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Abstract: The development of full authority digital engine control (FADEC) software, characterized by its
safety-critical nature, is a pivotal task in advancing control systems for large aircraft aero-engines. This study
tackles key challenges in requirement analysis and testing encountered during FADEC software development.
It introduces a formal modeling method based on the variable relation model (VRM) for specifying FADEC
software requirements that are initially described in itemized natural language. The work further investigates
techniques for automatically generating test cases from the resulting requirement model and demonstrates the
entire approach through a functional case study based on the start fuel control (SFC) software within a
FADEC system. The methodology encompasses: The structured preprocessing of natural language
requirements to build a domain concept repository ; the establishment of a formal modeling framework through
requirement standardization, the mmulti-paradigm analysis using the VRM, the automated test case
generation, and a critical analysis of domain-specific challenges in FADEC requirement modeling and
validation. This paper provides engineering experience for modeling and test of FADEC software require

ments.
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Fig.1 Development stages of engine control
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Fig.3 Structure diagram of the starting fuel control system
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Table 1 Examples of SFC requirement items

i RN

768 Speed _Threshold A 35 5 724 AT , 2 2504 Tl B G P T S /N7 B L3260 455 42 v 1 0

770 # Speed _Threshold==20 % , #5251 W5 FF 155 4= v 15 1

779 # Speed _Threshold=20 % , £ 5#% 25 kg/h i Itk HEA 740 R 32 it FE 8L
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781 DT AR % Speed _Threshold % 3 # 47 JF R JE o 0t 1 9T F 53

783 WAIIUAR 35 Tempt Al Pressure X 26 i i i dE T8 1E o

789 WA HE Tempt 8 1E R BN e i i HATIEIE

791 WhIIUAR Hi Pressure & 1E Z B0 FLfE R B A TIB 1E o
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Table 2 SFC sample requirement classification
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Table 3 Modeling elements of the SFC system domain
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Table 4 Standardization results of requirement 768

Condition Subject Value

opFuelFlow _Setpoint 0

ipSpeed _ Threshold<<20 . . .
opCLM _bStopValueCmd True
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Table 5 Standardization results of requirement 770

Event Subject Value
@T (ipSpeed _Threshold=  opCLM _bStopValue
False
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Table 6 Partial results of standardization processing for SFC system requirements

2 AL IE 5 ik
791 200 1 LU R &4, tMid_FuelFlow P2 1 % % & & Expression(A)
793 M3 2 LR &, tCompensation_Factor I fig %1% & 4 Expression(B)
M3 2 LR &1, tCompensation_Factor I fig %1% & A % 15 30 Expression(C)
797 20 L LR 44, tCompensation_Factor I (g% % & & # 142X Expression(D)
2405 /2 DL Z5 4, tFactor N R 5 % & i Expression(E)

800 200 L LU &4, tMid _StartSpeedGradientDem )i BE % % & 3¢ 5 3 Expression(F)
802 5 LR &4, tMid _StartSpeed GradientDem b fg 1% % & A Expression(G)
804 M LR & F, tMid _FuelFlow P2 1 fig %1% 4 Expression(H)
806 M LR & F, tMid _SpeedGradientDemKt [ GE % 15 & & Expression(I)
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Table 7 Parts of error types in SFC system modeling

and analysis
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%

IR 5 BRI L5 U A A i R R

26 REER AN 5 A A i AR o
R T FER IS 2 DU SAG AT , R 5 H
R 8 FRIE Y A DU A 2T i i (A iR
RO FEpRZEAL A T AR A, R AR PR e R
R 10 RS AL A DU AR A, B
FHR 11 FERS Y A VU S UAG A (A

12 BRURRAN A TSR A B S AR e

*8 SFCERKBSFERSEIT
Table 8 Statistical analysis results of the SFC require-

ment model

it H B

FeAR T KA 0

H A SEREERS R (B —TE ) 1
S — B RRDR O —5E0) 10
P — B O =7E0) 0
o o AR A R B I ) 20

iR (G B 25, dh SL AR U5 Sl T 4895 5t 5% H AL &5
KR ITE S, 5 TR Bk — 2D ik SE R 152 1Y)
FLIE B S, I 4 15 D DR R AT 43 T, A8 R R
R oR ok H IR A . R OM 1053 5145 1 T 48
B 12 P 152 28 1 It 4 B 4 2R o

F9 HELREFEHABE

Table 9 Detailed information of error 12
FEURSN A SR A i R A S Pk
FERE 7 : 2 tMid _ke
FER A AR IUE N T R AT AT AL A il 4 s A

TCfH
tExhaustStart Pressure_Inlet  Temp_Exhaust Mode
(—2000,13) (—2000,0.08) (—2000,13) M1
(—2000,13) (—2000,0.08) (13,2000) M2
(—2000,13) 0.08 (13,2000) M4
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Table 10 Detailed information of error 28
FERZER 5 MO SR 2, A i e M R R
F IR AE 7 : A opSpeedGradientDem

