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Science Mission Dewar Ground Support Equipment Inspection Report S0822 Rev. A

Purpose:

This document verifies many of the requirements in PLSE-12 #3.8 SMD GROUND SERVICING
EQUIPMENT by SU QA inspection by Russ Leese and by providing successful “as-run” procedures to
verify functionality of the Ground Support Equipment (GSE). The GSE has been used to service the
Science Mission Dewar since its operation at Stanford University. The timing of this inspection effort is set
to ensure functionality and compliance with the launch site at VAFB.

Introduction:

The Science Mission Dewar (SMD) contains gaseous or liquid Helium cryogen at temperatures near
zero degrees Kelvin. The GSE provides the capability to refill and vent the SMD of its Helium. In addition
the GSE provides instrumentation that monitors the health of the SMD and to activate valves. Finally, the
GSE must comply with the payload safety requirements that mirror the range safety requirements at VAFB.

Table 1 contains a list of Dewar Servicing GSE and the locations they will be used at the launch site.

TABLE 1 - Science Mission Dewar GSE used at VAFB

Dewar Servicing Locations Used Envelope Approx. Power Gases
Equipment {(Number of each) (in) Weight Required

1610 | MST | EEB | 836 | (LxWx H) | (Ib)
Large toolbox 1 1 44 x 29 x 50 | 300 (est.) | N/A N/A
Small toolbox 1 27 x 18 x41 | Varies N/A N/A
Large storage box 1 79 x 47 x 97 | Varies N/A N/A
Pumping line storage | 1 102 x 43 x Varies N/A N/A
box 33
Helium cylinder (T 1 10dia. x 59 | 146 N/A N/A
or K) on cart
6-pack Helium 2 29x20x 74 | 1200 N/A N/A
cylinders
Liquid nitrogen 2 1 20 dia x 58 210/490 N/A N/A
cylinders
500-liter supply 3 2 42 dia. x 75 | 562/710 N/A LHe
dewars
1000-liter supply 2 54 dia.x 77 | 900/1195 | N/A LHe
dewars
Vacuum Module 1 1 32x50x36 | 684 CGSE-PDU 80 psig air
Gas Module 1 1 32x48x60 | 1178 CGSE-PDU 80 psig air
Electrical Module 1 1 36 x50x 72 | 1000 CGSE-PDU N/A
Data Acquisition 1 1 35x24x 80 |400 CGSE-PDU N/A
System (2x 110V 20 A) (EEB

=R14)

Leak Detector 1 1 34x22x46 | 354 CGSE-PDU LN,
Temperature 1 20x24x 10 | 50 120 V 10 A or battery | N/A
Monitor & Alarm ’ (1610 =R9)
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Dewar Servicing Locations Used Envelope Approx. Power Gases
Equipment (Number of each) (in) Weight Required

1610 | MST | EEB | 836 | (Lx Wx H) | (Ib)
Pump Module 1 32x48 x60 | 1000 120/208 V 3 Y 60 A* | 80 psig air
CGSE-PDU (1610 =
R10)
Backup Pump 1 32x48x60 | 1000 120/208V 3@ Y 60A° | 80 psig air
Module (1610 =R10)
Utility Turbopump 1 1 40x25x71 | 483 CGSE-PDU 80 psig air
System
Power Distribution 1 1 25x25x66 | 383 120/208 V3D Y 60 A* | N/A
Unit (CGSE-PDU) (1610=R11, MST =
R18)
Heater Control Unit | 1 1 36 x 24 x 44 | 446 CGSE-PDU N/A
Chiller Unit® 1 33x27x35 | 460 208 V3D A20 A° N/A
(1610 =R12)

Acronyms and Abbreviations

ECU - Experiment Control Unit

GP-B - Gravity Probe B

GSE - Ground Support Equipment

EGSE - Electrical Ground Support Equipment

LM - Lockheed Martin (by various current and old names)

STP - Standard Temperature and Pressure

SMD - Science Mission Dewar

RAV - Remotely Activated Valve

PDU - Power Distribution Unit

TM&A - Temperature Monitor & Alarm

Verification Requirements Compliance Matrix

PLSE-12 Requirements

Para Title Requirement Method Compliance Data Compliant
3.8. SMD Section Header N/A N/A
GROUND
SERVICING
EQUIPMENT
381 Facilities The applicable SMD GSE D The SMD GSE is compatible with the Western \
Compatibility shall be compatible with the Range B1610 and SLC 2W as verified by the
facility requirements at the LSSP Rev. B and the VAFB approved GSE floor
following facilities: pl?n. The SMD GSE demonstr?ted compatibility Sy epE
with B205 high bay, B156 (Spin Balance, T-V), ISP 28,

Western Range B1610 and
SLC-2W Launch Tower,
Lockheed buildings B205
high bay, B181 vibration
facility, B156 (Spin
Balance, T-V), B159
(Acoustic Chamber), and
Stanford HEPL FIST Area.

B159 (Acoustic Chamber), and Stanford HEPL
FIST Area by completing the series of test and
integration activities at relevant to each facility as
verified by SU QA Insp. #28 Russ Leese. The
SMD GSE compatibility cannot be demonstrated
with B181, because the SMD will not be tested or
serviced in B181.

Yesfo3
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Para Title Requirement Method Compliance Data Compliant
3.8.1.1 Explosion Electrical GSE shall be I The SMD EGSE is labeled and built with manual ‘/
Proofing consistent with 3.3.6.7.2.4. kill switches and therefore complies with PLSE-
12 #3.3.6.7.2.4. The SMD EGSE is not intended
for use in hazardous locations. If located in a
hazardous area, it will be powered down, using
manual kill switches, during hazardous operations
(i.e., potential or actual presence of fuel) per d‘\'\
approved procedures. This approach has been /%\
approved by VAFB Range Safety, and complies
with PLSE-12 #3.3.6.7.2.4. LM Safety Engineer ) 310:3
Harv Moskowitz verifies compliance, which is 4 l/ 7_(’ i
documented in S0601.
3.8.1.2 Electrical GSE electrical equipment I The SMD GSE is compatible with 208 V, 3- ‘l
Interface shall be compatible with a phase, or 120 VAC, single-phase voltage source
208 V, 3 phase, or with a as verified by SU QA Insp. #28 Russ Leese.
120 VAC, single phase,
voltage source. Current
requirements shall be
coordinated with facilities,
as required.
3.8.31 Vacuum Space | The GSE shall include a ILT SU QA Insp. #28 Russ Leese verifies the SMD
Evacuation Vacuum Module, with a GSE Vacuum Module turbo pump speed is rated
rated turbo pump speed >= at 530 I/s He and is capable of achieving a blank-
400 Vs, capable of achieving off pressure < SE-9 mbar (3.75E-08 torr).
a blank-off pressure <= 10-6 PO786A “Certify Vacuum Module After
torr, for the function of Transport” requires the blank-off pressure as
evacuating the SMD measured by VG-1 to <5.0E-6, and was verified
vacuum space. at 4.99E-6 on 2/14/02.
3.8.3.2 Well The GSE shall be capable of LT SU QA Insp. #28 Russ Leese verifies that the
Evacuation evacuating the Dewar well. GSE is capable of evacuating the Dewar well.
P0613C test procedure evacuates the Dewar
Well, successfully ran on 12/20/02 evacuated to
3.0E-4 torr as measured by PW-2.
3.8.33 Guard Tank The GSE shall be capable of LT SU QA Insp. #28 Russ Leese verifies that the
Evacuation evacuating the guard tank to GSE is capable of evacuating the Guard Tank.
a pressure of 10 millitorr. P0916 test procedure ran on 10/05/02 evacuated
the Guard Tank to 8E-2 milli-torr.
3.84 Gaseous The GSE shall be capable of LT SU QA Insp. #28 Russ Leese verifies that the
Helium Purge purging the lines and vessels GSE is capable of purging the lines and with
with gaseous helium prior to gaseous helium prior to transfer and backfill
transfer and backfill operations. PO881A test procedure purges the
operations. lines and vessels in section G.5, successfully ran
on 02/28/02.
3.8.5.1 Venting of The GSE shall be capable of ILT SU QA Insp. #28 Russ Leese verifies that the
Helium Gas venting 60,000 V/hr STP, GSE is capable of venting Helium Gas.

with backpressure < 50 torr.

The SMD boil off rate is measured by the GSE in
liquid liters/hr and not gaseous STP I/hr. A
reading in excess of 100 liquid liters/hr
corresponds to an external flow rate of 60,500
standard liters/hour.

P0595B ran on 03/08/03 verifies that the venting
rate is capable of 107.6 I/hr liquid He, with a
backpressure of 13 torr-a (773 torr-g).
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Para Title Requirement Method Compliance Data Compliant
3.8.5.2 Warming of The GSE shall be capable of LT SU QA Insp. #28 Russ Leese verifies that the ‘/
Exhaust Gas warming 60,000 I/hr STP of GSE is capable of warming exhaust gas.
vent gas from its initial The SMD boil off rate is measured by the GSE in
temperature (approximately liquid liters/hr and not gaseous STP V/hr, A
5 to 45 K) to 283 K prior to reading in excess of 100 liquid liters/hr
its reaching the facility vent corresponds to an external flow rate of 60,500
lines. standard liters/hour.
Gas.P0O595B ran on 03/08/03 verifies that the
venting rate is capable of 107.6 l/hr liquid
HePO0648E ran on 01/06/03 verifies that the
venting rate the vented Helium was warmed to
283/282 K near 80.3 1/hr liquid He flow rate.
3.8.6 Leak Detection | The GSE shall be capable of ILT SU QA Insp. #28 Russ Leese verifies that the
providing leak detection to a GSE is capable of providing leak detection <=
level of <= 10-10 scc/s He. 10-10 sccs He. PO786A “Certify Vacuum
Module After Transport” ran on 2/14/02 verifies
that the GSE Leak Detector was successfully
calibrated to 5.9E-8 sccs and measured the
expected background leak rate of > 1.0E-7 sccs.
3.8.7.1 Remotely The GSE shall provide ILT SU QA Insp. #28 Russ Leese verifies that the ‘/
Actuated power supplies and SMD EGSE is capable of providing power and
Valves electronics for all Remotely electronics for all the RAVs through the four
Electronics Actuated Valves (ground controller units built in to a patch panel that
and flight). allows for RAV multiple power configurations.
PLSE-12 #3.7.5.9.4 “Remotely Actuated Valves”
verified the functionality of the valves in the
Dewar AR, GPB-100155A, 26 Feb 97. PO648E
ran on 01/06/03 verifies that the patch panel,
while configured and to open/close RAV 1 & 2,
provided power and control electronics.
3.8.7.2 Dewar The GSE shall provide ILT SU QA Insp. #28 Russ Leese verifies that the
Instrumentation | power supplies and signal SMD EGSE - primarily the PDU - provides
conditioning for all SMD power for all SMD instrumentation.
instrumentation (ground P0773 "Certification of Electric Module, Gas
and flight). Module and Data Acquisition System" verifies
the GSE provides signal conditioning for all
SMD ground instrumentation.
P0774 "SMD "Functional Test (Abbreviated)"
verifies the GSE provides signal conditioning for
all SMD Flight instrumentation.
3.8.7.3 Pressure Sensor | The GSE shall provide LT SU QA Insp. #28 Russ Leese verifies that the
Readouts power supplies and SMD EGSE - primarily the PDU - provides
electronics for all Dewar power for all SMD pressure sensor readouts.
and GSE pressure sensor P0774 "SMD "Functional Test (Abbreviated)"
readouts. verifies the GSE provides signal conditioning for
all SMD Flight instrumentation.
Engineering test by Dave Murray provides the
pressure sensor readouts by the GSE electronics.
3.8.8 Data The GSE shall provide the I SU QA Insp. #28 Russ Leese verifies that the
Acquisition and | capability to condition, SMD GSE is capable of conditioning, collecting,
Processing collect, reduce, and store all reducing, and storing all SMD and GSE

SMD (except
accelerometers) and GSE
generated data, and display
desired data.

generated data, and displaying the desired data.
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Para Title Requirement Method Compliance Data Compliant
3.8.10.1 Modularity The GSE shall be of I SU QA Insp. #28 Russ Leese verifies that the
modular construction for SMD GSE is modular in construction, noting that
ease of handling, servicing, the SMD GSE was successfully transported to
transporting, and floor multiple LM testing facilities from SU FIST Ops.
configuration flexibility.
3.8.10.2 Dimensions The dimensions of the I SU QA Insp. #28 Russ Leese verifies that the
modules shall be compatible SMD GSE modules are compatible with the
with the space allocated on space allocated on the launch tower. February
the launch tower. 2003 PMR documents that the floor layout for the
MST is capable of supporting the SMD GSE.
Changes in the floor layout will be document in
the LSSP.
3.8.10.3 Weight The weight of the modules T SU QU Insp. #28 measure the weight of all the
shall be within the floor Dewar GSE using B/159 scale 6/15/02. The
loading capability of the results are documented in the LSSP and in Table
launch tower. 1 of this Science Document, S0822. Modules
outside of the floor loading capability (75
Ibs/ft*2) will be place on pallets by VAFB to
distribute load within the capability.
3.8.10.4 Lifting and Lifting and handling T Lower level verification for the SMD GSE:
Handling structures shall be proof Dewar VRCD (Dewar AR, GPB-100155A, 26
Structures tested to 2 times the Feb 97)
Factors of maximum expected All SMD GSE is mounted on wheels or casters
Safety operating load, and designzad and does require handling structures for
with an ultimate safety movement. All SMD GSE at VAFB will be lifted
factor of 5. by a “cookie sheet” type lifting device for getting
the Cryo GSE on the MST in accordance with the
LSSP requirement GPB-64 PAD Handling.
3.8.10.5 Pressure GSE pressure systems T The SMD pressure systems operate at ‘/
System structures shall be proof subatmospheric or near atmospheric pressures.
Structures tested to 1.5 times the The UTS uses an Air-Pac T-20ST Thomas
Factors of maximum expected Compressor at 80 psig, which is rated for 125 -
Safety operating pressure, and psig and has a relief valve set for 140 psig. The JDP 22
designed with an ultimate design is compliant with industry standards for ~
safety factor of 4. pressure vessels. The Helium supply tanks are
DOT certified. All proof testing is by vendor
testing.
3.8.11 Cleanliness The GSE interior lines shall I SU QA Insp. #28 Russ Leese verifies that the
Requirements be cleaned to Zone VI of SMD GSE is compliant to PO059 “Probe
Section 3.3.1.2.6. Contamination Control Plan,” which specifies the
Zone VIrequirements. In addition SU Dewar
operation procedures call out visual inspections
and cleaning procedures in compliance to the
contamination control plan.
3.8.12 Grounding All external surfaces of GSE I SU QA Insp. #28 Russ Leese verifies that the
Requirements shall be at common ground SMD GSE external surfaces are at a common
potential at all times. ground potential at all times.
3.8.13.1 Electrical External switches shall have I SU QA Insp. #28 Russ Leese verifies that the
Switches protective covers as SMD GSE has either protective covers or other

required by 3.3.6.7.2.2.

manual safety locks for all critical switches.
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Para Title Requirement Method Compliance Data Compliant
3.8.13.2 Alarms for If a purge system is utilized D This requirement states that “if” a purge system is N
Purge Pressure | on any GSE, an alarm utilized, and inspection by SU QA Insp. #28 Russ
audible to 200 ft shall be Leese verified that the purge system is not @8
provided when the purge utilized in the current baseline configuration. The S\RSP 23
gas pressure drops below its alarm is installed, but not connected to the sensor
minimum allowable systems. vﬂz 3/0 3
pressure. A visual alarm
shall be visible to 50 ft
when viewing within 60 deg
of normal to the front panel.
3.8.13.3 Anchors The modules shall be I SU QA Insp. #28 Russ Leese verifies that the
anchored to be seismically SMD GSE has latches and straps to anchor the
safe while on the launch GSE while on the launch tower.
tower.
3.8.13.4.1 | Plumbing GSE Plumbing Connectors I SU QA Insp. #28 Russ Leese verifies that the
Connectors shall be clearly labeled with SMD GSE plumbing connectors are clearly
regard to mating with labeled with regard to mating with the Dewar
Dewar plumbing. plumbing.
3.8.13.4.2 | Electrical GSE Electrical Connectors I SU QA Insp. #28 Russ Leese verifies that the
Connectors shall be clearly labeled and SMD GSE electrical connectors are clearly

color-coded.

labeled, and were color coded prior to the flight
cables installation.

Conclusion: GSE Supports the SMD Servicing Requirements

The GSE used for servicing and maintenance of the science mission Dewar is verified by inspection,
test, and demonstration to comply with the PLSE-12 requirements and is compatible with the launch site
facilities.
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Figure 5 - EXT501 Turbomolecular Pump dimensions

12 ’ EXT Turbomolecular Pumps



Pump EXTS0V/ EXTS01E/ EXTS01C/
Parameter Units 160CF 150160 1SO160
Mass kg 18 19.5 15.5 15.5
Inlet-flange DN160ISO-K DN160CF DN160I1SO-K DN160ISO-K
Outlet-flange DN40NW DN4ONW DN4ONW DN4ONW
Vent-port 1/s inch BSP 1/8inch BSP 1/sinch BSP !/8inch BSP
Purge-flange DNIONW DNI1ONW DNI10ONW DNI1ONW
Pumping speed N2 ls? 500 500 450 450
He 1s! 530 530 360 360
H: Ls? 490 490 200 200
Compression ratio N2 >1x10° >1x10° 5x 10 5x 10
He 2x 10 2x 10 600 600
Ha 1000 1000 80 80
Ultimate pressure * mbar <5x107 <5x10° <5x10°% <5x10?
Minimum backing pump T
displacement m’h’! 10 10 15 ! 25
Recommended backing pump t E2MI12 E2M12 E2M18 E2M28
Maximum continuous inlet
pressure (water-cooling at 15°C)$ | mbar 14x10? 14x10? 6x10? 6x 10"
Maximum continuous inlet
pressure (air-cooling at 35°C) ¢ mbar 2x 107 2x 107 8 x 102 8x 102
Operating attitude Vertical (upright |Vertical (upright |Any Any
or inverted) or inverted)
Nominal rotational speed rmin?  ]36000 36000 36000 36000
Standby rotational speed rmin? {25200 25200 25200 25200
Starting time to 90% speed
EXC120/120E sec 405 405 255 255
EXC300 sec 200 200 130 130
Cooling method Water/ forced-air |Water/forced-air {Water/ forced-air | Water/forced-air
Ambient air temperature
(forced-air cooling) °C 0-35 0-35 0-35 0-35
Minimum cooling-water flow rate
{at 15°C) Lh? 30 30 30 30
Water temperature °C 10-20 10-20 10-20 10-20
Maximum water pressure psi 725 725 - 725 725
(gauge) mbar 5 5 5 5
Noise level (at 1 metre) dBA <50 <50 <50 <50
Recommended controller EXC300 EXC300 EXC300 EXC300
EXC300 maximum VA input o
(including heater band) VA 480 480 480 480
EXC300 normal power VA 60 60 60 60 g
Other compatible controller EXCI120/E EXC120/E EXC120/E EXC120/E
EXC120/E maximum VA input
(including heater band) VA 250 250 250 250
EXC120/E normal power VA 60 60 60 60
Quiescent power consumption w 25 25 25 25

* Ultimate pressure 48 hours after bakeout with 2-stage rotary vane backing-pump i

t Maximum inlet pressure is achieved with the EXC300 Controller. Above this pressure, rotational speed drops below nominal

t A larger backing-pump may be required for maximum throughput. The recommended backing pump for the EXTS0IC assumes
a continuous purge gas flow cf 25 sccm.,

Table 2 - Technical data (co‘ntinued)

EXT Turbomolecular Pumps
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Probe C Contamination Control Plan

The gyroscopes which will be flown in the Science Mission experiment
are particularly sensitive to contamination. Nonmetallic particles may interact
with the electric fields used to support the gyroscope and cause frictional drag
on the gyroscope. Metallic particles may exchange charge at the electrode and
rotor surfaces, bouncing back and fourth, and exchange angular momentum
between the rotor and the housing. At a larger size scale, particles may prevent
free rotation, and it has long been suspected that particles may play a role in the
infrequent arcing that occurs between the electrodes and the rotor. The GP-B
gyroscopes are also particularly vulnerable to contamination from regions
outside the housing. Not only is it impossible to completely seal the gyroscope
because of the gas spin-up system, but vibration during launch and the

weightless environment allow the potential for the generation and redistribution
of particles.

Another important aspect of Gravity Probe B is the light which reaches
the telescope. Contamination either from particles or condensable nonvolatile
residues or particles reduce that amount of light which reaches the telescope. In
addition, particles may scatter stray light which would increase the background

light level and decrease the sensitivity of the telescope pointing system. The
most crucial parts of the telescope are the roof prisms which are used to divide
the light from the reference star and determine the center of the star image. A 25
micron diameter particle could render the roof prism useless, while other
contamination could change the apparent direction of the star. Although a small
but constant bias in the apparent direction would not affect the outcome of the

experiment, a bias which varied at the roll frequency could seriously affect the
outcome of the experiment. ' '

Another important consideration in the cleanliness of the probe is the
possibility of magnetic particles on the interior or exterior of the probe. When
the probe is inserted into the liquid helium dewar which contains the lead bag,



DEFINITIONS

Level: Level refers to the cleanliness level of a surface as specified in MIL-STD-
1246. This document specifies the maximum number of particles of a given size
per square foot of surface area which can remain on a surface after cleaning. In
this contamination control plan, the cleanliness level of the surface is typically
specified as better than level 100. For this level the maximum allowable number
of particles per square foot greater than a given size is

Size Number
100 microns 1

50 . 11

25 78

15 265

Class: Class refers to the number of particles greater than a given size per cubic
foot in a clean room as specified by FED-STD-209. In a class 100 clean room the
maximum number of particles per cubic foot greater than a given size is

Size | Number
0.5 microns 100
0.3 300
0.2 750

There is not necessarily any relationship between level 100 and class 100. |

Verification: Verification refers to the process utilized to determine if a
hardware surface or a cleanroom environment meets the required specification.
The procedures for measuring the cleanliness of surfaces are given in MIL-STD-
1246 and follow ASTM guidelines. Methods of verifying room air cleanliness are
given in FED-STD-209.

Verification of a surface cleanliness level involves counting the number of
patticles greater than a given size range to determine whether the surface meets
the required cleanliness level. However, in many instances it would be valuable
to know not only whether the surface or clean room meets the required
specification, but also to know by how much the surface exceeds the required
specification. In these instances, it would be valuable to count the particles to the
smallest size range technically possible. In these cases, verification of the
cleanliness levels should be made to the highest level technically possible. .



\
Particulate Fallout: Particulate fallout in a clean room will cause surface
cleanliness levels to degrade with time. The particulate fallout rate depends on
many factors including the activity in the room, location of the part in the room,
and how parts are handled within the clean room. However, a rough guide to.
the particulate fallout rate is given in Figure 1. Note that in a class 100
environment, a level 100 surface will degrade to a level 150 in approximately 10
days. In a class 10 environment, a level 100 surface will degrade to a level 150 in
approximately 100 days. In Figure 1, it is assumed that the reference
environment is maintained regardless of the level of activity. A more accurate

measure of the particulate fallout rate may be made by placing witness samples
close to a part in a clean room.
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Figure 1 - This chart gives the particulate fallout rate vs. time for various class
clean rooms. The dashe lines for dass 10 and class 1 are estimated rates
extrapolated from the other curves (J. Sakols, LMSC). Since the particulate fallout
rate depends on many factors, including the activity in the room and the loaction
in the room, these curves should be taken as estimates.

CLEAN LUEVELS M:L-STD-1246 A



Zone: I - Interior of Gy:gscgpg

Reason for Cleanliness Requirement: Frictional Drag, Precession Torques,
Electrical Breakdown -

Required Cleanliness Levels:  Consideration of the torques acting on the
gyroscopes due to dielectric and metallic particles has led to the following goals
for the cleanliness levels within the gyroscope hotising:

Size Range Maximum Number
>3 micron 0

1-3 micron 0
0.3-1micron 1

0.1-0.3 micron 10

0.03-0.1 micron 100

Although it will be very difficult to verify these cleanliness levels by direct
inspection, these goals should be used to determine procedures for cleaning and
handling the gyroscope, cleanliness requirements for other areas of the probe,
and procedures for handling the probe once the gyroscopes have been installed.

Verification: Verification of the cleanliness levels within the gyroscope will be
done by measuring the spin-down rate of the gyroscope. The gyroscope spin-
down rate is a sensitive indicator of any contamination within the gyroscope. A
spin-down rate of less than 0.1 milliHertz/hour at spin speeds less than 5 Hz
indicates a adequate level of cleanliness.

Special Procedures: Standard housing cleaning and installation procedures
should be followed.

Design Considerations:

Environment: After cleaning andﬁa’;sembly the gyroscopes shall be protected
from particulate fallout. They shall be installed and removed from test probes in
Class 10 or better environment. Where possible, witness samples shall be placed
near the gyroscopes during assembly and testing.



one: II - Spin- i i in-

Reason for Cleanliness Requirement: Communicates directly with Zone I and
Spin-up Gas Flows through the Gyroscope.

- Required Cleanliness Levels: All parts shall be cleaned to level 100 or better per
MIL-STD-1246 using the reference procedure listed below.

Reference Cleaning Procedure: The reference cleaning procedures for the spin-
up inlet and exhaust lines and the final spin-up inlet filter are listed below:
Spin-up Inlet

1. Vapor Degrease

2. Ultrasonic

3. Flush with Freon

4. Interior of tubes flushed with Quadrex

5. Certified to highest level technically possible

6. Bag and seal entire tube in bags certified to level 100 or better.

Bags remain sealed until assembly. '

7. Install in Probe

8. Recertify
9. Bag exposed ends in bagging certified to level 100 or better
in- aust li eat exchan

1. Vapor degrease

2. Acid clean

3. Ultrasonic

4. Freon Flush

5. Flush with quadrex '

(Heat exchangers braze weld. Repeat steps 3-5)

6. Follow steps 4-8 of inlet line procdeure
Inlet Filter

1. Follow steps 1-5 for filter element.

2. Repeat steps 1-5 for sub-assembly.

3. Follow steps 6-8 of inlet line as applicable.

Verification: Verification of the cleanliness levels shall be done to the highest
level technically possible, using the ASTM procedures, before and after assembly
into the probe. Results of these verification tests shall be delivered with the
probe as provided by LMSC.

Special Procedures: During evacuation and venting of the probe, procedures
shall be used to ensure that any particles are pumped away from gyroscope side
of the inlet filter. If a gyroscope is installed, evacuation and venting of the probe
shall be done in such a way that a minimum amount of gas (and particulates) is
pumped through the gyroscope. In addition, any evacuation or venting of the



probe shall be done in at a sufficiently slow rate that the flow of gas remains in
the laminar flow regime. Guidelines for evacuation are that (1) Evacuation and
Venting of the probe shall be done at a rate of less than 10 Torr/minute and (2)
that the flow be limited at a point as close as possible to the vacuum pump.

Design Requirements: The ground support equipment shall be designed se that
the above special procedures may be implemented.

The final filter must be a 0.5 micron or smaller absolute filter.

Materials used in this zone of the probe must have a level of condensable

nonvolatile residues such that the obscuation of light entering the telescope shall
not exceed 5%.

Environment: After cleaning, the spin-up inlet and exhaust lines, as provided by

LMSC, shall be bagged in a Class 100 or better area. These bags shall only be
removed in a Class 100 or better clean room, and the inlet and exhaust lines shall
be protected from particulate fallout.

ANy



Zone: I1] - Bore of the Quartz Block

Reason for Cleanliness Requirement: Communicates directly with Zone I
Required Cleanliness Levels: All parts shall be cleaned with methods consistent
with level 100 or better. A reference cleaning procedure is listed below.
Departures from the reference cleaning procedure may be made depending on
the part, but any change in the cleaning procedure shall produce better
cleanliness levels than the reference cleaning procedure.

Verification: Verification of the cleanliness levels within zone III shall be done by
verifying that the reference procedure listed below cleans surfaces adequately. It
is important that this verification be repeated (particularly before a crucial

integration of the gyroscopes into the probe) to insure that the procedure still
produces adequate cleanliness levels.

Special Procedures: Record cleaning procedures and verification test results in
hardware file folders

Design Requirements : Materials used in this zone of the probe must have a
level of condensable nonvolatile residues such that the obscuation of light
entering the telescope shall not exceed 5%.

Reference Procedure: The following reference procedure shall be used for

cleaning parts in this zone:

1. Spray with deionized water to loosen dirt particles

2. Place parts in beaker with hot water and 1% solution, by volume, of
Microdetergent and use ultrasonic cleaner for about 10 minutes.

. Rinse in dump rinser for about 2 cycles.

4. Wash in tray with hot water and 1% Microdetergent and use Z-foam
cloths for rubbing the parts.

5 Rinse parts with DI water (3,2 Mohm-cm resistivity) hand sprayer.

6. Use Water-pick for parts with hard to reach places.

7. Rinse again with DI water hand sprayer.

8. Rinse again in dump rinser for at least two cycles.

9 Place part in beaker with methanol and place beaker in water inside
ultrasonic cleaner.

10.  Blow dry with dry, filtered nitrogen

11.  Place in clean container (similarly cleaned) and seal container.

12, Take to Quadrex and place inside still in its container.



13.  Once door is closed to Quadrex, open container and clean both container
and part with Shearstress flow of filtered Freon.

14.  Rundrying cycle. While still in closed Quadrex machine, place part back
in container and seal. .

15.  Remove container and bag or double bag (as appropriate) immediately
for transport to final destination. -

Environment: After cleaning, the parts to be used in Zone III shall be protected
from particulate fallout. Installation of these parts shall be done in a Class 10 or
better environment. Unless the parts are recleaned; they shall not be removed
from the clean room unless they are bagged or encapsulated in a sealed vessel
like the probe.

10



Zone: 1V - Bj -
Flange.

Reason for Cleanliness Requirement: Communicates Directly with Zone II

Required Cleanliness Levels: All parts shall be cleaned to level 100. Verification
of the cleanliness level will be done to the highest level technically possible.
After cleaning, parts shall be bagged in level 100 or better.

Verification: Verification of the Cleanliness Levels within this zone may be
done either by measuring the cleanliness levels on each of the parts or by
qualifying the procedure used to clean the parts.

Special Procedures: Evacuation of the probe shall be done at a maximum rate of
10 Torr/minute to avoid redistribution of particles due to gas flow. The flow of
gas during the initial evacuation shall be throttled as close to the vacuum pump
as possible.

Venting of the probe shall be done with dry, filtered (0.5 micron or better)
nitrogen at a maximum rate of 10 Torr/minute.

Design Requirements : Particular attention shall be paid to the use of fasteners,
adhesives, and the smoothness of the surfaces. Fasteners must be compatible
with cleanliness level 100 and the expected vibration levels. Adhesives are a
potential source of particles, and the rough surfaces can generate particles

- during the assembly process.

The design of the probe must allow for the recleaning and reverification
of this zone after assembly of the probe to the best extent possible. Areas that
cannot be recleaned and reverified must be brought to the attention of the
cleanliness committee

Materials used in this zone of the probe must have a level of condensible
nonvolatile residues such that the obscuation of light entering the telescope shall
not exceed 5%. ' 4

Pl
Environment: After cleaning, the pa:ts to be used in this zone shall protected
from particulate fallout. They shall be bagged and only opened in class 100 or
better clean rooms.

11



Zone: V - Interior of Probe Above Quartz Block Mounting Flange.
Reason for Cleanliness Requirement: Communicates Directly with Zone IV

Required Cleanliness Levels: All parts shall be cleaned and verified to level 100
or better. Since this region of the probe is relatively inaccessible after assembly
and many regions would be difficult to reclean, $pecial care must be taken to
insure that this region does not become contaminated

Verification: Verification of the cleanliness levels of the parts used in this area
before assembly may be done either by measuring the cleanliness levels of each
part or by qualifying the procedure used to clean the parts.

Special Procedures: See special procedures of Zone IV.

Design Requirements: Particular attention shall be paid to the use of fasteners,
adhesives, and the smoothness of the surfaces. Fasteners must be compatible
with cleanliness level 100 and the expected vibration levels. Adhesives are a
potential source of particles, and the rough surfaces can generate particles
during the assembly process.

Environment: After cleaning, parts to be used in this area shall be protected
from particle fallout. They shall be stored in bags verified to level 100 or better.

After assembly of the probe, it is unlikely that this region of the probe
can easily be recleaned. Therefore, it is important that this area of the probe be
protected from particulate fallout. In order to achieve better than class 100 air
flow over the hardware, activity interrupting the laminar flow will be limited
only to those procedures for which there is no alternative.

Ay
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Zone: VI - u

Reason for Cleanliness Requirement: Communicates Directly with Zones Il and
\Y4 -

Required Cleanliness Levels: All parts of the ground support vacuum
equipment shall be cleaned using standard cleaning methods for vacuum
equipment.

Special Procedures; Venting and evacuation procedures shall be designed to
prevent particles from flowing into the probe, prevent motion of particles due to
turbulent gas flow, and to ensure that condensation of water does not occur on
critical parts.

Design Considerations: Special design consideration shall be given the
prevention of oil backstreaming in the vacuum system.

Environment:

I
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Zone; V]I - Exterior of Probe

Reason for Cleanliness Requirement: Communicates Directly with other zones
when probe is open. In addition any magnetic particles on the exterior of the
probe may increase the magnetic field within the lead bag when the probe is
inserted into the dewar

Required Cleanliness Levels: Exterior of the probe shall initially be cleaned and
certified for level 200. The entire probe shall be bagged before it is removed from
the clean room.

The design of the probe must allow recleaning and recertification of the
exterior of the probe to level 200
Special Procedures:

Design Considerations:

Environment:

Y
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Added Quality Assurance Section (new Section C)
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‘Section G.1 Added section to verify notification of QA. -
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P06958

SCOPE

This procedure describes the steps necessary to reduce the NBP liquid helium level in the
Main Tank of the Sclence Mission Dewar. The steps include:

Tum on Main Tank heater
Reduce liquid level
Turn off Main Tank heater

The Well is evacuated. The Guard Tank may be depleted or contain liquid. When the
Guard Tank contains Ilquld it must be connected to the Gas Module.

B. SAFETY

B.1.

B.2.

Potentlal Hazards

Personal injury and hardware damage can result during normal positioning,
assembly and disassembly of hardware. Examples Include: positioning Dewar In
tiit stand; integrating probe with airlock; positioning ailock on Dewar; removing
airlock from Dewar; removing probe from Dewar; and positioning support
equipment such as pressurized gas cylinders and supply dewars.

A number of undesired events may be associated with these operations. For

- example, personnel or equipment can be struck when hardware is being moved

(e.g. by forklift or crane load). Personnel are subject to entrapment while
positioning hardware, such as hands or feet caught between objects as
hardware is moved into place. Suspended hardware may be dropped. Personnel
can be caught between objects such as forklifts and walls or loads and building
support columns. : -

_ In addition, liquid helium used in the SMD represents a hazardous material for the

personnel involved in the operations. Cryogenic burns can be caused by contact
with the cold liquid or gas, high pressures can result if boiling liquid or cold gas Is
confined without a vent path, and asphyxiation can result if the vent gas is

allowed to accumulate.

The SMD Safety Compliance Assessment, document GPB-100153C discusses the
safety design, operating requirements and the hazard analysis of the SMD.
Mitigation of Hazards |

B.2.1. Lifting hazards
There are no lifting operations in this procedure

' B.22. Cryogenic Hazards

The LM Building may have an oxygen deficiency monitor that alarms when
the oxygen level Is reduced to 19.5%. Additional temperature and

pressure alarms, provided by the DAS, warn of potential over-pressure
conditions. Emergency vent iine deflectors are installed over the four burst:
disks on the SMD vacuum sheill. ' :

Only authorized and trained LM and SU personnel are allowed In the LM
faclilities without escort. All personnel working at a height 30 inches or
more off the floor are required to have an LM approved "Emergency
Escape Breathing Apparatus” (EEBA), within easy reach. In the unlikely
event of a large LHe spill all employees have been instructed to evacuate
the room and contact LM safety.
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B.3.

C.A1.

c.2

C.3.

P0595B

The following additional requirements apply to all personnel involved
directly in cryogenic operations. Gloves that are impervious to liquld helium
and liquid nitrogen are to be worn whenever the possibility of splashing or
impingement of high-velocity cryogens exists or when handling equipment
that has been cooled to cryogenic temperatures. Protective clothing and
full-face shields are to be worn whenever the possibllity of splashing
cryogens exists.

B.2.3. Other Hazards
When appropriate, tools or other Items used with the potential to damage
the SMD or Probe shall be tethered. :
Mishap Notification
B.3.1. Injury
In case of any injury obtain medical treatment as follows
LM Call 117 ' :

B.3.2. Hardware Mishap

In case of an accident, incident, or mishap, notification is to proceed
per the procedures outlined In Lockheed Martin Englneering
Memorandum EM SYS229. :

' B.3.3. Contingency Response

Responses to contingencies (e.g., power failure) are listed in
Appendix 3. -

QUALITY ASSURANCE

QA Notification

The NASA representatlve and SU QA shall be notified 24 hours prior to
the start of this procedure. Upon completion of this procedure, the QE
Manager will certify his/her concurrence that the effort was performed and
accomplished in accordance with the prescribed instructions by signing and
dating in the designated place(s) in this document. -

Red-line Auihorlty' '

Authority to red-line (make minor changes.during execution) this procedure is
given solely to the Test Director or his designate and shall be approved by the QA
Representative. Additionally, approval by the Payload Technical Manager shall be
required, If In the judgement of the Test Director or QA Representative, experiment

functionality may be affected.

Discrepancles

A Quality Assurance Representative designated by D. Ross shall review any
discrepancy noted during this procedure, and approve its disposition.
Discrepancies will be recorded in a D-log or a DR per Quality Plan 108. Any time
a procedure calls for verification of a specific configuration and that configuration
is not the current configuration, it represents a discrepancy of one of three types.
These types are to be dealt with as described below.

if the discrepancy has minimal effect on procedure functlonallty (such as

the state of a vaive that is irrelevant to performance of the procedure) it shall be
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D.1.

D.2.

D3.
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documented In the procedure, together with the resolution. Redlines to
procedures are included in this category.

if the discrepancy is minor and affects procedure functionality but not
flight hardware fit or function, it shall be recorded in the D-log. Resolution shall be
in consuitation with the PTD and a_pproved by the QA representative.

Al critical and major discrepancies, those that effect flight hardware fit or
functions, shall be documented in a D-log and aiso in a Discrepancy Report, per
P0108. '

TEST PERSONNEL

Personnel Responsibllities

The performance of this procedure requires a minimum compiement of personnel
as determined by the Test Director. The Test Director Is the designated signer for
the *witnessed by” sign-off iocated at the end of each procedure. The person in
charge of the operation (Test Director or Test Engineer) is to sign the “completed
by” sign-off. The Test Director wili perform Pre-Test and Post-Test
Briefings In accordance with P0875 “GP-B Maintenance and Testing at
all Facllitles.” Checklists will be used as directed by P0875

Personnel Qualifications

The Test Director must have a detailed understanding of all procedures and
facility operations and experience in all of the SMD operations. Test Engineers
must have SMDCryogenic operations experience and an understanding of the

operations and procedures used for the cryogenic servicing/maintenance of the
Dewar. '

Qualified Personnel

The names of those actually performing this procedure are to be Initialed and the -
name of the person acting as Test Director should be circled.

Test Director, _ | Test Engineer

Mik __ A<[ | TomWelsh
Da frayllec*”_1PNed Calder

A

“Ned Calder Dave Frank

Jlm‘ Maddocks : -

EA.

E.2.

E.3.

REQUIREMENTS

Electrostatic Discharge Requirements

This procedure does not include any equipment sensitive to electrostatic
discharge. : '

Lifting Operation Requlrements
There are no lifting operations in this procedure

Hardware/Software -Requirements

E.3.1. Commercial Test Equipment
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E4.

E3.2.

E.3.3.

E.3.4.
E.3.5.

- E.3.6.

E3.7.

Gravity Probe B Program
P0595B

No commercial test equipment Is required for this operation.

Ground Support Equipment

The Ground Support Equipment includes the Gas, the Electrical Module,
and the Vacuum Module. The Gas Module (Figure 1) provides the
capabiliity to conflgure vent paths, read pressures and flow rates, and
pump and backfill vent lines. The Pump Module provides greater pumping
capacity than the Gas Module, together with additional flow metering
capabllities. The vent output of the Gas Module flows through the Pump
Module. The Electrical Module contains the Instruments listed in Table 1,
and provides remote control of valves in the Gas Module, Pump Module,
and SMD. The Vacuum Module contains a turbo pump, backed by a vane
pump, and provides the capabillity to pump out the SMD vacuum shell.

This procedure calls for use of hardware located in the Gas and Electrical
Modules.
Computers and Software:

The Data Acquisition System (DAS) is required for this procedure. The
DAS reads and displays pressures, temperatures, and flow rates and
monitors critical parameters. No additional computers or software are
required. o

Additional Test Equipment: NA
Additional Hardware: NA

Tools: NA
Expendables
Description Quantity Mfr./Part No.
Ethanol AR N/A
99.999% pure gaseous helium AR N/A
Vacuum Grease AR Dow Coming High Vacuum
: or Apiezon N

Instrument Pretest Requirements -
The GSE instruments required to perform this procedure are listed In Table 1,

together with their serlal numbers, where avallable. Instruments that are required

to have current calibrations are Indicated in the Cal-Requlred column. Instruments
that do not require calibration are those not used to verify performance
requirements and are not connected to flight instrumentation. The status column is
to be filled in with the due date of the instrument calibration sticker and verified to
be In calibration by QE or QE designee. : :

Table 1. Requlred Instrumentation and Callbration Status

Location

Status
Cal Cal due
Description User Name Serlal No. Required date

H-P 3497A

Page 4

1 . | DAS Power Supply, H-P 6627A - 3452A01975 /q;%
2 DAS Power Supply, H-P 6627A ' .| 3452A01956 | Yes B
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Reduce Liquid Level in Main Tank Gravity Probe B Program
PO695B
Status
-Cal Cal due
No. | Location Description User Name Serial No. Required date
4 |oas Digital Multimeter . 2823A15047 | Yes ) //%
H-P 3458A 9 ,
5 EM Vacuum Gauge Controller EG-1a, -1b | 2827 No -
Granville-Phillips Model 316
6 EM Vacuum Gauge Controller AG-2a, -2b | 2826 No -
Granville-Phillips Model 316
7 EM Vacuum Gauge Controller EG-3 2828 No -
Granville-Phillips Mode! 316
8- EM MKS PDR-C-gC' EG-2, FCG | 82022108A . No -
9 EM Flow meter — Matheson 8170 EFM-1 96186 No -
10 EM Flow meter totalizer EFM-1 96174 No -
Matheson 8124 '
11 EM Liquid Helium Level Controller LLS Main 96-409-11 No -
American Magnetics, Inc. 136 Tank
12 EM Liquid Helium Level Controller LLS Guard 96-409-10 No -
American Magnetics, Inc. 136 Tank
13 EM Liquid Helium Level Controller LLS Well 96-409-9 No -
American Magnetics, Inc. 136 . :
14 EM Liquid Helium Level Controlier LLS Axial 96-409-12 No -
American Magnetics, Inc. 136 Lock
15 EM Pressure Controller — MKS 152F-92 { EV-7a, -7b 96203410A No -
16 EM Power Supply HO8D Tank 96023407A Yes
HP 6038A Heater ‘ 232
17 EM Power Supply HO9D Tank 3511A-13332 | Yes 7
HP 6038A Heater _ ”%[
18 |EM Power Supply RAV Power | 3320A-12486 | Yes % /
HP 6038A Supply ' 3 jUm
19 EM Vac lon Pump power supply SIP 5004N No -
Varian 929-0910, Minivac :
20 EM Flow meter totalizer PFM-1 576013-716 No -
Veeder-Root
21 | GM Pressure Gauge, Heise AG-1 CC-122077 No -
2 |aMm Pressure Gauge, Marshall Town AG-3 N/A No -
23 |G™m Main Tank Heat Exchanger: - C-19950 No -
a) Thermocouple, b) Current meter,
¢) Temperature set point controller .
24 GM Guard Tank Heat Exchanger: - C-09920 No -
a) Thermocouple, b) Current meter,
c) Temperature set point controller :
25 W { Vacuum Gauge readout, VG-3 2878 No -
Granville-Phillips 316 VG-4
26 W Vacuum Gauge readout, VG-1, VG-2 | 96021521 No -
Granville-Phillips 360 ‘ VG-5 :
E.5. Configuration Requirements

E.5.1. Maln Tank

Liquid In the Main Tank must be at its normal bolling point (NBP)

E.5.2. Guard Tank .
The Guard Tank may contain liquid or be depleted.

