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The substantiated selection of material Icr the manufacture of

•a tri~,’dies can be made only in the pr€senc€ of the dat a on specific

loads and th e th ermal field s, whic h deve1o~ ii, ma trix/die in the

~rccess of its operation. The temperat u re ccnditions of the work of

.atri;/dies in interrelation with the technological parame ters of

piccess during pressure forging steels are Exam ined in this article

ease d on materials of t~ e i~vestigatic ns, carrie d out in this
[WfI V1~1 -/,i.~i]ditection in the CR IFN
A
iI. Eardeen 1 •

~CCTNOTE I. In work took part V . I. Pol’d ya ev . ~ND?OOTNOTE. 

-“-~~~~~ - ,~~~~-~~—-~~~~-- .- , -
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The tem perature conditions of the work of latrix/die were

studied during pressure forging steels in borizcntal hydraulic press

~y effort/force 1500 ton—fcrce. For the aea~ ureaent of tem perature

was aç plied the cut cons truc tion of aatrix~ die with groove/slots for

thermocouples (Fig. 1), which were placed in fcur points: in the

beginaing and middle of cone 1 and 2, in the place of the transition

cf cove to calibrating section 3 and in the body of matrix/die 4 (1].

Theriojunctions were welded at points 1, 2 and ~ on the surface of

latriX/die and at depth 1.5 mm from surface. Readings of

thericcouples were record/written by oscillcgraph H = 700.

Sj..ultaneous].y wit h temperature was reccrd ,’writte n the effort/force

ct pressure forging. Blanks of steels U8 ana Kh18NIO were heated to

1180—1200°C in resistance furnace with protective atmosphere, p ressed

from containers 80 and 120 mm in diameter with a coefficient of

drawing of 4; 7.1 and 1~.

Technological lubricant (glass) applied tc the latera l surface

cf the heated blank by knurl. To matrix/die was packed the glass

plate from glass or slag (2]. Pressure forging was

realize/accomplished without butt , which was reac hed as a result of

applyi5ng “false” disks from graphite.
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The degree of the beating of matrix/die was studied depending on

the ductility/toughness,viscosity of the used glass lubricant,

coeff;cient of drawing, velocity of the pressure forging and other

parameters. The picture of the heating Cf matrix/die during pressure

fcrgimg the stainless steel with the applicatio;/use of a glass

lubricant is given in Fig. 2. From diagra m it fcllows that before

pressure forging in matrix/die is a nonuniform ~y volume thermal

field, which is establish/installed after the ccntact of cold girder

uith $he heated to 350°C cortainer. The maximu m heating (—280°C) in

this case falls on the zone of matrix/die, which direct ly contacts

with Container (point 1), and m inimum (150°C) — to the int erior of

aatri~/die (point 4).

~n the process of pressure forging the matrix/die affects beat

flux Lrom the blan k being deformed. Ibis effect is

realise/accomplished through the lubricating disk whose thickness is

decreased frc. one point 1 to next 3. Because of this the surface of

the wcrking cone of the matrix/die is heated unevenly. A greatest

iscrease in the temperature (bT) occurs in the place of the

tgansztion of conical secticn to that which calibra te (point 3),

where lubricant film is minimum. In surface layer an increase in the

tempezature in this zone composes T3 ~~
‘ 300°C, at depth 1.5 mm 13
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2O0°C~ By points 1 and 2 value of ~T does not exceed 20—30°C. Thus,

