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DOCUMENT ORGANIZATION

The Shuttle Flight Operations Manual (SFOM) will be published in separate
individually bound volumes. Publication.of the preliminary editions of
the volumes will be staggered throughout 1979,

The following Tisting of all SFOM volumes shows the responsible book man-
agers to whom all technical questions should be addressed. Requests for
single copies of specific SFOM volumes should be addressed to the book
manager in writing or by telephone. Multiple-copy requests for a specific
volume must be addressed to the book manager in writing stating the number
of copies required and giving a brief statement of justification. Requests
for a compliete set of SFOM volumes must be addressed to the Division Chief/
CTPD in writing including a statement of Justification.

VOLUME TITLE BOOK MANAGER PHONE NUMBER
1 Caution and Warning CG6/T. Ward (713) 483-2651
2 Electrical Power System CG6/H. Baxter -2651
3 Environment Control and Life CG6/K. Haithcoat ~4794

Support Systems
4 Communications & Instrumentation CG3/E. Rainey -2213
A. Audio E. Rainey -2213
B. S-Band T. Bruce -2213
C. Ku-Band R. DePaolo <2213
D. TV 8. Fulbright -2213
E. Instrumentation G. Steinbeck -2213
5 Data Processing System CG6/R. Lanier -3291
6 Guidance, Navigation, and CG6/A. Accola -3291
: Control Hardware
7 Applications Software CG6/M. Brekke -4637
8 Propulsion )
A. Main Propulsion System CG6/C. Edwards -4637
B. Solid Rocket Booster System W. Chanis -4637
C. Orbital Maneuvering System M. Hernandez -2651
D. Reaction Control System K. Black -2651
9 Auxiliary Power Unit/Hydraulics (G6/J. Erickson -2651
10 Structures and Mechanical CG6/J. Poffinbarger -4794
A. ET Umbilical Doors System L. VandeZande -4794
B. Active Vent System L. VandeZande -4794
C. Payload Bay Door/Radiator System B. Hahne -2651
0. Landing/Deceleration System J. Poffinbarger -4794
11 Aerodynamic Performance CG6/D. Zwingman -3048
12 Crew Systems CG3/R. Snyder -2541
13 Shuttle Displays and Controls CG3/T. Neal -2541
14 Shuttle CRT Displays CG5/M. Gremillion -4271 .
15 Extravehicular Activity C63/J. Covington -2541
16 Payload Deployment and Retrieval CG5/B. Kain -2611
, Systems
17 Payload Carrier Systems CG6/G. Laski -4794
18 Shuttle Upper Stages CG6/R. Benson -4794
19 Spacelab Support Systems CG6/A. Holt -4794
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SECTION 1
INTRODUCTION

The Payload Bay Doors (PBD's) provide an opening for payload deployment
and retrieval, provide structural support for the Environmental Control
and Life Support Subsystem (ECLSS) radiators, and react to mid-body
torsional loads. Each door supports four radiator panels. The two for-
ward radiator panels on each door are deployable, and the two aft radiator
panels on each door are permanently attached to the doors. The four
deployable panels are latched to the inner side of the PBD's. When the
doors are opened, the deployable radiators can be unlatched and deployed
to a fixed position, thus allowing neat radiation from both sides of the
panels. The four aft radiator panels only radiate heat from the upper
side. The purpose of the eight ECLSS radiators is to allow the radiation
of excess heat from the Orbiter vehicle systems. Figure 1-1 shows the 1lo-
cation of the PBD's, deployed and fixed radiator panels, latches, and
drive mechanisms.

i-1
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SECTION 2
SYSTEM INTERFACE

The PBD's/radiators interface with other vehicle systems as follows:

A. Structure - provides structural support for PBD and radiator panels,
hinges, latches, and deploy and stow mechanisms.

B. ECLSS - Radiator panels interface with the ECLSS via the freon coolant
loop ptumbing.

C. Electrical Power Distribution and Control ‘System (EPDCS) - furnishes
electrical power for the PBD/radiator latch motors, deploy/stow
motors, telemetry transducers, limit switches, and status flags.

D. Displays and Controls (D&C) - provides crew control and monitoring of
systems operation and status via switches, circuit breakers, status
flags, and Caution and Warning (C&w).

E. Data Processing System (DPS) (GPC's) - receives system parameter in-
puts for Systems Management (SM) monitoring and control of PBD's;
provides computer keyboard input capabilities for automatic or manual
control of PBD operations.

F. Instrumentation - receives PBD/radiator system parameters inputs for
telemetry of system status to the ground and onboard.

G.* Thermal protection system - outer PBD surface insulation provides ther-
mal protection when the PBD's are closed.

2-1
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SECTION 3
SYSTEM DESCRIPTION

3.1 PAYLOAD BAY DOORS

The port and starboard doors are 60 feet long and have a combined area of
approximately 1600 ft2. Each door is made up of five segments intercon-
nected by circumferential expansion joints. Each door is connected to
the mid-fuselage by 13 hinges (Fig. 3-1). There are five shear hinges
and eight floating hinges. The floating hinges allow fore and aft move-
ment of the door panels (for thermal expansion).

The port door weights 2375 pounds and the starboard door weighs 2535 pounds.
The starboard door contains the centerline latch active mechanisms, which
accounts for the weight difference. These weights do not include the weight
of the radiator system - 833 pounds per door.
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Sixteen centerline latches (eight aft bulkhead latches, and eight forward
bulkhead latches) secure the doors in the closed position.

Figure 3-2 shows the location of the door latches as well as the center-
line latch numbering system. The PBD latches are in groups of four ganged
latches each. Each group of latches is driven open or closed by two redun-
dant 3-phase AC motors. The PBD latch groups can be opened/closed in a
predetermined sequence automatically or by single individual latch groups
(manual mode). A1l PBD AC motors are reversible by reversing two of the
three phases by switch action. When opened in orbit, the doors rotate
about their hinges by approximately 1749, Each door is driven open/closed
by two redundant 3-phase AC motors (reversible). The starboard door must
be opened first and closed last. due to the centerline latch mechanisms*
arrangement. Each motor in the PBD latch and door drive system is turned
off at the end of its travel by limit switches. In the event of limit
switch failure to turn off a motor, torque limiters within each motor actuy-
ator assembly are utilized to allow slippage, thus preventing damage to

the motors or mechanisms.

