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29 Mar 95
AGENDA

Topic Presenter start time duration
Introduction Calhoon 8:30 AM 0:10
Incremental Changes from B to C Reynolds 8:40 AM 0:40
Probe-B Refurbishment Dineen 9:20 AM 0:15
EMI shielding Cliff 9:35 AM 0:20
Grounding Cliff 9:55 AM 0:15
Optical Interface Triebes 10:10 AM 0:40
Structural Analysis Grover Vogel 10:50 AM 0:15
Thermal Analysis Goodman 11:05 AM 0:20
Cleanliness Mason 11:25 AM 0:15
Magnetics Ross 11:40 AM 0:20

lunch 12:00 PM 1:00
Interfaces Sands 1:00 PM 0:15
Cables Dobrov 1:15PM 0:50
Sunshade & Shutter Vassar 2:05PM 0:15
Windows Chilese 2:20PM 0:25
Temp Sensors & Heaters Dineen 2:45PM 0:15
External Plumbing Wwill 3:00 PM 0:15
Cross Flange Wwill 3:15PM 0:20
Safety Regimbal 3:35PM 0:10
Reliability Maxwell 3:45PM 0:10
Mass Properties Whelan 3:55 PM 0:10
Quality Assurance Lepetich 4:05PM 0:15
Verification & Test Nakashima 4:20 PM 0:15
Schedule Reynolds 4:35 PM 0:15
Action Item Closure Ross 4:50 PM 0:10
adjourn 5:00 PM
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@%)) STANFORD

PROBE C CDR

MASS PROPERTIES STATUS REPORT

-SUPPLEMENTAL-
29 March 1995
Prepared by: ;
Richard A. Whelan
Science Payload Mass Properties Engineer

Scope: The scope of this supplemental mass properties status report is limited to Probe C
only, including the Science Instrument Assembly, Top Hat External Plumbing,
Cross Flange (and attached hardware), and the Sunshade/ Shutter Assembly.
Reference: Mass Properties Status Report, LMSC/ P024612-15
Mass Properties Management: The changes incorporated into this supplemental report have
been approved by the Science Payload Mass Properties Control Board. Changes
reflected herein will be incorporated into the next Mass Properties Status Report,
LMSC/P024612-16. Additional changes will be incorporated, as appropriate.
Report Terminology:
Basic weights are estimated, calculated, or measured values.
Current weights are basic weights increased by a contingency which accounts for a
lack of design maturity.
Contingency: a tool based upon weight growth profiles from several flight
programs. Percentage increases depend upon type of hardware and design maturity
status. A table containing the contingency values used on GP-B is given in the
referenced report.
STA: Station Numbers (as shown below) represent Z axis positions and CG
locations. Station values are equivalent to ‘inches’ with Station 200 being a main
interface between the Probe and Dewar.

Probe Diagram and Contents Summary:

<< E@EQE{: p

i / i ] \

b i}

hoes, Windows 1 - fvalves.
, and stop rings.

strumentation Lines and Coaxial Cables. Encludes Thermal fand fwd lvalves

insi Vacuum ICNT/ HEX. Top Hat ICross  [Sunshade and Shutter
Shell supported by Quartz Block Support  [Composite Neck  Jincludes [Flange {Window 4 between Sunshade and
structure. Tube & Heat bellows, fincludes [Cross Flange.
E:cludes cryopump, Saddles, Segment 1 of [Exchanger. conn.’s, [Vat
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Probe-C Supplemental Mass Properties Report Page2

Spacecraft/ Science Payload Contract division:

Science Payload hardware

mounted on Spacecraft

(locations determined by

Spacecraft Design Team)
Aft Electronics and
Gas Management

Assembly (GMA)
Probe & Sunshade
|.. ~ Ispacecraft Contract
Forward Mounted Electronics [:]Scuence Payload Contract

and Electronics Enclosure

Spacecraft Structure

i Payl H re:

Probe-C represents 15.18% of the total Science Payload contract when the Lockheed and
Stanford portions shown in the table below are conmbined.

Percent Basic | Cont. | Current || Basic |Current
of Major Groups Weight | (%) Weight [l Weight| Weight
Total (kg) (kg) (Ib) (Ib)
45.90%{Dewar 805.53] 4.35%] 840.61}]1775.88]1853.22
8.61%|Probe, Lockheed 1561.12] 4.87%| 158.48)]] 333.17] 349.39
6.57%]|Probe, Stanford (SIA, GMA, Valves) | 115.33] 14.57%| 132.13}] 254.25] 291.29
18.50%|Electronics 324.68| 23.07%| 399.58]] 715.79} 880.93
20.42%|Cryogen 358.37] 0.00%{ 358.37}] 790.08] 790.08
100.00%{ Total 1755.03| 7.64%| 1889.17}§3869.17|4164.91
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Probe-C Supplemental Mass Properties Report Page3
Detailed Probe Mass Properties
800 - Probe, Top Hat&Int.
eight Contngncy Xbar Ybar Zbar Ryy Rzz
F/C P/R Description QrY ECA —Kllograas-- -Percent--  ---——-—- -Millimeters----—-vcwec  —ommme g Millimeters--—vvemooo
5834133- Top Hat Assy 29.388 1.00 -1.14 -1.62 6085. 65 166.38 165.98 200.16
260 - CNT Assy 30.440 1.00 Q.00 ©.08 5496.48 216.51 216.51 125.89
5834135~ Quartz block support 16.721 1.00 .00 .00 4634.75 436.17 436.17 128.35
5834142~ Cryopump assy 2.869 1.0 1.24 2.21 4945.49 151.03 150.63 150.51
290 - Saddles 1.282 1.08 -14.89 2.25 4619.19 416.61 416.84 107.88
380 - Instr. cables 2.734 1.00 84,88 7.92 5450.90 1091.21 1003.90 114.06
400 - SQUID cables 2.329 1.00 22.13 104.57 5789.38 586.08 587.48 63.18
410 - Grnd coax cables,S1 0.240 1.0 -42.10 -61.82 4930.25 599.40 602.77 88.14
420 - Suspension cables,S1 2.276 1.0 ~14.45 -72.39 48990.21 620.21 624.22 88.96
430 - Susp&grndCoaxChl, S2 1.418 1.00 -46.69 -88.41 6109.09 88.03 133.74 149.34
440 - Spin-up lines 2.128 1.00 98.32 49,15 4736.06 678.09 677.82 46.37
450 - Caging lines (CL) 1.100 1.00 50.67 38.62 4221.74 812.37 812.22 127.25
460 - Pressure sense line 0.222 1.0¢ 103.23 41.42 4952.56 749.30 747.94 45.19
470 - UV FibrOptCbl Int. 1.379 15.0@ -1.66 ~47.08 5399.75 948.04 952.96 137.05
5834124~ Vacuum Shell 11.270 1.00 0.00 0.0¢ 4259.07 496. 06 496.06 124.97
K199 5834119-XXX Phase 1 HW (€CG) 1 X 9.073 1.00 3.88 Q.10 5334.77 752.05 752.32 151.9@
K299 5834118-XXX Phase II HW (8CG) 1 X 0.036 1.00 3.88 0.1@ $334.77 752.05 752.32 151.90
K399 5834117-XXX Phase III HW (@CG) 1 X 0.028 1.00 3.88 0.10 5334.77 752.05 752.32 151.90
K499 - Probe B Test Corr. 1 X -0.311 1.e0 3.88 9.190 5334.77 752.085 752.32 151.99
----Kilograms----- ---Millimeters~--- ---co-| Kg-MAZwmmeone cocnnn Kg-MAZ~=vnw
Total For: Xbar = 3.88 Ixx = 5§9.7 Pxy = 0.03
P/N: 800 - LS 195.621 Ybar = e.10 Iyy = 59.8 Pxz = 0.01
Title: Probe, Top Hat&Int. Zbar = 5334.77 Izz = 2.4 Pyz = -0.05
----Kilograms----~ ~--Millimeters---- ~-w--| Kg-MAZ-mwmen  coemen Kg~MAZ e wnn
Total For (with contingency): Xbar = 3.87 Ixx = 60.5 Pxy = 0.03
P/N: 800 - W= 106.871 Ybar = 0.02 Iyy = 60.6 Pxz = 2.01
Title: Probe, Top Hat&Int. Zbar = 5334.88 Izz = 2.5 Pyz = -2.05
Weight Maturity Status: Unknown =  0.01% X = 99,99%
249 - Top Hat Plumbing
Weight Contngncy Xbar Ybar Zbar Rxx Ryy Rzz
F/C P/N Description QTY ECA -Kilogroms-- -Percent--  -o-vowoes Millimeters---------=  cwnco ] Millimeters--~~-wowex
K603 - Spinlp Valve Stackl 1 X 0.368 1.00 -162.56 251.46 6018.53 76,20 76.20 76.20
K603 - Spintp Valve Stack2 1 X 0.368 1.00 -106.68 279.49 6018.53 76.20 76.20 76.20
K603 - SpinUp Valve Stack3 1 X 0.368 1.00 213.36 -213.36 6018.53 76.20 76.20 76.20
K603 - SpinUp Valve Stack4 1 X 0.368 1.00 251.46 -162.56 6018.53 76.20 76.20 76.20
K803 - SpinUpExhaustValvel 1t 2.000 15.00 81.28 340.36 6026.91 76.20 76.2¢ 76.20
K803 - SpinUpExhaustValve2 1t 2.000 15.00 218.44 274.32 6026.91 76.20 76.20 76.20
K803 - SpinUpExhaustValve3 1L 2.900 15.00 312.42 154.94 6026.91 76.20 76.20 76.20
K803 - SpinUpExhaustValved 1L 2.000 15.00 358.52 10.16 6026.91 76.20 76.20 76.20
K603 - Caging Valve Stacki 1 X ©.368 1.00 -213.36 213.36 6018.53 76.20 76.20 76.20
K6@3 - Caging Valve Stack2 1 X 0.368 1.0e -251.46 162.56 6018.53 76.20 76.20 76.20
K603 - Caging Valve Stack3 10X 0.368 1.98 -279.40 106.68 6018.53 76.20 76.20 76.20
K603 - Caging Valve Stack4 1 X @.368 1.00 -297.18 48.26 6018.53 76.20 76.20 76.20
K603 - Caging Valve Stack5 1 X 9.368 1.00 ~282.10 -73.66 6018.53 76.20 76.20 76.20
K683 - Caging Valve Stacké 1 X 0.368 1.00 ~-269.24 -132.08 ©6018.53 76.20 76.20 76.20
X603 - PressSenseVlv stack 1 X 0.368 1.00 ~127.08 -271.78 6032.50 76.20 76.20 76.20
K603 1(34289-101 Lrg Pilmbng Sprt Brkt 1 L 1.361 15.00 ~228.60 76.20 5969.00 152.40 152.48 152.40
K603 1(34289-182 Sml Plmbng Sprt Brkt 1 L 0.680 15.00 127.00 -177.89 5969. 02 152.40 152.49 152.40
K603 1(34293-001 BrKt-spin-up exh.vlv 4 E 0.120 20.00 241.30 195.58 6026.91 76.20 76.2¢ 76.20
K603 1(34183-081 Dewar BO/ CV 1 X 2.644 1.0@ -7.62 -254.09 6026.91 76.20 76.20 76.20
K363 1C34284-001 Pumpout port Diwell 1 E 9.250 20.00 -167.64 -199.58 6027.42 50.80 50.30 50.80
K603 1(34120-101 Rad.Bffl -heat sta.5 1 R 1.098 3.00 Q.00 0.00 6070.60 127.00 127.00 177.80
----Kilograms~-«~- -~-Millimeters---- «-cao- KG-MA2~wommm wmeae Kg-MAZ -~
Total For: Xbar = 60.59 IXX w 2.9 Pxy = 0.13
P/N: 249 - W= 18.201 Ybar = 56.73 Iyy = 1.0 Pxz = 8.02
Title: Top Hat Plumbing Zbar =  6021.48 Iz2 = 1.7 Pyz = .00
“~--Kilogroms--~-- ~~-Millimeters---- --conq| Kg-MAZwocoe e Kg-MAZ v - o
Total For (with contmgency) Xbar = 67.88 Ixx = 1.8 Pxy = 8.15
P/N: 248 ¥ = 19.881 Ybar = 57.54 Iyy = 1.8 Pxz = 0.03
Title: Top Hat lebmg Zbar = 6821.11 Izz = 1.9 Pyz = .01

