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R-3896-1

INTRODUCTION

Introduction

This manual is one of seven R-3896-series
technical manuals prepared to provide official
Rocketdyne field support documentation for the
operation and maintenance of the F-1 Rocket
Engine, Part Number 104001, Serial Numbers
F-2029 through F-2098, and Its related ground
support equipment, designed and manufactured
by Rocketdyne, a division of North American
Rockwell Corporation, 6633 Canoga Avenue,
Canoga Park, California 91304. The informa
tion in these manuals was prepared by Logistics
Publlcations & Training Department of
Rocketdyne.

This manual contains engineering data detailing
engine operation and engine system functions.
For stage design criteria, refer to F-l Engine
Interface Document R-6749.

Five F-l rocket engines are installed on the
S-IC stage. Figure 1 shows engine positions
relative to stage positions and fin locations.

The instructions In the manuals are used more
effectively when each manual is current and
complete (see figure 2) and the purpose and
scope of each manual is known. The manuals
that complete this series, and the nature of the
data each provides, are found in the manuals
contents and support functiona chart.

FIN B

PIN A

VUW LOOKING .FORWARD

P06:rrION

""""
PIN D

FIN C

PIN C

Figure 1. F-1 Rocket Engine and
S-IC Stage Positions

Change No.9 - 4 November 1970 ix



Introduction R-3896-1

1. F-l MANUALS--THEm SUPPORT
FUNCTIONS.

The contents and support function chart lists
all F-I-series technical manuals, describes
the support function each manual serves, and
lists the section titles of each manual. The
chart also explains how the technical data in
each manual relates to the support of the engine

and its ground support equipment throughout a
normal engine flow, as well as during unsched
uled maintenance tasks. Information appearing
in one manual Is not duplicated in another.
Thus, information On the description, opera
tion, and maintenance of ground support equip
ment Is in R-3896-5. However, the Instructions
for servicing the engine using ground support
equipment are in R-3896-3 and R-3896-11.

Manual

I R-3896-1
F-I Rocket Engine
Data

Contents and Support Function

This manual contains a physical
description of the various F-I
engine systems and the individual
engine system components, a de
scription of the now the engine
follows from the time it is accepted
by the Customer through Apollo!
Saturn V launch; data pertaining to
engine design characteristics in
cluding environmental conditions,
attitude, mass properties data,
turbopump inlet propellant con
ditions, and interface connections
for mating the engine with the S-IC
of the Saturn V vehicle; and nom
inal engine performance charac
teristics, methods for predicting
engine variable characteristics,
and other pertinent information
that can be used as an aid [or ana
lyzing and/or determining specific
engine performance. The manual
serves to familiarize the reader
with the design and operation of the
F-1 engine and serves as a training
aid document.

Section and Title

See detailed table of contents for
this manual.

R-3896-3, Volume I
F-I Rocket Engine
Maintenance and
Repair

This manual contains general main- I
tenance practices that are peculiar
to the engine covered in this volume II
and to the component repair proce- 1Il
dures contained in Volume II of this
manual; the use of engine, thrust IV
chamber, and nozzle extension
ground support equipment and the
taaks necessary to prepare the
equipment for maintenance using
the appllcable pieces of ground sup
port equipment; detailed procedures
for component removal, reinstalla-
tion, Or replacement; and the post
installatton test requirements that
will verily the integrity of engine
systems affected by the removal of
individual engine components and

General Maintenance and
Repair
Handling
Component RemOVal and
Installation
Post-Maintenance Test
Requirements

x Change No. 10 - 16 July 1971



I
II
ill
IV

V
VI
VII
VIII
IX
X
XI
XII

xm
XIV
XV
XVA
XVI
xvn
XVIn
XIX
XX
XXI
XXII
xxm
XXIV

Manual

R-3896-3, Volume I
(cant)

R-3896-3, Volume II
F-l Rocket Engine
Maintenance and
Repair

R-3896-1

Contents and Support Function

lines. This volume and Volume II
provide the necessary maintenance
and repair data to perform Wlsched
uled maintenance tasks on an unin
stalled engine and the required
post- maintenance tests to determine
that the engine is in an operable
condition.

This manual contains cleaning, in
specting, repairing J and testing
procedures for the individual engine
components. This manual provides
the data to restore and/or maintain
components of the engine in an oper
able condition for reinstallation on
the engine or assignment as a spare.

Introduction

Section and Title

Quick-Disconnect
Gas Generator
Gas Generator Ball Valve
Gas Generator Inj ector Purge
and Pump Seal Purge Check
Valve
Deleted
Heat Exchanger
Heat Exchanger Check Valve
Thrust Chamber (Installed)
Thrust Chamber (Uninstalled)
Thrust OK Pressure Switch
Inert Prefill Check Valve
Oxidizer Dome Purge Check
Valve
Oxidizer Valve
Fuel Valve
Turbopump
Turbine
Bearing Coolant Control Valve
Deleted
Electrical Harness
Hypergol Manifold
Ignition Monitor Valve
Checkout Valve
Engine Control Valve
Four-Way Solenoid Valve
Thrust Chamber Nozzle
Extension

XXV Pressure Transducer
XXVI Temperature Transducer
XXVII Flight Instrumentation

Junction Boxes
XXVIII Rigid Ducts, Flexible Lines J

and Braided Flex Hoses
XXIX Redundant Shutdown Valve
XXX Volumetric Liquid Oxygen

Transducer (Oxidizer
Flowmeter)

XXXI Gimbal Boot, Insulation
Boot, and Insulation Seal

Change No. 11 - 10 November 1971 xi
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Manual

R-3896-4
F-1 Rocket Engine
Illustra ted Parts
Breakdown

R-3896-5, Volume I
F-1 Rocket Engine
Ground Support
Equipment Mainte
nance and Operation

R-3896-1

Contents and Support Function

This manual contains illustrative
and columnar listings of all parts
of the engine that can be disassem
bled, reassembled, repaired, re
placed, or overhauled. This
manual locates and identifies the
interrelationship of parts, aids
in the requisition of replacement
parts, and indicates part usage and
interchangeability and recommended
repair or replacement for the F-l
engine and its individual components
and parts.

This manual contains safety re
quirements and general maintenance
practices peculiar to the equipment
covered in this volume and to equip
ment and T-tools covered in Vol
ume II of this manual and includes
inspection requirements, physical
description, operation, intended
usage, operating limitations,
periodic maintenance, and parts
listings with maintenance-level
codes for the F-1 engine gro-.md
support equipment covered in this
volume. This volume provides
data to restore and/or maintain
the F-1 rocket engine ground support
equipment in an operable condition.

I
II
III

I

II
III
IV
V

VI

VII

VIII
IX

X

Xl
XII

Xln

XIV

xv

Section and Title

Introduction
Group Assembly Parts List
Numerical Index

Safety Requirements,
General Maintenance, and
Handling and Shipping Equip
ment
Hydraulic Pumping Unit G2025
Hydraulic Pumping Unit G2026
Accumulator Unit G2027
Engine Checkout Console
G3142
Pneumatic Flow Monitors
G3130 and 03131
Engine Vertical Installer
04049
Engine Rotating Sling G4050
Flight Combustion Momtor
703227
Components Test Console
G3141 and Components
Adapter Set 03143
Cryogenic Supply Unit G3146
Pneumatic Flow Testers
03104 and G3104MDI
High- Voltage Igniter
Tester G3153 and Inert
Igniter 9026622
Impact Recorder Unit G4090
and 99-9014031
Components Welding Sets
9026560, 9026561, and
9026570

xiI Change No.7 - 18 August 1969



Manual

R-3896-5, Volume II
F-1 Rocket Engine
Ground Support
Equipment Mainte
nance and Operation

R-3896-6
F-1 Rocket Engine
Thermal lnsulatlon
lnstallatlon and
Repair

R-3896-9
F -1 Rocket Engine
Transportation

R-3896-11
F-1 Rocket Engine
Operating
Instructions

R-3896-1

Contents and Support Function

This manual contains inspection I
requirements, physical descrip- II
tion, operation, intended usage, ill
operating limitations, periodic
maintenance, and parts listing
with maintenance-level codes for
the F-1 engine ground support
equipment end items !hat are con-
sidered tools (ie, test kits, sets,
and tools) and T-tools. This
volume provides data necessary
to determine that those items of
ground support equipment covered
by this volume and the F-l field
T-tools are in an operable condi-
tion.

This manual contains a description I
of the thermal insulation panels, II
special tools and equipment, in- ill
stallation and removal procedures,
access provisions, repair data,
and applicable packaging, storage, IV
and handling information. This
manual provides information per-
tinent to the maintenance and V
repair of F-1 engine thermal VI
insulation. VII

This manual contains procedures I
for preparing the F-l rocket engine, II
nozzle extension, thermal insulation, ill
and miscellaneous engine loose equip- IV
ment for shipment, and procedures
for shipping by truck, air, or water.
Included are recommended truck-,
air-, and water-transport checklists,
which may be used to make sure that
procedures and in-transit inspection
have been performed.

This manual contains complete, I
authorized field operating require- II
ments !hat affect F-1 flight engines III
F-2029 through F-2098 during nor-
mal operational flow from engine
receipt at MAF through vehicle
launch. Specific and general require
ments and procedures for normal F-1
engine activities are pro~ided and
include acceptability criteria and
limits, special constraints, safety
precautions, and correct sequences
required to satisfactorily accomplish
the activities

Introduction

Section and Title

Test Kits, Sets, and Tools
T-Tools
Dummy Weight T-Tools

Description
Special Tools and EqUipment
Installation and Removal
(Engines F-2003 Through
F-2016)
Installation and Removal
(Engines F-2017 and
Subsequent)
Access Provisions
Repair
Storage and Handling

Preparation for Shipping
Shipping by Truck Transport
StJpping by Air Transport
Shipping by Water Transport

Operating Requirements
General Requirements
Operating Proce:lures

Change No. 12 - 12 May 1972 xiii



Introduction R-3896-1

USE YOUR MANUAL ONLY IF CURRENT
AND COMPLETE

Manuals that are not current and complete
are not authoritative documents and are not
to be used. The following outlines the method
for determining whether your manual is cur
rent and complete.

A. DETERMINING CURRENCY. To be sure
that yours is the latest issue of the manual,
refer to Configuration Identification & Status
Report ,which is revised monthly and lists
the technical manual numbers, titles, unin
corporated supplements, and latest change
or revision dates. Your manual must have
a title page with the same or later date than
the date shown in the Configuration Identifi
cation & Status Report. Your manual must
also include the unincorporated supplements
listed in the Configuration Identification &
Status Report, or if your manual is later than
shown In the report, the unincorporated sup
plements listed in the Manual Data Supple
ment Record in your manual. if your title
page incorporates two dates as illustrated be
low. compare the change (lower) date. if your
manual Is not current, obtain a current copy
through your technical manual supply system.

.._-

listed with their Issue dates, Manual pages
that are dated must have the same date as that
appearing in the List of Effective Pages for
that page. Unchanged pages are listed as
"original" and are not dated.

HOW TO KEEP YOUR MANUAL
UP-TO-DATE

As design changes are made to the rocket en
gine and ground support equipment and better
methods of maintenance are discovered, your
manual is periodically changed. reVised, or
supplemented. The following steps will help
you keep your manual up-to-date:

A. CHANGES. Updating by adding to or par
tially replacing existing pages is defined as
a change. Changes can be identified by the
change notice on the new title page.

To collate a change, refer to the Filing Instruc
tions sheet issued with the manual and proceed
as follows:

I~ "JUIY~
].JI~l"~

1. Remove the pages listed in the "Remove"
column of the Filing Instructions sheet
from the manual and destroy them. Do
not concern yourself with the data on the
opposite side of the deleted page since,
if this date is not deleted, it is replaced
in the change package.

B. DETERMINING COMPLETENESS. To
be sure that your manual is complete, make
a page-by-page comparison of its pages to
those listed In the List of Effective Pages.
The List of Elfective Pages, which shows the
change status since the baSIC issue or last
revision, is round on the alphabetically let
tered page(s) Immediately follOWing the title
page, AJI pages. except suppJenlents. are

2. Insert all pages listed in the "Insert"
column of the Filing Instructions sheet
in sequence. Pages with a suffix letter
are inserted in alphabetical order follow
Ingthe page with the same basic number:
for example, pages 3-14A, 3-14B, etc,
follow page 3-14.

GEN-NASA-1A

Figure 2. How to Maintain Your Manual (Sheet 1 of 2)

xi,' Chanl4e No. 11 - 10 Novemher 1971



R-3896-I Introduction

3. If you are unsure of the status of any
page or pages, refer to the List of Effec
tive Pages and make sure your manual
contains pages (with the corresponding
change dates)listed in the List of Effec
tive Pages.

4. Remove manual supplements that have
been incorporated.

NOTE

Incorporated supplements can be
determined by reviewing the newly
issued Manual Data Supplement
Record.

B. R EVlSIONS. Updating by replaCing all
the existing pages of a manual is defined as
a revision. Revisions can be identified by the
replacement notice on the new title page.

1-'''''-. .....

Till' PUBLICATION 1U::!'LAC~s T~CIINICAL

MA.'~AL R-XXXX-X DATeD 1 Al~llL 19b9

To collate a revision. proceed as follows:

1. Remove and destroy all existing pages of
your manual except Manual Data Supple
ments that have not been incorporated.

NOTE

Unincorporated supptements can be
identified by reviewing the Manual
Data Supplement Record supplied
in the reVision.

2. .Insert the new pages in your cover.

C. SUPPLEMENTS. Updating that author
izes the addition to, or alteration of, the ex
isting data in your manual is defined as a
Manual Data Supplement. Information on how
to insert supplements is found in the supple
ments.

HOW TO KEEP ABREAST OF THE LATEST
CHANGES TO TECHNICAL DATA

Changes and/or additions to technical data
are identified by a vertical bar (change bar)
in the margin of the page adjacent to the
changed data. A direct comparison between
the new (identified by the change bar) and the
old data will help you in identifying specIfic
changes made.

GEN-NASA-2

Figure 2. How to Maintain Your Manual (Sheet 2 of 2)

Change No. 7 - 18 August 1969 xv
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MDl.! NOT INCORPORATED

MOll AND MDU,.INCORPORATED

MDl THROUGH MD9 INCORPORATED

MDllNCORPORATED
IN PRODUCTION

~
:BY KIT

MDlQ NOT
lNCOFtI'ORA TED7

MD IDENTIFICATION ~ ,
I P 2' P , P ~ P ~ P • P 1 P 8 P 9 K 10
II K 12 I( 13 I" I( 15 I( 16 K 17 II I( 19 20
21 22 2.3 2.4 2~ 26 21 2. 2. 30
JI 32 13 34 !lS 3. n !. 3' 40
41 42 43 44 4~ 46 47 48 ~ ~

lSI S2 S3 !Soli ~!5 ~IIS !S7 51 n eo
61 62 63 14 85 66 67 • 6i 70
11 72 73 74 75 7. 77 71 '7' eo
81 82 83 84 85 86 87 88 89 90
91 92 13 94 9!l 96 97 9. 99 100

RD171-1052-0001 PLATE

[RIr--
DE

_
N
_
T

----,

GE:N-71

to the equipment covered in this manual are
listed in figure 4. The date in the last column
is the pUblication date of the manual during
which the change made by the ECP was incorpo
rated. When NIA is entered, the ECP does not
change the data in the manual. Engine configu
ration information is in R- 5857, Saturn F-l
Configuration Identification & Status Report.
Engine serial numbers within this manual are
in accordance with Rocketdyne F-l engine desig
nation. For F-l engine serial number allocation,
refer to the cross ... reference index in R- 5857.

2. CONFIGURATION IDENTIFICATIDN,

EQUIPMENT CONFIGURATION. The MD
identification symbol and the equipment model
designation indicate the configuration of the
equipment and distinguish it from models in
corporating different changes and from basic
models. A basic, unchanged configuration of
the equipment has no MD identification symboL
MD identification sumbols are added as changes
affecting configuration are incorporated into
the equipment. The MD identification symbol
is stamped on the MD plate, which is mounted
near the engine nameplate.

MD IDENTIFICATION SYMBOLS. On MD iden
tification plate RD171-1022-0001, the identifica
tion symbol Is a composite number representing
all the changes affecting configuration (MD
changes) incorporated or not incorporated into
the equipment. The symbol represents a con
secutively numbered series of MD changes.
Any MD change, or series of MD challfies, not
incorporated is represented by an "X. t MUlti
digit numbers are underlined. Two figures to
gether represent the limits of a series of incor
porated MD changes. Figure 3 illustrates how
MD changes incorporated in the engine are
represented by the MD identification symbol.

MD identification plates RD171-1052-0001 through
- 0006 have preprinted numbers from 1 through
100 on the -0001 plate, 101 through 200 on the
- 0002 plate, etc. Modifications that are incorpo
rated into the equipment are represented by the
letter P (production) or K (kit) stamped in the
square directly to the right of the applicable
number. Omission of a P or K, indicates that
the MD cha~e is not incorporated. A P or K
with a bar (-) marked through the letter (~,Jr)
indicates a MD change deleted in its entirety by
the incorporation of a later MD change. Figure
3 illustrates how MD changes incorporated into
the equipment are represented by the MD
identification symbol.

MANUAL REFERENCE. A reference that ap
pears in the manual may refer to a series of
MD changes or to an individual MD change; for
example, "MD9" refers to MDt through MD9,
but "MOO change" refers to the individual MD
change 9. This latter type of reference, which
is illustrated in figure 3, identifies separate
sets of information required by differences in
configuration. When an MD reference appears
in this manual, examine the MD identification
symbol on the equipment to determine which
set of information is applicable.

3. CONFIGURATION CHANGES... -MANUAL
EFFECTIVITY.

All approved ECPs (Engineering Change Pro
posals) and associated MD numbers applicable

Figure 3. MD System

xvi Change No. 12 - 12 May 1972
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Approved incorporated in Approved incorporated in
ECP No. MD No. Manual Dated ECPNo. MDNo. Manual Dated

Fl-38 37 17 May 1965 Fl-174 21 N!A
Fl-38Rl N/A Fl-174Rl N!A
Fl-39 11 8 June 1964 Fl-176 22 N!A
Fl-40 N/A (superseded Fl-180 34 27 October 1964

by Fl-254) Fl-182 7" N!A
Fl-42 7 8 June 1964 Fl-185 32 11 May 1964
Fl-45 7 8 June 1964 Fl-185Rl N!A
Fl-56 7 8 June 1964 Fl-188 7 27 October 1964
Fl-57 7 8 June 1964 Fl-188Rl N!A
Fl-59 7 8 June 1964 Fl-189 7 27 October 1964
Fl-60 16 N/A Fl-191 7 27 October 1964
Fl-62 7" 8 June 1964 Fl-192 46 28 September 1965
Fl-64 7 N/A Fl-192Rl N!A
Fl-65 7 8 June 1964 Fl-192R2 N!A
Fl-67 10 8 June 1964 Fl-193 7 27 October 1964
Fl-69 T 8 June 1964 Fl-193Rl N/A
Fl-71 9 8 June 1964 Fl-194 7 27 October 1964
Fl-74 7 8 June 1964 Fl-195 7 27 October 1964
Fl-76 24 27 October 1964 Fl-196 29 N/A
Fl-76Rl N/A Fl-197 W 27 October 1964
Fl-78 7 8 June 1964 Fl-198 26 N/A
Fl-80 7 8 June 1964 Fl-198Rl N!A
Fl-82 18 8 June 1964 Fl-202 7 27 October 1964
Fl-85 T 8 June 1964 Fl-206 22,66 27 October 1964
Fl-86 7 8 June 1964 Fl-206Rl N/A
Fl-90 7 8 June 1964 Fl-206R2 N/A
Fl-91 7 N!A Fl-208 33 27 October 1964
Fl-95 7 8 June 1964 Fl-214 TI 28 September 1965
Fl-97 7 8 June 1964 Fl-214Rl N/A
Fl-98 20 N/A (superseded Fl-215 116 8 August 1966

by Fl-197) Fl-215Rl N/A
Fl-99 14 8 June 1964 Fl-215R2 N/A
FI-I00 7" 8 June 1964 Fl-216 31 N!A
FI-I0l 8 8 June 1964 F1-216Rl N!A
F1-106 7 8 June 1964 F1-217 7 N/A
FI-108 7 8 June 1964 F1-226 35 N!A
F1-124 7 8 June 1964 F1-228 36 27 October 1964
F1-129 8 N/A F1-229 T 27 October 1964
F1-129R1 N/A F1-229R1 N/A
F1-131 7 N/A F1-233 38 28 September 1964
F1-132 7 8 June 1964 F1-235 3I N!A
F1-135 7 8 June 1964 F1-236 T 27 October 1964
Fl-143 11 8 June 1964 F1-241 7 27 October 1964
Fl-143R1 N/A F1-242 39 27 October 1964
F1-146 1 8 June 1964 Fl-244 T 27 October 1964
F1-147 7 8 June 1964 Fl-251 7 27 October 1964
Fl-149 11 27 October 1964 F1-253 43 N/A
Fl-153 T N/A Fl-254 T 27 October 1964
Fl-154 7 8 June 1964 Fl-255 42,45 N/A
Fl-166 13 8 June 1964 Fl-258 22 27 October 1964
Fl-168 T 8 June 1964 Fl-258Rl N/A
Fl-169 7 8 June 1964 Fl-258R2 N/A
Fl-172 7 8 June 1964 Fl-260 54 N/A

Figure 4. Configuration Changes--ManuaI Effectivity (Sheet 1 of 4)
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Approved Incorporated in Approved Incorporated in
ECP No. MDNo. Manual Dated ECP No. MDNo. Manual Dated

Fl-260R1 N/A Fl-313 69 28 September 1965
Fl-260R2 155 N/A Fl-313R1 N/A
Fl-261 22 17 May 1965 Fl-314 31 28 September 1965
Fl-262 "50 N/A Fl-315 70,83 28 September 1965
Fl-263 TI N/A Fl-315Rl N/A
Fl-267 49 17 May 1965 Fl-315R2 N/A
Fl-268 "59 17 May 1965 Fl-316 31 8 August 1966
Fl-268R1 N/A Fl-317 'IT 8 August 1966
Fl-269 55 17 May 1965 Fl-319 31 N/A
Fl-270 4'1" 28 September 1965 Fl-320 '7'! 8 August 1966
Fl-270R1 N/A Fl-320R1 N/A
Fl-270R2 N/A Fl-321 31 28 September 1965
Fl-274 53 N/A Fl-323 84,"8'!, 86 N/A
Fl-276 22 N/A Fl-323R1 N,/A
Fl-277 n N/A Fl-323R2 N/A
Fl-278 R N/A Fl-323R3 N/A
Fl-279 II N/A Fl-324 72 28 September 1965
Fl-279R1 N/A Fl-324R1 N/A
Fl-282 31 12 January 1966 Fl-326 79,80,95 N/A
Fl-283 3 14 October 1966 Fl-328 -'71l- 28 September 1965
Fl-283Rl N/A Fl-328R1 N/A
Fl-283R2 N/A Fl-331 31 8 August 1966
Fl-285 68 28 September 1965 Fl-332 n N/A
Fl-285R1 N/A Fl-333 '54 8 August 1966
Fl-287 31 14 October 1966 Fl-335 31 31 March 1967
Fl-288 3I 14 October 1966 Fl-342 30 N/A
Fl-289 n N/A Fl-343 90,91 31 March 1967
Fl-289R1 N/A Fl-347 31 31 March 1967
Fl-289R2 N/A Fl-352 3I 12 January 1966
Fl-294 57 17 May 1965 Fl-352Rl N/A
Fl-294Rl N/A F1·353 82 N/A
Fl-294R2 N/A Fl-356 88,93 28 September 1965
Fl-303 54 8 August 1966 Fl-357 89 8 AU!JUst 1966
Fl-303R1 N/A Fl-358 n 8 August 1966
Fl-304 67 N/A F1·360 99 8 August 1966
Fl-304R1 N/A Fl-361 n N/A
Fl-305 73 28 September 1965 Fl-362 '54 31 March 1967
F1·305R1 N/A Fl-369 94 8 August 1966
FI-306 66 N/A F1·370 ~ N/A
Fl-306R1 N/A Fl-370R1 N/A
Fl-306R2 N/A Fl-370R2 N/A
Fl· 307 74 N/A Fl-370R3 N/A
Fl-307R1 N/A Fl-370R4 N/A
Fl-308 31 N/A F1·371 31 7 April 1966
Fl-309 77,'Sii,95 8 August 1966 Fl-372 ~ 31 March 1967
Fl-310 '18',"80,95 8 August 1966 Fl-372R1 N/A
Fl-311 31-;1'08 28 September 1965 Fl-372R2 N!A
Fl-311R1 N/A F1·378 58 N/A
Fl-312 96,97 12 January 1966 F1·378R1 N/A
Fl-312R1 N/A F1·378R2 N/A
Fl-312R2 N/A Fl-378R3 N/A
Fl-312R3 N/A Fl-379 101 12 January 1966
Fl-312R4 179 N/A Fl·379R1 N/A

Figure 4. Configuration Changes--Manual Effectivity (Sheet 2 of 4)
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Approved Incorporated in Approved Incorporated In

ECP No. MDNo. Manual Dated ECP No. MD No. Manual Dated

Fl-379R2 N/A Fl-436 123 8 August 1966
Fl-380 99 7 April 1966 Fl-437 115 14 October 1966
Fl-381 3I N/A Fl-437R1 N/A
Fl-391 102,103 7 April 1966 Fl-437R2 N/A
Fl-391R1 N/A Fl-437R3 N A
Fl-392 137 31 March 1967 Fl-438 131 31 March 1967
Fl-392R1 N/A Fl-439 146 10 August 1967
Fl-392R2 N/A Fl-439R1 N/A
Fl-405 128 31 March 1967 Fl-441 140 10 August 1967
Fl-405R1 N/A Fl-441R1 N/A
Fl-405R2 N/A Fl-441R2 N/A
Fl-406 31 March 1967 Fl-441R3 N'A
Fl-407 109 31 March 1967 Fl-443 129 14 October 1966
Fl-407R1 N/A Fl-444 ill 10 August 1967
Fl-408 104 7 April 1966 Fl-444R1 N/A
Fl-408R1 7 April 1966 Fl-444R2 N/A
Fl-409 105 7 April 1966 Fl-445 122 8 August 1966
Fl-410 m 31 March 1967 Fl-445R1 N/A
Fl-410R1 N/A Fl-447 138 N/A
Fl-415 107 8 August 1966 Fl-447R1 N/A
Fl-416 120 31 March 1967 Fl-447R2 N/A
Fl-416R1 N/A Fl-448 149 10 August 1967
Fl-417 N/A Fl-448R1 N/A
Fl-418 31 March 1967 Fl-448R2 N/A
Fl-418R1 N/A Fl-449 127 31 March 1967
Fl-419 31 March 1967 Fl-449R1 N/A
Fl-419R1 N/A Fl-452 12t3 31 March 1967
Fl-420 31 March 1967 Fl-452R1 N'A
Fl-420R1 N/A Fl-453 123 N A
Fl-421 N/A Fl-454 118 31 March 1967
Fl-421R1 N/A Fl-454R1 N/A
Fl-421R2 N/A Fl-454R2 N/A
Fl-422 113, 114 8 August 1966 Fl-456 124 8 August 1966
Fl-422R1 N/A Fl-456R1 N/A
Fl-423 119 N/A Fl-457 136 N'A
Fl-423R1 N/A Fl-459 no 31 March 1967
Fl-424 110 8 August 1966 Fl-464 14 October 1966
Fl-424R1 N/A Fl-467 N/A
Fl-426 117 8 August 1966 Fl-467R1 N/A
Fl-426R1 N/A Fl-468 128 31 March 1967
Fl-427 111 31 March 1967 Fl-470 140 10 August 1967
Fl-427R1 N/A Fl-470R1 N/A
Fl-427R2 N/A Fl-470R2 N/A
Fl-428 87 N/A Fl-471 N/A
Fl-428R1 N/A Fl-475 N'A
Fl-430 112 8 August 1966 Fl-475R1 N/A
Fl-431 137 31 March 1967 Fl-475R2 N/A
Fl-431R1 N/A Fl-476 135 31 March 1967
Fl-431R2 N/A Fl-476R1 N/A
Fl-432 125 31 March 1967 Fl-478 137 N/A
Fl-432R1 N/A Fl-478Rl N/A
Fl-432R2 N/A Fl-478R2 N/A
Fl-434 121 31 March 1967 Fl-480 132 31 March 1967
Fl-434R1 N/A

Figure 4. Configuration Changes--Manua1 Effectivity (Sheet 3 of 4)
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Introduction R-3896-1

Approved Incorporated in Approved Incorporated in
ECP No. MDNo. Manual Dated ECP No. MDNo. Manual Dated

Fl-480R1 N/A Fl-535 N/A
Fl-482 133,134,142 31 March 1967 Fl-543 165 11 March 1968
Fl-482R1 -142- 10 August 1967 Fl-543R1 N/A
Fl-495 144 10 August 1967 Fl-545 154 11 March 1968
Fl-495R1 N/A Fl-547 169" N/A
Fl-498 145 10 August 1967 Fl-548 160 13 February 1968
Fl-498R1 N/A Fl-548R1 N/A
Fl-498R2 N/A Fl-552 1'70 14 July 1968
Fl-499 137 10 August 1967 Fl-552R1 N/A
Fl-499R1 N/A Fl-552R2 N/A
Fl-500 150,151 10 August 1967 Fl-579 11 March 1968
Fl-500R1 N/A Fl-580 N/A
Fl-502 148 N/A Fl-581 167,168 14 July 1968
Fl-504 m 31 March 1967 Fl-581R1 N/A
Fl-504R1 m 10 August 1967 Fl-581R2 N/A
Fl-505 161 N/A Fl-581R3 N/A
Fl-505R1 N/A Fl-581R4 N/A
Fl-505R2 N/A Fl-586 N/A
Fl-506 159 13 February 1968 Fl-587 N/A
Fl-507 N/A Fl-590 176 18 August 1969
Fl-509 143 N/A Fl-590R1 N/A
Fl-510 152 10 August 1967 Fl-590R2 N/A
Fl-510Rl N/A Fl-590R3 N/A
Fl-511 146 10 August 1967 Fl-590R4 N/A
Fl-511R1 N/A Fl-591 172 N/A
Fl-512 177 10 August 1967 Fl-592 173 18 August 1969
Fl-512R1 N/A Fl-592R1 N/A
Fl-515 147 14 July 1968 Fl-594 N/A
Fl-515R1 N/A Fl-594R1 N/A
Fl-521 154 13 February 1968 Fl-596 174 N/A
Fl-521R1 N/A Fl-596R1 N/A
Fl-521R2 154 11 March 1968 Fl-597 175 N/A
Fl-521R3 N/A Fl-801 N/A
Fl-521R4 183 N/A Fl-602 178 N/A
Fl-522 N/A Fl-604 180 4 November 1970
Fl-523 13 February 1968 Fl-807 181 4 November 1970
Fl-524 13 February 1968 Fl-607R1 N/A
Fl- 525 157,158 13 February 1968 Fl-607R2 N/A
F1- 525R1 N/A Fl-607R3 N/A
F1- 526 156 14 July 1968 Fl-612 184,185 4 November 1970
Fl-526Rl N/A Fl-612R1 N/A
Fl-530 162,163 13 February 1968 Fl-612R2 N/A
Fl-530R1 N/A Fl-613 ~,187 4 November 1970
Fl-530R2 N/A Fl-617 N/A
Fl-530R3 N/A Fl-618 188, 189, 190 N/A

Fl-618R1 N/A

Figure 4. Configuration Changes--Manua1 Effectivity (Sheet 4 of 4)
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R-3896-1

SECTION I

DESCRIPTION AND OPERATION

Section I
Paragraphs 1-1 to 1-8

1-1. SCOPE. This section contains a general
description of the F-1 propulsion system and a
detailed description of each subsystem and com
ponent. Engine operation from the preparation
phase through and including the engine cutoff
phase is defined. Also included, are external
inputs necessary for engine operation, typical
engine operating parameters, and a description
of the flow the engine follows from the time it is
accepted by the Customer through Apollo!
Saturn V launch.

1-2. F-l ROCKET ENGINE.

1-3. The F-l propulsion system was developed
to provide the power for the booster night phase
of the Saturn V vehicle. Five engines are
clustered in the S-lC stage of the Saturn V to
obtain the necessary 7,610,000 pounds thrust.

1-4. The engine features a two-piece thrust
chamber that is tubular-walled and regenera
tively cooled to the 10:1 expansion ratio plane,
and double-walled and turbine gas cooled to the
16:1 expansion ratio plane; a thrust chamber
mounted turbopump that has two centrifugal
pumps spline-connected on a single shaft driven
by a two-stage, direct-driven turbine; one-piece
rigid propellant ducts that are used in pairs to
direct the fuel and oxidizer to the thrust cham
ber; and a hypergolic fluid cartridge that is used
for thrust chamber ignition.

1- 5. The engine is within an envelope of approxi-

I
mately 12.5 feet in diameter and 19.2 feet long
and weighs approximately 18,600 pounds dry.
Refer to section II for specific dimensions and
weight. Thrust vector changes are achieved by
gimbaling the entire engine. The gimbal block
is located on the thrust chamber dome, and
actuator attach points are provided by two out
riggers On the thrust chamber bOdy.

1-6. Component locations on the engine in the
horizontal position are basically referenced to
No. 1 (left) (figure 1-1) or No. 2 (right) (figure
1-2) sides ot the engine as viewed trom the exit
end of the thrust chamber with the turbopump at
,12 0' clock (top) and the hypergol manifold
assembly at 6 0' clock (bottom). Component
locations on the engine in the vertical position
are referenced to the principal component on
the four sides of the engine (eg, gas generator
side (No.1), engine control valve side (No.2),

turbopump side, and hypergal manifold side). A
view of the forward end of the engine is shown in
figure 1-3.

1-7. ENGINE PHYSICAL DESCRIPTION.

1-8. The F-1 engine is a Single-start, fixed
thrust, liquid bipropellant engine, calibrated to
develop a sea-Ievel-rated thrust of 1,522,000
pounds with a specific impulse (lsp) of 265.3
seconds. Engine propellants are liquid oxygen
and propellant kerosene fuel at a mixture ratio
of 2.27:1. The propellant kerosene fuel is used
as the working fluid for the gimbal actuators and
for the engine control system and is also used
as the turbopump bearing lubricant. The F-l
engine is comprised of seven operational systems:

(1) A propellant feed system, which sup
plies pressurized propellants for combustion and
hydraulic pressure fur the engine control system.

(2) An ignition system, which initiates
combustion in the gas generator and the thrust
chamber.

(3) A gas generating system, which pro
duces the energy to drive the turbopump and
condition propellant tank pressurants.

(4) An engine control system, which regu
lates the start, operating level, and shutdown of
the engine.

(5) A flight instrumentation system, which
measures selected engine parameters for moni
toring and evaluating the operational characteris
tics of the engine.

(6) An environmental conditioning system,
which protects the engine from extreme tempera
ture environment caused by plume radiation and
backflow during night.

(7) A purge and drain system, which in
hibits contamination and facilitates the overboard
disposition of expended fluids. Detailed infor
mation of the engine system and its components
is in the following paragraphs. An engine fluid I
schematic (figure 1-4), engine leading particulars
(figure 1-5), and an engine performance sche
matic (figure 1- 5A) are inclUded to support the
text. Detailed information On engine operation
is presented in paragraphs 1-121 through 1-133.

Change No. 10 - 16 July 1971 1-1
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Figure 1-2. F-1 Rocket Engine, Number Two Side
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Section I R-3896-1

I
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Figure 1-3. F-1 Rocket Engine, Forward End
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Figure 1-4. F -1 Engine Schematic
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Section I R-3896-1

"hrust level (sea level) 1,522,000Ib Gas generator mixture 0.416: 1
ratio

Specific impulse (sea level) 265.3 sec Gas generator combustor 980 psia
pressureIToW,,,,,,,,,,,, n_." 5,737lb/sec Gas generator temperature 1,453· F

(40,670 gpm)
Fuel 1,756 lb/sec Turbine speed 5,492 rpm

(15,632 gpm) Time from turbopump 5.2 sec
Oxidizer 3,981lb/sec Initiation to rated speed

(25,038 gpm) Time from cutoff 3.5 sec
to zero rpm

Mixture ratio 2.27:1
Expansion ratio 16:1 Turbine brake horsepower 53,146 hp
Thrust chamber pressure 1,125 psla Nozzle extension coolant 1,138·F
Thrust chamber 5,970' F gas temperature

temperature Hydraulic recirculation 11.6 ±l. 1 gpm
Thrust chamber exit 9.6 paia flowrate at 1,500 psig

pressure (16:1) Engine dry weight 18,619 lb
Fuel pump discharge 1,870 psla (average)
pressure

Oxidizer pump discharge 1,602 psia
pressure

Gas generator flowrate 167 lb/sec
(included In total)

Fuel 118 lb/sec
Oxidizer 49lb/sec

• Figure 1-5. Engine Leading Particulars (Engines Incorporating MD128 or MD174 Change)

1-6 Change No. 10 - 16 JUly 1971
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Section r
Paragraphs 1~9 to 1-13

.-9. PROPELLANT FEED SYSTEM
DESCRIPTION.

R-3896-1

1-10. The propellant feed system transfers
oxidizer and fuel, under pressure, from the
propellant tanks to the thrust chamber and
gas generator. The system consists of the
following major components: A thrust chamber,
a turbopump, two oxidizer valves, two fuel
valves, two high-pressure oxidizer ducts,
two high-pressure fuel ducts, and two fuel
inlet elbows.

1-11. THRUST CHAMBER ASSEMBLY
DESCRIPTION.

1-12. The thrust chamber assembly (figure
1-6) is the engine section within which the engine
thrust Is developed and by which this thrust is
transmitted to the thrust structure of the booster
stage or test stand. The thrust is developed
through the process of burning propellants in
the combustion chamber and accelerating, to
supersonic velocity, the gaseous products of
this combustion through an expansion nozzle.
The thrust is transmitted through a gimbal
bearing and two gimbal actuator outrigger
assemblies.

1-13. TI,e thrust chamber assembly consists
of a two-piece thrust chamber, an injector, an
oxidizer dome and manifold, and a gimbal
assembly. The gimbal assembly attaches to
the oxidizer dome by eight bolts. The oxidizer
dome is boIted to the Injector by 16 Inner-dome
support bolts, and both the oxidizer dome and
injector are bolted to the thrust chamber body
by 64 outer-dome attach bolts. The dome, in
jector, and thrust chamber body are Indexed to
each other by one diamond- shaped and one
round, noninterchangeable Index pin, spaced
180 degrees apart at the Interface flanges below
the two oxidizer dome Inlets. The mating
flanges of the dome and injector are sealed by
a Teflon-filled Flexitallic gasket. The mating
flanges of the injector and thrust chamber body
are sealed at the outer diameter by a Vlton-A
O-ring and at the Inner diameter by a hollow
Inconel-X O-ring. The Inconel-X a-ring in
corporates drllled holes In its outer diameter
to permit injector manifold fuel pressure to
enter the hollow section to Increase Its sealing

I capability. Thrust chamber leading particulars
are presented in figure 1-7. Thrust chamber
and nozzle extension are Illustrated in
figure 1-8.

1-6B Change No. 10 - 16 July 1971
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Section I
Paragraphs 1-14 to 1-16

U"ust level (sea level)
.vlixture ratio

Propellant flowrates
Oxidizer
Fuel

Injector end pressure
Fuel injector manifold
pressure

Exit pressure (16:1)
Combustion area

temperature
Nozzle extension coolant

gas temperature
Fuel inlet manifold
pressure

1,522,000Ib
2.40:1

3,933lb/sec
1,636 lb/sec

1,125 psla
1,222 psia

9.6 psia
5,970' F

1,138' F

1,466 psia

R-3896-l

Oxidizer dome pressure
dl-op

Fuel jacket pressure drop

Valves pressure dl-ops
Oxidizer
Fuel

Expansion ratios
Thrust chamber
Thrust chamber

and nozzle extension

Fuel jacket prefill
Solution
C1pacity

57 psla

244 psia

91 psia
210 psia

10:1
16:1

Ethylene glycol
103-105 gal.

Injector pressure dl-ops
Oxidizer 309 psia
Fuel 97 psia

I Figure 1-7. Thrust Chamber Leading Particulars (Engines Incorporating MD128 or MD174 Change)

1-14. THRUST CHAMBER BODY DESCRIP
TION. The thrust chamber body contains a
combustion chamber for the burning of the pro
pellants, and a nozzle of the required 10: 1 elt
pansion ratio for expelling gases produced by
the burned propellants at the supersonic velocity
necessary to produce the desired thrust.

1-15. The thrust chamber body is a furnace
brazed, tubular-walled, regeneratively fuel
cooled, bell-shaped chamber Incorporating two
outrigger arms to support the turbopump and
two outrigger arms to which the gimbal actua
tors attach. A fuel inlet manifold and a turbine
exhaust manifold are welded to opposite ends of
the chamber. One hundred seventy-eight pri
mary tubes, hydraUlically formed from 1-3/32
inch outside diameter Inconel-X tubing, make
up the chamber body above the 3: 1 expansion
ratio plane (approximately 30 inches beloW the
throat centerline plane). Three hundred fifty
six one-inch-outside-dlameter secondary tubes
of the same material form the chamber from
the 3: 1 to the 10:1 expansion ratio plane. A
raised weld bead with the tube number and a
directional flow arrow, identify fuel-up tube
No.1 and fuel-down tubes No. 60 and 120 on the
chamber internal faces of the injector end ring

1- 8 , Change No. 10 - 16 July 1971

and fuel return manifold. External to the cllam
ber the same tubes are similarly identified on
reinforcing bands and straps below the thrust
chamber throat.

1-16. Two secondary tubes are brazed to each
primary tube at the 3: 1 expansion ratio area
plane. Every other primary tube Is a fuel-down
tube and is slotted on its outboard side at the
fuel inlet manifold area into which fuel from the
inlet manifold is directed. An oriflced plug is
brazed into the tube above the slot to permit 30
percent of the fuel to go directly to the fuel in
Jector manifold. The remaining 70 percent of
the fuel is used for regeneratively cooling the
thrust chamber and Is directed down the tube to
the fuel return manifold at the end of the cham
ber. From the fuel return manifold, the fuel
is directed by the adjacent fuel return tubes to
the fuel injector manifold. The return manifold
is welded to the bottom of the thrust chamber
secondary tubes and incorporates four drain
ports, located 90 degrees apart, to drain re
sidual fluids. Forty lugs are welded to the
inside _11 of the return manifold for attaching
the turbine exhaust leak- test fixture.
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Section I
P!1ragraphs 1-17 to 1-19

R-3896-1

4-17. The fuel inlet manifold, welded to the
upper end of the chamber body, incorporates
two flanges, 180 degrees apart, for mOWlting
the main fuel valves. A three-section flange
for mOWlting the thrust OK pressure sWitches,
and another for attaching the prefill check valve,
are located on the inlet manifold. The fuel in
let manifold distributes fuel from the main fuel
valves to the thrust chamber fuel-down tubes
through angled, radial passages drilled through
the inner wall of the manifold and alined with
slots in the primary fuel-down tubes.

rings, orificed-drilled to provide a doublet
oxidizer-on-oxidizer impingement, are brazed
to the oxidizer ring grooves. The twelve radial.
fuel-cooled, copper baffles are supplied with
fuel by the outer circular baffle to which they are
brazed. Two igniter fuel housings in each of the
12 outer compartments and one igniter fuel
housing in the center compartment, connected by
individual fuel feed tubes to the igniter manifold,
inject igniter fuel to the compartments. The
center of compartment No. 13 is threaded for
the attachment of the throat plug shaft.

Figure 1-9. Thrust Chamber Injector
Compartments and Baffles

NOTE

lNJEC'1'OR COMPARTMENTS ARE
INDlCATEO SY NUMBERS 1 tHROUGH 13.
BAFFLES ARE INDICATED BY
LETTERS .A THROUGH N.

1-18. The turbine exhaust manifold collects
and evenly distributes the turbine exhaust gas
to the area between the walls of the nozzle ex
tension. The exhaust manifold is a CRES torus
of decreasing (from inlet to exit) cross
sectional area incorporating 15 omega expansion
joints to compensate for thermal growth.
Splitter plates at the inlet and flow vanes at the
exit area contribute to the uniform distribution
of the exhaust gases into the nozzle extension.
The exhaust manifold is welded to a flame
shield that is welded to the outer wall of the
thrust chamber.

1-19. THRUST CHAMBER INJECTOR DE
SCRIPTION. The thrust chamber injector dis
tributes the propellants into the combustion
chamber at the proper mixture ratio, pressure,
and spray pattern to initiate and sustain stable
combustion. It is aCRES, 31-ring, plate-type
injector, divided into 13 compartments by 2
circular and 12 radial baffles, which dampen
tangential and transverse combustion instability
shock waves generated during combustion. The
compartments are identified numerically, 1
through 13, and the baffles alphabetically, A
through N. (See figure 1-9.) The 31-ring
grooves consist of 16 fuel ring grooves alter
nating with 15 oxidizer ring grooves. The fuel
ring grooves are supplied with fuel from the
injector manifold by 32 radial pasllages, and the
oxidizer ring. grooves are supplied with oxidizer
from the oxidizer dome by axially drilled holes.
Fourteen copper rings, orifice-drilled to pro
vide a doublet fuel-on-fuel impingement, and
2 circular, fuel-cooled copper baffles are
brazed to the fuel ring grooves. Fifteen copper

1- 9A Change No. 8 - 19 February 1970
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R-3896-1 Section I
Paragraphs 1- 20 to 1- 23

1-20. THRUST CHAMBER OXIDIZER DOME
AND MANIFOLD DESCRIPTION. The thrust
chamber oxidizer dome and manifold assembly
(figure 1-10) distributes oxidizer to the thrust
chamber injector and provides the attach point
for the gimbal assembly. The assembly is a
welded, CRES and nickel-base alloy unit con
sisting of a dome body and a torus manifold.
The dome body contains the attaching flange
and support posts for interfacing with the injec
tor, and a slotted and drilled mounting flange
for interfacing with the gimbal assembly. The
manifold incorporates two inlets 180 degrees
apart, for mounting the No. 1 and No. 2 oxi
dizer valves, and a flanged boss for the heat
exchanger oxidizer supply line. To prevent
vortexing of the oxidizer, the manifold is iso
lated into two compartments by two torus dams
welded at 90 llegrees from the inlets.

1-21. GIMBAL BEARING ASSEMBLY DE
SCRIPTION. The gimbal bearing assembly
(figure 1-11) permits the engine assembly to be
rotated about its x- and z-axes and thereby
provides limited control of the engine thrust
vector to enable the vehicle's guidance system
to perform vehicle pitch, yaw, and roll
commands. The gimbal bearing assembly is
also the principal thrust interface between the
engine and vehicle or test stand. The assembly
is a spherical, low-friction, steel uniVersal
JOint, incorporating ball- and socket-type
bearing surfaces. A composition of Teflon
impregnated Fiberglass (Fabroid) is bonded to
the bearing surfaces of the sockets. The main
components of the gimbal assembly consist of
a m isalinement plate, a seat, a bol1y, a block,
and a shaft. A silicone-impregnated Fiberglass
boot around the gimbal bearing protects the
assembly from adverse environmental condi
tions.