Page 5
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E.6.

P05958

E.5.3. Well
The Well must be evacuated.

E.5.4. SMD Vacuum Shell
The Vacuum Shell pressure must be less than 5x 10-5 torr. Document No.
P0213, Connect Vacuum Module to SMD, contains the procedure for
connecting to and pumping on the SMD vacuum shell.

E.5.5. Alarm System

1. The DAS alarm system must be enabled and contain the following
alarm set-points:

a. Top of lead bag temperature set (CN 28 and CN 29)atT<
6.0K.

 b. ' Relative Guard Tank Pressure (CN 46) setat P > 0.3 torr.

E.5.6. GSE and Non-flight Hardware
1. The flight burst disk Is installed at the SMD Fill Line.

2. The lon-pump magnet is installed.

3. GSE cabling must be connected between the SMD and the Electrical
Module (P/N 5833812) and between the SMD and the Data Acquisition
System (P/N 5833811). -

4. The Fill Cap Assembly must be installed at SV-13 (See Figure 3)
5. Dewar Adapter heaters on SMD must be installed and operational.

_ Optlonai Non-flight Configurations

The following modifications or non-flight arrangement of the basic SMD
configuration may also be in place. They are incidental to the performance of this

" procedure and not required.

1. The SMV may be installed in its transportation and test fixture.
2. A foreign object and debris shield covers the upper cone of the SMD.

.Page 6
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3. The Vacuum shell pump out port at SV-14 may be connected to the Vacuum
Module (P/N 5833818) via a 2-in valve and pumping line, with the valve In
either the closed position or in the open position. The Vacuum Module pump
may be off, actively pumping the pumping line up to a closed SV-6, or actively
pumping the vacuum shell.

4. The thruster vent port is flanged to a shut-off valve.
F. REFERENCE DOCUMENTS
F.1. Drawings

Drawing No. ' ___Title
| LMMS-5833394 Instrumentation Installation
F.2. Supporting documentation '

| Document No. Title
LMMC-5835031 GP-B Magnetic Control Plan
GPB-100153C SMD Safely Compliance Assessment
SU/GP-B P0141 FIST Emergency Procedures
LMSC-P088357 Sclence Mission Dewar Critical Design Revlew
SU/GP-B P0108 _Quality Plan
LMMS GPB-100333 | Sclence Mission Dewar Fallure Effects and Causes Analysls

SU/GP-B P059 GP-B Contamination Control Plan
EM SYS229 Accident/Mishap/Incident Notification Process
F.3. Additional Procedures
Document No. Title
SU/GP-B P0674 - Connect Main Tank Vent Line to Gas Module — Main Tank at NBP
SU/GP-B P06876 Connect Guard Tank Vent Line to Gas Module
SU/GP-B P0879 Accident/Incident/Mishap Notification Process
SU/GP-B P0213 Connect Vacuum Module to SMD .
SU/GP-B P0875 GP-B Malntenance and Testing at all Facilitles
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P0595B

Operation Number;_ <2 & ?,(o
Time Initiated; /25 ®

Date Initiated: 322 ZQ: ‘

G. OPERATIONS

G.1.

G.2

G3.

Pre Operations Verifications
)B\Verify SU QA notified.

Q

Q

Verify Purity of All Sources of Helium Supply

Record: individual notified l -5 ﬁ
Datelime/¥/03/ | 25T

y Verify NASA representative notified.

Record: Individual notified ’Z'V/ Z 1;6@ éa ey
Dateltime 3/763 | 1352
Record calibration due dates in Table 1 and section E.3.6.

Verify that persons actually performing this procedure have initialed their

names in Sec. D:3 and the name of the Test Director is circled.
Complete pre-operations review.

QA Witness:

G.2.1. Record serial number on helium bottle/s.

Verify Configuration Requirements

153535 2 oG04 3.2 07454 L
459/625 5 :5"755' 2576. 1 L2 54
Verify helium bottle/s have been tested for purity and record Op.

Number.
Op. Number: 2

2/ 7 .
Record Step Number: >4

QA WIfness:

G.3.1. Verify Dewar Top Plate heaters are operational.

G.3.2. Verify Main Tank Vent Bayonet heaters are operational.

G.3.3. Verify liquid in Main Tank at NBP (4.2<T<4.3) and record temperature at
4. [ﬂ; K. _

bottom of tank CN [Q

1,644. Verify ion-pump ma{g?{et installed.

‘9.375. Verify Vacuum Shell Pressure < 5 x 105 torr.

Page 1
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G.3.7.

58,
e

Gravity Probe B Program
vity P0O595B

. Tum on Vac-lon pump and record time of day ; i’@

Use DAS [Monitor Data] for CN 99.

When value Is steady. record pressure (IP) 2.2X/2~ L\orr If pressure
is above 5x10% torr, turn off Vac-lon pump and perform procedure
0213 to connect Vacuum Module and pump out SMD vacuum shell.

/' Exit [Monitor Data] and collect data with [Set Data Intervai] to 5 min.

5./ When data cycle is complete, turn off Vac-ion pump.
Verify DAS alarm system enabled and record set points.

1.

Top of lead bag temperature - verify CNJZGI on DAS

alamm list and set to alarm at T < 6.0 K. Vi a

Record set point. 40 K
Top of lead bag temperature - verify CN pefon DAS

alamm list and set to alarm at T < 6.0 K. g s

Record set point. EEZ AN

Relatlve Guard Tank Pressure — verify CN [46] on
DAS alarm list and set to alarm at AP 2 0.3 torr.

Record set point. (20 torr

Verify liquid-level alarms enabled and record set points.

1.

2.

Main Tank — ensure liquid-level alarm set > 20%.
Record set point. 26 %

Guard Tank - ensure liquid-level alarm set > 10%, if
there Is liquid in the Guard Tank.

Record set point. | // ﬁ %

. .Ensure GSE cabling connected between SMD and Electrical Module and

between SMD and Data Acquisition System.

Verify Main Tank vent line connected to Gas Module. If not perform
procedure P0674, Connect Main Tank Vent Line to Gas Module — Main
Tank at NBP, to connect Main Tank vent.

G.3.10.Record liquid helium levels:

1.
2.

Main Tank 2726 4%

Guard Tank - If liquid in GT, verify level > 15%. If

necessary, perform procedure P0211, Internal Main
Tank to Guard Tank Transfer, to raise level or regulate

Guard Tank pressure per procedure P0881. % %
Record Opt #: :
2
X3
QA Witness: W
(s

Pége 2
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G4. Establish GSE Valve Configuration and Record Pressures

G.4.1. Set GSE valves as indicated in following Table. Record configuration in
left-hand column, then place or ensure corresponding valve states as

1. Tank vent’

2. Guard Tank vent :
Q With llquid - place in common | v.16, EV-13, GTV-V EV-20, EV-23

manifold mode:
Q Depleted and pressure | Ev-16, EV-23, GTV-V | EV-1 3, EV-20
regulated at EV-23 . _ e
L';}/Depleted and pressure GTV-Va / EVMG/EVJ{ E\fﬁ),
regulated at GTV-Va EVZ3. GIVV

3. Remaining EV valves

EV4, EV-21/22, EV-14,

L e
EV<5, | ;E\;/ﬂsv-u, EV-10,
AT
4. AV valves ' — Al

G.4.2. If Guard Tank depleted:
,1/ Verify source of 99.999% pure helium gas available at APR-2.
2. Verify Guard Tank Properly pressurized
Q Guard Tank Vent Line Connected
a. Ensure EV-23 open and APR-2 set to 2 psig
LB/Guard Tank Vent Line Disconnected
b Verify EV-23 closed -
27 Verlfy GTV-Va open | Bpod,
p./ Verify line connected between GTV-Va andAPR-2V

e. Verify APR-2V open and APR<7 set tg/zﬁgﬁ ]

, G? .%
QA Witness: N B

N

57
G.5. Establish Initlal Condition of SMD ’ ’Vﬁ 7

G.5.1. Using the RAV log book verify that the dewar's internal valves are in the
following positions. If not, investigate to ensure previous RAV operations
properly recorded. If necessary, note resolution in D-log. '

1. Open: RAV‘<3,/and M{-GB. R/ ./ :
2. Closed: RA\M,/RAV(z.M “6A, and RA(7 ‘

Page 3
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G.5.2. yy that SMD external valves are in the following positions.

. Open: SV-9. g
2. Closed: SV-TM F'CV/
G.5.3. Record appropriate Guard Tank pressure:
1. GT with liquid (EG-1a): _torr,

2. GTdepleted (GTV-G) ___[43 _torr (relative to atm).
G.5.4. Record Main Tank pressure (EG-3) _74_torr.

QA Witness:

G.6. Set Up Data Acquisition

Note: Refer to Operating Instructions for mechanics of DAS keyboard/mouse
operations.

4136/.6.1 . Set the main Tank liquid level sampling interval to 1 minute.
6.2." Input comment to DAS “Start reduction of Main Tank liquid level”.

G?.B
QA Witness: ()

~ ' N,
G.7. Reduce Mailn Tank Liquid Level / ""63
G.7.1. Specify desired final helium level in Main Tank: l7¢ é %
' Note: Heaters HO9D and H08D are designed for 1.3 A and 52 VDC (40

ohms) per the SMD CDR [Ref. 4). Heater power supplies should be
operated in the voltage limited mode.

The set points for HO9D of 50 VDC and 1.3 A results in 62.5 W of heat
being deposited in the Main Tank, with the power supply in the voltage
limited mode. At 4.2 K ( latent heat = 20.6 J/g, density = .125 gl/cc) use
this requires 27.5 hrs to boil off the entire 2400 liters of Helium, or 2.75
hours to reducs the liquid level by 10%.

The boiloff rate should be limited to approximately 100 liters per hour to
avoid exceeding the vent-line heat exchanger capacity. This Is
equivalent to approximately 70 W of total power from both heater .
combined. The set points for HO8D are chosen to maintain a-cémbined N
heater power < 70 W. : o :

-

- . - v Al g
G.7.2. TumS Main Tank l;leater HOS:D y H o7 D Lﬂ ( "’U )
F__._’yower supply current limit to 1.3 amp. Ly o G 0“;/

o ﬂ/f 2. Set voltage of heater H09D to 50 Vdc aryd record 2,5
, H W%L N a. TimeofDay: /5 2 ° Lr'/ L5 &
b. Vi_g 2 Vde and I: {u|

.7.3. Tum on Malin Tank vent-line heat exchanger in Gas Module.
.7.4. Open EV-6 and EV-18 to reduce back pressure on Main Tank.

-
—
e

et e s, s et g

nge 4
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G.7.5. (Option) Tum on Main Tank Heater HOSD

. Set power supply current limit to W,/ ﬁ & \/

2. Set voltage of heater HO8D to < dc and record:

g

a. TimeofDay: T RS

b. Vi_2&  Vdc and I (2{/2 A
G.7.6. Record data in attached Data Sheet every 10 minutes.

) ' CAUTION
Monitor and maintain positive Guard Tank pressure. If the Guard Tank pressure
drops below atmospheric perform the following option (G.7.7).

G.7.7. (Option) Add heat to Guard Tank to maintain positive pressure:
/glose/verify closed EV-13.
227 Tum on power supply for Guard-Tank heater r H-4D)

- Set power supply current limit to 0.07 amps.

/5
4. Set voltage limit to 50 VDC and record: ((/(' h 1 t 3 0 9
; # Sib/—f V___.__ Vdcand| - W | MVB:EW:Q
P 6 3 5. Adjust heater voltage asTie cessary to maintain Guafd Tank prée{.'%u,re vV
NV, \/ (GTV-G). in the range/15 torr < AP < 30 toff.
f W 5 6. Monitor and maintain positive-Guard Tank pressure throughout the
_ pump-down. Record data on attached data sheets. ~
C;ﬁe’@ ' G.7.8. When Main Tank liquid level sen337r$ds desired level record:
D sl . g .

1. Timeofday: /70 ¥
2. Main Tank bottom temperature CN [09] %/ K
3. Lead Bag CN[28] £/-3/"/k
SKIP 67.9. Close EV-6 and EV-13 7o L2UT

=7.10.Turn off power supply to Main Tank heater(s). 7 FM__L@;
G.7.11.Turn off power supply to Guard Tank heater(s). 7 s~ ,/L_L
G.7.12.Tum off Main Tank vent-line heat exchanger (EH-1). T o ! 722~

QA Witness:

G.8. Estabiish Final Configuration

2GBA, Input comment to DAS “End of Main Tank liquid level reduction”.
et the DAS data cycle to 15 minutes.

.

1
. //6.8/3.Ensure that power to Vac-lon pump is off.
VG.B}Emffe that Main Tank vent-line heat exchanger (EH-1) is off.
,,G.B.}Ensure Main Tank heaters are powered off (H-8D and H-9D).
.8.6. Ensure Guard Tank heaters are powered off (H-3D, H-4D)
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G.8.7. Verify GSE valves set as Indicated In following Table. Record

configuration in left-hand column, then ensure corresponding valve states
are as Indicated.

conflgure Final Valve States

lm-@?"

Guard Tank vent
Q With liquid - place in common | Ev.-16, EV-13, GTV-V |EV-20, EV-23
manifold mode: —_
Q Depleted and pressure EV-16, EV-23, GTV-V |EV-13 ‘
regulated at EV-23 %
Q Depleted and pressure é/ 13, EV-16 EV-20,
regulated at GTV-Va

c88. .
Ensure DAS alarm enabled and record set points if changed

_Thermal conditions substantially unchanged, alarm set points for the
ad bag are unchanged and set to alarm.

Q Thermal conditions substantially changed, temperature alarm points
reset as follows:

a. Top of Lead set Point bag CN [29) K (<6.0K)
b. Top of Lead Bag set point CN [28] K(<6.0K)

G.8.9. Ensure liquid level sensor alarms enabled on Main Tank and Guard Tank
and record set points if changed. :

1. Main Tank Lével Set Point o
2. Guard Fank Set Point %

Page 6
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- , CAUTION
The Guard Tank niay tend to subcool foilowing the completion of this procedure.
Establish continuous monitoring of the Guard Tank pressure by placing it on the DAS
alarm list. Maintain positive pressure In the Guard Tank by regulating pressure as
: necessary.

48’81/0 Ensure Guard Tank pressure on DAS alarm list and set to alarm at > 0.3
torr differential.

G.8.11.1f Guard Tank liquid ievel <15%, verify Guard Tank properly pressurized
O Guard Tank Vent Line Connected
a. Ensure EV-23 open and APR-2 set to 2 psig

Guard Tank-Vent Line Disconnected

{Vn:l  EV-23 closed

Mﬁlz GTV-Va open
—~aVerify line connected betwes
~e——Verify APR-2V open and

S/< é@i%nﬂnue to monitor and record data on'tfx ~"

ensure that system stabilizes.
M Completetion of Post Operations checklist

oS
4 . QAWitness: (Ve ®

N

W, ot o3

“H. PROCEDITPSIG ol
Completed by: r Uy _
Witnessed by 7,4 - atreq
Date:};é gz 2"2 5 '
Time: lQ %

o A\\%?_%

2) % i
Quality Manager W Date 3//5‘/0-7
Payload Test Director 7% -/ ¢ty Date_3£/43
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PO595A
Data Sheet 1 .
: SMD Extemnal Temp. Control . :
Date M.T. Lead bag] HX-1 G.T. M.T. GT Main Tank | Main Tank M.T. Vent Valve SV-9-Knob/
H’ = )( bottom top bottom { Pressure | PressureJLiquid level | Flow rate Bayonet SV-9 Dewar
1—: | Time | T-0D (9} |7-200 [28) T-03D 5] [1-15D [24][EG-3 [114][EG-1 [112JLL-1D [101] | PFM-1 [110] /O-ring | Mop Plate | Adapter
-~ % © ® 0] ® | tom | om | (% whe | o9 | coao | oo
123119 | )90\ A 208|434 | — |i7.7/ |72 06736 | CVTT.
12 9| T 5os ' /573 (X 7oz | 757 |
zalro s laoi ey | — 119791771 /w7771 777 [
12C |2 |l ] T | — >z3 L7 |
w0 I /7}7‘ — /9% , 284 |[0H,5T
4 1§10 ~ 11978 >52.91/06. Y
g s P T s | — |jzfg1722 Vi | 77.5 | /066
RN Wyl 773 Yo 74, G1)o25 ]| 3576
YIEZ2REN e 1787 k772 12 [0 4 | 102.L) 357
' 1q) 0% /0D & |
TS| | 7L )9
. 5 || 121 72% | -
WAl 1781 - _ /RS

#—,S:MLW o BT |
< ﬂwf Vs PO p/b,gZ‘Zufq, e’
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/' | POS95A

O‘ "7‘ b . SMD Extemnal Temp. Control ! _
r M’/ Date MT. Jleadbag] HX-1 G.T. M.T. "G.T. IMainTank | MainTank | M.T.Vent | Valve SV-9-Knob/ l""j; @’
T?.'\ bottom top bottom Pressure | Pressure]Liquid level | Flow rate Bayonet $v9 Dewar ,\ P PS
Vs "';EX L Time |T-9D[9 |T-20D [28‘ T-03D [5] JT-15D [24]EG-3 [114] L-1D [101] |PFM-1[110]] /O<ring | /Top Plate | Adapter |/2> ’,}0
K) K K K (torr) (torr) (%) LL/hr (cr’c) (ci’c) (cr’e) 6 (| VD &
2/ T/ ' ! ' | o =
9] frr | = %3@{ 2B 7773 [Ser | owep, i B P27
Sl )5BS o ~ | : : B
o5<¢ o . . o
?7_|7c|)s P 1qrd79] — 2T LT 178 | 771 |74 | 0w\
pDIeCYeDX oy 948 | = 145301747 4767|9551 70.2 | | EARZY »
21 | &elit/sTa5T4# — }7.30(77] I 04 1L | |srsdets
3 2 [\ 3 MK2s ] > 218059 | 3o Q/03.5)) Reliced Flpur| —— B /20|56
o\ ) B0 74137 | —Vzos T2/ Lp | 9005 V22 - 172
/__,__ﬁ%@ ’ 7T 96 |3 ——
22| TUeTN419719 373 — 19420 770|147 | 3523 o2 1 I a4
{0 17714351 [7 550 (et | ZAR] 4.9 I
1,5 |1=4/9/0 73,50 o]
13 z [US [V |45 T (7221220 |fes5—| F3:3| 204 | . e
O (1785 _ %’%f_; 7351 A5 ¢
(-3 TLip ForlasT] = ey e [7e7 302 R 17
BP9 2071 42, 7 |70 1763 ﬂ‘{ T ="
W Pmo’t«?" ek g T W Yot :
gﬂe‘v\.p{% e . WMP/ mf)”w
W " A | ' Page 9 |

Sit>



Reduce Liquid Level in Main Tank " Gravity Probe B Pro
. PO595A )

v TR e
ﬂ . To “s*
EV-19ﬁ

| Ev-gg
EV-13 . ERV-3a

2.0pel

AV-7 ~ AV-4
Access-2
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'Flgure 2. Schematic of Pump Module plumbing. -
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__.& QTV-Va
—® arva

==

-y Db

Y
To Guard
Tank Vent

Bayonet on
Gas Module

GTV-RV (4.0+0.3 psid)

Porous

Plug

Main Tank

Well vent sealed

Probe

using valve
operator VTH

' / (not |¥wwn)

| MTVC-V
SV-9 % :

FCRVA4.0 psi
0
|5
Well
FCG
Y

To Access-1
on the Gas
Module

Flgure 3 Schematic representation of SMD showing interfaces with Gas module.
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Appendix 1

Gravity Probe B Pro
l;l(')tg%A

DATE

CHECKLIST ITEM

COMPLETED

REMARKS

1. Verify the test procedure being used is
the latest revision.

Ve

2. Verify all critical items in the test are
identified and discussed with the test team.

|

3. Verify all required materials and tools
are available in the test area.

\

4. Verify all hazardous materials involved
in the test are identified to the test team.

5. Verify all hazardous steps to be

performed are identified to the test team.

6. Verify each team member knows their
individual responsibilities.

7. Confirm that each test team member
clearly understands that he/she has the -
authority to stop the test if an item in the
procedure is not clear.

8. Confirm that each test team member
clearly understands that he/she must stop
the test if there is any anomaly or
suspected anomaly.

9. Notify management of all discrepancy
reports or d-log items identified during
procedure performance. In the event an
incident or major discrepancy occurs
during procedure performance
management will be notified immediately.

10. Confirm that each test team member
understands that there will be a post-test
team meeting.

Team Lead Sigaature:

p
Fa) , /
eeefed ol 2L VT 7 7 A7 A

U 07
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Appendix 2

Gravity Probe B Pro
POS95A

DATE

CHECKLIST ITEM

SOMPLETE REMARKS

1. Verify all steps in the procedure
were successfully completed.

~NJ

2. Verify all anomalies discovered
during testing are properly
documented.

3/7//7;

3. Ensure management has been
notified of all major or minor
discrepancies.

|

4. Ensure that all steps that were not
required to be performed are
properly identified.

5. If applicable sign-off test
completion.

6. Verify all RAV valve operations
have been entered in log book

7. Verify the as-run copy of
procedure has been filed in the
appropriate binder

%J\/

Team Jead Signature:
A /

—/ Ir/(/) 5t 4’1/5/‘ #
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Appendix 3- Contingency Responses

Gravity Probe BPro
PO595A

Tondition

Clrcumstance Response

Power Fallure

If before section G.7 | Terminate Procedure

If after section G.7 Wait for power restoration

Burst disk
rupture
(MT/GT)

Any time Evacuate room
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REVISION RECORD

Gravity Probe B Program

P0613D

REV

ECO

PAGES

DATE

1159

Change title to Repump Well with Probe Installed.
Section A — Updated scope to accurately reflect content.

Section B — Divided into two sections, addressing safety issues
(new Section B) and test personnel (new Section D). Reorganized
safety paragraphs into: hazards, mitigation, injuries. Content of
both new sections essentially unchanged.

Added Quality Assurance Section (new Section C)

Section C, D, and E - Consolidated all requirements into new
Section E entitled Requirements. Added Configuration
requirements, GSE/SMD interface requirements, alarm setup
requirements, vacuum requirements, and non-flight hardware
requirements.

Section G.1 Added section to verify notification of QA.

Section G.2 — Added steps to verify configuration requirements
and alarm setup. Added GT to level alarm list (setpoint = 10%)

Section G.7 — added section to verify DAS and Main Facility
alarms enabled.

7-14-00

1239

Change to reflect change in normal operating status of Well vent
valve VTH. VTH is normally closed with 2 to 5 torr helium gas
captured between VTH and VW-3,

Include steps for installation and removal of Well Vent Manifold at
VTH (see Figure 3).

1-3-01

1353

Update to reflect operation at LM rather than SU,;
Update per P0875;

Replaced references to CN [1] (STA 200 temperature) with
references to CN [29] (top of lead bag temperature, redundant to
CN [28));

Added pre- and post-operation checklists (Appendices 1, 2);
Added contingency responses (Appendix 3).

1395

Incorporate Minor Redlines
Update to reflect installation of flight plumbing

11/11/02
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- AG-x

AMI
ATC

Aux
AV-x
Bot

CN [xx]
DAS

EFM
EG-x

EM
ERV-x

EV-x

FCV
FIST
GHe

GM
GP-B
GSE

GT
GTVC
GTVC-G
GTVC-RV
GTVC-V
GTV-G
GTV-RV
GTV-V
HX-x

KFxx

LHe
LHSD
Lig

LL
LLS
LMMS
LMSC
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List of Abbreviations and Acronyms

Gauge x of Gas Module auxiliary
section

American Magnetics Inc.
Advanced Technology Center

Auxiliary

Valve x of Gas Module auxiliary section
Bottom

Data acquisition channel number

Data Acquisition System

Exhaust gas Flow Meter

Gauge x of Gas Module exhaust
section

Electrical Module

Relief valve of Gas Module exhaust
section

Valve number x of Gas Module exhaust
section

Fill Cap Valve

Full Integrated System Test
Gaseous Helium

Gas Module

Gravity Probe-B

Ground Support Equipment

Guard Tank

Guard Tank Vent Cap

Guard Tank Vent Cap pressure gauge
Guard Tank Vent Cap relief valve
Guard Tank Vent Cap valve

Guard Tank vent pressure gauge
Guard Tank vent relief valve

Guard Tank vent valve

Vent line heat exchanger in Gas
Module

Quick connect o-ring vacuum flange
(xx mm diameter)

Liquid Helium

Liquid Helium Supply Dewar

Liquid

Liquid level

Liquid level sensor

Lockheed Martin Missiles and Space
Lockheed Missiles and Space Co.

v

MT

MTVC
MTVC-G

MTVC-RV
MTVC-v
NBP

ONR
PFCG

PFM
PG-x

PM
psi

psig

PTD
PV-x
QA
RAV-x
RGA
SMD
STV
SuU
SV-x
TG-x
TV-x
uUTsS
Vac
VCP-x
VCRV-x

VCV-x

VvDC
VE-x
VG-x
VM
VV-x
VW-x

Main Tank

Main Tank Vent Cap

Main Tank Vent Cap pressure
gauge

Main Tank Vent Cap relief valve
Main Tank Vent Cap valve
Normal boiling point

Office of Naval Research

Fill Cap assembly pressure
Gauge

Pump equipment Flow Meter

Gauge x of Pump equipment

Pump Moduie
pounds per square inch

pounds per square inch gauge

Payload Test Director

Valve x of the Pump equipment
Quality Assurance

Remote Actuated Valve-x
Residual Gas Analyzer

Science Mission Dewar

SMD Thruster vent Valve
Stanford University

SMD Valve number x

Gauge x of Utility Turbo System
Valve x of Utility Turbo System
Utility Turbo System

Vacuum

Vent cap pressure gauge

Vent cap relief valve

Vent cap valve

Volts Direct Current
Liquid helium Fill line valve
Gauge x of Vacuum Module

Vacuum Module
Valve x of Vacuum Module
Valve x of Dewar Adapter
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A. SCOPE

This document provides the necessary steps to pump on the Well with the UTS. The
steps include:

Install the Well Vent Manifold (Figure 1)

Connect pumping line between UTS and Well at VW-3
Pump up to closed VW-2

Leak check pumping line

Open VW-2 and pump on Well

Close VW-2, perform leak-back test of closure,

Remove the Well Vent Manifold (optional)

The procedure may also be used to install or remove the Well Vent Manifold at VW-2, by
skipping the appropriate sections.

B. SAFETY

B.1.

B.2.

Potential Hazards

Personal injury and hardware damage can result during normal positioning,
assembly and disassembly of hardware. Examples include: positioning Dewar in
tilt stand; integrating probe with airlock; positioning airlock on Dewar; removing
airlock from Dewar; removing probe from Dewar; and positioning support
equipment such as pressurized gas cylinders and supply dewars.

A number of undesired events may be associated with these operations. For
example, personnel or equipment can be struck when hardware is being moved
(e.g. by forklift or crane load). Personnel are subject to entrapment while ,
positioning hardware, such as hands or feet caught between objects as hardware
is moved into place. Suspended hardware may be dropped. Personnel can be
caught between objects such as forklifts and walls or loads and building support
columns.

In addition, liquid helium used in the SMD represents a hazardous material for the
personnel involved in the operations. Cryogenic burmns can be caused by contact
with the cold liquid or gas, high pressures can result if boiling liquid or cold gas is
confined without a vent path, and asphyxiation can result if the vent gas is
allowed to accumulate.

The SMD Safety Compliance Assessment, document GPB-100153C discusses
the safety design, operating requirements and the hazard analysis of the SMD.

Mitigation of Hazards

B.2.1. Lifting hazards _
There are no lifting operations in this procedure.

B.2.2. Cryogenic Hazards

The LM Building may have an oxygen deficiency monitor that alarms when
the oxygen level is reduced to 19.5%. Additional temperature and
pressure alarms, provided by the DAS, warn of potential over-pressure
conditions. Emergency vent line deflectors are installed over the four burst
disks on the SMD vacuum shell. ,
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Only authorized and trained LM and SU personnel are allowed In the LM
facilities without escort. All personnel working at a height 30 inches or
more off the floor are required to have an LM-approved Emergency
Breathing Apparatus (EEBA) within easy reach. In the unlikely event of a
large LHe spill all employees have been instructed to evacuate the room
and contact LM safety.

The following requirements apply to personnel involved in cryogenic
operations. Gloves that are impervious to liquid helium and liquid nitrogen
are to be worn whenever the possibility of splashing or impingement of
high-velocity cryogens exists or when handling equipment that has been
cooled to cryogenic temperatures. Protective clothing and full-face shields
are to be worn whenever the possibility of splashing cryogens exists.

B.2.3. Other Hazards

When appropriate, tools or other items used with the potential to damage
the SMD or Probe shall be tethered.

Mishap Notification

B.3.1. Injury
In case of any injury obtain medical treatment as follows
LM Call 117

B.3.2. Hardware Mishap : .
In case of an accident, incident, or mishap, notification is to proceed per
the procedures outlined in Lockheed Martin Engineering Memorandum
EM SYS229.

B.3.3. Contingency Response
Responses to contingencies (e.g., power failure) are listed in Appendix 3.

C. QUALITY ASSURANCE

C..

C.2.

Ca3.

QA Notification

The NASA representative and SU QA shail be notified 24 hours prior to the
start of this procedure. Upon completion of this procedure, the QE Manager
will certify his/her concurrence that the effort was performed and accomplished in
accordance with the prescribed instructions by signing and dating in the
designated place(s) in this document.

Red-line Authority

Authority to red-line (make minor changes during execution) this procedure is
given solely to the Test Director or his designate and shall be approved by the QA
Representative. Additionally, approval by the Hardware Manager shall be
required, if in the judgement of the Test Director or QA Representative,
experiment functionality may be affected.

Discrepancies

A Quality Assurance Representative designated by D. Ross shall review any
discrepancy noted during this procedure, and approve its disposition. .

Discrepancies will be recorded in a D-log or a DR per Quality Plan P0108. An

2
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time a procedure calls for verification of a specific configuration and that
configuration is not the current configuration, it represents a discrepancy of one of
three types. These types are to be dealt with as described below.

1. If the discrepancy has minimal effect on procedure functionality (such as the
state of a valve that is irrelevant to performance of the procedure) it shall be
documented in the procedure, together with the resolution. Redlines to
procedures are included in this category.

2. Ifthe discrepancy is minor and affects procedure functionality but not flight
hardware fit or function, it shall be recorded in the D-log. Resolution shall be
in consultation with the PTD and approved by the QA representative.

3. All critical and major discrepancies, those that effect flight hardware fit or
functions, shall be documented in a D-log and also in a Discrepancy Report,
per P0O108.

D. TEST PERSONNEL

D.1.

D.2.

D.3.

Personnel Responsibilities

The performance of this procedure requires a minimum complement of personnel
as determined by the Test Director. The person performing the operations (Test
Director or Test Engineer) is to sign the “Completed by” sign-off. Any other
qualified person or QA person who can attest to the successful performance of
this procedure may sign the “Witnessed by” sign-off. The Test Director will
perform pre-test and Post-Test briefings in accordance with P0875 “GP-B
Maintenance and Testing at all Facilities”. Checklists will be used as
directed by P0875.

Personnel Qualifications
The Test Director must have a detailed understanding of all procedures and

- facility operations and experience in all of the SMD operations. Test Engineers

must have SMD Cryogenic operations experience and an understanding of the
operations and procedures used for the cryogenic servicing/maintenance of the
Dewar.

Qualified Personnel

The names of those actually performing this procedure are to be initialed and the
name of the person acting as Test Director should be circled.

Test Director Test Engineer
Mike Taber Tom Welsh
 Dave Murray
(| Ned Caiddr 2

E. REQUIREMENTS

E.1.

Electrostatic Discharge Requirements
Proper ESD protection is required when working around the SV.
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E.2. Lifting Operation Requirements
There are no lifting operations in this procedure

E.3. Hardware/Software Requirements

E.3.1. Commercial Test Equipment

Description
Varian Lea ‘Ipeg:tor
Model #
Cal Due Date: 1 O/ A /0 Z,

E.3.2. Ground Support Equipment

The Ground Support Equipment includes the Gas Module, the Pump
Module, the Electrical Module, and the Vacuum Module. The Gas Module
provides the capability to configure vent paths, read pressures and flow
rates, and pump and backfill vent lines. The Pump Module provides
greater pumping capacity than the Gas Module, together with additional
flow metering capabilities. The vent output of the Gas Module flows
through the Pump Module. The Electrical Module contains the instruments
listed in Table 1, and provides remote control of valves in the Gas Module,
Pump Module, and SMD. The Vacuum Module contains a turbo pump,

backed by a vane pump, and provides the capability to pump out the SMD
vacuum shell.

This procedure calls for use of hardware located in the Electrical Module
(Table 1).

E.3.3. Computers and Software:

The Data Acquisition System (DAS) and data acquisition software are
required for this procedure. The DAS reads and displays pressures,
temperatures, and flow rates and monitors critical parameters. No
additional computers or software are required.

E.3.4. Additional Test Equipment

Description
Utility Turbo System (UTS)
E.3.5. Additional Hardware

Description
Stainless steel fiex line to connect UTS to Well at VW-3
Well vent manifold

E.3.6. Tools

Description

Torque Wrench <
Cal Due Date:} (11 o3s/N (38317

E.3.7. Expendables

Description Quantity Mfr./Part No.
Alcohol AR N/A
99.99% pure gaseous helium AR N/A
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Vacuum Grease

AR

Dow Corning High
Vacuum or Apiezon N

E4. Instrument Pretest Requirements
The GSE instruments required to perform this procedure are listed in Table 1,
together with their serial numbers, where available. Instruments that are required
to have current calibrations are indicated in the Cal-Required column.
Instruments that do not require calibration are those not used to verify
performance requirements and are not connected to flight instrumentation. The
status column is to be filled in with the due date of the instrument calibration
sticker and verified to be in calibration by QE or QE designee.
Table 1. Required Instrumentation and Callbration Status
Status
: Cal Cal due
No. | Location Description User Name Serial No. Required date
1__ | Dpas Power Supply, H-P 6627A - 3452A01975 | Yes 10/10]53
2 |DpAs Power Supply, H-P 6627A - 3452A01956 | Yes ©o)iofo
3 DAS Data Acquisition/Control Unit - 2936A245539 | No -
H-P 3497A
4 DAS Digital Multimeter - 2823A15047 Yes ,
H-P 3458A of23/o1
5 EM Vacuum Gauge Controller EG-1a, -1b 2827 No -
Granville-Phillips Model 316
6 EM Vacuum Gauge Controller AG-2a, -2b 2826 No -
Granville-Phillips Model 316
7 EM Vacuum Gauge Controller EG-3 2828 No -
Granville-Phillips Model 316
8 EM MKS PDR-C-2C EG-2, FCG 92022108A No -
9 EM Flow meter — Matheson 8170 EFM-1 96186 No -
10 EM Flow meter totalizer EFM-1 96174 No -
Matheson 8124
1 EM Liquid Helium Level Controller LLS Main 96-409-11 No -
American Magnetics, Inc. 136 Tank
12 EM Liquid Helium Level Controller LLS Guard 96-409-10 No -
American Magnetics, Inc. 136 Tank
13 EM Liquid Helium Level Controller LLS Waell 96-409-9 No -
American Magnetics, Inc. 136
14 EM Liquid Helium Levet Controlier LLS Axial 96-409-12 No -
American Magnetics, Inc. 136 Lock
15 EM Pressure Controller - MKS 152F-92 | EV-7a, -7b 96203410A No -
16 EM Power Supply HO8D Tank | 96023407A Yes .
HP 6038A Heater frfoz
17 EM Power Supply HO9D Tank | 3511A-13332 | Yes / {
HP-6038A Heater o/g 0"\
18 EM Power Supply RAV Power | 3329A-12486 | Yes g /21 /o 2
HP 6038A Supply
19 EM Vac lon Pump power supply SIP 5004N No -
Varian 929-0910, Minivac
20 EM Flow meter totalizer PFM-1 576013-716 No -
Veeder-Root
21 | GM Pressure Gauge, Heise AG-1 CC-122077 No -
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Status
Cal Cal due
No. | Location Description User Name Serial No. Required date
22 GM Pressure Gauge, Marshall Town AG-3 N/A No
23 GM Main Tank Heat Exchanger: | C-19950 No
a) Thermocouple, b) Current meter, )
¢) Temperature set point controller
24 GM Guard Tank Heat Exchanger: - C-09920 No
a) Thermocouple, b) Current meter,
¢) Temperature set point controller
25 VM Vacuum Gauge readout, VG-3 2878 No
Granville-Phillips 316 VG-4
26 M Vacuum Gauge readout, VG-1, VG-2 | 96021521 No
Granville-Phillips 360 VG-5

E.5.

E.6.

Configuration Requirements

E.5.1. Main Tank
Liquid in the Main Tank may be either subatmospheric or at NBP.

E.5.2. Guard Tank
The Guard Tank may contain liquid or be depleted.

E.5.3. Waell
The Well should be nominally evacuated. (This procedure is intended for
repumping and not for initial evacuation.)

E.5.4. SMD Vacuum Shell
There is no requirement on the vacuum shell pressure.

E.5.5. Alarm System

1. The DAS alarm system must be enabled and contain the foliowing
alarm set-points:

a. Top of lead bag temperature set (CN 175) at T <6.0 K.
b. Top of lead bag temperature set (CN 178) at T < 6.0 K.
c. Relative Guard Tank Pressure (CN 46) set at AP > 30 torr.
2. The Watch Dog alarm must be armed.
E.5.6. GSE and Non-flight Hardware

1. GSE cabling must be connected between the SMD and the
Electrical Module (P/N 5833812) and between the SMD and the
Data Acquisition System (P/N 5833811).

Optional Non-flight Configurations

The following modifications or non-flight arrangement of the basic SMD
configuration may also be in place. They are incidental to the performance of this
procedure and not required.

. The SMD is installed in its transportation and test fixture.

2. The ion-pump magnet is installed.
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3. The Main Tank vent line may be connected to the Gas Module or
disconnected with a vent cap installed.

4. The Guard Tank vent line may be connected to the Gas Module or
disconnected with a vent cap installed.

5. The Vacuum shell pump out port at SV-14 may be connected to the Vacuum
Module (P/N 5833816) via a 2-in valve operator and pumping line, with the
valve in either the closed position or in the open position. The Vacuum
Module pump may be off, actively pumping the pumping line up to a closed
SV-14, or actively pumping the vacuum shell.

6. The thruster vent port is flanged to a shut-off valve.
7. The Fill Cap Assembly is installed at SV-13 (See Figure 1)
F. REFERENCE DOCUMENTS

F.1. Drawings
Drawing No. Title
LMMS-5833394 Instrumentation Installation
F.2. Supporting documentation
Document No. Title
LMMC-5835031 GP-B Magnetic Control Plan
GPB-100153C SMD Safety Compliance Assessment
SU/GP-B P0141 FIST Emergency Procedures
LMSC-P088357 Science Mission Dewar Critical Design Review

SU/GP-B P0108 Quality Plan
LMMS GPB-100333 | Science Mission Dewar Failure Effects and Causes Analysis

EM SYS229 Accident/Mishap/Incident Notification Process
SU/GP-B P059 GP-B Contamination Control Plan
F.3. Additional Procedures
Document No. Title
'SU/GP-B P0140 Prepare Probe C for Testing




Repump Well with Probe Installed ' Gravity Probe B Program
P0613D

Operation Number: /9 X y

Date Initiated:_/%/ £ /0&-
Time Initiated:_ /35S Z_

G. OPERATIONS
G.1. Verify Preparations

G.1,1 Verify SU QA notified.
Record: Individual notified ? (eere

Date/time /’/”/‘bl ol0

GA.2. Verify NASA representative notified.
Record: Individual notified &~ /e ofinY

Date/time /z/f/(/f 0850

e A
G.1.3. Verify that persons actually performing this procedure have initialed their
names in Sec. D.3 and the name of the Test Director is circled.

G147 Verify completion of pre-operations checklist
SV
S/
Section Complete  Quali ‘2 N

G.2. Verify Configuration Requirements

G.24. Ensure Watch Dog Timer enabled.

%26. ﬂfy{BAS alarm system enabled and record set points.
0

1. /Top of lead bag temperature — verify CN [175]

DAS alarm list and setto alarm at T < 6.0 K.
/ﬁicord set point. : S < § K

2. Top of lead bag temperature — verify CN [178]
on DAS alarm list and setto alarm at T < 6.0 K.
Record set point. _S’LS_K

}/ Relative Guard Tank Pressure — verify CN
[46] on DAS alarm list and set to alarm at AP >
10 torr. Record set point. _&d_torr
?z./(e ify liquid-level alarms set, as appropriate, and record set points.
. Main Tank - verify liquid-level alarm set 220%. %
R set point. L
” Guard Tank - If appropriate, verify liquid level 1 p 9
alarm set > 20% (if liquid in GT). Record set %

point. - «
%’e ify VTH open and handle restrainer installed.

