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I. INTRODUCTION

The SAIL non-avionics math models are required to support verification of the
Ascent Ops 1 Avionics Configuration, On-Orbit Ops 2 Avionics Configuration,
Entry Ops 3 Configuration, and the Backup Flight System. The non-avionics
subsystems math models resident in the GTS and/or the STS and their applica-
tion to testing each of the Ops configurations are summarized in Table I.

The STS math models, with the exception of the RCS/OMS model, are implemented
in the Ground Standard Interface Unit (GSIU) and interface with the flight
critical MDMs, Development Flight Instrumentation (DFI) MOM and Operational
Instrumentation (0I) MDMs via Signal Termination Modules (STMs). The RCS/OMS
model output static parameter is implemented via Test Language in the

Display and Control Module (DCM). The STS math models output only those
measurements that are acquired by the flight software or are required for
dedicated displays. Operational Instrumentation and Development Flight
Instrumentation measurements that are downlinked cnly are not provided by

the math models.

The GTS math models simulate only those subsystems, or portions of subsystems,
that interface with the flight critical data bus and that are required to
support GN&C testing. A1l instrumentation measurements nominally 1annelized
in the OI MDMs and DFI MDMs are statig parameters loaded in the GTS Non-
avionics Simulator (NAS) and are outputted directly to the PCM Master Unit.
The NAS will provide all QI and DFI parameters to be downlinked during OFT 1
flight. Functional interfaces of the STS and GTS non-avionics simulator are
shown in figure 1.

II. PURPOSE

The purpose of this report is to provide a single Source document for consistently
controlling approved changes to the non-avionics math models. When changes

are approved, change pages will be released and a change status page will
accompany each change release. The change status page should be incorporated
behind the signature page and will provide a history of all changes to this

JSC report. The form of this change sheet is provided in the specified

location of this document.
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III. DISCUSSION

The baselined SAIL non-avionics math model requirements are provided in
Appendix A through L. Future approved SCR's will be identified on the Change
Status Sheet which will be released with the revised math model pages and the
title page (revision number change) for incorporation in this report.



APPENDIX A
APU/HYDRAULICS MATH MOGEL REQUIREMENTS



TABLE OF CONTENTS

Section Page

1.0 INTRODUCTION. . . . . & v v v i e e e e e e et e e e e a s A-4
1.1 SHUTTLE TEST STATION (STS) . . . . . . . . . .« . . .. A-4
1.2 GN&C TEST STATION (GTS). . . . . . . . . v o v v o v . . A-5
----- STS-~---

2.0 DETAILED REQUIREMENTS . . . . . . . . . v ¢t v v v v v v v A-7
2.1 FUNCTIONAL CHARACTERISTICS . . . . . . . . o . v v v v A-7
2.1.T APU. . L e e e e e e e e e e e e e e e e e A-7
A R | A-7
2.1.3 INPUT/OUTPUT . . . . & & o it et i v e e e e e e s A-11
2.2 DCM UPLINK . « v . & o v v v v et ot et e e e e e e A-11
2.3 INITIALIZATION REQUIREMENTS. . . . . . . . . . ¢ o ¢ .. A-12
2.4 TERMINATION REQUIREMENTS . . . . . . . . . . . . . . .. A-12
2.5 UNIQUE REQUIREMENTS. . . . . . . . « v v o v v o v o A-13
2.5.1 1 =10,2,3. . . . e e e e e s e e e e e e A-13
25,2 a=1i+3,y=1i-1.............. .. A-13
2.5.3 K=1,2,3. . . . . i e e e e e e e e e e e e A-13
2.5.4 TURBINE SPEED (V46R0oi35A>0)=(APU i RUN MODE) . . . . . A-13
2.5.5 APU TURBINE OVERSPEED OR UNDERSPEED CONDITIONS . . . . A-14
2.5.6 BFS MEASUREMENTS . . . . . . « . v« ¢ o v v v v v o A-15
2.5.7 APU HEATER THERMAL SWITCHES. . . . . . . . . . . . .. A-16
2.6 ANALOG MEASUREMENTS. . . . . . v (v v v v v v v v v v A-17
2.6.1 TOLYNOMIAL CONVERSION METHOD . . . . . . . . . . . . . A-17
2.6.2 RANGE LIMIT CONVERSION METHOD. . . . . . . . . . . . . A-20

A-1



Section Page

3.0
4.0

5.0

12.0

13.0
14.0

15.0

LOGIC FLOW DIAGRAMS. . . « v v v v v v v e e e e e e A-22
TABLES & v v o ot e e e e e e e e e e A-40
8.1 INPUT STIMULI LIST. v v v v v v e e e e e e e e e u s A-40
4.2 OUTPUT MEASUREMENT LIST . . . . . . v v v v v v v v v w A-46
STS REFERENCES « + & v v v v e v et e e e e e e e e e e u s A-51
----- GTS-----

GTS DETAILED REQUIREMENTS. . . + + + v v v v v v v e e v v u s A-63
12.1 GTS FUNCTIONAL CHARACTERISTICS. . . . . + + v v v v . . . A-53
12.2 NAS UPLINK REQUIREMENTS . . . . . . v v v v v v e e e A-63
12.3 GTS INITIALIZATION REQUIREMENTS . . . . . . . . . . . . . A-53
12.4 GTS TERMINATION REQUIREMENTS. . . . . . + . v v v v v . . A-65
12.5 GTS UNIQUE REQUIREMENTS . . & & & v v v v v v v v v v u s A-55
GTS LOGIC FLOW DIAGRAMS. . . . . . . . .. ... e e e A-65
GTS INPUT/OUTPUT TABLES. . » & v v v v v v e e e o e e e n s A-63
14.1 TABLE 14.1 - INPUT STIMULL. . . . v v v v v v v v v v u s A-59
14,2 TIBLE 14.2 - OUTPUT MEASUREMENTS. . . . . . . . . . . . . A-79
14.3 NAS CRT DISPLAY . « v v v v v e o e e e e e e e e e A-71
REFERENCES © « v v v v v e e e e e e e e e e e e e e A-73

A-2



FIGURES

Section Page
FIGURE 1 STS SYSTEM DATA FLOW . « . v v v v v v v e v e v v e e e A-8
FIGURE 2 APU SUBSYSTEM SCHEMATIC. . . . & v v v v v v v v e v v s A-9
FIGURE 3 HYD SUBSYSTEM SCHEMATIC. . . v v v v v v v e v e v v e A-10
FIGURE 4 GTS SYSTEM DATA FLOW . . . . . . & v v v v v v v e v A-64
FIGURE 5 NAS CRT DISPLAY . . . . . & v i it e e e e e e v oo A-72

A-3



1.0 INTRODUCTION

The Shuttle Avionics Integration Laboratory (SAIL) consists of a Shuttle Test
Station (STS) and a GN&C Test Station (GTS). Both of these test stations

use math models to simulate many of the shuttle systems for which hardware
has not been provided. A group of these models are termed "non-avionic"
models since they do not simulate the shuttle's avionic systems. The non-
avionic models are needed to supply data for on-board softwa-e processing,

to drive cockpit displays, and to respond to shuttle commands, whether they
be from the cockpit switches or from the General Purpose Computers (GPC's).

Because the STS and the GTS are configured differently, the non-avionic math
models needed to support each test station are shown below:

Non-Avionic Math Model STS GTS
APU/Hydraulics * b
Main Propulsion System e °
RCS/0MS *
Fuel Cell/Cryogenics *
ATMOS Revital/Water Loops *
ATMOS Revital/Press Control - Airlock b
Active Thermal Control . °
Smoke Detection *
Water/Waste Mgt. *
ET/ORB FWD SEP PYROS *
ET UMB COUT Door/Latch *
Vent Doors *

Where the same math model is needed is both test stations, the math model
requirements document is divided into a STS section and a GTS section, so
that unique test station requirements may be identified.

1.1 SHUTTLE TEST STATION (STS)

Wher the TOC Display and Control Module (DCM) operator depresses the "SYS
LOAD" key, the model programs, which are stored on the Fixed Head Disk in
the DCM, are automatically loaded into the GSIU. The models are then
activated and terminated by NCM test language statements. While the models

A-%



are operating in the GSIU, the DCM operator is able to inhibit one, all, or
any combination of model outputs with test language statements. This provides
the DCM operator with control of output parameter values when off-nominal
conditions are desired. To simplify the models and ease the processing load
on supporting test equipment, the model requirements define nominal conditions
only. Further, analog values for output parameters change in step fashion
when responding to inputs, except when specific change rates for particular
parameters are required. The DCM operator is also able to alter the value
that the model uses to generate parameter outputs. This allows the DCM
onarator to adjust output parameter values as needed to satisfy various missicn
phases.

When the model is activated, it shall check the input stimuli and shall provide
appropriate output measurement values. It is preferred that the model provide
output data when the input stimuli changes. Bus activity is then minimal! during
those mission phases when the stimuli remains constant. However, the GSIU
operating system may require a cyclic model program in which case the model
output rate shall be once per second.

1.2 GN&C TEST STATION (GTS)

To simplify the models and ease the processing load on supporting test equip-
ment, the model requirements specify nominal conditions only. Analog values
for output parameters change when input values dictate a change, or when the
test operator manually sets parameter values. Because GTS has an incomplete
set of cockpit switches, some switch inputs used in STS must be entered in
GTS by the simulator operator. This method allows the use of the same logic
for STS and GTS.



STS
SECTION
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-2.0  DETAILED REQUIREMENTS

This model simulates those functions of the Auxiliary Power Unit (APU) and the
Hydraulics (HYD) subsystems that are in the Orbiter. To simplify the model,
only those subsystem functions needed to support testing of the Shuttle avionics
system are provided.

The model receives stimuli from one source, the flight system via the Signal
Termination Module (STM); the mode! provides output parameter values to the
flight system via the STM. Figure 1 illustrates the data flow in and out of the
model. Tables 1 and 2 list the input stimuli and output measurements.

Internal to the model is consider-hle “cross-talk" between the APU and the HYD
areas. An attempt was made to keep these two areas separate for modular simplicity.
The “cross-talk" involved here is transparent to the user and requirec no special
conditioning. .

2.1  FUNCTIONAL CHARACTERISTICS
200 Ay

The APU subsystem consists of three APU packages providing. the mechanical power
necessary to drive the main hydraulic pumps. Inputs from the flight system (FS)
drive the model to simulate a dedicated control unit for each APU, which will
maintain the selected speed and, in the event of the limiting conditions being
exceeded, will automatically shut the unit down. Override control is provided by
a crew switch. The APU turbine drives the gearbox which in turn drive< the
main hydraulic pump. Figure 2 is a functional diagram of the APU system.

B L I

2.1.2 WD

The hydraulic pump is driven by the APU, and the speed is dependent upon whether
fnput stimuli is selected tc Normal or High spred mode. Hydraulic power is
supplied to aerosurface controls (elevons, ruddcr, body flap, and speedbrake),
landing gear, wheel brakes, and nosewheel steering. Figure 3 is a functional
diagram of the HYD system.

Hydraulic fluid must be cooled during main pump operation; énd, therefore, the
model simulates a water boiler which removes heat from the system fluid.

When the APU's are shut down (idle), a circulation pump maintains fluid circulation
to prevent freezing.

A reservoir and nitrogen pressurized accumulator are also a part of the system, and
the model simulates these 1/0 parameters also.

The hydraulic subsystem incorporates functional redundancy. This redundancy is

obtained by switching valves which provide the capability for any one of the sub-
systems connected to the switching valves to supply the function in the event of
failure of the other connected subsystems.

—_— - - -

A-7



7. 3Y5.

1
r-gox +1 T-Box #2 T-Bx*3 T-Bor*s |
C 1 1 |
1
STAM
DCAM
GSTU
STM
J-Box¥1 T-8ox ¥ T-tox¥3 T-Box¥*5
FLT. SYys.

INPUT ~DUTPUT DATA FLlow

Freure 1

A-3




: ‘wsadeyp %201q Iyun demod Laeyryxny —-°7  exndyy

AATVA* INGO QI3dS
AIVONOO3S *9°N

y Csaones oo~
13y ALVEH .
< 110 34M

¥F110 YALYM ®
1S DIUVULAH

110 3em &

A-9



PRESS
XDER

ACCUKULATOR

tus: | aessavox
oI

VALVE

CIRC PUNMP

Figure

l PR!ORITY :

HEATER
70 ECLSS
——»

FREON LINES

- L
— THERMAL ?g
- .conzggL
BYP HEAT
VALVE :
EXCHANGER| oo <o
erom Lo ACTUATED
: JIIFF &
RELIEF
VALVE SERVICES | ‘
= "
PRESSURE
mun (P)

3.~ Hydraulic system (typical for systems 1, 2, and 3).

A-10



- 2.1.3  Input/Output

A1l inputs to the model are from the FS addressable at the STM. These stimuli
are acted upon irinndiately at model execution without regard to time, and
conditions are sinulated in a step function manner, For example: APU fuel

will always be shown as maximum quantity (pressure) and will not be depleted
with time. Any time dependent inputs must be up-linked from the TOC-DCM as an
abnormality (or parameter value change) in accordance with the GSIU Operating
System, .

For the sake of simplicity, the model will do no fault detection of stimuli,

but will act upon it as received from the FS. Therefore. any fault tnsertion
must include changes to all affected parameters in order to obtain a rea\istic .
vesponse from the model. :

A1l subsystem output fs simulated by the model in accordance with stimuli from
the FS. All measurements are made available to Systems Management (SM) and
Fault Detection and Annunciation (FDA) as required.

The stimuli identification numbers used are coded to provide the following
information at the SAIL flight cable/GSE/C70-1140 cable set interface.

KS5O0PXXX-X

PIN NUMBER (FLIGHT CABLE)
$=—————— CONNECTOR NUMBER

AREA DESIGNATOR

STIMULI DESIGNATOR

Exceptions to this code are those stimuli with a letter for the connector number
where the connector number ts unknown. Also the stimuli which comes from the
DCM instead of the flight cable do not agree with this code. Signal Termination
Module (STM) addresses for both stimuli and measurements are yet to be defined.

2.2 DCM_UPLINK
The only values passed from the DCM will be those which involve output suppression

and fault insertion in accordance with the GSIU Operating System and are not a
part of this document.

AN



2,3 INITIALIZATION. REQUIREMENTS

Refer to Table 2 entitled "Measurement Output from APU/HYD Model" for
initialization requirements.

2.4 TERMINATION REQUIREMENTS

None.

A-12



2.5  UNIQUE REQUIREMENTS

There exists a requirement for some measurements within the model to reflect a
nominal, Hi/Low, and off condition. The condition is determined by (a) the
system runr‘w? nortally, (b) the system being idle, but the circulation purips
running, and (c) all functions in an off mode. There is also the requirement
for the model to be capable of functioning in a triple-redundant mode.

In order to best show these requirements, the following criteria were set up
and are vsed throughout this document. :

., 2.5 t=1,2,3

Where (i) represents the system; APU1, APU2, or APU3,
respectively.

2.5.2 a={i+3 y=1i-1

These relationships were established for simplicity and
ease of representing logic flow diagrams within this
requirements package.

2.5.3 K=1,2,3

Where (K) represents the condition existing for the
system, je:

1 = Nominal Mode
2 = Circulation Pumps On
3 = Idle Mode

The value K is then used to find the correct measurement
value needed to reflect the proper conditions. These

measurement values will be found in Table 2 entitled,
"Measurement Output from APU/HYD Model".

NOTE: The flow diagrams refer to the value tables in
the following manner:

MEAS. = Value (K)
Where MEAS. is the output measurement.

VALUE is one of three possible values for that
particular MEAS.

(K) is a pointer that shows which of the three
values is applied.

EXAMPLE: V58TO101A = VALUE (2) = 40°F

2.5.4 TURBINE SPEED (V46R0Oi35A)>0 = APU i RUN MODE
TURBINE SPEED (V46RO135A)<0 = APU i IDLE MODE

A-13



2.5.5 APU Turbine Overspeed or Underspeed Conditions

As described in paragraph 2.1.3, the model sirulates nominal conditions only,
and when off-nominal conditions are required they must be entered by the
operator at the DCM console. Such is the case when simulating APU turbine
overspeed or underspeed, except the model output inhibit function at the DCM
is not necessary. The six DCM input commands listed in table 1 will cause
the appropriate output measurements to change, thereby simulating an overspeed
or underspeed condition. When the DCM commands are zero, nominal conditions
are produced by the model. )

A-14



2.5.6 BFS MEASUREMENTS

The hydraulic measurements listed in the foliowing table are used by the
Back-up Flight System (BFS). These measurements are processed differently
than the ones 1isted in paragraph 2.5.6. The MDM input voltage for the BFS

- measurements must be converted to Flight System (FS) counts before the
polynomial equation defined in paragraph 2.5.6 may be used. The conversion
to FS counts must take into account two factors:

e One factor is that 5 volts into the MDM is equal to 500 FS counts, or
100 counts per volt.

o The second factor is that the BFS software shifts the FS count value by 64.

Consequently, the voltage provided by the STM to the input of the MDM must
be multiplied by (100) and by (64), before the polynomial equation in
paragraph 2.5.6 may be used for BFS calculations.

EXAMPLE :

MDM INPUT VOLTAGE FOR V58T0830A = 2.6 VDC
2.6 X 100 X 64 = 16640 = X
EU = A,X + A, = 0.01171875 (16640) + (-75)

1" "o
EU = 120
MEAS T 0 c BFS MEAS COEFFICIENTS | FLIGHT
MML# GSTU T GSIU [ MOM IN- [ [ 2 | A A SYSTEM
EU | COUNTS| puT VDC | "3 ] "2 ] ™1 0 EU
V58T0830A 120 | 532 2.60 | --| --| 0.01171875| -75 | 120
880A 126 | 548 2.68 | --| -- 126
930A 132 | 565 2.76 | --| -- 132
980 138 | 581 2.84 | -- | -- 138
V57T0014A 144 | 597 2,92 | --| -- 144
t 18 150 | 614 3.00 | --| -- # ' 150
A
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2.5.7 APU HEATER THERMAL SWITCHES

Certain APU heaters are controlled by thermal switches in the APU controller.
For simplification of the APU math model, the operation of the thermal switches
and the cycling of heator temperatures are not simulated, but instead the
thermal switches are simulated closed and heater temperatures are a furction
of heater power only. The control logic for the thermal switches resides in
the flight system Load Controller Assembly (LCA) hardware; therefore, the

APU math model must send "thermal switch on" signals to +he LCA. T+ <TA then
transmits a heater power signal to the APU math model whenever the -y
power switch is "ON". Since the thermal switch signals to the LCA 1 “he
math mode! do not have MML ID numbers, pseudo numbers have been assigned,
reference Table 2 - pages A-45 and A-46.
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2.6 ANALOG MEASUREMENTS

Values shown in the math model flowcharts are in GSIU counts for all analog
measurements. The math model values are seen by the flight system as 0 to 5
VDC inputs. The flight system then converts these input voltages to engineer-
ing units using onc of the two types of scaling equatiens discussed in
Sections 2.6.1 and 2.6.2. The GSIU math model count values (or the count
values entered at the NCM by the test operator) must consider the scaling
computation done later by the flight software, so that correct flight system
engineering unit values are obtained for fault detection and annunciation
(FDA), and f-~r cockpit displays. The following two sections, 2.6.1 and
2.6.2, describe the scaling equations which apply to this model. Section
2.6.1 describes the scaling equation for measurements which require the
polynomial conversion method. Section 2.6.2 describes the scaling equation
for measurements which require the range limit conversion method which was
used on STS-1.

2.6.1 POLYNOMIAL CONVERSION METHQD

The scaling polynomial equation used by the flight svstem is defined in the
SM FSSR. The general form of the equation is given as follows:

- 2 3
FSEU = A0 + A1X + A2X + A3X

where: FSEU = flight system engineering units

X = 71ight system input voltage
0 Al’ AZ’ A3 = scaling polynomial coefficients
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The following example shows the step by step procedure for converting analog
measurements from flight system engineering units (FSEU) to GSIU counts. This
procedure may be used to calculate GSIU count values for fault insertion at
the DCM.

Example:
For measurement no. V63R1100A, convert FSEU value = 2288 to GSIU counts.

Step 1:

In the SM FSSR, look up the measurement no. (V63R1100A) within the “SMM Data
Requirements - Subsystems Displays" table. The measurement no. wili abpear

on two consecutive pages as foliows: page A will show engineering units,

range low value and range high value, while page B will show the scaling poly-
_nomial coefficients (labelled AO’ Al’ Ag, A3) followed by curve order, indepen-
dent variable, and STS flight no. The values on page B will be of prime interest

to do this example conversion, and will be referred to in the following
discussion.

Step 2:
The coefficients will be used in the scaling polynomial:

= 2 3
FSEU = A0 + Alx + A2X + A3X

Solve the following scaling polynomial for X:
2288 = 443.167 + 851.956X - 143.904x2 + 12.246)(3
so X = 3.846 169

Step 3:

Notice the independent variable column labelled IND VR equals 2 for measurement
no. V63R1100A. The 2 specifies that the independent variable X of the scaling
polynomial is defined on a range of 0 to 5 VDC. So X = 3.846 VDC.