1- 22. The misalinement plate is the interface
between the oxidizer llome and gimbal assembly
and incorporates guides and threaded- type ad
justment devices to laterally position the

assembly. Eight slotted troles in the plate flange.
which coincide with eight threaded inserts in the
dome flange, allow lateral adj ustment of the
plate along the x-axis. Eight oversized holes in
the seat flange, coinciding with the slotted holes
in the plate, allow lateral adjustment of the seat
along the z-axis. The bottom guide recesses
into a guide slot machined into the dome. The
seat rests on the misalinement plate and has a
guide slot into which the upper guide of the mis
alinement plate recesses. The seat contains the
Fabroid-Iined socket section within which the
ball sections of the body move anll incorporates
two arms that support the shaft. The body is the
engine interface to the vehicle Dr test stand
structure. The body incorporates the ball
section for the seat socket and the Fabroid-lined
socket section for the ball section of the block.
The block contains the ball section for the
Fabtoid-lined socket section of the body. The
sides of the block are lined with Fabroid as are
the surfaces of the hole into which the shaft fits.
The shaft, through the support arms of the seat,
transmits all bearing loads between the engine
and vehicle. The shaft is prevented from rotating
and moving axially by two plug and screw re
tainers. The Fabroid liners of the gimbal
assembly are lubricated at assembly and require
no furthe r lubr ication.

1-23. THRUST CHAMBER NOZZLE EXTE;.i
S10N DESCRIPTION. The nozzle extension
(figure 1-12) increases the thrust chamber ex
pansion ratio to the ratio that provides an
optimum average of engine performance over
the powered phase of the booster stage trajectory.
The nozzle extension is of Welded construction.
incorporating nickle- base-alloy inner and outer
walls, separated by z-sections with CRES re
inforCing channel bands welded to the outer wall
circumference. FUm cooling of the inner walls
is achieved by injecting turbine exhausi gas,
supplied to the cavity between the walls by the
turbine exhaust manifold, into the thrust chamber
exhaust stream through injector slots formed by
23 rows of overlapping shingles that form the
inner wall. The thrust chamber nozzle exten
sion is bolted to the thrust chamber exit- end
ring after the engine is installed in the vehicle.
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Figure 1-11. Gimbal Bearing

1-24. TURBOPUMP DESCRIPTION.

1-25. The turbopump assembly, designated the
MK-IO turbopump, delivers propellants to the
engine system at rated pressures and fiowrates.
The assembly is mounted parallel to the thrust
chamber longitudinal centerline and is pri
marily supported by two three-legged outrigger
assemblies welded to the chamber body and by
the four high-pressure propellant ducts in
stalled between the turbopump and the thrust
chamber. The turbopump assembly (figures
1-13 and 1-14) is comprised of two centrifugal
pumps, mounted back-lo-back on a common
shaft, directly driven by a two-stage, velocity
compounded, impulse gas turbine. The main
shaft and the rotating parts that attach directly

to the shaft are dynamically balanced as an
assembly prior to final assembly of the turbo
pump assembly. Plugs in the fuel impeller and
weights in the turbine wheels are installed. as
required during the procedures, to achieve the
required balance. Dual discharge ports on each
of the pumps balance the radial loads on the
assembly. The shaft is supported by two
electrically heated, fuel-cooled ball bearing
assemblies at the oxidizer pump area, and one
fuel-cooled roller bearing assembly at the tur
bine area. (See figure 1-15 for a cutaway YleW
of the turbopump.) Six carbon- nose and three
carbon-segmented seals, augmented by plastIc
(Kel-F, Teflon) and synthetic rubber (Buna-N,
Viton-A) seals, perform sealing functions to
isolate the propellants, cooling fluid, and hot
gases to their respective areas.
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coolant fuel to the bearings contained within the
oxiclizer pump and turbine sections. (See figure
1-16 for turbopump leading particulars.) I

Figure 1-16. Turbopump Leading Particulars I
(Engines Incorporating MD128 or MD174 Change)

1-29. TURBOPUMP OXIDIZER PUMP DE
SCRIPTION. The principal parts of the oxidizer
pump (figures 1·17 and 1-18) are an inducer. an
impeller. a voll1.te, two bearings, and the
necessary seals to contain the oxiclizer and
coolant fuel within their respective areas of the
oxidizer pump section. The inducer is splined
to the shaft and Increases the oxidizer inlet
pressure to prevent caVitation and to direct the
oxidizer into the inlet of the Impeller. The
impeller Is installed on the shaft through an
internally/externally splined coupler and im
parts velocity to the fluid. The volute houses
and su.pports the component parts of the oxiclizer
pump and converts the kinetic energy of fluid
velocity to potential energy of flll.id pressll.re.
The oxidizer volute incorporates a ri"i that is
pinned within a recess of the volute by 36

1-26. The turbopump contains a balancing sys
tem to control the axial thrust loads imposed
upon the shaft and ball bearing assemblies by
the forces primarily generated by the clifferen
tial pressure across the oxidizer Impeller. The
balancing system utilizes the area between the
back of the fuel impeller and fuel volute as a
balance caVity, to which fuel pressure from the
discharge side of the fuel pump is directed and
regulated, to partially counterbalance the axial
thrust developed by the oxidizer impeller. Man
ual rotation of the turbopump shaft for the pur
pose of facilitating turbopump preservation and
detecting excessive breakaway and running
torque, is proVided by a ring and pinion gear
combination. The ring gear is spllned to the
turbopump shaft, and the pinion gear is mounted
to the torque gear housing in a spring-loaded,
disengaged position. When manual rotation of
the pump shaft is required, the pinion gear is
pushed in to engage with the ring gear and a
rotating force applied. The sleeve of the ring
gear contains two holes, spaced 180 degrees
apart, which are used in conjunction with a
magnetic transducer for monitoring shaft speed
during engine operation.

1-27. The turbopump bearings are cooled by
pressurized fuel supplied through a bearing
coolant control valve to spray nozzles at the
bearings. The fuel Is routed in parallel from
the coolant control valve to the No. 1 and No. 2
bearings and to the No. 3 bearing and is then
drained overboard through the fuel overboard
drain system. On engines incorporating MD145
change, the paralle I routing from the bearlng
coolant control valve has been replaced by a
series system. This change directs the drain
age from the No. 1 and No. 2 bearings to
splash-lubricate the No.3 bearing and then
overboard through the overboard drain system.
Two cal-rod heaters, cast Into the retainer
block of the No. 1 and No. 2 bearings, prevent
condensation and ice from forming on the bear
ings during engine standby.

1-28. The principal sectians of the turbopump
consist of an oxiclizer pump section, a fuel pump
section, and a turbine section. The three sec
tions are structurally connected to each other
by pins, which permit relative radial movement
to compensate for the effects of thermal differ
ences between the oxidizer, fuel, and turbine
sections. A bearing coolant control valve
mounted on the fuel pump section supplies

1-16 Change No. 10 - 16 July 1971

Weight (average)
Length
Diameter
Shaft speed
Oxidizer pump inlet

pressure
Oxidizer pump discharge

pressure
Oxidizer pump flowrate

Fuel pump inlet pressure
Fuel pump clischarge
pressure

Fuel pump flowrate

Turbine inlet temperature
Turbine inlet pressure
Turbine exit pressure
Turbine brake horse-

power
Bearing coolant flow

rate (parallel system)
Bearing coolant flow

rate (series system)
Shaft breakaway and

running torque

3,150 lb
5 ft
4ft
5,492 rpm
65 psia

1,602 psia

3,986 lb/sec
(25,063 gpm)
45 psia
1,870 psia

1,756 lb/sec
(15,620 gpm)
1,453' F
945 ps ia total
58 psia
53,146 bhp

5.5 gpm

3.5 gpm

20 ft/lb max.

I
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radially inserted pins. The fuel volute attaches
to this ring by 36 bolts that are aXially installed
into threaded holes of the ring. Two discharge
ports supply oxidizer to respective inlets of the
oxidizer dome and manifold assembly. The
bearings at the oxidizer pump section (figure
1-18), identified as No. 1 and No. 2 bearings,
are a matched set of ball bearings that support
the shaft at its forward end and absorb shaft
axial loads.

1-30. Four major seals are contained in the
oxidizer pump section. No. 1 seal (primary
oxidizer seal) is a carbon-nose-to-mate-ring
seal that seals the oxidizer propellant area from
the bearing coolant fuel area. Leakage past this
seal is directed overboard through the oxidizer
overboard drain line. No. 2 seal (intermediate
oxidizer seal) is a carbon-segmented seal with
the spring-loaded carbon segments riding
against the pump shaft and is a backup seal to
isolate the oxidizer from the fuel coolant. A
nitrogen gas purge is applied between the two
segment layers and flows axially in both
directions between the faces of the carbon
segments and the shaft. Because carbon seals
are primarily dynamic seals, the purge acts
as a positive pressure barrier to isolate the
oxidizer and bearing coolant from each other
under static conditions. The purge flow to the
oxidizer side of the seal is directed overboard
through the same line that drains the primary
oxidizer seal cavity.

1- 31. No. 3 seal (No. 1 bearing lube seal) is a
carbon-nose-to-mate-ring seal, which is the
forward seal to confine the bearing coolant fluid
within the bearing retainer and heater assembly.
Leakage past No.3 seal, along with the purge
gas flowing from the coolant side of the inter
mediate oxidizer seal, is directed overboard by
the nitrogen purge overboard drain line. No. 4
seal (No. 2 bearing lube seal) is a carbon-nose
to-mate-ring seal, which is the rear seal to
confine the bearing coolant fluid within the bear
ing retainer and heater assembly. Leakage past
No.4 seal is directed to the fuel drain manifold
by the primary fuel seal drain lines. Additional
seals of the oxidizer pump section include two
KEL- F coated, CRES, split piston rings, a
Teilon-coated Nailex seal, and KEL- F wear
ring seal. The spIlt piston rings recess into
grooves of the oxidizer Inlet and seal the inter
face of the oxidizer inlet skirt and VOlute wall.
Any leakage past both seals is directed back to

the inlet side of the pump through radial passages
drilled in the oxidizer inlet assembly. The
Nailex seal is installed between the attach
flanges of the oxidizer inlet and the oxidizer
volute. The KEL- F wear ring is a labyrinth
seal attached to the oxidizer inlet. The wear
ring effectively seals the high-pressure side of
the pump from the low-pressure side by placing
a series of orifices and expansion areas between
the two sides. Synthetic rubber O-rings are also
used in the carbon seal assemblies and in the
bearing retainer and heater assembly.

1-32. TURBOPUMP FUEL PUMP DESCRIPTION.
The principal parts of the fuel pump section
(figures 1-17 and 1-18) are an inlet assembly,
an inducer, an impeller, a volute, and the nec
essary seals to contain the fuel within the fuel
section of the pump. The fuel inlet assembly is
a dual inlet manifold that directs fuel to the
inducer. The inlet assembly is bolted to the
fuel volute on the top side and to the torque gear
hOUSing on the bottom. Six clevis fittings on the
turbine section are bolted to the fuel inlet as
sembly to provide the primary structural inter
face between the fuel pump section and the
turbine section. The inducer is splined to the
shaft and increases the fuel inlet pressure to
prevent cavitation and to direct the fuel into the
eye of the impeller. The impeller is splined to
the shaft and imparts velocity to the flUId. The
volute converts the kinetic energy of fluid veloc
ity to potential energy of fluid pressure. Thirty
six bolts connect the fuel volute to a pinned ring
of the oxidizer volute to provide the primary
structual interface between the fuel pump section
and the oxidizer pump section. The fuel volute
incorporates two dlscharge ports to supply fuel
to the respective inlets of the thrust chamber
fuel inlet manifold.

1-33. Three maj or seals are contained in the
fuel pump section: No.5, No.6. and No.7
seals. No.5 seal (primary fuel seal) is a
carbon-nose-to-mate-ring seal. which seals
the shaft area of the balance cavity. Any leak
age past this seal, along with any leakage past
the No.4 seal, is directed to the fuel drain
manifold by the primary fuel seal drain hnes.
No.6 seal (fuel Inlet seal) is a carbon-nose-to
mate-ring seal and seals against leakage from
the fuel inlet. Any leakage past this seal is
directed to the fuel drain manifold by the fuel
inlet seal drain lines.
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1-34. No. 7 seal (fuel lube seal) is a carbon
nose-to-mate-ring seal and prevents leakage of
coolant fuel from the bearing support area. Any
leakage past No. 7 seal would be directed to the
fuel drain manifold, along with any leakage past
the No. 6 seal, by the fuel inlet seal drain lines.
Additional seals of the fuel pump section include
three synthetic rubber a-rings and two lead
plated brass wear rings. Two of the synthetic
0- rings seal the interface of the fuel inlet skirt
and wall of the volute. The other a-ring seals
the interface of the torque gear housing and fuel
inlet. One of the wear rings, which is a
labyrinth-type seal bolted to the fuel inlet
assembly, effectively seals the high-pressure
side of the pump from the low-pressure side by
placing a series of orifices and expansion areas
between the two sides. The other wear ring,
which is bolted to the volute and extends into a
groove in the backside of the impeller, is a
labyrinth-type seal and, in conjunction with the
primary fuel seal, establishes the outer and
inner diameters of the fuel balance cavity.

1-35. TURBOPUMP TURBINE DESCRIPTION.
The principal parts of the turbine section are
the turbine inlet manifold, two turbine wheels,
one bearing, and the necessary seals to contain
the hot gas within the turbine section. (See
figure 1-19.) The turbine inlet manifold houses
the component parts of the turbine section and
incorporates six spools to provide the structural
interface between the turbine section and the
fuel pump section. Each spool has an individ
ually matched clevis fitting, which bolts to the
fuel pump inlet, and a clevis pin, which are
identified with the manifold serial number and
a dash number corresponding to the spool posi
tion to which they are matched.

1-36. The turbine manifold incorporates an
inlet flange to which the gas generator combustor
is attached and an outlet flange for the attach
ment of the heat exchanger. A nozzle assembly
welded to the inlet manifold directs the gas
generator gases onto the blades of the first-stage
turbine wheel, and 10 nozzle segments bolted
to the inlet manifold direct gases from the
first-stage turbine onto the blades of the second
stage turbine whee I.

1-37. Each turbine wheel consists of a disc
incorporating a series of fir tree slots in its
outer periphery into which blades are inserted
and riveted in place. The first-stage wheel is
bolted to and interfaces with the main shaft

through curvic coupling that absorbs the high
shear loads experienced during engine start.
The second-stage wheel is bolted to the first
stage wheel through a dual curvic coupler
spacer. The bearing in the turbine section is
identified as the No.3 bearing and is a roller
bearing that supports the main shaft at the
turbine end and absorbs radial loads imposed
on the shaft. The bearing is supported by the
turbine bearing support assembly, which is
bolted to the torque gear housing and the turbine
inlet manHold assembly .

1-38. Two major seals are contained in the
turbine section: No. 8 and No. 9 seals. No. 8
seal (hot-gas secondary seal) and No.9 seal
(hot-gas primary seal) are both carbon seg
mented seals with the spring-loaded segments
riding against the pump shaft. The seals isolate
the turbine section hot gases from the No.3
bearing. Other seals in the turbine section con
sist of two pressure-actuated seals and a honey
comb seal. One of the pressure-actuated seals.
which is installed at the interface of the hot-gas
secondary seal housing and the bearing support
assembly, seals against leakage of coolant
fluid into the turbine inlet manifold. The other
pressure-actuated seal, which is installed at
the interface of the bearing support assembly
and the turbine inlet manifold assembly. seals
against leakage of hot gas from the turbine inlet
manifold. The honeycomb seal is an lnconel
honeycomb circular strip positioned on the
inner wall of the turbine inlet manifold at the
area of the first- stage turbine wheel. The sea I
in conjunction with two machine serrations on
the turbine wheel blades is a labyrinth-type
seal that effectively prevents the bypassing of
gas around the periphery of the wheel.

1-39. BEARING COOLANT CONTROL VALVE
DESCRIPTION. The bearing coolant control
valve (figure 1-20) controls the coolant fuel flow
to the turbopump bearings and provides a means
of supplying preservative compound to the bear
ings. It is a normally closed, spring-loaded,
pressure-actuated poppet valve, embodying re
dundancy to assure positive delivery of coolant
fluid. The valve assembly consists of two
coolant and one preservative-oil poppet valves,
three 40-micron filters, a restrictor to meter
the coolant fuel, and a housing that incorporates
a qUick-disconnect for attaching the preservative
oil supply line. The redundant fuel coolant
poppets offseat when fuel pump discharge pres
sure reaches a nominal 225 psig and directs the
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coolant through the restridor to the turbopump
bearings. The restrictor is si~ed during engine
acceptance testing to provide a bearing pressure
of 200- 540 psig. The preservative-oil poppet
offseats during preservation procedures at 9-20
psig and direds the preservative oil to the turbo
pump bearings. On engines incorporating
MD145 change, the port for the turbine bearing
jet ring is capped and the orifice is changed to
accommodate the series lube system.

1-40. TURBOPUMP FUEL INLET ELBOW
DESCRIPTION. The turbopump fuel inlet
elbows No. 1 and No.2) are single-inlet, dual
outlet elbows incorporating internal flow vanes.
Fuel flows radially into the fuel pump inlet
assembly from the two inlet elbows mounted
180 degrees apart. Lifting studs are proVided
on the elbows for ease of handling. Seal
monitoring ports are proVided on the downstream
outlet flanges. One attach point for support of
the engine interface paneI is located on each
elbow, and attach points are located on the duct
side of the elbow for fastening a flexible (rubber)
thermal insulation boot around the blow to the
engine interface panel. The No. 2 elbow has a
flanged attach point for the checkout valve engine
return hose.

1-41. OXIDIZER VALVE DESCRIPTION.

1-42. The engine has two identical oxidizer
valves (figure 1-21) that direct the flow of liqUid
oxygen to the thrust chamber and the flow of
hydraulic control opening fluid to the gas gen
erator control valve. The oxidizer valves are
hydraulically actuated, spring-loaded closed,
pressure-balanced, fall-to-the-run position,
poppet-type valves haVing qUick response and
low delta-P operating characteristics. An
integral part of each OXidizer valve, and
mechanically opened by this valve, is a normally
closed sequence valve which, in the open posi·
tion, directs hydraulic control fluid to the open
ing port of the gas generator control valve.

1-43. The oxidizer valve is designed so that
when il is in the open posltlon, at rated engine
oxidizer pressure and flowrate , it will not close
if hydraulic control fluid opening pressure is
lost. The oxidizer valve consists of a housing
that contains the oxidizer inlet and outlet ports

. and the seat for the poppet seal; a poppet with
a machined Teflon seal secured by a seal

retainer; a cover that attaches to the valve
housing and contains the two poppet-closing
springs and also serves as a mount for the
cylinder and a guide for the piston rod; a
cylinder, within which the actuating piston
operates, that contains the open and closed
actuator ports and supports the position indicator
drive shaft; a cylinder head that contains the in
let and outlet ports of the sequence valve and
also provides a mount for the sequence valve
gate; and a tapered piston rod that connects the
actuator to the poppet, mechanically opens the
sequence valve, and actuates the position
indicator.

1-44. The sequence valve is a spring-loaded
gate valve that seats against, and is hinged to,
the OXidizer valve cylinder head. The se
quence valve is offseated by the piston rod to
direct opening hydraulic control flUid to the gas
generator control valve when the oxidizer valve
reaches 16.4 percent of its open position. The
position indicator consists of a rotary-motion
variable resistor and open and closed posihon
switches. The position indicator is mounted on
the OXidizer valve cylinder and Is coupled to the
Indicator drive shaft, which is mechanically
linked to the piston rod. The position switch
proVides relay logic in the engine electrIcal con
trol circuit, and the variable resistor provides
instrumentation for recording valve poppet
movement.

1-45. Each oxidizer valve incorporates an
oxidizer dome purge check valve to admit
gaseous nitrogen downstream of the valve poppet
to purge the thrust chamber oxidizer dome. The
check valve is a gate-type valve, spring loaded
to the closed position, and allows flow in one
direction when the differential pressure acroSS
the valve exceeds 5.0 psi. Five types of seals
are used in the oxidizer valve: machined Teflon
seals, Mylar lip seals, Teflon-coated steel
Naflex seals, and Buna-N O-rings. Oxidizer
valve leading particulars are listed in figure I
1-22.

1.46. FUEL VALVE DESCRlPTION.

1-47. The engine has two identical fuel valves
(figure 1-23) to direct fuel to the thrust chamber.
The valves are hydraulically operated, spring
loaded-closed, pressure-balanced, lail-to-the
run-pOSition, poppet-type valves having qUick
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Figure 1-21. Oxidizer Valve

response and low delta-P operating character
Istics. The fuel valve Is designed so that when
it is in the open position, at rated engine fuel
pressure and flowrate, it will not close If hy-

I draulic control fluid opening pressure Is lost.

1-48. The fuel valve consists of a housing con
taining fuel Inlet and outlet ports, closing and
opening ports, a drain port, a purge port, a
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poppet seal seat and retainer, a spring-loaded
poppet with a machined Teflon seal secured by
a seal retainer, an actuator guide Intern,ally
drilled to provide the open port passage. and a
piston that connects to the poppet. The nose
seal retainer incorporates 12 radially drilled
passages to direct fuel Into the balance cavity
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during the last portion of valve closing travel.
This feature assists the valve in closing by
maintaining a positive fluid pressure within the
balance cavity. A position indicator attaches
to the valve housing and recesses into the piston
shaft. The indicator consists of a linear-motion
variable resistor and open and closed position
switches. The position switches provide relay
logic in the engine electrical control circuit,
and the variable resistor provides instrumenta
tion for recording valve poppet movement.
Three types of seals are used in the fuel valve:
machined Teflon seals, Viton-A O-rings, and

I Buna-N O-rings. Fuel valve leading particulars
are listed in figure 1- 22.

Figure 1- 22. Oxidizer Valve and Fuel Valve
Leading Particulars

Weight 168.0 lb 90.0 lb
Length 30.0 in. 16.0 in.
Width 17.25 in. 11.0 in.
Opening 200 psig max. ltO psig max.

pressure
Closing 75 psig max. opsig (spring

pressure only)
Opening time 320 msec 635 msec
(switch times)
Closing time 325 msec 930 msec
(switch times)
Inlet diameter 8.0 In. 6.0 in.
Outlet diameter 8.0 in. 6.0 in.
Poppet travel 2.34 in. 2.0 in.
Poppet seal Teflon Teflon

I

Oxidizer
Valve

Fuel
Valve

are replaced with selective spacers machined
to various dash number sizes. A tap-off flange
for the gas generator oxidizer duct Is provided
on the No. 2 oxidizer high-pressure duct.

1-51. FUEL HIGH-PRESSURE DUCT DE·
SCRIPTION.

1-52. The fuel high-pressure ducts contain and
distribute the fuel separately to each of the fuel
valves and support the forward end of the turbo
pump. The construction and design of the fuel
ducts prOvide fleXibility to compensate for ex
pansion, contraction, and vibration. Each duct
requires a custom spacer at each end. On en
gines incorporatlng MD137 change, the custom
spacers are replaced by selective spacers with
various dash number sizes. Tap-oHs for the
bearing coolant control valve, gimbal filter mani
fold, igniter fuel valve, and fuel high-pressure
duct drain qUick-disconnect are provided on the
No. 1 fuel high-pressure duct. Tap-ofts for the
gas generator fuel duct, engine control ,'alve,
No. 2 fuel bleed and fuel high-pressure duct
drain quick-disconnect are provided on the No.2
fuel high-pressure duct.

I-53. ENGINE INTERFACE PANEL DE
SCRIPTION.

I-54. The engine interface panel (figure 1-24)
is mounted above the turbopump oxidizer and
fuel inlets. The panel contains the customer
connect locations for electrical connectors
between the engine and the vehicle. The panel
also provides an attach point for thermal insula
tion attach brackets.

1-49. OXIDIZER HIGH-PRESSURE DUCT
DESCRIPTION.

1- 50. The oxidizer high-pressure ducts con
tain and distribute the oxidizer separately to
each of the oxidizer valves and also provide
support for the forward end of the turbopump.
The ducts are con6tructed of drawn aluminum
tubing, bent in a continuous section. This de
sign provides fleXibility to compensate for ex
pansion, contraction, and vibration. Each duct
requires a custom spacer at each end. These
spacers are machined for a particular engine
and are not interchangeable. On engines in
corporating MD137 change, the custom spacers

1-55. IGNITION SYSTEM DESCRIPTION.

1- 56. The engine ignition system supplies heat
energy to initiate combustion in the gas gen
erator combustor, thrust chamber nozzle ex
tension, and the thrust chamber. Five igniters
are required for each engine start: two pyro
technic igniters for the gas generator, two
pyrotechnic igniters for the thrust chamber
nozzle extension, and a hypergol igniter for the
thrust chamber. The pyrotechnic igniters are
electrically fired by 500 vac. The pyrotechnic
igniters initiate combustion of the fuel and ox
idizer in the gas generator and reignite the fuel
rich gas generator exhaust gas in the nozzle
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J143

J20

J18

Figure 1-24. Engine Interface Panel

extension. The hypergol igniter initiates com
busion in the thrust chamber when fuel pressure
from the No. 1 fuel high-pressure duct ruptures
the hypergol igniter diaphragms and forces py
rophoric fluid into the thrust chamber through
the igniter rue1 orifices in the inj ector.

1.. 57. HYPERGOL IGNITER DESCRIPTION.

1-58. The hypergol igniter (figure 1-25) con..
tains the pyrophoric fluid that produces initial
combustion in the thrust chamber. The igniter
is installed in the hypergal manifold by a threaded
cap s~cured by a lockpin. The igniter consists
of a cartridge, a plug, a cap, and related seals~

. The cartridge contains 403 :t 10 grams of pyro
phoric fluid consisting of 85 pereent

triethylborane and 15 percent triethylaluminum.
Two burst diaphragms are welded to the car
tridge, one at each end, to contain the pyro
phoric fluid within the cartridge. The burst
diaphragm at the cap end of the igniter is identi
fied as the downstream diaphragm and has a
burst pressure of 350 (+25, -75) psig. The up
stream diaphragm has a burst pressure of
500 (+25, -75) psig. The hypergol igniter is
approximately 18 inches in length and 2-3/8
inches in diameter.

1-59. PYROTECHNIC IGNITER DESCRIPTION.

1-60. The pyrotechnic high-voltage igniters
(figure 1.. 26) initiate combustion in the gas gen
erator and reignite the fuel-rich turbine exhaust
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four receptacle pins. When an electrical
stimulus of 500 vac is impressed on the ig
niter circuit (BD), the diode is triggered
allowing a nominal 4.5 amperes of current to
flow and Ignite the squib. The flame and hot
particles from the squib ignite the main
pyrotechnic charge. The burning of the main
charge severs the link wire imbedded in the
charge within 200-800 milliseconds and con
tinues burning for 6.5 to 9.5 seconds. Severing
of the igniter link wire provides a positive
signal to the engine electrical control system
that the igniter has functioned satisfactorily.
When 250 vac or less is impressed on the
squib circuit, the diode prevents current now
and the Igniter will not fire.

1·61. GAS GENERATING SYSTEM DESCRIP
TION.

1-62. The gas generating system provides the
internal power required to operate the engine.
UtiliZing tank-head energy from the vehicle,
the gas generating system develops sufficient
power to start the engine and changes to its
rated power level of operation by using a
portion of its own output (bootstrapping). The
internal power is generated by tapping propel
lants from the high-pressure duets and directing
them to the gas generator where hot gas is
produced to power the turbopump. After im
pacting the two-stage turbine, the gas is
further utilized by a heat exchanger where
additional heat is extracted to condition the
gases used for vehicle tank pressurization.
The now relatively cool gas generator exhaust
gas is directed into the lower section of the
thrust chamber to provide film cooling of the
double-wall portion of the nozzle. Orifices in
the propellant ducts to the gas generator control
the power level of the system to provide a
constant mass nowrate to the thrust chamber,
thereby insuring a constant thrust output. Gas

I generator leading particulars are listed in
figure 1-27.

1-63. GAS GENERATOR DESCRIPTION.

1-64. The gas generator (figure 1-28) Is
within a basic envelope 18 by 24 by 28 Inches
and weighs approximately 220 pounds. The gas

generator consists of a dual ball valve, an
injector fuel inlet housing tee, an integral
oxidizer dome and injector, and a combustor.
Six types of seals are used in the gas
generator: silver-plated stainless-steel
Naflex and K-seals and copper crush washers
for hot-gas applications, Teflon-coated steel
K-seals for cryogenic applications, and Buna-N
O-rings for fuel appllcations.

Combustor temperature 1,453° F
Injector end pressure 980 psia
Oxidizer flowrate 49 lb/sec
FueI fiowrate 118 lb/sec
Mixture ratio 0.416: I. 0
Combustor pressure 33.5 psia

drop
Injector pressure drop 250 psia

(oxidizer)
Inj ector pressure drop 145 ysia

(fuel)
Gas generator ball 55 psia

valve pressure drop
(oxidizer)

Gas generator ball 200 ilsia
valve pressure drop
(fuel)

Orifice pressure drop 261 psia
(oxidizer)

Orifice pressure drop 375 "sia
(fuel)

Line pressure drop 76 psia
(oxidizer)

Line pressure drop 43 psla
(fuel)

Gas generator ball 170 msec
valve open time (SWitch
to switch)

Gas generator ball 90 msec
valve closed (switch to
switch)

Figure 1-27. Gas Generator Leading IParticulars (Engines Incorporating
MD126 or MD174 Change)
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gas In the nozzle extension. Two Igniters are
installed in Igniter bosses of the gas generator
combustor Inlet flange, and two igniters are
installed In bosses In the nozzle extension near
the 11: 1 expansion ratio area. The igniter ex
ternal structure consists of a metal tube crimped
and soldered at one end Into a receptacle with
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four electrical contact pins. The opposite end
of the tube is sealed with a disc of silver alloy
foil. Internally, the Igniter has two plastic
sleeves, a dual-element squib assembly, a main
pyrotechnic charge, a diode, and the wire re
quired to connect the two igniter circuits to the
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Figure 1-28. GaB Generator

1-26 Change No. 8 - 19 February 1970

SEAL

1-65. GAS GENERATOR BALL VALVE DE
SCRIPTION. The gas generator ball valve
(figure 1-29) is a hydraUlically operated valve
incorporating two hollow balls connected to a
single actuator for directing propellants into
the gas generator injector. The balls are
shells on shafts, each shell having an inlet and
outlet flow passage. The inlet and outlet flow
passages are located diametrically opposite
each other in the oxidizer ball and 150 degrees
apart in the fuel ball. A tube is welded between
the Inlet and outlet passages in the fuel ball to
reduce flow resistance. Both balls seat against
bellows-type seals. The fuel bellows seal in
corporates a deflection elbow for the fuel out
let that Is contoured to reduce pressure drop
in the gas generator fuel system. Both ball
shafts rotate on roller bearings, and each ball
also rotates against the actuator housing on
roller bearings and races.

1-66. The gas generator ball valve contains a
linear-motion position switch and an integral
electrical connector, mounted in the valve
cover. The housing cover contains tapped holes
for installation of Stage Contractor thermo
couples. The cover is used to seal the switch
compartment. The ball valve oxidizer outlet
attaches directly to the gas generator inj ector
oxidizer inlet. The gas generator fuel inlet
housing tee connects the ball valve outlet to the
inj ector fuel inlet. The gas generator ball
valve opening is directed by sequence valves on
the oxidizer valves. Hydraulic fluid re
circulates !hrough a warmant passage in the
fuel ball housing, preventing the fuel in the fuel
ball housing from freeZing, and through a
passage in the piston between !he opening port
and the closing port, preventing air entrapment
and hydraulic fluid freezing. Four types of
seals are used in the gas generator ball valve:
machined KEL-F seals, KEL-F lip seals,
Buna-N O-rings, and a Teflon-coated steel
Naflex seal.



R-3896-1 SectIOn I

rUE!.. BALL """'R~l~~T

PASSAGE

DfTAIL A

FUEL SALL

~ FeEL BALL
/ HOUS[~C

/ 'OSmON SWITCH

----FlJEL
B&LLOWS·TYPE
SEAL AND
DEFLECTOR
ELBOW

SEAL
I~STALLAT10'~

CHECt( VALVE

roEL VENT (0)

A.AIBcnON

ACT CLOSING (M)

ORJLLED PASSAGE
ACT OPENINO (L)

-,A POS'TION SWITCH

'/I.LI~~~AroRLINKAGE

~r~.{
"""",~

THRUST ROLl.,ER
BEARI~G ASD RACE
(2 PLACES)

PiSTON

ACTUATOR vENT
CAVITy----

COLLECTOR
SLOT

axmlZER P1.JRGE--__....4!"-
(9) oxunZER

BELLOws..nPE
SEAL

HOU,SlNCi SIAL

HOUSING
SEAt

mDfTAIL B

r;oq ENGINES 11'fCORPORAnNG
b.!.d MOill CHANGE

Figure 1-29. Gas Generator Ball Valve 1970 1- 27
Change No. 8 - 19 February



Section I
Paragraphs 1- 67 to 1- 68

R-3896-1

1-67. GAS GENERATOR INJECTOR DE
SCRIPTION. The gas generator injector (figure
1-30) is a flat-faced, multi-orificed-type injec
tor incorporating a dome, a plate, a ring mani
fold, five oxidizer rings, five fuel rings, and a
fuel disk. The injector is mounted on the com
bustor, and the gas generator ball valve and the
gas generator fuel inlet housing tee are mounted
on the injector. The injector directs fuel and
oxidizer into the gas generator combustor.
Fuel enters the injector through the gas genera
tor fuel inlet housing tee from the gas generator
ball valve. The fuel is directed through radial
passages in the plate and injected into the
combustor through orifices in the five fuel rings
and the fuel disk. Oxidizer enters the injector
through the oxidizer inlet manifold from the gas
generator ball valve. The oxidizer is directed
from the oxidizer manifold through internal
passages in the plate and is injected into the
combustor through the orifices in the five oxi
dizer rings. The injector uses a double
orificed pattern in which the fuel and oxidizer
rings are drilled in a pattern and angle so that
the stream from one oxidizer orifice will im
pinge upon the stream from another oxidizer
orifice, and the stream from a fuel orifice will
impinge upon the stream from another fuel
orifice. Orifices in the outer fuel ring also
provide a cooling film of fuel for the combustor
choke ring wall.

1-68. GAS GENERATOR COMBUSTOR DE
SCRIPTION. The gas generator combustor
(figure 1-30) is a welded single-walled mani
fold connecting the gas generator injector and
the turbine inlet. The combustor contains a
chamber for burning propellants and for ex
hausting the gases from the burning propellants
into the turbopump turbine manifold. The com
bustor is thermally insulated by a sheet metal
shell that bolts around the combustor body. The
inlet flange is the attach point for the injector
and dome assembly and incorporates a 45
degree lip section that deflects the flame pattern
to the bottom section of the combustor. Also
incorporated in the inlet flange are the two
bosses (45 degrees apart) for pyrotechnic ig
niter installation and two ports (150 degrees
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apart) to monitor gas pressure at this point.
A port to measu,t'e or vent seal leakage past
the seal between the injector and combustor is
also located on the combustor inlet flange. The
combustor outlet flange, which is the attach
point for the turbine manifold, incorporates
two ports (90 degrees apart) to monitor gas
pressure and one port to vent or measure seal
leakage past the seal at this interface. Com
bustor wall temperatures are held to safe op
erating limits by the combination of film coolant
prOVided by the outer fuel ring of the injector,
and the fuel-rich mixture ratio with which the
gas generator operates.

;

Figure 1- 30. Gas Generator Injector
and Combustor
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1-69. GAS GENERATOR OXIDIZER DUCT
DESCRIPTION. The gas generator oxidizer
duct contains and distributes the oxidizer from
the No. 2 turbopump oxidizer outlet duct to the
gas generator ball valve oXidizer inlet. The
gas generator oxidizer duct is a two-piece,
1-1/2 Inch ill duct incorporating three bellows
connected gimbal joints to allow flexing to ac
commodate installation tolerances and thermal
expansion or contraction of the duct. The gas
generator oxidizer duct incorporates two ori
fices for oxidizer flowrate calibration. One
orifice Is installed at the Interface of the gas
generator oxidizer duct and the No. 2 turbo
pump oxidizer outlet duct,and the other orifice
is installed at the interface of the two gas gen
erator oxidizer duct sections. Both orifices
are sized at engine acceptance test. A fluid
scoop, which extends into the fluid stream of
the No.2 turbopump oxidizer outlet duct, is
installed at the interface of the gas generator
oxidizer duct and the No. 2 turbopump oxidizer
outlet duct.

1-70. GAS GENERATOR FUEL DUcr DE
SCRIPTION. The gas generator fuel duct con
tains and distributes the fuel from the No. 2
turbopump fuel outlet duct to the gas generator
ball valve fuel inlet. The gas generator fuel
duct is a one-piece, 2-1/4 inch ill duct incorpo
rating three bellows-connected gimbal joints to
allow fleXing to accommodate installation toler
ances, thermal expansion, and contraction of
the duct. The gas generator fuel duct incorpo
rates an orifice for fuel flowrate calibration.
The orltice is installed at the interface of the
gas generator fuel duct and the No. 2 turbo
pump fuel outlet duct. The orifice is sized
during the engine acceptance test. A flow de
flector is installed at the interface of the gas
generator fuel duct and the gas generator ball
valve fuel inlet.

1-71. HEAT EXCHANGER DESCRIPTION.

1-72. The heat exchanger (figure 1-31) is within
a basic envelope 43 inches in diameter and 58
inches in length, with the diameter varying from
40 inches at the turbine outlet to 24 inches at the
turbine exhaust manifold. Hot gases from the
turbine are directed to the heat exchanger where

a portion of the heat is transferred to the oxi
dizer and helium colls. In the heat transfer,
oxidizer in the colis is converted to GOX for
vehicle oxidizer tank pressurization, and the
chilled hellum in the colis Is expanded for
vehicle fuel tank pressurization. The upper
section of the heat exchanger encloses the
helium coils and mounting flanges for the helium
and oxidizer supply and return lines. Each
mounting flange is provided with ports to meas
ure seal leakage. The supply ports Incorporate
orifices to control the flow of oxidizer or helium
through the coils. The lower section of the heat
exchanger encloses the oxidizer coils and con
tains a bellows assembly to compensate for
thermal expansion during engine operation.
Tubular structural members, clamped to the
coils and welded to brackets incorporated In the
heat exchanger body, secure and restrain the
oxidizer coils. Heat exchanger connections at
the turbine outlet manifold and the thrust cham
ber exhaust manifold are sealed by pressure
actuated Naflex seals.

HELIUM OUTLET

DIRECTION 0 F
TURBINE EXHAUST

j"''''''''''''-SEAL
MO~1TCRL'IG

PORTS

Figure 1-31. Heat Exchanger
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1-73. ENGINE CONTROL SYSTEM DESCRIP
TION.---
1-74. The engine control system regulates the
total engine operation. To provide this regula
tion, the engine control system directs, governs,
and sequences the activity of engine propellant
valves during the start, transition, mainstage,
and cutoff phases of engine operation. Major
components of the engine control system are
the engine control valve, redundant shutdown
valve, checkout valve, and hypergol manifold
assembly. Orifices in the engine control sys
tem control propellant valves timing.

1-75. ENGINE CONTROL VALVE DESCRIP
TION.

1-76. The engine control valve (figure 1-32)
directs hydraulic fluid to open and close the

I propellant valves and the gas generator ball
valve. The valve is electrically controlled and
hydraulically actuated, with an internal hydrau
lic lockup that maintains actuation when the start
signal is removed. The valve includes an over
ride piston to deactuate the valve in case of stop
solenoid failure. The assembly consists of a
control section and a filter manifold section.

1-77. The control section consists of two
solenoid-operated pilot (start and stop) valves,
two slaved poppet valves, a matched selector
spool and sleeve, a stop actuator, an override
piston, and a valve body. The solenoid-operated
pilot valves are identical except the start sole
noid electrical connector has two pins and the
stop solenoid has three pins to prevent improper
connection. To ensure that the engine cannot be
started with the stop solenoid disconnected, the
negative lead of the start solenoid is wired in
series with the negative lead ci the stop sole
noid. Each solenoid valve consists of a coil, a
double-acting poppet (the armature), and two
poppet seats (upstream and downstream). The
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coil is energized by 24-30 vdc. The poppet is I
spring loaded against the downstream seat.
Each solenoid valve is protected by a 10-micron
filter at its inlet passage. A passage in the
control valve body directs fluid to a passage
that directs fluid to the poppet cavity. Two
passages permit fluid flow from the cavity to
the slaved pilot valve cylinder when the poppet
is deenergized. The downstream seat forms
the base of the valve assembly and contains a
passage that is closed by the deenergized poppet
and opened when the poppet is energized.

1-78. Two slaved pilot valves, each slaved to
its respective solenoid pilot valve, direct fluid
to shuttle the selector spool. Each slaved pilot
valve consists of a poppet, two identical poppet
seats, a piston, a cylinder, and a spring. The
poppet is a pressure-actuated disc that free
floats between the two poppet seats. Both faces
of the poppet are finished to provide a metal-to
metal seal with the poppet seats. The poppet
seats, separated by a spacer, are installed
face-to-face on both sides of the poppet. At
start, momentary off-seating of the poppet from
the normal position allows hydraulic pressure
to shuttle the selector spool to open. The cyl
inder houses the piston and spring and is ported
to admit hydraulic pressure to the spring cavity
when the solenoid pilot valve is deenergized.
When the start solenoid is energized, the piston
is momentarily actuated through the force trans
mitted to the piston shaft by the poppet.

1-79. The selector valve is a matched spool
and sleeve. The spool, floating inside the
sleeve, is a hollow, closed-end cylinder with
three ports and two sealing lands. The spool is
actuated from its normal spring-loaded position
(closed) by fluid pressure by the momentary
actuation of the slaved pilot valve at start. Once
actuated, the spool is hydraUlically locked by
fluid pressure from the open port. The sleeve
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has three ports that aline With three annular
passages in the selector valve cavity. Four
O-rings with Teflon backup rings prevent leak
age between the annular passages. A threaded
retaining cap holds the 'selector valve in its
cavity and provides a mechanical stop for the
spool.

1-80. The stop actuator is a spring-loaded,
hydraulically actuated piston that positions the
selector spool to the closed position. The
actuator is normally controlled by the stop
slaved pilot valve but can be directly actuated
by the override piston in case of stop valve
failure. Four holes admit control fluid into
the spring cavity from an annular passage sup
plied from the stop slaved pilot valve. The
override piston is hydraulically actuated and
mechanically coupled to the stop actuator.
The piston is used to position the selector
spool in case of stop valve failure. An external
pressure source is required to actuate the
piston, which mechanically positions the selec
tor spool to the closed position. The piston
is he Id deactuated against a stop by a coil
spring. The stop retains the override piston
in its cavity and incorporates the override
pressure inlet port. The control valve body
houses the operational units and bolts to the
filter manifold assembly. The interface of
valve body and filter assembly is sealed by a
seal plate.

1-81. The filter manifold is the supply fiUra
tion and distribution point for all control sys
tem fluid. The filter manifold consists of two
swing-gate check valves, three filters, and a
manifold body. The check valves are flange
mounted back-to-back in a common supply
cavity. One check valve covers the GSE SUP
PLY fluid inlet port, and the other check valve
covers the ENG SUPPLY fluid inlet port. Three
25-micron wire-mesh filters are installed in
the manifold assembly. One filter is in the
supply system and one each in the opening and
closing passages. The manifold body houses
the filters and is bolted to the control valve
body. Two threaded ports in the ENGINE/GSE
filter supply cavity provide pressure for in
strumentation and for the emergency override
system. Passages connect the closed, open,
and supply filter cavities to corresponding
ports of the control section. Three types of

seals are used in the engine control valve:
Viton-A O-rings for plug and bleeder seals, a
Viton-A Gask-O-Seal at the manifold-to
solenoid-valves joint, and Buna-N D-rings for
all other applications.

1-82. REDUNDANT SHUTDOWN VALVE
DESCRIPTION.

1-83. The redundant shutdown valve (figure
1-33) is a solenoid-operated, normally closed,
three-way valve incorporating two la-micron
filters (one disk shaped, the other cylindrical),
fixed inlet and vent seats, and a floating poppet
that is spring loaded to the closed position
against the inlet seat. The function of the valve
is to direct hydraulic pressure to the engine
control valve override pressure port as a re
dundant means of effecting engine shutdown in
case of failure of the engine control valve stop
solenoid, and to provide a drain for the over-
ride pressure port during engine checkout and
operation. Continuous application of 24- 30 vdc I
is reqUired to keep the valve energized. The
energiZing signal input is applied simultaneously
to the redundant shutdown valve solenoid and
the engine control valve stop solenoid at engine
cutoff. The redundant shutdown valve body
provides an internal threaded DRAIN port and
flanged IN and OUT ports. The solenoid elec
trical connector is a four-pin connector with
only three of the pins used. Pin A is used for
the positive energiZing signal input, pin B lor
the negative return Signal, and pin C for moni
toring the signal received at the solenoid. Pins
A and D are bussed internally wUhin the con
nectar. The seals used in the redundant shut
down valve are Buna-N O-rings.

1-84. CHECKOUT VALVE DESCRIPTION.

1-85. The checkout valve (figure 1-34) is with-
in a basic envelope 8 by 9 by 14 inches and is
located just below the engine control valve on
the No. 2 side of the engine thrust chamber
jacket. The checkout valve is a motor-driven
selector valve that directs engine control re
turn fluid back to the GSE or engine supply
source. The checkout valve consists ofa ball, a
three-port housing, and an actuator. The actua
tor is a 24-30 vdc reversible motor that incor- I
porates reduction gearing, position switches,
and lit11it switches. The actuator controls the
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Figure 1-33. Redundant Shutdown Valve
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(CSE RETURN)

Figure 1-34. Checkout Valve
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position of the ball to direct control fluid from
the inlet port to one of the outlet ports. During
engine checkout or servicing, the checkout
valve ball is positioned so that fuel entering
the inlet port is directed through the ball and
out the GSE return outlet No. 2 port. For
engine static firing or fllght, the ball is posi
tioned so that fuel entering the inlet port is
directed through the ball and out the engine
return outlet No. 1 port. Three types of seals
are used in the checkout valve: Viton-A O-rings
for dynamic applications, Buna- N 0- rings for
static applications, and machined Teflon seals
for the ball seals.

1-86. HYPERGOL MANIFOLD ASSEMBLY
DESCRlPTlON.

1-87. The hypergol manifold assembly (figure
1-35) sequences engine operation from ignition
stage into mainstage. The assembly is attached
to a bracket located on the thrust chamber fuel
manifold and consists of a hypergol cartridge
container, an ignition monitor valve, an igniter
fuel valve, and a hypergol installed switch.
Only the hypergol cartridge contalner and
hypergol installed switch are replaceable com
ponents of the assembly. The hypergol con
tainer is a cylindrical manifold into which the
hypergol cartridge is installed. The hypergol
installed switch is a cam-actuated switch that
indicates the installed position of the hypergol

Icartridge. Hypergol manifold assembly leading
particulars are listed in figure 1-36.

