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. Page 2-LL - Per agraph 2. 2 h.l 7, seconC linc., Delete the fourth word "dyer”.

: Repde”

best avar? izril 19, 1987
L-C25153-4U
LG? En0“1“a“* Lz Note
To: : Distribution
From: - . B, A. Witiman
Subject: ' Revisions to Photographic Subsysten Reference Henduoolk,
T L—O;B;?S-Rb o '

Minor revisions to PS hardware cince the publication of ithe PS Relerence’
Eandbook recuire ceriain minor modifications to the content of this handboox,
The data presented in this note should be $ncorpor=ted by holders of the

presently issued document. It is Ieft to the discraticn of the user Lo modlly

his copy of the handbook in the most convenient memnsr, This Enginsering Note
the nY

contains both dsletions and revisions reguirzd to make the docwmeni consiste
¥ith present hardware desigm, :

PS Reference Handoook nO”‘flC ioms

Page 2-L2 - peragra h 2 - l s% sentence, Chance 0 the following:
. 2 = a

he Te e Se fihﬂ direction SI-A CLE, PLE znd cther CCP logic CO.’.:‘:‘O.'.E.
2 ) 7 =)
Sh Upl}f mOvoI‘" '

Page 2-L2 - last paragraph. D@Icue the first two sentences. "Supply loomer full
" (8IF) =~ = = = = = = - - terminaie the reverse cperation, Replaca ihe
sentences with the follewing - "In the reverse ¢irection the Zilm ad-
vance rotor is namally on if the supnly motor is cn and tne SupD’Y‘ '
locper is electrically empiy. . If {the supply looper contents increase .
to greater than elecirically ETDUY or a 1ogic condition is created wn_vh
"terminates supply motor operatlon, Pilm advance. notor operation will
casa,n .
Page 2-43 - first sentence, "Delate the senténce "At the end of o & + « o -
il CLE and RLZ are reached", Replzce the senteice vﬂth the following
t the end of each readout operasiicn (during final resdout) the adverce
' moto; operates Lo move film through the camera at a rate equivaient <o
‘the ‘take-up rate of the supply spool until CLE and RIE are ach.eved or,

e until some'other‘lbgic condition terminateg supply motor operation.”
Page 2- ‘h - .first sentencs, cdelete ths seamtence FIt will 2ls0 . ., . . . Tead-
out operaticnm", Replace the sentanc vith the following - "Iw will

in 1A

2lsc turn the take-up drive OFF ae wind forwaxd mede (after 2imab
cicar) =ad terminate reverse SLHaly roter cparation after eacn corplete
Teadout operation”, . .

11
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Page 2-L5 - sccond paragraph., Last two sentences. "Delete the last two sentences,
. 23 follows: '"RLE 13 als0 4 » 4+ » + » o PS5 final readout-cut mode”,
Replace the sentences with the following: "RLE is also a condition for
turning the take-up drive OFF in the PS wind forward mode and is a condi-
tion for turning the supply motor OFF in the final readout mode, RFL
“eei.. WALl terminate the quick look readout mode and will inhibit tar-up motor
reverse operation in the PS final readout mode“

Page 2-47 = Figure 2-1h After the tltle in the diagram "Index cam" - Add the
- word "schematic" in parenthesis,

Page 2-50 - paragraph 2.2.4,2 (d), line 10 - change to: r(d) Wind up on taxeup
3 spool after fin11 rezdout (wind forward mode )"

Page 2-50 - paraaraph 2,2.4.2 (b), line 1, Change to:. ﬁb) Wind up on_sﬁpply
spool after flnal readout" ' :

Page 2-52 - Paragraph d ~ Title, Change title to "Unwind frov the takeup spool
for quick look and final readout"

Page 2-52 - flrst paragraph 3rd, and Lth sentences: Delete the seniences as
follows: "When the . « v« & inch-per-ninute "

"Replace the sentences with the following "Whe1 the readout electronics
ON command (SPC-3) is given, the takeup motor f£ills the takeup looper
1f the take up looper memory indicates that the last condition of the
looper was empty. The readout drive pulls film out of tne take up
logper at approximately 0.27 inches per minute”.

Paoe 2-52 - paragraph d). Add the following paraaraph to the subsectlon d)
. - as follows: "In final readout the film handling system unwinds film
from the takeup spcol in the same manner as above, However, if the
L-frame capacity of the readout looper is reached, the electrically
full signal inhibits any further takeup reverse drive operation but
does not turm the readout OFF" _ , :

Page 2-52 and 2-53 - paragraph e - Delete subsection e and replace with the
: 'follow1ﬂg. "e) Windup on Supply Spool after final readout, During
this mode of operation, film is transported irom the reaaout looper

to the supply spool. When the readout electronices goes off the film
that has been readout and stored in the readout looper is pulled out

of the readout looper, through the free wheeling processor/dryer

-and through the normally efmpty camera storage looper by the supply
SpOOl motor. The camera film advance drive 15 enabled in the reverse
direction to assist the supply motor in overcoming the tension lossas
through the system, The torque of the film advance drive is reduced

in the reverse direction by a dropping resisior in series with the arma-
ture, Because of the reduced motor torque and the logic associated with
the supply looper,.film is moved by the film advance at a rate equal
to the supply spool tzkeup rate. The rate of film movement through

the film advance mechanism will equal the average rate of tne supply
takeup., . 4 '

The supply motor drive and the camera film advance motor drive are
controlled in the followlng manner:

1 2.

130
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. 1) The supply motor is ON ii the carera storage looper and the readout

looper are NOT electrical empty.

AT

2) The camera film zdvance motor is ON when the supply motor is Ci
and the supply looper is less than electrical empty.

Whea both the camera storage and readout loopers are erpiy, the supply
motor is turmed OFF which in turm,sheets the camera film advance motor

OFF.II-

Page 2-53 - paragraph £, fifth sentence. Delete the sentence: "Thls comand
. e o o« o o« = o camera advance drive," Replace the sentence with the
following: = "This cormand relezses the readout drive clutch (seis
the readout release memory) znd supply motor drive clutcn and turms -
oa the camera-advance drive in the forward direction.”

. Pege 2-112 - second paragraph, last two sentences: Delete the sentences as '
Z2ollows: T"If the readout « o o &+ + » +» » . these loopers are erpiy”.
" Replace the seniences with the following: ~ "When the readoutv is turned
OFF, film is pulled from the readout looper and wound on the supply
spool by the supply spool drive motor and the reverse camera film ad-
vance drive motor until both the readout and camera storage locper
are empiy". ; ‘

Page 2-11L - first paragraph, last two sentences. Declete the senternces as

follows: "Film is run . . , . . are both empty." Replzce ihe seziences

with the following: W"The advance motor is on when the supply moior is
on and the supply looper is glecirical empty. The supply motor 1is on
if the camera storage and readout loopers are not electrically enpiy.
Tais £ilm moverent continues until the camera storage and readout
Loopers are empiy. - ST : -

Pages 2-13L through 2-1L2, section 2.l - delete section 2.Lh. The in‘o-mation
presented in section 2,4 has been modified and the modifications are
covered in the enclosures to Kodak letter L-0251L0-0U, dated L/11/67,
ggggﬁct: MAdditional Material for PS Fault Isolation Procedures ai
FOrn, S -

Page 2-130 - first paragraph, second sentence, Delete the sentence as follows:
."Throggh the logic , o « 4 « 4 4 « + . forward direction,” -

Page 2-152 - paragr;g§.2.5.2.1.l - add item M es follows: "m) -Camera forward
menory off CAS-I.® ' ' '

Page 2-153 - paragraph 2.5.2,1,1: Chenge equation to the following: '
, { (RLF , TS5, EMC . BCO + PPS + RTC-16) % RTC-5 | ., OCi= ,
BME = ‘ ’

e —

10«2 ., 15

|
!

5-5 , BVC.BC0 , Tsa

=
3
o

.

Page 2-163, paragraph 2.5.2.2.7 - Delete perogreph 2.5.2.2.7: Add new paragraph

ec follows: 12.5.2,.2.7 - Camera Motor Reverse (Ci5-7) (Sheet 2)
CAS-7 = CAS-13 . SIZ . _

Th? camera motor reverse signal is available if the supply motor is bN
(GAS-13) ang il 4he supply looper empiy signal (SIZ) is present. =ne

I3

.S m—— =

i AR TS

v
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presence of this signal enables the camera motor C¥ s ‘5.;1 CaS-5,

 Page 2-165 - paragraph 2.5.2.2,1,2 - Delete paragreph 2.5.2,2.12 - Add 2 new
paraaranh 2.5.2.2.12 as follows: "2, .5+2.2,12 - Supoly Motor OM
- (Reverse Only) (CAS-13) (Sheet 2) - ’ '

eAS-13 TS . TSW6 , B3 (BF « WE) .

Ths supply motor on signal is enzbled ohly-if 21l of uhe following
conditions are in effecti: ’

1) The solar eclipse memory is not ON 15-2

2) The readout enable signal is on ON TS5

-3) The wind forward memory is not on TS-

hg The Bimat is clear- RAe

5) Eilther the camera or readout storage loopers - .
are not empty 33§‘+ s

The presence of this signal diSengaves the °"pp1y brgke.'

Page 2-17) - Logic diagram sheet 2 - Délcte gheet 2 of the CCP logic alavrg..
Re place the logle diagram, sheet 2, with uhe auuacﬁed revised logic
dlagram. : , .o

Tne PS Reference "Handbook wes *ev1ev=d to correct the afeas zssceizisd

th dasign revisions since the date of issue of the harcboox. In ge*eral'o*h-r
rincr errors such as typographical errors were overlooked if they ¢ic not have
any effect on the operational underétanﬁing‘bf the PS5, This note contains all
corrections reguired as a result of hardware modifications and a second note
will not be required as mentioned irn discussions with opsratione personnel
end implied in the °tatement of work for correcticns to the PS Beference Hand-

'book o A »
' : ‘. e . A; . g“////j /&ﬁxﬂ
o ' Bernard A wittman .
BAJ-aem

-Approved- ‘;&*"W Z 54('&-—-
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EAST FVAN KODAK \,ol\/.i:ANv

APPARATUS AND OPTICAL DIVISION

- BT T s -
; L AN AL e e e et (W +

AOOPHYMOUTHAV€:§A %ocAhsf:a \;vrvonxtasao‘

aoril 19, 1967

AY A~ ~ - }
'°\=-?=.f_i,‘~f"='-"53.uh72 ;
LR V- S L XD A R i

.‘-u-uo..-.
e o,

1-02511:0-07

TN AT 3T LR ) (¥ S S 4

Y A St e rem

Bosing Company
ce Division
Sow 3595
attle, Washingion 9812} f"'ro

tiention: Mr. Robert Oct ‘l ﬂeﬁ:ifef

¥ail Stop 85-5u4

Subject: Add;tlonal ater1a1 for PC Fauxt Isolatlo ‘Procedures at SFOF

. Reference: Boelnb T 2-&531-02 3626 L-O2u99h-TU da ed 3/23/67

13

" Gentlemen: S

‘Based upon events during Mission III, Kodzk was asked to submit
zdditional material on the Paostographic Subsysiem. The material atiached
35 a condensation and/or resitatement of date provided in other Xodak Docu-
ments which makes the information more visible and available for SFOF opera-
tions per;onnel. A : : : - -

e i— Enclosure Iisa summary of PS heater status in &1l opera--
onal nodes, The temperature set points for each neater are nominzl vqlues.
Dur;ng a mission i%t is recommended that the values for the PS being flown be
entered. This data is avallable in the anpllcable P53 date pack age.

' Enclosure IT is a SLmna*y of the r .“al powsr and current
T drawn by various PS components at a voltage of 30.5 vdc. Initizl stall current
‘values for several componenis are given. These values' can be used in conjunce-
+ion with the heater inhibit status chart to determine the nominal current
. status of the PS daring any PS operatlon. )

. Enclosure III glves noninal sower D“O;lléo for various PS
_operaziing modes., Nobte that these power profiles do nov include power drawm
Ty environmental heaters. . These power profiles must be used 1n coqgunctnon
with Enclosure I wh}ch gives PS environmenial heater stauus.
, ] .
' "Enclosure IV gives a proceai‘c for placing the PS in 2
" safe condition for feilure analysis. -Tnis enclosure also gives a general
zuide to the naturs of poterntially catastrophic failures. '

-
FES

I

TEZELZPHONES o CAM;RA WORKS. AND HAWk -EYE WORK% AREA CODE 7l6 325- ZOOO
LINCOLN PLANT, AREA CODE 716 EEVERLY $-7770 M

. - ;. .
! —
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Toe Boeing Company -- 2 , : o 1~0251L0-07

Znclosure V gives & matriz 13

listinz indications ol & pows
interruption or a transient which causes a '-’resat Power Signel within the PS5,

n.nclobu:re VI lists ecove:y procedures that should be
.o.l.lo"ed to re-..staol:.sh proper PS logic sta‘:,es after a power interruption.

Tae data furnished by this letter is the data raquested by |
Part B of OON-12 o Boeing Work Statement LO-Y66115L. Part B of GOl 12 was '
a Statement of Work for Data to Supplement EK PS Fault Isolation diagrass as :
detailed in reference TWX, Thais conpletes Part B of OCK-12. Part A of OCW-12 | -
was completed when a course of instruction on PS apcration was presen..cd at
Boeing dx.umg the week oi‘ h/3/67.

Very tmlf/ yours,
EASTHAN KODAK COI’.PANY i
Yguw M Z

: Researcn an'd__‘r.nglneer'mg

BLZlle:PJFraem -

Approved: /J{é/ ,(/”(/‘A_'_ Co o T

Ty
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Enclosure I
1~G235140-20U

NOMINAL PdO’I‘O SUSSYSTZY, HEATLR STATIS

hOT":D

~In the ¥ind TForward Mode, all P.S. ‘heaters are 1ir .n..b:...ed '.mz.l,e the

camera menory is on.

"In the Bimat Cut } ode, all ».s. heaue‘s are .mh_blted wnile the Birmat

cut memory is on (from execution of Bu-nat cut command to 300, 3Bimat
cutier off, signzl).

In the Jeater Inhibit Hode , the processor and dryer heaters are inhibited
u:\lessA'Bk-E, Bimat enable, signr:.l is present.

A3) PS heaters are normally inhib“ed during cemera cperat:,on= and c.;rn.nb.

-eadout » both limited and f:.nal.
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4

are continuously drawing power in a1l

.no~o~*'”n‘c Subzystam Pover Profiles

tached 8Taph5 shaow &

The av minzl prefile of pover comsumpiion Ly
the photograpnic SuijSVEH. Hnury into and corp;etion of the rajor opsraling
modes is showm. "wWhere applicable, cycling of comporznis wihich are rdt opera-

ting continuously is indicated.. These zraphs do not show tae conswmntion of
power by environmental heaters., The hezaier inhibit status chart “*O\_uud
shows the temperature set poinis Tor hezater operation, 2ower for heater
should be added vhen applicable, - :

Tne profiles shoun were based upon an input volidgze of 30.5 vdc to
the PS. The power shown indicates-maxirmm coniinuous power drawn by co"pons
during non-transienv conditions..

For assisitance in deiermining detzils of power consunotion, the 23

Component Power Summary sheet can be used., Note thatv the fo
PS modes of oper:tloﬁ.

Instrumentation

0.2 waits

. CCP Control Logic 1.93 wattis

- Reference Frequency Cen. 0.1 watis

Sweep and Sync aogzc 0.05 watits

‘Reference Volitage Generator C.L6 watis’

* ... Continuous Prime Supply Losses0.50 watis

- " . DC/DC Converter losses 9.6k watts

] T heaters Controliers 0.65 watts
":,‘r-lixoual Suandby °owe“ 13,61 watts

3.6

ilowing compon ientis

S

T —

eI

-




3 -1 REERY

o

Y

T

Photosrenhic fulsvoten ,§“giff3ih T
, — Compenent Pawer Swasary {20.5 v3C) L=04s140-0 :
Comnorient : . Tormal Yormal 11 Currzaent f
Wettcco Currcnt !mnlicabic '
" , {Amme)
e er liotor 6.7 21X - .20 ;
Za T Motor & Solenoid 24,3 . 796 . 325 .
. uro AAjust lotox 1.8 .516" .670 !
z ¢ aAdjust totox 9.0 .295 3 :
5 e Motor Drake 19.9 ,032 - .45 |
" and Electronics 12.5 . L4610 ilokte 1 ! ]
T tor - 25.0 .820 1.29 T
> cronies & Pinlight 0.34 .0275 ra
T ol 3reke 6.7 .219 XA i
fuziply-Cpocl Motor 3.3 . 108 .40 '
Tike u» Moior and Drake - 8.8 . 269 .5 :
Sumoiv £pcol Cluich 6.5 ° L213 RY- ?
Tzalout Scenner Clutch 3.7 121 NA ;
o rive liotor i1 .103 .180 :
= utter 55.0 1.81 v :
z entzation 0.24 L0787 Xa E
OC> Control Logic 1.93 L0632 XA ;
nes ce Frocuency Generator 0.14 ., 0046 NA o %
z nd Sync logic - 0.05" .0016 N2 8 §
=z itinlier Tuke and Supply & .. 2.0 L0635 A - 2
X ce Voltace Generator - 0.46 L0181 Ma i
v mplifier - ~ 0.9 .0295 NA i
z Sync & LST Power . 18.9 .62 WE i
Tilement, ' 3.2 .103 XA 5
iz itage dpply & Beam IB 9;0' .235 ,NA 5
Zrum knode MNotor AP 10.32 .338 40 i
Tezlout Scanner Motor ' : 3.5 .15 220
Corntinuous Prime Subply Losses 0.5 .0164 NA
2C/2C Converter 5¢s ?.64 .316 N&
Czxera Shroud & Fllm Cassctte Heater 7.0 .229 2 ]
z47 Lens Heater 2.75 . 090 WA !
Iz & 8Qmm VWindow Heater S 4,1 134 ¥A
Unicr Pressure Shell Feater 8.31 .273 NA
Zcwer Pressure Shell Ieater 7.77 .255 XA g
gssoxr Ieater ‘ 9.03 .293 WA E
= Icater 6.7 .548 EA
Base Area-wl Feater 4,83 L1589 YA
Eose hrea #2 Heater 13.2 .557 NA i
Szse Area 33 Heater 18.0 .5¢0 XA :
Heater Controller (lO) 0.065 6.002{0.02) KA
B ! ]
Tote #l: The V/¥E sensor motors (egcanner, mCmory, sweep and crak) can pro- S
guce varying stall currents depending upon the V/# rate at the time of stall. .
~-z sccnner, memory and crab motors associated circuitry will limit stall
currents o 120ma per motor., A stalled sweep motor will develop sweep error
lonlic that will drive the sweep control voltage’ to the uope¢ lirit and produce
& stall current of 250 ma. s . . :
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[ ‘, ‘_ . o Enclosure IV
- L L-0251L0-0U

~

PHOTOGRAPETIC SU'.,S"’S-HJ AMNG "QLB-S - CZMERAL

In general anomalies in the PS can be categorized as follows:,

1) & condition which is non-normal and stable. Examples are: An

erronaous total shutter count, an erroneous +total film advance for a photo-
raphicsequence, 'a change in processing rate or possxbly an erroneous readout

loope‘ contant.: ‘ :

4

2) Conditions are non-normal and changing. Exarples z2re: & run avay

take-un reel, a run awey camera wiich will not stop advancing film or an in-
creasing temperavure. ' ' : :

The first category is generally a less dangerous situation with the

‘exception of an anomalous current indication. In 71eneral, the first cailegory

of failures docsn0u require as rapid attention as the second

The second category of failures is generally ;ndlcatlve of impen ding
C=t65~T°Due and quick actlo1 would be required. -

Important: The Llrst actloﬂ that should be teken in the evert of an ancmaly
that cannot be exnlalned 1mmeclately and appears to be potentially catastiro-
phic is to issue & Solar Eclipse On command to the Pa. .

: A series of commands is ldsted which will place uhe PS in a szfe mode
fo“ failere ana1y51s for all PS operating modes. The commands are listed in

order of effectiveness and in an order which reflects the rels 'ive importance
of a potentiial anomaly. Tne command sequence should be followzd ‘and repeaued

" until indication of results is ootained from telemetry. The command sequence

is as follow;.

1) Solar ucllpse 0On plus Readout-Dr;ve on‘

2) Consider necessity of placing programmer in inflnlte Junp (spacecraft)

. 3) Readout nlectronlcs On 5
L) v/4 ofs :
. 3) Readout Drive Off .
- 6) Readout Drive On- o
7) Camera On. . o o
8) V/H off CooRn
9) Heater Inhibit On B

Importants The above general llsting will cover the majority of anom alous
conditiens that could arise, It is emphasized that the cognizant analysts
should not be required to follow this sequence without exception. Analysts
must have the authority to modify the above sequence wnen in- their Jjudgrent
a betler course of actlon is desirable, . ... - B ' ~

- R , L .“;x' o
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' INDICATIONS OF PHOTO SUBSTSTRM .
. POWER INTERRUPTION R
" VOLTAGE TRANSIENT WAIGH

... CAUSES GENERATION OF A PRESIT POYER SIGMAL

L s © Enclosure V
S - P L-02511000U -




Enclozure V
1-C25140-0U

. Coge s '
The aftached matrix rep*esentg a =*vg_¢glea method of “aent:fjan,
zymptoms of a power 1nner*upt;on in all mocdes of photo ohb,/SiE“laCu‘Vlujo
Yowever, it must be kept in mind that prescace of single indication doss

‘not detzraine a photo subsystzm power 1nuerrupt10n. AL indications for

e¢ach P.S, mode *e;pec ively riust be present to definitely dstermine a power
Interruption, -Socme of the listed indications are only anplicable dur;ng moce
<-ansitions, These are: :

Tl

/4 Sensor fails to turn on

a)

b) Camera'fails to turn on’ }
¢) Processing fails to start

¢) 2/0 Llectronics fail to turn on

I2 a power Interruption occurs, one of these indications will be present
when attEupv;ub & mode transition from any of the 3 Standoy modes or lind

vpo.sa:a r.ode to any other logical P.S. mode excepting the Solaz Eclipse mode
end the 3 Standby modes,. L . . -

Hosu indications listed in the matrix are readily observable by
lelemairy values. Reset of the shutter speed setting is not. If a power
_nterrupiion occurs, the shutier speed will not be In sync with the telemetry

Sl
ndicavion, ;nls sequence can be perforwed in uhe safe solar ecllpse mode,

iicavion, uyclzﬂa through shutter speed setting will provide the réquired

ST s1s e e o
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. PHOTO SUBSYSTEM . |
. RSCOVIRY PROCEDURES FRON .
POVER INTERRUPTION

' o

| VOLTAGE TRANSIENTS WHICH CAUSE GENERATION

. OF A'PRESET POVER SIGHAL ~
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2)

®)

c)

=
e)

n)
i)

o a)

Znclosure VI

L-0251L0-00
TABLE I
MODE© . .. . - _RECOVERY SEZQIENCE:

V/H mode befo'e Bimat clearhl' jv 1) Execute'solar'eqlipse on command

Photographic Voae with and ©.2) Verify all indications of power interruption
witnout V/H : co .

Processing Mode';f f  T T 3) Deternine if necessary to jump pr0ﬂr ammer to
‘ e.o- -t prevent exécution of SPC S.E. off. Jump
- programmer if necessary.

Procassing Staﬁdbj Mode ~Q;"'. L) vExecute Wind Forward On then R/b Drive On.

Bimat' 4 Hode - ‘-'T‘ f:'S)i‘Re-establlsh shutter speed lozic.

Ianited R/0 lode aftier R/O '_; ;6) Execute Solar Eclipse Off and return to normal
ulECurODlCS On Cmmnand ‘i,T:“': operatlon.

Lﬁmlued R/0 ¥ode after an R/O Y)i_Re-nstabllsh focus and gain set tings during

_ Brive On Command ; T }f'next scheduled R/O.

Llﬁ;ueﬂ ®/0 Standby o _? f ; f ;4;1;” '_ﬁfﬂijiﬂ:F; ;f T

Solar Lcllpse hode before Blmat
clear SRR

NODE " RECOVERY SEQUENCE

Limited R/O after lst R/O Drlve f{l)*‘Execute Solar Zclipse On command
0’1 COm.'land CT ' ‘ H ’ ! )

'-:A .
et

J;go off."g:,;gfv

R.Perform steps 2 through 7 of Table I

vExecute R/0 Drive On and %erify R/O Electronics




Enclosure VI
L-0251L0~0U

¥ODE " RECOVERY SEQUENCE
2) " V/H Yode after Bimat Clear 1) Execute 5.E. On Command
b)) Ving :orma*d uode ) 2) Verify all indications of powar interruption
¢) Final 2/0 afier H/O Electronlcs ~3) Determine if necessary to Jqu p“ov.cm;er to
On Command - prevent execution of SPC S.E. off. Jwip -
.- ... programmer if necessary
d) Tinal R/O after 2nd R/0 Drive On 'h)a Progréﬁvsingle frame camera mode
-Ccmmand ' o o
e) -rlnal r/0 S ahdby Yode -5 'Execute,Camera On'Command.
f). Solar Lcllpse Mode after Blmat 6)  Execute Solar Eclipse‘fo Conmand,
Clea¢ . - ) } : .
;: . '7) As soon as possible after step #6, execute
G ..+ . GCamera On Command,
© 8) Execute Bimat Cut Command and Relurn to Normal
o Operaulo1. oo T C
) 95" Re-estab’lsh fovus and gain settzngs during
.. 'next scheduled R/O.
) TABLE IV
&) Finzl R/0 after 1st R/0 ﬁfive : 1) mxecute Solar Tclipse On Cowmand
Ca Command., T
ey Ch2) L"xecut° R/O Dr;ve On Command and verify R/O
- - EIECerﬂlCS go off,
s 2‘3)"°erxorm s»eps 2 uh‘ouch 9 of Table _II.
T-2y
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_SECTION 1
TITRODUCTION

1.1 GENERAL

-The pur@osé of.this aocumeni is to ﬁfesent'selected pertinentidata concerning
the Photo Subsystem (PS) .under one cover., The do.uﬁent is intended to
serve 8s (l) on 81d in geining sn over- all kno;ledge of the PS, end (2)
8 quick, reesdy reference for operetions support personnel in the field.

The document 1s divided into the following eight msjor sections:

Section . _ B ) ‘Togic
1 h Introduction
' 2 : The Photé Subsystem: PS operetional

. description, component descriptions,
sketches, schemstic drswings, photo-
grephs, etc.

3 o , o Commsnds: Commend subsysfem, zethod
of commsnding, formet, etc.

L . Video Telemetry: Description of
system, composite video signel.

5 ) ) ] 7 - Function Telemetry: PS telemetry
points, description of TIM link,
typical schematic drauings.

6 - , . 'Resolution snd Smesr: Definltions
' predicted opticsl performance, ‘tri-
tar vs creter resolution, ’

7 - " Exposure: Photometric function,
. shutter speed vs solar phase engle,
tone reproduction dats.

8 , Numericel Summery
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Various sections of the document will be.redundent vith othe* sections
at times; this wes done for the seke of clarity end to oreserve the

integrity of each section.

The document wes produced during the perio§-27'December 1965 to
15 Merch 1936.

1.2 MISSION AND OBJECTIVES OF THE PHOTO SU3SYSTEM

The primary-objective of the Lunsr Orbiter‘missions is to obtain ‘topo-
grephic dastz of the lunsr surfece to sid in the selection af’landing
sites for the Apollo mission. Secondsry mlssion obJectlves ere to
secure informstion edbout the size end shape of the moorn, the properties

of its grevitestionel field, end liner envirsnmental dsts.

A two-stege lsunch vehicle consisting of en Atles (SLV-2) primery
boaster snd en Agens D (Model SSO1B) second stsge will boost the
spececrsft into tranéiﬁhér trasjectory vis an eertﬁ pérking orbit,
Shortly efter separstion frox the Agens, the spacecrafi will deploy soler
panels snd entennss snd mensuver to scquire the sun, ensuring powver and

cammunicstions. After passing'through the Van Allen belt {efter sbout

§ nours of flight), the Csnopus sensor will be turned on and & ster menring

procedures will tske place to ensure positive identificetion and acqu;sition
of Cenopus. The sttitude control snbsystem will mske commsnded maneuvers
end meintein spscecraft attltude throughout the remsinder of the mission,
using reference informstion provided by the Sun end Cénopus sensors.

Based on enalysis of tre"king dets, one or more mid-course ccrrection

meneuvers mey b= executed using the velocity control subsystem.

[t

.
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As the spacecraft-sﬁproééheé the moon, the veloclity control subsystem

will be used to inject the spacecraft into erm inftisl luner orbit.

- Approximste parsmeters for'this orbit sre:

MInclination T .‘ 12.5 degrees

Apolune ; 1850 xm
Perilune - 200 Ym

The spescecrsft will ocgﬁpy this orbit while tfacking‘date is acquifed

to snslyze the charscteristics of the lunsr gravitetional field befcre

transfer to the 1cover altitude final orbit. Photographs can be teken

while in the initiel 6rbi£ and read out to determine the necessity for

sdjustments to the PS resd-out sfstém,’

| After sufficient dets hes been scquired from the {nitisl ordit, the

Véiocity-control subsystem will be used to place the spscecraft in a

final orbit. The approxiﬁate parameters of thié.orbit are:

Inclinetion A 12,5 degraes
Apolune. 1850 ¥m
Perilune . k6

The spaﬁécraft will then be commended to tske sppropriste photographic
sejuences as it passes over predetermined‘afeés. Between photogrsphic
pesses, limited resd-out csn be coﬁmanded to verify correct operstion
of the spececraft, if time perﬁits. When film<exﬁésure and processing
hes been completéd, the resd—qut of 8ll photogrsphic frsmes will teke

place during earth/sun viewing periods.
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SECTION 2
~ PHOTO SUBSYSTEM

The purpose of this sectlor is to descrlbe the operatlon of the onto

Subsystem (PS) in detail and to include a detailed description of the major

.PS components. Scheématic drawings, logic diagrems, ‘and photographs gre

included.

2.1 OPERATION OF THE PHOTO SUBSYSTEY

The 'PS is designed to photograpix the lunar surface, process the exposed
film, scan the processed filw with a flying spot, and provide v1deo signals

to the communications subsystem for transmission to the earth.

The specifled PS photographic requi“ements are to obta;n

a. Photogrephs of 8 000 squa*e kilometers of the
luner surface at a ground resolution of one
meter.

b. Protographs of A0,000 square kilometers of the
. lunar -surface at a ground resolution of eight
~weters. o

The subsystém must operate within constraints imposed by power, film supply,

earth/solar eclipse conditions, film set and Bimat stick contraints, and

processor and read-out speeds. The system Is designed to conform with the -

weight specification of 137 pounds.

To accompllsk these objectives the PS useS'two separafe lens systers to'

photograph the moon simultaneously at both high (ore zeter) and mode*ate

(elght meters) resolution. Both lenses photogreph ir discrete frames
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rather than in long strips as is the case with some aerial camera systems,
The number of frames to be exposed can be ‘selected through commsnds to the

PS Command Control and Programmer unit {CCP).:

The high resolution lens is a 24-inch focal length, 6-element refractor
having & relative aperture of f£/5.6.  To reduce image smear to an acceptable
level, image motion compensation (IMC) is provided with the platen moving
apprbximately 0.3 inch at the correct velocity during the exposure. The
platen movement is limited to one direction (parellel to the film width)

by the camersa. Spaceéraft,attitude control is used to align the platen and
image motion vectors. The 2h-inch lens system uses a focal-plane shutter
whose curtain velocity is constant at all exposures. Slit widths of 2, 1,
and 1/2 inch are programmeble to provide nominal exposure times of 1/25,
1/50 and 1/10C second, respectively. The moderate-resolution lens is a
commerical Schneider Xenotar having e focal length of 8Cmm and stopped

down to & relative aperture of 2/5.6. vA'befween-the-iens leaf shutter is
used with this lens, providing exposure times of 1/e5, 1/50, and 1/100
second. IMC is also used with this system, with the platen noving at the
correct velocity as with the 2h4-inch system. The IMC velocity required

for each lens is determined by the V/H (velocity/heighi) sensor whose
outpﬁt'is in the form of a cam which drives the 2L-inch platen whenever

the V/H is cperating. The 8C-mm platen is coupled to the 2h-inch platen
by a lever arm which:drives it at a reduced velocity to provide IMC. The
relationship is:

Velocity _ pleten velocity
Height " lens focal length

The drive velocity for the 80-mm platen will thefefore be slower than the
2k-inch platen drive velocity by a factor of 7.6.

¥
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As photoéraphs are taken st controlled intervals, the expesed £{ilm moves

.rapidly into the cemera storage looper. At the completion of photography,

these frames are drawn out of the camera storage looper gnd are prccessed, -
dried, end woundronto the take-up reel. Processing tekes place at a

nominel rate of 2.4 inches/minhte The camera storage looper has a capaclty

of approthately 20 frames, each of 11.7 inches ‘length.

Two modes of'photographic data transmission are provided hy the PS design.
In the first mode, called the . limited read-out mode, fllm is wound of‘
the take-up reel, scanned by the read-out system, the video data transmitted -

~and the scanned fllm stored temporarily in the read-out locper. The read-

out looper has = meximum film capacity equel to L frames. - When the 1nfo*me—
tion contained on these four frames has been transmitted, the film is wound’
back onto the take-up reel. Finsl photographic read-cut, the second mcde, is

performed by cutting or utilizing all the Bimal in the processor and running

the film backwards through the system during read-out. The resd-out looper:

is used in conjunction with the camera storage looper duriné final read-out
to sense tension angd to contro; the motor in the supply spcol (which tzkes up

the read-out film).

head-eut is seccomplished through the use of the read-out chain. A small
(6.5-micron diameter) spot produced by & cethode ray tube and condens-ng
optics is swept across & strip cof the develooed film for a dlstance of
0.105 inch, parallel to the long dimension of the film. The density veari--
ations of the negative film produce varistions in the brightnrness of the
transmitted spot. The transmitted (modulated) light signal is input to &

- photomultiplier tube and converted to an electrical signal which is then

amplified, trensmitted to the ground, and reconstructed to .produce & photo-
graphic image. The spot sweep tekes place at the rate of 800 eps, with the
spot being blanked during the sweep return. The spot is advanced across

2;3
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the film by moving the condeﬁsing lens at a uniform rete across the width -
of the film through a distance of gbout 6O mm. Film scan is thereby : =
accomplished electricelly at a sweep rate of 800 cps and nechanically at _

8 sweep rate of approximately 0.3 cps (one complete scan every 22. 02 '

seconds).

During read-out, the negative film is advanced sequentially through the ‘ L
read-out gaté in O.lOO-inéh'increments, called framelets. Since 0.105- ~
inch increments are covered by the flying spot, a certain amount of over- .
lap between framelets will occcur. The scanning rate is such that approxi- .
metely 46 minutes are required to transmit an entire photographic frame .

(consisting-of one high end one moderate-resolution photogreph) to the earth.

Additiongl detail concerning the operastion of the PS components is contained ‘#;
in peragraph 2.2. A detailed description of the sequence of events and the ~—
various modes of operstion is glven in paragraph 2. 3 A block disgram of ok

the PS is given in Figure 2-1.

2.2 MAJOR COM?ONENTS OF TEE PHOTO SUBSYSTEM (See 2.7 for photbgraphsaof

the Components discussed in this paragraph)

2.2.1 Command, Control end Programmer (CCP)

The CCP is the component within the PS'which controls most of the PS func-
ticns, acting as an interface between the Boeing command subsysteﬁ end the
PS. The CCP receives the cormmands from Boeing aad,_througb the use of
digital logic, produces cantrol signals. to aberate the PS. All PS commands
are routad‘thrcﬁgh the CCP except those associated with performance adjﬁst-

ments (Camera Shutter Advence, Line Scan Tube Focus, and Photo -Video Gain).

2-k

T3
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o~
In aédition, the CCP is the source of most of the digital telemetry data which - i
is used to indicate the mbde of cperation, the number of frames taken, and :f
_the verification of commands. ' ' h )
‘The CCP operation can be described by referrihg to eleven modes of PS ;;
operation. 'These-mcdes,which are listed below; are descriﬁed in paragraph -
2.3, Modes of Operation. ‘ i -
Mode _ ' Description .
Photographic bémera is ON. -
V/H ’ 'V/H sensor is operating, o ' -
Processing ‘ Processing is taking place. | : o 2
Processing standby Proces§ing,could'occur but no film has been -
exposed, : i
Quick;look read-out Processing is inhibited by the read-out release '
standby and read-cut is not taking place. : -
Quick-look read- ] Read;out electronics memory ON or spot-stop switch '
out OPEN, and Bimat has not cleared the processing drur.
Final read-out Seme as quick-look read-cut but the Bimat has cleared -
the processing drum. -
Final read-out staﬁ@by‘ Bimat cleared, wind- forward-menory OFF, the rezd-out -
elect*on‘cs memory OFF, and the spot- stop switch CLOSE:
 Bimat cut C Bimat cut occurs, and Bimat clears the processing drum
Wind forward 'After bimat cut and clear, film transport logic -

switched to enable movenent toward the take-up reel.

Soler eclipse ' . PS operational mode when spacecraft is not vieving
: -the sun. All PS operations inhibited except standby
pover and minimum environmental power.

Five tables concerned with CCP inputs and outputs are included as Tables 2-1

through 2-5; For conveﬁience, each table is described briefly below.

- 2-6

i
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Tzble . N Descript: on

2-1 - A list of the input commands to the CCP from Boeing,

along with ore hard-line command whlch ‘comes trrougn
" the test point connector.

2-2 . ) - A list of the telemetry points which are output from
: . the CCP. The telemetry monitors are separated intc
" two groups, one for command verlflcatlon, and one for
furction monitoring.

v,2-3 ' : A llst of the control signaes which are provided to

the PS by the CCP in response to thé commands from
Boeing in Table 2=-1.

2-4 . : A list of the 1nput signals whxch the CCP requlres
from the PS to provide telemetry monitoring of the
internal state of PS components. A reference fre-
quency input is used by the CCP to provide S50-
cycle and LOC-cycle power to the PS, end to generate
400-cycle timing data. ,

2.5 " A list of the 6 outputs from the CCP %o the test point.

2.2.2 V/H Sensor

The V/F sensor 1s an electro-optical device which measures ‘the rate and
direction of image motion appearing in the Image plane of the 24-inch
lens. Because image motion results from the veloci ty of the spacecraft
with'respect to the lunar surface, and because the image-motion rate is
also dependent on the'distance (altitude) of the spaceeraft from the

~ Iunar sufface, the V/H sensor output is directly proportional to

vehicle velocity and inversely proportional to object distance (vehicle
altitude). | : : : -

The V/H sensor ﬁas‘two outpﬁts. One is a2 mechanical shaft rotation pro-
portional to'imege motion which drives the camerz platens through a can
and lever arrangement. The second is a d-c vcltage proportioﬁal to the -
misalignment of the_image ﬁelocity vector and the camera-platen velecity
vector. This eleetrica; output‘is'theAcfat-attitude error voltage. The

crab-attitude errervvoltege is inpdt to the attitude control subsystem

2-7
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¢

CCP INPUT CCMMANDS FROM BOEING COMMAND SUBSVYSTENM

EKC Designation

'§PC-1
SPC-4
SPC-2
SEC-3
RTC-5
R2C-6
arc-8
RTC-9
RTC-16
SFC-L
SPC-19
SPC-26
SPC-27
SPC-28%
SPC-29

 §PC-3C
SPC-31

Functiorn
V/E
V/4
- Carera

Read-out electrcanics
Resd-out drive

Resd-out drive )
Cut Bimat-ené photegrapny
Inhibit all heazers

wind forward
Soler eclipse
Sclar eclipse
Tast camera rate
Slow camera rate
Frame count A
Frame count not A
F:ame cour.s B

Freme count not E

Sets
Sets
Sevs
Sets

Sets

(W]

75-RU

camerz franrming raze
cemera framing rate
nurper cf exTosures
nurber of exposures
rumber of exposures

nuanber cf exposures

Ir additicrn, there is cne ccomancd input from the test-voint connector toc <he

CCP. is command is HLC-2,

Focus Test Command, and its function is to

inhibit film edvance after exposure. It is used during test only.

