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A Study on Plastic Strain in Machined Surface

Tae-Young Kim* Youl-Young So**, Hyung-Gon Shin***

ABSTRACT

since they
are located within a very short distance from the surface and they change very rapidly.

Typical plastic strains in the machined surface are very difficult to measure,

There is an alternative way to determine the residual strain in plastically deformed materials
by measuring the grain size after a subsequent recrystallization process. Although, this technique
has been successfully applied by several researchers to find the plastic zone around notches
and cracks in various materials and welding beads, few works have been reported using
the recrystallization method to determine the residual strains in machined surface. Therefore,
the purpose of this investigation is to explore the effectiveness of the recrystallization technique
to find the effect of cutting parameters, i. e.,

on the plastic strains. As the result, the recrystallization technique

in machining applications, and in particular,
depth of cut,
was succesfully applid to determine the plastic strain in machined surface.

rake angle,

Key Words : machined surface (71A]7}&%), plastically deformed layer (AAH&%), plastic strain (44
2EHQl), surface integrity( E.Di’é’z} recrystallization technique (AZAH),

cutting mechanism (24384 fslyZ

metal

LM 2

o] Fdsla Nl ANTRY FAPHS 9B AT
g4Aoz ofoldol gk

F49 ABUAN P FAEE WHE s
LMY ZA, TR BHY 2AHWYS (plastic-

BzE, AEY W8, 27
BF84el \::-znq-ﬁr Sl waN H958 o)

g 7]A7}3d (machined surface)9] 54 2 AAL
BAAAHsurface integrity) (. 2. o)} Fo}k. H2 A
49 wady tEo F4AY HolU 254 FAd
F e 7AREY AHgo] HIEsAn glon, EF
Adr)o] 8FEE uadly dAY &= (magnetic
recording head) 5 Azl £FY 2AY 7139 ©8A

* FEuggn A LA (PAY
* JRUddsta AT ()
e dEUEn ey

47

ally deformed layer) 2 I Z7}% (fatigue strength),
X 4E¢H4 (dimensional instability), ©]AZ# (micro
crack), €9 ¥2|u3 (stress corrosion cracking) &
7ARES &3 BAo A FHE dFL Fu
k. olHE EEA 4 & BEANLS 32 §8o|
4 3% 35E e FEY 4AAN 9§ F84 FHY



g - 289

of .

a2 EBE JANERY AYHE 713EIEY Fo)g
AT, TP WY dYYoMe AEHY X ¥ 3
715& R3] Yrkdhe AL 7IAEHY FRPAS
A8l F2F 3 FHAojch

ASMA 7IAEEY FRYAH 7)A 7Ry A4
A% &3 FF Fe JTE5 607 Sldm
A AEZQ (plastic strain) 9 ZF& A Fe W
g0 ol85x gloy Z7] o 54E gsly e
o}, Ag7}z] AFOE NG AYXEHUY Fride
o &G Aol 424 HEdA E. G. Herbert
W7t APA e F4& AANEY 73RO s
Oe AMS 23§ olf C. Rubenstein? & X4t
o8 AAE BH HIE ol oA AFAEE0] 248}
¥, F AP FA WA AdFHo] AE
dys] BAEE =sith

E, A E. Bayoumi$} M. N, Hamdan® & #HF
89 £3¥7} BHA AU A8 Y= 1T
28 9% dE8, AFPH 2L do gF dsH
T B4 g&Attn AAsIgt.  EF Oxley®,
Wright &= 249 71373871 243A A Az
& ABsed U TV 4&E HEAdey, D.
Lee®= AA £571 Ahigd njis Qo] disld
B w3l