Weight Maturity Status: E = 2.03% L= 55.17 R= 6.03% X = 36.77%
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Detailed Probe Mass Properties (cont.)
230 - Cross Flange Assy
Weight Contngncy Xbar Ybar Zbar Rxx Ryy Rzz
E/C P/ Description QTY ECA -Kilograms-- -Percent--  ~-m-eeeeo| Millimeters----cewaue  comeeo. Millimeters-eeec-aa-o
K662 - ProbeC CROSS-FLANGE 1L 5.670 15.00 0.00 0.00 6398.26 381.00 381.00 177.80
K802 - 6"Exhaust Valve #1 1 E 6.304 20.0e 5.08 -231.39 6385.56 177.80 177.8¢ 177.80
K8e2 - 6"Exhaust Valve #2 1 E 6.804 20.00 -113.03 201.93 6385.56 177.80 177.8@ 177.80¢
K802 - Filter, Valve #1 1 E 9.907 20.00 5.08 -231.39 6385.56 76.20 76.20 76.20
K8a2 - Filter, Valve #2 1 E 9.907 20.00 ~113.83 201.93 6385.56 76.20 76.20 76.20
K6e2 - Bracket, Exh.Vlvs 1 E 0.500 20.00 5.08 -231.39 6385.56 127.90 127.00 127.00
K602 - Bracket, Exh.Vlvs 1 E 9.500 20.00 -113.03 2081.93 6385.56 127.00 127.00 127.00
K602 1C34183-001 Probe BD/ CV 1 X 2.644 1.80 218.44 132.08 6418.087 76.20 76.20 76.20
----Kilograms----- ~~~Millimeters---- ~-e-o L e Kg-MAZwmeann
Total For: Xbar = -12.48 IxXx = 2.1 Pxy = -0.12
P/N: 230 - W= 24.736 Ybar = 4.34 Iyy = 1.5 Pxz = 0.092
Title: Cross Flange Assy Zbar = 6391.95 12z = 1.7 Pyz = 0.01
----Kilograms----~ ~---Millimeters---- —w-enq| Kg=MAZ e e mae wmmme Kg-MAZ - -~
Total For (with contingency): Xbar = -16.62 Ixx = 2.5 Pxy = -8.16
P/N: 230 - W= 28.897 Ybar = 2.16 Iyy = 1.8 Pxz = 9.02
Title: Cross Flange Assy Zbar = 6391.43 Izz = 2.8 Pyz = .01
Weight Maturity Status: E = 66.39% L = 22.92%6 X = 10.69%
5834160- Window 4 Assy
Weight Contngncy Xbar Ybar Zbar Rxx Ryy Rzz
F/C P/N Description QTY ECA -Kilograms-- -Percent--  -—--e—uni Millimeters------mooc  wuweuann Millimeters--veeeoaun
K701 - Window 4 1t 4.990 15.00 0.00 0.09 6553.2¢ 88.90 88.90 127.90
«~~-Kilogroms----- ---Millimeters---- ------ Kg-MAZ-wwmmn  woeeen Kg-MAZ- -~~~
Total For: Xbar = 8.00 Ixx = 0.0 Pxy = 0.00
P/N: 5834160 L 4.999 Ybor = 0.00 Iyy = 0.0 Pxz = .00
Title: Window 4 Assy Zbar =  6553.2@ Izz = 0.1 Pyz = 0.09
----Kilograms----- ---Millimeters-~-- ------ Kg-MAZ-cooun momeen Kg-MA2-~-wum
Total For (with contingency): Xbar = Q.02 Ixx = 0.6 Pxy = 0.00
P/N:  5834160- L 5.738 Ybar = 0.00 Iyy = 0.0 Pxz = 0.00
Title: Window 4 Assy Zbar =  6553.20 Izz = 3.1 Pyz = 0.00
Weight Maturity Status: L = 100.00%
900 - PROBE ASSEMBLY
Weight Contngncy Xbar Ybar Zbar Rxx R Rzz
F/C P/R Description QTY ECA -Kilograms-- -Percent--  -----eeed] Millimeters-—------=v  cooaony Millimeters----------
800 - PROBE, Top Hat & Int 105.621 1.18 3.88 9.10 5334.77 752.05 752.32 151.9¢
240 - Top Haot Ext. Plumbin 18.201 9.23 69.59 50.73 6021.48 222.77 229.50 306.50
230 - Cross Flange Assembl 24.736 16.82 -12.48 4.34 6391.95 292.62 248.33 262.08
5834160- Window 4 Assy 4.990 15.00 0.00 0.00 6553.20 88.90 88.90 127.00
V701 - Sunshade/ShutterAssy 1 E 13.000 20.00 -4.88 0.00 7211.57 412.24 413.00 215.9¢
u8e1 - SIA 1P 36.600 6.43 -0.76 -0.25 3980.00 259.44 250.70 64.52
----Kilogroms—---- ~---Millimeters---- ---ooq Kg-MAZecccnan  comes Kg-MAZ~e -
Total For: Xbar = 5.48 I = 222.1 Pxy = 0.09
P/N: 900 - W= 203.148 Yoar = 5.68 Iyy = 221.6 Pxz = 9.34
Title: PROBE ASSEMBLY Zbar =  5430.96 1zz = 6.8 Pyz = 0.62
----Kilogroms----~ ---Millimeters---- ------ Kg-MAZ-ecmoe cmenn Kg-MAZ— - m =
Total For (with contingency): Xpar = 5.45 Ixx = 242.2 Pxy = 0.09
P/N: 900 - Wa 215.941 Ybar = 5.55 Iyy = 241.7 Pxz = .27
Title: PROBE ASSEMBLY Zbar = 5462.99 122 = 7.4 Pyr = 0.67
Weight Maturity Status: Unknown = ©.00% E= 14.67% L= 10.19% P = 18.82% R = 0.54% X = 56.59%
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Probe-C Supplemental Mass Properties Report Page5
Change Summary
The following changes have been incorporated since the release of LMSC/ P024612-15.
Weight Change (kg)
Dwg Number Part Description Weight Change (from->to) Basic Wt Subtotal
Fiber Optics +0.522
1. UV Fiber Optics (0.448 kg ->1.380 kg ) 0.932

Update to new layout with 3 fiber optic cables, each containing 4 fibers. Weight
of connectors from Probe-B surplus and, weight of connector block from solid
model analysis. Top Hat Feedthru weight estimated; 15% group contingency
assigned.

2. Telescope Fiber Optics  (0.606 kg ->0.000 kg ) -0.606
Telescope cables and connectors added in previous report but Probe-B
Telescope Fiber Optics are not used on Probe-C

3. Contingency Change +0.196
Window 4 -4.694
1. Window 4 (9.072 kg ->4.990 kg ) -4.082

Previous weight reflected the new sapphire substrate design but maintained
adequate margin for a steel mounting flange. Thermal analysis has concluded
that the material of the mounting flange (and the Cross Flange to which it is
attached) have little affect on the thermal gradients that may have varied with
roll-rate. The mounting flange has been changed to aluminum and bellows and
substrate mounting flange changes have also contributed to the reduction in

weight.
2. Contingency Change -0.612
Cross Flange -8.263
1. Cross Flange (12.855 kg ->5.670 kg ) -7.185

Stress and thermal analyses have concluded that aluminum is the preferred
material for this application.

2. Contingency Change -1.078
Science Instrument Assembly 0.000
1. SIA (no weight change ) 0.000

The recent report published by Stanford University has indicated that the Z CG
of the SIA previously reported was incorrect at 151.65. The corrected Z CG is
156.69 which increases the Main Payload CG by 0.13 (3.3 mm)

. Contingency Change 0.000

N

[ NetChange -12.435 kg |

Conclusion:

The Probe C Mass Properties (Lockheed portion as shown on page 2) has a 4.87% overall
contingency. The majority of this contingency is for forward plumbing on the Top Hat, which,
although somewhat less mature, does not represent a great design or weight growth risk. The
Stanford portions are similar, with the SIA having a high level of design maturity, and the lower
risk plumbing at a lower maturity level.

The weight and center of gravity test of Probe-B revealed some inaccuracies of the previous
mass properties model, which was developed for engineering information and not with the
diligence associated with tracking and analyses of flight hardware. Contractual changes which
have made the Probe-B unit a flight backup to Probe-C have lead to greater interest in the
discrepancies between the Probe-B test and the model predictions, both for weight and center of
gravity. However, the Probe-B test serves as a great tool in gaining better predictions of the
Probe-C weight despite the inaccuracies previously seen.
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Subject:
Action Item
Assignee:
Action:

Response:

Background:

March 20, 1995

PROBE C PDR

#21

Paul Dineen
Investigate parylene.

Parylene C will be retested along with other
alternate isolation materials for use on Probe C.

Parylene is a vacuum deposited conformal coat.
There are three parylene coatings C,N and D. At this
time, parylene is being investigated for use as an
electrical insulator on the outside of the Probe C
caging lines. For this application, Parylene C which
has the highest percent elongation prior to breaking
is recommended. See attached sheet for additional
parylene material properties.

Parlyene C was tried at Stanford by Barry
Mubhlfelder with poor results. The samples done for
Barry had poor adhesion and delaminated and
flaked when bent. Barry felt that proper
precleaning and abrading of substrate would
provide better adhesion but this coating still should
be limited to areas of low abrasion.

Recommendation: I am recommending that parylene C, teflon tubing

and teflon coatings be evaluated for use on the
Probe C caging lines. See below for details:

Parylene C
*Apply parylene C to spare caging tubing.
LMSC to prepare the surface of the tubing
prior to delivery for coating. After coating,
bend tubing 90° then twist tubing 90° and
verify adhesion.

Teflon Coating
¢ Apply teflon coating (EM Corp System No.
6219), which was used on quartz block bolts,
to spare caging tubing. LMSC to prepare the

249



March 20, 1995

surface of the tubing prior to delivery for
coating. After coating, bend tubing 90° then
twist tubing 90° and verify adhesion.

Teflon Heat Shrink Tubing
eVerify that teflon shrink tubing, which was
used by Stanford on the DC SQUID jumper
cables, can be installed over the solder joint
on development caging line assemblies. After
installation and shrinkage, bend tubing 90°
then twist tubing 90° and verify teflon
doesn't crack.

Lk O e @ %//4;1///‘/

Written : Paul Dineen Checked: Gary Reynolds
A3 Callroe., 7//20/ 95
Aéproved LMSC Approved: Stanford University
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VlKING TECHNOLOGY INC'\ |

VVIKING TECHNOLOGY INC was estabhshed in January of 1981 to provude coatmg solutlons :
to industries utmzmg our Parylene ‘deposition services. We added E Coating services in .-
1986 to broaden our coating problem solving capabilities. Our experience with coatings
‘has allowed us to provide other specific manufacturing services that our customers have
requested. These services mclude consulting, inspection, and cleaning of coated and
uncoated substrates.

WHAT IS PARYLENE"

Parylene is a unique vacuum deposited polymer which is used for conformal
coating of a variety of substrates. Parylene has several characteristics which
make it stand out from other conformal coatings. They include: -

m Totally conformal ‘m Exceptional chemical and solvent resistance

“m Inert/biocompatible m Good electrical insulator
m Pin hole free m Low coefficient of friction (no stiction)

VIKING TECHNOLOGY, INC. has 5 Parylene coating systems, as well as _
other associated equipment, and a staff that is competent in providing the &
highly technical capability requwed for quality Parylene applications. '

r."?
l TYPICAL PARYLENE TYPICAL PARYLENE PHYSICAL
ELECTRICAL PROPERTIES* = AND MECHANICAL PROPERTIES*
' Parylene Parylene Parylene Parylene Parylene Parylene
N c D E N cv D
Dielectric Strength, , ' Tensile Strength, psi 6,500 10,000 11,000
Short Time, ' ,
volts/mil at 1 mil 7,000 5,600 5,500 Yield Strength, psi 6,100 8,000 9,000
' Volume Resistivity, . Elongation To Break,% 30 200 10
23°C, 50% RH, ohms-cm  1x10"7 6x10'6 2x10'®
: ) Yield Elongation, % 25 2.9 3
l‘ Surface Resistivity,
23°C, 50% RH, ohms 10" 10™ 5x10'® Density, g/cm® 1.11 1.289 1.418
Dia!ectric Constant Coefficient of Friction
' 60 HZ 2.65 3.15 2.84 Static 0.25 0.29 0.33
10°HZ 2.65 3.10 2.82 Dynamic 0.25 0.29 0.31
10%Hz 2.65 2.95 2.80 '
I Water Absorption,
Dissipation Factor 24 hours 0.06 0.01
603 HZ 0.0002 0.020 0.004 (0.029") (0.018%)
106 HZ 0.0002 0.019 0.003 Index of Refraction,
' 10°HZ 0.0006 0.013 0.002 N, 23°C 1.661 1.639 1.669
Melting Temperature 405°% 280°C 380°C
l *Information courtesy of Union Carbide Corporation (Data recorded following appropriate ASTM method)
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probe-C RR Als

