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PROGRAM MODIFICATIONS

The following is a list of elements names and the modifications

of each along with a brief description.

MAIN/V6 - This element is the main routine of the HYDRA and
FLUIDS program. Code was added to this routine to
write an optional header on the three output print
files for identification purpose if multi-runs are
being executed and outputted. These modifications
were added to the FLUIDS and HYDRA files.

TLINE/V6 ~ This element reads the input timeline and controls
all card and tape input. Code was added to read new
input variables in the timeline for outputting
summary print during the non-averaging phase of pro-
gram execution. These modifications were added to
the FLUIDS fiile only.

PHASE/V6 — This element reads SSFS, SVDS and binary input tapes
and overlays trajectory and system status data.
Code was added to calculate the summary print vari-
ables during the non-averaging phase of program
execution. These modifications were added to the
FLUIDS file only.

SAPUM/V6E6 - This element averages the data, computes APU fuel
regquirements, prints the timeline profiles, APU fuel
summary and writes the output data tape. Code was
added for the non-averaging phase and additional para-
meters were added to the output tape format. These
modifications were added to the FLUIDS file only.

vii



HINGE/V6 — This element compares angular rates for the flight
control surfaces against the maximum rate capability
of the actuators., Code was added to bypass the body
flap comparison due to rate violations on the input
trajectory tapes. This modification was added to the
FLUIDS file only.

viiie



1. INTRODUCTION

The purpose of this model is to perform consumables analyses of
the Space Shuttle orbiter hydraulics/auxiliary power unit (APU)
subsystem, (see Section 2.2.1 for hardware description), fer

both the OV-101 and 0OV-102 vehicle configurations. In addition,
the program is capable of testing for violations of system con-
straints ©on hydraulic pump flow capacities and aerodynamic control
surface actuator capabilities.

A timeline containing altitude, control surface deflection angles,
rates and hinge-moment loads, thrust vector control gimbal rates
and main engine throttle settings 1s used to drive the model.

This timeline is constructed from the output of one or more tra-
jectory simulation programs. Flow rates for each hydraulic load,
discharge flow rates and input shaft horsepower for each of the
three hydraulic pumps, and fuel usage rates for each of the three
APU are then calculated. The fuel usage rates are integrated over
the mission timeline to generate fuel usage profiles. An output
tape containing the data listed above is generated. This tape may
be used as input to either plotting packages or other models for
further analysis.

The programming was performed by personnel of Lockheed Electronics
Company. In addition to the author, programming support was pro-
vided by Diana Wigging. The system models are based on the models
used in the computer programs described in References 6 and 7.
Engineering support was provided by Jim Walker of McDonnel Douglas.
Technical guidance was provided by Walter Scott of NASA/FM2. The
technical monitor for this development effort was Chuck Pace of
NASA/FM2., This document is a revision to the document described in
Reference 10. This document is a complete replacement for Reference
10.



2. PROGRAM DESCRIPTION

2.1 GENERAL DESCRIPTION

This program is driven by a mission timeline containing tra-
jectory data (altitude, control surface deflection angles and
rates, control surface hinge-moment loads, thrust wvector control
gimbal rates, and main engine throttle settings} which may

be input from tape (SSFS, SVDS, binary or blocked binary),

cards or a combination of both. The timeline is controlled by
card input data consisting of time parameters, trajectory input
source flags and a mission phase flag. System status data (valve
status, system pressure modes and APU gpeeds), transient engine
controller flow rates and averaged flow rates for the landing
gear, nose wheel steering and brakes are automatically overlaid
within the program based on mission phase, throttle settings,
altitude, landing gear deploy flags and weight on wheels flags.
The logic used for overlaying this data is given in the subroutine
PHASE documentation. The user may override the program logic by
defining his own system status and flow rate data with card
input. System design data residing in the program may also be
overridden with card input.

The input deflection rates for elevons, rudder, speed brake and
body flap are compared against actuator capabilities. A maximum
rate capability is computed as a function of surface position,
hinge-moment load and number of hydraulic systemé operating. If
the input rate exceeds the maximum rate a warning message is
printed for the user.

Each load is assigned to a system based on the loss management
matrix and valve status. Servo, power spool and engine controller
bypass valve leakages are scaled to the system operating pressure.
A flow gradient is determined for each load based on the sign of
the angular rate and the number of hydraulic systems operating.
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Flow rates for each load are computed. Discharge flow rates _
and input shaft horsepower are computed for each of the three
hydraulic pumps. Discharge flow rates are compared against
guaranteed pump flow capacities and excessive flow rates are
flagged to the user.

Up to this point all data points input have been processed. The
user has the option to continue processing all input data points
or to average the data computed thus far, flow rates and horse~
power, over a time interval as specified by card input and continue

processing with the averaged data.

APU fuel usage rates are calculated and then integrated over

time to compute total quantities.
Tape output consists of load flow rates, system flow rates, pump
shaft horsepower, altitude, APU fuel remaining, APU speed codes

and a system configuration code.

2.2 TECHNICAL DESCRIPTION

2.2.1 SUBSYSTEM DESCRIPTIONS

2.2.1.1 Hydraulics

The hydraulic subsystem consists of 3 independent circuits. Each
circuit may operate in pressurized, depressurized or off modes as
defined in Table I. ¥igure 1 shows a schematic of the hydraulic sub-
system as modeled in this program. Hydraulic power is provided by
three variable displacement pumps which supply flow at a constant

discharge pressure up to the maximum design flow. Power is dis-
tributed to the following hydraulic loads:

1. Thrust vector control (TVC) actuators - used to position the main
engines. There are two actuators, pitch and yvaw, for each
engine. Bach actuator is equipped with a hydraulically operated
switching valve which can accept hydraulic power from any one

2-2



TABLE I. SYSTEM MODES

MODE PUMP DISCHARGE PRESSURE DESIGN
REQUIREMENTS

PRESSURIZED 2950 + 50 PSIG

DEPRESSURIZED 500 - 100 PSIG

OFF 0 PSIG

2=3
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of the three systems. Bach actuator has an active system
and two standbys. The switching valves are designed to
detect a pressure loss in the supplying system and switch
over to a standby system.

Space Shuttle main engine (SSME) engine controllers -
controls fuel supply to main engines. There are five valve
actuators for each engine. ZEach engine controller can only
be supplied by one hydraulic system.

Aerodynamic control surfaces (ACS)

a. Elevons - There are two actuators which activate two
elevon surfaces, inboard and outboard, for each wing.
Elevon actuators are also equipped with switching valves.

b. Rudder/Speed Brake - The rudder control surface consists
of two panels located on a common hinge-line. The two
panels provide the rudder function when driven in the same
direction and provide the speed brake function when
driven in opposite directions. Three hydraulic motors
are provided for each function. Each motor is directly
supplied by one hydraulic system. The rudder and speed
brake servos are eguipped with switching wvalves and
may be fed by any oneof the three systems.

¢. Body Flap - The body flap also contains three hydraulic
motors each supplied by one hydraulic system.

Landing gear

a. Uplock actuators - used to unlock the gear and initiate
gear extension. The main landing gear uplocks are supplied
with switching valves to accept any system but the nose
landing gear uplock can only be supplied by one system.

b. Strut actuators =~ used to retract and extend landing
gear. These actuators can only be supplied by one
hydraulic system,

~
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5. Wheel brakes - Two hydraulic systems are active on each brake

with a third system connected by a switching valve available
for back-up.

6. Nose wheel steering actuator - used to provide nose wheeling
steering contrel during rollout. This actuator can only be
supplied by one hydraulic system.

Isolation valves are located in the lines which may be used to
isolate the landing gear loop, main engine loop or engine
controllers.

Only the components of thehydraulic subsystem which are applicable
to this program have been discussed. Reference 8 contains a
more detailed and complete description of the hydraulic subsystem.

2.2.1.2 APU

The APU subsystem consists of three independent power units whose
function is to provide mechanical shaft power to drive the
hydraulic pumps. Bach unit contains a liguid hydrazine fuel
supply, gas generator, turbine and gear box. Reference 9 contains
a detailed description of the APU subsystem.

The APU subsystem is represented in this model by fuel usage rate
curves giving fuel consumption rates as a function of pump shaft
horsepower and altitude.

2.2.2 MATH MODELS

ACS deflections and deflection rates received from SSFS, SVDS and
blocked binary tapes are referenced to the orbiter fuselage

reference line {(FRL). The rudder and speed brake deflections and rates
input from SSPS and SVDS are converted into hinge-line coordinates.



Rudder:

Speed Brake:

R S Do @

B = tan—l (222—2)

cos o
. ¢ cosa
= —«cos2¢sin2a
L, fen $
86 = jtan Sose X 2
o = ® coso
1 - cos2 (%) sinza

Hingeline deflection angle - deg

FRL deflection angle - deg
Hingeline deflection rate - deg/sec
FRL deflection angle - deg/sec

Rudder/Speed Brake hingeline .
angle with orbiter -z axis = 34.83°

For blocked binarxy input where deflection angles are not available,

an approximation is used for both rudder and speed brake.

R O DOs

é = —i——

COS0.
Hingeline deflection rate - deg/sec
FRL deflection 'rate - deg/sec

Rudder/Speed Brake hingeline
angle with orbiter -2z axis = 34.83°
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Servo, power spool and engine controller bypass valve leakages
are scaled to the system operating pressure.

Q = 9, x5
o
Q = Leakage -~ GPM
Qo = Leakage at reference pressure - GPM
P = System pressure --psi
PO = Reference pressure = 3000 psi

A flow rate is computed for each hydraulic load.

TVCs - and Elevons:

Qg = MAX [(5 X QGRAD), QPS] + Qgy
Q = Flow rate for load - GPM
§ = Deflection or gimbal rate -~ deg/sec
QGRAD = Flow graident - GPM/DEG/SEC
QPS = Power spool leakage - GPM

Servo leakage -~ GPM

Rudder and Speed Brake motors:

. 3
MAX [(6 % QGRAD x ﬁ-) p QPS}

R =
Q = Flow rate for motor - GPM
8 = Deflection rate - deg/sec
QGRAD = Flow gradient For 3 systems pressurized -~ GPM/DEG/SEC
N = No of systems pressurized
QPS = Power spool leakage - GPM



Rudder and Speed Brake servos:

Q = Q

SV
Q = Iocad flow rate - GPM
st; Serve leakage - GPM

Body flap motors:

Q@ = Oroygr *f 90

Q = Qpurep L § <0

Q = 0 if § =20

0 = Load flow rate - GPM

§ = Deflection rate - deg/sec

Q = Average flow rate required to
LOWER 3 ower body flap - GPM
QRAISE = Average flow rate reguired to

raise body flap - GPM

Engine controllers:

Q = Oppans * Qv

Q = Load flow rate — GPM

QTRANS = Transient flow rate -~ GPM
Qov = Servo leakage - GPM

Nose gear steering and brakes:

Q = QAVG + QSV if in operation

Q = Quy if not in operation

Q = Load flow rate - GPM

QAVG = Average flow rate when in operation - GPM

1

Servo leakage - GPM

2-10



Uplocks and struts:

Q = Quyve if in operation
g = 0 if not in operation
Q = Load flow rate -~ GPM

QAVG= Average flow rate when in operation - GPM

Restrictors:

Q = Qe
Qo Load flow rate - GPM

QAVG=.Average flow rate - GPM

I

Flow rates of hydraulic loads which are downstream of a closed
igolation valve are reset to Zero.