FAAEY &F7)ed BME FieldM 5ol 8l
Bu=d.  Zold) (Moire) 714, Fe4 =ZH (photo
EE A7) AY 2EHA AR
(electric-resistance strain gauge) 7} AAAEFHI S
24317 9% Y¥rEQl Y sty o] WEEL vlw
A RusA 2EHUAE FFE F Yo AEE W
¥ 2Ege EHE F ge 9ol Utk 7EEe
MY AYAEHAL FHOoZREH oj$ L A
AAEq Qz, w9 ®2A W@slsy] Qe SH
7} gt oy 2337l 93t R.
Ramaswami® = X-d 3 (X-ray diffraction
method) & o]&3te] ABRE Y&k 3719 K535
A 248 E3l2 Bugdy, JIde F49 FHY
o A= AN AEHRQIY GFo] E1ng vt IO,
A7IMe 249 ¥EE A2% JHFA AR &
ZPgozH AT WYy AEEY AYAEHQ
& ERse Py Addsig

T. Shojilo M= F& 75 38 FYdAe AET

elastic coating),

°l&
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o1& AAXY (recrystallization technique) & o]-&35td
2393, Tino1?, Suzuki®d 1, 733 7)05 16)
L SPuE FYd FPyHE L499E AEAEE
gt 2Rsgon, XA HHAM AYHoR A
g 999 3718 FIAch

oy AFEC] ABAY S Bl HFHeE &
FulE, =X, 28l 38399 2EHIE EFHY
oy, 714 7139 BuE AggddMe] AYAEFQ
€ 333 f8 AgsiRde Eis A9 gl

2 dFdMe 7ANTHY B4 AHAA ¥
o2E AGYGare £H2EHQY 4L AFHY
£ olgsld AEstm, AAAEGIH F&EA oY
349 BATE 19, HESY JAEHY SAAE
#9& HrstnA @k

2. NEHL MYEX  HYYY

2-1 AlEH

2 Adode FA 25mmQl A7HSS4l) #& AHEEIA
Th Table 1& A8E 9739 % 43} 7144
A44& Jein .

Table 1 Chemical compositions and mechanical

properties of SS4] steel

(a) Chemical compositions (wt. %)
C Si Mn P S
0.18 0. 252 0. 84 0.018 0.012
(b) Mechanical properties
yield strength |tensile strength elongation
(kg/mm2) (kg/mm?2) (%)
34.8 51.5 43

2 Agol A4% AgHL oA B4e A% AY
B3 JPAEE 9} ABUOE Urol ATIAD
Fig. 1& o8¢ ¥4 ehich

2-2 AEHIEX

Fig.2(a} & 2 A% A8E 4871719 fFoln,
FAXAA (quick-stopping device) 2] AL Fig.2
(b)el eRRich

Age] A" 71712& ws Y HAIQ (universal
milling machine), &+ F94 (tool-dynamometer),

#2 @I (charge amplifier), E& #A 7124
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(multipen recorder), obgE1 tixg W&7|(A/D
converter), ©1¥Tt(single straight cutting edge
woo0l), A7) vlo]jaEujE(electric-micrometer), AFE
Bl (Apple computer), 23 @97 (tool-micro-
scope), =HAA AAFolW, Fig. 3= 4EFAY A
Toldh

R

5
1] Ve
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S
L\;A 36 | 36 | 36 | 3

170

(a)

12

L
10

I"ig. 1 Specimens of orthogonal cutting(a) and
tensile test(b).

Fig.2 (a)Experimental apparatus.
(b) Quick-stopping device.
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Fx

TOOL CHARGE A/D
DYNAMOMETER AMPLIFIER CONVERTER
Fz
Fx MULTI - PEN
Fz RECORDER
———  APPLE
———1 COMPUTER
Fig.3 The schematic diagram of experimental
apparatus.
2-3 My

2-3-1. dFAaNGg AN AEHATY A
AZRUL ARES YHZALE AAR dAdge

2A, HE" 999 LHAEHUE HA dold

e ok, ABR 4L 1947 ¥ Z. E

Stead 17 (1898) 7} A2 L& on, o AAHYLS

AYHYRY F7|E HPHoZ AXseH AL

S}p0-17)

