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l. Summarv

l.1 Process

Anomalies have occurred in the Symphonie Satellite MV2 on the
hot gas system branch since May 1976, which in part have led
to the failure of all engines, that is, engines no. H2, H4,
HS.

Analysis of the Process

A detailed 2znalysis of the phenomena has led to the conclusilon
that the fuel supply for the engines has been interrupted by
some kind of blockage at one point of the conveyance system.
Also the analysis performed has led to the conclusion that out
of the two supply systems for oxidizer and fuel, the oxidizer
syster is blocked. This conclusion resulted from the fact that
after turnoff of the engines, a thrust was delivered after a
certain time without opening any fuel valves.

This phenomenon can be explained by the fact that during the
previous regular activations of the.engines, only fuel flowed
out, which is frozen solid because of the fact “hat there is

no combustion heat in the combustion chamber, and at a later
time it was thermally decomposed by the oxidizer which was
supplied 1n drops. From the process described here we can cone
clude that the oxidizer branch is blocked.

1.2. Possibllitles of Repailr

It is known that for certain pre-conditions, so called metal
sults are formed in the oxidizer which first are present in the
dissolved state. These metal salts can precipitate at the high

speed of the solution medium, that is, through the narrow passages

of the conveyance system in a Jelly~like solid form (gel).
This leads to further constriction of the nacrow passage and
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leads to complete blockage. It 1s natural to look upon this
phenomenon as the cause of blockage of the oxidizer branch of

the MV2.

An evacuatlion of the oxidizer branch is the only method of
repairing the device in orbit. Therefore, we first carried out
laboratory experiments where we observed the behavior of arti-
ficially produced jellies in a vacuum (1 Torr). It was found
that the solid volume of the jelly 1s reduced,which is to be
attributed to a sublimation. This gives us a first indication
that there is a possibility of repairing the oxidizer branch
in orbit. Inorder to estimate the effectiveness of the vacuum
on the removal of jellies under these boundary conditions which
prevail for the conveyance system, we performed further anal-
yses to determine which simnulations would be possible on the

ground.

Simulation Methods on the Ground

In several discussions with representatives of the individual
with the individual institutes such as CIFAS, GESOG, CNES we
defined the simulation method on the ground. We fix the fol-

lowing:

The raw material for the jelllies is manufactured artiflcially
by mixing water, Kaltron and Iron Nickel nitrate to Nzou. The
following composition has been specified 98 % N2°4' 13 Hzo
and 1 % Kaltron 113 and 20 mg 50/50 FE-Ni  'Nitrate.
Water and Kaltron were added because one cannot exclude that
these media have remained 1n the bellows tanks which are diffi-
cult to clean. A non-contaminated fuel MMH together with this
contaminated oxidizer was used to operate a 10 N-engine under
hot run conditions using an original replica of the conveyance
system up to the systems valve. The test configuration was
selected in this way because the critical passages 'in the con~

TN o W Mo i s
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ponents after the system valve such as the filter, diaphragm
and engine exist in it. The simulation of the blockage was
carried out in conjunction with a hot run, because only in
this way can one simulate the flow conditions in the convey-
ance system which exist in orbit.

e can assume that the operational conditions for the simula-
tion method created in this way agree for the most part with
the oxidizer branch in orbit. However, as far as the simula-
tion of the contaminated fuel is concerned, we have to refer
to estimates only. This uncertainty 1s only of secondary im-
portance for the simulation tests on the

ground, because we're not interested in examining the possible
blockage, but instead we wish to investigate the possibility
of removing an existing blockage using a vacuum.

1.4, Test Configuration

An original hot gas system (see appendices) was built from
the system valve up to the engine. Filters, dlaphragms and
pipelines were newly constructed according to the avallable
data sheet of the Symphonie project. The ten N~engine al-
ready had an operating time of 2148 seconds. Since Jelly
formation 1s accelerated at narrow passages by low fuel temp=-
erature, the entire conveyance system was installed in a
basin filled with ice water. This way we satisfied the con~
dition that already after a short operating time we could
expect a blockage of the conveyance system. At the critical
passages of the conveyance system such as the filter, dia-
phragm, engine valve with filter and the injection system

of the engine, we installedmeasurement connections for measw=
uring differential pressure, in order to be able to record
a change in the cross sectlonal passage area brought about
by the beginning of the “lockage (see schematic diagram of
the test configuration). In order to be able to evacuate the
conveyance system after the hot run in the blocked state, we
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manufactured an adaptor with which the expansion nozzle of
the engine.

In the second test serles we wish to examine whether the
removal of the blockage is possible for those components
which lie far away from the evacuation point, by extending
the duration of the evacuation,

s an
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EVACUATE CONVEY-
ANCE SYSTEM

4 x 10-3 Torr AT
23 « 286 oc for
T72H

HOTRUN 1.3
WTTH CONTAMINATED
BLOCKED
ArreK 400 SECONDS

HOTRUN 2.1
REFERENCE TEST WITH
NOH‘CONTAMINATED

274

1400 SECONDS

0 HOTRUN 2.2
WITH CONTAMINATED
N,Oy» BLOCKED AFTER

360 SECONDS.

CONVEYANCE SYSTEM
EVACUATION

5 x 10" _TORR
28 - 29 °c FOR
285 Hours

HOTRUN 2.3
WITH CONTAMINATED
N,0,, N0, - TANK
EMPTY, NO CRITICAL
BLOCKAGE AFTER

1285 »ZCONDS

TANK IS REIILLED
WITH CONTAMINATED
Nzou FOR

1000 SEC OPERATING
TIME

HOTRUN 2.4 WITH CONTAMINATED NZOH
BLOCKED AFTER 99 SECONDS.
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1.6 Test Results

Except for the hot run 2.3, a blockage was achleved with con-
taminated NZO,4 after an operating time of about 400 .econds,
which made it necessary to break off the hot run, The oxidi-
zer throughput progressively was reduced,and at the same time
the fuel throughput was increased because of a reductlon in

the combustion chamber pressure. The hot run was then term-
inated because due to the extreme displacement of the mixing
ratio and the reduction in the total throughput, the combus-
tion in the engine became extremely unstable and liquid unburn-
ed fuel came out of the engine.

The manner in which the blockage comes about can best be seen
by investigating the variation of the flow number (FN). The
flow number is a measure for the penetration cross section.

It can be seen that cross section reduction per unit time 1n
the filter is the greatest. .From this we can conclude that the
flow speed in the filter is very high and therefore a =trong
jeliy formatiocn occurs. In this way, already mOSt of

output products of the gels are held back by the filter. There-
fore in the fcllowing narrow passages the cross-section reduc-
tion is much slower than in the fillter. The cross-section re~
duction in the narrow passages which are switched into the fil-
ter indicatesthat these are really Jjellies and not solid par-
ticles which produce the blockage. This is because the fine-
ness of the filter 1s selected so that particles which can still
pass the filter are so small that they cannot bring about any
blockage in the following narrow passages. The most important
result of the tests is tha fact that by evacuation, the block-
age of the narrow passages can be reyversed again, It is of
interest in this connection that the removal of a blockage,that
is the removal of the jellies, depends on the time over which
the vacuum ac... For example, Test 2.3 shows that the blockage
also can be removed completely at the point which 1s farthest-
away from the evacuation point, that 1s,the filter,

8
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1.7 Final Conclusion

Ground tests have shown that a removalior at least a reduction

of the blockage of the oxidizer branch is possible by evacuation.
If one follows the test results further, we have to conclude

that the greatest blockage occurs in the filter. This then re-
sults 1irn a restriction in the capabllity to perform repairs to

the oxidizer branch in orbit. This is because the filter in-
stalled ahead of the system valve cannot be subjected to a vacuum,
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GRAPHS OF TESTS RESULTS

-~ Test Series 1, Tests 1 - 3 (1 Sheet)

- Test Series 2, Tests 1 ~ U4 (2 Sheets)
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Definition of the tests according to the protocol of October
13 1977 with the experts at Lampoldshausen.
- Point 3 of the discussion protocol.

1. INITIAL CRITERIA

l.1 What Kind of Contamination is Present?

N,O

- Reaction product between contaminated 274 and the
tank materials VoA and Titanium.
~ Impurities in the N2°4 can be caused by humidity

or residual amounts of freon (Simulation liquid). Both
components favor the formation of salts ( Fe = and

- +
Ni-nitrate) N03 i+ Mg —>» Ms NO3

1.2. What quantitative amounts of corrosion products leads to
a blockage of the conveyance system?

1.3 At which point of the conveyance system did blockage occur?

2, TEST CONFIGURATION

The following experience and knowledge has to be applied
for the design of the test configuration and execution;

2.1 The blockage does ‘not occur suddenly but gradually and
progressively.

2.2 The higher the temperature of the ﬁ294- , the more
Fe and Ni-nitrates can be held in solution without pre=-

cipitation in the form of solids.

17
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The higher the flow speed of the fuel, the greater will
be the tendency for the Fe and Ni-Nitrates to precipitate
as solids out of the solution.

From the initial criteria, experience and knowledge we
can derive boundary conditions for the test configuration
and execution.

In order to have a direct means of comparison with pro-
cesses in the original system, it is simulated as much
as possible in the test configuration as allowed by the
blockage criteria.

N,O

DEFINITION OF THE CONTAMINATED "2 4

In the definition of the contaminated N204' solutton

we assume that the water content as well as the freon
content cannot cause the blockage directly, but only
indirectly by the increased formation of Fe and Ni-Ni-
trates. However since the formation of Fe and Ni-Ni-
trates 1s a long time process because of the water con-
tent and the freon content and. the experiments have to
lead to a result as fast as possible, the amount of

N1 and Fe Nitrate is added directly to the N204

f&ﬁiﬁ solutlions are produced which have a constant
degree water and freon contamination, but their Fe and
Ni nitrate amounts are increased until blockage occurs.
Since the blockage already occurred at the beginning of
the mission, the Fe and Ni nitrate amount can be select-
ed so high that blockage already is present for a flow
amount of 3 kg solution.

- R L ST PR R
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5.

5.1

5.3

5.5

5.2.

5.4.

DESIGN CRITERIA FOR TEST CONFIGURATION

Instead of folding bellows contalners we used tank filling
contailners.

The reason: The N204 container has to be filled with
N204 with different nitrate content for- each test.
The folding bellows tank 1s not suitable for these tests,
because complete cleaning cannot be guaranteed and there-
fore the defined sa;t content cannot be determined with

certainty.

In order to reduce costs, instead of He, N2 1s used to
pressurize the fuels, The influence of dissolved gas

in the fuel on the formation of blockage products 1s as-
sumed to be small compared with the effect of the mixed
amounts of Fe and Ni-nitrate.

The operation of the engine is done at a constant tank
pressure 1n contrast to blow-down operation in the orige
inal hot gas system. Reason: a possible reduction in
the throughput due to the beginning of blockage can be
controlled much more poorly for blow-down operation.

The test conflguration has flow meters 1in order. to be
able to adjust the nominal throughput amounts mBBS
(total) and the mixing ratio r without difficult ad-
Justment procedures. This 1s done by simply changing
the tank pressures at the beginning of each test.

In the N204 supply system 1n which the blockage is
expected the pressure losses in the filter, in the dia=~
phragm and in the injection system of the engine are
checked by measuring &8P

20




The entire fuel conveyance system except for the fuel
contalners is surrounded with ice water in order to

~guarantee a cornstant fuel temperature, especially for
N204 from one test to another. It 1s small enough

80 ggét any blockage that occurs can be accelerated.

The fuel conveyance system is submerged in a pan.

