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INDUCTION HEATING OF FERROMAGNETS BY PLANE CIRCULAR 

MULTITURN SOLENOID 

 

A. Gnatov, Prof., D. Sc. (Eng.), Sch. Argun, Assoc. Prof., Ph. D. (Eng.),  

Ye. Chaplyhin, Assoc. Prof., Ph. D. (Eng.), O. Sabokar, T. Asst., 

Kharkiv National Automobile and Highway University 
 

Abstract. Analysis and numerical estimation of electromagnetic and thermal processes in the induc-

tion heating system with a flat circular multiturn solenoid is carried out. The calculated dependences 

for the current and the transformation ratio is obtained. The maximum ratio of transformations and 

heating time is determined.  

 

Key words: induction heating, induction system, induced current and electromagnetic processes, eddy 

current, heating of metal. 

 

 

 
  ( ) –  -

   -
   .   

      
,   -

    .  
 ё    -

     



Ве ник ХНАДУ, вып. 70, 2015 

 
114 

, ,   -
  , -

  ,  
   . [1–3]. 

 

  

 
      -

      -
 . ,   

ё  ё ,   -
, ё   , -

    
    . [4, 5]. 

 
  [6]   , 

   -
     -

    -
  .  

    
  -

  . 
 

      -
   ,   -
     

   . 
,    

     -
     -

      -
 . , 

    -
     

   . 
 

      
    [7],  -
    -

 ,   -
      , 

    -
 .    -

   ,  
    

   -
   . 

 
    

 

    -
     

     
, ё    

  . 
    

     -
 . 

 

,  

щ   

 

    -

    

    -

,    [8, 9]. 

 

    -

  ё   -

 -   

. 

 

ё   –   ,    -

     

    

, ,r ze e e  
   .1. 

 

 .      

,  ё  ё -

   ,   

1,2

1
d

R
 ,  d –  -

   , R1,2 –  

   .       

" "    

( 0) ,       -

    -

 .    ё   I(t),  -

  ,   ё  

    -

  -

 ,   1
c

    (  ω 

–   , c –  

  , l –   

  ).     -

,   0
   (φ –  ). 

 

    

    µ1, µ1 = µ0 ·µ, µ0 

 µ –     

   -

 . 



Ве ник ХНАДУ, вып. 70, 2015 115

 

I(t)

2R1 

2R2 h 

Δ 

d 

 

1 

2 
 0φ

z

r
φ

z  
.1. ё    « - », I(t) –   : 1 – 

 ; 2 –    

 

   

    

  µ   -

 .  -

  ,     

    -

      -

,   . ,  

    -

     

ё     

 .  [10],   

,   410mH   /   

  ,  

  
( )

0rd H

dH

  ,  

 .    -

    , 

 constr  . 

 

 ,    -

   -

   .   

     -

    -

 , , [8–11]. 

 

   [8, 9],  -

 ,  -

,    , -

  ,    

 . 

    

 ,    

     R. 

 

 2 1

0

0

( , ) 4

( ) 1

m
r

h
x

d

I w
J r R d

R R

R
f x e x J x

d


  

          
            

 

  
0

( )
( ),

k k

k r kk

F
a k

x




       

2 2

cos

k x

e dx

  
      

.          (1) 

 

  2 1

m
m

I w
j

R R

  ; mI     

; w     ; 

2

1

12

1
( ) ( )

R
x

d

R
x

d

f x y J y dy
x




   ; 

0,5; 0,
( )

1,0; 1,2,...

k
a k

k

    ; k   -

:    
2

rk
k

r k

x
tg

x

          ; 



Ве ник ХНАДУ, вып. 70, 2015 

 
116 

     1 cos sink
k k k k

r

F
x

           ; 

 
 

2 2

( ), cos

( ) 2( )

2 sin 1 ( )

k r k k

r r k

k k r

x

x x

x

      
         

      
; 

t     ; 

  2
0 r d      –   -

      

  γ, -

   μr  

 d. 

 

   

    

  ,     

  R ( : r R ). 

 

max

2 1

0

0

( ) 4
( , )

( )

( ) 1

r
m

h
x

d

J R d w
K R

I R R

R
f x x e J x

d



 

         
           

 

  
0

( )
( ),

k k

k r kk

F
a k

x




       

2 2

cos

k x

e dx

  
      

.   (2) 

 

  (2) ,  

 

max
max

2 1 0

( )

4
( )

( )

m

h
x

d
r

J R
K

I

d w
f x x e

R R



 

 
         

 

  
0

( )
( ),

k k

k r kk

F
a k

x




       

2 2

cos

k x

e dx

  
      

.   (3) 

 

   

   R→∞,  -

      -

 . 

