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Bl ibass SOLENOID COIL (2) ///‘/4’!@5

SHUTOFF VALVE Booy

SPRING (2)
RETAINER (2)

LIGHT

GGVM Cutaway

FLIGHT

\

THERMAL STANDOFF (3)

INJECTOR STEM

CATALYST BED HEATER

DECOMPOSITION
TO GAS

OUTER BED CYLINDER

LIQUID N,

HOUSING

BELLOWS

ASSEMBLY (2)

N

LEE PLUG

CATALYST BED HEATER

gl
i

VALVE POPPET (2)

ADJUSTMENT
SCREW (2)

7’} —— 3
by o
/- <=c3

ERALIE A

= 7 M o AN ‘b‘vl”hsg

AN e

PULSE CONTROL VALVE

CATALYST BED HEATER (2)
TEMPERATURE SENSOR (1)

THERMAL STANDOFF (3)

INTERFACE PLATE
(TO EXHAUST HOUSING)

CYLINDER

APU Gas Generator Views



BEARING DRIVE SPUR

TURBINE WHEEL BEARING AFT BALL GEAR 7 PACKIG
71 PACKING
INSEPERABLE HOUSING SPACER BEARING N7 | carson
ASSEMBLY 7 FACE SEAL RETAINING RING
ASSEMBLY FORWARD BALL BEARING WAVY SPRING WASHER

TURBINE WHEEL

STRAIGHT PIN INSEPARABLE ASSEMBLY AET BALL BEARING

‘2o o
? s =d
SN |

: 1

DRIVE SUPR GEAR

f STRAIGHT PIN

LUBE SLEEVE

§
XA

BOLT

=~

s
i!

RN

L@
MR

MO SLINGER

SLINGE

RETAINING BEARING SPACER

RING
RETAINING
SHiv WAVY WASHER
SPRING
WASHER

RETAINING WASHER

N| PREFORMED
N

Y PACKING

BEARING HOUSING

FORWARD
BALL BEARING

SHROUD WELDED
CARBON FACE FLIGHT TO BLADES
SEAL ASSEMBLY Va iy
PACKING 123 BLADES - Y,
\)
.

EQUALLY SPACED

5.864 DIA,
SHROUD OD

r FORWARD BALL BEARING 5.778& DIA. TURBINE
BLADE 0D
BEARING SPACER

AFT BALL BEARING
/

/ SHIM
8 WAVY SPRING WASHER 2
/ RETAINING WASHER .
== RETAINING RING 5.120 DIA. TURBINE ™% 0

URBINE SHAFT (12 SLOTS ™M,
If EQUALLY SPACED) WELDED

= L TO TURBINE WHEEL

. TURBINE WHEEL

/  STRAIGHT PIN BLADE ID

DRIVE SPUR GEAR
SLINGER

G
O,

IN:
ASSEMBLY PREFORMED |

- 8, PACKING
BEARING HOUSING / /
PERFORMED PACKING Pad®
FACE SEAL ASSEMBLY / oS

/
SEAL MATING RING

APU Turbine Wheel Details
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Electro Depressurization
Valve

Electrical
Connector

Direction
of Rotation
Plate

-« 092+ 080 ——»|

Identification
Plate

Shaft Seal
Drain Plug

G of

l Inlet Port
Case Drain Port
6.77
- — -—
(MAX.) 10.25 (Max)
Hydraulic Pump
Housing O-ring
Housing
PortPlate  Cylinder PiSton ©) shatt Seal
Barel Drain Plug
O-fing o)
[E——f
T Ball Bearing
O-Ring
Outlet Port s N
<X 1 \
- y} Seal Assembly
s I | Face Seal
. ~ ~ ] ‘
2l 7 Y sl
= | g
© = 2 Z ‘ Input Drive
- S S e
- Al
Inlet Port N :
e/ - Spline
SS = Retainer
Cap ———— Slip Plate
Spline Jo~====¢
Bearing (2) Case Drain Port
Retainer Nut Cam Hanger
Washer glf;s Retaining

Roller Bearing

/Mou nting Flange

Input Drive Shaft

FLIGHT

Hydraulic Pump Piston Barrel

a7



Case

Depressurizing Valve

Compensator
N

Case== |

1. Increased flow demand,
outlet pressure decays
2. Pressure decay detectad,

& & . sensing piston moves 2. Pressure increase detected,
) Stroking 3. Fluid flows from cavity,
Piston \

1. Decreased flow demand,
outlet pressure increases

Stroking

Pi . : sensing piston moves

iston stroking piston force decreases 3. Outlet pressure enters cavity,
4. Return spring moves hanger, i i fi i

CAM Hanger CAM Hanger increases pump flow bl stroking piston force increases

4. Stroking piston rotates hanger,

[ decreases pump flow

Hydraulic Pump Depressurizing System and Compensator Operation

Case

Solenoid

Depressurizing Valve

Outlet Pressure

\ Pump Outlet
Sense Passage

Pump Inlet

Compensating Mechanism

AN

— ]

Compensator

Piston Barrel
Spool Valve

AN

To Case <=
Return Port

O%OO
0000

!'.EE;E

Stroking CAM Return Spring
Pressure Force

Ref Sori Piston
eference Spring )
Adjustable 1000-4000 psig ‘éi’ﬁb:lzﬁggr'e



PORT B, LOW PRESSURE INLET

PORT F, AUXILIAR PORT C, HIGH PRESSURE INLET

PORT D, BLEED/SAMPLING

PORT E, SPARI
RING KEEPER

PORT A, LOW
PRESSURE OUTLET

LOCKWIRE HOLE
FOR PORT FITTINGS HEAD END

PORT G, VEN LOCKWIRE HOLE LOCATION

SCREW
RING KEEPER

CYLINDER SUPPOR’
ASSEMBLY

VISUAL FLUID
QUANTITY
INDICATOR

WARNING SPRING LOADED

ELECTRICAL FLUID
QUANTITY INDICATOR
ELECTRICAL CONNECTOR

COVER END

Cylinder Support Assembly

~

. Spring Seat \
\

Hydraulic Bootstrap Reservoir Details

PORT C
(HP INLET)

PORT B
(LP INLET)

PORT F
(AUX.)

PORT E
(TRANS.)

Cylinder

PORT FEUNCTION

A LPOUTLET
PORT D B LP INLET
C  HPINLET
(BLEED) §  pLeep
E  SPARE
£
G VENT
PORTA
(LP OUTLET)

LvDT

SIGHTGLASS

Protective Cap




/—See Note 1
\

Actuator\' [ -
#1
i J
Fllter\
Static Flow
3,000 psig
Variable —— ~¥—HP Relief
Displacement Valve
Pump
Bleed Port

55 GPM Max

Low Pressure
Hydraulic Chamber

Reservoir \

High Pressure

Hydraulic Chamber |_——— Air Chamber

ooo‘p\%)h
I Jéooo%
X X

Air Chamber
Vent & Filter

emmme High Pressure
C—3 Low Pressure

J_L _ Y Interface with #2
Hydraulic System
#2
J
Notes:

1. During normal system operation,
actuators #1 and #2 are powered
simultaneously by their own independent
hydraulic systems. The #2 system is
identical to the one shown and powers
#2 actuator. System redundancy is
provided by valves and plumbing (not
shown) which can interconnect both
actuators into either of the hydraulic
systems. If this occurs, maximum pump
output increases from 55 to 70 GPM.

2. Minimum system flow is 2 GPM (leakage
through actuator when no actuator
movement is called for by vehicle control
system).

3. Actuator stroke and direction are
controlled by servo valves (not shown).

TVC Bootstrap Reservoir
Operational Schematic
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23860 Dia (drill w)

Typ 4 ples.

R 1.00 Dia (raised)
b / Al 1.00¢Max

. 1
A
K~ @ Marifold
.| 4 conceptual
5.500 % (cenceptia)
Max 3
2 N
£ 8.500
=) % oy 10.25
/ 2 ‘ Filter Max“Max
E / End Cap
S (zD (conceptual)
‘ 9 C : M
LP Relief
t =— Valve
H (conceptual)
F
] N
2.00 Max ¢ \ )
HP Relief Valve
8.625 Max
12.00 Max

1.00 Max

Provide mounting surfaces, both sides of manifold

T

6.00 Max

N AT

—2.00 ‘
A
A -24 LP cross-over return
B -8 From pump case drain
c -24 To LP side reservoir
D -4 To LP high point bleed
E -12 To LP return QD
F -6 To HP side of reservoir
G -4 To HP high point bleed
H -12 From HP fill
J -6 To LP relief BH fitting
K -16 HP supply
L - HP relief valve
M - LP Relief Valve
N - Case drain filter
P -16 Spare
R -24 LP return from actuator
S -8 Spare
T -8 Spare

[
el

T

Notes:

(1) Features & surfaces not dimensioned
are the design responsibility of seller.

