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Nomenclatures

a Distance of single atom

A Uncut—chip section area(um?®)

A, Apparent contact area

Ar Real contact area

d Depth of cutting(mm)

D; Working diameter before cutting(mm)
Do Working diameter after cutting(mm)
f Feed rate(mn/rev.)

h Height of nose radius(mm)

H Hardness of soft metal among contact metals
L Cutting length(mn)

N Spindle speed(r.p.m)

R Tool nose radius(mm)

R, Average arithmetic roughness(um)
Runax Maximum height roughness(/m)
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Rp Maximum peak height

Rv Maximum valley depth
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ABSTRACT

A Study on Characteristics of Ultra—precision Machined

Surfaces of Aluminum materials by AFM Measurement

Choi Yu—jeong
Advisor : Prof. Kim Jong—Kwan Ph.D.
Department of Technology & Home Economics,

Chosun University Graduate School of Education

Based on recent advances in processing technology the management of
the surface roughness is important because it is closely related in function
and quality required as an attribute of the surface features of the cutting
process.

In this study, paper purposes to evaluate characteristics of machined
surface wusing Atomic Force Microscope in the precision cutting of
aluminum (A/ s061) by natural diamond tool.

For this study, the machine is installed in the constant temperature and
humidity facilities where there is no vibration. Because the external
environment is one of the elements which affect the precision in
machining and it may actually affect larger than the cause of the machine
itself.

The length of processing was a maximum of 500km. Then, the results of

the experiment were compared.
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The results were speculated and the final results were obtained as

follows:

1. Change of radius value is slight by 1gm low, when edge of cutting tool
processes cutting length to 500km and transformation by wear could

confirm that do not happen.

2. By using new tool, surface roughness of early cutting processing, poor
result was come out by effect of super hard particle. But it was
confirmed that roughness was reduced as a result of some measure of

cutting.

3. Evaluation of surface peculiarity by AFM 3D provides evaluation of
existent surface roughness tester with visible information of three
dimensional surface which is more developed. Therefore, this study
suggests new method to characteristics of ultra—precision machined

surfaces by AFM measurement.

4. This study suggests that future research should consider several
factors that influence cutting such as vibration of machines or ambient

environment.

Key Words : Surface roughness(Z®HAZ7]), Atomic Force Microscope (AFM:

Ax}3m) 7)), Ultra—Precision Machining (234 7}3),
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Table 2.1 Comparison accuracy of test turning center

Description Precisél?;ldgutting Ultrapregzic?en cutting
Vibration value | Radial 0.8m 0.3um
of main spindle| Axial 0.8um 0.3um
Vertical X 2.0¢m/ 100mm 0.5/m/ 100mm
straightness 7 2.0m/ 100mn 0.5/m/ 100mm
Horizontal X 2.0¢m/ 100mm 0.5/m/ 100mm
straightness Z 2.0¢m/ 100mm 0.5um/ 100mn
Accuracy X 20m/ 250mm 10um/ 250mm
4 20um/ 220mn 10um/ 220mm
Repeatability X +£0.5m/ 7 t%mes +0.2um/ 7 t%mes
Z *£0.5um/ 7 times 0.2/ 7 times

Table 2.2 Comparison components of test turning center

Description Precision cutting grade Ultraprecision cutting grade
Spindle bearing P1~3£1.0um P0+0.3/m
C3. C1.

Ball screw

Pitch error 23um

Pitch error 8um

Head cooling

Grease filled

Oil cooling

Spindle motor

Built out motor

Built in motor

Slide system

Tarcite, LM guide

Tarcite, LM guide, Air sliding

Overlap slide

Separately slide

Spindle speed

3000~7000rpm

Up to 10,000rpm
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Photo. 3.1 Ultra—precision turning center (H-M64

Table 3.1 Specification of testing machine

L CNOC)

Description Specifications
Model name UPLI
Max. spindle speed 20,000r.p.m

N.C system Mitsubishi
Min. movement unit 0.054m
Head cooling system Oil Jet
Size of tool [116x¢16
Size of spindle bearing 370
Spindle motor 3.7/5.5Kw
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Photo. 3.2 Surface roughness tester (Taylsurf PGI 800)