1-88. IGNITION MONITOR VALVE DESCRIP
TION. The ignition monitor valve (figure 1-37)
directs the opening of the fuel valves and per
mits the fuel valves to open only after satis
factory ignition has been achieved in the thrust
chamber. The ignition monitor valve Is a
spring-loaded, pressure-actuated, fail-to-the
run, three-way valve mounted on the hypergol
manifold and actuated by ignition combustion
pressure. A dual-faced, spring-loaded poppet
directs valve opening pressure to the fuel valves
when ignition combustion pressure, acting on
a laminated Mylar diaphragm, shuttles the
poppet to the valve's open position. Once
shuttled, the valve will remaln in the open
position until engine shutdown due to the dif
ferential pressure across the upstream and
downstream faces of the poppets. Teflon
Viton-A "slipper" seals and Buna-N O-rings

are used in dynamic and static seal applications.
An internal orifice between the inlet and outlet
ports permits flUid recirculation to bleed air
from the control fluid. A mechanical lockup.
actuated through a cam- rod that is positioned
to cam the follower when an unruptured hypergol
cartridge is installed, prevents ignition monitor
valve actuation until the hypergol cartridge has
ruptured. The atmospheric reference port is
vented to the fuel overboard drain system.

1-89. IGNITER FUEL VALVE DESCRIPTION.
The igniter fuel valve (figure 1-35) is an integral
part of the hypergol manifold assembly. The
igniter fuel valve is opened by fuel pressure
applied to the FUEL INLET port of the hypergol
manifold from the No. 1 fuel outlet duct. When
the igniter fuel valve is opened, an internal
passage in the manifold directs the fuel from
the igniter fuel valve to the hypergol container
where the fuel first ruptures the hypergol car
tridge diaphragms and then follows the hyper
golic fluid into the thrust chamber for ignition.
A Teflon O-ring in the nose of the poppet seats
against a seat machined into the hypergol mani
fold body. The desired spring loading is ob
tained by shimming the spring.

1-90. FLIGHT INSTRUMENTATION SYSTEM
DESCRlPTION.

1-91. The flight instrumentation system moni
tors engine performance during checkout, test,
and vehicle flight operations. The system con
sists of pressure transducers, temperature
transducers, position indicators, a flow meas
uring device, power distribution junction boxes,
and associated electrical harnesses. The basic
flight instrumentation system is composed of a
primary and an aUXiliary system. The primary
instrumentation system includes parameters
critical to all engine static firings and subse
quent vehicle launches, the auxiliary system is
used during research, development, and ac
ceptance test portions of the engine static-test
program and initial vehicle flights.

1-92. Eight types of seals are used in the flight
instrumentation system installation: asbestos
rubber sheet gaskets for electrical connector
application; Viton-A O-rings and Gask-O-Seals
for fuel applications; copper crush washers,
copper-plated nickel-base Naflex seals, and
gold-plated steel K-seals for hot-gas applica
tions; and Teflon-coated steel Naflex and K-seals
for cryogenic applications. Refer to section II
for detailed j oint and seal data.
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Figure 1-35. Hypergol Manifold

1- 93. On engines incorporating MD96 change,
transducers, harnesses, and relatedhardware
that make up the auxiliary instrumentation
system are removed, with the exception of the
heat exchanger oxidizer inlet flowrate meas
urement transducer. The heat exchanger

oxidizer flowmeter and associated electrical
harness are retained to maintain heat exchanger
calibration capability. The flight instrumenta
tion system parameters, including both the
primary and auxiliary systems, are listed in
figure 1-38.
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Tap No.

R-3896-1

Parameter

PRIMARY INSTRUMENTATION

Range
Accuracy
(Percent)

KF6a-l
TG5c
PF2a-2
CGle
GGld
P02a-2
NH5c
LBla
LSI
TG4a(a)
CGTl
F44

P07a
HH2a
HH3a
P02a-l
HOIb
H04a
PF2a-l
NH3a
NH2a
HOla
H04b
F16

Fuel pump inlet No. 1 pressure
Turbine outlet pressure
Fuel pump discharge No. 2 pressure
Combustion chamber pressure
Gas generator chamber pressure
Oxidizer pump discharge No. 2 pressure
Common hydraulic return pressure
Oxidizer pump bearing jet pressure
Oxidizer pump bearing No. I temperature
Turbine inlet manifold temperature
Engine en'iironmental temperature
Heat exchanger oxidizer inlet flow

AUXU-IARY INSTRUMENTATION(b)

Oxidizer pump seal cavity prelSure
Heat exchanger hellum inlet pressure
Heat exchanger helium outlet pressure
Oxidizer pump discharge No. 1 pressure
Heat exchanger oxidizer inlet pressure
Heat exchanger GOX outlet pressure
Fuel pump discharge No. 1 pressure
Engine control opening pressure
Engine control closing pressure
Heat exchanger oXidizer inlet temperature
Heat exchanger GOX outlet temperature
Heat exchanger oxidizer inlet flow(C)

0-200 psia
0-100 psia
0-2,500 psia
0- 1,500 psia
0-1, 500 psia
0-2,000 psia
0-500 psia
0-1, 000 psia
0' to 400' F
O't02,000'F
0' to 1,500' F
20-100 gpm

0.50 psia
0-500 psia
0-500 psia
0-2,000 psia
a· 2, 000 psia
0-2,000 psia
0-2, SOO psia
0-2,500 psia
0- 2, 500 psia
_300' to _250' F
- 300' to +600' F
0-100 gpm

2.0
2.0
2.0
O. 5
1.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0

2.0
2.0
2.0
2.0
2. 0
2.0
2.0
2.0
2.0
2.0
2.0
2.0

(a) Engines not incorporating MD176 change
(b) Engines not incorporating MD9T"change
(e) On engines incorporating MDIiW"change, this measurement is retained and relocated to

primary system as tap number F44.

Figure 1-36. Fllgbt Instrumentation System Parameters

1-94. PRIMARY AND AUXU-IARY JUNCTION
BOX DESCRIPTION.

1-95. There are two electrical junction boxes
in the flight instrumentation system: the pri
mary junction box located in the primary system
and the auxiliary junction box located In the
auxiliary system. On engine incorporating
MD96 change, the aUXiliary junction box is
deleted. The junction boxes serve as junction
points for signal circuitry of respective

1-38 . Change No. 7 - 18 August 1969

transducers either to and from the telemetry
and instrumentation system during vehicle
flight or to and from the control center during
engine static test. The primary junction box
(figure 1-39) has provisions for eight electrical
cOMections; the auxiliary junction box (figure
1-40) has provisions for five electrical con
nections. Both junction boxes are hermetically
sealed to prevent possible entry of contaminants
and moisture.
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Figure 1-39. Primary Junction Box

1-96. PRESSURE TRANSDUCER DESCRIP
TION.

1-97. The flight instrumentation transducer
(figure 1...41) is a de input, dc output, absolute
pressure transducer consisting of a mechanical
force summing element coupled to an electrical
bridiE. The output of the electrical bridge is
directly proportional to the pressure applied to
the mechanical ... force summing network. All
four of the bridge elements in the transducer
are active. For each bridge element that in..
creases impedance with increasing pressure, a
second bridge element decreases impedance

with increasing pressure. These elements are
connected into the bridge in such a way as to
obtain maximum sensitivity from the bridge.
The transducer also contains the necessary
circuit elements to isolate the output from the
input, to provide a regulated bridge excitation
voltage, to provide all necessary bridge ampli
fication, to provide bridge output demodulation
if required, and to provide all required output
filtration so that the transducer can be excited
with a nominal 28-vdc input and provide a 5-vdc
output at full pressure range. The transducer
features the capability of simulating the output
at 20 and 80 percent of its operating range.
These simulation steps are activated by apply
ing 28 vdc to pins E and F for the 20- and 80
percent points, respectively. The application
of this voltage activates a switching circuit

Figure 1-40. Auxiliary Junction Box
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e. Pin E, 20-percent calibration (+28 vdc)

f. Pin F, 80-percent calibration (.28 vdc)

1-98. TEMPERATURE TRANSDUCER DE
SCRIPTION.

POWER
SUPPLY

~r;1 rr-SPPJNG

111 ~FRAME
I I\ Irk- STRAIN MRE

Q.~~/jDtAPHRAGM
~r

Figure 1-41. Pressure Transducer

that substitutes a resistor in the bridge network,
thereby simulating the bridge output for 20 or
80 percent of the pressure range of the instru
ment. The transducer uses a six-pin connector
with the following pin functions:

a. Pin A, positive excitation (...28 vdc)

b. Pin B, positive output (...5 vdc at full
range pressure)

c. Pin C, output return

d. Pili D, excitation return

1-40 Change No. 7 - 18 August 1969

1-99. The flight instrumentation temperature
transducers (figure 1-42) are of the platinum
resistance type. All of the resistance bulbs
have a three-wire termination that allows a
bridge compietion with a transmission line in
opposite legs of the bridge, thereby making
zero and sensitivity changes negligible with
respect to variations in line length and re
sistance. Each transducer is supplied with its
own resistance- versus-temperature calibration
over a specified range. While all of the trans
ducers operate on the same principle and the
electrical connections are identical, the physi
cal conflgurations of the various transducers
differ with the installation and measurement re
quirements. Engines incorporating MD159
change have an improved cocoon temperature
transducer with glass- insulated and resistance
welded lead wires enclosed in a platinum tube
and a sensing element protected by a shield.

1-100. OXIDIZER FLOWMETER DESCRIPTION.

1-101. The oxidizer flowmeter (figure 1-43) is
a turbine-type, volumetric, liqUid-flow trans
ducer mounted between the heat exchanger check
valve and the oxidizer inlet line to measure the
flow of oxidiZer entering the heat exchanger
coil. The flowmeter consists of a rotor assem
bly that senses the oxidizer flow, flow
straighteners that direct the flow of oxidizer
across the rotor, and two pickup coils. The
pickup coils are enclosed, moistureproof units
with electrical receptacles. Each coil is
electrostatically shielded and potted and con
tains an auxiliary isolated coil for checkout
purposes. The flow of oxidizer through the
flowmeter sets the rotor in motion. The
angular speed of the rotor is a function of the
volumetric flowrate of the oxidizer and is
detected by the magnetic pickup that the flux
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Figure 1-43. Oxidizer Flowmeter

density through the coil changes. The flux lines
through the coil build up and collapse, gener
ating an emf that can be measured at the con
nector. The magnitude of this emf is a func-
tion of the angular speed of the rotor, distance
of the pickup from the top of the blades, and
the btade material (a constant). The generated
frequency is dependent on rotor speed and number
of blades and is in direct correlation to flow
rate. For checkout purposes, a sinusoidal in-
put at 200 cps with a 10-volt peak on the aux
iliary coil will produce a 1-3 volt peak signal
at the same frequency on the primary or output
coil.

1-42 Change No. 7 - 18 August 1969

1-102. SPEED TRANSDUCER DESCRIPTION.

1-103. The flight instrumentation system uti
lizes one speed transducer (figure 1-44). The
transducer is a magnetic pickup type used to
sense turbopump speed. The assembly consists
of a probe section that houses the pickup coils.
an adapter section (welded between the probe
and electrical receptacle) that is threaded to
allow installation of the unit into the torque
gear housing of the turbopump, an electrical
receptacle, and a pickup coil that serves as a
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Figure 1-44. Speed Transducer
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VltRING
DIAGRAM

Fl-1-77

pulse generator. With the transducer installed,
the tip of the probe aligns with the two- hole
tachometer on the turbopump torque gear
sleeve. As the turbopump shaft rotates and
each hole passes the tip of the probe. the flux
density of the pickup coil is interrupted. The
buildup and collapse of the flux lines generate
a voltage across the leads. This voltage,
proportional to the pump shaft speed, is then
conditioned for recording. The magnitude of the
voltage is dependent on the angular speed of
the turbopump shaft, the distance between the
pickup coil and torque gear sleeve, and the
medium of the gap. The frequency is deter
mined by the angular speed of the pump shaft.
and the number of holes in the torque gear
sleeve.

1-104. THERMAL INSULATION SYSTEM
DESCRIPTION.

1-105. Thermal insulation (figure 1-45) is sup
plied to protect the engine from extreme temper
ature environment caused by plume radiation and

back-flow during vehicle flight. Thermal in
sulators for the engine are of two types, foil
batt and asbestos blanket.

1-106. Foil-batt insulators are preformed
segments constructed of random fiber batting
secured between two layers of textured inconel
foil. The thickness of the thrust chamber in
sulator inner foil is 0.004 inch; outer foil
thickness is O. 006 inch. Cocoon insulator I
foils are 0.006 inch thick. The cocoon insulator
inner foil is vented to prevent ballooning due to
expansion of gases trapped between the layers
of foil. These insulators are used to cover
large, flat areas of the thrust chamber and noz
zle extension, heat exchanger lines and bellows.
customer connect (wrap-around) lines, and the
cocoon area (thrust chamber throat to interface
panel).
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1-107. Asbestos blanket insulators are com
posed of multiple layers of asbestos cloth
reinforced with Inconel lockwire and coated on
one side with aluminum. The asbestos blankets
are laminates of two, four, or five layers,
depending on the location on the engine. Asbes
tos blankets are used on the exit end of the
nOZZle extension, above the oxidizer dome
between the gimbal bearing and interface panel,
and below the cocoon between the thrust cham
ber and turbine manifold.

1-108. Hardware used to secure the thermal
Insulation to the engine consists of support
structure, screws, self-locking nuts, flat
washers, nut clips, bolts, and Inconellockwire.
Support structure (brackets, straps, and
supports) is located primarily in the cocoon
area. Protruding studs are percussion-
welded onto hatbands of the thrust chamber to
support and secure insulator panels. Brackets
with nutplates are prOvided to secure in-
sulator panels to the nozzle extension.

1-109. ENGINE PURGE AND DRAIN SYSTEM
DESCRIPTION.

1-110. The engine purge and drain system
(figure 1-46) prOVides a means of inhibiting con
tamination in the critical areas of the engine
and permits safe disposition of expended coolant
fluids, residual propellants, and seal leakage
fluids. The engine purge system and the drain
system are each diVided into a service mode
system and an operational mode system.

1-111. SERVICE MODE PURGE SYSTEM DE
SCRIPTION.

1-112. The service mode purge system utilizes
facility-supplied gaseous nitrogen to expel
residual propellants and fluids from the engine.
The service mode purge system consists of
qUick-disconnect fittings on the No. 1 and No.2
fuel valves for supplying gaseous nitrogen to the
fuel valves and thrust chamber, one qUlck
disconnect on the hyperg-ol manlfold assembly
to purge the hypergol container and Ignition fuel
hose of residual fluids, a qUick-disconnect on
the Ignition monitor valve sense tube to purge
the tube of residual flUid, a quick-disconnect at

the bearing coolant control valve to purge the
bearing coolant delivery lines of residual cool
ant fluid and preservative compound, and six
threaded bosses on the oxidizer dome to purge
the oxidizer dome and Injector of residual
flUShing flUid.

1-113. OPERATIONAL MODE PURGE SYSTEM
DESCRIPTION.

1-114. The operational mode purge system
utilizes vehicle- and facility-supplied gaseous
nitrogen to establish a pressure barrier to pro
tect the oxidizer sections of the engine from con
tamination. The gaseous nitrogen is supplied
to the engine through two purge fittings. One of
the purge fittings provides gaseous nitrogen
from the vehicle at 80 psig for purging the oxi
dizer pump intermediate seal. The other purge
fitting directs gaseous nitrogen at 800 psig to
the gas g-enerator and No. 1 and No. 2 oxidizer
valves to prevent contaminants from entering
the oxidizer sections of the gas generator and
thrust chamber during ignition and transition
into mainstage.

1-115. SERVICE MODE DRAIN SYSTEM DE
SCRIPTION.

1-116. The service mode drain system enables
residual fuel and control system fluid to be
drained from the engine during maintenance
and post-test securing of the engine. The ser
vice mode drain system consists of qUick
disconnect fittings and drain plugs located at
low points of the propellant feed and control
systems. The quick-disconnect fittings utilized
for draining residual fuel are located on the
No. 1 and No.2 fuel inlet elbows, No. 1 and
No.2 high-pressure fuel ducts, thrust chamber
fuel inlet manifold, hypergol manifold, and gas
generator. Quick-disconnect fittings [or drain
ing the control system fluid are located on the
control system engine return line, control sys
tem engine supply line, and gimbal actuator
return line. Four drain plugs located on the
thrust chamber fuel return manifold permit the
thrust chamber tubes to be drained of residual
fuel, prefill fluid, or flushing solvent.
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1-117. OPERATIONAL MODE DRAIN SYSTEM
DESCRIPTION.

1-118. The operational mode drain system
furnishes a means of overboard disposition
of fluid leakage past internal seals of certain
components, and of expended bearing coolant
fluid from the turbopump. The operational
mode drain system consists of separate oxi
dizer and fuel overboard drain lines and a
fuel drain manifold. Fuel and control fluid
seal leakage and expended coolant fluid are
collected into a single fuel overboard drain
line on the No. 2 side of the engine. (See
figures 1-47 and 1-47A.) The fuel drain mani
fold (figure 1-48) is the collective drain point
for the expended coolant fluid and excess pre
servative compound remaining during turbopump
preservative procedures. Oxidizer leakage
past the primary oxidizer seal of the turbopump
and the internal oxidizer seals of the No. 1 and
No.2 oxidizer valves and gas generator control
valve are directed to an Oxidizer overboard
drain line on the No. 1 side of the engine. (See
figure 1-49.) This line also directs overboard
the purge flow through the oxidizer side of the
turbopump intermediate seal. Paralleling the
oxidizer overboard drain line on the No. 1 side
of the engine is the nitrogen purge overboard
drain line, which directs overboard the purge
flow through the fuel side of the intermediate
seal.

1-119. ENGINE OPERATIONAL REQUIRE
MENTS.

1-120. The engine requires a source of
pneumatic pressure, electrical power, and
propellants for engine operation. A ground
supplied hydraulic pressure source, hyper
golic fluid, prefill flUid, and pyrotechnic ig
niters are required for engine start. Figure
1-50 lists facility-supplied inputs required for
engine operation.

1-121. ENGINE OPERATION.

1-122. Engine operation is described within
this section in terms of engine preparation stage.
engine start and ignition, engine malnstage,
and engine cutoff for a typical single engine in a
test facility. This description is supplemented
by an engine start and an engine cutoff block
diagram flow chart (figures 1-51 and 1-52), an
engine system schematic reflecting engine con
ditions during the respective stages of operation
(figures 1-53,1-54, 1-55, and 1-56), and engine
start and cutoff sequence flow charts (figures
1-57 and 1-58). The sequence of engine start
and shutdown is controlled by an electrical
hydraulic-mechanical system. Electrically,
relays in the facility eqUipment, and solenoids
and switches on the engine, are employed to
start, maintain, and stop the sequence. An
orificed hydraulic control system powers and
seqtlences the propellant and control valves.
Also, mechanically linked devices assist in
sequencing propellant valve actuation.

1-123. ENGINE PREPARATION STAGE.

1·124. The engine preparation stage is that
activity during which it is determined that the
engine and the test facility are in a satisfactory
condition for a safe engine start. The culmina
tion of this actiVity Is an ENGINE PREPARATION
COMPLETE signal which, in coni unction with a
facility preparation complete signal, makes
electrical power available to the engine start
switch.

Change No.9 - 4 November 1970 1-47



R-3896-1 Section r

THRUST BEARING LUtlE DRAINS

PR1MARY fl'E"":.........~:::::;--
SEAL DRA1~S-

n'EL ll\OLET

SEAL. DRA,r-.--_~~~ ~_l__=::::::::::===:~:=:±:======~;~
TURBINE
BEARING DRAIN

E,\CI:\[
CO'"TROl \"AL\'E

~o 2 F1:El
VALVE

"'DICATOR VEST ORAlS~

rVEl DRAIN MANlrolD-----'---...r-- - - - "\

I

I
I
\

I
I
I
I
I
I
I
I
I______ J

SHAF"T SEAL DRAIN

NO. I F'l'EL \
VALVE I

[INDICATOR VENT DRAIN

~Z2z:1:i~==~~~=1~~ I:-.TIICATOR SHA F"T SEAL DRAINS--;;~:r==~=;==b~~ZZZ2;bI
~ ~l ~ ~.2

OXIDIZER OXIDIZER
VALVE VAL v£

LEGEND

c:4:J JOINTS

c:::::J PROPELL....NT SYSTEM FLUlO

rlZZJ CONTROL SYSTEM FLUID

Fl:EL OVERBOARD
DRAIN

Figure 1-47A. Engine Fuel and Control Fluid Overboard Drain Schematic
(Engines Incorporating MD145 Change)
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PROPELLANTS
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Liquid oxygen (Mil..-P-25508)

Propellant kerosene (MIL-P-25576)

PNEUMATICS

Gas generator and thrust chamber combustion

Gas generator and thrust chamber combustion I

800 psig gaseous nitrogen (Mil..-P-2740I) Gas generator and thrust chamber domes purge

80 psig gaseous nitrogen (Mil..- P-27401) Turbopump oxidizer seal purge

100-200 psig gaseous nitrogen (Mil..-P-27401) Thermal insulation cocoon purge

250 psia helium (Bureau of Mines, Grade A) Heat exchanger (vehicle fuel tank pressurization)

ELECTRICAL POWER

5 vdc

28 vdc

28 vdc

5 vdc

220 vac

500 vac

MISCELLANEOUS

Pyrotechnic igniters (2)

Pyrotechnic igniters (2)

Hypergol igniter (1)

Prefill fluid (105 gallons of ethylene
glycol and water)

Engine instrumentation system (valve poten
tiometer)

Engine control system

Engine instrumentation system (transducers)

Engine instrumentation system (transducer
checkout)

Turbopump heaters

Engine pyrotechnic igniters

Gas generator ignition

Thrust chamber nozzle extension ignition

Thrust chamber ignition

Thrust chamber tube inert prefi 11

1,500 psig propellant kerosene (MIL-P-25576) Fluid power supply (prior to mainstage)
or R.I-l fuel (MIL-F-25558) pressure

Figure 1- 50. Engine Facility Requirements

Change No. 10 - 16 July 1971 1-51
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Figure 1-51. Engine start Sequence (Typical Single Engine) (Sheet 1 Dr 2)
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Figure 1-51. Engine Start Sequence (Typical Single Engine) (Sheet 2 of 2)
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ONE FUEL VALVE OXIDIZER A~D
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1-54
Figure 1-52. Engine Cutoff Sequence (Typical Single Engine)
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Section I
Paragraphs 1-125 to 1-132

R-3896-1

.-125. ENGINE START AND IGNITION STAGE.

1-126. The engine start and ignition stage is
that part of the engine operation that is initiated
with the manual actuation of the engine start
switch and extends through the period during
which the propellant valves are opened, com
bustion of the propellants is established, and
transition into mainstage takes place. The
actuation of the engine start switch electrically
initiates the automatic start sequence that
causes the checkout valve to rotate to the engine
return position, the oxidizer dome operational
purge to come on, and a checkout valve timer
to energize. When the checkout valve timer
expires and the checkout valve is in the engine
return position, the turbopump heaters are
deenergized, electrical power is applied to the
gas generator and nozzle extension pyrotechnic
igniters, and a start delay timer energizes.
When the start delay timer expires and burning
of the igniters is electrically verified by the
severence of the igniter links, the start sole
noid of the engine control valve and an ignition
stage timer are energized. The actuation of
the start solenoid causes the control spool of
the engine control valve to shuttle, which re
naves ground-supplied hydraulic closing con

trol fluid from the propellant valves and applies
the control fluid to the opening port of the No. 1
and No. 2 oxidizer valves and the inlet port of
the ignition monitor valve.

1-127. Opening of the oxidizer valves permits
oxidizer to flow to the combustion zone of the
thrust chamber and also mechanically opens
the sequence valves. When the sequence valves
open, control fluid is directed to the opening
port of the gas generator control valve. Open
ing of the gas generator control valve admits
propellants to the gas generator combustor
where the propellants are ignited by the gas
generator igniters. The resultant fuel-rich
hot gases are directed through the turbine and
the thrust chamber exhaust manifold to the
nozzle extension where the gases combine with
the oxidizer-rich atmosphere in the thrust
chamber and are ignited by the nozzle extension
igniters. Flow of the gas generator combustion
gases through the turbine causes turbopump
rotation and the attendant increase of fuel and
oxidizer pump discharge pressure.

1-56 Change No.7 - 18 August 1969

1-128. When the fuel pump discharge pressure
attains apprOXimately 225 psig, the bearing
coolant control valve opens and directs fuel to
the turbopump bearings for lubrication and
bearing cooling. When the fuel pump discharge
pressure increases to approximately 375 psig,
the igniter fuel valve poppet is offseated, admit
ting fuel to the hypergol igniter. The hypergol
cartridge burst diaphragms rupture, which
directs the hypergolic fluid, followed by ignition
fuel, to flow to the thrust chamber combustIOn
zone and establish ignition. The rupturing of
the hypergol cartridge diaphragms unlocks the
ignition monitor valve, and thrust chamber com
bustion pressure of approximately 20 psig,
sensed at the control port of the ignition monitor
valve, causes the ignition monitor valve poppet
to shuttle. Shuttling of the poppet directs the
control fluid at the inlet port to flow to the open
ing ports of the No. 1 and No. 2 fuel valves.

1-129. ENGINE MAINSTAGE.

1-130. Engine mainstage is that period of
engine operation that is initiated when the engine
has attained 90 percent of its rated thrust.
Mainstage is signalled by the actuation of the
thrust OK pressure switches. During the tran
sition into mainstage, the control system pres
sure source is automatically transferred to the
engine at the time engine fuel discharge pres
sure exceeds ground-supplied pressure. When
the fuel valves reach the open position, the
supply valve in the ground source control sys
tem supply line is closed. The ignition stage
timer, which would have initiated an engine
cutoff if the fuel valves had not opened within
the time limit of the timer, expires and deen
erglzes the engine control valve start solenoid.
The control spool is unaffected, because the
spool has been hydraUlically locked in the
valve's open position.

1-131. ENGINE CUTOFF.

1-132. Engine cutoff is initiated electrically
by simultaneously energizing the engine control
valve stop solenoid and the redundant shutdown
valve solenoid. When the engine control valve
stop solenoid is energized, the control spool
is shuttled to the valve's closed position, which
removes opening pressure and applies closing
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pressure to the propellant valves. Energizing
the redundant shutdown valve permits the valve
to hydraulically actuate and direct control sys
tem pressure to the override port of the engine
control valve. Pressure to the override port
will cause the control spool to shuttle to the
valve' s closed position if the spool had not
repositioned when the stop solenoid was ener
gized. When closing control pressure is ap
plied to the propellant valves, orifices in the
control lines will sequence the gas generator
control valve, oxidizer valves, and fuel valves
closed, in that order.

1-133. At the time engine cutoff is initiated,
the turbopump bearing heaters are reactivated
and the oxidizer service purge is energized.
Closing of the gas generator control valve re
moves power that drives the turbine and causes
rapid decay of fuel discharge pressure. As
fuel pressure decays, the igniter fuel valve
and bearing coolant control valves close. Clos
ing of the oxidizer and fuel valves causes a
decay of combustion zone pressure in the thrust
chamber and the resultant closing of the igni
tion monitor valve. When both the No. 1 and
No. 2 fuel valves reach the closed pOSition,
the checkout valve is automatically returned
to the ground return position and the ground
source control system supply valve is reopened
to supply closing pressure to the propellant
valves until all residual propellants are drained
from the engine.

Section I
Paragraph 1-133
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1-134. F-l ENGINE FLOW.

1-135. The following describes F-l engine
flow (figure 1-59) and events that take place
from the time of Customer acceptance of the
engine at Rocketdyne, Canoga Park, through
Apollo/Saturn V launch at Kennedy Space
Center (KSC). After offical acceptance of
the engine (signing of DD Form 250),. modifi
cations may be made or maintenance tasks
may be performed, with Customer approval,
before shipment. The engine, nozzle exten
sion, and loose equipment are Shipped to the
Michoud Assembly Facility (MAF) by either
truck or ship. (Thermal insulation (TIS) is
shipped to MAF by truck.) At MAF the engine
is inspected and then assigned to a stage,
designated as a spare, or left unaSSigned.
Spare engines and unassigned engines are
processed to a specific condition and placed
in storage until needed. The normal flow of
assigned engines consists of installing loose
equipment and TIS brackets, performing
modifications and maintenance, and installing
the thrust vector control system on outboard
engines. Single-engine checkout is performed,
wrap-around ducts and hoses are installed, and
the engines are installed in the stage. The
stage and nozzle extensions are then shipped to
the Mississippi Test Facility (MTF) by barge.

1-136. The stage is installed in the static test
stand at MTF where the engines are inspected,
and nozzle extensions, slave hardware, and
static test instrumentation are installed. A
pre-static checkout of the stage is performed,
followed by a static test, to determine stage
acceptability and flight readiness. After a
successful stage static test, the engines are
inspected, test data is reviewed, and the turbo
pumps are preserved. The nozzle extensions,
slave hardware, and static test instrumentation
are removed; then the stage is removed from
the test stand, and the stage and nozzle exten
sions are shipped to MAF by barge. During
normal stage flow at MAF, the installed-engines
are inspected and refurbished; then a post
static checkout and a pre-shipment (to KSC)
inspection are performed. The stage may be
stored at MAF after engine refurbishment,
depending on the stage SChedule. The stage,
nozzle extensions, loose equipment, and TIS
are shipped to KSC by barge.

1-137. At KSC the stage is erected onto the
Launch Umbilical Tower (LUT) in the Vertical
Assembly Building (VAB), where a visual
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Figure I-59. F-I Engine Flow

inspection is performed, loose equipment is
installed, modifications are made, and main
tenance tasks are performed. Stage and engine
leak and functional tests are performed, and
final installation of the TIS is completed.
While the first stage is being prepared, other
tasks are being done to prepare the remaining
stages and modules, and the spacecraft, to
mate and assemble them into the complete
Apollo/Saturn V Vehicle. The vehicle and
mobile launcher are then moved from the VAB
to the launch pad on the crawler transporter,
wh"re launch preparations and final checkouts
are performed. With all preparations com
plete and all systems ready, the Apollo/Saturn
V is launched. After launch. a post-flight data
evaluation is made, to determine that the S-IC
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3tage engines operated within the specified
values during vehicle launch.

1-138. ENGINE FLOW BEFORE FIELD
DELIVERY.

1-139. CUSTOMER ACCEPTANCE
INSPECTION.

1-140. Customer acceptance inspection is
performed when Contractor engine activity at
Canoga Park is complete. The Customer re
views all documentation including Component
Test Records, Engine Buildup Records, Engine
Test Records, and Engine Acceptance Test
Records in the Engine Log Book. The Customer
verifies that the engine configuration informa
tion on the engine MD identification plate
corresponds to that listed in the Engine Log
Book, and upon acceptance of all records and
documentation, signs DD Form 250, which
constitutes ofiicial acceptance of the engine
by the Customer.

1-141. POST-DD250 MAINTENANCE OR
MODIFICATION.

1-142. If required before field delivery of an
engine, post-DD250 maintenance or modification,
as required hy Engineering Change Proposals
(ECPs) and Engine Field Inspection Requests
(EFIRs) , can be done at Rocketdyne with
Customer approval. Upon completion of main
tenance or modification, the Engine Log Book
is updated, and the engine is accepted by the
Customer.

1-143. ENGINE SHIPMENT TO MAF.

1-144. The engine, nozzle extension, and
loose equipment is shipped to MAF by truck
or ship as directed by the Customer. See
figure 1-60. Detailed requirements for
shipping the engine are in R-3896-9. Detailed
requirements describing the use of handling
equipment are in R-3896-3.

1-145. PREPARATION FOR SHIPMENT.

1-146. Preparation for shipment at the Con
tractor's facility consists primarily of removing
the engine from buildup and test equipment,
installing the engine and nozzle extension in
shipping equipment, and packaging the loose
equipment. Engine Rotating Sling 04050 is in
stalled on the engine and a facility hoist lifts
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the sling and rotates the engine from vertical
to the lowered (shipping) position, or from
horizontal to the lowered position. A gaseous
nitrogen purge is applied to the oxidizer pump
seal during the time the engine is being rotated
to the horizontal or lowered position. The en
gine is then secured on Air Transport Engine
Handler 04044 in the lowered position and the
sling removed. If the engine is to be shipped
cross-country by truck, the turbopump shaft
preload fixture is installed. A check is then
made to make sure that Thrust Chamber Throat
Security Closure 04089 is installed, that all
desiccant is correctly secured, that the humidity
range is acceptable, that openings are covered
with suitable closures, and that the gimbal
bearing is immobilized with Gimbal Bearing
Lock 04059. The frame and Engine Cover
04047 are installed on the engine with the neces
sary forms sealed in the security pouch. Using
a facility noist and Engine Handler Sling G4052 ,
the nozzle extension is installed on Nozzle
Extension Handling Fixture G4080 and the loaded
nozzle extension installed on Handling Adapter
04081. Because of shipping regulations govern
ing transportation of ignition devices, the engine
b.ypergol cartridge and pyrotechnic igniters are
not shipped with the engine.

1-147. SHIPPING BY TRUCK.

1-148. Trucks are used to transport the engine,
nozzle extension, and loose equipment, cross
country or to and from dock sites. Using a
facility hoist and Engine Handler Sling G4052,
the handler-installed engine and loaded nozzle
extension (installed on the handling adapter) are
loaded and secured on a lOW-bed, air-ride
eqUipped trailer. Loose equipment is packaged
in boxes, loaded by forklift, and secured. For
cross- country shipping, a calibrated impact re
corder Is installed on the handler. A truck
transport checklist is used as a guide to verify
that specified procedures are performed before
truck departure and during cross-country
shipping.

1-149. SHIPPING BY SHIP.

1-150. The engine, nozzle extension, and loose
equipment are delivered to the ship by truck.
The low-bed trailer is positioned on the ship's
deck. Using a mobile crane, Engine Handler
SUng G4052, and tractor, the Handler-installed
engine is removed from the trailer, placed on
the cargo deck; then moved forward and
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secured. The nozzle extension and loose equip
ment are removed from the trailer by mobile
crane or forklift and secured to the cargo deck.
The water transport checklist is used as a guide
to verify that specified procedures are per
formed before departure, in transit, and after
docking.

1-151. RECEIVING ENGINE AT MAF.

1-152. The Stage Contractor receives the
engine and is responsible for engine flow at
MAF. See figure 1- 61. Detailed requirements
for engine receiving by truck and ship are in
R-3896-9. Detailed requirements describing
the use of engine handling equipment are in
R-3896-3.

1-153. RECEIVING BY TRUCK.

1-154. Engines, nozzle extensions, and loose
equipment received by cross-country truck or
by truck from the MAF dock are delivered to
the Manufacturing Building where the equipment
is visually inspected for shipping damage. If
arriving at MAF by cross-country trUCk, the
arrival time and date are recorded on the
impact recorder chart. Using the facility hoist
and Engine Handler Sling G4052, the handler
installed engine and nozzle extension are
moved from the trailer to the floor. Loose
equipment is removed from the trailer using
a forklift. The nozzle extension is routed to
the nozzle extension storage area, and loose
equipment is routed to the Engine Support
Hardware Center. The engine is routed to the
engine area or to the bonded storage area (if
unassigned), where the impact recorder and
turbopump preload fixture are removed (if
installed) and returned to Canoga Park.

1-155. RECEIVING BY SIDP.

1-156. When the ship arrives at the MAF dock,
a tug, mobile crane, and low-bed trailer are
positioned on the ship's cargo deck for the off
loading procedure. Using Engine Handler Sling
G4052 and the mobile crane, the engine and
nozzle extension are loaded and secured on the
low-bed trailer. The loose equipment is loaded
on the trailer by forklift. The trailers are
moved into the Manufacturing Building, where
the engine, nozzle extension, and loose equip
ment'are inspected for shipping damage. En
gine receiving then proceeds as described in
paragraph 1-153.
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1-157. UNASSIGNED-ENGINE FLOW AT MAF.

1-158. Unassigned-engine flow at MAF pertains
to unassigned and spare engines. Upon receipt
at the Manufacturing Building, unassigned en
gines are inspected for shipping damage, moved
to the bonded storage area, inspected, and
stored until scheduled for modification and!or
assigned to a stage. Spare engines are proc
essed through buildup and single- engine check
out, moved to the bonded storage area, and
stored in a standby condition in case engine
replacement is required. Single-engine check
out is required for all engines in storage over
six months. If any discrepancies are observed
during engine flow at MAF, Engine Contractor
personnel perform unscheduled maintenance
and repair or replace discrepant hardware on
the engine. Discrepant hardware removed from
the engine is routed to the CM&R area, where
it is repaired and tested.

1-159. STORAGE RECEIVING INSPECTION.

1-160. Unassigned engines are visually in
spected in the bonded storage area. The engine
cover is removed, and the engine inspected for
damage, corrosion, residual fluid on exterior
surfaces, and surface wetting on the hydraulic
control system exterior. It is verified that
specified areas of the engine are coated with
corrosion preventive, that humidity indicators
indicate blue, and that line markings are cor
rect. The turbopump preservation status is
checked in the Engine Log Book, and the turbo
pump is serviced if required. The engine cover
is reinstalled. Detailed inspection requirements
for engines in storage are in R-3896-11.

1-161. ENGINE FLOW AT MAF. (See figure
1- 62.)

1-162. When an uninstalled engine is received
in the engine area, it is removed from Air
Transport Engine Handler G4044, rotated to the
vertical position, and placed on Engine Handling
Dolly G4058 using Engine Rotating Sling G4050
and the facility hoist. The engine is then moved
into a workstand where receiving inspection and
engine buildiip are accomplished. Alter engine
buildup, the engine is placed into a test stand for
single-engine checkout and installation of wrap
around lines. The engine is then removed from
the test stand, rotated to the horizontal position,
and installed on Engine Handler 04069. The
oxidizer pump seal is purged with gaseous
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nitrogen during engine rotation to the horizontal
position and for 30 minutes (minimum) there
after. The engine is moved to the Stage Hori
zontal Final Assembly Area, where the engine
is prepared for installation, installed in the
stage, and inspected in preparation for shipment
to MTF. Engine modifications are made as
required during engine flow at MAF. U any
discrepancies are observed, Engine Contractor
persoMel perform unscheduled maintenance,
and repair or replace hardware on the engine.
Discrepant hardware removed from the engine
is routed to the CM&R area, where it is re
paired and tested. Detailed requirements
deSCribing the use of engine handling equipment
are in R-3896-3.

1-163. RECEIVING INSPECTION.

1-164. After instatlation in the single- engine
workstand in the engine area of the Manufacturing
Building, each assigned engine undergoes an
overall visual receiving inspection. The engine
is visually inspected for damage, corrosion,
and missing equipment; for evidence of fluid in
drain line exits or on the engine exterior; and
for surface wetting on the hydraulic control
system exterior. It is verified that corrosion
preventive and aluminum-foil tape is present in
specified areas, line markings are correct,
humidity indicators indicate blue. and there
are no voids in the turbopump housing cavity
filler material. A clean polyethylene bag is
installed On the fuel overboard drain line, the
turbopump preload fixture is removed, and
orifice sizes and serialized components are
checked against those listed in the Engine Log
Book. Detailed inspection requirements for
engines received at MAF are in R-3896-l1.

1-165. ENGINE BUILDUP, MODIFICATION,
AND MAINTENANCE.

I-t66. LOOSE EQUIPMENT INSTALLATION.
Loose equipment that does not interfere with
single-engine checkout is installed during en
gine buildup. The electrical cable S1lpport post
is installed only on engines assigned to the out
board positions. The interface panel-to
oxidizer inlet insulation seal is installed on
all engines. Wrap-around ducts and hoses are
not installed at this time.

1-167. THERMAL INSULATION BRACKETRY
INSTALLATION. The field-installed thermal
insulation bracketry is normally stored at MAF

until installation on the engine. All brackets
are installed except for the bracket that attaches
to the engine handling bearing. The engine
handling bearing is an attach point for securing
the engine onto Engine Handler G4069; therefore,
the bracket is installed after the engine is in
stalled on the stage. Requirements for installing
thermal insulation brackets are in R- 3896- 6.

1-168. MODIFICATION AND MAINTENANCE.
Modifications are made and maintenance tasks
are performed during engine buildup, whenever
possible. Engine modifications and special
inspections consist of incorporating retrofit kits,
as a result of Engineering Change Proposals
(ECPs), and implementing Engine Field Inspec
tion Requests (EFIRs). Engine maintenance
involving component removal and replacement
or turbopump disassembly, if required, is done
in the engine workstands. Component modifi
cation, repair, and functional testing are done
in the environmentally controlled CM&R area.

1-169. THRUST VECTOR CONTROL SYSTEM
INSTALLATION. The thrust vector control
system is installed by the Stage Contractor on
engines assigned to the outboard positions.
This system consists of two gimbal actuators,
hydraulic supply and return lines, and a hy
draulic filter manifold.

1-170. SINGLE-ENGINE CHECKOUT.

1-171. Single-engine checkout is done after
receiving inspection and after engine buildup
tasks are completed. The engine is inStalled
in the test stand, where the ignition monitor
valve sense tube is disconnected, Thrust Cham
ber Throat Security Closure G4089 removed,
and Thrust Chamber Throat Plug G3136 installed.
All cOMectlons are made between the engine
and Engine Checkout Console G3142; facility
electrical, pneumatic, and hydraulic sources
are applied to the console; and the console is
prepared for operation. Electrical system
function and timing tests, a turbopump torque
test, pressure tests, valve timing tests, and
leak and function tests are done in accordance
with the detailed requirements in R-3896-l1.
Upon completion of engine checkout, the ignition
monitor valve sense tube is cOMected, Thrust
Chamber Throat Plug G3136 removed, and
Thrust Chamber Throat Security Closure G4089
installed.
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1-172. WRAP-AROUND DUCT AND HOSE
INSTALLATION.

1-173. The loose-equipment wrap-around ducts
and hoses are installed on the engine in the test
stand after single- engine checkout. The helium,
GOX, and hydraulic wrap-around ducts and the
purge and prefill hoses are installed and con
nected to flanges used for test setups during
engine testing. The ducts and hoses are alined
using alinement tool T-5041233 and supported
with support set T- 5046440 to prevent movement
until the engine is installed in the stage and
interface connections are completed. The en
gine is then removed from the test stand. De
tailed requirements for installing and alining
wrap-around ducts and hoses are in R-3896-3.

1-174. ENGINE INSTALLATION AT MAF.
(See figure 1-63.)

1-175. PREPARATION FOR ENGINE INSTAL
LATION• The engine is rotated to the horizontal
position and installed on Engine Handler 04069
using Engine Rotating Sling G4050 and the facility
hoist. The oxidizer pump seal is purged during
engine rotation to the horizontal position and for
30 minutes (minimum) thereafter. After re
moving the interface panel access doors, the
oxidizer and fuel inlet covers are removed, the
inlets inspected for contamination, the oxidizer
inlet screen and seal secured in place, and the
inlets covered with Aclar film. The fuel over
board drain system is isolated using clean poly
ethylene bags. The gimbal boot cover is re
moved, and it is verified that the gimbal bearing
locks are installed, the electrical cable support
post is installed on engines assigned to outboard
positions, and the engine gimbal wrap-around
lines are installed and adequately supported.
When ready for installation in the stage, the
engine is moved to the Stage Horizontal Final
Assembly Area and positioned under a mobile
hoist (A-frame). Thrust Chamber Throat Se
curity Closure 04089 is removed and the thrust
chamber inspected. The engine horizontal
installation tool is suspended from the mobile
hoist, prepared for engine installation, and then
installed in the thrust chamber. The engine is
then removed from Engine Handler G4069 and
raised and rotated to the position required for
engine installation. Detailed requirements for
fuel overboard drain system isolation and engine
preparation for installation are in R-3896-11.
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1-176. ENGINE INSTALLATION. (See figure
1-63.) When preparations for engine installation
are completed and the engine is correctly posi
tioned in the stage, the engine gimbal bearing is
mated and secured to the stage attach point. On
the outboard engines, the gimbal actuators are
secured to the stage actuator locks, while on the
inboard engines, the stiff arms are secured to
the actuator locks. Gimbal bearing locks are
removed, and the gimbal boot is reinstalled on
the gimbal bearing. The engine horizontal in
stallation tool is removed from the thrust cham
ber after the engine is secured to the stage;
then the Thrust Chamber Throat Security Closure
G4089 is installed. Aclar film is removed from
engine oxidizer and fuel inlets, fuel inlet seals
and screens are installed, and stage ducting is
connected to the engine inlets. The interface
electrical connectors and stage pressure switch
checkout supply line are connected at the inter
face panel, and the wrap-around ducts and hoses
are connected to the stage. The thermal insula
tion bracket that attaches to the engine handling
bearing is installed as specified in R-3896-6.
Detailed requirements for installing the engine
are in R-3896-11.

1-177. MANUFACTURING INSTALLATION
VERIFICATION. When engine installations and
stage assembly are completed, the Stage Con
tractor performs a manufacturing installation
verification. This verification consists of a
gaseous nitrogen leak test of the engine interface
connections and stage systems.

1-178. INSTALLED-ENGINE INSPECTION
BEFORE STAGE SHIPMENT TO MTF.

1-179. The installed-engine inspection before
shipment to MTF is made after the stage assem
bly and verification tests are complete. Each
engine is visually inspected for damage, corro
sion, and missing equipment; for evidence of
fluid in drain line exits, fluid on the engine
exterior; and for surface wetting on the hydraulic
control system exterior. It is verified that cor
rosion preventive and aluminum-foil tape is
present in specified areas, line markings are
correct, the humidity indicator in the thrust
chamber throat security closure indicates blue,
and there are no voids in the turbopump housing
cavity filler material. The fuel overboard drain
system isolation polyethylene bags are visually
inspected for fluid. If fluid is present, the bags
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Figure 1-63. Engine Installation at MAF

are emptied and the quanl1ty of fluid is measured.
The turbopump preservation status Is checked
in the Engine Log Book, and the turbopump is
serviced if required. A final updating of the
Engine Log Book is made before engine ship
ment to MTF. Detailed procedures for inspec
ting the installed engine before shipment to
MTF are in R-3896-11.

1-180. STAGE SffiFMENT TO MTF. (See
figure 1-64.)

1-181. When installed-engine inspection is
complete, the forward stage cover and engine
covers are installed, the workstands and plat
forms are rolled away from the engines, a
ttactor Is connected to the stage transporter,
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and the stage is pulled to the MAF dock. The
stage is loaded onto the barge and secured. The
nozzle extensions are loaded on low-bed trailers,
towed to the MAF dock, loaded on the barge
using a mobile hoist, and secured. The barge
is then moved to MTF by tug.

1-182. STAGE FLOW AT MTF. (See figure
1-65. )

1-183. The stage is received at MTF and in
stalled in the test stand. The engine covers
are removed, and receiving inspection is per
formed. The nozzle extensions, slave hardware
(normally stored at MTF), and MTF static test
instrumentation are installed; then a pre-static
checkout is performed. Thermal insulation is
not required for static test, therefore it is not
installed. Engine maintenance is done and
modifications are made as required during en
gine flow at MTF. Upon completion of pre-firing
preparations, the static firing test is performed.
After static test, the engines are inspected; the
test instrumentation, slave hardware, and
nozzle extensions are removed; a pre-shipment
inspection is performed; and the stage and
nozzle extensions are removed from the test
stand and loaded on the barge for return to MAF.

