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ABSTRACT

As we all know the engine to be regarded as key piathe vehicle. The
technical requirement for engine becomes more ame rrritical with the increasing
environment protection and clear energy demanding.

Even MPI system cannot meet the requirement nowrefbre the new engine
technology invented. It's called GDI (gasoline dirinjection). Compared with MPI
engine GDI engine has more power and lower consomph order to have a better
injection the system pressure must be higher. Tigh pressure pump which can
produce pressure is regarded as the key compofweriigyh pressure pump. Improve
the quality of pump and its components can impittveeGDI engine.

The pump is assembled by dozens of components wgtionld be bear the
worse working condition, such as high pressureosion, high temperature, and fuel
damper. The quality of components can influenceqineity of high pressure pump.
On the market the pump is mainly with one pistdme Ftudy is focused on one piston
high pressure pump. Study is: Analysis the faimade of pumps. Clarify the key sub
components which will lead the failure of pump. dFithe key components by using
six sigma and validation. Propose a new desigh@itomponents. Design the test to
validate the new design. Details are:

(1) Analysisthefailure mode of high pressure pump

Almost 80% of pump failure is occurred at pump drivain, inlet valve and
outlet valve. 20% of pump failure is occurred aegaure chamber and pressure
release valve. The failure at Coil valve is sligimd accidental. Improve the pump
drive train; inlet valve; outlet valve can improttee quality of pump. The study is
mainly focused on these 3 sub components.

(2) Analysisthefailure mode of pump drivetrain and improvement

The root cause for pump drive train failure and pufailure is the dot on the
cam. The risk of pump failure will be increasedtbg number of dots after using six
sigma and validation. The hardness of cam is theacause of dots. After increase the
hardness of cam and applied the new cam by ne@@ Bours validation. The pump
drive train works well. No pump failure.

(3) Analysisthefailure mode of inlet valve and improvement

The filter broken is the failure mode of inlet valvThe particles will fluid into
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pump and cause pump failure. The root cause feerfibroken is the material
robustness of filter net. After change the mateofalilter net and applied 500 hours
validation. The resistance force of material iff ek after validation. The inlet valve
works well.

(4) Analysisthefailure mode of outlet valve and improvement

The serial wear and broken of outlet valve sprisighie failure mode of outlet
valve. The efficiency of pump will be decreasethié outlet valve failure. The design
of spring is not suitable. After re-design the sgrand applied 1xI0/alidation. The
new spring condition is quite good after validatidhe outlet valve works well.

The study provide the experience of finding the &esponents which can cause
pump failure and provide a new design solution Whan make pump more
robustness . The quality of high pressure pummEaoved.

Key Words: GDI, High pressure pump, drive train of pump, indalve, outlet valve
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3.4~3.6 |1618| 1520 | 1177 5.5~6
4 1569, 1471 |1128

4.5~5 1471 1373 1079
5.6~6 1422| 1324 | 1030
6.3~8 1226 | 981

50



[FlHF RS W22 AR S0 2 GDI R BAL s s il 2R 1 R i A 5 1 RE St Tt 7t

% 5.3 WHjest CH (i E GB1239
d(mm) 0.2~0.4 0.45~1 1.1~2.2 2.5~6 7~16 18-42

c=D/d 7~14 5~12 5~10 4~9 4~8 4~6
TR RITEMEZEA J, HitEMEME R K

K = 4C—1+ 0615= 118
4C -4 C (5.8)

4516 [KFual _ 4 g [118%207X7 _ (oo
14 8532 (5.9

d RiR T2 T 5.9 TS . Fr LAFT & 58388 22 B AT d=0.4mmiifi &2 58 £ 1 2%
.
BB E R E R n. SKREFFENIE Kp:
_F,-F _ 207-055

K, = =122N/mm
L-L 12 (5.10)
% 5.1 B0 P)&EHis G=78500MPa
. GAuad _ 78500< 04 x32 _ 118 (51D

8C°F,,  8x8°x 207

W n=12 FEMum&IFE—E, WEEH n=n+2=14 2, 537 W
AL S W B LR AT AT AT 7 %

B2 83— D b s AN R S &, HE Tl SRR &R R
WL, WRImIMEER, YIRSl C=10.

c=—-=22 (5.12
d d
= 5.12 454 d=0.36mm
_4C-1_ 0615_, .,
4C-4 C (5.13

d216 | KFuaC _ g (114X 207X7 _ o0
r 8532 (5.14)

