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TLD Analysis of FADEC Systems Based on Operational Cost Optimization
HAN Bing"?, LU Zhong’, YANG Qi’
(1. AECC Commercial Aircraft Engine Co.,Ltd.,Shanghai 200241, China;
2.College of Civil Aviation, Nanjing University of Aeronautics and Astronautics, Nanjing 211106, China)

Abstract: An optimization method of operation cost for TLD analysis of FADEC system was proposed for cost reduction of aircraft op-
erating under TLD. A typical Markov model of TLD analysis was established, the formulas for calculating the frequency of each stable state
were derived; and the relationship between the unit time operating cost and the dispatch intervals, which will be applied as the objective
function for operating cost optimization, was determined. The expression of average safety level of engine control system was derived, and
the constraint of the average safety level on the dispatch interval was established. Three different forms of system unit time cost function
were established for the FADEC system, and the decision suggestions for dispatch intervals were proposed. The results show that the appli-
cation of the cost—optimized FADEC system TLD analysis method for decision—making of dispatch with faults can reduce the operating cost
of aircraft while meeting the safety requirements.

Key words :system safety; time-limited dispatch; operating cost optimization; Markov processes; FADEC system

M2 7 RHL B 2 & sl &R G2 2 4 o0 i 1) B2
ZH Ry, X 25,1309 % . R G S AL 33.28
“RENPLEEHRI RS L & CS-E1030° FRAT IR 18 7 2538 it

0 3l

PR A YR & (Time—limited Dispatch, TLD VR4

PR %5 = =0 i 7 5 401 (Full Authority Digital Electronic
Control, FADEC) fYTUAY LIT A AE B et , ANy 2257 1A
Hefes | FuvF CHL BB AT — B TR] K B 22 HE7E
THRI AR AT HRE AT ZAE N —UGR KR 5E
DR S AL -0 i Nl A | g s U E 3 L 2SS A
BESE R BB , 1 AL AR IR AT SE Y, TLD 43

FAGHETRFAERIEM HEZEANE , C R LA
FADEC Z 4214 HIL 2 K sl LA R e 26 ) s PR
THRAVS G o 8 RIS G AR IR AT Y — 30
FFA PRI T AR,

F AT Tl 5 85 A 8 158 FH A9 TLD 2341 7 i 2 [
FRALBH 42 ( Society of Automotive Engineers, SAE)

%5 B #3:2020-09-13
YEB B3k (1995) , %, THE,

HEWE [ BHK A ARER4 (U1733124) fiias BlaE k4 (20180252002) | B KL L WA H (MJZ-2015-Y-010)

S| R K, B, BB HE TAs T AR ALY FADEC 2 TLD SM7LI] Wi 25 X 5081, 2023, 49(6) : 69-73.HAN Bing, LU Zhong, YANG Qi. TLD
analysis of FADEC systems based on operational cost optimization/J]. Aeroengine,2023,49(6):69-73.



70 i %

3

3 Al 549 &

2 B B TRDINACF- 35 5 By IR n] JeA ALy, s fE)
AV Yk g — o Tl ARy 43 BT 9 3 B 3% T B 2R
A SRR TR 3 ()G B R o N L Ry ) EIER
5K [7] 45 SR FH R A] A N TR G IR
1 A A 18] [0 B 5 S 38 2 MK A BRBOG 2R 5 IV
SETN SCIRIS-61H 1 7 i 04T T ik, ST T R Ge
22 TR IR T ) ] (1] B 5 1 35 8 4 P 7K T 1 pR R
K F 5 Prescott 5N 5 8-~ B 45 H 71347 TLD
A3HT, e T SR ] RS ALLE A A ZR G0 A T )
RS A A 1) {5 B rh A8 I T ITUR RS 2
Tl B R 3 0 R 18 2 PSR Tk IR X FADEC R 48
$E T RGN £ HRE IR E /Y TLD 3 87 77 1% 5 Lu
SFIONG R G AR IKOT 5 AR AR R EOR E N
A F A, WTARIE T AL R 22 At ] 6] B 00 4 BIR st
TR A, R AE ST M 22 4Pk TR th BERF HE R R AU
BRPE AL AT HE A2 (T LN

