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Yu. V4 Manegin.
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The substantiated selection of material fcr the manufacture of
matrixsdies can be made only in the presence of the data on specific
loads and the thermal fields, which develcp in smatrix/die in the
prccess of its operation. The temperature ccnditicns of the work of
matriz/dies in interrelation with the technclogical parameters of
prccess during pressure forging steels are examined in this article
tased on materials of tkte 1X;§fﬁigaticns, carried out in this

[YANVm’
direction in the CRIFgAil. Eardeen 1.

FCOTNOTE . In wvork took part V. I. Pol'dyaev. ENDFOOTNOTE.
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The temperature conditions of the work of satrix/die were
studied during pressure forging steels in hcrizcntal hydraulic fress

ty effort/force 1500 ton-fcrce. For the measuresent of temperature

vas agplied the cut construction of matrix, /die with groove/slots for
thermocouples (Fig. 1), which were placed in fcur points: in the
beginming and middie of cone 1 and 2, in the place cf the transition
cf ccpe to calibrating section 3 and in the body of matrix/die 4 [1].
Thermojunctions were welded at points 1, 2 and 3 on the surface of
patriz/die and at depth 1.5 mm from surface. Readings of
thermocouples were record/written by oscillcgraph H = 700.
Simultaneously with temfperature was reccrd, written the effort/force
cf pressure forging. Blanks of steels UE and Kh18N10 were heated to

= 1180-1200°C in resistance furnace with frotective atmosphere, pressed
froem containers 80 and 120 mm in diameter with a coefficient of

drawing of 4; 7.1 and 1€.

Technological lubricant (glass) applied tc the lateral 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 reached as a result of 1

applying "false®™ disks from graphite.
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The degree of the heating of matrix/die was studied depending on
the ductility/toughness/viscosity of the used glass lubricant,
coefficient of drawing, velocity of the pressure forging and other
parameters. The picture of the heating cf matrix/die during pressure
fcrging the stainless steel with the apglicatiog/use of a glass
lubricant is given in Fig. 2. From diagram it fcllows that before
fressure forging in matrix/die is a nonuniform Ly volume thermal
field, which is establish/installed after the ccntact of cold girder
with ghe heated to 3509C cortainer. The maximus heating (~280°C) in
this case falls on the zone of matrix/die, which directly ccontacts
with container (point 1), and minimum (150°C) - to the interior of

matrigs/die (point 4).

In the process of fressure forging the matrix/die affects heat

flux from the blank being deformed. This effect is

realise/accomplished through the lubricating disk whose thickness is
decreased frcm one point 1 to next 3. Because cf this the surface of
the werking cone of the matrix/die is heated unevenly. A greatest
increase in the temperature (AT) occurs in the fplace of the
transition of conical secticn to that which calibrate (point 3),
where lubricant fils is minimum. In surface layer an increase in the

tempetature in this zone composes Ty ¥ 300°C, at depth 1.5 mm t,':

R T -
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200°C4 By points 1 and 2 value of AT does not exceed 20-30°

sost heated in matrix/die is the zone cf pcint 3, where the

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

C.

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

conditions the temperature of matrixs/die on the surface of zone 3, as

this will ke shown Ltelcw, can e€xceed 650°C, i.e., exceed the

temperature of the tempering of tool steel 3Kh2V8, from which are

prepaced the matrix/dies.
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Fig. 1. i
9- 1. Split die with groove/slots for thermoccuples.
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Pig. 2. The heating of matrixs/die during the fressure forqing:7;.-is
tespestature of matrix/die to pressure fcrging (AT) - the value of the
heating of matrix/die during pressure feorging (coefficient of drawing

7.1, the velocity of pressure forging ¢me = 15C am/s).

Page 11,

By this is explained the intense wear of matrixydie in the place of

the trsansition of conical part to the calitrating mesh.

1 change in the temperature cf ratrix/die in zones 1 and 2
during pressure forging is insignificant, at further experiments

measurements temperature at depth 1.5 mm vere nct conducted.