_ G/]SMaxd _ 78500 0.36 x 3.2 _55 (5.15)
8C°F,,., 8x10°x 207

51



55 5 R A AR R i S o g
B n=5.5 FEMu&HE—E, WAEE n=n+2=75 &k, B8 T4
W R BRE SR E AR ZMIATAT R, BAMNIMNERS RS ERE, B2 — N1
i, PIREXAMEYIEHE Tk, FitE e RS I ER E R .
THE L TE & Mvaxs Min Aiim A1 SEBR B /INEAT Fain 58155 (14 80 PR 285 7 A9 -

= = 207 gy
0.8 0.8 (5.16
_8C°Fn
Gd (5.17
= 5.17 715
8C3F,. n
Dy = = Fnl?_ 8X10'X 25955 1, 4 g
Gd 7850(x0.36 (5.18®
8C3F,,..n
A= va _ 8x10°x 207x 55 mm= 322mm
Gd 7850(x0.36 (5.19
Ain = Ay —h = 322-12= 202mm (5.20)
F,, = uGd _ 202x785000036 _;
8C°n 8x10°x55 (5.21)

SRASEL VTR py R Hoo SRHETH A y FISE L JRIFKE Lo 76 Fyax (I
AR AT 3 [ g ) g © 2 0.1d = 01x 036= 0036mm, - gy & = 004mm ju 55 ;i 5 Fi
T S B4 B

_d+ Ay _ 036+322 _ 065mm
n+o 55+0.04 (5.22)

it [F 5% BB 1 O 553 ) BR R S A
H, =np+15d = 75x 065+ 15x 036 = 5415mm

(5.23
BUbRHEME Ho=5.5mmIJc 2 fif 1 F N 538 R e T+ 05
y= arctan—P— = arctan& 35° (5.24
%D, % (4—- 036)
TR 2 N R IT K
L= nxD,xn _ 7n1x75x364 _ 859mm
Cosy Cos35° (5.25)

Ryttt

52



[FlHF RS W22 AR S0 2 GDI R BAL s s il 2R 1 R i A 5 1 RE St Tt 7t

D, 364 (5.26)
it 5.26 T %0, PR EREE& i AR AR

5.3. 20X B E IR IR T TG IE

OB I S5 R B . BT RGN ESR, S H I 18 R4 T 22
AP<3barff15 Ol T BETFJE o A A U 35 3 7 e AT X [A] A 06 25008 A2 HH X — 22

WK 5.0 R i O R 2 K. SRR L D=3.2mm 13 5%
F=0.55N

P=— (5.27

055N 055N

= 5 =684216Pa = 684kPa = 0684%ar
025x (0.0032“ x 1

Ap_—_l_—
4( )°m

(5.28
HaC 5.28 mI 15, o7 e 3 42 HH vl 1 SR AP<3bak

5.3. 3 A E MR B

BEINA B A 1.4438 (Cr17NildMod), MRS A, B, S TR A
B APEL, Ro0Ee: MERER, RN, Rt EZI A

53



555 & LIRS S T

WA T EON SR SNSRI R RIS A o PR R R B AL
NIERN, BIGE st # . fh. PeRIsemon o, BIFEARGIsfmlt. &
EICR M PUHEE R ISR 5.4 R .

& 5.4 B ETCRA EERIT I R

BRITLR C Si \Y B Nb Mn Cr
HEHI IR P 1 2 3 4 5 6 7
HER +86.36 | +55.90 +43.64 +25.86 -17.84 -15.30 -1.42
AEXT 43 He% 100 64.7 50.5 29.9 20.7 17.7 1.6
(%N 100%)

S RORPURESR = RN USRI E T B, BUEBOR NV R
7 P00 2 s L K 3V A 1) S

B SR B AN R AT TT R, AR SRR AR [N BE TR O B AR AL,
PRAETTTEREACAE R, RSN BThIoR . 57 PR I 35 8 v o S A T L U
M.

R AE I IRAFI E hERE 0 T 25 e ER, MR i VR g e 1 s 40
hE R EIAR] 12% AN, BRI PR ESE R, AR R R IR
ISEALIE CEBEALRR ), 4% SCRESR Ry AW AE A B R [ H AR L, BB Rt B2 N
R R AR, PR Uik O BRI o R AR R AR i S kAT IS, 7E
RIMCEEANE, 4% ] BH AN R At — P .

