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ABSTRACT
Study on HILS(Hardware In the Loop Simulation) for

EECU Performance Verification of a Turbofan Engine

Kho, Seong-Hee

Advisor : Prof. Kong, Chang-Duk, PhD.
Department of Aerospace
Engineering Graduate School of

Chosun University

EECU(Electronic Engine Control Unit) is a core device of the aircraft engine
and the verification test for numerous items should be carried out in its
development process. Since it takes a lot of time and cost for carrying out
such verification test using an actual engine and an expensive engine may be
damaged or a safety hazard may occur, the simulator which virtually
generates the same signals with the actual engine is essential. The virtual
engine simulator which replaces the actual engine should be able to provide
the simulation of engine operation in real time almost same as the actual
engine operation. Therefore, the simulation speed should be as fast as the
speed of the actual system to carry out input, calculation and output within
the time range specified by the user. The development of real time engine
model which can carry out calculation at almost real time and appropriate
hardware are necessary for real-time simulation.

In this study, researches were carried out on the real-time engine model
which was essential for the development of EECU, a core device of the

aircraft engine, and the testing device which embedded the real-time engine

Xl
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model on the real-time simulator and generated the same physical signal with
the sensor signal from the actual engine.

In order to create the performance characteristic map of components
reflecting the characteristics of target engine, the performance characteristic
map of high pressure compressor was composed using the system
identification method and genetic algorithm. The performance analysis was
carried out using GASTURB, a commercial performance analysis program, in
order to verify the performance characteristic map. The analysis result showed
that the average error between the actual test data and NL was 2.6% and
0.8% on the original map and the new map respectively, and the average
error of T6 was 0.5% and 04% on the original map and the new map
respectively, and the average error of PS3 was 04% and 0.3% on the original
map and the new map respectively. After verifying the performance
characteristic map, the database which would be wused as lock-up table
module of real-time engine model was established by carrying out the
performance analysis under various operation environment conditions using
GASTURB.

The modeling of real-time engine model was carried out using SIMULINK
separately into the normal operation phase engine model and startup phase
engine model. The modeling of real-time normal operation phase engine
model was carried out in real-time transfer function model method by
applying the time constant derived from the 5D map type performance data
and target engine test data reconfigured with the steady state analysis result,
and the modeling of real-time startup phase engine model in form of Lookup
Table based on time was carried out through the reconfiguration of startup
phase test data measured from the target engine ECU.

The testing device equipped with real-time engine model which enabled to
verify the performance of EECU as the target of this study was developed

separately into the hardware part consisting of cockpit simulator, control

X
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system, real-time engine simulator, software simulator and console and the
software part composed to enable the operation of testing device operation
program using NI LabVIEW, EECU real-time monitoring and data saving
program, testing device’s function and interworking test program, EECU
control logic and performance verification program and EHD program.

The testing device’s function test, testing device’s interface and interworking
test, real-time startup phase engine model verification test, real-time normal
operation phase engine model verification test, target EECU performance
verification test were carried out using the configured testing device and the

test results were analyzed.

XV
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< ST;:HT )

Production of Initial Population :

Mo. of Chromosomes = 4 Dynamic Mutation
No. of Populations = 60 {Mutation Rate=0.01)
Max. Generation values = 300 'y
‘ Simple Modified

Fitness Evaluation :

Crossove
Sealing Window Scheme '

[Crossover Rate=0.9)

I

Reproduction as
Gradient-like Selection

eneration Value =
300 7

GRS

Figure 2 Flowchart of Simple Genetic Algorithms

18
Compressor Map
Using GAs
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Mass Flow

Figure 3 Generated Component Map by GAs

(4) 3lo]HEl = 7] (Hybrid Method)
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Figure 4 Generated Component Map by Hybrid Method
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\/T‘il 2
DP,,,, = K, 14X Py X< (W < T) ................................. 4)
31

& 7] A, DPegia= 947] cold loss, Keae cold loss 914} o]t}

T v/ T
DPhot = Khot x P31 x (_4_ 1) x (Wil x 31 )2 ....................... (5)
Ty Py
71N A, DPhoi= 47| hot loss, Kneei= hot loss A} o]t}
P
— < 6
QX (©
1
T,— Ty =T, xn, < (1 T) .......................................... (7)
PR475
PI_PO_ PO_Pamb
B, =100x(1— RRF) < T ................................. (8)
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W3, W4, T3,

INTEGRATE PARAMETERS COMBUSTOR TSrreom—
BETWEEN TIME t-1 AND TIME t dRHO4 / dt FROM FORMULA (1) TIME t-1
dT4 dt FROM FORMULA (2) WFE FROM
P26 = P26(t-1) + dP2/dt(t-1) * dt T4 = T4(t-1) + dT4 /dt * dt Tconmor
P45 = P45(t-1) + dP45/dt(t-1) * dt RHO4 = RHOA4(t-1) + SYSTEM
P6 = PE(t-1) + dPG/dt(t-1) * dt T dRHO4 [ dt* Dt w3, T3
NL = NL{t-1) + ( 3600 * DPWL{t-1) ) P4 FROM FORMULA (3) 1o
NL(t1)* XJL* (2" x) A 2 P3 FROM FORMULAE (4) Wa
NH = NH(t-1) + { 3600 * DPWH(t-1) ) AND (5) s
NH(t-1) * XJH™* (2* =) * 2 +p4‘14
HP ]URB[Né

LOOK UP MAP WITH P4 / P45 AND NH / VT4
CALCULATE W4MAP FROM FORMULA (6)
CALCULATE T45 FROM FORMULA (7)

REPEAT 3 TIMES TO RAISE W4
FROM TIME t-1 TO TIME t IN

COMBUSTOR CALCULATIONS
T
LP TURBINE INTAKE
LOOK UP MAP WITH P45/ P5 AND
NL / VT45 - CALCULATE P1 AND T1 FROM AMBIENT
CALCULATE W45 = W5 FROM FORMULA CONDITIONS AND Q CURVES
(6) CALCULATE P2 FROM FORMULA (8)
CALCULATE T5 = T6 FROM FORMULA (7) l
\ ,
LP COMPRESSOR

PROPELLING N‘QEZLE
LOOK UP MAP WITH P26 / P2 AND NL / VT2

CALCULATE CAPACITY FROM G CURVES CALCULATE W2 = W26 FROM FORMULA (6)

AND PG / PAMB CALCULATE T26 FROM FORMULA (9)
CALCULATE W6 FROM FORMULA (6)
CALCULATE THRUST ‘

* HP COMPRESSOR

VOLUMES : INTERCOMPRESSOR DUCT,

INTERTURBINE D PIPE LOOK UP MAP WITH P3 / P26 AND NH / VT26

CALGULATE W3 = W2 MAP FROM

CALCULATE dP26 / dT, dP45 [ dT AND FORMULA (6)

dP6 / dt FROM FORMULA (10) CALCULATE T3 FROM FORMULA (9)

REPEAT 3 TIMES TO RAISE T3
CALCULATE SPOOL UNBALANCED POWERS AND W3 FROM TIME t-1 TO TIME t
FROM COMPRESSOR AND TURBINE POWERS. IN COMBUSTOR CALCULATIONS
INCREMENT TIME BY dt AND REPEAT THE ENTIRE CALCULATION PROCESS

Figure 5 Aero-thermal Real Time Transient Model for Two Spool
Turbofan(Volume Method)
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3) EECU Al@%X

(1) SIMsystem

ul= ADI(Applied Dynamics International)A}2] SIMsystem< Fig. 63 % 9|
FADEC 7W&3}t A@ Al Aoz Alfo] 7hsdt EURFoR AANA 713
ojty. EXEo|2ALY
Tay-611(F1A U 235 BRI QAo A FE Trent 900(Airbus A380 EJRE3H <l
Z) <1z A Al SIMsystem©] ARE-5 AT

l

99 4FHeE AgHI d& HIL AE 59

P A

als

Shatt Speads

Real-time Engine
Simulation

Temperaiures Real-time Plotting
Pressures Virtual Control Paneis
Datalogging
Valve Drive . Raal-ime Scripting

Motor Driva XML Report Generation
3 Phase Fower Performance Monitoning
28VDC Power Manual Inferaction

ISVAC Power  apnlication-level Test
Aulomation

Figure 6 SIMsystem Software Tools(ADI)

(2) Prevas HIL simulator

228519 PrevasA7F RM12 X (Volvo AeroAbe] EJE 3 <l%1)¢] FADEC H)
2E 9 HZFS 93 HIL AlEdolHE /fEdstidlal, PC 7|§ke 4y &%
¢ NIARS] PXI st=dlol EFH;ES ARESHATE =3 HIL AlE#olE 9
AZE oo LabVIEWS AF83he] 7 dah¢] o,

b
Mo S

(3) Electronic Concepts & Engineering(ECE)
u= o] ECEARE MATLAB®¥ SIMULINK®| REle] 378 ARg3te] oA
28 AA R B, AN REESC] A B A2 AFST: Aok =

gk Fig. 73} 2ol A A=®] Aojrge] =24 A AE BASIE SEY
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Stego] TAZo g FAF] HIL AEHOEE sty Yok

Figure 7 ECE Develops
HIL Simulators

(4) WESTT CS/BV

Figure 82 3~ #&2-9] Pl(Price Induction)A7} 7)#& DGEN(Personal Light Jet
w BHEA dZ) dZe] 52 Algdeld WAoot F2 Hl A A% Hel
o] A AlE#olA, dzle] 3D A#3), <Qizle g gl 371 AL

DGEN Ao} A28l 22 ¢4 < & 5 s uS

Figure 8 Virtual Engine Test Bench((c) Price

Induction)
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(6) &stela
9] @ate TYAEH ) FYA 28 A 40| A= Fig. 994 2o] 7h2E

9 A o mude Fo A4 AT FY 2YH AEE YEYst

AN zEle] stedole gAH & iiéfﬂﬂ(ASH ey

N
Aol7] stesol 2 dauglE AS FE F 1509 FE T oF 45% = AT Al

[>

8.

@ Simulator Server
@ Control Algorithm

(Application Software)

(© VIRTUAL ENGINE SIMULATOR

a=ion iy
GAS TURBINE ENGINE SIGNAL CONVERTER ——
Mathematical Model - b Pressure

= H Temperature
s — i 4';_‘ i
] (8 b} P -

| ST

“;oad—

@ Gas Turbme
Engine Controller

1/0 Interface Module

COMPACT RIO

Figure 9 Configuration of Gas Turbine Engine Simulator(Hanwha Techwin)
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Figure 10 DGEN 380 Turbofan Engine ((¢) Price Induction)

Table 1 General Characteristics of DGEN 380

Maximum take-off thrust(TOP, ISA, SL, MNOQ) 2,500 N
Specific fuel consumption (SFC TOP) 0.0438 kg/N/h
Maximum cruise thrust (MCR, ISA, SL, MNO0.338) | 1,170 N
Specific fuel consumption (SFC MCR) 7.58
Weight (without nacelle) 80 kg
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2 =7ollA duEHe BHE W A9 9JX WI(Station Number):= Fig. 11
2 Table 29} ZTH1S].

1. 21@ T@ )
m\i o |6

Figure 11 Station Numbering for Turbofan

Table 2 Station Numbering for Turbofan

Station
Number

Description

0, amb

Free stream air conditions

1

Engine intake front flange

13

Fan exit

2

Fan front face

21

Fan exit face

26

Compressor inlet face

3

Compressor exit face

31

Combustor inlet

4

Combustor exit plane

41

Stator outlet temperature

4

High pressure turbine exit

45

Low pressure turbine nozzle guide vane leading edge

5

Low pressure turbine exit face

8

Propelling nozzle throat
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2) AAH A5

AZALZRE AFE ILE(ALT) 3km, BlPEEM) 0338, =33 (MCR)

AEe] A AHd5S Table 33 24}

Table 3 Design Point Performance for the Study Engine

Altitude 3 km
Flight Speed(M) 0.338
PLA setting Maximum Cruise Power
Standard mass flow rate 15 kg/s
Real mass flow rate 114 kg/s
Fan Pressure Ratio (inner) 1.27

Fan Pressure Ratio (outer) 1.21
Bypass Ratio 7.58
Comp. PR 4.64
Comp. isentropic efficiency 0.7875
Inlet Turbine Temperature (T41) 1,131 K
Thrust 1,070 N
Specific Fuel Consumption (SFC) 0.077 kg/N/h

0 Azl AA 8= Table 49 21, & =FolAe olof 22

WellAe] X ds HelHE =dste] A%t

ST,

==
A7 ol 7|z HolHE #§

RN

al

Table 4 Operating Range of the Study Engine

Altitude (ALT) 0~7.6 km
Flight Velocity (M) 0~0.35
Ambient Temperature ISA+30 C
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B AT AE ASHES AAsE PHoR Axd AEs §AxSnYE
S Hybrid2 A-g3le] TAHA S ASAEE Azol LA ol A4
e AeAEE 149=7](High pressure compressor, HPC)oll €8l o]=
A dRle] Al A= EolE7t TAtE] B wolEo]7] Witk wakA A
#=71(LPC), ILYEHIHPT), AYEN(LPT)Y HFsAEE GASTURBOIA A
+ LPCO1L.MAP(Fan Rotor J.Propulsion Fan Map), HPTO1L.MAP(NASA
TM83655 Turbine Map), LPTOL.MAP(AGARD Two-stage Turbine Map)<= AF-&
Sk TH19].

£8& Al Ground idle rate,
o] 47 F7tol A PLAZ} AE
H7] wiol o] A HolHE 53, 5% HolHE /A1 FAo=R

At EEU/IGHE BT S wE 4Hn, fEFRds, 18 7

it

Cruise rate, Maximum continue rate, Take off rate

TH12].
A7) N, EEU/IAEH 25 9 g tE FAY e 2(13), (149
2,
Q= T1/288.15K ......................................... (13)
5= p1/101.325kpa ......................................... (14)
18
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(s )

l

Study Engine Test

l

Data Sampling

l

MFP, PR, n Calculation by
Thermodynamic Eq.

Map Scaling and
Compaosition of Each
Operating Conditions

Production of Initial
Population

Dynamic Mutation

l

Fitness Evaluation

1

Simple Modified Crossover

Generation
Value=0007?

Yes

1

No—»| Reproduction

¥
Find the unknown
Coefficient and Map
Generation

C STOP >

Figure 12 Flowchart of Component Map Generation

HHW(PR), FFFF(MFP), H&@n)S  HA



P3
PRHPC: e e et (16)

P26
MFP, = W, X @ ......................................... (17)
Nipe = [((%)T—l)/(%—l)] ............................... (18)

o] kM|, FEFYT, &S ToL, U AIFS B 53 HolHERH

A DGAETS G, FFFS, LEIe FALLS H19-2)E AHE3)

Table 5 Scaling Factor of High Pressure Compressor

NH. (%rpm) | 26,726 48,484 49,210 50,424
(52.7%) (95.6%) (97%) (99.4%)

PRirc 3531 0.5524 0.5342 0.5047
MFPs 0.1823 0.05022 0.04917 0.04743
e 1118 0.9129 0.9148 0.9181

PRdesign -1

P = ’ —1 T e e
R PRma.pdesign -1 ( Rmap ) * (19)
MFEP MFPdesign MFEP )
= m ap  TTTTTTTTTereresesseesssceiiieiiiinn, ( O)
ndesign
o Man e 21
K 7771Lap4design ! b ( )

20

Collection @ chosun



Z
s

HPCO01.MAP®]l

S

= GASTURBE o] &

tt}. Figure 1391
e AT

5

.'?_

HPC

1 1.2 14 1.6 1.8

Mass Flow W25RSTD [kg/s]

8

oney ainssald OdH  Ggbed

Figure 13 Generated High Pressure Compressor Map by System Identification

Method

thele] sk

1
.

o7}

9] §F(breeding)¥ 41E(selection)

Eyl,

Az e

Al Tl ol A

KN
L

3, AE=AEA
Zo|t}.

317 2lste] @7t

T4

o
=

=
<

@‘

ol

—_
o

o

9]

9 MFFe=A oy

=5

o 53] Add Al A

A

E HTH20,21]

3

5

21

Collection @ chosun



o] IAF(NH), ¢HPI(PR), frFF(MFP), E&(E)° ¥

3} o] Aol

|

- (22
(23

Sk

S

aPR*+bPR*+ ¢cPR+d

a MFP?*+ b MFP?*+ ¢ MFP+d’

o}

MFEPyy
NN

o

A

o

7l Ade

ges ge A4
=

171 4
Fod 100071 )

°

.'?_

°

o

=

°o]&

[e]

H 2713 S

A}
=y

Ao wAS &, b, , d F

1

fu

71D dAAE
Aataom mAGTE ol Bz pfe] g dAATE AT

= o) A

uebA o] sl A vAS a, b, ¢, d

B

"

)

“gqrsk GA A

)

1
fu

I

e Aol v =2 Al

247 GA oA

A

-1200~12002. 2 3

o

mr
]

Mo

st

— o}
- =

t 7)o

S

A7

1

fu

A
=

“ARRYAY DA A=

shol APE @

o
7o

[0

o
o

Fa HA 7N

S

)

ﬂ
Nl

A

&3

S

=

=

2

b Be)

2
getlom “Agats G

(Modified Simple Crossover)¥ &2 & ¥ o] (Dynamic Mutation)<

Gradient-like A&z} 7} o] ¥},

pS|
=

1

kel
pal

22

oA ol A
ol g2 09¢ 012 ZZ

A=

= dHo]”
=
=<

&2
oH13].

H
gk

ki
3

AE A9 & JAEF Pham Jino] At
[e]

al
o=

2=
Collection @ chosun



Table 6 Results of chrombest as to NHc (at MFP-PR)

B

P3g25 HPC Pressure Ratio

Collection

\W 26,726 48,484 49,210 50,424
(52.7%) (95.6%) (97%) (99.4%)

a -291 -1.9 -1.34 211

chrombest b 2.96 3.12 1.71 3.37
c -0.78 -2.31 -1.15 -1.56

d 3.99 3.49 3.69 4.0

Table 7 Results of chrombest as to NHc (at 7-MFP)

\W 26,726 48,484 49,210 50,424
(52.7%) (95.6%) (97%) (99.4%)

a’ 0.25 0.2 0.26 0.17

chrombest b’ -0.87 -0.74 -0.92 -0.7
¢ 0.88 0.85 0.99 092

d’ 0.56 0.48 04 0.35

e Takel 72 orpmel AFFE-LYN, AFY

HPC

0
=
=}

8 1 12 1.4 1.6 1.8
Mass Flow W25RSTD [kg/s]
Figure 14 Generated High Pressure Compressor Map by Hybrid Method
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1.3 7

P13g2 LPC Outer Pressure Ratio

1.2

1.1 9

H
7ol AHE AYYFT] AedEx GASTURBOIA  AlEshs

H
“LPCO1.MAP” < ©|-&3t31 Fig. 159 & TH19].

Table 8 Scaling Factor of Low Pressure Compressor

NL 100 %rpm
PRirc 0.3009
MFP, 15.05
Nipe 0.9891

LPC

Mass Flow W2RStd [kg/s]

Figure 15 Low Pressure Compressor Performance Map

(B) LYHH A=
B AFo  Ag®E  aUEE ASAEE GASTURBOIA Al &3sh=

“HPTOL.MAP”-& ©]-&3l% 1 Fig. 167 ZT}H19].
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Table 9 Scaling Factor of High Pressure Turbine

NH. 100 %rpm
PRupr 0.7107
Nupr 0.9606

HPT
26 7

2.4 1

221

Pressure Ratio P4/P44
>

&0

o® Q?

5 55 6 65 T 75 8
NH/sqrt(T41) * W41*sqrt(T41)/(P4/Pstd) [Kg/s]

Figure 16 High Pressure Turbine Performance Map

@) AYEH A=
o AT AHg" AHJHW  AesAEE GASTURBOIA  A|&38hs

e

“LPTOLMAP” & ©] &3t Fig. 173 ZTH19].

Table 10 Scaling Factor of Low Pressure Turbine

NLc 100 %rpm
PR pr 0.5735
Nepr 0.9502
25
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LPT
2.2 7

Pressure Ratio P45/P5
>

054

4 i) 8 1 -2 14 1.6 1.8
NL/sqrt(T45) * WA5*sqrt(T45)/(P45/Pstd) [Kg/s]

Figure 17 Low Pressure Turbine Performance Map

FFI

O

=AM AlaE AEW T g IR slolHElE I ogE Fe 3
=7l dedse] AF5S A8l 48 Asald 219 GASTURBE ©| &
te sl e sttt A5l B3 4545 A5 A3 Table 113 Fig.
18~200 YERN AT} 7)ol A “Original Map”& GASTURBOA A|&3l= 718
45 E(Standard Map)E 283t 43k AFolil “New Map”2 dto]Hg]
T 7o g T3t AFAEE A&t e Aot

I

}L

o

Table 11 Error Rate of Original Map and New Map for Test Data

NH NL T6 PS3
%RPM | Original Map | New Map | Original Map | New Map | Original Map | New Map
94.7 0.547155 1.388103 0.267176 0.687023 0.864486 0.88785
97 2.345318 1.180335 0.38295 0.494601 0.536481 0.107296
98.3 2.308233 0.213986 0.290758 0.290758 0.273569 0.568182
994 2.539759 0.028123 0.887697 0.721182 0.42709 0.386414
100.1 4.007848 1.116033 0.732661 0.460631 0.039216 0.039216
100.6 3.896229 0.709818 0.282235 0.036428 0.310078 0.174419
% EITO ave 2.6 0.8 0.5 04 0.4 0.3
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Table 11S AHEH, Mtz o2 3lolHe] 7|Hog I3 HFHEE H&3)
RAe o AA AR vlolH et AVt ASS gAT 5 ATk

NL %+ 2%k Original Map® New Mapoll A Z+2} 2.6%, 0.8% #ol& ERA
=t ZH<F dHolB 2 283 AP tolE7F NH %382 97%~101% Akole] &
S FYE AR w m Z 2o)E RIS & Atk 53] NL HolEE
il

2 e
Ao ARAoR Befste S FaT A%

EECU Al|oj =3 g o|7] wi&l A
gk Aol A4 olth. EZF o]yl FolE E o Fig. 183 o] @& rpm 11
Ae OS5 & 27 34 E Ao = oitdn.

45000 NL

40000

35000

rpm

30000
—+—0Original Map

==New Map

25000 /
/ —+—Test Data

20000 T T T T T T T |
35000 37000 39000 41000 43000 45000 47000 49000 51000 53000

NH(rpm)

Figure 18 Verification Result of Performance Map(NL)

T6S] B 2= Original Map® New Mapol Al 22t 05%, 0.4%2] <43
zZtolE HAANE ol HAF HlolHE &3 AP TlolErt NH %359
olgl Fo]& E u Fig. 199

97%~101% Atole] F& FItllA Hud ZAijoln
2ol B2 rpm PR E S & Ayt dAE Ao R d4fdr.
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820
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~ //
760
/// —+— Original Map
740 —m—New Map
"__/ -4 Test Data
700

T T T T T T T T 1
35000 37000 39000 41000 43000 45000 47000 43000 51000 53000
NH{rpm)

Figure 19 Verification Result of Performance Map(T6)

PS39] i 22H= Original Map® New Mapoll Al ZHzF 0.4%, 03%2] 43
zZolE BAJAT ol T TlolHE 83 AP HelEZF NH %3xdse
97%~101% Atole] F2 Tl vimd Aaola o]yl Fol2 & o Fig. 203
Zo] e rpm FHAA = B Z 2x7F BAE ZoE ddHT

550

PSsS3

500 /Pj
450 /
B /
350
/ —e— Original Map
300
—@—- New Map
—+—Test Data
250

-

kPa

200 T T T T T T T T 1
35000 37000 39000 41000 43000 45000 47000 435000 51000 53000
NH({rpm)

Figure 20 Verification Result of Performance Map(PS3)
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2) AG4EH AE3A
B oApdAEe AAdd Adedddd Fig. 213 2 A48 AZEY 09
GASTURBE ©] &3l 34 TtH19].

GASTURBE &3 % 4o AMgEH= EE 72BN A dee A&l

«® Gas Turbine Performance - www.gasturd.de = (= -
File Mode Help
HL  r=iEngine Configuration |Two Spool Unmixed Flow Turbofan j lam ... @ Movice | é;:g) Expert

F
¥ |0
: de
" Parametric Study
" Optimization
" Small Effects
" Monte Carlo o
' Ok ¥
R

Figure 21 Commercial Performance Analysis Program of Gasturbine
Engine(GASTURB)

GASTURBZ ©] &3 A%di4]S Fig. 229 2o Az A3, 23 HE
Sha) BEA Qo) AFEE Fo d9shd BAS oS3 ZH19].
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)

!

GASTURB Program Execution

h 4

Engine Selection
(Two Spool Unmixed Flow Turbofan)

Y

Performance Analysis Selection
(Design)

}

Input Data to Basic Data and Main
Component Design Point

!