B P2 I A A 88k P AY 1 500 .2 000 A 7E e H AT
] — 47 B A5

£ 945 tMid ke K 55 BT A B9 B E AL, R
K 793 AW ¥ H T #F Exhaust_Start=13 H Pres-
sure_Inlet==0.08 i} tMid ke B9 BUE 5 0, 1 208 T
H b Ay AT 0B tMd ke B 32 AT BUAE TR R
R AR e B . AR SRR e B MR R IR R
I Y A an T s ek

Temp_ExhaustStart << 13 ‘C,tMid_ke=A

Temp _ExhaustStart==13 °C H. Pressure _Inlet<C

0.08,tMid _ke =B

Temp _ExhaustStart=13 °C H. Pressure _Inlet=

0.08,tMid _ke = C

I AT A 5 tMld ke B BT A A2 I O, 7T
5 2 25 e Bk

% 10 45 i i A8 5 opSpeedGradientDem 1)
HUEL[500, 2 000 ] JC ¥ 78 BLA RO 4 A 28 4 v B3]
16 W 3 T oK 2 a0 UE R
[ opSpeedGradientDem | = Mid _ke X

Int FuelFlow P1 X Int FuelFlow P2 X

[ Pressure Inlet ]/0.101 3 (4)

2R B ARG F A UE , T A A A G T
Y81 70 12 BB i A e %) T A M A DT IR TG 9 A
g R PEEOR o By AR AR PR SR AR el AR
RS, T AR AR AT AR &) R
R It 4 AT DL R SR 2% H B ehol 3 Y ) R L A5 3
T —AEBR A 4 B AT RSO . BT AN
WRAS B e SR N 25, e JF e 2 48 U 1 i SRR AE 2 Ak
ST, R AR A B 45 R O A A AR
FE

BARSKR A X SFC k77 R 171 X 1k
HEA 5 3 B, a] A e B0 SRR A Dy LR PR

(DR GEENERE . FERM N AREHE
AR HHRZMERI . IR 12T, R
SRR A R tMid ke 78 H At 5w A 2H G F Y 4 far B
1B 5 5% 28 v, 5L I 5 SRR B o i 1 8 Bt T A Y
RIS

(2) K — BB FA o i T 5 4R 75 oK SCRS X
TR FRM AR S T o, HAGR e R, T RESs i
PURT IS G IR R A4 5 b A TR 4% o 52 1Y
SR 7E [FIRE B 4% 40 5 X i i 722 it opSpeed Gradient-

Dem & ST A [a) 5 i 1, PRI 8 00 Dt 4 o5 oK R A7
S35 , DT AL >R — BUPE 2R

4 FADEC-SFC F Ryl Al 5

AR

FEA ST @ 37 () FADEC-SFC 7 3R JE 30 AL A5
R i N A S i S R B AR R 7 N S IR o = A
T PA SEC A f i 42 5 opFuelFlow _Setpoint )
Qb $ 3% B SR A B 4 R R T AL AR A G B AR
MC/DC (& IEH € /4 032 56 ) 1 ) ity ) 38 P 451 ok
PR . 2 11 78 A opFuelFlow _Setpoint LA 2%
H A e >R A A A b P2 A

# 11 opFuelFlow_Setpoint it & i 2
Table 11 Calculation process of opFuelFlow_Setpoint

FuelFlow _Setpoint J1-43 i 7

(1)[Speed_Threshold ]>>=35% || ([ tExhaust]—[tEx-
haustStart])>=50 °C, W [ARZ 1 & s T B fbam L E k],
LIRS 123 b P4kl 1 (A %]

(2) R 1RSI # ikl 1A % 1w, H [ tExhaustStart ]
<13 °C, [ FuelFlow_Setpoint]= Expression(A)
()[R 1R IFE 3l 1A %8 1w, H [ tExhaustStart ]
=13 °C &&. [ Pressure _InletStart |<C0.08 MPa, | [ Fuel-
Flow _Setpoint]= Expression(B)

(O IR 1 R IFF 3l 1A %010, H [ tExhaustStart ]
>13 °C &.&. [ Pressure InletStart |>>=0.08 MPa, Il

[ Mid_ke ]= Expression(C)

X 5 5K I v B B 4% 2 AR S R E AT R BRI
2, 4 55 3795 Ui R X 5 SR E AT WAL BRS  %0 oK
4 i A% B R 12 BT R o

% 12 opFuelFlow _Setpoint ERMNT =
Table 12 Input variables for opFuelFlow_Setpoint re-

quirements
4 E ST (S B
Speed_Threshold Float [0,120] R BB
tExhaustStart ~ Float [0,1000]  tExhaust & Uf i 5