N‘R G,25. Ensure VW-1 open
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mg~ Closed

G.2.7. Install/verify installed Well Vent Manifold:

nifold removed:
., Install manifold at VW-2 per configuration in Figure 1.

Ezé'Connect PW-2 to Convectron readout controller.
Q  Manifold currently installed and configured per Figure 1.

Section Complete  Quality-
/ /7//7/d\_/f
G.3. Connect Pumping Line and Leak Check Up to VW-1

G.3.1,.-Turn on and verify-calibration of leak detector. Record

1. Calibrated leak value 6.9¥10"%  sccs; cal exp.
Date:t9[z[o 2 '

2. Measured leak value &.©x/'O sces

Quah

:3.2. Connect leak detector to the UTS at access port (L
Wn/verify open VW-3

Mnnect UTS primary pumping port to Well manifold assembly at VW-3
- and start the UTS pumping up to closed VW-2 as follows:

}/elﬁse/verify closed TV-1, -2, -3, -4, -6 and RGA-V.
/2/% lve interlock switch in “over-ride” position.
//‘ﬁ;vna vane pump and converter (Note: converter switch provides
power to turbopump controller and the vacuum-gauge display.)
4

. Pus d “reset” button to activate the interlock over-ride circuit.
en indicator light will come on).

5,~Turn “foreline” switch on, to open TV-2, and verify that the switch is
illyminated.

. Push the “Sensor” button on the vacuum gauge display to read the
foreline pressure (TG-4). (This is the pirani gauge. The “Pir”
annunciator will appear in upper left corner of the display.)

. Slowly open TV-4,

/B/ When foreline pressure (TG-4) < 1 torr, push “Start” button on turbo

controller.

y(h::n the "Normalbetrieb” light illuminates on turbo controller,
indicating turbopump is up to speed, open gate valve TV-1 and
close TV-4,

%). Switch the valve interlock switch to the “protected” position.

-

ush the “Sensor” button on the vacuum gauge readout so that the
/" “Hi-Vac” annunciator shows, and push the “Emis” button to turn on
the“cold cathode gauge (TG-1).

,7"
ecord the pumping line pressure (TG-1) ), ) ’] torr.




Repump Well with Probe Installed Gravity Probe B Program

P0613D
% Close TV-2 and open TV-3.

G ##" Leak check all joints between VW-2 and Leak Detector.

Note:

No leaks greater than 1 x 107 sccs are allowed.

1. Record background 7, ¢¥!o “¢ sccs.

2. Record Leak Rate (- 0¥~ ¥ sccs.
3. Record TG-1 $-'¥ xre torr.

GA7. When finished with leak check, open TV-2 and close TV-3. o -?L%
W
VW -5 v L Section Complete  Quality

fi\) Pump On Well O mbott s __3_%? Y s

X Q Skip this section, only using procedure for purposes of installing or removing Well
Vent Manifold.

% Perform this section to pump on Well.

Note:

Step G.4.1 provides the option of filling the cold trap on the UTS with LN2.
This is done primarily to achieve a lower base pressure and, only as a
secondary concern, to prevent back-streaming of any fore pump oil into
the Well.

G.4.1. Option: Add LN; to UTS cold trap.

GAZ. Close VW-3. N

GA3. Record PW-2: 0. 1x10 “torr

G.44. Open VW-2. 2

G.45. Record PW-2: |.ORID ~ yorr.

G.4.6. Record VW-2 operation in Well Valves Log Book

* 0(6’\) \](/06 ,,.f) ?uy«(/’ vt o T o Vi~ ]
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) G.4.7. Proceed as follows
@ PW-2<1 torr

1. Open VW-3, now pumpin? on Well with turbo.
2. Record Date/Time (L[ (8[a*~/ 1 LS

O PW-2>1torr

1. Close TV-1 and stop turbo pump

2. When turbo is fully stopped, open TV-4 and VW-3, Now pumping on
Waell with forepump.

3. When TG-4 < 1 torr, turn on

ight comes on open TV-1 and close TV-4. Now
pumping o with turbo.

5. R i /

G.4.8. Remove Leak Detector from UTS as follows:
. Verify UTS interlock switch in “protected” position.
2. Verify TV-3 closed and TV-2 open.

While monitoring the pressure on the cold cathode gauge (TG-1),
vent and disconnect the leak detector

-t

w

LA, @, 4. Disconnect Leak Detector from UTS and cap TV-3.
L P07 5’7 G.4.9. Start Data collection in Table 2.
o (7€) Table 2
Date/Time TG-1 (torr) TG-4 (torr) | PW-2 (torr) Comments
(2,8l leer) 3 3wo" 0.8 xip”
z/ G/ 0930 2 2xo ~b 0.5x70 " 3

i ﬁ/é’L [ (Ao ¥ | 2907 0.0 3

11



Repump Waell with Probe Installed Gravity Probe B Program

P0613D
G.4.10. (Option) Set-up. RGA o
1. When TG-1is < 1%18% torr sifwly open RGA-V. (

\ p 2. Setup RGA software (Tra Ware)
Q( 3. Record Transpector Ware File\Name _ ..
4, When data collection is complete, shutdown RGA "and close RGA V.
Section Complete  Quality T -
G.5. Terminate Well Pump Down

}&1. Record Time _1S0X  and Date /7/’/‘”01../ [-\S
//G({./( " Record pressures:

-}
PW-2 _0.2x/0 " torr, S
}/TG1 &0 @

_t
torr, VD <o
3,TG-4 Q!0 o tor. 0
CAUTION:
In jhe following operation, it is important to ensure that VW-2 is properly
closed.
i
Close VW-2 and torque to 77!84 in-lbs (g7 ft-Ibs) Tongue = 4 w-lag
zlﬁlo‘z, 7'
Quality
(
G.5.4. Record VW-2 operation in Well Valves Log Book )

G548. Close TV-1 and shut off TG-1.
Qts./e. Install a purged Helium source, set to approximately 1 psig, at TV-5.

Open TV-5 until ~100 torr is read on PW-2. Note:The real pressure is

about 6.5 torr. The sensitivity of a Convectron to He is enhanced above
1 torr.)

Close TV-5.

G.5.9. Pegform Leak Back Test of VW-2 Closure
. Close VW-3

% Record PW-2{ ﬂ torr

4 Slowly open TV-4 to evacuate UTS plumbing
é Close TV-4 when TG-2 < 25 mtorr
ﬁ Monitor TG-2 and PW-2 for 30 minutes to verify successful closure
of VW-2 and VW-3.
Time 199 (153 1303 [§\2
TG2(torm) | A 06 | 016 | 0l |.D\b
PW-2(tom) | \36 [\33 |3 [\3Q

Note: -

12
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- P0613D

'\/ A pressure drop < 10 torr at PW-2 during the last 20 minutes indicates
successful closure of VW-2,

o
S%g%‘? %
Section Complete  Quality

l 3
¥ tion) Close out procedure leaving Well Vent Manifold Installed at VW-2

sure losed TV-4, following successful closure of VW-2, capturing 6-7

Remove pumping lin
5. Cap port at VW-3.

om VW-3 and UTS.

Section

mplete  Quality

G.7. (Option) Close out procedure by removing Well Vent Manifold from VTH

/ﬁ% Open VW-3

(;_‘-}e.//t)penNerify open TV-4 until TG-2 reads ~0.00 torr
77.3. Close TV-4

G77.4. Remove Helium source from TV-5

Gﬂs/em n TV-5 until 760 torr (air) is read on TG-3.

Mie TV-S. |
/mc;::e VWS%

G.7.8. Monitor PW~2 for 30 minutes to verify successful closure of VW-2

Time 125 B33 134 3] R4y 107

X85 [PR2(0om [958 [75) (752 7 <k | 7e7

Note: a pressure drop < 1 torr at PW-2 during the last 20 minutes
indicates successful closure of VW-2,

G.7.9. Following successful closure of VW-2, remove UTS as follows:
./2 urn turbo pump off. ~

2. Close foreline valve (TV-2) and turn off vane pump.
_J3" Remove pumping line from VW-3 and UTS.
G-7-70. Remove Well Vent Manifold from VW-2
G.ZAT. Cap port at VW-2 50 6P-S
. wep 2
Section Complete  Quality

Iz /24 e
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Repump Well with Probe Installed Gravity Probe B Program
P0613D

G.8. Establish Final Configuration

}&( Ensure DAS alarm enabled and record set points if changed

/ Thermal conditions substantially unchanged, alarm set points for lead
bag unchanged

Q Thermal conditions substantially changed, temperature alarm points
reset as follows:

a. Top of Lead Bag setpoint [CN 175] 3.5 K (6.0 K)
b. Top of Lead Bag set point [CN 178] NSB K(<6.0K)

yd./Ensure liquid level sensor alarms enabled, as appropriate, and record set
points if changed.

. ,Main Tank Level Set Point % %
Guard Tank Level Set Point E l&, %
G,238. Ensure Guard Tank pressure on DAS alarm list and set to alarm at 10~ 20

torr differential.
8.4. Ensure Watch Dog Timer is armed.

G.8,5 Perform Post-Operations Checklist (Appendix 2)
Su GP-B
Quality __\WsP %

e

Section Complete

Completed by%.ﬁ VA 4#4?
Witnessed by: :

Date: _(Y/2o /L

Time:_350

suGPBY /
Quality Manager NSP 2 Date_ ! L’/ (Vi
Payload Test Director%«-.m“o’. Date /2/&0//07_

14
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GT Ven L ien

to GTVVA
MT Vent &ei and GM .
toGM . ‘_
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Probe

Wel Pump-out
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Wel 1
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Figure 1. Schematic of Science Mission Dewar plumbing.
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Repump Well with Probe Installed Gravity Probe B Program

P0613D
Primary pumping
port
TG-1 - {>‘Q Filter
(cold O Backfill
cathode) v TG-3 Port

(1000 torr) V-3
TG2 ) NP @ RGA
(10 torn \ &7/ )KW

RGA-V
Tv-l k % Tv-4
O Turbopump
TG-4 LD Access
(pirani) @ {>~ _<| I Port
TV-3
TV-2
(Foreline
Valve)
Forepump
(Vane Pump)

Figure 2. Schematic diagram of Utility Pumping System (UTS)

Figure 3. Well manifold assembly
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Appendix 1

'Gravity Probe B Program
P0613D

DATE

CHECKLIST ITEM

COMPLETED

REMARKS

\2”1}02-

1. Verify the test procedure being used is
the latest revision.

/

2. Verify all critical items in the test are
identified and discussed with the test
team.

3. Verify all required materials and tools
are available in the test area.

4. Verify all hazardous materials involved
in the test are identified to the test team.

\\ \\ i\ \\ A

/7
//

5. Verify all hazardous steps to be
performed are identified to the test team.

6. Verify each team member knows their
individual responsibilities.

7. Confirm that each test team member
clearly understands that he/she has the
authority to stop the test if an item in the
procedure is not clear.

N \\\\ \\

\ [\

8. Confirm that each test team member
clearly understands that he/she must
stop the test if there is any anomaly or
suspected anomaly.

9. Notify management of all discrepancy
reports or d-log items identified during
procedure performance. In the event an
incident or major discrepancy occurs
during procedure performance
management will be notified immediately.

\

\

10. Confirm that each test team member

understands-thyat there will be a PW
team WW =

-

]

NN

‘%Wture: C i ]
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Appendix 2
DATE CHECKLIST ITEM COMPLETED REMARKS

- |1. Verify all steps in the procedure :
r%‘%z' were successfully completed. /

[ |2. Verify all anomalies discovered
during testing are properly
documented.

3. Ensure management has been
notified of all major or minor
discrepancies.

s
-

4. Ensure that all steps that were

5. If applicable sign-off test
completion.

6. Verify all RAV valve operations
have been entered in log book

7. Verify the as-run copy of
procedure has been filed in the
appropriate binder

not required to be performed are
properly identified. ,
—
/

\ _Team Lead Sj W
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Repump Well with Probe Installed Gravity Probe B Program
P0613D

Appendix 3— Contingency Responses

Condition Circumstance Response
1 | Power Failure Sections G.1, G.2 Wait for power resumption
and continue with
procedure.
G3-G4 Close VW-3 (if open) and

all open valves on the
UTS. Walit for power
restoration. Note: TV-1
and TV-2 will automatically
close upon loss of power.
They will not reopen nor will
the turbo restart when the
power is restored.

After power restoration,
restart procedure at the
beginning of G.3. If the
leak check has already
been completed, it need
not be repeated.

After G.4 Wait for power
restoration and continue
with procedure.

2 | Failure of leak-back test At G.5.8 1) Verify that VTH is fully
seated.

2) If the pressure drop was
<30 mtorr, wait another
20 minutes to see if the
trend continues.

3) If the pressure drop
exceeded 30 mtorr or
the trend continues,
slowly open TV-4 to
evacuate the pumping
line. When TG-2 reads
< 1 torr, open TV-1 and
close TV-4. Turn on
TG-1 and when it reads
< 0.1 mtorr, reopen
VTH. When the
pressure at TG-1
returns to the value
recorded in G.5.2,
repeat the procedure
starting at G.5.
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3 | Failure of leak-back test AtG.7.3 1) Verify that VTH s fully '

seated. {

2) Wait another 20 minutes
to see if the trend
continues.

3) If the trend continues,
place the interlock in the
override position and
stop turbopump. Very
slowly open TV-4 to
evacuate the pumping
line. When TG-2 reads
< 1 torr, restart
turbopump, open TV-1,
and close TV-4. Tumn
on TG-1 and when it
reads < 0.1 mtorr, take
interlock out of override
and reopen VTH. When
the pressure at TG-1
returns to the value
recorded in G.5.2,
repeat the procedure  (
starting at G.5.

4 | Burst disk rupture (MT/GT) | Any time Evacuate room

20
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NBP Main Tank Fill - Guard Tank Initially Depleted And

_ Gravity Probe B Program
Connected to Gas Module PO648E
REVISION RECORD
REVISION | ECO PAGES DATE

A 1158 [Changed title to reflect content more accurately

Eeciion B — Divided Into two sections, addressing safety issues (new Section B)
nd test personnel (new Section D). Reorganized safety paragraphs into:
hazards, mitigation, injuries. Content of both new sections essentially
unchanged.

Added Quality Assurance Section (new Section C)

Section C, D, and E — Consolidated all requirements into new Section E entitled
Requirements. Added Configuration requirements to include minimum GT and
Well liquid levels, GSE/SMD interface requirements, alarm setup requirements,
vacuum requirements, and non-flight hardware requirements.

Section G.1 Added section to verify notification of QA.

Section G.2 — Added steps to verify configuration requirements and alarm setup.
Added GT to level alarm list (setpoint = 10%)

Section G.3 — Added section to verify Gas Module in Standard Conﬂguraiion
G.4. — Added section to verify SMD in standard configuration.

Added wamings to monitor temperatures at Station 200 and the top of the lead
bag continuously while the Main Tank vent is closed.

Section G.i 8 - changed to require Manifolding of Guard Tank vent with Main
Tank vent, foliowlng completion of procedure.

dded: caution at end of procedure to monltor Guard Tank pressure and set DAS;
larm to 0.3 torr differential.

1253

hanged to allow use in' more cases than just following an SMD upright
rocedure (P0633).

hanged title to reflect this change.

hanged scope toinclude any fill operatlon in which the GT is initially depleted
nd pressure regulated.

Changed section G.8 to allow MT pressure to be built in one of two ways: (1) by
furning on the MT heater (2) by allowing the pressure to build passively as is
done with P0633.

3/27/01

1292

Changed DAS setup to include switch the fast scan mode at beginning of
procedure and retum to normal scan mode at end of procedure

Updated list of qualified personnel and added other minor updates

8/8/01

1308

emove operations dealing with Well not evacuated, add QA inspect points, add,
dditional valve configuration callouts. Remove option for Guard Tank not )
onnected to Gas Module. (For latter case, Guard Tank not connected to Gas
Aodule, see P00877). .

dded Hazardous Materials comment to title Page.
Added step to verify purity of helium gas

odified Sections B2.2 and B3.1 to refiect new location of SMD dewar in
Lockheed Martin building 205
Added Appendix Contingency Responses
Added pre/post checklist tables

91/

1352

Added option for RAV-2 operation by spacecraft command if ECU is connected
ko J802; )
Added requirement to use cryogenic safety gear during stinger mstaliatron or
removal;

Added installation of vent line from VF-3to facility vent;

Replaced references to CN [1] (STA 200 temperature) with references to CN [29i

P0848 Rev 01/31/02 10130

(top of lead bag temperature redundant to CN [28])
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NBP Main Tank Fill - Guard Tank Initially Depleted And
Connected to Gas Module

LIST OF ABBREVIATIONS AND ACRONYMS

AG-x
AMI
ATC
APR-x
AVfX
CG-x
CPR-x
CV-x
CN [xx}
DAS
ECU
EFM
EG-x
EH-x

EM
ERV-x

Gauge x of Gas Module auxiliary
section

American Magnetics Inc.

Advanced Technology Center
Pressure regulator x of Gas Module

Valve x of Gas Module auxiliary
section

Gauge x of portable helium
pressurization source

Pressure regulator x of portable helium

pressurization source

Valve x of portable helium
pressurization source

Data acquisition channel number

Data Acquisition System
Experiment Control Unit

Exhaust gas Flow Meter

Gauge x of Gas Module exhaust
section

Vent line heat exchanger in Gas
Module

Electrical Module

Relief valve of Gas Module exhaust

- section

EV-x

FCV
FIST
GHe
GM
GP-B
GSE

GTVC
GTVC-G
GTVC-RV
GTVC-V
GTV-G
GTV-RV
GTV-V
KFxx

LHe
LHSD
LHV-x
LLS

Valve number x of Gas Module
exhaust section

Fill Cap Valve

Full Integrated System Test
Gaseous Helium

Gas Module

Gravity Probe-B

Ground Support Equipment
Guard Tank

Guard Tank Vent Cap

Guard Tank Vent Cap pressure gauge
Guard Tank Vent Cap relief valve
Guard Tank Vent Cap valve

“Guard Tank vent pressure gauge

Guard Tank vent relief valve
Guard Tank vent valve
Quick connect o-ring vacuum flange

(xx mm diameter)

Liquid Helium

Liquid. Helium Supply Dewar

Liquid Helium Supply Dewar valves
Liquid level sensor

P0648 Rev 01/31/02 10:30

LM

MT

MTVC
MTVC-G

MTVC-RV
MTVC-V
NBP

ONR
PFCG

" PFM

PG-x
PM
psi

psig
PV-x

QA

RAV-x
RGA
SMD
STV
SuU
SV-x
TG-x
TV-x
UTsS
Vac
VCP-x
VCRV-x
VCV-x
vDC
VF-x

" VG-x

VM
VV-x

Gravity Probe B‘Program
PO648E
Lockheed Martin Co.
Main Tank
Main Tank Vent Cap
Main Tank Vent Cap pressure
gauge

Main Tank Vent Cap relief valve
Main Tank Vent Cap valve
Normal boiling point

Office of Naval Research

Fill Cap assembly pressure
Gauge

Pump equipment Flow Meter
Gauge x of Pump equipment
Pump Module

pounds per square inch

pounds per square inch gauge

Valve x of the Pump equipment

Quality Assurance

Remote Actuated Valve-x
Residual Gas Analyzer
Science Mission Dewar

SMD Thruster vent Valve
Stanford University

SMD Valve number x

Gauge x of Utility Turbo System
Valve x of Utility Turbo System
Utility Turbo System

Vacuum

Vent cap pressure gauge

Vent cap relief valve

Vent cap valve
Volts Direct Current
Liquid helium Fill line valve

Gauge x of Vacuum Module
Vacuum Module
Valve x of Vacuum Module

Valve x of Dewar Adapter



NBP Main Tank Flll - Guard Tank Initially Depleted And Gravity Probe B Program

A.

Connected to Gas Module PO648E

Scope

This procedure describes the steps necessary to perform an external fill of the SMD
Main Tank with normal boiling point liquid helium with the Guard Tank initially depleted
of liquid helium. (For Guard Tank initially with liquid helium, see P0442.) The Guard
Tank and Main Tank are connected to the Gas Module via their vent lines. (For Guard
Tank vent not connected to Gas Module, see P0877) The Well is evacuated and the
Well pump-out manifold may be installed.

The steps include:

1. Fill Guard Tank to 15% from Main Tank
Pre-cool SMD internal fill line from Guard Tank
Pre-cool external transfer line from storage dewar
Fill Guard Tank
Switch from Guard Tank fill to Main Tank fill

@ o &> 0D

Terminate transfer

Heating the Main Tank to raise its pressure when the level is low should be done
judiciously to avoid overheating the ullage gas, hence raising the temperature at Station
200 and the top of the lead bag to unacceptable levels (> 6 K). If fill operation is to be
performed as part of P0633, Upright SMD Rotate from Horizontal to Vertical Orientation,
the pressure has already been built passively while still horizontal. If not, EV-9 may be
closed well in advance of performing the actual fill operation (e.g., overnight) as the
pressure may take some time to build this way. Note, however, that leaving EV-9 closed
for extended periods of time while the SMD is vertical may also cause the temperatures .
at Station 200 and the top of the lead bag to rise to unacceptable levels. It should also
be noted that since the installation of the flight fill line burst disk, the temperature at the

" top of the main tank rises fairly rapidly when RAV-1 is opened for the internal transfer.

This phenomenon should be taken into account in the planmng and execution of this
procedure.

Safety

‘B;1. - Potential Hazards

Personal injury and hardware damage can result dunng normal posmonlng,
assembly and dlsassembly of hardware. Examples include: positioning Dewar in
tilt stand; integrating probe with airiock; positioning airlock on Dewar; removing
airlock from Dewar; removing probe from Dewar; and positioning support
equipment such as pressurized gas cylinders and supply dewars.

A number of undesired events may be associated with these operations. For
example, personnel or equipment can be struck when hardware is being moved
- (e.g. by forklift or crane load). Personnel are subject to entrapment while
positioning hardware, such as hands or feet caught between objects as hardware
. is moved into place. Suspended hardware may be dropped. Personnel can be
caught between objects such as forklifts and walls or |oads and building support
columns. :

P0848 Rev 01/31/02 10:30 : ; 1
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In addition, liquid helium used in the SMD represents a hazardous material for

B.2.

B.3.

P0648 Rev 01/31/02 10:30

.the personnel involved in the operations. Cryogenic burns can be caused by

contact with the cold liquid or gas, high pressures can result if boiling liquid or
cold gas is confined without a vent path, and asphyxiation can result if the vent
gas is allowed to accumulate.

The SMD Safety Compliance Assessment, document GPB-1001 53C discusses
the safety design, operating requirements and the hazard analysis of the SMD.

Mitigation of Hazards

B.2.1.

B.2.2.

-B.2.3.

Lifting hazards
There are no lifting operations in this procedure

Cryogenic Hazards

The LM Building may have an oxygen deficiency monitor that alarms
when the oxygen level is reduced to 19.5%. Additional temperature and
pressure alarms, provided by the DAS, wamn of potential over-pressure
conditions. Emergency vent line deflectors are installed over the four
burst disks on the SMD vacuum shell.

Only authorized and trained LM and SU personnel are allowed In the
high-bay without escort. All personnel working at a height 30 inches or
more off the floor are required to have an LM approved air tank within
easy reach. In the unlikely event of a large LHe spill all employees have
been instructed to evacuate the room and contact LM safety.

The following additional requirements apply to all personnel involved
directly in cryogenic operations. Gloves that are impervious to liquid

helium and liquid nitrogen are to be worn whenever the possibility of
splashing or impingement of high-velocity cryogens exists or when -
handling equipment that has been cooled to cryogenic temperatures.
Protective clothing and full-face shields are to be worn whenever the
possibility of splashing cryogens exists.

" Other Hazards
‘When appropriate, tools or other items used with the potential to

damage the SMD or Probe shall be tethered.

Mishap Notification

B.3.1.

B.3.2.

Injury
In case of any injury obtain medical treatment by immediately Calling
LM Call 117

Hardware Mishap

In case of an accident, incident, or mishap, notification is to proceed per
the procedures outlined in Lockheed Martin Engineering Memorandum-
EM SYS229, :

-
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B.3.3. Contingency Response

Contingency responses to possible equipment troubles or irregularities
(e g., power failure) are listed in Appendix 3.

C. Quality Assurance

C.1.

c.2.

Ca3.

D. Test Personnel

D.1.

P0648 Rev 01/31/02 10:30

QA Notification

The NASA representative and SU QA shall be notified 24 hours prior to the
start of this procedure. Upon completion of this procedure, the QE Manager
will certify his/her concurrence that the effort was performed and accomplished in
accordance with the prescribed instructions by signing and dating in the
designated place(s) in this document.

Red-line Authority

Authority to red-line (make minor changes during execution) this procedure is
given solely to the Test Director or his designate and shall be approved by the
QA Representative. Additionally, approval by the Payload Technical Manager
shall be required, if in the judgement of the test director or QA Representative,
experiment functionality may be affected. '

Discrepancies

A Quality Assurance Representative designated by D. Ross shall review any
discrepancy noted during this procedure, and approve its disposition.
Discrepancies will be recorded in a D-log or a DR per Quality Plan PO108. Any
time a procedure calls for verification of a specuflc configuration and that
configuration is not the current configuration, it represents a discrepancy of one
of three types ‘These types are to be dealt with as described below. -

C.3.1. If the discrepancy has mlmmal effect on procedure funct|onality (such
as the state of a valve that is irrelevant to performance of the
procedure) it shall be documented in the procedure together with the
resolution. Redlines to procedures are included in this category.

c.3.2. Ifthe dlscrepancy is minor and affects procedure functlonahty but not
flight hardware fit or function, it shall be recorded in the D-log.
Resolution shall be in consultation with the Test Director and approved
by the QA representative.

C.3.3. All critical and major d|screpancues those that effect f||ght hardware fit
or functions, shall be documented in a D-log and also in a Discrepancy
Report, per PO108.

‘Personnel Responsmllltles

The perfon'nance of this procedure requrres a minimum complement of personnel
as determined by the Test Director. However, during the startup of the transfer
(Sec. G.14), there are to.be a minimum of two qualified persons (Sec. D.3) in
attendance. The person performing the operations (Test Director or Test.
Engineer) is to sign the “Completed by” sign-off. Any other qualified person or -

, QA person who can attest to the successful performance of this procedure may



NBP Main Tank Fill - Guard Tank lnitialfy Depleted And
. Connected to Gas Module

D.2.

Gravity Probe B Program
: PO648E
sign the “Witnessed by” sign-off. The Test Director will perform pre-test and

Post-Test briefings In accordance with P0875 “GP-B Maintenance and
Testing at all Facllities”. Checklists will be used as directed by P0875.

Personnel Qualifications

The Test Director must have a detailed understanding of all procedures and
facility operations and experience in all of the SMD operations. Test Engineers
must have SMD Cryogenic operations experience and an understanding of the

“operations and procedures used for the cryogenic servicing/maintenance of the

Dewar.
Qualified Personnel

The names of those actually performing this procedure are to be initialed and the
name of the person acting as Test Director should be circled.

Test Director Test Engineer

Mike Taber _@ Welsh 2

e o

Dave Murray Dave Hipkins

Bruce Clarke

Ned Calder

E. Requirements

E.1.

E.2.

E.3.
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Electrostatic Discharge Requirements

This procedure does not include any equipment sensitive to electrostatic
discharge.

~ Lifting Operation Requirements

There are no lifting operations in this procedure

Hardware/Software Requirements
- E3.1. Commercial Test Equipment
No commercial test equipment is required for this operation.

E.3.2. Ground Support Equipment

The Ground Support Equipment includes the Gas Module, the Pump
Module, the Electrical Module, and the Vacuum Module. The Gas
Module provides the capability to configure vent paths, read pressures
and flow rates, and pump and backfill vent lines. The Pump Module
provides greater pumping capacity than the Gas Module, together with
additional flow metering capabilities. The vent output of the Gas Module
flows through the Pump Module. The Electrical Module contains the
instruments listed in Table 1(see the Electrical Module Manual for
details), and provides remote control of valves in the Gas Module,
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E.3.3.

E.3.4.

E.35.

E.3.6.

E.3.7.

Gravity F;robe B Program
PO648E

Pump Module, and SMD. The Vacuum Module contains a turbo pump,
backed by a vane pump, and provides the capability to pump out the
SMD vacuum shell.

This procedure uses hardware located in the Gas Module (Figure 1),
the Pump Module (Figure 2) and the Electrical Module (Table 1).
However, the Pump Module may be omitted if a stand-alone gas meter
(a substitute for PFM-1) is connected at the Gas Module Vent Output.
The primary helium vent and all vane pump exhausts must be
connected to an outside vent.

Computers and Software:

The Data Acquisition System (DAS) and data acquisition software are
required for this procedure. The DAS reads and displays pressures,
temperatures, and flow rates and monitors critical parameters. No
additional computers or software are required.

Spacecraft Support:

If connector J802 is connected to the Experiment Control Unit (ECU),
operation of RAV-2 must be commanded through the spacecraft instead
of the RAV controller in the Electrical Module.

Additional Test Equipment

Description Manufacturer | Model

AMI Level Sensor Readout for LHSD AMI - 110 .

Additional Hardware

Manufacturer

Description Model
Filter Line assembly LM 5833827
Liquid He Transfer Line M 5833804
Liquid He Stinger M 5833803
GHe supply fittings to LHSD NA - N/A |

- 500 or 1000 Liter Liquid Hellum' Cryofab CMSH-500, -
Supply Dewar 1000 o
Protective face shield or googles N/A N/A
Cryo gloves N/A [V
Impermeable apron N/A N/A
Tools

Description
Torque Wrench, 1-1/4-in socket, €0 in-Ib
1-1/4 adjustable wrench
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E.3.8. Expendables
Description Quantity Mfr./Part No.
Ethyl alcohol - AR N/A
99.999% pure gaseous hellum AR N/A

Vacuum Grease

AR Dow Coming High

Vacuum or Apiezon N

Tie wraps - large size

AR |N/A

Liquid helium

AR N/A

Ed4. Instrument Pretest Requirements

The GSE instruments required to perform this

procedure are listed in Table 1,

together with their serial numbers, where available. Instruments that are required
to have current calibrations are indicated in the

Instruments that do not require calibration are t
performance requirements and are not connec

Cal-Required column.
hose not used to verify
ted to flight instrumentation. The.

status column is to be filled in with the due date of the instrument calibration

sticker and verified to be in calibration b
are to be updated as appropriate.

Table 1.-Required Instrumentation and Calibration Status

y QE or QE designee. Serial numbers

P0848 Rev 01/91/02 10:30

‘ Status
. ‘ Cal Cal due
No. | Location Description - - User Name Serial No. | Required date
1 |DAS Power Supply, H-P 6627A A1 A2, A3, A4 | 3452001975 [Yes |17, /o
2 DAS Power Supply, H-P 6627A Bi1, B2, B3, B4 | 3452A01956 | Yes i {’O 2
3 |DAs | Data Acquisition/Control Unit - 2936A24553 | No .
H-P 3497A o I 9 o
4 DAS | Digital Multimeter - 2823A15047 | Yes o / N
H-P 3458A Fe91 g
5 EM Vacuum Gauge Controller EG-1a, -1b 2827 No -
] Granville-Phillips Model 316 3 - .
6 EM Vacuum Gauge Controller AG-2a, -2b 2826 No -
Granville-PhilIIps Model 316 '
7 EM Vacuum Gauge Controller EG-3 2828 No -
Granville-Phillips Model 316 o __
8 EM MKS PD.H-C-'ZC ) ‘ EG-2, FCG 92022108A | No -
9 EM Flow meter ~ Matheson 8170 EFM-1 96186 No -
10 EM Flow meter totalizer EFM-1 96174 No -
Matheson 8124 1 N
11 |EM Liquid Helium Level Controller LLS Main Tank | 96-409-11 | No -
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E.5.1. Main Tank

NBP Main Tank Fill - Guard Tank Initially Depleted And
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Status
, Cal Cal due
No. | Location Description User Name Serial No. | Required date
American Magnetics, Inc. 136
12 EM Liquid Hellum Level Controller LLS Guard 96-409-10 No -
American Magnetics, Inc. 136 Tank
13 EM Liquid Hellum Level Controller LLS Waell 96-409-9 No -
American Magnetics, Inc. 136 '
14 EM Liquid Hellum Level Controller LLS Axial Lock | 96-409-12 No -
American Magnetics, Inc. 136
15 EM Pressure Controller - MKS 152F-92 | EV-7a, -7b 96203410A | No -
16 EM Power Supply HO8D Tank 96023407A | Yes
HP 6038A Heater
17 |EM Power Supply HO9D Tank | 3511A- Yes I
HP 6038A ‘Heater 13332 1°0s
18 | EM ‘Power Supply RAV Power 3320A- Yes o /g, lo y
HP 6038A Supply’ 12486 -
19 EM Vac lon Pump power supply SiP 5004N No 3. :
Varlan 929-0910, Minivac Y Zz/ 03
20 EM Flow meter totalizer PFM-1 576013-716 | No -
Veeder-Root :
21 GM Pressure Gauge, Heise AG-1 CC-122077 | No -
22 GM Pressure Gauge, Marshall Town AG-3 N/A No _ -
23 GM Main Tank Heat Exchanger. EH-1 C-19950 No -
: a) Thermocouple, b) Current meter,
¢) Temperature set point controller
24 |GM Guard Tank Heat Exchanger: EH-2 C-09920 No -
' a) Thermocouple, b) Current meter, ‘ '
¢) Temperature set point controller
25 |WM Vacuum Gauge readout, VG-3 2878 No -
Granville-Phillips 316 "VG-4 '
26 | VM Vacuum Gauge readout, VG-1, VG-2 96021521 No -
Granville-Phillips 360 VG-5 ,
E.5. Configuration Requirements

" Liquid in the Main Tank must be at its normal boiling point (NBP), 4.2 K.-

~The SMD is vertical with the +z axis up. The actuator control valve for
EV-9 switches the state that EV-9 defaults to, should a power failure
occur. It should be placed in the “NBP.” position, for this procedure,

ensuring that EV-9 remains open in the event of power failure.
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E.5.2.

E.5.3.

E.5.4.

Guard Tank

The Guard Tank is depleted and regulated to a pressure > 0.3 torr
above atmosphere. Care must be taken at all times to keep its pressure
above atmospheric.

Waell

The Well is evacuated and the Well pump-out at VTH may be in one of
the following configurations: 1) VTH closed with the VTH operator
removed; 2) the Well manifold connected to a closed 'VTH; or 3) the
Well manifold connected to an open VTH while the Well is being
pumped through the manifold per procedure P0613 “Repump Well with
Probe Installed”.

SMD Vacuum Shell

The Vacuum Shell pressure should be less than 1 x 10 torr. However,
if this procedure is being used in conjunction with up-righting the dewar
(P0633) and the Main Tank liquid level is very low (< 30%), priority
should be given to filling the Main Tank. The fill operation, by cooling
the vapor cooled shields, will result in a vacuum shell pressure less than

- the required 1 x 10-4 torr, and pumping on the vacuum shell can be

E.5.5.

E.5.6.

deferred to a later date. Document No. P0213 contains the procedure
for connecting to and pumping on the SMD vacuum shell.

Alarm System

1. The DAS alarm system must be enabled and contain the following
alarm set-points: - v :

~ a. Top of lead bag temperature set (CN 28) at T<6.0K.
b. Top of lead bag temperature set (CN29)atT < 6.0 K.
¢. Relative Guard Tank Pressure (CN 46) set at AP > 0.3 torr.
2. The Watch Dog alarm must be armed. . ‘
GSE and Non-flight Hardware

1. Arelief valve or flight-like burst disk may be installed in place of the
SMD fill-line burst disk. ‘

2. The ion-pump magdet must be installed. -

3. GSE cabling must be connected between the SMD and the
- Electrical Module (P/N 5833812) and between the SMD and the
Data Acquisition System (P/N 583381 1). J801 and J802 (of the
SMD) may be connected either to the ECU or to the Electrical
Module. .

4. The Main Tank vent line must be connected to the Gas Module with
a vacuum insulated line, use procedure P0674, Connect Main Tank
Vent Line to Gas Module — Main Tank at NBP if this is not the case.
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5. The Guard Tank vent line is connected to the Gas Module.
6. The thruster vent port may be opened toa Endevco pressure
transducer, STG.
7. The Fill Cap Assembly must be installed at SV-13 (Figure 3)
8. Top Plate heaters must be installed on SMD and be operational.
E.6. Optional Non-flight Configurations

The following non-flight modifications of the basic SMD and optional GSE
configurations are incidental to the performance of this procedure. Any
combination represents an acceptable configuration.

1.

The SMD is installed in: the SMD transportation and test fixture or
the space vehicle assembly fixture; or the space vehicle tilt dolly.

A foreign object and debris shield may cover the upper cone of the
SMD. If it is not present, any object that could cause damage to the

| payload, if dropped, must be tethered.

The Vacuum shell pump out port at SV-14 may be connected to the
Vacuum Module (P/N 5833816) via a 2-in valve and pumping line,
with the valve in either the closed position or in the open position.
The Vacuum Module pump may be off, actively pumplng the
pumping line up to a closed SV-14 or actively pumping the vacuum
shell

E.7. Verification/ Success Criteria
N/A
E.8. . Payload Constraints and Restrlctlons
N/A '
F.  Reference Documents
" F1.  Drawings
Drawing No. Title
LMMS-5833394 Instrumentation Installation
F.2. Supporting documentation
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Document No. Title
LMMC-5835031 GP-B Magnetic Conrrol Plan

' GPB-100153C SMD Safety Compliance Assessmént '
EM SYS229 Accident/Mishap/Incident Notification Process

LMSC-\P088357 Science Mission Dewar Critical Design Review

SU/GP-B P0108 Quality Plan

| LMMS GPB-100333 | Science Mission Dewar Failure Effects and Causes Analysis
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SU/GP-B P059 GP-B Contamination Control Plan
F3. Additional Procedures

POS48 Rev 01/31/02 10:30

Document No.

Tltle

SU/GP-B P0213

Connect Vacuum Module/ Pump on SMD Vacuum Shell

SU/GP-B P0674

Connect Main Tank Vent Line to Gas Module — Main Tank at NBP

i

10
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Operation Number: { 9 8?
Date Initiated:_o* Jo (03
Time Initiated:___(0 <0

G. Operations

G.1. Verlty Prepdratlons

a1+ Verify SU QA notified.
Record: Individual notified ? LC‘:;SE
 Dateftime )]0 |_/0O,

. Verify NASA representative notified.

Record: Individual notified _ (& . /~OAAIAM,
Date/time l//L//DJ (000

13.~If SMD connector J802 is connected to the ECU, verify that the
Iy, / A, “ Spacecraft is prepared to command RAV-2 when requested.

G,14% Record calibration due dates in Table 1 (Sec. E.4).

,% Verify that persons actually performing this procedure have initialed
their names in Sec. D.3 and the name of the Test Director is circled.

G.1 Verity Pre-ops meeting with operations group has been conducted.
/ (Checklist is in Appendix 1.) '
dG.1.7. Verify Purity of All Sources of Helium Gas
Record serial number on helium bottle/s.

1% NWE VISBE
4 6.

G.1.8~Verity helium bottle/s have been tested for purity and record Op.
/zumber Op. Number: / 71 (

Date/time ©!/07/&%/ s0/©

G.2. Verlfy Configuration Requirements

CAUTION
The Main Tank vent path is closed at EV-9 during the initial stages of this procedure to allow
pressure for the transfer to build. During this period of closure the temperature at the top of the
lead bag is appropriately alarmed and continuously monitored to detect trends prior to alarm
Corrective action for over temperature is given in Appendlx 3.

9/{1. Verify that the SMD s vertical. This procedure may be performed only
in the vertical orientation.

POB48 Rev 01/31/02 10:90 .
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: M\sure DAS Watch Dog Alarm enabled. ‘

@%Ensure that Top Plate heaters on SMD are operational.

}&(\//erify GSE cabling connected between SMD and Electrical Module and
between SMD and Data Acquisition System. :

G.2.5Record MT pressure (EG-3 and/ or STG) %3 tonr / torr.

Note: if allowing pressure to build passively (see G.8.2) , Main Tank
pressure must be greater than 15 torr above atmospheric before
proceeding with initial Guard Tank fill.

G.g%/erify Main Tank vent line connected to Gas Module. If not perform
procedure P0674, Connect Main Tank Vent Line to Gas Module — Main
Tank at NBP, to connect Main Tank vent. Complete P0674 through
paragraph G.6.6 step 1 only (i.e., open SV-9 but do not reestablish

%ain Tank venting by opening EV-9).
G.Z7. Close /Verify closed EV-9 Date/Time W;I ‘C 3/ 5‘3 —FdLﬁ

_ G.22/(erify alarm system enabled and record set points.
N &
o 1/ Mai nk level (“A” or “B”):  Record set poinl‘:lt#_\_t%__%
_ . Gu ank Level (“A” or “B”): Record set point ¢ - %

\
. Top of lead bag temperature — verify [CN-28] gn DAS alarm list and
set rmatT <6.0K. 'Record set point _!LK

- Top of lead bag temperature — verify [CN 29]on D larm list and
‘ settoalarm at T<6.0K. Record set point K
| /SHe/Iétive Guard Tank Pressure — verify [CN 46] on DAS alarm list
arpd set to alarm at AP > 0.3 torr. Record set point
S L torr

Mure Main Tank liquid-level alarm enabled.

G c\ sure Main Tank liquid-level alarm set > 20%: Record. _/'l__(/____%

A4 -
\! 02.2.11. Verify Fill Cap Assembly installed at SV-13.
G% 2. Ensure ion-pump magnet installed.
=N
}2{16. Record Vacuum Shell Pressure.
— Turn on Vac-ion pump and record time of day __\;_013
/2./"U§e DAS [Monitor Data] for CN 99.

/ - b
/3/ When value is steady, record pressure (IP) L ﬁ = torr. If pressure
" is above 1x10™ torr, perform procedure P0213, Connect of Vacuum
-Module / Pump on SMD Vacuum Shell, to connect Vacuum Module
and pump out SMD vacuum shell. - '

P0B48 Rev 01/91/02 10:30
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Note: if performing this procedure as part of up-righting the SMD
and the Main Tank level is < 30%, flil the MT first after up-righting
and then pump on the vacuum shell.

%&xit [Monitor Data} and collect data with [Set Data Interval] to 5 min.
When data cycle is complete, turn off Vac-ion pump

GWerify liquid in Main Tank is a\t NBP (4 2<T<4.3) and record temperature

bottom of tank CN [9] M.31%1 K
%ﬂy Actuator Control for EV-9 set to “NBP” position

| @
. ‘ INSP 28
Section G.2 Complete  Quality

(3

G.3. Verlty Valve Configuration and Record Initial Conditions

G.3.1. Verify valve states as indicated in following Table. Record configuration
in left-hand column, then verify corresponding valve states.

