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o f e lec trom agnetic  field  pow er in th e  hardfacing  zone w id th  is p resen ted .
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T hin  steel d iscs o f d iffe ren t th ick n ess  w ith  th e  edge 
o f an even o r to o th ed  shape are  used in d iffe ren t 
sec to rs  o f th e  n a tio n a l econom y, inc lu d in g  ag ricu l
tu ra l m achinery . To p rov ide  se lf-sharpen ing  of th e  
edges d u rin g  th e  disc o p era tio n , th e ir  w ork ing  surface 
is hard faced  w ith  e ro sion -resistan t pow der-like  hard  
alloys PG -S1, PG -S27 or o f o th e r  ty p e  a t h ea tin g  by 
H F  c u rre n ts  11 1. In th is  case th e  size and  shape of 
th e  in d u c to r are  to  be de term ined  for th e  respective 
d iam eters  o f th e  d iscs and d iffe ren t w id th  o f th e  hard- 
facing  zone, th is  ta k in g  tim e and co st.

S tu d y  12 1 describes a p rocedure  and  gives th e  re 
su lts  o f th eo re tica l and  ex p erim en ta l investigations 
on op tim iza tion  of th e  s tru c tu ra l d im ensions of tw o- 
tu rn  rin g -ty p e  inducto rs , used fo r s im u ltaneous hard- 
facing  o f th in  steel to o th ed  discs over th e  en tire  w o rk 
ing  surface. T he requ ired  w id th  o f th e  hard facin g  zone 
is p rov ided , w hich is g re a te r  th an  th e  to o th  he igh t 
(F ig u re  1). D eveloped a lg o rith m  allow s d e te rm in a
tion  o f op tim al param eters  o f th e  in d u c to r design for 
a rb itra ry  d iam eter o f th e  disc and  w id th  o f th e  deposit, 
p roceed ing  from technology  req u irem en ts . W ork  |2 |  
p resen ts  th e  ca lcu la ted  geom etrical param eters o f th e  
in d u c to r, depen d in g  on th e  w id th  o f th e  hardfaced 
zone and  disc rad ius. It is found th a t  in a num ber of 
cases w ith  such an a rran g em en t o f th e  p a rt re la tive  
to  th e  in d u c to r (see F igure  1), th e  pow er o f th e  e lec
tro m ag n e tic  field  is non-un iform ly  d is tr ib u te d  across 
th e  w id th  o f th e  hard faced  zone: th e  h ighest pow er 
is co n ce n tra te d  a t th e  disc face. T his leads to  non- 
uniform  m eltin g  o f th e  hard  a lloy  on th e  w orking  
edge o f th e  disc to  be h a rd faced , and  to  ov erh ea tin g  
o f th e  base and  d eposited  layer o f  th e  m etal on its 
face.

All these  processes can be ex p la in ed  as follow s. 
Specific pow er o f th e  e lec tro m ag n e tic  field  o f heat
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sources in th e  absence o f th e  sh ie ld  is d e te rm in ed  from  
th e  fo rm ula  | 2 |:
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w here a ,  co, |io are th e  e lec tric  co n d u c tiv ity , c ircu la r 
frequency o f c u rren t and  m agnetic  pe rm eab ility  o f 
vacuum , respective ly ; A =  \ 2  (acojio) is th e  d ep th  o f 
c u rre n t p en e tra tio n  in to  th e  disc m eta l; / u, I\ is th e  
c u rre n t in th e  upper and  low er branch  of th e  in d u c to r, 
respective ly ; A ", B~, C~ are  th e  coeffic ien ts ( in te g ra ls  
o f e llip tic a l ty p e ) , dep en d en t on th e  in d u c tio n  system  
d im ensions, th e  form ulas for th e ir  c a lcu la tio n  being  
g iven  in 1 2 1 ; th e  o th e r geom etrical d im ensions are 
show n in F igure  1.

T his form ula  w as used to  perform  ca lcu la tio n s , 
il lu s tra tin g  th e  d is trib u tio n  of specific pow er o f th e  
e lec trom agnetic  field  in th e  zone o f  disc h a rd fac in g , 
d ep en d in g  on its geom etrical d im ensions. F ig u re  2 
(cu rves / )  show s ca lcu la tio n  re su lts  for tw o  cases of 
hard facin g  w ith  zone w id th  o f 10 and  50 m m , respec
tiv e ly , a t  disc rad ius r2  = 105 mm. A ccording  to  th e

Figure 1. Fragment of the studied system  (for designations see the 
te x t)
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zone of side surface  o f th e  d isc. T h e  in te n s ity  o f e lec 
tro m ag n e tic  field  o f th e  h e a t sou rce  decreases near 
th e  disc face, and  th e  su rface  to  he h a rd faced  is e x 
posed  to  a m ore in ten siv e  im p ac t o f th e  e lec tro m ag 
n e tic  field . A n o th er p u rpose  o f th e  sh ie ld  is th e rm a l 
in su la tio n  o f th e  disc face from  th e  en v iro n m en t and  
th u s  red u c tio n  o f h e a t losses in th e  h a rd fa c in g  zone.

