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ABSTRACT

This report presents the analysis performed on the soft X-ray telescope (SXT) to determine
the correct thickness of the spacer to position the CCD camera at the best focus of the
telescope, and to determine the maximum uncertainty in this focus position due to a
number of metrology and experimental errors, and thermal and humidity effects. This type
of analysis has been performed by the SXT prime contractor, Lockheed Palo Alto Research
Lab (LPARL). The SXT project office at MSFC formed an independent team of experts to
review the LPARL work, and verify the analysis performed by them. Based on the
recommendation of this team, the project office will make a decision if an end to end focus
test is required for the SXT prior to launch.

The metrology and experimental data, and the spreadsheets provided by LPARL are used
as the basis of the analysis presented in this report. The data entries in these spreadsheets
have been verified as far as feasible, and the format of the spreadsheets has been improved
to make these easier to understand. The results obtained from this analysis are very close
to the results obtained by LPARL. However, due to the lack of organized documentation,
the analysis uncovered a few areas of possibly erroneous metrology data, which may affect
the results obtained by this analytical approach.



1. BACKGROUND

The Soft X-ray Telescope (SXT) is being built by Lockheed Palo Alto Research Laboratory
(LPARL) for NASA Marshall Space F light Center (MSFC). The mirror assembly of SXT
has been built by United Technologies Optical Systems (UTOS). This telescope is scheduled
to be launched on a Japanese satellite along with other instruments as part of Solar-A
experiment.

The original plan was to do an end to end test of the SXT prior to launch at MSFC X-ray
calibration facility. This facility is currently being modified for AXAF, and is consequently
not available. The LPARL and MSFC project office personnel felt that the correct focus
setting for the SXT can be determined analytically based on the metrology of the flight part,
and the results of a previous X-ray test performed at MSFC in June 1989.

A review team consisting of MSFC Optics Branch personnel was formed at the end of
November 1990 to evaluate the feasibility of setting the SXT focus analytically on the basis
of metrology data and other documentation provided by LPARL. This review team was
assisted by an optomechanical expert from the Center for Applied Optics (CAO) at
University of Alabama at Huntsville (UAH). A meeting was held at Palo Alto, CA on
December 3 & 4, 1990 with LPARL to review the documentation and metrology data for the
flight parts as provided by LPARL.

The review team has made independent calculations of the error budget, and the thickness
of the CCD spacer to position the camera at the best focus position based on the data
provided by LPARL. The results obtained are quite close to the LPARL results, but due to
the lack of organized documentation, and the metrology data that was not independently
verified at Lockheed facilities, a significant uncertainty and doubts exist about the validity
of the results obtained by this analytical approach.

This report consists of the spreadsheets for focus error analysis and calculation of the flight
CCD spacer thickness. The issues relating to the accuracy of the data used in the
spreadsheets are also discussed.



2. SXT FOCUS ERROR ANALYSIS

21 SOURCES OF FOCUS ERROR:

The major components of SXT are shown in figure 1. As it consists of a number of critical
optical and mechanical parts fabricated to precision tolerance, it is important to determine
the magnitude of the uncertainty in the focus position due to metrology and experimental
errors. In this section, the major sources of focus error are identified, and the resuiting
uncertainty in the focus position is predicted.

The two major categories of errors are:

A. MSFC Test #2 Errors:
An end to end focus test was performed on SXT to determine the focal length at
MSCEF in June 1989. In this test, an engineering model metering tube and CCD
camera were used. These errors determine the accuracy of the focal length calculated
from MSFC Test #2 results.

B. Metrology errors in flight parts:
The SXT has been disassembled and reassembled several times since the June 1989
test. Most of the major parts were made new for the flight unit. The errors in these
determine the accuracy of the desired focal length that will be achieved in the orbit.

22 FOCUS ERROR SPREADSHEET:

The data used in this spreadsheet was obtained directly from the documents supplied by

LPARL. The spreadsheet supplied by LPARL was used as the baseline. The following list

provides the reference for each entry in the spreadsheet.

A. MSFC TEST #2 ERRORS:

1. Error in focus location by Hartmann test. Used LPARL number.

2. Focal length correction for the source @ finite distance. Used LPARL number.

3. Effective focal length correction. Used LPARL number.

4. Temperature uncertainty in calibration/metrology of MSFC assembly.

- Refer to Design Notes: 36, P:1 & 2
45, P:1
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5. Length of beamline. Used LPARL number.
6. "Best focus" spacer thickness.
- Cannot find ref: JRL note of 9/15/90. Used LPARL number.
7. Uncertainty in CCD focal plane inset from the mounting feet.
- P: 2 of CCD Camera Metrology report, dated 10/2/89 (SXT8E056)
8. Tube #2 hydration uncertainty.
- Design Note: 50, P:1 & Table:1
9. "Wire pinch" problem.
- Design Note: 50, Fig:5
10. Flatness error in forward support plate.
- Design Note: 50, P:1 & 2, Table:2 & Fig:6
11. Metrology accuracy in metering tube group (July 1989)
- Cannot find MEB 9/17/90 reference.

