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P, . Eddy current loss
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f . Frequency
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n, . Direction of investigate light

n, . Vector of observation direction
YANO) . Phase difference
Agg :  Phase difference at point )
Adp : Phase difference at point P
Ax . Deformation in x direction
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ABSTRACT

A study on improvement of molding process using high frequency

induction heating device

[I-Chul Park
Advisor : Prof. Kyeong-Suk Kim, Ph.D.
Dept. of Mechanical System & Automotive Engineering,

Graduate School of Chosun University

Recently, the thermal process technology using high frequency induction heating has
been partially applied to the body parts requiring high intensity, mainly for overseas
low-speed car companies. However, the domestic research level is still in the current state
because there is a lack of solution for the deformation generation and mechanical properties
change of products due to heat treatment.

The high frequency induction heating has an advantage that the surface of the metal
object can be rapidly heated. Because of this advantage, it is used in many fields.
Recently, high-frequency induction heating is applied to a mold apparatus. Research is
continuing to improve the moldability by rapidly heating the metal object.

The domestic mold industry continues to grow moderately. We continue to invest heavily
in the mold industry to compete with overseas markets. The global mold technology is
being converted into a form that is applied in a complex way. There is a growing demand
for high-value-added dies that can be minimized, refined and mass-produced. Therefore,
there is an increasing demand for reliability of production products. Many studies have
been carried out to verify reliability in Korea.

In the process of forming progressive mold products, brittleness increases due to the

cooling of the ingredients and winter materials, and cracks occur a lot in product molding.
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As a result, the product molding causes an increase in the defect rate and a decrease in
productivity. To solve this problem, the number of progressive mold processes is increased
or the progressive mold is enlarged to overcome the problem. And, as a different solution,
hot stamping process is used to improve moldability. Hot stamping technology is a
technique that increases the strength of the product and the molding property by
simultaneously heating the entire material at high temperature and molding and cooling in
the mold. However, it is necessary to apply the hot stamping technology at a high cost.
The method for instead of doing of the hot stamping process has the mold process of
using the high frequency induction heater. High frequency induction heating devices are
used in plastic processing fields such as extrusion, special molding and fine precision
molding.

The high frequency induction heating apparatus heats the desired position or site and the
moldability of material is improved. The failure rate is reduced and the unnecessary loss is
reduced. Therefore, the production quality can be improved. If the desired part of the
molding material can be heated to a desired degree by using the high frequency induction
heating device, it will contribute greatly to the mold process. The results of simulation and
actual experiment show that the temperature of the material with improved moldability is
very interesting. This result will be a study that can be used in various manufacturing

industries using molds.

- Xii -

Collection @ chosun



=

A1 2 37263

A1 & A

-

F - = - o~ o ol ar ._,
||4 o) - O 33 M o) m A <F w0 s ™
ERE Ww = ol /0 fo Wk |_me g P} S S m_r_.; o KJ _.MA|./|_. (¢} =
__dol,azuﬁol,aﬂ:i m_oMNEuﬂim%%%aEM:T%
Ny oE R - R o 1 ol mEr 2082w B
< m o & K o Ko S L # ol R ORI = B s 3 5 oS
w S < M Lz SR AN 5B a0 g oq R
ok oMol W oA =) w W =
IV M N = 00 ol 1) ol
“hHsZm om Fomw EWR Ny s o
T T = T ~E o & m e ® oo ok W
W= = w o~ 98 o &g
S g X g W o DS Y g
I TR m___o_Mama_xglmmgﬁ_M_AI_M::
= S B LR TS (=T VR ST
m = o o] w9 * 5 O A L B
) G %Al._ o —uu— _.__O W_JH [¢}) ._H_||_ |r|_ —_ Ol, =.__=._ ;_O m™ . o e} _II,.II’ -
= = 110 T Al (@)} o TAl_ —_ Lo = 1o g I_n_
z Yoo R w oy 8] 3 %u___|ﬂmnoow=_=m
- W_ S <0 .A_U|| 1] i — zp M0 L O -,y
o = = M W ~ xJ ol i —
T w5 m o = Molo_mﬁ&:_uaw\n&mﬂ____laceﬁ
cWe s gl w S Im.uu89__+aMJ W< = 3¢ Mo
0 M_ ° O Ela ._I_._ = U a_._w Kk = bl <k owr < < S B or W _xﬁ ol
< T oo 3 0% 2 F w oo WD 0D g W0 g
TR0 sA L e Ewmmngwwmmﬂt_xgimﬁﬂ
0 _u_w _.._Aum <0 = = _ < © & 0 % m/nuv — K ol &r ] ol .ﬂﬂ: <k o] K a5
rno 8l % - HH % [ oF ___é v o % ~ Y M_ﬂ__ M il . ol ™ WI_ 9
=My m sy d o _ T ! ol RO O
S Pz ¥ o:_:ﬁw_.nmo%#ﬂ,maﬁ_gm
< Wy S m s m__r___ﬂ%m_xmﬂaﬂiﬂm,ﬂ%%
L T T R TR
)] K3 Fﬁw =< m K o m = -~ M w0 = . ol = ulo <F
> ol Kb & w omr M - - < = < g > %0 = W v
<o oW oW oo 3 d - 5w S ORIy B ol
m P Mmoo Kog RO =3 7 52 5 k0 WA
no < 2 n_.M iy ra™ me < 0 = oJ o ~N = o & o o =
0 o o " uAno = 8 0 . 57 r <0 M Ko ﬁg T o . Ho Ww o
= r 3 <oy s ow o Ko oR=
Ezﬁ_m_xaoo:ae%g L T B R S S LTI B
- = - = _L| 32 — 4 T
=S WS CwE s 3%&%%%%8:Dg%__omErom
® OOl WM 2 o & = 1o SOOI T M T O oK <KW TR
o RO R0 B8~ B0 W K ~

