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Characteristics of Cavitation Prevention of Independent Metering
Control System with Outlet Differential Pressure Compensation

LIU Kailei'*> GU Xiugqin' QIANG Hongbin'®> YANG Jing' KANG Shaopeng' ZHU Yong’
(1. School of Mechanical Engineering, Jiangsu University of Technology, Changzhou 213001, China
2. Research Center of Fluid Machinery Engineering and Technology, Jiangsu University, Zhenjiang 212013, China)

Abstract; The traditional hydraulic system used a sliding spool to control the inlet and outlet oil ways of
the hydraulic actuator at the same time, as a result that the system had high consumption, low efficiency,
and was prone to cavitation under active load conditions. In order to prevent cavitation phenomenon of
hydraulic cylinder under the active load condition, the anti-cavitation characteristics of four hydraulic
systems were analyzed theoretically, including the traditional hydraulic system, the independent metering
control system, the independent metering control system with inlet differential pressure compensation and
the independent metering control system with outlet differential pressure compensation. The relationship
between the opening ratio u of inlet and outlet valves and parameters such as air separation pressure P
and load force F| was obtained. Four hydraulic system simulation models were established, and the same
load force F,, inlet valve opening K, and other simulation parameters were set, the simulation results
showed that in addition to the traditional hydraulic system, the other three independent metering control
systems can avoid cavitation phenomenon by changing the opening ratio w of inlet and outlet valves, and
the independent metering control system with outlet differential pressure compensation did not need to test
the load force F|. Finally, the feasibility of the simulation results was verified by the experiments.

Key words: independent metering control; cavitation phenomenon; load force; pressure compensation;

opening ratio

0 3= IR, B AR 2 e A% AT LA 1 1 L R o —
= PR L AL G T 55 3 T 5E S B A ok e Xt
WERG T LT B T R B RS %530 S WRUEHAT S TR O JE £ 0, 7 2 38 3h 5 ol ek

W H ). 2023 —12-28  f& [ H ). 2024 - 02 - 02

E&TH: HEKARRBFEEETH (52175052) LA @551 B R FHF 54 50 H (22KIB460021 23 KJA460006 ) il M 7 45 %2 53 B #r A
81345 E 5 H (€Q20210093 ,€Q20220089 )

EE BN : NIHLE (1988—) 55, Al #42 , VLIR K2+, 32 58 N e i M A% 2l 5 H i 8 il 4 R F 5%, E-mail : liukailei@ 163. com



468 gk

IR

2024 4

RERY RIS, ™= A T 3 A 1 A il 0 R AR 1 X DA
RAEE .

H T v MR AL B R g B E T
25 BACKED $2 4 7 670 8 b ~7 0 R4, R 4
A7 25 1R 6T VR S AT 2% 0 2 T Y B ATl ST 4
il S8R T W AT A 1E R 1) iz sh A . B Y A AR
ZEE NI EaE AT TR A Y s B
BEis Wi 2w FSE Y . JANSSON 25170 5 3o 4 )
055 F% T R e 0 AR ST R B R
TG T T i A AHE 4 AP
JRTE R, ELEVING ™ FI ] 2 4> =3 =38 M 151 i 52 30
TR EAT A8 Ak O 7 A S8 R T WO BT A
J 77 MU BE 5, 0 TR OT R BRIR T RS R
P, LIU 260 "R W R PRAT 2% 19 1 | L0 ah I 2 1) g
0T —A e i, RT DAAEAS 7 B A R AR A O, 52
PR JR i AR S Ak, HU 2272 R0 S N,
F) AN 6] 1 4 i) 32 48 S 80 T 9 R BUA T 8 0 R 1) iz
3l , VA B AL 5 LA 5 1) i ) 2 P 2 LB, FE$E s T
AP T . HUOVA SR Bl <7 42 e 20
ZRETHAT TS, L T ECABE A AL S
f = o7 DU 3 W P, SE R T RE . E R RS 4R
T TR 25 A% R YRR T R S R
Ve BRE T R EAEE, R X g oot sy
B RGN TAERR ST 700, 218 T K2 &
25 7K 32 1 8 ) WA = U g e 1 O vk SR i
P oK g, OF K Rk T el AT . TR
2 L2 B A 8 W WA R B S B — TR R R
1 CRAR AR ), B T — b B R L 2B Y)
Wy d RGE, AR E T ZRA RS, N
2 22 0 B Tk S R B R B TS AL B
T G E B AR A S A R O s s T AT AL
FEJ7ohdy 4R B HLs AT Ra bk . SCik[25 -26 142
T — b 32k Bl A B S SRR Y e R
g GEHZREANEA R IRE SO i HHA
— T RE AR o

