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11.G CIFPTES SEALER AND SPLICER MECHANTBMB

The PRSP BAC comtains four cubter/sealers [U78s), the &ft backup cultér, twe

These are all spring-leaded, pyvo-actuated devices wsed in the termination and

vocovary of film fsee Parr 3, Section 12}.
11,1 Function

Cutter/sealers 1 and 2 are mounted on the gapsule covers of SRV 1 and SBEY 2
raspectively. When actuated, they cut any film pot rvolled into the SRY, and

seal the capsule against the external environment.

{utter/scakers 3 and 4 and the TSHT assemblies are mounted in the ¢ and 5
TERT enclosures, The cutter/sealers act as film-path light and pressure seals
after the separation of SRV 1, and dés fedundant cutters to O/S 1. Their lo-
cation aft of the tummel Separation points ensures that any film crapped in
the tunnel will not affect separvation of the ejettable adapter (EA). The
TERTs; cutter/sealers with the blade removad, trap and hold auy fiism left be-
tween the TSRT enclosures and splicers. They alse serve as m@&&&&ﬁﬁt'light

and pressure seals for the ¥ and 5 filw paths. To ensure that the free end

of any £ilm trapped by the 9 TSRT does mot enter the film path o SRV £, a

sﬁiél& is wmounted aft of the Station 34.% bulkhead batween the TSRT and the

Film path to SRV 2.

The pft backup dutter [ABUC) i3 a cutter/sealer with the sealing gasket res

moved. Mounted in the film supply enclosure, 1t acts as a redundant cutter

to OF8 2. The 9 and 5 spliver mechanisms are located in the film supply

% S
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enclosure, attached to their respective supplies. The film is guided to
take-up (T/U) 1 by the splicer mechanisms until commanded to transfer the

path to T/U 2, Upon actuation, the film strand is spliced onto the leader

from T/U 2 and then severed shead of the splice., The film tail is free to
be rolled into SRV 1, while the splicer guides the remaining film into

SRV 2 for the second half of the mission.

The functions of the cutter/sealer and splicer mechanisms are suwmmarized in
Table 3.,11-1., Fipure 3.11-1 shows the location of the devices with respect

to other components in the vehicle,

The following sections describe a typical cutter/sealer and a splicer. Due
to the similarities of the cutter/sealers, TSRTs, and the aft backup cutter,

one example will apply to all, with differences being noted where appropriate.

11.2 The Cutter/Sealer Mechanism

As shown in Figures 3.11-2 thyrough 3.11-5, the cutter/sealer consists of
four subassemblies: the baseplate, the pivot door assembly, the latching

mechanism, and the electrical comnector and circuit board. Each cutter/sealer

is approximately 15 inches long overall, and weighs about 3 pounds. The base-
plate opening measures 1.5 by 10.75 inches, with the actual free-film path
slightly less due to encroachment by the cutter/sealer blade guard (see

Figure 3.11-4). ©No smaller cutter/sealer has been designed for the 5

film subsystem,

11.2.1 Latching Mechanism

The latching mechanism holds the pivot door open until the cut/seal function

is commanded. The latch release is actuated by redundant pyrotechnic de-

vices (dimple motors), either one of which is capable of operating the

3.11-2
Handle via BYEMAHN
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TABLE 3.11-1

FUNCTTONS PERFORMED BY CUTTER/SEALER AND

Bl F-008- W-C-019842-RI-80

SPLICER MECHANISMS

£-11°

Function Primary Backup
Mechanism Mechanism
Splice film strand to leader 9 Splicer Mechanism ?
from Take-up 2 (9 or 5) 5 Splicer Mechanism (None)
Cut film 311 film rolled 9 Splicer Mechanism Cutter/Sealer 1
entering into 3RV 1 5 Splicer Mechanism (965)
SRV 1 "
Film not rolled Cutter/Sealer 3
into SRV 1 Cutter/Sealer 1 (9&5) Cutter/Sealer 4
Seal SRV 1 Cutter/Sealer 1 (9§5) (None)
Seal‘g and 5 film paths Cutter/Sealer 3 TERT 9
to film supply enclosure
during second half of mission and and
- Cutter/Sealer 4 TSRT 5
Trap film strand exiting
from splicer mechanism (8 or 5) §2§¥ 2 {Kone)
if not rolled into SRY 1 - -
Cut film strands entering Aft Back
’ Cutter/Sealer 2 (985 ALt Rackun
SRV 2 / (985) Cutter (9§5)
Seal SRV 2 Cutter/Sealer 2 (9E5) {None)

Handle via BYEMAN
Control System Only

Note:

9 refers to 9.5-inch wide film
5 refers o S-inch wide film
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Figure 3.11-1. Cutter/Sealer and Splicer Mechanism Locations
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Blectrical Connector

(not typical of TSRT configuration) Door Open Latch

Dimple Motor Locations "Open" Instrumentation

Switches (2)

Y;Springs

iy

S-11°%

Circuit Board Support Door Closed Latch
: {2 places)

Figure 3,11-2, Cutter/Sealer Assembly (Partially Closed)
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Latch and :
Dimple Motors

“Opeh”

Base Opening Tnstrumentation

Lower Gasket

"Closed”
Instrumentation

TR ki

Figure 3,11-3. Cutter/Sealer Assembly (Open)
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END VIEW pasker

Connector and Bracket

Removed a,5-Inch Film

L.QQ Typical

5-Tnech Film

Blade Slot
Gasket

Blade Guard

Spring (5 places) Instrumentation

Microswiteh {2 places)

Instrumentation
u 8 ¢ O o oraeney
R (2 places)
0N NEgsN i
S T “1‘ S—
Ei: ,“!'1'"9" VETRY, By WU UY W TATYY 71’71""1’7!!’1!‘Vf!ifiii"""';{ THL —T
1.5
£ el - __i_
S— —————"
~ 9.5-Inch Film .
TP P § <1 W o 13 DU— 6625 (2 places)
M SR—— *
Max
Blade Slot ) 2.875
Gasket Max
NOTES: 1. Base opening measures 1.5 x 10.75 inches.
2. Drawing is not to scale.
3, Dimensions are in inches.

Handle via BYEMAN

Figure 3.11-4, Cutter/Sealer Film Path Space Location
Control System Only
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Figuye 3.11-5, Typical Cutter/Sealer Device
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mechanism, Separate, electrically isolated firing signals are provided to

each pyro on twisted, shielded wires from the initiator electronics unit,

11,2.2 Pivot Door Assembly

The pivot door supports the serrated cutting blade and the blade guard. In

the event that film tension is lost, the guard will prevent damage to the

£ilm by the knife blade, Torsion springs along the door hinge provide the
driving force for operation., A gasket on the door seats on an identical
gasket in the baseplate forming a light- and pressure-tight seal when the
door is closed. Note that, as stated previously, the cutting blade and
blade guard are removed from the TSRT mechanisms, and the gaskets are re-

moved from the aft backup cutter.
11.2.3%3 Electrical Interconnection and Instrumentation

All electrical signals, including the pyro firing pulses, are routed through

a single 18-pin connector at one end of the cutter/sealer. The bracket sup-
porting this connector alsc supports a mounting board for the instrumentation
circuitry. The bracket on TSRT devices is slightly different in that the
connector is extended from the TSRT by a short length of cable. The micro-
switches illustrated in Figure 3.11-5 are used to monitor the door position,
providing redundant outputs. Switches Sl and S2 and their associated pro-
cessing circuitry are powered from the +5-vdc instrumentation supply, while

. switches S3 and 54 and their processing circuitry are powered from the +15-vdc

supply. The output levels for these monitors are identical:

0.50 volt Actuation has not occurred,
. 2.50 volts The pivot door is in transit.

4.50 volts The operation is complete.

. 3,11-9
Handle via BYEMAN
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1i1.2.4  Cutter/Sesler Operation

The following discussion refers to Figure 3.11-5,

ol commard, He dimple wmotors in the latching mechanism ave actuated,
forcing the uwpper lateh to plvoet rearward, The Ipwer latch 1s then relsesad

and the torsion springs pull the door free, The door is forced shut by the

springs and the (ilm stiand(s) sevébed by the knife blade. Under normal
Force loads the door is held shut by the residuzl force of the springs. Two
latches, which supply & positive locking force, ave included o guard against

the effect of shock ldgds or other dbnormal forces,

FELE Splicer Mechanism

Mechanical details of the splicer wechapism are illustrated in Figures 3,156

through 3,11-8, EBach splicer measures approximetely 5 1 7.8 x 14 inches,

and welghs about 10 pounds, For purposes of discussion, the mechanisi has
beer broken down inte four subassenblies: the pyrotechnic dimple motors and
drive linkage, the shuttle assembly, the platen assembly, and the electrical

connectors snd instrumentation,
11.3.1  Dimple Motors snd Drive Linkage

The drive linkage, iilustrated in ?ign?e 5,118, consists of the encoder

shaft, the drive shaft, amd the crank bars and pantograph arms.

The encoder shaft 15 geared 01 pg the deive shaft.,  The instrumentation dn-

cotder is mounted at one end of the encoder shaft, while at the opposite end

the lateh wheel and latch provide the holding force and gotuation contrel for

the splicer. The latch is relesased by firing redundant dimple motors, sither

3,13-10 _
) Handle wia BYEMAN
T4 CREY G fantrel Systew Only

Approved for Release: 2017/02/14 C05097360



. Approved for Release: 2017/02/14 C05097360 . . .

ECRET & 81 F-008~ W§-C-019842-RI-80

Packing Material

Clrouit Board gna
o gy Gate Rel
Shuttle Assembly gl ate Release
: L Ingtrumentation
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o
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Figure 3,11-6, Splicer Mechanism
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Circuit Board
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Shuttle Assembly
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Lateh Wheel
{Latch Not Shown)
Drive ¥Wheel

Film Path
To SRV 2 Leader
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Leaf Springs (3)
Gate

Woter Bide panel cut away
to show assembly.

Figure 3,11-7, Splicer Mechanism Components
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one of which is capable of providing sufficient force for the task., Sona.
rate Firing pulses are provided to each on fwisted, shielded wires From the

initiatdr electronids bnit.

Torsion springs wounted nn the drive shaft provide the emerpy For the splicing

pperation, The driviag foree is transiitrod €0 the ehooder shafy through the

mating goars, and Lo the pantogranh linkage by two crank bars, ong at each ond

of the shatt, Use of the pantograph avm design to genervate the shuttle mo-
“thon ensbres that the shurtie assembly will press squarely on the gpliciang

platen,
11.3.2  Bhutrio Assombly

The shuttle agsombly s a metal structure supporting the upper blade and
pressuie pad, The bBlade Has a serrated edge which mesheés with g sisilar
stationary blade on the lower structure to sever the Fllm strand fust atuer
the pressure pad has formed the splice, At each end of the shuttle struce
ture ts & setscrew which activates a gate release lever sfter the splice/out

has beon daccowplished,
11.3.3 Platen Assembily

The platen assembly is composed of the platen housing, Film.-puide rollers,
and gate struttutre, The plaren assembly holds the film leader from SRY 2
and provides o surface apon which the shurtle assembly can press fogether
the film strand and leader/splicing tape. The platen housing supparts two
fitpmeguide rollers and the gate syructure. A special inset on the housing
Forms w pad apainst which a serrated edge op the gate clamps the leader, A
positive stop leader is incorporated to provent the leader strand frow being

purlled out of the splicer inadvertently {(seo Figure 5.11-0)., Four adiustable

3.11-14
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Eilm Leader

Pressure~Sensitive
Tape

Splicer
% s Gate
74
Gaten_“fx///
Pad
Splicer Positive Stop Insert
Platen Polystyrene Sheet,

High Impact

Pressure~Sensitive
Tape

Figure 3.11-9. Positive Stop Leader

z.11-15
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clamping posts (snubbers) are mounted on the gate and extend through slots

in the platen housing to hold the leader tight against the lower roller.

The snubbers are used as an assembly aid and are not considered the primary
holding mechanism for on-orbit operation. The gate, when released by the
shuttle assembly, is forced away from the platen housing by three leaf

springs, freeing the leader and spliced film to be rolled into SRY 2. At

the same time, a tab at each end of the gate releases an instrumentation

microswitch monitoring gate position,

11.3.4 Blectrical Connectors and Instrumentation

All electrical signals, including the pyro firing pulses, are routed through
a single 19-pin connector. A second connector, supported by the latch mech-
anism, directs the pyro firing pulses from the input connector to the dimple

motors,

Circuitry for the instrumentation monitoring points consists of the gate micro-
switches, a dual-track mechanical encoder, and the necessary signal processing
electronics. With the exception of the microswitches and encoder, all instru-
mentation circuitry is contained on a single terminal board attached to the
splicer housing. Redundant instrumentation outputs are generated, one powered
by the +15-vdc regulated supply, the other by the +5-vdc regulated supply.

Fach is isolated electrically from the other, and consists of a single-gate
microswitch, one track of the encoder, and the associated electronics {see

Figure 3,11-8),

Output of the monitors occurs in four discrete steps and is the same for either

point:

3.11-16

Handle via BYEMAN
ECRET G Control System Only

Approved for Release: 2017/02/14 C05097360



Approved for Release: 2017/02/14 C05097360

ggzpfsﬁﬁfﬁer _5_

BI F-008- 1-C-019842-RI-80

1.0 volt  The assembly is cocked., (After release of the
assembly, the 1,0-volt output will remain until

the drive shaft has rotated 10 desrees.)

1.5 volts The assembly is not cocked. (This level begins
at 12 degrees rotation, the encoder switching
point, and continues until gate release.)

Note: The actual splice/cut operation occurs

between the not-cocked and gate-release
positions,

5.5 volts The gate is released at 120 deprees rotation.

{(Microswitch is released.)

4.5 volts Encoder switching point occurs at 155 degrees
rotation., (This level continues through the

remainder of rotation.)
11,3.5 Splicer Mechanism Operation

The splicer mechanism guides the film strand going to SRV 1 until it is com-
manded to splice this strand onte the leader from SRV 2, Actuation of the
pyrotechnic dimple motors releases the latch wheel on the encoder shaft,
allowing the torsion springs to drive the splicer, The drive shaft rotates
and imparts a cranking motion to the pantograph arm conmnecting links {crank
bars), driving the shuttle assembly downward, The film strand is pressed
onto the leader/splicing tape from T/U 2 by the pressure pad, and the

upper and lower knife blades mesh, severing the film strand at a point just
ahead of the splice., As the shuttle moves lower, a post at each end of the

assembly activates a gate release lever, and Jeaf springs force the gate

3. 11-17
G Handle via BYEMAN
—FSP—SETRET Control System Only
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backwards to free the leader. The drive shaft continues to rotate, 1ift-

ing the shuttle assembly clear of the film. Shuttle motion is stopped at
approximately 270 degrees of rotatien by contact of the upper shuttle section
with the splicer housing. Total time for the splicing operation is typically
125 milliseconds from the beginning of motion to the end of the cycle,

Figure 3.11-10 illustrates the sequential events of splicing as a function

of drive shaft rotation,

At this point, the film has been attached to the leader from SRV 2, the film
strand to SRV 1 has been cut, and the gate has been released. The leader
and film are then free to be pulled into SRV Z., As a part of the splicing
operation, the SPLICE/CUT command (9 or 5) has also closed a set of relays
in the initiator electronics unit, steering the take-up contrel signals to
both take-up 1 and take-up 2, and allowing the loose film strand to be
rolled into SRV 1 as take-up 2 operates. The control signal will be re-
moved from take-up 1 upon execution of the ROLL-IN TERMINATE command.

11.4 Instrumentation Summary

A summary of the instrumentation associated with the cutter/sealers,
the aft backup cutter, the tunnel seal and record traps, and the splicer

mechanisms is presented in Table 3.11-2,

3.,11-18
Handle wvia BYEMAN

MT G Control System Onty
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Notes: {10 Position versus event mmbers tvpical: unit-te-unit
variation mav exceed :b degrees.
{27 Bertom dead center [BROY corresponds to maximum

pad pressure.
{3} Voltage levels represent instrumentation output states.

Figure 3,11-10. Seqguential Bvents vs Shuttle Drive Position

3,11-18
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TABLE 3,11-2

INSTRUMENTATION SUMMARY

IMP Title Desecrintion Power
5276 Cut/Seal 1 (9 and 5) Two microswitches with associated divider circuitry, +5 vde

iocated on the cut/seal mechanism, monitor the status
of the mechanism, One switch monitors the cocked
position of the door before actuation, and the other
monitors the completed transition of the door to the
cut (closed/latched) position. The output is in three
states:

(1} quiescent (.50 volt}
(2} in-transit (2,50 volts)
(3) completed (4.50 volts)

This description applies to all cutter/sealer-style
mechanisms; cutter/sealers 1 through 4, TSRT 9,

TSRT 5, and the aft backup cutter {see IMPs 5277,
5283, L5284, 5278, 5305, 5081, 5082, 5279, 5280, 583,
5084, 5285, 5286},

gg-11°¢%

5277 Cut/Seal 1 { %and 5) Redundant case of IMP 5276% +15 vde
5283  Cut/Seal 2 {9 and 5) Similar to IMP 5276 +5 vde
5284  Cut/Seal 2 (9 and 5) Redundant case of IMP 5283* +15 vde
5278 Cut/Seal 3 (9 TSRT) Similar to IMP 5276 +5 vde
5305 Cut/Seal 3 {9 TSRT) Redundant case of IMP 5278% +15 vde

#* Electrically and mechanically redundant,

Handle via BYEMAN
ECRET G

Approved for Release: 2017/02/14 C05097360




. . . Approved for Release: 2017/02/14 C05097360 . . .
G
MT —— BIF-008- W-C-019842-RI-80

IMP Title Descrigtion Power
5082 Cut/Seal 4 {5 TERT) Similar to IMP 5274 +5 wvde
5081 Cut/Seal 4 (5 TSRT) Redundant case of IMP 5082 +15 vde
5279 Tunnel Seal and Record Similar to IMP 5276 +5 vde
Trap (9)
5280 Tunnel 5Seal and Record Redundant case of IMP 5279% +15 vde
Trap (9)
5084 TSRT (5) Bimilar to IMP 5276 +5 vde
5083  TSRT (%) Redundant case of IMP 5084% +15 vde
4 5285  Aft Backup Cutter Similar to IMP 5278 +5 vde
. (9 and 5)
n
o 5286  Aft Backup Cutter Redundant case of IMP 5285*% +15 vde
(9 and 5)
5086  Splice/Cut (5) An encoder and a microswitch with associated divider net- +5 vde

work, located in the splicer mechanism, monitors the three
separate functions representative of the splice/cut opera-
tion. The encoder has two separate switching outputs re-
presentative of the initial status (cocked/not-cocked) and
the position of the shuttle assembly motion (before BDC/
after BDC)., BDC (bottom-dead center) is the position
corresponding to maximum pad pressure on the platen, BDC
occurs after the splice/cut has been performed., The micro-
switch indicates the pate position {latched/not-latched).
The normal initial and completed conditions are: latched,

* Electrically and mechanically redundant,

Handle via BYEMAN

Control System Only T CRET _¢
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Mp Title Description Power

before BDC, and cocked (1.0 wolt): not-latched, after
BOC, and not-cocked {4.5 wolts)., The transition levels
are: latched, before BDC, not-cocked (1.5 volts): not-
latched, before BDC, not-cocked (3.5 volts).

5085  Splice/Cut {5) Redundant case of IMP 5086*, using similar inputs from +15 vde
separate encoder tracks and a separate microswitch

5281  Bplice/Cut (9) Similar to IMP 5086 +5 vidg

5282 Splice/Cur (9) Redundant case of IMP 5281+ +15 vde

5536  Cut/Seal 1 1 A latching relay in the initiator electronics unit +5 wde

monitors generation of a pyro firing pulse for pyro 1

in cutter/sealer 1. The output is connected either to
instrumentation return, or when closed by a firing pulse,
to +5 vde in series with an iscolation resistor. The output
is digitized by the digital telemetyry unit {(DTU), resulting
in a binary signal:

Ze-il’y

Ot Quiescent
#11 Fired

Individual monitors and firing circuits are provided for
the redundant pyros in the device.

5537 Cut/Seal 1 2 Similar to IMP 5536, monitors the firing pulse output to +5 vde
the redundant pyro in cutter/sealer 1

5546 Cut/Beal 2 1 Similar to IMP 55358 +5 wyde

* Blectrically and wmechanically redundant,

Handle via BYEMAN

Control System Only _IOP-SECRET G
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LE47

G538

5aza

5544

5545

Ehd44

5541

Al B

5543

5534

iy
it
[

5557

THRY

Title

Cwve f8enl 2 2

Cut fBeal 5 1

Cut/Seal 3 2

L0t /Beatl 4 1

Cut/Seal 4 2

TRET 5 1

[#a3
[

TERT 9 1

APy Backup futter 1

Aft Backup Cutier

5 Splice/Cut

5 Splice/Cut

9 Bplive/Cat

Randie via BYEMAN
foriiral System dnly
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Description

Simitar to IMP 5534, monitors thy firing pulse

o the redundant pyye in cutierfsealer 2
Similar to TMP 5536

Similar to IMP BRE36&, monitors the Firing pulse
o the redundant pyro In entier/sealsr 3

Bimiiar to IMP BRE3ES

Similar to IMP 3336, monitors the firing pulse
to the redundant pyro In cutter/sealer 4

Similar to IMP 5536

Similor to IMP 5534, monitors the firing pulse
to the redundapt pyrn in TSRT 3

Similar no IMP 5536

Simiiar o IMP 5836, monitors the Flring pulse
te the redundant pyro in TSRT o

Bimiltar o IMP E53G

8imilar to IMP 5536, monitors the fiving pulse
to tHe redinddnt Tyro in the afv backup cutter

Similay to IMP 536

Siwmilar to IMP 5536, monitors the firing pulse

aulput

suiput

pufpul

Gulpht

outplit

autpat

outmit

to the radundant pyve in the 5 splicer pechanism

Similar to THMP 5534
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Description Power
Similar to IMP 5536, monitors the firing pulse output +5 vde

to the redundant pyre in the 9 splicer mechanism

Latching relays, operating in parallel with the command +15 vde
relays of the IEU, monitor the receipt of commands from

the satellite control section. Four relays and a re-

sistance network form a D/A converter whose output

accurs in 16 discrete steps ranging from 0.25 volt to

4,75 volts in 0.3-volt increments:

Bit 1 (LS8B) = C(Cut/Seal 2A®¥

Bit 2 = Cut/Seal 1A

Bit 3 = 5 Splice/Cut A

Bit 4 (MBB) = O Splice/Cut A

Similar to IMP 5119, monitors the "side B" input circuitry: +5 wde

Bit 1 (L8B) = (ut/Seal 2B

Bit 2 = (Cut/Seal 1B

Bit 3 = 5 Splice/Cut B

Bit 4 (MSB) = 9 Splice/Cut B

* CBM - Command Bit Monitor
** A refers to "side A" input circuitry in the IEU.

Handle via BYEMAN
Control System Only
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11.5 Command Summary

. 11.5,1 Splice and Cut Commands

& SPLICE AND CUT (PO2766, PO1766, PO3Z766)
5 SPLICE AND CUT (pO2Z573, PO1573, PO3573)

. Function: a., Actuate the splicer mechanism (9 or 5)

b. Connect the 9 and/or 5 take-up control
signals to SRV 2

Interlocks: Enable the 9 ROLL-IN TERMINATE and/or
5 ROLL~-IN TERMINATE commands

Comments: a, Film must be stationary for execution of
these commands,

b, Tension should be rvemoved from the splice
soon after formation (typically within 10 minutes).

. c. -After execution of the first splice/cut, the
loose taill of the film must be rolled into

SRV 1 before any film is moved in the other
camera subsvstem,

11.5.2 Cut and Seal 1 Command

CUT AND SEAL 1 (P02572, P01572, P03572, MP00045)

Function: Actuates - cutter/sealer 1
cutter/sealer 3
. . cutter/sealer 4
TERT &
TSRT 8
Comments: This command is not normally given prior to rolling
in the 9 film and 5 film left between SRV 1 and the
. splicer mechanisms after the SPLICE AND CUT commands

are executed,

3.11.25
Handle via BYEMAN
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311.5.%  Cut and Besl 7 Cosmand

CIFe AND SEAL 2 (PR2RTY, POLSTY, PO3STY, MPOOUGZ)

Function: Actuates - cutter/sealer 2
aft backup cutter

3,11-26 |
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12,0 TERMINATION AND RECOVERY

The recovery of Film is accomplished by ejection, deorbit, and retrieval of
the two satellite reeptry vehicles (8RV's), Prior to eiection, the BRV's ave
supported by the dwal vecovery module [DRM) portion of the PPS/DP BAC which
contains the suxiiiary equipment (film tumnels, TSR s, erc.) necessayy for

on-~orbit operation and ejection upon command.

Subsequent to separation, the SRV is an independent system which must effect

satisfactory deorbit and atmospheric reentry, and most expedite recovexy {alx
cateh or water rerdieval).  EBach SRV provides for monitoring and transmission
of pertinent deorbit/recuvery events through twe independent radio frequency

(RFY bemoons.

12.1 Dunl Hecovery Module (DEM}

The dual recovery module consists of SRV 1, the sjectable adaprer (BA}, and

the Tixed adapter (FA)}, with SRY 2 mounted within the FA. The DEM also con-
tains euxiliary equipment for film rransfer and SRV ejection, inciuding:

the film tunnels, the cutter/sealer and TSRY mechanism, the blast shield and
blast shield valve, pine-pullers dnd ¢jection pistons, and asspciated inter-

connection cabling, Figure 3.12-1 illustrates the internal configuration

of the module, FPor g more derailed discussion of the components, refer 1o

Part 3, Section 1,

1542 Photographic Bavellite Vehicle {PSYY Retovery Manpuvers

Prior to execution of the ARM/TRANSFER/SEPARATE command sequence (12.35.1.33,
the SRV remains passive except for the film fake-ups, internal heaters, and

3.12~1 .
_ - G Hardie wiag BYEMAN
ECRET _° . Confro! System Only
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instrumentation. Before ejection of either SRV or the EA, the PSV must be
placed in the proper orbital attitude with respect to the orbital velocity
vector. It is the responsibility of the satellite control section to pos-
ition the vehicle in this attitude through either a powered maneuver or

inertial flight.
12.2.1 Powered Maneuver

The attitude for SRY ejection is nose aft, pitched down {(see Figure 3.12-2).
When a powered sequence is used, a vaw maneuver of 180 deprees is followed

by a pitch down to the desired attitude,
12.2.2 Inertial Maneuver

A considerable savings in control gas is vealized if the recovery attitude

is achieved using the inertial flight mode (see Figure 3.12-3).
12.2.3 Thermal Constraints

During recovery, the vehicle may be rolled to position the EA and FA pin-
pullers away from the direction of flight, limiting pin-puller temperature
rises, and reducing COM curvature [(hotdogging). The use of a roll maneuver
on past missions (typically 36.5 degrees) has proven effective in maintain-
ing acceptable levels for both. In addition, powered maneuvers into and
cut of the recovery attitude are required under certain orbital conditions.

For a further description of thermal constraints refer to Part 2, Section 14.5.

12.2.4 Tiwming

In normal missions, SRV 1 will be recovered near the midpoint of the mission
and SRV 2 prior to the time of PSV deboost. In most instances, it is also

possible to recover both SRV 1 and 2 on the same revolution if necessary, or

%,12-5
Handle via BYEMAN
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separately on any day of the mission.* For the sake of clarity, the PSV re-

covery events will be discussed individually for each SRV,
12.3 Ejection

All recovery-related ejectable components are mated to the PPS/DP EAC using pyro-
technic pin-puller assemblies. Actuation of the pyros releases the component,

which is then pushed off by spring-loaded ejection pistons.
12.3.1 S8RV 1 Ejection Sequence*®

Although it is not required, SRY 1 is not normally eiscted until both the @
and 5 take-up spools have been completely filled.