It is of interest to note that if IND VR had been equal to 0, X would have
been defined on a range of 0 to 1023 PCM integer counts in which case X would

be equal to 4 PCM counts, i.e. 3.846 r Jed to the nearest integer.

However, in the example being worked, X is defi.. - - % . gad X = 3.846 VDC.
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Step 4:
Now. to convert X VOC to GSIU counts, evaluate the following equation which
shows the relationship between X and GSIU counts:

GSIV counts =|X (1023] , rounded to the nearest integer
K

where K = 5, for X defined as vDC (IND VR = 2) and
K = 500, for X defined as PCM counts (IND VR = 0).

For the example, evaluate:
GSIU counts = [3.846 (1023)}. rounded to the nearest integer

Therefore, GSIU counts = 787 counts.

" Note that since GSIU counts are always rounded to the nearest integer, small
changes will possibly occur in the values of X and consequently FSEU’ when
the reverse calculations are made during test operations, as the following
shows:

X = GSIU counts ‘ K
\15?3

X = 787 x( 5 )
1023

SO X = 3.84652y

And
FSg, = 443.167 + 851.956X - 143.90ax% + 12.245x30
FSg, = 443.167 + 851.956(3.548) - 143.904(3.848)° + 12.246 (3.848)3
FSy, = 2288.017

Hence when 787 GSIU counts is inserted for measurement no. V63R1100A, a value
of 2268.017 FSEU will result.
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2.6.2 RANGE LIMIT CONVERSION METHOD

Several analog measurements in this model are calculated according to the
range limit conversion method, instead of the polynomial conversion method
as described in Section 2.6.1 of this document. The form of the scaling
equation for these cases is given as follows:

1

where: FSEU = flight system engineering units
GSlUcTS = GSIU math model count values
Low = Range low limit
High = Range high limit

The following table shows a sample data value for each measurement which
requires this type of calculation. The measurement I.D. is shown along with
high and low values for the parameter range. The FS column shows the data
value in flight system engineering units calculated from the GSIU counts
marked CTS in the table. These measurements are marked with an asterisk (*)
in the Output Measurement List marked as Table 2 in Section 4.2 of this
document.
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MEASUREMENT

RANGE

RANGE

) LON HIGH FS s
V46TI180A 0 +1500 419 286
V46T9280A 0 +1500 a79 327
V46T9380A 0 +1500 540 368
VA6T9132A -100 +500 56 266
VA6TI270A 0 +250 86 352
VA6TIS13A -75 +300 69 393
V58P0114C 0 +4000 3022 773
V58P0214C 0 +4000 3124 799
V58P0314C 0 +4000 3226 825
V58P0116C 0 +4000 3300 844
V58P0216C 0 +8000 3402 870
V58P0316C 0 +4000 3152 806
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3.0 LOGIC FLOW DIAGRAMS

The logic flow diagram is made up of interconnected lines, boxes, decisions,
and offpage connectors. Notice that where analog measurements are listed in
boxes and decisions, the value inside the box is in flight system engineering
units (FSEU) while the corresponding GSIU count value is listed outside the
box. For example, the bcx on the righi hand below,

<
FSiu

GSIUCTS

vispnooa = SigMdo|vispnooa= ¢a6| 534
vdsTHo1A =~ 162{a85|vdsTI01A= - 35 448
vdsTioTA = - 1661391 vAsTuOTA: ~-107]356%
ViSTI109A = -167]288 [v45T1109A= ~139(3Q1
vispitioA= Si17] 4 [vAdspiidA: 1sol4d

shows that V45P1100A is set equal to 626 FSEU which is equivalent to 534

GSIU shown outside the box.
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4.0 TABLES
4.1 INPL, SiiMULT LIST

Table 1 lists input stimuli to the APU/HYD model in terms of

ID numbers, nomenclature, stimuli source, address and range of
measurement.
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4.2 QUTPUT MEASUREMENT LIST

Table 2 lists all model outputs along with the initial condition value for
the output. Measurement I.D. and Measurement Name precede pairs of numeric
columns. The first of each pair is labeled FS indicating flight system
engineering units. The second of each pair is labeled CTS indicating the GSIU
count value rorresponding to the FS value. I.C. indicates initial condition
vatues. VALuc i typically indicates nominal values. VALUE 2 and VALUE 3
columns indicate off nominal conditions.
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5.0 STS RTFCRIMCES:

a)
b)
c)
d)
e)
f)
9)
h)

LA-B-10100-1/JSC-11174, Space Shuttle Systems Handbook OV-102
LEC-9510, Orbiter 102 Simulation Requirements for SMFS/APU-HYD
LEC-6992 Rev. A, Space Shuttle APU Controller Study

LEC-Memo # 77-2109-055, GSIU Math Model Requirements for APU/HYD
VS70-580102, Hydraulic Control Subsystem Schematic

VS70-460102, Auxiliary Power Unit Schematic

VL70-000137G, Hydraulic Subsystem, Orbiter MCR1750 Baseline Schematic
ICD-3-1603-5, Section 2 and Section 3.8
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12.0 GTS DETAILED REQUIREMENTS

This model simulates the functions of the Auxiliary Power Unit (APU) and the
Hydraulics (HYD) subsystems in the Orbiter. Only those flight critical functions
of the APU/HYD subsystems that are addressed to the Orbiter's General Purpose
Computers (GPC's) are contained in these math model requirements, namely, the
hydraulic pump output pressures. This permits the use of a much simplified

model which contains only those functions necessary to support GN&C testing.

APU/HYD measurements,together with measurements from other subsystems, that
are addressed to the 0/I PCM master unit are provided from a table of static
values which is not a part of this requirements document. The tabulated
values are changeable within their specified ranges by the operator at the
Non-Avionics Simulator console, when perfiming Svstem Management tests with
0/1 parameters.

Figure 4 illustrates the data flow in and out of the APU/HYD model for the GN&C
Test Station.

Tables 14.1 and 14.2 list the input stimuli and the output measurements for the
GTS APU/HYD model.

12.1 GTS FUNCTIONAL CHARACTERISTICS

The APU/HYD subsystem consists of three APU's which indc -ently drive three
main hydravlic pumps. Inputs from the NAS console simula : cockpit commands to
turn each of the three systems ON or OFF.

12.2 NAS _UPLINK REQUIREMENTS

In addition to the three ON/OFF commands simulating cockpit commands to the
three APU's, the operator at the NAS console has the ability to change the
value of any output parameter in the model.

12.3 GTS INITIALIZATION REQUIREMENTS

The initial conditions shall be as listed in Table 14.2.

A-G3
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12.4 GTS TERMINATION REQUIREMENTS

None.

12.5 GIS UNIQUE REQUIREMENTS

None.



13.0 GTS LOGIC FLOW DIAGRAMS
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14.0 GTS_INPUT/QUTPUT TABLES
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14.3  NAS CRT DISPLAY
Figure 5 shows the format of the NAS CRT of which APU/HYD is a part.
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15.0 REFERENCES

V$70460102 - Auxiliary Power Unit Schematic
v$70580102 - Hydraulic Ccntrol Subsystem Schematic
GNCTS-02 - GNCTS Crew Station to GTS ICD
GNCTS-06 - GTS Non-Avionics Simulator ICD

LEC Memo No. 78-GNC-260-NAS CRT Formats by N. Bauer
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1.0 INTRODUCTION

The GN & C Test Station (GTS) uses math models to simulate many of the Shuttle
systems for which hardware has not been provided. A group of these models are
termed "non-avionic" models since they do not simulate the Shuttle's "avionic”
systems. The "non-avionic" models are needed to supply data for on-board
software processin. and to responc to Shuttle commands, whether they be from
cockpit switches, th. General Purpose Computers (GPC's) or the Non-Avionic
Simulator (NAS) console. Figure | provides the Flight System/NAS data flow.
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2.0 DETAILED REQUIREMENTS

2.1 FUNCTIONAL CHARACTERISTICS

This model simulates those functions of the vent doors in the Orbiter,
namely: OPEN, CLOSE, and PURGE. The vent doors permit equalization of
pressures between the ambient and the unpressurized areas within the
Orbiter during ascent and descent. The PURGE function expels toxic or
explosive gas mixtures that may accumulate within the unpressurized areas.

2.2 NAS UPLINK REQUIREMENTS

The NAS console operator has the capability to override any math model
output value with a value entered at the console. This permits the use
of off-nominal data entries to test limit checking software.

2.3 INITIALIZATION REQUIRLMENTS

When the math model begins running in the MODCOMP computer, the output
data values shall be as defined in Table 4.2 - Initial Conditions, until
altered by commands from the Flight System or the NAS console.

2.4 TERMINATION REQUIREMENTS

None.

2.5 UNIQUE REQUIREMENTS

None.



3.0 LOGIC FLOW DIAGRAMS

The logic flow diagram is made up of interconnected lines, boxes, decisions,
and offpage connectors. Notice that where analog measurements are listed in
boxes and decisions, the value inside the box is in flight system engineering
units (FSEU) while the corresponding GSIU count value is listed outside the
box. Ffor exa 1le, the box on the right hand below,
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shows that V45P110CA is set equal to 626 FSEU which is equivalent to 534
GSIULTS shown outside the box.
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4.2 OUTPUT MEASUREMENT LIST

Table 2 lists all model outputs along with the initial condition value for
the output. Measurement 1.D. and Measurement Name precede pairs of numeric
columns. The first of each pair is labeled FS indicating flight system
engineering units. The second of each pair is labeled CTS indicating the GSIU
count value corresponding to the FS value. I.C. indicates initial condition
values. VALUE 1 typically indicates nominal values. VALUE 2 and VALUE 3
columns indicate off nominal conditions.
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1.0 INTRODUCTION

The GN&C Test Station (GTS) uses math models to simulate many of the Shuttle
systems for which hardware has not been provided. A group of these models
are termed "non-avionic" models sSince they do not simulate the Shuttle's
"avionic" systems. The “"non-avionic" models are needed to supply data for
on-board software processing and to respond to Shuttle commands, whether they
be from cockpit switches, the General Purpose Computers {GPC's) or the Non-
Avionic Simulator (NAS) console. Figure 1 provides the Flight System/NAS

data flow.
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2.0 DETAILED REQUIREMENTS

2.1 FUNCTIONAL CHARACTERISTICS

This model simulates the functions of the ET Umbilical Doors, namely: OPEN,
CLOSED, LATCHMED, RELEASED, LOCKED, and STOWED. The doors seal Orbiter
umbilical penetrations following ET separation to ensure a unified heat
shield for entry.

2.2 NAS UPLINK REQUIREMENTS

The NAS console operator has the capability to override any math model out-
put value with a value entered at the console. This permits the use of off-
nominal data entries to test limit checking software.

2.3 INITIALIZATION REQUIREMENTS

When the math model begins running in the MODCOMP computer, the output data
values shall be as defined in Table 4.2-Initial Conditions, until altered by
commands from the Flight System or the NAS console.

2.4 TERMINATION REQUIREMENTS

None

2.5 UNIQUE REQUIREMENTS

None
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3.0 LOGIC FLOW DIAGRAMS

The locic flow diagram is made up of interconnected lines, boxes, decisions,
and offpage connectors. Notice that where analog measurements are listed in
boxes and decisions, the value inside the box is in flight system engineeri-g
units (FSEU) while the corresponding GSIU count value is listed outside the
box. For example, the box on the right hand below,

FSEU

y ' f
vi5P110OA = 5164940 vispriooas 6e6| 534
vd5T1101A = - 162 285|vesTiioia= - 35 44
V4STHOTA = - 166|331 vadsToTA - -1o17(35¢

VI5TIO0AA = ~167j288 | vdsT 11094 -139
VeSP1110A = S17] 4 [vadspinip A 1s0 3??:

shows that V45P1100A is set equal to 626 FSEU which is equivalent to 534
GSIUCTS shown outside the box.
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4.0 INPUT/OUTPUT TABLES
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4.2 OUTPUT MEASUREMENT LIST

Table 2 lists all model ou*, uts along with the initial condition value for
the output. Measurement I.D. and Measurement Name precede pairs of numeric
columns. The first of each pair is labeled FS indicating flight system
engineering units. The second of each pair is labeled CTS indicating the GSIU
count value corresponding to the FS value. I.C. indicates initial condition
values. VALUE 1 typically indicates nominal values. VALUE 2 and VALUE 3
columns indicate off nominal conditions.
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4.3 NAS CRT DISPLAYS
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1.0 INTRODUCTION

The GN&C Test Station (GTS) uses math models to simulate many of the Shuttle
systems for which hardware has not been provided. A group of these modeis
are termed "non-avionic" models since they do not simulate the Shuttle's
"avionic” systems. The "non-avionic" models are needed to supply data for
on-board software processing and to respond to Shuttle commands, whether they
be from cockpit switches, the General Purpose Computers (GPC's) or the Non-
Avionic Simulator (NAS) console. Figure 1 provides the Flight System/NAS _
data flow. )
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2.0 DETAILED REQUIREMENTS

2.1 FUNCTIONAL CHARACTERISTICS

This model simulates the functions of the ET/Orbiter Forward Separation Pyro,
namely: ARM and FIRE. The rear separation pyros are not part of this model
because they exist in the Mission Events Controller (MEC) in the Flight
System.

2.2 NAS UPLINK REQUIREMENTS

The NAS console operator has the capability to override any math model out-
put value with a value entered at the console. This permits the use of off-
nominai data entries to test limit checking software.

2.3 INITIALIZATION REQUIREMENTS

When the math model begins running in the MODCOMP comp::ter, the output data
values shall be as defined in Table 4.2 - Inital Conditions, until altered
by commands from the Flight System or the NAS console.

2.4 TERMINATION REQUIREMENTS

None.

2.5 UNIQUE REQUIREMENTS

None.
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2.6 ANALOG MEASUREMENTS

Values shown in the math model flowcharts are in GSIU counts for all analog
measurements. The math model values are seen by the flight system as 0 to 5
VDC inputs. The flight system then converts these input voltages to engineer-
ing units using one of the two types of scaling equations discussed in
Sections 2.6.1 and 2.6.2. The GSIU math model count values (or the count
values entered at the DCM by the test operator) must consider the scaling
computation done later by the flight software, so that correct flight system
engineering unit values are obtained for fault detection and annunciation
(FDA), and for cockpit displays. The following two sections, 2.6.1 and
2.6.2, describe the scaling equations which apply to this model. Section
2.6.1 describes the scaling equation for measurements which require the
polynomial conversion method. Section 2.6.2 describes the scaling equation
for measurements which require the range limit conversion method which was
used on STS-1.

2.6.1 POLYNOMIAL CONVERSION METHCD
NONE



2.6.2 RANGE LIMIT CONVERSION METHOD

Several analog measurements in this model are calculated according to the
range 1imit conversion method, instead of the polynomial conversion method
as described in Section 2.6.1 of this document. The form of the scaling
equation for these cases is given as follows:

FS.,, = Low + GSIUCTS (High - Low)
1023

flight system engineering units

EU

where: FSEU

GSIUCTS = GSIU math model count values
Low = Range low limit
High = Range high limit

The following tatle shows a sample data value for each measurement which
requires this type of calculation. The measurement I.D. is shown along with
high and low values for the parameter range. The FS column shows the data
value in flight system engineering units calculated from the GSIU counts
marked CTS in the table. These measurements are marked with an asterisk (*)
in the Output Measurement List marked as Table 2 in Section 4.2 of this
document.



MEASUREMENT RANGE RANGE
ID LOW HIGH FS CTs
V76Y70798 0 5 0 0
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3.0 LOGIC FLOW DIAGRAMS

The logic flow diagram is made up of interconnected lines, boxes, decisions,
and offpage connectors, Notice that where analog measurements are listed in
boxes and decisions, the value inside the box is in flight system engineering
units (FSEU) while the corresponding GSIU count value is listed outside the
box. For example, the box on the right hand below,

. ) FSEU

GSIU

/

vi5P1O0A = 516 [¥Y0|visppoas 6&? 53Y
vdsTio1A =-162/285 vdsTio1a = - 85 (443
YdsTHOTA = - 166 |aQ1  vésT107A -107135%
VISTIOA = ~167[A88 | vdsT1109A= -139|3a1
Ves5o110A = 511 4 [ydspinpAs 1soj43 1

|

CTS

shows that V4SP1100A is set equal to 626 ;-'SEU which is equivalent to 534
GSIUCTS shown outside the box.

08
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4.0 INPUT/OUTPUT TAGLES
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4.2 QUTPUT MEASUREMENT LIST

Table 2 lists all model outputs along with the initial condition value for
the output. Measurement I.D. and Measurement Name precede pairs of numeric
columns. The first of each pair is labeled FS indicating flight system
engineering units. The second of each pair is labeled CTS indicating the GSIU
count value corresponding to the FS value. I.C. indicates initial condition
values. VALUE 1 typically indicates nominal values. VALUE 2 and VALUE 3
columns indicate off nominal conditions.
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4.3 NAS CRT DISPLAYS
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1.0 INTRODUCTION

fhe Shuttle Avionics Integration Laboratory (SAIL) consists of a Shuttle Test
Station (STS) and a GN & C Test Station (GTS). Both of these test stations
use math models to simulate many of the Shuttle systems, for which hardware
has not been provided. A group ot these models are termed “nor-avionic"
models since they do not simulate the Shuttle's avionic systems. The non-
avionic models are needed to supply data for on-board software processing, to
drive cockpit displays, and to respond to Shuttle commands, whether they be
from the cockpit switches or from the General Purpose Computers (GPC's).

Because the {°S and the GTS are configured differently, the non-avionic math
models needed to support each test station are shown below.

Non-Avionic Math Model STS GTS
APU/Hydraulics . . . .+ . . ¢« o o 0 . . * e e . *
Main Propulsion System . . . . . v e . ¥ e e o . *
RCS/OMS. . . . e e e e e e .. ¥

Fuel Cﬂll/Cryogen1cs e e e e e e e . ¥

ATMOS Revital/Water Loops. . . . .« . *

ATMOS Revital/Press Ccntrol-A1rlock *

Active Thermal Control . . . . . . . .. *

Smoke Detection. . . . . . . . . .. .. ¥

Water/Waste Mgt. . . . . e e e e e e *

ET/ORB FWD Sep PYyros « « « ¢ ¢ o = ¢ o o o o o o o o » . *
ET UMB Cout Door/Latch . . . . . . o e e e e e e e e e *
Vent Doors . . . . .. .. ¢4+ .. e v e e e e e .« v . *

Where the same math model is needed in both test stations, the math model
requirements document is divided into a STS section and a GTS section, so that
unique test station requirements may be identified.

1.1 SHUTTLE TEST STATION (STS)

When the TOC Display and Control Module (DCM) operator depresses the "SYS LOAD"
key, the model programs, which are stored on the Fixed Head Disk 1n the DCM,
are automatically loaded into tne GSIU. The models are then activated and
terminated by DCM test language statements., While the models are operating in
the GSIU, the DCM operator 1s able to inhibit one, all, or any combination of
model outputs with test language statements. This provides the DCM operator
with control of output parameter values when off-nominal conditions are
desired. To simplify the model and ease the processing load on supporting
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test equipment, the model requirements define nominal conditions only. Further,
analog values for output parameters change in step fashion when responding to
inputs, except when specific change rates for particular parameters are re-
quired. The DCM operator is also able to alter the value that the model uses

to generate parameter outputs. This allows the DCM operator to adjust output
parameter values as needed to satisfy various mission phases.

When the model is activated, it shall check the input stimuli and shall pro-
vide appropriate output measurement values. It is preferred that the model
provide output data when the input stimuli changes. Bus activity is then
ninimal during those mission phases when the stimuli remains constant. How-
ever, the GSIU operating system may require a cyclic model program in which
case the model ou‘put rate shall be once per second.

1.2 6N & C TEST STATION (GTS)

To simplify the models and ease the processing load on supporting test equip-
ment, the model requirements specify nominal conditions only. Analog values
for output parameters change when input values dictate a change, or when *::
test operator manually sets parameter values. Because GTS has an incomplete
set of cockpit switches, some switch inputs used in STS must be entered in
GTS by the simulator operator. This method allows the use of the same logic
for STS and GTS.
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2.0 STS DETAILED REQUIREMENTS

2.1 STS FUNCTIONAL CHARACTERISTICS

This model simulates those functions of the Main Propulsion System (MPS) com-
ponents that are in the Orbiter, namely valve positicns, system pressures, and
system temperatures. To simplify the model, only those component functions
needed to support testing of the Shuttle Avionics System are provided.

The model receives stimuli from three sources: (1) the Flight System via the
Signal Termination Module (STM); (2) the Marshall Mated Elements Simulator
-(MMES); and (3). the Test Operations Center (TOC) Display and Control Module
(DCM). The GSIU mode! transmits parameter values to the Flight System and
the MMES via the STM. Figure 1 11lustrates the data +low in and out of the
model . Tables 1 and 2 1ist the  input stimuly and the  output measure-
ments, respectively.