Pressure_InletStart Float [0, 1 000] Pressure _Inlet #2 44 H& 5%
Float [0,1 000] Temp _Inlet i& %
Float [0,1 000] Pressure Inlet J&5#
Float [0,1 000] tExhaust iff B

Temp _Inlet
Pressure _Inlet

tExhaust

12 v 64 Fh EB A A% St 38 o XCE AR FH L
50 iy 78 B opFuelFlow _Setpoint 1) 1 8 % #
5l 41 Speed _Threshold | tExhaustStart , Pressure _In-
letStart 52 i) opFuelFlow _Setpoint B 315 W 12 K H
WE 4~ % 3k 53X, M Temp _Inlet, Pressure_Inlet 5 M
opFuelFlow _Setpoint £ ik 2 i A9 HAREE .
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HFAE A FADEC FOPF 5 R 2 A0 H 25 003X ) A 0l ) 52 51 T 5 1007

N2 13 Jr 7 R3S 75 oK A AR B 3t 4 4> o ) 22
OHREER ARG AR T PR
Tl AR SCAS PR T ik 6 v i) 78 ) 59 2 8

%13 opFuelFlow _Setpoint EKfEEE
Table 13 Intermediate variables for opFuelFlow _Set-
point requirements
G R (I B
StartWfm0O  Float [0,120] WimODem 3 #i{H
FuelFlow_P1 Float [0,1000] #24 Temp _Inlet 5%
OpenWfmKpl Float [0,1000] #R## Pressure_Inlet 5 5]
Midke Float [0,1000] #R¥E tExhaustStart 15 %]
OpenFlag  Bool  {0,1f i Bl PR AL

BT T R SO i B AR L opFuelFlow _Set-
point 45 14 W 565 #0 00) 40 26 14 FF 7R, Hod 3 2 5 4 2
SERNE HARTE E W OR A IE L 2 R R aA K
N TS B R AT A B CAUE R AT &
ik & AR £ FuelFlowInit (A) , B {8 £ k1*Pres-
sure InletStart+k2 (B) , C 1t #& FuelFlow Nomi-
nal(C).

%X 14 opFuelFlow_Setpoint BUE R E X
Table 14 Value process table for opFuelFlow _Setpoint
X i U
OpenFlag=1 and tStart<13 A
OpenFlag=1 and tStart=13 and

Pressure _InletStart<<0.08 B
OpenFlag=1 and tStart=13 and c
PressuretStart==0.08 )
OpenFlag=0 0

R T AR B B AR A AR S o AT AR R

¥y # T opFuelFlow _Setpoint {ﬁ ST R E LR,
il 5 s, HH e P A S A S

(D) R & b R A 2 B . il I

Speed_Rate, Temp_Exhaust 55 Temp_ExhaustStart
Z R 5 OpenF lag IR 25 F5 LAY A3 ZR UM, 1 57 1k
e AR 25 0 7 AL

opFuelFlow_Set opFuelFlow_Set opFuelFlow_Set opFuelFlow_Set
point =4

point =B point=C point =0

K5 opFuelFlow_Setpoint 7 K 18 S

Fig.5 opFuelFlow_Setpoint requirement semantic tree

(2) % A5 5 AR R g . TECIE AL [, 255
Temp_ExhaustStart 5 Pressure_InletStart 2 % #E
S i opFuelFlow _Setpoint i H 45 & Y 2 5 3 ik
KT AT 5 A UL

FRAE 5 SR SO 0 SO, 45799 2R AL Y
I RE UL 4N 2% 15 s .

%15 opFuelFlow_Setpoint EKiEX M T ER

Table 15 Semantic tree variable table for opFuel-

Flow _Setpoint requirements

ARk 4 & X
C, Speed _Threshold<<35
C, Speed _Threshold=35
C, tExhaust-tExhaustStart<<50
C, tExhaust-tExhaustStart=50
Cs tExhaustStart<13
Cs tExhaustStart—=13
C, Pressure InletStart<C0.08
Cy Pressure InletStart==0.08
VD, OpenFlag=1
D, OpenFlag = 1 and tExhaustStart<<13
D, OpenFlag= 1 and tExhaustStart=13 and Pres-
- sure_InletStart<C0.08
D, OpenFlag= 1 and tExhaustStart=13 and Pres-
sure_InletStart==0.08
D, OpenFlag = 0
S, opFuelFlow _Setpoint = A
S, opFuelFlow _Setpoint = B
S, opFuelFlow _Setpoint = C
S, opFuelFlow _Setpoint = 0
(L) A) 5 5 (S) < X R 5 5K A % 45 2R 75 W13
g3, WS, A B 3R 3k X opFuelFlow _Set-
point=A;
(2)FEN G (D) RIS 7 2 KM, D,
7 LB A 4 F OpenFlag=1 and Temp_Ex-
haustStart<C13;