1-184. STAGE INSTALLATION IN TEST
STAND.

1-185. When the stage arrives at MTF, the
barge is docked next to the test stand. Test
stand overhead cranes are attached to the for
ward and aft ends of the stage; the stage is
lifted clear of the stage transporter and barge,
rotated to the vertical position, and positioned
into the test stand. During rotation to the
vertical position, the thrust chamber and ex
haust manifold are monitored for fuel leakage.
The stage is secured to the test stand with
mechanical holddowns; stage/facility propellant,
hydraulic, pneumatic, and electrical connec
tions are secured; and engine covers and engine
oxidizer and fuel inlet screens are removed.

1-186. ENGINE RECEIVING INSPECTION.

1-187. After the stage is installed in the test
stand, the engines undergo an overall visual
receiving inspection. Each engine is inspected
for damage, corrosion, and missing equipment
and for evidence of fluid in drain line exits. It
is verified that corrosion preventive and
aluminum-foil tape is present in specified

areas, the engine soft goods installed life is
within specified limits, and there are no voids
in the turbopump housing cavity filler material.
The fuel overboard drain system isolation poly
ethylene bags are visually inspected for fluid.
U fluid is present, the bags are emptied and the
quantity of fluid is measured. Engine orifice
sizes and serialized components are checked
against those listed in the Engine Log Book.
Detailed inspection requirements for installed
engines received at MTF are in R-3896-11.

1-188. INSTALLATION OF NOZZLE EXTEN
SIONS, SLAVE HARDWARE, AND MTF STATIC
TEST INSTRUMENTATION.

1-189. The nozzle extensions, slave hardware,
and MTF static test instrumentation are installed
on the engines after the stage is installed in the
test stand and after receiving inspection. Using
Engine Handler Sling G4052 and overhead cranes,
the nozzle extension is removed from the barge
and from Nozzle Extension Handling Fixture
G4080 and Handling Adapter G4081 and placed
on Engine Vertical Installer G4049 on the lower
stand work platform. The installer, with nozzle
extension, is positioned below the engine: then
the nozzle extension is installed on the engine,
and the installer lowered. The polyethylene bags
are removed from the fuel overboard drain sys
tem, and the slave fuel, oxidizer, and nitrogen
overboard drain lines are installed. The slave
igniter harness and MTF static test instrumenta
tion are then installed and connected. Detailed
installation requirements are in R- 3896-11.
Detailed nozzle extension handling requirements
are in R-3896-9.

1-190. STAGE PRE-STATIC CHECKOUT.

1-191. The stage pre-static checkout is per
formed on all engine and stage systems. Imme
diately preceding pre- static checkout, Thrust
Chamber Throat Security Closure G4089 is re
moved and Thrust Chamber Throat Plug G3136
is insWled. The checkout consists of electrical,
hydraulic, and pneumatic leak and function tests.
A simulated static test, which simulates stage
preparation, engine start, i~tion, mainstage,
and cutoff sequencing, is performed to verify
stage acceptability for static test. Detailed
pre-static checkout requirements are in
R-3896-11.
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1-192. STATIC TEST.

1-193. When all required checkout procedures,
modifications, and maintenance are completed,
and the Thrust Chamber Throat Plug G3136 is
removed, the hypergol cartridge and pyrotechnic
igniters are installed and checked out and the
test area is cleared in readiness for static test.
A 125- second, uninterrupted-duration stage
static test is made to checkout all electrical
electronic, propulsion, mechanical, pressuriza
tion, propellant, and control systems that func
tion during actual countdown, launch, and flight.
Measurements of the static test are recorded
and processed to determine stage acceptability
and flight readiness. The engine start for the
stage is a 1-2-2 sequence: the center engine
starts first, and the remaining outboard engines
start in opposed groups of two. The engine cut
off is a 3-2 sequence: the center engine and two
opposite outboard engines cut off first; then the
remaining two outboard engines cut off. The
single-engine start and cutoff sequence flows
are in figures 1-57 and 1-58.

1-194. ENGINE INSPECTION AFTER STATIC
TEST.

1-195. The engine and nozzle extension are
inspected visually after static test to verify that
damage did not occur during the test. Detailed
inspection requirements are in R-3896-11 and
include inspecting for exterior damage and
missing aluminum tape between thrust chamber
exhaust manifold and thrust chamber tubes;
inside of thrust chamber for tube and injector
damage, injector contamination, and liquid
leakage. Other inspections are for tension tie
deformation, bent or broken studs, nozzle
extension for carbon deposits around flange
area, and internal damage and erosion.

1-196. STATIC TEST DATA REVIEW.

1-197. The static test data is reviewed after
static test to determine that the engine is oper
ating within specified limits. Test instrumenta
tion readings are examined to detect abnormali
ties, sudden shifts, oscillations, or performance
near the minimum or maximum limits.

1-198. TURBOPUMP PRESERVATION.

1-199. The turbopump is preserved within 72
hours after static test. After removing fluid
through the turbopump No.3 bearing drain line,
the turbopump bearings are purged with gaseous
nitrogen, and five gallons of preservative oil is
supplied to the bearings while the turbopump is

slowly rotated. The fluid is then drained
through the No. 3 bearing drain line, and the
bearings are again purged with gaseous nitrogen.
The preservation date is recorded in the Engine
Log Book.

1-200. REMOVAL OF NOZZLE EXTENSIONS,
SLAVE HARDWARE, AND MTF STATIC TEST
INSTRUMENTATION.

1-201. Engine Vertical Installer G4049 is posi
tioned below the nozzle extension and the nozzle
extension removed from the engine and lowered
onto the installer. Using Engine Handler Sling
G4052 and overhead cranes, the nozzle extension
is removed from the installer, installed on
Nozzle Extension Handling Fixture G4080, and
the loaded nozzle extension installed on Handling
Adapter 04081. The slave hardware, consisting
of fuel overboard drain lines and the igniter
harness, is removed, cleaned, tested, and
repaired or replaced, as required, for reuse
during the next static test. The fuel overboard
drll,in system is isolated using clean polyethylene
bags. The expended igniters and hypergol car
tridge are removed. The MTF static test in
strumentation is disconnected and removed and
the instrumentation ports plugged immediately
by incorporating the applicable retrofit kit speci
fied in Modification Instruction R- 5266- 391
(ECP Fl-391). The Thrust Chamber Throat
Security Closure G4089 is installed. Detailed
removal requirements are in R-3896-11. De
tailed nozzle extension handling requirements
are in R-3896-9.

1-202. INSTALLED-ENGINE INSPECTION
BEFORE STAGE SHIPMENT TO MAF.

1-203. The engine is inspected before shipment
to MAF and after all post-statIc-test tasks are
complete. Each engine is visually inspected
for damage, corrosion, and missing equipment:
for evidence of fluid in drain line exits or on the
engine exterior; and for surface wetting on the
hydraulic control system exterior. It is verified
that corrosion preventive and aluminum-foil tape
is present in specified areas, line markings are
correct, the humidity indicator in the thrust
chamber throat security closure indicates blue,
and there are no voids in the turbopump housing
cavity filler material. The fuel overboard drain
system isolation polyethylene bags are visually
inspected for fluid. U fluid is present, the bags
are emptied and the quantity of fluid is measured.
All engine protective closures are installed upon
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ompletion of visual inspection. It is verified
.hat the humidity indicator in the thrust chamber
throat security closure indicates blue at the time
of shipment. Detailed inspection requirements
are in R- 3896-11.

1-204. STAGE REMOVAL FROM TEST STAND.

1-205. Alter engine visual inspection, the en
gines and stage are prepared for removal from
the test stand. The engine and stage covers are
installed; stage/facility propellant, hydraulic,
pneumatic, and electrical connections are dis
connected; and mechanical holddowns are re
moved. Test stand overhead cranes are
attached to the forward and aft ends of the stage;
the stage is lifted clear of the test stand, rotated
to the horizontal position, and installed on the
stage handler on the barge. The oxidizer pump
seal is purged during engine rotation to the hori
zontal position and for 30 minutes (minimum)
thereafter. The nozzle extensions, installed on
Nozzle Extension Handling Fixtures G4080 and
Handling Adapters G4081, are removed by over
head crane and loaded on the barge. The stage
transporter and nozzle extensions are secured
on the barge for shipment. A final updating of
the Engine Log Book is made before shipment
to MAF.

1-206. STAGE SHIPMENT TO MAF.

1-207. The barge, containing the stage and
nozzle extensions, is moved from MTF to MAF
by tug. Upon arrival at the MAF dock, a tractor
is connected to the stage transporter, and the
stage is pulled from the barge and towed to the
Stage Checkout Building. The nozzle extensions
are loaded on low-bed trailers, using a mobile
hoist, and towed from the barge to the nozzle
extension storage area.

1-208. STAGE FLOW AT MAF. (See figure
1-66.)

1-209. The stage is positioned in the Stage
Checkout Building at MAF, and workstands and
platforms are installed to aid access during
inspection and checkout. The engines undergo
a receiving inspection, refurbishment, post
static checkout, and pre-shipment inspection.
A storage period may be required after refur
bishment, if so, the stage is prepared for
storage and stored for a specified time before
post-static checkout.
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1-210. ENGINE RECEIVING INSPECTION.

1-211. Alter positioning the stage in the Stage
Checkout Building, the engines undergo an over
all visual receiving inspection. Each engine is
inspected for damage, corrosion, and missing
equipment and for evidence of fluid in drain line
exits. It is verified that corrosion preventive
and aluminum-foil tape is present in specified
areas and that there are no voids in the turbo
pump housing cavity filler material. The fuel
overboard drain system isolation polyethylene
bags are visually inspected for fluid. If fluid is
present, the bags are emptied and the quantity
of fluid is measured. Engine orifice sizes and
serialized components are checked against those
listed in the Engine Log Book. It is verified that
the humidity in the thrust chamber throat security
closure indicates blue. Detailed inspection re
quirements tor installed engines received at
MAF are in R-3896-11.

1-212. ENGINE REFURBISHMENT.

1-213. The engine is refurbished alter receiving
inspection. The engines are first cleaned of any
foreign matter and corrosion that may have re
sulted from exposure to rain, humidity, sand,
or dust. The oxidizer dome insulator is installed
in accordance with requirements specified in
R-3896-6. The flight igniter harness is installed,
tested, and connected in accordance with re
quirements specified in R-3896-11. Outstanding
maintenance or modification, as required by
ECPs and EFIRs, is done during the refurbish
ment period.

1-214. STAGE STORAGE.

1-215. Storage of installed engines is scheduled
following completion of refurbishment. The
amount of time the stage remains in storage is
determined by the Saturn V vehicle launch
schedule. Stage storage, in excess of six months,
requires that engine post-static checkout be per
formed when the stage is removed from storage.
InStalled engines are visually inspected for dam
age, corrosion, and missing equipment, and for
evidence of fluid in oxidizer and nitrogen purge
overboard drain lines. It is also verified that
corrosion preventive and aluminum-foil tape is
present in specified areas, the gimbal boot is
installed, there are no voids in the turbopump
housing cavity filler material, and that fuel
overboard drain system isolation polyethylene
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bags do not contain fluid. If fluid Is present,
the bags are emptied and the quantity of fluid Is
measured. The turbopumP preservation status
Is checked In the Engine Log Book and the turbo
pump Is serviced If required; desiccants are
installed In the thrust chamber throat security
closure and the closure Is Installed; and humidity
indicators are checked for a blue indication.
The englne-to-stage gimbal actuators are locked
to prevent engine movement, and the stage Is
stored in an environmentally controlled area.
The engines are inspected periodically during
storage. Detailed inspection requirements for
Installed engines in storage are In R-3896-11.

1-216. POST-STATIC CHECKOUT.

1-217. The post-static checkout Is done after
refurbishment tasks are completed, after a
stage Is removed from storage on which a post
static checkout had not been previously accom
plished, or after stage storage has exceeded
six months. The post-static checkout consists
of complete electrical, hydraulic, and pneu
matic leak and functional tests of the Installed
engines and stage systems. The post-static
checkout is completed with a simulated launch
test that consists of stage preparations, engine
start, Ignition, malnstage, liftoff, flight, and
engine cutoff In the prescribed sequence to
assure flight readiness of the engines and stage.
Post-static checkout includes a flight instru
mentation function test, turbopump torque test
and heater function test, leak and function test
of the bearing coolant control valve; hypergol
manifold, thrust OK pressure switches, thrust
chamber prefillline, ignition monitor valve,
oxidizer dome and gas generator oxidizer injec
tor purge system, oxidizer pump seal purge
system, cocoon purge system, and hydraulic
system. Leak test of the thrust chamber, heat
exchanger helium and oxidizer systems, propel
lant fuel and oxidizer systems, exhaust system.
and valve timing function tests are also accom
plished. Engine start and cutoff flow sequences
are in figures 1- 57 and 1- 58. Installed engine
tests are conducted in accordance with require
ments specified in R-3896-11.

1-218. INSTALLED-ENGINE INSPECTION
BEFORE STAGE SffiPMENT TO KSC.

1-219, The installed engine is Inspected before
shipment to KSC and the Engine Log Book is re
viewed after post-static checkout tasks are
completed. Each engine is visually Inspected
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for damage, corrosion, and missing equipment;
for evidence of fluid in drain line exits, fluid on
the engine exterior; and for surface wetting on
the hydraulic control system exterior. It is
verified that corrosion preventive and aluminum
foil tape is present in specified areas, that line
markings are correct, that the humidity indicator
in the thrust chamber throat security closure
indicates blue, and that turbopump housing cavity
filler material does not contain voids. The fuel
overboard drain system isolation polyethylene
bags are visually inspected for fluid. If fluid is
present, the bags are emptied and the quantity
of fluid is measured. The turbopump preserva
tion status is checked in the Engine Log Book,
and the turbopump is serviced if required. A
final updating of the Engine Log Book is made
before engine shipment to KSC. Detalled pro
cedures for Inspecting the Installed before
shipment to KSC are in R-3896-11.

1-220. STAGE SffiPMENT TO KSC.

1-221. After the engine pre- shipment visual
inspection Is completed, the forward and aft
stage covers are installed, workstands and plat
forms removed, and the stage pUlled from the
Stage Checkout Building to the MAF dock for
transport to KSC by barge. The nozzle exten
sions, engine loose equipment, and thermal
insulation are loaded on low-bed trailers and
transported to the MAF dock where they are
removed from the trailers and loaded on the
barge and secured for shipment. Handling re
quirements for nozzle extenstons and loose
equipment are in R-3896-9. After the nozzle
extenSions, loose equipment, and thermal insula
tion boxes are loaded and secured, the stage is
loaded onto the barge and secured. The barge
is then moved to KSC by tug.

1-222. STAGE FLOW AT KSC. (Seefigure 1-67.)

1-223. The barge arrives at the KSC dock where
the stage, nozzle extensions, loose equipment,
and thermal insulation boxes are off-loaded.
The stage is towed from the dock to the Vertical
Assembly Building (VAB). The nozzle extensions,
loose equipment, and thermal insulation boxes
are loaded on low-bed trailers and transported
to the VAB. The stage is removed from the
stage transporter and erected onto the Launch
Umbilical Tower (LUT) where the engine visual
receiving inspection, loose equipment installa
tion, modification and maintenance, stage and
engine leak and functional tests, and thermal •
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insulation installations are accomplished.
rhese tasks are conducted concurrently with
the Saturn V vehicle assembly and testing. A
final updating of the Engine Log Book is made
after engine activities during stage flow are
complete.

1-224. STAGE INSTALLATION ONTO LAUNCH
UMBILICAL TOWER (LUT).

1-225. The stage is received in the low bay of
the VAB. The forward and aft stage covers are
removed and the stage and engines prepared
for rotation and installation onto the LUT. The
Engine Service Platform (ESP) and the LUT are
moved into the high bay. The stage, on the
transporter, is moved from the transfer aisle
to the erection bay where the stage is removed
from the transporter and rotated to the vertical
position by overhead cranes. The stage is then
moved by high bay crane and erected on the LUT
and secured with four mechanical holddowns.
The ESP and LUT level platforms are positioned
around the engines for receiving inspection.

1-226. ENGINE RECEIVING INSPECTION.

1-227. After the stage is installed onto the
LUT, protective closures are removed and the
engines undergo an overall visual receiving
inspection. The engines are inspected to verify
that damage did not occur during shipping and
that all equipment listed on shipping documenta
tion was received. Each engine is inspected
for damage, corrosion, and missing equipment;
for evidence of fluid in drain line exits, fluid
on the engine exterior, and for surface wetting
on the hydraulic control system exterior. It is
verified that corrosion preventive and aluminum
foil tape is present in specified areas, the en
gine soft goods installed life is within specified
limits, there are no voids in the turbopump
housing cavity filler material, and that turbo
pump and outrigger arm surfaces do not contain
scratches through paint. The fuel overboard
drain system isolation polyethylene bags are
visually inspected for fluid. If fluid is present,
the bags are emptied and the quantity of fluid is
measured. Engine orifice sizes and serialized
components are checked against those listed in
the Engine Log Book. Oxidizer and fuel high
pressure duct covers and thrust chamber covers
are installed after visual inspection completion.
Detailed inspection requirements for installed
engines received at KSC are in R- 3896-11.
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1-228. LOOSE EQUIPMENT INSTALLATION.

1-229. The engine loose equipment is installed
after engine receiving inspection is completed.
The loose equipment consists of the nozzle exten
sion, oxidizer overboard drain line, fuelover
board drain line, nitrogen purge overboard
drain line, and fuel inlet elbow-to-interface
boots. Using Engine Handler Sling G4052 and
overhead cranes, the nozzle extension is re
moved from Nozzle Extension Handling Fixture
04080 and nandling Adapter 04081 and placed
on the Nozzle Extension InsWler. The five
nozzle extensions and Nozzle Extension Installers
are placed on the Engine Service Platform in
their respective engine 'positions. The Engine
Service Platform is then raised from ground
level up through the opening in the LUT until the
nozzle extension flanges are approximately 5
inches below the thrust chamber exit flanges.
Final adjustments are made and the mating of
the extension flanges to the thrust chamber exit
flanges is done with the individual Nozzle Exten
sion Installers. After the nozzle extensions are
secured to the engines, the overboard drain lines
are attached and secured. Loose equipment is
installed in accordance with requirements speci
fied in R-3896-11. Detailed nozzle extension
handling requirements are in R-3896-9. The
stage fins and engine shrouds are installed in
accordance with stage contractor requirements.

1-230. MODIFICATION AND MAINTENANCE.

1-231. The engine modifications and special
inspections may be made and maintenance tasks
may be performed, if required, throughout the
stage flow at KSC. Modifications and special
inspections are made as a result of approved
ECP or EFIR action, and scheduled through
joint agreement between the customer, stage
contractor, and engine contractor. The engine
maintenance is performed, if required, as a
result of discrepant hardware noted during
receiving inspection or engine leak and
functional testing.

1-232. STAGE FUNCTIONAL TEST.

1-233. The stage functional testing is started
after stage installation onto the LUT. The
electrical, hydraulic, and pneumatic leak and
functional tests are made in conjunction with
vehicle assembly. The stage functional test
consists of a flight instrumentation function test,
turbopump torque test and heater function test,
engine sequence verification test, leak and
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function test of the bearing coolant system,
hypergol manifold, thrust OK pressure switches,
thrust chamber pretillline, ignition monitor'
valve, oxidizer dome and gas generator oxidizer
injector purge system, oxidizer pump seal purge
system, cocoon purge system, and hydraulic
system. A leak test of the thrust chamber,
heat exchanger helium and oxidizer systems,
propellant fuel and oxidizer systems, exhaust
system, and valve timing function tests is also
performed. Installed engine tests are pertormed
in accordance with requirements specified in
R-3896-11.

1-234. THERMAL INSULATION INSTALLATION.

1-235. The thermal insulation (TIS) is installed
after engine leak and functional testing is com
plete. The TIS is installed to completely en
velop the engine and provide protection from
extreme temperatures created by plume radia
tion and backflow during cluster engine flight.
To allow access lor verltying the integrity 01
engine components and systems and to prevent
possible insulator damage from fluid spillage,
the TIS is not installed until engine testing is
complete. The required sequence and methods
tor TIS installation is in R-3896-6. Atter the
thermal insulation is installed and before moving
the Saturn V vehicle trom the VAB, an engine
environmental cover is installed on each S-IC
engine, from the thrust chamber throat area to
the exit end of the nozzle extension, to protect
the thermal insulation trom inclement weather.
The cover is wrapped around the thrust chamber
and nozzle extension and placed so that engine
overboard drain lines are exposed through holes
provided in the cover, and access flaps, tour
places, are located to provide access to drain
ports and igniters. Overlapping edges ot the
cover are laced together, excess material is
gathered around the thrust chamber throat and
folds tied, and the cover drawn tight under exit
end of nozzle extension. Detailed requirements
for installation of the cover are in R-3896-11.

1-236. SATURN V VElllCLE FLOW AT KSC.
(See figure 1-68.)

1-237. While the S-IC Stage is being received
and erected in the VAB, the S-ll Stage, S-IVB
Stage, and Instrumentation Unit are received
in the VAB and placed in the checkout bays
where they undergo a complete pre-erection
checkout. Upon completion of S-IC Stage erec
tion, the Saturn V Vehicle assembly is started,

concurrently with S-IC Stage testing. When the
fins, fairings, engine shrouds, and nozzle exten
sions are installed, the S-IC Stage assembly is
complete. The Instrumentation Unit is moved
into the high bay, placed on a platform near the
S-IC Stage, and an S-IC Stage-Instrumentation
Unit-checkout is pertormed. Upon completion
of pre-erection checkout, the S-ll Stage is moved
trom the checkout bay to the high bay and mated
with the S-Ie Stage. The S-IVB Stage is moved
trom the checkout bay and mated with the S-II
Stage, and the Instrumentation Unit is removed
from the platform and mated with the S-IVB
Stage, completing the assembly of the Launch
Vehicle (LV). Atter individual modules are
checked out at the Manned Spacecraft Operations
Building (MSOB), the Apollo spacecraft, con
sisting of the mated lunar excursion, and service
and command modules, is moved into the VAS
and mated mechanically (lunar excursion
module-adapter to forward mating flange of
instrumentation unit).

1-238. VElllCLE TESTING.

1-239. Atter the ApollO spacecraft and launch
vehicle are mechanically mated, spacecraft
modules are connected to their umbilicals from
the umbilical tower of the mobile launcher and
pre-power-on tests are made. When it has been
determined that all flight and ground systems
are satisfactory, full power is applied to the
spacecraft. The spacecraft is then mated elec
trically to the launch vehicle and combined sys
tem tests, consisting of simulated countdowns
and flights that exercise both flight and ground
systems, are made. During the final combined
system testing phase, the spacecraft and launch
vehicle ordnance, minus pyrotechnics, are in
stalled including the launch escape system.
When the combined system testing is complete,
the test data is reviewed, and if acceptable, the
Saturn V vehicle is ready to be moved to the
launch pad.

1-240. TRANSFERRING VEHICLE TO LAUNCH
PAD.

1-241. The Apollo/Saturn V is transported
from the VAB to the launch pad by the crawler
transporter. The extendible platforms that en
closed the vehicle in the VAB are retracted,
connections between the mobile launcher ter
minals and the terminals in the high bay are
disconnected, the doors of the high bay are
opened, and the transporter brought in and
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positioned beneath the platform section of the
launcher. Hydraulic jacks are extended from
the transporter to lift the launcher clear of its
pedestals. Then, at a speed of approximately
1 mph, the transporter carries the launcher
and the fully assembled Apollo/Saturn V to the
launch pad for positioning.

1-242. LAUNCH PREPARATIONS AND
TESTING.

1-243. After all electrical and pneumatic lines
to the Apollo/Saturn V are reconnected through
terminals at the base of the mobile launcher,
and propellant lines, also connected through the
launcher, are verified as correct, and it has
been ascertained that no changes have occurred
in the vehicle since it left the VAB, tests are
made on the communication links to the vehicle.
Measurements are also taken on systems such
as the cutoff abort unit, radio-frequency, tank
pressurization, and launch vehicle stage propel
lant utilization system. A Flight Readiness
Test (FRT) , backup guidance system test, and
S-IC fuel jacket/oxidizer dome nush and purge
are performed. Hypergolic propellants are
loaded in the spacecraft tanks, RP-l fuel is
loaded in the launch vehicle tanks, and Count
down Demonstration Tests (COOT) are per
formed. Liquid oxygen and liquid hydrogen are
loaded into the launch vehicle during the last
few hours of the countdown.

1-244. SATURN V VEHICLE LAUNCH.

1-245. The data In this paragraph is only used
to describe a typical vehicle launch and is not
intended to represent actual launch data. With
S-IC stage engines and launch vehicle prepara
tions complete, the S-IC engines are fired, all
holddown arms are released, and the vehicle
committed for liftoff. The vehicle rises nearly
vertically from the launch pad, for approxi
mately 450 feet, to clear the launch umbilical
tower. During liftoff, a yaw maneuver is
executed to provide tower clearance in the event
of adverse wind conditions or deviations from
nominal flight. After clearing the tower, a tilt
and roll maneuver is initiated to achieve the
flight attitude and proper orientation from the
selected flight azimuth. The S-IC center engine
cutoff occurs at 2 minutes 5.6 seconds after
first vehicle motion to limit the vehicle acceler
ation to a nominal 3.98 G-Ioad. The S-IC out
board engines are cutoff at 2 minutes 31 seconds
after first vehicle motion. Following S-IC

engines cutoff, ullage rockets are tired to seat
son stage propellants, the S-IC/S-1I stages
separate, and retrorockets back the S-IC stage
away from the night vehicle. A time interval of
4.4 seconds elapses between S- IC engines cutoff
and the time the S-Il engines reach 90 percent
operating thrust level. FollOWing the pro
grammed burn of S-ll engines, the S-ll/S-IVE
stages separate and the S-IVB engine places the
flight vehicle in an earth parking orbit.

1·246. POST-FLIGHT DATA EVALUATION.

1-247. The post-flight data is evaluated to
determine that the S-IC stage engines operated
within the specUied values during vehicle launch.
The engine parameters are reviewed for abnor
malities, sudden shifts, oscillations, or perform
ance near the minimum or maximum limits. The
engine performance values are then reviewed
and compared to the predicted engine values to
determine that all engine objectives were satis
factorily met.

1-248. UNSCHEDULED MAINTENANCE FLOW.

1-249. Unscheduled maintenance consists of
those operations required in addition to normal
engine and hardware processing, to repair dam
age, replace discrepant components or hardware,
perform modifications and EFffis, decontaminate,
re-preserve, repair thermal insulation, or
rectify any unsatisfactory condition. The un
scheduled maintenance tasks are done at a speci
fied time and at the location designated, during
the normal engine now process. The locations
where unscheduled maintenance can be done are
Rocketdyne, MAF, MTF, or KSC; depending on
the extent of the task, urgency, capabilities of
the location, and how schedules are affected.
The location established for complete component
maintenance, repair, and testing is the CM&R
room at MAF. This facility provides component
maintenance support for MAF, MTF, and KSC.
Limited repairs on components can be made in
place on the engine at MAF, MTF, or KSC as
directed by the customer. The necessary hard
ware required for supporting engine and compo
nent repairs at field locations is stored and
maintained at MAF.

1-250. UNSCHEDULED ENGINE REPAIR AND
SERVICING.

1-251. Unscheduled engine repair and servicing
consists of various types of repairs and servicing
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tasks that are done whenever practical to cor
rect any discrepancies that may exist, perform
special inspections, and to update the engine
configuration. The various repairs and servic
ing tasks may include such items as: braze and
weld repair thrust chamber tubes, remove and
replace components, clean contaminated areas,
remove corrosion, touch-up of damaged surface
finishes, modifications, EFIRs, post
maintenance tests, lubricate, preserve, and
replace desiccants.

1-252. COMPONENT REPAIR.

1-253. Uninstalled engine components from
MAF, MTF, or KSC that require repair, modi
fication, analysis or testing are processed in
the environmentally controlled CM&R room at
MAF. Processing engine components in the
CM&R room is required to repair a discrepant
component from an engine, perform modifica
tions, failure analysis, inspections, recycle
testing, or pre-installation testing. After
processing in the CM&R room, the components
are designated to be installed on an engine,
returned to the engine support hardware center
as a spare, returned to the manufacturer, or
considered as surplus or scrap. Detailed pro
cedures for component maintenance and repair
are in R-3896-3.

1-254. SUPPORT HARDWARE.

1-255. Engine hardware required for supporting
the activities at MAF, MTF, and KSC is main
tained in the Engine Support Hardware Center
at MAF. The Michaud facility is the primary
hardware supply center, since the majority of
engine and component activity takes place at
this location. At MTF and KSC a limited inven
tory of hardware is maintained to make sure of
immediate availability of those items frequently
used at these locations. Whenever an urgent
need arises at either MTF or KSC, and the
hardware required is not locally available, the
item is expedited to that location directly from
MAF or Rocketdyne.
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FJ.gure 2-7. Heat Exchanger Flowrates

2-21. STORAGE AND HANDLING ATTITUDE.

2-22. The englne will not suffer detrimental
effects when the englne attitude is malntalned at
less than 90 degrees from the normal vertical
attitude (thrust chamber down) during handling
and transportation operations, extended storage
periods. and those maintenance tasks outlined
In R-3896-3.

2-23. STANDBY EXPOSURE.

2-24. The englne with Or without thermal in
sulation lnstalled, when supplied with required
operatlng fluids, electrical power. and fuel
propellant only, will not suffer detrimental ef
fects when exposed to an ambient temperature
range of O· to 130· F for 48 hours. except as
limited by the freeZing point of the thrust cham
ber prefill fluid.

2-14. HEAT EXCHANGER PERFORMANCE.

2-15. See figure 2-7 for heat exchanger flow
rate values. See figures 2-8 and 2-9 for helium
and oxidIZer temperatures versus flow and ac
cumulated englne test duration curves. See
figures 2·9A through 2-9M for heat exchanger
transient and steady- state performance charac
teristics at constant turbopump Inlet conditions.

2-16. HYDRAULIC CONTROL SYSTEM
NOMINAL FLOW AND PRESSURE VALUES.

2-17. See figure 2-10 for hydraulic flowrate
at nominal control system values.

2·18. ENYffiONMENTAL CONDITIONS.

2-19. STORAGE AND HANDLING TEMPERA
TURE.

2-20. The englne will not suffer detrimental
effects When exposed to an ambient temperature
range of _20· to +130· F at a relative humidity
of 95 percent durlng handllng and transportation
operations and extended storage periods.

Parameter

Oxygen Flowrate
Helium Flowrate

Value

3.0to15.01b/sec I
0.4 to 1. 0 lb/sec

I Pages 2-6A and 2-6B deleted.
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Parameter Value 2-23. STANDBY EXPOSURE.

2-21. STORAGE AND HANDLING ATTITUDE.

Figure 2-7. Heat Exchanger Flowrates

2-22. The engine will not suffer detrimental
effects when the engine attitude is maintained at
less than 90 degrees from the normal vertical
attitude (thrust chamber down) during handling
and transportation operations, extended storage
periods, and those maintenance tasks outlined
in R-3896-3.

Oxygen Flowrate
Helium Flowrate

3.0 to 10.0 Iblsec
0.5 to 0.7 Iblsec

2-24. The engine with or without thermal in
sulation installed, when supplied with requIred
operating fluids, electrical power, and fuel
propellant only, will not suffer detrimental ef·
feets when exposed to an ambient temperature
range of 0 0 to 130 0 F for 48 hours, except as
limited by the freezing point of the thrust cham
ber prefill fluid.

Change No.7 - 18 August 1969 2- 6A2-6B
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Section II

NOTE:
THE OUTLET FLOWRATE
WILL NOT BE EQUAL TO
THE INLET FLOWRATE
DURING TRANSIENT FLOW
CONDmONS.

4~F ::

2 .. :~

EFFECTIVE DURATION (SECONDS)

Fl-1-17

Figure 2-9J. Estimated Oxidizer Flowrate Transient for Heat Excha~ger

Change No.5 - 11 March 1968 2-8J
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R-3896-1 Section II

159753
-200

-100 1EE3§3§§

600
-- - -

NOTE: THE HEAT EXCHANGER
MAY REQUIRE CLEANING AFTER --

500 625 SECONDS TO OBTAIN THE
MINIMUM TEMPERATURE AT 15
LB/SEC FLOWRATE.

~• 400.
Ci4

~
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~ 300
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:is
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Ci4....
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et:
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Figure 2-9L. Estimated Oxidizer Outlet Temperature Versus Oxidizer nowrate
for Steady-State Operation of Heat Exchanger

Change No. 10 - 16 July 1971 2-~L
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Figure 2-9M. Estimated Oxidizer Outlet Pressure Versus Oxidizer F10wrate for
steady-State Operation of Heat Exchanger

Change No.7 - 18 August 1969



R-3896-1 Section II
Paragraphs 2-25 to 2-28

~

:-

~'rl-
PRE·START

.0

30

~ 20

S
'"'-':::;
"<
~
=

'0

o o , 3

TIME FROM ENGINE OPEN CONTROL VALVE SIGNAL, SECONDS
• 5

Fl·I-I09

Figure 2-10. Hydraulic Flowrate at Nominal Control System Values

2-25. The engine without thermal Insulation in
stalled, when supplied with required operating
fluids, electrical power, and fuel and oxidizer
propellants, wlll not suffer detrimental effects
when exposed to an ambient temperature range
of 0' to 130' F for 16 hours, except as limited
by the freezing point of the thrust chamber pre
flll fluid.

2-26. The engine with thermal Insulation in
stalled, when supplied with required operating
fluids, electrical power, and fuel and oxidizer
propellants, will not suffer detrimental effects

when exposed to an ambient temperature range
of 28' to 130' F for 16 hours, except as limited
by the freezing point of the thrust chamber pre
flll fluid.

2-27. GROUND HYDRAULIC FLUID SUPPLY
TEMPERATURE.

2-28. Ground hydraulic fluid supplied to the
e~ine must be within a temperature range of
60 to 130· F and a pressure range of 1,400
1,800 psig at the customer connect point when
ever oxidizer propellant Is in the engine.

Change No.9 - 4 November 1970 2-9



R-3896-1Section II
Paragraphs 2-29 to 2-34

2-29. THERMAL INSULATION COCOON
ENVIRONMENTAL CONDITIONING ENVELOPE. COMPONENT

Weight
(Pounds)

2-30. The recommended thermal insulation co
coon environmental conditioning external input to
maintain a sale engine starting temperature
within the cocoon is presented in figure 2-11. The
heated purge supply should be turned on any time
the ambient air temperature is 55° F or less with
oxidizer propellant in the engine. GN2 supplied
to the engine interface at temperatures and pres
sures of figure 2-11 and the above conditions
will maintain the temperature inside the cocoon,
as measured on the Environmental Flight Trans
ducer, at 10° F or above when the outside ambi
ent air temperature is 28° F or above.

2·31. MASS PROPERTIES DATA.

2-32. Weight, center of gravity, and inertia
data is presented inCigures 2-12 through2-20A
to aid in deter'lnination of stage-actuator-engine
system combined natural frequency and also to
aid in trajectory analysis.

2-33. WEIGHT STATUS.

2-34. See figure 2-12 for the approximate
weights of the engine major components and
figure 2-13 for the current engine weight status.

81

70

218

39

90
85

426

68

823

413

168
96

3,150

40

1,573
1,171
5,237
1,621

Thrust Chamber
Oxidizer Dome
Injector
Thrust Chamber Body
Extension Nozzle

Heat Exchanger

Fuel System
Fuel Valve
No. 1 Turbopump Fuel

Outlet Line
No. 2 Turbopump Fuel

Outlet Line
Adapter (Inlet to pump)

Turbopump (Average)

Hypergol Assembly (Including
container, cartridge, mount,
and ignition monitor valve)

Hydraulic Filter and Four-Way
Solenoid Valve Manifold

Gas Generator Assembly (In
cluding combustor, inj ector,
and ball valve)

Gimbal Bearing

Oxidizer System
Oxidizer Valve
No. 1 Turbopump Oxidizer

Outlet Line
No. 2 Turbopump Oxidizer

Outlet Line

Interface Panel (Without
connectors)

Figure 2-12. Major Component Weight List

MAXIMUM ALLOWABLE ENERGY FOR
FLIGHT ENVlROt-;MENTAL TEMPERATLRl = 130' F
AMBIENT TEMPERATLflE - 55' F(-

MAXIMUM ALLOWABLE \1 \.
,.."O,~_, '~ENVIRONMENTAL i
TEMPERATURE = 130

0
r \

AMBIENT TEMPERATURE.
130' F I '1 \

I ! :t--\
~:....._ ..w ..."' \ENERGY fOR FLIGHT 'X

-~ ENVIRONMENTAL -
TEMPERATURE" 10' F "
AMSU:NT TEMPERATLRE = \:\. "

- 28'F~ t:
'\ FLOWRATE = iiii

\ S. S LB/M"WTE 1'", I ;;

~ JrJ~IY~~)~ ~§, ~~~::3~A I~/ I' TEMPERATURE -'\ :~
/ '.150" F ! I ~

LFLOWRATE. ...J. 1 I ~
4.5 LB/MINUTE r~;-....... I w

r· ---.. J~
,.";-

LEGEND I
- -CALCULATED DATA
_____ SEAL TEMPERATLR£

LIMIT

'0

120

'0

400

360

f320
~{280

"~!f 240

'""~200
Il:

'"
~ 160

o
100 140 180 220 260 300 340 380 4~:O

CNTERf'ACE TEMPERATl,.'Rl:., ·F FI-ll-li'A

Figure 2-11. Recommended Thermal Insulation
Cocoon Purge Operating Range Envelope

2-10 Change No.9 - 4 November 1970



R-3896-1 Section II
Paragraphs 2-3 5 to 2-3 8

Weight (Pounds)

F-2045-1,
F-2029 F-2043 F-2066 F-2090
Thru Thru Thru and

Item DESCRIPTION F-2042 F-2065 F-2089
I

Subs

1 + 2 Rocket Engine- -Wet 20,850 20,746 20,766 I 20,833
I

1 + 3 Rocket Engine--Burnout 20,431 20,327 20,347 20,415

1 Rocket Ene:ine--Drv 18,682 18,578 18,598 I 18,616

Thrust Chamber (Including skirt, l,6211b) 8,508 8,508 8,508 I S,511
Gimbal Bearing 467 467 467 I 467
Turbopump 3,152 3,150 3,151

I
3,149

Turbopump Mount (Including provisions on 342 342 342 342
TIC, 2861b) ,

Oxidizer System 651 651 651 653
Fuel System 646 646 642

I
642

Purge System 39 39 39 39
Electrical System 83 83 85

I
85

Gimbal Supply System 180 180 181 181
Gas Generator System 336 336 336 i 336
Exhaust System (Including TiC exhaust 995 995 997 998

manifold, 826 Ib)
Flight Instrumentation 249 146 146

,

146
Ignition System 52 52 52 , 52
Interface Installation 536 536 543 543
Pressurization System (Including heat 1,022 1,019 1,019 1,029

exchanger, 823 lb)
Hydraulic Control System 166 167 195( ) 195
Thermal Insulation--Permanent 58 58 n a 72
Thermal Insulation Set (TIS) 1,200 1,200 1,186

,

1,186

2 Rocket Engine F1uids (System Full) 2,168 2,168 2,168 2,217

3 Rocket Engine F1uids (Burnout) 1,749 1,749 1,749 ! 1,799

(a) Effective on engines F-2079 and subsequent.

Figure 2-13. Engine Weight Status

I

2-35. ENGINE COORDINATE AXES.

2-36. See figure 2-14 for engine coordinate
axes.

2-37. CENTER OF GRAVITY AND I:NERTlA
DATA.

2-38. See figures 2-18 through 2-20A lor the
current engine weight, center of gravity, and
inertia data.

Change No. 10 - 16 July 1971 2-11



Section II R-3696-1

!\ETERENCE DATUM (0,0,0)

;:t!;~t.tt--+--+--1i-----t-y

'i.
GIMBAL
BEARING

NO. Z GIMSAL
AXIS

z

~
- NO. 2 ACTUATOR

ATT AeH POINT
NO.1 GIMBAL
AXIS

El'lGlNE AXIS

Z
G

NG'l'[

ARROW lNDlCATES POSITIVE (.. ) DlREC"1'lON; Y. X, Z ~ ENGINE AXES. Y,:XC. Ze • GIMBAL AXtS.

Figure 2-14. Coordinate Axis Diagram

Figures 2-15 through 2-17 deleted.

5

2

2

cen~~r of ~)avity Origtn of.~es Moment of Inertia
Inches (inches Slu" Ft2 )

Weight Y X "'Z Axis System Y X Z I I I
Item Description (Lb) (+) (+) (+) Orientation (+ ) (+) (+) y x z

(1 ) Rocket Engine-- 16,662 56.2 11.8 11. 9 Gimbal 56.2 11.6 11. 9 5.822 17,497117,53'
Dry

(2 ) Rocket Englne-- 20,651 54.3 12.1 12.1 Gimbal 54.3 12.1 12.1 7,558 18,641 16.93
Wet

(3 lea) Wet Gimbaled 20,637 54.9 12.3 12.2 Gimbal 54.9 12.3 12.2 7,547 16,687 16.77
Mass , !

I

(a) Product of Inertia (Slug Ft2 ): I = +886, I = -913, I = -966
xz yz xy

Figure 2-18. Weight, Center of Gravity, Moment of Inertia, and Product of Inertia Data
(Engines F-2029 Through F-2042)

2-12 Change No. 12 - 12 May 1972



R-3896-1 Section II

9

:I

Center of Gravity Origin of Axes Moment of Inerha'T... ,\ (Inche,,) ._-.JID~.J't2l_
Weight Y X ""Z" Axis System Y X Z I I I

Item Description (Lb) (+) (+) (+) Orientation (+) (+) (+) y x z1

(1 ) Rocket Engine-- 18,578 56.3 11.8 11.8 Gimbal 56.3 11.8 11. 8 6, 790
1
17, 448 ' 17, 49

Dry
,

(2 ) Rocket Engine-- 20,746 54.4 12.1 11. 9 Gimbal 54.4 12.1 11. 9 7,529 18,795 18,90
Wet

(3 lea) Wet Glmbaled 20,533 55.0 12.3 12.1 Gimbal 55.0 12.3 12.117,636 18,800 18,89
Mass I

(a) Product of inertia (slug ft2): I =+880, I =-893, I =-961xz yz xy

Figure 2-19. Weight, Center of Gravity, Moment of Inertia, and Product of Inertia Data
(Engines F-2043 Through F-2065)

2

6

o

, ._--

Center of Gravity Origin of Axes Moment of l~erha
Inch .. , ) (inch"s Slu.. Ft l )

Weight Y X Z Axis System I Y X Z I I I
Item Description (Lb) (+) (+) (+) Orientation I (+) (+) (+) y x z

(1) Rocket Engine-- 18,598 56.3 11.6 11. 7 Gimbal 56.3 11.6 11. 7 6,809 17,437 17,47
Dry

(2 ) Rocket Engine-- 20,766 54.4 12.0 11.9 Gimbal 54.4 12.0 11.9 7,548 18,779 18.86
Wet

(3)(a) Wet Gimbaled 20,553 55.0 12.1 12.0 Gimbal 55.0 12.1 12.0 7,534 18.625 18.71
Mass

(a) Product of inertia (slug ft
2

): I =+894, I =-956, I =-1 033
xz yz xy'

Figure 2-20. Weight, Center of Gravity, Mom"nt of Inertia, and Product of Inertia Data
(Engines F-2066 Through F-2089)

Change No. 12 - 12 May 1972 2-13



SectIon II
Paragraphs 2-39 to 2-46

R-3896-1

4

7

o

I
I ICenter of Gravity

!
Origin of Axes I Moment of Inertiai

(Slug Ft2)

1

(Inches I (Inches)
Weight Y X Z Axis System i Y X Z ' I I I I

Item I Description (Lb) (+) (+) (+) Orientation , (+1 (+) (+) y i x z,
(1 ) I Rocket Engine-- 18,616 56.4 11.6 11. 7 Gimbal

1

56
.
4

1
1
1.6

11.7 6,830 17, 537 ; 17, 57
Dry I

I I

(2 ) 1Rocket Engine-- 20,833 54.5 12.0 11. 9 Gimbal 154.4 '12.0 11. 9 7,583 18, 895

1

18, 98
I Wet
1

(3)(a)IWet Gimbaled 20,620 55.1 12.11 12 . 0 Gimbal 55.1 12.1 12.017,569118,741118,83
Mass

I

(a) Product of inertia ~slug ft2): 1 = +899, I = -967, I = -1 046xz yz xy'

Figure 2-20A. Weight, Center of Gravity, Moment of Inertia, and Product of Inertia Data
(Engines F-2045-1 and F-2090 Through F-2098)

2-39. INTERFACE CONNECTIONS.

2-40. Interface connections shown contain only
physical descriptions of the interface connect
points, engine envelope, and engine instrumen
tation tap locations. For detail design criteria,
refer to F -1 Engine Interface Document,
R-6749.

2-41. INTERFACE CONNECT POINTS.

2-42. See figure 2-21 for location on engine of
stage interface connect points and for engine
servicing connect points.

2-43. ENVELOPE DIMENSIONS.

interface requirements. An explanation of the
terminology used is as follows:

Pin. • • . • • . . • • .. The pin letter
assigned is for both
halves of the inter
face and was de
rived from the
letters on the con
nectar. Signal, ha ve
been referenced to
specific pins.

Functional De scription. The purpose and
need for the signal
In relation to the
circuit involved.

Termination . . . . . .. The terminating or
receiving point of
the signal.

2-44. See figure 2-22 for engine envelope di
mensions.

2-45. ELECTRICAL INTERFACE.

2-46. See figure 2-23 for the connector num
bers, connector types, pin functions, and
other characteristics concerned with electrical

Origin ... The source of the
signal.

2-14 Chan~e No. 10 - 10 July 1971



R-3896-1 Section n

GIMBAL BEARING

NO.2 FUEL VALVE
PURGE QUICK-DISCONNECT

NO.2 FUEL PUMP

NO.2 FUEL
HIOH... PRESSURE DUCT
QUlCX-DISCONNECT

THRUST CHAMBER
JACIZT J)RADf
ADA.P'T'ER: NO. 1

---

TJlRUST C1LUIBER
JACKET D,RADr(
ADAPTER MO. 4

NO.2 FUEL VALVE DRAlN
Q1JICK - DlSC'ON NEC7

ICN1T10N MO~'TOR

VALVE: SE~SE: L1~E

QmCK-DlSCONNECT

ENema: HYDRAULIC
SUPPL.Y
QUICX·OISCONNECT

ENGINE HYDRAULIC
RETURN UNE
QUICK· DISCONNE CT

THRUST C:IlA.MBER
JACKET DRA..Df
ADAPTER NO. S

Fl-1-94A

Figure 2-21. Operating and Servicing Interface Connections (Sheet 1 of 3)
Change No.9 - 4 November 1970 2-15



HE UUM SUPPLY

Section II

TURlJOPUMP
TORQUE DRIVE GEAR

NO.2 FUEL
PUMP INLET

HYDRAUlJC SUPPLY

OXIDIZER DOME
."Ntl OXlOIZER
INJECTOR PURGE--

OXlDtZER DOME
FLUSH PORT 2A

maDI ZER DOME
FLUSH PORT 20

COCOON PURGE-------

THRUST CHAMBER
JACKET PREFn.L

TURROPUMP OXIDIZER
SEAL GAS GENERATOR
ACTUATOR PURGE

NO. 2 GIMBAL
ACTUATOR MOUNT

R-3896-1

OXlOtZER DOME
FLUSH PORT 3

OXIDIZER DOME
FLUSH PORT 4.