GNP EEERRZ, MRS EN & W ARSI, ©
HATRR I BRACYIIE BRAE TT o 17 ELAH RE 5 B B ERAR AL Y o b R . BH L RE SR
B S NAE TR T PR U AR AR O HE S R AN R
SR o AR TR R B G A T R T REAR, AU 0.29615H,  PamE TR
e E PR I A T e b, Sebr EAVERENVE SR, Xk
B HEE A A K

BT DL 2518 25 BRoR 58 S g i 0 AN R AR DR A PR B oo 2 4o Rl o e M
JFEof AR TC AR B 7 R E ik

TR EEAA

1. BEAEBRTTER PRI\ REAEASBA 0 1) B LA I A o8 P 4 vy, AN AN DLAL o
JEIEARAZR, E BRI R N B o 2480 70K I BE A v 80 AN B3 AR RO T o 1)/
Tl RE TS B ] v A B i o 1) FE PP RE SR o i B AN B A A I TR 1 e
W B 5 R 10 0 32 T ARG, I Ak PR B R A 0 N o B v i PRI, AR
2.0wt. 9B T JE3 bk dme o 3. AP B FEE AL Jt i i BE B o 4 5 I I 2 BT a9,
SR B R LU A I AR VRS G R S 4. BRAE AR AN AN R O 4y 2 DU Hhe [

54




[FlHF RS W22 AR S0 2 GDI R BAL s s il 2R 1 R i A 5 1 RE St Tt 7t

AR SAETE R, BRI G & 3R T T SOl T2 i 8 A0 45 OR3P 5L, i IR AR A S
PRy IR T R AT 2 5 1S vt A R PR . VRS R R R L A
WA I ) 3 B Aot 2 o BELRS A 58 3 2 B s A A 2040 58 LR IR B A6 4
RIAFAE S ARG S —ASRILIER; 5. SRe R AR T MR AR 3 iR
AL

BT DA Bl s e Fr E A BHE N 1.4568 (X7CINIAILT) .

54 MW KRER

5.4. 1 55X LS K TAEJRIE

56 S T IG AL A AT AL b R G R LA HH ), AR B IR LA 54 E
AP BRI T sl b o dWATDR 75 BT AR e, ALAE — i 0L F =K
AR BB T B DAL o SRBIAT MM OB R FRAE — 10, BTl IE T 8% .
Nkl 5.11 fos, RIGHUG FEE W TR, KR, PR, W CaERTHL . SR
REFEH R 2 TS S O IE BT, EEAHE R O R I e i s A N SR B T
AR EH LIS B, M 2 T (1 3 58 s £ os 30 .

| !

1-fRCfe . 2K, 3-URENFTHEHL. 43R4, 5-ORENFF. 6-1
7-58. 8-Fhh. ORI, 104K, 11-H128. 12-KAke. 135488

K 5.1 5B 57 I A LB Uik 5 A4 7 14

55



555 & LIRS S T

542 FINIEHRE RITHI RS

BEE PRI A ZI AL 1 B3, RIEREINLIE R I B3,
ko[RS L b et I BRI AT AR, Bk s LRI, [ 5.12
Fros R B LA o A i AR g

Ty =
QF ‘K ;gm
KM W
FUI :ljuz eyl
KM LA /o FR
5Q
FR l — l ‘]\

(g
]
<

S

=<

BB prgem IR

FUL. Fu24#iisz, QF-2JF3x, SB14%1E444l, SB2E3hH4ll, KM-ZimEfiles, FR-#4k
28, SQATREH R

K 5.12 BEG L ALz ] & 4 1

5.4.3E i IG AL BV1E X ER ik

At I R 2L P 590 R O 57 38 AT I R e, 580 A I T I 52 1 ) s g AN
AT B FRIAL A% o2 7 B R AR AR o I AR e 3907 A% % SR A T 0 A% S 2 1
IRBER R Z

PR AR IS O L MEAR IS, EIMREE S, T2 dmal. G,
B R, BERAIR Uil ARG TR 2 — i T <o TN R e A%
AT AERE RIS, — NIRRT SRR N A, N I < Jm )
£ S U VAT Y e o e SR W N T G 18 R e = I S F SR e
W RE I NE 55, RIS 99 B AT 545 R AL A B S, T8 31 JC F2 fich M I ) 4
I H

