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UNIT DEFINITIONS AND METRIC GONVERSIONS

o UNIT DEFINITIONS

The units used in the data base tables (sections 4.1, 4.2, 4.3,
5.4, 6,3) are defined as follows.

DEG Degrees

DED F Degreaes Farenheit

MNC Minor Cycles

MJc Major Cycles

BAJ ¥ Nozzle Area Variation

PPH Pounds Mass per Hour

PPS Pounds Mass per Second

PSI Pounds Force per Square Inch
RPM Revolutions per Minute

RU Ratio Units

_ Fuel Flow in_PPH
Burner Pressure in PSI

. %fé% SEC Seconds
L STEPS Stepper Motor Steps
. SER Y - Stepper Motor Steps Seconds
ggg; S*SEC/XMIC ( % Nozzle Avea Variation ) Major Cycle )

o0 METRIC CONVERSIONS

i

e
I S S ot g

a Deg F = 9/5 (Deg C) + 32
ST 1 Foot = 0.3048 Meter
BE | 1 Pound Mass = 0.4536 Kilogram
o 1 pSt a

6.8948 Kilopascals
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1.0 SCOPE

This document defines the software configuration required to
operate the HDC 601 C Digital Computer Unit (DCU) as an element
of the Propulsion Flight Control Integration Technology System
(PROFITS) when that system is used as a real time controller
either aboard the PROFIT F-15 aircraft or in simulated flight
conditions. ’

1.1 IDENTIFICATION

The computer program defined by this document is designated
Integrated Control System Computer Program (ICP) and is controlled
by an appropriate contractor part number. Because of the flexi-
bility inherent in PROFITS, and the various research goals identi-
fied for the system an array of ICP variants will exist. Table
1.7-1 identifies the variant designators, usage, and status as of
the indicated release, and their relations to hardware and data
system configuration variations. Use of appropriate document
releases and hardware configurations is imperative at all times.

1.2 FUNCTIONAL SUMMARY

The ICP shall perform the computations necessary to monitor and
control the elements of PROFITS and systems interfaced with
PROFITS.

The ICP shall process inputs from the telemetry uplink, aircraft
central computer, cockpit computer control (CCC), and plant
sensors to form an input data base for use by control algorithms;
The control algorithms shall process the input data to generate
an output data base which the ICP shall format for output to the
telemetry downlink (PCM), the CCC, and control effectors. The
ICP shall operate in a real time priority interrupt environment.




Icp
RELEASE

TABLE 1.1-1 - SYSTEM ELEMENT CONFIGURATION RELATIONS

REL ~ PROFITS DATA SYSTEM TEST TEST SIMULATION
DATE CONFIGURATION CONFIGURATION "FACILITY PURPOSE RELEASE

1/15/79 BASIC BASIC DFRC SYSTEM INITIAL
. INTEGRATION

&
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2.0 APPLICABLE DOCUMENTS

The following documents, of the exact issue shown, form a part of

this specification to the extent specified herein., Documents
lTisted as primary below shall supercede secondary documents.
Conflicts between primavry documents, if encountered, represent a
system anomaly and shall be eliminated by hardware, software, or
document revision as required.

Primary Documents

BOEING :

p251-10101 PROFIT Hardware System Definition Document
D251-10102 PROFIT Simulation Interface Definition Document
D251-10103 PROFIT Test Plan Document

D251-10104 PROFIT Data Acquisition and Processing Definition
‘ Docuneant

Secondary Documents

Boeing Documents

D251-10006 Interface Control Document for the Digital
Propulsion Control Unit (Integrated Propulsion
Contral System)

Honeywell Documents , ' v :
DS24712-01 Detail Specification for the Digital Propulsion

Control Unit (System), Part I, II
DS24713-01 Detail Specification for the Digital Computer

System, Part I, II

DS24714-M Detail Specification for the Computer Monitor

S Unit, Part I, II
DS2a715-01 Detail Specification for the Interface Unit,
Part T, 11 ‘




3.4 MULTILEVEL INDIRECT ADDRESSING

3.0 PROGRAMMING/CODING GROUND RULES .

In order to assure compatibility between CPC's the following
ground rules are established. Deviatjons may be allowed, but
shall be coordinated with the software integrator prior to
implementation,

3.1 SHIFT OPERATIONS

A11 predetermined shift operations shall be specified by the
appropriate instruction mnemonic and an unsigned decimal integer :
denoting the number of shift positions. v 4

3.2 RELATIVE ADDRESS SPECIFICATION

Relative and self-relative memory address specifications, in the
absence of indexing, shall not exceed a relative location count
of ten. The relative count shall be specified as a signed decimal
integer.

3.3 DOUBLE-PRECISION OPERATIONS AND DATA ITEMS

The double~precision operation mnemonics shall be employed whenever .
a double-precision operation is intended. All single-precision

and double-precision data items shall address the most significant
word. The most significant word of a double-precision data item
shall OCCupy an even addressed memory location.

In genefa], multilevel indirect addressing shall be limited to
two levels in the absence of indexing and one level if pre-
indexing is employed. If necessary, these Timits may be exceeded.
However, any and all exceptions shall be justified and described
within this document, or its equivalent, and shall be further
jdentified and described through source program annotation.




3.5 DATA ITEMS

A1l programmer~defined labels used to identify variable and
constant data items shall be related, whenever possible to the
prosiac and mathematical symbology, terminology, and nomenclature
set forth in this document. Labels identifying scratch pad
memory locations assigned to temporary data storage shall clearly
indicate that assignment.

3.6 ENTRY PQINTS AND BRANCH LOCATIONS
A1l programmer-defined labels used to identify subfunction entry
peints within the instruction memory shall be related to the

functional terminology or nomenclature of the subfunction.

3.7 FUNCTION AND DEVICE CODES

Programmer-defined symbolic assembly parameters shall be employed

to designate the device and function codes for all I/Q aperations.

Whenever possible, the symbology shall be descriptive and indica-
tive of the device nomenclature and the function performed,

3.8 ARITHMETIC SCALING

Whenever possible, a binary scale factor shall be associated with
gach arithmetic data item. The implied radix point shall be
pasitioned between the sign and most significant bit of the data
word. The sign and magnitude of the binary scale factor, n,
shall be such that the relationship between the true value, X,
and its computer representation, X, is

X = x¥al (<1.0 < x < 1.0)
where necessary input/output routines will convert or format raw

data ta or from binary scaling to permit the main program data
base to be entirely binary scaled, '




3.9 LINKAGE

The DAP16M2 loader/assembler default mode assigns intersector
Tinks to sector 0. The DFRC assembly procedure assigns them to
the sector in which they are used. Therefore modules must be
coded leaving sufficient space in sectors for the necessary

intersector links.
3.10 DOCUMENTATION

CPC documentation will provide block diagrams and/or flow charts
of all program components in a format suitable for inclusion in
this document. In addition, the data base for each program compo-
nent shall be summarized in tabular form organized as shawn in
Figure 3.10-1. Other formats containing the same information are
acceptable if the programming organization finds them more conven-
jent. Consider however that standardization of format will
benefit the overall program user substantially. Note also that
clever use of either the assembly or simulation program data

bases should permit some automation of this documentation.

Source coding commenting shall provide as a minimum the following:

1. Each major block of code shall be referenced to the relevant
flow chart or block diagram via a 3 or 4 digit reference
number and the purpose of the code block shall be identified.

2. Parameters and variables shall be identified at their perm-
anent Jocations and their scale factors shall be indicated.

3. scale factors shall be noted as variables and constants are
introduced in computations and the scale factors of inter-
mediate results shall be noted whenever they change. The
scale factor of calculation results shall be indicated when
they are stored. ‘
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DESCRIPTION

LOW ROTOR SPEED
HIGH ROTOR SPEED
BURNER PRESSURE

INLET TEMPERATURE

FAN EXIT TEMPERATURE
FAN TURBINE EXIT TEMP
AIRPLANE MACH NUMBER
POWER LEVER ANGLE
CIVV

SEGMENT/SEQUENCE VALVE
POS

CFTIT TRIM

N2 TRIM

IDLE SPEED TRIM
INTERMEDIATE TRIM
AUGMENTOR RATIO UNITS
TRIM

VMAX/IDLE AREA RESET
SQUAT SWITCH

OR CONSTANT

~ NECESSARY.

VARIABLEE:>

N1
N2

- PB

T2
T25
FTIT
MN
PLA
CIVP

SSvp
FTRM
NTRM
IDTM
INTM

ARUT
IAR
SQWS

CONTROL INPUT INTERFACES

MEMORYE> scALE
LOCATION FACTOR

B14

IF DATA ARE STORED IN BLOCKS ONLY INITIAL LOCATION IS

Figure 3.10-1. Typical Data Base Summary Format

UNITS
RPM
RPM
PSIA
°F

°F
*F

DEG
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4. Comments on the intent of code identifying purpose of logical
operations and intermediate results should be provided to a
level to permit rapid program modification by persons other
than the original programmer.

3.11 OCTAL-DECIMAL INTEGER SPECIFICATION

In general, all integer values specified in the operand field of
an assembly language symbolic source line shall be specified in
decimal. Exceptions include but are not Timited to, specification
of hardware dedicated memory location addresses, program origins,
and symbolic definitions of external device codes, function codes
and logic masks.

3.12 EXTENDED ADDRESSING

When the memory size exceeds 16K, it is necessary to enter the €::}
extend mode to address the full memory. The extend mode changes o
the interpretation of the index bit of the indirect address word

which becomes part of a 15-bit address. Only one level of indexing

is possible in the extend mode. It is specified by bit 2 of the
instruction word and is always the final operation in generating

’ the effective address.

The extended mode indicator (EXTMD) is set or reset by the generic
instructions EXA or DXA, respectively, and by an 0TK, set if (A)j
is a one, reset if a zero. It is also set by the occurrence of a

~program interrupt.

Because memory reference instructions of the form MR * XXXX,1 are
interpreted as preindexing in DXA and post indexing in extended
mode they shall only be used after formal review and coordination
with the systems integrator. The machine will normally operate
in extended mode. It is the applications programer's responsi-
bility to clearly identify requirements to the contrary.
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3.13 USE OF OUTPUT DATA BASE

Each application module will transfer all data to be output to
the control effectors to the output data base at completion of
application module execution.

3.14  STANDARD MODULES

As code develops standard MACRO modules will be developed and
made available to applications programmers. These MACROS include:

Univariate Function Linear Interpolation
Bivariate Function Linear Interpolation
Square Root

First Order Lag (EULER)
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4.0 HOST PROGRAM DEFINITION

The ICP consists of a Host Program (HP) defined in this section
and research user application modules (AM) defined in the follow-
ing sections. The minimum ICP consists of the HP which by itself
supports Research Digital Control hardware functional test. The
addition of at least one AM to the HP results in useful research

software.

The configuration functional concept is shown in Figure 4.0-1.
The Host Program provides all data input/output functions and
executive functions including interrupt processing, program
execution sequence, and status and engage functions. In general,
the HP includes all failure detection and response functions
necessary to insure system integrity. Research modules may
incorporate additional failure mode response features as required

by research goals.

This host program definition is being released at a time when the
At this point it represents

system is undergoing radical change.
It

a structural concept and an assembly of anticipated features.
should not be construed or critiqued as a final design.

4.7 REAL TIME EXECUTIVE DEFINITION

The Real Time Executive (RTE) provides program sequencing, per-
forms status and engage logic functions, and processes real time
interrupts. In order to minimize executive changes on addition

or removal of application m@dules executive interface with the
application modules is limited to calling the module as a subpro-
gram and providing interrupt processing as specified by the AM
Thus, as a goal, modules shall be designed to be executed

author.
The executive shall access modules

“at a 60 millisecond interval.
by executing a JST to a specified entry point and the module
shall return control to the executive through a JMP* on the entry
point. The executive will sequence input and output activities
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) EXECUTIVE
UPLINK DOWNLINK

DATA INTERRUPT ; DATA
PROCESSING ;

SYSTEM DISCRETES

INTERRUPTS | | pROGRAM SYSTEM
‘ SEQUENCE STATUS AND
ENGAGE

SENSOR - ) SERVO
DATA & INPUT INPUT ouTPUT ouTPUT COMMANDS &

DISCRETES | PROCESSOR 2:}2 . ggé\ PROCESSOR ~cocupir
‘ ; DISPLAY

- -—— HOST PROGRAM -—— =1

e

BOM ENGINE
CONTROL
MODULE : -

BOM INLET
CONTROL
MODULE

=——— RESEARCH ICP -

ADDITIONAL |
APPLICATION
MODULES

Figure 4.0-1. PROFIT Software Functional Configuration
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as indicated in Figure 4.1-1. Application module requirements for
specific locations within this sequence, data not available in
the data base, or for execution at rates other than once per 60
msec shall be identified in the research module definition and as
early as possible in the research module design cycle.

The executive provides for sequential execution of control algo-
rithms and experiment software in the real time interrupt environ-
ment. The real time clock interrupt (PILO1) is used to produce a
“l : series of 5 millisecond long minor cycles, 12 of which constitute
E%i a major cycle corresponding to the basic control sample interval
of 60 msec.

4,1.17 Program Sequence

As shown in Figure 4.1-1, a number of program modules are required
to provide proper program sequencing. The major cycle executive
(MICE) sequences 60 msec processing as indicated in Figure 4.1-2.
The MJICE is entered from the minor cycle executive (MNCE) on
completion of minor cycle "one" minor cycle processing by stuffing 7
the PILO1 address with the MJCE entry point. The MJCE then f;
sequences through the indicated subroutines, Figure 4.1-2. r?
Processing is interrupted by repetitive asynchronous interrupts ;
from the data system and by the real time clock interrupt. Each

real time clock interrupt initiates execution of the minor cycle
executive, Paragraph 4.1.3.3. ’BeCause the MNCE requires substan-
tial execution time critical parameters (A, B, X &'Keys) are
saved for eventual return and interrupts are enabled to permit
data interrupts to be honored during MNCE execution. A1l MNCE
returns pass through the real time clock interrupt routine to
restore A, B, X and Keys and return to the main program.

4.1.7.1 Minor Cycle Execution Sequencé

As shown “in ngure,4.1-3,‘the,minorVCyc1e counter (EMCC) is ‘
incremented and EMCC is compared to 13. EMCC > 137g implies that e
the previous major cycle was not completed and hence results in

12
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Figure 4.1-1. PROFIT Executive Configuration
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( ENTER )

MODE
SELECT &
ENGAGE
LOGIC

INLET
CONTROL

BOM GAS
GENERATOR
CONTROL

BOM
A/8 FUEL
FLOW CONTROL

DCU
SELF
TEST

.
—
—p-

e o
po

APPLICATION
MODULES

WAIT

NO

YES
EMCC = 12

SENSOR
CALIBRATION

RESET MINOR

CYCLE COUNTER

WAIT

Figure 4.1-2. Major Cycle Executive Sequence
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AN INCREMENT MINOR TS

‘ CYCLE COUNTER E 1

| b

i , o

"o > .| AUTOMATIC P

L POWER OFF P

2 ) 3 g
-
1 et
& SET DMA
’ RANGE/ADDRESS i

WFG1,2
N11,2

N2 1,2
RCVVPY, P2
PAROS 1-8

START DMA

WAIT COMPUTE N2
COMPUTE RCVV CMD
OUTPUT RCVV CMD

A= WFGI -~ WFG2

ACCUMLATE
N1, N2

\

START N1, N2 s
CONV R

CONTINUED ON NEXT PAGE -

Figure 4.1-3. Minor Cycle Executive Logic

15




¢ T

e £ T P R T
s ey o

At M i
'zﬂ’

B L

e g i 2 gy s

o R P ML Y AR 15 7

i IDENTIFY 6, 12

T T AR ST g

¥ Al ' -i \ B v .i\
i ;' ¥ ‘ +

\emmet e

SET RTC
INTERRUPT
RETURN TO
POINT TO MIGE

iy e s, gy e i

o

MINQR

CYCLE

SET OMA BANGE/
ADDRESS FOR
REMAINING 24ADCH

342
9 10| &
81 |7

e i ot |

L B

START
G/C DMA
TRANSEER

heallpossc: . 25 e 3

P om0 b s T T R

SET DMA TO INPUT
S AND START DMA

x

ACCUMULATE RAW
| PARQS DATA

START PAROS CONV

e L .h..u,\x:‘» T

FEITE SRITT ST e S AT e

PROGESS & AND
TRANSFER TO IDB

m:n;’_»{ Bk el e

UPDATE FIRSY RAI\T;

COMMAND QUTPUT

B ot

=38

o2 i e T T

2 EMED
\* 5, 11

SET DMA RANGE
ADDRESS FOR FIRST
40 A/D CONV,

* PeTTe < g

Figure &.1-3 Qontinued

18

R R T WS O

YU e B 45

TRANSFEB RAW
ANALOG RATATOD
ACGUMULA‘I E

\

[é’n*anr

oo i i e

CALIBRATE
AGCUMULATED
DATA &
TRANSFER TO
g

o
opimern?”




o o * . b R B . & S F R . S S e & i G, Bt il
a2 SRR ."&&Jt % B g*:? RS TR \ }3‘, i . t v i 0 S
H : ¥ ¢ N . R . N
£ . s

e - N . - 5 - i3
SRR ST S

2 R

system disengagement and power down. Processing common to all

minor cycles follows. The DMA system is activated to input all
digital data. A delay of 5 microseconds is provided to permit the
redundant fuel flow data to be transferred to the raw data locations.
Fuel flow failure checks are performed while the remainder of the
digital data are transferred. Tachometer data are then validity
checked and accumulated for eventual inclusion in the input data
base, An unfiltered N2 value is also calculated and the minor

gycle RGVV update subroutine (UFC block diagram 2.1.4A) is executed.
Finally the N1 and N2 converters are reset so that new data will be
available on the next minor cycle.

T T T T s U R SN~ AT ¥ s Y o

The minor cycle 1s again identifed and processing unique to particu-
Tar minor cycles, see timing diagram, Figuve 4.1-4, is executed.

Minor cycle 1 resets the interrypt return pointer to restart the
major cycle,

o Minor cycles 2, 5§, 8, and 11 are all used to process PAROS trans-

§ i v ducer data and perform limited inlet control functions. The DMA is
- set to fetch angle of attack data prior to processing Paros data
input during the comwmon sequence of the MNCE., Note that PARQS data
input during the other winor cycles arve invalid since the converter

2N | data are only valid after the conversion is complete.

ol After completing PAROS conversion a is converted from raw data to
E_‘%’ o engineering units and transferred to the input data base. The
N first ramp command is then updated based on the new o« and output to
éﬂ - the first rawp servo. |

:\ffg During minav cycles 5 and 11, the first portion (40 channels) of

the A/D DMA data transfer also is initiated.

Minor cycles 6 and 12 complete the A/D DMA data transfer. The

remainder of minor cycle 12 is committed to calibrating all data
and transferring it to the Ynput Data Base (1DB).
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Figure 4.14. Real Time Executive Sequence
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A/D data transferred to locations 400-477 (raw data buffer)

i~ 1 during minor cycles 5 and 6 is transferred to an accumulator
ii' 3 : during minor cycle 7 to be averaged with minor cycle 11 and 12
‘ data during minor cycle 12. The various data accumulation
processes described above are provided to prevent potential %
aliasing problems.

e et

Minor cycles 4 and 10 are used to transfer central computer bus 4
data from the I/F buffer memory to the 601 core (loc 500-560). [
Since these data are already in scaled engineering units, no :
further action is taken on them by the executive.

A

4.1.2 Status and Engage Logic (SEL)

Figure 4.1-5a depicts the basic functions of the SEL. Failure
words generated in various elements of the ICP, primarily the
Input Processor, and stored in the Failure Mode Data Base portion
of the IDB are decoded by the SEL to generate status information
for display on the Caution Light Panel. If a system anomaly is
detected the SEL identifies it as Level I requiring pilot communi-
cation and perhaps change of data source to input data base (IDB) f{
1j i or modification of a control mode, as Level II requiring disengage- ;ﬁ;é
i 5 ment of affected controllers, or as Level III requiring system

| ‘ ' automatic shutdown. Note that Figure 4.1-5a shows a single set
of actions, but that in réa]ity’a separate set of decisions will
L b generally be made for each research module.

by 1 For each controller a set of "Track" criteria are established
which must be satisfied prior to controller engagement. To
‘prevent accidental engages these criteria must be met for a
significant number of major cycles prior to engagement. The
track mode flags are used to control this de]ay and thus require :
resetting in various failure pa%hs. Mode engagement is controlled Ly

k'by the mixture of software and hardware sketched in Figure 1
4.1-5b. Note that successful tracking, a pilot engage request

19
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<>

YES

NO MQODE TRACK

CRITERIA
SATISFIED?

Y

) Es YES
TR. TIMER NO
oK j

{ YES
RESET TRACK TRANSFER ENGAGE
MODE FLAGS ENABLE BITS TO ODB
I
ENGAG g
ENABLE BITS

TRANSFER SENSOR
SUBSTITUTION
FLAGS TO ODB

RESET TRACK
MODE FLAGS IF
APPROPRIATE

A

XFER DISENGAGE] ]
BITS TOODB )

“AND’* ENGAGE REQ.
8ITS FROM 108 WITH
ENGAGE ENABLES TO
CREATE “SOFTWARE
ENGAGE" AND XFER

TOOQDB .

(RETURE

RESET TRACK
MODE FLAGS

Figure 4.1-5a, Status and Engage Logic (Software)
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PILOT ENGAGE REQUEST (PER)

|
Y

INPUT DISCRETES (IFU)

:

INPUT PROCESSOR

INPUT )
DATA
BASE

EXSEL

ENGAGE
ENABLES

N

EFFECTOR

T

SOFTWARE ENGAGE

QUTPUT
DATA:
BASE

1

OUTPUT |
PROCESSOR

OuUTPUT

DISCRETE

PER(HARDWARE)

STATUS AND ENGAGE

LOGIC (IFU HARDWARE)

BT —
MASTER —

~ DISENGAGE

[T +28SW GOES OFF WHEN DPCU TURNED OFF.
RELAY SHOWN SCHEMATICALLY MAY BE
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" Figure 4.1-5b. Status and En

Logic Hardwere

Software Crgenization
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through both hardware and software, and a "BIT" test okay are t7 9
required to permit or maintain mode engagement.

4.1.3 Interrupts

Table 4.1-1 1ists in order of priority the interrupts used in the

PROFIT. The following paragraphs discuss the processing performed |
in response to each interrupt. '

4.1.3.1 DCU Power Failure Interrupt

The power failure interrupt (PFI) subroutine provides the response
to the IFU power failure interrupt and the DCY power failure

interrupt. A flow chart of the PFI subroutine is shown in Figure
4.1-6.

The PFI subroutine is entered only by the normal interrupt sequences
generated by the DCU power failure interrupt (PFIQ) or by the IFU
power failure interrupt (PIL0O60).

. ,.»;srg
e

AT
Y

The auto-power off command is transmitted directly to the IFU via
output of the value 177777 (octal) as DISO1. That output is
followed by execution of a computer halt instruction to prevent

subsequent interrupts from interfering with the orderly shut-down
of the DPCU.

4.1.3.2 DCU Power Recovery Interrupt

The power recovery interrupt (PRI) subroutine provides the response
to the DCU power recovery interrupt. A flow chart of the PRI
subroutine is shown in Figure 471-7.

The PRI subroutine is entered only by the normal interrupt sequence
generated by the power recovery interrupt (PRIO).

22
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TABLE 4.1-1

B

PRIORITY INTERRUPT ASSIGNMENTS "i
CORE LOCATION | CORE LOCATION OF i:i
OF INT. POINTER NOMENCLATURE DESCRIPTION INTRUP PROC. ROUTINE _
60 s PHRF DCU POWER FAILURE : | | &
61 o PERTC EXTERNAL REAL TIME cLock [> p
62 PWRR ~ - DCU POWER RECOVERY gég
63 : PILOO STANDARD INTERRUPT > o
64 PILOY IFU REAL TIME CLOCK ¢
65 PILO2 e
66 PILO3 2
P 67 PILO4 o
Al 70 PILOS -
, ~ 71 PILO6 IFU POWER FAILURE ¥
T?L' “ 72 PILOY CENTRAL COMPUTER BUS FAILURE e
L 73 PILO8 RECORDER WORD SYNCH INTERRUPT e
ol 74 PILO9 RECORDER DATA REQUEST INTERRUPT L
m 75 PIL10 UPLINK DATA WORD INTERRUPT 5y
] 76 PILT UPLINK SYNCH WORD INTERRUPT o
: H 77 PIL12 BUZZ . i
Y 100 PIL13 A/B ZONE FILL COMPLETE INTERRGYT
}? 101 PIL1S DMA
i 102 PILIS INPUT BUS
‘Ij 103 PIL16
o
’Lj [I> NOT USED BY PROFIT REAL TIME SYSTEM
|
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: g"' TABLE 4.1-1 (Cont.)
f[ihm; P INTERRUPT MAXIMUM ALLOWABLE TIME TO INDICATED ACTION
i ' DCU PWR FAIL 100 psec OF EXECUTION IS AVAILABLE
‘ F*” EXT R.T. CLCK NOT USED
o DCU PWR REC NO MAXIMUM DEFINED
| STD. INT. NOT USED
B S IFU R.T. CLCK ALL PROCESSING MUST BE COMPLETED PRIOR TO NEXT RTCI
‘ IFU PWR FAIL 1. MILLISEC. (MAY BE REVISED BASED ON FMEA)
CC BUS FAILURE 5. MILLISEC. (HARDWARE STOPS DATA TRANSFER TO BUFFER
R INTERRUPT RESPONSE REQMT. IS FMEA DEPENDENT) !
REC. W. SYNCH 186.5 usec . -
o REC. D. REQ. 686. usec P
S , - UPLK. D.W. 2.5 MILLISEC b
1 | UPLK. F. SYNCH 2.5 MILLISEC -
§ : BUZZ 5.0 MILLISEC 1
' DMA NO REQUIREMENT DEFINED f
| o INPUT BUS NO REQUIREMENT DEFINED ;5
:,M“_ FILL 2.5 MILLISEC B
S $
. b
| 1
; q §
1 fkéi
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Figure 4.1-6. Power Failure inwrrupt Processing
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INITIALIZATION :
PER TABLE 4.1-2 [

| SET PRIORITY INT
. MASK (MSK 1)
S | AND ENABLE
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(WAIT)

Figure 4.1-7.  Power Recovery Interrupt.Processing
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The IFU power 0K sense line is tested. Further processing is not
accomplished until that sense line indicates restoration of power
within the IFU., Next, all CPCEI data parameters which require
initialization to commence operation in the TRACK mode are initial-

ized. The identification of those parameters and their initial
value are shown in Table 4.1-2. Following that initialization,
the priority interrupt mask is set to accept all CPCEI-defined
interrupts and the interrupts are enabled. A wait state is
entered to await the arrival of the IFU real time c1ock'interrupt.
Initialization is such that the first IFU real time clock inter-
rupt denotes the beginning of the first minor cycle (5 msec
interval) of a major cycle (60 msec interval).

4.71.3.3 Real Time Clock Interrupt

The real time clock interrupt (RTCI) subroutine provides the
response to the real time clock interrupt (PILO1), Figure 4.1-8,
The RTCI subroutine is only entered through the normal intekrupt
sequence generated by the PILO1 interrupt.

The routine saves the keys and the A, B and X registers, again
using double storage for the A. The interrupts are enabled and
the routine exits to the minor cycle executive, MNCE (paragraph
4.1.1). Following completion of the MNCE, the registers are
restored, the keys output and interrupts enabled.

~ 4.1.3.4 IFU Power Failure Interrupt

The response to the IFU power failure interrupt is to enter the
Power Failure Interrupt (PFI) subroutine, Paragraph 4.1.3.1

above.
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TABLE 4.1-2
INITIALIZATION DATA BASE (ITDB)
CORE , NOMENCLATURE DESCRIPTION
LOCATION
DELA EEC NOZZLE TRIM
o DELP EEC PLA TRIM
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PLAM MINIMUM PLAP
FURTHER VARIABLES WILL BE ADDED AS IDENTIFIED.
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* 5N _ INPUT KEYS TO A
i
|
!
\
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1 SET SINGLE ' ‘ E

4 PRECISION -

! SAVE KEYS |

] SAVE B BE

1 SAVE INDEX | 5

X

N | ENABLE INTERRUPTS
NE N 1

: 1 MWCNT = -15 4o

- . MNCE

RESTORE X

N , RESTORE 4, B
‘
L. ‘ , OUTPUT KEYS
3 ; ' L

N | | Y

";.fw S o ' : [EMABLE INTERRUPTS

L ’ , RESTORE A

)

Figure 4.1-8. -~ Minor Cycle Executive (Real Time Clock Interrupt)
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4.1.3.5 Central Computer‘Bus Failure Interrupt

The central computer bus failure interrupt (CCBFI) subroutine
provides the response to the central computer bus failure inter-
rupt. The CCBFI subroutine, see flow chart Figure 4.1-9, is ‘
entered only by the normal interrupt sequence generated by the
bus failure interrupt (PILO70).

After saving the accumulator the routine sets the bus failed flag
(BSFF) which disables CC bus data transfers in the major cycle
and depending on control configuration can be used to disengage
any or all control modes during the major cycle. Alternatively
an immediate mode disengage may be implemented in this routine if
required. After processing the accumulator is restored and
interrupts are enabled.

4.1.3.6 Recorder Word Synch Interrupt

The recorder word synch interrupt (RWSI) subroutine provides the
response to the recorder word synch interrupt. A flow chart of
the RWSI subroutine is shown in Figure 4.1-10. The subroutine is
only entered as a result of the normal interrupt sequence gener-
ated by the PIL 08 intervupt. The accumulator is saved, again
two locations must be provided, and the excessive data counter is
checked as in RDRI. Since only one in ten frame synch requests
actually require output of a frame synch word, the word pointer
is checked to establish if a frame is complete. If it is the
frame synch word is output and the word pointer is reset. In
either case the subroutine exiqﬁ.restoring A and enabling
interrupts. i '

4.1.3.7 Recorder Data Request Interrupt

'The‘recorder data request intérrupt (RDRI) subroutine Provides
the response to the recorder data request interrupt. The RDRI

' subrbutine,vsee flow chart Figure 4.1-11, is entered only by the
normal interrupt sequenCe generated by the recorder data request
interrupt (PILOQO).
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Figure 4.1-S, Central Computer Bus Failure Interrupt
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SAVE A

!

MWCNT = MWCNT + 1.

OUTPUT FRAME
SYNCH WORD.

l

WRDPR =0

[

RESTORE A ENABLE
INTERRUPTS

NOMENCLATURE - - SEE FIGURE 4.1-11

Fiyurq 4.1 -10. Recorder Word Synch Processing
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WPDPR DATA WORD POINTER POINTS TO LINK
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; IN TABLE 4.1-2.
DAT DATA TO BE OUTPUT
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L ’ Figure 4.1-11. Recorder Data Word Processing
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The RDRI subroutine saves the accumulator and index register for
eventual restoration. The machine may be in double precision
mode when it enters the routine, hence double storage is requiréd
to save the accumulator. The index register is set to point to
the indirect address of the data to be input this pass and the
data is brought into the accumulator. Ncte that the word pointer
(WRDPR) is reset in the frame synch subroutine (RWSI). After the
data item is output the word pointer is incremented.

The anticipated rate of data and frame synch interrupts is shown
in Figure 4.1-12. If this rate is exceeded, which indicates a
failure of the recorder system, excessive processing time is
spent in the RDRI and RWSI. To prevent this a counter (MWCNT) is
preset to negative 1575 in the real time clock interrupt routine
(RTCI). Both RDRI and RWSI subroutines increment this counter
and compare it to zero. A zero value indicates excessive inter-
rupts. This condition is flagged, communicated to the pilot, and
the data and frame synch interrupts are inhibited by clearing the
appropriate mask bits. Upon completion of processing the A and X
are restored, interrupts are enabled and a return is executed.