One of the stimuli comes Trom the MHES and is the Tow 1eve1 L02 signa] which
fs used to determine the states of the L02 Engine Cut-0ff (ECO) sensors in the
L02 Feed Manifold, (reference logic flow chart routine 11). The ECO sensor
data is transm1tted to the Flight System. The MMES also transmits LO? and LH2
tank u11age pressures to the STM but these measurements are not used in the
modei. They are available to the TOC DCM for monitoring durlng testing.

Foue of the stimuli come trom the TOC DCM. The helium supply pressures
(HE1, HEZ, HE3, and HE4) from the DCM are provided by test language and are
used to establish the pressure levels.in the helium system, (reference logic
flow chart rou*ine 1) These pressures are transmitted to the Flight System
as well as used in the model to determine if pneumatic valves can or cannot
be activated.

The remaining stimuli come from the Flignt System and are used to control
the valves in the model. The valve- in the model are of three types: normally
open, normally closed, and latching. The normally open valve remains open
unless there is pneumatic pressure and a close command present in which case
the valve closes. The normally closed valve remains closed unless there is
pneumatic pressure and an open command present in which case the valve opens.
The latching valve remains in either the open or close state depending on its
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last command, unless there is pneumatic pressure and a command for 1t to go to
its opposite state. These three iypes of valve actions are shown in the logic
flow chart routines titles, Normally Open Valve Routine (NOVR), Normally Ciosed
Valve Routine (NCVR), and Latching Valve Routine (LVR).

The model generates three engines ready for firing discretes (one per engine)
which are transmitted to the MMES as a valve status signal prior to engine
firing, {reference logic flow chart routine 15).

The stimuli identification numbers used are coded to provide the following
information at the SAIL flight cabie/GSE/C70-1140 cable set interface.

K50PXXX-X

T__pIN NUMBER (FLIGHT CABLE)
COMNECTOR NUMBER

AREA DESIGNATOR

STIMULI DESIGNATOR

Exceptions to this code are those stimuli with a letter for the connector
number where the connector number is unknown. Also the stimu!i which comes
from the DCM instead of the flight cable do not agree with this code.

Figure 2 and 2A are simplified schematics of the Orbiter portion of the MvS and are
included in this requirements document for reference.

2.2 DCM UPLINK

A mission phase dependent variable in the Orbiter portion of the MPS is helium
supply pressure. To avoid complexity in the GSIU model, the change of helium
pressure to account for the operation of pneumatic valves and engine purging
was not incorporated into the flowchart logic. Instead, it is intended that
the DCM test language transmit new pressure values to the GS1U rodel at ap-
propriate times to be specified in the TCP. A suggested set of pressure values
for a nominal mission are as follows-

PHASF PRESSURE VALUE (PSIA)
Prelaunch 2,000
Launch 4,000
Orbit 1,500
Reentry 1,000
Landing 500
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Accounting for pressure usage during the mission is more for data realism than
to satisfy avionics test requirements. The helium supply pressure might just
as well remain fixed at 4,000 psia.

2.3 STS INITIALIZATION REQUIREMENTS

The initial conditions column in the measurements table indicates the
state of the model prior to configuring for LH2 and L02 fill operations and is
for reference only. The output measurement values of the model shall reflect
the state of the input stimuli when the model is made active.

2.4 STS TERMINATION REQUIREMENTS
None.

2.5 STS UNIQUE REQUIREMENTS
2.5.1 Timers

Two timers called "COUNTER" and "KOUNTER" are used in the L02 and LH2 manifold
pressure subroutines (nos. 12 and 13), respectively. The timers provide a delay

' before manifold pressures are set to zero. This
simulates the time interval during which 20 psig helium pressure is forcing
residual liquid propellants out of the manifolds following external tank
separation.

2.5.2 Flags

Flags or pseudos that are used for purposes internal to the model are defined
as follows:

D - Indicates valve position for the designated valve in the LVR, NCVR,
ar1 NOVR subrouttnes.

A,8- Indicate valve stimuli for the designated valve in the LvR, NCVR, and
NOVR subroutines.



01 thru D13 - Indicates the tatching valve position for:
D1 - L02 Feed Disconnect Vaive
D2 - LH2 Feed Disconnect Valve
D3 -~ LH2 Recirculation Disconnect Valve
02 - L02 Qutboard Fili and Drain Valve
D5 - LU2 Indboard Fill and Drain Valve
D6 - LH2 Outboard Fill and Drain Valve
D7 - LH2 Inboard Fill and Drain Valve
D8 - Engine 1 L02 Prevalve
D9 - Engine 2 LOZ Prevalve
D10 - Engine 3 LO2 Prevalve
D11 - Engine 1 LH2 Prevalve
D12 - Engine 2 LH2 Prevalve
D13 - Engine 3 LH2 Prevalve

2.5.3 MPS Propellant Dump Signals

Fol]duing Main Engine Cut~Off or External Tank separation, an L02 signal, an
LH2 signal, and an RTLS signal are needed by the Vehicle Dynamics Math Models
to compute the changes in vehicle forces and mass properties while MPS residual
propellants are discharged overboard. The three signals are generated in the
MPS math model and are identified as follows:

LO20P L02 DUMP SIGNAL

LH2DP LHZ2 DUMP SIGNAL

RTLSDP RTLS DUMP SIGNAL
A state of (1) indicates a dump is in progress. These signals will be sensed
. by application software in the TOC DCM and will be transmitted to the VDS math
.models via TICM.
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2.6 ANALOG MEASUREMENTS

Values shown in the math model flowcharts are in GSIU counts for all analog
measurements. The math model values are seen by the flight system as 0 to §
VDOC inputs. The flight system then converts these input voltages to engineer-
ing units using one of the two types of scaling equations discussed in
Sections 2.6.1 and 2.6.2. The GSIU math model count values (or the count
values entered at the DCM by the test operator) must consider the scaling
computation done later by the flight software, so that correct flight system
engineering unit values are obtained for fault detection and annunciation
(FDA), and for cockpit displays. The following two sections, 2.6.} and
2.6.2, describe the scaling equations which apply to this model. Section
2.6.1 describes the scaling equation for measurements which require the
polynomial conversion method. Section 2.6.2 describes the scaling equation
for measurements which require the range limit conversion method which was
used on STS-1.

2.6.1 POLYNOMIAL CONVERSION METHOD
NONE
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2.6.2 RANGE LIMIT CONVERSION METHOD

Several analog measurements in this model are calculated according to the
range limit conversion method, instead of the polynomial conversion method
as described in Sectio.. 2.6.1 of this document. The form of the scaling
equaticn for these cases is given as follows:

FSgy = Low + GSIU. ¢ (High - Low)
1023

where: FSEu = flight system engireering units

tu

GSIUCTS = GSIU math model count values
Low = Range low limit
High = Range high limit

The following table shows a sample data value for each measurement which
requires this type of calculation. The measurement I.D. is shown along with
high and low values for the parameter range. The FS column shows the data
value in fiight system engineering units calculated from the GSIU counts
marked CTS in the table. These measurements are marked with an asterisk (*)
in the Qutput Measurement List marked as Table 2 in Section 4.2 of this
document.
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MEASU?SMENT Rﬁg&E g?gﬁE FS CTS
V41P1100C 0 200 0 0
V41T1101C -430 -405 -423 286
V41R1115A 0 20000 11183 572
V41P1130C 0 300 0 0
V41T1131C -305 -255 -290 307
V41P1150C 0 5000 4198 859
V41P1154C 0 1000 752 769
V41P1200C 0 200 0 0
V41T1201C -430 -405 -419 450
V41R1215A 0 20000 11202 573
V41P1230C 0 300 0 0
V41T1231C -305 -255 -286 389
V41P1250C 0 5000 3998 818
V41P1254C 0 1000 754 771
V41P1300C 0 200 0 0
V41T1301C -430 -405 -413 696
V41R1315A 0 20000 11222 574
V41P1330C 0 300 0 0
V41T1331C -305 -255 -279 532
V41P1350C 0 5000 41C1 839
V41P1354C 0 1000 756 773
V41T1428A -430 -405 -428 82
V41P1433C 0 100 55 563
V41T1528A -305 -255 -298 143
V41P1533C 0 300 155 529
V41P1600A 0 5000 4052 829
V41P1605A 0 1000 758 775




3.0 LOGIC FLOW DIAGRAMS

The logic flow diagram is made up of interconnected lines, boxes, decisions,
and offpage connectors. Notice that where analog measurements are listed in
boxes and decisions, the value inside the box is in filight system engineering
units (FSEU) while the corresponding GSIU count value is listed outside the
box. For example, the box on the right hand below,

EU

o 651U¢rg

y »

vé5PNOOA = 516 [H4o|vispuooa: a6 534
sTiota =-162(a85 | vdsTi01A - 35 44
Y4STUOTA = - 146 (3 Q1 {vdsT1HOTA: ~107 25%
VASTI0AA = -167[A88 |v4sT1109A= 139391
Vis5e1t10A = 51 4 [vdseiup A 1s0j48 1

shows that V45P1100A is set equal to 626 FSEU which is equivalent to 534
GSIUCTS shown outside the box.
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4.2 QUTPUT MEASUREMENT LIST

Table 2 1ists all model outputs along with the initial condition value for
the output. Measurement I.D. and Measurement Name precede pairs of numeric
columns. The first of each pair is labeled FS indicating flight system
engineering units. The second of each pair is labeled CTS indicating the GSIU
count value corresponding to the FS value. I.C. indicates initial condition
values. VALUE 1 typically indicates nominal values. VALUE 2 and VALUE 3
columns indicate off nominal conditions.
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5.0 STS REFERENCES

5.1 V570-415001, MAIN PROPULSION SYSTEM SCHEMATIC

5.2 382-240-UDM/76-062, ROCKWELL PRELIMINARY REQUIREMENTS
5.3 382-240-COM/76-064, PRELIMINARY REQUIREMENTS UPDATE
5.4 LEC-7827, MPS SIMULATION REQUIREMENTS

5.5 SD76-SH-0026, MPS DUMP SECUENCE (L™'SL C FSSR)
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12.0 GTS DETAILED REQUIREMENTS
12.1 GTS FUNCTIONAL CHARACTERISTICS

This model simulates those functions of the Main Propulsion System (MPS) com-
ponents that are in the Orbiter, namely valve positions, system pressures, and
system temperatures. To simplify the model, only those component functions
needed to support testing of the Shuttle Avicnics System are provided.

The mde! receives stimuli from three sources: (1) the F.ight System; (2) the
Marshall Mated Elements Simulator (MMES); and (3) the Non-Avionics Simulator
(rAS) Console. The model transmits parameter values to the Flight System and
the MMES. Figure 3 illustrates the data flcw in and out of the model. Tables
14.1 and 14.2 list the input stimuli and the output measurements, respectively.

The model generates three engines ready for firing discretes (one per engine)
which are transmitted to the MMES as a valve status signal prior to engine
firing, (reference logic flow chart routine 15).

The GTS math model is tne same as the STS math model except for differences
) brought about by test station differences.

® A front end program has been added to the GTS math model which converts
the myltiple input stimuli used in GTS into the singular input stimuli
used in STS.

® The External Tank (tT) flow control valve stimuli, which the Flight
Control System sends to the math model in STS, is not available in GTS
and {s replaced by ET LU2 and LH2 ullage pressures from the MMES. A
change to the GTS logic flow diagrams was necessary to process the
ullage pressure signals.

® A new subroutine called Engine Prevalve Routine (EPR) was added to the
GTS math model to accomodate the Mainstage stimuli provided by the Flight
System in GTS. The Mainstage stimuli prevent clesing of the engine pre-
valves while the engine is ignited.
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12.2 NAS UPLINK

A mission phase dependent variable in the Orbiter portion of the MPS is helium
supply pressure. To avoid complexity in the GSIU mode!, the change of helium
pressure to account tor the operation of pneumatic valves and engine purging
was not incorporated into the flowchart logic. Instead, it is intended that
the NAS operator transmit new pressure values to the model at appropriate times
to be specified in the TCP. A suggested set of pressure values for a nominal
mission are as follows:

PHASE PRESSURE VALUE (PSIA)
Prelaunch 2,000
Launch 4,000
Orbit 1,500
Reentry 1,000
Landing 500

Accounting for pressure usage during the mission is more for data realism than
to satisfy avionics test requirements. The helium supply pressure might just
as well remain fixed at 4,000 psia.

Discrete stimulus K50P721-A shall be generated by the Non-Avionic Simulator
(NAS) console operator to simulate a ground command to the LH2 RECIRC PUMPS
during prelaunch checkout. In STS tnis signal comesfrom the flight system.

12.3 GTS INITIALIZATION REQUIREMENTS

The initial conditions column in the stimuli/measurements table indicates the
state of the model prior to configuring for LH2 and LO2 fill operations and is
for reference only. The output measurement values of the model shall reflect
the state of the input stimuli when the model is made active.

'12.4 GTS TERMINATION REQUIREMENTS
None.

12.5 GTS UNIQUE REQUIRLMENTS
12.5.1 Timers

Two timers called "COUNTER" and "KOUNTER" are used in the L02 and LH2 manifold
pressure subroutine (nos. 12 and 13), respectively. The timers provide a delay
before manifold pressures are set to zero. This
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simulates the time interval during which 20 psig helium pressure i¢ forcing
residual liquid propellants out of the manitolds following external tank
separation.

12.5.2 Flags

Flags or pseudos that are used for purposes internal to the model are defined
as follows:

D - Indicates valve position for the designated valve in the LVR, NCVR,
and NOVR subroutines.

A,B- Indicate valve stimuli for the designated valve i» the LVR, NCVR, and
NOVR subroutines.
D1 thru D13 - Indicates the latching valve position for:
D1 - L02 Feed Disconnect Valve
D2 - LH2 Feed Disconnect Valve .
D3 - LH2 Recirculation Disconnect Valve
D4 - L02 Qutboard Fili and Drain valve
05 - L02 Inboard Fill and Urain Valve
D6 - LH2 Qutboard F111 and Drain Valve

D7 =~ LH2 Inboard Fill and Lrain Valve
D8 - Engine 1 LO2 Prevalve
D9 - Engine 2 LO2 Prevalve
D10 - Engine 3 L0O2 Prevalve
D11 - Engine 1 LHZ Prevalve
D12 - Engine 2 LH2 Prevalve

013 - Engine 3 LH2 Prevalve
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12.5.3 DISCRETE STIMULI

The following discrete stimuli from the Flight System are not used in the GTS
logic flow diagrams but are to be displayed to the NAS console operator for
monitoring:

NOMINAL NUMBER NOMENCLATURE

V41K1700X REPLACE LH2 ULLAGE PRESS XDCR # 1
V41K1701X REPLACE LH2 ULLAGE PRESS XDCR # 2
V41K1702X REPLACE LH2 ULLAGE PRESS XDCR # 3
V41K1750X REPLACE L0O2 ULLAGE PRESS XDCR # 1
V41K1751X REPLACE LOZ2 ULLAGE PRESS XDCR # 2
V41K1752X . REPLACE L02 ULLAGE PRESS XDCR # 3

12.5.4 MPS PROPELLANT DUMP SIGNALS

Following Main Engine Cut-Off or External Tank separation, an L0O2 signal, an
LH2 signal, and an RTLS signal are needed by the Vehicle Dynamics Math Models
to compute the changes in vehicle forces and mass properties while MPS residual
propellants are discharged overboard. The three signals are generated in the
MPS math model and are identified as follows:

LO20P LO2 DUMP SIGNAL
LH20P LH2 DUMP SIGNAL
" R7 3DP RTLS DUMP "SIGNAL

A state of (lf indicates a dump is in progress.



13.0 GTS LOGIC FLOW DIAGRAMS
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14.3 NAS _CRT DISPLAY

Figure 4 depicts the NAS CRT display format of which MPS math model parameters
are a part. The format is specified in this document to aid in implementing
the MPS NAS program.
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1.0 INTRODUCTION

Math models are used to simulate many of the Shuttle systems for which
hardware does 10t exist in SAIL. A group of these models are termed
non-avionics models since they do not simulate avionic equipment. The
non-avionics models are needed to provide responses tc cockpit switches,
to drive cockpit displays, and to supply data for on-board software
processing. The following list of non-avionic models w11l operate within
the Test Operations Center (TOC) Ground Standard Interface Unit (3SIU).

Main Propulsion System (Orbiter Portion)

APU/Hydraulic

Active Thermal Control

Atmosphere Revitalization System (H20 Loops and PCS/Airliock)
Fuel Cell/Cryogenics

Smoke Detection

Water/Waste Management

When the TOC Display and Control Module (DCM) operator depresses the

“SYS LOAD" key, the model programs, which are stored on the Fixed Head

Disk in the DCM, are automatically l1jaded into the GSIU. The models are
then activated and terminated by DCM test langquage statements. While

the models are operating in the GSIU, the DCM operator is able to inhibit
one, all, or any combination of model outputs with test lanquage statements.
This provides the DCM operator with control of output parameter values when
off-nominal conditions are desired. To simplify the models and ease the
processing load on supporting test equipment, the model requirements define
nominal conditions only. Further, analog values for output parameters change
in step fashion when responding to inputs, except when specific change

rates for particular parameters are required. The DCM operator is also
able to alter the value that the model uses to generate parameter outputs.
This allows the DCM operator to adjust output parameter values as needed

to satisfy various mission phases.

When the model is activated, it shall check the input stimuli and shall
provide appropriate output measurement values. It is preferred that the
model provide output data when the input stimuli ¢+ :es. Bus activity
is then minimal during those mission phases when t timuli remains
constant. However, the GSIU operating system may require a cyclic model
program in which case the model output rate shall be once per second.
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2.0 DETAILED REQUIREMENTS

This model simulates the Orbiter Fuel Cell/Cryogenics System (FC/CRYO)
by representing the stimulus/response relationships which exist at the
power and signal interfaces between the Orbiter Avionics System and the
FC/CRYO. The model has been simplified by including only those output
signals which are needed to support the type of testing which will be
accomplished in the Shuttle Avionics Integration Laboratory (SAIL).

The model receives stimuli from two sources (see Figure 1).

1) The Flight System (FS) via the Signal Termination Module (STM).
2) The Test Operations Center (TOC) Display and Control Module
(DCM) via test languaae.

The model output parameters qo to the FS via the STM. Tables 1 and 2 ‘ist
the input and output parameters respectively. The three stimuli which come
from the DCM are used to inform the model when the fuel cells are on line
and providing electrical power to the FS.

2.1 FUNCTIONAL CHARACTERISTICS

2.1.1 Fuel Cell/Cryogenics System

The FC/CRYO system provides the Orbiter with electrical power and can be
divided into two major systems, 1) the fuel cell power plants where

reactants are converted into electrical energy, and 2) the reactant storage
and distribution system where reactants are stored in a cryogenic state,

then heated to a gas and supplied to the fuel cell power plants. Gaseous
oxygen is also provided for the Environmental Control and Life Support

System (ECLSS) as well as potable water, a by-product of the fuel cell

energy reaction. Figure 2 is a simplified schematic of the FC/CRYO system.
The wiring details of hydrogen and cxygen tank 4 was not available when the
FC/CRYO math model requirements were written. Consequently only tanks 1,

2 and 3 are simulated in the math model, and tank 4 is shown in dashed lines
in figure 2 for reference purposes. There are three fuel cells although
Figure 2 shows only one for clarity. Each fuel cell has a water coolant

loop to transport heat from heat exchangers. To improve the performance of
the fuel cells, purge valves are provided to flush impurities overboard. The
purge operation may be performed manually or automatically by the GPC but must
be initiated by the crew. Each fuel cell has a power rating of 2 to 7 KW con-
tinouous duty, or 12 KW peak duty for not more than 15 minutes. Output voltage
is 28 to 32 volts DC.

2.1.2 Model Function

In preparing the requirements for the non-avionics system math models, the
following ground rules were observed:

o Output all measurements addressed to flight critical MDM's.
o Output those measurement used in dedicated displays, systems
management, or caution and warning.
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® Output those measurements needed for operation by other systems.

¢ OQutput those measurements needed during pre-launch operations,
starting at T-20 minutes.

0 Respond to stimuli inputs in a discrete manner (no timed transients
simulating precsure or temperature build-up and decay, for example).

0 Do not account for depletion of expendables during a mission.

These ground rules are intended to simplify the math models without
compromising the avionics testing in SAIL. Where required, specific ground
rules may be waived.

In the FC/CRYO model, the delay on start-up, while heaters reach operating
temperatures, is not simulated. Temperatures will jump immediately to
their nominal values. Data values remain fixed until altered by a change
in fnput stimli.

