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ABSTRACT: In view of the mismatch between the fatigue life and the calendar life of a certain type of electronic regulators,the
work aims to study thecalendar life and readjust the baseline life, so as to meet the demand for the use of the product in the next
refurbishment cycle and aleviate the current shortage of spare parts for the equipment.Aiming at the comprehensive environ-
mental influence and "stop-fly-stop" working characteristics of the electronic regulator in use, six products approaching or
reaching the calendar life were selected as the test objectsto carry out accelerated tests that took into account the temperature,
humidity, vibration and other environmental conditions, and verify the test results.By performinga 768h (32d) ground state
simulation acceleration test and a7.2h vibration test on the electronic regulator, the failure rate was 0, and the product's Mean
Time Between Failure (MTBF) time could reach 3725h/27.35 a at 80% confidence level . Accelerated tests verify that the elec-
tronic regulator can extend its service life by 1500h/8a to meet the demands of use.

KEY WORDS: helicopter; electronic regulator; calendar life extension;environmentalmonitoring; integrated environmental
spectrum; accelerated environmental test

Wi HE: 2024-08-29; f&iTHHEA: 2024-11-08

Received: 2024-08-29; Revised: 2024-11-08

Bl 4, ALz, L, F. AUV TFATBEFMRTH E[J. £&303% T4, 2025, 22(2): 46-51.

LI Jian, SIMA Yizhi, LI Changfan, et al. Research Methodology for Life Extension of a Certain Type of Electronic Regulator[J]. Equipment
Environmental Engineering, 2025, 22(2): 46-51.

*@{51€& ( Corresponding author )



w22k H2W

i, . FEA TR R E ST ST B <47 -

AL LT ALK R B 0% 15 1 5 i f 6 2
57 (AL R . RAT/ L) FTH T A 2 10
FEHIFR bR , A —F8 b5k 2] BUEA T I L KAE s
PEAR AT, BRI 1 BT HLAO LR K= S ol FH A A
K “Step by Step” M SEATHE L, HAR S N A7
A eh 8 WA o e R, MRIESEPRIE oL, IF
JR— R HNGEFFRY, TR I A a0,

FRESHLE TR (LR AR “mil”)
{di F % 45 & 6 000 h/25 a, R 3 ScBRfd S M, %
SIHLIEATEE 3k BIE (FIEEW 8 a, WIS 24 a)
B, FLE 9% 57 7 A AU FE T 50%, ki H i A7
O TR R R R . L, W OF R H DI A bt
g¢, FOFTRE I Ty, AP R R R R,
() s 1T LA Sk A AL 3 F - 7 b H T A 0T 9 i A
WA % .

N AMNIFIE R T T O A T R T i
Z ST o SCHR[11-12] A T AR SR 7= i )
Rl Ffr, LTI T WAFREDRE, B TLZA 0
Bk, SR AR p ik, I B T AR S
T TR A A5 o SCHR[13-141 % 4% 4 hin st 18 36 0y 12
FERLZR L 7 i 4 7 i A 300 v %) 07 FH AR 2R AT T 43
B, FHEEETFHLE R 7= SR, S TR A T S
BRIk, 0T i R 56 e ]
SCHR [ 15] 38 33 FELR B 43 AT 1N 77 s 56 %) 4
T AT SR B M L SCHR[16- 170 B X R 4 in i A
AR G0 X AR HCHE 7 il 2R ORI 1 1) A, SR AR K
RLSRAG T 1) %o 2 i v S R T S R 3 1
YL 7= AT ST T PR A

DL ERFFE R, R0 20 0 A ar i s 1Y
TR RAE A A AR L S L, I E
Tt R At 549 10 3 B85 e R A e A A 3 e 7 e
B, IR TR 2 BT 00 T BEXE 7= ) AT S E A 70
fl FEUI o A SCHE 7= S kAT A B LR, 7E
G B IR B BE Rl b, 25 W P S 1] 26 2 =X
3BT RV B 52 e PR 2 A oA S 0 o, AT AR IR Bh
FR B R 1 A g8t A R A, R R i A i ik
5, LASHIAE R A] PN 50 R vT SE PR VRN, TR R A
HE A o

1 PR EER

T LR O R i, G PR S L A B AR
BB B A TR SARAE . AR 4k
HL S Ca (AR, AP 1R o HEEARTIRE N : AR
PRSP | RIS S, xR SR AL
TR FC e AT 5 BUR TARRE, & 2SR
1845 24 A i ST Uk BN BR IS, HEB HE(5 54T,
HRHEAAE S5 I A B BRI, % DT
PRI S .

