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Design and Experiment of Mechanism of Throwing Impurity
in Cleaning Device of Maize Grain Harvester

WANG Lijun LI Yibo ZHENG Zhaohui WU Zhenchao YU Yongtao LIU Tianhua
(College of Engineering, Northeast Agricultural University, Harbin 150030, China)

Abstract; In order to improve cleaning performance of air-and-screen cleaning device in maize harvester,
the mechanism of throwing impurity, which was installed in the upper space of cleaning screen to make
maize mixture disperse in the horizontal direction and layer in the vertical direction, was invented to meet
requirements of the increasing feeding quantity. The CFD — DEM coupling method was used to simulate
the delamination of maize mixture with the help of mechanism of throwing impurity in the vertical
direction. The experimental factors were the numbers of raking finger in circumferential direction, the
rotation radii of raking finger, the spacing between fingers axially and the angular velocity of roll, and the
performance indexes were the horizontal displacement of impurity threw and the overlapping displacement
of maize mixture in the horizontal direction. The quadratic orthogonal rotational-combinational simulation
test was designed. The test data were analyzed by the response surface method, and the regression
mathematical models were multi-objectively optimized by using Design-Expert. The results showed that
the numbers of raking finger in the circumferential direction had the most significant effect on the
horizontal displacement of impurity threw, followed by the angular velocity of roll, then the spacing
between fingers axially, finally the rotation radii of raking finger and the numbers of raking finger in the
circumferential direction had the most significant effect on the overlapping displacement of maize mixture
in the horizontal direction, followed by the spacing between fingers axially, then the angular velocity of
roll, finally the rotation radii of raking finger. The optimized parameters of the mechanism of throwing

impurity were the numbers of raking finger in the circumferential direction, which was 8, the rotation
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radii of raking finger of 80. 18 mm, the spacing between fingers axially of 12. 44 mm and the angular

velocity of roll of 15. 41 rad/s. Under the condition of inlet velocities of 12. 8 m/s and direction angle of

the inlet of 25°, when the feed quantity of maize mixture at the entrance of cleaning device was 5 ~7 kg/s,

the cleaning rate of maize with mechanism of throwing impurity in cleaning device was 97.20% ~

98.74% and the loss rate of maize was 1.65% ~1.82% , which can meet the requirements of technical

specification for quality evaluation of screening under the condition of large feed quantity.

Key words: maize harvester; cleaning device; mechanism of throwing impurity
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Fig. 1  Structure diagram of cleaning device with

mechanism of throwing impurity
L EmAF 2.0 3. EREFLIE 4. 2 RME SRR 5. AR
Wik dEkse 6. TEILE 7. WA 8. %M A 9. %M B
10. i 4%

P R 2l 5 1 G A 6 TR Bt B AT ko A%
SR 36 A T A e i R S TR T e EMLAR B O
5 Z R, He i I H S AL A% Bl i Sl dk gk
AR 2R APk 45 b 0 45 T8 Ao R 5 A 1] A T
Ji1 32 B oK S B I H 0 TR 2 R K A . UL AN
AR Bl 7 Hhy B R S LR Bl , UL ™ AR O R I
YW B, I 0 0 3w 1o it A g AT AL S U A A2 s Bl o
JRCXT B HG 0 o A
1.2 ZRRH0E=ETIERE

WAL 2 B, 2% 4 H 3k 45 0T I 51 5% 2l 7T % )
FBHERSI A T 1 TR B P 2R AT ) A8 i e, ST B
R4 25T R KB TE X R i B A T sl 21
AR B i 19 I 3 0 SE /N (R R -5 5 KR A 1)
R 0841 160 BT s e 2 4 2l 0 O o A R ko
FE, Ze AR SRR B KRR BO7, R
ﬁﬁﬁﬁ%@%&i*ﬁﬁﬁ%%mmﬁmim%

B2 AR iflis ds TARRBE
Fig.2 Working principle of mechanism of throwing impurity
LBALA 2. #haifi 3. Bokkrk 4. TR 5 k4R 6. &
KZEFF



126 & o Bl B ¥ iR

2019 4

Jaia s, BB BLG . A AR IIK AR BE S SL BLFF
RN AR MWD A0 20 B 00 e X 7 T 2 Avoxt &
KHFRL B4 A P B3 AR 6 KR L 408 2 256 5 2 R B i
I8 2R B 7 ) 9, (R B L A AR K 37 i I ] A%
L, O T OFFRLTE i R R

