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1.0 SUMMARY

The Orbital Maneuver Subsystem (OMS) is not completely
defined at this time. The configuration considered in this
document is shown in the illustrations included in this
document.

Future configuration changes should have little impact
on the measurements required for fault detection and
annunciation,

Twenty-three measurements have been identified for use
in fault detection and annunciation that are not included

in the Master Measurements List, dated November 16, 1973.

These measurements are divided into the following

categories:
° GN2 monitoring 10 ea
e Shut-off valve positions 8 ea

e Redundant helium source pressures 3 ea

e Cargo bay tank pressures 2 ea
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2,0 INTRODUCTION
2,1 Purpose

This document defines the functional paths of the Orbital
Maneuver Subsystems (OMS) and defines the cperational flight
instrumentation required for performance monitoring fault
detection and annunciation.

A functional path, as used in this document, is defined
as one or more functional elements which may be combined into
operating functional paths which are controllable or selectable
by the flight crew for systems management.

2,2 System Description

2.2.1 Orbital Maneuver Subsystem. The OMS is a pressure-

fed rocket engine propulsion subsystem., One complete OMS
shares each of the two auxiliary propulsion subsystem pods
with a reaction control subsystem (RCS).

Each OMS is composed of a pressurization system, a pro-
pellant tanking system and a gimbaled rocket engine.

2.2.2 OMS component:. The pressurization system consists

of a helium storage bottle, helium solenoid valves, pressure
regulators, vapor isolation valves, check valves, relief valves,
and test and fill ports.

The OMS propellant system is ccmposed of fuel, oxidizer,
propellant storage tanks, isolation valves, pod interconnect
lines, and distribution lines.



.

The OMS engine consists of a series redundant bi-prope!'-
lant valve, an injector, a thrust chamber, a nozzle extension
and gimbal actuators. A gimbaling/thrust mount attaches
the engine to the auxiliary propulsion subsystem.,

2.2.3 OMS propellant supply. The hypergolic OMS pro-
pellants are nitrogen tetroxide (N204) and monomethalhydrazine
(MMH) . Each OMS is normally supplied propellants from its
own dedicated set of tanks. Crossfeed lines provide the capa-
bility to supply propellant to either OMS engine from each of

the following additional sources:
e Cargo bay kit tanks

e Pod tanks from the opposite OMS

2.2.4 OMS configuration status. OMS preliminary design
review is presently in progress. Future changes are expected,

especially in the area of pneumatic valve contio’ Changes
are not expected to impact performance monitr = .1t detection
and annunciation.

2=2
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3.0 FUNCTIONAL PATH ANALYSIS OF THE OMS
3.1 Functional Path Identification

The OMS functional paths are shown in figures 1 and 2.
They are id:ntified as OMXX. Functional paths are combined
into operating functional paths and identified as OOMXX,

3.2 Functional Path Analysis of OMS Propellant Paths

OM1 and OM2 are helium source tanks., Each tank has a
volume of 15.4 cubic feet. The tanks are pressurized to
approximately 4000 psia prior to launch,

OM3 through OM6 are helium isolation shut-off valves
in series with a primary and secondary helium regulator.
Tank pressure is regulated to approximately 218 psig.

OM7 through OM10 are shut-off valves to isolate oxidizer
from the helium manifoil during periods when tanks are not
in use,

OM11, OM12, OM15, and OM16 are series parallel check
valves to isolate propellant from the helium manifold.

OM13, ©OM14, OM17, and OM18 are manual shut-off valves
used for ground servicing only.

OM19 through OM22 are burst disc in seri.s with noppat

relief valves for relieving helium overboard, in the event
a failure results in cver pressurization of the tank,

3.1
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OM23 through OM26 are propellant holding tanks. Each
tank has a volume of approximately 89.5 cubic feet.

