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ABSTRACT

A Study on Characteristics of Ultra—precision Machined
Surfaces by AFM Measurement

Jung Jong—su
Advisor : Prof. Kim Jong—Kwan Ph.D.
Department of Mechanical Engineering,

Graduate School of Chosun University

This study aims at presenting basic data on ultra—precision processing technology
in respect to wear of tools or changes in forms of cutting edge. For the purpose,
this study examined characteristics of surface precision shown on the surface
during machining brass(HBsC3C) till 500km of cutting distance with artificial
diamond ultra—precision lathe manufactured by H company in Korea. A measuring
instrument of the existing surface roughness, and AFM measuring technique were
used for the study.

The specimen used in this study was brass(HBsC3C) having strong corrosion
resistance and superior cutting ability. This study prepared ten specimens of three
layered steel round bars with g60mm X L31mm in external diameter, and g40mm X< .30
mn of bit a part in the chuck of the lathe.

For ultra—precision processing experiment, it used 10 brass specimens with
processing conditions as follows: F = 0.005mmn/rev, transfer speed, in 50km a
specimen; V = 1000m/min, cutting speed, and d, = 0.005mm, cutting depth. The length
of processing was a maximum of 500km. Then, the results of the experiment were
compared.

This study measured characteristics of the obtained surface after cutting of

— viii -



brass(HBsC3C) under the given conditions in ultra—precision lathe using a
measuring instrument, AFM(3D measurement) and a metal microscope. The results

were speculated and the final results were obtained as follows:

1. In case edge of cutting tool processes cutting length to 500km, change of radius
value is slight by 1gm low, and transformation by wear could confirm that do not

happen.

2. When do tool grinding by use of tool which surface roughness is new at early
when do cutting processing, it i1s as poor result preferably by effect of super

hard particle. But, confirmed that stabilize if some measure cutting is gone.

3. Valuation of surface characteristics by AFM 3D supplies visual information of
third dimension solid surface developed more in valuation by existent Surface
roughness tester. 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(3% 712 7]), Atomic force microscope(AFM: ¢12}& ]

7)), Ultra—precision machining(Z3 @ 7}&), Tool wear(&T7F5)
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Table 2.1 Comparison accuracy of test turning center
Description Precision cutting grade|Ultraprecision cutting grade
Vibration value Radial 0.8m 0.3m
of main spindle Axial 0.8/m 0.3m
Vertical straichtne X 2.04m/ 100mm 0.5¢m/ 100mm
cal Stralghtness = 2.0/m/ 100mm 0.5/m/ 100mm
Horizontal straichine X 2.04m/ 100mm 0.54m/ 100mm
OTIZOntal Stalghiness— 2.0/m/ 100mm 0.5/m/ 100mm
Accura X 204m/ 250mn 10um/ 250mm
ceuracy 7 20m/ 220mm 104m/ 220mm
Repeatabilit X +0.5um/ 7 times +0.2m/ 7 times
p y 7 +0.5umm/ 7 times +0.2/um/ 7 times
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Table 2.2 Comparison components of test turning center

Description Precision cutting grade Ultraprecision cutting grade
Spindle bearing P1~3£1.0um P0O%0.3m
Ca3. Cl1.

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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A3 F AJFA R WY

3.1 2=

AFMZ AHE3F 23D 42 7o) Jr7HE 9fste] S A1gw S o] 833tk A ellA]
AHEE 7HE7IAE I HAR A A RE O R F 2 7 Nanog 282 48HE 2183191
ot A@7Ale WY FFEHS A8kl 10,000 rpm 3] o] 7Fs38kal , M64L CNCA
28 o3 HAEATEY 10nma AGAE FHAN Tl AAF @Gl AP F-F9]
B3y A8 7IAZ AZESA 7]A19] €133} AlFARES Photo. 3.1, Table 3.191
ZABEA