2 ERBHYBAESHEFEST

TR Py M B W 7 e A ) A A i 36 AR 4R
5 L, Bl S BRI AT ik 2 4R 30 0 )5 35 Rk
Ui 22 41 s 7 5 10 R AT B 0 . DI IR AR R IE AT K
oK it 0 UKL A K S T 1)L Bl 8 A% B R T
SIS W) UL IZ Sl e AR RS ORI ) R 4l
R R n] oy 3 A i Be: i P BORL B T B 3l Ak E
IR AR IR AR A A Y32 2l 5 B A ORLTE 2% R
B B iE Bl B 4 ORI AR R
B8,
2.1 BFEHRELERIEEHIE 320

K Py UKL S T 8l Mz sl B s R i ik A
RARRT, £ X b 2 RN TE] 3 Jiv /s, 22 s Uk Jir
225 By BURL 22 18] AR AR R e, R
Uz g®S 6 R FAER™

B3 TR R 1 0T 3 3l B Bk 4 46 T 52 T A T

Fig.3 Force model of maize mixture leaving tossing

board before arriving at raking finger
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Fig.4 Sketch of moving trajectory of maize mixture

leaving tossing board before arriving at raking finger
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Fig.8 Percentage diagram of various components

in maize mixture

3.3 (FESHEE

AHFSER A CFD — DEM #4977 1, W 4+
L7 2R S A AR B 2 ol JE M an R 1 RN SR 2
RN 1E EDEM H 4% bR B2 il 155 8 3% T Hertz —

B9 KBy S A % T

Fig.9 Models of maize particles, cob and stalk
Mindlin ( no-slip ) JG ¥ 2 #5581 | &% 22 3 1% 2% A% 9 3% 4%
(0T 06 2 5 v iR 3 O Ik s AR Dy 5015 Haz, FR1E
19 mm , 35 363 8 A OB Y 6505008 5.6.7 kg/s,
YT e N A B L 9. 6 ~ 16 m/s, HUH:
B HUME w=12.8 m/s fE AW I L3 A O
S E o MR RUBL A AT I A K, AR SCHR
RBLA B 5 XA 1 B Dy 25°, EDEM mpif [a] 26 K oy
Rayleigh B} [8] 25 K 19 20% , Fluent B 6] 2K 57 EDEM
B )25 K 100 £

x1 HHRAZEHESH

Tab.1 Mechanical properties of materials

kL EE/NE PP R/ MPa B/ (kgom™?)
F AL 0.40 1.27 1197
FOKRZEFF 0.42 1.00 112
Tk 0. 45 1.09 330
5 16T (400) 0. 30 700. 00 7 800
Wds (#) 0. 30 700. 00 7 800

R2 HMHEEMRBEESH

Tab.2 Interaction properties of different materials

- MR W RIEE
T AR B K AL 0.31 0.79 0.01
TR R TR ZEFT 0.27 0.71 0.01
B0/ Taks o/ 1N 0.25 0.68 0.01
TR0 18 (4R 0. 54 0.48 0.01
TR ZEFF-F R ZEF 0.21 0. 65 0.01
TR AT -F o 0.22 0.68 0.01
K ZE R0 (8 0.29 0. 62 0.01
5P/ TSl S TN 0.22 0.78 0.01
A0 T () 0.33 0.70 0.01
TR TR () 0.54 0. 48 0.01
POk B AT () 0.29 0. 62 0.01
FoRER AR () 0.33 0. 70 0.01
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Tab.3 Experimental factors and levels
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1 4 65 9 10
2 5 70 10 12
3 6 75 11 14
4 7 80 12 16
5 8 85 13 18
6 9 90 14 20
7 10 95 15 22
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55 5 KRR ] P il A8 T 5 30T KO AL A5 £ LA B DA
el 1y B 4 ) BT o s L R 000N A 1 4k RO AN BE
AR Z . BUKE R 1 R 48 B B E N 4 ~10 . Tl
i B R A A 4k B RO N 6 g i F) 10
A AR E KRR T L 205 ~ 700 mm, 28R
B I8 K- B Bl JA] 10 £ 45 K0 3 oz i 4 K 3
Jal 1y P 5 i I8 AN E) 10 A ik, 33 3 i R 5L
NS RPRLE e R OK (R B B - 35 ~ 35 mm,
RS e B 1 A R i B RN R
HEREH W 10 Pros . L m s BENT 6 4
I, 2% AR % K- 7 B B/ BLAT AR 25 R 5 R R K
LR G, T AR X 2% A% 1 % R R
L, A 1o 48 RO BEE N 6 ~ 10 A