(2) Manifold material: CRES per QQ-S-763,
Class 304.

@

Ports designated “spare” are to be plugged
with MS 24391 plug and sealed with an
elastomer “O” ring packing which meets
the requirements of paragraph 3.3.1.1

of this specification.

To HP High
Point Bleed

TVC Hydraulic Fluid Manifold

PLUGGED
FLIGHT SPARE

PLUGGED —
SPARE
12

FORT CODES
LP CROS5-OVER RETURN
FROM PUMP CASE DRAIN
TO LP SIDE RESERVOIR
TO LP HI POINT BLEED (SERVICE PANEL BHF)
TO LP RETURN {SERVICE PANEL QD)

TO HP SIDE RESERVOR

TO HP I POINT BLEED (SERVICE PANEL BHF)
FROM HP FILL (SERVICE PANEL QD)

TO LP RELIEF (RELIEF PANEL BHF)

HP BUPPLY TO ACTUATORS (GSE SUPPLY)
P RETURN FROM ACTUATOR

BX-TIOMMOODE

FRACTION NUMBER UNDER PORT CODE LETTER
S TUBE DIAMETER

Plugged To LP High
Spare  Point Bleed

LP Return

Filter

LP Relief Valve

From Actuators

Plugged
Spare

End Cap

~PLUGGED
| SPARE
2

FILTER

T
- |
3‘E"= = rﬂ—"“:—’%r‘! ‘i\\_
| o] wE
12
PORT H
PORT S
PORT G

%l

\pow .

[
SN R

B
NN

PORT B

\\\&

HIGH PRESSURE VALVE

PORT D

A
AP;RT J
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TVC Hydraulic Fluid Manifold Installation
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SEAT SEAT

FLIGHT

I NIRRT

POPPET
ASSEMBLY |

SPRING %
OPPET

P
ASSEMBLY Il

BODY —— B

RETAINER

ADJUSTER

RETAINER

ASSEMBLY
&o_nmcr
BACKUP RING
0 —RING/
-~ GLIDE RING
SPACER
ASSEMBLY
FOLLOWER
SPRING
JAM NUT
JAM NUT
/-

~

FLIGHT

RETAINER
W/O RING &
PKG BACK-UP

SPACER
ASSEMBLY

FOLLOWER

SPRING

POPPET
ASSEMBLY |

SPRING

High Pressure Relief Valve

POPPET
ASSEMBLY 11l

A

SEAT
W/0 RING &
PKG BACK-UP

o

RETAINER
ASSEMBLY

SEAT
W/O RING &
PKG BACK-UP
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FLIGHT
t O-RING SHIM

INSERT O-RING

/ |_— RETAINER
3 N

g le— RETAINER
. _ '/ LS CAP
[} L N
BODY
4 / / FLIGHT
L
€ \/ POPPET 4 ~

ASSEMBLY

SPRING POPPET
ASSEMBLY

e SAY

RETAINER

O-RING
SHIM

RETAINER CAP

INSERT

Low Pressure Relief Valve
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Differential Pressure

Indicatolr or Plugged Port Inlet Check

Valve Assy.

Check Valve Seat” View B-B (partial)

Bleed Port
7

Inlet Check
© \alve Spring
“alve iniet o
Sleeve R

St

e

Filter Element

e

SRR

T

Bleed Port

A Outlet Port

System Fill Port

Inlet Port Check

Filtered
Outlet

Port

“gn __

Head

W\

=
%—}

High
Point
Bleed

Port
)

Ve

| v

Filtered
Outlet

Port
“p?

Plugged or Differential
Pressure Indicator

Port
“p>

Check
Valve

Pt system Fil

Automatic
Shutoff

Filter Element
N / Assembly

Y X . Filter Bowl

—

TVC Hydraulic Check Valve and Filter Assembly (CVFA)
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JAM NUT

COMPRESSION
SPRING

POPPET ASSEMBLY

AIRBORNE NIPPLE ASSEMBLY

0.75 INCH SHOWN, 0.25 INCH SIMILIAR
10201-0055; 0.75 INCH

10201-0053; 0.25

HOUSING

RETAINING RING

POPPET

AIRBORNE CAP ASSEMBLY

0.75 INCH SHOWN, 0.25 INCH SIMILIAR
10201-0056; 0.75 INCH

10201-0054; 0.25 INCH

SRB TVC Quick Disconnect



SRB TVC Manual Shutoff Valve Assembly

HELICOIL INSERT

ADAFTER

CAP ASSY

STEM GUIDE INSERT
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GAS PORT

@ [@\OIL PORT

TVC Hydraulic Accumulator- Piston Type

Lfﬁ.

Bellows Type
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Aft Skirt Mid Ring

BELLOWS TYPE HYDRAULIC ACCUMULATOR PISTON TYPE HYDRAULIC ACCUMULATOR

TVC Hydraulic Accumulator-Types Installation

AFTRING

LUBE OILACCUMULATOR

SRB TVC Lube Oil Accumulator (Bellows Type)
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ACTUATOR INBOARD
SUPPORT BRACKET

SRB KICK RING {REF)

ACTUATOR OUTBOARD

NOZZLE tREF;\__.-" {
SUPPORT BRACKETS

SERVOACTUATOR (2)

ELECTRICAL =
BONDING STRAP
(YYP)

ADJUSTABLE
{REF)

SRM AFT
DOME (REF)

STA 1917.95
NOMINAL NOZZLE

SEVERANCE
ORDNANCE
(REF)

SRM NOZZLE

COMPLIANCE RING Y
VIEW ROTATED 45° CW +

TVC Servoactuator Location
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FLIGHT (2} <geenm e FLIGHT (2)
4 PER SERVOACTUATOR

FLAPPER POST

UPPER POLEPIECE

: colL
F-l R /MAGNET <
FLEXURE sn.seve\4 ’Tﬁ S ARMATURE
, ] 5
% / ARMATURE STOP LOWER POLEPIECE
4 & _FILTER  SERVOVALVE L\ : , s YNAMIC PRE
- zZ DYNAMI RESSURE
i NOzZLE - e—" FEEDBACK NOZZLE
SERVOVALVE SERVOVALVE - 3
FLITER N\ SPOOL FEEDBACK i ! —]
WIRE BN K R
L [ —STUB SHAFT SLEEVE
: , Ii AND SPOOL STOP
- =R
BUSHING SPOOL BODY

POWER VALVE
FEEDBACK WIRE

Servovalve Section View



FEEDBACK SPRING

«SPOOL SLIDES DIRECTLY IN A BODY SPOOLATNULL oL, BUSHING

* PERMANENT MAGNETS CHARGED TO BORE ] f k]
T LA

POLARIZE POLEFIECES s

* BUSHING CONTAINS RECTANGULAR
HOLES (SLOTS) THAT OPEN TO s
SUPPLY PRESSURE Pg AND RETURN R

* DC CURRENT IN COILS CAUSES INCREASED
FORCE IN DIAGONALLY OPPOSITE AIR GAPS

ARt O v
* AT "NULL" SPOOL LOBES (LANDS) ARE @
CENTERED BETWEEN SLOTS

* MAGNETIC CHARGE LEVEL SETS MAGNETUDE

OF DECENTERING FORCE GRADIENT ON SPOOL DISFLACED TO LEFT

ARMATURE +SPOOL LANDS JUST COVER OVER THE
SLOTS AT NULL FOR "ZERO LAP" e T s
* SPOOL MOTION TO EITHER SIDE OF NULL | .{-Z:

TORQUE 10 COIL FLUX f ALLOWS FLUID TO FLOW FROM Pg TO \“ || A
ROTATE OMNE CONTROL PORT, AND FROM OTHER o ¥ e
ARMATURE ] N . CONTROL PORT TO R 23

PERMANENT e e

1 MAGNET noll— Hag
ATTRACTIVE
l FORCE
4 s

PERMANENT
MAGNET
FLUX

VALVE RESPONDING
TO CHANGE IM
ELECTRICAL INPUT

VALVE CONDITION
FOLLOWING CHANGE

=1 [

+ ARMATURE AND FLAPPER RIGIDLY
JOINED AND SUPPORTED BY
THIN-WALL FLEXURE TUBE

*ROCKING MOTION OF ARMATURE/
FLAPPER THROTTLES FLOW THROUGH
ONE NOZZLE OR THE OTHER

* FLUID CONTINOUSLY FLOWS FROM *THIS DIVERTS FLOW TO A OR B { OR

PRESSURE Ps, THROUGH BOTH INLET
ORIFICES, PAST NOZZLES INTO
FLAPPER CHAMBER, THROUGH DRAIN
ORIFICE TO RETURN R

INLET

ORIFICE FLEXURE

TUBE

BUILDS UP PRESSURE IF A AND B
ARE BLOCKED)