In order to explain the degree of the fprotection of matrix/die
frcm heating because of the applicationsuse of a glass lubricant,
which has, as is known, lcw thersal conrductivity, were placed the
experiments, in which the temperature cf the heating of matrix/die
vas measured under the follcwing conditions: during pressure forging
with dubricating disk and withcut the lubricaticn of the lateral
surface; during pressure forging without lutricating disk, but with
the lwbrication of the lateral surface Lty glass; during pressure

forging without lubrication.
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figure 3a-d gives the typical oscillograms for all four versions
cf svabbing, obtained during pressure fcrqging with the coefficient cf
dgawving 7.1 and of velocity Umec = 200 ss/s. Full/total/complete
scldieg cycle, from the beginning of the decomgression of blank in
container and before its full/tctal/corplete extrusion of matrix/die,
in these oscillograms can be determined by effcrt/force curve cf
fressure forging P. This cycle duraticn of apprcximately 2 s,
shereupon more the half of this time falls cn decompression. The
spallest heating matrix/die is subjected tc withk the lubricaticmn of
the lateral surface knurl and the applicaticn/use of a lubricating
disk, and also when using only one disk (Fig. 32 and b). In the zone
of point3(see Fige 2) the temperature cf the heating of matrix/die in
toth 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. Shargly is changed the picture of
the heéating of the matrix/die, when is applied the only one
lubrication of the lateral surface of tlank (Fig. 3c). The
tempetature of matrix/die in the zome c¢f pcint 3.(see Fig. 2)
grcvw/Eises tc T3 = 9009C. Intense heating is chkserved in the zones of
pcints 1 and 2, where the temperatures grow/ris€¢ to T, = 6809 and T,
= 6509C. An increase in the temperatures in these zones, as can be

cseen from cscillograms, it begins already in the period of the

i s ""“WJ
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deccmgression of blank in container. Similar pattern is observed
during pressure forging without lubrication (Fig. 3d), but the level

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

explained by the fact that the frocess cf fpressure forging in the

last/latter two cases proceeds with formaticn cr the matrix/die of
the "stagnation™ zones, on which occurs the section/shear of metal.
Luring pressure forging withcut lubrication the volume of the
"stagnation" 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 cf the
high temperature of the tlark being defcrmed is reached as a result
cf applying a lubricating disk. The glass lubricant, plotted/applied
to the lateral surface of tlank, dces 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
friction in matrix/die, which lead tc the fcrmation of "stagnant®

2Chne.

In order to explain, in which measure the physical properties of
glasses for disks affect the value cf the heatirg of matrix/die, were
carried cut experiments with glasses of different

ductility/toughness/visccsity. The physical characteristics of the

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

of matrix/die in different sections frcs the lcgarithm of the
ductivity/toughness/viscosity of glass plate.
From the graph it follows that the ductility of the glass plate

d t affect, t i
] néf?iéﬁ’o lé%%ix}ﬁie in zones 1, 2 and 4. In zcne 3 function T3 E:q)

L 3 ool e e

has outer limits. According to the character of the obtained
degendence graph in Fig. 4, can be broken into three fields. In
fields I and III are located the maxisur values of the heating of the
satrix/dies, which are related to the cases of applyiag disks from
glass of low and high viscosity (43 and 200000 fpoise). Field II -

this is the field of the ductility/tcughness/viscosity of glasses

from 226 to 19000 poise, which possess the maxisum heat-insulating

grcperties. This same field includes the blast-furnace slag.
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Fig. 3. The oscillograms of the process of fressure forging for the
diverse variants of swabbing: a) the applicaticn/use of a knurl and

lukricating disk; b) the afpplicaticn/use cf one lubricating disk; c)
the arplication/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/mm2. (4). Specific

Table 1. Physical properties of glass lubricants.

o Vol

w » ocres M| T ANOCTS “Teasoeuxocrs

cTexan npu 1200 °C B K&A/CM - C - FPAR ® Xaa/r . rpan
271 43 0,0027 0,1727
209 226 0,0025 0,1916
287 500 0,003!1 0,1957
10n6 1200 0,0025 0,1997
124 6 500 ,0023 0,1984
1906 19 000 0,0025 0,1980
224-18 200 000 e 0,2044

Key: (1). No glass. (2). Ductility/tougbness/viscosity in poise with

1200°€. (3). Thermal conductivity in cal/cmesedeg. (4). Heat capacity

in cal/gedeg.