12.3%3.1.1 SPLICE/CUT Command. Prior to initiation of the ejection sequence
for SRV 1, both the 9 and 5 film strands leading to teke-up {T/U} 1 will have
been severed, and the strands from the camera spliced onto the leaders from
T/U 2 by the 9 and 5 splicer mechanisms. Actuation of the ¢ and 5 film
splicers is commanded independently, allowing the switchover for each f£ilm
strand to be performed any time prior to the beginning of the ejection se-
quence. Execution of the SPLICE/CUT (8/C) command also applies the T/U con-
trol signals to both T/U 1 and T/U 2 for the respective film subsystens (9
and 5). Normally, tension is removed from the splice by commanding a 10-foot
camera operation shortly after the splice/cut sequence. The wrap-up of 10
feet of film onto T/U 2 will also cause T/U 1 to roll the loose strand of
film into SRV 1. The length of loose film to be rolled-in is approximately
8.5 feet for the 9 subsystem, and 11 feet for the 5 subsystem.

*Restrictions on this freedom are a function of the particular orbit
parameters involved and must be evaluated for each occurrence.
**Cor interlocks on the command sequence, see Section 12.10: Command Summary.

%.12-9
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The contrel signal is remeved from T/U 1 by execution of the ROLL-IN TER-
MINATE (RIT} command.

B £.008. V-L-DI8842-RT- 80

T2.3,1.2 CUT/SEAL 1 Command. The CUT/SEAL 1 command, normally given after
the % RIT and 5 BIT commands, activates the cutter/sealer om SRV 1 {C/8 1),
the backuep cutter/sealors in the § and 5 TSRT enclosufes (C78 3 and /8 4)

and the TSRT mechanisms [TSRT 9 and TSRT 5%, Thess devices sesl the SRV for

recsvery and seal the £ilm tunnels against light, and against debris from the

SRV 1 vetro-vocket, Additionalily, the cuttdér/sealers will cul any film not
rolled onte the T/U spools, and the TSRT mechanisms will clamp and held any
£ilm Ieft in the film tunnel between the TSRT's and splicers to ensure that

it canmot jecpardize the second helf of the mission.

18.5.3.3 EPSM 1 ON Command. The SRV 1 recovery battesy heaters {(EPSM 1) ave
normally commanded O8N four revolutions {(three revolutions minimmm) prior fo
BRV pjection to establish the proper eperating temperature For battery act-

ivation. If the batteries sre activated at low temperatures, & sufflicient

voltage level might mot be reached within the refuired time for SRV becovery

subsystem operation.

123,104 ARM/TRANSPER/SEPARATE {ATS) Commands.”® On the recovery revolution,
the PSY positions the SRV in the proper recovery artitude {reference Section 142.2)
and the BRV is ejscted by execution of the ATS command sequence:

i} ARM The ARM command activates the recovery batteries,

powering the SRY programmers and event beacons
and starts the Yecovery programmer back-up timer,

23 CTRANSFER 1.8 secomnds™ prior fo separation, the TRANSFER
sommand activates the SRY thermal batreries and ihe
Filight disconnsoet 1 {delaved acriond, A lanvard pulls
the Toose IFD cable tlear of the BRY, simultanecusly
reledsing the blast shield valve., Separstion of
IFD breaks an electrical ground through the con-
nector; enabling the SRV dupl ejection programmer,

*For interlocks on the command sequence, see Section 12.10: Command Sunwary
#*retunl values are controlled by GE RESD.

Handle vie DYEMAN
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3) SEPARATE The SEPARATE command actuates spinoff dis-
connect 1 and the two pin-pullers holding
B8RV 1, which is then ejected by push-off
Springs.
At this point, the SRV is completely independent of the photographic satellite

vehicle and the internal dual ejection programmer has taken control.

12.3.2 Ejectable Adapter and SRV 2 Ejection.*

Following ejection of SRV 1, the second SRV is still contained within the DRM,
protected by the EA and blast shield. The opening in the blast shield has been
covered by the blast shield valve, and the film tunnels sealed by the
cutter/sealers and TSRT's in the TSRT enclosures. The PSV normally remains in

this confipuration during the second half of the mission.

12.3.2.1 Ejectable adapter (FA) Ejection. EA ejection normally occurs one re-
volution prior to the ejection of SRV 2 (three revolutions maximum) with the
satellite oriented in a nose aft, level flight attitude, SPINOFF DISCONNECT 2

is commanded, isclating the BA from the remainder of the PSV. A spring retractor
in the FA pulls the disconnected portion of the cable rearward, clear of the
separation path for SRV 2. At this point, the EA is held only by the three
pin-puller assemblies. Actuation of the pin-pullers releases the EA, and it

is pushed off by three equally spaced ejection pistons,

Since clearance around the nose of SRV 2 is extremely limited, unegual ejection
forces might cause the EA or the film tunnels to contact the SRV and damage

its ablative shield. Therefore, the piston springs are assembled in matched
sets to -minimize any imbalances, {Reference Part 2, Section 15: Ejection

Analysis.)

*For interlocks on the command sequence, see Section 12.10: Command Summary.

3.12-11
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12,.3,2.2 SRY 2 Biection. SRV 2 is sealed upon execution of the CUT/SEAL 2
command, activating the cutter/sealer mechanism mounted on the SRV {0/S 2)
along with the aft backup cotter, Neormallv, CUT/SEAL 2 will not be command-

e until zll the remaining film (both @ and 5) has been volled into BRV 2.

SRY 2 elsetion follows the same procedure as described for SRV 1., The re-

govery battery hesters {EFSM 2% are turnsed on a sufficient time prior to

separation to stabilize the battery temperatures, and the normal ARM/TRANSPER/
SEPARATE command sgquence 15 exgouted., Figtre 3.12-4 and Tables 3,12-1A and

E.12-1B summardize the ejection and recovery sequéence for each SRV,

3,12-12
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NOTICE

The following section is included for informational purpeses only,
General Electric Reentry and Environmental Systems Division (GE RESD)
manufactures the satellite reentry vehicle, and is solely responsible
for successful execution of the recovery sequence after proper sep-
aration from the PPS/DP EAC.

Event timing, operational constraints, and design information in
this section have been provided by General Electric RESD and are
not intended to be contractually binding in any aspect; nor is
the information herein guaranteed by General Electric RESD or

BIF-008 to be curreéent,

3.12-13
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PRIMARY MODE RECOVERY SEQUENCE

Bl F~008. W-C-019842-RI1-80

Event or Time of Occurrence s
Des tion
Command (See) * criptio
1, ARM Command TO - 120 Activates both recovery
to TA batteries,
TO - 1992 Beacon 1 starts operating
from battery 1,
Recovery programmer chammel
1 powered,
Retovery programmer backup
timer starts.
Beacon 2 starts operating
from battery 2.
Recovery programmer channel
2 powered.
2. TRANSFER TO - Thermal batteries fired.
Command SV/BRV in-flight disconnect
(IFD) fired (delay type),
‘. T0 + (0.4 = TD SV/SRV IFD operates, dual
ejection programmer starts.
3, SEPARATE TB + 1.8 SV/SRV mechanical separation.
Command
4. Spin Signal T, + 3.4 = T¢ Spin squibs fired.
‘. 5. Retro-Rocket TS + 7,56 = TR Retro-rocket fired,
Signal
6. Despin T, +11.75 = T Despin squibs fired,
. R bs
Signal
o *A1l times are nominal values unless otherwise indicated, and are
controlled by GE RESD.
5.12-15 Handle via BYEMAN
TG RET O Control System Only
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TABLE 3.12-1A (CONT'D)

Bl F-008- W-C-019842-RI-80

Event or Time of Occurrence Descrinti
Command (Sec) * ssexiption
7. T/C Separa- |Tpe + 2.0 = Tep, Cable cutters fired.
tion Signal T/C - RV IFD fired.
8., G Switch Nominal 3.7¢g G switch closes,
Closure increasing Recovery programmer backup
deceleration sequence inhibited,
(Tee)
8. G Switch Nominal 3g G switch opens,
Opening decreasing Recovery programmer
deceleration primary timers start
(TGO) timing.
10. Cover Ton + 26 =T Cover ejection cartridges
: . GO p :
Ejection firved.,
Cover eijected,
Decelerator chute deployed,
Main chute bagline
cutters initiated.
Porebody normally separates
at this time,
11, Main Chute Tp + 10,0 = TMC Main chute bagline cutters

Deployed operate,

{reefed) Main chute deployed (reefed)}.
Reefing line cutter
initiated,

Forebody separates if it did
not during event 10,
12, Main Chute TMC + 4.0 Reefing line cutters operate,

Blossoms Main chute fully blossomed.

*All times are nominal values unless otherwise indicated, and are
controlled by GE RESD.

3.12-16
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TABLE 3,12-1A

BIF-008 W-C-019842-RI-80

(CONT'D)

Event or

Time of Occurrence

hours

Command {Bec)™ Deseription
13, Air Variable (15,000 Aircraft snatches capsule.
Recovery to 5,000 feet
altitude)
14, Water Variable Capsule impacts (oeccurs only
Impact if event 13 is not successful),
15, Bearch Variable Search and retrieval {if event
and 14 occurs).
Retrieval
16, Sink Event 14 + 40 Capsule sinks (occurs only if

event 15 is not successfull.,

*All times are nominal values unless otherwise indicated,

controlled by GE RESD.

3.1

2-17

Mer S
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TABLE 3,12-1B
BACKUP MODE RECOVERY SEOUENCE

Event or Time of Occurrence Description
Command {(Sec)*

B~1., thru B=6. Same as events 1 thru 6 of Table 3,12~1A,

B-7. B/U Timer TA + 2048 One pyro within each set of cable
T/C Sep- cutters fired (if not already
aration fired by event 7 of Table 3,12-1A)
Signal One T/C - RV IFD squib fired (if

not already firved by event 7 of
Table 3.12-1A),

B-8, B/U Timer TA + 2BOB Cover ejection cartridges
Cover fired, cover ejected, chutes

Ejection™” deployed, etc.

v This B/U sequence is designed to
take place prior to or during
high atmospheric heating;
therefore destroying the capsule.

A1l times are nominal values unless otherwise indicated, and are
controlled by GE RESD.

**Qccurs only if backup recovery sequence is not inhibited by Event §
of Table 3,12-1A (G switch closure].

3,12-18 Kandle via BYEMAN
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12.4 Satellite Reentry Vehicle

As shown in Figure 3.12-5, the SRV is composed of two major sections; the

thrust cone {T/C}, and the reentry vehicle (RV]).

The thrust cone contains the deorbit subsystem, which functions to place
the vehicle in a reentry trajectory, and includes the retro-rocket motor
and spin/despin cold gas jets. After operation of the despin jets, the

deorbit subsystem initiates separation of the thrust cone from the RV to

reduce the reentry mass and allow the parachutes to deploy. The recovery
programmer provides a backup thrust cone separate signal (at ARM plus 2048

seconds) to separate the thrust cone if deorbit subsystem's signal had failed.

The reentry vehicle consists of a recoverable capsule (containing a 9x5 take-
up assembly, beacons, batteries, and a programmer), a forebody {(with an
ablative heat shield and liner), a parachute, and a thermal cover. These

are held together by 4 ejector pistons which, when fired simultancously,
eject the thermal cover and mechanically disconnect the capsule from the
forebody., The thermal cover ejection causes the drogue parachute deployment
which results in the forebody/capsule separation and initiates the release

of -the main canopy.

1Z.5 SRV Deorbit and Recovery Events

Once ejected, the SRV acts solely in response to the internal deorbit and
recovery programmers. Upon separation of IFD 1 (the DRM/SRV 1 IFD), the

dual ejection programmer is enabled and begins timing. The spin jets are
fired approximately 3.4 seconds later (2,0 seconds after PPS/SRV separation)},
and impart a high-rate spin to the SRV about its longitudinal axis for
stabilization, This spinning helps maintain the PSV imposed deorbit angle
during retro-fire, limiting reentry vehicle impact dispersion. The retro-
rocket is ignited after spin-up and places the vehicle in a ballistic re-

entry trajectory. After burnout, a second set of cold gas jets fire, slow-
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ing the spin rate so that the aevodvnamic forces gncountered during reentry
can resrient the vehicle attitude, Having completed 1ts task, the thrust

cone {T/0) portion of the SRV iz then giected and the recovery programmer

assumes contral,

Upon reentering the Harth's atmosphere, the vehicle attains a nose-first atti-

tude, with the heat shield provecting the recoverable capsuls. As the decel-

eration force increases, the ¢ switches close, inhibiting the backup recovery
sequence, When the force desreases, the 6 switcheés reopen and the primary

timers of the recovery programmer arve enabled,

Approximately 28 seéconds after the progremier starts, the thérmal cover on
the aft end of the reentry vehicle is efected, deploving the drogue parachute,
ared the forebedy is relgased. The nain chute is then deploved in a rveefed
condivion, dereefed, and the cipsule descends on a fully blossomed parachute

uneil caught by the recovery aireraft,

Ta the event vhat the ¢ switches do hot inhibit the reloveyy progremmber back-

up sequence, the backup sequence will fire the devices releasing the thrust cong
Frogm the RV 2068 seconds after ARM.  Similarly, the badkup sequence will fire

the pyrovechnic devices separsting the thermal pcover from the forebody aporoximately
2RO seconds after ARM. Wit%.p&r&ahut@ &eyioymeni taking place prior to op during
the high atmospheric hesting phase, the parachute and capsule will be destroved

by aerodyranic heat.

Should the capsule land in water (asrial recovery unsuccessfull, it is welighted

1o float nose down, The recovery beacons will comtinue to transmit until the
batteries are exhasusted, Tf the capsule has not been rerrieved within 40 hours
{nowinal time}, a dissolvable plug in the nose will gllow flooding and sink-

ing to prevent unduthorized vecovery of the £ilm,
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12,6 SRV Structure

The structure of the SRV includes (1) the forebody, (2) the recoverable cap-

sule and parachute covers, and (3) the thrust cone.

The forebody is a sphere/cone structure 27.6 inches long and 33.6 inches in
diameter at the aft end, and consists of a phenolic glass liner (reinforced
by internal structural rings) and an ablative heat shield. The recoverable
capsule,which is contained within the forebody and supported by the fore-
body structure, is a sphere/cylinder 25.56 inches in diameter (excluding
mounting ring) and approximately 19.53 inches long (excluding thermal cover).
The 9x5 film take-up assembly, manufactured by BIF-008, and the cutter/sealer,
manufactured by Lockheed Missiles and Space Company for BIF-008, are install-
ed in the recoverable capsule by GE RESD (reference Part 3, Section 2).
Thermal baffles are mounted on the aft side of the recovery capsule to pro-

tect the capsule cover mounted components from the high reentry heat flux.

The heat shield is an ablative material covering the forebody of the 3RV,

which is painted as required for passive thermal compensation while on-orbit,

Additional control is provided by internal insulation and the inclusion of elec-

trical heaters powered from the PPS/DP EAC. The shield protects the SRV

payload against aerodynamic heating, ablating as the RV enters the atmosphere,

The parachute assembly thermal cover protects the parachutes during initial re-
entry, After thermal cover ejection, the forebody is free to fall away from

the capsule,

The thrust cone is a truncated, conical-shaped structure containing the deorbit
subsystem, and is approximately 10.58 inches long, excluding the retro-rocket

nozzle, with major and minor diameters of 33.31 and 13,89 inches respectively.

It is attached to the forebody by a looped cable on each side of the SRV, Four

guillotine~style pyrotechnic cable cutters (two per loop) sever the cables to

release the T/C from the reentry vehicle,

32.12-22
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The electrical interface between the SRV and the PPS/DP EAC is through a 55-pin
connector mounted on the thrust cone portion eof the SRV. This copnector, a
pyro~actuated in-£light disconnect, carries all the electrical signals for the
SRV including power and commands, and a ground wire between SRV and PPS/DP EAC
structures, Additional connectors on the SRY are used for testing and have arm

plugs installed for flight.

Two lug assemblies on the forebody mate with the pin-pullers on the PPS/DP BAC
to fasten the SRV to the satellite vehicle. Four ejection-plunger pads are

built into the thrust cone surface as interface points for the PPS/DP EAC spring-
loaded ejection plungers. Two additional pads are coincident with the tip-off

switch plungers which monitor the separation status for instrumentation purposes.

To eject the SRV from the PPS/DP EAC, the electrical IFD is separated, the pin-
pullers are released approximately 0.9 second later, and the SRV is moved away

by the ejection plunger forces.

The film chute extends from the recoverable capsule through the thrust cone to
mate with the film chute from the PPS/DP EAC using a special flanged adapter.
A similar connection is employed between the RV and thrust cone portions of the

SRV to allow separation of the T/C during reentry.

12,7 Deorbit Subsvstem

The deorbit subsystem controls events 4 through 7 -of Table 3.12-1A. It is
contained entirely within the thrust cone (Figure 3.12-6), and consists of the

following major components:
(1) dual ejection programmer
(2} thermal relay modules

{(3) thermal batteries
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(4) retro-rocket assembly

(5) spin-despin subsystem

(6} cable cutters

(7} T/C-RV in-~flight disconnect

(8} film tunnel

12.7.1 Dual Ejection Programmer and Thermal Relay Modules

The ejection programmer is a dual (redundant) channel electronic unit provid-
ing the event timing and firing control for the deorbit functions; spin,
retro-fire, despin, and T/C ejection. Thermal relay modules are incorporated
to protect the system from possible electrical short circuits in the thrust

cone pyrotechnic devices after actuation.
12.7.2 Thermal Batteries

Power for the deorbit subsystem is provided by two thermal batteries, each
powering a single channel of the programmer, The TRANSFER command from the
PPs/pDP EAC fires the battery activation matches, and also initiates the
time-delay PPS/SRV in-flight disconnect.

12.7.% Retro-Rocket Motor

The retro-rocket motor assembly, comsisting of the retro-rocket and ignitors,
provides the necessary velocity increment to the SRV to effect the deorbit
maneuver, The motor itself is a solid fuel device designed for controlled

burning to limit acceleration forces experienced by the SRV components.

A breakwire installed across the exit of the retro-rocket nozzle alters the
event beacon modulation providing an indication of successful firing (see
Section 12.8.5).
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12.7.4 Spin and Despin Subsystems

The spin and despin subsystems each consist of a gas pressure tank and ex-

plosive valve, and two diametrically opposed gas nozzles. The subsystems are
essentially identical, with the lower despin force being obtained by charging
the despin tank to a pressure lower than the spin tank. When released, the gas
is directed through high pressure tubing to the nozzles to form a force couple
about the SRV roll axis.

12.7.5 'Thrust Cone Ejection

Following completion of the despin event, the thrust cone is jettisoned from
the reentry vehicle to reduce weight and permit operation of the recovery sub-
system, Separation from the reentry vehicle is accomplished by four (2 pairs
of redundant) pyro-actuated cable cutters. Simultaneously, z second in-flight
disconnect (the T/C-RV IFD)} is fired, breaking the electrical interface between

the T/C and reentry portions of the SRV, As 2 fall-safe feature, the recovery

programmer will provide backup of the initiation cable cutters and SRV T/C-RV
IFD, An electrical monitor senses separation of the thrust cone and altexs the

event beacon modulation to indicate successful completion.

12.8 Recovery Subsysten

Like the deorbit subsystem, the recovery subsystem remains dormant during orbital
flight until the electrical arm signal from the PPS/DP EAC activates the re-

covery batteries, powering the recovery beacons and programmer. The recovery .
subsystem takes control of the RV reentry and vetardation events following the

deorbit sequence., Components of the subsystem include the batteries, the re-

covery programmer, the RF beacons, the recoverable capsule valving hardware, and

the battery and orbital heaters (see Figures 3,12-7 through 5.12-9). The orbital .
heaters, although not a part of the recovery subsystem, are included here due

to their presence in the recoverable capsule.
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12,8.1 Recovery Batteries and Battery Heaters

Recovery subsystem power is provided by two remotely activated electrolytic
batteries having an operating range of 14,8 to 17.0 volts, Within each battery,
dual initiators are fired by the electrical arm signal to activate the electro-
lyte charging system. To assure performance, each battery contains a heater
capable of raising the electrolyte temperature to an adequate operational range
prior to actuation. Thermostats maintain the temperature at the proper level.
Power for the battery heaters, EPSM 1 in SRV 1, and EPSM 2 in SRV 2, is pro-
vided by the satellite vehicle power supply via commandable switches in the
PPS/DP EAC.

12,8,2 Orbital Heaters

The orbital electrical heater tapes, like the battery heaters, are powered
through commandable switches in the PPS/DP EAC. They are thermostatically con-
trolled and serve as a supplemental heat source, maintaining the capsule in-
ternal temperature in a safe range, The heater tapes and controls are mounted
circumferentially inside the recoverable capsules (Figure 3.12-7), and are set
to maintain the temperature above 35F (nominal), with a backup thermostat to

limit temperature to 67F (nominal).

gy ety

B
BIOPETE

Figure 3.12-7. 5RV Heater Branches
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12.8.3 Recovery Programmer

The recovery programmer consists of the primary sequence dual-channel cir-
cuits (each channel operating from a single, separately dedicated battery),
the backup sequence circuit (which is powered by recovery battery 1), and
the pyro firing circuitry. The two independent pyro-firing circuits each
control one-half of the pyrotechnic devices in the subsystem so that a

failure in one side will not disable the redundant pyros.

The recovery programmer sequence of operations is outlined in Tables 3.12-1A
and 3,.12-1B. Changeover from backup to primary control is accomplished by

action of the G switches which are acceleration sensitive switches that close
and reopen in response to the changing deceleration forces experienced during

Teentry.
12.8.4 Parachute Assembly and Deployment

The parachute assembly is mounted on the capsule cover and protected during
reentry by the thermal cover and baffle assemblies. Final retardation of the
capsule is accomplished by two parachutes deployed in three stages of de-

celeration:

{1} First stage deceleration is supplied by the decelerator, or
drogue chute. Actuation of the ejection pistons simulta-
neously releases the thermal cover, capsule, and forehody.
The parachute is deployed, the main parachute release is
initiated, and the forebody falls away as the capsule is

slowed down.

(2) Second and third stage deceleration is provided by a single
main parachute which is reefed during the second stage of

deceleration and fully open during the third stage. The

3.12-30
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purpose of the staging sequence is to reduce the
peak loads on the main canopy. During the second
stage, if not previously accomplished by the first
stage deceleration (drogue chute), the main chute
aerodynamic drag provides the force reguired to
separate the recoverable capsule from the R/V fore-
body, permitting the forebody to free fall without
drag augmentation. After a four-second reefing
interval, the main chute canopy fully inflates and
provides sufficient drag to achieve a descent rate
compatible with air retrieval requirements,

12.8.5 Recovery Beacons

The primary function of the beacons is to serve as a location aid for the
search and recovery operations, As a secondary function, each beacon tel-
emeters performance data from the SRV. The event beacon transmits critical
event sequencing information such as retro-fire and thermal cover ejection,
while the deceleration beacon transmits deceleration data from the re-

entry vehicle,
12.8.6 Capsule Valving Hardware

The capsule valving hardware functions so as to limit differential pressure
between the capsule and its external ambient pressure. The valving also
serves to maintain capsule flotation integrity following water impact, and

allows the capsule to sink if recovery is unsuccessful,

Several pressure-sensitive valves are used to permit entry of air into the
capsule during reentry, and to exhaust air as it sinks. During ascent, the
major portion of venting is done via the film tunnel, The capsule pop-off
relief valve may or may not assist in this function depending on the pressure

levels reached,
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The sink valve is g dissolvable plug which allows flooding of the capsule after

a predetermined length of time when immersed in sea water. As the internal

pressure increases due to the entering of water, the capsule pop-off relief

valve opens to exhaust the air. This water-in/air-out process continues .

until the capsule sinks.

12.9 Instrumentation .

12.8.1 Satellite Reentry Vehicle Instrumentation

8ix temperature points and three battery-voltage wmonitors make up the instrumenta-
tion for the SRV. Each temperature sensor is a resistor/thermistor voltage
divider circuit. The recovery battery voltage is measured by a resistance network

generating individual and combined readings.

ALl instrumentation points in the SRV are powered by the PPS/DP EAC instrumenta-
tion supplies, +5 and +15 wdc, OQOutput characteristics are fully compatible with .
DTY input requirements and receive no additional processing within the PPS/DP EAC.

The temperature monitor locations for each SRV are illustrated in Figure 3.12-10;

A summary of the temperature sensors and other SRV monitors is presented in
Table 3.12-2. Only those points monitored through the satellite vehicle telemetry
subsystem are included. Funections monitored via the SRV recovery beacons, and

those monitored during preflight testing by support equipment are not listed,

12.8.2 Termination and Recovery Related PPS/DP EAC Instrumentation .

A great number of PPS/DP EAC monitors are associated with the recovery of film.

