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Process Design of the Hot Pipe Bending Process Using
High Frequency Induction Heating

Keong Hye Ryu*, Dong Ju Lee* Dong Jin Kim**, Byung Min Kim**, Kwang Ho Kim***

ABSTRACT

During hot pipe bending using induction heating, the wall of bending outside is thinned by tensile stress. In
design requirement, the reduction of wall thickness is not allowed to exceed 12.5%. So in this study, two methods
of bending, one is loading of reverse moment and the other is loading of temperature gradient, have been
investigated to design pipe bending process that satisfy design requirements. For this purpose, finite element
analysis with a bending radius 2D¢(outer diameter of pipe) has been performed to calculate proper reverse moment
and temperature gradient to be applied. Induction heating process has been analyzed to estimate influence of
heating process parameters on heating characteristic by finite difference method. Then pipe bending experiments
have been performed for verification of finite element and finite difference analysis results. Experimental results
are in good agreement with the results of simulations.

Key Words : Hot pipe bending(g 7} o] ulidd), High frequency induction heating(3ZF 3 f-%=7}4), Wall
thickness reduction(F77}F4), Reverse moment(RE3 X9l E) Temperature gradient(->%-7-4]), FE
analysis(#-3+ 2 A3 4), Finite difference method(FHx}H¥-H)

ZleMdy @ = thermal diffusivity
Bi = Biot number

f = Induction frequency ¢ = Emissivity
F, = Fourier number 8 = Penetration depth
h = Heat transfer coefficient ¢ = Relative permeability of workpiece
lo = Induced surface current density o = density
Ix = Current density at arbitrary depth of pipe or = Relative resistivity of workpiece
k = Thermal conductivity ¢ = Stefan-Voltzmann constant

3 2000d 39 13Y H

« Ramgm gy
o PAYEE 3UHE R FYAF AT2
e RASE TAAE RS

110



748 - 0l8F YN WP PFE : BIPUIFAA A18Y Aoz
1. M2 ME R EeTu7t FARLY vAE %S 7
obste] A 231g W] 98l dag wEe
nFo FE7EE ol 83 A7t golx WY ¥ el ¢up 2 FHlRE AASH £} 15
BE 287 jlel 2-}8 MY FEE e A= g fREMAE AN 4z MLl 2k ¥
2 UE o) A= Aol g AgHE sHer X vAE 9FE u}°‘6}71 A FAFEUE
A 2], 24, EUE Tof ARl 2 olgstd fEVME = Adatich A
g Hgsn A“ FRolTkY B8 SlEe] o] m2aYe Ead 11‘ 6& 9—5 ¥ 9 A4 &
U S8E T ol WEAFe) ke wis) 4 =TS A9 tdzn s AFesion) e g
A AT a2, F3 V1A e i 34 A Ad U 2N gto]= wig
= AEAS 5 ol ok el sl W 4IS FPs
P IAL 40 A9 EAY 259 FEFES 9]
&3 7td g Ao B os n oo 8] wi 2. nFG fFE7ld 2 o]8% mo)T WMy
of ul$- Bsich @Al wulelA e TR kA
o] &3 molx Wiy AL FAAT H& W 21 €7 ol =Y AN U Wiy HHUYS
FHAE E7atal @4 Adae] Aol Al DFEFGENDL o] &3 A7 sto]x Wiy
Qol ofEstar A7) wEol] B3t shol Wl=AFE He HAA mFy Gx7AG #x, mo]x oS
o wrtds 2 AMAAEE zgEts oz g9l (feeding) ¥ x|, 2% Z(clamp)¥ X 2 FA D} Figl
At & FolX A3t ol WP T NFEE v
et es B FEZAAE o8 HolL g Fig 19 HY HolLe) 4% £ P
A T Foll AP A5 AFEHOR A3l F ;A o] gl WKl A Bo] L o] FF X o o)
A7b ZAastn e A5 o8 FAZ 5 ::}O]ﬁol] AP S 7hetd nF g wrrde o s
7Febe BEE 7hzY. ey ol HlE A F o] 28 7ldy ddo] Wy RAES} BAsch of 7]
TR FE TR 4HE M FAY wEd AL A AR pivone FA0E WY ool AL &)
S5 F g At F8H A DL o FA ) Fo o] Wi oko] Zojo] o AAE =
HoEE 125% YR Agetaslal 5e), 42t zguigor WY € old nFF FEsido
shol 2 Wle FA oA spo[ W] Aike] 8l ofg) FR AIGAol: WP} YRS FHo
of Aoz g THE A FEL AL o @ WEel Bd gz wAg iy BdEd 9
= AgAEe a8 18T o dA’AL W 3 Walo] WAsA Bl WAL F2YUAHS V)
Sty 279 FE7ME S ol E7 Widr)EY Fo7 & AL L o) z}g_s} o o
Aol aHm gtk Ay 1FR FEAES oz oA Hi Q9GS o5 WPYEe
o8 At Mg Tl B9 A AAF 2FH
g o183 f=7td B4 A Aol e 24 —— o
d Aol B es wAHnR v st
FA ZaE Fol7) A% AHrlE Aol v Ed GUIDE ROLLER N~
g;g Olq— FEEDING
sto] o) A Fad g HaR i WY FE
& 2 B AEME 71Ee) d WYy
22E BbeEty] e wHRAES 49 F
AEAA AggHo| #HEete d9E ’e}t}i@lp_i

