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VI Operatiunal Considerations 6.0
VIL Effect cn Bpace Vehicle 4.0
VIII. Interface Definition 3.2
IX. Magter Program Plan, Design Develop-

ment Plan, Qualification Plan, Integration

Assembly and Checkout Plan 5.0
). Tabrication and Delivery Plan, AGE

Design Development and Delivery Plan,
Mass Properties Contrel Plan, Reliability
Program Plan 5.0

L e
Loco ¢ ik

Leslie C, Dirks

HANDLE via BYZ

veoasd

A i o




C051 1 5614 Approved for RGLASSIHRGhs cos115614

**“"‘w""g i‘c!éﬂwcw, #

B . e ad

A AR A

Artachment 2
BYE-69318-66

ITEK EVALUATION SUMMARY

Rating Category 11 PERFORMANGCE EVALUATION Rating: 4.0

Under the Pexformance Evaluation rating category the contractor's
proposal is evaluated frorm the point of view of the adeqguacy of his propesal
design as measured agaiust the design requirements and the completeness
of the analysis and data presented by the contracter in support of his propesal.

The mumerical rating of 4, 0 assigned to the contracter in the area
of performance evaluation was largely influenced by the general incompleteness
of the proposed design and the supporting analysis. Although in most of the
subsystem areas the basic design concepts proposed appear to be sound, in
many instances the detailed designs discussed are inadequate to meet por-
formance requirements of the systern or are s0 incomplete as to make it
chifiendt to assess their adequacy., In several key arcas the contractor has
fatled 1o identify what are clearly critical performance requirements and to
establish the feasibility of meeting these requirements. In addition, numerous
errors of various gorts were detected during the course of the evaluation,
The {vllowing is a critigue of the contractor’s performance in the systems
analysis area and in each of the five major subsystem areas. Thiw critique
disvusses briefly all of the major factors which influenced the Technical and
Operations Evaluation Group in forming its judgment in the area of Performance
Fovaluwation.

-~

SYSTEMS ANALYSIS

Design Concept - The basic system choice of 48% focal length /2
aptical system wuh a rotating mirror capable of scanning the optieal
axis through 4607 cross track angle was apparently based on an analysis
ol Value Function. According to the ’mmlyms presented by the contractor,
the chosen configuration represents a pearmaximization of this function,
While the Value Function was included in the RFP for the specific purpose
of puiding the contractor in his cholce of camers configurations, the countractor
did not conduct a detailed analysis of the design and performance consequences
of the configuration cheosen in this manner, Performance at high scan angle
is strongly degraded by both the exposure and diffraction effgcts of aperture
vipnetting., Although the vignetting is discussed by the contractoy, the
exposure variation is given only passing mention and no attempt is made to
analyze s mpact on mdge yguality,

There are two added effects operating in the proposed gystemn
which have a sigpificant bmpact on the system performance. The f{irst of
thwse ¢ defoows due to drmum curvature. While the contractor did recognize
this problew, he did not examine its impact acress the entire pperating
svelope. In particular, the Low sun angle~high V/h resolution data prwm»mwi
By the contractor apparently dees not include any allowance for this image
degrading source {see Figures 1 and I,
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f\zw;;ar;wivw mentions this effect he does not analyze the sig
variation on serviormance nor ¢ocs he discuss an upuzmur‘; criu-ria for
: setfing given this transmittance variation. Secondly, at low 13

i
sovels and high V/A the expdsure slit must be

gracdation due to drum curvaiure
proper mathodology |
arur curvature on syvatemns periormance, he does not develop an optimumm
criterie for setting taking this elfeot Into account,
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nadiv resolution oif £, 7! i,crrr

Tl

velope - The RFP calls out a
vbit. A set of criteria arve delined

svlection of the o orhil In addition, the camera system
desigrned to eperate over a broad range of orbits, The specificd

altivude is froms 80 nmi o 240 v with a corresponding V/h range
Coradians per second to . 018 radians per second. Although tlm

i (Q 26 not present a detailed analysis of camera performance over

I that camera periormance is well behaved. However,

it ghould be noted that in order 1o mect the design resolution specification
i »’t;u operaited in an orbit with a perigee altitude of

increased resolution performance can de

iv of the orbital envelope prescribed

’1 addition, as noted above the low sun angle/high V/h performance
stem is seriously degraded by the curve j drum effect. In view

chavior the operati ional utility of the camera systern will be seriously
i;:-;:d for some operating conditions.

1, IH @ mi IV together %unfm’m rize the 11*0%;0%11101!1 e "'iorn’xe,mce

p‘s; assossment. "‘"E\e Evaluation Group's e*-;tirna‘iion
ot take dinto account any potential image quc,llxty

dation due to nigh scanning mirrvor incidence angle or 'vullng glare and
sumes that a number of performance deficiencies in the design as
proposcd can be rectified. These arve disvussed in more detail below,

of periormance does

25

Owntical Design -~ The contractor's proposed optical design is
id Sehmadt, The deésign has been thoroughly analyzed amd
»oopenly represents about the best that can be done across the b 1/2% useful
ferd, There is no residual spherical abervation and the coler corrvection
across the fleld is as good as can be expected, The off -axis performance
Yo sresents what appears to be an intelligent balance across the enewvgy

oy ol interest,

LAt 1

T

doeal Subsystem Packaging - The choice of a 48" focal length

the Scamiar design (which m:qu,u es an aspheric corrector plate
wo focal lengths away from the image plane) result in a packaging
probl 18 (tornpoum‘;f:d by a cholce of 4 scanning mirror to generate
o par wic action across the #6077 scan sector, In erder to stay within
the 1207 diameter vehicle constiraines, the contractor has been forced to
include an additional flat, folding rairyor which is perforated to give access
e irdnge plane, In addition, the 120 wehicle diameter constraint plus
the 247 oy tical aperture diamesier have vesulted in a placement and siging
of the scanning flat which gives rise to significant {(50%) vignetting at the

ends of the scan. IRy

[LEARNY
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ire poses a diificult preblem from
mi to reduce veilling plare due to stray
contractor has a lmited amount of

» light frosty bmpdoging direetly on the
rrector group, he did not address the problem of non-image {forming
reaching the correcior group by internal scattering. It appears that
X Sich there is no completely adequate
his not made any effort to estimate

mage guality due to this difficuliy.
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sontion. In any case, the contract
the E)um:";n)iﬂe? reduction of

= The contractor presents a detailed statement of

and decepter toletances aldong with surface fabrication

o {mcc Table V)., The snd decenter tolerances specified by

e corirugior are consistent with his performance predictlons., As mentioned

d
et

.

< above, the resolution porformance prodiction at high scan is not consistent
witi tie L7490 w (kalunwu Hgure toierance on this mirvor.

srent Materials and CJU. {

guration ~ The contractor has selected

crate structures for the <47 scanning mirror and the
: S“WLJ:M ry i rror. There has been considerable experionce with
mwaterials and there is Httle doubt about thely basic sultability.

Furthermore, although there is a high vejection rate due to fabrication faults,

the vevuired production lead times have analyezed satisfactorily.

folding flatl will be inade from solid fused silica, The
i‘ng [n'c)bhf-r:“, 'i:,aw‘; led contractor to set the thickness
. dhis res uan iooa b4l diameter to thlcmmss ratie which

rromhanical packay
PUTI

o) Jhis flat at

g;:fuai:::icm mirrors, As the Loldmw mlrr'n’ t%wkuu S8 Can be

a vesolution perviormance penalty, the contractor should have
he risk associated with the selection of an unusually thin mirror

(G388 L‘m; basis of appreciable performance gains., No such analyvsis was

t

D sofited.