= , — .
Cne each of commands SPC 28 or 29 ané SPC 30 o

r 1
T S.

are given-as a two-bit

binary code to specify the number of exposures tc be taken,

2-8



TBC*
Designation
" PCOL

PCO2
PC 15

PC 16
PCOY -

PC10

Cpc1y
pC12

PC20

PBOL

' CCP TELEMETRY OUTPUTS -

.. TABIE 2-2

Command Verification Telemetry

EKC
Designsetion
CTL-8 .

- CTL-9 o
CTL-15

CTL-16
PTL-22

RTL-28"

. RTL-29
RTL-31

" ETL-LO

TFunction

_V/E ON/OFF

~ Camers ON

Freme rete or -

- Cemere exposure’
" Soler gc;ipée ON

OFF

th Bimet - end
photogrephy
Régd-out elec-
tronics ON or
Wind forwerd

' Resd-out érive

Line scsn tube focuss

Photo video gal

Inhibit all hesters

oN-
OrF

n

Function Monitoring Telemetry

Designation
CTL-6-1

CTL-6-2

CTL-6-4
CTL-6-8

CTL-6-16

* The Boeing Comﬁany'.

Function

“Shutter

 L=-018375-RU

Associated
‘Commands -EKC

Designstion
SPC-1, SPC-k
SPC-2 '
SPC-26°
RIC-T, SPC-27
SPC-18

2

"SPC¥19'

RTC-8

SPC-3
RTC-16

RTC-5 .
RTC-6

RTC-1l, RTC-12
RTC-13, RTC-14

RTC-9

Remsrks

0-31 electronic counter (binary)

@
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TABLE 2-2 (Continued)

TDC EKC .
Designation Lesignsetion - ; Function ' 7 Renmerks ) - . ~
PBOS : _ CTL-T-1  Plsten ' 0-31 electronic counter (binary)"J g
CTL-T-2 o ' _
CTL-7-i : » ' ' ' _
CTL-7-8 | ' ' | o
: CTL-T-16 ' \ o L
PCO3 L CTL-10s Cemers program Cemers framing rste -
' setting logic (CTL-108) and freme -
count (CTL-10b and c) -
CTL-10b ' , _
CTL-10c ' -
PCOT PTL-18 Bimat cleer Switch N
Other Telemetry -
TCI Time code interrogstion T

2-10
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'_5 "~ Control Signsls

" EXC Designation .

L CAS-1 -
oz ©cas-2

3 . CAS-3
- . cAS-b

. CAssS
' CAS~6
CAS-T
CAS-8
CAS-10
CAS-11
cAS-12
_ CAS-13
. CAS-1k
' " CAS-15
CAS-16
CAS-1T

- CAS-18
CAS-19
CAS-20

- cAs-21

TABLE 2-3

L-018375-RU

. CCP OUTPUT SIGNALS TO THE PS-

Appliceble
Subsssembly
Camers elecyroniés
Camers electronics

Camera electronics

" Structure eleétronics

Cemere electronics
Processof/d;yer

Cemers electfonics

Coemers electronics

Structure electronics
Read-out control electronics

Camera =lectronics

" CemeTe electronics

Read-out control electrqnics

Read-out contirol electronics

Resd-out control electronics

Structure electronics

Hester controls on pressure

shell

Hester controls on pressure.
Vshell

. High voltage power supply

Proéessor/dryer

2-11

Cemers film drive,

Function

Cemers film drive forwa;d

 braw vébuﬁm end clsmp film

80-mm shutter

V/H reley stete (Ensble logic
shutter slso present but no
longer used) :

Comere film drive OF“/OV
Bimet cut ’
reverse
2l-inch shutter -
Relay state, resd- out e;ectronics
R/O forward release

Supply brake ON/OFF

Supply motor ON/OFF

Take-up forwerd

Take-uereverse '

Teke-up ON/OFF

+20 gnd +6.3 volt converter
oN/ OFF

Heater inhibit, dey

Hester inhibit, night

. High voltege converter

ON/CFF

Processor dryer heater

_ ON/OFF



HMotor Signels
EXC Designetion

Other Signsls

PPS

ORF 1, 2

1~018375-RC

TABLE 2-2 (Continuedj

Appliceble
Subsssembly

Camers electronics
Reed-out control electronics
Processor/dryer

Reed~-out control electronices

Cemers electronics, photo
video chein, snd sweep &

syne
Structure electronics

Function*

242inch shutter motor
Scenner motor
Bimst motor

IST snode motor

Power preset signsZ

Reference frequency
for humidity sensor

* See psragrepa 2.5 for en explanstion of the function of the motor

signals

2-1z
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o
_ TABLE 2-L »
CCP INPUT SIGNALS FROM TEE PS
Coﬁmand Verification‘lnput Signsls

o . ' S 3 o ‘ . Telemetry Item
. Designetion o Funection i Command Ttem EKC Designetion

CcVI-1 = - Cemers exposure incresse ' RTC-T © CTL-15
,‘ CVI-2 Line scén tube focus incresse - RTC-11. . .. RTL-31
e CVI-3 - Iine scan tube focus decresse . RTC-12 RTL-31 .
N . CVI-b - - Photo video gain increese : RTC-13 . - . RTL-31
— CVI-5  Paoto video gein decresse = RTC-1k RTL-31

PS Switch Input Signels

~ Signsl Desigmetion . ~ Function ‘ ‘ Subassemblz o
— 'SLF VA'Supply looper full Supply looper
) | SLE _ Supply loopef‘empty - Supply looper
- CLF ' . Camefa iooper full - o Ceméfa looper
- CLE  Cemers looper empty " Cemers ioopér
i RLF ’ " Resd-out looper full Resd-cut looper
- - RLP Read-out looper psrtiel Resd-out 1po§er
7 o RLE Read-out looper empty - '.Read-out looper
TLF l Teke-up looper full . Take-up ,looper
TLE , Takééup looper émpty_ o Teke-up looper
BMC ‘ Bimst clesr . ' Processor/dryer
SPS , ~ Spot stop . " Opticel mechenical scenner
™MC Drew vacuum end clemp film V/H intervelometer
: . (DV & CF) ' ; o
§ST ' Shutter stert - ' " V/E intervalometer

SKL .~ ~  Shutter limit 80mm 80-mm Shutter

©2-13



Signel Designstion

EOS

BCO
BCI
SLT

' FSS

SRF

1-018375-RU

TABLE 2-4 (Conzinued).

Function

End of filw advence

Bimet cut poﬁer OFF

~ Bimat cut inhibit

24-inch shutter iimit
switch

Focus stop

Other

Reference‘frequency inpuf

2-14

Subessently

Cemers sdvence metering
. encoder

Procassor/dryer drum
Processor/éryer drum
2L-inch shutter

"Opticsl mechanicel

scenner

Reference frequency
generstor
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Designation

TPL-7
TPL-8
TPL-9
TPL-10

HTL-1 -
HTL-2

TABLE 2-5
CCP TEST POINT

L-018375-RU

OUTPUTS

Function

. Reference freguency

CCP output 1 (solar eclipse mémory)
CCP output 2 (wind forward memory)
CCP output 3 (camera memory) ‘ 4

" pl-inch shutter action -

2-15

2h-inEh'platen motion
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to provide a control sigral for spacecrat yaw (crab) attitude. (See

Figure 2-2 for a functional diagram of the V/H sensor.) e

Tne V/H sensor consists of the fcllowing components:

a. Scanner head
b. Scanner carriege
c.

Scar optics

foh

. Opties carriage
V/H structure

2.2.2.1 Operation of the Sensor. The V/H sensor views the lunar surface

through a portion of the field of the 2L-inch lens which is outside the .
normal imege format. A small (1/8-inch diameter) circular aperture, located
near tne edge cf a roteting cisk, transmits light rays from the lens image
plane'to a photomultiplier tube through a series of mirrors which are
ettached to the Cisk. The disk rotetes at 4000 rpm. The effect of the
scannirg process 1is to sweep out an annular ring on the lunar surlace

(at tae rate of one scar every 0.015 seconé). Figure 2-3 is a sketch &

of <re V/H sensor operaticn. The photemultiplier tube responds to varia-
tions in tre lurar surface brigrhtness within the annular ring, producing

a time-varying‘electrical output. Tris cutput is then quantized by passage
througk a Schmitt trigger. Thre output cf the trigger essentially reduces
the séene output tc either waite or blaex. If the light intensity is

abcve a'predetermined level, the trigger produces a fixed voltage (+a, or

vizcx). This quantized signal is then fed to the processing circuitry.

Between two successive roiations of the scanner diskx, corresperding portions B} o
of the luner scene will have moved slightly es a result of normal image

motion produced by the movement of the spacecrafs., The sensor conlains

tracking opties which shift the ‘nmage, opposing the motion of the image, ’ .
ané attemp: to reduce the scene shift between scans Lo zero. This action

also is iliusvrated in Figure 2-3.

2-16
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Tre V/H tracking mirrors are moved by a closed-loop servo system in
response to an errcr signal. When the error signal is zero, the tracking:
optics are shifting the image at the precise velocity required to null

the velocity of the image. The mechanism which moves the tracking mirrors
provides an output (& mechanical cam-shaft rotation) to the 24-inch platen,
wnich drives the platen at ihe correct velocity and compensetes for image
motion durihg the exbosure. The 2L-inen piaten, in turn, drives the 80-rmm
Llater, by means of a lever afm,'which reduces the IMC motion of the 80-mm

platen by a factor of 7.6. .

When the tracking mechanism reaches ifhe iravel limit, it is returned to ius

iritiel position to track another porzion of the surface. During the

retrace time, the V/H output sheft continues to rotate at thae last determined

velue of V/H. Afier the viewirg mechanism has been reset, it is agein
driven forward, at -ihe _ast determined velue of V/H, until a new, usable,
error signal is obtaired. The previous tracking speed is, in this manner,

corrected for any charge in V/H.

The V/H sensor is capeble of followirg a step change of 1.0 percent with
a time constant of approximately 2 seconds. Tne sensor can operate at an
average V/H rate-of-crange (slewing speed) of 1.5 percent/second, or

greater wher subjected to step change in V/H cf 50 percert.

2.2.2.2 Developrent of the Frror Sigral. The gquantized electricel output

of the Schmit: trigger (see Figure 2-4) is fed to the processing circuitry.

A block diagrem of this circuitry is shown in Figure 2-5.

For the first few scans cf the sensor, the switch in Figure 2-5 is in
position 2;the quantized signal is aliterrnately recorded and erzsed on the

magnefic drum which is run synchronously with the scanner (actually, the
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drum is on the inside of the scanner head). - A’ter a short time, the“iast
recorded signal (Slgnal B - from a single rotation of the scanner) is held
in memory on the drum. The next signal from the next single rotation of
the scanner, will be of exactly the same shape. (trat is, width of the
quantized pu-ses) because no appreciable scene content change has occurred,
but displaced in time by an amount proportional to the difference between
the actual lens imege‘.yelocity and the V/H_tracking veioc1ty. This second
signal is celled Signal A; the siénei is processed_with the switch set,to_

position 1.

Signals'A and B, both having a duration T, are then processed, prodﬁcing
an error signal which is used to correct_the V/H tracking velocity. -The

development of the error signal is shown in Figure 2-6. In this figure,-

- rsigrnals A and B are -shown displaced by 5 microseconds Signal C is

generated by dlSplaClng 51gna1 A by 20 microseconds, signal D is 51gnal

B plus 20 microseconds.

In the p*ocessing circuitry, it is necessary to compare both the abso]ute
displacement of A and B as well as _the sign of the displacement (thet is,
leading or lagging). This is accomplished by generating signal AD, such
that AD is present at the gate only when both A end_D:are high, and
signal BC which is generated in the same manner. By way of summary, the -

sigrals are listed below.

Signel  Pulse Duration . . ‘"Relative to A

seconds) - (microseconds)
A T ' Zero .
B o t
c T + 20
D . T £ + 20
. - (20+t) t + 20
BC T-(20-t) .+ 20

2-23
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The width of signals AD end BC is thus & funﬂtlor of the psrameter t,

" the smount that signsl B lesds or lags slgnsl A. By subtracting signel
" BC from signal AD, both the magn‘tude and the poler‘ty of the error (t)
will be known. See Figure 2-T. '

In additioh to the error signel AD-BC, the prbcessing circultry generstes
the signel AD + BC, which is the correletion level. The cﬁ:relat;on

level must be greet enough to indicete the presence of z>good slgnal

before the V/H trecking optics esttempt to null the imsge velocity et

the scenner.

The V/H error signal represents the sensor tracking rete error from both

" the ysw and thrust exes. This is the csase because s scan of the sensor

occuples a full circle (360 degrees), and becsuse the scanner end memory
drum ere fixed with respect to the spececrsft. The memory drum s shown
schematically in Figure 2-8. When the scenner output is from the upper
end lower sress of the drum (in the figure these are clesr), the detected
metion is primarily in the thrust direction. When‘the scanner output

is from the two side portiéns of the drum (dotted in the Figure), the

A,detected motion is in the yew direction. The thrust-exis error signsl

is used to crab the trecking mirror so that the imsg= moves'parailel
to the Spacecraft velocity vector (this reduces thg'ysw-axis error
signel to zerp). The swount of V/E crsb necesssry to reduce the ysw-

axis error to zero 1is input to the spscecraft ettitude control sub-

'éystem to correct the ysw orientation.

2.2.2.3 V/E Ihstrumen*ation. Flight Instrumentstion - An snslog output

proportionsl to the wmirror t*ecking velocity (or the V/E velue) is tele-
metered to esrth. This point 'is CTL-5. Through use of this output, it

2-25



CORIGIATICY VS. DISFLACEMNT | _.L-Olﬁj'?‘)-RU

C(MEUH:'IGR SIGRAL

VOLTAGE

v
u>
RELA 'I>CLTA(E
La
w
1
[}

HELAT
"

- 1 -1 -
P L A Iy 0 ol A i —_— i naed L L i '] 0 A 1 i ri 3
=50 <30 20 =10 01 20 30 40 50 40 =30 =20 10 o 10 20 v W s T
-1 sx?u.x. DISPLACELENT -1 SIGNAL LISFLACEMT
8 VICROSECONDS ) S (mmml ..
L -2 | -2 i
r 6 -6 ~—
L5 ' "_,
: £
8 g EXRR LEVEL
4 > AD-IC
E -3
E 2
a. 2 é -2
L 1 2!
L A L o 1 L L L 'y 1 3
L0 <30 =20 =10 T 10 20 30 & %0 Y 20 30 W0 50
SIGNAL DISPLACEMENT
1 SIGNAL LISPLACEMEXT -
e (AT CROSECGTS). L) (MICROSECDS )

=2

Pigure 2-7. V/H Correlation Signels

i
i

2-29

1R



 THRUST AXIS VELO
" COMPONENT

CRAB ANGLE

Figure 2-8.

1-010375-RU

SCANNER

1
7

A

CIT -

R kield

Lila

SPACECRAFT VELO
CTOR

D

g
|
|
[
{
1
[
!
1
!
|

o) YAW AXIS VELOCITY
COMPONENT

' Memory Drum Schematic

2-27



L-018375-RU . | L

is possible to monitor the aciual V/H ratio presént in the orbit. Tne _

V/H sensor outpwu can then be compared with & calculated V/H ratio as :

determined from the spacecraft ephemeris if desired, to ensure that

V/H sensor is operating correctly. ' -
' In addition to the V/H rate, the crab-error signal is transmitted to -

earth as teiemetry outpﬁt from the attitude control subsystem (Boeing
Point No. ABOS). This data éan be used in conjunction with the output
from the otﬁer'attitudé qonffol subsystem sensors to danually align the
spacecraft (that is, by ground command), if the V/H crab output is not

used in the rncrmal closed-lcop mode,

Grouhd Test Instrumentation - For tes%t purposes, the V/H information -
derived from the sensbr can be overridden by inputs on the test point :;
interface connector (these inputs are not available in flight). If a
‘logic-l voltage is presented at HLC-3 (V/H override commend), and then

an énalog voltage (0 to 5 volts) is input at HLC-4 (programmed MC
command), the rate‘of V/¥ érive to the platen will be linearly proportional

to the anélog volitage at HLC-4, This procedure is used during ground tests.

The test point interface also monitors the output of the tach generator
on the mirror servo system. Monitoring the output of this generator

yields a more accuraie value of V/H than isipossible using CTL-5.

2.2.2.4 Functions Controlled by the V/H Sensor. The V/H output cam drives

the 24-inch platen (and, indirectly, the 80-mm platen) at the correct IMC
- velocity. The sensor also provides a crab-error butpuf, which can be used
closed-loop with the attitude control subsystem to automatically correct

any crab error, or open-loop via telemetry to manually (by ground command)

. 2-28
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correct any crab errcr.

The V/H output cam~also'drives, through a 1:1 gear ratio, an encoder which
i5 used with the CCP to pfovide’switching signals to the camera (the
encoder/electronics is called the V/H intervalometer). The functions

controlled by the interVaiomesef are:

a.: Draw vacuum and clamp film (2L—inch and 80-mn platens)
b, 80-mm shutter actuaulon

c. . Data lamps’

d. 2h-inch-shutter clutch release

e. Initiation of camera film advance {after exposure)

2.2.3 Caﬁera

The PS camera contains two separate opt;cal systems, one for high resolut‘on
and one for moderate resolutlor. The optlcal systems with their respeCeLve
shutters and platens are dlscussed in the following pavagraphs See

Flgure 2-9 for a block diagram of the camera.

2.2.3.1 High Resolution System. Lens'- The high resolution (one meter)

lens is a sxx-element refractor. Eech>éf the lens elements is polished to
a8 spherical surface, however, zonal evaporatlon is used for the front sur-
face of the first element of the lens to provide,correction to & slight
asphere. The lens is'a 2l-inch focel length, 275.6 system with a half-
field-angle of 10.4 degrees; the photographic frame produced is 219 'x 55 mm.

The depth of focus (for & maximum loss of 10 llnes/mm) is approximately +0.001

'lnch in the image plene.

2-29
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To achieve the required on-axiélstatic resolution of 115 lines/mm, the
ppticalfelements are precisely figured, locuted, and mounted to prevent
distortion of the lens surfaces, To énsure that the plane of best fbcus
(PEF) remains within the +0.001-inch depfﬁ of focus, careful attention was
given to the léns nount and to the materialsgused'in the lens components.
Analysis of the lens shows that the thermal sensitivity remains well withiﬁ
the allowable limit, with the PBF shifting approximately 0.0007 inch per

10 T termperature change above or below the focus teﬁperature.v Figufe 2-10

is a sketch of the lens elements as located in the lens barrel.;"

For exposure calculations, the lens f/number must be combired with the
transmittance (t) to define the lens speed. Lens speed is stated in
terms of a T-number which is delined as fbllows:r -

f/nurber

Measurenents of the transmittance of this system indicate that approximately
66 percent of the incident light in the LOO- to 700-millimicron-wavelength -
range will be transmitted to the film plane (at the center of thé Tield).

T-number =

Therefore:

T-nugber = &6—_ =»6.96‘
Vo0.66
The 24-inch lens haé‘a circular field of view of %#10.hL degrées.' Howéver,
due to restrictions on the width of the film-available ahd'the stringent
weight requirements imposed‘oh the PS, only a rectangular portion of the
lens field is used for photography. vThe rectangular field measures :LC.2

degrees cross-track and £2.6 degrees in-track.
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Figure 2-10. 2k-Inch Lens Configuration
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The 24-inch lens represenfs the‘optimum forvtﬁis‘epplicafion. Theoretieal
studies conducted prior to designing the system were used to relate aper-
ture; focal length, image»smear,.ana film granuia;ity to deterﬁine‘the
cptimum combination of apertuie; foeel length, énd‘film type. The studies
indicated that a 2k-inch, £/5.6 lens with S0-243 film resulted in optimum
resolution, The 2Lk-inch, 2/5.6 lens_nadeby Pacific Opticai Corp repreeented
the best available off-the-shelf hardware for the PS: Any other lens/film
combination having greater fesolving power would'heve Sﬁbsténtially exceeded

the current l2-pound lens weight.

Platen - The high-resolution system photographe the lunar surface

in discrete frames. For a framing camera of this'type, the platen must per-

form twe functions:

a. The film must bYe held tightly against the flat platen
to coincide with the flat Image. plane produced by the
lens.

b. The platen must move-the film at the correct velocity
to coincide with the image motion,providing IMC to
reduce imege smear to an acceptable level.

After unexposed film hes been'advaﬁced across the plateﬁ,ifhe platen clamps
the edges of the film mechenically. When mechanical clamp hés.been completed;
a bellows draws a partlal vacuum through small holes and chennels in the
platen surface. The partlal vacuun holds the film tightly against the
platen, producing a ’lat £ilm plane. The mechanicel clamp/vaeﬁum draw
sequence 1s initiated by either a control pglse from the V/H sensor or
from the 0.4 cps generator if the V/H sensor is OFF. The mechanical clamp/
vacuum draw sequence continues for a total of from 0.%& te 2.79 seconds
depending on the V/H rate if the V/H sensor is ON, or for 0,625 seconds

if the V/H'sensor is OFF. During this time, exposﬁie of the film takes
piace. When the mechanlcal clamp/vacuum draw seguence is complete, the
Platen releases the fx;m and the film-advance motor rezoves the exposed

film from the platen by drawing 11. 7 inches of film through the camera.
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During the exposure, the platen moves tﬂe clamped film at the correct
velocity to minimize image smear. The ﬁlaten'is driven by the V/H sensor
output 6dm, with the total travel distaﬁce being epproximately 0.3 inch.
The V/H linkage is such tha@ the platen cycles continuously at the_cofrect
" velocity whenever the V/H<seh$br is turned ON. Film clamping and vacuum

draw are then programmed at the correct time within the'platen'cycle.

' The shutter assembly is attached to thercamgra structure in front of the
2h-inch platen. The operation of the shutter is discussed below.

Shutter - The 2h-inch shutter is a consfant;velocity variable-
slit focal- plane shutter and is contained in the platen assembly. - The
shutter consists of two curtains which afg each stretched between two
rollers. Exposufe takes place when the edge of the first curtain moves
across the width of the film, with the edgelof the second curtain
following the first at a precise distance. Because the curfain'velocitﬁ
1is constant, varying the distaﬁce between the two cqrtains produces a

change in the exposure time.

For this shutter, slit widths (or curtain separations) of 2, 1, and 1/2
inch can be selected by command. These slit widths result in exposure
times of 1/25, 1/50 and 1/100 second, respectively.

The shutter curtain-to-film spééiﬁg is 0.500 inch,‘producing a minimun
shutter efficiency of 8% percent, based on a 2h-iﬁch; £/5.6 lens.- The
shutter 1s capable of comﬁlgting each cyclev(forward métion and return)
in 0.100 second and cycles at a maximum rate of one operation per 1.6

seconds.

2-3k
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Cperation of the shutter is started by & sclenoid releasing the screen
rollers; the rollers then rotate at a precxse velocity produced by springs
within the roller splndles. At the sane time, a kicker spring assembly
accelerates the shutter-return motor shaft, bringing the motor shaft to
the correct velocity. When the exposure has been completed; the motor
returns the screenE,‘torquing the splndle springs and re-setting the
kicker assembly for the next actuatlon. During the shutter return portion
of the cycle, the screens overlap, preventing a second exposure of the ;
film. Between cycles, the shutter is closed and lighttight.

2.2.3.2 Moderate Resolution Systam- - s . -

Lens - The moderate resolut;cn (eight meter) lens is a commercial
Schneider Xenctar six-element refractor.v‘The lene is an Qo-mm fdcal lengtn,
_/2 8 system with a half-field angle of 28 degrees. To improve resolution,'
the lens is stopped down to §/5 6. The lens exposes a. rectangular film
fcrmet of 65 x 55 mm. The depth oﬁ,fgcus is approximately 10.002 ;nches
for a maximum resolution loss of lgrllnes/mm. See Figure 2-11 for a

drawing of the'lens elements and assembly.

The. axial transmittance of the -80-mm lens over the L0C-.to 700-millimicron-

wave-length range’averages'approxlmately a2 percent, for a T-number of 5.75.

Platen - Tne 80-mm platen assembly perrorms the same ftnctlons
as the 2h-inch platen. The vacuum draw/clamping end INMC functlons are identical
to those of the 2h-inch platen. However, due to the short focal length of
this lens, the IMC'velocity end'platen travel distance are reduced by a factor
of 7.6 (610 mm divided dy 80 mm). The 80-mm platen is coupled to the 2h-inch
platen by a lever arm which drives the platen at the reduced IMC veloc1ty

required for the 80-mm lens.
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Figure 2-11. -80mm Schreider Xemotar Lens S
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Shutter - The 80-mm 1eos uses a between-the-lens. leaf
shutter, of the same type 'as those used 1n hlgh quality commercial cameras,
to expose the film., The shuit er is actlvated by a small motor and pro-
vides exposure times of 1/25, 1/50 and 1/100 second. The motor runs for
0.200 seconds and both activates and re-sets the shutter du;ing this ‘timge.

2.2.3.3 Camera Electronics, The camera electronics scts es sn interface
betweeo the CCP‘and'the camera operational functions. This is necessary

because the CCP cannot directly control the reTatLvely ‘high current levels
present in many of the camera components. The camera electronlcs consists
primarily of switches which control the operation of the followirg camera

components:

a. Clamp motor

b. 'Suppiy rewina motor
c.f Film ad&ance moﬁor

d. Supply'ciutch '>~

e. B80-nm shutter motor
f. 2k-inch shutter ‘motor
g; Film supply bra&e'
h, Data lamps

In addition, the camera electronics prov1des a counter and a decoder to

operate the exposure selector.
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2.2.4 Film Handllng Sysuem

The function of the film handllng system (FHS) is to trdnSforﬁ and store -
the photographic film during certain PS operatxonal modes. The FHS transports

film in two dlrectlons, forward and reverse. Dur;ng the photographzc, pro-
cessing, and wind-forward modes, the FHS transports fllm in the forward direction
(toward the take-up). During quick-lock read-out and final read-out modes, the

FHS transports film in the reverse directlon (toward the supply).

The FHS contains the follpwing components:

8.

"Filme-supply dfive -

Filw-supply spool
Film-supplyrlooper
Camera-advancé drive
Camera~storage looper
Bimat-drive/pfocessor-dryer
Read-out loopér
Read-out drive
Take-up looper
Take-up spool

Take-up drive

Film leader

Figure 2-12 shows the logical orientation of these components in the system.
The dashed blocks are not considered part of the FHS but are the PS sections

through which the film is trénsported. A picture of these components mounted

on & test set is shown in paragraph 2.7.

2.2.4.1 Component Description. The operation of each co&ponent in the film

handling System is deséribed in this paragraph. The CCP signals which control

the various FHS components are given; however, no attempt is made to identify

2-38 .,
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each of the necessary PS logic conditions for a specific CCP response.
The complete'PS logic diagrams and equations are included in paragraph 2.5.

Figure 2-13 is a diagram of the film handling threadup. :

2.2.4.1.1 Film-Supply Drive. The filﬁ-supply motor -drives thé supply spool
through a geer train and electrical clutch mechanism. The 28-v d-c motor

operates the FHS in the reverée direction only and is tumed on by control
signal CAS-13 from the CCP. The drive mechanism is capable of emptying the
film-supply looper at a minimum rate cf 3;inchesgpér-minu§e (see paragraph

2.2.4.1.3).

2.2,4.Y,2 Film-Supply Spool. The film-supply spocl originally contains the
unexposed film. The supply spool also receives and stores the exposed and
Processed film during the final read-out mode. This spool is enclosed by a

radiation-protection shield. The film capacity of the spool is 260 feet.

The spool contains an electromagnetic brake which keeps the film tightly
wound except during camera film advance when ihe supply looper draws film
cut with the spoo. brake reledsed.’ This brake is controlled by the CCP
control signel CAS-12. '

2.2.5.1.3 Film-Supply Looper, The film-supply looper is attached to the
film-supply spool housing amd ‘acts as a film storage buffer between the

supply spool and the cdmera-advance drive. The locper contains three
rollers; the two outside rollers are fixed and the middle roller is attached
_to a pivot arm. When film 1s supplied to the locper, a spring on the pivot
arm exerts tensipn causing the middle roller to move away from the plane of
the two fixed rollers., "A driving force gréater than the spring tension will
Dull film from the looper, drawing the middle‘rpller'toward the plane of the

two fixed rollers.
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The maximum mechanical film capacity of this looper is 3.5 inches in excess.
“of the minimum thread-up length. The looper spring exerts & nominal film
tension of 1.5 pounds. The looﬁer is capable of pulling in and delivering

11.69 %3 inches of film-per-second.

The looper has an encoder with two segments which provide supply-looper empty
(SLE) end supply-looper full (SLF) indications. SLE occurs when the looper
contains oné-half inch of film or less. SLF occurs when the'looper contains
two inches of film or more. In the forward film direction, SLF is one of the -
'PS logic conditions which control the supply-spool braske. 'In the reverse

film direction, SLE, SLF and other CCP logic eontrol‘the filﬁ-supply motor.

2.2.4.1.4 Camera-Advance Drive. ' The drive is powered by a 28-v d-c reversible

motor with a gear system and a metering-roller mechanism. The CCP control signal

CAS-1 sets the motor for forward operation; CAS-1 keys & delayed control signal
CAS-5 which turns the motor ON. CAS-5 also releases the drive brake; the

drive then sdvances film through the camera. The rate of advance is 297 mm/sec

(or one frame-per-second). A metering roller accurately measures the quantity

of film being pulled through the camera by the drive. When one frame of film
has passed the metering roller, an encoder coupled to the roller sends a signal
(E 0S) to the CCP which switches the motor OFF.

In the reverse direction, the eontrel signal CAS-7 sets the camera-advance
drive for reverse opefation. CAS-7 keys the delayed control signal CAS-5 to
_turn the camerg-advence drive ON. The drive then pulls film from the camera=-

storage looper and/or the read-out looper. -

Supply looper full (SLF) is a logic condition to turn the reverse cperation
OFF and Supply looper empty (SLE) is a logic condi‘ion ‘to resume operation.
Camera storage and read-out loopers empty (CLE and RLE, see below) terminate

the reverse operatzon. During active read-out after Bimat clear the advance
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drive is inhibited to conserve power, At the end of each read-out operation
Hf(during final read-out) the advance drive cycles film into the supply locper .
. at the same rate as the forward advance rate until CLE and RLE are'reached.

Before Bimat clear there 15 no reverse film movement (other than from the

2. 2 L, l 5 Camera-Storagg Looper.x The looper is a storage buffer between the

" camera-advance drive and the processor-dryer. The looper has nine rollers

on a fixed carriage, and nine corresponding rollers on a moveable carriage, The
two roller carriages are mechanically connected by the carriage guide

shafts. Film is looped back and forth around corresponding roller palrs in the

two carriages._ A negator spring exerts & constant tension, tending to pull the
two roller carriages apart. When film is supplied to the looper, he spring
tension pulls the roller groups apart, drawing £ilm into the looper.

The total mechanical-film capacity of the locper is approximately 258 inches
or 22 frames. The locoper contents,in = range of O - 21 5 feet,are monitored
by a gear-driven potentiometer and converted toa 0= 5-v d-c analog: signal

The negator spring in this looper exerts a constant film tension of 1.75 pounds
regardless of the quant ty of film in the looper. The looper accepts £ilm
from the camera drive at a rate of 11.7 inches-per-second and delivers film to

~ the processor-dryer at a rate of O to 75 inches—per-minute. -

There is a two-segment encoder switch in the camera-storage looper.

‘One segment indicates a camera looper full (CLF) condition, the other indicates :

a camera looper empty (CLE) condition. :

CLF occurs when 237 inches of film are in the looper, this condition will turmm
‘the camera memory OFF terminating the photograph*c mode after the advance of
the film in the exposure cycle under way at the time of CLF CLE oceurs when

5 inches of film or less are in the looper, CLE will turn the Bimat drive OFF
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in the processing mode. It will also furn the take-up drive OFF in the pind-' .
forward mode (after Brmat clear) and tennlna e reverse camera-advance drive after l;
each complete reed-out operation L j, i _ l , 1‘, .-',a
. o : ‘ | ij

2.2.4.1.6 Bimat Drive. The Bimat drive operates in the forward direction only, -

and advances the photographic film from the camera- storage looper through the —
processor-dryer ent rely by friction contact between the photographic and _
Bimat films, The 80—v (peak to- peak) hOO—cps motor drives the Blmat processing o
film posxtively by needle-like spikes imbedded in the drive roller. The drive
advances both the exposed photograph.c film through the processor/dzyer and

the Bimat processing £ilm within the processor at a rate of 2.4 inches-per-
uinute. The drive is activated by MS-;3 and MS—lh ~motor signals from the CCP.
When & Bimat clear (EMC) condition exists’ (af eér Bimat has been cut and removed -
from the system), ‘the Bimat drive cannot egain be enabled. Ther film can be ;é
pulled through the processor/dryer ln either direction because the Trocessor U

and dryer drums are free wheeling. = - ‘ - _

2.2.4.1.7 Read-Out Locper, - The looper is a storage buffer between the processor/

dryer and read-out dryer. ﬁuring processing the’looper takes up film from the
processor/dryer. During the quick-look and final read-out modes, the looper
pulls in f£ilm from the read-out drive.

The looper operates mechanically in the same manner as the camera-storage looper.
‘There are elght roller pairs in the two carriages. Film is pulled in via a
negator spring and pulled out by either the teke-up drive or the reversed
camera-advance drive, depending on the operetional mode. The looper operates

in the same manner as discussed in paragraph 2.2.4.1.5 (camera-storage looper)

The maximum nechanicel £11m capacity of this looper is SS inches. The Tilm
content is monitored by a potentioneﬁer which produces a Q to S5-v d-¢
analog signal. A negator spring in this looper' exerts a constant film

tension of 2.0 pounds.
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The read-out’loopér‘has a 3 segméntrencodéf which indiqateé thrée film- -
storage conditioné. Read-out looper empty (RLE) 6ccurs when about 3.5

inches of film or leés-;re in fﬁe'looper. Read-outilooper parfial full

(RLP) oceurs when epproximately 5.5. inches of film or more are in the
looper (this is a near empty looper condition). Read-out looper full N
(RLF) occurs whén abdut 48 inches of film (four frames) are in:ﬁﬁé looper.-\‘r

RLE and RLP control the take-up motof forward opefation in the PS pro-
cessing mode. The motor is OFF until RLP turns it ON, and remains ON
until RLE turns it:OFFl "RLE is élso a condition for turning the‘take-uﬁil'
drive OFF in the PS wind-forward mode and 1s & condition for turning the
canmera-advance drive OFF in the,final'fead-out nmode. RLF will terminate
the quick-loock read-out mode, but it has no effect on the read-out during
the PS final read-out mode, )

5.2.4.1.8 Read-Out Drive, This drive is an 80-v {peak-to-peak) two phase

LOO-cycle, synchronous motor witﬁ'a;gear-clutch-cam mechanism. The drive

performs several functions,

During both qﬁick-look and final_reéd-out modes, the processed film is moved
continuously at g measured rate in the reverse .direction by deans cf a geared-
metering roller. Three ceam-driven operations take place: (1) a high precision
cylindrical cam moves the scanning.lens ‘across the film (2) a simple cam -
operates the film clamp'sd that focus is obtained (with respect to the OMS
lens), and (3) a simple-gam step advances film in the read-but gate at the

end of each scan. - )

The motor is turned ON when motor sigrials MS-5 and MS-6 are supplied from the
CCP to the read-out control electrdnics power-switeh circuitry. During a scan

of a framelet, the metering'roller'slowly'draws film out of a loop on the read-
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out looper 51de of the read-cut gate and contlnuously feeds the read out
looper, See Flgure 2-1kL, The,rol*er in this looper is connected by a

" lever to a SLmilar roller and 1oop'ou'the take -up side'of the read-out
gate., - As fllm is drawn out of the output loop the lever transmlts the
Torce and the input loop is enlarged ‘and draws £ilm at the same steady
rate out of the film take-up assembly Between these loops the film

clamp holds the film section being scanﬂed statlonary in the read-out Late.

When the end of the scan {or scanning lens turn- around) is reached, the

cam operated gate opens and the lever between the loops is cam driven to

move film in step fashion through the gate. The film clamp recloses and _

scan resumes back across the film. The cams are all two cycle to accom-
plish 5ack an@ forth'séan cperation. The metering roller supplies an
. 8ccurate 0.100 inch of film in each framelet. .The sequence continues
moving the 5canning lens back and forth across the film and advancing
the film through the read-out system until the command RTC-6 (read-out

drive OFF) or other PS inhibiting loglc occurs.

Attached to the cam is a two segment encoder switch whose logic .indicates

two positions of the optical mechanical scanner., The spot-stop (SPS)

condition indicates that the OMS is positioned at its farthest excursion -

on the pre-exposed, calibration side of the film where the film clamp is
released. When the reéad-out is codmanded CFF, the drive mechanism-will'
continue until it arrives at tﬁe spot-stop position. ‘Then SPS will turn
the drive'uotor OFF Durlng PS modes where film travels in ‘the forward
direction through the -read-out gate, the read-out drive-motor clutch isv
disengaged by comtrol signal CAS-11, ‘With the clutch dlsengaged and the
clamp released fllm free—wheels through the OMS
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The other encoder segment generates a focus-stop (FSS) signal. This signal
indicates thét_the CMS 1is positioned over the pré-exposed portion of the film
clamped in the read-out gate. When the regdfoﬁt'drive is commanded ON the
first time, the OMS will leave the spot-stop position and move the short
 distance to the focus-stop position, whére FSS will turn the drive OFF. This
allows the scan line to be focused and the photovideo gain to be adjusted on
pre-exposed lines in the film by real-time commands. After thé read-out drive
has been turned ON a second time by a ground command, read-out scanning is
continuous and FSS will nof turn the optical-mechanical scanner OFF during
subsequent_passes over the focus-stop position. Focus and gain can be subse-
quehtiy checked without turning the read-out OFF by an SPC-3 command (read-
out -electronics ON) whereupon the OMS will go to FSS position and stop until
RTC-5 is again transmltted ’

2.2.4.1.9 Take-ﬁp Looper. The looper is a film storage buffer between the
read-out system and the take-up spool. It functions mechanically in a manner

similar to the film supply looper. In the forward film direction, film is
pulled through this looper by the take-up drive. It perfdrms no storage
function and its contents are 1ndeterminate depending on system friction and
film flexiblllty. In the reverse direction this looper takes in film driven
out of the take-up spool Dby the teke-up drive motor.

The maximum mechanicalrfilm capécity of this looper is 3.5 inéhes in excess
of the minimum length for thread-up. The nominal film tension exerted by
the spring in the looper is 2.8 pounds.,

The looper contains a two segment encoder switch., The také-up locper empty
7 (TLE) condition occurs on one segment when 0,375 inch of film or less is in
the looper. The take-up looper full (iLF) condition occurs on the other
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segment when 2.5 inches of film or more are in-the loopér. The encoder
conditions control the take-up drive during the PS read-out modes. TLF
will turn the take-up drive OFF; TLE will turn the drive ON,

2.2.4.1.10 Take;Up Spocl. The spool receives end stores film while the
film hendling system is operating in the forward direct;on. In the reverse-
film direction, it supplies film.to the take~up looper. The film capacity
of this spool is 260 feet. The film content is monitored by a gear-driven

potentiometer'which'produces a 0 to 5 v d-¢ analog signal.

2.2.4.1,11 Take-up Drive, This drive is a reversible 28 v d-c motor which

is coupled to the take-up spoocl through a worm gear.> It is capable of pulling
film onto the take-up spool at a rate of 0.3 to 75 inches-per-minute. (The
wide veloc1ty variation is due to variatlons in the various looper duty cycles.,)
It 1s also capable of driving film 0:& of the take-up spool into the take-up
looper at & rate of 0.3 to 75 inches-per-minute. The gear syetem is always

engaged and provides the necessary braking action for the take-up spool.