The conveyance system from the Nupro blockage valve up
to the engine corresponds to the original conveyance
system in length, armatures, such as filters and adjust=
ment diaphragm and also with respect to flow c¢cross sec-
tion. The pipelines which lead through the flange are
an exception to cthis,

Between the engine and the conveyance systvem there 1s a
flange which 1s sultable for serving as a covering flange
of the recipient. 1In this way after blockage has occurred
in the engine, it can be evacuated without separating
the conveyance system. During the blbckage test, the
flange at the same time serves as a sealing flange with
respect to the water pan. The flange has to be installed
so that the engine with the conveyance system can be
isassembled from the water pan without being taken
apart. The connections of the flange conveyance lines
which have thick walls and are made with 3 - 4 mm 1W
are made by means of bolts with respect to the conveyance
system on the one hand and the engline on the other hand

(ANR-DIN bolts) connections.

. The conveyance system up to the separation points at the
Nupro valves is mounted on a plate in order to be able
to transport it together with the engine to the vacuyum

pump,
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6.

6.1

6.2

6.3-

WORKING PLAN

Cleaning of the contalners and cleaning of all of the
components of the conveyance system.

We have to distinguish between parts which have already
been contaminated with fuels and newly produced parts.
The latter are cleaned according to TN RT 353-1/77,
(see Appendix 1), Item 3.2 including and up to Item
3.3. For already contaminated parts, for example the
HG*Symphon%E tank fi1lling container, cleaning 1is
also dorie according to TN RT 353-1/77 , Item 3.3.
For cleaning purposes the flange is removed from the
tank and the inner wall is sprayed with a spray nozzle
having a hard jet. The tank 1s placed with the flange
opening toward the bottom. The container 1s closed

and evacuated with simultaneous heating from the out-
side (20 minutes). After this the insulation is flooded
with N, (penetration of air is avoided). Empty weight
of the container is determined with the final equipment
installed.

Filling of the Nzou Container

Distilled N2°4 is filled in through 2 Millipore-
Fllters and the filling 1s controlled by wgighing. Then
it 1s ventilated and the containers are first opened,
in order to avold the entry of air, if overpressure al-
ready exists in the container. ~204' contalners are

then_finally connected to the test configuration.
Filling of MMH Containers

MMH is filled in cleaned Symphonis hot gas tank-fill-
ing containers., MMH is filled in through 4 aMilliporefil-
ters. Otherwise the same procedure is used as for the
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contalners,

7. PRODUCTION OFTHE CONVEYANCE SYSTEM

7.1

7.2

7.3

7.4

All of the components of the conveyance system

- Aeroquip-hoses

= Nupro valves

- flow meters

- plpelines

- screw connections

- pressure transducers
are cleaned according to TN RT 353-1/12, except for
the engine with the valve. The conveyance system 1is
assembled under clean conditions.

The adjustment dlaphragm 1s not adjusted with original
fuel but with water instead, and the equivalent amount
is calculated according to

for equal 4p .,

All of the connections are made using DIN-Screw connec-
tions, and the capillary tubes are welded into the nipples.

A "constant" power supply can be used for the englne
valve and a rocking switch may be used for control,

AMOUNTS OF FUEL TO BE FILLED

- Content of the fuel-filling container 7.5 1liters
= The N2°4 container is filled with the amount re~
quired for a single test.

=~ The MMH~container is filled until the amount is suf=-

23
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ficient for all tests. .
Tank filling amcunt for MMH-container 7 1lit

2 5300 gr
Useful amount 6.5 13t < 5850 gr
Assumed number of tests: 3
MMH-amount per test: 1850
N2°4‘ amount required for this gr
3198 gr

Total amount 5148 gr

The required testing time is calculated from

(8}
-
E-3
[¢-}

m = 1454 g /'} 24 min
Summary : .
Amounts to be filled; MMH 6300 gr
N204 3500 gr
Test time to be expected
per test: 24 min

TEST SEQUENCE

- Filling of the fuel amounts

- Calibration of transducers

- Hermeticity test for the entire conveyance system

- Functional test of the engine valve

- Filling of the pan with lce water

~ Evacuation of the My04 conveyance system with closed
tank valve and opened system valve

- pressurization of the Nzo4 container at Py

] - 13,3
AP 51. ® 5.0
Ap Rehr _° 0,5
- 18,6 bar
al 24




- f1il1ling of the N2°4‘ conveyance system by opening

tank va.ve.

Taking of a cleanness sample with a millipore-adaptor
with a 2;9 filter and a flow amount of 200 grams
Qualitative check of the filter for particle amount,
particle size and particle identification,

Evacuation of the MMH conveyance system with a closed
tank valve and open system valve

Filling of the MMH conveyance system by opening the
tank valve '

Manual recording of the fuel temperature in the tanks
Maral recording of the tank pressuies

Pr % Prano ~ 0.3 (RV)

Manual recording of the ice water temperature
Equalization of the differential pressure transducers
Manual recording of balanced readings

Operation of the engine for 24 mi.utes

Check of the mass throughputs using the flow meter
reazdings. If necessary discontinue engine operation
and make a throughput correction by changing the tank
pressure, if there are deviations in

r."g;css Nom (Total) and "Nom

Observations of Jdifferential pressures, injection
pressure and flow meter readings in order to evalua.e
whether a possible reduction of the throughputs 1is
caused by the beginning of blockage in the case where
throughputs are reduced.

- Quservation of the temperature load 3d on tvhe engine, espec-
ially on the vacuum noz le and interrupt test for any
critical operational test.

Let any blockage increase in the N204

system as long as the operating state of the englne does
not become critical because of the displacement of the
mixing ratioc.

25
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After blockage of Ny0, has occurred

<< 20 % ¢
Conveyance system (reference value"‘u o Nzo Nm1ngl
Discontinue operation

Determine the location of the blockage (filter, diaphragm
injection system) from the changes in the differential
pressures which have occurred or from the injection pres-

sure,

Close tl< tank valve (0x/Br) (oxidizers/fuel) and the
N,G4~ system valve

Rinse the MMH conveyance system witn N2 with an open
engine valve by pressurization through the pressure
relief valve of the MMH conveyance system and for closed
MMH system valve.

Remove ice water and take out the conveyance system to-
gether with the engine from the water tank.

With a pre-vacuum, remove fuels from the engine and the
conveyance system as ruch as possible.by connecting a
water spray pump to an adaptor (plate with a rubber
sealing plate) to the vacuum nozzle of the engine.

Install the englne with connected conveyance system to
the recipient of the vacuum pump.

Open the engline valve and evacuate the conveyance system
for U8 hours;1g'2 Torr) . Temperature of the engine
valve should be checked. rirst record every

10 minutes, Close the engine valve when 95°C is exceed-
ed and open it again wnen t temperature drops. Record
vacuum pressure.

Reinstall the conveyance system in the test assembly.

26



- Repeat the hot run test. Record the throughputs and
pressures to check whether the degree of blockage has
been reduced by the evacuation. The tank pressures
in the previous step are maintained.

- If 1t is not successful to remove the blockage, the
conveyance system 1is rinsed through a 2,; filter with
distilled water at a temperature of about 60°C. The
rinsing water is captured in a clean container.

10. SPECIFICATION OF THE N204 FOR THE INDIVIDUAL TESTS
10.1 Test 1
Reference test for which no blockage is expected.
Distilled N204 with the followlng composition:
Nominal
" values ac-
cording to
MéL-spec Actual values
26539C
H.0 Weight wtd * 99,5 99,99
2 4 .
: Equivalent wtg® < 0,17 0.11
Solids mg/l
‘ 10 L R X I J
The amount c¢f solids is determined quantitatively by fil-
tering through 1 - millipore filters of 200 g N204
Particle distribution on the filter i1s not determined,
but on the other hand the dimension of the largest par-
ticles 1s determined.
10,2 Test 2

N0, of the following chemical composition 1s used:
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98 wt % N>O4 (Purity c. nominal value of Test 1)

1wt (% H20 dest
1 wt.% Kaltron MDS 113
20 mg/1l (Nitrate mixture: 50 wt. § Fe-Nitrate)

50 wt. £ Ni-Nitrate)

Production of the Mixture. Both impuritiles
(H,0 and Freon) are mixed to the N,0, by weigning. A 20 kg
balance is used (1 scale division = 5g).

Work sequaence:

- Determination .of the empty weight of the HG tank {illing

container O = see-- kB

- Filling of the weighed Fe-Ni-Nitrate mixture. Welght ac-

cording to It<m 1 and welghed separately on an analysils
balance.

- Fill the amount of water or freon determined according
to Point 2 and which has been weighed separately on an

analysis balance.

- Add the amount of the distilled N,0, determined ac-
cording to Point 2,

- Mix the compoients by shaking the previously closed con-
tainer,

1. Determination of the FE-Ni-Nitrate amount for 3500 g N2°4

Amount of Nitrate Ay = xmg/l * v, o

274
x = 20 mg/l
Total amount N204 - 3500 ¢ (f - 1,446 g/cm3)
'} -
N,0, 2,420 1

For 3500 g N,0, the amount of nitrate is calculated

28
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as follows:
Ay

Ry

- 20 ° 2,42

- 48,4 mg

The Fe-Ni-Nitrate mixture for 3500 g N204 consists of
24.2 mg Fe-Nitrate and 24.2 mg Ni-Nitrate.

2. Determination of the weight proportions of water and

freon.
Total amount of contaminated N0, = 3500 g.
Wt. fraction A - N-0, dest.
Wt. fraction B - H20 dest.
Wt. fraction C = Kaltron MDS 113
AtB+t+C - D ‘
A - 0,9 ° 0 d
B - 0,01°0 '
c - 0,0t 0D
Y . + <*
N,O, dest. =« 3430g 58
GH20 dest, - 3? &
GKaltran - [e
0 = 3500 g

* + 5g balance air.

Y 10.3. Test 3

If no blockage occurs for Test 2, in test three the
Fe-Ni~- Nitrate amount 1s increaced to 40 mg/l.

The contaminated N2°4 for this test has the follow-

29

ottt et

oy




————

ing chemical composition:

98 wt % N2°4 (Purity c. nominal value of Test 1)
1wt ¥ H,0 dest.

Dowt.% Kaltron MDS 113

40 mg/1 (Nitrate mixture: 50 wt % Fe-Nitrate

50 wt § Ni-Nitrate)

Operating sequence just like fo the production of the
mixture as discussed in Test 2.

Jor 3590 g N0,  the amount of nitrate is calculated
from
A - 40 . 2.‘2

AN - 96,8 mg

i.e. the nitrate mixture consists of 48.4 mg Fe-Nitrate
and 48.4 Ni-Nitrate.
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4, Test Configuration

440583
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Test Configuration
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MANUFACTURING DOCUMENTS FOR TEST CONFIGURATION

Work plan

Work plan AP - Cleaning of the 10 N=TWK
Engine SYS 2451 (Unit Nr. 35)

after the first hot run when investigating
the HG-anomalie

- Work plan MV2- Anomalie (2nd Test)

- Work plan AP - Cleaning of the 10 N=-TWK
(engine) after the second hot run.

33
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MV-Z‘Anomalie Author
Hammerlindl

: Date:
Work Plan 12.5.77

l. Documents which apply:

TN = RT 35 = 7/77
TN - RT 353- 1/77

2. The points shown in the work plan have to be confirmed by
the person performing the test.

3. Work sequence

3.1, Buildup of the test anparatus according to TN = RT 35 = 7/77

Page 5

3.1.1. Equipment to be used or manufactured: Made available
and manufactured RT 353 ‘Zmlurs-

pressure loading device SK 13 380 (BT-Nr. 2)
HG-Balances SK 8740 (BT-Nr. 1/2)

Vacuum pump type D S6

Vacuum hoses with adaptor

HG-Containers (N.0,) " SK 8720 (BT-Nr. 5/7)

2 4
Arti-return valves Models -Nr.2320 R-2 PP-5 (N2°4)

Models Nc. 230°T1 = 28P (MMH)
HG-containers (MMH) SK 8730  (BT-Nr. 1/7)

2 HG-contalner 1lilnes

NN P N

N

(N,0,) SK 8692 KK4 - 13
KUS - 14
1 HG~-tank filling lines (N2943 SK 8594(E§E?ifni)
. (BT=Nr. ‘2)
SK 8693 KU4 - 13
T OKUS - 1¢

’ (BT-N&'. 2) *

2 HG~container lines (MMH)
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Author
MV2 - Anomalle Hammerlindl
Date:
Work Plan | 12.5.77

3.1.2.

