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INTERFACE

® Analog Computer -- An analog computer is used to simulate
the engine. Simulated engine variables are fed into the
digital computer and used to compute desired values of engine
geometry and fuel flow as if the engine were actually being
controlled. Outputs from the digital computer are used to
control the simulated engine.

® Interface -- The interface is composed of four chassiss con-
structed to mount in 19 inch racks. Three chassis contain various
electronic circuits to convert signals from sensors and computer
for use in the system. The fourth chassis provides system power,

® Monitoring Equipment -- Rack mounted voltmeters are used
to monitor selected signals as the engine is being run, Also,
digital computer values can be read on a five digit decimal
display.

® Instrumentation Cabinet -- Many signals are available at
barrier strips in a small cabinet, Simulation signals from
the analog computer are fed into the system through this
cabinet, Signals generated by AFAPL development items may
also be input to points in this cabinet. Engine signals used
in the system may be sensed here for recording and monitoring,

® Data Acquisition and Recording Equipment -- AFAPL strip
recorders, x-y plowters and tape recorders are used to obtain
performance data,

® Checkout Fuel Pump -- An electric motor driven fuel pump
is used to check out the fuel system and geometry controls
during simulated engine operation,

® Power Levers -- The engine operation request is by dual
power levers, Their function is described on Page 8,

The interface consists of three chassis containing circuits to tie the
various parts of the system together. Chassis EK 14 was fabricated in 1971 and
modified in 1972 and 1974. The original cenfigurations of chassis EK 14 and EK 15
are defined by references 1 and 2 respectivelv. These two chassis were modified
and chassis EK 18 was fabricated during the program,
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EK 18 Chassis

® Pressure Transducer Circuits

There are thirteen (13) circuits designed for use with strain

gage type pressure transducers at 5 volts excitation, These

circuits are calibrated for transducers assigned and mounted
at various engine pressure sensing ports,

® Pressure Ratio Sensing Circuits

There are two circuits designed for use with the Bendix Model
PRA-A2 pressure ratio sensor,

® Frequency (Engine Speed) Circuits

There are two circuits with digital outputs and two circuits
with analog voltage outputs, The digital circuits output the
number of clock pulses occurring during a set number of
input pulses, The analog circuits have a voltage output
proportional to input pulse frequency,

The EK 18 chassis contains temjerature (thermocouples), vibration
sensing, power lever, safety and prograr adjustment cirouits,

® Temperature Circuits

Each of the four (4) temperature circuits have provisions
for three (3)thermocouple inputs, Any of the thermocouples,
the average or the highest can be selected for output.

@ Vibration Sensing Circuits

Three (3) circuits are available for use with engine mounted
accelerometers.

® Power lever Circuits

Two power levers are available, One is used to set the low
speed value and the other is used toc set the high speed value
of the speed range during an investigaticn. A switch is used
to step between the requests,



" ‘x;;_" ‘ F

Lo Y

i, \l‘ln,unl’(\\.u
! Tl b Bbh" " ‘ontrol:
| IR L " T

,w

.lxlllln‘l‘nt.lﬂ“n 2 \hll“lﬂ\ te l '“"|

"'.“. .!

l  lesees e

v r_ "
| esesee b e- 7
XTI EY =

" EK15 Voltmet d |
) Ve wefer Wavetek VCO

Speed Simulation

EK15

Data Lines &

v

Instrume n[.nt'tm Cables
’

\

b Power \‘]';‘r‘n

\

-
Equipment Storage Drawers

—a = b \\\ /
FIGURE 2 -- MOUNTING OF INTERFACE CHASSIS















The program includes dynamics of rotor speed, fuel control, nozzle
control and simple lags for pressure and temperature sensors. Rapid response
characteristics such as combustion dead time, transport lags, and volume effects
are ignored. The low frequency characteristics are reasonably represented and
stability characteristic of the simulation is fairly representative of engine operation,

IBM 1800 COMPUTER PROGRAM

The computer program provides computations based on engine variables
with the results of the computations output to the electronic interface package.
Engine geometry positions and fuel flow are then controlled to the computed values
by circuits of the interface., Computer computations are based on engine variables
sensed by transducers and converted to voltages or digital words by the interface
circuits, The effects of the variables in the computations are changed by program
adjustments, Block diagrams of the digital programs are presented in Section III.
The computer program print-out obtained by printing the card deck at the time of
use is the only valid control program,

Nominal program constants are loaded into a standard trim register,
These constants are transferred to a variable trim register by a reset signal, In
this register the numbers can be changed by adjustment logic circuits and program,
Engine variables such as pressures, temperatures, pressure ratios, positions,
rotor speed and accelerations are sensed by transducers and converted by interface
circuits to signals compatible with the computer inputs, Power lever position is
also input through the interface to the computer,

The computer program utilizing the constants and variable inputs
computes positions of the fuel valve, inlet guide vanes, compressor bleeds, and
exhaust nozzle. These signals are output to the interface. The computer outputs
are compared with feedback signals by circuits of the interface and control signals
are generated. Control signals are output to engine mounted control devices.