(3)FE 9 5 (VD) fif A v 1] A2 5k 2
VD, 1 S H % OpenFlag = 1;
(4) 575 5 (C) AR AT 43 [+ 254, an
C, 7 555 W B {H 29 W Speed _Rate = 35,
BT R TE SCRE S5 R, 38 3 3 Jg B3 10 mT 26 mi i
A& MC/DC g I 0 3 s B AR S B .
Job R p AR A R Y AR A SRR A B AR (A
D= VD, — C,—S,) , H 42 4 5 B BT o 4% I 1
ZRAET AR CC AT B M B /B S AR s, 3k
16 fi s o Ho . X, h Speed _Threshold, X, A tEx-
haustStart, X; & tExhaust, X, & [tExhaustStart —



1008 BRI MR Rz R (A R B 22 D

557 %

tExhaust|, X; "4 Pressure_InletStart, X; 4 Open-
Flag,X; & opFuelFlow_Setpoint.

%16 opFuelFlow_Setpoint 2= £ /i /A 5 &

Table 16 Test case set for opFuelFlow _Setpoint variables
- LN SRR o TR VELE ¥

X, X, X, X, X X X,

1 35 25 12 13 0.01 0 0

2 32 12 15 3 0.01 1 A

3 30 13 10 3 0.01 1 B

4 28 20 28 8 0.08 1 C

5 26 25 80 55 0.01 0 0

AR SC AR BE T BB IR Sl ) A 3l 1 I 1 HE 28 52
BT bR ) A B AR, 6 BT

%Eﬁﬂﬁ@ §§ﬂ:ﬂﬁj%

VRM 5 L
= BEARRAT XA
L@ﬁ-\]‘ 7/ f lsE

K6 VRM AR 6] A 3 A i R
Fig.6 Automated generation process for VRM model test

case

A 3h A= B B AT 20 S 3B B s (1) i ik ART
- 3K VRM i SRAR B 5 48 g b vfE A XML H ] 3¢
4, ¥ ML A AT A AT o A 5 I 1) A s S R A AT
XML # 8 JF $h AT B 3 28 85 3k, Bil n &1 X op-
SpeedGradient {5 5 , #K 4l i1 A 2 ipSpeed _Rate ,
ipTemp_Inlet 5 ipT4550 Y %5 i 5 4 A B 7 41 7k

70 3R 8], g 2P ) % 7 AR A A L 1 T o
00 UE R ; f 5 AR g i SFC 5 AR He 4 it U
3 166 2%, B3 5 1 v ) A2 5 A i A8 A Y
AWML FEAE , Wk 17 PR .

F17 MLAGIENSEE

Table 17 Generation entries for test case

eS| A4 TR W3 461
tFuelFlow _P1 23
tFuelFlow P2 11
tStartup _FuelFlow _Setpoint 44
th A _
tMid _ke 23
tMid _Startup_Gradient 11
tMid _SpeedGradientP1 11
opWimDem 24
i A opFuelFlow _Setpoint 4
StartFuelControl 15

K725 0 1 55 RO B 45 kg 3, 9 A =X T
Xt H A AT BRI R, AL 34, 4
SR B B A R E VAR . FR
iR A 439Z B id 5 IR AR B 1 E R E AR R
R TR L B RSB AR E  A B Bk
J5 ik A OG5 1R Verify, B il 3 I A B0 W7 B 28 2%
%o XA R R T rpE AE 5 tFuelFlow P1AR#E
fis A7 s ipTemp _Inlet (9 BUA , 56 UFE 1% 748 2 (1) i
BN 0.33 X ipTemp4.32, KK T AEH, 0] L
it DX I AR B 3l i B 3 FH 4810 2 A7 00 3, 5 e
A BAT TAE .

Start of test case 42 985

Start of test prompt testing:

Requirements tested:

End of test case

969.672 1.tFuelFlow_P1: 0.33xipTemp_Inlet-4.32

Action:

End of test prompt
Start of test script

1 Comment_python

2 Set tFuelFlow_P1_OUT 0

3 Set ipTemp Inlet 399.99

4 Verify tFuelFlowP1 OUT =0.33xipTemp-4.32
End of test scropt

K7 SFCZRGE M1
Fig.7 SFC system test cases

5 Xt FADEC-SFC Sl fF 5 80 H fib
kil
b SCss T ARG T AR 1R SFC £ 30 R G
SR T TF 10 4 W R I AL FR B 4007 5 0358 F 912
B S A S R L 7 I R AR SO R e

JIT 38 5] ) — 2 H At fn) 83
WR AT EE AR IR .