Table 3.12-3 lists the most important of these. Sensors associated with the

cutter/sealer, TSRT, and splicer mechanisms are not listed here, but are described .

in Part 3, Section 11.
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IMP

5238

5079

5240

g

5244

pe-21

5246

2248

5291

5292

Handle via BYEMAN
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TITLE

Temperature SRV 1 Recovery
Battery, +Y Side

Battery 2 Temperature,
SRV 1
Temperature SRV 1 T/C Retro

Attach Point

Temperature SRV 1 F/B Liner
Skirt, X-Axis

Temperature SRV 1 F/B Liner
Skirt, +45 Degrees

Temperature SRV 1 F/B Liner
Skirt, -45 Degrees

Recovery Battery 1, SRV 1

Recovery Battery 2, SRV 1

81 F-008- W-C-019842-RI-80

TABLE 3,12-2
SRV INSTRUMENTATION

DESCRIPTION

Resistor/thermistor voltage divider cir-
cuit, Nonlinear output, 30F (3,8 volts)
to 130F (1.35 volts)

Identical to IMP 5238

Resistor/thermistor voltage divider cir-
cuit, Nonlinear output, 10F (4,15 volts)
to 140F (1.15 volts)

Resistor/thermistor voltage divider cir-
cuit., Linear output, ~150F (1,53 volts)
to 300F (4,99 volts)

Resistor/thermistor voltage divider cir-
cuit, Nonlinear output, -150F (1.88 volts)
to 200F (5.0 volts)

Identical to IMP 5244
Part of combined voltage divider network,
Linear output, 0 volt (0.5 volt) to 17.0

volts (5,05 volts)

Identical to IMP 5291

TO
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+15 wvde
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TABLE 3,12-2 (CONT'D)

TITLE

Recovery Batteries, SRV 1

Temperature SRY 2 Recovery
Battery, +Y Side

Battery 2 Temperature, SRV 2

Temperature SRV 2 T/C Retro
Attach Point

Temperature SRV 2 F/B Liner
Skirt, X-Axis

Temperature SRV 2 F/B Liner
Skirt, +45 Degrees

Temperature SRV 2 F/B Liner
Skirt, ~45 Degrees

Recovery Battery 1, SRV 2
Recovery Battery 2, SRV 2

Recovery Batteries, SRY 2

Approved for Release: 2017/02/14 C05097360
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DESCRIPTION POWER
Resistance network combining voltage of +15 vde -
battery 1 (Eﬁl) and battery 2 (EBQ}
according to the transfer function:

Eout = 0,5 + 0,095 EBi + 0,181 EBZ

Tdentical to IMP 5238 +5 vde

Identical to IMP 5238 +5 vde

Identical to TMP 5240 +15 wvde
Identical to IMP 5244 +15 vde
Identical to IMP 5246 +15 wvde
Tdentical to IMP 5246 +15 wvdc
Tdentical to IMP 5281 +15 vde
Tdentical to IMP 5291 +15 vde
Identical to IMP 5205 #15 wvde

T CRET ©



W%@W

g

9¢-21

%w&%-v

Approved for Release: 2017/02/14 C0O5097360

Taply 3.12.3

B F-008~ K-C-019842-R1-80

SRY RELATED PPS/DP FAC INSTRIBMENTATION

iMp

TITLE

5169 CpM* for TEU (£1)

DESCRIPTION

Latching velays, operating in parallel with

POWER

+15 wilo

the command dnpur relays of the TBY, monitor
the recelipt of commands from the $atellite

contral section,

Four relays and 8 vesistance

netwerk form 3 D/A converter whose putpat ooours
in sizteen {16) discrete steps ranging from
0.25 voley to 4.7% volts In 0. 3-valt increments:

it 1 (Lgp)we

Bir 2
Bit 3

Bit 4 (Mag)eex

118

FA

CBM for IBU (#2}

5117 CRM For IBU (£7%)
Bit
4%
Bir 3
Bit 4

1
2

*oommand Bt Mopitor
#RLenst Significant #it
wEERMast Significant Bit
FERROAN vefers to sidé A dhput Civcultyy in the IEUY

ia BYEMAR
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(LBR)

- (MEB]

fLSE)

[MEEY

Similar to TMP 5109

#OH

HI

Rimilsr o NP SiO4

TRANSFER 28%%s%
AEM 28
TRANSFER 1A
ARM Ia

# # Ho#

+13 wde

SEPARATE 24
EA SEPARATE A

- BA DESCONNECT A
SEPARATE 1A

+5 wide

TRANSFER 2B
ARM 2B
TRANBYFER 1B
ARM 1B
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TABLE 3.12-3 (CONT'D)

IMp TITLE DESCRIPTION POWER
5118 CBM for TEU (#4) Similar to IMP 5109: +5 wde
Bit 1 (LSB) = SEPARATE 2B
Bit 2 EA SEPARATE B

OB B @

Bit 3 EA DISCONNECT B
Bit 4 (M5B SEPARATE 1B
5118 CBM for IEU {45) Similar to IMP 5109: +15 vde
Bit 1 (L3BY = /5 24
Bit 2 = /8 1A
Bit 3 = 5 8/C A
Bit 4 {(MBR) = @ 5/C A
L 5121 CBM for TEU (#s) Similar to IMP 5109 +5 wde
s
‘;; Bit 1 (LSB) = C/S 2B
4 Bit 2 = /% 1R
Bit 3 = 5 B8/C B
Bit 4 (MSBY = 9 §/C B
5122 CBM for TEU (47 Similar to IMP 510%9: +15 vde
Bit 1 (LSBY = MINIMAL ARM 1 ENARLE
Bit 2 = VIEWPORT DOOR BLOW A
Bit 3 = VIEWPORT DOOR BY A
Bit 4 {MBB) = HATCH COVER BJECT A
5123 CBM for IEU (#8) Similar to IMP 5108 +5 vde
Bit 1 (LSB) = MINIMAL ARM 1 AND 2 ENABLE
Bit 2 = VIEWPORT DOOR BLOW B
Bit 3 = VIEWPORT DOOR BU B
Bit 4 (MSBY = HATCH COVER BJECT B

Mote: TFf MINIMAL ABRM 1 AND 2 ENABLE is come-
manded before MINIMAL ARM 1 ENABLE, in~
strumentation will not indicate execution

Handle via BYEMAN of the command.
Control System Only T ECRET ¢
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TABLE 3.12-3 (CONT'D)

IMP TITLE DESCRIPTION POWER

5159 CBM for IEU (#9) Similar to IMP 51086: +15 vde

Bit 1 (LSB) = 5 ROLL-IN TERMINATE B

Bit 2 = 9 ROLL-IN TERMINATE B
Bit 3 = 5 ROLL-IN TERMIWATE A
Bit 4 (MSB) = 9 ROLL-IN TERMINATE A
5500 SRV 1, Arm 1 A latching relay, located in the IEU, is: +5 vde

operated by the pyro-firing pulse, pro-
viding an indication of firing signal out-
put to the pyrotechnic device., The monitor
is either shorted to instrumentation ground,

- or connected to the +5 vdc instrumentation
o power through an isclation resistor. The out-
o put is digitized in the DTU, resulting in a
& binary signal (quiescent/fired).
"OY = Quiescent
1" = Fired
5501 SRV 1, Arm 2 Similar to IMP 5500, monitors the firing +5 vde
pulse output to arm pyro 2 in SRV 1.
5524 SRV 2, Arm 1 Similar to IMP 5500, monitors the firing +5 vdc
pulse output to arm pyro 1 in SRV 2.
5525 SRV 2, Arm 2 Similar to IMP 5500, monitors the firing +5 wdo
pulse output to arm pyro 2 in SRV 2.
5502 SRV 1, Transfer, Similar to IMP 5500, monitors the firing +5 vdc
Thermal Battery 1 pulse output to pyro 1 in the thermal
battery.

Handle via BYEMAN
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TITLE

SRV 1, Transfer,
Thermal Battery 2

SRV 2, Transfer,
Thermal Battery 1

SRV 2, Transfer,
Thermal Battery 2

SRV 1, Transfer,
IFD 1 1

SRV 1, Transfer,
IFD 1 2

Blast SBhield Valve

SRV 2, Transfer,
IFD 2 1

SRV 2, Transfer,
IED 2 2

SRV 1 Separation +Y

e Approved for Release: 2017/02/14 C05097360
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TABLE 3,12-3 (CONT'D)

DESCRIPTION

Similar to IMP 5500, monitors the firing
pulse output to pyro 2 in the thermal
battery.

Similar teo IMP 5500, monitors the firing
pulse output to pyro 1 in the thermal
battery,

Similar to IMP 5500, monitors the firing
pulse output to pyro 2 in the thermal
battery.

Similar to IMP 5500, monitors the firing
pulse output to pyro 1 for IFD 1,

Similar to IMP 5500, monitors the firing
pulse output to pyro 2 for IFD 1,

A 5K@ potentiometer attached to the blast
shield valve monitors the valve position,
providing a linear output ranging from
4,5 volts (closed) to 0.5 volt (open).

Similar to IMP 5500, monitors the firing
pulse output to pyro 1 for IFD 2,

Similar to IMP 5500, monitors the firing
pulse output to pyro 2 for IFD 2.

A microswitch, actuated by a spring-loaded

plunger mounted on the forward EA ring near

+Y, senses the separation of the SRV, The
output is connected either to ground {un-
separated), or to a two-resistor voltage

+5 vde

+5 vde

+5 vde

+5 vde

+5 wde

+5 vde

+5 yde

+ 15 vyde

TO CRET ©
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TABLE 3,12-% (QONT'D)

WP _TITLE DESCRIPTION PORER

5564 {Uonttd) divider cirouit pirtifg eut 4.0 volts (sep-
avatedy., The dutput is digitized By the U,
resulting in a binary signaly

iy

' Not Separated
Q?iQi

Separated

# o

5565 SRY 1, Separation Y Simildr vo IMP 5564, the plunger is miunted +5 vl
on the forward EA ping neax Y.

EEOR BRY 1, Separation +Z2 1 Similar to IMP 5500, monitors the Tiring +5 vde
pulse output o pyro 1 for the +% pinecgnller.

Similar to IMP 5500, wonitors the firing #5 vee
pulse vutgot fo pyro 2 for the +2 pin-plier.

5509 SRY 1, Separition +7

Ov-21%¢
3

5510 SRV 1, Separstion ~Z4 1 Similar to IMP 5500, wonitors the firing 5 e
pulse gutput to pyro 1 for the «I pin-pullier,

5511 SRV 1, Separation -Z

s

Similar to IMP 5500, monitors the firing +& wde
pulse output to pyro 2 for the -% pin-puller.

5866 BRY 2 Segaration Y Similar to IMP 5564, the pluager is attached +15 vdo
to the SEV 2 mounting ving in the FA asar +Y,

5567 SHY 2 Separatiom ¥ Similar ro IMP 5564, the plunger is attached +5 vide
to the 3RV .2 mounting ving in the FA near -Y,

55172 SRY 2, Separdtion +2 1 Similar to IMP 5500, monitors the firing +5 yide
pulse sutput to pyro 1 for the +Z pla-pullen;

andfe viz BYEMAN
: : Spstem Do
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TABLE 3,12-3 (CONT'D)
IMP TITLE DESCRIPTION POWER

5513 SRV 2, Separation +Z 2 Similar to IMP 53500, monitors the firing +5 vde
pulse cutput to pyro 2 for the +I pin-puller,

5514 SRV 2, Separation -Z 1 Similar to IMP 5500, monitors the firing +5 vde
pulse output to pyro 1 for the -Z pin-puller.

5515 SRV 2 Separation -Z 2 Similar to IMP 5500, monitors the firing +5 vde
pulse output to pyro 2 for the -Z pin-puller,

5574 Spinoff Disconnect 1 Two parallel continuity loops through spin- +5 vde
off disconnect 1 connect the IMP output to
ground. When the circuit is broken by sep-

- aration of the connector, the IMP output is
A connected through a 45K0 resistor to the +5
iy vde instrumentation power supply. The output
B is digitized by the DTU, resulting in a binary
signal:
"0 = Connected
"i" = Disconnected
5506 SRV 1, Separation Spinoff Similar to IMP 5500, monitors the firing +5 vde
Disconneet 1 1 pulse output to pyro 1 for spinoff dis-
connest 1.
5507 SRV 1, Separation Spinoff Similar to IMP 5500, monitors the firing +5 wide
Disconnect 1 2 pulse output to pyro 2 for spinoff dis-
conpect 2,
5575 Spinoff Disconnect 2 Similar to IMP 5574, but has only one con- +5 vde

tinuity loop, which goes through spinoff
discomnect 2,

Handle via BYEMAN
fontrol System Only TOPR CRET ¢
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5516

5517

5568

5569

y-21°¢e

5570

5571

5572

Handle via BYEMAH
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TITLE

Spinoff Disconnect 2 1

Spinoff Disconnect 2 2

EA Separation 276 degrees,
+5 vde

EA Separation 36 degrees,
+5 vde

EA Separation 156 degrees,
+5 wvde

EA Separation 276 degrees,
+15 vde

EA Separation 36 degrees,
+15 wvde

Om. System om. .

81 F-008- W~C-018842-R1-80

TABLE 3,12-3 (CONT'D)

DESCRIPTION

Similar to IMP 5500, monitors the firing
pulse output to pyro 1 for spinoff dis-
connect 2,

Similar to IMP 5500, monitors the firing
pulse output to pyro 2 for spinoff dis-
connect 2,

Similar to IMP 5564, The spring-loaded

plunger is attached to the forward edge of
the FA at approximately 276 degrees, and is

on the -7 side of the pin-puller,

Similar to IMP 5564. The plunger is
attached to the forward edge of the FA at
approximately 36 degrees; and is on the
+Z side of the pin-puller,

Similar to IMP 5564, The plunger is
attached to the forward edge of the FA at
approximately 156 degrees, and is on the
-Y side of the pin-puller,

Similar to IMP 5564, The plunger is
attached to the forward edge of the FA at
approximately 276 degrees, and is on the
+Z side of the pin-puller.

Similar to IMP 3564, The plunger is
attached to the forward edge of the FA at
approximately 36 degrees, and is on the
-%Z side of the pin-puller.

& ®

Approved for Release: 2017/02/14 C05097360

POWER

+5 vde
+5 wde

+5 vde
+5 wvdce
+5 wde
+15 vde

+15 vde
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TABLE 3.17-3 (CONT'D)

1Mp TITLE DESCRIPTION POWER
BE73 EA Separation 186 degress, Bimilar to IMP 5564, The plunger is +15 vdc
+15 wde attached to the forward edge of the FA at

approximately 186 degrees, and is on the
+¥ mide of the pin-puller,

5518 EA Separation 36 degress 1 Similar vo [MP 5500, monitors the firing +5 vde
puise output to pyre 1 for the FA pine
puller located at 36 degrees,

5519 EA Separation 36 degrees 2 Similay to IMP 5500, menitors the firing +5 wvide
pulse output to pyro 2 for the BA pin.
puller located at 36 degrees,

ot 5520 EA Separation 156 degrees 1 Similar to IMP 530D, monivors the firing +5 vde
1 maise output to pyvo 1 for the EA pin-
G puller located at 156 degrees.

hh21 BA Beparation 1506 degrees 2 BimiTay to IMP 5300, wonitors the firing +5 vde
pulise output to pyre 2 for the EA pine
puller located at 156 degrees,

5522 EA Separation 276 degrees 1 Similar to IMP 5500, monitors the firing +5 vde
pielse ontput to pyre 1 for the EA pine
puller located at 276 degrees. '

5523 EA Separeation 276 degress 2 Similar to IMP 3500, wonitors the firing +5 e
pulse ourpul to pyre 4 for the EA pin-
plulisr located gt 276 degrees,

5003 Envivommental Branch 1,24, Latching relays tracking the command input +5/118 wide
anid B Parking Brake On/Off relays of the command processor monitor the
receipt of commands from the satellite con-
trol section and feed elther 0.0 velt opn
5.0 valts to an integrated circuit DA

Handle via BYEMAN 9‘“’( _
Gontrot Systom Doly T ECREY _C
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TABLE 3.12-8 {CONTYDY

My TUTLE DESCRIPTLON PUKER
5083 (Contrd} converter, Four velays and one 4-bit D/ A&

converter form the IMP, Outpul gecurs in

sixteen(le} discorete steps ranging from (.25

volt to 4,75 valts in 0.3%3-vell increments:y

Bit 1 (LSB) = Env, Branch 1 On/OFF

Bit 2 = Biv, Bravch I On/OLF
Bit 3 5 parking Brake On/OFf
Bit 4 [MBBY = Bnv, Branch 4 On/OfY

L

it

5004 Envivonmental Branch 5.6, Similar fo FMP 5003 +5/£1% vde
EPSM L, BPSM 2 Un/Ofr

Bit 1

Bit 7

Bit 3

Bit 4

(188} = Bnv, Branch 5 On/Of¥
o= Bny, Braneh & On/0fFfF

EPsM L D /fOfE

EPSM 2 On/Off

A A

(MSB)

BET7 Epvivonmental Branch 1 Voltage A two-rpsistor voltage divider circuit cons Seif
Moniter ' nected atross branch 1 power feed line in
the PM and C monitets the voltage level,
Outpnt is digirized in the DIU ¢ vield a
Winayy signal {(On/Off.

i é:{}i‘t

Wy

OEF
{m

#o0

[25]
Lt
]

Environmentsl Branch ¢ Voltage  Similar to IMP 5577, monitors the branch § Self
Monitol vowey feed in the P ahd O,

£

583 EPSM 1 Voltape Monitor Simitar to IMP 8577, momitors the EPSM 1 Self
power Feed in the PM and L.

Handie via BYEMAN
{ Byatem On
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TABLE 3.12-3 (CONT'D)

Imp TITLE DESCRIPTION POWER
5584 EPSM 2 Voltage Monitor Similar to IMP 5577, monitors the EPSM 2 Self
power feed in the PM and C.
5133 Environmental Current Branch 1, A 0,019 current-sensing resistor in the #15 wde
Branch 6, EPSM 1 , and EPSM 2 power return line in the PM and C generates

a voltage proportional to the combined cur-
rents for branches 1 and 6, and EPSM 1 and

2. The signal is amplified within the PM and C
to produce a linear output ranging from 0,2 volt
(0.0 amps) to 5.0 volts (4.48 amps) .

Sp-Z1°¢

Handle via BYEMAN

Control System Only TORAECREY ©
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1z, 1 Command Sammary

12,1030 Splice and Cut Commands

9 SPLICE AND CUT {(BOZ766, POL76E, PO3766)
& SPLICE AND CUT (POZSTE, POLSY3, PO3STE)

Funetion: (8] Actuatés the splicer mechanism (¥ or 5}

b} Comnects the 9 amifor 5 take-up control
signals to SRV 2,

Interlocks: 9 SPLICE AND CUT enables 9 ROLL-IN TERMINATE
5 SPLICE AND CUT ensbles § ROLL-IN TERMINATE

Comments: (8} Fiim must bé stationary for exepution of these oo
manids .

{1 Tension should be xemoved from the splice shortly
afrer formatlon [typivally wlithin 10 minutes).

(e} After execution of the first splice/eut, the luose
tall of the £ilm wust be roiled into SKEY 1 before
any f£ilm 1s moved dn the other camera subsvstem.

32.10.2 0 Rolleln Teérmindte Comminds

g ROLL-IN TERMINATE (N02652, Npi652, NO3652)
5 ROLL-IN TERMINATE (MN02752, ®O1752, N03752)

funation Removes the indicated take-up contrel signal from
take-up 1, '

Interlocks: 8 ROLL-IN TERMINATE endbled by 9@ SPLICE anNp CUT
5 ROLL~IH TERMINATE enabled by B SPLICE AND CUT

Comments: These commands shouid net be given until the ouf end
of £film haz been rolied into SRY 1 afrer & SPLICE
AND CUT, or 8 SPLICE AND CUT.  The lengths of film
o be rolled im are approximately 8,5 Feet for the
4 subsystem and 11 feet for vhe 5 subsvsiem,

Handle viz BYEMAN
Control Systen Galy
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12.10.3 Cut and Seal 1 Command

CUT AND SEAL 1 (PO2572, PO1572, PO3572, MPOGO45)

Function: {a) Actuates -~ Cutter/Sealer 1
(b} Actuates -~ Cutter/Sealer 3
{¢) Actuates - Cutter/Sealer 4
(d} Actuates -~ TSRT &
(e} Actuates =~ TS8RT @
Comments: This command is not normally given prior to reolling

in the 9 film and 5 film left between SRV 1 and the
splicer mechanisms after the SPLICE AND CUT commands
are executed,

12.10.4 SRV 1 Arm Command

SRV 1 ARM (PO2571, PO1571, PO3571, MPOOOS1)

Function: Fires the pyros which activate the recovery batteries
in SRV 1 and starts the recovery programmer back-up
timer.

Interlocks: {a) SRY 1 ARM from the MCS (MPOU051) must be enabled

by MCS TERMINATION ENABLE 1 (SWRTC 1), or MCS
TERMINATION ENABLE 2 (SWRTC 2).

{(b) SRV 1 ARM enables SRV 1 TRANSFER.

Comments: Normally given between 120 and 1992 seconds®* prior
to SRV 1 TRANSFER.

Activation of the recovery batteries powers the
recovery beacons and the recovery programmer.

*Timing requirements are controlled by GE RESD.

3.12-47 Handle via BYEMAN

T_Q—ME—CRET G tontrol System Only
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12,10.5 SRV 1 Transfer Command

12.10.6

12,10.7

SRV 1 TRANSFER

Function:

Interlocks:

Comments:

(NO2754, NO1754, NO3754, MNOO111)

(a) Fires the pyros which activate the thermal
batteries in SRV 1.

(b} Actuates IFD 1 (delay type pyros).

{a) SRV 1 TRANSFER is enabled by SRV 1 ARM.

(b} SRV 1 TRANSFER enables SRV 1 SEPARATE.

Command follows SRV 1 ARM by 120 to 1992 seconds*.

Separation of IFD 1 enables the dual ejections
programmer in SRV 1.

SRV 1 Separate Command

SRY 1 SEPARATE

Function:

Interlocks:

Comments:

(NO2657, NO1657, NO3657, MN00112)

{a) Activates the pin-pullers releasing SRV 1
from the PPS/DP EAC.

(b} Actuates spinoff disconnect 1.
S5RV 1 SEPARATE is enabled by SRV 1 TRANSFER.

Command is given 1.8 * 0.2 seconds after SRV 1
TRANSFER, *

Spinoff Disconnect 2 (EA Disconnect) Command

SPINOFF DISCONNECT 2 (PO276%, POL763, POZT63E, MPOOOS)

Function:

Interlocks:

Actuates spinoff disconnect 2 (EA Disconnect)

SPINOEF DISCONNECT 2 enables EA SEPARATE.

*Timing requirements ave controlled by GE RESD.

3.12~48 wandie via BYEMAN

TWET G Control System Only
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12.10.8 EA Separation Command

EA SEPARATE

Function:

Interlocks:

Comments:

(NO2646, NO1646, NO3646, MNOO121)

Actuates the pin-pullers releasing the EA from the
PPS/DP EAC.

EA SBEPARATE is enabled by SPINOFF DISCONNECT 2.

The EBA should not be separated wuntil burncut of the
retro-rocket on B8RV 1. It is normally separated om
the revelution prior to SRY 2 separation.

12.10.9 Cut and Beal 7 Command

CUT AND SBAL 2 (P0O2577, PDIBTT, PO35T7, MPOOO62Z)

Function:

Actuates cutter/sealer 2 and the aft back-up cutter.

12.10.10 SRV 2 Arm Command

SRV 2 ARM

Function:

Interlocks:

Comments:

(P0O2764, PO1764, PO3764, MPOO061)

Fires the pyros which activate the recovery batteries
in SRV 2 and starts the recovery programmer back-up
timer.

(a) SRV 2 ARM from the MCS (MPOO061) must be
enabled by MCS TERMINATION ENABLE 2 (SWRTC 2).

(b)Y SRV 2 ARM enables SRV 2 TRANSFER

Normally given between 120 and 1992 seconds
prior to SRV 1 TRANSFER, depending on recovery battery

temperature,*

Activation of the recovery batteries powers the
recovery beacons and the recovery programmer.

*Timing reqguirements are contreolled GE RESD.

3.12-49 Handle via BYEMAN
TOP RET _G Control System Oaly
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12,5000 8BY 2 Transfer Command

SRV Z TRANSFER  (NOZ757, NOI7S7, NO3757, MNUUL14)

Fusetion: {a] Fires the pyros which activale the thermel
barteries in JHY Z.

(1) Actustes IFD 2 fdelay type pyros).

Interiocks: (r] SERYV 2 TRANSFER iz ensbled by SRV 2 ARM,
{b} SRV Z TRANSFER enables SRV 2 BEPARATE.
CoOmments: Command Follows BRY 1 ARM by 120 to 1992 seconds.®
Separation ef IFD engbles the dudl ejeciion

wrogramesy in SRV 2,

12,10, 12 5RY 2 Separare Command

YRV 2 SEPARATE [RI1Z0G0, NITO0O, RIZOU0, MEOO117)

Funcoion: Agtuates the pin-puliers relessing SRV 2 from the
PPEAOT BAC.

interfocks: BRY ¥ SEPARATE 4s snabled by SRV 2 TRANSFER.
Commsnts: Compand is given 1.8 & 0.7 secbnds after SRV 2

TRANEFER.®

12.16.12 MCS Termination Fnoble 1 Tommand

MOS TERMINATION ENABLE 1 (SWRTC 1)

Fungtion: This command enables the BRY 1 ARM compand from the
winimal copmand subsystem,

*Yém&ﬁgryeqwi?@ments-ayergwnﬁrqilﬁ&.by'ﬁﬁ RESD.

Handgie wig _Bﬁ?%ﬁ-?‘%ﬁ?’i
fontral Sysidm fnly
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Interlocks: This command is necessary before MCE SRV 1 ARM
will be executed by the 1B,

12.10,14 MCS Termination Enable 2 Command

MCS TERMINATION ENABLE 2 (SWRTC 2)

Funetion: This command enables the SRV 1 ARM and SRV 2 ARM
commands from the minimal command subsystem.

Interlocks: This command is necessary before MCS SRV 2 ARM
will be executed by the TEU,

Comments: Provides a redundant means of enabling MCOS SRV 1
ARM,

12.10.15 Heater Power On Command

HEATER POWER ON (N0O2661, NO1661, NO3661)

Function: Provides power to all heater branches, including

EPSM 1 and EPSM 2, and provides power to the 5
parking brake circuitry,

Interlocks: 5 OP ON (operational power) disables the 5 parking
brake, The circuitry will not be ensbled until
both 5 OP and 5 parking brake power are OFF,

12.,10,.16 Heater Branch Off Commands [Branches 1 and & Only)

HEATER BRANCH 1 OFF (N02755, NO1755, NO3755)

HEATER BRANCH 6 OFF (N02742, N01742, NO3742)

Function: Removes power from the indicated heater branch.

12,10,17 EPEM On Commands
EPSM 1 ON (ND2747, NO1747, NO3747)
EPSM 2 ON (ND2655, NOL655, NO3655)

Function: Provides power to the indicated heater branch.

3,12-51
G Handle via BYEMAN
TO RET ' Control System Only

em—
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Comments: Normally given four revolutions prior to recovery

of the associated SRV, depending on the SRV tem-
perature.

EPSM Off Commands

EPSM 1 OFF (N02644, N0O1644, N03644)
EPSM 2 OFF (NO2745, NO1745, N03745)

Function: Removes power from the indicated heater branch,
M6V WORD Command

(MEV002YZ)

Function: Controls the environmental heater branches and 5
parking brake. This command also controls the DTU
states, The pressure transducer and the +5-and
#15-volt instrumentation power supplies are switched
by the DTU commands.

Bit Function

Implicit Spare

335-1 DU 1 ON

33-0 pTU 1 OFF

34-1 DTU 2 ON

34-0 Pty 2 OFF

35-1 Heater branches 1,2,4,5 and 6, and
5 parking brake ON

35-0 Heater branches 1,2,4,5 and 6, and &
parking brake OFF

36~1 EPSM 1 ON

36-0 EPSM 1 OFF

37-1 EPSM 2 ON

37-0 EPSM 2 OFF

38~-1 Spare

38-0 Spare

Interlocks: DTU 1 and 2 are logically interlocked in the PM and C
to preclude simultaneous operation. Commanding DTU 1
ON while DTU 2 is already operating will remove power

from both sides of the DTU. One side must be in the OFF

state to permit the other to receive power.

3.12-52 Handle via BYEMAN
TOP § EY G Control System Only
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5 0P ON disables the 5 parking brake. The cir-
cuitry will not be enabled until both 5 OP and
S parking brake power are OFF,

3,12-53

$andle via BYEMAN
T0O SECRET G Control System Only

——
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Handle via BYEMAH
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13.0 51-PRG SENSOR EXPERIMENT

The S1-PRG (platen reference gage) sensor system is an assembly of prime-
like* mechanical and electrical components intended to furnish auxiliary
information on parameters directly related to PPS/DP EAC focus stability.

The parameters monitored are:

{1} 'The mechanical analog of a segment of the S1 distance

{primary mirror to aft end of RCFLA} (81 sensor)

{2y The mechanical equivalent of the back vertex focal
distance (86} at the +Y and -Y ends of the 9 platen
{(PRG sensors {(21).

In operation the 51-PRG system serves as both an éxperimental sensor and as
in-factory suppert equipment. During PPS/DP EAC assembly and testing at the
factory, the S1-PRG system can be used for the following:

{1} Camera mounting verification {(PRG sensors only)

(2} Broomstick test measurement (81 sensor only)

{3} Monitoring of in—féctery stability (81 and PRG sensors).
On-oprbit, the system is employed to examine changes or rates of changes in the
measured distances with time and alsc during special events. The most signi-

ficant results this experiment should provide are, in order of importance:

{1} Through~launch shift of monitored distances

*Being experimental, the sensor system hardware is not obligated to meet all
the requirements of prime hardware. However, prime-like components are
used to the greatest extent possible.

3,131 Handle via BYEMAN

TW G Control System Oniy
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(2} Barly drifi of menitored distances

(3} Long-ters dyife of monitored distances,

15,3 Measuraed Parameters

The B1-PRG system mekes three direct, noncontact messurements of distances
within the FPE/DP BAC. The 51 sensor measures the distance between the -Z

side, aft end, of the RoSs corrvector and field leds dssembly (RCFLAY housing
and the +Y, -Y mean {average) position of the A-frams attachment points on the
inside surfade of the camera opticsd assembly (COA}.

The two PRG sensors measure the distance From the +Y and -Y walls of the
Forvard (-} end of the RCFLA to the ¥ platen pivet frame which oan be ré-
dated to the éytical'Sﬁ* distance {~X end of ‘the RCPLA to the bwdgk plane}.