Table 3.2 Specification of roughness tester

Description Specification
Manufacture Rank talyor Hobson U.K
Model name Form Taylsurf PGI 800

Accuracy 200 mm/ 0.125 pm
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1738 AE 9 NikonAl Optiphot—MCO. 2. Zetal
x5, x10, x20, x40, x60, x100Z T+ =] 3o
525 A"YstE "HolE9 =7]7F 180mm x 140mn

rﬁt
5

Z7F x10, x15°|1 &A=
=482 x50~x1500°]H
Z 7222 210mn lﬂ]i%ii 45m2] o]% o] 7}s3fct.

QA =4 AlgE F 73V (Tool maker's microscope) S 9]
TopconAt Model TUM—-170EHS.Z tjetadl =7} x100]x th&d=7F x1, x3,
x5, x10, x2001" A ¥l&2 x10~x200 o|th. 23 HolEo] 129 gL
360% 3]st 7F2 170mm, A2 75mme] o]Fo] 7Festa o]F HETi= 0.5mo]
U} Table. 3.3 Aol AFEE 574 An]e] AT AFkolth

oﬂ =

Photo. 3.3 Metallurgical microscope
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Photo. 3.4 Tool maker's microscope

Table. 3.3 Specification of experimental equipment

Description Specification

Model: Optiphot—M
Metallurgical Maker: Nikon (Japan)
microscope Magnification: x50~x1500

Photograph: Polaroid film

Model: TUM—-170EH
Tool maker's Maker: Topcon (Japan)
microscope Magnification: x10~x200

Measuring range: 170mm X 75mm

A2t 74ggk AJH-E AFM(Atomic Force Microscope) oAl 54317 o]t
AAs g712 AAs7] 9% Fx 2% Photo. 3.58 & Abrasive cutting
machine ARE3Flom, A, BldSH, HlgS & e F59 Ao] 7hed &
A& Table 3.43 #Zo] A¥=9 3157t 3440rpm, A £+ 46m/s, At

Zol7} 75m7kA o] AFkS kA3 9l
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Photo. 3.5 Abrasive testing machine

Table 3.4 Specification of abrasive testing machine

Description Specifications
Manufacture Struers Denmark
Model name Discotom—2
Motor power 2.1 KW (3 HP)

i

Ao A I Yo WstE dolRy, Aot nHF2E #Es] Y3 HH o
AHE¥E AFM(Atomic Force Microscope)< Digital instrumentsAlollA A 23t
591

A
Multi—mode Bio—scope E2 & Photo. 3.62 2o AlF A}ek2 Table. 3.
LERY LT
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Photo. 3.6 Atomic Force Microscope

Table 3.5 Specification of atomic force microscope

Description Specification

Scan size 100 X 100 gm
X—Y Scanner

Resolution 0.15nm

Scan size 12 um
7 Scanner

Resolution 0.05nm

Travel length 30mm
7 Stage Resolution 0.08 m

Max. speed 30,000 steps/sec
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3.2 AETd

1A 7hell QoA AEEe] S A= 24 T st oF-EAEAd A
A Z1A AA Y DRlEoE JTFE

3171 flste] Mol i, FFF Aol 3ozl A
Ao AbgeE AR Ulalgel Aekal, dA
ato] 1A A 57 ¢ 60mm X L31mm, AREE] Hel| EHF-9 X574 ¢40m X L30
mz HEE 39 3 AHZ 10/ME HA dolotRr=Id R AFstelor,

Table 3.7 &Fulg AlFHE 3}8H4 A 7ol

£

4 7y Aude wmlg] FalE Aol 460mel EFrlE 7heAA 1071
= AalZo] 50kmA, o]$45% = 0.005m/rev, AAMEE = 1000m/min, 292 o]