Control signal CAS-1h sets the motor for forward operation; CAS-15 sets the
take-up motor for reverse operation, CAS-16 turns the motor ON and OFF. -

2.2.4.1.12 Film Thresd-up Length end Twisters. Figure 2-13 ;s e thread-up
drawing of the film handling. system. It shows the film length within and

between components.

Also shown are the looper electrical and ‘mechanical capacitles (1engths of
film). The minimum thread-up length of a looper is equivalent to the mechanical

empty length. The tetal thread—up”;ength at launch is 2h7 inches.

Because of payload space requirements, two twisters are used to change the plane
of the film. One twister changes the f£ilm plane by 90 degrees before the film
enters the processor .dryer; the other twister changes the film plane anotherr

90 degrees after the film leeves the processor'dryer;

772-h9
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film direction 1§ accomplished S&Vfbiiefé‘oh the twisters. These

designed fbr minimum‘fric£ionai force and support the film in

such a way that there is no dénger'of thg film teering as it passes through
the twisters, '

2.2.k4,2 Qpergtion of the Film Handling System, A funetidnal description of

the various

mode ocecurs

handling mode.

There are si

film handling modes of opefation follows. A particular film handling
for a particular PS operating mode. Not all PS modes have a film

x basic film handling mddes, fpur in the forwé;d direction and

two in the reverse direction::

These modes

5

. Film advance during-bhotography ,

a
b, - Wind-up on teke-up spool during processing -

c. Wind-up on taxe-pp spool after quick-look reéd-cut
d. Wind-up on take-up spool after final read-out

Reverse direction:

a. Unwind :from take-up spool during quick-look and final
read-out : -

b. Wind-up on supply s?ool during final read-out

are discussed as follows:

a. PFilm Advance During Photography. In this mode the film
handling system advances an unexposed frame into the ‘
camera and an exposed frame ocut of the camera. This
operation begins when the camera-advance drive is turned
on and the camera-advance brake is simultaneously released.
This drive pulls film from the supply locper. When the
supply looper becomes not fuil the supply spool brake is
released. Film is pulleé from the supply spool into the
supply looper by the looper tension. Pilm enters the
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looper faster than the camera-advance drive removes it.
When the supply looper becomes full, the supply spool
brake is engaged, and the camera-advance drive continues.
The full-not full cycle is repeated several times until

- one frame or ll. 69 inches of film have been advanced .

Then the camera- Zadvance drive is turned off, The film
driven out of the camera is taken in by the camera ‘

.'storage looper. The remainder of the film handling

system is not active during this mode.

Wind-up on Take- -up Spool During Processing. During
processing, the film handling mechanism transports the
film from the processor dryer to the take-up spool

where the film is wound up. Film leaves the processor/
dryer at a rate of 2, L inches-per-minute, and is pulled
into the read-out looper by the looper tension. Even
though the take-up looper exerts a film tension dif-
ferential of 0.8 pound with respect to the read-out
looper, the frictional forces in the passive read-out
system reduce the differential to approximately zero.
Therefore, filmw begins to accumulate in the read-out
looper. When 2 to 3.5 inches of film in excess of
electrical empty have been pulled into this looper,

the partial-full encoder signal -turns the take-up :
motor ON in the forward direction. The encoder~-electrical
empty signal provides logic to turn the motor COFF. This
cycle repeats whenever the read-out looper film content
reaches 2 to 3.5 inches in ‘excess of electrical empty
and if no other inhibiting logic is present.

Wind-up on Take-up Spool after Quick-Look Read-Out.
After quick-look read-out, up to L frames are stored in
the -read-out looper. An R¢C-l6 {wind-forward) command
sets the Bimat-drive motor enable and switches the film
handling system to the forward direction. If processing
is not inhibited, it also releases the read-out drive
clutch by setting the read-out release memory. The
take-up motor is then turned ON and pulls film from the
read-out looper, through the read-out system and take-
up looper, and on to the take-up spocol. When the read-
out looper is empty the take-up motor is turned OFF,

2-51



L-C18375-RU

Unwind from the Take-up Specol for Quick Look

Read-Cut. In this mode, film on the take-up spool
is driven through the read-out system into the

" read- out looper. The remainder of the FHS is

1nact1ve When the read-out drive ON command
(RTC- 5) is given, the take-up looper fills’ and
the read-out drive pulls film out of the take-
up looper at approximately ©.3 iInch- -per- -minute.
Film driven through the read-out gate is pulled
into the read-out looper by the looper tension.

' When the take4ﬁﬁiioo§g;?5ecbhes eﬁﬁfﬁ;rgﬁé fe-

versed take-up drive is turned ON and drives
the film out of the spocl into the looper, The
take-up looper pulls in the film; end when it

becomes full, the take-up drive turns OFF. Thais

cycle repeats itself as the read-out drive con-
tinues pulling film from the take-up looper. If

" the b frame capacity of the read-out looper should

- be reached, the electrical full signal turmns the

read-out CFF. Other PS logic can inhibit read-
out prior to this time,

Wind-up on Supply Spool During Final Read-Out.
During this mode, film is transported from the
take-up spool, through the entire FHS, and wound
on the supply spool.

When the read-out drive is commanded ON the take-up
drive operztes in reverse until the teke-up looper
reaches electrical full. The read-out drive pulls
film from the take-up looper. Wnen the take-up
looper reaches electrical empty,the take-up drive
turns ON in reverse and fills the looper, turning
OFF at electrical full. The take-up drive and
looper continue to cycle until the read-out drive
is turned OFF. The film from-the read-out is

-taken up and stored in the read-out looper.. In a

normal PS mission, since the read-out advance rate

15 slov (0.3 inch-per-minute) the resd-out looper
‘will never reach full before solar eclipse occurs.

2-52

*

1]




' L-018375-RU

. However, under test conditions the read-out may
-continue to fill the read-out looper until 1t is

mechanically full (unless turned OFF by read-out
drive OFF). Further read-out operation (if per-
mltted) would supply film for take-up and storage

jin the camera-storage looper since the processor-
dryer is free wheeling and looper tension exceeds |

the friction. A full camera-storage looper is an

" extremely lmprcbable ci*cumstance and no 1ogic

provision exists.

At the read-out turﬁ-of*, provided solar eélipse does

not -occur so soocn &s to’ inhibit FHS operation, the

camera film-advance dr‘ve is enabled in reverse and

‘it pulls film from the camera-storage and read-out

loopers. The supply looper takes up the film until

" it becomes full. This condition turns the camers
drive OFF, releases the supply-spool brake and

turns ON the supply drive. This drive pulls film
from the ‘supply looper onto the supply spool. When

- the supply looper is empty, the supply érive turns
- OFF, the supply brake is engaged, and the camera

drive is turned ON. This pulls film from the camera-
storage and read-out loopers. When these loopets are
empty the camera drive 1s turned OFF., -

Wind-up on Take-up Spcol after Final Read-Out (Wind-

 Forward Mode). During the final read-out mode film

is run backwards through the system onto the film
supply spool. If it is desired to read out the photo-
graphy a second time, the film is transported from the .
film-supply spool to the take-up spool (see paragraph
e). This mode can occur only after Bimat film has been
cleared and the processor/dryer has become passive.
This mode is initiated by SPC 26 through 31 commands

to obtain the desired program and by an SPC-2 (camera
ON) command. This command releases the read-out drive
clutch (sets the read-out release memory) and supply
spool breke, and turns ON the camera-advance drive. -
If the camera-storage and read-out loopers are not
empty the take-up drive will turn ON. When the supply-
spool breke is released, the supply looper fills; then
the supply-spool brake is engaged again. The camera-

advance drive pulls film from the supply looper and
reduces its contents to less than full. - This causes
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the supply-spcol brake to be released, and allows the
supply looper to fill again. -This cycle continues
until the end of the program as the camera-advance
drive pulls film at a rate of one frame every 2.3 seconds
or 9.2 seconds depending on the camera-framing rate
selected (because the V/E sensor is OFF, camera-advance
signals are generated by a multivibrator in " the CCP

(see paragraph 2.3.1); the film is taken up by the
camera-storage looper. When the camera-storage looper
becomes not-empty, the take-up drive is turned ON.

This drive puils film from the camera-storage looper,
through the remainder of the FHS, and on to tle take-
" up spool. If a camera storage looper full condition
.should occur, the camera-advance drive is turned CFF;
however, the take-up drive continues pulling film from
the camera-storage locper. If this mode is to be con-
tinued, another SPC-2 command has to be sent to restart
the cycle after the camera-storage looper contents are
less-than-full. A series of SPC-2 commands are required
~ to advance the desired number of rewind frames.
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2.2.5 Processor/Dryer

The processor dryer (P/D) is deeigned to develop, fix, end dry the Type
50-243 Filu sfter photogrsphy. The film is thus prepered for resd-out
(end, incidentelly, is no longer susceptible to radistion demege). The
P/D consists of the followlng components: o '

8. Bimat film

b, Prodessor (drum, hester, hester controller)
c. Dryer {(drum, hester, heeter control ler)

4.  Bimet supply reel

e. Bimst tske-up reel

f. . Bimst drive - _
g. Bimet cutter (roller logic elements electronics)
h. P/D structure ‘
i. Diffusion chennels

J. Dry Bimat condition sensor

k.. Bimst clear sensor ‘

A block disgrem of the P/D is given in Figure 2-15.

2.2.5.1 Operstion of the P/D. Operstion of the P/D begins when the
CcCcp signal BME (Bimet motor enable) is given. This signal is dependent

on seversl PS logic conditions (see persgraphs 2.3 snd 2. 5); processing
starts sutomst icelly when these PS conditions exist (for exsmple, ex-
posed £ilm wust be stored in the cemers storsge looper before processing

cen begin). rUpon receipt of BME, power is‘epplied to the Blmst drive

‘motor. - Bimst £ilm end photogrephic film (from the cemers storage looper)

sre sdvenced through the processor. Processing of the photogrephic
film begins when it is leminsted with the Bimst film in the processor.

The processing continues 8s the two films pess eround the processor drum,’

" which is meinteined st 85 F by & thermostetically controlled resistance

hester. Processing ends when the two films hsve trsveled 310 degrees

" ground the drum together; & processing time of 3.4 minutes. The
‘f£1lm end Bimet ere then sepafated by the P/D; the Bimet is spooled onto

the Bimst teke-up reel, and the film continues into the dryer portion of

~ the P/D.
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The Type S0-243 film is wrepped epproximstely 300 degrees eround the

B dryerldrum; sny one point on the f£ilm contects the drum for;approkimately '

11.4 winutes, The drum Is msinteined at 8 tempersture of‘95 F using s

 combinetion of thermostaticélly'cdntrolled resistance heaters and hest

from the Bimst drive motor. 4s fhe film is dried, the resul#ing moisture
1s sbsorbed by potassium thiocynste crystels held in pads inside the P/D
cesing. These crystels maintein relstive humidity imside the unit st

‘50 £ 20 percent T After the drying process 15 complete, the fllm lesves

the dryer end passes into the read-out looper which takes in spproximstely
3-inches of the dried film, until the RLP switch 1s ectusted. The tske-up
motor is turned on by the RLP signsl, end removes the film fromw the resd-out

looper. See peragraphs 2.3, 2.2?h, end 2.5,

When the photoéraphic portion of the mission has ended,-the reﬁaining
Bimet cez be cut snd remdvéd.frqm the film path to permit the processed
S0-242 to run backwerds throughAthe system during the finel reed-out
mode (o* the Bimst csn be completely run out, being wound onto the Bimst

tesXe-up spool, thus clear-rg ‘the systen.

' Bimat'cut'takes plece when power is spplied to'e resistance wire heeter

locsted in & groove in the Bimst-cut roller. When power 1s epplied to
the wire, it becomes red hot, expends out of the groove snd severs the

Bimst. (An encoder 1s used to evold the applicetion of péwer to the

“wire when the Bimst snd groove asre sbout to sepesrete snd a cetastrophic
‘partiel cut could be made.) When the Bimst hes been cut, the Bimst

teke-up motor continues to operate, pulling film into the tske~up reel
until the Bimet clesr sensor indicetes thsat the -Bimst hes been removed
from the system. When complete, the Bimst tske-up motor turns OFF end
81l power to the P/D is permsnently inhibifed. ' The P/D then becoues
pessive, end free wheeling, so photogrephic film can be pulled in either

the forwerd or reverse direction through the unit,.
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2,2.5.2 Msjor P/D Components

2.2.5.2.1 Bimet Film. The Bimst film is KODAX BIMAT Film (Ester Bese),
Type S0-11l. The Bimet conSists of & 0.004- inch-thick polyster film

support csrrying a hydrophilic gelatin leyer which contains the processing '

solution, For s description of the Bimst development process, Bee

peragraph 2.2.8.2, - o - : .

2.2.5.2.2 Processor. The processor leminetes the Type S0-243 Film with
the Bimst, holds the two together for the required length of time and

separstes them when p“ocessing 1is complete.

Film is advanced through the processor by frictionai contact between

the filu end the Bimat (which is, in turn, driven by the Bimat drive

motor).

The processor consists of & cylindricsl 3-inch-dismeter processing drum,
on internsl drum resistsnce hester with sliding electricsl contects,

tempersture control electronics,band e temperasture monitoring telemetry
‘point. These sre housed.in a'cylindrical compertment, The drum rotetes
freely end contains the hesier. The temperature control and monitoring

electronics are in the electronics assembly outside of the film enclosure.

The processing time is 3.4 minutes. .The processor temperature is msin-
teined st 85 * 2.5 F during processing. The druc tempersture in e range
of LD to 100 F is converted to & 0 to 5-volt d-c analog signel. ' This
informetion 1s obtained et télemetry point PTL-20.

AY

v 2.2.5.2.3 Dryer.

. The dryer provides the necessary time snd tempersture to dry the processed
£ilm, Thils component consists of e drying drum (on which the film is.

wound ), en internal drum resistsnce hester, with sliding electricsl contacts,

tempersture control end monitoring electronies floceted in the electronics
essembly outside of the film enclosure), and humiéity peds. The 9-inch-

diemeter drum 1s not driven but rotetes freely ss the processed film passes

-
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through the system;_ Humidity peds are loceted on the inside. wall of
" the dryer compartment. )

The photogresphic film is wrepped epproximetely 310 degrees aropnd the
dryer drum., The dfying time is apﬁroximately 11.L minutes. The .
tempersture 1ls maintsined st 95 % 5 F by s thermistor controlled hester.
Some heaf 1s supﬁlied by therBimét drive motor. The huﬁidity pads
absorb most of the moisturerevaporated from tﬁe film. A d-c anslog
signal ( O to 5 volts), preportional to dryer tempereture from 40 to
140 F, is telemetered vie PTL-21. ‘ . ’

2.2.5.2.4 Biwst Supply Reel. The supply spobl stores 230'feet of Bimst
film before it is used for processing the photoéraphic film. The
tempersture within the supply spool is 60 t 10 F and is pessively main-
tained by thermal insulating meterisls end surface coetings.

The Blust supply spool incorporates pedded flanges winimizing the
eveporation of the developing fluid from the Bimst film end preventing :
edge dryout prior to use, '

2.2.5.2.5 Bimst Film Teke-Up Spool.. The spool sccepts end stores up

to 230 feet of Bimst film efter the film hes been used for processing.
The spool 1s roteted by the Bimst drive wmotor through e belt-geer

roller mechenism.

The rotetion of the Bimet film teke-up spool is instrumented (PTL-19)

to indicete s trsin of digitel 1 logic pulses st a fepetition rete of i '
to b pglses per two minutes. Non-rotation of the spool is Indicsted by
& leck of pulses. ‘ ) - V ’ ' »
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2.2.5.2.6 Bimat Film Drive The drive sdvences the Bimst film from the
supply spool to the teke-~up spool during processing. 2§g friction‘}e-
sulting from leminstion of the Bimst film and the photographic film

in the processor slso allows the drive to edvance the photogrsphic film

in the processor/dryer. RS

The drive wotor is an.80-volt pesk-to-peek LOO-cycle synchronous motor.

It is locsted centrslly in the dryer drum. The motof'shegt is connected-

by & timing belt snd gesrs to the Bimst drive roller. In sddition to
the Bimst drive roller, the belt slso rotstes & rubber roller which
contacts the rie of the teke-up reel, with e verisble conﬁact pressure,
csusing it to tske-up the Bimet ss required. A closed-loop, ténsion
sensing device controls the epplicetion of power to the tske-up réel,
to match the velocity of the Bimst produced by the Bimst drive roller.
When the Bimst drive motor is turned on by CCP signels MS-13 snd MS-1l,
Bimet filwm is pulled into the Bimst teke-up spool by the fatstion'of '

the Bimet drive roller end the teke-up spaol As the spool f1lls, ‘the
‘wresp-diameter of the spool incresses. This action csuses the film to

be pulled into the spool st em incressing rate. Before the f£ilm enters’l

the spool it pssses eround s tension roller whiqh‘is_cqnnepted by &
lever arm to the-shaft‘with the rubber drive roller. A spriﬁg holds.
the drive roller egsinst the teke-up reel rim, Tension in the teke-up.
forces the roller swey from the reel agsinst the spring snd csuses s
reduction in the force driving the tske-up reel. In this manner the

Bimat film-advence Tate remsins nearly constent.

2.2.5.2.7 Bimsf Cutter. The cutter‘is-designed to sever the Bimst

film by meens of & hested wire. The wire is recessed in e groove slong

the length of the Bimst cut roller. A Bimst power irhibit (BCI) encoder

is coupled to the roller ensuring e correct roller position for film
cutting. When the cut Bimet command is given (RTC-8), the Bimst
edvences and turns the roller until(ﬁﬁi) is present., Voltsge is then
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epplied to the cutting wire. Cur*ent thfough the wire hests the wire
red-hot and expends It up out the grcove s0 thet ccntact is made with
the film. The film 1s severed within five segonds after power is
epplied to the hester wire, but this can be up to one minute sfter the
Bimst cut commsnd 1is given. After the film hes been severed, the_ehd-
of the film is pulled pest snother sensor,'fﬁe Bimst-cut power off
(BCO) encoder. The encoder senses thet the £ilm hes beed cut end shuts

off the power to the cutting wire. The encoder signel with the Bimst

clesr signel (BMC) permsnently inhib*ts the . processor/dryer heaters
the Bimst cutter, snd the Bimst drive,

2.2.5.2.8 Bimet Clesr Sensor. The sensor is designed to detect that
the Biwet film hes clesred the Prccessor; & neyessity before the PS finsl

read-out mode can be initiated

The seunsor is sn encoder located in the Bimat film teke-up compertwment.
After the Bimat film hss been cut and the film has cleared the processor
and the sensor, the encoder segment opens, cesusing & Blmst Clesr signsl
(BMC) to be sent to the CCP. BMC with the Bimst-cut power OFF signsl
(BCO) permsnently inhibits en&.further'processor-drYér operstion. Bimst
clesr (BCI)'in&icsfion 1s wonitored by telemetry point PIL-18.

2.2.5,2.9 Dry Bimst Condition Senso The Bimst film is thresdeéd-up

sometime (relstively soon) before launch. The first psrt of the Bimst
film roll is dry with the dry section of Bimst in contact with the

thread-up photogrephic film in the processory en indefinite time can

elspse without permsnent leminstion of the filw end Bimst taking plece
in the processor. A grdund instrumentstion point is provided to verify
whether the PS is in & lauﬁch conflguration, i;e., only dry Blmst 1is
contescting the film. The sensor is locsted in the Bimst supply-spool
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compartment. It .senses g dry or wet condition by messuring the film ‘
conductivity, The seusor is HIL-3, end is resd out vis hardline only. .

2.2.5.2. 10 P/D Structure. The processor-dryer structure provides the

necessary mounting surfsces for the P/D components. Because of the
temoe*ature and humidity control requirements on the other PS componcnts
. the structure is designed to retainrmoistu:e and isolete the other PS
components from processing end drying heet. The Bimst film supply, the
pro:essor,’thevBimet'film také-up,'and the dryer sre housed in'separste
_compartmenfs. Filwm enters snd lesves these compartments through narrcow
slots in the wslls of the compartment. Film pesses between the compart-

ments througﬁ long nerrow diffusion chennels,

Epoxy fiber gless, costed with vecuuw deposited eluminum, is used to house
the processor-dryer componeuts. The primery structural base support is’
mede of eluminum. These meteriels meet the pfocessor-dryer thermsl,

welght, &nd strength requireuments.

2.2, 5‘2 11 .bi‘fusion Channels. Diffusion channels ere used to connect
the various compertments within the P/D Film pesses through these
channels as the processing/d“ying cycle takes plsce, These chennels
minimize the reste of moisture loss from the Bimst supply (to pfevent
edge dry-out) snd reduce moisture dispersion in snd out of the P/D.

2.2.5.3 Encoder Signals. These signels ere sent to the CCP which con-

trols the logicel operstion of the Processor/Drye* The logic signels

sre determined by open-close switch ‘conditions taken from encoder segments.

An open seguent sends g 6.5 1,0v d-c signel to the CCP and indicates

a ligac one. A closed switch reduces the signsl to the CCP end indicstes
+1. :

o 5 3 volts, end indicetes a logic zero.
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There sre four encoders in the pro;essor/dryer.' The Bimaﬁ1cut pcﬁef
inhibit (BCI) enépder‘determines when the Bimaf-cut roller is in the
correct position for cutting the Bimst film. The Bimst-cut power

off (BCO) encoder causes.power'toAbe reméved from the Bimst cutter
efter cutting hes been ¢gmp1etea.' Tne Bimst-clesr (BMC) encoder 3135'

' nels thet the Bimst film hes clesred the processor after Bimst cutting

hes occurred. The Bimst teke-up encoder provides e train of on-off

signaels indiceting fhet the Bimat take-up spoocl 1s opersting normslly. .

2.2}5.R:Telemétry'Outputé. "There ere five conditions or events in

- the processor/dryer which sre telemetered. Telemetry point PTL-19

changes stete to indicete whether the Bimst tske-up spool isirotéting.
Telemetry point PTL-22 verifies the Bimst cut commend. -Teleﬁeﬁry point
PT7-18 indicetes whether the Bimet film hes clesred the ﬁrocessor sfter
it hes been cut. PTL-20 indicetes the processor temperstures. PIL-21
indicates the dryer tempersture. BSection 5.0 1s & 1list of the ranges

snd eccuracies of these points,
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2.2.6 Resd-Out Group

In the resd-out group; the pfocessed film is scqnned by e high-iptensity
spot of lighf; " The light intensity variaiions, which result from the light
pessing through the density veristions of the film, ere converted to o
time-verying electrical signel by s photo-multiplier tube. This signsel

is then input to the communicetions subsystem in the:-spacecrasft for
trensmission to the esrth. The read-out group is composed of seven msjor

elements which are discussed in the following persgraephs.

2.2.6.1 Line Scan Tube. The line scen tube (LST) serves ss & source of

light in the fly;ng-spdt scanning system used in the PS. The light 1is
'-_prodﬁced by'e'focussed'electron besm (emitted from e cathode)'which is

.f?_accelerated'by e screen grid end strikes s rotsting phosphor-costed drum

enode. The electron besm excites the phosphor, producing en intense spot
of light. The electron besm is swepﬁ back end forth linearly'across the
surfsce of the enode st 800 cps, with the beser being "plenked" during the
return sweep. The snode 1g roteted st sbout 1300 rpm whenever the LST

is ON, to prevent phosphor burn st the high intensity levels required for
this épplication. The enode rotetion 1s sccomplished by mounting thé
rotor of an s-c motor to the enode sheft inside the sealed IST glass
envelope with the sistor locsted outside of the envelcpe. The output of
the LST sppesrs visuslly as s bright line of light acrosé the width

of the enode; in feality, the line 1is o single spot moving ecross the

" enode st sn 800 cps rste. (See Figure 2<16).

‘5 The sweep snd sync electronics 1s designed to operste with the IST to

sweep end blenk the electron besm es it moves back end forth ecross the

1ST anode.
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2.2.6.2 Sweep snd Sync E;g;tronicé (5 & SE). The S & SE performs the

~ following functions:

Provides & linear remp (sewtooth waveform) of
deflection current to the LST deflection yoke to
move the scenning spot st s uniform velocity

" Bcross the roteting enode st an 800 cps rste.

The sctive sweep requires approximately 1160 -
wlcro-seconds; sweep return is sccomplished (with
the besm bléenked) in approximetely 90 . micro-~

_ seconds. - .
* Provides & blenking pulse trein to the LST control

grid to blank the electron besm during the retrace
period, - .

Provides symnc #ignals to the video emplifier,
used in generating the composite video signsl.

V_Provides electricsl control of spot centering

(horizontel snd vertical), horizontsl size, end
brightness to the LST. Horizontsl centering and
size, snd verticsl centering of the spot sre con-
trolled by edjusting the S & SE during the resd-
out alignment proce&nre.

Provides control of LST focus through the use of
real time commands ‘during the mission.

2,2,6.3 High Voltage Supply. ;Thé high voltege supply hss outputs of

20,000 end 1000 v dc for en input voltsge renge of 27.5 to 30.5 v dc.
The supply is used to provide power to the LST snode (20,000 volts) snd
to the LST screen grid (1,000 volts).

2.2.6.4 Repd-Out Control Electronics. The resd-out control electronics

performs the following functioms:

Provides two pﬁase 8=c opt$cal-mechanicel scanner
power to the OMS drive motor (400 cps) end to the
enode motor on the LST (50 cps).

Controls the operation end direction of rotetion

- . of the teke~-up motor.

Controls the operstion of the reed-out drive clutch.’
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The resd-out control electronics performs these functions in response
to control signals end L0O- end So-cycle input signals from the CCP.

2.2.6.5 Reference Fregﬁencx Generstor. The reference frequency

generator provides an 800 cps #0,0L percent symmetricsl square-weve sig-
nel to the‘CC?. (e CCP counts-down the 800 cps input to provide L0O-
cps and SO-cps‘signsls to the resd-out control electronics) The reed-
out control electronics amplifies these signals end supplies them to the

OMS and the IST anode motors.

. ‘The OMS imeges the LST out-

2.2.6.6 Opticgl;-4Mechsnlgs
put and mechenicelly scens the pr ocessed £ilm.

-During resd-out the OMS mechenism clamps the film in the resd-out gste._

Simultsneously, the OMS moves & lens scross the width of the film, while
the image of the LST spot produced by the lens at the film plane moves

‘back end forth for e distence of 0.105 inches (see Figure 2-16). Seen

is thus eccomplished in two directions, opticslly, vie the LST end the
lens, perellel to the long dimension of the film, snd mechsnicslly, vis
the OMS mechenism, which moves the lens across the film. ’

The leus- csrriege is driven and returned scross the film by 8 drum csm,
whichris, in turn, driven by the 40C cps OMS drive motor. The drum cem
also initlstes the film edvsnce andvclsrp functions which take place
during the turn-sround period of the lens cerriege. Cne revolutioh of
the cem results 1in two scans, and two £1lm edvences of 0.100 inches esach.
The film is reed out for both directions of the lens cerriege, end this
results in en A frame: and 8 B frame. (These ere specislly hendled in
final photogrephic reassembly to preserve the correspondence of imsges in

the two fremes).
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The OMS requires 20.02 + 0.10 seconds to treverse 2. 2690 + 0,0002 1n°h35
scross the width of the film. In the turn-sround reglon, the film is
unclemped, sdveanced, snd reclemped in 2.00 # 0.0l seconds. The film
advance distenqe is 0.100 £ 0.001 inch., The scan~line imege on-the .

filw must be within O.OOO§Ainoh from the position corresponding to
perfect mechsnical scan linesrity.

2.2.6. T Photo Video Chein. -The~photo video chein receives'the moduleted
light energy produced by passage of the flylng spot through 8 negative

imege on the film end produces .8 corresponding video signal ouoput from e
photo-multiplier tube. The video amplifier suplifies the PM tube output

and sdds the sync pulses received from the sweep snd sync electronics to

produce the composite video signsl. The composite video signel is then in-

put to the corimunicestions subsystem for trensmission to the eerth. The
photo vides chein consists of the four msjor components discussed below.
(See Figure 2-17 for & block diegrem of the photo video chsin).

. a. Pootomultiplier Tube - When the flying spot has
beer imsged on the processed film by the OMS
.lens, & portion of the incident light pssses through.
the filw snd is modulsted by the density veristions
of the film. The umodulsted light is then input to
e photomultiplier tube, which conyerts the modulsted
light input to sn electricel signel et the photo-
cethode snd emplifies the cethode current by e )
fector of more then 103.° :

" b, Video Amplifieér - The electrilcsl output from the

- photomultiplier tube is input to the video
smplifier. The videc emplifier smplifies the
signsl end sdds synchronization pulses to form
the composite video signel. The videoc smwplifier
produces two video signsl outputs one for e

" ground test line, end the other for ‘the spececrsft .
video dete link. In addition the emplifier pro-
duces & -ectified video aignal instrumentation '
output.
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The composite video signsl is the output of

_the photo video chsin. This signel includes

blenking (produced by the ebsence of LST .
light during retrsce) end synchronizing pulses
in eddition to the vlided sigael, end provides

8 d-c-restored bleck reference level to the
communicetions subsystem et the interface.

(See Figure 2-18 for & sketch of the wesveform).

Reference Voltege Generstor - The reference
voltege generstor provides s negetive d-c.
reference voltege which is used for control of .
the photomultiplier-supply output voltege. The
reference voltage cen be adjusted in 16 incrementsl
voltage changes in response to commsnd signels.
This process sdjusts the photo video gein in -
increments of epproximstely T percent of nominsl
through voltage chenges to the photomultiplier-
tube snode, snd is used to optimize the performence
of the resd-out group. ‘ '

Pnotomultiplier Power Supply - The photomultiplier
power supply provides electricel power to the
rhotomuliiplier snode end dymodes, ensbling the
photomultiplier tube to operste. As discussed in
paragreph ¢. gbove, the photomultiplier supply is:
controlled by the reference voltsge generstor, to -
sdjust the gein of the photomultiplier tube.
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ITEM | DIMENSICN DESCQPTION UNITS OUTPUT PS
1 A AVERAGE PERIOD OF SCaN MIEC 1256202
1l HNTTER eC
L1 SCAN LINE TO SCAN LINE (ADIACENT) s To
11 PeaK TO PEAK WITHIN A 23 SECOLD PERIOD :
2 ) LCTIVS SCAN THAE . TIME BETWEEN FIDUCIAL MARKS M SEC nosTi
LY C; 2 €2 [ CVERSCAN OF FiDICIAL MARKS MSEC  {CaC o WITHinTustC
4 =) ELANKNG SIGNA, WIDTH (MEASURED AT 5O % AMPLITUDE) PSEC 20te
) 3 SRONMT PORCH (MEASURED AT £9%% AMPLITUDE OF BLANK L SYNC) MSEC DS
L G P 22 NUITE AMPLITUOE (CORSESPONTING TO 0.3 FiLm DENSITY) v (P) T to
i G SYNC PULSE AMPLITUDE V(PP) 0.%%0. |
[ W SYNR? PULSE WIDTh (NCLSUGED AT S0% SYNC PULS= AMPLITUDE) HSEC 252
) . B LW ING SIGNAL RIDE TING [MEASURTD BITNEEN 10% b 9)% AMPLITUDE) [ M SEC > wiw
10 B ANCPY% So3UAL FALL TAE (MEASURED BETWEEN 10% M 907 AMPUTURE) | M SEC 3 wiN
H SYNT PULSE R'ST TIME (NEASIRED BETWEEN 10% L 80% AMPLITUDE) P SEC o8 miNy
[v3 SYNZ PULSE FALL TIAE (MEASURED BETTWEEN 10% b 90% ANMPLITUDE) M SEC Y
LB BANDPASS OF VIDED SOURCE AT INTERFACE . cPsS 1.5T0 230% 0}
1 14 CROUE DELAY CONSTANT |, FREM (C7cps TQ 230 ueps WITHIN MSEZ Lo
: BLACK FETERENCE LEVEL REFERRED TC VIDEO RE:I'URN VOLTS -2.1205.1
Q_ |

Composite Video
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Figure 2-18.
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2.2.7 Structure Electronics

The'structﬁre eleetronics performs the following functicns:

8. Distributes power from the DC/DC converter to
the PS components

b. Contains the circuitry for the environmental
control subsystem telemetry.

The 28-volt power from the spacecraft is delivered to the structure
electronics, which routes it to the DC/DC converter. The converter
5uppiies #10 and *6.5-volt outputs to the other PS components whenever

the 28-volt power line is switched ON.

The *20 ané *6.3-volt outputs from the.converter are switched b& the
structure electronics via-CAS 17 from the CCP In addition, the struc-
ture electronics sw1tches the +20 and 16.3- volt outputs from the V/H
sensor (%20) and & load resistor (£6.3) to the read-out electronics via

CAS-10. These outputs are retu*ned to the V/H end load resistor by
CAS-4. '

' Tme structure electronics provides the circuitry for the telemetry points

listed in Table 2-6  See Figure 2-19 for & block diagram of the Structure

Electroqics.
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TABIE 2-6

STRUCTURE ELECTRONICS TELEMETRY DESIGNATIONS

EXC

Designation

-HTL-6
HTIL-9
TPL-4
HTL-8
TPL-3
. TPL-2
TPL-5
TPL-1
VTL-23
HIT-7
ETL-35

| ETL-3h

CTL-L
ETL-38
ETI~-37

FTL-36

+ RTL-32

ETL-39

‘Title

PS Power Line Voltage -
. PS Poiqer Line ‘Curren‘l;

-20v Converter Output
+20v .Converter Output
-6.5v Converter Output
+6.5v Converter Output
+6.3v Converter Output
-10v Converter Oufput
+10v Converter Output
+10v Converter Qutput
PS Humidity, Upper

PS Humidity, Lower
Wiqdow Temperature o
Upper Shell Temperattire

PS Environmentasl Temperature B
Upper

PS Environmental Temperature,'
Lower

Readout & Thermal Fin
Temperature '

Pressure, N2 Bottle
N
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2.2.8 Film and Bimat

This section describes the photograp“ic and physical properties of the
film and Bimet used in the Ps.

"2.2.8.1 Photographic Fiiﬁ. The film used'in'the PS is Kodak Special

High-Definition Aerial Film (Gray Base), Type 50-243. The film is photo-
graphic negative material which has extended red light (panchromatic)
sensitivity. The film has low speed but extremely fine grein; when de-
veloped, an image of eieellent resolving power results. The'0.0053-in6h
thick triacetete base is coaﬁed with an emulsien layer approximately

0.0005-1nch thick, for a total thickness of 0.0058 inch. The‘relatively

thick triacetete base provides a dimensionally stable supﬁort for the
photographic image. The width of the film, in this application, 1s TOum.

a. Spectral Sensitivity. Figure 2-20 is a plot of the
relative spéctral sensitivity of the film vs wave-
length. The measurements were taken using S0-243 film
processed in D-19 developer; however, the differences
between the Bimat and D-19 process spectral sensitivity

. are small and can be neglectegd.

b. Characteristic Curve. The characteristic curve (or
density vs Log exposure) for S0-243 processed by Bimat
is shown in Figure 2-21. The Bimat method of process-
ing, because it goes to completion, is relatively
insensitive to changes in processing temperature and

. time. The characteristic curve shown represents a
process-to-completion Bimat process.

¢, Rediation Sensitivity. Radiation encountered during
the Lunar Orbiter missions will ccme fram three sources:
Van Allen-belt radiestion, galactic-cosmic radiation,
and solar-flare radiation. It is expected that the -
amounts of radliation received from the Ven Allen belts
and from the galactic-cosmic sources will have little
or no effect on the photogrephic mission. However, it
1s possible that solar-flare radiation could present

- & hazard to the mission goals.

2-75
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Radiation acts, as does non-image forming light, to
produce high fog levels. The emount or demsity of

. the fog depends on the quantity of radiation energy

_absorbed by the film. Figure 2-22 shows the fog
‘densitles that can be expected for varying amounts

of radiastion. As shown in the figure, the amounts

of absorbed radiation rather than the energy levels
of the particles have the greatest effect on density :

variations.

Figure 2-23 shows the effect of radiation on the
characteristic curve for S0-243 film. Radistion in-
creases the fog density of the film and thus reduces
its abllity to form Iimages of targets with low light
intensities. Radiation also reduces the effective
density range of the film because film densities
greater than 1.3 are telemetered to the GRE as 1.3
density images. Radiation exposure of 10 rad units
decreases the effective density range by approximately
10 percent. Radiation exposure of 100 rad units de-
creases the range by about 50 percent. Larger exposure
amounts, of course, further decrease the fllm's effective
density range.

Due to the inherent shie;ding of the spacecraft, the

PS structure and the Egm/cm shielding provided by the
film supply cassette, it is estimated that solar flares
‘of magnltude 2 or less wlll have negligible effect on
the undeveloped film. However, flares of magnitude 3
or greater can produce considerable fog on the film.
Figure 2-24 is an estimste of the probability of a
flare of magnitude 3 or grester occurring during the
Lunar Orbiter missions. For any single mlssion the
probability is about 16 percent.

From the figure it can be seen there 1is about =a ST
percent probability that none of the missions will
see a flare of magnitude 3 or greater and about e
99.8 percent probaebility that at least one of the
‘five missions will not see such & flare. An average
of aebout 10 sclar flares occur each year and about 3
of these are of megnitude 3 or greater. However, .
there is no reliable methed for predicting when these
flares will occur. .
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2:2.8.2 Bimat. The Bimat proeeesing method used in the PS uses & s?ecial
processing film, KODAK BIMAT Film (Estar Base), Type SO-11l. The Bimat
consists of a 0.00k polyester film support carrying s hydrbpﬁilicfgelatin

layer which contains physical development nuclel. Before use, the Bimat -

‘is presocaked in Kodak Bimat Imbibant solution.’ The imbibant solution is

a solvent-containing developer which develops and fixes the negative
compietely (and simultanecusly) by the diffusion trensfer method {see
Figure 2-25). No further procesSiﬁg steps are required to use the de-
veloped images. The following seqﬁence of events is descriptive of the-

;Bimat process.

When the exposed S0-242 is laminated against the Bimat,
the Bimat solution begins to diffuse into the emulsion
of the negative. Exposed negative grains of Silver
Halide begin to develop and unexposed negative grains
begin to dissolve in the silver halide solvent. Some
of the dissolved silver halide diffuses into the Bimat
film, where it 1s reduced to silver on the development
nuclel present in the Bimat, and forms e positive image.
The exposed silver halide grains are developed and re-
tained in the S0-243, forming the usual negative image.

“The Bimat processing method is self-limi%ing. When the two films are left

in contact for a minimum time, the negative is both developed and fixed in
i_a single step. When the films are left in contact for longer than the
- minimum time, the'process merely goes to completion and no further reactions

are possible. The sensitometric characteristics of both the 50-243 and the

_ Bimat remain’ essentially unchenged for further contact time.

LY

The Bimat process has the additional_advantages ofﬂbeingrrelatively in-

 sensitive to temperature changes, Qr_ehenges_ig procesSing times, provided-

- that minimum requirements are met. However, it 1is necessary to control

relatlve humidity in the processor/dryer to 50 t 20 percent, to prevent

‘3he Bimat . from drying out (this is accomplished through the use of salt
~ pads - see paragraph 2.2. S, Processor/Dryer)
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In eddition, the film and Bimat_iflleft in contact for greater than
appfoximately 15 hours tend to laminate permanently and,stick.together.
Because ' of this constraiht, film must be programmed through fhe camerafh-
and processed at a minimum rate of 2 frames each 15 hours. Note that
during the launch and translunar coast portlon of the nmission, actlve
Bimat does not contact the film because & leader is attached to the Blmat.
Wnen mi551on photography begins, normal advance of film and Blmat through

-

the system removes this: leader from the processor/dryer.

a
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2.2,9 Eaovironmental Control

. The environmentel conditions which effect the operation of the PS are

ﬁemperature, relative humidity, and pressure. "Theseuconditions are con-
trolled throughout each‘mission to ensure satisfactory operation of the
various components of the subsystem. The PS is designed to maintain '
{nternal component temperatures within allowable limits, During operation
of these components, excess heat is dissipated through radiation and
conduction to the spacecraft cold plete. When the components are not
operating, resistance wire heaters are provided to compensate for Ps

.heat losses

Humidity control is provided through the use of potassium thiocynate
erystals which absorb or release moisture to maintain relative humidity
at 50 t 20 percent.

