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E L E C T R I C  V A C U U M  F U R N A C E S  F O R  Q U E N C H I N G  

D E V E L O P E D  IN T H E  USSR 

S. i .  S o b o t e v  a n d  S. G.  M u r o v a n n a y a  UDC 621.783:66.041.82 

Increasing demands for  machine par t s  of high quality and the development of vacuum technology have led 
to widespread  use of heat t rea tment  in vacuum not only for  metals of high activity and high-melt ing metals  but 
a lso many s teels .  

Vacuum quench ing -quench ing  in various gases and liquids a f t e r  heating in v a c u u m -  is widely used in 
var ious branches of industry (aviation, ins t rument  construct ion,  automobiles,  bear ings ,  and others) .  In this 
t rea tment  both the heating t ime and cooling t ime a r e  limited. F o r  this reason,  the quenching furnace is of 
more  complex design than previous  furnaces for  annealing, degassing, and sintering.  The quality of machine 
par t s  a f te r  vacuum quenching is de termined by the heating t empera tu re  and t ime and a lso  by the interact ion 
of the mater ia l  with the res idual  a tmosphere  in the furnace,  which depends on the degree  of evacuation, the 
type and mater ia l  of the heating elements and thermal  insulation, and the operating conditions of the furnace. 

In designing furnaces for  vacuum quenching, the p a r am e te r s  ensuring the quality des i red  a r e  in many 
cases  de termined exper imental ly  f rom the pe rmiss ib le  thickness of the sur face  layer  with changes in chemical  
composi t ion and s t ruc ture .  Such studies have been made with laboratory equipment of various types for  heat-  
res i s tan t ,  tool, andbea r ing  steels :  2Kh13, ShKhl5, 1Khl lMF,  9Kh18, Kh12M, R18, and others.  

These  investigations and the previous studies of the p roper t i es  of vacuum furnace mater ia ls  and tests  of 
various units led to recommendat ions  for furnace chambers  on the basis of economy of operating c h a r a c t e r -  
is t ics of the mater ia l s  in furnaces  with an operating t empera tu re  as high as 1150°C - res is tant  alloys and 
ce ramic  thermal  insulation (corundum or  f ireclay).  F o r  higher  t empera tu res  (up to 1300 °) it is expedient to 
use graphite (dem~e graphi te ,  graphi t ized wire  and fabric).  Quenchants were  also i n v e s t i g a t e d -  vacuum oil and 

T rans l a t ed  from Metaliovedenie i Te rmicheskaya  Obrabotka Metallov, No. 8, pp. 44-47, August, 1977. 

This material is protected by copyright registered in the name o f  Plenum Publishing Corporation. 22 7 West 17th Street, New York, N. ): 10011. No part 
o f  this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or by any means, electronic, mechanical, photocopying, 

[ micro]71ming, recording or otherwise, without written permission o f  the publisher. A copy o f  this article is available from the publisher for $ 7.50. 

685 



TABLE i 

Parameter 

vldm 

10--3 
6,5 

8O0 

2 ~  
2OO0 
2150 
2,75 

150 
13;)0 

10--3 
15 

1000 
500 
,500 

6336 
4585 
5196 
2,5.5 

152 
1150 

10--3 
15 

1000 
500 
`500 

4585 
5196 
15.0 

¢q 

10--3 
1,5 

300 

3OO 

2420 
2O6O 
3O60 
3,1 

15 
1150 

10--3 
0.35 

200 

1750 
1825 
28C0 
2.2 

iner t  gases  - f rom the viewpoint of the i r  cooling capaci ty  and interact ions  with the su r f ace  of the pa r t s  being 
t r e a t e d .  

In the c a s e  of l a r g e - s c a l e  and m a s s  product ion,  vacuum-quench tngfu rnaces  a r e  usually used for  quench-  
ing only in gas or  in oil. F o r  s m a l l - s c a l e  product ion with different  s tee ls  and p a r t s ,  un iversa l  furnaces  a r e  
used,  containing a cooling c h a m b e r  and quenching tank. With heat  t r ea tmen t  of pa r t s  of the s a m e  s tee l  but dif- 
fer ing in s ize  the sma l l  pa r t s  a r e  quenched in gas  and la rge  pa r t s  in oil. 