Collection @ chosun



w=ob oS
.85 0 S &~ .
70 e N MA_ WA..._ WO ._|rJ KF o OR R ®OM <A
ol W o F o = = = _ 0 = 5 H s 9 B A0 S RF W T T
= A= R oT ™0 — il = A = O AF Exii
R nau@@mw@wg&%%mm_womr.o_e < M0 Al Al
}o._.I%,U R @ME&OO_E Jﬂxmgmmo Bl m B D
Mm 3zl © 2 o U s Ao Hio @Eq M_AI|= o M_F_ uo Ho o i) ©l Rl o3 7 m < W ook <
5 N __ofxtﬁ__djﬂ IItzojzonbrAT < & Mo =
H = — Ko AL = ~ N0 = S 0 Kir w w5
= o il o ol & ir w0 wr @ ™ N B 2 S o U DF ¢|o TS i
> < K — — 0 I o K ol = ar o N oz X Ho = S g 3 K nH
Rl Y A_l ol m wd _x_._a ~ & S < < o E_._ (W) C Kl |
A g ool wozoow S o W ngomu.@wjmm@m EEM_%u_
o__mfao ~ ¢ A RA D <A 3|M%o_=_ao|_______o. o0 g
m___AToM:D a_m__m%;%@%oldp_ﬂmo.ﬁo::mmmmm zr o1 A=
S = o " 2 - = | ~ = N ! reY H T e}
R 3_§mu=_x_ao____mqmgjrmx__g_wq___g__ow Mmo__m___ofem
m|m2 mmmojm___a|_£ﬂmﬂmg%aa;a m B
noy 0 R0 K =N oS 2 K o O oF w oy A=
LR E Mo KR a o W mowo ® O T oy @ U0 = U o g
8 o ol = w s o= %sc_oﬁmo@.ﬂ_fggoATAT S oond
) A 7| _ M R 3 3 X w R0 1o L = . R0 o) 11z
A o I ,Joam_fx ol Rz w W w H . O o
e LS o ™SR = g W3 ol,aaomtmgma R R
505 5 &_.waxzaoo_a.&_r__i S 3o Spo W
A MM@OH_T#::mM@% @o_m_xo_amm_ = Do m 8
K mg_ ol o o 20 M a3 el I 0 o3 oy ol _ﬁ:nm X Ao o R
_ F o R0 uo = o m . ._J A|._ < <] 1 <F mm I S~ +_|o ok o)
on & p RBW =N D s ZE o, m Sw O &
P om o o AT wool o Qoo - = i X0 ~ M S]
g e) 0 ) o= — o ot o= o S oy 0 . 0
U or K= ~ 0 A T oy SIS By B o < o] ™ i
i) = ML m_.ﬁ ) N o3 5 < o ) y o1 ~ .__mﬁ m_.@ 0 |_._A|o 6 = = n ok m|.|,_ Hio <H o) 80
= = o7 o oo 3 8 o T i ., - 1 =
= 5 0] - A_.. ol ._Mn_ % ur o3 Im s or o o n - ___AJ_.M S M; S M_ H = m o no
D2 = ook O s oM oE R w2 RO = 5 W5 o1 © wy
- ] o — B o9 X0 = T Mo K i 5) o: o] = Py [
ng AN ol = T » = 4Dy m S 3 = o g O
L Yo Moo w LN TS LN o ' %0 I o W g [ w2 om <
aownA4o aoﬂzj__dﬂ__x% T zomga __WI o ™© g
o uo 2 M m w5 . o ~ o W W G w0 Ho or - <3 H0 | 1 K m-
¢ Doy B2 m|§m%3&aﬁﬂ§g sTou g o om U 1l .
N J RS o g 5 LTS = B £ M = = 5 KO &0
S ok W oKo = oo o S R woR o o = M0 < &g B Do - =
N =z W 3 R RS 5 T o R oo = Moz 2 S
= o= W om = ~ o W W < S o o W gy 2 = =
= b hE T ! g s R
o Z <l K

