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Experimental Study on Grinding Force of Ultrasonic-assisted Micro-grinding of
Al,O,;/TiC Ceramic Material
Yin Yanfeng,Gu Meilin, Wang Yaowu,Zhou Tong,Peng Cheng

Abstract: Based on ultrasonic-assisted micro-grinding,the micro-grinding experiments of Al,0,/TiC ceramic materi-
als are carried out and compared with the traditional micro-grinding technology. The variation of the grinding force of
Al,0,/TiC ceramic materials with ultrasonic amplitude, grinding wheel speed, grinding depth , feed rate and other technolog-
ical parameters is studied by single factor analysis method , which provides the basis for improving the processing quality and
selecting the processing parameters reasonably. The results show that the grinding force decreases with the increase of ultra-
sonic amplitude and spindle speed,and increases with the increase of grinding depth and the workpiece feed rate. Compared
with traditional micro-grinding, ultrasonic-assisted micro-grinding can effectively reduce the grinding force. On the premise
of ensuring the surface quality of the workpiece, ultrasonic-assisted micro-grinding can adopt greater grinding depth and
speed , which is helpful in improving the material removal rate and processing efficiency. And the optimal parameter combi-

nation in grinding Al,O,/TiC ceramic materials is obtained.

23

Keywords: Al,0,/TiC ceramic material ; micro-grinding ; ultrasonic vibration; grinding force

1 35l

SRR R AR BA R B L | R G A TR
DAL Mt JE e P, )32 IO T U R A 2 M A 0 P 2 2
Gl AALHR AR YRR R AR O N TR B =
B AR HE R AR R A S 1 A A A S B o
JEERITRS A L ER T Gl 1 o o v 2 5 77 A AR )
TECKIIYINI ST, 2 AR R B ERSTS aRE . h
THER N TIRAT I R A7 i, 20 i T T2
PEATRIFTE , vl N 0 2 P e A L 1 ) S 1

T AN T AR B o T i R A G A
1o A (E A PR ) 2o 5 P A7 A D 48 B S 40t L 3
FE N TARARARAF BRI , e — e 2L 1 24 3 U

T

E£mMAB: Kl R34 (17JCTPIC55200)
K EHEA: 2018 4510 H

R R RS o A D O 1) B e )
S I T 3 T e /N BT 1) A AR AR D ) 3 A
I 2 T R 45 B sk i i TR,
e B G AR R T B ) X ) A R A
JEL R 0 TR b B2 A 3 T 1 5 o A )
GG BT, W B A 2 SR,
B, BB 772 B N Ak R R s i1 R A 1)
Y,

(] PN b2 3 O TR P R Sl e B X B ) 7 1) 5
MUAEAT TR BFSE . Bhaduri D. 285 5 i )
A4 T18 FORE YR 75 4 2h B X B0 2 B, AR [R) 1)
HISECT 1 ) DD 1) BE H) T 43 5 BEAIR T 23% Fil
43% ;Wu Y. B. %5105 1 {15 15 oA BURE 1) S ) 45 B T
Wiy T T AR G, Bt 9t o 7 i S AR M A0 B
B 1 3 B S R 5 R 25 T o R P 1A T
7 N T, 22 W P R 3 A R 3 bR T 36



24

T R A 5 7 L A R T 7 iR 3
JE N T30, #5714 sl v ok A6 AL e P o
S A B N AR BR A 32 28 05 T. Tawakoli
AT A X 42CeMod HEA TR iR 3 T 2B IR
ISR B B IR IR AE O ~ 10pm AYAEAL, 17 %
HI 132 B/ )N AR LA SRR N T P Bk sh A B
AT RO A 3R I A A5

5 A FE N A 2 T 5 A B A P IR B
JO7FH A% G0 I rp e WA s I TR I
INTEAR s AT X AL O3/ TiC PR A4 7
il B H e, 23 B B ) B I T TS S0
AR FFAEPRUE TR T3 1 S A AT T, 75
H AN Tz R B I 24

2 RIIRIT

TEEA BRI 5 Hefl BRI 1 R i
PR HBE NIRRT 6 o %P6 b =R oCH s )
YU, 73 1) < B P R A A5 i A £ 7 1o A
HA RSl DA g e i sl MRS B 45 12 2
A BV ER A B K e 2B IR IR B S
X AL O5/TiC K 4k 9 7 4ik 20 i B B0 #l
T, W 2,

Tk A 59]
PC1 I = R e
par e
T e H
AT : =7
TE xyz ST &
[ O %
e THEG A
PC2
1 REFEs
LA
Ve " L4
* S # A
4, [ M1y
f -

B2 BEIRSEEHIMT

2.1 IHMBEREREE

F T AU B0 2R P A LR A B B AN o 14
R R AR < WA D R A D TRl T TR, P
IR/ RS BB R SRR R AN TR . i
B LRt AR S H A B LG TERE R B B M1
AR RAE D U B TR, 4205 1. Smm, #058 4L
JE 270% . B AR AL O,/ TiC B e, 5 a2