[ PN A1 2 5 0 B 38 01 m S7 8 R SR Y T R R
L1 AP LTSN 1B 2N = a2 M AN X R o N
I 166 42 4y T 9 HRAS T — 2 AR (ELAE Bl AR RR
P IR . ROV SR TS M AL 1 R T
TR I ZS R B R W R AR AR i s AR
BEANES R AR KRR WIS R R
PAT A8 DA RS B v 5 BRSO DT 30U T 8
IR WS PRBNAE,  E I 2 1 R 2R R
Wi TR R e p vk fe

R 5 1k R AR s R A AR T B e AR ]
MG A AR Gl R R G A48 A s ) &R

G¢ 7t 1T 22 A A B2 Sy 4 R SR T
ZERME 9 B0 8 Ik S 45 ) R G 4 PRI RGBT R
JORFPEREAT BE 20 B, 20 Ak T O R g
IR Z I 5 & BRAH B A i 05 1% o
4 BB F G800 0 AL T J 5 F 20 AR HIL R
5 E T .

1 |SRIAK

TEWRE R G, AT 4% TGI8 & R AL, if 2
ik, A 26 8 53 O 2 2 0 (3R 8l 21 ) 6 48 1 9l 5l
T (R A Y ) 60 28, >4 00 48 0 35 3 7 G0 80, B il
Sy ARG o LUSRAT 4% 0 O T o 4], T 1 oK
V] 2 A AR B B AR A T, S oo
2l R A8, AR A A T

P A -PA =F, (1)
X PP —— AT AR TT, Pa
A, A ——TCAF I A FF s 18 B, m?

F

L

L s R X FRET 3 3h AL S g s T
Fig.1 Valve-regulated asymmetrical cylinder

with active load extension condition

AT (L) /TR, a4 71 FJ5 1) 5 36 SE AT
iz v J5 AR, BE i R GLIC AT A 2R, A AT
JE B, i TG R AT A BB R B FOAE R A
SMEAR A2 B, 2596 JEAT 2 S S v BRI, SRR
AN Bl JCRF I A KD TSR, W JCAT R ) PR
%, U T =0 B R Iy (R P,) I A JCAT
A Sy INBLRCBL G [A) BEL, 25 0 3 3l 6 2 4 ] T
DUIRE , A AT I B 5 BRI GE

2 BSRNERSH

2.1 RERERS

T Ay AT B AL TR AR SR R R G
R JTRRE 20 T 4 P AN B A R, R AT
[ EOX i 0 TS A S e ok A RS e o B R A
HH T A B B PR 98 s B D T () R ] D
8V, e T R R — AR ES [ B A L



% 10 1)

XUPLE S5 TR 220 i B 48 1 ik 7 35 ) R e B ORI 5 469

X R 1 g 8], 1 HE RO R A AR

0

¢

B Lr,
B2 g i s £ g 3 sl 20t i T 0 7R Ak e
Fig.2 Traditional hydraulic system
e GRS RS, AT I QAT AT I U
QR R T AR, TR R

2(P_-P,)
Q,=C,WXK |—— (2)
p
Z(Pb _Po)
Q,=C,WX K (3)
N p

*h ¢, —WEEK

W—— T FEUh g

X,— Wt i KA, m

K—— VU 3 i JF 11 i

P, KIRE S, Pa

Py—— RS0 R 3 (— A 0) ,Pa

p—— MW kg/m’

