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Abstract; In order to improve the machining accuracy of the metal shaft parts, the vibrating abrasive belt polishing method was innovatively

applied to the deterministic figuring of high-precision shaft parts based on the principle of optical deterministic figuring. In this method, the abrasive

belt covered the outer surface of the contact wheel, and the elastic contact wheel contacted the shaft workpiece under a certain pressure to form a

rectangular grinding area. The removal of materials could be achieved by the axial vibration of the contact wheel. The contour of the shaft’s surface

can be measured by cylindricity meter, and the error’s distribution could be obtained. The dwell time of the contact wheel at different positions on

cylindrical surface was calculated by pulse iteration method. The material removal quantity at different positions of workpiece was different by servo

control of the machine tool’s spindle, thus the cylindricity error could be corrected deterministically. After the simulated machining, the

deterministic figuring experiment was carried out on the cylindrical surface of a 45# steel shaft. Experimental results show that the average roundness

error of the workpiece converges from 0.42 pm to 0. 11 wm, and the cylindricity error of the workpiece improves from 0. 76 pm to 0. 35 pm. The

shape accuracy after machining is better than that of the ultra-precision cylindrical grinder, which verifies the feasibility of high-precision

deterministic figuring on the cylindrical surface of shaft parts.

Keywords: shaft parts; deterministic figuring; abrasive belt

ERASEE B Z N T KR ILR,
W 1R RN T B A DR BE B R Y
AT, R B PR 1) 3 Jal gl 2 vo A il
KEMHIERZ o BT BT ARRG A
ROIHE B2 R Wi TAR PR RE i £ 2N R

«  WeFs HHE:2021 —02 -25

(FE) BEUR 22 M i Al 28 T I AR 1 B B4 A, 56
R BB 1 T 45 G 0 IR B B
FREHE 35 Tl 3 H AR Y A T, R R s K [
5 b AP PR 7, — SRS 285 S 2 1 1 [ 2
RECIEH 0. 1 pum R, FIAEERZEEA T

EEWE : HRK ARFA RGO H (51835013, 51991371) 5 [ 5 A A& K1 ¥t 0251 H (2019 YFA0708903 )
PEE R WAL (1982—) 3 IR BRIT A, BIBITFE 52, 1, A A= 5010, E-mail : huhao07 @ nudt. edu. en;
IV GEAS R 5 ALK 54 | E-mail : 760491637 @ qq. com



- 168 - B BE K 2= 2 i

5545 &

Um0 A 11 R o S 1
L7 Fp 22O R A A R B I D AR R AL S
7k, PLBGE DS AR BT AL AL LA B
AT BT 1 5 3RS AT 4L 45 A A5 48 T
FE o X FAE G T Ik 2 i
I 2N P — Mol S AR A I HLARSR AR UL, i T
TR BRI ] — R S LR T R %
PERREBEA 28 THLR B S RORS I, B AR &
A1 P HIAILER B0 TR HE A BEIAE) 0.2 ~0.3 pum
H I B DR 22 , B i T ARG J3E B 28 2 PR 1 L
T TR KA. T LM R AEsf e ton T,
T S FEANKT B, o 4 O ZERAR &, 1R 4R
a2 MU I RO AT DR, O S AT
M, AU, BRI AAR , N 1A = wfE
DA AL = R, BT A 4
B 0 1 2 DA A T 9 R AR
AN TR = AR, RS BEAR X B A ALK
B, T FEALIR BB 6 B A A 2
bl ' B AT e 1 A RO B i Tk
TR, A 7 JRAS IR, Gl Y L AR, B
SREE R E I T A AT r ik
A7 BIE A RSP 1 2 T PRONG BE B S P B B
b PR A R R AT R s S T L, S sk
FHZE T ) RS 2 3l 2R 1R i 8o 4k L A s
T R 3 — 2D B i R I CORS B DL R RS B
K e RN L s i R B L AR
SCAH P R S~ 1 5 I 5 3k 1 T A S
TR L X a5 PN 5 A A B R AL
PR EL B B T AR B R I RS LR I T
K5 3 325 o

1 WEFHHEENTREE

TR A P R BRI S LA
e FH B IEH A" (computer controlled optical
surfacing, CCOS) , R 7E 2 B e& £00H ) 4 11 B 1%
ZERRE ) S5 a3k A 00 5 B e () A i
AR MR 25 B R BROfE T 2R A S AL B B R
), P 28 48 4 W) AN W) 7 ¥ 1) B B ek 1) 1A S5
PUASTR] %) 2 B it , DA T 552 B I A 2 1 T IR 3 22
AR S PSS

BT RSN A B0 Y A 1 )
PRI 1 7R, A2 A il A AT , 4 i
565 b S A DIE v 1 4 ik, A1 RS AT A
HA70 #4i¢ B) 4 fuh e 7E 4 fuh s ) 5 AR 2 [A) B
T BRI A 5 ik DI o A 8 e A2 A SR s LA
— & B AT T T 4R Sl R A e 25 bR Tiz

2y, FEAR BI Y [F] i 42 fih 48 BV 4 S 2y i) B AT ]
A% By, 38 ok 0 Al e A P st ] Al o, % i e
REAS 3 7 A 3R 0 DR R IR Sl e 7 B07
P 8] A RIME E 5t T 23 BR A2 1A i i
SE 1, PCAE LR £l AR T, TR L
ELAEAI DX P B A [ 4 e 1) AT L 25 B AN [
AR, SRR 2 R 2 R BR, IRE R A &
B, IS B AR R 22 OBl @ MR 48 . LR 4E
TEHIEH %055 b TR 7 UL R HESh T IR 2%
DA s S5 i, RISk 422 i A8 T b Sz st A B
ERPEVRIE VL T AT R AR I e ik 22, DL A%
GEIn T Ho oz Bl iR 2244 R A9 R W, 2] UL
TETE I T BB RS BT b o BTE S A bty 14
PR EAWI, ORIEMETE 3 A v i e bt 25
SRz gl , LIRS AIF PR DX A R A E 1

IR
o

ARELRE RS

(a) PRSP GBI EVEIB L = 4R A
(a) 3D schematic diagram of vibrating belt

assisted deterministic figuring

i by SR 1
e

BT X

HATOR

(b) fhde A T4 2 B4 iR 72
(b) Schematic diagram of the contact between

contact wheel and workpiece

BT PRalmbi i B i e PRI s B A
Fig. 1 Schematic diagram of vibrating belt

assisted deterministic figuring
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Fig.2 Surface error distribution before and

after simulated machining
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