The switching wvalve logic is represented by a loss management
matrix containing an active, 1lst standby and 2nd standby system
for each hydraulic load.

The active,lst standby and 2nd standby systems are checked in
order for a pressurized system. The load is assigned to the
first system found to be pressurized. If none of the systems

are pressurized the process is repeated checking for depressurized
systems.

The total flow rate for each system is found by summing the
flow rates of all the loads assigned to that system.

Qp = 20y
Qp = Total flow rate for system - GPM
Qi = Load flow rate - GPM

2-11



Pump efficiencies are computed from curve fit polynomials.

E = £(Qu. V, P)

E = Pump efficiency

QT = Total system flow rate - GPM
V = APU speed

P = §8System pressure

Input pump shaft horsepower is then computed.

HP = QT x P
1714 x E
HP = Input horsepower
O = Total system flow rate - GPM
P = Sysitem pressure - PST
E = Pump efficiency

APU fuel usage rates for sea level and space conditions are
computed from curve f£it polynomials.

»

Yo, = E(HP)

Y., = £(HP)

YSL = fuel usage rate at sea level - lbs/hr
Yop = fuel usage rate at space - lbs/hr

HP = pump input horsepower

Atmospheric pressure is computed using a curve-fit polynomial.

p 14.696

AT T e 8

PALT = atmospheric pressure - psi
h = altitude - ft

2-12



A linear interpolation with atmospheric pressure is performed to
find the fuel usage rate at the operating altitude.

- a . . e
- - ALT _
Y = Ygp t (Yo, " Ygp) 171,696
v = fuel usage rate at operating altitude - lbs/hr
Ygp= fuel usage rate at space - lbs/hr

Ya1= fuel usage rate at sea level - lbs/hr
PALT= atmospheric pressure — psi

Fuel usage rates are integrated over time to compute total
quantities.

§ x At

v
1l

Yp = ¥np +y
y -
LOAD Y

v = fuel used - lbs
y = fuel usage rate - lbs/hr
At = time intexrval - hrs
Yop = total fuel used - 1bs
Yio0ap = fuel lcoaded - lbs
Yrem = fuel remaining - lbs

Horsepower is also integrated over time to compute energy used.

e = HP x At

Emn + €

€ = enexgy - hp-hr
At = time interval - hr
HP = pump input horsepower
g, = total energy used - hp-hr

Coefficients for the curve-£fit polynomials are listed in the
appropriate subroutine documentation.
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2.2.3 CONSTRAINT VIOLATION TESTING

When the system flow demands exceed the guaranteed pump flow
capacities, the constant discharge pressure assumption of the
program becomes invalid and the program output corresponding

to that flow demand is also invalid. Excessive Fflow demands
are flagged in the max rate warning column of the timeline pro-
file report.

Oguar = TV

If QT > QGUAR' warning flag is set

QGUAR = guaranteed pump flow - GPM
V = APU speed
QT = system flow rate - GPM

ACS deflection rates received as input are compared against
actuator capabilities. Elevon, rudder and speed brake rates
are tested only in cases with an opposing hinge moment load.
Body flap rates are tested for both aiding and opposing loads.

Elevons ~ A maximum surface rate is computed as a function of
system pressure, surface position and hinge-moment load.

HMo = 5%35 X a; x cos [az X (a3 - Gﬂ

a, X ng.o -

HM_ - stall hinge moment - in-lbs

HM

HMO

¥
i1

WO

- system pressure - psi
§ - surface position - deg
HM - hinge moment load - in-lbs

Ooe

- maximum surface rate - deg/sec
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Rudder, Speed Brake and Body Flap -~ a maximum surface rate is
computed as a function of hinge-moment load and the number of
hydraulic systems operating using curve-fit equations.

Coefficients for max rate vs hinge~moment equations are listed
in the HINGE subroutine documentation.

The input rates are tested against the maximum surface rates.

If |é| > amafawarning message is printed for the user.

§ - input deflection rate - deg/sec

smax“ max deflection rate - deg/sec



3. PROGRAM USAGE

3.1 INPUT DESCRIPTION

This program can be run'with card input alone or a combination
of cards and tape(s).

3.1.1 CARD INPUT

Input cards are in the following format

Card Column Description
1-3 Data number
5-24 Data

Data numbers are right-justified integers. Alphanumeric data
must be left-justified. All other data is in floating point.
A card with 999 in the first three columns will terminate one
data set and two 999 cards will stop the simulation. By sett-
ing 999 equal to zero gives no summary print. For a summary
print in the averaging or non-averaging phase set 995 egqual to
zero followed by a 999 equal to one.

3.1.1.1 System Design Data

Data
Number Description Units Default
Power spocl leakages
at 3000 psi for:
1 SSME 1TVC Pitch GPM 1.02
2 SSME 1 TVC Yaw 1.02
4 SSME 2 TVC Pitch 1.02
5 SSME 2 TVC Yaw 1.02
7 SSME 3 TVC Pitch 1.02
8 SSME 3 TVC Yaw 1.02
10 Rudder motor 1 .25
11 Rudder motor 2 .25
12 Rudder motor 3 .25
14 Speed Brake motor 1 .25
15 Speed Brake motor 2 .25



Data
Numbezx
16

18

19

20

21

51
52
53
54
55
56
57
58
59
63
67
68
69
70
71
75
76
77
78
85

101
102
103
104
105
106

Description

Speed Brake motoxr 3
IO Elevon
LT Elevon
RO Elevon
RI Elevon

Servo valve leakages at
3000 psia for:

ssvm 1 myC Pitch

SSME 1 TVC Yaw

8SME 1 Engine Controller
SSME 2 TVC Pitch

SEME 2 TVC Yaw

SSME 2 Engine Controller
SSME 3 TVC Pitch

S8ME 3 TVC Yaw

SSME 3 Engine Controller

Rudder Servo
Speed Brake Servo
IO Elevoen

LI Elevon

RO Elevon

RI Elevon

LO Brake Module
LI Brake Module
RO Brake Module
BRI Brake Module

Nose landing gear steering

Flow gradients for:

SSME 1 TVC Pitch

SSME 1 TVC Yaw

SSME 1 Engine Controller
8SME 2 TVC Pitch

SSME 2 TVC Yaw

SSME 2 Engine Controller

3-2

Units

GPM

GPM/DEG/SEC

Default

.25
.10
.50
.10
.50

1.0

1.0

1.0
.45
.45
.45
.45
.27

3.354
2.705
1.0
2.705
2.705
1.0



Data
Number
107
108
109
118
11¢
120
121

110
111
112
114
115
116
164
165
166

122
123
124
172
173
174
125
126
127
128
129

Description

SSME 3 TVC Pitch
SSME 3 TVC Yaw

SSME 3 Engine Controller
L0 Elevon
LI Elevon
RO Elevon

RI El

evon

Flow gradients with three

systems pressurized for:

Rudder motor 1

Rudder motor 2

Rudder motor 3

Speed
Speed
Speed
Speed
Speed
Speed

Brake
Brake
Brake
Brake
Brake
Brake

motor
motor
motoxr
motor
motor
motor

(Open)
(Open}
(Open)
{Close)
(Close)
(Close)

w N W N

Average f£low rates for:

Body
Body
Body
Body
Body
Body

£lap motor

£lap motor

flap motor

flap motor

1
2
3
flap motor 1
2
3

flap motor
LO Brake Module
LI Brake Module
RO Brake Module
RI Brake Module
I MLG Uplock

{Lower)
(Lower}
(Lowexr)
(Raise)
{(Raise)
(Raise)

3-3

Units

GPM/DEG/SEC

GPM

Default

2.705

2.705
130

. 719
1.493
.719
1.493

.685
.685
.685
1.013
1.013
1.013
1.041
1.041
1.041

1.936
1.936
1.936
2.50

2.50

2,50

3.546
3.546
3.546
3.546
9.194



Data
Number
130
131
132
133
134
135
86
87
651

652
675

676

653
654
655

656
657
658
800

801

803

804
805

Description Units

R MLG Uplock GPM
L MLG Strut

R MLG Strut

NLG Uplock

NLG Strut

NLG Steering

NLG Restrictor

RLG Restxictor

Maximum system flow rate GPM
at 100% APU speed

Maximum system flow rate
at 110% APU speed

System pressure for a psi
pressurized system

System pressure for a psi
depressurized system
APU fuel loaded ibs

System 1
System 2
System 3

APU unusable fuel 1bs

System 1
System 2
System 3

Altitude for landing gear £t
arm

Altitude for landing gear ft+
deploy

Time from lift-off for hrs
engine thrust level cut-

back from 110% to 100%

(using a negative time

deletes the 110% thrust

level for prelaunch)

Duration of landing gear sec
Duration of landing gear sec
strut

Default

9.1%4
8.457
8.457
1.530
1.828
1.15

1.164
1.164

63.0

69.6
3000.0

1000.0

350.0
350.0
350.0

30.5
30.5
30.5
3000.0

1000.0

.0375



Data

Number Description Units Default

810 Engine controller transient GPM 1.0
flow rate for throttle setting
changes

811 Duration of engine controller  sec 1.0
transients

3.1.1.2 System Status Data

System status data input from cards will override status defaults

within the program.

The documentation ©f subroutine PHASE

explains the logic used to determine status defaults. Status
codes are as follows:

Valve status

System mode status

APU Speeds

Data
Number

666
667
668

787

788
789

= 1.0 Open
= 2.0 Closed

= 1.0 Pressurized
= 2,0 Depressurized
= 3,0 Off

= 1.0 100%
= 2.0 110%

Description

Status of TVC isolation valves

Status of landing gear isolation valves

Status of landing gear valve - This a dummy
valve which simulates the configuration of

the landing gear control, landing gear up/circ
and landing gear dump valves

Status of system 1 engine controller bypass

valwe

Status of system 2 engine controller bypass valve

Status of system 3 enginer controller bypass valve
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Data
Number
669
670
671
672
673
674

3.1.1.3

Data
Numbex
660
661
662

663
659

Description

Mode of system 1
Mode of system 2
Mode of system 3
APU gpeed of system 1
APU speed of system 2
APU speed of system 3

Timeline Pata

Description Units Default
Start time HRS -
Restart time HRS -
Trajectory input source

flag

= 0.0 Card input only
(Note: When using card
input as the only source
for tradjectory data, the
system status data will
not be automatically over-
laid. It must be defined
with card input)

= 1.0 SSFS plot tape

= 20 SVDS plot tape

= 30 Binary tape

= 40 Blocked binary tape

NOTE: T%mes @nput from tape are added to the first
timepoint for the current mission phase.