3.1-3.

3.1.4

3.1.5

3.1.6.

GSP. Drive 1line (MMH) SK 15470 (BT-Nre 1)

1
1 Filter for N304 SK 2480 - 22

1 Filter for MMH SK 16120

2 HG Pipe lines 178" x 0,01" x 1000 1g.

for N504 and MMH-side
4 manual valves: NUPRO SS - 4H
2 Turbines Model LF 6-00
1 10 N-TWK SYS 2451 BT-Nr. 35
with MBB-Valve SK 4550 BT-Nr. 44
TWK-Holder (for engine)
Suction device for TWK
pressure transducers CEP TYPE 4-351-002
pressure transducers CEC TYPE 4-326-L226

diaphragms N;0, and MMH | %'/f[(//‘»(el

NN NN e

Cleaning of all of the equipment mentioned under 3.1l.1
Worsdirs-
Etching and cleaning of all pipelines, connection pleces

and welding adaptors Holers”

Cleanliness Class 1 demonstration
Conveyance System Unit cleanliness better than

Class I according to SAE
Pipe 2737 feslec 4, 54277

Hoses
Tanks

~
Air Tightness of individual components /4%“51?’

Integration of individual components 2&#“17’

Air tightness test $ZhL“9"
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* Author
MV2 - Anomalie Hammerlindl
Date:
Work Plan ‘ 12,5.77 ‘
3.1.7. Test Preparation ;5

Mechanic ;zidhgyf'
Measurement :l \C

3.1.8. Analyses
MON 0,3

MMH

3.1.9. Hot runs f?@.,((i

3.1.10., Materials and Other Materials
Isoprophyl alcohol
Fuel: 15 kg N

L

2%
15 .kg MMH

3.1.11. Monitoring during the evacuation /Zo/‘.y

3.1.12. Conveyance system 1ls rinsed with Né and is evacuated

QZOAqyf

a4
3.1.13. Disassembly of individual components ﬁhvéﬁjv’

"~
3.1.14, Cleaning of Conveyance System 457‘;:91
Hoses ;kaﬁ1,/'

Tanks lﬁw@k
3.1,15. TWK (engine) M

Disassembly

Cleaning

Assembly -

Functional test according to AP=-5YS 2451 (35) of 1/25/78.
3.1.16. Evaluation of Results

36
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AP Cleaning of 10 N=-TWK
(engine)

Name: SYS 2451 (Unit Nr. 35)
After lst hot run for investigation of HG-anomalie

Distributor: LA

L)

. * .
NP
8.‘;. 3t -

A~

H§mmerlindl ~ *~ RT 353 ' 25.1.7
(Blamed _C dAbL) o (etem)

Author:

o~ A7353 LI
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Addition/
Change Index

Investigation of HG-Anomalle
Cleaning 10N-TWK SYS 2451 (35)
CHANGE LIST

Page Number Reason for Change Date Name/ Tested '
Division Name/
of Fnge Division
ineer

1-4 Building 1/25/18 Hammerlindl
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10.

11,

12,

WORK PLAN
Investigating the HG-Anomallie | Addition A
Cleaning of 10 N-TWK SYS 2451(35) .

Engine SYS 2451 is 1loosened at the seperation -oirnt L4‘¢Q;¢,
between the valve unit £K 4550 and the engine SK 8320. RT 363
The screw safeties of Positions 13, 14 and 17 are re- '
moved by heating Lo 200-250 °C, using a soldering iron.

Valve unit SK 4550 1s installed in spray device SK .kakr
11470/1.01. Valve is opened with a constant 24 V

and 1s rinsed with completely salt-free water in the

opposite direction according to TN RC 234-43/71

Salt-free water is sprayed with '5/0 of cleaned ﬁu_‘
N2.

Jus% llke step 2 but using isoprophyl-al-~ohcl. &UA.
Isoprogyl-alcohol is rinsed with 544 of cleaned ,

nitrogen. Xu.« . ,

SK 8920 is installed on engine ana then 13 equipped
with spray device SK 11 340, ard 1s rinsed with
completely salt-free water according to TN RC 234-43/71

Salt~free water is rinsed with N2

Just like step 6 but using isopropyl-alcohol

Isopropyl=alcohol 1s rinsed with N2

Pos. 15 and HV SYS 2451  put without screw safety.

Air tightness test using 544 of purified Narin 40/80
e

gasoline, Test Pressure: 5 bar (Over press )

Engine is installed in receptacle for Lot run ano-
malie II.

Engine SYS 2451 is assembled according to SYS 2451 Qu4
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AP Cleaning 10 N-TWK (engine)
after second run

SYS 2451 (Unit Nr. 35)

after second hot run when investigating
the HG-anomalie

Distributor: LA

Author: Hfmmerlindl ' RT 353 . 25.1.78 7. "

Marer U (ABLD . Datum} - me

Examine: /%ﬂ?}&? 3/’/71"
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Investigation of HG- Anomaly
Cleaning 10N-TWK SYS 2451 (35)

CHANGE REGISTER

Version/ Page No. Reason for Change Date Author
Change Index

A 1-4 Manufacturer 1.25.78 .Hammerlindl
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WORK PLAN Version A

Investigation of HG-Anomalle
Cleaning of 10 N-TWK SYS 2451 (35)

1. Engine SYS 2451 is loosened at the separation point Muckle RT
between the valve unit SK 4550 and the engine SK 8920. 353
The screw safeties of Positions 13, 14 and 17 are re-
moved by heating to 200-250°C using a soldering iron.

2. Valve unit SK 4550 is installad in spray device SK LL“.
11470/1.01. Valve is opened with a constant 24 V and

N is rinsed with completely salt-free water in the oppo=-

site direction according to TN RC 234-43/71

3. Salt-free water is sprayed with 5/‘ of cleaned NZ‘ Q.ux

4, Just like step 2 but using isoprophyl-alcohol. Qyu.

5. Isopropyl-alcohol is rinsed with 544 of cleaned nitrogen. L,,
6. SK 8920 is installed on engine and then is equipped
with spray device SK 11 340, and is rinsed with com- &;u"

pletely salt-free water according to TN RC 234-43/71

7. Salt-free water is rinsed with Nz.

8. Just like step 6 but using isopropyl-alcohol. g
: L]
r 9. Isopropylealcohol is rinsed with N2. ?Qitm
q 10. Engine SYS 2451 is assembled according to SYS 2451. 9

Pos. 15 and 'HV SYS 2451 but without screw safety.

ayry

i

e ot
——— -

11. Air tightness test using 5/4 of purified N, in 40/80 gas-‘Qu‘
oline. Test Pressure: 5 bar (over pressure). .

12. Store englne.
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TEST INSTRUCTION/ TEST REPORT FOR TEST SERIES 1
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TASK DEFINITION

A Sbaverndel 2 ) Haipnberg i Nergles,
M Neseling (1) feccuny, PrKe0E,
. 4 Crawer (1Y) 4.Gxaka, lie 7)),

—————

MBB Report: TN=-RT353~5/77
Author: H. Czalka
Division: RT 354

Title: TEST INSTRUCTIONS

Ground tests for investigating
the MV2 anomaly

First Test Serles

Date: 12/7/71

Extended as a test report, test results recorded
on 11/1/78.

Author: Division:

k7

Report Slze:
21 pages
Appendix A
1 sheet
Appendix B

8 sheet
Appendix C

2 sheet
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TN RT 353-5/77

Study

In order to investigate the MV2 anomaly (TN RT 353-7/77)
we carried cut hot runs with the 10 N-Engine(under atmos-
pheric conditions).

In this report we specify the required work steps for pre-
paring and executing -the hot run tests.

Test 1: Reference test for which no blockage is expected.

Test 2¢ Hot run test for which ~2°4 is used with the
chemical composition mentioned under Item 2.3.2.2.

Test 3: Is only performed 1f in test 2 no blockage of the

N,oa conveyance system occurs. In this hot
run the Fe-Ni-Nitrate fraction in the N2°4 is
increased. '

Data on the Test Item and the Test Confliguration for the

" Hot Run.
Test 1tem:
- 10 N-Englne SYS 2451 Number 35.
with valve Number 44,

- Original fuel lines (line cross section and length) with
filtersand diaphragm according to the HG-System HU4 (Sketch
Page 8) with the conveyance line between the manual valve
Ox 4 (BR 4) fuel and the engine.

Test Configuration:

The test co.figuration (Sketch Page 8) is built up according
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to TN RT 35-7/717.

All of the components of the conveyance system and the fuel
contalners are cleaned according to TN-RT 353-1/77 and
cleanliness 1s demonstrated using the millipore-method
(without QS-documentation).

2.3. Fuels and fuel amounts
2.3.1. MMH: (Demonstration not required)
Amount of fuel to be filled: 6300 g

(for an expected testing time of 3 x 24 minutes)

2.3.2. Detailed N2° with the following chemical composition

4
2.3.2.1. Hot Run 1 Nominal Values Actual
according to
MIL-Spec. Values
26 539
N.O, wt. &
274
2 99,5 . 99 3%
*
H20 equivalent
& " . 4
wt. % = 0,17 : 0,1
Solids mg/1
. £10

The solid fraction 1s determined quantitatively by fil=-
tering throughissy millipore filters of 200 g N204'
Particle distribution on the filter is not determined.

(see Test Sequence).

The amount of fuel to be filled: 3500 g
Number of particles, nominal value: Purity better than
Class 2 according to

SAE. signed "Rrisy
Miilles

December 17, 1977
2.3.2,2. Hot Run 2 '

Distilled N,0, with the following chemical composition::

- : 49




2.3.2.3.°
]
!
. 2.3.3.
203.3.1.
J
E.

~

Total amount of contaminated

(see data in TN=RT 353-7/77)

98 wt.% N2°4 dest. (Purity see item 2.3.2.1)

1 wt. - % Hy0 dest. |

1 wt. - % Kaltron MDS 113

20 mg/1 Nitrate mixture: 50 wt.% Fe-Nitrate
50 wt.% Ni-Nitrate

#(see preceding page) HNO3 wt. % 0.64

H20 free wt., % 0,02
. HNO3 + free H20 result in an H20
equivalent of 0.11 wt. %.

Responsible for item 2.3.2.2. - RT351 - Mrs. Keil 22

: 0]
N204 3500 g

N,0, (+ 5 g balance air)

H20 dest. = 35 g
Kaltron 113 MDS = 35 g
Fe-Nitrate - 24,2 mg

Ni-Nitrate = 24,2 my

dest. = 3430 g

Hot run 3 (is performed because no blockage occurred
in Hot run 2) .

Distilled Naou with chemical composition shown under
Item 2.3.2.2., but the Fe-Ni-Nitrate is increasec to

40 mgs1 .

For 3500 g N,0, we find

2

Fe-Nitrate: Uu48.4 mg
Ni-Nitrate: 48.4 mg

Filling of the N,0, and the MMH containers

MMH=-Container:

MMH is filled through a 3/~ Millipore filter and

filling 1s controlled by weighing. YVentilation opening '

50
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2.3.3.2,

2.4,

on the container is first opened, if overwpressure
exists in the container, in order to avoid penetra-
tion of air.

Filling of Nzoq Contalner

Filling of distilled N,0, usingl/*Millipore fil-
ters,where filling is centrolled by weighing. Venti-
lation of the container is only opened if over-pres-
sure already cxists in the container:, in order to avolid
penetration of air. When producing the mixture for
Test 2 and Test 3, the impurities (H20 and freon) are
mixed by weighing (%Aw.filter). A L0 kg balance is
used (1 scale division = 5 g),

Sequence:

- Determination of the empty weight of the N2°4
container (residual N,0, 1is empt}ed out) GB = kg

- Filling of the Fe~Ni-Nitrate mixture which was weighed
separately on an analysis balance.