0.005mm 59 H2lzAANA A7ty o A2l Zoli= 50kmFE Huj

500km7kA4] A sto] A3t vl skl

Table. 3.6 Cutting condition

Cutting condition
Cutting speed V=1000 m/min.
Spindle speed N= 5,300 710,000 rpm
Feed rate F=0.005 mm/rev.
Cutting depth d=0.005 mm (¢ 0.05mm)
Cutting length I g = 500km (per 50 km)
Material Al 6061
Material size ¢ 60 mm
Cutting method Dry cutting

Table 3.7 Chemical compositions of Al gos1

Elements| Cu Si Mg Zn Mn Cr Fe Al

0.157 1047 108~ 0.04~
wt. (%) 0.4 0.8 12 0.25 | 0.15 0.35 0.7 rest
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Photo. 3.7 Cutting diamond tool
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Digital Imstruments ManoScope

Scan size 20.00 pm
Scan rate 1.052 Hz
Number of samples 256

Image Data Height
Data scale 190.1 nm

»  5.000 pm/div
z 190.130 rm/div

pm

(a) 3 Dimensional surface

.0 190.1 nm Height

95.1 nm

0.0 nm

Digital Instruments NanoScope

Scan size 20.00 pm
Scan rate 1.052 Hz
Number of samples 256
Image Data Height
Data scale 190.1 nm

pm

(b) 2 Dimensional surface

Fig. 3.1 AFM photograph for select magnification (Scan size 20 m)
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Digital Instruments NanoScope

Scan size 60.00 pm
Scan rate 1.001 Hz
Number of samples 256

Tmage Data Height
Data scale 348.6 nm

X 20,000 pm/div
Z 348.579 nm/div
pm

(a) 3 Dimensional surface

.0 348.6 nm

174.3 nm
.0
0.0 nm
.0
Digital Inmstruments NanoScope
Scan size 60.00 pm
Scan rate 1.001 Hz
NMumber of samples 256
Image Data Height
Data scale 348.6 nm

(b) 2 Dimensional surface

Fig. 3.2 AFM photograph for select magnification (Scan size 60 um)
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Digital Instruments NanoScope
Scan size 100.0 pm
Scan rate 0.7266 Hz
Number of samples 256
Image Data Height
Data scale 604.5 nm

X 20,000 pm/div
80 A Z 604.537 nm/div
pm

(a) 3 Dimensional surface

404.3 nm

202.2 nm

0.0 nm

Digital Instruments NahoScope

Scan size 100.0 pm
Scan rate 0.7266 Hz
Mumber of samples 256
Image Data Hedight
Data scale 404.3 nm

(b) 2 Dimensional surface

Fig. 3.3 AFM photograph for select magnification (Scan size 100 m)
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Table 4.1 Measured nose radius values of cutting tool

Cutting length 0 100 200 300 400 500
(km)

Nose radius

Al 6061 | 0.204 | 0.204 | 0.204 | 0.204 | 0.205 | 0.205

(mm)

0.208
E 0.206
g 0.204 - O 0
[0
S 0.202
b4

0.200 ;

0 100 200 300 400 500
Cutting lenth(km)

Fig. 4.1 Measured nose radius values of cutting tool

Photo. 4.1. Cutting diamond new tool & used tool
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0.4

0.3 /

0 O <WTDUT A

50 100 150 200 250 300 350 400 450 500
Cutting length (km)

Fig. 4.2 Surface roughness graph of Al so61

Table 4.2 Surface roughness values of A/ gos1

Cutting length

(km) 50 100 150 200 250 300 350 400 450 500
m
Roughness value
(B 0.2668 10.2863(0.2908|0.2810]0.2677|0.2460|0.277710.2914|0.3108]0.3336
- 32 -
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Taylor Hobson

Modified Profile 2 - 1 - R/6x0.8mm/G/300/LS Line
2 - 5.7mm/shinhan/R.D
03 03
02 02
0.1 0.1
- ] { U
é 0.0 Ly A yn .i_.ﬁ;!.w:.hu g | 0.0
g i
0.1 0.1
0.2 02
0.3 0.3
0.4 -0.4
67.5 68.0 68.5 69.0 69.5 70.0 70.5 71.0 71.5 72.0 725 73.0 735 74.0 745 75.0 75.5 76.0 765 77.0 77.5 78.0
milkmetres

