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Resume

In the paper is pointed to operating concitions of the forging dies, properties of the hard-faced materials,
methodology of choasing the optimum rechnology of hard facing and filler materials. Presented are, as well. the
experimental results of testing the influence of the hard facing regime on the output characteristics of the hard-
Jaced forging dies. The cooling rate in the critical temperature interval was determined primarily, and her
influence on hardness and microstructure was monitored, i.e., the relationship was established between the inpt
and output characteristics through the corresponding (avaitable) transformation diagrams for the given sieel

Keywords: Hard-facing, cooling rate, jorging dies. nucroseructure.

1. Introduction

The forging dies are in exploitation subjected to
numerous cyclic loads at elevated temperatures, so
after certain operating time. the impression damages
occur, and the tool has to be replaced or repaired.
Statistical investigations of the damaged dies [3, 6]
have shown that main causes of their removing from
exploitation could be: change of dimensions and form
of impressions due to friction and wear, cracks all
over the die due to thermal fatigue, and micro cracks
caused by action of the stress concentrators.

Wear, caused by action of impact-compressive
loads, is characterized by appearance of deformation
and increased friction, as well as cracks at a certain
depth on working surfaces. The fatigue cracks may
lso appear, also at certain depth beneath the surface,

Wear that appears at elevated temperatures 15 a
-onsequence of oxidation, forming of oxide coating at
ngh temperatures, worsening of the mechanical
haracteristics at surface layers, what, together with
ftects of thermal fatigue. leads to increase of stresses
ind finally to destruction of surface. Accelerated wear
f die surfaces that operate at elevated temperatures is
isually in form of characteristic cracks and even
rumbling caused by thermal fatigue. Factors that are
cading to thermal fatigue are material thermo-
hysical characteristics (thermal conductivity, specific
eat and coefficient of thermal linear extension), the

part geometry (size, shape, type of surface), and other
material properties {mechanical, chemical, structural)

The thermal stresses, caused by the temperature
gradient, also impose negative influence, as well as
the structural stresses, which depend on chemical
composition of steel and kinetics of austenite
transformation, namely the cooling speed Duc to
influence of cyclic varration of thermal stresses. the
initial cracks can also appear on the material surface.

Through analysis of physical properties changes of
the tool steels during the thermal-mechanical fatigue,
1t was established that material destruction occurs in
three phases: at first the material
decreased. then the pile-up of dislocations appear. and
finally the crack is initiated. In the first phase the

strength s

lemperature causes relaxation, what in turn, causes
decrease of strength and hardness of steel, as well as
an ncrecase ol the carbides share their
coagulation. During the second phase a process of
plastic deformation develops, what causes material
hardening. In the third phase the decisive mfluence

and

has the coagulation of carbides and pile-up of crystal
lattice defects, what causes initial cracks to develop
from already existing voids and micro-cracks. [ there
exists a possibility for action of the dislocation
mechanisms for creation of the fatigue cracks, then in
numerous cases, tnitiators of such cracks are the
surface scratches, material faults of technological
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ongin (forged in oxides, micro-cracks on the inter-
phases boundaries of the hard phases and the plastic
inclusions. brittle phases)

substrate. non-metallic

(1.2 4.6
In the concrete case, we analyzed the forging dies
ammed  for manufacturing parts in car and trucks

making industry. During the excessive monitoring of

dies in exploitation, it was noticed that failures

(removing dies form exploitation) could be due to

following reasons:

- increase of the forged pieces dimensions due to
worn die,

« deformation of the thin-walled portions of the die
(ribs. mandrels),

« appearance of cracks at certain parts of the die,
and

« local fractures,

2. Materials for manufacturing dies aimed for
operation at elevated temperatures and their
properties
Here we speak of tools that operate at elevated te-

mperatures of up to 600°C and which are exposed to

higher static pressures and impact loads. Additions of

Cr, W, V and Mo, as well as the increased content of

carbon. provide for good weldability needed for larger

cross sections of tools and high hardness at elevated

temperatures [1]

As the most frequently applied materials here are
presented two typical forging dies steels C5742-YUS
-S6NICrMoV7-DIN and C4751-YUS-X38CrMoV5i-
DIN, aimed primanly for casting tools of nonferrous

metals. Given steels are mostly used in Blacksmith
shop of the "Zastava" factory. Chemical composition,
mechanical characieristics and microstructure ot these
steels are given in Tab. 1 and Tab. 2.

