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ABSTRACT

As the core component of the supporting rotor system, the main bearing of aero-engine has
extremely complex and harsh working environment. Its load characteristics are very important to the
life of the main bearing and the safety of the engine. However, the current research on the load
variation law of the main bearing under complex conditions such as maneuvering flight, unsteady
overload, and main bearing fault excitation is not sufficient, and it is difficult to provide accurate
input conditions for bearing design. However, it is difficult to measure the load of the main bearing of
the actual aero-engine under flight conditions. Therefore, based on the vibration model of the whole
machine and considering the actual maneuvering flight parameters of the aircraft, this paper studies
the unsteady load simulation method of the main bearing of the aero-engine, and compiles the load
spectrum on this basis. The main research work is as follows.

(1) Based on the dynamic characteristics of an aero-engine, a rotor-support-casing coupled
vibration model is established and verified. Combined with the nonlinear mechanical properties of
rolling bearings, the main bearing load simulation model considering complex flight conditions and
the whole machine model is established based on various flight parameters such as aircraft
maneuvering flight, catapult take-off and arrested landing.

(2) According to the general specification of aviation turbojet and turbofan engine, the time-varying
load response of the main bearing under complex flight conditions is calculated based on the whole
machine vibration model. The research shows that: 1) Under conventional flight conditions, the load
distribution of the main bearing is relatively stable, while under extreme conditions, the radial load
and axial load of the main bearing fluctuate significantly, and the peak value of the axial load can
reach more than 2 times of the normal working conditions, showing strong impact characteristics. The
influence of different overload and angular velocity on the main bearing load is analyzed by changing
the flight parameters, which provides an important basis for the structural design and optimization of
the main bearing under complex working conditions. 2) At the moment of carrier-based aircraft
catapult take-off, it will bring more than 10kN impact on the axial load of the bearing; in the process
of arresting and landing, the axial load of the 3# fulcrum main bearing will decrease, but it is still in
the normal range, and generally will not produce light load and commutation, while the 2# fulcrum
main bearing may have light load or commutation.

(3) When the main bearing is damaged, its load will be greatly increased, which will lead to its
fatigue failure. The influence of bearing damage on the main bearing load is simulated and analyzed.
The results show that the damage of the main bearing has a significant impact on the load during

maneuvering flight. Especially under extreme conditions, the peeling damage of the outer ring of the
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bearing above 5mm causes a large impact, resulting in a drastic change of about 3.55kN and 54.96kN
in the horizontal and vertical radial loads, respectively, which seriously affects the safe operation of
the main bearing.

(4) Based on the real flight parameter data and the vibration model of the whole aircraft, the
calculation agent model of the axial force of the aero-engine is established by using the finite element
simulation results of the actual aero-engine axial force and the support vector regression method, and
the main bearing load simulation analysis is carried out. Based on the Lundberg-Palmgren ( L-P) life
theory, a method for compiling the accelerated load spectrum is proposed. This method uses the
principle of damage equivalence to eliminate the low-amplitude load that contributes less to the
fatigue life, and retains the load component with high damage contribution, thereby shortening the test
cycle and improving the test efficiency. The acceleration load spectrum and the original load spectrum
are compared and analyzed by statistical parameters, power spectral density and through-level
counting method. The results show that the acceleration spectrum is highly consistent with the
original spectrum in terms of load distribution characteristics, energy spectrum and fatigue damage
equivalence, and achieves a time compression rate of 29.02 %.

The research results of this paper provide a new method for the load characteristic analysis and load
spectrum compilation of the main bearing. It can provide important reference for fatigue life

prediction, optimization design and fault diagnosis of main bearing.

Keywords: Aero-engine, main bearing, whole machine vibration, maneuvering flight, peeling fault

, main bearing load simulation, load spectrum
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215 (g -HLEAS S IRED) I, RE T @T; (5 A A AT M S, G — iy 3D
TR

BRI, ASCRHX A TTE, PR N ZEEE AT A5, JRil A IR o7 VA S L
HiZsh I

M. G, +C.q. +K.q, =Q, (2.17)

A g AHLER A A&, Q LIRS XA M LIRS K
NNLERIRIEERERE;  COUBLE BHJEAERE, ¥ C BsE N ELBIFHE .