4.1.3.8 Uplink Data Interrupt

The uplink data interrupt (UDI) subroutine provides the response

to the uplink data interrupt. The UDI subroutine, see flow chart
Figure 4.1-13, is entered only by the normal interrupt sequence

generated by the uplink data interrupt (PIL100).

The accumulator and index register are saved, using double stokage
for A. Because recorder interrupts must be honored within .186

“msecs and uplink interrupts need only be honored within 2,5 _
msecs, see timing diagram Figure 4.1-14, and the uplink interrupt -
proceSsing will exceed .186 msecs, interrupts must immediately be

enabled. However, real time clock/minor cycle executive proces-

~sing is potentially lengthy so it must be delayed until uplink
vprocessing is complete. The mask is manipulated in both the
“uplink data and frame synch routines to achieve this. '
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SFCTR=-4
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}

SFCTR =SFCTR +1

MEPTR = X"

!

RESTORE A", "X,
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Figure 4.1-13 Uplink Data Interrupt
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The index register is loaded with a pointer (MFPTR) which vectors
the data in the main frame buffer and the subframe counter is set
to -4. The routine then cycles four times through the subframe
lToop to input the four words available at the output of the
uplink interface unit. The main frame pointer is saved for the
next pass and A, X are restored, the mask is reset to enable the
real time clock interrupt and interrupts are enabled prior to
return from the subroutine.

4.1.3.9 Uplink Frame Synch Interrupt

The uplink frame synch interrupt {UFSI) subroutine provides the
response to the uplink frame synch interrupt. The UFSI subroutine,
see flow chart Figure 4.1-15, is entered only by the normal
interrupt sequence generated by the uplink frame synch interrupt
(PIL110).

The accumulator and index register are saved and the mask set to
inhibit real time clock interrupt as jin the UDI subroutine. The
"A" js then cleared and the checksum of the first 22 words in the
raw data buffer is computed as follows:

22
CSUM = 3 ULRD,
i=]

where: The additijon is 2's complement arithmetic
Overflows are ignored
CSUM is the checksum
ULRD; is the ith element of uplink raw data

Word 23 of the raw data is the same checksum computed by the
ground station prior to data transmission. It is compared to
CSUM. If the two agree,'the'data are transferred to the CIDB. If
not, a flag is set and the old data (last valid data) remain in
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the CIDB. Further action may then be taken dependent on the
system configuration. For example, disengaging DPCU from CAS if
the uplink is being used for trajectory control. Initially no use
other than perhaps data display is identified hence no action
beyond setting a flag is required. The main frame pointer is
reset to initialize the UDI for the next frame of data and the
subroutine is exited similarly to the UDI routine.

4.1.3.10 Buzz Interrupt

The buzz interrupt (BZZI) subroutine provides the response to the
buzz interrupt. The routine is only entered through the normal
interrupt sequence generated by PIL120. The BZZI subroutine saves
the A register double precision and the keys and then sets a flag
BZZF which 1lights the cockpit buzz indicator via the IFU and the
output processor. BZZF is cleared when the buzz Tevel falls below
a threshold as identified in inlet major cycle processing.

4.1.3.117 Fill Interrupt

The fill interrupt (FILI) subroutine provides the response to the
fi1l interrupt. The FILI subroutine, see flow chart Figure
4.1-16, is entered only by the normal interrupt sequence generated
by the fill interrupt (PIL130).

4.1.3.12 DMA Interrupt

A DMA interrupt is provided in the hardware to indicate completion
of DMA data transfer. Interrupt currently is masked out.

4.1.3.13 Input Bus Interrupt
Ah INA interrupt is provided in the hardware to indicate data

ready from a previously addressed peripherial. Interrupt is
currently masked out.
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Figure 4.1-16. Fill Interrupt Processing
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4.2 HOST PROGRAM DATA BASE

The Host Program data base structure and data flow is depicted iin
Figure 4.2-1. Host Program control of the ICP is achieved pri-
marily through restrictions on data base intercommunications
designed to prevent invalid or extraneous data from entering
applications modules or being output to the IFU. To this end all
data enters applications modules from either the calibrated input
data base or the executive data base and exits through the output
data base. The Host Program then exercises control over the
interface to the outside world by failure checking data entering
or leaving the respective data bases. The following paragraphs
describe the various data bases. For user convenience sector O
allocation is documented in Figure 4.2-2.

4.2.1 Input'Data Base

-The input data base is composed of the raw DMA input data base

(Table 4.2-1), the raw uplink data base (Table 4.2-3), and the g
calibrated input data base (Table 4.2-4). Figure 4.2-3 indicates :
the input data base subsets. ?
A11 data entering the raw input data base are transferred from the ;

- outside world through the IFU under Host Program control. The raw €
input data base is accessed only by the HP data validation, cali- \
bration, and transfer module, and the fill interrupt routine. Data 3
enters the calibrated input data base only from the data valida- E
tion, calibration, and transfer module. The calibrated input data , %
base may be accessed by all other program modules.

4.2.2 Output Data

The output data base is composed of the calibrated control output
data base, the formatted output data base, and the analysis data ¥

base.
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0 Index
1-17 Boutatrap
| : 20-56 System Bootstrap
100 ‘ 60-103 Priority Interrupt Transfer Addresses
104-220 Common Constants
* 3 '!
200 / -
221-254 Seratch Pad ' 5
.:%
£55-277 -Output Data Base -
- ‘ 5
300-377 Calibrated Input Data Base (Analog) 3
400 4
400-477 Raw Analog Data Ny
LL Spares are 436,474,476 s
. HL Spares are 433,435,457,467, -
: 471, 493,475,477 AN
500 & - 7173873, i
500-530 Raw Direct Digital Data 1
30 - Reserved for Additional Raw
530 5Q?'Diractbigital Data
6 { 550~877 Conditioned Uplink Data
QO p . :
600~-630 Conditioned Direct Digital Data :
16l |Reserved for additional Conditioned =
01-047I pirect Digltal Data o
| 650-677 Scratch Pad ;
700 e
00-757 Central Computer Bus Raw Data b
. 760-777 Seratch Pad ~i:
79 7 777 Seratch Pa .
3},
~ Figure 4.2:2. Sector 0 Location Allocation ;
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RAW DMA INPUT DATA BASE

e ANALOG INPUTS (LOC. 400477)

* RESERVED FOR ADDITIONAL

e DIRECT DIGITAL INPUTS {LOC. 500-530)

DIRECT DIGITAL INPUTS (LOC. 530-547)

RAW UPLINK DATA BASE

¢ UPLINK DATA (LOC NOT YET
SELECTED NOT IN SECTOR 0)

CALIBRATED INPUT DATA BASE

L J

ANALOG INPUTS IVLOC. 300- 377)
CONDITIONED UPLINK (LOC. 550-577)
CONDITIONED DIRECT DIGITAL {LOC. 600-630)
RESERVED FOR ADDITIONAL ODNDITIONED
DIRECT DIGITAL DATA {LOC.831-647}

CENTRAL COMPUTER BUS DATA,
UNBUFFERED (LOC 700-757)

©

Figure 4.2-3. Input Data Base Structure
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TABLE 4.2-1
, RAW INPUT DATA BASE
CORE [P
LOCATION DATA SIGNAL  DESCRIPTION UNITS CALE SENSITIVITY
~ (OCTAL)  TYPE NAME FACTOR  ENG. UNITS/COUNT

400 LLA AD1G LLA GRD. REF. COUNTS B11 FINAL XDUCER SELECTION B -

401 HLA AD26 HLA GRD. REF. ' NOT COMPLETE : ,1

402 LLA RT2CA T2 COLD STREAM A R

403 HLA EXIM5Y  -5VDC SENSOR EXC. EXI : _,EE
: 404 LLA RT25CA  T2.5 COLD STREAM A -
; 405 HLA EXIPSY  +5V0C SENSOR EXC. EX1 L
P 406 LLA RT3A T3 A : i
! 407 HLA TIFUPSV  +5YDC IFU LOGIC SUPPLY i
f 410 LLA RT45A FAN TURBINE INLET TEMP A o
! - 417 HLA RUTIL1  C'PIT UTILITY POT #1 = i P
g 7 412 LLA RT6A T6 A e
f 413 HLA RUTILZ  C'PIT UTILITY POT #2 ’
3 414 LLA RP25 P25 2

415 HLA EX2ZATK 1 Kh, EXCITATION EX2 -

416 LLA ADZREF  HLA REFERENCE VOLTAGE

417 HLA ADIREF.  LLA REFERENCE YOLTAGE

420 LLA RP3 P3 o

421 HLA IFUPI5V ~ +15 VDC IFU ANALOG SUPPLY

422 LLA RP6M PEM e i H v

[> Low LEVEL ADC GAIN IS HIGH 14.6mV/COUNT

HIGH LEVEL ADC GAIN IS .0025 VDC/COUNT
SOME INPUTS ARE MODIFIED TO BRING THEM WITHIN A/D INPUT

RANGES (LL = +30 mV., HL = 45.0 v¥DC)

BT S R T VI AP T TS TR Do b 2l 3 | i ialte 3
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CORE

LOCATION DATA

(OCTAL)h

423
424
425
426
827
430
431
432
433
434
435
435
437
440
441
442
443
444
a4s
446
447

TYPE

HLA
LLA

‘HLA

LLA

. HLA
LLA
 HLA
LLA

HLA
LLA
HLA
LLP
HLA
LLA
HLA
LLA
HLA

“LLA

HLA
LLA
HLA

SIGNAL

NAME

IFMISY
RPD13

EX439K .

kPF2
RUTIL3
RPF4
RUTIL4
RPFA4
RBUZZ
RPFAS
RTURB

EXS5PoV
RT2CB

RT25CB

RT3 B
RRHO
RT45B
RDEL3

TABLE 4.2-1 (Cont.)
RAW INPUT DATA.BASE

DESCRIPTION

-15VDC IFU ANALOG SUPPLY
P13 - PS13
RESOLVER EXC. 3.9xnz/9v

MAIN FUEL PUMP DISC. PRES.

C'PIT. UTILITY POT #3
MAIN CONTROL DISC. PRES.
C'PIT UTILITY POT #4
AUG. CTRL. DISC. PRES.

AUG. CTRL. DISC. PRES.
+9VDC PAROS EXC. EXS
T2 COLD STREAM B

72.5 COLD STREAM B
38

FIRST RAMP ANGLE

FTIT B
3RD RAMP ANGLE

UNITS

COUNTS

SCALE
FACTOR

811

SENSITIVITY
ENG. UNITS/COUNT

FINAL TRANSDUCER
NOT COMPLETE
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= TABLE 4.2-1 (Cont.)
: RAW INPUT DATA BASE
3 CORE '
£ LOCATION DATA SIGNAL  DESCRIPTION UNITS SCALE SENSITIVITY
- (OCTAL)  TYPE NAME FACTOR  ENG. UNITS/COUNT
: g , 450 LLA RT6B T68 FINAL TRANSDYCER
: ' 451 HLA RTO AMBIENT TOTAL TEMPERATURE COUNTS 811 SELECTION NOT
' | 452 LLA RP25 P25 COMPLETE
453 HLA RTRIM3  C'PIT TRIM POT #3 ~
454 LLA RPSB BURNER PRESSURE
455 HLA RALPHA  AIRCRAFT ANGLE OF ATTACK
456  LLA RP13 P13
457 HLA RRUMBL  RUMBLE
460 LLA RPS13 PS13
3 461 HLA RTRIM4 C'PIT TRIM POT #4
462 LLA  RPFIA AUG. FUEL PUMP DISC PRES.
) 463 HLA RCBLOP  CUSTOMER BLEED POS
464 LLA RPFI MAIN PUMP INTERSTAGE PRES.
465 HLA RAJPOS  ACTUAL NOZZLE POSITION
466 LLA RPF4AT ~ AUG. CTRL. DISC. PRES.
467 HLA RTRIMT  COCKPIT TRIM POT #1
470 LLA RPF4A2  AUG. CTRL. DISC. PRES.
471 HLA RTRIM2  COCKPIT TRIM POT #2
472 LLA RPF4A3  AUG. CTRL. DISC. PRES.
473 HLA - SPARE
474 LLA - SPARE
475  HLA - SPARE $ ! ¢
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, TABLE 4.2-1 (Cont.) e
] RAW INPUT DATA BASE — 5
CORE | T
LOCATION DATA SIGNAL  DESCRIPTION UNITS SCALE  SENSITIVITY .
(OCTAL)  TYPE NAME FACTOR  ENG. UNITS/COUNT f:
: N—
476 LLA SPARE 25
477 HLA SPARE y"fﬁ
500 RTD RWFG1 FUEL FLOW RESOLVER #1 COUNTS  BIT FINAL TRANSDUCER -
501 RTD RWFG2 FUEL FLOW RESOLVER #2 B11 SELECTION NOT L3y
502 RFD-T RNITT N1 TACH TOOTH COUNT #1 B15 COMPLETE .
503 RFD-T RN12T N1 TACH TOOTH COUNT #2 Lo
e
504  RFD-T RN21T N2 TACH TOOTH COUNT #1 o
505  RFD-T RN22T N2 TACH TOOTH COUNT #2 ot
506  RFD-T RN11C N1 TACH CTLOCK COUNT #1 P
i I 507  RFD-T RNi2C N1 TACH CLOCK COUNT #2 Ny
iy 510 RFD-T RN21C N2 TACH CLOCK COUNT #1 —c
‘ 511 RFD-T RN22C N2 TACH CLOCK COUNT #2 L
512 FD-P RPI INLET THROAT TOTAL PRESSURE B15 C
3 513 RTD RDCVV1 ~ RCVV POSITION #1 B11 e
g 514 FD-P RPSI INLET THROAT STATIC PRESSURE B15
il 515 RTD RRCVV2 ~ RCVV POSITION #2 B11 o
L 516 FD-P RPO AMBIENT TOTAL PRESSURE B1S Lo
‘ 517 RTD RSSV SEGMENT AND SEQUENCE VALVE PDS. B11 T
: 520 © _FD-P RPSO AMBIENT STATIC PRESSURE B15 . b
é 521 RTD RWFCOR  A/B FUEL FLOW CORE (Z 1, 5) B11 P
i 522 FD-P RP2 FAN INLET TOTAL PRESSURE B15 FINAL TRANSDUCER N
| 523 RTD RWFDUC ~ A/B FUEL FLOW DUCT (Z 2, ¥, 4) B11 SELECTION NOT Lo
1 524 FD-P RPS2 FAN INLET STATIC PRESSURE COUNTS  B1S COMPLETE .
b P 4
i e
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CORE
LOCATION DATA
(0CTAL)

525
526
527
530
531
532
533
534
535
536
537
540
541
542
543
544
545
546
547

TABLE 4.2-1 (Cont.)
RAW INPUT DATA BASE

DESCRIPTION UNITS

- POWER LEVER ANGLE COUNTS

AJ POSITION REQUEST
CIVV POSITION

INPUT DISCRETE REGISTER [
SPARE RESERVED FOR
ADDITIONAL SIGNALS

¢

550
551
552

B> see TABLE 4.2-2

- THIS AREA USED

BY CALIBRATED

INPUT OATA BASE COUNTS

SCALE
FACTOR

8N
B11
B11
N/A

SENSITIVITY
ENG. UNITS/COUNT

FINAL TRANSDUCER

SELECTION NOT COMPLETE
!

i
L

?TVQN T00d 340
ST ddvg TYNIOINO

i

L

e
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TABLE 4.2-1 (Cont.)
RAW INPUT DATA BASE

‘ CORE _ _
i . LOCATION DATA SIGNAL DESCRIPTION UNITS SCALE SENSITIVITY
(OCTAL) ~ TYPE NAME FACTOR ENG. UNITS/COUNT

553 +
554 ’
555
556
557
560
: 561 THIS AREA USED
" ‘ 562 ' BY CALIBRATED
5 563 INPUT DATA BASE
564 | | r
565 1 ¥
567 '
570
571
572 B . » Y

08

574 - g

575 e
576 ‘ P

577 : v P
T

LTI

Sadiofi

s

- —j.%"*\

e e R s i B iabm ki el sdaianatid RV W a0 WIRRew VYL g ) wilde.a




TABLE 4.2-2
INPUT DISCRETE WORD
, ' NAME
BIT SOURCE SIGNAL ~ DESCRIPTION LOGICAL
; 1 (MSB) FUEL CTRL  RMODE ENGINE HMC OR ELEC. CONTROL IND. TRUE
* 2 FUEL CTRL RPTDGC ~ HMC PRES. OR TEMP. FAIL IND.. TRUE
b 3 FUEL CTRL REFILL  ZONE FILL COMPLETION IND. TRUE
1 4 ATRFRAME RIAR IDLE AREA RESET TRUE
: 5 . AIRFRAME RSQWS SQUAT SWITCH (WOW) TRUE
6
e 7
8
9
; 10
| "
i 12
: 13
3 14
- 15
16

RELATION

IMPLIES
IMPLIES
IMPLIES
IMPLIES
IMPLIES

ALFIVOD ¥00d d0

SL3D

P BT ST IR ATvT Ny




TABLE 4.2-3
RAW INPUT DATA BASE (UPLINK) .

CORE NOMENCLATURE DESCRIPTION
LOCATION

NOT YET , RUWO] NOT CURRENTLY USED
SELECTED RUWO2
RUWO3
RUWO4
RUWOS
RUWO6
RUWOT7
RUWOB
, RUWO9
B v RUW10 l
] / ‘ RUWT1 |
8 S ’ RUWT2
| ' RUWT3
S RUWT4
50 S R RUWT5
5 : . RUWIGE
I — RUW17
- o ¥ RUW1B
P ; RUW19
R TRt . i RUW20
08 s , } , RUW21 NOT CURRENTLY USED
e RUCLK UPLINK CLOCK SYNCHRGHIZER
RUCSM UPLINK CHECKSUM
RUFSK UPLINK FRAME SYNCH

—

{ :3 iiau?
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CORE

LOCATION
(OCTAL)

300
301
302
303
304
305
306
307
310
3
312
313
314
315
316
317
320
321
322
~323
324
325
326
327
330

NOMENCLATURE
AD16
AD2G

T2
EXTM5V
T25
EX1P5V
T3A
IFUPsY
T45A
uTILd
T6A
uTiL?
p25
EX2ATK
ADZ2REF
ADIREF
P3
IFUP15Y

P6

IFUMI5V
PD13
EX4A3.9K
PF2
UTTL3
PF4

TABLE 4.2-4
CALIBRATED INPUT DATA BASE (ANALOG)

DESCRIPTION
LLA GRD. REF.

HLA GRD. REF.

T2 SELECTED

-bVDC SENSOR EXC. EX]
T2.5 SELECTED

+5VD% SENSOR EXC. EX]
T3A

+5VDC IFU LOGIC SUPPLY
FAN TURBINE INLET TEMP SELECTED
C’PIT UTILITY POT #1

T6A

C'PIT UTILITY POT #2

P25

1 Khz EXCITATION E-2

HLA REFERENCE VOLTAGE
LLA REFERENCE VOLTAGE

P3

+15VDC IFU ANALOG SUPPLY
PeM

-15vDC IFU ANALOG SUPPLY
P13 ~ PS13

RESOLVER EXC. 3.9 Khz/9V
MAIN FUEL PUMP DISC. PRES.
C'PIT UTILITY POT #3
MAIN CONTROL DISC. PRES.

UNITS
VOLTS
VOLTS

DEG. F

VOLTS
DEG.
VOLTS

DEG, F

VOLTS

DEG. F

FRAC
DEG.
ERAC
P5IA
PSIA
VOLTS
VOLTS
PSIA
VOLTS
PSIA
VOLTS
PSIA
VOLTS
PSIA
FRAC
PSTA

SCALE
FACTOR

B0
BO
BY
B3
B10O
B3
B11
B3
B12
BO
B12

KIITVOD H00d du
ST #HVA TYNIOIIO
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CORE
LOCATION
(OCTAL)

331
332
333
334
335
336
337
340

341
342
343
344
345
346

347
350
351
352
353
354
355
356
357
360

TABLE 4.2-4 (Cont.)

CALIBRATED INPUT DATA BASE (ANALOG)

NOMENCLATURE ~ DESCRIPTION

NTRM
PFA4
BUZZ
PFAS
TURB

EX5P9V

- T2CB

T25C8.

738
X1

1458

xa
T68
10
P25
ARUT
PB
Aveua
P13
RUMBL
PS13

C'PIT UTILITY POT #4 (N2 GRD. TRIM)
AUG. CTRL. DISC. PRES.

BUZZ INDICATOR

AUG. CTRL. DISC. PRES.

TURB INDICATOR

SPARE

+9YDC PAROS EXC. EX5

T2 COLD STREAM B

SPARE

T25 COLD STREAM B

SPARE

T38B

FIRST RAMP ACTUATOR POSITION
FTIT B

3RD RAMP ACTUATOR POSITION
T6B '

AMBIENT TOTAL TEMPERATURE
P25 -
C'PIT TRIM POT #3 (A/B R/U GRD. TRM)
BURNER PRESSURE

AIRCRAFT ANGLE OF ATTACK

P13

RUMBLE

PS13

SCALE
UNITS FACTOR

RPM -

PSIA -
3

PSIA -
%

VOLTS B4

DEG. F B9

DEG. F -

DEG. F -
INCHES -
DEG. F -
INCHES -
DEG. F -
DEG. F -
PSIA -
RU -
PSIA -
DEG. F -
PSIA -

PSIA -
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TABLE 4.2-4 (Cont.)
CALIBRATED INPUT DATA BASE (ANALOG)
CORE
LOCATION SCALE
(OCTAL) ~ NOMENCLATURE  DESCRIPTICH : © UKITS FACTOR
A 367 FIRM C'PIT TRIM POT #4 (FTIT TRIM) DEG. F
. 362 PrIA AUG. FUEL PUMP DISC. PRES. PSIA
363 CBLODP CUSTOMER BLEED POS
364 PF1 MAIN PUMP INTERSTAGE PRES. PSIA
365  AJPOS ACTUAL NOZZLE POSITION PERCENT
. 366 PF4AT AUG. CTRL. DISC. PRES. PSIA
4 367 10TM  COCKPIT TRIM POT #] (IDLE GROUND TRIM) COUNTS
S , 370 PF4A2 AUG. CTRL. DISC. PRES. PSIA ;
108 371 INTM COCKPIT TRIM POT #2 (INTER. GROUND TRIM) DEG. {
i ¥ ' 372 PF4A3 AUG. CTRL. DISC. PRES. PSIA $
b 3 373 SPARE SPARE 3
374 _ !
375 3
376 | Y
377 SPARE SPARE 3

g1 @HVd TVNIOIHO

ALTIVOD W00d J0

s .
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é' TABLE 4.2-4 (Cont.)
i , CALIBRATED INPUT DATA BASE (UPLINK)
3 g B " CORE NOMENCLATURE ~ DESCRIPTION S '
' LOCATION _ :
‘ 550 UWol . NOT CURRENTLY USED
| 551 UW02 '
' 552 UWO03
553 UWo4
554 UWO5
5 _ . 555 UWO6
3 B 556 UWO7
4 557 UWO08
- 560 UWO9
B ; 561 UWI10
o ‘ 562 UW11
Q- 563 UW12
564 UW13
565 uW14
566 UW1S
567 UW16
570 UW17
571 UW18
. o ' 572 Uw19
L ' 573 UW20
574 UW21 NOT CURRENTLY USED
L , 575 UCLK  UPLINK CLOCK SYNCHRONIZER
P 576 UCSM ~ UPLINK CHECKSUM
g 577 UFSK - UPLINK FRAME SYNCH
- |
‘LW;:
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; TABLE 4.2-4 (Cont.)
[y CALIBRATED INPUT DATA BASE (DIRECT DIGITAL)
R CORE o
~ LOCATION ‘ SCALE
(OCTAL) ~ NOMENCLATURE  DESCRIPTION UNITS FACTOR
T 600 WFGT GAS GENERATOR FUEL FLOW #1 PPH B14
iy ' 601 WFG2 GAS GENERATOR FUEL FLOW #2 PPH B14-
I8 ' 602 N1 LOW ROTOR SPEED #1 (SELECTED) RPM 814
in i ' ' 603  N12 LOW ROTOR SPEED #2 ’ RPM B14
S ' 604 N2 HIGH ROTOR SPEED #1 (SELECTED) RPM B14
; V ' 605 N22 HIGH ROTOR SPEED #2 RPM B14
L 606 P1 INLET THROAT TOTAL PRESSURE PSIA
‘ 607 RCVVI RCVV POSITION #1 DEG
610 pPS1 - INLET THROAT STATIC PRESSURE PSTA
611 RCVV2 RCVV POSITION #2 . DEG
612 PO AMBIENT TOTAL PRESSURE ‘ PSIA
g 613 SSVP SEGMENT AND SEQUENCE VALVE POS. DEG.
g ' 614 PSD AMBIENT STATIC PRESSURE PSIA
1 615 WFCOR A/B FUEL FLOW CORE (Z 2, 3, 4) PPH
e 616 P2 FAN INLET TOTAL PRESSURE PSIA
617 WFDUC A/8 FUEL FLOW DUCT (Z T, 5) PPH
620 PS2 FAN INLET STATIC PRESSURE PSIA
621 CPLA POWER LEVER ANGLE DEG
A 622 AJPSR AJ POSITION REQUEST FT.2 B3
| ' 623 CIVVP CIW POSITION DEG
S ‘ 624 N2MC  MINOR CYCLE UPDATED N2 RPM
ki) 625 FILL A/B MAN. FILL SIG. (1- FILLED) DISCRETE LSB
b ’ - 626 FLIT FILL INTERRUPT FLAG (1- EVENT) DISCRETE LSB
B 627 1AR IDLE AREA RESET DISCRETE LSB
x 630 1cYe MINOR CYCLE CTR (FLIT) B15

A
M e
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TABLE 4.2-4 (Cont.) - §
CALIBRATED INPUT DATA BASE (DIRECT DIGITAL) b %
CORE v ~ S
.~ LOCATION. SCALE -k
; (OCTAL)  NOMENCLATURE  DESCRIPTION UNITS FACTOR ;
}» 631 SQWS. SQUAT SWITCH DISCRETE LSB . 1
3 632 : UNASSIGNED -~ : : b
633 ' ‘ UNASSIGNED Y
634 ' UNASSIGNED g
635 o UNASSIGNED S}
636 UNASSTGNED :

337 UNASSIGNED

640 ' UNASSIGNED

641 UNASSIGNED

642 - UNASSIGNED

n 643 , : UNASSIGNED

® 644 ~ UNASSIGNED

645 S UNASSTGNED
646 UNASSIGNED L
647 o ‘ UNASSTGNED g
: . t;”" : ‘;
-
LG
# S
i
bz
s T
- bt

iy
e
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CORE
LOCATION SIGNAL
(OCTAL) NAME

700 IASPDT
TTASPV

701 IAATKT
IAATKY

702 THHALT
703 TIASPO1
11ASPY

704 ILAOAD
ILAOAV

705 IMACHN
| IMCHNY
706 IPRRAT
IPRRTV

707 IATRDN
 IAIRDV

710 I1STAOD
‘ ISTAOV
711 IBCALT
712 TINSVL
O IATTVI
713 IBIALT
714 IPPLAT

TABLE 4.2-4 (Cont.)
CALIBRATED INPUT DATA BASE {CENTRAL COMPUTER)

DESCRIPTION

TRUE AIRSPEED

TRUE AIRSPEED VALIDITY (BIT 16)

TRUE ANGLE OF ATTACK

TRUE ANGLE OF ATTACK VALIDITY (BIT 16)
PRESSURE ALTITUDE + VALIDITY (BIT 16)
INDICATED AIRSPEED

INDICATED AIRSPEED VALIDITY BIT 16
LOCAL. ANGLE OF ATTACK

LOCAL AQA VALIDITY BIT 16

MACH NUMBER

. 'MACH NUMBER VALIDITY BIT 16

PRESSURE RATIO

"PRESSURE RATIO VALIDITY BIT 16

RELATIVE AIR DENSITY

RELATIVE AIR DENSITY VALIDITY BIT 16
OPTIMUM ANGLE OF ATTACK

OPTIMUM AOA VALIDITY BIT 16
BAROMETRIC CORRECTED PRESS. ALT

INS VALIDITY

INS ATTITUDE VALIDITY

INERTIAL ALTITUDE

PRESENT POSTITION LATITUDE

UNITS
KTS
LOGICAL
DEG
LOGICAL
FT.
KTS
KTS
SEMICIRCLE
LOGICAL
ND
LOGICAL
ND
LOGICAL
ND
LOGICAL
SEMICIRCLE
LOGICAL
FEET
LOGICAL
LOGICAL
FEET
CIRCLE

SCALE
FACTOR

B10

BO1

BOZ2

801

BO1

BO1l

B16
B0OO

SI DVd "TVNIDINO

XIrTvad 4004 40

it
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TABLE 4.2~4 (Cont.)
. CALIBRATED INPUT DATA BASE (CENTRAL COMPUTER)
“"CORE - ) '

LOCATION SIGNAL  SCALE
(OCTAL) - NAME DESCRIPTION ' UNITS FACTOR
715 IPPLAT 2 LSB'S IN BIT 1, 2 -
716 IPPLON ~ PRESENT POSITION LONGITUDE CIRCLE 8OO
717 IPPLON 2 LSB‘S IN BIT 1, 2
720 IPTCHI  PITCH N CIRCLE  BOO
721 IROLLI  ROLL - CIRCLE  BOO
722 ITUHDI  TRUE HEADING ~ CIRCLE  BOO
723 IVELNS  NORTH - SOUTH VELOCITY _ KTS B12
724 IVELEW . EAST - WEST VELOCITY KTS B12
725 IVELVT  VERTICAL VELOCITY ‘ KTS B11
726 IASCNS  NORTH - SOUTH ACCELERATION Fps? BO8
727 IACCEW  EAST - WEST ACCELERATION Fps? B08
730 - IACCVE  VERTICAL ACCELERATION - Fps? BOSY
731 IHSICS ~ COURSE SET ' CIRCLE  BOO
732 IHSIMS  HEADING SET ' CIRCLE  BOO
733 IRGTCN . TACAN DISTANCE NM
734 . IBRTCN  TACAN BEARING CIRCLE ~ BOO
735 IMSIXI  BIT 1 BEARING REL. ALARM LOGICAL
~ BIT 2 DISTANCE REL. ALARM
BIT 3 LOCALIZER REL. ALARM
BIT 4 GLIDESLOPE REL. ALARM . &
BIT 5 MIDDLE/OUTER MARKER ' LOGICAL : ) a;
. , i "
-
{ o
S
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TABLE 4.2-4 (Cont.)
‘ CALIBRATED INPUT DATA BASE (CENTRAL COMPUTER)
CORE '

LOCATION STGNAL : : SCALE
(OCTAL)  NAME DESCRIPTION  UNITS FACTOR
736~ ILSLVD  LOCALIZER DEVIATION ND 8OO
737 ILSGSD GLIDESLOPE DEVIATION ~ND _ BOO
740 CIPTCHA PITCH ANGLE (AHRS) ‘ CIRCLE BOO
741 IROLLA ROLL ANGLE (AHRS) CIRCLE BOO
742 IMAGHD - MAGNETIC HEADING (AHRS) CIKCLE BOO
743 . ,
744 MAGNETIC HEADING (AHRS)
745 RESERVED FOR
1 746 ‘ FURTHER C/C DATA
4 747
al - 750
- 751 0
752 -
753 &
754 . - s
b 755 | i
& 756 RESERVED FOR ; I
E 757 ‘ K FURTHER C/C DATA o
s o9 o
e =8 ..
§ % &
b e
i = & o)
b L vy SR
g S SO
Eag; I
2 5 B




Data are entered into the calibrated control output data base
(Table 4.2-5) from the applications modules and the Host Program.
Data are accessed from this data base by the output driver which
formats the data, and provides inhibit/enable functions, and
outputs the data to the IFU.