T ARE RGN A I
ST R U TR AT I VR i QAN AT I VR i Q, T L)
FmRH

Q.=Av (4)
Q, =4 (5)
HARBER G5 S Py 0, 3 (2) ~ (5)
] 13

o _vEoh L (6)
o, /P, A
A
R = M(6) AT UL
P, =P -R'P, (7)
(D) RAK(T) 5, T
ey e ANt
1+R (1+R)A,

24 AR O R R R 2 s P T LA
WS, N, 20(9) AU — A2 4 o T )
Fo 5008000 F BN AT T PORT 05345 1
By F R A, oA E TR Sy P % )
MNT S R  (RBE 0), 2 i BLAR
E27% 8

22 BBOBMITEHRG

P 3 Oty A8 T 3SR R 4 AT
VILV2 V3 I V4 BT LSRG B i 1
SSLEER L4 VIR V3 R IFR M V2 FV4
CETRIVESE S S E I TR R
A1V TR, VIR V3R O P B 15 9
P 6 6 A P4 FE B o 0P 0 S 13
BRI I AL, B A SC ) B A 1
L AT 447 <

) @
V1 M 2 V3

P A e,
P37 48 10 7 4 ) R e T A D B

Fig.3 Independent metering control system

e G ST P R S8, JORT IR R QAL A AT
BERR Q1T RN

B 2(P_-P,)
Q. =C,WXK, — (9)
2(P, -P,)
Q,=C,WXK, Vo, (10)

X K ——3E I H
K,—— 1 VR IF 1B
X 0 A8 ST AR ) AR G AT A S
JrRE, I, 5 (4) () IARIE T, S 30(4) L (5)
(9).(10) , AT 4%

0, K /P -P, A, (1)
0. Kk, /P, A
kT R 2 18] G B ] LR R
K,
M=5 (12)
Xrp p—#k HHEIF L
) mr RLR 6y
Pa=Pa—R72Pb (13)
B (D ARAK(13) AT 14
P, = z’u2 P-— R23 F, (14)
n +R (u +RHA,
H(9) Beid 1 T Gk R G0, Wil i T 1 4%
H kS P R 5

FE G s S R R G, i TR VL
V2 IR HE K, (K] LLBEAT gk S 3 9, R ik, T



470 &k L

4

&

Eid 2024 4

FE LG AT LU, 2 (9) AT 1, 25 T R A P
KT o T S B E A P, T L 6
%, %

2 2
i =M2M+R3PS W 5R3)AbFL2P"‘ (15)
e =8 (15) Ay 45
ARP, +F,
/Lzﬂm“ziawih(Ps—Pm) (16)
R, — WS NI G R RN
I

L (16) LW, 24 5 U5 A f8 IR B, Y 9 iy
JE 3 P IRVRE AT LA S 2 85, ) T T o fH,
il ot 220 (16) , B AT kG XA o

h T RGP i TR T,
SEHF R G AR Sy Fy LSRN, OB T F R I A
VR FRAT 455 2K i 22 286 ) A IR 2 AR JR A2 245 ) AR
SEH T S B R AT 7 A i A > 2 e A T A%
JRRE . NI, AR B AR Tk ST o) R G T LR A R
FCGE ARR T ) F ORI R R TR
FHMEFE 8K
2.3 BOFEEMEMNATROMIESRSE

K FHAE 22080 R 16 VS R V6 4y ikt 6 2 0 Sy
PR R G R HE R VLR V2 BEATAMEE, AT L) 4R
B L L IR 4 Ry kPR 2 M Y B A 1l
SERET R G, FOR B A 0 s 5 R e,
VI A V3 AR Ry — 4, 45 ] 35 W BTG 2 A a2
B, V2 F VA S — 4 4 i 25 V0 LIS JE KT 46 iz
B, [FIRE LA 3 2l B 20 B0 AT 40T

q,
V2 )@ V3 %(/v V4

P A Lr,
B4 3 F R 250 A £ 3 O ST 8 o) R 5 T Ak S 1R

Fig.4 Independent metering control system with inlet

differential pressure compensation
ToAT WL Q, nl AR Ay
2(P, =P,

1%
A P —EZEWER O &

Q,=C,WX K, (17)