ARMATURE

Pg

Fg

DRAIN =
ORIFICE

Servovalve Operation

ELECTRICAL CURRENT IN TORQUE
MOTOR COILS CREATES MWAGHETIC
FORCES OM ENDS OF ARMATURE

ARMATURE AND FLAPPER ASSEMBLY
ROTATES ABOUT FLEXURE TUBE

FLAPPER CLOSES-OFF OME NOZZLE
AND DIVERTS FLOW TO OME END OF
SPooL

SPOOL MOVES AND OPENS P5  TO
ONE CONTROL PORT: OPEMS OTHER
PORT TO R

FLOW TO

oz ACTUATOR

SPOOL PUSHES BALL END OF FEED-
BACK WIRE, CREATING RESTORING
TORQUE ON ARMATURE/FLAPPER

AS FEEDBACK TOROUE BECOMES
EQUAL TO TORQUE FROM MAGHETIC
FORCES, ARMATURE/FLAPPER MOVES
BACK TO CENTERED POSITION

SPOOL STOPS AT A POSITION WHERE
FEEDBACK WIRE TORQUE EQUALS
TORQUE DUE TO INPUT CURRENT

THEREFORE SPOOL POSITION IS
PROPORTIOHAL TO INPUT CURRENT

WITH COMSTANT PRESSURES, FLOW
TO LOAD IS PROPORTIONAL TO SPOOL
POSITION
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r e

FLIGHT

DYNAMIC PRESSURE
FEEDBACK (DPF)
ASSEMBLY

BUSHING, SPOOL
& SLEEVE ASSY

DIFFERENTIAL PRESSURE
TRANSDUCER ASSEMBLY

SOLENOID ISOLATION VALVE

THREADED RETAINER

Power Valve assembly
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SEAL (EXTERNAL GROOVE)

PISTON
SPRING caP

PIVOT

SPRING SEAT ASSY.

PISTON STOP

Dynamic Pressure Feedback (DPF) Assembly

|

RETURN
ORIFICE

souge
PRESSURE ORIFICE JLSSY

Jf/’ / &L"" v I
AM%.N»:.\.\\\'

'/ = \\\\\,,,,”&,},,»L»m: .T\‘
%
/”’I/ 7 / /

//////

\\
\1'

==

COIL DAMPER HOUSING
FLIGHT (2] < meed FLIGHT (2}
4 PER SERVO ACTUATOR

Solenoid Isolation Valve Assembly
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FLIGHT (2) FLIGHT (2)

e I A

4 PER SERVOACTUATOR fﬁ

LVDT COIL
SPRING WhSHER
THREADED RETAINER SLEEVE

NN \>\\\\\\\\\\t\\\\\\_ \
"

4, _ AL A S L —
S, ’”” ""l
- "”

% o7 7 l”'

B A

L= /;.fﬂl'\§fi-" < NS
7YYo " \\‘«( \.\l\\\z\\\\\\\\\

SPACEFI CORE RETAINER

NULLING SHIM T SPRING SEAT (2)

FLUID LVDT CORE

EPAR
ANTI-ROTATION sp&&tgn

WASHER

Differential Pressure Transducer
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BUSHING, SPOOL AND
SLEEVE ASSEMBLY

RETAINING PIN

SPRING SEAT
COMPRESSION SPRING

SPRING SEAT

PUSH ROD
INSERT
PACKING

-

4

RETAINER (THREADED)
TORSION §

END CAP

~
PRING
KNOB INSERT

KNOB

/ﬂ “H‘x
RETAINING PIN

Lock Valve Assembly
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— MECHANICAL FEEDBACK
SPRING GAGE ASSEMBLY

SERVOVALVE NO 1 SERVOVALVE NO 2

POWER VALVE BUSHING

NO 1 DPF SPOOL ASSEMBLY
CAPACITANCE
POSITION SERVOVALVE NO 4

£

)
s ) oFE
M == s
CLf,ﬂﬁﬂfWEWi?’ﬂ‘ /.

MECHANICAL
20SITION
FEEDBACK
LINKAGE

STRAIN GAGE
PISTON
POSITION
TRANSDUCER

PISTON POSITION
FEEDBACK SCISSORS

MECHAN | SM ACTUATOR PISTON

NO 3 SOLENOID
ISOLATION VALVE

NO 3 SERVOVALVE
AP SENSOR

Power Valve And Feedback Configuration

PRIMARY SUPPLY
PORT (P1)

SECONDARY RETURN
/ PORT (R2)
©
‘.‘i‘ -

E F =

SAMPLING VALVE

RETURN ELECTRICAL

CONNECTORS
(TYP)

PRIMARY
RETURN PORT (R1)

AFT SKIRT

LOCK VALVE
ATTACHMENT

~—SAMPLING

SWITCHING/ VALVE PRESSURE

PREFILTRATION
VALVE

SECONDARY
SUPPLY PORT (P2)

SRB TVC ACTUATOR

Hydraulic Actuator Views
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PURGE FORT

FLUSH & ?
DECON TAMINATION
ORT
KD 1 [
1 _m
NO PRIMARY SPFEED J
CONTROL VALVE
REUEF VALVE

START BYPASS

NO SECONDARY SPEED
CONTROL VALVE

— OVERBOARD

QUICK DISCONNECT

CHECK VALVE

APU CONTROLLER

NN | -_FROM
VALVE MODULE pr— FUEL SURPLY
HEATER FILTER
- FUEL PUMP r
®® = 1
y
HIGH POINT VENT A
SAS GENERATOR
IED v
TEMPERATURE = RELIEF
VALVE
=
T ACCUMULATOR
DRAIN
NITROGEN A
SPIN PORT !
r, ke
; o
i ¢
L
R
S
= | i
FILL 2s meea
1 porr ACCUMULATOR
Y
= —
CASE DRAIN ouTRUT
F SHAFT FILTER
q [ ] I | [t

APU Functional Schematic

7

vz
enennnn—

D
ACCUMULATOR

(B
&
-—-®

1

i
-]

@ 6

@

[

oDy
)
AV

o
@
[
=]

- ONNRERUONNI

TO CONTROLLER

TO PAD CONTROL AND
DISPLAY PAMEL

TO BOOSTER AVIONICS BAY

ELECTRICAL TEST PROVISION

TO aFU

PRESSURE TRANSDUCER
GAS GENERATOR BED

HIGH PRESSURE MITROGEN

GEARBCX PRESSURIZATION OIL

FUEL (HIGH PRESSURE)

FUEL (LOW PRESSURE)

DECOMPOSED FUEL

AMBIENT PRESSURE

EXHALIST

SEDOND STAGE TURBINE PRESSURE

CASE PRESSURE
LUBE PRESSURE

SCAVENGE QIL

SERVICE PORT
(QUICK DISCONNECT)

SERVICE PORT
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MOUNTING PISTON CYLINDER
STIFFNESS

7

NOZZLE
+ INERTIA

DPF PISTON

SERVO-
VALVE [#5= == r]

/,

POWER VALVE

FEEDBACK
SPRING
CAGE

E
O

FEEDBACK (
LINKAGE s

SCISSORS
LINKAGE

ARMATURE

T FLEXURE
SLEEVE
TORQUE(E %/
MOTOR | ——NOZZLE
t== |
®

POWER SPOOL

=" - }SERVOVALVE
P B

PISTON

CYLINDER

N

TAILSTOCK INTERNAL
CONICAL CAM

TVC Servoactuator Details
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ROCK
ACTUATOR

TILT
ACTUATOR

+ PITCH

£y

U+"|"

SHUTTLE
VEHICLE

MANEUVER

[
( +YAW ROCK
| ACTUATOR
—ZT
LH SRB RH SRB
ROCK TILT ROCK TILT
ACTUATOR | ACTUATOR ACTUATOR ACTUATOR

+ PITCH - + + -
— PITCH + - - +
+YAW + + - -
—YAW - - + +
+ROLL + - + -
- ROLL - + - +

= IMDICATES ACTUATOR EXTEMSICON

4+ INDICATES ACTUATOR RETRACTION

TVC Actuator Polarity
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LOW PRESSURE
SERVICE PANEL