Collection @ chosun



diA DI

IT

Bt=

S
fuet]

PP
o T

1l

dlA2ts Edl
| X <0l 0lel

i

=) %/\I-O|

= S o —
=2} o)
= - —

ol

ioll
o

<k
om
&l
KM

~
i

KD

o

iofl
0

10
ro
i
I+

=
H0

= 0

=
o

ZdAE =

i

= O
32

SOdAE =

i

0101 Odet D10l A

= UCH

&2 Z0l

iofl

i

=
0

oJ
Rr
&0
o
JI
)

-

i00

J

=
S

AXC
T L

SHAXL

E=RN PLYN i i)

=

}

X

==
S

ioll
<+
KH

o
il

ol

i0J

Kl
il

ol
<0
100

LA
RO

0

o
i

A

ol
Rl

ol

o)

)

o

o

J

al
=

A2 A~ =4 Clole =2

0l

Rr
x

=
1o

4

o)

i0J

tCHBI[9].

¢}

=8

o
e

OH

0

A =
= S

Aided Engineering) 2l

=

M0

s,

=

AAH s8lls2 M=,

oy
<]
X0
n0

5

RO
0}
<
r2)

o

180

Ju
)
00
Rr

o]
Rl
00

I

H
or
KD

S|
=

AL

I

[wtd

O, SLHAUM

oldd

(Ch.

AN

P—O

7t SItat

F

[y

=80l the
| AZI-0l O

[

O

of et A&t S

ot
E

o
10!

KJ

Ul

0l

i0J

J
Ul
ol

o
Ho

Ju
o3

R

<J
JIJ

[10].

wl
)

ol
Ii=

i

EM MHZ Ol

SO
5=

Ol Al

o

ol

tOd

[¢]

02|

=

=

X ot

b

01X
4§ Al

=
o

A
A

ni

t

o}

P

H & XIAL

0

0

=
=

F

=
=g

"ol 2
Al

8¢

|40l
NS

=

== M=
Tl

—

[—

g
M=o

4

)
SEUA

o

[é)l
Collection @ chosun



LE O

=
=

=2 3t AA g B

=

[0

ol
60
i

0l
ot

otAU =& WOlA

=3
ADle €32 I3 EXel JI==2AM

(HO

Ju
9]

i
iy

0l
HH

110
ur

|
10

o

Abedl Ot
tot= =Xl

2 #Eot=
=

-

K
—/ T

-

S
-y

u
K

KO
lll
LA
Ok

=
Kk

FXIEH, UM =E 1

1o

SO0ICH.

&0 #H3

=
-/ T o

2HA0ILE DI A

k=

O

-
1o

o]

Ok

%

HEOH dF0

B RS prpsl

i
o

20UXE B2 Al

ol

IH
I+

A5t

= Aol

0l
il

J
s}
o]l

Ol
4
Mo

ol

[m]

H

iofl

oJ

—_

oJ

-

~J

KA

_

ad

_

~J
el

K4

ol

HAIDl=

Ky

i

Ulo

el

F

30 Mo

S0 UACH7].

oI
X0
<]

X

F

E
9)

o0
[0

o
e
Ao

Ol AHEE

ot
s

SOlA

8¢

OlhEd

g
=

180

tCEH. =LA

INEEEe

=\

ol

180
0

KF

ok
ol

<4
Kio
ol
ol

o

=

fall
iy

=

-,

<N
ol
0
0]
ol

—_

<J

)
A

60

-
[[S)

ok

==
1o

ok

)
[

o)

)

=017 <
o

°l

SH

S0 XNa3& #EAH &

ﬁIA
-/

Collection @ chosun



B2 FIdA U

0

=0l d

N
(i

A

al

Eb &

olcH16][17].

3+
i

)]

o)

Ok

ol
x

%0
Ho

00
o

1o

00

]
=

-

KO
a3l

H
Ok

Kk
E

|
X
i[d
H
il

S MOt

F

[l

S

tH

=S40

=<

b AlEHIE &

=<
T

=39

=]
=}

EdlAME =

IT

= Ol

HOFot D

HEHo=z2 THIIE O

0

]
04
_lu_

iy

ol
0

D

T2 0dIAl

L.

o2
3

ioll

te 252 JtE

20

ks S0 WE A

—
—

o)
ot

ol

0l

J

e}

Ju
o
0H

ol
It
-

J
1}
on

il
KO
an
LA
OF

Kk
B

ZHIA2

IT

At

AL,

I9)
&l

IH1
oir

ol
)
JU
o

Hr
LA

<+

AZ

0

Heol &

Collection @ chosun



ZdlAl

11

—

—

= == 0lA

o

010

i
=

.

KO
]l
A
Ok

=
Kk
B

un

<

o)

el Aad=s St

4
op
i0J

o
10!

ol

180

o)

A

60
X0

o0

Hr

o
vl

0
70

IH

Al A

Ju
9]
on

ol
010
=

Of
10d

S

)
iy
fil

-

10
m_@

Ol
K0
Ho

130
@0
<
o<

i

ur
-

oJ
ol
10

ilo]

ok

E AN¥

Ol U= STS HSDH SAPH HEel ATH

AN 0| M

0

|.