Technica l  data  on quenching furnaces  of var ious  types developed, manufac tured ,  and tes ted  in the USSlq 
(A ll-Union Sc ien t i f i c -Research  Inst i tute  of E l ec t ro the rma l  Equipment) a r e  given in Tab le  1. 

The  vacuum s y s t e m s  of all  furnaces  cons i s t  of mechanica l  and boos t e r  pumps and ensure  a p r e s s u r e  of 
10 -3 m m  Hg in the working chamber .  To reduce  evaporat ion of components  f rom the su r face  and the thickness 
of the defect ive l ayer  the p r e s s u r e  can be r a i s ed  to 1-10 m m  Hg by letting in iner t  gas during heating. 

I 
The  SEV-3.3 / l l . 5F M2 vacuum elevator  furnace  (Fig. 1) is designed for  quenching alloy s t ruc tu ra l  s tee ls  

in oil as  well  as other  types of heat  t r ea tmen t  (annealing, t emper ing ,  normalizat ion) .  It contains heating and 
quenching chambe r s  a r r a n g e d  one above the other .  The  heating chambe r  is lined with lightweight corundum 
br icks .  The  heating e lements  a r e  suspended f rom the walls  and the roof. The  batch is loaded through an open-  
ing in the lower p a r t  of the lining, which is c l o s e d w i t h  blinds during quenching to reduce the escape  of oil 
vapor  f rom the furnace.  In the quenching chambe r  there  is a lifting and lowering m e c h a n i s m ,  on the table  of 
which the conta iner  of pa r t s  is placed.  The quenching chambe r  a lso  has two fans with coo le r s  to a c c e l e r a t e  
cooling in gas  or  for  quenching smal l  ba tches ,  a mechan i sm for  s t i r r ing  the oil, and s c r eens  to p reven t  the oil 
f rom getting into the heating chamber .  The furnace  has  a p r o g r a m m e d  t e m p e r a t u r e  control .  

The  15NV-5 .10 .5 /11 .5F  elect r ic  vacuum c h a m b e r  furnace  was developed for  quenching l a rge r  batches 
of die, bear ing ,  and o ther  s tee ls  in iner t  gases  and in oil (Fig. 2). 

15-5' 5-- I 

- ~ - - - t - - - ~  "--- 

t tonsys~ 
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/ 8  , 
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i '  

Fig. 1. S E V - 3 . 3 / l l . 5 F M 2  e lec -  
t r ic  vacuum e leva tor  furnace.  1) 
Mechanism for  t r ans f e r r i ng  the 
batch; 2) fan; 3) heat ing chamber ;  
4) upper  door; 5) blinds; 6) s c reens ;  
7) s ide door; 8) f r ame .  
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Fig. 2. 1 S N V - 5 . 1 0 . 5 / l l . 5 F  e lec t r ic  vacuum chamber  furnace.  
1) Quenching tank; 2) fan; 3) heating chamber ;  4) f rame;  5) m e -  
chanism for  t r a n s f e r r i n g  the batch. 

The  furnace has three  c h a m b e r s ,  the f i r s t  containing a fan to c i rcu la te  the inert  gas.  The second cham-  
be r ,  pe rpendicu la r  to the f i r s t ,  is a quenching tank with mechan i sms  for lowering the batch and s t i r r ing  the 
oil. In the th i rd  cham be r ,  lined with lightweight f i rec lay  b r i ck s ,  the pa r t s  a r e  heated to 1150 °. The t ray of 
p a r t s  is loaded through the door in the f i r s t  chambe r  and moves to the heating chamber  on a ro l le r  conveyor.  
Af ter  heating and holding, depending on the cooling ra te  requi red ,  the pa r t s  a re  quenched in gas in the f i rs t  
c h a m b e r  or  dropped into the quenching tank in the second chamber .  The possibi l i ty  of varying the cooling 
ra te  (cooling down in the heating cham be r  or  ia the cooling chambe r  with or  without c i rcula t ion of the gas) 
pe rmi t s  the furnace to be used for  var ious  types of heat t r ea tmen t  - annealing,  normal iza t ion ,  quenching, and 
t emper ing ,  and a lso  for  s in ter ing seve ra l  meta ls  and al loys based  on copper ,  s i l ve r ,  and others .  