3-3
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3.1.1 Centerline Latches

Figure 3-3 is a block diagram of a centerline latch group which shows the
various components and their relationship within each assembly.
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Figures 3-4 and 3-5 show Extravehicular Activity (EVA) disconnects within
a centerline latch group which can be used to isolate a failed (jammed)
latch from the group. Each of the four centerline latch groups contain
these EVA disconnects.

The passive shear fittings (Fig. 3-4) within each centerline latch group

are used for door alignment when closing as well as reacting fore and aft
shear loads once the doors are closed.

3-7
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Figures 3-6 and 3-7 show a typical centerline latch (hook) and roller
interface (with deflection rollers removed for clarity).

Figures 3-8 and 3-9 show the deflection rollers and their interface with
the hanger assembly on the port door (active hook not shown). The deflec-
tion rollers eliminate PBD overlap (due to thermal distortion) during door
closing. A1l 16 centerline hook assemblies contain these deflection rol-
lers. Twenty seconds are required to open or close a group of centerline
latches (both motors operating). If one of the latch group motors fails,
the operating time is 40 seconds. In Figure 3-6 it can be visualized that
as the torque shaft rotates, the bellcrank and 1ink cause the hook to ro-
tate closed (or open), engaging the latch (hook) roller on the port door.
In the auto mode of operation, the latch group motors will be automati-
cally turned off if the operating time exceeds twice the normal time. If
the Auto mode is terminated due to a failure, (operating time exceeded) a
PLB DOORS CRT message and SM alert will occur.

(&)

-10
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'X.783.55

A

STARBOARD ~ PBD , 1
e ! S

By gt

PASSIVE STOP ROLLER (2)
DEFLECTION ROLLER (2)

Y. 0.00- ; iC/L
LATCH "'ROLLER—/ i \-LATCH HOOK
| = — 2o rmerme e

PORT PBD

r

T

aUx

Figure 3-9.- Centerline latch hook, top view.

3-14



10C-PBD/R
3.1.2 Bulkhead Latches

Figure 3-10 is a block diagram of one of the four bulkhead latch groups.
Note the three “"ready to latch" and one "door closed" switches in the
lower right of the diagram. These four switches are enclosed in a switch
module mounted on the bulkhead. Two switch modules per door are utilized
(one on the forward bulkhead and one on the aft bulkhead.) When the door
is nearly closed, it comes in contact with the striker arm on the switch
modules and the "ready to latch" switch contacts are made, which activate
the forward and aft bulkhead latch group motors. When the door is fully
closed, the door closed switch turns off the door drive motors. The aft
bulkhead switch module activates the aft bulkhead latch motors and turns
off one door drive motor, and the forward bulkhead switch module activates
the forward bulkhead latch motors and turns off the other motor in the
door drive system. The latch motors are turned off by the limit switches
shown at the lower left of the figure. Torque limiters are used to pre-
vent damage (by slipping) in the event of mechanism jamming during latch
operations.
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Figure 3-11 shows the physical appearance of a typical bulkhead latch group.
Note that all four latches are ganged together by linkage mechanisms. The
bulkhead-mounted switch module is shown at the lower right. Typical EVA
disconnect points in the linkage are shown. These disconnects can be dis-
engaged (EVA) in the event of mechanism jamming during door closing. Ouring
latching operations, the actuator output arm rotates, which causes all four
latches to rotate closed and engage the four rollers on the bulkhead. In
the AUTO mode, the forward and aft bulkhead latches (per door) latch or un-
latch simultaneously. The bulkhead latch motors will be turned off automat-
ically (AUTO mode only) if operating time exceeds twice normal operating
time of 30 seconds (PLB DOORS CRT message and SM alert occur).

3-17
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Figure 3-13 shows a typical bulkhead switch module. The PBD closing se-
quence is timed in the AUTO mode of operation, which automatically turns
off the PBD drive motors if door closing time exceeds twice normal oper-
ating time of 63 seconds. This will prevent damage to the system in the
event of a "dbor close" switch turn-off function failure. A two out of
three voting logic of the "ready to latch" switches precludes premature
start signals to the bulkhead latch motors.

The bulkhead latch group opens or closes in 30 seconds (both motors
operating). If one motor fails, it takes 60 seconds to open or close the
latches.
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3.1.3 Door Drive System

The doors are driven by two 3-phase AC motors per Power Drive Unit (PDU).
The motors drive the PBD « 1740 to the open position and are reversible to
close the PBD.” Together the motors open or close a PBD in 63 seconds.

One motor alone requires 126 seconds to open or close a PBD.

Figure 3-14 is a block diagram of a typical door drive system. The door
closed position switches shown are those discussed previously in the bulk-
head switch module paragraph. The open position switches each turn off
one door drive motor when the PBD is fully open. The manual disengage
shown is for ground operations only.

3-22



£2-¢

MANUAL
DISENGAGE

e e —-————q
| |
I BRAKE | MOTOR : *
| l
i i
: DIFFERENTIAL || cearpox |OUTRUT }::
| i
! t l
i | orake | wotor }
| |
L—_——“_“—“——“—-~—-~-_.~J

*
POWER DRIVE UNIT (PDU)

*

% SHAFTS,
COUPLINGS

OPEN
POSITION
SWITCH
TORQUE ROTARY
1 Limiter [ actuator[ ] LINKAGE
TORQUE ROTARY
LIMITER [P acTuaTOR[ ] L INKAGE
TORQUE ROTARY
LIMITER | > AcTuaTOR| ] L INKAGE
TORQUE ROTARY
LIMITER [ JacTuATOR] ] L INKAGE
TORQUE ROTARY
LIMITER [ ] AcTuaTor| | L INKAGE
TORQUE ROTARY
LIMITER [ ] AcTuATOR] ] L INKAGE
OPEN
POSITION
SWITCH

Figure 3-14.- PBD drive system mechanical block diagram.