Verify Initial Valve States

Verify Open Verify Closed

1. Main Tank vent '
Connected to GM E%ggj/E% 7

Guard Tank vent

Connected to GM; depleted of LHe and E¢16 EV. UA EV-19, EY-20, E\.24
pressure regulated at EV-23 (verify source QTVV ,)fpfggz -GTV}‘G\:

of He gas at APR-2) O RN ‘:\} - 77

2. Remaining EV valves E\%z/ﬁ %yﬁ EV-8,
: EV-14, E 18,

EV-19, EV-21/22

3. AV valves All

4. Dewar Valves G-V, S#9  |GPVa, ;18 (or STVa
- and STVb), S¥13, FGV

Q.3 2 Record initial temperatures .
/ pof LeadBagCN([28) '+ =~ L\ (/\ C‘ O
'/z:p of Lead Bag CN [29] (’\ L‘ L) l
3. Temperature at bottom of Main Tank CN [9] ‘rn i"K

G.3.3. Record pressures.

POG48 Rev 01/31/02 10:'30 1 3
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A Guard Tank (GTV-G) CN [433: &1 ton (relative to atm.).

. Maln Tank (STG) CN [49):
Manifold)

42" Record liquid level in Main Tank (‘D_Ibl_ %.

G/A3.5. Record Fill Cap Assembly pressure and verify that it reads >760 torr. If
not, enter in D-log and consult Pgyload Test Director.
F|II Cap Assembly (PFCG): @:’%‘( tore,
Record status of Well pump-out: e
Weu manifold not installed.
D Waellnfanifold installed, record valve positions and pressure:

VW-3__ _ ,PW-1 torr. .
R =it

Section G.3 complete. Quality.
1/4/4%,

torr. (Endevco on Thruster Vent

. Ga. Verity SMD In Standard Configuration

G.4.1. Using the RAV log book verify that the dewar's internal valves are in the
ollowing positions. If not, investigate to ensure previous RAV
operations properly recorded. If necessary, note resolution in D-log.

1. Open: BAV3 and/HAV 6B

. 2. Closed: R4 AV-Z RAny/ HW W 7.
G.4.2. Verify $¥<0 open. -
G.4.3. Verify 8¥<13, and FCV ©

G.4.4. Valve conflguratlon

Open - Closed

EV valves EV-74]- p/E/ A6 E¥23— | All other \ZU- -7

AV valves AP 2 _~ All other

| Dewar valves -V, S GTV a,/S’I' SWi3,
_ /v( & /C—T VES/N /\laNb/

RAV valves HAW{,RM All/e'(h/

VF valves N/A/. ' - NA

7

Note: The regulator valves APR-1 and APR-2 are included in the open column when

appropriate to indicate that they are actively involved in supplying gas at a regulated pressure.

APR-1 feeds AV-9 and APR-2 feeds EV-23, the latter for GT pressurization. ﬂ‘
Section G.4 complete. Quallty

G5.  Set Up Data Acquisition System oo 3

POG48 Rev 01/3102 10:30 . 1 4
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Note: refer to DAS operating instructlons for information on configurations and
mechanics of keyboard/mouse operation.

G.91. Verify DAS set to configuration 4M: tDlT\

G.52. Set DAS to fast scan mode using [other menus], [data config], [fast
scan]

G‘;/ Record directory and data file name 331070, (’ ¢J
G,5.4. Start “Speclal Data Cycle” by using [Other Menus] + [Special Data Col]

1S A + [Use Pre-Selected], and from menu select “1 = Main Tank fill with
oY Guyard Tank empty”, + [Init. Collectn] + [Enter] (=use default file). Use
qb 1 minute cycle time.
; % 14
7“”5 G.5[7 Record directory and special data file name C3oldo
d .
lq 2 G.59%. Set Main Tank and Guard Tank Liquid Level Sensor sampling intervals
to 1 min.

/('5,.7. Ensure printer Is displaying special Data Cycle data.

G.6. Check Initial Pressure in Fill Line

~Casdr S Y G.6.1. Install a pumping line between valve FCV on the Fill Cap Assembly and
C (35¢) the Access Port #1 of the Auxiliary gas section.

Ve
. ~'\<\“\\ v "Y' G.62” Tumn on pump AP-1.
. Open AV-8 and AV-3.
G,g( Open valve FCV and evacuate to 20 mtorr as measured at AG-2.

G.s,s./ Close AV-8 and FCV.

G.68. Once the pressure in the Fill Cap Assembly has stabilized, record
Fill Cap Assembly pressure (PFCG): _2~- > tor.

G/{ Open valve SV-13 to bring Fill Cap Assembly up to SMD Fill line
pressure and record

Fill line pressure (PFCG):(\Q: . &> torr.

Section G.6 complete.

y.” Raise Pressure in Fill Line to Main Tank Pressure

CAUTION:

Opening RAV-1 in the following steps may cause heating of the top of the Main Tank. Be
prepared to procee_d to the opening of RAV-2 to start the transfer without undue delay. The rate
of temperature rise at the top of the lead bag (CN [28], CN [29]) should be monitored by the test
-dlrector If the temperature limit at the top of the lead bag is reached, be prepared to undertake

Contingency Response #2 In Appendix 3.
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«-NBP Main Tank Fiil - Guard Tank Initially Depleted And : Gravity Probe B Program
Connected to Gas Module POB48E

G}tf. Discontinue normal data cycles by using [D.C. off]
){2. Verlfy that the Speclal Data Cycle is rolling over at 0.1 minute intervals.

_/(7.3. Open RAV-1 using:

27 Ensure all RAV controller selection switches in OFF position.
»2/Turn on RAV power supply and adjust current limit to 1.85 amps.

yAdjust power supply to 28 VDC.
»4”?'5wer up controller #1.

vfa.’/F"QSIthn selection switch for controller #1 to RAV-1.
/Aecord initial status Illghts(4) on: Open: Q CI Closed y )2/ @ l i K
///twéte controller #1 to open RAV-1 and record:

/fyn tlme - seconds.
Current draw: [ U" amps.

. Time of day ¥ 3%

" 8~ FRecord final status lights(4) on%)%/ Closed:Q O

9. When convenient, record operation in RAV log book.

. Verify that the Fill Cap Assembly pressure (PFCG) rises to Main Tank
pressure

);/Record Main Tank pressure (EG- 3) @ torr
e./ Record Fill line pressure (PFCG): i 2 torr.

(Gfg Close SV-13 and torque to 60 in-lbs + 5 in-lbs.

G.8. Prepare for Internal Transfer to Guard Tank
G.8.1. Prepare RAV-2 for activation

O J802 connected to Electrical Module:
/Ehsure selection switch for controller #2 in OFF position.
2 Power up controller #2.

,3./ Position selection switch for controller #2. to RAV-2.

A Record status lights(4) on: Open:Q Q Closeg?Q ar
a J8o2 connected to the ECU:

5. Verify that operations personnel are prepared to operate RAV-2 on
request.

POB4S Rev 01/31/02 10:30
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NBP Main Tank Fill - Guard Tank Initially Depleted And Qravity Probe B Program
Connected to Gas Module POB48E

M on Main Tank heater power supply, (H-8D or H-9D) as follows.

| PTessure in Main Tank to be raised by adding heat.

1, -Verify liquid level of Main tank is > 40 % and the temperature at the-
#~ top of the lead bag (CN[28]) Is stable, if not, use the alternate
process below; build pressure passively

e
/2./ Adjust current limit to 1.25 amps.

3. Starting the voltage at zero volts, incrementally increase the voltage
to a maximum of 15 volts. Record heater settings and other data in
the table at G.9.6

Pressure in Main Tank is to be raised “passively”.

. Adjust voltage outpyt to zero volits.

o o & O
>
=3
c
a
o
S
)
3
-

. If necessary, incrementally raise the heater voltage in one-volt
steps. Record heater settings and other data in the table at G.9.7.

%’.’ Verify Main Tank pifssure (STG) > 15 torr above atmospheric pressure
and record STG: _31 72~ __torr diff.

G/p.l Valve configuration:

L Open Closed
i . - :
EV valves ~ FEV-7ab, EV16EV2T | Allother =W+ 73
AV vaives AV-8 APR-2 All other
- , -
Dewar valves G " S\L9 GTV-Va, ST-Va/Vb, SV-13;
DN v | GRvastave sy
RAV valves RAY1, RAV-3, RAV-6B Afiogher :
VF valves N/A Nﬂ @ g:\\j °
' ' WY &
Section G.8 complete. Quality
i l / /o3
G.9. Inltlaté Transfer to Guard Tank

CAUTION

Pay close attention to the top of the lead bag temperatures as opening RAV-2 may further
increase the rate of rise. Prepare to open EV-9 briefly (see contingency 2 of Appendix 3) if this

happens.

P0848 Rev 01/31/02 10:30

334/ input comment to DAS “Start Internal transfer to Guard Tank”.

G,92. Establish Guard Tank vent path.
1. eloseEV-23 (\J Vi
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. p ~+ NBP Maln Tank Fill - Guard Tank Initially Depleted And Gravity Probe B Program

Connected to Gas Module ‘ POB48E
- 27 Open EV-13 and record time | k ﬂ; (

G4.3. When Guard Tank pressure as read at (CN [46)) < 8 térr diff, :
/1./ Record Guard Tank pressure (GTV-G), CN [46] . l torr diff.
%mmediately open RAV 2 (next step).
_5J802 connected to Electrical Module:

3. Activate controlier #2 to open RAV-2 and record: ML
A Run time: T \ seconds | ccosE Lot

. Current draw ) % amp

3 ,L'- :
/tf. Time of day: _\ J \7 .
Record final status lights(4) on: Openﬂ//D{losed: Q Q

JS. When convenient, record operation in RAV log book.
Q
6.

J802 connected to the ECU:

Request operations personnel to open R
day: .

record time of

Record valve
informati

N

§ indication from operations personnel when the
Is available:

8. When convenient, record operation in RAV log book.

G.9,4” When RAV-2 operation is completed, immediately open EV-6 and EV-
: 18. '

G.9.5. Confirm transfer by noting Guard Tank vent gas flow and, ultimately, an
increase in the Guard Tank liquid level.

G.9.6. Adjust Main Tank heater voltage, as necessary, to maintain a
reasonable transfer rate.

CAUTION
Use of the Main Tank heater will heat the MT ullage as well as the liquid and should be done
sparingly when the Main Tank level is < 40%. :

" POB4S Rev 01/31/02 10:50
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NBP Main Tank Fill - Guard Tank Initially Depleted And'

Gravity Probe B Program -

Connected to Gas Module POG48E
@.9.7. Record data in the following table. |
MT aT
. Pressure Pressure QT MT Heater MT QT
EQ-3 aTtv-a Temp Voltage LLS LLS
Time (torr) (torr) CN [24] V) (%) (%) Comments
AL | acs iy | & |34
J9U0a S0 1 Len¥i M43 1O 1) (3.4
WA 79¢ Lam (43 ] 5 o fw
,/

]

/

e

/

|

7" When the Guard Tank liquid level reaches 15%:

A/T’um off Main Tank heater
2. Terminate transfer (perform following section). -
' Open Closed

EV-valves %&ﬁw—b EW-15, E¥16, | Al oper

AV valves _ Av;/a’ Aliether

Dewar valves STV V, Syd ﬁyAVa STAa/Nb £713, -

o
RAV valves RAG-1, BAV2, R}yé, RAV-6B | Aljether
VF valves NA NA m
/ S
Section G.9 complete. Quality

/«[03
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-+« NBP Main Tank Fill - Guard Tank Initially Depleted And Gravity Probe B Program
Connected to Gas Module P0O648E
G.10. Terminate Transfer to Guard Tank
G.10.1. Close RAV-1 as follows:

/1.//Verlfy controller #1 powered up and selection switch set to RAV-1.
& Controller #1 powered up and set to RAV-1.

2. Controller #1 not powered up — perform the following steps:
Ensure selection switch for controller #1 in off position

b. Power up controller #1.

lection switch for controller #1 to RAV-1.

}/Record initial status lights(4) on: Open:Q Q Closed:Q Q N/ \ b \\j
3. Activate controller #1 to close RAV-1 and record:

a. Run time: (/2__(_)_ seconds

b. Current drawl amp
c. Time of day: ] “r<

/ Record final status lights(4) on:Q QO CIosed:JZ( a

f’y«selecﬂon switch for controller #1 to OFF.

~ Power off controller #1.

7. When convenient, record operation in RAV log book.

x% /nflgure Guard Tank vent valves as follows

Close EV-6, and EV-18.

A Close EV-13.

3. Open EV-20. '
GA’(S. Open EV-9 and record time __| L“ ; \*j
G.10.4. Enter comment to DAS “Open EV-9 - end internal GT .transfer."'
//;0 5. Once conditions have stabilized, record:
—1. Guard Tank Pressure (GTV-G):_\\» * \ \S"( torr (relative to atm.).
2. Main Tank pressure (EG-3):_/ ¥ & ¥y torr
4/ Flow rate EFM-1 “sipm.
\en12 @

P0S48 Rev 01/31/02 10:30
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NBP Main Tank Fill - Guard/'l’éﬁk Initially Depleted And Gravity Probe B Program ~ .

Connected to Gas Modyle/ P0648E
G.19:8. Re liquid levels: ,
/Mfrn Tank level (“A” or “B"): 3____% 'C’ %
/2 Guard Tank Level (“A” or “B"): _ﬂ‘_—%

G.11. Install Stinger in LHSD

CAUTION
The following operations involve steps that pose cryogenic safety hazard. To prevent injury, the
person performing the stinging operation must wear protective gloves, face shield, and apron.

Note: Use appropriate extension for the LHSD being used and clean and inspect
ail O-rings and mating surfaces.

GyA/R duce LHSD pressure to < 1.0 psig by opening low-pressure relief.
V-2,

G.11 .2./Qpen valve VF-1 (Liquid withdrawal valve) on the stinger.
G.1% Slowly insert stinger into LHSD while purging. Position stinger

withdrawal end approx. 1-in. above bottom of LHSD and tighten quick
dig¢onnect.
G.11¢

- Close valve VF-1 just as cold gas is expelled from stinger.

G.118-Increase LHSD ullage pressure builder to 8 to 10 psig by performing the

G?e the primary (low-pressure) relief valve, LHV-2, on the LHSD.

following steps:

v

_ )/K/tt::h a GHe hose to the VENT outlet (LHV-1) of the LHSD while
purging the hose and the VENT outlet.

2 Adjust pressure regulator to obtain 8 to 10 psig in LHSD.

G.1147 Record LHSD data: ' N
7 Date / time: .) 1[0 \,CD
Liquid level R

/" LHSD serial number: 2 3 )
G/}é LHSD valve positions: ’

. - . ®
Open: LHV-1; Closed: alll other %\\g) B
Section G.11 complete. Quality
o3
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-~ * = NBP Main Tank Fill - Guard Tank Initially Depleted And Gravity Probe B Program
‘ Connected to Gas Module PO648E

G.12. Install Fill Line Assembly

Note: Two transfer lines are available for use. One has an integrated filter and
connects directly to bayonet B3 at the dewar. The other has a separate filter that
Is first installed at bayonet B3 (the latter case is shown in Fig. 5), after which the
fill line is~connected to the filter.

712.1. Record fill line used:

A Fill line with integrated filter
QO Filt line and separate filter
/G;Jé/z Backfill Pumping line and Fill Cap Assembly as follows:

_A. Ensure AV-8 closed.
- /Z;en AV-1 ‘ -
) /Q/Open AV-9 until pressure reaches 0 psig at AG-1, then close AV-9.
. /Close AV-1.
q;a;sf ﬁemove the pumping line from the fill cap assembly.

_G.32.4. Remove fill cap assembly from bayonet B2.

6“.71’5.5. Install Filter Line Assembly (P/N 5833827) to Dewar Fill Bayonet B3 if
used. '

Q,VZS. Install Fill Line Assembly as follows:
A / Mate the Fill Line (P/N 5833804) with the LHSD Stinger at VF-1.
/ Mate VF-2 end of transfer line with Filter Line Assembly or B3 as

/appropriate.

~3. Ensure VF-2 and relief valve stems pointed upwards.
. 4/ Ensure VF-3 closed.

<

//5 Connect a Idw-impedance facility vent line to the KF fitting at VF-3.
(4 .
GA2.7. Valve configuration:

Open _ | Closed
EV valves EV-Zarb, EV-8, EViA6, EV,20 All other
Z2r'h, EV:8, EV.A6, E\
AV valves A3, APKA ’ All other
Dewar valves GTV-V, SV-0 GTN<Va, STeVa/Vb, SVi13, BCV
e , il 7 . NV
RAV valves RAV-2 RAV-3 RAV-6B All othér
« e :Z/ i \
VF/VH valves LHV-1 | VEY, VE2 VB3, LHY<Zphv-3
P i e
Section G.12 comiplete. Quality__ \
NEILS,
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NBP Main Tank Fill - Guard Tank Initially Depleted And Gravity Probe B Program * -

Connected to Gas Module POB48E

G.13. Condition Transfer Line/Filter/Stinger Assembly ‘\'
G.13.1, Configure Pumping Line as foilows:

%onneet 1.5-in diameter flexible pumping line mated to 'Access-1 of
“  Gas Module to VF-3.

?.4{2. Evacuate Transfer Line:
/”f’. Open valve VF-2.

E/ pen/verify open AV-3.
{gpen AV-8,
. Close AV-8 when pressure reaches less than 50 mtorr as read on
gauge AG-2.
G.13.3. B/ackfm Transfer Line:

. Open AV-1,

y()fen AV-9 until pressure reaches 0.5 psig as read on gauge AG-1
and then Close AV-9.

3. Close AV-1.
.4, Evacuate Transfer Line (second tlme) (

/I// Open AV-8.

% Close AV-8 when pressure reaches less than 50 mtorr as read on
gauge AG-2.

G.@kﬁu Transfer Line (second time):
‘ Open AV-1.

<" Open AV-9 until pressure reaches 0.5 psig as read on gauge AG-1
and then Close AV-9.

__3-Cibse AV-1
<

/81/02 10:
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NBP Main Tank Fill -~ Quard Tank Initially Depleted And Gravity Probe B Program
Connected to Gas Module ' P0648E

G.13.6. Valve configuration

Open Closed

EV valves EV-26b, EGOYEV-26, EVi2& | Al other

AV valves ' 20-3, APB-1 | Al gther

Dewar valves AR GTV-Va, ST-¥/\Vb, SY-13, FQV
| RAV valves __| RAW2, RAV-3, RAVGB All other 7

VF/LH valves Vg4, L%w‘{ VBB, LHv-2, LHY-3

' | Section G.13 complete. Quality\>: PR

/(02

G.14. Start Guard Tank Transfer

Note: This section starts the transfer by precooling the SMD internal Fill Line by
pushing liquid up from the Guard Tank.

CAUTION
Transfer startup is a critical operation. All potentially interfering operations must be suspended.
A qualified test director/engineer must be assigned to monitor temperatures at the top of the lead
bag during pre-cool and initial startup of transfer.

% Tum on Main and Guard Tank vent line heat exchangérs (EH-1, EH-2).
2

'G(f nsure VF-3 closed
GA#73. Open/verify open VF-2.
G@//a. Open SV-13,

G.14.5 Ensure Guard Tank pressure is grater than atmospheric pressure and :
Record Guard Tank pressure CN[46] (GTV-G):( D L ! torr diff.

Q.;td//d.ZVerify EV-17 closed.
927’. Verify EV-9 open.

G&g& Close EV-20.
%9. Turn on power supply for Guard Tank heater (H-3D or H-4D).
| /1 Set power supply current limit to 0.07 amps.
ﬁ'./ Set power supply voltage to 50 volts. .
G.% 0. Record voltage g © vdc, and current _»_Q_(_’_ amps.
G.14/1( Opeh VF-3: starting precool of fill line.
GA4.12. When Fill Valve (SV-13) temperature T-24D [CN 42} is <73 K:
‘ & Power off Guard Tank heaters.

P0B48 Rev 01/31/02 10:30
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‘NBP Main Tank Fill - Guard Tank Initially Depleted And Gravity Probe B Program -

Connected to Gas Module A POG48E
Close SV-13.

~ 3. Immedilately open VF-1 to start pre-cooling of transfer line.
/ﬁ:ﬂa. Configure Guard Tank venting

w1/.’/,,/5?!039 EV-9.

ﬁ Open EV-13
G.44.14. When the facllity vent line connected to VF-3 indicates adequate
cooling of the transfer line, initiate transfer to Guard Tank as follows:

% Close VF-2 and immediately.
% Open SV-13.
3. Record time of day /S ¥ S .
G.MJ‘Open EV-6 and EV-18.

/ 16. When Guard Tank pressure (EG-1a) drops to less than 3 torr above
the Main Tank pressure (EG-3), then,

. Open EV-9.

% 17. Verify start of transfer by observing an increasing flow rate at PFM-1
and record PFM-1 %! - Liquid liters/hr.

G.14.18. Input comment to DAS “Starting external fill of GT".
(34 4.19,Record all fill data on the attached data sheets every 15 minutes.
G.14.20. Adjust LHSD pressure:

/1/ Close pressurization valve, LHV-1, at the LHSD.

¢ Adjust the gas supply pressure regulator, APR-3, to the desired

ressure (as high as possible without exceeding 10 psig at the
/HSD). .
3

. Reopen pressurization valve at LHSD.
G.14.21. Close VF-3 when it thaws out.
G.14£2. When Guard Tank is filled to desired level:
)/ Record Guard Tank level (circle unit used “A” or “B”)g_i_ 9

'J802 is connected to the ECU, verify that operations personnel
re prepared to operate RAV-2 on request.

){é\_ Switch to Main Tank fill: perform following section.
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» » NBP Main Tank Fill - Guard Tank Initially Depleted And Qravity Probe B Program
Connected to Gas Module : POB48E

G.14.23, Valve configuration:

Open Closed

EV valves EY?6, EV-2e7-b, EY-9, Es13, EV-16, | All giper
EV-18.

AV vaives AV<3, APB;1 All gther |
Dewar valves GTLV7SYA, V18~ G'Ql}la, $J-Va/vb, ECV
RAV valves REY-2, A%, R:% AlLgth

VF valves VEA, VB8 VB2~ /T

: 9 ?
Section G.14 complete. Quality &J
l?c{Zoj

er

G.15. Switch from Guard Tank to Main Tank Fill
G.15.1. Open RAV-1 (MT fill valve) by performing the following steps:

/’. Ensure selection switch for controller #1 is in OFF position.

/,,2‘." "Rower up controller #1.

—/5:' Position selection switch for controller #1 to RAV-1.
Mécord initial switch status: Open: @ O Closeg'/g )

Activate controller #1 to open RAV-1 and record:

a. Run time: 2\15 seconds
b. Current draw:\ﬂv l amps

. Time of day: \‘o'-p‘ .
Aecord initial status lights(4) oﬁ)#% Closed: 0 O

h\

7. When convenient, record operation in RAV log book.
G.1}2.’ Open/verify open EV-6 and EV-18.

POS4S Rev 01/31/02 10:30
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NBP Main Tank Fill - Guard Tank Initially Depleted And Gravity Probe B Program
Connected to Gas Module POG48E

G.16.3. Close RAV-2 (GT fill valve) by performing the following steps:

Maoz connected to Electrical Module:

. ,%getup controller #2 :

()Dﬁ'oller #2 is powered up and set to RAV-2 go to step 2.
Q Cegtroller #2 is not powered up do the following steps:

c. Posltion selecti switch for controller #1 to RAV-2.

/2/ﬁ€cord initial status lights(4) on: 9/}€Iosed: o9

3. Activate controller #2 to close RAV-2 and record:
a. Run time:/)-'\ - )’ seconds

//b Current draw: _)_ﬁ amps
. Timeofday: )& .1 :
- Time of day JeB3 Defy C\()Y(D

J802 connected to the ECU:

. Raquest operations personnel to close RAV-2 and record time of
day:

-/ -

4. When convenient, record operation in RAV log book.
Q

5

“Record valve s indication from operations personnel when the
information is availa

o

7. When convenient, record opergtion in RAV log book.

Gj/’jﬁA. Input comment to DAS “Switch from GT to MT fill”.

'POS4B Rev 01/91/02 10:30 . 2'7



NBP Main Tank Fill - Guard Tank Initially Depleted And Gravity Probe B Program
Connected to Gas Module ' POB48E

G.15.5. Vaive configuration:

Open | Closed

EV valves %j, EV-Ze'b, BX79, EX13, EC-16, | All other

AV vaives -AV%, APR-1 All other

Dewar valves G%v, SV;9; S¥<13 GTV:Va, ST-Va/Vb, FCV
RAV valves RAYA, RAKL3, BAV-6B | Aff other
VF valves _\qu VF:2, VF-3-

Pa

Section G.15 complete. Quality

G.16. Monitor Main Tank Fill
94}6’1/ Continue recording data in Data Sheets.

{k;g. Maintain LHSD ullage pressure between 6 and 10 psig.
fo.

3. Note: A full Dewar or empty LHSD is indicated by a rapid and
consistent increase in the flow rate.

—

G.18:4Verify the transfer is complete, LHSD empty, when the LHSD level is
. ~~ zero and a rapid and consistent increase in the flow rate is observed.

| G.%oceed IMMEDIATELY to the next section.

G.17. Terminate Transfer

CAUTION A
The Guard Tank may tend to subcool following the completion of this procedure. Maintain
positive pressure in the Guard Tank by ensuring the Guard Tank and Main Tank are venting in
common.

G.17.1. Stop the flow of liquid helium
1. Close VF-1.
/;V?'Close SV-13 and torque to 60 £ 5 in-lbs and immediately open VF-

~£)se EV-6 and EV-18.

/M 7.2. Establish Guard Tank vent configuration.

” Verify GTV-V open.
v
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NBP Main Tank Fill - Guard Tank Initlally Depleted And Qravity Probe B Program
Connected to Gas Module ‘ POG48E

/Memy Y9, Ey13 and £V-16 open.
3, Record CN [48] (GTV-G) ﬁ_é_i torr (relative to atm.)
G,J%;move the pumping line at vaive VF-3.
G.% Remove the Transfer/ Filter Lines from the Dewar fill bayonet B3 and;

. Immediately install the Fill Cap Assembly with FCV closed.

.6. Valve configuration:

Open . Closed
EV valves EV-7er"b, £Y°9, EV-137EV-16 //’ Al other
AV valves Ay-a,/APR-‘“i' 4 All other,.
Dewar vaives GIV—V;?\//;QM : GT\(/Va \STVaNb SVe13,
RAV valves RAV&{’QWRA,%E Allether
VF valves A ANA

( .
Section G.17 complete. Quality @
i

G;18. Remove Stinger from LHSD

CAUTION
The followmg operations involve steps that pose cryogenic safety hazard. To prevent injury, the
person handling the stinger must wear protective gloves, face shield, and apron.

% . Shut off the GHe supply used to pressurize the LHSD.

. Close LHV-1 (VENT outlet valve of the LHSD) and disconnect the
pressurization line.

8.3. Crack open LHV-1 and LHV-2, the primary (low-pressure) relief valve,
to allow the LHSD to depressurize.

418.4. When the primary relief valve at LHV-2 stops venting, completely open
LHV-1 and carefully remove the stinger from the LHSD.

.5. Close LHV-1 (the VENT outlet valve).
G7§.6. Ensure that LHV-2, the primary (low-pressure) relief va

Section G.18 complete. Quality
fd4{ 073

G.&L@/L/z:ondltlon Dewar Fill Line
; 12

-30
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. NBP Malin Tank Fill - Guard Tank Initially Depleted And Qravity Probe B Program

Connected to Gas Mpdule P0OG48E
1. Connect a pumping line between the Fill Cap Assembly at valve FCV

and the Auxiliary Gas Section access port no. 1.
(;.2. Ensure valves AV-1 and AV-9 closed.
G/téa Ensure AP-1 on.
é . Open AV-8 and AV-3.

G/é/s Open valve FCV and evacuate Fill Cap Assembly to <25 mtorr
measured at AG-2B.

eﬁe. Close FCV.
G.19.7. Open SV-13.

G.19.8. Close RAV-1
(Note: At this time, relief of fill line is through Fill Cap Assembly)

1. Verify that RAV controller #1 is already on and that controller #1
selection switch is already set to RAV-1. if not perform the following
‘steps:

%ntro"er #1 powered up and set to RAV-1.
oller #1 not powered up — perform the following steps:

c. Position selection switch Tor controller #1 to RAV-1. i
~ Record initial status lights(4) on: Open:Q Q Closed:Q Q Uc/ @_\'((&\\J
. Actiyate controller #1 to close RAV-1 and record:

a. Run time::“v i seconds

t;/Current draw: \ b amp

7 Time of day: 3'0):b |
/<ord final status lights(4) on. Open:Q QO Closeqy{ /D/
/ien convenient, record operation in RAV log book.
G.19 fum OFF all RAV controllers as follows:
/ Turn all RAV selection switches to OFF
jower off all controllers.
3. Turn off RAV power supply.

G.W}pen FCV and evacuate the Dewar fill line to < 25 mtorr as measured

P0848 Rev 01/31/02 10:30 30



NBP Main Tank Fill = Quard Tank Initially Depleted And QGravity Probe B Program « .
Connected to Gas Module POB48E

at AG-2b. P
1. G.Maose $V-13 and torque to 60 +/- 5 in-bs. ' i
@{9.12. Close FCV }
\@19.13. Close AV-8. ‘

//Z//A Open AV- .
@19.15 Open AV-9 until pressure reaches 1.5 psig on AG-1, then close AV-9,

&A{ lose AV-1.
. Monitor the pressure in the Fill Cap Assembly for 15 minutes to be
sure it maintains vacuum and record:
Initial PFCG pressure:

_Z,Z torr Date/Time: {Z% $ /-2622 |
Final PFCG pressure: _‘k . ! torr Date/Time: l dy 4 ‘1\50/ |

Note: If PFCG drops by more than 2.0 torr in 30 minutes, opén FCV
and AV-8 and pump until AG-2b is less than 25 mtorr then repeat steps
G.18.13 through G.18.17.

Section G.19 complete.

G.20. Record Configuration of Dewar and GSE ’ (
G.20.1. Verify valve states are as indicated in following Table
Open Closed

EV valves EV-7p46,57%0, EVT3,EV-16 . | Al cther

AV valves A\%AP‘J AHGthér

Dewar valves G%V, Sy9 ' GTY-Va, ST-Ve/Vb, 8)13, FCV
RAV valves | RAW<3, RA}-HB | All gther

VF valves N/}/' ,NK

L o

yﬂfz Recdrd the final liquid levels as appropriate: é § (o
‘ 710 %

/./ﬁlain Tank level (“A” or “B"):
/_GUard Tank Level (“A” or “B”): % 7 =
G.20.3. Record Main Tank pressure (EG-3):7 torr: '

gzm.’ Turn off Main and Guard Tank vent-line heat exchangers (EH-1, EH-2).

G.20.5. Ensure all RAV operations recorded in log book. ({

:90
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« NBP Main Tank Fill - Guard Tank Initially Depleted And Gravity Probe B P

Connected to Gas Module

% Place Data Acquisition System in Standard Configuration

Note: refer to DAS operating instructlons for Information on
configurations and mechanics of keyboard/mouse operation.

. Input comment to DAS “Completed External NBP fill of Main Tank”.

“2. Stop Special Data Cycle by using [Other Menus) + [Special Data Col] +
[ Stop Data Col). ~

Gﬁ,ﬁ. Record Vacuum Shell Pressure.

}( Tum on Vac-ion pump and record time of day _ e / N
/% Use DAS [Monitor Data) for CN 99. ‘
/,Z. When value is steady, record pressure (IP) L}L torr.

4,/€xit [Monitor Data] and collect data with [Set Data Interval] to 15
min. "

%Nhen data cycle is complete, turn off Vac-ion pump.

%4 Set DAS to normal scan mode using [other menus), [data config],
[normal scan)

% Set Main Tank liquid level sampling interval to 10 minutes.
GJ{G. Set Guard Tank liquid level sampling interval to 10 minutes.
G’?{ Ensure that Vac-ion pump is off.

G.2186. Ensure DAS alarm enabléd and record set points if changed

3. Thermal conditions substantially unchanged, alarm set points for
Station 200 and lead bag are unchanged and set to alarm.

{%T hermal conditions substantially changed, temperature alarm points

reset as follows: 175 § .

a. Top of Lead Bag set point [CN,2€] _§’—0 K(<6.0K)
]

b. Top of Lead Bag set point [CNzéf L_ K(<6.0K)

G£1/9’ Ensure liquid level sensor alarms enabled on Main Tank and Guard
. Tank and record set points if changed. 10

~"1. Main Tank Level Set Point %
/2. Guard Tank Level Set Point \0 %

P0O848 Rev 01/31/02 10:90 32



NBP Main Tank Fill - Guard Tank Initially Depleted And Qravity Probe B Program « .

Connected to Gas Module - POB48E

The Guard Tank may tend to subcool following the completion of this procedure. Establish ot |
continuous monitoring of the Guard Tank pressure by placing it on the DAS alarm list.

CAUTION

&G}.:ﬂ 2. Ensure DAS watchdog timer and alarm enabled.

G 5% Ensure Guard Tank pressure on DAS alamm list and set to alarm at 0.3
torr diff.

Mnsum Facility Main Alarm System enabled.

)
N\
S““S\; ®

73

Section G.20 complete.

G.22. Perform Final Closure of sye;la and Conditioning the Dewar Fiil Cap

P0848 Rev 01791/02 10:30

Assembly

Gzy'{ Once SV-13 has warmed sufficiently to try final closure perform the
following steps.

Note: The time required may be a few hours.
G. z/ 2. Verify that the Fill Cap Assembly is stll/evacuated and record:

Date: ‘[OZB} Time of day __{ [O>
PFCG pressure: (9.9 orr

G,2233. Retorque SV-13 to 60 + 5 in-lbs. (

G. Z%Open FCV.

Ven.« Ab-1 o

erify open AV-
Gzzzzen AV-8 and evacuate to < 25 mtorr as measured at AG-2b.
G;&{ Close AV-8.
nge/ Ensure EV-12 closed.
G. 22/ 9. Open AV-1.

G 22(1/ 0. Open AV-9 untll pressure reaches 1.5 psig as read on gauge AG-1 and
then close AV-9.

GMose FCV.

G.22.Af Close AV-1 and record:

1. Timeofday:_[{ |O

2. Initial PFCG pressure;_§ 11- 1
G.2%§ Open AV-8 and evacuate to < 25 mtorr as measured at AG-2b.

- G.gz.«ﬂ/uCIose AV-8. | (
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Gravity Probe B Program

Modul POB48E
G.22416. Verify closure of S8V-13 and FCV by verifying the pressure in the Fill
Cap Assembly (PFCG) does not drop by more than 1.0 torr over 30

minytes.. After 30 minutes record:
/1./:'ime of day:__|11 HO
_2: Final PFCG pressure: %l_‘\ ﬂ 5 -

Note: If PFCG drops by more than 1.0 torr in 30 minutes,i repeat steps

/6.21 .2 through G.21.14,.
G.;:J}Qpen AV-1.

.17. Open AV-9 until pressure reaches 0 psig as read on gauge AG-1 and

G/sbse AV-9,
22.18. Close AV-1.

ng(g Close AV-3.

G.2g70. Turn off pump AP-1

GM (Optional) Remove pumping line from Fill Cap Assembly.
22.22-(Optional) Install KF-25 blankfoff cap on vaive FCV.

G:22.23. Valve configuration:

Open Closed
EV valves EV<Za/-b, EX?9, EV-1 V-1 All other
: P L
AV valves N% Al other ,
Dewar valves Gyfv, SV-/Q GTV:¥a, ST¥a/Vb, S%13,
RAV valves R-3, RAVZ6B Al othor
VF valves )#A/ N/A,

P0848 Rev 01/31/02 10:30

G.22.24. Perform Pos't-Operations‘ Checklist (App%ndix 2)

Section G.22 complete.
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. Connected to Gas Module

H. Procedure Completion

essed é

Date: _L(L%‘_ '

Time:___ (<5

N
Quality Manager % C% /

Qravity Probe B Program
POG48E

Date

Payload Test gZector //’L 2.7/ 4-&4

Date .°

P0648 Rev 01/31/02 10:30 ] 35
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« NBP Malin Tank Fill - Guard Tank Initially Depleted And

Gravity Probe B Program
Connected to Gas Module
Data Sheet 1
LHSD LHSD Main Tank | Guard Tank LHe Main Tank JGuard Tank
Date/Time | Level press pressure pressure Flow Liquid He | Liquid He
EG-3 EG-1a  [PFM-1(B] | Level Level
o3 | @ gl (Tom) (Torr) (i) (%) (%) _
\elf b2 2 D7 NS Bedo 4o P41
[e30 | 67 |96~ [ 793 17 1530 |42.2 |38y
fe5” 163 183 | 994 |19 s L3.4 |79.¢
(700 149 | g0 224 175  [$Es | 4Yea |3p4
Qis” 159 188 | 79 1o7e ljos | 467 |34
LY I P/ W) 175 199 lp2.3 |48 382
L2245 9 A4y | 2% |97y o | D PP
g 17) 194 | 277 |19 G4 | S 1324
\S 96 [95 [997 [590 9y [$3.5(373
300 %0 [0 7793 [ 7 W [Hefs[ss |34
looPas o 17299 1579 [T J7NS 3A30.0
30 |14 MR 0779 [Towa [en 3.7
[20:80 L e [ 7Y [Redole 5 [30)

P0848 Rev 01/310210:30 |
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NBP Main Tank Fill - Guard Tank Initially Depleted And

QGravity Probe B Program

Connected to Gas Module POG48E
Data Sheet 2 V;“‘é } (,

Date |Leadbag|Leadbag| G.T. MT. ]Vacdon] Gas | MTVent| SV-9 | Tope | Oy

Time top\ s top e bottom bottom Pump | Mod HX |} Bayonet/ | Valve/ Plate
T-20D [28)1 T-21 D‘}?O]lTJ 5D [24) T-09D [9] GT/MT | Baynt Nut| Top Plate | .Cyi(2)

03 ( ( @ | gom | Ccr%)| Cer’c) | (ci’c) |Cci’c
%g ﬁu T L\\z’:fs = (DS [*%/2, [“ 40 s
AL 4.832 4831 (4.2 | == 4 269 42857 3«?/? 2/ 930 Vsfes
Je4s | 4720 | 4994 | 4229 | == |4 20 Qps VI §/9 |24/20 |20/20 |2y
Viow |4.730 | 4730 | 4230 | = |42 kco\TV10/0 | 240ho |5, 50 |25
11 |80 14683 (4280 | ~= 19246 52\ l19s0 |2600 |20/20 |oszer]|
1730|468 14,629 [ G20 | == 7269839\ N11/sp |25/ |20/50 loctss
I 1 15% 17617 4230 | |1.208 [247V] (e)io cpo |20p0 laqps

4522 14523 1 423) | =~— 4220 232N\ sy |zetny |20/40 g5

\s at10ld gy il =— [MigwpPes e Prae A0 s
W20 ARG [, 030 ] — s llaw 'Y P4 [Phe ['%s
00 3N 10619273 — [dnel e %e e Phe  Ps
420 [033) [3 0y do] — Foos [T [% [Fro 250 1555] |
20:00 (4.5 1 s ldmy [=  [daa ha|em [%h [Z% [

P0648 Rev 01/31/02 10:90
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* Connected to Gas Module PO648E

Ev_w EV'M » o=
ERV-6 . Bv-23 |
ﬁlm pei) [ | } |

ERV-5 EV-19

To n."

ERV-1 . .
Y EFM-1 |

r— — ERV-2a

Vent [I a0 |

Oupnt  |Evs EV-ls: ! EV"'E:EI;‘ BT Ve
‘ EV-13

U
EV-22. ® . @ e o Ng“,‘g}b
EV-7B HG-1a }
B XX N Bvs
9

bara.
ERV-4a
@_ 7 20 ve EH2  Guad
EV-17 . Tank
_ N BG-1b 1 C ,.. N @0 Vent
] cany, i
h 4 DI m =]
Out EV-l \a/ e “ EH-1 m
|| EV-10 EG3 (Heat
/ '\ ] . . 1000 torr ERV"‘.b Exchanger) Vent
7] ] A Cap.  (40ps)
bed4—D
EVS | EV-8 | EV-12
Access .
3 EG-2
100 torr
Cap.

(1.0 psi)
: !AV-B AV3 m

Figure 1. Schematic of Gas Module Plumbing.

P0648 Rev 01/91/02 10:30

38
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s
A
i—se
2 =

g

L ile

i) ’
{WET TEST 1)

v . J'
4 ¢ T
A ® SFAE

----------------

Flgure 2. Schematic of Pump Module plumbing.
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NBP Malin Tank Fill - Guard Tank Initially Depleted And Gravity Probe B Program
Connected to Gas Module '

P0OB48E
T
to
M'l(‘}\h’dem Line and GM. x:xlnlnf?ll:in pout
to . ‘-—

PW.-2 RVW-2

Probe VTH VW-3
SV-9 !

VACUUM
SHELL
Neck Tube operator
STVa&b HEX-3 ¢ ; | P
l\.;ine t:g
ac
TG Module
Fl.liv assy. temp
Thrus! repkmnt for (BD3)
Vent
Manifold FLRV-a,b
(10, 4 psig
@ "
FLV
SV-13
BD7-A
BDI1-A
BD1-B Bayonet [}
BD7-B Main Tank B3
Well | + .......
Fill
BDS-A FAAA- A,Cf';y
A :
BD5-B "
Valwe Positions Remote Actuated Valves (RAV)
QO Open @D ravi RAV:3 €D RAV-6A (D RAV.7
@ Closd @ rava RAV-5 €D RAV-6B

l Figure 3. Schematic of Science Mission Dewar

nhimhinn
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-Connected to Gas Module

VTH

@Pw-z

VYW-3

Well

%

b

To GM (EV-19)

Nrvw-2

Gravity Probe B Program ** -
P0O648E

Figure 4 Well vent manifold.

Well Vent Manifold

To Gas Module Access Port No. 1

Fill
Bayonet
Assy.

Filter
Bayonet B3

. SMD
SMD Fill Vacuum
Line
Bayonet
- In-line Filter

PO848 Rev 0173102 10:30

Vacuum
Jacketed
Transfer

Line

Nupro Valve

Platform
Scale
(Optional)

Bayonet
Cap
Assembly

Figure 5. Schematic of liquid helium transfer plumbing
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Connected to Gas Module - PO648E
Main Tank
| Short Vent
Line
MTSL-RV
4+0.3 psid
Main Tank

Long Vent

\\ ' Line
SV-& |
‘GAS
- GTV-RV MODULE
v 4+0.3 psid '
! yTva STV GTV-G _ Guard Tank
i o Long Vent

GTV-v

STG
50 psid
. = T
Guard Tank STV-va GTVA
Short Vent

Line GTSL-RV
4+0.3 psid

Bayonet fitting

@ Endevco Pressure Transducer

Figure 6. Main Tank and Guard Tank venting to Gas Module with Guard Tank Vent Assembly
- (GTVA) in place. wraar_toam_awg.doc)
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NBP Main Tank Fill - Quard Tank Initially Depleted And

Qravity Probe B Program '~ -~

POB48E

Connected to Gas Module
Appendix 1
DATE CHECKLIST ITEM COMPLETED]|

REMARKS

e

1. Verify the test procedure being used is
the latest revision.

2. Verify all critical items in the test are
identified and discussed with the test
team.

3. Verify all required materials and tools
are available in the test area.

4. Verify all hazardous materials
involved in the test are identified to the
test team.

5. Verify all hazardous steps to be
performed are identified to the test team.

6. Verify each team member knows their
individual responsibilities.

7. Confirm that each test team member

clearly understands that he/she has the

authority to stop the test if an item in the
procedure is not clear.