OM27 through OM34 are pairs of parallel redundant shut-
off valves. Either valve in a pair can flow enough propellant
to support an OMS engine burn,

OM41, OM42, OM44, and OM35 through OM39 are pairs of
parallel redundant shut-off valves. These valves connect the
OMS manifolds to the crossfeed lines,

OM43, OM45, OM46, and OM48 are series redundant engine
fuel inlet ball valves. OM47, OM49, OM50, and OMS52 are series
redundant engine oxidizer inlet ball valves. One fuel and
one oxidizer valve are controlled by a single actuator. Oper-
ation of either pair of inlet valves insures shutdown of the
associated engine.

OM61 and OM64 are GN2
pressure for engine ball valve control. OM59 and OM62 are
shut-off valves which control ‘he flow of GN2 to the GN2
regulators, OM57 and OM60.

source bottles which supply the

OM55 and OM58 are 3-way valves used to control the ball
valve actuators. Pressure applied to the ball valves causes
the valves to open. The valves are spring loaded closed and
will close when the actuator pressure is vented overboard.

An additional GN2 source tank is being considered for
each engine. This would provide a separate source tank for
each set ot engine ball valves.



OM51 and OM53 are fuel dump valves used to dump fuel
overboard.

OM54 and OM56 are oxidizer dump valves used to dump
oxidizer overboard.

3.3 Problem Areas

3.3.1 Crossfeed single point failure. During OMS
burns when the OMS engines are being supplied propellant
(from the cargo bay kit) through the crossfeed lines, the
RCS crossfeed valves are a single point failure. If the
RCS helium regulators regulate higher than the helium regu-
lators in the cargo bay kit, and an RCS crossfeed valve
fails open, the RCS propellant will be depleted through the
OMS engine.

Consideration is being given to changing the RCS and
OMS propellant ullage pressures to a common pressu-e of
approximately 240 psia to eliminate this problem,

3.3.2 Tank shut-off valves and crossfeed valves. Helium
from the RCS tanks is presently used to control the tank shut-
off valves and the crossfeed valves. The use of helium from
the RCS tanks for valve control introduces additional errors

in the RCS propellant gauging.
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3.4 Operating Functional Paths

3.4.1 Left OMS. The operating functional paths used
for engine monitoring of the left OMS are defined as follows:

Left OMS fuel operating functional path
OOMS = (OM1) (OM3 + OM5) (OM15) (OM17)
(OM25) (OM31 + OM33) (OM43) (OM45)

Left (OMS) oxidizer operating functional path
OOM7 = (OM1) (OM3 + OMS) (OM7 + OM9)
(OM11) (OM13) (OM23) (OM27 + OM29)
(OM47) (OM49)

Pneumatic valve control operating functional path
OOM9 = (OM61) (OMS59) (OMS57) (OMS5S)

3.4.2 Right OMS. The operating functional paths used

for engine monitoring of the right OMS are defined as follows:

Right OMS fuel operating functional path
OOM6 = (OM2) (OM4 + OM6) (OM1l6) (OM18)
(OM24) (OM28 + OM30) (OM46) (OM48)

Right OMS oxidizer operating functional path
OOM8 = (OM2) (OM4 + OM6) (OM8 + OM10) (OM12)
(OM14) (OM26) (OM32 + OM34) (OMS0) (OM52)

Pneumatic valve control operating functional path
OOM10 = (OM64) (OM62) (OM60) (OMS8)
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4.0 MEASUREMENT REQUIREMENTS FOR FAULT DETECTION
AND ANNUNCIATION — LEFT AND RIGHT OMS

4,1 FDA Measurements

Tables 1 and 2 list the primary, correlation, and pre-
conditioning measurements required for fault detection and
annunciation for the right and left OMS. The tables identify
16 new measurements not included in the Master Measurements
List, dated November 16, 1973. Measurement justification
is also included in tables 1 and 2. Figures 3 and 4 show
the approximate location of the aft RCS measurements.

4.2 Description of Parameters to be Monitored

4.2.1 Helium source pressure. Helium source pressure

is used for propellant gauging and is the best overall indi-
cator of system integrity. In the event the source pressure
measurement fails, the system status and propellant remaining
cannot be determined; therefore, redundant source pressure
measurements should be added to both helium tanks.