AZRE 92 271 oJYyY¥ (annealing) A %
Ae Y quixle wel getxs, 2FHY JuiRe
AAY o o8] AAET, AY2EFIY 7l det
AYHoz F713h

2 =29 AEd AZFHY F8 A e 42
Eig=]

) A9d 4371 2EE 271 A8 488 A5
e gy dajE &2 XSA7Y AHe,

2) gxelg ARolN AAR YA A7) AKAEF
gl Alelg) AFAH BAE AFI AP 9% Al
Y] HAE. o] YA AYAEFHQN Yzpa
71 Aely #AlE EHFE aFIHE dEn

3 AAFEOR W 99dM YR=7)9 233 g
AdA QR FAE Agsld RA712RE 24
B @& A%,

A 2=8 AKRZHe Drkz] AR AYFL
22X A9 Ag M. & A AguEL
239 (Rockwell) AE Agrjz gEdo o2z
(Argon) FolA 2t & LEEN ALADEL A
3l gxslyoh

FEFHAM HF My g B £ Y=
dAe 20¢ 99 dPEaNe MAHsgd. Fig.4e
& Ao FAe Aoz Mg 7200 xhroE
ey GEFAY HEAYY zF9 Apoith
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Fig.4 Recrystallized microstructure around
indentation. (SS41 steel, 720Cx6hr)

0eoZ QBAEL URpA7Y AHAEHQ Alo]g
#AE AR A8 APt &%l 10tonQd &
AEE(Instron) QAANEYE AoA AP g7iA]
AFstm, thgdiE 1) AN Mg 2AER ARF
GAYsPt. I F FYPPeE FARE Husld ¢
2137) $Xg ¢rids] A58 dAvt(polishing) &1,
4% Nital2 F43le ZAE {7 F£97](profile
projector) 8} S4@uv|F o2 FAsY) o] yFEY
B AAA0] A7l ALY WY e, HAEAIYE DY
VAEYQY e FAE FFHE FaKch

AAEHQ (true strain) e&
= ._.AL.. - do
& = In A = 21n -
2 Aagd.
A7l Ao do: T A AWM AT A

A 3R F AgHY SRET 7ol
239 R4S A8, Ysiel 4¥e Pol Lo ¥
A YAE 8 ALHE 43F BHE A8

.

4zl =7 De
D=L/Bo]x,

71N L:gee) AEy 4o

B: 433

Feolt,
dy fAXEdM 2EHUN YAA7IES ZHL W
Baloes AEHUAT YRE Aold BAE RAFE
ZHZTHE 92 5+ Ao Fig. 55 o)5 AZAPHL

EFH Q& 2AAPECY 33N BHE 1

SECICEEIRERIEE B

(c) Plastic strain e=1.25

Fig.5 Micro-structures in the tensile specimen
strained to various amount of true strains
€ and annealed at 720C for 6hr. (SS41

steel)

Fig.6& SS54179 zAZHE depdn 9 P47t
0.109~1.2574A gitt.
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14

Anneal 720C
6hr

1.2 r
1.0
038

0.6

—rT Y

045

02t

TS S S W T |

10" 102 103

0.0 Lt
10°
D,um
IFig. 6 The relation between true strain ¢ and

recrystallized grain size D. (5541 steel)

=3-2 AAAY

71A I3 EAMNY AKHAEH ZH AEAEY
984S W] Qs BAAYE WaT WS
3, & gAelst A wsle] wel Augdol
AR AAAEHAS] HIE B

2 =8 AgE Hiolge F. W. Tayloru®7}
FEHA I EY sMe) H8E PAE HLF ol
M. C. Shaw(®, M. Kronenberg@®, M, E.
Merchant@) 5o ojsf ol&d L dgxoz €Y
o2 a2 A&