PAYLOAD
BAY
DOOR

¢ CLOSED
POSITION
SWITCH

S |

Y

CLOSED
POSITION
SWITCH

4/08d-201



10C-PBO/R

Figure 3-15 shows the physical appearance of a door drive system. Note
the two bulkhead-mounted switch modules (discussed earlier). The three
bolts on the bellcrank and the bolt connecting the link to the PBD (view
A-A) are candidate disconnect points during contingency EVA in the event
of linkage failure during door closing. It can be seen in view A-A, as
the torque shaft rotates, the rotary actuator rotates with the shaft, The
actuator rotation causes the push rod, bellcrank, and link to move, which
pushes the door open. Torque Timiters are also used in this system to pre-
vent damage in the event of door or mechanism jamming. If the door oper-
ating time excedes 126 seconds due to a failure, a PLB DOORS CRT message
and SM alert will occur as well as the termination of the Auto sequence.,

3-24
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3.2 RADIATOR PANELS

There are eight radiator panels which are attached to the PBD's (Fig. 3-
16). The two forward panels on each PBD are deployable when PBD's are
open. This allows radiation of heat from both sides of these four radia-
tor panels. The two aft panels on each PBD are fixed and radiate from one
side only. The radiator panels reject the heat (by radiation) from the
ECLSS freon loops which is collected from various heat exchangers and cold
plate mounted equipment located throughout the vehicle. The PBD's will be
opened and the four forward radiator panels deployed in orbit. The deploy-
able radiator panels will be stowed and the PBD's closed prior to entry. '
ECLSS freon coolant loop 1 flows through the port radiator panels and freon
coolant loop 2 flows through the starboard radiator panels (flow is from
aft to forward).

3-26
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Each deployable radiator panel is secured to the PBD in the stowed posi-
tion by six ganged latches. Figure 3-17 is a block diagram of a radiator
panel latch system. Two 3-phase AC motors in one PDU are used to latch or
unlatch the six latches/panel simultaneously. The motor shaft rotation is
reversible- by reversing two of the three AC phases (by cockpit switch ac-
tion, Panel R13) for latch and unlatch operation. Two open and two close
limit switches are used to turn off the motors when the latches are
unlatched and latched. One set of switches controls one motor, and the
other set controls the other motor. The differential allows dual or sin-
gle motor operation. Control switches on Panel R13 allow single or dual
motor operation. When the radiators are deployed or stowed in orbit, all
four panels are unlatched/latched and deployed/stowed simultaneously. Ra-
diator status flags on Panel R13 receive signals from the limit switches
to reflect radiator panel status. Torque limiters prevent damage to the
system in the event of jamming in the linkages.

Latching or unlatching the radiators takes 26 seconds with both motors in

a PDU operating. One motor alone takes 52 seconds to latch/unlatch the
latch group.
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Figure 3-18 is a more detailed view of the radiator latch mechanism. In
this figure it can be seen that as the PDU rotates the torque shaft, the
rotary actuator will push or pull on the push rods to latch or unlatch
the hooks.

Figure 3-19 shows a latch with its linkages and the latch/passive roller
interface in the latched configuration. The passive rollers are attached
to the radiator panels.
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There are two radiator deploy systems; one port and one starboard. The de-
ploy systems drive the radiator panels away from the PBD (deployed) or to
the stowed position. ’

Figure-3-20 is a block diagram of a radiator deploy system. Each deploy
system POU (actuator assembly) employs two 3-phase AC motors. These
motors are reversible by reversing 2 of 3 phases (by switch action, Panel
R13). Two deploy and two stow limit switches turn off the PDU motors when
the radiators are deployed/stowed. Torque limiters prevent system damage
in the event of jamming or binding during system operation.

Switch controls on Panel R13 allow single or dual motor operation to de-
ploy or stow the radiators. Both port and starboard radiators are de-
ployed or stowed simultaneously. The radiators deploy v 35.59 from the
PBD's in 43 seconds.
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Figure 3-21 shows a closeup of one of the radiator deployment rotary
actuators. As the rotatary actuator shaft rotates, the deployment crank
and link straighten out and push the radiator panels away from the PBD to
the deployed position. Each rotary actuator crank can be disengaged from
the rotary actuator by removal (EVA) of a retractable shear pin (Fig.
3-22). Removal of this shear pin allows the crank to rotate freely from
the rotary actuator. This allows (EVA) radiator panel stowing in event of
a failed rotary actuator. If the PDU has failed, all four rotary actuator
retractable shear pins must be removed to allow manual stowing of the
radiators. No EVA is planned if a failure occurs during radiator
deployment.
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3.3 PAYLOAD BAY DOOR ELECTRICAL POWER AND CONTROL SYSTEMS

The PBD's operate in two basic modes, AUTO and MANUAL. The AUTO mode exe-
cutes all the steps necessary to fully open or close the PBD's. In the
MANUAL mode; desired latch group(s) or door(s) are specified individually
(by computer keyboard operation) to be opened or closed.