The formatted control output data base (Table 4.2-6). is created
by the output driver from the calibrated output data base in light
of data obtained from the status engage logic and the data

validation module. Thus, the data in this base incorporates failure
response and engage functions.

The analysis output data base is the set of variables accessed
from any desired location in core by the down link data interrupt
ventive. The data base menu is tabulated in Table 4.2-7. Further
data base menus may be defined as required for analysis purposes.
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| TABLE 4.2-5
CALIBRATED CONTROL OUTPUT DATA BASE
LOCATION VARIABLE DESCRIPTION UNITS SCALING ;
Xic FIRST RAMP POSITION CMD INCHES :
X4c 3RD RAMP POSITION CMD INCHES &y
i BPDI BYPASS DOOR T/M CMD MA ;.
¥ AJC NOZZLE AREA COMMAND SQ FT it
8 BLED START BLEED COMMAND . DISCRETE ;
- - CcIvCe CIVV COMMAND o DEG , -
3 16N A/B TGNITION COMMAND DISCRETE F
' 2 | 1GNM | MAIN BURNER IGNITION CMD DISCRETE L
RCVC COMMANDED RCVV POSITION DEG -
SSVC COMMANDED SSV POSITION DEG Pha
WFAD DUCT A/B FUEL FLOW CMD PPH L
£ WFC GAS GEN FUEL FLOW CMD PPH r
1 o WFCR CORE A/B FUEL FLOW CMD ‘ PPH -
b o : ETAC CAS NORMAL ACCEL CMD G o
i | PHDC CAS ROLL RATE CMD 0/SEC ]
j cPDIC COCKPIT DISP. #1 (AUTOTHROTTLE) DEG Sg -

cpo2c COCKPIT DISP. #2 % o 5

; CPD3C COCKPIT DISP. #3 % =

TE

ALITVADd
ST @ovq
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TABLE 4.2-6 ro
FORMATTED CONTROL OUTPUT DATA BASE L

_ VARIABLE DESCRIPTION SENSITIVITY
- X1¢ FIRST RAMP POSITION CMD S
- XyYC 3RD RAMP POSITION. CMD : ;;
;; BPDI BYPASS DOOR T/M CMD e
| AJC NOZZLE AREA COMMAND 5
| cIve CIVV COMMAND Y
RCVC COMMANDED RCVV POSITION Pt
| SSVC COMMANDED SSV POSITION b
- WFAD DUCT A/B FUEL FLOW CMD PE
] WFC GAS GEN FUEL FLOW CMD !
2 WFCR CORE A/B FUEL FLOW CMD C
ETAC CAS NORMAL ACCEL CMD P
I PHDC CAS ROLL RATE CMD i
4 BLED START BLEED COMMAND o
g; IGNM MAIN BURNER IGNITION CMD B
i TGN A/B IGNITION COMMAND T
i CPDIC COCKPIT DISP. 1 (AUTOTHROTTLE) o
. - cPD2C COCKPIT DISP. 2 f e
g CPD3C COCKPIT DISP. 3 o
| L
L
e
g = s
- - -
o " e o i YT I RS e s e i
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VARIABLE
WORD # ACCESSED

ALPA
BPDE
DEL3
PROC
PRBZ
PRS
PRT
10
X1
x4
XBP
AJC
cIve
DMOP
DN2

O N OB W - O

ol i ) D)
W N = O

TABLE 4.2-7
ANALYSIS DATA BASE MENU

DESCRIPTION

FRAME SYNCH

AIRCRAFT ANGLE GF ATTACK
BYPASS DOOR PRT ERROR

THIRD RAMP ANGLE CMD
FILTERED PRO

BUZZ PRESSURE RATIO
SUPERCRITICAL PRESSURE RATIO
THROAT PRESSURE RATIO
FREESTREAM TOTAL TEMP.

FIRST RAMP ACTUATOR POSITION
THIRD RAMPACTUATOR POSITION
BYPASS DOOR ACTUATOR POSITION
NOZZLE AREA CMD

CIVV CMD

MN COMMANDED MIN PLAP

N2 ERROR FOR AIRFLOW ADJ

UNITS
N/A
DEG

ND
INCHES
ND

ND

ND

ND
DEG. F
INCHES
INCHES
INCHES
F12
DEG.
ND

RPM

SCALE
FACTOR

N/A
NOT YET

NOT YET ESTAB.

. L . .,
i B et e e e
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TABLE 4.2-7 (Cont.) ’
ANALYSIS DATA BASE MENU b
VARIABLE , SCALE .
WORD #  ACCESSED DESCRIPTION UNITS FACTOR i
16 DN2E ATRFLOW ERROR FOR N2 BIAS PPS NOT YET ESTAB. SR
17 DN2U NZ UPMATCH RPM s
18 DPLU PLA UPMATCH DEG L
19 ERRR FTIT ERROR FOR N2 BIAS DEG. F D d
20 FTDS. DESIGN FTIT DEG. F -
21 FTLL COMPENSATED FTIT DEG. F L
22 NTRM N2 GROUND TRIM RPM b
5 23 N1 LOW ROTOR SPEED RPM b
> 24 N2 HIGH COMPRESSOR SPEED RPM P
‘25 PB BURNER PRESSURE PSIA Lo
26 PBLL COMPENSATED PB PSIA -
27 PLA POWER LEVER ANGLE DEG L
28 PLAP RATE LIMITED PLA DEG /SEC |
29 RCVC COMMANDED RCVV POSITION DEG b
30 SPLT CORE/TOTAL A/B FUEL FLOW FRAC. LY
31 T2LG FILTERED T2 DEG. F NOT YET ESTAB. Y
P
Yoy
LA
-
Is
Lo
o - P
i vy Ry ~ e
A . it S e - it S M




E . =34

i Ao ~ WORD #
= 32
5 D 33
(N - 34
& . 35
Sl 36
f_ o ) ) 37
4 38
o & 39
F‘“—*; 40
%;th 41
.l 42
R 43
N“; 44
P 45
‘ 46
47
48
a
50

VARIABLE
ACCESSED

T25¢C
WCDS
WFCR
WEAD
WFPO
WEPX
IASPDT
TAATKT
IHHALT
IASPO]
ILAOAD
MN
IMACHN
IBIALT
IPTCHI
IROLLI
ITUHDI
IVELNS
IVELEW

hd -
NS RS S

FECTGIT

oz

&

TABLE 4.2-7 (Cont.)
ANALYSIS DATA BASE MENU

DESCRIPTION
COMPENSATED T25

DESIRED CORRECTED AIRFLOW
CORE A/B FUEL FLOY CMD
DUET A/8 FUEL FLOW CMD
OPERATING LINE WF/Pb
ACCEL SCHEDULE WF/Pb
TRUE AIRSPEED + VALIDITY
TRUE ANGLE OF ATTACK + V
PRESSURE ALTITUDE + V
INDICATED AIRSPEED + V
LOCAL ANGLE OF ATTACK
MACH NUMBER (INLET)
AIRPLANE MACH NUMBER
INERTIAL ALTITUDE

PITCH

ROLL

TRUE HEADING

NORTH-SOQUTH VELOCITY
EAST~WEST VELOCITY

TS T e s S A S A

UNIT
DEG. F
PPS
PPH
PPH

RU

RU

KTS
DEG

FT

KTS
SEMICIRCLE
ND

ND

FT
CIRCLE
CIRCLE
CIRCLE
KTS
KTS

N e

e S i e e p bk Al o i Nl ma

SCALE
FACTOR

NOT YET ESTAB.

NOT YET ESTAB.

vih 34004 d0
vd IVNIONEO

0

X
I 4
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L

ETVS
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TABLE 4.2-7 (Cont.}
ANALYSIS DATA BASE MEisU

VARIABLE ' SCALE

WORD # - ACCESSED DESCPIPTION UNITS FACTOR
517 - IVELVT VERTICAL VELOCITY KTS NOT YET ESTAB.
52 : SPARE :
53 , SPARE
54 ” SPARE
55 ‘ SPARE
56 : SPARE
| 57 - SPARE
2 ) 58 . . SPARE
‘ 59 o SPARE
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4.2.3 Common Constants

For user convenience common constants are provided as indicated

in Table 4.2-8. User programs requiring additions to the common q
constants table should request their inclusion by the systems LI
integrator. i.;

E:

4.3 HOST PROGRAM SCRATCH PAD :

As shown in Table 4.3-1 a portion of sector zero has been reserved
for Host Program scratch pad. As software development proceeds
portions of this may be reallocated to other CPC's on an as
required basis. 7

A0
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TABLE 4.2-8
COMMON CONSTANTS

* LOCATION NOMENCLATURE DESCRIPTION UNITS SCALING

NON ALLOCATED TO DATE

0L




TABLE 4.3-1
HOST SCRATCH PAD

CORE ————rﬁi?
LOCATION SIGNAL SCALE A
(OCTAL)  NAME DESCRIPTION UNITS FACTOR SOURCE T
221 RESERVED FOR SCRATCH PAD %
222 , (5
223 .gg‘i
224 Pt
225 "
226
227 - *4
o 230 57
{ 231 et w"‘i‘i
- 232 i
b 233 ... ,,,.._J
I 3 235 SRR, 26
1‘ 237 Wt
240 T
i 241 i
242 e
z 243 ; &
3 244 TR
245 % ?d o
i 246 - | i
‘ 247 4
250 S E B

251 5 .
252 D,y P i

253 S - e
254 RESERVED FOR SCRATCH PAD E@ ST

=i T
=R RN
P .’ i

E - . PR R Y PR RSSN 7or
S i :




CORE

‘(OCTAL)

; 650
[ » 651
‘ 652
653
S50 s T 654
by ; 655
T 656
T ' 657
5 660
: 661
662
663
664
665
666
667
670
671
CoF o ; 672
o : 673
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4.4 INPUT PROCESSING DEFINITION | | -

Data enter the DCU to form the raw input data base from three
sources - the direct memory access (DMA) system, DCU sense lines,
and the uplink system via the input bus. Section 4.2.1 documents
the input data base. Raw data from these sources are processed
per the requirements of the following paragraphs to create the
calibrated input data base (IDB) of Table 4.2-4. IDB update rate
is once per 60 milliseconds and occurs, see timing diagram Figure
4.1-4, during the 11th and 12th minor cycles.

W ey ST T
BT ISP A o b BT T

4.4.1 Analog Transducers

R

Raw analog data are input to locations 400 through 477 during
minor cycles 5 and 6, and 11 and 12 by the executive. Processing
of the data occurs during minor cycle 7 and 12. Ana1og data word
format dis:

S DDD DDD DDD DDY 000
SIGN LSB

DATA UNUSED

Data are 2's complement. LSB values for HL and LL mux are:-

i

HL LSB
LL : LSB

2.5 mvolt
14.7058 u volt

4.4,1.1 Minor Cycle 7 Processing

Durihg minor cycle 7 data input during minor cycles 5~and'6 are
shifted right one and buffered (RD56) for further processing in
“minor cycle 12. ‘ :
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ﬁ) 4.4.1.2 Minor Cycle 12 Processing

During minor cycle 12 data input during minor cycles 11 and 12
are combined with buffered data from minor cycle 7 and processed
as indicated in the flow chart Figure 4.4-1. Al1% 64 analog input
channels are processed through the analog input data processing
and gross failure detection routine, to perform the following:

1. Average data sampled in minor cycles 5, 6 and 11, 12;

2. Verify all analog data falls within gross limits of +98% of
the A/D converter range;

3. Calibrate all data to engineering units using the linear
relation shown in Figure 4.4-1.

Transducers excited by the IFU +5 volt precision supply are
corrected for supply variation. Because the raw data requiring
correction are not conveniently stacked logic is provided to
selectively correct variables.

The index register value associated with transducer failures is
saved as is the nature of the failure (high or low).

More than two indicated transducer failures in a single pass

cause a transfer to the immediate disengage routine, see paragraph'

4.1.2.

4.4.1.3 Thermocouple Data

~Thermocouple data are further proéessed as shown in Figure 4.4-2.

‘Thermoccuple pairs are compared for validity and averaged if
valid. If invalid, further processing , not yet defined, is
performed to identify a'va1id'signa1. In either case each of the
resulting temperatures, at this point in millivolts, is converted
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SFLG = KM3
EXCR = KM®
EXC = KP1

“X ' = KMEB4
FLM1=0 FLM 2=0
FLL1=0 FLL2=0
XCPT = PTI

“A"= (RDB66/2 + RD1112/2), "X "

T

LT 1 G
(LoFL)~—<DoMIN <" 'A” <DMAX >—(HIFL)
R}

INPD, “X" = “A" ¢« EXC * BOTT, “X" + MOTM, “X"

T

EXCR = EXCR +1

{(FLRET)

‘———( DGAGRT

. E)'(Cﬁy
3£

EXCR = EXCS(XCPT).

exc- §493+ Lage

|

1 ,
*ﬁ EXCD(XCPT) -1

EXCS = EXC
EXCR ~ -1

EXC =1 EXC =

EXCS

EXPT = XCPT +1

|

1

L uxn +1

Figure 4.4-1 Analog Input Data Processing and Gross Failure Detection
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Figura 44-1 (cont.)
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DGAG BRANCH TO IMMEDIATE DISENGAGE ROUTINE
- DGAGRT RETURN FROM IMMEDIATE DISENGAGE ROUTINE
DMAX MAXIMUM ALLOWABLE A/D CONVERTER QUTPUT COUNT ('98]0 BP)
DMIN MINIMUM ALLOWABLE A/D CONVERTER OUTPUT COUNT (-—.98}0 BO)
EXC CORRECTION FACTOR FOR EXCITATION VOLTAGE DEVIATION
CEXCD LOGICAL FLAG ARRAY TO IDENTIFY PARAMETERS REQUIRING EXCITATION
: CORRECTION
| EXCR RANGE COUNTER TO IDENTIFY BLOCKS OF DATA REQUIRING EXCITATION
{ CORRECTION
EXCS ARRAY OF EXCR VALUES
FLL1 INDEX VALUE FOR FIRST LOW FAILED DATUM
FLL2 INDEX VALUE FOR SECOND: LOW FAILED DATUM
FLM1 INDEX VALUE FOR FIRST HIGH FAILED DATUM
- FLM2 - INDEX VALUE FOR SECOND HIGH FAILED DATUM
= FLRET RETURN FROM FAILURE INDENTIFICATION ROUTINE
HIFL BRANCH TO HIGH FAILURE IDENTIFICATION ROUTINE
INPD INPUT DATA BASE REFERENCE ADDRESS (i377) SEE TABLE 4.2-1
KM3 -310 B15
KM9 -910 B15
KM55 -5510 B15
KM64 “6410 » 815
KP1 .99999 B
LOFL BRANCH TO LOW FAILURE IDENTIFICATION ROUTINE
PTI POINTER TO THE INITIAL LOCATION OF EXCS, EXCD ARRAYS
RD1112 ANALOG RAW DATA FOR MINOR CYCLES 11, 12 (loc 400-477)

Figure 4.4-1. (Cont.)
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RD56
SFLG
XCPT
BOTT
BOTM

ANALOG RAW DATA FOR MINOR CYCLES 5, 6 (LOC NOT YET ASSIGNED)

SENSOR FLAG MONITORS NUMBER OF SENSOR FAILURES

POINTER TO CURRENT LOCATION OF EXCS,
ARRAY OF TRANSDUCER SENSITIVITIES
ARRAY OF TRANSDUCER OFFSETS

Figure 4.4-1. (Cont)
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A" = A" + 44 837 ROUTINE ENTRY POINT -

TPRD TEMPERATURE (T/C) RAW DATUM mV B5 i
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to degrees F by a table look up corresponding to NBS-561. The
resulting data are then stored in the processed input data base,
see Table 4.2-4. ‘

4.4.2 Resolvers

Resolvers provide feedback for control of all engine actuators.
Since the actuator servo loops are closed on an analog basis in
the IFU, resolver data are incorporated in the input data base
for use only in data reduction and control algorithms. The
resolver data word format is:

DATA UNUSED
E TTT ITT TTT TTO 000
1 LSB 16
where: E js error bit

E=0 implies normal conversion
E=1 implies failure

T is an 11 bit data word

LSB = .0909 degrees.

Due to hardware limitations useful range of the data is 5 degrees
to 175 degrees. Figures 4.5-4 through -10 document the application
of the resolvers used in engine sensors. PLA calibration curve

is depicted in Figure 4.4-3.

Resolver processing is depicted in Figure 4.4-4. Fuel flow and
RCVV resolvers are validity checked independent of this processing
onh a minor cycle basis and hence are not checked here. The
remaining resolver data are validity checked. Invalid data are
jdentified by saving the related pointer. An indicated failure

of any resolver causes immediate disengagement c¢f the engine
control mode. Dual resolver data are averaged and the resulting
array of raw resolver data is converted to engineering units by
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the indicated linear equation. Relevant coefficients are obtained
from Figures 4.5-4 through 10. After conversion the data are
checked against actuator Timits. Out of range data are considered
indicative of failure and result in engine control disengagement.
The last valid data point is retained in the input data base when
a failure is identified. Finally, the calibrated and verified
data are transferred to the input data base.
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4.4.3 Tachometer Data Processing

Tachometer data are obtained from redundant pulse tachometers
geaved to the low rotor and from redundant EEC generator windings,
geared to N2, Relevant data for the two devices are provided in
Table 4.4-1.

The tachometer data format is as follows:

WORD 1 X XXX TTT_TIT TTT TTT LSE = 1 ysec

Tdman
Pl

(for P teeth)

WORD 2 X XXX XXX XXX XX P_PPp
Peried (number of teeth
gounted in time
sample LSB = )
gount)

N o= (EGR) *(P) * 1 * &0

(T) AT
EGR = Engine gear ratio (Engine speed/tach speed)
P = Number of teeth counted in time T
T = Time to count P teeth, seconds
NT = Number of teeth on tach
N = Engine shaft speed in RPM

ORIGINAT PAGE I8

OF POOR QUALITY
validity Griterian OF BOOR QUALITY

CIf the peried is zera, the data are out of range: that is, the

frequency is too Tow for measurement. If the number of recorded
ovents is 18 {decimal) and the number of clock perieds is less
than 1792 (decimal), the data are out of wvangei: that is, the

’fvgquancy is too high for measurement. The allowable frequency
range is 260 hz ~ BT < 8370 hz. :

8K




TABLE 4.4-1
TACHOMETER INTERFACES

N1 TACHOMETER
Fan Speed (Ny) signals are supplied from a dual element magnetic
sensor mounted to detect the frequency of pulses generated by 38

magnetic lobes in the engine Ny rotor assembly.

Signal Range: 1,800 r/min to 15,000 r/min.

Frequency Range: 1139.94 Hz to 9499.5 Hz g

Waveform OQutput: Waveform is a distorted sinusoid, fundamental
frequency = 0.6333 Njy.

Voltage Output: ‘Minimum peak positive pulse is 300 millivolts

at Ny = 1420 r/min.  Maximum peak positive
pulse should not exceed 60 volits at
N1 = 12700 r/min,

N2 TACHOMETER

The high compressor speed (N2) signaT js derived from the single
phase generator power winding that supplies the EEC 20 volt power.
The generator has nine-pole pairs and is geared to the compressor
rotor at a ratio of 1.073 to 1.

Therefoke; ' frequency (Hz) = 1.073 (9/60) N2

s = 0.16095 Np
Signal Range: 7300 r/min to 18000 r/min.
Frequency Range: 1174.935 Hz to 2897.1 Hz

Voltage Output: 20 volts min.'at 3700 r/min,
' 25 volts max.
Waveform: v Sinusoid
86
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Processing:

Tachometer data are processed in all minor cycles to save minor
cycle samples of data and during minor cycle 12 to calibrate the

data.

Minor Cyle Processing

Both N1 and N2 redundant signals are checked for validity per the
Invalid data are flagged by saving the relevant

criterion above.
is taken. M2 is

pointer and failure response, not yet defined,
then computed from avajlable valid data and control is transferred
to the high rate RCVV command computation. Upon return from the

high rate computation, N1 and N2 counters are accumulated for

processing in minor cycle 12.
Major Cycle Processing (Minor Cycle 12)

Raw redundant N1 and N2 data accumulated during the 12 minor

cycles are compared as a validity check. The data are then

averaged and converted to engineering units per the relationships
Before transfer to the input data base, data

indicated above.
Failure of either check results in

are checked against limits.
immediate disengage of the engine control mode.

4.4.4 Quartz Crystal Transducers (QCT) Al‘yp&ﬂﬂls
RE [ﬁq -

‘ Qq n\\\ﬁ{ Q A‘LXLY
The

The six QCT's generate raw data in the format def1ned below.

data word format ds:
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E DDD DDD DDD DDD_DDD

E is error bit

Zevo implies normal conversion
One implies out of range

D is 15 bit data word

LSB = 250 nanoseconds

The converter counts 32768 clock pulses before starting to accu-
mulate the output word and accumulates time for 420 transducer
output cycles. Thus transducer frequency is o

- - counts, . input cycles,
F (khz) = (4000 =—-=) X (420 Sanple ) X (D +132768 ‘ ,
10" counits/sample)

It is necessary to start these converters with 0CP 1324. This OCP

clears the converters and at the trailing edge starts the conver- ey
sion sequence. This converter may require up to 13.5 milliseconds to (;i}
complete its conversion; therefore, it shall not be read until 15 .
milliseconds has elapsed from the O0CP 1324.

These data are processed on minor cycles 2, 5, 8, and 11. The
“error bits are checked and failed transducers are recorded by the
pointer. Failure response is as indicated in Table 4.4-2. Valid
data are then converted to engineering units using the following
re1ationships.

P = A + BkK + C#K2
P = Pressure in PSIA
K = Counts - 6208

Coef. A, B, C are tabulated in Table 4.4-3
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| | | TABLE 4.4-2
i Quartz Crystal Transducer Failure Response i

PSO DISENGAGE INLET FUNCTIONS Lo
PO DISENGAGE INLET FUNCTIONS _
| PS1 DISENGAGE INLET FUNCTIONS
. P DISENGAGE INLET FUNCTIONS
’ PS2 NOT DEFINED AT THIS TIME

: P2 NOT DEFINED AT THIS TIME i
i L
| P
g e TABLE 4.4-3 £
N %\ | o
i k;“g Quartz Crystal Transducer Calibration Data LA
i
L

TRANSDUCER ERT
S /N FUNCTION A B C
PSO -3.345978 E1 7.685421 E-3 -1.74279 E-7
PO , i
PS1 Typical data. Coefficients will
5 P , be available upon transducer
;% o , PS2 acquisition and designation. i
& P2
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4.4.5 Central Computer Data

GCentral computer bus data are transmitied from their sources in
scaled engineering units. The executive causes this data to be
transferred to location 700-~7587 from the IFU buffer during winor
cycles 4 and 10. The available data array is presented in Table
4.2-4,

P

4.4.68 TInput Discretes

The input discrete register, Table 4.2-2, is transferred from the
raw data base where it is updated every minor cycle to the input
data base during minor cycle 12.

4.5 OQUTPUT PROCESSING DEFINITION

The PROFIT system is capable of outputting 16 analog channels and
48 discretes. Thirteen of the analog channels are used to provide
commends to engine, inlet actuators, and the CAS interface. The
remaining three are committed to driving programmable cockpit
displays, but may be applied as required to provide commands to
additional servos. D0/A channel allocation is shown in Table
4.5-1. The 48 output discretes are used to provide engaging
control for each PROFIT system, control cockpit caution lights,
and perform other functions that will be defined subsegquently.

In the following sections substantial information concerning the
actuator servo systems is provided for information only. Table
4.5-2 documents the characteristics of the inlet servo valves and
Table 4.5-3 provides the same information for the engine actuators.
4.5.1 First Rauwp

Commands to the first ramp are generated in terms of inches of

actuator stroke by the inlet contrel. As indicated in Figure
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TABLE 4.5-1
D/A Channel Allocation

CALIBRAVED NOMENCLATURE
OUTPUT DATA
BASE VARIABLE
X1C FIRST RAMP CMD
X4C 3RD RAMP CMD
BPDI BYPASS DOOR CMD
CIvC CIVV CMD
RCVC RCVC CMD
WFC GAS GENERATOR FUEL CMD
WFCR CORE A/B FUEL CMD
WFAD DUCT A/B FUEL CMD
SSvC SEGMENT/SEQ. VALVE CMD
AdC EXHAUST NOZZLE AREA
ETAC CAS NORMAL ACCEL. CMD
PHDC CAS ROLL RATE CMD
cPDIC C'PIT DISPLAY 1 (THROTTLE ERROR)
cpD2cC C'PIT DISPLAY 2
CPD3C C'PIT DISPLAY 3
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+1.82 in/sec/ma g. #7% .
+.68% dinfsec/ma 5.

*.47 in/sec/ma o,
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TABLE 4.5-7
TYPE HWC ZERYD YALYE CHARACTERISTICS

125. + 1Z OHMS @ 7go0f
+ 20, M4

* 46, + 3. MA
PARALLEL AIDING

.52 HENRIES 8 50 Hz

YALYE CHARACTERISTICS

HULE Biss +RATE LIMIT
in/sec

*12.3 in/sec

+10. in/sec

-PATE LIMIT

~21. in/secr

-18.3 in/sec

-18. fa/sec

SERVO OFEN
LOGP GAIK

23.12 cec
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TABLE 4.5-3
ENGINE TYPE PW/B SERVO VALVE CHARACTERISTICS

i

- i

« ]

1

.

“

Ce

o prpeqmee
[ ——
i
————

COIL ALL UNITS
D.C. RESISTANCE = 158 OHMS/COIL

s amf
e
|
o
F
£
4

RATED CURRENT =+ 20 ma N
MAX CURRENT = +57ma L
COIL COMFIGURATION =  DUAL PARALLEL AIDING o
INDUCTANCE = .238 HENRIES/COIL S
: i o
VALVE CHARACTERISTICS { o
© GHIT GALN (NOMINAL) NULL BIAS + RATE LIMIT - RATE LIMIT SERVO OPEN LOOP GAIN ' |
RCYY -6. DEG/SEC/# -4. MA +120. DEG/SEC -120. DEG/SEC 40. SEC™ L
CIVV +6. DEG/SEC/MA -4. MA +120. DEG/SEC -120. DEG/SEC 10. Sec”! %‘ T
SSV +7.75 DEG/SEC/MA -4. MA +155. DEG/SEC -155. DEG/SEC 20. Sec”! -
WFG +25.5 DEG/SEC/MA -4. MA +510. DEG/SEC -510. DEG/SEC 20. Sec”! .
WFAC +8. DEG/SEC/MA -20. MA +160. DEG/SEC -160. DEG/SEC 20. SEC™! .
WFAD :~B. DEG/SEC/MA -20. MA +160. DEG/SEC -160. DEG/SEC 20. SEC”! L
CENC -5.65 DEG/SEC/MA -6. MA +112.5 DEG/SEC -112.5 DEG/SEC 20. SEC”! (R
’
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4.5-1 the output processor provides an offset and gain adjustment T
to accommodate installation tolerances and scales, formats and

outputs the command to the D/A converter during minor cycles 2,

5, 8, and 11.

4.5.2 Third Ramp SRR

Third ramp processing, as shown in Figure 4.5-2, is identical to
first ramp processing.

4,5.3 Bypass Door

As indicated in Figure 4.5-3 the bypass door control loop is
c¢losed in the DCU software. Thus the outputs from the contrel
module are in milliamperes of torque wotor current. This is
formatted and output direcﬁ]y through the D/A during minar cycles
: 2, 5, 8, and 11. \ —

4.5.4 Compressor Inlet Variable Vanes (CIVV)

As indicated in Fiure 4.5-4 CIVV position command is generated by ii .,
the control in terms of CIVV vane rotation angle. This is con- ’,k
verted to inches of GIVV stroke by the output processor formatted “; 
and output through the D/A converter during minor cycle 11, ‘

e e B

: ' 4.5.5 Rear Compressor Variable Vanes (RGVV)

As indicafed in Figure 4.5-5 RCVV commands are generated in the
engine control in degrees of RGVV vane rotation. The output
| processor converts this to inches of actuator stroke, formats it L
% § and outputs it through the D/A in every minor cycle. .

i e s
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Figure 4.5-5 RCVV Servo Loop
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- 4.5.9 Segment and Sequence Valve

the servo during minor cycle 11.

4.5.6 Gas Generator Fuel Flow %
As indicated in Figure 4.5-6 gas generator fuel command is trans- :?
ferred to the calibrated output data base by the engine control ;
in PPH of fuel flow during minor cycle not yet established. The E
output processor converts this to resolver degrees and outputs 5
the data through the D/A converter during minor cycle 11, ﬁ
g
4.5.7 A/B Core Fuel Flow o
1

As indicated in Figure 4.5-7 A/B core fuel flow command is trans-
ferred to the calibrated output data base by the engine control :

in PPH of fuel flow during minor cycle not yet established. The
output processor converts them to resolver degrees and outputs
the analog servo command through the D/A converter during minor
cycle 11.

4.5.8 A/B Duct Fuel Flow

As indicated in Figure 4.5-8 A/B duct fuel flow command is trans-
ferred to the calibrated output data base by the engine control
in PPH of fuel flow during minor cycle not yet established. The
output processor converts them to resolver degrees and outputs
the aha]og servo command through the D/A converter during minor
cycle 11,

As indicated in Figure 4.5-9 segment and sequence value position
command is transferred to the calibrated output data base by the
engine control in minor cycle not yet established, converted by

the oUtputvprocessor to resolver degrees and output by the D/A to
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Figure 4.56 Main Fuel Servo
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TABLE 4.5-4
FUEL VALVE CALIBRATION

- . } _ VWF_- 60, 137.
& = 175, - [19.923 - ARCSIN (.225 T g5g) ] X £ X
.66

O
o

;

162
Eo3

¥
where: »
6 = RESOLVER ANGLE - DEG £
WF = FUEL FLOW - PPH 3
TABLE 1 WFGC oC |
- 60. 175. \ ‘
110. 165.97 B
160. 162.26 N
210. 159.43 ]
260. 157.04 PART A E
310. 154,95 :
360. 153.06 3
410. 151.33 .
460. 149,72 3
510. 148.21 !
510. 148.21 )
1510. 127.44 E
2510. 113.54 ]
3510. 102.34 &
4510. 92.7 i
5510, 84.1 3
6510. 76.25 ﬁ
7510 68.62
8510. 62.14
9510. 55.69 PART B
10510. 49,540
11510. - 43.655
12510. 37.992
13510. ‘ 32.524
14510. 27.224
15510. 22.094
16510. 17.055
17510. 12.153
18510, 7.356
19510. 2.652 4
NOTES :

1. Part A, B to be 1mp]emented as separate table look ups.

2. Resolver is displaced 45° from -DEEC STD to work w1th
IFU RTD CONV.

3. Error ana1y51s not complete.
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Figure 4.5-7 A/B Core Fuel Flow Servo
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Figure 4.58 A/B Duct Fuel Flow Servo- 8
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4.5.10 Exhaust Mozzle

As indicated in Figure 4.5-10 the engine control provides nozzle
commands in sqgére feet during minor cycle not yet established.
These are converted to actuator commands in.resolver degrees and
output during minor cycle 11.

4.5.11 Customer Bleed
No requirements for customer bleed exist at this time.
4.5.12 Control Augmentation System

Pitch and roll control signals are generated by research modules
not yet defined and passed to the calibrated output data base
during minor cycle not yet established. These are 1imit checked
as a validity test, see Figures 4.5-11, -12. Failure response is
not yet established and will change as a function of research '
control mode. The data are then pfocessed to compensate for the
CAS deadband and formatted for butput to the CAS during minor
cycle 11. Provision is made for slope and offset adjustments and
for an attitude hold mode to permit the pilot to null the DPCU
outputs with the aircraft trim system.

4,5.13 Cockpit Displays

Three analog cockpit displays, Figure 4.5-13, are driven by D/A
converters.

4.5.14 Output Discretes

Table 4.5-5 tabulates the output discretes used. Unless otherwise

indicated they are output during minor cycle 11.