M EIRBIESE AT AL, B AGIF R TLD 4387 2T IR
(1] B DR 5 1) R B RO RGP = KT R %
JERHLIB AT A, T3 R AT 30 B IR 1 B A9 38 17 1
Ao ARSCHIER T LA R G R I RS 1T AR A ek H
W, LIS 3 e K R 29 254 1 TLD 2 A A A
B, RHLTLD 3847 B A BUAS A AL B 1L

1 TLD S EREES

TLD 53 #1 /& FADEC R 4t 7 RE S I J2 V- 3548 21k
BURBYSETR 5 FADEC 2 80 B 38 17 (1 i ]
I ELARTEAR R 5B tR 2 T 22 G0 i Wik ) 42 4 1 BB T
JEHLE Y ELR . FADEC R 4t i 35 % 4 1 /K SF
“HLBAE-IHE S HIE SR A K FR |, “HLBAFE-H”
SEAE X6 R G 21T B LOTC Sk 177
¥, A ST A FRIEM LT ) LOTC %, a2«
KM FADEC REEM 3% M iy + 5 55 F 4
+ 7 /NEF K — R LOTC FH44, Bl & 48 A9 HLEA - 35
LOTC Z A g0 24 <1 X 1075(1/h) o FEBEDIRZS T Y

Rz 4

(2) JL I PRI (ST)ARZ : AR BRI LOTC FAE X
][ 7.5 % 107, 1x 107) (1/h) P, 835 A3 8 ™ 12 2%
ik, T A R 325 17 4 0 R 7, B B 20
] X 6] [ 0, 7, | PB4 5

(3) I IR (LT)RZS : BRI LOTC 3 AE X (7]

CLIX 107, 7.5 % 107%) (1/h) P, AT BREIR IS 1)

W ¢ 4 K T BRI LOTC 6 Ay (1) 3675,

TE SRR 25 78 B RS 7R R B A5 2 A9 LOTC %,
MR A SRR RS BEET LOTC 211
1B, AR 2R 4007 R i TR IR A 2 R e IR
(ND) iR & (ST) AR E (LT)3 2
(1A ARVFIRIE (ND )R 27 BT LOTC K F
1x 107 (1/h) B AR SR 705 S B azs 47, i e 0 200 ST

B T LT 7 (70 > Ty ) WO A AU AE 6 ] I ] [ 0,7 ]
WNIEE .

TLD 4347 B4 H B JE7E FADEC R Gei 15 % 4
PEZER/ANT 1 x 107 (1/h) B0 B 2 0 B IR 3 1)
B 7oy S IR 3 R B 7

2 TH[RE TLD S iE TR AR B IR

G TLD S AR a5 O /R AT KAEEY
JHF TLD 43 M B By R AT Je A5 A0 v 3 60, 35 4
R 580 (FU RS A IRE (ST)ARES LK IR E
(LT)IRZAE IS LOTCARZS (5 NDIRZS) o
TEFRBTIRIE 1, R G SR IR RS 3R
(ND.ST 1 LT) ¥4 FADEC £ G e i B AL 1R 25, it
Bf AR R A TR (EU: R G HE Rl D Re T Ak
Ko FIHEIRATRBARISEAT TLD 43 Bt BRI R 1
5 LR 3FRASZ AN, AL 4G TCAT AT S B e A 19 5
U (FU)RZS DL HE T ¥ I Dy RE 25 (1 LOTC RS .
W H SR RY KA LOTC ZHF Al s s R 434 3
J8 MR (HMU)
WO KRB SRR TRA

o, )—\
; T Aronert A+ A

TAF(UC) e LA E (1 é<ﬂ
T A 2 e LD >§
B (STREHLTRET % ]
KRR ) . R Y%
TLD 43 B 9 1780 74 4% A B1 ZRE&ETLD /rHragsasy
SRR 1 R SRARRR
Bl LT (=1, 2, -, n) FR 54 LT IR 5
ST (i = 1.2,-+-,m) Rm i N STRE spyphtsr 5 s
SR R G T LT, (ST, 5 LOTCARAER 55 2%,
Hdw, = UT s = 1Ty, T LOTCR S B 75 B 57
MBS, SEBRIH I AIR—ANERRORLAE 5 A, M
SEUFIRAS A S A LT AR (0 SRS 5 A S ASESF
RSN i STRE BRI A e, WA

