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Investigation Status and Key Technologies of Rear Variable Area Bypass Injector of Variable Cycle Engine
YU Hai—tao, SHI Lei, FU Yao, GE Xiao—nan, ZHU Jian
(AECC Shenyang Engine Research Institute , Shenyang 110015, China)

Abstract: Variable cycle engine (VCE) is the development direction of the aeroengine. Compared with traditional aeroengines, the
afterburner of VCE is equipped with a typical variable—geometry mechanism, the rear variable area bypass injector (RVABI), to meet the
whole engine requirements of the aerodynamic matching, thrust, and fuel consumption. The development history, arrangements, and
structural forms of RVABI in VCE are discussed, the structural and functional characteristics are analyzed, and the influence on the
aerothermal performance and the size of the afterburner, engine thrust, and specific fuel consumption are elucidated. According to the
development history and technical characteristics of RVABI, key technologies such as quick response, precise control, and high reliability
that need further study in terms of performance, structure, and control are pointed out. The discussions and analyses aim to provide refer-
ences for RVABI performance and structure design of variable cycle engines and the future turbine—based combined cycle engines.

Key words: rear variable area bypass injector; afterburner; variable cycle engine; aeroengine; key technology
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Research Progress on Fuel-Air Premixing Method and Performance
LIU Xiao—ke', LIU En—hui*, LIU Xjao®
(1. AECC Shenyang Engine Research Institute ;
2. AECC Gas Turbine Company: Shenyang 110015, China;
3. College of Power and Energy Engineering , Harbin Engineering University , Harbin 150001, China)

Abstract: With the increasingly stringent emission standards of air pollutants, low—emission combustion technology has become one
of the key technologies in the development of advanced gas turbines. The uniformity of fuel-air premixing is the key factor affecting NOx
generation in a low—emission combustion chamber with gaseous fuel. Based on the mechanism of pollutant generation and control methods,
the relationship between premixing uniformity and NO, emissions is pointed out, the better the uniformity, the less NOx emissions.
According to existing research contents, the research progresses on improving fuel-air premixing uniformity in low—emission combustion
chambers at home and abroad is summarized from four aspects: the structural parameters, swirl/turbulence intensity, premixing distance,
and boundary conditions (temperature and pressure ). It is suggested that the premixing uniformity can be improved by increasing the swirl
number, fuel penetration depth, premixing length, ete. It is pointed out that the prediction of fuel and premixing uniformity in small-size
and short—distance space is lacking in recent research. Based on the technical level and development trend of low—emission combustion
chamber , it is believed that the future research direction should be the quantitative prediction and evaluation of fuel-air premixing
uniformity in short—distance and confined spaces.

Key words: low emissions combustion chamber; gas turbine; NO, emission; premixing uniformity
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Development of Microwave Absorption Coatings for High—Temperature Radar
GAO Yu—vyi', LI Qian—hui', HAN Qing—zhi', XIAO Jie', HE Wen—ting'”*, GUO Hong—bo'"
(1. School of Materials Science and Engineering, Beihang University, 2. Key Laboratory of High—Temperature Structural Materials and
Coatings (Ministry of Industry and Information Technology): Beijing 100191, China)

Abstract: In modern information warfare, detection and guidance technology develops rapidly. Among the detection signals, detection
by radar microwave accounts for up to 60%, so the radar stealth capability of weapons and equipment is particularly important. With the
performance improvement of the new generation military equipment, the service temperature of the hot components continues to rise, which
puts forward more stringent requirements for high—temperature microwave absorbing coatings. In the high—temperature service environ-
ment, some microwave absorbing materials have problems with oxidation and low curie temperature, which lead to the loss of absorbing
performance. Therefore, microwave absorption materials for high—temperature applications mainly rely on dielectric loss and conductance
loss mechanisms. Based on this, the paper discusses the research progress of microwave absorbing coatings materials including carbides,
borides, oxides, metal materials, and MAX phase materials, and analyzes the advantages and problems of each material. Among them, oxide
absorbing agents have good high—temperature stability, are easy to prepare, and have low costs. Their absorbing performance can be
controlled by doping modification, making them more promising absorbing materials for future more stringent service environments. In addi-
tion, the influence of coating structure design on expanding its microwave absorbing frequency band from the perspectives of gradient
structure and metamaterial is discussed. Combined with the current research progress, it is proposed that the research and development of
new materials, new structure design, and fabrication techniques suitable for material structures are the development direction of high—
temperature microwave absorbing coatings.

Key words: microwave absorption; high—temperature coating; microwave absorbing mechanism; structural design; absorbing agent;

high—temperature stealth material
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ZHENG Pei—ying', ZHOU Ze—jun’, ZHONG Yi—cheng’, DONG Wei', LIU Jia—xing'
(1. AECC Shenyang Engine Research Institute , Shenyang 110015, China;
2. First Military Representative Office of the Naval Equipment Department in Guangzhou, Guangzhou 510220, China;
3. College of Energy and Power Engineering, Nanjing University of Aeronautics and Astronautics , Nanjing 210016, China;
4. School of Mechanical Engineering, Shanghai Jiao Tong University , Shanghai 200240, China)

Abstract: To achieve a universal, scalable, flexible, and efficient modeling of the whole—engine performance of gas turbines, a
general-purpose whole—engine performance modeling method featuring topological self-construction was proposed. Based on object—
oriented concepts, a general component library was constructed using modular technology, and then the whole—engine model was formed by
associating components through topological interfaces. The whole—engine performance simulation models applicable to different types of
gas turbines were established. The iterative solution model of the multi—branch complex air system was coupled and embedded into the
whole—engine model as a component to replace the existing constant amount bleed air calculation method. A whole—engine performance
prediction platform with a user—friendly human—machine interface was developed using a cross—platform graphics development framework
and image visualization technology. A typical twin—spool gas turbine was used as a calculation case and compared with the experimental
results. The results show that for the outlet temperature of the power turbine, the maximum errors calculated using the constant bleed
method and the present coupling method are 3.36% and 1.31%, respectively. The calculation accuracy of outlet pressure is also improved
under most operating conditions. The proposed topological self—construction general-purpose whole—engine performance modeling method
can easily realize the construction of components and the topological self-construction of the whole—engine. After coupling with the second-
ary air system, the accuracy of the whole—engine performance simulation is significantly improved.

Key words: topological self—construction; secondary air system; whole—engine performance model; gas turbine
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Component Matching Analysis of Variable Cycle Compression System Based on 3D Numerical Simulation
LI Xiao—qing, MENG De—jun, YIN Song
(AECC Shenyang Engine Research Institute , Shenyang 110015, China)

Abstract: In order to study the component matching of a variable cycle compression system and its performance during whole engine
operation and adjustment, joint simulation of the fan, CDFS, compressor, and bypass duct of a variable cycle engine was carried out by
using 3D numerical tools. The differences between numerical calculation and experimental results were compared. The core—flow throttling
characteristics and bypass—flow throttling characteristics were investigated for the single and double bypass mode. The changes in
component matching relationships caused by core and bypass outlet pressure regulation were analyzed. The variation range of the bypass
ratio and flow characteristics of each component under limit regulation conditions were derived. The key components that constrain the
surge margin of the whole compression system were identified. The results show that in double bypass mode, bypass throttling leads to a
significant increase in the fan operating point, causing the fan to first reach the surge boundary; while under single bypass mode, bypass
throttling leads to a simultaneous increase to the operating points of the fan and the CDFS, causing them to reach the surge boundary almost
simultaneously. Core flow throttling causes the high—pressure compressor to first reach the surge boundary in both single and double bypass
mode. The deviation between the numerically derived bypass loss and the experimental result is within 4%.

Key words: variable cycle; fan; high pressure compressor; throttling characteristics; bypass ratio; performance matching; numerical

simulation; aeroengine
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Experimental Investigation on Two—dimensional Turbulence Characteristics of Cold Flow Field
in a Dual-stage Swirl Combustor
SHEN Chen, WANG Hui, YANG Shuai, YANG Tong, WANG Yang
(AECC Shenyang Engine Research Institute , Shenyang 110015, China)

Abstract: In order to investigate the turbulent structure of the combustor flow field, a particle image velocity (PIV) system was
employed to measure the flow field characteristics of a dual-stage swirler combustor. The velocity field distribution, Reynolds stress
distribution, and turbulence intensity distribution at different inlet velocities were obtained. The results show that with the increase of the
inlet velocity, the jet velocity at the outlet of the swirler increases, and the axial velocity in the central recirculation zone changes slightly.
There are five high Reynolds stress regions on the 2D plane of the axial measurement section of the combustor, which are the one central
recirculation zone, the two intersection zone between the recirculation zone and the high—speed swirling jet (shear layer) , and the two
contact zone between the high speed swirling jet and the simulated wall of the combustor head. The high Reynolds stress distribution in the
intersection zone between the recirculation zone and the high—speed swirling jet is conducive to the full mixing of fuel and air. Turbulence
intensity distribution is related to velocity fluctuation amplitude and average velocity. Turbulence intensity is higher at the intersection zone
between the central recirculation zone and the high—speed swirling jet.

Key words: particle image velocity; dual-stage swirler; flow field of combustor; velocity fields; Reynolds stress; turbulence

intensily ; aeroengine
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Numerical Simulation of Detonation Initiation in Sector Pulse Detonation Combustor
ZHANG Jia—bo, ZHENG Long—xi, LU Jie, PENG Chen—xu, LUO Zhen—kun
(School of Power and Energy, Northwestern Polytechnical University , Xi’an 710129, China)

Abstract: In order to investigate the influence of different obstacle structures on the initiation process of a sector pulse detonation
combustor, numerical simulations of the initiation processes in the middle cross—section of the sector pulse detonation combustor with
three types of typical orifice plate obstacles were carried out, and the influences of the type, blockage ratio, and spacing of the obstacles
on the deflagration to detonation transition (DDT) distance of the sector pulse detonation combustor were studied. The results show that the
obstruction blockage ratio has the greatest influence on DDT distance, and the higher the blockage ratio, the shorter the DDT distance
within the blockage ratio range of 0.35~0.70. Among the three types of obstacles, the obstacles with a swept—forward triangle section have
the best effect on shortening DDT distance at a low blockage ratio and those with a swept—back triangle section have the best effect on
shortening DDT distance in the case of high blockage ratio. Among the three spacings, the DDT distances have little difference when the
obstacle spacings are 1 and 1.2 times the equivalent diameter of the detonation combustor, and both of them are shorter than the DDT
distance when the obstacle spacing is 0.8 times the equivalent diameter of detonation combustor.