B7He A% AdHe] 29 AFVIE 53317 Hste] dolA 2w of o) B
Bl o] SHo] 753t AFENA AT E Wol dlolEE A5ty wEo 3 W] 57
° 2 T3t gEbdElE A3 4= 9= Photo. 3.29F & Rank Tayor HobsonAle] =
A2 7H A7) 54 71(Taylsurh) & AHSSISITE o] 54 7]< tholol= = Z3ld ot
A AR A M= 4molH, Eale-S 10, FFEE 1.0m/120mm0] 1L, =
4 7Fs 3 FEElElE Ra, Ruax(R), R, Ry, Ry, Re 018 53 Al AMEE & ZEHE 1S0,
PC, No filter& A& & 9= Q217} 0.004/m o] o] i, A T ke 0.08, 0.25, 0.8,
2.5, 8, 25014 AH+FA Aol 7hssitt 53] 54 Al S0l g LAE =0]7] sl
22 o] g Abe)l e} Convex, Concave, Straight, Multiple S 2.2 thYstA 7|2 A<
AR = de Aol Aotk F¥ 53719 AFAFS Table 3.2¢F ot

24
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Photo. 3.1 Ultra precision turning center(H—M64L CNC)

Table 3.1 Specifications of test machines

Description Specifications
Model name UPL I
Max. spindle speed 10,000r.p.m

N.C system Mitsubishi
Min. movement unit 0.05m
Head cooling system Oil Jet
Size of tool [116x¢16
Size of spindle bearing @70
Spindle motor 3.7/5.5Kw
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Photo. 3.2 Surface roughness tester (Taylsurf—253)

Table 3.2 Specifications of roughness tester

Description

Specifications

Manufacture

Rank talyor Hobson U.K

Model name

Form Taylsurf—253

Accuracy

100 mm/ 0.1
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57 3F3i T} Photo. 3.3 XY E S AM-H 553wV, Photo. 3.4% 2241 wE
AEAo| Algd FFAu Aol
AAFH SH AHgE F5AV S A E 2] NikonAl Optiphot—MO. 2, =l =7}

= =1

x10, x150]2 EANZ7} x5, x10, x20, x40, x60, x1002 FAE ] o] SHu&L x50
~x15000]9 F2HES A qsl= Hol&2 7|7} 180m x 140m=Z 7F2F 0.2 210mm Al
202 45me o]Fo] 7hssitt.

1A SA ) ALEHE FT AU (Tool maker's microscope) 42] TopconAt
Model TUM—170EHL 2 thetadl =7} x100] 2 thEANZ7} x1, x3, x5, x10, x200]9H A&
Al €2 x10~x200 o]tk 2+ HolEo] 129 HS==Z 360% 3AsHH 72 170m, A=
75mne] ool 7Hsdtal ol% A== 0.5mmo|th Table. 3.3 A&l ALEH =4 An] 9

A% Apegolt.

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

Table. 3.3 Specification of experimental equipments

Description Specifications

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

Arl 7+8EE AlHE AFMOA S4317] Solstes AAS 7|2 A&l At FA=
+ Photo. 3.5¢} 72 Abrasive cutting machine2 AFE3131 o, 4 HdF% HE5 5
T F-E9] dato] 7hed AR Table 3.43} Zo] 23E9] 3 H57} 3440rpm, A4}

A5
S 45m/s, B2t Aoz 7Tom7A 9] AFgE ZHA A Qleh
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Photo. 3.5 Abrasive cutting machine

Table 3.4 Specifications of abrasive cutting machine

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

Ao A x| Yof ¥WstE dolRy, dost nATF2E #Esl7] 93t 5302 A"
AFM(Atomic Force Microscope)< Digital instrumentsAtoll 4] A 2F8F Multi—mode
Bio—scope =€ E Photo. 3.69F o™ AMEF AL Table. 3.59] YJEFN AT
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Photo. 3.6 Atomic force microscope

Table 3.5 Specifications of atomic force microscope

Description Specification

Scan size 100 X 100 gm
X—Y Scanner

Resolution 0.15nm

Scan size 12 m
7 Scanner

Resolution 0.05nm

Travel length 30mm
7 Stage Resolution 0.08 um

Max. speed 30,000 steps/sec
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3.2 24y

£ Photo. 3.79] HA thojolR=FT 2 YalAjo] Zalar, dAtA] o]
53t 35 (HBsC3O) 2 AE A-83t] 1A A7 ¢60mm X L31mm, Rke] Hol| S 59
257} g40mn X L30m=z E T2 3cto] % A2 10712 A &390, Table 3.7 3

24E 7k AR vE SvlE @1780] g60mel FE ThEaA 1071E 2AHd ol
50km¥, o] F& 5= = 0.005m/rey, AAHEE = 1000m/min, Aol = 0.005m 52| HAhx