8. Confirm that each test team member
clearly understands that he/she must
stop the test if there is any anomaly or
suspected anomaly.

9. Notify management of all discrepancy
reports or d-log items identified during
procedure performance. In the event an
incident or major discrepancy occurs
during procedure performance
management will be notified
immediately.

10. Confirm that each test tearh member
understan;ls1hat re WI|| be a post-test

team meeting.

Tea LWatl%
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* » NBP Main Tank Fill - Guard Tank Initially Depleted And Gravity Probe B Program
Connected to Gas Module , P0648E
Appendix 2
[ DATE CHECKLIST ITEM COMPLETED “REMARKS

1. Verity all steps in the procedure
, / ( / % were successfully completed.

v

‘ 2. Verify all anomalies discovered
\ during testing are properly
documented.

L

3. Ensure management has been
\ notified of all major or minor
discrepancies.

L

- |not required to be performed are

4. Ensure that all steps that were
properly identified.

ya
/

—
—

-|5. If applicable sign-off test yd
completion.
1 A
|6. Verify all RAV valve operations /
have been entered in log book
o e
L

procedure has been filed in the

/ 7. Verify the as-run copy of
appropriate binder

Tt

' //j}ﬁlim %Adf@urez
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POB48E

Appendix 3~ Contingency Responses

Condition

Circumstance

Response

1 Power Failure

Before. G.12 (start of
transfer)

Walit for power restoration:
Re-establish valve conflguration and resume
procedure

Section G.12 through
G.16

Go to Safemode:

Close VF-1, SV-13, if open;
Immediately open VF-2;
Open EV-20;

Close VF-3, when possible

After G.16

Wait for power restoration:
Re-establish valve configuration , and resume
procedure

Any time

Wait for power restoration
Note: the DAS computer will continue to
function for several hours, however no data will
be collected

DAS computer still operating:

Reset GM valving per the last
configuration in procedure and resume
procedure

DAS computer not operating:

Reboot computer and launch DRP_SMD
and select auto startup option

Reset GM valving per the last
configuration in procedure and resume

. procedure
Temperature MAIN TANK IS NOT | ALLOW MAIN TANK TO VENT
2 | limits (CN 28) VENTING If SV-9 is closed:
exceeded Close EV-17 (if open) and verify EV-9

open, crack open SV-9 to allow MT to
vent. Adjust SV-9 as necessary to
restore temperature(s) below alarm
limits. Open EV-6 and EV-18 if higher
flow rate is needed.

If SV-9 open and EV-9 closed:
Open EV-9 for short periods (~15 sec)
and allow increased flow from Main tank;
in addition, Open EV-6 and EV-18 if
higher flow rate is needed.

If SV-9 and EV-9 open
Open EV-6 and EV-18 for higher flow

If problem persists see item 3

P0648 Rev 01/31/02 10:30
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List of Abbreviations and Acronyms

AG-x Gauge x of Gas Module auxiliary
section

AMI . American Magnetics Inc.

ATC Advanced Technology Center

APR-x Pressure regulator x of Gas Module

AV-x Valve x of Gas Module auxiliary
section

CG-x Gauge x of portable helium
pressurization source -

CPR-x Pressure regulator x of portable helium
pressurization source

CV-x Valve x of portable helium
pressurization source

CN [xx] Data acquisition channel number

DAS Data Acquisition System

EFM Exhaust gas Flow Meter

EG-x Gauge x of Gas Module exhaust
section ‘

EH-x - Vent line heat exchanger in Gas
Module

EM Electrical Module

ERV-x Relief valve of Gas Module exhaust
section ,

EV-x Valve number x of Gas Module
exhaust section :

FCV Fill Cap Valve

FIST Full Integrated System Test

GHe Gaseous Helium

GM Gas Module

GP-B Gravity Probe-B

GSE Ground Support Equipment

GT Guard Tank :

GTVC Guard Tank Vent Cap

GTVC-G  Guard Tank Vent Cap pressure gauge
GTVC-RV  Guard Tank Vent Cap relief valve
GTVC-V Guard Tank Vent Cap valve

GTV-G Guard Tank vent pressure gauge
GTV-RV  Guard Tank vent relief valve

GTV-v Guard Tank vent valve

KFxx . Quick connect o-ring vacuum flange
(xx mm diameter)

LHe Liquid Helium

LHSD Liquid Helium Supply Dewar

LHV-x Liquid Helium Supply Dewar valves

LLS Liquid level sensor

LM Lockheed Martin Co.

MT Main Tank

MTVC Main Tank Vent Cap

MTVC-G  Main Tank Vent Cap pressure
gauge

MTVC-RV  Main Tank Vent Cap relief valve

MTVC-V  Main Tank Vent Cap valve

NBP Normal boiling point
ONR Office of Naval Research
PFCG Fill Cap assembly pressure

: Gauge
PFM Pump equipment Flow Meter
PG-x Gauge x of Pump equipment
PM Pump Module
psi pounds per square inch
p_sig pounds per square inch gauge
PTD Payload Test Director
PV-x Valve x of the Pump equipment
QA Quality Assurance
RAV-x Remote Actuated Valve-x
RGA Residual Gas Analyzer
SMD Science Mission Dewar
STV SMD Thruster vent Valve
SuU Stanford University
SV-x SMD Valve number x
TG-x Gauge x of Utility Turbo System
TV-x Valve x of Utility Turbo System
UTS Utility Turbo System
Vac Vacuum
VCP-x Vent cap pressure gauge

VCRV-x  Vent cap relief valve
VCV-x Vent cap valve

VDC Volts Direct Current

VF-x Liquid helium Fill line vaive
VG-x Gauge x of Vacuum Module
VM Vacuum Module

VV-x Valve x of Vacuum Module
VW-x  Valve x of Dewar Adapter
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A. SCOPE

This procedure describes the steps necessary start up the Vacuum Module after

transportation, and check all gauges, pneumatic valves, and pumps for proper
operation.

B. SAFETY

B.1.

B.2.

C.  QUALITY ASSURANCE

C.1.

‘ Potential Hazards

Personal injury and hardware damage can result during normal positioning,
assembly and disassembly of hardware. Examples include: positioning Dewar in
tilt stand; integrating proba with airlock; positioning airiock on Dewar; removing
airlock from Dewar:; removing probe from Dewar; and positioning support
equipment such as pressurized gas cylinders and supply dewars.

A number of undesired events may be associated with these operations. For
example, personnel or equipment can be struck when hardware is being moved
(e.g. by forklift or crane load). Personnel are subject to entrapment while
positioning hardware, such as hands or feet caught between objects as
hardware is moved into place. Suspended hardware may be dropped. Personnel

can be caught between objects such as forklifts and walls or loads and building
support columns. :

In addition, liquid helium used in the SMD represents a hazardous material for
the personnel involved in the operations. Cryogenic burns can be caused by
contact with the cold liquid or gas, high pressures can result if boiling liquid or
cold gas is confined without a vent path, and asphyxiation can result if the vent
gas is allowed to accumulate.

The SMD Safety Compliance Assessment, document GPB-100153C discusses
the safety design, operating requirements and the hazard analysis of the SMD.

Mitigation of Hazards
B.2.1.  Lifting hazards
There are no lifting operations in this procedure
B.2.2. Crydgenic Hazards | ,
~ There are no cryogenic operations in this procedure.
B.2.3. Injuries

In case of any injury obtain medical treatment as follows
LMMS Call 117; Stanford University Call 9-911

QA Notification

The ONR representative and SU QA shall be notified 24 hours prior to the
start of this procedure. Upon completion of this procedure, the QE Manager
will certify his/her concurrence that the effort was performed and accomplished
in accordance with the prescribed instructions by signing and dating in the
designated place(s) in this document.
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c.2.

Cas.

Red-line Authority

given solely to the PTD or his desi
Representative. Additionally,
be required, if in the judgem

functionality may be affected.

Discrepancies

A Quality Assurance Re
discrepancy noted durin

configuration is not the current confi

_Authority to red-line (make minor changes during execution) this procedure is
gnate and shall be approved by the QA
approval by the Payload Technical Manager shall
ent of the PTD or QA Representative, experiment

presentative desigvnated‘ by D. Ross shall review any
g this procedure, and approve its disposition.

corded in a D-log or.a DR per

Discrepancies will be re o] per Quality Plan P0108.

Any time a procedure calls for verification of a specific configuration and that

dealt with in one of three ways.

1. If the discrepancy has minimal effect on procedure functionality (such as the
state of a valve that is irrelevant to performance of the procedurs) it shall be
documented in the procedure, together with the resolution. Red-lines to
procedures are included in this category.

2. |f the discrepancy is minor, but affects: procedure functionality, it shall be

recorded in the D-log. Re
QA representative.

3. All critical and major discre

Reports.

D. TEST PERSONNEL

D.1.

D.2.

D.3.

Personnel Responsibilities

The performance of this procedure requires a minimum complement of
personnel as determined by the Test Director. The Test Director is the
designated signer for the “witnessed by” sign-off located at the end of each

procedure. The person in charg
Engineer) is to sign the “completed by” sign-off.

Personnel Qualifications

The Test Director must have a detailed understanding of all procedures and
facility operations and experience in all of the SMD operations. Test Engineers
must have SMD Cryogenic operations experience and an understanding of the

guration, it represents a discrepancy to be

solution shall be in consultation with the PTD and

pancies shall be documented in Discrepancy

e of the operation (Test Director or Test

operations and procedures used for the cryogenic servicing/maintenance of the

Dewar.

Qualified Personnel

Test Director Test Engineer
Mike Taber Tom Welsh
Dave Murray Chris Gray

Jim Maddocks Bruce Clarke
Dave Frank Ned Calder

SU/GP-B P0786a
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E. . REQUIREMENTS

E.1.

E.2.

E.3.

E.4.

E.5.

E.6.

E.7.

E.8.

E.9.

Electrostatic Discharge Requirements

This procedure does not include any equipment sensitive to electrostatic
discharge. .

Lifting Operation Requirements
There are no lifting operations in this procedure

Hardware/Software Requirements

E.3.1.

E.3.2.

E.3.3.

E.3.4.

E.3.5.

E.3.6.

Commercial Test Equipment

SU/GP-B P0786a

No commercial test equipment is required for this operation.

Ground Support Equipment
None required

Additional Test Equipment

Iitem Description Manufacturer
1  Helium leak detector Varian
Additional Hardware
None required
Tools
--None required
Expendables
Description Quantity Mfr./Part No.
Liquid nitrogen AR N/A
99.99% pure helium gas AR N/A

Instrument Pretest Requirements

N/A

Configuration Requirements

N/A

Optional Non-flight Configurations

N/A

Verification/Success Criteria

N/A

Payload Constraints and Restrictions

N/A

Configuration Requirements

N/A
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F. REFERENCE DOCUMENTS

F.1.

F.2.

F.3.

SU/GP-B P0786a |

Drawings

| Drawing No. Title
LMMS-5833394 Instrumentation Installation

Supporting documentation
Document No. Tltle
SU/GP-B P0108 Quality Plan

Additional Procedures
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Operation Number: ( 8 O(

Date Initiated: & /7 3 /02
Time Initiated: * O [ O

G. OPERATIONS

G.1.  Establish Initial Condltlon of Vacuum Module
G.1.1.  Visually inspect module. Record damage: ,(/ o e

G.1.2.  Ensure all access ports are capped.
4./ Primary pump-out port
. Utility pump-out port (at VV-10)
.~ Access port 1
A Leak Detector port ,
G)/\a/ Ensure ovei'-ride_ switch is in off position (switch down).
G.14.  Ensure all manual valves VV-3, VV-5, VV-7, and VV-10 are closed.
Note: It is necessary to remove the right-hand panel to access VV-5.
GVI{ Connect pressurized air for pneumatic valve operation.
»//A‘.ys’ " Connect exhaust hose to pump exhaust.
GA77.  Plug in and turn on Vacuum Module.
G.1.8.  Record status of pneumatic valves per indicator lights.4

Light on Light off Expected
Valve (Open) (Closed) Status
VV-1 / Closed _
VV-2 , v Closed -
VV-4 , v~ | Closed
VV-6 l/ Closed

9./16 Turn on pressure gauges VG-2, VG-3, VG-4, and VG-5.

Caution
Do Not turn on ionization gauge VG-1 as the pressure In this section of the Vacuum
Module is approximately 1 torr.
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/6.{10. Verify that Vacuum Module was shut down according to procedure
P0778, Disconnect Electrical GSE from Payload. L

Record Operation Number and date

Note: if Vacuum Module not shut down according to P0778 the
expected values in the following step may not be obtained.

G.1.11.  Record pressures and compare to expected values. If pressures are
significantly higher than expected, a leak may be indicated. In any
case, continue with the remainder of the procedure.

Expected
Actual Reading Reading
VG-2 ?’98’ : QOrr < 200 torr
VG-3 _. T o <10 torr
VG-4 (4 torr < 10 torr
VG5 __ 312~ torr <10 torr

G,:}z/ Turn override switch on (switch up) and push reset button.
1

GA.13. Verify closure of VV-4 and normal operation of rotary vane pump (VP-2)
as follows:

X Record pressuré VG-2 3 8 é’ torr. .

2./ Record pressure VG-5 __ 3.7 torr. (
43 Turn on vane pump. Verify proper rotation —’\,"Zuéof‘:’ ’:f fg - des
4Record condition of Indicator light “VP-2" on pevaa, Fre VawE Pumf

on off. ( Forme~ ot)

( When pressure at VG-2 < 25 mtorr, record VG-2: [0 ~ torr.
67 Verify decrease in pressure VG-2 (to verify pump operating).

. Record pressure VG-5 3.13 torr.
}/Verify pressure at VG-5 unchanged (to verify VV-4 closed).

‘-Q/When satisfied vane pump is operating normally ( VG-2 < 25 mtorr)
and VV-4 closed (VG-5 unchanged), proceed to next step.

G.144, Verify closure of VV-1 and VV-6 and normal operation of VV-4 as
follows:

AT ‘Record pressure VG-5 3.3 torr.
2 Record pressure VG-3 __ 113 torr.

{ Open VV-4, ‘
& Record condition of Indicator light “vV-4
v on (open) off (closed). '
,8./ When pressure at VG-5 < 25 mtorr, record VG-5: 51% w torr. (
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/6./ Verify decrease in pressure VG-5 (to verify VV-4 open).
7.” Record pressure VG-3 __ 113 torr.

87 Verify pressure at VG-3 unchanged (to verify VV-1 and VV-6
closed).

97 When satisfied VV-4 opened normally, close VV-4.

_B7Record condition of Ip@icator light “Vv-4"
——on(open) __¥_ off (closed).
When satisfied VV-4 operates normally procéed to next step.
Gyﬁ./ | Verify normal operatibn of VV-2,
47" Record pressure VG-5 3< MAtorr.

27 Open VV-2. |
3. Record condition of Indicator light “vv-2~
' on (open) off (closed).

}./When pressure VG-5 stabilizes, record VG-5 5/ < M torr.,
5 Verify increase in pressure VG-5 (to verify VV-2 opened)
B When satisfied VV-2 opened normally, close VV-2,
’./ Record condition of)Idicator light “vv-2~
—on(open) _~_ off (closed).
B/W hen satisfied VV-2 operates normally proceed to next step.
G.)./l( Verify normal operation of VV-1.

AOpen VV-4.
27 When VG-5 < 25 mtorr, Record pressure VG-5 <2 7 »torr.
37 Close VV-4
47 Open VV-1.
5. Recogd condition of Indicator light “vV-1 -
—~_on (open) ____off (closed).

,6/ When pressure at VG-5 stabilizes, record VG-5: "ff 9 torr.
A Verify increase in pressure VG-5 (to verify VV-1 opened).
B./ When satisfied VV-1 opened normally, close VV-1.
9. Record condition of Ipdicator light “vV-1”
on (open) __ off (closed).

. When satisfied VV-1 operates normally proceed to next step.
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G.1.17. Verify normal operation of VV-6.
A7 Record pressures:
27va3_36¢®  ton.
B7VG-4_310 o
}./ Open VV-4 and VV-6.
5. Record condition of Indicator light “vV-6"
—=_on (open) ____off (closed).

,6/ Slowly open valve VV-3 to evacuate the hlgh-vacuum pumping
manifold up to the capped-off pump inlet.

}/When pressure at VG-3 stabilizes, record VG-3: < __torr.
_B< When pressure at VG-4 stabilizes, record VG-4: _f 3 torr.

-4 Verify decrease in pressures VG-3 and VG-4 (to verify VV-6
opened).

19”When satisfied VV-6 opened normally, close VV-6.

4’1/F{ecord condition owdrcator light “VV-6."
____on(open) off (closed).

}2/ When satisfied VV-6 operates normally, close VV-3 and proceed to
next step. ,

G 1.18. Verify normal operation of turbo pump.
Merlfy open/open VV-4,
/E./ Verify Vacuum Module over-ride switch is on (up position).
37 Open V-2, | :
47 When pressure at VG-5 < 50 mtorr, Record VG-5 L(7 /A torr.
5 Open VV-6.

& ¢ Slowly open VV-3 and evacuate to ensure pressure at VG-3 < 1
torr. Record VG-3 __ 79 A4 torr.

/7/Open gate valve VV-1 (switch up).
87 Turn on Turbo pump.
,9/ Verify that turbo comes up to normal operating speed.

1. Turn on ionization gauge VG- 1 when the pressure at VG 5is<1.0
x 10-3 torr.

11/Cétmue evacuation up to capped-off pump-out port until the
pressure at VG-1 is < 5.0 x 10-6 torr then record:

a. Time of day;_{ 1 0° i
b. VG-1 pressure: 4.9 o torr.

12. When satisfied that turbo is operating normally, proceed to next
step.
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Leak Test Vacuum Module

G.2.
G ;1/ Calibrate leak detector
- 9\ - 6
1. Standard leak value 5. 7%/ 0 “sccs He
2. Leak detector reading $> B/ 0 %ces He
2. Connect the leak detector to the leak check access port of the vacuum
module.
3. Leak test the system up to closed valve VV-7.
&{4. Turn the leak detector's vent disable switch to the disabled position.
G25. Slowly open leak detector access valve VV-7. Monitor the system -
pressure as read on gauge VG-1 as this valve is opened.
‘ G%e./ While monitoring VG-1 to ensure it does not rise above 1 x 10-5 torr,
close valve VV-4,
G27. Leak test all internal pumping lines and connections.
SmpPED OUT” G/ée/ Record Leak detector readings: 7
o it :Q.0x/0”
oveR N O T /H /0 > 1. Initial background: &. O x/ sccs He

G.3.

2. Final reading: (-Axr0°7 sccs He
G.29. ~ Verify no leaks > 1.0 x 107 sccs are present.
G.?A{ Open valve VV-4, |
Gz{ Close valve VV-7.
G2.12. Turn off the ionization gauge (VG-1).
GZ13. _Close V-2, V-3, and VV-6.
G.244.  Turn the leak detector’s vent disable switch to the off position.
G.2.15. Record pressure VG-2 _ .S x /J ton.

G.zzl{ While monitoring the pressure at gauge VG-2 to ensure that valve VV-7
is closed, vent the leak detector to air.

-3
Record pressure VG-2 7.6 x/0 torr

G.27. Disconnect the leak detector from the vacuum module’s leak check
access port.

Place System in Final Configuration
G,81.  Ensure VV-7 closed. | |
G.32Z.  Close gate valve VV-1.
3. Turn off t(l;gz turbo pump as follows:
1. Turn g Vacuum module over-ride switch (down).

2. Power off turbo pump and verify that VV-4 closes (indicator light
goes off). :

.~ Open manual valve VV-5 slowly to decelerate the turbo pump.
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#. When turbo deceleration is complete, close VV-5.

/5./ Switch Vacuum Module override to on (up) and verify that VV-4
opens by observing a decrease in pressure VG-5.

G#%. Purge _andinstall gaseous helium supply line to leak detector port of
Vacuum Module. .

GA5. Close VV-4.

534{ Open VV-1.

Gﬁ Backfill Vacuum Module with gaseous helium to 770 +/- 5 torr as read
on gauge VG-4 by slowly opening valve VV-7.

G,% Once VG-4 is greater then 770 torr, close VV-7 and record the
following:

1. VG-4 pressure: 8 [ < torr
2. Time of day: 09ss” 2|rfo2 \
G73«9/ _ Disconnect helium pressurization line from leak dstector port.
G,a,%o. Cap leak detector access port at valve VV-7.
G317, Close gate valve VV-1.
G34Z. Verify closed VV-4.
G3-43. Turn system override switch off (down).
G844, (Option) Shut down pump VP-2. |

H. PROCEDURE COMPLETION

Completed by: %‘Z “
£ o

Witnessed by:
Date: 2////0 =
Time: Q93¢
P8 '
Quality Manager Wz | Date Z/ d q%) <
Payload Test Director /Z4_. & )7:;:3'(' Date _37%/”2

10
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Figure 1. Schematic representation of Vacuum Module plumbing.
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List of Abbreviations and Acronyms

Gauge x of Gas Module auxiliary
sectlon

American Magnetics Inc.
Advanced Technology Center

Auxiliary

Valve x of Gas Module auxiliary section

Bottom

- Data acqulslition channel number

Data Acqulsition System

Exhaust gas Flow Meter

Gauge x of Gas Module exhaust
section

Electrical Module

Relief valve of Gas Module exhaust

sectlon

Valve number x of Gas Module exhaust

section

Fill Cap Valve

Full Integrated System Test
Gaseous Helium

Gas Module

Gravity Probe-B

Ground Support Equipment
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Guard Tank Vent Cap

Guard Tank Vent Cap pressure gauge
Guard Tank Vent Cap relief valve

Guard Tank Vent Cap valve

Guard Tank vent pressure gauge

Guard Tank vent relief valve
Guard Tank vent valve

Vent line heat exchanger in Gas
Module

Quick connect o-ring vacuum flange

(@x mm diameter)

Liquid Helium

Liquid Helium Supply Dewar
Liquid

Liquid level

Liquid level sensor

Lockheed Martin Missiles and Space
Lockheed Missiles and Space Co.
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Vacuum Module
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A SCOPE

This procedure describes the steps necessary to verify the purity of any source
of helium gas used for GP-B cryogenic operations and to connect it to the Guard
Tank or the Gas Module.

A Gow-Mac thermal conductivity meter is used to verify the purity of the helium
gas. If this meter Is not avallable, a second option is provided to verify the purity
of the helium gas using a hellum leak detector.

The hazardous operations in this procedure involve the use of 2500 psi Helium
bottles.

B. SAFETY

B.1.

B.2.

Potential Hazards

Personal injury and hardware damage can result during normal positioning,
assembly and disassembly of hardware. Examples include: positioning Dewar in
tilt stand; integrating probe with airlock; positioning airlock on Dewar; removing
airlock from Dewar; removing probe from Dewar; and positioning support
equipment such as pressurized gas cylinders and supply dewars.

A number of undesired events may be associated with these operations. For
example, personnel or equipment can be struck when hardware Is being moved
(e.g. by forklift or crane load). Personnel are subject to entrapment while
positioning hardware, such as hands or feet caught between objects as
hardware is moved into place. Suspended hardware may be dropped. Personnel
can be caught between objects such as forklifts and walls or loads and building
support columns.

In addition, liquid helium used in the SMD represents a hazardous material for the
personnel involved in the operations. Cryogenic burns can be caused by contact
with the cold liquid or gas, high pressures can result if boiling liquid or cold gas is
confined without a vent path, and asphyxiation can result if the vent gas is -
allowed to accumulate.

The SMD Safety Compliance Assessment, document GPB-100153C discusses the
safety design, operating requirements and the hazard analysis of the SMD.

Mitigation of Hazards
B.2.1. Lifting hazards
There are no lifting operations in this procedure

' B.2.2. Cryogenic Hazards

The LM facility may have an oxygen deficiency monitor that alarms when
the oxygen level is reduced to 19.5%. Additional temperature and
pressure alarms, provided by the DAS, warn of potential over-pressure
conditions. Emergency vent line deflectors are installed over the four burst
disks on the SMD vacuum shell.

Only authorized and trained LM and SU personnel are allowed in LM -
facllities without escort. All personnel working at a height 30 Inches or
more off the floor are required to have an LM approved air tank within

Page 1
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easy reach. In the unlikely event of a large LHe spill all employees have
‘been Instructed to evacuate the room and contact LM safety.

The foliowing additional requirements apply to ali personnel involved

. directly In cryogenic operations. Gloves that are impervious to liquid helium
and liquid nitrogen are to be worn whenever the possibility of splashing or
impingement of high-velocity cryogens exists or when handling equipment
that has been cooled to cryogenic temperatures. Protective clothing and
full-face shields are to be worn whenever the possibility of splashing
cryogens exists.

'B.2.3. Other Hazards

When appropriate, tools or other items used with the potential to damage
the SMD or Probe shall be tethered.

Mishap Notification
B.3.1. Injury
In case of any injury obtain medical treatment as follows

LM Call 117
B.3.2. Hardware Mishap

In case of an accident, incident, or mishap, notification is to proceed per
the procedures outlined in Lockheed Martin Engineering Memorandum EM
SYS229.

B.3.3. Contingency Response
Responses to contingencies (e.g., power failure) are listed in Appendix
3. '

C. QUALITY ASSURANCE

C.1.

c.z2

C.3.

QA Notification

The NASA representative and SU QA shall be notified 24 hours prior to
the start of this procedure. Upon completion of this procedure, the QE
Manager will certify his/her concurrence that the effort was performed and
accomplished In accordance with the prescribed instructions by signing and
dating in the designated place(s) in this document.

Red-line Authority

Authority to red-line (make minor changes during execution) this procedure is
given solely to the PTD or his designate and shall be approved by the QA
Representative. Additionally, approval by the Payload Technical Manager shall be
required, if in the judgement of the PTD or QA Representative, experiment
functionality may be affected.

Discrepancles

A Quality Assurance Representative designated by D. Ross shall review any
discrepancy noted during this procedure, and approve its disposition.

Discrepancies will be recorded in a D-log or a DR per Quality Plan P0108. Any time

a procedure calls for verification of a specific configuration and that configuration

Page 2
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is not the current configuration, it represents a discrepancy of one of three types.
These types are to be dealt with as described below.

- 1. Ifthe discrepancy has minimal effect on procedure functionality (such as the

state of a valve that Is irrelevant to performance of the procedure) it shall be
documented in the procedure, together with the resolution. Redlines to
procedures are included in this category.

2. If the discrepancy Is minor and affects procedure functionality but not flight
hardware fit or function, it shall be recorded in the D-log. Resolution shall be in
consuitation with the PTD and approved by the QA representative.

3. Al critical and major discrepancies, those that effect flight hardware fit or
functions, shall be documented In a D-log and also in a Discrepancy Report,
per P0108.

TEST PERSONNEL

D.1.

Personnel Responsibilities ‘
The performance of this procedure requires a minimum complement of qualified

‘personnel as determined by the Test Director. The person performing the

operations (Test Director or Test Engineer) is to sign the “Completed by” sign-off.
Any other qualified person or QA person who can attest to the successful
performance of this procedure may sign the “Witnessed by” sign-off. The Test
Director will perform Pre-Test and Post-Test Briefings in accordance
with PO875 “GP-B Malintenance and Testing at all Facllitles.” Checklists
will be used as directed by P0875 ’

D.2. Personnel Qualifications -
The Test Director must have a detailed understanding of all procedures and
facility operations and experience in all of the SMD operations. Test Engineers
must have SMD Cryogenic operations experience and an understanding of the
operations and procedures used for the cryogenic servicing/maintenance of the
Dewar. ' : .
D.3. Qualified Personnel v
| The names of those actually performing this procedure are to be initialed and the
name of the person acting as Test Director should be circled.
Test Director .| Test Engineer
| Mike Taber Tom Weish
J | Dave Murray Ned Caider
ig»Ned Ca
REQUIREMENTS
E.1. Electrostatic Discharge Requlrements

This procedure does not include any equipment sensitive to electrostatic
discharge.

Page 3
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Lifting Operation Requirements
There are no lifting operations in this procedure

Hardware/Software Requirements

E.3.1.

E.3.2.

E.3.3.

E.3.4.

E.3.5.

E.3.6.
E.3.7.

Commercial Test Equipment
No commercial test equipment Is required for this operation.
Ground Support Equipment

The Ground Support Equipment includes the Gas Module, the Pump
Module, the Electrical Module, and the Vacuum Module. The Gas Module
(Figure 1) provides the capability to configure vent paths, read pressures
and flow rates, and pump and backfill vent lines. The Pump Module
provides greater pumping capacity than the Gas Module, together with
additional flow metering capabilities. The vent output of the Gas Module
flows through the Pump Module. The Electrical Module contains the
instruments listed in Table 1, and provides remote control of valves in the
Gas Module, Pump Module, and SMD. The Vacuum Module contalns a turbo
pump, backed by a vane pump, and provides the capability to pump out the
SMD vacuum shell. :

This procedure does not require the use of any.of these modules, but may

involve connection of the helium gas supply to the Gas Module.
Computers and Software:

The Data Acquisition System (DAS) is required for this procedure. The
DAS reads and displays pressures, temperatures, and flow rates and
monitors critical parameters. No additional computers or software are
required. -

Additional Test Equipment

Description

GOW MAC Gas Analyzer

Cal Due D

Helium leak d ? ir: [\JW JSErS

Calibrated Y
Additional Hardware

Description

Uitra High Purity High Pressure Regulators

1/4' poly hose ’

Tools: N/A
Expendabies
Description Quantity ‘ Mfr./Part No.
Ethanol - AR N/A
99.99% pure gaseous helium AR N/A
Snoop liquid leak detector AR Swagelok

Instrument Pretest Requirements

Page 4



Verify Helium Cylinder Content/Connect Helium Supply Line — P0881 Rev-A

January 23, 2002

The Vacuum shell pump out port at SV-6 may be connected to the Vacuum

F. REFERENCE DOCUMENTS

F.2.

F.3.

Module (P/N 5833816) via a 2-in valve and pumping line, with the valve in
elther the closed position or in the open position with the Vacuum Module
actively pumping the vacuum shell.

6. The thruster vent port Is flanged to a shut-off vaive.
7. The Fiil Cap Assembly Is Installed at SV-13.

Drawings
Drawing No. Title
LMMS-5833394 Instrumentation _Installation
Supporting documentation
Document No. Title
LMMC-5835031 GP-B Magnetic Control Plan
GPB-100153C SMD Safety Compliance Assessment
SU/GP-B P0141 FIST Emergency Procedures
LMSC-P088357 Science Mission Dewar Critical Design Review_
SU/GP-B P0108 Quality Plan

SU/GP-B P059

GP-B Contamination Control Plan

EM SYS229

|| Accident/Mishap/Incident Notification Process

. Additional Procedures.

Document No.

Title -

SU/GP-B P0674

Connect Main Tank Vent Line to Gas Module — Main Tank at NBP

SU/GP-B P0676

Connect Guard Tank Vent Line to Gas Module

SU/GP-B P0879

Accident/Incident/Mishap Notification Process

SU/GP-B P0213

Connect Vacuum Module to SMD

SU/GP-B P0875

GP-B Maintenance and Testing at all Facilities
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. January 23, 2002

Operation Number: lf)_? O(
Date Initiated:__ 220 )0
Time Initiated: \ 353 )

G. OPERATIONS
G.1.  Pre-Operations Verifications
Verify 8U QA notified.
Record: Individual notified K. (ce<e
. Dateftime 2[69/0/2-/ 1380
W Verify NASA representative notified.
Record: Individual notified < . tA&AM-AM
Dateftime 222/o7_| (330D,
Record calibration due dates in Table 1 (Sections. E.3.4, E.4)

Persons actually performing this procedure should initial their names in Sec
-3 and the name of the Test Director should be circled.

\Verify completion of the Pre-Operations Checklist (Appendix 1). @
INSP 28

QA Witness:

G.2. Initial Operations

92{1./ Verify bottle/s to be tested have label identifying them as pure helium,
grade 5.0 or better.

QA Witness:

9242. Record serial number on helium bottle/s to be tested.

1. Zot?o/’é-?‘-—grf’ : /30135‘OW 1A )

Six Pack 0oT VY81 BLE
G,Z.’(lnstall and purge a regulator (0-150 psi) on the helium bottle/s to be tested.

GZX4. Bubble leak check regulator connection with Snoop leak detection solution
or equivalent,
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P0881 Rev-A
Januqry 23, 2002

6. Open EV-23 a ow to purge.
7. Close ABR=2V

- He Gas Supply In port on Gas Module and
[ regulate Guard Tank pressure at GTV-Va
with APR-2 through APR-2V.

q. Verify EV-23 closed.

Connect helium source line to helium in port
on ~gas Module.

3. Open APR-2V and adjust APR-2 to purge
plumbing for 30 seconds.

?Iose APR-2V.
/djust APR-2 to 1-2 psi.

. Record pressure used _/- psig

</6./\/erlfy Guard Tank at positive pressure

. Attach line to APR-2V and allow to purge for
one minute.

< Crack open GTV-Va and verify outflow of
helium gas.

. While purging from both directions connect
line to GTV-Va

,1( Fully open GTV-Va

Completed by:

4 )
¥
Witnessed by: ,76\@\%?@

=

QA Witness:

Date: ___ /2% o\
Time: : .
QeP® 7& .
o B .
Quality Manager Date ’2/ 2’E/ o
Payload Test Director/. 4. VM-‘-}. Date3/§//nz_
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| EV-24
ERV-6 EV 20 .
i) r_&.ﬂ EV-23
To“a"

AN, :
(18 psl) EV-19
I~k {iL

. I A
EV-15 Well
\Cl)?.lrt‘;t)ut ] EV-18 & | Dg ‘ } Vent
- i — Vs
4 psi

ERV-3a v'\

. ' AV-8 AV-3 -
el 3 0 N
Pump AG-2a

IIAccess—1
Exhaust AP-1 AG-1 @_ " Cap 1000 torr
(Vent Vane Pump Bin.
Outside)
He Gas
Supply In
He Gas Out
LHe Supply
Dewar
AvV-7 Av4
Access-2 ;

Figure 1 Gas Module
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Figure 2-Schematic dlagram of the Pump Module
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Primary pumping port
TG-1 -T Filter
5 @ -
cathode) v TG-3 B;%l:_tﬁn
(1000 torr) V-5 |
TG-2
(10 torr) < 88 RGA

RGA-V

v Xm Tva

i) (P N —
Al i LD Access
(pirani) V Port

TV-3
TV-2
(Foreline
Valve)
Forepump
(Vane Pump)

Figure 3. Schematic diagram of Utility Pumping System (UTS)
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—PBJ GTV-A
GTV-G

GTV-RV
(4.0+0.3 psid)

Y. H=a3-= t

Probe

I__@ STG

GTV-RYV (4.0+0.3 psid) , ﬁ_ﬁ

To Guard
Tank Vent
Bayonet on
Gas Module

Guard
0
= PFCG
Well
Porous
Plug
Main Tank

Figure 4. Schematic of Science Mission Dewar plumbing.
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Figure 5- Possibie Main Tank and Guard Tank Vent Conflgurations
*note-dashed arrows Indicated an option

Line

MD

Main Tank !
Short Vent .

P0881 Rev-A
January 23, 2002

0

Circle Seal 532B-4MP-
1(1 psid)

Bayonet Fitting

Vacuum Ciad Vent Line

@ Endevco 2 psid Gauge

MTVC-G

_ > To Room
Circle Seal
532B-4M-.5 Main Tank
(0.5 psid) Vent Cap Assy

Main Tank Long Vent

VCircle Seal
532B-4MP-1(1 psid)

G'uard Tank
Short Vent Line

>To Room
Circle Seal
532B-4M-.5
(0.5 psid)
MTVC-G
1
GTVC-RV a,b To
1 GTV-vVa GTVC-V An Room
v ) , >

GTSL-RV

© b

GTVG
GTV-RV
4.0+0.3 psid I

GTVVA

4.0+0.3 psid
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Appendix 1 Pre Operations Checklist

P0881 Rev-A
January 23, 2002

DATE

CHECKLIST ITEM

COMPLETED

RN

B

1. Verify the test procedure being used is
the iatest revision.

RS
\

2. Verify all criticai items in the test are -

" 1 identified and discussed with the test team.

3. Verify all required materials and tools are
avalilable in the test area.

4. Verify all hazardous materials involved
in the test are identified to the test team.

5. Verify all hazardous steps to be
performed are identified to the test team.

6. Verify each team member knows their
individual responsibilities.

7. Confirm that each test team member
clearly understands that he/she has the
authority to stop the test if an item in the
procedure is not clear.

. N
™~ \Q\\_\i\j A

8. Confirm that each test team member
clearly understands that he/she must stop
the test if there is any anomaly or
suspected anomaly.

N
~

9. Notify management of all discrepancy
reports or d-log items identified during
procedure performance. In the event an
incident or major discrepancy occurs during
procedure performance management will
be notified immediately.

=

10. Confirm that each test team member
understands that there will be a post-test

'

team meeting. M
/2@241 Le?j Signature:
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Appendix 2 Post Operations Checklist

'P0881 Rev-A
January 23, 2002

DATE

CHECKLIST ITEM

COMPLETED

REMARKS

/& ot

1. Verify all steps in the procedure
were successfully completed.

/

2. Verify all anomalies discovered

. | during testing are properly

documented.

3. Ensure management has been
notified of all major or minor

|
discrepancies. pd
4. Ensure that all steps that were /
not required to be performed are .
properly identified.
5. If applicable sign-off test —

completion.

@ Lead Signature: -

£
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Appendix 3- Contingency Responses

P0881 Rev-A
January 23, 2002

Condition Circumstance Response

Power failure Any time Suspend any operations
requiring power (e.g., use of the
leak detector) until power is
resumed.

Burst disk rupture (MT/GT) Any time Evacuate room. If above floor,
don escape breathing
apparatus prior to egress.

Main Tank or Guard Tank liquid | Any time Configure Dewar and Fill as

level falls below alarm limit

appropriate
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A Scope

This procedure describes the steps to effect the removal and replacement of the Guard

Tank Short Vent Line with the FEE Guard Tank Vent Line. This process assumes liquid
helium in the Guard Tank and the SV in a vertical orientation. The steps for installing the
FEE Guard Tank Vent Line are given in a LM Operations Order No. INT-251 and willbe
carried out by LM personnel.

B. Safety

B.1. Potential Hazards

Liquid helium used in the SMD represents a hazardous material for the personnel
involved in the operations. Cryogenic burns can be caused by contact with the
cold liquid or gas, high pressures can result if boiling liquid or cold gas is
confined without a vent path, and asphyxiation can result if the vent gas is
allowed to accumulate.

The SMD Safety Compliance Assessment, document GPB-100153C discusses
the safety design, operating requirements and the hazard analysis of the SMD.

- B.2. Mitigation of Hazards

B.2.1.

B.2.2.

B.2.3.

Lifting hazards
There are no lifting operations in this procedure
Cryogenic Hazards

Temperature and pressure alarms, provided by the DAS, warn of
potential over-pressure conditions. Emergency vent line deflectors are
installed over the four burst disks on the SMD vacuum shell.

Only authorized and trained LM and SU personnel are allowed in
proximity to the SV without escort. All personnel working at a helght 30
inches or more off the floor are required to have a LM approved air tank

-within easy reach. In the unlikely event of a large-LHe spill all

employees have been instructed to evacuate the room and contact LM
safety.

The following additional requirements apply to all personnel involved
directly in cryogenic operations. Gloves that are impervious to liquid
helium and liquid nitrogen are to be worn whenever the possibility of
splashing or impingement of high-velocity cryogens exists or when -
handling equipment that has been cooled to cryogenic temperatures.
Protective clothing and full-face shields are to he worn whenever the
possibility of splashing cryogens exists.

Other Haza_rds '

When appropriate, tools or other items used with the potential to
damage the SMD or Probe shall be tethered.

B.3.  Mishap Notification
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B.3.1.  Injury

In case of any injury obtain medical treatment by immediately calling
117

B.3.2.  Hardware Mishap

In case of an accident, incident, or mishap, hotification is to proceed per
the procedures outlined SU P0879 and as referenced therein to
Lockheed Martin Engineering Memorandum EM SYS229.

B.3.3.  Contingency Response

Contingency responses to possible equipment troubles or irregularities
(e.g., power failure) are listed in Appendix 3.

C. Quality Assurance

Ci.

c.z2.

C.s.

QA Notification

The NASA representative and SU QA shall be notified 24 hours prior to the start
of this procedure. Upon completion of this procedure, QA will certify his/her
concurrence that the effort was performed and accomplished in accordance with
the prescribed instructions by signing and dating in the designated place(s) in
this document.

Red-line Authority

Authority to red-line (make minor changes during execution) this procedure is

given solely to the Test Director or his designate and shall be approved by the
QA Representative. Additionally, approval by the Payload Technical Manager

shall be required, if in the judgment of the test director or QA Representative,

experiment functionality may be affected.

Discrepancies

A Quality Assurance Representative designated by D. Ross shall review any
discrepancy noted during this procedure, and approve its disposition.
Discrepancies will be recorded in a D-log or a DR per Quality Plan P0108. Any
time a procedure calls for verification of a specific configuration and that

- configuration is not the current configuration; it represents a discrepancy of one

of three types. These types are to be dealt with as described below.

C.3.1.  If the discrepancy has minimal effect on procedure functionality (such
as the state-of a valve that is irrelevant to performance of the ‘
progedure) it shall be documented in the procedurs, together with the
resolution. Redlines to procedures are included in this category.

C.3.2.  If the discrepancy is minor and affects procedure functionality but not
flight hardware fit or function, it shall be recorded in the D-log.
Resolution shall be in consultation with the Test Director and approved
by the QA representative.

C.33.  Allcritical and major discrepancies, those that effect flight hardware fit
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or functions, shall be documented in a D-log and also in a Discrepancy
Report, per PO108.

D. Test Personnel

D.1.

D.2.

D.3.

| Dave-Murray—_ | /(| Ned Calder
E.  Requirements (3_ CA\xr

E.1.

E.2.

Ea3.