2.1



4 6 W

g K& LT BT AL A FADEC 248 TLD 4347 71

LT R HEA LOTCRA BT R 5 A g ooy WA
ST MR A #E A LOTC AR 745 19 BB 35 4y m T3
LOTC 54 1) JIr A3 Y AT 2H 424l B e i %6 22 T
Ao TR T LOTC FAF 1 Fr AT H 7 F BB A ) R B
T R A B R R
2.2 BITHAREE

FADEC Z G5 B 5% JR 38 B A4 328 17 BUAS 645 3 358
a3 3 S e K e R T B ) A A 9% L s R 3 B
A3 B A8 1 2 FH DL B 3R 48 kA LOTC 344 1y B 5% 4t
KA.

(LT AR G A7 B B 248 2% FH T 2Rk

Cy,= ECLT(/')MLT(/')PLT(]) (1)
j=1

S € W RGEE T/ LTARAS I 1 b
W B s M, b TR S RS I 85 A LT 25 O B
P g FRGAD T A LT ARSI 7 e 4
oM.

(2)STARZ T BRI T4 8 FH T 25

CST = ECSTU)MST(HPST(i) (2)
i=1

K : Cyp WRGAE T 55 04> ST ARSI AR R 180 s 4
BT s My, iR GEARAET S i A STOR A W 45 FE
P M RGN T i A ST IR S B AH 7 e ps 75 1) 2 &
ML
(3)LOTC =44 J2 A= s 7y A7 i (1] B 152 453 2% 2% HH
A FRIR A
Ciorc = CpayMionc (3)
Kh:Cy,, AR LOTC A I I R4 2K 58 FH 5 M g
N R GRGAS I LOTCARZS BSFEE
g5 LTk, R E] N i AT S AR AT AR
RHA
Coeraee = ECLTU)MLT(;')PLT(/) +
(4)
ZCST(E)MST(HPSTU) + CroaM i orc

A ARSI My ) Moy M AR S EL, K
T B SCHATHES:
2.3 DRAKRBRBMIBTMETE

TEHET Dy /R A S R (0 TSR PR A v, REERR S
BRI R ] Ry

Sup—down = 2 & (2‘]1;,‘) (5)
iew  \jeF

K WA TAERREWES ; F R A SRR S

LG s, A kARSI BRAE SR 5 ¢, ARAS R BDIR
B,

TE TLD 43 A1 (1) By JR A FeA AL o LOTC RS 2 &

S e — R BOIR A, I 2 (5) 13 B R SRR A8 T LOTC
ARAS AT Hy

Miic = D) 70qi-ronc (6)

k#LOTC

Kiq, 1o WIREEBILOTCIRE R FLRE
R e 1 STIRZS LN R G Al — il IR 2, HE
RSN TR, hR ()2 R G ARSI 2
A STARZS AR Sy
M) = z TG - s1i) (7)

k#ST(i)
g, o PR R A TR LR %
AR A LTARZS I N 2R G — il FRotR 2, oAb
AREBA TARIRES, fiaX ()15 B R GRS j
LTARZS A A
My = z T - 1) (8)