107

o o ot gt s b

P TP O P AP TP e S Rt e e




K, --583 DEMA : AOTATOR iNPUT REDUCER OUT
T/ DRIVER 18,0 TORQUE 1 +
Ot comstant. - MOTOR- e o Gn m'm.'.. ca-2 cr= % GR=2 X = UNK
+ KA = & MA/VOLT -1A.C  TYPEPWM ] T +
- ROTATION _
j “1.5V.(-6 MA) n - LI8DEG RES: GR <-10] ECCENTRIC
1802 V/V «
KEL = 156 MA/DEG ' 2 TEETH
18 RES DEGVOLT ‘ RIGGING
PHASE DETECTOR . | COUNTER - EX, NOZ
| DEMOOULATOR PART OF RTD RESOLVER Gr=-1.9 GEOM
Ko = 00877 . .| CARD r TYPEPW/R
5.8894 4SEC/DEG : 1 :
SELto. / § GR =273 : ” = 17867 i ﬂ]
DIGITAL IDLER
IGATA
T
DMA
ENPT GR=.26
AJCRV
e T wes CONTROL
-
ao) (FT2)| (DEGY
25| 9181
AIRK = SEL (1.} e A
- . 270 §7.5 P 28-64FT2
25 DEG/V ) e 206 | 1075 -——-f—————
o/a | —
A 341] 1175
AIRS ~ SEL(0.) ame| 1215 : :
43| 1375
483| 1475
541] 15753
€36 | 1725
048 | 17400
7.00] 18267
Figure 4.5-10- Nozzie Servo- -
f i b,
)
s ; — S T T S o - - e
it ki Al 353 % g




¥ N

ORIGINAL PAGE IS

O POOR QUALITY

gt g o e

-Lim < Mect+ LIM >+ LIM
M zei- LIM

ten R e

FAILURE : | 3
* DISENGAGE CAS : TSRS
» SET BACKUP FLAG }
o Nzgc =0

Nye=Nzc - DB Nye= Nac + DB

A 2

FORMAT DATA | SRR
AND OUTPUT
VIA D/A |

RETURN)

Figure 4.5-11  Pitch CAS Command Output Processing “ i

109




T e st B

-~

1“‘: R P

|

> 4+LIM

| FAILURE

LOGIC

« DISENGAGE CAS
* SET BACKUP FLAG

. ¢c=0

FORMAT DATA
AND OUTPUT
VIA D/A

(RETURN)

Figure 4.5-12  Roll CAS Command Output Processing

110

i s L 0 ki

W g

FLA A



Loe o T e R T L T T A e e vy
. . ’ J.. LA G
i ; e b
-k .
R T P SOt oo e
,l. > " g imeraas 4l1l.rif>~1v..5n-.wf?»,l

L
i
i

RS liaid

COCKPIT ANALOG DISPLAY REQUIREMENTS
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QUTPUT
DISCRETE
HORD

BIT #
(16=LSB)

il e md el il ed et
L= T 3 ) PR~ S SU G A VN = B U}
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TABLE 4.5-5
QUTPUT DISCRETE- WORD DEFINITION (1)

FUNCTION

ENGINE ENGAGED
INLET ENGAGED
CAS ENGAGED
RESEARCH ENGAGED

" INLET TRACK

ENGINE BOM TRACK
ENGINE RESEARCH TRACK
CAS TRACK

RESEARCH TRACK

BACKUP

DISENGAGE

DOWNLINK STATUS
UPLINK STATUS

CENTRAL COMPUTER INTERFACE STATUS
AUTOMATIC POWER OFF
AUTOMATIC POWER OFF

LOGIC

SOURCE
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: TABLE 4.5-5
OUTPUT DISCRETE WORD DEFINITION (2)
oUTPUT BIT # FUNCTION ‘ LOGIC SOURCE
DISCRETE = (16-LSB) :
WORD .
4 1 ENGINE START BLEED
2 ENGINE DERICH
3 BUZZ WARNING
4 IGNITION RELAY
5 IGNITION RELAY
. 6 RAMP GAIN CHANGE
by 7 SPARE
8 SPARE
! 9 SPARE
i 10 SPARE
? 11 SPARE
12 SPARE
i 13 SPARE
14 SPARE
15 SPARE
16 SPARE
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QUTPUT
DISCRETE
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BIT #
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SPARE
SPARE
SPARE
SPARE
SPARE
SPARE
SPARE
SPARE
SPARE
SPARE
SPARE
SPARE
SPARE
SPARE
SPARE
SPARE
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; TABLE 4.5-5
OUTPUT DISCRETE WORD DEFINITION (3§

FUNCTION LOGIC
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5.0 BOM ENGINE CONTROL DEFINITION

This section defines the computer program component.to duplicate
the bill of waterials F100 engine control. Sections 5.1 and 5.2
present the logic for the engine electronic control, EEC, and the

unified fuel control, UFC. The contro]l executive, which determines

the order of calculation, is defined in section 5.3. The data
base identified in section 5.4. The data base defines the values
of all schedules and constants and the memory locations for all
constants, schedules, and stored variables.

The control logic has been divided into relatively small units.
Each is defined by a block diagram and the related constants and
schedules. The block diagram number consists of the last three
digits of the number of the paragraph which discusses it. This
number is also used to define where variables are compuied and
used. The first two digits identify the portion of the control
involved:

1.1.% = EEC Common Routines

1.2.%x = EEC High Frequency Calculations

1.3.x = EEC Intermediate Frequency Calculations
1.4.x = EEC Low Frequency Galculations

2.1.x = UFGC Gas Generator

2.2,% = UFC Afterburner

Although the computations are performed at different rates in the
BOM control, the PROFIT contral will operate essentially at a
single rate. Only a faw computations, identified in section 5.3,
are to be performed at a different rate. As a result all of the
computation rate dependent constants have been evaluated for an
interval of 60 milliseconds. '
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5.1 ENGINE ELECTRONIC CONTROL

The EEC logic has been divided into three major sections on the
basis of the calculation frequency in the BOM EEC. For PROFIT
the majority of the calculations are performed in the major cycle
(section 5.3), but this division provided a convenient breakdown
and formed the basis for simulation studies of computation rate
requirements. Figures 5.1-1 through 5.1-4 present the bill-of-
material overall block diagrams taken from T.0. 6J3-4-102-3.
Those portions which operate at 14 and 28 milliseconds intervals
in the BOM program are identified. The remaining logic operates
at 56 millseconds. These block diagrams are representative of
the control presented in this section with the exception of the
stepper motors and a :few logic elements which were removed because
the EEC and UFC are operated in a single electronic control.
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5.1.1 Common Routines

Two routines are called from various places in the EEC - the
filter and the proportional plus derivative compensation. These
are described in the following paragraphs. Table lookup routines,
common to the entire control, are discussed in paragraph 5.4.4.

5.1.1.1 Filter

The filter is a first order lag of the form:

Output = Input - (Input - Past Output) e - AT/t

where AT is the calculation interval and t is the desired time
constant. Figure 5.1-5 presents the block diagram and table
5.1-1 jidentifies the required constants. Additional filter logic
is provided for FTIT compensation, figure 5.1-6.

5.1.1.2 Proportional Plus Derivative Compensation

Proportional plus derivative compensation is appiied to most of

the EEC input signals. This routine incorporates signal hysteresis
with a different deadband for each‘loop and a variable derivative
gain-which is a function of /8 and Pb. Figure 5.1-7 presents

the block diagram and table 5.1-2 1ists the required constants.
Additional logic is provided for compensation of the T2 and FTIT
signals (figure 5.1-8).
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5.1.2 High Frequency Calculations

The following paragraphs present the logic for the portions of
the EEC executed every 14 mi]Tiseconds in the BOM EEC. The
values of all compute DT dependent constants are for the 60
millisecond interval anticipated for the PROFIT system.

5.1.2.1 Speed Filters

Three calls to the filter subroutine are used for the speed
inputs providing a different N1 filter for the idle loop. N2
rate is calculated at the same time as the filter for computa-
tional convenience. Figure 5.1-9 presents the block diagram and
Table 5.1-3 presents the required data.

5.1.2.2 CIVV Control

The CIVV position is scheduled as a function of the corrected Tow
rotor speed, N]/JEE. The vanes are axial (0.DEG) for high speeds
and cambered (-25. DEG) for low speeds. The logic is presented
in figure 5.1-10 and the data in table 5.1-4.

5.1.2.3 Nozzle Trim Loop

This is the high speed portion of the nozzle trim loop shown in

- figure 5.1-1. Basically it computes the Nl error relative to a
desired value, computed at a slower rate, and converts this error
to a nozzle area rate of change. Nozzle area uptrim is inhibited
if APLA uptrim inhibited or if the nozzle is already full open.
The block diagrams andlﬂata‘are contained in figure 5.1-11 and
table 5.1-5. e
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5.1.2.4 PLAP Limiting Solenoid Delay Logic

This logic (figure 5.1-12) keeps the PLAP limiting solenaid on
for 1 second after the PLAP Timit Signal has been turned off.

delay 1is applied to turning the solenoid an. Table 5.1-6 lists
the data.

No

5.1.2.5 PLA Trim Loop

This loop computes the PLA trim rate. Rate inputs from the

maximum FTIT logic, N2 design, N] design, and the minimum burner
pressure logic are compared and the minimum selected. Uptrim is
inhibited below intermediate, during transients in N2 and during

rocket firing. Biases are added from the upmatch and VMAX logic.

The block diagrams are presented in figure 5.1-13 and the data in
Table 5.1-7. :

5.1.2.6 Stall Recovery

Stall is identified by an increasing T2 combined with a decreas-
ing N2. The N2 rate corresponds to 500 RPM/second. In response
to the stall the rocket fire solenoid is turned on for 0.5 seconds

and the PLA and nozzle trims are set to 0 for 0.25 seconds (figure
§.1-14 and table 5.1-8).

5.1.2.7 Nozi]e and PLA Trim Integrators

The rate inputs for nozzle area and PLA trim are limited and then
As described above stall inhibits
In addition, negative nozzle rate is inhibited if the
nozzle is fully closed. This keeps the integrator from saturat-
ing when the nozzle is closed. The logic is shown in figure
5.1-15 and the data in table §5.1-9.
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SLOCK 1.2.2 DATA
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TABLE 5.1+5 BLOCK 1.2.3 DATA
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X136 = -,22560 AJ/mJC
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DAJU NOZZLE UPMATCH AJ
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N10S DESIGN N1 ‘RPM
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PLAP RATE LIMITED PLA DEG

PLIH PLA UPTRIM INHIBIT DISCRETE

WR R QUTPUT VARTABLES bl Bt
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NITM N1 INPUT TO THE PLA LUOP DEG/SEC
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AJIH NOZZLE UPTRIM INHIBIT 7 DISCRETE
AIJNT CUM AJTR PKEV COMMANDED - AJ
AINL EXHAUST NUZZLE TRIMI RATE AJ/S EC
AJTR  PH COMPUNENT OF AJ TRIM . Ad
DAJR CURRENT AJTR INPUT Ad/MJC
DAJT NON-INHIBITED AJ TRIM AJ/SEC
DAJ2 CURRENT AJ UPMATCH INPUT AJ/MJIC
DATT  CUM DAJU PREV COMMANDED AJ
6520 NOZILE TRIM BIAS , -
N1F N1 ERKOR FOk AJ LOOP RKPM
N1ER. N1 ERROR FOR PLA LCUP RPM
NILL  COMPENSATED NL RPM
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Figure 5.1-12. PLAP Limiting Solenoid Delay Logic
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5.1.3 Intermediate Frequency Calculations

The calculations described in paragraphs 5.1.3.1 - 5.1.3.5 are
performed every 28 milliseconds in the BOM EEC.

5.1.3.1 Rocket Fire Response to Stall Recovery

For the PROFIT program only the portion of the rocket fire calcula-

tion activated by the stall recovery logic is required (figure
5.1-16 and table 5.1-10). This logic turns on the rocket fire
solenoid for 0.5 seconds in response to the signal generated in
the stall recovery logic (paragraph 5.1.2.6) providing the cor-
rected N2 is above 8000 RPM.

5.1.3.2 Transient Reset

Significant rapid PLAP transients are detected and a reset signal
(TRS) is set. For decelerations, the NI setpoint is increased by
200 RPM. The transient reset signal is also used in the computa-
tion of the N2 solenoid (para 5.1.3.3). Block diagrams are
presented in figure 5.1-17 and required data in table 5.1-11.

5.1.3.3 N2 High Rate Solenoid

This block computes the position of the N2 high rate solenoid.
It is turned on if the N2 rate exceeds 200 RPM per second for
more than 0.224 seconds, if TRS isvon, or if the rocket fire
solenoid is on. In addition it is turned on for low burner
pressure if the PLAP is below 69.9 degrees; The block diagrams
and data are shown in figure 5.1-18 and table 5.1-12.

5.1.3.4 PLA Uptrim Inhibit

PLA uptrim is inhibited for power settings below intermediate or
if the rocket fire solenoid is on (figure 5.1-19 and table 5.1-13).
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S Once turned on the inhibit signal is latched if the N2 solenoid
“t | signal is on.

ll‘ | ’

b 5.1.3.8 N1 Setpoint Calculation

3 |

o ~This logic block computes the N1 setpoint. The desired fan face
:_; j N corrected airflow is computed from a schedule as a function of

i é T2, biased for N2 error, and limited by maximum and minimum

! % v airflow as a function of aircraft Mach number. The desired
Fa% f airflow is converted to corrected N1 through a three step curve
R (schedules G431, G432, and G433). The N) setpoint is calculated
‘kf:§ by multiplying by v¥& (G8P) and limiting with the maximum N1 as a
?s?;? function of T2. The block diagram is presented in figure 5.1-20,
o { “Partions are labeled 1.3.5 and 1.3.5A because they are perfarmned
3&@3 at different times in the major cycle (section 5.3). The required
R data is identified in table 6.1-14.
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Figure 5.1-20. N1 Setpoint Calculation
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S
{ } do
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5.1.4 Low Frequency Calculations

The remaining calculations, described in this section, are executed
once per major cycle (56 milliseconds) in the BOM EEC.

5.1.4.1 Burner Pressure Filters

Two filters are applied to the burner pressure. The first simu-
lates the response of the BOM Pb sensor. 1Its output, PBC, is
equivalent to the BOM control Pb. PBC is input to the EEC Pb
filter and is used in the gas generator and afterburner fuel flow
compand computations (para 5.2.1.3 and 5.2.2.3). The block
diagram and data are shown in figure §.1-27 and table 5.1-15.

5.1.4.2 PLAP Limiting Logic

The PLAP 1imiting solenoid signal is turned on if PBLG is less
than 124.55 psi and T2 is Jess than 25°F (figure 5.1-22, table
5.1-16). The solenoid signal is processed by the PLAP limiting
solenoid delay logic (para 5.1.2.4) which turns on the solenoid
if PLSS is on, but delays turning off the solenoid by one second.

5.1.4.3 Derivative Gain Bias

The gain to the proportional plus derivative calculation (para-
graph 3.2.4,1.1.3) 1is varied as a function of burner pressure and
T2 (figure 5.1-23 and table 5.1-17). The BOM logic was developed
~using a twoslope approximate PB calibration. Thus a correction
curve is applied to PBLG for the DGB computation.

5.1.4.4 PB Input to Minimum PLAP Loop
This logic computes the minimum burner pressure input to minimum

PLAP loop. The G44 and G53 table Jookups were included; they have
the same X input as the G571 which is in this logic. The block
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diagrams are inyfigure 5.1-24 and the data are identified in
table 5.1-18. Since the upper and lower 1imits used in the MNPB
computation, X145 and X29, are the same, that logic path can be
simplified to MNPB=X29 for the PROFIT control code.

5.1.4.5 PB Input to PLA Trim Loop

The maximum burner pressure input to the PLA trim lcop consists
of a gained error relative to a fixed PB limit (figure 5.1-25,
table 5.1-19). '

5.1.4.6 N1 Input to Minimum PLAP Loop

The idle corrected N1 setpoint {s computed as a function of
aircraft Mach number and the idle area reset switch (figure
5.1-26, table 5.1-20). The gained error is input to the minimum
PLAP Loop (para 5.1.4.7).

5.1.4.7 Minimum PLAP Loop

This logic computes the Mach number ipput to the minimum PLAP
Joop; selects the maximum of the Mach input, the Pb input, and
the N1 input; and outputs a rate of change of the minimum PLAP.
Since the stepper motor will not exist an integrator is required
as it was in the PLA and nozzle trim loops (para 5.1.2.7).
Figure 5.1-27 presents the block diagrams. Table 5.1-21 lists
the required data.

5.1.4.8 T2‘Compen5ation and Tables

Figure 5.1-28 presents the block diagrams of the T2 compensation.

A series of table lookups are executed using the compensated T2.
Table 5.1-22 presents the required data.
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N 5.1.4.9 VMAX Logic

B ‘

»i The VMAX logic computes the increase in allowable FTIT in response :

;‘i to an aircraft switch the block diagram and data are presented in f

{ % figure 5.1-29 and table 5.1-23. ;

-

| 5.1.4,10 FTIT Input to PLA Trim Loop

:

§ | The sensed FTIT is filtered and compensated. The gained error i

E} ' relative to a schedule as a function of T2, biased by VMAX and : B

7 ‘ ground trim, is input to the select min of the PLA trim loop.

i % The block diagram and required data are presented in figure

| | 5.1-30 and table 5.1-24. ]

; 5.1.4.11 Upmatch Logic E

) =

o R The upmatch Togic computes the bjases to the N2 setpoint, the E ;%

k f%g APLA loop, and the nozzle trim loop. Figure 5.1-31 and table i w%

| 5.1-25 present the block diagrams and data. %1f§

o | I

E:i | 5.1.4.12 N2 Setpoint Calculation e
' . . iy

% This logic computes the N2 setpoint (figure 5.1-32). The setpoint

Et ~is determined from a scheduled value as function T2 with biases

% ’ for ground trim, upmatch, and FTIT. The setpoint is limited by { 8

i maximum N2 also scheduled as a function of T2. The required data |

o is identified in table 5.1-26. |

? | 5.1.4.13 Adrflow Cutback Multiplier : g 3

K f The airflow cutback multiplier block diagram and data are presented i"?

\{  in figure 5.1-33 and table 5.1-27. 'gﬁf
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BLOCK l.4.1 . DATA

50 1-15

TABLE

ek

INPUT VARTABLES

T T

PS1

BURNER PRE SSURE

PB

QUTPUT VARIABLES hE R LSS

TKEE K

PSI
PS1

COMP, BURNER PRESSURE
FILTERED PB

pBaC
PBLG
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Figure 5.1-22. PLAP Limiting Logic




ORIGINAL PAGE I§
OF POOR QUALITY
TABLE 5.1-16 BLOCK l.4e2 DATA

kX kK CONSTANTS L2 2 22

X125 = 124.55 PSI
X126 = 132.94 PS1
X121 = 25.000 DEG F
X128 = 30.000 OEG F

Ak INPUT VARIABLES bR i

PBLG FILTERED PB. | PSI

T2LG  FILTERED T2 ' DEG F

xx%k%  QUTPUT VARIABLES  *#%s%
PLSS PLAP LIMIT SOLENGID SIG  DISCRETE
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BLOCK DIAGRAM 1.4.3

XK5 -

N DGB . I

G8% (1.4.8) | ;

oLl

& " PBLG (1.4.1) %%f G556
CORRECTION

Figure 5.1-23. Derivative Gain Bias S
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TABLE 5.1-17 B8LOCK l.4.3 DATA

skesk  SCHEDULES  #&#4x

G55 BURNER PRESSURE'CQRRECTIUN FOR DGB

*EREK CUNSE_TANTS LE R 2 2
XKS = 350Qoo : PSi
#xsk&  [NPUT VARIABLES  #%%*x
680 1. /(SQUARE ROOT OF THETA)  --
®4££&  QUTPUT VARIABLES  »##&x
DGB  DERIVATIVE GAIN BIAS -
FRRE R INTERNAL VARIABLES b Sl
G550 TWO SLOPE CORRECTED P8 PSI
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TABLE 5.1-18 BLOCK l.4.4 DATA

G44
G49
651
G53

| ERERK SCHEDULES E 2 3§

PB BIAS TO REFERENCE FTIT
MINIMUM BURNER PRESSURE LOOP GAIN
PB BIAS TO N2 SETPOINT
PB BIAS TO NOZZLE TRIM
*EEEEK CONSTANTS &KL
ONE =  1.0000 -
X29 = 47.000 PSI
X145 = 47,000 PSI
X149 = 9900.0 RPM
X151 = ,50000E-02 DEG/RPM
X165 = 8900.0 RPM
X166 = ,14000E-02 -

bbbl INPUT VARIABLES Ll d

N2CR
PBLG

CORRECTED N2 - RPM
FILTERED PB | : PSI

EEkEE OUTPUT VARIABLES sEEE%

G440
G530
N2PR
P8I

FTIT BIAS FOR PB ' DEG F
AJ BIAS FOR PB AJ
REFERENCE N2 RPM

BURNER PRESS TO MIN PLAP DEG/SEC

*§*§* INTERNAL VARIABIfS  &sk&%

MINIMUM PLAP RATE - PB  DEG/SEC

G490

G510 N2 BIAS FOR PB RPM
MNP MINIMUM BURNER PRESSURE PST
PRERY MINIMUM PB ERROR PS1

PBL:L* COMPENSATED PB PS1
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BLOCK DIAGRAM 1.4.5

en

X26 PBE ! PBTN,

TS G
PBLG (1.4.1) e on

Figure 5,1-25. PB Input to PLA Trim Loop
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BLOCK DIAGRAM 1.4.6

MNLG (1.3.5) — MORS
I-AR 1DLE

NIC2
LOGIC

X146, X147, X148, X130

X178, X179, X180, X181

N1IL PROPORTIONAL

B e —c ]

(1.2.1) + DERIVATIVE

T

NiI'Loop  G8F (1.4.8)

g
4
g

NIC2 ERROR

NIC$ = X147

[ INiC -wmcs 'xmoxm,'/j[mx( MNLG ,M140 )+xte] |

Figure 5.1-26. N1 Input to Minimum ‘PLAP Loop
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TABLE 5.1-19 8LOCK

«sses  SCHEDULES

Gl1 MAX BURNER PRESSURE LOOGP GAIN

*xsx%  CONSTANTS

PR IO e o (g o

le¢e5 DATA

222 220

& kkk

ML140
X26

k¥

= 14000
= 580.00

"INPUT VARIABLES

PBLG FILTERED PB

SEREXK

PBTM MAX P8 INPUT TO PLA LOGP

L2 2 22

PBE MAX BURNER PRESSURE ERROR PS1

OUTPUT VARIABLES

INTERNAL VARIABLES
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TABLE  5.1-20 BLOCK l.4.6 DATA L)
i
i :
i ‘
!i i ‘
& T4
i i
; 1) SCHEDULES 1
4 G5¢  IDLE N2 LOGP GAIN %
“1 | xk k%% CONSTANIS. k3 K kE ,,
X146 = 4100.0 RPM.
| X147 = 3650.0 RPM
| X148 = 4300.0 RPM S
‘ X150 = 130.00 COUNTS ' Lo
| X178 = -2,0000 DEG P
; X179 = 1331.0 RPM P
| X180 = -T4100. RPM/COUNT A
| X181 = -84.300 COUNTS / Y
P tesss  [NPUT VARIABLES  *exes - il
;| G80  1./{SQUARE KOOT OF THETA)  -- Eif
S | IAR  A/C IDLE AREA RESET/VMAX DISCRETE R
S MNLG FILTERED A/C MACH NUMBER  COUNTS 8
R NIIL FILTERED N1 FOR IDLE LOOP  RPM ;
C | ?
L *exak  QUTPUT VARIABLES  #%xes :
| G540 MINIMUM PLAP RATE - IDLE DEG/SEC g
Eo | MORS IDLE INPUT TGO MIN PLAP DEG ;
c '
R | | #eexx  [NTERNAL VARIABLES  ##xs4 1
. - INIC IDLE N1 SETPGINT RPM L
vd | NLLL COMPENSATED NI FOR IDLE RPM S
NICE [DLE N2 ERROUR RPM !
NICS GRFUND IDLE BIAS RPM
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BLOCK DIAGRAM 1.4.7

N2PR (1.4.4)

@ n2sp (1.3.3)

G548 (1.4.6) Dm PBI (1.4.4)
seL

MORS (1.4.6)

xies  XM18
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(1357
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. AB4  -ABL CPSM
e xpt AL 1 . :
' MOTT
PLAFP Jww v - - b g X FlaM ->
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Figure 5.1-27. Minimum PLAP Loop
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i BLOCK DIAGRAM 1.4.7 (Cont)
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Figure 5.1-27. (Cont.)
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TABLE S5¢1-21 BLOCK le4.7

G621
G50

seses  SCHEDULES  »¢%es

MINIMUM PLAP LOOP GAIN
MINIMUM PLAP PRESCHEDULE

ssx0%  CONSTANTS  sssss

AB4
CSFM
DTMC |
X88
X91
X142
X143
X144
X162
X167 .
X168
X169
XM18
XM85
XN8

84.000 DEG/S

18.000 DEG
85.000 DEG
7.0000 DEG
6. 0000 ., DEG
6.0000 DEG
3.8571 DEG
276.00 COUNT
«28090 DEG/CO
41.500 DEG
18.000 DEG
85.000 DEG
8000.0 RPM

I DL B B DR B IR N I TR A

DATA

EC

«60000E~01 SEC/MJC
«60000E-01 SEC/MJC

S
UNT

exeks  [NPUT VARIABLES  *ssxs

6540
MNL G
MOR S
N2CR
NZ2PR
N2S0
PBI

PLAP
STAL

MINIMUM PLAP RATE - IDLE
FILTERED A/C MACH NUMBER
IDLE INPUT TO MIN PLAP
CORREC TED N2

REFERENCE N2

N2 SOLENOID

BURNER PRESS TO MIN PLAP
RATE LIMITED PLA

STALL SIGNAL

*EKIR OUTPUT VARIABLES Ll

PLAM

MIN PLAP
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DEG/SEC
COUNTS
DEG
RPM
RPM
DISCRETE
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B
BRRRN INTERNAL VARTABRLES RN ]
OMOP NN CUMMANDED MIN RLAP OER Y
UMDY CURRENT oLk INPUT=MINPLP DEGZMIC LR R ¢
G2L0 MINIMUM PLA® KATE = MN DEG/SEC :
MNPR N2 COMMANDED MIN PLAP DEG [
MNPS PRESLHELULED MIN PLAP DEG -
MOGL  MIN PLAR RATE-NZO [DLE DEG/SEC
NGIH  MIN PLAR INHIBIT DISCRETE
MOPE  MINIMUM PLAP ERROR DEG
MOST  TULE RESET FLAG OISCRETE
MOTT  MIN PLAP RATE JEG/SEC
PLMI  PLAP INPUT-PLAM INHIBTT DEG
PLAM . PLAR INPGT=DPRUSGHEDULE DEG

MUY CLUM MORS PREV COMMANDFQ DEG
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T2

T2

ABLE 5.1-22 BLOCK 1.4.8 DATA

*s&&%  SCHEDULES SRERR

FAN TURBINE INLET TEMPERATURE LIMIT
MINIMUM HIGH COMPRESSOR SPEED
MAXIMUM HIGH COMPRESSOR SPEED

FAN SPEED LIMIT

1./({ SQUARE ROOT OF THETA)

TOTAL CORRECTED AIRFLOW SCHEDULE
REFERENCE FTYIT SCHEDULE

AIRFLOW CUTBACK SLOPE MULTIPLIER

SRRRK CONSTANTS *EE KN
X80 = 2.0000 DEG F

*&&d%x - INPUT VARIABLES bl

COMPRESSUR FACE TEMP DEG F

*kkex - QUTPUY VARIABLES L bl

DT25 T2 RATE DEG F
G10 FYIT LIMITY DEG F
G20 MINIMUM N2 RPM
G30 MAXIMUM N2 ' RPM
G70 MAXIMUM N1 RPM
G80 1. /({SQUARE ROOT OF THETA) -
G690 SCHEDULED CORRECTED FLOW PPS
G450 REFERENCE FTIT DEG F
G470 AIRFLOW CUTBACK SLOPE -
G FILTERED T2 DEG €

Rt 2 INTERNAL VARIABLES bt b

T2E INPUT TO DTZS FILTER DEG ¥

T2IN CALC VAR1 IN DT2S DEG F

T2LL ~ COMPENSATED T2 ' DEG F

T207T CALC VARZ IN DTZS DEG F

128 CALC VAR3 IN DT2S DEG F

T2SS  CALC VAR4 IN OT2S DEG F
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TABLE 5.1-23 BLOCK l.4.9 DATA I

wEeRe CONSTANTS  ®&ee%

0. 000 DEG F
347.00 COUNTS
127.00 DEG | =
307.00 COUNTS P
122.00 DEG -

MR
g

st 3 X82
Lo X114
vy X117
- X120
. 1 X121

B B B

g *eeee  INPUT VARIABLES  »keex

: IAR  A/C IDLE AREA RESET/VMAX DISCRETE s
: MNLG FILTERED A/C MACH NUMBER  COUNTS { )
| PLAP  RATE LIMITED PLA DEG R

e .
0 S

¢ sxe0k  QUTRUT VARIABLES  #%%#x
FTIVN EYIT INPUT TO DEL PLA LP DEG F ?

......
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FTVM (1.4.9)

APLA/SEC

- b— FTTM

FTLL
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FILTER p———>

(EXT) + DERIVATIVE

T |

FTIT LOOP FTIT LOOP

Figure 5.1-30. FTIT Input to the PLA Trim Loop
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1 TABLE S.1-24 BLUCK l.4.10 DATA L
)5 .
4 Bt
| Co
: i
. : cxkE SCHEDULES = #®&%¥x o
4 Gé FTIT LOOP GAIN -
. o L
k ssx0%  [NPUT VARIABLES  ##k#e .
3 FYIT FAN TURBINE INLET TEMP DEG g

N FIRM FTIT TRIM DEG

g4 FTVM  FTIT INPUT TG DEL PLA LP  DEG Rt SHN

1 GI0  FTIT LIMIT DEG (i) b
g e

!

v,
MmN

|
I
I “exx®  QUTPUT VARTABLES — sk&*s T
1 P
1 FIDS DESIGN FTIT DEG F Lo
B FTLL COMPENSATED FTIT DEG F .
4 FITE FTIT ERROR DEG P
l \ FTTM FTIT INPUT TC PLA LOQOP DEG/S EC S
| fpo
| *ekks  [NTERNAL VARIABLES — %#¥k% Pl
! FTLG FILTERED FTIT DEG F 1\
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; N2SG (1.4.12) l l l ;
7§ ) DPLU 1

L21 DAJU =

frtr w ik v e

u N2LG (1.2.1)

UPMATCH LOGIC DN2U
-

......

x83, X84, X85, X132,
X1331 Xisuo X135! X137'
X138, X139, X156 ' f

Figure 5.1-31. Upmatch Logic
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Figure 5.1-31. (Cont.)
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TABLE 5«1-25 BLOCK la4sll DATA

*EeRk CONS+ANTSZ SESRE

X83 = 93,000 RPM '

X84 = 119.00 DEG

X85~ = 118.50 DEG ORIGTN A v

X132 = 50.000 DEG F - OglgmAL PAGE Is
X133 = 250.00 RPM ~ POOR QUALITY
X134 = =3.7600 A

X135 = 1.8600 DEG

X137 = 123.70 DEG

X138 = 0. AJ

X139 = 1.1300 DEG

X156 = 124.80 DEG

PTI INPUT VARIABLES ek 0k

FTTE FTIT ERROR P DEG
N2LG FILTERED HIGH ROTOR SPEED RPM
N2SC N2 SETPOINT (UPMATCH) RPM
PLAP RATE LIMITED PLA ' DEG

PLSS PLAP LIMIT SOLENOID SIG DISCRETE

XX k& OUTPUT VARIABLES *EEkE

DAJU NOZZLE UPMATCH AJ
ON2U N2 UPMATCH ey RPM

DPLU PLA UPMATCH e DEG

eesss  INTERNAL VARIABLES  ®eees

DWAC N2 ERROR INPUT TO UPMATCH  RPM
UPSG UPNATCH SIGNAL © DISCRETE

193

4
1
e
e
i
'»’
.
"
]
E .
i
s
s
Y
2
:j

-1

i




2
¥l
e .
-
[3 .~
.
LR
Nt ;
$3
by A “ { e
N WJ New .,
FA ﬁ \ rﬂm N Foame N &
& i
™ 3
N 1 :
e S z
| N A J~ B
-\ abr 3 Wx. —w ; 3
. . 13
i K » Ny s
. - v »MW m
, , R e ,
| Vum o &4 : 3
5 NN
At N R i
A ™ !
| Y :
‘ i W
p N3 ¢
N 3
L N
i W




TABLE S5e.1-20 BLOCK le4el2 DATA

skekk  SCHEDULES — ##%#ex

G610 SURGE PROTECTION AIRFLOH CUTBACK
G646 FTIT ADJUSTMENT TO N2 SETPUINT

TR EKK CONSTANTS ety

20000 p—
200.00 ‘ RPM

X10
X70

R

LY INPUT VARIABLES *EERE

DN2U N2 UPMATCH : , RPM
FT0S DESIGN FTIT DEG F
FTLL COMPENSATED FTIT - DEG F
G20 MINIMUM N2 RPM
G30 MAXIMUM N2 RPM

G80  1./(SQUARE ROOT OF THETA)  --
G90  SCHEDULED CORRECTED FLOW PRS
6220 MAXIMUM CORRECTED AIRFLGW PPS

G440 FTIT BIAS FOR PB DEG F.
G450 REFERENCE FTIT DEG F

NTRM N2 GROUND TRIM . . RPM
sexsk  QUTPUT VARIABLES  #s&%s .