I U IR i et A R 1 )
Fig.1 Internal structure of a certain type of electronic
regulators

1 X%t 387 45 HL I Y 645 Sk B AR EAT 45 T AN
AT, RIS b R B R AR BR 3, 28
R (g 1, B 2 FioR ). EAMR A, M
FH IR ICHUIRZ SRR, ASAETERLBRE B |
Ak 4 JE A A AR 5 A ] AL, T ORI B 14 IR PR 2 Sk o
2 R L PR ) = B 2 355, B R R = Sy L O
WCBRAT 52 . H RS TR . RN TAR .
VRES T $8 R KT #R 5 . e 4f L BiIR 45 . 2017—2022
AT FEL R BT L an P 3 BT o

x1 BFEATHRAHFEHARERTEER
Tab.1 Calculation resultof average failure rate of
electronic regulators

BOER  FRArEAALE RS - oyl A
f&/d ud 1~ I(A~-d™)
2920 1199 884 20 0.000 016 7
5 840 2165678 33 0.000 015 2
8 760 2 560 856 38 0.000 014 8

XoFE R T R BB R G, RO TAE R ¢ i %)
AR SR 72 o TEIZI 2T, BRI R] N R S AR
o N ~ An
AL YR e el - =
%ﬂm&i,ﬁmﬂﬁim,Wlﬁ)A{Nﬂwﬂ

DL T AR IS ] i) 5 3 4706 B 1% 4% & 4514 1500 h,
4% 1 500 h X it AT TAESEE R 07, 1A 25 10
2, BRSSPSR A T AR
o R B R B AN K

0.000 020

0.000 018 -

0.000 016 \

-
iy —_— .
# 0.000014 |

0.000 012

0.000 010

1I0 2IO
At fal/a
B 2 o R T A R A Ak R 3

Fig.2 Trend of average failure rate in use of electronic regulators



2025 4F 2

- 48 - E R BTN
2 BFATHRIETETHHERTELER
Tab.2 Calculated mean failure rate of electronic
regulatorsin operation
BakntEl, AL T i i 2/
h /h 0 ¢~-h)
1500 482 297 20 0.000 041 5
3000 643 905 28 0.000 043 5

AR LY SEBR R A, 1 A LA 2 Ay M T 5
BORZS | T TARAREFN AT TARIRES o st 455 etk

B KRR EY (BT R, Rk
A R K CHEEA R ) S50 A RN
Ry W TARRS A= TAET, Bl 7228 -
SANRIEZ WAL, RSP TAESBR SR AR S 2
TE— € R L _E s v 8 Y 5 i o
SCHR[A8]WTFE A B, HLAHL 7 i B Bz v, 6096
Hil . SREGIR, 27%M RSN R T % . 45 AT
BEAF L0 B i, AL PRTE SEBR A R b, RS HOIR
BT ZHNWEZE RN Z NI . W AR,
TE TARIRES T 32 B R BE | & S HLALAG il JEE

BT, WA EERRIE R ZERINR RN RAR AR iR s
RIS w H R o A TR w @R TR SRR
L
. B , |
2017 2018 2019 2020 2021 2022
K3 iy aR kg it
Fig.3 Statistical chart of electronic regulator failures

2 RIp FEARESTF, WEUMEG Bt P i 3P0 T 8 R AR S 5

FEL U S B ol IR S A il - TAE 1550k, i FANTH]
ARSI 5 A A ] 45 4l FH 7 i EL A o 56 R P92 i
BT St 4% R 25 A 5 T (0] RT3 g A1 2543 3] A8 ST e T 34
BRI A T ARSI, JF JR i i gl ok b A7 )8 H T &
AT
21 AEAER

e A4S 2 A B R AR A i 2, X A A
TP ARG o W AR IR A 75 A i N T b A7 4007, %
FIE TR 5% HR 25 R AR bR S 38 1 S 6 2 AR 0L 3ok B
Bk, v 7 A R T S R TR Y 6 R E
FEf, SEAT N T A o 8 2 S 50 S AL i s i
Y525 55 D7 o SRR S M 245 ST R B AT, SE
i A AN 25 0L, IR B 40 i R Ak 11~
&S5 (1500 hi8 a) [HI R A AT 5E i