k=LT(j)
K g, ) IR B A LTRSS FE R
TE IR AT e A v RS AR BRABE R 5 2 B AR
R FR Ny
7Q =0 (9)
Ah7=[m, m, 7, | A5 RS R A 28 41 %
() 15 Q S Sy IR AT R R RS 2 B ;0 T A U &R
¥1omym
2.4 Mg
HH 2 (9) AT AR FRAE 82 6 B8 8 1 R R, T 7
Wi BB B2 1 7 7% SR SR R 3 (BI B T, A T RS
W, A PRME 38 A J2 IR 3 (] B T, AN T, B PR AR, R 2K
(6) . (7)F1(8) A A5 R AN R AN AT 85 2 1l R ABE 5 1
BRI pREL, i1 =X (4) 7] 41 3R G 1 JRA67 B ) 3 A 7 AR
SRR SRR (Y pR AR, BRI, 2R 58 557 B[R] A 7 K
AW SRIRE BIFG Ty AT, B9 pRER, B (4) AT Rl
Coorsge =S (T, Tiy) (10)

3 REFHREMKFHIARENX

FADEC R4t 2 P E 2K AR T 1 x 107,
JEJFJE TLD 43§t i) FE AR 29 5, o J2& 4+ X TLD 43 #7 HF
@B AT A LA L2505 e B AR 2o AR B 5
ES 0 G ey ) G 1 = RN W T 2V G e



72 i 7

3 Hl 49 &

PR IR E (BB T, AT, () PREE 2R
T R ] RABLRI Y FADEC 2R 880142 41k
TR e 2 TR
_ P ore ()

e Pan (1) (11)
LOTC rl*rpwl P],()T(I(t)

K P e (1) FADEC RGAE tiF 2040 T LOTCARZS
IR 5 P o (1) R EBFZA LOTC AR IR

H 4k 2 48 TLD 4341 ) 780 By JR ] Je A 75 1) &
Gihb TRa IR A LOTCARZS AR Ky

n
)= ZWI,T(,’)‘]LT(,’)— Lore T
j=1

n
ZWST(i)qST(i) —rore T Truqvy - Lorc
=

em o By 5300 R G4 T45 54 LT AR
BB A ST AR B2 FUARZS MM BRAE 5 ¢ vone
Tty - vore X quy o SRS A LTARZS 26 4> STAR
B FURSF LOTCIRSRFERL R,

,hjg P rore (2

(12)

A2 WA RN A
}Lfg Pio-rorc (1) = z 9} - Lorc (13)

k= LOTC

2t ar, Bk LOTCARZS SIS A b AR ZS 1 B A
Qi rore IR B LOTCIR BRI FERS

£ TLD 43 M1 19 Eh /R ] RAKAL h LOTC AR ZS J2: i
— BRSO R G A s T W] RoR

Azl_[hgpuwc(t) (14)
p
A= z ), (15)
k% LOTC
BRIt , P 3892 AT A FTRR
B 2 T4 - vorc
Aore = L (16)
Ty
k# LOTC

H o1 38 28 A PR AKOT- 2 A PR AR 238 B B 32 1Y) R
B0, RIRE DR Ao 727N BUUR TE [B] B T, R T, B PRIER
Xiore =f (T, Tyy) (17)
KO E T RGOV K2R XK E
F TR ) By 77, 0 7 I 245K

4 LB

FADEC R 4 th & sh WL 414 (ECU) i EHL
W4 4 (HMU) | & H AL (PMA) | 38 X %0 5 BF %
(CCDL) 1 1& J& #% (VBV . PS.LVDT.TLA .FMV . T2.

P3) SR AFALN . FADEC R GE4A AR (4 4E 45 2% H L
KL,

*1 FADEC R &BEPHEMEER

FE R dEe/Eon | FS W g/
1 ECU 1700 7 LVDTI 600
2 PMA 1400 8  LVDTI2 600
3 VBV 1000 9 FMV 800
4 PS 950 10 T2 700
5 CCDL 700 11 P3 760
6 TLA 800

M T ECU 5 PMA
A Nl
ML A, i LUK
ECU 5 & K PMA g & 41
ST ARAS, HABFT A IO [
HL - F SRR A 1 Sl By |
98 LTARZS ,FADEC &4t

Oy JR ] R AR A G & 2 i
TN o B2 T R R Y
LTI R 1/10° he

dr s (17) MR % m2 FADEC %zﬁzafr\ﬁr;
KFR AR AT B SR AR IR R
1B W]BE T, 8 B 250 b, 2
B IR G T, 20
AR AR S 3 2 A PR AR 100