Since the Blacksmith shop of the "Zastava" facto-
ry uses forging dies in thermally tempered state (que-
nching and high relaxation), we subjected all the
samples (o that treatment, to come as close as possible
to real (exploitation} conditions. On selected samples
- models we measured hardness after thermal treat-
ment and it was 40-42 HRC for C5742 These sa-
mples (of thickness 7.4 and 29 mmr) were hard faced
afier preheating, due to tact that the aforementioned
steels arc prone to self-hardeming (C=0.35%) The
preheating temperature was determined by calculation
according to the Seferian formula |2, 3, 7], and it
ranged from Tp 286°C to Tp = 305°C, for
s =29 mm. We adopted that T;, = 300°C [9, 10]. Real
by

prehealing  temperatures  were  determined

measurement prior to start of hard facing.

Bv investigation of forging dies steels we came up
with the conclusion that the lowest resistance to
thermal fatigue, in the lemperature range between 200
and 760°C, have matenals with higher content of
tungsten: substitution of this alloying element by
molybdenum improves steel’s resistance to cracks
Chromium also improves steels resistance 1o a degree
that depends on the content of tungsten. Alloying by
nickel usually does not contributc to increase of
resistance to thermal fatigue Resistance of steel to
thermal fatigue 1s decreased with increasing of the
carbon content (C > 0.3 %) Manganese mainly
improves resistance to thermal fatigue [1, 3, 7]

Tab [
Chemical composition and comparative marks of steels C5742 and C4751
:' i Mark by Chemical composition, % Relation to other standards
No- ' us T T———
G Si | Mn P S cr Ni Mo v DIN UNI
. C5742 055} 0.3 | 0.7{0.035 (003511 1.7 | 0.5 | 0.12 { 56NICrMoV7 USZNICrMoBKU
-I 2. [ 4751 040 | 1.0 {04 | 0.025 | 0.025 | 5.0 - 1.3 | 04 X38CrMoV5 UX35CrMo0SK
) ) Tab. 2
Mechanical characteristics and microstructure of steels C5742 and C4751
" : :
_‘ . . . ' _
e | Markby Sfj annealing Relaxa.tml{“rempermg) temPreh[eahr%g s Microstructure |
YUs R RIS e B. M
e HVmax | Rm, MPa | t,°C | HRC 2 (Seferian formula) B
MPa
X 400- 1700- M+ B
1z C5742 670-700 250 850 - ot
J 700 | 930 | 41100 REBO0 (inter-phase)
S T —
= 550- 1700- M+B
2. 4751 800-830 250 B850 50-3 =
[ 700 o1 1100 209 (inter-phase)
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3. Choice of technology and filler materials

Hard facing of selected samples was done in the
Laboratory for machine materials and technology at
Faculty of Mechanical Engineering i Kragujevac
with  application of the cored electrodes.
Technological parameters of hard were
determined according to [2, 5]. and hard-facing was
performed in one, two and three passes to estimate the

facing

influence of muxing (dilution), and to establish in
which pass the declared characteristics supplied by
the manufacturer of electrodes were obtained. The
velocity of hard facing during each pass was
measured, and also, prior to applying another layer,
the preheating temperature was checked, 1e., the
interpass temperature. The digital-measuring device
Tastotherm D 1200 was used for measurements ( which
15 supplied with a thermocouple NiCr-NiAl with a
measuring range from - 50°C to 1200°C).

As the filler material were applied highly alloyed
basic electrodes UTOP 38 (E3-UM-40T ©3.25 mm -
DIN 8555) and UTOP 535 (E6-UM-60T @5.00 mem -
DIN 8555). They are aimed for hard facing of tools
Iike. The filler materials were aimed for hard facing

of dies that are used for forming of steels and other
metals both in hot and cold state, like ingol mold,
steel molds, dies and pressing mandrels. Hard-faced
layers are tough, resistant to wear and impact. The
hard faced i1s constant up to
temperature of T,,, = 570°C [4], and according to
600°C

layers hardness

recommendations by the supplier
[11-SZ-Fiprom]

Prior to application. the electrodes were dried
according to the following regime: heating up in the
furnace up to temperature of 350-400°C_ keceping for 2

up to

hours at the drying temperature. and cooling n the
furnace for 1 hour, while the temperature did not fall
below 150°C. Thus heated electrodes were used for
hard facing of the preheated samples, with what the
level of diffusive hydrogen was decreased and the
possibility for appearance of hydrogen induced cracks
was eliminated.