7 lernent Mounting - All of the large optical elements as proposed
' Ly the contractor will be potted into a mounting bezel, This scheme is
particulnrly gatisfactory for eggovate strudtures and bas been used in the
"fk,;il‘y’. s

TR BT

szl Bubsystemn Test and Assembly - The contractor is clearly
probloms assodlaled with the st and assembly of bhigh

T FIOTITIRCE cupz‘i cal systems. His fest procedures and assembly technigues
o presented in the proposal are well thought through and adequate for the
SRIPOSE.
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ontractor has chosen to
oposing A4 camera system
L:}lx’:, This means tlf/hiemnﬂ
wwes on both defocus und smear to an absolute minimum. One of

- As mgwd above, 1:%1@
a resolution performmance |

73

ies a8 close to 1;111*& limdted as

L
e pensities of this design cholce is a serious focus problem. As the
<t oy has clearly identified, staying within his overall defocus budget
v Vanle yaf F4 microns requis not only c,xuao"dumuiy tight

tolerances but also requires some means of locating and
both the fymage plane and the film position with respect to the
copharie. The design approach selected is o use an autocollimating
el focus sensor (o 10@% the image plane and a second device to
edisely determine the diameter of the 12" film drum. These two measure-
e then combined to develop an ervor signal which pesitions the
cident with the image, These two devices are critical to the
succossiul performance of the proposod camera system, However, the
sountrvactor did not present in his proposal any detailed treatment of the
seriaat problem nor did ’m, Justify asg optimuarn his partxculaz design
i The most serious deliciency in this arca is a lack of analysis
or execrimental data demonstrating that the aperture sampling type of
PLIETOR tmm m vice prmposou does in ia,m: detcm’mnc the location of

e quality., In view of the criticality of this design
ssion is a serious ;;lwrt@ommg of the propoaa.l

g e
PSR S TP

Codmuadin Ol

[ RN W

L plang ol be

srabler avea,
nage Flane Sensor - The basic autocollimating scheme proposed
i u»;m;Jy workable as described by the contractor, howevcr the
] ion of the general concept in the par’mcular sy stem proposed
fevs [rom several shor teomings. One problem area which p“obably has
cooadeguate selution glven the cholce of an autocollimating scheme is that
i so oplane sensor cannot detect any focus ervors arvising from
wtions of the scamning mirror, The small penta prisms which auto-
oL L the system are located just outside the aspheric corrector plate
and boadnd the scanning mirror., Although the contractor has concluded
that the scanndng mirrer will net introduce significant defocus, his analysis
s problem is questionable (see Thermal Analysis below), Al best, the
analytieal inmdxmmnﬁ of the thermal behavior of this element cannot be
made with high confidence to the telerances required in the contractor's
forus buu;;w,.

As mentioned above, the error analysis of the penta prisms suffers
frorn & Daw in methodelogy. The contractor proposes to use quartz for
¢ devices and in view of the 1/10 are sec angular accuracy required,
temperature affects are of eritical significance, The contractor's budget
calls {or these penta prisms to stay withio 2, 87F of the optical system
ternperature, MHe presents no analysis to justify this mumber and the location

b

£y
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{
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RS R RSN N —

Approved for Btatassifieths c05115614




C05115614 Approved for RIMELESSIB8Fbs cos115614

Rating Category It PERT Qi\fVuX\bL EVALUATION Altachment 2
BYE~-69318-60
Pape 8

inaddition to measuring drum diameter, the contractor is r(*'iyi*”"
Bafne sensor o eliminate any defocus effects due to film thicknes
tion. If the film thickness varies slowly enough along the length of
tnis will indeed be the case; however, data received as a result  f
ol o fmeasurements program at Bastman-Kodak casts serious doubt on

his wssumption, According to the E-K data, variations as great as
rmicrons may on occasion be found even across the 6 width of the film,
hose of course will not be seen at all by the drum diameter sensor as

it mcasures the dram radius at only one [Held position, At the highest

V/h film is passed over the drum at the rate of approximately 1407 per
sccond.  As the time constant of the whole focus adjust servo loop given
aracter of the drum probably cannot be reasonably reduced
below one second, film thickness chanpges along a length as great as 12°

will not be compensated. It has been judeed that at a minimum +2 microns
nust we added to the contractors defocus budget to account for this problem,
Again the contractor presented no analysis or data.

=

the massive ¢l

Drum Design and Fabrication - As is evident from the defocus budgert
din Table Il the entire drum assembly is characterized by extra-
ordinarily tight mechanical USTEFAREER, WhHile the contracior presents a
1xv1.aliv'»ly dETEITed degipi 67 tH1S critical assembly, theve are a number of
newbie deliciencies with his design which in all likelihood will necessitate
“ complete reworking of the assembly. In order to provide forward maetion
cuminzmdtmn the drum is translated parallel  to its axis durzm nhotography.
The bearing design to permit this motion is of the ball-on- cylmdcw- contact
type which will probably be inadequate to withstand dynamic launch loads
without Brinnelling, A ball spline arrtmﬂeﬁmnt will solvé this problem and
s to be adequate froim all poiAtE of 1w, The motor arrangement on
drum shaft is such that there 18 no convenient means for assembling the
uit,  In addition, the motor is cantilevered oulside the drum bearings which
iy ais0 prove to be a marginal design for dynamic launch loads. A similay
problem exists with the FMO drive torquer. The dram assernbly must
alzo be translated for focus adjustment, This motion is mechanized using
two ball screw drives which in the proposed designs are belted together.
Buch an arrangement does not provide Pommve S”l’l(,l’\l‘@lll/&u.@u Lmt\x gon

he two shalt drives. In mdd;tl@n there @re a numhcr of other detailed
u,m;ﬁn vroblems of this character. While none of the design problems
jgentified are fundamental ones, the overall mechanical Lolc rances can only
be met by application of the best possible design practices and fabrication
technigues. The fact that the contracior did present a detailed design of this
assembly would indicate some awareness of this problem, however, the

nay g,ﬁmllﬂcharaci r of his design as presented tends to indicate a lack of
a,; spreciation of the full maghitude of the problem.

containe

,.‘.
-

.
i
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FILM TRANSPORT

esign Approach - Although the inherently high photographic speed

of the system tends to reduce the impact of smear contnbutlng error SOUrces
in an absolute sense, the smear budget must be kept to a4 minimum in order
lu realize the correspondingly high linear resolution of the optical system,

Pre resull 18 & camera &ysmm wuh critical mechanical tolerancmg on many
of the srmear contributing error sources. The basic design approach for the
fitra transport control system mechanization represents an excellent selection,
Insmost arcas it is characterized by sxmglzcxty of design and use of conventional
‘nts., However, the overall analysis of the design 18 grogsly déeficient
,:u,zl ey areas. In many cases little has been done beyond identifying
gn concept. Although maost of the critical components have been

[, in several instances the components selected by the contractor
T izz@cchuaw for their function. The proposal is characterized by an
siracsdinary lack of concern in the area of film path control both from the
point of view of #icering and {rom the point of view of film tension disturbances,
Au,.ouu hono ;m‘mwmmtal p*‘oalem hag been identified from a design pmnt of
view tine film e -‘::part system 15 1m ature and it appears likely fHe™
v.iractor has caly begun t6 identify the various demgn and Lomponent t)roblem
dreaE,

sy

Pilrn Drum Control System - The c“n?mal control system from the
point of view ol high imherent accuracy required is the film druim angular
pusition control system. This contyol system rnust synchronize the angular
position of the drum to the angular position of the scauning mirror to an
accuracy of better than . 03%,. The contractor has selected as his design
concept a digital control systern which appears well suited for the task,
Uniortunately, the analysis of the performance of this serve is incomplete,
I sarrlcular, the disturbance torque rejection characteristic of the control
sysvern as computed by the contractor appears tn be 10db better than can be
wrpected, At low V/h tension wzriations in the film as small as 0.2 ounce
wes of an overall tension of approximately 2 1/2 1b. can cause significant
drwn disturbances. Since the contractor has given little attention to the
counlrel of tension variations in the film path, this is cause for some concern.

