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A New Technique Development for Measuring Plastic Strain of Precision
Machined Surface

T.Y. Kim*, Y. lino**, S. D. Mun***

ABSTRACT

A plastically deformed layer in the precision machined surface affects in various forms the physical prop-
erties of machined components such as the fatigue strength, the dimensional instability, microcracks and
the stress corrosion cracking. These physical properties, so called surface integrity, are very important for
designing highly stressed and critically loaded components. Typical plastic strains in the precision

machined surface are very difficult to measure, since they are located within a very short distance from the

surface and they change very rapidly. A new way is suggested to determine the residual strain in plastical-~
ly deformed materials by analyzing the plastically deformed layer after a subsequent recrystallization
process. This investigation is to explore a new technique for measuring plastic strain in machining applica-
tions, and in particular, to find the effect of cutting parameters(rake angle, depth of cut. specific cutting

energy), on the plastic strains and strain energy.
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Fig.1 Specimen (a) through cut (b) quick stop cut

Table 1 Chemical compositions (wt. %)

C Ni Cr Si | Mn P S
0.08|8.0-10.5]18.0-20.0| 1.00| 2.00 | 0.04( 0.03
Table 2 Mechanical properties
Yield stress Ultimate tensile True fracture True fracture
o y(N/mm? strength UTS strain &£¢ stress a¢
' (N/mm?) (N/mm®)

25 657 15 2350
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Fig. 2 Critical strain for recrystallization, €., versus recrystalliza-
tion conditions:(A )no recrystallization,(A)50% recrystal-
lization and ( O )full recrystallization'”
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Fig. 3 Plastic strain and the distance from the machined sur-
face



AuY - GHY - 24E

PSE =25dt, +188dt,,, +1438d!, 3

2 D

w
it
15
Y
ic]

Figde €134 AT 229 AdA S 95443
el g3t A2l ¥ BT F& 2IAR29] g 2A
&4 839 7492 2 £ 5 U o] 2¥e AAd 20
°, Azl 0.05 mm 2 AANF A0 (a)E 242
E#Q 0.5(842 =4 A), (b)+E 0.12(8x8 z3a
B), (o€ 0.02(dA3 =4 C)9 A$ol}. A4 Ad
23 7R ABE GRSl AR AL BAF
I 3en, B3 7I3HY AH2AEQ BX JHE &
A% & Ut} o]E ZAANZNERTH A4 Mg B2
242EHQ £XE A4 AFFYeg N F 9
= ¢ F on, AT AY2AEFUY FIE £4
g A7} Fig.5elth. o] 2¥e ZAAIY 20° 9 A%Ee
A2} o7t 7Kl de} 22 R¥ o PAo] OB
< & 7 5lon, A g 229 A 18389 (prima-
ry deformation zone)olX ¢} H4a FRAAA €>0.59)
&4 Yol Ao Qon FARoZRE Wojyd|
w2} €20.12¢) €>0.029] 2E#2o] EXHo] L&
A 4 ). ol €20.028 59 n 4T €Y L ue
BT HY 2EHQY XS ¢ F YSE BAFn
At

]

(a)e =0.5(x200)

it

(©)€ 20.02(x50)

(b); 20.12(x505

Fig. 4 Recrystallized microstructures around the quick stop
cut tip showing plastic zone with (a) € 0.5 with
(b) €20.12, with (c) €2 0.02. (2= 20" ,t=0.05mm)
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Fig.5 Plastic strain distribution around the quick stop cut
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olHF 28 EX Fe i ZHo2RES A
g g GEE BeFe A dé7) Fig.6eld. o
3L A -10°, €20.02 (@A) 22 C, 950TC
x24hr)¢] 7342 AAzlole] A7l e AZP 22 &
BojZa gl oj& 23 Aoz HE gL 2 g =
Ao dig A4 FBR FE S Agd i3 Aol o
A& Fig. 79 =ABT. of 29L& 20.59 7499 A

3

R
iy o Rocg

(d) t=0.10mm (x50)

Fig. 6 Recrystallized microstructures showing plastic zone
with €>0.02, a=-10", (a) t=0.01mm, (b) t=0.04mm
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Fig. 7 The relation between the distance from the machined
surface d, and depth of cut t (¢=0.5)
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Fig. 8 The relation between plastic strain & and the distance
from the machined surface d, (2=0")

AgHo g REe Az d, o ARl 9] FAZA,
Aatzlo|7k Z715he] wiel AAWME A Aol AZE
o 4 it

Fig.8& AAHH o2 FE Ao g AH2EH
Qo] ¥l dojolt}y, 2EHQUZS AAEHAME 2

S 7RG BAEE o BE dolAd oet tag
< %+ 3

ol’de] AFAEL A&ANAF Y o8] Ao} Hatzd
o ot A2EQY EX ¥ Wyde A7) & ¢
F &S JYehlEd

Fig.9% Fig.10& AA7Hgde 2488 348
A 2EY Y duA (plastic strain energy, PSE)E
4 ()l dsta} 7ot Azt @ a2 m A4 o] 199
BAE AR Aot} Fig 9% ZAAtzo] 7kt wat
2P 2EHQ duAe Fasn AFE BAdFa Ao

145

200
—a—t=0.01mm

1% —&t = 0.04mm
=
T 10 F ~8—1t=0.07mm
= —O—t=0.Tmm
2 wf
E 120 |
‘E 100 [
-8

w F
2

w b

@ L ' L . N

-15 -10 K] 0 s 10 15 20 25

Rake sngle, @ [ *]