6 7 8
JA e s B A

P10 AN [ A o 4 48 5500 B 6 K i 9 0l ik 7K P 5 7

Fig. 10  Horizontal displacement of maize mixture

threw under different numbers of raking finger in

circumferential direction

3.5.2 kAR lEEEAe

PR UE SR 16 58 4 45 A FOR B W ORL , AN kAR
IR BE G, A1 1] 5 A 0 K T Bt 0 SR 7 K
T e RO S/ Z 2, M R=L,, -
L, =60 mm $1 ih &I R th S B0 75 72 (26) & X
(DA A i 2 AE FL A A AR AR50 R BROV ), AR 5 Tl
IR 2 A Bl A (ol 5% ARV L 60 ~ 90 mm; 2
B ARG A S, AR R AR RS SR A A
A(x,y) KA, IR AR [0 55 F 4275 60 ~ 90 mm I,
PRAEHARTER (Rey Res oo+ Ry 70 5 R TR 4R 45 1] 5% F
60,65 .-+ 90 mm) 4N & 11 fron .

-35 -30 -25 =20 -15 -10 -5

SR S A AR A FRa/mm
BLT R O die A 410 5 s R
Fig. 11

Diagram of the best position for throwing

maize mixture

T K 4R G 2 AR B R R I AT A5 4R 4R el
ARLE 70 ~ 90 mm [X[H] N, 4 48 X 42 4% 14 K TP 2%
PLASTEE S 170 ~ 670 mm , Z& 4% /K -4l 2% 7 B Bl #k
Fi (8] 2 A2 106 RS 18 05 05 KPR S 2R R KR AL
gl - 45 ~39 mm, W FH KV B H S S UG
W MR A PR AT DL T, A R B %k K
SR BN AR A SRR K- B SRR,
B2 iR o BRI B 2 A il 5 4 1] A > A 0 T i
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70 ~90 mm,

75 80 85 90 95
AR 1542 /mm

12 A [R) A TR 2 42 i 6 K B i 9 il ik oK P i 7

Fig. 12 Horizontal displacement of maize mixture

threw under different rotation radii of raking finger

3.5.3 il A ARG ] ER

FE TR P, TORAFRLEAR 270 B |
WG HEFE o 3 R KRR SL R R R
9 ~ 15 mm, R AFRLBE G5 A DA JH 1) AR 28 4 45 [8]
BT i B S7 A RS e DR OB TR G TR R )
RLAE R P o 3 ek A PR B R T A < Al 1) A 4T
PRI BE A 11 mm S ATE] 15 mm , 2% 42 B0 55 7K F- {7
M 697 mm Bl /NE] 165 mm , 24 4% B Ml 3% 7K SF- 157 7%
Fit 172 R 08 9 1) BR300 A T /), A A S A B 2
kRIS K LM BB R - 45 ~ 30 mm, JLf
ORISR DNE R S s RN ER: N < I ]
P13 7S o (Al 1] AH AT 45 ] B/ T 11 mm B, 2R
L8185 G SR ST B0 R VRS A S N = S VA
BER, A AR X RERE A 15 A R R R R 8k R K
g b b 1) R AR R B B BB 11 ~ 15 mm

10 11 12 13 14 15
AT AR 4345 8] 5 /mm

P13 A [ il o A 408 i 8] BT s oK S s ) 4 0 6
KA RS

Horizontal displacement of maize mixture

Fig. 13

threw under different spacings between raking fingers

3.5.4  PHLERL M g

M8 18 O e /N BE K T 1 1T K F- 1) B K
M I, A TR K B R R 1 S Sk T
T 0 2% i v Y TR A A I 3 9 18 7K S [ R S L Dy
=0.96 ~ 1. 12 m/s"" Bdk $5 5 0 4 i i 1 K T B
AR T KT B fe KB 1. 12 m/s 3k 5 15 9 2k ik
FERT 112 m/s $k 48 P14 242 R =80 mm 2 ity
RS, R LFR TR R KRB v, = wR, X N
(1) 5 e 5% FA o N KT 14 rad/s. Sy B0 4 T 3