L e t us tak e  th e  degree o f sc reen in g  in to  acco u n t, 
u sing  screen ing  coeffic ien t K ,  w hich  we w ill incor
p o ra te  in to  fo rm ula  ( 1 ) in d e te rm in a tio n  o f specific  
pow er o f e lec tro m ag n e tic  fie ld  o f h ea t sources in th e  
d isc. In th is  case, th e  fo rm ula  becom es

x [ a i IAWu
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F ig u re  2 . D istribution of power W  o f electrom agnetic field of heat 
sources across th e w idth  of the hardfacing zone S: a — S = 10 mm; 
b  — 5  = 50 mm at different screening of disc face; 1 — K  = \ 
(w ith ou t screening); 2 — K  = 0.25; 3 — K = 0 (fu ll screening); 
4 — assigned distribution o f electromagnetic field power

p resen ted  g ra p h s , in th e  d isc face th e  values o f specific 
p o w er o f th e  e lec tro m ag n e tic  field are  3 tim es g re a te r  
th a n  in th e  m ain p a r t o f th e  hard facin g  zone. In p ra c 
tic e  th is  o ften  leads to  surface m eltin g  o f th e  disc 
face.

I t  is know n  th a t  sh ields o f e lec tro m ag n e tic  and  
th e rm a l fields a re  used for red is trib u tio n  and  concen
tra tio n  o f th e  p o w er o f e lec tro m ag n e tic  fie ld  o f h ea t 
sources in th e  w o rk in g  region of in d u c tio n  h ea tin g  of 
th e  p a r ts  13 1. T h e  sam e tech n iq u e  was used in th is  
w ork  to  p ro v id e  th e  requ ired  pow er d is tr ib u tio n  o f 
th e  e lec tro m ag n e tic  field  o f h eat sources across th e  
h a rd faced  zone w id th . In th is  case i t  w as necessary  
to  o p tim ize  th e  d im ensions o f tw o -tu rn  rin g -ty p e  in 
d u c to r , a llow  ing  for th e  p resence of such sh ields. T h is 
is p rec ise ly  th e  su b je c t o f th is  s tudy .

F ig u re  3 g ives th e  schem atic  o f a p a r t a rran g em en t 
in th e  in d u c to r  w ith  a sh ield  and  w ith o u t it. In th e  
case  s tu d ie d  by us th e  sh ie ld  enclosed th e  d isc  be ing  
h e a te d  from  th e  s ide  o f o u te r  p e rim e te r a lo n g  its  side 
( e n d )  su rface . Such  a face sh ield  d rives a v a riab le  
m ag n e tic  fie ld , g e n e ra te d  by th e  in d u c to r, o u t o f th e

In fo rm ula  (2 )  screen ing  co effic ien t K  varies in 
th e  ran g e  of 10; 1 1. A t K  =  0 fo rm ula  (2 )  describes 
an ideal case o f com ple te  screen ing  of th e  face, and 
a t  K  =  1 th e  screen ing  e ffe c t is ab se n t, and  form ula  
( 2 ) w ill fu lly  correspond  to  fo rm u la  ( 1 ) from  | 2 |. 
Now in rea lity  K  *  0, and  ca lcu la tio n  o f th is  q u a n tity  
invo lves certa in  d ifficu lties  o f co m p u ta tio n a l n a tu re , 
as in th is  case it com bines th e  e lec tro m ag n e tic  and  
th erm al effects. M ethod  o f ca lcu la tio n  o f th e  screen
ing  effect w ill be th e  s u b jec t o f a sep a ra te  p u b lica tio n . 
In th is  p ap er it is assum ed to  be equal to  0, 0 .25 and  
1.

D eterm in atio n  of in d u c to r p a ra m e te rs  m ay be p e r
form ed w ith  th e  requ ired  accuracy  a t th e  assigned  
screen ing  coeffic ien t, u sing  a p rocedure , described  in 
12 1. T he  dependence from  |4 |

_  T ^caym  -  ,
srl sh(tf7WT)

(3)

w as used in ca lcu la tio n s  as th e  assigned  m ode of su p 
p ly in g  th e  specific pow er Wse, to  a p a r t ,  o p tim al for 
in d u c tio n  hard facing . H ere , T M>, is th e  se t te m p e ra tu re  
o f h ea tin g  o f th e  h a rd fac in g  zone, a t  w hich sound  
h a rd fac in g  is ensured  d u rin g  tim e  x; c, a , y  a re  th e  
specific  h ea t cap ac ity , te m p e ra tu re  c o n d u c tiv ity  and  
d en sity  o f disc m a te ria l, re spec tive ly ; m  =  B i / 2  A2; 
Bi = 2 h a / \ \  2 k  is th e  disc th ick n ess ; a  is th e  h ea t 
rem oval coeffic ien t; A. is h e a t co n d u c tiv ity  o f disc 
m a te ria l; t  is th e  c u rre n t v a lu e  o f process tim e.