2.2.3 SREE

(1) - HLIL I S R e

ERE T 5 HLE 2 &5 RC, (1 =12,...,N), R E AR, WESHR. HR
TRRIELE 5. BRFESE. A5/ SCRES I RIZD AR R MRE) RGN R . Lk
M, WRESMER RS M, KRR M, B SRRIE Nk, BUE RECNC, . BT
OB B 52, TP B SR M N K, C, e B IR 7 5 Y S FE ok 52 2 b
KA.
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B 23 SRR, $EFARIAN Fy o oy M Foy o BUBRERIAN F, « F
I:zCi °

il

yCi

RGi

K 2.3 KiEZRER
EXIRER BN 3452 pU B A BBl e s, ANPBITE PR R 5, A% 18 SR RGN BN 1 1
A4 AT LAl R 4 (4R3I ER R . LA 2, R TR m AN Al BB AN MR o
BTN Xem ~ Yam M Zgm s 2 X=Xem =Xyir Y = Yo = Yuir 2= Zpn — 2y 2ET0E, FILARE
SEVRENHR I SR, SRR TR T AN SORINER 1. RE RSB I B T R A

7

My Xy + Ky (X = %) + Foi = B
Myi¥wi + K (Yo = Vi) + Fai = Fyri =M, 0 i=12,---N (2.18)
My Zyi + K (2 — 24i) + Fy = Figi

ﬁl:'j: Fd)(i }Fﬂ dei %Bﬂ%ﬁy %ﬁ*ﬁ'ﬁﬁﬂ}:ﬁ’ ﬁ:
Fai = Ci (X - Xbi)
dyl Ctl (yWI ybi) (2.19)
I:dzi Cti (Zwi Z.bi)
HLUE T 524 RC, I1EH 714+
Fi = kfi (ch = Xpi )+ Cii (ch - Xbi)
Fym = kfi (ycn - ybi)+ Gy (ycn - Ybi) [ :1’21' ~N (2.20)
qu = kfi (ch - Zbi) + Cfi (ch - Z.bi)
XA RC, [l BE IS BN T R :
My %y + K (X5 = Xi) = Fi = Fog

My Vi + K (Yoi = Yai) = Fai = Fys —Myi0 i=12,-N (2.21)
My Zy +Ki (2 = 2,4) —Fo = Fg
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(2) ¥ T-HERAIT 3 AR
SR M A RS RB, (1=12,...,N), H4HFERC, , 30k RB, Kk i iz )
TN
My X + Ky (X — %) — =Fg

My Vi + K (Voi = Yoa) = de| =Fg —myg i=12---N (2.22)
My; Zbi + kti (Zbi - Zwi) Fd2| - F

B

(3) B -1 I RS
T4 5 R A B & RRMLG =1,2,..,ND , 54517 RC, , %7k RRM,
Hy R B E) T RN

My; Xbi + kti (Xbi - Xwi) +Cy (Xbi - Xwi) = FxROi
My Ybi + kti (ybi - yWI)+ Cy (ybl - yW|) = xROi [ =1’21’ N (2.23)
My Zyi + Ky (2 = 2) +C (2 — 2i) = Fioi =My 0
(4) F~-Fe A B e 42
St F 7R etk %R RRC, (k =1,2,...,ND , fEFTERT L FEE7 2 4580 LM
J1HA:

.