2.2 IRE LR

XF 2 BEE TFHL L PR FH (Y 4 4 e 3055 3R A7 AN IR
BTSN i ¥ 93 | B L NTETE: ey O & 5 AL B i i o
A 3] W st B PN b TSR FCIR S B n

TS TBCIRAS . YR = B 35.8 °C; HLIM
A e e B R 45.2 °C 5 FL TR P e e TR B R 42.6~
53.0 C; AMNZIREE T RSN e = AR E S 88%,
AN 47%.

Hin T T AR F IR N 8 it T A ] S A
WA, SRR XHREE N 12%~34%; F8ifas TAE
BEO, HLRZE SR B A BRI 2R 1g.

At AT DL BN, SR A e R Mo T

FRekfasE TAEBC, s R 7E 36 005 ) A 9IR sl 52
/N, F54 GIB 150.16AP 56T “H LIRS
IEEIAR LR IR IR AR,
2.3 XITRETIRE

4 GJIB 150.16A 45 A.2.3.4 %5 14K —Jig 38 &
Hl— B T HL——A.2.3.4.7 P& 555 Hr 5L 6] o )
BURBAE - I £ 5500 0 Ik 2h 2R 85 AT, T
i JEV I R 5 350 1w 0 B sh RS2 st ) o 0 SRR o) R 2
EHIENE 3 T 4 PR, WV 3 AN IE 3 Hl ) 4
Al IR RN 4 h, SAREREE D 12 h, MY T
2500 h {1 FH H i o

#2500 h ¥z 3l 5 25 1 PR 50 i ] 4% B8 1500 h (1)
SEBR TAERTIE] (1> B R B ) X 3R sl 50 4p S ) [
HEATEE W4T, 15304 1500 h {fi FH A B oL T,
W 3 AN IES A A R A o 2.4 h, B
AfIE A 7.2 he

— A4,
—A
~ ? A
N 4, %
b 5
oy i
5 #
H S
,
g H
G A s A

B Hz

K4 HIHLR S FREE
Fig.4 Helicopter vibration environment



w22k H2W

i, . FEA TR R E ST ST B - 49 -

#* 3 EANTFREXEMIRSNEME (#=0.0010 &/Hz)
Tab.3 Vibration measurements in different areas of
helicopter (#,=0.001 0 g*/Hz)

PRUEIR  AE £ AL

P A =
BRLE Rt B 52 4% LMz R
3~10 0.70/(10.7-1,)
Wy=0.0010g%Hz  10-25 0.10xf,
— X8 W,=0.010 g*/Hz 25~40 2.50
/=500 Hz 40~50 6.50-0.10%f,
50~500 15
3~10  0.70/(10.70-)
Wy=0.0010g%Hz 1025 0.070x%f,
X Wy=0010g°Hz  25~40 1.750
/=500 Hz 40~50  4.550-0.070xf,
50~500 1.050

2.4 ZEMFIKKIE

HR 38 SCHR [24-25] % B 18 78 A [R] b 35k R 4% B 79 3k
BE LW ESESRE N RS E, S GB
150.2~5A—2009 HiELBE . IR AR AR 1 56 AR A 56
B, %R0 ETHLH S BCR S T IR 8
FESZEE R, Bt niE 5 R IR -1 R -
W DR R ZEA B . I AR v T S e
REAGE . IR EEARRIFREERE S, &4 h A LAE
W, B 24 /MEFR (4 d) FRR 1 ANSKRPERR, 58
TN A N R R EIEAR R, & L DRIEH S 14
RIS R T o 3XI0 LL 1 AN RAG I A 0 3 1 5 25 50 o 1 45
Jit 1a, W#id 8 MEH (32d) HALl 8 a M 5 LR AS o

B e WE - SR - R
100 = ~75 -5

>

50 A
sor . \EKK&%’JWE&/ 1% 1°

60 |-

1
w

BHE/%

40

1
N

X3 /(m-s™")