Eage 12.

When wsing these forms cf lubricaticns is reached the minimum heating
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of matrix/die. An increase in the tesfperature cf matrix/die (Tj)
during the application/use cf disks with low
ductility/toughness/viscosity (43 poise) can ke explained by the fact
that ghe glass plate with such fproperties rapidly melts to large
depth, and glass intensely it squeezed cut cf the deformatiocn area.
As a result can be observed the short-time contact of the metal being

deformed with matrix/die [4].

An increase in the temperature of the heating of matrix/die when
using glass plates with ductility/toughness/viscosity 200000 poise is
caused by another reasoi. In this case the glass pliate does not
manage to be fused at the necessary depth, as a result of which
lubricant film has an insufficient thickness and a thermal

conductivity from metal to matrix/die is increased.

About the fact that the thickness cf lubricant film during
fressure forging degends on the ductility/tcughness/viscosity of
glass lubricant, showed the data, cbtained ky the gravimetric method,
cn the expenditure/consumption of lubricating disk. The averaged
thicktess of film when using glass with ductility/toughness/viscosity
50 poise composed ~17 pu, and glass with ductility/toughness/viscosity
200000 poise ~5 p. Experiments with glasses of different
ductility/toudiness/viscosity give grounds to ccnsider that the basic

factoe, which determines the value of the heating of matrixydie, is
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the thickness of the lubricant film, which depends, in turn, frcm

other technological parameters of prccess, shich it is discussed in

verk [5].

Sable 2 gives the average values on the heating of matrix/dies
depending on the coefficient of drawing, velocity of pressure forging
aan? method of pressure forging. According tc the findings
established/installed that with an increase in the degree cof the
deformation the heating of wmatrixs/die ir the zcpe of point 3 (see
Fige 2) it is increased. For example, during pressure forging with a
coefficient of drawing cf 4 heating composed T3 = 415°C, and during
strain with drawing 16 temperature was increased to T3 = 530°. The
character of a change in the temperature of matrix/die in the zcnes
of points 1 and 2 at an increase in the drasing virtually is not

changed.

femperature rise and the heating of matrixsdie in the zone cf
Foint 3 at an increase in the drawing can be exglained by an increase
in the temperature of metal because of the work of strain, increase
in the specific load and certain deceleraticn cf pressure forging.
All these factors one way or another affect the thickness of

lubricant film and its thersal resistarce.

A change in the velccity of pressure forging differently
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manifests itself the heating of matrix/die in the case of the
utilidation of a lubricating disk from glass and disk fros
tlast-furnace slag. At the rates cf pressure fcrging Ume* = 220 mm/s

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

little from each other (T3 = 550°C and £709C), (see Table 2).
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Fig. M. Dependence of the temperature cf the heating of matrixsdie

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

Key: (1) . Temperature of the heating of matrix, die. (2). Viscosity of

glass lubricant.

Table 2. Data on the heating of matrix/dies during pressure forging

steels.
T‘mcpt MaTpNEM p 1-?2,-",. MATPHUM
(0 Mapaserpu opeccosauns w Cuasxa 7 .mut I, 2 “l.’soul . ] a.:::: 'r;uelt 5,2u 3
:,) @———w-—._ﬁg——’v . (cM. DHC. 2) % (cM. pHc. 9) [(4)
w [8e 5| H] PP e : o
- ° a
moguns | £2 | &0 | 27 | 35 Bo | Bl mma | nfn || F )|l
:i §:z §= 52 | &2 2 3
32 |&E |22 (8% 8. | 2 s
3]
80 |1200] 4 43 160 | 271 nomen- | 240 | 180 | 180 | 1,1 | 250 | 190 | 415
X18H10 Huii WAAK
8 |1200] 7,1 65 165 | 271 we { 270 | 210 | 230 | 1,1 270 | 210 | 470 TN
@ |1200 16" | M |00 | 71 |CF, " | 310 | B0 | 205 | L6 1 0O S
X18H10 80 | 1200 7,1 41 150 | 271 . 270 | 210 | 240 | 1,2 | 290 | 215 | 530 [peccoBauue ¢
80 | 1200 | 16 72 72 | 271 . 290 | 290 | 254 | 2,5 | 370 | 395 | 650 TIpecc-0CTaTKOM
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
vs 120 { 1200 | 16 53 | 220 | 271 315 | 280 | 285 | 0,8 | 320 | 280 | 570
AFIEAE AL AR A 1 1 1
120 | 1200 5% |2 200 | 325|205 | 20 | 0,8 | &25 | 295 | 580
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Key: |1). Parameters of pressure forging. (2). Lubrication. (3). The
temperature of matrix/die tc pressure forging in the zones cf pcints
1¢ 2 and 3 (see Pig. 2). (4). Time of fressure forging in s. (5). The
tesperature of matrix/die after pressure forging in the zones cf
points 1, 2 and 3 (see Fig. 2). (6). Note. (7). Material. (8).
Liameter of container in sm. (9). Temperature cf furnace in °C. (10).
Drawv ratio and. (11). Specific effort/force in kgf/mm2. (12).
Velocity in mm/s. (13). Knurl. (14). Disk. (15). tlast-furnace slag.