most heated in matrix/die is the zone of point 3, where the

temperatur e of surface layer reaches 500°C. At depth 1.5 mm the

temperature of layer amounts on the average to 400°C. Under specific

conditions the tem perature of matrix/die on the surface of zone 3, as

this mill be show n belcw, can exceed 650°C , i.e., exceed the

teipe mature of the tem pering of tool stEel 3Kh218, from which are

prepared the matrix/dies.

- 

~~~~~~~~~~~

~~ TM O A T

Jig. 1. Split die with groo,e/g~ct5 tot thermocouples.

.4
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Pig. 2. The heating of matrix /die during the pressure forging:7 -_ is

t..pelature of matrix/die to pressure fcrging (IT) — the value of the

heating of matrix/die during pressure forging (coefficient of drawing

7.1, the ve locity of pressure forging ‘n.. = 1SC mu/s).

Page 11.

By this is explained the intense wear of .atrix~die in the place of

the ttan~ i ion of conical part to the calibrating mesh.

a change in the temperature cf matrix/die in zones 1 and 2

during pressure forging is insignificant, at further ex periments

measurements temperature at depth 1.5 mm were nct conducted.

in order to explain the degree of the protection of matrix/die

frc. heating because of the application,use of a glass lubricant ,

which has, as is known , icy therma l conductivity, were placed the

elperj.ents, in which the temperature of the heating of matrix/die

was measur ed under the fo i lcw ing con ditions: during pressure for gi ng

with lubricating disk and withcut the liabticaticn of the lateral

surface ; during pressure forging without lubricating disk, but with

the lubrication of the lateral surface by glass ; during pressure

forging without lubrication.
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ligure 3a— d gives the typica l oscillograms for all four versions

cf swab bing, obtained during pressure fcrging wit h the coefficient of

drawia g 7.1 and of velocity U~~~ = 200 mi/s. Full/total/co.plete

moidiag cycle, from the beginning of the decompression of blank in

container and before its full/tota l/complete extrusion of matrix/die,

in these oscillogra.s can be determined by effort/force curve of

pressure forging P. This cycle duraticn of apprcxi .ately 2 s,

whereupon more the half of this time falls cn decompression. The

suall*st heating matrix/die is subjected tc witb the lubricaticn of

the lateral surface knurl and the applicaticn/use of a lubricating

disk , and also whe n using only one disk (Pig. 3a and b). In the zone

of point 3(see Fig. 2) the temperature of the heating of matrix/die in

bo th cases is practically identical and it reaches T3 = 500°C. The

character and the value of the heating of matrix /die in the zones of

points 1 and 2 are also identical. Sharply is changed the picture of

the heating of the matrix /die, when is applied the only one - -

lubrication of the lateral surface of blank (Pig. 3c). The

temperature of matrix/die in the zome Cf pcint 3 (see Fig. 2)

gLow/u ses tc T3 = 900°C. Intense heating is cb~erved in the zones of

pcints 1 and 2, where the temperatures grow/risc to T~ = 6 80°C and T2

= 650SC. An inc rease in the temperatures in these zones, as can be

seen from cscillograms, it begins already in tt~c period of the
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decciEression of blank in container. Similar pattern is observed

during pressure forging without lubrication (Pig. 3d), but the level

Cf heating in this case in all zones is somewhat less. This is

explained by the fact that the process of pressur e forgin g in the

last/latter two cases proceeds with formaticn on the matrix/die of

the “stagnation ” zones, on which occurs thE section/shear of metal.

Luring pressure forging withcut lubrication the volume of the

“stagna tion” and cooled zcne is considerably mcre; therefore the

heating of matrix/die points 1, 2 and 3 somewhat less.

thus, the basic protection of matrix /die from the effect of the

high temperature of the tiark being defcrmed is reached as a result

Cf applying a lubricating disk. The glass lubricant , plotted/applied

to the lateral surface of blank , does nct fulfill heat—insulating

functions [3]. As a result, the process of shaping metal is

accomplished in the presence of the corsiderable contact forces of

f.rict~ on in matrix/die, which lead to the fcrmation of “stagnant”

zc ne.

In order to explain , in which measur e the physical proper ties of

glasses for disks affect the value of the heating of matri x/die, wer e

carried cut experiments with glasses of different

ductilit y/toughness,visccsity . The physical characteristics of the

tested glasses with viscosity values with 1200°C are given in Table 1.
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?igure 4 shows the dependence of the temperature of the heating

of matrix/die in different sections from the lcgaritha of the
ductivity/toughness/viscosity of glass plate.
From the graph It follows that the ductility of the glass plate
does riot affect thf . f(Igi~)heatiag or matrix/die in zones 1, 2 and 4. In zcne 3 function T, ~~

has outer limits. According to the character of the obtained

dependence grap h in Fig . 4, can be broken into three fields. In

ti€l d~ I and III are located the maxi m um values of the heating of the

matrix ’die s, which are related to the cases of applyi .~g disks from

glass of low and high viscosity (43 and 200~0OO poise). Field II —

this is the field of the ductility/tcughness/iiscosit y of glasses

from 226 to 19,000 poise, which possess the m aximum heat—insulating

prcperties. This same f ield includes the blast—furnace slag.
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Pig. 3 The oscillograms of the process of pressure forging for the

diverse variants of swabbing: a) the applicaticrl/use of a knurl and

lubricating disk; b) the applicatico,’us€ of one lubrica ting disk ; c)

the application/use of cne knurl; d) pressure fcrging withcut

lubrication; P is an effort,force of pressure fcrging.

Key: (1). Temperature of heating. (2). s. (3). kgf/..2. (4). Specific

effort/force of pressure forging .

Table 1. Physical properties of glass lubricants.

(~ n,~~~m . n TJ�~~~ojiiocTh ~~
l
~~~aoi_.cn

CTCLI$ np~ 1200 ‘C ~ ia~u~c~i C . rpu p w/r . rpsi

271 43 0,0027 0,1121
209 226 0,0025 0,1916
287 500 0,0031 0,1957

10n6 1200 0,0025 0, 1997
124 6500 0,0023 0, 1984

19u6 19000 0.0025 0,1980
224-18 200 000 0,0026 0,2044

key: ( 1 ) .  ~o glass. (2). Ductilit i/toughness/viscosity in poise with

1200°C. (3). Thermal conductivity in cal/c..s.deg. (14). Heat capacity

in cal/g.deg.