FUEL SERVICE PANEL —
EUEL SERVICE PANEL HIGH PRESSURE LP HIGH POINT BLEED BHF HIGH PRESSURE
APU FLUSH & PURGE IN QD SERVICE PANEL [ LPBLEEDVALVE SERVICE PANEL
—_ [ LP RELIEF BHF EelASTiall S
— NpH4 OVERFLOW QD —HPFILLQD' [~ LP RETURN QD HP FILLQD
— N2Hg FILLQD — HP HIGH POINT FUEL SERVICE PANEL HP HIGH POINT LOW PRESSURE
[ GN2 PRESS & PURGE QD BLEED BHF BLEED BHF SERVICE PANEL
APU FLUSH & PURGE IN QD
— HPBLEED VALVE NyH4 OVERFLOW QD — HP BLEED VALVE
NaHg FILL QD — LP HIGH POINT BLEED BHF
GNj PRESS & PURGE QD — LPBLEED VALVE
5o LP RELIEF BHF TILT
ROCK
Bleed 1172 LPRETURNQD  Pressure
1172 Pressure port BLEED DOWN BLEED DOWN Blook
Block 1 ORIFICE ORIFICE 1 o
ROCK
ACTUATOR 1 k 1 4 k ‘ ‘ ‘ ‘ ‘ Bleed T
[ I Port ACTUATOR
1 ! l 1 1 : r ‘ l 1
~ | | = i i =1 | | i !
we M Wree) 0000 | L 0.7 L ie L2790 | s Y e M e
HYDRAULIC CHECK HYDRAULIC CHECK A
VALVE & FILTER 5 VALVE & FILTER
ASSEMBLY z ASSEMBLY
iR 1/4{1/4 11414 (CVFA) s | Wayalavs (CVFA) 112
[ — £ S —
H / 3/4 ﬁ LP(P), LP(S)
ZE 1 3/4 1/4 1/4 |3/8 = 3/4 Bleed
i Sles i va v/4|3/8 3/4 Ports
S2M o 1t
3< =
o= : H
- NE c L [Nl L
oLb 5 ol R8T
K Case Case
— ] Drain Drain
(ACCUMULATOR HYDRAULIC | 15 [ Fiter HYDRAULIC |[5 Filter "
FLUID il o1 11 FLUID 17 112
= MANIFOLD e MANIFOLD .
o
112 ACCUMULATOR HPRV LPRY HPRV i ACCUMULATOR
CHARGE VALVE 3
A [ L (L (- G (G ACOUMULATOR
[ [ [ (T [ q { [ C CrARCEVALVE
} ) t ) ) ) : } )
- —— 1ty
Pl
3/8 il UMP [
% 172 1z
N N
GEARBOX PRESSURE 112 110 [ 38 1
EQUALIZATION GEARBOX PRESSURE
ACCUMULATOR BLEED PORT BLEED PORT i%gﬁkﬂlﬁ;l%\a
o o o O]
SUPPLY \l o o SUPPLY 9 3 TEMP XDCR
MODULE S S MODULE S S|
Q o Q o]
o e} o O]
14 i& SURFACE TEMP XDCR
BOOTSTRAP BOOTSTRAP
RESERVOIR RESERVOIR
é PRESS XDCR (ABSOLUTE)
TURBINE EXHAUST (OVERBOARD) J TURBINE EXHAUST (OVERBOARD) J
APU FLUSH & PURGE OUT (PORT ON COMPONENT) —— APU FLUSH & PURGE OUT (PORT ON COMPONENT)  —— éﬁ POSITION XDCR
GNj SPIN (PORT ON COMPONENT) GNj SPIN (PORT ON COMPONENT)  —
NyH PUMP SEAL DRAIN & LUBE OIL (OVERBOARD) | ROCK (A) NyH,4 PUMP SEAL DRAIN & LUBE OIL (OVERBOARD) e VEW SOLENOID OPERATED
GEAR BOX VENT (PORT ON COMPONENT) —

GEAR BOX VENT (PORT ON COMPONENT) —

SRB TVC Subsystem Schematic
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COMMANDS
K-1 HEATER NO. 1 b .i
K-3 HEATER NO. 2 e ———— 1
K-7 SYSTEMSTART [~~~ ==~ ! SHEMBER "
K-8 SYSTEM START :::I.‘ :l TRANSDUCER Iy
IEA " 1 l|
“ I CHAMBER |
i 1 T/ T-7 TEMPERATURE !
" " TRANSDUCER \
N/C FUEL SHUT-OFF 1 i CATALYST
AND SECONDARY SPEED 1| x-114/ D
CONTROL VALVE 4 ) HEATERS "
N/O PRIMARY 4 ¢ EXHAUST/ X-13
SPEED CONTROL %9 X-7 "
VALVE \ 1K, / (K=2) g_q"R-3
i !
ol NO. ta MO maGNETIC
- 12 1 / \\ SPEED
FUEL PUMP / \ PICK-UPS
OVERPRESSURE
RELIEF VALVE CATALYTIC (K-1)

DECOMPOSITION

1 Z} SECOND
FUEL CHAMBER STAGE
O FILTER NOZZLES
D G FUEL o FUEL PUMP

SEAL

INLET TO FUEL L
P y PUMP éE“;’—ﬂ )
DRIVEN
GEAR ’ HYDRAULIC
b P SEARBOX PUMP PAD
START BYPASS
APU GEAR
Ao CHECK VALVE SEAL CAVITY

RELIEF VALVE

. ARSHALE
SRB TVC Controls and Measurement .
FSM Fress N B FSM Temp
Mo {; bl FSM Pres
MPT Speed Sensor | | Signal 1 GG Temp
MPU Speed Semsor 2 7| Cond | MPU1
j — P MPU 2
b FIV Status (Open)
b FIV Status (Closed)
b FCV Status (Open)
5 SOV Status [Closed)
a FIV Open Command
(AP Start 1)
HPU B Fump Bypass APU Controller
Press UK Valve & On < J— (AP Start 2)
b GG Heater
< 41 P Cruma
0% | GG Heater
Seeed 4 b1y Cantrnller R #2 Pere Crund
FCV Contrel | SOV Comtrol
Aueilisry Power Unit
(AP &
bt sov MFU1 MPU2
Fue] Prmup + + Gas Gen. Bed
A .y
== #h1  Haz
WO, we aan o K\
(IR D) Gas Gemerator Valve Modile Templ  Temp2 . Exchanst
(GGVM) | | Lt
E\Uﬁmji7777777777k7¢7777777777

Control Subsystem
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[ op
SECONDARY|
I op.3
DP-5
| DP-7
DP-9
SA SYSTEM
|7 %5

-

ROCK
ACTUATOR

[-C

HP FILL 00

J:/II-P HIGH POINT BLEED BHF

’, LP HIGH POINT BLEED BHF

% TEMPERATURE

é? SURFACE TEMPERATURE

LP RELIEF BHF
_l: LP RETURN 00

T

PRESS. (ABSOLUTE)
MANIFOLD

OIL FILTER

5

ACCUMULATOR

é POSITION

P> TILT ACTUATOR
HP SECONDARY

¢

3\

[ ACCUMULATOR (&)
CHARGE VALVE

|
GEAR BOX | |
LUBE OIL |
ACCUMULATOR

TO B MANIFOLD

A
]
Ji 1/
(A

CONTROLLED |
LOCATED IN IEA

N Hy
FILTERE

NyH4 PUMP SEAL DRAIN & LUBE OIL 1/4 OVERBOARD /
12 FIRE BOX VENT PLUG ON COMPONENT /

2 1/2 TURBINE EXHAUST OVERBOARD
GEAR BOX VENT PLUG ON COMPONENT/

ROCK (A)

J

T
HYDR
|PUMP

ooooooJ

SEAL
/  DRAIN
()
°
o
o
°
o
RESERVOIR

LPRV IH1
TILT ACTUATOR
HPRV ®> P SECONDARY SOLENOID OPERATED
) ) )
£ FROM B CVFA SYMBOLS
I e ]
Yty
| [commanps |
! |K-1 HEATER #1 !
K-3 HEATER #2 P
| |5 HvD. PUMP BYPASS VALVE | _ CHAMBER |
| | i |k7 SYSTEM START PRESSURE :
| [Ko SYSTEM START TRANSDUCER |
! IEA | !
B | NC FUEL SHUT-OFF \i/ CHANBER TEMP. |
K ! AND SECOND ARY TRANSDUCER | !
| SPEED CONTROL VALVE |
1 N/D PRIMARY: EXHAUST | MAGNETIC |
| SPEED CONTROL SPEED |
. VALVE | PICK-UPs !
' FUEL PUMP '
| OVERPRESSURE |
! RELIEF VALVE !
FUEL
| FILTER |
1 : 1
' '
| APUCLEAR START BYPASS |
CHECK VALVE
; FUEL PUMP GEAR  seAL CAVITY '
| RELIEF VALVE |
005631 1 ___________IiN_SI_ER_T____.___.___._._._._J'

SRB APU Controls and Measurements (Rock A)
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SRB TVC SERVOACTUATOR

ACTUATON, BoguT oy
FEEDBATE MESHEN S

PIGTON AMD CYLMDER ASSY

bW

MOOG

SRB TVC Actuator Schematic and Components
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SRB Separation Subsystem




LIFTOFF INITIATE

BACKUP CUE
TINHIBITS ARE A FUNCTION OF BODY RATES AND DYNAMIC PRESSURE

SRB Separation Sequence

SEPARATION NULL SRB ACTUATORS
SOFTWARE INTIATE
STAGE Il FCS
ARM PICS
SEPARATION CUE
] L \ 4 L4 ¥
7
y A A A ]
BOTH
SRMS
Pe=50 PSIA
100 SEC 1.7 SEC
L
D V= A — - TIME »>
DELAY
< 130 SEC - | 40SEC -
MET [l TIME DELAY kel

