7| A7k 383 &), #2048, A123F, pp. 100~ 106(2021.12) ISSN 1598-6721(Print)
Journal of the Korean Society of Manufacturing Process Engineers, Vol. 20, No. 12, pp. 100~106(2021.12) ISSN 2288-0771(Online)

https://doi.org/10.14775/ksmpe.2021.20.12.100

BF H4 L Aol mE I XAFI JIBE
shajoll et ol T

ShREalY ) s BAYT A 7| Al AY 2}

Improvement of Mold-Sculptured Surface Quality Based on Tool
Shape and Posture

[-Woo Yun®, Jong-Dae Hwang™, Dae-Cheol Ko™
*Department of Mechanical System, Gwangju Campus of Korea Polytechnics
**Department of Mechanical System, Busan Campus of Korea Polytechnics

“*Graduate School of Convergence Science, Pusan National University
(Received 10 August 2021; received in revised form 02 October 2021; accepted 03 October 2021)

ABSTRACT

This paper presents a study on the improvement of the machining quality of sculptured-surfaces of molds
according to the shape and posture of the tool. In the existing 3-axis machining, the methods using the ball
end-mill and radius end-mill were analyzed for various cutting patterns and compared with those of the
5-axis machining. It was observed that the 5-axis machining using a ball end-mill obtained the finest surface
roughness, and for the 3-axis machining, the optimal results were obtained for the one-way machining using
a radius end-mill.

Keywords: Surface Roughness(2™M =), Sculptured Surface(Xt7=9), Cutting Pattern(7}SZZ), 5-axis
Machining(5%7+8), Tool Posture( ST XHA|)
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Table 1 Chemical composition of SM45C steel
substrate(wt%o)

C Si Mn P S Cu

0.42 | 0.15 | 0.60

SM45C| )48 | ~0.35 | ~0.90

<0.03]<0.035| <0.30

Measured
positions

Sculptured
Surface
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Fig. 1 Geometry and measuring points of test
specimen (mm)
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Table 2 Cutting condition

onditon| 1 | 2 3 | 4
Factor 8Ball/2Flute D8R1.0/2Flute
Milling Mode Down cutting
Cutting Pattern| One-way ‘ Zigzag ‘ Spiral
Cutting speed 40 m/min
Foed 0.08 (feed/tooth) Fig. 2 Machining center and Definition of the rotary
Scallop height 0.01 (mm) axes
Step over 0.509 (mm)
Depth of cut 0.5 (mm)
Tool Angle 0"/ 30°
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(a) Surface roughness tester (b) Microscope
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Table 3 Measured surface roughness

Surface roughness Ra(um)

Order | Top avg. | Mid avg. | Bot avg. Avg.

1 1.772 3.451 2.582 2.601
2.617 3.948 2.406 3.063
2.093 0.947 4.646 2.562
1.763 1.190 2.082 1.678
5.431 1.826 5.691 4316
1.823 0.765 2.466 1.684
1.506 1.299 1.382 1.396
2.144 2.051 2.083 2.093

0NN ||| W

(b) 5-axis finishing

(a) S-axis semi finishing

Fig. 5 machining and processing result
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Fig. 6 Comparison of 3-axis & S5-axis ball end-mill
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Fig. 7 Surface roughness graph of ball mill one-way
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Fig. 8 Surface roughness graph of ball mill zigzag

Fig. 9 Microscopic views of the surfaces in ball mill
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Fig. 12 Surface roughness graph for the fourth condition

PPN S I
60 500 pum z

SRR, 314 i :
over 1) 1) 4. one-way (step over 0.509) &

AR RN T 3
60 500 pm { 60 500 pm
| —

6. one-way(up-ward)

Fig. 13 Microscopic views of the surfaces in comer
radius endmill

34 B & 8E|fA A= o5t 5-AxisH A

=37F82] 82t 7Hgo 333t Scallop height
0.01(mm)2] ©o]% % 30" =7}, One-way 7}&
A3 7 F2Le Zdewo] HF Ra 1.39%me
2 7P 2 A3E Jeiiden E 9 o
2 Qe BT b A Foo] dA ¢ AT

9 255 YAt ol& 5% 7hEe] g=7
Hste] WE HEAAS FANE A ddE
th B Ao B d=do] s du B
O ue 255 e A A Ve AEH B
dede] FAMAA Hojoz A3 2 &=
7b oA BE Aol £ AFES vEhe A

o= AdEW Fuex duE" E=3 FUR| A
7l 2 FF F4E nHe T4 ARF 2 =
< W3 AS gy 2525 dog gl
ot Fig. 14, 155 & ¥ g9 d=de ol &
3 27 7, 80 W3 FHEE IHYIZE Fig 162
5% 7hEql =1 7, 8o tiE dAvA g S

nej ),

[pm]

& [[Ra_1.370um

S

[

o

~

IS

-1 0 1 2 3 4 5 6 7 8 9 10 11 12 13 [mm]

Fig. 14 Surface roughness graph for the six
condition

6 | Ra 2.052um

-1 0 1 2 3 4 5 6 7 8 9 10 11 12 13 [mm]

Fig. 15 Surface roughness graph for the 7th
condition

e i _,l d
7. one-way (ball

Fig. 16 Microscopic views of the surfaces in 5-axis
machining

— 105 -



T B F Al wE 7 AHFW vFEEFE el A AT dFTAVMEEE A A204, Al12E

4. 4 =2 Properties," The Korean Society of Manufacturing
Process Engineers, Vol. 19, No. 4, pp. 71-78, 2020.
2390 HEa td Ag=A W3 s}l A9 3. Hwang, J. D., and Lim, E. S., and Jung, Y. G,
2o g & sl HE, FF AAE Bas F "The Control Technology of Cutter Path and
3 e o AEL ATt Cutter Posture for 5-axis Control Machining,"
1. Ao W3yl Aex g B3 A&2mo) The Korean Society of Manufacturing Process

A2k JhE Al B dERS AR JLE HEH Engineers, Vol. 10, No. 2, pp. 1-8, 2011.
o WE AHiEr HEE FTH 25 =doA 4. Hwang, J. D., and Yun, I. W., "5-axis Machining
e o v EHAo|t) of Impellers using Geometric Shape Information
2. 5% 2L Esly] T HEUAL AT and a Vector Net," The Korean Society of
AolEl= Aol 71 W Y2 A $x5t= Manufacturing Process Engineers, Vol. 19, No. 3,

B b fEge g9 o pp- 63-70, 2020,

5 Wl Alskx] @e 5. Yun, I. W., and Hwang, J. D., "Surface Quality

ol #el@

LY

a9

f
aw
M
M
“ﬁr&ﬁ

rE e
O o o [ BN

REFERENCES

1. Yun, I. W., “Investigation of Cutting Conditions in
Milling of AMPCO Metal for Minimizing Surface
Roughness,” A Thesis for a Master,
National University, Republic of Korea, 2016.

2. Hwang, J. D., and Yun, I. W., "Efficient 5-axis
Machining

Chonnam

of a Propeller wusing Geometric

— 106 —

Improvements on the Spherical Shaped Mold
using Ball End Milling," The Korean Society of
Manufacturing Process Engineers, Vol. 19, No. 3,

pp. 71-16, 2020.