(L) X5 N0GE 16 JEH 1 TO A5 5 A S L, A%
SCHE TR SR A AR th—Fh S (5 S AL
P1PIR %ﬁﬁlE’JNl %%%&iﬁﬂ‘,%?ﬁﬁﬁ
HiE 20 N2 5 T2 285 L SEBLR B

BEAT 2 BN o3 A L PR TR

HEETE
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BiZ1 NUESEMIL
A :N2,T2
B i N1
(1) if T2 Dual_Fault = false:
(2) N1 = Reconstruction (T2)
(3) else if T2 Dual_Fault = true:
(4) if ( T1 other_Communication_ Fault =
false)
N1=Reconstruction (Reconstruction (T1_
other))
(5) else if H SLL_Dual Fault = false&-Ma_
Dual Fault = false:
N1 =Reconstruction(Reconstruction
(H_SL,Ma))
(6) else if PO Dual Fault = false &.&
Ma Dual Fault = false
N1 =Reconstruction((Reconstruction(P0),
Ma)
(7)else:
N1=N1 _Pre
AR 2R 3719 A SR ALY AL B e i B L 45 R 5k
18 7R o

F18 NIESEMBERIEURT

Table 18 Standardized representation of N1 signal
reconstruction requirements

N5 = B R R

(1)N1 = reconstruction (T2) 4 £ LA F &4 :tv_T2 fail-

ure = False;

(2)N1 = reconstruction (reconstruction ( T1 other)) 4 i#
JE LT 4% . tv_T2 failure = False and tv_T1 _other_com-
munication_failure = False;

(3)N1 = reconstruction (reconstruction (H SL, Ma)) 4
iR LR &4 tv_T2 failure = False and tv_T1 oth-
er_communication_failure = True;

(4)N1 = reconstruction (reconstruction (PO, Ma) ) 4 il
LR &4 tv_T2 failure = False and tv_P0_communica-
tion_failure = False;

(5)N1 = pre_N1 X £ UL F 4 1F: tv_T2 failure = False

and tv_P0O_communication_failure = True,

(2) XLt 3H TCAR A5 5 4 A 28 4 1 45 B ) 5 44
17 2 A AR 5 I R EOLH . a3k 19 PR, &
GESCAF3RFRITL FETHIEAZHIRIRE R
BRe B A A RO H R B L R iR A A A R Tk
2R

ARSCR R & 38l A5 R P B, 5 T3 3 f B

19 ESRRAR
Table 19 Signal voting method
Feo gy PR A
BT LWy S @l 2] B B, R 2

MR LRI R S — B R S E Ak sk iE T,
3 S5 A A i e B

S —— A 1_%1_7& 4 ?Lk;ttix%gtf EES

A FERt 45 R — s A S S A
Ho X 2 e o

S 0] fh 232 Wi R

. ‘ S A 300 T (e B TR A Bl A R R A
WA s T R e e
%7}"\;7,51:@ m AN 1H1H = H

© H 3 3H 2 W7 5 D) 4 O i 3 A

AR AT Zh AL o BC ARG, sk 19 Fros o %
ZRH T8 3 22 RS U4 2 B SIS S P4 - XUE
TE A A5 PRAT S AN i R B T S 2 W S D) 4
22 R 1 T2 5 A5 X U A ] 20 2R R 0 R 7S
TRAFHLE . ANBE R 2 7R , R Ik R GeAR I 55 I 12 I
AR A 2 L B R S 3 e 1 {2 SRBIL A A
PRAS R ) 460 3o P W A 2 4 ) AR e B I E
Bik2 XGHERRI %
A :S1,S2,pre_Vote
i : Vote
If (S1_flag = true and S2_flag = true):
If(abs(S1-S2)>> Speed _Threshold value):Vote = S1
Else Vote = average(S1,S2)
Else if(S1_flag = false and S2_flag = true):Vote = S2;
Else if(S2_flag = false and S1_flag = true):Vote = S1;
Else: Vote= pre_Vote

(3)FADEC £ 4t 5 2K 5 1% Gi Aii /R 32 48 42
RGN TR AP — 2 22 57, Horp— M 4FR1E
ZZHMAMESITEN W Dk
FuelFlow _Setpoint X f , % Z 8 09 11 5 3 72 0 &
ZhESNEBEIE, MG R, BET
Spd _Rate Pressure Inlet,
SpeedGradient & % it & X M W &
Mid_StartFuelFlow_Setpoint; H W& R &
Temp _Inlet 55 Pressure_Inle #E 5 i B 18 1FE R K,
HENEIEREK,; & 28 o 4F &1k b 50s s
#| FuelFlow _Setpoint il i . M2 E A1 H X
LT e & ¥ R 2 B8R G R RS Y
TR

[ SetPoint | = K, X StartSetpoint X K, X K, X

Temp _Inlet,

288.15
[ Temp ]+ 273.15

2P 2 SetPoint 2 i Hh 22 #, KO i B2 B IE S 8K,

[ Pressure |

5
0.101 3 (5)

Sqrt
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StartSetpoint 2 i 28 5 ¥ 1R , KW il B2 & 1E &
B, K, 8 R 3R A8 IE &R % ; Pressure O &8 1 JE 5,
Temp N4 .