Key words: sector pulse detonation combustor; deflagration to detonation transition; obstacle; blockage ratio; numerical simula-

lion; aeroengine
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High-altitude Starting Prediction Method Based on Model Correction
QUE Jian—feng, YAN Hong—ming, YING Ji—yong
(AECC Commercial Aircraft Engine Co.,Ltd., Shanghai 200241, China)

Abstract: In response to the problem of low accuracy in predicting engine starting process using starting models based on component
characteristics, the calculation method of the starting model was studied by establishing an iterative solution equation for the starting
model. Based on the correction coefficient of combustion efficiency, the heat transfer coefficient of the heat absorption and release model,
and the additional loss correction coefficient , the key engine starting parameters were matched and the model correction method was
studied. Based on the starting model derived from engine component characteristics and combined with the ground starting data, the
model—calculated data was consistent with the test data, and the validity of the starting model correction was verified. The model was used
to predict air starting and compared with the test results. The results show that the compressor common working line and rotor acceleration
rate of the starting test are in good agreement with the corrected model, and the difference in the turbine outlet exhaust gas temperature is
reasonable. The starting model correction method can efficiently support high-altitude starting tests, make air starting tests at boundary
working points of the starting envelope successful in one go, and reduce test risk and cost.

Key words: starting; model; correction method; model prediction; high—altitude starting test; aeroengine
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Numerical Simulation and Verification of the Influence of Joint Clearance on Dynamic Characteristics of
Thrust—vectoring Nozzle Adjusting Mechanism
MENG Ling—chao', ZHANG Hao', ZHANG Qi—liang', LUO Zhong’, XU Chun—yang’
(1. College of Mechanical Engineering and Automation , Liaoning University of Technology ,Jinzhou Liaoning 121001, Chinaj
2. School of Mechanical Engineering and Automation, Northeastern University , Shenyang 110819, China;
3. AECC Shenyang Engine Research Institute , Shenyang 110015, China)

Abstract: In order to study the influence of the joint clearance on the dynamic characteristics of the thrust-vectoring nozzle adjusting
mechanism under different flight conditions, an single blade dynamic model of the thrust—vectoring nozzle motion adjusting mechanism
considering the characteristics of joint clearance and friction coefficient was built by using the method of combining the first type Lagrange
equation with the mixed contact force model and the LuGre friction model, and then the kinematic analysis model of the overall adjusting
mechanism was established. The results show that due to the presence of joint clearance, if the motion state of the nozzle adjusting
mechanism undergoes abrupt changes, the displacement of the nozzle flap in the initial impact stage is almost not affected by the clearance
impact, but the velocity and acceleration of the flap will oscillate violently and momentarily, and the oscillating amplitude is greatly
affected by the joint clearance, while the clearance has little effect on the motion accuracy of the flap during the stable motion. When the
thrust-vectoring nozzle adjusting mechanism of the whole engine performs the converging and diverging motion, the impact force generated
by each joint is almost the same. While performing the up and down deflection motion, the generated impact force is the largest at joint C,
followed by joint A, and the impact force at joints B and D is the smallest.

Key words: thrust—vectoring nozzle adjusting mechanism; clearance; Lagrange equation; dynamics; aeroengine
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High Temperature Residual Stiffness Model of 3D Braided Carbon/Carbon Composites Considering
Dynamic Braiding Angle Changes
YANG Xing—lin', ZHANG Sheng—yu', CHEN Bo', MA Bing—jie*, XING Xue’
(1. School of Energy and Power, Jiangsu University of Science and Technology , Zhenjiang Jiangsu 212003, Chinaj;
2. CSSC Shanghai Marine Diesel Engine Research Institute , Shanghai 201108, China)

Abstract: In order to study the fatigue characteristics of 3D braided C/C composites under elevated temperature, a model of dynamic
changes of braiding angle related to the number of cycles was established, which was introduced into the residual stiffness model of
unidirectional composites considering temperature, and then the high—temperature fatigue residual stiffness model of 3D braided
composites was established considering factors such as stress changes, braiding angle changes, and temperature. Tensile—tensile fatigue
tests were conducted at an atmospheric environment of 700 “C to obtain the residual stiffness, residual strength, and length change of
specimen section on 3D braided C/C composites with anti—oxidation coating. The results show that at 700 °C, the residual stiffness of 3D
braided C/C composites with anti-oxidation coating in the tensile—tensile fatigue increases significantly in the initial loading period, then
remains stable, and experiences a sudden decrease when approaching fatigue life. After 105 cycles, the residual strength of 3D braided C/
C composites increases by 19.75% compared with its initial strength; The area of the hysteresis loop during the fatigue process gradually
increases with the increase of the number of cycles. The high—temperature residual stiffness model fits well to the residual stiffness test data
at 700 °C, The error between the simulated value of the braiding angle under different cycles by the model considering dynamic braiding
angle changes and the experimental value is less than 5%.

Key words: 3D braiding; C/C composites; high temperature fatigue ; residual stiffness; braiding angle

LU B PERR BT 57 PR RE o Bk/B 2 A RS
Eé‘ﬁﬂﬂﬁﬁc,m,ﬁﬁéﬂﬂ%?ﬂ%\mﬁ*’m“b o 34k
EAMBHAI 0 T RE LA R LU (8 g 4 R ek 1 DY B 254, M T A AR E B,

Y iE HEE:2022-12-05  EE&TIH T AR ARG 3h 784 (1142931905) ¥ Bl
TEE RN 240k (1964) , 55 i+, 8% .

0 3l8

S| A8« 17 XK. SR 71, 0, 35 . 5 S8 A AR Bl 285 AL TE 19 3 2 S 2R8I 1 B 85 S R WY L)) A 25 K 3 #1,2024,50 (3 ):72-78. YANG
Xinglin, ZHANG Shengyu, CHEN Bo, et al. High temperature residual stiffness model of 3D braided carbon/carbon composites considering dynamic braiding

angle changes[]].Aeroengine,2024,50(3 ):72-78.



553 3]

WA - 5 B MU S 25 AL A0 3 2k S SB35 55 A Rk oo R R A 1 P A A 73

T2 P IR S5 S5 R B 5 PR3
T s E (n) Sy bR n YO 5 AR R ORI
ORI,

ZRIHIRSE BT AR S R 3
Y2 SV 4 PR RS IR 5777 R AL BB
BPESISY
M AL L 2 S SR AT R B bR
TEEEFREE T AR SR R I T T R b R
3 e SRV A B R AR T IR 95 A3
W RN IR S Gl . RN T 4
R 3 AR T I35 L 12, 5 B R £, i —
AT ROV AR5 5 A BN T o s R AR
IR R AR S B L A ) B e T
BRIBT BRI PERE s Wei 8028 sy T — Rttt gy FRIRAS  TZE MR FE P22 SCRROI7)8 2 T —FhiE
HER  FE L 3 SRR/ & MR T R R
B35 Liu S50 AN 9 85 3 46 PR S B AR R e

2 2 SUBKR /Bt 23 B ORE B R SR HIT SO TR, ROk AT
IE TS AP | I o A T R0 8 P 4

HAER S 0% o INZBRARE A M RHE R RIS T 5 K

SR T AEAN ) il AR R UL ITR R 3 g 4L

S RRIEAT 2 B AN - HiK 57 1K 5 L LA S [R]E T)

IR 95 1y, F BRI R S5
TP IE e, LR 3P R TRk bkl X iqam m MR SR
3 S5 BRI RO 7 TR T R A6
FHRR R S AR, IEF A MBIE L RWIBR AL
AR IR 55 450 0 e B R TT ARSI

0"\ +45"J7 [m X JZ A A 3 42 SURk /B S B HHRLDTRE T
MRS T BRI R0 55 6, SR 5E 3 1 3 g
SRtk /B S5 BORE B 16 R BT LR A% I B2 52 A A
ZAAE Yang R IEAR E SN 1 R KX HS 0 5

FTAROIAILEL, (HBEA % IR A 57 B 05 52 )

9% 55 T 4% W BEASE IR I X 2 RS B A A e R AT T
—uﬁEo

1 BMEASMRITHER S BRI KN EiEE

T A
D. = E, - E(n)

E()_E(N) (1)

A B AR R IR I BE AR £ (V) A4 R R Y

DEﬂLJFFJf(;)%‘%/%,n/fv%%/%ﬁﬁ“ﬁtt,ﬂlﬂiﬁ(l)

X2 IENAEIE AT 2R

PG

AR R B 55 U T 2 4R TR, S b

Ry R IS 5 BERERIEE R 69 3 B B g e 2
HEARS AR

D, - q(;)m‘ (- q)(;)mz (4)

HRAZF(1)~(4) U5 23 W B SR A RS ] 37y

R LR

ISR W], BR/BR S5 BRI D M RE = A

ERBEIRLE R R AL B AT A . I L
SCHRTHE g R B8, TSR PR R A
iR SCHRII8-19BRH T2 R 1K JREESH
BRI /85 S S MR- R T AR R R pes s BOHR T o S F IS TR IR . T
OGS ERRBEE IR RE B VAl e s oo bl 2 TR 9 R 55 0 99 K F 3R B
SCHRMBRIE EAFSE T IR IAEE T B/ 2 A bRk FE B TR BE A S, A SO BB g HEAT T 2 B0
BRI T — R R 1K B B 3R

ARICAETO0 CRIFE T S IRIZE 3G AR
BrPPRHY- PR 97 R K, 1Sy T —FRBEIR IR RCE LR
SRV IR A S AR e 3 2 G SR L A PR R R

RIS TT 1%, S8 g E SO

_ [T
q - p Tm - TO

(6)

Ria, b WIS T, R bR AL B
ST WA p = oo, ol 0,
R, o SR

FES SRR SR 5SS BRI R AN
BRI R LT T R R RS, S T E(V)
B, B BRROG T L AR SR R 2 T L 4T 0
CEL

e 48 37 (B L1 0 30 2 5 B 25 B



74 17 A ) B 5550
E(N) (T,-T\[p)\" RS
o)l o T
Kied, d, WIXESHL (m)_ (m)”+(1 ) )(nl)’* y(ny/N,) (D
Wear 2 (5)~(7) T EE EsranR wiok o N )T AN 1500

AR R £ B /B S R £ A SR AR M
JERIRY

E(naP,T) =1-|1 _( T/n -T )(‘(p)d: .
E(0,7) r,-T,)\d

AT el

[

2\:

2 SHEFEAHRMES
= ia T A NI AR A

S TOAREEN-1 B e PSR T R 3 4 2 2 Bl ik B ﬂfﬁ:{ B A AL HER T“*E?é,az\dndz'%@jjﬂ(%
%

PORME ARSI 358G R AR 53 1L ()%
SFRIR RO 100, AR
AR AW 5 (3)3 e RSN A M RHESE S I | 3 o o 8Vt 52 2 ) 2 V00 4 1 38 3% 0 M4 e
TR AT R SR AL A R DAL T SR 3 4 2
BRI ST A B T U T A N AR S AT 6 09
A R (12) HOES B, AT A1 I (10) 116
U 25 LU 2 Ay ORI AE — S I G5 WA A ST 3

L 3 RV A bR S

AR IR 57 IR B R I : (1)3 4 SURR/k 52

3 2 g 2 B/ 52 5 B LI
B R PRI N RS IR ; (4)HH LT, %
55 WK e BT 1S AN ARl b 3 24 2 SRl /i
S PR 57 R AT LA, 7 55 s v, 3

Wi 1 9 55 R
P R R B 2 AR B A B AR BBy 1A 3, AR SC

i, AN 55 AT AR T BRI R A R R T
18] 5 27 AE SR RE T, 3t WUET 2 TR 1A 014 2 A A0 57
AT AR B8 o a3 4k S
FARHAIF B R, i I R 2
IR T ARSCRAE

AT i oA g U AR A ) i g At A B, i
F RGP ) A2 LS chapman pREUH T

y=a(b—e"”)ﬁ 9)
HOWRBOES, T

BRI St b (/) 205 K B R B 1 A5 0 B, o B

LR

(M) (Y |
( ):(ae '+k) (10) 3 3YHFLAm/MRESHMMERESINE

o N OWENMETER 51 il

By (nyIN, ) W IZAEIREL R R PEGRE0 0 Bk R

SCHRITTTIA R 952 55 43 47318 £k pRi
A a=m" M3 (9) "] F A A SO 1 9 2
BRI R K e O SRS sl A

y(0)
oy (0) A IS 4] U w21

ORI g
(8)

HBRARNSERE

N
Mﬁhk;pA;ﬁ$1ﬂmﬂﬁﬁ%#%ﬁ§nﬁﬁﬁﬁﬁﬁﬁﬁ

AL AL B

R R R S HG L LIRS RS

W25 1 2 21 A A8 AL Y 3 4 4 SUBR ik 525 AR

Enpl) _ | [ )B _(TM-T)”(
g(or) L‘ +k(1 T~ T,

T -T ()l R | "
\7 -7, \W PAr =,

D) TSy RIS o Bk c.od, d, a,.b,.