PN
o

i)

ol
</

=
1o

ok
o
il
2

ol
33
o

o]l

LH
RO

J

il

<

1o

00

]
R

KO
sl

A
Ok

=
KF
B

e
o)
R0
Ll

0l
Bl

oll
%0
Kr

Ju

iy

i
X0
100
<0
o)
Rl
Rr

ol
il
H
o
~J

H
01

Rr
K]

1o
Il
)]

i
o1

2AdINE =822

W

et
& 3ol

IS)

—4

cC

Ck.

e

110

Ho
i

Al

o0

ilo]

010

o
Kir

0

MetA O™ XH0IE 201X

2

c
—

o1

el &
o o e
=2o

2|

=

OlE2X HH

F

[l

S

24, el
Ol CH

o

k==
=}

o

LA

2 Me
=M
-/ o

=
j—

(t
t

M= O

=

g «

A2

dclet 25 B
X

5t
FACH.
g

0s

H& Al AFZE Von-Mises Stress,

MO

=0
X

72z 280A=s ESE0AM Al

1J],

HAL A
&l

o —]

s

g
=2

0

| —
-
—

’

=
30l CH
%

0
2
=}
2

oJ

0l
r

Bl
4

-
o

D)

o)
ol
=

oI

=49

JIAHH

@

2=l

al

gHoZ

|.

g
=}

100

H
Ok

i

i

i

=t B3t

e T4l

g AlZtol

JIAA

F

[l

S

2] =224 iAol THE ol CH

1T

B, ALE AlE2d0ldE

=
T

DS
o

|

“
Collection @ chosun



il

60

NS

S BAB0 REE

2t

HEGHH Jtg Al
tHO Dl

tH

=0t AL

[[e}

o0

-

Nl

i
=)
fal

50

o0
Rl

Ho

750
70

i0J

00

o
K

=

Z2 1,

e AlEdold

0

AH=2ed
=S

F

nl

It

i0J
i
H

o)

o)
oF
ol
00
Rr

ol
K0
Ho

180

o1

6
Kl

NMIAl GHRACEH.

)
e

24
=

Hiol cHet

-
2

cC. O
_— =

Collection @ chosun



F

A
(B

& A0t

T

BHel= 2 200 ~ 300 C
&

LIEFLH D

=

=

=259
|CHX

S

A

i
—

Ol [T

H1E Nz 2=2

(blue shortness &= blue brittleness)Olect

M 2 & 0128 tid&

F£2010,

i

il

0l

Ol =cHZ RULCH.

Kt

822 C2 N

S(yield drop)0l Loili= %

St
S

auzge

|

X
(=)

=

[m==]

J0lA Ol

A

>,

ol
Kl
010

ol

ok
Kl

o]

iof

KXt (interstitial atom)Jt
OO Ol =28 A2 SO HA

2t

]
=

o

2
=

F

=
=

=

-

nD

Al
0l0

Ol

X
01

<0

dfle 20

HgAH o

NP

250 ~ 400 CELH 25I1 =ctItE, LAl

OF
=

ELGFSIBy

Uk
K0

ol
0

0l
Y

H
ol

Ju

20

-

<0

or &

HAL =0
getXi, of

110
<

nO

I

| &0l

tOIOHl (et

PO &AL

e}

2

EM

3

A

2t

201 Olsaobdl HAM™A

Kl

R
my

W
oD
I

Ko
il
0
<
1

0H

-

<0
18

b

e

R 2fet &P 2

SN

SENE
dt Scehbl =

M X0 LSOl

=
=

ot

H(2W)E

S X1,
HAXEZ

tOd

[¢]

S
FEE AIZIDI

2 0l

AN

Jb X RotAX H20 0l

| Ot

HXE22 2THe

[§

_I_]
A
Jh— w—

<l
Z0

}
;.

IS
=

o

=

2:

Xel e

o
—

2|

T

CH18][19].

ki

0l

4

s

J
110
[0

}

HA Ot

1o
=

ol
~J

b

<

ol

Collection @ chosun



Tensile
strength

o Yield
strength

Strength and ductility

w* Ductility

(% elongation)