Measurements are made tb;poiniﬁ approximately #6.25 inches from the PPS/OP

PAC optical eenterline. Since two measursients ave made, borh tilt and

gisplacement can be sensed.

132 Sensor Systewm Function

The system operates under control of the command provessor. Nominal 24.5-
volt and $iS-volt powetr supplied by the power monilor and control unit
{PM and ©) are conditioned internally, The slevtrical function of the Ky

stew can be in any one of three wodes selectable by command;

(1) 0FfF
{2} Read

{3} Calibrate (Mhealth ¢heck'™}

ot optical distance figures, reference Part 3, Section 3.

Hardle wia 8?@4_@3
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Signals collected by the sensors are conditioned for the telemetry system
in the sensor encoder and processing electronics module (SEPE) located
within the COA. The health check function provides, via a motor driven
mechanism, a target which lies a fixed distance from each sensor to estab-

lish a reference baseline.
13.2.1 Method of Sensing

Measurements are made using noncontacting inductive proximity detectors.
The sensor itself is the coil in the "tank" circuit of a transistor Col-
pitts oseillator which operates at approximately 2 MHz., The obiect sensed
must be a conductor; in this case, Invar metal. Proximity of the conduct-
ive target to the sensor ¢oil loads the tank circuit and hence changes the
oscillator's tank voltage. A linearizing stage converts the tank voltage
change to an output which is linear within 1 percent over the operating

range of the detector.

The proximity detectors and their associated modulator/demodulator electronics
units containing the oscillator circuits are physically separate items. The
modulator/demodulator units are mounted on the -X side of the COA bulkhead
just above the RCFLA (reference Part 3, Section 1, Figure 3.1-29). The
detectors are mounted at the sensor locations and connect to the modula-

tor/demodulator units through coaxial cabling.

13.2.2 Targets

The targets function as entirely passive entities. The mechanical design
characteristics for all three sensor targets are similar and are discussed
in Section 13.5. Target response to thermal disturbance is minimized by

design and by material selection.

5.13-3
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13.3 51 Sensor Mechanical Configuration

The S1 sensor consists of two major mechanical assemblies, the Sl gage assen-
bly which holds the sensor and health check mechanism, and the rod and truss

assembly which furnishes the target (see Figure 3.13-1).
13.3.1 Rod and Truss Assembly

The S1 rod and truss assembly (Figure 3.13-2) supplies the dimensional
coupling between the interior walls of the COA and the aft end of the RCFLA.
A stiffened diamond truss fabricated from cold drawn Invar tubing is used.
The truss spans the internal structure parallel to the Y-axis at the A-
frames and provides, at its center, one point of support for an Invar rod
which reaches from the truss to the 51 gage assembly mounted on the RCFLA.
The rod is approximately 24 inches long and lies parallel to the X-axis.

The rod's forward end contains the 81 gage target.
13.3.2 81 Gage Assewbly

The $1 gage assembly is a mechanical frame which provides suppert for the
active portion of the inductive proximity detector and for the health check
components. A more detailed description of the gage assembly design, which
is common to the PRG gage assemblies, is given in Section 13.4.1 following.
The 81 gage assembly has attached to it a nylon bushing for support of the
forward end of the 81 rod in the Y and Z directions. Mounting to the RCFLA

is made using an adapter to provide proper spacing and orientation.
1%3.3.% Rod, Truss, and Gage Interface

The 351 rod and truss assembly design effectively decouples the truss from

mounting point inputs (torsion, compression, tension, and bending forces),

3.13-4 Handle via BYEMAN
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Figure 3.13-2. 81 Rod and Truss Assembly
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and also decouples the rod from both the truss and the 81 gage. Decoupling
is accomplished by spherical bearing~-flexure mounting of the truss and
flexure-bushing retention of the rod. There is no X axis coupling of the

rod (target) and gage assembly.

13.3.4 S1 Sensor Nominal Separations

Nominal physical sensor face to 81 target face separation in a 16 environ-
ment is 0.090 inch for a load-compensated vehicle in an X axis horizontal
attitude. For a vertical attitude, as at the launch pad, nominal separa-
tion is 0.082 inch. The decrease is due to loading induced deflection of
the RCFLA and assumes camera weight present. Nominal separation on-orbit

is 0.090 inch independent of vehicle attitude.

13.4 PRG Sensor Mechanical Configurations

The two PRG sensor assemblies are mounted within the forward (-X) end
cavity of the RCFLA at the +Y and -Y extremes of the RCFLA housing. The
sensors are entirely within the space envelope of the RCFLA. Electrical
signal and power lines are carried into the RCFLA through hermetically seal-
ed connectors located at points immediately adjacent to each sensor in the

+Z direction. The two sensing locations are as follows:

PRG-1 Y = 6.47 in.
Z= 0.0 in. Coordinates are
referenced to the
PRG-2 Y = -6.25 in. optical axis
Z= 0.5 in.

13.4.1 Sensor Geometry
Identical sensor assemblies are used for both PRG sensors and the 51 sensor.

5137
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The sensor stfdcture 1s a wmoholithil, nearly cubic Ihvar support Trame with-

An which (or apon which) are mounted:

{1} The ipductive sensor
(2% A de gearhedd motor

{3y A health dheck slide and retaining components

{47 The health check siide drive lever and cams

{5} Microswilehes to contrpl motor status

The sensor attaches to the BUFLA ap three points using short péedsstal stand-

offs which arve idtegral fo the suppdrt {rane.

Vizual appearance and sewle of The assesbly are shown In Flgure 5.15-5. Both

ivternil compenents and the exterior confiiguration are illugtrated.

1EG4GE PRG Sensor Mounting

Figure 3.13-4 illustrates the PRC sensor mounting logations (and the 81
sensor location) #s well as the modiularer/dencdulater units and the sensor
encoder and processing undit., The interhial mounting of the PRG sensods with
respect to the BOFLA wall is shown in greater detail by Figuve 3.13-5. Sen-
sers are held by screws, with an epoxy material applied To the screws To
effect both Yocking and hermetic sedling. & wotal of five support points

are involved, three as shown in Figure 3.13-4 and two applied as additionmal

suppert for the do motor which wonld otherwise be cantilevered,

135 Sensor Targets

PRG targets are carried by the § pivet framé asseubly of the duagl platen
camera, The targets are Invay vods which terminate in 0.6-inch diameter

Invay discs {see Figore 3.13-6). Dige faces are set perpendiculsyr Lo the
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- Target Surface Pivoting Frame
' Srrachment Point

Figure 3,15-8, PRO Target

sensor axes ab the nowinel position, Motion of the targets Ffollows an arc
the disc faces do not remain perpendicular to the sensor axes. Since the

two tardets wre wounted @t unegual distances from the plyvot polnt, the

amount .of tilf varies from one to the other and yields a different re

sponse {outpet versus seperation) feor each senser,
The 31 target which is welded to the $1 rod is a polished Invar dise, simi-
dar to the PRE discs, Unlike the PRO targets,; the 51 target surface remains

perpendicular to the sensor axis as the separation changes.

EE6 Heglth Check (Celibration) 8lide

Fach gage assembly i3 equipped with & movable Invar target which can be
placed & fixed and repsetable distance from the sensor to establiskh @ Te-
ference measurepent. The siide is driven by a gear-veduced permanent-

wagnet de motor using a spesial cam and gear arrangement as shown pre-

viously in Figurée 3.13-3. Leaf springs hold the slide in contact with the

surface on which it moves.

Thie sTide drive triln funttions in the following manner.
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The lever-pin arm attaches to the motor through a bevel gear set. As the
arm rotates, the pin on the arm rides in a cam-slot on the slide moving the
slide in or out of the sensor field. Motion is stopped at the commanded
position (calibrate or operate) by cams on the motor output shaft which
actuate microswitches to interrupt power. Movement from one position to
the opposite requires 180 degrees of lever-pin arm and motor shaft rota-

tion (the drive ratio through the bevel gears is 1:1).
To prevent hysteresis, the cam slot on the slide is arranged to give two

dwell zones, one for the operate and one for the calibrate positions. The

motor input, slide output motion relationship is indicated in Figure 3.13-7.

‘///-Dweil, 30°

[
i
t
i

CAL -

Slide

UsSE -

i i i 1
0 80 180 270 560

Motor Shaft Angle, Degrees

Figure 3,13-7. Slide Input-Qutput Position Relation
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13.7 S1-PRG Sensor System Electronics

5ignal generation for the three sensor assemblies occurs at the three probe

modulator/demodulator electronics units. The cutput signals corrvespond to
target position with a calibration constant of 94 volts/inch over the 0.1

inch sensing range. Output voltage range is 0-10 volts nmominal.

To accommodate the 0-% volt operating range of the telemetry system and to
obtain adequate system resolution with prevailing telemetry granularity,
the sensor signals are "de offset”™ and amplified. These functions, as well

as power conditioning, occur within the SEPE unit.

13.7.1 Sensor Encoder and Processing Electronics [SEPE) Unit

The SEPE unit furnishes input power conditioning, output signal conditioning,

motor control switching functions and command activated de level offset. The

isolation diodes used to prevent switch cross talk in the wmotor control lines

are mounted to a circuit board attached to the COA bulkhead.

Figure 3.13-8 is an electrical block diagram of the entire S1-PRG system show-
ing the interconnection of the various functions. Also shown are the appropri-

ate PM and C and CP functions.

13.7.1.1 Power Conditioning. Nominal 24.5 volt input power is supplied through

a soft-switch in the PM . and C. A precision integrated circuit voltage re- .

gulator reduces this te provide a stable 12.5 wde (nominal) for the sensor
electronics. A +5 vdc output is also provided for the slide motor control

circuitry and is switched by commandable relays in the command processor (CP).

13.7.1.2 Output Signal Conditioning. Precision instrumentation amplifiers
operating at an overall gain of approximately 3.1 amplify the sensor output

signal to improve signal resolution through the DTU. At the same time, these
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amplifiers operate in conjunction with the level shifting circuit to provide

a dc offset for the sensor signal as described in the following section,

13.7.1.3 Level Shifting (dc offset). A voltage divider network is emploved
in the normal operate mode to reduce the sensor output dc level. To accom-
plish this, the network feeds a portion of the 12.5 vdc regulated output

to the inverting inputs of the instrumentation amplifiers where it is sub-
tracted from the semsor output. At the nominal target-sensor separation
distance (corresponding to zero platen position for the PRG sensors), the
output of the sensors is 6.55 volts. After level shifting and amplifica-

tion, the instrumentation amplifier output is 2.50 volts. At an amplifier

3

gain of 3.1, the full system range is approximately 14.7 x 10"~ inches or

£7.35 x 107> inches around the nominal point.
Level shifting is inhibited for health check [calibrate) mode operation.

Establishment of the nominal output voltages is performed during buildup

of the camera optics assembly. For the calibrate mode, when the health
check slide is in front of the proximity detector, voltage levels are set
by moving the detector closer to or further from the slide. 1In the operate
mode, PRG sensor voltage levels are adjusted by shifting the sensor assem-
blies with respect to the platen targets. The S1 sensor output voltage is

changed by moving the Sl target.

13.7.1.4 Direct (Hardline) Test Outputs. Direct outputs of the sensor
signals are provided for test purposes. The outputs are isolated by 10 K

resistors and are routed to the junction box test comnector (J217).

13.7.1.5 Motor Control. Motor control sensing is provided by two micro-
switches in the gage assembly. The switches are normally closed, and are
tripped open individually by cams on the motor shaft, one corresponding to
the retracted position and the other the advanced position of the health
check slide.

2.15-17
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A cemmandable relay commerts +5-volt motor control power from the SEPE wnix
to ofe of rhe two switches depending on the comamded state. When the sotor

regehes thet state; a cam Opens the Powered switch, removing costrel power,

and the movor is stopped. Upon comsanding the opposite state, power is
rransfarred to the seeond microswitzch, which &s closed, and the motor is
again set in motioen. A5 the motor turns, the open switch closes. However,

protective diodes in the line prevent current from being coupled back

through this switch. When the new commanded state is reached, the switch
receiving control power is opened so the potion 15 halted. Total tvimé to

drive the slide from one position te the other is approximartely 32 seconds.

Oreg motion has begul, commanding the opposite state befdre both micro-
switches zre closed will halt the drive. Motion can be resumed by re-
peating the original command., IF an opposite command s given after both
Switches dre closed, the svdtém will savisly the origiazl command and

continue driving to sarisfy the secomd command,

Actual drive power for the morors is derived From the 24.5-volt unrepulated
supply. Motor control power from the mivroswitches activares opiical iscla-
o ooiplers wWhich conzfol a transistor switch, This switch provides 24.5-
volt power to the metor through a filter netwerk which controls veltage vise

time,

3.8 Systen Uperation

Uperation of the S51-PRE system involves in-faotory, launch pad, and on-orbit
use. As a part of in-factory use, baselines for orbital operaticn are ostabi-

Fished,

1%.8.1 Factory Use

Foy in-factory testing, system output is available in two forms: the encoded

output which is condiviened vo DU Input requirements (0-5 vde range) und

. 18-13 Hondie via BYEMAN
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direct sensor hardline output (0-10 vdc range).

13.8.1.1 Sensor Calibration. Sensor system calibration occurs in two parts.
The basic sensors are calibrated as matched sensor head and modulator-de-
modulator electronics pairs at the part level. The instrumentation amplifier
channels are calibrated at the SEPE assembly level. If G{V) is measured SEPE
channel gain characteristic, V(X) is the sensor calibration, X is relative
distance and VQ is the offset voltage, then the encoded signal transfer

characteristic calibration VE{X} is given by:
V.(X) = G [WX) - va}

13.6.1.2 Baseline Data. The sensor output baseline is established simul-
taneously with the optical measurement of position of best focus. Readings
from the three sensors, obtained during COA load-compensated optical testing,
are recorded and corrected to optical best focus. These three data points

form the '0' G baseline (on-orbit use).
13.8.2 Pre-Launch Use

Pre-launch operation of the system is accomplished with the PPS/DP EAC in the
vertical attitude (-X up) and readings can be compared to factory vertical

baselines. The following encoded signal outputs apply:

51~ - put-of-band but still
directly related to
factory reading®

PRG - in-band but displaced
from horizontal baseline
values

*S$1 out-of-band condition results from RCFLA deflection due to self and camera
load. This should be consistent from factory-to-pad with the exception of
any long-term sensor drift.
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AE85 OneDrbit Use

During launch and orbir dnjecrion, S1-PRG power is turned on four seconds

after BCS clock start, which occups at SECO. S1-PRG power veémains on for
384.8 seconds, providing 204.8 seconds of usable data,

On-orbit, the S1-PRG power is turped on and SEF in cobfundtion with the
FOCUS BLECTRONICS POWER (FEPY ON/OFF conmand., Power can be removed frowm
the B1-PRG system while leaving fools power on by execution of S1-PREG

DISABLE. The disablé applies only once and is overridden by the next
FOCUS BLECTRONICS POWER ON command,

The S1-PRE calibrate mode Tequires SI-PRG power to be on. Expcution of
S1-FRG CALIEBATE then places the heslth check slide in the calibrate
position, Calibration ends in conjumction with the focus sensor calibrate

of £ sipgnal and the siide 15 withdrawn from the sensor path.

Flanned usage one-orbit is variable from Flight-to-flight and sven within g
given f?ighi as conditions change. Fer this reasem, no &etaiié&:desariptign
As provided here, However, it is expected that the sensor system will be
operated as soon as practical afﬁﬁé_}aunc@-QO'mgmétoﬁ any through-launch
shify, and then operated whenever the fosus sensor svster is on. Calibrae
tioms will most likely be performed several times eerly inm the mission to
Tdentify any shove-fern drift in the separatidn parameters. The system ¢an
then be calibrated as desired during the remainder of the mission to track

bongsterm drift characteristics.

A prime consideration during any usige is the necessity for & signifidant
warm-up period teo stebilize output readings. Operational experience has

showr that a 1B0-second warm-up time is vequived for every normal read use,

5L 13.20
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Fifveen minutes (D00 seconds} warmeup minimim will be used prior to sach

S1-PRG ealibration sycle.

13,8 S1-PRG Instrumentation Summavy

A summary of the S1-PRG sensor system instrumentation outputs is presented

i.}fl T&%z@ :ﬁ‘s 13""2 “
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TABLE 3,131
HI-PRG BXPERTMENTAL BYSTEM INSTRUMENTATION SUMMARY

TP TITLE BEBCRIPTION PURER
5361 £1 Output An inductive proximity detector mounted on £15 vde

the lower (-2 por%aon of the ROFLA housing

monitors séparation between the detector

dnd an Itwatr tdrget oo the 81 rod.  The red

axtends from near the detector fTo 4 truss

assembly conneetoed to the A-frame support

points of the COA.

The distance measured by the S1 sensor is

a segment of the optical 81 distance, that is,
the distance from the +X sirface of the first
RUFLA lens element to the front surface of the
primavy mirror. Output of the sensor is pro-
cessed by the sensor encoder and processing
moduie to cenform to the -5 volt telemetlyy _
vange and is linear from -7.42 x -3 inches {0.0
volis) te +7.42 % 167% inches (5.0 volis).
Distences quoted are measuvred with respect to
the nominal position. Positive changes in-
dicate target motion in the +X divection
{separation increases). The telemetry out-
put st nominal is 2.50 volts.

FA7RE A

For the calibration or "health check mode
in which a slide target is positioned a
fixed distance from the sensor, the outpat
is nominally 1,80 volts. <Changes from this
are lingar and follow the same %Gp&f&ii&ﬁ
versus volts cutput slope as produced in
the normal operdtional mode.

tandle via BYEMAN
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TABLE 3.13-1 (CONT'DY

IMp TITLE
5362 PRG-1 Qutput
e
i
=
4
o
L
5363 PRG-Z Output

*Coordinates referenced to optical axis.

Handle via BYEMARN
fontrol System Only

DESCRIPTION

Similar to IMP 5361, the detector is
attached internal to the RCFLA housing

neay the dual platen camera at coordinates
Y = 6,47, Z = 0.00.*% The target for the
sensor is attached to the 9 pivot frame
and the sensor is used to determine changes
in the optical Sg distance (from the -X
surface of the last Ross lens element

to the image plane for an infinity target).

Output of the sensor is processed in the
sensor encoder and processing unit and is
linear from -6.77 x 10-3 inches (0.0
volts) to +6.77 x 10-3 inches (5.0 volts).
Nominal output level is 2.50 volts. A
positive change indicates target motion in
the -X divection {separation increases).
The calibrate mode nominal output is 1,80
volts with a response curve slope which
matches that of the normal mode.

Similar to 5362, the sensor is located at
Y = «6.25; X = -0.5%" The nominal oubtput
level (zero separation change} is 2.50
volts in the normal mode and 1.80 wvolts in
the calibrate mode. The response curve is
lineay and for the normal mode ranges from
~7.42 x 1073 inches (0.0 volts) to

+7.42 x 1073 inches (5.0 volts),

The slope of the calibrate response curve
is identical to the normal curve.

TOP
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TABLE 3.13-1 {CONT 'R

Iy TiTLE DESCRIPTION POWER

5007 5 Focus Brive Emable/Inhibit, lLatehing relays tracking the command input +EIEES vide
% Minus/Stop, § Plus/Stop, relays of the command precsssor monitor the
Z1-PRG Cal On/Off receipt of commands from the satellive con-
Teol ssotion and Feed elther 0.0v or 5.0wv
o an dntegratéd circuit BFA convertér.
Four relays and one 4-Bit DA converter
form the [MP. Ouipul gccurs in sixteen
diserete steps wanging from 0.25%v to 4,75y
in 0.3v increments,

Bit T {18
Bit 2
Bit 3
Bit 4

i

5 Poous Brive Bnable/Tahibit
5 Minus/Stop
. 5 Plus/Stop

(MR **= S1-PRG Cal OnfOff

oon

Y -ei g

024 9 Facus Drive Fpable/Tnhibit, Similar te IMP 3007 +5/ 515 wde
S Minus/Stop, 9 Plus/Stop, . by sy
S1-FRG Disable/tnable Bix 1 (L3B)
Bit 2
Bix 3
Bit 4 (MSB)

§ Foops Drive Enable/Inkibit
o Minus/Stoep

9 Plus/Stop

S1-PRG Tidah I_ﬁf%ﬁi’%éih}. o

ik

#OH OH

BH1E S1.PRE Power Mondtor A twosresistor voltage divider network across Gelf
the B1-PRG powsr feed in the PM and € monitors
the voltage output lgvel., The oulpul 15 COM-
verted in the digitdl telemetyy upit to vield

§!{}f.?-

i

- OFF
- {in

o

F1EE - Least Significant Bit
FEMER - Most Significant Bit
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13,10 S1-PRG Sensor System Command Summary

. 13.10.1 S1-PRG Command

(4V0252bZ, 4V0152bZ, 4V0352bZ, bits 35, 37, and 38)

Function: This command controls the S51-PRE operate and
calibrate modes and the focus sensor. It is
also the normal means of operating the viewport
doors, The bit functions are:
Bit No. Function
Implicit Spare
35-1 FEP ON, 81-PRG Enable,
81-PRG Power ON
35-0 FEP OFF, S1-PRG Power OFF
36-1 DOOR OPEN
36-0 DOOR CLOSE
37-1
37-0 .
. 381 Focus Calibrate Modes
38-0
Sequence Mode Rit 37  Bit 38
A Focus Cal OFF, S1-PRG 0 0
Cal OFF
B Focus Cal ON, High Fre- 1 0
quency, Low Amplitude
¢ Focus Cal ON, High Fre- 1 1
quency, High Amplitude
. D Focus Cal ON, Low Fre- g 1
quency, High Amplitude
Interlocks:
S1-PRG sensor system power is turned off independently
by the S1-PRG DISABLE command. S1-PRE disable is uti-

lized if 81-PRG power off is desired while FEP is on.

3.13-25 Handle via BYEMAN
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13.10.2 $S1-PRG CAL Command

(NO2645, N01645, NO3645)

Function: This command activates the S1-PRG calibrate
function. The calibrate function involves
physical movement of the calibrate slides.

Interlocks:
{1} The 51-PRG calibrate function should only
be commanded when FEP is on.
(2} Execution of Focus Cal OFF turns off S1-PRG
Cal (S81-PRG CAL OFF).
Comments:

(1) This command is the only means of providing
the 51-PRCG calibrate signals.

(2} The 81-PRG Cal on and off functions require
a minimum of 32 seconds to complete mopvement
of the calibration targets. The 81-PRG sen-
50T system must remain on for at least 32
seconds following S1-PRG CAL OFF,

13.10.3 S1-PRG DISABLE Command

(NO2744, NO1744, NO3744)

Functions:  This command removes power from the S1-PRG sen-
sor system. It is furnished as a means of ve-
moving $1-PRG power while leaving FEP on.

Interlocks: This command is reset by commanding FEP ON.

Comments: The 81-PRG Cal on and off functions reguire a
ninimam of 32 seconds to complete movement of
the calibration targets. The S51-PRG sensor
system must remain on for at least 32 seconds
following S1-PRG CAL OFF.

3.13- 26
Handle via BYEMAMN
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PART 4 ~ DESIGN, MANUPAUTURE, TEST AND FIELD SUPPORT

1.0 DESIGH

The design of the Photegraphic ?ayzaa&.secﬁicnﬁﬁaai Plaven Extended Altitude
Ca@&ﬁiiity (PES/0P BACY repressnts the 2&%@3§-St&p'in an evglutionéry prodess
which began with the design of Flight Model (EMY 1. This vehicle, the first of
the Gambit series, was lawnched popn 3 seven-dBy reconnaissinee misslon in 1867,
‘Hardware improvements since then have resulted In improved groimid restlution,

gxtended orbit Yifetime, and grester £ilm load.

The chonges effective op BM's 48 throbsh 54 webe dipected toward & increuse in

the capability to respond to a wide range of target charscteristics and

requirements.  This improved Flexibility is the result of the inclusion of the
aual platen camers which, with appropriate £1im Tdads, provides 3 cholce of film
types for sach target. The added veguirements avising from the need for extended
altitude capability pecessitated further changes which are effective on FN's 52
through 534,  These changes responded to the BEAC requirements of lower £ilm drive

spedd resulting from longer slaul Tanges.

Other Improvements in the areas of power, hardwsre redundancy, pyrotechnic event

commanding and poednting scoaracies have incressed the probable information retirn

For the required 45-day mission. These ifiprovements have zlsoe contributed to the

decision by the Aly Porde to plen missions of up to 60-day duration.

1.1 Design Baseline (Nou-EAC)

A bagic grownd rTule established for FM's 48 through 54 was that design changes

were to Be lUimited 1o those Tequired to implement the dual platen camerd and

fandle via BYEMAN
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such other changes as directed by the Alr Force. These directed changes are

sommarized in the following paragraphs.

1.1.1  Frequency Phase Lock Loop {FPLL) Drive

This drive system improves film utllizatlion by providing rapid stavt-up and

shut-down, thereby reducing filw usage et the bepinning and end of a frame.

{wee Part 3, Sedtion 2.}
1.1.2 Variable Width 81it

The sixteen discrete positions (& wminimum of 12 is required by contract) pro-
vide the capability to properly expose a broader range of film types under
il expected conditions of targer illumination. The design chosen (see

Part &, Section 2) ¢liminateés the slitv-closed failure mode.

1.13.3  Improved Folus Detection Systen

This improvement is designed to increase mignal-to-noise ragio, reducing data
variability. Purthermore, the improved signai-to-nolse vatio, an increased
sample rate, and datd processing with the dynamic Filver sofeware (see Part 3,

Section 8) are expected o increase the number of usable foous estimates.

1.5.4  Replacement of Separation Controller snd Switchover Blectyonics with

Initiator Electronics Unit (IEL)

The functions of the separation contreller s switchover electronics are per-
formed by a new unit, the initviator electronics wnit {IEU}. Improveéments are

régiized through separate dommending of BRV's, divect comménding of pyro-

technic devices, additional instrumentation for indicating command receipt

and funcvion execution, and redundancy of origical events.

gandle vid BYELMAN
fontrol System Only
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1.1.5 Redesilgned Command Frocessor

The added velisbility of redundant command soudces ih the 8685 is extended further

by continuing iha'redwndancy'zhrough vhe PPS/OP BAC command provessor,

1.2 Extended Alritude Capability (EAC) Baseline

Certain design changes weve necessitated by the Extended Altitude Capability
requivenents. These design changes ave summarized in the following parvagraphs
apd ave treated extensively in the appropriste subsections elsewhere in these

Vo mes .
1.2.1 Frequency Phase Lock Loop (FPLLY Drive

The available film drive speed range has been expanded to accommedate the lower

speeds required for operation at altitudes up 1o 470 mpi.  The Ysurveillance™
or low-mode yange is from 3.37 in./sec to 23.6 in./sec, while the “search" or
high-mode pangs is from 0.8425% in./sed to 23,06 in./sec, The approdch chosen (See
Part 3, Section 2.5.3) utilizes a commandable high/low "switeh”. HRedundant méans

are provided for switching into and out of the high sititude range.
1.2.2 Focus Detection System

The wide vange of slant ranges which must be asccomodated by the BAC PPS necessi-

tates chanpes in the reticle and elevtrical filter chardoteristics. (See Part 3,

Section 6.0)

1.2.3 Dual Platen Camera

Regquired changes in the dual platen camera indlinde changes to the FPLL encoder,
the addition of & second smear s1it it the Primary Recording System (PRS) and
the addition of a smeay 51it to the Secondary Recording Svstem (SRE).

. fandie via BYEMAN
G fortrel System Only
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The encoder change dnvolves incorporation of a higher number of segments. (See

Part 3, Bectiom 2.}

The second smear 511t in the Primary Recording System (PRS) is designed to
ensure an adequeté humber of Smear sdmples at higher altitades for a dual-wode

[Surveillance and Search) wission., {See Part 1, Section 4.3.)