(15a) ¢ The same. (16). Eressure forging with Lutt.

Page 13.

During a decrease in the velocity down to Yme: = 30 mm/s and the
during utilization of a disk from glass Ng 209 heating of matrix/die
in the zcne of point 3 is increased by 100°C and it reaches T3 =
€6C°C, while when using a disk from slag the temperature at the same
rate descends to 85°C and it composes T3 = 4859C. The character of a
change in the heating of matrix/die when using two types of
lubricating disks is visually ctservable from the oscillograms, given
in Fig. 5. The shape of the curve of the temperature of the heating
cf matrix/die T3 when using a slag disk is characterized by
insignificant change during molding cycle (Fig. 5a). During the

application/use of a glass rlate the course of the temperature curve
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cf the heating of matrix/die in zone 3 is characterized by constant
lift from beginning to the end of the pressure forging (Fig. Sé). In
this case is observed the higher 1ift of tesperature curves for the
zcnes of pcints 1 and 2 (see Fig. 2). The different shape of the
curve of the heating of matrix/die when usirg disks from glass and
slag can be exrlained by a difference in the prcperties of these
materijals. Slag, as is known, is vitrec-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 temperature of liquefaction. In connection with this during
fressure forging at low velocity slag disk is fused in a thiner
surface layer and more uniform is expend/consurmed. Under these
conditions the disk of amorphous glass ¢f lcw viscosity is
expend/consumed more intensely and as a result toward the end of the
frccess-lubrication can be insufficient for the creation of the

reliable heat-insulating layer.

As noted above, all exreriments in the investigation of the
heating of matrix/die were conducted during pressure forging without
butt. With this method cf pressure forging the time of the contact cf
metal with matrix/die is less than during fressure forging with butt.
It is natural that and the degree of the heating of matrix/die in the

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




DOC = 77000606 PAGE JN?Z

of matrix/die in the zcpe of pcint 3 during pressure forging by
diffecent methods as showed the experiments, it reaches ~100°C.
Consequently, during pressure forging without fkutt are provided the
more favorable conditicns cf the service of matrixsdies, and their

life can be more.

Conclusions. 1. The greatest heating of matrix/die is ctserved
ia the place of the trarsition of ccnical fart tc the calibrating
sesh. The combination of high heating and large loads leads to the

intengive wear of this zone of matrix/die.

2. The basic heat shield of matrix,sdie frcs heating is reached
as a result of applying a lubricating disk. When using this form of

lubrication descends the heating of matrixsdie to 400°C and more.

3. The value of the heating of matrix die depends on the
frcperties of the used lubricating disk, ccefficient of drawing,

velocity and method of frressure forging (with butt or without it).
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Pig. S. Oscillograms of process at the different velocities of the

fressure forging: a and b) fpressure fcrging with the application/use
cf a lubricating disk from slag; c and d) fressure forging with the

agrlication/use of a lubricating disk from glass.

Fey: (1). Slag. (2). s. (3). kgf/mm2. (U4). Temperature of heating.
(5). em/s. (6). Specific effort/fcrce cf pressure forging. (7).

Glass,
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