Al# ASSIGNEE | SUBJECT
Determine if the SIA-to-Probe ICD needs to be changed to
1 Bardas .
accommodate a larger capacitor bank.
2 Bardas |Possible new mounting holes on spider for additional SQUIDs
3 Bardas, Provide information on new type of seals to be considered as
Ross |altemates for C-seals.
4 Calhoon Identify the person responsible for the overall grounding and
EMI shielding for the payload probe, dewar and electronics.
Review the gap and profile for the QBS/vacuum shell bumpers
at the bird cage to address concems about differential
5 Calhoon . . o
shrinkage during cooldown, vibration performance and ease of
integration.
Prepare PCB Change Request for recommended changes to
spec; include addition of 70 kHz operating frequency, rewriting
6 Dobrov . " . .
capacitance stability requirement at 1 kHz, requirements to be
at roll frequency, as well as changes shown on chart.
7 Kasdin Determine whether QBS needs to be shortened to move the
gyros back to the location specified on the ICD.
Determine the requirements on the orientation reference
8 Kasdin |surfaces and marks (fiducials) for the SIA position and
orientation.
Is there a potential for significant thermal grounding between
9 Parmley [the QBS and vacuum shell at the bumpers due to high contact
forces?
Evaluate benefits and cost of performing acceptance tests on
10 Reynolds probe electrical cable cross-talk by running a signal through
one cable while monitoring the other sensitive cables. Review
with EMI committee.
11 Bardas |Define valve telemetry.
12 Bardas Ideptify location of interface connector for proof mass fiber
optics.
Define the requirement on bias between the gyro ground plane
13 Buchman and the suspension electronics ground reference; this will
determine number of ground coax cables required in probe-C.
14 Buchman Define requirements for bias voltage signal for UV charge
control system. Are additional wires or cables required?
Will proof mass cables be identical to gyro cables? Are ground
15 Buchman .
cables required for proof mass?
16 Clift Define the overall grounding plan for the payload. Have plan
reviewed by Stanford EMI committee.
Determine the criteria for approving stainless steel for use in
17 Lockhart |zone SP; define usage restrictions (ex: circlips in Gamah

connectors)

page 1
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probe-C RR Als
Al# | ASSIGNEE SUBJECT
' Nakashima [Define requirements for GMA-to-top hat plumbing line to
18 | . . !
~_Reynolds |introduce spin-down gas into the probe.
| Convene a Working Group meeting to review the thermal
19 | Ross interface between the SIA and probe. Evaluate location of GRT
i used for SIA temperature control.
20 | Ross Prepare PCB to eliminate 77 K detector provisions.
? ‘Current spec requires < 250 pW radiation into SIA during
21 I’ Turneaure normal operation; possibly should be 250 puW on ground,
1100 W on orbit.
'Evaluate impact of providing only 2 fibers per gyro, 2 fibers to
the proof mass, and 2 total spares at spider (12 total fibers) as
22 Buchman .
compared to 2 fibers plus a spare for each gyro and the proof
mass (15 total fibers).
23 Buchman Possible change in flow rate from 2.0 to 2.8 mg/sec.
Turneaure
. Review the vacuum requirements and the cleanliness
24 Keiser . - . . .
requirements in light of recent experience with gyro operations.
25 Lockhart |CNT titanium foil resistance is too high
26 Lockhart Specify !lm!tatlons on use and location of superconducting
metals (indium, etc.).
27 Bardas |Are the current access holes adequate for integration activity?
28 | Bardas Need to verify integration method for mounting SIA to QBS at
i room temperature.
' Valve actuators have not been developed for flight. Define
29 Bardas
valve type and redundancy.
30 Bardas Is_a fllt.er rf-:‘qmred to prevent a small magnetic particle from
migrating into bellows?
New SQUID cable configuration and pin assignments for
31 Bardas |probe-C. Requires new layout for Stanford jumper cables on
spider.
Bardas . .
3 Prepare bakeout plan for assembly and integration of probe
. Reynolds, . . .
32 Taber and SIA. Address condensation of outgassing material on
.’ loptics.
Keiser
Possible change in insulator material to provide higher
33 Buchman breakdown capability. Ref: number of cables action items
14,15)
Review the level of proof pressure; trade off manufacturing
34 Calhoon quality assurance vs risk of failure on launch
35 Calhoon |Must add shutter power consumption to budget.
36 Chilese Evaluate adhesion and flaking of Paralyne coating; concems
expressed by Mike Taber based on their experience.
37 Chilese |How can interior of 0.005 ID lines be cleaned?

page 2
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probe-C RR Als

Al# ASSIGNEE SUBJECT
38 Chilese Will He3 or He4 be used to pressurize the system?
39 Chilese Perform end-to-end optical system analysis
40 Chilese 'Perform stray light analysis
, ‘Evaluate effect of fluorescence in window 4 for guide star of
41 Chilese .
‘magnitude 6 or greater.
42 Chilese  Window 4 vacuum seal may not be producible.
43 Chilese Possible change in material to reduce flourescence.
. |Grounding requirements for window is not consistent with EMI
44 Chilese | .
lrequirement.
. 'Can filter connectors be moved to electronics boxes. If not,
45 ciiff . . .
define temperature control requirements (if any).
46 Dineen Evaluate performance of spin-up filter heaters with higher gas
flow rate (2.8 mg/s). Ref: gas flow rate action item 23.
47 Dineen !Interface location for I8 and 19 needs to be defined.
48 Emie Prepare magnetic req'ts compliance matrix for zone 2
49 everyone Reduce mass of probe where feasible and cost effective.
50 | Goodman ;/;rrﬁ)(‘ I:;))ressure drops in spin-up system and probe body during
Perform transient thermal analysis for motion of tophat relative
51 Goodman . .
to dewar as the vacuum shell shrinks on orbit
Perform transient thermal analysis for temperature distribution
52 | Goodman . .
(subcooling) after liftoff
53 | Goodman Verify .capablllty of heaters to selectively heat portions of probe
to desired temperatures
54 | Goodman |Need to analyze additional heat leak down larger cables.
55 lufer Review limits on ground loops and thermomagnetic sources
56 Keiser |Possible change in operational frequency.
57 Lockhart |€View adequafcy of test methodology for zone 2 parts; new
zones and req'ts
58 Lockhart SQU.I D filter connectors may not meet no-resonance
requirements.
59 Lockhart Ther_mal stability of SQUID filter cgnnectors to achieve
requirements has not been established.
60 Lockhart Possible ghange in SQUID operating frequency and source
and load impendances.
Grounding issues: multiple contact point between plumbing
61 Lockhart |and caging lines in extrusion, do bond joints break conductive
paths, grounding of plumbing at top hat and STA 200.
62 Logl:il:fan Define EMI attenuation requirements for sunshade.
63 Lockhart | Define capacitance stability of SQUID filters at roll frequency;
Dineen |specify temperature for filter tests.

page 3
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probe-C RR Als

Al# ASSIGNEE | SUBJECT
Potential need to coat inside of vacuum shell with a
64 | Muhlifelder superconducting metal to shield the instrument from Johnson
noise in normal metal.
65 ‘ Nakashima Define re.hab'lhty requirements for valves and electronics. Ref:
f valve action item 29.
Review helicoflex tests from dewar and cleaning requirements
66 = Reynolds i
; when replacing a seal
| Evaluate the impact of solar radiation directly into the probe
- Reynolds . . .
67 through open side-mounted gate valves during spin-up and low
~ Vassar
j temperature bakeout.
68 f Ross Determine how to document different requirements for probe-B
and probe-C after probe-B in completed.
Create an EMI section in specification to consolidate all EMI
69 Ross .
requirements.
70 Ross Define allowable shock and torque applied to spacecraft by
shutter.
71 . Sands Bird cage bumper must be integrated into design.
75 | Sands STA 167 plumbing saddie protrudes into stayout zone for
| telescope
73 Sands Add saddles in plumbing extrusion to prevent lines from
touching extrusion. Ref: grounding action item 61.
74 Sands, Modify clearances for cables. Tighten up tolerances on cable
Bardas interface location in x-y plane.
75 Sokolsky Ensure that tran§portatlon and handling loads are evaluated in
structural analysis.
76 | Sokolsky Rf—:‘analyze loads due to suns!wade weight increase (if required
with latest PCB change to a fixed sunshade).
- Sokolsky |Does the addition of the bumpers allow the thickness of the
Parmley |QBS to be reduced to save weight?
Tumeaure Burst disks may not protect bellows from failure due to poor
78 .
| Chilese flow conductance of tubes.
' . Reevaluate bellows design and material to eliminate welding
79 Will
problems.
80 | Will, Keiser|Define specification on acceptable pinhole size.
- Reynolds | Verify bumper design, cable structure and support, and
81 . . a
Lepetich [fastener adequacy during vibration test.
ﬁeport performance of probe-B in GTU-1 tests: thermal
82 Taber  perfomance,temperatures in SIA, effectiveness of flux-flushing
and low-temp bakeout, electrical cable performance.
83 lufer | Verify total magnetic performance of probe at Ames.

page 4
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probe-C PDR Als

page 1

Assignee

Author

Full Action Statement

1 |Ross

Ingraham

Establish list of all actions necessary for probe-B to be flown instead
of probe-C. Make 1 person responsible for list. Solicit input from
everyone. Divide into necessary vs desired actions. Provide system
for individuals to add to list until launch.

2 |Vassar

Richards

Assess the feasibility/desirability of making the shutter and sunshade
such that they can be separated so that the sunshade can be added

later with the maximum length.

3 Dineen

Bardas

Reevaluate caging solder. SVA experience shows Indalloy#9 is very
difficult to work with, The ??7?? Stanford paste works much better but
had some questionable metallurgy. This was marginal in the last
analysis several years ago.

4 Nakashima

Bardas,
Calhoon

Should the bakeout be done before or after SIA mass model is
installed at LMSC? Would it affect the bakeout? Does it degrade the
wt & CG measurements? Installing it early saves 1
open/close/bakeout cycle.

5 |CIiff

Buchman

Cold-end fiber optic Lemos need to be isolated from ground. Should
shields be isolated?

6 Buchman

Buchman

Determine grounding limits on cavity metalization; 15 mV or 3 mV.

7 Calhoon

Calhoon

Submit Data Items that were not available at the PDR. CIL, LLIL,
drawing tree, ICDs 112, 115, 116,4159

8 |Cliff

Cliff

Determine whether the final (cold) spinup gas filter should be
electrically grounded or floating.

9 |Triebes

Green

Relook at window #4 to ensure all condensables on Earth will not
cause problems on orbit.

10 |Nakashima

Green

Identify window coating life tests.

11 |Whelan

Parkinson

Disucss and coordinate the probe-B measured weight and CG
discrepancies with spacecraft people.

12 |Calhoon

Sullivan

Expand the LMSC Approved Material & Process List, LSE-03, to
include materials and processes approved for zone 1. If it cannot be
modified, develop a similar independent document.

13 [Caihoon

Sullivan

Implement a materials database which would list quantities of
materials in stock with magnetic and contamination zone assigned.
This could be two lists, but both groups should have access such
that material emergencies can be better dealt with.

14 iLipa

Tumeaure

Need to establish TBD interface to window #4 flange to allow the
possibility of attaching star simulator with vacuum seal to allow test
of telescope system in PL configuration.

15A | Sokolsky

Turneaure

A-Review adequacy of instr. planned for mock probe test.

15B  Sokolsky

Tumeaure

B- After "Mock probe shake test" convene working group to review
data and plans for shaking probe-B and C. The concern is that the
sine dwell at 5g and 3g can excite hi Q modes to very high levels.

l

16 éGreen

Tumeaure

What is the schedule for experimentally verifying the 40dB EMI

‘attenuation of window #47? Carry out an analysis of the EM field from
‘antennas reaching window #4. (TBD-Define and carry out
'development test with antenna, sunshade, and window #4).

17 Nakashima

Tumeaure

Prior to CDR, coordinate probe-C verification test flow at Stanford
with Mike Taber.

18 [Nakashima

Turmeaure

Stanford review of probe-C components test matrix. Include issues of
cost, schedule, and technical risks. How many are needed. Can qual
unit be used as flight unit or flight spare? What components should
be shaken prior to the probe-B shake?
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probe-C PDR Als page 2
Assignee Author Full Action Statement

Stanford to give a full review of probe-B specification as given in PL
19 |Tumeaure Tumeaure spec version 3.0. Should be completed in about 1 month.

Fiber optical cables inside of top hat of probe-B do not look well

isupported during shake. Has an analysis been done? What ar the
20 Dineen Tumeaure results?
21 Dineen Turneaure Investigate Parylene.

Update document tree in Science Payload Spec v3.0 (p.11) to reflect

current program document tree (titles, numbers, heirarchy, separate
22 |Ross Vassar electronics documents, etc.) Richard has one from NA Review.
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Probe-C Requirements Review Action Item Response

ACTION ITEM 4
Identify the person responsible for the overall grounding and EMI shielding for the

payload probe, dewar and electronics.
RESPONSE SUMMARY

Rodger Cliff is the Lockheed payload engineer responsible for the overall grounding
and EMI shielding.

Fhaat 0 Calliom

Stuart Calhoorzf/

approved:
7 Jewrd = N Calhrgmn
]ghn Turneaure, Stanford Stuart Calhoon SC

page 1

271



Probe-C Requirements Review Action ltem # 5.
Assignee: Stuart Calhoon and Larry Sokolsky

Action Item: Review the gap and profile for the QBS / vacuum shell bumpers at the
birdcage to address concerns about differential shrinkage during cool-down, vibration
performance, and ease of integration.

Response: The bumpers in question are the eight bumpers added at the cold end of
Probe-B, near the spider. Their purpose is to limit the travel of the birdcage before it
strikes the vacuum shell, to prevent high-energy impacts from occurring during launch.
They are similar to the bumper located near the QBA mounting fingers, with two primary
differences:

@8BS
- first, the @BA bumper is a solid ring, designed to contact another solid ring -- the

vacuum shell. The birdcage bumper is eight discrete pads mounted on the
birdcage extrusions, which then are designed to contact a ring bonded into the
vacuum shell.

St
- second, the QBA bumper is designed to have a nominal radial gap of 0.004 in.

The birdcage bumper is designed to have a nominal radial gap of 0.008 in.

Differential Shrinkage -

When the cool-down occurs, the vacuum shell and the birdcage both shrink by
0.0186 in on radius. The concern is that the vacuum shell cools more quickly than the
birdcage, causing contact and potentially high forces to be generated before the
shrinkages equalize.