Input unit 2,0
Delta time to be added to time HRS
on input tape



Data
Number

664

665
783

781
784

786

Symbolic names

Data
Number
251
252
253
255
256
258
259
261
262

Description

Mission phase flag

1.0 Prelaunch
2.0 Ascent
4.0 On-orbit
5.0 Mated flight
6.0 EBntry
7.0 Rollout
Stop time
Averaging flag
0.0 Data will be
averaged before
processing for
fuel computations
and data output
1.0 All data points

will be processed

Time interval for
averaging data

Output unit {(unit 20
for MOPS plot)

Timeline profiles flag
Print profiles

1.0
0.0

Suppress print

Units

hrs

sec

Default

for data values on SSFS or SVDS plot tapes for:

Time
SSME
SSME
SSME
SSME
SSME
SSME
Ruddex

W W NN

Ve
TVC
TVC
TVC
TVC
TVE

Pitch angular rate
Yaw angular rate
Pitch angular rate
Yaw angular rate
Pitch angular rate

Yaw angular rate

angular rate

Speed brake angular rate



Data
Number
263
264
265
266
267
284
285
286
287
288
289
290
307
308
309
310
311
312
313
321
322
323
324
325

LO Elevon
LI Elevon
RO Elevon
RI Elevon
Body flap

Description

angular
angular
angular
angular

angular

rate
rate
rate
rate
rate

Rudder hinge moment

Speed brake hinge moment

LO Elevon
LI Elevon
RO Elevon
RI Elevon
Body flap

hinge moment

hinge moment

hinge moment

hinge moment

hinge moment

Rudder surfacg deflection

Speed brake surface deflection

IO Elevon
LI Elevon
RO Elevon
RI Elevon
Body flap
Altitude

surface
surface
surface
surface
surface

Vehicle load
SSME 1 throttle setting
SSME 2 throttle setting
SSME 3 throttle setting

3.1.1.4 Trajectory Data

Card input for trajectory data can be used alone or in conjunction
with tape input.

cards will override data returned from the PHASE subroutine.
The documentation of subroutine PHASE explains the logic used

to overlay trajectory data.

deflection
deflection
deflection
deflection
deflection

Angular and fluid flow rates read from cards
will be added to0 rates returned from the PHASE subroutine.
Altitude, vehicle load and actuator operational flags input from



Flag codes are as follows:

Rate flag = 1.0 angular rate in deg/sec

2.0 £luid flow rates in gpm

Actuator operational flag
= 1.0 actuator in operation
= 0.0 actuator not in operation

Actuator operational flag for body flap
= 1.0 body flap lower
= -1.0 body flap raise

0.0 body flap not in operation

Data

Number Description

680 SSME 1 TVC pitch rate flag

681 SSME 1 TVC pitch rate

682 SSME 1 TVC vyaw rate flag

€83 SSME 1 TVC yaw rate

684 SSME 1 engine controller rate flag
685 SSME 1 engine controller rate

686 SSME 2 TVC pitch rate flag

687 SSME 2 TVC pitch rate

688 88ME 2 TVC vaw rate flag

689 SSME 2 TVC vaw rate

690 S8ME 2 engine controller rate flag
691 SSME 2 engine controller rate

692 SSME 3 TVC pitch rate £flag

693 SSME 3 TVC pitch rate

694 SSME 3 TVC yaw rate flag

695 SSME 3 TVC yaw rate

696 8SME 3 engine controller rate flag
697 SSME 3 engine controller rate

698 Rudder rate flag

3-9
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Data

Number Description Units
699 Rudder rate

700 Speed brake rate flag

701 Speed brake rate

702 IO Elevon rate flag

703 LO Elevon rate

704 LI Elevon rate flag

705 LI Elevon rate

706 RO Elevon rate flag

707 RO Elevon rate

708 RI Elevon rate flag

709 RTI Elevon rate

710 Body flap operational flag

711 Left brake modules operational flag

712 Right brake modules oeprational flag

713 MLG uplocks operational flag

714 MLG struts operational flag

715 NLG uplock operational flag

716 NLG strut operational flag

717 NG steering operational flag

678 Altitude PT
679 Vehicle load G

3.1.2 TAPE INPUT

Tapes in any of the following formats may be used as input to
the program.

3.1.2.1 SS8FS Plot Tapes

A description of the SSFS plot tape format is contained in
Reference 3.
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The program uses the following data from SSFS or SVDPS plot
tapes.

Description Units
Time ' SEC
Angular FRI, rates DEG/SEC
Hinge - moments IN-IBS
Surface deflections DEG
Altitude FT
Vehicle load

SSME throttle settings %

3.1.2,2 ©85VDS Plot Tapes

A description of the SVDS plot tape format is contained in
Reference 4.

See Section 3.1.2.1 SSFS plot tapes for description of data
used from SVDS plot tapes.

3.1,2.3 Binary Tapes

A description of the binary tape format is shown in Figure 2.
These tapes are single precision FORTRAN binary tapes.

3.1.2.4 Blocked Binary Tapes

A description of the blocked binary tape format is shown in
Figure 3. These tapes are single precision non-Fortran binary
tapes. Twenty logical recoxrds are blocked into one physical
record.
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Binary Tape Format

Word # Units Description

1 HRS Time

2 T Altitude

3 G Vehicle load

4 DEG/SEC SSME 1 TVC Pitch angular rate
5 DEG/SEC SSME 2 TVC Pitch angular rate
6 DEG/SEC SSME 3 TVC Pitch angular rate
7 DEG/SEC SSME 1 TVC Yaw angular rate

8 DEG/SEC SSME 2 TVC Yaw angular rate

9 DEG/SEC SSME 3 TVC Yaw angular rate
10 DEG/SEC LO Elevon angular rate

11 DEG/SEC LI Elevon angular rate

12 DEG/SEC RO Elevon angular rate

13 DEG/SEC RI Elevon angular rate

14 DEG/SEC Rudder angular hinge-line rate
15 DEG/SEC Speed brake angular hinge-line rate
16 DEG/SEC Body flap angular rate

20 IN-~LBS LO Elevon hinge moment

21 IN-LBS LT Elevon hinge moment

22 IN-LBS RO Elevon hinge moment

23 IN-LBS RTI Elevon hinge moment

24 IN-ILBS Rudder hinge moment

25 IN-LBS Speed brake hinge moment

26 IN-LBS Body flap hinge moment

27 System 1 mode

28 System 2 mode

29 System 3 mode

= 1 Pressurized
= 2 Depressurized
= 3 Off

FIGURE 2



Blocked Binary Tape Format

Word # Units Description

1 .2 SEC Time

2 T Altitude

3 G Vehicle load

4 DEG/SEC SSME 1 TVC Pitch angular rate
5 DEG/SEC SSME 2 TVC Pitch angular rate
6 DEG/SEC SSME 3 TVC Pitch angular rate
7 DEG/SEC SSME 1 TVC Yaw angular rate

8 DEG/SEC SSME 2 TVC Yaw angular rate

9 DEG/SEC SSME 3 TVC Yaw angular rate
10 DEG/SEC LO Elevon angular rate

11 DEG/SEC LI Elevon angular rate

12 DEG/SEC RO Elevon angular rate

i3 DEG/SEC RI Elevon angular rate

14 DEG/SEC Rudder angular FRL rate

i5 DEG/SEC Speed brake angular FRL rate
16 DEG/SEC Body flap angular rate

20 IN-LBS L0 Elevon hinge moment

21 IN-1.BS LI Elevon hinge moment

22 IN-LBS RO Elevon hinge moment

23 IN-LBS RI Elevon hinge moment

24 IN-LBS Rudder hinge moment

25 IN-LBS Speed brake hinge moment

26 IN-LBS Body flap hinge moment

27 DEG/SEC NG Steering angular rate

28 - Touchdown flag

29 - Landing gear flag

30 - Right braking force

31 - Left braking force

32 - -

FIGURE 3
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3.2 OUTPUT DESCRIPTION-

Output from this program consists of printed reports and data
tapes.

3.2.1 PRINTER OUTPUT

Three printed reports are output from this program.

1. Hydraulic load data report

2. Timeline profile of flow rates, pump shaft horsepower and
fuel remaining

3. APU fuel usage summary

Samples of these reports can be found in Section 5.5 Sample
Input/Output

3.2.2 TAPE QUTPUT

A description of the output tape is shown in Figure 4. System
configuration codes and APU speed codes are shown in Figure 5.
The tape is a single precision FORTRAN binary tape. The user
may request this output by setting data number 784 to the
output tape number.
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Output Tape Format

3-15

Units Description
HRS Time
Flow Rates For:
GPM SSME 1 TVC Pitch
GPM SSME 1 TVC Yaw
GPM SSME 1 Engine Controller
GPM SSME 2 TVC Pitch
GPM SSME 2 TVC Yaw
GPM SSME 2 Engine Controller
GPM SSME 3 TVC Pitch
GPM SSME 3 TVC Yaw
GPM SSME 3 Engine Controller
GPM Rudder Motor #l
GPM Rudder Motor #2
GPM Rudder Motor #3
GPM Rudder Servo
GPM. Speed Brake Motor #1
GPM Speed Brake Motor #2
GPM Speed Brake Motor #3
GPM Speed Brake Servo
GPM IO Elevon
GPM LY Elevon
GPM RO Elevon
GPM RI Elevon
GPM Body Flap Motor #1
GPM Body Flap Motor #2
GPM Body Flap Motor #3
GPM LC Brake Module
GPM LI Brake Module
GPM RO Brake Module
GPM RI Brake Module
GPM I MLC Uplock
GPM R MLG Uplock
FIGURE 4



Word #

32
33
34
35
36
37
38

39
40
41

42
43
44
45

46
47
48

49
50

51
52
53

oW I I B S H @& & H dow oW W w W F?
®

Units

GEM
GPM
GPM
GPM
GPM
GFM
GPM

GPM
GFM
GEM

‘HP

HP
HP .