Since fuel cell substitutes are actually providing the vehicle power during
SAIL tests, it is necessary that the DCM operator signal the FC/CRYO model
when a particular fuel cell is supposed to be supplying pawer. This allows
the proper 02 and H2 flow rates to be determined. The actual current flowing
in the vehicle busses is not visible to the math model, so when a fuel cell
is sinulating supplying power, the 02 and H2 flow rates provided by the model
will be either at their maximum or minimum value, depending on whether or
not a purge is in progress. This prevents vehicle software from calculating
an erroneous position for the 02 and H2 purge valves. There is no position
indication measurement on the purge valves so flight software monitors the
total reactant flow (provided by the model) and subtracts a calculated

amount based on the current in the bus (provided by the fuel cell substitutes).
This difference will then indicate the purge valve is open or closed.

The heaters in the 02 and H2 cryogenic tanks are controlled by a three
position switch: 1-0ff, 2-AUTO, 3-ON, and by a heater controller. The
math model does not know the position of the switch. The math model will
see only power or no power to the heaters as provided by the heater con-
troller. Using a tank pressure value that is less than the low limit will
cause the heater controller to provide power whenever the switch is in
AUTO or ON. When no power is supplied the switch will be assumed OFF and
the tank pressure value will then reflect a heaters OFF condition.
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2.1.3 Input/Output
The stimuli identification for those stimuli which have their sources
at the flight system via the STM are coded in terms reference Avionics

Test Article (ATA) interface connector and pin number according to the
following format.

T o
[____. PIN NUMBER (FLIGHT CABLE)

—~———————— CONNECTOR NUMBER (P FOLLOWED BY 3 or 4 DIGITS)

K 40 "PXXX - X
!
{
L

AREA DESIGNATOR

STIMULI DESIGNATOR

Those stimuli which are upiinked to the model from the DCM are given
unique alphanumeric variable names. The model output parameters whose
destinations are the flight system via the STM are identified by tneir
Master Measurement List measurements.

2.2 DCM UPLINK

Three stimuli are uplinked to the FC/CRYO math model from the DCM, one for
each fuel cell. These stimuli let the math mode' know when a fuel cell

is or is not providing power to the vehicle, so that proper 02 and H2 flow
rates may be determined. Refer to Table 1. Faults are simulated by
inhibiting the model output for the affected measurement(s) and uplinking
the off-nominal value(s) from the DCM to the STM. The exact manner in which

this is accomplished is covered in documentation for the GSIU Operating
System,

2.3 INITIALIZATION REQUIREMENTS

A1l model outputs are functions of the inputs alone and need not be
initialized since values will be calculated by the model in its first
cycle. The initial condition column in Table 2 is for reference only.

2.4 TERMINATION REQUIREMENTS

None.
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2.5 UNIQUE REQUIREMENTS

2.5.1

NAME
FLAG

op

HP

Vi
V2
V3
va
'3
V6
V7
v8
v9
V10
m
2
V13
V14

INTERNAL VARIABLES

FUNCT ION

Indicates the state of 02 pressure on the
fuel cell coolant accumulator.

Indicates the state of 02 pressure at fuel
cell 3 supply valve inlet.

Indicates the state of H2 pressure at fuel
cell 3 supply valve inlet.

Represents an OPEN command in the Latching
Valve Routine (LVR).

Represents a CLOSE command in the Latching
Valve Routine (LVR).

Indicates the valve position in the
Latching Valve Routine (LVR).

02 GSE supply valve position.
H2 GSE supply valve position.
02 isolation valve 1.

02 isolation vaive 2.

H2 isolation valve 1.

H2 isolation valve 2.

02 ECLSS supply valve 1.

02 ECLSS supply valve 2.

FfC 1 02 reactant supply valve.
FC 1 H2 reactant supply valve.
FC 2 02 reactant supply valve.
FC 2 K2 reactant supply valve.
FC 3 02 reactant supply valve.
FC 3 H2 reactant supply valve.
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STATE

0 1
PRESS LO  PRESS 0K
PRESS LO PRESS 0K
PRESS LO PRESS 0K
OFF ON
OFF ON
CLSD OPN -
OPN CcLSD
OPN CLSD
CLSD OPN
CLSD OPN
CLSD OPN
CLSD OPN
CLSD OPN
CLSD OPN
LSh OPN
CLSD OPN
CLSD OPN
CLSD OPN
CLSD OPN
CLSD OPN



2.6 ANALOG MEASUREMENTS

Values shown in the math model flowcharts are in GSIU counts for all analog
measurements. The math model values are seen by the flight system as 0 to §
VDC inputs. The flight system then converts these input voltages to engineer-
ing units using one of the two types of scaling equations discussed in
Sections 2.6.1 and 2.6.2. The GSIU math model count values (or the count
values entered at the DCM by the test operator) must consider the scaling
computation done later by the flight software, so that correct flight system
engineering unit values are obtained for fault detection and annunciation
(FDA), and for cockpit displays. The following two sections, 2.6.% and
2.6.2, describe the scaling equations which apply to this model. Section
2.6.1 describes the scaling equation for measurements which require the
polynomial conversion method. Section 2.6.2 describes the scaling equation
for measurements which require the range 1imit conversion method which was
used on STS-1.

2.6.1 POLYNOMIAL CONVERSION METHOD

The scaling polynomial equation used by the flight system is defined in the
SM FSSR. The general form of the equation is given as follows:

P = 2 3
FaEU A0 + Alx + AZX + A3X
where: FSEU = flight system engineering units
X = flight system input vo]tage
AO’ Al’ AZ’ A3 = scaling polynomnial coefficients



The following example shows the step by step procedure for converting analog
measurements from flight system engineering units (FSEU) to GSIU counts. This
procedure may be used to calculate GSIU count values for fault insertion at
the DCM.

Example:
For measurement no. V63R1100A, convert FSEU value = 2288 to GSIU counts.

Step 1:

In the SM FSSR, look up the measurement no. (V63R1100A) within the "SMM Data
Requirements - Subsystems Displays" table. The measurement no. wilt abpear

on two consecutive pages as follows: page A will show engineering units,

range low value and range high value, while page B will show the scaling poly-
_nomia1 coefficients (labelled AO’ Al’ AZ’ A3) followed by curve order, indepen-
dent variable, and STS flight no. The values on page B will be of prime interest
to do this example conversion, and will be referred to in the following
discussion,

Step 2:
The coefficients will be used in the s<2ling polynomial:

= 2 3
FSEU = AO + AIX + A2X + A3X

Solve the following scaling polynomial for X:
2288 = 443.167 + 851.956X - 143.904X2 + 12.246X3
so X = 3.846469

Step 3:

Notice the independent variable column labelled IND VR equals 2 for measurement
no. V63R1100A. The 2 specifies that the independent variable X of the scaling
polynomial is defined on a range of 0 to 5 VDC. So X = 3.846 VOC.

[t is of interest to note that if IND VR had been equal to 0, X would have
been defined on a range of 0 to 1023 PCM integer counts in which case X would

be equal! to 4 PCM counts, i.e. 3.846 rounded to the nearest integer.

However, in the example being worked, X is defined as VDC and X = 3.846 VDC.



Step 4:
Now to convert X VDC to GSIU counts, evaluate the following equation which
shows the relationship between X and GSIU counts:

GSIU counts =|X (1023) » rounded to the nearest integer
K

n

5, for X defined as VOC (IND VR = 2) and
500, for X defined as PCM counts {IND VR = 0).

where K
K

n

For the example, evaluate:
GSIU counts = |3.846 (1023)], rounded to the nearest integer
5

Therefore, GSIU counts = 787 counts.

Note that since GSIU counts are always rounded to the nearest integer, small
changes will possibly occur in the values of X and consequently FSEU’ when
the reverse calculations are made during test operations, as the vcllowing
shows:

X = GSIU counts | K
1023

X =787 X| 5
1023
SO X = 3.846529
And
FSEU = 443,167 + 851.956X - 143.904x2 + 12.246X3
FSEU = 443,167 + 851.956(3.848) - 143.904(3.848)2 + 12.246 (3.848

FSEU = 2288.017

Hence when 787 GSIU counts is inserted for measurement no. V63R“100A, a value
of 2288.017 FSEU will result.



2.6.2 RANGE LIMIT CONVERSION METHOD
NONE.
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3.0 LOGIC FLOW DIAGRAMS

The logic flow diagram is made up of interconnected lines, boxes, decisions,
Notice that where analog measurements are listed in

and offpage connectors.
boxes and decisions, the value inside the box is in flight syster engineering

units (FSEU) while the corresponding GSIU count va.ue is listed outside the
box. For example, the box on the right hand below,

e

Ev
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| .1. _ - /
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Vi5T1O%A = -16713.88 vdsTiioqa= ~139(391
Vd5P1110A = VASPIMDA: 150Jy8 |

shows that V45P1100A is set equal to 626 FSEU which is equivalent to 534
GSIUCTS shown outside the box.
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4.2 QUTPUT MEASUREMENT LIST

Table 2 list,> all model outputs along with the initial condition value for
the output. Measurement I.D. and Measurement Name precede pairs of numeric
columns. The first of each pair is labeled FS indicating flight system
engineering units. The second of each pair is labeled CTS indicating the GSIU
count value corresponding to the FS value. 1.C. indicates initial condition
values. VALUE 1 typically indicates nominal values. VALUE 2 and VALUE 3
columns indicate off nominal conditions.
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1. INTRODUCTION

Math models are used to simulate many of the Shuttle systems for which hardwar-
does not exist in SAIL. A group of these models are termed non-avisnic models
since they do not simulate avionic equipment. The non-avionic models are
needed to provide responses to cockpit switches, to drive cockpit Jsisplays,

and to supply data for on-board software processing. The €ollowing list of
non- avionic models wiil operate within the Test Operations Center (TOC) Ground
Standard Intertace Unit (GSIU).

e Main Propulsion System (Orbiter Portion)

o APU/Hydraulic

e Active Thermal Control

e Atmosphere Revitalization System (H20 Loops and PCS/Airlock)
e Fuel Cell/Cryogenics

o Smoke Detection/Fire Suppression

o Hater/Waste Management

When the TOC Display and Control Module (DCM) operator depresses the "SYS
LOAD" key, the model programs, which are stored on the Fixed Head Disk in
the DCM, are automatically loaded into the GSIU. The models are then
activated and terminated by DCM test language statements. While the models
are operating in the GSIU, the DCM operator is able to inhibit one, all, or
any combination of model outputs with test language statements. This pro-
vides the DCM operator with control of output parameter values when off-
.nominal conditions are desired. To simplify the models and ease the pro-
cessing load on supporting test equipment, the model requirements define
nominal conditions only. Further, analog values fc - output parameters
change in step fashion when responding to inputs, except when specific
change rates for particular parameters are required. The DCM operator i
also able to alter the value that the model uses to generate parameter
outputs. This allows the DCM operator to adjust output parameter valu-s . .
needed to satisfy various mission phases.
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When the mode) is activated, it shall check the input stimuli and shall provide
appropriate output measurement values. It is preferred that the model provide
output data when the input stimuli change. Bus activity is then minimal

during those mission phases when the stimuli remain constant. However, the
GSIU operating system may require a cyclic model program in which case the
mode! output rate shall be once per second.

ORIGINAL P

G-4



2. DETAILED REQUIREMENTS

This model simulates those functions of the ARS/HZO Loops Subsystem that
are in the Orbiter. To simplify the model, only those subsystem functions
needed to support testing of the Shuttle avionics system are provided.

The model receives stimuli from one source, the flight system via the Signal
Termination Module (STM); the model provides output parameter values to the
flight system via the STM. Figure 2-1 illustrates the data flow in and out
of the model. Tables 2-1 and 2-2 list the input stimuli and output
measurements. Figure 2-2 illustrates the general functioning of the
ARS/HZO Loops Subsystem.

2.1 FUNCTIONAL CHARACTERISTICS
2.1.1 ARS WATER COOLANT LOOPS

Thermal control within the cabin area and the avionics bays (1, 2, and 3)

is accomplished by two parallel water coolant loops. For 0V-102, both
water coolant loops will be operated simultaneously during launch and

entry. During orbital operations, only one water coolant loop will be
operated. The water coolant loops (fig. 2-2) remove crew and equipment
generated heat, and transport it to the active thermal control subsystem
(ATCS) interchanger for heat rejection. Each coolant loop is identical with
the exception that the primary loop contains two parallel mounted pumps and
a shuttle check valve, while the secondary has only one pump and no shuttle
check valve.

As depicted in figure 2-2 water flow leaving the pump first passes through

a shuttle check valve (primary coolant loop only) tu prevent flow around

the inactive pump. On leaving the valve, the water coolant encounters a
relief device. After this, the water coolant enters the silver ion generz: -
(SIG) water chiller which cools fuel cell water to allow the water manager: »t
subsystem SIG to provide proper water purification. From the SIG water ¢ ii-
the water coolant divides into two different paths.



FLT SYS

J-80X 1

STH

————=--] BN |~ ———-——

STM |

J-80X 1

A

FLT SYS

Figure 2-1.— Input/output data flow
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o One path provides water coolant to the cabin (MDM) avionics coldplates
to pick up heat generated by the MDM's. From the coldplates, the flow
divides into two parallel paths. One path directs water coolant through
avionics bay 3A heat exchanger to absorb heat generated by various
avionics equipment and then through the avionics bay coldplates. The
second path provides water coolant to avionics bay 38 coldplates. From
this point, the water coolant merges with coolant exiting bay 3A into
a single path. |

o The second path divides into two parallel paths, thus entering in-cabin
avionfcs bays 1 and 2. In these avionics bays, the water coolant flows
through the avionics bay htat exchanger, and then the avionics bay cold-
plates. The water coolant leaving avionics bay 1 coldplates enters the
hatch coolant loop, and the water coolant exiting avionics bay 2 enters
the forward and overhead windows coolant loops. After leaving the hatch
and windows, the water coolant merges with coolant exiting bays 3A and
38 into a single path.

Downstream of this point, the water coolant encounters the DFI coldplates

and then the water bypass valve line. The bypass valve can be either auto-
matically or manually controlled. In the auto mode, the bypass valve controls
the water temperature in the water coolant pump package to 63 + 2.5°F by
bypassing coolant around the water/freon interchanger. For different phases
of the mission, the bypass valve will be controlled as follows:

o Launch and Entry -~ The bypass valve will be driven manually to the full
flow through interchanger position, then the valve will be left in the
manual mode.

o Orbital - The bypass valve will be manually set to a predetermined position
to match the required freon flow through the interchanger.

The water coolant that is bypassed around the interchanger then passes

through the main loop filter. Downstream of the filter is the locp accumu-

lator which maintains a constant pump inlet pressure and compensates for
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thermal expansion and contraction of the coolant loop. From here, the water
coolant returns to the pump for recirculation. The water coolant not
bypassed continues through the interchanger for heat rejection. After this,
the water coolant travels through the 1iquid cooling garment (LCG) heat
exchanger, whose function is to supply chilled water to the airlock support
subsystem for crewmen LCG cooling prior to EVA. From the LCG heat =xchanger,
the water coolant passes through a water chiller to cool water for crewman
consumption. Then the water coolant goes through a check valve and the cabin
condensing heat exchanger whose function is to remove sensible and latent heat
from the cabin atmosphere. After leaving the cabin condensing heat ex~hanger,
the water coolant is directed to the IMU heat exchanger where heat is :bsorbed
by a convective conductive process. From the IMU heat exchanger, the water
coolant returns to the coolant pump and accumulator assembly.

2.1.2 INPUT/OUTPUT

A1l inputs to the model are from the FS addressable at the STM. These
stimuli are acted upon immediately at model execution without regard to
time, and conditions are simulated in a step function manner. Any time-
dependent inputs must be up-linked from the TOC-DCM as an abnormality (or
parameter value change) in accordance with the GSIU Operating System.

For the sake of simplicity, the model will do no fault detection of stimuli,
but will act upon it as received from the FS. Therefore, any fault insertion
must include changes to all affected parameters in order to obtain a realistic
response from the model.

A1l subsystem output is simulated by the model in accordance with stimuli
from the FS. A1l measurements are made available to Systems Management (SM)
and Fault Detection and Annunciation (FDA) as required.



The stimuli identification numbers used are coded to provide the following
information at the SAIL flight cable/GSE/C70-1140 cable set interface.

KIOPXXX-X

l———l"IN NUMBER (FLIGHT CABLE

CONNECTOR NUMBER
AREA DESIGNATOR
STIMULI DESIGNATOR

Exceptions to this code are those stimuli with a letter for the connector
number where the connector number is unknown. Also, the stimuli which
comes from the DCM instead of the flight cable do not agree with this code.
Signal Termination Module (STM) addresses for both stiwuli and measurements
are yet to be defined.

2.2. DCM UPLINK

The only values passed from.the DCM will be those which involve output
suppression and fault insertion in accordance with the GSIU Operating
System and are not a part of this document.

2.3 INITIALIZATION

Measurements will be initialized with the values found in the IC (Initial
Condition) columnof Table 2. Stimuli will be initialized as follows:

STIMULI INITIAL VALUE

K90P27-1
K90P33-1
K90pP22-1
K90P5-1
K90P6-1
K90P14-1
K90P9-1
K90P19-1
X90P43-1
K81P155-1

ool el cnld cmd b cmb o ool ambd
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STIMULT INITIAL VALUE

Tl 38 A1 other stimuli will
T2 38 be initialized to 0.
R1 300

R2 300

l1=1 1

L2=1 1.

2.4 TERMINATION REQUIREMENTS

2.5 UNIQUE REQUIREMENTS

The following internal variables were intrnduced into the logic to facilitate
computations.

Ty - Cabin H, in TEMP - LOOP 1

TZ - Cabin Hy in TEMP - LOOP 2

Ry - H,0 INTCHGR flow rate - LOOP 1
R2 = Hy0 INTCHGR flow rate - LOOP 2
F1 - Internal logic flag

Tc - Cabin TEMP

L1 - Internal counter
L2 - Internal counter

G-11



2.6 ANALOG MEASUREMENTS

Values shown in the math model flowcharts are in GSIU counts for all analog
measurements. The math model values are seen by the flight system as 0 to 5
VDC inputs. The flight system then converts these input voltages to engineer-
ing units using one of the two types of scaling equations discussed in
Sections 2.6.1 and 2.6.2. The GSIU math model count values (or the count
values entered at the DCM by the test operator) must consider the scaling
computation done later by the flight software, so that correct fl{ght system
engineering unit values are ~btained for fault detection and annunciation
(FOA), and for cockpit displays. The following two sections, 2.6.% and
2.6.2, describe the scaling equations which apply to this model. Section
2.6.1 describes the scaling equation for measurements which require the
polynomial conversion method. Section 2.6.2 describes the scaling equation
for measurements which require the range limit conversion method which was
used on STS-1.

2.6.1 POLYNOMIAL CONVERSION METHOD

The scaling polynomial equation used by the flight system is defined in the

SM FSSR. The general form of the equation is given as follows:
- 2 3
FSEU A0 + Alx + A2X + A3X
where: FSEU = flight system engineering units

X = flight system input voltage
Ao. Al’ A2’ A3 = scaling polynomial coefficients

G-12



The following example shows the step by step procedure for converting analog
measurements from flight system engineering units (FSEU) to GSIU counts. This
procedure may be used to calculate GSIU count values for fault insertion at
the DCM.

Example:
For measurement no. V63R1100A, convert FSEU value = 2288 to GSIU counts.

Step 1:

In the SM FSSR, look up the measurement no. (V63R1100A) within the "SMM Data
Requirements - Subsystems Displays" table. The measurement no. wilt appear

on two consecutive pages as follows: page A will show engineering units,

range low value and range high value, while page B will show the scaling poly-
‘nomial coefficients (labelled Ao. Al’ AZ’ A3) followed by curve order, indepen-
dent variable, and STS flight no. The values on page B will be of prime interest
to do this example conversion, and will be referred to in the following
discussion.

Step 2:
The coefficients will be used in the scaling polynomial:
= 2 3
FSEU = Ao + Alx + Azx + AgX
Solve the following scaling polynomial for X:

2288 = 443.167 + 851.956X - l43.904x2 + 12.246)(3
so X = 3.846469

Step 3:

Notice the independent variable column labelled IND VR equals 2 for measuremeni
no. V63R1100A. The 2 specifies that the independent variable X of the scaling
polynomial is defined on a range of 0 tc 5 VDC. So X = 3.846 VDC.

It is of interest to note that if IND VR had been equal to 0, X would have
been defined on a runge of 0 to 1023 PCM integer counts in which case X would

be equal to 4 PCM counts, i.e. 3.846 rounded to the nearest integer.

However, in the example being worked, X is defined as VDC and X = 3.845 VDC.

G-13



Step 4:
Now to convert X VDC to GSIU counts, evaluate the following equation which
shows the relationship between X and GSIU counts:

GSIU counts =|X [1023 » rounded to the nearest integer

where K
K

5, for X defined as VOC (IND VR = 2) and
500, for X defined as PCM counts (IND VR = 0).

For the example, evaluate:

GSIU counts = |3.846 |1023
-3

Therefore, GSIU counts = 787 counts.