T AR

AR AL ER , I RSE 5S0mm x 20mm x 2mm , A4
BHERBRHES B 1,
F1 AWUEE TIC MEMBHERESE

o WPERIE H | AR E BT K
= (GPa) (GPa) (MPa-m"?)
EALIER 45 1.65 4.8

2.2 BEIRmEHEEERIEIET

FE TR V- & 6] 7S B RS e i AT i
Tt 18 R R 243 B I 4R 55 5 W) ) Bl 7 ik ) =
B PR BB TR B R 4 o R A i TS A
R, BRI S804 6 L3 2, 5 R 3 il

BEHIRS T 3
x2 RHEBHIBH
7 IR Eatiitzauy JE WA RE BEY
A(pm) n(r/min) a, (pm) Vi(pm/s)
0 10000 2 40
6 20000 3 70
7 30000 4 100
8 40000 5 130
*3 BERDIBEBHIRKEAR
I | BSRIE | R | BHIRE BEY
i A(pm) n(1/min) “p<|«'«m) Vi(pm/s)
1 7 10000 3 100
2 7 20000 3 100
3 7 30000 3 100
4 7 40000 3 100
5 0 20000 3 100
6 6 20000 3 100
7 7 20000 3 100
8 8 20000 3 100
9 7 20000 2 100
10 7 20000 3 100
11 7 20000 4 100
12 7 20000 5 100
13 7 20000 3 40
14 7 20000 3 70
15 7 20000 3 100
16 7 20000 3 130

3 RIERITH

S ) 3 2 S ) e e v ) R B B AR
TR S e 1T O0 . JE I B RN R R
A BT 1A 2 T o A R A 4 147 A R e ml Dy
BDHE 1D S 451 O £ G AR B , T (o L s 2 R B
e .

K3 REH SRR g AL O,/ TiC g
FAOREREA T P 6 B RIS )X 0 A e 1)1 Xof
LU, AR SRS B I T3 £ 00 25 R 0 4 T2 T2 8
I 75 IR S 2 BO0 W1 7 ) A2 A R, OF b T 4%



2019 4F55 53 48 No. 6

TN L2506 JE Il 7 EE RS20

B3 [EHIA

3.1 BEIRINSHMEH NHZmSH

P 4 Sk 1) R 1) PR 1 3 Bt 7 9 3h 2 KR i
AR . FEAHIR TESHCR M TG A iR 3h
B i O JFAGHE A E] 8 m (R e, 7 i B B 1
Al BB PN WS MR PN P SRR A
ToHE RSN, ARIERIE A O BTG P 4R s AR i
6 1 7wm YRR RSN L, BRI P 4R 3l 4 )
SRR B S RIE D 6 um 7 m A LE , 7S 4R
8 pm IS PR HI) ) B3 K [R) It A 7 I 1)
B A, AV W) R T 5 PR ) I W 4 6 i
WAL, (EL AR IR RE AT BIR

——F
3.5 -
~3.0 ——F
Z25s \
R2.0 ]
ir 1.5
= 1.0"‘\.\‘_’0
0.5

0

1 2 3 4 5 6 7 8
75 35 (pum)
B4 BEHIAREEERIBHE L RE
3.2 ERISHXER BRI
PSSy 1o R ri) 91 3 i =5 ol e ik A 22 AR L
o B TAhEe s K, oA ol A B IR 3h , i%
[ R 1] P JES 1) 0 O B T e A5 7 TP 1R
JE i R KO A SRR S DL T AR P AR S U
FI N o P sl il B R 11 BE A W S R R 1
HAERE 2y 200001/ min 57 1) A1 i) (4 B85 W1 ) 1
MR RE B R o FLIRIRR: | B T2 e ) H K, Pt
VRV, 14 I T L0 1) V52 52 R ) 1) i AR /), AT ol
PR RV A A ) D 1 T3 AT
P 6 Shydk 1 R 1) JE 1 3 Wt PR 1 R 3 4 22 A L
o TR IOl R R Sl A Bl 32 180 JEF 0 A0 1)
| 3 A S 1) T R 39 DR T 0 R AR RS 1 2 Kk
L EHITREE B 2pm SEINE] 3 o 15, 8 A R Sl )
TR 325 ) M 1) PR ) 0 396 ok P2 A 1 5 S RS
JEEN 3pm SEHNEN S pm [, 35 18] P 1) g 48K 5 A

25

PR, ELAEFE IR B O 3pm I, 57 I ol il B ) 3% 1)
L) i PR S )10 R AR SRR IR BRI ok
IR S A B Gl 0 AR T AL SR I T, X vl T
A S 08 R Sl 5 4 1 1 75 50 8] Bk
HIl, 3 B0 IR Sl B R B B D AR T A%
S0 TRl PR ) 5 RTS8 0 DR, £ i - 1) J 2
FEAZHIIGOL T | FERLAT RCHIT A4 K, DT 5 | e B
L1 P I T3 R K

4.0

10000 20000 30000 40000
3% 34 (r/min)