Ra 0.0350  pm
Rz1max 0.2668 um

Fig. 4.3 Surface roughness value (Al s051/ 50 km Cutting length)

Taylor Hobson

Modified Profile 3 - 1 - R/6x0.8mm/G/300/LS Line
3 - 5.7mm/shinhan/R.D

03

03
02 02
01 01
] »
g 0.0 P 8 CTN TRELN TR 00 E
€
0.1 01
02 02
03 03
0.4 0.4

78.0 78.5 79.0 79.5 80.0 80.5 81.0 81.5 82.0 825 83.0 835 84.0 845 850 855 880 865 87.0 875 880 885

Ra ~ 0.0348 um
Rz1max 0.2863 pmum

Fig. 4.4 Surface roughness value (A/ g061/ 100 km)
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Taylor Hobson

Modified Profile 4 - 1 - R/I6x0.8mm/G/300/LS Line
4 - 5.7mm/shinhan/R.D

03 o3

02 02

01 o1
§ 0.0 g AL U UL 0.0 §
€ .01 0.1

02 02

0.3 03

04 04

88.5 89.0 89.5 90.0 90.5 91.0 91.5 920 925 930 935 940 545 950 955 960 96.5 97.0 97.5 98.0 985 99.0

Ra ~ 0.0349 um
Rz1max 0.2908 pum

Fig. 4.5 Surface roughness value (Al g051/ 150 km)

Taylor Hobson

Modified Profile 6 - 1 - RI6x0.8mm/G/300/LS Line
6 - 5.7mm/shinhan/R.D
03 03
0.2 02
01 0.1
E 0.0 bt ) it Tl R L _. VIR 0.0
e 01 0.1
0.2 -0.2
03 03
04 04

730 735 740 745 750 755 760 7865 77.0 77.5 780 785 76.0 79.5 80.0 80.5 810 81.5 820 82.5 83.0 835

Ra © 0.0334 um
Rz1max 0.2810 um

Fig. 4.6 Surface roughness value (Al g051/ 200 km)
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Taylor Hobson

Modified Profile 5 - 1 - R/6x0.8mm/G/300/LS Line
5 - 5. 7mm/shinhan/R.D

03
0.2
0.1

0.0 L S ... FJ',‘__,'; N o TRl

microns

-0.1

0.2

0.3

0.4

62.5 63.0 63.5 84.0 64.5 650 655 660 665 67.0 6?5 580 68.5 69.0 69.5 70.0 705 71.0 71.5 720 725 730

Ra 0.0339 pm
Rz1max 02677  pm

Fig. 4.7 Surface roughness value (Al s051/ 250 km)

Taylor Hobson

Modified Profile 9 - 1 - R/6x0.8mm/G/300/LS Line
9 - 5. 7mmJ/shinhan/R.D

03
02

0.1

MICons
)
&

0o WL A Sy "ﬁ.‘:..‘,:'!-_..‘:lf,.
0.1
02
03

0.4
935 940 945 950 955 960 965 970975%0935990995 1015 1025 1035

Ra 00316 Slag
Rz1max 0.2460 um

Fig. 4.8 Surface roughness value (Al o051/ 300 km)
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Taylor Hobson

Modified Profile 7 - 1 - R/I6x0.8mm/G/300/LS Line
7 - 5.7mmJ/shinhan/R.D

03 03
02 0z
0.1 o
g i ) s b R (L
g K ST RN T AR TR | % 0.0
£
0.1 0.1
0.2 02
03 03
04

0.4
840 B45 850 BSS5 86.0 865 87.0 87.5 88.0 885 89.0 89.5 90.0 90.5 91.0 91.5 920 925 93.0 935 4.0 M5

Ra © 0.0360 um
Rz1max O.277¢7T | um

Fig. 4.9 Surface roughness value (A/ 5061/ 350 km)

