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ABSTRACT

Subject of presented contribution is process formability parameters evaluation of both



side coated TRIP and HSLA steels in basic state and
after its annealing in order to Fe-Zn coating cre-
ation. The samples were annealed at 450, 500 and
550°C for 10 and 60 seconds in argon shielding gas.
Obtained values are compared with each other in
order to determine whether the influence of tem-
perature and duration after annealing changed the
original class inclusion on a scale to measure the
quality of steel sheets for deep drawing according
to the value of limit drawing ratio. Limit drawing
ratio was used as a process formability criterion
and were reached by modified Swift cupping test.
HSLA steel H220PD and TRIP steel RAK40/70 were
used as experimental materials.

1. Introduction

The main reasons for the use of steel in the con-
struction of vehicle bodies are their strength prop-
erties, processability, relatively low cost and recy-
clability. Requirements for sheet metal are often
contradictory. From a structural point of view there
is effort to reduce sheet thickness while increasing
their strength and dynamic resistance. To increase
the resistance to indentation and at the same time
ensuring a high absorption of energy in a vehicle
accident when applying a thin sheet. From a tech-
nological point of view of manufacturing moldings
body parts to enhance the requirements for their
high plasticity and homogeneity properties. Of
course, that sheet should also be resistant against
aggressive external environment, which provides
not only its structure (eg Cr content), but especially
its coating (hot dip galvanizing, electrolytic zinc).
Specific technology requirements and designing
the material properties of individual components,
therefore lead to the development of specialized
products for niche applications. The picture No.1
shows the skeleton of the car body with repre-
sentation of the modern conceived steel sheets,
which are usually coated on both sides.

Another possible type of zinc coatings are Fe-Zn
coatings, which exhibit better weld ability, corro-
sion resistance and material savings in comparison
with pure zinc coatings. These coatings are ob-
tained by annealing Zn coatings. Annealing after
galvanizing is the process by which the transforma-
tion occurs in pure Zn coating on the intermetallic
compound Fe-Zn through diffusion between Zn
and steel foundation, which is usually performed
in the temperatures between 440°C and 550°C.
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Because shown temperatures are in the recovery
of material forming temperature (warm forming),
there is influence of the substrate in the develop-
ment of Fe-Zn coating. [2]

The article presents to verification of the effect
of temperature and duration for heat treatment of
zinc coatings on marginal factor in the cup draw-
ing test. Test principle is illustrated in Fig. 2.
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Fig. 1: The various types of steel used in the manufacture of body
skeleton. [1]
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Fig. 2: Scheme of the cup test.

The circular test specimens with a diameter of D,
are gradually increased drawn cylindrical extracts
and the maximum diameter Dy 1 sought, which
can be taken out intact cup. In deep drawing, there
is a marginal relationship between the diameter of
circular blanks and depth of yield, which is propor-
tional to its diameter “d” Marginal drag coefficient,

denoted as m is determined by cup test of (1).

m=—do_

B DOmax (])

Where D, S the maximum diameter blanks, in
which there was no breach of extract, d is the av-

erage yield. [3]
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2. Perfomed Experiments and their Results

Material that was used in experiments:
m Alloy Steel H220PD, a,=0.80 mm-"M’
m Steel with induced transformated plasticity and
TRIP RAK40/70 a,= 0.75 mm with a sign - “T"
m Steel plates rated M, T are mutually electro-
lytic zinc, where the amount of zinc is 100 g/m?
(Z100MBO). Chemical composition of samples is
given in Table 1.

Table 1: Chemical composition of steels [%].

C 0,004 0,204
Mn 0415 1,683
P 0,042 0,018
S 0,004 0,003
Ti 0,037 0,009
Si 0,1 0,2
Al 0,035 1,73
Cr 0,031 0,055
Cu 0,011 0,028
Ni 0,017 0,018
Nb 0,026 0,004
Mo 0,005 0,008
Ir 0,001 0,007

The conversion of Zn layer annealing was per-
formed in laboratory conditions according to
methodology developed and documented in [5,6].
For these purposes, was used kantalova flow fur-
nace REH-B-10-60 @ 90 mm with quartz retort.[4]

1 quartz tube

.
4 sample

3 thermocouple

Fig. 3: Deposit the sample in the furnace kantalovej.