The PBD power and control system consists of three basic areas. These are
the Data Processing System (DPS), the Mid-Motor Control Assemblies (MMCA's),
and the actuator assemblies (motors). Figure 3-23 shows the relationship
of these three areas. AUTO or MANUAL commands from the DPS are sent to the
MMCA's, which in turn activate the proper actuator assembly motors to open
or close latches and/or doors. Microswitch feedback signals are sent to

the DPS to produce PBD/latch status on the CRT display and to drive the

PBD status flag on Panel R13. The status (OPEN/CLOSE) of the individual

PBD limit switches is also displayed on the CRT.
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Figure 3-24 is a simplified diagram of the PBD AUTO OPEN sequence signal
flow.- Each PBD latch group and PBD drive motor MMCA is shown. The signal
from each MMCA is enabled by a limit switch closure. The operating times
shown at the top of the diagram reflect all motors operating nominally,
Each MMCA~has its own timer and each timer is set to twice the nominal
operating times shown. This allows enough time for single motor operation
of a latch group or door (both sets of 1imit switches will close) without
getting a sequence fail signal (PLB DOORS CRT message and SM alert). AN
limit switch contact closures are displayed on the PBD CRT display under
MICRO-SW STAT. During the AUTO (or MANUAL) sequence, the crew can observe
the status of these switches' change state. Microswitch status is also
sent to Mission Control Center (MCC) by telemetry. The PBD status flag
(Panel R13) will go barberpole during door opening or closing, and will
display OP or CL only when the selected position is attained by the auto
mode. The PBD status flag will remain_in its present state when the man-
ual mode is used.
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Figure 3-25 is a simplified diagram of the PBD ready to latch switch
modules and associated circuitry. The diagram is typical for the port and
starboard doors. It can be seen that AND gates prevent a single switch
contact closure from enabling a command to the bulkhead latches. It is
also evident that only two of three switch contacts per module need to
close to enable the ready to latch signal.
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Figure 3-26 is a power configuration table for the PBD latch groups and
doors. By using the table, you can relate the various buses to MMCA's and
their respective actuator assemblies. You can also see which actuator
assemblies are affected by loss of a DC bus, an AC bus, an MMCA, or an
MOM. The loss of any one of these will cause an increase in operating
time (sing]e motor operation remaining) of the particular actuator assem-
bly with which it is associated.
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ACTUATOR MMCA LATCH MDM AC BUS DC BUS
ASSEMBLY GROUP
c 3 PL-1 |AC 1 MN A
E 2 5-8 PL-2 | AC 3 MN C
N L
T A 1 PL-1 |AC 1 MN A
ET 4 9-12 PL-2 | AC 3 MN C
R C
L H 3 PL-1 | AC 1 MN A
I E 2 1-4 PL-2 | AC 3 MNC ~
N S
E 4 PL-2 | AC 3 MN C
2 13-16 PL-1 | AC 2 MN 8
STARBOARD 1 FWD PL-1 |AC 1 MN A
BULKHEAD 4 BLKHD | PL-2 | AC 2 MN B
LATCHES
4 AFT PL-2 | AC 3 MN C
2 BLKHD | PL-1 | AC 2 MN B
PORT 1 FWD PL-1 [AC 1 MN A
BULKHEAD 4 BLKHD | PL-2 | AC 2 MN B
LATCHES
3 AFT PL-1 {AC 1 MN A
2 BLKHD | PL-2 | AC 3 MN C
STARBOARD 1 STBD PL-1. [ AC 1 MN A
DOOR 4 DOOR PL-2 | AC 2 MN B
PORT 4 PORT PL-2 | AC 3 MN C
DOOR 2 DOOR PL-1 |AC 2 MN B

Figure 3-26.- PBD power configuration.
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3.4 RADIATOR PANEL ELECTRICAL POWER AND CONTROL SYSTEM

The radiator electrical power and control system consists of four basic
areas. These are power sources (DC, AC, and control buses), crew-operated
controls (PNL R13), MMCA's, and the actuator assemblies (motors). The ra-
diator deploy and stow operation is by manual (crew) control only. This
is accomplished by use of the PL BAY MECH PWR switches and the LATCH and
RADIATOR CONTROL SYS A and SYS B switches on Panel R13. Associated with
the;§ switches are four status flags for latch and radiator status (Fig.
3-27).

To deploy the radiators, Sys 1 and Sys 2 mech pwr switches are ON, the
latch control switches (SYS A and B) are placed to RELEASE. 1In 26
seconds, the status flag will show REL. The radiator control switches
(SYS A and B) are placed to DEPLOY, and in 43 seconds the status flags
will show DEP. The stow sequence is just the reverse. The electrical
power and control system for the radiators is designed to permit loss of
one of two control switches (latch or radiator) or loss of one mechanical
power source (sys 1 or sys 2) and still be able to latch/unlatch and
deploy/stow the radiators. For example, in Figure 3-28 it can be seen
that if PL BAY MECH PWR System 2 fails, MMCA-3 and -4 are lost. This fail-
ure still allows latch and radiator control by MMCA-1 and MMCA-2 (single
motor operation). Likewise, if a latch or radiator control switch fails,
the other system (MMCA's) can still perform the operation (single motor.
operation).
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Figure 3-29 shows the latch status signal flow for the starboard radiator
(port radiator is similar). In the figure you will note the two enable
signals to the radiator deploy MMCA's. These signals and those from the
port radiator must be present to enable the radiator deploy circuitry.
The absence of these enabling signals prevents inadvertent dep loyment of
the radiators while still latched.

In the figure it can be seen that one limit switch signal from each latch

group (1-6 and 7-12) is required to provide a LAT or REL status on the
flag.
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Figure 3-30 illustrates the radiator deploy/stow status signal flow
(starboard radiator). It should be noted that both limit switch signals
from an actuator assembly are required to provide the status signal to the
flag.