4,.2.2 Propellant pressures., Helium SOV and vapor

isolation valve positions provide a precondition check to
determine if the system is static or dynamic. Tank pressures
are required to isolate leaks and failed components such as
regulators, helium SOV's, vent valves, and vapor isolation
valves.

4,2,3 Manifold pressures. Tank outlet SOV's and OMS
crossfeed valve positions provide precondition checks for

manifold pressure checks.

4-1
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4.2.4 Engine bi-propellant valve positions. Bi-propel-

lant valve positions are monitored during engine burns.
Failure of either valve in a closed position results in
engine shutdown. If either valve fails open prior to a
burn the engine will not be used since redundant shutdown
capability has been lost.

4.2.5 Engine parameters. Chamber pressure and injector

temperature provide overall system status monitoring during
OMS burns.,

4.2.6 QNZ monitoring. Source pressure, SOV positions,
and regulator pressure provide status of the bi-propellant
valves GN, supply. The bi-propellant valves are spring
loadea C7Ssed if the GN2 supply is lost,

4,3 Leak Detection
Helium source pressure for fuel and oxidizer are supplied

from the same bottle, A leak mav be isolated by closing the
helium SOV's and monitoring tank pressures.

4-4
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5.0 OMS INTERCONNECT TO CARGO BAY
AUXILIARY PROPELLANT KIT

Additional propellant flow operating functional paths
are available to the OMS manifolds from the cargo bay auxil-
iary propellant kits.

The functional paths of the auxiliary propellant from
the cargo bay kit to the crossfeed lines are shown in
figure 5. The functional paths are identified as CKXX and
are combined into operating functional paths identified as
OCKXX.

5.1 Functional Path Analysis of Cargo Bay Kit
to Crossfeed Line

The cargo bay kits are added when more OMS delta
velocity is required than can be supplied by the dedicated
OMS tanks. Each kit consists of a fuel tank, an oxidizer
tank, and a helium source bottle. One to three kits may be
added to the cargo bay. The propellant tanks are connected
in series, and the helium tanks are added in parallel.

CK1l consists of from one to three helium source bottles
connected to a common manifold. Each bottle has a volume

of 15.4 cubic feet.

CK3 is a shut-off valve allowing helium to be loaded
from a ground source during servicing.
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CK2 and CK4 consist of helium isolatiou valves in series
with a primary and secondary helium pressure regulator. The
primary regulator regulates the output tc 218 psig.

CKS5 consists of two helium isolation valves in parallel
used for positive isolation of N204 from the helium manifold.
These valves remain closed when the cargo bay kits are not
in use.

CK6 and CK8 are series parallel check valves which
isolate propellants from the helium manifold.

CK7 and CK9 are manual shut-off valves used during
ground servicing only.

CK10 and CK11 consist of a burst disc and poppet relief
valve, In the event the tanks are subjected to over pressure,
the burst disc ruptures and the excess helium vents overboard
through the poppet relief valve.

CK12 and CK13 are propellant holding tanks. Each tank
has a volume of approximately 89,5 cubic feet. ©Each kit
contains a fuel and an oxidizer tank. A maximum of three
kits may be installed in a vehicle.

CK14 through CK17 arec series parallel shut-off valves
which isolate the cargo bay kit propellants from the cross-

feed lines.

CK18 through CK22 are bulkhead disconnects and feed-
throughs from the cargo bay to the aft furclage,
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5.2 Cargo Bay Kit Operating Functional Paths
to the Crossfeed Lines

Operating functional paths, tor au. 'liary propeliant
from the cargo bay kit to the crossfeed lines, are defined
as follows (see fig., 5):

e Cargo bay auxiliary fuel to crossfeed line
OCK1 = (CK1l) (CK2 + CK4) (CK6) (CK7)
(CK12) (CK14 + CK15) (CK18)

® Cargo bay auxiliary oxidizer to crossfeed line
OCK2 = (CK1) (CK2 + CK4) (CKS5) (CKn8)
(CK9) (CK13) (CKlo + CK17) (CK22)

5.3 Cargo Bayv Kit Operatir; Functional Patns
to OMS Engines

The operating functional paths of the auxiliary propellant
from the cargo bay kit to the OMS engines are defined as
follows (see figs. 6 and 7):