The contractor proposes to hold the drum in position during stand-by
o rdioon (non-photographic operation) by maintaining the control uys‘w;m in
G ized state. Whll‘v this is certainly a workable arrangement, it has
. ivantage of keeping some relatively high failure rate components in
U TELIoN fo:- the entive mission duration. T}nw contractor presents no
trade-oft analysis of various approaches to the drurn positioning design
problem,

irror Countrol Systern - The mirror control system as d@signed
e accuracy requivement of 0,12% as specified in the contractor's

:Sc:sm M
Cannot meet th

;mu;vvi: However, this is a non-critical TOLeTalcE and by relaxing the budget

IS
s

e = ——— HANDLE Ura Simss oo
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by a factor of two and employing improved design practices in the control
gystem itself, the performance can be made adeguate. The c¢ross track
IMOC drurn velocity modulation signal is derived from a non-linear
potentiometer driven on the mirror shaft, The four arc sec accuracy
tolerance on the potentiometer as specified by the coniractor is much
tighter than can be realized in practice although it appears that this
tolerance can be relaxed without a performance penally. R

Forward Nfotmn Compensation Contrel SyetgtirwForward motion
compensation is mechanized by transiating the @ﬂm druin parallel to ity
axis of rotation. As mentioned above, the mechinical design of this assembly
is lnadequate in several respecis, A more basic problem with the device -
as proposed has to do With forgue disturbances introduced into the FMC e
servo system due to high friction loads between the cam follower and the
cam itself. Great care must be taken to minimize these {riction loads
ana it appears likely that a redesign of the control system to increase its
torque rejection characteristics will be necessary. In the proposed design
of the FMC servo, good design practice has been violated by differentiating
the output of a de tachometer in the {eed-back loop. The FMC cam is
tolevanced by the contractor to a profile accuracy of 64 microinches,

Take-up and Supply Spool Control Svstems - Theée basic servoe
design in this area is excellent, however, the particular take-up spool hub
sizing selected results in an extreme torque maotor speed range as the
spool goes from empty to full. Al no penalty the hub size can be increased
to reduce this range to & more acceptable value.

Shutter Mechanization and Control « The mechanical time constant
of the shutter {approximately 3 milliseconds]) coupled with the shutter open
and close pulse uncertainty generated by the optical comymutator mounted
on the scanning mirror shaft, gives rise to uncertainties which are not
cunsistent with the one guarter inch spacing specified by the contractor
between the end of the frame apd the interframe data block. While this
uncertainity can be lived with by allowing approximalely one more inch
of interframe film wastage, it should be possible to design & more efficient
shutter mechanism. It appears that the contracror did nor do a careful
aualysis of the érrors associated with this proposed design.

Targque Motor Sizing - Of the six major forgue Mmolors contained
in the propesed camera design, four have been undersized in terms of their
torque/speed requirement. While in all cases adeguate torguers are available,
the errors in sizing indicate lack of attention to the most rudimeniary
design analysis. In addition, the contractor apparently has not recognized a
majoer problewmn area in that all six torguers proposed are de machines
utilizing brushes for commutation. Even after proper resizing of the
torque motors, several have torquefspeed reguirements mzts;&e: the good

Approved for Bimatagsifierbs 05115614 FaLo
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commutation envelope. This will result in excessive brush wear even in

an atrmospheric pressure environment, This problem is further complicated
by the vacuum operation requirement, and there is reason to be concerned
aboul the adequacy of the basic motor selection. At best, the key torquers
will have 1o be designed specifically for this application with careful selection
of brush materials. A completr gualification program will be reguired. No
mention of this development problem was made by the contractor.

Torque Disturbances - During camera operation there are a number
of cyclical torque disturbances generated in the camera machinery. Unless
the reaction torques coupled to the space vehicle are kept within acceptable
bounds, excessive smear rates may occur, Although the contractor appears
to have been aware of this problem in that he provided a dynamic balance
wheel to counteract the drum acceleration torques during interframe cycling,
he did net conduct a thorough analysis of the dynamic behavior of the camera
systemn, In partx«,ular, he looper shuttle action can result in vehicle rates
of up to . 013% per second. As the vehicle attitude rate error budget calls
for two sigma error of , 015" per second, it is clear that the looper action
must be balanced. In the full scan operating mode this balancing can be
accomplished by proper synchronization of the two cameras, However,
in the short’scan mode this synchronizarion is no longer adequate and it may
be necessary to balance each shuttle separately. A potentially more serious
problem is associated with the asynchronous start characteristics resulting
{rom the particular mechanization proposed. In gencral, at the start of
the camera operation the two supply spoals will boegin dcceleration at
different times. The result will be high torque disturbances to the vehicle
during the first {rame of photography. Although an attitode control system
mechanization might be found to adequately handle these high disturbances,

a much more satisfactory solution is to provide a mechanism for synchronizing
start-ap. Agaln the contractor did not addresg these problem areas.

THRRMAL DESIGN

The basic concept for thermal control of the camera proposed by
the contractor is a combination of passive and active techniques. Pasgive
coatings on the exterior of thc space vehicle maintain the average internal
veliiele temperature below 70°F. The cameras themselves are insulated
and aré pr ov1dcd with heaters which are intended to maintain the camera
stracture at 70°F +0,5%, While there is nothing inherent in this basic
soroach to the problern which appears to be unworkable, the contractor
s now developed a thermal design nor has he conducted 2 thorough analysis
e wroblem areas. Such basic information as the location and types of
s and tm‘mp@ rature $ensors to be used is not provided. Amn analysis

e

¢ power req Lurezncnts for xnwntaln:mg the cameras at 70° by a factor
tween 1 5 and 2. lne only detailed analysis performed was an analysis
the th

§
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Page 12

during camera operation, While this analyeis appeared reélatively complete,
the contractor provided no data as 10 bis asswmptions and, therefore, it

was not possible to verify his computations, A major problem overlooked
by the contractor has to do with thermal gradients through the scanning
mirror which develop while the milrrvor is in the stowed position with the
thermal door clesed, An analysis has indicated that these gradionts roay get
as large as 1,87, This will result in & massive degradation in optical sysiem
performance, While this problem can be substantlally alleviated by placing
additional heaters on the inside of the operating doors, the contractor
apparently had not identified even the possibility of 4 problem in this arexs.
There are & number of other areas such as the {ilm chutes, {ilm drum
compartment, and the scanning mirror compartment which were not treated
in the proposal,

STRUCTURAL DESIGN

The overall structural design of the carnerik proposed appears o be
sound and was analyzed by the contractor in considerable detail, The location
of the film supply spoels forward of the camera and well above the center line
of the vehicle will result in substantial space vehicle center of gravity shifts
as film is transferred into the R/Vis, This problem, however, can be solved
by sirmnple relocation of the supply spools,
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Category 1
Table 1
TABLE I ITEK SENSOR SUBSYSTEM WEIGHTS & POWER
i {3C day mission)
% .
e Weleht
Cameras (4} 2510 1bs.
. Intercarsera Structure 165
) Supply and Take-up Spools 536
: ilm Handling Hardware 75
Thermal Provisions 168 .
? lectronics, Cables, elc. 125
5 Eonpry Weight 3569 lbs.
Finm (30 days) 1439 lbs.
g {includes 34. 7% wastage)
Elecirical Energy
Camera Run 3848 w-hrs.
Start-Stop (500 times) 806
Standby 16554
Thermal Heaters 51206

82,400 w-hrs.