A (17) v, € Z0k0E VS Y Tk 1 I R
V1 BRT 28, R, R 22 0] DLR R
AP =P, -P, (18)
AR QR T L L (10) R, H
K (4) ((5) VI RERIE H, IR L Bk S HE 3 0, AT A%

p tap B (19)
a R3 14‘:l

M (19) al B JCAT I 1 P S 0T F
TFABE w A K, AP R FI A0 W8

[FRE, TCAFIE R ) Pl IR T 55 T 28 o B
&1 P, AT A

(P A, +F )R
M, =R TTAAP (20)

Pk, Hh 20 (20) AT, 9695w fEL, (R 755 F
R » VUL E 0 22 M P 0280 10 S 92 ) 38 456 ] ot 4
RVACIE
2.4 HOEZEMMEHHHOMIIEG RE

PS5 Dyt 0T 22 2 B4 97 48 11 ST 4 ] R G T
PRI BR P, SR 2 22 060 IR f VS V6 X HY Y R 1
V3 FI V4 B i i 25 BEAT A2, HWOT L3 ZE AT is
s 5 BE 0 e 25 b B B0 R 0 Sr B R B

eV

V4
Yo KoK

PSR 2 A Y B o Sy o AR T A SR T

Fig.5 Independent metering control system with

outlet differential pressure compensation

AP R Q, il LI (9) o , A AT i il it

Q, T LAER K
0, =c,wx Kk, |?AP (21)
p

BAri(4) ((5).(9) . (12) ((21) Al 5
P, =P, —R—jAP (22)
M

2(22) KW, 75 R M B2 R HIE I I, s 2% g
Ry PR, AP R KR R, D) 2 b
P 8 B 3 S A ) R G B JCAT I ol P S OF
R p A6 S RS F K.



%5 10 3

KNG 55 H R 22 M B B 3800 i ST P R S B R Y 471

HBEATEE S PR THRETEADE LS

P, WA LA S OB, ] A
AP

P -P,

PR, HR T T 2 A 1) 97 28 0 ST P o R B, A
WS RN G B Sy kL T ELTEAT IR ) P AL I
BELE p 5200, MR (23) # p R 7E o, L (T
iR WIE:E 8

Uik= QR IRV LY U ES ol i e SN v AR D
DAY I RN N R T AT Ve )
AE, SR AEAS SCREIE 23 ad i vh, O T M AR 20 7, 4%
RRABL B o 45 A (R o 2R MG O IR A9 25 77 50
5 SEBn AL rh R AR R IR 01 52 B R S 19 e
PRIk, 2R FH 0 28 AR A O TR AT AU TR R 58
Jrae (16) (20) AT, A8 G 2 F O 7 45 il &
G AHE 0 T 22 A A B0 380 S P R G, B
MOEAE 32 AT Fs2 o i e 552 B 2 AR i e
R S AGE I SR ARy B AR IR, DRI B T T
JR SR B oA B R o AR K (23) AT,
HIS(E R SRR T P oA K, th TR 0 S
R, HIES P 2% n @ FOgm, Hin& e T
MRS 1A AP, BARZEIRIET) P iz 28 4L,
{ELJR T8 a7 O A AR A A A 1 e TR ) AR Uk
o o TSI G s g, DT A By AP B 4 ol rh
VES B

3 BEEMRE

3.1 HERZEE

HRAE R R 48 TAE R, R A AMESim 4k
PR3 58 i TR B R G B A8 0 kS 4R T R 4
T 25 M2 ) B4R 101 0 ST 45 R G AN D RMEE I
TR ST R R G LR GnE 6 ~9 iR,
XF LG4 B R SR, FBL L B B R AR R AR LT
Uit 1 HR G RR £ A AR A SBR[ R R =
i G i 1A 2 AT R B UR R A S U
4 PR 2R G AR Y v i S () 1 R 4 o R AL A%
BEWE R G BT (& 6) SR FLAY =7 DY 38 L
{91 ) 5 0 1k 7 4R R R G AT (| T) R 4
AT T R VLR V2 V3 ORI V4 5 BIE S E
I IR 5 3 11 P 2 A ) A7 2810 A S s o R
S LTS (] 8) 7 £ 48 10l 37 45 ) R 4 0 Stk =2
b R E 2R VS V6 S HE L1 3 Y TR 22
HEAT T RME 5 O e 22 AR Y B2k 1k ST 4R R S
P EAAY (] 9) [FFE R JH E 22 0l i VS F Ve Xf
Hh I R 25 AT T AME