N2DS DESIGN N2 . RPM
N2SC N2 SETPOINT (UPMATCH) ~ RPM

seess  [INTERNAL VARTABLES  *%ess
DN2E  AIRELOW ERROR FOR N2 BIAS  PPS

ERRR  FYIT ERROR FOR N2 BIAS DEG
G100 N2 SETPOINT BIAS ~AIRFLONW RPM
G460 N2 SETPOINT BIAS - FTIT RPM

N2XX DESIGN N2 SETPONT-UPMATCH  RPM
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BLOCK DIAGRAM 1.4.13

PLIH (1.3.4) @
_NO YES
YES E IS—' o
WACB = Wi
= FTTE (1.14».10)
L O —
NOC
WACB =0 | ' 1 WACB = W1 WACE =131

} o | ;

Figure 5.1-33. Airtiow Cuwvacs muruplier
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TABLE 50127  BLUGK La4:13 Dara

hekd  CUNSTANTS  dekax

Wl = 1.,0000

X130 * 50000

X151 % L 50000
wkené  INPUT VARTABLES

ETTL  FTIT ERRDR
PLIH  PLA URTRIM INHIBIT

TR QUTRUY VARIABLES
WACH ATRELOW CUTBACK MULT.
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~after the EEC cowmputations have been completed to permit the

~valve logic (para 2.2.2), It is designed to hold the afterburner
~hold is relcased as part of the power level logic to avoid addi- §

ical havdware has a switch which indicates when the manifold is

Foi oy

T

5.2 UNIFIED FUEL CONTROL

This section defines the cgontrol logic for the unified fual
control which in the BOM system is hydromechanical. The gas
genevator cantrel is defined in section 5.2.71 and the aftevburner
and rozzle in §.2.2,

5.2.1  Gas Generator

The gas genevrator control takes two inputs from the EEC {nozzle
trim and PLA trim), N2, T2.§5, PLA, and aircraft discretes and
computes the commands for the RCVV, gas genervator fuel flow, and
the start bleed.

§.2,1.1 Power Lever Logic

The input power lever angle is limited by the afterburner logic
(manifold Fi11ing and PLAP limiting frow the EEC) and by the
minimum position from the EEC. The vrate limited PLA {PLAP) {s
used to drive both the gas generator and afterburner. Idle and
intermediate trim and the PLA trim input from the EEC are included
in the PLA input to the gas generator fuel flow loop (PLAB).
Figure §.2-1 presents the block diagram and table 5.2-1 lists the
required data. The logic is dividad inte 2811 and 211A because it
is not performed sequentially. The PLAP computation (211) is the
first thing cowputed in the contral since PLAP is used throughout
the EEC.  The gas generator PLA, PLAB, is not computed until

NP> - AT )

incorporation of the EEC PLA trim.
PLAP hold {PLPH) is computed in the aftevburner seguent sequenge ‘ \

at the zone minimun fuel flow until the manifold is Filled, This

tional time delay during afterburner transients. The hydvamechan=
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12k

full. The switch is examined by the IFU and an interrupt generated
when the switch is turned on., In response to the intervupt the
control executive (section §.3) stores the value of the winor
cycle counter in ICYC, sets FLIT te 1, and advances the segment
sequence valve to the operating position fram the fil11 position,
The PLAP hold release logic uses FLIT to identify manifold
fi1ling and releases either the ignittion timer (segment 1) or
PLAP hold (all other segments}., The minor cycle counter value
ICYC is used to compute an interval corvesponding to a wajor
eyele plus the fraction of a major cycle since the Ti11 interrupt
was received. Thus PLAP is effectively released as soon as the
£911 interrupt is received. , o

§.2.1.2 T2.5 Compensation

Th&ilogic presented in figure 5.2-2 simulates the vesponse of the
BOM hydromechanical T2.% sensar. It was included to pernit
duplication of the BOM control vesponse to changse in T2.§,

Table §.2-2 identifies the requirved data,

5.2,1.3  Fuel Flow

This loop commands the gas generator fuel flow as a function of
input PLA {PLABR), N2, and T2.5. The fuel flow command is generated
as a Wf/Pb with steady-state control through a droop geverner

with variable droop slope. Acceleration and deceleration schedules
protect the engine during transients. The rocket fire solenoid
Tinits the WE/Pb to 25,5 RU. Figure §.2-3 presents the block
diagram and table §.2-3 the data for the fuel flow loaic,

5.2.1.4 RCVV Control

The RCVVs are scheduled as a function of N2 and T28C. Figure

. 5.2-4 shows the schedule. Control stability studies demanstrateﬁ“
the need to compute the RCVV coumand more frequently than the
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. vl

major cycle rate; however, it is not necessary to perform the
entire schedule computation at the high rate.

As a result the
RCVV command has been divided into the computation of the T25C

effect and the computation of the N2 effect (see figure 5.2-5).
The T25C portion (214) is computed every major cycle with the

resulting setpoint and siopes used each minor cycle to actually
compute the RCVV command (214A).

Table 5.2-4 1ists the required
data.

§.2.1.5 Compressor Bleed

Figure 5.2-6 and table 5.2-5 present the logic and data for the

compressor bleed control.

The bleed is opened during starting as
a function of N2 and T25C.
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BLUCK DJAGRAM 2.1.1
PLAM (1.4.7) DPLA + DPIA
SEL SEL

MAX

PLA (EXT) ‘—IN , LIMIT
PLPH )
: * DPIM
FLS | [C>ONE COMPUTE
PLSE (1.2.4 = s
0 j 1] PLSP (1.2.4) 2.1.1 CYCLE DELAY
F(ZOI ! ® 2t : :
‘ , H : PLAP
3 ; A130 | ppim i r ,
0GIC f#——— —
[PLAP LIMIT LoGIC PLAP  § DELP (1.2.7) A PLA nm (ext) [ TRIM
: f . =" wASHOUT — ¥ WASHOUT
PLAP HOLD H '
RELEASE
LOGIC X202
NSEG (2.2.2) IDT™ (EXT) =)
1CYC (EXT) ==
FLIT (EXT) "8UGE3
=
z =
o) "
3
Figure 5.2-1. Power Level Angle Logic E &
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BLOCK DIAGRAM 2.1.1 (Cont)
PLAP HOLD RELEASE LOGIC

|

DT = X261

ALIT = ALIT « X261

FLIT (EXT)

,,,,,

NSEG (2.2.2)

ICYC (EXT)

ALIT = X264 + ICYC

IGN =1

PLPH = PLP(NSEG + 1)]

DT = X260 - ICYC

PLPH = PLP(1)

,E

Figure 5.2-1. (C‘ont.}
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TABLE 5.2~} BLOCK 2.1e1 DATA

«kkx%  CONSTANTS = *sesx

A91 = 91.000 DEG
Al130 = 130.00 | OEG
PLPI1) = 93,500 | DEG
PLP(2) = 102.70 | DEG
PLP(3) = 110.00 | DEG
PLP(4) = 116.30 ! DEG
PLP(S) = 122.50 DEG
PLP(6) = 130.00 DEG
X201 = 119.95 DEG
X202 = 10000 DEG/COUNT
X203 = Q. DEG
X204 = 00 —
X205 = 1.0000 1 /D€EG
X206 = 83,000 DEG
X207 = 20,000 DEG
X208 = 37.000 DEG
X209 = L21740E-01 --
X210 = 10000 -
X211 = 28.500 0EG
X212 = =35, 000 DEG
X260 = 24.000 MNC
X261 = 12.000 MNC
X262 = ,35500 ' DEG/MNC
X263 = .21500 DEG/ MNC
X264 = 108.00 MNC

w*kex  [NPUT VARIABLES  sxs¥x

DELP

FLIT

T AR

1cyc

I0TM
INTM
NSEG
PLA

PLAM
PLPH
PLSO

EEC PLA TRIM DEG
FILL INTERRUPT SIGNAL DISCRETE
A/C IDLE AREA RESET/VMAX DISCRETE
MINOR CYCLE COUNTER -FLIT MNC

IOLE GRUUND TRIM COUNTS
INTERMEDIATE GROUND TRIM  DEG
A/B SEGMENT COUNTER --
POWER LEVER ANGLE . DEG
MIN PLAP DEG
PLAP HOLD 3 DEG
PLAP LIMIT SOLENQID — OISCRETE

ssku%  DUTPUT VARIABLES  *&&as

DPLA
1GN

PLAB
PLAP

PLAP ERROK {(PLA - PLAP}  DEG

A/B IGNITION COMMAND DISCRETE

GAS GENERATOR PLA DEG

RATE LINITED PLA DEG
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h TABLE  5.2-1 BLOCK 2.1.1 DATA (CONT.)

N
E-“ §
| (.
4{
RE . sexkk  INTEKNAL VARIABLES — ®¥&ks i
5 o
¢ ALIT A/8 IGNITION TIMER MJC -
‘ OLPL RATE LIMITED DELTA PLAP DEG {3
] DPLI CALC VAR-DELP WASHOUT CAM  DEG kﬂzf
B DPLM DPLA LIMIT DEG
i d DT  OELTA TIME FOR PLAP RATE  MJC ;
s ~ ~ PLAC CONTROL PLA DEG E
aE PLAN GAS GEN PLA W/0 EEC DELP  DEG ]
i“ PLAU EEC INPUT TO PLAB DEG -
| PLS ~ PLAP LIMIT INPUT TD PLAC  DEG E
BE TRMM IDLE TRIM INPUT TO PLAB DEG &
| ] 5
1 i
f) P
LY
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BLOCK DIAGRAM 2.1.2

£0¢

[i=>ONE COMPUTE CYCLE DELAY

Figure 5.2-2. T25 Compensation




TABLE 5.2-2

BLOCK 2412

WRE R CONSTANTS  ®&xés

X5 = L, 30000
X266 = 15.000
X267 =  1.2000

kK& INPUT VARILABLES
T25 FAN EXIT TEMP — DUCT

ERAE QUTPUT VARLTABLES
T250 CUMP?NSATED 125

(=242 INTERNAL VARIABLES

DELT CURRENT - PAST 125 -
oLY CALC VAR2 =~ T2bh COMP
DLTO - CALC VAR3 -~ T25 COMP
SAV  CALG VARL - T25 COMmp
T25P PAST VALUE OF T25%

DATA
RS
DEG
LT

DEG
T
DEG
LEG
DEG
DEG
NEG
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3 EFSﬁ {2.5.1%

K226 l

» =G EFE
225 |~
D s 3

250 (2.2.2) | 2
T25C {2:2-2) Jemyenence ne

N2 (EX7T)

o PBEC

> WEMAS

WIi SEL
AT,

YLE (EXT)

ol

ACCELERETION|—e WEPL

Hi.i

TR

B ST RO B

SCHEDULE
IcHY = ©
LOW SPEED k
LCCELERATION

SCHEDULE | WFFA

Figure 5.2-3. Gas Generator Fuel Flow Loop
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N2

BLOCK DIAGRAM 2.1.3 (Cont)

LOW SPEED ACCELERATION 'SCHEDULE

ABSOLUTE
VALUE

X219

4+

+

X220

T25M

NZ2M

Xe21

X222

Figure 5.2-3. (Cont.)




TABLE

S' 2“3

 QRIGINAL PAGE IS
BLOGK 2.1.3 DAra OF POOR QUALITY

sexks SCHEDULES  whewe
Hlel ACCELERATION SCHEDULE
H4.1 OPERATING LINE DRDOP SLOPE
N4.2  OPERATING LINE REFERENCE N2

seaks  CONSTANTS  *eews

X213 = 40,000 RU

X2l4 = 2200.0 RPM

X21% = 10.000 RU

X21é = 10.000 DEG

X218 = 250.00 DEG

X219 = =, 250006~01 RU/DEG

X220 = 27.450 RU :

X221 = -,10000E-01 RU/RPM

X222 = 28.700 RU

X223 =  26.600 RU

X224 = 18,700 RU

X225 = 25.500 RU

X226 = 42.000 RU

X227 = 16000. PPH

X228 = 400,00 PPH

®*&e%  INPUT VARTABLES  #*a&ea
N2  HIGH CONPRESSOR SPEED RPM
PBC  TOMP. BURNER PRESSURE PSI
PLA  POWER LEVER ANGLE DEG
PLAR  GAS GENERATOR PLA DEG.
2FS0O  ROCKEY FIRE SQULENDID DISCRETE
T25C COMPENSATED 725 DEG F

Rk OUTPUT VARIABLES ek

- TGNM  MAIN BURNER IGNITION CMD DISCRETE

WFC  GAS GEN FUEL FLUW GMD PPH
WEPB  MAIN BURNER WE/PB ]U
xkak¥  [NTERNAL VARIABLES  ®&swd

DSL DRODP SLGRE - RUZRPM
N2M N2 INPUT - LOW 59&&& WE PX RU
N2R  REFERENCE N2 RPM
RES ROCKET FIRE LIMIT OF WFPB R
T25M T25 INPUT-LOW SPEED WFPX  RU
C WFRQ  OPERATING LENE WF/ZPB ~RU
WEPX ACCEL SCHEDULE WF/P8 RU
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BLOCK DIAGRAM 2.1.4
N2 (EXT) '
NO
725C (2.1.2)
H7 .1 SLAW
+—» ———
LOW N2 SLOPE
SLgW = 0. SLgw = X231
‘ H7.2 SHI SHI = 0, SHI = X231

] " HIGH N2 SLOPE ’ N2MD = X269 N2MD = X230
‘ ' RCVM = X270 RCVM = X232
= W ' - -
@ H7.3 N2MD

REFERENCE N2 '
H7 b 'RCVM RCVM
— REFERENCE RCVV
X233 3 RCVM
~—— ’
. | ., N

RFS@ (;.3.1)

Figure 5.2-5, RCVYV Logic
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BLOCK DIAGRAM 2.1.4 {(Cont)

2.1.44 -— MINOR CYCLE CALCULATIONS

- SRR s AP - BRI SR
ot e = T = el
.

| NO

N2MC (EXT)
————y——#<_N2MC > N2MD

SL

SLEW ' B e

i

SL

I
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SEL MAX

SL SEL i
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TABLE S5.2-4 BLOCK 2.1.4 DATA

akses  SCHEDULES  ##e*s&

LOW N2 SLOPE
HIGH N2 SLOPE
REF N2

REF RCVV

HT.1 RCVV SETPOINT
H7.2  RCVV SETPOINT
H7.3  RCVV SETPOUINT
H7.4  RCVV SETPOINT

s*sk&  CONSTANTS  *&xkx

X229 = T304.0 RPM
X230 =. 600.00 RPM
X231 = -.50000E~01 DEG/RPM
X232 = -20.000 DEG
X233 = =T+ 0000 DEG
X269 = 1000.0 RPM
X270 = -40.000 DEG
X271 = 4,0000 DEG

*s%%x%  [NPUT VARIABLES  #%&#%
N2 HIGH COMPRE SSOR SPEED RPM

*ke¢%  QUTPUT VARIABLES  #x%%x
RCVC COMMANDED RCVV POSITION DEG

L INTERNAL VARIABLES ek

N2MD REF N2 FOR RCVV COMMAND RPM
RCVM REF RCVV FOR RCVV COMMAND DEG

SLOW RCVV SLOPE FOR LOW N2 DEG/RPM

215

N2MC MINOR CYCLE HPC SPEED RPM
RFSO ROCKET FIRE SOLENGID "DISCRETE"

T25C COMPENSATED T25 DEG F.-

SHI RCVV SLOPE FOR HIGH N2 DEG/RPM
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9l¢

N2 (EXT) ,
: N2 > X234

NO

BLOCK DIAGRAM 2.1.5

T25C (2.1.2)

I
Y

H10
START
BLEED

N2BL

YES NO

) J

BLED = 0
(BLEED CLOSED)

l

%)NZBL

BLED = 1
(BLEED OPEN)

l

Figure 5.2-6. Compressor Start Bleed
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TABLE 5.2-5 BLOCK 2.1.5 DATA

| ssexx  SCHEDULES  ssdss
f | H10 START BLEED N
: **t;;: CONSTANTS T )

f X234 = 1000.0 RPM
. 5 ' *ER RS INPUT VARIABLES ERERE

N2 HIGH COMPRESSOR SPEED RPM
T25C COMPENSATED T25 £EG F

S #%x¥%%  QUTPUT VARIABLES  &s®&s

P : *%x¢%  INTERNAL VARTABLES  *s*&#
. ~
o N2BL REF N2 FOR START BLEED RPM
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5.2.2 Afterburner

The afterburner logic computes the commands for the nozzle area,

segment sequence valve position, core afterburner fuel flow, duct
afterburner fuel flow, and the afterburner ignition. EEC inputs

to the UFC afterburner contro]l include the nozzle area trim, the

rocket fire solzncid, and the N2 solenoid.

5.2,2.1 Nozzle Area

The base nozzle area is a function of PLAP and T25C. The nozzle
is opened at idle on the ground indicated by the aircraft squat

switch to reduce the thrust for taxi operation. The EEC nozzle

trim is washed out as a function of PLAP.

Two signals generate nozzle area reset: rocket fire solenoid
from the EEC and large decels indicated by DPLA, the difference
between control PLA and PLAP, and the N2 solenoid from the EEC.
Each reset is phased out gradually when the signal goes away.
The nozzle area is Timited and maximum or minimum nozzle area
signals are generated. Figure 5.2-7 presents the block diagram,
figure 5.2-8 the base nozzle areakschedu]e, and table 5.2-6 the
required data.

5.2.2.2 Segment Sequence Valve

The segment sequence valve controls the turning on and filling of
each of the five afterburner manifolds or segments. The valve
has ten positions, two for each segment. The first turns on a
high rate of fuel flow to fill the manifold. During filling PLAP
is held at the minimum value for that zone. When the mainfold is
full (indicated by a switch) the valve is sequenced to the trans-
fer position and fuel flow is modulated. For the PROFIT system
the fi]T switch will be monitored continuously in the IFU. -An
interrupt will be generated when the segment is filled. The |
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control executive will, in response to the interrupt, move the
segment sequence valve to the operating position, In effect the
PLAP is released at the same time (paragraph §.2.1.1). Figure
5,2-9 presents the block diagrams and table 5.2-7 the data for
this logic.

5.2.2.3 Fuel Flaw

Total aftevburner Wf/PB is scheduled as a function of PLAPR and
T25C, biased by an external trim and main burner pressure, PB,.
Due to differences between the BOM and PROFIT hydromechanical
fuel valve systems new logic must be devised for split between
core and duct fuel flow. The eventual output of this legic block
is commanded core ¥uel flow and commanded duct fuel flow. Figqure
5.2-10 and table 5.2-8 show the block diagrams and required data.
Figure 5.2-11 shows the total A/B fuel flow/main burner pressure
schedule.
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BLOCK DIAGRAM 2.2.1

SQws (EXT)

PLAP (2.1,1)

PLAP =

Al T25C (2.1.2)
AJ BASE [

] AJCC

DELA (1.2.7)

A3 .
DELTA AJ ATI
CONVERSION .

 SEL
MIN

X239 X240 | AONE

AJCC

AJBA

Figure 5.2-7. Nozzle Ares

ORIGINAL PAGE IS
OF POOR QUALITY|
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AJRP = |
AJRP - X245

RPSg (1.3.1)

B RT3 RTEVINE RO SR v . SURWI J.r vt N, VY

BLOCK DIAGRAM 2.2.1 (Cont)
DPLA ((2.1.1)

AJRF = X2kb | AJRs = x2u4

LIMIT TO
POSITIVE

AJRF

FJ LIMIT TO ¥ AJRS =
POSITIVE AJRS - X246
AJRS

SEL
MAX

N2SZ (1.3.3)

AIN

AJMX = 0
AJC AJMS = O

AJC = X248
AIMS = 1

AJC = X247
AIMX = 1
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Mo TABLe  5.2-0 BLUCK Ze2.1 DATA
\
1 kRKE  SCHEDULES  weaes
o Al BASE NGZZLE AREA
P A3 DELTA AJ CUNVERSION
g
E J S 2 CUNSTANTS R W
S AONE = 1.0000 -
W X235 = »l.000 DES
i X230 = 24.000 DEG
S ' X237 = -, 98890001 SQ F1/DEG
X238 = 546760 SQ FT ORIGINAL PAGE IS
W X239 = b4.500 DEG OF POOR OUMlvm
o X240 = ,57140E-01  1/1Cy ' s
. X241 = 1.0000 -
o X242 = =10.000 De6
R X243 = 83.000 DEG
SR X244 = 10060 ——
J | ; X245 = . 12000E-01 -- B
] ‘ X246 = . 30C0QCE-02 - SR
1 X241 = b.3500 SC K1 1o
X248 = 2.0040 SQ +7T

cddok  [NPUT VARLIABLES — %®ew

DeLa - CEC NOZLLE  TRIM STERS
DPLA  PLAP FRRQR (PLA - PLAP) DEG
N2SN N2 SQLENQID DISCRETE
PLAP  RATE LIMITED PLA DEG
RFSU. ROCKET FIRE SULENDID ~ DISCRETE
SAWS - A/C SQUAT SwWITCH JISCRELE
r25C COMPENSATED T25 DEG F

SRR A QUTPUT VARTABLES LA R

AJL NUZZLE ARtA CUMMAND SQ BT
AJMS - NOZZLE LLOSED SWITCH DISCRETE

AJMX  NUZZLE FULL UPEN SWITOH DISCRETE

kR INTLRNAL VARTABLES  wekxx

AJUA - BASE NOZZLE AREA sQ T i
AJCC  EEC BIAS UF AJ - :
AJI  AJ TRIM - 5
AJN  FEC BLASED BASE AJ 5Q FT
AJKF - KOCKET FIKE AJ RESET SEC
AJKS N2 SOLENUID AJ RESET SEC

: 723
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BLOCK DIAGRAM 2.2.2

PLAP (2.1.1)

ABPM =

Figure 5§.2:9. Segrment Sequence Val
a. Afterburner Pmms;vqm v
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BLOCK DIAGRAM 2,2.2 (Cont)

‘ PLPH v Po&% PAAG[E,EH
: JE , QU
PLAP __ -—> | g

(2.1.1) SSV REQUEST ‘—EEG -
SSVP (EXT)
DPLA )| ‘

(2.1.1) REQ +

YES

> X255

R e HOLD = X256

Pt 3 N Riiirar’ dtarasn oL TR ) S
T ilsag T R, e L Tl avies i - L
R R IR S .5 T LA !

[

DREQ = X251

DREQ = X252
PLPH = PLP(NSEG + 1)

IGN
(2.1.1)

f¢———PLPH = PLP(1)

NO

yes Ssve

SSVC = REQ(1) AT
"| PLPH = X258 v g

Figure 5.2-9. (Cont.) , N : : ‘{
b. Segment Sequanoe Valvwe Command
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‘»ﬁ |
BN
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e |
»&“ !
\,‘:
B
.\‘
; BLOCK DIAGRAM 2.2.2 (Cont)
5 ® SSY REQUEST
N
N DPLA ((2.1.1) :
HYST = -X254 HYST = 0,
&
o ‘ ; “0 SREQ = REQ(1)
(:l:L:Pi) >PLAS(1)> NSEG = 0
B ' PLPH = PLP(1)
YES —
NO [~
>DPLAS(2) NSEG = 1
YES
NO :
“>PLAS(3) NSEG = 2 }——
YES
. NO
>PLAS(4) NSEG = 3
YES
NO
>PLAS(5) NSEG = 4§ fepn
YES
NSEG = 5

o

SREQ = REQ(NSEG + 1)
PLPH = PLP(NSEG)

l

Figurs 5.2-9. (Cont.)
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DPLA
FILL
1GN

N2S0
PLAP
SSVP

x

NSEG.

PLPH
SREQ

SSVC?

TIT L]

ABPM
‘DREQ
HOLD
HYST

BLE 5
AT 3T

NTMC

PLASLL)
PLAS(2)
PLAS(3)
PLAS(4)
PLAS{S)
pLP L)
PLPL(2)
PLP(3)

PLPL4&)

PLPLS)
PLP(6)
REQ(L)
REQL2)
REQ (3}
REQ(4)
REQ(S)
REQ(6)
X250
X251
X252
X254
X255
X256
X258

k&R

. 2-7 BLOCK 2.2.2

CUNSTANTS XS

91.000
102.00
LO§.70
115.00
121.00
93,500
102.70
110.00
116.30
122.50
130.00
87.500
69. 800
54.100
39,200
23.400
8.2000
89. 000
6. 8000
O

. 70000
10.000
« 10000
89.100

[N T S S T N TS AN [ O S TINS VNN 1SS (NS [ NS TR TR BN TSN SN '3

INPUT VARTABLES

PLAP ERROR (PLA = PLAP)
A/B MANIFOLD FILL SIG
A/8 IGNITION COMMAND
M2 SOLENOLD

RATE LIMITED PLA

SSV POSITION

L X 32

DUTPUT VARIABLES

A/B SEGMENT CUUNTER
PLAP HOLD ,
SCHEDULED SSV POSITION

COMMANDED 'SSV POSITION

INTERNAL VARIABLES

AFTERBURNER PERMISSION
FILL REDUCTION IN SSVC
INILTIAL FILL TIMER
PLAP HYSTER. = SSVC
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- DEG

DEG
DEG
DEG
LEG
DEG
DEG
DEG
DEG
DEL
DEG
DEG
DEG
DEG
DEG
OEG
DEG
DEG
DEG
DEG

SEC
DEG

L2 3

DAT A

« 60C00E-01 SEC/MJC

e

1] 3]

DISCRETE

L 2]

*

DISCRETE

DISCRETE
DEG
DEG

k¥

DEG
DEG
DEG
ek &k
DISCRETE
DEG

SEC
DEG

S T P e L B e s g L ey i a e it e
S s e g L T L T e et ST ST S ke e e e Z:

gt

S

L

S Lo Dy e




|
|
: i
| |
i |
H !
| BLOCK DIAGRAM 2.2.3
| PLAP (2.1.1)
| T25C (2.1.2) Alh
| > WF/PB

|  Tweap
? | ARUT

X2 SEE
! WFPB (2.1.3 259

R IR
;
a1 PBC (1.4 ~ 3
o 5C(1.4.1) | mrario UNIT | PCPB :
1 BIAS 7

| \i— WFAC

A2
; | Frow sprrr
] : TBD

T25C PLAP

SPLT

\‘, R , Figure 5.2-10. Afterburner Fuel Flow Logic
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Figure 5.2-11  Afterbumer Fuel Flow/Bumer Pressure
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TABLE 5.2-8 BLOCK 2.2.3 DATA

LES T2 SCHEDULES LA 33

A lA TOTAL AFTERBURNER WF/PB
A2 FLOW SPLIT
AS RATIO UNIT BIAS

*EEKE CUNSTANTS T T

X259
X212

1.0000 -
200.00 PPH

moh

LuREK INPUY VARLABLES *RExE

ARUT A/B RATIO UNIT GRND TRIM
NSEG A/B SEGMENT COUNTER -

]
i

PBC COMP. BURNER PRESSURE PS1
PLAP RATE LIMITED PLA DEG
T25C COMPENSATED T25 UDEG F
WFPB  MATIN BURNER WF/PB RU

xedxx  QUIPUT VARIABLES  ®¥e#x

WFAD DUCT A/B FUEL FLCW CMD PPH
WFCR  CORE A/8 FUEL FLOW CMD PPH

£33 2 L INTERNAL VARTABLES TR

PCPB A/B RATIO UNIT BIAS -
SPLT CORE/TOTAL A/B FUEL FLOW -
WFAC  COMMANDED A/B FUEL FLOW PPH
WFAP  TOTAL A/B WF/PB RU
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5.3 CONTROL EXECUTIVE

This section describes the executive functions for the BOM control
module. The host program executive described in section 4.1 sets
up the 60 millisecond major cycle, inputs and processes all the
data, owutputs all commands, and controls the minor cycle process-
ing. The following paragraphs discuss all the required executive
functions for the BOM control even though the fill interrupt
Jogic and calling the minor cycle computations is performed in

the host program executive. Each paragraph identifies those
portions of the logic that will be in the host program executive.

5.3.1 Fi11l Interrupt Processing

The entire fill interrupt processing logic will be a part of the
host program executive (paragraph 4.1.3.8). Its function is
described here to assist in understanding the BOM control opera-
tion. The hardware fill signal, in addition to being input to

the control as a data word every 60 milliseconds, will be examined
continuously by the IFU. An interrupt will be generated when

fi11 first comes on. In response to that interrupt the host
executive will perform the following functions:

1. set fill dinterrupt signal, FLIT, to 1 (FLIT is reset to 0 in
lJogic block 2.1.1)

2. store the value of the minor cycle counter in ICYC
3. set segment sequence value position command, SSVC, to the
operating position for the current segment, SREQ, computed

in logic block 2.2.2

‘output the segment sequence value position command.

231




5.3.2 Minor Cycle Calculations

As described in paragraph 5.2.1.4 a portion of the RCVV computa-
tion must be performed at the 5 millisecond minor c¢cycle rate.

The logic identified in figure §.2-5 as logic block 2.1.4A is to

be done every minor cycle. The host program executive will call

block 2.1.4A as part of the minor cycle processing (paragraph
4.1.1).

5.3.3 Major Cycle Calculation QOrder

The major cycle processing has been divided into gas generator

and afterburner control. They are called separately from the

host program executive (paragraph 4.1.1). The order of calcula-
tion within each is controlled by the BOM control executive.
Figure 5.3-1 presents the calculation ordew for the gas generator.
The logic is identified by block diagram numbers from sections

5.1 and 5.2. A1l of the EEC logic is included in the gas gener-

ator. Figure 5.3-2 presents the calculation order for the
afterburner.
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ENTRY

BLOCK 1.4.1

BLOCK 1,4.3

BLOCK 1.4.8

i

BLOCK 1.%.2

|

BLOCK 2.1.1

BLOCK 1.2.1

L e 45 e

BLOCK 1.2.2

BLOCK 1.k.4

| BLOCK 1.4.5

. e
D

.