Rixi — er (Xsz - XRZi) +Cg (XRZj - XRli)

Fruyi = Ker (yRZj = Yeu) + CRr(yRZj ~ Yrai)
Frozi = Kgr (Zsz — Zpyi) +Cy (Zsz - Z‘Rli). (2.24)
My = Kgg (9R2xj — Orii) + Cry (0R2xj = Oruxi) .
My = Kry (Grayj — Orayi) + Cry (éRzyj - éRlyi)
M Rlzi — kRa (6R22j - 0R1zi) +Cr, (9R2zj - H.Rlzi)
FRZX] = FR1><|
Frayj = FRlyl
Frasi =~ (2.25)
Moy = =My
Moy = —Mpyyi
e\

(5) HLIE-HLIa] ) Le P 12
X HLUE A 2 ks CC (k =1,2,..,ND, MIAEFHAENLIE 145 200 LI 2 4555 ] B
AR AN -
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Fclxi = kcr (Xczj - Xcli) +C, (Xczj - .cli
I:(:1yi = kcr (yc2j - ycli) +C, (YCZj - SICli)
I:clzi = kcr (Zczj — Zy; ) +Cq (Zczj - Z‘cli)

i (2.26)
M cixi kca (¢02j - ¢cli) +Cg, (¢CZj - ¢c1i )
M clyi — k(:a (Wczj - l//cli) +Cqy (1/7ch - l/}cli )
M clzi — kca (0c2j - Hcli) +Ce, (gczj - ecli)
I:c2xj = _Fclxi
Fc2yj = _Fclyi
F..=—F._.
c2zj clzi (2.27)
M c2xj — -M clxi
M c2yj = -M clyi
M c24 — -M clzi

(6) B -tk a) 3 3&
X AL -5 Bl ) s i 30k CB, (K =1,2,...,ND , /ERTENLIE S fU1 L1 73801 775 533

N:
chi = _kcx Xei — Cex Xci
I:cyi = _kcy yci - Ccy yci
|:czi = _kczzci - Cczzci 298
Mcxi = _kax¢ci _Cm¢ci ( . )
M oi _kayWCi - Cayfﬂci
M czi _kazeci - Co:zeci

2.2.4 HHIRKEIR

PR R RO T, o1 TR A 7 SRR IR R, 7 SR PR I 0
PRI LUE % RIS T S A A T ok o SRR BB R R 7 i ek i
VTR, BRI TR A0 LB, TR R Rt T LR DB . R I3
AR 12 B RE A AR T R S R GEREN T2 I R AT, et SR R SR i
W

BRI R, 40 BT fA e R R R TR RSN S B, R T AT T
IR TR TS, O T SIS J R RO 0 O 0, SRR R RS £ 53
KRGO BRI, T H 2 RS ST AR R P OB BLE 2 B, sl
LR B LR S SR R B S T L.

A BRSO 5 R BEAT  Hertz BEERIG, LA A1 S | ATk
R 4 T B 1 Q4
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Q,; =k,0] (2.29)
A K, ARG RIERM B RE, nONEAEE, W TRERER, n—BIBUMEN 1.5,
5 [N SRR IR I N
F :ZFXJ’ y ZFyJ’ z ZFZJ’
. i (2.30)
M, =ZMyJ’MZ =ZM21

=t

j=1

XEFHALRAR, 2942 BT AN Rl 0 R VR 7l R BN, A8 T R - OB R
MR B, HASE B =0 B

IRV A LRI Ac
A=A AT Ay,

F,=0,F

T

m

Q S|n¢1,

(1) BARFABRAETTRN p R T A7 E AT ;
(3) H A R R AV 5 BURHE DT A2 p 7R T
o HIMRIG 212 B B R IR A 08, B,

=Q;cosg;, Fy i =0,M, =0,

(2

(2.31)

F ZFXJ’ y ZFJ’ z ZFZJ’M ZMVJ’M ZM

2.2.5 KR E

TN G 1A R, T HAT AR IRR I R, (HRER, ASCRAAUE
R T3 XS W N BEAT SR A XA HLEAER, SR FEEGAR 2 ( Newmark —B i) K,
FRE T SHLE RSN, i f3 B TRIBLE Y RIS AR E =5 R8BI K 5 SR 1%
MIARLAER R, RATE ARy CRITVEVD) SRR LR AR /1, 73 n] AR e ROR gl
LRk DL A NI 71 B A E 4 5 T S ALY i, AR A 2 IROCH TR RURTL R A R =
BRI ROR R I 2.4,