5 JE/kPa

20 L B 10 minpy,

WG 2I35%

0 - 1 1 1 1 ] J 0

0 50 100 150 200 250
it 8] /min

Kl 5 BE-RE-S - KU R LA i
Fig.5 Temperature-humidity-barometric pressure-wind
four-factor integrated environmental test spectrum

2.5 l'tq_z %

it 7.2 h PR 32 d By TR - -
Fe-7 PR R SR A P, B TR IR 1 E
BRI 1500 h TARRE T ROIRsD . RESFHER
XL FEE , DAL 8 a M T A5 OIS T IR L I
f“ AURAF PR Z X R BRI . AT IR 6 1R bl

{5 P01 St e e A 1 B 114 39 A a3 o 2R
IMHTE&F% LA R IR I AL Bl R3O,

3 HRIIE

AR 15 R T B 0 TR, I R A o Y AR AL
P[] P50 AT [ R, T AR BE ML 58 o &1 X Rl HL
WA, FEM IR TR B G OL T, Pl
[aIbE  tmrer) E’J*&jt{/m}\?’fﬁﬁ“ﬁ‘j[%-%]:

ImTBF =—
B

Aefe o WRBHEG T=Y 4+ 0 6 5
AR SR BRI , g 585 AR B T AR

St HE 5 A S G AT I LA T, 7T 4% 3 AR
wmr .

1= 2r

2 (2r)
ImTBF

Fh T A5 tvrer I B A5 FE

2T 2T
_;{2[1;6,2r+2\J ;{2(“2‘?,2”2)

EAE TR -

H C E A X (] .

2r w
_xz(l—c,2r+2)’
A 7.2 h RS 32 d 25 & IR BRI 45
S, XHEHRE A SEGEE TR T TR AR, ik
K 80%E 15 T FRAHIT tmrero
I A S
V4 (1—c,2r+2)
2T
;(2(1—c,2r+2)

IMTBRLL = =3728h,

H Jj—j%ﬁ tMTBF,LZ = =2735a,

>

4 £y

AR S R H I S B R 2 PR S TR R I
FEAR A 77 A S B A R R, TR T i Hﬁ
LI T 458 .

1) B H A GE, 7 80%H B T,
FE T AR R B AT 18 3 725 h/27.35 a, EEK
T S5 A P 25 i mT LA R RS JE X7 i A e 1
ASEIE E IR 1500 h/8 afifi & sk o

2) SR . TARIR S DL R A PR
A BT IETT, UE B2 6 R 0 45 I A S PR T
B, AT R I SRR ML L 7 R B i 12
i 2L

3) A SCER X H I 73 i B 5 1 0 B 5 0 3 56
TR 00 05 ) 75 i VAR, A 78 S B[] P9 A A 56 HL 1
7 i e T EE RS R R, [R) R S 0 PR A ] R
CIECH



- 50 -

2025 4F 2

SE -

(1]

(2]

(3]

(4]

(9]

(6]

(7]

(8]

(9]

(10]

EeE, sk, fITE, . ST AN LA
FEHAE A0 B o 57 5 A TN [, JE BT A AT R 27
2, 2023, 49(8): 2200-2206.

Bl Y B ZHANG T, HE Y T, et a. Corrosion and Fatigue
Life Prediction of Aircraft Typical Lap Structures Based
on Life Envelope[J]. Journa of Beijing University of
Aeronautics and Astronautics, 2023, 49(8): 2200-2206.
BRI, T, o, 55 et a5 iE
FHA KR REGIR]. Mizs2=4k, 2021, 42(8): 525791.

LI Y H, WANG C B, CHEN L, et a. Overview on De-
velopment of Advanced Fighter Life Design and Exten-
sion Technology[J]. Acta Aeronautica et Astronautica
Sinica, 2021, 42(8): 525791.

B LR A A RS,
£ T #2, 2021(3): 200-201.

GAO C B. Research on the Evaluation Technology of
Aircraft Structure Service Life[J]. China Plant Engineer-
ing, 2021(3): 200-201.

B, XN, G, . R TRBLAR AR bR R
M. T Azhik, 2016, 35(7): 11-15.

LI L, LIU Q, SU T, et a. The Usage and Control Ana-
lyzed of Military Aircraft Life Indicator[J]. Ordnance In-
dustry Automation, 2016, 35(7): 11-15.

s, AR, RIGEL, & BT HmULr WIEE
ERFFOR T 7L ). MRS AR 724k, 2014,
46(3): 413-418.