12. Mounting pads to mirror joint distance.

- Original UTOS drawing indicates +0.020" tolerance, LWA memo of 11/16/90 (items

#9 & 10) indicates that actual tolerance may be better than +0.005".

NOTE:

Errors # 1,23,5 & 12 are optical in nature & must be verified by MSFC personnel.

B. ERRORS IN FLIGHT PARTS:
1. Temperature uncertainty in metrology of metering tube group.

- Refer to Design Notes: 36, P:1 & 2
45, P:1
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. Uncertainty in the value of coefficient of thermal expansion of structure.
- Design Note: 45, P:1
. Orbit temperature uncertainty.
- Design Note; 45, P:1
. Uncertainty in CCD focal plane inset from the mounting feet.
- P: 4 of CCD Camera Metrology report, dated 08/27/89 (SXTSE065)
. Tube #5 hydration uncertainty.
- P:3 of Feinstein handout at 12/3/90 meeting.
. Metrology accuracy of metering tube group (September 1990).
- Cannot find any reference.
. Mounting pads to mirror joint distance.
- Same as Error #12 of section A.
Metrology of flight CCD spacer.
- Loren’s spreadsheet dated 9/15/90.
. Metrology of fiberglass (G-10) washers (compressed).
- Loren’s spreadsheet of 9/15/90.
0. Lapping of flight CCD spacers.

- Flatness tolerance on the drawing per Bruce. Drawing not available.
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3. FLIGHT CCD SPACER THICKNESS

3.1  SPREADSHEET DATA:

The calculations in the spreadsheet are based on a number of metrology measurements
of the parts used in MSFC test#2, and the flight parts that were fabricated subsequently.
The machining and measurements of the parts used in MSFC test#2 were done in less
than ideal conditions as compared to the flight parts. Moreover, a number of analytical
formulas were used in the focal length calculations. The validity & the accuracy of these
formulas needs to be verified. Some of the metrology data is open to interpretation, so
judgement calls had to be made about the signs, etc. All these factors must be
considered in judging the accuracy of the thickness of the flight spacer as predicted by
the spreadsheet.

Some brief comments about the various calculations and measurements used in this
spreadsheet are as follows:

L. Length of MSFC X-ray beam (source to mirror joint) has changed slightly because
the pads to mirror joint distance has changed from 2.035" to 2.05372". Moreover,
this length is composed of § measurements, so it’s accuracy depends on how
accurately those 5 measurements were made at the time of test (Cells F9-F11).

[

The length of metering tube used in MSFC test #2 was measured twice because
of the wire pinch problem. The second set of numbers (without pinched wire) has
been used by LPARL in the spreadsheet. It is possible that wire was pinched at
the time of test. In that case, the first set of numbers should be used (cell D14).

3. The change in mirror joint to mounting pads distance affects the mirror joint to
image distance (cells D21 & D22), the finite conjugate correction (cell A28), and
the location of the best infinity axial focus with respect to the mirror pads (cell
D33).

4. The source of mirror remount correction number (cell C42) is not known. There
was also an uncertainty about its sign at the time of December 3-4, 1990 meeting.

S. The CCD inset from the mounting feet for the flight camera (cell C45) is
calculated by making the measurements using a rather tedious method (LPARL
report SXT8E065), and then fitting the best planes to the two sets of data. This
approach is prone to sign and magnitude errors.

6. An average thickness of the insulating washers (cell C48) is used. The three
washers, that will actually be used, can be of different thickness and, therefore,
can introduce tilt errors.



10.

11.

The desired metering structure length (cell F53) is 0.000185" shorter than the
previous value because of the change in mirror joint to pads distance.

The number used by LPARL for the measured length of the flight tube (cell C76)
can not be verified by the metrology data sheets dated 9/14/90.

The desired length is about 0.037547" shorter than the measured length (cell B82)
due to the reason mentioned in item 7 above.

The slope error calculations are open to a lot of interpretation as far as the signs
and the calculations of coefficients of the best fitting plane equations. The
coefficient B & C for the spacer (cells C94 & D94) were calculated by LPARL by
offsetting the actual X values by 0.1 (supposedly to keep the solution stable).

The numbers in cells F117 & F118 indicate the amount material to be removed
from the existing spacer.