FT

LBS
LBS
LBS

Description

L MLG Strut

R MLG Strut

NLG Uplock

NLG Strut

NLG Steering

NLG Restrictor

RLG Restrictor

Total Flow Rates For:
System #1

System #2

System #3

Pump Shaft Horsepower For:
System #1

System #2

System #3

System Configuration Code
APU Speed Code For:
System 1

System 2

System 3

Vehicle Load

Altitude

APU Fuel Remaining For:
System 1

System 2

System 3

FIGURE 4 {(continued)



Output Codes

Systen
Configuration
Code Systenm 1 System 2 System 3
1 P P P
2 P P D
3 P P 0
4 P D P
3 P D D
6 P D o]
7 P 0 P
8 P o] D
2 P 0 0
10 D P P
11 D P D
12 D P o}
13 D D P
14 D D D
15 D D 0
16 D 0O P
17 D 0 D
18 D 0 0
19 0 P P
20 0 P D
21 0 P O
22 0 D P
23 o D D
24 0 D O
25 0 0 P
26 0 o} D
27 0 o} o
P = Pressurized
D = Depressurized
0 = Off
APU Speed Code APU Speed
1 100%
2 110%
FIGURE 5
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3.3 RUN PREPARATION

See Figure 6 for a sample deck set up.
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SAMPLE DECK SET UP

(Back of dack)

r;/e EOF
/

f data

(;/8 XOT MATN

IN A

{;/8 XQT CUR

|7/8RW ASG C=0UTPUT TAPE

{;/BR ASG B=INPUT TAPE

(;/BR ASG A=PCF TAPE

(;/az RUN

{Front of deck)

FIGURE 6



4. EXECUTION CHARACTERISTICS

This program requires 15,339 decimal locations in core. The
execution time varies with the mission length and input sample
freguency. A 28 minute entry with a sample frequency of 50
milliseconds required 15 minutes of execution time.
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5. REFERENCE INFORMATION

5.1 GENERAL FLOW CHART

HYDRA

@

CAYLL TLINE

PRCCESS CARD INPUT

READ OR OVERLAY TRAJECTORY
AND SYSTEM STATUS DATA

SET UP ACTUATOR AND BYSTEMS
DATA FOR INTERNAL USE IN
PROGRAM

WRITE HYDRAULIC LOAD REPORT

STOP
SIMULATION

CALL HINGE

TEST CONTROL SURFACE INPUT]
DEFLECTION RATES AGAINST

ACTUATOR CAPABILITIES
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CALL ACTDAT

- COMPUTE FOR EACH 1LOAD

1. SYSTEM ASSIGNMENT
2. LEAKAGES
3. FLOW GRADIENT

CALL PCOWER

COMPUTE FLOW RATES FOR

EACH LOAD

COMPUTE FLOW RATES FOR EACH
SYSTEM

TEST SYSTEM FLOW RATES
AGAINST PUMP CAPACITIES
COMPUTE PUMP SHAFT HORSEPOWER
FOR EACH SYSTEM

CALL SAPUM

AVERAGE DATA

COMPUTE APU FUEL USED
WRITE TIMELINE PROFILES
WRITE OUTPUT TAPE

WRITE FUEL USAGE PROFILES

END
OF

MISSION




5.2 ACTUATOR NAME -~ NUMBER CORRELATION

ACTUATOR NO.

O 0 3 & L b W o =

T O R S B o T o SN o T S S SE R S S S
W N O WV m ;WL W N O

SSME
SSME
SSME
SSME
SSME
SSME
SSME
SSME
SSME
Rudder

W W W N NN R

ACTUATOR NAME

TVC Pitch

TVC Yaw

Engine Controller
TVC Pitch

TVC Yaw

Engine Controller
TVC Pitch

TVC Yaw

Engine Controller

Speed Brake

IO Elevon

LTI Elevon

RO Elevon

RI Elevon

Body Flap

Left Brake Modules:i -
Right Brake Modules
MLG Uplocks

MLG Struts

NLG Uplock

NLG Strut

NG Steering



5.3 HYDRAULIC L.OAD NAME - NUMBER CORRELATION

LOAD NO

O o ~1 & U B W N

DR DN N NN NN R e R R R
W 0 O U s WD HEOWOW-Ia Wb W H o

LOAD NAME
SSME 1 TVC Pitch
SSME 1 TVC Yaw
SSME 1 Engine Controller
SSME 2 TVC Pitch
SSME 2 TVC Yaw
SSME 2 Engine Controller
SSME 3 TVC Pitch
SSME 3 TVC Yaw
SSME 3 Engine Controller

Rudder motor 1
Rudder motor 2
Rudder motor 3
Rudder servo
Speed Brake motor
Speed Brake motor
Speed Brake motor
Speed Brake servo
L0 Elevon

LI Elevon

RO Elevon

RI Elevon

Body flap motor 1
Body flap motor 2
Body flap motor 3
LO Brake Module
LI Brake Module
RO Brake Module
RI Brake Module

I, MLG Uplock

5-4
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LOAD NO, LOAD NAME

30 R MLG Uplock
31 I MLG Strut
32 R MLG Strut
33 NLG Uplock

34 NLG Strut

35 NLG Steering
36 NLG Restrictor
37 RLG Restrictor

5.4 SUBROUTINE DOCUMENTATION

In the following section, each element is individually documented.

NAME PAGE NO.
Subroutine ACTDAT 5«5
Subroutine HINGE 5-12
Subroutine PHASE 5-18
Subroutine POWER 5--25
Subroutine SAPUM 5-31
Subroutine SYSDAT 5-38
Subroutine TITLE 5-41
Subroutine TLINE 5~43
Subrxoutine TREAD 5-47
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SUBROUTINE ACTDAT

Tdentification

Name/Title -~ ACTDAT

Author/Date - E. Taylor/October 1875
Organization/Installation - LEC for MPAD-JSC
Machine Identification ~ Univac 1108

Source Language - PORTRAN V

Purpose

Subroutine ACTDAT computes leakage flow rates and flow gradients
for the hydraulic loads.

Usage

Calling Sequence
CALL ACTDAT
Data In/Cut

Variables in labeled common are listed in Appendix A

Block Name Input Output

/TARRAY/ T{1000)

/RATES/ RATE (N2)

/NAMES / TACTNO (NL)

/LRGS/ PSLKG(NL) XPSLKG (NL)
SVLKG (NL) XSVLKG (NL)

/LMMTRX/ IPTR(3,3,3) IASGN (NL)
ICODE(27,NL)
ISOV({NL)

/CONF/ ISYS(3) P(3)
IVALVE (3)
NOS

/GRAD/ FGRAD (NI., 2) FLGRAD (NT,)
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Storage

Coding occupies 3658 (24510) locations. Internal data occupies
41g (3310) locations.

Method

Local Variables

Variable

Name Type Units Description

IPOINT I - System configuration code

NA I - No. of actuators

NL I - No. of loads

PIN R PsSI Reference pressure for
leakages

Model

The system assignment for each load is determined from the loss
management matrix and the status of the isolation valves and
landing gear circuitry.

Load leakages are computed as follows:

r—

Qsv = sto x o B/R,
Ops = Qg * YE/E
o}
QSv = Load sexrvo valve leakage at P, s GPM, if lead
© bypass valve is open
Qgy = Load bypass flow at P,s GPM, if load bypass
o

valve is closed
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Q = TIoad power spool leakage at P s GPM

PSO

P = System pressure, psi

P, = Reference pressure = 3000 psi
Qey = Load servo valve leakage, GPM
Qpg = Load power spool leakage, GPM

Flow gradients for each load are computed as follows:
QGRAD = O

When:

1. The system to which the load is assigned is off.

2. The system to which the load is assigned is depressurized.
This applies only to rudder, speed brake and body flap motors.

QGRAD = QGRADPOS(Neg)

QGRADPOS(Neg)= Load flow gradient for positive

(negative)} rates

When:

The corresponding actuator has a positive (negative) angular
rate.

The flow gradients for rudder and speed brake motors are
further adjusted by the equation.

QGRAD = QGRAD x %

N = Na of systems pressurized
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( ACTDAT )

SYSTEM NO = 1

FIND MODE OF EYSTEM

SET SYSTEM PRESSURE TO
REFERENCE PRESSURE
FOR MODE

SYSTEM NO =
SYSTEM NO + 1

- /LL
SYSTEMS

PROCESSED

T

LOAD NUMBER = 1

FIND SYSTEM ASSIGNMENT
FOR LOAD FROM LOSS
MANAGEMENT MATRIX




Is
LOAD
DOWNSTREAM

OF A CLOSED ISOLATION

OR LG DUMP
VALVE
?

RESET SYSTEM

 ASSIGNMENT TO

0

SYSTEM

ASSIGNMENT

COMPUTE FPOWER
SPOOL: AND

SERVO VALVE
LEAKAGES

/-

SET POWER SPOOL
AND SERVQ VALVE
LKGS TC O

Is
LOAD
DOWNSTREAM OF

CLOSED BYPASS
VALVE

F

RECOMPUTE SERVO
VATL.VE LEAKAGE

LOAD NUMBER =
LOAD NUMBER +1

ALL
LOADS
PROCESSED




SET RATES TO A DISCREET
1,0 OR -1 FOR LOADS FOR
WHICH ONLY AVERAGED FLOW
RATE DATA IS AVAILABLE

COMPUTE FLOW

GRADIENTS

FOR LOADS

( RETURN )
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SUBROUTINE HINGE

Identification

Name/Title - HINGE

Author/Date - E. Tayvlor/October 1975
Organization/Installation - LBEC for MPAD-JSC
Machine Identification - Univac 1108

Source Language - FORTRAN V

Purpose

Subroutine HINGE compares angular rates for the f£light control
surfaces against the maximum rate capability of the actuators.

Usage

Calling Sequence
CALL HINGE

Data In/Out

Variables in labeled common are listed in Appendix A

Block Name Input Output
/RATES/ RATE (NA)
HM(NA)
DEF (NA)
/CONF/ NOS
P(3)
/NAMES/ TACTNO (NL)
/LMMTRX/ TASGN (NL)

5-12



Storage

Coding occupies 7154 (46110) locations. Internal data occupies

2238 (14710) locations.

Method

Local Variables

Name Type Units Description
NA T - Number of actuators

NI I - Number of loads

RATMAX R DEG/SEC Maximum rate

STLHM R IN~-LB Stall hinge moment
Model

An aiding (opposing) load is assumed if the sign of the hinge
moment and rate are equal (not egual) for the elevons, rudder
and body flap. For the speed brake an aiding (opposing) load
is assumed if the sign of the rate is negative (positive)

The maximum rates are calculated as follows:

INBOARD ELEVONS = OPPOSING LOADS

_ P 6 _ -
HM_ = 5t~ * 0.956 * 10° cos [1.011%(-7.42 6)]

X HM
—1 * — ————
S 32.97 %‘1.0 FY_
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http:cos[.011*(-7.42

OUTBOARD ELEVONS - OPPOSING LOADS

_ _P 6 - -
HM = syes—% 0.4595x10° % COS [0.995 X (~8.6 5)]

§ = 33.11 x gl.o - !%—-I
o
HM = hinge moment load - in-l1bs
HM = stall hinge moment - in-lbs
P = system pressure - psi
§ = surface position - deg
é = max rate - deg/sec

RUDDER AND SPEED BRAKE -~ OPPOSING LOADS

§ =a, (EM| + a,

BODY FLAP - AIDING AND OPPOSING LOADS

Cay tyfa, * [ayte, - Im)]

§ = a
5
HM = Hinge moment load - in-lbs x 106
§ = Max rate - deg/sec

If the magnitude of the angular rate exceeds the maximum rate

calculated, the following message is printed

Actuator Name angular rate input X.XX DEG/SEC exceeds maximum
allowable rate X.XX DEG/SEC at X.XX hrs.