 

 

  

 

    

    -

   R2,  d  

    γ  

 ρ     -

 ( )J  . 

 

    -

    

  ,   

 Δφ 

 

   2
0

1
( )oT J d

M C d


           , (4) 

 

 M –  , 2
2M R     ; C – 

 ё   . 

 

 (4)    -

      

 R    Δt  

    -

      

     

 . 

 

 ё      

 ё    

    -

.   «  -

 » –  2
o

o

m

T
T

I w

     

   : 

 

 
 2

0

1

( )

T
M C d

J d




      
   ,         (5) 

 

  
( )

( )
m

J
J

J w


   – «  

 ё   -

 » (     

    -

  ). 

 

 ,   (5) -

    -



Ве ник ХНАДУ, вып. 70, 2015 117

 -    

  ,   

  ,   

  . 

 

    -

 (5)   -

    , -

ё     d   R2 

(   ),   

   (1). 

 

   2 1

2
0

0

( , ) 4

( ) 1

r
m

h
x

d

d
J r R I w

R R

R
f x e x J x

d


  

          
            

 

  ( )
( ),

k k

k r k

F
a k

x

       

2 2

0

cos

k x

k

e dx

   


        
 .        (6) 

 

    -

     

 R    Δt  

: 

 

 2o o
mT T I w     .           (7) 

 

 (5)–(7)   -

,    -

    

    «  

–  »  ё   -

,   -

     

 . 

 

  

 

 ё    -

 :     -

 w =20,    

R1=0,0025   R2=0,225  (  -

 ,   -

   40 ),   -

 d=0,001 ,    

   h=0,001 ,  

   
70,4 10St    1/( · ).  -

    

  [200; 500]r  , -

 3 410 10H   /     

 [10].      

   ,  -

  ё  -

, ,  ~ 5     -

     

~ 1 .     

  ~ 25000 . 

 

   -

     

  «Mathematica 5.1». 

 

   ,  -

    (μr· )>>1  

 k    (1)  -

 :  

 

 2
1k

r

k
x

              . 

 

    -

    

   -

   .1. 

 
 1    -

    -

 

 

№ 

/  

μr 

d


 

K(r ≤R2, φmax)  ∆t100
o, 

. 

1. 200 0,12 15,0 4,6 

2. 350 0,085 9,57 11,5 

3. 500 0,071 7,53 18,08 

 

 μr –   -

; 
d

    -   

 ; K(r ≤R2, φmax) – -

     

      -

; ∆t100
o –    1000    

 ~ 10 . 

 

     

. 1 , :      

 µ=200–500,    -

    -

    

       



Ве ник ХНАДУ, вып. 70, 2015 

 
118 

ё   ё     

;       

ё       -

     -

    

  ;      

   -

   -

 ,    -  

   ,   

∆/d→1. 

 

 

 

    

   . 

 

1.    -

      -

     

 , ё   

   -

.  

 

2.     

    -

   . , 

     -

    -

    ё  

     

 . 

 

3.     

   -

   -

 ,    -  

    . 

 

 

 

1. Handbook of Physics / Benenson W., 

Harris J. W., Stöcker H., Lutz H. – New 

York : Springer, 2002. – 1186 . ISBN 978-

0-378-95269-7. 

2. Handbook of Induction Heating Valery 

Rudnev, Don Loveless, Raymond L. Cook, 

Micah Black– New York : Springer, 2002. – 

796 p. ISBN 978-0-824-70848-1. 

3.  . .  -

    / -

 . . – . : , 1980. 

– 231 . 

4. Welcome to BETAG Innovation [ -

 ] – 2015. –  -

: www.beulentechnik.com. 

5.   -

 [  ] – 2015. –  

 : 

http://electromagnetic.comoj.com 

6.  . .   

    

  -

  / . . , 

. . , . .  // -

 . – 1984. – 

№7. – . 6–8. 

7.  . .    -

  / . . , 

. .  //  

. – 2004. – №3. – . 132–

134. 

8.  . . -  

/   

  / . . -

, . . , // . – 

2012. – № 8. – . 58–65. 

9. Batygin Yuri V. Pulsed electromagnetic 

attraction of sheet metals – Fundamentals 

and perspective applications / Yuri V. 

Batygin, Sergey F. Golovashchenko, An-

drey V. Gnatov // Journal of Materials Pro-

cessing Technology. – lsevier. – 2013. – 

№ 213 (3). – P. 444–452. 

10.  .  -

 /  . – .: , 1974. 

– 488 . 

11.  . .   

  / 

. . . – . : , 

1988. –  

200 . 

 

 

 
: . . , , . . ., 

. 

 

    25  

2015 . 

 

 

 

 

 