The required thickness of the flight CCD spacer is 0.98420" at upper screw holes
& 0.99000" at the lower screw holes (cells F132 & F133). As the "as built" spacer
is too short by about 0.0005" (cells C138 & C139), a new spacer must be
fabricated.

10



S3You!l 800.E£6£00 0- = wi oQlL-
SNdo0jap p|aly 8pIM
wo 69000°8P1 1o
SaYaU! $€1/6/92°8S = Jamsuy
S8YdUl £6261200€°0- 6200.E4000 2€920 9G02900€ 85
102 ajebnluon .Snaojeg,  18surgono ainppnig
sped Jouiw Aes-x Im Sn2oj [eIXe Ajuyul 1S8q JO uoHEI0T

$8UOUI £6261200€ 0 = WO y00/SS29L 0
(v:d '06/21/6 40 STLON HINNNHE ‘W) adid DS 10} UOI91I09 BjeBNIuc BjIuIy

S8Youl Z0EEIEOY 09 = W) 8Z2SeYrESL I/ 8ARd8Y3
SYELOO' | (8vm) ones aanoay3autor
L6LZ°ESI 1y Juiop
W £596/6'€S | 10
S8YoUI £9016129°09 = Jamsuy

Sayaul 6/00/E¥00°0 2E9Z'0 902900€'8S 2LES0°C
06/L1/21 40 OW3IN S.YM1 .SN20jaQ, 18su1 @09 anpniag ped-juiop
® 2 :d '95038.1XS 43Y ' (a6ew: o} juol souw) 2-D4SW 1 souelsip abewi ,snaoy 1sag,

$00€°8G €l
L000E 85 29662 '8S 2l
$3Youl 9502900¢'8S 8510€'8S L
9|0 wonoq bBay Jaoedg uo sog
(S'D14 '05:31ON NDISIQ) 898} 199eds 0) sped Jounw ‘yibus) ,wayshs, 4SW
199 20E6/°L101
Wl $IEECCOLE 88YPILE'S- 9£98°0- ¥'6e Sv0'901L +996°9680¢
SOYdUI E9LGELSCl 2.EG0¢- ve0- o]8 SLLy 9i'v9iclL
cLEeS0e v€0 0L Sy 89'€L0!
= Jamsuy  Juiololped pedoljunopy Junow o} 3ige] IIqE} OF 10AId jond 0y 18bae

‘Jutol Jouuiw 0) 82un0s ‘weaq Aei-x H4SW JO YiIBua
youywt Qovse :J0J0B} UOISIBAUOY

SSIANMDIHL HIQVS ADQ LHOIMH 4O NOILYINDIVD L661/22/C.

~
[yr ]

©
™

i
(3]

<
"

[v]
™

o
(3]

-
™

(=4
(3]

[+
o~

-]
N

)
[3)

©0
o~

wH
o~

<<
N

[
™~

N
N

-
N

Q
(4]

]
s

)
g

M~
-

©o
b

wn
-

<
-

™
v

N
-

-
-

ol UG R T O B AT Y

) ] d 1 3 [ a | ) _ a | v

SSINXMIIHL H3IOVdS dJ0 ONILYINDIVO HO4 133HSAVIHIS

)

11



90y 01 | SO4  YIp sbnen 1eq jaH| vz
9:d ‘06/£1/6 40 STLON HINNNYE ‘W 434 ' 810y 1ixd 0 Jajudd 1e yibus) ainonig| g2
ZL
S8youI G66//E£20000- = wrl p/gL- 181uad ajoy 1y aanejay| 12
$8yout 921 /£000°0 = wigye L sod 1y sAnejsy| 0
9:d '06/€1/6 40 STLON HINNNYHEG ‘W 434 "190eds JO I} 104 UOID91109)| 69
89
wo L9LESE LYl 19
S3YJUI 9GS0E L0 8S 1 sod| 99
9:d '06/21/6 40 SILON 83N :43Y ‘(sped Jadeds o} sped Jounu) asmonas Buusiaw w4 jo yibue[ g
+9
SaYoul 9726420000 = wrgz9 1314 sod| €9
S:d ‘06/2L/6 $3YJU! 99802E000 0 = wigLg L sod| Z9
40 S3LON H3INNNHUEG ‘W :43Y ‘(seq 1818w uey sabuo; ainjonns sueaw sjaqunu aalisod)  Buipeas sbneg| 19
09
JaIy = $8youlI 8621L0'8S aouasayia| 65
S8yYdoul L0000S € $%901q Jasiy| 85
S8Youl 18621G 19 Jeq sa18N| LS
(VS:d ‘06/21/6 40 STLON HINNNHE ‘W :434) Jeq aouasajes jo yibua|og
GG
Wa G/6¥G2 L1 10 vS
SAYOUI 966EV L6 LS = J9msuy €S
S8youl $00692'0-  95/801120°0- /2000°0- I€08Y20000  LOZEGEO00- PELL6.92 8S 2S
19sul QDD ssvysem 'jnsuy| unoway no3 dwaj sSnooQ  sNaoj jul 0} sped| 16
G d '06/21/6 40 SILON 93N 434 ‘(sped Jaoeds o} sped sounw) y6ua| ainjonns Bunalew pansaq| 06
6v
Saydoul 96/801120°0 = wr $291°9¢€5 8v
NOLJV T A8 133HSHHOM 06/51/6 :43H * (# you g 01 passe.duwiod) ssauxoiy; Jaysem Bunejnsul| Zy
op
$aYdul 006920 = wrl 910,289 [
(¥ :d 'S9038 LXS 1HOJIH ADOTOHLIW) SAVd ONIINNOW WOH4H LISNI Qo0 4| vp
[
sayoul /2000 0- = wr ggg'9- v
(v:d '06/21/6 40 STLON HINNNYE ‘W) Uoioa.103 yunow-as Jouw| Ly
oY
Sayoul LEOgyZ000°0 = wrgl 6€
(1:d 'S¥:31ON NDISIQ) Uonda109 ainjesadws) iqio-uo| 8e
[3) | 4 | 3 ] a | o) | a | v

