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RESEARCH ON THE INFLUENCE OF THE
CUTTING CONDITIONS ON THE HOLES
QUALITY OF ARMOR CERAMIC TILES IN
ROTARY ULTRASONIC MACHINING

Abstract

Rotary ultrasonic machining (RUM) is regarded as one of the cost-effective
machining methods for Armor ceramic tiles material. It is a hybrid machining process
that combines the material removal mechanisms of diamond grinding and ultrasonic
machining (USM) .Chippings at the holes exit are also observed under a microscope. A
number of factors influence the quality of the cut surface : For spindle speed, feed-rate,
and ultrasonic power. Furthermore, the paper presents the results of a designed
experimental investigation into RUM of ACT. A three-variable two-level full factorial
design is employed to reveal main effects as well as interaction effects of three RUM
process parameters (spindle speed, feed-rate, and ultrasonic power). The process outputs
studied include holes export section surface roughness, material removal rate (MRR) ,

and holes quality (in terms of Entrance section chipping dimensions).

Keywords: Rotary ultrasonic machining (RUM) ~ Armor ceramic tiles (ACT)
Material removal rate (MRR)
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# 3L (4°) &2 2 2 nf el
rdl S BT 313 B ¥

R A B C D

1 1 1 1 1

2 1 2 2 2

3 1 3 3 3

4 1 4 4 4

5 2 1 2 3

6 2 2 1 4

7 2 3 4 1

8 2 4 3 2

9 3 1 3 4

10 3 2 4 3

11 3 3 1 2

12 3 4 2 1

13 4 1 4 2

14 4 2 3 1

15 4 3 2 4

16 4 4 1 3

% 4 JegER SIN v (R)E
Al s | 2L | #@ S #E | AR | SN | B
F %% | (mm) | (rpm) [(mm/min)| (%) |Gt > T &) (R) (mm?*/min)

1 1.00 1200 0.20 10 0.79 2.05 0.009
2 1.00 2700 0.40 20 0.82 1.72 0.015
3 1.00 3200 0.6 30 1.43 -3.11 0.024
4 1.00 4900 1.20 40 0.87 1.21 0.240
5 1.50 1200 0.40 30 0.92 0.72 0.049
6 1.50 2700 0.20 40 0.94 0.54 0.020
7 1.50 3200 1.20 10 1.72 -4.71 1.036
8 1.50 4900 0.60 20 0.63 4,01 0.452
9 3.00 1200 0.60 40 1.93 -5.71 0.667
10 3.00 2700 1.20 30 1.87 -5.44 1.283
11 3.00 3200 0.20 20 0.68 3.35 0.231
12 3.00 4900 0.40 10 0.57 4.88 0.427
13 8.00 1200 1.20 20 0.99 0.09 8.460
14 8.00 2700 0.60 10 1.71 -4.66 3.268
15 8.00 3200 0.40 40 0.71 2.97 0.262
16 8.00 4900 0.20 30 0.54 5.35 0.118
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B RS # SIN £ o

e

Al A AT M AR M oo oNnmM HEBH
5 dokkh 715 SN E LR

&

25 fo kR SIN - T4

a8 ET i iE S 7 %k 5

F % i A B C D E
k1 0.468518831 -0.713 | 2.82171 | -0.61 0.9
k2 0.141076613 -1.959 | 2.57633 | 2.2935 -0.84
k3 -0.72891342 -0.373 | -2.3662 | -0.617 0.6

k4 0.938582932 3.8644 -2.2126 -0.247 0.156
EFFECT 1.667496352 5.8233 | 5.18786 | 2.9103 1.736
RANK 5 1 2 3 4

d 4 3B 5P TS e s 5 A3B2C3D3E2 B - Mk 4F o ek
P84 L) k5] 5 B2C3D3E2A3 fpt T oA * - LR dide gk A AR
co B - ERAGR L P S D 2T RER TS, AU R eTS
FALG A ER TG 0 HIpp D e

SIN 3 B E=y+(AA-Y)+(BB-Y)+(CC-y)+(DD-Y) oo e (1-1)
%5 5 AP FERFeRER SIN v - 14 - 54(1-1)" AABB.CCDD.... % 5 it 2 £
vy % SIN wenTiaE o k- XRAEDNAFTHRY EEPES 22 2 FF
B2C3D3 -