GlM:BAL SYSTEM
RETURN
QUICK-DISCONNECT

GOX RETURN

HE LIUM RETU~

OXIDIZER DOME
FLUSH PORT lA

OXlDC2ER DOME
FLUSH PORT 18

NO.1 THRUST CHAMBER
FUEL INLET

NO.1 G1MBAL ACTlJATQR
SYSTEM RETURN

HYPERGOL
CONTAINER

n-l-32,B

2-16

Figure 2-21. Operating and Servicing Interface Connections (Sheet 2 of 3)

Change No. 9 - 4 November 1970



NO. 1 FUEL VALVE DRAIN
QUICK- DISCONNECT

HYPERGOL
MANIFOLD PURGE
QUlCX-DIlCONWECT

&YPERGOL
w.uaJ'OLD DRAIN
Q UlCK-DISCClNNE CT

GIMBAL SYSTEM
ENGINE SUPPLY-

NO.1 FUEL
BJGH- PRESSURE DUCT
QUlCK-DJSCONNECT

R-3896-1

THRUST CHAMBER
JACKET DR..\nt
ADAPTER NO. 2

Section II

aM GENERATOR BALL
VALVE FUEL [NUT
Q 11lCK- DISCONNE CT

NO. 1 FUEL PUMP INLET
QUICK- DISCONNECT

BEARING COOLAN'T VALVE
QUlCK-DISCONNE Ci

Fl-t-95A

Figure 2-21. Operating and Servicing Interface Connections (Sheet 3 of 3)

Pages 2-19 through 2-22 deleted.

Change No.9 .. 4 November 1970
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NO 1 F'l'EL VALVE DRAIN
QU1CK·D1SCONNECT

R-3896-1 Section II

GAS GENERATOR BALL
VALVE FL:"EL DlLET
QUlCK-DISCOl"NEC r

HYPERGOL
MANIFOLD PURGE
Q1;ICK-O§CONNECT

HYPERGOL
MANIFOLD DRAIN
QUlCK-DISCONNECT

NO.1 FUEL
HIGH-PRESSCRE DUCT
QmCK-OlSCONNECT

~o. 1 Ft..'EL Pt:MP l~LET

QU'ICK-DISCOr-.~ECT

BEARI.....'G COOLA~'" VAU'E
l;CICK-DJSCO~~ECT

,
\ \\ I

=~=~= --===i -

THRUST CKAMBER
JACKET DRAIN
ADAPTER NO. Z

R22??>?' ENGINES INCORPORATING
MD» CHANGE

Figure 2-21. Interface Operating and Servicing Connections (Sheet 3 of 3)

All data on pages 2-21 and 2-22 deleted.
Change No.7 - 18 August 1969 2-19'2-20



R~ 3896-1 Section 0

THK NOM Flange ConIlguraUon No Ml,nlll)r
End (aDll Line of Hole CL

No Description X y Z Configuration Enl~e) Size OD U) Be Hole Bolls to BC Comments

13 No l ilnd No 2 T2~ 86 ~O.J6 -5.16 to 18 .50 00 ~O 1-4 Filled Flange - - -- 14.15 11 76 13.250 5/16-24 40 -- 210lnts
Turbapump Fuel -25.86 t.0 36 5/16-24 (Keenserls)
Inlets (Interlace)

..50 00 t.0 39)ta)( ..25.86 t.0.1I1 .5 16 s D 18
.25 86.10.111

'4 Tllrbopuml' WX 00 00 to. 16 -9.81 to 15 ..so DO .0 I~ TaPfH'd Jo'ace -- -- -- J6 Jll> ,..~ 7/16-20 36 0.550 7/H)-20 (Kt-en6er's)
Inlet (Interface) (DO 00 to U -0.81 t.0.15 +50 00 ..0 40) (a) (Monltur Pori)

15 Gimbal Actualor ..35 36 t.O.09 ....8.90 t.O.13 -35 36 ~O 08 --- -- -- .- -- -- -- - -- 2 joults
Engine Mount -35.34 .10.09

( .'5 36 *0.34 ...... 90 t:O.U - 35 36 ~O 34) (il)
-35 J& .0 34

GhnbaJ AcI~lor .:U.36 to 14 +48.90 %0.20 -35 361:0. J4
EnglJJe Mount c) -35 3611:0.14

( .35 31 *0.39 ......1I0.t0.IO -35 36 .10 39)(i1)
-35.38.10.39

16 JIB Electrical -35.30.10.08 -8.12.10.12 +57 31 .0 06 36-10P
Control (-35.30 to.33 -'.12.10.12 .57 31 .0 31) (a)

1'1 J20 Electrtcal -33.18 :1:0.08 ·9.12.10.12 .511 ·H .0 08 28-12p
Control (-33.18 :1:0.33 -9.12 :1:0.12 ~5i ~-4 ..0 3l) (Il)

IS JI.3 AuJdllilry Flight -30.80 :1:0.08 -1.12 :1:0.12 ~I 31 ..0 08 24-28P
taatru mentaUon (-30.80 *0 33 -1.1:1 :l:0.J2 ~I 31 ..0 31) (a)

18 Jl.D Auxtllary FllIbt -17.82 iO.08 -9.12tO 12 ..62 50 ..0 06 18·8P
Inlltnllnentallon (-17.82 to.S3 -8.12 to.12 +fi2 50 :to 31) (a)

20 J141 Aultlllary F\lcht -16.24 *0 08 -9.12 *0.12 +58.50 ..0 06 35-1P
mltrumentaUon (-UI.24 to.33 -9.12.t0 J2 ..58,5D to.!I) (a)

21 JBDO Electrical -Hi 86.t0.08 -9.12 :1:0.12 ..37 50.1:0 D6 UJ-IP
Conlrol (-15 88 *0 33 -0.12 %0.12 +37 50.t0 31) (a)

23 JI04 AuxUlary Filchl
hlln rumenlaUon

-B. BB .to 07 -9. 12 .1:0. 12 +37 81 .1:0 08 20-27P

(a) This dhnen910n lm:ludn 0 25 loch gimbal bearing latera.l adJustm!:!nt but does nol
Include the adjustment for thrust chamber-Io-englne centerhrM! adjustment

(c) EII8IReIl Y-2029 and subsequenl.

Figure 2-21 Interfate Layout IJJmenslons (Sheet 5 of 6)
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Section II R-3896_1

THX NOM Flange Configuration No. MonItor
Eod (Bolt Line 01 Hole lL

N<> DesaJpUon X Y Z Conllg.... raUon Engage) SIze 00 ID Be Hole Bolts to DC Comments

,. HOe Prtmary Flight +8 12 to.06 -9 12 to. 12 ....2 lit to.08 3D-zap
InstrumenlaUon (+8.12 to.3. -9 12 to.12 ....It 19 to.31) (Il)

.rUJf) Pr!mary ~rr( 21 12 to.02 -i.12 to.J2 +l1.62.tO.DJ
Instrumenlatlon d (21. 12 to.27 -9.12 to.12 ....el 62 to 28) (a)

25 Jtoo Primary FUght +8.12 to oe -V 12 .to. 12 -+37.8I.tO.M 30-IIP
Instrumenlatlon (+812 t O.31 -V 12 to.12 +37.81 to.3l) (lit)

26 JI02 Primary FUght +11 12 to.08 -9.12 to.IZ +410.88 to.08 22-14P
Ir,slrumenlatlon (+11 12.tO.31 -9.12 to.IZ +f0.88 :to.3!) (a)

27 J (03 Primary FUgitt +11 It to D6 -11 J2 to 12 ..-38.13 .to.0I 22-14S
mstrumentaUon (.. IIl2.tO 31 -8.12 to 12 ....38.13 :to.311 (a)

2' HOI Primary FUghl .. l5 74 ±O.OB -1.12.tO.l2 ....31.75 :to.08 2a-ZIP
Instrumentatlon (.. l5 74 ±0.33 -1.12.tO.12 ..31.75 to.31) (a)

28 J19 Electrical .. 16.a8.tO 08 _9.12tO.12 -+40 88 to.08 20-33P
Control (.. 18 88 to 33 -8.12 to.12 +to 88 :1:0.31) Cal

30 JHO Electrical ..21 24 dJ.08 -8.l2 ,,0. J2 ..37 7$ .:1:0.06 28-12P
Control (..U 24 .to.33 -912tO.12 ..37 15 :1:0.31) (a)

" Engine HartdUng Pin - -- ....Z 00 "-0.08 ....50.00.t0 03
(t<f,Z 00 ,0 08 ..~.OO .±0.28) (a)

" Acl;uator Holding --- +16 43 to 05
Device

- -- ---

35 Callps SWUch SJpply _33.30 to 08 -3.83 to 10 +to. '10 to.06 MC-221C04
(-33 00 to 33 -3.83 ±O.IO +40 '10 to.3.' (a)

J8 JI42 Electrical _21025 to 08 -912tO.12 +62.50 ±0.06 J45-2P
C<;mtr<J1 (-21025-"0.33 -9.12.±0.12 +62.50 to.3l) (a)

" .J1'14 Eleclr1cal +18.49 ±0.08 .9 12 .t-0.)2 ..37. '15 :to 06 14~-5P

ellllllUI (..16.49 -"0.33 -9.l2 to 12 -3'1 75 :10 31) (a)

(iI) TlIl-s dtmenslon Includefl 0 25-Jnelt gJmbaJ ooarlng Jateral a.dJUBIOletd bul doe5 not
Im:lude the adjustm('nl for thrust l:hamber-to-englne cenlerllne adjustment.

(d) El'Il,\ll'Ies IRCorporating MD8-,! change

FI~ure 2~2J. Interfa.ce La.yout DJmeoslaas (8lI:e« 6 Qf.)
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R-3896-1 Section II

12. 00 SPHERICAL
RADIUS (REF l

13.!:IO RADIUS

A

T
30.00 T I

14.00
-l-,-"J.:0~0;::-1-1~ - -

I "'--GIMBAL CENTER
(REF)

I
12~. 00
DIAMETER

147.00
DIAMETBR

1---------I----~-215.50-------~----

9.00

3.50

1----02.50--~

1---------+-150.00--------
7.00 RADIUS

I
75.73

I
I,
I
I

15.75 RAIlOS
(TYP 2 PLACES)

VIEW B-B'
27.00

1---51.75
l-25. B7---1

01--1-- t _. - ---.....q
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A
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B

30,00
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1'...0
--!)L62~
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104001-£·298

Figure 2-22. Engine Envelope Dimensions

Change No.2 - 10 August 1967 2-23



Section n R-3896-1

Signal Signal

Termina- Termina-
Pin Functional Description Origin tion Pin Functional Description Origin tion

CONNECTOR J-18: Connector equivalent to h Vehicle Power Stage aSE
an MS3101R36-10Pwith Supply-- Provides
48 contacts, size vehicle power to
AWa #16 GSE (input)

CAUTION
1. Engine Control Engine Stage or

Pins k and m should be jumpered in Valve- - Negative GSE
customer connector P18 to make· It return for open-
electrically Impossible to operate Ing and closing
engine control valve opening solenoid solenoid
without engine control valve closing
solenoid connector being secured. k Engine Control Engine aSE- Valve-- NegativeA Spares

thru return for open-
y ing solenoid

through closing
Z Turbopump Ther- Engine GSE solenoid to make

mostat Control Pack- sure both con-
age--Signal indicating nectars are
normal heater tempera- secured
ture (output)

Engine aSE m Engine Control Engine GSEa Turbopump Thermo- - Valve--Negatlvestat Control Package-- return for openingLoss of signal indicates solenoid throughabove normal heater
closing solenoidtemperature (output)
to make sure both

b Turbopump Ther- Engine GSE connectors are
mostat Control secured
Package-- Heater
cycle signal n Engine Control aSE Engine
(output) Valve--Opening

c Spares solenoid ener-
filru giz ing signal
e (input)

f Turbopump Ther- GSE Engine l! Checkout Valve-- aSE Engine
mostat Control 28 vdc signal to
Package--28 vdc drive checkout
power to thermo- valve motor to
stat control engine return
package (Input) position (input)

.i Engine Control aSE Engine g Checkout Valve-- aSE Engine
Valve-- Clos Ing 28 vdc Signal to
solenoid energiz- drive checkout
Ing signal (Input) valve motor to

ground return
position (input)

I

Figure 2-23. Electrical Interface Requirements (Sheet 1 of 14)

2-24 Change No. 6 - 14 August 1968



R-3896-1 Section n

Signal Signal

Termina- ,ITermina-
Pin Functional Description Origin tion Pin Functional Description Origin tion

r Checkout Valve-- Engine GSE D Redundant Shutdown GSE Engine
Signal indicating Valve--28 vdc power
valve in engine energizing signal
return pos ition (input)
(output)

s Checkout Valve-- Engine GSE E Spare
Signal indicating
valve in ground
return position F Spare
(output)

t Checkout Valve-- Engine GSE H Spare- Ground return for
motor on checkout
valve H Redundant Shutdown Engine GSE

Valve--Monitoring
u Spares signal

thru
1. H(a) Spare
z Shielded Termina-

tion- - Connects
engine shielding J Spare
to GSE shielding

CONNECTOR J-19: Connector equivalent K Spare
to an MS3101R20-33P
with 11 contacts,
size AWG iIl6

A Spare

B Hypergol Car- GSE Engine
tridge-- 28 vdc
power to car-
tridge switch
common ter-
minal (input)

C Hypergol Car- Engine GSE
trldge-- Signal
indicating hy-
pergol cartridge
installed (output)

(a) Engines incorporating MD152 change

Figure 2-23. Electrical Interface ReqUirements (Sheet 2 of 14)
Change No.9 - 4 November 1970 2-25



Section II R- 3896-1

Signal Signal

Termina- Termina-
Pin Functional Description Origin tion Pin Functional Description Origin tion

L Spare V Vehicle Power Engine Stage
Supply--Negative and
returnfrom GSE GSE

L Redundant Shutdown Engine GSE and engine control
Valve--Negative valve closing solenoid
return W Spare

Sh teld Term inatlon--
X Spare

M
Connects engine

y Vehicle Power Stage GSE

shielding to GSE Supply--Provides

shielding vehicle power to GSE
Z Spare

CONNECTOR J-20: COMector equivalent
to an MS3l0lR28-l2P a Spare
with 26 contacts, size b Shielded Termlnation--
AWG 1116 - COMects engine shield-

ing to stage shielding

A Spares d Engine Control Valve-- Stage Engine- Closing solenoid ener-thru
D gizing signal from

vehicle; signal time
duration to 100 mS (input)

E No. 1 Thrust OK Engine GSE CONNECTOR J-lOO: Connector eqUivalent to
Pressure Switch-- an MS3l0 lR20-l6P with
Signal Indicating 9 contacts, sizes 2 AWG
engine is not up to 1112 and 7 AWG 1116
full thrust (output) A Positive 28 VDC Stage Engine

Power Source for

F No. 1 Thrust OK GSE Engine
Primary Instru-

Pressure Switch--
mentation System

28 vdc power (input) B 28 VDC Power Re· Stage Engine
turn for Primary In-
strumentation System

G No. 1 Thrust OK Engine GSE C Positive 28 VDC Stage Engine
Pressure Switch-- Duplicate Power for
Signal indicating Primary Instrumenta-
engine has devel- tion Valve Position Switches
oped satisfactory
thrust (output) 0 5 VDC Duplicate Power Stage Engine

Return and Pressure
H Spares TransducerSignalRe-

thru turn for Primary Instru-
U mentation System

Figure 2-23. Electrical Interface Requirements (Sheet 3 of 14)
2-2 6 Change No. 9 - 4 November 1970



R-3896-1 Section n

Signal Signal

Termina- ITermlna-
Pin Functional Description Origin tion Pin Functional Description Origin Hon

E Spares L Combustion Chamber Engine Stage
thN Pressure Transducer

H Signal Output (D- 8)

I Shield Return for Engine Stage M Combustion Chamber GSE Engine
Primary Instru- Pressure Transducer
mentation System 20- Percent Calibration

and Checkout Voltage
CONNECTOR J-101: Connector equivalent Input (D-8)

to an MS3101R28-21P
with 37 contacts, size N Combustion Chamber GSE Engine
37 AWG #16 Pressure Transducer

80- Percent Calibration
A Positive 28 VDC stage Engine and Checkout Voltage

Duplicate Power Input (D-8)
Source for Pri-
mary Instrnmen- P Spare
tation System

R Spare
B 28 VDC Duplicate Stage Engine

Power Return for S Common HydraUlic GSE Engine
Primary Instru- Return Pressure
mentation System Transducer 20-

Percent Calibration
C Positive 28 VDC Stage Engine and Checkout Voltage

Duplicate Power Input (D-126)
Source for Pri-
mary Instrumen- T Turbine Outlet Engine Stagetation System
Valve Position Pressure Transducer

Switches Signal Output (0-10)

D 5 VDC Duplicate Stage Engine
U Turbine Outlet Pres- GSEPower Return and Engine

Pressure Transducer sure Transducer 20-

Signal Return for Percent Calibration

Primary Instrumen- and Checkout Voltage

tation System Input (D-10)

E Spares
thru

J

K Common Hydraulic GSE Engine
Return Pressure
Transducer 80-
Percent Calibration
and Checkout Voltage
Input (D-126)

Figure 2-23. Electrical Interface Requirements (Sheet 4 of 14)

Chang~ No. 9 - 4 November 1970 2- 27



Section II R-3896-1

Signal Signal

Termina- Termina-
Pin functional Description Origin tion Pin Functional Description Origin lion

V Turbine Outlet GSE Engine e Fuel Pump Inlet Engine Stage
Pressure Transducer No. 1 Pressure
80- Percent Callbra- Transducer Signal
tion and Checkout autput (D-4)
Voltage Input (D-IO)

f Gas Generator Engine Stage

GSE Engine
Chamber Pressure

W Gas Generator Transducer Signal
Chamber Pressure Output (D- 9)
Transducer 20-
Percent Callbration

j LOX Pump Discharge GSE Engine
and Checkout Volt- No.2 Pressure Trans-
age Input (D-9) ducer 20- Percent

Engine
Calibration and Check-

X Gas Generator GSE out Voltage Input (D-3)
Chamber Pressure
Transducer 80- h Fuel Pump Discharge Engine Stage
Percent Calibration - No. 2 Pressure Trans-
and Checkout Volt- ducer Signal Output
age Input (D- 9) (D-7)

z Spare i Fuel Pump Discharge GSE Engine
No.2 Pressure Trans-

a Common Hydraulic Engine Stage ducer 20- Percent Call-
Return Pressure bration and Checkout
Transducer Signal Voltage Input (D-7)
Output (D-126)

k Fuel Pump Inlet No. 1 GSE Engine
b LOX Pump Bearing Engine Stage Pressure Transducer- Jet Pressure Trans- 20- Percent Calibration

ducer Signal Output and Checkout Voltage
(D-13) Input (D-4)

c LOX Pump Bearing GSE Engine
Jet Pressure Trans- m Fuel Pump Inlet GSE Engine-
ducer 20- Percent No. 1 Pressure
Calibration and Check- Transducer 80- Per-
out Voltage Input (D-13) cent Calibration and

d LOX Pump Bearing GSE Engine
Checkout Voltage
Input (D-4)

Jet Pressure Trans-
ducer 80- Percent n LOX Pump Discharge GSE Engine
Calibration and Check- No. 2 Pressure Trans-
out Voltage Input (D-13) ducer 80- Percent

Calibration and Check-
out Voltage Input (D-3)

.2 LOX Pump Discharge Engine Stage
No.2 Pressure Trans-
ducer Signal Output
(D-3)

Figure 2-23. Electrical Interface Requirements (Sheet 5 of 14)

2-28 Change No.9 - 4 November 1970



R-3896-l Section IT

Signal Signal

Termlna- Termlna-
Pin Functional Description Origin tion Pin Functional Description Origin tion

r Fuel Pump DIs- GSE Engine H No.2 Main Engine Stage
charge No. 2 Pres- LOX Valve
sure Transducer Pos ltion Po-
80- Percent Call- tentiometer
bration and Checkout Signal Output
Voltage Input (D-7) (K-lO)

s Shield Return Engine Stage J Pos ltive 5 VDC Engine Engine
Excitation for No.2

CONNECTOR JI02: Connector equivalent Main LOX Valve
to an MS3l01R22-l4P Position Poten-
with 19 contacts, size tlometer (K-I0)
19 AWG *16

K Spares
A Spare thru

N
B No. 1 Main Fuel Engine stage

Valve Position P 5 VDC Return for stage Engine
Potentiometer No. 1 Main Fuel
Signal Output Valve Position
(K-7) Potentiometer (K-7)

C Positive 5 VDC Stage Engine R Positive 5 VDC stage Engine
Excitation for Excitation for No.2
No. 1 Main Fuel Main Fuel Valve
Pos ltion Poten- Position Potentiometer
tlometer (K-7) (X-8)

S 5 VDC Return for Stage Engine
D No. 2 Main Fuel Engjne Stage No. 2 Main Fuel

Valve Position . Valve Position
Potentiometer Potentiometer (K-8)
Signal Output
(K-8) T 5 VDC Return for Stage Engine

No. 2 Main LOX
E Output Signal No. 1 Engine Stage Valve Position

Main LOX Valve Potentiometer (K-IO)
Pos Itlon Poten-
tiometer Signal U Spare
Output (K- 9)

V Shield Return Engine Stage
F Positive 5 VDC stage Engine

Exc ItaUon for No. 1 CONNECTOR J~103: Connector eqUivalent
Main LOX Valve to an MS3l0lR22-l4S
Position Poten- with 19 contacts, size
tlometer (K- 9) 19 AWG !/16

G 5 VDC Return for stage Engine A Spare
No. 1 Main LOX B Spare
Valve Position
Potentiometer (K-9)

Figure 2-23. Electrical Interface ReqUirements (Sheet 6 of 14)

Change No. 6 - 14 August 1968 2-29
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Section II R-3896-1

Signal Signal

Termina- Tel"'mina-
Pin Functional Description Origin tlon Pin Functional Description Origin lion

C Gas Generator Valve Engine Stage U Spare
Limit Switch Open
Signal (K- 6) V Shield Return Engine Stage

D Gas Generator Valve Engine Stage CONNECTOR J-I04: Connector equivalent
Limit Switch Closed to an MS3101R20-27P
Signal (K-6) with 14 contacts, size

14 AWG #16
E No. 1 Main Fuel Valve Engine Stage

Limit Switch Open A Spare
Signal (K-7)

B Spare
F No. 1 Main Fuel Valve Engine Stage

Limit Switch Closed C Turbopump Engine Stage
Signal (K-7) Tachometer

Signal Output,
G No. 2 Main Fuel Valve Engine Stage (T-l). Signal

Limit Switch Open frequency is pro-
Signal (K-8) portlonal to turbo-

pump angular speed.
H No. 2 Main Fuel Valve Engine Stage

Limit Switch Closed D Turbopump Tacho- GSE Engine
Signal (K-8) meter Calibration

and Checkout Volt-
J No. 2 Main LOX Valve Engine Stage age rnput (T-I)

Limit Switch Open
Signal (K-10)

E Heat Exchanger LOX Engine Stage
K Spares Inlet flowmeter

thru ±Signal Output (T-44)
N

P Vehicle Engine Cutoff Engine Stage F Heat Exchanger Inlet Engine Stage
Signal Received at Flowmeter Signal
Engine Cutoff Solenoid Output (T-44)
(Reference) (K-13)

R Closed Signal, No. 1 Engine Stage
Main LOX Valve Limit
Switch (K-9)

S No. 1 Main LOX Valve Engine Stage
Limit Switch Open
Signal (K-9)

T No. 2 Main LOX Valve Engine Stage
Limit Switch Closed
Signal (K-lO)

Figure 2-23. Electrical Interface Requirements (Sheet 7 of 14)

2-30 Change No.9 - 4 November 1970



R-3896-1 Section n

Signal Sirnal
I rl'ermma- Termlna-

Pin Functional Description Origin tlon Pin Functional Description Origin tlon

G Heat Exchanger LOX GSE Engine C Turbine Inlet Temper- Stage Engine
Inlet Flowmeter Cali- ature Resistance
bration and Checkout Thermometer Sensor
Voltage ;Input (T-44) Output (C-3)

H Heat Exchanger LOX GSE Engine D LOX Pump Bearing Stage Engine
Inlet Flowmeter Cali- No. 1 Temperature
bration and Checkout Resistance Ther-
Voltage Input (T-44) mometer, Input

Common (C-6)
I Spare

thru E LOX Pump Bearing Engine Stage
K No. 1 Temperature

Resistance Ther-
L Turbopwnp Tacho- Engine GSE mometer, Output

meter ;,Signal Output Common (C-6)
(T-1). Signal fre-
quency is proportional F <Engine Environmental Stage Engine
to turbopump angular Temperature Resist-
speed. ance Thermometer,

Input Common (C-943)
M Turbopump Tacho- GSE Engine

meter Calibration G Engine Environmental Engine Stage
and Checkout Volt- Temperature Resist-
age <Input (T-I) ance Thermometer,

Output Common (C-943)
N Shield Return Engine Stage

H LOX Pump Bearing Stage Engine
CONNECTOR J-106: Connector equivalent No. 2 Temperature

to an MS3101R20-29P Resistance Ther-
with 17 contacts, size mometer Sensor
17 AWG 1116 Output (C-7)

A Spare

B Spare

Figure 2-23. Electrical Interface Requirements (Sheet 8 of 14)

Change No.9 - 4 November 1970 2-31



Section II R-3896-1

Signal Signal

,ITermina- I Termina·
Pin Functional Description Origin tlon Pin Functional Description Origin tion·

H Engine Environmental Engine Stage CONNECTOR J-140: (b) Connector equivalent
Temperature Resist- toan MS3101R16S-8P
ance Thermometer. with 5 contacts, size
Sensor Output (C-943) 5 AWG #16

A Positive 28 VDC Stage Engine
J Spare Duplicate Power for

K Spare
Auxillary Instrumen-
tation System

L Spare B 28 VDC Duplicate Stage Engine
Power Return for

M Spare Auxiliary instru-
mentation System

N Turbine Inlet Stage Engine
Temperature Resist- C Spare
ance Thermometer D 5 VDC Duplicate Stage Engine
Input Common (C-3) Return and Pres-

Stage
sure Transducer

P Turbine Inlet Engine Signal Return for
Temperature Resist- Auxiliary Instru-
ance Thermometer mentation System
Output Common (C- 3)

E Shield Return for Engine Stage

R LOX Pump Bearing Stage Engine Auxiliary Instru-

No. 1 Temperature mentation System

Resistance Ther- CONNECTOR J-141:(b)Connector equivalent
mometer. Sensor to anMS3101R36-7P
Output (C-6) with 47 contacts,

sizes 40 AWG #16
S Turbine Bearing Stage Engine and 7 AWG #12

Temperature Resist-
A Positive 28 VDC Stage Engineance Thermometer.

Sensor Output (C-8) Duplicate Power
Source for Auxiliary

S Spare Instrumentation System

B 28 VDC Duplicate Stage Engine
T Shield Return Engine Stage Power Return for

Auxiliary Instru-
mentatlon System

C 28 VDC Duplicate Stage Engine
Power Return for
Auxiliary Instru-
mentatlon System

(b) Engines not incorporating MD96 or MD97 change

Figure 2-23. Electrical Interface Requirements (Sheet 9 of 14)
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R-3896-1 Section IT

Signal Signal

Orlg!I1
[rermlna- Termlna-

Pin functional Description tlon Pin Functional Description Origin tlon

D 5 VDC Duplicate Stage Engine L LOX Pump DIs- aSE Engine
Power Return and charge No. 1 Pres-
Pressure Transducer sure Transducer
Output Common for 80- Percent Callbra-
Auxiliary Instrumen- tion and Checkout
talion system Volta~e Input (0-2)

E Spare
M Engine Control Clos- OSE Engine

Ing Pressure Trans-
ducer 20- Percent

F LOX Pump Discharge Engine Stage Callbratlon and Check-
No, 1 Pressure Trans- out Voltage Input (0-11)
ducer Signal Output
(0-2) N Engine Control Open- Engine Stage

Ing Pressure Trans-

0 Spare
ducer Signal Output
(D-12)

H LOX Pump Discharge OSE Engine 0 Spare
No, 1 Pressure Trans-
ducer 20-Percent P Spare
Calibration and Check-
out Voltage Input (0-2) R Engine Control Clos- OSE Engine

Ing Pressure Trans-

I Spare
ducer 80- Percent
Callbratlon and Check-

J Output Signal, Engine Engine Stage
out Voltage Input (0-11)

Control Closing Pres- S Engine Control Open- OSE Engine
sure Transducer Ing Pressure Trans-
(0-11) ducer 20- Percent

Calibration and Check-
K Spare out Voltage Input (0-12)

T Fuel Pump Discharge Engine Stage
No. 1 Pressure Trans-
ducer Signal Output (D-6)

U Spare

V Spare

W Engine Control Open- aSE Engine
lng Pressure Trans-
ducer 80-Percent
Calibration and Check-
out Voltage Input (0-12)

X Spare

Figure 2-23, Electrical Interface Requirements (Sheet 10 of 14)
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Section n R-3896-1

Signal Signal

gmtr
ermlna

-
I]Termlna-

Pin Functional Description Orlg tlon Pin Functional Description Origin tlon

y Heat Exchanger Engine stage 1 Heat Exchanger Helium aSE Engine
Helium Wet Pres- Inlet Pressure Trans-
sure Transducer ducer 80- Percent Cali-
Signal Output (0-19) bratlon and Checkout

Z Spare
Voltage Input (0019)

a Heat Exchanger Engine Stage k LOX Pump Seal CaVity aSE . Engine
Helium Inlet Pres- Pressure 80- Percent
sure Transducer Calibration and Check-
Signal Output (D-20) out Voltage Input (00142)

b Spare m Heat Exchanger LOX Engine Stage
c LOX Pump seal Engine Stage Wet Pressure Trans-

Cavity Pressure ducer Signal Output (0-17)
Transducer SIgnal
Output (D-142) n Heat ExChanger Gase- GSE Engine

ous Oxygen OUtlet Pres-
d Heat Exchanger GSE Engine sure Transducer 20-

Helium Inlet Pres- Percent Calibration and
sure Transducer Checkout Voltage Input
20- Percent Calibra- (0-18)
tion and Checkout
Voltage Input (0-19) E Heat Exchanger LOX GSE Engine

Wet Pressure Trans-
e Heat Exchanger aSE Engine ducer 20- Percent

Helium OUtlet pres- Calibration and Check-
sure Transducer out Voltage Input
20- Percent Calibra- (0017)
tlon and Checkout
Voltage Input (0- 20) r Heat Exchanger GSE Engine

Gaseous Oxygen
f Heat Exchanger GSE Engine OUtlet Pressure- Helium OUtlet Pres- Transducer 80-

sure Transducer Percent Calibration
80- Percent Callbra- and Checkout Voltage
tlon and Checkout Input (0-18)
Voltage Input (0-20)

s Heat ExChanger LOX GSE Engine
.! LOX Pump Seal Cavity GSE Engine Wet Pressure 80-

Pressure Transducer Percent Calibration
20- Percent calibra- and Checkout Voltage
tlOD and Checkout Input (0-17)
Voltage Input (0-142)

t Spares
h Heat Exchanger Gass- Engine Stage thru

oUB Oxygen Outlet Pres- I
sure Transducer Output
Signal (0-18) z Shield Return Engine Stage

I

Figure 2-23. Electrical Interface Requirements (Sheet 11 of 14)
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R-3896-1 section n

Signal Signal

ITermina- ]Termina-
Pin Functional Description Origin tion Pin Functional De scription Origin tion

CONNECTOR J-l42: J Heat Exchanger LOX Stage Engine
Inlet Temperature Re-
sistance ThermometerA No.2 Thrust OK Engine GSE Input Common (C-ll)Pressure Switch--

Signal indicating K Fuel Pump Inlet No.2 Stage Engineengine is not up to Temperature Resist-
full thrust (output) ance Thermometer

Input Common (C-24)
B No. 2 Thrust OK GSE Engine

Fuel Pump Inlet No.2 StagePressure Switch-- L Engine
28 vdc power Te mperature Re sist-
(input) ance Thermometer

Output Common (C-24)

C No. 2 Thrust OK Engine GSE M Fuel Pump Inlet No.2 Stage Engine
Pressure Switch-- Temperature Reslst-
Signal indicating ance Thermometer
engine has de- Sensor Output (C-24)
veloped satisfactory
thrust (output) N Heat Exchanger LOX Engine Stage

Inlet Temperature
D Shield Termination-- Resistance Thermom-

Connects engine eter Output Common
shielding to S-Ie (C-ll)
stage shielding

P Heat Exchanger LOX Stage Engine

CONNECTOR J-143:(b) Connector
Inlet Temperature
Resistance Thermom-

equivalent to an eter Sensor Output
MS3101R24-28P (C-lt)
with 28 contacts,
size 24 AWG il16 Q Heat Exchanger Helium Stage Engine

Outlet Temperature
A Spares Resistance Thermom-

thru eter Input Common
H (C-13)

R Heat Exchanger Stage Engine
Gaseous Oxygen
Outlet Tempera-
ture Resistance
Thermometer Input
Common (C-12)

(b) Engines not incorporating MD96 or MD97 change

Figure 2-23. Electrical Interface Requirements (Sheet 12 of 14)

Change No.9 - 4 November 1970 2-35



Section II R-3896-1

I

Signal Signal

ITermina- ,ITermina-
Pin Functional Description Origin tion Pin Functional Description Origin tion

S Heat Exchanger Gas- Engine Stage CONNECTOR J-470: Connector equivalent
eous Oxygen Outlet to anMS3l0lR28-l2P
Temperature Resist- with 26 contacts, size
ance Thermometer AWG *16
Output Common (C-12)

A Spare
T Heat Exchanger Gas- Stage Engine

eous Oxygen Outlet B Gas Generator GSE Engine
Temperature Resist- Igniter No. 1
ance Thermometer and No. 2--
Sensor Output (C-12) Continuity- checks

U Heat Exchanger Helium Engine Stage
through igniter
links No. 1 and

Outlet Temperature No. 2 indicating
Resistance Thermom- igniters installed
eter Output Common (C-l3) (input)

V Heat Exchanger Helium Stage Engine C Gas Generator Igniter GSE Engine
Outlet Temperature No.1 and No. 2--
Resistance Thermom- Continuity- checks
eter Sensor Outlet (C-13) through Igniter links

W Spares No.1 and No.2 indi-

thru cating igniters
y installed (input)

Z Shield Return Engine Stage D Turbine Exhaust Engine GSE
Igniter No. 1--500vac

CONNECTOR J-174: to turbine exhaust ig-
niter No. 1 (input)

A No. 3 Thrust OK Engine GSE
E SparesPressure Switch--

Signal indicating and

eng ine is not up to F

full thrust (output) G Gas Generator GSE Engine

B No. 3 Thrust OK GSE Engine
Igniter No. 2--
500 vac to gas

Pressure Switch-- generator igniter
28 vdc power (input) No.2 squib (input)

C No. 3 Thrust OK Engine GSE H Spare
Pressure Switch--
Signal indicating J Turbine Exhaust GSE Engine
engine has de- Igniter No. 2--
veloped satisfactory 500 vac to turbine
thrust (output) exhaust igniter

No.2 squib (input)
D Spare

Shielding Termination--
X Spare

E
Connects engine shielding L Spare
to S-lC stage shielding

Figure 2-23. Electrical Interface Requirements (Sheet 13 of 14)

2-36 Change No. 6 - 14 August 1968



R-3896-1 Section IT

shielding to GBE
sh1eldlDg

No. 2 squib (input)

Z Spare

Signal Signal

ITermina- , !Termlna-
Pin Functional Description Origin tion PIn Functional Description Origin tion

M Gas Generator GSE Engine a Gas Generator Ig- GSE Engine
igniter No. I-- niter No. 1--500 vac
500 vac to gas to gas generator ignl-
generator igniter ter No. 1 squib (input)
No. I squib (input)

b Spare
N Spare

d Shield Termination-- Engine GSE
p Turbine Exhaust GSE Engine Connects engine shleld-

Igniter No. I and Ing to OSE shle lding
No. 2--Contlnuity-
checks through igniter CONNECTOR J -800: Connector equiva-
links No. I and No.2 lent to an
indicating igniters MS310 IRI8-IP
installed (input) with 10 contacts,

R Turbine Exhaust GSE Engine
size AWG *16

igniter No. I and A Spare
No. 2--Continulty- and
checks through Igniter B
links No. land No. 2

C Turbopump Heaterindicating igniters GSE Engine
installed No. 1--208 vac power

to turbopump heater
S Spare No. I (input)

T Turbine Exhaust GSE Engine D Turbopump Heater GSE Engine
Igniter No. I-- No. 1--208 vac power
500 vac to turbine to turbopump heater
exhaust igniter No. 1 (input)
No. 1 squib (input)

E Turbopump Heater GSE Engine
U Spare No. 2--208 vac power

V Gas Generator GSE Engine
to turbopumpheater
No. 2 (input)

Igniter No. 2--
500 vac to gas F Turbopump Heater GSE Engine
generator igniter No. 2--208 vac power
No.2 squib (input) to turbopump heater

W Spare
No. 2 (input)

and G Spare
X thru

y Turbine Exhaust GSE Engine I

Igniter No. 2--
J Shield Termination-- Engine GSE500 vac to turb lDie

exhaust igniter Connects engine

FlgIIre 2-23. Electrical Interface Requirements (Sheet 14 of 14)
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Section n
Paragraphs 2-47 to 2-49

R-3896-1

2-47. INSTRUMENTATION TAP LOCATIONS
AND IDENTIFICATION.

2-48_ TAP CODE IDENTIFICATION SYSTEM.
Tap locations are shown in figure 2-24. The
code identification system is as follows:

A, actuator

C, thrust chamber

G, gas generator

H, heat exchanger

I, igniter fuel injection

K, low-pressure propellant

L, turbopump

N, control system

P, main propellant

Tt turbine

W, gimbal

The second-column capital letter designates the
medium being sensed or the operating feature
connected with the tap as follows:

F J propellant fuel

G, high-temperature gas

Ht hydraulic control liquid or helium

L, lubricant

S, metal temperature

B, bearing

0, propellant ~idlzer

The third-column number identifies the tap on
the component or in the system.

The fourth-column lower case letter signifies
more than one tap of the same measurement.

The fifth-column number signifies that the tap
location is duplicated on both. the No. 1 and
No. 2 sides of the engine.

2-38 Change No. 4 - 13 February 1968

2-49.. ACCELEROMETER CODE IDENTIFICA..
TION SYSTEM. Accelerometer locations are
shown in figure 2-24. The code identification
system is as follows:

The first-column capital letter designates
major component or basic support system as
follows:

C, thrust chamber

P, turbopump

M, interface panel

The second-column capital letter designates the
medium being sensed or the operating feature
connected with the tap as follows:

Z, no fluid medium involved

The third-column capital letter identifies the
type of measuring instrument as follows:

A, accelerometer

The fourth-column rmmber identifies the tap on
the component or in the system.

The fifth-column letter identifies the axis sensi ...
tivity of the accelerometer.

Pages 2-39 through 2-46 deleted.



R-3896-1 Section II

Signal

Termina... Voltage Maximum
Pin Functional Description Origin tion Level Load

C 28 VDC Duplicate Power Return for Stage Engine Ground 2.86 amps
Auxiliary Instrumentation System potential maximum at

28 vdc on
positive bus

D 5 VDC Duplicate Power Return and Stage Engine Ground 0.1 amp
Pressure Transducer Output Common for potential maximum
Awd11a.ry Instrumentation System

E Turbine Outlet Pressure Transducer Engine Stage 0-5 vdc 100,000
Signal Output (D-I0) ±2,000 ohms

telemetry

E(e) Spare

F LOX Pump Discharge No.1 Pressure Engine Stage 0-5 vdc 100,000
Transducer Signal Output (D- 2) %2,000 ohms

telemetry

G Turbine Outlet Pressure Transducer GSE Engine 24..32 71. 5 milli-
20-Percent Calibration and Checkout vdc amperes
Voltage Input (0-10) maximum

at 28 vdc

a(e) Spare

H LOX Pump Discharge No. 1 Pressure aSE Engine 24-32 71. 5 milli-
Transducer 20-Percent Calibration and vdc amperes
Checkout Voltage Input (D-2) maximum at

28 vdc

I Turbine Outlet Pressure Transducer 80- GSE Engine 24-32 71. 5 milli-
Percent Calibration and Checkout Voltage vdc amperes
Input (D-IO) maximum at

28 vdc

1<e) Spare

J Output Signal. Engine Control Closing Engine Stage 0-5 vdc lOO~OOO
Pressure Transducer (0-11) ::1:2,000 ohms

telemetry

K Spare

L LOX Pump Discharge No.1 Pressure GSE Engine 24-32 71.5 milli-
Transducer 80-Percent Calibration and vdc amperes
Checkout Voltage Input tn-2) maximum at

28 vdc
(e) Engines incorporating MD31 or MDI08 change.

Figure 2-23. Electrical Interface Requirements (Sheet 16 of 23)

2-39



Section II R-3896-l

Signal

Termlna- Voltage Maximum
Pin Functional Description Origin tion Level Load

M Engine Control Closing Pressure Trans- aSE Engine 24-32 71. 5 m1lli-
ducer 20-Percent Calibration and Check- vdc amperes
out Voltage Input (0- 11) maximum at

28 vdc

N Engine Control Opening Pressure Trans- Engine Stage 0-5 vdc 100,000
ducer Signal Output (D-12) =2,000 ohms

telemetry

0 Spare
and

P

R Engine Control Closing Pressure Trans- aSE Engine 24-32 71. 5 mUll-
ducer 80-Percent Calibration and Check- vdc amperes
out Voltage Input (0- 11) maximum at

28 vdc

S Engine Control Opening Pressure Trans- aSE Engine 24-32 71.5 milli-
ducer 20-Percent Calibration and Check- vdc amperes
out Voltage Input (0-12) maximum at

28 vdc

T Fuel Pump Discharge No. 1 Pressure Engine Stage 0-5 vdc 100,000
Transducer Signal Output (0-6) :2,000 ohms

telemetry

U Spare
and

V

W Engine Control Opening Pressure GSE Engine 24-32 71. 5 milll-
Transducer 80-Percent Calibration vdc amperes
and Checkout Voltage Input (0-12) maximum at

28 vdc

X Spare

y Heat Exchanger Helium Inlet Pressure Engine Stage 0-5 vdc 100,000
Transducer Signal Output (0-19) =2,000 ohms

telemetry

a Heat Exchanger Helium Inlet Pressure Engine Stage 0-5 vdc 100,000
Transducer Signal Output (0-20) :2,000 ohms

telemetry

b Spare

c LOX Pump Seal Cavity Pressure Trans- Engine Stage 0-5 vdc 100,000
ducer Signal Output (0-142) :2,000 ohms

telemetry

Figure 2-23. Electrical Interface Requirements (SIIeet 17 of 23)
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R-3896-1 Section D

Signal

Termina- Voltage Maximum
Pin Functional Description Origin tion Level Load

d Heat Exchanger Helium Inlet Pressure GSE Engine 24-32 71. 5 milli-
Transducer 20-Percent Calibration and vdc amperes
Checkout Voltage Input (D-19) maximum at

28 vdc

e Heat Exchanger Helium Outlet Pressure GSE Engine 24-32 71. 5 milli-
Transducer 20-Percent Calibration and vdc amperes
Checkout Voltage Input (D-20) maximum at

28 vdc

f Heat Exchanger Helium Outlet Pressure GSE Engine 24-32 71. 5 milli-- Transducer aO-Percent Calibration and vdc amperes
Checkout Voltage Input (D-20) maximum at

28 vdc

LOX Pump Seal Cavity Pressure Trans- GSE Engine 24-32 71.5 milli-
ducer 20..Percent Calibration and Check- vdc amperes
out Voltage Input (D-142) maximum at

28 vdc

h Heat Exchanger Gaseous Oxygen Outlet Engine Stage 0-5 vdc 100,000
Pressure Transducer Output Signal ±2,000 ohms
(D-18) telemetry

i Heat Exchanger Helium Inlet Pressure aSE Engine 24-32 71.5 milli..
Transducer 80-Percent Calibration and vdc amperes
Checkout Voltage Input (D-19) maximum at

28 vdc

k LOX Pump seal Cavity Pressure 80-Percent GSE Engine 24-32 71. 5 mUll-
Calibration and Checkout Voltage Input vdc amperes
(D-142) maximum at

28 vdc

m Heat Exchanger LOX Inlet Pressure Engine Stage 0-5 vdc 100,000
Transducer Signal Output (D-17) ±2,OOO ohms

telemetry

n Heat Exchanger Gaseous Oxygen Outlet GSE Engine 24-32 71. 5 mUll-
Pressure Transducer 20-Percent Callbra- vdc amperes
tion and Checkout Voltage Input (D-IS) maximum at

28 vdc

Heat Exchanger LOX Inlet Pressure Trans- GSE Engine 24-32 71.5 milli-
ducer aO-Percent Calibration and Checkout vdc amperes
Voltage Input (0..17) maximum at

28 vdc

Figure 2-23. Electrlcallnterlace Requirements (Sheet 18 of 23)

2-41



Section II R-3898-1

Signal

Origin I
Termina- Voltage Maximum

Pin Functional Descrlptlon tion Level Load

r Heat Exchanger Gaseous Oxygen Outlet GSE Engine 24-32 71.5 mllll-
Pressure Transducer 80-Percent Callbra- vdc amperes
lion and Checkout Voltage Input (0-18) maximum at

28 vdc

s Heat Exchanger LOX Inlet Pressure 80- GSE Engine 24-32 71. 5 mllli-
Percent Calibration and Checkout Voltage vdc amperes
Input (D-17) maximum at

28 vdc

t Spares
tliru
r
z Shield Return Engine Stage Ground Electro stalic

potential shielding
current

CONNECTOR J-143:(h) Connector equivalent
to an MS3101R24-28P
with 28 contacts, size
24 AWG *16

A Spares
thru

H

J Heal Exchanger LOX Inlet Temperature Stage Engine Ground Pin P;
Resistance Thermometer Input Common potential Ro pin P
(C-ll) .

K Fuel Pump Inlet No. 2 Temperature Stage Engine Ground Pin M;
Resistance Thermometer Input Common potential He pin M
(C-24)

L Fuel Pump Inlet No. 2 Temperature Engine Stage Ground Pin M;
Resistance Thermometer Output Common potential He pin M
(C-24)

M Fuel Pump Inlet No. 2 Temperature Stage Engine 350 mUlI- 1,160 to
Resistance Thermometer SenllOr Output volls 1,530 ohms
(C-24) (He = 1,258

±6 ohms)

N Heat Exchanger LOX Inlet Temperature Engine Stage Ground Pin P;
Resistance Thermometer Output Common potential He pin P
(C-ll)

(h) Engines not Incorporating MDl!lI or MDi1 change.