SSINMOIHL HIOVLS QID ONILVINDIVD HO4 133HSAVIAYIS

12



LLL
(01:d ‘06/€1/6 40 SALON S.HINNNHE ‘W) J3A0NW3YH 39 OL ViHILVYIN 40 INNOWY[oLL
601
801
your 2+9200 a|6ue Je aieid suis youi 01 18s o} wiys  [zot
ulwole 80’6 40 Bap y1GLQ = uyur $9200°0 Buidde| u1 1no uaxe) aq o} adoig|got
S0L
(6:d ‘06/€1/6 40 SILON SHINNNYHE ‘W) HAOVJS JHL ONINIHOVIN HO4 31v1d 3NIS 40 9oNiLL3sivor
(X118
0L
"190eds Ul pajesuadwod aq iSNw Sixe A Inoge 31n 'os|101
a09 youl £g/£°0 Ssoioe wiHl 6G/8E 6F /8661 €- 00!l
youywr 1/201°29 GLVE b- 66
[uBis aJoub] 86
"uonesado de| Jaoeds 0) pappe uonesuadwod In ou ji sixe jeando um g9 o )iy Bunnsay|ze
‘ppe sadojs-9 pue a)esuadwod sodojs-g | ainbi4 YT O) Buip100oy| g6
06/€1/6 Q31vQ €6
1IIHSHHOM S .83NW 434 youywrl 62615681 G8028'G- Ja0edg| v6
youywrl g/0G1 gy- el - £6
SHun Yyoul /GS68100°0- 850000 0- L1260/2°0 dduaiayial z6
Shun yout 898200 0 121000°0- 8616€€9°1 adoq 16
SHuUN your | 1650000 G810000- SiLy8Y06°L 1994| 06
0 g A4 walll 68
§'d '1HOd3H ADOTOH1IW Q0D W4 :43H (AD + X8 + v = 2) Ja0eds J0 )i pue HGDD Ul ao9 jo AGojosna| g8
18
‘SHOHYH3 340O1S 40 NOILLV1LND V)| 98
1]
9/901€100°0 youms ubis § nquO 8
€9+/08000 0 Wwd 61695600 £8
€12£050000- Your 10508600 | SaYaul LvSLE0°0 28
aduaIsyIqg /4 ol Buisn anjep SaYIUl 966EY/6°LG- PSIAPELLO8S 18
yibua) pansaq yibus) seapy| 08
30y }O 13judd e Jadeds uyl o} ywunowy| 6z
8.
Wwo gypeose il J0 LL
Sayoul yGar6L10'8S = Jamsuy 9.
S8Youl G5060L100°0- SO-316S5/ B86210°'8S 174
[3) | 4 | 3 | a { o) | ) | v

SSINMIIHL HIOVIS A00 ONILVINOTVO HOH4 133HSAVIHJS

13



44

‘d31vIiHEv4 39 1SN HIOVdS MaN Vv ‘IHOHS OO.L SI H3DVdS a0 w4 ONILSIX3 IHL SY :3LON|LbE
orL

c8cl 050000 $3|0Y 19M07 05686°0 6€1

1801 €$000°0 sejoy saddn 2/£86°0 8cl

(wrl) uoys (u) woys (u1) 8beiany LEL

06/L0/01L .)ing sv,[o€L

GEL

youy 17286°0 9joy Bununow esawed jo 19uad je SSaWNIIY) s90eds jeur4fpel
youl 00066°0 210y MaIds 19MO| JO 131UdD B SSAUNIIY} Jadeds jewidfeel
your ozvee6 0 8loy maids i1addn jo iajuad e ssauwyay) s9oeds jeurqfzel
LEL