ARATIR A8 e T 1 2 B % Bk 4 B8 s 4 KO B 1 s
M), AR Al 03 0 4 SR R Bk AR e B A R O Bl &
10 ~22 rad/s,

3 AT e A R o R 2R T A R AR
BE PR TE 12 ~ 20 rad/s [X[A] P, 3k 45 0 2% 42 19 K
Sl % VA% B R 165 ~ 650 mm, Fifi %5 2 4R iE % £
P B K, R A W 2% KO0 B8 B S 1A R U/
KRS IR RAE Ay L # & o - 68 ~
44 mm , Bifi 75 08 SR TE e AR R 1 1 K, B ILSE VN R
N N S I N B R N A N
12 rad/s 8 KT 20 rad/s I, Z2 439 3 2% K S 07 B8 #5¢
/N HKFRL S 24 K P 8 T B i 308 K, R R 3% 5 JL
RGN, D AN RE L3 A A 3G 5, ol L 3 7 238
AN PR BB R I N RN A R
12 ~20 rad/s,

10 12 14 16

BRI 1 )
Pel 14 AN ) e e 52 I R JBE ) B4 ik
KR

Fig. 14  Horizontal displacement of maize mixture

threw at different angular velocities of roll

3.6 ZERMFERR
3.6.1 XK it

A B PR 2R a0 0 A A AR il % g R 1) k4
o FRAR B4R o, ) RH SR 4 TR xR B e i
A EE x, i R, DL Rk K
ZR SRR AL & iy, Wi e bn, 24 Rk
UB= N Y VR 20 W /A= W

"X,
y, = ; ; (27)
A X —5 0 NIRRT 1) B Ik L

K5 1] b A B

N EIC SN T N e R e 4 7 S W
KR i ank 4 Fros .
3.6.2  FORE Wy gk L B

15 g7 Ja ) 4k 45 Kl 8 A il i) AH 4R 4 ) B
13 mm , # 45 8] 5% 2= 12 80 mm | 4k 4R BE % o
16 rad/s 28T, TR G W0 76 2 Ax 9 326 45 4l 2% AR
ISR L SN L SEARGANS S AN R R TR S
N BORZEFT B ORRFRL A K o FE B[] O 0. 35 s

n
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Tab.4 Experimental factors and codes

ESES
WAk mlgLf hm A ARG TR £

gnfs AT g

Bt x, /A 1% x,/mm [E] x5 /mm x4/(ra(l-s’] )
2 6 70 11 12
1 7 75 12 14
0 8 80 13 16
-1 9 85 14 18
-2 10 90 15 20

F15 K 1 TR 2 4 T Bl R3S
Fig. 15 Status of maize mixture threw with help

of mechanism of throwing impurity

BF B AR 2 R MR BE A N T4 8, &
OKOFF L DAl ) AF SR 4 8] B A O 8 2 4R B 0 T bR B
i , AR R AR AR AR W 4 VE HIF JF 46 1 57 J5 0 3l 75 5 (8]
1.00 ~1.35 s P, FFRL R AR RAEIR BN 0 2B B
o3 )2 KBS0 RO e o W R, N &L 15b TR . fE
BFIA] Ry 1,78 s B, KR 3 FF AL 28 58 % i , /MR 43
RS RAEKF T 0 Ligsh i B EESHESR
PERE LN o Z AR 35 A 65 % A% X6 7 L 1) 485 27 1 FH U
0N DT AF L A5 5 38 /) 5 foff KR 325 B JL 38 38 K, AL
(IR TAl RS N
3.6.3 B R AT