No comparisons are made for aiding loads on the elevons,
rudder and speed brake.

The hinge moment vs max rate curves were based on data received
informally from Rockwell.
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COEFFICIENTS FOR RUDDER AND SPEED BRAKE

HINGE MOMENT VS MAX RATE CURVES

Eqgn aq az
1 ~35.588235 27.047058
2 -71.176470 54,094117
3 -106.764700 81.141174
4 -11.296296 26.207306
5 ~-22.592592 52.414813
6 -33.888888 78.622218

1) Rudder, 1 system pressurized

2) Rudder, 2 systems pressurized

3) Rudder, 3 systems pressurized

4) Speed brake, 1 system pressurized

5) Speed brake, 2 systems pressurized

6) Speed brake, 3 systems pressurized

FIGURE 7
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COEFFICIENTS FOR BODY FLAP

HINGE MOMENT VS MAX RATE CURVES

Egn ag 4, k! a4 85

1 |-.1285543 .0165232 9:.0381008 1.3856317 4.,5190504
2 |-,1283966 .0164856 2.0565236 1.3981675 1.0282618
3 1-.,09473478] .0090125 .9216732 1.4121217 .4608366
4 |1.,4058356 |1.9763737 | -4.1202264 .4793893 2.0601132
5 .7925523 .6281391 -1,1173654 .56156701 558677
6 .56952602| .3243598 -.5227108 .62047078 2613554

1) Body flap, opposing load, 1 system pressurized
- 2) Body flap, opposing load, 2 systems pressurized

3) Body flap, opposing load, 3 systems pressurized

4) Bod v flap, aiding load, 1 system pressurized

5) Body flap, aiding load, 2 systems pressurized

6) Body flap, aiding load, 3 systems pressurized

FIGURE 8
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HINGE

CHECK
INBOARD
ELEVON RATES

CHECK
OUTBOARD
ELEVON RATES

CHECK
BODY FLAP
RATES

CHECK
RUDDER
RATES

CHECK
SPEED BRAKE
RATES

( RETURN )
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SUBROUTINE PHASE

Identification

Name/Title - PHASE

Author/Date - E. Taylor/October 1975
Organization/Installation - LEC for MPAD-JSC
Machine Identification - Univac 1108

Source Language - FORTRAN V

Purpose

Subroutine PHASE reads SSFS, SVDS and binary input tapes and
i
overlays trajectory and system status:data.

Usage
Calling Sequence
CALL PHASE

Data In/Out

Variables in labeled common are listed in Appendix A

Block WName Input Qutput
/CONF/ ISYS(3)
IVALVE(3)
TAPUSD(3)
IBYPV(3)
/TARRAY/ T(1000) WRT (75)
/TRAT/ IETP
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Storage

Coding occupies 12068 (64610) locations. Internal data occupies
11268 (59810) locations.

Method

Local Variables

Name Type
ALPHA R
ALRAD R
COBAL R
COEPH R
ECTRAN (L) ,
I=1,3 R
IPHASE I
IsYM
ITYPE I
IUNIT I
IWow I
LPHASE I
LTYPE I
LUNIT I
PHI R
PHSTRT R
SINAL R
THROTL{I), R
I=1p3
TLGDWN R

Units

DEG

RAD

HRS

HRS

Description

Rudder/Speed Brake hingeline angle
with Orbiter-z-axis

Rudder/Speed Brake hingeline angle
with Orbiter-z-axis

COS (ALPHA)

COs (PHI)

Start time of engine controller
transient

Mission phase flag

Symbolic names on SSFS and SVPS
input tapes

Input type flag

Input unit

Touchdown flag

Last mission phase

Last input type

Last input unit

Rudder/Speed Brake deflection angle
Start time for current mission
phase

SIN (ALPHA)

Last throttle setting

Start time for landing gear deploy
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Name Type Units

T804 R HRS Duration
T805 R HRS Duration
T811 R HRS Duration
Model

The following logic is used to overlay

Engine controller transients are added
setting change. The duration and flow
are controlled by card input.

Description

of uplock transient
of strut transient
of engine controller transient

trajectory data:

for each throttle
rate of these transients

Averaged flow rates for the landing gear uplock and strut

actuators are added during landing gear deployment. The

duration of these transients is controlled by card input.

The strut transient immediately follows the uplock transient.

Averaged flow rates for the brake modules and nose gear steering

actuators are added after touchdown.

The following logic is used to determine system status defaults:

SSME isolation valves are initially open, then closed after

MPS purge.

Landing gear isolation valves are initially closed, then

opened at landing gear arm.

Landing gear deploy circuitry status i1s switched at landing gear

deploy.

¥Engine controllar bypass valves remain open.

All systems are pressurized.
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APU speeds are switched to 110% at lift-off, ~-30 seconds
then cut-back to 100% at a time controlled by card input.

Rudder and Speed Brake deflection angles and rates are con-
\
verted from FRL to hinge-line using the equations below:

For SS8FS and 8SVDS input:

RUDDER

cos o

6 = tan‘l(zég—i)

b cosa

<@
|

i- cosz¢sin2a

Speed Brake

-1 (End
B = tan ) x 2
coso
é - b cosa
1 - 0052 (%) sinza

For blocked binary input:

T

cosco
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= Rudder/Speed Brake hingeline deflection angle
Rudder/Speed Brake FRL deflection angle

= Rudder/Speed Brake hingeline angular rate
Rudder/Speed Brake FRL angular rate

= Rudder/Speed Brake hingeline angle with orbiter
% -axis = 34.83°

@O B @D
|

RS
|

The Rudder Speed Brake conversion equations were derived by
Jim Walker/MDAC.
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READ INPUT
FROM SSFS
TAPES

READ INPUT
FROM SVDS
TAPES

READ INPUT
FROM BINARY
TAPES

CALL TREAD

READ INPUT
FROM BLOCKED
BINARY TAPES

ADJUST
TIME

OVERLAY ENGINH
CONTROLLER
TRANSIENTS

QOVERLAY RATES
FOR LANDING
GEAR




OVERLAY RATES
FOR BRAKES AND
NG STEERING

SET ISOLATION
VALVE STATUS
FLAGS

SET SYSTEM
MODE FLAGS

SET BYPASS
VALVE STATUS
FLAGS

SET APU SPEED
FLAGS

CONVERT RUDDER/
SPEED BRAKE FRL
ANGLES AND RATES
TO HINGE-LINE

RETURN
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SUBROUTINE POWER

Identification

Name/Title - POWER

Author/Date - E. Taylor/October 1875
Organization/Installation ~ LEC for MPAD~JSC
Machine Identification — TUnivac 1108

Source Language - FORTRAN V

Purpose

Subroutine POWER computes the power requirements and tests system
flow rates against pump capacities.

Usage

Calling Sequence
CALL FOWER
Data In/Out

Variables in labeled common are listed in Appendix A

Block Name Input Output
/TARRY/ T(1000}
/TIMES/ NOL
/LMMTRX/ TASGN (NL)
/RATES/ RATE (NA)
ALT
/NAMES/ TACTNO (NI,)
NMODE (3)
ISPED (2)
/GRAD/ FLGRAD (NL)
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Block Name Input Qutput

/CONF/ ISYS (3}
IAPUSD(3)
TP
P(3)
/LKGS/ XPSLKG (NL)
XSVLKG (NL)
/ouTpuT/ FLRT (NL)
TFLRT{3)
PWR(3)
Storage

Coding occupies 4748 (31610) locations. Internal data occupies
3268 (21410) locations.

Method

Local Variables

Name Type Units Description

Coefficients for pump efficiency
equations for pressurized system:
100% APU Speed

cF(1,1,1,1),1=1,7 R - Flow Rate < 17.5 GPM
cr(1,2,1,1),J=1,5 R - Flow Rate > 17.5 GPM
110% APU Speed
CF(1,1,1,2),1=1,7 R - Flow Rate < 17.5 GPM
cr(r,2,1,2),1=1,5 R - Flow Rate > 17.5 GPM

For depressurized system:
100% APU Speed
cr(r,1,2,1),1=1,4 R - Flow Rate < 4 GPM
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oL Type Units Description

ISAT(I) ,I=1,3 I - Flag to indicate max flow rate
has been sxceeded for system

IPPLT I - Unit for power plot tape
NA I - No. of actuators

NL I - No. of loads

PEFF R - Calcula ted pump efficiency
Model

The fluid flow rate for each load is calculated from the
equation

0 = MaAX [(:s X QGRAD) ,Qpq | + Qgy

Q = Load fluid flow rate, GPM

§ = Load angular rate, DEG/SEC
QGRAD = Load flow gradient, GPM/DEG/SEC
QPS = Load power spool leakage, GPM
QSV = TIoad servo valve leagkage, GPM

The total fluid flow rate per system is found by summing the
flow rates of thé loads assigned to that system. A warning
flag will appear on the printout if the system's maximum flow
rate has been exceeded.

The pump shaft horsepower is computed as follows:

6 1
B = . ai Q
i=
P = P x Q
1714.0 x E



= System fluid flow rate, GPM
Pump efficiency
= 3Bystem pressure, PSI

o B B 5 B &
I

= System power, HP

If pump efficiency data is not available the following message

is printed and the power is set to zero.