B 5 YRR

5.09

4.64

4.2]

JE5 H R (um)

E6 EHHREELIRENTHRE
Vel 7 Ay ik ) R o) 25 1) 0 A 7 i S B s
) A% 8 B S 110 o 1 v B T A a0 4 R ) 7 AR AR
o HELG B L B 40pum/s 3R H] 130um/s, 15 [0 Fl
Y1 1a] BE I 7 ¥ 1 25 3 R 1) 348 T 4 K 5 0F 4 1 B
9 100pm/s BF, ZEAR LI TS 50F , A %HE 48 i gs
FTT 55, 6 75 B 20l B A ) %) % 1 R D) 1) S 1)
R e s FLBR PR o F TR sl s
o5 [ YL P SEE 42 kA 38 K i A B b — 1
4.0;
3.6]
Z 3.2:
52.8-
5 4]

2.0]

1.6

40 70 100 130
1 25 34 BE (um/s)

B7 EBHAORI4tEEETHRER



26

P R B2 fal T BRG R , SEUBB I 3R
3.3 HBMISHFTEH]SHR M
SR AR TR, B ] 7 He At A B ) A R
PN BB ) BB b, 8 EEWI 1l €, 3Rk
KH

C, =

K F, N m R F Yl EEL .

4 o ALO,/TiC BB HUEH| 1 LLRi& T 22
B k. AT UL B I T Ll B S R R R 4
HYHE R BT, bl 3 b i R IR 14 K2R
Rk 4 T LR A % 5 ¥ 0 LU BN L 2 880 8 A KR
A5 B ) A —F

Fz4 ALO/TIC MEMER NLEBEIEZESHNTK

| R | e | B -
WD | E | LR e | N
wie | e | e | v TR Ry
a,(pm) " (v/min) | C; ( wm/min) ! M o
2 1.49 | 10000 1.58 240 1.26 0 1.42
3 1.55 | 20000 1.50 420 1.50 6 1.28
4 1.57 | 30000 1.32 600 1.56 7 1.05
5 1.66 | 40000 1.10 780 1.69 8 1.20

4 %iE

XS AL O,/ TiC W AR SO HI i 56 , X
Ll A% S AU 1) R P IR 3l T A 1 A 7
A B H BRI T T A S80S @ R sh 24
AR, ST .

(1) 51558 (0% I AR LE , 88 P Bk 20 B sk s )
TR0 1 S ) g S S 50 7 A AR B 5 A
P A% S8 P AV L, P % 2l i Bl 5 ekt o
TR i 2 R AR S IR B, T 4 s A i A%

(2) FE45 7 14 VB W) T 43 BN, R AIE fin L 5
IR B FT 52 T, 8 A5 IR 3Bl B OB ) AL O,/
TiC B B pRH) e UL U I TS0k < A5 R A
=Tpm, iP5 5 3 n = 20000r/min, B Hi| IR &£ a, =

39111,5&2{3‘@% V=100 pm/s

S 3Lk

[1]D Dornfeld,S Min, Y Takeuchi. Recent advances in mechan-
ical micromachining[ J]. CIRP Annals Manufacturing Tech-
nology,2006,55 :745 - 768.

[2]H W Park. Development of micro-grinding mechanics and
machine tools[ D]. Atlanta;Georgia Institute of Technology,
2008.

[3]5Kz fL. A I T R R T LM . Ae st [ B ol Y iR
#t,1995.

(4 T RO 52T, e e ) 3 o8 P V) 20 TH V22 S o 149 52 W) )
IEFELT ] R B B, 1988 ,48(6) =5 - 10.
[5]Bhaduri D,S L Soo,D K Aspinwall, et al. A study on ultra-
sonic assisted creep feed grinding of nickel based superal-

loys[ J]. Procedia CIRP,2012(1) ;376 —-381.

[6]Wu Y B, Nomura M, Feng Z J, et al. Modeling of grinding
force in constant-depth-of-cut ultrasonically assisted grinding
[ J]. Advances in Materials Manufacturing Science and
Technology ,2004 ,471 - 472,101 - 106.

(7 125 0. A A P T2 7 i 50 P 9 AL B o 1 o it F 7
[D ] IR i /R Tl R, 2011

[8 ] 7 [l A Ak Py e e P i 0 B s o 2 T 58 S PE Y
(D] IR : /R B Tl K7, 2013.

[9]T Tawakoli, B Azarhoushang, M Rabiey. Ultrasonic assisted
dry grinding of 42CrMo4 [ J ]. The International Journal of
Advanced Manufacturing Technology,2009,42.883 - 891.

F—EH FHRRAALHRE, LT L AFHRTAE

%,300130 X # w7

First Author:Yin Yanfeng , Postgraduate , School of Mechani-
cal Engineering ,Hebet University of Technology , Tianjin 300130,
China

BEEH AEMR BB, TLT L AFHNRIER,

300130 X &

Corresponding Author: Gu Meilin , Associate Professor ,School
of Mechanical Engineering ,Hebei University of Technology, Tian-
Jin 300130, China