9.5

E[;Héjgt([]r&—l 3. el S
o

ESEDL0T

o
-".
u..
-’-
»

e €107 (/W) RS P S s o ety
S ANE T e
W T, 82678 h, RIYE T, E3 FiHRLMKFEMHLE
/NT 2678 W ZRAE T REEREIE W T 1 K P
MZER . Rtk ZEFFATIE 1T A A I R PR E K B IR
18 [R]FF A I 2678 he

AN (10) FroR (B 17 A PR %R, 24 LOTC 3
A3 AR S TRAD R 2 TS RIS B 25 AN TR] i e AR VR
18 R

(1) 4 LOTC 1 4 3 461 2% 9% FH /N T 7495 H o
Bf, BN ] [B) 32 AT AR B T B8 3 0T 82, 76 T, B
KAAALIZFT A TR B BN, Ty T AE 2 2678 he LA
FERP R B FH R 7400 1 IC R ], B B ]S AT AR
14 RS 26 AN &1 4.Ca) T, Ry ST U PR B

(2) 4 LOTCHFEGHR R S HITEIX A][ 7495, 7510 ]




4 6 W

g K& LT BT AL A FADEC 248 TLD 4347 73

HIGHE, A I S AT AR T, B3 Se 3 e
PN A B DR 3 R R] 3 R P A i — a4 35 B R K
B MEET, 80 T, (R S B I S X
o PARETR R T A 7500 F o kB, B it a]ist§
B (R R B AN PR 4(b) BT , b SeH e s PR B

(3) 4 LOTC {4} B = 54 2% 9% H K F 7510 B JC
B, BT S ()32 4 T AR B T, 38 I TG 386 00, e Bs A 1
KB A TR R el fl , B T (B 250 h, X Bl
TRYFE 250 hif T I 1812 |

12 14.810 \
BN SE IR LT SRS . 218081
= S
DASE B 458 5% 3% JH J 8000 = 14550
— ey v . X1 14.800 .
FIC R, AL B AT 2 14798

RS9 PR ER A 4 () :ﬂggn 1000 2000 =
JIE7 , R B S 3 pR AR

I YR 3 11 B/ h

(a) BARFEH N 7400 B ITHY

14.8928 . 15.40 )
1814.8927 7 N 12 15.38 e
& 14.8926 7 N & e
14.8925 ; N, x 15:36 e
=14.8924 7 = 15.34 /-’

1914.8923)  / i -
: = 15.32 .
S14.8922) [ & el
E14.8921) 7 E15.30F
14.8920 15.28
0 1000 2000 0 1000 2000

K B R 8 1] B/ K I 9 38 1 B/
(b) #KFHRH R 7500 AT () $i2k3%H b 8000 H LAY
B4 AEH KRR SR ELE TR A R

5 #it

(1) ##E T FADEC & 4t TLD 434 (it #1178 T /R mf
RALHY e 3 T TLD is 47 A A~ 20 By /R AT R AR ()
RIS, IS T RGN [R]E T A
ARG IRE [BIP To BN T, O BRBOR 3R 5

(2) 3T FADEC £ %5 TLD 43 H7 ity il 50 T /R A 5
B S T FADEC RGF- 34 K- Rk, g
SE T 382 AR K 5 IR ] B T, AT 1 R ERCC
NS T RG34 S ZR N TLD 347 A
ALBI L

(3)LAFADEC & 5¢ h ], i 45 LOTC 44 3 B
SESR IS B FH AR TR, 357 T 3 PR R IE 20 R 48
P B [R]IZ AT AR sR BB RY , H42 TR I A IR 3 )
B SR L
B2

[1] SAE International Group. Guidelines for time—limited—dispatch (TLD)
analysis for electronic engine control systems: ARP5107C[S]. Warren-
dale: Society of Automotive Engineers, 2018: 8-58.