Design Point Performance Analysis

mparison with Design Poi
of Manufacturer

Performance Analysis Selection
(Off-Design)

Y

Component Maps Selection
(Special)

I

Input Operation Condition
{ALT, DTISA, MN, HPC spool speed)

}

Off-Design Performance Analysis

I

STOP

Turbojet, Two Compressor Turbojet, Two Spool Turbojet,
One Spool Turboshaft, Turboprop, Turboshaft, Boosted
Turboshaft, Intercooled Recuperated Turboshaft, One Spool
Mixed Flow Turbofan, Two Spool Unmixed Flow Turbofan,
— Two Spool Mixed Flow Turbofan, Geared Unmixed Flow
Turbofan, Three Spool Unmixed Flow Turbofan, Three Spool
Mixed Flow Turbofan, Three Spool Turboshaft, Three Spool
Turboprop, Intercooled Recuperated Turbofan, Variable
Cycle Engine, Ramjet

Basic Data, Air System, Mass Flow Input,
LPC Efficiency, LPC Design,

HPC Efficiency, HPC Design,

HPT Efficiency, HPT Clearance,

LPT Efficiency, Test Analysis

!'____I____'|

|
| Standard

| Model Library
L

Figure 22 Process of Performance Analysis of GASTURB
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NL

W)Desi‘qn

NLPC,(:()T'T',T'eL = (

2,21

M2,21 = M2,13 X )
2,13 Design

Py
P P P
A1+ (i— X 2
P2 P2 P13
—-1
P2 Design
Wy = 2
0 = T BPR ¢
ng = WQ_ I/I/'21 ................
NH
JRX Ty

NH

\ RX T26 )Design

NHPC,(:()T'T',T'eL = (

WF = FAR/ns; X (Wy; — WHZO)

WEF
Wi — WE— Wy o
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NH

VEX Ty, )

NHPT,(:()T'T',T'eI, - ( NH

| X T41 )Design

FAR,, = W W T, T (33)

NL

N o4

NLPT,(:()T'T',T'eI, - ( NL

| X T45 )Design

WF
FAR, = WWE W, (35)

FN= Wy X Vg X Cpgs + Ag X (pS8 — pamb) 4 (36)
Wig X Vig X Opg,ig + Ay X (PS1g— P,) — Wy XV,

1) A dsshA

Figure 229} %2 dX= Table 34 AAZ A AAH d5 HolHE
ol g3ty HAM AHedS AT Figure 23S GASTURBS AAA dlolg
de o E AZAtA AATE HAHES vtEoZ HAHY AHFS M-SR

=
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File Units Define Nomenclefure Propeller.. HPC-Map.. Print Help

LY BH» =+ & &g Fuel: |Generic Ll
HPCDesign | HPTEfficiency | HPTClearance | LPTEfficiency | TestAnalysis |
Basic Data |Av5ystem | wass Flow Input | LPC Efficiency | LPC Design | HPC Efficiency

[ Fiont o Groundl

3000

a HP kedage b bygess
b NGV oooling
@ HPT cooling

Figure 23 Input Data of Design Point(GASTURB)

MAA A5AA AT Table 129 23, AZALolA A G Table 3¢ A7)
A s ww A A 01% We 98 Hel dAHo=s st olu
A" 74 GASTURB 24744 454 A 7]2o] =k,
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Table 12 Design Point Performance Analysis

Result for

Study Engine

(GASTURB)
Station W T E WRstd FN = 1.07
amb 268.65 70.105 TSFC = 21.3232
2 11.503 274 .80 75.875 15.000 WF == 0.02288
13 10.163 291.91 91.434 BEFR = 7.5846
21 1.340 250.23 88.475 1.540 3 NOx = 0.0502
25 1.340 250.23 86.705 1.571 Core Eff = 0.2661
3 1.340 450.93 401.879 0.441 Prop Eff = 0.7052
31 1.32¢ 490.93 401.875
4 1.345 1131.34 383.754 0.706 p3/p2 5.2563
41 1.351 1130.18 383.754 0.707 plg/pld = 0.98000
43 1.351 955.83 169.332 Pl&/P6 = 1.06252
44 1.356 954.42 1659.532 Ple/E2 = 1.180590
45 1.356 954 .42 169.532 1.475 BE/P5 o 0.%8000
49 1.356 §25.74 86.053 28 = 0.01523
3 1.357 825.37 86.053 2.705 &l8 = 0.03709
8 1.363 824.14 84.332 2.7659 PE/Pamb = 1.20288
18 10.163 291.91 89.603 11.567 Pl8/Pamb = 1.2780%
p2/pl= 1.0000 cD8 = 0.98¢602
Efficiencies: isentr polytr RNT B/FE CD18 = 0.9953%
Cuter LPC 0.8800 0.8821 0©0.811 1.205 ¥MB = 0.53042
Inner LPC 0.8000 0.8043 0.811 1.166 ®M18 = 0.60252
HP Compresseor 0.7872 0.8270 0.845 4.635 V18/V8, id= 0.6819¢6
Burner 0.9550 0.955 Loading %= 100.00
HP Turbine 0.8552 0.8424 0.385 2.264 PWX = 2
LPF Turbine 0.8641 0.8536 0.225 1.970 ZWBLD = 0.00000
HF Spool mech 0.9880 Nominal Spd 50715 WBLD/W21 = 0.00000
LP Spool mech 0.9750 Nominal Spd 43636 WHel/W25 = 0.00330
WLcl/W25 = 0.00120

Table 13 Comparison of Design Point Performance Analysis Result for

Study Engine

Collection @ chosun

Units Manufacturer GASTURB
Standard mass flow rate kg/s 15 15
Real mass flow rate kg/s 11.4 115
Bypass Ratio 7.58 7.585
Comp. PR 4.64 4.635
Comp. isentropic efficiency 0.7875 0.7878
Inlet Turbine Temperature (T41) K 1131 1131.3
Thrust kN 1.07 1.07
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Mo
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riet
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B
2
Sv

oX,
ofr

S =1L& Table 4oﬂA1 A A B oA

M
2

« IE(ALT): Om, 3048m, 7600m
o HIFZEM): 0, 0.2, 0.4
o O] E(ISA): -30, 0, +30

Qo 2 zAdAM FFaAe 3 T A A HolEs) st AT A
A mde] 71z ol E &83ant. Assld A 29 HE dHolEe tddxd
AN HA ASEHIL = 78 4% w7l "9 NHE@SEY 8-
), NL(ALEH 3 d<), T6(EGT), PS3(AF71ET L))ot AulolAy ASEHe=
EN(F3), W(E71F%), WEEEFZ) ot B dessid A= Table
14~163 23, = 19 J2g9=2 YeRddth

Table 14 Result of Steady State Performance Analysis(ISA-30)

ALT (m) 0 3048 7600 0 3048 7600 0 3048 7600
M 0 0 0 0.2 0.2 0.2 04 04 04
DTISA (K) -30 -30 -30 -30 -30 -30 -30 -30 -30

NH (rpmy) 52120 | 53971 | 57030 | 51959 | 53806 | 56869 | 51441 | 53268 | 56384

NL (rpm) 44902 | 48798 | 58606 | 44825 | 48603 | 58295 | 44500 | 48209 | 55914

T6 (K) 803.9 | 801.3 8277 | 800.7 | 797.1 819.7 | 794.8 791.1 798.0
PS3 (kPa) 548.6 | 4224 2829 | 5575 | 4290 | 2869 | 5839 | 450.6 2959
N (kN) 2789 | 2.286 1.728 | 2.030 | 1.711 1362 | 1.527 | 1.343 1.084

W (kg/s) 15.221 | 11.825 | 7996 | 156997 | 12.344 | 8.287 | 18.033 | 13.770 | 8.948

WF (kg/h) 116.67 | 93.08 68.14 | 117.99 | 9399 | 68.48 122.39 | 97.84 68.62
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Table 15 Result of Steady State Performance Analysis(ISA0)

ALT (m) 0 3048 | 7600 0 3048 | 7600 0 3048 | 7600
M 0 0 0 0.2 0.2 0.2 04 04 04
DTISA (K) 0 0 0 0 0 0 0 0 0

NH (rpmy) 49610 | 51191 | 53853 | 49458 | 51030 | 53686 | 48978 | 50529 | 53157

NL (rpm) 40528 | 43872 | 49795 | 40501 | 43830 | 49634 | 39677 | 43396 | 49115

T6 (K) 8394 | 8359 | 843.6 835.5 8325 | 839.6 | 8244 823.0 831.0

PS3 (kPa) 479.6 | 3654 | 2344 | 4869 | 3716 | 2384 | 504.6 387.8 250.1

FN (kN) 2239 | 1.824 | 1.288 1.562 | 1.320 | 0974 | 1.064 0972 | 0.771

W (kg/s) 12.969 | 10.014 | 6.501 13.751 | 10.555 | 6.789 | 15.614 | 11.913 | 7.549

WF (kg/h) 10047 | 7934 | 54.40 10144 | 80.32 | 55.05 | 103.16 | 82.58 | 57.07

Table 16 Result of Steady State Performance Analysis(ISA+30)

ALT (m) 0 3048 7600 0 3048 7600 0 3048 7600
M 0 0 0 0.2 0.2 0.2 04 04 04
DTISA (K) 30 30 30 30 30 30 30 30 30

NH (rpmy) 47458 | 48826 | 51106 | 47320 | 48679 | 50946 | 46870 | 48213 | 50449

NL (rpm) 36222 | 39425 | 44471 | 35898 | 39384 | 44439 | 33503 | 38154 | 43984

T6 (K) 871.7 | 873.0 878.4 863.4 867.7 | 8749 846.8 852.7 | 864.6

PS3 (kPa) 417.0 318.0 201.2 421.5 322.5 204.7 | 430.3 332.6 213.5

FN (kN) 1.764 1449 | 1.017 | 1.149 0.997 | 0.741 0.626 0.650 0.552

W (kg/s) 11.006 | 8502 | 5.478 11.733 | 9.034 5.769 13.268 | 10.254 | 6.501

WF (kg/h) | 85.64 68.13 | 46.05 85.45 68.59 | 46.63 84.53 69.04 | 4792
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3. AAZ A7 =d
ZF2EHL AR N Al o] AesiA Aol Rde A4l A Eolth
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2 £ BoE 75 W2 Look-up HolE FEIE AFEEI Qom TheFd &
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Hydro-Mechanical Systems
¥

Real Time Transient
Engine Model

Fy

Fuel Pumps
Stepper Motor

Fuel Metering Valve
ETC.

Digital Controller

VIGV Hydraulic
Actuation System

A

Bleed Valve Hydraulic
Actuation System

Other

b 4

Sensor Outputs, Analogue

Fuel flow, VIGV
position, ETC.

to Digital Conversion

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
I
|
|
|
|
F—
|
|
|

Figure 24 Real Time Transient Model Coupled to Hardware Control System
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Figure 25 Real Time Engine Model of Normal Operation Phase

1) o7l 2 FdT =E

7] 2 FYF BES Fig 263 23, 91 Wl PLA, LE(ALT), @S
S(V), t712% HXHDTISA) HlolE|ZFE vl th7|dH 2 FYT7Y A5
A4kt

Hg 1zt t7| 2% HAEHE 7] 2% (Tamb) 2 7] (Pamb)S A4t
stal vl &EEe) FQdT &4 HolHEHRE 457 dFE(TT) 2 d74E
(PT1) & Axgtt. AHEE 2983 BAAA 2 =3 ZH16].

TT1=T,,, X 1+L1><M2 ......................................... (37)
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y—1 2|71
PTl = P(””b X1+ X MA"T T e (38)
' 2
D WF_kph
PLA PLA_to_WF NH_rpm
NH_rpm
ALT_m
o—1 DTISA_K
= NL_pm ——(2)
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M
L] PS3 kP,
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@
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Engine Model

Figure 26 Ambient and Intake Model

(2) Normalized and Denormalized =&
Normalized and Denormalized =& Fig. 273 Zth Normalized =&
PLAC] WE WF W& gte EFd7] 38 g2 odnks)t shan, dnkshe WF,
S5, 29 &4 @e oY Wl dWrstE NH, NL,
PS3, T6Z A4t ®=3F Denormalized & do] nx|ut A
4 gAlCA £¥EE NH, NL, PS3, TeE duks)
7] deel gow st ALEE d9shE A S oS3 Zoie].

712= |3, 1, HPERE

=)

WF, WE

":5><\/§
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NH,

n

NH= NG
np =L

Vo
PS3=PS3, %<4
76 = 16, <0

MHn_rpm

NLn_rpm

(D———*WF_kph
WF_kph l—‘WFn7th
»delta  WFn_kph NHn_mpm
E—1
defta DTISA_K
D —»{theta
theta
Normalize
3, ALT m
DTISA_K ’—b - NLn_rpm
@D
ALT_m
MN
& |—>
MN
@ PWX KW PS3n_kPa
PWX_kW -
delta
T6n_K
theta
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Normalized Engine Model

Ton_K

theta
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NH_pm——»D

NH_rpm

NL_mpmF——CD

NL_rpm

PS3 kPa|—»D

Denormalized Engine Model

Figure 27 Normalized and Denormalized Model
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(3) Engine Look-up Table E&

Engine Look-up Table &2 Fig. 287 #Zo] 5D W FeH= Yt
ASFFWF) 0~140 kg/h T3 29 EHPWX) 0, 1, 2 kW T4 Table
173 28 HPEE M), LE(ALT), 715 AXHDTISA)S] 3 =71S H o
£3} sttt

Engine Look-up Tableo] AH&H ElolE #H2 F-5 30 HF

FAT

o

Table 17 Matrix of Engine Look-up Table

(1,1,1) (1,1,2) (1,1,3) 2,1,1) (2,1,2) (2,1,3)
MN 0 0 0 0.4 0.4 0.4
ALT 0 0 0 0 0 0
DTISA -30 0 30 -30 0 30
(1,2,1) (1,2,2) (1,2,3) (2,2,1) (2,2,2) (2,2,3)
MN 0 0 0 0.4 0.4 0.4
ALT 3048 3048 3048 3048 3048 3048
DTISA -30 0 30 -30 0 30
(1,3,1) (1,3,2) (2,3,3) (2,3,1) (2,3,2) (2,3,3)
MN 0 0 0 0.4 0.4 0.4
ALT 7620 7620 7620 7620 7620 7620
DTISA -30 0 30 -30 0 30
42
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5D T(u) 5-DT(u)
d ut ut
WFn_kph
& uz u2
PWX_kW
e u3 ——® u3 @
MN NH_rpm PS3_kPa
(@ ud ud
ALT_m
(@5} us us
DTISA_K
NH_rpm PS3_kPa
5-DT(u) 5-D T(u)
—»ul ul
U2 u2
u3 — D u3 @
NL_rpm T6 K
u4 u4
us us
NL_rpm T6_K

Figure 28 Look-up Table of Main Parameter

(4) Engine Dynamic 5%
Engine Dynamic =&-& Fig. 299 o] Axdet A4 #HH
Fe= Yeb AT AR dAA S e ZH16].

A
iV
ot
¥

TC’" = M ................................................... (44)
NH (t) - WF(t) x (1 - TC’NH”,Zead 11— TC’NH”,Zead ) « (45)
" TC’NH”,Zag TC’NH”,Zag
dt

(NH” (t_ 1)+ (NH” (t)— WF(t— 1)) x (1 —e T(’YNH“.Zug ))

TC’NL Jlead iz—'C’NL”7 lead

NL"(t):WF(t)X(1—7”)+(1—7)>< ............ 46
' TC’NL”,Zag TC’NL”,Zag ( )

dt
(NL" (t_ 1)+ (NL" (t)— WF(t— 1)) x (1 —e T(’Y;\'L”.z,,g ))
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TCPSZ’)”,Z(:ad TCPSZ’)”, lead

PS3, (1) = WF(t)x (1 — a0y (= 2wl
) TCPSZ’)”,Zag TCPSZ’)”,Zag

)X e

dt

(PS371, (t_ 1)"‘ (PS3,, (ﬁ) — WF(t— 1)) < (1 —e TCPSZ,,.Zug ))

TCTG wlead TCTG wlead
76, (t) = WF(t) < (1— W)Jr (1— T) X e,
76,,.lag 76,,.lag
dt
(76, (t— 1)+ (T6, (t)— WF(t—1))x (1—e "))
n n
1],
L]
D——————*NH_rpm
NH_pm
NHn_rpm D
NHn_rpm
@&>———*NL_rpm
NL_rpm
PS3r_kPa
PS3_kPa
NLn_rpmf———»(2D
NLn_rpm
@—>{Tor K
T6 K
TC NH TC_NH
TC_NH
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TC_NL TCNL TC_PS3
TC_PS3 TC ps3 TC_NL
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defta f(u) t_theta_over_delt: Tén K|l——»(@
o - rooi eta_over_delta TeniK
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TC_T6 TC_T6
- | TC_T6 -
Time Constant(TC) DELAY

Figure 29 Dynamic Characteristic of Engine Model
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Figure 30 Start-up Phase of Study Engine
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feok 2 AR AlEs 73F AR tlolHE o] &3t Fig. 313 #o] Al
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Figure 31 Real Time Engine Model of Start-up Phase
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Figure 32 Master Switch Module of Start-up Phase
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(2) Startup RealTest =&

Startup RealTest =& Fig. 337 o] AztS 98 wol Look-up H o &9
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Figure 34 Interface Model of Real Time Engine Model and Engine Simulator
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Figure 36 Structure of Test Bench Application Software

NPA= &8 AZEdoE NI LabVIEWE o] &3l Zzaed 39
Figure 373 #o] A@AA AAE & 2 AAE siF= Wl GUIY “TB
Operation” 2271, Figure 383 o] A7thd EECU%H ARINC429 Ao 2
Y=Y He BRE AZE RUHY o] A@AA AA 71sAE 2 A5AE
o] AM&3E “EECU Monitoring” ZZ713[24], Figure 39, 403} o] AFthit
EECUS AsAd, 22N 2 Als 73 A 5 HASAE A dely =UH
g 9 AAo] 715d “EECU Test” ZE 1, Figure 413 Zo] Off-lineo A T
AN & AZEHE dHolelE dHeolgHo]2gste] AT, Trend
Monitoring 2 g4l 7] #&E st "EHD" 213 o2 FA3AT

l

53

Collection @ chosun



TB Operation

Engine Control

100 MASTER

£
OFF =)
=~

MODE

NORMAL
.

Channel

2,

Time Delay

ON

Altitude (ft)
30000 —=

20000 —
10000 —
00—

9

DTISA (°C)

Ambient Temp.(:C)

chB

.
ChA

TB Operation

EECU Power
ENG Power
SW Sim. Power

TB Operation

ENG Control Selection

EECU BL|E|Z ( ARINCA29 - EECU to Aircraft) - A

EECU 2L|EE

EECU Status

ETHERNET

NH (RPM)
NL (RPM)
BAR)
PO (BAR)
Pruel (BAR) |
POil (BAR)

14444.00
1.62
1.02
0.96

0 ()

TFuel ()

1.7

Engine Operation Mode

ADS

Air Speed (knot)
1000—=

75.0=
500—=
250=

CHA SN HE NS

Flight Mode

Fuel Flow
00— (Liter/Hour)

Ol Pressure
Qll Temp.

Oil Filter

Fuel Pressure
Ambient Press.(hPa)

Fuel Temp.

Fuel Filter

A ENG PLA FAILED
C ENG SHUTDOWN
R ENGINE FAILED

‘W FUEL BOOST ON

o
o]
([
([

EICAS

"]

Flight Mode

Fuel Flow

(Liter/Hour)

Oil Pressure

Gegresre (o]
Oil Temp.

greme )
Oil Filter

Fuel Pressure

fom Pressire o]
Fuel Temp.
S

Fuel Filter

A ENG PLA FAILED
C ENG SHUTDOWN
R ENGINE FAILED

W FUEL BOOST ON

ETHERNET

Master
IGN

wow Ground Ground

Selection CH. A CH. A

\ atus

GPcmd GP OFF GP OFF

Closed

Closed
0SOVsts

Sensor Status

Time Temp c 34.

ETHERNET

Not clogged Not clogged
Not clogged

Enough ol

Not clogged
Enough oil

EECU SOFTWARE
Vers.0

@Reset(CH B)

Figure 38 GUI of EECU Monitoring Program

Collection @ chosun

54

CHB 54 62 AE

Data Recording




Command

CMD/TEST/ERROR

TEST_time 347 FPM 2% OPMcmd

FPM_err 6216 OPM_err X

Control L

DATA INPUT

H3
g
@

14450

Altitude Air Speed (Mach)
10000 — 10=

7500—=
5000 - 05
2500—

0—E» 00—
) — [ —
DTISA (°C) PWX(W)

B

FLAME OUT
01 NOGNFHON-

NH_err

NLerr

ENGINE

35000

30000
25000
20000
15000

T —
14457 143300

Op mode

Run time

RESULT

NH(RPM)

NL

0 145400

Figure 40 GUI of Control Logic Test Program

Collection @ chosun

55



GT Performance
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¢ @

GT Performance Malntenance
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Figure 41 GUI of Maintenance Record for EHD Module
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Figure 42 Block Diagram of Test Bench Whole System
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1) AEAR #EA| 2" (TB Management)

B
ANEAA BEA 2" AR BE 25E A3 WA ZEaPoR
A Z2FA AEFCIEY PCAA 8T AFREA &8 9 AW &8 AZE
o7t Ao AFAAANA Y& = =

2 AT =S AZE Y AlE#HCIE S ojfjyle® dZEo] EHD ¥
HUMSel 83+ HolHE Al&F3Hh25].

NAZA #YA =" FHEE Fig 4833 23 F8 7|52 Table 1837 Z T

i
i
[

TB Manage
CsC
] 1' ] ]
GUI Cockpit Simulator TB Control Test
CsC CSC CSC CSC
EECU
Input Data l—‘—l TB Control Intertace
Output Engine Fault
Data i (ésl’féata Control Insertion 18- Test
Ccsu
Display Control
HW/sSwW
Interface Control
ADS Panel
FLC
HUMS
(Storage)

Figure 43 Block Diagram of Test Bench Management System

Table 18 Main Function of Test Bench Management System

List Function
TB Power TB main power supply and cutoff
EECU Power EECU power supply and cutoff
Engine Power Engine simulator power supply and cutoff
ENG Control Selection SW or HW selection
Operator Name Operator ID selection
Recording Data File path Download location selection
Data Recording Operation data recording
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2) 2F4H AE&#olH (Cockpit Simulator)
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Figure 44 Block Diagram of Cockpit Simulator
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Z2FT4 AlgUolH Y Al AL H5 40 HFSHAAL, Table 199+ =54
AEHCIHAA dEHEE EE A5 5, A5 TR/ A2 H9, 10 B8

52 3tk

Table 19 1/O Signal Design of Cockpit Simulator

Signal Name S,}%g‘:l I/O Output Range Co?lir%enc;gon M;doule
PLA-AB Analog O 4~20 mA | 0~80 degree AO 01,02 PXI-6238
MASTER-A,B Discrete O 0/5V Close/Open DO 01,12 PXI1-6509
DCRANK-A,B Discrete O 0/5V Close/Open DO 02,13 PXI-6509
WCRANK-A,B Discrete O 0/5V Close/Open DO 03,14 PXI-6509
IGN-A,B Discrete O 0/5V Close/Open DO 04,15 PXI1-6509
WOW-AB Discrete O 0/5V Close/Open DO 05,16 PXI1-6509
CH_A-A,B Discrete O 0/5V Close/Open DO 06,17 PXI1-6509
CH_B-A,B Discrete O 0/5V Close/Open DO 07,18 PXI1-6509
CH _AUTO-AB Discrete O 0/5V Close/Open DO 08,19 PXI1-6509
SP DO 1-A,B Discrete O 0/5V Close/Open DO 09,20 PXI1-6509
MCD-A,B Discrete O 0/5V Close/Open DO 10,21 PXI1-6509
ﬁggzgjs;{NN Discrete O 0/5V Close/Open DO 11,22 PXI-6509
PLA-AB Analog 1 4~20 mA | 0~80 degree Al 01,02 PXI-6238
MASTER-A,B Discrete I 0/5V Close/Open DI 01,12 PXI-6509
DCRANK-A,B Discrete I 0/5V Close/Open DI 02,13 PXI-6509
WCRANK-A,B Discrete I 0/5V Close/Open DI 03,14 PXI-6509
IGN-A,B Discrete I 0/5V Close/Open DI 04,15 PXI-6509
WOW-A,B Discrete I 0/5V Close/Open DI 05,16 PXI-6509
CH_A-A,B Discrete 1 0/5V Close/Open DI 06,17 PXI1-6509
CH_B-A,B Discrete 1 0/5V Close/Open DI 07,18 PXI1-6509
CH _AUTO-AB Discrete 1 0/5V Close/Open DI 08,19 PXI1-6509
SP DI 1-A,B Discrete 1 0/5V Close/Open DI 09,20 PXI1-6509
MCD-A,B Discrete I 0/5V Close/Open DI 10,21 PXI-6509
ﬁggzgjs;{NN Discrete I 0/5V Close/Open DI 11,22 PXI-6509
2§§333:§:TT>>: ARINC429 | TX |- - - PX1429
2§i§g§§g:§:§; ARINC429 RX - - - PX1429
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Table 20 Main Function of Test Bench Control System

List Function

MASTER MASTER ON/OFF
ENG START Engine Start Mode Selection
NORMAL Normal Mode Selection

Mode Selector CRANK CRANK Mode Selection
WCRANK WCRANK Mode Selection
DCRANK DCRANK Mode Selection
AUTO AUTO Channel Selection

Channel Selection CH_ A Channel A Selection
CH_B Channel B Selection

MW 2FHAE Z2FTA B AFHAA SEZEIHAA Bl =23 Wt

< o4 wol Az Aojr|o] ANEE M3tz Al=Eo|th H7]oA PLAE AR

= AR o|a Fig. 459 %

ol ¥, 7lojdtx, A Fo=w FAHIT T PLAS X438t Table 213 %2
==
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2l

710{%a

A

-1

Figure 45 Block Diagram of PLA

Table 21 PLA Position

Position Name Description Position (%)
TOP Maximum Take-off Power 100
MCM Maximum Climb Power 90
MCR Maximum Cruise Power 80
IDLE IDLE Power 0

Table 22= X ZFAXANA =

=93 e, AA FF = HERUAH.

Table 22 1/O Signal Design of Test Bench Control System

He AN AE 9 293

Signal Name | Signal Type | I/O | Output Range Equipment

PLA-A Analog O |4~20 mA | 0~80 degree ,
RVIT 15-80i

PLA-B Analog O |4~20 mA | 0~80 degree

MASTER DC O |0/5V Off/On Selector 5/W
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DCRANK DC O [0/5V Off/On

WCRANK DC O [0/5V Off/On Selector S/W
IGN DC O |0/5V Off/On

WOwW DC O [0/5V Off/On Selector S/W
CH_A DC O |0/5V Off/On

CH_B DC O |0/5V Off/On Selector S/W
CH_AUTO DC O |0/5V Off/On

MCD DC O |0/5V Off/On Selector S/W
TB Power AC O [0/250 V | Off/On Push Button
EECU Power DC O |0/48 V Off/On Push Button
EGN Power DC O [0/5V Off/On Push Button
ENG Control DC O |0/5V  |sw/HW Selector S/W

Aot ZE 7leE 7E AR Y AAFA B AR =FAZAC 3D B2
s

We 5 6o WS

Fig. 463 211 Z4A

Figure 46 3D Configuration of PLA and Control Switch
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4) AR AlE#H°]E (Engine Simulator)
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Figure 47 Block Diagram of Engine Simulator
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Table 23 1/O Signal Design of Engine Simulator

Signal Name STlginpgl 1/0O Output Range | qogml | O
NH-A,B Analog O 0~2,000 Hz 0~60,000 RPM | AO 01,06 10311
NEF-AB Analog O 0~2,200 Hz 0~16,000 RPM | AO 02,07 10311
PS3-A,B Analog | O 0~+10 V 0~10 bar AO 01,01 | 10107-1,2
PAMB-A,B Analog | O 0~+10 V 0.8~1.2 bar AO 02,02 | 10107-1,2
PFuel-AB Analog | O 0~+10 V 0~25 bar AO 03,03 | 10107-1,2
POIil-AB Analog | O 0~+10 V 0~10 bar AO 04,04 | 10107-1,2
PSI SP_1-A,B Analog | O 0~+10 V - AQO 05,05 | I0107-1,2
PSI_SP_2-A,B Analog | O 0~+10 V - AQO 06,06 | 10107-1,2
T6-AB Analog O -1.709~+41.276 mV | -45~+1,000 C AO 07,07 10107-1,2
TC SP 1-AB | Analog | O | -1.709~+41276 mV | 45~+1,000 T | AO 08,08 | [0107-1,2
TC SP 2-AB | Analog | O | -1.709~+41.276 mV | -45~+1,000 C | AO 09,09 | 10107-1,2
TAMB-A,B Analog | O +84.27~+132.8 @ -40~+85 C AO 10,10 | 10107-1,2
TFuel-A,B Analog | O +92.16~+134.7 @ 20~+90 C AO 11,11 | 10107-1,2
Toil-A,B Analog | O +92.16~+153.58 @ 20~+140 C AO 12,12 | 10107-1,2
RTD_SP_1-A,B | Analog | O - - AO 13,13 | 10107-1,2
OFCsts-A,B Discrete | O 0/5V Close/Open DO 01,01 | 10104
FC-A,B Discrete | O 0/5V Close/Open DO 02,02 | 10104
FECsts-A,B Discrete | O 0/5 V Close/Open DO 03,03 | 10104
OLLsts-A,B Discrete | O 0/5V Close/Open DO 04,04 | 10104
TSG-AB Analog | O +424~+1893 @ 20~+220 C AO 14,14 | 10107-1
SGemd-A,B Analog | I 0~1,000 Hz 5~95 % Al 01,04 10311
OPMcmd-A,B Analog | I 0~1,000 Hz 5~95 % Al 02,05 10311
FPMcmd-A,B Analog | I 0~1,000 Hz 5~95 % Al 03,06 10311
FPMspd-A B Analog | O | 0~2,000 Hz 0~6,667 RPM | AO 03,08 | TO311
OPMspd-AB | Analog | O | 0~2,000 Hz 0~6,667 RPM | AQ 04,09 | TO311
SGspd-A,B Analog | O | 0~11,000 Hz, 0~55,000 RPM | AO 05,10 | 10311
GPcmd-A,B Discrete | 1 0/5V Close/Open DI 01,01 10104
FMVemd-AB Discrete | 1 0/5 V Close/Open DI 02,02 10104
FSVemd-A,B Discrete | [ 0/5V Close/Open DI 03,03 10104
OSOVemd-A,B | Discrete | I 0/5V Close/Open DI 04,04 10104
SGstart-A,B Discrete | I 0/5V Close/Open DI 05,05 10104
SGmode-A,B Discrete | [ 0/5V Close/Open DI 06,06 10104
GPcur-A,B Analog | O 0~10 V 13~0 A AO 15,15 | 10107-1,2
FMVsts-A,B Discrete | O 0/5V Close/Open DO 05,056 | 10104,311
FSVsts-A, B Discrete | O 0/5V Close/Open DO 06,06 | 10104,311
OSOVsts-A B Discrete | O 0/5V Close/Open | DO 07,07 | 10104,311
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5) &AZE o] AEH°)E (Software Simulator)
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Figure 48 Block Diagram of Software

Simulator
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2. N@RA ¢

A EAA = Cockpit AlEHOIE, ARAIEHOIE, ZFTLX], LAZES ] A&
olE], W3 Bl AolE B AUE, AAFFEA, 2L F tlx=3, RUE 52
2 FAE st=dolfel H2EMA Hl ZEaoR 8 9 RUHPS 9
gk NI LabVIEW, AAIZE <1z 2Eld)& 913 MATLAB/SIMULINK, <1zl A&
dolE e T2E PCE 9% xPC Target 522 TFAE AZEJo|RZE FE3}
I Fig. 503} o] Bstairt.