Page 12.

when using these forms Cf lubrications is reached the minimum heating

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~
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of matrix/die. An increase in the temperature cf matrix/die (T3)

during the application/use of disks with low

ductility/toughness/viscosity (43 pqise) can be explained by the fact

that the glass plate with such properties rapidly melts to large

depth s and glass intensely it squeezed cut Cf the deformation area.

Is a result can be observed the short—time contact of the meta l being

deformed with matrix/die (14 ).

An increase in the temperature of the heating of matrix/die when

using glass plates with ductility/toughness,#viscosity 200~000 poise is

caused by another reaso~. In this case the glass plate does not

manage to be fused at the necessary depth , as a result of whic h

lubricant film has an insufficient thic kness an d a thermal

conductivity from metal to matrix/die is increased.

About the fact that the thickness of lubticant film during

pressure forging depends on the ductility/tcughuess/viscosity of

glass lubricant , showed the data, cbtaine d by the gravimetric method ,

on the expendit ure/consumption of lubricating disk. The averaged

thickress of film when using glass with ductility/toughnes s/viscosity

50 poise composed — 17 p, and glass with ductility/toughness/vi scosity

200000 poise —5 p. Experiments with glasses of different

ductility/tou ihness/viscosity give grounds to consider that the basic

factom , which determines the value of the heating of matrix,die, is
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the thickness of the lubricant film , which depends, in turn, f rom

other technological parame ters of prccess, which it is discussed in

wcrk (5].

lable 2 gives the average values on the beating of matrix/dies

depending on the coefficient of drawing, veloci ty of pressur e for g ing

as! m*thod of pressure forging. According tc tbe findings

established/installed that with an increase in the degree of the

deformatio n the heating of Jatrix/die in the zcue of point 3 (see

Fig. 2) it is increased. For example , during pressure forging with a

coeffkie nt of drawing of 4 heating compose d T 3 = 1415°C, and during

straim with drawing 16 tem perature was increase d to T3 = 530°C. The

character of a change in the temperature of matrix /die in the zcnes

of points 1 an d 2 a t an increase in the d raw in g v irtually is not

changed.

temperature rise and the heating of matrix/die in the zone of

point 3 at an increase in the drawing can be explained by an increase

in the tem perature of metal because of the work of strain, inrrease

in the specific load and certain deceleraticn cf pressure forg ing.

All these factors one way or another affect the thickness of

lubricant film and its therual resistarce.

A change in the velocity of pressure forging differently 

-— -~ 
-

~~~ 
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manifests itself the heating of matrixjdie in the case of the

utilization of a lubricating disk from glass and disk from

blast—furnace slag. At the rates of pressure tcrging U~ ss’ = 220 mm/s

the temperature of the heating of matrix /die ir both cases differs

little from each other (T 3 550°C and ~70°C), (see Table 2).
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Pig. ~~. Dependence of the te .perature cf the heating of matrix/die

from the viscosity of the glasses, used for lubricating disks.

~ey : (1). Tempe rature of the heating of mattix ,die. (2). ViscoSity of

glass lubricant.

Table 2. Data on the heating of .atrix~ dies during pressure for g ing

steels.

- spaTyps MITpU*V iir ) ‘rei..psTyps NITPIIRV

fi) pawpv opeccou~~i (p2) Cus3ra 10 U M ~~~J0~~~ 
• 5~

°
~~~ S

_ _ _  _ _ _ _ _ _ _  _ _ _  

(CM. pi~c. 2) (eM. pKc. 2)

Mnepw £~~ 
WaAôi F. T, F, T, F, F,

~ 
g~ s

_____ 

i~~~ ~~ ~~ _____ ____________ — ___ — — —   ______

80 1200 4 43 160 211 *oMeH- 240 180 180 1 ,1 250 190 I 415
XI3H1O ubIll waax I

80 1200 7,1 65 165 271 ~ e 270 210 230 1, 1 270 210 I 470 —

80 1200 16 19 100 271 • 310 290 215 1,8 35& - • -300~.4. .530. -. -
_ _ _  _ _ _  d - -- - I - . .- 

_

~~~

‘

_ _  _ _  

XI8HIO 80 1200 7,1 41 150 271 • 270 210 240 1,2 290 215 530 flpeccoBaHlle c

— 
80 1200 16 ~~~~ _12. ~~L - • 290 ~~~~ 254 2~~ 370~~~~9~~ 650 tIpeCc-OCTaTI(ou

120 1200 16 37 30 271 • 280 250 210 6,0 280 250 485
120 1200 16 41 70 271 • 315 280 285 2,1 325 280 540