- Filling of Kaltro- 113 MDS or the amount of water which
has been welghed separately on an analysls balance.

- Weighing of the distlilled N2°4

- Mixing of components by shaking the closed container.

~ Before filling the N,04 into the container for hot
run 3, the container is cleaned according to

TN-RT 353-1/77 .

Measurement point plan
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) 4, rpH ey« 4y 4 e .
L. T NS s . b o B~ - w00
T

PRy e e e

Measurement Range Recording* ~ Remarks
point
]
ap1 (Fi) 0O - 6 at v, D, A ged. 100/,4.1'-‘
Ap2 (Bl) 0O - 6 at v, D, A ged. ‘130/,,?
P 0 - 20bar vV, D, A ged. 100 4 F i
v !
Pc O~ 9Dbar| v, D, A geds 1OQ/~F
ﬁo Hz D, A
ﬁB Hz D, A
Valve
signal
Engine v
Time D, A
Pressure v !
mark .

* Vv = Visicorder; D = pressure; A = Reading

Pressure measurement transducers

Turbine flow meter

CEC TYP 4 - 351 - 002

CEC TYP 4 - 351 - 002
P P, CEC 4 - 326 - L 226

COX 6-00 N204 Turb.Nr. 7191

COX 6~00 MMH  Turb.Nr. 15732

Calibration of pressure transducers using 2 o Filter (nom)
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3. Test Sequence

3.1. Preparations

- £illing of fuels (Point 2.3.3)

- calibration and installation of transducers .

- functional test of engine valve

- air tightness test for the entire conveyance system by
connecting throughHv-0X3 (BR3) using GN2 = 10 bar
(Filter bSum)

- Filling of the pan-wﬂ’h ice water

- pressurization of the Nzod contalner at PT

- (HV-0X2 "closed")

PE N_O = 13,30 bar
Pressure balance 2°4

4p Blende = 5,0 Dbar

A p FOS = 0,5 bar
*18,80 bar
-PT'_ 17,80 ate

¥ for hot run 2 + 3 adjust values from hot run 1.
- Evacuation of the N204 conveyance system using
HV-0X3 (= 1 Torr) HV-0X4 "On"

= Filling of the N2°4' conveyance system by opening of
the hand valve Ox 2
- Removal of a cleanliness sample with Millipore adaptor
with a lum filter and a flux of 200 g at the hand -alve
Ox 3.
- Qualitative check of the filter for particle amount, par-
ticle size and particle identification.
- pressurization of the MMH-container withPT (HV-BR 2"Closed")
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Pressure balance Pg MMy 14,10 bar

ap diaphragm -~ 4,5 bar

40 FUS - 0,3 bar
18,9 bar
PT‘ 17,9 atg

"(* For hot run 2 + 3 adjust values from hot run 1)
- evacuation of the MMH-conveyance system through HV-BR 3_

( = 1 Torr) .,‘ HV—BR 4 "0pen"
- Filling of the MMH-conveyance system by opening hand.
valve BR 2.
3.2. Nominal operating conditions for engine
ﬁges = 3,54 g/s 359
r = 1,64 g/s
ﬁN o = 2,20 g/s Q¢ (Turb.Nr. 7191)
274
LN = 1,34 g/s 4471¥ {Turb.Nr. 15732)
P: o = 13,3 bar
Pe_3 = 14,1 Dbar :
Pc = 8,7 bar
3.3. Hot run 1 (reference test for which no blockage is expected)

Test No. 02-2550/1 on December 16, 1977.

3.3.1. Manual Recording:
Nominal value

°

Temperatures in the tank ‘}Nzod 2. 12 ¢
°

Avrn 9 c

35 APHZO 3 d °c



: 4

30302-

3.3.3.

Ice water temperature - N0, 3 74 FIF kg
Balance reading ‘MMH oz 14, F7 kg
Tank pressurization NyOg = 12 & atg
adjustment values

MeH 2 TE 95 atg

-~ Equalization of differential pressure transducers

- Check hand valves ox 1/ BR 1 ngpn
Ox 2 / BR 2 ton'
Ox 3/ BR 3 Noren

Ox 4 / BR & "on"

Ignition of Engines

- 2 seconds before Ignition, turn on engine Visicorder
1 cm/s

- upon ignition start engine time'and print out in time
intervals of 2 minutes (2x)

- check the mass throughputs: if necessary interrupt
engine operation (stop the time), if deviations in

ﬁges nom  and r nom are found. Throughput cor-

rection by changing the tank pressures.

- Observation of differential pressures.

-~ Observation of temperature load on engine, espec-
ially on the vacuum nozzle,
Discontinue test for critical operating state.

Engine shut down at test time

ties = 1440 s Nominal time = 1400 §

- Visicorder "Off"
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3.4.

30“.1-

Manual Recording:

Nominal
value
Engine temperature in the tank o
A} N204 47 (o
F MMH i ©c
Ice Water
S0 11 °c

Balance Reading
N204 720 kg

MAH 7 280 kg
N,0, 7747

Tank pressurization setting atg
MMR 72 4§ atg.
- Reduction of 'T-0 and Pr_p
- Close hand valves 0X 2 and BR 2
OX 4 and BR 4
- Empty N204 contaliner
Hot Run 2 (Test with contaminated N304  according to
Item 2.3.2.2.) . )
Test Number 02-2950/2
December 16, 1977 .
Manual Recording:
Nominal
value
Engine temperature in the tank 49N204: 2 °c
o
Ice water Suun * - 7 QF'
Juo i gé €

Balance reading

NaOg: 74 ll-‘vkg

MMH : 77,78 kg

Adjusted tank pressurization 'NZ Q¢ 13 4 atg

(see adjusted values for

Hot Run 1) MMH : 77495  atg
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Equalization of differential pressure measurement
transducers

Check hand valves Ox 1 / BR 1 "on"
Ox 2 / BR 2.”°n"

Ox 3 / BR 3 nofen
Ox 4 / BR 4 "on"

3.4.2, Engine 1ignition

- 2 seconds for ignition turn-on visicorder 1 cm/s

upon engine ignition start time and print out values

in intervals of 1 minute (2x). Shorten intervals

for throughput changes.

Observe temperature load-on engine, especially on
vacuum nozzle. Discontlnue test for critical operating
condition.

Observe differential pressure, injection pressures

and flux readings in order to evaluate possible through-
put changes and whether these cause the beginning of
blockage.

Let blockages which can occur in the N204- conveyance
system increase as long as the operating state of the
engine is not critical because of the displacement of
the mixture ratio.

3.4.3. Engine shut-down

3.4.3.1.

3.4.3.2.

After blockage of the N,0, conveyance system has
occurred

Nominal value:

m
N204 -
(accordingly 20 % °* Nom. )
N,0, \

0’44 9/5 e Imp/s

After an operating time of

t = 1440 s
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A

- Visicorder "OFF"

Recording:

Engine Temperature in the tank
Ice water temperature
Balance reading

Pressurization adjusted values

Test time

P
- Reduction in TO and pTa

- Close hand valves 0Ox 2 and BR 2
Ox 4 and BR U

Nominal
value

o
: C
)N204 47
I L
‘jizo : 7 o
N2 PRER FEL4

N,0,: 72 4 ate

MMH : 77, 95 ate
t t 420

- If blockage occurs during the hot run:
further sequence accordirg to Item 3.4.4,

- If no blockage has occurred during the hot run,
further sequence according to Item 3.5.

Blockage in the N,0,-

ccnveyance system:

-- From the changes in the differential pressures
or injection pressure, determine the blockage
location (filter, diaphragm, injection system).

- Rinsethe MMH-conveyance system with N2 with an
open engine valve using the hand valve BR 3

(observe BR fuel flux reading).

- Remove much of the fuels from the engine and
the conveyance system (hand valves Ox 4 and
BR 4 in the conveyance system are closed)

by connecting a gas jet pump through an adapter
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to the vacuum nozzle of the engine (valve open).

3.“.“01.

- after this, connect the vacuum pump to the adapter ”i

- open the engine valve and evacuate the convey-
ance system over 48 hours

-2

P = 10"¢ Torr

v
- temperature on the valve of the engline should be

checked., At the beginning, make recordings at

time 1ntervals of ten minutes.

© if 95°C 1is exceeded close the englne valve and
open it again after the temperature as dropped
and then record pv

% after the end of the evacuation time close the
engine valve and close off the adapter in the
vacuum pump.

Repetition of the hot run tes* 2 Test No. 0Z~2J50/7
—ecember 19, 1977
- Pressurization of‘N204 and MMH contailner.
Adjustment values as under item 3.4.1.

- Evacuation of the N2°4 or MMH-conveyance systenm
(hand valves in the conveyance system  HV-Ox 4
and HV-BR 4 are closed) through HV-Ox 3/BR 3

- fold the N2°4 conveyance system:
Handvalve in the tank HV-Ox 2 "QPEN"
Handvalve in the conveyance system HV=-0x 4  nopgN"

« fil11 the MMH-conveyance system:
Handvalve in the tank HV-BR 2 "OPEN"
Handvalve in the conveyance system HV=-BR 4. "OPEN"

= Manual Recording
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3.4.4,2,

Nominal
value

Fuel temperature in the tank )N 0 ¢ .9 “c

204 o
JuMH & c

: (o
Ice water ‘}h204 _
N204: 19, 4§$ kg
Balance reading MMH : 4,990 kg
AdJustment values for tank
: N204: ‘ 4‘,1‘3’
pressurization. (see adjustment atg

values of 3.4.1.). mug s 17,95 atg

Equalization of differential pressure transducers
Check hand valves Ox 1 / BR 1 "OPEN"

Ox 2 / BR 2y ppnm
Ox 3/ BR 3 "CLOSED"
Ox 4 / BR 4 n4ppyw

Ignition of Engine

2 seconds before engine ignition-Visicorder "ON"

= 1 cm/s

at engine ignition start time counting and print
out values at 1 minute intervals (2x). Shorten
time intervals 1if there are throughput changes.

Observe the following: Temperature load on the eng-
ine, especially on the vacuum nozzle. Stop test
for critical operating test.

Observe differential pressures, injection pressures
and flux readings in order to evaluate througnput
changes which could occur, whether these are caused
by a beginning blockage.
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allow (occurring) blockages) in the N,0,-
conveyance system to increase as long as the
operating state of the engine is not critical

because of displacement of the mixing ratio.

3.4.4,3. Engine Shutdown

3.“.“03.1. -

3.“."‘.3.2. -

When the N204- conveyance system is blocked
(same tlockage as before evacuation)

After an operating time corresponding to corr-
esponding to the available N,04

(Filled in N,0, minus consumed N2°4 for
the hot run 2 = remalning amount for repetition).

Visicorder "OFF"

Recording:
Nominal
value
. o
Fuel temperature ‘7N204 : g c
. o
S G 4 CoC
Ice water Huo ¢ 7 ¢
2
Balance reading N,O, = F,450 kg
Tank pressurization N0, : 128 atg
adjustment value
MMH 4?, a5 atg
Tect time t $ 975i s
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3.5.

= Reduce PTo and ?TB

~ Close handvalves Ox 2 and BR 2
Ox 4 and bBr 4

- .If the blockages are successfully removed, empty
Ox and BR fuel conveyance systems.

- In the case of a fallure, rinse MMH conveyance
with GN 2 (24w Filter) | N30, conveyance system
1s rinsed with a 2u.. filter using distilled water
at about 60°C., The rinsing water 1s captured in
a clean container.

Ert Run 3 (Test with contaminated N204 according to
Item 2.3.2.3.)

This hot run 1s carried out if no blockage has occurred
during hot run 2. Hot run sequence 1s the same as for

hot run 2 (item 3.4.1.). ' .
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container

name: HG N,O
2R N2 0y BRehalies

PBeasaniiame

£§720
Component No:
Dautl.-Nr.: 7(

Fabrication No.