Fig.9 The relation between plastic strain energy PSE and
rake angle @

——q =10"

11 o (P

——gu
100k a=ll
|—©—a=20°
40
100 |
o F

Plastic strain eoergy, PSE [10°]]
8

0 0.02 0.04 0.06 0.08 0.1 0.12
Depth of cut, t [mm]
Fig. 10 The relation between plastic strain energy PSE and
depth of cut t

o, Fig.10& AAlolg] Fld weld AAJ2EHA
duizle F718ta d&E BHadFa Qi

AP 2EHQ AU B ol de] AHEL A4AZ
Aoz P AY2EYQ] BEZRE AL A=A,
AEAAF YL AA/Ed 53] v vy s e A
Yrigdd PHE AH2EHQUAY 2HS AT KA
Ll HE s i =

ol AAylFHd YAHE A2AEHQA JuiRe HA}
Y 23 A%z ¥ AL AR o #A47} A&
A2 o], B9 AR L Fatshed Yo ouiA
(1At R)) & F3ta™ Zh Az giste] 2AH
£ 237} Fig.11olth. ol vAAS dasted 9
3 AAAYR (v A UA) Ut AArzio] o] #
AZA, HAEANUYA = g ol 7t F7tge el A
o ASS ¢ F AUk vAANUR I Atz



dd - HHE - BAE

2 dgtshe 99 e duAd ANERER 94
31 Ye< 89E 3l

Fig.12€ 454248422 ¥¢ 7@ 2Y2EHQ
oz PSESH HAA YA Utste] BA It o]5&
Z AAzd g 9 dee FAN UES ¢
F Jen, A&AZPP s 22 RS
Az B & AeE ¢ F .

0.2

017

014 [

o011 |

Unit sotal energy, U [Mmm'}

o.08 [

008
0 0.2 0.04 0.06 0.08 0.1 0.12

Depth of cut, t [mm]

Fig. 11 The relation between unit total energy Ut and depth

of cutt
<OV
180}
=
= 160}
E; 140
F
E 100}
L
eof
005 007 01 0125 035 0175 02
Unit sotal energy, U, [Vaan')
Fig. 12 The relation between plastic strain energy PSE and
unit total energy Ut
4.8 E
L 34 42 y2of 292299 2 24423

Hez 7}*133}?! F UeE
XS Yristedl 43Aez -o—%% F ,\lﬁ}.

2. 379 A4z BE 2H2EYA X E 1
399 727] 5& ASAREY A 7+ dSE
¢ & .

146

3. AEAZ R 93] 2 2EH AR E FFA

23‘57}2}1- WS ¢ F Ao
FHAoZ, d&AZF YL @‘—]’7}1._ 53] njAg
Hyg ’g"-J?P'"‘:%ll B8 2A2EHUNY 53
< 4% FEE PHEYS A5 g
Fu1zd
1. Ad9, 349 Surface integrityd] vlA € 424

2EHRY 4, #2FLZHIA, A6, A4
3z, pp.94-102, 1989.

2. M.Field et al, “Review of Surface Integrity
of Machined Components’, Annals of the
CIRP, vo0l.20, No. 2, pp. 153-162, 1971.

3. Y.Matsumoto, ‘Effect of Hardness on the
Surface Integrity of AISI 4340 Steel’, ASME
J. of Engng for Industry, Vol.108, pp.169-
175, 1986.

4. J.Bailey et al, “Surface Integrity in Machin-
ing AISI 4340 steel”, ASME J. of Engng for
Industry, Vol. 98, pp.999 - 1007, 1976.

5. T.Y.Kim et al, “Effect of Machining Process
on the Fatigue Strength of Hardened AISI
Steel”, ASME PED-Vol.38, 1989, pp.131-
141, and ASME, J. of Engng for Industry,
Vol.113, pp.154-159, 1991.

6. T.Y.Kim, et al,
sure Plastic Strain in the Machined Sur-
face”, Wear, Vol.147, pp.311-322, 1991.

7. Y.lino, “Accumulated Plastic Zone around
Fatigue Crack in Type 304 Stainless Steel”,
Paper No.MS 509, pp.159-164, 1975.

8. T.Y.Kim, et al. "Recrystallization Technique
of Plastic Deformation in Weld of Mild Steel
", Trans. Japan Welding Society, Vol.13,
No.2, pp.27-31, 1982.

9. Y.Iino, “Subsequent Recrystallization Tech-
nique of Local Plastic Strain in 304 Stain-
less Steel”, J. of Material Science Letters,
pp.1253-1256, November 1992.

10. Y.lino,T.Y.Kim, et al, "Machined Surface
Plastic Zone and Strain by Subsequent

‘A New Technique to Mea-



FEAYF AR A15A 243 (1998 49)

Recrystallization Technique’, J. of Material subsequent recrystallizations technique’,
Science Letters, Vol.12, pp.520-522, 1993. wear, 199, pp.211-216, 1996.

11. REF &, A9, B4E, 9542484 4% 2 13. Y.lino, “Fatigue Crack Propagation Work
Y AA7eHe A2l B A, T Coefficient-A Material Constant Giving
ZAY 7332, #1378, A4%, pp.61-66, Degree of Resistance to Fatigue Crack
1996. Growth”, Engng Fracture Mechanics,

12. Y.lino, T.Y.Kim, S.D.Mun, ‘Machined sur- Vol.12, pp.279-299, 1979.
face plastic strain in orthogonal cutting by 14. A4, 3434018, 594, pp.80-82, 1988.

147