Safety circuits incorporated in the interface reset the program to
standard trims, When the program is being varied to examine effects of trim
values and problems occur, the program is reset to the safe standard values by
the operator reset switches, Signals may be conditioned or simulated by an
analog computer and input to the program through the interface.
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The following comments amplify Table 2 where additional
information is applicable.

Fuel Metering Valve

The two valves supplied have linear contour with a gain of 23, 5#/
hr. and 7.9 #/hr. per .001 inch travel. Maximum capacities of 17, 600 #/hour
and 6500 # /hour are obtained.

Head Regulator and Bypass Valve

Figure 32 shows exploded views and assembly drawings of the
head regulator and bypass valve. The head regulator controls the integral part
of the proportional plus integral bypass valve. An adjustment on the regulator
is used to set a head of 57 psi across the metering valve. This setting will yield
the metering valve flow calibration currently being used in the installation. The
proportional part of the bypass valve was preset to yield proper operation with
the J85-13 pump.

Cut-Off and Pressurizing Valve

Cut-off is provided by de-energizing the normally open solenoid
which vents high pressure to the back side of the value and allows the spring to
close the value. In evert of a system electrical power failure, the valve will
go to the cut-off position and shut down the engine.

With the cut-off solenoid valve closed ( solenoid energized) the
back side of the valve is vented to P, and the cut-off valve acts as a fuel system
pressurizing valve.

Actuators

The two types'supplied were procured from Hydro- Line and
Tom Thumb.

@ Hydro-Line -- The Hydro-Line cylinders used are the R2 series with the "F"
(in R2F) designating end mounting flange. The numbers following the model
type are bore diameter and stroke. That is an R2F 1 x 2 has a one inch bore
and two inch stroke. One inch diameter bores for R2 series are rated at
3000 psig and for 2 inch bores are rated at 1500 psi. For detailed information

77



Metering Valve

i

Figure 32

Potention

‘ Metering Valve

5&

)

Exploded View of Fuel System Components












Alquiassy jxod paard

poy Al paald

JaputjA)

oun

usaan yoeld

aqTgM

Jajewonjuajod

Bleed Door Actuating Mechanism

o
e

Figure 3

8:



J9puI[A) uogenjoy

Al duing Jouanqaajy 314 o3 Surgunop

o ol’

Ioeag Juouysnipy

usoan

yourg

WajSAS 20URISISIY UIALI(] Xaa1al Suyunoy Joj way

Nozzle Position Request Mechanism

Figure 34

83






J0SUas oy aanssaxd zy-vid -- 9¢ aandig

uaaaog
I Usep 9saro)) 0}
SU99:08 auRy 03 ssadoy 10j $8900Y pu® JuUAIqUIY | |
0] Isneyx; aojoaly ”

d3A0) auooA) daowa

uslquy 03 1sneyxy
aduaagog AUO[IA)) .

(Uaaaos
A3J[1) ysem asavod

0} §82008 pug)
\ 9=NV

/,Il\ A uonoauuo,) ._.—

juaiquy 0)

v
([eroadg)
d0303UU0) JAIA'T

Isneyx;y aoayrdwy

uonoauuo) 84

(umoys jou)

(Uaaads 199113 surejuoo)
P=NV
uoroauuo)y g



Fo»

)lm b L ST
1 1% b YoXyox

y Swoox
> Quua»

Figure 37 -- Position Control Demonstrator

86






















13
16
15

‘m

17

l -

150
151
157
153
154
155
156
157
158
159

Z1lu
211
212
213
2i6
215
16

"STAL

STo00
STuol
STuO 2
STuo3
SToua

810

Lu

STO 2
Ly

ST 2
LD

STN ?

LD
STH 2

LURG
e

0C
DC
DC
JC
I,L

STuse nC
STUS7 DC
STusks nC
STGSS ng

STue

) 1)C

STTVT Fuu

LD

STH 2

Li

STO 2

Lo

STO 2

LD

STO 2

LD

STO ?