(4) B X 77 o 20 A2 i 1 I AL B 5 0 BT, AR
SCOR 3 F B BOAOIR AS 4 1 F OR A M U
AR A1 Rk Y AR 58 () B 4 (8], T o U AR b ) 3 45
(B3 25 T BORAS 23 (A1 [n) 81, 55 ik DR 358 58 38
B G2 AHEGEEMRNE , A SR
FH T B IO B 5 7 3, o T e A A

Enum AU AR | FOMCZE 8 850t 5 75 R SOR P (B 3R
ik 2N S A% X R 5 Y A S B0 R R E AR
f 114 722 S A — RS 2 0 AR A

(5)FADEC Z &t i #4 ith 722 il 22 48 b A7 75 38 73
ETHHEITT A Z 0T R, L 20 frn . KRS
SRET X 22 4k 2804 18] (AN %% 33 Speed _Rate  JE iR
B Temp _Inlet F1 & JJ Pressure_Inlet) 3£ X & #{ b
) 2 T U R OC R, O 3 e 4 M A 1 O e S L %
ST O M BB IE A

®20 WERTEEXEX

Table 20 Requirements related to interpolation table calculation

P TR

781 WA AR Speed Threshold % 3 Mk 47 JF 55 3 o i Bt £ 1525

789 WAZBUAR A Temp 18 1 R BOW E Ml i A TB 1E . 18 TE REURHE Temp ZetE4di 1 o

791 AR $ Pressure _Inlet f&1E R EO0 3L B T8 1E . B 1E REUR I Pressure _Inlet & M1 o
781 WA KR I Speed _Threshold % 1 EAT 7 B L v il 4 9 341 .

DAA IR B2 18 1F &R 50 K H 5375 oK (75 5K 789)
R, 21 8 LTSI E Temp _Inlet 5B 1E R
Hery B OB 5 OC F L AR SCRT L A M T R R A (E
Tk

%21 Temp Inlet-K FEER
Table 21 Temp Inlet-K, interpolation table

T;rﬁﬁ- 200 220 240 260 300 320 340 370 400

K, 1 2 3 4 5 6 7 8 9

(D Hiss B H 20 AR (A L . i b 45 e
A OB S (A3 21 Temp _Inlet-K, A5 5 55 0 5
By 3% 2 22 1 X S B AR (3 5, s e sk
(6) TR o X HEAZ WX R, C MG Em e+ 14
BUE A A

L(I)Ziyjlj(x) (6)

AP L(x) Wl EZ T, 2 AU R 580 B
KRG ARIEIRAL B,y AR A B B A
(1 pRKICAE 5 £, (o ) AR SRS B S R K

P T7 I ERE M I 3 T A AR L (R R E A
ok s A s 2 X, S EO TR R A B4R
TG A LG AL AT A 2 1) 38 G 1) S N R R

(2) 73 Be R VEAR (E 0k o SR AR 4B b s A3 1]
LM R BATIE A, LR AU T

y:y0+(1*10)~(y1*yo) (7
X1 — X

o My R B AR, Hoh o O 25 5E 1 A A8 o
(LT 2o My Z 1), y O 7 BT 530 0 4 R 25 2R 5

Fly 5 LA R A br AR B R
TR ;0 Ay AR 2 LA AR G Ak b o

TR SRR A B H A (B S S, ELA
B 45 0 5 TR S0 B HE 1o B iR 25 45 A TR S bR
TR o g5 il 2 40 TR I b [R]85 30F | 5 24 30k 52 4%
PR (AR 0 DA A R 0 T3 05

6 & &

2 SC T 1] K KWL FADEC #4424t 4 9 3t 56
IE [a] 8, R A AR O R OB X — A R Y
FADEC-SFC & 4t 8 {1 75 ok 52 1) i 4778 XAl A,
T — X FADEC 75 5k B AL #4543
T 3] 32 A5 AL 03 81 A4 B ) AR HE 4 5 o T 5K
B 5 Brmik 5, IF BB S5 7 B T X FADEC 3447 5k
AT A S IR TR

T — 2B 5T T ARG 28 LU 4 B R O - B
VRM #5515 5 6 0P 8 5 R 2 33k 0 R A
SCHE ¥R A E S AL B A AR R S B b i R A
TF R 43 s s ASEAIL A L S Re B AR 5 SR HLAE R 4
19 I AL A5 43 A 5 5 3 D A0 A 2 URE B8, 52
BRI IR 2 SCHF 4 A sh R @ R, DU LR 1%
RS 7 i e sh B 204k 7 78 FAEDC R 40
I R SRR A3 BT A I TR AN

SE Wk

[1] GARG S. Aircraft turbine engine control research at
NASA glenn research center[J]. Journal of Aerospace
Engineering, 2013, 26(2): 422-438.