BLOCK 1.2.%

l

BLOCK 1.2.6

End
y

BLOCK 1.3.1

BLOCK 1.3.3

BLOCK 1 03 -u‘

End

BLOCK 1.4,6

Y

BLOCK 1.4.7

Y

BLOCK 1.4.9

)

BLOCK 1.4.10

1

Figure 5.3-1. Gas Generator Calculation Order
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BLOCK 1.4,11

BLOCK 1.4.12

BLOCK 1.4.,13

End Sector 3
L 2

| BLOCK 1.3.5A

y

BLOCK 1.2.3

l

BLOCK 1.2.5

Figure 5.3-1. (Cont.)
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BLOCK 1.2.7

l.

BLOCK 2.1.1A

l

BLOCK 2.,1.2

v End Sector 4

BLOCK 2.1.3

BLOCK 2.,1.4

BLOCK 2.1.5

RETURN
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ENTRY
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BLOCK 2.2.1

BLOCK 2.2.2
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RETURN
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Figure §.3-2. Afterburner Calculation Order
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5.4  DATA BASE

This section defines the values, scale factors, memory location,

and using logic blocks for all schedules {5.4.1) and constants
(5.4.2). Paragraph 5.4.3 defines the memory location, scale
factor, the defining laogic block, and the using logic block for

the variables used in the control. Paragraph 5.4.4 defines the .
requirements for table lookup routines. ‘

5.4.7  Schedules

This paragraph defines all the schedules used in the BOM control.

Table 5.4-1 Vists the schedules and identifies the logic block in

which the table Jookup is executed. Table 5.4-2 presents the

data, memory location, and scale factor for all the schedules. i~
The schedules are avranged in Table 5.4-2 in the same order as in <E )

- Table 5.4-1. The memory Jocation will be filled in when the
program has been assembled.

item in each array.

It will be the location of the first

It is not the location of the current values

of the input and output variables. Those are defined in paragraph

5.4.2 Constants

Table 5.4-3 defines the constants used in the BOM control.
Memory location and scale factor information will be completed as
they become available. Some of the constants are a function of

the control computation interval, DTMG, Table 5.4-4 identifies
these constants and how they were computed. :

5.4.3 Variables

Tab]e 5;4-5'1ists the variables used in the control routines
described in sections 5.1 and 5.2.

The few remaining scale
factors and memory locations will be added as the information is

available. Tables 5.4-6, -7 define control inputs and commands.
| 236
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5.4.4

The same table lookup routines are to be used throughout the
control. A1l tables are to be linearly interpolated with no
extrapolation beyond the table end points. Both univariate and
bivariate routines are required.

5.4.4.1

Two options are required for the univariate routines. The first
is a table lookup with no prior information in which the X array
is searched to find the values on either side of the input X and &
a Y value calculated. The second is one in which a series of 3
tables have the same X values and the output Y value is computed
using the previously computed (X=Xn)/(Xn-1 - Xn) and n. This

mode saves computation time for many of the control schedules.

§
5.4.4,2 Bivariate Table Lookup ;%
:
The following options are required for the bivariate routine: fé
1. full table Tookup with no prior information computed ;;ﬁ

2. full interpolation of Y variable with previous values of X
index and slope

Table Lookup Routines

Univariate Table Lookup

™

3. 7 computation using previous values of X index and slope and "ﬁ

Y index and slope

4, capability of inputting eXterna]]y computed X index and.

E slope values. This option is useful in the UFC where uniform
increments of T25C are used in several tables and the index
and slope can be conveniently computed,
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SCHEDUL €

Gl
G2
G3
G4
G5
G6
G7
G8
G9
G10
Gll
G13
Gl4
G21
622
632
G43.1
G43.2
643.3
G44
645
G46
G&7

- G49
G50
651
G52
653
G54
G55

Al
AlA-
A2
A3
A5
Hl.l
H4.1
Hé o2
H7.1
H7.2
HT.3
HT.4
H10

TABLE - 5.4-) CONTROL SCHEDULES

FUNCTION

k& EEC *&&
FAN TURBINE INLET TEMPERATURE LIMIT
MINIMUM HIGH COMPRE SSOR SPEED
MAXIMUM HIGH COMPRESSOR SPEED
N2 AIRFLOW ADJUSTMENT
HIGH COMPRESSOR SPEED LOOP GAIN
FTIT LOOP GAIN : .
FAN SPEED LIMIT
1./{SQUARE ROOT OF THETA)
TOTAL CORRECTED AIRFLOW SCHEDULE
SURGE PROTECTION AIRFLOW CUTBACK
MAX BURNER PRESSURE LOOP GAIN
FAN OVERSPEED LOOP GAIN
MINIMUM CORRECTED AIRFLOW
MINIMUM PLAP LOOP GAIN
MAXIMUM CORRECTED AIRFLOW
NOZZLE AREA TRIM LOOP GAIN
N2 REFERENCE
N2 TO N1 CORRECTION
N1 REFERENCE .-
PB BIAS TO REFERENCE FTIT
REFERENCE FTIT SCHEDULE .
FTIT ADJUSTMENT TO N2 SETPOINT
ATRFLOW CUTBACK SLOPE MULTIPLIER
MINIMUM BURNER PRESSURE LOOP GAIN
MINIMUM PLAP PRESCHEDULE
PB BIAS TO N2 SETPOINT
PLAP BIAS TO NOZZLE TRIM
PB BIAS TO NOZILE TRIM
IOLE N2 LOOP GAIN
BURNER PRESSURE CORRECTION FOR DGB
*x%& YFC &k :
BASE NOZZILE AREA
TOTAL AFTERBURNER WF/PB
FLOW SPLIT ,
DELTA AJ CONVERSION
RATIO UNIT BIAS
ACCELERATION SCHEDULE
OPERATING LINE DROOP SLOPE
OPERATING LINE REFERENCE N2
RCVV SETPOINT - LOW N2 SLOPE
RCVV SETPOINT - HIGH N2 SLOPE

RCVV SETPOINT - REF N2

RCVV SETPOINT - REF RCVV

START BLEED :
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TABLE 5.4-2  CONTROL SCHEDULE DATA

Gl SCHEDULE

S S

g FAN TURBINE INLET TEMPERATURE LIMIT
i T2LL 610 ;

AT -110.00 1696.6
g S - =53,000 170040 - Lo
SR =3, 0000 1703.0 ' _ L
. 22.000 1704.5 - SRR
4 37. 000 1705.5 P
i 42,000 1705.7

b 47.000 170640
My 52.000 1706.4
. »‘“ Dt 57. 000, l706 0? | }
- : 62. 000 1707.0 é
72. 000 1707.7 8
97.000 1709.3
147,00 17127
197.00 L7164
247.00 172046
322.00 LTLl4.T
347.00 1701.2
397.00 1665.0
440.00 162842

T2LL - COMPENSATED T2
DEG F  ,B10 4 LOC =

Gl0 - FTIT LIMIT
DEG F  ,8Bl2 , LOC =




T ARSI TINRENT S-SR K

MINIMUM RI5H COMPRESSOR SPEED

TABLE

62

T2LL
~110.00

-53.000°

-3- 0000
224.000
37.000
42.000
47. 000
52. 000
57.000

62.000
12.000

97.000
147.00
197.00
247.00
297.00
322.00
347.00
397.00
440.00

5- "‘"2

SCHEDULE

G20

10876.
11696.
12374,
12701,
12895,

12957,
13020.
13081.
13143,
13207.
13329,
13630,
14000.
14000
14000.
14000.
14000,
14000.
14000.
14000.

T2LL - COMPENSATED T2

620

DEG €

y810 , LOC

- MINIMUM N2
-~ RPM

+Blé 4, LOC

{CONT )

W
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T2LL G30
-110.00 13000.
-53.000 13000.
* -3,0000 13000.
g 22.000 13087.
| 37.000 13130,
¢ 3 47.000 | 13162,
A1 52.000 | 13177,
a1 57.000 | 13192.
b 62.000 13208.
1 72.000 13238.
4 97. 000 13317.
b 147.00 13250.
oy 197.00 13250.
I 24700 13250,
i 297.00 13250,
| 322.00 13250.
T 347.00 13250.
I 397.00 = 13250.
é 440.00 13250.
o T2LL - COMPENSATED T2
o R ' "DEG F  ,810 , LOC =
1. G30 - MAXIMUM N2
=i RPM WBlé o LOC =

MAXIMUM HIGH COMPRESSOR ‘SPEEDN

TABLE 504-2 (CONT.)

G3 SCHEDULE
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TABLE 5.4~-2 (CONT.)

G4 SCHEDULE

N2 ALRFLOW ADJUSTMENT

DNZ G40
~300.00 .  3.0000
200.00  =-2.0000
700.00 -12.000

1400.0 v =~34.000

DN2 ~ N2 ERROR FOR AIRFLOW ADJ
RPM ¢Bl2 4 LOC =

G40 - DELTA AIRFLOW

g o 3 o i et 1 e vt
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!
i
1
1

TABLE 5.4-2 (CONT,.)

G5 SCHEDULE

HIGH COMPRESSOR SPEED LGOP GAIN
N2ER N2TM
R
-8000.0 "800 000
-150.00 & =.75000
~15.000 0.
15.000 0.

375.00 1.2500
8000.0 ~.80.000

N2ER - N2 ERROR FOR PLA LOOP
RPM +Ble o, LOC =

N2TM — N2 INPUT TO THE PLA LOOCP

DEG/SEC 488 y LOC =
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TABLE 5.4-2 (CONT.)

e

" A Dt e sty

!
i

|

!

i

; :

! ¥

; | G6  SCHEDULE i
| ' FTIT LOOP GAIN ;f

FYTE FTTN S

=1440.0 -160. 00

i -100.00 -5.0000
f : ~50.000 =1.4000 | S
5 -4. 0000 0. ' e
4. 0000 0. Gf

100. 00 1.0000 P
300,00 5.0000 'ig‘
f SR

' = ETTE = ETIT ERROR
DEG BlL » LIC =

FYTM - FTIT INPUT YO PLA LODOP
DEG/SEC BB v LOC =

:._‘J.;L&:..,‘.s ,4 - N
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TABLE

|

]

|'§ !

i i

}

,% 4

? |

| 57 SCHEDULE

% FAN SPEED LIMIT

‘% T2LL 670 !

§ ~110.00 9471.0 ?

‘ -53, 000 9870.0

={ -3.0000 10220. :

| 22.000 10395. :

K 37,000 1 0490, - 3

B 42,000 105304 ~

: 47.000 10570. .

. 52. 000 10610, 5

1! 57. 000 10640
62, COO 10670. ;
72.000 10670. %
97. 060 10650. I
147.00 10595, %
197.00 10540. :
297.00 10420. :
322.00 10395. :
347400 10365. :
397.00 10310. :
440400 10262. \\

g T2LL - COMPENSATED T2

; DEG F  ,BlO  LOC =

f GT0 ~ MAXIMUM N1 :

Ua '

o1 8

Lt 8 ,

\ i =

N v

Kood
R W5
L
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TABLE 5.4~-2 (CONT.)

G8 SCHEDULE
1./7(SQUARE ROOT OF THETA)

S S G T e N SN ?
} ~( i o o t j - R
i } 1 i ¥

T2LL

-11 0-00
-530 000
-3.0000
224000
37.000
424000
47.000
52.000
57. 000
62.000
72.000
97.000
147.00
197.00
247.00
297.00
322.00
347,00
357.00
10100000

G80

1.2129
1.1252
1.0623
1.0345
1.0189
1.0138
1.0088
1.0039
« 99900
-« 99423
« 98493
. 96265
92234
« 88668
«85492
« 82631
« 81301
« 80038
« 17675
« 715804

T2LL - COMPENSATED T2

DLG F +810

» LOC

-
=

GBO - 1</(SQUARE ROOT OF THETA)

-- Bl

246

y LOC
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TABLE 5.4~2 (CONT.)

; GS  SCHEDULE

TOTAL CORRECTED AIRFLOW SCHEDULE

T2LL G90O

? -110.00 230.00
f -53,000 230.00
-3.0000 230. 00

22.000 230.00

37.000 230.00

| 42.000 230.00
: 47.000 229,35
| 52. 000 228.90
57.000 228430

62.000 228.00

: e’ ’ 72.000 225.90
| 97. 000 218.60
197.00 199.70

: 247 .00 190.69
; : 322.00 174.20
347.00 167.10

397.00 152.50

44000 139.90

T2LL - COMPENSATED 72
DEG F 1810 4 LOC =

G90 - SCHEDULED CORRECTED FLOW
PPS '88 1) LoC =

.
.
!
;

-
S
.

.




TABLE 5.4-2 (CONT.)

610 SCHEDULE

SURGE PROTECTION AIRFLOW CUTBACK

DN2E G100
0. O.
4.006G0 -100.00
14.000 ~560,00
36. 000 ~1200.0

DN2E - AIRFLOW ERROR FOR N2 BIAS
PPS 1 B8 ¢ LOC =

G100 — N2 SETPCINT BIAS -AIRFLOW
RPM 1814 y LOC =

248
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% i f PBE

? . . PBTM

TABLE 5.4=2° (CONT,)

GlL  SCHEDULE
BURNER PRESSURE LOUP GAIN
PBE PBTH
-853. 00 -139.90
-11.300 -.28200
4.5000 0.
11.300 28200
853.00 139.90

- MAX BURNER PRESSURE ERROR
PSI WBl0 ., LOC =

-~ MAX P3 INPUT TO PLA LOOP
LUEG/SEC 4,88 v LOC =




TABLE 5.4-2 (CONT.)

6G1l3 SCHEQULE

FAN OVEKSPEED LOOP GAIN

N1ER NLTM
-4400.0 ~160,00
-400.00 D

NI1ER = N1 ekKOR FOR PLA LOOP
RPM +Bl4 5 LOC =

N1TM = N1 INPUT TO THE PLA LOOP
DEG/SEC  ,B8 v LLC =




TABLE

Gla

MNLG

243.00
265.00
346.00
454,00
516400
583.00
656.00
815.00
995.00
b : ’ 11‘;5.0
oy 1413.0
i 1529.90
5 S 1908.0

COUNTS

PPS

5.4-2 (CONT.)

SCHEDULF

MINIMUM CORRECTED AIRFLOW

G140

12290
122.90
122 .90
17140
170.80
170,10
168.30
162 .90
153.70
136.70
103 .40
85.800
33.0C00

MNLG - FILTERED A/C MACH NUMBER

.Bll ? LGC =

G140 - MINIMUM CORRECTEU AIRFLOW

188 o LOC =

251
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TABLE De4~2 (CONT.)

621 SCHENDULE

MINIMUM PLAP LOOP GAIN

MOPE 5210
"90-000 -75-000
=6+ QO0U -2.0000
~24 0000 -2.0000
‘030000 .

« 30000 0.
5. 000 75000

MOUPE - MINIMUM PLAM ERROR
DEG B8 o LUC =

G210 = MINIMUM PLAP RATE - MN
DEG/SEC - ,8B8 4 LOC =

252




R ST

(A N R S0 A O S U S T s s B B2 3 s B s B 3

TABLE  5.4-2 (CUNT.)

- bl e e et
L4 e g b ooy
e P s 2 i i

MAXIMUM CORRECTED AIRFLOW -

MNLG 6220

it g
>4
g

249,00 233.00 s B
265,00 233,00 e
346400 - 233.00 e
454400 230,00 ' '

516400 225.10

|
g 583. 00 220.00
aJ»" 656400 214.70
| 815400 197.50

F g

|
|

J

|

j | G22  SCHEDULE
|

|

|

J

/

/

T . b e i s

i 995.00 ©  179.10
5 1195.0 161.40
z : 1413.0 145.50
| 1529.0 141.80

e 43 s b b 03 o

MNLG - FILTERED A/C MACH NUMBER
COUNTS 4811 4 LOC =

G220 = MAXIMUM CORRECTED AIRFLOW e
PP S B8, LI = §
: . Y

A it e b i 1
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S 3 TABLE 5.4-2 (CONT.)
‘ A. .

R

N

632 SCHEDULE

NOZZLE AREA TRIM LOOP GAIN

N1E AJINL

~9000.0  -492.80
-52.500 —<51750
-15.000 0.

15. 000 0.

52. 500 .51750

9000. 0 492,80

NIE - N1 ERRUR FOR AJ LOOP
RPM ,Bl4 , LOC =

AIJNL = EXHAUSY NOZZLE TRIM RATE
AJ/SEC » B9 v LOC =

il lnd et 2o i L s b i
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TABLE

50“'2

G43.1 SCHEDULE

N2 KEFERENCE

WCD S

80. 000
100.00
120.00

140.00

150.00

160000‘

170.00
180.00
190.00

200. 00

210.00
220.00
225.00
235.00

GPl

9175.0
945 0.0

9825.0

10325.
10600.
10900.
11225,
11550.
11875,
12250,
12625.

13050.
13250.

13750.

WCDS - DESIRED COKRECTED

GP1

PPS

1B8

e LOC

(CONT. )

ATRFLOW

- REFERENCE CORRECTED N2

RPM

18la

255

LOC =
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SE TABLE  5.4-2 (CONT.) i
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[N | e
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i :
1§
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J§~§ G43.2 SCHEDULE

N2 TO Nl CORRECTION
Bl ~ WCO'S GP2 ’
| o ‘ 3

i ~ | 80. 000 . 70000 ¢

| 100.00 « 70000 E
4B ' 120.00 «50000 .
i E‘ | 140,00 . 50000 . s

150.00  « 50000
R , 160.00 « 50000
‘?.i 170.00 « 50000
AR ~ ‘ 180.00 «42000
B 190.00 - 34000 £
i ' 200. 00 . «27000 :
210.00 | «19000 £
220.00 .12000 ' :
225.00 ‘ ‘ 070000E‘01
235.00 0.

WCDS — DESIRED CORRECTED AIRFLOM
77 pps WBB 4 LOC =

GP2 = DELTA N1 / DELTA N2
- ‘9,51 v LOC =

256




TABLE

5.4-2

(CONT.)

G43.3 SCHECOULE

Nl REFERENCGE

WCD S

80.000
100.00
120.00

140400

1 50-‘%001
160{00
170.00
180,00
190.00
200.00
210400
220400
225400
23500

GPJ

4400.0
542540
640040
7200.0
7600.0
7575.0
8350.0
875040
9100.0
9630.0
9975.0
10150
10732,

WCDS - DESIKED CORRECTED AIRFLOW

GP3

PPS

188

+ LCC

~ REFERENCE CORRECTED NI

RPM

2 B15

v LOC

=

D
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TABLL 5.4-2 (CONT.)

G 44 SCHEDULE

P8 BIAS TO REFERENCE FTIT

PBLG G440

20.000 | 50. 000
54.000 50. 000
58.000 50. 000
% 100400 50,000
% 130,00 504000

? 170400 38,000
i 200400 -6.0000
2 230.00 -40. 000
| 250.00 ~50. 000
| 280.00 -50,000
! 320400 ~50.000
@ 600.00 -50.000
i PBLG - FILTERED PB
PS1 810 4 LOC =
G443 - FTIT BIAS FOR PB
DEG F WB12 5 LUC =

258
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TABLE

G45

REFERENLE FTIT SCHEDULE

T2LL

-110.00
-53.000

22.000 |
37. 000 |
42. 000

47.000
52.000
57.000
62.000
72.000
97.000
l47.00
197.00
247.00
297.00
322.00
347.00
397.00
440.00

5.4"‘2

SCHE

(CCNT )

DULE

G450

1108.4
1352.2
1563.9
1664.0
1731.6

1752.5.
1773.3
1794.1
1814.9
1834.9

1876.5
1980.0
1980.0
1980.0

1980.0
1980.0

1980.0
1980.0
1980.0
1980.0

T2LL - COMPENSATED T2

DEG F

v 810

y LOC

G450 - REFERENCE FTIY

DEG F

1Bl

y LOC

o B e
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TABLE  He4-2 (CONT.)

G4b SCHEDULE

FTIT ADJUSTMENT TO N2 SETPOINTY

ERRR G460

"975-00 "1000-0
-270.00 -420.00
321.00 500.00

ERRR ~ FTIT ERROR FOR N2 BIAS
DEG ¢ 1312 [} LoC =

G460 - N2 SETPOINT BIAS - FTIT
RPM 9814 e LOC =

- 260
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TABLE

G47

AIRFLOW CUTBACK SLOPE

T2l

=-110.00
-53.009
22.000
37.000
42,000
47.000
52.000
57.000
62 . 000

?Zv OOO L

97.000
147.00
197,00
247.00
297.00
322.00
347.00
397.00
440.00

DEG F

5.“-2,

SCHEDULE

G470

1.2500
1.2500
1.2500
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
O.
0.
O.
0.
Q.
Oe
Qe
Q.

T2LL ~ COMPENSATED T2

» LOC

G470 = AIRFLOW CUTBACY SLOPE

¢y LOC

(CONT.)

MULTIPLIER
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ﬁ TABLE 9.4-2 (CONT.)
%

R Y
5 Res

]
r

G49 SCHEDULE

MINIMUM BURNER PRESSURE LOOP GAIN

PBER G490

-300.00 -25.000
-100000 ) i 00
, 1. 0000 0.

, PBER - MINIMUM PB F£RROR
u PSI yBl10 , LOC

1 ' G490 - MINIMUM PLAP RATE - PB
] DEG/SEC ,B7 , LOC

fl

S5

wan
4

TR

262
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TABLE 5.4-2 (CONT.)

650 SCHEDULE

MINIMUM PLAP PRESCHEDULE

N2PR MNPS
8800.0 25.500
10550. 40.900
13072. 85.000

N2PR -~ REFERENCE N2

RPM 1Blé [} Lm =

MNPS =~ PRESCHEDULED MIN PLAP

DEG v88 v LOC =

263
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TABLE

G51

PB BLAS TO N2 SETPUINT

PBLG

58. 000
100.00
130.00

170.00

230,00
250.00
280.00
300.00
320.00
600.00

PSI

RPM

5.

4=2

G510

842.00
-500.00
~660.00
~1923.0
-~2568.40
-3300.0
-3818.0
~4353.0
~4700.0
~5268.0
~5268.0
~5268.0
~5268.0

PBLG ~ FILTERED PB
810

Lo

18314

264

y LOC =
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TABLE 5e4-2 (CONT.)

652  SCHEDULE

PLAP BIAS TO NOZZLE TRIM ' L

eLAP ' G520 )

L
96,000 Oe | SR
108,70 « 50000 P
115.00 « 50000 R
120,00 1.0000 :

PLAP - RATE LIMITED PLA
DEG +B8 v LOC

H

6520 - NRZZLE TRIM BIAS
- ¢ B1 v LOC

L]

ey s ot e B A S

B e« B ey
—

; 3 ; e
b ' o 265




o 653  SCHEDULE

DR - PRLG G530

20,000 : =27.000
1 A 58,000 | =-16.000
} ' 100.00 © =8.0000
; 130.00 -5.4000
170.00 -3.6000
200.00 = : =2.8000
230.00 | =2.1500
250,00 = =1.6500
280,00 -1.0500

320.00 0.
600. 00 0.
PBLG = FILTERED PB
- PSI 810 o, LOC

G530 - AJ BIAS FOR PB
Ad e85, LOC

F 1 TABLE 5.4-2 (CONT,)

§ | PB BIAS TO NOZZLE TRIM

300.00 -+ 50000

'}

it

B et
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TABLE 5-4“2 (CONIQ’

B ke e o e ey SO

e 8 e,

G5% SCHEDULE
I0LE N2 LOOP GAIN

N1CE 6540

] . -5000.0 . “50.000’
~2000.0 - -7+5000
~1000.0 =1.2500
”603000 0.
604 000 Oe
1000.0 2.0000 ~ G
2000.0 7.5000 , SR
6000.0 50. 000 ]

N I T L 5 :
sl ik R

P
i
Srovmitrimvaery
f Y
T g
Fuky gl

Sl )
LT

NICE - TDLE N2 ERROR
RPM eBlé o LOC

[}

G540 - MINIMUM PLAP RATE - [OLE
DEG/SEC +88 4 LOC =

R i A i sy A . e
.

267




TABLE 504'2 ‘CONVQ,

655  SCHEDULE
BURNER PRESSURE CORRECTION FOR DGB
PBLG | 6550 A

0. | =244300 ;%
25,000 22,300 3
50. 000 60,800 A
75. 000 91.200 i
150.00 154.00 e
200,00 182.40 s |
223.60 192.90 _ it
250.00 246.70 yi
300.00 320.80 -
400.00 441.10 .
500,00 524 .40
580,00 580.00
620-00 = 612'40

PBLG ~ FILTERED. PB '
XY JBLO 5 LOC =

6950 -~ TWO SLOPE CORRECTED PB
PSI 810 4 LOC =

268




?  TABLE  5.4=2 (CONTa)
% Al SCHEDULE
" 'BASE NOZZLE AREA

|
i

z PLAP  71.000 | 83.000 88,000 91.000
; T25C g ‘
| 50.000 3. 0000 2.9500 2.9500 3.1000
; 100.00 3.0000 2.9500 2/9500 3.1000
150,00 3.0000 . 2.9500 2.9500 3.1000
200.00 | 3,0000 | 249500 . 249500 3.1000
250.00 3.0000 - 2.9300 2.9300 | 3.0800
| 300.00 3. 0000 29000 2.9000 3.0500
j 350.00 3.0000 3.0800 3.0800 3.2300 i
| s
t i PLAP  $6,000 102.00 108.70 115.00 E
; , T25¢ | ! ; | -
| ! 50,000 3.1600 3.6700 44100 5.0200 -
e 100.00 3.1000 3.6400 423300 4.9100 C
| {fﬂ% 150,00 ~  3.1000 3.6200 4.2500 = 4.8000 | .
A ' 200.00 3.1000 3.5800 4.1800 447000 | i
| ; 250,00 3,0800 ' 3.5500 4.1000 4,6200 ; 3
: ; 300.00 3.0%500 3.5000 4.0200 4.5500 /
j 350.00 3.2300 3.7300 443200 4.9000 .
j 400.00 3.4500 3.9600 4.6000 5.2800 o
g 450400 346500 4.2000 4. 9000 5.6500 .
: PLAP - RATE LIMITED PLA + DEG 'B8  , LOC = \
T25C - COMPENSATED T25 + DEG F 4810 , LOC = B
AJBA - BASE NOZZLE AREA 9y SQFT )84 vy LOC = 72
=
&
! Yook
.
269
#




| TABLE 5.4-2 (CONT.)

oo

i

§
Al SCHEDULE -- BASE NOUZILE AREA (CONT.) i

]

3}

| PLAP  121.00 127.00
| T25C W
g j 50.000 5+ 4600 5. 7000 | -
L

¥ LN
e g B s gt i

| 100.00 5+3600 5.5800
; | 150,00 5. 2500 544700 g
| 200400 5.1500 5.3600 i
L 250.00 5.0200 542500
| | 300,00 4,9000 502000
; ~ 350.00 1543000 5.6000
; 400.00 5. 7000 6.0000
b 450.00 6.1000 6.4000

F ; . ‘ .

|

; .
ﬁ : : \
ks

K el

SR PLAP - RATE LIMITED PLA v DEG 88, LOC =
S  T25C - COMPENSATED T25 » DEG F 4810 , tOC =

S AJBA - BASE NOZZLE AREA » SQFT  ,B4 , LOC =
T ' :
SR

270 | -
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i TABLE 5.4-2 (CONT.)
Rl AlA  SCHEDULE
el . TOTAL AFTERBURNER WF/PB
{  PLAP  96.000 102.00  108.70 °  115.00
Skl T25¢C ,
- 50.000 9. 0000 23.000 44,000 | T1.000 |
3 100.00 9. 0000 22.200 43,400 69.000
; 150.00 $.0000 21.600 24800 67.500
% 200.00 - 9.0000 21.100 42,200 65.700
i 250400 9.0000 20.800 41.600 64000
e 350.00 9. 0000 22.100 444600 69.560
Al 400.00 9. 0000 23.700  47.600 73.700
Al 450.00 9. 0000 24.800 ' 49.500 77.000
1 500.00 9.0000 25.500 51.100 78.800
' 550.00 9.0000 26.000 52.500 81.000
600 .00 9. 0000 26.300 53.600 82.500
PLAP  121.00 127.00
T25¢ |
50.000 90.300 109,35
s 100..00 88. 500 109.35
i 150. 00 86600 109,35
iR 200.00 85.000 109435
ol 250.00 83.300 109.35
o 300.00 83.300 10935
b ' 350.00 88. 500 123,38
| 400.00 944500 134450
e 450.00 98.000 138, 86
N 500400 101.50 14l 76
2 I 550400 105.00 146412
| 600 .00 108.00 150.47
.
g PLAP - RATE LIMITED PLA » DEG 88 , LOC =
%
L .
i T25C - COMPENSATED T25 » DEG F  ,Bl0 , LOC =
ol WFAP - TOTAL A/8 WE/PB v RU  4BB , LOC =
271
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TABLE 5.4-2 (CONT.)

A3 SCHEDULE

DELTA AJ CUONVERSION

DELA

-314.00
"300. OO
=-250.00
-200.00

-150.00"
~100.00 |

0.

50. 0CO
100.00
150.00
186,00

- EEC

- AJ TRIM

NOZZLE
STEPS v 89

AJI

~+62200
~+60500
“e 53 900
~«46100
-+ 26600
-«14300
0.
« 16700
«36200
« 59000
« 77800

TRIM
v LOC

y LOC

G ’ . ia
e he ket it L

o

o

i
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POCEN O S

N .
4‘, A i
el TASLE 5.4-2 (CONT.)
Bl A5  SCHEDULE
ol RATIO UNIT BEAS
N
EEER WFPB  10.C00 12.000 14.000 16.000
s PBC -
Ci 70,000 - 69000 . 82500 «96000 -99000
IR 100.00 81000 . 89500 .98000 1.0033
. 130.00 . 87000 «93500 ° 1.0000: 1.0167
e od 180.00" . 96000 . 99800 1.0360. 1.0360
o 200.00 1.0000 1.0150 1.0300 1.0300
‘ 280.00 1.0100 1.0100 1.0100 1.0100
o 350.00 1.0000 1.0000 1.0000 1.0000
P 460.00 99000 . 99000 99000 «99000
Sl 580400 98000 «98000 < 96000 <98000
" WEPB  18.C00 20.000
- PBC =
e e 40,000 . 98500 1.0500
- $‘£> 70.000 1.0200 1.0500
E R 100.00 1.0267 1. 0500
S 130.00 1.0333 1.0500:
‘ 180.00 1.0360 1.0360
; 200.00 1. 0300 1.0300
350.00 1.0600 1.0600
460400 99000 . 99000
580.00 . 98000 .98000
WFPB - MAIN BURNER WF/PB ' RU W86, LOC =
PBC - COMP. BURNER PRE SSURE v PSI 810, LOC =
< , PCPB - A7B RATIO UNIT BIAS v == 4Bl ., LOC =
i Ne)
o Y
273
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Hl.1  SCHEDULE

ACCELERATION SCHEDULE

N2 WF PX
2200.0 18.700
5000.0 35.000
6750.0 35.000
7400.0 324500
12200. 40. 000
13725, 40. 000
16000, 1 0. 000

N2 - HIGH COMPRESSOR SPEED
RPM +Blé 4 LOC =

WEPX - ACCEL SCHEDULE WE/PR
RU W86, LOC =

274
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TABLE 5e4-2 (CONT.)

e s

SR N a0

H4e.1 SCHEDULE

UPERATING LINE DROOP SLOPE

[EFts T I

PLAB DSL-

:; : 30-000 026400E-01 X
: - 35. 000 «24000E-01 o
40,000 «21600E-01 Fo
50. 000 « 18600E-01 '
60.000 « 16600E-01 TN
70. 000 «15100E~01 e
83. 000 .13200E-01 4

. .

0.5 e e B <3 O . S

PH PLAB ~ GAS GENERATOR PLA : )
i , DEG ,B8 » LOC .

