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Diagnosis of Cutting Stability of Portable Automatic Beveling Machine
Using Spindle Motor Current

Tae Young Kim', Byeong Hun An’, and Hwa Young Kim""

Abstract

This study describes a system that monitors the tool and cutting state of automatic beveling operation in real time. As a signal for
cutting state monitoring, a motor current detected from the spindle drive system of the automatic beveling machine is used to monitor
abnormal state. Because automatic beveling is processed using a face milling cutter, the cutting force mechanism is the same as the mill-
ing process. The predicted cutting torque is obtained using a cutting force model based on specific cutting resistance. Then, the predicted
cutting torque is converted into the spindle motor current value, and cutting state stability is diagnosed by comparing it with the motor
current value detected during beveling operation. The experimental results show that the spindle motor current can detect abnormal cut-
ting state such as overload and tool wear during beveling operation, and can diagnose the cutting stability using the proposed equip-

current line diagram.

Keywords: Automatic beveling operation, Specific cutting resistance, Spindle motor current, Equip-current line diagram, Cut-

ting stability diagnosis
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Fig. 1. Construction of a portable automatic beveling machine (a)
Drawing of portable automatic beveling machine (b) Photo of
portable automatic beveling machine
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Lower roller
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Fig. 2. Details of the machining unit and driving unit (a) Contact
appearance between beveling tool and pipe, (b) View of the
driving unit holding the pipe
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Table 1. Cutting conditions for chamfering process in milling

Test Depth of cut Feed rate Cutting speed
No. (mm) (mm/min) (rpm)

1 0.6 170 500

2 0.6 250 500

3 0.6 340 500

4 0.6 340 800

5 0.6 250 1100

200
100
:

10 04 10 0 10 08 i1 11.02
Tirmei |
(a)

250

200
& 150
3

! B ] 74 - 0
Tirm{sac)
(b)

Fig. 4. Cutting force signal measured with a tool dynameter X-Direc-
tion Force (Fy) Y-Direction Force (Fy)

Table 2. Calculations of K and K, with average chip thickness

K K n,

Test No (ke /nim ) (f) (mm)

1 2648 042 0.11

2 2340 0.40 0.16

3 1894 0.38 0.23

4 2199 041 0.14

5 3350 0.44 0.23
A X, Y 5 iEF Aar 288 SAs iRl s AlE
2 AFESE S45CE AR5 2™, Table 19] AAF 270 u}
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< o] &3 %5& aﬂ% HAaE B85 ¥ 23S T Table 39 L
A= A2kt Table 3014 & 5= &= vle} o], Fr &
oF 3.8%, Fy = OF 47%A T2 BT 5% olu]o] QA2 H|wA
Z dAFE & T AUk

APL Baa AL 2(16), 217y THE W3 713 ZoA]
g 7Fs A E F317] 98l Table 49] A2t 202 &
2F AE-g 3R L A3E Table 52 A2k

Table 3. Comparison of measured and predicted cutting force

Average F, (N) Average F),(N)

Test No.
Measured  Calculated  Measured  Calculated
1 91.9 87.9(4.4%) 180,9 173.7(3.9%)
2 1103 104.7(5.0%) 2263  211.7(6.4%)
3 117.5 114.4(2.5%) 245.6 249.3(1.4%)
4 91.7 94.2(2.6%) 180.5 193.6(6.7%)
5 73.4 75.5(2.9%) 146.8 140.3(4.4%)

Table 4. Different cutting condition for chamfering process

1 12 250 200
2 12 340 800
3 12 170 340
4 12 250 340
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Table 5. Comparison of measured and calculated values for
different cutting conditions

Average F,. (N)

Average F
Test No. gy ™

Measured  Calculated  Measured  Calculated
1 173.6 169.6(2.3%) 336.7 330.9(1.7%)
2 198.7 190.3(4.2%) 395.2 386.3(2.3%)
3 212.6 207.3(2.4%) 432.1 427.9(1.1%)
4 248.3 236.9(4.6%) 521.5 510.7(2.1%)

Table 5914 & 5 Y= AXH F, = °F 3.5%, F, = 2F 2.1%
2 R 227t 5% o2 & A 3T w}a‘r*ﬂ 21(16)
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Fig. 7. Experimental set-up for current measurement
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Table 6. Equipments used in the experiment

Equipment Specification Maker
Milling machine SIMPLEX 2 HWACHEON
Tool Dynamometer Type 9272 KISTLER
Charge Amplifier Type 5019A KISTLER
Beveling machine JW-PB JINWOO ENG
Hall sensor ZMCT103C ZE MING
DAQ Board NI 9230 National Instruments
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b A 2DE o83t 7HE 5 583 2Y
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REQ U, VA AR AEE 7E33 DAQ HER ¢
g o WA ARE [, =—(,+1) FAYCZRE T3k
Table 6& £ Ao AL A An|o] 28 AlkS Yepdt,
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Fig. 8. Equip-current line diagram
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Fig. 9. Diagnosis of cutting stability using equip- current line dia-
gram (a) Comparison of measured current and estimated cur-
rent, (b) Sharp Insert and Worn Insert
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