ZHANG T, HE Y T, ZHANG H W, et al. Life Prediction
Method for Aircraft Metal Structures Based on Life En-
velope[J]. Journal of Nanjing University of Aeronautics &
Astronautics, 2014, 46(3): 413-418.

PRI, ORISR B Dy B i ik S I AR
WF5EIR]. LR R B m AT 5L BT, 2005.

CHEN Q Z. Research on Caendar Life Evauation
Method and Life Ex-tension Technology for Typical
Aircr-aft Structureg[R]. Shenyang: Institute of Metals,
Chinese Academy of Scie-nces, China, 2005.

PRER R, B, B, RHUIRE A dr Bl AR
KA T, &Lt 2001, 21(3): 16-21.

CHEN Y L, LYU G Z, DUAN C M. Advanced and Some
Problems of Predictive Technique for Service Life of Air-
craft[J]. Aircraft Design, 2001, 21(3): 16-21.

BETEN, #I3E, KA, . OO ST Sk e et
RIRERRI). Az 24l 2021, 42(5): 524394,

CUI D G BAOR, ZHANG R, et a. Development of Air-
craft Structural Fatigue and Structura integrity: Re-
view[J]. Acta Aeronautica et Astronautica Sinica, 2021,
42(5): 52439%4.

i F5E. RALEH A A P R B S R [M]. et [
B Tl th ik, 2017: 16-23.

HE Y T. Principle and Technology of Aircraft Structure
Life Control[M]. Beijing: National Defense Industry
Press, 2017: 16-23.

FEARR, ETROVE. TRBLGE R SR B U 1 R R A

(11]

(12]

(13]

(14]

(19]

(16]

(17]

(18]

(19]

PR AR, MUZSbrifEfb 5 i, 2010(1): 21-24.
JAO Z Q, SHU C H. Development of Aircraft Structure
Integrity Design Concept and the Evolvement of the
Standardg[J]. Aeronautic Standardization & Quality,
2010(1): 21-24.

POKRTE, JRFNE, ShEE, . AL 7 e AE A5 fi
T E R AR I IR RS []. ALEBIR, 2021, 44(6):
12-14.

DAl Y D, LUAN JH, HAN H C, et a. Research Progress
on Accelerated Testing of Airborne Electro-nic Prod-
uctg[J]. Mechanical & Electrical Technology, 2021, 44(6):
12-14.

ZE0m, SRAEMS. ZRE IR T B A AR A A
I TTEMIFE). R TR, 2019, 16(3): 81-87.
QIN Q, ZHANG S P. Accelerated Storage Test of Electric
Equipment under Integrated Environmental Stresses]J].
Equipment Environmental Engineering, 2019, 16(3):
81-87.

ZETESE, BRI, FE, &F. MLERH T SO
FHEIR[J). HEZERAS REF2EH], 2022, 37(3): 277-283.

LI JL, HEY Z, WANG Z, et a. Progress in Accelerated
Test of Airborne Electronic Products[J]. Journa of Naval
Aviation University, 2022, 37(3): 277-283.

FPEE, B, BEAR. HLERHL T AT EE M E
ARG AR, fias TR, 2017, 8(1): 98-104.
YUAN Z T, FAN X L, ZHAO X D. Reliability Quantita-
tive Accelerated Growth Test Technology of Airborne
Electronic Equipment[J]. Advances in Aeronautical Sci-
ence and Engineering, 2017, 8(1): 98-104.

SUHIR E. What could and should Be done Differently:
Failure-Oriented-Accelerated-Testing (FOAT) and Its
Role in Making an Aerospace Electronics Device into a
Product[J]. Journal of Materials Science: Materials in
Electronics, 2018, 29(4): 2939-2948.

BB, B TR, farg. SRR AL A
IR T i S A TN (). 52 T A 301k, 2019, 38(7):
52-55.

ZHAO X C, LYU W M, YANG L F Life Prediction of
Electronic Products Based on Fault Mechanism and Sto-
chastic Linear Degradation Model[J]. Ordnance Industry
Automation, 2019, 38(7): 52-55.