)]. rounded to the nearest intéger

Note that since GSIU counts are always rounded to the nearest integer, small
changes will possibly occur in the values of X and consequently FSEU’ when
the reverse calculations are made during test operations, as the following
shows:

X = 3SIU counts l K )

1023
X =787 X| 5
1023

SO X = 3.846529
And

FSEU = 443,167 + 851.956X - 143.904)(2 + 12.246)(3

FSEU = 443,157 + 851.956(3.848) - 143.904(3.848)2 + 12.246 (3.848)3

FSEU = 2288.017

Hence when 78, 3SIU counts is inserted for measurement no. V63R1100A, a value
of 2288.017 FSEU will result.



2.6.2 RANGE LIMIT CONVERSION METHOD

Several analog measurements in this model are calculated according to the
range Timit conversion method, instead of the polynomial conversion method
as described in Section 2.6.1 of this document. The form of the scaling
equation for these cases is given as follows:

FS;,, = Low + GSIUCTS (High - Low)

EU

where: FSEU = flight system engineering units
GSIUCTS = GSIU math model count values

Low
High

Range low limit
Range high limit

The following table shows a sample data value for each measurement which
requires this type of calculation. The measurement I.D. is shown along with
high and low values for the parameter range. The FS column shows the data
value in flight system engineering units calculated from the GSIU counts
marked CTS in the table. These measurements are marked with an asterisk (*)
in the Output Measurement List marked as Table 2 in Section 4.2 of this
document.
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MEASUREMENT

RANGE

RANGE

D LOW HIGH FS cTs
V61P2540A 0 30 5.2 177
V61Q2551A 0 100 51 522
V61H2612A 0 100 2 20
V61H2712A 0 100 95 972




3.0 LOGIC FLOW DIAGRAMS

The logic flow diagram is made up of interconnected lines, boxes, decisions,
and offpage connectors. Notice that where analog measurements are listed in
boxes and decisions, the value inside the box is in flight system engineering
units (FSEU) while the corresponding G3IU count value is listed oL:side the
box. For example, the box on the right nand below,

tu
GSIUCTS

VESPIOOA = 516 [44o|vispuooa: ¢ag 534
vsTio1a =-162/a85|vesTI01A® - 35443
VASTNOTA = - 166(a Q1 vAsTnuota: - 109 35%
V5TI0AA = ~167|288 [vdsT1109a= - 139 321
véseioA: s} 4 LdsPmipA: 1s0j48 |

shows that VASP1100A is set equal to 626 FSEU which is equivalent to 534
GSIUCTS shown outside the box.
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4. TABLES

4.1 INPUT STIMULI LIST

Table 1 lists input stimuli t. the AR:mIzo tucps model in terms of ID
numbers, nomenclature, stimuli source, address, and range of parameter.
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4.2 OQUTPUT MEASUREMENT LIST

Table 2 1ists all model outputs along with the initial condition value for
the output. Measurement 1.D. and Measurement Name precede pairs of numeric
columns. The first of each pair is labeled FS indicating flight system
engineering units. The second of each pair is labeled CTS indicating the GSIU
count value corresponding to the FS value. I.C. indicates initial condition
values. VALUE 1 typically indicates nominal values. VALUE 2 and VALUE 3
columns indicate off nominal conditions.
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1.0 INTRODUCTION:

Math models are used to simulate many of the Shuttle systems for which
hardvare does not exist in SAIL. A group of these models are termed
non-avionics models since they do not simulate avionic equipment. The
non-avionics wodels are needed to provide responses to cockpit switches,
to drive cockpit displays, and to supoly data for on-board software
processing. The foilowing list of non-avionic models will operate within
the Test Operations Center (TOC) Ground Standard Interface Unit (GS:u).

e Main Propulsion System (Orbiter Portion)

] APU/Hydraulic System

e Active Thermal Control System

® Atmosphere Revitalization - HZO Loops and Atmos Circ System

o Atmosphere Revitalization - Pressurization and Control System/Airlock
"o Fuel Cell/Cryogenics System

¢ Smoke Detection System

o Water/Waste Management System

When the TOC Display and Control Module (DCM) operator depresses the

"SYS LOAD" key, the model programs, which are stored on the Fixed Head

Disk in the DCM, are automatically loaded into the GSIU. The models are
then activated and terminated by DCM test language statements. While

the models are operating in the GSIU, the DCM operator is able to inhibit

- one, all, or any combination of model outputs with test laiiguage statements
This provides the DCM operator with control of output parameter values when
off-nominal conditions are desired. To simplify the models and ease the
processing load on supporting test ec :‘pment, the model reyuirements define
nominal conditions only. Further. 2. . ._values for output parameters change
in step rashion when resnonding to inputs, except when specific change
rates for particular parameters are required. The DCM operator is also

able to alter the value that the model uses to generate parameter outputs.
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This allows the DCM operator to adjust output parameter values as needed
to satisfy various mission phases.

When the model is activated, it shall check the input stimuli and shall
provide appropriate output measurement values. It is preferred that the
model provide output data when the input stimuli changes. Bus activity
is then minimal during those mission phases when the stimuli remains
constant. However, the GSIU operating system may require a cyclic model
progr.m in which case the model output rate shall oe once per second.
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2.0 DETAILED REQUIREMENTS

This model simulates the Orbiter Atmosphere Revitalization/Pressurization
and Control-Airlock System (AR/PCS-Airlock) by representing the stimulus/
response relationships which exist at the power and signal interfaces
between the Orbiter Avionics System and the AR/PCS-Airlock. The Model has
been simplified by including only those output signals which are needed to
support the type of testing which will be accompiished in the Shuttle
Avionics Integration Laborgtory (SAIL).

The model receives stimuli from two sources (see Figure 1).
1) The Flight System (FS) via the Signal Termination Module (STM).

2) The Test Operations Center (TOC) Display and Control Module
(DCM) via test language.

The model output parameters go to the FS via the STM. Tables 1 and 2 1ist
the input and output parameters respectively. The eight stimuli which come
from the DCM are used to inform the model when the position of manually
operated cockpit valves are changed.

2.1 FUNCTIONAL CHARACTERISTICS

The AR/PCS provides the Orbiter with a pressurized atmosphere of oxygen
and nitrogen, and supplies nitrogen for pressurization of the Orbiters'
potable and waste water system. Two lines from the Fuel Cell/Cryogenic
System (FC/CRYO) supply oxygen to the AR/PCS, which are backed up by an
emergency oxygen tank in the AR/PCS. Four nitrogen tanks in the AR/PCS
supply the necessary nitrogen. For reliability, two independent systems
control the atmosphere and water pressurization, with crossover valves
providing additional reliability. Figure 2 and figure 3 are simplified
schematics . the AR/PCS and airlock, respectively, showing the various
tanks, regulators, and valves.
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2.1.1 MODEL FUNCTION

In preparing the requirements for the non-avionic system math models, the
following ground rules were observed:

° Outpdi all measurements addressed to flight critical MDM's.

o Output those measurements used in dedicated displays, systems
management, or caution and warning.

o Output those measurements needed for operation by other systems.

@ Output those measurements needed during pre-launch operations,
starting at T-20 minutes.

o Respond to stimuli inputs in a discrete manner (no timed transients
simulating pressure or temperature build-up and decay, for example).

o Do not account for depletion of expendables during a mission.

These ground rules are intended to simplify the math models without
compromising the avionics testing in SAIL. Where required, specific
ground rules may be waived. - ...-

In the AR/PCS-Airlock math model, the OPEN or CLOSED position of the manual
values must be er ~red from the DCM by the tast operator when cockpit valves a:
changed, so that the AP/PCS-Airlock math model will generate realistic data.

Fixed values are provided for the pressure and temperature of the oxygen
and nitrogen tanks. —¥ank quanf%ties,as calculated by the flight system
GPC based on tank pressures and temperatures, will remain unchanged unless
different pressure and temperature values are sent from the DCM in TOC
while the math model's output for these parameters is inhibited.

The AR/PCS math model s dependent upon the FC/CRYO math model for oxygen

supply data. The FC/CRYO math model therefore must be operating when using
the AR/PCS math model. The W/WMS math model likewise is dependent
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upon the AR/PCS math model for nitrogen supply data. Therefore the AR/PCS~
model must be operating when using the W/WMS model. The AR/PCS math model
incorporates the functions cf the Airlock (A/L) subsystem. All required
A/L parameters are included in this document.

2.1.2 INPUT/QUTPUT

The stimuli identification for those stimuli which have their sources
at the flight system via the STM are coded in terms reference Avionics
Test Article (ATA) interface connector and pin number according to the
following format.

PXXX - X

( —— D -——
T

PIN NUMBER (FLIGHT CABLE)

CONNECTOR NUMBER (P FOLLOWED BY 3 OR 4 DIGITS)
AREA DESIGNATOR

STIMULI DESIGNATOR

The stimuli which are uplinked to the model from the DCM are given unique
alphanumeric variable names. The model output parameters whose destinations
are the flight system via the STM are identified by their Master Measure-
ment List measurements.

2.2 DCM UPLINK

Ten stimuli are uplined to the AR/PCS-Airlock math model in the GSIU from the
TOC DCM. These stimuli let the math model know when a manual valve in the
AR/PCS-Airlock has been opened or closed by the crew, so that proper data
values may be generated by the math model. These stimuli are listed in

Table 1.

Faults are simulated by inhibiting the model output for the affected
measurement(s) and uplinking the off-nominal value(s) from the DCM to
the STM. The exact manner in which this is accomplished is covered in
documentation for the GSIU Operating System.



2.3 INITIALIZATION REQUIREMENTS

V64P0101A = 14.4

2.4 TERMINATION REQUIREMENTS

NONE

2.5 UNIQUE REQUIREMENTS

The math model uses three internal variables (A, B, and V) in a subroutine
called Latching Valve Routine (LVR). A and B represent the state of CLOSE
and OPEN stimuli, respectively, to a valve. V represents the OPENED or
CLOSED state of the valve based on A and B values.
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2.6 ANALOG MEASUREMENTS

Values shown in the math model flowcharts are in GSIU counts for all analog
measurements. The math model values are seen by the flight system as 0 to 5
VDC inputs. The flight system then converts these input voltages to engineer-
ing units using one of the two types of scaling equations discussed in
Sections 2.6.1 and 2.6.2. The GSIU math model count values (or the count
values entered at the DCM by the test operator) must consider the scaling
computation done later by the flight software, so that correct flight system
engineering unit values are obtained for fault detection and annunciation
(FDA), and for cockpit displays. The following two sections, 2.6.} and
2.6.2, describe the scaling equations which apply to this model. Section
2.6.1 describes the scaling equation for measurements which require the
polynomial conversion method. Section 2.6.2 describes the scaling equaticn
for measurements which require the range limit conversion method which was
used on STS-1.

2.6.1 POLYNOMIAL CONVERSION METHOD

The scaling polynomial equation used by the flight system is defined in the
SM FSSR. The general form of the equation is given as follows:

. 2 3
FSgy = Ap + AX + AX" + AX

where: FSEU = flight system engineering units

X = flight system input voltage

A, A,, A 3= scaling polynomial coefficients

09 1’ 2! A



The following example shows the step by step procedure for converting analog
measurements from flight system engineering units (FSEU) to GSIU counts. This
procedure may be used to calculate GSIU count values for fault insertion at
the DCM.

Example:
For measurement no. V63R1100A, convert FSEU value = 2288 to GSIU ccunts.

Step 1:

[x the SM FSSR, look up the measurement no. (V63R1100A) within the "SMM Data
Requirements - Subsystems Displays" table. The measurement no. wili abpear

on two consecutive pages as follows: page A will show engineering units,

range low value and range high value, while page B will show the scaling poly-
-nomial coefficients (labelled AO, Al, AZ’ A3) followed by curve order, indepen-
dent variable, and STS flight no. The values on page B will be of prime interest

to do this example conversion, and will be referred to in the following
discussion.

Step 2:
The coefficients will be used in the scaling polynomial:

. 2 3
FSEU A0 + Alx + AZX + A3X
Solve the following scaling polynomial for X:
2288 = 443.167 + 851,956X - 143.904x2 + 12.246X3

so X = 3.8464¢€9

Step 3:

Notice the independent variable column labelled IND VR equals 2 for measurement
no. V63R1100A. The 2 specifies that the independent variable X of the scaling
polynomial is defined on a range of 0 to 5 VDC. So X = 3.846 VLC.

It is of interest to note that if IND VR had been equal to 0, X would have
been defined on a range of 0 to 1023 PCM integer counts in which case X would

be equal to 4 PCM counts, i.e. 3.846 rounded to the nearest integer.

However, in the example being worked, X is defined as VDC and X = 3.846 VDC.
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Step 4:
Now to convert X VDC to GSIU counts, evaluate the following equation which
chows the relationship between X and GSIU counts:

GSIU counts =|X (1023} » rounded to the nearest integer
K

where K = 5, for X defined as VDC (IND VR = 2) and
K= 500, for X defined as PCM counts (IND VR = 0).

For the example, evaluate:

GSIU cour:ts = [3.846 ( ]. rounded to the nearest intége%

1023)
5

Therefore, GSIU counts = 787 counts.

" Note that since GSIU counts are always rounded to the nearest integer, small
changes will possibly occur in the values of X and consequently FSEU’ when
the reverse calculations are made during test operations, as the following
shows:

X = GSIU counts | K
1023

X =78 X 5
1023
SO X = 3.846529

And
FSgy = 443.167 + 851,956X - 143.904x% + 12.246X
FSg, = 443.167 + B51,956(3.848) - 143.904(3.848)2 + 12.246 (3.848)°
FSg, = 2288.017

3

Hence when 787 GSIU counts is inserted for measurement no. V63R1100A, a value
of 2288.017 FSEu will result.
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2.6.2 RANGE LIMIT CONVERSION METHOD

Several analog measurements in this model are talculated according to the
range limit conversion method, instead of the polynomial conversion method
as described in Section 2.6.1 of this document. The form of the scaling
equation for these cases is g9iven as follows:

= Low + GSIU S (High - Low)

FSey T

where: FSEU = flight system engineering units
GSIUCTS = GSIU math model count values

Low = Range low limit
High = Range high Timit

The following table shows a sample data value for each measurement which
requires this type of calculation. The measurement I.D. is shown along with
high and low values for the parameter range. The FS column shows the data
value in flight system engineering units calculated from the GSIU counts
marked CTS in the table. These measurements are marked with an asterisk (*)
in the Output Measurement List marked as Table 2 in Section 4.2 of this
document.



MEASUREMENT RANGE RANGE

ID LOW HIGH FS CTs
V64P0201A 0 40 16 409
V64P0202A 0 1500 760 518
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3.0 LOGIC FLOW DIAGRAMS

The logic flow diagram is made up of interconnected lines, boxes, decisions,
and offpage connectors. Notice that where analog measurements are listed in
boxes and decisions, the value inside the box js in flight system engineering
units (FSEU) while the correc.onding GSIU count value is listed outside the
box. For example, the box on the right hand below,

FSEU

¥sPoon = S16[Wde|vispucoa: ¢agl 53y
WsTo1A =~ 16n]a95 vesTi0IA - 35 44
VdsSTHOTA = - 166|a91| vASTHDTIA: ~ 107 35¢
»:STHONA = ~167/288 [vdsT1109A= - 13939 ]
véseiion:= s 4 SePNIbA: 15048}

shows that V45P1100A is set equal to 626 FSEU which is equivalent to 534
GSIUCTS shown outside the box.

=17



WA

¥
V=A
cALL /R

A3 X80P2B -0
Bz KeoPag-12

—

s
EMAB

Veix2130€= V
Vo1 31e ¢ V

I

CA'L LVR
At KBOP2 - 10

(8> xpePab-12]

t)

CAB RLE VLV A

C\S
ENAB

JoMP NEXT
€Y ST,

I

TWR\CAL

SET STATENENY

H-18

LV R
EaD o (3)

VeI A13BE = v
VoirQILES V

cAp RLE VLY B

I

AL LVR
Atkgof30-10
Be@OP30- 12

(AR
oM

l

CAB VENT VLV

bin0dSET Vv
\RAOLSE: V

[Tcaw e
As K80 ®31\1-10
8=KeoPst -2

LS
oFN

ll:m 2005E= V
TV

CAB venrT
L VW

\l(ibjSE

CA\L LYVR
At ¥XBoP33 -3

BeKkBob33 -5

s
oPN

Veix2d1SEr v

VeIR2I2IES v

N2 VS | RE&G
‘\NLE‘T vV

talt LVR

CLd

At KRoP33-9 r
B« KgofPaz-1

(el N



wixadiee s v
V6IX2323ER V

CALL LVR !
az keoP3d- 11
gexeob3d-3t

tux—.\hocz' v
[Veixa328ce ¥

l

CAaLL LR
Az kB0P34-1T

a: xgor4-a

[vuutmes v
Voixasdiqes V

Azxeor34-5

[eau. LVR
85 xp0P34-32

lzwmbse: v
LIXANGIE: V

\

Yo\T2406Az-12]

vo\T240TA: -7
VoI P230 1 Al

VoPRIG\A 3

VuLIT2QeA> 20

NQ 8vS |
SUPRLY VLV

(AR
obN

NA 8Vs 2 REG
INCET VLY

LS
ofn

N VS 2
SUPPLY VLV

D
ofN

ca EMER VeV

256
276
450

519
Qa3

H-19

oacryo |
SPLY PRS

02 nOVR
v =49t

0PN

AL O

SPLY PResq. Y
V64P0202A=760
V61 P21 66A=297

vo\T24 0BT -10
vbiT2doqAs -S

Ve1P2303ATIGOl

O PRESSURES

@Dn®

QW6

X €4
¢5%

VeIRANISAT £e:

J

518.
203



02 PresSURES

@To @

08 %OVR
VWV ~ 3V 3
ok

v 640
oACRY 3
SMY v
oeN vigx 1083c
= | N
v
L -
02 REG NIRRT
W= 5V
2 REG PRS v
oty |

WiPai5As L9 1A37 |veiraaisA: O | ¢

|




02 REG WNLeT

oM

Josy WK

Al o,
SPLY PT“- 3

R ET)

Ye\P2U5AZ O

AL Oy

Viifo202A = 760]5]‘

Vel P2bbA= ;144 203

V6iPRI6LA =0

v. orN.
< MVE =i

Y6¥PoR202A=295

aol

YoyPo202R = 0

4

Y3

-21

O PREIBJVRES

®On®



O, EMER
viV. OPN.

V6iX2163& = |

O, EMEL
PRESS.