Taylor Hobson

Modified Profile 1 - 2 - R/6x0.8mm/G/300/LS Line
1 - 5. 7mm/shinhan/R.D

03 03

0.2 02

0.1 01
E oo it " ,A&"---‘,.—-"' iy dhg o TH AT : 00 g
g 0.1 ‘ -0.1

02 02

0.3 03

0.4

0.4
565 57.0 57.5 58.0 58.5 56.0 59.5 60.0 60.5 61.0 61.5 620 625 630 635 64.0 645 650 655 68.0 665 67.0

Ra © 0.0369 um
Rz1max 0.2914 ppm

Fig. 4.10 Surface roughness value (Al 061/ 400 km)
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Taylor Hobson

Mecdified Profile 10 - 1 - R/6x0.8mm/G/300/LS Line

o 10 - 5.7mmJ/shinhan/R.D

04
03 03
02 02
01 0.1
g2 ’ I L il {
g 0.0 TN ,‘it_l_..: f!“)"‘.ﬂ',‘ ity LI LYY VT 0.0
£ y 1
0.1 0.1
0.2 0.2
0.3 03
0.4 04
93.0 93.5 94.0 84.5 950 955 960 965 87.0 975 980 985 99.0 995 100.5 1015 102.5 1035

Ra ~ 0.0301 um
Rz1max 0.3108 um

Fig. 4.11 Surface roughness value (A 6061/ 450 km)

Taylor Hobson

Modified Profile 8 - 1 - R/6x0.8mm/G/300/LS Line
8 - 5.7mm/shinhan/R.D

03 03
02 02
01 o

2 (! i | i

g oo ot Yot Vet T in i 0.0

g 01 01
02 02
03 Y
04 04

94.0 94.5 950 955 96.0 96.5 97.0 97.5 980 96.5 99.0 99.5 100 1015 102.5 103

Ra . OI0eT MM
Rz1max 0.3336 | L

Fig. 4.12 Surface roughness value (Al 061/ 500 km)
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4.4 AFM
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Digital Instruments NanoScope
Scan size 100.0 um
Scan rate 0.6897 Hz
Number of samples 256
Image Data Height
Data scale 700.0 nm

pm

% 20.000 pm/div
20 z 700.000 nm/div

T=1

(a) 3 Dimensional surface

111.8 nm

155.9 nm

0.0 nm

Digital Instruments MNanoScope

sScan size 100.0 pm
Scan rate 0.6897 Hz
Number of samples 256
Image Data Height
Data scale 311.8 nm

(b) 2 Dimensional surface

Fig. 4.13 AFM photo. of cutting surface (A[ 051/ 50 km Cutting length)
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Digital Instruments NanoScope
Scan size 100.0 um
Scan rate 0.7010 Hz
number of samples 256
Image Data Height
Data scale 662.7 nm

> 20.000 pmfdiv
80 zZ 662.654 nm/div

(a) 3 Dimensional surface

o loo 250.0 nm
s 125.0 nm
0.0 nm

F50

o5 Digital Instruments NanoScope
Scan size 100.0 pm
Scan rate 0.7016 Hz
Mumber of samples 256
Image Data Hedjght
Data scale 250.0 nm

0

(b) 2 Dimensional surface

Fig. 4.14 AFM photo. of cutting surface (Al 051/ 100 km)
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Digital Instruments NanoScope
Scan size 100.0 pm
Scan rate 0.6165 Hz
Number of samples 256
Image Data Height
Data scale 1.098 um

x 20.000 pm/div
80 Z 1097.600 nm/div

pm
3

(a) 3 Dimensional surface

400.0 nm

200.0 nhm

0.0 nm

Digital Instruments NanoScope

Scan size 100.0 pm
Scan rate 0.6165 Hz
Number of samples 256
Image Data Height
Data scale 400.0 nm

(b) 2 Dimensional surface

Fig. 4.15 AFM photo. of cutting surface (Al 051/ 150 km)
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Digital Instruments MNanoScope
Scan size 100.0 um
Scan rate 0.7050 Hz
Mumber of samples 256
Image Data Hedight
Data scale B856.1 rnm

> 20.000 pm/div
z B56.132 nm/div

100 313.4 nm Height

e b TCT——

75
(]
5 50
E L oo Digital Imstruments NanoScope
- & Scan size 100.0 um
Scan rate 0.7056 Hz
Mumber of samples 256
3 Image Data Height
1 Data scale 313.4 nm
L 0
o] 25 50 Lt 100
i