The  1SNV-5.10.5/13(3 fu rnace ,  with an operat ing t e m p e r a t u r e  of 1300 °, is s i m i l a r  in design to the fu r -  
nace shown in Fig. 2, with use of c a r b o n - g r a p h i t e  ma te r i a l s .  

The  SShV-3.3 /13G elec t r ic  shaft  furnace  (Fig. 3) was developed for  vacuum quenching of tools made of 
h igh-speed  and die s tee ls .  Heating and quenching occur  in the s ame  chamber  without movement  of the par t s .  

i v . ,  " " . , .  I ~-~ 
1, 

I / ; 

1 i 

Fig. 3. SShV-3.3/13G electr ic  
vacuum shaft furnacc.  1) Heating 
element;  2) the rma l  insulation; 
3) fan; 4) cover ;  5) f rame;  6) blind. 

687 



The fact that the heated pa r t s  a r e  not moved reduces  distort ion,  which is the advantage of this design. A 
mechan i sm for  ra is ing  and turning the cove r  is mounted on the f r amc ,  along with a fan and an e lect r ic  motor .  
T h e r m a l  insulation in the sidewalls  is provided by a graphi te  cyl inder  wrapped with s eve ra l  layers  of graphi te  
felt and bound with two meta l  hal fcyt inders .  

The  ends a r e  thermal ly  insulated with graphi te  rings and graphi te  felt. The heating e lements  a re  graphi te  
rods suspended f rom two molybdenum bracke ts ,  in the p roce s s  of heating, the openings in the upper and lower 
pa r t s  of the t he rma l  insulation a r e  c losed with blinds. A diffuser p laced  under the lower blind directs  the 
main gas flow into the working space  during quenching. The gas-cool ing  sys tem is p laced at the end of the 
f rame.  The furnace  is powered  by a reducing t r a n s f o r m e r  and thyr i s to r  regulator .  The t e m p e r a t u r e  is con-  
t ro l led  by a p r o g r a m m e d  device. 

Labora to ry  and production tes ts  have conf i rmed  the main advantages of the vacuum-quenching p rocess :  

1) The reduction of distort ion due to reduction of the thickness of the su r face  layer  with changes in 
chemica l  composit ion;  

2) a br ight  su r face ,  due to which pickling or sandblast ing is unnecessa ry ,  and reduction of m(~chanical 
operat ions (for example ,  grinding of bear ings) ;  

3) an inc rease  in the s e rv i ce  life of pa r t s  due to the improvement  in the quality of the su r face ,  higher  
ductility due to dcgassing,  and so forth; 

4) be t t e r  working conditions and the absence  of toxic substances  in the a tmosphere .  

E F F E C T  OF T H E  C O N D I T I O N  OF T H E  S U R F A C E  

L A Y E R  ON C O M P L E X  ( B U L K )  P R O P E R T I J ' : S  OF 

M E T A L L I C  M A T E R I A L S  

G.  N. D u b i n i n  UDC 621.785.5:620.18 

Most of the phys icochemica l  p r o c e s s e s  that occur  during operat ion of machine pa r t s  a r e  concent ra ted  
p r i m a r i l y  in su r face  zones of the metal .  This  is obse rved  not only in those cases  we re  the f ree  su r face  of~hc 
metal  is subject  to the di rect  influence of chemica l  and e lec t rochemica l  co r ros ion ,  eros ion,  fr ict ion against  
a counterbody, and subl imation due to h igh-energy  pa r t i c l e s ,  but a lso  under the influence of mechanical  s t r e s s  
fields. S t resses  a r e  usually dis t r ibuted unevenly through the section of a par t  and induce deformation and 
f r ac tu re  p r i m a r i l y  in su r face  zones. Changes in the chemical  composi t ion,  s t ruc tu re ,  and p rope r t i e s  also 
occur  in the su r face  zones of al loys under the influence of high t empe ra tu r e s  and surrounding media.  

Crystal 1 Crystal 2 

Fig. 1. Change in f ree  energy at the 
boundary between two c ry s t a l s  in the 
p r o c e s s  of diffusional interaction.  
~ )  Before  saturat ion;  - - - )  a f t e r  
saturat ion.  
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