Personnel Responsibilities

The performance of this procedure requires a mmimum complement of personnel
as determined by the Test Director. However, during the startup of the transfer
(Sec. G.14), there are to be a minimum of two qualified persons (Sec. D.3) in
attendance. The person performing the operations (Test Director or Test:
Engineer) is to sign the “Completed by” sign-off. Any other qualified person or
QA person who can attest to the successful performance of this procedure may
sign the “Witnessed by” sign-off. The Test Director will perform pre-test and
Post-Test briefings in accordance with P0875 “GP-B Maintenance and Testing at
all Facilities”. Checklists will be used as directed by P0875.

Personnel Qualifications

The Test Director must have a detailed understanding of all procedures and
facility operations and experience in all of the SMD operations. Test Engineers
must have SMD Cryogenic operations experience and an understanding of the
operations and procedures used for the cryogenic servicing/maintenance of the
Dewar.

Qualified Personnel

The names of those actually performing this procedure are to be initialed and the
name of the person acting as Test Director should be circled.

Test Director , Test Engineer
Mike Taber Tom Welsh

Electrostatic Discharge Requirements

All work on the SV requires the use of grounding wrist straps attached to
grounding points on the SV per LM requirement.

Lifting Operation Requirements

There are no lifting operations in this procedure
Hardware/Software Requirements

E.3.1. Commercial Test Equipment

Leak Detector

E.3.2.  Ground Support Equipment

POO18 Rev-.doc 06/03/02 09:07 ' 3
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The Ground Support Equipment includes the Gas Module, the Pump
Module, the Electrical Module, and the Vacuum Module. The Gas
Module provides the capability to configure vent paths, read pressures
and flow rates, and pump and backfill vent lines. The Pump Module
provides greater pumping capacity than the Gas Module, together with
additional flow metering capabilities. The vent output of the Gas Module
flows through the Pump Module. The Electrical Module contains the
instruments listed in Table 1(see the Electrical Module Manual for
details), and provides remote control of valves in the Gas Module,
Pump Module, and SMD. The Vacuum Module contains a turbo pump,
backed by a vane pump, and provides the capability to pump out the
SMD vacuum shell.

This procedure uses hardware located in the Gas Module (Figure 1),
the Pump Module and the Electrical Module (Table 1). However, the
Pump Module may be omitted if a stand-alone gas meter (a substitute
for PFM-1) is connected at the Gas Module Vent Output. The primary
helium vent and all vane pump exhausts must be connected to an
outside vent.
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E.3.3. Computers and Software:

The Data Acquisition System (DAS) and data acquisition software are
required for this procedure. The DAS reads and displays pressures,
temperatures, and flow rates and monitors critical parameters. No
additional computers or software are required.

E.3.4. Additional Test Equipment

Description Manufacturer Model

AMI Level Sensor Readout for LHSD AMI 110

E.3.5. Additional Hardware

_ Description Manutacturer Model
SMD Vent Bayonet O-rings Parker | 2-027
SMD Bayonet fit check tool SuU N/A
Apiezon MI Products Ltd Model N
No. § rubber stopper with .5 psid relief N/A N/A
valve

E.3.6. Tools
Description Serial No. Cal Due

Strap wrench 2-in. N/A N/A

E.3.7. Expendables

Description ) Quantity | Mfr./Part No.
Ethyt alcohol AR N/A
99.99% pure gaseous helium AR N/A
Tie wraps — large size AR N/A

P0916 Rev-.doc 06/03/02 09:07 5
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E.4.

Instrument Pretest Requirements

Gravity Probe-B Program
P0916 Rev-

The GSE instruiments required to perform this procedure are listed in Table 1,
together with their serial numbers, where available. Instruments that are required
to have current calibrations are indicated in the Cal-Required column.
Instruments that do not require calibration are those not used to verify
performance requirements and are not connected to flight instrumentation. The
status column is to be filled in with the due date of the instrument calibration
sticker and verified to be in calibration by QE or QE designee. Serial numbers

are to be updated as appropriate.

Table 1. Required Instrumentation and Calibration Status

Status
Cal Cal due

No. |Location |Description User Name Serial No. Required |date

1 DAS Power Supply, H-P 6627A A1, A2, A3, A4 [3452A01975 |Yes ‘(\)[\u [03

2 DAS " IPower Supply, H-P 6627A B1, B2, B3, B4 [3452A01956 |[Yes ‘I\U ( (0 { 03

3 DAS Data Acquisition/Control Unit - 2936A245539 |No -
H-P 3497A ’

4 DAS Digital Multimeter - 2823A15047 |Yes \ (',}(_.
H-P 3458A

5 . EM Vacuum Gauge Controller EG-1a, -1b 2827 No -
Granville-Phillips Model 316

6 EM Vacuum Gauge Controller AG-2a, -2b 2826 No -
Granville-Phillips Model 316

7 EM Vacuum Gauge Controlter EG-3 2828 No -
Granville-Phillips Model 316

8 EM MKS PDR-C-2C EG-2, FCG 92022108A |No. -

9 |EM Flow meter — Matheson 8170 EFM-1 |9_6186 -INo -

10 |EM Flow meter totalizer - EFM-1 loe174 No -

' Matheson 8124

11 EM Liquid Helium Level Controller LLS Main Tank |[96-409-11 No -
American Magnetics, Inc. 136 :

12 EM Liquid Helium Level Controller LLS Guard Tank [96-409-10 No -

’ American Magnetics, Inc. 136

13 EM Liquid Helium Level Controller LLS Well 96-409-9 No -
American Magnetics, Inc. 136 T

14 EM Liquid Helium Level Controlier LLS Axial Lock |96-409-12 No -
American Magnetics, Inc. 136

15 EM Pressure Controller - MKS 152F-92 |EV-7a, -7b 96203410A  |No -

16 EM Power Supply HO08D Tank 96023407A |Yes ’:6 \ )_2\ 31
HP 6038A Heater

P0918 Rev-.doc 06/03/02 09:07



Gravity Probe-B Program

Installation of FEE Guard Tank Vent Line
and Leak Check with SV Vertical P0916 Rev-
Status
Cal Cal due

No. |Location |Description User Name Serial No. Required |date

17 |EM Power Supply HO09D Tank 3511A-13332 |Yes 0@(0%
HP 6038A Heater R

18 EM Power Supply RAV Power 3329A-12486 |Yes \ N
HP 6038A Supply % 22[ %

19 EM Vac lon Pump power supply SIP S5004N No -
Varian 929-0910, Minivac

20 EM Flow meter totalizer PFM-1 576013-716  |[No -
Veeder-Root

21 GM Pressure Gauge, Heise AG-1 CC-122077 |No -

22 GM Pressure Gauge, Marshall Town AG-3 N/A |No -

23 GM Main Tank Heat Exchanger: EH-1 C-19950 No -
a) Thermocouple, b} Current meter, c)
Temperature set point controller

24 GM Guard Tank Heat Exchanger: EH-2 C-09920 No -
a) Thermocouple, b) Current meter, ¢)
Temperature set point controller

25 VM Vacuum Gauge readout, VG-3 2878 No -
Granville-Phillips 316 VG-4

26 VM Vacuum Gauge readout, VG-1, VG-2 96021521 No -
Granville-Phillips 360 VG-5

27 Leak Standard leak internal to leak detector |N/A - N/A Yes

Detector
E.5. Configuration Requirements

P0916 Aev-.doc 06/03/02 09:07

E.5.1.

E.5.2.

Main Tank

Liquid in the Main Tank must be at its normal boiling point (NBP), 4.2 K.
The SMD is vertical with the +Z axis up. The actuator control valve for
EV-9 controls the state to which EV-9 defaults should a power failure -
occur. For this procedure it must be in the “NBP.” Position, ensuring that
EV-9 remains open in the event of power failure.

Guard Tank

The Guard Tank is filled with liquid helium to a level greater than 20%.

P
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E.5.3.

E.5.4.

E.5.5.

E.5.6.

P0B18 Rav-.doc 06/03/02 09:07

Waell

The Well is evacuated and the Well pump-out at VTH may be in one of
the following configurations:

1) closed with the VTH operator removed;
2) have the Well manifold connected to a closed VTH; or

3) have an open VTH with a pumpout valve, VW-3, and
convectron, PW-2, making up the Well manifold.

SMD Vacuum Shell
The Vacuum Shell pressure must be less than 1 x 10 torr.

Alarm System

1. The DAS alarm system must be enabled and contain the following
alarm set-points:

a. Top of_ lead bag temperature set (CN 28) at T < 6.5 K.

b. Top of lead bag temperature set (CN 29) at T < 6.5 K.

c. Relative Guard Tank Pressure (CN 46) set at AP > 0.3 torr.
2. The watchdog alarm must be armed.

GSE and Non-flight Hardware

1. A relief valve or flight-like burst disk may be installed in place of the
SMD fill-line burst disk.

2. The ion-pump magnet must be installed.

3. GSE cabling must be connected between the SMD and the _
Electrical Module (P/N 5833812) and between the SMD and the
Data Acquisition System (P/N 5833811).

4. The Main Tank is venting to the room via the Main Tank vent cap
assembly.

5. The Guard Tank is pressurized at the GTVA via the GTV-Va valve
and then to the GM helium source at APR-2V.

6. The thruster vent port must be plumbed to an Endevco pressure
transducer, STG. : »

7. The Fill Cap Assembly must be installed at SV-13 (Figure 3)
8. Top Plate heaters must be installed on SMD and be operational.
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E.6.  Optional Non-flight Configurations

The following non-flight modifications of the basic SMD and optional GSE
configurations are incidental to the performance of this procedure. Any
combination represents an acceptable configuration.

1.

2.

The SV is installed in: the SMD transportation and test fixture or in
the space vehicle assembly fixture; or the space vehicle tilt dolly.

A foreign object and debris shield may cover the upper cone of the
SMD. If it is not present, any object that could cause damage to the
payload, if dropped, must be tethered.

The Vacuum shell pump out port at SV-14 may be connected to the
Vacuum Module (P/N 5833816) via a 2-in valve and valve operator
and pumping line, with the valve in either the closed position or in
the open position. The Vacuum Module pump may be off, actively
pumping the pumping line up to a closed SV-14, or actively pumping
the vacuum shell

If the Vacuum shell operator is not installed, then the vacuum shell
valve is closed and capped off.

E.7. Verification/ Success Criteria

N/A

E.8. Payload Constraints and Restrictions

N/A

P0916 Rev-.doo 06/03/02 00:07
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F. Reference Documents
F.1.  Drawings
Drawing No. Title
LMMS-5833394_ _ | Instrumentation Installation
F.2.  Supporting documentation

Document No.

Title

LMMC-5835031

GP-B Magnetic Control Plan

GPB-100153C

SMD Safety Compliance Assessment

EM SYS229

Accident/Mishap/Incident Notification Process

LMSC-P088357

Science Mission Dewar Critical Design Review

SU/GP-B P0108

Quality Plan

LMMS GPB-100333

Science Mission Dewar Failure Effects and Causes Analysis

SU/GP-B P059

GP-B Contamination Control Plan

SU/GP-B P0879

GP-B Accident/Incident/Mishap Notification Process

F.3.

Additional Procedures

Document No.

Title

SU/GP-B P0213

Connect Vacuum Module/ Pump on SMD Vacuum Shell

SU/GP-B P0676

Connect Guard Tank Veﬁt Line to Gas Module

SU/GP-B P0875

GP-B Maintenance and Testing at all Facilities

SU/GP-B P0879

Accident/Incident/Mishap Notification Process

P0916 Rev-.doc 06/03/02 09:07

10



Installation of FEE Guard Tank Vent Line Gravity Probe-B Program
and Leak Check with SV Vertical P0916 Rev-

Operation Number: \ L\’SQ

Date Initiated: \‘-\ )l A
Time Initiated: OCIUO

G. Operations

G.1.  Perform Preparatory Operations
1.1, Verify SU QA notified.
Record: Individual notified G\ LE? SR
Date/time \0!1 ! vy Gop .

GY{ Verify NASA represéntative notified. R v
G/' Record: Individual notified ‘; B L(\‘J( G
1.3.

Verify LM SV Operations representative (Frank Mendoza, Norm
Bennett) notified of approximate ti;g for RAV-2 operations.

Record: Individual notified 20 f"‘eejr\“ﬁ
ateftime \Q\\ﬂ\())y 30
m/ﬁ:cor alibration due dates in Table 1 (Sec. E.4).
G.Ve(ify:lcat persons actually performing this procedure have initialed
t / ames in Sec. D.3 and the name of the Test Director is circled.
. /fe‘rify Pre-ops meeting with operations group has been conducted.
Verify Purity of Allv Sources of Helium Gas

Record serial number on helium bottle/s.

/
!
I

1.303% o 3. _~
4. _ NN s5_~— 6. ___
G.\g. Verify helium bottle/s have beerk{ested for purity énd record Op.

Number. Op. Number:_\ﬂﬁ:

Date/time 19| %! YRR \ \ |

Quality

(o) 2fore-

P0916 Rev-doc 08/03/02 09:07 ' 1 1
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G.2. Conne to GM '
1. Connect GTVA to GM using procedure “Connect Guard Tank Vent to Gas

Module, P0676, Record Op number __| 954 . Note: Stop the
procedure at the completion of para. G.6.11, the point at which the
UTS is pumping up to a closed GTV-V and with the Guard Tank

/ressurlzed at GTV-Va from the helium 6-pack.
2.2,  Record: | 'Date/Time IO’/M / (/w
]

P0918 Rev-.doc 06/03/02 00:07
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)/ Verlfy Conﬂguratlon Requirements
Gu;l/ Ensure DAS Watch Dog Alarm enabled.

re that Top Plate heaters on SMD are operational.

erify GSE cabling, excluding P801 and P802 flight cables, are
connected between SMD, Electrical Module, Gas Module and Data
quuisition System.

' G/ Record MT pressure (STG)(a I "‘L, \torr.
5.  Vetify DAS and liquid tével alarms enabled and record set points.
Main Tank level (“A” or “B"):  Record set pg_igt 2 J %

. Top of lead bag temperature/a - verify [CN.28] on DAS alarm list
J and setto alarm at T < 6.5 K. Record set point (2 K

. Top of lead bag temperature/b — verify [CN—%&] on DAS alarm list
/, and setto alarm at T < 6.5 K. Record set point 5. K
4

. Relative Guard Tank Pressure — verify [CN46] on DAS alarm list
\/‘ and set to alarm at AP 2 0.3 torr. Record setpoint __ " torr
5

. Relative Main Tank Pressure — verify [CN49] on DAS glarm list and
set to alarm at AP 2 4.0torr.  Record set point _ to

_,G./sfs./ Venfy orientation of SMD/SV: is vertical with +Z up.
: Venfy Main Tank is venting to the room via the Main Tank Vent Cap
;embly (MTVCA) relief valve.
8.  Verify Guard Tank is venting via the GTV-RV of GTVA.
G.3.9. Verify connected/connect the DAS Endevco read out to GTV-G (2 psid)
on the GTVA and verify read out and DAS receive appropriate indicated

/Iues
G.810. Ensure ign<pump magnet and signal cable installed.

rd Vacuum Shell Pressure.

on Vac-ion pump and record time ofday = '~ 4 sl \ 3 7D
se DAS [Monitor Data] for CN 99.

When value is steady, record pressure (IP) 2 L('Z torr. If pressure
is above 1x10™* torr, perform procedure P0213, Connect of Vacuum

Module / Pimp on SMD Vacuum Shell, to connect Vacuum Module

and puprp out SMD vacuum sheli.

Q

O Pressure is >5x107 torr, turn of vac-ion pump and perform
P0213, record date/time

ressure is <5x10° torr, continue at step 4.

-doo 08/03/02 09:07
P0916 Rev-.doo 1 3
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[Monitor Data] and collect data with [Set Data Interval] to 10

hen data cycle is complete, turn off Vac-ion pump.

Mrify Actuator Control for EV-9 set to “NBP” position.
313. Record: " " Date/Time lO‘ )»/02'

Quality

P0816 Rev-.doc 06/03/02 09:07
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G.4. Verify Gas-Module Configuration and Record Initial Conditions

G.4.1.  Verity valve states as indicated in following Table.
Verify Initial Valve States '

Verify Open/Active Verify Closed

Main Tank vent \!
Not Connected to GM, venting to room | SV-9, MTV MTVC-Va

Guard Tank vent

Connected to GM at “Guard Tank Vent”
and pumped by the UTS up to GTV-V / -
Venting GTV-, GT;{a
Remaining EV valves All othepEVs
d
AV valves APR2, APR2-V All offfer AVs

GA{ 1I={/4,avcord initial te'mperatureg‘(7 ;
2/Top of Lead Bag CN [28] & E\ 37
Topof Lead Bag ON 88 _L13)) k.

/ 3,1 Temperature at bottom of Main Tank CN OQ]E‘. : )'67(’5 K.

ecord pressures.
ard Tank (GTV-G) CN[46]: torr (relative to atm.)

- Main Tank (STG) CN[49]: torr. (Endevco on Thruster Vent
-Manifold)

Record liquid level in Main Tankclo‘7 %.

cord liquid level in Guard Tankz i ( (o %

ify Main Tank liquid level is above 35%.

Verify Guard Tank liquid level is above 20%.

Record status of Well pump-out:
VTH closed and Well manifold not installed.
3 Well manifold installed, record valve positiohs and pressure:

VTH , VW-3 ,PW-1_____torr. @
Quality -

(0)¢ for

POR16 Rev-.doc 06/03/02 09:07 1 5
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G.5.

Set Up Data Acquisition System

to DAS operating Instructions for Information on
ations and mechanics of keyboard/mouse operation.

GM DAS set to configuration 4%, Yo,
G&2  SetDAS to fast scan mode using [other menus], [data config], [fast
/Q{am and [Remove MultScan] J
G5.3. ~Record directory and data file name 20 Cl p. 7 Oﬁ(

4

e'.B/Start “Speciil) Data Cycle” by using [Other Menus] + [Special Data Col].

. y«szﬂe, 24, ¢4, 46 (GTV-G) and 49 (ST-G, Thruster Vent) and
JH (EG-1a). ,
G.8:8° nit. Co _

5.7. er] use default file name.
5'g./aec d directory and special data file name A 100 20/ 3 P (.

nsure printer is displaying special Data Cycle data.

500. Connect/verify connected power supply A1 and A2 to Guard Tank . \ l
‘ heaters HO3D and H-04D. A3 N on VN e
GM; on power supply A and set outputs A1 and A2 to 0.08 amp current

imit.
G.S.}%ﬁfy heater power to HO3D and H04D are recorded and plotted at
G

S&)AS' QCrox.ced *o G.\Q
543. Record heater settings in Table G.5

Table G.5 Guard Tank Heater

Date/Time HO3D - HO04D GT Temp | Lead Bag
CN64 CN66 CN24 CN28_ _—
Watt Watt K K

"

/

P0916 Rev-.doc 06/03/02 09:07 1 6
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G.6.\\ Prepare FEE Guard Tank Vent Line (FGTVL)

Record the bayonet female fit check gap measurements made in LM
operations order No. INT-251 for the inboard FEE Guard Tank Vent
Line. '

1. Maximum gap
. Minimum gap

Prepare a new bayonet O-ring (Parker Viton 2-027) with a thin layer of
Apiezon N vacuum g¢yease.
Record: Lot No.

G.6.4.

, Expiration date
G.6.5. Install the O-ring into the d\tlet bayonet O-ring groove of the FGTVL.
G.6.6. Valve configuration: Same as 04,1 |

Quality

P0916 Rev-.doc 08/%03/02 00:07 1 7
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G.7. Remove GN\Short Vent Line

G.7.1.

Prepare a No. 5 rubber stopper with a 1 psid relief valve (1/8-in NPT

~ size)

In the following §teps the Guard Tank pressure must be
prevented from going subatmospheric which could result in
alr contamination jnd plugging of the internal Guard Tank
vent. Corrective action Is to Increase the flow rate by raising
the Guard Tank heater voltages.

CAUTION

G.7.2.

G.7.3.
G.7.4.

G.7.5.

G.7.6.
G.7.7.

G.7.8.
G.7.9.

P0018 Rev-.doo '06/03/02 09:07

Remove GTSVL¥rom SMD GT vent port (B2) and
Immediately insta|l No. 5 stopper/relief valve.

Verify Guard Tank I§ venting via stopper/RV combination.

Remove O-ring from $MD bayonet and clean O-ring groove with clean
room wipes and sthyl/jsoRropd alcohol.

1 nd:

Immediately inSert the maje Bayonet gauge fit check and using feeler
gauges measure gap and record:

Remove stopger a

Maximum gap Minimum gap

Remove tool and reinstall stopper.

Prepare a new bayonet O-ring (Viton 2-027) with a thin layer of Apiezon
N vacuum grease.
Record: Lot No. , Expirgtion date

Install the O-ring into the SMD Guard Tank vent bayonet O-ring.

Remove the Guard Tank Vent Assembly (with GTLVL attached) from
the GTSVL and install onto the bayolet outlet for FGTVL. Keep helium
purge hose on closed GTV-Va and sijnal cable on GTV-G.

18
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G.7.%\ Valve configuration:

Verify Initial Valve States\

NI Verify Open/Active | Verify Closed

Main Tank vent ‘
Not Connected to GM, venting to room | SV-9, MTVC-RV MTVC-Va

Guard Tank vent

Connected to GM at “Guard Tank Ven TV-1, TV-2, EV-5,
and pumped by the UTS uNo -V EV-14, EV-4,

/ \ V-7A/B, EV-16
Venting @\\ BMRV GTV-V, GTV-Va

Remaining EV valves \ All other EVs
AV valves APR2, XP\Rz-v Al other AVs
e
G.7.11. Record: ' Date/Time
Quality

P0918 Rev~.doc 06/03/02 09:07
19
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G.8. h@ll FGTVL

In theXollowing steps the Guard Tank pressure must be
prevented from going subatmospheric which could result in
alr contamination and plugging of the internal Guard Tank
venting. Chrective action Is to Increase the flow rate by
ralsing the Guard Tank heater voltages.

CAUTION

Watch the special data collection output to warn of
excesslve lead bag tetaperatures. Corrective action is to
Increase Guard Tank flaw by Increasing Guard Tank heater
voltages. .

CAUTION

G.8.1.

G.8.2.

N

Perform LM op&mons rder No. INT 251 “Install Guard Tank Vent Line
...” up to the point of rem\oving B2 rubber stopper.

Verify helium flow from st

In the following step ensure heliym gas flow out of Guard
Tank B2 and out of GTVA (open\GTV-Va for purging) as
FGTVL Is assembled to dewar B2.

NOTE

G.8.3.
G.8.4.

G.8.5.

P0216 Rev-.doc 06/03/02 09:07

Continue with the LM operation.

When the operation is completed verify KGTVL has been purged by
Guard Tank outflow and the valve GTV-V\and GTV-Va are closed with
vent path supplied by GTV-RV.

Record: Date/Time
Quality_

20
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G.9.

Prepari EquIQm%:,t for Leak lietecg‘l:q A r{

9., Verify SV is vertical, Main Tank is venting to room via SV-9 and Main
g(/'Fank Vent Cap Assembly relief valve, MTVC-RV
Ensure * pump exhaust’ of Gas Modvu!2 is vented to outsnde of facility.
G\ se venfy/closed RGA-V.
G Install Neon Standard Leak at GTV-Va opening GTV-Va to allow
purging of NSL flex hose before making plumbing connectlon
G }us/ ecord Neon Standard Leak and c%quIate leak value:

%ecord original leak value \ x Q) ? s
/ec_ordoriginal leak calibration date 3%' 4 C’ ~Y s
. /Record rate of change in leak value __» %lyear.
/ﬂ revnion LHIETE oo e B
. ‘,Cglculate present leak value .1 sccs Ne. LS . =
eave GTV-Va open. QHE

RGA, Neon Standarg/Leak and SMD is as shown in Figures 1b with

Verify the configuraEr: of the Vacuum Module, Gas Module, UTS,
valve configuration as given below.

G.9.8 Valve configuration:

<
Open/Active Closed

Main Tank vent - ,
Not Connected to GM Syé, MTVEZRV

Guard Tank vent

Connected to GM at “Guard Tank Vent”
and pumped by the UTS up to GTV-V

Venting

7

’
s
e

G'W(V GTVVa 7

Remaining EV valves

All other EV vai( es

Neon leak valves

N%/w

GSE RAVs

Al othef RAVs

SV RAVs

A2

) ap
Quality___\ws? ®
/0

P0916 Rev-.doc 06/03/02 09:07
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G.10. Rem 'e/quuld Hellum from Guard Tan
S BT
101" Begin recording data In Table G.10. '
40..’: .- Input comment to DAS “Begin Guard Tank boil-off”

szé Verify heater power to HO3D and H04D are recorded and plotted by
DAS.

- - DQC N Vv4
/(}o«t/ When Guard Tank temperature [CN24] reaches 35 +/-5 K, power off
reatrietose  Gluvs

Table G.10 Guard Tank boil-off Data

Date/Time HO3D H04D GT Temp | Lead Bag GT
CN24 CN28.9¢| LLs

Watt walft K K %
‘ OM” il ' SOV C(?(.A SS(;?/V;T “\37 l/’ 4‘777 ;LS
Do (a4 [0 5 R ERYNA 30.7

s L 006 &
e 17| T3 LS dzee | 4307 |32

Wl g O o 14299 | %365 | 16| Cier i

T i IR X5 [ emer e

Qo2 s PV [ 38 ep Sowul—

oo 10| 30V, 03N 2FTXA [_&‘3/8)\2:__; ?534 _

iHo> 34| 4ou, 041 A oV, IR S‘&‘]LI 4.0 |~

G.10.5. Record: Date/Time ‘0/7//37» (720

;f) , CwSE GT\/\/A P&E&SU'QR/‘; G:r Wit H{ Q’@ACK Quality

/%a/z {Q«%rr\ G4

G.11.  Pump Guard Tank with AP-1

G.\U/J./Put Gas Module control panel into INTLK DEFEAT. -
G.N;Aun on/verify on AP-1,

a1 Close EV-5.

G
G114 Verify BGA-LV closed.
‘G.\167 Opep RGA-SOV slowly. ¥
G.1 1% RGA-V slowly.

pen AV-6: AP-1 now pumping up to closed GTV-V.

N2

Open GTV-V gradually, keeping pressure at EG-1a to less than 20 torr.
GN.9. /' Enter comment to DAS: “Begin pumping Guard Tank”.

P0916 Rev-.doc 08/13/02 09:07
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Installation of FEE Guard Tank Vent Line ~ Gravity Probe-B Program
and Leak Check with SV Vertical P0916 Rev-

G.11.10. Valve configuration:

Open/Active Closed

Main Tank vent

Not Connected to GM

J

Guard Tank vent

Connected to GM at “Guard Tank Vent”

and pumped by the AP-1 e

o
—~

Remaining EV valves Al ottier EV valves

RGA & Neon leak valves

RGA,-W,/Ngl,,-.v

GSE RAVs Al offier RAVs
SV RAVs RAV-Z .
NOTE:
The UTS turbo is now pumping up to RGA-LV,
EV-21, -22, EV-4, EV-8 and AV-5.
AP-1 i; 1|_)\tlncplng Guard Tank fhrough a partially ,
G.11.11. ;:::rd: Date/Time \\O (} (0/’2 ' \ (‘26 (

Quality
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Installation of FEE Guard Tank Vent Lipe Gravity Probe-B Program
and Leak Check with SV Vertical P0916 Rev-

Configure fof Neon Leak Detection

Enter comment to DAS “ Start neon leak at 50 torr”,
.1&2/ Power-on RGA. '

Sfa data recording in Table 1.

Bag/verify bagged, connections at GTVA/GTLVL, FGTVL/GTVA and
FGTVL/B2 bayonet.

12.8. Install/verify installed regulator on Neon supply Bottle.
G.12.9. When GTV-G is approximately 50 torr proceed with the following éteps

G.12.10. Valve coniljguration:

\ Open/Active Closed
Main Tank vent
Not Connected to GM ' \ SV-9, MTVC-RV
Guard Tank vent \
Connected to GM at “Guard Tank Vent” | \y.g, EV-14, EV-4,
and pumped by the UTS EW7A/B, EV-16, GTV-V
Remaining EV valves , : All other EV valves
RGA & Neon leak valves TV-1 ,JTV-2, RGA-V, NSL-V
' . - |RGA-SOV, RGA-LV, :
GTV-Va,
GSE RAVs ' _ RAV-3 : All other RAVs
SV RAVs RAV-6B RAV-2 ‘
Quality_
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Installation of FEE Guard Tank Vent Line Gravity Probe-B Program
and Leak Check with SV Vertical P0916 Rev-

G.13. Leak Check at 50 Torr -
G.13.1. Leak-Check-GTVA/GTLVL Bayonet at 50 Tom:——Date/Time——
1. Record data in Table 1.
. Open/verify open RGA-SOV.
. Adjust RGA-LV to maintain T.-1to 5 +/- 1x

. Verify RGA is in leak check made for maés 20.
. Record steady state data if} TAblgxt and below:

“Q |
§

PO 5 ) Record TG-1 > ____amp.
O ,p.#' ]9 5"{ 6. Introduce neon gas iry,b'agged GTV bayonet for 2 mins.
7. Record steady state data in Table 1 and below:
<rep 6.3.1-3. Record TGJ/a‘e/ torr, lnaa amp.
lD(‘l (o 8. COTW:
G.13\2. Leak Check FGTVL/GTVA bayonet at 50 Torr
Date/Time

. Open/yerify open RGA-SOV.
2\ Adjust RGA-LV to maintain TG-1 to 5 +/- 1x10° torr.
ifMRGA is in leak check mode for mass 20.

. cord steady state data in Table#and below:
R&cord TG-1 torr, lnga amp.

. Intrgduce neon gas into bagged FGTVL/GTVA bayonet for 2 mins.

=5 .
FGTVL/BZ bayonet-at-50-Forr
G TeaK Check - ~ Date/Time et
1. .Adjust RGA-LV to maintain TG-1 to 5 +/- 1x10% torr.
/’/ /ﬂ’ - 2. Introduce neon gas into bagged FGTVL/B2 b et for 2 mins.
féQ., . 49 gz/ 3. Record steady state data in Tafile+ . elow:
00 of’ Record TG-1 amp.
P 0 g g z 4, Comments: ‘
& 2, / 5. Enter comment to DA nd 50 Torr Leak Test".
h ~ Quality
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Installation of FEE Guard Tank Vent Line Gravity Probe-B Program
and Leak Check with SV Vertical P0916 Rev-

_— G.14.

(onee ro
(e CiteeK ¥
JEON) DUE T2 (hért
BAcicCIOUNMD Mg,

Peiids RS-V

Mowerode Ny €05
o KA v
Foliorve BAG woirrd
Mepw GA<.

No Daop (V

My or Oz =
poo GrOSS (BHES

Pumping Guard Tank to Vacuum and Leak Check

G1}4/ When EG-1a is between 1 and 10 torr, and GTV-V is fully open:
' /1/ Power off RGA and TG-1.
. Close RGA-LV and RGA-SOV.
. Close AV-6.

G. 1;/ Open EV-5: now pumping Guard Tank with UTS turbo.
G. 1;/{ When TG-3 < 1 torr power on TG-1.
G.1#4. Power on TG 1.
-5 1
G.Mﬁ. Record: TG-1 3x/0 torr, VG-4 3 x'V__torrDate/Time [ 13/
G. 146, When TG-1 is less than 8E-5 proceed.
=
G.M/. Record TG-1 8 x.1D torr. Date/Time lO/% /U‘L e | ¥
)4/ Power on RGA and place in leak check mode for mass 20.

. ~ Calibrate RGA at Low Pressure .
Note: The neon standard leak has a value of {.ll, ¥/?_sces Ne, ref. G5#. 9.5
G.14.9. Ogen NSL-V.

G.14.10. Reéb{g steady state data in Table 1 and below:
Recol d TG-1 torr, lpaa amp.

G.14.11. Close NSL-V

G.14.12. Record steady state iq Table 1 and below:
Record TG-1\ _- | torr, lraa amp.
G.14.13. Open NSL-V) \\ X~ ‘

G.14.14. Record steady state data in Table 1 and below:
Record TG-1 torr, lpaa amp.

G.14.15. Close NSL-V
G.14.16. Record steady state data\in Table 1 and below:

Record TG-1 __ torr, Ipea amp.
G.14.17. When tlme allows calculate R&A sensitivity, 1.5X10°® sccs/c ge in
amps sces/amp. QU 6P-©
. \“S? ®
Quality

4.
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Installation of FEE Guard Tank Vent Line Gravity Probe-B Program
and Leak Check with SV Vertical P0916 Rev-

G.15. Leak Check at low pressure

NOTE:

Maximum Leak rate shall be less than 1X10®
sccs Neon

. Open/verify open RGA-SOV.

2. Adjust RGA-LV to maintain TG-1 on same value as
pressure calibration above.

/l/ / 3. Verify RGA is in leak check mode for mass
//

go0 4. Record steady state data in Table 1 apd’below:
Record TG-1 L ’

. Introduce neon gas intoﬁ 1 GTV bayonet for 2 mins.
c.2l.% 6. Record steady state dat;

3 Record TG-1
Nt
S\“S" Ly :

géd for low

Q

R

Ry
A

Orr, |RGA — amp.

using RGA sensitivity determined above
sccs Ne.

sccs Ne

G.15.2. Leak Check FGTVL/GTVA bayonet Date/Time
RGA is in leak check mode for mass 20.

Record TG:1 torr, laga amp.
3. Introducen s into bagged FGTVL/GTVA bayonet for 2 mins.
amps.

7. Comments:

P0B18 Rev-.doc 08/03/02 09:07
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and Leak Check with SV Vertical P0916 Rev-

G.156.3. Leak Check FGTVL/B2 bayonet

1. Adjust RGA-LV to maintajn TG-1 on sam ue as used for low

[\

pressure calibration apovp.
/’) / A/ ZOD . Introduce neon gas i a FGTVL/B2 bayonet for 2 mins.
. Record steady state

amp.

G.15.4. Enter comment to DAS “End low pressure Ne Leak Test".

\})GA&&#Spmy Ne around the GTLVL/HEX bayonet and adjacent GMjotntsup-to>
EV-13 and EV-16.

G.15.6. ady state data in Table 1 and below:

Record TG- torr, lrga amp.
G.15.7. Turn off RGA.
G.15.8. Close/verify closed RGA-
G.15.9. Close/verify closed RGA-SOV, RGA-V.
G.15.10. Close GTV-Va.

G.15.11. Valve configuration:

Open/Active Closed

Main Tank vent

Not Connected to GM | sv-9, MTVC-RV

Guard Tank vent : , _ 4
Connected to GM at “Guard Tank Vent” TV-1, TV-2, EV-5, EV-14,

and pumped by the UTS EV-4, EV-7A/B, EV-16,
GTV-V
Remaining EV valves - | All other EV valves
RGA & Neon leak valves | - | GTV-Va, NSL-V, RGA-
| SOV, RGA-LV, RGA-V
GSE RAVs "~ |Rav-3 All other RAVs
SV RAVs |RAv-6B RAV-2 @ a8
Quality

¢ OZZZ
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Installation of FEE Guard Tank Vent Line Gravity Probe-B Program
and Leak Check with SV Vertical P0916 Rev-

G.16. H:!:lysak Check
G. PutRGAin spectrum mode to monitor He, H,O, O,, N2 and CO,

e

G. iiue pumping with UTS until the leak detector shows a background

ess than 1X10°® sccs He.

G.1 510./lsﬁéintain data entries in Table 1.
G.164. Remove leak detector from UTS, cap the pumping port, put leak
detector in test mode and record:
' Std leak size 5.4 \0" ¥ sces
Std leak signal 6.0 » \Q” ® sccs

Std leak S/N _€ 5056
Std leak call due date \ h}.j 073

qu( Verify agreement to within 5% of full scale.

6\1,6/( nge’ct leak detector to TV-3.

gk ' ‘ :

(}jéﬁ Leak check all plumbing up to closed TV-3.

G.1 ;H/m;n/periodic leak detector hookups to determine the leak detector
backgro using:

: ivate leak detector using leak detector instructions
Close TV-2 open TV-3.
cord background in Table 1.

G.1697 W ackground is less than 2X10® proceed.7
.16.40_ Record leak detector background i\%Y \O sccs He

Date/Time __ ——

te g'ata in Table 1 and below

. My
torr, He background %& sccs He

s into bagged GTVA bayonet for 2 mins.

b data in Table 1 and below:
torr, He leak rate sccs He

5. Verify helium leak rate is fogs thar 1x10°® sccs.
Comments:

N
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and Leak Check with cal P0916 Rev

G.16.1 /Lez Check FGTVL/GTVA bayonet | Date/Time (o/4/o- ./{ OO
JVeriW leak detector backing UTS turbo pump.

Installation of FEE G)u;%ank Vent Line Gravity Probe-B Program
SV Verti

Record steady state data in Table 1 and below: -9
Rgcord TG-1 ¥\ torr, He background A sccs He
;%roduce helium gas into bagged FGTVL/GTVA bayonet for 2 mins.

Record steady _state data in Table 1 and below: _y M

Record TG-1 XX(o~7 torr, He leak rate £:2X(0” ' sccs H 10 /g/oa
7 Verify helium leak rate is less than 2x10® sccs. ,

Comments:

Date/Time —

2. Record stea ainT 1 and below:
Record TG-1 tory, He background sccs He
gad FGTVL/B2 bayonet for 2 mins.

4. Record steady state data in Table 1 and below:
Record TG-1 torr, He leak rate sccs He

5. Verify helium leak rate is less'than 2x10® sccs

omments:
G.1p.14- Enter comment to DAS “End helium leak test”.

G.16.g7 prayHe around the GTLVI/HEX bayonet and adjacent GM joints up to
13'\an -16.

G.Me iy helium leak rate is less than 2x10°® sccs.
G.16.17 Remove leak detector from UTS, cap the pumping port, put leak
detector in test mode and record:
Std leak size .2 xW"% gceg

Std leak signal G, ™%\ sccs
G.1M@ify agreement to within 5% of full scale.
NS \@.&@19. Shut down leak detector
G.1620. Power down RGA and close RGA-V,  Date/Time _ ///44— P

D\ { , : _ Quality/ {S%s-z@%)

7% V/L

G.16.13. Leak Chack FGTVL/B2 bayonet
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Installation of FEE Guard Tank Vent Line
and Leak Check with SV Vertical

Gravity Probe-B Program

PO91

G.17. Re-pressurize Guard Tank with Hellum Gas from Main Tank

. G.Mecord: EG1b 25 0f“"rtorr.

G. slyse EV-5, EV-14, and EV-4. :
G.1¥3 Close TV-1 and shut down UTS.

G.17.4. Valve configuration:

6 Rev-

Date/Time 10/4617/( 300

Open/Active

Closed

Main Tank vent

Not Connected to GM

Guard Tank vent
Locked up to GM manifold

Remaining EV valves

EVWTAB

All other EV valye$

pa

RGA & Neon leak valves

OV, RGA-LV, RGAV

GSE RAVs

RAVES

All other RAVs

SV RAVs

RAV-GB/

RAV<S

Quality

G.18. Prepare Fill-tine
G.18. erify insiattéd/install 1-in. pumping line from Access-1 of Gas Module
F .

G.18\3¢ en AV-8 and AV-3.
. G.184; n valve FCV and evacuate to 20 mtorr as measured at AG-2.
G.1

8 Close AV-8.
G.18.6. en AV-1 and adjust AV-9 to give 1 psig at AG-1. v
G.18 ose AV-1
G.18 en AV-8 and evacuate to 20 mtorr. as measured at AG-2.
- G.189,/Close AV-8 and FCV.
G.18:40. Once the pressure in the Fill Cap Assembly has stabilized, record

Cap Assembly pressure (FCG): _~{.

Fill line pressure (FCG): . torr.

_P0816 Rev-.doc 06/03/02 00:07
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Ei__ torr.

G.A B}A/gmpenvalve SV-13 to bring Fill Cap # ssembly up to SMD Fill ling
pressure and record

Quality
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Installation of FEE Guard Tank Vent Line Gravity Probe-B Program
and Leak Check with SV Vertical - Lo - P0916 Rev-

G.19.

G.20.

G.1 n}w comment to DAS “Start repress of GT".  Date/Time lol_sh 4230(/
2.V

G.1S selector switches are off. -

wer up RAV p'ower supply to 28 volt at e\ 7 5
G.19.4/ /Power up RAV controller No. 1.

. Position selection switch to RAV-1.
G. 19/ Record lnmal switch status: Open: Cl Q Closed"ﬁ/{

G. 19:7. Activate controlle No. 1 and record
1. runtime: ?/ seconds
2.

. time of day: 30 hrs

Q/.:/Fie'cord final switch status: M@Closed: Q Q

rrent draw: Q 77 amp

G.1 Record operation in RAV log book.

G. 9/ Record FCG %S torr
‘11. Record EG-*Z 1 torr Su &pS
: S

Open RAV

Ggo/.!/ closed FCV. -

G.W LM personnel install arming plug for RAV-2
Request LM SV era,ins open RAV-2,

G 20/ Record FCG torr

G?Record EG-1a 7(»5( torr

GZ66. Verify RAV-2is open by near coincident with SV open command of rise
/kﬁﬂufr‘d Tank pressure):o the Main Tank pressure (FCG).
G Record FCG ; torr ‘
G.:Atecord EG-1a l 77 torr
Quality ~

lo(o'v
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Installation of FEE Guard Tank Vent Line

G.21.4. Record;

1. FCG¥2 Yorr
2. EG-1a ¥t €

W -Ve

Sz = ARV N
S <3 G Mo3R o \oV

. Request LM SV Operations close RAV-2.
G.2Vaqm personnel remove arming plug for RAV-2
G.213. Verify by pressure rise in FCG “hat RAV-2 is closed.

torr

6*24 Verify ARR-2 is a;'

sted to ~&psig M ¢ 55 J\%or

Gravity Probe-B Program

P0916 Rev-

07N

G.2+6. Open EM-23-0 regulate pressure to Guard Tank;. Qors ¢ Cmﬂ/\-' ans
G,gj,?./ Adjtist-ARR-2-gradually to ~2 psig, watching CN28 for temperature

excedance.

G.21.8. Valve configuration:

Open/Active

Closed

Main Tank vent

Not Connected to GM

SV-9, MTVC-RV

Guard Tank vent

Pressurized by APR-2 EV-16, EV-23, APR-2, GTV-Va
GTV-V, GTV-RV
Remaining EV valves EV-7A/B All other EV valves
Fill line FCG, SV-13, AV-1,
v AV-9
GSE RAVs RAV-1, RAV-3 All other RAVs
SV RAVs RAV-6B RAV-2 @
Quality__\ ws? ¢
(o S,[ o
G.22. Close -1 and Pump Flll Line

. /\krfﬁ FCV and all AVs closed.

G.22.:}pen AV-3 and AV-8.
G.22.3. Qpen FCV.

G.%\en FCG < 20 mtorr, close FCV.
G.225. Open SV-13, record FCG %0 Z _.