272

Tests were done on Probe-A back in September 1992 to measure the differential
temperatures during cool-down. The worst-case result between the vacuum shell and
the QBS was 63 K. This occurred when the vacuum shell reached ~ 75 K while the
QBS waa‘ still at ~ 138 K. Differential contraction at this point is equal to .005” on radius.

(s He #2 direction $rom #H RE/ GRS inger fonge) 0B

Larry Sokolsky previously analyzed this issue for the QBA bumper, which is a
worse case, since the contact consists of a full ring contacting a full ring. Larry
calculated that the stress generated in this case was 24.5 ksi for the vacuum shell and
8.8 ksi for the QBS. This analysis assumed a 0.010” overlap, which is conservative. A
63 K delta-T should cause only a .001” overlap under nominal conditions.

birdcage amd the

The stress generated at the new bumpjrs will be less. Since there are eight by e J,',,j
discrete bumpers, when contact is made, the vacuum shell will tend to distort elasticallyf
rather than trying to expand circularly. In addition, since the nominal gap is larger, the
amount of interference will be less, if it interferes at all. Note that the predicted
differential shrinkage is .005", vs. a nominal gap of .008". Also, not taken into account, if
interference does occur, the heat transfer path between the two structures would be

—~greatlyincreased, tending toeﬁ?ﬂafe the delta-T guickhy-=
reduyce



Vibration Performance -

The current design for these bumpers consists of magnaplated aluminum
bumpers contacting an aluminum ring. This is the same approach as the QBS bumper.
Magnaplate is a Teflon-impregnated anodize and gives a hard, durable surface. The
Teflon is impregnated in the porous anodize surface -- it is not a separate layer on the
surface. The contact forces have been minimized by keeping the gaps small -- the QBS
/ birdcage assembly cannot develop significant speed or energy in the small amount of
travel it is allowed. Therefore, the force of impact will be low, and the impacting surface
has a protective coating to minimize the chance of particulation.

There is a small risk of particulation occurring. Further analysis would be of
limited value in this area. This issue could only be fully resolved by test. The planned
shake test of Probe-B should provide confirmation.

Integration -

When the vacuum shell is installed over the QBS/birdcage assembly, these
bumpers act as a centering device during the last 1” of travel. The bumpers have
tapered leading edges with Teflon anodize to facilitate smooth operation. The bumpers
have a half-inch long, 5°-sloped leading edge, and the edge of the ring inside the
vacuum shell is rounded, so no difficulty installing the vacuum shell is expected. The
final positioning is determined by the base of the vacuum shell where it slips into a
groove on the Station 200 ring.

PREPARED: APPROVED:
JQ@%U?\ 5/?/77 A4 Calhoon—
Stugif Calhoon Date Styart Calhoon, LMSC
W/M}C/7//7 NI’MW——
Larry Sokolsky / " Date J#hn Turmeaure, Stanford
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MEMORANDUM
FROM: N. Jeremy Kasdin
SUBJECT: Probe C Requirements Review AI #7
CC:
DATE: 5/24/94

This memo is in response to Probe C Requirements Review Action Item #7, “Determine
whether the QBS needs to be shortened to move the gyros back to the location specified in

the ICD.”

The source of the Al is the new “egg crate” between the probe fingers and the QBS flange.
This results in a QB location approximately 30 mils to the rear of the defined location

specified in the Probe to Quartz Block ICD.

The only impact of the change is that the proof mass and gyroscope center are moved
rearward relative to the vehicle center-of-mass. This has some influence on the gravity
gradient force acting on the drag free controller and the possibility of using gyroscope #2 as

a drag free sensor.

However, the amount the QB position has changed is exceedingly small compared to the
capability of the translational control system and differences in location between the various
drag free sensor options. The extra cost and effort involved in redesigning the QBS is not

warranted.

Conclusion: The QBS does not need to be shortened to move the gyros back to the
location specified. The ICD should be updated to reflect the new QB position.

Submitted: Approved:

a4

N, Jeermy Kasdin Jbhn Turneaure

%{Q% 6/7/77

L Zapee— S/2%/7¥
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ACTION ITEM REPORT
REVIEW/MEETING: Probe C Requirements Review

Action Item #: 8

Status: Closed

Date: May 27, 1994

Assignee: Jeremy Kasdin

Action: Determine the requirements on the orientation reference
surfaces and marks (fiducials) for the SIA position and
orientation.

Response;

There are many issues and requirements regarding alignment of the SIA and
mounting to the probe. I am currently studying all the alignment requirements (gyros to
QB, telescope to QB, proof mass, pick-up loops, SIA to Probe, etc.) and plan a report that
will also satisfy the NASA Marshall requirement for an Instrument Alignment Plan.
However, this action item specifically addresses the requirements for fiducials on the
outside of the Dewar marking the location and orientation of the SIA. I will not,
therefore, discuss here the larger question of alignment requirements within the SIA and
allocations to various parts of the payload. I will only address the question of reference
marks on the dewar.

There are three areas impacted by proper fiducials on the dewar: cryogenic
operations in FIST Ops, mounting and alignment of spacecraft hardware (star trackers,
control gyros, thrusters, antennas, etc.), and mass balancing the vehicle after integration
(spin table alignment, mass trim mechanism adjustment, ballast, etc.). The current
requirement for alignment fiducials on the dewar is stated in section 3.7.4.3 of the
Science Payload Specification:

3.743 External Alignment Reference

A reference surface that is on the top exterior of the dewar shall be aligned to * 0.25
degrees, to the QBA mounting flange. This surface shall be controlled by LMSC ICD
drawing 5833116.

FIST provided reference surfaces that were accurate to +1.0°for roll about the z* axis
and .25 ° relative to the QBA/Science Telescope interface. This section requires that
Stanford further clarify the probe position reference marks so that the information can be
incorporated into the ICD drawing.

This requirement was derived primarily by considering cryogenic operations at
Stanford. The original rationale is still valid and this requirement is still in force, that is,
+1 deg in roll and £0.25 deg in pitch/yaw.
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Spacecraft equipment mounting and mass balancing require more accurate
reference surfaces (primarily driven by mass balancing requirements).
rientation

The reference surface marks for SIA orientation are provided by the star tracker
platform mounts. The current requirement for roll orientation of these mounts is stated in

TOO03:

20.2 QB Roll Reference

The uncertainty (electrical and mechanical) of the roll angle reference system
with respect to a quartz block reference shall not exceed I deg at the beginning of
Science Data measurement. Total random changes in this number shall not exceed

10 arcsec/year.

This implies that the star tracker platform mount must be stable and marked such
that the fiducial provides roll angle knowledge relative to the readout loop plane better
than 1 degree. This fiducial accuracy is adequate for test operations, for spacecraft
alignment, and for mass balancing. No further PCB action is required for the roll angle
fiducial.

The pitch/yaw accuracy for the star tracker platform mounts is less critical and is
driven only by manufacturing requirements of the star tracker platform and mounting of
the star trackers. As the platform itself is provided by the spacecraft contractor, the
payload contractor only supplies a bolt hole pattern on the dewar. There is no
requirement on orientation of this bolt hole pattern beyond the circumferential position
implied by the roll angle requirement above. Final alignment of the star tracker platforms
will be provided by referencing to an optical flat with cross hairs located on the telescope
corrector plate just behind the tertiary mirror, directly bypassing any dewar fiducials.
The spacecraft contractor plans to align an optical cube on the star tracker platform
relative to the telescope optical flat and then mount their equipment using an optical
alignment system. This system should align the trackers to better than 30 arcsec, good
enough for star acquisition. It will also be used for mounting and aligning the control
gyros, thrusters, and mass trim mechanisms. Ground based mass trim will be done using
the optical flat directly while on the spin table.

This does imply tight requirements on the alignment and characteristics of the
telescope optical alignment fixture that are still TBD (the current plan is to align the
optical flat to the telescope boresight and quartz block axis to better than 5 arcsec). These
will be submitted as a separate PCB item.

re no additional reguirements for orientation fiducials on th
tracker mount locations in roll, combined with the optical flat on the SIA, and the current
fiducials for ground test are adequate.

Position

The required knowledge of SIA position is driven by mass properties adjustments,
which is performed using the cross hairs on the optical flat on the telescope. The radial
(x-y) position of the center of the proof mass cavity is determined by the center of the
cross hair on the telescope optical flat. The position alignment of the flat cross hairs is
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TBD (but is currently planned to better than 0.1 mm). There is no requirement for
fiducials on the outside of the dewar marking the x-y position of the STA.

The axial (z) position of the SIA is not determined by the optical flat. However,
manufacturing tolerances relative to station 200 are such that any fiducial at station 200 is
adequate. There is much less sensitivity to axial position error in both spacecraft
alignment and mass properties. Therefore, a reference mark at station 200 with an
accuracy of 1 mm is more than adequate.

Prepared by: Approved by:
= Loy, Be fw/
_Mdefemy Kasdin Doron Bardas
Approved by: Approved by:
I Terrpue— D e —
¥6hn Turneaure Bill Reeve, LMSC SSD
Approved by:

I Lol hvorn

Stualv/:alhoon, LMSC RDD
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5/9/94
RESPONSE TO PROBE C RR ACTION ITEM NO. 9

ACTION ITEM:

Is there a potential for significant thermal grounding between the
QBS and vacuum shell at the bumpers due to high contact forces?

Response:

If the QBS and the vacuum shell touch at tie bemigtis in orbit at Sta
162.84 and Sta 142.16, the following effeciy wiir occur. The SIA will
run colder than predicted and an asymmetric temperature gradient will
be established at ilicse two stations (if both are touching). More heater
power will be required for gyro spinup, flux flushing and low
tempuresnce  hakeout.

The radial gap was investigated and is as follows if all tolerances are
maintained. (Fig. 1)

Sta 162.84 004 + .002 in.
Sta 142.16 .007 = .001 in.

If the gaps are not maintained and there is interference, the force
generated at Sta 162.84 is shown in Fig. 2. The conductance at this
interference point as a function of force and temperature is shown in
Fig. 3. Since the force due to potential interference will not be known
until final assembly and testing of the probes, the magnitude of the
forces can only be handled on a parametric basis as shown in Figs. 2 and
3. However, let's assume the worst case interference at Sta. 162.84 is
six mils. From Fig. 2 the force is ~ 150 lbf . The resulting conductance
from Fig. 3 is 3.5 mW/K at 2.5 K. Since the heater power required in

mW 1s:

Low Temp
Spinup Bakeout Flux Flushing
Vacuum Shell - 180 --
QBS Finger 270 175 490
Spinup Gas Filter 90 - -
Plumbing Saddle - 110 -
Cryopump -- 5 -
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and the design margin is a factor of two, no changes in the specified
heater sizing is required.

Conclusions

Touching of the bumpers in orbit probably is not a problem if
interference is less than six mils. The SIA will run colder (desirable), an
axisymmetric temperature gradient will be established around the
fingers and/or bird cage (requires test data to assess the impact) and
the heater sizing can handle the additional thermal short to Sta 200.
Particle generation at the bumpers during vibration is a potential
problem whether the bumpers touch or not.

Prepared by

LT ity

Approved by R. T. Parmley

N N/ PN

S. gzﬂhoon, LMSC

LA ¥ Tope—

.W Turneaure, Stanford
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~ 2 June 1994

SUBJECT: Probe C Requirements Review
ACTION ITEM # 10
STATUS: Closed

ASSIGNEES: G. Reynolds J.M. Lockhart M. Taber

SIGNATURES:

Action: Evaluate benefits and cost of performing acceptance tests on probe electrical cable cross-
talk by running a signal through one cable while monitoring the other sensitive cables. Review with
EMI Committee.

Resolution:

Such tests will be performed on Probe B at Stanford. Similar tests on Probe C will be performed only
if cable construction or routing is changed significantly . Cost impact of such tests, if required, would
be that corresponding to a half day of engineer time per set of tests. '
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PR-C RR AlI#11.061394

Probe-C Requirements Review Action Item Response
ACTION ITEM #: 11 ASSIGNEE(s): D. Bardas STATUS: Closed

Define valve telemetry

[T assume that what is needed here is a description of how the valves are controlled
ands communicate with the ECU. Also, I assume this topic s covers the Leakage gas
exhaust valves, the spinup exhaust valves and the GMA valves]

RESPONSE SUMMARY:

See also the attached comments from the PDI electrical engineer on the subject.

The Leakage gas exhaust valves and the Spinup exhaust valves have been baselined
(pending approval) as 2 ea. 6 inch motorized Vatterfly valves for the former, and 4
ea. 2 inch motorized Vatterfly valves for the latter. The design will follow that of
the flight-qualified motorized 4 inch Vatterfly valve, developed in joint effort
between Stanford and PDI. One difference is that the present plan is to centralize
the electronic controls for the 6 valves in a redundantly configured electronic
module located remotely from the valves. This saves on weight and power. [The
possibility of placing this module within the ECU can also be investigated]. The
basic functions of the PDI motorized Vatterfly valves follows:

* The motor has two redundant windings on one common shaft (MW1 & MW?2)

* Associated with each winding are 2 ea. optical switches, one for valve closed and
one for open. Thus there are redundant valve closed and open switches.

* It takes no power to secure the valve open or closed. It is effectively latched.