“103% SIN 63 iR B34 8 BdeT

SIN 3F |3 5 & 0.2+(-1.96-0.2)+(-2.37-0.2)+(-0.62-0.2) = -5.35
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SIN eigipl3- 8 % vt Lig & H 4 16 29 %+ > _ez%«ﬁr‘%%%,ww I.;: o ¥ A
- LR IR GG AH S Y E D RSB AR R P kL e

FlF "L A R L E B RS nE B BRF on B %ka R .fsf_“é?ﬁﬁjé roig

LR fcdy 0 HAREE SSroral 2P @ & DOFroraL & B ¥ 1 F A4 n

SSTOTAL=[ZNI=1Zr=1Y20[]-N* I Y-2 oo (1-2)
=213.84-[16*1*(0.22)]=213.2

DOFTOTALZ(N 1)=L ittt (1-3)

(16*1)-1=15

A RBFFRFHAEAL NRE(FF 2w £) 0 %8 #c(Variance) &2 F1+ f d B A 7

DR T E A

SSractor=N™ /L (ZLKZLYK-Y)? oo, (1-4)
DOFFactor:L‘l ................................................................................................ (1'5)
VarFactor:SSFactor/DOFFactor ............................................................................. (1'6)

PP yk R R TS Ak K EEaE B o L AT ok B o
A F]F DL Gl SSp=16%1/4*((-0.61-0.2)%+(2.29-0.2)%+(-0.62-0.2)%+(-0.25-
0.2) %) =16*1/4*((-0.61-0.2) %+(2.29-0.2)%+(-0.62-0.2)?+(-0.25-0.2) ) =3
DOFp=4-1=3
Varp=SSp/DOFp=23.6/3=7.86

% 6 RS E(FF ke &) %8 #(Variance) ~ F]l+ p d B ~ ?ﬁ%li 7]
+ e &
il Fl+ SS DOF Var
A VS 5.96 3.0 1.98
B g 76.86 3.0 25.62
C B% 99.77 3.0 33.25
D 7 23.6 3.0 7.86
E A 6.93 3.0 2.31

27 AT RIS RIS

b F+ %R E B
213.12 15 NA
(A-E Total )
2% 2 (SSrota) 213.2 15 NA
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B 452k 2+ (A1B3D3) S/N eh3g ip] im 22 5 18
=0.2+(0.47-0.2)+(-0.37-0.2)+(-0.62-0.2)= -0.92

B 3% 340 S/N Fp R B2C3D3 S/N e3p p| B3+ & &
=0.2+(-1.96-0.2)+(-2.37-0.2)+(-0.62-0.2)= -5.35

bt H R @k R Rk HESETREE
NREE: RS S Sl

(=) *4EV) S8 v oo A A A TR R
B BB = ph 4Rk 5 A4t (Two-Coordinate Measuring Microscope
) K plFUE I 2R 4e 1 153t e ]2+ A 3] i (Chipping Formed) 2 Lzt fi
o B 6 5 B $usEIE Z 4% (machined rod) 2+ A BB 2 < 47 LW 2
E&F A i 1 A HALE T T M A% (machined rod) *7 A if B R
L

ER-IRLE

'\-\.._\-H‘-- |
Ta | |
Fi %% =T
"y i [ H |
. et
S = /}] _{:{\ l}

[ =Y e

Bl 6 HuiE 4 = 5% (machinedrod) 2 *» i & & 2 < 7 2, B

YR T AR AR LA 1 2 4PV ST 2 FB g F % (Machined Rod
) Flavat x> Ak 2 B > AT HRAe1 2 1 EH P8 B LI L b A
Ry 47 18~16 M2 HEN| SEclRiE 2T o SN L ML 2
FER AR e WA AT TR AR I AL e I
v (cracks) A4 22 N2 ERZ WP 4T L F Vb1 BiT AT B
gLt g A s He o a AEthr1 24602 45 BES P G AR
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REFIF M 4o 0 (1) » v BT BT A B ET A A 4 i
Flm g 343 % F 5 220 ) o &e*u;waf"*M"*&E A N e g AT S T
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RE S DICEE ¥ “f—; F Lz eiEiE T (47FE 2 42¢8.00mm ~ # i 1200rpm
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