CHECK™®
INHIBITS

INITIATE
ALTITUDE
HOLD

COMMAND
SEPARATION
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7 7 7 7

\7 Y7 7 \7

MEC 1 MEC 2
ORBITER ORBITER
COMMANDS COMMANDS
— |
ORBITER
R SRB L SRB
EXTERNAL TANK
- Y Y LEFT SRB
NASA STD
C PIC A sw sw
el 5| | DETONATOR < < @) @)
F NSI PRESS
— | PICA P CARTRIDGE
BSM » AFT BOLT
L | NSI PRESS
*——— P
L — PICB | CARTRIDGE
BSM c
D
F °® | PICA o NSIPRESS
BSM NASASTD PIC B CARTRIDGE AFT BOLT
| DETONATOR [ < :
— PIC B I R TRIDGE
AFTSECTION
FWD SECTION { > o PRESS
. j_ PICA
BSM ¢l NASASTD < PIC A CARTRIDGE
D DETONATOR AFTBOLT
= e— » pcs | NSIPRESS
— CARTRIDGE
BSM AFT IEA
FWD IEA
BSM c NSI PRESS
PIC A
D > P» CARTRIDGE
F FWD BOLT
NASASTD NSI PRESS
L | PICB ¢ —» PICB
BSM DETONATOR | % (<t P CARTRIDGE

BSM Ignition and SRB Structural Release Subsystem




ET Ferward Attach Fitting
e
/

Separalion Plane
X 985675
Xg 442,875

Washer

herical
Shim ml

[ NSI Pressure
/ Cartridge

3olt Catcher - .“‘37‘?@1(/}\: \\\ \x\\
/ *L L™ -
e %\-F\«

SREB Forward
Attach Fitting

[
rovrs ! \% &
Bolt .

Bolt Separation Plane
X g 442,968

SRB/ET Forward (RH) Attach Fitting Exploded view

POST SEPARATION
CONFIGURATION

ISHING ANI
e,
SSSSSSSSS
7N
"
LLLLLLLL ;
BOO T N
L o 4 | 77/ P
SRB/ET Upper Attach Bolt Separation Plane i — e
- SRRV 4 1Y s 0404 N L
| ChRtmice veicAL@)
RRRRRRRRRRRRRR
[~ CRUSHABLE HONEYCOMB
\NS\

SRB/ET FWD ATTACH AND SEPARATION INTERFACES



//Elult Catcher
it=]] —
e ———————— -

Washer
ET Fitting

\6\ ET Aftach Fitting, Ball

Range Safety System,
Support Attachment Plate

! Sg «—Shim
Inser‘t

Bolt

Spacer —— MNut

%

Q B
O
N
Q’\ | :
f sert
+«— Thrust Post ! (M aging Steel)

Secondary Piston Lock Pin
(Maraging Steel)
Primary Piston Lock Pin :
Lead Coupling Separation Plane Ret

Fracture Groove

(*‘

Aft Separation Bolt Assembly

NSI Pressure
Cartridge
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Main Parachute
Support Structure

BOOSTER SEPARATION Drogue Parachute

MOTORS (BSM) WITH COVER

STA 275

Sta. 275

$c§
BSM COVER )\:& % q Lo
(REMOVABLE) [ 78
Sta. 318 N\ / N\
() — \
7AN

Frustum Flotation
BSM

]
(7

&/
SUPPORT Flotation Curtain 1
STRUCTURE
Frustum =
Separation Ring X
RUBBE
BOOT
Sta. 395

ALIGNMENT
PINS (2)

FLIGHT

DIRECTION

8 BOLTS SECURE
SOFT METAL FWD END OF BSM
SHIM

SRB FORWARD BOOSTER SEPARATION MOTORS (4)

Forward Booster Separation Motors Schematic
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@ Pawl
E%é j
‘
Strongback Support  Srongback Suppor §
(Steel .048") . o
Ci £ N

Cover Attach Ring

| -l <" (CoverAttach Ring
Mounted Directly to
Fwd BSM Nozzles (4))

Forward BSM Aerothermal Cover Details
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Forward BSM CDF Initiator Configuration

82



+ZAXIS

\ “G THRUST POST (AMoTORS) || /|
3 e/ J

. 180

STA 1850.687
CL AFT SKIRT
UPPER INTERNAL
RING FRAME

- GTHRUSTPOST -~

. . HEAT SHIELD {SEAL)
- REMOVED FOR CLARITY

SRB AFT BOOSTER SEPARATION MOTORS (4)

AFT SKIRT
AFT FACE
STA 1930637

AFT BSM Details
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AFT BSMs with TPS Applied

6.00" APPROX

BSM FORWARD MOUNTING
PAD CDF CROSSOVER

ASSEMBLY

BSMAFT AFT BSM HEAT
MOUNTING PAD SEAL
6.00" APPROX (REF) MOUNTING
________________ AND RETAINING
BSM RINGS
NOZZLE
(LH SHOWN / EXIT CONE
RH OPPOSITE)
BSM SUPPORTS INSULATION INSTALLATION
. REFERENCE LOCATIONS BSM TERMINOLOGY

AFT BSM Details

AFT BSMs with No TPS

.50 In. RT455/BTA .50 In. RT435/BTA

Cork (Typical)

251n. Cork — -
BSM .38 BTA/RT455 Q/_ CDF Initiator
FORWARD Closeout "-\ : Crossover Pipe
SUPPORT 1.0 in RT455/BTA Cork
ASSEMBLY Mozzle Closure
BSM 0.50 RT455
CASING
AFT SKIRT. =
STRUCTURE DSREED 1.0In. RT455/BTA
AFT BSM
SUPPORT

Heat Seal
.50 In. Cork

i —

Nozzle/Nozzle Flange (AFT)
38 In. Cork/.62 In. RT455 ]
Nozzle Flange (TOP) Case Lip (Aft Face) ™
.75 In. RT455

1.13 BTA/RT455
6875 RT455
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CSD INSTALLED CORK

BSM Nozzle

71.25 MIN

11 / 8.000
i . Dia

Cork
wsim — 1 | 9,000

i | (A
Sheet " | : ol BSM CASING

7 1%
o (RN 69 MIN

Aluminum e
1100-0

0063 —
a1

|

|

|

50.% .13

BSM CASING INSULATION INSTALLATION -
AFT CLOSURE

NOZZLE FORMIN
GUIDE ASSEMBLY

.38 MIN.

1.00 MAX.
NOZZLE
NOZZL EXIT CONE
EXIT
CONE N
AFTBSM
HEAT SEAL
10.54 13
- .00
MO UNTING HE AT SEAL
HEAT SEAL RING CORK (REF)
AFT BSW CORK
HEAT SEAL
RETAINING
RING
MOUNTIN ~
RING RETAINING RING
BSM NOZZLE FORMING GUIDE INSTALLATION BSM NOZZLE INSULATION INSTALLATION

AFT BSM TPS Details
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Propellant Single Case/Closure

No Pro-tech Configuration Elimination of Matched Set

AMPAC AP i New O-Ring Materi i
Painted (no 9 Case/Cl R ts
50 Gallon Mixer (4 Motors) cork) ( ase/Closure Requirement

No Prebatch . "
5in. CPs TP-H1262 Propellant GraphiteThroat Bonded Aeroheat Shield

B-KNO; Ignition with 16 Fin Grain Bonded TIGA-32: TIGA-321 USA directed changes:
inel

Aluminum 3
Tighter Tolerance
2T Pellets Motor Case Threaded Aft Increase BoluTorque

" ~ 1015/1018 Threaded
Initiator (2 e2) Steel Exit Cone with
Sermatel Coating
(Grease ID)
12.881n.