R AR AR I e . oW sl s, KAfdm. (RThAE. LARRFAAZ

56



Al R B2 i S 58 GDI R AL He il 2R 1) e Rl 5 1 RE G RT 7E

IR 25 ot B DR 25 ) HL ] DAAE 2 POk BRI NS o DRt A S PR IB i £ 1 R
KH] GEFRAN A 7] (1) PY3 i # A% A AE A SR # R IR A5 4%, Wil 5.13,

AL RRAR I E B A (D 472 103 50mm, (2) AT FIH M2.5 88403 T
R, (3) ML MERA,40.05% (4) TAERE): -30°C#| 100C. (5) i
F KT 100K

K 5.13 PY3 i AL jikds

JE AR IS 2 — PPN LA RS, |2 INis 5 5 R B 383058, W 3
57T, WOKHRRH . AU AR BRERASE . EENUR. A E R Aa .
FEME. TR, VUK. B 4 — 2 I R iR e

I8 AR F DA% B AR IR B 5 N ) AR ISR R R AR 22, Ll e BH U g4 J8%
s PR N AR RS . BBH N AR R AR RS . AR R AR RS 1
PRAE I 1L AR . A U A B . FUB R iR iR 5 55 . (R N &
Iz ERUR S ek, ERARE G ISR 2Rt i m. A
W) 2 N .

NT BT R R AR, R — T HBERNAR Fr o HRH N AR 1%
FE AR HAZ O3, "B A — PR A A8 P S AR AR B AL R LA 5 Y — R U
Ao HLBH AR RSy M. — M &8 FL R AR il — M e AR N AR
F o %) L BH N AR 7 52 B R 18 I = 2R AR, 1R R A8 2 DU AR B fF A RHL
T FEL BEL PR 073 S faf it n 76 A% B 1 P s R AR R A o AL B TR B 5 5
fE¥ea A B FLES, a0 A/D B4 CPU.

A FpE R AR G L H A& Omega PX409EFH S /L& e, & 5.14,
AL RS B R A, HER R s AR MR DL S GBS SR A HOURR )R
THEA RS N RE . HFESHE: (1D E§ RoOHSHUE . (2) 4hsefifh
K 2 B/ N i%:  100MQ @ 50 Vde (3) JEHfEFR:  F/> 100 Tk, (4)
W5E: DC~1kHz CHHD (5) WRNI[E: <1lms (6 #XfE)/ <k: 0.3

57



555 & LIRS S T

~ 69 bar(7) WM 316448, (8) JEiim:  ¥—18 NPTAMZRLL,

5.14 Omega PX408: fH = & /1 ik as
5.4.41 MR EE S EMINE

FER E SRR B 55 A5 it RIS AR R, ATEUIEFAE R N 9 1x10. 78
PR R 1x10 AR, s 1B iR 56 5 45 S &l 5.15B Bl . 5.15A &
R,

K 5.15 7 IH # SR A 106 5 X6 L

5.45 i IGER

WIS LE R RIS S R IR B AR g, LT B, B RIS
It .
5.5 K&/

58



[ K2 22 Arie S0 e GDI & B iy He i 22 (1) 2 st =0 5 1 e e dE it ot

HH Y 18R] 2R A0 T2 EE AR ILAE HH vl IR ) AR I B B S R . SRR AR B ™ L
T U0 BT 2R FE o 3 B HE T 1 T RE S Ak, AT ZR e N AT AR, TR ek IE
WL EE, ECURMKIEMERD . KBINLK 23 Sy Teidnid

(1) fEANT T oW AR MW O B ARG, VIt s 7
RSB T I BT SRR R, R TR A T A R A ) 7 A XK A B R
PR B LT 5

(2) PR THEEAT TR RV, Rt e B 22 HAE E A 0.36mm
SR EHOE R 7.5 . Hal i B THE ISR 1R R e 1 . (R R 5 1) iR
PRI 1.4438 (Cr17Nil4Mod i 1.4568 (X7CrNIAI17).

(3) BEUT T 3 55 98 R IE ML 24T T 156 .