L LAE101250, Hrba Bk SREUAME K c.0,5

1 T IJ0TE EAR RO 55 480 7 4 4 21k
Bkt , Pk (10) Joik EE i Bl & i e o T

é%%ﬁo
e b 3R ARG (10) S8 A 2, 7

R B A AT W, B A T
N 1T 3 20k S S A P P38 I 2T

(3 42 2152 5 B1ORERY ML B ) 52 I AR fh B 56 &R

§ﬁﬁ

h(;):H(';/N) (13)

15 3 4k 2 U b REET 2k SRR TR T AR A A [

3}&%zm%&§5%%ﬁm%%mﬁ

h("):S& (14)

"l

56 %8 FH A3 56 A4 81 SR T300 3K B 41 4, I+ 42



553 3]

WA - 5 B MU S 25 AL A0 3 2k S SB35 55 A Rk oo R R A 1 P A A 75

Ix1 4 L IR I BAR TR . FEHEM RS &
R AL R R RAL | R R R AL M SR AL S 15 2 i/
A AR, o iR A B A 2200 °CL Bk fLBY
B A TR . AR e T A AR ik, e 1 3R T
ISINPTEALTR 2 W2 BB N A R TR Y
JoT o AE DS T ) S IR PRI R TR )2 L K29 700 °C
TREEE5~T Ko 34Egm4
B/ B RHASAE RS

7
A 250 mmX25 mmx4 mm, — .

ettt

R R W s, 1 BBRABMES
WIS ELR 1, W RHR G

R1 SURAM/MESHMHXBHESH

eIV AT IRFR R UG LBUR
/(%) h/mm p/(glem®) Zﬁ(pj/% fil%

22 4.5 1.81 50 9.3
3.2 EHFIAMIKE&NG

ARTCAE MTS-633 3% 45 b 58 1 3 4k 4 8L/ 2 A
PR - 57 X5 o A 2 E Ol MTS (Muti—
Test System) ¥ 97 I I L B ®2 EHEFMAEMH
A RS YR R W B REETIC BRI fH,
P IEE IR L E W TR D 4
B, AR R AR A 5
SERL, 5 AT TFREE R 12 mm,
MBI IR EFEN 10KN
W SFIRR A 2. 34 B i | |
S SURRIR 4 MR 7 IR & M el §
LA ST B IE 2 |y smmemmms &bty
IR -HESR NS

4 KWERKITIE

41 EHHEM

XT3 4 G S/ 52 5 BBHLE 700 CTR FF R T
F17KE43 5 R AR E 1) 90% . 87% . 85% Y Hi— i J%
5515, 3 4k g S /B 525 A RHFE 700 CTR BRI -FiL
P oF IR LRI F 3, IR AT 45 6.7 24 5x10°
NG I 5 AL, 6 2 i 50 B 1~5 HEAT 2R
B A A RN y=-0.04x+0.9977 , i i E P8 0L 5 45 5]
(1) 3 4t g 2Lk /i 525 b REIE 55 5 4w S-V i an i 3
JI7R

M3 AR 3R] UL, 2 1 7 7K F MK 85% P AIS ]
83% I, 4 A 5317 3R LT+ 2 KT Sx10°0§ 36, RP

R3 SHHEAB/MESHRTET700 CTHR-HEFKKLER

e G oY RS N ) IR N )| Ftir eV
45 Fpl% o, MPa o, /MPa N

1 90 190.82 19.08 278 2.44

2 90 190.82 19.08 338 2.53

3 87 184.46 18.45 944 2.97

4 87 184.46 18.45 1573 3.20

5 85 180.22 18.02 5317 3.73

6 83 175.98 17.60 >5%10° >5.70

7 83 175.98 17.60 >5%10° >5.70
1£700 °CF , 3 4k 4 2L/ E;z}
WSS RHESTE AL TR Zoss

& ftest data

BARPF A LURZ AR O - wgdna
BRI SRR, L osaf paiidation contine
FEAGRE, RS 20 2 2 52
[10-11, 1311 E R T 34 m3 3EmAmmE St
GO E MR TR EEES SN
WL — P SRR AL
4.2 RO

3 4 S BV A b RHE 700 “CF - R 95t
P KR 2 AR 4 777 . TR b ol L B3R
i T LB 25 R R 300y 02N e s
BN, EVTERE ST g 00]  Wihamioridaiog conting
HEAE T 03 S 150
WAL ARSI i) %0
PAITEIG . MR k2] OO0 0oDF 0005 0606

steain/ { mm/mm )

36 40

Lyt

PR ] R EF 4E7E 700 'CTF (a) 0. 2N i FF
— 7N fatigne hysteresis — 0.8 N fatigue hysieresis
300 loops for 30 composites 300 loops for 3D composites
o 250 with antinxidation 250 with anlinxidation pgating

at 700 T

0ati 700 T =
%200 I"l’l.ﬂl'll’lg al ;200
E 150 7150
100 Z 100
50 50

1]
0018 3019 0.020 0.021 G022 [{}[']5['] 0.052 0.054 0.056
strain/ { mmémm ) strain/ { mm/mm

(b) 0. INPEHR (¢) 0. 8N

— 09N fatigne hysleresis

300 lonps for 30 composites

250 with antinxidation eoating
£ 200 al 700 ¢
=
% 150
£ 100

50
O 4] 0.02 0.04 .06

0463 0067 0069 0071 strain/ { mm/mm }

strain/ { mimfmm )

NGEHE3ZY SR 1T 24
(d) 0. ONYEFR (e) ANFEFEFRECT L 12k

4
B4 AEBHET %R AB/MmEAHMBFET00 CTT
R 55 12 R IR i [ 2%



76 it =

% 8 Hl

550 &

PRI v BT AEAETZ IR BT T AR T 240 AR
F0.005, Uiz MG it — Ui 3 4k g SO/ 2 A
WERESE 57 2 ar N2t A AR e B 25 AR TE |
4.3 7E700 CT 34HmAWm/RE & # i ERRE KN
FE SR IEE

FIH R (12) 0] LUK 3 2 4 U8 B2 A B4 R
TR R 85% . 87% 1) ) 4% W) 2 1, e 5 4 ity 4 kA7 4
AL 1E 700 “CF 3 4RGNk 2 A AR R AL AR
LA 25 SR N S s, KA G S8 %& 4.

= test data
— stiffness degradatio
1.08 f-llln'r:- with f::if:xtijd:linn H)g
1.06 eoating at 700 C 1.06 — .
1.04 v _
E £ 102
2 Lm f L
=l i s test data
100 gg& — ?I-ril'}nvﬁl:-z degradation curve
0.98 0.92
096 =507 07 06 08 10 09055304 06 08 10
niN nIN
(a) BLFIKN-H 85% (b) B F37K-H 87%
E5 ARRAKFEEZETET00 CTILERAHRESHE
NI ERLERIING &R
F4 FE700 CTIGHEAR/ME ST RIRIERKL
HERUESH
21K g 85% I

@ B k c d d, a, by 1, L
0.045 49.481 0.971 -0.020 0.784 —0.572 —6.300 0.156 79.423 0.367
Y1 17K 87%

a B k ¢ d, 4, a, b, L, L
0.011 165.286 0.965 -0.051 0.798 -0.482 ~25.365 —6.838 74.841 0.420

MNFELS vha] UL, a5 4 i A W EE 7R 0. LN B 7 36
PR T, AT IR AR (R 1.05 4% , Bifl 5 JH 7 4% I
TR SCECHT A T AR RS B B, SRR A S 10 b
I 57 75 G R T I, A TR A P B AR G o ik
5 rb NI EE R A6 A5 e TR, 3 4 2 e S G A RHAE

WS RISV R A ML, SEG RS

T S A R B T A 1) N 1), DT fef 3 24 25 21
B/ S AR M RE A 2 — 2 $2 T 0 S T K
B, AR YRR T, X — B BE 3 4 g U/ 2
FHERRI A W RE B PR B G 18 T e, IR TELT i f ik
B —E R LI, 3 4k g BURR/R S 5 bR AR e
o MeAb, 3 HEGREURR/TR I 5 FHRHERE 57 I8t T
FAE VL B2 A A, DR BB A HIRBT A 55 1L 1 7KK
(IR 57 8T o 02 57 BT AR T — € (E, il T4

BEBL/IN, 3 2k 2 S e /e 52 5 B ) 8 A5 58 15 ) 4
T, A 1R KA J& DA TS AR 45 45 , 385 B )

IRV 2B I AR A, 75 i A7 8 8 R LAY Bk
PR, kR W 3 Y g SR 5 A b RE T AR
FHF BB PR RE R A BT 95 M RE

R T B EAS SCEE ST I dn U S AR WS T3
Y 2 SR 1R 2 A MR AE 859% I F1 7K F- (700 C TR -
FLIRE 55 17 0.ON G R 4615 K B ARk, I3l i 20 (10) |
(13) (14)XF A9 v BEREATTH 58, X L Tt (/)
{E, AR IEARS R A A R0t . AHOCEE D36 5
R5 SHEAB/ME SR 700 CTFR-HE T2 H

THKETK
. . g TAEBE K h(n/N )mm
KM B E/mm B W R52%
1 0.0007 100.21 4.623 4.438 4.17
286 0.2 100.44 4.661 4.439 5.00
572 0.4 100.61 4.668 4.447 4.97
857 0.6 100.75 4.674 4.453 4.96
1143 0.8 100.88 4.680 4.459 4.96
1286 0.9 100.97 4.682 4.463 4.90
TR AR 10° 5 i et
T 5 R £ =
02 04 06 08 1.0
o e 6 g N
W S FIE 6 T I E6 #“HKEMNE

SNEERELER
(5 90 k{52 2 44908 .