Y

0 Temperature
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S A MEH Z2H 2250, B35 222 Jt39 Uz A SSHE AIEE 1
FIIE 2&ESIH 2J|LE JIEF EECZ DFIOIE 0|20t &= JtZ0tAHLE, &35t
Jl S8 N2 SMZRH d8ote 8, U2E AN sS&E gt=0|LE ez 8t
=9 W= 443 ol SN SE=IJ1E01 AI=EC. Od2ld "L EOILE A3,
JlEN 222 A1 JIE0Hl 2ol &8=tol= JiIE 2 Al&9| JIZdls ASJE s
HE 22T AL, SHIECe=z= DF0HH Qs 20| EHW e 2etE= H2
oot ZHMEL HH EZ2&, ot Z=HE IS0 28 SEHA S0l 20012
QULCH. [21]
Table 2-1 Characteristics for the types of high-frequency induction heating device
Type Induction Dielectric Conduction Microwave
[tem heat ing heat ing heat ing heat ing
Non—conduct ing,
Insulators, ) Food,
) . Conductor, . High o
Heating object ] plastic, o medicine
semiconductor ) resistivity )
Wood fiber Non—conduct ing
conductor
o 915MHz~
Frequency 0 ~ 10MHz 0 ~ 50MHz No limit
2450MHz
Heat )
i Heating from . . .
generation Heating from Relatively Heating from
the surface of )
temperature center of load | uniform heat | center of load
. . . the load
distribution
Heat ing . S
Coil type Condenser type | Contact type Irradiation
electrode
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Fig. 3-19 Panel specimen for measuring change of temperature by high frequency

induction heating for 8 sec of heating time
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= 0|80t 288 oS +&HotRULCEH.
Table 3-1 Mechanical and thermal properties of STS304 and SAPH400
Elastic . ‘ . Coefficient of Heat Specific
. Poisson's Mass density o
Material constant ratio [ka/m] thermal conductivity heat
[N/mn’] ¢ expansion [W/mm-C] [J/kg - C]
STS304 | 203 x 10° 0.30 7.96%x10° 17 %107 0.0157 510
SAPH400 | 210 10° 0.29 7.89%x10° | 1.24x10° 0.0890 481
a3 oid=S /et ANME =& X = Table 3-101 Belot LIEHRUCEH.
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[ ) s =]
Inconel_715_Aged e
Plain Carbon Steel Ebid H 2 206000 Njmm2
Sfsteel_PH15-5 —
SAPH-400 Z0RSH| 0.3
SE508
SGACC P =Tl 7.85e-006  kg/mm?
SGACEN
SGARCIM0-E sHE o 0 Mjmm2
5GCC
SGCD1 | co e
Steel ‘ ‘ _
Stesl Rolled (It R 1720 002
SUS304 I3
SUS316 ‘ ~EEE
SUS316L o :
Wrought Stainless Steel =5 il 0014 wffmm-['Cl)
HI= 434 e
[ =327 || mz | | sl
2 M= 1
=
Fig. 3-21 Window for material definition in MeshFree analysis software
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Fig. 3-23 Sample of progressive molding process sequence
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Fig. 3-25 Product of progressive molding using high frequency induction heating device
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1. STS304 A M

STS304_3T_200°C

Stress [N/mm?]

—7200.1
4 —200_2
,,,,, / 200 3
01 0.2 63 0.4 B
Strain [%]
Fig. 4-1 Stress-strain curve under 200 C for STS304
Table 4-1 Results of tensile testing under 200 C for STS304
Tensile Yield Fracture )
STS304 Elongation
i strength strength strength
200 C - - 0 (%]
[N/mm?] [N/mm®] [N/mm®]
200_1 4,612.56 1,870.32 2,916.00 0.54
200_2 4,631.19 1,926.61 2,942.09 0.53
200_3 4,608.73 1,846.59 2,945.72 0.52
Avg. 4,617.49 1,881.17 2,934.60 0.53
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Stress [N/mm?2]

$TS304_3T_300°C

000 l': == b
\ — 300 2
2,000 / \ 3003
{
1,000 [
!
0.1 0.3 0.4 0.5 E:
Strain [%]
Fig. 4-2 Stress-strain curve under 300 C for STS304
Table 4-2 Results of tensile testing under 300 C for STS304
Tensi le Yield Fracture .
STS304 Elongation
200 C strength strength strength (4]
[N/mm?] [N/mm?] [N/mm?]
300_1 4,534.40 1,661.25 2,625.04 0.47
300_2 4,538.32 1,469.82 1,894.15 0.51
300_3 4,534.20 1,689.39 2,206.89 0.47
Avg. 4,535.64 1,606.82 2,242 .03 0.48
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Stress [N/mm?]

$TS304_3T_400°C

— 400 1
—d00 2
,,,,, 400_3
0.1 2 o4 .5 R B
Strain [%]
Fig. 4-3 Stress-strain curve under 400 C for STS304
Table 4-3 Results of tensile testing under 400 C for STS304
Tensi le Yield Fracture .
STS304 Elongation
400 C strength strength strength (4]
[N/mm?] [N/mm?] [N/mm?]
400_1 4,506.16 1,364.01 2,634.07 0.48
400_2 4,527.73 1,653.99 2,976.32 0.50
400_3 4,486.74 1,582.79 3,015.84 0.49
Avg. 4,506.88 1,533.60 2,875.41 0.49
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$TS304_3T_500°C

E
£
53.“_ —500 1
— o2
& 200 l._ 500 3
/
1,0
1 0.3 o4 0.5 0.6 £
Strain [%]
Fig. 4-4 Stress-strain curve under 500 C for STS304
Table 4-4 Results of tensile testing under 500 ‘C for STS304
Tensi le Yield Fracture .
STS304 Elongation
500 C strength strength strength (4]
[N/mm?] [N/mm?] [N/mm?]