No pump efficiency data available. Flow rate = XXX.XX.
APU speed = XXX % . MODE = XXX

Hydraulic pump efficiency in the pressurized mode is based

on data from Reference 5., Hydraulic pump efficiency in the
depressurized mode is based on data from a Rockwell Hydraulics
Intergroup Data Response dated November 6, 1974.
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COEFFICIENTS FOR PUMP EFFICIENCY CURVES

6Z-4

Eqn 4 8 a5 a3 84 a5 6
1 |2.4540855E-3 1.5067633E~1 ~2.024895E-2 2.0384553E~3 |~1.3318408E-4 4.8642687E-6 ~7.4290998-8
2 |4.24724548-) 2,5911321E-2 -6.2899454E-4 17.42876328-6 |-3.5156554E-8 0.0 0.0
3 |1.3046033E-3 1.40749458-1 —-1.8112688FE~2 |1.7790823E~3 |~1.1461501F-4 4,1468731E-6 -6.2860823E-8
4 13.9355880E~1 2,7104849E-2 ~6.60408L1E~4 |7.76039716-6 |-3.6055649E-8 0.0 0.0
5 [1.7279296575~4 | 7.431142388E-2 —5.439551964E~3| 4,8436417598~4 0.0 0.0 0.0
1) 100% APU Speed, Pressurized System, Flow Rate < 17.5 GPM
2) 100% APU Speed, Pressurized System, Flow Rate > 17.5 GPM
3) 110% APU Speed, Pressurized System, Flow Rate < 17.5 ePM
4) 110% APU Speed, Pressurized System, Flow Rate > 17.5 GPM
5) 100% APU Speed, Depressurized System, Flow Rate < 4.0 GPM

FIGURE ¢




COMPUTE FLOW
RATE FOR
EACH LOAD

COMPUTE TOTAT,
FLOWRATE PER
SYSTEM

SYSTEM

SATURATED

SET "SYSTEM
SATURATION
FLAG

yod

[~

COMPUTE POWER
REQUIREMENTS
FOR EACH
SYSTEM

{ RETURN }




SUBROUTINE SAPUM

Tdentification

Name/Title ~ SAPUM

Author/Date ‘- E. Taylor/October 1975
Organization/Installation - LEC for MPAD-JSC
Machine Identification ~ Univac 1108

Source Language - FORTRAN V

Purpose

Subroutine SAPUM averages the

prints the timeline profiles
the output data tape.

Usage

data, computes APU fuel requirements

and APU fuel usage summary, and writes the

Calling Seguence
CALL SAPUM
CALL SUMM

Data In/Out

Variables in labeled common are listed in Appendix A

Block Name Input Output
/TARRAY/ T(1000)
/TIMES/ ISTART
ISTOP
NOL
/NAMES/ ISPED(2)
/LMMTRX/ IPTR(3,3,3)
/CONF/ Isys(3)
IAPUSD(3)
TP



Block Name Input Output

/ouTeuT/ FLRT (NL)
TFLRT (3)
PWR(3}
/RATES/ CGLOAD
ALT
Storage

Coding occupies 11708 (58410) locations. Internal data occupies
4278 (27910) locations.

Method

Local Variables

Name Type Units " Description
ACOEF(I1) ,I=1,12 R - Coefficients for atmospheric
‘ pressure eguation
ALTKM R KM Altitude
ENUSED R HP-HR Energy used
FRATEL R LBS/HR Fuel usage rate at sea level
FRATE2 R LBS/HR TFuel usage rate at space
FREM(I) ,T=1,3 R B8 Fuel remaining
FREQT R HRS Interval specified in input over
which to average data
FURATE R IBS/HR Fuel usage rate at altitude
FUSED R LBS Fuel used over interval
IOVER(I),I=1,3 I - Flag for no usable
fuel remaining
TOTAP T - Unit for plot tape
KSpPD(I),I=1,3 I - APU speeds at beginning of
interval
= 1 100%
= 2 110%
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Name

KSYS ’

NL
PA

PRESUR
SLRTE(I) ,I=1,5

SPRTE{(I),I=1,5

STORE (1)
STORE(I) ,I=2,38
STORE(I) ,I=39,41
STORE (1) ,I=42, 44
STORE (45)

STORE (46)
TENUSD(1) ,I=1,3
TFUSED(I) ,I=1,3

WAVG (1)
WAVG(I),I=2,38
WAVG(I),I=39,41
WAVG(L),1=42,44
WAVG (45)
WAVG(46)

XINT

XTP
YTP

Type

I

W™ oH

o)

v B o B v I R«

v I B s B

oy)

Units Description

- System configuration code at
beginning of interval

- No. of loads

PSI  Atmospheric pressure

ATM  Atmospheric pressure

- Coefficients for egquation for

' fuel usage rate at sea level

- Coefficients for equation for

fuel usage rate at space

Last value read or calculated for:

HRS Time

GPM  Flow rates for loads
GPM FPlow rates for systems
HP Power requirements

G Vehicle load

T Altitude

HP-HR Total energy used

LBS Total fuel usead

Weighted average of:

HRS Time

GPM  Flow rates for loads

GPM Flow rates for systems

HP Power reqguirements

G Vehicle Load

PT Altitude

HRS Interval over which data is
averaged

HRS Time at beginning of interval

ERS Time at beginning of next interwal
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Model

The APU fuel .vrefuirements are computed.as follows

4
. i
vy =ZaP
sL T &g i
4
- i
YSP_EaiP
i=0
14.696
P —

i=

ALT 4 s
E: a; {.3048006E-3 x H)

- - - P

—] LY —&—
Y = ¥gp + gy, = Ygp) ¥ 17 752
¥y =y X At
Yo = Yp ¥ Y

Ypem = Yroap T Yo

The following enexrgy calculations are also performed

™
il
vl
"
o



Ygr, = Fuel usage rate at sea level - lbs/hr
Ygp = Fuel usage rate at space - 1lbs/hr

vy = Fuel usage rate at altitude =« lbs/hr
p = System horsepower - hp
E = Altitude - ft

Pprqo= Atmospheric pressure at altitude - psi

=
ot
i

Time interval - hrs

y = Fuel used - 1lbs
Yp = Total fuel used - 1bs
Fuel remaining - 1bs

Fuel loaded - lbs

€ = Energy - HP-HR
= Total energy - HP-HR

When no usable fﬁel remains in a tank the following message is
printed.

No usable fuel remaining for system X at XX.XX hrs.
The APU fuel usage rate curves were generated from SFC data

in Reference 2. The coefficients for the atmospheric equations
can be found in Reference 1.
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CORFFICIENTS FOR APU FUEL USAGE

RATE CURVES

SEA LEVEL

SPACE

1.552781300 E-1
7.942535888 E O
-5.598904841 E-2
5.365529363 E-4
~1.714884558 E-6

4,549345422 E-1
6.643038955 E ©
-2.576230609 E-2
2.244328952 E-4

-6,707555029 E-7

FIGURE 106
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/ PRINT APU

FUEL USAGE
] SUMMARY RETURN

STORE DATA ( RETURN )

AVERAGE
DATA

COMPUTE APU
FUEL USED

PRINT TIMELINE
PROFILES AND WRITE
OUTPUT TAPE

( RETURN )5m37



SUBROUTINE SYSDAT

Identification

Name/Title -  8YSbhaT

Adthor/Date - E. Taylor/October 1975
Organization/Installation ~ LEC for MPAD-JSC
Machine Identification - Univac 1108

Source Language - FORTRAN V

Purpose

Subroutine SYSDAT stores the systems design data, generates

the loss management matrix and prints the hydraulics load data report.
Usage

Calling Sequence

CALL SYSDAT

Data In/Out

Variables of labeled common are listed in Appendix A.

Block Name Input Output

/TARRAY/ T(1000)

/LMMTRX/ LMM(3,NIL) IPTR(3,3,3)
ICODE (27 ,NL)
IS0V (NL)

/NAMES/ NAME (2,NL)

/LKGS/ PSLKG (NL)
SVLKG (NL)

/GRAD/ FGRAD (NI, 2)
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Storage

Coding occupies 4148 (26810) locations. Internal data occupies
4038 (25910) locations.

Method

Local Variables

Name Type Units Description
FGCOMM (2 ,NL) A - Flow gradient comments
ISYS X - System No

MODE I - System mode

= 1 pressurized
= 2 depressurized
= 3 off

NL I - No. of loads

Model

A loss management matrix is generated which contains the system
assignment for each load for each combination of system modes.
The system assignments are found by checking the active system,
first standby system and second standby system of the load for

a pressurized system. The first system found to be pressurized
is assigned to the load. If none of the systems are pressurized,
the procedure is repeated checking for depressurized systems.
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SYSDAT

STORE SYSTEM
DESIGN DATA

GENERATE LOSS
MANAGEMENT
MATRIX

,  WRITE
HYD LOAD
DATA
REPORT

RETURN



SUBROUTINE TITLE

Identification

Name/Title - TITLE

Author/Date - §. Tayloxr/October 1975
Organization/Installation - LEC for MPAD-~JSC
Machine Identification ~ Univac 1108

Source Language ~ FPFORTRAN V

Purpose

Subroutine TITLE prints the title for the timeline profiles

Usage

Calling Sequence
CALL TITLE
Data In/Out

Variables in labeled common are listed in Appendix A

Block Name Input Output
/TIMES/ NOT,
Storage

Coding occupies 328 (2610) locations. Internal data occupies
1238 (8310) locations.

Method

TITLE prints the title for the timeline profiles and resets the
line counter to 0.
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l TITLE ,

PRINT
TITLE

RESET LINE
COUNTER TO
0

RETURN
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SUBROUTINE TLINE

Identification

Name/Title - TLINE

Authoxr/Date - E. Taylor/October 1975
Organization/Installation - LEC for MPAD-JSC
Machine Identification - Univac 1108

Source Language - FORTRAN V

Purpose

Subroutine TLINE reads and processes card inputs.
Usage

Calling Sequence

CALL DLINE

Data In/Out

Variables in labeled common are listed in Appendix A.

Block Name Input . Output
/CONF/ ISYS(3) ISYS(3)
IVALVE(3) IVALVE (3)
IAPUSD (3} TAPUSD (3)
IBYPV(3) IBYPV(3)
TP
/GRAD/ FGRAD (NL, 2)
/NAMES/ I1.0AD (NA)
/RATES/ RATE (NA)
HM (NA)
DEF (NA)
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Block Name

/TIMES/

/TARRAY/
/TRAT/

Storage

Input

WRT (NR)

IETP

Qutput

CGLOAD
ALT
ISTART
ISTOP
IEND

Coding occupies 5218 (33710) locations. Internal data occupies

738 (5910) locations.

Metheod

Local Variables

Name

ICARD
IR

ISSTRT
ISTAT
NA

NL
OWRT(I)

OWRT(I)

b oH H -

-—

DEG/SEC

5-44

Description

Flag for card input

Rate flag

= 1 Angular

= 2 Fluid flow

Flag for load design data change
Read status flag

Number of actuators

Number of loads

Angular rates returned from
PHASE; I is the actuator no,
(I=1,15)

Actuator operational flag returned
from PHASE; I is the actuator no,
(1=16,23)



Model

The program is initialized by card input before operational
contreol is transferred to tape or card input. If control is
transferred to tape input, the operational parameters (time,
angular rates, hinge moments, surface deflections, actuator
operational flags, altitude, vehicle load, system status variables)
are read from tape or overlaid with logic in the PHASE subroutine.
Card input will supplement or override this data. Angular rates
and f£luid flow rates converted to angular rates input f£rom cards
are added to the angular rates returned from PHASE. Altitude,
vehicle load, actuator operational flags and system status
variables input from cards will override the data returned from
PHASE. If control is transferred to card input, all operational
parameters are defined by card input.