T 5% I ST RS R T 45 EL RS B e
G S A REAE BR B N
AEAL R 7 R . L §20

— inner braibing sngle with
cyele nomber

219
B al L, R R M e ‘0,:1’};”0.'6 Tog 10
B3z dish , Bk B7  RE fbEETR R
INEERGZ S o AR DT L

TNERHTIN | G S N R A TR £ A A S AT
T3 T, 3 4k G S /i 52 G B Rk A T S T Sk B
BH AR R05R A . RS i 2 AR N R AR 1S, AR
BRI 1K, 3 4R SRR /R R A AR R AR 2R IR
KA AT, 3 B 30T PN 3 2 S S/ A A R
TN TARE . SIEA BRI % 57 F o, 3 4k
2 VR S A P AR v T A 4 1k ) B S AR A, T A
W & HE G R AR AR GERIIEIR , I e e e e R 2
4.4 FREE

TE ik 700 °C 1K 83% B AR I
T 34k g LR/ B A A RE 10° G 3R 5 A 980 4 i B 3k
B, 3 2 G LB /i 2 R AR T A iR 5 R B Y G
ZUE 8 s . MEH A I, 3 dE S 8Bk /R A 2 A



%3

WA - 5 B MU S 25 AL A0 3 2k S SB35 55 A Rk oo R R A 1 P A A 77

MRHEE 700 CTF B FHL R 4 212.02 MPa, 2853 10°
PEEN 5 , ) AP P B N 253.90 MPa, #1815 B 2 7
T 19.75%. 3 4k w3 /e S 45 B REIE 57 i 285 5 B
R HY SR IR G ST e st o
MBPRSEA R, 250 B

G L H0 N R T s I

350 W =i strength of 30 braided COCs m 300 T

4 7 I ST
LU v—
AL RT3 o o cp w cmmmen e 5
LU/t 2 A M OB R IR

RIAIRE o
5 #it

(DHESIIFSEE T 3 4Edm ZU0k/Bi 52 G AR = IR %
55 T AW BERLARY 3 3 3 4 g 2 /e B2 A A Rk = i
I 57 TR 2% DO R AR o T 5 1 40 R A e 21 4 B
ABA RIS SHL, I8 0 5 A5 FE TR 57 in 2%
T A R AR AL S I X G 2 A B A AR AL Y B0k

(2) XA U2 3 Yk g SOk /M A MREE 700 °CTF
HEAT T Hi-hig o7l . e ah R R 3 4G SLik/
WA BPEHE 700 “CH S —H09% 57 1 FR Ay 83% F il
B 5 AR S — % 57 320 2 v 3R iy 20 T AR W 3 K 5 3
Yk G BURR IR B2 A AR 700 “CTF Fr—Pr0% o5 1 72 )
4% W EE R 78 HIT 109% 196 20 Pl 4 i , 10 PR AR
FE TG 109 0G0 N A= 52 10, 1 2l 1 o 2 hil

(3) A SCJIT T 1 R 2 T A5 28 R A F e 3 24
U/ A MORHEE 700 °CTF 1 F6 43 W2 AR AR s 615 1
JE F8 000 {5 T AL Al 22 Y5 L/ N T 5% , 2 B T A5
RUTTEE, Fo Ao Bl g R AR B« 3 e dn Uk /i 2 &
AR 2% 55 TN 5 h A is B T A5 25 Ak

(4) 37 e i 5o A A 58 28 3 R, B HTiE R
T U EE T B 57 K, 7R S 2k ) TAE R T
2 B A5, JU IR 1000 “CLA L 3 2 g 2L/t 52 &
IR 57 1 BB 12X, AT — 25 A6 90 AR ST A 2 1Y)
i
BETH:
[1] 37 o, B EN . =488 G MRy &R RN ). P42

HRPRE,2001,37(3) :37-40.
DONG Fuyun, WANG Chunmin, DONG Juan. Development and

application of 3D textile composites|J].Fiber Composites, 2001, 37(3):
37-40.(in Chinese)

21 254t SRIA, B4, 45 .C/C R AR R BE R Eh 5 10 R k1Y
B S ARBE ST AR R, 2001,34(3) : 12-13.

YANG Zunshe, LU Gangren, QU Dequan, et al. Anti-oxidation of
phosphate and boron contained coatings for C/C composite brake mate-
rial[J].Materials Protection,2001,34(3):12-13.(in Chinese)

(3] A8 A% R M, A2 i Y e/ e SRS MR S L R B S 101, ¢
FHA,2001(5):24-27.

LI Hejun, ZENG Xierong, LI Kezhi.Some considerations on the R&D of
carbon—carbon composites[]]. Carbon Techniques, 2001 (5) : 24-27. (in
Chinese)

[4] 2245 2B 75 2R i i 45 .CIC B MR VI A N T & M 2% 1
BT i E R (R4 ), 2003,33(3) :209-216.

LI Aijun, LI Hejun, LI Kezhi, et al. Artificial neural network modeling
of CVI process for C/C composites[J]. Science in China (Series E) ,
2003,33(3):209-216.(in Chinese )

(5] WIBBCED , sKEHY 5k, 45 . ) EE kS 5 B LR 57 73 i TIN5 V01
25 R EHL,2017,43(4) : 17-22.

HU Dianyin, ZHANG Zebang, ZHANG Long, et al.Fatigue life predic-
tion method for ceramic matrix composites[J]. Aeroengine,2017,43(4) :
17-22.(in Chinese )
(6] ZEREIE , AL AT, W1 . B /B A2 45 A 8 3 THT 288 2 1 BT e iR BT 4 1
DRIEOIRFEHE L] VEAL Tl K741, 2022, 40(3) : 465-475.
LI Xiaoxuan, FU Qiangang, HU Dou. Research progress of plasma
sprayed high temperature oxidation resistant coatings on carbon/carbon
composites|J]. Journal of Northwestern Polytechnical University, 2022,
40(3):465-475.(in Chinese)
[7] Wei K L, Shi H B, Tang M, et al. A new progressive damage model for
predicting the tensile behavior of the three—dimensional woven carbon/
carbon composites using micromechanics method[J]. International
Journal of Damage Mechanics,2022,31(2) :294-322.
[8] Liu C, Cheng L, Luan X, et al. Real-time damage evaluation of a SiC
coated carbon/carbon composite under cyclic fatigue at high
temperature in an oxidizing atmosphere[J]. Materials Science and
Engineering,2009,524(1-2) :98-101.
[9] Liu C, Cheng L, Luan X, et al. High—temperature fatigue behavior of
SiC-coated carbon/carbon composites in oxidizing atmosphere[J].
Journal of the European Ceramic Society,2009,29(3) :481-487.
[10] R Chk, I AR, XUALAE , 45 . B /Bi 52 i LI 57 5240 2 A 3 F
FELI B AR, 2016,33(2) : 386-393.
ZHU Yuanlin, WEN Weidong, LIU Llhua, et al. Experimental study on
fatigue damage failure of carbon/carbon composites[J]. Acta Materiae
Compositae Sinica,2016,33(2):386-393.(in Chinese)

(V1] SR TTHR . CIC B 45 B b9 53 5 LI 5 2347 J7 B BF 52 D] 19 5« 9
FUAS IR KA, 2012.
ZHU Yuanlin.Study on fatigue life prediction and analysis methods of
C/C composites[D]. Nanjing: Nanjing University of Aeronautics and
Astronautics,2012.(in Chinese)

[12] Yang J N, Jones D L, Yang S H, et al.A stiffness degradation model for



78 e

% 8 Hl

550 &

graphite/epoxy laminates[J].Journal of Composite Materials, 1990, 24:
753-769.

[13] BEIGERS . =220 C/C A BRI 55T N LA B i AT FE D).
P2 P Tl k2, 2006.

LIAO Xiaoling. Fatigue behavior and damage evolution of three
dimensional braided C/C  composites[D]. Xi’ an: Northwestern
Polytechnical University ,2006.(in Chinese )

[14] Shokrich M M, Lessard L B. Multiaxial fatigue behaviour of
unidirectional plies based on uniaxial fatigue experiments— II:
experimental evaluation[J].International Journal of Fatigue, 1997, 19:
209-217.

[15] Yao W X, Himmel N. A new cumulative fatigue damage model for
fibre-reinforced plastics[J]. Composites Science and Technology,
2000,60(1) :59-64.

[16] Han K S, Hwang W.Fatigue life prediction and failure mechanisms of
composite materials[J]. Advanced Composite Materials, 1992, 2 (1) :
29-50.

[17] Mao H, Mahadevan S.Fatigue damage model of composite materials[J].
Composite Structures,2002,58(4) :405-410.

[18] Song J, Wen W D, Cui H T.Fatigue life prediction model of 2.5D

woven composites at various temperatures[J]. Chinese Journal of

Aeronautics,2018,32(2):310-329.

[19] B, T TAR , A2l v . 2 AR A (R FR B 5t 1 o 1] Jo2 5 b RHR Ak

BERIJ]. MRS 5 TR, 2013, 31(5) : 728-731.
QIU Rui, WEN Weidong, CUI Haitao.Material degradation models of
unidirectional laminas considering fiber volume fraction[J]. Journal of
Materials Science and Engineering, 2013, 31 (5) : 728-731. (in
Chinese)

[20] Lee J H.An experimental and analytical investigation of the stiffness
degradation of graphite/epoxy composite laminates under cyclic load-
ing[D].Washington : The George Washington University, 1989.

[21] Chen L, Tao X M, Choy C L.. On the micro structure of three—
dimensional braided preforms[J].Composites Science and Technology ,
1999,59:391-404.

[22] BRI, F5 2078 IR TUAR , 55 B In) Bk /R 52 45 BB s TR AT S 2 3
HLERBRFEL] A AR 5 TR, 2021, (2) :91-96.