1.2.4 Command Processor

Changes have heen made to incorporate the added commands regquired to shife from
the ¢onvehribnal to the éxtended vange, Included dre domuand outputs to the!
Camera (DISABLE the SRO ciroult), Focus Detection Subsystem {change awnplifier

and Filter characteristics), and FPLLE {charge encoder segment rasponses).

pdditionally, 4 further change, not necessituted by EAC, but vequested by the
Alr Force is the CAMERA AUTUMATIC OFF (CAD) feature. The CAD is designed to pro-
vi&e-reﬁaﬁﬁaﬁgy 1o CAMERA OFF functions when ¢ne half of the BCS hag beed

disabled. Iwtentionally disabling half of the BCS is umler consideration as a

power-saving technigue.

o
i

Hon-Baseline Itens

" As the design progréssed, it becave apparent that additional, relatively mifwor
changes would have to be nmade. These changes dneluded those necessitated by

oarys obsvlescence and these Incorporated to increase veliabillty through added

vedundsiiey.  Changes and improvemshts have alsé been incorporated in test

squipment.

4. i~4 .. Hangle via 3?-?:?%%5«%@
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2.0 RELIARILITY

High veliapility has been z major objective thyoughout the sxistence of

the Ganblt program.  (The oversll BIF-008 Gawbir Relisbility Program is

copfigured to meet the intent of the @uidelines established by MIL-STL-TEBA,

Reliability Progiam for Systems and Equipment Developsent and Productien).
The program evolution from 7-day missions to 2 §G~day wmission (Flight 50)
has required intensive reliability efforts to assure herdware compatible
with the asspcisted incremses in mission reguirements. Maximized on-
GFHit reliability has been achieved through s meticulons design effore,

an extenwzive qualification prograw, and thorough testing at multiple

assenbly levals,

Designing relizbility inte the § x & hardware Was been a major goal since

the earliest conceptual phases. Technigues snd philosephies for muximizing
reliability were ¢5tablished by deteriinetion of:  The types of redundaicy;
whe degreoe of redundancy; the assenbly level at which redundancy should be

dnplemented; and, in mény cases, how o best use exisving havdware where

redesign was not practicsl or not permitred.

2.1 Reliability by Arttention ro Design Detrsils

Ong of the basic factors in the development of high rellabilizy hardware is

a design compatible with this gegl. This i best accomplished by Lmplement-
ing formal design reviews which éxaming and oritidue the deésign in detiil
for all facveus of relisbility during the development phiase of the hardware

design. The Teview itess include but dre net limited uo

(a3 Besign simplicity

Hamdis v BYEMAR
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(bY Standerdized parts/eomponents/materials of cervified high

feliability

{e)] Design compatible with performuiice requirements

{d) Interface compatibility {piece part, component aid subsystem]
(e} Design compatible with envircinmental exiremes

(8} Adeffiare ssfety wméiping demonstrdtved by vést ahd worst vase

analyvses
{gé RPecognition of test réquiréments
() Testability of the hardware - pavticvlarly in redundsnt avess
Ciy Adequacy of redundancies - at all assembly levels

(1) Recognition and identification of all major failure modes

‘and mechanlsug

(kY Minimization of single point fallure modes,

These items are generally examined at the component (box) level, However,
sach component may employ plece-part redundancy and high velighilizy <ir-
cultry and/or technidues. Redundancy is also extended to the subsviten

ievel where practical.

2.7 Reliability Through Redundancy

In order to illustrave the reliability merits of the entire PRS/DP EAL, It

4% necessaty to consider the systém ‘as being composed of various subsystems
and treat each ohk séparately. Ten subbystens have Besn selebted for dis-
cussiorn and block model illustration. No attempt has been made to determine

an Dndividueal numerical figure of merit.

wancbe via BYEMAN
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It is apparent from the models that different types and various degrees of
redundancy arve employed for each subsystem. This is due primarily to the

piecemeal evolution and continually increasing performance required of the
hardware. The intended usage of the PPS/DP EAC hardware demands improved
reliability as well as performance well beyond earlier configurations. A

second major factor is pilece-part cobsolescence resulting in redesigns that
are c¢loser to a state-of-the-art. The most significant improvements in

reliability (PﬁS/BP EAC compared to previous configurations) are associated

with the command, initiator (pyrotechnic) and camera subsystems.

The subsystem discussions and models presented normally deal with the most
critical functional requirements; i.e., power 'ON' vather than power 'OFF';
'SETY rather than 'RESBET'; etec. In most cases, the zbove examples are symmet-
rical in terms of reliability modeling and, therefore, will not be further
discussed. Many functions employ additional reliability techniques (re-
dundancy) at the piece part and circuit level which are not apparent at the
subsystem level. Such redundancies are treated in those sections of this

handbook where individual components are described.
2.2.1 Initiator Subsystem

Figure 4.2-1 depicts the typical redundancy characteristics of the upgraded

initiator {pyrotechnic) subsysten.

Redundant initiator commands are received by the initiator electronics unit
(1B} from both decoders A and B of the extended command system (ECS8). A
third command from the minimal command system (MCS) may also be utilized.
MCS commands are not available for: main hatch ejection; 5 splice and cutg
8 splice and cut; viewport door backup; and viewport door blow., The re-
ceived commands are redundantly processed to the initiator firing circuits.
There are two independent initiator firing circuits for each electro-explo-

sive device (EED) used in the PPS/DP EAC. Either initiator (pyTo or squib)

4.2"3 ﬁaﬁd%{-} WiE BYEMAN
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PRIMARY |
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ENABLE
e PROCESS | 0 CodiiT ® o FIRING - —AAA—
COMMAND CIRCUIT
(IF USED)
A COMMAND
e
ELECTRO
B COMMAND EXPLOSIVE
s s DEVICE
M COMMAND ¥
FMABLE
= Comnp [ CIRCUIT et CiRcuiT - AN~
(IF USED)
PYRO POWER

Figure 4.2-1. Initiator Subsystem (Typical)
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will actuate the EED. With the exception of the backup functions, the EEDs
employed on the PPS/DP EAC are extremely critical and their operation is
essential since the EEDs are not redundant. Examples of EEDs used are pin-
pullers, spin-off and in-flight disconnects, cutter sealers and splicer/

cutters.

Primary power is routed from the power monitor and control unit to the IEU
via two individual lines. This provides redundant primary power and also
permits the redundant features of the IEU to be easily tested since the

lines remain isolated within the IEU.

Initiator or pyro power is received at the TEU from the 5C% ON 9 twisted
shielded pairs of conductors and is subsequently distributed to the a4
firing circuits. While this approach does offer reliable delivery of

power, the main purpose 1s teo minimize voltage drop due to line losses,
2.2,2  Mirror Positioning Subsystem

Figures 4.2.2 and 4.2-3 depict the typical redundancy characteristics of

the stereo and crab servos which comprise the mirror positioning subsystem.

Redundant position and power commands from the ECS are received and redund-
antly processed by the command processor (CP). The CP features a selectable
(A or B but not both} mode of the redundant position and power functions
which are steered by a redundant ECS command., Application of power to the
servos is accomplished by either of two power (soft*) switches which react

to the selected processed function. The same power switches are employed

for both stereo and crab servos. Position information for the stereo servo
has an additional "execute" circuit (implicit with ECS variable word) whereas
the crab servo does not - selected bits A or B are directly ORed without an

"execute'". Also, the crab position is commanded by a total of five bits

A TsoTtT switch 1s one where voltage rise and fall times are controlled,

Hardbe via BYEMAN
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(SEE FIGURE 4.2-%)
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~Figure 4.2-2. Stereo Servo Redundancy
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rathey than the two bits urilized for the stereo position. The 1's and O's
for each hit are symmetrical for reliability modeling purposes so both

states Hwre not shiwn.

2.2.%  Instrumsntation Subsysien

Figures 4.%-4, 4.2-5 and 4.2-6 i1llustrate the major portions of the

instrumentation subsysten, The foous senser, S1-PRO sensors and the film

path pressure transducer are all considersd 2 part of this subsvsienm.

As shown in Figure 4.2-4, the dinstrumentation subsystem is designed with z
pulse code modulated telemetry [(POM] slave unit which smploys two totally
yedundant and independent “sides” (POM ¥1 is “side #1Y and POM #2 is vside
#207, Both of these sides commonicate with the master digital telenerry
unit (MDTH) by independent address and veply lines. Either side [not both)
can be commanded ON by any one of four commands: the wsusl EUS devader A
pr decader B [10Y%*) compands, a variable word command from the MUE or &
real tifie command also from the MCE. Tn addition to powering the POM unir,
either set of POM commands also ensrgizes the S-volt pegulgior and the 215-
volt vonverter {potk lecared in the PM and €7, which are urilized by most
of the dinstrumentation points [sensors, rransduters, switches; €to.) through-
out the PPS/DP EAC.

Redundant monitoring of individuel instrumentstion points which are of pri-

mary Intersst is accomplizhed by employing both pover sources {+8 volts and

15 volts) applied o two similar sensing units {(sensors, transducers, swit-

ches, ete,), Thest units are generally locatéd zs functicnally cloke to

**Pee Part &, Section 8 for a desoription of command types.

Handls via BYPMAN
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Figure 4.2-4.

Instrumentation Subsvsten
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Figure 4.2-5. Focus Detection Subsystem SUBSYSTEM DETAILS.
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gach other as possible. The peints and funcetions to be mondtored flave been selected

and instrimented in such & manner that either powsr source wonld provide adeguste

information and Jdisgnostics to menitor the health of the PPE/OP BAC during operation,

Figure 4,2-4 also illustrates the non-redundsent {and noncritical) wse of the film

path pressure tyvansducer. This is a selfscontained instrument and 45 monitored by

both sides of the POM wunit.

Figure 4.2-% shows the reliability model of the focus sensor subsysiem. Two commands
are gvailable to gotivate the sensor while four copmands (not shown) are provided for
arn-off,  The focus sensor calibrete circuitry is both activaved and turned off by
four possible commands. This pevticunlsr subsystem is designed with higher emphasis
on disabling vather than snabling as can be seen by the series powsr switches

frather than paraiilel) and the tweo additionsl commands sgvailable for turn-off. For

the BAC configuration, the High/Low Altitude funection has been added 1o the Foqus

devettion electrohics and the catibration generator Nag been glven éxtended capabil-
ities, The High/Lew Altitude commanding incorporates a wunique veliahility scheme
im that redundancy is accomplished by employing either decoder A or decoder B
commands (but not both simultafecusiy} which results in additional failure work-
arvunds.  Foous sensor oubtput information ds routed to both sides of the POM unit

for telewstering,

Figure 4.2-6 is a simplified model of the S1-PRG subsystem. The S1-PRG hardware

uses the same processed commands £or furn-on s used for the Focus senspi.  There

ars six possible commands for turh-off {(four d@&eyibeé'pz@vimﬁ$£y for focus sensor
OFF and two assigned as S1-PRG OFFY. The calibrate function has redundant TON
compands bhat, as in the focus senser célibrate, can utilize four possible 'FF!

eomsends,  The SI-PRG subsysten being noncriticsl is, therefore, desigped with

more omphasiz on turn-off than on turn-on.  Output informetion 48 veduwndently

provessed in the PUM anit.
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2.2.4 9 and 5 Camera Platen Drive Subsystenms

The hardware involved and the operation of both the 9 and 5 camera subsystems are
identical for modeling purposes, Figure 4.2-7 illustrates the redundancy and

reliability characteristics of both platen drive subsystems.

All commands employed by the camera drive subsystem are received redundantly from
the ECS. Either of two cross-strapped power switches receive "CP SELECTY steered
and redundantly processed commands and, in turn, route operating power to both
redundant halves of the frequency phase lock loop electronics (FPLLE). Actual
turn-on of the FPLLE drive is accomplished by the redundantly combined and processed
film drive ON and FPLLE select side commands (both sides operating simultaneously is
not possible). Each FPLLE side is dedicated to independent windings of the platen

drive motor.

Commanded platen speed information is processed redundantly with each of the two
sides of the FPLLE receiving one set of bits. A redundant encoder and encoder
processor is employed for speed feedback information, each output being fed back

independently to the corresponding half of the FPLLE.

For the EAC configuration, two additional redundant commands were incorporated to
accommodate the lower camera speeds required for high-altitude photography. The
commands initiate the necessary loop dynamic changes in the FPLLE and also select

the proper encoder feedback frequency.

2.2.5 Nominal Platen Adjust (NPA) SBubsystem

Both the 9 and 5 subsystems are identical for modeling purposes and are totally
independent from one another. The NPA subsystem employs a variety of different

forms of redundancy with the drive mechanism itself being the only item subject to

a single point failure. The slant range compensation (SRC) subsystem is not

4.2-13 Handle via BYEMAN
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considered as a backup subsystem to the NPA {although the converse is true) due to
the limited platen adjustment capabilitles and the restricted commanding possibili-

ties inherent in the 8RC,

Figure 4.2-8 illustrates the many redundancy features of the NPA. Redundant ECS

normal commands are emploved for:

(1) Enabling or inhibiting the selected primary or backup
side of the subsystem. These commands apply/remove
unswitched power to the motor drive circuitry and are
redundantly processed.

{(2) Selecting either the primary or backup mode. Both modes
are ORed at the NPA motor and each mode operates half of
a redundant brake. The difference between the modes is the
technique by which the motor power is "'clocked". The
primary mode utilizes the 20 Hz timing signal € while the
backup mode is clocked from the slower 5 Hz ECE command
repetition rate.

(3} Platen start plus platen start minus, and platen stop.

The NPA subsystem is one of the most reliable designs in the PPS/DP EAC and offers a
great deal of flexibility.

2.2.6 Slant Range Compensation (8RC) Subsystem

- Both the 9 and 5 SRC subsystems are identical for modeling purposes. This subsystem
employs very 1ittle redundancy primarily due to the relatively less consequences

of failure., However, the function performed by the SRC subsystem can also be
accomplished by the NPA subsystem, Paragraph 2.2.5 (the NPA and SRC subsystems are
mechanically linked together). The NPA, while providing finer gramularity reguires
a longer time to move a given distance resulting in the need for additional ground
planning. The SRC adjustment is controlled by the first four bits of the film drive

speed command (see Appendix H).

Figure 4.2-9 illustrates the minimal redundancy of the SRC subsystem. The ON or
ENABLED mode requires both operating power (OP) and film drive ON (FD+)} along with

4.2-15 Handle via BYEMANH
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the first four speed bits, A1l of these commands are received yedundantly from
‘the ECE:  The Fb+ and OF cofmands enable the SRC drive circultxy and permit the

SRC motor to adjust the pluten until the encoder output satisfies the desived

poasition as Jdictated by the speed bits.

Bue to the consequences of thegga&géble:faiéure:mw&as¢ empha&i&’i&’yi&c%&.en &15-

abling the SRC subsystem. The drive glrcuitry is disabled (24.5v power removed)

by any of the follewing commands: redundant film drive OFF (FD-); redundant SR
DISABLE; tedundant 13V command word implicits: minimal 5 or 9 OF OFF received

singly; minimal 5 and ¢ 0P OFF received singly.
.27 VYarisble Exposure Mechanism {(VEM) Subsystems
Both the 8 and § subbystems afe id@ﬁ%ia&i'fﬁrlmﬁdeling purposes and, as in the ¥PA

and BRC subsystems, ave totally independent from onme anpther. The VEM model glosely

resembles the previcusly discussed NFA model and is considered one of the most

straightforward and classical usages of redwmidancy in the PPS/DP EAD system.

applied to the VEM subsysievs. Redundant enablé/inhibic téﬁm&a&s.éré'reﬁéiVéd and
processed Yedundantly. These commands apply/vemove unswitched power 1o the logic
and motor drive clreuityry and are steered by the vedundant select VEM Side a/%ide B

comnand.  The four redundant pesition <ommands (Mits) are processed redundantly.

“The VEM logic and motor drive circuitry for bBoth side & and side B are identicals

Both sides provideé moter drive power which is ORed av the motor. A dual encoder

2.2 .8 9 Film Handling Svstem

A redunduancy block dilapranm for the 8 £ilw bandling syvstem is shown In Filgure

4.2-1%., There ave two basit cemmanéS-r@quixéézie operate the ¢ film hacdling
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system, They are the 8 0P ON/OFF and the 9/5 TAKE-UP ENABLE/INHIBIT com-
mands. These commands are received by the PPS/DP EAC redundantly from each
redundant EBELS decoder. The 9 OF ON/OFF commands are processed redundantly
in the command processor unit. The desired high reliability of this sub-
system is enhanced via two parallel cross-strapped power switches located
in the power monitor and control unit. This is the identical hardware and
scheme employed for the camera drive subsystem (see Paragraph 2.2.4 and
Figure 4.2-7). A receipt of the redundant 9/5 TAKE-UP ENABLE/INHIBIT com-
mand results in a relay switch contact cleosure in the command processor
unit. An internal logie switch located in the film control electronics
unit [FCE) executes the "ENABLE" function. This command has no redundancy
feature. However, the 9 supply looper "full" and "empty" logic switches,
located in the 8 supply unit, will perform the film take-up cycle ENABLE/
INHIBIT function in the absence of this command., The 9 svstem, while em~
ploying several redundant circult design features, also is subject to many
single point failure modes., This system does not contain a backup or
redundant mode operational provision. However, the reliability of the

9 film handling system is enhanced by the liberal redundancy maintained

exclusive of the svstem's internal design.

2.2.8 5 Film Handling System

A redundancy block diagram for the 5 film handling system is shown in

Figure 4.2-12. There are three basic commands associated with the operation
of the 5 film handling system, They are the 5 OP ON/OFF, the 5 take-up
ENABLE/INHIBIT, and the 5 parking brake ON/OFF. All commands are received
redundantly from the ECS decoder.

The 5 OP is processed redundantly in the command processor. To enhance re-
liability, twe parallel (cross-strapped) power switches, located in the power
monitor and control unit, execute the 5 OF ON/OFF function, This is the

identical hardware and scheme employed for the 5 camera platen drive subsystem.

Handle via BYEMANH
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Recaipt of the redundant 0/4 takesup ENARLE/INHIBIT command results in &
relay switch gontact closure in the comsand processor wnit. An internal

Togic switeh Iocated in the fils handling electronics {(FHE)] executes the

ERARLE funetdan. This cdinmand hes no vedwiddndy featuieés. However, the
& supuly looper FULL and BMPTY logic switches, located in the supply unit,
will perform the Tilm take-up Cycle ERABRLE/INHIBIT function in the absence

wf this cobmand.

The & parking byake ONJOFF commsnd 15 preogessed through o series path in
the command processor and power monilter and convyel units. To increase

the reliability of the system, a fail-safe desipgn feature in the supply
parking brake civeuitry hes been provided., In the event that the parking
brake power cannet be remaved by command, an inferlock relay in the 5 supply
wir will disable this Daierion with the &p?iﬁﬁa%iéﬁ of § Op DOWET .

The film handling electionics wnit containg backup mode OpPeration Cirouitly

whith provides a tavge degres of funttional redundancy,  This backup mode
design mininizes the nomber of single point fallure wodes while supplying an

altgroate sode fily teke-up ovoling capabilizy.
F.2.10 Thermal Bovironment Control Subsysten

The thérmal énviromment of the PPS/DP EAU is controlled prigerily by three
items: & hesting gvsten, the edternal paint palteln, and viewpart door ospérdtion.

Z02.030.1 Heater Svsieh and Paint Patterns. The héater system and paldt
patterns are distussed in detail in Parr 3, Section & of this document,
There ave, however, reliability considerdtions which have been factitred

into the thermal control subisystén design. The heating systen i5 4 Series of

thrancht switches which feed a larger mumber of hester vontrellers that in

turn thermostatically control power 10 individual heating Zones (tapes). There

4,223
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are 7 branch switches (branches 1, 2, 4, 5, 6, EPSM 1%, EPSM 2*) which will
respond to any one of three commands for both ON or OFF (EPSM has five for
ON and three for OFF). Generally, they are all commanded ON by a common
command and OFF by individual command (many combinations are available). The
PPS/DP BAC can tolerate two heaters (controllers) failed ON in & worst

case hot orbit and half of the heaters OFF in a worst case cold orbit.

2.2.10.2 Viswport Doors. The viewport doors are an essentigl part of the
thermal control scheme. They restrict heat loss from the COA when closed
and may be used as a secondary means of cooling when open. However, the
primary reliability concern is that the doors are not only operable for
thermal considerations, but also for photography. The viewport door mech-
anisms dre designed with an ordnance initiated backup drive system dand also
an ordnance initiated, but less desirable, door blow scheme (doors remain
permanently open). Details of the design and operation of the viewport door
subsystem are found in Part 3, Section 5 of this handbook. Figure 4.2-13
and 4.2-14 show the primary and backup modes for viewport deoor operation

from 4 redundancy standpoint.

The primary mode (Figure 4.2-13) is initialized by the launch preset ground
command prior to launch. Shortly after launch, the primary drive mechanism
is enabled by the coperation of redundant (lock-out) switches which result
from the ordnance initisted main hatch eject event. Redundant OPEN/CLOSE
compands provide non-redundant power steering to the motor drive/mechanical

Linkage for door operation.

*EPSM:  Epvirommental Power, SRV Minimum (SRV Battery Heater).

4,2-24
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The backup or redundant mode (Figure 4.2-14) is accomplished by issuance of the

redundant backup command. This command performs two functions:

. (1) Electrically disables the primary mode while enabling
the backup mode, and

(2) Redundantly initiates an ordnance device which
. mechanically disables the primary mechanism and enables
the backup mechanism.

The redundant OPEN/CLOSE command now provides non-redundant power steering
(reversing function) to the backup motor drive/mechanical linkage for door operation.

2.3 Qualification Program

The following paragraphs briefly summarize the PPS/DP EAC Qualification Program.
. Detailed information can be found in BIF-008 specifications:

(a) 1402-320 and 1402-320 Addendum A, Environmental
Design Criteria

(b} 1402-558, Qualification/Confidence Test Plan
for FO-7, and

{c} 1402-558-2, Qualification/Confidence Test Flan
for EAC Configuration.

. 2.3.1 Philosophy

The qualification Program is intended to verify design adequacy and to demonstrate
a minimum level of equipment capability. The test conditions and parameters
. are more severe than those expected during the lifetime of the equipment in order

to provide high confidence that the margins inherent in the PPS/DP EAC hardware

design are adequate.

nt{amﬁ& via BYEMAN
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2 3.2 Purpose

The purposes of vhe gualification program are!

{a} To verify tihe <¢apabiliyy of the unchangéd, new ov
stgnifivantly Bodified portions of the PRS/DP EAC
design 1o meet fumctional and envirommental requivements,
when subiected to extremes of envivonmental condiviens,

{by  fo discover and identify Ffaillure modes nof previcusly
deveened by danalvsis, )

[¢} To identify uheXpected intevactions betuween portions
of the PPE/DP BAC, especially in those areas changed
For the ¢ x 5 design which must work in hagsony with
unchanged areas.

(d} To verify the adeguacy of the manufacturing, inspection

(6} To vontribute confidence fu the vverall relisbility by
' fulfiliment of the ashove.

2.3.3 (ualification Testing

Cualification testing is designed o demonstrate that hardwale, repiesentative
of profductien, can meet its specitied functional performance reéquirements during
andfor after exposure to designated extvemes pf environments. The effort consists
of @ series of tests on the major eslements and components of the PPR/DP BAC

T8 ox 5 osystem. The tests simulate the types of envirorments encountered by the
hardware and include verifitarion of spevified performance ut multiple assumbly

igvels.

2.5.301 Quatificdrion Test Criteria. The test oriteria, test levels and
paTdReters dnvolved are based on the feduivements oviginatiang from the Gehervdl
System Specification (G85), further defined in BIF-008 specificarion 1402-330
{Envivonmental Design Criteria) and delineated in detall in BIF-008 specificaiion
1402-558 (QualificationfConfidénce Test Plan). The envirormental test levels to

which the hardware are subjected ave generally move Severe than maximum anticipated

Wanite vin BYEMAN
G ‘Contre] System Obly
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agpevational Jevels for the Ffollowing reasons:

(a) To tompensate £or inaccupvacies in the knowledge of actial
opetarional envivonmental Ievels,

(b1 To offset the facy that certain environments are encountered
simiitangously in actual vse, but are applied zepavately
diring testing.

{e) To compensate oy normal varistions in individual components
of the same design,

{d) To provide additional confidence in the ability of the ¥ x &
hardware o sorvive the actual levels.

{ﬁj To partially offser the statistical limitations of the small
sample Hize.

{8y To verify thet a mergin of safety is inherent in the design.

{g} To account for the fact that a given piece of hardware mey
experience a test hastory exgessively gredater than normal.

2.3.3.2  Test Hardware. (ualification test hardware is hardware which has
&%p@rieﬁaed-all the normal fabrication, buildup, asseebly, hangdling, environments,
test provedures and processes to which typleal £light havrdware would be subjecved.
This hepdware is dedicated to Qaazificntion testing use only and 1% not subge~

quently delivered for £light.

254 Démohztraved Queélificetiin Samnely

Table 4.2-1 delineates the demonstrated envivenpental capabilities of each major

component and module, [(Due to the evolution of both the Gambit Progran and subse-
quently the Tuirdware, all Items do not reflect similar Tevels of gualificationh.)

The reader mist Be aware that valuas appearing in Table &*%»l-afe‘?ﬁggﬁvaiaﬁﬁ did

not necessarily Qualification limits. The veasons for differences are contractual,

test method {equipment limitarions) oy intentlonal overtest as described by

Paragraph 2.3.3.1. (In genersl, an overtest of 5% is empigy@d'by RIF-QO8.3

sanale vie BYEMAN
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TABLE 4.2-1
RELIABILITY

GQUALIFICATION TESTS

References: 1402-320 Environmental Design Criteria, Qual. & Accept. Test Levels for 5
14023204 Envivonmental Design Uriteria for New Desipgns and Acceptavce
and Qualificdation Test Requirements for FM-48 through 54
1407558 Gualification/Contidence Test Plan for FO-7
1402-558~2 Qualification/Confidence Test Plan for DAC Configuration
Hotes: 1. Tests listed ave tests performed during the ¥, ﬁﬁ or FO-7 programs or planned/

performed for the FAD Configurstion.

2. Additicnal specification or fequirements are detailed in 1402-320,

=
iy This table veflects the guslification status and expected fesults of Certaln tests
i currently in progress.
Key: * = _32 Gualification Test Results
A = K-Qualification Test Resulls
No Asterisk = FO.7 Qualification Test Hesults
# = AL Configuration Test Specification
(A) = FO-7 Qualification Vibration Test to Acoustic Test Results {ATE] Spectrim
Abbrev, s PHS =  Prigavy Record System (9)
SHS = Secondary Record System {5
CRE Test = Combined Record Path Test - Includes all Film handling hardvare
T/A = Thermal Altitude
Ty =  Dévelopmental Test Vehicle
BT w o Bxtended Cvole Confidence Test
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3.0 MANUFACTURING

Each hardware contractor for the Gambit Reconnaissance System produces a com-
plete unit, which, when mated and operated with other units, is capable of
meeting the appropriate requirements of the Gambit General System Speci-

fication,

3.1 Aerospace Vehicle Buildup

A block diagram of the buildup of the aerospace vehicle at the pad is shown
in Figure 4.3-1. Those components which are the responsibility of BIF-008
are identified by asterisks. The following sections deal with the manufact-

uring of those BIF-008 components identified on the figure.
3.1,1 Factory-to-Pad Concept

The factory-to-pad concept describes the PPS/DP EAC assembly and test
procedure wherein the PPS/DP EAC section of the satellite vehicle is assembled
and acceptance tested at the factory. The completed PPS/DP EAC is shipped
directly to the launch pad and mated with other sections of the aerospace

vehicle, ready for final testing.
2.1.2 Manufacture/Test Interdependency

Manufacturing operations and test operations are mutually supportive; neither
operation can proceed alone. In this section, testing which must be completed
at each step of assembly 1s indicated. A more detailed presentation of test-

ing is then provided in Part 4, Bection 4.

