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Study on Edge Collapse Area of Glass Ceramic Inner Hole in Rotary Ultrasonic Grinding

FANG Zhenlong
(Changchun Polytechnic, Changchun 130033, China)

[ABSTRACT] In order to solve the problem of poor export quality of brittle materials such as engineering ceramics,
rotary ultrasonic grinding technology is adopted. Based on Abaqus software, the simulation model of rotary ultrasonic
grinding is established. According to the stress condition, the forming mechanism of edge collapse at the hole exit is
simulated and analyzed. The experiment of rotary ultrasonic grinding of glass ceramic inner hole is designed to study
the influence of different process parameters on the edge collapse area. The results show that with the increase of the
depth of the inner hole, the compressive stress in the initial stage of the glass ceramics gradually changes into the tensile
stress, and under the action of the tensile stress, cracks are formed and the edge collapse occurs at the exit. The edge
collapse area decreases gradually with the increase of the spindle speed and the ultrasonic power. The edge collapse area
increases gradually with the increase of the feed speed. Compared with the conventional grinding method, rotary ultrasonic
machining can effectively reduce the area of edge collapse at the outlet. When the ultrasonic power is 100W, the area of
edge collapse at the outlet is reduced by 57.8%, which greatly improves the quality of inner hole grinding.
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Fig.1 Simulation geometric model
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Table 1 Mechanical properties of glass ceramic materials'"”

Rk 28 HfE
HE/ (geem?) 2100
P A /GPa 20.0

THAA L 0.35

POEE BYINL 1 /GPa 23
Wt SR A /um 0.01
A /(- kg '+ K) 1260
SHEH/(W-m™-K) 31

FE/ (goem™) 3.5

AR /GPa 960

P THAA L 0.2
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Table 2 Main performance parameters of machine tool and grinding wheel
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Table 3 Experimental parameters
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Fig.7 Exit edge chipping and measurement scheme

T3, P A BERAR T H 1R B A TR AR i X e
A 1) M 3 P 1 R AT X L, T LA S R PR s
FRIE DR B T el R 887 S 1 B 30 T R 2 B
T 55.9%.

9 Jy AN AA S B S5, IR 5 11 9 30 T AR

20224E 55658 55 1200) - R RER AR 109



,—‘? N »
E:I:jblﬁx RESEARCH

FIAEARAT O . AT LAt Bt 2 2 S0 8 110 348 o i i i A
RURSS 2 RY L) i) S il v 93 e D) 1R g K VAT ]|
P RHI BRI 2o B 2 8, PRI S S30eb 5 35 1 1Y
PR T A B4 T B8 N B R A 25 B A, AT 7
A TR R A TR B R ) v B RN T
12 22 TR0 140422 ik 0 1,25 388 00, 7 I 3 A5 56 AN A5 B 15 B
K A ) 7 AR R T 7 A TR B T . 3
TR 1, R BT S ), 2 8 s 0 o T 3 T AR
HH S8 B/ i R P R Sl s T i i RS A A T
49.3%.

B 10 AR S TR 461 iR 88 J5 H 101 A T
USRS, T LU Y, 2400 P8 T 5B e, i T
755 T 22 100 18 A7 555 Al e T i/ ol 8 ) 7 3% 8
1, S B30 1 P W P 0 0 TR 3 T AR AR ) R B
{EL R TP A R 1 Bt 25 7 P T 23 338 T m 3 o , B 5 768 7
IR R 1A T T FR AR A R A B W 2% . ML T3
T, 7R TR g 20W IF, 32 1R T R A T A
KLIREIT 29.3% ; A TIFE K 100W I, A B TR
RIAR, F9 7.5% , AR BE T34 18 B 0 T, A 4 i AR
MR T 57.8%.

4 Zig

ASCE T Abaqus BRI HE ST T RPACIE I FLAY T B
TR XoF e 2 R B 0 e S LR T AL B A
TR BT T B B T e B g, A
15 LW TG A 0 T AR B AR A 3R A T TS, A A
D

(1) Py 25 SR W], Fifi 25 V) F R J32 28 W 15 o, 3% 3
W 5 F 0 4 B B 1 P I 0 320 38788 I g, AR T fE
HIF TAFCHEB S B TR AL, L ) T 4 i, e
TERUT Hh 330, FLE 2 8 7 s %3 £ Loin e i) A i
TR OC A B AR H

(2) B ZE B 00 2 B, J b S, s 11 i
AR S S Bl /N R 3 X6 L T B R P s 1) S s
VRST80T R, T 09 20 T R LU IS 2 SR AR T
55.9%. B F 25 BEYE 0, B T 300 TR AR S A S
L AH L T 30 P B A R A TR T e
P BT A B e R/ R T a0 T AR REAIR T 49.3%
il 5 7 Dy 28, T 3 R S N A,
i 8 75 I 0 R 30 TR AR N i e S T2 .
FE IR 100W B AR TR B/ 0N, A b T3 36 S 1) )
I AR TR T 57.8%

H ARG, 81k it ) 8PS A o0t F A A 320 T AR
B —EWAE SRTTE At BR BE L R sy Je 1
T LI TIRA ISR

110 Wizs b B A - 202248 55 658 55 1210

031
—B e R
B 02}
£
&Ié
=
=R
35 " D\S\s\_s\ﬂ

6000 9000 12000 15000 18000
Fhh 3/ (rmin!)
8 FHFREXS AL EARAIRMm
Fig.8 Effect of spindle speed on edge chipping area
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