In Tab. 3 and Tab. 4 are presented the hard facing
parameters (hard facing current was for about 10 %
lower than at welding). as well as properties of the
filler material | 11-SZ-Fiprom].

Tab. 3
Farameters of the AW hard facing
= N —
5 Electrode mark Core Hard facing Hard facing
No. diameter, current, chljtage, velocity, inpu;/hcer:t,
SZ Fiprom DIN 8555 d., mm LA : V, Cm/s a.
1. UTOP 38 E3-UM-40T 325 | 115 26 0.241-0.136 9543-16911
‘ 2. . UTOP 55 E6-UM-60T 5.00 190 29 0.257-0.130 16912-32738
Tab. 4
Filler material properties
[ ,
i Electrode mark Chemical composition’. % | Hard-faced
No. i ; [ Y layer Application
SZFiprom | DIN8555 | C | cCr{Mo{ Vv | w |cument| hardness,
HRC
Hard facing of dies for
1. UTOP 38 | E3-UM-40T | 0.13 | 5.0 |40 020 | + =(+) 3642 operation at elevated and
normal temperatures
2. UTOP 55 |E6-UM-60T| 0.50 |5.0|50| 080 | + = (+) 55-80 ibid

Order of applying the layers is given in Fig. la.
and prior to application of the new layer the dross
was removed with steel brush, According to this
scheme other layers were applied too (the second
{Fig. 1b)and the third (Fig. Ic)).

The pass width hard faced by the © 3.25 mm

clectrode was b = 10-12 mm, and the hard faced layer
height was h = 1.5 mm, and for the electrode @5.00 mumn
the measures were b= 16-18 mmand h = 2.1 mm.
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c A
-l Detail "A"
b
) “~llayer d) I I H
“pr ..Z
-1 :
c) -1 ;
. - — | layer |
N
il ! il

Fig. 1. Order of application of the hard-faced lavers: a - I layer, b - 2 layers, ¢ - 3 layers

4. Determination of the cooling time between 800
and 500°C - tys

In hard facing of steel C5742 it is not sufficient to
take care only about technological parameters, which
provide for regular forming of hard faced layer, but
one also has to take into account the negative effect of
the heat induced during the hard facing. This is why
for these steels one must also take into account the
influence of the temperature cycles on the increase of
the heat affected zone, change of
mechanical  properties towards
appearance of cracks The main characteristics of the
temperature cycles are; maximum temperature, time of

hardness n

and tendency

holding above the A,-; temperature and cooling rate at
the least stability of austenite temperature.

Optimum parameters of the hard facing technology
are determined from the condition that the cooling
temperature and the time of holding above the Ags
temperature ought to he within limits that provide for
the best achieved properties of the hard faced layer.

For determination of the cooling rate. in literature
exist certain analytical expressions, but from practical
reasons. mstead of the cooling rate the cooling time
between 800 and S00°C - tys is given. Equations (1),
(2) and (4) give the most frequently applied formulae

for the cooling time ty;

(a) Calculation of tys according to the thin sheet
limit thickness (tys=f(5,)) [2, 7, 8, 9]
- for thin sheets (s Syt

| I 2 | 2
[ S e _{—_“""‘.‘_ (I)
|\ s00-7, 80017,

4.1 A Fo R g

\ “

- o thin sheers (s < s,,)

fyjs = = s 2)

4, ’\- ] I
oA | S00-7, 800-T,

g Ny | 1 I
PO L . N 3)
. JE poo | S00-T 800-T

7]

(b) Calculation of - tys according to the Japanese
authors formula {8/

kg

= 2 2 s— 5
ik (Tu -T,) [I + crrcrg[-;—“]:|
o .

o

(4

Data needed for calculation of the cooling time

ty;s. according to expressions (1), (2) and (4) are
grven in corresponding literature [2. 7 8 9]
For calculation of the cooling time several expres-
sion were derived, and they give large differences in
results. Due to that we estimalted accuracy of the pre-
viously cited expressions (1), (2) and (4) taking into
account the following: thickness of the hard-faced
plates, input heat of hard facing and preheating tem-
peratire.