Hr

HZp,, =R (23)

WS [ pe@—0)
w T EohE,

liEte)

B 6 &k &G AR

Fig.6 Simulation model of traditional hydraulic system

WL 04
F_ FAIIF,

pf =i B =i
AR =g | gt | BRI

‘.’ N = V4. : V3 '
FFE B tou < ' :%L e

- ,cqjﬁm Vi .zﬁ:jwi\Z

TFHEEK s

"""" Ep—— 7 ]

d=—==F - |

T g |
gy

EE‘M“FI_C}_.:&E ....... |
BTk O R S R

Fig.7 Simulation model of independent metering

BTl
L?i .

control system
WEGL (=200
- fﬁg HIIE,
i

TR ‘»«qﬁ: ] ;\73 .

B =il
B2~

ol ot W - Wi

wwemlEw !
A VL. T
[9H T naaus!
epel, s LEE |
P8 3t 1A 22 2 I 0 100 0l ST 42 1) 2R 400 0 B A
Fig.8 Simulation model of independent metering

control system with inlet differential pressure

compensation

3.2 BY¥EE

FIH R 57 Y 4 PPl e R G805 JLAEARL, 43 0]
XF BB T 0T, R ELE ZEFT (R T 0L 2R AT
iE i ESHEEmT .

(1) 7E 4 B Hs 2 e 05 BB vp R A1 [R) W Hs
TS E B MR 1 PR, T FoRE
HBJF R K, fhZean &1 10 fr7R , 47 i i) 3% & oy
10 s;7E0 ~5 s, F A O ZR 18K % 50 kN, K, )L 0 2%
PRI K ZF 100% ;75 5 ~10 s, F, A 50 kN 28 P 355 /) 3]
0,K, )\ 100% 2 143 /N 2] 05 4% 58 W R 45 {5 HL A
AL (E6) F TR 8 B = 4 PO Lb ) i, H o O R



472 &k L

L

2024 4

dﬁ(Ed;I-"

[ — f’lﬁﬁ]
wfi = L7 W’]u#v_
AR ) \\m} T i
e \yﬁﬁ'
Fi IELK#< j’”_ LE‘IT
: [y =Ty
oK < =y )
- @t 1R
w7 @ !

[P s
L EO Bx] TER |

K9 H DE%?M?E’J)\&Dﬁli?%ﬁ?' RO HAE R
Fig. 9 Simulation model of independent metering
control system with outlet differential pressure compensation
x1 SHPEE
Tab.1 Setting of parameters

28 B
W T ET 42/ mm 140
WAL AT 42/ mm 63
WAL AT 2/ mm 600
it T 16 36k i 1/ MPa 28
FE 2 W I W 18 5E JE J1/ MPa 1
AR R A B R/ (mLer ™) 45
L HLFE S/ (romin ") 1500
- 100
80
g
= =
= 60 &
5 o
#2 =
s 40 =
& O
=
20
a0
4 0
B Ae/s
B 10 gk FoRvE O gr O K AR A0 2R