Test Bench
Whole Assembly

Engine Cockpit PLA and Test Bench Rack and Cable and
Simulator Simulator Control Panel Console Mapping Box Connector
Assembly Assembly Assembly Assembly Assembly Assembly

Figure 50 Block Diagram of Test Bench Integration

TTE AFEAY AAEHOIH A AARE AN mdS sAst AT
EECUE AT Est7] fste] 747 AR Al A2 Table 249} 23,

53 4589 ANIAAE Fg 517 2o o224 FFE AIAA= AA 75H
S B3t Table 249 Al AMYFS wHEete=A] &¢lstal A7t EECUS <9I
Hiolx A% A 9 A5 ASAEE 5t & AFE 53t ML Az
A 2 AAZE AlEHCIEY H5s SRASES ot
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Table 24 Required Specification of Test Bench

Classify Specification
Temperature Sensor| RTD(8 Ch) , Thermocouple(6 Ch), RTC(2 Ch)
Pressure Sensor 12 Ch
Glowplug Current 2 Ch
. Output RPM Sensor 4 Ch
Engine
PLA Sensor 2 Ch
Simulator
Frequency 6 Ch
Discrete 14 Ch
Discrete 12 Ch
Input
PWM 6 Ch
Communication ARINC429(2 Ch), RS232(2 Ch), Ethernet(2 Ch)
Cockpit PLA Sensor 2 Ch
. Output ;
Simulator Discrete 22 Ch
Input Discrete 22 Ch
Power
Power Power Supply(+22~+30.3VDC)
Supply

Figure 51 Test Bench Integration
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V. A=A Al

1. 71X ¥

1) AFRZR 2A 7152 F

5 A NEANEL st AP A

>

o

N

)
R
offt
%
it
e
o
ol
o
2
ui
>
o

A2 A5/ e AFThg BECUSH A4 AdsE Aol €9 Z7he] Bol 4
Ag Aok Adstel LA AWBY BE F2e| Ao the] A G
2, A 712, A4 B S-S Table 259 o] As 77ke] A 2o

Gelx gme] @ A A4 A B2 11, 120 R

Table 25 Result of Test Bench Functional Test(Discrete Output CH_A)

Measurement (Case No.)
NO. | Test Items Standard Method Reference Decision|

X1 X2 X3

1 Master Digital OV<X<2.6V(ON) 0698 | 069 | 0698 |
(0/5V,  FS+10%) Multimeter 2 6V<X<5V(OFF) 4.05 4.05 4.05
IGN OV<X<2.6V(ON) 0702 | 0703 | 0701

2 DCRANK OV<X<2.6V(ON) 0684 | 0684 | 0684 | OK
L WCRANK Digital OV<X<2.6V(ON) 069% | 06% | 069
Multimeter| TGN | 26V<X<5V(OFF) | 48 48 48

30 cH A NORMAL DCRANK | 26V<X<S5V(OFF) | 48 48 48 OK
| | Discrete WCRANK | 2.6V<X<5V(OFF) | 4.8 48 48

. Output WOW Digital OV<X<2.6V(ON) 0.704 0.704 0.704 OK
(0/5V,  FS+10%) Multimeter 2 6V<X<5V(OFF) 48 48 48
CH A o OV<X<2.6V(ON) 0.7 07 07

5 CH_AUTO M&'llgffelter OV<X<2.6V(ON) 0692 | 0692 | 0692 | OK
L CH B OV<X<2.6V(ON) 069 | 069 | 0690

. OFCsts Digital OV<X<2.6V(ON) 0142 | 0141 | 0141 |
(0/5V,  F5+10%) Multimeter 2.6V<X<5V(OFF) 421 42 42

AA 715A% A} Table 263 ol A'd A, B BE AL &5l Tls}e]
oapgsl el Yo o & Aust AT EECUS AZAH tjaie]
ARRA AAe) AeH A4 e Sradni B & o,

70

Collection @ chosun



Table 26 Result of Test Bench Functional Test

Test Results

No. Test Items Ch A Ch B
1 MASTER OK OK
2 IGN OK OK
3 DCRANK OK OK
4 WCRANK OK OK
5 NORMAL OK OK
6 WOW OK OK
7 CH_A OK OK
8 Discrete Output CH_AUTO OK OK
9 CH_B OK OK
10 OFCsts OK OK
11 FFCsts OK OK
12 OLLsts OK OK
13 FMVsts OK OK
14 FSVsts OK OK
15 OSOVsts OK OK
16 GPcmd OK OK
17 FMVemd OK OK
18 . FSVemd OK OK
19 | Discrete Input OSOVemd OK OK
20 SGstart OK OK
21 SGmode OK OK
22 PS3 OK OK
23 PO OK OK
24 PFuel OK OK
25 POil OK OK
26 T6 OK OK
27 TO OK OK
28 TFuel OK OK
;g Analog Output ;Sél 8§ 8§
31 GPcur OK OK
32 PLA OK OK
33 NH OK OK
34 NL OK OK
35 FPMspd OK OK
36 OPMspd OK OK
37 SGspd OK OK
38 FPMcmd OK OK
39 Analog Input OPMcmd OK OK
40 SGemd OK OK
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Figure 54 Interface Model of Rotational Speed Sensor
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99} e <HFHolA mHS AW AE
frarg o2 AdAet Ad
715, AA HH 5& Table 273 Zo] AHysta
o] ZAHFES do] BF 2
o gk FAHT AA AdeE BE

Table 27 Result of Interface Test(Discrete

ol BAste] A 71sA D3}

4B RE =9 2lsof thate] A
Zvzko] A AF &-Eof tsle] 3W
A B9 U greld “OK” #4 L stk UrA &
13, 140 73kt

Output_CH_A)

&%, 24

Measurement (Case No.)
NO.|Test Items Standard Method | Reference Decision|
X1 X2 X3
1 Master MASTER | ON ON ON ON OK
(ON/ OFF) Switch | opp OFF OFF OFF
IGN (ON) IGN IGN IGN IGN
2 DCRANK (ON)| popg | PCRANK | DCRANK | DCRANK | DCRANK OK
WCRANK (ON) Switch | WCRANK | WCRANK | WCRANK | WCRANK
3 NORMAL (ON) NORMAL | NORMAL | NORMAL | NORMAL OK
4 WOW WOW Ground Ground Ground Ground OK
(ON/OFF) Switch |  Flight Flight Flight Flight
CH_A CH_A CH_A CH_A CH_A
5 cH Auto | hannel | ey AuTO| CH AUTO | CH AUTO | CH AUTO | OK
CH. A Switch
Discrete CH_B CH_B CH_B CH_B CH_B
6 Output OFCsts Engine Discrete, 0| Clogged Clogged Clogged OK
(0/5V) Simulator | Discrete, 1| Not clogged | Not clogged |Not clogged
” FECsts Engine Discrete, 0| Clogged Clogged Clogged OK
(0/5V) Simulator | Discrete, 1| Not clogged | Not clogged |Not clogged
8 OLLsts Engine Discrete, 0| Low oil | Low oil | Low oil OK
(0/5v) Simulator | Discrete, 1| Enough oil | Enough oil | Enough oil
9 FMVsts Engine Discrete, 0 Open Open Open OK
(0/5V) Simulator | Discrete, 1 Closed Closed Closed
10 FSVsts Engine Discrete, 0 Open Open Open OK
(0/5V) Simulator | Discrete, 1 Closed Closed Closed
11 0OSOVsts Engine Discrete, 0 Open Open Open OK
(0/5V) Simulator | Discrete, 1 Closed Closed Closed
EECUS} Al@Ax ko] Qe Ho]2~ W AFAE A7 Table 287 Zo] Ad A
Bl mE A4 $Eel datel SRS U AL FASAT. GeA o
A&Ash= A7 EECUS ASAgel tisted EECU 8! AN d&A] 4a27te 5
AS T HolE Az dg 7|53 AEAES FEAT & 5 Ao
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Table 28 Result of EECU-Test Bench Interface Test

Test Results

No. Test Items
Ch. A Ch. B
1 MASTER OK OK
2 IGN OK OK
3 DCRANK OK OK
4 WCRANK OK OK
5 NORMAL OK OK
6 WOW OK OK
7 CH_ A OK OK
8 Discrete Output CH_AUTO OK OK
9 CH_B OK OK
10 OFCsts OK OK
11 FFCsts OK OK
12 OLLsts OK OK
13 FMVsts OK OK
14 FSVsts OK OK
15 OSOVsts OK OK
16 GPcmd OK OK
17 FMVemd OK OK
18 . FSVemd OK OK
19 | Discrete Input OSOVemd OK OK
20 SGstart OK OK
21 SGmode OK OK
22 PS3 OK OK
23 PO OK OK
24 PFuel OK OK
25 POil OK OK
26 T6 OK OK
27 TO OK OK
28 TFuel OK OK
29 TOIl OK OK
30 Analog Output TSG OK OK
31 GPcur OK OK
32 PLA OK OK
33 NH OK OK
34 NL OK OK
35 FPMspd OK OK
36 OPMspd OK OK
37 SGspd OK OK
38 FPMcmd OK OK
39 Analog Input OPMcmd OK OK
40 SGemd OK OK
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Figure 57 Result of Start-up Phase Performance Test(NH)
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Table 29 Operation Condition of Real Time Engine Model

ALT (Altitude) 0 km
DTISA 0T
M (Flight Velocity) 0
PWX 0 kW
Step time 2 sec
PLA Initial value 0%
Final value 100%
55000
50000
45000
= NH_Real Time Engine Model
Z 40000 - .
o
------ NH_Reference Engine Model
35000
30000 f
25000 ‘ . . . . . ; . . .
] 2 4 6 8 10 12 14 16 18 20
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Figure 65 Step Responses of NH_Real Time Engine Model and NH_Reference
Engine Model to the PLA Input

Figure 655 AW XM, 2xof 28] JEE& FAES w F ok 6z &
NH7}F &7 3|dgolA kA3t FHAh ot 4x0lA 72 7oA Ho 2% 2

o7} wAsE ol BaYel AgE A 459 Aoz el
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Figure 66 Step Responses of NL_Real Time Engine Model and NL_Reference
Engine Model to the PLA Input

Figure 66< A¥HEW, FARE 35 Holup 2% 25 dH& FAS
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Figure 67 Step Response of T6 Real Time Engine Model to the PLA Input

550

N f
450 /
400

/ =—=PS53_Real Time Engine Model

350

300 /
250 /
200

150

kPa

. T T T T T T T T ]
[} 2 a 6 8 10 12 14 16 18 20
Time(sec)

Figure 68 Step Response of PS3_Real Time Engine Model to the PLA Input
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2) EECU HAZ A¥

EECU AZE9gJoj& AoJZZ(Control Logic), & A3ZES]o](Application
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T A MEE F Foll ol FAZA FHE AT Aoj2F o i)
A Ag S ST 3 AUl EECU 2ZEd o7 A S5sd i o
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N T3] AoZ2 AP Fig 699 22 A2 3

A @A Master 2925 Ondtd Az AlEHOIEI7}F 2155 wo} A5 A

ol wiel ZHEsta Azl wWE F8 Y W4E Bg3 452 EECUC Bl
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I ARINC429 5418 53t Alg=
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Control Logic Calculation
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Figure 69 Process of Control Logic

Performance Test
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Figure 70 Result of EECU Control Logic Verification Test(FPMcmd)
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Figure 71 Result of EECU Control Logic Verification Test(OPMcmd)
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Figure 72 Result of EECU Control Logic Verification Test(SGemd)
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Figure 73 Result of EECU Control Logic Verification Test(FMVcmd)

Figure 73, 745 ¥ X ¥, FMVemd®t FSVemdZt A& A Open loop T
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Thek Reference HlolE|eF A7 ko2 UelgEd ol A@AAY &84
A&k EECU &ZEgojolA Agsts A7t A= wtfo]7] wjEoltt wehA
E AFdA At AleFE AR 2l AFARE o] &3ty ATl EECU
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Figure 74 Result of EECU Control Logic Verification Test(FSVemd)

(2) AZEdol-st=do B3 AY

LZEo-St=do] 53 AP Table 303 #o] At EECUS High
Level 875 W oRE HFsH7] AT Aldelnt. A7t EECUS Hihg
Level 875+ "Functional Requirement" 8535, "Interface Requirement” 90%
&, "Performance Requirement’ 535, "Safety Requirement' 163502 F/4d5]
of i AlFell dA FHAG AAF 5 AP Alo]2=E Table 313 #Zo] 2438t
A, AT AAA el wEt ASAEE st M A A= Ad wit
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B A=Al MRt FIAAFS A

s ESol-st=g o] THAF A= Table 31~377 23l Table 380l 33
BE 5 g 235 et @474 7 BE 5 gEise =
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Table 30 High Level Requirement of Target EECU

Functional

Requirement

EECU Operating State

Transition to Maintenance State

Transition to Engine Operation State

Engine Operation Management

Mode Transition from STANDBY mode

Mode Transition from STARTOPEN mode

Transition from DCRANK Mode

Fault Management

Signal Selection for Single Fault

Signal Selection for Dual Fault

Channel Management

Channel Health Calculation

Manual Channel Selection

Table 31 Test Process and Test Case of SW-HW Integration Test(Mode

Transition from STANDBY Mode)

Mode Transition from STANDBY mode

Collection @ chosun

Setting Expected Result | Results
LA | otmtic  EEREBAS BHEREE MASTER | IGN | DCRANK | WCRANK OP Mode | OP Mode
NH | Wow
1 FALSE OFF | ON |OFF| ON OFF 1 1
2 FALSE OFF | ON |OFF| OFF ON 1 1
3 FAISE| , [OFF | ON |ON| OFF OFF 1 1
4 FALSE OFF | OFF |OFF| ON OFF 1 1
5 FALSE OFF | OFF |OFF| OFF oN 1 1
6 FALSE OFF | OFF |ON| OFF OFF 1 1
7 FALSE OFF | ON |OFF| ON OFF 1 1
8 FALSE OFF | ON |OFF| OFF oN 1 1
9 FALSE| . [OFF | ON |ON| OFF OFF 1 1
10 FALSE OFF | OFF |OFF| ON OFF 1 1
1 STANDBY FALSE OFF | OFF |OFF| OFF ON 1 1
12 FALSE OFF | OFF |ON| OFF OFF 1 1
13 FALSE ON | ON |ON| OFF OFF 1 2
14 FALSE ON | ON |OFF| ON OFF 1 5
15 FALSE | [ ON | ON |oFF| oFF ON 1 6
16 FALSE ON | OFF |OFF| ON OFF 1 1
17 FALSE ON | OFF |OFF| OFF oN 1 1
18 FALSE ON | OFF |ON| OFF OFF 1 1
19 TRUE ON | OFF |ON| OFF OFF 1 1
20 TRUE | 30 | ON | OFF |OFF| ON OFF 1 1
21 TRUE ON | OFF |OFF| OFF oN 1 1
0 STARTOPEN | TRUE | 30 | ON | ON | ON| OFF OFF 2 2
23 DCRANK TRUE | 30 | ON | ON |OFF| ON OFF 5 5
2 WCRANK TRUE | 30 | ON | ON |OFF| OFF oN 6 6
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Table 32 Test Process and Test Case of SW-HW Integration Test(Mode
Transition from STARTCLOSE Mode)

Mode Transition from STARTCLOSE mode

Test | Condition Setting Expected Result| Results
Case| OP Mode | MASTER | Check NH_GI IGN | DCRANK | WCRANK OP Mode OP Mode
1 3 ON TRUE FALSE | FALSE FALSE 3 3
2 3 OFF - - - - i i
3 3 ON TRUE TRUE FALSE FALSE 3 3
4 3 ON TRUE FALSE TRUE FALSE 3 3
) 3 ON TRUE FALSE | FALSE TRUE 3 3
6 3 ON FALSE FALSE | FALSE FALSE 3 3
7 3 ON FALSE TRUE FALSE FALSE 3 3
8 3 ON FALSE FALSE TRUE FALSE 3 3
9 3 ON FALSE FALSE | FALSE TRUE 3 3

Table 33 Test Process and Test Case of SW-HW Integration Test(Mode
Transition from DCRANK Mode)
‘Transition from DCRANK Mode
Test Condition Setting Expected Result | Results
Case | Transition Conditions | OP Mode | NH | MASTER OP Mode OP Mode
1 DCRANK 5 30 ON 5 5
2 DCRANK 5 4000 ON D 5
3 SHUTDOWN 5 30 OFF 4 7
4 SHUTDOWN S 4000 OFF 7 7
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Table 34 Test Process and Test Case of SW-HW Integration Test(Signal
Selection for No-Fault)

Signal Selection for No-Fault
Setting Expected Result Results
g::z Siatial Tibs] Value_ | Value_ | CBIT_ | CBIT_ crossfgh Selected | Selected | CBIT_ | CBIT_ cross_‘c.h Selected | Selected
CH-A | CH-B | CH-A | CH-B |eck fail| Value CH CH-A | CH-B | eck fail | Value CH
1 T6 30 45 0 0 0 45 B 0 0 0 45 B
2 Tfuel 30 35 0 0 0 35 B 0 0 0 35 B
3 Toil 30 35 0 0 0 35 B 0 0 0 35 B
4 T0 30 35 0 0 0 30 A 0 0 0 30 A
5 TSG 40 50 0 0 0 50 B 0 0 0 50 B
6 Ps3 1 1.5 0 0 0 1.5 B 0 0 0 1.5 B
7 Pfuel 4 4 0 0 0 2 A 0 0 0 2 A
8 Poil 1 1.5 0 0 0 1 A 0 0 0 1 A
9 PO 1 1.03 0 0 0 1 A 0 0 0 1 A
10 GPcur 10 11 0 0 0 10 A 0 0 0 10 A
11 PLA 20 25 0 0 0 25 B 0 0 0 25 B
12 NH 20000 | 23000 0 0 0 23000 B 0 0 0 23000 B
13 NL 5000 | 6000 0 0 0 6000 B 0 0 0 6000 B
14 FPMspd 4000 | 5000 0 0 0 5000 B 0 0 0 5000 B
15 OPMspd 4000 | 5000 0 0 0 5000 B 0 0 0 5000 B
16 SGspd 20000 | 30000 0 0 0 30000 B 0 0 0 30000 B
Table 35 Test Process and Test Case of SW-HW Integration Test(Signals
Selection for Un-Isolated Fault)
Signals Selection for Un-Isolated Fault
Setting Expected Result Results
g::z Sipnl kel Value | Value | CBIT |CBIT crossic.h Selected | Selected | CBIT | CBIT crossfc.h Selected | Selected
CH-A | CH-B | CH-A | CH-B |eck fail| Value CH CH-A | CH-B | eck fail | Value CH
1 T6 30 140 0 0 1 140 B 0 0 1 140 B
2 Ttuel 30 45 0 0 1 435 B 0 0 1 45 B
3 Toil 30 50 0 0 1 50 B 0 0 1 50 B
4 TO 30 50 0 0 1 30 A 0 0 1 30 A
5 TSG 40 70 0 0 1 70 B 0 0 1 70 B
6 PS3 1 3 0 0 1 3 B 0 0 1 3 B
7 Pfuel 2 5 0 0 1 2 A 0 0 1 2 A
8 Poil 1 3 0 0 1 1 A 0 0 1 1 A
9 PO 1 1.05 0 0 1 1 A 0 0 1 1 A
10 GPcur 10 11.5 0 0 1 10 A 0 0 1 10 A
11 PLA 20 40 0 0 1 40 B 0 0 1 40 B
12 NH 20000 | 30000 0 0 1 30000 B 0 0 1 30000 B
13 NL 5000 8000 0 0 1 8000 B 0 0 1 8000 B
14 FPMspd 1000 1700 0 0 1 1700 B 0 0 1 1700 B
15 OPMspd 1000 1700 0 0 1 1000 A 0 0 1 1000 A
16 SGspd 30000 | 37000 0 0 1 37000 B 0 0 1 37000 B
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Table 36 Test Process and Test Case of SW-HW Integration Test(Signal
Selection for Single Fault)

Signal Selection for Single Fault
Test Setting Expected Result Results
Case | Signal Label Value |Value | CBIT | CBIT |Selected|Selected | CBIT C | CBIT |Selecte| Selected

CH-A | CH-B | CH-A | _CH-B| Value CH H-A | _CH-B|d Value] CH
1 T6 45 -51 0 1 45 A 0 1 45 A
2 Tfuel 21 50 1 0 50 B 1 0 50 B
3 Toil 50 -21 0 1 50 A 0 1 50 A
4 TO -41 50 1 0 50 B 1 0 50 B
5 TSG 60 19 0 1 60 A 0 1 60 A
6 PS3 7 5 1 0 ) B 1 0 5 B
7 Pfuel 20 26 0 1 20 A 0 1 20 A
8 Poil Il 9 1 0 9 B 1 0 9 B
9 PO 1 0.7 0 1 A 0 1 A
10 GPcur 13 10 1 0 10 B 1 0 10 B
11 PLA 99 101 0 1 99 A 0 1 99 A
12 NH 70000 | 20000 1 0 20000 B 1 0 20000 B
13 NL 5000 | 60000 0 1 5000 A 0 1 5000 A
14 FPMspd 7000 5000 1 0 5000 B 1 0 5000 B
15 OPMspd 5000 7000 0 1 5000 A 0 1 5000 A
16 SGspd 65000 | 30000 1 0 30000 B 1 0 30000 B

Table 37 Test Process and Test Case of SW-HW Integration Test(Signal
Selection for Dual Fault)
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Signal Selection for Dual Fault
Test Setting Expected Result Results
Ease | Bipnal Label Value | Value | CBIT_ | CBIT_ |Selected | CBIT_ | CBIT_ | Selected
CH-A | CH-B | CH-A | CH-B | Value | CH-A | CH-B | Value
1 Toe -51 -51 1 1 0 1 1| 0
2 Ttfuel -21 -21 1 1 -100 1 1 -100
3 Toil -21 -21 1 1 -100 1 1 -100
4 TO -41 -41 1 1 0 1 1] 0
5 TSG 19 19 1 1 -100 1 1 -100
6 PsS3 ¥ 7 1 1 0 1 1 0
7 Pfuel 26 26 1 1 -10 1 1 -10
8 Poil 11 11 1 1 0 1 1 0
9 PO 0.7 0.7 1 1 0 1 1 0
10 GPcur 13 13 i 1 -10 1 1 -10
11 PLA 101 101 1 1 0 1 1 0
12 NH 70000 | 70000 1 1 0 1 (| 0
13 NL 60000 | 60000 1 1 0 1 1| 0
14 FPMspd 7000 7000 1 1 -1000 1 1| -1000
15 OPMspd 7000 7000 1 1 -1000 1 1 -1000
16 SGspd 65000 | 65000 1 1 -1000 1 l -1000
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Table 38 Verification Result of SW-HW Integration Test

Procedure Status Fail %
Transition to Maintenance State Success 0
Transition to Engine Operation State Success 0
Ethernet Initialization Success 0
ARINC 429 Initialization Success 0
Middleware Initialization Success 0
Variables Initialization Success 0
Power on Time Record Success 0
Mode Transition from STANDBY mode Success 0
Mode Transition from STARTOPEN mode Success 0
Mode Transition from STARTCLOSE mode Success 0
Transition from DCRANK Mode Success 0
Transition from WCRANK Mode Success 0
Transition from SHUTDOWN Mode Success 0
Initialization (STANDBY Mode) Success 0
Check Engine Ready Condition (STANDBY Mode) Success 0
Engine Starting Time Calculation (STARTOPEN Mode) Success 0
Glow Plug Power On (STARTOPEN Mode) Success 0
Subsystem Operation in STARTOPEN mode Success 0
Fuel Pump Motor (FPM) Operation (STARTOPEN Mode) Success 0
Engine Starting Time Calculation (STARTCLOSE Mode) Success 0
Subsystem Operation in STARTCLOSE mode Success 0
Fuel Pump Motor (FPM) Operation (STARTCLOSE Mode) Success 0
Control, Starter/Generator (DCRANK Mode) Success 0
Subsystem Operation in DCRANK mode Success 0
Control, Starter/Generator (WCRANK Mode) Success 0
Subsystem Operation in WCRANK mode Success 0
Shutdown, Fuel Success 0
Glow Plug Power Off (SHUTDOWN Mode) Success 0
Starter/Generator Off (SHUTDOWN Mode) Success 0
Control, Oil Pump Motor (SHUTDOWN Mode) Success 0
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Off, Oil Shut Off Valve (SHUTDOWN Mode) Success 0
" (%hee)ck READY to transit to STANDBY mode (SHUTDOWN| Success 0
Starter/Generator Operation Success 0
Oil Pump Motor Operation Success 0
Oil Shut Off Valve Operation Success 0
Fuel Valves Operation Success 0
Signal Selection for No-Fault Success 0
Signal Selection for Un-Isolated Fault Success 0
Signal Selection for Single Fault Success 0
Signal Selection for Dual Fault Success 0
Signal Selection for Discrete Signals Success 0
Signal Fault Confirmation Success 0
Channel Health Calculation Success 0
Manual Channel Selection Success 0
Channel Selection by Heartbeat Check Success 0
Channel Selection by Health Number Success 0
PBIT RAM Subtest Success 0
PBIT ROM Checksum Subtest Success 0
PBIT Watchdog Reset Subtest Success 0
CCDL Communication Subtest (CBIT) Success 0
Heartbeat Check (CBIT) Success 0
Signal Range Test (CBIT) Success 0
Analog Signal Cross Check Failure (CBIT) Success 0
Discrete Signal Cross Check Failure (CBIT) Success 0
Get Exhaust Gas Temperature (T6) Success 0
Get Fuel Temperature (TFuel) Success 0
Get Oil Temperature (TOil) Success 0
Get Ambient Temperature (T0) Success 0
Get Starter/Generator Temperature (TSG) Success 0
Get Cold Junction Temperature (CJT) Success 0
Get Compressor Discharge Pressure (PS3) Success 0
Get Fuel Pressure (PFuel) Success 0
Get Oil Pressure (POil) Success 0
Get Ambient Pressure (P0) Success 0
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Get Glow Plug Current (GPcur) Success 0
GPcur Signal Filtering Success 0
Get Power Lever Angle Position (PLA) Success 0
PLA Signal Filtering Success 0
Get High Pressure Shaft Speed (NH) Success 0
NF Signal Filtering Success 0
Convert NF to NL Speed Success 0
Get Fuel Pump Motor Speed (FPMspd) Success 0
Get Oil Pump Motor Speed (OPMspd) Success 0
Read Starter/Generator Speed Frequency (SGspd) Success 0
Read Fuel Filter Clogging Status (FFCsts) Success 0
Read Fuel Main Valve Status (FMVsts) Success 0
Read Oil Level Sensor Status (OLLsts) Success 0
Read Oil Shut off Valve Status (OSOVsts) Success 0
Read Oil Filter Clogging Status (OFCsts) Success 0
Read Fuel Start Valve Status (FSVsts) Success 0
Read Master Switch Status (MASTER) Success 0
Read Igniter Status (IGN) Success 0
Read Dry Crank Command (DCRANK) Success 0
Read Wet Crank Command (WCRANK) Success 0
Read Weight-On-Wheel Status (WOW) Success 0
Read Auto Channel Switch Status (CH_AUTO) Success 0
Read A Channel Switch Status (CH_A) Success 0
Read B Channel Switch Status (CH_B) Success 0
Maintenance Cable Detection (MCD) Success 0