M-MCA-3
VMNA
Eg?““‘“ " #1 STOW LIMIT SWITCH
STATUS .
FLAG B}
PANEL 3 #2 STOW LIMIT SWITCH
R13
#1 DEPLOY LIMIT SWITCH
3 #2 DEPLOY LIMIT SWITCH
ViNB M-MCA-2 é§§

SIGNALS FROM

TWO SETS OF LIMIT
SWITCHES IN THE
RAD. DEPLOY
ACTUATOR ASSEMBLY )

Figure 3-30.- Radiator deploy/stow status signal flow (STBD RAD).
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Figure 3-31 shows power configuration tables for the port and starboard
radiators. The various buses can be related to MMCA's and their respec-
tive actuator assemblies. By studing the tables, the redundancy provided
in the radiator latch and deploy systems can be seen. Also, the latch
groups or deploy actuator assemblies which are affected by loss of a DC
bus, an AC bus, or a control bus can be identified. A loss of any one of
these buses will cause an increase in operating time (single motor opera-
tion remaining) of the particular latch group or deploy actuator with
which it is associated.
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STARBOARD RADIATOR

ACTUATOR 2 : *CONTROL SW
ASSEMBLY |mmcA | oc sus | Ac Bus CONTROL BUS
LATCH 2 MN B AC 2 BC 1
GROUP
1-6 3 MN A AC 1 AB 1
LATCH 3 MN A AC T AB 2
GROUP
7-12 2 MN C AC 3 CA 1
RADIATOR 2 MN C AC 3 AB 1/AB 2
DPY/STO
3 MN A AC 1 BC 1/8BC 2
PORT RADIATOR

ACTUATOR *CONTROL SW
ASSEMBLY | MmcA | bpc BuS | Ac BUS CONTROL BUS
LATCH ) MN B AC 2 BC 2
GROUP

| 16 1 MN A AC 1 AB 2
LATCH 1 MN A AC 1 AB 1
GROUP
7-12 4 MN C AC 3 CA 2
RADIATOR ) MN C AC 3 CA 1/CA 2
DPY/STO

1 MN A AC 1 AB 2/AB 1

*Control switches are the LATCH control and the radiator

control switches on Panel R13.

Figure 3-31.- Radiator power configuration.
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SECTION 4
DISPLAYS AND CONTROLS

Panet MA73C (Fig. 4-1) contains the MCA logic circuit breakers, and
switches,

Panel R13 (Fig. 4-2) contains the PBD dedicated control switch, the radia-
tor control switches, the PBD status flag, and radiator status flags.
Panel R12 (Fig. 4-2) contains CRT 4 and the keyboard used for PBD opera-
tions in SM and Backup Flight System (BFS). Figure 4-3 illustrates the
MCC CRT display of PBD/radiator parameters, and Figure 4-4 shows a typical
. PBD CRT display. An operational description of the CRT display follows
the figure. .
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PL BAY DOORS

An SM Operational Sequence (OPS) available in OPS 2 provides capabil-
ity to monitor and control the PBD OPEN/CLOSE operations.

AC POWER

The capability to apply and remove AC power (AC POWER) to all PBD
latch and door actuator motor control assemblies is provided by Items
1 (ON) and 2 (OFF) controls. An asterisk (*) will be driven after the
item number of the option currently selected. These items are mutu-
ally exclusive, in that selection of either position causes the other
to be deselected. The display ic initialized with the OFF item
selected. When operation of this OPS major mode is terminated, the AC
power will be selected OFF.

PBD SW-

The status of the PBD dedicated control switch (PBD SW-) is provided
for procedural assistance. The text output displayed for this parame-
ter is open (OP), stop (STOP), close (CL), or fail (FAIL) to indicate
the hardware switch contacts position or to indicate a switch failure.
An "M" will be displayed in the parameter status field whenever the
data is missing.

AUTO MODE SEL

Item 3 provides the crew with the control to select/deselect the AUTO
mode (AUTO MODE SEL) of PBD cperation. Selection of this mode will be
illegal if the PBD dedicated control switch is in any position except
STOP or PBD SW BYPASS STOP (Item 16) is not selected (when the PBD
dedicated control switch has been bypassed by executing Item 14).
After execution of Item 3, the PBD AUTO sequence is initiated when the
PBD dedicated control switch is placed in OPEN/CLOSE position or the
PBD SW BYPASS OPEN (Item 15) or CLOSE (Item 17) is selected (after the
PBD dedicated control switch has been bypassed by executing Item 14);
the Tatches and doors are then automatically cycled in a predefined se-
quential order. Each latch group and door in the OPEN/CLOSE sequence
will be verified prior to initiating the next step in the sequence.
The capability exists to stop the PBD AUTO OPEN/CLOSE sequence at any
point by selecting the STOP position of the PBD dedicated control
switch or the PBD SW BYPASS STOP (Item 16) as applicable. The se-
quence will commence from this point when the PBD dedicated control
switch or PBD SW BYPASS is returned to either the OPEN or CLOSE posi-
tion. An asterisk (*) will be driven after the item number to indi-
cate the selection of the PBD AUTO mode. When the entire PBD
OPEN/CLOSE sequence is completed, the AUTO mode will be automatically
deselected and the asterisk blanked.

If the OPEN/CLOSE AUTO sequence tails prior to sequence completion and

MANUAL mode of operation is to be attempted, the AUTO mode must be
deselected (by ITEM 3 EXEC) prior to initiating the MANUAL operations.
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() man se

The crew has the option to select/deselect individual latch group or
door sequences to be cycled. This MANUAL mode capability is provided
under the manual select column (MAN SEL) by executing Items 4-13, as
desired. The selected sequence is initiated when the PBD dedicated
control switch is placed in the OPEN/CLOSE position or the PBD SW BY-
PASS OPEN (Item 15) or CLOSE (Item 17) is selected (after the PBD
dedicated control switch has been bypassed by executing Item 14). 1In
MANUAL mode, return of the PBD dedicated control switch to the STOP po-
sition or executing PBD SW BYPASS STOP (Item 16) halts the selected op-
tion. A return to the OPEN or CLOSE position or execution of Items 15
or 17 will reenable the option. An asterisk (*) will be driven after
the item number of the sequence(s) selected for MANUAL mode operation.

In the MANUAL mode, the capability exists to select additional individ-
ual latch group or door jtems regardless of the position (OPEN/CLOSE)
of the PBD dedicated control switch or PBD SW BYPASS OPEN/CLOSE item
selection. The additional selected latch group or door OPEN/CLOSE se-
quence is begun immediately upon entering the additionally selected
items. However, these items cannot be deselected unless the PBD ded-
icated control switch is returned to the STOP position or the PBD BY-
PASS SW "STOP" (Item 16) is selected.