AolM AA7bE spglem Haf dol= Ao 500km7hA] dgste] A vluws gl

Table. 3.6 Cutting conditions

Cutting condition
Cutting speed V=1000 m/min.
Spindle speed N= 5,300~10,000 rpm
Feed rate F=0.005 mm/rev.
Cutting depth d=0.005 mm (g 0.05mm)
Cutting length /oy = 500km (per 50 km)
Material Brass(HBsC3C)
Material size g 60 mm
Cutting method Dry cutting

Table 3.7 Chemical compositions of brass(HBsC3C)

Elements Pb Si Sn Zn Mn Fe Al Cu

wt.(%) | 0.20 10.01) 1050 | 25 [25~5.02.0~4.0/5.0~7.5| rest
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Photo. 3.7 Diamond tools
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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

> 5.000 pm/div
z 190.130 nm/div
pm

cul-2

Fig. 3.1 AFM photograph for select magnification (Scan size 20um)

Digital Instruments ManoScope

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

Image Data Hedght
Data scale 348.6 rm

X 20,000 pm/fdiv

Z 348.579 nm/div
Hm

al7?-3

Fig. 3.2 AFM photograph for select magnification (Scan size 60um)
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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

% 20,000 um/div
80 ) z 604.537 nm/div
Hm
al7-4

Fig 3.3 AFM photograph for select magnification (Scan size 100/m)

_28_



aL

{E T A7)

RIE

}91t}. Photo.

H "ot ol#
=

o

9

stAA] v 100kme] F+7]

5

Al

o

-+

HH, g gelrel dd, B vt
FHE St

%

9]

ES
o] datztgrrt

Hrt
3]

=]

LN

to] 500km7HA] AA 2L

2
x1005.2 &}

°

o
.

871 9

5

A 4FAd23 R uF
g0z 7

3 2

[e)

=)
fUS
=

&

2}
Je)E 24

o7} B4

b Aol A 9]

>

=
=

ZAA

wlch F5AYI ] wE

2 9y

3%

o<

¢+

ol

o

ofp

B

W
oy

3}

A1, A Bato] AsiEo] 7o) we}

3
R

¢

T

Aol A

i,

1]

=]
L

=

Ak o] 200 km7HA]
o]

-
T

tolch 2y
o tololr = FTof| <]

915

7 wkel s}
3

7

<& 100kmo]Ujef| A} o] Foj x| B2

}

H
gl

=

212
F71e] 3

=

Jep o, o] e R

[e)

=

p4

3} 7k

Table 4.13} Fig 4.13} Zro] AAFg-9]
%

]

[e)

X

—_—

;0\_

2l

%

]

_29_

= 2AZ AZER, 347149 wA



Table 4.1 Measured nose radius values of cutting tool

Cutting length 0 100 200 300 400 500
(km)

Nose radiusiyp cacl 0.203 | 0.203 | 0.203 | 0.204 | 0.204 | 0.204

(mm)

0.208
£ 0.206
[%2]
=
§ 0204 ./I = »
[0} B i
8 0.202
z

0.200 ‘

0 100 200 300 400 500
Cutting lenth(km)

Fig. 4.1 Measured nose radius values of cutting tool

Photo. 4.1. Diamond new tool & used tool
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Table 4.2 Surface roughness values of brass metal

Cutting length

50 | 100 | 150 | 200 | 250 | 300 | 350 | 400 | 450 | 500
(km)
Roughness value
(Ro) 0.5691]0.625]0.625]0.577]10.540(0.507|0.526(0.583]0.659(0.730
0.8

Roughness value (Rmax)
o o
o ~

o
&)

0.4

50

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

Fig. 4.2 Measured surface roughness values
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P4 - Ac-liain
b | nAhnaiysis

F2 — Graph Mode | Cut Off EFiEteri Reference | Ignore
F3 - Dump ROUGHHESS | 0.80 mm | ISD | STRAIGHT| 2 »

F4 - Expand |
F5 - Exclude
F& - Z Range

61 un — . . . l L
il il Wl ot ol
PTTILR O TIPS
ﬁiﬂa Irr,ﬁnliﬂ!ﬂ!lf H M"MW‘ i MJWW (yvfﬁ-ﬁ},&%{ﬂ, F! ‘Wﬁ e
L : 1’ E‘
g
-.409 un - :
: 3.800 nm !
Peak To Valley = 565 um
;‘égg 121325—2006 i |Taylor—Hobson|