102

Collection @ chosun




T F AA TleAEE st AFAA Y dEE st A
I'd A, Be] =& A @5l tiste] a2
EECU®| dSAgel st A A 7154 4154
faaasy
A@gAek A7 id BECUSRS] QIE|#H o] gl
s mdgstel AQ sty AE Ad Ald A
A @5l disted el el ss SAlstinh. wEkA A5Hid EECU
o} A4S el st EECU 3 A @83 Fazte] 4& T3 dolg A5

N
off
>
o
iTn
o o

) 4EAE APe BEe Y

o]
©
I
i

A& %L{} ASAEL U A0S A2Hdste] g53 dolHE SIMULINKS]
Lookup Table FEIE =23t A AlE#HolH| Aste] A+t EECU

A= e FAsAa, NH 2382 Ad A9 Bold =% Hd 03%
% ofolE A AA 331xA HU 1.7%2] A=
Btk NLo| 2382 Ad A9l Bl BF Hd 04%2 225 R, Als
T 19.6%004 Hdl 1.3%2 225 HATH T6o 2452 Ad A% BolA =7
Bt 04%] 225 BHAT, Als F 7] 4% o] FIhellA tiFEEe] o
7 B AT RS o]Fol= A eabvh HASHA] rskth 14x oA Ho
7.7%2 a7F HASAEH ole o Al AHHE Te 2% AlA7F K-Type

U

dAY ol ol9} e LTAlANE WAl A 27t 22% = AA AHA| 2]
=4 B =5 X3ty Aok T3 Al HES =71 AA A wfr) s 2
s

Weh Bk WEx grhe Fe 1Y u o] TA BASE exte A
2 A mdol gAY AN B ol E oA

Collection @ chosun



= 1 Al Az e} o]4k 4157 ARINC 5412
A 0.2z 4oz TUHY 9 A= ATt EECUS

3t ggst EL 58
ek Wl b UsS FgRlete] AT EECUS Als73t 4535 S AS
NETE AAL dRARdZ ALg JHssitia fadi

g T ASAEL 2o mdHFd A4E 7 AARE a7 2
< A AEFGCIH gAlst] AJAAEEN/|EE 209 B4 ofo]E 3
AFolA PLAS && o2 0~100%2 28 489S F9LS of dze AgE
gttt AEAE 234 NHE 2% 2 d9s FUs o + 2d 25
°F 6 & a7 JAFoA BEIE HIAT T 4xolA 72 FIEA HO
2%8] exp7F dASkEE ol RER AREH AIZE Ao Aol Bk NL

=g

& Reference 223} FARE AAE Holu 2z0] 28] €& FULS u “Real
Time Engine Model'e ¢ 5% F Q7 3|dFolA A7 HAARE
"Reference Engine Model"& 153 %o a7 3| xFoA A7 HA HE
Ak 72 FZolA Ao 23%9 eart WSt ols Rl ARSE AR
Fre] Apol2 HAh Tew 2x0 28 Yd¥< Fe o «HH o= 1355K7}
A ettt A ks HAD, PS3 Ade Edol AAE IukEQl
Aot FARSAT

AE T7XE A 22 ASAIE S A7 EECUZE dA /A Foll ol A=
7HA 7" AETREY AEA e diajARt AdS skdn AFEA
FPMcmd, OPMcmd, SGemd, FMVemd, FSVemd E5 Reference Bl °|E 2} A9
dAste= AFS BAAR Mo g Alg HAe] Closed loop FiFollA 4}
7b Bt e ol oW F-E] EECUCNA Aol 222 ¢A4ko] AlZtE = ©@hA o]
7] WZell Aitell #EE oA g4dA ZAZE TAS YElue o2 KA
o wEks A GA A A FHAAE o] 85t olet S ZAE siAsfobvt &
ot olef o] H ATt A AQMgE Al A BElF AFAFAAE o] &3t

AT BECUS A2 e FYE 5 982 st

104

Collection @ chosun



=
=

Fol A <Azl A

°

AAIZE AlE# ol EA

= A
=

ol tjd A7} of

o

wjr

o

—
o

i

O

Tk

]

A
al

3

=

=

1

]
Original
El

st

&

2

Smooth-C

1

fu

At
Original Map¥}
Original Map# New Map

o
T

)
—

o8 2

i

%

=

40

e

1 GASTURBE o] &
=

g

2 Yehd

F AR (HPCOL.MAP) .2 A4k

1

fu

i}

EREERNE

2704 F59 dolHE BF
ZH o

1
fu

HAARE o]
ol 7F NH %3 9] 97%~101% Arele] F& FXtolA vl 2ol

=

=

A A AP

34

9

AAbEl k3 GASTURBoOI A A3}

F Ao,
Map¥ New MapelAl 2z} 2.6%, 0.8%, T6S

°

o,
142

9

New Mapol Al 27+ 05%, 04%, PS32] B 23t
ol A Z+zZ} 04%, 03%2] T4k 2o

ol vlAl4~ a, b, ¢, d®} a’, b, ¢, &

=N
[}

I3
=4

il

GASTURB

19] Look-up HIolE REZ ALEE HolHuol~E
105

Fach AAZE

°

=]

fo] AAZ AR =

&

lo] SIMULINKZ =9

S R
=

°

Collection @ chosun



| A= A7 5D W FEl o] As dolE ek i <Xl AdHolHz R
= &

and Intake” EE, ZFU7] ZHoz dutsl 2 H|duksiE HIF=

“Normalized and Denormalized” =&, %A T3 A H sy Ax4E

Look-up H|o]E3} 3le] 5D Wo g AFA 3 “Engine Look-up Table” =&, T

A Ao FHEARS WY “Engine Dynamic” BE, 2179 &9 ZE obg
Z HIAA F= “Interface LE'Z TA3IH T

AATE AEs 70 QX 2dE i X ECUAA AlSE Als 73 AlgE

= p Table ¥ 2 A3t Rl 221502

FE= “Master Switch” 2E, 0~109% 522 AlF T

7t Hl°]HE Look-up El°]E3} 3 “Startup RealTest” RE, I ZE 4%

E otdEa H oz E W& =94 AEE TAANTIE “Engine

L

EECUS Ad5E AT &+ A= A1
HAA= AA Fegojiel &8 AZEYo|RE FREI, FJEo]Re xEA
EARA], 2F4A], AAZL AR BARA], AZE o] BAAXR, & o=

ZZA BAA = APAA #eA 2"13 dFEo] ZEEa, NIAFY PXI &
S o]&ste] < AEHCIHE AFA7I7] 9% #HE A5 g 2
ARINC429 F4122 BECUS} 50Hz9] &E= HolE F44lo] 7M53t=s 4
SRt RE AEe o)FstE FA3A

x= AR Ao A F AW 2FAAE FAASAL, AREA Ao

gdoly dday B Az
A9 sl 7be

A1 AEdolHe AARE A2 2ol g AA dXs tAsts AlY
ol

A=A 71 =23 FtEYo]E SIMULINKE ZZ2 1893 Az wdo] 713+

106

Collection @ chosun



b 3o m, 4eeta we Az A% 2 1/0

Jﬂ

Z 948E A Speedgoat

A9l Performance real-time target machine<s AH8-3}%TH

AXZEQ o] AgHolHE FHAQ PCEA AT dXEEE L A&dolAd

7 AlE# ol 9 Host PC, EECU AS &= JREv} 7h5st=s A3

& SZEJojH= NI LabVIEWE ©]&3 AEFA =8 =3, EECU
5

AAIZE ZEUEY B oHelE A Z=Od, AdAA e 3 A

=

4
W, EBCU A012% 2 4% #FAg Z21d, BHD Zeadel &8 7bsd
== F43gr

TR ANFRAE ol&ste] AFAA AA 7IeAHE, AFAA AdEH ]2 E

N
<
)
oo

AFTAY, AN AT 73 A B ASAY, AN B8 T
ASANY, A7 EECU 45 ASAIES sta 23E 4380,
AN@AR ] ZAA Z1sAE AR AE A BY BE AA & diste 2

9 oz AFthd EECUS] HSA ol thato] AldAA A o] 7154 4124

< FEIAT. = AIFAAS} AT EECUSHS] B #Ho] 2 Bl il

A 23 AE A, BY EE A &=l thete] e Wl dee FAdst

Aok webs AT EECUS ASAIE ol thste] EECU B A @73 5319

e
o
ol

o

oo

(0.02%)0.2 A= Y-S AP, NHY 2382 Ad A9l BollA 25
B 03%°] A5 BHAJA, Als F ofolE T AH 33.1%4 H 1.7%
o] 25 HHATh NL9 23188 A'd A} BollA 25 HF 04%9] 28 B

AL, AlE F 19604 H 13%9 A2 BT T6S 28-S Ad A9

A B W 04%°] LAE B, AT F 27 S47 Aol FREAA o
2o At LA AEH S olFole AL eapy

v

=2
Nl
i
o
of
o
A
52
;ﬁq‘
ui
[EY
s

A7F K-Type - o]a o]¢} & 2TAlAE Al S4 4t

1=}
= pull
717k2=0] &= W3t Ho mE2x] gue Je 2HE W Ho] FIbollA EAYs)

t oAbs AMe SHOE AZE aetd AAZF A% 2™l HAE A

Collection @ chosun



Beg T ABAEE 2ol maPd HAes T A A7 md
< AR ABHCIH Aste] AFYAEZY ) ew 2719 B ofo] B 3
Aol A PLAS &7t oR 0~100%2 28 948 FAL o

°F 6 ¥ a7 3IHFolA AdAsIE HAAT ot 4x00A 7
2% ex7F BAEHEH ol Ao AFEE AIZE A Ao
2 Reference 23 FAS AE Hoju} 2%o] A J8& F9JL u “Real
Time Engine Model'e ¢ 5% F Q7 3|dFolA A7 HAARE
"Reference Engine Model"& 153 %o a7 3| xFoA A7 HA HE
A 7z 2ol AW 23%°] exrt BAstEHE ole RAF A A" ARt
gel Apolz HRIth Texw 2x° 2§ d¥ES F3Ue W «HF o= 1355K7t
A ettt A ks HAD, PS3 Ade Edol AAE IukEQl
Aot FARSAT

AE T7XE A 22 ASAIE S A7 EECUZE dA /A Foll ol A=
7HA 7" AETREY AEA e diajARt AdS skdn AFEA
FPMcmd, OPMcmd, SGemd, FMVemd, FSVemd E5 Reference Bl °|E 2} A9
dAste= AFS BAAR Mo g Alg HAe] Closed loop FiFollA 4}
7b Bt e ol oW F-E] EECUCNA Aol 222 ¢A4ko] AlZtE = ©@hA o]
7] WZell Aitell #EE oA g4dA ZAZE TAS YElue o2 KA
o wEks A GA A A FHAAE o] 85t olet S ZAE siAsfobvt &

4
(4_‘\1_‘
=2

v
N

okl B =72 g < =2 Hew
AR T AF B89 HAePE o]&st] GASTURBE AEfdd e 247
A Adsald & 2345 5D Lookup H|o]|E3L, SIMULINKE ©] &3t Als T

108

Collection @ chosun



AE, ATt EECU AZE Yo

=
[e)

=R=l] 714

]
—_

o Aol ex

35l

-

|

o] 244
o} vlwe o AHo|th =3I Reference

S

folmel= gos HA

58 FIE 3

A

d

al

il

A
109

J

A
ax

3l

<} PS3ell tist 23 AEE & o|Ao]x, ti EECUL AZE o7} 7
F o ol

Zolx A=Al

EECU
Collection @ chosun



[F1ED]

[1] Brian McKay, "Real-Time Simulation: Applications to More Electric Aircrafts,,
TEmbraer; , 2010.

[2] Adibhatla, S, and Lewis, T. J.,, "Model-Based Intelligent Digital Engine Control
(MoBIDEC),, AIAA Paper 1997-3192, 1997.

[3] Eshwarprasad Thirunavukarasu, "Modeling and Simulation Study of A
Dynamic Gas Turbine System In A Virtual Test Bed Environment,, Theses
and Dissertations, University of South Carolina, 2013.

[4] Christian Dufour, "Real-Time Simulation: Applications to More Electric
Aircrafts,, Embraer, 2010.

(5] 31X, AEH, AAS, THARE AEHOIEHE o] &3 HEF T A2HY =
g W W THD 24, 61935, 17|33 =& A, 2002

[6] Simon Abourida, "Hardware-In-The-Loop Testing of Aeronautic Systems with
State-of-the-Art Real-Time Technologies,, International Conference on Avionics
Systems, 2008.

[7] Kylowave Inc., "Advances in Real-Time Hardware-in-the-Loop(HIL) Simulation
Technology,, Huntsville Simulation Conference, 2009.

[8] Link CJaw, "Aircraft Engine Controlss, AIAA, 2009.

[9] Elias Tsoutsanis, Nader Meskin, Mohieddine Benammar and Khashayar
Khorasani, "An Efficient Component Map Generation Method for Prediction
of Gas Turbine Performance,, ASME Turbo Expo 2014, GT2014-25753, 2014.

[10] Meherwan, P. B.,, "Gas Turbine Engineering Handbook,, Second Edition, Gulf
Professional Publishing, 2002.

[11] Sellers, J. F. and Daniele, C. J, "DYNGEN - A Program for Calculating
Steady-state and Transient Performance of Turbojet and Turbofan Engines,,
Technical Report TN-D-7901, NASA Lewis Research Center, 1975.

[12] &3Y, 143, 71AY, A=’ AEE 78 FAF d5HEE o &%
7h2ERl sl AT, A32HE Ales, =3935 A, 2004.

[13] &34, 243, "FAA dagEe o8 JF=HN AR FHF AeAE

zl

A B3 A, A8 A3E, FHEFR F3] R, 2004.

N
8}

B

110

Collection @ chosun



[14] &34, 3143, 7179F, TslelBe = 71‘%‘3% o] &3 7k2~HW QA ¢=7] A
AR A B3 AT, A10E A4E, F=FEE3 A, 2006.

(15] Dorf, R.C. and Bishop, RI1, "Modern Control Systems,, 10th ed., Pearson
Prentice-Hall, Upper Saddle River, NJ, 2005.

[16] Philip P.Walsh, "Gas Turbine Performance;, Blackwell Science, 2004.

17] AE4, "7h=ERL Azl gderd Algdold 3 Ao A", AAH Y,
NI Ata] =%, 2008.

[18] TAircraft Propulsion System Performance Station Designation and

Nomenclaturey, SAE International, ARP755B.

FGasTurb 93, GasTurb GmbH, User’'s Manual, CD-ROM.

A, TR ES 1 88, AL 2002

B, "FAdrEE,, BHETAL 2001

"MATLAB/SIMULINK;, MathWorks, R2013b.

>

SN S S S
—

A A e = <
Sl

Hamid Asgari, XiaoQi Chen, Raazesh Sainudiin, "Modeling and Simulation of
the Start-Up Operation of a Heavy-Duty Gas Turbine by Using NARX
Models,, ASME Turbo Expo 2014, GT2014-25056, 2014.

[24] TARINC 429 Protocol Tutorial;, Condor Engineering, Inc., 1500-029.

[25] $AE, olsld, vE, AT, HAAAS, o1&, "F37E& AARE FRIGA =
H(HUMS) A7 5%, &5 +74d71s5F 89238, 2010.

[26] "Production Code Generation for Embedded Control Systems, MathWorks,
Seminar 2013.

[27] TA Software Framework for Embedded Code Generation;, MathWorks,
TAC2003.

[28] Brian, M., "Real-Time Testing with Simulink and xPC Target Turnkey,, The
MathWorks, Inc., 2010.

[29] George Vachtsevanos, Frank L. Lewis, Michael Roemer, Andrew Iess and
Biging Wu, 'Intelligent Fault Diagnosis and Prognosis for Engineering
Systemsy, WILEY, 2006.

[30] Mei-Chen Hsueh, Timothy K. Tsai and Ravishankar K. Iyer, "Fault Injection
Techniques and Tools,, IEEE, 1997.

[31] Shaun Fuller, 'Testing for the Unexpected: An Automated Method of

111

Collection @ chosun



Injecting Faults for Engine Management Development,, Pickering Interfaces,
2013.

[32] Deepak Chaitanya Saluru, B.S., T"Active Fault Tolerant Model Predictive
Control of a Turbofan Engine using C-MAPSS40k,, The Ohio State
University, 2012.

[33] Aditya Kumar and Daniel Viassolo, "Model-Based Fault Tolerant Control,,
NASA/CR-2008-215273, 2008.

[34] Tan Moir and Allan Seabridge, "Aircraft Systemss, Third Edition, WILEY,

2008.

[35] Merritt, H. E,, rHydraulic Control Systems;, Wiley, 1967.

[36] Andreas Linke-Diesinger, "Systems of Commercial Turbofan Engines;,
Springer, 2008.

[37] Bernie Maclsaac and Roy Langton, "Gas Turbine Propulsion Systemsy,
Aerospace Series, WILEY, 2011.

[38] Tan Moir and Allan Seabridge, "Civil Avionics Systems;, WILEY, 2013.

[39] "Full Authority Digital Engine Control(FADEC) Training Notes;, DIMITRIOS
TRIGKAS, ES-14-02.

[40] Elodie Roux, "Turbofan and Turbojet Engines;, Editions Elodie Roux, 2007.

[41] Gennady G. Kulikov and Haydn A. Thompson, "Dynamic Modelling of Gas
Turbinesy, Springer, 2004.

[42] Dorf, R. C., and Bishop, R. H., "Modern Control Systemss, Prentice-Hall,
2004.

[43] Cohen, H., Rogers, G.F.C. and Saravanamuttoo, LI, TGas Turbine Theory,
4th Edition, Longman, 1996.

[44] ROLLS ROYCE, "The Jet Engines, 5th Edition, ROLLS-ROYCE plc, 1996.

[45] Hanz Richter, "Advanced Control of Turbofan Enginess, Springer, 2012.

[46] PTC 22 Committee, "Performance Test Code on Gas Turbines;, ASME PTC
22-1997, 1997.

[47] Michael ]. Kroes and Thomas W. Wild, TAircraft Powerplants;, Seventh
Edition, GLENCOE, 19%4.

[48] John W. Sawyer, "Sawyer’s Gas Turbine Engineering Handbooks, Second

12

Collection @ chosun



Edition, Volumel, Gas Turbine Publications, INC., 1976.

[49] John W. Sawyer, "Sawyer's Gas Turbine Engineering Handbooks, Second
Edition, Volume2, Gas Turbine Publications, INC., 1972.

[50] John W. Sawyer, "Sawyer’s Gas Turbine Engineering Handbooky, Third
Edition, Volume3, Gas Turbine Publications, INC., 1985.

[51] Haydn A. Thompson, Parallel Processing for Jet Engine Controly,
Springer-Verlag, 1992.

[52] William W. Bathie, "Fundamentals of Gas Turbiness;, John Wiley & Sons,
Inc., 1996.

[53] United Technologies Pratt&Whitney, "The Aircraft Gas Turbine Engine and
Its Operations, United Technologies Corporation, 1988.

[54] Elodie Roux, "Turbofan and Turbojet Engines: Database Handbook,, Editions
Elodie Roux, 2007.

[55] Mehrdad Pakmehr, Timothy Wang, Romain Jobredeaux, Martin Vivies, Eric
Feron, "Verifiable Control System Development for Gas Turbine Engines,, r
Turbo Expo 2014;, ASME, 2014.

[56] Jaw, L. ¢, and Garg, S, TAircraft Propulsion Control Technology
Development in the U. S. - a Historical Perspective,, [International
Symposium on Air Breathing Engines;, NASA/TM 2005-213978, 2003.

[57] Spang, H. A, III, and Brown, H., "Control of Jet Engines,, Control
Engineering Practice, Vol. 7, No. 9, 1999.

[58] Ketchum, J. R, and Craig, R. T., "Simulation of Linearized Dynamics of
Gas-Turbine Engines,, Lewis Flight Propulsion Laboratory, NACA-TN-2826,
1952.

[59] McKinney, J. S, "Simulation of Turbofan Engine - Part 1: Description of
Method and Balancing Technique,,"Air Force Aero Propulsion Laby, Air
Force Systems Command, AFAPL-TR-67-125, 1967.

[60] Merrill, W., Lehtinen, B., and Zeller, J., "The Role of Modern Control Theory
in the Design of Controls for Aircraft Turbine Engines,, Journal of Guidance,
Control, and Dynamics, Vol. 7, No. 6, 1984.

[61] Szuch, J. R, Soeder, J. F, Seldner, K and Cwynar, D. S, "FIOO Multivariable

113

Collection @ chosun



Control Synthesis Program-Evaluation of Multivariable Control Using a
Real-Time Engine Simulation,, NASA Technical Paper 1056, 1977.

[62] Kulikov, G. G., and Thompson, H. A., "Dynamic Modeling of Gas Turbines
Identification, Simulation, Condition Monitoring and Optimal Control,,
Springer-Verlag, 2004.

[63] Graham, D., and McRuer, D., "Analysis of Nonlinear Control Systems,,
Wiley, 1961.

[64] Otto, E. W.,, and Taylor, B. L, "Dynamics of a Turbojet Engine Considered
as a Quasi-Static System,, NACA TN-2091, 1950.

[65] Novik, D., "Some Linear Dynamics of Two-S5pool Turbojet Engines,,
NACA-TN-3274, 1956.

[66] Saravanamuttoo, H. I. H. and Fawke, A. ], "Simulation of Gas Turbine
Dynamic Performance,, American Society of Mechanical Engineers, Paper
70-GT-23, 1970.

[67] Szuch, ]J. R., and Seidner, K., "Real-Time Simulation of F100-PW-100 Turbofan
Engine Using the Hybrid Computer,, NASA-TM-X-3261, 1975.

[68] Khalid, S. J, and Hearne, R. E., "Enhancing Dynamic Model Fidelity for
Improved Prediction of Turbofan Engine Transient Performance,, AIAA
Paper 80-1083, 1980.

[69] Ballin, M. G., "A High Fidelity Real-Time Simulation of a Small Turboshaft
Engine,, NASA TM 100991, 1988.

[70] Szuch, J. R, "Models for Jet Engine Systems, Part I-Techniques for Jet Engine
Systems Modeling,, "Controls and Dynamic Systems-Advances in Theory and
Applications;, Vol. 14, Academic Press, 1978.

[71] Anderson, B., "Pneumatic Controls Analysis,, AiResearch Manufacturing Co.
of Arizona, Rept. CA-5023-R, 1963.

[72] Mink, G., "Turbine Engine Dynamic Simulator-Final Report,, FAir Force
Research Laby, Rept. AFRL-PR-WP-TR-2005-2124, 2006.

[73] MK. Leontiev, E.V. Borsdyko, S.L. Zvonarev, "Gas-Turbine Engine Dynamic
Response Analysis Through Simulation,, Moscow Aviation Institute.

[74] SooYong Kim and B. Soudarev, "Transient Analysis of a Simple Cycle Gas

114

Collection @ chosun



Turbine Engine,, KSAS International Journal. Vol. 1, No. 2, 2000.

[75] T.L. Creason, S.Baghdadi, "Design and Test of a Low Aspect Ratio Fan Stage
1, ATAA-88-2816, 1988.

[76] Walter C. Merrill, "Sensor Failure Detection for Jet Engines,, NASA Technical
Memorandum 101396, 1988.

[77] Hjelmgren, K., Svensson, S. and Hannius, O., "Reliability Analysis of a Single
Engine Aircraft FADEC,, Reliability and Maintainability Symposium, 1998.

[78] Beitler, R.S. and Bennett, G. W., "Energy Efficient Engine: Control System
Component Performance Report,, NASA-CR-174651, 1984.

[79] Alireza R. Behbahani, "Achieving AFRL Universal FADEC Vision with Open
Architecture Addressing Capability and Obsolescence for Military and
Commercial Applications,, AIAA2006-4302, 2006.

[80] Scott James, 'Simulation-Centric Processes for Aerospace;, Embedded.com,
2005.

[81] John R. Szuch, James F. Soeder, Kurt Seldner and David S. Cwynar, "F100
Multivariable Control Synthesis Program - Evaluation of a Multivariable
Control Using a Real-Time Engine Simulation,, NASA Technical Paper 1056,
1977.

[82] Alireza Behbahani et al, "Status, Vision, and Challenges of an Intelligent
Distributed Engine Control Architecture,, SAEAerospace, 2007-01-3859, 2007.

[83] RTO/NATO, Performance Prediction and Simulation of Gas Turbine Engine
Operation,, RTO Technical Report 44, 2002.

[84] NASA, "Propulsion Controls;, NASA Conference Publication 2137, 1979.

[85] Beattie, E.C., LaPrad, R.F., McGlone, M.E., Rock, SM. and Akhter, MM., ©
Sensor Failure Detection System Program,, NASA CR-165515, 1981.

[86] Culley, D.E., Randy Thomas and Joseph Saus, "Concepts for Distributed
Engine Control,, NASA/TM-2007-214994, 2007.

[87] Don Simon, "Challenges in Aircraft Engine Gas Path Health Management,,
Turbo Expo 2012, 2012.

[88] SAEAerospace, "Electronic Engine Control Specifications and Standards,, SAE
AIR4250, REV.A, 2004.

115

Collection @ chosun



[89] SAEAerospace, "Electronic Propulsion Control/Aircraft Interface Control
Documents;, SAE ARP4874, 1995.

