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DEEP DRAWING OF TAILOR-WELDED BLANKS
MADE OF HIGH-STRENGTH STEEL

A comparison study was conducted to evaluate te@ deawing of a rectangu-

lar box from tailor-welded blank, composed of twarts of different thickness-

es. The blank material is high strength steel wahsformation induced plastici-
ty, and the weld line is located in the blank cerat the beginning of the deep
drawing. The study is focused on the weld line nmoset during the deep draw-
ing with quasi uniform or controlled non-unifornsttibution of the blankholder

pressure, which is applied on the flange of thekldhe goal is to minimise the
weld line movement and to improve the formabilifyttee tailor-welded blank.
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1. Introduction

Tailored blanks for deep-drawing, consisting oftpaf the same type of
material but of a different thickness or of diffetgrades of material are now
widely used in the automotive industry for car ba@ohd other structures. The
main advantages of their use are a reductioneotdbls number, decreasing
assembly costs, material savings, avoiding spoting| weight reduction,
improved accuracy and structural integrity, etc. @ other hand, as disad-
vantages can be mentioned additional costs fomtdohy design, often re-
duced formability of parts material, uneven plaskoev during drawing and
instability of weld line position [1-3].

There are several types of tailored blanks. Theomaart includes tailor-
welded blanks (TWB) prepared by laser welding attipalar parts. Special-
ised manufacturers offer tailor-rolled blanks (TRBith non-constant thick-
ness for large purchasers. A comparison of botesygf preparation sounds
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generally in favor of the rolling. Such a produatis cheaper only for a high-
volume production. The thickness change can batedeonly in the direction
perpendicular to the rolling direction and it ig possible to achieve a signifi-
canlty different stress-strain properties of thenkl[1].

High-strength transformation induced plasticity (PRsteels, often used
for TWBs belong to the steel grades, whose apjpicais possible to obtain
desired properties of the drawn parts for car b&tdycture. It has also a posi-
tive impact on the weight reduction of componenmtssome cases up to 20%
with subsequent reduction of fuel consumption. éased rigidity, strength of
the support structure and the ability to absorlyggnduring a car accident pos-
itively influence the safety of cars. The usagehefse high-strength steels in-
creases deformation ability in a wide range of terajures and strain rates.
These properties make them suitable for the usiefiormation zones, respec-
tively as reinforcements in various parts of cdr<].

One of the basic objectives of the research thiag¢iisg done at the Facul-
ty of Mechanical Engineering of Slovak UniversitiyTechnology in Bratisla-
va, is to determine the ductile properties of gelkdigh-strength steels and
TWBs, composed of these steels, and to determamedhditions for success-
ful drawing using a tool with relatively simple tomised blankholder. The
paper presents some results obtained experimemtsllyell as using a com-
puter simulation when drawing of rectangular bdxes the TRIP 780 TWBs

[6].

2. Experimental procedure

A forming tool with blankholder for simple drawirgf rectangular box
was designed and manufactured. The punch was atthoma bottom bolster
connected to the lower base of the PYE 160 pressatgd with a nominal
force 160 kN. Transmission pillars, which pass tigio the bottom bolster,
transmit the power to the blankholder created byelobase of the press. The
die is located on the upper arm . The drawn pddrimed when moving die in
relation to static punch. The arm of the presstesstie tensile force and com-
bined with the base it creates the blankholderefolihe blankholder plate is
quasi-elastic and able to transmit uneven pressuthe flange of blank. The
pressure is created by transmission pillars wiffedint, adjustable height.
The tool has been equipped with the force sen3tiere are sensors of local
forces transmitted by each pillar at four pointsbtEnkholder and sensor of
total forming force transmitted by the punch. Fedr shows the example of
the forming force variation of both the punch ahd blankholder forces of
particular pillars in the case of non-uniform distition of the blankholder
pressure. The forces variation is based on thehheigthe product [7, 8]. Fig-
ure 2 shows rectangular box created by deep drawathgdimensions of 120
mm x 80 mm and a height of approximately 40 mm. BM&re welded from
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two sheets with thicknesses of 1 mm and 1.2 mm.Wéld line was oriented
lengthwise, crosswise or diagonally with respedhlarger dimension of the
blank. Figure 3 shows the case of the crosswisitigros
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Fig.1 Variation of the forming and blankholder fescduring deep drawing with non-uniform
distribution of blankholder pressure, mode B: perfime— force on the pillar no. 1, blue line—
force on the pillar no. 2, green line — force oae fillar no. 3, red line — force on the pillar do.
azure line — punch force

Fig. 2. Drawn part with deformation grid
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Fig. 3. Bottom of the rectangular box with crosswisiented weld line

Strain distribution on the surface of the drawnt peais evaluated by an
optical system based on the deformed grid. All eérpents were simultane-
ously simulated in Dynaform software, using the exkpentally determined
stress-strain properties. Figure 4 shows the exesmgl the strain distribution
when applying non-uniform pressure on the blankafstant thickness (Fig.
4a) as well as when applying uniform pressure enitRIP 780 steel blank of
non-constant thickness (Fig. 4b). The strain iemheined based on the defor-
mation of the grid, that consists of 35 elementthwi diameter of 4.75 mm
located along a line through the centre of thelplapright on the weld line.