P0918 Rev-.doc 06/03/02 09:07
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Installation of FEE Guard Tank Vent Line Gravity Probe-B Program
and Leak Check with SV Vertical P0916 Rev-

G.226. Clése RAV-1. .
1., Record initial switch status: Open: Q Q Closed:Q 0Q MJ L
?./ Activate controller No. 1 and record: |
a./rcun time: ‘ - seconds

. currgﬁt draw: k\(""?amp

o./timeofday: | 72“1

Immediately:
7 Verify SV-13 open
3
7 Reeord FCG torr
%:\ FCV: now pumping fill line with AP-1.

6. Record final switch status: Qpen: @ QO ClosedzZl/ /ﬁ
7. Record operation in RAV log book.

B Position selection switch to off.

& Power down RAYV controller No. 1.

10. Power off RAV power supply.

G%cerd FCG S ~S torr, EG-1a2_7 L torr.
G22.8. Record: Date/Time \O(/S’ /O;-\ V422

Yo fuer®
Quali sp %
o Vover ge ST Heher e O ‘%

P0918 Rev-.doc 06/08/02 09:07

34



Installation of FEE Guard Tank Vent Line
and Leak Check with SV Vertical

G.23—Fump Fill Line
ym-zb < ? riltorr,
cord AG 2b\ ‘ Myorr.

e SV-13, torquing to 60 in-Ib.
lose AV-8.

Gravity Probe-B Program
P0916 Rev-

z/Backflll with helium gas via AV-1 and AV-9 to 1.5 psig as indicated by

G.23 Close FCV.
.2&4./(3|ose

G.235./ en AV-8: pump line to vacuum.

.6./WbeﬁG-2b < 20 mtorr

1. Clos -8

eﬁzﬁj—a

G 23&@5 FCG pressure for 30 minutes:

G}Z/. Date;_\0) /?/07/ e
G.2¥%. Time @j &15 ]3%
G.2/3f1/0. FCG (torr) & i[(_) ‘Q fﬂog

G.2311. Verify no leakage at SV-13 into fill line.

P0916 Rev-.doc 06/03/02 09:07 35
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Installation of FEE Guard Tank Vent Line Gravity Probe-B Program
and Leak Check with SV Vertical P0916 Rev-

G.24.

Final Configuration

G.24.1. Valve configuration:

Open/Activé ' Closed
‘Main Tank vent . ‘
Not Connected to GM SV-9, MTVGRV
/ -
Guard Tank vent
/— . &
Pressurized by APR-2 EV<16, EV-23, APR:2, GTV-Va
GIV-V =V A
Rémaining EV valves EV-}Aﬁ All other EV valves
Fill line | FCV, SV-18;AVT, AV-
- 9
GSE RAVs RAVA All otpr67 RAVs
SV RAVs / RAV-6B~" BAV<Z

G.25.

G.26.

PO916 Rev-.doc 06/03/02 08:07

Momment to DAS “GT leak check completed”.
3. Stop DAS Special Data Cycle. T
G.224. Remove pumping line between Access 1 and FCV.

Section G.25 complete.

Configuration of Dewar and GSE
G251, Record the Main Tank liquid level (LL-1D or LL-2D): % %

G,ZS{ Record the following pressures:
~T. Main Tank pressure (EG-3): \J r\ tor s\V6 6';()2‘
—~2—Guard Tank pressure (EG-1a/GTVG): \3 % torr ‘

Setting up Data Acquisition

Note: Refer to Operating Instructions for mechanics of DAS
keyboard/mouse operations.

G/26.1. Set DAS to configuration Choice: 4’(6) L&

G.26.% Stop Special Data Cycle by using [Other Menus] + [Special Data Col] +
[ Stop Data Col).

G.26.3. Record Vacuum Shell Pressure.

36



Installation of FEE Guard Tank Vent Line Gravity Probe-B Program

and Leak Check with S\:V}niwr : ~ P0916 Rev-
- Tuarn on Vac-ion pump and record time of day \‘ i 6

3yevlifAS [Monitor Data] for CN 99. ) ‘
W steady, record pressure (IP) (..L O " iom.

xit [Monitor Data] and collect data with [Set Data Interval} to 15 -
min. -

zyhen data cycle is complete, turn off Vac-ion pump.
G.264 DAS data cycle interval to 15 minutes.
26.5. Set Main Tank Liquid Level sampling interval to 10 minutes.

G.26.6. irm that the liquid level sensors are set at a sampling rate of 10
minutes or turned off.

G.26.7. Confirm that Vac-ion pump is off.
G;&&/EWable/verify enabled the alarms on the Main Tank and Well Liquid
Level Sensors.
GWify enabled the DAS alarm and record the set points:
a) CN f{_o_ Level _5_’_},_ d) Main Tank Level: ?O %

b) cN 4 Level (.5 ¢) Guard Tank Level: 20 <
c) CN ic_, Level 3 0

G.26730. Ensure DAS watchdog timer and alarm enabled.

H. Procedure Completion /

Completed by: ‘,/
Witnessed by: M A ﬁ-&: | .

Date: _ /0

Time: __/</00) @ %

Quality Manager: WP % Date 4 0/57@—“
Payload Test Dlrectdrﬂt-./(‘ c ,//4’;7 Date _@/470 3
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Installation of FEE Guard Tank Vent Line Gravity Probe-B Program
and Leak Check with SV Vertical - P0916 Rev-

Table 1 Neon leak Data

Date/Time Neon EG-1a TG-1 EG-1a FCG Comments
(/o3 {o'z, Amp Torr torr torr | Torr-diff , (G. ,5’\
B /"/ Cow Phess (e Ceere (899D
| — REGA—Frrrany -

e eavT—
TNpne No| O2 1 ottt Bae /oo

(53K rswwd 490078
(S37 lysea ” |48 | |
/53 ? o7~0,v0’7 %y,(/o’g N2

P0B1€ Rev-.dos 06/03/02 09:07
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Installation of FEE Guard Tank Vent Line Gravity Probe-B Program
and Leak Check with SV Vertical P0916 Rev-

Figure 1a. Schematic of Gas Module Plumbing at Start of FEE Guard Tank Vent Line Install

P0O9168 Rav- dor OR/0/2 0007 o



Installation of FEE Guard Tank Vent Line Gravity Probe-B Program
and Leak Check with SV Vertical P0916 Rev-

Figure 1b. Schematic of Gas Module Plumbing for Neon Leak Detection of Guard Tank Vent
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Installation of FEE Guard Tank Vent Line Gravity Probe-B Program
and Leak Check with SV Vertical P0916 Rev-

Figure 2 Gas Module and Vent lines connected to SMD

* Main Tank
Vent Cap
Assy\

\

GAS
GTV-RV : : MODULE
GTV-G : Guard Tank | |
TV-V Long Vent
. Line
Guard Tank %_' Va
Short Vent Line -
OR
FGTVL 7 &
GTSVL-RV
4+0.3 psid
Bavonet fittina

Endevco Pressure Transducer

P016 Aev-.doc 06/03/02 09:07
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Installation of FEE Guard Tank Vent Line

and Leak Check with SV Vertical

Figure2 Utility Pump System with RGA for Neon leak detection

P0916 Rev-.doc 06/03/02 09:07

EV-21
y. 1’% v
To
£v-22 Pump
RGA-LY EV-14
Leak Vatve
RGA-SOV EV-§ EV-8

Shutoff Valve

1SO 100 ’
to KF 25_}*
Cold

Gravity Probe-B Program

GAS
MODULE

Cathode |76
Gauge
UTILITY
TG-2 (1000 T TURBO
SYSTEM
E(?--:ill
10T
Gate v TV4
Valve Bypass RGAV
Valve

TVE
4° Turbo O} vaive

.

Let-up

RGA

TV-2
Foreline,
Valve

"TV-3

Rough Pump
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and Leak Check with SV Vertical P0916 Rev-

Figure 3. Schematic of Science Mission Dewar plumbing
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Installation of FEE Guard Tank Vent Line Gravity Probe-B Program
and Leak Check with SV Vertical P0916 Rev-
I Appendices

L1 Appendix 1 Pre-Test Check List .
DATE (CHECKLIST ITEM . |COMPLETED|REMARKS

\Ul }zl)‘- 1. Verify the test procedure being used is the

latest revision.

v

2. Verify all critical items in the test are
identified and discussed with the test team.

3. Verify all required materials and tools are
available in the test area.

/ )

4. Verify all hazardous materials involved in
the test are identified to the test team.

7
/

5. Verify all hazardous steps to be performed
are identified to the test team.

7
/,

6. Verify each team member knows their
individual responsibilities.

J

]

7. CONFIRM THAT EACH TEST TEAM
MEMBER CLEARLY UNDERSTANDS THAT
HE/SHE HAS THE AUTHORITY TO STOP
THE TEST IF AN ITEM IN THE PROCEDURE
’ IS NOT CLEAR.

/

/ :

8. Confirm that each test team member clearly
understands that he/she must stop the test if
there is any anomaly or suspected anomaly.

9. NOTIFY MANAGEMENT OF ALL
DISCREPANCY REPORTS OR D-LOG ITEMS
IDENTIFIED DURING PROCEDURE
PERFORMANCE. IN THE EVENT AN
INCIDENT OR MAJOR DISCREPANCY
OCCURS DURING PROCEDURE
PERFORMANCE MANAGEMENT WILL BE
NOTIFIED IMMEDIATELY.

/ S/
//.
'
,l
!
/ |

10. Confirm that each test team member
understa at there will be a post-test team
meeth

J

P0916 Rev-doc 06/03/02 09:07
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Installation of FEE Guard Tank Vent Line Gravity Probe-B Program
and Leak Check with SV Vertical P0916 Rev-
1.2. Appendix 2 Post-Test Check List
DATE CHECKLIST ITEM COMPLET |REMARKS
' ED

\ .

1. Verify all steps in the procedure
0/{ / 4] > were successfully completed.

2. Verify all anomalies discovered
during testing are properly
documented.

-

3. Ensure management has been
notified of all major or minor
discrepancies.

4. Ensure that all steps that were
not required to be performed are
properly identified.

5. If applicable sign-off test
completion.

6. Verify all RAV valve operations
have been entered in log book

7. Verify the as-run copy of
procedure has been filed in the

‘appropriate binder

//
//
/ -
//

|
|
\

R

N

g g

/A )

P0918 Rev-.doc 06/03/02 09:07
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Installation of FEE Guard Tank Vent Line Gravity Probe-B Program
and Leak Check with SV Vertical P0916 Rev-

1.3. Appendix 3- Contingency Responses

Condition Circumstance Response

1 Power Failure
| Any time | wait for power restoration

Note: the DAS computer will continue to
function for several hours, however no data
will be collected

DAS computer still operating:

Reset GM valving per the last
configuration in procedure and resume
procedure

DAS computer not operating:

Reboot computer and launch DRP_SMD
and select auto startup option

o | Reset GM valving per the last
configuration in procedure and resume
procedure

Temperature ANY TIME Lower inflow of helium gas to Guard Tank
limits (CN 28

42 or 29) OR,
exceeded INCREASE MAIN TANK VENTING

Open MTVC-V momentarily or if problem
persists see 3 below

ANY TIME PROMOTE INCREASE IN MAIN TANK
VENTING

Power up heater at HO8D or H0-9D
and starting at 15 vdc input increase
power until increased flow has cooled
the problem area

Burst disk ANY TIME Evacuate room
: rupture
4 (MT/GT)

P0916 Rev-.doc 06/03/02 00:07 46
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ALSPV
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BPS
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cT
CTE
DAS
DEV-xx
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DVM

EEBA
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ABBREVIATIONS

Kit number xx of P type Kits (ref. SU GP-B PO141)
Airlock Support Plate

Airlock Support Plate Valve

Advanced Technology Center (at LMSS)
Gas Module Auxiliary valve number xx
Bellville Pre-load System

Composite Neck Tube of Probe
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Electrical Module
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Gas Module Exhaust Valve number xx
American Wire Gauge

Trade name for oQonoam magnetic shielding
Cooling Tube
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Ground Test Unit number 2

High Efficiency Particulate Air

Leakage Gas System u
Liquid Level Sensor

Lockheed Martin Space Systems
Liquid Nitrogen

milli Gauss

Megahertz

Normal Boiling Point

Office of Naval Research

Ounces per square inch
Programmable Power Supply

Well Pressure gauge x

Quiick Disconnect - O-ring seal under cap
Rotating Coil Magnetometer
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Responsible Safety Engineer
Responsible Quality Engineer
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Science Mission Dewar (of GP-B , Relativity Mission
program)

Stantord University
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UTS Gauge xx

Task Module number xx.
UTS Valve xx

Valve of Mini-Airlock

Utility Turbo pumping Station
Vatterfly Valve

Valve number x on Shutter

Valve on Dewar Adapter connecting Wall to outside
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CERTIFICATION OF ELECTRICAL MODULE, GAS MODULE AND DATA ACCUSATION SYSTEM
SU/GP-B P0773 Rev -
Page 1

A SCOPE

This procedure describes the steps to interconnect the components of and certify the operation of the
Payload GSE. This GSE interfaces with the Science Mission Dewar instrumentation and plumbing. The
GSE are Electrical Module (EM), Gas Module (GM) and Data Acquisition System (DAS)

N,

B REFERENCE DOCUMENTS M
B.1 Procedures
Procedure No. Title
None
B.2 Drawings
LMSC Drawing No. Title
None
B.3 Figures
None

B.4  Supporting documentation
a) GP-B Magnetic Control Plan, LMSS-5835031
b) SMD Safety Compliance Assessment, LMSS GPB-100153C
c) SM Dewar FMECA, LMSS GPB-100333
d) FIST Emergency Procedures SU/GP-B P0141
e) SMD Final Assembly, LMSS 5833500

C SAFETY
C.1  In case of any injuries obtain medical treatment at:
Stanford University Call 9-911 or,atLMSS, call_117

C.2 Safety

The GP-B (FIST) Safety Plan, LMSS GPB-100153C, discusses safety design, operating and
maintenance requirements which the LMSS program office has adhered to. These requirements
should be reviewed for applicability at any facility outside of LMSS (e.g. Stanford University)
where FIST hardware is operated.

C.3 Hazards Analysis

The GP-B (FIST) Preliminary Hazards Analysis, LMSS GPB-100333, discusses hazards inherent
in LMSS-developed FIST hardware in greater detail.

CAWPDOC\ProctranspoPO780CenGSE . wpd
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Page 2

.

D CONTAMINATION CONTROL
0.1 Particulate Contamination

The control of particulate contamination of the probe is described in “GP-B Contamination Control Plan”,
SU/GP-B PO059. Specific cases that require special methods are treated individual in this procedure.

AN
hYS

E PERSONNEL
The personnel certified to set up and perform this procedure are:

Dave Murray Stanford University

Mike Taber Stanford University
Jim Maddocks Stanford University

Tom Welsh Lockheed

F QUALITY ASSURANCE

Payload integration shall be conducted on a formal basis to approved and released procedures. The
QA program office and ONR office shall be notified 24 hours prior to the start of this procedure. A
Quality Assurance Representative, designated by D. Ross shall be present during the procedure and
shall review any discrepancies noted and approve their disposition. Upon completion of this procedure,
the QA Program Engineer, D. Ross or her designate will certify her concurrence that the effort was
performed and accomplished in accordance with the prescribed instructions by signing and dating in the
designated place(s) in this document.

A Quality Assurance Representative, designated by D. Ross shall be present during the procedure and
shall review any discrepancies noted and approve their disposition

a)  All discrepancies shall be recorded in a D-log

b) Any discrepance resulting in a nonconformance or test anomaly shall be reported
by a Discrepancy Report. Refer to the Quality Plan, P0108, for guidance. Do not
alter or break test configuration if a test failure occurs: notify quality assurance.

F.1  Redline Authority

The persons authorized to create and sign-off on redline modifications of the procedure as it is performed
are the test directors, M. Taberand D. Murray. The redlines shall be reviewed and approved by the RQE
and ,as appropriate, the RSE during or after the performance of the rediine.

CAWPDOC\ProctransportP0780CeRGSE. wpd
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G CONFIGURATION REQUIREMENTS
a) Payload not connected to GSE (EM, GM, DAS)

H HARDWARE REQUIRED
a) Gas, Electrical and DAS modules
b) Helium Gas Supply System
¢) Compressed air at 80-120 psig

wN

| CALIBRATIONS REQUIRED
None

CAWPDOC\ProctransporiP0780CetGSE. wpd
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Operations Number ‘V
Date Initiated \\ LN\O\,
Time Initiated NN\\V

J OPERATIONS

1 System Set Up
u\.\_\.<m1€ the power switch on the DAS, GM and EM units is off.
\Oo::mQ the DAS, GM and EM with appropriate cables per Fig. 1.
v&\. Q Pump Module is to be installed, install cables per Fig. 1.

K Pump Module is not installed, ignore the PM connections.
&* Connect each unit to AC outlets (2 req'd for DAS).

v\W Power on DAS (refer to Fig. 3):
\._ﬂ Turn on power to DAS

2452 Power on HP Scanner and Extender and DVM.
.\_\mw Power on power supplies A and B. ,
me Power on EM (refer to Fig. 4): .
A.,@k\\ Turn on power to EM
fmx.m.. Power on all instruments on left mam panel including power supplies.

1 \m\w Open right side back panef and activate 5v dc power supply which operates Valve
Control panel.

u\a\A Verify Control panet is operating.

1.7 Configure Gas Module (Refer to Fig 4):

Lx; Verify all manual valves: EV-19, EV-20, EV-21, EV-22, EV-23 and EV-8 are closed.

N
M.\\w Verify blank-off flanges have been installed on ports: Access-1, -2, -3 and -4; the “ Vent
Exit”, "Well Vent”, “Guard Tank Vent”, “Main Tank Vent” and “LHe Supply Dewar”.

\.A Verify “To Pump” port down stream of EV-21/EV-22 has a blank-off flange installed.
174 Verify the “Purge Gas” valve is in the “OFF” position.

R Verify the “Actuator Control for EV-9* is in the “NBP” position.

CAWPDOC\ProctranspoPO780CentGSE wpd
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SU/GP-B P0773 Rev -
Page 5

A\Nm Connect one of the following:
Q&m: at pressure > 80 psig OR,

Q nitrogen bottle regulated to > 80 psig
to the “Purge and Valve Actuator” port. N

Verily the “Helium Out” port is capped off.
NOTE:

_:Emﬂo:oizumﬁmuno:23:58:523::Emmxmﬂm?q
the two GT and MT heat exchangers. .

Activate the two GM, “MAIN” and “PUMP", main circuit breakers.

Connect a compressed helium bottle to the “Helium In” port.

wo 7. Adjust helium bottle regutator to 20 psig, adjust APR-1 to give approximate 2 psig at
o AG-3. .
= Clese. AT & AN~ (S8 »
5 ~+711  Open AV-11and AV-9. INSP 31 /«.7

5} )

~ (.u\ﬂj\m Crack open “Helium Out’ port cap and adjust helium supply to purge through AV-11 for
o approximately 1 minute and then tighten “Helium Out” port Cap and close AV-11.
3 p\“ Close AV-9.

HP 1.7.14 Vent the “Pump Exhaust”

to the outside of building using 1-in (or larger) diameter
flexible hose.

Check of Gas Module

NOTE:

The Gas module was shipped with rough vacuum in all
lines up to the blank-off flanges.

24" Enterin Table 1 the last data recorded in the “Prepare to Ship SMD GSE”. Nesd A?«M%m%ﬂh/ o
22 Begin data recording in Table 1. $en \ec\oLO ¥

RS
24  Evaluate general condition of pre- and post-ship pressures: DRSTE W egse S NP
4
A . S Ao
I Y
WL | By AG- L €o-> |\
n3s 115" 1-27 6.0-0

CAWPDOC\Prg jetransportiP0780CentGSE. wpd
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Check AV Section of Gas Module

3.1  Record: Time/date :.wﬂ\ \\&\3
b&\ Verify all AV valves are closed.

3.3  Record pressure: AG-2a/-2b %. / m torr

3.4 Open AV-3 and record: , AG-2a/-2b_2-8> torr
3.5 Open AV-1 and record: AG-2a/-2b h%lﬁo: G J\
3.6 Open AV-2 and record: AG-2a/-2b _[. a torr
37 OpenAV-10andrecord: Noxe' BYao wot oR TN Av-S AG-2a/-2b _Y ;M N torr

38 OpenAV-dandrecord: TS Plombingy w W be AG-2ar-2b_M o torr
3.9 Open AV-7 and record: checked v o GV- AG-2a/-2b _ 162 torr

3.46—Open A\l and-reserdi—2 - FTLTIIN AG-2a/-2b_3:1b3 torr
2% S i AG-2a/-2b _L .wr\ torr
\W_\“\_.o\, .m _m\ ﬁ.:%moﬂo%n%:%v:f%%b,«vﬂﬂaﬂ | b.m\km\m — LD v
8.13 When pressure equilibrium is reached record: AG-2a/-2b O ™M torr
Yeucp8 3.14 Close AV-8.
\Vﬂ WSP 33 45 Perform leak up test for > 15 minutes. _
. Time: ZL 3 lpmﬁlv - - ~|N.CO
Pressure(torr): 22 iy’ E}lﬂ&\ — —_— I\R@S .me\

3.16 Adjust AV-9 and pressurize system to atmospheric, AG-1 to 1 psig.

3.17 Close all AV uates leaving-AV-system-at atmospheric-helium—& L.W SU GP-B ‘/o,
CDZAU INSP 31 \v/,

CAWPDOC\Proclranspor\P0780CenGSE.wpd
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4 Leak Check EV section of Gas Module

w&\>2~<m6 and calibrate leak detector:

\
L.,o
Background 4.0 xc0 7 scesHe \?ﬂ \N\\\: _mb_mwm._w

Std leak measured 3¢ X760 TS sces He N

Std leak value _h .ﬁmnuinm sccs He

Connect leak detector to Access-3,

Activate leak detector up to EV-5 and |eak check up to EV-5 connection; enter results in Table m:r
Open/verify open m<.\w\. A\Q\m\o\v\m and m<-.?\wc. _ ‘
Open in sequence: m<&M .\\-S.\M‘m\%\;\w\ 73, \
Verify pressure: ﬁw\s\ u(/;c \

4.6.1 Q m% b is < 1 torr, skip the next subsection.

PK EW-2b is > 1 torr, perform the following: O e/./
SU GP-B
Verify AP-1 on INSP 31
.\Q‘v\ ?\ /—/0/ N

o Open AV-6. %&»
. =
- Close AV-6 when E¥<2b is < .2 torr
».w\ Open EV-5: leak detector is now pumping all of GM EV section.
A\m\ Record data in Table m.r.
fm\ Leak detect in selected areas of GM and record in Table mr

Pub\ Record any significant leaks here: /Ao \n&m\S i _»N\ Can¥ \NA As p\m. \da.kmvm\

o\

431 Pressurize EV section of GM to atmospheric helium
\X.\W ' close EV-S
.:.;OUm:m<Lm.

2 Adjust AV-S until EG-1a equilibrates between 760 to 790 torr.
PC\\‘ Close AV -8 and EV-12,

4.1 A\K “Close EV-6, -18, -19, -20.

4.11 Close all other EV valves except EV-7a, -7b.

411.6 Shut down the leak detector and stow.

40,7 shgtr -t & &w\\

CAWPDOC\ProctransporéPO780CertG SE.wpd
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S e \ vm@mxm\uv\
Al /

m\rmmx Detector results for Gas Module

Time/ Leak Detection Backgnd Reading Comment
Date area scem He | scem He .

P o (ect3) Up fo EV-C foxel|35xn || po beake

B3| Al EN scedrton A x0"S |5 x| po L
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Page 8”7
4.12 Set Up Gas Meter
4.12.1 Remove blank off from “Vent Exit” and plumb this port to Gas Meter.
4122 Connect the electrical output leads of the Gas Meter to the Veeder Root input cable
of the EM. .
4123 Kma the Gas Meter exit to the outside of the building using 2-in. a_m%mﬁmﬂ flexible
ose. :

4.13 This completes the GM and EM to GM checkout.

Ot i 15, To00
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"5 DAS Checkout with EM and PM if in use)

Connect the SMD simulator to the EM and DAS using the five GSE cables per Fig. 2.

If not running, boot up the DAS PC and launch “DRP_SMD"” from start menu: use the A = autostart
option and follow the DAS operating instructions to initialize data collection configutation number
1, “All channels”. Y

Perform a data collection with [Get Data] of Main Menu.

Compare the printed output with that taken during last shutdown of Operations log number

Recognizing that the Gas Module pressure and Pump Module pressure readings may be slightly
different (or for PM may be missing),verify no differences in temperatures (>.01 K) or pressures
are indicated.

CAWPOOC\ProctransporPO780CertGSE . wpd
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v L
6 DAS/EM RAV Checkout mD
6.1 1 Simulated RAV-1: LI o e :Ww@g

P v
1891 Connect the test RAV to the DAS simulator at SRAVT: m g
% Verify all RAV selector switches are off.

V&\w

nosmﬂo:m><noimﬂmcnn_<8m.o mavm:ammé:m. ﬁ 2 VQXNOV
.\3 Power on RAV drive units Nos. 1, 2, 3, and 4.

R Turn RAV selector switch No. 1 to RAV-1,

b) Current draw:

F
c) Time of day: E

Record micro switch lights: Open: X( Closed: 00 QO xvv.\VP S
Rep

imulated RAV-1: ) W/ e/,/o/

Activate dive unit #1 8 open and record:

a) Run :Bm [r m

b) Current draw: N\ m.

i N\N

c) Time of day:
Record micro switch lights: Open: &' X Closed: Q Q
Turn selector switch No. 1 to “OFF”

‘\a&.b Turn drive unit #1 off,

n»ivoogﬂ.oog;-vn;ooo;ﬁmm,{

Do ovaer 14, 2000
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CERTIFICATION OF E

/,o \\W\\\,\ Page 12
Connect the test RAV to the DAS simulator aySRAV3,/ Qv?; : I~ Sew D NW g
~ ) 14
V&m 4:3m><mm_m99m<<=o:20.m~om><-m.

6.3 tﬁ_m_c_maa RAV-2:
3.3 Record micro switch lights: Onm?ﬁﬂ/vu/ Closed:Q O N

3.4 Activate Drive Unit #2 to open and record:

a) Run time: ﬂMN \. p sec.

b) Current draw: Nww M v
\x c) Time of day: N.V Y
\ 3.5

) W . Record micro switch lights: Open: 0 Q Closed: O y
\
N 6.4 an\m.\m,mac_maa RAV-2:

Activate drive unit No. 2 to onm%mooa”

a) Run time: mm \\w Sec.

b) Current draw: \\ A a.

o) Time of day: _ /€& (-

Record micro switch lights: Onm:Wmﬂﬂ Closed:Q 0O

Turn selector switch No. 2 to “OFF”

Leave drive unit #2 on.

-CAWPDOC\Proctransporf\P07 80C e tGSE.wpd . Cmamwer 16, 2000
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( 6.5 Open Simulated RAV-6B:
/ 6.5.1 Gonnect the test RAV to the DAS simulator at SRAV6B.
/
\_, 6.5.2 Turn RAV selector switch No. 2 to RAV-6B.
| A / 6.5.3
V l

Record micro switch lights: Open: 0 Q Closed:Q Q

Activate Drive Unit #2 to open and record:

-
a) Run time: sec.
‘ b) Current draw: a.
c) Time of day:
\C,N ._ 6.5.5
ﬁ% ,, 6.6

Record micro switch lights: Open:Q Q Closed:Q Q
Close Simulated RAV-6B:
6.6.1

Activate drive unit No. 2 to open and record:

a) Run time: sec.
b) Current draw: a.
c) Time of day: .
6.6.2 Record micro switch lights: Open: 0 Q Closed: Q O
6.6.3 Turn selector switch No. 2 to “OFF”
6.6.4

Turn drive unit #2 off.

CAWPDOC\ProctransporiP07 80CanGS E.wpd
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Open Simulated RAV-3:
6.7.1 Connect the test RAV to the DAS simulator at SRAV3.
6.7.2 Turn RAV selector switch No. 2 to RAV-3.

6.7.3 Record micro switch lights: Open:Q Q Closed:Q QO A
6.7.4 Activate Drive Unit #3 to open and record:
nw@a/ a) Run time: sec.
.%w
b) Current draw: a.
c) Time of day:

6.7.5 Record micro switch lights: Open:Q O Closed: O Q
Close Simulated RAV-3:

6.8.1 Activate drive unit No. 3 to open and record:
a) Run time: sec.
\ b) Current draw: a.
/ c) Time of day:
6.8.2 Record micro switch lights: Open: Q Q Closed:Q O
6.8.3 Turn selector switch No. 3 to “OFF”
6.8.4 Leave drive unit #3 on.

CAWPDOC\ProctransporPOT80CetGSE. wpd

Dsembor 15, 1e0a
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6.9 Open Simulated RAV-5:;

6.9.1 Connect the test RAV to the DAS simulator at SRAVS.

6.9.2 Turn RAV selector switch No. 3 to RAV-5,

6.9.3 Record micro switch lights: Open: O QO Closed: Q QO N
6.9.4 Activate Drive Unit #3 to open and record:

a) Run time: sec.
N
,/o b) Current draw: a.
N c) Time of day:

6.9.5 Record micro switch lights: Open:Q O Closed:Q QO

N C ' 610 Close Simulated RAV-5:
NM\ ' 6.10.1 Activate drive unit No. 3 to open and record:
a) Run time: sec.
b) Current draw: a.
c) Time of day:

\, 6.10.2 Record micro switch lights: Open: 0 QO Closed:Q Q
,,m._o.w Turn selector switch No. 3 to “OFF"
6.10.4 Turn drive unit #3 off.

n.»ivoOQv-oos:-oﬁ%o;oO.:Ommivn
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. — \W) w e
m\;: Connect the test RAV to the DAS simulator mm><ﬁ%\?£\% wp P=x

gm ~ Turn RAV selector switch No. 4 to RAV-7.
1.3 Record micro switch lights: Open: &' wﬁ Closed: 0 O A
g Activate Drive Unit #4 to open and record:
a) Run time: M \\ \N\mmo.
b) Current draw: N~N m a.

c) Time of day: __J 22 <7 .

Record micro switch lights: Open:Q Q Closed: Q V/
e Simulated RAV-7: |

Vw\_x Activate drive unit No. 4 to open and record: /WV!
a) Run time: &n, /- T—sec. \
b) Current draw: E. Qﬂ,
c) Time of day: _J 224" . ﬂvo
Record micro switch lights: Open: ﬂ Q/ Closed: Q QO N

Turn selector switch No. 4 to “OFF”
Turn drive unit #4 off.

Verify all drive units are off.

Verify all selector switches are “OFF”

Vo\;NN Turn off RAV power supply.

12.8 Disconnect the test RAV from the DAS simulator at SRAV?7.

CAWPDOC\ProctransportiPOT80CentGSE. wpd

Cocember 15, oss
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7 Procedure completed

P e
Payload Test Director’ A LA

?
[4

Quality Manager _y /(07 >\ee(\kw\w¢

CAWPDOC\ProctranspotPO780CetGSE . wpd

Cumamaer 16, wos
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Figure 1 SMD Ground Support Equipment Cable Layout
_mm><._ mvaoom — W-D1
Ni
_mn><.~ SPBo1 m W-D2
M
D
SRAVEB| 1 ATOR mnmim W-D5
SRAV? yd
J4 J5 ﬁj -
N =7 N =3 Rl 7= i _ = 2 _l._J
on_a%_ﬁauw& . m | JBa | |Jez2| ]JB1
To aming onl E@ Wiz =
Vﬁ\, H 1
26 J26 Lot W-D21 ) DAS
a EM [
1
b ! ; % @\
_Webas | o S w-D20 o
K ! e} [F]
] ]
p ] i
:tg g2 [JE2d]l (R
“ J2s Ji " Optional(For
Crogenic functional
“ m W-D30 long form)
| !
i w-D3t D24 W-D23 | To
{ | WTM
i _ i
- ke, el
Tsost ¥s-25 Moter Tste ,6@.\
PM GM

1
2
3
4
E

. W-D20: IEEE 488
- W-D21, D23 & D25: GE/Fanuc serial line in daisy chain with terminator
- W-

CAWPDOC\ProctransporiPG780CenGSE wpd

D22, 24 & 26: analog signals

Cable lengths: W-D1 THROUGH -D5 and W-D14 ARE 60 feet;
M to PM, 50 feet.

EM to DAS 20 feet; EM to GM, 50 feet;

Ooxomber 15, 1o0a
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Figure 2 DAS Console Layout

HP6627A

Power Supply Nos. A1-A4

HPE627A

Power Supply Nos. B1-B4

HP 34974

Scanner

DVM

HP 34584

Monitor

Keyboard

HP E3909A

HP 34984

Extender

Spare

HP 3498A

Power Dist Panel

Page 19
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Figure 3_ Electrical Module Layout
GP-B ELECTRICAL MODULE

CAWPOOC\PrectransporiP0780CenGSE wpd

Endevco
GT TV FL
MKS Cap Gauge
EG-2 PG-1
G-P Cap/Con G-P Cap/Con i
EG-1a EG-1b AG-2a AG-2b
MKS Cap Gauge G-P Cap/Con
EG-2 PG-1 PG-2 EG-3 Control
Matheson Flow Meter Panel
LLS-1:
LLS-2
LLS-3
DOOR SEAL DOOR
Fan Fan
LLS-4
Veeder Root
MKS MKS
EV-7a EV-7b
Vac-lon Pump
RAV Controllers (4)
Spare
Spare
Spare
HP Power Supply #1 |HP Power Supply #2
Spare RAV Power SupplypOWER

Cucaroner 10, 2000
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Figure 4 Gas Module Plumbing Schematic

: . \ZJ f i v !
{ GAS MODULE G- _ mw &.ﬁ e
i CONFIGURATION T ]

. DEC 2000
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P800 to DAS via W-D01 PBOO to DAS via W-DO' \ \%/ 4 \
GSE GSE m\ .lQlR
Cable | cabie]
» 63P ———
- - - -
5 2 & s| 3 s 2 3 | og
Q = o Wbl | Z2 | Q < o |wDol|5 | 8| 3
> v o < <L > @ =
@ - 0 (&] a @ = 0 Q
a S o Q 2 &
- - Shd 1 Shield - Shd | 3ft —
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Bag /a I+ 1 + 5 Fpigs i jy9%.3 Phase3 32 + » e
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Top Lead Shield - Shd 10 /6ol - ¥ Shield - Shd 4P R
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P801 to DAS via W-D02 (Internai to DAS)

Page1of3
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P801 to DAS via W-D02 {Internai to DAS)

Page 3of3
o |
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P802 to DAS via W-D03 Internal to DAS
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P802 to DAS via W-D03 and to EM via WE22 Page 3 of 4
aEF
Cable
o g 2 | w =
[ ] 3 — o [ 4]
0 = o Q g1 e
> £ 2 2 1
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P802 to DAS via W-D03 Internal to DAS
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Page 4 of 4
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P803 to EM
Page 1 of 2 Page
ERIES = instr B ety
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(and to DAS via W-D22)
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1 Feb 2001 . 14:13:09
Ty 008343 2 1733.590486 3 088026 4 365777 5 250594
) - 086024 7 ~.01025% 8 137504 9 4.568109 10 0. 000000
0.000000 17 0.000000 18 0.000000 19 0.000000 2099999.00000C
§.327450 220UTPUT ERROR LO5
T.626100 27 1365.267993 280UTPUT ERROR 105
36 ©.000000 37 0.000000 38 0.000000 35 | 0.000000 4099999000000
4199999000000 42 534898 43 101092 44 ~.021694 45 1.048913%
~4.751032 47 8.630147 48 9999.999999 49 4.507140 50 0. 000000
G.000000 62 0.000000 63 0.000000 &4 914930 &5 0. 000000
0. 000000 82 0.000000 83 0.000000 84 7.697623 85 514115025
86 9999.999999 87 9999.999999 88 9999.999999 89 9999999999 90 9999 . 999999
91 534.834750 92 569.119725 93  958.380447 94 S5S80.610404 95 9999 999999
96 3999 999999 97 0.000000 98  -2.662956 99  ~2.315055100 0. 000000
101 100, 000000107 0.000000103 0.000000104 0.000000105 0. 000000
106 0. 000000107 0.000000108 0. 00000010999999 . 000000110 0. 000000
1119999%.000000112 887000000113 0.000000114 862.000000115 837.000000
116 0.0000001 1799999, 0000001 1899999 . 000000119 L00490012099999, 00000
1 0. 600000122 0. 000000123 0. 000000124 0.000000125  7&9,000000
1 0. 000000127 0. 0000001 2€ Z.000000129 0.000000130 0. 000000
1< 0.000000142 0.000000143  122.000000144 0.000000145 0.000000
1 0.000000147 0000000148 0.000000149 443 .636364150 0. 000000
4:13:09 | Feb 2001

Confligdm: SMD only at SU uwsing DRP_SMD for: Start press. MT for Transport Ops

Dewar Temperatures - Kelvin

Sta 200 Dewar /Ja TOLID {01} -999.100 Guard Tank /a T1SD [24] -999.200
Hex-1 Dewar TOED [05] ~999 100 Hex~2 Dewar TO&D [06] =999, 100
1ex-3 Dewar TO7D [07] =999, 100 Hex~4 Dewar TO8BD [08] =999 100
Main Tank Top /a T10D {20} -999.200 P Plug dwnstm /fa T12A0 {22} —-999 100
Flow Meter /a TIi8D {26} —-999.200 Bot Tank:corr.-.05T09D [09]~999 . 2500
Top Lead Bag /s T20D {28} ~999.100 Top Lead Bag /b T21D {29} ~999.20C
Top Pb Bag /o T22D {40} ~999.200 Top Fb Bag /d T23D {41}

VCS~1 Bottom TO5D [04] -999, 100 VCS~1 Middle T04D (03] =999.100

Pressures - Torr

££G-3 analog value 1000T[47] 859.7%LEG-la Exh Gas Pr-cap T(112] 887.00

\§Mdfpﬁ Exh Gas Pr-con T[111) o.@om+00v\\ GTVVA Endevco T [46]~-5.24E+01
T Vao Mod press Stabill T[98] A,OOmtO®?D,vNMN Pump Vac Shell T [99)-9.99FE+0%2~
(Btmospheric Press T [841} 7.70E+C—  Thruster V Endvc—-50 T [49] 40%1 .37
Vﬁﬂhm Main Tnk Pr-cap T[114] B2 . Q€& LPW-2  Well convec T[117] 9.90E+0%—"
=g g e Valwe MDC— TS5 T 24 C 0.000
e - Lquid Level - %
LiS Main Tanks/all-1D [101] ~:lmAc LLS GuardTank%/al.l-50 (102 ] Q.OMA
Flow Rates — slpm
Mth 7/00 Calzx].0s3lpm [44] -.14 PEML{LLIO) L1/ hr=-9 99&slpm= - 99
Main Tank Heater (W & a)
Hetr Main T Ex/a HO8D W[L05] O.Q0E+00 Htr Guard Tank /a HO3D [&471 0. Q0E+0G
Data Averages
2X:33AR 110 Q.0000 +O L 00000 44 - . 4820 =, QL0833 No S
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SMD FUNCTIONAL TEST (ABBREVIATED)

xxP
ALSP
ALSPV
ATC
AVxx
B8PS
CNT
DAS
EM
ESD
EVxx
AWG
Cryoperm
CT
CTE
DAS
DEV-xx
DR
DVM

EEBA
EG-xx
ESD
EVRx
FIST
GM
GHe
GP-B
GRT
GSE
GTU-2
HEPA

ABBREVIATIONS

Kit number xx of P type kits (ref. SU GP-B P0141) LGS
Airlock Support Plate LLS
Airlock Support Plate Valve LMSS
Advanced Technology Center (at LMSS) LN,
Gas Module Auxiliary valve number xx mG
Bellville Pre-load System MHZ
Composite Neck Tube of Probe NPB
Data Acquisition System ONR
Electrical Module Ozsi
Electrostatic Discharge PM
Gas Module Exhaust Valve number xx PPS
American Wire Gauge PWx
Trade name for cryogenic magnetic shielding Qb
Cooling Tube RCM
Cryogenic Test Engineer -RGA
Data Acquisition System RSE
Dewar Exhaust Valve number xx RQE
Discrepancy Report sces
Digital Volt Meter SMD
Emergency Evacuation Breathing Apparatus suU
Gas Module Exhaust Gauge number xx TAO
Electrostatic Discharge TGxx
Gas Module Relief Valve number x TM xx
Final Integrated System Test TVxx
Gas Module VM
Gaseous Helium VMA
Gravity Probe-B program (also, Relativity Mission) UTs
Germanium Resistance Thermometer ViP
Ground Support Equipment VFV
Ground Test Unit number 2 VSx
High Efficiency Particulate Air VW-1

VSx

VW-1

CAWPDOC\ProctransportiDisconnechP0O774_AFunct. wpd
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Leakage Gas System

Liquid Level Sensor

Lockheed Martin Space Systems
Liquid Nitrogen

milli Gauss

Megahertz

Normal Boiling Point

Office of Naval Research

Ounces per square inch

Pump Module

Programmable Power Supply

Well Pressure gauge x

Quick Disconnect - O-ring seal under cap
Rotating Coil Magnetometer

Residual Gas Analyzer

Responsible Safety Engineer
Responsible Quality Engineer
Standard cubic centimeters per second

Science Mission Dewar (of GP-B , Relativity
Mission program)

Stanford University

Thermal Acoustic Oscillation
UTS Gauge xx

Task Module number xx
UTS Valve xx

Vacuum Module

Valve of Mini-Airlock

Utility Turbo pumping Station
Vacuum lon Pump

Vatterfly Valve

Valve number x on Shutter

Valve on Dewar Adapter connecting Well to
outside

Valve number x on Shutter
Valve on Dewar Adapter of Well

Femnary 1. 2001
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SMD FUNCTIONAL TEST (ABBREVIATED) . SU/GP-B P0774 Rev -
Page 1

A SCOPE

This procedure describes the steps to effect a functional (thermal proof ) test of the GP-B Payload, or
GP-B SMD alone, after any major transportation or period in which the health and status of the SMD
have not been continuously monitored.

B REFERENCE DOCUMENTS

B.1 Procedures
Procedure No. Title
None

B.2 Drawings

SC ing No. Title

None

B.3 Figures
None

B.4 Supporting documentation

a) GP-B Magnetic Control Plan, LMSS-5835031
b) SMD Safety Compliance Assessment, LMSS GPB-100153C
c) SM Dewar FMECA, LMSS GPB-100333
d) FIST Emergency Procedures SU/GP-B P0141
e) SMD Final Assembly, LMSS 5833500
C SAFETY

C.1  Incase of any injuries obtain medical treatment at:
Stanford University Call 9-911 or,atLMSS, call 117
C.2 Safety

The GP-B (FIST) Safety Plan, LMSS GPB-100153C, discusses safety design, operating and
maintenance requirements which the LMSS program office has adhered to. These requirements
should be reviewed for applicability at any facility outside of LMSS (e.g. Stanford University)
where FIST hardware is operated.