5
o
o

Power and Weight Budgers do not include space wehicle penalties
due to the thermal door requirernent. Depending upon the overall
insulation efficiency, the thermal heater energy may be as low as
S, 000 w-hrs.

it
.
b
L
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Table II

TABLE I ITEX SMEAR BUDGET

(Numbers in parenthesis are revisions identified during the course of the
Fvalgation)

I. Svystematic Linear Smear (Worst Location)

Source Smaear Rate (M Rad/8Bec)
Alony Tracik Across Track

b\

Edpe Eficcts

Forward Motion .26 (. 22) ’ L lz4
Farth Rats . 059 L Q%2 -6
Distortion . L0tz (L 060y} LGa3 (Tx16 )

Slit Width Effects

Peorward Motion LG08 (L 015) L 004

Scan Rate . 046 004 (L 016}
Offget Slit 0 {, 6589) G {.02)
Eayv.n Curvature L6566 (L 835) L G84 (L 224)
CL Cormmand Approximation (. €3} {. 129}

11, Random Smear Error Budget (Worgt Location)

Source Tolerance - 2 g Smear Rate (M rad/sec)
tek (S E) Along Track {a¢ross track}
I, arg ; =G ' \ o -
Scan Angle Error 4 5e¢ (L5877} L G008 (L 29) L Quoz2 {, 09)
Focal Length {Svne
Datermination) 0GR in LG L OGEY L2l
Drum Alignment 45 arc sec .47 G

Vibration
Telding Mirror

pitch (. 0002 radisec}y (.2} {0}

crab {. 000121 rad/sec) (0} .1}
Camera -

pitch L0003 rad/sae )y {L3) to{LoL)

Roll . 0003 rad/sec ¥ .3 {.068) r L3 {L24)

yaw L0003 rad/sec ;i {.24) . 068)

Red -3
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Category 1
Table 11, cont.
Film Velocity Sync L 038Y% L0111 .82
Filrn Velocity Modulation A% (1. 34%) L0 . 002 (.07}
Drum Modulation A% (2. 5%) 038 (,24) .0
LAV ) L00027 rad/sec 252 . 034
A AV R (. 00003 rad/sec) (0) (.03)
Scan’Mirror Rate P 1% (. 8%), .039 {.312) . 005 (. 04)
Dirum Dimensions 109 (4%x107 Mn) 0 L12 (. 14)

i, Random Smear Error Budget {(Worst Location)

Source Tolerance-Zor

Irel (5 Along Track Across lrack
Camers Alignment
Piteh 6 arc min . 035 031
Roll & arc min L057 L 065 (L 018}
Yaw & arc min .0 L0117 {L067)
Diagonal Mirror Alignment
Pitch (5 arc min) {. 05) {.5)
Corab {12 arc sec} {.2} (. 003
Optical Axis Alignment to
Rotating Mirror
Pitch {1.4 arc min) {, 015} {1}
: Yaw {4.1 arc sec) {.043) {0}
Vehicle Attitude
Pitch .5 deg 18 15
Roll .5 deg . 289 L089 (.07)
wel Yaw L6 deg L0 (L 03) .40
Vehicle Rates
Pitch . 015 deg/sec L 262 L 013
Raoll . 015 deg/sec L 059 V262 (.25}
Yaw L 015 deg/sec L219 068

Smear Rate (M rad/sec
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ITEK DEFOCUS BUDGET

FOCUS SENSOR

Gain Change

Unbalance (Detector 4%)
Serve Loop Threshold
Penta Deviation

FILM POSITION SENSOR
FILM DRUM CONTACT
DRUM/BEARING ECCENTRICITY

F (FILM THICKNESS VARIATION)

VIBRATION
INITIAL FOCUS SETTING

Collimator Error
g Determination of Best Focus

SCANNING MIRROR DISTORTION

RSS
OBIECT DISTANCE VARIATION

ttachment 2
BYE-69318-606
Category I
Table III

.75 microns

.50

.75
2.2{5.2) microns

. 62 microns
1.0 microns
0. 38 microns

(2.0} microns
1.1

1,0
2.25

1.1
- 5.9 microns

2.24 microns

% This term accounts for iilm thickness variations which occur at frequencies beyond the
the band pass of the focus adjust mechanism.
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Category I
Table IV
ITEE OPTICAL MANUFACTURING TOLERANCES
SURFACE TOLERANCE (RMS)
Scanning Mirror ) 1/40 wavelengths ;l -
f Corrector Plate 1714
W Polding Mirror 1734
g Primary Mirror 1/50 .
- Field Liens Group 1/50 '
. \I o . S
1] A .
] DECENTER ‘
: Primary Mivror z 001 in. 2
Corrector Plate . . 001 in. ’ AT O
Field Liens Group . 008 in. (total) el
y
TILT .
ﬁ Primary Mirror 3.3 arc sec
i Corrector Plate - 19  arc min N
¥ ) Iield Lens Group 44.5 arc sec {total} H
i i <
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Category 177
Figure [

ITES

o

CURY D PLATEM DEFOCUS EXEFRCT

CAL RMS
LEOCUS
{MICRONS)
| ¢
) I
! P
gl
2 1
“ L’: .
L
: '/T - D
L. TOTAL FOCUS BURGET
> g
: =
3 &
i W= GATE WIDTH, INCHES :
§ W
-:'3 - B e T et o - S 3 . ; o . ; . ;2
! 16 12 -8 -4 4 8 12 16 i

DEFOCUS FROM ALL SCURCES BXCEPT DRUM CURVATURE (microns)
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Figure II
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Attachiment 2
BYE-69318-66

ITEK EVALUATION SUMMARY

Rating Category II: DEVELOPMENT Rating: 5.4
RISK

In this category, items and assemblics were identified and evaluated
from the viewpoint of the risk involved in meeting the performance objec-
tives within the schedule and cost constraints. In many areas, performance
risk can be reduced at the cost of schedule slippage. In arriving at a
numerical rating, the evaluators exercisecd their judgment not only in
establishing the magnitude of the risk areas but also in weighting these
risks in accordance with their judgments of the real significance of associ-
ated performance or schedule penalties.

Optics ~ The major development risk in the optical system is
associated with meeting the surface figure tolerances within the reguire-
ments of the development schedule, One of the wmost critical optical
elements frorm this point of view is the folding flat., This element as
proposed has an unusually high diameter to thickness ratio (14:1) with the
additional complication of a center race track perforation. Both the fabri-
cation of this element to the 1/34 wavelength RMS surface quality and the
mounting of this relatively flexible element involve potential risks., It
may be necessary to increase the thickness of this piece in order to case
the fabrication and mounting problems, but the price will be a performance
penalty caused by the increase in central obscuration.

Another critical optical element in the development risk sense is
the 42" % 27" double-sided scanning mirror. The diameter to thickness
ratio on this element in the worst direction is aliriost 6:1; and, therefore,
it is not anticipaied that any major mechanical handling or mounting
problems will be encounterad, ' The fabrication risks are associated with
the requirement for a 1/40 wavelength RMS surface quality on both sides
of this very large element. Experience has shown that flat mirrors are
at best difficult to fabricate to these surface qualities and there has bheen
no sxperience with double-~sgided mirrors in this performance class. From
g performance risk viewpoint, the problem of the scanning mirror is
further complicated by the effect on image quality of this mirror at high
in¢idence angles, As was mentioned in the Performance Evaluation sum-
mary, the contractor's 1/40 wavelength surface guality tolerance was {}°7h4
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Rating Category II: DEVELOPMENT Attachment 2
RISK BYE-69318-66
Page 2

compuied at an incidence angle of 459, It is likely that either high scan
angle performance must be sacrificed or a substantially better surface
tolerance achieved on this element.