Figure 2-23. Electrical Interface Requirements (Sleet III of 23)
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R-3896-1 Section n

Signal ITermtnOl- VOltag~ Maximum
Pin Functional Description Origin tion LoadLevel

P Heat Exchanger LOX Inlet Temperature Stage Engine 170 milli- 295-450 ohms
Resistance Thermometer Sensor Output volts (Ro =1,256
(C-ll) ±6 ohms)

Q Heat Exchanger Helium Outlet Tempera- Stage Engine Ground Pin V;
ture Resistance Thermometer Input potential Ro pin V
Common (C-13)

R Heat Exchanger Gaseous Oxygen Outlet Stage Engine Ground Pin T;
Temperature Resistance Thermometer potential Ro pin T
Input Common (C-12)

S Heat Exchanger Gaseous Oxygen Outlet Engine Stage Ground Pin T
Temperature Resistance Thermometer potential Ro pin T
Output Common (C-12)

T Heat Exchanger Gaseous Oxygen Outlet Stage Engine 100 milll- 100-935
Temperature Resistance Thermometer volts ohms (Ro =
Sensor Output (C-12) 425 ±2 ohms)

U Heat Exchanger Helium Outlet Tempera- Engine Stage Ground Pin V;
ture Resistance Thermometer Output potential Flo pin V
Common (C-13)

V Heat Exchanger Hellum Outlet Tempera- Stage Engine 100 mill!- 100-935 ohms
ture Resistance Thermometer Sensor volts (Ho =425 ±2
Outlet (C-13) ohms)

W Spares
thru

y

Z Shield Return Engine Stage Ground Electrostatic
potential shtelding

current

CONNECTOR J-470: Connector equivalent to
an MS3101R28-12P with
26 contacts, size AWG
116

A Spare

B Gas Generator Igniter No. 1 and No. 2-- GSE Engine 24-32 1 amp
Continuity-checks through igniter links vdc
No. 1 and No. 2 indicating Igniters
Installed (Input)

Figure 2-23. Electrical Interface Requirements (Sheet 20 of 23)
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Section II R-3896-1

SilZnal

Termina- Voltage Maximum
Pin Functional Description Origin lion Level Load

C Gas Generator Igniter No. 1 and No. 2-- GSE Engine Ground 1 amp
Continuity-checks through Igniter links potential
No. 1 and No. 2 indicating igniters in-
stalled (input)

D Turbine Exhaust Igniter No. 1--500 vac Engine GSE 500 vac, 3-6 amps
to turbine exhaust igniter No. 1 (input) 60 cycie

minimum

E Spares
and

F

G Gas Genera.tor Igniter No. 2--500 va.c to GSE Engine 500 vac, 3-6 amps
gas generator igniter No. 2 squib (input) 60 cycle

minimum

H Spare

J Turbine Exhaust Igniter No. 2--500 va.c to GSE Engine 500 vac, 3-6 amps
turbine exhaust igniter No.2 squib (input) 60 cycle

minimum

L Spare

M Gas Generator Igniter No. 1--500 vac to GSE Engine 500 vac, 3-6 amps
. gas generator igniter No. 1 squib (input) 60 cycle

minimum

N Spare

P Turbine Exhaust Igniter No. 1 and No. 2-- GSE Engine 24-32 1 amp
Contlnutiy-checks through igniter links vdc
No. 1 and No. 2 indicating igniters in-
stalled (input)

R Turbine Exhaust Igniter No.1 and No. 2-- GSE Engine Ground 1 amp
Continuity-checks through igniter links potential
No. 1 and No. 2 Indicating igniters in-
stalled

S Spare

T Turbine Exhaust Igniter No. 1-- SOO vac GSE Engine 500 vac, 3·6 amps
to turbine exhaust igniter No. 1 squib 60 cycle
(Input) minimum

U Spare

Figure 2-23. Electrical Interface Requirements (Sheet 21 of 23)

2-44



Section II

II

SIll:nal

Termlna- Voltage Maximum
Pin

I
Functional Description Origin tjon Level Load

V Gas Generator Igniter No. 2--500 vac GSE Engine 500 vac, 3-6 amps
to gas generator igniter No. 2 squib 60 cycle
(input) minimum

W Spares
and
X

y Turbine Exhaust igniter No. 2-- 500 vac GSE Engine 500 vac, 3-6 amp
to turbine exh311st igniter No. 2 squib 60 cycle
(Input) minimum

Z Spare

a Gas Generator igniter No. 1--500 vac GSE Engine 500 vac, 3·6 amps
to gas generator igniter No. 1 squib 60 cycle
(input) minimum

b Spare

d Shield Termination--Connects engine Engine GSE Ground Electrostatic
shielding to GBE shielding potential shielding

current

CONNECTOR J-BOO: Connector eguivalent to
an MS3101R18-IP with
10 contacts, siZe AWG
*16

A Spare
and

B

C Turbopump Heater No. 1--208 vac power GSE Engine 190-220 1,500 watts
to turbopump heater No. 1 (input) vac 60

cycle

D Turbopump Heater No. 1--208 vac power GSE Engine 190-220 1,500 watts
to turbopump heater No. 1 (input) vac

60 cycle

E Turbopump Heater No. 2--208 vac power GSE Engine 190-220 1,500 watts
to turbopump heater No. 2 (input) vac

60 cycle

F Turbopump Heater No. 2--208 vac power GSE Engine 190-220 1,500 watts
to turbopump heater No.2 (Input) vac

60 cycle

Figure 2-23. Electrical Interface Requirements (Sheet 22 of 23)
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Section n
Paragraphs 2-47 to 2-49

R-3896-1

Signal

Termlna- Voltage Maximum
Pin Functional Description Origin tion Level Load

G Spare
thru
I

J Shield Termination--Connects engine
shielding to GSE shielding

Engine GSE Ground
potential

Electrostatic
shielding
current

Figure 2-23. Electrical Interface Requirements (Sheet 23 of 23)

2-47. INSTRUMENTATION TAP LOCATIONS
AND IDENTIFICATION.

2-48. TAP CODE IDENTIFICATION SYSTEM.
Tap locations are shown in figure 2-24. The
code identification systern is as follows:

The fourth-column lower case letter signifies
more than one tap of the same measurement.

The fifth-column number signifies that the tap
location is duplicated on both the No. I and No.2
sides of the engine.

C, thrust chamber

Z, no fluid medium Involved

2-49. ACCELEROMETER CODE IDENTIFICA
TION SYSTEM. Accelerometer locations are
shown in figure 2-24. The code identification
system is as follows:

P, turbopump

M, inte rface panel

The second-column capital letter designates the
medium being sensed or the operating feature
connected with the tap as follows:

The first-column capital letter designates major
component or basic support system as follow s:

The fourth- column number Identifies the tap on
the component or in the system.

A, accelerometer

The third-column capital letter Identifies the
type of measuring instrument as follows:

The flfth-column lettltr ·identities the axis sensi
tivity of the accelerometer.

gas generator

heat exchanger

igniter fuel injection

low-pressure propEllant

turbopump

control system

main propellant

turbine

gimbal

thrust chamber

propellant oxidizer

metal temperature

B, bearing

0,

A, actuator

C,
G,
H,

I,

K,
L,

N,
P,

'1',

W,

F, propellant fuel

G, high-temperature gas

H, hydraulic control liquid

L, lubricant

S,

The second-column capital letter designates the
medium being sensed or the operating feature
connected with the tap as follows:

The third-COlumn number identities the tap on
the component or in the system.
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Section 11

Figure 2-24. Instrumentation Tap Locations (Sheet 1 of B)
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Section 11

UPPIR CONNeCTOR PANEL

I'tlEL VOLUTE

FUEL INLET

C03I,~I, ,1~__

CZAIO-Y'qlI)'--__

CZAlI-Y@J--__

CZA6-Y6iiiIl_.....-

R-3896-1

DOlo:

B....LL-VALVE-END
GAS GENER ATOR
OXIDIZER FEED LINE

Fl-1-97B

Figure 2-24. Instrumentation Tap Locationa (Sheet 2 of 8)
2-48 Change No. 10 - 16 July 1971



>IZAJ-Z

R-3896-1

111
t
I

Section IT

/"
(
"---

VIEW p-p
(JIIEST 2)

INTERFACE PANEL
SUPPORT BRACKET

VIEW Q-Q
(lIII.IET 2) tNTERPACI PANEL

Fl-l-ll1

Figure 2-24. Instrumentation Tap Locations (Sheet 3 of 8)
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Figure 2-24. Instrumentation Tap Locations (Sheet 4 of 8)
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Section IT R-3896-1

Item Tap ap
No. No. Description Type No. Description Type

5(a) PF2a-l Fuel pump dis- Flange 38 CGla Combustion RP260-l00l

I
charge No.1

39(e)
chamber

I6(e) PF2b-l Fuel pump dis- ANDlO050-4 CGlb Combustion RP260-l00l
charge No.1 chamber

7 PF2a-2 Fuel pump dis- Flange 40(c) CGlc Combustion RP260-l00l
charge No.2

41(e)
chamber

I8 PF2b-2 Fuel pump dis- ANDlO050-4 CGld Combustion RP260-l00l
charge No.2 chamber

9 PF3a-l No. 1 fuel valve RP260-1001 46 GFI Gas generator RP260-l00l
inlet fuel valve lnlet

11 PF3a-2 No.2 fuel valve ANDlO050-4 50 TG4a Turbine inlet Flange
inlet (manifold)

13 CFla Fuel manifold RP260-l00l 51 TG4b Turbine lnlet RP260-100l
H(b) CFlb Fuel maniiold RP260-1001 (manifold)
15 CFlc Fuel manifold RP260-1001 52 TG5a Turbine outlet RP260-l00l
16 CFld Fuel manifold Flange 53 TG5b Turbine outlet RP260-1001
17 KF6a-l Fuel pump inlet Flange 60(b) GGla Gas generator RP260-1001

No.1 chamber
18 KF6b-l Fuel pump inlet RP260-100l 61 GGlb Gas generator ANDlO050-4

No.1 chamber
19 CF2a Fuel inj ection RP260-l00l 62 GGlc Gas generator RP260-l00l
20(b) CF2b Fuel injection RP260-l00l chamber
21 CF2c Fuel inj ection RP260-l001 63 GG2a Turbine inlet RP260-l00l
22 CF2d Fuel inj ection Flange 64(f) GG2b Turbine inlet RP260-100l I
23(a) KF6a-2 Fuel pump inlet Flange 65 PF9 Fuel seal cavity MS33656-5

No.2 66 PFI0 Fuel impeller MS33656-5
24(d) KF6b-2 Fuel pump inlet RP260-l00l back casing

No.2 77(b) NH4 Engine control RP260-l00l
25 P02a-l Oxidizer pump Flange system return

discharge No. 1 80(b) NH7 Ignition monitor ANDI0050-4
26 P02b-l Oxidizer pump ANDI0050-4 valve outlet

discharge No. 1 81 IF2 Fuel igniter ANDlO050-4
27 P02a-2 Oxidizer pump Flange valve inlet

I
discharge No. 2 82 IF3 Hypergol con- RP260-l001

28(e) P02b-2 Oxidizer pump ANDI0050-4 tainer inlet
discharge No. 2 85(a) HH3a Heat exchanger Flange

29 P03-1 No. 1 oxidizer RP260-1001 helium outlet
valve inlet 86(a) HH3b Heat exchanger Flange

30 P03-2 No. 2 oxidizer RP260-1001 helium outlet
valve inlet 87 HH3c Heat exchanger RP260-1001

31 C03j Oxidizer injection ANDI0050-4 helium outlet

I 32(b) C03b Oxidizer injection ANDlOO50-4 88 HH4 Heat exchanger RP260-l00l
33 C03c Oxidizer injection ANDI0050-4 hel1um outlet
35 COlb-l Oxidizer dome RP260-1001 89(a) H()la Heat exchanger Flange

Inlet No.1 oxidizer inlet
37 C01b-2 Oxidizer dome RP260-1001 90(a) HOlb Heat exchanger Flange

inlet No.2 oxidizer inlet
(a) Engines not incorporating M096 or MD97 change
(b) Engines not incorporating MOHO change
(c) Engines not incorporating MOm change,(d) Engines not incorporating MDm change
(e) Engines not incorporating MDH1 change
(f) Engines not incorporating MDl76 change

Figure 2-24. Instrumentation Tap Locations (Sheet 6 of 8)
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R-3896-l Section II

Item Tap Item Tap
No. No. Description Type No. No. Description Type

91 HOlc Heat exchanger RP260-1001 124(a) KF6c-2 Fuel pump inlet Flange
oxidizer inlet No.2

92 H02 Heat exchanger RP260-l00l 125 KF6d-2 Fuel pump inlet RP260-100l
oxidizer inlet No.2

93 H03 Heat exchanger RP260-1001 l26(d) KF7a-2 Fuel pump inlet RP260-l001

94(a)
GOX outlet No.2

H04a Heat exchanger Flange 127 GGld Gas generator Flange
GOX outlet chamber

9s(a) H04b Heat exchanger Flange 128 GF2a Gas generator RP260-l00l
GOX outlet fuel injection

96 H04c Heat exchanger RP260-l001 129 GF2b Gas generator RP260-100l
GOX outlet fuel injection

101 LSI Bearing No. 1 MS33682-5 130 G02a Gas generator RP260-l001
102 LS2 Bearing No.2 MS33682-2 oxidizer injection
103 LS3 Turbine bearing MS33682-3 131(b) G02b Gas generator RP260-l001
104(b)C02c Oxidizer manifold ANDIOOSO-4 oxidizer injection
105 C03h Oxidizer injection AND100S0-4 131A G05 Gas generator RP260-l00l I106(blco3k Oxidizer injection ANDlOOSO-4 oxidizer inlet
107(b)C03m Oxidizer injection ANDlOOSO-4 132 GOla Gas generator RP260-l00l
lOS CGle Combustion Flange valve inlet

chamber 133 GOlb Gas generator RP260-1001
lO9(a)HH2a Heat exchanger Flange valve inlet

helium inlet 134 NHO Ground hy- RP260-1001
111 TGSc Turbine outlet Flange

13S(b)
draulic supply

112(d)PF2c-l Fuel pump dis- RP260-1001 005 Heat exchanger RP260-1001
charge No.1 GOX outlet

113 PF2d-l Fuel pump dis- RP260-100l 136 HH2c Heat exchanger RP260-100l
charge No.1 helium inlet

114 PF2c-2 Fuel pump dis- RP260-1001 137 LBla Oxidizer pump Flange

116(a)NH2a
charge No.2 bearing jet
Engine control Flange 138 LBlb Oxidizer pump RP260-100l

1l7(e)NH2b
closing

139(d)
bearing jet

Engine control RP260-1001 P02c-l Oxidizer pump RP260-l00l
closing discharge No. 1

l1s(a)NH3a Engine control Flange 140 P02d-1 Oxidizer pump RP260-l0Cl

1l9(e)NH3b
opening discharge No. 1
Engine control RP260-1001 141 P02c-2 Oxidizer pump RP260-l001

120(C)NHSa
opening

142(a)
discharge No.2

Common hy- RP260-1001 P07a O'Cidizer pump Flange
draulic return seal cavity

121 NH5b Common hy- RP260-1001 143 POTh O'Cidizer pump RP260-1001
draulic return seal cavity

122 NHSc Common hy- Flange 144 NHla Control system ANDlOOSO-4
draullc return supply

123 KF7a-l Fuel pump inlet RP260-1001 145 NHlb Control system AND1OOSO-4
No.1 supply

146 NHS Control system AND100SO-4
override

(a) Engines not incorporating MDl!§ or MD9..1 change
(b) Engines not incorporating MD140 change
(c) Engines not incorporating MDill change
(d) Engines not incorporating MDill change
(e) Engines not incorporating MD141 change

Figure 2-24. Instrumentation Tap Locations (Sheet 7 of 8)
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Section II R-3896-l
Paragraphs 2-50 to 2-53

Accelerometer Direction of Accelerometer
Item Tap Measurement SensitIvity Item Tap Measurement
No. No. Description (Axis) No. No. Description

201 CZAl-Y Oxidizer dome Y 216 PZA6-Z Elbow to inlet Z
position 1 flange fuel

202 CZAZ-Y Oxidizer dome Y pump No.2
position 2 217 PZA7-X Elbow to inlet X

203 CZA3-Y Oxidizer dome Y flange fuel
position 3 pump No.2

204 CZA4-Y Oxidizer dome Y 218 PZA8-Y Boss of fuel Y
position 4 pump housing

205 CZA5-Y Oxidizer dome Y 219 PZA9-Z Boss of fuel Z
position 5 pump housing

206 CZA6-Y Oxidizer dome Y 220 PZAI0-Y Boss of fuel X
position 6 pump housing

207 CZA7-X Oxidizer dome X 221 MZAl-X Interface panel Y
position 7 support No. 1

208 CZA8-Y Oxidizer dome Y side
position 8 222 MZA2-Z Interface panel Z

209 CZA9-Y Oxidizer dome Y support No. 1
position 9 side

210 CZAlO-Y Oxidizer dome Y 223 MZA3-X Interface panel X
position 10 support No. 1

211 PZAl-Y Oxidizer pump Y side
inlet flange 225 MZAS-Z Interface panel Z

212 PZA2-Y Elbow to inlet Y support No. 2
flange fuel side
pump No.1

213 PZA3-Z Elbow to inlet Z
flange fuel
pump No.1

214 PZA4-X Elbow to inlet X
flange fuel
pump No.1

215 PZA5-Y Elbow to inlet Y
flange fuel
pump No.2

Figure 2-24. Instrumentation Tap Locations (Sheet 8 of 8)

2-50. JOINT AND SEAL DATA.

2-51. SEAL DESCRIPTION.

2- 52. Eight types of seals are used in the en
gine systems. Typical use of the more uncom
mon seals are shown in figure 2-25. The fol
lowing paragraphs describe the various types
of seals and their applications.

2-53. NAFLEX SEALS. The Naflex seal (see
figure 2-25) is a pressure-actuated, U-shaped
seal with the slot opening radially inward. The
legs of the U act as springs to preload the seal
leg tip at the flange. The leg tip is covered
with a thin tenon film for cryogenic applica
tions or a soft copper or sUver plating for

2-54 Change No.9 - 4 November 1970

high-temperature applications. The film or
plating deforms plastically at ambient tempera
tures to conform to flange surface irregularities.
Loading of the seal tips by the spring legs effects
a seal at low pressures and also compensates
for flange separation due to increased pressure
and d1lferences in material shrinkage caused by
temperature changes. On double Naflex seals,
the heel of the seal is also tenon-film- coated
or copper- or sUver-plated. The cavities on
either side of the heel, formed by the two seals,
are connected by small diameter holes. The
cavities are then ducted through the flange area
to provide leakage monitoring capability for the
seal.



R-3896-1 Section II
Paragraphs 2- 54 to 2 - 57
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Figure 2-25. Seal Application (Typical)

2- 54. GASK-O-SEALS. The gask-o-seal (see
figure 2-25) is a metal plate with a rubber seal
molded into a groove in the plate. Sealing is
accomplished by initial compression of the rub
ber between mating flanges and extrusion of the
rubber by the pressurized fluid. The double
gask-o-seal consists of a metal plate with rub
ber seals molded into two grooves in the plate.
The cavities on either side of the plate, formed
by the two rubber seals, are connected by small
diameter holes. The cavities are then ducted
through the flange area to provide leakage moni
toring capability of the seal.

2- 55. K-SEALS. The K-seal (see figure 2-25)
is a metal seal coated with teflon for cryogenic
applications and silver or gold plating for high
temperature applications. This seal is used
only on small threaded joints where flange sep
aration will not take place since the leg move
ment of the K- seal 1s limited.

2- 56. O-RING SEALS. The O-ring seal is an
elastomeric rubber seal used for static and

dynamic joints in fuel and hydraulic applica
tions. The seal material is Buna N except
where the seal will be exposed to trichloro
ethylene; then the material is Viton A. Sealing
is effected by compressing the seal between
mating parts on installation; the pressurized
fluid also extrudes the seal against the mating
parts.

2- 57. ASBESTOS SEALS. Two types of asbes
tos seals are used for hot-gas applications at
the nozzle extension joint. The thermocore
seal, consisting of two wrappings of 1/8-inch
asbestos rope, is installed in the nozzle exten
sion flange and depends on a high uniform flange
preload to provide a good seal. On engines in
corporating MD135 change, an a.sbestos gasket
(tadpole) seal replices the thermocore seal be
cause of its greater resiliency. This seal con
sists of two wire-mesh rings covered with as
bestos cloth. During nozzle extension installa
tion, the large ring is compressed in the flange
groove, and the sma.ll ring between the mating
flanges.

Change No~ 7 - 18 August 1969 2- 55



Section II
Paragraphs 2-58 to 2-62

R-3896-1

2-58. COPPER CRUSH SEALS. The copper
crush seal is a soft-metal-type washer. Joints
using this type of seal have machined sharp
circumferential ridges to obtain increased unit
loading of the seal. Sealing is achieved by pre
loading the seal between two flanges. This type
of seal is used for high-temperature applica
tions.

2-59. FLARED SEALS. The flared seal con
sists of a machined, fem.ale, flared fitting
welded to a tube end, a coupling nut On the tube,
and a mating male connector. The coupling nut
mates with an external shoulder on the flared
fitting. Sealing is achieved between the nose of
the male connector and the machined flare as
the connector nut is tightened on the male con
nector.

2-60. SPIRAL-WOUND GASKETS AND METAL
O-RINGS. The spiral-wound (spirotallic) gasket
consists of a spirally wound steel ribbon, of
chevron cross- sectional shape, with copper or
teflon filler between turns. The seal is used in
the thrust chamber oxidizer dome-to-injector
joint. The metal O-ring seal is used in the
thrust chamber body-to... injector joint and pro
vides a sea.l between fuel and hot gas.

2- 61. JOINT AND SEAL IDENTIFICATION.

2-62. The locations of system joints are shown
in figures 2-26 and 2-27.. (Refer to R-3896- 3
for removal and installation torque values and
R-3896-4 when ordering seals .. ) The schematics
are zoned and each joint is assigned a code num
ber to aid in identification and cross-reference
between each schematic and its legend.. The
code designation identifies the type of fluid used
at a specific joint, location of the joint, and if
the joint seal leakage can be monitored. Fluid
identifications are as follows: 0, oxidizer;
F, fuel; HF, hydraulic fuelj HG, hot gas; H,
hellum; and N, nitrogen .. For joint location, D
designates drain joints. Leakage monitoring
ports are indicated by an M. The seal type and
material codes used in the legends are as fol
lows:

2- 56 Change No. 7 - 18 August 1969

TyPe Identification

Crosh seal
Flared fitting
Gask"'o-seal
K-seal
Naflex seal
a-ring seal
Spirotallic seal
Thermocore seal
Tadpole seal

Material Identification

Ma.terial

AlumiIUlm
Asbestos
Asbestos - rubbe r
Asbestos - inconel
Buna N
Copper
Copper-plated nickel base
Silver-plated nickel base
Stainless steel
Copper-plated stainless steel
Gold-plated stainless steel
Silver-plated stainless steel
Teflon-fill stainless steel
Teflon-coated steel
Viton A

Code

CR
F
GO
KB
NA
OR
SP
T
TP

Code

AL
A
AR
AI
BN
C
eN
SN .
S
CS
GS
55
STF
TS
VA
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Section n R-3896-1

J oint Information Seal Information Environment

Pressure, Temperature Number of
Zone Code Description Type Material ro, in. psig 'F Fasteners

OXIDIZER PROPELLANT SYSTEM JOINTS

A4 0-IM LOX Suction Duct to NA TS 17.026 115 -300 36
LOX Pump

A4 0-2M No. 1 and 2 LOX NA TS 9.00 1,700 -300 24
Pump Discharge to
Spacer to LOX High-
Pressure Ducts
(4 seals)

El 0-3M No. 1 and 2 LOX NA TS 9.00 1,700 -300 24
E6 High- Pressure Duct

to Spacer to MLV
Inlet (4 seals)

El 0-4M No. 1 and 2 MLV to NA TS 9.00 1,500 -300 24
E6 LOX Dome Inlets

(2 seals)
A3 0-5M No. 2 LOX High- NA TS 1. 924 1,200 -300 8

Pressure Duct to siS •
Line (2 seaIs )

B3 0-6 BIS Line to GO LOX NA TS 2.486 1,200 -300 8
SUpply Line (3 diller- NA TS 1. 611 1,200 -300 8
ent seals) NA TS 2.111 1,200 -300 8

B3 0-7 GO LOX SUpply Line NA TS 2.486 1,200 -300 8
to GO Ball Valve

F5 0-8M H. E. LOX Check Valve NA TS 2.00 1,450 -300 8
to LOX Dome

D5 0-9M H. E. LOX Check Valve NA TS 1. 635 1,400 -300 8
to H. E. LOX Flow-
meter

D5 0-10M H. E. LOX Flowmeter NA TS 1.635 1,350 -300 8
to H. E. LOX Inlet
Line

C4 0-11 H. E. LOX Bypass NA TS 1. 026 1,300 -300 4
Line to H. E. LOX
Inlet Line (2 seals)

C4 0-12M H. E. LOX Inlet Line NA TS 3.735 1,300 -300 8
to H. E.

C4 0-13M H. E. GOX Outlet Line NA CN 3.780 1,300 800 8
to H. E.

Figure 2-26. System Joint and Seal Schematic (Sheet 2 of 13)
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R-3896-1 section D

J oint Information Seal Information Environment

Pressure, Temperature, Number of
Zone Code Description Type Material !D, in. psig of Fasteners

OXIDIZER PROPELLANT SYSTEM JOINTS (continued)

C4 0-14 H. E. LOX Bypass NA TS 1.032 1,300 0 4
Line to H. E. GOX
Outlet Line

C4 0-15 H. E. GOX Outlet NA SN 1. 530 1,300 800 8
Line to H. E. GOX
Wrap-Around Line

D5 0-16M H. E. LOX Inlet NA TS 0.510 1,300 -300 4
Pressure Trans-
ducer (a)

D5 0-17M H. E. LOX Inlet NA TS 0.510 1,300 -300 4
Temperature
Transducer(a)

D5 0-18 Tube (H. E. LOX NA TS 0.510 1,300 -300 4
Inlet Pressure)(a)

C4 0-19M H. E. GOX Out Pres- NA CN 0.510 1,300 800 4
sure Transducer and
Hose (2 seals)

C4 0-20M H. E. GOX Out Tem- NA CN 0.510 1,300 800 4
perature Transducer(a)

A3 0-21M LOX Pump Discharge NA TS 0.510 1,700 -300 4
A4 Pressure Transducer

and Tube Assembly
(4 seals)

B4 0-23 GO LOX Purge Check NA TS 0.464 1,200 -300 3
Valve to GO Ball
Valve

A4 0-25 LOX seal Cavity Pres- NA TS 0.510 12 -300 to 4
sure Transducer(a) +130

A4 0-26 LOX Pump Seal F AL 0.213 1,700 -300 1
Cavity; Static Firing
Instrumentation (Port
P02b-2)(4 sea1ll)

A3 0-28 LOX Pump Discharge KB TS 0.451 1,700 -300 1
A4 No.2; Static Firing

Instrumentation (Port F AL 0.213 1,700 -300 1
P02b-2)(2 seals each
of 2 diHerent sea1ll)

(a) Engines not incorporating MD96 or MD97 change

Figure 2-26. System Joint and Seal Schematic (Sheet 3 of 13)
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section II R-389S-1

Joint Information Seal In!ormation Environment

Pressure, Tem~erature, Number ot
Zone Code Description Type Material m, In. psig F Fasteners

OXIDIZER PROPELLANT SYSTEM JOINTS (continued)

A5 0-29 LOX Pump Discharge KB TS 0.451 1,700 -300 1
(continued) No.1; static Firing

Instrumentation (Port F AL 0.213 1,700 -300 1
P02b-l)(2 seals each
of 2 different seals)

F3 0-30 Oxidizer Dome to SP STF 41.062 1,450 -300 58
Injector

FUEL PROPELLANT SYSTEM JOINTS

A2 F-l Fuel Suction Duct to GO VA 12 150 0-130 40
A5 Fuel Low-Pressure

Duct (2 seals)
A4 F-2M Fuel Low-Pressure GO VA 8.5 150 0-130 36

Duct to Fuel Pump
Inlet (2 seals)

B4 F-3M No. 1 and 2 Fuel GO VA 6 1,815 0-130 20
Pump Cutlet to
spacer to HIgh-
Pressure Ducts
(4 seals)

B3 F-4M No. 2 Fuel High- GO VA 2.28 1,815 0-130 8
Pressure Duct to GO

E Fuel Upstream Line GO VA 1.25 1,815 0-130 8
B3 F-5 GG Fuel Upstream GO VA 1.25 1,815 0-130 8

Line to GO Fuel
Downstream Line

B3 F-6 GO Fuel Downstream GO VA 2 1,330 0-130 8
Line to GO Ball Valve
Inlet

E5 F-7 No. 1 Fuel High- GO VA 0.875 1,815 0-130 4
Pressure Duct to ig-
niter Fuel Valve
Supply Line
No. 1 Fuel High- OR VA 1. 176 1,815 0-130 4
Pressure Duct to
Igniter Fuel Valve
&lpply

E3 F-8 Igniter Puel Valve GO VA 0.625 1,700 0-130 4
lllpply Line to Igniter
Fuel Valve Inlet
Igniter Puel Valve OR VA 1.176 1,700 0-130 4
Supply Line to Igniter
Fuel Valve Inlet (2 seals)

Figure 2-26. System Joint and Seal Schematic (Sheet 4 of 13)
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R-3896-1 Section n

J oint Information Seal Information Environment

Pressure, Temperature, Number of
Zone Code Description Type Material m. In. pslg of Fasteners

FUEL PROPELLANT SYSTEM JOINTS (continued)

E4 F-9 Igniter Fuel Valve GO VA 0.625 1,500 0-130 4
to Igniter Fuel Line

F4 F-10 Igniter Fuel Line to GO VA 0.625 1,400 0-130 4
Thrust Chamber
lnjector

E5 F-ll No.1 High-Pressure GO VA 3 1,815 0-130 B
Duct to Gimbal SUpply
Cover GO VA 1.875 1,815 0-130 B

F2 F-12M Fuel High-Pressure GO VA 6.52 1,815 0-130 20
Duct to No. 1 and 2
MFV (2 seals)

F5 Fuel High-Pressure GO VA 6.52 1,815 0-130 20
Duct to Spacer to No. 1
and 2 MFV (4 seals)

G2 F-13M No. 1 and 2 MFV to GO VA 3 1,520 0-130 20
G5 Fuel Manllold lnlet

(2 seals)
F4 F-14 Pref1ll lnlet Boss GO VA 1.492 1,520 0-130 6

(cover)
F5 F-15M PrefUl Level De- GO VA 1.499 1,520 0-130 6 Itector Boss
B2 F-16 High-Pressure Duct GO VA 0.57 1,800 0-130 4

Bleed Line to Low-
Pressure Duct

B2 F-17 High-Pressure Duct GO VA 0.735 1,800 0-130 4
Bleed Line to High-

F-18(a)
Pressure Duct

A5 Fuel Pump Wet Tem- GO VA 0.735 150 0-130 4
!l5 perature Transducer
B4 F-19 Bearing Jet Pressure GO VA 0.735 400 0-130 4

Transducer
B3 F-20 Fuel Pump Discharge GO VA 0.735 1,815 0-130 4
B4 Pressure Transducer

(4 seals)
A3 F-21 Fuel Pump Wet Pres- GO VA 0.735 150 0-130 4
A4 sure Transducer

(2 seals)
AS F-22 Fuel Pump Wet Pres- GO VA 0.735 150 0-130 4
A4 sure Adapter to Wet

(2 seals)
G3 F-23 Fuel lnlet Manifold OR VA 1.045 1,520 0-130 4
G4 Disconnect (2 seals)

(a) Engines not Incorporating M006 or MD97 change

Figure 2-26. System Joint and Seal Schematic (Sheet 5 of 13)
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Section II R-3896-l

Joint Information Seal Information Environment

Pressure, Tem~erature, Number of
Zone Code Description Type Material lD, in. pslg F Fasteners

FUEL PROPELLANT SYSTEM JOINTS (continued)

G2 F-24 Fuel Valve Drain Port OR VA 0.468 1,520 0-130 1
G5 Disconnect (2 seals)
E4 F-25 igniter Fuel SUpply OR VA 0.739 1,815 0-130 4

Line Disconneet
B5 F-26 Fuel Impeller Back- GO VA 1.125 1,815 0-130 4

casing SUpply Orifice
F2 F-27 Fuel Valve Disconnect OR VA 0.739 1,815 0-130 4
F5 (2 seals)
E3 F-28 Adapter, Hypergol GO VA 0.401 1,700 0-130 4

Bleed
E3 F-29 Adapter Plug, Hyper- OR VA 0.351 1,700 0-130 1

gol Bleed
F3 F-30 Prefill Inlet Valve OR VA 0.75 1,520 0-130 6

Assembly
F4 F-31 Calip Switch Boss to GO VA 0.735 1,520 0-130 6

Calip Switch
B2 F-32 IDgh- Pressure Duct GO VA 0.735 1,815 0-130 4

Bleed Line to Low-
Pressure Duct

A3 F-33 AN814-4C Plug; Fuel OR VA 0.351 150 0-130 1
A5 Pump Inlet (3 lIeals)
B4 F-34 Fuel Inlet Duct to OR VA 0.239 150 0-130 1

Pump; Seal Monitor-
ing Port (2 seals)

B5 F-35 Fuel High-Pressure OR VA 0.739 1,815 0-130 4
Duct; Dillconnect

B3 F-36 Gas Generator Fuel OR VA 0.468 1,300 0-130 1
Drain Disconnect
(2 dillerent seals) OR VA 0.351 1,300 0-130 . 1

F-38 Fuel Pump Inlet OR VA 0.351 150 0-130 1
No.2; Static Firing
Instrumentation
(Port KF6d-2)(5 RD
and 2 VSF seals) F AL 0.213 150 0-130 I

F-40 No. 2 Fuel Discharge; F AL 0.213 150 0-130 1
Static Firing Instru-
mentation (Port
PF3b-2)(2 seals)

B4 F-41 Fuel Impeller Back- F AL 0.213 1,300 0-130 1
casing; Static Firing
Instrumentation
(PF-IO)(2 seals)

Figure 2-26. System Joint and Seal Schematic (Sheet 6 of 13)
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R-3896-1 Section II

Joint Information Seal Information Environment

Pressure, Temperature, Number of
Zone Code Description Type Material ro, in. psig OF Fasteners

FUEL PROPELLANT SYSTEM JOINTS (continued)

A4 F-43 Fuel Pump Discharge OR VA 0.351 1,815 0-130 1
No.1; Static Firing
Instrumentation (Port
PF2b-l)(2 seals each
of 2 different seals) F AL 0.213 1,815 0-130 1

B5 F-44 LOX Pump Bearing F AL 0.213 1,815 0-130 1
Jet; Static Firing In-
strumentatton (Port
LDlb)(2 seals)

F-45 Fuel Pump Inlet No. F AL 0.213 150 0-130 1
1; Static Firing In-
strumentation (Port
KF6b-l)(2 seals)

HELIUM SYSTEM JOINTS

C4 H-l Customer Connect to NA TS 1. 250 350 -300 6
Helium Supply Cross-
over

C4 H-2 Helium Crossover to NA TS 1. 250 350 -300 6
Supply Duct Assembly

C4 H-3 Helium Supply Duct to NA TS 1.026 350 -300 4
Bypass Hose (2 seals)

C4 H-4M Helium Supply Duct NA CN 3.2 350 -300 8
to H. E.

C4 H-5M H. E. to Helium Re- NA CN 3;2 250 600 8
turn Duct

C4 H-6 Helium Return Duct NA TS 1. 032 250 0 4
to Bypass Hose

C4 H-7 Helium Return Duct NA SN 1. 530 250 600 8
to Crossover

C4 H-8 Helium Crossover NA SN 1.530 250 600 8
Return to Customer
Connect

C4 H-9M<a.) H. E. Helium Outlet NA CN 0.510 250 600 4
Pressure Transducer

C4 H-I0M(a) H.E. Helium Outlet NA CN 0.510 250 600 4
Temperature Trans-
ducer

(a) Engines not incorporating MD96 or MD97 change

Figure 2-26. Syste,,!- Joint and Seal Schematic (Sheet 7 of 13)
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Section D R-3896-1

J oint Info rmatlon Seal Information Environment

Pressure, Temperature, Number of
Zone Code Descriptlon Type Material ro, in. psig of Fasteners

HELIUM SYSTEM JOINTS (cont1ID1ed)

C4 H-l1M(a) H. E. Helium Inlet NA TS 0.510 350 -300 4
Pressure Transducer

C4 H-12(a) H. E. Helium Inlet NA TS 0.510 360 -300 4
Temperature Trans-

H-13(a)
ducer

C4 703203 Hose (H. E. NA TS 0.510 350 -300 4

H-14(a)
Helium Inlet Pressure)

C4 703203 Hose (H. E. NA CN 0.510 250 600 4
Helium Outlet Pres-
sure)

HYDRAULIC FLUID SYSTEM JOINTS

03 HF-2 Hydraulic Supply GO VA 1. 31 1,800 0-130 8
Crossover Cover

D3 SF-3 Hydraulic Supply GO VA 0.875 1,800 0-130 8
Crossover Line

C4 HF-4 Ground &1pply Port GO VA 0.875 1,800 0-130 4
of Control Valve

02 HF-5 High-Pressure Duct GO VA 1. 176 1,800 0-130 4
to Control Valve Sup·
ply Line (2 seals)

C3 HF-6 Engine &1pply Port OR VA 1.114 I, BOO 0-130 4
of Control Valve
(2 seals)

C3 HF-7 Close-Pressure GO VA 0.875 1,800 0-130 4
Port of Control Valve
(2 seals)(1 seal)

C3 HF-8 Open-Pressure Port GO VA 0.875 1,800 0-130 4
of Control Valve (2
seals)

Fl HF-9 No. 1 and 2 MLV GO VA 0.870 1,800 0-130 4
F6 Open Coatrol Port

(2 seals)
Gl HF-I0 No. 1 and 2 MLV GO VA 0.625 1,800 0-130 4
G6 Close Control Port

(2 seals)
G1 HF-ll No. 1 and 2 Main GO VA 0.406 1,800 0-130 4
G6 Oz:I.dtzer 8equence

Valve Inlet (2 seals)

(a) Engines not incorporating MD96 or MD97 chaJ1ge

Figure 2-26. System Joint and Seal Schematic (Sheet 8 of 13)

2-64 Change No.9 - 4 November 1970



R-3896-1 Section IT

J oint Information seal Information Environment

Pressure, Temperature, Number of
Zone Code Description Type Materlal lD, in. psig of Fasteners

HYDRAULIC FLUID SYSTEM JOINTS (continued)

Gl HF-12 No.1 and 2 Main Oxi- GO VA 0.406 1,800 0-130 4
G7 di:l:er Sequence Valve

Outlet (2 seals)
D3 HF-13 IMV Hydraulic Inlet GO VA 0.625 1,800 0-130 4

Port
D3 HF-14 IMV Open Port to GO VA 0.406 1,800 0-130 4

No.1 MFV
D3 HF-15 IMV Open Port to GO VA 0.406 1,800 0-130 4

No.2 MFV
D3 HF-16 IMV Hydraulic Return GO VA 0.500 1,800 0-130 4

Port
Bl BF-17 IMV Return to Com- GO VA 0.500 1,800 0-130 4

mon System Return
C2 HF-18 Control Valve Hy- GO VA 1. 125 1,800 0-130 6

draulic Return Port
B2 BF-19 Control Valve Return GO VA 1. 125 1,800 0-130 6

Line to Common
Return

A2 BF-20 Blind Cover 601546 to GO VA 2.448 1,800 0-130 8
Common Bydraulic
Return

B2 HF-21 Engine Hydraulic Re- GO VA 2.750 1,800 0-130 8
turn Line at Checkout
Valve

A2 HF-22 Engine Hydraulic Re- GO VA 2.750 1,800 0-130 8
turn Line to No. 2
Fuel Inlet

B2 BF-23 Actuator Return Line GO VA 2.750 1,800 0-130 8
Assembly to Check-
out Valve

F2 BF-24 No. 1 and 2 MFV Open GO VA 0.735 1,800 0-130 8
F8 Control Port (2 seals)
F2 HF-25 No. 1 and 2 MFV GO VA 0.406 1,800 0-130 4
F8 Closing Control Port

(2 seals)
C3 HF-26 Flange in GO Close GO VA 0.406 1,800 0-130 4

Line
B3 HF-27 Closing Control Line GO VA 0.406 1,800 0-130 4

at GO
B3 BF-28 Opening Control Line GO VA 0.400 1,800 0-130 6

at GO
F3 HF-29 IMV sense Line at GO VA 0.307 1,800 0-130 4

Fuel ManUold

Figure 2-26. System Joint and Seal Schematic (Sheet 9 of 13)
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section II R-3896-1

J oint Information seal Information Envtronment

Pressure, Temperature, Number of
Zone Code Description Type Material ro, in. psig ·F Fasteners

HYDRAULIC FLUID SYSTEM JOINTS (continued)

03 HF-32 IMV Sense Pressure OR VA 0.739 1,800 0-130 4
Inlet Port (2 seals)

B2 HF-35 Common Hydraulic GO VA 0.735 1,800 0-130 4
Return Pressure
Transducer

C3 HF-36(a) Engine Control Open GO VA 0.735 1,800 0-130 4
Transducer

C3 HF-37(a) Engine Control Close GO VA 0.735 1,800 0-130 4
Transducer

C3 HF-38 Plugs at Open and OR VA 0.351 1,800 0-130 1
Close Control Ports
of Control Valve
(2 seals)

A2 HF-39 Hydraulic Return OR VA 0.739 1,800 0-130 4
Disconnect

02 HF-40 Four-Way Valve Sup- OR VA '0.739 1,800 0-130 4
ply Disconnect

B2 HF-41 Checkout Valve to GO VA 2.323 1,800 0-130 8
Hydraulic Return
Ground Facility Line

Bl HF-44 Gimbal Return Line GO VA 2.448 1,800 0-130 8
Cover

Bl HF-45 Gimbal Return Line OR VA 0.739 1,800 0-130 4
Cover Disconnect

Cl HF-46 Hydraulic Return Line GO VA 1. 52 1,800 0-130 6
to Crossover

C2 HF-47 Control System Sup- OR VA 0.351 1,800 0-130 1
ply; static Firing In-
strumentation (Port
NHlb)(2 seals each of 2
different seals) F AL 0.213 1,800 0-130 1

C3 HF-48 Engine Control Open; OR VA 0.351 1,800 0-130 1
static Firing Ihstru-
mentation (Port NH3b)
(2 seals)

(a) Engines not incorporating MD96 or MD97 change

Figure 2-26. System Joint and Seal Schematic (Sheet 10 of 13)

2-66 Change No.9 - 4 November 1970
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Joint Information Seal Information Environment
Pressure, Temperature, Number of

Zone Code Description Type Material m, in. pslg of Fasteners

0-130 1

1,450 1

1,450 24

1,600 4

1,170 120

1,170 4

0-130 1
0-130 1
0-130 1

0-130 4

0-130 4

0-130 1

0-130 1
0-130 1

HYDRAULIC FLUID SYSTEM JOINTS (continued)

C3 HF-49 EngineControlClose; OR VA 0.351 1,800
static Firing Instru-
mentation (Port NH2b)
(2 seals each of 2 dif-
ferent seals) F AL 0.213 1,800

C2 HF-51 Engine Control Valve F AL 0.213 1,800
to Redundant Shut- 0 VA 0.351 1,800
down Valve (Port
NHla)

C2 HF-52 Engine Control Valve GO VA 0.182 1,800
to Redundant Shut-
down Valve (In Port)

C2 HF-53 Redundant Shutdown GO VA 0.182 1,800
Valve to Engine Con-
trol Valve (Out Port)

C2 HF-54 Redundant Shutdown F AL 0.213 1,800
Valve to Engine Con-
trol Valve (Override
Port) 0 VA O. 644 1,800

C2 HF-55 Redundant Shutdown OR VA 0.351 1,800
Valve to Engine Con-
trol Valve (PortNH8)
(2 seals each of 2
different seals) F AL 0.213 1, 800

HOT-GAS SYSTEM JOINTS
C4 HG-l Gas Generator Com- KB GS 0.451 1,000

bustor Drain Plug
C4 HG-2M Gas Generator Com- NA SN 8.780 1,000

bustor to Turbine Inlet
B4 HG-3 Turbine Torus Tem- NA SN 0.510 950

perature Transducer
C4 HG-4M Turbine to Heat NA SN 40.755 60

Exchanger
C4 HG-5M Turbine Outlet Pres- NA SN 0.510 60

sure Transducer and
Hose (2 seals)

0-130 1

Figure 2-26. System Joint and Seal Schematic (Sheet 11 of 13)
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Joint Information Seal Information Environment

Pressure, Temperature, Number of
Zone Code Description Type Material m, in. pslg of Fasteners

HOT-GAS SYSTEM JOINTS (continued)

C4 HG-6M Heat Exchanger to NA SN 23.94 30 1,170 60
Exhaust Manifold

H3 HG-7 Thrust Chamber to TP AN (117.1 20 1,170 240
Nozzle Extension in lengt!l

per seal)
C4 HG-8M GG Chamber Pres- NA SN 0.510 1,000 140 4

sure Transducer
F4 HG-9M Thrust Chamber Com- NA SN 0.510 1,100 500 4

bustion Chamber Pres-
sure Transducer

F4 HG-I0 Thrust Chamber Pres- NA CN 0.875 1,100 500 6
sure Transducer Boss

F4 HG-11 Thrust Chamber Pres- KB GS 0.325 1,100 500 1
sure Adapter Plug

H4 HG-13 Nozzle Extension CR C 0.682 20 I, 170 1
Igniter (2 seals)

C4 HG-15 Gas Generator CR C 0.682 1,000 1,450 1
Igniter (2 seals)

C4 HG-16 Heat Exchanger; Static KB TS 0.451 1,000 1,450 1
Firing Instrumentation
(Port TG5A) (2 seals F AL 0.213 1,000 1,450 1
each of 2 different
seals)

C4 HG-18 GG Chamber; Static KB TS 0.451 1,000 140 1
Firing Instrumentation
(Port GGlb) (1 K-seal F AL 0.213 1,000 140 1
and 2 VSF seal)

Figure 2-26. System Joint and Seal Schematic (Sheet 12 of 13\
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Joint Information Seal Information Environment

Pressure, Temperature, Number of
Zone Code Description Type Material ro, in. psig of Fasteners

HOT-GAS SYSTEM JOINTS (continued)

F4 HG-21 Combustion Chamber; KB
Static Firing Instru
mentation (Port
CGld) (one seal)

TS 0.451 1,000 1,450 1

Figure 2-26. System Joint and Seal Schema.tic (Sheet 13 of 13)
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R-3896-1 Section n

J oint Information Seal Information Environment

Pressure, Temperature, Number of
Zone Code Description Type Material 1D,ln. pslg of Fasteners

OXIDIZER PURGE AND DRAIN JOINTS

B3,Dl, 00-4 Oxidizer Drain Line F S 0.25 10 -100 to ...100 1
D5,Fl.
F6
05 00-8 Oxidizer Drain Line F S 0.50 10 -100 to ...100 1
05 00-17 OXIdizer Overboard NA TS 1.350 10 -100 to ...100 4
E5 Drain Line
Fl 00-19 No. 1 and 2 LOX KB TS 0.451 10 -100 to ...100 1
F6 Valve Actuator Shaft

Drain
A4 00-20 OXIdizer Drain Line F S 1.25 10 -100 to ...100 1
B3 00-21 Gas Generator Ball KB TS 0.451 10 -100 to ...100 1

Valve LOX Vent
Port (2 seals)

NITROGEN PURGE AND DRAIN JOINTS
•

H7 N-1 Crossover to LOX GO VA 0.735 1,000 0-130 4
Dome and Gas Gen-
erator Purge

H3 N-2 Purge Supply Line GO VA 0.735 1.000 0-130 4
to No.2 MLV

F1 N-3 Purge Line to No. 1 GO VA 0.735 1,000 0-130 4
F7 and 2 Check Valves

(2 seals)
B4 N-4 Purge Line to GO NA TS 1.026 1,000 0-130 4

Ball Valve Check
Valve

A3 N-5 Pump LOX Seal GO VA 1.125 100 0-130 4
Purge Crossover
Line to Hard Line

A4 N-6 Hard Line Joint GO VA 0.571 100 0-130 4
Bl (Pump LOX Seal

Purge)
Bl N-9 Gas Generator GO VA 0.571 100 0-130 4

Bypass Oxidizer
Manifold Purge

A4 N-I0 No. 1 Bearing Purge OR BN 0.468 100 0-130 1
Adapter to Pump

A4 N-ll No. 1 Bearing Purge OR BN 0.426 100 0-130 1
Line to Adapter Fuel
Pump

Figure 2-27. Purge and Drain Joint and Seal Schematic (Bllee! 2 of 4)
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Joint Information Seal Information Environment

Pressure t Tem~erature, Number of
Zone Code Description Type Material rD, in psig F Fasteners

NITROGEN PURGE AND DRAIN JOINTS (continued)

F4 N-13 Calip Switch OR VA 0.351 1,090 0-130 1
Checkout Line

Bl N-14 Gas Generator KB TS 0.577 10-400 0-130 1
Bypass Oxidizer
Manifold Purge

A3 N-17 Purge to Crossover GO VA 0.735 175 0-130 4
(Insulation)

C6 N-18 Purge Overboard OR SN 0.688 10 0-130 4
Drain Line

Bl ND-6 Purge Drain Lines F S 0.375 10 0-130 1
A4 ND-8 Purge Drain Lines F S 0.50 10 0-130 1

FUEL PURGE AND DRAIN JOINTS

A4, B4, FD-4 Fuel Drain Lines F S 0.25 10 0-130 I
C2,
C3, FI,
F6, F7,
G2,G6
B3, B4, FD-6 Fuel Drain Lines F S 0.375 10 0-130 I
C2,
03, E4,
FI, G2,
G6,G7
A4, B4, FD-8 Fuel Drain Lines F S 0.50 10 0-130 1
02, E2,
E4, G2,
G6, B6,
B7
E2,E4 FD-l0 Fuel Drain Lines F S 0.625 10 0-130 1
02, E2 FD-12 Fuel Drain Lines F S 0.75 10 0-130 1
02 FD-16 Fuel Drain Lines F S 1,0 10 0-130 1
A5, B7 FD-17 Drain Manifold Cover GO VA 2.00 10 0-130 4
B5, C7 and Outlet Line (3
E2 seals)

Figure 2-27. Purge and Drain Joint and Seal SChematic (Sheet 3 of 4)
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Joint Information Seal Information Environment

Pressure, Tem~erature, Number of
Zone Code Dese ription Type Material m,in. psig F Fasteners

FUEL PURGE AND DRAIN JOmTS (contiIUled)

B4, C6 FD-19 Turbine Bearing GO VA 0.735 10 0-130 4 I
Lube to Drain Mani-
fold (2 seals)

B4, B6, FD-23 Fuel Inlet Drain OR VA 0.924 10 0-130 1 IB7 Lines (4 seals)
A4, B6 FD-25 Fuel Inlet Lube Bear- OR VA 0.644 10 0-130 1

ing Drain Inboard
E4 FD-27 Reducer in Fuel OR VA 0.468 10 0-130 1

Overboard Drain Line
Fl FD-29 No.1 and 2 LOX KB TS 0.451 10 0-130 1
F6 Valve Drain to Valve

(4 seals)
A4 FD-31 Primary Fuel seal OR VA 0.644 10 0-130 1
B4, B6, Drain No. 1 and 2 IB7 (4 seals)
E4 FD-33 Ignition Monitor Valve OR VA 0.644 10 0-130 1

Vent Drain (3 seals)
G2 FD-35 Main Fuel Valve Vent KB OS 0.451 10 0-130 1
G6 Drain (4 seals)
E4 FD-37 Igniter Fuel Valve OR VA 0.. 468 10 0-130 1

Vent
Cl FD-39 Checkoot Valve Aetu- OR VA 0.351 10 0-130
C2 ator and Seat Vents

(2 seals)
Cl FO-40 Checkout Valve Aetu- OR VA 0.351 10 0-130 1

ator and seat Vents
(1 seal)

B4, B7 FD-41 Beartng Lube Drain; GO VA 0.735 10 0-130 4 I
Inboard and Outboard
and Turbine Bearing
Lube Drain Lines (3
seals)

03 FD-43 Igniter Monitor Valve OR VA 0.351 10 0-130
Vent Drain

Cl FD-45 Gas Generator Ball KB TS 0.451 10 0-130 1
Valve Cavity Vent

B3 FD-46 Gas Generator Ball KB TS 0.451 10 0-130 1
Valve Shaft Vent

Cl FD-47 Gas Generator Actu- OR VA 0.351 10 0-130 1
alor Vent Port

Figure 2- 27. Purge and Drain Joint and Seal Schematic (Sheet 4 of 4)
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R-3896-1

SECTION III

PERFORMANCE

Section III
Paragraphs 3-1 to 3-9

3-1. SCOPE. This section contains nominal
engine performance characteristics, methods
for predicting engine variable characteristics,
engine influence coefficients, instrumentation
parameters used during static tests of a single
engine, and flight instrumentation transducer
data control and processing. The data is pre
sented as an aid in analyZing and/or determin
ing specific engine performance.