C.3 Hazards Analysis

The GP-B (FIST) Preliminary Hazards Analysis, LMSS GPB-100333, discusses hazards inherent
in LMSS-developed FIST hardware in greater detail.

CAWPDOC\ProctransporfiDisconnechP0774_AFunctwpd
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D CONTAMINATION CONTROL
D.1  Particulate Contamination

The control of particulate contamination of the probe is described in “GP-B Contamination Control Plan”,
SU/GP-B P0059. Specific cases that require special methods are treated individual in this procedure.

E PERSONNEL
The personnel certified to set up and perform this procedure are:

Dave Murray Stanford University
Mike Taber Stanford University
Jim Maddocks Stanford University
Tom Welsh Lockheed

F QUALITY ASSURANCE

Payload integration shall be conducted on a formal basis to approved and released procedures. The
QA program office and ONR office shall be notified 24 hours prior to the start of this procedure. A
Quality Assurance Representative, designated by D. Ross shall be present during the procedure and
shall review any discrepancies noted and approve their disposition. Upon completion of this procedure,
the QA Program Engineer, D. Ross or her designate will certify her concurrence that the effort was
performed and accomplished in accordance with the prescribed instructions by signing and dating in the
designated place(s) in this document.

A Quality Assurance Representative, designated by D. Ross shall be present during the procedure and
shall review any discrepancies noted and approve their disposition ‘

a)  All discrepancies shall be recorded in a D-log

b)  Any discrepance resulting in a nonconformance or test anomaly shall be reported
by a Discrepancy Report. Refer to the Quality Plan, P0108, for guidance. Do not
alter or break test configuration if a test failure occurs; notify quality assurance.

F.1  Redline Authority

The persons authorized to create and sign-off on redline modifications of the procedure as it is performed
are the test directors, M. Taberand D. Murray. The redlines shall be reviewed and approved by the RQE
and ,as appropriate, the RSE during or after the performance of the redline.

[+ \WPDOC\ProctransportDiscornecthP0774_AFunct wpd
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G CONFIGURATION REQUIREMENTS
a) Payload electrically disconnected from GSE (EM, GM, DAS) and not connected by
plumbing.

H HARDWARE REQUIRED

a) Gas, Electrical and DAS modules
b) Plumbing module is optional

c) Helium Gas Supply System

d) Compressed air at 80-120 psig

e) SMD/Probe/Payload

| CALIBRATIONS REQUIRED
None

C:\WPDOC\ProctransporhDisconnechP0774_AFunct.wpd
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Sl
Operations Number_(__s_?:
Date Initiated __2 /£ /2 |
Time Initiated /Ya’ d

J OPERATIONS o
1 Verity Payloa Ready to Test W72 ol

ol
1.1 Venlj%eéoemﬂcatlon of Electrical Module, Gas Module and Data Acquisition System” has % "

-been completed since the last transportation of th load and GSE.
SUGP-B
. ?3 g?/ el 2/ fo INSF 31
& Verify “Connect Electrical GSE to Payload”, 26774, ‘has been performed “since the last

transportation of the Payload and/or cryogenic GSE.

2 Prepare DAS to Collect Data
NOTE

SU 6P-B
INSP 31 Mo\

Refer to Figure 1f<f le/module configuration.
‘4 Put the DAS in the/:‘AlI Channel” No 1 configuration.
,,/2".2 Verify the data scan is producing appropriate output for all channels.
£73  Set up plotter to plot all temperature output of the SMD over a time scale of ~6 hours.

/b /WJ¢4’? ,(—y/ﬂ (
124 Adjust DAS data cycles to 5 to #&minutes.

3 Verify SMD Performance
.31 Verify more than two hours of data have been recorded and plotted.
,/a{ - Verify all channels are plotting within limits of plotter.

3.3 Verify no channel has noisy/erratic behavior: if not then annotate below and disposition in D-log:

Lel W are OK,

CAWPDOC\ProctransporiDisconnechP0774_AFunct.wpd
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&4  Attach data print out including the page of status data and a copy of the plot results to this

procedure.
Completed By: M -
Witnessed By; %,& Lot /
M 724/14

Date: Q/Q/&l
Time: _jﬁ;/ll il

4 Procedure Complete

Payload Test Dlrector% e - ;M Date 2///44/

e Bp (@) e 2/
Quality Manager A~ INSP 31 Date ___2 L/D(

Qy/g/éjo\

?T/z}o/

Y6 //&/(&L veridica Troe

'L/a.,,/ LM&I’L T"AVV Dov"[“ﬂ‘—l /ﬂ +21~e ‘{ //(/ [f/
&\ Set 0"3‘7“7@ hah/fdp%?f/ e, £ (ﬁ
C@)Se"/ /,V(///#’ & p&(/f)‘)b e te

P"Z‘-;Jr t1e of Fle peatas ”“(P}’B e |

ifﬁvﬁcé}k @VF/’MWW;& Cw V%W /

b) %c‘ .
. /e l ‘ Vo ua—— }71’@6

Ay Neme \MJé(ﬂ YT"'97< ~+ \ 2 lev ;a; w L\
}‘ZO Ho (D . 4o 23,3 » /M\
e | PP | 47y | 483 - D ter

g | Ho3D | 779 | Ve kewﬁ ﬂ o
lgC | teeP | 477 732 @M

' - 737

(7 | PP | .03 o

v o | #eB2__ | Las% 7L I ¢y V0 s

A 3% 1439 0
7'7 Fi U “So6__ |3k . 4o
/7/5 G Rk 357 1 ... y

""'/77m"m"°°mp°m }W“"’" st wpd ;rrﬂu - M W&j 7
Tore: By PBAD YHPUD o eectrets




Presently using: Configdm: SMD only at SU using DRP_SMD
Thla configuration has 34 data ID s
CONFIGURATION DATA FOR EXPERIMENT for: SMD Flight Payload Test No. 2
f1s 2/ 3/ 4 /s /e /T /8 9/ 10/
“TYP/TABH# /REF/ RESIS / A B C ] E = DESCRIPTOR

L 3 11 Cr O o) 3. E—-6

2004 10922 22 4 5ta 200 ewar /a TO1D {01}
= 3 13 O 0 Q G 2002 20922 22 4 NCS-1 Middle TO4D [0X)
4 3 14 O O @ 8 2002 20922 22 4 VCS~1 Bottom TOSD [04]
5 A 1% 0 Q O D 2002 20922 22 4 Hex-1 Dewar TOZD [05])
& 3 le O G 0 ¢] 2002 20922 22 4 Hex -2 0ewar TOHAD [06)
7 3 17 ¢ Q 0 O 2002 20922 22 4 Hex~3 Dewar TOZ7D [07)
8 3 153 Q @] Q 0 Z002 20922 22 4 Hex-4 Dewar TOBD [08]
W 3 19 0O -~ .05 5 O 2002 20922 23 4 Bot Tank:;corr.-.05T09D [09]
20 3 20 O O 0] -3, E-6

2005 10922 22 4 Main Tank Top /a T100D {207
P A 27 0 Q O ~3.E-6

2002 10922 22 4 PoPlug dwnstm /a TL12A0 {22}
24 3 < 0 O o) 2002 20922 22 4 Guard Tank /a TLSD [Z4]
26 & Q 0] O ~3 . E-6&

2002 10922 22 4 Flow Meter /a T18D {247
Pt 28 O ¢ Q -3 E-6

2002 10922 22 4 Top Lead Bag /a TZ0D {28}
2 3 29 O G Q ~3.E-6

2002 10922 22 4 Top Lead Bag /b T21D {29}
40 3 20 0 Q G ~3.E-&

2002 10922 22 4 Top Pb Bag /o T220 {40}
41 3 3L 0 8 Q ~3.E-6
2002 10922 22 Top Pk Bag /d TZ230 {41
8 =1 L 200 4 O 2002 30922 21 Mth 7/00 Cal=¥1.0slpm [44]
3 4 10 ~.025 O 0 2002 30922 24 TG~1 UTS cold Cath. T [45)]
4 8 & 1l 10.34 -~3.3 ~9992002 20922 21 GTVVA Endeveo T [46]

47 8 -1 11 100 O o 2005 30922
49 8 O 11 258.5 -188.7 ~9992004 20922
&4 G 65 1000.1 2002 30922
&5 O 0 5.0001 2002 30922
&4 0 11 100 2002 30922
3 2002 30922

7
)
2
8
9 g ~1004 &.7E~-8
&
&
7
1

EG-3 Analog valus 10007[47)
Thruster V Endve-50 T [49]
Htr Guard Tank /a HO3ID [&4]
Htr I Grd Tank /fa HO3D [65]
Atmospheric Press T [84]
Vac Mod press Stabill T[98]

NIRAVES]
Ho=

N
N

COOOQOQO00O OO
NN
Do

2002 30922 24 Ion Pump Vac Shell T [99]
101 O 11 1 00Z5 50013 20 LLS Main Tank%/allL-10 [101)
LO?Z @] 1l L 0025 50014 20 LLS GuardTank%/alLl—-5D [102]
LOS (§) 106 1 4025 50025 Z« Htr Main T Ex/a HOBD W[105]
106 ] G 129 1 4027 500z5 24 Htr Main T Cr/a HOBD alloé]
102 8 @] 11 1 o] Q00O &0000 20 Flow Lig 1%&0 PEML 1 [10%]
110 8 109 24 O O Q000 GOOQO 21 PFMLI110) Ll/hr= O.08&slom=

Lil & G 11 1 0023 20010 24 EG-1b Exh Gas Pr-con T[1311)

DO DEBEEDD™DDAEDEDDLEDDSLEDLDDLEBMSS

O
112 8 0 11 1 0O Q0Z4 50010 21 EG~la Exh Gas Pr-cap T[112]
114 & @ 11 L @] 0024 50012 21 EG~3 Main Tnk Pr-cap T[114:
117 @ 9 11 1 O O 0022 50011 24 PW=-2  Well convec TL117]

Where TYF is the tvpe of calculation: (0-12)
MO USECURRENT FRTABS T/CRESITORT/C»PRTT/CO>T/CHTR VLTSPECTALTHERMIS RESDVM

SDTa PRTa
GRTa HTRILWRPPS I&VHte-—-cur RGA Htrz2ld DUMMY

Where TaB# 1s lookup table No.

Where REF 1s the Refarence channel ID., e.g., current for power, OR Sdt matrix id
specilal —alc ID (for Typ=z8), latter can use Id. 4,5 and &

wiere RESTS 13 the resistance assoc. with this ID,e.g., PRT Ro,.etc., OR

also firet cosef:rcient for Spec calc

also temp otfset cor. for Type 3.4 & S Absolut T and PRTs

Where A is second coef. for Specilal calc, or heater resis (Typez7). also =0 #o



alculation
done
where B 1s third coef. for special calc
Where Csuvww gives the IDs for the instrument and scanner commands
J:is Index of Ist scanner command. v the 2nd
u=l, 1 plcy w=2. 10 plc: w=d, 120 plc; wuz4, 600 plc
NOTE: For type=5h, TEEE488. uzreturn word turncate value
Ww: 1=19->DMM:; 20-29~>Gran-Ph press; 30-39~:GRT ac braidge
Where D = tssil, scan control number with:
Lz type of scan, L=GRT,2=S0DT.,3=V0C,4=ohms,5=TEEE488
5T scanner address
11z instrument address
Where E is the print output format control
Where F is the Experiment Number (Expno), =0 for this channel inoperative
cted by Pnfi
* 1)

Derived variables are the following:
No derived variables (ID>190) in data stream
SHORT ID = O
Maximum No. ID s for data storagez 34
Comment writtern to file: COMMENT!!!2 Feb 2001 09:08:32 P 0L01310.PCD
Program File FO10124.PG has been read

Y-AXES DATA FOR PLOT NO. 1
PLOT SERIES-ID NO. IS O

NUMBER 1 Y-AXIS; SCALE LIMITS ARE (Lin):

NUMBER 2 Y-AXIS: SCALE LIMITS ARE (Lin):
MBER 3 Y-AXIS; SCALE LIMITS ARE (Lin):
MBER 4 Y-AX1S: SCALE LIMITS ARE (Lin):

NUMBER 5 Y-AXIS: SCALE LIMITS ARE (Lin):
114 46

Z.11847908375E+11

TO & CH. NO. 1 9 20 24
TO 100 CH. NO. 5 & 7 &
TO 100 CH. NO. 101 84 102

O D DO b

TO 1000 CH. NO. 99 o8 42

WHAT IS DATE/TIME CORRESPONDING TO TIME AXIS ORIGIN
Program File PO10202.PG has been written

fsela

TO 20 CH. NO. -1044 -111C 105

PYONO LD~ Comment writter to file: COMMENT | | !2 Feb 2001 09:14:02 y 1 0101180

. RCD
New D.C. 19

15 minutes - starting at 09:45:00 present time: 09:29:01

s [P N T X Ty 9 Rl W W 3 O | i L " e

2 Feb 2001  09:29:03

1 1343.69341¢ 2 1732.590486 3 1.106308 4 1.105688 5 1.111438

& 1.034785 7 Lo00%28 8 7676739 1.616121 10 0. 000000
1& 0.000000 17 0.000000 18 0. 000000 19 Q. 0000C0O 20 16435, I33676&
21 1838.327450 22 1786.093123 23 1830.472797 24 1. 109587 25 0. 000000
26 1174.400319 27 1365.267993 28 1201 .277810 29 1541 . 648382 30 Q.0COQ00
3& G, 000000 37 0.000000 38 0.000000 39 0. 000000 40 1709.129093
41 1508B.726326 42 . 534898 43 . 101092 44 ~. 018683 45 - . 063834
46 14.539718 47 8.412552 48 9939,999999 49 1.171570 %0 0.000000
&1 0.000000 &2 ¢ . 000000 63 0.000000 64 L000002 65 =0.000000
81 0.000000 82 0.0000C0 83 0.000000C 84 7.734111 85 514.115025%
86 9999.9999929 87 9939.999999 88 9999 .999999 89 9999 999999 90 9999 999939

T 534.834750 92 569.119725 23 558.380447 94 580.610404 95 9999 999999
2& 9999 999999 37 Q.000000 98 7.050564 99 000001100 0000000
101 100.000000102 G, 000GCQ0103 C. 000000104 0. 000000105 Q. 0C000C
106 . Q00000107 0.000000108 0.000000L0992999. 000000110 Q. 000000

11199999, 00000G112 873.000000113 Q.000000114 840.000000115 8IT7.00000C



116
1Z1
126

141

OO OO0

-0Q000011799999
0000001272
.000000127
000000142
000000147

G.
0.
Q
O

000000122
000000128

Q00000143
000000148

LO00000124
-000000129
.000000144
000000149

QQ0OO01LLS

-004Q0012099999
Q00000125
Q000001 30
000000145
LOI63654150

WO OO0

By
FiN

- CGO0000
75000000
CLO0000G
O.G0QGCOO
0.000000

09:29:

03

Configdm:

Sta

Hex—3

VCS~1

EG-3

Vac

FEG~3
Frass

LLS

Mth 7/00

Htr Main T Ex/a
R1I80. PCL

O2:30:11

200 Dewar /a
Hex—1 Dewar
Dewar

Main Tank Top /a
Flow Meter
Top Lead Bag /a
Taop Pb Bag /¢
Bottom

Analog value
G-Ik Exh Gas Pr-con T(111]
Mod press
SGrtmospheric
Mair
cont.

2 Feb 2001
SMD only at suU

TO1D
TO3D
TO7D
T10D
T18D
T200
T220
TOSD

/a

1000

P
Stabill
Mress T

Tnk Pr-cap T
Valve vDC

Main Tank%/ali-10

Cal=*1.0«1lpm

a file

(ks

using DRP_SMD
Dewar Temperatures - Kelvin

-

[O1}
05]
7]

2

i 13

M
O e e

oW O

0O
2
4
[ O

£

3

Pressures

TL47] 2]
.9
.1
-7
a8

T[98
[84]
[114]
L45]

—

[101]

[44]

4.449
8.053
5. 446
4.406
4.532
4.435
4.431
0.428

37.96
CE+09
2E-04
JE+02
40.00
<2.136

Lquid Level

100.0

.46

for: Tilt

Guard

PAL T

Tank /a

Hex~2 Dewar
Hax-4 Dewar
F Plug dwnstm /a T124D
Bot Tank:corr.-.05TO9D

Top Lead Bag /b
Top Pb Bag /d

VOS-1 Middle

Tortr

EG-la Exh Gas Pr-cap T{le2)

rom Haoriz
T150D
TOSD
TO8D

TZ21D
TZ230D
TO4D

GTVVA Endevco T

Ion Pump Vac Shell

T

Thruster Vv Endvc—-50 T

P=~2

- %

LLS GuardTank%/alL-5D [102)
Flow Rates - slpm
PFFM1 (110}

Well

Ll

Main Tank Heater (W & a)

HOBD W[105] 0.00E+00
/650388 END DATA C. NO. 1

Htr

1 bts:

Guard Tank
24253 AT 09:30:09 NEXT RATA
is getting large:; 71472

setup

convec

/hr=
Ja HOZD

new, use

T[117]

O0.0&s1lpm=

to Vert

[24] 28 85y
106 69 . 587
[08] 195 035
T2 4410
[09] 4.3879
1291 4.416
141} 4 .41
[03] 0,198

873,00
AT7E+O?
CE2E-LE
878 .64
LRQEHCD

O, 000

[46]) 1
[997 4
[49]

0.0
.00
Led] O.00E+0N

LYCLE 09:45:00
iFiles Manug!



PRINTER IS 2¢

SO +4 0772547 F 01
&G +4 . T7T7R2543E-01
PRINTER IS Zé

R REFEKEE DATH

w0 +4.772581E-01
SR CROR K R K K DATA

B +4.7148606E~01

FORAFHRORR DATA
& 1. 110187E~06

AAKFKFARNK DATAH
&g +2 . 783570E~01
& +S9 783682601
&4 +2. 297405501
R +2 . 5064136806
S 42 FT1EH8E~06

EE A ST DQTQ
s6 +9 7H2688E-01

Do +9 . 782502E~01
G 9. 78R2439E-01
e +2.T7E3847E-06
h P2 781725E-06

RROKARRACE DATA
&3 T 026925201
S8 49 026919E-01
e +9 . 028990E-01
g -7.580021E~07
S 6,000080[ -07

=.163 S6E~-
~5.506242E-07
KAEKKHEKK N, DAT

4.540862&

HOKAKACK KT T &
& +7 . 37T2BSE~OL

& +7.377424E~0]
6 +7 . 37TIVHE~0)

76 -1.137003E-06&
TE -4 62667 3E~06
FAKAAKKK  DATA

78 +8.001359E~01
78  +8.001324E-Q1
78 +3.217933E-06
78 +2.690550E-06
FAKKAKFK DATEH
LGS +1.020000FE+00
105  +1.02000Q0E+00
105 +1.0Z0000E+00
105  +0.000000E+00
105 +0.000000E+C0O
N

3. 764602E-00  OB:40:31 Rz +2 . 3326E+01 4. .07E-03
PR 7546 10E~08  08:40: 38 Rz +2.3326E+01 Q4E~O3
I = &0 REFXAXIKK HEpr Main Tk Int/a HOLD [O0F RR¥ARF kKA
+9.764735E~-03 08:41:06 Rz +0,0000E+00 . QOF+00
ID = 62 FRFAFRAEXHX Htr Main Tk Int/b HOZD [&2 ] RmAEA ko AK
PP, T6R997E~03  08:41:29 Rz +G.0000E+Q0 0O .00F+00
1D = 62 #FAXRRKAKE Htpr Main Tk Int/b HOZD [&2] ko iy N
- « A= [ . " 4
IFAOjOQQOQQEf?Qv”98.4¥qu/'q R fonO?OEYO?_O,OOF+OQ&3;T%%¥
) L4 FHKAAXEXER HEr Guard Tank /a HO3D [64] #kkkktsfix
+1.1445%44E-03  08:42:06 Fz +0.0000E+00 O .0CE+CO
+1.144580E~-03 08:42:15 Rz +B.3629E+02 Q. COE+0C
T2 LEETEERE-04  08:42: 20 Rz +1.9638E+02 3.10E-04
+0.000000E+00 08:42:25 Rz +0.0000E+Q0 Z.71E~04
+O.000CO0E+00  08:42:30 Rz +0.0000E+00 Z.&67E-04
IO = 66 ¥¥kaXXAXK Htr Guard Tank /0 HOAD [66 ] Kaxssorsskok
t1L.14973ZE~03 08:43:04 Rz +0.0000E+00 ¢.0QE+00Q
+1.149660E-03 08:43:13 Rz +8.3240E+02 Q.00E+0C
+1.149556E-03 08:43-18 Rz +8.3239E+02 1.40E-09
+O0.000000E+00 08:43:23 R= +0.0000E+00 4.43FE~04
+0.000000E+C0  08:43:7¢ R= +0.0000E+00 4.79E~04
ID = 68 ¥¥FRk¥X¥¥ Htr Flow Meter/a HOSAD [68] K KRAK 4k Kk
19.735328E~04 08:44:05 R= +0.0000E+Q0 C.00E+00
+I . T734834E-04  08:44:14 Rz 4+8.3705E+02 Q.00E+00
19.735079E-04 0B8:44:19 Bx +8.3704E+02 8.66E-09
+8.175041E-10 08:44:724 Rz +7 . 028304 Z.75E-04
+0.000000E+00 O8:44:.29 R= +0.0000E+00 4.06E-04
ID = 70 ¥k¥*xckskxk Htr Flow Meter/b MOSRBD 70 HREKAKKKHOK K
+0.000000E+00  08:44:49 Rz +0.0000E+C0 O.00E+Q0
+Q.000000E+00C 08:44:58 Rz +0.0000E+00 ©.00QE+00
ID = 70 FAKIKAKAKX HEr Flow Meter /b HOSBD [70] Hokkkdoksckkk
+0 . 0O00000E+Q0 08:45:13 Rz +0.0000E+00 O .Q00E+0C
TD = 76 $FKEXXX¥X Htpr Flow Cntrl/a HIOD [76 ] #*FaCkaXHokk
+3.325034E-04 08:46:05 Rz +0.0000E+0C O.0Q0E+0Q
+3.322498E-04 08:46:14 Rz +1.6381E+03 O.00E+00
+3.322827E-04  08:46:19 Rz +1.6379E+03 1.17E~08
+5 . 1Z20975E~10 08:46:24 Rz +2.5245E-03 1.28E~04
+O.000C00E+00 08:46:29 R= +0.0000E+00 1.38£-04
1D = 78 ¥REARARKEX Htr Flow Cntrl/b  HLILD [ 78] ¥ fkkkokkk
+3.916141E-04 08:46:51 R= +0.0000E+00 0.00E+00
t3.914036E~04 08:46:59 Rz +1.62Z57E+03% O.00E+00
+1.574105E~09 08:47:04 Rz +6.5784E~03 1.38E-04
+0 . 0C0000E+00 08:47:09 R= +0,0000£+00 1.36E-04
ID = 105 FEXXXXXEX Htpr Main T Ex/a HO8D WELOS | HKAERAANNKOKK
+2.346000E-02 08:48:283 Rz +0.0000E+00 0O.00E+0C
+2.345000E~02 08:48:35 R= +4.4348E+01 Q.00E+00
12.346000E~02 08:48:40 Rz +4.4348E+01 O.0CE+00
t0 . 000000E+00  08:48:51 Rz +0.0000E+0Q0 9 ,03E~03
+0.000000E+00 08:49:05 R= +0,0000E+00 9.78E~03
i Y I 23 T A
PR v M '?::4‘
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Originator

D. Murray

oV I(s/
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SMD FUNCTIONAL TEST (ABBREVIATED)

xxP
ALSP
ALSPV
ATC
AVxx
BPS
CNT
DAS
EM
ESD
EVxx
AWG
Cryoperm
CcT
CTE
DAS
DEV-xx
DR
DVM

EEBA
EG-xx
ESD
EVRx
FIST
GM
GHe
GP-B
GRT
GSE
GTU-2
HEPA

ABBREVIATIONS

Kit number xx of P type kits (ref. SU GP-B P0141)
Airlock Support Plate

Airlock Support Piate Vaive

Advanced Technology Center (at LMSS)
Gas Module Auxiliary valve number xx
Bellville Pre-load System

Composite Neck Tube of Probe

Data Acquisition System

Electrical Module

Electrostatic Discharge

Gas Module Exhaust Valve number xx
American Wire Gauge

Trade name for cryogenic magnetic shielding
Cooling Tube

Cryogenic Test Engineer

Data Acquisition System

Dewar Exhaust Valve number xx
Discrepancy Report

Digital Volt Meter

Emergency Evacuation Breathing Apparatus
Gas Module Exhaust Gauge number xx
Electrostatic Discharge

Gas Module Relief Valve number x

Final Integrated System Test

Gas Module

Gaseous Helium

Gravity Probe-B program (also, Relativity Mission)
Germanium Resistance Thermometer
Ground Support Equipment

Ground Test Unit number 2

High Efficiency Particulate Air

C:\WPDOC\Proclmnspon\Dlscom.d\PO774_AFunchd

LGS
LLS
LMSS
LN,
mG
MHZ
NPB
ONR
Ozsi
PM
PPS
PWx
QD
RCM

-RGA

RSE
RQE
sces
SMD

SuU
TAO
TGxx
TM xx
TV
VM
VMA
uTs
ViP
VFV
VSx
VW-1

VSx
VW-1

SU/GP-B P0774 Rev -
Page iii

Leakage Gas System

Liquid Level Sensor

Lockheed Martin Space Systems
Liquid Nitrogen

milli Gauss

Megahertz

Normal Boiling Point

Office of Naval Research

Ounces per square inch

Pump Module

Programmable Power Supply

Well Pressure gauge x

Quick Disconnect - O-ring seal under cap
Rotating Coil Magnetometer

Residual Gas Analyzer

Responsible Safety Engineer
Responsible Quality Engineer

Standard cubic centimeters per second

Science Mission Dewar (of GP-B , Relativity
Mission program)

Stanford University

Thermal Acoustic Oscillation
UTS Gauge xx

Task Module number xx.
UTS Valve xx

Vacuum Module

Valve of Mini-Airlock

Utility Turbo pumping Station
Vacuum lon Pump

Vatterfly Valve

Valve number x on Shutter

Valve on Dewar Adapter connecting Well to
outside

Valve number x on Shutter
Valve on Dewar Adapter of Well

Fobruary 1. 3000
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Page 1

A SCOPE

This procedure describes the steps to effect a functional (thermal proof ) test of the GP-B Payload, or

GP-B SMD alone, after any major transportation or period in which the health and status of the SMD
have not been continuously monitored.

B REFERENCE DOCUMENTS

B.1

B.2

B.3

B.4

Procedures

Procedure No, Title

None

Drawings

LMSC Drawing No, Title
None

Figures

None

Supporting documentation

) GP-B Magnetic Control Plan, LMSS-5835031

) SMD Safety Compliance Assessment, LMSS GPB-100153C
) SM Dewar FMECA, LMSS GPB-100333

) FIST Emergency Procedures SU/GP-B P0141

) SMD Final Assembly, LMSS 5833500

Q O T o

e

C SAFETY

CA1

cz2

c3

C:\WPDOQProc(rnnspon\Disconnec!\PO??l_AFu:t.wpd

In case of any injuries obtain medical treatment at:

Stanford University Call 9-911 or,atLMSS, call 117
Safety
The GP-B (FIST) Safety Plan, LMSS GPB-100153C, discusses safety design, operating and
maintenance requirements which the LMSS program office has adhered to. These requirements

should be reviewed for applicability at any facility outside of LMSS (e.g. Stanford University)
where FIST hardware is operated.

Hazards Analysis

The GP-B (FIST) Preliminary Hazards Analysis, LMSS GPB-100333, discusses hazards inherent
in LMSS-developed FIST hardware in greater detail.



SMD FUNCTIONAL TEST (ABBREVIATED) B SU/GP-B P0774 Rev -
Page 2

D CONTAMINATION CONTROL
D.1  Particulate Contamination

The control of particulate contamination of the probe is described in “GP-B Contamination Control Plan”,
SU/GP-B P0059. Specific cases that require special methods are treated individual in this procedure.

E PERSONNEL
The personnel certified to set up and perform this procedure are:

Dave Murray Stanford University
Mike Taber Stanford University
Jim Maddocks Stanford University
Tom Welsh Lockheed

F  QUALITY ASSURANCE

Payload integration shall be conducted on a formal basis to approved and released procedures. The
QA program office and ONR office shall be notified 24 hours prior to the start of this procedure. A
Quality Assurance Representative, designated by D. Ross shall be present during the procedure and
shall review any discrepancies noted and approve their disposition. Upon completion of this procedure,
the QA Program Engineer, D. Ross or her designate will certify her concurrence that the effort was
performed and accomplished in accordance with the prescribed instructions by signing and dating in the
designated place(s) in this document. '

A Quality Assurance Representative, designated by D. Ross shall be present during the procedure and
shall review any discrepancies noted and approve their disposition

a)  All discrepancies shall be recorded in a D-log

b)  Any discrepance resulting in a nonconformance or test anomaly shall be reported
by a Discrepancy Report. Refer to the Quality Plan, P0108, for guidance. Do not
alter or break test configuration if a test failure occurs: notify quality assurance.

F.1  Redline Authority

The persons authorized to create and sign-off on redline modifications of the procedure as it is performed
are the test directors, M. Taber and D. Murray. The redlines shall be reviewed and approved by the RQE
and ,as appropriate, the RSE during or after the performance of the redline.

CAWPDOC\ProctransporiDisconnectP0O774_AFunct whd

Feanmry 1, 2001
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Page 3
G CONFIGURATION REQUIREMENTS
a) Payload electrically disconnected from GSE (EM, GM, DAS) and not connected by
plumbing.

H HARDWARE REQUIRED

a) Gas, Electrical and DAS modules
b) Plumbing module is optional

c) Helium Gas Supply System

d) Compressed air at 80-120 psig

e) SMD/Probe/Payload

| CALIBRATIONS REQUIRED
None

C.\WPDOC\P'OC(M\SPOR\D‘!CO!I‘\GC!\PO77‘_AF\DC!,ND¢
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Operations Number /é ?2
Date Initiated ﬂ@?[’j/

Time Initiatem/

J OPERATIONS
1 Verify Payload Ready to Test

Verify P0788, “Certification of Electrical Module, Gas Module and Data Acquisition System” has
n completed since the fast transportation of the Payload and GSE.

Verify “Connect Electrical GSE to Payload”, P0774, has been performed since the last
transportation of the Payload and/or cryogenic GSE.

2 Prepare DAS to Collect Data
NOTE

Refer to Figure 1 for cable/module configuration.

MJ/ Put the DAS in the “All Channel” No. 1 configuration.

2 Verify the data scan is producing appropriate output for all channels.
LA.{ Set up plotter to plot ali temperature output of the SMD over a time scale of ~6 hours.

Plo7 2 So2—
,,2./4 Adjust DAS data cycles to 5 to 10 minutes. s 90/&’

3 Verity SMD Performance
: : 4 //(vlgms, fﬂp
~3.1 _ Verify more than two hours of data have been recorded and plotted. .
2 z/op0]

Verify all channels are plotting within limits of plotter.

~{3 Verify no channel has noisy/erratic behavior: if not then annotate below and disposition in D-log:

CAWPDOC\ProctransporiDisconnect\PO774_AFunct.wpd
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rocadure. Tolle | o Peler Mo tESees

Page 5
M // Attach data print out including the page of status data and a copy of the plot results to this

Ul f,;j
09 4 ProdZdure’Complete ’p 4
SUGP-B ] '
INSP 31 Completed By: ‘/ 0}
z 17 k 10\ Witnessed By:

RQE 21/94/\; e 2 o,
Date:  2(2-2/2 /
Time: / 4/0 o

' L e - "
Payload Test Director %(4 (- [lA Date __ = /4 7/0 /

/D : SU gp.g
Quality Manager _\/D 11 & —<_ ‘E—/? 2 o \NSP31 ) pote /’/A’ 7//0 /

C?\WPDOGPrbcuanspon\Dlscemecl\Poﬂd,AF\n:prd
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[ oAb L

HEATER CHECK OUT DATA Date/Time _8/8 17/ l
Ch. No. Description Raw Dat#’_ Reduced | Resistance

(vdc) Data (W/a) (ohm)

60 |Htr Main Tank Int. /a HO1D N 00 TXZ7S| 23.33

61___Htr Current Main Tank nt./a HO1ID | . /»~ 9 L Bns~ -

62 |Htr Main Tank Int. /b HO2D A32- | 009996 129,77

63 |Htr Current Main Tank Int./b HO2D | ./ n37/ LO2 a4 —

64 |Htr Guard Tank /a HO3D @ 9957 | cocss7% | 8415

65 |Hir Current Guard Tank /a HO3D L 0059/7 | .00 l183 —

66 __|Htr Guard Tank /b HO4D 2735 Looies| 93,7

67  |Htr Current Guard Tank /b H04D P25 229 oo,y —

68  |Htr Flow Meter /a HOSAD > 9034 F |, o002 9759 | ¥37- ]

69 |Htr Current Flow Meter /a HOSAD 005377 | . cojopay |

70 |Htr Flow Meter /b HOSBD L 96353 | . oc/s754 | 825/

71 |Hir Current Flow Meter /b HOS5BD LOO5Y56 |, avle Gl —

72 Omit HOSD (FEP) -

73  |Omit HO6D ~

74 |Omit HO7D -

75  'Omit HO7D —

76 |Htr Flow Cntrl /a H10D L3 G PCII3H ([ FE A

77 !Hitr Current Flow Cntrl /a H10D C04 571G L pooN5)F —

78  |Htr Flow Cntrl /b H11D v 9719 |, 003?324 163 S/

79  [Htr Current Flow Cntrl /b H11D 206004 T s Y Py | ——

80  |Omit H13AD (Porous Plug) —

81 |Omit H13AD -

82 |OmitH13BD -

83 |OmitH13BD —

105 |Htr Main Tank Ext/ a HO8D Lo65 L pop3 Y372

106 |Htr Current Main Tank Ext/ a HO8D |. .23z Prk —

107 |Htr Main Tank Ext/ b HO9D 005 |, 085/ Yo 2—

108 _ |Htr Current Main Tank Ext bHOSD | 025~ | . 26— —

*l Vo ¥ exciteticony

HTRDATA.XLS Sheett 2/27/01




SEMD Flicaht

Pawlcrac Test Mo, =22

27 Feb 2001 11:35:09
1 1412.048282 2 1776.215855 3 1.562742 4 1.553858 5 1.583518
5 1.108531 7 1.006551 8 .883625 9 1.619555 10 0.000000
16 0.000000 17 0.000000 18 0.000000 19 0.000000 20 1718.18757¢%
1886.183369 22 1867.552130 23 1879.814244 24 1.611459 25 1.611308
26 1285.187810 27 1388.155126 28 1262.030011 29 1606.833371 30 0.000000
36 0.000000 37 0.000000 38 0.000000 39 0.000000 40 1793.059949
41 1575.528838 42 .536080 43 .457771 44 -.008118 45 3.706504
46 .684845 47 0.000000 48 9999 ,.999999 49 5.775238 50 0.000000
56 0.000000 57 0.000000 58 0.000000 59 0.000000 60 .000002
61 0.000000 62 -.000001 63 0.000000 64 .996012 65 .005918
66 . 000003 &7 0.000000 68 =.000001 69 0.000000 70 0.000000
71 0.000000 72 .000001 73 0.000000 74 .000002 75 0.000000
76 -.000001 77 0.000000 78 .801909 79 .000490 80 0.000000
81 -0.000000 82 0.000000 83 0.000000 84 7.619322 85 0.000000
96 0.000000 97 .000004 98B .489319 99 -.000027100 0.000000
101 89.300000102 48.200000103 0.000000104 0.000000105 1.005000
106 .023000107 1.080000108 .02500010999999 . 000000110 0.000000
11199999.000000112 722.000000113 0.000000114 0.000000115 0.000000
116 1.15000011799999.00000011899999 . 000000119 0.000000120 0.000000
126 0.000000127 0.000000128 0.000000129 43 .695652130 43 .200000

11:32:02 27 Feb 2001

SMD Full Data SET
Config _4: SMD operation at Stanford using DRP_SMD for: SMD

Dewar Temperatures

Functional (abr.)

Sta 200 Dewar /a TO1D {01} 4.344 Sta 200 Dewar /b T02D {02} 4.346
VCS-1 Middle TO4D [03F] 5.867 VYCS-1 Bottom TOSD [04] 6.072
Hex-1 Dewar TO3D [05] 5.321 Hex-2 Dewar TO&D [06] 29.300
iex—-3 Dewar TO7D [07] 84 .567 Hex~4 Dewar TO8D [08] 143.484
dot Tank;corr.—-.05T0%D [09] 4.2847 0.000
Main Tank Top /a T10D {20} 4.317 Main Tank Top /b T11D {21} 4.318
P Plug dwnstm /a T12AD {22} 4.320 P Plug dwnstm /b T128BD {23} 4.322
Guard Tank /a T1SD [24] 4.492 Guard Tank /b T16D [25] 4.574
Flow Meter /a Ti8D {26} 4.337 Flow Meter /b TioD (27} 4.335
Top Lead Bag /a T20D {28} 4.331 Top Lead Bag /b T21D {29} 4.333
Top Pb Bag /c T22D {40} 4.333 Top Pb Bag /d T23D {41} 4 .329
Fill valve V13 T24D [42] 293.116 PG-1 Pump Mod 10 T (43) 3.75E-01
Flow Rates - slpm
Mth Cal=1.0-2.55 slpm [44] ~-4.17 TG-1 UTS cold Cath. T [45] 1.60E-05
Pressures Analog - Torr
GTVA Endevco 50 psid T[46] 2.18E+02 EG-3 Analog value 1000T(47] 0.00
WTM Thermistor K [48] 11.10 Thruster V¥ Endvc=50 T [49] 5.17E+01
Atmospheric Press T [84] 761.93 Lig Pt Dt(@750 ma)V12D [97] 3.60E-06
Vac Mod press Stabill T[98] 3.09E-11 Ion Pump Vac Shell T [99] 0.00E+00

Htr Main Tk Int/a HO1D [60] 0O.O0OOE+00 Htr I Mn Tk Int/a HOLID [61] 3.90E-08
Htr Main Tk Int/b HO2D [&2] - Htr I Mn Tk Int/b HO2D [&3] 1.79E-08
Htr Guard Tank /a HO3D [64 L l.lBE—O% Htr I Grd Tank /a HO3D [65]
Htr Guard Tank /b HO4D [66] O. 00 Htr I Grd Tank /b HO4D [67] IT99£<08
Htr Flow Meter/a HOS5AD [68] 0.00E+00O Htr I Fw Meter/a HO5AD [&9] 2.65E-08
Htr Flow Meter/b HOSBD [70] O.O0OE+00 Htr I Fw Meter/b HOS5BD [71] &.29E-08
Htr FEP /a HO6D [72] 0O.O0E+00 Htr I FEP /a HO&D [73] 5.33E-08
Htr FEP /b HO7D [74] 0.00E+00 Htr I FEP /b HO7D [75] 7.51E-08
Htr Flow Cntrl/a HI10OD [76] 00 Htr I Fw Cntrl/a H1OD [77] 1.95E=07_
itr Flow Cntrl/b H11D [78@{3% Htr I Fw Cntrl/b H11D [79@
Htr P Plug Ds/a H13AD [80] O.00E+00 Htr I P Pg Ds/a H13AD [81]-1.25E-08
Htr P Plug Ds/b H13BD [82] 0.00E+00 Htr I P Pg Ds/b H13BD [83]} 5.72E-08

Heaters - watt/amps



Ht~ Main T Ex/a HO8D W[105] Htr Main T Cr/a HO8D a[l106]
Htr Main T Ex/b HOSD W[107] Htr Main T Cr/b HO9D afl108]
HUBD resistance ohm [129] HO9D resistance ohm [130]-

Liquid Level Sensors - %

LLS Main Tank%/alLL-1D [101] 89.3 LLS GuardTank%/aLL-5D [102] 48.2
ILLS AXx Lock % LL-7D [103] -.1 LLS Well % LL-3/4D [104] -.1
Pressuraes — Torr
EG-1b Exh Gas Pr-con T[111] 9.90E+09 EG~la Exh Gas Pr-cap T[112] 722.00
EG~-3 Main Tnk Pr-cap T[114] 0.00 AG-2a Aux Gas Pr-cap T[115] 0.00
AG-2b Aux Gas Pr-con T[116] 1.15E+00 PW-2 Well convec T{117] 9.90E+09
P9 Probe P convec T[118] 9.90E+09 Pump press PG-2 conv T[119] O.00E+00
Wet Test Meter Flow
WTM Flow liters [120] 0.0 WTM Flow rate slpm [121] O.00E+QO0
WTM calc heat rate mW [122] 0.00E+00 WTM temperature K [123] 0.00
WTM Mass LOSS rt mg/s [124] 0.00E+00 0.000
Flow Rates - slpm
Mth Cal=1.0-2.55 slpm [44] -4.17 PFM1(110) L1/hr= 0.0&slpm= 0.00
Data Averages

11:03:31 24 4.4925 -.00045 9 4.2848 ~-.00057 No. S=2

New D.C. is = 10 minutes - starting at 11:50:00 present time: 11:46:02
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Additional Ops/Details

* Connect SV EGSE, He vent lines,
& Dewar GSE

* Install & Charge Batteries

* Post ship functional

» Complete work on Forward Equipment
Enclosure (FEE)

* FEE pyro initiator installation & safing

» Final install FEE shields & blankets

» Gas Management Assembly (GMA)
servicing

* Final SV cleaning & closure of any
open action items
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Additional Ops/Details

» Install panel lifting fixture

» Install panel in deployed position

* Electrical & mechanical mate

* Stow & preload panel

» First Motion test

* Deploy panel

» S/A Aliveness test & visual inspect solar cells

» Final stow, preload & inspection of cells in
preload area

* Repeat for panels 2 - 4

NOTE: Umbilical plug must remain installed when
computer is powered on or S/A deploy countdown
will start
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* Discharge batteries

* Remove and store S/A Dolly

* Mount PAF to spin table

* Disconnect EGSE & Dewar GSE
* Install Tilt Ring onto SV
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Additional Ops/Details

* Bag & purge SV
* Erect transportation can around SV
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Summary —

LMSSC/P480709
19 February 2003

e Current layouts coordinated and accepted by
Boeing/NASA KSC

e JItems not used in B/1610 stored in B/836
— S/V Tilt Dolly
— One time use or contingency lifting hardware
e JItems not used on MST stored in B/1610 or B/836

— Immediate need items stored in B/1610 for possible
destack

— Contingency items stored in B/836

PMR - 15
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