926201 g1v09¢ 180eds jo ssauxoIy) abesanyfogt

810000 02sco't L0v0'9¢ G0t U1 621

000000 c0s2o't GGE0'9¢ 6'62c M i1 §

210000 61G20L 168092 L'0E , HN L2

¢90000 ¥9G20°'L c1G0'9¢ 9Ly n 274 8

() 'myBQ U)oy (ww) oy (wr) ped Gzl

sped je buipes, abnex) vZL

{'doy uo si1au100 pajjeraq yum 130eds 40 apis ped-t uo umop Buyoo}|ezt

ABojonapy 1o0edg|zz1

¥4}

0ci

youy 08500°0 CRITESE TR 6Ll
youl| 9z2S£0°0 910y Mma1ds jo 19j1udd e sped iamo| jo deqlgiL
your 901+0°0 310y MmaI1ds jo Jduad e sped saddn jo deq|zir
9ii

19)udd 3|0y Mojaq SaYdUI /980

aJe (sbum) sped Jamo ‘asimaxi|g

131Uad 8j0Y BAOQE SBYDUI £E°|

aie sped Jaddn ui sajoy mesog|prt

ELl

111 UlWOIe BO'6 BABIYDE PUB SBYDUI  GG/E0°0 18lU83 arow 0} Japio U)fZLL

5 [ 3 [ 3 I a [ o) | = [ v

SSANMOIHL HIOVdS G290 ONILYIND VD HOS 133HSAVY3IHJS

)

14



~
(x4

sayou £$0%/9ev= = wd 00L-| 9¢
SNJ04ap piayy apIM| 6¢
vs'c.€€Qa= 10 143
(2ea:zevInns= = Jamsuy €€
820-= 02a= 020= vig=| 2e
1100 8jebnluon .SN20jaq, 19su1 09 ainpnang| e
/M sNd0y jeixe Ayuyul isaq Jo uoneoo| og
62
sayou vS 2/82v= = wo (528-014)2vs2a=[ 82
04SN 10} U01IDB1100 BlEBN[U0D BNuI4| 72
92
¥S¢/sea= = wo ¥20.eca= I/4 8AN09Y ]| 6T
SrELO0'L (avm) oneu 8Anday3auior| v

((zza/)+(oLa/1))1= i wior] g2

¥5e.12a= 10 t44
(02q:02v)wns= = Jamsuy ¥4
€Oo/LLL= ce92 0= ria= <¢/€£S0°2] 02
.Snaojaq, 19su1 09 anpnag ped-juior| 61
JASW 1e aouelsip abew ,snooj 1sag, | g1

Ll

¥00€°86 £ll 91

2naLg+sig)= ¢9662'8S cilsi

SLOHSLO-v19).(52'2/5/80)= 8510€°8S vl
310H wonoq bay Jaoeds uo sod| gL

% sped Jounw ‘yibuay ,wa)sAs, o4snl zi

(13

64d.vG 2= 60.v5°¢= 68.v5°¢c= 6v.tG'2=| 0L

ve0- ]} Sy 8v.cL=| 6

¥e0 0L Sl 89°€LOL]| 8

ped o} junop lunow o} a|qe | a|qel 0] 10AlY lond o) 1861e) | 2

9

80inos ‘weaq Aes-x D4 Jo yibua S

14

youywr 0004.v'G2= :J0joe} voisisauonf ¢

4

1HOIT4 40 NOILLYIND VD L661/22/2.] |

a ] o) _ 7] | v

SSIANMOIHL HIOVAS AdO ONILYINDIVD HOL SYINWYHOA

)

15



£$0%/€98=
£30%/299=

18IH

crO=
Junoway

sayoul

sayoul

sayoul

sayoul

8|0y 0} | sod

vi8lL-
Ev'6

wo
sayoul

= wrl
= wd

= sayoul
sayoul
seyoul

6€0=
109 dway

£0/8vv=

$00692°0

420000

£$0%/6EV=

}yip abney Jeq jay
810y 11x8 J0 J91uad Je yibual ainonng

191U82 8j0Y 1y 2Alle|BY
1 sod 1y aAnejay
1 "W :43Y ‘180edS JO 1)1} 10§ UOHDIBLI0)

¥S¢.999=
(€90-290)+659= I s0d
uw) ainonas Buusiaw w4 Jo yibusT

€29 j9IH sod
GL'g L SOd
w saqunu saisod)  Buipeas abner)