5«45



‘ TLINE ’

READ IN
ONE DATA
SET FROM
CARDS

TAPE F
TURN

‘\xﬁﬁﬁkﬁﬁﬁ

?
T

CALL PHASE

READ INPUT
TAPE

OVERLAY RATES RETURNED
FROM PHASE WITH DATA INPUT

FROM CARDS

PP

OVERRIDE STATUS VARIABLES
OPERATIONAL FLAGS, ALTITUDE
AND VEHICLE LOAD RETURNED
FROM PHASE WITH DATA INPUT
FROM CARDS

( RETURN )

5-4¢



SUBROUTINE TREAD

Identification

Name/Title - TREAD

Author/Data ~ D. Wigging/October 1975
Organization/Installation - LEC for MPAD-JSC
Machine Identification - Univac 1108

Source Language - FORTRAN V

Purpose

Subroutine TREAD reads blocked binary tapes.

Storage

Coding occupies 3048 (19610) locations. Internal data occupies
1343, (73910) locations.

Usage
Calling seguence

CALL TREAD (IFLAG, TUNIT, LGDWN, IWOW)

Arguments

Parameter

Name In/Out Type Description
TFLAG ouT I End of tape flag

TUNIT IN I Tape unit

L.GDWN ouT I Landing gear down flag
IWowW OUT I Touchdown flag
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Data In/Out

Variables in labeled common are listed in Appendix A

Block Name Input Output
/TARRAY / WRT (75}

Error Messages
The following message is written when a tape error occurs

NTRAN error --- status word = X Program assumes end of tape
and continues processing.

Method

Local Variables

Name Type Units Description
A(I),1=1,32 R - Logical record

ASAVE R .2 SEC Last time read from tape
B(I),I=1,640 R - Record buffer

DELTA R SEC Delta time

ISKIP I - Bad record flag

ISTAT I - Status return

NN I -~ Logical record counter
TP R SEC Adjusted time

TSAVE R SEC Last adjusted time
TSTART R 2 SEC First good time

5-48



Model

The NTRAN I/0O Routines are used to read the input tape. The
data is then unblocked and data from one logical record is
returned to PHASE. Additional information on NTRAN usage may
be found in PARTS 15 and 20 of the CAD Procedures Manual.
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TREAD

RECORD COUNTER
= RECORD COUNTER
+ 1

T

CALL NTRAN

READ INPUT
TAPE

RESET COUNTER
TO 0

a

UNEBLOCK
DATA

| RETURN )
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5.5 PROGRAM LISTINGS
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5.6 SAMPLE INPUT/OUTPUT

Figure 11

Figure 12

Figure 13

Figure 14

contains a sample input data deck.

contains a sample Hydraulic . Load Data Report.

contains a sample timeline profile.

contains a sample APU fuel usage summary.
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SAMPLE INFUT DATA DECK

660 -.166667 START PRELAUNCH AT T=-.166667
661 -.001 RESTART AT 7=-.001
662 0.0 INPUT TYPE = CARDS ONLY
665 .218333 STOP SIMULATICN AT T7=.218333
781 1. DATA TO BE AVERAGED OVER 1 SEC INTERVALS
939
684 2. ACD ENGINE CONTROLLER FLOW RATES
685 14. 0OF 14 GPM
690 2.
691 14.
696 2.
697 l4.
661 -.0007 RESTART AT T=-.0007
939
685 6. RESET ENGINE CONTROLLER FLOW RATES
691 6. TO 6 GPM
697 6.
661 0.0 RESTART AT T=C
399
662 1. INPUT TYPE = SSFS TAPE
664 2a PHASE = ASCENT
251 TIME SYMBOLIC NAMES ON SSFS INPUY TAPES
252 GIMPR1
253 GIMYR1
255 GIMPRZ
256 GIMYR2
258 GIMPR3
259 GIMYR3
321 ALY
323 THROT1
324 THROT2
325 THROT3
661 0.0001 RESTART AT 7=C.0001
999 —
684 0. STOP ADDING ENGINE CONTROLLER FLOW RATES
690 0.
696 (.
661 .135 RESTART AT T=.135
999
684 2. ACC ENGINE CONTROLLER FLOW RATES
685 T. OF 7 GPM
630 2.
691 ?.
696 2.
697 7.
661 .135416 RESTARTY AT T=.135416
999
685 13a RESET ENGINE CONTROLLER FLOW RATES
691 13. TO 13 GPM
697 13,
661 135555 RESTART AT .135555
9499
684 0. STOP ADDING ENGINE CONTROLLER FLOW RATES
690 0.
696 0.
661 218333 RESTART AT T=,218333
999
399 STOP SIMULATICN
660 162.71L777 START ON-ORBIT CKOUT AT T=162.T1777
661 162.85110 RESTART AT T=162.85110
FIGURE 11
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665
662
663
664
999
999
660
661
662
663
664
665
999

162.85110
3°

40

4

163.21777
163.8

4.

70

6.

l63.8

EOF

STOP SIMULATICN AT T=162.85110

INPUT TYPE = BINARY TAPE
INPUT UNIT = 4
PHASE = ON-OREBIT CKOUT

STOP SIMULATICN

START ENTRY AT T=163.21777

RESTART AT T=163,.8
INPUT TYPE
INPUT UNIY

7

BELOCKED BINARY TAPE

PHASE = ENTRY WITH LANDING
STOP SIMULATICON AT T=163.8

FIGURE 11 (continued)
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SAMPLE HYDRAULIC LOAD DATA REPORT

ROCKMELL STZING MISSION - SYS 3 FAIL AT MPS PURGE DATE 111175 PAGE 60
tese HYD LOAD DATA ¢e92
KO LOAD KAME ACT S1 S22 FLOH GPAP POMER SERVO IS0 - ALT BYPASS HYPASS
(GPM/DEG/SECY SPOOL  VALVE DUMP X0 VALVE FLON
LRG 8 LKG 3 VALYE (GPN)
Joee 3000
psl 23

(GPHY  (GPRY

B AT AR R A R AT A AR P AL LA T AT T A AN R H AL AN TACIR LA IS IRttt TN sa P TAR ISRt T RASegduTdeaandtAddnddatitndaNETEAINITRRRIICD

1 SSME 1 PITCH 1 2 3 3.333 1,200 300 1 1 ] .00
2 SSHE 1 YA 1 3 4 2.4623 1.200 300 1 2 0 .00
3 SSME 1 CKTRL 1 0 0 1.000 000 .000 1 3 1 W15
& SSKE 2 PITEH 4 1 3 2,623 1.200 »300 1 & 0 .00
5 SSKE 2 YAl 2 2 1 2.823 §.200 =100 1 5 o .00
& SSKE 2 CHTRL 2 1 0 7.000 .000 000 1 & 2 .15
7 SSKE 3 PITLH 3 1 2 2.423 t.200 .300 1 7 0 .00
8 SSKE 3 YAN 3 2 1 2.423 i 1.200 .300 t 3 0 .00
9 SSHE 3 CNTRL 3 0 ] 1.000 .000 .000 T 9 3 + 35
10 RUDDER TR 1 1 [} & -685 193 a0 o 1n o .00
11 RUDDER MTR 2 F4 0 0 b8 193 .000 ] 10 1} .00
12 RUDDER HMTR 3 3 0 0 685 193 000 0 10 1} -.00
13 RUDDER SERVO 3 2 1 - 000 000 727 ] 10 )] .00
t4, SB MTR 1 1 a [} 1.3%4 DPEN 193 000 0 ‘ 1 -0 L1
t.041 CLOSE
15 SB XTR 2 2 1 0 1.014 DPER L1683 000 0 1" 1} .00
1.0&1 CLOSE
14 58 ATR 3 2 ) ] 1.074 OPER 193 -000 ¢ LN o +00
1.04% CLOSE
9?7 €8 SERVD 3 2 1 000 008 227 ] " o .00
14 LO ELEVON 3 2 1 AL 127 27 [ 12 0 .00
19 L1 ELEVOX 2 1 3 1,493 k5 P27 0 13 [ .14
20 RD ELEVOY 1 2 3 AL 127 727 0 t4 1} .00
21 RI ELEvON 3 1 2 1.693 V245 727 ¢ 13 Q .00
FIGURE %2
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SAMPLE TIMELINE PROFILE

