support Struts Temperature Control -

no anomalies encountered. System performed as anticipated.

The strut temperature recording during firing and for approximately
6 1/4 hours preceeding firing show a minimum of 72° F. This
temperature is substantially above the minimum required temperature
of 25° F,

570-0756 Hydraulic Distribution and Simulation Unit =
No ancmalies were encountered during the operation.

4.7.1.2 Fluid

$72-0618. NSTL Fluid Distribution System

The operatiocn of the Rockwell provided fluad systems was
satisfactory., Observed anomalies did not effect the test results.
Reverse flow occurred in the LH, High Point Bleed System, wnen
facility valve TCV106 introduced LH, into a common Tacaility line
used to route the high point bleed flow to the 18-inch GH, vent line.
A facility modification 1s planned to incorporate & separate 3-inch
line for the high point bleed.

The Pogo Pulser was installed, but not operated during the static
firing. The GN, cavity purge was on duxring the test, and the
cavity purge ang hydraulic seal drain redline pressure transducers
were monitored without any anomalies. The return line turbine
flowmeter (Measurement No., GS58R8766H) showed an oscillating signal
from around 30 to 80-GFM at 2 to 3-Hz during the firing. This
could be caused by movement of the piston within the pulser.

*

An Auxiliary L.O2 Helium Injection System was Installed and used for
sF2.'

Addational i1nsulation 1s being added to all fluid lines in the
vicinity of the T-0 umbilicals 1n order to support a static firang
with a duration exceeding lS5-seconds. The use of reflective tape
proved to be adeguate for firing up to l5-seconds.
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§72.0741, MPTA Purge and Pressuzrization Console

One leaking regulator was discovered during setup, and replaced
prror to tne test.

Test data indicated that the prevalve actuation regulator
(Console B) was set approxaimately 25-PSIG above the 800-FPSIG
maximum value,

$72--1005, Ppnemmatic Servicing Consgele

A1) svstems performed in a satisfactory manner during the test.

A redundant pressure regulator in the SSME Purge System leaked
during setup, and was 1solated during the test. 3Subseguent to the
last static firing ($F1), the LO, and LH, prepressurzzation valve
timing was changed to decrease tﬁe closing time., The closing port
orifices for the LD, valves were removed, and the LH, valve orifices
were increased from 0.025-xnch diameter to 0.035-1nc% diameter,

The faster closaing time has elimanated the ullage pressure over-
shoot problem,.

4.7.1.3 Electrical GSE

'

The Electrical GSE provided under the Orbiter contract
performed satisfactorzily during Static Firing Test SF 2.
None of the SATS anomalies that had occured duraing the
previous static faring countdowns were observed. The ——
improved operation is the result of SATS hardware problems
1solated and corrected prior to SF-Z and of softwaxe
modiXications incorporated during the same period.
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4.8 THERMAL PROTECTION SYSTEM - LT

Ten LHs and eight LOp pressure cycles have been conducted
thruy SF2 witn minimal damege to the TP5. SF2 produced no new
divois or cracks except for neglible damage to the surfaces of the
LOX antigeayser ana Teed 1inas. This damage 1s believed to be due
to cold gas wmpigement from the ntertank fairings and physical contact
between the LOX fairing seal and the orbiter side of the LOX feedline.
Curyent MPTA TPS remair guidelines do not necessitate repair of these
1lems beyond a topcoat touchup. -

Thara are no anticipated TP3S constraints to conducting SF3 as

planned.

- 168 -
SD78-SH-0125