The display is initialized with neither the AUTO or MANUAL mode se-
lected. When operation of this OPS major mode is terminated, the
currently active PBD mode (AUTO or MANUAL) will be deselected and the
appropriate asterisk(s) blanked.

An "ILLEGAL ITEM ENTRY" CRT message will be output to the display of
any of the following operator PBD setup errors:

A. If one of the individual latch or door items (Items 4-13) is en-
tered while the PBD dedicated control switch is in the OPEN or
CLOSE position or PBD SW BYPASS OPEN or CLOSE item (Item 15 or 17)
is selected and the AUTO mode select item (Item 3) is selected,
the item entry will be rejected.

B. If one of the individual latch or door items (Items 4-13) 1is en-
tered while the PBD dedicated control switch is in the OPEN or
CLOSE position or PBD SW BYPASS OPEN or CLOSE item (Item 15 or 17)
is selected and none of the items were initially selected, the
item entry will be rajected.

C. If the PBD AUTO mode select item (Item 3) is entered while the PBD
dedicated control switch is in the OPEN or CLOSE position or PBD
SW BYPASS OPEN or CLOSE item (Item 15 or 17) is selected, the -item.-
entry will be rejected.

0. If one of the PBD SW BYPASS control items, OPEN (Item 15), STOP

(Item 16) or CLOSE (Item 17), is entered while the PBD SW BYPASS
(Item 14) is deselected, the item entry will be rejected.
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e. If termination of this OPS mode is initiated and either the PBD
dedicated control switch is not in the STOP position or the PBD SW
" BYPASS STOP item (Item 16) is deselected (as applicable), the
entry will be rejected.

If the PBD dedicated control switch is in the STOP position or the PBD
SW BYPASS STOP (Item 16) is selected, entry of the PBD AUTO mode se-
lect item (Item 3) will deselect all the individual latch and door
items (Items 4-13) and select the AUTO mode item. If the PBD dedi-
cated control switch is in the STOP position or the PBD SW BYPASS STOP
(Item 16) is selected, entry of any of the individual latch or door
items (Items 4-13) will select the desired item(s) and deselect the
PBD AUTO mode select item (Item 3).

(6) opscL
The status of the following PBD latch groups, doors, and associated
microswitches are provided:

A. Centerline latch groups 5-8, 9-12, 1-4, and 13-16.

B. Port and starboard door forward/aft bulkhead latch groups.

C. Port and starboard door open, bulkhead ready-to-latch, and close.

These parameters are ordered in the sequence of operation; the OPEN se-
quence reading from top to bottom and vice versa for the CLOSE se-
quence.

For each of the latch groups, a text output of open (OP), close (CL)
or question mark (?) will be displayed in the OP/CL status column. For
each door, a text output of open (OP), close (CL), bulkhead ready-to-
latch (RDY), or question mark (?) will be displayed in the OP/CL sta-
tus column. During the transient period of the latches or door travel
between the two positions, the text field will be blank. This text
output indicates the combinational logic status of the associated
microswitches. The "?" status reflects an off-nominal microswitch
configuration which may be indicative of a failure, but will not nec-
essarily prevent completion of the sequence. An "M" will be displayed
in the status field of the OP/CL column opposite any latch group or
door for which any data required to perform combinational logic is
missing. If a parameter value required to satisfy a specified crite-
rion has a "M" parameter status indicator enabled, that parameter
value will continue to be used.

(D) a0 _seq

For each of the latch groups and doors, a down arrow () will be
displayed in the AUTO sequence (AUTO SEQ) column to indicate when a
failure of the door drive or latch group to open or close within a
specified time period has occurred during the AUTO mode only. Single
motor operation per actuator assembly should open or clgse the door
drive or latch group within these specified times. Any failure to
open or close within the specified time will halt the AUTO sequence
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and annunciate a Class 3 alarm and CRT message. The value of the fail
parameter will be reset and the down arrows blanked when this OPS
major mode is terminated or if the PBD AUTO mode is deselected (ITEM
3 EXEC) or if the manual mode is selected.

MICRO-SW STAT

The status of the individual microswitches (MICRO-SW STAT) associated
with each latch group and door is output as a numeric value, "0" for
open and "I" for closed switch contacts. For each latch group under
the latches (LATS) column are the four microswitches indicative of the
latch group operation; two close (CA, CB) and two open (OA, OB). For
each door, right and left, under the doors (DOORS) column are the two
groups, fwd and aft, of five each microswitches indicative of door
operations; one close (C); three bulkhead ready-to-latch (RA, RB, RC),
and one open (0) for each group. It is this combinational logic that
is used to determine the text status to be output in the OP/CL column
for the individual latch groups and doors.

The display will reflect the current status of the latch groups,
doors, and associated microswitches any time this OPS major mode is
called up.

PBD SW BYPASS

Capability is provided to use item entries to control the Payload Bay
Doors sequence in place of the PBD dedicated control switch. The soft-
ware PBD switch bypass (PBD SW BYPASS), with its three-position con-
trols (OPEN, STOP, and CLOSE), functions with the same constraints as
those defined for the hardware switch when usad to operate the PBD
modes.

The PBD switch bypass, Item 14, provides the crew with the control to
select/deselect the software switch which bypasses the dedicated con-
trol switch. When the bypass item is initially selected, the STOP
item (Item 16) will be selected automatically. The OPEN, STOP, and
CLOSE items (Items 15, 16, and 17 respectively) are mutually exclusive
and execution of any of these items without first selecting Item 14
will be illegal and rejected.. A subsequent item entry of the bypass
item will deselect all four items. An asterisk (*) will be driven
after the item numbers of the options currently selected. When SM

is initialized from mass memory, the PBD switch bypass items will be
deselected and thereafter shall reflect crew inputs.

