
 

31 

 
 

*  

 

 

(MRR)  

 

 

 

 

 

 

 

 

 

 

 

E-mail:wzl@hanya.edu.tw  Tel: 03-436-1070 ext. 6405 



 

32 

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 surfac 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) 
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RUM

Branson Sonic Power RUM 10 20 30 40

1200 2700 3200 4900 rpm 0.2 0.4 0.6

1.2 mm/min 1.0mm 1.5mm 3.0mm 8.0mm

200 65~90 325 36~54 25-1 two-level,five-

variable,16-test

DeVor et al. [29] Outputs : (1) MRR (Material removal 

rate); (2)Roundness; (3) Surface roughness; (4) Cylindricity Workpiece

Armor Ceramic Tiles 1  
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L16 45

1 High Performance Alumina  
 Alumina Content, 

Al2O3 
Wt  98  

 Density,  g/cm3 3.80 
 Hardness,HV50 Mpa 1350 

 E-Modulus, E Gpa 335 
 G-Modulus, G Gpa 145 
 Poisson’s,  ---- 0.25 

 
4-point Bending 
Strength,  

Mpa 260 

 Compressive 
Strength,  

Mpa 2000 

 
Coefficient of 
Thermal 
Expansion,  

1/K×10-6 7.9 

 
2 RUM  
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[30]

2 3 RUM

16

 

Signal to Noise Ratio SN 1  

SN= =-10×log10 MSD  (1) 

MSD 1/ y12 1/ y22 1/ y32 1/ y42 

y1 y2 y3 y4

SN

SN SN SN

 

     

True Position Tolerance

ANSIY14.5M

PT

Profile Test

CNC

 

Surface Finish Measuring Instruments

HOMMELWERKE TEST 

T  

ZKM 

01-250C Two-Coordinate Measuring Microscope  

profile
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Form PC 930 tester Mahr Gmbh

X axis

positioning movement to the right Z axis

upward positioning movement C

rotate clockwise 3  
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MRR  

[17]  

MRR Dout/2 2 Din/2 2 d T 

Dout  

Dout  

d 45mm  

T d  

ZKM 01-250 C

RUM

 

 

 

2 3 L16 45

 

 
2  

 1 2 3 4 

A mm  1 1.5 3 8.00 
B rpm  1200 2700 3200 4900 
C mm/min  0.20 0.40 0.60 1.20 
D  10.00 20.00 30.00 40.00  
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3 L16 45  
     

 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 S/N (R)  

 
 

 
(mm)

 
(rpm) 

 
(mm/min) ( ) 

 
( )

S/N
(R) 

 
(mm3/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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S/N
 

S/N  

 
5 S/N  

 
5 S/N  

      
 A B C D E 

1 0.468518831 -0.713 2.82171 -0.61 0.9 
2 0.141076613 -1.959 2.57633 2.2935 -0.84 
3 -0.72891342 -0.373 -2.3662 -0.617 0.6 
4 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  

 
3 5 A3B2C3D3E2

B2C3D3E2A3 '' ''

 , 

 

S/N =ý+(AA-ý)+(BB-ý)+(CC-ý)+(DD-ý) ...................................... (1-1) 

5 S/N (1-1) AA.BB.CC.DD.....

ý S/N

B2C3D3  

S/N   

S/N 0.2+(-1.96-0.2)+(-2.37-0.2)+(-0.62-0.2) = -5.35 
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S/N L16 16

"

" , n r

SSTOTAL DOFTOTAL  

SSTOTAL=[ ni=1 rj=1y2ij]-n*r*y-2 .......................................................... (1-2) 

=213.84-[16*1*(0.22)]=213.2 

DOFTOTAL=(n*r)-1..................................................................................... (1-3) 

(16*1)-1=15 
( ) (Variance)

 

SSFactor=n*r/L*( LK=1(yk-y)2 ...................................................................... (1-4) 

DOFFactor=L-1 ................................................................................................ (1-5) 

VarFactor=SSFactor/DOFFactor ............................................................................. (1-6) 
yk k L  

D SSD=16*1/4*((-0.61-0.2)2+(2.29-0.2)2+(-0.62-0.2)2+(-0.25-

0.2) 2) =16*1/4*((-0.61-0.2) 2+(2.29-0.2)2+(-0.62-0.2)2+(-0.25-0.2) 2) 3 

DOFD=4-1=3 

VarD=SSD/DOFD=23.6/3=7.86 

 
6 ( ) (Variance)

 
 SS DOF Var 

A  5.96 3.0 1.98 
B  76.86 3.0 25.62 
C  99.77 3.0 33.25 
D  23.6 3.0 7.86 
E 6.93 3.0 2.31  

 
7  

A-E Total  
213.12 15 NA 

(SS Total)  213.2 15 NA  
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6 213.12 213.2

7

S/N  

(A1B3D3) S/N  

=0.2+(0.47-0.2)+(-0.37-0.2)+(-0.62-0.2)= -0.92 
S/N B2C3D3 S/N  

=0.2+(-1.96-0.2)+(-2.37-0.2)+(-0.62-0.2)= -5.35 
 

 

 

Two-Coordinate Measuring Microscope
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fracture mode 7 a

7 b  
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b. 45
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1.  

8.00mm

4900rpm 0.20mm/min 30 0.54 m 

0.18 m 0.17 m 4 8

0 15mm 30 45mm

15 30mm

0.17 m

1

0.54 m

0.18 m 0.17 m

8.00mm 4900rpm 0.20mm/min 30
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8 8.00mm

4900rpm 0.20mm/min 30  

 
2.  

8.00mm 1200rpm

1.2 mm/min 20 8.46mm/min3 4

9

1 5

10 20 25mm 2

10 20 25 30 35 45mm

9
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8.00mm 1200rpm 1.2 mm/min 20

8.46mm/min3
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mm

mm

8.00mm

1200rpm 1.2 20  

 

 

hols quality  

 

S/N
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Cracks
45

Fracture Mode  
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