The temperature cycle can be determined experi-
mentally and computationally. From the experimen-
tally obtained cycle directly is red off the tys time.
which serves for evaluation of empirical expression
accuracy, namely for estimation of the newly created
structure and hardness of the HAZ.

Model-samples for experimental mvestigations
we re prepared according to Fig 2. Scheme of tem-
perature measurement with help of thermocouples is
given in Fig. 3. Besides the coated thermocouple of
the known characteristics (type "K", of the "Philips"
company), we used hand-made thermocouples of
diameters ¢ 0.25 and & 0.40 mm, whose characteri-
stics (Fig. 4) was determined by calibration on diffe-
rent temperatures. Temperature cycles were determi-
ned in conditions without preheating and with prehe-
ating. by variation of the hard facing parameters.
Results of measurements for the thin and thick sheet
are given in tab. 5 and Tab. 6.

Characteristic temperature cycles are presented in
Fig. 5aand 5b.
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Through analysis of results presented in tab. 5 and The obtained conclusion refers to hard facing of
Tab 6 one can notice unacceptable errors in the coo- plane sheets, while we did not yet investigate other
hing time according to formula tys = f(s,). while the forms of the hard faced surfaces

best agreement with expenmental results provide the
formula of Japanese authors [4. 8, 9. 10]

T B
A
=
i )
4 18 19 | 20 21 22 23 24
- _..1., iy i i i S T i_ 3 _..I.__ sl aeminy i _____ i I
! o
I u
. U Lo S s LS, e " =
i 1 t i i i t i T &
o
et
1 2 3 4 5 6 4 B
e _ LN =k 1 E l & o2 e G I
i | -
| [ | =
I | | i | |
{ ? i : | 5 ! ' [
sl s L@ J e [ ow [ w [ | e &
3 400 E
Section A-A Section A-A
1 m:
..
2 <] ~ /If/:///,/// / /)
A S ;
V / 77 é ) 7
J [ Y s S /_,-'J.-//I'/ F
. . fary 7 ; Vi : 7
q 7 1005 4.7 008 |

Fig. 2. Appearance of the model-sheet for temperature measurement

Thermocouple tip

Yok made by WIG procedure
Hard-faced i ()
% material ]r_’
Glass tubes o ! T ‘
\ \ i
diameters 110 d - 006 % 30 mm > HAL |-|T B.M
» :
! Thermocouple
i A Recorder
Thermocouple wires (Cr Ni- Ni Al "SERVOGOR"

diameters 0 25 mm

Fig. 3. Scheme of the temperarure meastrement
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Termo-electroresistance force, mV

Hard tacing
rate, v. cmss

U..-:-Z.'ZU
0.186
0,241
0.172
U..Tél!ll
0136
0.208
0475
0190
0.183
0.215
0.150

60

50

40

30

20

Fig. 4. Characteristics (E-T) of the used

thermacouples

0 ﬁr// ¥
0 200 400 600 800 1000 1200 1400
Temperature, °C

Tab. §
Comparative values af the cooling time tys (s =74 mm [ = 1154, U=25V g.,= 2300 W) [4]
Hard facing Preheating Cooling time, fys, s Point/
driving energy, temperature, — i
Q. Jom ToTs C (tas)” (tas) (tes)™" (g5 Y
9663 20 8.62 24.00 14.50 16.5-20 11
10560 20 9.85 29.10 17.00 20-21 24/1
1212 20 13.34 4363 | 16.00 2426 2111
9543 70 10.14 3117 16,50 20.5-23.5 2172
' _.i'g_s_zg_“ 273 44.20 2739 | 2800 | 8890 171
13609 280 47.35 304.50 34.00 04-98 1001
6011 | 185 39.00 206 23.50 70-76 9/1
11058 180 20.1 84.9 2700 | 4250 1811
13142 240 35.50 194.2 3050 | 71-78 1812
12105 178 22.80 100.3 2300 | 4854 111
12568 178 24.05 107.3 19.00 | 48557 191
10898 | 169 18.19 73.4 1950 | 3643 3
45333 | 180 32.90 1632 | 2450 | 5968 2/1
14867 290 55,80 386.7 31.00 | 104-113 212