@ Left OMS fuel operating functional path
OCK3 = (OCK1) (OM39 + OM41) (OM43) (OM45S)

@ Left OMS oxidizer operating functional path
OCK4 = (OCK2) (OM35 + OM37) (OM47) (0OM49)

e Right OMS fuel operating functional path
OCK5 = (OCKX1l) (OM42 + OM44; OM46) (OM48)

® Right OMS oxidizer operating functional path
OCKé6 = (OCK2) (OM36 + OM38) (OM50) (OM52)
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5.4 FDA Measurements for Cargo Bay Kit

The measurements required for OMS fault detection and
annunciation are listed in table 3. Seven new measurements
(not in the Master Measurements List, dated November 16, 1973)
are identified.

Since helium pressure provides the best overall system
status as well as a means of propellant gauging, the measure-
ment should be redundant.

Tank pressures are required for leak isolation and over-
pressure monitoring. At least one pressure transducer should
be added to the fuel and oxidizer tanks.

Position indicators are required to indicate the posi-
tion of the SOV's in functional paths CK14 through CK17.
An indicator should be added to monitor the status of each
path or, preferably, the status of each valve.

5-7




- ¥
{
A%wmw UOTITPUODIALd = X
&
QN UOTIIBIXI0D) = )
S
praxtabey juciidansesw MON = N XX m@aﬂ Lrewtad = dg
-
J03tTuou -
I 2inssol
Yes[ 1oltuou rA D $0) 092 01z agr a4l T o!
sanssaidisag {uel 1and
uoT12InSTIUOD Xne €o
e PO VN VN | VN W AT uIsl
pPa93ssoa) 30 Idn3y SH-SKH
J0TT0ONS )
10T2Rn8TIUGD 2300 xne so
vw v~ | vN W efles ulsl
P89Fssox) #30 X0 9H-SK
J0TEOXEPA
e
V00Tud ST 3s0T 300 v0oTod Sutureuwax inssal
SN1z3s wo1s4g 150 jueyyadoxd juel oH S
IojlIuow YBay ¢330 luspuadap mhﬂnmwm
sniels uwoysdg| X0 . BururewsL Yuzl O9H SN
19 W) juetiadolrd YOOI0dSY
yaed jususxnseau| Mot yStH| mor ySig|e
UOTIBOTITISNL | TBUOTIOUNT m JIUDWOANSBIN
Sut3eiedp | uoraerai10) |3TUTT pIeH |ITWIT 3IJOS|*
vad SKWoO

Y04 QIYINDIY SINIWTYNSVAW LIN INVTTIdONd XAVITIXAV —°S FT4VL

5-8




uotrieansryuod 2400 Xne - so
VN VN { VN VN | X dATeA UySs
E Pa33ssoa) LIXD 197TPIX0 Sy
Lz uotr3eIndryuvod 2300 xae
pesyssoxd|  oTND VN VN | VN VN IX urst x0 s
JSTZ0XSE
uor3leInSTIUOD 2100 xaw -
ON SATBA UIS
pPo33ssox) SYD VN VN | VN VN | X 1odea sSpol
JeI1g
xne -
uotieInNSIIU0d 2490 ) DN SATEA UTST
po9a3ssoxd S o) VN VN VN VN |X X10d2A SH
= = JrIS0XED ’
3 rHow ¢ 300 ‘ sxnssax
b 18l 203juOm| . 09z 0Tz | Q9L Q9L |dl ; oy yue: X
sxnssaxdaoag
3
yzed juowsanseam| mor yYStH| moT ySTH| o}
uor1EdTITISOL fBUOTIIOUNJ M.u:uaouzmmo:
’] Suraeaedp |uotriEBTLXX0)|3ITWIT pIBH{3ITWIT 21FoS|¥