(1) ZE R 6 7K P A% [T D ABE 78 55 e 7 1 3

ffi i} Design-Expert 8. 0. 6 B4 %) 3 46 4 478 43 4

FAUA Gl SR B E YA Y FE S 1 114. 86,
p AE/INT0.000 1, 3B R4 5 2 5 S 4035 p =0.460 5 >
0.05, 5% 2= Wi AN @ 3, % M A AL B ST o x, 2, 3, &,
a2, N HE AR 5 I 1 W, AR A8 BTN HOR B
25 PR 2R X A% 2% W 326 7K 10 % 52 Wil iy 5 81 55 149 DI
Ny xy vy X o BEAT T 28 53 BT JE AT AR 2% DR R 2R
AR ACT57 B 114 1] U5 552 A 7 Sy
¥, =461.25 +26.29x, — 1. 87x, — 19. 96x, — 8. 04x, +
11.56x,x, +6.94x,x, —1. 69x,x, — 11. 14x; -
41.51x% —4.39x% —24. 142" (R® =0.998)
(28)
25 PR 38 KT 2% A% g 4l 3% 2K P 0 B 14 e g i e
K16 s . i 16a A] R0, 24 3k 4R e 5% A ol 1T
16 rad/s , il ] AHSB4E (] B2 13 mm B, 76 J] 10 4k 45
Bl —E WA J8 AR 3% oK P60 7% B 4k 45 [l
LR G DN NER VN EE N e S i S b B
i 8] 5 2 AR 3G K, T4 X A AR A % A TG i, Je AR bk
il HE R RE 3 O, TEABCR ARG 2 Bl 1 7K T 43
AR AARAE K- T7 1) b AL R A R H R, Y
AR 01 5 A2 A0 T 15 KT I, B A e 4l el i R AR
R AR Z Bl 1) 158 T 43 3 B A8 R, A AR il %
BB, i T XU 200 2 s () 2 A BR ], 5
SO RN T 1 B 1R e L TVUNR T S B e
(4R 2 0 b, N BE A58 # 25 URHIBAZ 3, KOF 7 B
WA
HH & 16b AT, 724 ] A AR 45 R BE 2 13 mm, $&
T [l 5% 2420 80 mm, Ji] [l 4k 45 ¥ — AT,
i B TR AR SR BE Ak T 12 ~ 16 rad/s X ] 1N, 22 4% Bk
il 325 7K V-5 B Bt 4k R T e R R Y 48 DR G O 5 4k
B ERE A AL T 16 ~ 20 rad/s [X[i] N, 2% 4% o 4l
TEIK VAL i 4k R e e A R 0 1S R A B/ 11
o T PR D 2 B T e AR 1B A TAROK P B R
TR TR A 3 B 1 A T 1 K, 4k 8 0 2% 4R i 6 A
T B, A AR R L R Y 2 R K, AR R TE AR LR
VB N N 8 578 5= B N VA 2 N & S N 8BS
IRV 5 4k S T i ) 3 RE R OE AR OG5 SR AR TE A% AR

16 45 R 3 A A2 el 26 /K T 02 B 1) i oz il T

Fig. 16 Response surfaces of all factors on horizontal displacement of maize impurity threw
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SR AL T R K P I 2 R B B A O e R
WP A0 s L v B B, il 3 9 e A B TR Y L
AR, A BE AR SE B I 3B Bl Y 2 A% KL RS
o

H1I& 16¢ n] 1, 16 A 1) 3 45 Bt o 8 A, $h 4 1ol
¥k A2 80 mm, Jo i ¥k 4R e B A 1AL THAROK R
I 2 KO, 2 4 4 % KT A% 2 i i e A 48 4
TFa) B 80 R T /0 o K S PR g i A el 1) A 408 435 (1] 4
R, B 53 R A AR AT ) B rh i i, 246 0 Ho 4 4
JLAFGR BE A /I, R BE WK A5 41 1% 1) A A 7K K- f
R/ 5 HoAt 26 40 A2, A B 1] R 48 45 [A] B — 7€ 1,
R AR AR TR P il P R e A ) T R R ST 3
PN U SR 208

(2) A 5 FFRLA A0 18 7K 137 78 T B Ak [1] U A5
T 55 W) ) T8 53

220 K o A S AU S AT R N 3 TR A
% F {9 152.46,p {H/NT 0. 000 1, Z B RIAR 2. % ;
KA p =0.407 1 >0. 05, 5% 22 WA I 3, Ui W] 1% 1]
[EEEE RV TE NN NP G <R - A < T
25 PR 4 KA 5 A AR K T B 5 B S W 5 3
59T R e,y a0y xy o HEAT T 2550 BT T AT AR 4%
PR 3R Ay 5 R RL WA 1 /K P AL B8 T o [ )
BT Sy
y, = —59.83 +12. 04x, —2.88x, +4. 12x, +9. 54x, +