KR 4 e HE R 4
(Newmark- B #%) 2Kfi# CEHED K
| @ 1 ] U |
HIRTCHETHER, | 3 > LRl T T || T ABLE A ::) N
L HLI R L B 2 L fifs. L EHiAHIN 71
1
e FOMLIE Y i
fER
Kl 2.4 fi REANWUEBNUREG 3 715 R
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H BN U 1) T R AR RS 3T 0 M 5 T 1 G 1) ik

2.3 HE YT TFRINFEE

FENLEN RATSAF N, He7 RGN 12T R M & S L MM s SR S P E 1. 38
HSIN TS, KIS 57l AR RER, AT AT & L b O T R 4t
BN 1R . ARSCR A R BB A AEN LB RATHAEE N, 38 Lagrange 7 FE 37 B £ # ot 5 2
ICHISEN M Ji ke, Rt R IR T AR S O BAR R T RGN TR, DAMER %]
5T RGUE R AT A T HIMa R -

NG G R, TR O ARr 28 R B S SRR, SR A DM B AN fa A Ak 2.

(1) MUBRER R T, 2 ER 5 Ao 2 51 36 AR ek P PR 52

(2) BENT KB T BB G, BT ReAhE LR — B2k b, 7 —im 5 kil
L ES:

(3) ek LR RFFRIVE, AR, STPEEMAER— TN .

FEZRA R, WHLIIALED AT R A =il bn Rk, il 2.5 fros, Ho Z iRy
[, X ONME, Y JRikE, S8 Z R ORGR . S8 X R T, SRY R ieh Jie
s Wi REWUENIRSIEE R A bR R AN 2.5 fior,  [EE AR R O — XYZ 107 A SR :
X W A s LA, SRR AR Y HOMRIEACE, SRR Z #OviRATER,
kA5 R 2. Hlah ATIERES, B RRE SR R B A X TR S 5 A s R s
SPRES, BRSO ST KT R A2 5 e A AR AL, DL IR ALEE T R3S 44T,
CAE: W EFRIARE X, RRRCPAE y MEEME Z, S X VY o Z ZH e
MO~ 0, 0, XFhE H I EAAUE THAER I TOUT MEhd, BoN)E2msh 7
FOMT IR TR M AR RIS

Az A&

Kl 2.5 KHLFUESIHLAL R RnE K
UL FEHLE) AT N BT P AL FINLBh ®AT 8iar, HLsh ©AT &4 N R chiE 3 i 2N
M g +(Cd +QG, +Cdb)qd +(Kd + de)qd =Fy + Fap +Qq (2.32)
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m
0 m
0 O

Ma=lo o
0 O
0 0
0 0
00
0 0
G=lo o
0 0
0 0
[0 0
0 0
0 2mw

Cdb_OOBZ
0 0
10 0

00

0

-J,Qay, —J 05«

| 3, Qg —Jy@gy

0

“ 10
0
0

O O O ©O o o

meQ’ cos(Qt + )
meQ” sin (Qt + )

X
m R
0 J,
0 0 J,
0 0 0 J,]
00 0
00 0
00 0
00 0
00 3,0
0 -J,Q 0
0 0 0 0]
—2mw,, 0 0 0
0 000
0 000
0 000
0 00 0]
0
m(a)B,XwB,Y a)BZ)
0
0
0

O O O O O o

O O O O O o

—m(XB —a)B‘ZY.B + a)B'YZ. )— mz(coB,Xa)B,z +a')B,Y)

_m(YB +awg, Xy _a)B,XZB)_ mz(a’s,va’s,z _d)B,X)

O O O O O o

(2.33)

(2.34)

(2.35)

(2.36)

(2.37)

(2.38)
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S BN UL 1) 3 il A AR A 380 0 M 45 8 1 i) 5 2%

e M, R G, A% BB B I A R B RSB . C v Ky A F,, bl
B AT BRSO IR R A . BN R RERR B DA S IR By, B2 B R T
Wi Qq Rt T BRI XA 3.