The aspheric Schmidt corrector plate proposal does not constitute
the same degree of risk as the folding flat or the scanning flat. However,
there is a strong (100 wave) aspheric component on this surface and
experience has shown that while such elements can be made they require
a significant optical shop effort coupled with good measurement technigques.

* e,
E 5

As discussed in the Performance Evaluation summary, the contracs
tor has not adequately treated the problem of baffling the optical system to @
stray lizht, Threre is a very real possibility that a completely adequate ;
solution to this | soblem cannot be found and, therefore, a performance ‘
degradationmay have to be accepted,

The contractor proposes to use a Ritchey test for measuring the
susiace {igure on the optical elements. This type of test requires the
fabrication of large spherical test mirrors with a surface quality as good
or betver than the elements to be tested. As these test spheres are
recuired in the process of fabricating the initial sets of optics, any
deiuys in the procurement of these spheres could impact the development

schedule,

While any one of these opiical elements may not pose insurmount-
able fabrication problems given the contractor's capability in this area,
there is significant concern that the necessity for attacking all of them

simultaneously in the context of a very tight development schedule can
result in serious difficulties. The contractor defends his capability by
d the elements for a 20" aperture F/2 system
to required FERCIILISH TevElT " HEWETET  "in the

and has tested this system
proposed design all the elements are larger, particularly the scanning \
wiirrer, and according to the cortractor, will have to he fabricated with
etter surface figures than was achieved in the 20" system. In the optics

, it will be possible to exchange performance and schedule risk by
cccepuing substandard optical celements to meet the schedule objectives,
or, alternatively, slip the schedule to provide sufficient time to meet the
optical element tolerance requirements,
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Focus Control - As noted in the Performance Evaluation summary,
the entlire drum assembly will probably have to be redesigned. To meet
fhe performance requxremen’ts of the smear bucfget and the focus budget

budget. There is a schudule risk in that thxs re(ieazgn must be accomplished
early in the program in order to meet the Critical Design Review milestone
and a further performance and schedule risk in that the fabrication of this
assembly within the tolerances required will be a difficult task.

The focus sensor, tog, must meet critical performance standards.
As discussed in the Performance Evaluation surnmary, therve appear to be
some basic preblems with the design as proposed, While the autocolli-
mating concept is workable, a significant redesign and repackaging of the
focus sensor may well be required, This itern also could impact the
Critical Design Review milestone.

The drum diameter monitor was in the conceptual stage at the time
the contractor submitted his proposal. As mentioned in the Performance
Evaluation surmmnary, he had not yvet conducted a detailed design analysis
and had not identified several critical problems with the proposed concept.
In the Performance Evaluation, the contractor was penalized an additional
two microns of defocus for film thickness variations., With this added
penalty, a drum diameter monitor of some type can probably be designed
with a performance adequate to the intended function, However, there is
a significant schedule risk associated with this item particularly as the
contractor has just begun to study the problern.

A major flaw in the contractor's degign as proposed was discovered
during the course of the evaluation. The contractor had failed to recognize
the pogsibility of a thermal gradient developing through the scanning mirror
during standby operation. This gradient could get as large as 1. 89, A
gradient of this magnitude results in a focus error of over twice the con-
tractor's total defocus budget, In the Performance Evaluation, it was
asswned that & means could be found {or controlling this gradient to less
than 0.29F and, thervefore, no performance penalty was assigned to this
deficiency. Possible solutions are the installation of additional heaters
in the scanning mirror compartment or in the use of Cer-Vit instead of
eggerate fused silica in the fabrication of this mirror. In any case, there

a high probability of a schedule slippage associated with the solution of
this problem.

e
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Film Transport - As discussed in the Performance Evaluation
summary, the film transport concept chosen by the contractor is adequate
to meet the performance objectives, However, major detailed design
inadequacies were discovered during the course of the evaluation. In
general, the design of the film transport subsystem has not progressed
beyond the block diagram stage. In addition, four of the six torgue
motors in the {ilm transport system are under:ﬁ.m,d “The contractor is
prc}posmg to Hse brush ‘cype dc: torquers ‘which must be- qpecxaily developed

ment. Particularly since the contractor did not appear to appreciate the
problems associated with such a development, there is the possibility of
a schedule slippage.

The contractor proposed to package all of his electronics in one
box. This is an unacceptable approach to the electronic packaging problem,
and will have to be modified to a packaging arrangement to permit a more
reasonable design, fabrication, test, and replacement.

Thermal Design - As discussed in the Periormance Evaluation
summary, the contractor presented no detailed thermmal analysis or design
in his proposal. While a few of the critical thermal problermns had been
addressed, a number had been overlooked by the contractor and others,
while mentioned, were not treated in detail. As discussed under Focus
Control above, the most critical such problem is the scanning mirror
gradient problem. In general, the design of an active thermal control
svstem which maintains the entire structure at 70°F + 0, 5%F is an erten-
give undertaking. While experience has shown that this reqguirement can
probably be met, it will be a major effort with possible schedule conse-
guences.

Contractor Engineering Capability - The lack of detai led design
information in the proposal together with the many errors in what was

presented lead to a concern that the engineering capability the contractor
has applied to this program to date suffers from a serious inadequacy.
While the thermal, mechanical, and optical tolevances that must be met
can probably be achleved, this can only be done if the contractor brings
to bear an expért enginéering design teain. The degree to which he does
not do so will have serious consequences not only on schedule but ulti-
rnately on performance as well.
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ITEK EVALUATION SUMMARY

Rating Category I: DESIGN MARGIN Rating: 4.2

Design Margin category covers the evaluation of the proposed system's
operational dependability and producability after the initial flight has been
accormplished. The sensitivity of the system performance to variations in
tolerances were weighted by the evaluators judgment of the likelihood of
these variations actually occurring together with an assessment of the
performance conseguences of these variations,

SYSTEM PERFORMANCE

The rating of the Design Margin of this system was strongly influenced
by the criticality of all the mechanical, electrical, and thermal folerances
associated with the design. As discussed in the Performarce Evaluation
surnmary this critical tolerancing situation has arisen out of the contractor's
attempt to design a camera system which is as near as possible film
resolution limited. As a result the contractor has proposed & low relative
aperiure system with all the attendant critical optical, mechanical, and
focus tolerance problems. All of these tolerances are so tight that a per-
formance degradation in any category is unlikely to be compensated by
better than predicted performance in another category.

In an attempt to measure guantitatively the sensitivity of system
resolution performance to tolerance variations, the evaluation group has
examined several numerical measures. The two most meaningful were
the rate of change of angular resolution wi:c}a smear and the rate of change
of angular resolution with defocus:

dR = p,14 micro-rad/micron
das
ar 0. 30 micro-rad/micron
dD

The sensitivity of the system to defocus is particularly critical in that the
0.3 micro-rvadians per micron rate of change of performance amounts to a
6% overall resolution degradation per micron of additional defocus.