(b) 2 Dimensional surface

Fig. 4.16 AFM photo. of cutting surface (Al 051/ 200 km)
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Digital Instruments NanoScope
Scan size 100.0 pm
Scan rate 0.7016 Hz
Mumber of samples 256
Image Data Height
Data scale B13.7 nm

> 20.000 pm/div
z B13.746 nm/div

80

i
L

(a) 3 Dimensional surface

244 .8 nm Height

122.4 nm

&

]

3

3

i 0.0 nm

i

2

¥

b Digital Instruments NanoScops

= Scan size 100.0 um

» Scan rate 0.7016 Hz

& Number of samples 256

'1' Image Data Hedight
Data scale 244.8 nm

i

(b) 2 Dimensional surface

Fig. 4.17 AFM photo. of cutting surface (Al 051/ 250 km)
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Digital Instruments NancScope
Scan size 100.0 um
Scan rate 0.7016 Hz
Number of samples 256
Image Data Height
Data scale 642.1 nm

* 20.000 pm/div
g0 Z 642.081 nm/div

300.0 nm

150.0 nm

0.0 nm

Digital Instruments ManoScope

Scan size 100.0 pm
Scan rate 0.7016 Hz
Mumber of samples 256
Image Data Height
Data scale 300.0 nm

a 25 50 75 100

um

(b) 2 Dimensional surface

Fig. 4.18 AFM photo. of cutting surface (Al gos1/ 300 km)
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Digital Instruments ManoScope

Scan size 100.0 pm
Scan rate 0.7266 Hz
Number of samples 256

Image Data Height
Data scale 604.5 nm

X 20.000 pm/div
80 | Z 604.537 nm/div
pm

(a) 3 Dimensional surface

404.3 nm

202.2 nm

0.0 nm

Digital Imstruments NanoScope

Scah size 100.0 pm
Scan rate 0.7266 Hz
Number of samples 256
Image Data Hedght
Data scale 404.3 nm

(b) 2 Dimensional surface

Fig. 4.19 AFM photo. of cutting surface (A7 061/ 350 km)
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Digital Instruments ManoScope
Scan size 100.0 um
Scan rate 0.5003 Hz
Number of samples 256
Image Data Height
Data scale B800.0 nm

X 20,000 pm/div
80 Z B00.000 nm/diw

589.4 nm

294.7 nm

0.0 nm

Digital Instruments NanoScope

Scan size 100.0 pm
Scan rate 0.5003 Hz
Mumbear of zamples 256
Image Data Height
Data scale 589.4 nm

pm

(b) 2 Dimensional surface

Fig. 4.20 AFM photo. of cutting surface (A[ 051/ 400 km)
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Digital Instruments MNanoScope
Scan size 100.0 pm
Scan rate 0.7260 Hz
Number of samples 256
Image Data Height
Data scale 600.0 nm

¥ 20.000 pm/div
80 Z  600.000 nm/diwv

(a) 3 Dimensional surface

362.3 nm

181.2 nm

0.0 nm

Digital Imstruments NanoScope

Scan size 100.0 pm
Scan ‘rate 0.7266 Hz
Number of samples 256
Image Data Height
Data scale 362.3 nm

(b) 2 Dimensional surface

Fig. 4.21 AFM photo. of cutting surface (A[ 051/ 450 km)
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Digital Imstruments NahoScope
Scan size 100.0 um
Scan rate 0.7266 Hz
Number of samples 256
Image Data Height
Data scale 600.0 nm

X 20.000 pm/div
80 Z  600.000 nm/div

260.0 nm
130.0 nm
4
-
'5}. 0.0 nm
g
1
L 4
i Digital Instruments ManoScope
L] Scan size 100.0 pm
L Scan rate 0.7266 Hz
% Number of samples 256
| Image Data Height
& Data scale 260.0 nm
i

(b) 2 Dimensional surface

Fig. 4.22 AFM photo. of cutting surface (Al gos1/ 500 km)
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