CHEN Bo, WENG Shaodong, WEN Weidong, et al. Study on failure
mechanism of tensile behavior of unidirectional carbon/carbon
composites at high temperature[J]. Composites Science and Engineer-

ing,2021,(2):91-96.(in Chinese)

(Zid: X &)



55 50 4 45 3 0 fn= &3 Vol. 50 No. 3
2024 4F 6 J Aeroengine Jun. 2024

HE TR O A7 BROCEOY (0 K sl BILE il R 4 7 b
Dis ¥8 55 B Ji ik

SRR BRI 2 D e RS R e R
(1. P L & 00 P 2 S LBFSE B, B BH 1100155 2. dE 5T as TR ARBFSE o, A6 100076
3.E RIS LR R RAUZFBE, At 2100165 4. B A2 i R K24 il LA 5 RAT24 0, VIR R A 213300)

FEE  m R E W AL RR R AL DB F R B LS K L ALIR S0 b (B R 3 LA R R IR ) SR B I 3y M
BAOHAUTHERK, A EEH AT BN THENEEES A FHTE. AT ARSI TRANEHAGEKELH,TRT
FH KRR E R T AR S e AL R R T — A T R SR IR T A A e B AL R B TR IR T AR AL By R R R
PHERAGEMN T, ARENRETHAGASNBE ER AL ERN T SINEMEEN EMAIR S, EEIEEE
TG A b kB 4 7 R RO A N R B e A B & SR AL B B AR B R R R A v R AT O R R I E A AR BRSO T
Y REALAR B B, SRR AL R R T A AT Y Rt SRKR A RRRAH IR E T FIRET s Kol E B AR B
B EAE S R EH AT 1%, KU T 8RR 0 B R

KB EHAGH AR S FHE ARG IS L

FE S ES V22942 SERERIZAG : A doi: 10.13477/j.cnki.aeroengine.2024.03.011

A Spalling Fault Simulation Method of Aeroengine Main Bearing Based on Hybrid Finite Element Model
WU Ying—xiang', WEI Xun—kai*, FENG Guo—quan', ZHAO Zi—hao’, LI Lun—xu’, CHEN Guo'
(1. AECC Shenyang Engine Research Institute, Shenyang 110015, China;
2. Beijing Aviation Engineering and Technology Research Center, Beijing 100076, China;
3. College of Civil Aviation, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China;

4. College of General Aviation and Flight, Nanjing University of Aeronautics and Astronautics, Liyang Jiangsu 213300, China)

Abstract: A high—fidelity whole engine solid finite element model can realistically reflect the vibration characteristics of the
aeroengine, however, it is difficult to take into account the complex dynamic model rolling element bearing fault, and its computational
workload is too large to handle the whole engine nonlinear dynamic simulation under the excitation of main bearing spalling faults. In order
to effectively diagnose main bearing faults, it is crucial to study the vibration response mechanism of the whole engine under the excitation
of main bearing spalling faults. A hybrid simulation analysis method of main bearing fault dynamics based on solid finite element model
and beam element finite element model was proposed. The support reaction forces of the main bearing connected to the casing were
obtained by the simulation analysis of the whole engine beam element model, then, the rotor solid finite element model was removed from
the whole engine solid finite element model, and the support reaction forces were directly applied to the bearing housing at each support,
and the transient response analysis method was used to obtain the whole engine vibration response under the excitation of main bearing
faults. Finally, the method was verified using the whole engine beam element model. The results show that the simulation signal under the
excitation of main bearing faults can be obtained by using the hybrid finite element simulation method, with errors less than 1%, indicating
the correctness and effectiveness of the proposed method.

Key words: main bearing; spalling fault; dynamic simulation; finite element; aeroengine
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Remaining Useful Life Prediction of Aeroengine during Overhaul Based on Long Short-Term Memory
Network and Light Gradient Boosting Machine
YANG Shuo, GAO Cheng
(School of Chemical Process Automation, Shenyang University of Technology, Liaoyang Liaoning 111003, China)

Abstract: In response to the challenges of predicting the Remaining Useful Life (RUL) during the overhaul period of aeroengines,
characterized by numerous state variables and significant nonlinear features, and the limitations of single models in insufficient feature
extraction and inadequate prediction accuracy, a novel combined model approach integrating Long Short—Term Memory networks (LSTM)
and Light Gradient Boosting Machine (LightGBM) for RUL prediction was proposed. The proposed method utilizes LSTM for initial feature
extraction from raw data, where the features extracted from the output gate of LSTM are subsequently fed into the LightGBM model for
RUL prediction. Simulation experiments were conducted using real engine datasets provided by NASA to predict the RUL of individual
engines. The efficacy of the model was validated by comparing its predictions with those of six other models. The results show that the
combined LSTM and LightGBM model significantly reduces prediction errors, achieving Root Mean Square Error (RMSE) values of
12.45, 20.23, 12.58, and 21.75 across four datasets, thereby outperforming other models.

Key words: remaining useful life prediction; combined model; light gradient boosting machine; long short—term memory network ;

aeroengine
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Analysis and Test of Floating Spline Wear Resistance
GUO Mei"?, MU Jia—xin"?, LI Jin—hua'?, ZHAO Guang“, XIN Qi'?, ZHANG NIao*qiangL2

(1. AECC Shenyang Engine Research Institute, 2. AECC Key Laboratory of Power Transmission Technology on Aero—engine :

Shenyang 110015, China; 3. School of Energy and Power, Dalian University of Technology, Dalian Liaoning 116024, China)

Abstruct: In order to solve the problems of weak analyzing ability, lack of basic data support, and severe tooth surface wear under
complex working conditions in the forward design phase of spline joints aeroengine accessory transmission system, the research on wear
resistance evaluating method of floating spline was carried out, a tooth surface contact stress calculating method suitable for floating splines
in aeroengine accessory transmission systems was proposed. Comparative tests were carried out to investigate the influencing factors of
spline wear, during which measurements of the amount of wear and tooth thickness changes were conducted under the different materials,
surface roughness, surface treatment, lubrication conditions, angular misalignment, and tooth profile conditions. The results show that the
surface hardness is the main factor affecting wear resistance, the higher the hardness the higher the wear resistance; spline can improve
contact zone position by tooth profile changes, and reduce contact stress, hence improving the wear resistance under angular misalignment;
the lubrication can reduce frictional wear, decrease ablation, and is the primary measure to reduce spline wear; correct selection of
backlash is beneficial for reducing wear.

Key words: floating spline; wear resistance; test; accessory transmission system; aeroengine
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Simplified Model Updating of Bolted Connection Structure of Aeroengine Casing
FU Peng—zhe', ZHAO Di—wen’, LIU Yu’
(1. AECC Shenyang Engine Research Institute , Shenyang 110015, China;
2. School of Aero—engine Shenyang Aerospace University , Shenyang 110136, China)

Abstract: In order to improve the efficiency of dynamic model updating of bolted connection structures of aeroengine casing, a
simplified model updating technique based on solid mode shape was proposed based on modal assurance criterion (MAC), and the finite
element parameter models of typical bolted connection structures of aeroengine casings were updated by this technique. The modal informa-
tion of the actual casing is obtained through modal testing, and compared with the modes of the finite element solid model. The modal
information of the solid model is used to screen the updating parameters, and the simplified casing dynamic model is updated by the
parametric response surface optimization method. The results show that the simplified model updating technology of dynamic parameters
based on solid model vibration modes can avoid multiple calls to the model and improve the updating efficiency of the simplified model.
The accuracy of the updated simplified model of a typical bolted connection structure is significantly improved by about 11%. After further
improvement, the updating technology can be used for dynamic analysis and fault analysis of aeroengines.

Key words: bolted connection structure ; finite element modeling; modal testing; model updating; casing; aeroengine
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Numerical Simulation and Experimental Verification of Flow Field Characteristics
in High—altitude Ventilation Valve
HAN Jin—zai'*, SU Zhuang'*
(1. AECC Shenyang Engine Research Institute ,
2. AECC Key Laboratory of Power Transmission Technology on Aero—engine : Shenyang 110015, China)

Abstract: In order to accurately grasp the characteristics of high—altitude ventilation valves under high—flow ventilation conditions,
the numerical simulations and analyses were conducted on the flow field characteristics of a high—altitude ventilation valve. Comparative
analyses were conducted on the internal flow fields of the ventilation valve with different bellow clearances, and the pressure drop
characteristic curves of the valve under different inlet mass flow conditions were obtained. Leveraging the opportunity of renovating the
lubricating oil system accessory tester, a combination of small-range and large-range volume flowmeters was used to measure pure air
volume flow. The pressure drop tests of the valve were conducted, and numerical results were compared and verified with test results. The
results show that the numerical results are in good agreement with the test results, the simulation analysis method can be used to predict the
pressure drop characteristics of high—altitude ventilation valves. The valve has similar internal flow field characteristics under different bel-
low clearances, the pressure drop mainly occurred near the bellow clearance area, and the structural improvement near the bellow clear-
ance can effectively reduce the pressure drop.

Key words: ventilation valve; bellow clearance; ventilation system; lubrication system; aeroengine
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Numerical and Experimental Investigation of Axial Stress Distribution in Multi-layer Connection Structures
DAN Min, XIONG Han—tao, JIN Yu—yang, YANG Cheng—hao
(College of Aeronautical Engineering , Civil Aviation University of China, Tianjin 300300, China)

Abstract: To analysis the axial stress distribution of multi-layer connection structures, starting from the axial load distribution of
double flange bolt connection structures, a hollow ellipsoid distribution model of axial stress distribution of connected parts was proposed,
and the theoretical expression of axial member stiffness of connected parts was derived. Experimental investigations of the torque—preload
relationship and pressure distribution were carried out. The proposed model was applied to multi-layer flange connection structures of an
aeroengine, and the hollow ellipsoid model was numerically and experimentally verified. The results show that the preload is positively cor-
related with the torque, and the tightening coefficient is about 0.2, which is consistent with the empirical value of bolt tightening torque
coefficient under no lubrication condition in engineering. With the increase of torque, the contact range of the connection interface
increases to a certain extent and then remains unchanged. Compared with the experimental results of axial stress distribution of the con-
nected parts, the maximum error of the calculation results using the improved hollow ellipsoid model and the original hollow cone model
are 9.42% and 21.97%, respectively, proving the improved hollow ellipsoid distribution model has higher accuracy.

Key words: aeroengine ;multi-layer connection structure ; axial stress distribution ; distribution model
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Correction Method of Component Characteristics for Gas Turbine Based on Characteristic Data
WANG Jia—wen', HUANG Xiang*huaz, JI Run—min®
(1. AECC Aero Engine Control System Institute , Wuxi Jiangsu 214013, China; 2. College of Energy and Power Engineering, Nanjing
University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: A gas turbine engine component characteristic correction method based on characteristic data is proposed to address the
problem of errors between the model calculation parameters and the actual test parameters caused by the mismatch of gas turbine engine
component characteristics. By varying the scaling reference center, overall corrections of the design point and the idle point are carried out
sequentially to achieve a rough coverage of the characteristic map over the entire range of working conditions. By locally correcting the
characteristic data of the rectangular area defined by the adjacent constant speed lines and B lines where the off—design points are located ,
and additionally correcting other data points of the constant speed line by interpolation method and ellipse fitting method, the
characteristic map matching with the test data obtained finally. The simulation verification was conducted on a turbofan engine, and the
results show that the method can accurately and quickly correct the engine component characteristics. Compared with the test data, the
error of each corrected steady—state point is within 1.5%, which meets the engineering accuracy requirements and can be used for engine
control system research.

Key words: component level model; characteristic correction; off-design point matching; gas turbine engine
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Integrated Assembly and Measurement Method for LPT Rotor and Stator Based on Datum Control
NIU Xiao—xia, LONG Yang, LU Wen—biao
(AECC Shenyang Engine Research Institute, Shenyang 110015, China)

Abstract: In order to accurately measure and control the concentricity of the LPT (Low—Pressure Turbine) rotor of a high bypass
ratio engine. Research on high—precision integrated assembly and measurement methods for LPT stator and rotor based on datum control
was conducted according to the structural characteristics of multistage coupling and the requirement of 0.05mm rotor concentricity.
Positioning errors were eliminated by adjusting the measuring datum to coincide with the rotating axis. The influence of assembly opera-
tions on the datum was avoided, and the attitude of the measuring datum was kept consistent by the datum holding technique. By analyzing
the influence of centroid on rotor unbalance, a dedicated testing system was built to control the assembly results of concentricity of the LPT
rotor. This method was successfully applied to the assembly of the LPT rotor and stator, and the results show that the proposed method can
accurately measure the rotor runout of 0.0125mm, effectively avoid the out of tolerance of the LPT rotor initial unbalance, reduce repeti-
tive assembly and disassembly work, and improve assembling quality and efficiency, providing engineering guidance for high—precision
concentricity measurement of multi—stage component.