O p tim isa tio n  o f d im ensions and  d e te rm in a tio n  o f 
in d u c to r c u rre n t w ere perfo rm ed  by m in im izing  th e  
fo llo w in g  func tiona l | 2 |:

F Nrs*i) rd rd t , (4)
0 r.

F igure 3 . Disc w ith  inductor without a shield (a) and w ith  a shield  
(0) 1 -  part; 7  -- charge; 3 — ring-type inductor w ith tw o  
turn», 4 -  shield

w here  r  is th e  c u rre n t v a lue  of th e  rad ia l co -o rd in a te .
C a lcu la tio n s  d em o n stra ted  th a t  th e  h ig h e s t un i

fo rm ity  o f d is tr ib u tio n  o f e lec tro m ag n e tic  field  pow er 
across th e  w id th  o f th e  h a rd fa c in g  zone is achieved 
in th e  ideal case a t co m p le te  sc reen in g  of th e  disc 
face. D ev iation  from  th e  spec ified  p o w er o f th e  elec-
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IVjv'vtoiut* ot rual dimensions of Induction system on screening coefficient K  and disc radius

S, Him

K ** mm 10

<tu, MM MM //„, Mill h\, miii /. .1 au, him a\, iiiiii //„, llllll h\, mm I. A

0 105 115 89 1 18.5 23.50 115 10 0 0 14.5 20.82

0 125 135 107 1 14.5 21.90 135 1 2 0 0 14.5 2 0 .1 0

0 145 155 123 1 16.5 21.80 155 140 0 14.5 19.53

0 165 175 144 1 19.5 21.71 175 159 2 14.5 19.00

0 185 195 161 1 20.5 21.50 195 179 1 14.5 18.70

0 205 215 182 1 20.5 2 1 .0 0 205 198 0 14.5 18.50

0 2 1 0 2 2 0 186 1 20.5 2 0 .1 0 2 2 0 2 0 2 2 14.5 18.50

0.25 105 115 88 7 18.5 23.52 116 10 0 20 *14.5 2 1 . 0 1

0.25 125 135 107 1 1 20.5 23.09 139 119 20 14.5 20.36

0.25 145 155 123 5 16.5 21.77 159 139 20 14.5 19.60

0.25 165 175 145 16 19.5 21.72 182 159 20 14.5 19.30

0.25 185 196 163 14 20.5 21.40 20 2 178 20 14.5 19.00

0.25 205 215 182 11 20.5 20.90 2 2 0 197 20 14.5 18.74

0.25 2 1 0 220 187 1 1 20.5 20.80 230 2 0 1 20 14.5 18.80

Note:  c„ = 5 mm, c\ -  8 mm.

trom agnetic field is equal to 3 -5  %, depending on the 
width of the hardfacing zone and disc radius (see 
Figure 2, curves 3 , 4 ). This procedure was the basis 
to  derive calculated dependencies of geometrical pa
rameters tfu, ci\y //u, h\ (see Figure 1) and inductor 
current / ,  depending on screening coefficient K  and 
disc radius ro. Similar to Figure 2, the width of hard- 
facing zone 5  was taken to be 10 and 50 mm (Table).

Analysis of computation results, given in the Ta
ble, shows that introduction of a shield into the tech
nological sequence of induction hardfacing only 
slightly influences dimensions au, a\, h\ and integral 
energy parameters of the induction system (which 
influences the values of inductor current / ) .  However, 
presence of a shield with a certain screening coefficient 
leads to a marked change of air gap /ju between the 
inductor upper branch and disc surface. This is a t
tributable to strong electromagnetic coupling of the 
shield and the inductor upper branch due to their 
close location (Figure 3). Observed narrowing of gap 
h n at decrease of screening coefficient K  is necessary 
to ensure the required power in the disc being hard- 
faced.

Thus, use of electromagnetic and thermal shields 
allows controlling power distribution of the electro
magnetic field of heat sources across th e  hardfacing 
zone width. The required law of distribution of elec
tromagnetic field power may be derived for arbitrary  
dimensions of the discs and width of hardfacing zone. 
Its most uniform distribution across the hardfacing 
zone width is achieved in the ideal case at com plete 
screening of the disc face. Described calculation pro
cedure enables determination w ith the assigned accu
racy of the design parameters of the inductor for ar
bitrary diameters of discs and width of hardfacing 
zone, allowing for screening effect.
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