500_1 4,183.61 1,437.16 2,681.14 0.45

500_2 4,180.38 1,459.43 1,877.39 0.46

500_3 4,225.69 1,527.09 1,786.18 0.46

Avg. 4,196.56 1,474 .56 2,114.90 0.46
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Stress [N/mm?2]

$TS304_3T_600°C

\ — 600 1
\'l ——600_2
2,000 \' 600_3
1
l-
1,000
0.1 A 0.5 E:
Strain [%]
Fig. 4-5 Stress-strain curve under 600 C for STS304
Table 4-5 Results of tensile testing under 600 C for STS304
Tensi le Yield Fracture .
STS304 Elongation
600 C strength strength strength (4]
[N/mm?] [N/mm?] [N/mm?]
600_1 3,555.60 1,343.12 1,100. 11 0.49
600_2 3,565.01 1,339.29 1,337.82 0.51
600_3 3,542 .46 1,337.43 1,558.37 0.49
Avg. 3,554 .36 1,339.95 1,330.43 0.50
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4,00

Stress [N/mm?]

STS304_3T_AVG.

Strain [%]

——ST5304_200_AVG
ST5304_300_AVG
STS304_400_AVG
ST5304_500_AVG

——5T5304_600_AVG

Fig. 4-6 Averaged stress-strain curve at each heating temperature for STS304

Table 4-6 Average values of results of tensile testing at each heating temperature for STS304

Collection @ chosun

STS304 Tensile Yield Fracture Elongat ion

Average value strength strength strength (4]
[N/mm?] [N/mm?] [N/mm?]

200 C 4,617.46 1,881.21 2,934.64 0.53

300 € 4,535.67 1,606.82 2,241.00 0.48

400 C 4,506.84 1,533.56 2,875.41 0.49

500 C 4,196.56 1,474.53 2,114.90 0.46

600 C 3,554.32 1,339.98 1,330.47 0.50
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2. SAPHA00 ATH

SAPH400_3T_200°C

LRELE

i
£ +
Z 3000 P — 2001
g ‘ — 300 2
& 2000 s
1,0
0.2 0.3 o4 5 0e 0.7 08
Strain [%]
Fig. 4-7 Stress-strain curve under 200 C for SAPH400
Table 4-7 Results of tensile testing under 200 C for SAPH400
Tensi le Yield Fracture .
SAPH400 Elongat ion
i strength strength strength
200 C » » > [%]
[N/mm?] [N/mm?] [N/mm?]
200_1 4,820.36 3,098.90 4,009.94 0.18
200_2 4,801.63 2,905.71 3,878.43 0.20
200_3 4,815.65 3,171.47 3,979.05 0.16
Avg. 4,812.55 3,058.69 3,955.81 0.18
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Stress [N/mm?2]

SAPH400_3T_300°C

—300 1
— 300 2
hhhhh 300 3
0.1 0.4 E:
Strain [%]
Fig. 4-8 Stress-strain curve under 300 C for SAPH400
Table 4-8 Results of tensile testing under 300 C for SAPH400
Tensi le Yield Fracture .
SAPH400 Elongation
200 C strength strength strength (4]
[N/mm?] [N/mm?] [N/mm?]
300_1 4,942 .55 3,412.81 3,729.67 0.28
300_2 4,960. 11 2,849.91 3,834.79 0.30
300_3 4,920.78 3,775.46 3,805.18 0.28
Avg. 4,941.15 3,346.06 3,789.88 0.29
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Stress [N/mm?]

SAPH400_3T_400°C

f —400.1
—d00 2
,,,,, 400_3
0.1 2 o4 05 R B
Strain [%]
Fig. 4-9 Stress-strain curve under 400 C for SAPH400
Table 4-9 Results of tensile testing under 400 C for SAPH400
Tensi le Yield Fracture .
SAPH400 Elongation
400 C strength strength strength (4]
[N/mm?] [N/mm?] [N/mm?]
400_1 4,235.39 2,582.97 2,391.16 0.46
400_2 4,021.41 2,624.85 2,239.64 0.40
400_3 4,111.24 2,680.94 2,278.48 0.45
Avg. 4,122.68 2,629.59 2,303.09 0.44
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Stress [N/mm?2]