Key words: concentricity of LPT rotor; high—precision measurement; integration of assembly and measurement; datum control;

assembling precision; aeroengine
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Simulation and Experimental Verification of a New Time Constant Formula for Bare—wire Thermocouple
YUE Ling—ling, LI Xing—you, CAI Meng—yin, WANG Pei—yong
(School of Aerospace Engineering, Xiamen University , Xiamen Fujian 361005, China)

Abstract: In order to accurately determine the response time (time constant) of the thermocouple to measure the dynamic
temperature changes, a new time constant formula for thermocouple was derived based on energy conservation and considering convection ,
radiation, and heat conduction at the thermocouple junction. Two parameters, o and e are involved in the time constant formula. The
parameter « related to the surface radiation was obtained by fitting the CFD (Computational Fluid Dynamics) simulated time constant of a
sphere under varying flow parameters; while the parameter e related to conduction was obtained by fitting the CFD simulated time constant
of an S—type thermocouple. The time constant formula was verified by simulation and experiment. The results show that under different
working conditions, compared with CFD simulation results, the errors of the formula are less than 20%. For a specific CFD simulation case
considering the combined effect of radiation and heat conduction, the time constant can be reduced to 33% of the case considering only
convection. Using an S—type thermocouple to measure the temperature of the standard high—temperature gas, the dynamic response curves
and the time constants of the thermocouple were obtained by loading the thermocouple and then removing the current. Compared with the
experimental data, the maximum error of the formula is =12%, demonstrating the high accuracy of the formula.

Key words: bare-wire thermocouple; CFD; time constant; junction heat transfer
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R w B B R AR IR A R AR R R T IR 7 U
N oA I w R T 1G o ) A A AR B e R D s BR AR
d, WBE IS R A 3G 0, R sy, B RGN 8
BN, T, BEAK, a B R FRUEE . R 1]
W, KSR 028 K2 1.0, 0 AL HAE 3% VAN, 3
15 m/s #2755 2 80 m/s, o« /1 3.351 28 4L 5] 3.716, 48
EFRIE11% N, d, 11 0.2625 mm 1 5] 2.1000 mm i,
o 1 2.443 405 3785, 4 T 55% . 5 LTk a5
& Z A AHIEPER /N, 5 d, Z [ B SEBeA R . A Sl
Pl UG8k d, Z M AAER R o SEREE UG LR

w7 s o :: .
MEIH AT IL o 5B 3.4 - 2 enang
izt 2|
KR MARBRENEE ] /
ik 0976, WA FIFREEH 24 = O
T LY oS 0 05 rlf:_‘:lnln 1.5 2.0
F#:H E7 oS5HREHNEXE
a = 3.72517 -2.82929 exp (=d,/0.31231)  (17)
3.2 S tEEEEHNZI
X AR LA 3 o 7 LS A B AN S T AR G,
5 U 8549 Z [ 5 RAN K, LA 3.1 1 P e 4R
SR G R TR AT A T AR, AT e (17) B S
2B WA S A B (R R s, X SR i
G () R 2R T A TR G R RN BRAR R
RIS 5F . ST AR IR B R TT RN e
AR/ BRAR LR AR FE Rt e S M ALK, H 3% 2 1]
FETEE W RO R . &AM 0.5 mm, RS
AR EE I 2400 K A3 2200 K, AN EIBRBLAE LT e
{EL UL 26 2. U 7 B 341 50 m/s , B (8 4o B T 2
F8 4 AN 8 TF BB AL AR AE R i AR TR B Ry 2400 KR
RS T
#2 AEHREZRELT &
(eI SAARTELIE M 2400 K AR 2200 K)

Wl

31231 + 0.0372

8 TK T, /K TK 7, Is e
1.35 1861 2200 1767 0.2537 6.543
1.40 1858 2200 1764 0.2554 5.875
1.50 1857 2200 1763 0.2596 4.606
1.75 1848 2200 1757 0.2755 2.496
2.10 1846 2200 1753 0.3043 1.268
2.50 1829 2200 1738 0.3568 0.804
3.00 1808 2200 1721 0.4395 0.562

E T WA GBI T, A RAARIB e A BRI T 8
JE 7 A4 AR A

MR SR RO WA B FR B e B/ X
FAHE (I 2 - R T BURR GF T A A3 R 45 e 1T BBl M
15 S K o T (R BR AT AL A LR T2 T
SEm. LT Of, c pERER
ZAE R U A Ay (D BK ————
4 O W ARG . e
KENSH e 55 Z I
WA SR UNIE 8 BT/

e M8 Z RN

0.50147+0.0514

e

—_—0 = N WA N
4 S SR S el AR A

8]

At 242.86134+26.9
. 0.366450.0112

1.6 20 24 28 32
8

E8 e5szEMMERR
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TR FY A  —Fh R A 18] B0 A XA Oy EL AN 460k 133

e = 242.86134exp(—56/0.36645) + 0.50147 (18)
i bR pralan, AT AR AR B R 45 A
o BRARERAR O BRI AR B E AT BRI
TEBUE R FRAF T ASTR]RUSE 9 24> B A A 1 [1)
BOH 2 B OC &R IR 7 A SCISE I . BRER
FACE {8 1 P 1) 5y
ple

. d (19)
(375172890 epl—-— o
mm78WWWWMWﬂ+ " |

b 3
4102 o ——
8 e 05041

M, 1+

3.3 HfEEHAKXEIE

R T BAESE — B P A e 1] B (19) 6 CFD
U5 FLRA A58 W B[R] 5 BOHE AT 0T b . AN [R] ke
JETT 4 A I ] 5 BRI R 22 L3R 3. Kb, T
FEIR UL, R 3 SR B A 50 m/s, SRR SRR A
AR SR I SRR o AR 22 1 Sk (A =)
Vi) B 50— f75 T [0 8 50 ) /4077 s ) 5 50, 2% 3 v LA 1
~ 4 PR ] IR IR R UK Ry ok T AR IR BE 2400,
2200.,2000.1800 K T fFa & & .

#3 AESRFRRET 4/ EHI R 183 HEHR E

TK T /K T/ 7. /s 7l E, 1%
1846 2200 1753 0.3043 0.3055 0.40
1753 2000 1652 03228 03232 0.11
1652 1800 1540 0.3406 03427 0.64
1540 1600 1416 03701 03642  -1.58

E i ARG E AR £

F 3R TR MR MU FE RS A2 I 346 93k 200
K 3o 475 2 A28 2 A e ) B2z ) . el
WL, A XTI 22 8 —1.58%~0.64% , ¢ W7 /NI BE I Y
BYER, A AR R &

R T I 5 A A AN () of I 2 1 o
P $RE A 7 ORI B R 50 w/s, W0 46 Ok IR A
2400 K Z50F T RS 3Rl b, SR WHE E 2 514 R 510,
50,80 m/s, [F] B ke a0 SO IR BE 718 2 2200 KT A i [1]
WHAIRHR 22 L 4.

4 REEREETHIEEHEHRE
CRFAARILEE 72200 K)

e S
T, /K T /K T /s 7, /s E 1%
(m/s) )
5 1846 1510 0.5178 0.4723 -8.82
10 1846 1584 0.4420 0.4207 -4.87
50 1846 1753 0.3043 0.3055 0.40
80 1846 1804 0.2698 0.2738 1.50

AT L SR R 5,10 m/s B B E] 4K
AHRTRZEAE 9% LLN , B 2 (11) 5545 S i 4 2
B0y 9 M 444 538 W/(m*-K) , i1 CFD S M 85 2 %
TR B 98 300,396 W/(m*+K) . fia(11)it
SRR 3 X0 4 IR BRI R T I K, R BOKR
FI [i] 5 50 /)N 5 oF U 38 EE Ry 50, 80m/s £% 14T AR X iR
Z2/NTF 2% , Uk B AE S A /MR B ER R (1) 1Y
R BEAR &, IR B SR 2211/

W T AR FEA R FREE R T A = w1
P ZE R BT R F1 45 3124 0.5 MPa ,0.25 MPa, i i3
oM 50 m/s, R IERLEE M 2400 K 244 F 35 I Fa 5 1R %
2034.2181 Ko £ =0 s B, R i MR 8 5845 54 2200
K, ANBCE R i s, 2 M AR e . 8
[Fi] i 3T B T RSO O R 2 WL 5

®5 FREESTHIEEHHEMRE
e AL Sy 2200 K)

BT S/

T /K T /K T /s T /s E 1%
MPa )
0.5 2034 1915 0.1876 0.1994 6.29
0.25 2181 2036 0.1142 0.1222 7.01

AR AT D, BRI R 7 B[R] RN X
JE R RO 4 R B A Tl R S IR Y . K
FREETE 7 0.5 MPa #10.25 MPa AU 50 T , B[] 5 %
AHRFIR 2253 918 6.29% ,7.01% , Vi B 1 g %5 23 2 iff
JE AR/

WEFE 7 A 7E A MU R AR 1 6=2.1, Rk
AR KNG T A B HER T . SR A R
R K 50 m/s, K TR K 2400 K, BAR L5751 0.5 2 4%
ST IR S IRE 2350 1940 ,1752 Ko 7E1=0 s I,
SR FE 2878 R 2200 K, AS BUAR SRR, 2
AR AR o A5 BUAS [ R ST B R] o B50R X i
ZW 6,

%6 AER~TTHEEHIETRE
Che g SRR 7y 2200 K)

R

58U /K T,/K 7, ls 7, ls E, /%
(ZA%/mm)
0.5(025) 1940 1834  0.210  0.1119  -7.53
2.0(1.00) 1752 1671  0.7828  0.8265 5.59

DA AT L A A 4 i 0.5, 2.0 175 115 1
I B R BSOR R T A R A 2 T TR S R A 4 R A
Asf 0] 5 4% 0.3043 s 43 s /N RIS K T 2.5 f5 42 A, i
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AF R R A RO s ] 8 250 5 el A K, A )
ZIN  FAEEL A g i 7 FSF () e e AR S AR 5 TS Y
AT 22 75 8% LA N, it BH RT3 22 A TR 2 52 i)
ViVNS

PR A7) G T A SR T TR SR 50 m/s, SF T I
R 2400 K, AR BRFE AR H T B[] 5% B50RE X6 158 22 DL 3
7o TE =0 s B 21, R i SR IR BE 5878 Ry 2200 K, AN ek
AR, B E A R R .