3-2. NOMINAL PERFORMANCE CHARAC
TERISTICS.

3-3. The nominal performance characteristics
contained in the following paragraphs are stated
values for optimum engine performance. The
allowable tolerance for actual engine perform
ance values are based upon these nominal values.

3-4. NOMINAL ENGINE PERFORMANCE
VALUES.

3-5. See figures 3-lthrough 3-12A for current
nominal engine performance values.

3-6. NOMINAL THRUST CHAMBER PER
FORMANCE VALUES.

3-7. See figure 3-13 for nominal thrust cham
ber performance values.

3-8. NOMINAL TUROBPUMP PERFORM
ANCE VALUES.

3- 9. See figures 3-14 through 3-18 for nominal
turbopump values.

Parameter Value

Thrust 1,522,000Ib

Mixture ratio 2.270/F

Specific impulse 265.1 sec
265.3 sec(a)

Rated duration 165 sec

Fuel fiowrate 1,755 lb/sec
1,756 lb/sec(a)

Oxidizer fiowrate 3,984 lb/sec

3,981Ib/sec(aJ

(a) Engines incorporating MD128 or MD174
change --

Figure 3-1. Nominal Engine Performance
Values at Sea Level and Standard

Turbopump Inlet Conditions

Change No. 10 - 16 July 1971 3-1
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R-3896-1 Section HI

Parameter Value Parameter Value

Thrust at sea level 1,522,000 Ib OXIDIZER PUMP

Expansion area 16:1 Total llowrate 3,986lb sec
25,061 gpm(a)

Throat area 961. 4 sq in. 25,063 gpm I
Inlet pressure (total) 65 psia

Thrust chamber pressure Discharge pressure (total) 1,598 psia( )injector end 1,123 psia( ) 1,602 psia a I
I 1,125 psia a

Nozzle stagnation 980 pSia( ) Required power 30,270 bhp( )
II 982 psia a 30,332 bhp a

Speed 5,488 rpm, )
IIgniter fuel flowrate 12 1b/sec 5,492 rpm \a

Torque 28,967ft-lb r )
ITotal fuel flowrate 1,633 lb/sec( ) 29,022 It-lb a

I 1,636 lb/sec a
FUEL PUMP

I Oxidizer flowrate 3,9311b/sec( ) Total llowrate 1,756 lb/sec
3,933 Ib/sec a 15,620 gpm

Mixture ratio 2.400/F Wet pressure (total) 45 psia

Characteristic velocity,
Discharge preSoSure (total) 1,857 psia r I

INozzle stagnation 5,447 it/sect )
1,870 psia a

I 5,451 ft/sec a Required power 22,656 bhp( )
I22,814 bhp a

Throat gas stagnation 5,970· F Speed 5,488 rpm, I
Itemperature 5,492 rpm ,a

Torque 21,681ft-Ib I
IThroat gas static 5,328· F 21,829 ft_Ib'a

temperature
TURBINE

Nozzle exit gas static 1,922' F Inlet temperature l,453'F
temperature

Exit temperature 1,152'F
IThrust chamber wall 975' F 1 138' F(al,

temperature at throat Inlet pressure (toW) 918 pSiar I

Cooling jacket prelill 105 gal
945 psia a I

volume Exit static pressure 58 psia

Oxidizer injector pressure 312 psid Gas flowrate 172 lb sec
ral Idrop 167 lb sec

Developed power 52,926 bhp( )
IFuel injector pressure 96 psid 53,146 bhp a

drop
Speed 5,488 rpm, )

Cooling jacket pressure 265 psid( )
5,492 rpm \a I

I Torque 50,649 ft-Ib( )drop 242 psid a 50,851 ft-lb a I

I (a) Engines incorporating MD128 or MD174 (a) Engines incorporating MD128 or MD174
change change

Figure 3-13. Nominal Thrust Chamber Figure 3-14. Nominal Turbopump IPerformance Values Performance Values

Change No. 10 - 16 July 1971 3-7



Section III R-3896-1

Figure 3-15 deleted.
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Figure 3-16. Oxidizer Pump Developed Head Versus Volumetric Flowrate
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Figure 3-17 deleted.
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Section IT!
Paragraphs 3-10 to 3-15

17,000
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Figure 3-18. Fuel Pump Developed Head Versus Volumetric Flowrate

3-10. NOMINAL GAS GENERATOR PERFORM
ANCE VALUES.

3-11. See figure 3-19 for nominal gas genera
tor performance values.

Parameter Value

GAS GENERATOR

I
Injector end pressure 956 psia( )

980 psia a

Fuel flow rate 121.1Ib/sec(a)
I 118.0Ib/sec

Oxidizer flowrate 50.4 lb/sec(a)
I 49.0 lb/sec

Mixture ratio 0.4170/F( )
I 0.416 OfF a

Discharge temperature 1,453· F

I (a) Engines incorporating MD128 or MD174
change

Figure 3-19. Nominal Gas Generator
Performance Values

3-12. NOMINAL HEAT EXCHANGER PER
FORMANCE VALUES.

3-13. See figure 3-20 for nominal heat ex
changer performance values.

Temperature Nominal
Parameter Range Value

Oxygen flowrate 400· to 500 0 F 4.0 10 sec

Helium flowrate 185 0 to 285 0 F 0.6 lb.'sec

Figure 3-20. Nominal Heat Exchanger
Performance Values

3-14. ENGINE START CHARACTERISTICS.

3-15. Engine start characteristics (figures
3-21 through 3-26) are presented as nominal
values. Refer to R-3896-11 for minimum and
maximum values.

Change No. 10 - 16 July 1971 3-9



Section III R-3896-1

Switch Times Potentiometer
Valve (Seconds) Times (Seconds)

Oxidizer valve 0.320 0.535

Gas generator 0.170
ball valve

Fuel valve 0.635 0.735

Figure 3- 21. Nominal Valve Opening
Times for Mainstage

Parameter

Engine Control Valve Opening
Signal to:

Oxidizer valve starts to open

Gas generator ball valve
starts to open

Fuel valves start to open

Value(ai
(Seconds)

0.035

0.140

3.570

Parameter

Mal<imum thrust increase
for O. OIO-second interval,
90-990K lb

Value

50,0001b

Ttme of 100 psig chamber
pressure

Thrust OK pressure switches
pickup

3.800

4.640

Mal<imum thrust increase
for O.OlO-second interval,
above 990K lb

Thrust increase time.
610-1, 370K lb

Oxidizer consumption prior
to 90% thrust

Fuel consumption prior to
90% thrust

21,0001b

0.59 sec

620 gal.

128 gal.

(a) Values are based on S-IC stage
application.

Figure 3-22A. Nominal Start Times From
Engine Control Valve Open Signal

Figure 3-22. Nominal Thrust Buildup and
Approximate Propellant Consumption

Values for Mainstage

A11 data on pages 3-11 through 3-16 deleted.

3-10 Change No. 10 - 16 July 1971



R-3896-1 Section In

3,000

2,600
23,000 24,000 25,000 26,000 27,000

FLOW ...... GPM

CURVE SPEED = 5, 550 RPM
IMPELLER DIAMETER = 19.500 DilCHES
AVERAGE DilLET FLUID TEMPERATURE = 295. 5~

104001-G-43

Figure 3-16. Oxidizer Pump Developed Head Versus Volumetric Flowrate
(Engines Incorporating MD31 Change)
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104001-G-22D

Figure 3-17. Fuel Pump Developed Head Versus Volumetric Flowrate
(Engines Not Incorporating MD31 Change)
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Section In
Paragraphs 3-10 to 3-11

6, 000

5,000

4, 000 .
14,000

R-3896-1

15,000 16,000

FLOW "- OPM

CURVE SPEED = 5,550 RPM

17, 000

104001-0-44

Figure 3-18. Fuel Pump Developed Head Versus Volumetric Flowrate
(Engines Incorporating MD31 Change)

3-10. NOMINAL GAS GENERATOR PERFORM
ANCE VALUES.

3-11. See figure 3-19 for nominal gas genera
tor performance values.

Value

F-2017 F-2029 F-2066
Thru Thru and

Parameter F-2027 F-2065 Subsequent

GAS GENERATOR

Injector End Pressure 918 psla 956 psia 986 psla

Fuel Flownte 117.6 lb/sec 121. lIb/sec 1I8.5Ib/sec

Oxidizer Flowrate 49.5 lb/sec 50.4 lb/sec 49.2Ib/sec

Mixture Ratio 0.4210/F 0.417 OfF 0.4160/F

Discharge Temperature 1,4650 F 1,4530 F 1,453 0 F

Figure 3-19. Nominal Gas Generator Performance Values
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R-3896-1 Section III
Paragraphs 3-12 to 3-17

3-12. NOMINAL HEAT EXCHANGER PER
FORMANCE VALVES.

b. Thrust buildup and approximate propellant
consumption are to mainstage as follow s:

Figure 3-20. Nominal Heat Exchanger
Performance Values

3-13. See figure 3-20 for nominal heat ex
changer performance values.

(a) Engines F-2003 through F-2028
(b) Engines F-2029 and subsequent

(a) Engines incorporating MD 139 change

Nominal Value

10,000,000 lb 'sec

5,300,000Ib.:sec( \
4,900,000 lb 'sec a,

626 gallons
620 gallons\aJ

129 gallons
128 gallons (a)

20,000,000 Ib 'sec

Parameter

Maximum Thrust Buildup
Rate, 90-990K

Maximum Thrust Buildup
Rate, Above 990K

Nominal Value Thrust
Buildup Rate, 90-990K

Oxidizer Consumption
Prior to 90% Thrust

Fuel Consumption Prior
to 90"'0 Thrust

Nominal
Value

4.01b/sec

0.61b/sec

0.61b/sec

Temperature
Range

400' to 500' F

100' to 200' F

185' to 285' F

Parameter

Oxygen Flowrate

Helium Flowrate(a)

Helium Flowrate(b)

c. The following start times (based on S-IC
stage application) are referenced from engine
control valve opening signal to:

3-14. ENGINE START CHARACTERlST1CS.

3-15. Engine start characteristics (figures
3-21 through 3-27) are presented as nominalI values. Refer to R-3896-11 for minimum and
maximum values. Parameter

Nominal Value
(Seconds I

a. Valve sequence times in figures 3-21 and
3-22 are for engines not Incorporating MD139
change. Valve sequence times In figure 3-22A
are for engines incorporating MD139 change.
The following valve opening times are mainstage
values and are potentiometer times •. except for
the gas generator ball valve, which Is switch
time.

Parameter
Nominal Value

(Seconds)

Oxidizer Valve Start to Open

Gas Generator Ball Valve
Starts to Open

Fuel Valves Start to Open

Time of 100 psig Chamber
Pressure

90"(, Thrust

0.033

0.150

2.900( )
3.200 a

3.000
3.300(a)

3.700( )
4.000 a

(al Engines incorporating MD139 change

No. 1 Oxidizer Valve

No.2 Oxidizer Valve

Gas Generator Ball Valve

No. 1 Fuel Valve

No.2 Fuel Valve

0.600
0.550(a)

0.600
0.550(a)

0.220
O. 175(a)

0.700
0.700(a)

0.700
0.700(a)

(a) Engines incorporating MD32 change

3-16. ENGINE STOP CHARACTERlSTICS.

3-17. Engine stop characteristics are presented
as nominal values. Refer to R-3896-11 for mInI-'
mum and maximum values.

a. Valve sequence times in figure 3-27 are
for engines not incorporating MD 139 change,
Valve sequence times in figure 3-28 are for en
gines incorporating MD139 change. v'al,'e closin"
times are potentiometer times except for the ~as

Chan~. No.7 - 18 August 1969 3- 13



Sl" (Iun III R-:I11!lti-l

ili,lII111l11

'11,11

;·'lblllldliUl

"I'1llf1!~I'1!ffiID!'fJmllllilfllll

Ill!!!: II,:UI'i:lllUll!1lLlIllpl'

'''iT"

;'Il.J.,G,lilHIILl> 1.,11'

~l!JE::t
,.~

i'f,

:.1-

n';
Ihl

!ifi;li:PIiI:JIi,.

~~Jiin;:jl!,',
'IN'd,,

I srART SIGNAL (MANUAL)
2 START RELAY ENERGIZED
3 TURBOPUMP lHTERMEDlAT£ SEAL PVRGB ENERGIZED
4 CHECKOUT VALVE TIMER ENERGIZED
5 CHECKOtrr VALVE TO ENGINE POSITION
6 ....OX OOt.tE OPERATIONAL PURGE ENERGIZED
7 CHECKOUT VALVE ENGINE POSITION SWITcH ACTUATED;'
8 IGNITION RELAY ENERGIZED

9 IGHITEft POWER DISCONNECT TIMER
10 TVRBOPUMP HEATER PoWER ON
11 ST ART-DI!:I...AY TIMER ENERGIZED
12 GAS GENERATOR IGNITER SQUIB POWER ON
)3 GAS GENERATOR IGNITERS FIRING
14 GAS GENERATOR IGNITER UNIt CONT'NUlTY
) 5 roomNE EXHAUST IGNITER SQUIB POWER ON
16 TURBINE EXHAUST IGNITERS "RING

1'1 TURBINE EXHAUST IGNlTER UNK CONTINUITY
18 IGNITION-STAGE TIMER ENERGIZED
)9 ENGINE CONTROL VALVE "OPEN" SIGNAL
20 ENGINE CONTROL VALVE IN OPEN POSITION
2I OXIDIZER VALVES OPEN
22 GASGENl:RATOR SEQUENCE VALVES OPEN
23 GAS GEN£RATOR VALVE OPEN
24 HE:AT EXCHANGER OXIDIZER CHECK VALVE OPEN
25 GAS GENERATOR PROPELLANT IGNITION
26 TUHBOPUMP SPEED INCREASE
21 TURBIN~ EXHAUST GAS IGNITION
28 BEARING COOLANT CONTROL VALVE OPEN
29 IGNITER FUEL VALVE OPEN
30 HYPERGOL CARTRlDGF; RUPTURE
31 IGNITION MONITOR VALVE UNWCKEO
32 THRUST CHAMBER IGNITION
33 IGNITION MONITOR VALVE AcrUATED
34 FUEL VALVES OPEN
35 FUEL VALVES CLOSED POSITION SWlTCHEB DROPOtrr
36 START OF MAXIMUM THRUST INCREASE
37 FUEL VALVES OPEN POSITION SWITCHES PICKUP
38 THRUSI' OK PRESSURE SWITCHES PICKUP
39 FACIUTy HYDRAUUC SUPPLY VA.LVE CLOSED
40 901, ENGINE THRUST
41 ENGINE START SEQUENCE COMPLETE

!:-EGEND

o lNlTtATING EVENT
• RESUl.TING EVE:NT

~ VALVE, SOl.ENOID.OR RELAY MOVEMENT

f"I:tU , .1 ZI f Ilj;ll" ~t..tl t "<'flU'IK'(' t"!IlW (J'Y!'l• .I1l {t "1:1'"'' Nl,l fl" Urjw,r.llI"l; MIl32 ( 1I.lfl~t I
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R-3896-1 Sectlon In

1 START SIGNAL (MANUAL)
2 START RELAY ENERGIZED
3 TUR80PUMP INTERMEDIATE SEAL PURGg ENERGIZED
4 CHECKOUT VALVE TIMER ENERGIZED
5 CHECKOUT VALVE TO ENGINE POSITION
6 LOX DOME OPERAnOKAL PURGE ENERGIZED
1 CHECKOUT VALVE ENGINE POSITION SWITCH ACTUATED
8 IGNl110N RELAY ENERGIZED

9 IGNITER POWER D1SOONNECT naU;R
10 TURBOPUMP HEATER POWER ON
JISTART DELAY TIMER ENERGJZ.BD
12 GAS GENERATOR IGNITER SQUIB PowER ON
13 GAS GENERATOR IGNITERS FIRING
•• GAS GENERATOR IGNITER UNIt CONTINUlTY
15 TURBINE EXHAUST IGNITER SQUIB POWER ON
16 TURBINE EXHAUST IGNITERS nRlNG
11 TURBINE EXHAUST IGNITER UNK CONTINUITY
18 IGNlnON-lITAGE TIMER ENERGIZED
19 ENGINE CONTROL VALVE "OPEN" SIGNAL
20 ENGlNE CONTROL VALVE IN OPEN POSITION
21 OXIDIZER VALVES OPEN
22 GAS GENERATOR SEQUENCE VALVES OPKN
23 GAS GINERATOR V"LYE OPEN
~4 HEAT EXCHANGER OXlDlZER CHBCK VALVE OPIl'H
25 GAS GENERATOR PROPELLANT IGNITION
26 TUR80pUMP SPEED INCREASE
27 TURBINE EXHAUST GAS IGNJTJON
28 BEARING COOLANT CONTROL VALYE OPENS
29 IGNITER FUEL VALVE OPENS
30 HYPEROOL CARTRIDGE RUPTURE
31 IGNITION MOtIJTOR VALVE UNLOCKED
J2 THRUgr CHAMBER IGNITION
:n IGNITION MOtIJTOR VALVE ACTUATED
34 FUKL VALYI!:S OPEN
3~ FUEL VALYES CLOSED POSInON SWITCHES DROPO,",
~6 START OF MAXIMUM THRUST INCR.EASE

:n FUEL VALVES OPEN POSTION SWITCHES PICKUP
38 THRUST OK PRESSURE SWITCHES PICKUP
39 FACIUTY HmRAUUC SUPPLY VALVE CLOSED
40 90'{. EN{ilHE THRUST
41 ENGINE START SEQUENCE COMPLETE

~

o IMTlATING EVENT
• RESULTlliG EVENT

~ VALVE, SOLENOID, OR RELAY MOVEMENT

FIt.'lIrc 3-22. t,lIglnl' Sldrl SI'qUt'l.ce F'1l>w (Typlc"l) (1-11~IIIC:S IJI('l)"l'nr"llJl~ MU3~ Chan~t')
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Section ill
Paragraphs 3-18 to 3-19

R-3896-1

generator ball valve. which Is switch time.

IThe following cutoff times (based on S-IC stage
application) are referenced from the engine con
trol valve closing signal to:

Parameter Milliseconds

Gas Generator Ball Valve 30
JStarts to Close 30(a)

Gas Generator Ball Valve 120(a)I Closing Time 95

Oxidizer Valve Starts to Close 30
I 30(a)

Oxidizer Valve Closing Time 610

• 550(a)

Fuel Valve Starts to Close 30
I 30(a)

Fuel Valve Closing Time 880
I 1. 100(a)

(a) Engines incorporating MDlli change

b. The following Is the thrust-decay time
from engine control valve closing signal to:

Parameter

Chamber Pressure
Leaves 100%

Chamber Pressure Decays
to 90';'"

Chamber Pressure Decays
to 10%

Chamber Pressure Decays
to zero

Milliseconds

73
74(a)

133
118(a)

. 644
573(a)

1. 948( )
1.864 a

(a) Engines incorporating MD139 change

3-18 and 3-19. (Deleted)

3-16 Change No.6 - 14 August 1968



R-3896-1 Sedillo III
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Section III
Paragraphs 3-16 to 3-17

3-16. ENGINE STOP CHARACTERISTICS.

R-3896-1

Parameter Seconds

Figure 3-28A. Nominal Thrust Decay
and Cutoff Impulse

Figure 3-28. Nominal Thrust Decay Time
From Engine Control Valve Closing Signal

3-17. Engine stop characteristics (figures
I 3-27 through 3-28A) are presented as nomtnal

values. Refer to R-3896-11 for mtnimum and
rna..'Cimum valuesa

Swttch Potentiometer
Times Times

Valve (Seconds)(a) (Seconds) (a)

Engine Control
Valve Closing
Signal to:

Gas generator 0.035
ball valve starts
to close

Gas generator 0.090
ball valve
clostng time

Oxidizer \'alve 0.120 0.030
starts to close

Oxidizer valve 0.325 0.540
clcsing time

Fuel valve starts 0.115 0.030
to close

Fuel valve 0.930 1.130
closing time

Engine Control Valve Closing
Signal to:

Thrust chamber pressure
leaves 100%

Thrust chamber pressure
decays to 90%

Thrust chamber pressure
decays to 10%

Thrust chamber pressure
decays to zero

Parameter

Maximum thrust decrease
for O. 075-second interval

Cutoff impulse

0.074

0.118

0.573

1. 864

Value

448,0001b

464, 000 lb see

(a) Values are based on S-IC stage
application.

Figure 3-27. Nominal Cutoff Times From
Engine Control Valve Stop Signal

3-22 Change No. 10 - 16 July 1971
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R-3896-1 Section III
Paragraphs 3- 20 to 3- 23

3-20. METHODS FOR PREDICTING ENGINE
VARIABLE CHARACTERISTICS.

3-21. Methods for predicting engine variable
characteristics include engine start time pre
dictions, fuel pump Impeller backcasing pres
sure re-orificlng techniques, and methods of
determining heat exchanger oxidizer and helium
bypass orifice sizes.

start signal to hypergol switch dropout If the
engine has been operated with any pre-start
inlet pressures other than those specified in
Method I, and will be operated under the follow
ing stage conditions: (If this caiculation is pro
grammed, use "doubie precision" because of
the high exponents involved.)

Oxidizer Pump Fuel Pump
Inlet Pressure Inlet Pressure

3-22. ENGINE START TIME PREDICTIONS
(REFERENCED TO ENGINE CONTROL VALVE
OPENING SIGNAL AND BASED ON STAGE
APPLICATION) .

Acceptance
Test Conditions

Stage Conditions 80 psia 45 psla

Fuel Pump
Inlet Pressure

70 ±IO psig

tp = Predicted time from engine control
valve start signal to hypergol switch
dropout for stage test (seconds)

+K4 (PI¢»4 + K5 (pI¢»5 + K6( ~~:)

2 2
+ ~ (PIF) + K

S
(PIF + 250)

(P )5 (P )3
I¢ Ie;!>

-IK1 = -0.34146221 x 10
-2K2 = -0,34316603 x 10

K3 = 0,48888479 x 10
-7K4 = 0,10864867 x 10
-10K5 = -0.43755169 x 10

K6 = 0,82104817

~ = -0.54861973 x lOS

K8 = O. 26750S23 x 10

Ip = 3. 5041(t) [ I ]

f (PI¢>' PIF)

f (PI,p' PIF) = K1 (PI¢» + K2 (PIF) + K3

2

t = Acceptance test time from engine
control valve start signal to hypergol
switch dropout (seconds) at inlet COn-
ditions of PI and PIF (pslg)

4>
PI¢> = Pre-start oxidizer pump inlet pres-

sure during acceptance test (psig)

PIF = Pre-start fuel pump inlet pressure
during acceptance test (pSig)

f = Function of

3-23

Oxidizer Pump
Inlet Pressure

Acceptance- 112 ±1O pslg
Test Conditions

Stage Condition 80 psla 45 psla

t p ; [-7.087 X 10-2(t) + 12.146 X 10-5

(PIF,)(t) - 4.2191 X 10-6 (pI,p)2 + 0.14432]

(112 - PI</!) + [5.53068 X 10.
4

(PI,p)(t)

-0.114259] (70 - PI~ + 2.105 t - 1. 026

t p ; Predicted time from engine control
valve start signal to hypergol switch
dropout for stage test (seconds)

; Pre-start oxidizer pump Inlet pres
sure during acceptance test (psig)

t Acceptance test time from engine
control valve start signal to hypergol
switch dropout (seconds)

METHOD 1. This method may be used to pre
dict the engine start time from engine control
valve start signal to hypergol switch dropout if
the engine has been operated under the following
acceptance-test conditions and will be operated
under the following conditions:

Pre-start fuel pump inlet pressure
during acceptance test (psig)

METHOD 2. This method may be used to pre
dict engine start time from engine control valve

3- 23. Three methods are presented to predict
engine start time for any engine Installed in the
stage.



Section ill
Paragraph 3-24

R-3896-1

Oxidizer Pump Fuel Pump
Inlet Pressure Inlet Pressure

A
a. Solve for a standardized time ( t ) from

engine control valve start signal to hypergol
switch dropout using the following equations:

METHOD 3. This method may be used to pre
dict engine start time from engine control valve
start signal to hypergol switch dropout if the
engine will be operated at stage conditions other
than an oxidizer pump inlet pressure of 80 psia
and a fuel pump inlet pressure of 45 psia. (If
this calculation is programmed, use "double
prec is ion" because of the high exponents
involved. )

b. Solve for predicted time (t p) from engine
control valve start signal to hypergol switch
dropout using the following equation:

t p : l' (tl[f(PI ¢> I, PIFl]

f (Pf ei> ' P1F) : K1 (PI.,.) + K2 (PIF)

4 5
+ IS + K4 (P

lql
) + K5 (P

Iql
)

+ K6~ :~: j + K7::::~5
2(PIF + 250)

~ KS (P )3
I¢>

K
I

: -0.34146221" 10- 1

K
2

: -0.34316603 x 10- 2

K
3

= O. 48S88479 x 10

K
4

= O. 10864867 x 10-7

K
5

: -0.43755169 x 10-10

K
6

: 0.82104817

K7 -0.54861973 x 10 5

K
S

: 0.26750823 x 10

t p Predicted time from engine control
valve start signal to hypergol switch
dropout for stage test (seconds)

t Acceptance test time from engine
control valve start signal to hypergo!
switch dropout (seconds) at inlet con
ditions of PI</> and PIF (pslg)

l' Standardized time from engine control
valve start signal to hypergol switch
dropout (seconds) calculated in step a

PI : Pre-start oxidizer pump inlet pres-
¢> sure during acceptance test (seconds)

PIF = Pre-start fuel pump Inlet pressure
during acceptance test (seconds)

f = Function of

3-24. Alter the predicted time from engine con
trol valve start signal to hypergol switch drop
out has been calculated by Method 1, 2, or 3,
the predicted stage time from engine control
valve start signal to 90 percent (l, 3701<) of
rated thrust may be calculated. In the stage,
the predicted time from hypergoJ switch

~IF~l

0.82104817

-0.54861973 x 10 5

0.26750823 x 10

Desired pre-start oxidizer pump
inlet pressure (pSlg)

Desired pre-start fuel pump inlet
pressure (ps ig)

Function of

:

:

t : f (1\;. , ~IF) : K I 6\¢) + K 2 (P'I~ ~K3

~ 4 5
+ K4 (PI¢) + K5 (PI¢)

+ K ~IF). (F IF) 2
6 P ~ (P ) 5I.,. I.,.

(P'IF ~ 250) 2

+ Ka (P )3
lei>

K
1

: -0.34146221 x 10-1

K:z -0.34316603 x 10-2

K
3

: 0.48888479 x 10

K4 : 0.10864867 x 10-7

K5 -0.43755169 x 10-10

Ka :

~
K

8

f

Acceptance
Test Conditions

Stage Conditions

3-24



R-3896-1 Section III
Paragraphs 3-25 to 3-30

Supply orifice diameter from latest
test

= Supply orifice diameter to be used on
next test

dropout to 100 psig chartlber pressure is 0.425
second.

POFL = Fuel discharge pressure observed
on latest test

PIFL = Fuel inlet pressure observed on
latest test

PBCL = Fuel impeller backcasing pressure
observed on latest test

POFN = Fuel discharge pressure expected on
next test

PIFN = Fuel inlet pressure expected on
next test

PBCN Fuel irtlpeller backcasing pressure
corrected for new inlet conditions

3-30. Heat exchanger performance is deter
mined from operational characteristics of the
heat exchanger using data obtained during test
ing of the heat exchanger. The calculations

3-29. HEAT EXCHANGER PERFORMANCE
EVALUATION AND PREDICTION.

The new orifice diameter may then be calculated
using the re-orificing equation (paragraph 3-26),
with PBCN = Pl'

3-28. RE-ORIFICING WITH CHANGES IN
TURBOPUMP SPEED. If a significant change
in turbopump speed (more than 40 rpm) is an
ticipated between the latest test and the next
test, the fuel irtlpeller backcasing pressure from
the latest test must then be corrected to new
turbopump speed before the re-orificing equa
tion (paragraph 3-26) can be used. The present
technique uses past component and engine
turbopump fuel discharge pressures, fuel
impeller backcasing pressures, fuel inlet pres
sures, and speed data for the specific turbo
pump being re-orificed. The fuel impeller
backcasing pressure for each test should be
corrected to the fuel pump inlet pressure ex
pected on the next engine test, using the equa
tion outlined in paragraph 3-27. This corrected
fuel impeller backcasing pressure should be
plotted against the turbopump speed observed
during that test. The resulting curve deter
mines the corrected fuel impeller backcasing
pressure at the turbopump speed expected on
the next test. The resulting value of fuel
irtlpeller backcasing pressure determines the
new fuel irtlpeller backcasing orifice diameter
from the equation outlined in paragraph 3-26.

t p = Predicted time from engine control
valve start signal to hypergol switch
dropout.

Predicted tirtle from
engine control valve
start signal to 90 = t p + 1. 100 seconds
percent thrust

=\j, 15634 -

= Fuel impeller backcasing pressure
from latest test

3-27. RE-ORIFICING WITH CHANGES IN
FUEL PUMP INLET CONDITIONS. If the fuel
pump inlet pressure for the next test is to be
different from the fuel pump inlet pressure of
the latest test, the fuel impeller backcasing
pressure measured on the latest test should be
projected to that which would have occurred if
the test had been run under the new inlet pres
sure. This corrected pressure may then be
used in the re-orificing procedure outlined in
paragraph 3-25. Calculate the corrected fuel
impeller backcasing pressure using the following
equation: [P

OFL
_ P

BCL
]

PBCN = POFN - lPOFL - PIFL J

3-26. RE-ORIFICING WITH NO CHANGE IN
FUEL PUMP OPERATING CONDITIONS. If
the fuel pump inlet pressures and speed are not
to be changed between the latest test and the
next test, use the following equation to re
orifice the balance cavity supply line to target
for fuel impeller backcasing pressure of 250
psig:

3-25. FUEL PUMP IMPELLER BACKCASING
PRESSURE RE-ORIFICING TECHNIQUE.

Change No.9 - 4 November 1970 3-25



Section m R-3896-1

necessary to determine heat exchanger per
formance are made in a computer program,
which requires data input as listed in figure'
3-29. All listed input is required except for the
LOX coil outlet pressure. Inclusion of the LOX
coil outlet pressure will enable the LOX coil
resistance to be calculated, Standardized data
are included because they are required data;
however, they normally are not changed from
the nominal values listed in figure 3-29. Oper
ating data should be obtained from a performance

data interval of 3.0 to 3.2 seconds duration that
starts at or after 20 seconds of engine effective
duration. Output from the program summarizes
heat exchanger operation at site conditions,
determines coil outlet temperatures at standard
inlet condltions, predicts coil outlet tempera
tures at the target time of a subsequent test,
and calculates the diameter of the coil bypas
orifice required to achieve the target coil outlet
temperature at standard inlet conditions and at
the target time of a subsequent test.

Parameter

Type of Data Name
Nominal

Value Units

Identification Data

Test Condition Data

Operational Data

Standardized Data

Engine serial number

Heat exchanger serial number
Test number

Test duration
Ambient pressure
Time of slice start

Turbine exhaust temperature
Sea-level turbine exhaust temperature
LOX coil f10wrate
LOX coil inlet temperature
LOX coil outlet temperature
LOX coil outlet pressure (optional)
Helium coil f10wrate
Helium coil inlet temperature
Helium coil outlet temperature

Anticipated additional operation
time to target time

LOX coil flowrate

LOX coil Inlet temperature

LOX coil outlet target temperature

Helium coil f10wrate

Helium coil inlet tempe rature

Helium coil outlet target temperature

Seconds
psi
Seconds
OF
OF
lb I sec
OF
'F
psia
lb.'sec
'F
OF

35 Seconds

4 lb/sec

-288 OF

470 OF

0.6 lb/sec

-345 OF

255 'F

Figure 3-29. Heat Exchanger Performance Evaluation and Prediction Input Data Requirements

3-26 Change No. 9 - 4 November 1970
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3-31. HEAT EXCHANGER COMPUTER PRO
GRAM OPTIONS.

3-32. In addition to the performance evalua
tions and predictions (paragraph 3-30), the
heat exchanger computer program contains the
following optional capabilities:

a. Enables predictions to be based upon
specified bypass ratios rather than bypass ori
fice diameters.

b. Enables heat exchanger performance to
be predicted with specified alternate bypass
orifice diameters.

c. Enables flowrates to be computed from
flowmeter nozzle data.

d. Enables average performance to be
established from a series of tests.

e. Enables coil outlet temperature data to be
adjusted lor instrumentation system lag when
data is obtained during a transient condition.

3-33 through 3-37. (Deleted)

IAll data on pages 3-29 through 3-38, figures
3-30 through 3-38 deleted.

Change No. 9 - 4 November 1970

Section ill
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R-3896-1 Section III
Paragraphs 3-34 to 3-35

CALCULATED PARAMETERS

R Flowrate split ratio;

coil flowrate
total flowrate

Helium coil heat transfer co
efficient on latest test--BTU/hr
lt2 'F

d. On figure 3-32, plot point UHEL, WHEL
from values calculated in steps a and c. ~or

malize l.HEL to 1JHEL by moving parallel to

H-lines t<l 0.6 Ib/sec line. Read new UHEL at
0.6 Ib/sec line. iJHEL is value of new UHEL
0.6 lb/sec line. If iJHEL > 160 BTU 'hr ft2

'F, use iJHEL = 160 BTU hr it2 'F, If UHEL
< 55 BTUIhr lt2 ' F, then NDBP ; zero.

; Nitrogen heat transfer co~fficient

on latest test--BTU/hr it 'F

e. From fig;rre 3-33, find TIME for latest
A . dtest, utilizing UHEL found In step .

TIME

N TIME

; Normalized helium coil heat
transfer coeflicuent on latest
test--BTU/hr lt~ , F

; Predicted normalized helium coil
heat transfer coefficient for next
test--BTU/hr lt2 'F

; Equivalent accumulated time up to
data interval on latest test--seconds

Equivalent total accumulated time
at valid performance data interval
for next test--seconds

Predicted bypass orifice diameter
for next test-inches

f. Calculate N TIME for next test, usmg the
following equation:

N TIME = TIME + DUR - TOSS - •

g. Refer to figure 3-33 and using N TIME
calculated in step f, find predicted normalized

A
helium heat transfer coefficient, NUHEL' for
next test. (NUHEL is iJHEL obtained from
figure 3-33, using N TIME on TIME scale. )

h. From figure 3-34, using TTE and NlfHEL
obtained in step g, determine NDBP to be
installed for next test. If NDBP does not differ
from DBP by more than 0.005 inch, no orifice
change is necessary.

N TIME = tA + 60

c. From figure 3-33 and using N TIME
calculated in step b, find predicted normalized
helium heat transfer coefficient NlJHEL for
next test. (NUHEL is iJHEL obtained from
figure 3-33, using N TI~E on TIME~cale.) If
NUHEL >120 BTU 'hr It 'F, use NUHEL ;
120 BTU/hr lt2 'F. If NiJHEL < 55 BTU hr ft2
OF, then NDBP; zero.

3-35. METHOD OF CALCULATING A ;\EW
HELIUM-SIDE BYPASS ORIFICE DIAMETER.
HELIUM FLOWED ON LATEST TEST A:'ID
FLOWRATE UNKNOWN (ENGINES F-2003 I
THROUGH F-2028).

a. Determine total effective duration of all
tests on heat exchanger. Call this time tAo
For tests that had no flow on helium side of
heat exchanger, duration relative to heat ex
changer is 0.3 times test duration.

b. Calculate N TIME for the next test, using
the following equation:

log
e

R WHEL CP a
1

Ax
(TTEM - T HEL IN)

3-34. METHOD OF CALCULATING A NEW
HELIUM-SIDE BYPASS OffiFICE DIAMETER.
HELIUM FLOWED ON LATEST TEST AND

I FLOWRATE KNOWN (ENGINES F-2003
THROUGH F-2028).

a. Determine helium heat exchanger flow
rate, WHEL, from flow data on last test.

b. Calculate flowrate split ratio on latest
from the following equation:

R = 1. 45 AINT
1. 45 A INT + A BP

c. Calculate helium-side heat transfer co
efficient on latest test from the following
equation:

Chan~e NO.5 - II March 1968 3-29



Section III
Paragraphs 3-36 to 3-37

R-3896-1

helium flowed on latest test, flowrate known,
and the following parameters given:

A

d. From figure 3-34, using TTE and NUHEL
obtained in step c, determine NDBP to be in
stalled for next test. If NDBP does not vary
from DBP by more than 0.005 inch, no orifice
change is necessary.

3-36. METHOD OF CALCULATING A NEW
HELIUM-SIDE BYPASS ORIFICE DIAMETER
WHEN NITROGEN WAS USED INSTEAD OF

I HELIUM ON LATEST TEST (ENGINES F-2003
THROUGH F-2028).

a. Determine nitrogen heat exchanger flow
rate, WN from flow data on latest test.

b. Calculaie flow rate split ratio on latest
~est from the following equation:

1. 45 AINTR =-----=.:..;..:..-
1. 45 AINT - ASp

T HEL IN

T HEL OUT

DUR

=

0.6821b/sec

0.870 inch

0.594 In
2

1,145' F

- 24 5' F

169' F

150 seconds

c. Calculate nitrogen heat transfer co
efficient on latest test from the following
equation:

TOSS = 35 seconds

= 1,100" F

1.45A
WTR = =

1. 45 A
INT

- ABP

1. 45 (0.251) = 0.38
1. 45 (0.251) - 0.594

b.

a. W
HEL

= 0.682 lb/seclog
ev =

N

T _[1NOUT>TNIN R-I~
TEM R R J

d. From ligure 3-35, find TIME for latest
test.

UHEL = 59.1 loge 4.63

U
HEL

0 90."5 BTU hr ft2 C F

U
HEL

= (0.38) (0. 682) (1. 24) (3,600) l,'c

_----'~:;,j,...:..9-'--.6=:"":"",,c_=""""""1 '

c.

TTEM ":. THEL IN)

TTEM - THEL OUT
+ THELIN (Rii

1
)R

f. Refer to fib'l.lre 3-35 and using CUTOFF
TIME calculated in step e, find UGN2
(cutoff slice).

A
g. Refer to figure 3-36 and obtain NUHEL

from U
GN2

(cutoff slice).

A

h. From fib'l.lre 3-34, using TTE and NUHEL
obtained in step g, find ND

BP
to be installed

for next test. If NDBP does not differ from
DB P by more than 0.005 Illch, no orifice change
is necessary.

CUTOFF TIME = TIME _ DURATION - TOSS - a2

e. Calculate cutoff time using the following
equation:

3-37. SAMPLE CALCULATION. The fullowlllg
is a sample calculation to determine a new
helium-side bypa"s orifice diameter with

3-30 Change No.5 - 11 March 1968
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R-3896-1 Section III
Paragraphs 3-38 to 3-3~

h. PF and 00 = Fuel IF) and Oxidizer 10J
density--actual value

gC. T F = Fuel temperature--nominal "alue
N

gD. FT = Fuel temperature--influence co
efficient F

f. P = Am~ient pressure--nommal value
aN

g. Fp = Ambient pressure--influence co

efficient a

b. FE = Engine thrust--initial or base "11oe
i

c. FE = Engine thrust--nominal value
N

d, P = Ambient pressure- -actual valuea

e. P = Ambient pressure--initial or oase
value ai

T F = Fuel temperature- -actual value

TF. = Fuel temperature--initial or base
I

gAo

gB.
value

3-38. ENGINE INFLUENCE COEFFICIENTS.