I HT AT, OHLIINLEN AT I B TN T IR Sy, S T R T RSN
BERILIE o BRI J 000K/ 5 B B B BB o AT B M0 B WL AT 3 25 B M TR %,
SR B9 26 IR 7 AT S e B 0 B 30 ) S A O 25 2 B

S ORI B L HL D CATARAS, T 0 oy T L2 et 4 5 B R i 7
T, B J 1 B

L 1) T
Fy = [— mZ, ,o,o,o,o,o} (2.39)

2.4 ING

AT JEEER A R BN R BT AT EUH A, IR TCE R AR, A E s AR
TOERRAE B H 7R, ST BRI R AL AU A IR AR AR 7 1. R BRI T R
LI

(D) HF-SOK-NURR G B )2 @A @i @B G 51 SORFIPLE, 23T —
it 2% AR [ AR LA P T (R B LR 5 20 ) 2 B 1

() HLEN AT M T T R 1 FRAR M g @I 5IANLE) TS5, S T RE s
TCEARFENLE) ATIRE T iE sy .

AR TR ST S 2 2 b A AT 7 B AT R IR A7 1 ) 2 L T B B R AR S
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E=F N IT N EHARGTOHIES

31 3|5

RHVERLE AT R AR, BT TSSO 2, @ A TR SUNRE, AR
THERAT, ERUREAT A 22 2, IRFEAFR TN, AR ATEER AR £
S 7 AT 7 A AR M Xt A AR AT BIE AT B R

AEETE XIS K, W FEEAENLE) AT 2 T AR R A . 5
TR RN, M T BRI IR N BEN LR AR, SR Gl T Y 5
RENWLSEIMME S U5 AR EE,  DASUEIRSNAE A A Rk . HR, AR A e Fe Mt N b e IR
RENHLE A TEE, A SR IS AT (] P RE, DABEISERR AT i R PR ARt . B
I E T, T S#S R AR H AR R LA AT 26 AR R 1 A A i 28 A2 A AR
e, PRI VR IR 00T AR B AT AR, I 1 SRS ORI B A A e
LU 128007 A S ARFALE o

3.2 RENT Ao EHIREMER L HWE
3.2.1 BHH N1 FIEER

BEXS RO e R s, il 3.1 Fow, KHE T R GudtAT i, MR EhHLE A
B, A TET RS, BARSMLIEA BRI, BRBEIUER RS,
oy RERMLE RN KT, RMRIRBIPLISA G0, gk fa B 3.2 fros, A5
Bk 3.3 for, & 3.1 50H TR RARRET N E .

B 3.1 R T K sl
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BN ENANE| |[PANE Sh@Ei |
& 2 RN M S . F=
l RENE 1 q:frm@l FENE (FaHD)
S 7 o
2 HiByLE
& &)l
& E ¥if
®
1 / i~__rc> 4

(RCy)

(RC>)

{REES T

Cllnill]l
S3(RC:)

) ¢
7 i LR CC.
) ® ©® ©® O ¢
wERT

K 3.3 BHUBALTTH I

® 3.1 WEMHEE

RS L AYAL
1 HEAMHLIE AL
3 HEAHLIE S v T
4 A — LI i i
5 A LI i i
6 A = LI S g
7 H A LI 1 i T
9 H A B i v T
16 P Hh ity
35 e RS T A i i
37 IR RS 20 F M i v
38 P A iy
42 DA At — S s AT
44 AR — A
48 R il S s AR T
57 R Vi e il S
62 IR IR %E T3 R
65 IR RS 2% TAEM kT
68 e i AL = 3 S