[2] LIUJJ, ZHANG Q, YU J N. Comparative statistics



% 5

AR, % FADEC 8 RE 20 A5 15 003X 91 A= 1l 9 552 91 7F 5

1011

[3]

[5]

[6]

[7]

[8]

[10]

[11]

[12]

[14]

and analysis of accidents of two main types of commer-
cial transport aviation in recent 30 years[J]. Safety &.
Security, 2022, 43(10): 21-28.

International Civil Aviation Organization (ICAO).
Global aviation safety plan 2020—2022: ICAO[R].
Montreal, Canada: [s.n.], 2020.

RTCA, EUROCAE. Software considerations in air-
borne systems and equipment certification: DO-178B/
ED-12B[R]. Washington, DC: RTCA Inc., 1992.
RTCA. Software considerations in airborne systems
and equipment certification: DO 178C[R]. Washing-
ton D C: Radio Technical Commission for Aeronau-
tics, Inc., 2011.

LEMPIA D L, MILLER S P. Requirements engineer-
ing management findings report: DOT/FAA/AR-08/
34[R]. Washington D C,USA: Department of Trans-
portation, Federal Aviation Administration, 2008.
LEMPIA D L., MILLER S P. Requirements engineer-
ing management handbook: DOT/FAA/AR-08/32
[R]. Washington DC, USA: Department of Trans-
portation, Federal Aviation Administration, 2009.
Federal Aviation Administration. Advanced avionics
handbook[M]. New York: Skyhorse Publishing,
2011.

COFER D D, MILLER S P. DO-333 certification
case studies[ C]//Proceedings of NASA Formal Meth
ods Symposium. Berlin, Heidelberg: Springer, 2014.
COOK S C, PRATT J M. Advances in systems of
systems engineering foundations and methodologies
[J]. Australian Journal of Multi-Disciplinary Engineer-
ing, 2020, 17(1): 9-22.

BB, EF, 45, 5% B THRENERAG L4
P IR S P 3 BT B R K R 2RI [T]. A 2 4k L 2020,
41(6): 523436.

HU Xiaoyi, WANG Ruping, WANG Xin, et al. Re-
cent development of safety and reliability analysis tech-
nology for model-based complex system [J]. Acta
Aeronautica et Astronautica Sinica, 2020, 41 (6) :
523436.

KOHEN H, WENGROWICZ W,DORI D. Simulat-
ing real-life practice as a software product owner for
students in a model-based systems engineering MOOC
[C1//Proceedings of the 8th Kinneret Conference on
Software Engineering Education.[ S.1.]:[s.n.], 2020.
Radio Technical Commission for Aeronautics. DO-
331 model-based development and verification supple-
ment to DO-178C and DO-278A[M]. [S.1.]: RTCA
Press, 2011.

HUI J. Research on RTCA/DO-331 standard[J]. Civ-
il Aircraft Design & Research, 2018, 130 (3) :
124-129.

[15]

[16]

[17]

[19]

[20]

[21]

[22]

[23]

AR TR AN R H R SR LE 2
HTITEWE R ID ] B At B AU A AR R, 2020,
SHI Mengye. Research on system requirements and
design safety analysis method based on formal model
[D]. Nanjing: Nanjing University of Aeronautics and
Astronautics, 2020.

BAEE AL, B 4L VR SCHT, 45— ) 5 B AR R E A
SR TR Al o SRR A 7 A S (T ] /N BB R
FHLFRSE,2021,42(8) : 1639-1648.

HU Jiancheng, HU Jun, WANG Wenxuan, et al.
Constructing formal specification models from domain
specific natural language requirements[J]. Journal of
Chinese Computer Systems, 2021, 42 (8) : 1639-
16438.

WANG W X, HU J, HU J C, et al. Automatic test
case generation from formal requirement model for avi-
onics software[ C] //Proceedings of the 6th Sympo-
sium on System and Software Reliability (ISSSR).
Chengdu, China: IEEE, 2020: 12-20.

o PV, SRS, 22 00K, 45 s RS LI T R g8
KHEBARBARE R BET]. B 2 i KR # 2 4,
2024,56(4): 577-596.

GAO Yahui, NI Yebin, JIANG Chengping, et al. Re-
search status and prospect of aeroengine control sys-
tems and key technologies[J]. Journal of Nanjing Uni-
versity of Aeronautics &. Astronautics, 2024, 56(4)
577-596.

BUSAL . BB kAT AR R Z B L] i 3 01, 2020
(1): 16-19.

LIAO Zhongquan. The flight electrification path of
Rolls-Royce[J]. Journal of Aerospace Power, 2020
(1): 16-19.

BLEAL. 2022 h SRS R GE ik e [T). Mz 8 77, 2023
(1): 23-26.

LIAO Zhongquan. Electric power system progress in
2022 [J]. Journal of Aerospace Power, 2023 (1) :
23-26.

