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A Study on the Machining Charcterisitics of Milling
of Cylinderical Rod Materials for Passenger Car

CHAE WANG SUCK, KIM KYONG WOO, KIM DONG HYUN

ABSTRACT

In this paper, we have studied internal quality
including chemical compositions, microscopic
structure and nonmetalic inclusion of test materials.
We have analyzed dynamic characteristics of cutting
force of milling including tensile strength value,
hardness etcs. Test materials are used the tempered
carbon steel and the non-tempered carbon steel.

The obtained results are as follows:

1. In analyzing intermal quality, the
tempered carbon steel - have typical
martensite structure and the non-tempered
carbon steel have ferrite + pearlite
structure.

2. Yield strength, tensile strength and hardness
value are in the non-tempered
carbon steel but elongation is maximum
value in the tempered carbon steel.

3. Cutting force is smaller non-tempered
carbon steel than tempered carbon steel
when feed speed and depth of cut is
constant.

4. Cutting force is smaller to the tempered
carbon steel and smaller non-tempered
carbon steel than tempered carbon steel
when cutting conditions.

KEY WORDS : tempered carbon steel(Z &4 7),
non-tempered carbon steel(H]Z 3 7}),
cutting force( 4}g)
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Fig 3-1 Manufacturing process of sample
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Table 3-1 The specifications of experimantal apparatus

- model : ARL-3460

Spectrometer
pec - 34 channels

- model : LECO-300

I
mage analyzer | X 50 ~200

- model : SHIMADZU

Tensile tester UH-100AUH~-100A
- maximum range : 100 ton, 6range
Rockwell - model : MATSUZAWA MXT- 27

Hardness tester | - B.C scale

- universal milling machine

Milli hi
ing machine | _ bed size : 390 mm

- model : KISTLER 9257B
- maximum range

Fx, Fy : =5 KN

Fz: -5 KN ~ 10 KN
- resolution : < 0.01 N

Tool
dynamometer

- model : KISTLER 5011A

- maximum range : £500000 pC
- sensitivity - 10 pC

- output voltage : =10 V

Charge amplifier

- model : LAB V

- resolution @ 12 bit

A/D converter | - 16 channel

- conversiotn time : 10° #sec

- measurement of a range : *10 V

3-2 483 NY
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Fig 3-2 The arrangement of cutting experiment appratus
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o], AaAlgoe] AzEs] M vlREA ¥ insertE AL} € A¥elM AdE 2Al) Gl W @Y 29
o] 520 rpm¥ 87 mm/min, E¥ ] 0.1 mmolA oujat #% A3E Photo 4-1 3 2ot
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Sample A
(tempered carbon steel)

Table 3-2 Experimental conditions

J universal milling machine
(vertical milling machine)

dry cutting

AD4125R (KORLOY, 4125 mm)
* lead angle : 45

* axial rake angle : +15°

* radiai rake angle : -4°
uncoated tungsten carbide

(A30, P30 grade, KORLOY,
SDAN 1203 AETN)

* clearance angle : 15°

* thickness : 3.18 [mm]

A) tempered carbon steel

B) non-tempered carbon steel

- spindle speed [rpm] @ 370, 520, 715, 990

- cutting speed {m/min] : 145, 196, 281,389

- feed speed [m/min] : 41, 61, 87, 127

- feed rate (mm/insert] : 0.079, 0.117,
0.167, 0.224

- depth of cut [mm] : 0.3

- number of insert : 1

- center milling

Sample B

4 A7 ¢ »3

4-1. 483 N3 ZAg

B AZAA ALSE v A¥A9 s AR 2N A
= Table 4-13} 2t}

Table 4-1 Chemical composition of determind Samplis

Sample
Component(%6) ’ A B

C 0.458 0422
Si 0.217 0.231
Mn 0.676 1.367
P 0.0072 0.0110
S 0.0159 0.0147
Cu 0.149 0.089
Ni 0.081 0.052
Cr 0.172 0.151
Mo 0.017 0.017
Al 0.014 0.0291
Sn 0.0133 0.0058
M 0.107 Photo 4-1 Optical microstructure of tested samples( X 200)
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Table 4-2 Results of tensile test and hardness test
Sample 100 150 200 250 300 350 400 450
ftem A B Cutting Speed (m/min)
Yield strength(Kgf/mm®) 35.6 58.1
Fig4-1 Cutting speed vesus Cutting force for tempered
. . carbon steel and non-tempered carbon steel
Tensile strength(Kgf/mm®) 67.1 84.1
60
Elongation (%) 26.3 20.4
55 [ —=— Sample A
Hardness (HzB) 207 241 —&— Sample B
& 50
o
X a5 L 4=03mm
Z, Sample B7} Sample ABRTH E273% R APpee 9 V =520 rpm
A7t o] ANE&L Sample A7t Sample BRt} & ° 40 F
Aoz eyt o] A& Sample BY ZHo| ¥Jelo] s} 4
@o}l 71918 Re2 wussy, = Sample B7t Sample AR _g’ B
o AE7F & RAE Co e tiiel gl ZidE Ao =
2 wedn S 30l
4-3 A2t3 W7 25
Fig 4-1% 2z} Sample A, Bell t}3lo] feed speed 87
mm/min, depth of cut& 0.3 mmZ YAHA AL o 20 | | il I ]

A& Wl o2 el §sE ¥eFan o
Aars&wrl E71gel gl 2 Sample A, BESF "2

Zase A ¥ 4 AQ: AF NS nzEARY

Sample BRtt F@471Q Sample B7} A4tgo] A e

200 40 60 80 100 120 140

Feed Speed (mm/min)

Wt
Fig 4-2% cutting speed 196 m/min, depth of cut& 03 Fig4-2 Feed speed vesus Cutting force for tempered
mmZ YAsHA Y& @ Z Sample A, B A &S carbon steel and non-tempered carbon steel
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