858-/58= aousisyIq
100005°€ $)00(q 19SIY
18621G°L9 Jeq J9l9
HE "W 133Y4) Jeq 8ouaiajai jo yibua

9€0= £eqg=
snoojag SN0} Juil 0] sped
Iw) ybuay aunjonus Buualaw pansaq

= wr 291°9¢g
381dwo) ssauxaIy) Jaysem Bunensu)

= wt €$08.5v0=
ONILNNOW WOH4 13SNI 00 W4

= wr €$0$.2v0=
NNHE "W) U008.102 JUNOW-8J JOLIW

= wr 61
53Q) uoi281100 simesadwa) gI0-uQ

vl

EL

(43

b

0L

69

89

L9

99

g9

v9

€9

Z9

19

09

65

8§

LS

9§

Ss

147

1%

(4]

LS

0s

6v

14

/A

14

Sy

144

124

(44

34

oy

6¢

8¢

| o)

a | v

SS3INMOIHL HIOVdAS Q00 ONILVINOIVO HO4 SYINWHOA

16



Ll

134 38 O1 TVIHILVIN 40 INNOWV[0LL
601
801
01.901Q= Je Je ajeid auts youl 0L 19s 0l wiyS  [zo1
£0/66Q= Buiddey u 1no uaxe) aq o) adojs |90
[
VN HO4 31Vv1d INIS 40 ONILLIS[POoL
€01
Zo01
suadwod aq Isnw sixe A INoge ‘os|1o1
660.9€/ 0= 660.9€/'0= 001
£60-v6Q= £60-¥60= 66
{ubis aiouby) 86
sixe [eando um 99 Jo i1 buninsay| z6
-sado|s-g | ainbi4 ypm 0} 6uipiodoy| g6
G6
62615681 G8028°G- 19%edgs| v6
260.£$0%= 269.€$0%= £6
16Q-06Q0= 16D-060= 1689-069= aouaiayial 26
89842000 1210000 8616E€9'1 aoo| 16
1 L6S000 0 S81000 0- SLy8p06°L 1994] 06
0} g v way| 68
o1 pue HQOD Ul @9 Jo Abojonan| 88
18
10443 3401S 40 NOILY1LND VD[ 98
G8
+8
wo ¥6'2.288= £8
sayoul 18g+i8y= 28
sayout £G4-= 9/0=| 18
yiBua| pansaq yibus| seapy| 08
uad je Jageds uiyy o) unowy|6z
8.
wo ¥6'2.9.0= 10 Ll
sayou GLO+G/8+G/Y= = Jamsuy 9/
Sayoul (1/3-0£3)-= €90-290= 659=| 62
| o) [ g | v

SS3INMOIHL H3OVdS @90 ONILVINDIVO HO4 SYINWHOS

)

17



©@00 N4 ONILSIX3 3HL SV :31ON|LbL

ovi

€$03%.6€10= 6ELV-ECL= $8|0Y Jamo L09161/966¥686 0|6€L
£$08.8€10= AN B s8|joy Jaddn 6211/60€2..€860|8EL
(wr) woys (u1) woys (u1) ebeieay|zel
06/L0/0L . Ming SV, [9EL

[

udd je ssauydlyl J9oeds |euidlvel
uao je ssawoIy) Jadeds jeuj4lect
uad je ssauyaIy) Jaoeds |euidlzel

el

91/2928092520 | 666666729 17092 180eds Jo ssauxoiy) abeiaayfoel
G10v/8.002520'| LO¥0'92 G 0€ yilezL
£6€0589610G20' | GSE0'92 662 T8zt
00/€6€0581G20° 1 L6092 1'0g yunjzzt
GG/256/.€9520 | 215092 9Ly njezt
(u) woy. (ww) woiyy (wrl) ped|sZL

sped je Suipeas abney FZA1

ueds Jo apis ped-¢ uo umop Buioo}|eZL
ABojonap saoedsg|zzlL

it
1743
9Jualsjia 611
18juad je sped 1amo| jjo delgrt

+ 491ud9 e sped saddn o deq|ziL

gLl
a1k (sbum) sped Jamo| ‘asimayifcLL
ase sped Jaddn ui sajoy masogipLL
€Ll
WOJe 80’6 SAAIYDE pUB Saydul 28d= 181ud2 anow 0} Japso ulfzLL

a | 2 | ] | v
SSINMOIHL HIOVAS QOO ONILVINOIVO HO4 SVINWHOS

18




£
9¢
115
wo| ve
sayoui| ¢
sayoul| ze
Le
0t
62
82
x4
9T
sayoul [ ¢z
124
€T
wo| zZz
sayoul| 1z
sayoul| 0z
06/L1/21 40 OW3IW S.Yym 61
]
Ll
91
VM O Jeas 0} sped) yibus Sl
SS8UNOIY) 480Rdg sayoul| ¢
pds paysiuyun) amnjonns w4 €1
Zl
VM J0 Jeal o) sped) yibua 199) cLed= L
SsawoIy} Jaoedg wo (0L3:01vINNS= 63.r52=| 0L
L.SNJ048P 1$3Q, YIM) 2-DS 4N sayout (63:6¥)INNS= CcLES0C-| 6
clES0C] 8
= Jamsuy uiol o) ped| 7
9
S
L4
€
4
L
H | 9 | ] | 3

