
F R O M  F O R E I G N  T E C H N O L O G Y  

A P P A R A T U S  F O R  H E A T  T R E A T I N G  F O R G I N G S  

A b s t r a c t e d  by L .  G.  S a t a n o v s k i i  UDC 621.783 

F o r g i n g s  a re  sub jec ted  to final heat  t r e a t m e n t  o r  i n t e rmed ia t e  heat  t r e a t m e n t  to improve  the m a -  
ohinabi t i ty .  

The p r o c e s s e s  that  o c c u r  dur ing  heat  t r e a t m e n t  of  fo rg ings  can be divided into two g roups  -- p r o -  
c e s s e s  o c c u r r i n g  at t e m p e r a t u r e s  above and below Ac 3. The t e m p e r a t u r e s  of  these  p r o c e s s e s  a re  given 
below:  

Type of  T r e a t m e n t  Temperature, ~ 

Treatment at Temperatures Above Ac$ 

Quenching (+ t emper ing)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  i} 
N o r m a l i z a t i o n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 800-950 
F i r s t  s tage  of  O P  and OS . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  j 
S0I utioning . . . . . . . . . . . . . . . . . . . . . . . . . . .  , . . . . . . . . . . . . .  q 
Diffusional  annea l ing  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
F i r s t  s tage  of  annea l ing  to l a rge  g ra ins  950-1080 

of  s t ee l s  with n o r m a l  gra in  s ize  . . . . . . . . . . . . . . . . . . . . .  
F i r s t  s tage  o f  annea l ing  to l a r g e  g ra ins  

of s t ee l s  with fine g r a in s  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  > ] 150 

Treatment at Temperatures Below Ac3 

T e m p e r i n g  (with quenching) . . . . . . . . . . . . . . . . . . . .  i} 
Second s tage  of  O P ,  OS, and annea l ing  450-470  

to l a rge  g ra ins  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Ar t i f i c ia l  aging o r  o r d e r i n g  . . . . . . . . . . . . . . . . . . . . . . . . . . .  450-850  
P a r t i a l  annea l ing  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  650-710 
In spec ia l  e a s e s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  820-900 

Note .  O P  r e f e r s  to s t r e n g t h e n i n g t r e a t m e n t ,  OS to s t r eng then ing  
t r e a t m e n t  to obta in  a f e r r i t i c - - p e a r l i t i c  s t r u c t u r e .  

Fig. I. Apparatus for heat treating forged turbine 
blades. 1) Pusher quenching furnace; 2) quenching 
device; 3) air spray, 4) belt conveyor; 5) washer; 6) 
intermediate conveying device; 7) loading station; 
8) transporting de,rice to feed forgings to furnace; 
9) pusher tempering furnace. 
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Fig. 2. D iag ram of appara tus  for  quenching and t emper ing  of 
forgings .  

Fig. 3. D iag ram of appara tus  fo r  h e a t t r e a t -  
ment  of  forgings with util ization of forging 
heat.  1) Conveyor t emper ing  furnace;  2) 
quenching tank. 

Forgings  are  heat  t rea ted  in continuous furnaces  
with complete  mechanizat ion of the heat  t r ea tmen t  cycle 
and automatic  control .  

Apparatus  for  Heat Trea t ing  Forged Turbine 
Blades.  The appara tus  cons is t s  of two pusher  e lec t r ic  
fu rnaces  of the Eichelin type (Fig. 1) [1]. 

The furnace d imensions  a re  1600 • 400 x 6000 
mm.  The f r ame  of the furnace is welded. It is ga s -  
tight, which makes  it possible  to use a protect ive  
a tmosphe re .  The metal  is heated e i ther  to 600 o r  950~ 
The furnace is heated by means  of radiant  tubes mounted 
on the side walls and in the hearth.  

The furnace is divided into six independently con-  
t ro l led  zones.  The power to each zone is graduated 

- -  50 kW in the f i r s t  s tage,  35 kW in the second s tage,  22.5 kW in the third s tage,  and 17.5 kW in the 
fourth s tage.  

The following product ion cyc les  a re  possible  (Fig. 1): 

a) The forgings ,  pass ing  through the furnace ,  a re  e i ther  t r anspor ted  to another  sect ion (positions 7, 
8, 1, 2, 3, 4) o r  a re  t r a n s f e r r e d  to a washe r ,  a f te r  which they a r r i ve  at the loading stat ion (posi-  
t ions7 ,  8,1, 2, 3, 5, 7); 

b) in furnace 1 the forgings  a re  heated to quenching t e m p e r a t u r e  and in furnace 9 to t emper ing  t e m -  
pe ra tu re  (positions 7, 8, 1, 2, 3, 5, 9); 

c) in fully loaded fu rnaces  the t r e a t m e n t  occu r s  in the same manner  as in batch furnaces .  

The forgings  a r e  placed on t r ays  of a heat  r e s i s t a n t  alloy (37% Ni, 17% Cr). The load ing-un load ing  
t ime va r i e s  f r o m  10 to 60 rain. 

The appara tus  is intended for  heat t r ea t ing  a wide va r i e ty  of s tee ls ;  the max imum throughput is 600 
k g / h ,  which r equ i r e s  two w o r k e r s .  