[90] SAEAerospace, "Guidelines for Time-Limited-Dispatch (TLD) Analysis for
Electronic Engine Control Systems,, SAE ARP5107, REV.A, 2005.

[91] Jonathan S. Litt and Donald L. Simon, "A Survey of Intelligent Control and
Health Management Technologies for Aircraft Propulsion Systems,,
NASA/TM-2005-213622, 2005.

[92] V. Panov, "Auto-Tuning of Real-Time Dynamic Gas Turbine Models,, ASME
Turbo Expo 2014, GT2014-25606, 2014.

[93] Sergii 1. Sukhovii, Feliks F. Sirenko, Sergiy V. Yepifanov and Igor Loboda, "
Alternative Method to Simulate A Sub-Idle Engine Operation in Order to
Synthesize Its Control System,, ASME Turbo Expo 2014, GT2014-25960, 2014.

[94] Xiaomo Jiang and Craig Foster, "Plant Performance Monitoring and
Diagnostics - Remote, Real-Time and Automation,, ASME Turbo Expo 2014,
GT2014-27314, 2014.

[95] Abdullahi H., Freund Ch. and Kando A., "Model-Based In-Flight Condition
Monitoring Tool For Aero Engine Diagnosis,, ISABE 2015, ISABE2015-20151,
2015.

[96] Fonseca, C., "Multiobjective Genetic Algorithms with Application to Control
Engineering Problems,, Ph.D Thesis, The University of Sheffield, 1995.

[97] Kurzke, ]J. and Riegler, C.,, "A New Compressor Map Scaling Procedure for
Preliminary Conceptional Design of Gas Turbines,, ASME Turbo Expo 2000,
2000-GT-0006, 2000.

(98] Jeong, H.M., "Development of the Automotive and Aerospace Controller for
the RCP & HILS Solution,, National Instruments Co., NIDays, 2013.

[99] Yahia, B.,, TOPAL-RT Real-Time Simulators,, REAL-TIME 2013
CONFERENCE, Paris, France., OPAL-RT, Jun. 2013.

[100] o] ol, s, XBH, oldE, AAw, "FE7] XA AL 2" 1F7]=
o, A3 AE, F=E-9-53H3] A, 2005,

§4, 7oAz, FE4, 2001

, A, AR, A, TRFT=ER AR,

[101]

=3
[102] &%

il

)

, SHAL, 2004

116

Collection @ chosun



RE 1 3y Ay Az

58000
i@ MIN=0, DTISA= -30 - MIN=0.2, DTISA=-30 £ MN=0.4, DTISA=-30
—=— MN=0, DTISA=0 —&— MN=0.2, DTISA=0 —=— MN=0.4, DTISA=0 B
- <3 - MN=0, DTISA=30 --f£- MN=0.2, DTISA=30 - - -MN=0.4, DTISA=30 A
56000

NH {rpm)

468000 T T T T T T T
1] 1000 2000 3000 4000 5000 5000 7000
Altitude {m)
50000
< MN=0, DTISA=-30 - MN=0.2, DTISA=-30 2o MN=D.4, DTISA=-30 g
—=— MN=0, DTISA=0 —5— MN=0.2, DTISA=0 —=—MN=0.4, DTISA=0 i
- & - MN=0, DTISA=30 - O MN=0.2, DTISA=30 - - -MN=D.4, DTISA=30 2 N
55000 -
50000 ’%
! //
E
E 45000 g
= H -
z e e
/ _'—__,____"}_
40000 T~
V.S
30000 T T T T T T T
1] 1000 2000 3000 4000 5000 5000 7000
Altitude {m)

117

{“/Collection @ chosun



9200

o MN=0, DTISA=-30 O MN=0.2, DTISA=-30 NS DTA 0
900.0 =— MN=0, DTISA=0 —a— MN=0.2, DTISA=0 —— MN=0.4, DTISA=0
---a- - MN=0, DTISA=30 O~ -MN=D2, DTISA=30  -.-n- MN=04, DTISA=30
880.0 - -
--------------- D it MR =
[-mmem ot o
860.0 o B
I
o S e
: =
T 8400
e

.
820.0 =
o =
. 2
2
780.0
760.0 ! T T T T T T ]
5} 1000 2000 3000 4000 5000 5000 7000 8000
Altitude {m)
500.0
& o MN=0, DTISA=-30 O MN=02, DTISA=-30 &  MN=0.4, DTISA=-30
SEhiG [uE] —ea— MN=0, DTISA=D —&— MN=0.2, DTISA=0 —=&— MN=0.4, DTISA=0
- <o~ -MN=0, DTISA=30 -0 -MN=02, DTISA=30 - - MN=0.4, DTISA=30
500.0

450.0

350.0 :
300.0
2500
200.0 . i
o HD00) 2000

Altitude (m)

118

/Collection @ chosun



3.000

@~ MN=0, DTISA=-30 @~ MN=0.2, DTISA=-30 & MN=0.4, DTISA=-30
—&— MN=0, DTISA=0 —B— MN=0.2, DTISA=0 —— MN=0.4, DTISA=0
- -0 - MN=0, DTISA=30 - O -MN=0.2, DTISA=30 - A-. MN=0.4, DTISA=30
2.500
o

FN (kN)

0.000 T T T T T T T
o 1000 2000 3000 4000 5000 6000 7000 8000
Altitude {m)
19.000
oy MN=D, DTISA= -30 @ MN=02, DTISA=-30 A MN=0 4, DTISA=-30
i : —&— MN=0, DTISA=D —B— MN=0.2, DTISA=0 —&— MN=0.4, DTISA=0
--3--MN=0, DTI5A=30 - - - MN=0.2, DTISA=30 ---4- MN=0.4, DTISA=30
17.000

Wa (kefs)

Altitude {m)

119

(*ICollection @ chosun



130.00

s
120.00

@ MN=0, DTI5A=-30

—a— MN=0, DTISA=0

o MN=0.2, DTISA=-30 £ MN=0.4, DTISA=-30

—B8— MN=0.2, DTISA=0 —=— MN=0.4, DTISA=0

-.-@- - MN=0, DTI5A=30

-- - - MN=0.2, DTISA=30 - - MN=04, DTISA=30

WE (kg/fh)

I
i

50.00

1000

2000 3000

Altitude {m)

(*ICollection @ chosun

120




HE 2 AXAZF 97 2d SIMULINK ZE

AMBIENT & INTAKE
Tar:\(:)(&() Y T “
[i> Comn
ALY i

w1000

Comp. Inlet Temp.

Theta

PT1

W Comp. Inlet Press.

Pamb (KPA)

Deita

(€D,
MN
v e
V_km/h VIAS
MN
TIME CONSTANT
Q—f
delta N
&) f(u) >(D)
ﬂ theta — TC_NH
T(u)
TCn_NH N
f(u)
1-D TC_NL
T(u)
TCn_NL
L]
NI
(u) (&D)
1-D L — TC_PS3
D— T(u)
NH_rpm
TCn_PS3
N
1-D
T(u)
TCin_T6 L, T8 76
T(u)
TC2n_T6

121

Collection @ chosun



ENGINE DYNAMIC_Delay
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-5 3. Engine Look-up Table

NH, (1,1,1), M=0, ALT=0, DTISA=-30 NH, (1,1,2), M=0, ALT=0, DTISA=0
FuelFlowX(kW) 0 1 2 Fue]FlowX(kW 0 1 2
0 0 0 0 0 0 0 0
10 14073 | 13909 | 13742 10 1339 | 13277 | 13174
20 25002 | 24750 | 24495 20 23923 | 23734 | 23567
30 33238 | 32955 | 32669 30 31974 | 31756 | 31558
40 39481 | 39155 | 38822 40 38210 | 37979 | 37786
50 43244 | 43041 | 42827 50 41955 | 41762 | 41570
60 45726 | 45605 | 45484 60 44792 | 44631 | 44465
70 47272 | 47191 | 47099 70 46499 | 46388 | 46277
80 48444 | 48378 | 48311 80 47760 | 47689 | 47610
90 49501 | 49437 | 49371 90 48751 | 48689 | 48626
100 50467 | 50410 | 50352 100 49702 | 49643 | 49584
110 51553 | 51475 | 51399 110 50546 | 50494 | 50441
120 52639 | 52541 | 52446 120 51389 | 51344 | 51299
130 53725 | 53606 | 53493 130 52232 | 52195 | 52157
140 54810 | 54672 | 54540 140 53075 | 53046 | 53014
NH, (1,1,3), M=0, ALT=0, DTISA=30 NH, (2,1,1), M=04, ALT=0, DTISA=-30
FuelFlowX(kW) 0 I 2 M 0 I 2
0 0 0 0 0 0 0 0
10 14619 | 17944 | 19464 10 15883 | 15529 | 15175
20 25164 | 28242 | 29759 20 27116 | 26655 | 26177
30 32573 | 34198 | 35195 30 34938 | 34485 | 34027
40 38000 | 38170 | 38488 40 39779 | 39463 | 39146
50 40877 | 40704 | 40500 50 42954 | 42784 | 42608
60 43687 | 43537 | 43387 60 45300 | 45207 | 45099
70 45703 | 45597 | 45488 70 46809 | 46723 | 46637
80 47034 | 46947 | 46849 80 47816 | 47751 | 47686
90 48066 | 48002 | 47928 90 48684 | 48628 | 48572
100 48937 | 48879 | 48814 100 49571 | 49516 | 49459
110 49828 | 49773 | 49718 110 50413 | 50361 | 50308
120 50719 | 50667 | 50622 120 51255 | 51206 | 51157
130 51610 | 51561 | 51526 130 52097 | 52051 | 52005
140 52501 | 52454 | 52429 140 52939 | 52896 | 52854
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NH, (2,1,2), M=0.4, ALT=0, DTISA=0

NH, (2,1,3), M=04, ALT=0, DTISA=30

FuelFlowX(kW) 0 1 2 FuelFlov?r( & 0 1 2
0 0 0 0 0 0 0 0
10 17281 | 16616 | 15867 10 16239 | 16443 | 16265
20 28035 | 27266 | 26405 20 27478 | 26729 | 26499
30 33910 | 33485 | 33053 30 32897 | 32440 | 31982
40 38545 | 38231 | 37910 40 37340 | 37027 | 36718
50 41861 | 41692 | 41521 50 40863 | 40697 | 40530
60 44373 | 44235 | 44096 60 43329 43182 43035
70 46026 | 45939 | 45853 70 45276 | 45185 | 45093
80 47197 | 47134 | 47071 80 46565 46489 46414
90 48086 | 48029 | 47973 90 47460 | 47400 | 47339
100 48853 | 48800 | 48746 100 48224 | 48171 | 48118
110 49656 | 49602 | 49549 110 48946 | 48896 | 48846
120 50459 | 50405 | 50351 120 49669 | 49621 | 49573
130 51262 | 51207 | 51154 130 50392 | 50346 | 50301
140 52065 | 52010 | 51956 140 51115 | 51071 | 51028

NH, (1,2,1), M=0,

ALT=3048, DTISA=-30

NH, (1,2,2), M=0,

ALT=3048, DTISA=0

FuelFlowX(k 0 1 2 FuelFlowX(kW) 0 1 2

0 0 0 0 0 0 0 0

10 20222 | 19998 | 19777 10 19461 | 19156 | 19111
20 33267 | 32977 | 32675 20 32165 | 31768 | 31625
30 41351 | 41052 | 40753 30 40113 | 39698 | 39495
40 45719 | 45520 | 45321 40 44617 | 44360 | 43783
50 47929 | 47794 | 47653 50 47050 | 46913 | 46337
60 49546 | 49445 | 49334 60 48684 | 48576 | 47857
70 51066 | 50955 | 50838 70 50119 | 50028 | 49074
80 52467 | 52402 | 52345 80 51537 | 51436 | 50280
90 53838 | 53730 | 53618 90 52579 | 52527 | 51550
100 54898 | 54773 | 54647 100 53886 | 53791 | 52483
110 56290 | 56180 | 56066 110 54748 | 54625 | 53520
120 57683 | 57586 | 57486 120 55609 | 55458 | 54557
130 59076 | 58993 | 58906 130 56471 | 56292 | 55593
140 60469 | 60399 | 60326 140 57332 | 57125 | 56630
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NH, (1,2,3), M=0, ALT=3048, DTISA=30 NH, (2,2,1), M=04, ALT=3048, DTISA=-30
FuelFlowX(kW) 0 1 2 Fue]FlowX(kW 0 1 2
0 0 0 0 0 0 0 0
10 18379 | 18101 | 17844 10 20988 | 20569 | 20132
20 30715 30354 30001 20 34465 33767 33041
30 38618 38248 37900 30 41343 41071 40792
40 43467 | 43229 | 42964 40 45326 | 45166 | 45002
50 46207 | 46053 | 45897 50 47350 | 47249 | 47146
60 47944 47827 | 47709 60 48719 48633 48547
70 49296 | 49198 | 49101 70 50063 | 49986 | 49908
80 50515 | 50432 | 50346 80 51482 | 51379 | 51274
90 51923 | 51822 | 51719 90 52537 | 52478 | 52423
100 52709 | 52629 | 52570 100 53769 | 53667 | 53565
110 53873 | 53810 | 53708 110 54658 | 54550 | 54468
120 55038 | 54991 | 54845 120 55547 | 55433 | 55371
130 56202 | 56172 | 55983 130 56436 | 56315 | 56274
140 57366 57353 57121 140 57326 57198 57177
NH, (2,2,2), M=04, ALT=3048, DTISA=0 NH, (2,2,3), M=04, ALT=3048, DTISA=30
FuelFlowX(kW) 0 I 2 FuelFlovi( y 0 I 2
0 0 0 0 0 0 0 0
10 19664 | 19434 | 19115 10 18712 | 18966 | 18058
20 32352 | 32039 | 31629 20 31046 | 31775 | 30196
30 40231 | 39923 | 39495 30 38870 | 38434 | 38008
40 44239 44023 43783 40 43093 42875 42652
50 46598 | 46480 | 46337 50 45807 | 45669 | 45525
60 48019 | 47934 | 47846 60 47370 | 47277 | 47169
70 49237 | 49153 | 49065 70 48507 | 48421 | 48329
80 50411 | 50343 | 50272 80 49629 | 49552 | 49466
90 51725 | 51633 | 51539 90 50668 | 50600 | 50530
100 52573 | 52525 | 52477 100 51913 | 51826 | 51738
110 53695 | 53602 | 53509 110 52586 | 52541 | 52496
120 54816 | 54679 | 54542 120 53259 | 53256 | 53253
130 55938 | 55756 | 55574 130 53932 | 53971 | 54010
140 57059 | 56832 | 56606 140 54605 | 54686 | 54768
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NH, (1,3,1), M=0, ALT=7620, DTISA=-30 NH, (1,3,2), M=0, ALT=7620, DTISA=0
FuelFlowX(kW 0 1 2 FuelFlov?r( o 0 1 2
0 0 0 0 0 0 0 0
10 32468 | 31714 | 31047 10 31373 | 30716 | 29930
20 44793 44244 43706 20 43613 43072 42467
30 49091 48862 48627 30 48176 47944 47703
40 52222 | 52099 | 51853 40 50989 | 50749 | 50571
50 54432 | 54269 | 54097 50 53317 | 53081 | 52846
60 56639 | 56407 | 56161 60 55316 | 55083 | 54869
70 57533 | 57369 | 57208 70 56638 | 56470 | 56306
80 58308 | 58194 | 58080 80 57415 | 57282 | 57166
90 59172 | 59069 | 58965 90 58250 | 58145 | 58041
100 59883 | 59785 | 59687 100 59001 | 58902 | 58803
110 60513 | 60425 | 60338 110 59625 | 59534 | 59443
120 61143 | 61065 | 60989 120 60250 | 60167 | 60083
130 61773 | 61706 | 61640 130 60875 | 60799 | 60723
140 62403 | 62346 | 62291 140 61500 | 61431 | 61363
NH, (1,3,3), M=0, ALT=7620, DTISA=30 NH, (2,3,1), M=04, ALT=7620, DTISA=-30
FuelFlowX(kW) 0 1 2 FuelFlowX(kW 0 1 2
0 0 0 0 0 0 0 0
10 29998 | 29253 | 28624 10 32559 | 32000 | 31319
20 42362 | 41826 | 41292 20 44426 | 43953 | 43440
30 47378 47150 46911 30 48365 48163 47941
40 50062 | 49890 | 49701 40 51046 | 50801 | 50615
50 52358 | 52257 | 52161 50 53404 | 53190 | 52950
60 54141 | 54005 | 53871 60 55399 | 55176 | 54922
70 55727 | 55553 | 55386 70 56899 | 56717 | 56511
80 56685 | 56548 | 56411 80 57534 | 57388 | 57244
90 57428 | 57323 | 57218 90 58108 | 58007 | 57906
100 58183 | 58086 | 57989 100 58902 | 58810 | 58718
110 58938 | 58849 | 58760 110 59603 | 59514 | 59424
120 59693 | 59612 | 59531 120 60305 | 60218 | 60130
130 60448 | 60375 | 60302 130 61006 | 60921 | 60836
140 61203 61138 61073 140 61707 61625 61543
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NH, (2,3,2), M=04, ALT=7620, DTISA=0

NH, (2,3,3), M=04, ALT=7620, DTISA=30

FuelFlov?r( 0 1 2 FuelFlovi( 0 1 2
0 0 0 0 0 0 0 0
10 31176 | 30641 | 30085 10 29827 | 29318 | 28819
20 43288 | 42835 | 42358 20 42196 | 41752 | 41301
30 47577 | 47359 | 47136 30 46854 | 46607 | 46358
40 50045 | 49879 | 49704 40 49172 | 49002 | 48831
50 52322 | 52222 | 52122 50 51332 | 51138 | 50945
60 54087 | 53944 | 53815 60 52971 | 52776 | 52621
70 55762 | 55553 | 55354 70 54470 | 54360 | 54243
80 56697 | 56549 | 56404 80 55874 | 55713 | 55560
90 57315 | 57193 | 57072 90 56612 | 56488 | 56365
100 57960 | 57867 | 57773 100 57142 | 57036 | 56943
110 58665 | 58578 | 58492 110 57672 | 57584 | 57521
120 59370 | 59290 | 59212 120 58202 | 58132 | 58099
130 60075 | 60002 | 59931 130 58732 | 58680 | 58677
140 60780 | 60714 | 60651 140 59262 | 59228 | 59255

NL, (1,1,1), M=0, ALT=0, DTISA=-30 NL, (1,1,2), M=0, ALT=0, DTISA=0

FuelFlowX(kW 0 1 2 FuelFlov?r( o 0 1 2
0 0 0 0 0 0 0 0
10 5201 5007 4805 10 3956 3511 3103
20 11095 | 10820 | 10533 20 9250 8663 8116
30 17122 | 16828 | 16519 30 15082 | 14538 | 14031
40 22619 | 22393 | 22154 40 20685 | 20219 | 19767
50 27907 | 27731 | 27552 50 26250 | 26060 | 25853
60 32115 | 32005 | 31892 60 30667 | 30545 | 30383
70 35278 35202 35119 70 33824 33714 33606
80 37767 | 37708 | 37647 80 36452 | 36384 | 36313
90 39981 | 39930 | 39878 90 38635 | 38578 | 38520
100 42024 | 41973 | 41922 100 40568 | 40520 | 40470
110 43908 | 43868 | 43823 110 42409 | 42362 | 42315
120 45793 | 45762 | 45725 120 44249 | 44204 | 44159
130 47677 | 47657 | 47626 130 46090 | 46046 | 46004
140 49561 | 49551 | 49527 140 47930 | 47888 | 47848
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NL, (1,1,3), M=0, ALT=0, DTISA=30

NL, (2,1,1), M=04, ALT=0, DTISA=-30

FuelFlov?r( & 0 1 2 FuelFlowX(kW 0 1 2
0 0 0 0 0 0 0 0
10 2140 1706 1254 10 11470 11450 11451
20 6665 6090 5492 20 17228 | 17167 | 17144
30 12411 | 11879 | 11325 30 20564 | 20488 | 20415
40 18110 | 17647 | 17170 40 22886 | 22788 | 22690
50 24547 | 24357 | 24171 50 25678 | 25571 | 25459
60 28943 | 28796 | 28650 60 29642 | 29543 | 29423
70 32406 | 32305 | 32199 70 32526 | 32432 | 32340
80 35144 | 35065 | 34980 80 35806 | 35730 | 35653
90 37312 | 37252 | 37185 90 38481 | 38422 | 38362
100 39272 | 39220 | 39163 100 40698 | 40651 | 40603
110 41033 | 40987 | 40941 110 42649 | 42605 | 42561
120 42795 | 42755 | 42720 120 44599 | 44558 | 44518
130 44556 | 44523 | 44499 130 46550 | 46512 | 46475
140 46317 46291 46278 140 48501 48465 48432

NL, (2,1,2), M=04, ALT=0, DTISA=0 NL, (2,1,3), M=0.4, ALT=0, DTISA=30

FuelFlov?r( . 0 1 2 FuelFlovi( . 0 1 2
0 0 0 0 0 0 0 0
10 14993 14953 14904 10 14825 14852 15483
20 19369 | 19323 | 19270 20 19319 | 19270 | 19623
30 20365 | 20310 | 20253 30 20210 | 20156 | 20104
40 22326 | 22237 | 22145 40 21837 | 21637 | 21443
50 24639 24541 24444 50 23791 23701 23611
60 28019 | 27882 | 27745 60 26388 | 26253 | 26136
70 31141 | 31070 | 30999 70 29921 | 29827 | 29731
80 34050 | 33965 | 33884 80 32399 | 32316 | 32233
90 36903 | 36840 | 36771 90 35265 | 35194 | 35124
100 39186 | 39130 | 39073 100 37666 | 37610 | 37554
110 41099 | 41053 | 41006 110 39690 | 39642 | 39594
120 43012 42977 42940 120 41713 41674 41635
130 44925 44901 44873 130 43737 43706 43675
140 46838 | 46825 | 46807 140 45761 | 45738 | 45716
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NL, (1,2,1), M=0, ALT=3048, DTISA=-30 NL, (1,2,2), M=0, ALT=3048, DTISA=0
FuelFlov?r( 0 1 2 FuelFlov?r( o 0 1 2
0 0 0 0 0 0 0 0
10 9793 9553 9314 10 8870 8621 8834
20 18339 | 18031 | 17708 20 16924 | 16583 | 16272
30 25153 | 24831 | 24504 30 23453 | 23128 | 22998
40 32153 | 31959 | 31767 40 30632 | 30273 | 27477
50 36676 | 36553 | 36424 50 35171 | 35047 | 32152
60 40122 | 40043 | 39955 60 38642 | 38548 | 36585
70 43192 43120 43045 70 41557 | 41476 40076
80 45805 | 45752 | 45695 80 44204 | 44141 | 42794
90 48215 | 48164 | 48115 90 46524 | 46473 | 45021
100 50582 | 50526 | 50469 100 48744 | 48695 | 47052
110 53139 | 53084 | 53027 110 50857 | 50800 | 48977
120 55696 | 55641 | 55586 120 52970 | 52906 | 50903
130 58253 | 58199 | 58144 130 55084 | 55012 | 52828
140 60810 | 60757 | 60702 140 57197 | 57117 | 54753
NL, (1,2,3), M=0, ALT=3048, DTISA=30 NL, (2,2,1), M=04, ALT=3048, DTISA=-30
FuelFlov?r( o 0 1 2 FuelFlowX(kW 0 1 2
0 0 0 0 0 0 0 0
10 7952 7594 7071 10 14229 | 14207 | 14202
20 15513 | 15051 | 14387 20 20470 | 20365 | 20264
30 21938 | 21450 | 20744 30 24090 | 23941 | 23788
40 28705 | 28465 | 28222 40 29731 | 29563 | 29381
50 33649 33501 33347 50 34423 34274 34125
60 37233 | 37124 | 37013 60 38643 | 38552 | 38461
70 40113 40033 39954 70 41891 41821 41749
80 42704 42633 42562 80 44487 | 44432 44377
90 45034 | 44980 | 44924 90 46700 | 46654 | 46607
100 47108 | 47051 | 47008 100 48800 | 48757 | 48713
110 49097 | 49041 | 49013 110 50779 | 50734 | 50692
120 51086 | 51032 | 51017 120 52757 | 52712 | 52672
130 53075 | 53022 | 53021 130 54736 | 54689 | 54651
140 55064 | 55012 | 55025 140 56714 | 56666 | 56631
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NL, (2,2,2), M=04, ALT=3048, DTISA=0

NL, (2,2,3), M=0.4, ALT=3048, DTISA=30

FuelFlov?r( 0 1 2 FuelFlovi( 0 1 2
0 0 0 0 0 0 0 0
10 12361 12546 12722 10 13943 13905 13831
20 18777 | 18732 | 18698 20 19324 | 19236 | 19114
30 23278 | 23147 | 22998 30 22585 | 22462 | 22332
40 27909 | 27697 | 27477 40 26168 | 26020 | 25872
50 32437 | 32309 | 32152 50 31035 | 30924 | 30810
60 36896 | 36792 | 36679 60 35207 | 35096 | 34973
70 40270 | 40196 | 40121 70 38671 | 38583 | 38489
80 42937 42874 42812 80 41415 41347 41274
90 45132 45083 45034 90 43742 43693 43642
100 47151 | 47110 | 47068 100 45680 | 45634 | 45587
110 49080 49041 49001 110 47491 47448 47406
120 51008 | 50972 | 50933 120 49301 | 49262 | 49225
130 52937 | 52903 | 52866 130 51111 | 51076 | 51044
140 54865 | 54834 | 54798 140 52922 | 52891 | 52863

NL, (1,3,1), M=0, ALT=7620, DTISA=-30 NL, (1,3,2), M=0, ALT=7620, DTISA=0

FuelFlowX(kW 0 1 2 FuelFlov?r( o 0 1 2
0 0 0 0 0 0 0 0
10 17657 17365 17042 10 16841 16523 16189
20 30731 | 30217 | 29656 20 28957 | 28410 | 27841
30 39436 | 39242 | 39023 30 37835 | 37619 | 37387
40 45358 | 45239 | 45098 40 43627 | 43464 | 43305
50 50211 | 50105 | 49999 50 48223 | 48122 | 48019
60 55243 | 55111 | 54972 60 52643 | 52526 | 52412
70 59515 | 59430 | 59343 70 56955 | 56847 | 56740
80 62043 | 61978 | 61914 80 60160 | 60089 | 60026
90 64425 | 64368 | 64312 90 62436 | 62377 | 62317
100 66217 | 66157 | 66096 100 64457 | 64393 | 64329
110 67764 | 67728 | 67687 110 66008 | 65953 | 65898
120 69310 | 69299 | 69277 120 67560 | 67513 | 67466
130 70857 | 70870 | 70867 130 69111 | 69074 | 69035
140 72404 72441 72458 140 70663 70634 70603
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NL, (1,3,3), M=0, ALT=7620, DTISA=30

NL, (2,3,1), M=04, ALT=7620, DTISA=-30

WX(KW) PWX(kW)