Fig. 10 Curve of load force F| and inlet valve opening

degree K,

K 5 10 f i i K, 58 2 AH 1A

(2) B 6 FOREISE ORI OB b, Rom
6 LA, K2 PR, RE 1. RF2 . AR5 3 MRS
4 5 RNAE G R R G kB s R R 5L
F T 22 A2 07 280 00 S #5848 0 10 TR 22 b Y
B3 ST A R G5 AR G WO R G R T B = AL
VU SE L 1] 1 2 X PR L JE T I, B2 153k
F ST 0 R G0 w B8R 0.5 47T HU(A , IF H &M
B, W45k 0.5.1.0.1.5.2.0.2.5 F1 3. 0; {R 4%
2 (20) AT, #F 1 22 M 9 048 10 20 7 45 1 &R 4E
() i T8 BR TR F\ AR AL A 28034 AT B AR
R ER TR B ) F SR KA 50 KN IRt R A
ZSHEARARL(20) , 07 FAH w,,m 2.53, F L w Al
5500038 0 b ST R G AR R R AR R S (23) W]

A BOR T RIS P T) F L ZIEE T P,
VAN N A - T B N TS i A
J1 P & 1 MPa, fii # J) F, B 50 kN, 18 A
K (23) WIS w0, 102, B, HY T 25 b 3
AR T S sl R G w BN 0.8,0.9.1.0,
1.1.1.2 f 1.3,

F2 HEHOWRFOEL wigE
Tab.2 Setting of inlet and outlet valve opening

area ratio y

- R R G A

A5 1 R4 2 A4 3 ARG 4
1 1.0 0.5 0.5 0.8
2 1.0 1.0 1.0 0.9
3 1.0 1.5 1.5 1.0
4 1.0 2.0 2.0 1.1
5 1.0 2.5 2.5 1.2
6 1.0 3.0 3.0 1.3

3.3 HE&ER
T GEUE & B, A 32 8 B G 300K 6L 6 ZE AT
B ELAS SR AN 1112 o,

4 6
HiF[A) /s
B RRWE RS PN P AR 2%
Fig. 11 Change curves of P, and P, in traditional
hydraulic system
0.6 a5 5015
—-o—7
0.5
04r 40.10 =
£ «
8 o3 <
02} 10.05 &
0.1
. . . . 0
0 2 4 6 8 10

It | /s
K12 BRI RGE S Fl o BRI £
Fig. 12 Change curves of S and v in traditional

hydraulic system

M 10 11 AT L, 760 ~2 s 9, A3 F,
H O 3% 20 kN, ¥ He T T AT s & 1 P RUVA AT 1
JEJ1 P A PB4 2 s LUR R ELCH IR R ) P,
fiXF O, UL, W& R 6T TCHF s b T 25 R 25, & th 31
RGN R A SR P LS55k F AR+



% 10 1)

KNG 55 H R 22 M B B 3800 i ST P R S B R Y 473

—H B ETHE T EER S B 12 DR G E
FEALA S FIER BT o AT Ze . NI 12 W] LU Y, WK
P % ZEATAE W) A IR S T v A — 2 B3l , B 1
Je LT T RERBE R, R AW EM AR S IERTE
0.5m Z4i,

A3 0 S P ) R B, A T B B B OB BT
FEFFR R T o007 AR AN 13 ~ 16 s .

12r
—o-u=0.5 —%u=2.0
—o—u=1.0 n=2.5
10 —o—-pu=1.5 —<—u=3.0
g
=
=,
R
&S]
004 162 364 6 888 10
It 8] t/s
13 gk nmsr il &g PAS i 2k

Fig. 13 Change curves of P, in independent metering
control system

—o-u=0.5 —o-u=1.5 u=2.5
—o—u=1.0 —*u=2.0 ——u=3.0

12
10
s 8r
(=i
= 6f
o=
R 4r
H
2_
0%
0 2 4 6 8 10
[} ] t/s
Bl 14 gk Hasr i dl R g P AR il 2k

Fig. 14 Change curves of P, in independent metering

control system

i —o-u=0.5 —u=2.0
0.6+ —o-u=10 e B
. —o-u=15 ——p=3.0
0.5
£ 04F
2
503
0.2
0.1
o 2 4 6 8 10
i) [B] /s
B1S g oo S 5 R G A8 R Al i 2k
Fig. 15 Change curves of S in independent metering

control system

13 Sy B2k 0l S7 45 il 3R G2 S AT s e Ty P
AL, M TF O w 0.5 W, AT EE S P,
ERAGEHS B P T O F O E L H 1.0
B, 7 1.6 ~10 s, TAFIEE ) PARF 05 4 1 E H
wA1L5SH 3.6 ~8.8s, TAFIEES PALT 0,24
FFOE R 2.0.2.5F3.0 06, LCHEES P

