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Force Test and Analysis of Abrasive in Spindle Barrel Finishing Process

CHEN Yu-nan'?, LI Wen-hui'?, LI Xiu-hong'?, WANG Xiu-zhi'?

(1. School of Mechanical Engineering, Taiyuan University of Technology, Taiyuan 030024; 2. Shanxi Key Laboratory of Pro-
cision Machining, Taiyuan University of Technology, Taiyuan 030024)

Abstract: The force on workpiece under the different processing parameters was measured in spindle barrel finishing. The rule
of force and the process mechanism were investigated to provide references for theoretical analysis and practical process. By
changing the mounting location of workpiece, the force was found to be a quadratic function of the distance between the
workpiece and the center of drum or the free surface in the case of more than 60% of mounting location, while the rest was that
of power function. Moreover, the mean force on workpiece in the direction of facing the abrasive flow is maximum, which is
4.5 to 8 times of other three directions. From the perspective of friction factor, the surface of workpiece in the direction of
facing the abrasive flow is impacted and squeezed while the surface of the two parallel sides is stroked by the abrasive.
Futhermore, surface texture of the square tube before and after processing were observed through three-dimensional
electronically controlled ultra-depth microscope to demonstrate the above conclusion. The friction factor of the two sides in the
wet condition is 0.034 and 0.18, respectively, which is much lower than that in the dry condition, 0.13 and 0.49. The friction
factor is decreased substantially and the number of rolling abrasive is relatively increased, which is obvious especially in the
inner side.
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Table I Coordinate of sampling points under the dry test

condition

Pomts A B C€C D E F G H I J

X/mm 100 130 160 190 220 250 280 310 340 370
Ymm 80 80 8 8 80 8 8 80 80 80

Ponts K L ™M N O P Q R S

X/mm 370 370 370 370 370 370 370 370 370
Ymm 95 110 125 140 155 170 185 200 215
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Table 2 Symbol definition of direction of sampling points under
the dry test condition

Symbol definition Meaning
1 Positive to the abrasive flow
2 Parallel to the outer abrasive flow
3 Parallel to the inner abrasive flow
4 Back to the abrasive flow

PAER TR . AR SAE A I BBl A
R3S RS 000 Hz,
1.2.2 TR AR B AL sh 2 45 5 D

E EARMAAF T, #E#A . B.C.D.E.F,
G. H. I, JIX 10 RAE (ORI A TR ek
FE—30), WK R B B o 4 v 1 S K HE
T, MRS PR T B

2 HEEER

21 FREREIEHESM
211 FIEESBAES

B RAE ARSI RS AR fh i H ik
A, AL SIS S 5 S ik
g E TR A FIVESh S S,

80

60
40

Dynamic force signal / N

0 10 20 30 40 50 60 70 80 90
Time /s

4 TRaRIS R T I sh A E 5K
Fig.4 Force signal of sampling point J1 under the dry test

condition

ARIE N, 0~2 sHINTTRT, JEIESRETE
TAHRILL; 2 SRR U3, 12 idr Rz 5
BERBERS ois J3(Z1 90 N), - B ) (5 51818
WR AP ARE BBl BER B RS I T K
B, TRINPEPRF L L R R TR | BEIR L Rl
855 70 SRR ILAR S, (RIRARER, HNESZ
THBEBOCHF AR, I fF o i i,
B —MNEUE/ N T BRI v S 8 S T (OREL
H60N), FHZW/)N, ZHTEEE B {ER I

BRI 8 H 10 3 25 0 4 I o T i SXAS Tkl
Z G HNTRA SRR KB, Tem i o
BLAF R IE ST, R IR 52 TR f5 U
J1, HIEAE A A7 5 AR SRR ) o
2.1.2 B NESTER B

VRS R T AR B RO T 2R A AR



36 b B X T L FE 2017 4F

fIfaE B sh i B, HahZ&S Ji{55  {EH 4 AR
R A VR P s A I TAE I g o TR AR 2
MENSIME S A IEA T, HSCRHR UL AR E B B
55 B EEEBOEI B, 2 HIHi515~6,
P15 Ry T4l 2 1 T BB B VR i rh O AR R o7
XF & TR s, [El6 TR AR T
AT A R B AN T 6 45 5 57 Ak SF- 34 g 11 5
e o A P v S B R LA it e, K HC AL
B BRGEITERIR . 23, REWHE R,
HEWT .
2 _ SSR _ 2?:1(5’1'_
SST YL, (yi—7
Hrb, SSRFBIH-J5H, SSTH EREVJr
yﬁﬁéﬂiéﬂ)ﬁ RN NS5 il B 22
R EeE], AT et 2R LA R, ROk
T1, UEHILE R . DR ] v i 2 r e 420
B PRECH A PR B, KRB R X R R
B TR BT S LA R

ey

3.0 0.6
M Direction 1

E 25 | O Direction 4 ] 4 0.5 E
- <
& {04 8
§ 20 - g
s {03753
2 15 s

~ T o
g 102 g
= =
g8 10 | g
= A 101 s

05 ! ! | ! | | L 0

50 100 150 200 250 300 350 400 450
X/ mm
(a) Direction 1 and 4

0.8

07 B Direction 2

o O Direction 3 J

0.6 +
Z
805 ¢
8
g 04
s

03

02 r

0.1 L L L 1 1 |

50 100 150 200 250 300 350 400
X/ mm
(b) Direction 2 and 3

Pl s T A T B s TR O AN IR % 4% T Ak
AL
Fig.5 Effects of different distance from the center of drum on
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Fig.6 Effects of different distance from free surface of abrasive on

mean force in each direction with workpiece under the dry test

condition
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Table 3  Fitting equations of mean force under the dry test

conditon

Condition Fitting equation R
F5a-D1* »=0.036 7x"""! 0.956 2
F5a-D4 y=—2E-06x +0.002 8x-0.132 5 0.9455
F5b-D2 y=2E-06x*+ 0.000 6x + 0.062 5 0.98
F5b-D3 y=35E-07x*+0.000 7x +0.144 9 0.969 1
F6a-D1 y=0.461 6x"" 0.942 1
F6a-D4 y=2E-06x>+0.000 7x + 0.169 1 0.848 5
F6b-D2 y=0.001 4x'#2¢ 0.963 5
F6b-D3 »y=1E-05x"-0.000 1x +0.196 7 0.957 8

* Note: F5a-D1 represents the direction 1 in fig.5(a), all the rest
are in the same way
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