R o =sel  BSM Details

30.99in.
Modified
éi?]ﬁter; No Propellant Mold
feature) and Release Material Key Parameters
Retainer (Teflon coated cores) 2,220 psi MEOP
Plate New Case Bonded Igniter 0.68 sec Web Time
with TP-H1262 Propellant 77 Ib Propellant
177 Ib Maximum Motor
Weight (Flight Configuration)

Duel CDF Initiator
Ports
Adapter Outer Dimensions
Unchanged

Two 1.5 Gram Bags BKNO, 2T
Pellets
0.25 In. Thick

o Retainer Plate With
29 —-0.093 In. Holes
11 Fin, 0.26 Ib Propellant
Grain
(Same propellant and liner
as motor) One Row of 5—
0.272-In. Dia
Nozzles at 40 Deg
) Debris Capture
New Igniter Feature
. Polyester Tape
Design

EA9392 Thread
Locker Zinc Chromate
Primer + EA9392 1018 Cap
Thread Locker Protected
Loaded Weight With VCI-368

Approximately 6.3 Ib

BSM Igniter Nozzle Cutaway
BSM Igniter Cutaway



Retrieval
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+124 Seconds from Launch
BSM's Fire (4 Fwd and 4 Aft)
SREB Separation

Launch

Drogue Inflates to 2nd
Reefed Condition (80%)
T,,=363 Seconds

T-,=239 Seconds
H=11,400 Feet

Drogue Parachute
54 Feet Diameter

V=470 fps (320 mph)

4=180 psf

(T=0 for Recovery

Separation

T,,=124 Seconds

T,= 0 Seconds
H=154,000 Feet
V=4330 fps (2950 mph)
q=27 psf

Drogue Disreefs
to Full Inflation
T,,=368 Seconds

T,=244 Seconds

Drogue Deploys
Main Parachute
T,,=379 Seconds

High Angle af Attack
Re-entry Mode

Ty=312 Seconds

Tp=188 Seconds

H=43,000 Feet

V'=2400 fps (1636 mph) !
qmax=1600 psf

T=30 Seconds

ARM 1. Nozzle Severance
2. Nose Cap Release
3. Frustum Release
4. Main Chute Disc

Sequence
Initiation

Apogee
T,,=194 Seconds

T.=70 Seconds

H=230,000 Feet
V=3600 fps (2450 mph)

T,,=354 Seconds
T,=230 Seconds
H=15,700 Feet
V=540 fps (368 mph)
q=210 psf

Main Parachutes @ 1st
Reefed Condition (20%)
T,=384 Seconds

Main Parachutes @ 2nd
Reefed Condition (40%)
T,,=393 Seconds

H=9,200 Feet T=255 Seconds T.=260 Seconds T.=269 Seconds

V=430 1ps (292 mph)  H=5500 Feet H=4,110 Feet H=2,100 Feet

q=162 psf V=358 fps (243 mph) V=350 fps (238 mph) V=170 fps (115 mph)
=125 psf q=125 psf g=31 psf

Mose Cap and
Pilot Parachute Bag

Deceleration

Mose Cap Jettison (not recovered)

Drogue Parachute Deployment
T,,=355 Seconds

T,=231 Seconds

H=15,200 Feet

V=536 fps (364 mph)

q=209 psf

Mozzle Extention
(Mot Recovered)
Separates

Main Parachutes
Disreef for Full Inflation
T,,=400 Seconds
T,=276 Seconds
H=1,115 Feet

V=108 fps (73 mph)
gq=13 psf

SRB Flight Timeline/Sequence

O

Pilot Parachute

@ @

A Pilot Parachute )
11.5 Feet Damef

Drogue Parachute Inflates

to 1st Reefed Condition (60%)
T,,=356 Seconds

T,=232 Seconds

H=14,500 Feet

V=530 fps (360 mph)

q=208 psf

Pilot Parachute
Deploys Drogue
Parachute

Frustum and Ceogus
Impact at= B1FPS

SRE Watar Inpact Rangs - 141 Mikke
Footprini - &8 KM (Both Bosstars)

Detach Parachete 3t impact

Daploying Tow Pandant

Splashdown
T,,=413 Seconds
T,=289 Seconds
H=00 Feet

V=76 fps (52 mph)
q=7 psf

)
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NOSE
cap

DROGUE

i PILOT BRIDLE

TETHER LINE

FRUSTUM
(REF)

DROGUE/PILOT ASSEMBLY NOSE CAPTO PILOT CHUTE INSTALLATION-SINGLE TETHER

PILOT CHUTE/DROGUE CHUTE MATE

DROGUE PARACHUTE PILOT PARACHUTE

Pilot and Drogue
Chute Installation

3 ft Diameter retrieval line chute 1 1 5 Ft D |am eter

\ Peanut Float

175 foot retrieval line 7\

54 Ft Diameter 18t 16 GORE

200 CONICAL RIBBON
16 GORE 16% POROSITY
90% PERMANENT REEFING

20° CONICAL RIBBON I
16% POROSITY

32 ft DEPLOYMENT: Q = 140 TO 350 PSF
105 ft / H = 14000 TO 16000 FT
\ / LIMIT LOAD = 14,500 Ib
DEPLOYMENT: Q = 140 TO 350 PSF WEIGHT = 35 Ib

50 Suspension
Lines/Parachute

H = 14000 TO 16000 F
LIMIT LOAD = 270,000 Ib

12 St‘fls;fﬁ::nz:rf;:ups - D ro g u e C h u te
Assembly

DROGUE PARACHUTE
BT DiA

MAIN
PAHACHUTES
i

e
4]

s

Y
THRUSTER *
FSTON RDD .% A
WORE CAP - -
k PILOT PARACHUTE (1)

DROGUE PARACHUTE (1]

Pilot and Drogue Parachute Details

FRUSTUS FOAWARD SKIRT



MAIN PARACHUTE o Ly =
.iﬂﬁ%ﬁ%@ 136 FT DIA 20° CONICAL [ I‘—""'
g7 "
136 Ft Di t .a@g”%{’%j’%ﬁ% WRONE SN —{ = _REEFING LINE 15T STAGE
lameter s S
f’a,% ///,y// %“'@,}’fi}*«, REEFING LINE 2ND STAGE
G /
&L IR
i

5
L ey

> \’ DISPERSION
\@p = BRIDLE (8)
<SS
<. SUSPENSION LINE TO
DISPERSION BRIDLE

ATTACHMENT (TYP 10
PLACES PER BRIDLE)

2ND STAGE

64 Rt REEFING LINE

160 Suspension LinesPer Chute
2 Suspension LinesPer Bride Leg

18T STAGE CUTTER LOCATED
AT GORE NOs 40 AND 120

2ND STAGE CUTTER LOCATED
AT GORE NOs 80 AND 160
RISER __
— S a5

DISPERSION
BRIDLE —_

MAIN RISER
(4 PER DECK FITTING)

RISER BOOT
(4 PER DECK FITTING)

MAIN CHUTE

8 Dispersion Bridles Per Chute DECK FITTING (2)

10 Legs PerBridle

18T STAGE
REEFING LINE

T~ PROTECTIVE BOOT
8 Risers Per Chute

\L 4 Risers Per Deck Fitting

I
RETRIEVAL LINE SWAR RISER TO DISPERSION BRIDLE

ATTACHMENT (TYP 1 PLACE PER RISER)

SWAR

LACOULR.

DAY FILM
FIRING MECHANISM
ASSEMBLY

L
A
WASHER

DELAY CARTRIDGE

PANEL ASSEMBLY (3}
1207 APART

CUTTER ASSEMBELY DELAY CARTRIBGE FIRING MECHANISM
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FIELD JOINT

ACCESS
NOZZLE COVER 1) ‘\0\
Y
NASA STANDARD \ .
T X DETOMATOR

DETONATOR

- Lsc
: 260 GRIFT
MPLIANCE  FREs REDOAIFT]

s TR § ‘ SRM Nozzle Linear Shaped Charge

ASEPAIIAI’IDH AREA .'I y : Cutoﬁ DeViCe

STA 1923.059.
G RING

INITIATOR SECTION

BLAST
SHIELD
Lse
(250 GRJFT )
+z
BLAST THERMAL e Y A
LAST SHIELD SAM NOZZLE NOSE CAP
CURTAIN EXIT CONE NOSE CaP I/
ACCESS DOOR /
aTvel
e % /s FRUSTUM
: SEPARATION
RING
=z

NOSE CAP
OUTER SKIN

/
/' STA 275
SEPARATION PLANE

FRUSTUM

2 FLAT
SURFACES

THRUSTER PRESSURE
CARTRIDGE

CDF ASSY

ROTATED 155 CW

THRUSTER
(3 PLACES)

SRB Nose Cap Thruster-lnstallation9
1



PILOT & DROGUE PARACHUTES
_ OMITTED FOR CLARITY

FLTY +Y NOSE CAP

=N X

FRUSTUM -
-~ - //
-
-
P 8 a7, DETONATOR SEPARATION RING
A SUBASSEMBLY
-
it ote BACKUP RING
-
// -~
-

T SEPARATION RING

STA 386

CONFINED DETONATING FUSE

A\ ICDF) ASSEMBLY
LINEAR SHAPED CHARGE

(LSC) 30 ge/ti HMX LINEAR-SHAPED CHARGE (LSC)
TYP SECTION

30 gr/tt PETN TYP SECTION

SEPARATION FLANE

LSC HOLDER

4.150

SRB Frustum/Separation
Ring Assembly

\
Altitude Switch Assembly
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Enhanced Diver

Operated Plug (EDOP) on Launcher

R

Air Hose Reel \

Main Deck Ambar

ecompression Chamber Air Supply

Filot House

i]_ Port Life Boat

Anchor Windlass

Dunnage for Frustum Placement

M/V Liberty Star:
M/V Freedom Star:

Designed and built

Operating crew:

Maximum capacity:

Length:

Beam:

Maximum draft:
Gross tonnage:
Powarplant: Twi

Total horsepower:

Thrusters:

Parachute Reels

Starboard Life Boat

SOLAS Davit & Ambar

Hull#
Hull#

183,
184,

Commissiconed December 1980
Commissioned January 1981
for Solid Rocket Booster Retrieval.
10

24

176

377

11" &%

484 tons

n Electromotive Diesels
2900 hp

(12 Cylinder EMDs)

One fixed bow thruster powered by 871 Detricot Diesel

One azimuthing
Maximum range:
Maximum speed:
Home Port:

water jet stern thruster powered by 871 Detriot Diesel
6000 miles
14.5 kts

Port Canaveral,

(D)

[

—

o

surhepfai

P

\
\
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18° Ambar Dive boat

94



BT T T T T T

I
=

||||

R —
| _an
W {. | (Y (Y
pEHE T 1]

nEsa=—g
e e e s CemRe R == 1 e

SRB Towback Operations
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2

G l
ne =
i = . = = 5
BOW LIGHT
MAGNETIC MOUNT
. » (KSGC PROVIDED) STERN LIGHT
VA MEGHANICAL MOUNT \

SYSTERS
TUNNE[
REF
gL
VT I | NS

] | ATER LINE
OMINAL LCCATI

TOW BACK

RISER

REF

SRB Hip Operations
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PARACHUTE ATTACH

40 FT RISERS "USED FOR TOWING"

PERSONNEL CUT STRAP

LOOPS SEWN IN
STRAP EVERY 8 FT

- TO CAROPY f—

i

LIGHT DIFP
/.

WATER LINE IN
SEMILOG
MODE

RIGHT HAND SRE

TWC STACKS

PERPENDICULAR
TQ WATER LUINE

TW\

SWAR (SALT WATER
ACTNATED RELEASE}

WATER LINE IN
SEMILOG

TUNNEL
TWC STACKS

Recovery Details

TN
[ 1
/

17
1y,

WATER LINE

VEW AcA

L.H. SHOWN
R.H. OPPQSITE
TOWBACK CONFIGURATION
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Primary Legs

GSE

RSRM

RSRM Nozzle—

Detail A (Typical 3 Places)

DOP Docking ___"ofM o
Leg Pad GSE
Xg 1862.50 /
6002

RSRM Nozzle\

Detail B (Typical 3 Places)

Separation Plane
Xg 1929.88

Enhanced Diver Operating Plug
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Right SRB Transfer from
Moored ship to Facility Slip

T. SRB Towing Risers
1. SRB Forward Port Hipline

2. SRB Forward Starboard Hipline
3. SRB Aft Port Hipline
4. SRE Aft Starboard Hipline

|
"=

|

|

SRB Retrieval Operations at SRB Slip
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Range Safety System
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O WNPE

~

|
I
I
|
| Hybrid
|
I
I
|
|
|
I
I
|
|

Hybrid
Coupler

Coupler

RSS Panel No 2

L.

RSS Panel No 1

| 1
I |
o ! 00 |
| ! @) Safe & Arm |
C'? | [ Device | |CDF Assy |
| I
- N
Integrated C)" Control @ s g‘ |
Receiver/Decoder —@-I—,—--Distributor P I |
No 1 (SYS “A") ‘ ST CDF _l—_D
| @ SYS*A Manifold X
L~ |77 .
Integrated _|_@_' ! Cc))/upllng
Receiver/Decoder -@l—l—' o L[ coF |
No 2 (SYS “B”) | SYS“B" & Manifold
T o
[ | | Destruct
[ © Chg Assy
| |
_____________ll___ ___________ | |[Extends
70% of SRM
Length

. GSE RF Input for Closed Loop Checkout
. Signal Strength Monitor to TM
. Code Insertion Connection

. “ARM” Command

. “FIRE” Command

. Monitor “Power On” “Inhibit”,“Arm”,

“Fire”,“PIC Arm",“RIG Fire”, &
“S&A Arm/Safe” Position
. Cross Strapping Between SRBs & TOET

8. RS “Power Off”,“Inhibit”, And “S&A Safe”
Commands from Orbiter

9. RS “Power Off”,“Inhibit”, And “S&A Safe”
Commands from SRB MDM

10. “Abort Light (ARM)” Signal to Orbiter

11. S&A Control & Monitoring Functions

12. Initiation Destruct Signal

13. RSS Battery used for SYS “A” & “B”

SRB RSS Functional Diagram
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Assembly

CDF
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CONNECTOR
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SRB Range Safe and Arm (S&A) Device Section View
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CDF Manifold

SRB RS Distributor

Nasa Standard
Detonators

Range Safety Panel No. 1

OVERALL VIEW OF RSS PANEL

Range Safety Subsystem Panel No. 2 Forward Skirt
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CDFILSC CONNECTOR

AFT ATTACH RING

mponents

104



STA. 49250 — i

Cable Holddown
Straps

System Tunnel Cover

................

-------------

L

RSS ANTENNA

72 LSC Mounting
Plates & Saddles

2 Rubber Mounting
Pads (Bonded to SRM)

SRB Range Safety Command Destruct Subsystem

ORBITER

\__ SYSTEMS TUNMEL ]'m ' DTL]F T
5 Ll | I

RANGE SAFETY
COMMAND ANTENNA

SYSTEMS TUNNEL /

RANGE SAFETY
COMMAND ANTENNA

LOOKING AFT
LSC EXTENDS 70% XB =-527.66
SRM LENGTH

RSS Antenna Locations 105



Re-Useable Solid
Rocket Motor (RSRM)

The Reuseable Solid Rocket Motor (RSRM) information is being

provided here for reference only and is not part of the SRB Project.
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SOLIDROCKET MOTOR 8 DEGREE

OMMIAXIAL DEFLECTION

NOZZLE
aTA STA STA STA
186 633 | | 1511.0 1511.0 2000.015
P | 1
1513.382 +
364.847 |
766 ~—160.0—=| 320 320 4 383.72 124815
| 1 m S
146.0 DIA 152.6 DIA
8§D 103 54DIA | INCLUDING
! INSULATION
I 987.17 { 489.016 Jr 162.725
PIMN @

MOTOR GROSS WEIGHT (LBS): 1,303,314
MOTOR INERT WEIGHT (LBS) 14B5B8
LENGTH: 1800.015" (150 FT)

DIAMETER: APPROX 146" (1247 FT)

MOTE: DIMENSIONS SHOWNMN IN INCHES

MAXIMUM EXPECTED OPERATING PRESSURE 1018 PSIA .
NOZZLE EXPANSION RATIO 7.72TO 1 SRM INCLUDES:
CASE
IGMITION SYSTEM
MOVABLE NOZZLE
PROPELLANT, LINER, AND INSULATION
FIELD rACTORY FIELD racTory  FIELD
FACTORY
JoINT JOINT JOINT JOINT JOINT JOINT FACTORY

T R T R A e

FORWARD DOME ‘ \

CYLINDER CAPTURE CYLINDER ¢CAPTURE CYLINDER CAPTURE ETATTACH STIFFENER
FEATURE FEATURE FEATURE
CYLINDER ... ..GYLINDER ... . GYLINDER __

AFTDOME

Solid Rocket Motor Configuration

107



NOTE: THIS REPRESENTS 2 INTERFACES, OV TO ETAND ET TO SRB
NOTHING COMES DIRECTLY FROM OV TO SRB
ORBITER RSRB
FWD IEA
7 | [
E SWT swl | |
| [ PIC,AI
INo ! Nol NO| | aaal
REDUNDANT :Tl :Tl: 1 |
G&C COMPUTERS (4) 28 ol niante et R I
EXPLOSIVE
CD MDM CD MDM vbe —[—,
LSRB
MEC1
[ 4] ol
il [l [l
1 1 | IGNITER
N miinints 11
swsw oswl | '
D51A D51A MCIU | | |
| | PicB
|NOINO| NO| | pias!
LOBNO. 1 g | | ' I | SAFE 2 CMD
LE UL ML O S SAFE 1 CMD
LDBNO. 1 LDB NO. 1 L ARM
FIRE 1CMD YRV
ARMCMD _I__ __
| LDB NO. 1 FIRE 2 CMD r ’I_ ':' |
28 I 5vVDC swlswl sw
VDC l_a FWD SAFE 2 |NO|NO|N0:
MEC 2 MDM SAFE 1 | T1|T1) T2
LPS — A ARM |4 |14 |_34|
[t
]
FEP FEP ]| AFT AFT
NO. 1 NO.1 1 MDM IEA

SRB Ignition Functional Circuits
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/ FIELD JOINT
3 POSITIONING PINS

- v AFT DOME 477 JOINT PINS
"3\_‘\&!.*4; b ,;,4 STA 1837.29
o 3% Ry, RETENTION BAND AND
oo A\ ' MOISTURE SEAL OMITTED
FACTORY JOINT R I'
3 POSITIONING PINS s