PARNAS D L. Software aspects of strategic defense
systems[J]. Communications of the ACM, 1985, 28
(12): 1326-1335.
LEVESON N G, HEIMDAHL M P E, HIL-
DRETH H, et al. Requirements specification for
process-control systems[J]. IEEE Transactions on
Software Engineering, 1994, 20(9): 684-707.

ERER VA, LR, S MBI 2 AL K 1B
AL ARG 2B [T]. mE B s i R R 22 4 (A AR FE
2 0),2025,57(1) : 195-204.

WANG Kangxing, HU Jun, WANG Lisong, et al.
Formal modeling and analysis method for hierarchical

requirements of airborne software[J]. Journal of Nan-



1012

BRI MR Rz R (A R B 22 D

557 %

[25]

[27]

[28]

[29]

[30]

jing University of Aeronautics &. Astronautics ( Natural
Science Edition), 2025, 57(1): 195-204.

TRPE . T VRM RS BT 2 A0 50 UE 5 0 2 4] A= g
BARWIFID ] B A ¥ mUAL S ALK R, 2022,
ZHANG Yang. Research on formal verification and
test case generation technology based on variable rela-
tional model[D]. Nanjing: Nanjing University of
Aeronautics and Astronautics, 2022.

TN B AL AR TE T A O T SR R Y
MC/DC I ) Az B J5 32 [T ] /N B ROR 3 530 B 2%
5t,2025,46(7) : 1783-1792.

DING Ding, HU Jun, WANG Kangxing, et al. Modi-
fied condition/decision coverage test case generation
method for aviation software requirements model [J].
Journal of Chinese Computer Systems, 2025,46(7) :
1783-1792.

BRI . VRM 7 RBAY A 15 SCor 8T T ik B9
A MR AR R, 2023.

LV Jiarun. Research on semantic analysis method of

D]. ¥

VRM requirement model[ D ]. Nanjing: Nanjing Uni-
versity of Aeronautics and Astronautics, 2023.
HEITMEYER C L.
OL]. (2002-01-30). https://onlinelibrary.wiley.com/
do0i/10.1002/0471028959.50f307 /tables.

HAGER J A. Software cost reduction methods in prac-

Software cost reduction EB/

tice: A post-mortem analysis[J]. Journal of Systems
and Software,1991,14(2): 67-77.

BLACKBURN M R, BUSSER R D.T-VEC: A tool
for developing critical systems[CJ//Proceedings of the
1Ith Annual Conference on Computer Assurance.
Gaithersburg: IEEE, 1996 237-249.

BOOCH G, RUMBAUGH J, JACOBSON I. The
unified modeling language user guide[M]. Reading
UK: Addison-Wesley, 1999.

FOWLER M. UML distilled : A brief guide to the stan-
dard object modeling language[ M ]. 3rd ed. Reading,
UK: Addison-Wesley, 2003.

[32]

[33]

[36]

[37]

[38]

[39]

[40]

HAREL D. Statecharts: A visual formalism for com-
plex systems[J]. Science of Computer Programming,
1987,8(3): 231-274.

WOLNY S, MAZAK A, CARPELLA C, et al.
of SysML: A
study[J]. Software and Systems Modeling, 2020,
19: 111-169.

GERY E, HAREL D, PALACHI E. Rhapsody: A

complete lifecycle model-based development system

Thirteen years systematic map

[ C]//Proceedings of the 3rd Conference on Integrated
Formal Methods. Turku: Springer,2002: 1-10.
HAREL D, LACHOVER H, NAAMAD A, et al.
Statemate: A working environment for the develop-
ment of complex reactive systems[J]. IEEE Transac-
tion on Software Engineering, 1990, 16(4) : 403-414.
EIEA,XIW] . K@ MATLABIM]. db st B F Tk
AL, 2011

WANG Zhenglin, LIU Ming. Proficient in MATLAB
[M]. Beijing: Publishing House of Electronics Indus-
try, 2011.

KURIAN E, BRAIONE P, BRIOLA D, et al. Auto-
mated test case generation for safety-critical software
in scade[ C]//Proceedings of 2023 IEEE/ACM 45th
International Conference on Software Engineering:
Software Engineering in Practice (ICSE-SEIP).
[S.1.]: IEEE, 2023: 483-494.

YANG Z B, HU K, ZHAO Y W, et al. Verification
of AADL models with timed abstract state machines
[J]. Journal of Software,2015,26(2): 202-222.
WANG F, YANG Z B, HUANG Z Q, et al. Ap-
proach for generating AADL model based on restrict-
ed natural language requirement template[ J]. Journal
of Software, 2018,29(8) : 2350-2370.

FEILER PH, GLUCH D P, HUDAK J J. The archi-
tecture analysis design language (AADL) : An intro-
duction[ M ]. Pittsburgh: Carnegie Mellon University,
2006.