HY TR M-S 4

To:

Rouz:

Nominal value for cleanliness demonstration: Class

Aadien fiic Reinheitannchwois:
Media for cleanliness demonstration:

Medinn fur Betriebsdrucknachwelis:

aach SAZ

e

d

A“\

Soll file lednhiciatennchweiy: Klasse
3-.';.:‘-1';: /4.'./4 Lt A eceects SAE ﬂ/_o(f'/,‘/l'.‘/(, o,
according to SAE 2éa.77 4
Actual value greater than (illegible) SAE :
Soll ir Jeitoiebsdeountianaiivveiy e 2t
Neminal value for operating pressure demonstration'
Tsr .
Actual
" Soll fiir Dichtheitsnachweis: Nominal for air.tightness
— emonstration: -
Tst: 25 V.44 '15/_'/4"4"/&' ("d‘ ©
28177
Nominal:

:p/rponu/
Isoproponol

Media for operating pressure demonstration

Medien fiir Dichtheitsnachweis: M.
Media for air tightness demonstration:

Chemische Reinhcit mit Drigesrolrchon

Neea. Lam-

line N2

R L 13 g T

i'&t: Restmonjon von T R R R R X N N eneeoosees Ppu
Chemical purity with tubes..seess. tested \
Nom.nal: Residual amounts of... ppm

Die wit "QsY verschenen Sollwerto sind von dcr Qs
hJCh&dwﬂlSQh. .
The nominal values with "QS" have to be-demonstrated .
by the QS. '
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Gaaranung | Stichwort | Type | 2N,
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P2 von & _

i)

AR 22604”1/&Jﬁ3 2ur Linfers Gehimy o Vs ~Rrromalre e
**° Ground tests “for investigating ‘vhe MV, anomalie »
Orclar 1| 2 | 3 | 4 | 5 | 6 | 7__ |
Abe.
Name —a——

Name: HG H_co r ~ "
_l_lgng:mun:';__ Mp G- ”?}»‘. Behaller— "
Item No. :
Sach-Nr,: &730

Component No,
Bautl.=Nr. 4.

Fabrication No.

Fobiv.=NT,. ¢

To:
Rohr:

L)
Nominal value for cleanliness demonstration: Class
Soll fiir Reinneitsnachwnise Xlasse nach S$AZ

IS'Y\‘: ‘Q")a'r /r&’(" /’,{/‘(” fr;)f 2?‘// 7%’4".(;.. Treee
rccording to SAE

Actual value greater than (illegible) SAE °

€021 Filir Botriehsdruckniichvedis:

¥eminal value for operating pressure demonstration:

Actual:

Soll fiir Dichtheitsnachwveis: Nominal for air tightness
T 26 hen J272 7 _Lbtl, ¢ydemonstration:

Nominal: 26 72

Madien fiir Reinheitsnachwveis: l'rapr,ora‘f' nel (1pa.)
Media for cleanliness demonstration: Isoproponel

Medien fiir Betriebsdrucknachwois:
MedTa for operating pressure demonstration:

Medien fiir Dichtheitsnachweids: N¢, Nelz, L o .
Media for alr tightness demonstration: line

Chemische Reinheit mit Drigerrdhrchen gepriif o,

Chemjcal purity with tubes.....tested " e
Ist: Rastnengenl von

Nominal: Residual ambuhtbB*of cce*°**°*°***** sorcecec PR

Dio mit QS verschenon Sollwerte sind von der QS nache
zuwcisan, The nominal values with "¢S% have teo be demone
strated by the QS, ' .

=M:nding- =Braun- :
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" G naticach it baschedn' e Halung ni ““‘,‘“9 b au Avisialar
' "N~ -5/77
Aulenstolla Lamaahishauien TN-RT353-5/ Hew “}”3’
Benznnung | Stichwant { Typa | Z-Nr. QQS; -:D: 'A'{';[(EN s jLad a2 7922

for: Ground tests for investigating the MV, ancmaly SineS . von &

TUv: Bodopfosin 2ur Waberspst vns, dee 12 Ramefis ., ..
O " 10 2 [T 3 TT1T_ & JJ]..8 1T 6 | 7 ]
PN 4
Nama
Name N,O, HG contaj.er, lines
Denonnunyss ﬁ:‘t’q HG - bBe allerl Clun gen
Item No. _ :
Sach-Nro: §692 Ku 4- 413
Component No, Ku § -Au
Dautl.-Nr,: 2.
Fapricgtien No.
H
onr.:
Nominal value for cleanliness demonstration: Class
Soll fir Reinheitsnachiveis: Klasse nech 3;\1-.
- , - "’.:o_: ot;oooo-apcor ng
15 Zicglonh ey b A w105 STE ;.{J;/,f,%«« e SAE
Actual value greater than (11Iegib1e$”gA£ , _
better than Class 1 according to SAE 11/28/77 i-
S0l tir Qetiriebsdeusknaciwais: gy e
Nominal for operating pressure demonstration:
Tt
Nominal:
Nominal for air tightness demonstratlion
" Soll fiir Dishtheitsnachweis: #Cdev
Vsl
Ist: 40 ley w77, Crll
Nominal 2e.0.77
’

Median fiir Reinheitsnachweis: i;a,,,‘.f,,,”(
Media for cleanliness demonstration: Tsoproponol

Medien fiir Betriebsdrucknachweis:
Media for operat_ng pressure den>nstration:

Medien fiir Dizhitheitsnachiwpis: N, Neto, leem -
Media for air tightness demonstration: line Nz

Chemischa Reinhieit mit Drigerréluahen =~ oqynur
Chemical Burity with tubes..... tested °°°° gop
Ist: Restmongen "°“.,,.................. eesssse PPM

Nominal: residual amounts of... ppm-

Die mit "QS" versohonon Sollwverty sind von der QS
nachzuweisen, The nominal valtes with "QS" have to be
e - . — . g

[] -
demonstrated by the QS.
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Nama

Name:
Denznnunzx: N 2%,, H‘fl&‘"g‘ tr =R 1 u ¢rd Vn,

Item No. '
Sash-Nr,® N&[ 94 /\’u ‘ - N:

Doubtl.-lir.: 2,

Fagyication No.

P'g?m: ' . -

Nominal value for cleanliness demonstration; . Cleanliness

Sol!l fiir Reinvucitsnachwaeis: Klaase éxiach SAiY
- cececscacceording to

tie. fever bl 7 i1al SAE K’nf"/é-r/l/u

tae: fe - ‘ 28472 SAE

better than class 1 according to SAE

Soll Sfiir Delrisbsdouckaacsiweis: 2§ 4ea
Nominal for operating pressure demonstration:
Tst:

_Actual
" Soll fiir Dichtheitsnachweis: ¢¢{~ Nominal for air tightness

Ist: 4ol PIdiT flalon . test
= 2g.n72 | .

Actual ' ' .
Medien fiir Reinheitsnachweis: N2 Nelz Liem o

Media for cleanliness demonstration: line N2

Medien fiir Loetriebsdrucknachweis:

Media for operating pressure demcnstration:
Madion fir Dichtheitsnachweis: ANz WNefor . Lerm. " i X

Mecdia for air tightness demonstration line N2 .
Clhiemische Reinheit mit D*'agerrbhrchen. Y 81 3 iy

?’?u%esag A‘}anw;Bq t“"( A tested csescee PPMA.

e 2P 000600 060 OO

Dﬁ%mr;l d: &ggidgg_lso o?x%nt%o&flworte sind von dor Qs

xgachzuwn.son. The nominal values vith "QS' have to be
‘denonstrated by the QS. e
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Geltichul mt beachigraler Hallung ' 7 Ausateliar
Aulensiilie Lampoidihausen TH-RT353-5/7

pr -/)f’"l"

8enennung [ Stichwort | Type ) 2.-Nr.

fﬁr:.é’p’{/”,[,: :

Qdar

i

QS -NACKHUYZ2TITS 24 29232
QS DEMONSTRATION Page Ban_S_von &£ _
LK i Qolol ....‘I’J(Pr‘ull:“”y’fl’." p’ y"of ).

6 || 7 |

Abt.

Noume

!

—— e

Name: MMH-Hg contther'lInes 4
Bensnnurngy MMH ~HG - 8 ha[c‘flLu ung s

Item No o

Sach-Nre: P4 97 Helh- 13 - "‘,f’b‘,;zc
Component No, Ku5- 44 WL
Bautl.-Nr,: ¢, - . ‘w» ’)-_, -
Fabrication No. ”"}}\
Fabr . ~-Np, ¢

To:
Rohr:

Nominal value for cleanliness demonstra+*ion: Class
Soll fiur Heoinlicitsnachuveais: Klasse nachy SAL

LI I BF I BN S IR Y A

Is . [W /w/ltu.(f S AE /‘é‘;l;'/r 6Ho (?9,?7 ggcgiging
Actual: better than class 1 according to SAE

Soll fir Jetrisbusdrucknocihveis: 2§74, -
Nominal value for operating pressure demonstiration:
Ist:

Actual

[

Soll fiir Dichtheitsnachweis: 4¢'4&, Nominal value for air

Ist: 40 f Prpic AE e W, tightness demonstration;
St % L ad t . ‘
254 7

Nominal:

Medier fiir Reinheitsnachweis: j'“./,,.,,.,c,,‘/ Cipa.)
Media for cleanliness demonstration

Medicn fiir Betriebsdrucknachweis:

Media for operating pressure demonstration

Medicn fiir Dic: theitsnachweis: A’ y./, Lam

Media for air tightness demonstration: 1line 2'

Die nit "QS" verschenen Sollwerte sind von der Q5
nachzuweisen, The nominal values with "QS* have to be

cdhegng{) s ctl!\. atl?g 13Xoi¥e n‘i% Driigerrbhrchen gepriift,
%P miq& nrit with tubesS..,.tested ccccveereee

st es nI vo
Nominal: dual amounesvt~.°.°.-.---'-~-- "'"-‘_ﬂﬂﬁ'
-Nunding- =Draui-

69 .



.« . i

Gen nunol.-mm W iype 2N . ;
wonlTpellNe e e A W E TS ,L__g' :‘f);