Fig. 4.3 Measured surface roughness (50km)

Fi - Analysis

FZ — Graph flode F Cut Off " F‘iitet‘] Reference E Ignore
F3 - Dump ROUGHNESS | ©0.80 mm | IS0 | STRAIGHT| Z 2

F4 - Expand
F5 - Exclude
F6 — Z_Range

228 um —

-.397 um -

Peak To Valley = 625 un

TIHE: 16:52

DATE: 6-DEC-2886 -1~ Ta;* lor-Hobson

Fig. 4.4 Measured surface roughness (100km)
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FZ - Graph Hode Cat OfF Fifter*] Reference 1 Ignore

F3 - Dump ROUGHNESS 0.80 mn | IS0 | STRAIGHT | 2 u

F4 - Expand

F5 - Exclude

F6 - Z_Range

210 un 4
-.442 un - : |
3.785 mm
Peak To Valley = 652 um

THE: 17: 9 i e b R
DATE: 6-DEC-Z806 1= {Taylor—Hobson

Fig. 4.5 Measured surface roughness (150km)

Fi - Analysis
F2 - Graph Hode 1 Cut OFf | Filter ! Reference | Ignore
F3 - Dump ROUGHNESS | 0.80 ms | IS0 | STRAIGHT| 2 u

74 - Expand
F5 - Exclude
F& - Z_Range

174 um
-.404 um =
3.7687 mn
Peak To Valley = 577 um
TIHE: 17: 4
DATE: 6-DEC-2006 ~A= Taulor-Hobson

Fig. 4.6 Measured surface roughness (200km)
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Fig. 4.7 Measured surface roughness (250km)
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Fig. 4.8 Measured surface roughness
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Fi - fnsalyais
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Fig. 4.9 Measured surface roughness (350km)
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Fig. 4.10 Measured surface roughness (400km)
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Fig. 4.11 Measured surface roughness (450km)
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Fig. 4.12 Measured surface roughness (500km)
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Digital Instruments ManoScope
Scah size 100.0 um
Scan rate 0.7978 Hz
Number of samples 256
Image Data Height
Data scale 700.0 nm

N X

20.000 pm/div
F00.000 nm/div

80

Hm

(a) 3 Dimensional surface

450.0 nm

225.0 nm

0.0 nm

Digital Instruments MNanoScope

sScan size 100.0 pm
Scan rate 0.7978 Hz
Number of samples 256
Image Data Hedight
Data scale 450.0 nm

pm

(b) 2 Dimensional surface

Fig. 4.13 AFM photo. of cutting surface (HBsC3C/ 50km)
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Digital Instruments NanoScope

Scan size 100.0 pm
Scan rate 0.7927 Hz
Number of samples 256

Image Data Height
Data scale 291.7 nm

X 20.000 pm/div
80 ) Z 291.667 nm/div
Hm
cul-1

(a) 3 Dimensional surface
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Fig. 4.14 AFM photo. of cutting surface (HBsC3C/ 100km)
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Fig. 4.15 AFM photo. of cutting surface (HBsC3C/ 150km)
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Fig. 4.16 AFM photo. of cutting surface (HBsC3C/ 200km)
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Fig. 4.17 AFM photo. of cutting surface (HBsC3C/ 250km)
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Fig. 4.18 AFM photo. of cutting surface (HBsC3C/ 300km)
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(b) 2 Dimensional surface

Fig. 4.19 AFM photo. of cutting surface (HBsC3C/ 350km)

_45_



Digital Instruments NanoScope
Scan size 100.0 um
Scan rate 0.7016 Hz
Number of samples 256
Image Data Height
Data scale 700.0 nm

X 20,000 pm/div
80 Z F00.000 nm/div

450.0 nm

225.0 nam

0.0 rm

Digital Instruments ManoScope

Scan size 100.0 pm
Scan rate 0.7016 Hz
Number of samples 256
Image Data Height
Data scale 450.0 nm

(b) 2 Dimensional surface

Fig. 4.20 AFM photo. of cutting surface (HBsC3C/ 400km)
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Fig. 4.21 AFM photo. of cutting surface (HBsC3C/ 450km)
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Fig. 4.22 AFM photo. of cutting surface (HBsC3C/ 500km)
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