¥

penutiuo) — vdd SHO

YOd QIVINOTH SINIWTYNSVIW LIX INVITIdO¥d AYVITIXAV —°€ FTAVI

5«9

e e e

S

o

%



¥y

Xne - dud
JuswoSeuen wolsdg 350 q asi L inq z o
21X G4l QdL) Q9L Q€L Xyuey fonzon
<m\.co%me
wousSeusu worshg|  Loov asr  aar| asr  aag|x xng Lo
rAD ) Fiuel 1303 g
YEL00Lot A
suing uorisrdsep
ou sxnsuy] 2300 VW VN |VN  wN |d
suing uorzaydep ‘
ou srnsuj 1330 VN VN | VN VN # -
0
uorieIndryuocd 1400 n
uoT3i8Ind TyUOD %00 ’
yaed lusuisanssouw| moy ySiy| Moy y3ty|le
UoTIBVITITISNL | TRUOTIOUNJ S JuswWaINSBOY
Suryeaadp UOTIBTSLX0) [ITWIT pIeH [3TUWIT 3130g1¥

PeNUTIUO) - yad SWO
¥0d QIVINDIY SINTWIUNSVAN LIX INVTT3dO¥d XYVITIXAV —°S 3TVl




xne - dwd
T T———y s Iy asr  aar| agr  qgi|¥ iitd €.
€TXD Juel XO-SK
<onNo%mwk
ausmeBeuvn weysks| oo gl qga1| ggi  a€i|X xtng 7 o
€IND juel XO-SHi
<tha%nv
jusmoSeusw WO3SLg 1230 agl asi| agr  aqailx xmw:m_ ﬁaw
¢£130 quel XO-SK
<vhmo%mw,
o e £ s
jusmodeusu WoIsAs| .. . agl qdi| a9l  Q9i|Xyes ton3 Si

Yo.00

yaied juswaanseaw| Moy YSIH| MmoT YSIH
uotTledTITISOL | TRUOTIOUNY JUSWOINSBON
Sutriexsdg | uoriersxxo){atwiy piey [atwry 3yos|¥

PopNIdLO] — Vdd SKO

© 404 aIYINDFY SINIWTUASYVIW 1IN INVITIdONd XIVITIXAY —°¢ FTAVL

5-11




o — I

‘6.0 OMS CROSSFEED OPERATION
6.1 Functional Paths for OMS Crossfeed

The OMS functional paths used for OMS crossfeed are
shown in figures 6 and 7. They are identified as OMXX.
Functional paths are combined into operating functional
paths and identified as OOMXX.

6.2 Functional Path Analysis of OMS Propellant
Path to Crossfeed lines

All functional paths used in OMS crossfeed are described
in section 3 except the crossfeed shut-off valves and the
crossfeed lines. The crossfeed lines provide a propellant
transfer path from the left pod OMS tanks to the right
pod OMS engines and from the right pod OMS tanks to the
left pod OMS engine.

OM39 and OM41 are parallel redundant shut-off valves
that connect the left pod OMS fuel manifold to the fuel
crossfeed line,

OM42 and OM44 are parallel redundant shut-off valves
that connect the right pod OMS fuel manifold to the fuel
. crossfeed line,

. OM35 and OM37 are parallel redundant shut-off valves
that connect the left pod OMS oxidizer manifold to the
crossfeed line.

s = = e . L, Lo e e e
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OM36 and OM38 are parallel recdundant shut-off valves
that connect the right pod OMS oxidizer manifold to the
oxidizer crossfeed line.

6.3 OMS Operating Functional Paths to the
Crossfeed Lines

Operating functional paths for OMS propellant to the
g crossfeed lines are defined as follows (see figs. 1 and 2):

o Left pod OMS fuel to crossfeed line
OOM1 = (OM1) (OM3 + OMS) (OM1S) (OM17) (OM2S)
(OM31 + OM33) (OM39 + OM41)

e Left pod OMS oxidizer to crossfeed line
OOM2 = (OM1) (OM3 + OMS) (OM7 + OM9) (OM11) (OM13)
(0OM23) (OM27 + OM29) (OM35 + OM37)

e Right pod OMS fuel to crossfeed line
OOM3 = (OM2) (OM4 + OM6) (OM16) (OM18) (OM24)
(OM28 + OM30) (OM42 + (0OM44)

e Right pod OMS oxidizer to crossfeed line
OOM4 = (OM2) (OM4 + OM6) (OM8 + OM10) (OM12)
(OM14) (OM26) (OM32 + OM34) (OM36 + OM38)