SAPH400_3T_500°C

—500 1
s — ——500 2
2,000 \ 500 3
A
0.1 0.4 E:
Strain [%]
Fig. 4-10 Stress-strain curve under 500 C for SAPH400
Table 4-10 Results of tensile testing under 500 C for SAPH400
Tensi le Yield Fracture .
SAPH400 Elongation
500 C strength strength strength (4]
[N/mm?] [N/mm?] [N/mm?]
500_1 2,738.11 2,228.95 1,108.74 0.49
500_2 2,733.00 2,188.16 1,139.34 0.47
500_3 2,702 .81 2,156.78 1,158.36 0.48
Avg. 2,724 .64 2,191.30 1,1383.81 0.48
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SAPH400_3T_600°C

Stress [N/mm?2]

Strain [%]

—600 1
—600_2

600 _3

Fig. 4-11 Stress-strain curve under 600 C for SAPH400

Table 4-11 Results of tensile testing under 600 C for SAPH400

Collection @ chosun

SAPHAO0 Tensile Yield Fracture Elongat ion
500 C strength strength strength (4]
[N/mm?] [N/mm?] [N/mm?]
600_1 1551.31 1462.76 306.46 0.73
600_2 1512.77 1385.19 279.40 0.76
600_3 1505.52 1364.50 295.47 0.77
Avg. 1,523.20 1,404.15 293.78 0.75
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4,00

Stress [N/mm?]

0.3

SAPH400_3T_AVG.

04 05
Strain [%]

——SAHP400_200_AVG
——SAPHA400_300_AVG
SAPHA00_400_AVG
SAPHA00_500_AVG

—— SAPHA00_600_AVG

Fig. 4-12 Averaged stress-strain curve at each heating temperature for SAPH400

Table 4-12 Average values of results of tensile testing at each heating temperature for SAPH400

Collection @ chosun

Tensile Yield Fracture
SAPH400 Elongation

Averace value strength strength strength (4]

d [N/mm?] [N/mm?] [N/mm?]
200 C 4812 .56 3058.69 3955.81 0.18
300 C 4941.18 3346.03 3789.88 0.29
400 C 4122.72 2629 .56 2303.09 0.44
500 C 2724 .97 2191.30 1133.84 0.48
600 C 1523.17 1404.12 293.81 0.75
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Fig. 4-14 Graph of temperature change on the surface of STS304 panel heated by

Fig. 4-14= AlZHOIl HE Al

CE~PI NI,

high frequency induction heating device

= 252 ==z Z8g 200/, Table 4-1310 &
Of AIZE Xl 2=2 H=2 oAb, 0] gt== =24st 20 A= JI€EX=Z
RS M =D 2= &4 605.26 T2 SHEJULH, 250t FE &

= NS 2FE = UUT

Table 4-13 Maximum temperature on the surface of STS304 panel heated by high

frequency induction heating device under heating time condition

STS304

(s)

Heating time | 1sec | 2 sec | 3sec | 4 sec | bsec | 6 sec | 7 sec

8 sec

STS304
Max imum

()

temperature

132.61 | 231.04 | 304.06 | 372.06 | 435.52 | 493.89 | 556.4

605.26
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2. SAPHA00 ATH

Fig. 4-15 Result image of infrared thermography for SAPH400 panel heated by high

frequency induction heating device
g3atal 0I0IKIZ A
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Fig. 4-16 Graph of temperature change on the surface of STS304 panel heated
by high frequency induction heating device

Fig. 4-162 AIZ2H0l [HE HE 2= E 2= Z&st 20/, Table 4-142F &

1T
Of AIZHE =l =252 22 Heloth. 0 gt=sS =48 210 U0 IHEEX2
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Table 4-14 Maximum temperature on the surface of STS304 panel heated by high

frequency induction heating device under heating time condition

SAPH400
Heating time| 1 sec | 2 sec | 3sec | 4sec | 5sec | 6sec | 7 sec | 8 sec
(s)
SAPH400
Max imum
131.11 ] 216.12 | 271.59 | 330.63 | 391.12 | 445.04 | 527.9 | 597.16
temperature
()
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Fig. 4-17 Von-Mises stress of STS304 at 100 C

Fig.
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4-18 1st principal stress o; of STS304 at 100 C
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Fig. 4-20 3rd principal stress o5 of STS304 at 100 C
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Fig. 4-23 2nd principal stress 0, of STS304 at 200 C

Fig. 4-24
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3rd principal stress o3 of STS304 at 200 C
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Fig. 4-25 Von-Mises stress of STS304 at 300 C

Fig. 4-26 1st principal stress o, of STS304 at 300 C
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Fig. 4-27 2nd principal stress 0, of STS304 at 300 C

Fig. 4-28 3rd principal stress o3 of STS304 at 300 C
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Fig. 4-29 Von-Mises stress of STS304 at 400 C
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Fig. 4-31 2nd principal stress o, of STS304 at 400 C
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Fig. 4-32 3rd principal stress o3 of STS304 at 400 C
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Fig. 4-35 2nd principal stress 0, of STS304 at 500 C

Fig. 4-36 3rd principal stress o3 of STS304 at 500 C
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Fig. 4-37 Von-Mises stress of STS304 at 600 C
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Fig. 4-39 2nd principal stress 0, of STS304 at 600 C
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Fig. 4-40 3rd principal stress o3 of STS304 at 600 C
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Fig. 4-172H Fig. 4-400Xl= STS304 Ao €22 a4 Z1=Z 100, 200, 300,
400, 500, 600 TIHXS 2 2&EY Von-Mises stress, TS 0, =3H 0,, =S
0;=2 O|0|XI2 LIEFH ZDHOICtH.

