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ABSTRACT: The work aims to propose an adherent vibratory finishing processing technology for small and medium-sized

sheet specimens to improve surface quality. Spherical corundum abrasive particles and HYA grinding fluid were selected as

Wi HEA: 2017-04-24; 12iTHHA: 2017-05-20

Received: 2017-04-24; Revised: 2017-05-20

E&TH: BRARAFASL (UIS10118); HAHSFFRM EFH &5 AAH AL (20131402110002 ); L& EAHH L XA R
(2015031011-3)

Fund: Supported by National Natural Science Foundation of China (U1510118), Specialized Research Fund for the Doctoral Program of Higher

Education of China (20131402110002) and Science and Technology Project of Shanxi Province (2015031011-3)

TEEEN: ZH (1988—), &, MR 4, TEMRTOAMERHAEABLEM TR,

Biography: WANG Xiu-zhi (1988—), Female, Doctor candidate, Research focus: surface finishing technology for precision parts.

BIAEE: WA (1964—), B, W+, R, TXMATAAMZERH R @ ALEM THK,

Corresponding author: YANG Sheng-qiang (1964—), Male, Doctor, Professor, Research focus: surface finishing technology for precision parts.



© 262 - * om o OR 2017 4F 10 A

processing medium. Processing experiments for single-sided adherent specimens and free specimens were conducted using four
kinds of specimens made from 45" steel, titanium alloy TC4 (Ti-6Al-4V), aluminum alloy (A356) and 304 stainless steel. The
specimen size was 10 mm x 20 mm X 3 mm, and 10 mm x 20 mm surface was processed during adherent vibratory finishing.
Surface roughness value of the free specimens and adherent specimens in 5 different positions was compared before and after
processing to determine advantages of adherent vibratory finishing and the relative optimal processing position. Dynamic forces
of abrasive particles to the sensor (i.e., the abrasive particles to the specimen) in 5 different positions were tested using a dy-
namic force sensor, so as to find load-carrying rule in different processing position. In the processing experiment of two sets of
45" steel specimens with initial surface roughness Ra value of about 2.6 um, the Ra value of the free specimens was still 2.4 um
in 1 h, and for adherent specimen, less than 0.5 um. According to the experimental results of titanium alloy, aluminum alloy and
stainless steel specimens processed in different positions, the bottom of the container was the relative optimal processing posi-
tion, followed by inner middle position, which was superior to other three positions. The influence rule of inner upper position,
outer middle position and outer upper position on processing effect was not obvious. Average force of abrasive particles to the
sensor at the bottom of the container was the maximum, which was 2.728 N. And the dynamic force at the position of inner
middle position, outer middle position, inner upper position and outer upper decreased successively. Overall trend of the force
distribution in different positions basically corresponded to the result of the specimens processing. Processing efficiency of ad-
herent vibratory finishing is higher than that of free vibratory finishing. The bottom of the container is the relative optimal
processing position for specimens to obtain the best surface roughness. Processing effect of specimens is directly related to the
dynamic force of abrasive particles carried by the specimens. The adherent vibratory finishing processing technology can be ap-
plied to improve the surface quality of small and medium-sized sheet parts.
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R AR R s K SpLAY SRR A 2 — , LR 1 i
X IR PERE, JoHR X A S R AT T
VER AT SEPE AR K A5 o A& St i T 204K
FEBEH G B AR AT N T AT, X A7 =04 =24
BN, R E B2 . B TR B AL LA A
W R EEIL T2, A SRR, AT LA B AR T
B, ABAEAER A5 YL TR R (R T R
Peah B I R R B R i T =K,
AT DLSE /N RO 20638 38 2 53] i i i’ S i R 90
(ERS P ST =0E i o e O A A S £ R K 7K
25 0B O 5 A AR 7R 3 B 0 7 UE R
FHIR BRI T 53X, AT DU D W BE 3 i R
PR OGIRE , DL R Ay ORI SR B v R B R
AR ZEZRA 1% 2 THD YR I v v o 32 M 1) S s [t , A
R

PRI TH AL T 20 42 50 448, 24—
E LU A | B SR AR AARAY B A — B TEAR I 25 4
o, YRR AR E AR IR AR T RS, T A A
P —mikiz s, @shidfd, T TAmER
BT JBAR . Pr AR B0 25 5, JA S S T AF ™
ARNFRRERRERE . R 200 R LR A B
P, T S EXF TA4  2 mi e in T2, Cariapa
SEPIE e FE B ML TR, 24 50%:%