From appointed materials samples were taken
with size 160x80 mm, which were annealed at 450,
500 and 550°C with exposure time 10 and 60 sec-
onds. Scheme of deposit of samples in the furnace
is outlined in Fig. 3 In the furnace system was used
to flow gas through the retort, thereby ensuring air
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that cools gas samples. When the heat treatment
was performed, argon shielding gases consisting
0f 99.99% purity were used. Selected samples from
the furnace after endurance were freely cooled in
air. [5,6]

For purposes of the cup test there were made
circular blanks with a diameter of 52, 60, 68 and
80x140 blanks from which the extracts were drawn
cylindrical flat-bottomed 31 mm in diameter in
figure drawing tools on a laser cutting machine
shown in Fig. 4 with parameters:

m diameter of median dte: 33.0 mm

m diameter of puncheon dbp: 31.0 mm

mpulling gap tm: 1.0 mm

m radius of puncheon rtk: 4.5 mm

m radius of median rte: 6.0 mm

torque transmitter
flange
spring
drawing punch
blankholder

drawing ring

console

Fig. 4: The tool used for cups. test.

Measurement device that was used (Fig. 5).

Fig. 5: Evaluative device.

allows to capture the pressure of the press in real
time and display measured values on a light trans-
mitting panels, while transforming the values to
the computer, where they are stored and can be
further evaluated and treated. Plastic wrap as a lu-
bricant was used in this test. Holding force on the
trapezoidal threads was caused by torque wrench
for microalloyed steel Mk = 70 nm and for the TRIP
steel it was Mk = 85Nm. Right measurement was
ensured by this. [7,8]



Table 2: Measured traction force in cup test for samples M.

D,fmm] F__[kN] F [kN] F_[kN] Myeld

tmax tmax average
52 16,78
52 17,01 16,78 good
52 16,83
60 25,54
60 2581 25,84 good
60 26,18
68 32,22
68 3191 32,27 good
68 32,67

346 | violated
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Fig. 6: Determination of cut-off diameter of blanks for the sample
M(d=31mm).

Table 3: Measured traction force in cup test for T samples.

Dmm] F_ [kN] F [kN] F_[kN] Myeld

tmax tmax average
52 30,32
52 30,28 30,33 good
52 30,39
60 45,18
60 45,21 45,32 good
60 45,58
68 58,25
68 58,80 58,58 good
68 58,58

346 violated

Maximum measured traction forces for various di-
ameters of the blanks and strength to breach the
bottom of the sample labeled M (Alloy steel) in not
ignited state are shown in Tab. 2. Marginal diam-
eter blanks defined mathematically (Fig. 6) is DN

X
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= 70.1 mm. Marginal factor in drawing 1.draw of
considered metal M has a value of m = 0.442 on a
scale quality is the EDDQ-S class.

y=1,7633x- B1,06¢
R*=0,9985

Trip steel RAK 40/70 - T with lubricant

65 4

55 4

Force [kN]

50 55 60 65 70
Sample diameter D, [mm]

| + Ftmax —Ft por ~——Linear (thax)l

Fig. 7: Determination of the average blanks for the T sample (d =
3Tmm).

Maximum measured traction forces for various di-
ameters of the blanks and strength to breach the
material bearing the T (TRIP steel RAK40/70) in not
ignited state are shown in Tab. No. 3. Marginal di-
ameter blanks defined mathematically (Fig. 7) is
DOmax = 67.98 mm. Marginal factor in drawing of
1.draw of examination of T sheet has a value of m
= 0.456 based quality assessment scale is category
EDDQ.

Quality scale sheet by breaking drag coefficient:

mmm < 0,45 EDDQ-S
mmm = 0,45+ 0,48 EDDQ
mmm=0,48 + 0,50 DDQ
mmm=0,50+ 0,55 DQ[9]

In Tab. 4 there are recorded measured peak trac-
tion forces for various diameters of the blanks and
strength to breach the bottom of the sample la-
beled M (Alloy steel) in the annealed condition. As
seen from the dependence of tensile force from
the diameters of the blanks to a temperature no
significant change in mechanical properties of the
basic material. The effect of heat treatment had
little effect on the properties sheet. Compared to
the baseline condition at 450 ° C, the force required
to pull the cup rose is almost TkN.

Subsequently, the samples with higher tempera-
ture 500°C and 550°C the force needed to pull the
cup around the value reached in pulled samples of
the ground state again decreased. Tab. 5 shows the
diameter limit values and limit drag coefficients,
depending on heat treatment of samples on Fig.
8 is a graphical representation of changes in mar
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ginal drag coefficients depending on temperature
and endurance which decreased slightly only at a
temperature of 5000°C and last 10 with a slightly
increased.