If termination of this OPS mode is initiated when either the PBD
dedicated control switch is not in the STOP position or the PBD

SW BYPASS STOP (Item 16) is deselected (as applicable), the entry -~
shall be rejected and an "ILLEGAL ITEM ENTRY" CRT message displayed.
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TABLE 4-I.- PBD/RAD CONTROLS

4

- NOMENCLATURE/
PANEL TYPE POSITION FUNCTION REMARKS
MA73C Circuit Breaker MCA Power ACl-3¢ 3-Phase AC power
CB-2 MID 1 to MMCA-1
MA73C Circuit Breaker MCA Power ACl1-3¢ 3-Phase AC power
' CB-3 MID 3 to MMCA-3
MA73C Circuit Breaker MCA Power AC2-3¢ 3-Phase AC power
CB-6 MID 1 to MMCA-1
MA73C Circuit Breaker MCA Power AC2-3¢ 3-Phase AC power
CB-7 MID 2 to MMCA-2
MA73C Circuit Breaker MCA Power AC2-3¢ 3-Phase AC power
CB8-8 MID 3 to MMCA-3
MA73C Circuit Breaker MCA Power AC2-3¢ 3-Phase AC powé}
CB-9 MID 4 to MMCA-4
MA73C Circuit Breaker MCA Power AC3-3¢ 3-Phase AC power
CB-12 MID 2 to MMCA-2
MA73C Circuit Breaker MCA Power AC3-3¢ 3-Phase AC power
CB-13 MID 4 to MMCA-4
MA73C 2-pos toggle MCA Logic MNA Turns ON-OFF MNA
MID 1/0N-OFF nower to MMCA-1
MA73C 2-pos toggle MCA Logic MNA Turns ON-OFF MNA
MID 3/0N-OFF power to MMCA-3
MA73C 2-pos toggle MCA Logic MNB Turns ON-OFF MB
MID 1/0ON-OFF power to MMCA-1
MA73C 2-pos toggle MCA Logic MNB Turns ON-OFF MNB
MID 2/0N-OFF power to MMCA-2
MA73C 2-pos toggle MCA Logié MNB Turns ON-OFF MNB
MID 3/0N-OFF power to MMCA-3
MA73C  2-pos toggle MCA Logic MNB Turns ON-OFF MNB )
MID 4/0N-OFF power to MMCA-4
MA73C 2-pos toggle MCA Logic MNC Turns ON-QFF MNC
MID 2/0N-QFF power to MMCA-2
MA73C 2-pos toggle MCA Logic MNC Turns ON-OFF MNC
MID 4/0N-OFF power to MMCA-4
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TABLE 4-I.- PBD/RAD CONTROLS - Concluded

NOMENCLATURE/
PANEL TYPE POSITION FUNCTION REMARKS
R13 3-pos tdggle PL Bay Doors Initiates PL
. QPEN-STOP-CLOSE Bay Door 0PS
R13 Talkback PL Bay Doors Indicates PL Auto
0P-BP-CL Bay Door status Mode only
R13 2-pos toggle PL Bay Mech Pwr Provides cont Bus
Sys-1 Pwr to MMCA-1,-2;
ON-OFF enabling AC Buses
R13 2-pos toggle PL Bay Mech Pwr Provides cont Bus
SYS-2 Pwr to MMCA-3,-4;
ON-OFF enabling AC Buses
R13 Talkback Radiator STBD Indicates STBD
LAT-BP-REL RAD Latch status -
R13 Talkback Radiator Port Indicates Port
LAT-BP-REL RAD Latch status
R13 Talkback Radiator STBD Indicates STBD
STO-BP-DEP RAD position
R13 Talkback Radiator Port Indicates Port
STO-BP-DEP RAD position
R13 3-pos toggle Latch control Sys-A Initiates RAD By MMCA
LATCH-QFF-RELEASE Latch OPS, 1/2 1&3
the motors
R13 3-pos toggle Latch Control Sys-B Initiates By MMCA
LATCH-OFF-RELEASE Latch QOPS, 1/2 2&4
; the motors
R13 3-pos toggle Radiator Control Initiates RAD By MMCA
SYS-A ) DEP/STO OPS, 1&2
' DEPLOY-QOFF-STOW 1/2 the motors
R13 3-pos toggle Radiator control Initiates RAD By MMCA
SYS-8 DEP/STO OPS,

DEPLOY-OFF-STOW

4-11
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SECTION 5
SYSTEMS PERFORMANCE, LIMITATIONS, AND CAPABILITIES

5.1 PBD CENTERLINE LATCH SYSTEM

e Léich’group open/close operating time: 20 seconds (2 motors)
40 seconds (1 motor)

© Temperature limitations - operating: +2500 F to -1000 F
non-operating: +3300 F to -1670 F

) Manual.disconnects provided for contingency EVA latch operations.
- o Actuator torque limiter setting: 3500 in-1b.

¢ Manual or Auto mode of operation.

@ Latches open prior to bulkhead latch opening.

® Motors will run on two phases, but will not start on two.

.2 BULKHEAD LATCH SYSTEM

(8]

Latch group open/close operating time: 30 seconds (2 motors)
60 seconds (1 motor)

o Temperature limitations - operating: +2500 F to -1000 F
non-operating: +3300 F to -1679 F

¢ Manual disconnects provided for contingency EVA latch operation.
@ Manual or Auto mode of operation.

o Closed prior to C/L latches closing.

® Actuator torque limiter setting: 14,200 in-1b.

@ Motors will run on two phases, but will not start on two.

wn

.3 PAYLOAD BAY DRIVE SYSTEM

Special Ground Support Equipment (GSE) required for one g operation.

Max opening in one g is 889 due to white room size at KSC.

@

PBD open/close time: 63 seconds (2 motors)
126 seconds (1 motor)

Temperature Limitations - operating: +1570 F to -1000 F
non-operating: +3400 F to -1000 F

5-1
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.4 RADIATOR SYSTEM

10C-PBD/R
Starboard door must open first, close last.
Disconnects provided for contingency EVA operation during door closing.
ManuaT or Auto operations.
PBD rotates v 1749 from close to open.

COAS alignment accuracy = 0.1 in. at 40 ft, during PBD alignment check
prior to C/L latch closure.