26



R U TR R AR 2271 S

* 31 WRHEEE (50

78 o T TR e Bt
80 RS
82 o TR e Y S s Ak

3.2.2 B & BN EAE R RIS IE

ARSCIE R N, A A SR SR B, TR A 1 AR IR IR XU AR A A
A S A, DR e 3 0 et s R e s T O U 285 W S

ik 3.4 o, & 3.4 (a) A1 (b) 35l 1t WL R g B ST EL S 1 L fEL, 5K
T Bos K BIHUAE 6487rpm Feidi i R I Ak, FE07 AR T, BEERRS TR
Ao i, 7E V8 B 6000-7000rpm (1445 3 v B A, AR B0l 51 A FAD PR AV A8 A IR A3 [X 1) Y
LT PRI S, 53y 6083rpm A 6775rpm. 2 — 2 o3 M IRl S E 0T I ) BE AL AR T
AR, s 3.5 fran, Bk 6083rpm MR BUnh XU S R e 1 2 AR S T 6775rpm Il St
gy, XU 5 e 2 U S DS AR B R R AL

10

=
< 8 E 30
£ E i; 6082.8 rpm 6775.44 rpm
= = "
e T 15
3 ! ;%é( 10
&, B 5
2 =
T o4 . — . .
) sy 4000 5000 6000 7000 8000
1000 45 5 55 G 65 7 75 § AR 754 N L/rpm
N \
(a) SEME (b i EAE

K 3.4 BEAHLE N RS

() REBIRAE . SR FRAMIES (o) REBIRAE . &R 7 RIS
(N1=6083rpm) (N1=6775rpm)
Kl 3.5 ISt MRS T RS R
ECALH A AL SR I S, S5 SRR AE 7832rpm Bl R, 1A B T v R
TSI S, B 3.6 . T RESRME 3.7 (@) Frx, W LI E SI7E & e T s
4 7618rpm I i /AL E IR AH FE BT RGO, TAR) T im FEE, B 3.7 (b) JRARH T EGE T Y
BEHIRNE DL o
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7832rpm 7398rpm

X

K 3.6 HRahE S

618086 rpm . ~

e A LI A5 2 A A (mim/s)

mo o

. : : :
6000 8000 10000 12000
o F e N2/ rpm

() RBNHENHAE (b) I F e T RGRA
B 3.7 I e 4 AR
Hy DA b Sl A 55 0 JAE RO b A, i SR i i) S ML 5 0 AR Z2 AR, XFLbinsR 3.2
Iy SR SE RIS L P, e s i 07 LA R SR ZE4E 10% AN, 7207008 6.24%. 4.44%.
3.26%. 4f FXF Loy AR W P i A BE R R R L B s AR B2, BB AR AU 2 R B LA IR
EHH o

S
S

R 3.2 Il A

|5 S A s I GG A/ (r/min) I S SN AR/ (r/min) PR
AR IR IR (AT AR 2 [ AF AT 6082 6487 6.24%
15 5t 2 i SRR 6775 4.44%

o AR e T S LR A
- 7618 7832 2.73%

3.3 RMah ¥ATHFRHX EHASE IR WA E

LA R BIHLAE LB (AT 2640 T AR, R AOR 3238 2 % HRI 2R 8T, JUHGRAE
I FERR AR BRI, R e S E M DO B A O TIRITTR SRR, KA
HRTOLS R TOLP N ANLED AT RN T, S8 BES IR, R 1 RHLEh AT
SEAE TR AR BT AL A

AR AE AT 22 T B I SN e X A B ATLAEE P R POt SRR AR A 0 LR, L O €
BNNLGETE BT T2 T T N AT —RhZk, DL Ldrad/s HOFRZS fod BE A S K04 224U 10g H4k
LA, R R TCIRIEIA A a0, FERLEEAS b, ASCUIBERUR SN FoN 5, B8 R BB
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NERBUEFGE, AT RERFFE 10km, AT SHACN 1.0, 8RB IR B 3% I 003

€, TV T FrEE 8 B HINLEN ATHESS T H M. WL T 0L M IIMLED RATHESS IRETE LR 3.3,

A2 BR T 0 RO A A T 2 o e 8 R e XA S AT LI RS ot BEE g (07 LR, D
Geal H T H TR A kg, UL 3.5rad/s HIRRAS AR 1g BR-1g 136 B 2k AT RARE
B TAF 1580, ASCCLH ORI, BB ARSI E R KB R, AT =N 10km,  Hhif%
N 1.0, FHEMRIR TS AT 20 B IHLEN “ATAES Ui B dr. ARBR o0 T i 05 BAE 55 ke