DSL - DROUP SLCPE
RU/RPM  4B=5 4 LOC =

P T P DR I S TN L S S RO Y

i
;
b
L
N i
i o Py
/B! B
'
by 3
¥ P
ST
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T25C
- 100- 00
O.
50.000
100.00
150.00
200,00
250,00
300.00
350.,00
400.00
450.00
500.00
550.00

T25C
-100.00
-50. OCO

0.

50,000
100.00
150.00
200400
250,00
300.00
350,00
4G0.00
450,00
500,00
550.00

PLAB

PLAB

TABLE

Hé4.2

20.000

6107.0
6638.0
7132.0
7604.0
8062.0
8488,0
8916.0
8981.0
9001.0
9063.0
9125.0
9172.0
9034.0
86889.0

35.000

7473.0
7953.0
8425.0
886640
9333.0
980C. 0
10191.
10219.
10276.
10294.
10342,
10367,
10277,
10171.

PLAB = GAS GENERATOR PLA

T25C - COMPENSATED 7125

N2R - REFERENCE N2

Se 4~2

{CONT.)

SCHEDULE

22.000

6374.0
©906.0
T419.0
7898.0
8360.0
8795.0

9219.0 -

9294.0
9314.0
9376.0
9438.0
9485.0
9347.0
920240

40.000

7593.0
8069.0
8535.0
9006.0
9477.0
9959. 0
10266.
10303.
10346,
10379.
10403,
10447.
10317.
10216«

’
1 4

N

OPERATING LINE REFERENCE N2

25.000

6920.0
738740
7825.0
8313.0
8776.0
9231.0
9677.0
9723.0
9771.0
9803.0
9845.0
9875.0
9764.0
9659.0

50.000

7952.0
8420.0
8898.0
9362.0
9826.0
10290.
10553.
10590.
10642,
10648.
10669.
10680.
10565.
10456

DEG » B8
DEG F #810

RPM  —,Blé

v LOC

30.000

127240
7730.0
8198.0
8646.0
910440
956240
9975.0
10016.
10050.
10102,
10124,
10169,
10073,
9989.0

60.000

8345.0
8815.0
9289.0
9760.0
10240.
10731.
10911.
10954.
11002
10991.
11031,
11031,
10911.
10764.

W

» LOC

v LOC

1]

-

g ok
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\;‘g TABLE 5.4=2 (CONT.)

' Hé+2 SCHEDULE ~-- OPERATING LINE REFERENCE N2  (CONT.) B
i |

SR PLAB  T70.000 83.000 90. 000 118.00
| T25C

e -100.00 8702.0 9203.0 90959.9 11340.
S ~50.000 9158.0 9687.0 10173, 11831.
B 0. 9634.0 10162. 10669. 12341.
50000 10141, 10678. L1157, 12795.
1 100.00 10610, 11164. 11630. 13261.
v 150.00 11136, 11712, 12166, 13791- 7
S 200.00 11281, 11847. 12329. 13974. {
L 250.00 11280, 11847 12329. 13974. B
S 300.00 11280. 11847. 12329, 13974.
# 350.00 11280. 11847, 12329. 13974, L
A 400.00 11280. 11847. 12329, 13974. o
¥ 450,00 11354, 11864, 12358, 14002. f

{ 500.00 11215. 11721, 12192, 13814,

55000 11085, 11565. 12051. 13673, :

N %

‘ PLAB ~ GAS GENERATOR PLA v DEG +B8 v LOC = ¢
T25C - COMPENSATED T25 v DEG F «BLO 4, LOC =

N2R ~ REFFRENCE N2 v RPM B8l , LOC -

[}
—He

A
=
4
1
;
B
:
-
‘,1:
:
]
i
o
‘
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i TABLE S.4-2 (CONT.)
|

Y

14 )

o .

[

P

Col |

H 1 j

i : ‘
| ]

i

H7.1  SCHEDULE Lk
RCVV SETPUINT - LOW N2 SLOPE

T25C SLOw

~100.00 «28243E~01 i
-50. 000 «28243E-01 f

! 0. «28243E-01

' 50. 000 «2T989E-01

i 100.00 -26697E“‘0l s’”»"”‘\:r_m
150.00 <25584E-01 {;‘ﬁ

200.00 «24605E-01

e e el

250.00 «23726E-01 o
300.00 « 24476 E~-01 i
; 350.00 «25326E-01 }

7 400.00 +25443E-01 : P
: 450.00 «25401E-01 i
500.00 «25907E-01
550.00 «25271E~01
600400 +25182E-01

e R 5 e A

ettt bt e T3 ¢

T25C - COMPENSATED T25
DEG F +B10 4 LC =

e TR L4

L ‘ SLOW = RCVV SLOPE FOR LOW N2
i‘j DEG/RPM * ’ {.CC =

s
3 .
‘&‘ Y
Yogis D
t"\\f‘, £
N

()

i
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TABLE  $.4=2 (CWNT.)

HT.2 SCHEDULE

T2ant SHl

=10{.00 « 12158L =01
=50. 000 «13158E~=-0)
Qs » 1236TE-0)
50+ 000 « L1 T3 E~Q)
100.00 « 11 218E-01
150.00 « 10736801
200.00 «10385&-0)
250. 0 «9RTIBE=Q2
3QQ.00 - +9BT4IE-Q2
A50.00 «30T1E~Q2
200,00 « 0909 E~02
%50.00 «885T1E~02
H50.00 «BIDOHE-Q2
alid. Qu « 81 THIE-D2

T25C = CUMPLNSATED 128

DEG B L8104 LK =

SHI = RGVV SLOPE FOR MHIGH N2
DEGZRPM o v LOC =

1
=
1
1
]
i
“g
:
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TABLE  5.4-2  (CONT.?

;3 i f HT7.3 SUHEDULE
ARERE:

RCVV SETPUINT - REF N2

T25C N2 MD

A -50. 000 9181.0
SN 0. 9624 .0
N 50. 000 10071.

4 100.00 10554

] 150.00 11015.
| 200.00 11458.
SRR 250.00 11884.
e 300.00 12102,

350.00 12102.
400.00 12102.
450.00 12102.
500.00 12102,
550.00 12102.
600.00 12102«

T25C =~ COMPENSATED 7125
DEG F +B810 , LOC =

N2MD - REF N2 FOR RCVV COMMAND
: RPM ’ y LOC =

T S A TR T LT AT T T T YT G
: a

Bacaonhant St o
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Tagit

Depm?

HT«% SUHEDULE

RECVY SETPOINT = REF RLvy

T2%¢

“iOG‘OQ

“bﬁiﬁ@@
Qs
%0« QW
100 60
150400
200.00
259400
3100400
358400
“00, 00
450,00
S00. QU
N0 L 00

‘ 6001%@

RTVN

«HO00Y
« BO00
» H0UGQ
« 53000
« HOVOQ
» 50000
+ 50000
= BOMAQ
«1+5000
*5:0%@3
=82 4000
114800
“L4a 300
=1 &a TYO
“l?@éﬁ@

725 = GONPENSATED Y25

DEG F

v LOG

RGYN = REF RCVV FOR REVY
G

(43

v L

{CONYQ)

#®

CUNNMAND

b3
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TABLE S5.4-2

M10  SCHE
START BL

T25C

‘100.00
0.

$9. 000
150.00
250.00
350.00
450.00
500.00

T25C - COMPENSATED
DEG F  4Bl0O

N2BL - REF N2 FOR START BLEED

RPM 1Bl4

(CONT.)

DULE

tED

N2BL

6545.0
7397.0
785640
8520.0
9191.0
9818.0
L04 Q5.
10689.

125
¢ LOC =
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TABLE 5.4~3 PROGRAM CONSTANTS

CONSTANT  VALUE

AQNE
A%Q

AB4G

A9 1

A130
AlS55
CSEA
CSEN
cskp
CVMX
GVMN
DTMC

M140

ONE
PONE
PLAS( 1)
PLAS(2)
PLAS(3)
PLAS(4)
PLAS(S)
PLP(1)
PLPLI2)
PLP(3)

CPLP(4)

PLPLS)
PLP(&)
REQ( 1)
REQL2)
REQ(2)
REQ(%)
REQUS)
REQLG)
Wl

X7

X10
X12
X15%
X21
X285
X26

1.0000
40.000
84.000
91.000
130.00
155.00
19356

«-60000E~01
«80000E~-01

0.
”25‘000

«60000E=-01

140,00
1.0000
1.0000
91.000
102.00
108.70
115.00
121.00
93,500
102.70
110,00
116.30
122.50
130.00
87.500
69.800
44100
39,200
8+ 2000
1.0000
10385,
2.0000
9.3325
93.330
4. 6675
« 1 T340E~-01
580,00

UNTTS

v -

PEG/SEC
DEG/SEC
DEG
REG
/SEC
S®SEC/ MJC
SEC/MJC
SEC/MJC
DEG
DEG
SEC/MJC

COUNTS

e

DEG
DEG
DEG
DEG
DEG
DEG
DEG
DEG
DEG
DEG
DEG
DEG
DEG
DEG
DEG
DEG
DEG

S

RPM

DEG/RPY
pSt

283

SCALE MENMQORY
FACTOR LOCATION

g g TN Y DI N NI DI DI NI AT I NI NF T SN NI NS TS e e DD g e s et s et et g s PG DT e g TN

BLOGK
DTAGRAM

e &5 & 8 & 06 06 8 0 & @
s & & § 0 5 8 S & 6 &6 » & 8

o O S RS P IS B TR N A o o SN ]

[F3

. » { TN [ [ S ] L] s o 8 e & [ ] [ I ) ¢ T L ] o ¢ ¢

¢ & B & & s S . & 8 B & 9 8 & 8 & 6 & 8 (Ve

P N3RS P P D S e e e e et BT TGOS TR P

PPD
PPOC

~ pPOC
1.2.2
: lo‘oS

s ML

1.2.4
1.2.7

| SR §

FILTER

s 6 6 8 s
s & & 8 s s

N2
ETIY
N1

i : | % s . % j
et WO X R TR  pndas. S+ et i orsigl A Uy
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TABLE 5.4-3 PROGRAM CONSTANTS (CONT.)

- CONSTANT  VALUE UNETS SCALE MEMORY  BLOCK
< FACTOR LOCATION DIAGRAN

E

; X294 47.000 PSI
L X3? 2.0000 DEG

1ot

] 1»3«.2

| X33 91918 —— 1.3.2
L X35 ~. 50000 SEC 1.2.5
R X40 80000 REN 1.3.1
I X45 82.900 DEG 13,4 -
o X471 12000 RPM/MJC La3a? L
ST X4 8 12,005 RPM/MJIC 1.3.% -
SR X49 3.713% -~ 1.343 e
e X56 4+ 0000 OEG F PPOC T2 O

X70 200400 RPM , 1.4.12 i
XTé& «83000 — . pp0C Byl 3
X80 2.0000 DEG F , leda8 s ’

N X8l 82960 —— ETLTER DY? {;;} o
; X82 4Q.000 DEG kB ‘ . Lado® o

{ Xxa3 93,000 RPN R Leda 1) o f
i X84 119.00 DEG ‘ lefall i
& X535 118+50 DEG Ledatl :
§ | © X88 18,000 DEG &7
R X91 85,000 DEG
L X892 98. 120 DEG
b ,

t

}

o e

19 70 B 13 ST 23 RS N g B

x93 99,180 DEG
X95 82980 -
X946 2.5000  DEG B
X9t 49,900 DEG
X98 .25000 SEC
X99 -30.000 RPM/MJIC
X100 ~30.000 RRM/MJIC
X101 47367 — ' MN I
X102 63664 - FILTER N2 (R Do
X103 LT8735 -— FILTER EEC PR S
X103A .38430 — FILTER N1
X105 1.0000 DEG E PPOG ETIT L
X106 25.000 RPN . ' ~ PPDC N2 ‘ b
X107 25,000 RPN PPDC N1 Ry

- X108 207645 _— ~ FILTER FrIT Syt
X109 L200006=01  AJ/ROM : 1.2.3 b

E I TR T TV S e U

LA al s el = Qs 1 30 RV, JEUS RN
-]
-,
~J

2]
x

4 s ¢ x4 & 5 %

n
.
st
—

K

X113 200.00 RPM ) 1.3.2 ; ;
X114 347.00 COQUNTS : - ' 1a%,9 Ty s
X115  .30000E-0l DEG/VEG F o : 1<2.5 , . :
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A
;i TABLE S5.4-3 PROGRAM CONSTANTS (CONT.)
R CONSTANT VALUE UNITS SCALE MEMORY BLOCK
il FACTOR LOCATION DIAGRAM
Pl X117 127.00 DEG 1.4.9
L s Xi18 -2.4000 DEG/MJC 1<245 3
i X119 4.4400 AJ/MIC 1.2.3 -
. X120 307.00 . COUNTS le4e9 ¢
Rt X121 122.00 DEG 1.4.9 ..
iy X123 .30000 - FILTER FTLT é
R X125 124.55 PSI 1.4.2 “
! X126 132.94 PSI 1.4.2 i
i X127 25.000 DEG F 142 E
S X128 30.000 DEG F le4a? =
i X129 l.0000 SEC 1.2.4 e
- X130 604000 DEG le4.13 :
i - X131 . 50000 - l.4.13 “i
Y X132 50.000 DEG F lodeil e
N | X133 250.00 RPM le4e1l BE.
T X134 =3.7600 A Le4ol1 ]
A - X135 1.8800 DEG le4.11 ]
: Qj;g X136 -422560 AJ/MIC le2.3 3
3 .“*4‘ » X137 123.70 DEG loifoll ) »\.1.
e X138 0. AJ ) e4ell i
St X139 1.1300  DEG le4a11 o
; X141 -12856 DEG/MSC 1.2.5 M
; X142 7.0000 : DEG Laha? o
‘ X143 6.0000 DEG 1.4.7
X144 60000 DEG le4e?
X145 47.000 PSI |
CoR X146 4100.0 RPM le4.6
ol X147 3650.0 RPM lo4.6
TR X148 4300.0 RPM le4ab
S X149 9900,.0 RPM le4at
b X150 130.00 COUNTS lebab i
R | X151  .50000E-02 DEG/RPM : Latbet ~
P X152 - %6660 - PPDC T2 B
" - 74289 - , FILTER N1I =
2.5000 RPM : PPDC  NII :
6.5330 - PPOC ~ N1I .
124.80 DEG la4.11 L
3.8571 DEG : ) R "
+25000 PSI PPDC  EEC P8 2
4.8530 R PPOC EEC P8 \‘
8900.0 RPM P | j HR.
«14000E~02 = -- , | U e
276.00 - COUNTS lete7 e
285
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TABLE

CONSTANT  VALUE

X168
X169
X115
X176
X177
X178
X179
X180
X181
X201
X202
X203
X204
X2n§
X206&
X207
X2C8
X209
X210
X211
X212
X213
X214
X21%
X216
X218
X219
X220
X221
X222
X223
X224
X22%
X226

X227

X228
X229
X230
X231
X232

X233

CNDNL

nwe 2y

X235

S.4=3 PROGRAM COMSTANTS (CONT.)

FACTOR LOCATION

UNITS
« 28090 DEG/COUNT
41.500 DEG
69.900 DEG
49,2340 PSI
82.330 PSI
-2.0000 DEG
1331.0 RPM
~T4100. RPM/COUNT
-B4.300 COUNTS
119.95% DEG
1.0000 DEG/CQUNT
0. DEG
0. R
1.0000 1 /DEG
83.000 DEG
20.000 DEG
37.000 DEG
« 21 T40E-01 -
1.,0000 i
28.500 DEG
~35.000 DEG
404000 RU
2200.0 RPM
10.C00 RU
10.000 DEG
250.00 DEG
-2250006-01 RU/DEG
2T.450 RU
-+ 10000E<01 RU/RPM
28.700 RU
26. 600 RU
18.700 RU
254500 RU
42.000 RU
16000, PPH
4C0.00 PPH
7304.0 RPM
60G.00 RPM
~«500C0E~01 DEG/RPM
=20.000 DEG
~-7.0000 DEG
~1000.0 RPM
§1.000 DEG

286

SCALE

MEMORY

AN RS PRI AT PRI TS G I AT A B PO B NI A PO A RO T B R AT S I A BT RS U T IS e i et s e ek s e et

BLOCK
DIAGRAM

» ¢ L] » » & L I L) ~ . L] . . »» o L ] .

4 6 & °F 8 8 & .5 B 5 8 5 O F 5 8 6 & 8 &5 & ¥ 2 N & & & & % 8 8
. 8 & e 8

FAG s [ ek ot Pt ek’ ok b it pt ek Pod pot ek po e ook ot k' ot post pk s o ks ot pukh gyt et Pk gyt ek G B NODN U3 ol B B

»
» & 8 6 & s 6§ & s .8 5 8 & &

L2
Pt ST BV B B B Pl Gl T T U U LY 0T 0 T L T 08 S s pe e s et gt i et e i et et OV O OF OB M U T i =

A e % 4 5 8
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e SRS L B RS LR B b
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¢ k.
N TABLE 5.4-3 PROGRAM CONSTANTS (CONT.) L
v r
I CONSTANT  VALUE UNI TS SCALE MEMORY BLOCK 4
3 FACTOR LOCATION DIAGRAM *
N . i
X236 24.000 DEG 2.2.1 ;
X237 -.98890E~-01 SQ FT/DEG 2.2.1 :
X238 5.67C0 SQ FT 2.2.1 i
X239 64.500 DEG 2.2.1 g
X240 «57140E-01 1/DEG 2.2.1 |
X241 1.0000 - 2.2.1 g
X243 83.000 DEG 2.2.1 o
X244 .10000 - 2.2.1 g E ’i
X247 6.3500 SQ FT 2.2.1 , !
X248 2.6€40 SQ FT 2.2.1 A
X250 89.000 DEG 2422 ] g
X2¢1 6.8000 DEG 2.2.2 AR
X254 .70000 DEG 2.2.2 L
X255 10.000 DEG 2.2.2 : Y%
X256 . 10000 SEC 2202 SN
X258 89.100 DEG 2.2.2 Lo
X259 1.0000 - 2.2.3 P
X260 24.000 MNC ?.1.1 i)
X261 12.000 MNC 2.1.1 L
X262 35500 DEG /MNC 211 4
X263 .21500 DEG/MNC 2.1.1 ¢
X264 1€8.00 MNC 2.1.1 i
X2€5 «30000 - 2.1.2
X266 15.000 —-n 2.1.2
X267 1.20C0 - 2.1.2
X268 0e - FILTER CON PB ,
X269 10000 - RPM 2.1.4 f
X270 -40,000 DEG 2.1.4 o
X211 4.0000 DEG 2.1.4 ; e
x212 - 200.00 PPH 2.2.3 ! “
XK1 §2.900 DEG .31 E
: _ XKS 350.00 PSI lo4e3 o
; XM18 18.000 . DEG le4o7 5
i XM85 85.000 DEG 1.4.7 -
| XN 8000.0 - RPM le4e? v
| Y
{ $ - 1
Lo . ; : iy
i . 287 , o i i § :
T
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TABLE 5.4-4
COMPUTE INTERVAL OEPENDENT CONSTANTS

FILTER CONSTANTS X = EXP{=DTMC/TAW

X33 = EXP(—DTMC/0.71181492)
X108 = EXP{-DTMC/2.51765155)
X81 = cXP(-DTMC/0.3211791¢6)
X935 = EXP{-DTMC/0.32117916)
X101 = eXP{-DTMC/0.08029599)
X102 = cXP(-DTMC/0.13287414)
X103 = cXP(~DTMC/0.25095950)
X103A = EXP(-DTMC/0.06273987)
X153 = gXP{~DTMNC/0.20187508}
X268 = EXP(-DTMC/.00001)

PRODER CONSTANTS X = CONST / DIMC

X1i2 = 0.55995/DTMC
X211 = 0,28005 /DTNC
X115 = §,5998 /DTNC
X152 = 0.02799/DTMC
X155 = 0.39198/DTMC
X184 = 0.,29118/DTMC
OTRER CONSTANTS
CSFA = 3,226 % DYMC ~
CSFP = DTMC
X448 = . 200 » DIMC
x99 = =500. ¥ DTMC
X100 = —=5C0. * DIMC
X118 = —4Q. &« DTMC
X119 =  T4. ® DTNC
X136 = =3.76 & DTNC
X141 = 2.142667 * DTMC
X245 = Q.2 & DTMC
X246 = 0405 & DTMC
X47 = 200, * DIMG
X162 = $54.285 & DTNMC
‘ X49 = 0.22401 /7 DINMC
Xé&4 = 0.3939 /7 DIMC
? X264 = (.& - DTMCI/0.005
; X260 = DTMG/0.0025
; X261. = DTMC70.005
; CSFM = DTMC
j X265 = DTMC/.2
3 X26T = DIMC7.058
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VAR [ ABLE

ABPM

AJBA

AJC

AJCC
AJ T

AJTH
AJIN

AJMS
AJMX
AINT
AJN1
AJRF

AJRS.
AJTR

ALIT
ARUT
BLED
CIive
CYCL
DAJI
DAJR
DAJT
CAJU
DAJ2
DATT
.- DELA
COELP
DELTY
DGB
DLPL
oLT
LLTO

TaBlc 54-5

DESCRIPTION

“AFTERBURNER PERMISSION

BASE NOZZLE AREA

NOZZLE AREA COMMAND

EEC B8IAS OF AJ

A TRIM

NJIZZLE UPTRIM INHIBIT
EEC BIASED BASE AJ
NOZZLE CLOSED SWITCH
NOZZLE FULL OPEN SWITCH
CUM AJTR PREV COMMANDED
EXHAUST NOZZLE TRIM RATE
ROCKET FIRE AJ RESET

N2 SOLENUID AJ RESET

PB COMPONENT OF AJ TRIM
A78 IGNITICN TIMER

A/B RATIO UNIT GRND TRIM
START BLEED COMMAND
CIVV COMMAND

N2 SOLENOID SIG COUNTER
NJZZLE TRIM RATE '
CURRENT AJTR INPUT
NON-INHIBITED AJ TRIM
NOZZLE UPMATCH

CURRENT A4 UPHMATCH INPUT
CUM DAJU PREV COMMANDED
EEC NOZZLE TRIM

EEC PLA TRIM

CURRENT -~ PAST 725

DER IVATIVE GAIN BIAS
RATE LIMITED DELTA PLAP
CALC VARZ -~ 125 COMP
CALC VAR3 =~ T25 (COMP

PRGGRAM VARIABLES

UNLT

DISCRETE
SQ FT
SQ FT

DISCRETE
SQ FT
DISCRETE
D1 SCRETE
AJ
AJ/SEC
SEC
SEC
AJ
MJC
DISCRETE
DEG
AJ/SEC
AJ/4MIC
AJ/SEC

Ad
A3/ MIC
aJ
STEPS
DEG
DEG F

DEG

@

f o
|

mm

D
13

SCALE MEMGRY

FACTOR LOCAT ION DEFINED

B4
83
81
83

B4

B5
B15
B9
B6
89
B6
86
B6
BY
88
B10
B5

B1lJ
313

BLOCK DIAGRAM

2.2.2
20241
2201
20241
2.201
1<2.3
2221

NN
[ N
-

) i e N W

® 0 8 o o 0 . 0 4 4. 86 Xe 0 0 s 0 0
¢ o 0

b e B ONNNSNNONWANE 4~ NNNNN

NN WND~NNWWreWWWwwWwN N

(NN N Pt N P b o et oo ot s o e et N TTU N N DN e gt NN
o« # o o o
¢ o 8

NN = NN et s pe N e N

USED

2.2.2
2.2.1
COM

2.2.1

NN
.

Y
.

[ ]
(T R TN o YR VO VRS N

¢ o o o 0 O

IN=NNNNONNNN

OO
QQ
x

L ]
e 8 & o 8. o
N ulWw W W

b = DD e = NN N NN W

o e ¢ e 8 s 0

BN N TN NN s gt ot ot ot ot ot

¢ & ¢ T s & s 0 0 0 e » ¢

NN

¢+ FILTER
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TABLE 5. 4~5 PRGGRAM VARIABLES (CONT.)
: 5 VAR IABLE . DESCRIPTICH UNIT SCALE MEMORY BLOCK DIAGRAM
g g : S FACTOR LOCATION DEFINED USED
DMOP  MN COMMANDED MIN PLAP DEG 88 lebe? Pede7
OMDT  CURRENT IDLE INPUT-MINPLP DEG/MJC R4 P ¢ 1e7
DM1  DELTA N1 FOR N1 DESIGN PP M 1.3.5 1.3.5
DNZ2 N2 EPROR FOR AIRFLOW ADJ PM B12 1.3.5 1+3.5
DNZE ATRFLOW ERROR FOR N2 BIAS  PPS 88 le%a12 la%el2
ENZU N2 UPMATCH RPHM B8le le4a1l le4.12
OPLA  PLAP ERROR (PLA - PLAP) UEG 88 2elel 221 92.2.2
DPLI  CALC VAR-DELP WASHDUT CAM  LEG B8 2.1.1 2.1.1
DPLM  DPLA LIMIT DEG 88 2.le1 2.1.1
DPLT CURRENT FTVI INPUT DEG/MJIC B3 1.2.5 1e2.5
PPLYU  PLA UPMATCH DEG B3 le4.11 1.2.5
o DREQ FILL REDUCTION IN SSVC DEG B7 2.2.2 2.202
3 oSL DR3GP SLOPE RU/RPHM 8-5 2.1.3 2+1.3
T DELTA TIME FOR PLAP KATE MJcC 815 2.1le1 Z.1.1
DT2S T2 RATE DES F B9 1248 1e2.6
CDHAC N2 ERROR INPUT TG UPMATCH  RPH B14 le4e11 le4all
; EXFR FTLIT ERROK FOR N2 BIAS DEG F 812 1e4012 1.4.12
; FILL A/8 MANTFOLD FILL SIG DISCRETE  ~- - EXT 2.2.2
FLIT FILL INTERRUPT SISHAL DISCRETE  —-— EXEC 2.1a1
FTES DESIGY FTIT DEG F 812 1.4.10 1e4.10,1.4.12
FTIT FAN TURBINE INLET TEMP DES F ai2 EXT I.4.10
FTLG FILTERED FTIT DES F 812 1e4a 1D 1.4.10
FTLL COMPENSATED FTLT DEG F B13 144410 1adelOriebel?
FIFM  FTIT TRIM DEG F 88 EXT 1.4410
FITE FTIT £RROR DEG 511 1e%4.10 1e4.105144.11,
1.4.13
FTTH FTIT INPUT TO PLA LOGP DEG/SEL B& 1.4.10C 1.2.5
FIVI  FTIT COMPONENT OF DEL PLE TEG B3 1.2.5 14245
FTVM FYIT INPUT TO DEL PLA LP  9DES F ’7 1e4%.9 14245 1 1.4.10
G921  REFERENCE CORRECTEZY W2 REM Bl 1.3.5 1.3.5
£P2  DELTA N1 / DELTA N2 - Bi 1.3.5 1345
$P2  REFEREMLCE CDRRECTED N1 ~P % 515 1-3.5 1.3.5




R

k.
TEROCES LA

168

YAFTABLE

610
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630
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6740
587

cy0

£190
G140
5210

522G

G4 453
£450
‘w460
i 15
L4903
6510
520
- £530
$545
G550
HOLD
HYST
A%

FE9R 29
ICT™
16H
FOHM
THT™

TA3LE 9.4‘5
DESCRIPTILN Ul T
FTIT LIMIT DEG F
MINIMUM N2 RPHM
ME A TMUM 82 2P M

DELTA AIRFLOW PPS
MEX MM NI HPM
le /L SQUARE POOT LF THETA) s

SCHEDULED CORRELTED FLOW PPS
K2 SETPOINT BIAS ~ALRFi0W FPM

MINIMUM CORRECTED AIFPFLORW PPS

MINIMUM PLAP R4TE - MN  DEG/SEC
MAX [MUM CORRECTED ALRFLOW  PPS
FTIT BIAS FOR P8 DEG F
REFEMENCE FTIT DES F
M2 SETPOINT BIAS - FTIT 7PM
AIRFLOW CUTBALK SLOPE -
MINIMUM PLAP RATE — PB  DEG/SEC
n2 BIAS FOF PB RPM
WIZILE TRIM BIAS -

4J BIA&S FOR P8 a4
%1% [4UM PLAP RATE ~ IDLE JEG/SEC
TAD SLOPE CORFECTED PBE P51
INTTIAL FILL TIMER 5EC
PLAP HYSTER.— 55VC JEG
L/C IDLE AREA RESET/VMAX DISLKETE
BIMOR CYCLE TOUNTER —FLIT  MNC
IDLE G3OUND TP iM CLUNTS
5/8 IGKITICH COMMAND BTSLPETE
MAIH BUBKER ISNITEDN CMD UISLRETE

ENTERMEDIATE S93UNs TRIM DEG

SCALE

PROGRAM VARTABLES {LONT.)

MEMORY

FACTOR LOCAT ION DEFINED

81z
Bls
Bi4
86
Bl4
Bl

B3
Bla
28
Be
B2
812
B12
Bl4
BL
87
514
81
35
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3813
5-3
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le4e &
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TA3LE 5¢4~5
VAP IABLE DESCRIPTION

T254 T25 INPUT~LOW SPLED WFPX
T25¢ PAST YALUE OF T25

UPSG  UPMATCH SIGNAL

WACE AIRFLOA CUTBACK MULT.
WCDS DESIRED CORAECTED ALRFLOM
WFAC C3MMANDED A/B FUEL FLOw
WF4D DUCT 4/B FUEL FLGW CMD
WFAP T3TAL &/B wF/PB

WFC  GAS GEN FUEL FLOw CMD
WFCR COPE 4/2 FUEL FLOW CMD
WFPB MAINMN BURNFR WF/PB

WFPD OPERASTING LINE WF/P8B
WFPX ACCEL SCHEDULE WF/PB

906¢

PROGRAM VARIABLES (CONT.)

UNIT

RU
DEG F
DISCRETE

PPS
PPH
PPH
RU
PPH
PPH
KU
RU
RU

SCALE
FACT OR

810
B1
B8
B17

B
Bl4

Be
B6
8s

MEMORY BLOCK DIAGRAM

LOCATION DEFINED USED
201.3 2.1.3
2.1e2 2.162
le4.11 le6.11
le4o13 l«3.5
le3.5 103.5'
2+2.3 2243
2+243 COM
2e243 2.2.3
2.1.3 com
2203 com
2+1.2 2.1e3
2ele3 Ze 1.3
2ele3 2.1.3

'»2.2-3




TABLE S.4-6 BUM ENGUNE CONTROL INFUTS

ANl s IR PR Y e et 2 o e b

ARUT  A/B RATIU UNIT GRND TRIM -

FILL  A/B MANIFULD FILL SIG  DISCRETE

FLIT FILL INTERRUPT SIGNAL  DISCRETE

ETIT FAN TURBINE INLET TEMP DEG F

ETRM  FTIT TRIM | DEG F

IAR  A/C TDLE AREA RESET/VMAX DISCRETE B2
ICYC MINOR CYCLE COUNTER -FLIT  MNC 5
IOTM  [DLE GROUND TRIM COUNTS s
INTM  INTERMEDIATE GROUND TRIM  DEG 3
MN  ATRPLANE MACH NUMBER -~ a
NTRM N2 GROUND TRIM RPM 3
N1 LOW ROTOR SPEED RPM 3
N2  HIGH COMPRESSOR SPEED RPM s
NZMC  MINOR CYCLE HPC SPEED RPM

P8 BURNER PRE SSURE PSI

PLA  POWER LEVER ANGLE DEG

SQWS  A/C SQUAT SWITCH DISCRETE

SSVP  SSV POSITION DEG

T2 COMPRESSOR FACE TEMP DEG F

T25  FAN EXIT TEMP - DUCT DEG F




TABLE S.4-17

AJC NOZZLE AREA CUMMAND

BLED  START BLErD CUMMAND

CIvh CIvVV COMMANDL

1GN A/B IGNITLON GOMMAND
TGNM  MAIN BURNER IGNITICN CMD
KGVG  COMMANDED RCVV PGSTTIUN
SSVE  CUMMANDED S8V POSITION
WEAD  DUGT A/B FUEL FLOW CMD
WEC GAS GEN FUEL FLOW CMO
WEGR  CORE A/B FUEL BLCW CMD

BUOM ENGINE CUNTRUL CUMMANDS
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DISCRETE
DEG
DISCRETE
DISCRETE
DEG
DEG
PPN
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6.0 BOM INLET CONTROL DEFINITION

This section defines the computer program component to duplicate
the bill of materials F-15 inlet control. The control logic is
presented in section 6.1, the executive functions in section 6.2,
and the data base in section 6.3. The values for all schedule and
constant data are tabulated in the data base along with Féfergnces
to all program variables.