- I
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Rating Category Il: DESIGN MARGIN ' Attachment 2
BYE-69318-66

CRITICAL SUBSYSTEMS

Optics « As has been discussed above, there are major fabrication
problems with three of the optical elements in the proposed system: the
folding flat, the scanning flat, and the aspheric corrector plate., These
elements are all large and must be fabricated to unusually tight surface
figure tolerances, There is serious guestion about the contractor's
capability to deliver these optics to the performance requirements at the
rate of one et per month required to support the acquisition phase of
this program. This is of particular concern in that the contractor is
proposing to fabricate the flat mirrors with conventional polishing techniques.
This risk is mitigated to some extent by the contractor's successful
development of an excellent scheme for measuring surface figure and
reducing the data to terms meaningful to optical shop personnel. However,
at best the process of hand figuring to achieve the ultimate surface figure

objectives is unpredictable and will require the application of large numbers
of skilled personnel,

Filrmn Drum Assembly - In order to meet the requirements both for
focal control and for film velocity control, the film drum assermbly must
be fabricated throughout to tolerances which are close to the state of the
art, Any variation from these tolerances is likely to result in appreciable
performance degradation. These assernblies are required at the rate of
one a month in the acquisition phase of the program. While this is not as
serious a problem as the optical fabrication problem, it is likely there

will be a continuing schedule and performance risk associated with this
assembly.

Focus Controel and Filrn Velocity Control - The assemblage of
electronics and sensors associated wit 1 the focus sensor, the drum
diameter sensor, and the film transport systerm can be designed and fabricated
to meet the performance objectives required. However, the integrated
sysiem is complex and the resolution sensitivity to any performance
variation in these systerns means that a rigorous fabrication control and
careful acceptance testing will be necessary to maintain performance

standards., The potential of schedule problems in the acguisition program
cannot be overlooked.

The proper functioning of the thermal contrel system is eritical to
the maintenance of overall systems focus and optical performance.
Camera structural gradients greater than the 0. 5°F tolerance will result
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Rating Category LII: DESIGN MARGIN Attachment 2
BYE-69318-66

in optical element tilting and decentering which will have a strong influence

on optical system resolution, In addition, since the focus sensor does not
"see' the scanning mirror, the thermal control of gradients through this
element is critical. The contractor did not provide an analysis of the

behavior of the overall system in a degraded thermal environment nor has

it been possible during the course of the evaluation to conduct such an analysis.
However, past experience together with an assessment of performance
sensitivity to various types of mechanical deformations and misalignments

hae identified this as accritical problem area.
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Attachment 2
BYE-69318-66

ITEK EVALUATION SUMMARY

Rating Category IV: VALUE FUNCTION Rating: 6.8

Points in this category were assigned to the contractor sirictly
on the basis of the numerical size of the Value Function computed
according to the instructions in Attachment Il of the RFP. The proposing
contractor with the highest Value Function was automatically assigned a
maximurm rating of 9. 0. The other contractor was then assigned a rating
in this category using the following formula:

R = 9.0 (Vm)

(Vm) AN .

Instructions in the RFP called for computing the Value Function
for both winter and summer conditions and for 8TB and UTB film. For
the purposes of assigning a rating to the contractor in this category, only
the UTB Value Functions were utilized, An analysis was conducted to
determing the proper weighting of the surnmer Value Function and the winter
Value Function., This analysis examined the distribution of sun angles to
be expected during the course of a year. Approximately 60% of the target
acquisitions ocour at sun angles greater than 307 and approximately 40%
at sun angles less than 30°, As the contributions to the summer Value
Function are almost all at sun angles above 30° and those for the winter
Vaiue Function below 307, it seemed reasonable to weight the summer
Value Function 0.6 and the winter Value Function 0,4, . Accordingly,
the following formula was used in computing a single Value Function for
rating purposes:

v = 0.6 (V. Ys + 0.4(V_ 3w
m m m

where (V 15 is the summer mission value and (Vm)w is the winter mission
value.,

As has been pointed out in the Performance Evaluation discussion,
this contractor evaluated the Value Function incorrectly., During the course
of the evaluation the Value Function had been recomputed using the exrror
budget presented in the Performance Evaluation discussion above and
correcting the other errors made by the contractor, Table V presents
these recomputed Value Functions for all four cases. In addition, Table V
includes the value per day numbers and the nominal mission duration
numbers as defined in Attachment II of the RYP.
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Attachiment 2
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Category IV
Table V

TABLE V

ITEK VALUE FUNCTION SUMMARY

Nominal Mission Duration: 27.7 days
. 6 2
Value/day (surmmer): 2.91 % 10 nm
Value/day (winter): 1.88 x 106 an
urn S5TH
. 7 7 Z
Value /Mission {summer): 8.06 x 10 7.28 x 10" nm
Value/Mission (winter): 5,21 % 107 4.70 x 107 nm?
-(Gdb
e HANDLE via BYERAN
1 — ‘ - ; CONTROL SYSTEM. oniy.. ... .
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ITEX EVALUATION SUMMARY

Rating Category V: RELIABILITY Rating: 3.8
GENERAL

In this category, the contractor was graded on his understanding
of the over-all reliability problem as well as on the numerical failure rate
predicted for his proposed system. In this area, the contractur clearly
did not indicate an understanding in depth of the trade-off between sub-
system and component redundancy and reliability. The contractor's method
of computing failure rate was in error, which, when coupled with his incor-
rect parts count list, necessitated the use of hi-rel parts (which he had not
considered) in order for him to achieve the reliability goal.

DATA PRESENTED BY THE CONTRACTOR

With a given reliability goal of . 003 failures per day for the Sensor
Subsystem, the contractor elected to consider that all failures would occur
only during a normal 10 minutes of operating time per day. The various
cameras subassemblies were allocated predicted failure rates, which, when
totaled, resulted in a failure rate for the Sensor Subsystem, exclusive of
the eight heaters per camera, of ,000438 failures per day. Additional data
was requested of the contractor relating to a breakdown as to part type
(resistors, diodes, et cetera) within each listed subassembly, and this data
was gubmitted, along with comments as to when the part was operating in
the Vstandby, " fready,' or Yoperate'' mode. The contractor elected at this
time also to mechanically cage the rotating mirror, rather than leave power
on for electronic positioning during the non-operating periods.

TECHNICAL ANALYSIS

Using the contractor's method of computation, but considering failure
during the non-operating periods, an unacceptably high failure rate of . 038
failures per day resulted. Another calculation based on contractor parts
count and mil-standard components re¢ sulted in a . 0047 failure rate per day.
Only when hi-rel components were substituted did the failure rate meet the
reliability goal.

EVALUATION GROUP KEY COMMENTS

The predicted Sensor Subsysterm failure rate was achieved only by
allowing the use of hi-~rel parts, which, incidentally, would impact the (e
proposal in other areas, such as cost. - -

¥
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Rating Category V: RELIABILITY Attachment 2
BYE-69318-66

The contractor's approach to failure rate analysis was deficient
in the following areas: :

1., Methodology ~ in error.
2. Parts count - incorrect,

3, Identification of requirement for hi-rel parts - lacking.

4, No failure mode analysis with respect to redundancy
and simplification considerations.

In the area of reliability testing, the contractor made only general
statements with regard to the requirement for a demonstration of the failure
rate with a 75% confidence. In the life test area, the contractor's statistical
design was wrong in that it allowed for the replacement of critical parts
during the tegt. Furthermore, it did not provide for the required number

of start-stop operationg.
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ITEK EVALUATION SUMMARY

Rating Category VI: OPERATIONAL Rating: 6.0
CONSIDERATIONS

1. Operatiopal considerations include the factors associated with
the ease of chackout and Jaunch, the ease of control by the Satellite Control
Facility, the mission planning, and the targeting implications, the film
procegsing regquirements, and the photographic interpretation and mensuration.

Z. The operationai flexibility of this system is considered to be
excellent. The provisions for variable scan and patch surveillance modes
can be incorporated with few complications and little risk to the basic system.

3. The start-up time of approximately two seconds is as short as
can be reasonably expected in a system of this type; however, there will be
four frames of monoscopic coverage with every stop and start because the
cameras will be cperated together to balance the momentums.