Table 4-15 Result of thermal stress analysis of STS304

unit : [N/mm?]

Initial Fixed . L. .. ..
Von-Mises | Principal Principal Principal

temperature | temperature
\ \ stress | stress(oy) | stress( o) | stress(os)
[C] [c]

100 42,432 51,469 11,802 6,818

200 42,950 52,420 12,348 7,381

20 300 43,474 53,374 12,911 7,936

400 44 006 54,333 13,480 8,567

500 44 544 55,295 14,120 9,224

600 45,088 56,260 14,803 9,978

Table 4-15= STS304 A M2 Es8 24 ZUE H=Z H2|sh 210|CH. STS304 A
X2AHoz 8 A3 ol 2 DE 2% SOHol et HIEE U XIE LIEtU=E

20l Sotot=dl, JIEs g ZR0T AlEdlolde 20 S50l Sototle 3gs 2
Ct.
&M ot=s0l Jteli K= et 2AHIE U= z5 SHE UEUH=E FS8 038 8%

600 T X H=E S
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Fig. 4-41 Von-Mises stress of SAPH400 at 100 C

+4.91576e+004

0L0%
+4.49065e+004

o

~+4.065612+004

0%
_ +3,640532+004

D%
= +3.21546e+004

0L0%
-—-\ +2,79038e+004

Fig. 4-42 l1st principal stress o; of SAPH400 at 100 C
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Fig. 4-44 3rd principal stress o5 of SAPH400 at 100 C
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Fig. 4-45 Von-Mises stress of SAPH400 at 200 C
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Fig. 4-46 lst principal stress o, of SAPH400 at 200 C
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Fig. 4-49 Von-Mises stress of SAPH400 at 300 C
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Fig. 4-50 Ist principal stress o, of SAPH400 at 300 C
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Fig. 4-51 2nd principal stress o, of SAPH400 at 300 C
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Fig. 4-53 Von-Mises stress of SAPH400 at 400 C
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Fig. 4-54 lst principal stress o, of SAPH400 at 400 C
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Fig. 4-58 Ist principal stress o, of SAPH400 at 500 C
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Fig. 4-60 3rd principal stress o3 of SAPH400 at 500
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Fig. 4-61 Von-Mises stress of SAPH400 at 600 C
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Fig. 4-62 lst principal stress o, of SAPH400 at 600 C
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Fig. 4-63 2nd principal stress o, of SAPH400 at 600 C
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Fig. 4-412E Fig. 4-640FXl= SAPH4A00 AXHel €S oA Z2=Z 100, 200,
300, 400, 500, 600 TIHHXI2 2 &Y Von-Mises stress, =22 0y, TEH 0o, F
22 5,2 0|0/XI2 LIEHH ZDHOICH.

Table 4-16 Result of thermal stress analysis of SAPH400

unit : [N/mm?]

Initial Fixed . L . ..
Von-Mises Principal Principal Principal
temperature | temperature
(] (] stress stress( 04) | stress( o2) | stress( o3)
100 39,597 49,156 11,450 9,036
200 39,905 49,474 11,207 9,062
2 300 40,217 49,790 10,967 9,074
400 40,608 50,105 10,730 9,083
500 41,013 50,424 10,502 9,072
600 41,423 50,745 10,381 9,035
Table 4-16= SAPH400 AMCl g5 =4 ZUE H=z e A0 €38 ol
A ZY DE 25 SIH0 ek HIEE WU XIS UEHHE=E Von-Mises stress = S0}
SHCH.
OIS JINZ x5 SES LiEtW=E =22 0,8 239 S0l 28t HECZ Qo 2%
ot BItet+=5 Sotole &2 BJAL
yE S8 S LEW=E =28 o,= HIJIE 2 22 ot=s0 28 201 Stz 2
of 80| SJtole ez EBJAXNL g AL 2R 80| 240l d&=S
SACH
&Nl ot&S0l JloiAl= &getl 2HI e z5 882 UbeUe =38 032 E=R
400 T MKNe= 80| SIIotXS O|FRH 240l 822 STS304 AMet= T E
a4 did Z20E BRLH
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(a) Product image (b) Defect inspection image
Fig. 4-65 Detection of defect on knuckle bracket heated by high frequency induction heating

device for 2 seconds (Surface temperature of knuckle bracket is 200 C)
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(a) Product image (b) Defect inspection image

Fig. 4-66 Detection of defect on knuckle bracket heated by high frequency induction heating

device for 5 seconds (Surface temperature of knuckle bracket is 400 C)
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Fig. 4-
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