TYOSKIN O I, KRIVOLAPOV S Y. Nonparametric
Model for Step-Stress Accelerated Life Testing[J]. |IEEE
Transactions on Reliability, 1996, 45(2): 346-350.

sk, ST, AR, AE. WA L TR N AT R
WA BRIC /4 i e [J]. %64 B8 T2, 2021,
18(9): 27-34.

ZHANG X, HAN J L, ZHANG X M, et d. Progress in
Finite Element Analysis of Accelerated Reliability Test
for Avionicg[J]. Equipment Environmental Engineering,
2021, 18(9): 27-34.

Ak, HERNAT, TIESE, S USRS S ik oY
BTk R[], FimiEA, 2021, 50(7): 106-118.

LI B, DONG L H, WANG H D, et a. Research Progress
on Corrosion Fatigue of Aerospace Aluminum Alloy[J].



w22k H2W

i, . FEA TR R E ST ST B -51-

[20]

(21]

[22]

(23]

[24]

Surface Technology, 2021, 50(7): 106-118.

2N, XIS, JEZE, S LB B I AR A
SR MR EE]). 24 PREE TR, 2021, 18(10): 39-44.
LI X, LIU C, ZHOU K, et a. Research Progress and
Prospect of Determination for Calendar Life of Airborne
ProductgJ]. Equipment Environmental Engineering,
2021, 18(10): 39-44.

WREEAER, PriRwz. CHLEEH B s 2 i S B 4 i o
BRTE R[], A PR TR, 2012, 9(6): 72-77.
CHEN Q Z, FANG Z Q. Consideration on Some Calendar
Life and Corrosion Protection Questions of Aircraft
Structures]J]. Equipment Environmental Engineering,
2012, 9(6): 72-77.

PREE, REHE. CAE Lo AL A A FE R R
MBFFEd]. B T2, 2012, 9(1): 1-4.

CHEN Q Z, WU Z C. Effect of Flying-Grounding Ratio
on Service Life of Aircraft[J]. Equipment Environmental
Engineering, 2012, 9(1): 1-4.

Hh )N PR TR R . A P A S 00 3 A i
ik 4B 16 ¥4 HshidEh: GIB 150.16A—2009[S]. It
AU AR R, 2009.

Genera Equipment Department of the People's Liberation
Army of China. Laboratory environmental test methods for
military materiel. Part 16: Vibration test: GJB 150.16A—
2009[S)]. Beijing: Standards Press of China, 2009.

i, R, FERULR SIS R B D 7 1 5
TARTTEIR]. dbat: Fi%AT=s Su5Epr, 2020,

LI J, WU Y Z. Technical Proposal for Calendar Life Ex-
tension of Certain Engine Components and Accesso-

(29]

(26]

(27]

(28]

riegR]. Beijing: Army Aviation Research Institute, 2020.
RAEE, W, B3, F. BRI XL R S
W[, %&8¥85E TR, 2020, 17(6): 101-106.

WU Y Z, SHEN J, ZHONG Y, et al. Compilation of Air-
port Environmental Spectrum in Hot and Humid Inland
Aread[J]. Equipment Environmental Engineering, 2020,
17(6): 101-106.

SREB, DT, R SEAhEE T YL A 11y
FFAEATH. ITAER A4 (A /B2 R), 2022, 42(2):
113-117.

ZHANG L Y, DONG X F. Estimation of Mean Life for
Random Truncated Data under Ranked Set Sampling[J].
Journal of Hebei University (Natural Science Edition),
2022, 42(2): 113-117.

IUTERR, AR/, WRTEE, L BR T R/IMR2ZEME A
HIRAC AR LA BT AL 1™ T AR S R
156, 2017, 35(2): 10-14.

CHENG K Q, LI X B, PAN G Z, et a. Accelerated
Degradation Test Data Optimization Anaysis Method
Based on Minimum Deviation Criterion[J]. Electronic
Product Reliability and Environmental Testing, 2017,
35(2): 10-14.

P IR, AXAH. R E NV T T AL i R AR 1Y
WL Fas AR T[] T IoCiE S A0k 2014, 33(6):
72-76.

GAO L N, ZHAO L. Life Prediction of Electronic
Equipments Based on Step-Stress Accelerated Degrada-
tion Test under Temperature Stress[J]. Electronic Com-
ponents and Materials, 2014, 33(6): 72-76.