FIGURE 40

STOO1
VT001
STOG2
vT002
STO03
VT003

STO30
VT030
STTVT

v}

0000

SCncCoa

16600
163K4
0
V]
0
STO31
VTo31
STO3?
vT032

ST0S58
vT058
STO59
VT059
STO60
VT060
DAC4L

RESET ALL DIGITAL AUJUST

SPEED CUNTROL FIG1U-282

IULE SPEED TRIM
MAX  SPEED TrRIm

HRANCH COMMAND

5 KeQUEST
TS5 CUNTROL GAIN

64+

GTHOO 1%0)
GTFOO ¢u0)
GTFOOZ10
GT+00 220
GTFO0O 230
GTENO 240
GTFOG 250

GTEOOTRO
GTFEOO 790
GTFOO %00
GTFOUBLN

GTFOO E 20
GTFOO 30
GGTFOG ~an
CTENG RA0)
CLADO 650
GTFOO =T0

GTEO1S

GTEO1560
GTFO1570
GTFO1580
CTFO 1590
CTFO1600
GTFO 161N
GTEQ 1620
GTEO 1630
GTEN] 640

GCTEO 2150
GTEO 2160
GTFO2170
GTEO 2180
GTED 2190
GTFO 2200

BRANCH TO DAC4 OUTPUT LUOP GTEQ2210

PARTIAL PRINTOUT OF TRIM ROUTINE

94






407
L0
409
410
411
417

L&)
441
442
443
L4 4
LYy
Gt

450
445
459
46U
LA
4o6¢
4n i
4l

LhH

5273
52%
525
526

523
529
530
531
537
533
534
535
536
537
538
539
540

abalT

tinisT 4

FIGURE 41

LD
STO
Ly
STO
Lo
STO

Lo
STO
L)
ST0
LD
STO
EQU

LD
STO

SLT
STO
Lo

STO

SLT
STO

LG
A
STO
S
STO
LD
STO
LD
STO
LD
STO
LD
STO
LD
STO

Lo
STO

NW N W N W

N NoWw

oW N

~n

N W NUWUNWNVNWNWND WY

P18
vT110
P19
vT1l11
P20
vT1l12

T
VT126
P35
V1127
=50
TRIMS

x

P40
vT231
=20000
1
VT102
P41
VT232
=30000
1
VT103

P57
=6100
V7248
=4600
V7098
P58
VT249
P59
V7250
P60
V7251
P61
vT252
P62
V7253

P63
VT254

P=100XPS |
DP

DP=1000XPSI

T5

T5=10XF
PLAl

PLA2

LEAD-LAG SIGNAL

64TH POINT

EK15

EK1S

cK18

EK18
EK18
EK18
EK18

EK18

GTFNH 3980
GTHO 3990
GTFO 4000
GTFO&40 10
GTFO 40 20
GTEO 40 30

GTEO&3]0
GTHO 4320
GTEN 4330
GTEND 4340
GTFO4350
GTEO4360)
GTFO4370

CTRE) @470
GTEO 4460
LTFRFOGGY)
GTENGHOO
GTRO4=10
LTFO6sH20
LTEO4S30
GTEOH4 540
GTEO4HHN
GTEGa4560

GCTEQ 5140
GTFO5150
GTEO 5160
GTEDS1 70
GTFO5180
CTEQS190
GTEQOS 200
GTECS210N
GTENS220
GTF0O5223N
GTFO 5240
GTFO 5250
GTFO 5260
GTFOS5270
GTEOSZ280
GTEN 5290
GTEO5300
GTFOS5310

PARTIAL PRINTOUT OF ANALOG VOLTAGE INPUT POINTS

96






































































































When the 1800 computer is operating, the above schedule and governor
are switched out and the 1800 request signal is input. The 1800 computer request
is five times the value of the feedback. In addition, the fuel valve has a zero flow
intercept at .33 volts. This value times five or 1. 65 is subtracted from the DAC
value and multiplied by two to obtain the fuel valve request, Thus,the DAC value for
simulation and for engine running become equal. A second fuel valve with a gain of
1700 PPH per volt is available, When this valve is programmed in the digital com-
puter the scaling for the DAC input to the simulation is changed.

Nozzle Control

The block diagram, Figure 53, for the nozzle control is based on the
feedback voltage from the nozzle request actuator. This actuator is shown as a
simple lag. The actuator position is input to the simulated nozzle drive. The drive
is proportional to engine speed with a dead band of about 3 per cent, At zero
request, the area is a maximum 173 squure inches and as the request increases the
area decreases. The scaling is one volt equals 20 square inches. The request
actuator feedback varies from zero to -4. 5 volts which is equal to an area change
of 66 square inches; Hence, the .74 scale factor shown between actuator and drive
is to change the 4.5 volts to the 3.3 volts required into the mechanical drive.

Nozzle request is either from the engine speed or throttle speed request,
Nozzle movement is from 10560 RPM to minimum area at 16500 RPM. Input to
the actuator simulation is in speed simulation volts. The IBM 1800 computer also
computes the nozzle command. This input is shown as the DAC 3 input.