6.4 Operating Functional Paths for Interconnect
Left OMS Tanks to Right OMS Engine

The operating functional paths for supplying propellant
from the left pod OMS tanks to the right pod OMS engine
are defined as follows (see figs. 1 and 2):

e Fuel
OOM11 = (OOM1) (OM42 + OM44) (OM46) (OM48)

P e e - T



e Oxidizer
OOM12 = (OOM2) (OM36 + OM38) (OMSO) (OMS2)

6.5 Operating Functional Paths for Crossfeed
Right OMS Tanks to Left OMS Engine

The operating functional paths for supplying propellant
from the right pod OMS tanks to the left pod OMS engine
are defined as follows (see figs. 1 and 2):

® Fuel
OOM13 = (OOM3) (OM39 + OM41) (OM43) (OM4S)

® Oxidizer
O0OM14 = (OOM4) (OM3S + OM37) (OM47) (OMA49)

6.6 FDA Measurements for Crossfeed Operations

No additional measurements are required for fault
detection and annunciation during crossfeed operation.
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7.0 FLIGHT CONTROL SYSTEM/ORBITAL
MANEUVER SYSTEM INTERFACES

7.1 OMS Engine On/O0ff Control

Two command inputs are provided for each valve from
two MDM's, Failure of either input command results in the
loss of associated OMS engine control by the failed reaction
jet OMS driver. Redundant control is available from the
other reaction jet OMS driver.

Failure logic sets a control valve failed bit for the
following conditions:

® Legitimate on command with no driver output.
e No on command with a driver output.

® An illegal command.
7.2 OMS Thrust Vector Control (TVC) Drivers

OMS TVC pitch und yaw actuator drivers are organized
in a dual redundant (active-standby) configuration. Each
actuator servo loop shall accept actuator position command
signals from the MDM, compare them to the actual actuator
position, and convert the difference to drive signals.

A differential comparator measures the misstrack level

between command and position, A failure is set when miss-
track level exceeds a predefined level.
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8.0 CONCLUSIONS AND RECOMMENDATIONS
8.1 System Definition

The OMS is not fully defined at this time; however,
the basic measurement requirements for fault detection and
annunciation should be nearly identical to those listed in
this document.

8.2 OMS Measurements
Sixteen new measurements not presently included in the
Master Measurements List, dated November 16, 1973, have been
identified as requirements for FDA. These measurements

should be added to the Master Measurements List.

The new measurements are identified as follows:

o GN2 source pressure 4 ea
e Propellant isolation valve positions 4 ea
° GN2 source temperatures 2 ea
® Helium source pressure 2 ea

4 ea

) GNZ shut-off valves
8.3 Cargo Bay Kit

Seven new measurements not presently included in the
Master Measurements List, dated November 16, 1973, have been
identified as requirements for FDA. These measurements
should be added to the Master Measurements List.

v



The new measurements dare identified as follows:
e Propellant tank pressures 2 ea

® Propellant shut-off valve position 4 ea

e Helium source pressures 1l ea
8.4 OMS Crossfeed Nperation

The RCS crossfeed valves are single point failures,
which could result in depleting the RCS propellant tank
associated with the failed valve during some OMS engine
burns,

The RCS helium regulators may regulate at a higher
pressure than the cargo bay tank regulators. If the OMS
engine is being supplied by the cargo bay propellant tanks,
and an RCS crossfeed valve fails open, the associated RCS
tank will be depleted.

Consideration is being given to changing the RCS and
OMS propellant ullage pressures to a common ullage pressure
of approximately 240 psia to eliminate this problem.

8.5 Helium Source for OMS Valve Control

i RCS helium source pressure is presently used for OMS

i propellant and crossfeed shut-off valve control. This

| introduces additional errors into the RCS PVT gauging system. !
An independent control source should be considered for the

OMS valves.
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