KFO;HB, MO E b H0.5.1.0 F11.5 B, 78
U5 i B R B B 35 2 B O 4, S T 1
u KFETF 2.0 5, MARE=AS NS,

025 o u=0.5 —p=2.0

—o—u=1.0 u=25

020l —o—p=1.5 —-u=3.0

/‘Q/\C\
0.05 -
0 "_’ AII- 6 8 10
[} [E] /s
P16 i 0l 7 42 o) R 49 T A At 46

Fig. 16 Change curves of v in independent metering

control system

Bl Has R 038 F RIS P AR SRR
B, = @RS PO 0, MR (16) 350
R /NT L w,,, WL LT TR

20r —o—u=0.5 =%=u=2.0
™ —o—u=1.0 p=2.5
.4 h\\ﬂ —o—u=1.5 ——u=3.0

—_
W

F/NFORE b,
=

o
n

|
- 1
885 9.610

004 162 364 6
[ t/s
17 s o por S RS w,, AL

Fig. 17 Change curves of . in independent metering
control system
&l 14 Ry 3 OO R A AR R D PR
fhi 2k, 25 & & 15 16 vl 0, 4 JF b w 4 0.5
WF, i T W s TR ZE AT AE 5.5 s 3k B B K AT R
0.6 m, JIr LATG ZEFT 52 S8 45 1k, v R 2 0, A1 5 3L
AT POREARE 0 TF A w8 0.5.1.0
M5 B AR R PR, HA M E A
MO 8 2.0.2.5 F13.0 B, HFKEES P,
BEE p 3G KK
M 15 16 AT LUFE i, BEE TT HOBEE L w 36 K, 3%
FEFFRR B v EAEL MW, L R EY w K
BF 3E R R K R AR G O R
KW/ S 30 i A8 /N R v 38 /N
B 13 17 AT A1, 7E 0 ~ 0. 4 s, RGEAL T 0w 1 By
B, TOHT IR A 33k B[] 9 O oK g S ke ok R T, BT D
BEE S PO, M k0.5 0, 7£0.4~9.6 s, /)
T Mo » R X — B BE AT IR ) P/ T 0, 25 i3
BRI HE 9.6 ~10 s,u KTy, X B[4



474 £l #HL

4

SR K, TORT I A R 57 Ok TR 7, B, TR RE 45 1
MATIME ., Yu L0, £0.4~1.6s,u KF
Momin s TESCBT BETCHF BE R 7 PR F O, AR 25 A
KR L6 ~8.5s,u /DT w,,,,, WL, B AR
TG TE 8.5 ~10 s, u KT, , 75 ML B BOK fE
AN FE AR B I KRR SR N R, K u R
150, 760.4 ~3.6 s,u KF ., EHB B PKTF
0, MR 2 BB 76 3.6 ~6.6 5,0 /N T pa s
PRI X — BB s AN 5 7 3.6 ~8.8 s, Il
Bt u T 1LORAY8. 5 ~10s KL, 4 A
IRGTE 8.8 ~10 s, TEM T Bt w KT i, PR T
O, FEX — I B A S AL, Yuh
2.0.2.5 f13.0 I, S A RT p, LA IEE ST P,
KT O, b, R E ., Hp KT w0, 7%
PEABEPARSHIAT IR, X~ EHE RS
WaAH—5.

HE R 22 A2 gk O A ST B R g8, s A
702 R B 3 JE AT T LSS R AN 18 ~ 21
Fim
—o-u=0.5 =% u=2.0

—o—u=1.0 u=2.5
—o—u=1.5 <pu=3.0

/1P /MPa
(98]

05400 : : — ‘
004 1325 4 6 885 10
i i)e/s
B 18 i 11 R 25 f M 0 fh 28 0 Bl s i i R 5
P 75 Ak Hh £
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