* When the 28 + 4 V power is turned on, the electronics returns a 5 DC signal on
different wires [output discrete transistors inactivel, identifying the open or
closed positions respectively. If the valve seal plate is somewhere in between,
the output discrete transistors are active and the signal out is 0 VDC.

* A trigger pulse, ~ 100 ms is needed to activate the motor in either direction. It
takes about 13 secs [4 in. valve] to go from closed to open and vice versa. The end
of travel is determined by a signal from the respective optical switch.

* The electronics stops the motor upon detection of the AC transition of the light
signal from the leading edge of an occulting shutter. For this reason it was
necessary to offset the optical switches for MW1 and MW2 by approximately .030
in. so that the go signal to the other motor would not result in the valve shaft
pushing into a physical end-stop.

* While the shaft is capable of handling the load this will not happen except for a
failure of an optical switch depending on the DEP logic.  The sequence is:
OPEN: MW1 first, then MW2; CLOSED: MW?2 first, then MW1. This ensures
no hitting the end-stops. The valve is essentially fully open after running either
winding and is fully closed after running either winding.
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PR-C RR AI#11.061394

Probe-C Requirements Review Action Item Response

The GMA valves (Garrett Fluid Systems) are electric solenoid latching valves. They
therefore do not require any power to seal or remain open and require only a

28 £ 4 V pulse of ~ 100 ms to change state. In addition, the valve has a micro switch
which senses the position of the solenoid actuator rod. This switch can be wired
normally open or closed as is suitable for the ECU electronics.

There are many more details on valve operation [particularly PDI] and plans for

. investigation of temperature performance of electronics and valve components.

Please see me for further details before proceeding with designs in this area.

Doron Bardas, Starford Ron Sharbaugh, LMSC / ‘

Approved:

Ind 7 Tttren — JQ@%@\?///W/

]qim Turneaure, Stanford S'tuér/Calhoon, LMSC
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PR-C RR Al#11.061394

Probe-C Requirements Review Action Item Response
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PR-C RR AI#11.061394

Probe-C Requirements Review Action Item Response
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PR-C RR Al#12.061594

Probe-C Requirements Review Action Item Response

ACTIONITEM #: 12  ASSIGNEE(s): D. Bardas/Buchman STATUS: Closed
Identify location of interface connector for proof mass fiber optics.
RESPONSE SUMMARY:

The two proof mass fiber optic connectors shall be located within the same QBS

- access hole as the coax cables for the proof mass. They shall be disposed either, one
on each side of the coax cables, within the access hole, (with the interface at the same
station number as the outer row of coaxs), or next to each other on either side of the
coaxs with care taken to ensure the greatest possible access for integration. If the
latter cases are chosen then the interface locations should be staggered just like those
of the large coaxs to provide better access to adjacent connectors.

We would like to study the new flat wrap, or other appropriate pictorial representa-
tion of Probe-C, as soon as a preliminary version is available, in order to verify the
location of all interfaces and access ports.

Please note that our experience with fiber optic Lemos has been less than ideal.
Problems have been encountered with the back nut [breaks easily, delicate] ,
inadequate designs for strain relief of the fiber as it exits the inner tube and back nut,
and wedging [design or assembly problem] of the Stanford -side connector in the
LMSC-side. In the SVA at least one pair seemed so tightly wedged , once pushed
closed, that it is doubtful if we shall be able to disconnect the pair after SimfFight.

Doron Bardas, Stanford Sasha Buchman, Stanford

Approved:

U4/ T e LI Catlipo g//;éj/?‘ﬂ

%hn Turneaure, Stanford Stuiﬁ/( Calhoon, LMSC
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Tel: (415) 725-4110 Fax: (415) 725-8312 Email: sasha@relgyro.stanford.edu

SUBJECT: Probe C. Requirements Review

Action item #: 13

STATUS: Closed
- DATE: 23 May, 1994
ASSIGNEES: J. Turneaure S. Buchman M. Keiser R. Cliff

Action: Define the requirement on bias between the gyro ground plane and the suspension
electronics ground reference; this will determine number of ground coax cables required in

Signatures: /Lj W i ﬁ‘" W //(,M/Q/ / Iéﬁ//il/

probe-C.

Resolution:

1) The bias between the gyro housing ground plane (cavity coating) and the suspension system
ground reference to be less than (or equal to) <3 mV as measured at the cold gyroscope. This

‘will add less than 20% to the 15 mV bias given by the limit on the gyro charging. The

implication is that ground cables are required and that the inner conductor of these cables should
be identical to the suspension cable inner conductors.
2) Two ground cables are required per gyroscope to allow ground suspension testing with

supplementary support.
3) The total number of ground cables (and spares) is also the subject of PCB #65 (Roger CIiff,

S. Buchman), as a function of total space available at top hat for other additional connectors.

PRCRR#13.DOC
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Tel: (415) 725-4110 Fax: (415) 725-8312 Email: sasha@relgyro.stanford.edu

SUBJECT: Probe C. Requirements Review
Action item #: 14

STATUS: Closed

. DATE: 23 May, 1994

ASSIGNEES: J. Turneaure S. Buchman R. Brumley

e, T Pecdene R Bl o 14 ol

Action: Define requirements for bias voltage signal for UV charge control system. Are

additional wires or cables required?
Resolution:

1) The UV bias voltages available should be 0 V, +4 V, and -4 V.

2) One UV bias cable should be provided per UV fiber, for a total of 12 cables (4 gyroscopes,
proof mass, and 2 cable spares).

3) The bias between the suspension electronics ground cable and the UV bias nominal 0 V
should be less than 50 mV at the cold gyroscope.

4) The bias cables should be shielded and filtered, to avoid introducing noise in the read-out; as
per Jim Lockhart TBD. Consider also the requirements for cable isolation and termination to
be able to withstand arcing from the gyroscope (the distance to the gyroscope is 10m").

5) The total number of UV bias cables is also subject to PCB #65 (Roger Cliff, S. Buchman), as
a function of total space available at top hat for other additional connectors.

PRCRR#14.DOC
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Tel: (415) 725-4110 Fax: (415) 725-8312 Email: sasha@relgyro.stanford.edu

SUBJECT: Probe C. Requirements Review

Action item #: 15

STATUS: Closed
DATE: 23 May, 1994
ASSIGNEES: J. Turneaure S. Buchman M. Keiser R. Cliff

Signatures: rd SI/ZMVX/H/M /m /@M«U //;f“”l ( %
A Callionr
Action: Will proof mass cables be identical to gyro cables? Are ground cables required for

proof mass?
Resolution:

1) Proof Mass suspension cables will be identical to gyroscope suspension cables. This will
allow suspension and pendulation verification of the Proof Mass in the cold probe.

2) Ground cables are required for Proof Mass.

3) The bias between the Proof Mass housing ground plane (cavity coating) and the suspension
system ground reference to be less than (or equal to) < 3 mV as measured at the cold Proof
Mass. This will add less than 20% to the 15 mV bias given by the limit on the Proof Mass
charging. The implication is that ground cables are required and that the inner conductor of
these cables should be identical to the suspension cable inner conductors.

4) Two ground cables are required for the Proof Mass to allow ground suspension testing with
supplementary support.

5) The total number of Proof Mass cables (and spares) is also subject to PCB #65 (Roger CIiff,
S. Buchmany), as a function of total space available at top hat for other additional connectors.

PRCRR#15.D0OC
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27 May 1994

SUBJECT: Probe C Requirements Review
ACTION ITEM # 17
STATUS: Closed

ASSIGNEES:  J.M. Lockhart

SIGNATURES: / A, W
'
;

Action: Determine the criteria for approving stainless steel for use in zone SP; define usage
restrictions (e.g. circlips in Gamah connectors).

Resolution;
Two restrictions are to be applied to the use of stainless steel in Magnetics Zone SP.

1. No stainless steel should be used in zone SP in any case where mechanical mabbing or abrasion of
the steel could take place, unless the stainless steel is totally contained within a sealed sub-system
such that any particles generated could not possibly migrate into the lead bag region of the Dewar.
Stainless steel plated or coated with other (magnetically acceptable) materials may be used in
applications where abrasion is encountered if testing establishes that the thickness and strength of the
coating is sufficient to guarantee that no migration of steel particles could take place. Threaded
stainless steel fasteners may be used if the use is permanent (i.e., no motion of the fastener during
installation of the probe in Dewar or during probe operation).

2. The total amount of stainless steel used in the probe must be such that the remnant magnetization
resulting from exposure of the probe to a 100 Gauss magnetic field will produce a field at the top of
the Cryoperm shield no larger than 0.1 Gauss. In practical terms, this requirement restricts the
stainless steel used to the austenitic type, with 304- and 316- series stainless steels recommended and
310- series acceptable.

&q/‘{rnfvj
%f(/ W/ S/ y

y,/aAn P ﬁrﬁ&w:-e

/?l Calloon 6/2/7Y
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Gravity Probe-B FAX

TO John Turneaure DATE May 20, 19%4
FAX 415/725-8312 TEL 415/725-4118
FROM Graham Ross TEL 415/424-3488

FAX 415/424-3315

cc Stuart Calhoon
Don Hitzl, probe-C RR action item closure

'PAGES SENT (INCLUDING COVER) 3

SUBJECT PCB #383

The following pages are PCB #83 to delete the provisions to mount 77K
telescope detectors up on heat station ring #2. This closes action item #20 from
the probe-C Requirements Review; this FAX serves as the written closure for this
action item.

In Mae's absence, I have assumed that the appropriate number for this PCB
request is #83, but please have Mae confirm this.
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sm/probe_c/r_ai21.doc
Probe-C Requirements Review Action Item Response

ACTION ITEM #: 21 ASSIGNEE(s): John Turneaure STATUS: Closed

Current specification requires < 0.25 mW thermal radiation into the SIA during normal
operation. Should this possibly be < 0.25 mW on the ground, and < 0.10 mW on orbit?
RESPONSE SUMMARY:

The requirement stated in the Payload Specification, Version 2.6 is incomplete. The
Stanford response to Probe B PDR Action Item #4 on 9/19/90 states the following:

“The thermal radiation heat power input into the SIA shall be < 0.25 mW
when the outside of the probe and dewar are at 300 K.”

The 300 K condition for the outside of the probe and dewar is missing in Version 2.6 of
the Payload Specification, and it should be added to the Payload Specification. This
requirement was verified in both FIST-B and GTU-0 when the outside of the probe and
dewar were at about 300 K. In FIST-B, the measured value is 0.18 mW with metal baffles
in place of Windows #1-3. In GTU-0, the measured value is 0.13 mW with windows
coated with Au to mimic the emissivity of the multi-layered coatings of Windows #1-3.

Some time before 1990, an analysis was done by LMSC to estimate the thermal radiation
passing through Station 200 for both ground conditions (300 K) and orbital conditions
(220 K). Unfortunately, T am unable to find this analysis in my records. To first order I
would expect that the thermal radiation on orbit (220 K) would be reduced by roughly a
factor of (220/300)* = 0.29, but the actual situation is probably more complicated.
Applying this factor to 0.25 mW, yields a thermal radiation level of 0.073 mW.

Although a lower level of thermal radiation heat power input into the SIA is expected on
orbit when the outside of the dewar and probe are ~ 220 K, there is no identified need for
the value to be less than 0.25 mW. Therefore, I suggest the following requirement:

“The thermal radiation heat power input into the SIA shall be < 0.25 mW
when the outside of the probe and dewar are <300 K. An estimate of the
on-orbit thermal radiation heat power input into the SIA shall be made by
analysis when the dewar is at its nominal temperature during the SM data
taking phase (~ 220 K)”

[ £ Zaitser— SN Collson 7/[94

ohn P. Turneaure, Stanford Stuart(éalhoon, LMSC

w'
[<2]
o~



Tel: (415) 725-4110 Fax: (415) 725-8312 Email: sasha@relgyro.stanford.edu

SUBJECT: Probe C. Requirements Review

Action item #: 22

STATUS: Closed
DATE: 23 May, 1994
ASSIGNEES: J. Turneaure S. Buchman R. Brumley

Signatures: /;[/W fjﬁww /Z be""‘ﬁ% é}( Calhoo

Action: Evaluate impact of providing only 2 fibers per gyro, 2 fibers to the proof mass, and 2
total spares at spider (12 total fibers) as compared to 2 fibers plus a spare for each gyro and the
proof mass (15 total fibers).

Resolution:

1) The necessary UV fibers to be provided: 2 per gyroscope, 2 for Proof Mass, 2 spares at

spider. Total of 12.
2) Subject to PCB #65, the solution with 15 UV fibers (2 plus 1 spare per gyro and Proof Mass)

is preferable but not necessary.
3) The UV fibers (aluminum clad) to be protected with coating or sleeve for avoiding nicks in

299

aluminum coating. Smallest nick causes fiber break.
4) The total number of UV bias cables is also subject to PCB #65 (Roger Cliff, S. Buchman), as
a function of total space available at top hat for other additional connectors.

PRCRR#22.DOC



Tel: (415) 725-4110 Fax: (415) 725-8312 Email: sasha@relgyro.stanford.edu

SUBJECT:  Probe C. Requirements Review
Action item #: 23

STATUS: Closed

DATE: 24 May, 1994

ASSIGNEES:  J. Turneaure S. Buchman

Signatures: % /W % /%%C%\NW . ﬂﬁ wo‘m

Action: Possible change in flow rate from 2.0 to 2.8mg/sec.