Pressure control is accomplished by using a pressurized nitrogen bottle

' with a vslve to maintain PS internal pressure between 1.0 end 1. 9 psia.

Figure 2-26 is a sketch of the spacecraft showing the approximate location

of the thermal control components.

2.2.9.1 Temperature. The heat sources for the thermal control system
are resistance wire heaters located in strategic positions within the
PS. The temperatures at these locations are sensed by thermistor probes
which controlrthe ON or OFF condition of the corresponding heater. In
addition, all heaters can be turned OFF byﬁtpe heater inhibit command
(RTC-9), with the exception of the processor/dryer heaters. A list of
these heaters and their 10cstions is presented in 1abie 2-T. V

285
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Ttle -

Pressure shell -

zone 1

Pressure shell
‘zcne 2

Pressure shell
zone 3

Camera
Windoﬁ

Lens

24" lens
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CAS-18

aé7

TABIE 2-T
PS HEATERS
N . . Power ,
- Inhibited Consumption
S by CCP , o (at
‘Location Signal Resistance 30.5 volts)
Entire upper CAS-19 1200 7.75 watts
pressure .shell v o :
Entire lover CAS-19 128 0 7.28 watts
pressure shell . .
. except fin
area
Thermal fin ' CAS-19 1 53.50  17.10 watts
ares 1 . ' . .
Thermal fin CAS-18 198 0 L.70 watts
area 2 ’
. Thermal fin CAS-19 52.50  17.70 watts
area 3 .
Cemera shroud CAs-18 wsa HS.&6 vatts
.Optical window = CAS-18 190 Q1 - 4.90 watts "
2850 3.26 watts
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Heat is also suppiied by eiectrical power'dissipation of the faribus
subsystem comﬁonents} Because the heat dissipations of these compccents
are not controlled by temperature but are a funct*on of the operating
mode of the subsystem, an efficient ‘method for cooling is provided. (The -

maximum power dissipations of the.devices are given in paragraph 2.&.)
/' . .

Excess heat in the PS is transmitted by ‘conduction and radiation through -
thermal fins, located at ‘the bottom of the lower pressure shell, to a
matxng set of fins attached to the spacecraft cold plate (equrpment
mounting deck = EMD). A low emissivity radietion shield (E = 0.06)
thermally {solates the electrical and electronic packages from the temper-

ature critical subassemblies such as the camera, processor, film, and

Bimat. The less-temperature-critical and‘larger»power-dissipating devices

are located near the thermal fins and have emissivities of 0.92 so that a
low thermal resistance path to the fins provides the necessary heat

dissipation from the subsystem.

The emissivity of all non-power dissipating PS subassemblies such as the
lens, cahera ehciosure, and pressure shell is 0.06. Large power dissi-
pators and the thermal .fins have an emissivity of 0.92. The thermal
capacity of the PS subassemblies is 6.5 wait-hours per degree Fahrenheit.
The thermal im?edance of the optical window is 20F ber watt or higher.
The temperature of the thermal fin area is 35F minimum and 95F maximum; 7
170F is the highest mounting surface temperature of the electronic sub-
assemblies, except for 180F allowed for the\cptical mechanical scanner .
motor. The optical window temperature is between 5C and 100F, and the
gradient (center to periphery) is less than 10F. The 2l4-inch leng
temperature is controlled to within :1F of any nominal temperature
between 65 and 75F The Bimat temperature is limited .to 75F maximum
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prior to Bimat cut, after Bimat cut, ne restrictions on Bimat temperature

exist., The processor is controlled at 85F t oF and the dryer is control-"
led at 95 % 5F. ‘
i

2.2.9.2 Rumidity. Humidity control is provided by potassium thiocynate

-erystals which absorb or release molsture when their capacity'limits are‘

exceeded. Stored in absorbent ‘iber peds at strategic locations. within
the pressure shell and processor, these crystals will keep the relative

" humidity within 30 to TO percent as required by the photographic process.

Drying of the film after the Bimat developing process will tend to in-
crease the water vapor within the pressure shell however, the water :
absorption quality of these crystals will compensate for this phenomenonL
This characteristic will also prevent water condensation on possible cold

spots within the shell.

2.2.9.3 Pressure. The environmental gas in the PS pressure shell is

" made up of 99 percent nitrogen and a total of '1 percent oxygen and other

gases. Oxygen must be below 1 percent by volume to prevent loss of potency
in the Bimat. Prior to launch, the nitrogen in the pressure shell is
maintained at 1.9 psi above atmospheric pressure to prevent air leakage
into the shell. . This pressure differential is maintained throughout the
launch phase by a relief valve vhich operates as the external pressure

decreases.

During the photographic mission, pressure within the shell is maintained
sbove 1.0 psia by nitrogen supplied from a pressurized bottle. This supply

- will allovw for leakage equivalent to three pressure shell volumes of 1.0

»sis at TOF. The lower pressure limit of 1.0 psia is required to keep the
2oilling point temperature of vater ‘above the expected temperstures of -
zaterisls requiring moisture for operation such’ as the Bimat £ilm and the o
midity control pads -

2-89
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2. 2 10 Direct Current/Direct Current DC/DC) Converter

. The DC/DC convertex provides the voltages used in the PS subassemblies
"‘rom the. 28v dc power supplied by the spacecraft. The vqltages provided
are: =20, +10, %6.5, and *6.3.

'The DC/DC converter supplies +10 and +6.5v continuously, (that is, when-
ever the 28v. dc spacecraft power 1s on),_but switches the %20 and +6 3v '
outputs ON and OFF via a cep ‘command (CAS-1T). A block diagram ‘of the
Dc/oC converter is shown in Figure 2-27. '

- 2.2.10.1 Continuous Outpu;s-(ild and t6,5v dc). The input section of

the converter consists of several filters to prevent transients and pulse-

width-regulator spikes from being placed on the input line. The input
power, which 1s now filtered, is used to run & low-power oscillator, whose
ac output is stepped_down by a transformer. The output from one pair of
secondary vindings is rectified and filtered and then passed through con-
ventional seriés regulators, producing the £10v outputs. ' The ofher pair
of secondary windings has the same components, plus a current sensing
element which controls the regulators. This produces the %6.5v de outputs.
If an overload current is sensed the 6. §v outputs drop to zero volts for}
aebout 1 to 1 1/2 seconds, after whlch time the voltage is brought back up.
"If the overload is still present, the outputs are shut down agein, euc.:

2.2.10.2 Switched Outputs (20 and +6.3v g;j."The filtered 28v d¢ s also
routed to a pulse-width'regulator The régulator funetions by chopping and
then integrafing the d-c input. In this manner, the duty cycle of the '
chopping alters the d-c output vcltage. The'output Yoltage then run; 8

high-power oscillatpr. The oscillator output is couﬁlod throu;h e &rqns-;-

- former to rectifiers, filters, and serieg, regulatora to produce Ib 120 ﬁf.ﬁ?
and +6. 3v 'de outputs. Tpe sensing for co;troiiing the Pulse-wid htrigulabor{:
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is provided by awsepa:ate windlnsoofﬂthe transformer which, after being
rectified and filtered,'compensates for varistions through the osbillator-
and transformer. Another winding steps up the 28v de to provide ap
operating voltage for the pulse-width regulator (drive line) " The two
oscillators and the chOpper in the pulse-width regulator are all synchro-,

nized to prevent low-frequency current beats on the input line.

The pulse width regulator can be shut off by either the absence of CAS- 17

or an overload current on any one of the +20, —20 or +6 3v dc’ lines.

When shut down by an overload, the regulator will cycle as described in -

paragraph 2. 2 10.1. When the pulae width regulator is off, the aync pulse

from the low power oscillator—h;1§med OFT‘to'prevent oscillator loading.
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e o _2.3“SEQHENCE AND MODES OF OPERATION, AND PROGRAMMING CONSTRAINTS
Lf~f u;;" The ‘PS wodes of operetion sre determined snd controlled by the CCP, uﬁiéhi
~f;;w;f-j; . in turn receives commsnds to operste in & given mddg_from the Boeing '

' t::;)i,};;vCommand subsystem. . To understend the PS operetions in esch CCP modg; it
_?foliff“ i8 importanx-to be femilier with the normsl sequence of events 88 they
'_Ef‘i' e oceur when the PS ﬁhotogrephi the woon. Therefore, & discussion of thej’.‘"

' Asequence of events which occur during photography is 1ncluded with this
_?: sectlon, N S S
2 3. l Sequence of Events

ST v
e “2.3.1. l Ehotoggaphx with V(H Sensor OFF. The normsl seguence of events,f

during photogra;my for the case when the V/H sensor ia OFF 1s es follows:

The cemera program wmewory (in the CCP) receives
three commsnds, which specify the specing between

, exposures end ihe nuzber of exposures to be teken.
"' These coummends consist of one commnnd from each ’

- of the following groups:

- (1) spc 26/27 fest/clow comers rete
(2) 8pc 28/29 = freme count A/mot A
(3) SPC 30/31 frame count B/not B .

",Note. The two freme-count commsnds sre input in '

the form of e binary one or zero for s
totel of L possible combinstions. In this

menner, the freme count is selected to be

1, &4, é or 16 fremes by these two commsnds. .

See peragraph 2.3.2.1. - :
Commsnd SPC 2 turns the camers electronics ON. This
coumsnd slso stasrts the suxilisry O.L-cps generstor .
(used in plsce of the V/H output), initiating the .
photographic cycle.
A single-shot pulae from the 0.4 cps generator of -
0.625-second duretion sctivetes the mechsnicsl f£ilm-
clemp &and vacuum draw until the pulse ends.

Note: No pleten IMC motion tekes place, ‘becsuse
the pleten is driven directly by the V/E
output ceu end th§.Z/H sensor is OFF

293
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Then, 0.253 seconi after the initistion of the
0. 62; second pulse, enocther pulse (slso from
the O.4 cpa generntor) sctivetes (1) the 3- =inch
shutter motor (0.200 seconds duration), (2)
the 24-inch shutter clutch, and (3) the data
lemps (0. 050 seconds) " -

At the end of the ‘24-inch shutter traverse the
shutter limit switch sctustes sending s disengage-

.81gnal to the shutter clutch, sllowing the

shutter returnm motor to reset the shutter.®

The end of the 0.625 second pulse is sensed by
the film-sdvence electronics which turns ON the
film-sdvence wotor. Metering of 11.7 inches of
film through the cemers is sccomplished in less
then 1 second, : -

When the film sdvances, the supply spool end
supply looper are sctive, delivering 11.7. inches
of film to the cemers. When the supply looper
is not FULL, sn electro-magnetic brake on the
supply spool is relessed and the supply looper
tension spring pulls film frow the spool until
the supply looper is FULL, st which time the
breke is respplied. The ON OFF of the breke is
controlled by the full switch on the supply '
looper. :

As the film advances ‘the camera storege looper -
accepts the advanced film.

‘After @ preset nuwber of expasures (1, 4, 8, or 16)

the csmsra program memory signals the cemere
electronics to shut OFF, which ends the photo
sequence, .

The processor motor ‘processor heater end
dryer hester start immedietely upon receiving
the csmera OFF signal if the follcwing con-
ditlons sre met: ) )

(1) Reed-out electronics OFF

(2) Bimet not clear

(3) Cauwers storage looper not EMPTY .

L} No soler eclipse (solar eclipse memory OFF)
5) V/HE OFF

6 ‘Reed-out release memory ON (eet)
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- A tension differentisl rroduced by the looper
springs end the sction of the Bimet drive wmotor
- ceuses the processed film to proceed from the

processor/dryer, into the resd-out looper.

When

the resd-out looper ies pertielly FULL (sbout
-3 inches of £ilm), the resd-out looper pertisl
“ full switch sctivetes the tske-up drive motor

SEETT =T Uhich empties the resd-out looper.

‘When the .

. resd-out looper is EMPTY, the resd-out-looper

:'-f'empty switch turns the teke-up drive motor OFF. 11

.‘This process continues until £1lm is no longer

- provided to the resd-out looper dy the proceaaor/
During this procedure, the teke-up looper
is & pessive device snd hes no control over the

o dryer.

~teke-up sequence. ,
k. When the camers atorege looper hes been’ emptied

the looper provides s signal to the CCP, which .

s ' ‘turns the processor/dryer OFF.

2.3.1.2 Photogrsphy with V/H Sensor ON, The photogrephie sequence of
events with the V/E sensor ON is only slightly different than the sequence
vhen the V/H sensor is OFF. The wsjor change which occurs hes to do with
“the cemers framing rste (thet ia, time between consecutive exposurea)
- and, of course, IMC will now be provided by plseten movement during
.photography Wher the V/H 1s OFF, ‘the freme specing is determined by
" the O.b4-cps generstor, and is either 2.3 or 9 2 seconda.
" the V/H sensor is ON, the freame specing is determined by the ‘V/H rete.
_Thus, cemers frawing rete, like IMC velocity, ie & fanction of the orbit.

However when

This festure is provided to ensure thst high reaolution fremes have s °

winimum of 5 percent overiap when operating in the fest- camera wode.
freuing rete is thus & varieble between the following limite, a8 8. function

of V/H:

Slow Csmers Rate
Seconds /frame

L1.20 7 -

6.58

Ll

" Fast Csmers Rste

"“{Seconds/freme)
10.307 7

1.65

. 295
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The normel sequence of events during photography with V/H;ONfiorgiven

below:

d.

Commend SPC-1 turns the V/H sensor ON. The

" V/H output sheft provides IMC and camers-frome -

spacing. Both plstens cycle continuously when- .
ever the V/H sensor is on. ) . :

‘ After approximately 2 minutes of V/H operstion’

(required for stsbilizstion), the CCP receives
one esch of commands SPC 26/27, SPC 28/29, end

SPC 30/31 which select the freming rete snd the

number of fremes to be takeﬂ

Commsnd SPC-2 turns the comers elnctronics ON,"
The photogrephic. sequence begins when the V/H
output sheft reaches the O degree reference
position. A meximum of 2.1 seconds is required
for this event to occur.

At the 0 degree output=- shaft position, the inter-
velometer signsls the CCP which initistes film
clemp snd vacuum drew. The V/H output cem sterts
the platens moving backwerd, prepsring for the
exposure.

The V/H output cem then moves the pletens for-
werd st the correct velocity, to produce IMC.

(The 2k-inch plsten is driven by the output

shaft; the 80-um plsten is coupled to the 2i-

inch platen with 8 lever srm, end thus is .
driven by this component et & different velocity,
rether then directly by *he output sheft).

Wh*le the pleten forwaré movement 1s uader woy, -

the following events sre initisted by the CCP
in response to signels from the V/H 1nter- B

velometer:

(1) The 80-mm shutter motor 1s sctusted
(0.200 seconds)

(2) The time-code dete lemps' operste
(0.059 seconds) :

(3) The 2k-inch shutter begins operation

At the end of the 2k-inch shutter trasverse, the shutter
limit switch sends & signsl to the shutter return
wotor, vis the CCP, which returns the curteins to

the pre-exposure position.

2-96
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The output sheft then returns the platen to the
center position end & signel from the intervelometer
ends the film clemp and drew vecuum sequence. This
intervelometer signsl elso turns: ON the film sdvence

“motor. 11.7 inches of film is drewn through the
. cemers in less then 1 second. Film is drswn out of

the .supply looper. and Treel Bs described previously.

The -edvenced film ia stored in the camera atorage
looper. .

After film advance 8 time interval occurs before

* the next photograph depending on the veloaity of

- the V/H output shaft end the fast/elow framing rate

which has been selected.

Z‘Note: Film clemp snd vacuum drsw tske place

for esch rotetion of the V/H output
'sheft even though exposure and film
. . &edvence msy take plece only every
- fourth revolution of the output sheft
(slow cemers rate).

-~ Additionel fremes are then executed, sccording to the - -

number of frewes which heve been commanded by SPC's
28 or 29, end 30 or 3l.

" 'Wheén the correct number of fremes have been'executed,
the cemers mewory is turned OFF, ending the photo- -
~graphlc sequence. If more thsn one frsme hss been

prograumed, the V/H sensor 1s turned OFF by the ssme
signsl which turns OFF the cemers memory. If s

_single frsme sequence hss been progrsmmed, sn SPC-h
. commend will normally be given to turn the V/H

”,:sensor OFF .

1.

" Upon receiving the -cemers OVF signal the processor
. motor, dryer hester, end processor hester start
: immediately, 1f the following conditions are mct

( g Read-out electronics OFF
Bimat not clesr

Cemers storage .looper not empty

-¥/H sensor OFF . T
'Read-out relesse’ memory ON (Set) -

(2
(3) o
.é(h; ‘No solsr eclipse - : - - : R !
(5 - |

(5)

=97 IR
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The processor runs continuously &t the rate of
2.4 inches/minute until sl film in the camers

. storsge looper has been processed, The film from

the processor/dryer (P/D) pesses into the empty
resd-out looper by means of the Bimet drive motor
snd the tension springs in the resd-out looper.

When the resd-out looper has partislly filled, the
looper partisl-full switch sctivetes the take-up
drive motor which drsws film from the lodper. When
the looper hes been emptied, the resd-out looper
empty switch shuts OFF the motor. The looper refills
s film is supplied from the processor. This process
continues until the P/D no longer p:o«ides film to
the teke-up looper.

When the cemers ‘storage looper hes been emptied
the P/D 1s shut OFF by the loop°r empty ‘switch.

2.3.1.3 Quick-Look Resd-Out.j'The steps given above teke place for all

photogrephic sequences which use the V/H sensor. At times during the:
miséion, it mey be desirsble to-read:out 8 portion of the photographs
before sll photogrephy is complete. This resd-out csn be sccomplished
by opersting the PS in the quick look resd-out mode., The sequence of

events for this mode i5 &8 follows

B . |

bl'

Commend SPC-3 is given, turning the reed out
electronics memory ON.

The output of the R/0 memory sterts the 11n°—scsn-
tube (IST) drum motor, switches 20 end 6.3 volts

. to the resd-ocut electronics snd reverses the

operetion of the teke-up motor. " The teke=-up motor
drives film into the tske-up looper (which £ills vie

- tension springs) until turned OFF by the looper-full

switch.

After s 10 millisecond delay, (l) the line scan tube
filement turns ON, snd (2) the sync generstor:
initistes the spot sweep, supplies the sync signsl to
the video emplifier end sends the key-clamp signel
to the video trensmitter.

After & nominel 20-second delay, the high voltage 1is
- turned ON.. .

2-68
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. Commend RTC-5 (R/C.drive ON) is then given.
- This commsnd csuses the scanner to move to the

focus=-gpot stop eres end clemps the film. Be-
ceuse the scenner is perked on the pre-
‘exposed f1lm edge where focus lines snd 8
reference 0.3 density ere present, the following :

‘gdjustments cen be made st this time by resl

time commands.

(l) Photo video gein edJust - increase or de--

.. creese (RTC-13-1L). >

(2) LST focus sdjust - incresse: or decrease
(RTC 11-12). .

' R/O drive ON (mTC- 5) 15 egein given. The scen

motor sterts and drives the lens csrrisge scross

' _the film width, :
8

At csrrisge turn-sround the £ilm gste is 6pened

by cemming pressure and the film is sdvanced 0.100 % . o

0.0002 inch through the R/O gete. -

The lens carriesge moves scross the film width again
scenning the next fremelet &s it does so. Thus,
sdjecent framelets sre resd out with the optical

. mechsnicsl scanner opersting.in opposite directions.

On every’secbnd‘turn-around the -scan spot pésses the
pre-exposed .density strip.: Cereful monitoring of -

"the video signal st the DSS will indicate whether

scenning should be stopped to meke adjustments to
LST focus and/or photo video gain._

: Scan is ‘continued until R/O is commanded OFF. R/0

OFF can be accompliahed by one of the following

- commends, or logic functioms (however, the normsl

procedure 1s to use the R/O drive OFF commend,

RTC-6): |
(1) ®/0 1ooper full (RIF) switch 45 ‘sctusted (this

looper ‘has ‘8 cepacity of spproximstely 4 fremea)
Soler eclipse ON (SPC-18) is received

Read-out drive OFF (RTC-6) is received

Cemers ON (SPC-2) is received

A

2
3
i

e Vo Vg
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k. - In cese J (1) the scenner continues until the
' spot-stop (SPS) switch closes, the film clemp

“'opens. (Note: The R/O drive operstion cen
continue for up to two scens ecross the film,
or spproximstely L6 seconds sfter it is .
commsnded OFF). The following then occurs:

W.

(1)
,(g)

fl
‘

(3)

R/O electronics, drive motor, drum motor,

snd voltsge converters sre turned OFF.

The forwerd relesse turns ON snd diseungeges
the R/0 drive clutch, if processing is
ensbled by film in the csmers storage looper.*
The take-up drive is switched to the forward
mode, : ' o '
Becsuse the resd-out locper is more then
pertislly full (entirely full if case §(1)
hes occurred), the teke-up drive remsins ON
until the reed-out looper is EMPTY, When the
resd-out looper empty switch is opened,.

the take-up drive is desctiveted, the for-
werd releese is turned OFF, end the R/0

.drive clutch is re-engaged.

For case J(2), §(3), or j(4), the scenner continues
until the spot-stop switch (SPS) is closed and the
OMS film clsmp is opened. The following then occurs:

(1) R/O electronics, drive motor, drum motor, and

voltege converters are turned OFF.

(2) The forwerd relesse remsins OFF and the R/O

ends lesving the R/O looper pertislly full.

After the R/O hes been commended OFF (éée step j), -
.one of the following cen be received: C '

(1) R/O electronics ON (SPC-3)

(2)

Wind forwsrd (RTC-16)

(3) Comers ON (SPC-2) -
For csse m(l) steps b through 1 ere repested.
For cese m(2), the following occurs:

A \= - .

' If processing is not ensbled, no further ection‘tekés'plape'until
processing 1s ensbled by put{ing'film into the csmers storsge lodoper.
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(1) Forwerd releese turns ON, and processing

' is ensdbled if filw is eveilsble in the

.. camers storsge looper. ‘

(2) The take-up drive is switched to the for-

: ~ward mode. The resd-out looper partisl
full switch sctivetes the teke-up drive.
The teke-up drive remsins ON until the
resd-out lodper is EMPTY, The EMPIY switch
is opened end the take-up drive is de-
activated. '

p. TFor cese m(3), the cemers is turned ON, snd & photo=-
grsphlc sequerice occurs.

2.3.1.4 Finsl Regd—Out.. After the completion of photogrephy, finsl resd-
out of the exposed gnd préceased film tekes place. To sccomplish this,

the Bimet 1s cut snd clesred from the film irensport system by winding a .
portion of the loose end on the Bimst teke-up spool. When this is com-

Plete, thelfilm 18 run beckwards into the R/C and csmers storsge loopers
while resd-out takes pléce in O.IOO-inch {ncrements. (Film is then wouni

on the supply reel esch time the R/O is turned OFF.) The sequence of

events is as follows:

8. Ten minutes bYbefore the completion of processing
 of the lest photo fremes, commsnd RTC-8 is sent to
_ cut the Bimst web. Upon recelipt of RTC-8, the

Bimet cut electronics in the CCP sends signsl
CAS-6 which switches current to & nichrome wire
in 8 groove on the Bimst roller. The wire heets,
expsnds out of the groove, snd pushes sgsinst the
Bimst. The hot wire cuts through the Bimat in

8 meximum of 8 seconds. An encoder senses when
the loose end of the cut Bimst hes clesred the
Bimat cut rollers end inhibits further power to
the Bimst cut wire. After the Bimst hss been’
cut, the portion between the. cut snd the teke-up
spool continues to wind on the Bimst tske-up. =
The Bimst-drive operstes until s sensor detects
the Bimst cleer condition end the resulting sig-
nsl (BMC) stops the Bimst drive.* The film

* A small spring-losded roller on & follower srm falls into & metching
groove on another roller which is uncovered when BMC occurs. The
follower arm then rotstes snd sn encoder sttsched to the pivot point

sends BMC to the CCP.
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. hsndling system reverses to move film backwerds
through the PS for finsl resd-out, using the
Teversed comers sdvence ond toke-up motora, and
the supply-spool drive motor. Reversal of the
polerity to the cemers advence and take-up .
motors 1s.accomplished by .relsys in the cemers
electronics snd resd-out control electronics by
the BMC signel and the CCP logit circuitry,

b. The other events which occur during finsl reed-
out sre the ssme ss described previously for the
‘quick-look resd-out mode, except:

(1) Bimet is no longer contacting the film.
(2) Film moves bsckwards through the entire
system ss the resd-out looper fills end is
emptied by the sction of the cemers '
storage looper end the film-supply spool
. {now acting es e teke-up spool).

2.3.2 Modes of Operstion

There are 1l normsl PS opersting modes, each of which sre controlled by

the CCP s5 it responds to commsnds from the spacecraft commsnd subsystem.

These modes sre discussed in the following persgraphs. The normsl mode-

to-mode transitions which cen occur sre given in peregraph 2.3.3.

operating 1s referred to ss fherbhbtpgrephic mode;rhoﬁéver, the photo- .

- 2.3.2.1 Photographic Mode, The mode of  PS operetionivhen the cemers is;

graphic mode, with respect to the CCP is defined ss the mode of operstion

when the cemers memory is ON.

The possible photogrsphic sequences casn be classified accordihg to
repetition rste, snd to the number of fremes per seguence,
8. Repetition Rete - The repetition rste of & photo-
grephic sequence will be &8 function of the V/H
rate when & sequence occurs while the V/H sensor
is ON, end will be fixed et & nominsl rete when
& sequence occurs while the V/H sensor ise OFF,
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'The drev vecuum end clemp film (DV end CF)

switch, end the shutter snd sync switch (both
from the intervelometer sheft encoder) ere the
inputs to the CCP thet ere used to control the

"repetition rate of the cemers when the V/H

sensor is ON. If the camers is ensbled when the
V/H sensor is OFF, s multivibrstor within the
CCP drives &n electrical intervelometer end ’
generates signals necessery to operaste the
cemere st elther of two fixed repetition rstes.
The photogrsphic repetition rate, 88 &8 function-
of the V/H rete, cen be sltered by ‘8 factor of

" four. . The shiff is sccomplished within the CCP
© by aetting 8 two-stege counter to co down

either by one (fsst cemers rete) or t& eount down
by four (slow csmere rete). The signel Whst

sets the counter 1s provided from Peme-rate
memory, which is set with SPC-26 ( cemers
rete) and clesred with SPC-27 (slow cemers rgte).
There 1s no constreint on the applicetion of )
these two commends except thst &n SPC-26 commend
given during s photogrephic sequence will Biw

‘ignored. The nominsl frame rete genersted giien

the V/H sensor 1s OFF cen elso be sltered by s
fector of four in the ssme msnner,

Fremes per Sequence— The number of fremes in 8

sequence is preselected by two of four commsnds:
SPC-28 or SPC-29, and SPC-30 or SPC-31. These
commends set e fresme-count memory. The output
of the freme-count memory gestes the output of e
freme counter to provide & clesr signel to the
cemers memory when the correct number of frsmes

E heve been taken, terminsting the sequence. The

freme count cen 'be preset by coumsnd to 1, 4, 8,
or 16 fremes es shown in the following table.
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. . Commands*. . Instrumentation
Repetition Number SPC SPC SPC- SPC SPC 'SPC- CTL CTL CTL
-___Rate of Frames - 26 _27 _28 - _29 30 31- -10a 10b
Fast 16 1. -0 -0-° 1:° 0 1 -1 1 1
Fast 8 1 o0 1 o 0 171 .o 1
Fast ... 1+ -0 0 1 1 '0’ 1 1 0
Slow % 6 1 e .1 o 1 0o 1 1
Slow 8 . .0 1 1 0 0 1 -0 0 1.
Slow 0 "1 o 1.1 o o 1 o
Single =3 - 1 o 1 0 - 0 0
- frame . . :
A éequenéeiof gnj number_ofrfrémes is possibie '
if the cemers storsge looper is sufficiently
empty to sccept-these fremes. If the frame-count
commaends sre given during & cemers operation
sequence, en indeterminste number of frames,
limited by the cepscity of the .cemers storsge
looper, csn result. If ihe freme-count setting
~is lerger then the cepecity of the cemera storage
" looper, the number of fremes will be limited by
the cepscity of the looper, snd the sequences
will terminste vis the looper-full-switch signel.
The photogrsphic'sequence will end when completed,
or when sn inhibition signsl or SEth'(V/H OFF
AY
% Only one each of commands SPC 26 and 27, 28 end 29, and 30 and 31 are
' given. In this teble, a binary one means the commend is given; a zero

meens that it is not glven. .
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commend ) occurs; if termineted by en inhibition
signel, 8 sequence of fewer fremes than was
selected can result. The photogrephic sequence
will be inhibited: (l) during solsr eclipse,

(2) when cemers storege looper is less thsn 1
freme from full, or (3) when the read-out mode
is ensbled by an SPC-3 commsnd (read-out
electronics ON).

' Cemers Control - The photogrephic sequence selected

with SPC-26 or 27, SPC-28 or 29, end 30 or 31 will
be initisted when SPC-2 (cemers ON commend) is

‘glven. 'SPC-2 gets the csmeras memory. The output

of the cemers memory enables the csmera-control
signal logic which provides switching signsls to
the camers. When the V/H sensor is ueed, SPC-1
(V/H OX) should precede SPC-2 (cemers ON) for the
intervel required for V/H sensor stebilizetion..
The V/H sensor will be turned OFF sutomsticslly
8t the end of s sequence, with the exception of
the eingle~freme sequence. When the single-frame-
sequence 1s used, the V/H sensor must be turned

OFF by SPC-k ( V/H OFF commsnd). All PS hesters

"sre inhibited when the cemers memory is ON. The

control signels from the CCP to the cemers include:

(1) The 2L-inch shutter motor signsls (MS-1,
MS-2) are Pregent when the cemers memory
is ON.

(2) The film clemp {CAS-2) signal is coincident

with the DV gnd CF switch input. When the
- V/H sensor is not used, CAS-2 is genersted
from & multivibrstoer within the CCP.

" (3) The 2k-inch shutter clutch {(CAS-8) signsl

is 8 50 t 10 millisecond pulse keyed to the -
~shutter and sync switch input when the V/H
is ON, and from the multivibretor within

the CCP when the V/H 1s OFF.

(4) The 80-um shutter (CAS-3)signel is keyed ON

from the shutter snd sync switch input when
V/H is ON or the multivibrstor within the
CCP when the V/H 1s OFF, snd is keyed OFF
frow the 80-mm shutter 1imit switch input
~(sHL). ~ : .
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(5) The cemers filw drive forwerd (CAS-1)
signal 1is keyed ON from the film clsmp-
signsl (CAS-2), end OFF from the end-of-
film-sdvance switch input (E0S). Al-
though signel CAS-2 slways repests st 8
fest rate if the V/H sensor is opersting,
signel CAS-1 occurs st elther & fest or
slow rete depending on the stste of the
FAST/SLOW memory.

(6) The comers film drive ON/OFF (CAS-5)
signsl is keyed from CAS-1 (camers film drive
forwerd) so the lesding edge of CAS-5 lags .
the leeding edge of CAS-1 by nominelly 40
milliseconds; their trelling edges arer
coincident.

(7) The time code interrogetion (TCI) pulse is
8 50 £ 10 millisecond pulse which occurs
when the shutters are sctivsted.

A CAS-8 snd CAS-3 signel {24-inch end 80-um shutters)
will occur for esch shutter snd sync swltch Iinput sig-
nel when the comera memory is ON, snd has been ON be-
fore (or within 50 milliseconds after) the corresponding
DV and CF switch signel, if the csmere progrenm is

set for the fest cemers reste. When the caumers

progren is set for the slow cemers rste s CAS-8

and 8 CAS-3 signel will occur for the first shutter

and sync switch signsl thet occurs sfter the csmers
memory is ON, if the cemers ceme ON before (or within
50 milliseconds after) the corresponding DV end CF
switch signel, and for every fourth shutter end

sync switch signsl thet occurs theresfter. A CAS-1
signal (csmers film drive forwerd) is keyed ON from

the trailing edge of the CAS-2 signsls which correspond
to the shutter signels CAS-3 gnd CAS-8. The shutter
snd sync switch input signsl end the DV end CF signel
ere simulsted by the internsl multivibretor if the

V/H sensor 1s not turned ON.

Control signals (2) through (7) recur . for esch frame
of photogrephy. Because the lesding edge of the DV
end CF switch input must occur when the cemers is

ON to start the cycle of control signsls for s
frame, end becsuse the intervelometer shaft encoder
will return to s stop position when the V/H sensor
is turned OFF, sll the control signsls for one freme
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of photogrephy will occur in s normel cycle (that
1s, one rotetion of the V/H output cem end inter-
velometer) with the exception of sequence termin-
stion by solser eclipse. When solsr eclipse ON
commend 18 given during e frame of photogrephy,
the exposure of the freme will be completed but .
the f£ilm will not be sdvenced until the solsr
eclipse OFF commend is given.

" Film Trensport - During the photogrephic mode

the supply brske is releasedehen the supply lobper
is not full. Thus, when film is pulled from the
supply loopér by the csmere film edvence, the supply
brake will be relessed snd the 1ooper tension springs
will £ill the looper from the supply reel. The
processor is inhibited during photogrsphy, ceusing
the film trensport components past the cemere stor-

8sge looper to remein idle.

Insdvertent Commends - The conaequences of inadvertent
commsnds during photogrephy ere:

(1) SPC-1 (V/H ON commend) is ignored during
e rhotograephic sequence.

(2) 8Pc-3 (resd-out electronics ON commsnd)
will sctivete the resd-out electronics
end terminste the photogrsphic sequence,

,(3) SPC-4 (V/H OFF coumsnd) is used ss o

beck-up csmera OFF commsnd. Therefore,
if 1t is given during photogrephy, the
sequence will be terminsted.

(L) RTC-5 (resd-out drive ON commend) if
not preceded by SPC-3 (resd-out electronics
ON) will not sctivete the resd-out drive.
However, RTC-5 will set the resd-out re-
lesse memory (& memory which inhidits the
processor, snd the reed-out relesse clutch),
thereby forcing the processor to remsin
inhibited after the photogrephic sequence
is complete until RTC-16 (wind forwsrd come.
mend) is given.

(5) RTC=-6 (resd-out drive OFF command ) will hsve
no effect if given during e photographic
seguence.
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(6) RTC-8 (Bimet cut) will set the Bimst-
" cut memory. If the Bimst-cut memory is
" not clesred with RTC-16 (wind forwsrd
command ) before processing is resumed,
the Bimet cutter will be sctivsted when
processing is resumed, ending processing
and the photogresphic portion of the mission,
(7) RTC-16 (wind forwerd commend) will have no

7 - effect during photogrephy.
(8) 8PC-18 (soler eclipse ON) will terminete the

.~ photogrephic sequence.
(9) SPC-19 (solsr eclipse OFF) will heve no effect

during photography.

(10) SPC-26 (fest camers rete) will be ignored if
glven during & photographic sequence,

(11) 8Pc-27 (slow camers rate) will change the
cemers rete if given during a fast csmers
rete seguence. No change will occur if the
slow camera rate 1s already in process.

(12) sPc-28 through 31 (Freume Count) if given
during s sequence, can Tesult in sn indeter-
minste number of fremes limited by the
specific freme count commsnded end the
capacity of the camers storsge looper.

2.3.2.2 V/H Mode. The mode of PS operstion when the V/H sensor 1s
opersting is referred to as the V/H mode; however, the V/H mode, with
respect to the CCP, is deflned as thefmodé of operstion when the V/H .

memory is ON.

The V/E sensor is sctiveted by epplicstion of *20-volt power. SPC-1
(V/R ON) sets the V/H memory in the CCP. The output of this memory
switches the 20-volt source to the V/H semsor with CAS-h (V/H relay
state) end, efter s nominel 12 millisecond deiay, ensbles the 20-volt
converter with CAS- 17(i20- end +6, 3~vortconverter ON/OFF). At the end
of e photo sequence or when SPC-4 (V/E OFF) is given the V/H wemory is
reset and the 20-volt converter is disebled. When the V/H sensor 1is
turned OFF, the intervelometer shsft encoder (which is driven by the

V/B sensor output cam) will st0p in 8 position where the DV end CF switch
will be closed. There 1s no film trensport sssocisted with the V/H mode

other than vhen the V/H sensor is used for photography.
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Inedvertent commends - sll inedvertent commends other then SPC-3,

RTC-8, snd 'SPC-18 have no ‘effect on V/H operation. Commsnd SPC-2 will
result in s transition to the photOgraphic mode SPC- 3 (reed-out

electronics ON) w:Ll'1 ectivete the resd-out electronics 8s well es cleer

" the V/H memory. The effect of RTC-8 (Bimst cut) will be the seme 8s

discussed in the photogresphic mode. SPC-18 (sola;_eclipse ON) will
clesr the V/H memory, turning the sénqor'ORF. .

2.3.2.3 Processing Mode. The processing mode refers to the mode of

PS operstion when the Bimet drive is operatiﬁg, and processor end dryer
hesters ere.ensbled (before the Bimet-cut cémmandvis giVen.) 7

The Bimst drive and the processor end dryer hesters sre inhibited by:

e) Cemers Memory ON (during s photogrephic sequence).

b) Resd-out electronics-memory ON (during resd-out mode).

c) Soler eclipse memory ON (during solsr eclipse).

d) V/H Memory ON (during V/E wmode). .

‘e) Bimet clesr conditionm.

f) Cemers storsge looper empty condition.

g)' Read-out relesse memory (when the resd-out drive ON
coumsnd RTC-5) hss occéurred leter then the wind for-
ward (RTC-16 commsnd ).

When none of the sbove conditions occur, processing is ensbled. During
the processing wode the film trsnsport between the supply end the camers
storsge looper is idle. When the Bimst drive is ON, the resd-out relesse
clutch is disengaged. The teke-up motor will turn ON in the forwsrd
direction when the resd-out looper hes resched the R/0 looper psrtisl
full condition. This condition'is determined by s switch lqcated such
that only sbout 2 to 3 inches of processed film enters the>R/Olooper‘;n
the forwerd directlion before the teske-up motor operstes snd eumpties the
R/0looper.
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Inadvertent commands - All commends may be given except RTC-8 (Bimet

cut) If RTC- 8 (intentional or inadvertent) is given during proceasing,
the Bimet cut operstion will stert. RTC 16 (wind forwerd) end RTC-6 |
(read-out drive OFF) ‘can be glven, but will have no effect. o

2.3.2.4L Processing Stendby Mode. The processing standby mode refers
to the mode of PS operstion when processing could oceur but there is

no film in the cemers storage looper to be propessed.

When 8ll the film in the camera‘storege looper hes been processed the
camera-looper empty condition will inhibit'proeeEEing. 'In this wode,.
the film transport will be insctive. ’

Inedvertent Commands - All commends msy be given except BTC—B. As in
the processing node, RTC-6 snd RTC-16 csn be glven but -will Heve no effect.

2,3.2.5 Quick-Look Resd-Out Standby Mede. The quick-look resd-out
standby mode refers to the mode of PS operation when processing could
oceur but is inhibited by the resd-out relesse wmemory end reed-out is

not taking place. Inhibiting the'proceesor end thus keeping the reed-
out release clutch engsged sllows gquick-look read out to be stopped with-
out subsequent movement of film through the regd-out gate until resumption

of R/O or terminstion of this mode.