3.19x,x, +6. 19x,x;, +7. 94x,x, +10. 07x] +

19.20x; +8.45x; +12.57x; (R’ =0.986)

(29)

JIT A5 4% TR 28 0 A A% 5 kP RL R 56 7K P 7% B S
8 A I N AT AP 1T B o A 17a R AR 4R AR
TR Ff I BE Sy 16 rad/s Bl i) AH 4R 45 (8] 81 13 mm,
AR e —E A 1E R, BEAE A 1) 3k 4 R0 Y
ZRFRL S 2 A K1 & LB B B e i e B R
o TN N 24 A 0] 45 B B I 28 Rk R
P A AN RE A B4 AL M4 3 M b B9 09 F ORI 4,
5798 0 3 £ 0 A R 52 ) A AR 6 45 £ A A 26 AR T
#2122l B R Sl 0 07 T E R RL R A% A% R BE 58 IR A%

AR EFFH) AV L, P KOV 18 B AL AR R R
B 5 YA R AR BOR B I JR R IR AR AR AR X e AR
47 15 A, (FLR 0 3 R R 23 7 2% A% il 35 A 4 4
7 AR VR R 3z 3 B4R 3h 0 e, S S ik
FELIE B A A A AR, A RO R RL 45 417 R i
Sk, K E &ML KR

NP 17b o TR PR L T 16 rad/s,
P A Il e 42 0 80 mm , JA] [i] #4435 B0 — 5 19 5% 1
PR 2R A K FE B 0 8% il i 1) AR 4T 4 1) B Y
HO R S BG4 R o 3 PR A 2 il g A
RF 5] B /NI B 5 0 2% A ORE L 18 4 4 A 3
TIN5, , T OKoRFRE AR BE I 1 A 1 AH 28 45 18] B e 22 41R 30
Bt L, TR A AR B4 4 T TR A Ay — kS 4 9 3
AR Bl 077 I T, % A% X AR A 85 417 1 AL o DR G, 7
KV T 16 F 8% A8 K5 25 il ) A 408 5 ] B 4K
IR, 3k 45 XoF 2% A FORF KL A4 47 V5 L Oss3 , B03 2
R RE 2 15 P 45 5 07 A0 DA Al 16 AR 408 4 18] Bt o O L
B B AN REAE S8 B B SRR A2 B, AKF AL
R 0B/ I | 2 A% FIORERE (9 7K P B B B 5 K, 0 R
X R R A TV A 5 R REA R SR R

UnTE 17c Fro , £ 5l 1 A0 805 R BE O 13 mm, 3
8 [ 242y 80 mm , Ji 1) & 5 Ho it — B M 2610 T,
iR A5 2% AR K V- B B 0 A% 340 T R e e o 3 BE 11
RSNG00 PR 24 e R e ## 3 2 2/
I, 28 AR AE K- J5 1) b A s .26 02 3l B4 4 ek
AR ZR AR B i 32 2l I BE T I L KT B8 R DR
/N TRVESE DAt i) A 08 445 18] B AP Jh H % A7 AL 7E % 31 6
PRSI 1 07 )5 B8 8l , I RA EAR L, Je A i
A RFRLI] GBS Bl R I S B K 5 2 R e e A
R BRI, 2 A7 B8 BT 1] A2 DR ) 0 3k R R
RS AR AR 1] L 8 30 328 57 % g R, AU s e 2
(1 P90 2 i) B 1 2% v 1) o gl ol il 4 R TOUAR
O s A PR Bl L BEPRERL 1 6 0z Bl SRR
1 LR/, 2% A ALK 1) BE D 9058
3.7 ZHMmUL

N8 2 AR Ak e i 4% 1 BE 1K B e AL, F] Design-

B17 4 TR A AR SRR 26 K P57 A% o s Y g oz il T

Fig. 17  Response surfaces of all factors on overlapping displacement between maize particles and impurity
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Expert 8. 0. 6 #4602 Mk A7 L1k, 7245 R
R IR I A5 1E T, BRE T Rk R T R A R
AR L [ SR r Y O A B
max y,
min y,
6 M<x,<104
(30)