_v_—/"

O [RESSURES

VélPR1664 :a‘l‘ll Q03

0{ Enee
Ay Ver
OPN.

f

k“’POJ o24:2%

a0l }MF&:@M: o

O fovR
vey- Sys
ory

E N

0, Ke€s rvigr

1]

LY
__>"__4

(o) L’Nﬁvaoan zo

Y

Ly - SVSs 2 A
orN
< MVe =]
;-grff‘ +Y ¥ '
v3-2 VelFaieén = © |o
61P22154= 69 |a37 |resrarisA= o |4 1P3316A =

v

QA Efmer phcss

q



O PRESBURES

ORNON

[momsm «? Q37 IveiP22(8A = O

el |

VOIPRIGbA ta'l'?J aos , .
A tner T ; |
z’tg ny, \ l

aol[vunzoansa 0 nvpoao:eroic

~——y——
y

t

i
)
{
!
i

- . 3
02 Re& PAS ¢ PSRy
o , \ | ‘ A IV A

b ses ce (a0 [Ve1P21SAZLISIO  [VoiPa115As 66 [22) VeI PaNSA £ LISO I;’"’?-’fffj :95 :1

1] Lo &

-23




Vbiz21H32E

02 tMeER,
Vv ofn

4
02 eMER RS

[\;rawu\:a?q

Q03

]

O PRESSORES

@w®

Voi1PAbbhz ;l%a ENER PRS

O Emca :
SMY Wy N
%{ :‘:. y - As o. sry Pe
Eu»:oanz 295 |a.0] lVG'IPoaoaﬂ:o o ) .
|
WiPausa =4, gl ©
VeIP2ASAS © | 4§
-~ Tyl 4 -
LIP2115Az 66{QQ 1{veiP2115AE l.lslo '
Yot 2
o _
0 Rt INLET
MRy ORIGINAL, p
oPn OF PogR QUAGE Is
- ~ - R
02 REG PRS |
¥ 2 A \ |
IVMPM\‘SM aﬁaﬂ Vo215 o |4

H-24




Qa2 BLGW

Ov\x

i
1 1
VeIR2IOZAZ 2.5156S [VeIRZ105AS 4.5 |JOI15[VEIR2105AS 4.5 lI018 [veIR2105A2 2.5 | 566
VelR2205A* © | 8 |VeIRZ205A% 0 | § [VbiRIWSAT4.4] qqq [VLIRAWSAZ2.0]59)
I oaFwo o
02 Rtk PRS
wea )
o ° ez
o
N\ _> 50 o
: W,
, oL .
eA T
B+ i
VN a0L56 S
N
[
Y ] .
k.gmsm O |8 [wiraosA: o | R [veirziesaz - | R
VeiRa205AT © [ @  |veiRzan5At 2.6 (891 |VeiRazcsAst. Y|4

—7 -

=k

by



N2 PRESSUVLRES
AND FLOWS

®© v ®

V6IX2IIRE —

L | r g

N2 REG mit?
wv=-9%
oPN e adatE

Y :
161P2310A% o | ¢
veipadiohs o | o

Verezaion=224 |784 [ve1Padion=224 178 [vereaioas o | 16 |veipazoTAzo.0¢)

veitadions o o [verPadionrz28 |7y Jvu?a&\ol\tzzs M ve\p231tAz ¢
Vel Pa311AT O} o Vo1 P230TAS0.06] O |VHI1R2553A
IR2554Az 0 | ¢ VeIR2553A 0] 4 da {




N2 PRESSURES

G AND BLOWS

N0 REG To @

VLV=8Y3

oPwN
Qe s

]

Hap REG
NWegys

Hag RS
S5 2

vmmwaoclo V6\P2307A !5]‘!63 Veit23itAz 17 lna vVe\Pasnaz 0 |Q

I

. NaRo
SV

Imlassus 2.7

C 1 1

pGIN ,
0o 4
@ QUAEI?}{S

Op

H-27



H20 REG
A S A1
obp
Mvazo -
¥
Eumom: 15 |763 vsmaow
= -
Ha0 REtG

VoIP23ilA= 1T

v6iP2311As O

11

CAB VENY
oL VL

| J\)
°© V!X 2026E
z |

% Y VCN;P v

ViV OPN
VoI X2065€
= N

4

VeIR2553A% 4.4511003 [Ve1R2563A 2.7
Vo1R2554A4.3 6 983 |Ver1R2554A£2.8

=23

N2 PRESSURIZ
AND FLOWS

® 1 ®

I
634



VeIX2372€ = O}—

Na REG PR

or/M8 WLV W 2 oK
@ a—— 4. v61P24 10A ;
R |
VoIXSTIE = |

H-29



CABIN PRESS |
PARTIAL OR PRESS , ™
Ecamin PRESS RATE- #

OF LHANGE
@ 2
MmN A \
PWR KBO("-Q"I-B‘Y - WaIPZ5IM‘ o o
= VelP2513A 0 ! o
' Vel Pa5I5AS O | ©

ePOa A [Vo1Pas1Az 3.1 |63 veipasna: o
can rrs [v61P24054 = 14 (732 VeIPadosaz 0

San /keoPae -3
x| o
. I .
r‘
tooa B |V6IP2513As 3;]@53 VoitRSI13AZ O | O
| —t
0N B -
PLOR L
PPo2 C |VeIP25IBA~ 3.3{675 IVeIP2515A=0 | O
RS |
ﬁﬁegpop “1oIR2401A soll 4¢0
CHANGLE .«

=30



SARTIAL O PRESS

02 REG PRS

T '.7._J
. Ve!PAAISA
L4 > 80 "

N A 1 [ ' “
POR eoPat-aT\ ,

'%——/i ) Ve!P251A% O | ©

Vere2513A= 0| ©

1 Voib2s158= 0| ©

VeIP2SIIA S 3J63;\ VeIP2511A = O ©

B
POR ksorag-31

e

[vuns 13A2 3%653 Vo'\P2513A50 | O

IVHXQQ"QE .y Vb!IX2372€® O

f&b|91505A=3.3 675 [WIP2516A = 0 O S -

e e i

e e e e e e = e gy

=31



TNERGENCY
CABIN PRESS |

PRETE RATE OF
HANGE

- WL WURY]
e 2 o:*y—J'—-
< "“’f?_‘&—— VHIX23T7€ < O}
k4
1 CAS Vet oL
vLV OfN

VaIX2317€= )

CAS VENT
——— vV OPN
Ty
W% /ksoray-37

= | L

kueuosm 80419 S8 [V61P2405A= 01 ¢

et . .
1
=
‘R:?t(’o: VbIR2401AE 0| 460
CAANGE

")

URIGINAL PaGE
\ E
OF POOR QUALIT

Is
v

H-32



AL

1//&06'&’ ffﬂ/{l Mo Wasre yLv OPEY\ g Moo WIASTE VX crosed\ y
KAwe2D P6-S =l KAwgzp P6e~T =U

N i
EMmul WASTE Moo oten ING EMu) WASTE WATER 0Pty L
Vbtxosos€ = | VeédxosoSe = 0D
HNao Surrry vViv ePEY Hao SUprLyY yev Crosep\
KAwgap /Y43 =) KAw@ad PY-1 = |
Y
Y
Coe : . EMut Hyo SPLY oPsN IND, Eaut Mo &ty oOPEN IN:
- L Voixosise = | VeYxoSis £ = © }
: . S ST C < : _Y
ARlock EMUR . [ Mo wWasTe vev orPew \ N [Hao WASTE viy ctoser\ ¥
e, . . \Kawgab P6-8B =/ KAwgab Pé6-C = |
b S
SE 5 S 34 R IR A4
C T : EMU LIASTE Hy0 oPN IND, EMU WASTE Hyoo OPN Xeb.
- L.t .. .| YVéYXoszsE = | | VéYXos25€E =0
, . ' :
v - - ‘ . t [ . . . ! :- g N - ' < 4’ — ..:
o : Lo ' . { CowotT ' . " .
T Ko surpcy viv oPed\ Ny [Hi0 SuPPLy wv cu:& &
S S S S T weap PS-i13z=| . KAwgLPad PSS~ =l/’ 7
A ! . ‘
. - e s » . . 0‘ ' : : . ? .. .. . . . ‘ 'Y . . - . . - bY
; Coee { _ |62 Hio <PLy oPkv Iwp, EAY2 Mo sPLY orsw IA/D"
: e b L o0 | vekos3sE = | | | veYroszSE = O |
. y . ‘ ;
. ' | Vo i
. b L . ] ; _$
] E . ; : . .
3 ; - . ‘ i ) .
; ! i | : ) A/L ' i
' : v . =
: -: ; ; ; x . ' ' . '
) b bt ! b P :
' . | S ! [l 5 . ! Loy ; :

H-33



3

N

A2 EQuALIz . Pt
Ao s |’

N

=/

)

PRESS.,

= 0-08|61y

PPRESS.

OIFF.

AL
=-s0la86| vévror01A

AL bErPrRESS. 0
My

;

Feessule’

.
[

A/IRLock

EQUpLIZ . OPE

AL
\ Avio = |

N

= b “01

AL DtFA.
VeYPo 10/

.J.lno

14

PRESS.

DIrF
Ye¥Preo/r0:R

[
L

Ao s«P)’l. ¥

o surPLty P

VL4P0201A

VLSS

[

) e
, . . 4 - - . se -y -
. : ) '
- e > e e e bee wmey g it v s e g e = - - PP — ——
. ! ' . .
- P T S " - n - e e -~ H
) - .« = - - - - -
- . ,e - -
o mrm: wda m s msmec o e ne d et . wee e s are et an = cee e # e s e e ——
3 ' - , H N .
ah - g IS DU S S, . oo . e = - - P
' , B 4 H
f H B .
' ' . [ . [] q- - - - . o .a - - - - - -
. ,
' f [ )
. 3 - & . ce o .. 4o - -
' ' .
B . .n . i . . . ) : N - . o= . - - e i e g
] t N y § | ! . i ¢
R T T et L i. e e e emets cemiom came . - e ——
v : .
. . ! : i } ro
e s - - Py Y an  ee o f o . P - . -— -
. 1 ‘ 4 ' ' : ' ' .
| M . : N
. - - PR - - - - - ——e - ee - - -
. . t : : . ' - . - o e e -
' ! St . ; ' . '
e e . D e e e e e S NP b et e Sl e 2 R T b ——— e -
] ) . i [
e e e b e e e e il i e e rem it s oo i e e — o = -
. '
Lo ;
C et e e e c.il._.'..-ll.r.ilo-'mll -~ .- . - - - —_ e -
' i [
] * 1 )
. L R T T L T S o m—— —— e . -
1 .. [] °
. ” it o Gmembe e mieabh e @ - bt el e oo o o b e e e e .
+
&) o
@t s e mcecs i sl i ieli o eme o e bmmed sis g amien s - e ome - e
' B <
N . ' . L]
> . - e et IR P P . - — - fi
T . —
-—
£ o ar e = b - . #m st e s g wesmmy - . [ -
x : —
B PR - es s o e e P -
. ~4 o
. . P -r - . rmger simoew T e LIt T e . - -
t
. 4 w8t iae ca s e e aeiae e o g e aee e oo . . ea . PR ¢ e e e m
H
.8 - - - . - - e - - - - P - - -
« - - e cter = - - e g eemat e b -t - - —_—— - - -
e Gure bam b twvs coe - e e - - - - m—— - co—t — - - -
. - - - - - .- - - e e me eme .~ .
P
et B o0 camaw o g oo S = ® - . - . —— - —— e - S . - - e e s e
- cus s [ . . - .. - -
- .- . - g - Gemcs 4 mmen - et - - - — - e -
‘ .
. - 8, me o i —— [ P . - 4 s n wa . —— e - - - - - - - * - o
' ]
B ] . ! .
. PR | 4 . . . H P | - e g . 1 1 - P .- —-—
. ] . . M . '
[ i t '
|-O..|. - - s - — - - cmas -8e e @ emmne cwee .. A— - -~ e -
. ' . . - Ps Py a - - - - - —— - -
. H '
- .o . . ’ - . N - - . -
. ' . 4
- b B ) oo = - - 0 - - - - - - - - -—
. . ]
4 . ~. ] . ‘ [} . - . n\ . -
. ) . I o
- |J‘ ~b S - «l» .*I_ Illl!.olml - ‘ - -
- :
[} L _ ' ] | { ¢ ! '
* . PRSP 4 —!n.i.n! *es - nv..lP.! * . » " s - - - -
! ' ¢ i ‘.
. -
ke
a H
P



4.0 TABLES

li-35



ajels l 0 SAS 114 9 SN9 NW ¥Md 22-62408%
ajels t 17 o0 SAS 114 8 SNS NW UMd LE-82408)
ajels L 0 SAS 114 V SNS NW 4Md HOSN3S_SSId¥d NIgV) L€~ 12408
91038 L 0 ¥340 Waa N340 3ATYA NOILVZIWND3 1/¥ OLAK
103§ l 0 Y340 Wia N3d0 3ATYA NOILVZI¥NSS3IYd3a 1/¥ 6Vl
ajeis L 0 Y340 Wia uado-auWd AIA A1ddns ¥3W3 20 8AW
ajels 1 0 ¥3d0 Wia uad0-gWd ATA JAOX 2N LAW
aje3s 1 0 4340 Woo uado-aWd ATA 331Ul 934 20 2 SAS AW
aje3§ L 0 ¥3d0 WOQ uado-awd ATA 331Ul 934 20 L SAS GAW
ajels L 0 Y340 Wia uadQ-gW) ATA 33Lul °63Y JANL 0ZH Z SAS YAW
aje3g L 0 ¥340 Woa u2d0-GWd ATA 331Ul 63y dNL 02H | SAS EAW
aels l 0 ¥340 Wia uad0~gwd AA 331Ul 69y upqed 2 SAS AW
aje3s t 0 4340 Waa uad0-GWd AIA 32Lu] 63y urqe) | SAS LAK
aje3s l 0 SAS 114 ’ uadg-aWd A1dS 2 SAS 2N 9€ -p£ 408N
aje3s l 0 SAS 14 uado-auw) 3alu] 63y 2 SAS 2N pE-tvEdogH
aje3s L 0 SAS 114 uado-gwd ¥3W3 20 2€-pE 308
ajels L 0 SAS 114 3S0[J-OKI ATdS Z SAS N L1-$E408Y
3je3g L 0 SAS 114 9s0{3-GW) 331u] 63y 2 SAS 2N L1-bE408Y
aje3s L 0 SAS 174 35019-GK) ¥3W3 20 S-pEANRY
a1e3s 1 0 SAS 174 uad0-aW3 ATdS L SAS 2N LL-g¢ N
ajels L 0 SAS 114 950(J-GWI ATdS { SAS 2N 6-££4U8Y
33e3s L 0 SAS 174 uad0-gW) 321Ul 934 | SAS 2N G-££408Y
ajels t 0 SAS 113 9S01J-QW) 181Ul 934 L SAS 2N £ -£€JOBN
ajels 1 0 SAS 114 uad0-awd ATA T0SI 3udp uLqge) 2L-i£dog
ajels { 0 SAS L4 95013-0W) AA 10SI udp uiqe) 01-i€d08A
33e3s l 0 * SAS 174 uadp-gWd ATA JUdA uLge) 21-0£408)
ajeis L 0 SAS 114 3S0[J-OW) ATA IUdA uige) 01-0£408Y
?3e3¢ l 0 SAS 114 uadg-aWd ATA YAOX 2 SAS 20 0€-82408%
aie3s L 0 SAS 14 oIny “uadp-z SAS ATA 3u0) ZN/20 62-8240EN
ajels l 0 SAS 1174 u2d0-aW) ATA YAOX L SAS/20 0€-22408%
aje3s L 0 SAS 114 o3ny ‘uadg-| SAS ATA 3IU0J 2ZN/20 62-1£2d408M
ajels t 0 SAS 174 21qeu3-0Wd 9 AIA 419 uiqe) 21-92408Y
ajess t 0 SAS 174 3SO[2-0W) 9 ATA 47y uiqe) 01-92408)
ajels l 0 SAS 113 alqeu3-gW) ¥V ATA 47y uLge)d 21-52d08)

- aje3s L 0 SAS 114 3s0(3-GWl ¥V ATA 474 uiqed 01-62408)
SLI¥M M 01

TeTeS T YISWNN
3.%Ye/S31vIS 323¥Nn0S JUNLYTIN3WON NOILV1411h201

1300 SId/S¥V OL S ANI IINWILS - L 378Vl

~34



ara tve e T an o

vis| o 0 SAS 174 035070 = ATA A1ddNS 0°H 2 M3 | L1-Sd  GZeMw
iwis| o 0 3AS 11 N3dO = ATA AIddNS 0°H 2 NW3 | €1-Sd  Q2eMwM
LS| 1 0 SAS 114 35070 - ATA OCH 3ISYM 2 M3 | 9-9d  Qcsmwy
uvis| 1 0 SAS 174 N3O - ATA O%H 3iSvM 2 nW3 | 8-9d  ozeMwy
vis| 0 SAS 174 35070 - ATA AddNS O%H L W3 | L1-pd  0zZeMWVH
iwvis| o 0 SAS 174 N3dO - AA AddnS O°H L mi3 | €1-pd  ozeMw
vis| 0 SAS 174 035070 - ATA OCH 31SWM L nW3 | 1-9d  azemMvy
wvis| o 0 SAS 114 N3O - AA O%H 31SvM L w3 | S-9d  a2sMwi
IIN| A 01

TINB/SIIVIS | NOILWNILS3O JUNLYIINIHON NOLIAL T N30T

b 378YL - 1300W SJ¢ ™

Ol LNdNI ITNWILS

h-37



JLESONPIA™  L1-Gd 028MW
JOESONYIA™  €1-Gd (28MV
3L2SOAYOA™ —— 3-9d G28MY)
302S50%9A 8-9d 0Z8MYA
JLLSOAHIA Ll-bd QZ8MW

JOLSONYIA €l-td QZ8MWI

J10S0N9A 1-9d G28MVY
J00S0%H9A S29d QZ8MWi W

IPLEDALIA 9e-v€d0BN

! JLLETALOA ye-pcdosy |
w 329123 19A 2£-v£408N

i ISLEDNIN >———onu ;1-pEdOSN !

m IBLEDILIA LL-vEdosH

IPOL2A LA G-pEd08Y |
J22E2AL9A LI-££40SH
ISCEINIIN ——n -££408Y

U IV0EDAN LN ~~—~———— g-f£EdOBN !
_ 3G0ENL9A £-£€408N
30202HL9N ————— 2| -1£408H
30002X 19N =~——— (1-1£408N

3090¢H19A ———— 2|-0£d08N |

J0P02H LA —~——— 0|-0£dOBN !

30022AL9A ~———— (£-82d08N .
39L/SLESH LI ~————x  §2-82408)

300123194 0£-12d08N

ILL/OLEPANON o §2-72408% |

IBELZALIN ———— 21-92d08N |

JLELEAIIN ———nr QL-92408) -

IPELININ e 71-62408N

IEELCALON e ]-62408) SI4/UY
YIsNNN ' Y3IBWON :
WW NOILVDI4ILINIQI

NOILVTIIYY0D WM OL 1TMMWILS - V-1 38Vl

H-33



4.2 OQUTPUT MEASUREMENT LIST

Table 2 lists all model outputs along with the initial condition value for
the output. Measurement I.D. and Measurement Name precede pairs of numeric
columns. The first of each pair is labeled FS indicating flight system
engineering units. The second of each pair is labeled CTS indicating the GSIU
count value corresponding to the FS value. 1.C. indicates initial condition
values. VALUE 1 typically indicates nominal values. VALUE 2 and VALUE 3
columns indicate off nominal conditions.
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1.0 INTRODUCTION

Math models are used to simulate many of the Shuttle systems for whicn
hardware does not exist in SAIL. A group of these models are termed
non-avionics models since they do not simulate avionic equipment. The
non-avionics models are needed to provide responses to cockpit switches,
tc drive cockpit displays, and to supply data for on-board soituire
processing. The following list of non-avionic models will operate with-
in the Test Operations Center (TOC) Ground Standard Interface Unit (GSIU).

Main Propulsion System (Orbiter Portion)

APU/Hydraulic

Active Thermal Contred

Atmosphere Revitalization System - H20 Loops

Fuel Cell/Cryogenics

Atmosphere Revitalization/Pressure Control System (With Airlock)
Smoke Detection/Fire Suppression

Water/Waste Management

Wkhen the TOC Display and Control Module (DCM) operator depresses the
"SYS LOAD" key, the model programs, which are stored on the Fixed Head
Disk in the DCM, are automatically loaded into the GSIU. The models are
then activated and terminated by DCM test language statements. While
the models are operating in the GSIU, the DCM operator is able to in-
hibit one, all, or any combination of model outputs with test language
statements. This provides the DCM operator with control of output
parameter values when off-nominal conditions are desired. To simplify
the models and ease the processing load on supporting test equipment,
the model requirements define nominal conditions only. Further, analog
values for output parameters change in step fashion when responding to
inputs, except when specific change rates for particular parameters are
required. The DCM operator is also able to alter the value that the
model uses to generate parameter outputs. This allows the DCM operator
to adjust output parameter values as needed to satisfy various mission
phases.

When the model is activated, it shall check the input stimuli and shall
provide appropriate output measurement values. It is preferred that the
model provide output data when the input stimuli changes. Bus activity
is then minimal during those mission phases when the stimuli remains
constant. However, the GSIU operating system may require a cyclic model
program in which case the model output rate shall be once per second.



2.0 DETAILED REQUIREMENTS

This model simulates the Orbiter Active Thermal Control System (ATCS) by
representing the stimulus/response relationships which exist at the
power and signal interfaces between the Orbiter Avionics System and the
ATCS. The model has been simplified by including only those oiutput
signals which are needed to support the type of testing whicn wiii be
accomplished in tne Shuttle Avionics Integration Laboratory (SAIL).

The model receives stimuli from two sources(see figure 1):

l; The Flight System (FS) via the Signal Termination Module (STM).
2) The TCC DCM.

The model output parameters to the flight system via the STM arc :n
addition transmits error flags back to the DCM. Tables 1 and 2 list

the input and output parameters respectively. The four stimuli which
come from the DCM are used to inform the model of the mission phase
which is being simulated. This mode of implementation permits realistic
model responses while avoiding an overly complex model. The ten error
flags which are transmitted to the DCM are used to indicate that the
model has received conflicting stimuli.

2.1 FUNCTIONAL CHARACTERISTICS
2.1.1 Active Thermal Control System

The ATCS transports thermal energy in the unpressurize 2rea of the
Orbiter, provides temperature control of selected onboa.d equipment and
rejects excess heat overboard. The ATCS consists of two freon 21 coolant
loops which flow in parallel through similar components, and hsve
redundant centrifugal pumps. The ATCS cools the water coolant 1oops
through an interchanger, heats the C-biter's hydraulic fluid and crew
compartment cryogenic makeup oxygen, and transports the heat generated

by the payload, fuel cell power plants, and various cold plate elec-
tronics. The ATCS rejects the excess heat overboard during different
phases of the mission by means of its radiator subsystem, flash evaporators,
ammonia boiler, and GSE heat exchanger. During on-orbit operations,
whenever the payload bay doors are opened, heit is rejected to space

by the radiator subsystem with the flash evaporator subsystem cn standby
to provide supplemental cooling when needed. Whenever the payload bay
doors are closed, heat is rejected by the flash evaporator subsystem.