3-39. Engine influence coefficients result from
a linear solution of a set of steady-state equa
tions which describe the operation of an engine.
Each influence coefficient is expressed in per
centage form and represents the effect upon an
engine dependent variable of a plus-one-percent
change in an engine independent variable. Be
cause the influence coefficients are linear, the
total effect of several influences acting simul
taneously on an engine can be determined by
adding the individual effects of each influence.
A coefficient preceded by a positive (+) sign,
or no sign, indicates that an increase in the
independent variable results in an increase in
the dependent variable; a coefficient preceded
by a negative (-) sign indicates that an increase
in the independent variable results In a de
crease in the dependent variable. Figures 3-39

I and 3-43 contain sets of the current predicted
engine infiuence coetricients and, when calcula
tions are required, these sets may be used.
Paragraphs 3-39 through 3-43 describe the use
of the engine infiuence Coefficients using the
formula

i. PF. and PO. = Fuel IF) and OxidIze.' (0)
I 1

aensity--initial or ~ase value

Po • PO.
I

P ).
o

j. P F and Po = Fuel IF) and Oxidizer (01
N N

density- -nominal value

k. FP and FP = Fuel (F) and Oxidizer (01
F 0

density--influence coefficient value

i. P and Po = Fuel (F) and OxiJizer (01
pump bllet pressure- -actual value

when the quantities are defined as follows:

m. P F. and PO. = Fuel (F) and Oxidizer 101
I 1

pump inlet pressure--initial or base value

n, P F and Po = Fuel (F) and Oxidizer (01
N N

pump inlet pressure--nominal value

NOTE

The values in g, k, and 0 are from
the influence coeffIcient tables
(figure 3-39).

o. FP and F P = Fuel (F) and Oxidizer (0)
F 0

pump inlet prl"S5ure--influence coeffiCIent value

a. FE = Engine thrust--actual value

Change No. 12 - 12 May 1972 3- 39
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A ONt" PERCENT [NCR EASE IN ANY ONE OF THE INDEPENDENT VARtABLlo:s CAUSES
THE FOLLOWING PERCENTAGE CHANGE IN ANY ONE OF THE DEPENDENT VARIABLES

.INDEPENDENT VARIABLES-
1- ATMOSPHERIC PRES , O. 146i6E 02 6_ OXIDE PUMP lNLET PRES O.65000E 02 11- TURBINE NOZZLE AREA O.1700oE 02
2- FUEL DENSITY (CONSTANT TEMP) · . O. SO.~E 02 7- C· CORRECTION .. . .. o 10000E 01 12- TUROINE EFFICIENCY RATIO O.IOOOOE 01
3- FUEL TEMP (CONSTANT DENSITY) .... O.600C10E 02 8- ACCELERATION .. . ..... .... 0 lOOOOE Ol
4- OXIDIZFR DENSITY · . 0.11380E 02 9- MAIN FUEL ORIFICE RESISTANCE .. I) 34053E 02
5- FUEL PUMP lNLET PRES · . O. 45000£ 02 10- GG OXIDIZER ORIFICE RESISTANCE I) 10234E 01

I- .- 3 <- 5- • ,- .- 9- lO- ll- ,.-
-DEPENDENT VARIABLES·

ENGINE THHUST .... . .......... O. 15220E rn
-.0. 1451 -0 9+34 0.0191 2.1345 -0.0090 o 0544 l 1319 0.0014 -0 DaB6 -0.2741 0.0972 I 1725

f:.NGINE SPECIFIC IMPULSE .. , . ... . · 0.2ISJ6E 03
-0 1458 -010127 00028 03103 _0.0014 0.0019 I I·no 0.0002 -0 0059 -0 0395 0004' 0.1669

ENGINE MIXTURE RATIO '" . • O. 22101E 01
-.fl. 0000 _).:)589 -0.0067 1. 5469 -0 0211 o 0318 -0 060'1 o 00CJ'1 0.0807 _0.0094 -0.0089 0.0225

ENGINE FUEL FLOW .. . ...... · . O. 17SJ1 E 04
• 0 0.2815 0.0209 0.1503 o llOH o 0223 0.0270 •. 00CJ'1 -0.0'188 _0.2.281 0.~92 0.9900

ENGINE OXIDIZER FLOW .•.•• _ .. · 0.39812E 04
_0.0000 -1.2774 0.0142 2.29'12 -0.0143 0.0571 -0.0338 o 0014 0.0019 -0 23'15 0.0002 1 0124

TC INJECTOR END PRESSURE ....••.. · O. 11227 E 04
O. 01100 -0 7232 0.0171 1 G718 -O.006a 0.0452 0.9889 o DOll -0.0305 -0.2387 0.0843 1 0204

TC C· ACTUAL ... . - . .......... 0.54464E Ot
• llOllO (I 1029 o 00CJ'1 _0 0879 -0.0015 _0 0019 1. OilS -0.0000 -0.0068 -0.0031 0.0007 0.0124

GIMBAL SUPPLY PRESSURE .....••... O. 18260£ 04
-. llOllO _0.6190 0.0269 1.6679 00017 o 0451 0.8101 0.0012 0.0135 -0 3271 0.1132 I 3934

GG FUn FLOW .... •.•.... _ ... 0 12056£ 03
o 0000 0.3877 0.0183 O. &319 0.0074 00203 0.3555 o 00CJ'1 o 0194 -0. 1464 o 3648 0.9301

GG OXIDIZER FLOW .......•. (( 50199E 02
•. 01100 -0.3480 0_0067 1 8511 _0.0086 o 04S0 0.462.0 0.0013 -il.OUO -0.3316 o 4805 0.9189

TURBINE SPEED ....•...•. 0.M894E DC
-9.0000 -08006 o OJJ5 0.B370 -0.OOB5 00230 o 2638 O. 00CJ'1 ..o.OO'n -0. 1780 0.044" o 7609

TURBINE EXrt STATIC PRES ...... · 0.5712lE 02
0.0000 -0 8500 0.0213 1 6941 -0 006J 0.0419 0.4510 0.0012 -0 0081 -030'1'3 0.4'125 0.8174

i.XHAUST NOZZLE TOTAL PRES ... 0.4a056E 02
-0 llOOO -0 5132. 0.0197 1.5515 O. DOn o 0389 0.4364 0.0012 -0.0046 -0.21153 0 ....641 o 8118

TURBINE MANIFOLD TEMPERATURE . O.15600E 04
o llOllO _2.8169 0.0328 2..9374 ·0 0362 0.0609 o 3019 o 0016 o 0721 -0 4540 0.1738 o 1I5a

t 19ur(' 3-39. Engine Innuencl' Coerfh:lents (Pred1eled) (Englnell F-2029 through F-2.(66)

I 411 ( IClIlI:f' No 12 12 May 19'12



SectlOn III
Paragraphs 3-40 to 3-438

3-40. CALCULA nONS iNVOL VING A TYPI
CAL ENGli>lE.

FE +0.1187 (1,522,000) + 1,522,000

+180,700 + 1,522,000 = 1,702,700

3-41. For calculations involving a typical en
gine, the Initial values would be the same as
the nominal values, as follows:

which are defined as the actual engine values ;of
these parameters. All other quantities are as
defined previously.

3-43. When the values of actual engine pararr.
eters differ from those used as nominal values
in the table of influence coefficients, the "delta
method" of application of influence coeffiClents
is used. This procedure consists of computing
an incremental change of variabies rather than
a percentage change of these variables. The
incremental change is then applied to the actual
engine value. This eflect can be accomplished
by using the equation of the quantities

The incremental thrust has been found to be
180,700 lb for the condltlOnS stated. YJeldlllg a
final engine thrust of 1,702.700 lb. Prcpellant
densities may be estimated from measured tem~

perature and pressure data with the aId of figures
3-40 and 3-41. Figure 3-40 presents the rela
tionship between the temperature and density
for a nominal cut of RP-1 fuel. When the dens" v
of a batch of RP-l is known at one temperature,
the density at another temperature can be deter
mined with the slope of the nominal RP-I llne
shown in figure 3-40. The effect of pressure on
the density of RP-l is small and may be ignored
for inlet conditions entountered on the engine.
Figure 3-41 presents the relationshIp between
liquid oxygen temperature, pressure , and den
sity. Two density-versus-temperature curves
are presented to show the effect of varying Inlet
pressure on oxygen density.

3-42. CALCULATIONS INVOLVING A SPE
CIFIC ENGINE.

3-43B. During a test, the engine exhibits
characteristic trends that may be predicted With
the use of influence coefficients. NomInal and
actual performance values are established during
a time interval of 35-38 seconds of burn lime.
Changes occur in turbine operational character
istics resulting from coke deposits on internal
turbine assembly. Performance thanges are
calculated ror burn time using figures 3-41A and
3-4lB for engines F-2029 through F-2065 and I
figures 3-44 and 3-44A for engines F-2066 and
subsequent. Figures 3-41A and 3-44 present the
percentage change in turbine nozzle area as a .

3-43A. TEST TREND CORRECTIONS.

3. 9~4~ 6~~' 898 (-0.1458) +

a. Atmospheric pressure = 3.90 psia
b. Fuel temperature 75' F
c. Fuel density = 50.45Ib/cuit
d. Oxidizer density 70. 90 lb/cu it
e. Fuel pump inlet pressure = 42.00 psia
f. Oxidizer pump inlet

pressure = 89.55

FE· =FEN F al =PaN T F
i
= TF

N
I .

PFi = P
FN POi = P~

FFi =FFN POi =PoN

FE - 1, 522, 000

1,522.000

(75. O~O~ 0~0. 00) (0.0191) +

(50. 4:0~4;0.45) (-0.9434) +

(70. 9~1~ 311.38) (2.1345) +

(42.00 - 45. 00) (-0 0090)-
45.00 .

(89.55 - 85.00) (0 0544)
65.00 .

FE - 1,522,000 - (-0.7346) (-0.1458) +
1,522,000 ( 0.2500) ( 0.0191) +

( 0.0 ) (-0.9434) +
(-0.0067) ( 2,1345) +
(-0.0667) ( 0.0090) +
( 0.3777) ( 0.0544)

= +0.1187 or +11.87 percent
change

The follOWing are the calculations used to de
termine the thrust of the engine when operated
under the follOWing conditions:

Change No. 12 - 12 May 1972 3-41
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R-3896-1 Section III
Paragraphs 3-44 to 3-47

function of burn time, and figures 3-41B and
3-44A present the percentage change in
turbine efficiency ratio as a function of burn
time. Performance parameters for burn
time are adjusted by obtaining the percentage
changes expected at the burn time of interest.
These percentage changes and the parameter
influence coefficients are then multiplied to
determine the net percentage change in the per
formance parameter of interest. In the follow
ing example, the thrust of the engine operated
under the conditions specified in paragraph
3-41A is adjusted to a 90-second burn time.
In figure 3-41A the percentage change in turbine
nozzle area at 90 seconds is -3.0 percent. In
figure 3-4IB the percentage change in turbine
efficiency ratio at 90 seconds is -0.25 percent.
Therefore, using influence coefficients (figure
3-39) ,

FE - 1,702,700 (-0.0300) (0.0972)
= (-0.0025) (1.1725) +

1,522,000

= -0.00585

FE = (-0.00585) (1,522,000) + 1,702,700

= -8,904 + 1,702,700

= 1,693,796 lb

I Figures 3-41C and 3-44B present thrust differ
ential (based on a predicted performance value
from a data slice between 35 and 38 seconds
filght time at sea-level and turbopump inlet
standard conditions) versus burn time when the
performance values are adjusted using influence
coefficients from column 11 and 12 of figures

13-39 or 3-43 and turbine nozzle area and turbine
efficiency ratio changes from figures 3-41A and

I 3-41B or 3-44 and 3-44A.

3-44. NONLINEAR CORRECTIONS

3-45. A special computational procedure has
been devised to extel'd the usefulness of engine
influence coeCficient. This technique is used to
allow nonlinear corrections to be made for pa
rameters where the linear approximation is not
suCficiently accurate. An example of this method
is the C' (characteristic velocity) correction. In
this case, a plot of C' correction versus, the
change in engine mixture ratio is included in ad
dition to the table of influence coeCficients. A
plot of these parameters for the engine is shown

I in figures 3-42 and 3-44C. The change in engine
mixture ratio is computed for the changes in
atmospheric pressure, propellant densities,
etc, and with the assumption that the C'

correction is zero. With this change in engine
mixture ratio, the C' correction is read from
the curve. This value of C' correction is used
with the other independent variables to recom
pute the engine mixture ratio, which yields a
new value of C' correction. The mixture ratio
is then recomputed using the last value of C'
correction. This iterative process is continued
until the computed mixture ratio ceases to change
between two iterations. The corresponding
value of C' correction is then used with the other
independent variables to compute the changes in
the remaining dependent variables. For example,
if the final iteration change in engine mixture
ratio accompanying the 11. 87-percent thrust
change in the preceding example were -5 percent,
then the C' correction from figure 3-42 is 0,10
percent. Therefore, the true change in engine
thrust is FE = 11.87+1,1319 (-0.10)=+11,76
percent.

3-46. COMPONENT REPLACEMENT EFFECTS
ON ENGINE PERFORMANCE AT SEA LEVEL..
3-47. Component replacement effects on en
gine performance at sea level are in R-3896-11,
The deviations presented are the maximum
expected effects on sea-level engine thrust,
mixture ratio, and specific impulse when the
listed components are replaced, and are ap
plicable to engines as noted. The follOWing pro
cedure is to be used for determining the max
imum expected performance deviations for Ind,
vidual engines.

a. The deviations listed in R-3896-11, cor
responding to hardware replaced on the engine.
are to be tabulated and included with the Engine
Log Book. This tabulation is necessary for
future reference and continuous updating when
additional replacements are made.

b. The combination of deviations due to the
replacement of each individual component de
termines the expected maximum performance
deviation. The combination is accompl1shed bv
calculating the square root of the sum of the .
squares of the deviations listed in R-3896-11.
corresponding to each component.replaced.
Components replaced a second time are treated
as a single replacement of the item. INo addi
tional variation is added besides the vanatlOn
for the component being replaced a second
time.) An example IS shown in figure 3-45,

Change No. 12 - 12 May 1972 3-43
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~,. lIt> ' III R-3896-1

" ,;r.f ,'~ IlCr.NT iNCIIl:ASf- IN ANY ONE 01' THE INU£~~NnENT VAlUAIH.t.~ CAUSES
rm fOLLOWING 1·r.\lC~NTALt. CHANGE IN ANY ONt. Of THE OEI'Jo:NBENT VAltlAllU;S.

-IlHlEPlNPI:.NT VAIlI.\DLf:S·
1- "TMO:,PHF'RJC PlifS 0.141001-: 02 5 FUEL l'lIMI' INLET I'fl~..s O.45000E 02 9- MAIN FOEL ORIfiCE flt:SISTANCE 0.313421':·02
2- HWI l)~ NS1TY lCONST,\ NT TEMP) O.IOOOOE 01 6 OXII)J:: l'I1MI' INLET I'ItH, O.65000F. 02 10- (.l,; OXlUl'll.R OIUff('[: RESISTANCE 0.7"1I56t: QI, fTII n MP I('ONSTANT n~ NSITY) O.60000E 02 1- C· CORlHCTION 0.1000010: 01 11· TUUBlNE INLET NOZZLE AREA 0.1,023.: 02

• O'\;IIJ'i'I" DENS lTV . 0.10000"- OJ 8- ACCELf:,MTJON. _. ,.' . O. Joooo,.: OJ 12 TUIlOJNf; Ef,..,nt;N<. Y MULTJPLum. O. J OOOOt: OJ

.- ,- ,- .- 5- 6- 7- • .- lO- ll- 1>-

-I)E)'ENIlENT VARIADLES-

FNGINI:. TIIIWST ...... _ .. O. t5220E 07
-0,1464 - O. 9062 0.0184 2.0994 -0.0083 0.0545 I 1181 0.0013 ·0 0264 D.2~9 O.12;t J.U7J

I Nl.'N" SPECIFIC IMPlJl.Sf: ... . . -' . (I. 26534£ OJ
·0,1464 -0. J391 0.0027 0.3016 -0.0013 O.OOB() t. 1544 0._ -0.0053 -0.0068 0,0083 0.1749

INGINt MIXTURE RATIO. . .... D.226.£ 01
-0.0000 - t. 5206 -0. D064 1.5094 -O.020l 0.0331 -0.0511 0.0007 0.0190 - O. 0085 -0.0018 0.0232

~ NLJN~ FlIE .....·LOW , .. , " D.l'JS43E 04
'.0 0.2885 0.020. 0.7440 0.0069 0.0232 0,0633 0.0001 O. OlliS -0.2J2. 0.1224 1.03&2

~ N(iINF. OXII)IZER FLOW ...... O,39818E 04
-0.0000 -I. 2321 0,013'1 2,2534 -0.0131 0.0569 0.0062 0.0013 0.0001 -0.2206 0.1148 1.0595

TC If'oIft.CTOR END PRES ..... 0.11248E CM
0.0 -D,89.28 O. DJ64 1. 7325 -0.0059 O.04M 1.0285 O.OOU -0.0278 -0. ill 19 0.1088 1,0"5

n: C' ACTUAL .. " 0.54514E Q4
0.0000 0.0989 0.0007 -0.0840 0.0014 -0.0018 I. UL67 -0.0000 -0.0058 _0.0029 O. DOlO 0,0130

1;IMBAL SUprLY PRESSURE. . .... 0.18383 E 04
-0.0000 -0.59401 0,0059 l. 8450 0.0017 0.0459 o 6604 D_ OC)12 0.0149 -0.3047 0.14&8 1.4607

G{, FUFL FLOW . . . . . . . . . . O. U795E 03
-0.0000 0,4011 0.0159 0, &122 0.0073 0,0207 0.3862 0.0001 0.0215 -0.1348 0.391) 0.9808

e,G OXIDt. FLOW ....... O.49045E 02
'.0000 -0,8182 0.0060 1.8232 -0.0019 O. ()455 0.5021 0.0013 -0.0124 -0.3093 0.518" P.9709

·1\IIUlIN. SI'EED ........ _ .... , 0.54922E fM
-0.0000 -0.7865 0.0111 0.8233 -0.0080 0.0234 0.2837 0_0007 -0_0076 -D. J672 0.0841 0.8051

TIIHUlN~ fxrT STATIC PRES .......• , ,0. 582'13E 02
'.0000 -0.6503 0.0209 I &&68 -0.0059 0_0429 0.4931 D.0012 -0.0081 -0.2904 0.5112 0.8618

t '(IIAUS'I NOZZLE TOTAL .'RES_ .... '. 0.4ti852E 02
'.0 -0.4838 0.0191 1.528. -0.0039 0.0393 0.4739 0.OOl2 -0,0037 AO.2657 O. 499~ 0.854:1

TUBUlNt MAINfOLP TI::MI'EUATURE..•. 0.15580£ 04
'.0 _2.8035 0.0323 2.9285 -0.0345 0.0012 D.3329 0.0015 -0, DieD -0.4200 0.2032 o 1301

-----
Fl~UH":I .3. Enl/;lIle Innuen{'e COl'fftclenls (Predlcled) IEngines F 2066 and Subsequent I
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Figure 3-44. Turbine Nozzle Area Change Versus Burn Time (Engines F-2066 and Subsequent)
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ENGINE XXXX COMPONENT REPLACEMENT LOG

Component
Replacement Thrust Deviation Mixture Ratio Deviation Specific Impulse Deviation

No. I Fuel Valve 0.9 0.017 0.14

No. 1 Turbopump
Fuel Outlet Line 0.3 0.007 0.05

Expected Maximum V (0. 9)2 ~(O. 3)2 V(0. 017)2 ~(O. 007)2 "(0.14)2+(0.05)2
Deviation as of
(Date 1)(d) , 0.9 ~ 0.018 ~ O. 15

No. 1 Turbopump
Oxidizer Outlet
Ltne 7.1 0.010 0.14

Expected Maximum \I 2 2 2 "(0.017)2+(0.007)2 +(0.010)2 I"". ",'",.",'",. ",'(0.9) +(0.3) +(7. 1)
Deviation as of
(Date 2)(1') ~ 7.2 = 0.021 ~ 0.20 .

No. 1 Turbopump
Fuel Outlel Line 0.3 0.007 0.05

Thrust Chamber
Injector 6.5 0.029 0.33

Expected Maximum \I 2 2 2 2 \ "".on,'",. 007" ",. '<OJ'",.",,'
V 2 2 2 2(0.9) +(0. 3) +(7. 1) +(6. 5) (0. 14) +(0.05) +(0. 14) +(0.33)

Devlalion as of
(Date 3)(f) = 9.7 = 0.036 = 0.39

(d) First component replacement since delivery (Date 1).
(e) Additional component replaced on (Date 2).
(f) Turbopump fuel outlet Itne No. 1 replaced second time, also main Injector changed on (D;>.te 3).

Figure 3-45. Example of Calculations Required to Determine Deviations
in Engine Perform;>.nce Due to Component Repbcement

All data on pages 3-47 through 3-54 deleted.
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Figure 3-44. Oxidizer Density Versus Temperature

Sea-Level Sea-Level Sea-Level
Engine Engine Engine

Component Being Replaced Thrust Mixture Specific
Deviation Ratio Impulse

(Engines F-2003 Through F-20l0) (kilo-lb) Deviation Deviation
(sec)

Thrust Chamber Assembly 21.5 0.054 0.83
Thrust Chamber 11.5 0.043 0.62
Main lnjeetor(a)(c) 6.5 0.029 0.33
Oxidizer Dome 17.0 0.016 0.44

(al Replacement of main injector can cause thrust vector to shift a maximum of O. 16 inch in lateral
displacement and 3. 6 minutes In angular displacement from present position.

(c) Replacement of main Injector and/or nozzle extension cannot cause thrust vector lateral dis
placement to exceed 0.42 Inch from engine centerline or angular displacement to exceed 21. 0
minutes from engine centerline.

Figure 3-45. Deviations in Engine Performance l>J.e to Component Replacement (Sheet I of 8)

3-47



Section III R-3896-1

Sea-Level Sea-Level Sea-Level
Engine Engine Engine

Component Being Replaced Thrust Mixture Specific
Deviation Ratlo Impulse.

(Engines F-2003 Through F-201O) (kilo-Ib) Deviation Deviation
(sec)

Turbine Exhaust System Duct With Heat Exchanger 19.8 0.002 0.48
Nozzle Extension(b)(c) 15.0 0.0 0.60
No. 1 Main LOX Orifice 0.1 0.0 0.0
No. 2 Main LOX Orifice O. 1 0.0 0.0
No. 1 Main Fuel Orifice 0.0 0.0 0.0
No. 2 Main Fuel Orifice O. 1 0.0 0.01

No. 1 Main Oxidizer Valve 7. 1 0.010 O. 14
No. 2 Main Oxidizer Valve 14.3 0.009 0.40
No. 1 Main Fuel Valve 0.9 0.017 O. 14
No. 2 Main Fuel Valve 7.4 0.014 0.31

No. 1 Turbopump Oxidizer Outlet Line 7.1 0.010 0.14
No. 2 Turbopump Oxidizer Outlet Line 13.0 0.008 0.36
No. 1 Tu rbopump Fuel Outlet Line 0.3 0.007 0.05
No. 2 Turbopump Fuel Outlet Line 1.5 0.003 0.06

Turbopump 55.0 0.071 1. 13
Oxidize r Pump 30.2 0.055 O. 62

Inlet Assembly 7.3 0.014 O. 15
Inducer 7.3 0.014 O. 15
Volute 15.8 0.028 O. 33
Impeller 24.6 0.043 O. 50

Fuel Pump 26.9 0.044 O. 59
No. 1 Inlet Elbow 9.0 0.014 O. 19
No. 2 Inlet Elbow 9.0 0.014 O. 19
Inlet Assembly 9.0 0.014 O. 19
Inducer 9.0 0.014 0.19
Volute 18.9 0.029 O. 39
Impeller 12.0 0.019 O. 25

Turbine Assembly 35.6 0.005 0.74
Nozzle (Manifold) 19. 1 0.001 O. 13
First-Stage Wheel 17.6 0.002 0.43

Per Blade 0.2 0.0 0.0

Second-Stage Wheel 8.8 0.001 0.22
Per Blade O. 1 0.0 0.0

(b) Replacement of the nozzle extension can cause thrust vector to shift a maximum of 0.31 inch in
lateral displacement and 2.8 minutes in angular displacement from present position.

(c) Replacement of main injector and/or nozzle extension cannot cause thrust vector lateral dis
placement to exceed 0.42 inch from engine centerline or angular displacement to exceed 21. 0
minutes from engine centerline.

Figure 3-45. Deviations in Engine Performance Due to Component Replacement (Sheet 2 of 8)
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R-3896-1

Component Being Replaced

(Engines F-2003 Through F-201Oj

stator
Per Segment

Honeycomb Seal

Gas Generator Oxidizer Bootstrap Line Scoop
Gas Generator Oxidizer Bootstrap Line (Upstream)
Gas Generator Oxidizer Fixed Upstream Orifice
Gas Generator Oxidizer Bootstrap Line (Downstream)

Gas Generator Oxidizer Variable Downstream Orifice
Gas Generator Fuel Bootstrap Line
Gas Generator Fuel Orifice
Gas Generator Ball Valve

Gas Generator Injector
Gas Generator Combustor Body

(Engines F-2011 Through F-2016)

Thrust Chamber Assembly
Thrust Chamber
Main Injector(a)(c)
Oxidizer Dome

Turbine Exhaust System Duct With Heat Exchanger
Nozzle Extension(b)(c)
No. 1 Main LOX Orifice
No. 2 Main LOX Orifice
No. 1 Main Fuel Orifice
No. 2 Main Fuel Orifice

No. 1 Main Oxidizer Valve
No. 2 Main Oxidizer Valve
No. 1 Main Fuel Valve
No. 2 Main Fuel Valve

No. 1 Turbopump Oxidizer Outlet Line
No. 2 Turbopump Oxidizer Outlet Line
No. 1 Turbopump Fuel Outlet Line
No. 2 Turbopump Fuel Outlet Line

Section !II

Sea-Level Sea-Level Sea-Level
Engine Engine Engine
Thrust Mixture Specific

Deviation Ratio Impulse
(kilo-lb) Deviation Deviation

(sec)

17.6 O. 002 O. 43
1.8 0.0 0.04

17.6 0.002 0.43

6.0 0.001 O. 15
12. a 0.002 0.30
0.15 0.0 0.0

12.0 0.002 0.30

3.4 0.001 0.09
7.8 0.001 0.25
0.6 0.0 0.02

21. 2 0.004 0.61

31. 6 0.005 0.89
11. 7 0.001 0.25

21. 5 0.054 0.83
11.5 O. 043 O. 62
6.5 0.029 O. 33

17.0 0.016 0.44

27.0 0.003 0.66
15.0 0.0 0.60

O. 1 0.0 0.0
O. 1 0.0 0.01
0.0 0.0 0.0
O. 1 0.0 0.01

7.1 0.010 O. 14
14.3 0.009 0.40
0.9 0.017 O. 14
7.4 0.014 0.31

7.1 0.010 O. 14
13.0 0.008 0.36
0.3 0.007 0.05
1.5 0.003 0.06

(a) Replacement of main injector can cause thrust vector to shift a maximum of O. 16 inch in lateral
displacement and 3.6 minutes in angular displacement from present position.

. (b) Replacement of the nozzie extension can cause thrust vector to shift a maximum of 0.31 inch in
lateral displacement and 2.8 minutes in angular displacement [rom present position.

(c) Replacement of main injector and/or nozzle extension cannot cause thrust vector latera! dis
placement to exceed 0'.42 inch from engine centerline or angular displacement to exceed 21. 0
minutes from engine centerline.

Figure 3-45. Deviations in Engine Performance Due to Component Replacement (Sheet 3 of 8)
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Section In

Component Being Replaced

(Engines F-2011 Through F-201

Turbopump
Oxidizer Pump

Inlet Assembly
Inducer
Volute
Impeller

Fuel Pump
No. 1 Inlet Elbow
No. 2 Inlet Elbow
Inlet Assembly
Inducer
Volute
Impeller

Turbine Assembly
Nozzle (Manifold)
First- Stage Wheel

Per Blade

Second-Stage Wheel
Per Blade

stator
Per Segment

Honeycomb Seal

Gas Generator Oxidizer Bootstrap Line Seo,
Gas Generator Oxidizer Bootstrap Line (Up~

Gas Generator Oxidizer Fixed Upstream On
Gas Generator Oxidizer Bootstrap Line (DO\\

Gas Generator Oxidizer Variable Downstre.1
Gas Generator Fuel Bootstrap Line
Gas Generator Fuel Orifice
Gas Generator Ball Valve

Gas Generator Injector
Gas Generator Combustor Body

(Engines F-2017 Through F-20 2b

Thrust Chamber Assembly
Thrust Chamber
Main Injector(a)(c)
Oxidize r Dome

(a) Replacement of main injector can caus(
displacement and 3.6 minutes in anguLl

(c) Replacement of main injector and or n
placement to exceed 0.42 inch from en~1

minutes from engine centerline.

Figure 3-45. Deviations in Engine Perie,

3- 50



R-3896-1

Component Being Replaced

(Engines F-2017 Through F-2028)

Turbine Exhaust System Duct With Heat Exchanger
Nozzle Extenslon(b)(c)
No. 1 Main LOX Orifice
No. 2 Main LOX Orifice
No. 1 Main Fuel Orifice
No. 2 Main Fuel Orifice

No. 1 Main Oxidizer Valve
No. 2 Main Oxidizer Valve
No. 1 Main Fuel Valve
No. 2 Main Fuel Valve

No. 1 Turbopump Oxidizer Outlet Line
No. 2 Turbopump Oxidizer Outlet Line
No. 1 Turbopump Fuel Outlet Line
No. 2 Turbopump Fuel Outlet Line

Turbopump
Oxidizer Pump

Inlet Assembly
Inducer
Volute
Impeller

Fuel Pump
No. 1 Inlet Elbow
No. 2 Inlet Elbow
Inlet Assembly
Inducer
Volute
Impeller

Turbine Assembly
Nozzle (Manifold)
First-Stage Wheel

Per Blade

Second-Stage Wheel
Per Blade

Section III

Sea-Level Sea-Level Sea-Level
Engine Engine Engine
Thrust Mixture Specific

Deviation Ratio Impulse
(kilo-lb) Deviation Deviation

(sec)

27.0 0.003 0.66
15.0 0.0 0.60

O. 1 0.0 0.0
0.1 0.0 0.0
0.0 0.0 0.0
0.1 0.0 0.01

13.0 0.019 0.25
20.1 0.012 0.56
1.1 0.022 O. 18
9.6 0.018 0.40

1.3 0.002 0.02
4.1 0.003 O. 12
0.2 0.003 0.03
1.4 0.003 0.06

55.0 0.071 1. 13
30.2 0.055 0.62
7.3 0.014 O. 15
7.3 0.014 O. 15

15.8 0.028 0.33
24.6 0.043 0.50

26.9 0.044 0.59
9.0 0.014 O. 19
9.0 0.014 0.19
9.0 0.014 O. 19
9.0 0.014 O. 19

18.9 0.029 0.39
12. 0 0.019 0.25

35.6 0.005 0.74
19. 1 0.001 O. 13
17.6 0.002 0.43
0.2 0.0 0.0

8.8 0.001 O. 22
0.1 0.0 0.0

Stator 17.6 0.002 0.43
Per Segment 1. 8 0.0 O. 04

Honeycomb Seal 17.6 0.002 0.43

(b) Replacement of the nozzle extension can cause thrust vector to shift a maximum of O. 31 inch in
lateral displacement and 2. 8 minutes In angular displacement from present position.

. (c) Replacement of main injector and/or nozzle extension cannot cause thrust vector lateral dis
placement to exceed 0.42 inch from engine centerline or angular displacement to exceed 21. 0
minutes from engine centerline.

Figure 3-45. Deviations in Engine Performance Due to Component Replacement (Sheet 5 of 8)
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Section III R-3896-1

Sea-Level Sea-Level Sea-Level
Engine Engine Engine

Component Being Replaced Thrust Mixture Specific
Deviation Ratio Impulse

(Engines F-2017 Through F-2028) (kilo-Ib) Deviation DevIation
(sec)

Gas Generator Oxidizer Bootstrap Line Scoop 6.0 0.001 O. 15
Gas Generator Oxidizer Bootstrap Line (Upstream) 12. a 0.002 0.30
Gas Generator OxidIzer Fixed Upstream Orifice 1.9 0.0 0.04
Gas Generator Oxidizer Bootstrap Line (Downstream) 12.0 0.002 0.30

Gas Generator Oxidizer Variable Downstream OrIfice 1.9 0.0 0.05
Gas Generator Fuel Bootstrap Line 7.8 0.001 0.25
Gas Generator Fuel Orifice 1.1 0.0 0.04
Gas Generator Ball Valve 21. 2 0.004 0.61

Gas Generator Injector 31. 6 0.005 0.89
Gas Generator Combustor Body 11.7 0.001 0.25

(Engines F-2029 and Subsequent)

Fuel Pump 26.9 0.044 0.59
No. 1 Inlet Elbow 9.0 0.014 0.19
No. 2 Inlet Elbow 9.0 0.014 0.19
Inlet Assembly 9.0 0.014 0.19
Inducer 9.0 0.014 O. 19
Volute 18.9 0.029 0.39
Impeller 12. a 0.019 0.25

Turbine Assembly 35.6 0.005 0.74
Nozzle (Manifold) 19.1 0.001 0.13
First-Stage Wheel 17.6 0.002 0.43

Per Blade 0.2 0.0 0.0

Second-Stage Wheel 8.8 0.001 0.22
Per Blade 0.1 0.0 0.0

Stator 17.6 0.002 0.43
Per Segment 1.8 0.0 0.04

Honeycomb Seal 17.6 0.002 0.43

Gas Generator Oxidizer Bootstrap Line Scoop 6.0 0.001 O. 15
Gas Generator Oxidizer Bootstrap Line (Upstream) 12.0 0.002 0.30
Gas Generator Oxidizer Fixed Upstream Orifice 1.9 0.0 0.04
Gas Generator Oxidizer Bootstrap Line (Downstream) 12.0 0.002 O. 30

Gas Generator Oxidizer Variable Downstream Orifice 1.9 0.0 0.05
Gas Generator Fuel Bootstrap Line 7.8 0.001 0.25
Gas Generator Fuel Orillce 1.1 0.0 0.04
Gas Generator Ball Valve 21. 2 0.004 0.61

Gas Generator Injector 31. 6 0.005 0.89
Gas Generator Combustor Body 11. 7 0.001 0.25

Figure 3-45. Deviations in Engine Performance Due to CompLnent Replacement (Sheet 6 of 8)
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R-3896-1

Component Being Replaced

(Engines F-2029 and Subsequent)

Thrust Chamber
Thrust Chamber
Main Injector (a)(c)
Oxidizer Dome

-Turbine Exhaust System Duct With Heat Exchanger
Nozzle Extension(Il)(C)
No. 1 Main LOX Orifice
No. 2 Main LOX Orifice
No. 1 Main Fuel Orifice
No. 2 Main Fuel Orifice

No. 1 Main Oxidizer Valve
No. 2 Main Oxidizer Valve
No. 1 Main Fuel Valve
No. 2 Main Fuel Valve

No. 1 Turbopump Oxidizer Outlet Line
No. 2 Turbopump Oxidizer Outlet Line
No. 1 Turbopump Fuel Outlet Line
No. 2 Turbopump Fuel Outlet Line

Turbopump
Oxidizer Pump

Inlet Assembly
Inducer
Volute
Impeller

Section 1lI

Sea-Level Sea-Level Sea-Level
Engine Engine Engine
Thrust MIXture Specific

Deviation Ratio Impulse
(kilo-lb) Deviation Deviation

(sec)

21. 5 0.054 0.83
11.5 0.043 0.62
6.5 0.029 0.33

17.0 0.016 0.44

27.0 0.003 0.66
15.0 0.0 0.60

O. 1 0.0 0.0
O. 1 0.0 0.0
0.0 0.0 0.0
0.1 0.0 0.01

13.0 0.019 O. 25
20.1 0.012 O. 56
1.1 0.022 0.18
9.6 0.018 0.40

1.3 0.002 0.02
4. 1 0.003 O. 12
O. 2 0.003 0.03
1.4 0.003 0.06

55.0 O. 071 1. 13
30.2 0.055 0.62

7.3 0.014 0.15
7.3 0.014 O. 15

15.8 0.028 0.33
24.6 0.043 O. 50

(a) Replacement of main injector can cause thrust vector to shift a maximum of 0.16 inch In lateral
displacement and 3.6 minutes In angular displacement from present position.

(b) Replacement of the nozzle extension can cause thrust vector to shift a maximum of O. 31 Inch in
lateral displacement and 2.8 minutes In angular dtsplacement from present position.

(c) Replacement of main injector and/or nozzle extension cannot cause thrust vector lateral dis
placement to exceed 0.42 inch from engine centerline or angular displacement to exceed 21. 0
minutes from engine centerline.

Figure 3-45. Deviations in Engine Performance P.1e to Component Replacement (Sheet 7 of 8)
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w,
'"... ENGINE XXXX COMPONENT REPLACEMENT LOG

Component
Replacement Thrust Deviation Mixture Ratio Deviation Specific Impulse Deviation

No. 1 Fuel Valve 0.9 0.017 0.14

No. 1 Turbopump
Fuel Outlet Line 0.3 0.007 0.05

Expected Maximum V (0. 9)2+(0.3)2 V(0.017) 2+(0.007) 2 V(O. 14)2 +(0.05)2
Deviation as of
(Date l)(d) , 0.9 ' 0.018 =O. 15

No. 1 Turbopump
Oxidizer Outlet
Line 7.1 0.010 0.14

Expected Maximum V 2 2 2 V(o. 017)2 +(0.007)2+(0.010)2 \ V". ",'",.",'",. ",'(0.9) +(0.3) +(7.1)
Deviation as of
(Date 2)(e) , 7.2 =0.021 =0.20 .

No. 1 Turbopump
Fuel Outlet Line 0.3 0.007 0.05

Thrust Chamber
Injector 6.5 0.029 0.33

Expected Maximum V 2 2 2 2 \..;,.",,'",.,,,,'",. ,,,,'",.",,' V 2 2 2 2(0.9) +(0.3) +(7.1) +(6.5) (0. 14) +(0.05) +(0.14) +(0. 33)
Deviation as of
(Date 3)(f) =9.7 = 0.036 = 0.39

(d) Flrsl component replacement since delivery (Date 1).
(e) Additional component replaced on (Date 2).
(il Turbopump fuel outlet Hne No. 1 replaced second time, also main Injector changed on (Date 3).

Figure 3-45. Deviations In Engine Performance Due to Component Replacemenl (Sheet 6 of 6)
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R-3896-1 Section III
Paragraphs 3-48 to 3-49

3-48. ENGINE TEST INSTRUMENTATION. operation and performance during static tests
shall be a customer requirement. Recommended f

3-49. A list of the available engine Instrumen- Instrument range and instrument precision is
tatlon taps Is presented In figure 3-46. Selec- also shown in figure 3-46. Refer to section II
tion of instrumentation to determine engine for Instrumentation tap locations.

Parameter Range Precision Tap Recording Frequency
(Pressure) (psig) (Percent) (Low) (High)

LOX Pump Inlet(a)(b) 0-200 Facility X
LOX Pump Inlet(c) 0-200 :0.50 Facility X
No. I LOX Pump Discharge 0-2,000 :0.50 P02b-l X
No. 2 LOX Pump Discharge 0-2,000 :0.50 P02b-2 X
No. 1 LOX Pump Dlscharge(a)(b) 0-2,000 P02d-1 X
No.2 LOX Pump Discharge(a)(b) 0-2,000 P02c-2 X
No. I MaIn LOX Valve Inlet 0-2,000 :1.00 P03-1 X
No.2 MaIn LOX Valve Inlet 0-2,000 :1. 00 P03-2 X
GG LOX Valve Inlet( ) 0-2,000 :1.00 GOla X
GG LOX Valve Inle~ a 0-2,500 GOlb X
GG LOX Injectlon(a 0-1,500 :1.00 G02a X
LOX Pump seal Cavity 0-25 : 1. 00 P07b X
No. I LOX Dome Inlet 0-2,000 :1.00 COlb-l X
No. 2 LOX Dome Inlet 0-2,000 :1. 00 COlb-2 X
LOX Injection 0-2,000 :1. 00 C03c X
LOX Injection(a)(b) 0-2,000 C03h X
Heat EKchanger LOX Inlet 0-2,000 d.OO HOle X
Heat EKchanger GOX Outlet 0-2,000 d.OO H:04c X
No. 1 FuaJ Pump Inlet(c) 0-200 300.50 . KF6b~1 X
No. 1 Fuel Pump Inlet(a)(b) 0-200 KF7a-1 X
No. 2 Fuel Pump Inlet(c) 0-200 :0.50 KF6d-2 X
No. I Fuel Pump Discharge 0-2,500 :0.50 PF2b-1 X
No. 1 Fuel Pump Dlscharge(a)(b) 0-2,500 PF2d-1 X
No. I Fuel Pump Discharge 0-2,500 PF2c-1 X
No. 2 Fuel Pump DiSCharge 0-2,500 :0.50 PF2b-2 X
No. 2 Fuel Pump Dlscharge(a)(b) 0-2,500 PF2c-2 X
No. 1 Main Fuel Valve Inlet 0-2,500 :1. 00 PF3a-1 X
No. 2 Main Fuel Valve Inlet 0-2,500 :1.00 PF3a-2 X
Fuel Manifold 0-2,000 :1.00 CFlc X
Fuel Manlfold(a)(b) 0-2,000 CFlb X
Fuel Inj ection 0-2,000 :1.00 CF2c X
Fuel Injection(a)(b) 0-2,000 CF2a X
Fuel hnpeller Backcaslng 0-1,000 :1. 00 PFIO X
GG Fuel Valve Inlet 0-2,000 :1. 00 GFI X
GG Fuel Injection 0-1,500 :1.00 GF2a X
LOX Pump Bearing Jet 0-1,000 :1.00 LBlb X
Control System Ground Supply 0-2,500 %1.00 NHO X
Control System Supply 0-2,500 %1. 00 NHla X
Control System Supply 0-2,500 NHlb X

(a) Engtne-mounted transducer.
(b) All high-frequency pressure Instrumentation must have a range of dc to 10 kc :2 db.
(c) Mount transducers on facility at pump Inlet lenl within: I loot.

FIgure 3-46. Engine Instrumentation Parameters (Sheet I of 3)
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Section III R-3896-1

Parameter
(Pressure)

Engine Control Closing
Engine Control Opening
Common Hydraulic Return
Common Hydraulic Return
Igniter Fuel Valve Inlet
Hypergol Container Inlet
Combustion Chamber(a)(b)
Combustion Chamber
Combustion Chlllllber
GG Chamber(a)\b)
GG Chamber
Turbine Inlet
Turbine Outlet
LOX Pump Seal Purge
GG Fllel Purge(d)
LOX Dome Purge
Heat Exchanger Helium Inlet
Heat Exchanger Helium Outlet

Parameter
(Temperature)

IHeat Exchanger GOX Outlet
Heat Exchanger Helium

Coil Outlet
Turbine Inlet(e)
Turbine Inlet (Manlfold)(e)

ITurbine Outlet(e)
Heat Exchanger LOX Inlet(f)

Parameter
(Acceleration)

Range
(psig)

0-2,500
0-2,500
0-500
0-500
0-2,500
0-2,500
0-3,600
0-1,500
0-1,500
0-1,500
0-1,500
0-1,500
0-100
O-ZOO
0-500
0-1,500
0-500
0-500

Range
(' F)

0-1,000
0-500

0-2,000
0-2,000
0-2,000
-300 to -250

Range
(g rms)

Precision Tap Recording Frequency
(Percent) (Low) (High)

±l. 00 NH2b X
±1. 00 NH3b X
±Z.OO NH5b X

NH5a X
IF2 X
IF3 X
CGla X

±0.50 CGlb X
CGld X
GGlc X

±0.50 GGlb X
±0.50 GG2a X
±0.50 TG5a X
±1.00 CCP X
±3.00 CCP X
±3.00 CCP X
±l. 08 HHZc X
±l. 0 HH3c X

±l. 00 H03 X
±l.00 HH4 X

±1. 00 GGZb X
±1. 00 TG4b X
±1. 00 TG5b X
±1. 00 H02 X

LOX Pump Inlet Flaqge(g)
LOX Dome Pos. 10(i)
LOX Dome Pos. 4(i)
Elbow to Inlet Flanlte ~el

Pump No. 1 Slde\g)(j)
I Elbow to Inlet Flange Fuel

Pump No. 1 Slde(g)

0-250
0-707
0-707
0-250

0-250

PZAI-y(h)
CZAlO-y(h)
CZA4-y(h)
PZA2_y(h)

PZA3-Z

x
X
X
X

X

(a) Engine-mounted transducer.
(b) All high-frequency pressure Instrumentation must have a range of dc to 10 kc ±2 db.
(d) On engines not Incorporating MD70 or MD83 change.
(e) Thermocouple R452VC-16 gage must be Immersed to one-Inch depth, which Is defined as the

linear distance from Inside wall of component at point of thermocouple Insertion to thermcouple
junction.

(I) Heat exchanger oxldlzer Inlet temperature bulb must be Immersed 0.75 ±O. 5 Inch. (Refer to
footnote e.)

(g) 0-3,500 cps low-pass filter.
(h) Centerline of tapped hole Is approximately parallel to y-axts.
(I) 0-10,000 cps low-pass filter.
(j) Trl-axial mounting pad.

Figure 3-46. Engine Instrumentation Parameters (Sheet 2 of 3)
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R-3896-1 Section III

Parameter Range Precision Tap Recording Frequency
(Acceleration) (g rms) (Percent) (Low) (High)

Boss of Fuel Pump Houslng(g)(j) 0-250 PZA8_Z(h) X
Boss of Fuel Pump HOuslng(g) 0-250 PZA9_Z(k) X I
LOX Dome Pos. 7(g) 0-250 CZA7-X(k) X
Gas Generator Combustor(g)(l) 0-500 Y-Axis Adapter X

Gas Generator Combustor(g)(l)
Block(h)

0-500 Z-Axl~ ~Pter X
Block m

LOX Dome Pos. 1(1) 0-707 CZAI-y(h)
LOX Dome Pos. 2(1) 0-250 CZA2_y(h) X

(g) 0-3, 500 cps low-pass filter.
(h) Centerline of tapped hole Is approximately parallel to y-axis.
(I) 0-10,000 cps low-pass £Uter.
(j) Tri-axlal mounting pad.
(k) Centerline of tapped hole Is approximately parallel to x-axis.
(1) Adapter 88-702887 and bolt 88-702885.3, or equivalent, must be used in conjunction with the gas

generator acceleration Instrumentation.
(m) Centerline of tapped hole Is approximately parallel to z-axis.

Figure 3-46. Engine instrumentation Parameters (Sheet 3 of 3)
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R-3896-1

MANUAL DATA S1JilPLEMENTS

APPENDIX

Manual Data &1pplements are issued from
time to time to communicate important and
urgent information concerning the equipment
covered in this manual. These Supplements
bear an identifying number and should be filed
in this Appendix.

Manual Data Supplements directly affect the
data in this manual and will be incorporated
into this manual during a future updating
effort.

A Supplement Record is issued periodically to
indicate the status of Supplements issued for

this manual. The status of each Supplement is
indicated in the ''Supplement Status" column.
For active Supplements, no status is entered.
For incorporated Supplements, "Incorporated"
is entered.

Upon receipt of a Manual Data Supplement,
make an appropriate reference to the Supple
ment in the margin next to the daUi. supple
mented. Supplements that have been incor
porated into this manual shall be discarded.

MANUAL DATA SUPPLEMENT RECORD

This Supplement Record indicates the status
of Supplements issued for Technical Manual
R-3896-1 as of the date specified above. Sup
plements which have been incorporated into

the manual shall be removed from the Appendix
and destroyed. This Supplement Record super
sedes Supplement Record dated 14 June 1966.

Supplement
Number

R-3896-1-1

R-3896-1-2

R-3896-1-3

Dated

14 June 1966

30 June 1966

9 June 1971

Description

Changes methods of determining heat
exchanger oxidizer and helium bypass
orifice sizes.

Corrects stage condition fuel and oxidizer
inlet pressure requirements for predicting
engine start times, and corrects equation
used to predict time from engine control
valve start signal to hypergol switch
dropout.

Changes the description of the engine
envelope dimensions and the engine dry
weight to be compatible with data presented
in section II.

Supplement
Status

Incorporated

Incorporated

mcorporated

Change No. 10 - 16 July 1971 A-1A-2