Experimentally determined behaviour of strainsande: at a blank of
constant thickness and when there is non-unifoankfiolder pressure with a
maximum difference of 10% (Fig. 4) clearly showHeatences in the bottom
of created boxes in their symmetrical parts. Théenel flow in the right part
of the bottom with higher blankholder pressure éédhback against the left
side. The left side of the bottom had a relativabge strain before the transi-
tion into the wall of the product. The nature oé tstrain distribution in the
bottom is confirmed by the simulation. Asymmetrytioé deformation caused
by non-uniform acting of blankholder pressure igensignificant when com-
pared to the deformatiap in the walls. Strain on the right side is moreeimt
sive and braking zones have also a different chera& difference of behav-
iour of the deformatiom: in right and left wall was confirmed by the simula
tion. When drawing TWBs with different thicknessexl quasi-uniform pres-
sure distribution, the weld line on the bottom gelig moves towards thicker
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material — to the left. The result is an increagkedtic flow from the flange of
thinner blank part into the die (right side of figaure 4b) [9].

Figure 5 shows experimentally observed and simdlaistribution of
major and minor strains on the rectangular boxes ffWBs. Two examples
of strain distribution for two different blankholderessure values are men-
tioned.
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Fig. 4. The strain distribution on the part draweni TRIP 780 steel vs. number of the elements
along the middle line of the deformation grid frdeit to the right: a — blank with uniform
thickness of 1 mm after deep drawing with non-umifaistribution of blankholder pressure, b —
TWB with 1 and 1.2 mm thicknesses with uniform dlsition of blankholder pressure; red line
- simulation, blue line— experiment, continuoulirmajor strairp: along the line in the middle
of the box length, dashed line — minor strairalong the line in the middle of the box length
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The maximum non-uniform pressure difference is T06#A regime, and
20% for B regime. Redistribution of blankholder gsere when drawing TWB
with a maximum increase of 10% on the side of tiener blank part means a
creation of conditions for a relatively uniform gt flow with virtually no
strain of the bottom of the drawn part (Fig. 5a)eTstrain values in the lower
parts of the walls are comparable on the left agkit rside. An intensive in-
crease in the wall thinning is observed on the uppart of the wall on the
right side. The distribution of straigy, determined experimentally and numer-
ically, is almost symmetrical on both sides. Arcragase in the difference be-
tween maximum and minimum blankholder pressure Q% ZFig. 5b) im-
proves the drawn part symmetry. It is confirmedniaby the simulation of
strain distribution. The increase of difference®lainkholder pressure causes a
greater braking of material flow in the flange dndrease of the strain on the
part bottom.

Movement and deformation of the weld line were aseubject of the
presented research. The clear result of incredsdangkholder pressure on the
side of the thinner material is braking the moveradrthe weld interface. The
best result was achieved in the case of 20% difterén the pressure size. The
weld line movement is also a function of its lengtid the initial placement on
the blank [9].

3. Conclusions

TWBs made of TRIP 780 steel can be successfullyinahile produc-
ing geometrically complex products, despite thenuced formability when
compared to simple blanks made of mild steel. @dett non-uniform distri-
bution of the blankholder pressure with quasi-éalstankholder plate is an
effective way to improve the strain distribution v bottom and walls of the
rectangular box and for braking the weld line mogatn Correct adjustment
of the height of the pillars transmitted the presson a blankholder plate al-
lows to create the conditions for the uniform heighthe box walls and small
strain variations in corresponding parts of the ieyatrical product.

Explicit finite element software Dynaform allowdiable simulation of
drawing a blank of high-strength steel in the paltr circumstances, includ-
ing the strain distribution in an non-uniform arthnging contact conditions
in the area of blankholder. The appropriate chofdeaded system model also
enables the simulation of the weld line movemamt|uding its deformation
and rotation.
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Fig. 5. The strain distribution on the part draweni TRIP 780 steel vs. number of the elements
along the middle line of the deformation grid fréeft to the right: a — TWB with 1 and 1.2 mm
thicknesses with non-uniform distribution of blaokter pressure ( mode A), b — TWB with
1 and 1.2 mm thicknesses with non-uniform distitouf blankholder pressure (mode B); red
line - simulation, blue line- experiment, continuous line — major strainalong the line in the
middle of the box length, dashed line — minor strgi along the line in the middle of the box
length,
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GLEBOKIE TLEOCZENIE SPAWANYCH BLACH WYKONANYCH ZE
STALI WYSOKOWYTRZYMALEJ]

Streszczenie

W artykule przedstawiono badania poréwnawcze ocgghokiego ttoczenia prostatnej
wyttoczki, sktadajcej sk z dwoch czséci o réznej grubdci, wykonanej z blachy przeznaczonej
do spawania. Wsad jest wykonany z blachy wysokawwtiatej umacnianej przez przemgan
fazowg, a linia spawania znajdujegsiv srodku wsadu, w momencie rozp@cia procesu gho-
kiego tloczenia. Badania koncentyigie na analizie przemieszczenia linii spawania w warun
kach quasi- rownomiernego i nieréwnomiernego ratktasnienia dociskacza, ktére jest przy-
tozone do kotnierza pétwyrobu. Celem bagast minimalizacja przemieszczenia linia spawania
oraz poprawa odksztatcalkw blachy przeznaczonej do spawania.

Stowa kluczowe:gtebokie ttoczenie, blacha przeznaczona do spawaynaylacia, linia spawa-
nia
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