]
% fors QS DEMONSTRATION PAGE (Bztb_ von &
® 0 ® 9 & 0 % &6 00 ¢ & 5 5 5 5 9 P S SO 8t e s 08 b s S Te s s s P e a0 "'
ot [ 1 [ 2 11T 3 TT a 1T -5 11T 6 T1 7
3 Ab'.
Name
Name: GSP Drive line Apog for MMH pressurization
Renannunz: L2 - pn.rnbr[.u/ung Pp,’ ,
Item No. far M>H ﬂrlruckwn 9. *
; Sach-Nv,: A4 42 » : . h )
Component No: .
1 Bautl.-Nr.: /.
1 Fagric*tion No:
To:
Rohzxr: L)
Nominal value for cleanliness demonstratlion: Class
Soll fitr Reinlicitsnaochyeis: Rlasse ereen nash SAl
I te {w\w. /; /1&(/ J/}/— i/"/ ,//(\{0(‘” accordiﬂg to SAE
Actual: better than class 1 ¢F /"7?‘
according to SAE
Sol dr Botrisbgdructaachw 4, .
Nominal value for opermug[‘ démonstration
Ig,-& .
Actual: '
Soll fiir Dichtheitsnaclhveis: § (e, Nominal for air
Ist: 40 6-"\, 277 ,/(-.*/d./tv— tightness demons-
- 2877 ration .
Actual A
Modion fiir Rzinheitsnachweds: Nc Nedz.Lsm,
Media for cleanliness demonstration: Line N
Medien fir Betriebsdrucknachwels: 2
Media for operating pressure demonstration: 3
Medien fiir Dichtheitsnachweis: N: / . -
Media for air tightness demonstration Netz lom
Chemische Rzinheit mit Driigefrilirchen line Nz
Chemical purity with tubeS.e...tested ceoccscececcce -cept‘i-f
Ist: Restmengen von
Nominal: Res&dual AmounD® Oftteccccccccoce oscccece PPN °
Die mit "QS* versehennn Sollwerte sind von der Qs
nachizuwelsen. e nominal values with_ "QS® have to
be demonstrated by the QS. ~ )
-Munding- ~lraun-
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i Auvlamatalie Llainaoldinausan TN-RT353-5/77 1““‘“":/ ..t )
Hrrointoey -,
C2n2auung f Stichwsart§ Typa | Z.-Ne. D L
‘ cor 0S~-NACHUERTS 1% 5 e 290
N QS DEMONSTRATION Page | g 2 r
' fuc: p 'y M T woa € ___
L ’ B ) -.0‘70' '-/o ‘u"olo‘. .‘ “.’. ."oﬂ l‘.:l-‘-": ‘-, -"-’:5. P ,o { -"IJ- 'ﬂ’:‘.(’o ',o'o' 'i r'S * ' ~
O:dar 1 2 | 3 ' —
o | 11 4 5 | 6 11 7 1
Noma ;"
Name: Test design on N,O4 side . a
Bevenaung: Jestowfbin Nt @4 Serber ) o
Item No. ’
Sach -Nr,: L
Component No: "
Dautl.-Nr-, 'ﬁ
Fabrication No.; “
Fabec.-No, .3
Firber M Sk24p0 - 23 B7. ("‘m‘iﬁ' Nr zz/z/ (0
Hous g o
hr: rr n "
zfl%l:&"/‘-’""' 4*"’[ Y/."l'l’t’manuny ,3
Turoin ¢ Moded s LFE (67 Seriet s 7499
/ c Nupire - 4 S -l H. '
lﬁand’va’lv’e ! r . leanid d tratd nﬁ
Sol!l {itr Reinhelics w.tqu&?)}svalﬁ?.as%x; cleaniiness ne::r::o:x:lssr:;a ?
iit ferseg ROF 116 SRE  RFUY tlwer """ according t
*K“E-alz better than Class I’ 2.27 SAE i
according to SAE S
Salli fiv lDetrieosdruckaacivois: : 2 ]
Nominal value for opera ure demonstration . . :
: Tst: ) : ' '
Actual '1
Soll fiir Dichtheitsnachweis: ;
. 1}
ygggnal for air tightness demonstration. . ]
Xctual '-?,3
v o J

Yedien fiiv Reinheibsnachweis: /s ,or-opaﬁil :

Media for cleanlinesg demonstration:

Medien fiir Betriebsdrucknachweis:

Media for 'operating pressure demonstration:

Medien fiir Dichtheitsnacliveis: Ne Nel3 - Lémm .
Media for air tightness demonstation: Line N,

55., Re ;lrmwﬁ t'ln ubes"‘.“f?f "a‘t’&&‘“‘. . .". cecveses .,eptuft

Ist. Rostnengen von

Die mit "QS$"™ wveorschonen Sollwerte sind von cier Qs
f_mchzu.\:?vtscn. The nominal values .with "QS" have to

be demonstrated dy the QS.

~Mundingz- ~Draun-
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genannung f Stichwort ] Typz | £.-Ne,

g Ls!

- 0S «NAGCUHUVETIS “ Sl 27
. , QS DEMONSTRATION Page [Biav. & vou & __
o porirtBsgenfoshs, qur Mndessh oy de His e fnamd it D
- B
- Noma
/ Name: Test configuration on MMH side
- Denannunr: Tosl,.,/&.,.. ﬂHH Serl e
f . Item No: .
) i Sach-Nr,:
. Component Nr.
y 4 Raut) ,-Nr,
! i
b Fabrication Nr. .
3
?"3 r?OO; s HGRO{)”*;I*”" )’/("{l mb"’,
’ '; Turb:n e n‘,g,[ L¥F &~ 00 Serinl 2» /f?.?i ‘e
« |  Hamdvinbite Nupro -S54 K, _
U | handvalve Class . according to
; 'Nominal value for Scl!l fi Reinheitsnachweis: Klasse . . naeh SAE
. ¢lkanliness demonsltréation , R ratb 5 RJISH ,/4“/0‘-" SAE

—

-—-r

il

[ SN

Actual: better than Class 1 accd§dfk% to SAE

sy
X Y

Soll fiir Detriedsdsuaiiachiwadis:
Nominal value feor eoperating pressure demonstration:
Jst:

Actual:

So11l fiir Dichtheitanachwris:
f¥?4nal for air tightness demonstration:

Nominal:

Medien fiir Reinticitsnachweis: Is.prepansl "
Media for cleanliness demonstration: '

Medicn filr Betriebsﬁrucknachweis:
Media for operating pressure demonstration:

Medien fiir Dichthoitsnachweis: N Neézelspm, - .
Media for air tightness demonstration: line Nz

Chenische Neinhedit it NDréigarrdhirchen

Ghemical urit with tubes .... tested,***seeceseeseEAPTUlt
Iat: Rey mens n von : m
" minal Residual amowrntts wfl%%%°°c*°*****° ecceee” P2 ‘

Die mit "QS" versehenen Sollwerte sind von dor Qs
ndfhtu4°lson- The nomdnal valuea with "QS" have to

be demonstrated by the QS, ST -~
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1 3anannung ] Stichwort | Typa ] Z.-Ne.
Evacuation
Evakuieren / Pos.
MV2 -

3.4.4
g

TN RT 353-5/77

Lok 16.12.77

Blenl.__ von__?._...,_.

Bl.30

Ordzr

1

[

omal
2 i

3__|

a_ |

6 1|

7 |

§ Abt

Nome

1
The temperature on the engine i

bridge through the resistance of the coil.
_Die Temperatur am Triebwerk wird mit einer Mefbriicke liber den

- Widerstand der Spule gemessen.

Monitoring

R.

max

Temperature on the 0X-diaphragm
Betriebsspannung filic Triebwerk 27 Volt DC

331 ohm @ 95°%

Temperatur an der Ox-Blende, soll 28°%

8 measured using a measuremen

Nominal 28°C

operating voltage for Engine 27 Volts DC

Time
S Dat.

Uberwachung

-~

Uhrzeit

O11
Widerst.

der Spule

EOhm]

Temp.an
Ox-Blende

[oc]

Resistance of Temperature

[?oré]

Yakuun
Tacuum

Remarks
Bemerkungen

Name

az

0\

3

LX)

AV

lrp]‘ﬂi

7’3':2.?

758

74‘{ Ll’.

L 5C

172
Tad
273

trer Pan

<57

238

5%

57
30V

e¢

nc"

2%,5°C
o

75°C
75°C.

AEC

w."ro«‘
Furp~<

2077
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Gasellschal mit baschrdakter Hoftung
Aullanateile Lompoldshoussn

TN-RT3.>3 5/77
Appendix C to

ted

Ausstelizr

Braun

Denannung | Stichwort | Type | Z+Nr. . L 16.12.77
Evacuation: : y
Evakuieren / Pos. 3.4.4 TN RT 353—5/77 pag¥fhn von

MV2 - Anomalie Anomaly i Bl.

Order 1l o2 | 3 | 4 | 5 | | 7__1

Abp,

Name

i = ] Vacuﬁ Remarks
Uberwachung k3FJ.Sd1‘esr.r‘s o€ Temp.an a%ku
Dat. Uhrzeit d.Spule Ox—glende Bemerkungen Name
Time EOhmJ [ C] El‘orr] s
~ Yo 14 R - js .
Lo d W ) 00 6.7 SxI0 k’__b .
) . =3 .
“q 12Y° 390 lg/l \(Y‘d L —56
[iv A ¢ 130 ¢ 2¢,%3 74 4¥ 4¢3 {28 Tre- mopuhle] ";,,.,-y

g - 2 ’ a ? 3

I3 17 2¢ ¢ 3 o‘ 24 | 2e | gyis- Ly Thermoelerrﬂenwv’y :

SrE s-."-. QG ( ,gg,zﬁ"s_;y.,_ 23 M./JW

( (\..‘.l'.'L el A S{vrr o ;:.h . 2ar V4 el s

: - - "‘. ) ‘
l. 4‘]¢0 29 5 o7 L(Y m;.s E,ﬁ*sA* D aphrLgm‘t
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1.

2.

2.1.

2.2,

Summary

In order to investigate the MV2 anomaly (TN RT 353-7/77)
hot runs with the 10 N-Engine were carried out.(in the
atmosphere).

In the present document we specify the required steps.for
preparing and carrying out the hot run tests.

Test 1: Reference test for which no blockage i1s expected
Test 2: Hot run test for which N,0, 1is used with the
chemical composition specified in item 2.3.2.2.
Test:3: Is only used if during Test 2 no blockage in the
N204 conveyance system occurs. In this hot run
the Fe-Ni-Nitrate component in the 3204 is increased.

Data on the Test Specimen and Test Installations for the

Hot Run.

Test Specimen:

- 10 N-Engine sYsS 2451 Bt. Ni. 3%
with valve Bt. Nr. 44

- Original fuel conveyance lines (line cross section and
length) with the filter and the diaphragm according to
the HG system engine HU4 (Sketch Page 8) in the conveyance
line between hand valve OX 4 (BR 4) and the engine.

2st Configuration:
The test configuration (sketch page 8) is done accoxrding to
TN RT 35-7/77 + All of the components of the conyeyance

system and the fuel! containers are cleaned accordink to
TN-RT 353-1/77 4nd the cleanliness is demonstrated u-ing

17
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I sy,

TR AR MITEONG

the Millipore method (without QS documentation.

2.3. Fuels and Fuel Amounts

2.3.1. MMH: (Demonstration not required)
Amount of fuel to be filled: 6300 g

(for an expected test time of 3 x 24 min)

2.3.2. Distilled Nao‘ with the followiﬁg chemical composition

2.3.2.1. Hotline 1 Nominal value Actual values
according to MIL-
Spec 26 539
N204 wt % S :
H,0 Equival. = 99,5 . 943t
wt % S 0, 11
(4
Solids 0,17
mg/1 < 10

The solid fraction 1s determined quantitat{vely through
1+Millipore filters using 200 g N2°4 . Par=-
ticle distribution on the filter is not determined

(see test sequence).

The amount of fuel te be filled: 3500 g
Number of particles, actual value: Cleanliness Class 2
according to SAE
January 20 1978
signature:Muller
2.3.2.2. Hot run 2

Distilled "204 with the following chemicel composi-
tion is used: (gee data of TN=RT 353=-7/77 )

* HNO3 wtX: "8 wt, 5 «x dest. (Purity see item 2.3.2.%.)

0.64 1l wt, % H,0 dest
H,0 free 1 wt. § Kaltron MDS 113
wt. %: 0.02 20 mg/1 Nitrate mixture: 50 wt ¥ Pe~nitrate
HNO3 +free 320 gives an HgO equivalent 50 wt.% Ni-nitrate t///’ Qz
of 0.11 wt. §. Responsibl® for Item 2}%.2.2. RT351 Mrs. Keil (L1

R L



2.3.2.3.

2.3.3.

2.3.3.1.

2.3.3.2.

Total amount of impurities ”204 §.35°° 9
N0, dest. '« 3430 ¢ (+ balance air)

Hzo dest. " = 35' g - 5S¢

Kaltron 113 MDS.:w S g

Fe-Nitrate = 24,2 mg.
Ni-Nitrate = 24,2 mg,

Hot Run 3 (is performed if no blockage is found during
Hot Run 2.

Distilled “204 with the chemical composition as under
Item 2.3.2.2., but the FE-Ni=Nitrate fraction is increased
to 40 mg/1 "

For 3500 g N,0, we find;

Fe-Nitrate = 48,4.mg.
Ni-Nitrate = 48.4 mg.

Filling of the N20g; and MMH-contginers.

MMH-Contalner:

Fill tve MMH using a 1,4=Milllpore  Pilter and filling
is centrolled by weighing., Ventilation on the container
is only opened if over pressure existd in it in order to
avoid entry of air.