The inlet control is divided into relatively small logic blocks,
Each is defined by a block diagram and the related constants and
schedules. The block diagram number, corresponding to the defining
paragraph number, is used for all references.

6.1 CONTROL DESCRIPTION

The following paragraphs define the BOM inlet control logic. A
simulation study is to be performed to verify use of the 60 milli-
seéond,major cycle. This study will determine exactly what por-
tions of the control must be computed more frequently. Potential
high rate computations are identified in the block diagrams.

6.1.1 Freestream Pressure Ratio Calibration and Filter

The measured pressure ratio, PO/PSO, is corrected for installation
effects as a function of aircraft probe, angle of attack and Mach
number, and filtered (Fig. 6.1-1). The filtered pressure ratio,
PROL, is the input to the schedules. Required data are identified

in Table 6.1-1.

"6.1.2 Mach Block and Mach Number to the Engine Cdntrol;

The freestream pressure ratio, PROL, is rescaled and output to the
engine control, paragraph 5.1.4.6. The pressure ratio is also

“used to set a discrete which locks the third ramp actuator in the
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event of hydraulic power loss if the Mach number is above 1.45.
The logic and related data are presented in Figure 6.1-2 and Table

6.1-2.

6.1.3 Fivrst Ramp Control

The first ramp is scheduled as a function of freestream pressure
ratio, freestream total temperature, and aircraft angle of attack
(Fig. 6.1-3). The maximum limit is computed as a function of
freestream pressure ratio and freestream total tempervature. The
minimum limit is only a function of freestream pressure ratio.

A gain discrete, HL1, is set to change the servo gain above Mach
0.9. As is the case with the engine servos, the control output is
the commanded position and the loop is closed in the IFU (see
pavagraph 4.5.1). A portion of the logic is identified as possibly
being performed in the output processing to accommodate high rate
computation., A1l the table Tookups will be performed in the major
cycle with the application of the angle of attack bias and limiting
performed at the high rate. A simulation study will define the
precise requirements.

Table 6.1-3 identifies the data required for this logic block.
The actuator command is computed for a vange of 8.852 inches.
Full retracted actuator corresponds to -4.5 inches.

6.1.4 Third Ramp Control

“The third ramp angle is scheduled as a function of freestream
pressure vatio and freestream total temperature (Fig. 6.1-4),
The commanded actuator position is determined from the linkage
relationship as a function of the desired ramp angle, DEL3, and
the actual position of the first ramp actuator. Table 6.1-4
identifies the required data. Actuator position range is 10.1825
inches with -5 inches corresponding to full retracted.
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6.1.5

Bypass Control

The bypass door contrzis the throat pressure ratio. Commanded
pressure ratio, PS1/P1, is scheduled as a function of freestream
pressure ratio as is the Joop gain (Fig. 6.1-5). This loop is
closed in the software since actuator position is not commanded
and a future control mode may require dirvect servo control. As a
result it is possible that it will be necessary to close the loop
more than once per major cycle. Data are identified in Table
6.1-5.

6.1.6 Buzz and Supercritical Test

The only error test included in the inlet control logic is for
supercritical operation. Input and output failure detection are
intluded in the host program. Supercritical operation is detected
by excessive ervor in throat pressure ratio (Fig., 6.1-6). A flag,
DFLG, is set if supercritical operation jis detected for seven
consecutive passes. The flag is reset after 50 consecutive passes
without supercritical operation. Data are identified in Table
6.1-6. Buzz will be detected in the IFU using the circuit devel-
oped and demonstrated in the IPCS program. When the rectified
output of the buzz circuit exceeds a threshold, a priority inter-
vupt will be generated. The host program will turn on the cockpit
light in response to the interrupt. ’
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TABLE 6.1-1 BLOCK 6elel DATA

KR SCHEDULES kR

M9 FREESTREAM PRESSURE RATIO CORRECTICN

kxokk  CONSTANTS &k
Clt = +H4881 --
akxuk  [NPUT VARIABLES — w&%&¢
ALPA AIRCRAFT ANGLE OF ATTACK  DEG
PSO  FREESTREAM STATIC PRESS PS 1
PT0O  FREESTREAM TOTAL PRUSSURE PSi

TRk UUTPUT VARTABLES 2311

PROL FILTERED PRO , -

kEEEK INTERNAL VARIABLES KK ¥

PRO  FREESTREAM PRESSURE RATIO --
PROI  CALIBRATED PRU -
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ELOCK DIAGRAM 6.1.2

+
PROL (6.1.1)

SEL
MAY
+ ' i >
CTh ¥N ~- MACH NUMBEE SIGNAL
' TO ENGINE CONTROL

e TR S TR R TRETT i

- - MBLK = 1
o | | HYS = HYST

e e AT

Figure 6.1-2. Mach Block and Mach Number to Engine Control
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TASdLE bel~d BLOCK 6a1.2 DATA

¥ X KOk R CONSTANTS L2 2. 3

¢12
CI13.
Cla
RY SI
PHR T

LBadhs 1 /COUNT
= Te D0 CUUNT
140,00 CUUNT
« 21850 -
303388 -

ok N OB oK

wEREx INPUT VARLABLES  sxeax
PROL  FILTERED PRQ -
d&k%E QUTPUT VARTABLES Rk

MBLR ~ MAGH BLUGK SIGNAL DISCRETE
MN MACH NUMBER SIG 10 &SC CUUNT

WRRER INTERNAL VARIABLES oKk

kYS HYSYER. FUR MACH BLCCK =
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BLOCK DIAGRAM 6.1.3

MAJOR CYCLE OUTPUT PROCESSING

IF HIGH RATE REQUIRED
M2 .
R ¢ N 1NN
—> X .
MINIMUM LIMIT | ;
PROL - ALPA - (EXT) - -
(6.1.1) |~ ‘ -
) ... Mo - ;
L KALP
L—3{  ALPHA BIAS
: MULTIPLIER
w ———
o] ‘ iB
< ' BASE X1 X
70 (EXT)
me———
1 x1 X1MX
MAXIMUM LIMIT ' |
— HL1 = o —p
NO HYST = ULPR
< UPRO W1 =1 —

Figure 6.1-3. First Ramp Control




BLOCK DIAGRAM 6.1.3 (Cont)
‘ o BASE X1 & X1 MAXIMUM LIMIT

SEL
Cﬁlzjﬁ TOFR
cI6 i :

S | R P X1 BASE
e ; B :

s . . MiA px1
g z : . v ‘ > DELTA X1

FOR 702 240°F

;
W
*

i

SR

| f e ' MiB
| BASE X1
“POR TOS 180° F

X1BL

LOE

PROL

o ' - T X1 MAXIMUM LIMIT

L A X DX1M
L ] DELTA X1MX _Dx

_ FOR T0 2 280°F

| | | 3B

st % )

tin , : ___,J X1 wAxIMUM LiMrr|  XiMB
‘i. z . ‘ N ) i

POR TOE 140° F

PIao

Figure 6.1-3  (cont.)
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S TABLE

! ;
T i
i i
4 4
i1
b
S
I |
by
b |

; M
BN M2
i 2 M3A

an M38

f M10

an

ALPA
PROL
TO

HL1
X1C

e

3 ALPB
e - oX1

e | DX1M
HYST
KALP
TOFR
X18

X 161,
X IMB
X IMN
X1MX

i

2 183

601‘3

BLOCK 6.1.3 DATA

(I LY L) SCHEDW ES

EEEE
DELTA X1 FOR TO GE 230 DEG F
BASE X. FOR TO LE 130 DEF F
X1 MINIMUM LIMIT
DELTA XIMX FOR TO GE 230 DEG F
X1 MAXIMUM LIMIY FOR TO LE 130 DEG F
ALPHA BIAS MULTIPLIER
sekk®  CONSTANTS = #aews
cis |
CI6
CI7
ULPR
UPRO

140.00 DEG F
» 1L0000E~01 1/DEG F
.56600€-01  -=
l.7480 m—

BEEE

KkKE INPUT VARIABLES

XX EK

 AIRCRAFT ANGLE OF ATTACK DEG
FILTERED PRO ' F -
FREESTREAM TOTAL TEMP DEG €

QUTPUT VARIABLES  swwa«

DISCRETE
INCH

FIRST RAMP GAIN SIGNAL
FIRST RAMP PO5. COMMAND
ek INTERNAL VARIABLES — #%¥«x
FIRST RAMP ALPHA BIAS INCH
DELTA X1 FOR TO GE 230 INCH
DELYA MAX X1 FOR TO GE230  INCH
FIRST RAMP GAIN HYSTER. - .
ALPHA BIAS MULTIPLIER INCH/DEG
TO FRACTION FOR X1B, X1MX —
BASE X1 COMMAND INCH
BASE X1 FOR TO LE 130 INCH
MAX X1 FOR TO LE 130 INCH
X1 LOWER LIMIT INCH
X1 UPPER LIMIT INCH




BLOCK DIAGHAM S:1.4

D3BA

DEL3

11- (ExT)

7
LINKAGE

€19

CUTPUT PROCESSOR
IPF HIGH RATE REQUIRED

o a—— p— — — — 7o — ;o o—"—

2 AR R

Figure 6.14. Third Ramp Contro/
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TABLE 6sl~y BLUCK 001"0 DATA

FEXHEE SCHEDULES XoF R

M4 THIRD KAMP BASE SCHEJULE

M5 THIRD FaMP TEMPERAIURE BIAS
M7 THIRD wAMP LINKAGEF

L322 3 LIONSTANTS PR 3 233

cla = 1.8929 --
c19 = 1.9320 --
CILo = 1.0C00 --
X 4MN = =5,2000 LNCH
X 4MX = 5.00600 INCH

¥AAkE  [NPUT VARTABLES — s%#oks

PROL FILTERFD PKQ --
TO FREESTREAM TUTAL TEMP DEG +

X1 FIRST RAMP ACTUATRP PUS I NUH
xtktk QUTPUT VARIABLES — #skxw
X4C  THIRD RaMP ACT COMMAND I NCH

ke ok K INTERNAL VAFIABLES WRAR A

DEL3 THIRD -RAMP ANGLE COMMAND DEG
D34 THIRD RAMP BASE COMMAND BEG
D3T3  THIRD RAMP TEMP BIAS DEG
{12 THIRD RAMP . MACH MPY -
MT70 = UNLIMITED THIKD RAMP CMD I'NCH
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MAJOR CYCLE

né
BYPASS

- PRESSURE RATIO

COMMAND

BLOCK DIAGRAM 6.1.5

PRIC

OUTPUT PROCESSOR
IF HIGH RATE REQUIRED

P1(EXT)

- PROL (6.1.1)

———————————

: M1
BYPASS GAIN

KBPD

Figure 6.1-5.  Bypass Door Control
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TABLE  6.1-b BLUCK 6elob DNATA

«x%kk  SCHEDULES  #xgwx

Mé& BYPASS FRESSURE RATIU COMMAND
M1l EYPASS GAIN

seke®  INPUT VARTABLES e d%e
PROL  F1L TEREL PRO -
PS1  THROAT STAVIC PRESSURE ps 1
PTL  THROAT TUTAL PRESSURE PS |
kxksk  QUTPUT VARLABLES  #ewxs
BPDT  BYPASS DUUR SERVO CURKENT MA
PRT  THROAT PKESSURE RATIO -
PRTC SYPASS PRESS RATIO (MD --
kxres  INTERNAL VAKTABLES  #mirx

BPOE BYPASS DUOK PRT ERROF -
KBPD RYPASS DOUR GAIN MA
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' | ORIGINAL PAGE IS
Tl @ , OF POOR QUALITY

BLOCK DIAGRAM 6.1.6

PRTC (6.1.,5) i
|

PRSC = PRTC - A2A

| . SEL
MIN

A2B PRT
(6.1.5)

FRS > PRT

|
BSC = BSC - #10

BSC = BSC + 1

BSC<M49

BSC = M50
DFLGC = 1

'

Figure 6.1-6. Supercritical Tost
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TABLE e l-a BLOCK welal  DATA

% ;
3o | | ]
i | : ekwed  CONSTANTS  sx¥ek ]
i , | :
i AZA = +1ub00 -- :
A AR = L58500 - g
@ ! : AaC = .40000k-01 - !
1 » MNL 4 = 3.04%0 - ;
ko L4 = =4 9. 000 -~ i
i M50 = -50. 000 -- Bt
. QLo = 3.000¢ -- . S
1 ﬂ
| ¥exEx  [NPUT VARLABLES — #¥xsw o
| PRT  TMROAT PRESSUKE RATIy - 8
. ; PRTC BYPASS PKESY RATIO (ML —-= ,»73 o
: {. 1 o
?&. : DR NS 3 QUIPUY VARTABLES TRV E (‘5" :
: | ' ARLG. SUPERLRITICAL FLAG MSCRETE :é W
| sk [NTURNAL VARTABLLS  Sxsda e
| ; Py
| BSS  SUPKRGRI TICAL GUUNTER S OU N jr
| PRS SUPRRORITILAL PRESS KRATIUO - Pgo
; PRSC  UNLIM SURERUKIT PR - :
| % 3
iy
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6.2 CONTROL EXECUTIVE

The control executive functions to determine the order of computa-
tion and those portions to be computed more frequently than once
per major cycle. Paragraph 6.2.1 identifies those areas in which
multirate computations may be required. The remainder of the
control will be executed at the major cycle rate in the order
defined in paragraph 6.2.2. '

6.2.1 High Rate Calculations

A simulation study will be performed te precisely define the
requirements for high rate computation. Three functions have been
identified as possible high rate computations--angle of attack
bias to first ramp command, the first ramp position input to the
third ramp, and bypass door loop closure. Figures 6.1-3, 6.1-4,
and 6.1-5 define the logic under consideration for high rate

computation.
6.2.2 Major Cycle Calculations
The major cycle portion of the inlet control is called from the

host program executive (paragraph 4.1.1)., Figure 6.2-1 presents
the order of execution of the logic blocks defined in section 6.7.
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6.3 DATA BASE

This section defines the values, scale factors, memory location,
and using logic blocks for all schedules (6.3.1) and constants

(6.3.2). Paragraph 6.3.3 defines the memory location, scale

factor, the defining logic block and the using logic blocks for
the variables used in the control. Paragraph 6.3.4 defines the
requirements for table lookup routines.

6.3.1 Schedules

This paragraph defines all the schedules used in the BOM inlet
control. Table 6.3-1 lists the schedules and identifies the logic
block in which the table lookup is executed. Table 6.3-2 presents
the data, memory location, and scale factor for all the schedules.
The schedules are arranged in table 6.3-2 in the same order as in
Table 6.3-1. The memory location and scale factor will be filled
in when the information becomes available. It will be the location
of the first item in each array. It is not the location of the
current values of the input and output variables. Those are
defined in paragraph 6.3.3.

6.3.2 Constants

Table 6.3-3 defines the constants used in the BOM inlet control.
Memory 1o¢étion’and scale factor information will be completed as
they become available. The PRO filter constant, CI1, is a function
of the control computation <interval, DTMC. The expression is:

CI1 = e-i(nTMc/o.l.)

6.3.3 Variables

Table 6.3-4 lists the variables used in the control routines
described in section 6.1. The scale factors and memory locations
will be added as the information is available. Table 6.3-5

lists the control inputs and Table 3.6-6 1ists the outputs.
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i 6.3.4 Table Lookup Routines

| The itab]e lookup routines used for the engine control, paragraph

1 5.4.4, will be used for the inlet control. Since the values of

1 PROL are the same for 9 tables, a single interpolation of PROL

f should be used for all the tables as described in paragraph 5.4.4.1. i
2

DR Lt e £ =
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SCHEDUL E
E :
M1A
M1B
M2
M3A

‘ M38

, C M5

M6

M7

M9

M10

M1l

'; FUNC TION

DELTA X1 FOR TO GE 230 DEG F

BASE X1 FOR TO LE 130 DEF F

X1 MINIMUM LIMIT

DELTA XIMX FOR TO GE 230 DEG F

X1 MAXIMUM LINIT FOR YO LE 130 DEG F
THIRD RAMP BASE SCHEDULE

THIRD RAMP TEMPERATURE BIAS

BYPASS PRESSURE RATIO GOMMAND

THIRD RAMP LINKAGE |

FREESTREAM PRESSURE RATIO CORRECTION
ALPHA BIAS MULTIPLIER

BYPASS GAIN

319

TABLE 0.3=1 CONTROL SCHEDULES

BLOCK
DI AG R AM

6.1‘3
b6eleod
6alad
Haled
baled
{7!‘01"“0
6--1’0"{‘
6&1-6
Geled
6.1.1
Galed
Gealad
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TABLE 6.3-2 CONTROL SCHEDULE DATA

MLA SCHEDULE
DELTA X1 FOR TO GE 230 DEG F

PROL DXl

1. 0000 0.
1.0283 0.
1.0763 0.
1.6913 0.
1.8929 | 0,
2.4075 | 2.8796
2.8L13 . 3.8516
3.4703 5,2543
3. 8050 5.9037
406692 3.5596
5.1417 2.3780
646015 1.2701
8.6873 O,
10.570 0.

PROL ~ FILTERED PRO
- ' e LOC =

DX1 = DELTA X1 FOR TO SE 230
INCH ' v LOC =
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TABLE 6.3-2 (GONT.)

MlB SCHEDWLE
HASE X1 FOR YO LE 130 QEF F

PRUL X1k

1. OO -, 32830
ke 0203 “a 32850
i e Q783 - 32850
L | | ~ 1, 6912 242356
E

18929 $. 2205
2.4075 2. T6H3
3@8!13 yb&QTQ
[T | , 3470 =1 .8599
% 3. 8050 -2 2739 e
P ‘ A, 60692 =2+ 9143 R
SN S.1407 -2 8240 | S
b b 6015 =2 T 04 ‘ R
B. 6872 =~2.8081 ‘ . o

10: 570 «2.8081 E.d

B IO R N e R N
%

PROL = FILTERED PRO
ikl Y v LOG =

X1BL = BASE X1 FOR TO LE 140
’ INGH v LK s

T T e

e

321

SR - I Y T S R LA

WL o b




PROL

TABLE

M2

SCHEDULE

6.3-2 (CONT.)

XL MINIMUM LIMIT

PROL

1. 0000
1.0283
110783
1%6913
1ﬁ8929
244075
2. 8113
3.4703
3. 8050
%e 6692
51417
5 6019
8.6873
10.570

X1MN

4.3520
4¢3520
‘4-5000

~-4.5000

’2'3476
-2.3476
=2.6578
-3.0992
-3.3020
~3.7812
~400208
-407000
~4,7000
~4,7000

= FILTERED PRO

-~

-~ INCH

’
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TABLE 6.3-2 (CONT,.)

M3A  SCHEDULE
DELTA XLIMX FOR TO GE 230 DEG F

PROL DX1M
1.0000 0.
1.0283 O. e 3 E:
1. 0783 0. o
1. 6913 0o 1
1. 8929 .58150 1o
2.40T5 <66060
2.8113 .T1230
3.4703 .18610 |
3.8050 81900
4. 6692 «60430
5.1417 «49730
6.6015  .18720
8. 6873 0.
10. 570 0.
PROL - FILTERED PRO

7 : ‘ I - ' [ LaC =

DX1IM - DELTA MAX X1 FOR TO0 GE23)
[NCH * » LOC =

"E:‘*_f

323




) e e aé“[ o | *%»*‘*‘i s B T S ! st
J'h . :- y‘v«.», - E »j‘. & v o2 & *
-
‘E
iy TABLE 6.3-2 (CONT.) :
f A
| 4
i t n
1 i
8 =
e
? M38  SCHEDULE
X1 MAXIMUM LIMIT FOR TO LE 130 DEG F B
b

PROL X1MB

: |
1.0283 43520 b
1.0783 423520 &
1.6913 4.3520 !
1.8929 246100
2. 4075 243175
2.8113 2.1274
3.4703 - 11.8565
3.8050 1.7325
4.6692 1.7325
5.1417 1.7325
6.6015 1.7325
8.6873 1.7325
10. 570 1.7325

PROL - FILTERED PRO ,
- v e LOC =

1 | | | X1MB - MAX X1 FOR TO LE 130
' INCH ) e LOC =
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THIRD RAMP BASE SCHEDULE

TABLE

Mé

PROL -

603‘2

1. 0000

1. 0283
1.0783
1.6913
1.8929
2.4075
2.8113
30 4 T03
3. 8050
4e 669
Sel%1l7
6. 6015
8.6873
10.570

SCHEDULF

D3BA.

6.5690
6+5690
6.5690
6.5690
11.150
11.150
11.150

(CONT )

11.150

13, OOO

17.400
18. 750
22.750
25.484
26.600

PROL - FILTERED PRO

QBBA -

-

THIRD RAMP BASE COMMAND

DEG

’
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TABLE 6.3-2 (CONT.)

M5 SCHEDULE
THIRD RAMP TEMPERATURE BIAS

10 D378
-106.55 ' 11.150
108.82 11.150
149.84 144760
182.30 . 17.400
211453 18.687
279435 20.654
349416 22.678
426.46 244920
457.46 264600

TO - FREESTREAM TOTAL TEMP
DEG F e L =

D378 - THIRD RAMP TEMP BIAS
DEG N . Lo =
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TABLE 6.3-2 (CONT.)

M6  SGCHEDULE

BYPASS PRESSURE RATIO CUMMAND

PROL PRTC

1« 0000 11000
1.02863 1.1000 -
1.0783 = 11000
1.6913  1.1000
2. 4075 . «84000
2.8113 484000 -
3. 4703 « 84000
3.8050 84000
4.6692  .T1300
Se14L7 ' 69250
6. 6015 ‘ « 63500
8. 6873 «62210
10. 570 «61180

PROL ~ FILTERED PRO
- L] ¢y LOC =

PRYC - BYPASS PRESS RATIO CMD
- * v LOC =
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X1
-%941737
~3+3020
~241090
-« 92000

« 26300
14400
26100
3.7730

5.0237

X1
~541737

‘303020

-2 1090
‘OQZOOO
« 26300
1. @400
2.6100
3,.7T7130
50237

DELI

DEL3

N7

TABQE, 6e3-2

(CONT.)

SCHEDULE

THIRD RAMP LINKAGE

6. 5690

~5.5T775
‘508“36
‘603365
‘6.7196
‘6.99“7
‘7.1630
~Te 2155
‘7.1568
“609638

23.000

3.1046
2. 3890
2. 2950

. 2«0420

1.8360
1.1830
l.5930
1. 5780
1.6385

14,250

=1.3171
| -2.0920

-2e 5215

-‘2-8810

~3.1075
=3.3770
'3.5025
‘3-5335
‘3.“806

25.000

he2816 i

3.8270
3.5700
3.3520
3.1800
3.0610
3.0070
3.,0350

3.1516

DEL3 - THIRD RAMP ANGLE COMMAND ,

X1 = FIRSY RAMP ACTUATOR POS

17.500

2427)
=« %4000
=«82600

-1.1569
‘1.‘263

=-1e7620
‘1-8193

‘li?aﬁl

26. 600

5.31656
4.912)
4.6880
4.5038
4.3670
. 2880
4.2820
43760
4.6072

DEG .

INGH '

- MT70 - UNLlH[TED_THlRD RAMP CMD , INCH
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20. 500

1. 7541
l. 1620
«82500
- «93300
«29300
11000

-« 70000E~02
-.‘80005‘01
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TABLE 6.3-2 (CONTe)
M9 SCHEDULE

1 FREESTREAM PRESSURE RATIO CORRECTION
! ALPA -18.850 0. 61000 51.850
1 PRO , |
o 1.7000 1. 6900 1.6900 |  1.690) 1.5990
o 1.8100 1.8920  1.8920 '  1.892) 1.8100
4 2.1000 2.1330 2.1330 © 2.1330 2.7080
A 2.4500 2.6300 2.7110 -~ 2.5150 2.1800
1 . 3.0500 3.,1070 3.3400 3.4120 2.4670 L
1 ’ 3,5200 3. 5540 3,8600 3.9730 247100 :
R 449000 5.0660 504960 1 5.6380 446000 - O
N 5.4200 5.6400 641500 644000 5.2030 o
4 6.1400 6.2740 6.9920 7.2970 6.1790 L
(I . T.6430 T7.6560 8.8430 9.2200 8.2540 .
"o 8.6750 9.1600 10272 10.570 9.6830 s
i , v
| ALPA - AIRCRAFT ANGLE OF ATTACK o DEG o , LCC = E
: PRO - FREESTREAM PRESSURE RATIO,  -- ' v LOC = 4
| PROT - CAL IBRATED PRO R + LOC = :
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TABLE 6.3-2 (CONT.)

3

M10  SCHEDULE
ALPHA BLAS MULTIPLIER :
PROL KALP :

1. 0000 +41493
1. 0263 <41493
1. 0783 36454 | |
1.6913 .3343) ) -

1.8929 «32951 A -
2.4075 . 31566 cﬁﬁ} B
2.8113 .42678 o
3.4703 44695 3
3.8050 .41238 p
4y 6692 «31942 "
5.1417 «3313% i !
6.6015 ~  .38187 :
8. 6873 « 46923
10.570 < 46923

PROL - FILTERED PRO

- ’ v LUC = .
KALP ~ ALPHA BI1AS MULTIPLIER 1
INCH/DES v LOC = r

Fil
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TABLE 6.3-2

PROL K8PD

1.0000 100. G0

l. 0283 100.00

l1.0783 100.00°

1. 6913 100.00

4 1. 8929 12890

8 2.4075 270.00

: 2.8113 270. 00

g 3.4703 270.00

E~@ 4, 6692 270.00

N : ‘ 51417 270.00

N 8. 6873 100.00

2 10. 570 1 00. 00
I8

¢ PROL - FILTERED PRO
' - ’ y LOC
KBPD - BYPASS DOOR GAIN

MA ' y LOC
&3
Y

331
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CONSTANT

A2A
A28
A2C
cI1
cI2
c13
C 14
cIs
Clé6
C17
cis
c19
¢ 110
HYS T
MN16
M49
M50
010
PHRI
ULPR -
UPRO
X4MN
X 4MX

TABLE 6.3-3 PROGRAM CUNSTANTS

VALUE

« 10500
« 58500

UNITS SCALE MEMORY
FACTOR LQOCATION

.GO0D00E-01 ==

« 54851
184. 53
—413540
140. 00
140. 00

1 /COUNT
COUNT
CUUNY
DEG F

. 10000E~01 L/DEG F

1.0000
1.8929

1.9326

1.0000
. 21850
3. 0490
‘50.000
8.0000
3.3382

« 56600E~01 -

l.7480
"5-2000
$.0000

33?

BLOCK
D1 AGRAM

[l amdil sl ond
$ s & 8 8 6 % & & -0 3 & .0
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TABLE 6.3-4 PFCOFRAM VAFTABLES
VARTABLE JESCRIPTION UNIT SCA4LE MEMORY BLOCK DIAGRAM
FACTOR LOCATION DEF INED USED
ALPA  AIRCRAFT ANGLE OF ATTACK DEG EXT Gelel
ALPE FIRST RAMP ALPHA EIAS INCH bele3 Gelal
BPDE RYPASS ODOR PRT ERROR - 5ele5 Eele’
B2DI 3YPASS DOOR SERVO CURRENT MA 5ele5 CoM
85C SUPERCRITICAL COUNTEFR CounT Eeleb Eelab
OEL3  THIRD RAMP ANGLE COMMAND DEG 6elot beloetr
DFLG  SUPERCRITICAL FLAG GISCRETE £el.6 ExT
L. oxl DELTA X1 FOF TO GE 230 INCH Gele3d Gele3
;g o DX1IM  DELTA MAX X1 FOR TO GE230 INCH Hele3 6.1.3
2 D3EA . THIRD RAMP BASE COMMAND DEG Eelaot 6eleb
w D3T3 THIRD RAMP TEMP BIAS LEG 6alek 6eleb
@ HL1 FIRST RAMP GAIN SIGNAL DISCRETE Eele3 COM
HYS HYSYER . FOR MACH BLOCK _— Eela2 Gele?2
HYST  F1FST RAMP GAIN HYSTER. —_ 6elo3 €e.1.3
KALP ALPHA BIAS MULTIPLIER INCH/DEG 6ela3 6.1.3
K8PD BYPASS DOOR GAIN MA 6ele5 Eele5
K12 THIRD RAMP MACH MPY - belet 6eled
MBLK MACH BLOCK SIGNAL DISCRETE £ela2 COM
N MACH NUMBER SIG YO ESC COUNT Eela2 EXT
2 MT0 UNLIMITED THIRD RAMP CMD INCH 6elaed Eolats
; PRL FREESTRIEAM PRESSURE RATID -— 6elal Eelel
PROI CALIBRATED PRO —_— Selel belel
PROL FILTERED PROD —_— Goelael Eela?2
\ ‘ 6eles
PRS SUPERCRITICAL PRESS RATIC —_ 5eled €aleb
PRSC  UNLTIM SUPERCRIT PF — 6elad Geleb
PET THROAT PRESSURE RATIO -~ bel.5 6ele5
PETC BYPASS PRESS nATIO CMD —— beled 6ela5
PSC.  FPESSTREAM STATIC PRESS BST EXT felel
PS1 THROAT STATIC PRESSURE PSI EXT Eele5
= oTQ FRESSTRZAM TOITAL PRUSSURE FS1 exT belel
¥ PT1  THROAT TOTAL PFESSURE FS1 EXT 6e1e5
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vEE

VART ABLE

10
TSFR
X1
Xl8
X18L
X1g
X1MB
X1MN
X1MX

TABLE 6e3=4

DESCRIPTION

FEEESTRELY TOTAL TEMP

TC FRACTION FGR XI1B, X1MX
FIRST rRAMP ACTUATOR POS
BASE X1 COMMAND

PASE X1 FOR TG LE 135

FIFST R4MP POS. COMMANE
MAX X1 FOF TO LE 1390

X1 LOWER LIMIT

AT UPPER LIMIT

PROGFRAM VARIABLES (CONT.)

UNLT

DEG F
TNCH
INCH
IRCH
INCH
INCH
INCH
INCH

BLOCK CIAGRAM
FLCTOR LOCATION DEFINED
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TABLE 6.3-5 B0M INLET CONTRGL INPUTS

ALPA AIRCRAFT ANGLE OF ATTACK DEG

PSO FREESTREAM STATIC PRESS PS i
PSl THROAT STAT(C PRESSWRE PS I
PTO FREESTREAM TOTAL PRUSSURE PSI
PTL THROAT TOTAL PRESSURE PS1
T0 FREESTREAM TOTAL TEMP DEG F
X1 FIRST RAMP ACTUATOR PUS I NCH
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; TABLE 6.3-6 BOM INLET CONTROL GUTPUTS : i
Lo
(o

*xeuks  (OMMANDS &%k ; Lo

BPDI - BYPASS DOUOR SERVO CURRENT MA Co

HLL FIRST RAMP GAIN SIGNAL OISCRETE T

MBLK MACH BLOCK SIGNAL DISCRETE P

X1C FIRST RAMP POS. CUMMAND INCH J‘ :

X4C THIRD RAMP ACT COMMAND I NCH ‘§;} 5
i

xeksek  DATA # DISPLAY #%skes L

DFLG SUPERCRITICAL FLAG 4 DISCRETE
MN MACH NUMBER SIG TO ESC COGUNT
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