PBD's cannot be closed with both radiators deployed, but can be closed
with one radiator stowed (one deployed) if payload does not interfere with
radiators.

PBD drive system power drive unit output load capacity: 1070 in-1b;
required: 648 in-1b.

Motors will run on two phases, but will not start on two.

Designed for zero g operation (deploy/stow).
Counterbalance (GSE) required for one g operation.

Latches designed to engage rollers under maximum expected radiator panel
warpage.

Radiator panels deploy 35.50,

Latch/unlatch operating time: 26 seconds (2 motors)
: 52 seconds (1 motor)

Radiator deploy/stow operating time: 43 seconds (2 motors)
86 seconds (1 motor)

Deploy mechanism contains disconnects for contingency EVA stow operation.

Both port and starboard radiators latch/unlatch and deploy/stow
simultaneously.

Single or dual motor operation is possible by switch controls (Panel R13).
Radiators cannot be deployed unless unlatched. ‘ -
Freon loop 1 flows through the port radiator panels.

Freon loop 2 flows through the starboard radiator pane’s.

Total freon in all eight radiator panels is v 143 1b.

Radiator weight (dry) (all eight panels) v 1553 1b.

5-2
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® Radiator capacity « 61,000 Btu/hr; 30 percent effectiveness is lost if
radiators cannot be deployed.

Radiator mechanism temperature limits - operating: +2500 F tg- -1000 F
non-operating: +3500 F tg -1670 F

Rad%ator latch mechanisms torque limiter set point: 4400 in-1b.

Radiafor deploy mechanisms torque limiter set point: 4400 in-1b.

e Latch and deploy motors will run on two phases, but will not start on two.

NASA-JSC



LA-B-3220-7

Shuﬁle
Flight

(}percﬁons

ﬁﬂonuol

PRELIMINARY

YOL. 10C

Payload Bay Doors/
Radiators

JANUARY
1978

" CPTD
FOD
Is¢
NASA

SHUTTLE FLIGHT OPERATIONS
MAMJAL (SFOM

MASTER OISTRIBUTION LIST
11/28/78

NASA Headquarters
MHE/J. M. Allman

MHS-7/W. H. Hamby
MO-6/C. M. Lee (2)

NASA Downe
AR3670. Ewart
NASA XSC

NWST-0/KSC Library (18)
VT-8/R. W. Nygren (2)

NASA LaRC

158/C. P, Llewellyn

NASA JSC

AP3/J. E. McLeaish
CA/G. W. S. Abbey
CA/E. F. Kranz
CA3/H. M. Draughon
CA6/R. S. Millican
CAS/T. K. Putnam (MDAC)
CA6/R. A. Thorson
CA7/R. W. Nygren
CB/Shuttle (52)

CF/T. 4. Holloway
CF/C. R. Lewis

CF/D. R. Puddy
Greene
Schultz

. Bales

Coen

Locden

. Pobinson (MDAC)
. 8ell

. Oumas

. Fendell

. Loe

CF7/D. E. Moore
Cr7/W. L. Peters
C3/Jd. W. Bilodeau
CG/C. 8. Shelley
CG/E. A. Thompson (MDAC)
C53/W, A. Todd (Rockwell)
CG/D. K. Warren
C533/J. 8. Cotter
CG3/E. W. Hoskins
€33/R. L. Myers
CG3/3. €. Smith, Jr.
CG3/D. E. Stullken
C35/M. Broome

CG5/P. E. Coilector
CGS5/C. F. Deiterich
CG3/7. A, Guiligry
CG5/8. Mosel

CGS/R . Nute

C35/S. Paddack {MDAC)
CGE/E. L. Paveika
CGS/H. Piarce

CES/E. Pippert

C35/J. Shinkle
CG5/C. Stough
CG5/<. A. Wegener
CG5/J. Whiteley
€G6/Jd. T. Cox
CG6/R. K. Holkan
CG6/F. E. Hughes
CG6/W. M. Merritt
CH/C. S. Harlan
CHS/R. H. Koos
CH5/L. A. Reitan
CH5/J. E. Saultz
CHS/E. W. Thompson
CH6/A. M. Larsen, Jr.
CH6/W. Molnar, Jr.
CH6/J. D. Shannon
EA6/R. P. Burt
EF/F. R. Hinson (Rockwell)
FA/R. G. Rose
FE2/R. G. Snyder
FM2/S. Mayfield
FR5/C. 0. Sykes
JM54/C0D PSC (3)
JM5/A. P. Bradley (3)
LA/S. H. Simpkinson
LE/E. M. Jones
LG/W. C. Douglas
LM/A. A. Bishop
L9/A. R. White
LT/R. H. Kchrs
MA/A. Cohen

ME/R. W. Kubicki
ME2/R. B. Ramsell
MG/A. D. Aldrich
MRS/R. Connell
NA/W. M. Bland, Jr.
NE3/A. Raciti
NS3/J. L. Shone
PA/G. S. Lunney
WA/J. W. Roach
W3K/A. E. Morse, Jr. (2)

"E£dwards AFB, CA 93523

AFFTC/00Y/Capt. L. Damman
Boeing, Houston

HS-04/8. 3ishop

IBM, Houston

MCb1/J. McGaha (6)

MC52/A. C. Macina
MC63,4. Beeme

Lockheed, Houstan
§. far.ton zi’

Martin Marietta Corp., Houston

~ J. Nelson

Roczwell, Sowne
041-6A77/R. S. Coopman {50)

Rockwe !, Houston
2001, K. L. 3akar
ICCL/L. M. Cloyd

ZCOL/A. C.
2C01/6.

Coutrat
T. Damoff
ZL01/E. B, Everett
ZCO1/R. E. McCoy
ZC01/F. M. Patterson
2C01/M. Silver
ZC01/R. Solis
2€01/3. C. Snowden
ZC01/J. E. Westom

Subtotal 241

' -

CG6/R. L. Hahne {50)

Total 291