(4) Tif ARG J5 H B3 TAE IR, oI RS, kA M TIE RS, R
TAEIEH

59



H6E GipSRE

AR 1 AT i IR AR R S, WE TR BURR AR A X 4k, $
T FERMM T, - T FEA RS BT R FF it ARSI A
IR AR B2, IE 7 R AR A AT S S AR . AR RI BARSS IR T
(1) 38 o i Hs P 258 SR 0 T2 B A DX Ak O BB 2L 2 9ol R 2 R0 S ol
R o X = A A IX e ol e s 96k 2 2R ) L A1 o5 2 9o 5 SR R LE BT ) 80%
P, B0 DA = AT DX B HL S B 21 e KR e e e R ) T S
(2) RIS AR Skt 2ot 70 B 5 A 2 B s 41 A 2R 250 H
e RIS R o HE 2B T R R I e T R B 1 e B S R i
JRBR AT SRR A AT RENE b sy, - B0 e B o ) S R R AR AR A
FEAM . fE5ER 7B EAM RO 2R 2 5, e I DU R T . JF HL
SR IXE LA SRR RS B R R BRAR 1o v Vil 2R A SRR P SR A5 21 1 s
(3) AL 7 B 5 st 33k ok R AL A2 R RO H DR A A3 AT o
ARG 5 A DI TR A A BE A RN 52 PEANEE, R LA R AR B ok
PEEKZJ5, UETH&INZEEAE] 1 iRm. At WAl nl Se e 2 1 kg .
(4> Hih R (R 20 5 ekt IR 2L AP 2 0 v o ) 560 358 7 2 S A5
ol T 2 51 RS I o 280 70 BT I 15 HH A i 3 T 2R ) AR TR e R R BT AN B
B, SR TCIE AR I AR TR AR SRR . AEEF T 1R BRI A
Je, SRR OU R O . Rl AR I R AL T SRR AR R 1 .

6.2 BRE

ARSI TG T — 5 IR, (HR A — St )y 75 i — D otk . F 2T -

(D ASCEBRFF T 1 B R K805 2 8091 R AF X, FEARFI T
X IR E, EXHMEN TR SEE - L, kiR 72
X} 1% A AT A DG AT S A

(2) AR SO I B AT 2 v T i 2R 2280 44 X3 R VR 1) T /E & /124 200bas
b5 A K GDI A BN R B (e & /oK, fFEF RS )
11 350baris; Hs ji R AH O A4 I 7.

60



PN e VAT I § i)

Bog

MRWALEM AL FBRRRZ AEBE— K, BAFREZ L, TERBR
AZ, TREAE-RBEXFEETE: “"AXWERITHTE, FOENT K,
Lot AREHAM, ERAAEZ IR, HEX—NRELEXHE, NERK
EHAEENRFLL, AR TRIHZNSGH AT EMRHE L,

HIRZFU23 %, HEaBRARELE, TENZIFAETA 4L ABH
KAWL, FEFTERERNVELBARNFE, BARFEEHKSF, E
EEHBR T ERIBRRERN, FZAARSEURFENEZR—HIFRAFET
EFIAELRRERRERXGL—FF, ERZOORMEULRZ B EX.
Bedp AR BR, 1 AE Mo e B BUR RO O R HYRA

Rl w3k ® RS EFAFAFFROEMETAERRE T RITEF L 50
GEIR

HNFFAFUR, REFOT —RFFHARXNE. 8 WEE, 225 K
FERE, XRHEP. Al EREUERER, TTALEFE,

1B0F 04 A

61



[FITFRS: 2 A S0 225 30k

S5 3CE

[1] Heywood J B. Internal Combustion Engine FudamasfM]. Mc Graw-Hill science
Engineering, 1988: 69-80

[2] Lentinello R A. Motoring madness[J]. Mechani&algineering, 2000, 122(11);86-92