FuelFlow( 0 ! 2 FuelFlow( 0 ! 2

0 0 0 0 0 0 0 0
10 15957 | 15654 | 15340 10 16798 | 16527 | 16237
20 27232 | 26726 | 26203 20 28204 | 27741 | 27246
30 36371 | 36148 | 35916 30 37896 | 37674 | 37437
40 41985 | 41834 | 41671 40 44027 | 43901 | 43763
50 46550 | 46451 | 46346 50 48533 | 48437 | 48336
60 50466 | 50377 | 50286 60 52603 | 52495 | 52374
70 54517 | 54416 | 54315 70 57074 | 56947 | 56808
80 58282 | 58182 | 58082 80 62254 | 62109 | 61968
90 60684 | 60626 | 60568 90 64833 | 64778 | 064722
100 62706 | 62651 | 62595 100 66588 | 66536 | 60486
110 64728 | 64676 | 64622 110 68105 | 68049 | 67992
120 66750 | 66701 | 66649 120 69622 | 69561 | 69499
130 68772 | 68726 | 68676 130 71140 | 71073 | 71006
140 70794 | 70751 | 70703 140 72657 | 72586 | 72512

NL, (2,3,2), M=04, ALT=7620, DTISA=0

NL, (2,3,3), M=0.4, ALT=7620, DTISA=30

FuelFlovif( el 0 1 2 FuelFlovi( 0 1 2

0 0 0 0 0 0 0 0
10 15870 15591 15348 10 14608 14376 14142
20 26509 | 26088 | 25741 20 25245 | 24955 | 24658
30 35921 35664 35402 30 34045 33732 33422
40 42363 | 42225 | 42080 40 40699 | 40546 | 40384
50 46702 | 46606 | 46510 50 45125 | 45022 | 44914
60 50432 | 50353 | 50278 60 48737 | 48652 | 48564
70 54219 | 54111 | 54011 70 51979 | 51904 | 51830
80 58462 | 58346 | 58233 80 55449 | 55356 | 55264
90 62853 | 62726 | 62602 90 59475 | 59358 | 59246
100 64867 | 64817 | 64766 100 63269 | 63153 | 63051
110 66400 | 66350 | 66303 110 67062 | 66948 | 66856
120 67932 | 67884 | 67841 120 70855 | 70743 | 70661
130 69465 | 69418 | 69379 130 74648 | 74538 | 74466
140 70997 70951 70916 140 78441 78333 78271
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T6, (1,1,1), M=0, ALT=0, DTISA=-30 T6, (1,1,2), M=0, ALT=0, DTISA=0
FuelFlowX(kW 0 1 2 FuelFlov?r( o 0 1 2
0 258 258 258 0 288 288 288
10 436.9 441.4 445.8 10 531.3 535.5 537.2
20 542.7 548.8 555.0 20 647.7 654.2 657.1
30 599.0 605.1 611.5 30 697.0 706.2 709.2
40 634.1 639.1 644.3 40 708.6 713.3 717.3
50 641.6 644.8 648.3 50 717.4 721.0 724.8
60 658.3 660.3 662.4 60 730.2 733.1 736.1
70 681.9 683.4 685.2 70 752.8 755.2 757.5
80 709.3 710.3 7114 80 779.5 781.0 782.7
90 736.3 737.3 738.3 90 808.5 809.6 810.7
100 762.2 763.2 764.1 100 835.5 836.5 837.6
110 786.1 787.0 788.0 110 861.7 862.7 863.7
120 810.0 810.9 811.8 120 888.0 889.0 889.9
130 833.9 834.7 835.6 130 914.2 915.2 916.1
140 857.8 858.6 859.4 140 940.5 941.4 942.3
T6, (1,1,3), M=0, ALT=0, DTISA=30 T6, (2,1,1), M=0.4, ALT=0, DTISA=-30
FuelFlov?r( & 0 1 2 FuelFlowX(kW 0 1 2
0 318 318 318 0 258 258 258
10 5264 509.3 483.9 10 4485 454.6 463.1
20 654.9 638.4 613.0 20 548.3 541.7 554.2
30 731.0 720.6 702.9 30 584.6 590.7 597.2
40 767.7 765.6 761.1 40 606.5 610.6 614.8
50 794.1 798.1 802.8 50 626.9 629.5 632.1
60 806.7 809.8 812.9 60 644.3 645.8 647.6
70 826.4 828.9 831.5 70 666.4 667.8 669.2
80 851.8 853.8 856.1 80 690.9 692.1 693.3
90 879.6 881.0 882.6 90 717.2 718.2 719.1
100 909.0 910.3 911.7 100 741.8 742.7 743.6
110 937.0 938.2 939.3 110 764.7 765.5 766.4
120 965.0 966.1 966.9 120 787.6 788.4 789.1
130 993.0 994.0 994.6 130 810.5 811.2 811.9
140 1021.0 | 10219 | 1022.2 140 833.4 834.1 834.7
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T6, (2,1,2), M=0.4, ALT=0, DTISA=0 T6, (2,1,3), M=0.4, ALT=0, DTISA=30

FuelFlowX(kW 0 1 2 FuelFlovi( 0 1 2
0 288 288 288 0 318 318 318
10 553.8 565.1 579.2 10 600.7 612.0 576.9
20 638.5 648.9 662.0 20 696.3 707.7 688.1
30 650.5 657.1 664.2 30 717.5 725.5 734.0
40 675.4 680.0 684.9 40 744.4 750.1 755.9
50 696.7 699.5 702.4 50 766.8 770.0 773.3
60 714.7 717.1 7195 60 788.8 791.7 794.6
70 736.3 737.9 7394 70 807.5 809.5 811.5
80 760.8 762.1 763.3 80 832.1 833.6 835.1
90 787.5 788.6 789.7 90 857.8 859.2 860.6
100 814.0 815.0 816.0 100 885.2 886.3 887.4
110 838.8 839.7 840.6 110 912.1 913.2 914.2
120 863.6 864.4 865.3 120 939.0 940.0 941.0
130 888.4 889.2 890.0 130 965.8 966.8 967.8
140 913.2 913.9 914.7 140 992.7 993.6 994.6

T6, (1,2,1), M=0, ALT=3048, DTISA=-30 T6, (1,2,2), M=0, ALT=3048, DTISA=0

FuelFlowX(kW 0 1 2 FuelFlov?r( o 0 1 2
0 238.3 238.3 238.3 0 268.3 268.3 268.3
10 492.7 498.6 506.5 10 5594 569.8 523.3
20 573.7 567.3 579.5 20 642.5 657.2 620.3
30 591.1 596.2 601.4 30 669.6 676.9 655.2
40 611.0 614.3 617.7 40 687.3 691.8 679.4
50 645.6 647.9 650.5 50 721.1 723.9 708.2
60 684.5 686.0 687.8 60 760.5 762.6 743.6
70 720.5 721.8 723.3 70 799.0 800.7 780.5
80 754.1 755.1 756.2 80 834.5 835.9 814.0
90 788.3 789.2 790.0 90 869.5 870.6 846.9
100 822.0 823.1 824.3 100 905.5 906.6 879.1
110 850.0 851.0 852.0 110 939.9 941.1 9114
120 877.9 878.8 879.8 120 974.2 975.7 943.7
130 905.8 906.7 907.6 130 1008.6 | 1010.2 | 976.0
140 933.8 934.5 935.3 140 1043.0 | 1044.8 | 1008.3
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T6, (1,2,3), M=0, ALT=3048, DTISA=30

T6, (2,2,1), M=04,

ALT=3048, DTISA=-30

X(kW

WX (KW

FuelFlow 0 1 2 FuelFlow 0 1 2

0 298.3 298.3 298.3 0 238.3 238.3 238.3
10 623.6 633.5 643.1 10 460.5 471.0 482.2
20 718.9 733.6 746.6 20 540.8 5494 559.0
30 750.6 758.1 766.1 30 571.2 575.2 579.3
40 764.5 769.4 774.9 40 597.6 600.2 602.8
50 797.0 800.6 804.2 50 630.1 631.9 633.7
60 834.6 837.2 840.0 60 666.4 667.8 669.1
70 875.6 877.6 879.7 70 700.7 701.8 703.1
80 914.5 916.3 918.2 80 733.1 734.2 735.3
90 949.6 951.1 952.6 90 764.1 765.0 766.0
100 985.4 986.6 987.9 100 795.5 796.3 797.1
110 1021.9 | 1023.0 | 1023.8 110 826.6 827.5 828.4
120 1058.5 | 1059.3 | 1059.7 120 857.7 858.8 859.6
130 1095.1 | 1095.7 | 1095.5 130 888.8 890.0 890.8
140 1131.7 | 11320 | 11314 140 919.9 921.2 922.0

T6, (2,2,2), M=04,

ALT=3048, DTISA=0

T6, (2,2,3), M=04,

ALT=3048, DTISA=30

X(k

X(k

FuelFlow 0 1 2 FuelFlow 0 1 2
0 268.3 268.3 268.3 0 298.3 298.3 298.3
10 509.9 515.8 5223 10 5594 583.3 579.0
20 601.8 610.0 618.8 20 673.1 690.1 687.0
30 644.2 649.3 655.2 30 717.9 724.6 731.6
40 671.8 675.4 679.4 40 748.1 752.0 756.1
50 703.3 705.4 708.2 50 776.4 779.2 782.3
60 739.8 741.3 743.2 60 813.6 815.6 818.0
70 777.4 778.8 780.2 70 852.1 853.9 855.9
80 811.2 812.5 813.7 80 888.8 890.4 892.2
90 844.3 8454 846.6 90 923.9 925.2 926.7
100 876.8 877.8 878.8 100 957.0 958.3 959.5
110 909.4 910.2 911.0 110 990.1 991.1 992.2
120 942.0 942.6 943.2 120 1023.2 | 1024.0 | 1024.9
130 974.6 975.0 975.5 130 1056.3 | 1056.9 | 1057.5
140 1007.2 | 1007.5 | 1007.7 140 1089.4 | 1089.8 | 1090.2
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T6, (1,3,1), M=0, ALT=7620, DTISA=-30 T6, (1,3,2), M=0, ALT=7620, DTISA=0
FuelFlowX(kW 0 1 2 FuelFlov?r( o 0 1 2
0 208.6 208.6 208.6 0 238.6 238.6 238.6
10 428.3 437.4 446.3 10 496.9 506.0 517.3
20 537.5 544.8 5524 20 617.8 626.0 635.7
30 601.9 605.2 608.8 30 681.0 685.3 690.3
40 663.7 665.9 668.9 40 749.3 752.7 756.0
50 726.4 728.0 729.7 50 8114 813.4 815.5
60 778.3 780.5 782.9 60 872.6 875.0 877.3
70 835.5 837.2 838.8 70 928.8 930.8 932.7
80 892.7 893.8 894.9 80 989.0 990.6 992.0
90 943.3 944.5 945.6 90 1044.0 | 1045.2 | 1046.5
100 999.5 | 1001.0 | 1002.4 100 1097.6 | 10994 | 1101.2
110 1050.3 | 1051.0 | 1051.9 110 11564 | 1158.0 | 1159.7
120 1101.1 | 1101.1 | 1101.3 120 1215.3 | 1216.7 | 1218.2
130 1151.9 | 1151.2 | 1150.8 130 12741 | 12753 | 1276.7
140 1202.7 | 1201.3 | 1200.2 140 13329 | 1334.0 | 1335.2
T6, (1,3,3), M=0, ALT=7620, DTISA=30 T6, (2,3,1), M=0.4, ALT=7620, DTISA=-30
FuelFlov?r( & 0 1 2 FuelFlowX(kW 0 1 2
0 268.6 268.6 268.6 0 208.6 208.6 208.6
10 571.6 5834 594.3 10 425.1 430.9 4394
20 699.2 709.2 719.8 20 525.6 531.5 538.2
30 759.5 764.8 770.7 30 585.7 588.6 591.9
40 831.1 834.6 838.6 40 645.0 647.6 650.2
50 896.4 899.0 901.8 50 701.9 703.4 705.1
60 961.8 963.7 965.7 60 753.5 755.4 757.8
70 1021.1 | 1023.4 | 1025.6 70 800.1 802.0 804.2
80 1079.0 | 1081.0 | 1083.0 80 842.2 844.1 845.9
90 1140.1 | 1141.5 | 1142.9 90 892.9 893.9 895.0
100 1195.7 | 1197.1 | 11984 100 941.0 941.9 9429
110 1251.3 | 1252.7 | 1253.9 110 989.2 990.6 992.0
120 1306.9 | 1308.3 | 13094 120 1037.5 | 1039.3 | 1041.2
130 1362.5 | 1363.9 | 1364.9 130 1085.8 | 1088.0 | 10904
140 1418.1 | 14195 | 14204 140 1134.1 | 1136.7 | 1139.5
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T6, (2,3,2), M=04,

ALT=7620, DTISA=0

T6, (2,3,3), M=0.4,

ALT=7620, DTISA=30

FuelFlov?r( 0 1 2 FuelFlovi( 0 1 2
0 238.6 238.6 238.6 0 268.6 268.6 268.6
10 4941 501.1 507.9 10 556.5 564.0 572.0
20 604.6 611.3 618.2 20 680.7 688.1 696.0
30 662.9 667.0 671.3 30 739.8 745.2 750.7
40 727.7 730.6 733.7 40 808.4 811.7 815.2
50 785.8 787.9 790.1 50 870.5 873.6 876.8
60 844.9 846.6 848.1 60 929.9 931.9 934.0
70 895.9 898.3 900.4 70 989.5 991.1 992.8
80 943.8 945.7 947.6 80 1040.4 | 10425 | 1044.5
90 987.7 989.7 991.7 90 1088.0 | 1090.0 | 1092.0
100 1039.3 | 10404 | 1041.5 100 1133.3 | 11353 | 1137.0
110 1088.8 | 1089.9 | 1091.1 110 1178.6 | 1180.6 | 1182.0
120 1138.4 | 11395 | 1140.7 120 12239 | 12259 | 1227.0
130 1187.9 | 1189.0 | 1190.2 130 1269.2 | 1271.2 | 1272.0
140 1237.5 | 12385 | 1239.8 140 1314.5 | 13165 | 1317.0

PS3, (1,1,1), M=0, ALT=0, DTISA=-30 PS3, (1,1,2), M=0, ALT=0, DTISA=0

FuelFlowX(kW 0 1 2 FuelFlov?r( o 0 1 2
0 101.3 101.3 101.3 0 101.3 101.3 101.3
10 117.7 115.4 113.1 10 112.6 111.5 110.7
20 156.3 152.9 1494 20 146.0 144.1 142.7
30 207.8 204.0 200.0 30 191.8 189.8 187.6
40 259.6 256.6 253.5 40 244.5 2422 240.2
50 318.0 315.5 312.9 50 298.1 295.8 2934
60 366.1 364.3 362.5 60 347.0 345.0 3429
70 405.8 404.5 402.9 70 386.9 385.2 383.5
80 440.4 4394 438.2 80 421.9 420.6 419.3
90 472.4 4714 470.3 90 452.2 451.2 450.1
100 502.9 501.9 500.9 100 480.8 479.8 478.9
110 532.0 531.0 530.0 110 508.2 507.2 506.3
120 561.1 560.2 559.2 120 535.5 534.6 533.7
130 590.2 589.3 588.4 130 562.9 562.0 561.2
140 619.3 618.4 617.5 140 590.2 589.4 588.6
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PS3, (1,1,3), M=0, ALT=0, DTISA=30 PS3, (2,1,1), M=04, ALT=0, DTISA=-30
FuelFlov?r( & 0 1 2 FuelFlowX(kW 0 1 2
0 101.3 101.3 101.3 0 101.3 101.3 101.3
10 117.8 120.4 124.4 10 125.7 123.1 120.6
20 1494 152.8 157.2 20 168.6 165.4 161.2
30 189.9 193.5 196.5 30 2194 215.9 212.3
40 238.3 239.3 241.5 40 278.5 275.5 272.5
50 281.2 279.1 276.7 50 3324 330.3 328.0
60 328.3 326.4 324.6 60 380.6 379.1 377.4
70 368.9 367.3 365.7 70 4214 420.0 418.6
80 402.9 4014 399.8 80 457.2 456.0 454.7
90 433.2 4321 430.9 90 489.2 488.2 487.1
100 460.5 459.5 458.4 100 520.6 519.6 518.6
110 487.0 486.1 485.2 110 551.0 550.0 549.0
120 513.6 512.7 512.0 120 5814 580.4 5794
130 540.1 539.3 538.8 130 611.9 610.9 609.9
140 566.7 566.0 565.6 140 642.3 641.3 640.3
PS3, (2,1,2), M=0.4, ALT=0, DTISA=0 PS3, (2,1,3), M=0.4, ALT=0, DTISA=30
FuelFlov?r( . 0 1 2 FuelFlovi( . 0 1 2
0 101.3 101.3 101.3 0 101.3 101.3 101.3
10 121.0 118.4 115.7 10 119.5 117.0 116.1
20 157.3 153.5 149.3 20 153.2 149.6 149.2
30 209.6 206.4 203.1 30 200.1 196.7 193.3
40 263.6 260.7 257.7 40 2494 246.4 243.5
50 314.2 3121 310.0 50 298.0 296.0 293.9
60 361.1 359.3 357.4 60 342.0 340.0 338.2
70 401.7 400.3 398.9 70 383.4 382.0 380.5
80 4374 436.3 435.1 80 418.7 417.5 416.2
90 469.5 468.4 4674 90 449.6 448.4 447.3
100 498.1 497.1 496.1 100 477.6 476.6 475.6
110 526.3 525.3 5244 110 504.5 503.5 502.6
120 554.4 553.5 552.6 120 5314 530.5 529.5
130 5825 581.7 580.8 130 558.3 557.4 556.5
140 610.6 609.8 609.1 140 585.2 584.3 583.5
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PS3, (1,2,1), M=0, ALT=3048, DTISA=-30

PS3, (1,2,2), M=0, ALT=3048, DTISA=0

WX(KW

XKW

FuelFlow 0 1 2 FuelFlow 0 1 2

0 69.7 69.7 69.7 0 69.7 69.7 69.7
10 108.8 107.0 105.4 10 103.1 101.0 105.8
20 154.3 151.8 149.9 20 144.9 142.1 149.2
30 198.2 195.7 193.2 30 185.5 1824 192.6
40 2529 250.8 248.7 40 237.8 235.5 243.7
50 293.5 291.9 290.2 50 278.0 276.4 286.1
60 327.3 326.2 324.9 60 311.6 310.3 320.9
70 359.1 358.1 357.1 70 341.5 340.3 351.8
80 389.2 388.2 387.4 80 369.8 368.8 380.9
90 416.5 415.7 414.8 90 396.6 395.8 408.7
100 4422 441.3 4404 100 421.7 420.8 435.1
110 469.3 468.5 467.6 110 444.3 443.4 459.8
120 496.4 495.7 494.8 120 467.0 466.1 4844
130 523.6 522.8 522.0 130 489.7 488.7 509.0
140 550.7 550.0 549.3 140 5123 5114 533.7

PS3, (1,2,3), M=0, ALT=3048, DTISA=30

PS3, (2,2,1), M=0

4, ALT=3048, DTISA=-30

X(kW

WX (KW

FuelFlow 0 1 2 FuelFlow 0 1 2

0 69.7 69.7 69.7 0 69.7 69.7 69.7
10 96.4 94.8 93.1 10 97.0 93.9 90.5
20 133.9 1321 129.7 20 148.1 144.4 140.5
30 173.2 170.7 168.3 30 210.0 207.7 205.3
40 224.3 222.3 220.0 40 263.4 261.7 259.8
50 264.3 262.7 261.0 50 304.7 303.3 301.9
60 297.5 296.1 294.7 60 339.0 337.9 336.8
70 3259 324.8 323.6 70 371.7 370.7 369.7
80 352.7 351.7 350.6 80 403.1 402.0 401.0
90 379.0 378.0 377.1 90 431.6 430.6 429.7
100 402.8 402.0 401.1 100 458.6 457.8 456.9
110 425.1 4243 423.7 110 484.0 483.1 4823
120 4474 446.7 446.3 120 509.5 508.5 507.7
130 469.7 469.1 468.9 130 534.9 533.9 533.1
140 4920 4915 491.6 140 560.3 559.2 558.4
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PS3, (2,2,2), M=04, ALT=3048, DTISA=0

PS3, (2,2,3), M=0.4, ALT=3048, DTISA=30

FuelFlov?r( 0 1 2 FuelFlovi( 0 1 2
0 69.7 69.7 69.7 0 69.7 69.7 69.7
10 109.7 107.9 105.8 10 103.1 9.2 99.3
20 154.5 152.1 149.2 20 144.2 131.8 139.0
30 198.1 195.5 192.6 30 186.0 183.2 180.4
40 248.0 245.9 243.7 40 233.6 231.6 229.7
50 289.2 287.8 286.1 50 2754 273.8 272.2
60 3234 322.3 321.1 60 309.2 308.0 306.6
70 354.0 353.0 352.0 70 338.0 336.9 335.7
80 382.9 382.0 381.0 80 365.5 364.5 363.4
90 410.7 409.8 408.8 90 392.0 391.0 390.1
100 436.9 436.1 435.3 100 417.3 416.4 415.5
110 461.5 460.7 460.0 110 440.7 439.9 439.1
120 486.1 485.4 484.7 120 464.2 463.5 462.8
130 510.8 510.1 509.5 130 487.7 487.1 486.4
140 535.4 534.8 534.2 140 511.2 510.6 510.0

PS3, (1,3,1), M=0, ALT=7620, DTISA=-30 PS3, (1,3,2), M=0, ALT=7620, DTISA=0

FuelFlowX(kW 0 1 2 FuelFlov?r( o 0 1 2
0 37.6 37.6 37.6 0 37.6 37.6 37.6
10 87.1 85.5 83.9 10 83.2 81.6 79.9
20 130.0 127.3 124.7 20 122.6 120.0 1171
30 173.2 171.7 170.2 30 164.2 162.7 161.1
40 207.9 206.8 2054 40 196.5 195.2 193.9
50 237.1 236.2 235.2 50 2249 224.0 223.0
60 265.1 264.1 262.9 60 250.5 2494 2484
70 288.7 287.9 287.0 70 273.5 272.7 271.8
80 309.6 309.0 308.3 80 293.8 293.0 2924
90 331.0 330.4 329.7 90 313.3 312.7 3121
100 3494 348.6 347.9 100 332.0 331.3 330.5
110 367.8 367.2 366.7 110 348.1 347.4 346.7
120 386.1 385.8 385.5 120 364.1 363.5 362.8
130 404.5 404.4 404.3 130 380.2 379.6 378.9
140 422.8 4229 423.0 140 396.3 395.6 395.0
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PS3, (1,3,3), M=0, ALT=7620, DTISA=30 PS3, (3,3,1), M=0.4, ALT=7620, DTISA=-30

FuelFlov?r( & 0 1 2 FuelFlowX(kW 0 1 2
0 37.6 37.6 37.6 0 37.6 37.6 37.6
10 78.4 77.3 75.8 10 90.6 89.1 87.6
20 115.1 112.6 110.0 20 135.8 133.3 130.7
30 156.3 154.7 153.1 30 179.9 178.5 176.9
40 186.7 185.6 184.3 40 215.0 213.6 2124
50 214.2 213.2 212.3 50 246.5 245.5 244.5
60 237.8 237.0 236.2 60 274.5 273.5 272.2
70 260.3 259.5 258.6 70 301.4 300.4 299.3
80 280.5 279.7 278.9 80 326.2 325.2 324.2
90 298.5 297.9 297.3 90 346.8 346.1 345.5
100 316.3 315.6 315.0 100 367.6 367.0 366.3
110 334.1 333.4 332.8 110 387.1 386.4 385.6
120 351.9 351.2 350.6 120 406.6 405.7 404.8
130 369.7 369.0 368.4 130 426.1 425.1 424.0
140 387.5 386.8 386.2 140 445.6 444.4 443.3

PS3, (3,3,2), M=04, ALT=7620, DTISA=0 PS3, (3,3,3), M=0.4, ALT=7620, DTISA=30

FuelFlov?r( . 0 1 2 FuelFlovi( . 0 1 2
0 37.6 37.6 37.6 0 37.6 37.6 37.6
10 86.7 85.3 83.8 10 82.2 80.6 79.1
20 128.1 125.8 123.4 20 121.0 118.8 116.6
30 170.6 169.1 167.5 30 162.4 160.7 159.1
40 203.7 202.5 201.2 40 193.5 192.3 191.1
50 233.3 232.3 231.2 50 221.5 220.4 219.2
60 259.3 258.4 257.6 60 246.9 246.0 245.2
70 284.5 283.5 2824 70 269.4 268.6 267.9
80 307.5 306.6 305.7 80 291.9 291.0 290.2
90 329.5 328.6 327.8 90 3125 311.7 310.9
100 348.3 347.6 347.0 100 332.1 331.3 330.6
110 366.9 366.3 365.7 110 351.7 350.9 350.4
120 385.5 384.9 384.4 120 371.3 370.5 370.2
130 404.1 403.5 403.1 130 390.9 390.1 390.0
140 422.8 4222 421.8 140 410.5 409.7 409.8
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H-Z 4, Cockpit Simulator A}

24 53 A}o] Z
2.3GHz HAE-F
cpuU Intel Core 1= VlG(L)/’Sl(“")
HEZEE Y]e -8 K = - 4
d=2 Al PXle=8139 3610QE /130(H) mm
A gF #31 8GB/s
. 5 hybrid slots o i
A NI PXIe-1078 |- 3 PXI Express slots /Zlif%;)’/‘%aﬁ(“)
ARy g E #1 1GB/s LAH) mm
Ad 8 (isolation ¥&)
s A%, A7
44 5y Ao 24 ,
_ — — 160(L)/ 100CW)
NI PXIe-4300 ,%1% _/‘%E 250 1\%/; /O(H) mm
#Hd) A B9 0~300V
Analog #Ha2 Ad #HY 575 L
Input FE= R B
A 32 (abs Ad)
=74 B9 kL
NI PXe-4353 | 24 gl FEET l@()(L)/l()()(\\ )
/O(H) mm
AE &5 90 /s
27
s 4 H4 +-80mV
Ad 8(7h-El/EfelH)
EED 74 Az, F9+
74(?3 E}OT 7HH7J. 7éc‘>_. o
NI PXI-6624 ﬂ o E 160(L)/ 100CW)
#Hoj&a2z F34 | 20 MHz /O(HD) mm
Digital 4= HY 0~48%
Yo 2 49 822 |1 vlojaz2
48 Ad 32
=9 A 32 r
NI PXI-6514 E = 160(L)/ 100CW)
=7 g9 R /O0(H) mm
A== B9 -30~30V
Ad 2
B | joemy | AL PXI- | wjma 128 Mbytes(channel | 160(1)/100(W)
A=k = 0 C1553 buffer RAM) /O(H) mm
z =g 3U Hybrid Slot
B Compatible PXI E&
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B2 5 AoAR 29 A%

Type A& | Seal | LED | LED
Y A9 | Aoz | Ad | A%
A 0/5V
S/W1 | MASTER | ON-OFF ooy | SPST 25mm
2914 DC
DCRANK- | A 0/5V
5/W2 | CRANK SPDT
WCRANK | 2915 pc |1
IGN-NORM | A€
5/W3 | MODE © ) 0/5v 25mm
AL-CRANK | 2$]%| DC
e 0/5V
W4 - 2303
S/ WOW ON-OFF B Z%% DC 25mm | 5V Green
CHA-AUTO | A¢ 0/5V
5/W5 | CHNNEL SPTT
-CHB 29]%] DC 10mm
5 0/5V
W6 - 2303
S/ MCD ON-OFF w7 B! DC 25mm | 5V Green
COCK e 0/5V
S/W7 ON-OFF %333
/ PWR 2 3% | oo 25mm | 5V Red
EECU 5 220V 220V
S/W8 ON-OFF %333
/ PWR RE 8% L ac | MM | pc | Red
ENG TE 0/5V
5/W9 ON-OFF %333
/ PWR wy s DC 26mm | 5V Red
SW SIM e 0/5V
5/W10 ON-OFF %343
/ PWR wy s DC 26mm | 5V Red
ENG o
e 0
§/W11 | CTRL SW-HW o1ay | SPDT /5V 10mm
SEL 229 A DC
142

Collection @ chosun



,, ..
g1

o
[

143

Collection @ chosun



7. AW ANEH oY ALY

Enclosure 4U 19"-compatible  aluminium chassis, front-accessible
Height: 177.8mm (4U), 193mm including stand-up
Size feet, width: 440mm, 480mm including rack handles,
Chassis depth:  360mm, 400mm including handles
) 12kg (excluding I/O modules,  cables, and terminal
Weight
boards)
Power supply 400W, 100-240V, 50-60Hz, fan-less, zero-noise
Handles Two for desktop use, two for rack installation
Intel Core 2 Duo 2.13GHz or Intel Core 2 Duo
Processor
2.66GHz (option)
Form factor ATX
Chipset Intel 82945G and ICH7, 1066 MHz front side bus
Bus PCI, 32-bit/33MHz
Main Memory 2048MB DDR2 RAM
Board Drive support IDE/SATA (flash or hard disk device)
and CPU | Graphics VGA, integrated in chipset
USB 6 x USB 2.0
Parallel Ports AT bi-directional, EPP, ECP
Serial Ports 8 x RS232
BIOS American Megatrends® (AMI)
No. of PCI slots | 6 + 1 x PCI Express
FreeDOS / xPC Target kernel,  preinstalled on IDE
0S / RTOS )
CompactFlash Disc
Software i .
Utilities for kernel transfer, I[/O drivers and
Host PC
Simulink® test models for your selected 1/O modules
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5 10. AlE/AYE 4 R /O AT AR

Connecter Connecter

N.O P1 PN. D38999/ 26FE35PN(55) PLUG
Connecter Connecter

N.O P2 PN. D38999/26FE355N(55) PLUG EECU
Connecter AAR
N.O P3 | Connecter P.N D38999/26FH35PN(100) PLUG
Connecter Connecter

N.O P4 PN. D38999/ 26FH355N (100) PLUG
Connecter Connecter

N.O E1 PN. DMS3102A-36-73-P PLUG
Connecter Connecter

N.O E2 PN. MMS3102A-20-27-P PLUG
Connecter Connecter

N.O E3 PN. MMS3102A-20-27-P PLUG
Connecter Connecter

N.O E4 PN. MMS3102A-14S-2-P PLUG
Connecter Connecter

N.O E5 PN. DMS3102A-36-73-P PLUG
Connecter g6 | Gonnecter MMS3102A-20-27-P PLUG

N.O P.N. Mappiné g
Connecter 7 | Connecter MMS3102A-20-27-P PLUC | Box d&%
N.O P.N.