¢) e 9%

Fig. 20|14 Hiulsl o] thy Ud mAQe opy
A3 (arbor voke)o] 48 uo|AZ AT T 2K
A4S Pk Fig. 39 MFg=dA HoFE AH
o] FF FEHAN £FU|E @FAA ogED UAE
WA E Fold AFEA BAHE Adstn
i At 71Esget. AFEC da HAEHE A
<4 o FEd3 WELSL 23 (calibration) dted F4t
HE FFsUS

E Aaglole AE7} (. 1umg] A7) slolaZnelg
Jpgake 0.05~0.2mmZ WIAFEA AR F
:20] Az} (rake angle) & -10°~20° 2 H3A)7)HA
HAsg o A¥e Fs) Hel AEH A 4
o8, EFYTE AAS 8 0.05 0.04, 0.03,
0.02, 0.0lmm9) £o2 Hagolg Fo| {5 4
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o2 A3l 247 71FEln olM E(acetone) 0.2 Al
FHz T 2oiUe HHKE AAY o 0.0imme)
AAZolZ Agd 7H3d ¥ EA AEE A
=3

Ay Aol MY AYAEFHAS FHE7] 98 33
AZAE o] 43ld A (chip) & HEAHoZ FE A
7171 Ao) EEAZC. AALEE (.507m/minE 3%
A sldx, AEA AL T20TAM 6AI7toE MY
3gich

Table 2& & 4¥9 ZEAzHE veid otk

Table 2 Cutting conditions

Work material SS41

Width 3 mm

Tool Single Straight Cutting Edge SKH 9
Rake angle -10~20 deg
Clearance 5 deg

Radius of cutting edge less than 2 pm
Cutting speed 0.507 m/min
Depth of cut 0.05~0.2 mm

b) BANEHY AA2EHY FF

zZt AAZRACE FAA EANEEE JAAERA
TYH AAF gy Y T20C, BANLE olEE
2471004 el T HoWFeR EHe T3
o] HEE FYHE B F AvEiEd. 1 A 4%
9 Nital2 F45ty 7iele R&A7] ooz 100
B guisie AlRE g93ad. (Fig.7)

o] AoERE AAF Y= DE Hstm, AF
HozHeE AAEHQ 2 F3Hrh

E AgoA, SS4173L AGFHN HAF 44UY
H 999 AAWEE J1FeE 4 A¥H F3] o 40pm
Al 29 g e} o AEEHe] o] L3I

3. Mdn ¥ uE

SS4179 QRNERE ARY A de A

A ZAEL Fig. 504 RaZ0. Fig.5(a) & #A8

FozRE 714 e YolA FHe 2Ed

Y2 728 APe HAFH, Fig.50)E

I BE Fig. 500 HyE BEog 2 AEHQ
XX

e 2L £ A AZH GRS )
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Rake angle=0" Depth of cut=0.15mm

Fig. 7 Micro-structures of mechanically strained
zone.
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A7y @Al= Fig. 6olA RoFEo}, 4zl
Aq HE Alele 4dY o8y BA A
ounj, o] WHFHL 7IANTE APHY AR5
A AA<EHIE AR H AEHA
Fig.7¢ ZEAAEHE 7 ZxpdoE FFPAFA
(quick stopping device) 2 HAHg H 720C, 6A2L
B ol2X RYUIdA EAY & F ZolyFgos F%
A (cut-off wheel) & ol 838ld Fot o4f
upstal FAAIA HulR BaEd AReEs,
e BRO gAYl 9] deldE 2H
Az ot AFF 2AE) A o
2 ok dAglolzt HoAHTE HE S |
Z AFRIYe] At TR olAL AEF
Hggdor A4AEGCY wEE
g 7 Ude A FHL