0,168




130

Materials Engineering, Vol. 16, 2009, No. 3a

Fig. 5. TTT diagram for C5742 [4]

Tab. 6
Comparative values of the cooling time tys (s =29 mm, [ = [90 4, U = 28 V. G = 4256 W) [4}
‘Hard facing : slinatline. T ' B ol
Hard facing driving tP’ehea:'”g FEAingime Jin s Point/
rate, v;, cm/s energy, s i i J Sar Sy SEXP R layer
KR el To/Tp, °C (tass) (tsrs) (ths) i (tars)
0.148 28757 20 11.20 1410 | 160 | 108-125 211
0.130 32738 355 7617 287.50 70.5-74.5 1611
0.161 26436 231 24,36 47.30 24.27 14/1
, 0.152 28049 218 24 80 47.80 23.2-26.5 M
0.142 28870 231 29.30 60.40 27-28.6 712
0.258 16500 204 10.43 14.89 13.5-14.5 6/1
0.257 16912 204 10.83 15.52 13.6-14.7 6/2
0.167 25414 178 17.60 28.80 18-20 13/1
0.185 23000 235 20.20 37.10 21-235 21N
,Ui
L &
i 5= 7.4 mm
C5742
x= 4.0 rmnt
d.= 325 nun
Tmaw = 1140°C 3 Tp= 178G
T S L = 12.1 ko
° = - Acs
: et Ae
V‘-'—‘T Ar ".\w\
' 730, Kl
S .
1 .5
o
1 L
E; E )
,: ; 5= 28 mim
. Trax = 906°C e
e oYl
| P % Tp= 204°C
BUO“C::'_ - P ek e 1 Ay 95 16.5 kdicrm
IL ""53‘: Ay
| ¢ Y
. / g
| Vrlf T AT 7’-;'-\‘-",.
i ’ .\{%._\
500%C: f"*-“ N
8
. _ “
: 429 i
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Fig. 6. Characteristics (E-T) of the used thermocouples [4, 11]

5. Relation between the input and output

characteristics by TTT diagrams

By entering the cooling times tys into the TTT
diagrams (Fig. 6) for the given steel, the newly
created structure and hardness of the HAZ are es-
timated [4]. Based on known cooling curves of seme
characteristic temperature cycles we compared struc-
tures that are red off the TTT diagrams and those ob-
tained by metallographic investigations [4]. The
limiting cooling time tgs = tym = 500 5, with pre-
healing (T, = 300°C), could be reached with g; = 60
ket for s = 7.4 nun, namely q; = 150 ifiom fors =
29 mm. These values of energy can not be realized by
AW procedure. what means that regardless of the
input hard facing parameters (q, and T,), the
martensite-carbide structure will be obtained of the
HAZ, with hardness between 721 and 743 HV. The
significant correlation is noticed of the input and
output characteristics, and certain deviations come
from the nevitable differences in conditions of
experiments realization and obtaining the TTT
diagrams. The obtained results show that in order to
increase plasticity, decrease hardness and residual
stresses, the high relaxation of the hard faced parts
must be conducted, at temperature that usually
surpasses the working temperature [4, 11 - The
"Ravne" steel-mill].

6. Conclusion

Based on experimental results, it was established
that the cooling time in the critical interval of tem-
peratures could be the most accurately determined
by the Japanese authors’ formula. Also, we proved
that application of that empirical formula allows for
sufficiently accurate determination of the tys time,
which is the basis for choosing the optimal parame-
ters of the hard facing regime.

The aim of this work was to point to how to. suffi-
ciently accurately. determine the cooling rate, without
repeating the expensive experimental procedure,
Sufficiently accurately determined cooling rate enables
reading off the structure and hardness of the HAZ
directly from the TTT diagrams.
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