Connecter Connecter

N.O E8 PN. MMS3102A-14S-2-P PLUG
Connecter Connecter

N.O T1 PN. MMS3102A-125-3-P PLUG
Connecter Connecter

N.O T2 PN. MMS3102A-125-3-P PLUG
Connecter Connecter

N.O T3 PN. MMS3102A-125-3-P PLUG
Connecter Connecter

N.O T4 PN. MMS3102A-125-3-P PLUG
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HE 11. A@AZAA 715A13 A7 (Channel A)

. A% (M8H3)

NO. | AARHE 2 AP A4
= T4 P = 10 | a3
. Master Digital OV<X<2.6V(ON) 0.698 | 0.699 | 0.698
(0/5V, F5+10%) | Multimeter 2.6V<X<5V(OFF) 405 | 405 | 405
IGN OV<X<2.6V(ON) 0.702 | 0.703 | 0.701
2 DCRANK OV<X<2.6V(ON) 0.684 | 0.684 | 0.684
WCRANK Digital OV<X<2.6V(ON) 0.69 | 0.6% | 0.6%
Multimeter | [GN | 26V<X<5V(OFF)| 48 | 48 | 48
3 NORMAL DCRANK |26V<X<5V(OFF)| 48 | 48 | 48
WCRANK |26V<X<5V(OFF)| 48 | 48 | 48
A WOW Digital OV<X<2.6V(ON) 0.704 | 0.704 | 0.704
(0/5V, F5+10%) | Multimeter 2.6V<X<5V(OFF) 48 | 48 | 48
CH A N OV<X<2.6V(ON) 07 | 07 | 07
5 | oy a | CHAUTO Mggfnﬂer OV<X<2.6V(ON) 0692 | 0.692 | 0.692
Discrete CH B OV<X<2.6V(ON) 0.690 | 0.690 | 0.690
‘ = OFCsts Digital OV<X<2.6V(ON) 0142 | 0.141 | 0.141
(0/5V, F5+10%) | Multimeter 2.6V<X<5V(OFF) 421 | 422 | 422
; FFCsts Digital OV<X<2.6V(ON) 0141 | 0.141 | 0.141
(0/5V, Fs+10%) | Multimeter 2.6V<X<5V(OFF) 486 | 487 | 487
8 OLLsts Digital 0V<X<2.6V(ON) 0.146 | 0.145 | 0.146
(0/5V, F5+10%) | Multimeter 2.6V<X<5V(OFF) 444 | 451 | 446
0 FMVsts Digital OV<X<2.6V(ON) 0.007 | 0.007 | 0.007
(0/5V, F5+10%) | Multimeter 2.6V<X<5V(OFF) 5.004 | 5004 | 5004
0 FSVsts Digital OV<X<2.6V(ON) 0.007 | 0.007 | 0.007
(0/5V, F5+10%) | Multimeter 2.6V<X<5V(OFF) 5.004 | 5004 | 5003
" OSOVsts Digital OV<X<2.6V(ON) 0.007 | 0.006 | 0.007
(0/5V, F5+10%) | Multimeter 2.6V<X<5V(OFF) 5.003 | 5.003 | 5.004
_ 29 (MEHs)
NO. | BAEE A A o CEE
1 GPcmd DC Power 0V<X<2.6V 0 0 0 0
(FS+10%) Supply 2.6V<X<5Y 1 1 1 |1
13 FMVemd DC Power 0V<X<2.6V 0 0 0 0
(FS+10%) Supply 2.6V<X<5Y 1 1 1 |1
14 FSVemd DC Power 0V<X<2.6V 0 0 0 0
CH AT (msr10%) Supply 2.6V<X<5Y 1 1 1 1
15 | Pisrete FTO80Vemd | DC Power | OV<X<26V 0 0 [ 00
! (FS+10%) Supply 2.6V<X<5Y 1 1 1 |1
16 SGstart DC Power 0V<X<2.6V 0 0 0 0
(FS+10%) Supply 2.6V<X<5Y 1 1 1 |1
17 SGmode DC Power OV<X<2.6V 0 0 0 0
(FS+10%) Supply 2.6V<X<5V 1 1 1 |1
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=A7) S
NO AEE A | A 7 HROISES gy
0V 0001 | 0001 | 0.001
PS3 Dicital 25 V 25 2502 | 2502
18 010V, |y e 5 V 5002 | 5001 | 5001 | OK
FS+10%) mete 75 V 7501 | 7501 | 7501
10V 10.002 | 10002 | 10.002
0V 0001 | 0001 | 0.001
PO Dicital 25 V 2501 | 2502 | 2502
19 00V, | S 5 V 5002 | 5001 | 5002 | OK
CH A S+10%) meter 75 V 7501 | 7501 | 7501
o1 10V 10.001 | 10001 | 10.001
=35 0 V 0002 | 0002 | 0.002
=5 PFuel Dicital 25 V 2502 | 2503 | 2503
20 010V, |y e 5 V 5002 | 5002 | 5002 | OK
FS+10%) mete 75 V 7501 | 7501 | 7501
10V 10.001 | 10001 | 10.001
0V 0001 | 0001 | 0.001
POl Dicital 25 V 2501 | 2501 | 2501
21 00V, | S 5 V 5001 | 5001 | 5001 | OK
S+10%) meter 75 V 7501 | 7501 | 7501
10 V 10.001 | 10001 | 10.001
oV 0mV 0 0
T6 Dicital 25V 85mvV_| 85 85
2 O~ mV, = 5V 171mV_| 171 171 | OK
Fse10%) | Multimeter 75V BV | 256 | 257
10V 342mV | 347 34.2
Dicital oV 0mV | 0mV | OmV
Multoter 25V 37mV_| 3.7mV | 3.7mV
e 5V 74mV_| 74mV | 74mV | OK
CH A Voltage(OV) 75V 1110V | 111mV [ 11.1mV
ofE ] & 10V 14.9mV_| 14.9mV | 14.9mV
=5 Digital oV ZAnV | 740V | 7.4mV
= T0 Mot 25V B37mV_| 370V | 37mV
23 0~ mV, Roforenca 5V 0mV_ | OmV_| OmV_| OK
FS+10%) | o jioonry 75V 37mV_| 37mV | 37mV
oltage(5V) 10V 74mV | 74mV | 7.4mV
Dicital oV 149mV | -149mV | -149mV
Multoter 25V LIV [ A1ImV [ 11ImV
Reforonoe 5V Z4mV_| -74mV | 74mV | OK
Voltage(10V) 75V SB7mV | -3.7mV | -3.7mV
& 10V 0mV_ | OmV | 0mV
ov 0mV | 0mV | OmV
Mglit%italt 25V 37mV | 37mV | 3.7mV
meter
e 5V 74mV | 74mV | 74mV | OK
Voltage(OV) 75V 111nV | 111mV | 11.1mV
10V 149V | 14.9mV | 149mV
ov 74mV | -74nV | 74mV
CH A TFuel Digital 25V 37V | B7mV | 37mV
% jobgerl (0 mV, Muttimeter 5V oV | OmV | O0mV | OK
=5 08 Volgev) 75V 37nV_| 37mV | 37mV
10V 74mV 74mV | 74mV
B ov 149mV | -149mV | -149mV
Mgt?nﬁer 25V A11mV | ALV | 11V
Reference 5V Z4mV | -74mV | 74mV | OK
Voltage(10V) 75V 37V | B7mV | 37mV
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10V OmvV OmV | OmV
Dicital oV OomvV OmV_ | OmV
Mult?mter 25V 3.7mV_| 3.7mV_| 3.7mV
e 5V 74mV | 74mV | 74mV | OK
Voltage(0V) 75V TImV | 11.1mV | 11.1mV
3 10V 149mV | 14.9mV | 14.9mV
Digital Y Z4mV | 74mV | 74mV
CH A TOil M ult? ; 25V 37mV | 3.7mV | 3.7mV
2% o=@ (0~ mV, meter 5V 0mvV 0OmV_ | 0mV | OK
24 gsm%) Reference 75V 37mV | 37mV | 3.7mV
Voltage(5V) 10V 74mV | 74mV_ | 74AmV
Dicital Y 2149mV | -14.9mV | -14.9mV
Mult?mter 25V A1ImV | AL1mV | 1L.ImV
e 5V 74mV | 74mV | 74mV | OK
Volta e(lOV) 7.5V -3.7mV -3.7mV -3.7mV
3 10V OmV OmV | OmV
Dl Y OmV_| OmV | OmV
M ult?mter 25V 63.4mV | 634mV | 63.4mV
Reforone 5V 126.8mV | 126.8mV | 126.8mV | OK
Voltage(OV) 75V 190.2mV | 190.2mV| 190.2mV
3 10V 253.6mV | 253.6mV | 253.6mV
Dicital Y -126.8mV |-126.8mV| -126.8mV
CH. A TSG Mult?mter 25V 633mV | 63.3mV | 63.3mV
2% |oPdEI| (0~ mV, 5V OmV | OmV | OmV | OK
T | ISH0%) | perence 75V @.4mV | 634mV | 63.4mV
oltage(5V) 0V 126.8mV | 126.8mV | 126.8mV
Digital Y 253.6mV |-253.6mV| -253.6mV
M ult?mter 25V 2190.2mV |-190.2mV| -190.2mV
Reforone 5V -126.7mV |-126.7mV| -126.7mV | OK
Voltage(10V) 75V 633mV | 633mV | -63.3mV
3 10V OmV | OmV | 0mV
0 V 0001 | 0001 0.00
CPeur Dicital 25 V 2500 | 2500 | 2500
27 %osqo v, Mulfmter 5 V 5001 | 5001 | 5001 | OK
CH. A +10%) 75 V 7501 | 7501 | 7.501
opdg 10 V 10.001 | 10.001 | 10.001
=9 PLA 4 mA (IDLE) 4082 4081 4.081
o8 (4~20mA, Digital 168 mA (MCR) | 16852 | 16738 | 16684 |
FS+10%) Multimeter 184 mA (MCM) 18275 | 18288 | 18.285
0% 20 mA (TOP) 19553 | 19559 | 19.56
NH 1 Hz 1009 | 1011 | 1011
- O AlD r 5 500 Hz 503.9 | 503.9 504
» L e N £ 700 VB C M OB
0% 2000 Hz 19% 19% 199
NF 1 Hz 1011 | 1.010 | 1011
- O AlD r 5 500 Hz 504 503.8 504
30 O SARZIE 00y o8 | oy | o8 | K
0% 200 Hz 2169 2169 272
1 Hz 1 1 1
CH A |  FPMspd _ 500 Hz 500 500 500
31 |opd® (0~20000Hz, RAZ AT 1000 Hz 1000 1000 1000 | OK
=2 F5+10%) 000 Hz 2000 | 2000 | 2000
1 Hz 1 1 1
OPMspd B 500 Hz 500 500 500
32 (0~20000Hz, QAR AT 1000 Hz 1000 1000 1000 | OK
F5+10%) 2000 Hr 2000 | 2000 | 2000
Kspd oy 2 bt bt 0
. . 3 Hz 3 3 3001
3 O SAREIE 000 Hy 6002 | 602 | o2 | K
ar 9000 Hz 9006 9006 9006
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200 Hz | 12010 | 12010 | 12010
—— 0% 3998 | 3098 [ 3998
% ety o | PWM 60% 5098 | 5098 | 5098
Ry Generator 80% 7998 | 7998 | 799
) %% 5% | B% | 5%
0% 3997 | 9. 3997
5 | oirey | oaend PWM 60% 5098 | 598 | 5998
g | (Duty Kato | Generator 80% 7998 | 7998 | 7998
Ch ) %% I
o 0% 3997 | 3097 | 3997
% nd | Pwm 60% 5098 | 5098 | 5998
(Duty X Generator 80% 7998 | P98 | 7998
) 9%% %958 | B8 | 95B9RB
151

Collection @ chosun



Collection @ chosun

25 12. A8%A 715AE ZF(Channel B)

NO.| AR WA | b 7Nk o DR IR gy
Master Digital | OVX26VON) | 0698 | 0.6 | 06%

1 RV | Multimeter | 26VX<SVOFR) | 405 | 405 | 405 K
ICN OVX<ZEVION] | 0702 | 0703 | 0701

2 DCRANK OV<X<Z6V(ON) | 0684 | 0.684 | 0684 | OK
WCRANK OV<X<Z6V(ON) | 0696 | 0.69 | 0.6%
Digial | TGN |20VIEVO 45 48 48

Multimeter | 3R 3 67<X<5V(0

3 NORMAL 1% 48 48 48 | OK
| VRSVO) 48 48 48
WOW — OV<X<ZGV(ON) | 0704 | 0704 | 0704

4 0/5V Digital oK
ARGy | Multimeter | 26VXSVOFP) | 48 48 48
CH A Diata] | OVEX26VON] | 07 07 07

5 | oup _cauro | Dl oveevion 062 |06 | 069 | 0K
. CH B OV<X<Z6V(ON) | 0690 | 0.600 | 0,69
D%“Qte OFCsts Digital OV<X<26V(ON) | 0142 | 0.141 | 0.141

6 Ry | Multmeter | 26VX<SVORR) | 421 | 422 | 42 (K
FFCots Digital | OVX<26VON) | 0141 | 041 | 0141

7 (| Multimeter | 26V<X<SVORR) | 486 | 487 | 487 | K
OLLsts Digital | OVX26VON) | 0146 | 045 | 0146

8 Ry | Muldmeter | 26VX<SVORR) | 444 | 451 | 446 | K
FMVsts Digital | OV<X26VIONl | 0007 | 0007|0007

? Gy | Multimeter | 26V<X<SVOFR) | 5004 | 5004 | 5004 | K
TSVsts Digital | OVX26VON) | 0007 | 0007 | 0007

10 Ry | Multimeter | 26VX<SVOFR) | 5004 | 5004 | 5003 | K
OBOVsts Digital | QVEX26VON) | 0007 | 0.006 | 007

1 Gy | Multimeter | 26V<X<SVOFR) | 5005 | 5005 | 5004 | K

NO. AR A b e R

1 GPcmd DC Power| 0V<X<2.6V 0 0 0 0 OK
(F5+10%) | Supply | 26V<X<5V | 1 1 1 1

13 FMVemd | DC Power| 0V<X<2.6V 0 0 0 0 OK
(F5+10%) | Supply | 26V<X<5V | 1 1 1 1
FSVemd | DC Power| 0V<X<2.6V 0 0 0 0

M SED | Fs10%) | Supply | 26VeX<aV |1 1 1 1 | 9K

15 P OSOVemd | DC Power | 0V<X<2.6V 0 0 0 0 OK
S5 (FS+10%) | Supply | 26V<X<5V |1 1 1 1

& SCstart | DC Power| OV<X<26V |0 0 0 0 | o
(F5+10%) | Supply | 26V<X<5V | 1 1 1 1

17 SCmode  |DC Power| 0V<X<2.6V 0 0 0 0 OK
(F5+10%) | Supply | 26V<X<5V | 1 1 | 1 | 1

NO. AR wA | b 7Nk B PISHE gy

5| CHB PS3 Digital 0V 0001 | 0001 | 0001 | oy
o] (010 V, | Multimeter 25 V 25 | 250 | 250
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5 V 5002 | 5001 | 5.001
FS+10%) 75 V 7501 | 7501 | 7.501
10 V 10002 | 10.002 | 10.002
0 V 0001 | 000l | 0.001
Po Dicital 25 V 2501 | 2502 | 2502
19 0~10 V, o 5 V 5002 | 5001 | 5002 | OK
Fo+10%) | Multimeter 75V 7500 | 7501 | 7501
10 V 10001 | 10.001 | 10.001
- 0 V 0002 | 0002 | 0.002
=5 PFuel Dicital 25 V 2502 | 2503 | 2503
20 0~10 V, St 5 V 5002 | 5002 | 5002 | OK
S+10%) | Multimeter 75V 7501 | 7500 | 7501
10 V 10001 | 10.001 | 10.001
0 V 0001 | 0001 | 0.001
POl Dicital 25 V 2501 | 2501 | 2501
21 010V, |, ultigl " 5 V 5000 | 5001 | 5001 | OK
FS+10%) meter 75 V 7501 | 7501 | 7.501
0 V 10.001 | 10.001 | 10.001
oV OmV 0 0
T6 Dicital 25V 85mV | 85 85
» 0~ mV, 3t 5V 171mV | 171 171 | OK
S+10%) | Multimeter 75V 57V | 256 | 257
10V 3M2mV | 342 342
Digital ov OmV OmV 0mV
M ult?mter 25V 37mV_| 3.7mV_| 3.7mV
Roforemco 5V 74mV | 74AmV | 74mV_| OK
CIL B Voltage(0V) 75V T1ImV | 11.1mV | 11.1mV
o & 10V 14.9mV | 149mV | 149mV
e Digital oV ZAmV | 74mV | -74mV
=5 T0 M ultigl or 25V 37mV | 3.7mV | 3.7mV
3 0~ mvV, Rol et 5V 0mV_ | 0mV | 0mV | CK
S+10%) on(5V 7.5V 37mV | 3.7mV_| 3.7mV
Voltage(5V) Tov 74mV | 74mV | 74AmV
Dl Y -14.9mV | -149mV | -14.9mV
M ult?mter 25V 11ImV | A1ImV | 11.1mV
Roforemco 5V 74mV | 7AmV | -74mV | OK
Voltage(10V) 7.5V B.7mV | B3.7mV | 3.7mV
3 10V 0mV 0mV 0mV
Digital oV 0OmV | OmV | OmV
Multimeter 25V 3.7mV | 3.7mV | 3.7mV
Reforonce 5V 74mV | 74mV | 74mV | OK
Voltage(0V) 75V 11AmV [ 11.1mV [ 11.1mV
8 10V 14.9mV | 14.9mV | 14.9mV
Digital ov -74mV | -74mV | -74mV
CH. B TFuel S 25V 3.7mV | -3.7mV | -3.7mV
24 |oFdE7| (0~ my, | Multimeter 5V OmV | 0mV | OmV | OK
59 | Toxi0%) | Reference 75V 3.7mV | 3.7mV | 3.7mV
Voltage(5V) 10V 74mV | 7.4mV | 74mV
Dicital oV 14.9mV | -14.9mV | -14.9mV
Mult%meter 25V AL ImV |- 11.1mV |- 1L.1TmV
Reforonce 5V 74mV | -74mV | -74mV | OK
Voltage(10V) 7.5V 3.7mV | 3.7mV | -3.7mV
8 10V 0omV | OmV | O0mV
Digital ov OmV OmV 0mV
M ult?mter 25V 37mV_| 3.7mV_| 3.7mV
. 5V 74mV | 74AmV | 74mV_| OK
CH. B TOIl Reference 75V 111
oIk » . AmV | 1T1.1mV | 1T1.1mV
B |orggs | (- | Voltage(OV) 0V 149mV | 149mV | 14.9mV
=3 S5+10%) Digjtal 0V 74V | 7AmV | 74mV
Multimeter 25V B.7mV | B3.7mV | B3.7mV | OK
Reference 5V 0mV OmV 0mV
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7.5V 37mV | 3.7mV | 3.7mV
Voltage(5V) Tov 74V | 74AmV | 74AmV
Dicital oV 14.9mV | -14.9mV | -14.9mV
M ult?mter 25V I1ImV | ILImV | 1LImV
R 5V 74V | 74mV | 74mV | OK
Voltage(10V) 7.5V B.7mV | 3.7mV | 3.7mV
3 10V omV | OmV | 0mV
Dicital Y omV [ 0mV | 0mV
Mult%meter 25V 63.4mV | 63.4mV | 63.4mV
R famete 5V 126.8mV | 126.8mV | 126.8mV | OK
Voltage(0V) 75V 190.2mV | 190.2mV | 190.2mV
g 10V 253.6mV | 253.6mV | 253.6mV
Digital 0V -126.8mV|-126.8mV|-126.8mV
2% O%EBJ 0n ng, Multimeter e o S Y oK
=9 SE10%) | Voliago(5Y 75V 63.4mV | 63.4mV | 634mV
oltage(5V) 10V 126.8mV|126.8mV | 126 8mV
Diital v -253.6mV|-253.6mV|-253.6mV
Myl o 25V -190.2mV|-190.2mV|-190.2mV
R famete 5V -126.7mV|-126.7mV|-126.7mV| OK
Voltage(10V) 75V -63.3mV | -63.3mV | -63.3mV
5 10V 0mV 0mV 0mV
0 V 0.001 0.001 0.00
GPeur Dicital 25 V 2500 2500 | 2500
27 010 V, | g 5 V 5.001 5000 | 5001 | OK
CH. B S+10%) mete 75 V 7.501 7500 | 7501
ofdw 1 10V 10.001 | 10.001 | 10.001
=4 PLA 4 mA (IDLE) 4195 4192 4184
- o Digital | 168 mA (MCR) | 17104 | 17001 | 16947 |
S +1:0n(7u )” Multimeter |184 mA (MCM) | 1857 18.595 18.584
0% 20 mA (TOP) | 19957 | 19955 | 19.923
N 1 Hez 1009 | 1011 | 1.011
- oAl 500 Hz 5089 | 5039 504
2 A It N ) VR 0 Y M/ B 7 M
0% 2000 Hz 199% 199% 1995
NF 1 Hz 1.011 1.010 | 1011
- oAl 500 Hz 504 503.8 504
30 (0%23(1)8/})& SARSIE e, 98 o977 | 9w | K
0% 200 Hz 2169 2169 2172
FPMspd 5(1)0 i 5(1)0 5(1)0 5(1)0
P Hz
S| ghy | 02000 Hr, | SARSSEL 1000 He 1000 | 1000 | 1000 | OK
S| T5110%) 2000 Hz 2000 | 2000 | 2000
oMo 1 Hz 1 1 1
p 500 Hz 500 500 500
32 (0~2000 Hz, | QARSSIZ9000  He 1000 | 1000 | 1000 | OK
F5+10%) 2000 Hz 2000 | 2000 | 2000
1 Hz 1 1 1
SGspd 3000 Hz 3001 3001 3001
33 (0~1200% Hz, |@AZ 232 6000 Hz 6002 6002 6002 | OK
FS+10%) 9000 Hz 9006 9006 9006
12000 Hz 12010 | 12010 | 12010
40% 3998 | 3998 | 3998
2 FPMCIQI;%O PWM 60% 98 | 998 | 998 | 4
CH.B 5?%(7) Generator 80% 7998 | 7998 | 7999
ofrz o 9% %98 | %99 | 9598
&0 P 40% 3997 | 2997 | 3997
- = e | M 60% 5998 | 5998 | 5098 |
5?%(7) Generator 80% 7998 | 7998 | 7998
o 9% %98 | BB | 9598
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cond 0% 3997 | 3097 | 3997
% (Outy Ratio | PWM 60% 3098 | 5998 | 5998 | y
5?%(7) Generator 80% 7998 | 7998 | 7998
o %% %598 | BB | 9598
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BE 13, AFEAA AHH o2 H AFAE ZIF(Channel A)
NO. | A= 74 PEJARIES Sz S (AEHE) B
. = <] = = o d T HA Xl X2 X?) 1l
1 Master MASTER ON ON ON ON OK
(ON/OFF) Switch OFF OFF OFF OFF
IGN (ON) ICGN ICGN ICGN ICGN
DCRANK DCRANK ~ |DCRANK DCRANK DCRANK
2 (ON) MODE OK
W%Q)NK Switch WCRANK  WCRANKWCRANKWCRANK|
3 N?g%AL NORMAL  |NORMALNORMALNORMAL] OK
4 WOW WOW Ground Ground | Ground | Ground OK
(ON/OFR Switch Flight Flight Flight Flight
CHA CH A CH A CH A CH A
CHANNEL CH AUT|CH AUT |CH_AUT
5 CH A CH AUTO Switch CH _AUTO O O O OK
Discrete CH B CH B 5 C]CH Bd C]CH Bd CICH Bd
=5 . Discrete, ogge: ogge: ogge:
6 = %I;%S\/t)s SirElr':?lgt%r Discrete, 1 Not Not Not OK
’ clogged | clogged | clogged
. Discrete, 0 Clogged | Clogged | Clogged
7 %:/%S\t/i SirElr':é,lnt?)r Discrete, 1 Not Not Not OK
’ clogged | clogged | clogged
. Discrete, 0  |Low oillow oillow oil
OLLsts Engine -
8 h , FEn FEn En K
©/5V) | Simulator | Discrete, 1 ough | Enough | Enough | O
9 FMVsts Engine Discrete, 0 Open Open Open | -
0/5V) Simulator Discrete, 1 Closed | Closed | Closed
10 F5Vsts Engine Discrete, 0 Open Open Open_ |
0/5V) Simulator Discrete, 1 Closed | Closed | Closed
11 O60Vsts Engine Discrete, 0 Open Open Open_ |
0/5V) Simulator Discrete, 1 Closed glosed Closed
NO| AARE | 74 AP NER s el R ey
Engine | Discrete, 1 | GP ON | GP ON | GP ON | GP ON
12 CPamd | g lator | Discrete, 0 | GP OFF | GP OFF | GP OFF | GP OFF | 0K
Engine | Discrete, 1| Open Open Open Open
13 EMVemd | 51 lator | Discrete, 0| Closed | Closed | Closed | Closed | OX
Engine | Discrete, 1| Open Open Open Open
) S A | Verd gindator | Discrete, 0 | Closed | Closed | Closed | Closed | K
P Engine | Discrete, 1| Open Open Open Open
15 w8 | O80Vemd | g Glator | Discrete, 0| Closed | Closed | Closed | Closed | 9K
Engine | Discrete, 1| Start Start Start Start
16 SCstart Simulator | Discrete, 0 | Stop Stop Stop Stop OK
Engine | Discrete, 1 |GeneratorGeneratorGenerator|Generator
17 SGmode Simulator | Discrete, 0 | Starter | Starter ! SLtarter - Starter | K
- =xZ A JEJ-14 o .
NO. | AAEE | #A | Ay & R PISHE gy
0 bar(0.000V) 0.001 0.001 0.001
1 bar(1.667V) 1.001 1.001 1.001
CH A PS3 Engine 2 bar(3.333V) 2.000 2.001 2.000
18 otz O~6bar, Simulator 3 bar(5.000V) 3.000 2.999 3.000 | OK
i S+1%) (0~10V) |4 bar(6.667V) 399 | 4000 | 399
= 5 bar(8.333V) 4998 | 499 | 49%
6 bar(10.00V) 599 5.998 5.999
19 0 Engine 0.8  bar(0.0V) 0.800 0.800 0.800 | OK
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09  bar(25V) 0900 | 0900 | 0.90
(0.8~1.2bar, |Simulator| 1.0 bar(50V) 1000 | 1.000 | 1.000
FS+1%) | (0~10V) | 11  bar(7.5V) 1100 | 1100 | 1100
12 bar(10V) 1199 | 119 | 119
0 Eii?o% 0011 | 0012 | 0010
. 5 2 5019 | 5018 | 5020
0 Fhuel | Hngine 0 par(ay) 10021 | 10023 | 10022 | 5
Sy | oeiow 15 bar(6V) 15008 | 1502 | 15027
1% 20 bar(8V) 20029 | 20030 | 20.028
% bar(10V) 24999 | 2499 | 2499
00 bar(0.0V) 0004 | 0003 | 0004
POl Engine | 25 bar(25V) 2506 | 2507 | 2507
21 0~10bar, |Simulator| 50 bar(50V) | 5009 | 5010 | 5009 | OK
S+1%) | (0~10V) | 75  bar(Z5V) 7511 | 7512 | 7512
10 bar(10V) 999 | 999 | 999
-100C 999 | 998 | -1000
50T 500 | 500 | -499
0C 01 01 0.0
50T 500 | 499 | 499
100°C 1001 | 1002 | 1001
150°C 1500 | 1500 | 150.1
200C 2001 | 2000 | 2001
250C 2500 | 2501 | 2501
300°C 3002 | 3003 | 3002
00C T a03 | a02 |03
Engine 400 4002 | 4 3
» | o (_120?1%50 ¢ | Simulator 450C 4502 | 4501 | 4500 |y
o oy (Signal 500C 5001 | 5002 | 5002
=9 FSil %)) Conditioni o
nditioning) 550C 550.1 500.2 560.1
600C 6001 | 6001 | 6002
650°C 6502 | 6502 | 6502
700C 7001 | 7001 | 7002
750C 7501 | 7502 | 7501
800°C 8001 | 8001 | 8002
850C 802 | 8503 | 802
900°C 9001 | 9002 | 9001
9B0C 902 | 9503 | 902
1000C 10001 | 10001 | 1000.1
1050C 10524 | 10524 | 10523
40T 400 | 399 | -40.0
30T 300 | 301 | -30.0
20C 200 | 201 | -200
10T 401 | 100 | -101
0C 0.2 0.2 0.3
10C 102 | 102 | 102
20T 198 | 198 | 198
. 0T 302 | 301 | 302
CH. A O ongne 40°C 403 | 401 | 401
B | obdET | (0-10T, Gotal 50°C 50.1 50.0 503 | OK
24 FH1%) | o lqgnal ) 60C 602 | 602 | 600
S 70C 701 70.3 701
80T 799 | 801 | 801
N0C 903 | 91 | 901
100C 1003 | 1003 | 1001
110°C 1100 | 1102 | 1102
120C 1201 | 1201 | 1202
130°C 1303 | 1301 | 1303
140°C 1400 | 1400 | 1402
CH A Thuel Engine 40°C 401 | 402 | -402
24 | ORdET | (40~140C, | Simulator 30T 302 | 202 | 301 | OK
=4 FS+1%) (Signal 20T 203 -20.0 201
157