4. There may be a detectable degradation in resolution during the
patch mode when surveillance photographs are being taken off to one side,

This is due to the film shuttle momentums adding together and causing a
vehicle roll rate of . 013 degrees per second.

5. The attitude control system gas will be expended at a slightly
faster rate if only monoscopic photography is taken.

6. The checkout at the launch pad is a poiential problem because of
the requirement to either open the camera door or bypass the scanning mirror.
Opening the camera door involves environmental, security, and structural
preblems. Bypassing the scanning mirror, which is the master clock of the

system, involves additional electrical comnectors and simulating the scanning
mirror servo.

7. The variation of the exposure across the scan due to vignetting will
increase the number of film processing control changes.

8. The high resolution of this system makes quality control of the
film processing and reproduction important.

9. The types of supplemental information for mapping and mensurations
proposed are considered to be desirable; however, the accuracy of the control
geometry was not specified.
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ITEEK EVALUATION SUMMARY

Rating Category VII: EFFECT ON Rating: 4.0
SPACE VEHICLE

GENERAL

In this category, the contractor was evaluated on the impact of his
proposed Sensor Subsystem upon the over-all design of the Space Vehicle
and in each of the critical SBA subsystern areas. The contractor's thermal
design philosophy consists of a combination of active and passive thermal
controls., Active electrical heaters are utilized to maintain the structural
and optical component temperatures at T0°F, while passive thermal control
methods (a mosaic of ‘black paint, white paint, and aluminum foil tape) are
employed to maintain the shell mean temperature at approximately 509F for
all orbits. Thermal doors must be incorporated into the SBA to protect
the cameras {rom the Ycold" earth during the non-photographic periods
{closed position) and to act as thermal shields, with fold-out side curtains,
during the photographic periods as protection against direct sunlight {open
position).

The contractor also proposed that the two cameras be individeally
mounted to the SBA and that the supply spools be oriented along the vehicle
yvaw axis and near the top of the Space Vehicle for easy access. (See
Figure VA}

CAMERA IMPACT ON SATELLITE BASIC ASSEMBLY SUBSYSTEMS

Structures - The major structural problem associated with the con-
tractor's proposed camera systern is the requirement for large viewports
which must beclosed during camera standby operation for thermal protection.
As proposed, the contractor’s camera arrangement feq‘aires two viewports,
one for each camera. Fach viewport cuts approximately 160° of space
vehicle circumference. The two viewports are offset in angle with respect
to sach other and are skewed along the space vehicle rather than forming
right eylindrical sections, The structural problems associated with this
arrangement are 80 severe that it is doubtful whether 3 reasonable design
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Rating Category VIiI: EFFECT ON Attachment 2
SPACE VEHICLE BYE-69318-66
Page 2

could be implemented. The external doors must be load-carrying during
launch, Since the two doors together cut through almost 240° of space
vehicle circumference, a substantial weighting penalty raust be paid to
provide a vehicle sufficiently rigid for ground handling with the structural
doors removed.

During the course of the evaluation, an alternative camera arrange-
ment was examined which alleviated some of the gspace vehicle structural
difficulties {see Figure VL), This rearrangement eliminates the require-
ment {for skewing the viewport cutout along the space vehicle and reduces
the total ares of the external doors. In addition, it is possible if neceg-
sary to frame these doors so that they need not be load-carrying during
launch; But, even with this configuration, the structural problems implied
by the camera viewport requirements are substantial and have adverse
effects on the space vehicle.

The operating doors for thermal protection as proposed by the
contractor are large clam shell sections {see Figure VI}. During door
open times, the optical system must be thermally protected by side
curtains which fold out as the doors open. When the doors are open, the
frontal area of the space vehicle is approximately doubled. This arrange-
ment (particularly in view of the folding curtains) will be difficult if not
impossible to implement. An alternative mechanization of these doors
nay be possible although none was identified during the course of the
evaluation, The reliability impact of the requirement for operating doors
was not included in the camera reliability computation. Good design
should minimize door reliability problems, but they have historically been
a source of difficulty.

The supply spool location as proposed by the contractor (see
Figure VA)} results in appreciable space vehicle center of gravity shift as
the filrn moves {rom the supply to the take-up spools. There appears to
be no camera associated reason why the spools cannbt be relocated as
shown in Pigure V.B. The evaluation was conducted with the assumption
that the supply spools would be relocated,

The method proposed by the contragtor for mounting the cameras
separately into the space vehicle results in poor control of inter-camera
alignment. Consequently, it was judged necessary to add an intexr-camera
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structure as depicted in Figure ¥B. In any case, this is probably more
economical from a structural weight point-of-view than the configuration
proposed by the contractor,

The outside diameter of the cameéra package is 110" reguiring a
space vehicle outside diameter of 120", This poses no special structural
problem in that the launch vehicle interface diameter is {20,

Attitude Control System - Due fo the fact that the contractor’s
proposed mechanization of the cameras start-up sequence can result in

a synchronous supply and take-up spool start-up, severe disturbance
loads will be imposed on the attitude control system., The straightforward
solutien to this problem is to synchronize camera start-up. With this
modification to the contractor's design, there are no unusual requirements
on the attitude control system. Rate roofs will probably be reqguired
particularly for monoscopic operation.

Poweyr - Although the power requirements for the camera system
are large because of the active thermal control required, no special power
supply requirements are imposed on the space vehicle. The contractor did
not provide a detailed statement of the transient power requirements during
camera operation, However, a power analysis has led to the conclusion
that, while start-up currents will be high, the number of batteries required
to support the over-all space vehicle is sufficiently large so that this surge
can be absorbed without catastrophic voltage drops.

Orbit Adjust System - With the supply spools relocated to reduce
the center of gravity shift through the mission, no special requirements
are imposed on the orbit adjust system,

The doubling of the space vehicle cross section area with the doors
- open does notincrease the propellant requirements substantially, since the
total door open time is short compared to the mission duration,

Telemetry and Command -~ The telemetry requirements are not
specified by the contractor. However, no problem is anticipated in sup-
porting any reasonable requirements in this area.

A detailed analysis of the comumand system required to support
carnera operation was not made, bul there appears to be nothing in the basic

camera design which would impact the command system feasibility, 3 b
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Integration with SBA ~ The integration sequence discussed by
the contractor requires an inordinate number of re-entry vehicle assem~
blies and disassemblies, A reprogramming of the assembly flow should
eliminate this shortcoming,

Since the viewpoert doors must be open in order to operate the
camera, the space vehicle must be designed with sufficient rigidity so
that it can be handled without doors in the ground environment,
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TABLE VI

Category VI
Table VI

ITEK SPACE VEHICLE WEIGHT BREAKDOWN

{(Expendables Sized for 30 Day Mission)

Sensor Subsystem
4 Reentr s Vehicle
51 Camera
Film
Satellite Basic Assembly
Forward Section
RV#L Cone
RV#2 Cone
Sensor Section
Primary Btructure
Support Structure
Viewport Structural Door
Viewport Thermal Door
Thermal {coatings only)
Aft Section
Primary Structure
Support Structure
O A Hardware
ACS Hardware (propul. )
ACS Hardware {elect, }
TT&C Hardware
Thermal Material
Power & Signal Dist,
Back~-up Recovery
Separation
v Expendables
Batteries
OA Gas
AGCS Cold Gas
System Lift-off Weight
10% Contingency

Expected Total Space Vehicle Weight (30 day mission)

Evaluation Group

Estimate
3,569 1bs
1,480 1bs.
150
1,439
6,672
350 1bs.
110
B25
110
225
1758
40
435
90
186
255 5
50
175
80
100
35
55
1,940
1,106
330 f
13,310
1,331
14, 641 1bs,
033
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Figure V

A, CONTRACTOR~-PROPOSED CONFIGURATION
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B. WITH SUPPLY SPOOL MOVED AND WITH INTER-CAMERA STRUCTURE

S

fe)le -

C. WITH REVERSED CAMERA ORIENTATION
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AMERA SUPPORT STRUCTURE AND SUPPLY SPOOL ARRANGEMENT
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COATED BAFFLES
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VIEWPORT DOOR (2)
SN OPEN POSITION THERMAL CURTAIN ON
EACH SIDE OF DOOR
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ITEK EVALUATION SUMMARY

Rating Catepory VIII: INTERFACE Rating: 3,2

L. In this category, attention was focused on the contractor's
definition of the interface requirements. The contractor's understanding
of these interfaces as well as the adequacy of the interface requirements
from the viewpoint of the sensor were examined.