Table 4: Maximum traction force for individual samples M (H220PD
steel in annealed condition of annealing time 10s, 60s) [7].

Temperature 450 °C/ time 10 s

Temperature 450 °C/ time 60 s

2 33,16 26,28 17,61 2 32,60| 26,29| 17,47

Temperature 500 °C/ ime 105 | [* Temperature’500 °C/ ime 60’5

E[kN] F:

1 33,21| 26,34| 17,32 1 32,20| 26,35| 17,29
2 33,14| 26,08 17,12 2 32,97|26,48| 17,41

17,60 13] 26,43

1 32,90| 26,23| 17,26 1 31,68|25,85]| 16,87
2 32,94| 26,13| 17,03 2 32,14] 25,99| 16,44

Table 5: Table of limit values of diameters and limit drag coeffi-
cients for microalloyed steel depending on the condition of heat
treatment.

s | 451G | 450°C/60s | SOCI10s | S00°CHE0s | SS0°CI10s | S50PCE0s

strength to breach the bottom of the sample la-
beled T (TRIP steel) in the annealed condition. As
seen from the dependence of tensile force from the
diameters of the blanks to a temperature caused a
slight decrease in the force needed to pull in an
average vield of 4 kN and also decreased the force
required to break the bottom.

In Tab. 7 there are the limit values of diameters
and limit drag coefficients, depending on heat
treatment of samples.

Table 6: The maximum traction force for individual samples T
(TRIP steel in the annealed state annealing time 10s, 60s) [7].

1 52,91
23 53,34

41.95
42,26

28,28 1 54,11)42.19| 28.27
28,74 2 53,95|42.23) 28,23

155,43 43,65 29.75
55.92|43.97] 27.51

1 55.64
2 55.56

43,67
43,43

28,50 1
2920 2

2979 [ 1
29.79 2

1 5442
52,00

4419
4335

55,42 43,36( 29.43
54,17 43,30( 28.90

0442 | 0430 | 0430 | 0444 | 0439 | 044 | 043

Depence of breaking drag coefficient m on the condition
of heat treatment

Fig. 8: Dependence of breaking drag coefficient m on the condition
of heat treatment for microalloyed steel.

In Tab. 6 there are recorded measured peak trac-
tion forces for various diameters of the blanks and
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Table 7: Table of limit values of diameters and limit drag coeffi-
cients for TRIP steel depending on the condition of heat treatment.

base

state | 450°C/10 | 450°C/50 | S00°C/10 | 500°CA60 | 550°C/10 | S50°C/80
0456) 0458) 0457|0458 0457) 0454|0455

In Fig. 9 there is a graphical representation of
changes in marginal drag coefficients depending
on temperature and endurance. Dependence of
breaking drag coefficient (mm) of annealed TRIP
steel shows that with increasing annealing tem-
perature and time increasing the marginal factor
into drawing temperature of 500°C which is the ad-
verse effect of annealing. At 550°C and endurance



10 and 60 seconds there is a slight decrease in the
ultimate drag coefficient compared to the baseline
condition.

Depence of breaking drag coefficient m on the condition
of heat treatment

046

0458

zak. Stav 450°C/10 450°C/60 500°C/10 500°C/60 550°C/10 550°C/60
annealing state

Fig. 9: Dependence of breaking drag coefficient m on the condition
of heat treatment for TRIP steel [9].

3. Conclusion

The paper presents test results of process evalua-
tion of formability of steel sheet used in automotive-
microalloyed steel and TRIP steel H220PD RAK40/70.
Assessed process sheet formability was rated by cup
test, during which was rated marginal dragging fac-
tor. Drag coefficient was found in microalloyed steel
m = 0.442 and TRIP steel m = 0.456. These types of
plates used in the automotive industry can classified
the level of quality EDDQ-S for microalloyed steel or
EDDQ for TRIP steel. Because of temperature and
duration of stamina the changes in breaking drag
coefficient for both steels occur. In microalloyed
steels is a drop to 500 °C at the time of stamina 10s.
In contrast, TRIP steel cut-off factor increases slightly
at temperatures up to 500 °C and to 550 °C in the
stamina 10 and 60 seconds drops slightly below its
original value in the annealed condition. However,
we can conclude on the basis of measured results
that overrun of the limits didn't occur in any of the
groups of material.
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