Resolution:

1) The maximum flow rate for spin-up to be increased from 2.0 mg/sec to 2.8 mg/sec
(950 scem).
2) No physical changes to probe, plumbing, and ground support equipment.
3) The allowable probe pressure at gyroscope, leakage flow rate, and spin-up exhaust line
pressure to be increased accordingly. Initiate PCB # 84 to incorporate these changes:

a) Increase spin-up flow rate from 2.0 to 2.8mg/sec.

b) Increase leakage flow rate accordingly.

¢) Increased allowed probe pressure at gyroscope.

d) Increase allowed exhaust line pressure.

PRCRR#23.DOC
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3] May 1994

SUBJECT: Probe C Requirements Review
ACTION ITEM # 25

STATUS: Closed

- ASSIGNEES: J.M. Lockhart

SIGNATURES: //ﬂ ! W’

Action: CNT titanium foil resistance is too high.

Resolution:

Section 3.7.2.2.3.3 of the Science Payload Specification shall be changed as follows:

edoat s

The resistance of the primary ground path between the top hat and the z* station 200*
ring shall be < 6:5 0.8 Q.

Lockheed (Reynolds/Dineen) will initiate a PCB request for this specification change.

Ayprovd
John I Turreaure

43 Gultomn 691
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25 May 1994

SUBJECT: Probe C Requirements Review

ACTION ITEM # 26

STATUS: Closed

Appmed

ASSIGNEES: J;I//I;Z/\C/k%ﬁ/ Y W 2, if
Vis John P Tarnedure
SIGNATURES: ~ /J/Q @/Z/LO'V’V\ 5/?/?”/

Action; Specify limitations on use and location of superconducting metals (indium, etc).

Resolution: The use of superconducting materials in GP-B probes must be controlled in order to

avoid the possibility that significant amounts of magnetic flux become trapped in superconducting
circuits during insertion of a probe into a cold Dewar. This trapped flux could then radiate to the

gyroscopes and lead to unacceptable trapped flux levels in the gyros.

This problem is of particular concern in the case of superconducting materials which form closed
loops of significant area and low inductance.

A second area of concern is the use of superconducitng materials with transition temperatures which
fall in the range of temperatures which might be experienced by the probe during the flight mission.
Were such materials to fluctuate in and out of the superconducting state during science data
gathering, the resulting field noise pickup could impair such data.

The following guidelines for use of superconductors have been established:

1) No superconductors other than the rotor, pickup loop & cable, and local magnetic shield
shall be used in Magnetic Zone 1.

2) No superconducting loops of diameter larger than 1.0" shall be formed in Magnetic Zone
2A (within 12 cm of any gyro).

3) No superconducitng loops of diameter larger than 2" shall be formed in Magnetic Zone
2B.

4) No materials having superconducting transitions temperatures in the range 1.8 K -2.4 K
shall be used in Magnetic Zones 1 or 2.

-

e
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PR-C RR Al#27.070394

Probe-C Requirements Review Action Item Response

ACTIONITEM #: 27  ASSIGNEE(s): Bardas STATUS: Slosedt O poh

= cfed Completim
Are the current access holes adequate for integration activity? & j;/ 9 4
RESPONSE SUMMARY:

Assuming the reference is to holes in the QBS for Probe-C, I feel that it is somewhat
premature to give a definitive answer to this question. Holes in the QBS between
the fingers and STA200 were not relevant to Probe-A. Also, although I was
involved with the location of holes on the layout and interface drawings of Probe-B,
we have yet to see if these choices need modification, especially in the Telescope and
Proof Mass connector areas. There will be significant changes in the connector
arrangement on the main part of the QBS mostly concerning the large number of
extra wires for the Telescope detector. I have not yet seen any drawings of this area
and was informed that the Probe-C flat wrap had just been started.

It is therefore prudent to decline full approval of the access holes on the basis that:
% [for Probe-B] they have not been dealt with under integration conditions,

% the Probe-C designs have not yet been available for study.

I believe that access holes similar to those in Probe-B are likely to be workable.

I suggest that a good time for final approval will be when we can study the
appropriate Probe-C drawings after we have the experience of integrating Probe-B.
This should be well timed for Lockheed and Stanford by the end of September, 1994.

Additional Comment re Spider region of QBS:

I am concerned with the bellows arrangement through which the instrumentation
wires pass to the Spider. This delicate arrangement is very prone to damage during
QB installation into the QBS. This should be carefully studied for Probe-C. Other
areas of concern are the caging lines [bending them out of the way] and soldering
them. Fiber optics routing is of great concern due to their fragility.. We also have
many readout wires from the SQUIDs. 1 believe the whole Spider area should be
thoroughly reviewed after Probe-B integration. prior to approval for Probe-C.

Lecon Budey

Doron Bardas, Stanfgrd

Approved:

John Turneaure, Stanford Stuart Calhoon, LMSC
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PR-C RR AJ#28.070394

Probe-C Requirements Review Action Item Response

ACTION ITEM #: 28 ASSIGNEE(s): Bardas STATUS: Closed
Need to verify integration method for mounting SIA to QBS at room temperature.
RESPONSE SUMMARY:

Based on past experience with the SVA integrations and assisting G. Reynolds and
S. Calhoon during trial with a quartz slice to the Probe-B QBS, I feel quite confident
that the process is well understood even with the Molybdenum shoes in place.

A Finger Assembly Tool has been developed to precisely control the pushing in of
the shoes ~ 4 mils to allow the finger holes to line up with those of the QB flanges.
The expectation is that this will go well. We are planning a simulation of the
method using the Mock QBS and an Aluminum slice with 4 mil radially offset bolt
pattern. This will take place in July 1994. Following that,final verification will be in
late August with Probe-B.

One concern that may yield the need for QBS [internal] changes is the fact that, for
the first time, we will be inserting the telescope through the birdcage, fingers and
saddles in the QBS behind the fingers. Although there are no significant
encroachments on the stay-out envelope of 7.7 inches dia., it may prove hard to
prevent the telescope from bumping into a QBS feature. Lessons may need to be
learned here for Probe-C. Every effort should be made to stay well outside the 7.7
inch envelope. In fact, from the SVA experience the stayout zone in the region
from the QB flange to the forward end of the QB should be 7.9 inches, wA,‘C}\

ProbeB already complies with. Lic 74 94

Lo Bordlr

Doron Bardas, Stazrf(rd

Approved:

[l £ T e — _fa] Q Callirr 7o
ﬁhn Turneaure, Stanford Stuart Calhoor}y MSC
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PR-C RR AI#29.070394

Probe-C Requirements Review Action Item Response

ACTION ITEM #: 29 ASSIGNEE(s): Bardas STATUS: Closed

Valve actuators have not been developed for flight. Define valve type and
redundancy.

RESPONSE SUMMARY:

The statement above is simply not true. All actuated valves proposed for use in the
SM GMA and for the Spinup Exhaust valves and Leakage Gas Exhaust Valves will
be variations of very similar valves developed for the STU EPA. The STU valves
were fully developed and qualified for flight; they were shaken to Shuttle launch
levels and subjected to wide temperature extremes during operation.

GMA Valves
In the case of the GMA valves the actuator is a latching solenoid mechanism. There

is no redundancy in the solenoid valve actuator itself, however, should it fail to
open OR close, the redundancy is satisfactorily taken care of by the redundancy in the
way the rest of the valves are laid out. Micro switches and the surrounding pressure
sensors indicate valve condition. See attached schematics of the SM GMA.

Exhaust Valves
These will be variations on the 4" Vatterfly valve built for STU. The main drive

shaft which operates the seal plate is driven by two redundant windings on a
common motor shaft. The electronics controlling the motors is redundant, one per

winding. In typical operation the winding 1 is activated to open the valve followed
by winding 2. The opposite sequence applies to closing the valve. See also AI 11.

In addition, the GMA & Exhaust Valve Working Group has recommended two
valves for the critical job of evacuating the probe during spinup. The importance of
at least one valve opening [calculations show adequate pumping speed with only
one valve] is paramount to GP-B and thus this additional redundancy was built in.

Doron Bardas, Stanferd

Approved:

. L sro— LY Calllpenn 7/{/9%

J¢hn Turneaure, Stanford Slgaét Calhoon, LMSC
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PR-C RR Al#31.070494

Probe-C Requirements Review Action Item Response

2/
ACTIONITEM #: 3= ASSIGNEE(s): Bardas STATUS: €lesed Oyen

A—}/g(ﬁq/ Qﬁ//()(/% :

New SQUID cable configuration and pin assignments for probe-C. Requires new
layout for Stanford jumper cables on spider.

RESPONSE SUMMARY:

The routing for the Stanford SQUID jumper cables is now being worked out using
the Mock QBS. Our intention is to route the cables for Probe-B as a subset of those
for Probe-C. A tentative layout was produced by Tom Meunch [LMSC] when he did
the drawings for the “"stockades” which will be used with the Mock QBS.
Examination of the situation using the Mock QBS's spider has shown that we need
to do another iteration of the routing between connectors and the "warm" end of
the SQUID packages as well as a modification to the design of the "stockades"
themselves.

The final requirements for this layout will be forthcoming by September, 1994, after
Probe-B is integrated. Please note, however, that the pin assignments are likely to
remain unaffected, and all this will require is routing variations for the cables.

Doron Ba}das, Stapford Bmﬁz/m/uh%féder//ganfc{;d/

Approved:

John Turneaure, Stanford Stuart Calhoon, LMSC

0/7 ¥
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Interdepartmental Communication GPB-100396
To: G.Ross Org: 92-10 Bldg: 253 Fac: 2 Date: 30 November 1994
From: L. Sokolsky Org: 92-10 Bldg: 253 Fac: 2 Ext: 45973

S. Calhoon

Subject: Response to Probe-C Requirements Review Action Item 34

cc: A. Nakashima

Action Item: Review the level of proof pressure; trade off manufacturing quality
assurance vs. risk of failure on launch.

Discussion: Proof pressure testing for Probe-C components is done per the
payload specification; this is derived from Mil-Std-1522. For internal pressure,
this corresponds to a proof pressure of 1.5x the maximum design pressure (MDP),
and for external pressure to 1.0x the MDP. The only exception to this is for the
CNT, where the tube is proof-pressure tested for external pressure to 1.5x internal
and external pressure. This is done as a quality assurance precaution because of
the composite construction.

Because all proof testing is done at or above the levels of the recognized design
guidelines, risk of failure on launch is minimized. The proof test levels are
adequate for all design regimes.

0d /. W 12/20 /5y

Jehy Twrneaure
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July 25, 1994
SUBJECT: Probe C Requirements Review

ACTION ITEM #49
STATUS: Closed (On going activity during design & analysis phases for Probe C)

ASSIGNEE: All (response by R. Whelan, GPB Mass Properties Engineer)

Action: Reduce Probe weight where feasible and cost effective.

Resolution:

The following areas have been identified for weight reduction:

Top Hat Nupro Valve Supports
-material change from CRES to aluminum

Top Hat Nupro Valve Support Spacers

-material change from CRES to aluminum

-redesign to remove material from center
Telescope weight reduction (8 kg -> 5 kg per telescope PDR)

-need detailed analysis or measured weight if a flight-like unit is available.
Thermal Shoe

-redesign for smaller cross-sectional area

Cross Flange
-material change from CRES to aluminum

-redesign for lower offset moments due to leakage valve change

Additional areas will be identified as the Probe C design matures. The Probe C design
team and analysts will maintain an awareness to consider weight impacts during all

change deliberations.

Approval:

N 1ol

S. J‘,;(Z’alhoon, LMSC J. Tumeaure, Stanford
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11 July 1994
SUBJECT: Probe C Requirements Review
ACTION ITEM # 57

STATUS: Closed (Review and Zone Redefinition complete; Magnetic
Control Plan to be updated)

ASSIGNEES:  J.M. Lockhart

SIGNATURES: %W

Action: Review adequacy of test methodology for [Magnetics] Zone 2 parts; new Zones and req'ts

Resolution:

Magnetic Control Zone 2 was sub-divided into Zones 2A and 2B in PCB #87. The LMSC Magnetic
Control Plan is being updated (under the auspices of the Stanford/LMSC Magnetics Committee) to

- reflect the requirements and test methods appropriate to Zones 2A and 2B. _ 7ie ap late

Hegret Ctrsl Plass (Lisc 450) are topected o be writfea ad
4//m~(c/ // A ond o+ /7’«7«// 59y .

Agprrd
f‘ TWA/ 77"//5(/?‘1(
John Turnezare

09 Calfisan 7/77)7%
art Cdmdoﬂ") tmsC.
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ACTION ITEM 20:

RESPONSE:

22 February 1995

PROBE-C PDR
ACTION ITEM RESPONSE

Fiber optic cables inside of top hat inside of probe-B do not look
well supported during shake. Has an analysis been done? What
are the results?

An analysis has been completed (see attached IDC GPB-100433
dated 16 Feb 1995, from Anne Grover Vogel to Frank Chilese,
"Analysis of UV Fiber Optic Cables in the Probe-B Top Hat").