F}O

Fo)AY 2F 3 FE7HE A Folx g
THE Fojsta] Q1FEHe] e WY 91"‘9]
FESEE T/ AL Foh mep] B AT
M A dAERHEE S HAH 9] golx 4
P FAAAE 8 fedas HME FH wEHE

Y

I3l

Fig. 1 Schematic of the hot pipe bending process

using induction heating
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Fig. 3 Variation of temperature according to the
heating time for each mode
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Table 1 Process parameters for the FE analysis of
pipe bending process

(a) Deformation mode by FE analysis result

Pipe outer! - Pipe - | Average | Bending| Feeding
diameter | thickness | diameter | radius | velocity (b) Photograph of pipe bending product
(mm) (mm) | (mm) | (mm) | (mms)
Fig. 4 Comparison of deformed shapes between
170 12 158 340 0.5 experiment and FE analysis
Table 2 Process parameters of FE analyses
Process Ws Simulation conditions
Used material SPPS42 —
Bending radius 2D,
Pipe outer diameter (mm) 170
Pipe thickness (mm) 12
Bending angle (° ) 90
Heating temperature (C) 900
Heating width (mm) 15
Feeding velocity (mm/sec) 0.5
Cooling time (sec) 20
Reverse moment (N - m) 0 2106.2 2948.8 4212.4
Temperature gradient () 0 100 150 200 250
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Fig. 5 Reduction of wall thickness versus the
variation of the reverse moment

(a) Temperature gradient 0 °C
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{c) Temperature gradient 200 °C (d} Tempevature gradient 230 °C

Fig. 6 Temperature distribution of the pipe section for temperature gradient
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Table 4 Process parameters of induction heating analyses

Process parameters Simuiation conditions
Coil diameter (mm) 170
Outer diameter of coil section (mm) 15
Inner diameter of coil section (mm) 12.8
Initial temperature of pipe () 20
Temperature of surrounding medium (C) 20
Induction current density (A/mm’) 0.5
Induction frequency (kHz) 1.0 2.5 5.0
Feeding velocity of pipe (mm/sec) 5000 10000 20000
Heat transfer coefficient of cooling water ( J/s+: m + K) 0.25 0.5 1.0
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Thermal conductivity ( J/s- m - K) 40 ; .
Relative permeability 1 e e e e e e
Relative resistivity (£m) 100 w?% i /
Specific heat (J/kg - ) 68 —r 1
Density ( Kg/m’") 7830 (b) Induction frequency : 2.5 kHz
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Fig. 8 Temperature distribution according to induction
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Fig. 9 Temperature distribution according to feeding
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(b) Heat transfer coefficient :
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(c) Heat transfer coefficient :
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transfer coefficient of cooling water
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Fig. 13 Induction heating coil for experiment
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