~~~ *20 1200 16 53 220 271 3*5 280 285 0,8 320 280 570q 120 1200 16 36 30 271 2ö9 290 260 225 6,0 335 335 660 —

120 1200 18 ~ 90 271 -299 295 260 230 2,0 295 260 580

_ _

~~~~~~~~~~~~

‘

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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n.y: 11). Parameters of pressure forging. (2). Lubrication. (3). The

temperature of matrix/d ie tc pressure forging in the zones cf pcints

1~ 2 and 3 (see Fig. 2). (4). Time of pzes~ ure forging in s. (5). The

tempelature of matrix/die after pressure forging in the zones of

çoints 1, 2 and 3 (see Fig. 2). (6). Note. (7). mat erial. (8).

tiameter of container in mu. (9). temperature cf furnace in °C. (10).

Draw ratio and. (11). Specific effort/torte in kgf/mm’. (12).

Velocity in mm/s. (13). Knurl. (14). Disk. (15). blast—furnace slag.

(15a)~ The same. (16). Pressure forging with butt.

Page 13.

During a decrease in the velocity down to Ves t = 30 mm/s and the

durin g utilization of a disk from glass NQ 209 heating of matrix/die

in the zcne of point 3 is increased by 100°C and it reaches T~ =

€6C0Cv while when using a disk from sla g the temperature at th e same

rate descends to 85°C and it composes T3 = 1485°C. The character of a

change in the heating of matrix/die when using two types of

lubricating disks is visually cbservable from the oscillograms, g iven

is ?i~. 5. The shape of the curve of the temperature of the heating

cf ma trix/die T, when usin g a slag disk is characterized by

insignificant change during molding cycle (Fig. 5a). During the

applica tion/use of a glass plate the course of the temperature curve

~ 

~~~~~~~~~~~~~~~~~~~~
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ct the heating of matrix/die in zone 3 is characterized by constant

lift from beginning to the end of the pressure forging (Fig. 5F) . In
this case is observed the higher lift of temperature curve s for the

zcnes of pcints 1 and 2 (see Fig. 2). The different shape of the

curve of the heating of matrix/die whe n using disks from glass and

slag can be explained by a difference in the prcperties of these

materjals. Slag, as is known , is vi treo—crystalline substance, and

its viscosity in the temperature range cf the strain of steels is

changed with temperature change more sharply than of amorphous

glasses [2]. Furthermore , of blast—furnace slag significantly higher

the temperat ure of liquefaction. In connection with this during

pressure forging at low velocity slag disk is fused in a thine r

surface layer and more uniform is expend/consumed. Under these

conditions the disk of amorphous glass cf lcw viscosity is

eipend/consuaed more intensely and as a result toward the end of the

prcceas—lubrication can be insufficient for the creation of the

reliable heat—insulating layer.

As noted above, all ex periments in the investigation of the

heating of matrix/die were conducted during pressure forging without

butt. with this method of pressure forgin g the time of the contact of

metal with matrix/die is less than during pressure forging with butt.

It is natura l that and the degree of th€ heating of matrix/die in the

first case will be less. The difference in the value of the heating



DOC 77000606 PAGE

of mat r ix/ d ie  in the  z cn e  of p c in t  3 during pressure forging by

diffemeat methods as showed the experiments , it reaches —100°C.

Consequently, during pressure torging without but t are provided the

more favorable conditicns Ct the service of matrix/dies, and their

l i fe  can be more.

Conclusions. 1. The greatest heating of matrix/die is observed

is thi place of the trarsition of ccnical part to the calibrating

mesh. The combi nation of high heating and large loads leads to the

intensive wear of this zone of matrix/die.

2. The basic heat shield of aatr~ xjdie frci heating is reached

as a result of applying a lubricating disk. When using this form of

lubriøation descends the heating of •atrix,die to 400°C and mo re.

I. The value of the heating of matrix,die de pends on the

prcperties of the used lubricating disk, cce ff icient of d rawin g,

velocity and method of pressure  fo r g i n g  ( w i t h  b u t t  or w i thou t  i t ) .

_ _ _ _  _ _ _  ~—--~~~- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~
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(3) 11.>
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0 

d)4~~~
vig. S. Oscillograms of process at t he  d i f f e r e n t  velocities of the

pressure forging: a and b) pressure tcrging with the application/use

of a lubricating disk from slag; c and d) pressure forging wit h the

açplication/use of a lubricating disk from glass.

Fey: (1). Slag. (2). s. (3). kgf/mm 2. (ii) . ‘Iemperature of heating.

(5). mm/s. (6). specific effort/fcrce cf pressure forging. (7).

G lass,

L - _ _ _ _ _ _ _
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