This analysis indicates that the fiber optics are supported well

enough to survive shake. The fibers are predicted to move a
substantial amount, but that the predicted stress levels exhibit

positive margin.
%m&\ Y (LM 2/2/15

Frank Chilese, LMSC

John Turneaure, Stanford
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Probe-C PDR Action Item Response
ACTION ITEM 22
Update document tree in Science Payload Spec v3.0 (p.11) to reflect current program
document tree (titles, numbers, heirarchy, separate electronics documents, etc.)
Richard has one from NA Review.

RESPONSE SUMMARY
Document tree in version 3.1 has been updated.

/5 Novr Q4.

Actj‘afe{e's name / ~

approved:
M/ Lipppe—" /"/Jdl/‘l‘{/ )//Q' @MUW\
Jdhn Turneaure, Stanford Stuaé;/Calhoon, LMSC ] / |S / 74
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Science Mission Payload Specification LMSC/F277277 version 3.1
. 5 Oct 1994
RELATIVITY MISSION
REQUIREMENTS DOCUMENTATION

T001

F‘Science Mission Objective l
] o ! Too2 ... _Sowr
2 Gméﬂ;ﬁ? B ‘ 12 Fundamental Science +- Gravity Probe B i
! (Overall Configuration) | Requirements | EmorTres

? ‘ i T0Q3

Space Vehicle
Hardware Heguirements
i
! F277277 | SE 12 jmocuazzfa i MO 01 i MO 05
Science Payload Space Vehicle + Delta il Payload | Joint Mission GPB Flight
Specification Specification |_Planners Guide Operations Plan Operations Handbook
F277233 f SE 03 | MO 03
Spacecraft to Science | | | Spacecraft to Launch | Flight Segmentto | | Mission Operations |
Payload ICD : Vehicte ICD Ground Segment ICD | | Ground Segment ICD |
SE 14
Spacecraftto GPS &
Receiver ICD
| ] | | |
SIA ) Probe Dewar Gas Management Payload Electroniw}
Specification Specificath Specification Assy Specifications
SiAto Probe | | Probe to Dewar [ Probe/Dewar , Payload Electronics |
ICD ICD . | External ICD ICDs

Figure 2.1-1

NFPA 493

NFPA 496

MSFC-HDBK-527 /
JSC 09604

MSFC-SPEC-521A

™ 4527
2.2 Stanford

Relativity Mission Document Tree

National Fire Prevention Association Standard for Intrinsically
Safe Apparatus and Associated Apparatus for Use in Class I, 11,
and I, Division 1 Hazardous Locations /

National Fire Prevention Association Standard for Purged and
Pressurized Enclosures for Electrical Equipment in Hazardous
(Classified) Locations

Material Selection List for Spacel Hardware Systems
Electromagnetic Compatibility (EMC) Requirements on
Spacelab Payload Equipment

NASA Technical Memo, Orbital Environments

The following Stanford documents are referenced within the italicized commentary for traceability

purposes only.

T003 rev A

GP-B Space Vehicle Hardware Requirements, dated 15 Apr 93

page 11
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11 July 1994

SUBJECT: Probe C Requirements Review
ACTION ITEM # 60
STATUS: Closed

ASSIGNEES:  J.M. Lockhart

SIGNATURES: / Y Mf

Appprnle
P Tomca~— ?/r%/7%
John Taraeaare

AR Caltroo 8h]/5y
Gbvart Cx fhoon , LIS

Action; [Describe] possible changes in SQUID operating frequency and source and load impedances

Resolution; The anticipated SQUID parameters for Science Mission are:

Operating (modulation) frequency: 420 kHz

"Load" Impedances (looking into the SQUID; not including cable impedance):

Bias current circuit 220 Ohms
Modulation Circuit 220 Ohms
Feedback Circuit 220 Ohms
Signal Circuit 150 Ohms
Loop Switch Circuit 220 Ohms

313

"Source" Impedances (from SQUID electronics; total per circuit, half stated value in each leg)

Bias current circuit 200 kOhms
Modulation Circuit 2000 kOhms
Feedback Circuit 40 kOhms
Signal Circuit 100 kOhms
Loop Switch Circuit 40 kOhms



Probe-C PDR Action Item Response

ACTIONITEM 1

Establish list of all actions necessary for probe-B to be flown instead of probe-C. Make
1 person responsible for list. Solicit input from everyone. Divide into necessary vs
desired actions. Provide system for individuals to add to list until launch.

RESPONSE SUMMARY

Graham Ross will maintain a list of all identified actions required for probe-B to be
upgraded to a flight unit. This list will be a computer file on his machine that is
accessible throught the Lockheed Macintosh network:

zone: RDD_Phase_2

server: Graham's mac

volume: see but don't touch

file: flight upgrade of probe-B

Email has been distributed to the Lockheed program and the Stanford lead engineers
and scientist to solicit their input on this issue. Any ideas, concerns and comments
can be sent to Graham via Email to:

ross@Imsc.lockheed.com

All inputs will be incorporated into the upgrade document.

e —
- L - /

_Acfionee's nde o

approved:
M/ﬂ A cpprer— /7',/7/{/77/“ JQ\QMW
]tﬁm Turneaure, Stanford Sh@é Calhoon, LMSC
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SUBJECT:
ACTION ITEM
ASSIGNEE:
ACTION:

RESOLUTION:

February 8, 1995

PROBE C PDR
#3
Paul Dineen

Reevaluate caging solder. SVA experience shows Indalloy #9 1s
very difficult to work with. The Stanford paste SN96 works much
better but had some questionable metallurgy. This was marginal in
the last analysis several years ago.

Part 1: Initial Probe B Decision:

Indalloy #9 was used at LMSC because 100pm CuSn
intermetallics were found in the SN96 solder joints after initial
soldering. Indalloy #9 was free of these larger intermetallics after
the initial soldering. Because large intermetallics are potentially
brittle, Indalloy #9 was recommended. No other difference was
noted between the two solders. Reference the following two
supporting engineering memos:

EM No. 308 Caging and Spinup Heat Source and Solder Tests
EM No. 311 Caging Line Solder Joint Metallurgical Evaluation

Part 2: Probe C Recommendation:

Use Indalloy #9 on Probe C. See technical investigation on
attached sheet. If an alternate is desired investigate SN63 .
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February 8, 1995

Probe C Technical Investigation:

The material composition of Indalloy #9 and SN96 was reviewed to see if the
differences in soldering performance could be explained.

Indalloy #9 : Chemical Composition: 70% Sn, 18Pb, 12In
Melting Temp: 324°F

Form: Wire

SN 96: Chemical Composition: 95-96% Sn, 0.1% Pb, 3.6-4.4 Ag,
2% Cu max, .005 Zn max and .005 Cadmium max.

Melting Temp: 430°F

Form: Solder cream

Chemical composition:

As can be seen by EM No. 311, Caging Line Solder Joint Metallurgical
Evaluation the chief intermetallic formed during soldering is CuSn. The high
concentration of tin (95-96% in SN96) results in the rapid formation of
intermetallics. This makes soldering easier but can lead to brittle joints.

SN96 contains trace elements of cadmium and zinc. I've done a preliminary
literature search and have been found that cadmium and zinc are not
recommended for space applications because they release metal vapors which will
deposit on optical and thermal control surfaces. Reference excerpt from SSD
Design handbook.

Indalloy No.9 contains 70% Sn which allows CuSn to form but not at the same
rate as SN96. Indalloy #9 has indium as a component, which tends to oxidize
rather rapidly. An oxidized indium coating can make soldering very difficult if not
impossible. Indium tinning must be kept free oxides or be recleaned using flux.
The flux should then be removed.

Not an issue.
Form:

It appears using paste which contains flux is the more desirable application of
solder.

Conclusion:
Use Indalloy #9 for Probe C.

Do not use SN96 because of the larger CuSn intermetallics formed and the traces
of cadmium found.

If an alternate is desired, evaluate SN63. SN63 has never been evaluated for use
on Probe cables, but will be used in the assembly of the Dewar. Also SN63 has
been used on previous Dewar programs. SN63 is easy to solder like SN96 but it
has a lower percentage of tin (63% for SN63, 70% for Indalloy #9). It also does
not contain any cadmium. The evaluation process would repeat the mechanical,
metallurgical and magnetic tests previously performed on SN 96 and Indalloy #9.
While LMSC has found Indalloy #9 to be satisfactory, SN63 might be a viable

2
; .
Melting Temp: '
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February 8, 1995

alternative. However evaluation of it for use on Probe C would require Stanford
University authorization.

=
"D ) Ve £ oot
e Z 27T LA e~ A—LQ /4{ 1&{,’14

Written : Paul Dineen Checked: Gary Reynolds
£ Q el
Appfoved: LMSC Approved: Stanford University
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LOCKHEED MISSILES & SPACE COMPANY, INC.
A SUBSIDIARY OF LOCKHEED AIRCRAFT CORPORATION

ENGINEERING MEMORANDUM

TITLE Caging and Spinup heat source and
solder tests EM NO. 308

REF: P0O30733
DATE: 10/06/92

PREPARED BY: Jay Nauss AP L:
CHECKED BY: G. Reynolds/S. Calhoon %»—‘V\,

v

SUMMARY

Solder tests for caging and spin up joints were conducted for selecting the most
suitable heat source and solder for cleanroom applications.

The Ultratorch was shown to be the best heat source for this soldering process.
The Indium alloy#9 solder was shown to be the best solder for this process.
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P011950

DIl iON

The tests were conducted to determine which heat source would produce the least
amount of particulation during this clean room soldering operation and which
soider, Indium alloy #9 or Multicore, Sng6 PRAB3 Paste, had the best workability
and flow characteristics.

Four joint specimens were tested, two pretinned with indium alloy #9 solder and
two pretinned with Multicore solder, Sn96 PRAB3 Paste. One of each of the joint
specimens of the two solder types were mated and demated with the Ultrasonic
soldering iron. The remaining two joint specimens of the two solder types were
mated and demated with the Ultratorch.

The joints were first mated and the cleanliness of the outside diameter and inside
diameter were checked and the level of cleanliness recorded. The joints were then
leak tested and recertified. Next, the joints were demated and the cleanliness of the
mating ferrule was checked for contamination and the level of cleanliness

recorded.

Samples of mated joints pretinned with both the Indium alloy #9 solder and the
Multicore solder(Sn96 PRABS3 Paste) were load tested to 20Lbs. and sectioned by

the Metallurgist in Bldg 203.

NCLUSION:

The level of cleanliness checks on both the inside and outside diameters of the
solder joint specimens show conclusively that the Ultratorch is the superior heat
source. The level of cleanliness after mating and demating with the ultratorch in
every instance was still within level 100, were as the joints assembied with the
Ultrasonic soldering iron always exceeded level 100 cleaniiness. This was due to
the tip of the Ultrasonic soldering iron oxidizing by the time it heats up for use,
therefore causing large particulates. It was also noted that the Ultrasonic soldering
iron caused particulation by splattering the solder. Furthermore, the iron also drove
solder in some instances down to the interior of the sleeve due to the Ultrasonic
vibration effect. These problems were not evident when using the Ultratorch.

Some leak were present in joints. The joints made with the ultrasonic soldering iron
produced unacceptable leaks. One very small leak at 10-09 cc/sec @ STP of He
was detected when using the Ultratorch. Adequate pretinning of the parts and leak
check of the joints at assembly will ensure the integrity of the connection.

The applied load to the joint when the system is caged is less than one pound. The
specimens were loaded to 20Ibs each at LMSC with no failures for either solder

type.
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Sectioning of the joint specimens by the metallurgist in bidg 205 showed that the
solder joints had minimal voids. The sectioning aiso showed that the Multicore
solder (Sng6 PRAB3 Paste) formed more intermetalics with the phosphor bronze,
causing more erosion of the components than would be present when using the
indium alloy #9 solder. There were no marked differences in the workability or flow
characteristics of the two solders.
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LOCKHEED MISSILES & SPACE COMPANY, nvw.

ENGINEERING MEMORANDUM
TITLE: Caging Line Solder Joint Metallurgical Eval. EM NO. 311
REF: LMSC-P030742
PREPARED BY: D. Yaney DATE: 9/23/92
cueckepey:  J. Nauss apprOvAL: S. Calhoon

PURPOSE

The purpose of this investigation is to evaluate the integrity of Indium #9/phosphor bronze A and
Multicore/phosphor bronze A solder joints in both the as-fabricated and re-worked conditions.
SUMMARY

This report documents the results of metallographic and scanning electron microscopy (SEM)
examinations as well as mechanical testing of five different tube/ferrule/sleeve solder joints. The

history of the five joints is summarized in Table 1 below.

TABLE 1. Tube/Ferrule/Sleeve Joints Examined as Part of this Investigation
Tube, Ferrule and Tube/Ferrule Ferrule/Sleeve
Sample No. Sleeve Mat'l. Braze Allov Solder Thermal Historv

1005921 | Phosphor Bronze A | Ag-28 wi.%Cu Indium #9* As-fabricated
1005922 Phosphor Bronze A Ag-28 wt.%Cu Indium #9* Re-worked
1005923 | Phosphor Bronze A | Ag-28 wt.%Cu Multicore™™ As-fabricated &
1005924 | Phosphor Bronze A | Ag-28 wt.%Cu Multicore™™* Re-worked
1005925 | Phosphor Bronze A | Ag-28 wt.%Cu Multicore*™* Over-temp.