Fig. 7ol4 HoFE A7} Zo] AAPHN T 44
Hys 999 AAEE 7EeE L4¥YgE 999
718 Ryt 3lm, Aol t9} Resjy HAIE EAlS
B Fig. 83} At} o|2HE ZL AAZoA Fitge]
7} 37181 Re& 3781, HE 3E ZH4jgloloA 7

i

mo Rl ox rH aln
TOrE o
o
o

2N
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Fig.8 The relation between plastic zone size Rx
and depth of cut t.
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M Bt ANE ek FA9T 2 AAE
Aol 2 A% AAzArD o FE4sE 20

Fig. 99} Fig. 102 ZA4ES AHAEFQ] Aol
A7 B BT AgFHon e Hite] HugdeA

% et dold AAA A =Hed ol AL
e=1.2501 FEaA H7l fEolnh

2 2EdQd P2 WE £43E B4UL 2 AN
29 e BAlo] & o BAIT 9BY F WY
AN 24¥EY goe ian 44Foz wWEe

137 29 Zolg AU o] WREL YA UBH =
12r 79 AnEa dx3ct. Haslam3 Rubenstein @&
e EugEs 1EA85e Qo7 4 $AY 379 AA
~ Ze) a2 QA8 FATE A& wANR.
10r Fig. 11& 48 Fco} AAEHQ @9 BAE =
0.9 b A Aoz Ferl 3718M ek kA F7h8ka Fert
T el Rake angle(deg) 228E QF WAL B 5 Ak
: a -10
071 o0 1.3
I a 10
[ * 2 .
e Lk

0 .
000 005 0.10 015 020 025

t (mm) 3

091 Depth of cut (mm)

Fig.9 The relation between true strain € and I o 005
depth of cut t. @ ° ol
07r A 015
* 02
Fig. 102 A2 a9} A2EHQ eadle] BAE EA
¢ AoE Aol F7lstE FY HAZOA et 0 * - -
. 0 100 200 300

74EE Holn §Y AAZdME Aot ARF

- Fc(kg)
2 g7} 2743 AL 2 4 Ak

Fig. 11 The relation between true strain ¢a and
cutting force Fe.
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12 F 13 ;
1.1 - \\y\.\ | i
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Fig. 10 The relation between true strain €. and Fig. 12 The relation between true strain €. and

rake angle a. thrust force Fu.
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Fig. 12 ¥ 29 (thrust force)Fi&} AAEH Q) &,9)
o BAE FAL3 A4zlold W EAREH Fuot
AR &= AL F7b FolAd ek ol &
A4zlo17h 0.05mmg] FHED (.2mmY H 47t £H
Ao ZHI @ AL e AR ZHsE AR
ezl wiejnt,

ojdH Ze AAEL HAZRAY Aolo wlg M4
dquzle HelZ Q18 Adeln JHo] g9 A
Z%e] BAE =AM o ok Fig. 138 Aoy
A9 g9 AUz usst AAEFQ e BAE
A ZAlzlole] tia) EAPed Aol dFE
o FAol7t F7HE uss At &S F7sted
us7b ZHAsHe AL 7| d3(size effect)djFola} 2
Aed. T AAZOL dAY o FApZo] ZAshA
usE &E 371t AA2EFQY ldE AALH

24g0) el 2 9B AT A &+ ok
1.3
1.1
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0
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Fig.13 The relation between true strain € and
unit shear energy on the shear plane us.

Fig. 14 2943 A4sted 98% AU w
% MEEHA easte] BAE EAF RoE FHAlo]
93 o Bt 3 e BB wE 2
Adhkedl o] JA] Z7)E3 HEoly FRET. & A
AZol7t AT o FAtde] AW wE €5 F3
S7tstAl "o

Fig. 15 2943 ¢ Adsled 483 Aqua w
g A4HEE 999 7] RS9 BAE BAR AL
2 BAZe] 43E W AAZet Uk we #4
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Fig. 14 The relation between true strain €& and
unit total energy uw
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Fig. 15 The relation between plastic zone size Rx
and unit total energy ui.
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