[2] United States Department of Transportation. Code of federal regulation

part 25 (amendment 25-144) airworthiness standards: transport cate-

gory airplanes: FAR-25[S]. Washington, D.C.: Federal Aviation Ad-
ministration, 2007 339-340.

[3] European Aviation Safety Agency. (Amendment 3) certification speci-
fications for engines: CS—E [S]. Koln: European Aviation Safety Agen-
cy, 2010: 1-D-1~1-D-2.

[4] United States Department of Transportation. Guidance material for 14
CFR33.28 engine control systems: AC33.28[S]. Washington, D. C.:
Federal Aviation Administration, 2014: 13.

[5] =0 . BT ZS & sh s il R G BRIt R T ik 0] B R 5 T
&, 2014, 14(28): 148-154.

YAN Feng. A method on time-limited dispatch for the control system
of civil aeroengine[J]. Science Technology and Engineering, 2014, 14
(28): 148-154. (in Chinese)

(6] T 715, Bl o, Jel 0, 458 . WA JE 28 9 ot i a8 A7 Jo 0 ke 3 5 ¥ 101,
i THEEA, 2015, 45(5): 33-37.

ZHANG Tonghao, LU Zhong, ZHOU Jia, et al. Operation interval de-
cision method for dual redundant systems operating with faults[J]. Aero-
nautical Computing Technique, 2015, 45(5): 33-37. (in Chinese)

(7] 9MBEE, Wb, T35, 45 . FADEC Z 40 BR it IR 3 22 4k 45 E 43
[J1. & TR, 2017, 35(6): 152-159.

SUN Yanghui, YANG Kun, HOU Naixian, et al. TLD and maintain-
ability analysis of FADEC system[J]. Systems Engineering, 2017, 35
(6): 152-159. (in Chinese)

[8] Prescott D R, Andrews J D. A comparison of modelling approaches for
the time—limited dispatch (TLD) of aircraft[J]. Proceedings of the Insti-
tution of Mechanical Engineers, Part O: Journal of Risk and Reliabili-
ty, 2006, 220 (1): 9-20.

[9] Prescott D R, Andrews J D. Modeling and specification of time—limit-
ed dispatch categories for commercial aircraft[J]. Journal of Dynamic
Systems, Measurement and Control, 2008, 130(2): 021004.1-10.

[10] Prescott D R, Andrews J D. Monte Carlo simulation modelling of air-
craft dispatch with known faults[C]//8th International Conference on
Reliability, Maintainability and Safety. Piscataway, NJ: IEEE Press,
2009: 532-535.

(U] Bleb, B, AN, % BE T 50K 2 B8 FADEC R L E L
B TLD SMT )5 8. iz 2741, 2015, 36(12): 3970-3979
LU Zhong, RONG Xiang, ZHOU Jia, et al. TLD analysis method of
dispatch with multiple faults based on Monte Carlo simulation for
FADEC system[J]. Acta Aeronautica et Astronautica Sinica, 2015, 36
(12): 3970-3979. (in Chinese)

[12] Lu Z, Liang X, Zuo M J, et al. Markov process based time limited
dispatch analysis with constraints of both dispatch reliability and av-
erage safety levels[J]. Reliability Engineering and System Safety,
2017, 167(11): 84-94.

[13] Lu Z, Zhou J, Li X N. Monte Carlo simulation based time limited dis-
patch of FADEC systems with consideration of dispatch reliability[J].
Aerospace Science and Technology, 2017, 72(2018) : 397-408.

[14] Birolini A. Reliability engineering: theory and practice,seventh edi-
tion [M]. Berlin: Springer, 2007 : 498-500.

[15] Elsayed E. 7] %Pk T [M]. db 52« B Toll i A, 2013 182-
183.

Elsayed E. Reliability engineering[M]. Beijing: Publishing House of
Electronics Industry, 2013: 182-183. (in Chinese)

(% F2 1)