FHURBORHN T T LA R W R, B3R

T SE 4P o NN IR SO F AR AT T IR AR
55 . S. Wang ZEMWIESE T Y TR RE . B E R SH
TR SR T R) & A AR AR, T4 3 T AR
1 R g A8 Ak B HeZ IR AR e 2, R T A g
B Tad F op T2 93510 J1. A, Yabuki 45D
Wit T —F LR, R T E iSRS s
oAb s g o TR A Ak 1 AR )y, A S
T R i — 2D SR R SR as B, B SRR B
A2 AR Y . S, E. Naeini 251742 ) T RCLLHR 306G
B S Bz s i B HOTH M . K. Hashemnia 25 591%
FH 2 T SO A5 IR A IR T R B 6 Ui ML AR AS TR oz
BN T 1) B SR bl R L R AR B
FE B3 FU4E . E. Fleischhauer 2507 i ik PR 0
P ARBEFE T RS OGM hn TH E Be f E BE AR . K
JEBE TR ke i 5 U O s A AR A, K
T e FE AN T 25 g8, T B% 36t
Tt ORI TR T2 E A J1 . RIFEHEE T
2 5 A S UMl F s S A A IR T TR
R B I T T2 B sh 5 91, JFxTH
T AHLERSEAT 40 M o KRB T K 2 1 2 i
EDEM %8 3 A CHR 2l 0 i hn T v sl 28 TR 4 s B
A TEAEATOTEC, 4307 T AN T2 80 F RIS He
JRRGE . RIDEHA 5 T 8] 4% S HO0 AR L L
WA TZABEEZ X,



a6t 2101

EFEAE MRE PRI I BE xR 3l 06 i S S F 5 263 -

XTSRRI T R rh R TR 2] T
PEE A Z B A R S R A 0, WREFE 5 2% 1
INTASTE )8, R, TR SR e B
Ak, T BB L R B B Y, e BAE
A A 0 T ) R PR AR RT3 4 o B X i BE AR
A BRI E S, A w20 T 5 A8 f Rl R, AR SC
P th— Mg & T rh /N RE ROR ST, SR F 1R
T 5 ) 0 B AR SO I TR T 5, R AR
BEQOLE XTI TRCR AR, FFXEAS 5 TR 7™ A2 Y
J R — 25 SRR IE ST

1 &M

1.1 RIS

ARSE I E Burr King MFG 23 #4721y
Vibra King 150SX $ig sl GAmbIL , 548 1 B an &l 1 Frs o
TN BAR, B R O, RRIME
380 mm, TREEH 150 mm, Hi 5 AR ST, S5
TR [ 0 SR F AL R St A BN A A 90° 11
OB TEEARBILIER T, I T A7 28 (0] =48
PRBNMT, HCE TN T2 N S B AR e 2 B

380 |

Container wall

Abrasive paticles

150

Motor

Springs Eccentric weight

K1 PRsEiLs & i 1K

Fig.1 Schematic diagram of vibratory polisher machine
1.2 ik

6 P g it ) 3 R AORE RO R R AT T 82
BT, 301K 45", BkA 4 TC4 (Ti-6A1-4V) |
BE4 (A356) Al 304 REEM. WET 2y
R, SRR AN RN T A B AR R R, i R
RoFR 10 mmx20 mmx3 mm, TR E A 10
mmx20 mm H—ZRH .

1.3 MINRE

P sh SN A R I A B B A S |
P A | B I A5 ) e B S A B R AT TR
Bish . i Bfb . s, & T Z SRR
FIRARA B (BB AR ) o SEs e P ER N
3.26 mm (Fr#fE2E S.D.=0.1457, FEA%L n=20) HyER

TERENI BB, anE 2 Fros o i Cad #2 v fd HAE K
12 24 h JG Y, A B NERAETUN 90%, 1
FHTHE R HYA BERHE 1:10 5084, BN T 528
WMy 200 mL A& AN T AR T

WWWWWWMWW
Ocm 1 . a

E 2 pEh

Fig.2 Abrasive particles

1.4 {gFHE*x

B E RS N 3 mm, T8N 20 mm AR 5%
L[ E FAASNEE . 2 3FE 5 AT EYIE 10
mm %5, 3 mm RAEHE, B0 E TR, A
AB A, PR E R 3 . i U
IRRTBOLE N P3 L E, AamNMHE R P2 (i, %
RPN A P12 B, AR IMUHES R P4, A
ARG A PS B

Container wall —
N el
Lo
Rubber fixture
- %
= Po » a
Pl Adherent positions
— =)
P5 a
P2
P4 2
Symmetrical P3
centerline M

I IRI W79 C VA

Fig.3 Laying positions of specimens
1.5 ik

IS8 i TR A B 2 T REURS A
Mahr Perthometer M2 HURE B2 Il A PEAT 00 = 038
SCRG R, B B 1 Bh 35 T R sh 2 A% kA it
AT (7454 501F01, 2% REUE K 10.69 mV/N,
A R A 500 N, 65— 7 Ry 4 K 4 AR A BR 2
A ), 3t B R AR R G A TR SR AR 4B ( DHS902
IR AR, TR E RN ERAF ) , s
M EoR B R A 4 frR .



<264 - Fx om O OAR 2017 4 10 A
Regulator {0 2 B TR PR A T L h B, ph R
e TPE Ra (2% 2.4 um, (EWEE T 0 EL /N T

REE

o S

€nsor
L‘é
' _ |
5 e e e

K4 Zhas T g g

Fig.4 Schematic diagram of dynamic force testing device
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