8] EHEA4. M/REHMR. SEGREEAPE 10125H[N].  (2011-09-08

[4] K. LUPUEMR. P ERERA BRI 523K —[N]. (2014-12-12

[5] EOCHEL. BTN B & TR = BUEBAD]. Ki%E: REH TR A0 3,
2010 1-6

[6] Btgt. RE AL 7FRIUR &5 Hr[J]. &3 aTHs, 2005, 11 (5): 8-11

[7] AW, 20024F A1 200148t Fp il fifs & A0 7~ & [J]. EbrAZ 5, 2003,11(1): 54-55

[8] BRyc T FRE AKAT i S AN 28 AR A B I T[], A R8s, 2003, (1): 26-31

[9] ZRF. WIRHLEIHERGS Be b KA I[3]. A BEfRe,  1996,(5) 6-9

[10] #ttE Z28 AEN. G0 A BEBORHLEAR R R HH3]. 42 H WL, 2007,(5) 8-13

[11] SRR, KAIRE FSINNLECR]I]. 145, 1997,(3) 27

[12] Ph55, E#EZE, F 0. G0 A BRI R R B ARAME s3], A#RHL, 2002,(1) 6-10

[13] BAFE. WUBR TAERRNM]. U ol i pAt, 2003

[14] $AREL. HbE TAZITFMM]. ALk Tl kit 2004

[15] Kontoue Micromechanics model for particulate compodite]. Mech Mater 2007 ,(7):
702—7009.

[16] &l EE LR, 57 TS5 BUR M. A MIAUAT 75T, 1986

[17] M. #EBOHTF ML B EOR iR, 1986

[18] Biocig, T 75 MU S0 57 gL i B [3). AR 51541, 2000 8-9

[19] bR, 4R, T 1. RFEIR e 3 5 57 AR HLIF R[], AL iR 5 80T,
2007 3

[20] #UEik. HshEfH P EAM]. B A AL, 1991

[21] A N R A [ [ o 5 &R R I A B B R, B R bR AR AL B R B
43, GB/T13096—2008%7 4 S £T 4E MG s BT ) At B kg0 7572 [S]. AR
Ftt, 2008

[22]53K Je o XIREMT, EAEMR. R8T HH(EE —ROM]. HLK Tl i ikt 2008

[23]Z8 K [R] 1 HLBH. BARHUAR B T WM. AUBR b i hf#4,201.3

[24] FhBE, FMZE, F 0. G A BRI FTE e S BORAE R [I]. AL, 2002 (1):
6-10

[25]Koji Morita, Yukihiro Sonoda, Takashi Kawaseé,a. Emission reduction of a stoiehiometric
gasoline direct injection engine[C]. 2005,(36): 9Pk

[26]Zhao F,Harrington D L,Lai M. Automotive gasadirdirect-injection engines[M].Society of
Automotive Engineers, 2002:31-55.

[27] AR R A 3 AR, IR RS 5 HETBEE I [M]. 78 223838 R H ict, 2006

(285K AL, RAEER[M]. & AR Tl K22 i, 2011

[29]H G 2L, BR /N 4 f shy < ZE i e SIS HIF FE[3]. [RIF K254, 2011 (10) 2

[B0]5K PUHiR, & RJE. KEIHLFEH 512 10[M]. N IRASE kit 2004

62



[FITFRS: 2 A S0 225 30k

[31]Z25 4k, BB 70 e s R G 4 SRR 5 46 HoRM]. A2 Tk i, 2004

[32]Horst Bauer,Gasoline-gngine management[R]. Rddesch Gmbh,2003

[33] Ellenberg Andreas. Passive valve[R]. Contiaéninechanical components Germany
Gmbh.2014

[34]Koch Hans-Joerg. Outlet valve spring researgféntinental mechanical components
Germany Gmbh.2014

[35]2= 2. WIRHILIA ALl BT 72 [J]. 45 FH & 3L, 200% 6-7

[36] R A 2E. = FE VA IR N Bl A AL 9<%, 1997, (3): 27

[B7]%1 72 ¥ . h i 57 IR ML B shiz il R GERI I M]. 22 F & 3hHL, 2002

[38]% 1L . Pro/ENLI it 5 12 3 11 L B M), Ak 22 Tollz i et 2007

[ K, s il < B 3 1 v 5 1 U 4 BRI AIE FE[J] /R 4R, 2006 (10): 5

[40]Janot R,Guerard D. One step synthesis of maijbemano-metric powders by
ball-milling[J].Journal of Alloys and compounds,(b 9

63



[FITFRS: 2 A S0 225 30k

PMARR FEiEHE % REFRLICEMAZTAR

WNLVE

Fig, J, 19824 12 H4E.

20074 7 H L T RBFR: WU & H stk Bl 3R 24407.
20114 9 A A [AHF RS- hl 5t A2

BERRR:
[1] #AE, TR, RIRSELHN &R BB RS LR B 77 & H1,2015,(12):46

64