F7 AERELEZLETHESSETREE
e MR R 2200 K)

B) T, /K T./K 7, /s 7, ls E, 1%
1.35 1861 1767 0.2537 0.2540 0.14
1.40 1858 1764 0.2554 0.2551 -0.13
1.50 1857 1763 0.2596 0.2591 -0.18
1.75 1848 1757 0.2755 0.2766 0.41
2.10 1846 1753 03043 0.3055 0.40
2.50 1829 1738 0.3568 0.3521 -1.33
3.00 1808 1721 0.4395 0.4409 0.33

AT I BRI LR AR e AR I S A
P ) 5 BORE X 15 25 78 29% LAY, X 28 20K B 19 5% 1
BN,

R R R R A R RO IR 22 WL 8. T
E 7 K B P O Sk I TR B 2 A T A R T SEE 43
ST T 2 8 h W 4 AN FBI AR IT i 24 N B ~ 4,
) 1 AR BRI AR TR A 300 K, 7F 1=0 s B %1, SR i
AR 300 K F T %8 2400 K, 206 Ui 8 A AS {4
k150 /s, T2 IR A TR EE R 5 BR8] 2 AR 1 ) B
T R A i TUEE 50 m/s, SR IR EE 2400 KR AR AR
JEh 1846 K, 7£ 1=0 s B, ofe I AU I B B IR 22 300 K,
O TR N AR, 5 AR A IR R R B8] 3 A
FEL A )90 s 1 B A F T B 20 m/s, SR T UL EE 1000 K
T HY R IR T N 945 K, 76 1=0 s B, SR USRI B |
F+ 28 2000 K, > i A 3B 545 O 80 m/s, HL R A
S ek 8 S 5 B8] 4 AR R 1 ) o T B A ke A
R 80 m/s , It L 2000 K T AR SR R 1696 K,
TE =0 s I, R AARTEEE T 2 1000 K, S it A A

#8 KBERETRESHIEMIRE
PR
(m/s)

T K TK 7l t.ls  E.I%

50 300 2400 1846 0.3407 0.3764 10.48
50 1846 300 300 0.3993  0.4724 18.31
80 945 2000 1696  0.3098  0.3222 3.99
20 1696 1000 945 0.5646  0.5214  -7.65

JEREARZE T 20 m/s, H E MR ERE .

N8 HRT UL BRG] 1,2 Ff B 1) 5 5O X R 22 43
SR 10.48% (18.31% , 1T BB A2 FH 78 M 35 7 88 ol A%
FAEE TR 22 0 AR 2 Th, Bl TN I R A
REEC D) AR B BARSE N ET A, S 80R
Zt— R B3 4 AR AR IR 2E TR,
FHIRZEHIN IR IR 225N

ZE bR, AR SN Y 1A B RRAR B
[ 5 502 2SR RO 1 B T R 8 =2 ) ) 1R 2 A
20% LAWY o BF )3 RO XHR 22 0L 9, 8 Tk — 2 1
TIEAE XS A FE S 2 T ARG et CRCABL A A S A 4 e
MR, ()P Q,,) BUEAR TR E L &
AT R AR Tk B R 10 T 2 2 P e L Ak
Bk 9 iy s AN ARIT a4 A1 ~ 5. B
17E 0 s I, 3R 37 5 B8 B 2400 K R F& -l 2200 K, A B 4
I (S T8 1IN 634679 W/m? it HG F ; B0 2 3760 s
B, ok 3 TR EE £h 2400 KR [ 2200 K, P45 i 5351
75 54 1200, 2100 K 52451 4 97 44 16 B 4 300 K, 7E 0 s
AF, A iR H 300 K T 54 2400 K, 33 2 M 0 m/s $2
11 2 10 m/s; B S R AR TR R 50 m/s, SR ARE T
h 2400 K BOFE SR BE K 1846 K, 7E 0 s i, 45 34 3t 3ok J3F
TR BE 439 H4CA 10 m/s F1300 Ko

#9 MEEHERE

. L W
SR SN
T.K . WEE TLK TK ol ot E L%
(m/s) W/m o
K
50 1846 634679 300 2200 2056 0.2491 02721 9.24
50 1846 1200 2200 1801 0.3042 0.2925 -3.85
50 1846 2100 2200 2136 0.2385 0.2459 3.10
10 300 300 2400 1658 0.5793 0.5754 -0.68
10 1846 300 300 300 0.7650 0.7683  0.37

A HRRT DL G B DR A T SR AN i
A R 25 F R (R B ) R £ 0.3043 (575 3.3 1 i 14>
BHDWA T 18%. HN(S) AHE S B AT, SRR
SFEAR B NS ) 8 BORAFAESE 0, T AR S A e
B3R 1753 K TH i 2 2056 K, 5 25046 1 46 5 20 Y
S 1 R, 33U 38 43 U B T 9 T A 6T B T 0 )
A EME o G B R M AR SCHE S ) [R) A 5K
FIVERR I o 2 SXORT T 2o A8 20 55 30 3 RIS F R
T O S B, T AR VR

EFRTTHT , ANFEBRELELT LML
#10.



553 TR A  — R HA A A e I 1 508 2 =X i O JE A0 50 e 135
®10 AEHRERIETILE KRR SHLE N2, IRRIRIE TR 22 M35 K, & 5
8 T, /K T, /K /. /. VR 2E FEU) 2 3 LY 1R 25 X6 I 1) 248 PR 7 TR 22
1.35 1861 1767 0.73 0.30 ey .
SRR BERRE , ANBERT R AR AL

1.40 1858 1764 0.75 0.31
1.50 1857 1763 0.79 0.34 F12 REERBSHRMKSSH
1.75 1848 1757 0.89 0.45 g M BV WY R Tt
2.10 1346 1753 1.0l 0.64 S fSUnin) ASUmin) ASUmin) K w0, N, HO
2.50 1829 1738 L11 0.82 015 609 1929 0 200235 4755 446 6815 2690
3.00 1808 1721 121 0.82

AR AT UL Bl 7 BRAS LR AR LU 1.35 4 /5 & 3,
BREE AR BEREAR 8 55 300 TR £, H 0.73 ASWT 3 fin
2 121,35 00°T 66% , B AESCERT AR AT B ] 5
BTSSRy AN P RN I ) ) [] 5 & (z=pVelhA,) 11 0.66—
0.45 £ (1/(1+0.73) =0.66, 1/(1+1.21) =0.45) ; T $4J0i
(4 5T R AEL £ R 0.30 AT /i 5 0.82, 840 T 173% , ¢
FRS IR IR ZRAVE IR, SR A Y Bsf (1] 5 508
R JE K1) 0.49 ~ 0.33 4% (1/(1+0.73+0.30)=0.49, 1/( 1+
1.21+0.82)=0.33) . iRt B, 46 49 300 5 T #4305
FEDS /NI [R]HE P i o RN AT 2 . R T iR
A1 W A St AR PROGT EF ) S 52 K 3
151 55 H 2% it (R s ) 5 BGHEA T T8 b, IR 11

11 REEHLAKAIRIE

. X A]
alhas . ls 7 s o
1 0.3043 0.3055 0.8108
2 0.3228 0.3232 0.8064
3 0.3406 0.3427 0.8017
4 0.3701 0.3642 0.7966

MFEr ] L, H 2 R A5 20 A iR H R S 0 B
Ao ] 55 52 ] (A5 22 0 166% ~ 115% , 1 B 2% i 65 5
G A LA

4 RIGIEIE

R T G E B ) RS SER P AR SCRABRTE N
1.428 mm k42 47 0.51 mm  #4 AL £8 K E  300 mm
1) S HU R P e A Ry I8 X 5, SR L) a2
Sk PR A I B AR A ) LR R AL R
(14 R TR RS0, R B H (R 3.4 .5 A3 P T4 ) 1
PR R TS TR S A i AT T,
T AL B ] R R PR EE O 0.1 MPa, E IR
24 °Co R B N R SR LY O i AT AR
I AR B (SL/min) BEARE Rk S8

0 SR 9 25 FE L S ) R R A ) e 3 A il e dn
& 9 i 71 (3% ] Keithley DMM7510 & 437 2 3¢ I &
&, #EAT Ve v 0 i AR 4

1780
SPGB, 70 i
RITUEEEES T P A A
ﬂMKOEHD#ﬁjﬂtﬁﬁﬁ
HE 0 ek 724k 63.29% T i;(l)g S ST
NI TR] 3 R, 93 B3 3.4, 0 5 10

5 A BYIRIE thZeab #7531 3
ol T 50 A9 B () R B, T S
R A T H B A s ) i B
PEATRE EE 6 FsF [ 5 H50R 3 152 22 DL 3 13 (R 5%
25 R I L E AR Ak 63.29%+0.4 K X R7 B I 1] Bl iR
25) o PRSI H G % B0 F (kB ) 5 i AN K LR
TACAEANAS 3 Fh T30 B R[] # B L —
#£13 AR EEHATIRE

9 REENEERE
i 2

HR /A 7, Is 7, Is E 1%
3 1.0934+0.039 0.9891 -9.54
4 1.0719+0.024 0.9857 -8.04
5 1.1158+0.017 0.9819 -12.00

K R R A

e I WUR/NS= g = R g D L (LT S e b
FRRARZE H—12.00% , B 23 AR B8

AR SN 1) B SR I T R PO R B R T
Rl R TREIY ZOI S A MU A OB 8 SR SR PR
FR B RZ MR b R T i e U, SR A5 A i X
TR 223X, AR SO I 1) R A n] 3

5 R%

(1) 7> 2 TR0 07 B 45 SR 38 B AR 2 S ik
DS B I R AR )RR AN R R
FEF7 IR ER , RS TR DA SR R 4 L, A
%A A B (B R BIORS SRR AR &, SR KRR 22N
18.31%. FEiRZAFE R MR EE 2R
LS ON R A S C N S S LR M R v
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% THT 4 S J A 5 AR B AT A r (88 190 S ) 850,
ST IR i 2400 K78 K 2200 K, Ui 34 JE 50 m/s AN7AE
B OLT  BRAR 72 e Fl 1.35 388 & 3, 22 T 4 5 15
i A8 {6 0] 55 50 S TR 8 66% ~ 45% , i S5 Al 4
(A 255 52 Tl B8 1l Ao (] 5 % Sk ke 1) 49% ~ 33%
X B T S R BT U AR O A
TN IR S 1) 8 50 ) S M AR K

(2)0 T R UEA RS B, R S B B i T
FRUE KA B IR SR e T 3 & T,
F LS A A R I TR S A R R AR A T A
e 50 38 A ] 5005 2 R[] o 8522 1) A e
KARZE N —-12.00% , KAIE 1 252 A0 vHEAff B 450 v
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Method of Turbine Blade Thermal Shock Test Based on Radiation Heating
QIU Heng—bin', WU Xiao—feng', WU Guang—yao’, GONG Yong—hui', TIAN Yu—kun'
(1. Beijing Institute of Structure and Environment Engineering, Beijing 100076, China;

2. AECC Sichuan Gas Turbine Establishment, Chengdu 610500, China)

Abstract: Aiming at the requirement of a turbine blade thermal shock test, a method of turbine blade thermal shock test based on
quartz lamp radiation heating was proposed. High—power double-row quartz lamps were used for radiation heating, the nitrogen and water
mist were combined for active cooling, and a servo actuation system was used for heating and cooling cycle motion control. The feasibility
and effectiveness of the radiation heating method and the nitrogen—water mist combined cooling method were analyzed by simulation.
According to the simulation results, the heater and cooling equipment were designed, and the turbine blade thermal shock test system
based on quartz lamp radiation heating was constructed, which realized the thermal shock test assessment of 50 thermal cycles. The results
show that the test method of quartz lamp radiation heating and gas—mist combined cooling can simulate the temperature field and cooling
rate required for the turbine blade thermal shock test. The thermal shock test method based on quartz lamp radiation heating is effective
and reliable, which can accurately simulate the blade temperature field, and the temperature control deviation of most characteristic points
is less than 5%, so it can be applied to turbine blade thermal shock tests.