70 mm <x, <90 mm

1l mm<wx, <15 mm

12 rad/s<x, <20 rad/s

LA AR A AR 0 2% 4% 047 1 R IR T S KL
A Ja 1) i 1 B 8 A, Hi 45 [l #% 2 42 80. 18 mm,
i) AH AR 48 M) BE 12,44 mm, Bk 8 OE B M B
15. 41 rad/s, JUAC1F T FFRLBUR RN 1. 4% , 3 15
Y 99.21% , Byl i KT 18 [ AR EESK

4 aFRAR

BT A A K AR Ak A5 R R 0 B A S R s
R I e B o 8 A A [ A R AR U
80. 0 mm i i) A1 &0 5 0] BT DL O 125 mm {9 ZR R
ik o Ok B X RUG 3 E he R 5 4L, i
56 47 TR AR AL 0k 2 B AR B — 2, An 18 B
TR o 85 R Y R A A A A AR Sl O A5 IR XUBIL
(1928 B e UL A J3E 9119 AR, (8 2% A A 328 4 e % o 3k
JE IR Bl 0 IR SR AT R R R T TR
A5 TS R — 2

B8 s
Fig. 18  Experiment device

LseRss 2. B B 3. emdibikd 4. Plai 5. AR
MEAFBEHL 6. JeRIX AR LB T BN 8. TLH KL
AL 9. B RMLAE SRR 10, RS i AL A g% 11, 3R 3l i e HL
12. FFLF

MR Rt 0 4% 803 EE A9, PR K B S
B BT ARG Y 2R A 1 R B 4 28 50 o A
A AR TE S s S A 25 30,35 kg
KB W, LDRAIE W e e B B W1 O 5.6,
7 kg/s 1B 2 B GB/T 8097—2008 ( Wt AR HLIK  HK
I PLAES Jr ) HEAT, A IR A S W, IR X
Kot AT I (E AL AL B

LR EA D B Y 5 ke/s I, GOk
SR A BT B2 S ORI 2% A 3K A T 1 e
FIPEREXT IR, 45 R IR 5 IR o R I Ze Rl ik
Tor )T B 25 AP ORC T R I (E 0 97. 08% , K i
RARPIEA 2. 26% 5 Hy Bk A i 24 25 1T 1 2 AT
KLY T5 R I AH N 98.74% , HF KL 481 2k R X {H N
1.65% o FFRLIE ARG T 1. 66 AT 73 1L, KF AL
KRFEAR T 0. 61 NE 40

x5 ARRABRER

Tab.5 Results of tests %
e WA RN AT R E RN R0 %R e
PGS i ok T % P
1 98.72 1.96 97. 00 2.35
2 99. 32 1.33 96. 64 1.99
3 97.97 1.52 97.32 2.25
4 99. 10 1.78 97. 66 2.54
5 98. 60 1. 66 96.79 2.16
Pl 98.74 1.65 97.08 2.26
i 2% 0. 47 0.22 0.37 0.18

TEA RIS 25 15 T, 24 0 B 3 A I i 4y &
6 kg/s I, R NAR A I 15 A% 091 16 25 B RLTE I
HIHA 96. 52% KPR R IYME Ny 2. 40% , 3 i
AR A MK AR 0 VE R R CEOFF ORI T R E R
97.91% KPR R RIME A 1. 74% 5 2415 LA B A
P o 7 keg/s I, RN 2R A 4 36 4% 19 355 16 %
EORF RIS I R E N 96.23% , P RLA R R (R
2.52% M BE AR AR 15 A5 1) 1 UL 2 EORF RN R Y
{64 97.20% FF R0 % R IME N 1. 82% , Hiifh A ¥
T2 AR R MR T TR 08 B K Am 2K

5 #Hit
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L E I3 o S O VA S S/ € - s L A 1
BE W SR,
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JE 1) 45 B 8 A, k48 [l #% 2 42 80. 18 mm, 4l i)
AHLRTE AN EE 12. 44 mm , 35 FETER: 3 15. 41 rad/s,

(3) TETE V2 B A O RGE Ky 12.8 m/s A 7
AR 25° 200 T, M B8 A I RO B 4 it
N5 ~T ke/s B, A TN 2% A 4355 45 37 8 B FERE R
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