The Japan Soci ety of Mechanical Engineers

H A7 S5 U (C W)
62 # 602 % (1996-10)

4107

3 No. 95-2020

BB R ERTICE T 2R ERAHRME
77 4 VDT 58 IVERIH

2O o H E £
"B F* & W g e

Fractal Analysis of Free Surface Profile
of Sheet Metals under Uniaxial Tension

Yasushi KUROSAKI, Masahito MATSUI,
Takumi KITOH and Tomoyuki TAKAYAMA

Characteristics of the free surface profile of aluminum sheets under uniaxial tension are
examined by employing fractal analysis. As a fractal analysis method applicable to a self-affine
surface, a zeroset method for generating intersections of the surface profile in a base plane is
presented. It is found that the fractal dimension of a surface resulting from plastic deformation tends
to be constant (2.35), and each asperity has a uniform fractal structure. Other fractal analysis
methods, the box-counting method, power spectrum method and zeroset method were applied to
surface profile curves obtained using a stylus profilometer, and the characteristics of various fractal
dimensions are discussed. From these results, the geometry of surface profiles under uniaxial tension

is clarified.
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Table 1 Uniaxial properties of A 1100
Tensile t % Total
Direction |strength | N-value | F-value | r-value |elongation
MPa MPa %
0° 103 0.27 193 0.66 27.1
45° 95 0.27 176 1.18 32.8
90° 99 0.28 187 0.66 33.1
Mean 99 0.27 185 0.92 31.5
$:0=Fe"
initial
Specimen (a)
e=26.
" 0%

Diamond
/ abrasive

/4

; ; 7/-; Lapping plate ;
14 ' 4 ’

HS1~12um, d=0.125um
Ry of lapping plate=0.04unm

Fig.2 Method for generating zeroset plane

D 0.17mm/s DRIV EE TRV T ARG 21 3
BRROVIEAEHES(BARSHES R)130.53um
(EEEAHM), &L U2.13 um (EEHHE & EHADHA)
ThHol.

32 |EMEHy PEOMRE D 2K 3
OB LLEEBSAESH vy MNADOAIKERE 2 2R
T, RBH H» S 15X20mm O/NFEYID L, ABE
BB L%, BMEES (004 pm Ry) ETHEZ0.125
pm DAY ELFIEBT7vEL %70, ERl
&hy VEEZBIKLT., ZOB S8BTy EV TS
vl 3 +oEE R, Ric, SEMEE L CCD »
A7 & BHy VELKEOFS ¥ EGLEEE (]
B # i3 2.33x2.33 um) iCHUA A, 2 fEIL 21T - o1&,
BEAEABERORME L, LK A: ZHIEL T,

3:3 REMIMBBRORMEE 77771V RKT
Dz, Dps BE U Dp 2K 2 72012, fil# ARMEH &
t(Talysurf 10)»56DES %232 —FIKBEAD
VAT AERBEL ., St ORE X, — DK 32.5um
DEHFF(7Z7v M) ThHS, Bohl-RENEMRE
THoZER L IR LRI bO L K
L, ES+AI—BT 2L xELD, KEBOH
REEIRBH OB & AR EEAM)0.017 4 pm, XY
B 2.054 pm TH 5, ZOFPEOMEFTOFHER
BEEAET 1000 £%, AR T20FCEELTHY
FEAFEO AA)BLUC I EEADFHR (0 H
F) 2 BV T ZRF 0 3 [E S >R R O RE %
To1z.

(B) AN Y I

10un
—

e=29.1%

(c)

1nm
—

Fig.3 Examples of recorded surface profiles
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Fig.4 Relationship between surface roughness R, and
strain e
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Fig.5 Example of image of zeroset plane
(e=20%, 6=39.1%)

Fig.6 Variation of surface profiles with &
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Fig.7 Relationship between periphery length L: and
area of zeroset elements Az (¢=20%, §=39.1%)
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Fig.8 Relationship between D; and relative
cutting height & (e=20%)
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Fig. 10 Relationship between N and » in zeroset
method for surface profile curve (0°, e=269%)
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Fig. 11 Relationship between Dz and strain e
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Fig. 12 Relationship between power spectrum Sr and
wave length A(0°, e=26%)
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Fig. 13 Relationship between Des and strain e
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Fig.14 Relationship between box number N and box
width 7 in box counting method (0°, e=269%,
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Fig. 15 Variation of Ds with strain e
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Fig. 16 Variation of critical box width 7er
with strain e
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