SS3INMOIHL H3IOVdS ad0 SNILYINDOIVD HOH SYINWHOA

19



wo
sayoul
sayou

sayoul
sayoul

G'd ‘06/21/6

¥5°2.664=
(gs4:2svInNs=
GpO-=

19su 409

vl

£L

cl

€$0%/140=

L

£$0$/0£0=

0L

69

89

19

99

59

¥9

sayoul

€9

sayoul

29

19

09

65

86

LS

9g

SS

10

vs

= JOMSUY

€S

8b0-=

(4]

siaysem ‘|nsu|

LS

0s

6b

8b

JA4

114

Sb

|44

144

(44

14

ov

6€

8¢

_

D)

I

d

SS3INMOIHL HIOVdS 029 ONILVINOTIVO HOH4 SYINWHOS

20



uiwoJe go'6 Jo Bap ¢161°0

06/€L/6 A31vQ
133IHSHHOM S 83N 434

c89-£89D= youms ubis § nqio
£/£8512829¥2.08000°0

LLL

oLl

601

801

yaui 1201

= uyul 1901

S01

voL

€0t

201

101

@o9 you g0 ssoe wiifool

youywrl

66

86

16

96

G6

youywr

v6

youywr

€6

shun youy

Z6

shun yow

L6

shiun yau

06

68

18

98

S8

4]

£8

¢83-284= youi
aoualsyIq

¢/S8896€ 1050800

c8

I/4 ol Buisn anjep

18

08

6.

8L

Ll

9L

SL

I ) [ 4

SSINMOIHL H3IOVdS Q20 ONILYINOTIVO HO4 SYINWHOA

21



iyi
oyl
6€l
8cl
LE1
9t
Gel
you z84a-0e1Q= velL
you gLL4-0€18$Q%= £€l
youi LiL4-0€1$Q8= 2el
Ll
otl
L¥0229€201 181000°0[621
o[8z1
¥/80/0€E¥SEG591000°0{22Z1
90229€201 1819000°0[9Z 1
(u1) eyaqgjset

ZA3
£zl
2l
1zL
ozl
youi 8Lid-Z1Ld= 6L1
youi 901Q.5L1L3-2LLD= 8Ll
youi 901LQ.v1L3+Z1LLD= LiL
9Ll
J9ludd 30y MO|2q Sayoul 198°0ISLL
JB1UdD 810y BAOQR Saydul eE LivEL
gLl
ZLl

| ) | 3 [ 3

SSANMOIHL HIOVHS d29 HNILYINOTVO HO4 SYINWHOA

22



4. REVIEW OF LOCKHEED METROLOGY PROCEDURES

The accuracy of the metrology data for the flight parts is crucial for predicting the
correct thickness of the CCD spacer that must be installed on SXT prior to launch. The
calculation of the correct CCD spacer thickness is based on the five measurements listed
below. Most of these measurements were made by one person using one set of tools.
These measurements were not independently verified by another person, or by the same
person using another set of tools or another metrology method. Some of the
measurements were made with uncontrolled equipment in an uncontrolled environment
by the LPARL engineering personnel, rather than by the qualified inspectors.

The specific comments about these five critical measurements are as follows:

41  METERING STRUCTURE LENGTH:

The graphite epoxy metering tube used in the MSEC test #2 was measured seven times
on different occasions as shown in table 1. In all cases, the high and low readings, as well
as their difference was found to be different. We can disregard the first 4 measurements
and only consider the measurements S through 7, which are critical to the results
obtained from MSFC test #. Even these three readings vary from a low of 53.30686" to a
high of 53.31446", i.e. a difference of 0.0076". Some of the causes of this variation are
hydration uncertainty, wire pinch problem and metrology errors.

The flight tube was measured five times, again all of the measurements were different.
The measurements #9 and 11 are both pre-bakeout readings, but the highs were
different by about 0.003" and lows were different by about 0.002". Similar differences
exist in the post-bakeout readings. One possible explanation for these variations is that
metrology tools or environment may not have been well controlled.