SIMULATION PROGRAM

The engine is simulated by nominal values of engine variables as
functions of engine speed. The nominal fuel flow is compared with the engine flow
being delivered by the fuel control. This difference is used to compute engine
variables. Engine variables computed are operated on to yield voltages compatible
with the interface circuits. Control elements can be simulated or feedbacks from the
engine components can be used.

Engine Simulation

Figure 54 illustrates the engine simulation program. Function generators
are set per the table. For example at 12000 RPM the input is 6 volte and the functions
are 1.1 volt equal 1100 ft. 1bs. torque, 4.16 volts equal to 1360°R equal T4, 1.61
volts equal 810 PPH fuel flow, etc. The outputs of the functions are operated on to
vield changes in the engire operating point,
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Fuel flow function is the required flow at the speed for maximum nozzle.
This fuel flow is subtracted from the fuel input fro the control to vield a fuel
differential. The differential is multiplied by a temperature /fuel gain to vield a
differential temperature. This differential is adde i to T4 to obtain the turbine tem-
perature including the effect of the fuel differentia’ The new T, is divided by
nominal T4 and the square root of this ratio is tak 1.

Engine variables are affected by this suare root of the temperature ratio.
Engine torque balance is effected by the square ro * minus unity. This causes the
engine to accelerate or decelerate, The nozzle eficet is added to the tempe rature
effect on torque to obtain the combination effect. the nozzle is maintained open the
engine speed will change until the nominal fuel and fuel input are equal. When the
nozzle is changed, the speed will change uatil the « fect of the nozzle balances the
effect of the temperature. The fuel will be different from nominal to vield the required
torque balance.

The engine variables are effected as si >wn by the diagram. The engine
variables obtained by this simulation are converte to voltage values compatible with
the interface. Turbine discharge pressure P5 and turbine inlet temperature Ty

as sensed by a fluidic sensor have been added to tl - program. Figure 55 illustrates
the computations for P; and the dynamics of the T, sensor,

This simulation is completed for comp ter checkout by selecting a speed
and setting this speed as the initial condition for th.: speed integrator, inputing a fuel
equal to fuel reyuired at the speed and setting the 1 0zz1e effect at zero. A disturbance
in nozzle or fuel causes changes in the simulated 1 alues,

Variable Conversion and Sensor Simulation

The variables generated by the engine program are converted to values
compatible with the interface by circuitry which includes simulated sensor dynamics.
Figure 56 illustrates the conversion and sensor computer programs for pressures
and temperatures,

The three temperaiures Tq, T4, and T all are shown with one-half second
lags. Scaling is to yield voltages equal to the outputs of the engine sensor circuits.
The cold junction of the thermocouple circuits is sct at 610°R equal to 150° F, The value
of 655 yields ten computer counts per degree. In the digital computer both the 610 and
150 are added and readouts are available in degrees Rankine or degrees Fahrenheit,
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Scaling of T3 vield 32 digital counts per degree. A readout equal to ten counts
per degree Fahrenheit is available,

The pressure Pg3 is scaled at 40 PSI equal one volt which yields computer
counts of 164 equal to one PSI. A readout is available at 100 counts equal to one PS].
The signal is lagged by 10 milliseconds.

Speed output from the simulation is adjusted for input to a voltage con-
trolled oscillator. The oscillator vields 3844 Hz at 1007 engine speed.

Figure 57 represents the simulation of the Bendix PRA-A2 pressure ratio
sensor. This simulation is based on performance of the sensor as calibrated. The
input airflow sense is adjusted to yield a sensor output equal to the output obtained
from the engine. The sensed value of PS and PT depend on location of the sensor
probes. This means the airflow sensed is not a true indication of compressor discharge
corrected airflow but is a parameter which varies similarly as the true airflow para-
meter varies,

Nozzle Control Simulation

The nozzle control is simulated by the request actuator and the nozzle drive
mechanism. The nozzle simulation is used in an imperical computation to arrive at
an effect on torque. Figure 58 illustrates the computer program. Inputs to the request
actuator are obtained by moving the patch cord. At zero volts, the nozzle is open; at
6 volts the nozzle is closed: the DAC input may be used, and in the position shown the
nozzle is on analog computer speed or throttle.

Fuel Control Simulation

Figure 59 presents the fuel schedule and governor program, This pro-
gram is used for analog computer setup without the digital computer being used.
The diagram is the program for Figure 52. Operation of the fuel control and governor
is discussed in previous paragraphs.

Fuel Valving Simulation

Figure 60 represents the simulation program for the fuel system valving,
Both the metering valve and bypass valve are second order functions. The valve does
not enter into any stability control modes studied, Control loops, which may be unstable
at a frequency near 17 CPS may be aggravated by the fuel valve characteristics.
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