: *§n-18 wt.%Pb-12 wt.%In
**9n-3.7 wt.BAg

All samples were successfully loaded to 20 Ibs. in tension without failure. Porosity was
frequently observed in both the Ag-28 wt.%Cu braze joints (between the ferrule and tube) as well
as in the Indium #9 and Multicore solder joints (between the sleeve and ferrule). Small Cu-Sn
intermetallic particles, identified by energy dispersive x-ray analysis as the 1} phase containing
43.5 to 45.5 at.%Sn, were observed at all Indium #9/Phosphor bronze A and Multicore/Phosphor
bronze A interfaces. In addition, the re-worked Indium #9 joints, as well as all of the Multicore
solder joints, contained large needle like 1} phase particles within the solder fillet regions.
Apparently the higher tin content of the Multicore solder, in comparison with the Indium #9
solder, leads to more aggressive attack of the phosphor bronze A and thus to more extensive T
phase formation during the initial soldering process. Given the large size (100 im in some cases)
and potentially brittle nature of these particles, use of the Indium #9 solder with its reduced

tendency for 1| phase formation is preferred.

DISCUSSION

The five different tube/ferrule/sleeve joints examined as part of this investigation were described
previously in Table 1. Fabricaton of these joints occurred in two SIEps. First the ferrule was
brazed to the tube with the Ag-Cu alloy . After this joint had cooled, the sleeve was then added
by soldering with either the Indium #9 or Multicore solder. In order to provide a preliminary
assessment of joint integrity, all samples were loaded in tension to 20 pounds and then unloaded.
No failures were observed, so all samples were then cross-sectioned, cold mounted and polished




rigpamou vy .
D. Yaney 3 Nov. 92 | PO U — i}
Checked by: Date Vv ‘.‘
J. Nauss Caging Line Solder Joint Metallurgical Evaluation EM 311 '
ol Date : Repart No.
S. J. Calhoon LMSC-P030742 Al

Indium #9 or Multicore Solder

\ Sleeve

Braze
72 wt.% Ag - 28 wt.% Cu

Tube

Sleeve

#9 wbe/ferrule/sigeve joints.

Figure 1. Schematic illustration of tube/ferrule/sleeve joint.

Ferrule
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Figure 2. Low magnification SEM micrographs of the (a) as fabricated and (b) re-worked Indium
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J. Nauss Caging Line Solder Joint Meullurgical Evaluation EM 311
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Figure 4.
bronze A/Ind.ium_

Phosphor
Bronze A

#9 solder interface. As-fabricated condition.

SEM micrograph of Cu-Sn, 1 phase intermetallic particles at the phosphor
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Checked by. Date Model

J. Na;yss Caging Line Solder Joint Meallurgical Evaluation EM 311
Approved by: Datwe i Report No.

§. 7, Calhoon I MSC-P030742

following re-work.

Figure 6. Low magnification SEM micrographs
Multicore tubc/fqrrulc/slccve joints.

Figure 5. SEM micrograph of Cu-Sn, 1| phase intermetallic particles in Indium #9 solder fillegr
m
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of the (a) as-fabricated and (b) re-worked ;—',,__
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Approved by: Dato : Hepart No.

S. J. Caihoon LMSC-P030742

Phosphor

Bronze A

PRI e s $Re T e S
E i Yaoue e Shch

Figure 7. SEM micrographs of Cu-Sn, 1 phase intermetallic particles (a) at th

Multicore/Phosphor bronze A interface and (b) in the Multicore solder fillet region following

initial fabricaton.

Phosphor
Bronze A

of interface between Ag-28 wt.%Cu braze and Sn-3.7 wt.%Ag

Figure 8. SEM micrograph
Note the presence of Ag3Sn and Cu-Sn 1} phase

(Multicore) solder. Over-temperature sample.
particles.
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4. FASTENER

FASTENING SYSTEMS

SELECTION CONSIDERATIONS {Continued)

Cadmiggﬂ§g§T53254muSt not be used on any space systems flight item because
of the detrimental effect possible on optical and thermal control surfaces
due to thermal decomposition/volatilization and condensation. This re-
ctriction is applicable throughout the flight vehicle. Included are such
items as nuts, bolts. washers, and plated electrical connectors. However,
this restriction does not apply to AGE and separable booster hardware.

5. DESIGN CHECK LIST

in the design application of @echanical fasteners, the following list of consid-
erations may provide a convenience in design.

Are standard fasteners used? Can the number of different types be reduced?
Has the most economical fastening method been selected?
Is proper fastener edge distance provided for all parts?

1s additional fastener edge distance provided on parts requiring fitting on
installation?

Are minimum spacing requirements met for nonflush, countersunk, and dimpled
hole pgtterns?

1s standard tool clearance provided?

Are standard spotfaces and counterbores provided where required?
] Is clearance sufficient for wrenching?

° Is clearance‘adequate for back spotfacing?

1s selection of hole sizes compatible with function, assembly, and inter-
changeability requirements?

Are adequate fastener instructions called out?
Is bolt torque specified if nonstandard?
Are shear type bolts not loaded in bending?

Are washers provided under bolts, nuts, and nonflush screws that bear on
thin (0.032 inch and under) aluminum sheet, magnesium, plywood, or

plastics?

Are safetying requirements for fasteners met?

Are self-locking bolts or nuts, as appropriate, used wherever possible?
Can rivets be used in lieu of more expensive fasteners?

Are flush fasteners used only where necessary?

Are fastener materials compatible with material being joined?

when riveting cagt@nQS. does drawing require manufactured head to be on
casting side of joint?

Does design accomodate automatic fastener installation wherever
practicable?

. Can fastener pitch be constant?

. can fastener patterns be straight and parallel or perpendicular to
each other?
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Probe-C PDR Action Item 4

Should the bakeout be done before or after the SIA mass model is installed at
LMSC? Would it affect the bakeout? Does it degrade the weight and CG
measurements? Installing it early saves one open/close bakeout cycle.

RESPONSE

The Probe-C Acceptance Test Flow presented at PDR is shown in the accompanying
figure. Probe-C will be vibrated with a mass model of the SIA, probably made of
aluminum, after Stanford Acceptance and prior to shipment to Stanford. The
question is whether the SIA mass model should be installed prior to the high
temperature bakeout, as shown in the figure, or after Stanford acceptance, just prior

to vibration.

Magnetic screening must be done with a spool in place of the cross-flange, in order
to rotate the probe during magnetic testing. After the magnetic test, the probe cross-
flange with valves, and window 4 are installed in B20Z. It would be convenient to
install the SIA mass simulator at this time. -

The mass simulator will not degrade the probe weight and CG measurement, and in
fact should be more informative if the mass model weight and CG are
representative of the SIA. The mass simulator will be weighed and its CG measured
separately and the probe sans SIA can be derived analytically.

During Probe-C high temperature bakeout, the SIA mass simulator will also be
baked-out. This should present no negative impacts to the probe bakeout. It would
be best to bake-out the mass model alone prior to integration with the probe.

Prepared Approved
4 ,
(e fokbioer b / G Pefllciol 302175
A. K. Nakashima G. M. Réynolds 7
Approved Approved

JSL@MM 7’/}5 75

S. Gglhoon, LMSC J. Turneaure, Stanford
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Tel: (415) 725-4110 Fax: (415) 725-8312 Email: sasha@relgyro.stanford.edu |

SUBJECT: PROBEC
Actionitem#: PpR AT # 6
STATUS: Closed

DATE: 27 February, 1995

ASSIGNEES: S. Buchman

Signatures: & /2” "g"/l/\wvr

APPROVED: J. Turneaure
Signature: l@{ Y. Aot

Action: Determine permissible thermoelectric differential potential on suspension
ground plane and UV bias cables for the gyroscopes in Probe C.

Resolution: The maximum variation (highest to lowest) in thermoelectric
induced potential differences between all suspension ground plane and UV bias
cables in probe C should be less than SmV.
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December 1, 1994

PROBE-C PDR
ACTION ITEM RESPONSE

ACTION ITEM 7: Submit data items that were not available at the review: CIL,
LLIL, drawing tree, ICD's 3112, 3115, 3116, and 4159.

RESPONSE: These documents have all been updated and transmitted to
Stanford now, except for the Limited Life ltems List. Referral
to the Statement of Work revealis that the LLIL is not due until
the CDR and was on the original list in error.

Al b 2/1/94

Sty}ﬁ Calhoon, LMSC

M/ 72/4/1,4/ [Y/28/TY

J&hn Tumeaure, Stanford
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November 3, 1994
SUBJECT: Probe C PDR Action Item No. 11

ASSIGNEE: R. Whelan

STATUS: Closed (ongoing activity required to identify extent of potential problem and
determine appropriate courses of action)

Action: Discuss and coordinate the Probe-B measured weight and CG discrepancies
with spacecraft people. (assigned by B. Parkinson)

On October 10, 1994, Richard Whelan of GP-B Science Payload Mass Properties met
with Bob Schultz of GP-B Spacecraft Systems Engineering to discuss Z CG status and
requirements. Following the measurement of Probe B weight and center of gravity,
where a large discrepancy between the model prediction and measured value was
revealed, an action item was assigned to determine possible courses of actions that the
Lockheed Teams would take to meet the overall Z CG requirement.

The results of the Probe B measurement, when incorporated into the present model and
combined with several other changes occurring at the forward end of the Main Payload,
reveal a strong likelihood that the Main Payload Z CG will not fall between the required
values of 4260 mm and 4500 mm.

The decision was made to fully assess the problem and determine solutions after the
release of the next Science Payload report (November 15) which will incorporate the
change to a fixed Sunshade (reducing the predicted Z CG from approximately 4550 mm
to 4525 mm). The Spacecraft Team will use the new input to evaluate ballast
requirements due to the high Main Payload Z CG. At that point, alternatives to the
required additional ballast (if any) will be determined, including: changing the trunnion
interfaces between Main Payload and Spacecraft by shimming, changing aft box
locations, or identifying other hardware that might be moved to change the Z CG.
Feasible solutions will be presented at future Interface Control Working Group meetings
and discussions will continue in that forum until all concerns are addressed and a
solution is reached.

Prepared by: Approval: Approval:
R. Whelan S. I/ Calhoon, LMSC Y Turneaure, Stanford

nf3[94 ) Y/20) Ty
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December 1, 1994

PROBE-C PDR
ACTION ITEM RESPONSE

ACTION ITEM 12: Expand the LMSC Approved Material & Process List, LSE-

RESPONSE:

03, to include materials and processes approved for Zone
1. If it cannot be modified, develop a similar independent
document. (Sullivan)

After due consideration, we are requesting that this Action
item be withdrawn. Two separate groups of people use
each of these lists, and there is no apparent value added in
combining them. If a Zone 1 list needs to be created, that
should more logically be done by Stanford.

AL Callon  12/1]74

Studrt Calhoon, LMSC

Il Ttoar— _12) 297

Jéhn Turmeaure, Stanford
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December 1, 1994

PROBE-C PDR
ACTION ITEM RESPONSE

ACTION ITEM 13:  Implement a materials data base which would list quantities
of materials in stock with magnetic and contamination zone
assigned. This could be two lists, but both groups should
have access, such that material emergencies can be better
deait with.  (Sullivan)

RESPONSE: After due consideration, we are requesting that this Action
Item be withdrawn. To create such a data base would entail
a significant amount of work, and frequent updates would
be required. A good portion of the raw material in our
Stores is designated for a specific purpose, and
determining how much of it is unallocated would also be
tedious.

As far as dealing with emergency situations, these would
best be handled on an ad hoc basis. We can quickly
determine the quantity of an individual material in Stores,
and condition and availability could then be determined.

I don't believe these emergencies come up frequently
enough to justify establishing a full-blown tracking system
as requested.
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AN Uiz 12,0t

Sttiéft Calhoon, LMSC

[ 1u /L/zt;/?',}r

Jphn Tumeaure, Stanford



MRR=—15~1995 Lo = [0 Tt < T Y S P MR T R

Probe-C PDR Action Item 17
Prior to CDR, coordinate Probe-C verification test flow at Stanford with Mike Taber

RESPONSE

The attached Probe-C verification test flow was reviewed with Mike Taber. The test
flow at Stanford utilizes the experience gained from planning GTU-1. The major
differences between Probe-C and GTU-1 are the optical tests and the Science Mission
Dewar replacing the EDD. It is anticipated that further updates to the test flow will
occur as we gain more knowledge and experience with the SMD, optical test
equipment, etc. For example, the tests which are more amenable to a vertical vs
horizontal orientation of the dewar will affect the test flow.

Prepared Approved

A. K. Nakashima M. Taber, Stanford
Approved Approved

S. Cilhoon, LMSC J. Turneaure, Stanford
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Interface Requirements for Probe-C

Probe-C has interfaces to a number of different components that are being produced by
the Lockheed payload contract, the Lockheed spacecraft contract, and by Stanford. The
interfaces to these components are controlled by the following documents:

Probe-C to Science Instrument Assembly

Probe-C to External Payload Assemblies

Probe-C to Science Mission Dewar

Probe-C to Spacecraft

Science Payload Specification F277277,
section 3.7.2
Interface Control Drawing 1C34103

Science Payload Specification F277277,
section 3.7.6
Interface Control Drawing 1C34102

Science Payload Specification F277277,
section 3.7.4

Interface Control Drawing 5834159

Interface Control Drawing 5833117

Science Payload to Spacecraft Interface
Control Document F277233
Interface Control Drawing 5833115
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