177 JOINT PINS
STA 1817.60

KICK RING

PROPELLANT

STA 52183

AFT DOME

STA 53148
AFT SKIRT
RETENTION BAND AND STA 1837.29
MOISTURE SEAL OMITTED
FORWARD
e MOISTURE
SEAL
FIELD JOINT
3 POSITIONING PINS RETENTION BAND
195 JOINT PINS
STA 523181
FORWARD DOME FACTORY JOINT
3 POSITIONING PINS
177 JOINT PINS
INSULATION STA b31.48
PROPELLANT
O-RINGS
FWD DOME
SRB SRM DOME JOINTS SRB Dome Joints
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STA 691.48

STA 1011.48

STA 1491.48 LEAK TEST PORT

PER JOINT

CORK STA 1697.54
3 POSITIONING PINS MOISTURE SEAL & PIN
KEVEARBAND 177 JOINT PINS RETENTION BAND OMITTED
SENSOR
?’II/,"""
AR
) a 15
MOISTURE SEAL 3’" \ &
2263
HEATER — 3 35/ e
A3
LEAK TEST
PORT
O-RINGS ===

INSULATION
HAERREANS PREFORMED
PACKING INSULATION
PROPELLANT {(O-RINGS) S
3 POSITIONING PIN PROPELLANT
177 JOINT PINS
INHIBITOR
SB SRM FIELD JOINTS (CYLINDRICAL SEGMENTS) SRB SRM FACTORY JOINTS (CYLINDRICAL SEGMENTS)

SRB Field and Factory Joints
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DD ME BOSS
FIELD FIELD FIELD
FACTORY  JOINT FACTORY  JoiNT FACTORY JOINT FACTORY
JOINT

JOINT JOINT

DOMEBOSS

DOME MEMBRA

DOME MEMERANE

ATTACH

STIFFENER
SKIRT TANG 5 TUB

SKIRTTANG STUE FORWARD DOME

CYLINDER CAFPTURE AFTDOME

FORWARD DOMETO CYLINDER FACTORY JOMMT
CYLINDER CAPTURE CYLIMDER CAPTURE
FEATURE FEATURE FEATURE
CYLIMDER CYLIMDER CYLIMDER CYLNDER TO AFTDOME FACTORY JONT

SRB Joint Locations
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AMEIENT CURE ADHESIVE NOZZLE FIXED HOUSING

+x GLASS PHENOQLIC

CARBON PHENOLIC

FLaR RAD L BOLTAACKING

WITH RETAINER

THERMAL

BARRIER CIRCUMFERENTIAL

HEATER FLOW BAFFLE

SENSOR

CARBON-FIBER -FILLED
EFDON

PIN RETAINER BAND

EASIANA ADHESIVE

FULLSHIM
SECONDARY O-RING

AcryMAX PAINT
ABLATION COMPOUND

ORADHESWE

MO STURE
SEAL BAND W ITH

TEFLON TAPE PRIMARY O-RING

BAND WITH
VENT VALVE TEFLON TAPE
WIFER O-RING

ASEESTOSAILICA FILLED NER

ADHESIVE EXTRUDED CORE
AFTDOME

FIELD JOINT (3) ASSEMBLED RSRM CASE TO NOZZLE JOINT

AND PROTECTION SYSTEM

LEAK CHECK
PORT AND PLUG

0.050 1N

/ SACRIFICIAL PLY
0.050 IN /
SEALPLY

- 0:25 YULCANIZED
WEATHER

20 1N MINIMUM SEA SRB Joint Details

0.0580 IN SEAL PLY

FACTORY JOINT (7) 112

NEBR INSULATION PLIES

TEFLON TAPE —
STRESS RELIEF
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SRM Nozzle Assembly showing cutaway
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SRM Nozzle Showing Actuator Connection and Aft Dome Joint
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/— Throat Assembly

pe .
/ ; ~— Bearing Assembly

/@

Tl

i
15 )

ra Forward Exit Cone Assembly

.—'"_H"‘\ll
[{LJ
; — Aft Exit Cone Assembly
- o
/ ;
i ’ i
IIIII.I II.-". II;. I;I_ l'.-.-.
“~ Nose Inlet l/;'} / /
Assembly St of / -
“~ Nozzle Fixed Housing Assembly @ o

~ Cowl Housing Assembly

A03E444aDDB

SRM Nozzle Showing Five Joints
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Joint 3 Joint 4

O-ring \

Leak Check
Plug

O-ring

Axal Shim
Primmary
ing

2 =) SR

Leak

Axial Shim
Chock Retainer
Plug

Hylon Screw

Carton,

FPhenalic
- Throat
Inlet Ring

/_ Fing
ATV Backil

Joint 1
e
‘ RTV Backiil
=/
Shoar Pin [
Serew - oing
Leak Check k\_
L Pug .' rcgnaany
Forward
Eﬂs"Rlng AR End Ring Oring Spring Pin

/~ Plug s : 1 ; Giasa Phenolic

Stool Shims
@, Aubber \

Glass

Phenclic

Nose Infet.
Housing

Forward Exit Cone

Flaxible Bool (NER)
Glass

Bea E

Bratortor Hooeing Ginss Phenalic

{RTV) Insulation

Lightnifng Bypass
Cabile
Joint 2 = fon.

Aft Exit Cone

EASTINA
S Oufer Boot \ -Axial Bolt

Spring

Joint 6
Vant Port
o
Qring

Leak Check
Fiug

Actuatar
Bracket J

Bushing
Specer
Flate

Socon:
Qering

Spring Pin

= Primary Q-ring

Linear Shaped
Charge Assembly

SRM Nozzle Showing Joints and Details 116
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IEHITER BOGFTER
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SAFETY Ak SRR
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WITIATOR FROFEL LANT
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SRM Ignition Subsystem S&A Device Orthogonal View
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Rotor Shaft

ressurized
(P ) Unibody

Sl Primary
[18 & 196 deg]
(pressurized)

Sale & Arm
Device
S & ABolt (375 in. dia]

Loaded Booster
Assembly

Inner Bolt [73in. dig]
Washer

Safe & Arm

Inner Gasket Gasket
Leak Check Port

Transducer Bolt
Assembly @@ 40, 18- 8270 deg

Facking
with Retainer

Quter Gasket
Leak Check Port

Insulated
lgniter Adapter
(pressunzed)

Special Bolt @

40, 180 & 270 deq

(solid special bolt at 100 deq)
Quter Bolt (.75 In. dia)
Washer

Elcking with

Retainer &
| Special Washer

|gniter Heater

SR Insulated
~orward Dome

\ J— U / y 180
t = deg

Ininator Chamber Assembly
1.4 b TR-H1178 Propellant
30 point star grain

Cuter Gaskat
Inner Gasket

Fressura Sensitive
Adhesive

Loaded Chamber Assembly

132 |b TP-H1178 Propellant
40 Point Star Grain

MNEBR Rubber

Liner

Silica Cloth Phenalic

Sealant
MNozzle Insert

Chamber Tip

IGNITION SYSTEM COMPONENTS

Motor Pressure Transducer Ports
(40, 180, 270)

Inner Gasket Leak
Check Port (305 deq)

lgniter Adapter

ol

NER lisilation lu itlator

Section A-A
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— 4 / 32,00 \ | 4— Station 4
>T75 1 Station 10 /'I |_-Station 8 . (Smtion 7 l
7 T 7 T LT 7
W 7 4 // Y &

Station 3
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SRM Igniter
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Booster Basket Barrier—Booster Housing
(A286 stainless steel)

Barrier—Booster
Rotor Shaft Seals

B-KNO;
Pellets

B—-KNO; i
Granules N Safing Pin
(protective cap not shown)
Foam Locking Shaft
Cushion A—M Backfill Port
Perforated AN
Plate 8S D7 7 4%.
(k= ‘@5 . 'gﬂ,‘ Visual Indicator
%"{ =N Window

sl Safing Arm

Motor
?ng:%rhanlcal B“"'"'B”"j: Armature
barrier) Indicator Switc . el
A—M Housin Windings

(CRES 304 stainless st A—M Electric Connector

Gear Reduction (625:1)

SRM Ignition S&A Device

VISUAL POSITION INDICATOR
(SHOWN B SAFE POSTION)

MANLIAL SAFING AND!
L CHANIGM SWITCH DECK

PYROTECHMC CHARGE
BENO.

MASA STANDARD INTIATOR
MATCHING CONNECTOR
(2EACH)

BARFHER BOGSTER ASSY

BARRIER ROTOR
[MLIST BE WITHIN 10%
OF BARRIER PORTS
FOR ADECUATE ARMING)

SRM IGNITION SAFE & ARM DEVICE




Star Region

Castable Inhibitor

SRM Forward Case Cross Section Showing Star Pattern, S&A, And Igniter
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