Filling of the “204' container

Filling of distilled N2% through a TAse Millipore
filter and filling is checked by weighing. Ventilation
of container only when over pressure exists in it in
order to avoid penetration of air. When producing the
mixture for Test 2 and Test 3, impurities (320 and freon)
are mixed by weighing ( Filter 24m ), A 20 kg bal-
ance is used for this (1 scale division = 5¢).

79




2.4,

[

Sequence:

= Determination of the empty weight GB of the "204

- container (residual N20‘

is emptied) GB = kg

= filling of the Fe-Ni-Nitrate pixture weighed separate-
ly on an analysis balance,

- filling of the Kaltron 113 MDS or the amount of water
separately on an analysis balance.

- welghing of the distilled N0,

- mixing of components by shaking the closed container

- before filling in the N304

into the container for

hot run 3 the container is cleaned acccrding to
TN=-RT 353-1/77

Measurement location plan

Measurement
ap1 (Fi)

P

L

B .
Yalve signu.
Engline

Time

Preusure
mark

J

Rangg
C - 7 bar

o-
0.-

O =

13 bar
2dbar'
Q'bar.
Hz

Recording®
vV, D, A
vV, D, A .
Ve D, A .
vy D,.A::‘;
v .

D, A

4

® V-Visicorder, D=Printer, A~Reading.

80
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Pressure measurement 4 p1 - CEC TYP 4 = 351 - 002

transducers o . .
Ap2 CB.C {YP 4 - 351 « 00S

Py,

COX 6-00 'uzo‘ " Turb.Nr. 7191
¢ . S .
COX 6-00 MMH Turb.Nr. 15732

Calibration of pressure
treusaucers using a 2pm Filter (nor

, P, CEC 4 - 326 - L 226

Turbine flux meter

3. Test Sequence

3.1. Preparations

- Addition of the fuels (Item 2.3.3,)

- (Calibration and installation of transducers

- functional test of engine valve

- air tightness test of the entire conveyance system by
applying a load through HV-OX3 (BR3) and GN2 = 10 bar.
(Filter gam{

- f1lling of the basin with ice water

- pressurization of the N,04 container atPy (HV-OX2 #CLOSED")
-PB ~204 - “13, 30 bar

Pressure balance .

diaph:agm = 5,0 oar

Ap FOs = 0,5 bar
18,80 bac
pe 17 ar,ec %8

%

- for hot run 2 + 3, adjust values frem hct run 1
- evacuation of the "204 conveyance system by means of
HV-0X3 » (20,1 Torr)  HV=-OX4 MON®
- f1lling of the '204 conveya.ice system by opening hand-
valve Ox 2 '

31
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- removal of a cleanliness sample with a Millipore
adapter with lae - Filter and a floor mount of
200 g on the manual valve 0X3.

-~ qualitative check of the filter for particle amount,

particle size and particle identification.

- pressurization of the MMH container at PT (HV-BR 2

"CLOSED")
Pressure balance

Pr uuy  ~ 14,10 bar
~ '4,5  bar
diaphragms . :
ap FOs - 0,3 bar -
. 18,9 bYdar-
Py 17,9 atg

& For hot runs 2 + 3 adjust values from hot run 1 .

- Evacuation of the MMH-~co veyance system using
HV-BR 4 "CLOSED"

( =q1 Torr) -

-~ Filling of the MMH-conveyance system by opening

handvalve BR2.

3.2. Nominal operating conditions for the engine

3,54

1'64 "

2,20
1,34
13,3

t

g/s

al/s

- g/s

L 4

14,1

8,7

83

9/s

bae
barjﬂ

()

(Turb.Nre 7191)
(Turb.Nc. 15732)

bar .

t
!

s o1y o




3.3.

3.3.1. Manual recording:

3.3.2.

Hot Run 1 (Reference test for which no blockage is expected)

Test no. 02-2953/1 1/20/78

Nominal va%ge
ot €

Fuel temperature in the tank .afnzo‘
‘ . oc

A

[ ]
.
.

M0 ¢ g
Ice water tem, erature . e
A4, %5 xg

- . Ny04 3
Balance Reading R § .
MMH 7], 67 - .' kg
N0, : 47,94
Adjusted tank pressurization - - . atg
. iie atg.
MNHR . 3 782 g
- Equalization of differential pressure measurement
transducers.
- Check: Manual valve Ox 1/ BR 1 "ON"
Ox 2/ BR 2 noN"
Ox 3/ BR 3 ngppv

Engine Ignition:

2 seconds before engine ignition - Visicorder "ON" 2

= upon engine ignition start time and print out wvalues
at time intervals of 2 minutes (2x)

- check the mass throughputs: if necessary interrupt
engine cperation (stop the time), 1if deviations in
ﬁges nom and r nom are found. Throughput correcw
tion is made by changing the tank pressures.

-~ observat: cu of differential pressures

-~ observation of temperature load on the engire, espec-

ially on the vacvum nozzle.

Interrupt test for critical operating state,
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3.3.3. Engine shutaown for the test time
tq.a ® ‘1440 8 Nominal time = 1440 second

- visicorder "OFF"

= manual recording: ..

Nominal value
Engine temperature in the tank N,0, 76 . °%c

P '.‘ & ©c.

Ice water . - o

. ‘ /‘uzo i c

Balance reading | ‘ n.‘,o‘t Z‘f’o kg
MM 1,810 xq .

Adjusted values of tank . I
pressurization N ' atg

Ty 762 3tE
- reduction in P T-0 and p-r..g ' ' ‘

- close handialves OX 2 and BR 2
OX 4 and BR §
- empty N204" contalner

3.4, Hot run 2 (Test with contaminated N304 according to Item
2.3.2.2.) '
Test No. 02-2953/2
January 20, 1978

3.4.1. Manual recording: Nominal vaiue
. -

Fuel temperature in the tank 493204° ¥ . ¢

Juw 2 6 %

}H?O : < . °c

Ice wailcr o )

. ”204 3 f’; ”! kg

Balance reading
BMH : 1L POF yq

Adjusted values of tank pressurization N0, 767 atg
(see adjusted values for hot run 1) MMH 3 ff,: atg
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- equalization of differential pressure transducers

Check manual valves: Ox 1/ BR 1 "ON"
Ox 2 / BR 2 "ON"

.°X3/BR3 “"OFF"
Ox 4 / BR 4 "ON"

3.4.2. Engine Ignition

3-“03. E

3.“.3.1.

30“03020

2 seconds before engine ignition - Visicorder "ON" 1
start time upon engine ignition and print out values
at 1 minute intervals (2x). Shorten intervals if
there are throughput changes.

Observe temperature load on engine especially on the
vacuum nozzle.

Discontinue test for critical operating conditions .
Observation of differential pressures, injection
pressures and flux readings in order to evaluate pos-
sible throughput changes and:whether these are caused
by the beginning of blockage.

allow blockages in the "204 conveyance system to
increase as long as the operating state of the englne
is not critical because of the displacement.of the
mixing ratio. .

ngine shutdown

After blockage of the Nzoq conveyance system has occurred

Preference value

M. 0 , . -
274 0,46 g/s & . Imp/s .-

(according tc20 % * ﬁuzo‘ “Nom.)

After an operating time of

t = 440 &

= Visicorder "OFF"
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3.’4'“0

Recording:
Nominal valueo
Puel temperature in the tank a’uzo“ & c
P LI 1 %
! o . _—
Ice water temperature . .
.)Hzo 22 “°c
Balance reading : o SO
| N204: 79074 xg
LLMME 2 71380 kq
Adjusted tank pressurization ‘"294: 7% atg
MMH s 742 atg
Test time e :3” ST

Reduction in Ppg and Pra
Close manual vaives 0X 2 and BR 2

OX 4 and BR 4
if blockage occurs during a hot run:
further sequence according to item 3.4.4,
if no blockage occurs durilng the hot run:
continue sequence according to item 3.5.

Blockage in the "204 conveyance system

from the changes in the differential pressures or
the change in the injection pressure, determine
the location of the blockage (filter, diaphragnm,
injection system)

close differential pressure can Api with 4%, R, A
closed and close the connections using blind screw
connections,

let ice water run out of the pan.

open HV=OR4 and evacuate MMH conveyance system
through HV&BR] (p =% 0,1 Torr)
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Rinse the MMH conveyance system with N2 with open
engine valve through manual valve BR3 (flux reading
BR 1s observed).

fuels are removed from the engine and the conveyance

system for the most part. (Manual valves Ox4 and

BRY4 in the conveyance system are closed), by connect-

ing a gas Jet pump through an adapter over the vac-

uum nozzle of the engine (valve open).

after this connect the adapter to a vacuum pump.

Manometer pvac is connected ahead of the filter.

Open the engine valve and evacuate the conveyance

system over 336 hours ( Py,c 1 ¢ Pvac 215 recorded).

P, = 10‘2 Torr

surrounding temperature in the pan and the temperature

on the filter are recorded.

temperature on the engine valve is checked. At the

beginning record at intervals of 10 minutes.

© if 95°C is exceeded close the engine valyve and
open it again after the tempe—ature drops and then
record Pv .

° after the end of the evacuation time close engine
valve and close off adapter ar. vacuum pump (cal-
tbrate A8pPe, 8P, Fi, P

® close manometerpv.c and connect pressure can Apg
pressure cans 4P, P A ' R are connected.

3.4.4.1. Repetition of hot run 2 Test No. 02-2955

February 2, 1978

pressurization of N204 and MMH containers
adjusted values as under 3.4.1.
evacuation of the HV-Ox 4or MMH conveyance system
(manual valves ir the conveyance system 2
and HV-BR 4 are open) through HV-Ox 3/BR 3 ( & 0,1
Torr)
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3.4.4.2.

'
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+111 the Nzo“ conveyance system:

Manual velve on the tank HY-0y 2 "OPEN"

Manual valve on the conveyance system HV-Ox 4 .

"OPEN" (Check)
fill the MMH conveyance system:
Manual valve on the tank HV-BR 2 "OPEN"

Manual valve on the conveyance HV-BR 4 "OPEN" (Check)

Manual Recording:

Nominal value

Englie ignition

- 2 seconds before engine ignition - Visicorder "ON"
= 1 cn/s
- start time at engine jignition and print over time
intervals of 1 minute (2x).
for throughput changes. )
- Observe: temperature load on engine, especially on

89

Shortep time intervalis

Fup, t 7 °c
Fuel temperature in the tank .
o 1 TR £ 4 o
Ice water “’Hzo 3 < °c
Balance reading NOy st 70 27% kg
N0, : 77J
Adjusted values of tank pressur- o atg
ization (adjusted value Item 3.4.1.) MMy : <7#41 atg
- equalization of differential pressure transducers
- check: Manual valves- . Ox 1/ BR 1 "ON"
Ox 2 / BR 2 noN"
ox 3 / ::: "OFF"
ox 4 / nON"

J
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the vacuum nozzle,
interrupt test for critical operating conditions.

- Observe differential pressures, injectlion pres-
sure and flux reading in order to evaluate possible
throughput changes and whether these are caused by
a (beginning) blockage.

- blockages which occur in the "2 conveyance
system are allowed to increase ag long as the
engine cperating state 1s not critical because
or displacement of the mixing ratio.

N 04

3.4,4.3. Engine shutdowr

3.4,4.3.1. for blockage of the N204 conveyance system (same

blockage as before evacuation)

3.4.4.3.2. - after an operating time accoréing to the available

N0,

(Filled in N204 minus consumed Ny04 rfor
hot run2 sremainder for repetition)

- visicorder "OFF"

= Recording: Nominal value

Fuel temperature y . - c.
p }N2°4 H i ¢__ o o\.
Suwm 2§ %
Ice water )HZO s o °c
Balance reading N0, 3 9'5", kg
MMH [} 1350 kg
Temperature pressurization ) ..” atg
adjusted values "z°4 $ ‘,:l 7 :
. . _ atg
Mk s 78,3
test time Voo :
t s F7¢f s
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3.5.