4,51
sandle via BYEMAN
T0 T G fontreol System Only
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BiF-008-
Aerospace Vehicle
Photographic
Satellite Vehicle Bopster Titan IIl B
Satellite Control Photographic Payload Section/Dual Platen
Section Extended Altitude Capability*
!
!
Supply Electronics/ Dual Recovery |
Camera Optics Module Module, E
i
Camera Optics Supply Electronics
Module Module
* #

Note:

*Responsibility of BIF-008,

In order of assembly, the satellite control section is
mated to the booster prior to mating with the ppS/DP EAC.

Figure 4.3-1, Aerospace Vehicle Buildup

A .
PRy

Handle via BYEMAN
WE'{ C Control System Only
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3.2 PP5/DP EAC Modules

Of necessity, work on components of the three modules which comprise the

PPS/DP EAC proceeds simultaneously. When complete, these three (the camera

optics module (COM}, the supply electronics module (SEM), and the dual recovery

module (DRM}) are mated to form the finished PPS/DF EAC and final acceptance
testing is performed at the PPS/DP EAC level. The following sections describe
the assembly of each module, and their interconnection to complete the

PPS/DF EAC.
3,2.1 Camera Optics Assembly {COA)

The (OA assembly flow shown in Figure 4.3-2 begins with construction of the
basic COA structure. Upon completion of the structure, it is shipped to
Goddard Spaceflight Center for demagnetization and then returned to BIF-008
facilities for further assembly. Here the heater tapes are placed on the
structure and cabling and other wiring attached. After testing, the struc-

ture 1s ready for installation of the optical components.

3,2.1.1 Optical Components Manufacturing. Manufacturing of the optical com-
ponents proceeds simultanecusly with construction of the COA structure. The
stereo and primary mirrors are ground and polished (see Figure 4.3-3}, and

a high reflectance deposition coating is applied. The mirrors are then accept-
ance tested for optical quality, potted to their mounts, and again

tested for quality. The stereoc mivror 1s now ready for installation in the

COA structure.

The primary mirror must first be installed in the end bell assembly and test-
ed in conjunction with the Ross corrector and field lens assembly (RCFLA)Y.
The end bell assembly, which has already been completed by this time, includ-
ing heater tape installation, supports the primary mirror at three points.

This allows the primarv mirror to be mounted in any one of three discrete

Handle wviz BYEMAN

TOP CRET G Lontrol System Oniy
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END BELL S—
BIRARY
i wcs |PRIARY
END BELL MATCH | gss
GRIKD Mo
AND : TAPE AHD
co DEGALSS MOUNT
POLISH , - CABLE YOKE AND
STRUCTURE STRUCTURE rilBLE SEios R0SS
ATION
RCFLA
ELEETS
GRIND
POLISH Tﬁggéggmﬁ HOUNT
REELA v STERED
RCFLA
HOUS ING
sggiga HOUNT
STERED Pa ASSEMBLY PRITARY
GRIND AND MIRROR
POLISH MOUNTS [
oy 2
S1-PRG -
ASSENBLIES SENSORS
CVERA | ?ﬁ?gﬁ LoA
ROTE: TEST SEQUENCES uOT sHnwn ASSEMBLY T
Figure 4.5-2,  COA Assembly Flow

Handle via BYEMAN

ma Bystem Gn}y.
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NOTE: Grinding lasts approximately 90 days,
pelishing approximately 70 days.

Figure 4.3-3, Polishing Primary Mirror
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posiyions 170 degrées spart. The preferential ovientation for meunting 1%
determined from primary and stereo wirror surface guallty tesving to optimize

systen performance.

Similtanecus with manufacturing of the mivvers, the Tive Ross worcvector lens

elements are ground, polished, and acteptance vtestad, Following this, the

antii~reflection and sirus-blue {ilver coatings ave applied, afid the eleménts

are cut to the requirgd vectangular dimensions for assembly,

ROFLA Buildup oeeirs in a veértical orientation with the optical axis parallel
to the gravity vector. lLens ¢lement three {third element frem the +¥ end of
the ROFLAS 1s aligned o the semgra mounting surfaces asnd the aligmment holes
of the RCFLA Housing and potted in place. The vemaining lens alements are
installed and aligned to lens three., The sssepbled RCFLA is then acceptance
testedt.,  Afver performance of the Ross-primary mivrer wmatching test, the ROFLA

ix raady for wounting in the 00A strulture.

5,2.1.2 Optical Component Mounting and Aligmwent. Optical compornent woumting
to the COA structire béging with installation of the RUFLA, after which thg
stereo mirzor is mounted (sce Figure 4.3-4) and some testing performed. Next,
the primarvy miveer dnd end bell assenwbly ¥s installed following the procédurs
Ehown d Figure 4.5-5, 'Fifﬁtj.a%'auia@oilﬁmazing.axicon Tevelsd to gravity
optical axis. The mivver amd end bell assenmbly is then wmounted on the COA

and alignéd to the axis established by the axicon.

The siereo nirror is the last oprical component aligned. As shown in Figure
4,36, two theoddiives, each leveled to gravity, are used to aligh the stereo

mirror. First, the O0A stracture is rolled until the voll refevence mirror

on the RUFLA housing antocollimates the sonvce frow theodolite number oune,

The  second theodolive ds aligped pefpendicular to the optivdl akis uvsing an

Hardle via @Y EM zﬁ?{

fontrol Sydtem Only
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L% P

+Z
+X
+Y
NOTE: FM 47 Hardware shown, = i 7 BIF-008 Vehicle
FM 48 similar. : o . Coordinates

Figure 4.3-4. Assembling Stereo Mirror to COA
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Alignment Of Axicon To Optical Axis Of Third Ross Element

“, Lens Element 3
™,
™
N N
* » —._]
OptlcaE‘szs B H(H1 n |
U Uy |
RCFLA |
|
i
Zf.COA Structure Surfaces_d// Autocollimating
6 & 7 Axicon
1, ©Not shown is the alignment
of RCFLA elements 1,2,4,5 to +X
element three optical axis,
2. Stereo mirror removed for +Z
clarity. BIF-008 Vehicle
Coordinates
3. Alignment performed in -Y up *
attitude,
Alignment Of Primary Mirror To Optical Axis
. N
™
™
N e
-
Optical Axis 00 ool 1
1V
RCFLA |
|
i
Primary Mirror Autocollimating

Views From Top {Note 3)

Figure 4.3-5. Primary Mirror Alignment

4.3-8
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r.Thegdmiite 72

<%%I%} e By1l Allgnmen:

%i} : Fixture
«45° g
S o
90°, \\l 3
Optical Axis =Y E—— % -
Optical Mjka 4 T Axicon
j( Sgquare f §
o / +x4$_§ur
EiCOA Stereo ; <. 43
- primany Hmer vrmeture Hor RCFLA ._j{ BIF-008 Vehicle
Viewed From Top Theodolite#]  CooTdinates

Theodolite #1

- Leveled To Gravity, COA
Rolled So Fixture Autocollimates /

Note: Alignment
performed in
-Y up attitude

Stereo
/" Mirror

Theodolite #2
- Leveled To Cravity,
Stereo Mirror Aligned

. Cravity

Yector

. Figure 4.3-6.

- k To It
50°
Gravity
Yector

:
:

/ Y

7

{-Roll +Z BIF-008 Vehicle
Alignment Coordinates
Fixture

X +Y
View Looking In +X Direction

Alignment Of Stereo Mirror Te Optical Axis

4.3-9
TOP ET ¢

Handle via BYEMAN
Control System Only

Approved for Release: 2017/02/14 C05097360



Approved for Release: 2017/02/14 C05097360

MCRET g

optical sguare #nd swung 45 degrees toward the sterveo mirrer. Aligning the

BIF-008- K-C-019842-R1-§0

mirror to this source positions it at the required 45 degrees to the optical

axis,

3.2.1.3 A and B Reference Mirror (YLellypop') Alignments. After mounting the
optical components, the A and B reference mirrors or "lollypops” used in assen-

bly of the camersa optics module are aligned to the optical axis. The C0O4A is

placed in a -Y up attitude as shown in Figure 4.3-7 using theodolite number

one and the roll alignment reference mirror on the RCFLA housing. Lollypop

A is attached to the CDA structure and the mirror adjusted to autocollimate

theodelite number two, esteblishing a Iine parallel to the optical axis. Lolly-

pop A is vemoved and lollypop B is atvtached to the structure. Since the B

reference mirror is fixed, a third theodolite is used to measure the differ-

ence between the leveled theodolite and the angle needed to autocellimate

off the mirrer {reference PFigure 4.3-7). This is performed in both the +¥

up and -Y up attitudes snd the average angle used at the COM level to position .
the COA in roll.

3.2,1.4 B8i-Platen Reference Gauge [51-PRG) and 9x5 Dual Platen Camera Mounting.
The 51-PRG sensors are installed after alignment of the reference mirrors.*
Nominal output voltage for the 81 sensor is set by adjusting the target posi-
tion in the X direction with respect to the sensor. The two PRG sensors are
installed but left unpinned pending determination of best focus position from

COA previbration testing.

After S1-PRG installation, the dual platen camera is mounted to pads on the
RCFLA housing. Previbration testing is then performed to determine best focus

position and establish previbration baselines for the camera. Following this,

*For a description of the SI-PRG experimental hardware, reference Part 3, Sec-
tion 13.
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the two PRG sensors are adiusted to thelr nominal output levels by position-
ihg the eéntive sensor asSembly 07 each with Yespeor to fts tdrget and the

sensors pinned in place. 51 and PRG previbration baselimes are establiished

“For thass conditions.

After coppletion of S1-PRG wounting, and previberation testing, the (04 is

vibrated with a comera wess simulator installed, snd again tested. This is

the last eptical testing performed on the L8A, and S1-PRG operationsl base-
lites and hest photopraphic focus position baselines arg &
time, The camers is sslsctively shimmed at the wounting pads £o aptimize

axial performance and equalize field performance for the ¥ systenm.
3.2.2 External Structure

The external strocture, which is the structural shell for the PPS/OP LA cone

sists of five maior assemblies:

{13 the Aft baryel

{2y The Forward barrel

{37 The supply eletironics structure (SEE]
(43 The fixed adapter [(FA)

{5y The eiscuable adapter {BA)

Manufacturing of the structure is performed by Lockheed Missiles and Spuace

Company {IMSC) under subventract to BIF-008B, In addivion, LMSC produces

many of the internal apnd nonstructural components &5 well.

For the forward barrel, nonstructural subcontract components include the hatch

ejection mecharisms, the viewport doors, and the door drive components. For
the SES, the Junction box, the {1l supply enclosure, dabling, electyical

HBEETETS, thermal “4nstrumentation, and other COmMpONEnts are installed by LMSC.

4,512
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In the EA and FA, IMSC provides the film tunnels (excluding rollers), the
blast shield and blast shield valve, electrical cabling and pyrotechnic de-
viges, mounting and ejection components for the satellite reentry vehicles

and the EA, and thermal and ejection instrumentation.

All external and internal surfaces, excluding mating surfaces, are finished

by IMSC te minimize electrical conductivity, galvanic corrosion, surface con-
tamination, and corrosion during storage, Magnesium component-mounting sur-
faces are finished with Iridite 15 and aluminum component-mounting surfaces
with Ividite 14, Metallic mating surfaces are made conductive through the

use of conductive finishes. PPS/DP EAC external thermal finish patterns on the
EA and FA are applied by BIF-008 at BIF-008 facilities. All other thermal
finish patterns (aft barrel, forward barrel, and SES) are applied by LMSC.

3.2.3 COM Assembly

Assembly of the COM begins with preparvatien of the aft barrel for mating with
the COA. The fiberglass eccentric and spherical support bearing for the COA
broomstick is attached to the COM aft bulkhead and the structure erected for
mating in a vertical position. The forward tape support screen is attached

to the forward end of the COA, and insulation blankets are installed complete-

Iy enveloping the COA.

The blanketed COA is erected and lowered vertically into the aft barrel as
shown in Figure 4.3-8 until the A-frame supports are in position to be bolted

to the Station 150 ring of the aft barrel.

At this point, the COA is adjusted in roll with respect to the aft barrel axes.
To accomplish this, an interface alignment gauge (Figure 4.3-9) identical to
that used for aligning the satellite control section® is attached to the aft

barrel as shown in Figure 4,3-10, and the B lollypop is attached to the CUA.

*Reference Part 3, Section 1 4.3-1%
) Handle via BYEMAN
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A theodolite is aligned to mirror B on the gauge, and then swung up to look
at the B lollypop. The COA is rotated about the X axis to establish the
gngular offset measured during COA assembly (Section 3.2,1.3), aligning the
optical and external structural axes in roll. When alignment is achieved,

the A-frames are bolted and pinned to the aft barrel support ring.

Next, the forward barrel (minus the ejectable hatch and viewport doors) is
assembled to the aft barrel by lowering it down over the COA and attaching
it to the aft barrel at station 150. The COM remains vertical after this
for alignment of the optical and external structure axes in pitch and yaw.
Figure 4.3-11 illustrates the procedure. A jig transit is aligned to the
A reference mirror of the interface gauge. The A lollypop is then instaill-
ed on the COA, and the COA aligned so that the A lollypop mirror auto-
collimates with the iip transit by positioning of the broomstick eccentric

mount and adiustment of the -¥ A-frame arm.

At the completion of the pitch and yaw alignment, the optical axis of the COA
must be aligned coincident with the X axis of the external structure in the

XY plane. This alignment is accomplished by installing the forward barrel
interface gauge on the station (Sta) 77 forward barrel interface. There are
reference surfaces on the camera and on the interface gauge. Measurements are
made using depth micrometers to determine the Y and Z axis translation position
of the COA relative to the forward barrel. Adjustments in Y translation are
made by using the adjustable A-frame and broomstick eccentric. Generous tol-~
erances in Z axis translation preclude the need for adjustments. Pitch and yaw
alignment are maintained during the translation adjustment by maintaining

autocollimation between the A lollypop and SCS5 A mirror.

Following the alignment sequence, the COM is lowered to horizontal and the for-
ward end moved into a laminar flow tent. The camera is cleaned and the bellows

installed. A "hot-dog" simulation test (reference Part 4, Section 4) is per-

4,2-17
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formed to ¢heck for any mechanical coupling between the C0A and external
structure, and the COM is complete and ready for final testing and iaspec-

tion,

3,2.4 SEM Agsgeubly

The basic SEM structure is formed by the SES manufactured by LMSC. Figure 4.3

12 illusirates the SIM assembly fiow following completion of the SES by IMSC.

Upon receipr at BIF-00& facilities, the SES is dissssembled and inspected. A
sticky iy paper” coating 1is appiied to the inside surface of the filwm supply
enclosure Yo rrap dny contamindnts that com id contact, and any heceéssayy
-wiring;medifigaéigﬁs'are-agcmmylished in the function box and electrical har-
nesges.  After electrical testing, the SHES is weady for installavion of the

remaining componenty, including the £ilm supplies and electronic boxes.

3.2.4.1 Film Supply Asseémblies. The b and b supply assembllies, excluding

spliver wechanisms, are built at BYF-008 facilities.

Assesbly of the 9 supply begins with construction of the spool core and drive
aszembly, and the frame and looper astembly {reference Part 3, Sedrion 2}.
The two are then combined to form the basic 9 supply. HNext, the supply roli-
ers and components are aligned for proper film vracking and the cempleted
assaepbly tested. The splice?'m%chanism 18 dnstalied and the entire assembly

tested once more prior Lo installation in the SEM,

The 5 supply is assembled aid aligred much like the 8 supply. However, the
spool drive is not intermal to the gore and thus twe separste initial assembl-

ies are not required.

3.2.4.°2 Elecuronic Box Assenbly., The wajerity of electronic wnits are designed

and bullt by BIF-008, Those not manufactured by BIF-0GO8 include the following:

4, 5-19
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(1) Viewport door electronics
(2}  Initiator electronics unit

(3} Digital telemetry unit

Fach box is tested at various stages of assembly and acceptance tested prior
to installation in the SES. Purchased units are tested by the subcontractor
and then acceptance tested upon receipt at BIF-008 facilities. 1In addition,
BIF-008 vetains the right to review and inspect subcontractor designs and as-

sembly procedures to ensure reliability of the units.

3.2.4.3 S8plicer Mechanisms and Aft Backup Cutter. Other major components of
the SEM include the 9 and 5 splicer mechanisms which become part of the re-
spective supply assemblies, and the aft backup cutter which mounts on the +X
side of the forward SEM bulkhead. All three are subcontract items manufactur-

ed by IMSC.

3.2.4.4 Final S8EM Assembly. Final assembly of the SEM starts with in-
stallation of the f£ilm supply enclosure venting valves and other small com-
ponents. Next, the various electrical boxes are mounted to their support
rails and comnectors mated. Installation of the aft backup cutter and the
9 and 5 film supplies completes assembly of the SEM, and it is ready for

acceptance testing.

Following acceptance testing, a4 previbration alignment verification check
is performed to measure the alignment of the 9 and 5 supplies to each other
and to the 5ta 34.5 interface. The supplies are not adjustable so their
alignment to the interface depends on the mechanical tolerances built into
the SES. The SEM is then sent through vibration testing and the supply
aligmments checked again to determine if any shifting has occurred. After

a final inspection, the SBEM is ready for mating to the COM (see Figure 4.3-13),

4.3-21 Handle wia BYEMAN
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Figure 4.3-13. Supply Electronics Module (-Z View)
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3.2.5 DRM Assembly

BIF-008 construction of the DRM begins with receipt of the EA and FA from
IMSC. After inspection, the thermal pattern finish is applied. Simultaneous
with this, the cutter/sealer (C/S) and tunnel sealer record trap (TSRT)
mechanisms manufactured by IMS5C are dinstalled in the 9 and 5 TSRT assemblies
and the assemblies mounted in the FA. After TSRT mounting, the film tunnel
insulation blankets and blast shield blanket are attached. The EA and FA

are then mated for testing and separated again following testing for mating
with the satellite reentry vehicles. Figure 4.3-14 summarizes these and

following assembly steps.

3.2.5.1 Satellite Reentry Vehicles (SRV's). Design and assembly of the two
SRV's is the responsibility of General Electric Reentry and Environmental
Systems Division (GE RESD), an associate contractor on the Gambit Program,
BIF-008 manufactures and supplies the 9 x 5 take-up mechanisms to GE RESD
for installation in the recoverable capsule portion of the SRV. The film
path C/S device installed by GE RESD is also supplied by BIF-008, and, like
all other /8 devices in the PPS/DP BAC, is manufactured by IMSC. After
assembly, GE RESD tests the SRV's, aligns the film take-ups, and then ships
the SRV's to BIF-008 for integration with the EA and FA.

3.2.5.2 DRM Final Assembly. Upon receipt at BIF-008 facilities, the SRV's

are fully inspected and tested. SRV 1 is mounted on the EA and SRV 2 on the
FA. Film take-up alignment is checked and further testing performed. Follow-
ing this, the EA and FA, with their respective 5RV's attached, are mated, and
the assembled module acceptance tested to verify operation and establish a pre-
vibration baseline. After vibration, take-up alignment 1s again checked and
the DRM completely retested. An overall inspection is performed, and the DRM
is ready for mating with the SEM and COM (see Figure 4.3-15).

4.3-23
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Figure 4.3-14. DRM Assembly Flow
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%,2.6 PPS/DP EAL Assembly

PPS/DP EAC assembly consists of mating and testing the three separate modules:
the S8EM, COM, and DRM, In the assembly sequence, the SEM and COM are mated
first to form the SEM/COM unit (Figure 4.3-16) and broomstick testing is
performed to check for any mechanical coupling between the COA and external
structure.”* -An additional test measures the mass moment of inertia about

the vehicle X axis. The DRM is then mated to the SEM/COM to complete the
PPS/DP EAC. (DRM X-axis mass moment of inertia is measured during DRM test-
ing and 1s combined apalytically with the SEM/COM mass moement.) At this

point, a full acceptance test is run to ensure proper vehicle operation.

After testing, the viewport doors are installed on the forward barrel, the
vehicle pyrotechnic devices are loaded and final testing is performed. The
vehicle is then cleaned and prepared for storage or shipment, Figure 4,3-17
illustrates the completed PPS/DP EAC.

*Reference Part 4; Section 4
4.3-26 Handle via BYEMAN
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Figure 4.3-16. SEM/COM Assembly
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A0 TESTING

Comprehensive teésting of components, major assemblies, modules and thé photo-
graphic payload section/dual platen extended altitude capability (PFS/DF EALY
is performed fo zssure thalt the BIF-008 deliverablé hardware meets specitied

requirements for performance, reliability and in-use snvivonmental conditions.
Environmental design and test coriteris have been established for the PPS/UF BAC
modules, major assemblies and Components through o sevies of specifications,

the cempliance with which will resulr dn s nmigh-performance PRE/DP BAL,

ALl Optical Components and Camera Optics Assembly Testing

Testing of the camers optics assembly [COA) for opticsl quality and perform-

ance proceeds from testing of the imdividugl optical components fo goceptonce

testing of the completed CUA,

Optical components ave vested for surface guality, proper dimensions, and other
factors peylUinent o each individual element. These tests are performed aflter

pamifacturing of the components and at various stages of assembly,

4.1.1.y  Primary Asphers amd Stereo Mivror. Acceptance testing of the pri-
mary and steres mirrérs Includes interferomeétric évaluation of surface gudlivy,
a5 well as weasurements of reflectance and of the vertex radius of the primary

sirror. Simplified disgrams of the opticél fest setups employed to evalunre

he ghativy of the steres and primsry hirrors are shown in Flgure 4.4-1. The

s¢¥ect of gravity-induced distortion on the surface gquality of the large light-

fandie via g?ﬁ%ﬁﬁ |
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Figure 4.4-1. On-Back Primary and Stereo Mirror Tests
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welght mirrors is minimized by supporting the mirror on its back on a pro-
periy inflated air bag, In each case, dn interferometer Is located av the

eguivalent center of curvature fo¥ the asvheri¢ primary miviod or the tést

sphere fur the sterep mirvor. The twe-element refractive null compensator
which is uwssd in the evalustion of the primary wirtor converis the aspheric
wavelront prodused by the prisary wirrodr $0 & spherical wavefront for intér-

ferometric evaluation, The error contribution of the test sphere and null

compensator ard aururately known and dre taken into acdount when evaluating
the guality of thée primery énd stéres mivrors. Surfabe guallizy measure-
mevits are First made afrer the deposition of the high reflectanpe couting
and apgain after the mirrprs have bheen potted into thelr mounts, During the
testing of mounted airrers, the mounts pfe counter-balahved so that thelr

weight does not degrade the surdieee guslity of the optic.

4.1:1.2 Russ Cofrectbr and FPleld Leéns Assembly (ROFLA} Testing., Measure-

wents made on finished ROFLA #lements or, where sppropriste, on repressitia.

tive glass ssmples, include: surface irvegulerity, vadii, element thick-

ness, index of wefraction, parvial dispbrsion, homogeneity dnd birefringence.

Acceptance testing of the zssembled ROFLA inciudes measurements of the align-

ment of the elements, dir spading and Iesk rate.
4.1.2 Tens Assembly and COA Testing

The Ross match and (0A Jevel testing are perfotwed with the optical axis hori-

zontal and the primary, stereo and sutocollimating test mirrors supported on
sdye .. The resting is ooinducted dn the +¥ up and -Y up vehicle grientations,
An sitecolllmestion vechnigue englaoving » 48%-inch diameter test sy is wsed 1o

define the best Focus position for an object at infinity. Figure #.4-2 is 2

simplified ddagram of the test setups for the Rogs matchk and (O0A Tevel eptioul

Bandle via BY EMAN
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,[*~ Flat Mirror Primary |
. Mirror
1£/ e
Optical
' - Axis
7 Focal Plane )
P
COA
+Y up o
Stereo
Mirror Q
COA
Y up o
Focal
Plane

; _,,/’“//; ‘//:/ v"‘?{" - / i

o

COA Optical Test (Top View)

Figure 4.4-2. Ross Match and COA Level Optical Test Set-Ups
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testing, The obiject (rri-bar target, interferometer, ete.) is located av the
approximate point of focus of the lens, Accordingly, the beam of light re-

flected from the surfact of the primary iz collimited and is reflected by the

stereo mirror te the sutocollimating test flat which folds the beawm back into

the lens. The test flav is adiusted to praperly position the return LmEZE.

During the double-pass sotoceilimation process, lens aberrations and surface

errors encountered are twice as large as these sxperienced in the single-pass
£light condition, While the sffect of this process on wavefront eérrors 1%
linedr, the medulatidn produced by the lens is affected in & ronlinear
fashion, Acveordingly, deuble-pass resolution measurements cannot be rigor-
pusly Interpelated to smingle-puss quality estimates. -As an alternative,
samples of doublé-pass interferdmerric wavelfeomt quallty ave processed by
various computer programs to provide rigorous predictions of optical and
photographic performance. A deseription of this techniyne can be found in

Part 2, Section 12, "Optical Analvsiz”,

4.1.4.1 Ross Match Testing. After acceptance testing, the moubted pyimery
mirror is installed inm the end bell assembly. The RCFLA and primary mirror
fwhich constiture the lens of the COA) underge anm in-process Hess mapch test

which bas the following ebjectives:

{a) Evaluation of the wavefront quelity of the lens devold
of steres mirror surface and op-edge gravity distertion
EITOTS, '

(b} Opvimizatiin of ROFLA and primery mitter allghment.

fe} Evaluation of lens back-foous distaence, image plane
tiir and fleld-curvature ¢haracteristics.

Ohievtives (o) and (b} are achieved via axial interferometry obtained in both
rest attitudes and sversped to mindmize any effect caused by distortion of the

aptical compdnents dde to gravity. The confributidn of the calibrated wavelrint

panaie wia BYEMAN
Dorndrol Spstes Onlh
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front during dnterferometric processing.  An estimate of systesr wavefront
guality and OQF are made by addivion of the wavefrent eryors of the Ross

mateh dnd stereo mirvor to the wavefront. Back-focus and ibmage-plane char-
goteristics are assessed through static, double-pass, "white-light” photo-
graphic, tri-bar resclution testing which is performed on axis and at the

21,05 degree semifield positions. Back-Tocus and field curvature dre con-

trolled by adjusting the air space (S,) between the primary and the RCFLA.

4.1.2.2  C0A Bulldup. After Hoss mateh testing, the RCFLA, the steéreo
wmiyror and the primary mirror [assembled in its end bell) ave installed in
the internal structure. The primary mivror/RBCFLA alignment, which was
détermined 81t the Ross mateh level, is transferred to the {UA. The as-
sembly~aid reference mivrer YA and the stereo wirrer are aligned to the

sptical axis of the RUFLA,

The YBY (Roil) refervence mirror is installed and measored.* The effect of
gravitv-induced structural distortion on system allgnment is acoounted for
by setting the aligmment equal to the average of the gravity-induced dis-
placenents encoumtered as the wvehicle 13 rolled 180 degrees relative 1o
gravity, This technique involves d simple application of Hooke's lew to &

structure which exiibits little hvsteresis effect.

4,0.2,3 COA Testing. Testing at the COA level is complicated by the

supported on edge (trumnion axis vertical}l, and the distortion of the C0A
gtructure. The on-edge gravity distortion of the stereo mirror is ¥igimized
by supporting the mirror on test jacks inserted into thé side mounts of the

mirror I 2/8 inches forward of its center of gravity., A nominal opward force

of Z50 pounds push and pull is applied at the gravitv-~bottonm and gravitv-top

PREYeTence Part 4, Bection 3 FET a description of optics and veference wirror
alignment.