5 . ,  : 

Fig. 4. D i ag ram  of double-deck appara tus  fo r  heat  t r ea t ing  forgings  
( furnaces  with overhead  conveyors) .  1) Pusher ;  2) e leva tor ;  3) unload- 
ing station; 4) working a rea ;  5) cooling tunnel; 6) overhead conveyor;  
7) loading station; 8) t e m p e r i n g  furnace;  9) hangers  with forgings;  10) 
quenching furnace;  11) quenching tank; 12) e leva tor ;  13) unloading de-  
vice;  14) pusher .  
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Fig. 5. Cross  section of h igh- tem-  
pera ture  (a) and low- tempera ture  (b) 
overhead conveyer  furnaces .  1) O v e r -  
head conveyor;  2) covered slots;  3) 
flue; 4) hanger;  5) forging; 6) device 
for rec i rcula t ing  combustion p rod-  
ucts; 7) combustion chamber ;  8) 
burner .  

The apparatus replaces  moving hearth furnaces that r e -  
quire four men working under severe  conditions, who are ex- 
posed to the influence of radiant heat f rom forgings heated to 
900 ~ . 

Thus, with three-shi f t  operat ion the number of workers  
required is reduced f rom 12 to six men. 

Continuous Quenching--Tempering Apparatus for Heat 
Trea t ing  Various Forgings,  Including Large Crankshafts.  
With a throughput of 2 t o n s / h ,  this apparatus is not the l~rgest  
in Europe [2]. 

Both furnaces  (quenching and tempering) are conveyor  
furnaces heated with town gas (the burners  are easi ly changed 
for  burning natural gas). The maximum operat ing t empera -  
ture is 900 ~ in the quenching furnace and 700 ~ in the temper ing 
furnace.  

Th.e forgings are  fed to the conveyor  of the quenching 
furnace by a v ibra tor  mechanism.  After heating to quenching 
tempera ture ,  the forgings drop into a quenching tank with oil, 
f rom which they are  t r ans fe r red  to the temper ing  furnace by 
an auxiliary conveyor .  

The conveyors  in both furnaces  are  a rmored ,  with links cas t  f rom Cr--Ni alloy. 

The dimensions of the temper ing furnace are  large enough to keep pace with the quenching furnace,  
even though temper ing  requi res  a longer  time. The width of the conveyor  is more than 1.5 m. The forgings 
are cooled by fans at the exit f rom the temper ing  furnace.  

Each furnace has three zones that are  independently controlled.  

An Apparatus for  Quenching and Temper ing  of Forgings.  The apparatus,  with a throughput of  1500 
k g / h  [3], includes a device 1 for  pushing the t r ays ,  a pusher  quenching furnace 2, a device to pull out the 
t rays  3, a t a n k 4 f o r  quenching with water  o r  oil, with an inclined device 5 to extract  the forgings f rom the 
tank, a conveyor  temper ing  furnace 6, and a fully automatic device 7 to re turn  the t rays  (Fig. 2). 

The inclined device 5, equipped with a movable ca r t  8, is a cha rac te r i s t i c  feature of the apparatus.  
Experience has shown that it is possible to use a quenching tank with a relat ively narrow section, while 
the time required for  cooling is ensured by the depth of the tank. The ca r t  is loaded by means of the chute 
9, equipped with se l f - lubr ica t ing bear ings;  repa i r s  can be made outside the tank, which is very  convenient. 

The furnace is fired with gas. The quenching furnace (operating t empera tu res  f rom 750 to 1000 ~ ) 
is heated by burners  that c rea te  a neutral  a tmosphere  in the furnace.  In the temper ing furnace (operating 
t empera tu res  f rom 350 to 800 ~ the gas is incompletely burned in combustion chambers  and is burned c o m -  
pletely with a secondary  a i r  supply, in which case  the combustion products rec i rcu la te ,  ensur ing even heat -  
ing of the forgings.  

The furnaces  are  divided into severa l  tempera ture  zones and are equipped with automatic control 
devices.  

The heat input in the quenching furnace (at 840 ~ is 42 ,000kca l /100  g of metal,  and 28,000 kcal /100 g 
of metal in the temper ing furnace (at 580~ 

A more  logical and economical  apparatus is that for  isothermal  annealing o r  quenching and tempering 
that util izes the forging heat  (Fig. 3). 

Double-Deck Apparatus for  Heat Trea t ing  Forgings (Furnace with Overhead Conveyor) [4]. A sche-  
tactic d iagram of the apparatus is shown in Fig. 4, and a c r o s s  section of the furnace in Fig. 5. 

The f u r n a c e s a r e  heated with gas. The gas is burned in chambers  below the floor of the h igh- tem-  
pera ture  and low- tempera ture  furnaces .  The combustion products  enter  the h igh- tempera ture  furnace 
through a slot in the f loor,  par t ia l ly  heating the forgings but p r imar i Iy  heating the side walls ,  the heat f rom 
which is radiated to the parts .  In the lowatemperature  furnace the combustion products are rec i rcula ted  
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and the heat is t r a n s f e r r e d  to the pa r t s  at a lower  t empe ra tu r e  by convection. The furnaces  a re  equipped 
with automatic  cont ro ls .  
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