The resd-out drive ON commsnd (RTC-5) clesrs the resd-out Trelesse memory. .
This inhibits the processor snd engsges the read-out relesse clutech, In
this mode the film trenspdrt is idle. Becsuse processing cen be inhibited
by either the resd-out relesse clutch inhibit snd/or the cemers-storsge~
looper empty condition, processing stendby end quick-look resd-out stend-

" by modes csn occur simulteneously. Although this stendbdy wode 18

eesociated with resd-out it cen be used to inhibit processing st any time.
Becsuse the resd-out electronics must be ON before the read-out drive cen
be ectiveted, RTC-5 (reed-out drive ON) can be used to inhibit processing
airectly without influencing the resd-out. '
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Inedvertent Commsnds - All coﬁmands may normelly be given in this mode
except RTC-6 (R/0 Drive OFF) end RTC-8 (Bimet Cut). If RTC-8 is given,
the Bimst-cut mwemory 1s set. RTC416‘(§ind forwsrd) must be given to
resume processing, the Bimast-cut’ memory will be clesred by RTC-16.
RTC-6 will heve no effect if g‘ven.

: 2.3.2.6 Read-Outggpdes. There sre two resd-out modes: (1) quick-look

read-out mode, snd 12) finsel read;out mode."The quick-look read-out
wode is defined with reépecf to the CCP es the mode of PS operstion when
fhe resd~-out elgqtronics memory 1s ON or the spot-stop switch 1s open,
snd the Bimst has not been cut. The finel resd-out mode is defined ss
the mode of PS operstion when the read out electronics meqory is ON or

the spot-stop switch is open, end the Bimat has been cut end clesred

" past the processing drum.

Reed-out is initisted with SPC-3 (resd-out electronics ON) which sets the
reed-out eleétroniés memory (end elso inhibits the processor, V/H_sensor,
and the camera).‘ The outpu; of thils memory eneblgs the LST snode motor
signels (MS-9, MS-10, MS-11, MS-12) end switchés the +20- snd +6.3-volt
source relsy to the resd-out electronics with CAS-10. .A nouminal 10
milliseconds sfter CAS-10 .switches #hg t20- end 6.3-volt source relsy,
CAS-17 ensbles the 120~ aﬁd_6.3-vol# converter. Nominelly 20 seconds
sfter CAS-~10 switches the.soﬁrce relsy, CAS-20 turns the high-voltage
converter ON, When RTC-5 (resd-out drive ON) is given, the opticel-
wechanicel scanner (CMS) drive is sctivated end will wove fhé'scenning.

- optics s short distance to the focus stop position neer the edge of the
- film. The OMS drive hes then clemped the film in the resd-out gete.
" The OMS will sutomsticelly stop in the focus stop position where focus

end photo video gailn sdjustuents csn be msde.
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When the reed-out sdjustments sre complete the OMS drive is sctiveted ;J
_with e second RTC-5 command (resd-out drive ON). The resd-out mode fﬁ
{5 termineted with RIC-6 (resd-out drive OFF). RTC-6 resets the resd- | ,53
out electronics memory; however, theAmeﬁory output {s geted with the -
spot-stop switch iﬁputlso'the résd-out electronics d6 not turn OFF | o
-until the OMS is in the film uncleﬁped position on the edge-date side -
of the film (thet is, the OMS drive cem stops s0 &5 to free the film L
in the reed-out gete). The resd-out drive OFF commsnd turns OFF both’
read~out electronics end reed out drive. - ;3
The quick-look snd finsl read-ou? wodes very only in the film trensport -
from the supply reel to the resd-out 190per. In both resd-out modes the %)
teke-up will drive film from the'take-up reel intq-the‘take-up looper, -
L

turning ON when the teke-up looper becomes empty end turning OFF when
the take-dp looper becomes full:(as the read-out continues). In the °
quick-loock read-out mode the film transport from the supply reel to
the resd-out looper will be idle. When quick-lock resd-out tekes plsce,-
the processor 15 inhibited so the tremsport will remsin idle. When :
final resd-out tskes plece, the processor is free wheeling (becsuse
. the Bimat hss been ‘cut end removed from the film peth) end the filum ,
" will sccumulste in the resd-out looper. If the reed-out looper should - -
£i11, film will then sccumulste in the eamera'storége'looper. When . % _ L
the resd-out is turned OFF film is pulled into the supply reel by ‘the : '
supply spool ‘drive motor until both of these loopers are empty.

ALl heatera will be inhibited during the reed-out modes._:-eg
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-‘Inadvertgnﬁ Commsnds - SPC-1 (V/H ON commend) will be ignored if given

during resd-out.

SpC-2 (cemers ON comﬁanﬂ) 1f given during resd-out, will terminste resd-
out but will not sctivete the csmers, unless the commend wes given when

the OMS was in the spot-stop position;at the edge of the film. However,

'the OMS will move to the spot-stop position I1f not there when SPC-2 is

()

"~ given, before the OMS drive shuts OFF. If SPC-2 is received when OMS is

in the spot-stop position'(the probebility of this occurring is very

- smell) the resd-out will be terminsted immedistely and the cemers will

be activated.

SPC-4 (V/K OFF) will heve no effect during read-out becusse the V/H is
slresdy OFF, belng inhibited during read out.

RTC-8 (Bimat cut) will set the Bimst-cut memory. Beceuse RTC-16 must
be used to clesr the Bimet-cut memory end set the resd-out relesse
wemory before processing csn be resumed, RTC-8 will'have no effect during

this resd-out mode,

. RTC-16 (wind forwerd) will set the resd-out relesse memory; in this wenner,

when resd-out is terminsted in the quick-look mode (by RTC-6, R/O drive -
OFF), processing or processing stendby will be resumed. -

SPC-18 (solsr eclipse ON) will terminste resd-out into one of the two-
resd-out stendby mbdes,.depending on which mode wes in process when
SPC-18 was received. -

SPC-19 (soler eclipse OFF) emnd SPC's 26 thfough 31 will hsve no effect if

given during read-out, ... .3

2.3.2.7 Finel Resd-out Standby Mode. The final resd-out stsndby mode is
defined ss the mode of PS operstlion when the Bimet 1is clesr, the wind-
forward memory is OFF, end the spot-stop switch 18 closed. These con-

ditions represent the PS stete betgeen periods of finsel resd-out.
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During the finsl read out stendby mode the processor is free wheeling and’
the cemers sdvsnce motor operstes in the reverse direction. Film is re-
moﬁed from the resd-out snd cemers storege loopers by the reversed cemers-
sdvance motor. Film is run into the supply looper which tekes up the
film via its tension springs until the looper full switch is ‘sctueted,
turning on the supply motor which emptiés the supply looper. The supply
looper will be filled by the cemers drive and emptied by the film-supply

drive in & cyclic msnner until the reed-out and csmers loopers sre both

empty.

Tnedvertent Commsnds - SPC-1 (V/H ON), SPC-L (V/H OFF), RTC-5 (resd-out
drive ON), RTC-6 (resd-out drive OFF), RTC-8 (Bimst cut), Spc-19 (soler
eclipse OFF), RTC-16 (wind forwerd), and SPC's-26 through 31 will not
sffect the final resd-out stendby mode. SPC-1 (V/H ON) will, however,

turn ON the V/H sensor.

SPC-2 (camers ON) given during finsl resd-out stendby will initiste the

wind forwsrd mode snd inhibit the reverse csmers fllm drive.

SPC-3 (read-ou: electronicsﬂON) if given during finel resd-out standby
will initiate resd-out snd inhibit the reverse cemere film‘dfive.

SPc-18 (solser eclipse ON) will inhidit the reversed cemers film drive snd

-the supply drive.

2.3.2,8 Bimgt-Cut Mode. The Bimest-cut mode refers to the mode of P5
operstion from the time Bimst cut i1s initisted with RTC-8 (Bimst-cut

commsnd) until the Bimst cleers the processihg drum.

When RTC-8 (Bimst cut) is given it is stored in the Bimet-cut memory. The
output of the Bimst-cut wemory will be 1nhibited unless the Bimst- cut
roller is in e position to ensure & complete cut. The outpgt‘of the .
Bimst-cut memory is geted with the Bimst drive such thst thg processor
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must be operating or powér vill not be applied to the hot-wire cutter.
When the cutting process is complete the Bimst-cut OFF switch input will
clesr the Bimst-cut memory turning OFF power to the hot wire. The

‘ Bimet drive will qqntinue until the Bimst hes clesred the processing

drum et which time the Bimet clesr switch Input will inhibit the Bimet
drive snd processor-dryer hesters for the remeinder of the mlission.
All heeters are inhiblted while the Bimst-cut wemory is set.

The film transport‘during the Bimet-cut mode is the ssme as during the
processing mode until the Bimat -ciegY switch is ac‘iveted ‘When the Bimet-
clesr switch opens the film trenspcrt will be reversed, ss in the finsel

reed-out stendby mode.

Inedvertent Commends - SPC-1 (V/H ON), SPC-2 (csmers ON), SPC-3 (resd-
out electronics ON), RTC-5 (reed-out drive ON), snd SPC-18 (solsr eclipse
CON) will inhibit the Bimst drive snd,will therefore inhibit the Bilust-

cut mode.

SPC-4 (V/H OFF), RTC-6 (resd-out drive OFF), SPC-19 (soler eclipse OFF) .,
send 3PC's-26 through 31 will not affect the Bimst-cut mode.

RTC-16 (wind forward) will clesr the Bimst-cut memory. If RTC-16 occurs
before the Bimst cut is completed the Bimet-~ cut operstion will be inter-’
rupted snd termineted. If RTC-16 occurs efter the Bimst hes been cut it

wiil hsve no effect,

2.3.2.9 Wind-Forwaré Mode. The wind-forwsrd mode refers to the mode of

PS operstion after Bimst clesr when the tresunsport logic is switched to the-

forward direction vis the wind~forwerd memory.

In the wind-forwsrd mode the processor is free wheeling snd the resd-out .
relesse clutch is disengsged. The film take-up drive will be ON in the

forwerd direction when the csmera storege and read-out loopers -
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sre not empty. Film is sdvanced through the camers by opersting the
camera 835 it was opersted im the photogrophic mode. The wind- forvsrd ;ﬁ
. (-

mode is initiated with SPC-2 (cemere ON) snd terminatnd «with RTC- 8

(Bimet cut). The names of some commenis will have become misnomersA ‘ . f?
resulting from ‘heir use for more than one function snd from chenges ‘ -
of their functions. When RTC-8 is used before Bimst is clesr, it '~
functions es & Bimet-cut commend; but, when used sfter the Bimst is e
clear, it clesrs the wind-forwerd memory. ' ' g

~ .
N

Ineivertent Commsnds - SPC-1 (V/H ON), SPC-i (V/H OFF), (resd-out -
drive ON), RTC-5 (resd-out drive OFF), RTC- 16 /wind forwsrd) SEC- -19
(solsr eclipse OFF) eni SPC's 26 through 31 will have no effect on the -

7

C:i2)

wind-forwerd mode.

[y

SPC-3 (read-out electronics ON) if given during wind forwsrd will sctivste
the resd-out electronics, but will not terminete the mode, RTC-8 must

o)

be given to asllow the resd-out drive to operste, terminsting the wind

U

forwsrd mode.

2.3.2.10 Soler Eclipse. The solar eclipse mode 1s definad with respect
to the CCP ss the mode of PS operstion when the soler-eclipse memory is
ON. * : '

SPC-18 (soler eclipse ON) end .SPC-19 (solar eclipse OFF) set end clesr
the solar-eclipse memory. The set condition of this memory provides ' A
inhivition signels toc the logic which conﬁrola PS operstions to ensure -

8 winimum power drsin. (See paregreph 2.5 for the functiong which sre

inhibited). ‘ S '
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2.3.3 Mode to Mode Transitions

2.3.3.1 Normal Transitions

‘Transitions from the V/H and photographic medes - Normal

transitions from the V/H and photographic modes are shown

"in Figure 2-28,

V/H and/or photographic to processing mode - When the V/H
sensor gnd/or camera are turned OFF by conditions other

than SPC-18 (solar eclipse ON) or SPC-3 (read-out electronics
ON) and the camera storage looper is not empty and the read-
out release memory is not set (power turn-on or RTC-16 has
occurred later than RTC-5) the processor will be enabled.

V/H or photographic mode to quick-look read-out.standby mode -
When the V/H and/or camera are turned OFF by conditions other
than SPC-18 (solar eclipse ON) or SPC-3 (read-out electronics
OX) and the read-out release memory is set (RTC-5 has occurred
later than RTC-16), the transition from V/H and/or photographic
to quick-lock read-out standby mode will occur.

V/H and/or photographic mode to solar eclipse mode - SPC-18
(solar eclipse ON) when given while the V/H semsor and/or
camera are ON, will turn them OFF, causing the transition
from V/H and/or photographic to solar-ec41pse mode.

V/H mode to preccessing standby mode - When the V/H mode is
terminated by conditions other than SPC-3 (read-out electronics
ON) or SPC-18 (solar eclipse ON), the read-out release memory
is not set (RTC-16 has occurred later than RTC-5), and the

" camera storage looper is empty, the tran51tion from V/H to

processing-standby mode will occur.

Transitions from the processing mode - The eight possible
transitions from processing (see Figure 2-29) can be associ-
ated with the inhibit signals to the Bimat drive and processor
and dryer heaters. The Bimat drive,and processor and dryer
heaters are inhibited by the following: )

(1) - V/H memory (processing mode to V/H mode)

(2) Camera memory (processing mode to photographic mode)

(3) Read-out electronics memory (processing mode to
quick-look read-out mode)

(L) Sola;-eclipse memory (processing mode to solar-eclipse
mode

- 2=11T
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(5) Camera storage-looper empty condition (processing mode
to processing-standby mode)

(6) Read-out release memory (processing mode to qulckolook
read-out standby)

(7) Bimat clear condition (processing mode to final ‘read-
out standby mode)

(8) In the Bimat-cut mode the processor and dryer heaters
are inhibited but the Bimat drive is cperating. RTC-8
(Bimat cut) initiates Bimat cut; however, because the
Bimat cut is gated with the Bimat drive, the cutting '
operation does not occur until the Bimat drive is
enabled. : - '

Transitions from processing standby and/or quick-look read-
out standby modes - The processing standby and quick look
read-out standby modes are gquiescent modes. A transition

is possible from these standby modes to any other mode that
occurs before Bimat cut or Bimat clear, with one exception
(See Figure 2-30). The exception is processing standby to
processing. In processing standby the camera storagé looper

- is empty; therefore, processing cannot resume until a

photographic sequence has occurred. The transitions can be
associated within the following commands: .

SPC-1 (V/H ON) processing standby and/or qulck-look read-
out standdby to the V/E mode.

§PC-2 (camera ON) processing standby and/or quick-look
: read-out standby to photographic mode,

SPC-3 (read-out electronics ON) processing standby and/or
E - quick-loock read-out standby to quick-look read-out
mode.

RTC-16 (wind forward) quick-look read-out standby to pro-
‘ cessing mode, if camera storage looper is not empty.

SPC-18 (solar eclipsej processing standby and/or quick-looﬁ
read-out standby to solar eclipse mode,

Transitions from the quick-look ‘read-out mode - The normal
transitions from quick-look read-out are shown in Flgure )
2-31, :

Quick-lock read-out to quick-look read-out standby mode -
RIC-6 (read-out drive OFF) given during quick-look read-out

‘will clear the read-out electronics memory. With the read-

out electronics memory cleared, the optical mechanical
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scanner will continue to the spot-stop position. When the
-spot-stop switch is closed the read-out electronics and
drive will be turned OFF. If RTC-5 (read-out drive ON)

- has occurred laster than RTC-16 (wind forward) the read-out
release memory will be cleared, engaging the read-out clutch,
and therefore the logic will be in the quick-look read- out
standby mode.

—Quick look read- out to processing standby mode - If the
read-out looper becomes full, read-out will be terminated,
~and the read-out release memory will be set. Thus, if the
camera storage looper is empty, the quick-look read-out to

"processing standby transition -will occur. '

Quick-look read-out to processing mode - If the camers

<~ "storage looper is not empty when the read-out looper becomes
full, read-out will be turned OFF, the read-out release
memory will be set, -and therefore, the logic will be in the
processing node.

Quick-look read-out to solar eclipse mode - SPC 18 (solar
eclipse ON) will clear the read-out electronics memory.

ith the read-out electronics memory cleared, the optical-
mechanical scanner will continue to the spot-stop position.
When the spot-stop switch is closed the read-out electronics
and drive will be shut OFF. '

Mode to mode transitions after Bimat clear - As the Bimat
clear is an irreversible operation, the Bimat cut and clear
event divides the PS operation into two parts. The mode to
mode trensitions occurring after Bimat clear are shown in
igure 2-32. Actuation of the Bimat clear switch keys the
transition from Bimat cut to final read-out standby mode.
Since the processor.is inhibited by solar eclipse, and the
processor must run to cut and clear the Bimet, it is im-
portant to perform Bimat cut such that adecuste time is
availesble for Bimaet clear to occur prior to solar eclipse.
Transitions between Bimat cut and solar eclipse modes can,
in this manner, occur. Mode to mocde transitions after the
Bimat clear can be associated with the following commaﬁds:

SPC-3 (reed-out electronics ON) final read-out standby
to final read-out mode.

RTC-6 (read—out drive OFF) final read-out to final read-
: out standby mode.

- 2-123
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SPC-2  (cemera ON) final read-out standby to wind-forward
(toward the take-up) mode. . :

RTC-8 (Bimat cut) wind forward to final read-out standby
mode.

SPC-18 (solar eclipse ON) final read-out, finel resd-out
-. standby or wind forward to solar eclipse mode.

SPC-19 (solar eclipse OFF) solar ecllpée to final read-
_out standby or wind-forward modes.

Transitions from solar eclipse - SPC-18 (solar eclipse ON)

‘'sets the solar-eclipse memory. The output of the solar-

eclipse memory inhibits: V/H, camera, processor (includes
processor/dryer heaters), take-up drive, supply drive and

- supply breke, camera film advance, and all heaters not

enabled during solar eclipse. The read-out clutch remains
engaged. After Bilmat clear, solar eclipse has no effect
on the processor, which is permanently inhiblted.

SPC-18 terminates the V/H and/or photographic mode and the
read-out mode by clearing their respective memories.
Therefore, when the solar eclipse memdry 1s cleared with
SPC-19, these modes will not. be resumed automatically

- (see Figure 2-33). Trensitions from solar eclipse will
‘occur under the following conditions: When SPC-19

(solar eclipse OFF) occurs while the read-out release
memory is cleared (RTC-5 has occurred later than RTC-16),
the ceamera storage looper is not empty, and the Bimat 1is
not clear, the quick-look read-out standby mode will be -
resumed. When SPC-19 occurs while the read-out release
memory is set (RTC-16 has occurred later than RTC-5), the
Bimat is not clear and the cameras storage looper is not
empty, processing will be resumed. When SPC-19 occurs
while the Bimat is not clear, the camera storage lodper
is empty, and the read-out release memory is set (RTC-16
has occurred later then RIC-5), processing standby will
be resumed, When SPC-16 occurs while the Bimat is clear
and the wind-forward memory is not set (RTC-8 has occurred
later than SPC-2 and Bimat clear), final read-out standby
is resumed. When SPC-19 occurs while the Bimat ie clear
and the wind-forward memory is set” (SPC-2 and Bimat clear
has occurred later than RTC-8) the wind forward mode will
be resumed.
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2.3.3.2 Abnormel Mode to Mode Transitions. Socme possible transitions that

are considered abnormal are shown in Figure 2-34.

a.

V/H and/or Photographic Modes to Quick-Look Read-Out Mode -

-If SPC-3 (read-out electronics ON) is given during V/R and/or

photographic modes they will be turned OFF end quick- look
read-out will be initlated.

Quick-Look Read-Out to Photographic Mode - If SPC-2 {camera
ON) is given during quick-look read-out when the optical-
mechanical scanner is in the spot-stop position, the read-out
will be turned OFF and a photographic sequence initiated.

If SPC-2 is given during quick-look read-out when the optical-
mechanical scanner is not in the spot-stop position thne
read-out will be turned OFF, but the photographic sequence
will not be initiated. A quick-look standby mode will follow
the read-out. ' .

Because Bimat cut is inhibited when the Bimat drive is
inhibited, transition from Bimat cut to V/H, photographic,
processing, processing standby, quick-look read-out, or

"quick-look read-out standby are possible. None of the

Bimat drive inhibitions will normally occur during the
Bimat cut mode.

Final Read-Out Stendby or Wind Forward to V/H Mode - If
SPC-1 (V/H ON) is given during final read-out standby or
wind forward (when the camera is inactive) the V/H sensor
will be turned ON. The transport logic will remain un-
changed through either of these transitions.

Final Read-Out to Wind Forward Mode - If SPC-2 (camera ON)
is given during finsl read-out when the CMS is in the spot-
stop position the read-out will be terminated and wind
forward will be initieted. If SPC-2 is given during final
read-out when the OMS is not in the spot-stop position,

-read-out will be terminated but wind forward will not be

initiagted.

Although the abnormal mode to mode transitions do not yield
cetastrophic results, they should be avoided in the mission
progrem as they do yield some undesirable results. The un-
desireble results thet might oecur are EMI generstion and
periods of time when the PS state 1is unknown. For these-
reasons the mode to mode transitions shown in Figure 2-34,
should not occur in & normal mission.
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2.3.4 Some PS‘Prbgrammihg Considerations

2.3.4,1 Transition Between the Processing and Read-Out Modes. There is a
small but finite possibility that the take-up drive directional reiay will

fail to switch from forward to reverse in going from a processing to read-

out mode. This situation:cogld?ggcgr because the read-out looper partial

full condiﬁion is randomly related in time to a read-out. electronics ON

" ané take-up ‘looper EMPTY condition, and because the take-up drive relay

switching circuit requires time to recharge its storage capacitor. The
directional error possibility can Be eliminated by inhibiting prbcessing a
mininunm of 500 milliseconds before the read-out electronics are commanded
ON. This can be accomplished by executing RTC-5 (read-out drive OV) at
least 500 millisecond prior to the execution of SPC-3 (read-out electxonics
ON) when initiating limited read46ﬁt during or immediaetely after a process-

.ing cycle.

2.3.4.2 Applicstion of PS Power When Bimet is Clear, During Ground Testing.

Power 1is applieé to the PS prior to launch and is not interrupted prior to
completion of final read-out in’a,nonnal mission. - However, durihg the test
program prior to launch, it may become necessary to interrupt PS power. -
Power interruption when the PS is in final read-out mode, after Bimat clear,

can cause film transport problems. Two problems could occur (1) an ambiguity

.in camera film-drive directionrénd (2) an embiguity in take-up reel drive

direction. These problems are ?artially'causgd»by“the charging time of
capacitors associated with the latching relay circults which control film-

drive direction in the camera and take-up mechanisms.

Upon application of power in_g Bimat clear stsate, the PS is immediately

el

placed in a solar.eclipse ON. state which preverts all film,transport<

-

"f,

operations. As a result of transient condltions during turn off, or if”
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the PS was in a wind forward mode prior to power turn-off, the camere film
transport direction latching relay could be placed in a forward direction.
. Though the logic on the encoder will be in a reverse sense, the latching
relays could be latched in'the forward direction. Thus,  if solar eclipse
is commanded OFF, and the%e is film in the cemera and read-out storage
'loopers, the camera film edvance cen come ON~in the forwafd directicn
emptying the supply looper. ‘However, the logic expects the camera to fill
the supply looper and this status'cannot be achieved. Therefofe, the camera
" film-advance motor will stall out. To ensure maximum turn-on reliability,
" it is reccmmended that the camera and read-out storage loopers be empty at
the-time of power'turh-off. In any event, due to film stretch or creep,

it is still necessary to command camera ON (SPC-2) prior to the solar-
eclipse OFF command {SPC-19). The camera ON command (SPC-2) switches the
PS logic into the wind-forward mode for the 50-millisecond duration of the
command pulse. This momentary signal is sufficient to re-establish logic
and latching rélay status because loglc and latching relays will switch to
‘the reverse direction on the trailing edge of the camera ON (wind forvard) |

pulse.

A similarlsituation to the camera film-advance problem can exist with the
take-up reel. When power is‘appiied the take-up looper memory could come
ON in sn empty-before-full state or a full-beforé-empty state. If the
memory is in an empty~beforé-full state, the take-up motor will come on
when solar-eclipse OFF (SPC-19) is commanded. If the take-up direction
relay is latched in the forward direction, the teke up will come on empty-
ing the take-up looﬁer.' However, the loqur logic will be in_a read-out
mode a5 a iesnlt'of the_Bimat-cleér indicatign, démanding that a take-up

loojer FULL condition be established. Because the take-up motor is operating

in the‘forward direction, emptying the take-up looper, this requirement
cannot be fulfilled, and the teke-up motor will stall out.
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If both the cemera storage and read-out loopers are empty before power’
interruption, a camera ON command (spc-2), given prior to solar-eclipse

OFF (SPC- 19), will re- establish both take-up looper logic and drive direc-
tion on the trailing edge cf the 50-millisecond command pulse. However,

if the camera and read§out storage loopers are not empty,lanotnér situation’
exists. :

When loopers are not emﬁty, the take-ub logic will switch to the forward
direction on the leading edge of the camera ON (SPC—2) command pulse 1if it
15 in the correct or reverse direction. The take-up iogic wil’ thén switeh
back to the reverse direction on the trailing edge of the command pulse..

Howaver, the time constant of the relay circuit is longer than 50 milli-

* seconds and this second switching will not be accomplished.

It can be seen from the above discussion that giving SPC-2 prior to SPC-19

. 1s not a complete solution to the take-up reel problem. Even though loopers

can be emptied prior to power turn OFF, film creep or stretch can be

sufficient to cause an asppearance of storage looper not empty conditions.

" The solution to the take-up reel ptoblem is to give the camera ON (SPC-2)

command again, immedtately after solar-eclipse OFF (SPC-19). The possi--
bility still exists that the take-up reel will stall out; however, the
length of the stall period will be limited to the time interval between
solar-eclipse OFF (SPC-19) end the camers ON command (SPC-2) which follows
it.

In view of the situations described above, the following steps are recom-
mended for any power interruption during testing yhehAthe PS 1s in the
flnal read-out mode (Bimat clear status) -

‘a. Empty both camera storage and read-out loopers‘-
il ‘before pover turn-off. " :
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: b; After power turn-on and before solar-eclipse OFF
' (SPC-19), give a camers ON command (SPC-2).

c. Give a solar-eclipse OFF command (SPC- 19)

d. Immediately after step ¢, give a second camera—ON
~ command (SPC-2). .

The above steps will prevent all but e momentary stall condition on the

take-up reel.

2.3.L4.3 Bimat'Cut} It will be ﬁecessary to‘wind-forward one frame after
the Bimat clears'tne processor. When the Blmat has cleared tnerprocessor,
the film transport-logic controls the camera film drive and supply drive

to pull film from the cgméra and read-out ioopers until empty. Because in
- the Processing/Bimat cui mode priof to Bimat clear the take-up drive turns
on when read-out looper is partiélly full, and turns off when the read-out

looper becomes empty, after the Bimat has cleared a length of film (up to
the amount of film between the read-out empty and partially full switch)

will be pulled back on the processing drum.

The film that woul& be pulléd back on the processor drum will be wet, and-
must be advanced onto thevdryer drum before it adheres to the processor
drum. To accomplish this, the SPC-2 (cemera ON) will have to be executed
(within minutes after Bimat clear occurs®) to advance the film-onto the
dryer drum. - o

2.3.4. 4 Program to Ensure Against Inadvertent Bimet Cut. The followiné
programming technique 1s recommended to ensure against inadvertent Bimat

cut. The process. uses RIC-16 (wind-forward ON) as & clearing signal for -
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the Bimat-cut commend memory. Because Bimat cut cannot occur'unless the

PS 1s processing, there are iong pericds in the mission when an inadvertent
Bimat-cut command will not be catastrophic, if the Bimat-cut command memory
is cleared prior to'fhe next processing cycle. Possible transitions.to the

processing mode include:

a. V/H»and/or-photographic tO‘processiﬂg mode.
b. Quick-lock read-out to processing mode.:
c. “Quick-look read-out stendby to processing mode. -

In transitions b and c, the Bimat-Cut'memory'israutomaticélli cleared be-
cause RTC-16 (wind-forward ON) 1s used to initiate these trensitions. To
provide the same protection for transition a, it is recommended that the
processor be inhibited vié.RTC-S (read-out drive ON) before a photographic

sequence occurs, and then be released vie RIC-16 after the sequence is

- complete. When’RTC-lG'releases the inhibit on procéssing, i1t also clears
. the Bimat-cut memory erasing any insdvertent command before Bimat cut is

executed.
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2.4 PHOTOGRAPHTC SUBSYSTEM POWER CONSUMPTION
2.4.1 Summary '; , _ o ', o j

The rate of pougr consumption of the PS is dependent upon three conditions:
(1) the rate: Pﬂvpeat radiation and conductxon into and out of the sub-
system, (2) thé oferatlng mode of the subsystem, and (3) the prime voltage ,
level suppli %E the PS from the spacecralt. The information supplied in
this sectzon ?novides a brief summary of the maximum: power consumption of

the PS that can be expected when these conditlons are normal.

2.4.2 Discussion of Power Conéunption Data

The energy-dissipation rates presented in the accompanying taoles and
figures are based on & prime voltage-supply level of 30.5 v dc with the -
exception of uﬂﬁ ‘values presented for the solar-eclipse mode, Maximum
power consumptgpn of the subsystem during each of its six major operating
modes is presenﬁed in Table 2-8. Table 2-9 presents the maximum consumption
for the variouéﬂcomponents of the subsystem. Typical power profiles for

each mode are presented in Figure 2-35 through Figure 2-39.

_ Heater dissipatlon rates were obtained from a worst-case cold-orbit com-
: puted analysis of the thermal model (TM). The power consumptions during

the solar-ecllpse, standby, and processing modes are primarily due to heater
dissipation. Because the heater cycling rates decrease as the requirements
for heat are lessened, the power consumption during these modes decreases

. N _

with time until thermsal equilibrium_is achieved.
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The effects of this ere shown in Figure_2-35 and 2-36, In addition,
because the heaters are inhibited 'in the photographic and read-out modes,
the average (not maximum as given below) consumption in these .modes is

generally less than in the associated standby mode.

§ome of the PS components ‘draw comparatively lérge transient currents
when inltially energized; however, the duration of these transients

is such that the total energy dissipated is negligibie; fotal energy |
consuﬁption for the various operating modes is not presentéd becahée '

it is dependent on ground orlginated commands.

~ TABLE 2-8
MAXIMUM POWER CONSUMPTION OF THE PS DURING THE SIX MAJOR

) OPERATING MODES
Opersting ) o

Power
Mode : _ ‘ (watts)
Solar eclipse ' _ : : 22.1;,
Standby ) o ) . 77.2
Pnotographic _ 10L4.9
Processing - » : . 109.4
Bimat cut . - 86.6

" Read-out : ' ' ' 61.4
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TABLE 2-9
MAXIMUM POWER CONSUMPTION OF EACH ELECTRICAL
COMPONENT IN THE Ps

Power

Components : S o (watts)
80-mm shutter motor . L 6.7 .
2h-inch shutter motor and solenoid _ . 24,3
80-mm exposure adjust motor _ . ) ' 18.8
2h-inch exposure adjust motor - o 5.0
Film advance motor and brake | 199
V/H sensor and electronics : ' . 12,5
Film-clamp and vacuum-draw motor B 25,0
Data electronics and pinlights , ' _ 0.84

. Supply-spool brake C ’ ' ' ‘ 6.7
Supply-spool motor : ‘ . g 3.3
Take-up motor and brake , o 8.8
Read-out take-up motor and brake : 6.7

Supply-spool clutch . o : ' _ 6.5
Read-ocut scanner clutch : . - 3.7
Bimat drive motor ) - 3.1
Bimat cutter _ _ ' : 0.24
Instrumentation : _ - 0.24
CCP control logic _ o - : 1.93.
Reference frequency generator - : ‘ ' B 0.1k
Sweep and sync logic ’ ) , ’ 0.05
Photomultiplier tube and supply | N : 2.0
vReferenCe voltage generator : . ’ ) o 0.6
Video amplifier ) . . 0.9
Sweep, Sync and LST power - : - 18.9
Filament ' o : ‘ 3.2
High-voltage supply and beam current ' ’ 9.0

Drum anode motor o _ 10.3
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TABLE 2-9 (Continued)

" Components

Read-out scanner motor

Continous prime,ﬁppply losses
DC/DC converter Ypsses .

' Camera shiroud gné film-cassette heater

2L4-inch lerns hea er
2h-inch and 80-mm window heater

. Upper pressuye-shell heater

..Lower pressure-shell heater

Fin base area No. 1 heater*

Fin base area No..2 heater

Fin base area Noé(3 heater

Processor heaterf: {

Dryer .

Each heater contrpller (lO controllers)‘
/

~

J

L« 018375 RU

o
i

Power

gwattsz
3.5

0.5

9.64

7.0

2.75

.1

8.31

7.77

4,81 watts
18.2

18.0 watts
9.09

16.7
:0.065

* The energy disgipation of fin base area No. 1 heater was trimmed
to maintain a fotal average heater dissipation of 15 watts at 25

volts for operation in the solar eclipse mode.
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2.5 IOGIC RELATIONSHIPé FOR THE COMNAND_CONTROL AND PROGRAMMING (CCP) UNIT

2.5.1 Genersl

The logic relationships in this section are keyed to sheets of the CCP logic
diagram (these sheets are included at the end of paragraph 2.5). Identifi-
cation of the input internal, and output signals for the CCP is contalned

in the following tables:

Table 2-10 External Commands to CCP

Table 2-11 Signals from Photo Subsystem B
" Table 2-12 CCP Internal Signals

Table 2-13 CCP Signals to ?hoto Subsystem

Table 2-14 Telemetry and Hard Line Points

In these tables (except for telemetry points indicofed to be changing state)
the signal label corresponds to the more positive (HIGH, TRUE, or ONE) level

“of the function states. For example, input FSS is TRUE when focus stop

position exists; but input SPS is FALSE when spot-stop position exists and
TRUE when i1t does not exist. This convention is followed throughout the

. eqpations and descriptions fo.lowing the tables

" The inputs to each flip-Tflop memory are shown for the set condition of the

memory, with set inputs given to the left of » and clear inputs to the right.
The states shown for the clear inputs are necessary conditions for set
action. The inverse state on any clear input will give a clear condition.

_ Figure 2-40 is a drawing of the CCP Camera signals.

2-1k3
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- TABLE 2-10

EXTERNAL COMMANDS TO CCP

~ ¥ Sheet 6 - CVI means Command Verification Instfumentatioh.
are not executed in the CCP logie.
are used in the CCP for command verification telemetry inputs. .

** ROTE:

changes of state.

Bee sheet 6 of the logic diagram

: »e-m;*

Logic
- Diagram S : :
Sheet Command Descrlption o Verification®**
7 SPC-1 V/H seénsor ON - CTL-P
7 SPC-2  Camera ON , CTL-9
8 VSPC-3 Read-out anode & electronics ON RTL-28
4 SPC-L V/H sensor OFF ' CTL-&
8 RTC-5 " Read-out scanner drive ON RTL-29
5 RTC-6 . Read-out scanner drive OFF RTL-29
lCVI-L* : RTC-7 Camera Shutter advance one step CTL-lS,(CTL-ll)
5 RTC-8 Cut Bimet PTL-22
8 RTC-9 Inhibit ell hester power , (ETL-40)
CVI—Q* ,BTC'll, LST fgcusrincrease one step - _RTL-31
cvIi-3* RTC-12 LST focus decresse one step‘ &.RTL_31'
CVI-L? RTC-13 Photo&ideo gain increase one step RTL-31
CVI-5*. RTC71M ~ Phot ovideo gain decrease one step RTL-21
5 RTC-16 Wind forward ON (Processor ON) | RTL-28
. SPC-18 - Solar eclipse ON CTL-16
L SPC-19  Solar eclipse OFF _  CTL-16
7 SPC-26  Camera rate fast 4 . CTL-15,(CTL-10a)
7 .SPC-27.  Camera rate slow | : - CTL-15,(CTL-108)
L SPC-28 Camera sequence (CTL-10b)
L SPC-29 ~ Camersa sequence - (CTL-10v)
Lo SPC-30 Camera seguence (CTL-10¢)
L SPC-31 Camera Sequence (CTL-10c)
2 HIC-2 ‘Ground focus test o

The cormands
However, the CV1 signals

' Veriflcations that are not in parentheses are signaled by

e

e
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TABIE 2- 11

SIGNALS FROM PHOTO SUBSYSTEM

Siggai

SLF
SIE
CLF
CLE
RLF
RLP
RLE.
TLF
TLE
BCI
BCO
BMC
EOS
FSS
IMC
SHL
SLT
SST -
SPS
SRF

Description
Supply looper full

~ Supply looper empty

Camera looper full

. Camera looper empty

Read~qut looper full

Read-out looper partial (near empty)

Read-out looper empty

. Taeke-up looper full

Take-up looper empty
Bimat cut power inhibit

"Bimat cut power OFF

Bimat cut aend clear
End of sequence {end of film advance)

"Focus stop position

Initiate film clamp and draw vacuum

‘BO-mn shutter limit

2b-inch shutter action
Platen motion (shutter start input)
Spot stop position

Secondary reference freguency

2-15 -
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Logic _
Diagram 2R 7ol

Sheet " ,.."g'ggr_xal

T .

5

5

L

L

L IS4
5 i18-5
5 57 18-6
8 CTseT
8 . Ts-8

wi -
i
.
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| TABIE 22 -
CCP INTERNAL SIGNALS

Description
?reset.pulse signal (power ON clear)
Bimat motor enable
Cut-Bimat command memoryiON'-
‘Solar eclipse memory ON b
'Camera enable '
Cémera memory ON )

" Wind forward memory ON (after BMC only)
Read-out ‘enable i
Réaﬁ-oﬁt drive motor ON
Take-up forward enable (ignored after BMC)

£
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=

1l



<

. ' 1-018375-RU

~ ' o TABLE 2-13

- - CCP SIGNALS TO PHOTO SUBSYSTEM
Logle
Diagram . ‘ B
Sheet - Signal- . Degcrigtion

1 ORF-1,2 . - . U400 cps . .
o 7 Ms-1,2 - . 2k-inch shutter motor (TS-4 & LOO cps)
‘jl 5 - MS-5,6 Read-out drive motor (TS-7 & LOO cps)
g; 5 - MS-9,10,11,12 Drum anocde motor (TS-6 & 50 cps, 2 phase)
. 5 MS-13,14 Bimat motor (EME & LOO cps) ’
- 2 CAS-1* Camera motor forward memory GX
. 2 CAS-T Camera motor reverse )

2 CAS-5 ~ Cemers motor ON -

2 CAS-12 Supply brake disengaged
- 2 CAS-13 Supply motor ON (reverse only)
. 2 CAS-1k » Take-up motor forward Y
= 2 - CAS-15 S Take-up motor reverse

2 'CAS-16 Take-up motor ON
- L CAS-17 v +20V & +6.3V converters ON
: L CAS-18 Day heater inhibit .
= L CAS-19 Night heater inhibit

5 CAS-20 : Read-out high-voltage ON

5 CAS-21 : Processor/dryer neater OFF

5 CAS-6 ‘ Bimat cut ?ower oN -

T CAS-2 Film clemp and drew vacuum ON

T CAS-3 I 80-mm shutter memory ON

7 cAs-8 2h-inch shutter action

¥ Equations for signal CAS-1 and all signals listed below it are given in
peragraph 2.5.2.2. For TCI, see CAS-8. _



Logice -
‘Diagram :
Sheet Signal
7 CAS-L .-
CAS-10’
5 - © CAS-11.
T - TCI
{

* 1-018275-RU

TABLE 2-13 {Continued)

4

Descrigtibn
V/H memory ON (read-out relay,in V/H
state)
Read-out relay in read-out state

Read-out clutch disengaged (readout
~ forward release)

I3

Time code interrogation

‘»2-1h8
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TABLE 2-1k

TELEMETRY & HARD-LINE POINTS
~ (all TPL and HTL are hard-line points)

s
o-

Logic EXC - Boeing
Diagram Poinp Point .
Sheet ‘Designgtion Deslgnation
1 L
4 TPL-8 -
TPL-9
4 TPL10
3 . CTLyT PBOS
3 HTLER :
3 CTLE PBOL
3 HTLF1 -
7 CTI-108
4 CTL-10b PCO3
L - CTI-10c
5 PTL:18 PCOT
PTL-19 PCO8
8 ETL-L0 PC20
" CTL-11 PCOL
PC18
6
CTL-8 PCOL .
CTL-S PCO2
CTL-15

Indication

(SRF) Secondary reference fregquency

(Ts-2) Soler eciipse memory ON

_-(?§}5) Wind forwsrd memory ON (after

' BMC only;, :
(TS-4) Camers Memory ON
(5 bits) 2L-inch platen motions
(1SB only) (SST count)
(5 bits) " 24-inch shutter actions
(1SB only)} (SLT count)

Camera rate memory fast SPC-26 - SPC-27
Camera seQnence memory v SPC-29 - SPC-28
Camera sequence memory SpPC-31 « SPC-30

Bimat not cut & clear (state
low if cut and clear)

Bimat take-up (changing state)

(RTC-9) Inhibit all heater power
(inhibit state low)

Camera exﬁosure setting

Camera thermal door open

Commend Verifications by Changing State

PC15

V/H sensor OK, OFF SPC-1,4

.Cemera ON "~ 8PC-2

Camers exposure Or
frame rate RTC-7, SPC-26,27

2-149 -
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TABLE 2.1k (Continued)-

Solar eclipse ON, OFF
Cut Bimst :

Read-out electronics ON

IST focus or photovideo

Logic EXC Boeing
Diagram Point. Point
Sheet Designetion Designation

é CTL-16 PC16
PTL-22 PCOY

RTL-28 PC10

RTL-29 PC11

RTL-31. " PC12

L-018375-RU

Indicetion .