0T 99 [ 99 [ -0
0C 02 01 01
10T 101 | 101 | 102
20T 203 | 202 | 203
30T 201 | 303 | 302
40T 400 | 400 | 402
50C 502 | 501 | 501
o 60T 602 | 602 | 601
Conditioning) 70C 701 | 701 | 701
80T 800 | 803 | 803
NC 01 | 901 | %2
100C 1001 | 1003 | 1001
1101C 1102 | 1103 | 1103
120C 1200 | 1201 | 1200
1301 1301 | 1301 | 1300
140 1400 | 1403 | 1402
40°C 403 | 403 | -401
20T 202 | 301 | 301
201 201 | 201 | 202
101 01 | 101 | 105
0C 03 03 01
10T 100 | 102 | 101
20C 201 | 203 | 201
. 30T 301 | 201 | 300
CH A TOl Ggine 40T 400 | 401 | 401
2% | oFgE | (40-140TC, l(fé} awor 50C 50.3 50.2 500 | OK
= Y conditioning |08 503 0800
801 802 | 800 | 800
0T 01 | 902 | %2
100C 1003 | 1002 | 1002
1101 1101 | 1101 | 1100
120C 1202 | 1201 | 1201
130C 1302 | 1301 | 1300
140°C 1402 | 1402 | 1403
37°C 368 | 368 | -368
20 201 | 302 | 301
201 201 | 202 | 02
101 01 | 100 | -101
0C 00 01 | 01
10C 99 99 | 100
20C 199 | 199 | 199
30T 300 | 299 | 299
20C 400 | 399 | 400
0T 600 | 99 | 599
Engine C ] . .
% | ofae ( Ao, | Sinulator 70C 7200 | 700 | 699 |
= Foe1%) (Signal 801 799 | 800 | 800
= L Conditioning) €NC 89.9 89.9 90.0
100C 99 | 99 | 98
1101 1100 | 1099 | 1099
120C 1200 | 1199 | 1199
301 199 | 1299 | 1300
140 1399 | 1399 | 1400
50 1499 | 1499 | 1499
160 1599 | 1599 | 1600
T0C 1699 | 1699 | 1699
180C 199 | 199 | 1799
190 1900 | 1900 | 1900
> | CHA TSG Fngine 200C 1999 | 2000 | 2000 |
ofd®1 | (40~240C, | Simdlator 2101 2100 | 2099 | 2099
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e
JE

FS+1%)

i
Conditioning)

220°C

s

2199

220.0

230C

3

g

2299

29

CH A
o2
=49

GPcur
0~13 A,
S+1%)

Engine
Simulator

(0~10V)

0A  (10V)

1A (9.231V)

2A  (8462V)

3A  (7.692V)

4A  (6.923V)

5A  (6.14V)

6A  (5.385V)

7A  (4.615V)

8A  (3.846V)

9A  (3.077V)

10A  (2.308V)

T1A  (1.538V)

12A  (0.7692V)

SR S| N|oy o [ua o= o

13 A0V

SIS B (oo uis |w N o

SIS B (oo uis |w N o

13

OK

PLA
(0~100,
FS+1%)

Cockpit
Lever

Power] MCR

IDLE  (0~5)

IDLE

IDLE

IDLE

(72~78)

MCR

MCR

MCR

MCM _ (87~93)

MCM

MCM

MCM

TOP

TOP

TOP

OK

30

CH A
opFE-1
=49

NH
(0~60,000 rpm,
FS+10%)

Engine
Simulator
(0~2000 Hz)

TOP  (97~100)
0

30.088

30.088

30.088

3000 rpm

3017.3

30174

3017.2

6,000 rpm

6034.6

6034.7

6034.2

9000 rpm

90159

9015.3

90157

12,000 rpm

12069.5

12069.1

120694

15000  rpm

15116.7

15117.0

151175

18,000 rpm

18031.1

18031.5

18031.2

21,000  rpm

21078.3

210789

21079.2

24000 rpm

24133.1

24136.5

24134.5

27000  rpm

27203.1

272025

272014

30,000  rpm

30535.1

30534.2

30533.2

33,000  rpm

33250.1

33249.5

34248.8

36,000 rpm

36493.2

3649.3

36495.1

39,000  rpm

3937.1

39376.5

39376.1

42000 rpm

41564.1

41564.5

41563.1

45000 rpm

45343.1

45342.1

45344.1

48,000 rpm

48269.1

48270.1

482713

51,000  rpm

51601.1

516004

51599.6

54000 rpm

44221

544213

54423.1

57000 rpm

5758563

57541

57556.3

60,000 rpm

59858.5

59857.3

59856.6

OK

31

CH A
o2
=49

NL
(0~60,000 rpm,
FS+10%)

Engine
Simulator
(0~2200 Hz)

30 rpm

30.0

30.0

30.0

3000 rpm

3014.9

3015.1

3014.8

6,000 rpm

6029.9

6029.6

6030.2

9000 rpm

9067.3

9067.3

9066.7

12,000  rpm

12060.1

12060.8

12061.2

15000 rpm

150150.8

150151.3

1501514

18,000  rpm

18004.2

18005.2

18005.5

21,000 rpm

21056.6

21065.8

21067.1

24,000  rpm

24358.5

24359.1

24358.6

27000  rpm

27006.3

27000.8

27005.5

30,000  rpm

30299.1

30300.2

30300.5

33,000  rpm

32691.5

3269%0.5

32692.5

36,000 rpm

35493.5

35494.2

354925

39000  rpm

38820.5

38821.1

38820.1

42,000 rpm

41408.3

41409.5

414102

45000 rpm

44366.5

44367.5

44366.1

48,000 rpm

47780.1

47779.5

47778.5

51,000 rpm

51760.1

51761.2

51759.1

5,000 rpm

54010.2

H011.1

54010.5

57000 rpm

56466.1

56465.5

56467.2

OK
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60,000 rpm | 59157.2 | 591551 | 591535
100 rpm 786 787 785
1000 rpm | 9786 | 9787 | 9787
—— . 2000 rpm | 19787 | 1987 | 19/8.7
- 06, P Engine 3000 rpm | 29788 | 29789 | 29788
FS+10‘7§HL Simulator | 4000 rpm | 39788 | 3979.2 | 39788
5000 rpm | 49790 | 4991 | 49M.1
6000 rpm | 59796 | 59095 | 59796
7000 rpm | 69794 | 69796 | 69795
100 rpm 787 787 787
1000 rpm | 9787 | 9787 | 9787
OPMsnd . 2000 rpm | 19787 | 19787 | 1978.7
5| GHA 0% P Engine 3000 rpm | 29789 | 29789 | 29788
opd® FS+10‘7§HL Simulator | 4,000 rpm | 39788 | 39789 | 3992 | OK
e 5000 rpm | 49791 | 4979.0 | 4979.0
6000 rpm | 59798 | 5995 | 59799
7000 rom | 69793 | 6979.5 | 69M9.6
100 rpm | 1000 | 1000 | 1000
5000 rpm | 50025 | 5003.1 | 5003.2
10,000 _rpm | 100072 | 10007.8 | 10006.9
SCspd Eroine 15000 _rpm | 15010.6 | 15010.6 | 15010.6
34 (0~55,000 rpm,| oS 20,000 rpm | 200189 | 200195 | 20019.1
Simulator
FS+10% 30,000 rpm | 300312 | 300325 | 300321
40,000 rpm | 400471 | 400485 | 400475
50,000 rpm | 50059.8 | 50059.7 | 50060.2
55,000 rpm | 550725 | 550715 | 55073.5
5% 4.99 49.999 49.9;98
20% 19.98 | 19.97 | 19.
- (DEPMCHI;‘;IHO PWM 40% 39.99 | 3998 | 3998 | oy
Ly 96°%) Generator 60% 59.98 | 59.98 | 59.98
o 80% 7998 | 79.98 | 79.99
96% 9598 | 9599 | 95.98
5% 498 4.9998 49.9988
20% 19.98 | 19. 19.
26 | ey papMend. ) PwM 40% 3997 | 3997 | 3997 | oy
&= (ugz%(y atio Generator 60% 59.98 | 59.98 | 59.98
ks b) 80% 7998 | 7998 | 79.98
96% 95.98 | 9598 | 95.98
5% 499 | 497 | 498
SComd 20% 19.98 | 19.99 | 19.98
57 (Duty - Ratio . PWM 40% 39.98 | 39.97 | 3997 |
596%) Generator 60% 59.98 | 59.98 | 59.98
o 80% 7998 | 79.98 | 79.98
96% 95.98 | 9598 | 95.98
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5 14 AQAA AEFH ol =

AN

77
Master
(ON/OFEF)

o)
=

Ay
MASTER
Switch
MODE

dEA

13 Z 3 (Channel B)

OK

IGN
DCRANK
WCRANK
NORMAL

Ground

OK
OK

Flight

CH B
Clogged

CHA
CH AUTO

Switch

IGN
DCRANK
WCRANK

NORMAL

CH B
Clogged

Not clogged
Clogged

Ground
Flight

Not clogged
Clogged

Not clogex

NO.

WOW

CH B
Clogged

Not clogged

oil

CHA
CH AUTO

CHB
Not clogged

CH. B

Low
Enough oil

Low
Enough oil
Open

Qd
oil | o

IGN (ON)

DCRANK (ON)

WCRANK (ON)
NORMAL (ON)

Switch
CHANNEL

Switch

Discrete,
Clogged
Not clogged

ine
Discrete,
oil

Open
Closed

WOW
(ON/OFF)

CHA
CH AUTO

Engin
Simulator

Closed
Open
Closed

Open

c

Closed

Open
Closed
X3

Discrete,

CH B
OFGsts
(0/5V)

Engin
Simulator
Discrete,

Open
Closed
%k (AEHS)

GP ON

Engine
tor
Discrete,

x2

ON

Discrete
=
b |

IFGsts
0/5V)

Simula
Discrete,

0
1
Discrete, 0
Discrete, 1
0] Low
1| Enough oil
0 Open
1| Closed
0
1
0
1

GP

OFF

Discrete,

Engine
tor

Xl—_‘

ar

GP OFF
Open
Closed

e

OLLsts
(0/5V)

Simula
ine
Discrete,

X
GP

ON
OFF

Open

Open
Closed

Closed

FMVsts
(0/5V)

Engin
Simulator
ine | Discrete,
Discrete,

Gr
Open

Open

Closed

Engin
Simulator
b

o | 0N O

FSVsts
(0/5V)

Closed
Open

Open

Open
Closed
Start

Stop

Discrete, 1

_]_%

OS0OVsts
0/5V)

Discrete, 0

Closed
Open

Closed
Start

Engine
Discrete, 1
Discrete, 0

4
Simulgtor

Closed
Start

Stop

Generator
Starter

X3

Engine
Discrete, 1
Discrete, 0

GPemd
Simulgtor

Start

Stop

Generator
Starter

0.00
1.00

Engine

Discrete, 1

Stop

Generator|
Starter
A% (NSRS
xX2

NO.

11
AR

2.00
a

Simulgtor

Discrete, 0

0.00

3.00

FMVemd
Engine

Discrete, 1

Generaton
Starter

1.00

12

13
14

4.00

CH. B

15

Discrete
SE
H

FSVemd
Simulgtor

Discrete, 0

0.00
200

5.00

Engine

Discrete, 1

1.00
3.00

6.00

Simulgtor

OSOVemd
Engine

Discrete, 0
s

2.00
3.00

4.00
5.00

0.8

SCGstart

Simulator
ZAAH

4.00

6.00
09

0 bar(0.000V)
bar(1.667V)

5.00

0.8
1.0

SGmode

16

17

4
Engine
Simula

AN
(0~1

1
2 bar(3.333V)

6.00

09
1

K

OK

1

1.2
OK

0.8

1.0

0.01

tor

3 bar(5.000V)
4 bar(6.667V)

09

11

5  bar(8.333V)

1.0

1.2

501
10.02

ov)

6 bar(10.00)
0.8  bar(0.0V)

11
1.2

0.01
5.01

NO.

09  bar(25V)

0.01

10.02

10 bar(5.0V)

50

1

18

PS3
(O~6bar, F5+1%)

Engine
11

10

.02

bar(7.5V)
12 bar(10V)

bar(0V)

Simulator
0~10V)
0

PO
(0.8~1.2bar,
FS+1%)

(H B
opFE1
=&

=49

Engine

Simulator
(0~10V)

5  bar(2V)
bar(4V)

10

20

19
PFuel
(0~25bar,
FS+1%)

161
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B bareV) | 1506 | 1500 | 1505
20 bar(8V) | 2003 | 2003 | 2003
%5 bar(l0V) | 2500 | 2500 | 2500
0.0 bar(0.0V}| 0,00 0.00 0.00
POl Engine |25  bar(25V)| 251 251 251
bl (©~10bar, | Simulator [50 bar(50V)| 501 501 501 | OK
F5+1%) ©0~10V) (75 bar(75V)| 752 752 752
10 ber(10V) | 10 10 10
00C 001 | 1002 | 1003
50T 500 | 501 499
0C 0.1 02 01
50T 500 199 500
100C 1002 | 1002 | 1003
130C 1500 | 1501 | 1500
200C 200 | 2000 | 2001
20T 2500 | 2500 | 2501
300C 3000 | 3001 | 2999
350°C 3500 | 3500 | 3301
Engj 400°C 4001 | 4000 | 4001
2 | ofuen | (1201050 Simitlator 150 2500 | 4501 | 4500 | oy
S5t | (0T | signal 5001 5000 | 5001 | 4999
=4 *1%) Condifioning) 550C 5500 | 5501 | 5501
600C 6000 | 599 | 6001
630C 600 | 6301 | 6301
700C 7000 | 699 | 699
70 701 | 7500 | 7500
800°C 8000 | 8001 | 800.0
830 800 | 801 | 8500
00°C 900 | 899 | 90,0
9B0°C 9501 | 901 | 9500
1000C 10000 | 10000 | 10001
1050 10523 | 10524 | 1053
40C 400 | 401 401
30 300 | 300 299
20C 20 199 20
10C 99 98 100
0C 01 02 0.1
10C 99 98 99
20C 199 200 201
. 30°C 30.1 0.1 302
CH. B 0 ongine 40T 399 3996 400
23 | OFdET | (40~140C, lglglfafr 50C 50.1 50.1 502 | OK
=4 FS#1%) o, G a0 599 59.9 60.0
& T 70.2 70.1 70.2
80C 80.0 80.0 80.1
NC 0.0 0.0 89.9
100C 99 9.9 08
110C 198 | 1098 | 1099
120C 1200 | 1201 | 1201
130°C 101 | 1300 | 1301
138 1380 | 1381 | 1381
40°C 293 | -393 392
30C 297 | 297 | 98
20C 197 | 197 | 197
Engj 0T 96 97 97
I Simitlator 0C 04 04 04|
g5t GEIC | sigal 10T 105 104 105
=4 *1%) lcondifioning) 20T 202 201 201
30C 303 302 303
40T 404 404 404
50T 502 501 501
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60C 603 60.3 604

70C 70.1 0.1 70.1

80°C 799 7.9 80.0

0T 89.8 89.8 89.7

100°C 100.0 100.1 100.1

110°C 110.0 1099 109.9

120°C 1199 119.8 119.8

130°C 129.9 1299 129.8

140°C 140.0 1399 140.0

40T 39.7 39.7 39.8

30C 29.9 29.8 29.8

20C 199 200 199

10 99 -10.0 99

0C 0.0 0.1 01

10C 97 98 97

20T 199 19.9 198

. 30C 299 30.0 30.1

CH. B TOIl qngine 40C 399 39.9 398
2% | oPdR | (40-10T, (Sigral 50T 50.1 50.1 500 | OK

RUER ol 00 8 2

80C 80.2 80.1 80.1

N0C 90.1 90.1 9.0

100C 100.1 100.1 100.0

110°C 110.0 1099 110.0

120C 119.8 119.7 119.7

130°C 129.8 1299 129.8

140°C 139.2 139.1 139.0

37C 36.8 368 36.8

30C 30,0 299 30,0

20T 200 201 200

10T -10.0 99 -10.0

0C 01 02 01

10C 10.1 10.2 10.1

20C 200 20.0 201

30C 30.2 30.1 30.1

40T 401 401 401

CH. B TG Engine 50°C 50.0 50.1 50.0
% | OFdET | (40240, SI(IS‘}“lator 60C 60.1 60.1 601 | OK

=7 0, %

L ST conditoning——g0¢ a0 T A1 |01

0T 90.0 0.1 90.0

100°C 9.9 9.9 100.0

110°C 110.0 110.1 110.0

120°C 120.1 1200 120.1

130°C 130.0 130.1 130.1

140°C 139.9 1399 140.0

130°C 149.9 1499 150.0

160°C 159.9 160.0 160.0

170°C 170.0 1699 170.0

180°C 1799 1799 180.0

190°C 190.0 1900 190.0

Engine 200°C 200.0 2000 200.0
27 OC&EE_ 40{5251300(3 Simulator 210°C 210.0 210.0 299 | g

ot (Fsﬂy) ’ (Signal 20C 20.0 200 20.0

B *1%) |Conditioning)  230°C 230.0 2300 230.0
g | CH B GPcur Engine | 0A (10V) 0.05 0.05 005 |

opdE T 0~13 A, Simulator | TA  (9.231V) | 1.02 1.02 1.02
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2A (8462V) | 201 201 201

3A (7692V) | 301 3.01 301

1A (693V) | 400 4.00 4.00

A (6.154V) | 5.00 5.00 5.00

6A 55.385% 6.00 6.00 6.00

0 g 7A (4615 7.00 7.00 7.00

5+1%) O~10Y)  'ga  (3846v) | 800 800 800

2 9A _ (3.077V) | 9.00 9.00 9.00

= 10A  (2308V)]  10.00 10.00 10.00

TIA  (1538V)| 1100 11.00 11.00

A (07692V)] 1201 12.01 12.01

A (OV) | 1300 13.00 13.00

ra e LB
» 10 power Tever MOV (5799 MM | MM | MM | K

+1%) TOP (97~100) _ TOP TOP TOP

0 0 0 0

3000 rpm | 29% 299% 29%

6000 rpm | 5983 5983 5983

9000 rpm | 8958 8958 8958

12000 rpm | 11969 11970 11970

15000 rpm | 15114 15114 15114

18000 rpm | 18028 18028 18028

21,000 rpm | 21076 21076 21075

el 24000 rpm | 23752 28753 23752

CH. B NH Simﬁl‘;‘t% . [27000 rpm | 2672 26721 26723
30 owi:_ (0~60,000 rpm, (0~2,000 30,000 rpm | 29929 29929 29930 | OK

=9 FS+10%) ) 3,000 rpm | 33255 33255 33254

36000 rpm | 36500 36499 36500

39000 rpm | 39381 39382 39381

42000 rtpm | 41570 41569 41570

45000 rtpm | 45349 45348 45348

48000 rtpm | 48274 48075 48074

51,000 rpm | 51604 51605 51603

54000 rpm | 53447 53448 53446

57000 rtpm | 57559 57560 57558

60,000 rpm | 59861 59862 59862

Orpm 0 0 0

3000 rpm | 3015 3015 3015

6000 rpm | 6030 6030 6030

9000 rpm | 9001 9002 9002

12000 rpm | 11944 11944 11944

15000 rpm | 15149 15149 15149

18000 rpm | 17746 17746 17746

21,000 rpm | 20703 20704 20703

el 24000 rpm | 23888 23839 23888

CH. B NL Simé’lnt% . 127000 rpm | 27004 27004 27004
31 | oFZE 1 | (0~60,000 rpm, 02 %0 30000 rpm | 29576 29576 29576 | OK

=9 FS+10%) ) 33,000 rpm | 32689 32689 32689

36000 rpm | 34505 34505 34505

39000 rpm | 38818 38819 38819

42000 rtpm | 41406 41407 41407

45000 rtpm | 44364 44364 44364

48000 rpm | 47777 47776 47777

51,000 tpm | 51758 51758 51759

54000 rtpm | 54008 54009 54008

57000 rtpm | 56464 56463 56464

60,000 rpm | 59151 59152 59151

CH. B FPMspd - 100 rpm 9 100 100
32 | oPdE1 | (06, 667 m, | g é’f‘te 1,000  rpm 999 1000 1000 | OK

=9 F5+10*§§ MMUAOr 75000 rpm | 2000 2000 2000
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3000 rpm | 3000 3000 3000
4,000 rpm | 4000 4000 4000
5000 rpm | 5000 5000 5000
6000 rpm | 6000 6000 6000
7000 rpm | 7000 7000 7000
100 _rpm 9 100 100
7,000 rpm | 999 1000 1000
2000 rpm | 2000 2000 2000
- Ofg%g”;?d Engine | 3000 rpm | 3000 3000 3000
Forios | Simulator [74000 rpm | 4000 4000 4000
5000 rpm | 5000 5000 5000
6000 rpm | 6000 6000 6000
7000 rpm | 7000 7000 7000
100 rpm | 100 100 100
5000 rpm | 5002 5002 5002
10,000 _rpm | 10007 | 10007 | 10007
SGspd Engine | 12000 rpm | 15010 15010 15010
34 (0~35000 rpmy, | gy Toir (20,000 rpm | 20019 20019 20019
FS+10% 30,000 rpm | 30032 30032 30032
40000 rpm | 40047 | 40047 | 40047
50,000 rpm | 50059 | 50059 | 50059
5% 198 198 198
20% 19.98 1998 | 1998
- (DPLTI’MCRH;%O PWM 0% 09 | 098 | 3998 |y
5?%(7) Cenerator 0% 50.98 5098 | 5998
b 80% 79.98 7998 | 7999
%% %98 %9 | %598
5% 498 498 498
20% 19.98 1998 | 1998
6 | orrey (Sf Mand 1 pwm 40% 2097 | 097 | 3997 |y
&5 Ey Cenerator 60% 59.98 5098 | 5998
HE ) 80% 79.98 7998 | 7998
%% %98 %98 | 998
5% 498 498 498
20% 19.98 1998 | 1998
- (Dusfy“ﬁjﬁo PWM 40% 2097 | 097 | 3997 |y
5-96%) Generator 0% 59.98 5098 | 5998
b 80% 79.98 7998 | 7998
%% %98 %98 | 9598
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