3.5.1,

reduction in "ro and ’ra
closed manual valve Ox 2 and BR 2
. Ox 4 and BR U .
= if blockage 1s successfully removed, empty
Ox and BR conveyance systems.

- in the case of fallure rinse MMH conveyance
system with GN 2 {24ne Pilter) . N304
conveyance system is rinsed through adum Pilteg
using about 60°C warm distilled water. The
rinse water 1s captured in a suitable clean
container.

Hot Run 3 (test with contaminated ”204 according
to item 2.3.2.3)

This hot run is carried out if no blockage occurs for
Hot Run 2.

Hot Run sequence the same as for Hot Run 2 /Item 3.4.1.)
Hot Run 3 . )

When Hot Run 2 1s repeated (item 3.4.4.1.) we found
no blockage after about 1300 seconds (Ox~-Tank empty)

After this an additional test Number 02-2956 was
carried out with NZOQ , using the composition of

3.3.3.2.

Surprisingly blockage occurred after 100 seconds on
the filter (see graphed figures of test results).
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Regarding ground tests for investigating the MV2 anomalies .
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TN-RT353-1/768 Author; Herzberg
QS Demonstration
for: Ground teste for investigating the HV: anomaly . Page 1 of 7

deme : HG N,0, Contalner
Item No: 8720

Component No.:
Fabrication No.:

To:
Nominal value for cleanliness demor.stratiorn Class 1 according to
SAE
Actual value: Date: 7/17/78 RC2i
(illegible)
Nominal ‘ralue for operating rressure demonstration:

Actual:

Nominal value for air tightness demoastration:

Actual:

Media for cleanliness demonstration; Isoproponol

Medla for operating pressure demonstration

Media for air tightness demonstration

GNZ’ LAM Supply Network

The nominal values with "QS" have to be demonstrateu by the QS,

~Munding- -Braun~
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Appendix B to
TN-RT 353 - 1/78 -~ Author: Hersgberg
QS Demonstration Page 2 of 7
for Ground tests for investigating the nvz anomaly

Name: Nzou Side Test Configuration

Item No.:'

Component No.:

Fabrication No.:

Filter MQ SK 2480-22 BT Yousing Nr. 20/21
Turbine Model LF 6-60 Serial No. 7191

To: HG tube 1/8" x 0.01" x 1000 mm long
Manual valve: Nupro SS UH.

Nominal value for cleanliness demonstration Class 1 according to
SAE
Actual value: Date: 7/17/78 RC34
(11legible) ,
Nominal vaiue for operating pressure demonstration:

Actual:

Nom.:al velue for air tightness demonsiration:

Actual:

Mecia i>r cleanliness demonstration: Isopropanol

Media for operating pressure demonstration

Media for air tightness demonstration N, LAM Supply Network

Chemical pur'ity with tubes......,tested
Nominal: Residual amounts of.....ppm
The nominal valuec with "QS" have to be demcnstrated by the QS.

-Mundis 3= 94 ~Braun=
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Appendix B to
TN~RT353-1/7% Author: Hergberg :
QS Demonstration Dat: 1.16.78 g
Page 3 of 7 ) H

for: Grounl Tests for investigating the MV2 anomaly
Name: MMH Side Test Configuration
Item No.:

Component No.,:

Fabrication No.:

Turbine: Model = LF 6-00 Serial No 15732

To: HG tube 1/8" x 0.01" x 100C mm long
Manual valve: Nupro SG UH.

Nominal value for cleanliness demonstration Class 1 according to

SAE
Actual Value: Date 7/17/78 RC34

(11legible) _
Nominal value for operating pressure demonstration:

Actual:

Nominal value for air tightness demonstrati¢n:

Actual:

Media for cleanliness demonstration: isopropancl
Media for operating preesure demonstration:
Medila for air vightness demonstrat.ont i, LAM Network- - - - .

The nominzl values with "QS" have to be demnr-tratad by the (T,
=Munding- =Braun~
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Appendix B te Author: Hersberg
TN-RT 353 - 1/78 Page 4 of 7
for: Ground tests for investigating the le anomaly
QS Demonstration

Name ; N202 HG Tank filling line

" Item No, : 8694 KXu 6-N2

Component Neo.:
Fabricatior. No.:

el
Nominal value for cleanliness demonstration Class 1 accerding to
SAE
Actual value Date 7.2.78 RC34

(Illegible)

" Nominal value for operating pressure demonstration

Actual:

Nominal value for air tightness demonstration:

Actual:
Medla for cleanliness demonstration: N, line LAM

Media for operating pressure demonstration

" Medla for air tightness demonstration

Chemical purity with tubes.......tested
Nominal: Residual amounts of .....ppm°
The nominal values with "QS" have to be demonstrated by the QS.

- Munding -~ ~Braun=
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Appendix B to

TN-RT 353 - 1/78 Author: Hersberg
for: Ground tests for investigating the Page Sof 7 .
HV2 anomaly
Name: GSP drive line A pog for MMH pressuriszation

Item No: 5470

Component No,:

Fabrication No.,:

d |
:

b0

Nominal value for cleanliness demonstration Class 1 according to
SAE

Actual vaJue: T7/12/78 RC34
(1llegible)

Actual:

Nominal value for air tightness demonstration:

Actual:

Media for cleanliness demonstration: N2 LAM Supply Network

Media for operating pressure demonstration:

"‘W*ﬂ b < e s s

Media for air tightness demonstratien
Chemical purity with tubes.....tested
Nominai: Residual amounts of....ppm
The nominal values with "QS" have to be demonstrated by the QS,
=Munding- © 97 =Braun-
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Appendix B to
TN-RT 353-1/78 Author: Hersberg

QS Demonstration Page 6 of T

for ground tests for investigating the ivz anomaly

Name MMH - HG Container line

Item No: 8693 Ku 5 14

Component

No:

Fabrica-
tlon No.

To:

Nominal value for cleanliness demonstration: Class 1 according to SAE

Actual Date: 7/02/78 RC34 (illegible)

Nominal value for operating pressure demonstration:

Actual:

Nominal value for air tightness demonstration; -

Actual:

Media for cleanliness demonstration: Isopropanol

Media for operating pressure demonstration: -
Media for air tightness examination:

Chemical purity with tubes......tested
Nominal: Residual amounts of .....ppm
The nominal values with "QS"™ have te be demonstrated by the QS.

=Munding- 98 =Braun-
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Appendix B to

TN-RT 353-1/78 Author: Hersderg

QS Demonstration Page T of 7

for: ground tests for investigating the HV2 anomaly

Name: “z°a HG Container Line

Item No.: 8692 Ku 4 13

Coggonent
No: 2

Fabrication No,:

i'-r_o.:

Nominal value for cleanliness demonstratien: Class 1 accerding to

SAE
Actual Date 7.12/78 RC34 (Illegible)

Nominal value for operating pressure demonstration;

Actual:

Nominal value for air tightness demonstration: Isopropanol -

Actual:

Medla for cleanliness demonstration:

Media for operating pressure demonstrations

Media for air tightness demonstration:

Chemical purity with tudbes......tested

Nominal: Residual amounts of .....ppm

The nominal values with "QS" have to be demonstrated dy the

~Munding- =Braun-
99
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Appendix C to Division

TN=-RT353-1/78 AT 353
Evacuation of Conveyance System Q::ﬁ:r

MV2 Anomaly Test Results Date 1/20/78
Page 1l of 3

The temperature on the engine is measured with a measurement
bridge using the resistance of the coil.

o
Roax = 331 Ohm 4 95%

Temperature of the Ox-Diaphragm, nominally 28°C
Operating voltage for Englne 27 Volt DC
Total evacuation time 336 hours (FS of 1.23.78)

Monitoring Temperature Vacuum Resistance

°C [bar] [Torr)
Date Time Diaphragm Diag- of dia~ and of the Remark Name

surround- phragm phragm Engine Coil[0hm]

ings L
2.9 |74 - - - - asy
7732 | 15 - - |3ep2]| - . -
{78 = 22 - = k72| 29 8 Engine
* _ open
213 | 245 | 2¢ - |6xm”3| 298 .
’ -3 30:»
207 | 2¢T | 275 | 2¢ - 1610
e | s | 2¢ | a2 || 302
Lamp
. -3 .
{6 o 29 46 0' b0 302 ?lm:tidback
-3
. . . P.,:s . et emm
224, | 828 | 295| 4%S o |50 302 ??ﬁab
. - . K N
] 1932 | 995| 28 o |Sx@3| 302 .

100




Appendix C to Division 3
RT 353
TN-RT353-1/78 1.20.78
Evacuation of Conveyance System Author:
MV2=-Anomaly Test Results Braun
Page 2 of 3
Monitoring Temgerature Vacuum Resistance
Date Time Diaphrggm Dia- g?aggaET::g] ggizhe Remark Name
surround- phragm h Engi (Ohm]
ings phragm Engine m
e =3 =

23.1. {793 | 27 28,5 o |$x0 | 302

s et e . - = emeioo cnmankanens .- oo © eiee e s -y

201, | 82 | 285 a3e sl 3 | ",
.47'521 18 78

o ©

52073 305 | _,"
132 | ys|285 | o |53 »5 |,
| o

125 | 295 28 5+ 306

.. o o f comsermmmethonenes amma BB .. .

§H3| 3o

Q .

pneEl 298| a7z | o |5 35
ns| 28 | 265 o |5 299

Timew oe s w: s ecw off CBuimw. woo§ (et b o = -
B

26.1. ' g= | 28 | 26 o ! kao"ﬂ soy |
122 | 295 | 2% 0" | S8 30% |

72| 29 |265| O sr 3| 304
- - e : \ | |
' 234, gig | 28 Jlass | © Sne10"3 "301; '
1222| 26 | 2Z€ | O |50 300 (" | '
’ | o 0 ' ' o |
' .
T T T ] I |
" . ‘ w01 L v, |
. ‘ . ' ‘!. EUULR S
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: Appendix C to Division 3
’? TN-RT353 1/78 RT 353
Evacuation of Conveyance System 3::3:’ :
5 MV2 Anomaly Test Results -
ﬁ . Date 1/20/78
, Page 3 of 3 ‘ ’
Monitoring Temperature Vacuum ' Resistance ' :
; Date Ti oC [bar] [Torr) of the coil Remark Name
: ate 1im piaphragm Dia-  of dia- and [Onm)]
surround- phragm phragm Engine
8 R ings L
o 2647} 830 | 2¢ ~qos |#s10-3l 396 | e
? { 2740 | 245 ' ~ 0,09 5-'10..3 296 S ,';
. ‘ . .
g ! - L4815 245 | 225 | 497 6‘#(0'3. 299 ¢ Howberg
- . ¥ v
? mave| 8s0| 4501 L0 | Q|0 296 | s
L 1030 27 | 85 | Q97-| ¢am | 297 | ger-Bowm
30178 Boo| 25,5| 25 | 97-|4+103| 298| = - |seseetey
#.00| 26,5 | 255 0.97-| ¢ 103| 300 | - -7
| ae7e| Boo| 35 | 23 | a97-| 4«10 297 -
1 #3@| 26 | 25 | 097-| 410 299 | .
! ] ; : : o .
E :42.78| Boo| 47 | 25s| Q97| ¢20q 301 | - - -
; 1630| 295| 27 | gg7-| v 302 I
- ] ] DU W - . —
2278| 80| 295| 2%5 | 097-| ¢35 303 - | -+~
' 10:15 Engine Clgse Vazuum pump off o ,,//...
.'/D-ZO " Pump on 6x10™3 Engine on el ’ f
43.00 30 | S| — R I
N P ,;,
!E . . . - " _g et 2 :.s.:—.-. . it ik, Ramtins coi O e L...- :
- | ; |
s { 102 | | rIGINAL FAGE 8
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