Key words: blade; thermal shock; quartz lamp; radiation heating; test method; aeroengine
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Design and Simulation Verification of Preservation Device for Marine Gas Turbine
QIAO Mu, SONG Zhi—jia, LIU Xu—feng, GENG Jin—song, HUANG Xin—yu, ZHOU Yi
(AECC Shenyang Engine Research Institute , Shenyang 110015, China)

Abstract: In order to meet the preservation requirements of the fuel system and lubricating oil system of different types of marine gas
turbines, a universal preservation device for marine gas turbines was designed. By replacing oil supply hoses with different types of fitting,
internal oil seals can be installed for different types of gas turbines in operating or non—operating conditions. Two methods, theoretical
calculation and numerical simulation, were used to evaluate the time taken by the electric heater to heat 160L of lubricating oil from
normal temperature to dehydration temperature. Among them, the boundary conditions of numerical simulation are closer to the actual
working conditions, which can represent the actual heating time. The results show that the heating time obtained by theoretical calculation
and numerical simulation methods are 1800 and 1918 seconds respectively, with a difference of only 118 seconds (about 6.56%) between
the two, which is quite consistent, verifying the effectiveness of using theoretical calculation for the design and selection of electric heat-
ers. The designed preservation device is highly automatic, which can achieve one-click operation of circulating filtration, heating and
dehydration, cooling and insulation, and preservation, it shortens preservation preparation time, greatly improves preservation efficiency,
ensures the effectiveness of gas turbine preservation, and significantly extends storage time.

Key words: preservation device; numerical simulation; fuel system; lubricating oil system; marine gas turbine
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TE: N THENZDNHER R RS, FET ZHPHTRE LI A B REF R, X T —EABNH RS, R D
T A AR RN T E ARk, B RKA A 10888 CHABET @ik K AK N 180", & ik XK £E A4 0°F1 180" (L & ,
KH X 290 270" (L E , [GIF T H &5 R X, &R X EF w345 EZHR/N,BEEETHEE N 043%, 5 E
A A AL R FE R L P AR E AN 94.82 'C R A E 108.88 CHE A it 80 s, BB X 3B F 2 K 0.18 “Cls, B I8 3, 1 I8
WA BN R AR KN IR TR A B R X A A R R E A A R A R A A R R R SRR 6534 CHE
108.88 “Cit, Al il i RFF ¥4 EL T HPARE BREXEAFHBRENEAEX R, RETERETHELS KAVEH ZH X
EHRERBEHER,

KW I A KR R E R R K Bl

FESHES V21173 XERFRIAAD : A doi: 10.13477/j.cnki.aeroengine.2024.03.022

Aeroengine Ground-level Test with Inlet Air Heating
LIU Zuo—hong, HE Zhi—qiang, LIU Guo—yin, LIU Jia—xin, KANG Chen, CHENG Lu
(AECC Shenyang Engine Research Institute , Shenyang 110015, China)

Abstract: In order to conduct engine inlet heating simulation tests, an inlet heating test was carried out on a ground—level test bed, a
set of suitable inlet heating equipment was designed, and the inlet heating testing scheme and test method were proposed. The results show
that at the inlet temperature of 108.88°C, the circumferential extent of the high—temperature region was 180°, the high—temperature regions
were mainly distributed at 0° and 180°, the low—temperature regions were distributed at 90° and 270°, separating the high—temperature
regions. The difference between the average temperature in the high—temperature regions and the area—weighted face—average temperature
was small, and the circumferential temperature distortion intensity was 0.43%, indicating a uniform temperature distribution and no strong
temperature distortion; it took 80 seconds for the inlet temperature rose from 94.82°C to 108.88°C, and the temperature rise rate of high—
temperature region was 0.18 ‘C/s, the time—variant temperature distortion was small, the stability margin loss was small, the temperature
field was irrotational, and the distribution of high—temperature regions and the circumferential temperature distortion intensity did not show
significant changes obviously with time. When the inlet temperature rose from 65.34°C to 108.88°C , the circumferential distribution
remained uniform, and the linear relationship between the area—weighted face—average temperature and the area—weighted average
temperature of the high—temperature regions was established. The relationship between the area—weighted face—average temperature and
the inlet air temperature acquired by the engine control system was obtained.

Key words: inlet air heating; ground-level test; temperature field; temperature distortion; aeroengine
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Aeroengine ground—level test with inlet air heating[J].Aeroengine,2024,50 (3 ):148-153.
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Grinding Path Generation Algorithm for Aeroengine Compressor Blades
XIA Gui—shu, LI Jin, DENG Chun—yan, WEI Yong—chao, ZHU Zi—han

(Institute of Electronic and Electrical Engineering, Civil Aviation Flight University of China, Guanghan Sichuan 618307, China)

Abstract: Aiming at the cumbersome grinding process of the current aeroengine compressor blades and the fact that the path genera-
tion algorithm is generally not adapted to the geometrical shape and processing posture of the compressor blades, a new grinding path
generation algorithm based on the point cloud data of compressor blades and adaptive to the geometrical shape and processing posture of
the compressor blades was proposed. First, obtain the 3D point cloud of the blade by scanning the surface structured light and perform
posture correction, then create a series of appropriately spaced parallel slicing planes in the area of the blade to be machined, and derive
the intersection points between the slicing planes and the point cloud. finally, fit all the intersection points obtained from slicing, and
calculate the path points and cutter orientation of the grinding and polishing path. The results show that by calculating and simulating the
path information of different compressor blades under different postures, it is verified that the proposed algorithm has the characteristics of
adapting to the processing posture and shape of the compressor blades, and the surface reconstruction errors in traditional reverse engineer-
ing can be avoided, which proves the feasibility and effectiveness of the proposed algorithm. It can be further applied to subsequent actual
grinding and polishing operations.

Key words: compressor blades; point cloud; grinding; polishing path; adaptability; deviation analysis; aeroengine
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TEE: O T F s o 2 3R GHA169 &4 1 % 4 AL A 4T 7 , LA Chaboche K5 % M A A B A 5 Zo gk, 5] N7 Lemaitre 47 15 5%
A KT A TELNERAIBAREFA S BB B ERM R E LT — A T CH4169 & 4 19 % 5 I ALHUE %7 K 8 M
RMBEA KRB R ERRN OB N, AN T AMEA LSRRI T &, XA AR A 3t
GH4169 & 4ty %t Ao AR A FAT M BAT THE B R, 4 RFK W 4 20 CBF, 20 B 3 % 1] w3 31 4% w20 b ) w28 .45° 3t 9]
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WO #or A AL E R TR R A2 AL 300 °CL550 ‘CAR 650 CR3MIBE T A m A M EBBE MR NREE L, LR
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KR GH4169; £ # K % ; AL % ; Chaboche # A ; Lemaitre /5 2 ; g R W 0 B EH B RGBT R H

HE S ES:V231.95 XERFRIAAD : A doi: 10.13477/j.cnki.aeroengine.2024.03.024

Multiaxial Thermo—mechanical Viscoplastic Constitutive Model and Verification of GH4169 Alloy
MAO You-—sheng', LI Tong', JIA Wen—bin"?, LI Xin', LIU Fei—long', FANG Lei'

(1. College of Energy and Power Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China;
2. College of Energy Engineering, Zhejiang Universtity, Hangzhou 310027, China)

Abstract: In order to describe the multiaxial thermo—mechanical behavior of GH4169 alloy more accurately, based on the Chaboche
viscoplastic constitutive model, by introducing the Lemaitre damage model, the non—proportional strengthening factor based on critical
plane theory, and the viscoplastic potential function correction coefficient, a multiaxial thermo—mechanical fatigue viscoplastic constitu-
tive model suitable for GH4169 alloy was proposed to describe cyclic softening, non—proportional hardening, and non—Masing behavior of
the material, and the method for obtaining the parameters of the constitutive model was provided. This constitutive model was used to
simulate the multiaxial and thermo—mechanical behavior of GH4169 alloy. The results show that at 20 C, for the simulations of the
hysteresis loops of the 200th cycle under five loading conditions (axial loading, torsional loading, proportional loading, 45 ° non—
proportional loading, and 90 ° non—proportional loading) , the results of the axial stress peaks and valleys are consistent with the
experimental results; at 650 °C, for the simulation of the hysteresis loops of the 200th cycle under three loading conditions (proportional
loading, 45 ° non proportional loading, and 90 ° non proportional loading) , the results are basically consistent with the experimental
results, proving that the established model is suitable for high temperature conditions; for the simulations of the hysteresis loops of
uniaxial axial loading and circular path loading at 300 C, 550 “C, and 650 “C, the results are basically consistent with the experimental
values; for the simulations of the hysteresis loops of the 200th cycle under in—phase and antiphase loading conditions, the simulated
values of the corrected constitutive model are in good agreement with the experimental values.

Key words: GH4196; multiaxial fatigue; thermo—mechanical fatigue; Chaboche model; Lemaitre damage model; critical plane

theory; viscoplastic potential function correction coefficient
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Spalling Failure Mode Analysis of Aeroengine Ball Bearings
YANG Jing—lai'?, TONG Wen—wei'?, LI Qing', LIU Yu—jia', XIU Pan—rui', ZHAO Cong'*
(1. AECC Shenyang Engine Research Institute, 2. AECC Key Laboratory of Power Transmission Technology on Aero—engine :
Shenyang 110015, China)

Abstract: To study the spalling failure mode of aeroengine ball bearings, atomic emission spectroscopy, automatic wear particle
analysis, ferrography, and energy—dispersive X-ray spectroscopy analysis were used to analyze the number, size, morphology, and composi-
tion of the wear particles in the lubricating oil from the equivalent accelerated test of ball bearings. The results show that the metal particle
contaminants lead to the initial fatigue spalling of the bearing. The characteristic particles of the ball bearing spalling were rolling fatigue
particles and spherical particles. The characteristic particles of neck bushing fretting wear were black iron oxide and red iron oxide
particles. Approaching bearings failure, the mass fraction of iron element in the lubricating oil increased from 7.49x107 to 21.74x107°, the
number of characteristic particles also increased sharply from 48.9/mL to 1433.8/mL, with the size of particles distributed mainly in the
range of 25 to 50 microns. The presence of metal particle contaminants accelerated the contact fatigue spalling of the raceway of the load—
bearing inner half ring. After the raceway spalling to a certain extent, the fretting wear occurred at the interface between the bushing and
the inner half ring under the combined effect of axial force, friction, and preload, which further aggravated the fatigue spalling of the
raceway and ultimately led to the failure of the ball bearing.

Key words: aeroengine; ball bearing; ferrography; energy—dispersive X-ray spectroscopy analysis; fretting wear
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