Hangir via BYEMAM
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side wounts, respectively., This action miniwmizes the gravity distertion of

‘the $tereo mirPer a0d removés 1ts ¥elpht from the dntérnal sirpoiure.

During testing, the COA is mounmted iy w cradle and supported dn 2 wanner
gimilar to its mounting in the external strpcture, The COA is supported by
the YAY frames and by the rod or Ubroomstick™ of the primary mirror end bell

sssembly which is is turs supported in a spherical bearing. The influence of

greavity on the internad strvctyure tilvs and decenters the RCFLA relative To
the primary mirrer. Load compensation forces are applied at critical points
of the structure and of the RCFLA fo reduce structursl deflections and RUFLA/S
primary mivrer misaligmuent, Figure 4.4-3% filustrates the couditieon of the

CUA for theompensated and load-compensated cases.

Althouph the ¢ravivy digtoriion of the steres mirroy has been winimized throngh
Tead compensation, weasirements ¢f wavelrimt guality made 19 dny single test

attitude are in errvor (deviate from the "ZERU.GY wavefront) by the amount of

residusl gravity-induced distortion present in the stereo mirvor after load

compensation. This residual component of gravity-induced distertion i5 cane
celled by averaging the wavefront optical path difference (OPD) arrvays obtained

in the +Y uwp and Y up orientations of the COA.

A similar averaging technigue is employed to elimipate the effects of residual
structural distortion on the detersinstion of best shetoprepblc Tocus #nd
imgge-plane characteristics. A sisplifying assumption is wade That these para-

meters ave egqually and oppositely affected by vehicle erientation to gravity.

Best photographlce focus (BPF) and lmape-plane chargcteristics are then derived

from the average of results ohitainsd in the +Y up and -Y up test attitudes,

Photo-optival testing wceurs &t the nowinal anticipated operativnal temperature

[65.5F) and in & soft (dpticel) vetwm envivodment o minimize the effects of

4,47

Handle via 83%’15&«?4
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COA NOT LOAD COMPENSATED
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Figure 4,4-3. Condition of COA for Testing
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thermally-induced air stratification or turbulence in the long alr-test opiical

path.

Final asgsessment of optical performance is made at the full (0A assembly
ievel afver CUA vibration 4wt acceptance levels. Estimates of the wingle-
pass, static, heterochromatic optical qualivy factoer G00F) 4nd limiting sri-
Bar resolution at 2:1 cortrast are derived frow wavefront samples cbtalned

axially, at the center of the b platen pogition, and #t the 21.05 depree semie

field angle pusitiens, THe weéasured indices of the mannfactursd refractive
glements ave emploved in rthe software progran used to compnte modulatinn trang-
fer fupctions [(MTF s and resolution values. This permits incorporation of

the specific axial- énd Fleld-doldr eberrations to the DOF of the manufactured
lens. Smear MTE's calculated from the 9 and 5 film drive compopent optical
encoder amd drive smwoothness tests are veed to predict dynamic goality factors

and limiting resolution vdlues of the COAL

Pogt-vibration westing inciudes a calibration of those phote-optical para-

weters retmived for flight operatiocns, These include:

(17 effecvive focal length (BRFL)
{2} servtling time of the steres mirror
(5} sterec-wirror instrumentation and Tine of sight (LUS)
(47 VAT and " veference mirrer LOS
T

{5} Integrated frangmiftanze for the 9 mnd § systems

{6)  BI-PRC operatiomal baselines

through-forns, tri-bar resolution testing performed axially and in the 1,00
degree seni-field positions. These vestlts are adjusted for vesting/eperation-

al envirpnmenrtal differences,

The camera is seisctively shimmed to the mounting pads of the ROFLA to opti-

mize axial perforwance and equalize field performence for the 9 film drive

A handle viz BYEMAN

TOP MECREY _C fostrol System Only
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Confirmation of proper platen setting is derived from '"through-

platen interferometry' occurring under thermally-stabilized and load-com-

pensated conditions, in the Y orientations.

Through-focus interferometry

acquired through & mm objectives located in the 9 and 5 platens is evaluated

to confirm that both platens are set at their best focus positions. Sl sensor

and PRG operational baselines are established for these conditions.

4,1.2.3.1

Objective of COA Testing. Objectives of COA testing

(1

(2)

(3]

(4)
(5)

(6)

are:

To verify that the basic optical parameters are set in
compliance with appropriate drawings and specifications.

Detection of errors in the assembly of the optical

components.

To determine the single-pass level of performance of

the system.
To determine the Focal plane of the system.

To demonstrate the stability of the photo-optical
parameters during acceptance-level vibration,

To calibrate the photo-optical parameters regquired

for flight operation.

The standard COA acceptance test flow is summarized in the paragraphs which

follow.

4,1.2.3.2

Pre~-Vibration Testing.

(1)
(2)
(3)

(4)

Measure S1 and RCFLA/primary mirror alignment.
Load compensate in the +Y up attitude.

Perform axial interferometry and static tri-bar
resolution testing.

Roll the COA to the -Y up attitude and load
compensate.

4.4-10
TOP RET _C
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Perform axial interferometry and static tri-bar
resolution testing.

Establish 51 and PRG sensor vibration baselines.

4.1.2,3.3 COA Vibration. COA vibration comprises X-axis sine vibration

over the 10 to 50-Hertz frequency range. Figure 4.4-4 shows the COA on the

vibration fixture.

4,1,2.3.4 Post-Vibration Testing

(1
(2)

(3)
(4)

(5)

(6)

(7

(8)

(9)

Measure S1 and RCFLA/primary mirror alignment.

Assess stability of 51 and PRG sensors through
vibration.

Load compensate in the +Y up attitude.

Perform interferometric and static tri-bar
resolution tests on axis and in the fields,

Roll the COA to the -Y up attitude and load
compensate.

Perform interferometric and static tri-bar
resolution tests on axis and in the fields,

Evaluate stability of quality and focus
over 10F range.

Measure: a., Effective focal length
b. Stereo mirror crab and stereo angles
¢. Instrumentation
d. U"AY and "B reference mirror angles
¢. Stereo mirror settling time

Perform through-platen interferometry to confirm platen
position, Establish S1 and PRG sensor flight baselines.

4.4-11
Handle wia BYEMAM
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Figure 4.4-4., COA on Vibration Fixture
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After accepianes testing, the COA is committed to COM and higher-level
assembly bulldup,  The kinemztic nature of 004 support in the external

structuye, coupled with olegrance checks &t eritical peints, and preven

handling vechniques, elninate the necessiyy of phore-optical vesting at
higher tevels of assembly. The standard U0A assembly and test flow de-

seribed in these paragraphs is shown in Figure 4.4-5,

4.2 'ElﬁctxiaalfMec&anizaé ﬁ@wpﬁﬁ&nt'?ﬁ&tﬁng

PLomponent 1s a term used L0 denore 3 hlack bhow rather thén g part. Cope
ponent testing beging with in-process tests designed to demonstrats integ-

rity of wire runs and fupctional operstion ot selscted points In the assenbly/
buildup stages. Irn-process testing is performed on electrical boards, wmodules,
WOLOYS, #éncoders, potentiometers and bex subassenblies. Thy objsotive of in-
process testing is Yo perform checks teo verify eperation or detect part defects

ard aszsembly errors at the earliest practicdl point in the assembly wyele with

g Mminibom Test complexiiy.
4.2.1  Acceprance Testing

Avceptance testing is conducted on all &$S@mﬁzeé:aomp9meﬁt$ utilizing either
speelalized test equipment er the compon use test ser (CULTS) shown in Figure 4.
-6, These tests verify that the sledtro-mechanical-ohtical parameters comply
with the appropriate drawings and specificarions. In addition, calibration

data is obtained for those parameters not aveilable in hipgher-lisvel testing.

A typical acceptance test {low is as follous:

{1 Ip-process btesting

(7} Insulation resistance and continuity tests

(31 Electro-machanical-eptical functional operation

gandlis via BYLEMAN

Bontrol System Oaly
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" Stereo Mirror
Lens Tube B 1n_-Tube Test

Y

COA Assembly

Vv

Pre-Vib ATP**

Acceptance Vib

Post Vib ATP**

Mount Camera

* COA Structure
*%pcceptance Test Procedure To COM Assembly

Figure 4.4-5, COA Assembly and Test Flow
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(4) Environmental testing as required:

a, Functional hot test

b. Functional cold test
¢, Punctional vacuum test

d. EMI test

(5) Vibration (three-axis random) (power on as required)

(6) Post vibration testing consisting of items 2 through
4 above, as appropriate

{7} Mass properties measurements

In addition, system-like testing of the film-handling components (film supplies,
the dual platen camera and the take-up mechanisms) is performed to determine

film-handling performance prior to the buildup of the major assembly. The test

set for the film-handling system is shown in Figure 4.4-7.

4.3 Major Assembly Electro/Mechanical Testing

Major assembly testing includes acceptance tests of the camera optics module

(COM), the supply electronics module (SEM), the satellite reentry vehicles

(SRVs), the dual recovery module (DRM), and the photographic payload section/

dual platen extended altitude capability (PPS/DP EAC). These tests are designed

to evaluate performance to specification requirements and to detect, as early

as possible, defects and failure areas. Testing of major modules and of the .
complete assembly is accomplished in a systems-level concept using functional

tests which check interaction of components as well as integration and

performance of such subsystems as film handling, command and instrumentation
subsystems, environmental control subsystems, etc. In addition, the pre-launch .
validation test seguences are performed {(with the wvehicle horizontal) at ambient
pressure, factory temperature, and representative launch pad voltage conditions

for baseline comparison to later field execltion,

4.4-16
Handie via BYEMAR
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Figure 4.4-7, Supply Assembly Test Set
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Following acceptance testing of the PPS/DP EAC and Air Force buy off, the unit
is placed in protective storage until 12 days prior to shipment. At this time,
a pre-shipment, functional revalidation test is performed. A data review is
held with the Alr Force and the unit is shipped to Field Activity South {FAS)

for field flight-readiness validation, arming and launching.”*
4.3.1 Camera Optics Module {COM) Acceptance Testing

The COM is acceptance tested in accordance with the test flow shown in

Figure 4.4-8. The camera optics assembly was fully tested during buildup,

and no further lens system optical quality testing is performed. (Note:
Section 4.1 covers the pre- and post-vibration testing of the optical system.)
However, additional electrical and mechanical testing is performed at the COM
Tevel, including the "hot-dog"** simulation test (broomstick check]) to deter-
mine whether there is any mechanical coupling between the COA and the external
structure. During this test, the broomstick is translated in the %Y and #Z
directions, 0.093-inch and 0.500-inch respectively. As the broomstick is
moved, the 5-1 instrumentation is monitored for any changes which would in-

dicate mechanical coupling.

As a separate effort, the forward barrel is given an operational test of the
viewport door prior to mating with the COM. Further tests are performed at the
PPS/DP EAC level. Following COM testing, the COM and SEM are mated, the

weight determined and the Ixx measurement made {Ixx = mass moment of inertia

about the vehicle X axis).

4.3.2 Supply and Electronics Module (SEM) Acceptance Testing

The SEM is acceptance tested in accordance with the test flow shown in Figure

4.4-9, When received in-house, the supply and electronics structure (SES)

*Reference Part 4, Section 5, Storage and Shipment.
**MHot-dogging' vefers to bending of the external structure due to thermal

influences,
4.4-18 Handle via BYEMAN
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is medified as necessary® and tested. SEM level testing then starts, be-

ginning with eléctrical continuity and léakage, followed by a YPORER ON&

sequence where sach svstem 1% Vearefully' turned on {fince thig is the first

time that all the components (black bowes) heve worked Together In a syvstoen)
and monitoraed for proper opervatien: The dnstrumentation verification portion

af BEM resting sets sach instrumentation peint {including somy on the DRM

within specification. The fiim-bandling systems are operated for the first
time in the tracking test. The caners operations and system level tests sre
functienal tests which serve as the pre-vibration baseline for the PPE/DF BAC
tests:  Thete is no posteviliration SEM test,. Al postivibration SEM testing
is accemplished at the PPS/DP EAU level where fallure analysis, vepaly and re-

placement wapabilivies are essentially identical to those at the SEM levsl,

4.3.3  bPual Recovery Module (DRM) Adcpptance Testing

The DRM consists of two satellite veentyy vehicles [SRV's}, an eltectable

each uwnit is ivspected Ffor physical defects and acceptance testing performed.

A58 EA cand FA Accéptantd Testing. The FASFA and tunnel seéal and Feoord
rap [TSRT) assembly and test Flow i shown in Figure 4.4-10. As a part of
the recelving inspection procedure, and alse fellowing printing and striping

and instaljation of the TERT assemblies, the BA and TA are tested for

{1y EBleetrigel continuity
{2} Igodation resistante

[3} Bridgewire Yesistanve of the pyrotéchald dircuits

(4} Leak rate of the £ilm path endlogude

*Reference Part 4, Searion 3.
##Cenéral Bleotric Redntry d0¢d Bavironmenthl Svstems Division mehefdoyurds

pangle vio BYEMAN

Lortret System Oniy
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4.3.3.2 SRV Acceptance Testing. The SRV's are tested in accordance with the

test flow of Figure 4.4-11. The major points checked before integration of

the SRV's into the DBRM are:

(1)
(2)
(3)
(4)
(5)
(6)
(7)

Bridgewire resistance of pyrotechnic circuits
Electrical continuity

Isolation resistance

Leak rate of the film take-up enclosure

Film take-up operation

High pressure leak check of the spin and despin bottles

Reentry programmer funciions

4.3.3.3 DRM Buildup and Testing. DRM buildup and testing starts with mount-

ing of the 5RV's in the EA and FA* and checking the alignment of the film take-

ups. Teo assure proper operation, electrical continuity checks, isolation re-

sistance checks, leak rate of the film enclosure and reentry programmer function

checks are performed (see Figure 4.4-12). The DRM is vibrated to acceptance

levels, and the weight, center of gravity and Ixx values are determined (IKx =

mass moment of inertia about the X axis).

After the vibration of the DRM, take-up alignment is checked and the DRM is

completely retested according to test procedures which encompass the following:

(1)
(2)
(3)

Electrical continuity
Isplation resistance

Bridgewire resistance

*Reference Part 4, Section 3 for order of assembly.

Handle via BYEMAN
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{4} lLesk ware of the fils encldsurs

{5} High-pressure leak check of the spin and despin botties

{6} Reentry programmer fupction

SEM and COM.

4.3.4  Photographic Payload Secticn/Dual Platen Extended Altitude Capability
{(PPE/UP EALY

The PPS/DP BAC is assémbled ahd tested in accordence with the flow plan shown

in Figure 4.4-13. A brief descriprion of each step in the flow plap is

nresented by Table 4.4-1,

Final assenbly begins with mating of the SEM and COM to form the SEM/COM unit.

The broomstick test which simuldtes hot-dogging 4s repeated to verify there iz

no coupling between the C0A and external structure (feference paragraph 4.3.1).
AT zxx value is determined for the SEM/UOM using the test gatup shown in

?iguré 4.4-14, and combined with the zxx valuwe of the DRM (reference paragraph

4. %3.5,3.) e obraln an overall zxx value for the PPS/DP BAC,  Afver EEM/COM test-
ing, the DEM is mated to the SEM/COM amd the PPE/UP EBAC prepared for testing.
Figure 4.4-1% presents a view of the general askenmbly area where PRE/DY PAL

testing takes plage.

Privr to PPS/DP EAL funciional testing, tests are performéd to validate the SEM

pust-vibration condition dnd DRM post-vibration film tracking. (Tracking
rests are deferred to the PPS/DP BAC confipuravion so that they wmay be performed

or g unified £ilmvhandling subsysiem,)

Functional testing of the PPS/DP BAC encompasses exercising all PPS/DP EAC

systemis excluding the SRV sequences which are checked separately (RECAL testing).
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TABLE 4.4-1
PPS/DP EAC TEST AND ASSEMBLY FLOW DESCRIPTION

Block* Test or Procedure®*

i ASSEMBLY INSPECTION

After the SEM/COM and DRM are mated, a final inspection is made
and the unit prepared for acceptance testing.

2 S1-PRG TEST

After DRM mate, S51-PRG measurements in the Y orientation are
made in the calibration gnd operation mode.

3 FIIM ENCLOSURE LEAK RATE TEST

The film enclosure is tested for tightness by pumping in air to

2 inches of water pressure and measuring pressure drop after 13
seconds. This is done for +Y film supply enclosure (FSE) vent
capped and uncapped. The PPS is moved into the “test tunnel" when
leak rate testing is completed.

4 CONTINUITY TESTS

Continuity measurements are made for command lines from the PPS/SCS
interface {I1/F); bridgewire measurements are made at safe/arm re-
ceptacles; command line resistance and resistance of input power
and signal lires are measured.

5 ISCLATION TESTS

Electrical isolation between structure, returns, and feeds at the
PP&/SCS I/F are wmeasured,

6 INITIAL CONFIGURATION TESTS

Checkout of continuity loop (C/L) and timing signals (TS) are made.
The initial power up sequence is performed to verify initial con-
figuration.

* Block numbers refer to flow chart (Figure 4.4-13),
** Test and Procedure steps from flow chart (Figure 4.4-13}.

4,430
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TABLE 4.4-1 {CONT'D)
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Test or Procedure

PRELIMINARY PPS SUBSYSTEM CHECKOUT (C/0)

All subsystems are operated except f£ilm handling, SRV's, and
pyrotechnic. Currents are measured and instrumentation cutputs
recorded and verified te be correct.

PPS/SCS I/F C/0 (AMBIENT CONDITIONS)

All 1I/F commands from both decoders are sent to the PPS/DE EAC
across the 1I/F.

DTU C/0
Operation of the DTU system is verified for both sides. This includes
using all formats allowed and checking cross stragping capabilities

to the MDTU,

PRELIMINARY FILM TRACKING

A short tracking test is run to verify § and 5 platen drive and
film handling operations,

SLIT BLADE CONTAMINATION TEST

Film in the @ and 5 film-drive syvstem is exposed to light from a bulb
on the primary mirror for a specified period. This film is later
evaluated for indications of slit blade contamireticn.

9 TRACKING SRV 1 & 2

An extensive tracking test is run at several different speeds to
verify camera and film handling operation in the strip mode. Adjust-
ments are made, if necessary, at tilt frame coupiers and kRaM, The
RAM is then fired and tracking into SRV 2 is perferme?, in the

same wmanner as done for SRV 1 tracking.

ENVIRONMENTAL LAB LOWERS TUNNEL TEMPERATURE

The temperature of the test tunnel is set to 59 - 61F, This is
done to allow checkout of the envirommental systewm and o3 parfom |
other test sequences at this low temperature.

4.4-31
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TARLE 4.4-1 (CONT)

Block Test or Procedure

14 5 TRACKING SRV 1 § 2

An epitensive tracking test Is rum at several different speeds to
verify tamera and film hendling operation in the strip mode. Adjust-
ments are made, if necessary, at tilt frame couplers and RAM. The
BAM is then Fired and trecking into BRY 7 is performed, in the sanme
wmENner as done for SRV 1 trscking. '

ib ASHEMBLY REMOVEE RI(M

The @ and 5 £ilm iz removed from both take~ups, The f£ilm from 58V 1
is processed and the contaminatien test film evaluated. The system

iz vespliced teo SRV 1.

16 ASSEMELY MEFURBISHES /U

17 FILM TRACKING AFTER RESPLICE

 Bhorr treacking test for & and 5 Film-handling sysvems 18 ran to
verify propery operation after £ilm resplice and 5/C refurbishment.

18 COMMAND MONTTOR CALTBRATION

411 levels of command bit monitors (UBM's) possible are commanded
and verified,

1% INSTALL RAM THACKING AIDS

Assembly installs & Special dats track sssembly at the RAM, to -allow
data tracks to be placed on the % and & film at the RAM lovation
during © Baseline Tracking testy,

peh @ & 5 BASELINE TRACKING IN ATR

Fitm is ryun in the strip mode with the camera and RAM data tracks
CONL This tést 3% rvun in the +¥ dnd +2 o¥ientatvion. Evalwation of
S Bodand 5 fily is made aftér. film vemoval to verify tracking require-
ments are satisfied,

i 'B&Z? CONFIGURED FOR R&% %iR& in kﬁﬁﬁﬁﬁ

RAM test block ix znsta§3ﬁ§ %lﬁh live dimple giotods. RaM safery

v S O e
Harile wia BYFMAN
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TABLE 4.4-1 {CONT'I)

Hloeh Test or Procedure

device vamoved and all FSE covers are torqued down with FSE vent
cap removed.

T ENVIRONMENTAL LAR ESTABLISHES VACUUM IN FUNAEL

The pressure in the tunnel is lowered te less than I mm hg.

25 SERVE CALIRRATION AND CURRENT TESTING

Calibration of crab and stevéo serves, ¥ and b slit mechanisms,
o angd 5 NPA, and @ and 5 SRC is performed. Purrent test Por orsb
ahd steres werve motors is alse performed,

238 HEATER TEST

Plight and ground hestefs ave operated and currents messured for
each branch and zone,

P45 95 PPS/BCS INTERPACE /0

This tést &s perforssd at high velvage and lsw current for all I/F
comrands from both deécoders exvepe the gyrotechnic functisas, The
test is then repeated &t low voltage and gurrent.

28 SOLAE ARRAY POWER TESTING

Main power to the PRS/pp BAU is varied by & delts of plus or minus
3 velts evéry 0.1 - 0.3 second around normel voltsge while gil Phs&/np
BAL sysTems are exercised,

27 8 % 5 BABELINE TRACKONG IX VACUUM

This test is similar to air baseline vest. Test is penformed with

28 DVMS 8 PHASE EERGR

Fitw iz vun at several spesmls 9n the high slvitwde normal and high
spead, Iow altiiude nowmal apd high spoed ranges whil® seguiring

DYME end phase ervor data. This test is dome for both sldes of the

fach speed in the hiph altitude mormal and low alvitude normal range
i run thige fimes &t varying Trage leaguhs.

 Handle s BYEMAR
fantrol System Dely
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TABLE 4.4-1 (CONT'D)

Block Test or Procedure
28A 9 & 5 FILM DRIVE FUNCTIONAL

A functional test is performed on The 9 and 5 platen drive systems.
Film is run at various speeds, all SRC steps checked, FPLLE C/0,

slit C/0, crab and stereo servo C/0, simultaneous 9 and 5 operations,
simultaneous commanding, and focus system C/0 and camera automatic
off system (/0.

29 VELOCITY SENSOR CALIBRATION

Several speeds in the low altitude normal FPLLE range are run. A full
looper and one long strip shot is run for cach speed. Calibration of
the velocity sensor is done post-test by a special computer program
using the velocity data recorded on the tape during the test,

30 EXTENDED TRACKING

Extensive film trazcking inte SRV 1 is performed throughout the full
speed range of the filmp-drive system. The &/C is then fired,
transferring film in<o SRV 2, The sams tracking test iz then repeated
into SRV 2. Both ¢ and 5 systems are tested in this manner.

31 ENVIRONMENTAL LAB RETURNS TUNNEL TO ATMOSPHERIC PRESSURE
Unit is veturned to ambient pressure to reconfigure for Further
testing.

32 ASSEMBLY REMOVES FILM FROM 8PV 1 AND SRV 2

Film is removed from SRV 1 end SRY Z ard sert to processing. This
film is then evaluated for correct format and other attributes.
The system is respliced to 88V 1.

4,.4-34 Haridle vi& BY EMAN
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Test or Procedure

ASSEMBLY REFURBISHES S/C

FILM TRACKING AFTER RESPLICE

Short tracking test for 9 and 5 film-handling system is run to
verify proper operation after film resplice and S/C refurbishment.

HRM's CONNECTED

In preparation for high current testing, high current resistor
modules (HRM's) are connected to pyrotechnic safe/arm receptacles
and the high current instrumentation module [(HIM) to the TEU
receptacle,

ENVIRONMENTAL LABR ESTABLISHES VACUUM IN TUNNEL

The pressure in the tunnel is lowered to less than 1 mm hg.

FUNCTIONAL SEQUENCES

All systems are exercised except the SRV's., The servo systems
arve vun from extrems to extreme and redundant sides of each
svstem are operated. This test is performed twice; once at high
voltage and current and once at low veltage and high current.

ENVIRONMENTAL LAB RETURNS TUNNEL TO ATMOSPHERIC PRESSURE

Unit returned to ambient pressure to reconfigure for further
testing.

LRM's CONNECTER

HRM and HIM plugs removed and low current resistor modules (LRM's)
and the low current instrumentation module (LIM)} connected to
safe/amm and IEU receptacles for low current testing.

UNIT CONFIGURED FOR SRV TESTING IM VACUUM

The FSTE cables are connected to SRV 1 and SRV 2 receptacles.

4,435
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TABLE 4.4-1 (CONT'D)

Test or Procedure

SRY 1 AND 2 SHORT CYCLE .

Functional testing of the normai (prlmary mo&e} recovery sequence
for SRV 1 and SRV 2 is performed.

ENVIRONMENTAL LAB ESTABLISHES VACUIM IN TUNNEL.

The pressure in the tunnel is lowered to less than 1 mm hg.

SRV 1 & BRV 2 TESTING

A1l functional testing of SRV's is performed. This includes re-

dundant {channel 1 and 2}, fault {channel 1 and 2), primary mode,
and B/U mode functions.

ENVIRONMENTAL LAB RETURNS TUNNEL TO ATMOSPHERIC PRESSURE, TURNS OFF
COOLING

Tunnel pressure is returned to ambient conditions and cooling in

tunnel is turned off in preparation for further testing.

UNIT DECABLED AND REMOVED FROM TUNNEL

ASSEMBLY TNSTALLS PYROS

Installation of remaining live pyrotechnic devices is accomplished.

BRIDGEWIRE TESTING

Bridgewire measurements of all pyros are made. This testing in-

cludes a resistance measurenent of each drive line and isclation
Iine from structure.

ASSEMBLY ERBCTS UNIT AND IKSTALLS VIEWPORT DOORS -~

The PPS/DP EAC is placed on erector truck and erecteéed to install
viewport doors and perform vertical testing.

VERTICAL TESTING

Viewport dobr testing is performed at high, low, and nominal

4.,4-36
Hangle wia BYEMAN
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TABLE 4.4-1 (CONT' DY

Block zesm_ar Pyocedule

voltages. B and 5 fllm tracking is run for strip and short buwst
times. The 9 and § slit blades are clegned. The stereo mirvor boot
aszembly is installed and the crab serve run to verify fit,

53 ASSEMBLY LOWERS UNIY

Remaining panéls are installed and the eiectable hatch is installed.
The unit is wmoved inte the funnel For final testing.

572 PUNCTIONAL SEQUENCES

ALl systems are eéxercised excopt the SRV's. The servo svstems are
v frow extreme To extreme afd wedundant sides of each- %y%t@% Gy
ereten, This test 18 performed 4t amblent temperature and pressure.

53 FAS SEQUENCES

Test sequences which are peculiay 1o Field cperations are vun at this
time, This includes the Functional Test (similar o Factory Punctional),
Interreaction tests and Hesith Theck.

The Interresction Tests yun séveral subsystems simuitansously 1o

verify that the PPS/DP EAC and Contrel Sectisn function nar%aily_wﬁﬁn
various systems are operating together. The Fumctional Test differs
from the ?&%tory Test hecanse of unit oz&enzdtion in the Fleld whlah
can result in Carriage drift and £ilm slippage.

54 SLUT BLADE CONTAMINATION TEST

Pilm in the 9 and 5 £ilm-drive systems is exposed to light from a
bull on the primary wiveor for a specified period., This fitw ds
iater avalyited for indicatiods of silt blade contamination,

55 ASSEMBLY REMOVES FILM
Film is removed frop SRV I und sent for progessing. The film is

respliced to SRV 1. The provessed film is checked to svaluate
the resulis of the contamination fest.