TENFE 3.4.
# 3.3 EMLHLUTRINLE) ©AT 01 BAESS PiiE
I (] N1 N2 M MEEdE EEEE BREAE A
Is /rpm /rpm /(m/s2) /(m/s2) /(m/s2) & /(rad/s) & /(rad/s)
0 8880 14675 0 0 0 0 0
2 8880 14675 0 0 0 0 0
3 8880 14675 -30 -40 -98 14 0
5 8880 14675 -30 -40 -98 14 0
6 8880 14675 -30 -40 -98 0 14
8 8880 14675 -30 -40 -98 0 14
3.4 IR O R NS AT AT S5 e
I ] N1 N2 et Mgk EmakE EEAEm s
Is /rpm /rpm /(m/s?) /(m/s?) /(m/s?) J&/(rad/s) & /(rad/s)
0 8880 14675 0 0 0 0 0
2 8880 14675 0 0 0 0 0
3 8880 14675 30 0 0 0 0
5 8880 14675 30 0 0 0 0
6 8880 14675 -30 0 0 0 0
8 8880 14675 -30 0 0 0 0
10 8880 14675 0 9.8 0 35 0
12 8880 14675 0 9.8 0 35 0
13 8880 14675 0 9.8 0 35 0
15 8880 14675 0 -9.8 0 35 0
16 8880 14675 0 0 9.8 0 3.5
18 8880 14675 0 0 9.8 0 3.5
19 8880 14675 0 0 -9.8 0 3.5
20 8880 14675 0 0 -9.8 0 3.5

R A 0L LSRR T8 RATAE 55 DO R AU A SV & 30 o 2, 7y kAT
TVEEN A5 E T, S5 7 ERREAF 7 B A A R JifE . ASCE G T
AL I AR A F) L 3 EL7 TAAR A 7R R 733X =ANJ7 A B AR . (7 4 R an

3.8 fli/n:
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U IR T AR A BT 5 T A 1 A £ [ —SVEFEI Y, £9-30kN-OkN 2Z [A]

(1> ZKVFI7 A2 i) 73 B R0 -5 ARFAT A 3 AR [l i B LR A5G o ARt e b, Ashbl
B K SRS, BRI, 0 F AT A v o AT

(2) 3 ELJ7 [F42 A 77 A ) 55 e 25 Sy FE AN [ 3 DI ok . s il i rh, ERiR
B a1 bty R AN T B .

(3) Al ) A AR LR/, He B B2 B AT R S B DL S e 1 e R i
XERW, AR UM R 00T, b1 B X SRR B 77 e BN AR AE (B AT 75 EEORTE RS E
VAP N IE Y iAY S

R AT R PR AR I AR R B O IR BR TG R R B A TR AR
3.4 GRS CSEAEMFNH T EMATENE

AREHLIE B b bt R MIOR, E TR AR 2 (A PR, R Fae T 3 3 MR O 4
PEIRSEE . SR RT ARSI 18] A 9 MBS i R 08 RO P, LI A B G, 3
THERIRCR, FEHRATHSRHE C, ERBEIIEICS, MOy H T E b - R0 AL
KA e PERHAE AT AR WYL D B B SRR RO R R, I HE R
LR FAIR SR, (H R R E 58 AT BRI, B SRS B 39 R T
SEAUFGURE AR 2 FAR A ) o

L R A =Y
0} e
v ‘

K 3.9 FAUEEHR W LA E K

34.1 e TR

NI FE A LRI L & I 2 R B R 3#SC Al ) A R R R, AT
SEEENIRBNEAY, JFRSE KA T IB SO . AR WA, S RS AR A
KIMFPIRZS, 0558 A N1=8880rpm Hil N2=14675rpm. fE4FEH, Ntk Hr, 2T
ANSPHEAEF A, AN SRR 0T FE I A AR A6 2 A AR g (1 52

IS B G A U R R 1, BB I TR 0.01s, BRI TOHLAAFER LEIRZS B3k 3
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