The filash evaporator also provides cooling above 140,000 feet during
ascent and above 100,700 feet during entry. The ammonia boiler systern:
provides cooling during entry starting at 100,000 feet and continuing

for 15 minutes after landing. The GSE heat exchanger provides thermal
control during ground operations; no overboard heat rejection is prov:.) .u
during the period from lift-off until the vehicle reaches 140,000 feet

I-3
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2.1.2 Model Function

The model generates values for quantity, flow, temperature, pressure,
and valve positions for each of the two freon coolant loops. The

values are dependent upon input stimuli from the flight system via the
-TM and upon mission phase indicators uplinked from the DCM. A static
set of nominal values are generated for the flash evaporator heater
temperatures and for the parameters from the ammonia boiler supply tanks.
These static values are sufficient to meet test objectives and they
greatly simplify the model.

Referring to the schematic of the ATCS, figure 2, the flowchart starts

at the flow proportioning valves and progresses around the coolant oops

in a clockwise manner, ending at the flash exporator. Once a complete
cycle has been made and values have been assigned to the output parcmeters,
the values are transmitted to the flight system via the STM.

2.1.3 Input/OQutput

The stimuli identification for those stimuli which have their sources
at the flight system via the STM are coded in terms reference Avionics
Test Article (ATA) interface connector and pin number according to the
following format.

K 50 PXXX - X

- T T

PIN NUMBER (FLIGHT CABLE)

CONNECTOR NUMBER (P FOLLOWED BY 3 or 4 DIGITS.

AREA DESIGNATOR

STIMULI DESIGNATOR

Those stimuli which are uplinked to the model from the DCM are given
unique alphanumeric variable names. The model output parameters whose
destinations are the flight system via the STM are identified by their
Master Measurement List measurements. Any error flags which are down-
linked to the DCM are given unique alphanumeric variable names.

2.2 DCM UPLINK

Mission phase flags for the ATCS model are uplinked from the DCM by th-
test operator to assure that the model response is appropriate for the
mission phase/segment or Orbiter configuration being simulated. The
following definitions explain the mission phase flags:
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o GSE - ilhen equal to one, ground support equipment provides cooling for
the ATCS. Zero indicates no ground cooling.

® Pl - When equal to one, the payload doors are open and the radiator panel
for ATCS loop one is deployed. Zero indicates the loop one radiator panel
is not deployed and cannot provide cooling.

e P2 - When equal to one, the payload doors are open and the radiator panel
for ATCS loop two is deployed. Zero indicates the laoop two radiator panel
is not deployed and cannot provide cooling.

Appropriate values for the mission flags in each mission phase are tabulated
below:

FLAGS

PHASE GSE (b) P1 P2
Prelaunch 1 0 0
Ascent to 140K 0 0 0
Ascent above 140K 0 0 0
On-Orbit 0 (a) (a)
Entry above 100K 0 0 0
Entry below 100K 0 0 0

| Landing +15 minutes 1 V] 0

sa Value of flag depends on Orbit configuration.
b) Briefly setting GSE to one during phase transitions will prevent
transient ala:ms for V63T1207A and V63T1407A.

Faults are simulated by inhibiting the model output for the affr~ted
measurement(s) and uplinking the off-nominal value(s) from the DCM. The
exact manner in which this is accomplished is covered in documentation for
the GSIU Operating System.
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2.3 INITIALIZATION REQUIREMENTS

A1l model outputs are functions of the inputs alone and need not be
{nitialized since values will be calculated by the model in jts first
cycle. The initial condition column in table 2 represents tie ATCS in
a ready for launch configuration and is for reference only.

2.4 TERMINATION REQUIREMENTS

None

2.5 UNIQUE REQUIREMENTS

2.5.1 Internal Variables -

The model uses four internal variables to detemmine the values of output
parameters.

104 DESCRIPTIONS

FLO 1 A discrete which represents loop | flow through the radiator
(1), or flow bypassing the radiator (0).

FLO 2 A discrete which represents loop 2 flow through the radiator
(1), or flow bypassing, the radiator (0).

N An analog which represents loop 1 radiator outlet temperature.

T2 An analog which represents loop 2 radiator outlet temperature.

I-3



2.6 ANALOG MEASUREMENTS

Value. shown in the math model flowcharts are in GSIU counts for all analog
measurements. The math model values are seen by the flight system as 0 to 5
VDC inputs. The flight system then converts these input voltages to engineer-
ing units using one of the two types of scaling equations discussed in
Sections 2.6.1 and 2.6.2. The GSIU math model count values (or the count
values entered at the DCM by the test operator) must consider the scaling
computation done later by the flight software, so that correct flight system
enyineering unit values are obtained for fault detection and annunciation
(FDA), and for cockpit displays. The following two sections, 2.6.1 and
2.6.2, describe the scaling equations which apply to this model. Section
2.6.1 describes the scaling equation for measurements which require the
polynomial conversion method. Section 2.6.2 describes the scaling equation
for measurements which require the range 1imit conversion method which was
used on STS-1.

2.6.1 POLYNOMIAL CONVERSION METHOD

The scaling polynomial equation used by the flight system is defined in the
SM FSSR. The general form of the equation is given as follows:

- 2 3
FSEU = A0 + Alx + AZX + A3X
where: FSEU = flight system engineering units
X = flight system input voltage
Ao, Al’ Az, A3 = scaling polynomial coefficients

I-9



The following example shows the step by step procedure for converting analog
measurements from flight system engineering units (FSEU) to GSIU counts. This
procedure may be used to calcula*e GSIU count values for fault insertion at
the DCM.

Example:
For measurement no. V63R1100A, convert FSEU value = 2288 to GSIU counts.

Step 1:

In the SM FSSR, look up the measurement no. (V63R1100A) within the “"SMM Data
Requirements - Subsystems Displays" table. The measurement no. wili abpear

on two consecutive pages as follows: page A will show engineering units,

range low value and range high value, while page B will show the scaling poly-
nomial coefficients (labelled AO’ Al’ AZ’ A3) followed by curve order, indepen-
dent variable, and STS flight no. The values on page B will be of prime interest
to do this example conversion, and will be referred to in the following
discussion.

Step 2:
The coefficients will be used in the scaling polynomial:

s 2 3
FSEU = AO + AIX + A2X + A3X

Solve the following scaling polynomial for X:
2288 = 443.167 + 851.956X - 143.904)(2 + 12.246)(3
so X = 3.846469

Step 3:

Notice the independent variable column labelled IND VR equals 2 for measurement
no. V63R1100A. The 2 specifies that the independent variable X of the scaling
polynomial is defined on a range of 0 to 5 VDC. So X = 3.846 VDC.

't is of interest to note that if IND VR had been equal to 0, X would have
been defined on a range of 0 to 1023 PCM integer counts in which case X would

be equal to 4 PCM counts, i.e. 3.846 rounded to the nearest integer.

However, in the example being worked, X is defined as VDC and X = 3.846 VDC.



Step 4:
Now to convert X VDC to GSIU counts, evaluate the following equaticn which
shows the relationship between X and GSIU counts:

GSIU counts

——

¥
5, for X defined as VDC (IND VR = 2) and
500, for X defined as PCM counts (IND VR = ().

X (1023) , rounded to the nearest integer

where K
K

For the example, evaluate:
GSIU counts = [3.846 ‘10234], rounded to the nearest inte; -
5

Therefore, GSIU counts = 787 counts.

" Note that since GSIU ccunts are always rounded to the nearest integer, small
changes will peccibly occur in the values of X nd consequently FSEU’ when
the reverse calculations are made during test operations, as the following
shows:

X = GSIU counts ( K ’

1073
X = 787 X[_5
1073

SO X = 3.846529
And

FSg, = 443.167 + 851.956x - 143.908x7 + 12.246%°

FSgy = 443.167 + 851.956(3.848) - 143.904(3.848)° + 12.246 (3.842)°

FSg, = 2288.017

Hence whern 787 GSIU counts is inserted for measurement no. V63R1100A, a vai.r
of 2288.017 FSEU will result.



2.6.2 RANGE LIMIT CONVERSION METHOD

Several analog measurements in this model are calculated according to the
»ange limit conversion method, instead of the polynomial conversion method
as described in Section 2.6.1 of this document. The form of the scaling
equation for these cases is given as follows:

FSgy = Low + GSIUcre (High - Low)

EU cT

"

where: FSEU flight system engineering units

GSIUCTS = GSIU math model count values

Low = Range low 1limit
High = Range high limit

The following table shows a sample data value for each measurement which
requires this type of calculation. The measurement I.D. is shown along with
high and low values for the parameter range. The FS column shows the data
value in flight system engineering units calculated from the GSIU counts
marked CTS in the tabie. These measurements are marked with an asterisk (*)
in the Output Measurement List marked as Table 2 in Section 4.2 of this
document.
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MEASUREMENT

RANGE

RANGE

ID LOW HIGH FS CTS
V63T1180A _75 175 65 573
V53T1188A -75 175 70 593
V63P1196A 0 600 450 767
V63P1197A 0 600 475 810




3.0 LOGIC FLOW DIAGRAMS

The logic flow diagram is made up of interconnected lines, boxes. decisiors,
and offpage connectors. Notice that where analog measurements are listed in
boxes and decisions, the value inside the box is in flicht systor :ngineering
units (FSEU) while the corresponding GSIU count v2lue is listed : *side tna
box. For example, the box on the right hand below,

Y,

ViSPIIOOA = SIG[440(vispiooa: Gag 53Y
VeSTHOIA =~ 162|285 Vs Tii01 A = - 351443
VA5THOTA = - 1668 Q1 I vAsTHoTA : -107!386%
VST OA = -167/288 [vdsT 1103a= - 139 3q1
viseition = S11] 4 [vdseinpAs 1Ssoj4g |

shows that V45P1100A is set equal to 626 FSEU which is equivalent to 534
GSIUCTS shown outside the box.
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4.2 OQUTPUT MEASUREMENT LIST

Table 2 1ists all model outputs along with the initial condition value for
the output. Measurement I.D. and Measurement Name precede pairs of numeric
columns. The first of each pair is fabeled FS indicating flight system
engineering units. The second of each pair is labeled CTS indicating the GSIU
cour’. value corresponding to the FS value. I.C. indicates initial conditfion
values. VALUE 1 typically indicates nominal values. VALUE 2 and VALUE 3
columns indicate off nominal conditions.
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APPENDIX J
SMOKE DETECTION MATH MODEL REQUIREMENTS
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1.0 INTRODUCTION

Math models are used to simulate many of the Shuttle systems for which hardware
does not exist in SAIL. A group of these models are termed non-avionic models
since they do not simulate avionics equipment. The non-avionic models are needed
to provide responses to cockpit switches, to drive cockpit displays, and to
supply data for on-board software processing. The following list of non-avionic
models will operate within the Test Operations Center (TOC) Ground Standard
Interface Unit (GSIU).

Main Propulsion System (Orbiter Portion)
APU/Hydraulic

Active Thermal Control

Atmosphere Revitalization (H20 Loops and PCS-Airlock)
Fuel Cell/Cryogenics

Smoke Detection

Water/Waste Management

When the TOC Display and Control Module (DCM) operator depresses the "SYS LOAD®
key, the model programs, which are stored on the Fixed Head Disk in the DCM,
are automatically loaded into the GSIU. The models are then activated and
terminated by DCM test language statements. While the models are operating

in the GSIU, the DCM operator is able *o inhibit one, all, or any combination
of model outputs with test language statements. This provides the DCM operator
with control of output parameter values when off-nominal conditions are desired.
To simplify the model and ease the processing load on supporting test equipment,
the model requirements define nominal conditions only. Further, analog values
for output parameters change in step fashion when responding to inputs, except
when specific change rates for particular parameters are required. The DCM
operator is also able to alter the value that the model uses to generate para-
meter outputs. This allows the DCM operator to adjust output parameter values
as needed to satisfy various mission phases. -

When the model is activated, it shall check the input stimuli and shall provide
appropriate output measurement values. It is preferred that the model provide
output data when the input stimuli change. Bus activity is then minimal during
those mission phases when the stimuli remain constant. MHowever, the GSIU operating
system may require a cyclic model program in which case the model output rate shall
be once per second.

J-2



2.0 DETAILED REQUIREMENTS

The model simulates those functions of the Smoke Detection (SD) subsystem in
the Oribter. To simplify the model, only those subsystem functions needed to
support testing of the Shuttle avionics system are provided.

The model receives stimuli from two different sources, the flight system (FS)
and the Display Control Module (DCM) via the Signal Termination Module (STM).
The mode! provides output parameter values to the FS via the STM. Figure 1
fllustrates the data flow in and out of the model. Tables 1 and 2 list the
impact stimuli and output measurements.

,2.1 FUNCTIONAL CHARACTERISTICS
2.1.1 Smoke Detection System (SDS)

The SDS consists of several detector head (detector) assemblies. Each detector
head shall sense any sigrificant increase in the gaseous or particulate products
of combustion or decomposition within the cabin or avionics bays. The logic
device shall use the input and send a signal to appropriate warning lights on

the detection and fire suppression control panel. The detector shall be designed
to provide a warning during the incipient stage (the starting phase or pre-smoke
stage) of a potential fire condition to permit certain cabin or avionics system
evaluation and troubleshooting prior to an overheat condition or outbreak of an
open flame. A functional diagram is provided in Figure 2. -

A. The detector function is to sense 2 predetermined concentration or rate
of increase of concentration of gaseous or particulate products of com-
bustion or decomposition and then, through a built-in logic unit, send
a signal to the smoke detection and fire suppression control panel. The
signal turns on the "smoke warning" light for the affected area.

B. The crew, alerted by'this warning may monitor the concentration 1- .el
and start a systematic investigation of the equipment in the aff'yted
area and take appropriate action. e

C. When the smoke (incipient fire) condition exists, the “reset" button on

: the panel may be pressed to verify the smoke condition If the incipient
fire condjtion has been corrected, the “smoke warning" Light will remain
off. The detector is now ready to sense a new incipient fire. In the
event that the smoke or incipient fire condition still exists, the warning
1ight will come on again. The concentration level may be monitored to
ver:fy if the level is increasing or decreasing during the trouble-shooting
period.

D. The detector can be interrogated in flight or on ground for an electrical
operability check, by depressing a "circuit-test" button on the panel.
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2.1.2 Input/Output

A\l inputs to the model are from the FS (addressable at the STM), and from the
DCM uplink. These stimyli are acted upon immediately at model execution without
regard to time, and conditions are simulated in a step function manner.

For the sake of simplicity, the model will do no fault detection of stimuli,
but will act upon it as received from the FS. Therefore, any fault insertion
must include changes to all affected parameters in order to obtain a realistic
response from the model.

A1l subsystem output is simulated by the model in accordance with stimuli from
the FS. All measurements are made available to Systems Management (SM) and
Fault Detection and Annunciation (FDS) as required.

The stimuli identification numbers used are coded to provide the following
information at the SAIL flight cable/GSE/C70-1140 cable set interface.

. — PIN NUMBER (FLIGHT CABLE)
. ~————————— CONNECTOR NUMBER

AREA DESIGNATOR

STIMULI DESIGNATOR

K50PXXX-X

S— -
-

Exceptions to this code are those stimuli with a letter for the connector number
where the connector number is unknown. Also the stimuli which comes from the
DCM instead of the flight cable do not agree with this code. Signal Termination
Module (STM) addresses for both stimuli and measurements are yet to be defined.

2.2 DCM UPLINK

The value which represents the concentration of smoke sensed by a detector will
be input to the model by using PARAMS, via DCM uplink. The capability will exist
to provide one value per detector.

The only other values to be passed from th. GCM will be those which involve
output suppression and fault insertion in accordance with the GSIU Operatipq
System and are not a part of this document.

2.3 INITIALIZATION REQUIREMENTS

The following parameters will be initialized as shown below:

0 CLOSE CIRCUIT BREAKERS 6 & 7 on PANEL 016
,0 CLOSE CIRCUIT BREAKERS 7 & 8 on PANEL 014
0 CLOSE CIRCUIT BREAKER 7 on PANEL 015

0 Parameters should be initialized as indicated in Table 2.



2.4 TERMINATION REQUIREMENTS
NONE

2.5 UNIQUE REQUIREMENTS
2.5.1 SMOKE CONCENTRATION VALUES

Particle concentration values are input to the model via the DCM uplink.
Once set from the DCM, they remain constant until another value is uplinked.
The DCM utility program 'PARAMS' will be used for the uplink.
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2.6 ANALOG MEASUREMENTS

Values shown in the math model flowcharts are in GSIU counts for all analog
measurements. The math model values are seen by the flight system as 0 to §
VOC inputs. The flight system then converts these input voltages to engineer-
ing units usiug one of the two types of scaling equations discussed in
Sections 2.6.1 and 2.6.2. The GSIU math model count values (or the count
values entered at the DCM by the test operator) must consider the scaling
computation done later by the flight software, so that correct flight system
engineering unit values are obtained for fault detection and annunciation
(FDA), and for cockpit displays. The following two sections, 2.6.% and
2.6.2, describe the scaling equations which apply to this model. Section
2.6.1 describes the scaling equation for measurements which require the
polynomial conversion method. Section 2.6.2 describes the scaling equation
for measurements which require the range 1imit conversion method which was
used on STS-1.

2.6.1 POLYNOMIAL CONVERSION METHOD

The scaling polynomial equation used by the flight system is defined in the
SM FSSR. The general form of the equation is given as follows:

- 2 3
FSEU A0 + A1X Azx + A3X
where: FSEU = flight system engineering units

X = flight system input voltage
Ao. Al' AZ’ A3 = scaling polynomial coefficients

J-3



The following example shows the step by step procedure for converting analog
measurements from flight system engineering units (FSEU) to GSIU counts. This
procedure may be used to calculate GSIU count values for fault insertion at
the DCM.

Example:
For measurement no. V63R1100A, convert FSEU value = 2288 to GSIU counts.

Step 1:

In the SM FSSR, look up the measurement no. (V63R1100A) within the "SMM Data
Requirements - Subsystems Displays" table. The measurement no. wilf appear

on two consecutive pages as follows: page A will show engineering units,

range low value and range high value, while page B will show the scaling poly-
.nomia1 coefficients (labelled Ao, Al’ A2’ A3) followed by curve order, indepen-
dent variable, and S75 flight no. The values on page B will be of prime interest

to do this example conversion, and will be referred to in the following
discussion.

Step 2:
The coefficients will be used in the scaling polynomial:

. 2, 443
FSgy = Ag * AX + AX" + AX

Solve the following scaling polynomial for X:

2288 = 443.167 + 851.956X - 143.904X2 + 12.246X3
so X = 3.846469

Step 3:

Notice the independent variable column labelled IND VR equals 2 for m2asurement
no. V63R1100A. The 2 specifies that the independent variable X of the scaling
polynomial is defined on a range of 0 to 5 VOC. So X = 3.846 VDC.

It is of interest to note that if IND VR had been equal to 0, X would have
been defined on a range of 0 to 1023 PCM integer counts in which case X would

be equal to 4 PCM counts, i.e. 3.846 rounded to the nearest integer.

However, in the example being worked, X is defined as VDC and X = 3.846 VDC.
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Step 4:
Now to convert X VOC to GSIU counts, evaluate the following equation which
shows the relationship between X and GSIU counts:

GSIU counts =|X (1023 )‘] , rounded to the nearest integer
K

where K = 5, for X defined a» VDC (IND VR = 2) and
K = 500, for X defined as PCM counts (IND VR = 0).

For the example, evaluate:
GSIU counts = [3.846 (1023)], rounded to the nearest intégek

Therefore, GSIU counts = 787 counts.

Note that since GSIU counts are always rounded to the nearest integer, small
changes will poscibly occur in the values of X and consequently FSEU’ when

the reverse calculations are made during test operations, as the following
shows:

X = GSIU counts | K
1023
X =787 X| 5
1023

SO X = 3.846529

And
FSEU = 443.167 + 851.956X - 143.904X2 + 12.246X3 3
FSEu = 443,167 + 851.956(3.848) - 143.904(3.848)2 + 12.246 (3.848)
FSEU 2288.017

Hence when 787 GSIU counts is inserted for measurement no. VY63R1100A, . value
of 2288.017 FSEU will result.