Z. With regard to the thermal interface, the contractor's esti-
mates of the required heater power was low by a factor of two. The paint
pattern specified results in a larger variation in average temperature with
beta angle than that specified by the contractor. The contractor neglected
heaters on doors and film chutes. He seems to have a good general under-
standing but lacked sufficient detailed analysis and made significant errors
in the analyses presented., No thermal requirements were mentioned for
the take-up in the R/V. Ground conditioning fequirements on the launch
pad were not defined,

3. The requirement that the SBA contractor furnish mounting
points for the film chutes was defined but alignment tolerances in general
were undefined,

4. The environmental doors as proposed are critical to thermal
control of the S8 but were poorly defined. The contractor should have
called this out as a eritical area for their performance and asked for tight
control of this interface.

5, There was litlle mention of telemetry interface and no definition
of how many and what instrumentation points. It is merely stated that TM
functions will be designated at a later date.

6. There was no definition of any AGE for integrated testing,
checkout, and launch readiness verification,

7. Although a good descriplion of the take-up and separation opera-
tions for the R/V's was given, no interface requirements with the R/V were
given. No requirement was made for film path alignment into the R/Y ar,
provision for removal of test film. kG
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8, In summary, the contractor devoted an entire section of 67
; pages to interface requirements, but, despite this large volume of
narrafive, he failed to clearly define his interface reguirements.
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ITEK EVALUATION SUMMARY

Rating Category IX: MASTER PROGRAM  Rating: 5.0
PLAN, DESIGN DEVELOPMENT PLAN,
U LIF1
BW

GENERAL

The plans discusged herein have been evaluated on the basis of
technical content only. The criteria applied were:

1. completeness of the information supplied.
Z, understanding of systems implications,

3. compatibility of plans with reguirements,

&

MASTER PROGRAM PLAN

This plan is reasonably detailed and generally good; however, there
is little discussion of the Sensor Subsystem design's impact on the total
system, nor of interface considerations. Scheduling is sketchy in some areas
{such as test and AGE eguipment) and not adequately justified in others; for
example, final interface definition is set at three months, the thermal model
is set at four months, and 58 CDR at eight months, It is by no means clear
thar these goals are realistic. Similarly, (prototype) optical system align-
ment and static test is scheduled at ten months. Along with fabrication and
mounting of the elements themselves, this requires production of initial
test optics--all in a period during which the optical shop will be relocated!
Finally, it is not clear that a sufficient sense of urgency exists with respect
to the film drum assembly, which ig noarly a pacing item.

sy

B

el

DESICN AND DEVELOPMENT PLAN

pionetfi

This plan is also reasonably detailed. However, considerable reliance
is placed upon tests to be run on (and/ax experience already gained {rom) the
40" engineering model, For example, the contractor' expects to be able to
eliminate the breadboard stage for many assemblies in the film drive servo
system (p., 2-52). On the basis of the information supplied, this reliance on
the engineeving model Is viewed s risky.

ity

e

The plan identifies certain optical areas of concern, but slights other
major areas such as electronics and focus sénsor. The optical discussion

itself glossed over problems assoclated with production of the scanning and
folding flats.
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PLAN, DESIGN DEVELOPMENT PLAN, BYE-69318-66
QUALIFICATION PLAN, INTEGRATION
ASSEMBLY AND CHECKOUT PLAN

The corrector plate fabrication problem is expected to be solved
by direct aspheric grinding, followed by "Meinel” polishing. Aspheric
grinding has had a long - and checkered - history, and the detailed appli-
cation of the polishing method is viewed as risky by its originator.

Optical coating technology is another ldentified area of concern,
The contractor proposes to do this in-house for -C reasons. In view of
the tight tolerances and the contractor's relative lack of experience in
applying multi-layer coatings to large optics on a production basis, this
concern (particularly as it impacts schedule) is justified,

The third contractor-identified area of optical concern is potting
technigues for element mounting. The contractor has pioneered in this
field; hence, it may be significant that he has raised the issue, There is
reason for confidence that the problem can be solved, though not neces-
sarily within the proposed schedule.

QUALIFICATION PROGRAM PLAN

This plan, in general, is good. However, all assemblies are to be
completely qualified prior to installation in the 8BA; this multi~level
testing requires 5 vacuum chambers. Also, the method of albedo simula-
tion in the thermal/vacuum photo test (p. 2-78) is unclear,

ASSEMB LY AND CHECKOUT PLAN

This plan is quite general and contains very little information on pad
or launch aspects. Exceasgive assembly/disassembly operations are required,
particularly of the R/V's (following the film path alignment and following
vibration and light tightneas tests). (Note: It is estimated that unload-reload
o of expended spools in the 58 will require 36 hours|p. 2-204].) A baseline
functional test required at completion of A&GC sequénce prior to transport
‘ to pad is not specified. Ordnance hazards during A&GC are not cited,
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ITEX EVALUATION SUMMARY

Rating Catepory X: FABRICATION Rating: 5.0
AND DELIVERY PLAN, AGE DESIGN
PLAN, MASS PRUPERTIES CONTROL
PLAN, RETIABITITY PRUCKAM PLAN

GENERAL

The plans discussed herein have been evaluated on the basis of
technical content only, The criteria applied were:

1. completeness of the information supplied.

2. understanding of systemas lmplications.

3. conipatibility of plans with requirements.

FABRICATION AND DELIVERY PLAN

This plan calls out as critical aspects the production of large,
o precise optics and scheduling/availability problems with respect to the
o extensive thermal-vacuum facilities required. Agaln, problems associated

with production of the scarcely less demanding drum assemblies are largely
glossed over.

RELIABILITY PROGRAM

The general format of the reliability program conforms to standard
practice, However, proposal that critical parts will be replaced and system
cleaned during the reliability tesi suggests a curious interpretation of the
intent of this test. Ii appears the contractor has not identified the necessity
of a full high-reliability program and hence has not explered its conseguences
with regpect to schedunle, manpower, cost, et cetera.

&

MASS PROPERTIES CONTROL PLAN

In general, this plan ignores necegsity of data interchange between
associate contractors and compatibility of 58 properties with over-all
system control plan. Essentially the plan presented is a relteration of the
requirements in the RFP. It is unclear how the welght engineering group

will insure that masgs properties specifications are met for actual flight
articles. ’ i}u)
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DEVELOPMENT AND DELIVERY
PLAN, MASS PROPERTIES CONTROL
PLAN, REILJIABILITY PROGRAM PLAN

AGE DESIGN, DEVELOPMENT AND DELIVERY PLAN

Thig plan is fairly comprehensive as it applies to in~plant and
optical test equipment. Otherwise it is sketchy, with little congideration
of on~pad and launch AGE or combined 5V-AGE. Tests for AGE are
largely omitted {except for environmental tesis on the shipping containers).
Installation and checkout tests for ACF equipment are not delineated.
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