56 FILM TRACKING AFTER RESPLICE

Short tracking test for § and § film-handling system is zun 1o
verify proper opevation after fils resplice and 8§/ rvefurbishuent.

Rangle wia BYEMAN
Cortedl Systee Jhy
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TABLE 4.4-1 {CONTYED

Block - Test or Procedurs
57 BUYQrr

Unit is bought off by the Aly Forse,

58 ELECTRICAL CONDITIONING

The unit is Q@&f&gurad @iaat icelly, and then bridgewire, drive
Tine resistance, no voltage, and isolavion wmeasursments mads with
the DTU off amd power spplied,

59 DECARLE UNIT AND REMOVE FROM ?ﬁ%&EL

Unit is returned 1o assembly £ér storvage.

60 STORAGE

Unit is stored in the cledn room uvr stora age teni on an erector trick.
Fyvery 7 days the unit ds rotated 00 degrees, The unlt is stored

on oar ersotor truck for quick reaction o perform werticdl tesiing,
if the unit iz called up for usage.

Bl REMOVE FROM STORAGE, REMOVE COVER AND ERECT UNIT

Assembly removes unit From stovame for the 90-day exercise. The main
hatel is yemoved and: ?he un;z arcﬁte&

62 '_v?RTrrﬁa VIEWPORT DOOR g7

Viewport door testing is performed to savisty ATP and 90-day storage
requirenents. This encompasses testing at hlgh Iow, nominel voltage,
Cand 4t least 90 seconds of Pri’mary apd Backup motor ON time. Assembly
p&?fﬁxm% strain gage . measurefients and finalizes COM Arpa.

8% & 64 ASSEMBLY LOWERS UNIT

R@maxnlng pangls are installsd and the g¢jectable hatch is installed,
CThe un t is woved into thﬁ ,wnnel for final tentxﬁg,

B CABLE UNIT PFREP POR VACUUM

Unit is cebled for vesting, with FSTE czbles connscted to BRV 1 and

Hardie wid BYEMAR

Tortrol hystem Oely
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TABLE 4.4-1 CONT'D}

BIF-008- W-C-019842-RI-80

Teszst or Procedure

SRV 2 receptacles. ALl FSE covers torgued down with +Y F5E vent
cap removed.

FILM TRACKING AFTER RESPLICE

Short tracking test for 9 and 5 film-handling systems run to verify
proper operation after film resplice.

SRV 1 AND SRV 2 SHORT CYCLE

Functional testing of the nermal (primary mode) recovery sequence
for SRV 1 and SRV 2 is performed.

ENVIRONMENTAL LAB ESTABLISHES VACUUM IN TUNNEL

The pressure in the tunnel is lowered to less than 1 mm hg.

This test is performed at nominal voltage and low current for all
1/F commands from both decoders except the pyro functions.

The crab, stereo, SRC, NPA, slit, and 81 CAL MOTOR are operated for
a total of at least 90 seconds ON time.

FUNCTIONAL SEQUENCES

A1l systems are exercised except the SRV's. The servo systems are
run from extreme to extreme, and vedundant sides of each system
operated.

SRV 1 & SRV 2 TESTING

All functional testing of 8RV's is performed. This includes re-
dundant (charnels 1 & 2}, fault (channels 1 & 2}, primary mode,
and B/U mode functions,

4,4-39
Handle viz BYEMAM
TOFS RET _C fontrol System Only
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TABLE 4. 4-1 (CONT'D)
Biock R ?&s? or Pygaedurﬁ
73 SLIT BLADE CQ&I&%&%&?IQX ?ﬁSl et Al
Film in the 9 ané.a 31%% &f
‘bulb on the primary wifror. for
tater evaluated for indidgtioms’ Gf ﬁlzt biade aontamznazgoﬁ

74 BXVIRONMENTAL LAE RETURNS TUNNEL T0- A1MQsanR1L ?R?Qbﬁﬁx """ 5

: _”Unlz xaimrﬁad 0 ambx;f
PR %«@5}%»11'1’% .

74 ENVIRDNMENTAL TAR ESTABLISHES VACUUM TN TUNNEL- -~ 7
;°“?5'T”*§ﬁs=pfes$ﬁye in the ﬁﬁi@éiﬁ@%;}bﬁéfeﬁ im'less,gﬁﬁﬁ.ﬁlgm*hg.
76 SRY 1 & SRV 2 TRACKING

) The & film~handling system is .run in.the strip mode dnto SRV {1 1o
Hed s ”fye?zfy proper operation. 8/0 {8, then fired and the tracking

test repeated irite SRV 2. E%zs sequence 18 r&peafad for *he 5 Film-
handling svstem.

77 A%YEQQN%?NT&I LAE RFT%RN ~TH%%?I O A?%QQ?HEQIL ?RF&SSR% TUR&S OFF
, { {3\(}211 :\z{,z . e - . Ll . Ly e

""4unnbi erbbuzc is xszurnw f%& &mbzwnt caﬁ&ztiens anﬁ cooizng in
tunnel is turned off in preparation for further testing.

78 REMOVE FILM, REFURBISH RAM, RESPLICE - =it o0
""" Sofiimis rémoved from SRVTL &név$% 2. The §¢Em fzom SHV 2 is sent
for processing. The film is rv%@%iced to SRV 1. ﬂq%embly r&fuz&sgkes
the BaM. The processed fl'%ﬂzs cn“akmd to &vgzuaz ¢ oresults of
the comtamination test & ’
76 OATA KEVIEW - i

The dats from the $0-day cycée is reviewsd,

BRI iNA&K?%? APTER R&b?iié

......... ; - S

Short tracking test £or 8 and & film-handling systems fun to verify
proper operation after £ilm yesplice and 5/0 yefurbishmént.

4 448

Benote vy E?ﬁ?j@s’&%

Combred Systow Galy
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TABLE 4.4-1 {(CORT*D

Block Tawt or ?Vaaedur&
81 REMOVE FROM STORAGE, RFMOVL H&EQH AND ERECT UNIT

Asmembhly Pemoves uniy From grarage for Fingl vent text. The maln
) 5 . 4 )
hateh dis removed and the wnit erected.

82 VERTICAL VIEWPORT DOOR TEST

Viewport doby testing 1s performed at high, low, and nomingl voltages.
Assemhly perforyms stra Jﬁ gdg@ mﬁa&urﬁm@ntb and fln&il”eh O Area.

8% & B4 ASSEMBLY LOWERS UNIT

Remaiﬁivg nan?%s are ﬁn%ta%??d aﬁé ?19 ej%ctabl@ hatch*is_instazéﬁé«

35 CABLE UNTT PREP FOR VACUUM

Unit us cabled Tor testing, with FUTE cables connected to SRV 1 .and
SRV 2 pecepracies. ALL FBE covers torgued down with +Y F8E went
gayp removed,: ' '

26 FQV?&GNﬁL\?éh LAB LOWERS TURNEL 17 M??ﬁ&?ﬁﬁ}

The teuperatuve of the test fmp%ez is z2ef to 59 - 1P, This is
gy gn allow checkout of the énviropmentsl svsten and to wer%orm
gthay Test sequences al this LOW temperature,

87 SRV 1 & 2 SHORT CYOLE o - -

Functional ?e%t%ﬁg of the n%?ﬁ&E {pfam&ry mode] recovery sequencs
for SRV 1 and SRV ¥ s peziarmaa*

88 TRV RONMBNGA L, LAl LOTABLISHES V&&UQM IN TURKNEL

The pressure in the tunmel is lowered leo less than 1 sm hg.

B9 288 1/F €O

R ETRR I AN TR AT

This test i performed at nominal voltages and low current for all -
T/F ccmbands o both decoders exospt the pyre funetions,

angte via BYIMAM
Control Gystas Driy
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TABLE 4 .4-1 {CONT'"I)

Rlock “Test: or Procedure

80 FUNCTIONAL SEQUENCES

All systems are exercised except the SRV's, The 'seérvo systems are
run from. extreme to extremejpand redundarnt sides wfeach system

operated.
Wil e

81 SRV 1 § SRV 2 TESTING

All functlonal testing of SRV‘S is performed Thzs 1nc1udes TE~-
dundant (channels 1 § 2), fault (channels. 1l &.2), primary mode,
ané B/U mode functlons

b e SR pos

92 JKERVIROWMENTAL LAB RETURNS TU%&EL TO ATMOSPHERIC PRESSGRE
T3iE i
Unit returned to ambzent preszure o reconfzgure far further
testing. EAeG i Es e TRVIAR GRS
9375 ¢ -ENVIRONMENTAL LAB ESTABEISHES: -VACUUM IN TUNNEL «f. 7 %

The pressure in the tunnel is lowered to léss than Tamihg.

947 pers e wBRV: 1 B OBRY 2 TRACKING -/ 12 % Lag SN s
T TS L A R E o L S T i
The ¢ film-handling ﬁysmm is run in the stmp mode into SRV 1 to
verify proper operation. The.8/C is then fired and the ‘tracking
test repeated into SRV 2. This aequ&nce is repeateé for the 5 film-

handling system. o B ; SR e
95 ENVIRONMENTAL LAB RETURNS TUNNEL TO ATMOSPHERIC PRESSURE, TURNS OFF
COOLING

g U - " o B SN 3LJ . i A il

Tmme} pressure is returﬁeﬁc‘%mﬁambmnt ccmdltlons ands x:oxﬂmg in
tunnel is turned off in preparation for further testing.

96 REMOVE FILM, REFURBISH RAM,URESPLICE .. %4 frp "Fill £ifnad

CoFilmis removed from SRV slizands SRV2.. Thefilm fromr SRV 271s sent
for processing. The film is respziced to SRV 1. Assendslys wefurbishes
the RAM. The processed film is checked to evaluate the results of
the contamination test. BET L v ZAlEpR A MU

handie via BYEMAN
Control System Only
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TABLE 4.4-1 {LONT'E)

Biock © . Test oy Procedure

97 FIIM TRACKING AFTER RESPLICE SR X

Short trocking fest for § and % Filo-handling systess run o verify

98 OATA REVIEWED

The vevalidation data is reviewed with the Alr Forée,

99 EXCESS FIIM WEMOVAL . - ” o 4

The excess § and § film, shove the operational use figure, is run
inte SRV I, Buren and strip modes of operation sye used o yun
I, §, 10, 20, 50, or 100 foot ledgths as requited, .

100 ASSEMBLY REMOVES FILM FROM SRV 1

9 oand 5 film is reyoved frowm SRV 1 apd system respliced hiack to SRV,

101 FITA TRACKING AFTER RESPLIOE

Shert tryacking test for ¢ and 5 Film-handling systesie vun to verify
propey opevation after film vesplice.

G2 EPORY COUPLERS & RAM SCREWS, PAMEL INTTALLATION
Assembly perfomms rvequived work,

1037 ZLECTRICAL CONDITIONING

The updt is configured electricall
resistahee, no voltsge apd
UDTU o7f gnd powsy appliéd.

104 DRCABLE ‘UNTT AND REMOVE FRDM TUNNEL G

o

Unit §s removed from tunmel ared the PED prepersd For final leak

dorne i g -
raty tesl.

105 Y114 BNCLOSURE LEAK RATE TEST

The £ilw enclosure 1s tested for tighiness by pumping in alr to

Hardle via BYEMAN

tontrol System Gniy
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TABLE 4.4.3 [(CONT'D)

Block Test or Provedurs

2 inches of water pressure and weasuring pressure drop after
1% seconds. This is done for +Y FEE wvent capped and uncapped.

06 & 107 ARSEMBLY SHIPFING PREPS

Final assembly preparatiems of uwnit prior to shipment, Checkout of
trailer and shipping container performed. The FFS/DP EAC is placed
into the shipping container and the container loaded onto trailer.

108 ~ SHIPMENT

Hardie wia BYEMAN

fontrol Syatem Oniy
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Figure 4.4-14. SEM/COM Ixx Measurement EBquipment

4.4-45 Handle via BYEMAN
TWT 8 Control Gystem Only
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T ECRET G __

In addition, the following tests are performed:

BiF-008- W-C-019842-RI-80

{a} Continuity of the electrical systems,

(b) Current profiles of the system at ambient and under
vacuum conditions,

*(c) Measurements of film drive smoothness, velocity, and frame
length.

*{d} Calibration of stereo, crab, SRC, platen, and slit travel
rates,

*(e) System tests in ambient and cold enviromments,
{£} Checkout tests of the DTU and hardline instrumentation.

(g} 8l1it contamination tests.

At the completion of Acceptance Testing, 9 and S prime film is loaded if

unit is to be placed in a readiness condition. This requires additional test-
ing to verify tracking and cleanliness of the slit. The flow plan>for this
work is shown in Figure 4.4-16. A brief description of each step in the Flow

plan is presented by Table 4.4-2.

*Testing performed under vacuum conditions.

4.4-47
Handle wiad BYEMAN

TWT G ontrol System Only
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| F-008- W-C-019842-R1-80

Logd Film

Remove from Storage,

5
&
¥
4
s
. b
) 1
: g g # B
5 TN i E
] o . ;
ot I P
iy g bi, R L .
n i

Remove, Main Hatch,
Erect Unit,
Mwecfi{init

Horizontal, Tracking
5{{&“5-&-8503} *

£ cb Unit,

'v‘ermw} T':'m:icmg}

[pean S1its

&

‘W:wa into" Tunnel,

Install RAM i
hange Trgeks, Tracking Alds 1.

i : . o con oM L H ! Fable Unit-
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Tee op 2 :~ T . : 4 &wr ! T 5 .
’ 1 . A 12 ’
] iy ‘ *ooaf 3 « 3 F
& ?-:' i " ¢ R T i ‘“ g .
‘ 4 . g srug G ime o H ' . e ) )
Lover Tunmel i ? :gﬁii Bzﬁe;;:c ! oo vPFreparation.for. F Establish Vacuum w8 and S5 Baseline 114t Contapinstion
Temperature to {'?E-Q“«-Bgﬂﬁ} Vacuum Testy el - m Thromel H’chking in Vacous M: T e |
59 ~ &IF ot ¥ S (TE-C-B507) e B o (TR 3536} o (T~ RS 06)
gy ok - Kb ¥ i : ‘¢ . g c
- o * [ o L]
; = M ’;ﬁ» ;5 9T v ,»‘1 o o ;ﬁ ik ,
e el ts S - . i o E s by o+ £
.. Return 0 *,: femove Film, 2 ., Film Tegexang ‘ * Eppluate e E ;}

| Mtwmospheric Pressurg

= after Besplice

Reicgpii(:e

Delable f.lmt i 4

; Q:{g‘pgﬁ Tricks,

i
> j 5t Results Ly emiove fr e o 4
(TE-C-f506) 111 Tn M fl ¢ m‘fgﬁ« " Erect Unit
L oo s “ e Ea3 . /‘ " ¥ ' S P L | 5 i3 B
L . b L H 1oat 3
y o P 1 v b o Pl - . - ; 4
it T i o g 5 by & Ty :
13 4 vy 14 o Boroowr b 6 wonrod A VR I8
4 P a;l N ‘* : it [T Y T i PR i T "
% i < - i RO
i ”f z ot
N Vértngl S fkcr%n:vve ‘s!wwfmrt E}d«)rs, o O e : * : .
. iR i Lower Uniti,, «p b o i M e ntow I
et Undt et Viewport Pdor ©o i ’ # [ £ t . s [
E ¢ ! 'f:f'—ﬂ »;p v v S ] Jrstall Fanel £ ant e o L - S o : i
Install Viewport Doors 4 i ‘ . 7 [Eattfh( fo R e 5 e 1 5
£ A (TEL-85 ET, o e " ) ; < o Vit S Ve
. o ~y S o i e By L g | .
d el e it FLCk B ik * " iy ged B 13 e [ k)
18 ;‘4 2‘} e gy L by 21 i< { o e s it ’ i %
" (‘d Y 438 ‘,;A, i i fit o i
i :2 :;; 2 iy o i b i i e {: e, R '
o Yor &y b wrd oW + e vy s s :
* Test Engzz\eeﬂnmf } E‘rmeﬁmres o] it ik S , {"," 5o ; 3 i
O T N BT L
** Numbers refer t3'Block Desciiptiohs.on Table 44507 ¢ & o b s o
Lo 2, b oA L T; [ i Gl £ ire d.
Wy % ~r4 ;i"} 3 o o - S T |t & L
+ %3 4 “ i . . # §uy 3
£ . 11 T . g ‘i a = i : - .
; * el o . e e By VL iy s P & i okt o
i ger he %, ¥ H et i ‘ . Je o R g
' P I [ ] [EHR; i - i o,
; :

Handle via BYEMAN

{m‘ Systen ﬂn%.

Figure 4.4-10.

PPS/DP

Approved for Release: 2017/02/14 C05097360

EAC Assembly and Teést Flow for

Fi

im Change

I m'?ca_g'r _ﬁl

s

W
%,‘,.}

’”‘.‘:




Approved for Release: 2017/02/14 C05097360

/vséam S

£
i

TABLE 4.4-2_

RiF-008- W-C-019842-RI-80

PPS/DP EAC ASSEMBLY AND TEST TLO% PUR FILM ﬁHANGE DESCRIPTIQN

Block* Test T Procedmré**'w

et ibions

1 REMOVE FROM STORAGE, LQAE ?ILM j

The unit is removed. from. stoxage mr fr@m'test tunnel. at the end
of normal acceptance testing*“Prlme f1lm,loads are Installeé

.4,

2 REMOVE COVER, ERECT UNIT REM@VE VIEWPGRT DOOR% LGWER HNIT

!

Assembly removes. the main Ra¥ch s0- that the v1ewp0rt &%ors can
be removed after the unit-is-erected: This is requ&%@ﬂ B0 that
film tracking can be v1ewed thraugh the slit in the camera

3 HORIZONTAL TRACKING

i

The 9 and 5 film-handling systems are run‘to. verify proper
operation and: to make ad}ﬁﬁtments (RAM and tllt framesl 1f

required.
o . R G g

4 ERECT UNIT, VFRTILAL TRACKL%G CLEAN S&I?S

The unit is erected to perform vert1cal film~ handlzng test;ng

and clean the 9 and 5:slits . ?hn £ilm- hapdlzng tests are done
to acquire a basellng fox: Fk@f'estlng, u51ng the film type that

will be run at PAS

,4_«-‘

5 LOWER BNIT CHANGE TRGCKS‘ MOVE INTQ TU&NEL CABLE UNIT

i S B

The unit is changed from an erector to. atfamzory txuek te-ﬂllow

vacuumﬁteztxng in the! funnel :

6 INSTALL RAM TRACKIMC AID ﬁ ‘ié %

|

Assembiy 1n5ta115 a~3pec1&1 &ata track asﬁembly at the RAM tc

PR :
i

wh ERv—

* Block mmbers rafer to flmw chart_ (F;gure 4,4- 147
** Test and Prac&durm zteps from flaw chart {Flgure 4. 4 14)
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EQQ&T‘DB

Block

L

“?’;'Z EJ o &\ Fe! -'Z.';:.;

1

12 sLIT LQ&lR%Z%&ﬁIG% TEST - R

Film in the 9 and 5 > film~dx;ve Sygrems ig exgo&gﬁ,&a bt from.a
bbb the pPimaryiairihy Y shetificd period. ﬁh. Lim is
later evaluated For siit contamination. T

13 RETURN 1O ggmmm;w

Fom feopgd mimm pdd bayn el
FREE2TE ForitaBll #67 DuBTent B Pisd
testing.

14

IY.ERE%{W& EIL@’% __Ri&?LZCL

?&S?iaceé to SRY 1.

& dp

windbe wia BYLMAN
Tomvivet Sydtea Orly
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Block

15

8&@?& zrazxzﬁg taaz fﬁr % and 5 £3 lmmh&
ve%ﬁfy_pxw§ar_oggyd Jon, &ftef ﬁxﬁw”xﬁgp

g
5

14

This

W inéudes provessed 9
camera/RAM dats track

fex]

17  DECABLE UNIT, R%%O%

e

18 fﬁﬁﬁ?ﬁ TRUCKS | ERECT 4

Qﬁit i% %0V§& fto% 3?“;**~3**k @

48

20

21

g S‘?{%ﬁi&*

Unit is placed in slevage in 8 rea&&veﬁsW%On Lot
5%5ﬁmbiy wul Tes  'wM§f;guze % 4 i& %fgr; Y '
“wturagh’ and retisr, ’

Kandie via BYEMAN
£ &Xz’t’ki‘ﬁ‘l Syniom {}ﬁ%y
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4.3.5 Pyrotechnig:Subsystem Testing .. ...

ErectricaluchecKoutof the PPS/BR EAQP;am;udes vgrggzcatlﬁn Of pgrotechnlc
sabsysten performapce:using the gnd-tosend. e;agt;onlcs gEEE) test equlpment.

T e T S ) o e .
LENE A A TIO Y tasEsry R ;\“gs' Arra B STTT et s e b e e o

¥, TR R0 e o r 'i,_)t

e Tk

These dgct” as-safery plugﬁ ths prevent acgzdental fzrxng of{a%@yr@teghnlc de-~
vice and allow a trickle current to be fed through the devzgaﬁbrldgewzre for
testing. Additional types of EEE hardware modules simulate pyros or monitor

CHT%&H%"l@»th@”S?ﬁtﬁm:nﬂébr”£%5£4 aﬂﬂ fourwﬁp%czal mgduleﬁ Are used whlch

w65 a¥lowaresting ofithe. wiewpars d@@yﬂaagvggke_Qpimgggrgﬁd et Faeen . N

P o A
LR LIRS T

PR -

1 VT O %

W

. . r [ r . 3
AN T IR Bt ] ST o P s
CERWENNETD o My mreeld ey B

TEEER L LE o g g g
34 B S Sl B ey Gy

4.3.5.1 Resistor Module Types. Low current reszstmr mgd&lgs QLRM‘s} are
used for low current testing measuring bridgewire resistance. Each LRM puts
Ly pekistive idﬁaiinfsarieswwithx£h¢gbriﬁgew¢me,aﬂd.gctsmﬁs»a "safe“ gonnector.
High currentresistor modules HiBM's,): m&l@w‘hlgh current testlng thraugh s

vehicle cabling and connections to verify cable integrity and measure systen

impedance. Each HRM simulates the actual byidgewiyes..

iar

Yad AT 52T

L

~The ilowaand “high eurrantcinstrumentaﬁian,mogulgs7£L1Mﬁ@nd,ﬁ{M} aremqsed_on
the“iﬁztl&tﬁﬂ«eiectron&csruﬁ;ﬁwﬁiﬁﬂ} betwegy IEﬁ%can?ec;pr JS and armﬂglug
W99, and indicate current drain-during tﬁst;ng}FfTh‘JJIM R1¥E is used wlth

- o4 -.4..: Ty

HRM's (high current testing), and the LIM plug with LRM's (low currenz test~
ing}. For hlgh curreft testing,.dummy. BYF9S. are~&nsg&11§é

“’ii&e  PyTOS (inj%heI%ﬁi%é%/xéa%ér3@ﬂd~tmnnaiﬂseal and re-

s ( '“ - -
koot A e AQXF, DHETY

cord trap mechanisms) bypassed by test‘cab}es 7

erever possible,

# e

and the remammgg

m VRS .
B Eniel st 3““

There is one special RAM* module which allows firing of the splicer mech-
anism to test the splice, and also the take-up powsr witching functions ., The

*RAM (record attach mechanism) is an unclassified term for splicer mechanism.

HAMIYE a0y 2inecs | 45 4 52
BT oY R TS Wandle via BYEMAN

MT Control System Only

/ n mata ¥ < 3t ey
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RAM module allows actuation only of the splicer mechanisms while protecting

¥ oy

all other pyrotechnic devices associated Witk ‘thatramm plug:idsezory] LRk

For teatlng the prlmary Vahd’ backup vm%wpert d6ot Hotors and: the:9 - ané,S"?ahej

up motors, there are four mei‘““%ubgystem modules (MEM! )7 wh1¢h>cam,bﬁip;a§§§

between }unctlmn box connector J216 and arm piug Wo8, These four diﬁferent

ampla ona piug simulates thé two: VidwpoFtdoeistiorers and al&ows thex ta£$p
up motors %o‘be éfiven iMotors thatliavre Simulated: aresFed. as trzck}e currenty

VL B s I TS T o
to chec& 1ntegf1ty SRR e ROl wn of oo
T e 0T sonsnnle welolos evmabecsy oo Sy ot

S i ERAL TR el

W R mewenie g m Dl e S e AT, Y PR V )
The remam'ing r‘egistar"moﬂul‘é’ ‘t?pﬁﬁ“éﬁﬁ% ,g;p?éc.laﬁ_& HEMYgcand: IR ssused; &ﬁ?’iih@s‘}
PPS/DP EAC level for SRV tesfifig:™ TReSESallow ﬁaéﬁﬁ:toring"‘ﬁp“‘m“ﬁﬁéi‘”mgmg con-
nectors on the SRV but not thrcugh the bridgewires. RECAL equipment handles

all SRV brldgew1re tes»zng PEE AT TaaTman wel VEE wadBod corsiesd (LB L
AT dna ELOmEEL AT vl gmesE e gakbrozams anlread ’.”,"-i"'}‘:"s,i;’: Wl oo

safe connectors, “and safE'piugs* 1ﬁ3t&&16& Where o LRM s &TF”USG@TZ;J,

L E B }1 4 ROk e i s e s " .
& s ‘_“_J 1 ,M.JW o 3} ERay; i e A T T T N

4.3.6 PPS/DP EBAC Revaffg&gigﬁi?ggéiﬁgsﬁ el porninmie WU Jdepd cearubogml

UGB G UV Darn ST sl de em g e R e .
For a vahlélé whigh has completed “deceptandéitesting andtis inistoragecin.gx-
cass sf’zi days, a’'révalidation ¥es¥iiy ﬁ%ﬁf&r@éﬁ”pxiér“zvvsﬁﬁpmenﬁ::gﬁheﬁdy
factory revalldétian accmmpllshes tHe £b116w1ﬂg% AsTrus sdusioal s | DOYW
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0 Lra isubSystems:dncluding. spligsr, mechanism actzvatzanig?r_nq M{% é
tracking/logic checks, gf the flimihandling System, Fomen 2

and both 8RV's, ceo s Tret wd Dezeccyd Came bradss ¢ty byoo

- Dl reotlal odF TO Sabvit swolls dobAu et : [
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b. Exercise of all motors, encoders and potentiometers that
van be avtiverved consistent mith the Linlsatiens of safsty
and configuration. The Viewpert doer primary and backup
svstens are indluded Yecause of t%air msgaiaﬁ crztzma}

1u¢aﬁgm§1bzlxty &&

"_pad.ﬁ@gﬁgng cea@@daram&gﬁ&
{s@ékat -BEVEY cables and

potentiometrers, rollers, and ﬁthez‘mechanzaa} parﬁ% tha%'dre nmrmaiéy t&sted

during PPE/DP EAL Acceptance Testing. Proper opevation of electrical systems

is also verdified.

The configurstion for this teyr is dependent on whether the unit being tested

is consideved a primary unit or backup unit. A primary unit % the next umit
4o he $hipp@ﬁ¢ Testing on this unit 1% dong ar 60F. A baskup unit iz tested

at ¢lean room temporature and pressure,

The $0-day exercise and Revalidation Test are very similar, with minor differ-
ences as indicated on the PPS/DP EAC Test Flow, Figure 4.4-13. This enables
@ guitk tufnairound dn cdse g wnlt ¥s called up for usage during s 90-day
exercise or within €1 davs after this test,

Tge to usage of 9 and 8 prime filw during the 90-day exercisé, relgading of
8 and 5 film loads may ba-xaqnarad-baﬁhfe call wp of unit, In this case, a
special test flow has been planned and is detailed in Figure 4.4-14, Thas is

the same plan that was vpsed to Indtially losd 9 snd 3 prime loads.
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of the vehicle's configuration and performs several data analy51s subroutines.
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