42  CCD FOCAL PLANE INSET FROM MOUNTING PADS:

The details of these measurements are discussed in LPARL’s CCD Metrology report
SXT8E065 dated 27 August, 1990. A tool makers microscope, which did not have long
enough travel to cover the mounting pads fully, was used. The data was taken in a non-
certified environment by engineering personnel using an uncalibrated tool. Also, the data
is not documented properly, and is therefore, hard to understand. The distance and slope
between the focal plane and the mounting pads was computed analytically, and not
measured directly.

The CCD focal plane is mounted on a fiberglass sleeve. The temperature and hydration
effects were not taken into account by LPARL for calculating this inset.
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TABLE 1

Meicring Tube Height Measurements Summary

—

Before lapping began MT 2
9 March, 1989

(%]

Aller lupping MT 2
4 April, 1989

3. After rework due 1o MT2
vibration failure
5 May, 1989

4. After relapping MT2
5 May, 1989

After bakeout MT2
25 May, 1989

w

6. Post MSFC X-Ray test MT2
5 July, 1989

7. Additional metrology MT2
11 Aug,1989

8. Initial metrology MT 5
13 Nov, 1989

9. Pre-bakecout MT 5
18 Dec, 1990

10 Post-Bakeout MT 5
4 Jan, 1990

11  Pre-final bakeout MT 5
25 July, 1990

12 Post-final bakecout MTS
14 Scpt, 1990
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High
Low
Diffcrence

High
Low
Difference

High
Low
Difference

High
Low
Diffecrence

High
Low
Difference

High
Low
Difference

High
Low
Difference

High
Low
Difference

High
Low
Difference

High
Low
Diffcrence

High
Low
Diffcrence

High
Low
Difference

0.00145

53.31528
53.315006
0.00022

53.31762
53.30910
0.00852

53.31480
53.30884
0.00596

53.31322
53.30686
0.00636

53.31386
53.30784
0.00602

53.31446
53.30911
0.0053s

53.3130
53.1668
0.00462

53.31965
53.31170
0.00795

53.31939
53.30968
0.009M

53.31688
53.313606
0.003275

§3.31717
53.31229
0.00488



43  THICKNESS OF FLIGHT SPACER.

The required thickness of the flight spacer is computed in the spreadsheet presented in
section 3. A slightly oversized spacer was made and measured. To calculate the slope of
the pads on the "as made" spacer, a spreadsheet (MEB, dated 9/13/90) was used to best
fit a plane through the 4 pads. LPARL personnel claim that the actual metrology values
had to be offset by 0.1" to obtain the solution. Moreover, thermal effects due to the
difference in metrology temperature of 25°C and the actual orbit temperature were
neglected.

The 4 pads of the spacer were then ground to achieve the required thickness and the
correction of the slope errors. The spacer was measured again, and was found to be
about 0.0005" too short compared to the desired thickness.

4.4 THICKNESS OF G-10 WASHERS:

The insulating washers between the CCD camera and the spacer are made from G-10
(fiberglass reinforced plastic). A number of washers were measured by LPARL
engineering personnel, and the average thickness was computed. This number was used
to determine the CCD spacer thickness. In actual practice, the four washers will be of
different thicknesses, and may introduce small slope errors.

4.5  MOUNTING PADS TO MIRROR JOINT DISTANCE:

This measurement was made by UTOS after the mirror had been assembled to its
mounting ring. The procedure used by UTOS for this measurement is not known, but it
is an indirect measurement because the mirror joint is an imaginary plane. As a result of
a vibration problem , the mirror was removed from its mounting ring and rebonded afetr
the June 1989 test at MSFC. Initially, UTOS reported this number to be 2.05372" +
0.005", but later on changed it to 2.035" + 0.0005", i.e. a change of about 0.019". This
results in a change of about 0.0002" in the spacer thickness.
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5. RECOMMENDATIONS

Based on the information presented in this report, it is highly desirable that an end to
end focus test be performed on SXT prior to launch, to eliminate some of the
uncertainties mentioned in section 4. The reasons for this recommendation are once
again summarized below.

1.

Lack of formal and organized documentation on part of LPARL because it was
not a contractual requirement, and their engineering personnel were planning on
a focus test prior to launch.

All the critical flight parts are different from the ones used in MSFC test#2.

The metrology of parts used in MSFC test#2, and some flight parts was
performed by engineering personnel with non-certified tools in uncontrolled
environment.

The determination of the best focus is based on metrology of a large number of
parts, and fairly extensive analyses involving a number of assumptions. There were
uncertainties about the interpretation of the signs of some measurements and the
slope errors. In some cases, the thermal and hydration effects were neglected.
This type of approach is usually susceptible to human errors, and can not have the
same high degree of confidence as a full-up test.

Generally, all the metrology on critical flight parts was performed by one person
using one set of tools, and was not independently verified.
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