2.6.2 PANGE LIMIT CONVERSION METHOD
NONE.
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3.0 LOGIC FLOW DIAGRAMS

The logic flow diagram is made up of interconnected lines, boxes, decisions,
and offpage connectors. Notice that where analog measurements are listed in
boxes and decisions, the value inside the box is in flight system engineering
units (FSEU) while the corresponding GSIU count value is listed outside the
box. For example, the box on the right hand below,

FSeu

GSIUCTS

vi5P100A = 516[44o{vispuooA: 66 534
WsTi101A = - 162]a85 | vesTriOIA® ~ 35 (44a
VASTHOTA = - 166|a9) vasTHOTA: ~107 25¢
VISTIONA = ~167]288 | vdsT 11094 -139({3Q1
Véspiti0A = S 4 [vdspiup A 10§48t

shows that V45P1100A is set equal to 626 I-'SEu which is equivalent to 534
Gs“’crs shown outside the box.
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4.0 TABLES

4.1 INPUT STIMULI LIST

Table 1 lists input stimuli to the SDS model in terms of ID numbers, nomenclature,
stimuli source, address and range of measurement.
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4.2 OUTPUT MEASUREMENT LIST

Table 2 lists all model outputs along with the initial condition value for
the output. Measurement [.D. and Measurement Name precede pairs of numeric
columns. The first of each pair is labeled FS indicating flight system
engineering units. The second of each pair is labeled CTS indicating the GSIU
count value corresponding to the FS value. I.C. indicates initial condition
values. VALUE 1 typically indicates nominal values. VALUE 2 and VALUE 3
columns indicate off nominal conditions.
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APPLICABLE DOCUMENTS

V$70-620102, Smoke Detection Schematic
LEC-9361, Smoke Detection Subsystem Simulation Software Specification
1€D-3-1603-05, Section 3.10

Functional Subsystem Software Requirements Manual Part A, Revision D
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1. INTRODUCTION

Math models ar2 used to simulate many of the Shuttle systems for which hardware
does not exist in SAIL. A group of these models are termed non-avionic models
since they do not simulate avionic equipment. The non-avionic models are
needed to provide responses to cockpit switches, to drive cockpit displays,

and to supply data for on-board software processing. The following list of
non-avionic models will operate within the Test Operations Center (TOC) Ground
Standard Interface Unit (GSIU).

e Main Propulsion System (Orbiter Portion)
e APU/Mydraulic

e Active Thermal Control

e Atmosphere Revitalization System/H20 Loops
e Fuel Cell/Cryogenics

e Smoke Detection

¢ MWater/Waste Management: y C p

® Atmosphere Revitalization/Pressure Control System (with AIRLOCK) g
When the TOC Display and Control Module (DCM) operator depresses the "SYS
LOAD" key, the model programs, which are stored on the Fixed Head Disk in
the DCM, are automatically loaded into the GSIU. The models are then
activated and terminated by DCM test language statements. While the models
are opera.ing in the GSIU, the DCM operator is able to inhibit one, all, or
any combination of model outputs with test language statements. This pro-
vides the DCM operator with control of output parameter values when off-
nominal conditions are desired. To simplify the models and ease the proc-
essing load on supporting test equipment, the model requirements define
nomin»1 conditions only. Further, analog values for output parameters
change in step fashion when responding to inputs, except when specific
change rates for particular parameters are required. The DCM onerator is
also able to alter the value that the model uses to generate parameter
outputs. This allows the DCM operator to adjust output parameter values as
needed to satisfy various mission phases.
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When the model is activated, it shall check the input stimuli and shall provide
appropriate output measurement values. It is preferred that the model provide
output data when the input stimuli change. Bus activity is then minimal

during those mission phases when the stimuli remain constant. However, the
GSIV operating system may require a cyclic model program in which case the
model output rate shall be once per second.



2. OCETAILED REQUIREMENTS

This model simulates those functions of the Water/Waste Management (W/WMS)
subsystem that are in the Orbiter. To simplify the model, only those sub-
system functions needed to support testing of the Shuttle avionics system
are provided.

The model receives stimuli from one source, the flight system via the Signal
Termination Module (STM); the model provides output parameter values to the
flight system via the STM. Figure 2-1 illustrates the data flow in and out
. of the model. Tables 2-1 and 2-2 1ist the input stimuli and output
measurements. Figures 2-2 and 2-3 illustrate the general functioning of the
N/WMS Subsystem. ) o

2.1 FUNCTIONAL CHRACTERISTICS
2.1.1 WATER MANAGEMENT SUBSYSTEM

The water management subsystem performs the primary functions of supplying
potable water to the crew for metabolic consumption, to the ATCS flash
evaporators for vehicle thermal control purposes, and to the airlock support
subsystem for recharging the extravehicular ‘ife support system. The water
management subsystem achieves these objectives by collecting and processing
water produced at a rate of approximately 0.8 pound per kwhr by the Orbiter
fuel cells before distributing the water to the various sources.

After the water is properly treated, the potable water is stored in four
tanks containing metallic bellows. The water is expelled from the tank by
nitrogen gas supplied at approximately 10 psig by the atmospheric revitaliza-
tion pressure control subsystem (ARPCS) or iﬁ contingency conditions by

cabin atmospheric pressure. Should the fuel cell production rates exceed

the water usage requirements and storage capability, the water management
suﬁsystem provides the capability to dump the excess potable water overboard.

K-4
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2.1.2 VIASTE MANAGEMENT SUBSYSTEM

The waste management subsystem provides for collecting, treating, and storing
fecal, urine, cabin humidity condensate, personal hygiene, and airlock waste
water. To accomplish these tasks, the waste management subsystem employs a
waste collection system which handles solid and 1iquid wastes separately.

Solid wastes, such as fecal material and toilet paper, are collected in a
commode or fecal collection system. Fecal material is directed into the
collector by air flow and the air is passed through a bacteria filter before
returning to the cabin. The fecal materia’ entering the collector is
impinged on the inside surface of the collector by a slinger device. The
waste material is vacuum dried for reduction of mass and bacteria control.
In the event the commode malfunctions, a backup fecal collection system is
provided. The backup system consists of using fecal collection bags.

Liquid wastes are collected by a urine/waste water collection system which
is comprised primarily of a urinal collector, water separators and waste
storage tanks. The urinal collector, used in conjunction with a fan/wate-
separator, collects and transfers the urine into the waste storage tanks.

2.1.3 INPUT/OUTPUT

A1l inputs to the model are from the FS addressable at the STM, The:
stimuli are acted upon immediately at model execution without regare .
time, and conditions are simulated in a step function manner. Any tine
dependent inputs must be up-linked from the TOC-DCM as an abnormality (o
parameter value change) in accordance with the GSIU Operating System.

For .the sake of simplicity, the model will do no fault detec’‘on of stimuli,
but will act upon it as received from the FS. Therefore, any fault insertion
must include changes to all affected parameters in order to obtain a realistic
response from the model.



A1l subsystem output is simulated by the model in accordance with stimuli
from the FS. A1l measurements are made available to Systems Management (SM)
and Fault Detection and Annunciation (FCA) as required.

The stimuli identification numbers used are coded to provide the following
informaticn at the SAIL flight cable/GSE/C70-114Q cable set interface.

KSOPXX.-X

PIN NUMBER (FLIGHT CABLE)
$——————— CONNECTOR NUMBER

AREA DESIGNATOR

STIMULI DESIGNATOR

Exceptions to this code are those stimuli with a letter for the connector
number where the connector number is unknown. Also, the stimuli which
comes from the DCM instead of the flight cable do not agree with this code.
Signal Termination Module (STM) addresses for both stimuli and measurements
are yet to be defined.

2.2 DCM UPLINK

The only values passed from the OCM will be those which involve output
suppression and fault insertion in accurdance with the GSIU-Operaiing
System and are not a part of this document.

2.3 INITIALIZATION

Parameters will be initialized with the values found in the IC (Initial
Cundition) column of Table 2,

2.4 TERMINATION REQUIREMENTS
NONE

2.5 UNIQUE REQUIREMENTS
NONE




2.6 ANALOG MEASUREMENTS

Values shown in the math model flowcharts are in GSIU counts for all analog
measurements. The math model values are seen by the flight system as 0 to §
VOC inputs. The flight system then converts these input voltages to engineer-
ing units using one of the two types of scaling equations discussed in
Sections 2.6.1 and 2.6.2. The GSIU math model count values (or the count
values ertered at the DCM by the test operator) must consider the scaling
computation wone later by the flight software, so that correct flight system
enginecring unit values are obtained for fault detection and annunciation
(FOA), and for cockpit displays. The following two sections, 2.6.1 and
2.6.2, describe the caling equations which apply to this model. Section
2.6.1 describes th2 scaling equation for measurements which require the
polynomial conver ~othud. Secticn 2.6.2 describes the scaling equation
for measurements which require the range limit conversion method which was
used on STS-1.

2.6.1 POLYNOM.AL COMVERSION METHOD

The scaling polynomial equation used by the flight system is defined the
SM FSSR. The general form of the equation is given as follows:

. 2 3
FSEu Ao + Alx + Azx + A3x
where: FSEU = flight system engineering units

X = fiight system input voltage
AO’ ;s Ays Ay = scaling polynomial coefficients
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The following example shows the step by step procedure for converting analog
measurements from flight system engineering units (FSEU) to GSIV counts. This
procedure may be used to calculate GSIU count values for fault insertion at
the DCM.

Example:
For measu. ement no. V63R1100A, convert FSEU value = 2288 to GSIU counts.

Step 1:

In the SM FSSR, look up the measurement no. (V63R1100A) within the "SMM Data
Requirements - Subsystems Displays" table. The measurement no. wilf abpear

on two consecutive pages as follows: page A will show engineering units,

range low value and range high value, while page B will show the scaling poly-
~nomial coefficients (labelled Ao. Al‘ AZ’ A3) followed by curve order, indepen-
dent variable, and STS flight no. Tk. values on page B will be of prime interest
to do this example conversion, and will be referred to in the following
discussion.

Step 2:
The coefficients will be used in the scaling polynomial:

- . 2 3
FSEU Ao + Alx + Azx + A3x

Solve the following scaling polynomial for X:
2288 = 443.167 + 851.956X - 143.904)(2 + 12.246X3
so X = 3.846469

Step o:

Notice the independent variable column labelled IND VR equals 2 “or measurement
no. V63R1Y00A. The 2 specifies that the independent variable X of the scaling
polynomial is defined on a range of 0 to 5 VDC. So X = 3.846 VDC.

It is of interest to note that if IND VR had been equal to 0, X would have
baen defined on a range of 0 to 1023 PCM integer counts in which case X would

b~ equal to 4 PCM counts, i.¢ 3.8/6 rounded to the nearest integer.

However, :n the example being worked, X is defined as VDC and X = 3.846 VDC.

K-N



Step 4:
Now to convert X VDC to GSIU counts, evaluate the following equation which
shows the relationship between X and GSIU counts:

1]

GSIU counts =X {1023) , rounded to the nearest integer
K

"

whe* @ K
K

5, for X defined as VDC {IND VR = 2) and
500, for X defined as PCM counts {IND VR = 0).

For the example, evaluate:
GSIU counts = [3.846 (1023)]. rounded to the nearest integer

Therefore, GSIU counts = 787 counts.

' Note that since GSIU counts are always rounded to the nearest integer, small
chances will possibly occur in the values of X and consequently FSEU’ when
the reverse calculations are made during test operations, as the following
shows:

X = GSIU counts | K
1023

X =787 X| 5
1023
SO X = 3.846529

And
FS
FS
FS

= 443,167 + 851.956X - 143.904)(2 + 12.246)(3

443.167 + 851.956(3.848) - 143.904(3.848)2 + 12.246 (3.848)3
= 2288.017

tu
tu
EV

Hence when 787 GSIU counts is inserted for measur:ment no. VS3R1100A, a value
of 2288.017 FSEU will result.
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2.6.2 RANGE LIMIT CONVERSION METHOD
NONE.
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3.0 LOGIC FLOW DIAGRAMS

The logic flow diagram is made up of interconnected lines, boxes, decisions,
and offpage connectors. Notice that where analog measurements are listed in
boxes and decisions, the value inside the box is in flight system engineering
units (FSEU) while the corresponding GSIU count value is listed outside the
box. For example, the box on the right hand belcy,

(1]
GSIUCTS

AN

vispioon = SI1GlH4olvispooA: ¢agl B
¥ds5T1101A = - 162/295|ve5TIi018= - 35 44
Va5THOTA = - 166 (&G VAsTHOTA: - 107 358
VdSTI09A = -16T[a88 {vdsT1109a= ~ 139 31
481

ViseiiioA: s 4 VdsP -10A: 50

shows that V45P1100A is set equai to 626 FSEU which is equivalent to 534

GSIU TS shown outsiJte the box.

¢
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4. TABLES

4.1 INPUT STIMULI LIST

Table 1 lists input stimuli to the W/WMS model in terws of ID numbers,
nomenclature, stimul{ source, and range of parameter.
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4.2 OQUTPUT MEASUREMENT LIST

Table 2 1lists &1 model outputs along with the” initial condition value for
the output. Measurement I.D. and Measurement Name precede pairs of numeric
columns. The first of each pair is labeled FS indicating flight system
engineering units. The second of each pair is labeled CTS indicating the GSIU
count value corresponding to the FS value. I.C. indicates initial condition
values. VALUE 1 typically indicates nominal values. VALUE 2 and VALUE 3
columns indicate off nominal conditions.
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RCS/0MS MATH MODEL REQUIREMENTS
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1. INTRODUCTION

Math models are used to simulate many of the Shuttle systems for which hardware
does not exist in SAIL. A group of these models are termed non-avionic models
since they do not simulate avionic equipment. The non-avionic models are
needed to provide responses to cockpit switches, to drive cockpit displays,

and to supply data for on-board software processing. The following tist of
non-avionic models will operate within the Test Operations Center (TOC) Ground
Standard Interface Unit (GSIU).

e Main Propulsion System (Orbiter Portion)
o APU/Hydraulic

® Active Thermal Control
e Atmosphere Revitalization System

e Fuel Cell/Cryogenics

o Smoke Detection

¢ Water/Kaste Management

e Reaction Control System/Orbiter Maneuvering System (RCS/OMS)

When the [OC Display and Control Module (DCM) operator depresses the "SYS

LOAD" key, the model programs, which are stored on the Fixed Head Disk in

the DCM, are automatically loaded into the GSIU. The models are then activated
and terminated by DCM test language statements. While the models are operating
in the GSIU, the DCM operator is able to inhibit one, all, or any combination
of model outputs with test language statements. This provides the DCM operator
with control of output parameter values when off-nominal conditions are desired.
To simplify the models and ease the processing load on supporting test equip-
ment, the mode! requirements define nominal conditions only. Further, analog
values for output parameters change in step fashion when responding to inputs,
except when specific change rates for particular parameters are required. The
DCM operator is also able to alter the value that the model uses to generate
parameter outputs. This allows the DCM operator tc adjust output parameter
values as needed to satisfy various mission phases.



2. DETAILED REQUIREMENTS

The RCS/0MS model is a Rockwell application requirement implemented via Test
Language in the DCM. This model outputs those DFI parameters not found in the
avionics model. The model receives input from one source, the DCM. The model
provides output parameter values to the flight system via the STM. Figure 2-1
fllustrates the data flow in and out of the model. Table 2-1 lists the output
mcasurements.

2.1 Functional Characteristics

This RCS/OMS model is a special case function to provide the Developmental
Flight Instrumentation (DFI) measurements found in Table 1 to the flight system.
These instrumentation measurements could not be cutput by the RCS/OMS Vehicle
Dynamics model because of the absense of a hardware interface.

This model, therefore, does none of the RCS/OMS logic functions. 1t merely
outputs the aforementioned measurements as static values.

2.1.2 INPUT/OUTPUT

Any time-dependent inputs must be up-linked from the TOC-DCM as an abnormality
(or parameter value change) in accordance with the GSIU Operating System.

For the sake of simplicity, the model will do no fault detection of stimuli.
Therefore, any fault insertion must include changes to all affected parameters
in order to obtain a realistic response from the model.

2.2 DCM Uplink

The only values passed from the DCM will be those which involve output
suppression and fault insertion in accordance with the GSIU Operating System
and are not a part of this document.

2.3 Initialization

Parameters will be initialized with the values found in the IC (In{tial
Condition) column of Table 1.

2.4 Termination Requirements

None.

2.5 Unique Requirements

This model has no input requircments except those from the DCM (see section 2.2

abO'.‘C‘) o
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2.6 ANALOG MEASUREMENTS

Values shown in the math model flowcharts are in GSIU counts for all analog
measu: sments. The math model values are seen by the flight system as O to 5
¥IC i:puts. The f ight system then converts these input voltages to engineer-
in~ +.aits using one of the two types of scaling equations discussed in
Sections 2.6.1 and 2.6.2. The GSIU math model count values (or the count
values entered at the DCM by the test operator) must consider the scaling
computation done later bv the flight software, so that correct flight system
engin :ering unit values are obtained for fault detection and annunciation
(FD&) and for cockpit displays. The following two sections, 2.6.1 and
2.6.2, describe the scaling equations which apply to this model. Section
2.6.1 describes the scaling equation for measurements which require the
polyncmial conversion method. Section 2.6.2 describes the scaling equation
for measurements which require the range limit conversion method which was
used on STS-1.

2.t.1 POLYNOMIAL CONVERSION METHOD

The scaling polynomial equation used by the flight system is defined in the
S . SSR. The general form of the equation is given as follows:

- 2 3
where: FSEU = flight system engineering units

X = flight system input voltage
3 = scaling polynomial coefficients

A A

0* A19 AZ’
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The following example shows the step by step procedure for converting analog
measurements from flight system engineering units (FSEU) to GSIU counts. This
procedure may be used to calculate GSIU count values for fault insertion at
the DCM.

Example:
For measurement no. V63R1100A, convert FSEU value = 2288 to GSIU counts.

Step 1:

In the SM FSSR, look up the measurement no. (V63R1100A) within the “SMM Data
Requirements - Subsystems Displays" table. The measurement no. will appear

on two consecutive pages as follows: page A will show engineering units,

range low value and range high value, while page B will show the scaling poly-
nomial coefficients (labelled AO’ Al’ AZ’ A3) followed by curve order, indepen-
dent variable, and STS flight no. The values on page B will be of prime interest
to do this example conversion, and will be referred to in the following
discussion.

Step 2:
The coefficients will be used in the scaling polynomial:

_ 2 3
FSEU = AO + Alx + Azx + A3X

Solve the following scaling polynomial for X:
2288 = 443.167 + 851.956X - 143.904x2 + 12.246X3
s0 X = 3.846469

Step 3:

Notice the independent variable column labelled IND VR equals 2 for measurement
no. V63R1100A. The 2 specifies that the independent variable X of the scaling
polvnomial is defined on a range of 0 to 5 VDC. So X = 3.846 VDC.

It is of interest to note that if IND VR had been equal to 0, X would have
been defined on a range of 0 to 1023 PCM integer counts in which case X would

be equal to 4 PCM counts, i.e. 3.846 rounded to the nearest integer.

However, in the example being worked, X is defined as VDC and X = 3.846 VDC.



Step 4:

Now to convert X VOC to GSIU counts, evaluate the following equation which
shows the relationship between X and GSIU counts:

GSIU counts =|X (1023) » rounded to the nearest integer
K

"

where K
K

5, for X defined as VDC (IND VR = 2) and
500, for X defined as PCM counts (IND VR = 0).

For the example, evaluate:

GSIU counts = [3.846 (1023)], rounded to the nearest integer

Therefore, GSIU counts = 787 counts.

Note that since GSIU counts are always rounded te the nearest integer, small
changes will possibly occur in the values of X and consequently FSEU’ when
the reverse calculations are made during test operations, as the following
shows:

X = GSIU counts | K
1023

X = 787 X|_5
[z

SO X = 3.845529

And
FSg, = 443.167 + 851.956X - 143.908x% + 12.246X°
FSgy = 443.167 + 851.956(3.848) - 143.904(3.848)2 + 12.246 (3.848)°
FSgy = 2288.017

Hence when 787 GSIU counts is inserted for measurement no. V63R1100A, a value
of 2288.017 FSEU will result.
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2.6.2 RANGE LIMIT CONVERSION METHOD
NONE.

L-3



3.0 LOGIC FLOW DIAGRAMS

The logic flow diagram is made up of interconnected lines, boxes, decisions,
and offpage connectors. Notice that where analog measurements are listed in
boxes and decisions, the value inside the box is in flight system engineering
units (FSEU) while the corresponding GSIY count value is listed outside the
box. For example, the box on the right hand below,

FSEU

GSIUCTS

tispuocon = Sigi44olvispuooa: g 534
vdsTino1a =~ 162285 vdsTio1a= - 35 1443
VASTNOTIA = - 16C|A Q) VASTHOTA: - 107 35¢%
VISTIOAA = -167|288 | vd5T1109A= -39 34
Vise1110A = 511 4 JydspiipAs 150j48 ¢

shows that V45P1100A is set equal to 626 FSEU which is equivalent to 534
GSIUCTS shown outside the box.
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4. TABLES
4.1 [INPUT STIMULI
NONE
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4.2 OUTPUT MEASUREMENT LIST

Table 2 lists al) model outputs along with the initial condition value for
the output. Measurement I.D. and Measurement Name precede pairs of numeric
columns. The first of each pair is labeled FS indicating flight system
engineering units. The second of each pair is labeled CTS indicating the GSIU
count value corresponding to the FS value. I.C. indicates initial condition
values. VALUE 1 typically indicates nominal values. VALUE 2 and VALUE 3
columns indicate off nominal conditions.
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3)

b)

c)

PEFERENCES

Rochkwell Interndi Letter MNo. 382-460-JTK-’8-012 subject; Justification for
Adding a DFI MDM (DCO2) to SAIL in Support of Mission Profile Tests.

Interface Revision Notice (IRK) POOSA4.
Interface Revision Notice (IRN) P0094.
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