) or wind forward .
Read-out drive ON, OFF

gain

2150 -

SPC-18,19
RTC-8

SPC-3, RTC-16
RTC-5,6 -

RTC-11,12,13,14

b |
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2.5.2 Logic Equations o - S K

2.5.2.1 CCP Internal S@ﬁgals

2.5.2.1.1 Preset Pulse Signal (PPS) (Sheet 7)

The preset pulse signal (PPS) is generated only at the time of photo sub-

. systemjower turn-on Rrio_r t1o launch. Because: C(}'P power' is maintelned

. throughout the life of the payload misslon, signal PPS occurs only once. It
_initiaelizes the command dontrol ‘and programming logic states as follows:

v }‘

a. Solar eclipse rﬂemqry ON Ts-2
b. Camera enable state OFF T8-3
¢. Camera mémory COFF | TS-%
d. Wind forward memory OFF TS5-5
Read-out enable state OFF T5-6 -
f. Read-out drive memory OFF TS-7
g. Take-up forward enable state OFF (due to BME) A TS-
h. Read-out release memory ON, but signal -
BME Is inhibited by TS-2 S _BME
i. Cut-Bimat commend memory OFF " CBC
3. V/E memory OFF (vy collector priming) o . TAS-L
X. Bimat-cut power memory OFF CAS-6
1 - CAS-19

. Night heater inhibit ON

~ The cemera motor reverse is held OFF (CAS-T) pemanéntly prior to Bimat cut
- gnd clear. The day heater inhibit signal is ngt present (CAS-lE) unless
Commend KIC-9 15 given. The cemera rate (CTL-10a) and sequence (CTI-10b,c)

memories will be in unknown states. All other signals are inhibited by the

solar eclipse ON state ('see ’I‘S-_a). Given these initlsl conditions, command
SPC-19 will be needed to turn the solar eclipse memory OFF ~-(T8-2), which -
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will sllow turk-on of states EME, TS-8, CAS-11, CAS-14, and CAS-16. This
will result in'emptying'the‘read-out and cémgravloopers, & necessary con-
dition for launch, after which the solar eclipse ON state (TS-2) can be
reinstated by giving command SPC-18. L

2.5.2.1.2 3Bimat Motor Eneble (BME) (Sheet 5)

’

BME = | (RIZ", TE-6 « BNC - BCO + PPS + RTC-16) + RIC-5, - CIE -
+7T873 . TS-L . T5-§ - BYC - BCO + CAS-B '
v - )
’ : TAN :
. This signal is ayailable before Bimat clear only. If the resd-out release
. memory is turned ‘ON the Bimst motor enable signal (BME)_existé provided the: -

a. Camera looper is not empty

CLE
b. Solar eclipse memory is not ON TS-2
¢. Cemera memory is not ON TSk
d. Readqut}enable signal_}srppt ON i 7S-6
e. Bimat is not cut and clear o BMC - BCO
f. V/H memory is not ON . TASS
ZThe-read-out release memory can be turned ON by any of the following:
&. Wind forward command 7 o - RTC-16
; b. Preset pulse signal g - PPS
. (However, the BME signal is inhibited in this
?3 v case since PPS also turns solar eclipse memory ON.)

c. Read-out looper full signal ' : . RIF

“t}whe read-out release memory is cleared by a read-out drive ON command (RTC-S).

'+ The presence of the BME'signai eétablishea:

2-153
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JERN
~—
a
. o
a. Bimat motor drive signals S ‘ - MS-13,1k -~
Read-out clutch disengaged - g : _CAS-11 g
c. Enables Bimat cut _power ON . e CA5.6 C Lo~ s
d. Enables processor/dryer heater , L TAS-A1 f. - ;; {
2.5.2.1.3 Cut-Bimat Command Memory ON (CBC) (Sheet 5) o
CBC = (RTC-8 * RIC-16 « BCO - FPS, . . o - a
. o

'This signal is inhibited after Bimat cut and clear. The cut-Bimat command
memo*y is turned OF by the cut-Bimat command (RTC 8). It is cleared by any " - A fj P

of the following:
&. Wind forward command oo RTC-16 ' X
b. Bimat-cut power-off signal I BCO S
‘c. The preset pulse signal R ' * PPS - éﬁ _
' ' ‘ ‘ SN
The presence of the CBC signal estaeblishes:
a. A condition for setting the Bimat-cut power memory {ﬂ}
- Both day and night heater - inhibits ' :
c. Inhibits processor/dryer heaters ?j i
: , o
2.5.2.1.4 Solar Eclipse Memory ON (TS-2) (Sheet u) o
~ , S
‘ ' A - w o
TS-2.=,7(SPC-18 + PPS) * SPc-19, o : o
The solar-eclipse memory is turned ON either by the preset pulse signal (PPS) _L}'.i
~at initial power turn-on or by commnand SPC- 18; it 18 clesred by Command. SPC-19. -, E}
The set state will establish a night heater inhibit condition (cas-19) and L
will clear or inhibit all of the following signaIS‘ ' S _3
t

2-154
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. 8. Bimat motbf enable | : | . BE
b. Camera forward memory oN . oo . CAS-1
c. Film clamp‘and draw vacuum ON - ‘ ~ CAs-2

- d. B80-mm shutter memory ON . . . CAS-3
e. V/H memory ON ' - CAS-4
£, Camera motor ON R I " CAS-5
g. Bimai-cut powér ON : | ‘ CAS-6
h. ?h-inch_éhutter:action . S " cas-8
1. Read-out relay in read-out state , CAS-10
3 Read-out clutch disengaged - -~ CAS-11
k. Supply brake disengaged » ' - CAS-12
1. Supply motor ON E s . CAS-13
m. Take-up motor forward (after Bimat clear) N CAS-14
n. Take-up motor reverse (before Bbmat'cléar) _ o ., ‘CAS;IS
o. Take-up motor ON (before and after Bimat clear) . CAS-16
P. *20V and +6.3V converters ON ' - CAS-17
q. Read-out high-voltage ON . : o CAS-20-
T Pfdcessor/dryer hester ON . ‘ .~ TAs-21
t. Time code interrogation : ) - TCI v

If the read-out circuits happen to be in the foéus stop condition at the
‘time solar-eclipse memory turns ON, then signal TS5-2 causes the scanher‘to
home on the spot-stop position (SPS) prior to read-out turn-off (seé T8-7). .

2.5.2.1.5 Cemera Enable (TS-3)-(éheet 4)

1

TS-3 .= CLF . T5-2 . T5-§ . SPC-} . MULTIPLE SEQ COMPL

The presenée of this signel 1s e condition for setting the following:
- 2-155
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a. V/H memory ON . .: , i = CAS-L
b. Camera memory ON . L  TS-4

The termination of this signal will clear the fi rot memoTy on the negative-,
going transition ‘and will dc clear the secornd memory. Camera enable is

‘ established provided all of the following states are in effect:

a. Progremmed multiple photo sequence has not been

completed ) o
b. V/K OFF command is not present - . . gect
c. Camera storage looper is not full | "Eff
d. Solar eclipse memory is not ON A :" lﬂ ‘ N )
" e. Read-out enable signal is not ON ' .__ . Ts-b

' 2.5.2.1.6 Camera Memoxry ON'(TS-L) (Sheet &)

"TS-4=  SPC-2 % TS-3 : SINGLE SERQ COMPL
This memory is set by command SPC-2 provided'the camere enable EOnditioﬁ
(Ts-3) is present. It is cleared by any of the following: '

a. Completlon of programmed photo sequence (single
or multiple)

b. Reception of V/H OFF commané : R . sPC-4
Filling of the camera-storage looper .- L CLF

d. Turn-on of the sclar-eclipse memory. - TS-2

e. ‘Turn-on of the read-out ensble signal : TS-6

Therefore, the camera mode can be terminated by any of three commands:
SPC-4, SPC-18, SPC-3. "It can also be terminated by the use 'of Commands
SPC-28, 29, 30, 31 to shorten the programmed sequence.

i
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The‘presence of this signal'iﬁhibits-the Bimat motor and al; heaters; inhiﬁits‘
setting of the V/H ON and- camera rate FAST memories; enables camera sequence
signals CAS-1, 2, 3, 5, 8 and TCI; turns OF the wind-’orwa;d memory TS-5,
after Bimat cut and clear only; end tumns ON the motor siqpals Ms-1, 2 for'
the 2L-‘nch shutter ' '

2.5.2.1.7 Wind Fo*wgrd Memory ON (TS- 5) QSheet 4)

‘r\

. 4"

7S- (ysh EMC-BCO}* TC-‘B-Ts-e-FPE-'s?s,

g o

‘1

5. ”his memory 18 tunnsd on by TS-4 (command SPC-2) after Bimat éut’ and clear”
;,only. It can be. c%eared by any of the following

=y |

- a. Cuthinat command - ' ' . RTC-8
b. Solapteclipse memory ON - T5-2
¢. - Presgf pulse signal o ' PPS

d. Movemeﬁt of the read-out scanner away .
from gpot-stop position. SPS

1herefore, thls memory can be turned OFF by any of three cormand combinations:

a. Cut-Bimat command , RTC-8
b. -Solar eclipse ON command ' ' SPC-18

"c. Read-out electronics ON followed by , .
drive ON commard. ‘ . SPC-3 & RTC-5

"urn -on of this memory 1nhibits signals CAS-,, 13, 15 and enables signals
EAS 11, 12, 14, 16.
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2.5.2.1.8 Read-Out Eneble (TS-6) (S“eet 5)

TS-6 = SPS + | SPC-3 * (BMC BCO + RIF) - SPC-2 - RiC-6 - TS-2 -~ PPS

This signal exists under either or both of the following conditions:
a. Spot stop switch is open (5PS)

: b. Read-~out electronice memory is ON.

The memory 1s turned CN by command SPC -3 p“ovided all of the foelow1ng

conditions are in effect:

8. Read-out looper is not full (before Bimat

. clear only) : :  RIF
b. Camera ON command is not present . __ o <§§ET§
c. Read- out drive OFF commend is not present - - RIC-%
d. Solar-eclipse memory is not ON o o ©T8-2
~e. Preset pulse signal>is not present D - PES

After turn-on of this memory, it will be cleared by the inverse oi any of the

five conditions listed above. Therefere, it can be cleared by aﬁy of ihe

three commends: SPC-2, RTC-6, SPC-18.

Prior to Bimat clear the presence of thls signal inhi blts the. Bimat motor,
all heaters, all came“a operations, and signals CAS-11, lh; it turns on

signals CAS-10, 17, 20 snd MS-9, 10, 11, 12 {drum anode metor);‘it enables
signals CAS-15, 16 anéd turn-on of the rééd-out drive motor,condition'(see
5-T).

1

After Bimat clear the effect of thls signal is the same: except that:

a. The Bimet motor and processor/dryer heater are
permenently dissbled . . . ) -

b. Control of signals CAS-11, 1k, 15, 16 is with the wind-
forward memory (see TS-5). ,

2158 °
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2.5.2.1.9 Read-out Drive Motor ON (TS-7) {Sheet 8)

e

TS-7 =  RTC-5 % TS-6 , . , (RTC-5 + T5-2) % FSS . Lspc-g_* T35 4,

The presence of’ suate TS 7 results in tur* -on o* moto* signals MS-5, 6 “or the

read-out drlve unit

The resd-out drive motor is turned ON b& ccmmend RTC-5 if fhé read-out enable
state (TS-6) has_fifsf beer obtained by setting the read-out electronics
memofy with command SPC-3.‘ This occurs bsczuse RTC-5 sets both the firsi end
seccnd memories indicated gbove in the expression for TS-T. Since the

third memory in the expression has already been set by SPC-3, tne motor 1s
turned OFF when the read-out scenner rezches focus-stop position because
input FSS clears the second and third men rories. Upon'receptionrof a second
RTC-5 command the second memory is setgigne motor turms back ON,. end scanning
resumes. - If the read-out electronics memory has been cleared (by commandé
SFC-2 or RTC-6, for example) scanning termi;atés when the spot-stop position
(SPS) at the edge of the filw near the edge data is reeched. -If-the read-out
electironics memory is still ON, meintaining the T8-6 condi:ién, the scanner

- contlnues to cycle back and forth unless the focus-stop action (FSS) is
agein enabled by gilving enother SPC-2 comxmend to set the third memory. This
and each additionsl SPC-3 must be followed by one RIC-5 to resume normal
scanning. Noue that only the first SPC-3 must be followed by two RIC~5
corzands to establish scanner cyeling. The negation of condition TS 6 will
werzinate scanning et the spot-stop position fS’S), efter which one SPC-3
end two RTC-5 commands will agein be requivea to obteain vbe read-out mode.
Also, note thet if the circuit happens to be in a focus-stop state (second
end third rmemories c;ea*ed) when soler eclipse occurs, then Input TS-2 will
set the seccnd meJory, this ensurés thet the read-out drive will c¢ycle the
scanner home to the spot-stop position, permitting the reed-out cireuits to
turn COFF.
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2.5.2.1.10 Take-Up Forwerd Eneble (TS-8) {Sheet &)

1
¢

This signal is iénored after Bimal ¢lear; therefore condition,TSf5,v§hich
occurs. only after Bimét clear, can be omitted from the following extrescsions
If the read-out looper is not near empty (ﬁfﬁ) and the read-out clutcﬁ is
disengsged (CAS-11 = BME); thren @he'memory is in the set state suck that the
teke~up forward-enable-signal tracks the Bimat motor enéble: TS—& = EME.
If fhe read-out iooper does go near empty (RLP), and either:

a. the loopef enpties (RLE), or

b. the read-out clutch engages (CAS-11 = BVE)

then the memory state is such thet signel TS-8 is absént until &ll of thre

following conditions are established-to set the mermory:

a. The Bimat motor enable signal returns . 4 3VE
(read-cut clutch disengages) ' :

b. The read-out locper empty switch closés’ . RLE

¢, The read-out looper partisl switch closes , RLP

TS-8 =, RLP » EME . RIE

With the setting of this memory, the condition reverts to TS-8 = BME until

the memory is again cleared.

2.5.2.2 CCP Signals to the PS

2.5.2.2.1 Cemera-Motor-Forward Memory ON (CAS-1) (Sheet 2)

CAS-1 ='( CAS-2 INT » EOS . CES-7 . PPS - HiL-2

This memory‘is'set b&va film-clamp and draw-vacuur signal (CAS-2 INT) delayed
sufficlently tc allow seqnencing of the shutters, -at & rate subjéc; to &
condition stored in the camera-rate memory (see CTL-10a). It is cleared by
any of the following o

2-160
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a. End of sequence signal (end of fiir advence) - e
b. Cemera-motor reverse stzte (sfter Bimat clear) CAS-7
¢. Preset pulse signal ' ' P?S

d. Ground-focus test command . HLC-2

The set conditlon of this memory enables the cemera-mctor CN signal. (CAS-3).

. 2.5.2.2.2 Film-Ciemp and Draw-Vacuwum ON, Interns) (CAS-2 TNT) (Sheet 7)

CAS-2 INT = TS-4 - (CAS-4 . TMC + CAS-L . INT Clock)

-

,:?ﬁis signal is enabled by a cémera-memory ON state (TS-L) subject to a con-
._aition stored in the cemera-rvate memory (see CTL-10a). It is initizted by
?he image motion compensetion signel (IMC) in the V/H mode (CAS-%) or by

the interal clock when not in the V/¥ mode (CAS-%). - In turn, it serves as

a trigger for TCI, CAS-2, CAS-8, CAS-1, and CAS-5.

Film Clamp and Draw-Vecuum ON (CAS-2) (Sheet 7)

CAS-2 = 1IMC + CAS-2 INT

T4

This Iis the actual fllm-clamp and draw-vacuum signel Into the camera. Iis
rate 1s fast or slow as & function of CTL-10a when triggered by the internal

lock, but is fast, only, when it is a]function of the V/H sensor.
§ only .

2.5.2.2.3 B0-mz Shutter Memory ON (CAS-2) (Skeet 7) .

CAS-3 =, TCI % PP§ . SHL

Tris memory is set by the time-code interfogation signal (TCI) at a rate
iubject to & condition stored in the camera rate memory (see CTL-10a). It
is cleared by either (1) the 80-mm shutter-limit signgl (SHL) or (2) the
preset pulse sigral (PPS). ) -

2-151
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2.5.2.2.4 V/E Memory ON (Read-out Relay in v/ State) (CAS-L) (Sheet 7)

CAS-L =, (SPC-1 . TS-3 - TS-L) x TS-2A4C,

This memory is set by V/H ON cormand SPC-1 provided:

a. Camera enable has been establlshed T TS-3

b. Camera memory has not been set by SPC 2 ' - P8k

This memory is cleared by the negstive-going transition when condition TS- 3

is tennlnated. This is accomplished by any of the Iollow*ﬂg

a. Completion of a multipie photo segquence

b. Reception of V/H OFF command . . 8BC-4-
¢. Fiiling of the camera-storage looper' o CLF

d. Turn-on of the solar—edlipsé memory-' o 75-2
e.. Turn-on of the read-out enable signal TS-6

The presence of this signal turns ON the #20V and +6.3V Converters signal

[ CAS-17). ’

2.5.2.2.5 Camers Motcr OK (CAS-5) (Sheet 2)
CAS-5 = TS-2 - (CAS-1 + CAS-T7)

. This signal is generated by either (1) Camere-motor-f orward memory ON (CAS- 1/
or (2) Camera motor reverse signal {CAS-T), provided the solar eclipse memory

is OFF (TS-2). , . .

Caset of the signal is delayed by a single-shot circuit. Prior to Bimat clear
CAS-1 is the only activeting signal. : ”

2-162



2.5.2.2.6 Bimat-Cut Power ON (CAS-£) {Sheet 5)

CAS-€ = BME -  (C2C + BCI) * RTC-18 - BCO * P98,

This signal is available prior to Bimet clear in the presence of the Bimat
motor enable condition (see BME) provided the Bimat-cut power memcry has been

set. Setting of this memory is contingent upoﬁ both of the following:

a. The cut-Bimat command memory is OF o CEC

b. The cutter roller is in proper position. ~ BCI

This memory is cleered by ény of the following:

&. Wind forward command. ' . . RTC-16
b, Bimat-cut power off switch o - BCO
‘c. The preset pulse signal - PZS

2;5.272.7 Camera-Mbﬁbr Reverse (CAS-7) {Sheet 2)

RLE)

0
5
_q
wy
L
*
m
--t
1g
?‘<)
4
&
A%
3
w
«)
&)
+

The cemera-motor reverse signal is available only if -ell the following

conditions are in effect:

a. The Bimet has been cut end is clear 7 EMC
b. The wind forward memory is not ON 73-5
¢. The read-out enable signel is not oN 7S-6
d. Either the camera- éto*age looper oy ’ J’ 1=
LEZE

the read-out looper is not em puy

If the above four conditions are present, then the camera-motor reverse

51gnal depends on the state of the supply looper memory; it is ON when *“he

. memory has been set by the supply-lcoper empiy switch {SLE) and is OFF vheh

the memdry has been cleered by the supply-locper full switeh (SLF). The
presence ol thls signel enables the camera-motor ON zignel (CAS-5).
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2. 5 2.2.8 2k-Inch Shutter Actlon (cas-8) (
Time Cecde Interrogation (TCZ; (She

Sreet 7) and
nees

T

TCI = CAS-8 = CAS-L . SST - CAS-2 INT + CAS-% - “AS-E-INT delayed

!}

TS-4 . (CAS-h + IMC - SST + TAS-E - INT clock delayed)

LY

These two signals are present at a one-to-crne retio with respect to film-
clamp and draw-vacuum ON {CAS-2 INT), with a lag intrdduced by the shutter-
start signal (SST) in the case of V/H Control (CAS-L) or by the delzyed
internal clock 1input when not in the V/H mode (CAS-L). Note: These

signals are enabled by the camera-memory ON ccndition {Ts-4).

2.5.2.2.9 Reed-out Relay in Read-out State (CAS-lO) (Sheet 5)'
CAS-10 = TS-6

This signal tracks the read-out enable signal TS-6.

2.5.2.2.1C Read-out Clutch Disengaged (CAS-11) (Sheet 5)
CAS-11 = B¥E'+ TS-5

This signal tracks Bimat motor enable (BME) prior to Bimat clear and tracks
the wind-forward memory (7S-5) after Bimat clear. See these two signals for

conditions.

2.5.2.2.11 Supply Brake Disengaged (CAS-12) (Shest 2)

CAS-12 = CAS-13 + TS-2 - (BMC - T$-5 + BMC) - SLF

This signal is available only if the solar-eclipse memory is not ON (TS-2).

Prior to Bimst cleéar (BMC) it occurs when the supply locper is not full (SLF).
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.- conditions are ir effect:

Afier Bimet clear (BMC) it occurs if either of the Following conditions g

in'effect:

a. The wind- forwa rd memory is ON © ' TS.5. SLF.
and the supply locper is not full
b. he supply- motcr ON signal is presenu : CAS-13

2.5.2.2.12 Supply Motor ON (Reveérse ONLY) (CAS-13) (Sheéet 2)

CAS-13 = SILF # SIE, - BYC - 152 - T5-3

;-?vThe supply-motor ON signal (reverse) is enzbled only if all of the following

o

eg. The Bimet has beer cut ené is clear BC
). The wind-forward memory is not ON : ) TS-5
" ¢. The solar-eclipse memecry is not CX T3-2 .

If the above three conditions are present, then the supply-motor ON sigral

- depends on the ;tate_of the supply-looper REmOTY; it is ON when the memory

has been set by the supply locper full switch (SLF) end is OFF when the

nemory has been cleared by the'supply looper expty switch (SIE). The

presence of this signal disengages the supply breke (see CAS-12).

'2.5.2.2.13 Take-Up Motor Forward [C8S-1L) {Sheet 2)

CAS-14 = BNC - T5- - T5-B + BMC - T5-5 (CLE + WIE)

'V“hiSVSignel is present ‘prior to Bimat clear (EMC) provided: (1) the read-

out enable signal is not ON (TS-8), end (2) the take-up forward eneble
‘signal is ON (TS 8).

e
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After Bimat clear (BMC) this sigrnal is present provided: (1) wind-forward
memory is ON (TS-5), and (2) either the camera storage locper or the read-

out looper is not empty (CLE + RLE).

The present of this signal enables the take-up motor ON signal (CAS-1€). .

2.5.2.2.14 Take-Up Motor Reverse (CAS-15) (Sheet &)
CAS-15 = TLE * TIF , . T8-5 - (BMC + TS-6) . RLF

The take-up motor reverse signal is enabled efter Bimet clear (BMC) if the
wind-forvard memory is not ON (Ts-5 S) prior to Bimst clear, state TS-5 is
always present and CAS-15 *s enabled chly if the read out enable signal is
o (75-6). In all cases the read-out looper must be not full (RLF).

If an enable condition exists then the take-up motor reverse signal devends
upon the state Qf the take-up looper memory; it is OF when the memory has
been set by the take-up looper empty switch (TIE) ard is OFF when the '
memory has been cleared by the take-up looper full switch (TLF).

The presence of CAS-15 enables the take-up motor ON signal (CAS-16).

2.5.2.2.15 Take-Up Motor ON (CAS-16) (Sheet 2)
CAS-16 = T5-3 - (CAs-ih + CAS-15)

Tris signal is generated by either (1) take-up motor forwerd (CAS- lu) or

{2) take-up motor reverse (CAS-15) provided the solar eclipse memory is OFF
(Tgfﬁ). Onset of the signal is delayéd by a single-shot circuit. Prior to
Bimat clear the direction is controlled by the read-out enable signal (TS- 6)
efter Bimat clear the direction is controlled by the wind-forward memory
(PS=5). .o . ..o . " S

i
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2.5.2.2.16 20V end +5.3V Couverters OF (CiS-17) {Snee: 1)
s ' CAS-37 = TS-6 + CiS-4
This signal 1s present if either of the followibg is in effect:
a. Reed-out enable ON . ' S TS-€
b. -V/H mencry ON _ ' _ o CAS-L

The onset of this signal is de’“y 28 by a sinbAe--nOL-circuit. ;“e desti-
nation of the converier outp uts is det e“m‘neﬁ by the state of %ne read-out

relay, whi ch is controlled by Mutually ex clus;ve cornditions:

CAS-10
CAS-L .

2.5.2.2.17 :DafTﬁéété} Inkibit (CkS-18) (Sheet 4)

7 R CAS-18:= TS-4 + TS-6 + RTC-§ + CBC

-The hreesters are inhibited if any of the following conditions is in effect:

. The cemers memory is oN _ ' - - TS-4
b.  The read-out enable is ON o TS-6
o JFeglersthe xbitkﬁjgﬁgﬁﬁ is ON - “RTC-9
d. Cut Biﬂau command memory is ON ;' ) - CBC

<
s)‘.-—-"‘&:‘ = A.r-'&\;

This sighal affects all hesters except those in the Processor/Dryer (see

CAS-19).




2.5.2.2.18 ©Night Heater Innibit (CAS-i5, (Sheet L)

CAS-19 = Ci8-18 + T5-2
In aédition to being established by any of the conditicns imposed user
3 s T 3

b 4

CAS-18, the night heater inhibit 1s elso present if the sclar-eclipse memory

is ON (Ts-2).

2.5.2.2.19 Reed-Out High-Voltage ON (CAS-20) (Sheet 5)

-L
P

CAS-20 = T3-0

Onset Of this signel is delayed sufficiently by a single-shoi dircuit o
permit settling of the read-out reley (CAS-10) end converter (CAS-17)

signals and to allow warm-up of the line-scan-tube filemenz,

2.5.2.2.20 Processor/Dryer Heeter O (CAS-21) {Sheer 3)

CAS-21 = BME + C3C

Thiis signal is established when Bimat motor enable (BME) is present provided

the cut-Bimet command memory is OFF (CBC).

2.5.2.3 Logic-Dependent Telemetry

2.5.2.3.1 Bimet Cut-end-Clear Telemetry Point (PTL-18) (PC07) (Sheet 5)

o PTL-18 = ENC - BCO

This signal goes low (FALSE) if the Bimat has been cut (3CC) and hes clezred

the processor drum {BMC).

TED
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2.5.2.3.2 (Cemera Rate Memory Pest (OTL-1C2) (PC02z2) {Sheet T)

CTL-10a = ,557 C-26 . .Ts-L) » SPC-27,

Tnis memory can be set to the FAST co“d*tio by commend SPC-28 provided the:
ceziera memory is not ON ( L), It can be cleared to the SLOW condition et

eny time by command SPC~27.

This memory establishes whether the following s‘QAals are generated et &
cne-to-cne (FAST) or one-to-four (SLCW) rete with respect to the film clemp
end draw vecuum input (IMC) when under control of the V/E sensor or with
‘respect to the intermal clock when not in the V/H mode:

- Film clamp and draw vacuuz: ON : CAS-2

thls signal is generated =t a one-to-
one rate, only, when in the V/h mode )

b. Time code interrcgetion o . =CI

c. B80-mm shutter memory CN E CAS-3
d@. 2k-inch shutter action . CAS-&°
e. Cemera-motor forwerd memory OK © T CAS-1
.

Camera motor ON . CAS-5
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2.6 INTERFACE DRAWINGS

FTor the convenience of the user of this dccument, the electrical and

mechanical interface drawings are reproduced in this section. The

Y

thermal interface drawing being gquite lengthy is not included.
The corresponding EKC Drawing numbers are as follows:

Mechanical Interface - 1225-101

Electrical Interface 1225-102

Thermal Interface . 1225-105

2.6.1 Electrical Interface

Figure 2-41 is the electrical interface drawing

2,6.2 Mechanical Interface

Figure 2-L2 is the méchanical'interface drawing.
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2.7 Pt OTOGRAPHS OF THE PHOTOSUBSYS“EM CCMPCONE NTS

In this sect icn, photographs of the . DS and various corpo“enus of the PS
" are included. Photographs of the film handling and read- out’ group. bread—
boards are used. to illustrate these components, 51nce, gs installed in ‘

-the PS, they are generally ridden from v1ew.

- The Photo'Subsysﬁem As a Unit.
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SEOTION 3 ’ —
CMANDS '

Tt is intended that this section provide>e génefgl,description of the
spacecraft command subsystem, the command gereration procedure which takes
place, end the sequence of events vwhich occurs in command‘loading and
execution. This section also contains listings of the word formets
for PS commands. 7 - ' T

3.1 OPERATZON OF THE CCMMAND SUBSYST=M

Spececraft commands originate at the SFCr., When a cor mand sequence ‘has
been generated, thenco.mands are transmitted to the deep space station
(DSS) cver & teletypé line as command strings, The commend string is ccﬁ-
posed of a predetermined number of command triplets, whefe'each triplet is
& single commaend word of'éé bits Wwhich is sent three times in succession.
(The triplets are used to assist in command ver f&cat*on processes at

the DSS). After s number of cormand cnecx-ng an verificat‘on operations

have taken place, the command sequence is trensmitted to the spacecraft.

Commands are transmitted té the spececraft by phase modulating 2 single
command word ¢f 26 bits on & 2116mec, S-band, rf carrier at the DSS,
Note: +the triplet format used in trensmission from the SFOF to the DS$
is not used Yere. At the spececraft, the rf carrier is received by the
low—gain'antenné. The 26~ bit’con nd. is“ext*aoted from the. carrier in
the command decoder where it is demodulsted and stored temporarily. The
command word is then re-trensmitted tc the DSS where it is checked for
correctness. When correctness has been Verified, en execute-signal is

added to the rf carrier and sent to the spacecraft. When the command
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decoder receives the execute signal it reeds out the stored commend and
supplies it to the flight progremmer for irmediste execution (resl-time

commends) Qr for storage and later executhn (storedrprogrem commsnds ). .

Spacec‘qft comeands ere sepsrated into two hesic types:

8. Real-time commsnds - consist of one 26-bit word
end produce g spacecrsft. response within 500
milliseconds efter receipt of the commend-execute’
signal by the spacecreft commend decoder.

b. Stored-program commends -.consest of 2 or more 26-bit
~ words, one of which is & 26-bit time word. They are
stored sutomstically in sequence in the progremmer -

- unless otherwise commsnded, These commands are
executed when the time word stteched to the commands
matches the output of & clock conteined in the.
spacecreft, When the times wmetch, the commsnd is
read out of the progrsmmer and executed '

Verificastion of PS commands cen also tske pleee st the time of execution
through use of the commsnd verificstion telemetry. See Section 2, Table
2-2 for g list of the command-verification telemetry points.

The flight progrsmumer provides spescecraft time, performs computations end

comparisone, snd controls 120 spacecraft fﬁnctibns. The unit 1s cspsble

of ceontrolling sll spacecreft functions for extended periods withHout ground

instructien, thus'minimizing ground-to-spacecreft communicstions. Access

to eny word in the 128 word memory is possible from esrth during flight end

reprogramming of spescecraft events can be accomplished st sny time the

spscecreft is in view of a prime DSIF ststion, Execution of progrsmmed -

events cen be sccomplished st eny time during flight operstions.

TEI
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3.2 COMMVAND FORMAT

The ?S commané word formst is the.same for both resl time &nd stored
cormands. Tre bit formets ere given below for the twd PS commsnd formats

(one for photography end one for rezd-out ) and for the 26-bit time lebel,

3.2.1 Time Word Format

DBI25 +vvvevancennseneab|3|Heaad

Bit Number Function
1 through b " Spscecraft sddress

5 : Specifies RTC or SPC -
: always SPC for time word

. 6 through 25 . Binary time code:
0.1 secs to 29 hrs
7 mwin 37.6 seconds

26 © Parity: Generested on the
ground, to result
in an even number
of binary ones in-
the word, ’

The least significent bit (No. 1) is trensmitted first from the DSS.

3.2.2 Commsnd Word Formst

P8 25.caeeseareell]10....6}5 u....q

Bit Number . _— ' Function -
1 through & Spececraft adiress
5 . True: RTC (Binary one)

Felse: SBC (binery zero)
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Bit Number . o FUWCVIOW

6 through w0 Ope*at:on code )
11 through 25 Msgnitude or function bits

26 ~° Parity: genersted on the ..
: : ground, to result in an even
number of ones in the word.

Again, the least significent bit is transmitted first.

3.2.2.1° PS Commend Word Formet

e. Csmers Command No. 1 - Csmers Take P*ctﬁre (CTP)
To identify this commaﬂd the operation coae b;ts
gre set as fo¢lows._

Bit Nucber: 6 7 8 9 10

State: 100 01
The function bits. (11-25) are then determined as
shown: : )
Bit No. Function : EKC Nomenclsture
11 v/EoN - SPc-1
12 Comers ON L © SPC-2
13 Csrera shutter ADVANCE  RTC-T
AR Freme count B or B SPC 30 or 31
15 Frsme count A or A o SPC 28 or 29
.16 Slow or fast cemers rate SPC 27 or 26
17 V/H OFF - SPC-k
18,29 & 20 Cut bimet . RTC-8
23. Cemers thermel-door OPEN . Not EXC command
24 Caﬁera thermsl-door CLCSED Not EKC commend
25 Cemera thermsl-door-control . Not EKC commend

OrF

3-k
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'As can be seen by’the PS commends the pﬁfpose of tHiS'Eommand 15 to
operate the PS during photogranhy and processing.
b} . Camers Commend No. 2 - Redd-Out Camere (ROC)

To identify this command the operatlonal code
" bits ere the following

Bit Number: 6 7 8 9 10
State ‘ 0 1 0 ¢ l

. The functlon bits sre then deuerm¢ned ‘as glven:

Bit No.- o Functién . EKC Nomenclature
11 ‘ Reaé Out electronics ON SPC-3

.+ 13 Resd Out drive ON : RTC-5
14 Resd Out é&rive OFF . - ' RTC-6
15 ~ Hecter power OFF RTC-9
16 Hester power ON o . RTC-9
17 IST focus INCREASE - -  RTC-IL
18 IST focus DECREASE S mTC-12
19 Photo video gein INCREASE . RIC-13
20 Pnoto video gein DECREASE = RTC-1k
21 Wind forward ‘ RTC-16
2k Soler eclipse ON ' ' : SPC-18
25 ~ Soler eclipse OFF ) .'- SPC-19

Camera command No; 2 is thus used to operste the PS during photo resd-out.



»
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SECTION &
VIDEO TRANSMISSION LINX

4.1 THE SYSTEM

The photographic informatior is scenned in the PS and converted o an
electrical sigﬁal. From ihé_PS, the électricgl signal is passed ﬁhrouéh
the medutation selector ‘o the cormunications subsystem transtitier and
then to the DSIF. At the DSIF, it is recorded on 35-mm film which is
later used in the 9 1/2-inch reassembly printer at EKC Rochester to pro-

duce prints of reassembled frames.

L.1.1 The PS System (See paragraph 2.2.6 for a complete description of

the read-out chain).

‘A line scan tube generates a spot, which mcves at a constant velocity
and is imaged on the film, The film density mocdulates the transmitted
light intensity; this light is then converted to an electrical voltage

(video signal) by e photomultiplier tube.

The video signal is &n analog signal that varies between O,(black) and

5 volts (white). A 0.9-volt sync puise Is added during the blanking time
forming & composite videc signel. The total scan time is 1250 micro- ]
seconds (800 cps). The fréquency components of the composiﬁe video éignal

are limited to & band from 1.5 cps to 230 kec.

4.1.2 The Communicetions Link

The video signal from the video amplifiier in the PS Is fed to the modula-
tion selector and used to amplitude modulate & 310 ke éignal whick in turn

is used to modulate the 2295 mc transpornder output, A vestigial sideband

b1

N
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filter rolls-off frequencies above 230 kc on fhé-3lo ke subecarrier., In
addition, the 310 kc subcarrier is sdppressed; however, a 38.75 kc signal
(310 kc counted down by 8) ‘ié used as another low-level subcarrier for
later multiplication by 8; toicoherenﬁly reinsert the carfier at the DSIF,
Each of these mechanisms (vestigal sideband, suppressed subcarrier) is

used to improve the signal-to-noise (§/N) ratio.

The transponder outpﬁt feeds & traveling wave tube (TWT) ampiifier using
& directional coupler. This, in turn, feeds a high-gain dish antenns
for transmissioﬁ to the DSIF. The frequency spectrum is shown in Figure
4-1 and the block disgram of the comrunications package in Figure L-2.
The latter includes ell the control and telemetry points discussed in

Section b.

k,1.3 DSIF System

After demodulation of the 2295 mé signal, the composite videc éignal is
recorded on magnetic tape while being optically recorded by the Ground
Reconstruction Systen (GRS); ‘This systém is actually the inverse of the
PS5 read-ocut system., The electrical composite-video signél modulates the
light intensity of a spot, on a cathode ray tube. This spot is swept and

scanned synchronously with the scan in the PS read-out group. The opticel

spot 1s imaged cn 35-mm film which is aévanced proporticnally (and contin-.

uously) as the scanner in the read-cut moves across the 7O-mm film. The
result is a 25-mm framelet. The width of the recorded framelet is 0.72
inches, which corresponds to & scaﬁnedrwidtp of 0.1 inch on the 70-mm
 §0-243 film in the PS. The length is magnified by the same ratio (7.2).
The 35-mh-framelets are positive images of the lunar surfgce. -

L-2
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L.1.L Reassemdbly -

Tné framelets recorded by the GRS are placed side by side and printed

togetner on 9 1/2-inch film. This reccnstruéted freme consists cf 1lh~
framelets. The maghificaticn factor in the reassembly operation is
0.8927 with respect to the 35-mﬁ film, 'The<resulting imsge has the JRE
frame;ets'printed together across.a 9-inch width on the reconstructed
frame. As a result of the £ilm width limitations, neither a hirh nor

& modefaté resolution frame can be reconstructed on & single 9 1/2-inch
frame, The reaésem led freme is & photographic negetive. The reéssgmbly

process takes place using the reassembly printer at EKC-Rochester. -

In the process of reconstructing en entire picture {which requires more
than one 9 1/2-inch-frame), the last two framelets of cne frame &re

printed as the first two of the next frame, for registrciion purpcses.