ROCKRELL STZING KISSTON ~ §v5 3 FAIL AT KPS PURGE

DATE 111175 PAGE 62
SYSTEHN 1 SYSTEN 2 SYSTER 3
TINE ALT $YS  ARU TOTAL MAX SYS APY APU  TOTAL HAX SYS APU APU  TOTAL HAX SY§ AP
{HRS) {FT) CONF SPEED FLOR RATE POWER FUEL SPEED FLOM RATE PURER FUEL SPEED FLOMW RATE RORER fu
0DE ¥ RATE WANG ROHTS REH 4 RATE HRHG RORTS REM X RATE HRKE RGNTS RE
(GPM) FLAG (HP) (LBs? {GPYY FLAG {HP} (LBS} {GPH)  FLAG (HP) 1
R A R A R I N R R I R R R R F N R N R Y R R R N R R RN Ry N R R R AR R R AR AR R AN AN ]
5 111Y 0. 1 100 b.24 2.3 295%.90¢ 100 5.36 22.5%4 295.00 100 .47 26.64 295
-.08333 o, 1 10D &.24 22,32 282.07 100 6.3% 22.54 281.%7 100 3.467 26.64 279
-.03333 b. TRl 6.52 23.36  274.32 100 6.58 22.93 274.15 100 8.8¢ 27.04 270
-.03194 0. T 100 t.82 ! 23.36 274,09 100 6.98 22.93 273.92 100 b5.89 27.04 270
-.00833 8. 1110 6.24 23.32 270.2%8 10 6.38 23.%3 270.17 110 8.67 27.67 244
=.00094 g, 1 110 22.94 §3.43 269.09 110 21.65% 31.09 2W68.97 110 23.25 53.99 2bé
~-.00086 o, 1110 10,44 30.36 269.00 110 9.15 28.53 263.83 110 10.75 361 284
-.00038 0. 1 1 4,54 35.95 268.94 110 13,65 36.64 268.83 110 £3.25 319.30 284
-.00002 g. T 110 46,03 96.31 265.85 110 62.42 125,18 268,75 110 64.73 132.86 264
.00000 0. 1 110 46.0% 96.31 2468.33 10 42,42 128,18 268 72 110 64,73 132.36 264
00006 126, 1 110 31 &3 69.25 268.30 110 51.79 107.34 260,68 110 64.73 132.86 264
.00002 168, 1 110 30.52 87.31 265.79 110 42.5% 3976 2b8.66 UG 45.27 92.30 264
200014 %4, T 11 30.%3 67.31 263.77 1td 20 0D 43,11 268.63 110 Z1.60 S1.0% 284
00042 382, t 110 24.58 $6.40 268 63 110 14 60 37,28 268,55 110 15.60 40.13 264
00167 3507. t 110 16.24 &1.26 288.22 110 9.54 2%.24  288.24 110 1.5 32.12 264
00967 3307, 119 319.00 3Z.95  283.22 110 31,45 48 90 263.24 170 33.78 73.13 264
+00194 4074, 1 10 9.49 29.14  263.08 110 9.02 Z8 36 263.13 110 10,62 31.18 263
00444 9324, 1 110 35.12 75.68 267.860 110 29 22 64,81 267.466 W10 30.22 87.74 243
00472 9%12. 1 10 20.10 45.28 267.47 IO 17.94 46,33 267.55% 110 19,54 47.26 263
200500 108 9, 1 110 20,190 43 23 267.3%9 110 17.94 44,33 267.4% 1Y0 19.74 K7.26 243
011t 23332, LI B 11.05 31,94 265.%3 110 .81 29,71 265.%0 11¢ T1.34 33.38 261
L011%% 25075. 1110 14.91 46.912 265.41 110 29.36 49,12 263.64 1i0 22 o0 5z.80 @61
01500 31501, t 110 11.05 37.946 24.%6 110 9.81 29.71 264,74 110 1.8 33.38 260
01657 35025, 1 110 11,05 31.94 244 23 110 9.81 2971 264,43 10 11.84 31.33 23¢9
+O1946 52357, T 110 i5.34 39.66 263.63 110 13.22 35.87 203.91 119 15.23 39.50 259
.gz2o2t 57613, L1 52.3% 39.27 2463 &3 110 311,05 68,17 263.73 110 32.65 7i.12 259
02083 69054 Tt 14.90 33.39 263.20 114 13.22 35.87 263.%2 110 5.82 35.73 258
03111 125377, 1 110 4.23% 26.88 260.31 1L 7.97 26.42 26%1.2% 110 F.57 29.29 254
03500 149717, 1 110 39.02 32-96 260.17 110 56 42 116.31 260,68 310 53.73 120.34 2535
L03527 131407, LR $9.64 &7.44 280 05 110 18,64 £5.62 260,49 110 20.24 45.54 25%
.0333% 151782, 1 110 43.39 108.75  28C.92 130 40.81 46,34 260.47 1H0 43,12 90.7% 255
L03811 15642, 1 110 19.45 47.09 259.%7 110 21.00 49.92 260.09 110 22.60 $2.82 25%
03889 174057, 1 100 ?.83 25.24  238.51 100 7.78 25,07 259.7% 109 .32 27.92 234
18319 400000, 1100 7.4 2%.24 238.43 100 7.7 25.07 237,04 100 °.32 27 92 22¢
18333 400000 1 100 55.83 113.36 236 41 100 &7.43 97.27 237.91 10D &9.74 101,46 229
L1836 400000, 1 100 6.24 22.32 236.23 100 6.386 22,56 236.87 100 3.67 26.46 229
.195383 400000, 3 00 ¢.71 28.51  234.54 100 11,17 31 11 235 17 100 .00 .00 227
26647 400000, 27 100 .00 00 z222.24 100 .00 .00 2zv. 82 100 .0a 00 227
.56666 400000, 27 100 .00 L00  222.246 100 .00 .00 221.32 100 00 .00 227
#56943 400000, ? 100 te &4 37.33 222.26 100 .00 .00 221.82 100 00 .00 227
.5722% 400000, 3 100 313 23.43 221 52 140 5.32 2h.02 221.82 109 .00 00 227
257499 400000, 112 W0 .31 7.97 221.22 100 14.64 37.33 221.38 140 .00 .00 227
JS77T7 400000 3 100 &.86 23.43 221,07 1400 "1 32 26,02 220.75 100 .00 .00 227
PRGE 18
. ORIGINAL Ty
: oF POOR QUAL
FIGURE i3

———
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SAMPLE APU FUEL USAGE SUMMARY

ROCKWELL SE2IRG MISSIOL - 5v5 3 FAIL AT MPS PURGE DATE

APU FUEL USAGE SUMRARY

FUEL USED
(LBs)
SYSTEH 1 175.307%
SYSTEM 2 186.5193
SYSTEM 3 67,2933
FIGURE 14

5-122

FUEL REMAIKING
(185>

119.6921
108.4307

227.7062

1111725

PAGE

73

11 uQv 7%

23:31:
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APPENDIX A

COMMON BLOCK DEFINITIONS



Labeled
Common
Name

Variable
Name

CONF

GRAD

ISYS(I)

IVALVE (I)

IAPUSD(TI)

TP
NOS
P(I)

IBYPV(I)

FGRAD (I, 1)

Type

I

H

Units

HRS

psi

GPM/DEG/SEC

Description

Flag for system operational
mode; I is the system number;
(I =1,3)

= 1 Presgsurized

= 2 Depressurized

= 3 Off

Flag for valve status; I is
the valve number; (I=1,3)
= 1 Open

2 Closed

]

Flag for APU speed; I is the
system number; I =1,3

= 1 100% Speed

2 110% Speed

Current time

Number of systems pressurized
System pressure; I is the
system number; (I = 1,3)
Flag for bypass valve status:
I is the bypass valve number:
(I =1,3)

1 Open

2 Closed

1l

Flow gradient for positive
angular rates with three
systems pressurized; I is

the hydraulic load number:
(I =1,37)



Labeled
commorn
Nahe

Variable
Name

LKGS

IMMTRX

FGRAD(ZL,2)

FPLGRAD(I)

PSIKG(I)

SVLKG(I}

XPSLKG(T)

XSVLKG(I)

BYFLOW(I)

LMM(1,I)

LMM(2,I)

ILMM(3,T)

IPTR{I,J,K)

Type Units

R GPM/DEG/SEC
R GPM/DEG/SEC
R GPM

R GPM

R GPM

R GPM

R GPM

T -

T -

T -

T -

Description

Flow gradient for negative

angular rates with three

gsystems pressurized; I is

the hydraulic load number:
(I = 1,37)

Flow gradient; I is the
hydraulic load number;
(I =1,37)

Power spool leakage at

3000 psi; I is the hydraulic
lcad number; (I = 1,37)
Servo valve leakage at

3000 psi; I is the hydraulic
load number; (I = 1,37)

Power spool leakage; I is
the hydraulic load number
(r = 1,37)
Servo valéé—ieakage; Iis
the hydraulic load number
(I = 1,37)
Bypass flow; I is the hydraulic
load number (I = 1,37)

Active system number; I

is the hydraulic load number
( = 1,37

1st standby system number; I
is the hydraulic load number
(I =1,37)

2nd standby system number;

I is the hydraulic load number
(T = 1,37

System configuration code;.

I is the system 1 operational



Labeled
Common Variable
Name Name Type Units Description

mode; J is the system 2
operational mode; K is the
system 3 operational mode;
(T =1,3(F=1,3h(K=1,3)
ICODE(T,d) I - System number; I is the
system configuration code;
J is the hydraulic locad
number; (I = 1,27%(J = 1,37
ISoV(I) I - Isolation valve number;
I is the hydraulic load
number; (I = 1,37)

IASGN(T) I - System number; I is the
’ hydraulic load nunber;
(1 = 1,37
IBYPSS (T) T - Bypass valve number;.T is the
hydraulic load number,
(T = 1,37)
NAMES NAME (I,J) A - Symbolic name; J is the

hydraulic load number;
(T =1,2(0 = 1,37)
IACTNO(I) I - Actuator number; I is the
hydraulic load number;
(I = 1,37)
NMODE (I) A - Symbolic name; I is the
operational mode number;
(£ = 1,3)
ISPED(I) a % APU speed; I is the
speed number; (I = 1,2)
ILOAD(TI) I - Hydraulic load number;
I is the actuator number;
(I =1,23)



Labeled

Common Variable
Name Name Type Units
OUTPUT FLRT(TI) R GPM
TFLRT(I) R GPM
PWR(I) R HP
RATES RATE (I) R DEG/SEC
HM(I) R IN-LBS
DEG(TI) R DEG
CGLOAD R G
ALT R FT
TARRAY T(I) R -
WRT (1) R HRS
WRT (I} R DEG/SEC
WRT (I} R -
WRT (1) R IN~LBS

Description

Flow rate; I is the
hydraulic load number;

(I = 1,37}
Flow rate; I is the system
number; (I = 1,3)
Horgepower; I is the system
number; (I = 1,3)

Angular rate; I is - the
actuator number; (I = 1,23)
Hinge moment; I is the
actuator number; (I = 1,23)
Surface deflection; I is
the actuator number:

(T = 1,23)
Vehicle load
Altitude

Definitions of wvariables
stored in the array T can be
found in Section 3.1.1 Card
Input. The data numbher is
the subscript for the array T.
Time
Angular rates; I is the
actuator number + 1:
@ = 2,16)
Actuator operational flag:
I is the actuator number + 1;
(I = 17,24)
Hinge-moment; I is the
actuator number 4+ 24;
(I = 24,47)



Labeled
Common
Name

Variable
Name

TIMES

TRAJ

WRT(I)

WRT(71)
WRT(72)
WRT(I)

ISTART
ISTOP
IEND
NOL

INDEX(I)

IRTP

TzEe

R

2}

H OoH O H O H

Units

DEG

BT

A=5

Description

Surface deflection; I is

the actuator number + 47;
(I = 48,70)

Altitude

Vehicle load

Throttle setting; I is

the engine number + 72;
(T = 73,75)

Start flag

Stop flag

End of mission flag
Number of lines printed on
page

Word location for data on

SSFS and SVDS tapes;
I=1,75

End of tape flag



APPENDIX B

S8FS AND SVDS TRAJECTORY TAPE

FORMAT



B.l gvDS INPUT TRAJECTORY TAPE FORMAT AND USAGE

The symbolic names of the parameters contained on the tape

and the names included in the timeline array must be identical.
Also, the timeline array symbolic names must include the correct
parameter numbers associated with that name.

a. The first record on the tape should contain the number of
parameters and the symbolic names. The first word on
this record must be a dummy word with the second word
corresponding to the number of parameters on the tape
followed by the symbolic names.

b. The second record should contain the first time point and
all parameter values. The first two words of the second
record should be dummy words followed by the parameter
values corresponding to the symbelic names con the first
record.

c. The suceeding records should contain a unique time point
and associated parameter values. Again, each record
should contain two dummy words at the beginning of the

record,

B.2 SSF5 INPUT TRAJECTORY TAPE FORMAT AND USAGE

If the SSFS trajectory is created on a file and then copied

to tape, the tape must be copied back to a temporary file

with a @COPY,G command. The symbolic names of the parameters
contained on the file (tape) and the names included in the
timeline array must be identical. Also, timeline array symbolic
names must include the correct parameter numbers associated
with that name.

a. The first record on the file (tape) must contain the number
of parameters and the symbolic names.

B-1



The second record should contain the first time point and
all parameter values associated with this time point.

The succeeding records must contain a unique time point

and associated parameter values. '
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