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Prediction of surface roughness in repeated grinding area of screw surface
based on abrasive particle distribution on abrasive belt surface

Dong Haosheng'>  Yang Heran”>  Sun Xingwei'? Dong Zhixu'"> Liu Yin'?

(1. College of Mechanical Engineering, Shenyang University of technology, Shenyang 110870, China; 2. Key Laboratory of
Numerical Control Manufacturing Technology for Complex Surfaces of Liaoning Province, Shenyang 110870, China)

Abstract: In order to improve the grinding efficiency of screw rotor, a screw synchronous grinding device is developed. Different ways are
used to grind the concave and convex sides of screw respectively, which will produce repeated grinding areas at the joints. In order to
ensure that the surface quality of the repeated grinding area meets the requirements of the screw, the surface roughness of the area is
predicted. Firstly, based on Rayleigh distribution, the abrasive particle distribution model on the surface of sand belt is established. On
this basis, the surface morphology of the ground screw is predicted according to the grinding removal mechanism and screw profile.
Secondly, according to the definition of surface roughness profile, the predicted values of surface roughness under different process
parameters are obtained. Finally, the accuracy of the proposed algorithm is verified by screw grinding and measurement experiments.
The experimental results show that the average error of the proposed algorithm is 6.27% and the minimum error is 0. 16%. Therefore,
the proposed algorithm can provide a theoretical basis for the prediction of surface roughness in screw rotor abrasive belt grinding.
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Fig. 1 Schematic diagram of grinding action area of device
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Fig.2 Flow of surface morphology prediction of screw

curved surface abrasive belt grinding
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Table 1 Distribution of abrasive

particle height in each area

IMA X8/ pm X IRl A 1 VB
100~ 104 102 1
104~ 108 106 9
108~112 110 18
112~116 114 27
116~120 118 17
120~124 122 14
124~128 126 8
128~132 130 6
132~136 134 0
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Fig.3 Schematic diagram of abrasive particle height distribution
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Table 2 Distribution of abrasive

particle spacing in each area

SHA X )/ pm I [ 53-Ai ) fE (M E) JER A

<85 85 1
85~90 90 3
90~95 95 10
95~100 100 14
100~ 105 105 22
105~110 110 24
110~ 115 115 24
115~120 120 14
120~ 125 125 8
125~ 130 130 4
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Fig.4 Schematic diagram of abrasive particle spacing distribution
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Fig. 6 Schematic diagram of abrasive wear cycle of abrasive belt
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processing of contact wheel abrasive belt

2.4 IHEREMRHERE

AR ) 2 A G A 00 PR ) P TR TE @, 5 AL
R b B A K SRS R R ) R AR
X, (13) . (14) T K, K, 5390000 A B X5 4 fl i b
i AR

a)
K =-"=
h
’ (9ﬂ2<Fm +2F, - sina) (k, + k) (R, +h)) )
16R, - h'
a
K="=
2T h
’ (9172(Fm —2F « cosa) (k, + k) (R, + h)) ()
16R, - h*

Uk A B OB H 70 5 B R B, S
BV B, BRI 7,
BRI th 70 5 P S R 3 8 A B8 )

AR UG S 1 B 0 K 5 11 0 fe IME
b TR I R, RAEH TARREIES, BI5
AN (15) L (16) FiR,
z; =min(polyval(p,,H,",B;)) ,ij € (1,10) (15)
p; =polyfit(u,,v,),ij € (1,10);n € (1,3) (16)
H(15) 5 (16) 2, SRR G R EUH & A S H)
B polyfir , 5 polyval & " IRPNEHIFIEREL,p J& = W0
) AU PR w, v, FORIUE SO E AR n e (1,3),
WG 2, G55 455 B INORE B HI A AL LA S bty
DS TE UE I R 2 008 A 4 ik e =Y
I A H, 2k R B b B IE TR R F, =
0.5 MPa, #0747 ik A K F, = 0.3 MPa, ibair L V, =
8.7 m/s, BB Al 1) JE 45 W EE V, =200 mm/min, AR B
) 32 7 1) 2 ) A T S B L, B 11 B O
Az LN 12 F S 0 B RS I & R B i T
Tobate W W g AP 28 5 s o 0 ) T 255 B R ) B SR I
L BB T W AR 45 51 R i 2Ry IS W T e 3k 31 Y
FRAEAF I RIS IR 32 5 BBl P 0% D5 A 3 T AR HE fin 1
PR AR LR 5 e Ah SRR b BN C AR TR
R B, ARl TR T B A v B e B R N T A
V) 3o R AR X AR e R TR BE I LA

100
50
0

50 L

~100 L ‘ - ‘ , ‘
0 200 400 600 800 1000
AL um
B ERLOT I B R SR
Fig. 11  Schematic diagram of abrasive cutting trajectory

200
AT um 0

K12 R IR s A

Fig. 12 Schematic diagram of part surface grinding appearance



53 3

TR R IR A1 10 ST pH 1A S A ) DXl T AL € N 93 -

2.5 IicmEateERun

A, 22 HDRLRE 1B 19 2k 7 s IR 2 R (0 R # I
149214 Ja8 FH %6 B R 7 38 2 ok 3R HORLRE B, B R
BRI FHFE— A BURE K BV L 9, LR TR $ 1k
P PRAL 2 () ML XHE S HORE K I i, HER 55
B 13 5X(17) FoR,

R;%j;\z(x) —h, | d (17)
o D REBRERE b, (RERRE P,

K13 SRS 2y 2278 B 1A

Fig. 13 Schematic diagram of arithmetic

mean deviation of contour

SR 2 TRDRLRE 2 19 R 3R L2 | RE S A0 S 30 b A4S
il A SR80 0 R 2 Tl [ k2 S ) ) b
WK 15 , TR TAFRIERE 25, R (17)
TR TR B, 2 REIEHIT HZ )5, w143
TUKBER I B THRLRE RE R, 3 3 BN ORI Z IS 19 5
HEHE ., b, i T D) 55Kk 8B e i £ A&
KB AELRAS 2N, BT DL B R AL IR IR 280
F, F WAL MPa, V, B0 m/s, V, BN
mm/ min ,

x3 BEFBHHESBRER
Table 3 Simulation parameters and

results of screw grinding

ke FUOENICAmUEHD) OB (iR R/

F, F, V., V, F, F. V. 'V, .n
1 05 03 44 300 05 04 44 100 1.609
2 05 03 87 300 05 04 131 100 1.269
304 03 44 100 04 0.3 131 300 0.621
4 04 02 44 300 0.5 0.4 131 100 1.026
5 0.5 0.3 131 300 05 04 87 100 1.334
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Table 4 Experimental parameters and

results of screw grinding

HUER(A BB CUEE (R UERD) RS/

A% F, F, V., V, F, F V. V, um
1 0.5 03 44 300 05 0.4 44 100 1.703
2 05 03 87 300 0.5 04 131 100 1.271
3 0.4 03 44 100 0.4 0.3 131 300 0.59
4 04 02 44 300 0.5 04 131 100 0.921
5 0.5 03 131 300 0.5 0.4 87 100 1.492

e R R FE K 5 =2 O RO BE AT X EE, Ik 5
PR,
x5 XBUHBESHEBEL
Table 5 Comparison between experimental

data and simulation data

FIHHE R,/um B R,/ pm YRR/ %
1.703 1. 609 5.52
1.271 1. 269 0.16
0. 599 0. 621 3.67
0.921 1.026 11.40
1. 492 1.334 10. 59
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