~ Therefore three 9 l/2-inch frames are required tc reccnsiruct the 80-mm

frame, to be sure of covering the entire frame. Similorily, the ~.62-inch-
long 2k-inch cemera frame, requires eight § l/2-inch frames tc cover its
86.2 framelets. The totel magnification factor of the corbined GRS re-

assembly operation is 7.20 (0.893) = 6.L3, with respect to the ofiginal

© 70-mm film in the PPS,

The reassembly-printer'aISO edds a block of titling data t¢ each cf fhe
reaésembled‘photographs.r Tre titling information includes data on the

Flight Number, coordinates of photcgraphy, sun elevation angle, etc.

'
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SzCTICON 5

FUNCTION TELEMEZIRY

5.1 DESCRIPTION OF TELEMETRY LINK

e

-The PS telemetry is div*de“ intc anslog and dig uas telemétry; éoth T/oes

are present qt “the PS telenm metry ‘nterface and are connected to the pulse

code modulatipn (VCM) encoder -for nrocess-ng prior to ceslvery to the com-
Gnt

municatlon StbSYSvem. ‘Both enalog and digital telemeiry are coded in

non-return ﬁo zero (N?Z) binary form und are then transmitted to the DSIF.

Tre communicétions channel'is such that 2ll the telémetry existing in
perailel at ﬁhs PS must be sent serlally. It is therefore ss"bled~at &
given rate ﬁy‘commutator and muitiplexer within ﬁhe PCM encoder, Botﬁ
digital and analog telemet:y points are sampled at the same rate (cnce
every 24 seconds). The anelog signals, after deing commutzted (sampled),
are converted to a nine-bit digital code, viz an analog to digitel (A/B)

converter. ZEight bits are used to determine to which cf 256 levels the

~analog signal corresponds withinr the 5-volt range; the ninth bit is the

:

complement of the eighth. The digital telsm try remeins in its original

édigital form.

The digital coded analog telémetry and the digitel telemeiry eare then
arranged into frames, where each freme contains ell the spacecraft tele-
zetry points, in digital form, at & 50 bit per second rate. Each frame
contains 128 words of $ bits each. Three words ere uséd tc contain ihe
separate digital information. This code siream, in a non-retwrn toc zero
formet, is fed to the modulation selector. Wren video data is not being

transmitted, the digltal bit-stream 1s transmitied from the lcw gzain

(-3 db) omni-directional antenna.

5-1
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'

When a video signal is béing transmitted, the digital-bit-stream is
transmitted, along with the video deta, from the‘high gain (+23 db)

disk antenna,

5.2 TZLEMETRY POINTS

Tables 5~1 and 5-2 contain lists of ﬁheAflight—and ground testfinstfu-
mentation pbints pfovided for the PS. Figures 5-1 through 5-10 are
sketches of the circults for each type of telemetry point in the PS

(these circuits are numbered --the circuit number for each point is

included in Tables 5-1 and 5-2).

5-2
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6.1 RESOLUTION T S L

persgraphs.

L-018375-RU

S SECTION 6
' SYSTEM OPTICAL FERFORMANCE

_Resolution 1is s meaéufe of the sbility of en opticsl system to distinguish

between closely spaced objects‘undef specific viewing conditions. For

exsmple, & photogreph is seid to heve 2-meter ground resolution st &

specific contrast when light stripes l-meter wide, l-meter spsrt, snd’

S-meters long, with a contresting dark beckground, aré‘ﬁistinguishsble.

Resolving power dzpends on & number of verisbles, such 85: lens quslity,
inege smesr, contrast, snd film quelity. These veriables cen be anslyzed
by making use of transfer functions in a method frequently called sine-
weve response. This method is anslogous to the determinetion of the tranﬁ-

fer fuanction of elecironic circuitry where eech element in the opticel

| system csan be regarded as e low-pass filter., 'The sire-wsve response method

gives the baﬁdpéss charscteristics of each photogrsphic element ss & function’

of spetiel frequency. The system can be divided into elememts where the .

_output of esch element is trested s ea input to the next element, &nd so

~on (for example, the quslity of the imsge formed by the lens st the film

plene is independent of tﬁé smear ceused by IMC errors). The sine-wave

'response function of éach‘bf thé elements can be multiplied to obtein the

combined effect of sll of the elements in the system, ylelding the system
sine-weve response function. This function is used to predict image

quality ss presenﬁéd to the film; knowledge of the film résponse cherester-

" istics meke it possible to predict the performance of the system. Esch of

the verisbles affectiﬁg systew resolution is discussed in thevfdllowing

61
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6.1.1 Lens Moduletion Trensfer Punction (MIF)

6.1.1,1 Definitions. Tne MIF of & lens is s function which relstes imsge
moduletion to tsrget moduletion es & function of spatiel frequency. As

H
shown in the following sketch, the lens reduces the emount of contrsest

(or signel) in the imsge:
Target brightness

B 7 . ‘distribution
o mwex Iy
/—\ / o
B, N 4 \
Image Vi max \ : / N " sActusl image
brightness F///(brightness distributicn
' > + T e
— \ sSpatial freguency
i min e
\\’/ ) \'/=1Wlmuhmr
B _ : : :
. o min, . |
0 - OfOl Distance (mm) ©O-02
In this sketch, contrast is defined as
B max
€= 3o
and wmodulation by
w o Bmex - Bmin C - 1
“ " Bmex + Bmin - C+ 1 : 8
As shown in the sketch, passsge of the input sine-wave of contrast C_ = Bo SEX
: ’ °© %5 min
: o ‘Bi néx o
through the lens results in an output sine-weve of Ci = —= yhere Ci
. ‘ i min

< Co’ end of -course, M, <M . The MIF of the lens specifiés_the smount of
zodulstion which will be, present in the imege for s specific object wodulation

end et & specific spstial frequency. A typicsl MIF curve is sketched below:

1.9 &
075 4
c
o]
S
g 9.50 !
=
T
£
" 0.25 L
{
O Y . ] Y M 3
0 5 50 75 100

Epstial Frequehcy (liqegjmm)
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6.1.1.2 Lens MTF. The MIF of & lens for vhich the lens formule is known
cen be determined aneljticelly in seversl ways; one cf the most common &rd
useful is through rsy-trecing technigues. Rey-trecing is described in de-

teil in stenderd texts end erticles; therefore, it will not be described

here.

2.1.1.2.1 2L4-Inch Lens. Through the use of sn EKC cohmputer progrem, the

2L-inch lens was ray-traced end the MTF determined for 7 wavelengths, et

11 fileld pbsitions.' The persmeters ere listed below:

‘ Waveiength {ep) Field Positions (degrees)
Lok, T E 0.0 7.0
435.9 1.0 8.0
4861 L 2.0 9.0
546,1 ' - 3.0 10.4
589.3 ho
656, - 5.0
. TD0.0% . - 6.0

Approximately 3,050 rays were used in making each,analysis. The lens
formule input to the pfogram included the effect of the espherized front
surfece of the first element, the centrel cbstruction of the leﬁs, and
the correct gless-nitrogez refractive indices(for nitrogen at 1.5 psis).
The MIF's from the T wevelengths were then weighted eccording to the
spectral'response of the lens-film system to provide an estimste of the
heterochromstic lens MIF. These MIT's are plotted in Figures é-it 6-2,
and 6-3. Note: These MIF curves spply to & lems built exactl& to the

. formulsa, Manufactured lenses cen epproach this performsnce as s limit. -

To calculete the performsnce of e typicsl manulactured lens, the MIF
nust be degrsded slightly. '

* Glass indices celculsted st this point uéing Hertzbergzer's formula.
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The MIF csn be degraded by sssuming thet_the~len5'm3n;fecturing tolershces .
follow 8 gaussian;probability'distribﬁtion. The lens respoﬁse‘caﬂ theh be
spec‘fied'by wultiplying the perfect lemns MIF by the MIF of & gsussien spot -
whose size 1s propor*ional to the size of the hanufacturiﬂg tolerances en-
countered. ‘The MIF of e gaussran spot i1s shown in Figure 6-L, The on-sxis,

heterochrozetic lens response, both before and sfter & typicsl geussien

edegradation is shown ih'Figure 6-5.

In edditionm, the resolution of a pertect Eh inch lens wes calculeted over

s focus error range of *O. 0015 inches, on—exis. The curve ig plotted in
Figure 6-6.. The assumed.focsl plane tolersnce of *0.00l inches thus Te-
sults in 8 loss of ebout 9 lines/mm,

6.1. 1.2.2 80-mm Lens. The MTF of the 80-mm lens wes determined by rey
tracing es described above. For this. lens, whose purpose is to provide .

moderste resolution photographs the s&n alysis was restricted to the'following

‘ranges:’ S : L
. Wavelength (mu) : Fieldvﬁositiops (degrees)
L6l L 0.0 '
s461 . - T.0
589.3 R 1)
656.1 o 21.0
' ' L 28,0

The‘MTF's were then welghted to provide sn estimste of the heterochromstic .
lens response as described sbove., The heterochromatic MIF's ere plotted -
in Figures 6—7 end 6-8. Resolution vs rocus error 1s plotted in Figure
6-9. :
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1.0 uE -‘ A N
C.9 - : » 4—/ - N
. \'\ < 2}0 —
0.8 N ' et -T —n
7 ,""""‘i ' 8 = 2.50y, where
0.7 Modulation l Y = Spgtiél frequency
=" 0,735 O = Standard Deviation of a
o N ' Gaussian Distribution
0.6 i
l \
0.5 ) = \\
. I
— A
| A\
5.3 1 at "
| \ |
c.2 : ™
| N
0.1 i \\
IS =.0,312. N
0.0 N S e -
6.0 01 0.2 03 04 05 0.6 0.7 ©8 0.9 1.0

8 = Normzlized Spatial Frequency

Example: Determine the Modulation of a 5 micron diameter (Lc)
Gaussian spot at 100 lines/millimeter

Procedure: , _
1. 8Solve for o . . ‘ o =_14
4T = 0.005mn, therefore ¢ = 0.00125 mm . 7y = 100 lines/millimeter

2. Solve for S .
§ = 2.50y = (2.5)(0.00125am) (100 l—;-ge—s- ) = 0,312

3. Read Modulation for § = 0.312 from Figure 6-4
4. Response for this Gaussian spot is C.735 at lOO,lines/millime;er

Figure 6-k. Mcdulation Transfer Function of 2 Gaussian Spot
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MIF ¢f Perfect 2h-Inch Lens

C.0° Lens Tield Angle
3:1 Contrust Ruotio
Heterochromatic

Rx = Ry = 155 lines/m

ADM (S0-2L3 with Bimet)

. 1 1 1 Jd 1 L 1 ] 1

0.250

0.125

0 20 L0 60 80 100 120 1ko 160 180 200 220 2W0

Frequency (lines/mz)

MIF of 2&71nch Lens After Degradatiocnm
by & Gaussian Spot

0.C" Lens Field Angle

3:1 Contrast Ratio

Heterochromatic

R =R =120 lines/mm

ATM (BO-243 with Bimet)

0.00

0 20 4 60 80 100 120 140 150 180 200 220 24O

Frequency (lizes/mm)}

Figure 6-5. Degradation of Lens MIF by & Gaussian Spot
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6.1.2 Aerial Image Modulation ' ‘ o , -

The resolution of the lené-film combination can be predicted by determining
the minimum modulation which will produce a detectable image on the film

(as a function of spatial fregquency).

The threshold modulation level to which tha film will resﬁond and produce
ardistinguishable density difference is an irherent property of the film

and is related to the MIF of the film, The modulation required for detecta-
bility can be measured, and after dividing.out the MTF of the test lens,

the m;nimum modulation curve for the film can be dete;mined. This curve

is called the Aerial Image Modulation Curve, or AIM'éurve for the film.

The AIM curve for Type S0-243 Film with Bimat processing is includedé with
the lens MIF curves in the preceding figures. The point ol intersection

of the two is the limiting resolution of the lens-film system.

- 6.1.3 Contrast

As given in paragraph 6.1.1, contrast is defined by C = %}ﬁ%ﬁ and modulation

. _Bmex -Bmin C-1

s M= S ex+ Bomin_ C - L.

Tre limitiné mecdulation presented by a lens to the film cannot be greater —

than the inﬁerent modﬁlation of the target itself. Both optical theory and
photographiq tests have shown thet this limiting modulation is transferred

with no degradation through the lens at frequencies near zero. Hence, for a
target contrast of 2:1, the maximum image moduiation is 0.333; for 5:1, the

maximum modwlution is 0.667.

o
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The effects of contrast changes on the Ek-incb lens NT? 1s shown in

Figure 6-10. Note thet the lens ¢llm ‘resolution veries substentislly

. over the illustrated con.rast range. Besed on thls dete, it Is pos-
" sible to plot resolution vs object contrast. For the 2h-inch lens,

) thia reletion is plotted in Figure 6 11, for lenses of seversl peak

resolutions.

‘ 6 1.3, 1 Luaar-Surface Contrast.  This tapic is discuSsed in detail‘in

,paragraph 6.3. 5 In Section T, several photographs simulating the lunar

surface gre .ncluded to illustrste the effect of solar seltitude on lunar

surface cont*ast

" 6.2 IMAGE SMEAR

This section describes the method used to calculate Photo-Subsystem image
smesr, Smesr contributors sre sepsrested into wission-verigble, missicn-
constent, snd zero-error clessifications. Esch contridbutor is essigned
en error distribution end & 3-sigms error limit. Smesrs from each con-

tributor are then celculsted for seversl points in the image plane The

calculated gsmears ere averaged st each point end over the entire frame.

The vehicle is assumed to be correctly eligned for phqrography st perilune,

1except for ettitude errors. Smesrs sre calculeted st five points slong

the orbit: 8= 3.5 degrees, 0.88 degrees, and 0.0 degrees, where 9§ 1s
the anguler edvence from perilune. These angulsr sdvances ere those which

would occur for 16-freme slow- snd fest-csmere framing rates respectively.

6.2.1 Definitions S ) .-

Image smeer, In seriel or satellite'photogrsphy, the image’in the focsl
plane moves at @ rate'propcrtiénal‘to the focsl lengtﬁ of the lens and the

~gltitude and velocity of the satellite. As 8 result of this mwotion the

imege csn move during the exposure the movement is called image smear.

‘is-gi
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Static Resolution (lines/mm)

180

170

160

150

140

130
120
112
100

210)

8o

60
50

40

30

1-018375-K0

L
. . = ak 3
I 2 .neS
- Iu0 2= -
N ' L3S
. ; 4 "‘*—__’—-‘
g ///”/ 130 M= T
/ z//’/"“ s ok 3 |
. heS .
, ///’ 120 p%) b 3{L.—‘_—__
/ // 112 —
//‘ - ' . Resolution vs. Contrast
: - . . for 24-Inch Lens, for
[ o Seversl Pegk Lens ,
é/ : - T Resolution Velues
1

e
===

. ~—_;--_-—‘-.a¥?r;-_

1.0 2.0 3.0 kO 5.0 6.0 7.0 8.0 9.0 10.0 11.0 12.0
' ' ' Contrast Ratio o :
. Figure 6-11. Resolution vs Contrast'foriQh-Inch'Lens,'
- - . For Several Peak Lens Resolution Values.
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Imege motion compensetion (IMCI%~‘T6 produce high quslity photogrephy,

the film is moved in ngaf synchrbnism with the imege during exposure;

this film movement is celled Imege Motion Compensstion (IMC). Becsuse
it is not possible to move the film ihfbeffect;éynchronism, image motion

is not completely compensated; the residual motion is known as smesr.
A constant smesr rate thrpughdut the exposure is known as linesr smesr.
6.2.2 TImsge Smesr and Resolution

Image smesr end resclution sere relsted; the greater the smesr msegnitude,
the less resolution i1s obtsinsble from s given system. The interrelstion-

ship of resolution snd imagé'smear is normslly determined using modulstion

trensfer functions.

6,2,2.1 Smear Modulation Trensfer Function. Most smear contributors

introduce & constantréhear rate”dufing exposure, resulting in linesr sumesr,
In Figure 6-12, the effect Of smesring test tsrgets by &n smount (&) 1is

shown, It can be seen thet two effects ¢ceur:
Tri-Bar-Tsrgets , Sinusoidel T%rgéts

8. The trightness profileof s. A phase shift occurs,

the tri-bars 1s no 'b. The contrast is reduced.
longer rectengulsr, - ' .

* b, The contrest is reduced.

624 R
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STATIGUARY LLGE
- EXFOSURE
=3a *
Tri-Bar . '
Torget I l | l
. - Fl.%
| —ep—
-~%
Sinesoidal | ]
Zarget - ’-1-5& o
. X ;
<3

_Figure 6-12. Test Target Smear Effect
For the purposes of analysis; oniy the sinpsoidal targéts will be treated

in this section. -

A number of authors have shown that the MIF of linear smear for sinuscidal

targets can be defined by the function: M (k) = El%—EEEE
where a = magnitude of imgge‘motion (micrens)
k = spatiel frequency (lines/mm)
M (x) = modulation at frequéﬁcy k

This relation is plotted in Figures 6-13 and 6-14 both normalized and for

a range of image speafs. Because the phase shift which occurs during smear
does not affect the information content of the photograph, its effect will

be ignored,v

6.2.2.2 Image Smear as & Vector. imagé smear has bdoth gagnithde and direétion.

Trerefore, it is & vector quantity and can be resolved into components parallel
and perpendicular to the direction of f;lm, or platen, motion. In this section,

D v U N P e e e
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image smear parsallel fo the direction of platen motion'is called X-smear;
image smear perpendicular to the direction of platen motion is called Y-

smear.

6.2.3 Calculation of Image Smear

The mégnitude and the direction of imege smear are determined separately for
‘each smear contributor. Tolerances at the 3-sigmargonfidence';evel are used
to describe smear contributors, and consequently smear magnitude is caléu-
lated at the 3-sigma level. Each smear vector is resolved intoc X and Y
comporents, Total 3-sigma X and Y smears are calculeted separately as the'
root-sum-squares of the individual smears. This general method of combining

smears is discussed in peragraphs 6.1.3.1 and 6.1.3.L.

6.2.3.1 Smear Contributors. The smear contributors for the LOP system, the

assumed error distribution, tolerance limits, and 3-sigra error limits are

listed in Table 6-1.

6.2.3.2 Image Sgear Across the Frame, Imaée smear frogx & given contributor o
can vary in both magnitude and direction acrcss the frame. In some cases,

& smear contridbutor ﬁoes not produce a significant smear at or near the

center of the frame; however, it will cause significant smears near the edge of
the frame. Smeér tolerances must teke such variatiéhs into account. Image L
smear was computéd at 17 different frame positions. These.positions are '
nurbered and are shown in Figure 6-15. The field angles corresponding tc

each numbered position are also shown in Figure'6-15,tfor the 55 by 219-mm

high-resolution frame end for the 55 by 65-5& low-resolution frame,

6-28
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-y!

ield Angles for Numbered Frame Positions

High-Resolution Fraﬁe

(55 x 219mm)
X (Deg?ees) y
o 0
0 2.55
10.18 2.58
10.18 0
10.18 -2.58
0 - =2.58
-10.18 x.2,58
-10.18 0
-10.18 2.58
o o l.29
5.13 1.29
5.13 -0
5.13 -1.29
0 -1.29
-5.13 -1.29
-5.13 0
-5.13 1.29

Location of Numbered Frame Positioﬁs in External

Platen Coordinate System,

6-30~

Low-Resolution Frame

(55 x_65m)
X {Degrees) v
0 0
0 18.97
22.11 18.97
22.11 0
22.11 -18.97
-0 - -18.97
-22.11. -18.97
-22.11 o
-22.11 18.97
0 9.75
11.48 9.75
11.48 0
11.48 -9.75
0 -9.75
-11.48 -9.75
-11.48 o}
-11.48 9.75
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6.2.4 Mathematieal Methods

6.2.4.1 Basic Statistical Approach. Beqause'there are manyAsmeaf'contri-
_ butors whose'magn"ﬁdes can vary randomly over a wide renge, a statistical
= approach was developed by EKC to predlct the smear magnitude for normal '

- S operatlng conditions.’

ﬁsingrthis apprbach,'smear contributors are separated into three groups. o
The first is zero-error smear, which is a function pf the vehicle orbitel
position and velocity. The second consists of factors such as alignment

v errofs, which remain constant during a given mission. .The third consists

. of factors such as attitude rates, platen drive-velocity errors, etc.,
wnich vary from photograph to phetograph during the mission. Therefore,
each photograph'has a Zero-error smear,'é‘constant'smear, and‘a variabie smear
that fluctuates asbout the sum of the zero-error and mission constani smears.

The three groups are further discussed below.

6.2.4,2 Zero-Error Smear. This category includes image smear that exists

- when aZl unctlons of the spacecra’t perform at nominal, or zero-error,
condltlons. Sources of such image smear are moon-surface curveture, vertical
component of vehicle velocity, and the forward-léok-angle cf the V/H Sensor
and geometry Zero-error smear varies with field5éngle As defined zero-
smear is independenu of the m1551on -constant and rission-variable smears
ané herefore, not belng random, lts computed value is added directly to the

root-sum—square smear of the other contrlbutors.

6.2.4.3 Mission- Constant Smear Contributors. Mission—constant smear is .

taused by alzgnment errors; its magnituce is determined by design toleraﬂces.

Because alignment errors are random, mission-conshant smear can vary from

¢

6-31
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one mission to the next, slthough it remsins fixed fo: any one mission.
The importsnt slignment errors for the PS are the opticel exis to S/C
sttitude~-control-system elignmentverror end the V/H sensor to opticsl-
exis slignment error. The PS opticel exis to S/C sttitude-control-’
system alignment error can bé expressed ss roll, pitch, end ysw about .

the opticsl coordinstes. The V/H sensor to optical-sxis alignmenf error

" cen be expressed s o roll, pitch, end ysw sbout the spacecraft coordinstes.

"Figure 6-16 is s sketch of the coordinste systems. All mission-consient
.lignment errors are gssumed to heve & Geussian distribution. Miséion -
constant smears ere ceslculsted s the incresse in smesr, sbove zero-error
smezr that results when s mission-constant error 1s introduced. The

individual error terms sre root-sum-squared.

6.2.4.4 Nission-Vafiable Swesr Contributors. Mission-verisble smeer

contributors result in swear which is randowly distributed sbout the sum
of the zero-error end m*ssion—constant smesrs, - Smear from mission-
verieble contributors verles from photogrsph to photogrsph during the

mission.

Mission-verisble smeer contributors sre: roll, pitch; and yew sttitude
ong rate erfofs sbout the spacecraft,coordinates; V/H sensor creb measure-
ment error, which can be expreésed 8s yaw abbut_the V/H sensor axis;

V/H sensor messurement error; terrsin variability within the frame; end
Platen drive velocity veristions. .The roli, pitéh, and ysw position
errors sre sssumed to hsve uniform distribut*ona, roll, pitch, and ysw
rastes sre sssumed to heve skewed Geussien distribut ions' end the remaining
coniributors are sssumed to have Geussian dlstrlbutions. The distributions
chosen for sttitude rstes end posxtion errors; are based on verbal com~
munications with Boeing sttitude-control personnel. Misaion-var;able.
smeers sre calculeted as the incresse in smesr sbove zero-error smesy
which results when & mission-verisble smear is introduced. The error

terns are root-sum-squared.
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6.2.4.5 Summation of Imege Smears. Image smears are summed according to

the following formuls: ' ' . o . T | Lo
Sa A+ V 21 b12 + V :j cje

tota1'3-sigma smear,

where , S

Zero-error smear,

4
i

3-sigma smear from & mission-constani error,

o
1l

3-sigme smear f¥om a mission-veriable error. —_

o
n

Two points wmust be mentioned in connection with sumning smears (1) validity ~—
{ essuming the independence of the vasriocus smesr contributors snd (2)
vellidity of combining the errors or smears where amplitude distribution is

not normsl, end in fact cen be uniform.

As en exsmple of contributor independence, the smesr contributions from

8 Toll rete end yew rate sre deterwined independently, then.combined stetisti-

cslly to give totel smeer for both & roll rete and s yaw rste. However,

the orientetion of the PS Opticalbaiis with respect to the spescecraft is

such thet these rstes sre not independent. Treéting thése contributors - i

-
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as being independent résults in éheaf magnitudes which are generally

greater than if they were treated as dependent variables. The results
- are therefore conservdtive; in addition, the errors introduced are

: small.._

The validity of root-sum-squaring a 3-sigme smear frdm an errér contri-
bitor with a normal distribution with thé 3-sigma smear from an error
contributor with & uniform distribvtion may be ques:ioned.” Analysis
has shown thé; the RSS method is valid when the number of contribu-
tors is large and when only a few of the ccntributérs do not follow

2 normal distribution. Smears due to each contribufor'afelgiyen in

Teble 6-2, 673‘and -4 for both the 2h-inch and 80—mm.lénses.’

6.2.5 _Operdtipnal Considerations

The V/H sensor cont-nuously corrects for changes in image’ motlon during
photography. 1Its effect on the determination of smear magnitudes is

discussed in the following paragraphs.

6.2.5.1 YV/E Sensor. The V/H sensor operates duriﬁg pﬁotography to
determine the correct IMC fate. It scans the ground ahead of the optlcal
exis at a nominal angle of 7.78 degrees from the optlcal axis. The image
velocity is slightly veriable with lens field angle‘(due to the curva;
ture of the lunar surface across the field)j the correct IMC rate is

therefore calculated for the center of the field only.
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G

The, ratlo between the imsge #elocity st & 7.78-degree field angle to
the image velocity st center of freme for the vehicle et perilune wes
determined to be 0.9998. Some smeer will result st frame positions
off-axis, becsuse image-ﬁotion rateS'ere not uniform throughout the
freme. If the vehicle 1s not et perilune, there will 8lso be smesr

in the cent°r of the freme becsuse the retio of the imag= velocity

st the cente* of the freme to the image velocity 8%t the V/H sensor
position is elsc dependent on the dlstance of the vehicle from perilune.

The V/H sensor slso provides en output‘proportioﬁai to vehicle crab.
The output 1s continuously Turnished to the S/C sttitude control system
to reduce ysw position errors. Becsuse the V/F sensor 1s "looking"
ghead of the opticel exis there will be gome error in yaw correction.
Further, the s?eceéraft yews sbout the Z axis in response to & crab.

angléuwﬁiéh is'referenceé to théroptical exis. The opticel axis is

inclined at en engle of'EO degrees to the spscecrsft Z sxis. 1In adiitiorn,

the V/H creb output is proportiomsl to the combinetion of roll, pltch,
end yaw position and rete errors, The only correctlon possible is s
¥yaw maneuver by the sﬁacecraft; therefore there will be some residusl
smeer after correction for crab. The performsance of the yaw msneuver
.1s sssumed to have no effect in reducing the simesr which result from
. sttitude rates. Retes ere considered ss chenging rapidly with respect
to the V/H sensor ﬁime constent. ~Therefore, the V/H seunsor will not
heve time to correct or supply a correction signel to coupensate for

these e¥rors.
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€.2.5.2 Tnelinetion Between Pheto Subsystem and Spacaers’ft Coordinotes.
The optical coox rdinate system is rotsied 20 degrees sbout the common Y

axis (see Figure 6- 16) Smesr cslculetions ere sffected becsuse sttitude

position end rete tol erences sre referred to the spacecraft sxes., A

single yaw sbout the spacecrsft sxis i1s seen by the photogrsphic su3~i
system as & combination of roll, pitch, end"yaﬁ. Pitch errors sre com-

" mon to both coordinste systems; therefore, & yaw of the spacecraf results

in en X-component of smesr on the sxis of the lens, The seme is true for.
8 ro.l gbout the spacecr aft axis. Thls component would not oceur is tbe

yaw or roll were sbout the: photo subsystem opticsl axis.

6.2.5.3 Vehicle Pdsition. Tre spazcecreft is oriented in inertisl spece

snd does not pitch over as it orbits the mocn. Therefore the optical exis

will be sligned with the locsl verticsl only during psrt of s picture

_teking sequence. The csleulstions in this section sssure thst slignment

" with the locel vertical occurs st perilune. As the sketch below shous,

thls resulis in & pltch error before snd after the vePicle is gt the wid-

point of s photographic seguence.

C——rmem e — e ——

Precedmg page hlank

6-13

.\‘\



L-018375-RU

7 At Locol Vertiéol
Before E> After

Pitch Errors Before and After Vehicle
Arrives at Locol Verticol '

Photogreaphy Speced About Perilune. 1In the case

of high-resolution photography, the pitech error
will be spproximestely 0.88 degree st the beginning
end at the end of & 16-freme, high-rste photo-
grephic seguence, provided thst photography is
spaced symmetricslly sbout perilune. The sverage
smesr will be grester st the beginning snd end of
the photogrephic sequence *then when the vehicle

is 8t the locsl verticsl.

Photogrephy Awsy from Perilune, Certsin coversge
modes require thet photographs be token some dis-
tence from perilune. If this occurs, substentiel
pitch errors, sud consequenily, lerge lmsge smesrs
will result. In Paragraph 6.3, totsl smear is shown
as 8 function of lens field angle for severel
values of snguler sdvence Irom perlgee, for 8. U6
km perilune, 1850 km spolune orbit., Note: These
sre 20 smesrs, rather than 39 es given in the . ~
tebles (so thet the curves cen be used in
persgraph 6.3 to predict the performesnce of the .

system).

THI
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-~ 6,2.5.4 Smear Due to Off-Nominel Conditions,

8. Imege Smeer vs Crab  Angle Error. Image smesr
elso veries with creb sngle error. In psragrsph
: 6.3 & number of curves sre presented which re-
HE lste totsl smeer vs lens fileld sngle for s wide -
‘ range of creb sngle errors ané distances frow
perilun :

b. JImoge Smeer Without TMC. For photography st &

-+ perilune of L6 km,imege smear without IMC will
be spproximately 960 nicrons. A smesr of this . |
mognitude will limit resolution to spproximstely
1/2 line/mm. The importsnce of IMC is thus
demonstrated,

6.2.6 Summary

} number of studies éhow'that the majérity of photographé will be tsken

8t an exposure time.bf 1725 second. Thae tableS'inpluEed iﬁ ﬁhis section
are therefore valid for an exposure time of 1/25 second‘howevé“ the dsta
cen be converted to 1/90- or l/lOO second exposure times by dividing the

‘/25 second smears by 2 or b, respectively.

The néxt portion of Section 6 (ps“agrapb 6.3) 1is cdﬁcerned with the
opticsl performance of the 2L-<ineh and 80mz lenses. In peragraph 6. 3,
the smear dats presentzd in this sect101 will be combined with the
resolution date to predict the opylcal performence of the system. How-

ever, the 3-sigme smesrs presented here will be converted to 2-sigms

~ values to p?edict opt;cal perforasnce (thus, 19 of 20 fresmes, or 95

percent, will have smeer equal to or less than the 2- -sigus values.

3-Sigms smesr levels result in excesslvely conservative perforzance

predictions).

6-15
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6.3 OPTICAL PERFORMANCE

Persgrephs 6.1 and 6.2 weré‘concefned with lens/film resolution end the
degradetion resulting from‘imagé'émgar during the exposure. In this psra-
graph, the methods described in 6.1 snd 6.2 will be integrated'to predict
the performsnce of the PS lenses in their operat;onel environment. The
smesr velues used here sre 20 valuses, for 1/25 second exposure time. To
'convert them to 1/50 or 1/100 second exposure'times these smesr velues cen

be divided by 2 or L respectively.

The MIF of the 2L-inch lens, &s described previously, wes cslculsted using
rey tracing technidues. The4MTF's were calculsted both on- snd off-sxis, '
-85 were the smesr levels which sre expected to be encountered. The lens/
smesr MTF}S end the S0-243 AXM curve were used to predict opticsl performence
over s range of operating conditions. Note: Thé resolution predictions

of this parsgraph ere velid for 20 smesrs only. The 1nformation is pre~
sented graphically; the following teble lists the number of esch greph

and describes the curves.

Graph Ko, ’ Curves
€6-17 Ststic Resolution vs Contrast for Seversl Peek Resolutions
‘ (reproduced from Section 6.1)
. 6-18 : Stetic Resolution vs Lens Field Angle for Several Peak
. Resolutions. ‘
6-19 through Smear vs Lens Field Angle for Nominal Smeer Contributors and
6-2y a range of creb angle errors snd distances from perilune,
6-25 ’ Dynemic Resolution vs Smesr for Several Peak Stetie
. Resolutions .

AY

These curves sre used In the following wmsnner:

6-46 .
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'a; Determine the on= axis static, 3: 1 contrest résolﬁtion-'
'~ messured in testing (for example 120 lines/millimeter)
: ’o* any psrticalar lens. i

b. ‘Select s contrest ratio (for example h-l)

c. Go to curve 6-17. Using the curve lsbeled 120 lines/
willimeter st 3:1, resd off 132 l‘nns/millimeter at.
h:1 contrast.

e d.- Go to curve 6 18. Select 8 lens- field angle (for exsmple,

"5 gegrees), Tor l?2 lines/mil‘imete“ on-sxis resoluticn,

resd off 133 lines/mill meter Y-resolution end 71 l‘nes/
millimete“ X-resolution at 5 field sngle.

- e. - 0o to curve 6-19 if nominal smear contributors a*e
. desired (or 6-20 thru 24 if creb or pitch errors must
be snslyzed). At 5 degrees lens field sngle, end st
the selected distsnce from perilune (O 0 degrees) resad
: ‘off Y-smesr equal to 5.6 mlcrons end X-smear aquel to
e .9 microns.

_— f« Go to curve 6-25 For TL snd 13 nes/mlllimeter X-
end Y-stetic resolutlon (step &) and 9 snd 5. 6 microns
ol smesr respectively, reed off dymsmic resolution of:

57 lines/mm X-resolution
9% lines/mm Y-resolution

~ The values obtained ere summwsrized ss follows:

For & lens messured at 120 _1nes/millimeter on-exis et
3:1 contrest during testing, e dynsulc resolution of

ok lines/millimeter Y-direction, snd 57 lines/mlllimeter
X-direction will be obtalned in orbit if:

Contrast'retio'= Liz

Lens Fleld Angle = 5 degrees

Angulsr advance from perilune = 0.0 degreesv
Smesr contributors sre 20 nominsl vslues,

X~ end Y-resolution predictions sre often coubined for convenience by
teking the geometric mesun of the two values,(that is, the squsre root
of the product). For tﬁis'exémple, 8 geometric mesn resolution of
73 lines/millimeter results, I ' . ‘

At
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For conveniénce, the process described sbove has been done for & renge
of contrests, distsnces frow perilune, end nominsl, 20 smear velues, in

~ Figures 6-26 through 6-29,

To convert the lens/smesr/film resolution in lines/mill meter to resolution

in meters on the ground, Figure 6-30 cen be usad To use this Figure, a
lens/smear/film resolution is first obtsined es described previously.

The oltitude 1s then determined, snd the ground resolution resd-off in -
Figure 6-30. ‘ L

6.3.1 80-mm Lens Opticsl Performance

The procedurs described in the precading paregraphs for the 2hk-inch lens
is followed exactly for the BO-um lens. The curves to be used for this
system ere Figures 6-31 through 6-34. Smesr vs Field Angle Dete cen

be obtained from Tsbles 6-3 and 6-4,

-6.3+2 Summery

The datz presented in this secticn cen be used to determine the sbility of
the PS to resolve tri-bar-like targets on the méon. Because the mejority
- . of deteil in z lunsr scene consists of craters, the next paragraph pre-
sents dats w! ich can be used to relste tri-ber ground resoluiion %o the
winimum resolveble crater size. In the enalysis, creters sre approximated

by conceve cones of various sizes snd depths.

6.4 CONE RESOLUTION'

To arrive st s useful comproulse for épécifying luner surfecé resolutionm,
sn equivslence was esteblished between conceve cones of various sizes snd

depths (which are used to approximate craters) and the normel tri~bar

o resolution stsndard.
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Figure 6-31. Resolution vs Contrest for the 80-mm Lens
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The data;presented in this section can be used to convert & lens resol-
ution at a given contrast ratio to a resolvable cone diameter and the
range of cone depths ahd solar phase angles over which the cone diameter
"can be detected, The method used in deriving the equivalence is described
in 'paragraphs 6.4.1.1 and 6.4.2, Section 6.L4.3 presents the curves used
in obtaining the cone diameter and depth/phase anglé range over which the

dlameter can be detected.

6.4,1 Modulation

The modulation of a tri-bar is defined as.

_ B max - B min

B = B max + B min

As shown in Pigure 6-35, this modulation is derived from a square wave
intensity distribution., Note alsc that the length-to-width ratioc of tri-
bar targels is fixed at 5:1. Modulation is related to contrast by the

. _ B max
definition C = B min

The intensity distribution across a concave conical surface is alsc shown in
Figure 6-35. Analysis of this shape using the Fedoretz Photometric function

(see Section 7) for e range of solar phase angles has shown that the intensity

profilg ecross the cone is nearly sinusqidal. _Thus, when equating tri-bar

modulation to cone modulation, tﬁo Tactors must be taken into account:-

a. The difference in intensity distribution
b. The difference in length-to-width ratio

€.4.1.1 Intensity Distributioh. -Cone modulation can be gkpressed as

_ . Bmax - Bmin
- % B max + B min

T , 0rm

cone kmtri-b_ér ..
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where the factor K accounts for the difference in intensity distribution.
- From extensive analysis and work with lunar surface simulations, the

' factor k was estimated to be 0.22.° Thus, the equivalent cone modulation
" which is used in deriving the equivalence is 0.22 times the tri-bar modu-
lation,

6.4.1.2 Length-to-Width Ratio. As. glven above, the length-to-width ratio
of a tri-bar target is fixed at 5: l .To account for the difference in
shape between tri-bars and cones, the size of a rectangular tri-bar line-
space palr is related to the size of a circular cone base. This 1s done
by equating the arees. As shown in Figure 6-36 = s%uare portion of e
tri-bar target of pitch a has an area of (28)2 = —ﬁ—

- (2aM = (20) 1.3

Because the tri-bar resolution is in terms of line-space resolution (distance

2a), the equivalent -cone disk diameter can be determined by multiplying tri-

bar ground resolution by 1.13. In'Figure 6-37, tri-bar lens resolution
is plotted vs crater disk diameter for a range of altitudes, ‘

6.4.2 Equivelent Tri-Bar Contrast

In Figure 6-38., 6-39, and 6—&0, the equivalent tri-bar contrast is cal-

culated as & function of solar phase angle for a range of cone (or crater)

sizes and depths, teking into account the photometric function of the sur- ..

face and the relationship between cone and tri-bar modulation.

6.4,3 Ground Resolution

Therfirst step in calculating ground resolution is to determine the relation-
ship between 'lens_tri-bar,resolution and resolveble crater disk size (that is,

including the factor of 1.13). This relation 1s plotted in Figure 6-37 ,

for a range of altitudes.
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To uee the figures in this section, the following procedure should be
" followed: = ‘ e S L

A. Determine the lens-smear-film resolution for a
"specific set of correlations and at a specific
contrast from paragraph 6.3. TFor example,
70 lines/millimeter at 1.6:1 contrast.

" b. Using Figure 6-37 and Xnowing the altltude of the
spacecraft at the time convert tri-bar resolution
at this contrast to crater disk size (1.2 meters

et 46 m),

c.. Using Figure 6-38 through 6-L0, input tri-bar contrast (l 6:1)
" and crater disk size (1.2 meters) to each of the _
three graphs shown on the page. Determine the
range of cone depths and solar phase angles which
must be present for the cone to be detectable.
For example, the cone d1ameter of 1.2 meters will

be detectable at:

.lu-A8O ‘degree solar phase angle or. greater if the .
- - 'depth is 0.25 meters.

2. 77 degree solar phase ang;e or greater if depth
X is 0,50 meters. .

' 3.; 74 degree solar phase angle or greater if depth
_is l O meter. .

6.5 READ-OUT PERFORMANCE

The MTF's of the various componehts in the read-out link are complex
fupctions which can vary with time; for reasons of simplicity, the MTF
method will not be used here. v ' '
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To determine the performance of the read-out link, tri-bar resolution
targets are pre-exposed on the Type S0-243 Film in the PS. These
-targets can be mnalyzed and the limiting resolution present during
réaafout can be determined (integrated testing has shown that about’

85 lines/millimeter at 3:1 contrast can be achieved after read-out,
compgred with the specified minimum of 76 lines/millimeter). Whatéver
the value of resd-out resolution happens to be;thé value can then be ..
considered as & resolution "roof"; that is, any performance greater

than 85 lines/miilimeter (for example) will be read out as 85 liﬁes/
millimeter; performance below 85 lines/millimeter wili be read out at the
particular value. Such a roof can easily be applied to the plofs presented'
iﬁ paragraph 6.3.by adding a horizontal line on the plots at the read-

out resolution level.- ‘
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SECTION 7
EXPOSURE

- This section p:ovides_a_general discussion of the concepts which must be

considered in‘thejdeterqination of the correct exposureilevei for the’

: Type SO 243 Film used. Properties of the lunar surface which affect ex-

posure are discussed; however, detalled analyses of the variations in con-

trest across various shaped obJects as arfunctlon of solar phase angle will

_dot be pfovided.' It'is.EKC's understanding that The Boeing Company has per-

formed such analyses,

An analysis of the tone—reproductioh characﬁeristips of both lenses ﬁill

also be included in this section.
7.1 APPARENT_BRIGHTNESS OF THE LUNAR SURFACE

The brightness of the lunar surface is a function of a number of variables;

these are defined below:

Solar illuminance: 'Solar energy inpuﬁ = 12, 500 meter-candles

- Lunar albedo: Surface reflectivity; generally varies between
0.06 and 0.18 .

Lunar photometric function: A function which accounts for
the unususl diffuse reflection characteristics
of the lunar surface.

The surface brightﬁess is then given by the formula:

B = Rpp
where v 7 . ‘
R = solar constant = 12,500 meter-candles
p = elbedo 7 _
¢ = photometrxc functlon
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These terms are discussed in the following paragraphs.

7.1.1 Lunar Albedo

Earth based measurements have been made by a number of researchers to deter-
mine the albedo of the lunar surface. Such messurerents were made using

relatively large scanning apertures (about 500-1,000 feet on the lunar -

surface); it is generally assumed that the over-all aﬁerage ilbedo of small

detail on %the lunar surface will, on the average, be nearly identiczl to

the dats now available from large areas. The data availible'at this time

show that the surface albedo generally varies between 0.06 and 0.18, with
about 90 percent of the observed values being between 0.06 and 0.14, Mea-

sured albedos for Varioﬁs regions of the surface are given in Table 7-1.

7.1.2 Lunar Photometric Function

As viewed from above the surface, the moon reflects i{ncident light in an

unusual ménner, unlike either a diffuse or a specular reflector. A normal

diffuse, spherical surface reflects incident light according to the cosine

law, where the apparent brightness at any point on the sphere is a function
. of the cosine of the angle between a line normal to the surface at that

point end a line connecting the point and the light source. Such a surface

is calied‘a Lambertian surface, The lunar surface, however, reflects light
in quite.a'differént fashion., The sﬁrface reflection characteristics were
measured by V. A. Fedoretz whc used measurements to derive the‘photometric
function of the surface, as a function of solar phase angle (g) and sur-
face angle (a). These angles are defined in Figure 7-1. Fedoretz's photo-
metric fgnction is plotted in Figure 7-2, showing the variation in ¢ with
solar phase angle, for éonstant‘values of surface angle. In Figure 7-3,
simulations of the surface ere used to illustrate the difference between
the cosine end Fedoretz‘ functions. It can be seen that the Fedoretz

simulation closely resembles the visual appearance of the moon.

L]
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TYPICAL LUNAR SURFACE ALBEDO VALUES

Maria s T .- . Location .
Tranquillitatis 9°N 29°E
Serenitatis 26°N  26°e
Necteris 15°8  33°F
Nectaris 7°s  26°E
Vaporum 10°N 8°%
Sinus Medii 7°N 8°w
Sinus Medii 1°N 2°W
Imbrium 26°N 0°
Izbrium 32°N 17°W
Oceanus. Procellarum 6°N . 16°W
Oceanus Procellarum = 9°s  2L°w
Oceanus Procellarum. 15°NW  L2°wW
Oceanus Procellarum 4°8  sk°yw

Upland Areas

L°s  35°E
3°s  22°E
99N l3oE
2°s 12°E
11°s  12°E
7°N 2°E.
5°S Qo
Appenine Mts, 17°N 2°W
: - 3°s . 8°w

Individual Features

Floor cf Julius Ceaszr - .

Floor of Flamsteed and Theophilus
" Floor of Piolemaeus

Floor of Copernicus

Walls of Copernicus

Rays from Copernicus

Region near Kepler

Central Mountalin of Aristarchus

Albedo
C.066

0.370

0,082
0.089
0.062
0.054
0,076
0.074
C.064
- 0,070
0.071
_C.060
0.05%

0.104
- 0.118
0.090
0.123
0.125
0.1Ch
0,108
0.082
0.112

0.074
0.088
0.102
0.120
0.156
0.122
0.115
0.183
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Flgure 7-1. Bolar Phase Angle and Surface Anrgle
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A number of studies were conducted at EKC, under NASA contract, to simulete

the sppearsnce of the lunsr surface as 8 function of solexr phase sngle. As
e result of the usuel diffuse cherecteristics of the surface ss described
by the photometric function, end the leck of s scettering atmosphere,
shadow detail on the lunsr surfece '1s not detectsble, The effect of these
cheracteristics 1s shown 1in the simulations in Figures 7-4 through T-6.

A simulated surfece is shown in Figure 7-&, st & phese sngle of 75 degrees
(15 degrees sbove the horizon). In Figures 7-5 and 7;6 the seme simuletion
is shown for phase angles of 80, 60, 30 snd 6 degrees. As can be seen in
the figures, the surfsce coﬁtrest decresses progressively, with nesrly zll
detaill gone st s 6-degree phase angle. For these photogrsphs, s vertical

comers angle witfxq: 0 degrees was used.

Because of these restrictions, the spscecraft will be programmed to photo-
graph only between phese sngles of 50 end 80 degrees.

T.1.3 Lunsr Surfece Luminancé vs Solar Fhase Angle

The luzinence of the lunsr surface for elbedos of 0.06, 0.12, end 0.18 is
plotted in Figure T-7 for s solar phese engle range of O to 90 degrees. '
The phese-sngle renge plenned for photogrephy 1s slso shown on this figure.

7.2 IMAGE BRIGHTNESS3

The relstionship of 11luminetion in s photogrsphic image to terget luminance
is given below:
/. _ 10.8 KB
Ii = ==
: Lt

7-6

T1T¥

L R



Cprowmem 233J0p3 Pa3ETNUIS SA :oﬁpovahmm.awwpsmq *€=1 {andy

o , . ) *99XB9p JTBY-2UC Spuajqns
/90amos UITT 9YL “TT®BQ ISNFITIP U3 Y3 1a paredmos otdus aseyd Burswaaout Yy3Tm ATYotnb Axan susyaep
(uotjoung otajemojoyd Teuny) Treq Jaddn ay3 OSTY “TTEQ ® UBYJ MSIP B oYIT aJou resadde 31T Surysuw
A93U8d 9Yq3 38 ST 1T s® a8pa ayj 73® sssujydTiq ouws ayjl ATJIBSU ST (uoryouny otIjawmojoyd J8unT)
TT%q I3ddn ayy 9nq ‘sousasadde pespunos ® 1T ButATS 53ps 8y} 3B UBY] JI53USD 3Y3 JBSU IaquydTIq ST

. (10309130 SSTIJTP) TT9q JI3MOT ay3 (918uB aswyd ssu8sp £) uoom TTNJ JBSU 49y} pajou aq pPINOYS 31
(opaqre %9 ATepsurxoxdde) uopjouny otajsmojoyd Jsung 3y3 93%InmIs 09 aprxo Iaddod Y3TM PIISTP uv3aq
58y TTeq 42ddn syj "4y3TT JUSPTIUT oy} Jo %9 INOQE §309TJaI WY} JOJOSTIII ISNIJIP ¥ ST TTEQ
ISMOT 8YJ, °UCIDPATISX UOTIdUNY DTI33WOROUJ JBUNT DPIJBTMMIS *SA UDTIDBTJSI 1Iaque] Jo uost.redmon

0GST . 06 . _ oGh of aT3uy eswyg

PERETF-3, S

L NG U it L S . Crm e e e ———

i

s [ e ——

7=7




TR

1]

Ll



Fault Line -
Area of

"'vdratér‘Chdin Darker Albedo

- ) . Boulder Locations
4 Ft. Dia. - (6) .
. 26® Convex Cone

8 Ft. Dia. ‘
7° Concave Cone

28 Ft. Crater

Y ———Ditch

8 Ft. Dia.
811 Spherical

Concave Surface -
36 Ft. Crater

8 Ft. Dia. .
7* Convex Cone

Lighter . AR - . . -
_ Albedo Patches ‘ I Darker Albedo

Scale - Scene is 160 feet on a side; each division along the bottom
and right side represents 20 feet

Photograph of simulation with solar phase angle of 75
degrees {sun elevation of 15 degrees) showing the
location of lunar features :

‘ Lunar Surface Model - Using Simulated Fedoretz

Figure 7-4.
- Pnotometric Funqtion
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‘Sun Elevation = 30°

Sun Elevation = 10° with scale
along the bottom and right side

Figure 7-5. Photographs of the Simulation at Solar Phase
Angles of 80 Degrees and 60 Degrees
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Sun Elevation

Photographs cof the Simuldtién at Solar Phase Angles

of 6 Degrees and 30 Degrees.

Figure 7-6.
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2500
‘ 2000
1500
1000
L
%0
0 . § — - - A K L&‘g
0 .10 20 30 &0 50 é0 70 €0 R

Solar Pnase Angle {(g)

Figure 7-7. Lunar Surface Brightness vs Solar Fhase Angle,

For @ = 0 and a Renge of Albedos
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where:

I, = 11lumination in‘the'image (meter-candles)

B = luminance of the target area (foot-lamberts)
£/no of the lens

transmission of the lens

f
KX

For both lenses, the image illumination is as follows:

2L-inch lens ‘ 80-mr lens
f/ne. 5.6 ‘ A 5.6 '
X 66 perceht ' ‘ 92 percent _
Ii 0.057 (B) meter-candles 0.079 (B) meter-candles

In Figure 7-8 image illumination is plotted as a function of solar phase
angle for albedos of 0.06, 0.12, and 0.18. Tnis plot is directly related
to Figure 7-7, with the target lurinance (B) a function of phase angle
and albedo.

7.3 PHOTOGRAPHIC IMAGE

The characteristic curve for Type S0-2L3 Film with Bimat processing is
given in Figure 7-5. When photographing a lunar scene, it is desirable

to expose thé film such that the scene luminance raﬁge falls on the linear
portion of the characteristic curve, To accompiish this, for the wide
range of target luﬁinances ;hat could be encountered, three shutter speeds
are provided for each lens. In addition, thé’Dmin in‘é photograph must be
O.30”or abovg, to be read cut accurately by the video data link.

In Figure 7-10, the recommended shutter speed is plotted as a function of
phase angle, for albedo values of 0,06 to 0.18 in 0.02 increments. Note

that in all cases, the surface angle a is assumed to be zero.

)

A

Al
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Image Illuminatibn.(Meter Candles)

Image Illumination (Meter Candles)
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2L-Inch Lens Image Brightness vs Solar Phase Angle

10.'}0’.

0 10 20 30 0 50 60 2 2 '99

Solar Phase Angle
8C-mm Lens Image Brightness vs Solar Phase Angle
L2 ¢

Solar Phase Angle

Figure 7-8. Image Brightress vs Solar Phase Angle
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7.4 ON-AXIS TONE REPRODUCTION

The ﬁrimary purpose of the 24-inch lens is to provide high resolution photo-
graphs of the lﬁnar suéface;  High iésolution photography inhe;ently implies
that good photographic fidelity and accurate tone reproduction exists. Pre-
viously, in Section 6, the_frequehcy response capability of the optical
syster was established. 1In this séction, the tone repreoduction capability

of the system (as & counterpart to frequency response) will be deterzined,

The on-axis performance of both lenses is used to illustrate tone reproduction

in the PS. A set of nominal tone reproduction curves ére'Included which can

be used to trace an input luminance through the system. Low frequency response

functions are used.

7.5.1 Tone Reproduction

The over-all tone reproduction of the PS is governed by & nurber of components
operating in series, each component having its particular tone-transfer
characteristic, or transfer function. The design gbal of the PS with respect
tc tone reproduction is to combine the transfer functions so as to cptimize
target detectability. Image contrast and scene latitude are opposing factors
in this optimization. Target detectebility can be increased by increasing
contrast in the photographic image. However, as the contrast increases, the
range of lunar brightness that can be displayed on the film decreases. There-
fore, a compromise must be made. When éll factors are taken into account,

the nominal tone reprcduction design is consihered optimum in view of the

over-all LOP performance goals,

The tone reproduction data in this éection apply only to large areas, because
the date are based on the low-frequency response of the System'compbnents.

Except for low-frequency noise background, this method yields reletively

7=-20 .
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accurate results for 7-meter by 7-meter' areas ffor the 2L-inch

lens) or 50 ﬁy 50 meter areas (80-mm lens) if the density measurement is
made with a small spot at the center of the aree under examination. With
larger areas, a larger spot size cen be used for density measurements to
reduce noise; Célculétion of the téne rendition of areas smaller than
theSe would have to take into account thé'high frequency response of the
components and the pcint spread function of the over-all photographic

system and are not within the scope of this section.-

Thé quelity of tone reproduction is strongly dependent on the a@ount of
‘flare light present in the lens. The effects of flare light are illustrated
in this section, assuming a nominal value of 2 percent of the average lunar
-luminance or approximately 5 foot-lamberts. This is accorplished by
simulbaneously tracing two exposures through the system, to the reaséembled
record, cne with and one without the 5 foot-larberts of flare light. The
system transfer functioné apply equally well in either case. The tone-
producing elemenfs are shown schematically in Figure 7-11: VA sﬁmmary of

-the tone-producing elements is given in Tadble 7-2,

7.4.2 Torie Elements

. As shown-in Figure 7-1l, a lunar-scene input luminence enters the system
through the lens, changes physical characteristics several times in passing
through the various system elements and ends as a density on the reassembled

phetographic record.

7.4.2.,1 Camera Lens. The first component is the lens which collects light
reflected fror the lunar surface. A large range of image luminances is pos-
sible because illumination depends on lunar surface albedo and the value

of the photometric function over the region being photographed. The image

7-21
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- Element

Vehicle camera lens

Vehicle film
Read-out'mechanism:
A. Line scan tube
B. Read-buﬁ scanne
lens ’
C. Collector lens

Photbmultiplier
tube

Video amplifier

Communication sub-
systenr

GREZ electronics

. lens:

-TABLE T-2

1-018375-RU

TONE ELEMENT DESCRIPTIONS

. Description

Mission

olh-inch lens: Pacific Provides high resolution light

Optical Company - EKC

spec 1225-106.80-mm
commerciel
Schneider Xenotar

‘Kodak Type 50-243
| EXC Spec 1225-118

" EXC Drawing 400-1506

EKC Drawing 1206-141

E_ectro Mechanical
Research, Inc. Type
542 D-0l-14 EXC Spec
1225-121

EXC Spec 1225-121

Section 3.4.3.3
of Boeing Spec

- D2-100112

EKC Spec 1226-100

7-23

‘signal output. '
" signal 1s formed by the addition of

‘imaging for photographlc record-

ing, . :

-

Records lunar scene imeges for -
subsequent read out.

Produces a flying-spet light
source

Images the flying spot of the
line-scan-tube onto the vehicle
film. ) .

Collects light transmitted by
the film and directs it onto the
photosensitive surface of the PM
tube.

Converts the fiying-spot light
intensity, modulated by the film
density, into an electrical signal.

Processes the electrical signal from
the PM tube and produces a video
(A composite. video

sync signals. This composite

8ignal is presented tc the Communi-
caticn Subsystem interface.)

!

Accepts the cormposite videc signal,

~converts to modulated RF signal for

transmission to Ground Steticns, de-
rodulates transmitted signal, and

presents composite video signal to GRE.

Accepts composite video signel from
Communication Subsystem demodwlator
and performns operations necessary for
controlling the kinescope display.



- Element

Kinescope

GRE lemns
Reconstructed record
film

Reassermbly printer .

lens

Reassembled record
filw

TABLE 7-2 {Continued).

' Description

Type S5CEP16 EXC Spec
1226-1C1

Kodak Tyﬁe M235
Kodaek Type S0-3L9

Goerz Arter f£/11_,
11" focal length

Kodak Type 5u427

L-018375-RU ' i
Mission -
Displeys an intensity-modulated =
flying spot for photographic D
recording., - s e

Images kinescope flying spot onto
the Reconstructed Record Film. -
Accepts and reccrds the images .
formed by the GRE lens (positive image) '

Provides imaging'of reconstructed -
recorc output onto reassembdbled ’
record.

' Provides directly interpretable

reassembled visual picture (negative
image)

[
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" brightness parameters for the 24-inch lens are plotted in Figure 7-12,

both with and without the 5-foot-lamberts flare contribution. Note:
because the window'atﬁenuation is less than the lens-to-lens variation
in trensmission the effects of the window in the PS pressure shell are

not included. See‘Figure 7-27 for the 80-mm lens image illumination plots,

7.4.2.2 S0 243 Film, The charecteristic curve £or Type SO 243 Filw is siven in
Figure 7-13. On this Figure, read-out density was derived by compensating

the standard NH blue filter densitometer readings for the correct film

Q-facter. Film transmission and'density arevrelated by the equation.

D%%%

For convenience, this relationship is also plotted on Figure 7-13. The

S0 243 filr is exposed and processed to a density range of 1.0.

7:&.2.3 Read-out Mechanism/Phqtogultipligr Tuﬁe. The processed itype

SO 243 Film is scanned using a line-scan-tube flying spot tc convert the
magnitude of film transmission to an electrical signal. The spot is.
imaged on the film by the‘;ead-out lens, and transmitted light 1s relayed
to a photomultiplier tube by & ccllector lens. The photomultiplier-tube

gain is sensitive to lced resistence, cathode efficlency and anode potentiel,

'among other things. The gain is adjusted to achieve the photomultiplier out-

put voltege vs film transmission characteristic of Figure 7-1hk. The read-

‘out output is considered to be at the photomultiplier tube load resistor.

7.4.2.4 Video Amplifier/Date Link/GRE Flectronics. More, approximately-

‘ linear, electrical processing follows the read-out stage. A video ampli-

fier having & gein of 100 is shown in Figure 7-15; a unity-gain data link
response is shown in‘Figure 7-16; and Figure 7-17 glves GRE low-frequency
electrical response. These are all lineér’estimates; obviously any real

equipment will have‘some small nohlinearity.
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7.4.2.5 Kinescope/GRE Lens/Type SO 349 Film. The GRE electronics drives

the klnesccpe grid tc accomplish the uoulinea" luminance variation of

" Figure 7-18. A relative luminance scale is used in this figure because

rormal photographic spot luminance measurements in lambcrts are not
applicable because of the spectral range cf the P-16 phosphor. To com-
pensaté, the gfid bias is adjusted experimentally to achieve the desired
reconstrucﬁed record exposure when the lens of Figure 7-19 is used to

expose the film of Figure 7-20.

7.4.2.6 Reassembly Printer Lens/Type 5427 Film. One more tone processing

step is required to produce reassembled images. This step uses the reassembly
printer lens of Figure 7-21 and the duplicating filw of Figure 7-22. Agein,
nominal characteristics are given. 'The reconstructed and the reassembled

records are exposed and processed to a_density range of 1l.5.

7.h;3 Tone Performance

7.4.3.1 2L-Inch Lens. Cozbining the transfer characteristic of all ol the.

above camporents gives the input lunar lurinance to output density of
Figure 7-23. The effect of 5 fooi-lamberts of flare light is *eadily

apparent.

/As a matter of inférest, Figures 7-24 through 7-26 illustrate the tone
transfer characteristics present in the system, stepping at the S0 2&3 film,

the kinescope face, and the reconstructed record (Type SO 349 Fl&ﬂ) Note:

these curves are for the 24~ inch lens only. .

7.%4.3.2 80-<mm Lens. Curves relating lunar luminance and exposure for
the 80-mm lens are given in Flgure 7-27. Tracing an input through the
system based on the curves of Figure 7-27 results in the 8C-mm '

7=35
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lens tone reproduction curves éhcwn in Figure 7-28. "The proceés followved

is exécfly the same; only the 'imagé brightness parameter has changed.

7.4, 4 Summary

The predicted tcne'reproduction chafacteristic of the LOP system, as
exhibited in the curves of Figures 7-23 and 7-28, is considered to be
satisfactory. The flare light renders a slight increase in the reassembled
record density, primarily at +he lower portion of the lunar luminance
ranuge. However, in both the presence and absencé of flare light, the
linearity and slope of the curves are such that the reassenbled record
image will appear as & faithful rendition ofrthe original scene. The
contrast has been increased to accommodate the human eye and, incidentally,
also matchés the maximum contrast at which reflectior prints can be repro-
duced. Accordingly, the photographic output should be highly satisfaétory

for visual interpretétion of the lunar data.

Note: The maximum density latitude of the reassembled'record corresponds

to a rather restricted luminance range in the original scene. The primary
‘reason for this restrictioh is the need for maintaining a high signal-to¥
noise ratio throughout the information handling channel. This is accomplished
by restricting read-out to a density range of'0;3 to 1.3 on the Type SO-243

film.

The curves of Figures 7-23 and 7-28 are based on a combination of'measured

and estimrated date. Later deste may show that some of the compbnent'curves

that coﬁtribute to over-all tone reproduction must be changed. This does

not imply that the éﬁrve shapes-of Figures 7-23 and 7-28 significantly. There
are many opportunities'for_adjuSting the system:  for examplé? by adjusting

the photdmultipiier anode volfage’or kinescope bias and gain, or by changing the

M
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.processing parameters of the reconstructed or reassemb‘ed records. This
ensures that both the over-all tone reprodactlon curves as shown in Figure

7-23 and 7-28 and blgh s‘gnal to-noise ratlo can be malntained

In addition, it is planned that each pay-oad w*ll be callbrated during
testlng, so that measured tone reproduction curves will be available for

" each payload. GCray scales'(9-stepé) were included in the pre-exposed

test targets for this purpose. During cperation, continuous calibration

of the read-out equipment will be possib%g by usirg gray scales pre-exposed

on the margin of the vehicle film. .

The following table can be used as a referencé for relating Typé'SO—243 Film

read-out density to the reassembled record density:

Gray Step S0-243 R/O  Reassembled Record
_No. Density Range Density Range
1 0.21 - 0.29 -  Clipped by GEE
2 0.26 - 0.34 - . 1.89 - 2.11 (clipped if R/O demsity
3 0.3k - 0.b2 1.6 - 1.8 oW O 30)
o 0.b5 - 0.57 . 1.3 - 1.k
5 0.61 - 0.73 0.99 - 1.13
6 0.82 - 0.9% < 0.66 - 0.80
7 1,05 - .21 0,50 - 0.60
8 1,32 - 1.8 0.42 - 0.50 (may be clipped)
5 140 - 1.56 . .Clipped by GRE

.

As can be seen in Figures 7-23 and 7- 28, the predicted density range in the
reassembled record falls well within the desired range.

7-48
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' ating conditions and as & result of PS-to-PS variations:

L-C18375-RU
SECTION 8 -
NUMERICAL SUMMARY N

_ The numerical values associated with the PS are summarized-in this section.

" Minor changes in these values may occur as the result of changes in oper-

8.1 NOMINAL MISSION PARAMETERS. . -

a. ,"Area of interest T Lunar Surface (1+6 KM Fominal
R, ST R ;}-; ... Perilune Orbit)"
SIS D ot u TolLhL e Tee el ol :¢210° Latitude . . _

.+ 60° Longitude -

b. Primary mission orbits Apolune: 1850 XM Nonﬂn_al
. S L Perilune: Orbit A - 46 KM Nominal
T S Orbit B - 200 KM Nominal

.c.. Bocemtricity . . . ... 7 Orbit A - 0.33582
‘ ' Orbit B - 0.29859

4. Vehicle -velocity at 7 Orbit A - 1.916 KM/sec

=T Perilune- 1'-"-1:--' “ - Orbit B - 1.812 KV/sec
. . €. Nominal illumingti,on of 1 - . 12,500 foot-candles -
7. .07 lunar surface (solar:. . o nlmiee.
. ... . constant) SO EALIT o E Ll T TR

7 f Maximum.brightneég of - 2250 foot-lamberts
-lunar surface {albedo = _

_ 0.18) Lo
. g Albedo range - .. .. : . - 0.06to 0.18-:

*h.  Orbitel -period % * l-* 7 ¢ Orbit A -'208.0 Minutes
i Orbit B - 217'3 Minutes .

- e 1., Orbital-inclinatien - = - . Primary Mission Orbits
cowtan oo, F .z Orbit A - .15° Nominal
: Orbit B - 15° Nominal

.‘_v\ \



8.2 PHOTO SUBSYSTEM OUTPUT .

Inclination of major
axis of orbits to moon

terminator

Lunar gravitational

constant

Mean_lggar ra§ius

Form

Coverage
photographed
area (non- -
redundant -

(194 frames)f;'
(20 frames/ )
-orbit maximum) .
' " Orbit B - 68,000 K2
(8.8% forward overlap)
(78.66% side overlap)

Scele in PS

Ground  scene

dimension
per frame

Surface reso-
lution

at 76 lires/
mm on space-

" eraft film

-at‘lOO'lineé/

mm - on ‘space= -
eraft film -

" L-018375-RU

- 27i5° Neminal

4902. 7779 KM /sec?

1738.3 KM

Reconstructed photograph on
ilm via video link-- <7

High Resolution Lens

Low Resolution Lens

Orbit A - 11,000 KM@

(8.8% forward overlap)

(9.36% side overlap)

‘Orbit
Orbit

Orbit

Crbit

Orbit

_Orbit

Orbit
Orbit

A

B
A
B

8-2

1:75,450 .
1:328,200 °

16.52 KM X
L.15 KM

T1.95 KM X
17.95 X .

1 meter
L.35 meters

0.75 meter-

3.76 meters

Orbit A

(20.03%

Crbit B

(52.2% forward overlap)

!(81;29%

. Orbit A
Orbit B

" .0rbit A-

- .1 31.67 KM

Orbit "B

=.95,000 K2
(52.2% forward overl

side overlap)

- 603,000 e
side overlap)

- 1:575,000
1:2, 500,000

- 37.L6 KM X

- 16L.16 XM X
- 138.49 KM

" Orbit A
Orbit B

-"Orbit A
Orbit B

7.6 meters

= 33.20 meters

{=-5.75 meters

2L.9 meters

ap)

-

(=1

C:

=)

-

i

il



- : 8.3 SPACECRAFT DATA - NOMINAL

" @.' Moment of inertias

- ' . . b. 5/C center-of-gravity in
- 77 7 'PS coordinate system

o f-,:t_'
8.4 PsS pATA*

8. Qverfgli size

b.  Over-all welght -

- . Prelaunch-

Pre-Finsl Resdout

'

*" 1-018375-RU

- 78 slug-ft“ mex

= -1.8 inch, Y = O,
= 8.7 inches

B HH

- 68 slug-f‘t2 at burn out

26 =Y 'axis ~Dimensions are

22 - X axis “in inches

32 -7 axis - -
138.36 1lbs.

PS center of Gravity in PS coordinate system¥ R

Post-Photo

- ' "X +1.49 * 0.10 inches +1.66 * 0.10 inches +1:53 t 0.1C inches
Y -0i057% §.10° -0.02'#0,10 " -7 " -0.06 £ 0.10

'Z +1.89 £.0.10 - - +2.00 %

- i 4. PS mdﬁéﬁt§;QQQ:§foducts_gf';negt}a*_ :

- o vi L dana I.. 620 in 1B o

- | B L in 1b

I_ - 4 in1v

Py, 115 il

N ij; ;1#-3 in Ib
Pxiﬁﬂﬁl'ﬁs. in 1b

*Will vary slightly from PS-to-PS. See

v

sec

2 -
sec BRI

8-3'3

sec2

A "D N
sec

2
sec™ -

sec

the mppropriate data package. -

ﬁ:;uPost Readout

0.10 ' +2.13 * 0.10

~——



e,

Principal components

f. - Construction

g.

8.5 CAMERA

. _,‘.'...wa,:_:'l‘y'pe . LR e -

A ‘.'..:_b

IS

C.

4.

Environment

Temperature of
pressure- shell

.. Pressure within

. pressure shell
Pressure shell leak rate

14

--Lenses - _
-.(1) High resolu*ion

(2) Moderste resolution

Shutters N
(1) =High resoluiion lens

(2) Moderate resolution o

Lens Cens L
Exposure Times*

i1l very slightly from PS-to-PS.

8-4 -

;';-018375;RU.

Camera . C e e e
Processor/Dryer"""“"h"“”
Readout Group ’

Film Hendling Mechanism

- V/E Sensor.

CCP

,.Pressnre vessel for 1 2 psi

differential

60° = 10°F

1.0 - 1 9 psi
less than 0.03 SCF/day

Dual ‘Frame .

‘.\ -

Paci*ic Optical

2l-incn* (610 mm) £/5.6
film format 2.165 inches

x 8.622 inches '

Schne¢de“ Xenotar .

' 3.15 inch* (80 mm) £/5.6

film format 2.165 inches
X 2.560 inches

Foggl Pléng

" Between the lens -
. Prontor I (Modified)

1/25, 1/56, 1/100 second by
RIC-command -

See the appropriate data packege. "~

TR

)

£

B

7).
.‘-.h

(5 ‘

r.

)

]



(2) Comtrol: -
(3) Nominal -IMC*velocity

- Photograph cycle-~ =

Image mot ion ccmpensation
(1) Method - -

e -

- Orbit A
(k6 )

Orbit B
(200 km)

Scene width’
(both lenses)
Edge data width
(pre-exposed) -

[

Edge deta control

»

time at perilune

8.6 FILM PROCESSING T

a.

Method

8-5

" L-018375-RU

‘Translation of Film Plane
3By'V/H ‘sensor- L

8. High Resolution Iens -
25.37 mn/sec” ’

b. Moderste Resolution Lens
3.36 mm/sec. : .

a.. High Resolution Lens
5.52 mm/sec

“b. "Moderate Resclution Lens

0.58 mm/sec
2;165 %.0.001 inches

~40. OOOO

0 0375 -0. 0020 inches

Gray Scales, Resolution charts,

" Scanner Spct reference, ReT_“

assembly Track-linearity,
Foecus lines, Frame number.

Orbit A - High Framing Rate
1.98 sec per frame
Low Framing Rate

cem LIl 157,91 see rer freme

Orbit”B ~ High Fraring Rate
o =onz 9:09 sec per freme
‘ Low Framing Rate

T0 5°

Lemination with Kodak Bimat
Film (Ester Base), Type SO-111
presoceked with Kodak Bimat
Imbibant PS-L8SK. o

T fritl 36,37 sec per freme

I,



8.7 PHOTO READ-OUT

L

b.

o o o

=] m v o

8.

. Pfocessing‘speed
. _Processing time . -

. Processing temperature

Drying temperature
. Dryfng-time " - -
.Drying speed - - -

"Bimatifilm*sﬁorage
' tempersture " . - -

~d. ;Weighijbfrraylpad film

1-018375-RU

2.4 2 0.1 in/min
3.227minut¢§3__ E
85° £ 2.5°F ...
95° :*_3°F (at 1 psia)
-11.7 minutes
2.4 £ 0.1 in/min

-60°F £ 10°F

+ leader - -  2.30 1bs (260 £t)

Weight of Bimat film

2.50 1bs (2O ft)

Relative humidity in y ..
_ Ppressure vessel 50 £ 20% .. .- . .
Bimet spdol capacities 260 £t e L

(2)

Rate
Framelet size (including
- .. 40.0025 over-scan)

" Maximum readout rate

ULy

pgﬁréadout

0.105 inech x 2.269 inch

b Frame/OrBit; not more than
4 consecutive orbits

5.0 Fremes/Orbit (may be

BeféfgrBimét cut

After Biﬁat Ed£

' increased as & resulit cof test
program) Lol LT
\

8-6

1 22.02 +°0.01 sec/per framelet

(
A



.(2) Apertn:ea .

+{1) . Line Lengtn (on anode)
‘(2) > Efféct ive .spot diameter
(3) Drum speed ) '.f:.;'::».',-, o

OMS iens
(1) Designation

(3) . Focal length

(4) Angular field .
" (5)  Scanning dimensions . .

’ at film"
(a) “Scan line interval
(b) .Framelet width -

C(e) Film advance pe; ,u

1L-018375-RU -

M-176A :
’ f./2 h. ;+ O 1 -

=0
13 32mm % 1%

i_ 7 TO degrees - half angle

Nhad

s

" 366 Linesm

T o 10‘5"1ric'hés (2:67 mm)

0 100 inches (2.54 mm)

P framelet i 0. 001 inches
(d) Spot diemeter (in } _ +0.0002
rnm plene) “-77C g 0. 0065 -0,0003
,‘-:Z(e)v Linear scenning 2 269 O 0002 inches
T - distance

T Zf) Tens shuttle time

(1) ZLineer travel
’ " time
(2) Turnaround
time
(3) Total scan

time/frame

Line -scan tube -

(h) Phosphor
*(s) Anode - voltage

f:(6) Spdt -veélocity on enode

P
e Tes RN s

. - L e AT

ARt

MY

(57 63 mm)

. 20.02, sec i O 10 L

ERATER

2.0 sec * 0,01

22 02 0 ll sec

2 372 inches
0. Oohkdinches

-1000 .rpm. (minimum)
L pyg e i

' 20 'KV nohiral
* 2036 in/sec nominal

.“\'



. 1. Coﬁposite video aignal

(1)
(2)
- (3
()
(5)
(6)
(1)

- (8)

+(9)

(0)
(11)

_Scan'frequency

Nominal video bandwldth
Blanking pulse wildth
Sync pulse width

Front porch width
Active scan time_

‘Scan time between

fiducial.marks

Video signal voltage
(4 X-ohm load)

Sync pulse voltage
(4 K ohm load)

Black level

Scan period

8.8 FILM HANDLING SYSTEM

&. Loopers

(1)

- (2)

(3)

Supply looper

" electrical capacity

Mechanical capacity

.Tension

Camere Btorage locper
electrical capacity

Y.Mechanical capacity

- Tension

Readout looper

" electrical capacity

Mechanical capacity

*Tlectrical looper capacity will very from unit-to-unit.

appropriate date package.

8-8

2

1 5 *

55

'L-018375-RU

800 cps -
230 ke
90 usec b4

- 25 usec:: 2

23 pusec & 5

1160 psec nominal

1105 psec * 11
5 % 0.2 volts

" (white to black)

-0.90 % 0.21 volts

: (below black)

-2.1°% 0.1 volts

" 1250 psec £ 0.12

+ 0
-1/2

3 1/ t 1/16 inches
~1.5 £ 0.1 pounds

237 g inches

11/2

+90.7
- 0.5

Anches.

258 inches

poands

48 % € inches

+ ¢
o+ O

inches

See the

Ty

4

> -



3

]

Looper partisl -
full capacity -

Tension

-(4) Take-up looper

- electrical capacity
Mechanical capacity

' Tension
Spools
(1) -Supply spool capacity
(2) ‘Take-up .spocl capacity -
Camera film advance
Advance time per frame pair

Arount of film per film
advance

Thread-up lengthv

(1) Loopers full

(2) Minimum (loopers
electrically empty)

8.9 V/H SENSOR .

.'“Rangé'of operation

Output rotational speed
ratio

Number of tracking cycles - |

. per output shaft rotation

.~ V/R at Orbit A perilune
(46 km)

" V/H et Orbit B perilune
(200 Xm)

1-018375-RU

2.0 7 8.2 inches from
T Y'Y electrical empty
+ 0.5

2.00 - 0.5 pounds

2 1/2 + 1/b inches

31/27 ;;ig inches

2.80 * 0.25 pounds

260 * 20 reet

+ 20

260 _

feet

1.0 £ 0.1 seconds

11.690 * 0.117 inches

S54L6.5 inches

234.8 inches

0.008 to 0.050 sec™t
, . L
12.1575 rps per sec

2

L41.6 x 10-3 sec

9.05 x ;@f? sec



~ L-018375-RU

f. IV Shaft - period ﬁf one revolution

" At Orbit A perilune
At Orbit B perilune

8.10 PS POWER CONSUMPTION

1.977 sec o
9.091 sec '

The maximum power'requirements duriné PS operational modes are:

Solar eclipse

Standby )
Photographic
.Processing .
Bimat cut L}'
Readout

8.11 FIIM

.&a. Vehicle film

(1)

(2)
(3)

()

(5)
(6)

Type

Width
Length
Thickness
Weight

Leader

*Based on supply voltage of 30.5 volts.

8-10

30

22.1 watts¥*
TT7.2 watts*
104.9 watts*
109.4 watts*
86,6 watts¥*
6l.4 watis*

Kodak Special High Definition
Aerial Film, Type S0-243.
Processed with Kodak Bimat
Film, Type S0-11l1 sozked with
PS-485K Imbibant

2.754 inches (70 mm film)

255 © 2 (227 £t used for
194 photographs)

. 0.0058 inches

2.20 1bs (260 ft)

+ 0.5

. 00 ftv(Thln Base Estar

preprocessed test
film; total thick-
ress of 0.0035
inch)

€0

Jpe——



4

_‘l\lf |

8.12 INSTRUMENTATION

a.

."I
i 1-018375-RU
Ground reconstruction regofding £ilm
(1) Type - ‘ . Eastman Television Recording
o _ Filn, Type S0-349 ,
(2) wiath .~ 3w
Réaésembly'film”~‘ - . _
(1) Type ' - Kodak Aerographic Duplicating
; ' ' Film, (Estar Base) Type 5427
(2) width o 9.5 inch nominal

N

.- “\-»‘ ’
Telemetry and test points

Identification . No. of Test Points No. of Telemetry Points

Film trensport .-
Camera )
Processor )
Bimat film status
Readout o
Environmental -

Pover =
Command

Blw\owrr—'oroo
l'o st
O FWHNOVIW

W
-3

Total -

" Instrumentation signal output
~(1) -Analog - '0-5 volts.
(2) Digital’

v +',
O O,
OO\ WO

(a) © volts for negation (false) (logic "zero")

(1) 6

volts for affirmation (true) {logic "one"

S+

8-11



d'

- Instrumentation load impedance.

(1) Analog - 5 megohms
(2) Digital - 500K minimum

L-018375-RU

Instrumentation source Impedance (ahalog) - less than 5K,

8.13 GROUND RECONSTRUCTION EQUIPMENT

&.

b.

(1) Input signal

Kinescopé
(1) Tube

(a) Resolution
(2) Operation mode
(3) Horizontal sweep
’ amplitude
(4) Warm-up time
Recording camera
(1) Type

(2) Film drive veloeity
(3)

(L)
(5)

Film capacity

Lens

Warm-up period T

B-12

~ Ground reconstruction electronics

Composite video signal, 6.C
+ 0.4 peak-to-peak, sync
negative, 72 % 1% ohm input
irpedance .

RCA C24031 (or equivalent)
230 kilocycle/sec (min) signal

" Line scan.

3.15 £ 0.5 inches'peak-to-peak

L5 minutes

Westrex 35 mm Recording
Camera (modified)

0.8160 t 0.0020 inch per sec

1000 "ft maximum (Standard
Mitchell magazine)

50 mm, £/2 (M-235, EKC)
45 minutes



