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INCREASING STAMPING FORMABILITY OF LOW-CARBON
COLD ROLLED THIN STEEL SHEETS
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Abstract. The use of surfactant (épila) was studied as a method for improving the cold-formability of
steel sheets. The factors of the resulting effect were analyzed. Application of épila significantly reduc-
es the surface roughness and decreases the stress concentrates. Epilam fills pores and microcracks,
displaces moisture and gases, thereby reducing metal embrittlement. The application of épila pro-
vides the highest category of drawing the low carbon sheet steel 08kp.
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INOBBINEHUE ITAMIIYEMOCTH HI/I3KOYFJVIEPOI[I/ICTOI?I
XOJOJHOKATAHOU TOHKOJIMCTOBOU CTAJIN

N.C. Tarapkuna, accuct., U.B. Jlomeuykunna, aou., K.T.H.,
XapbKOBCKM HAMOHAJIbHBIA ABTOMOOUIbHO-10POKHbIN YHUBEPCUTET

Annomauus. C yeivio NoBvlULeHUS MEXHOIOSUYECKOU NAACHMUYHOCU XOJ0OHOKAMAHOU UCTNOBOL
CManu enepevle NPeonoNCeHa NOBEPXHOCMHAsL 0bpabomka — snuiamuposanue. B pesyromame 6 xo-
JIOOHOKAMAHOU MOHKOIUCMO80oU cmanu 08kn Oviia 0ocmueHyma evlculdst Kame2opust Wmamnyemo-
cmu (BOCB). Dppexm oocmueaemest 3a cuem 3a1eMusanusi NOBEPXHOCMHLIX 0epeKmos u ymeHvule-
HUsL KOHYESHMPAMopo8 HANPSANCEHUIL.

Knwueevie cnosa: cmails, XOJIOOHOKAMAHDIL Jaucm, mexuojiocuveckas niaacmudHocms, wmamnye-
MOCNb, 6bIMAJNCKA, UCNbBIIMAHUE HA 8b10ABIUBAHUE.

HIJIBUIIEHHSA 3JATHOCTI 1O IITAMITYBAHHS HU3bKOBYTJIEIIEBOI
XOJOJHOKATAHOI TOHKOJIMCTOBOI CTAJII

I.C. Tarapkiuna, acuct., I.B. /lomeuxkina, gou., K.T.H.,
XapkiBcbKuil HANIOHAJIbHUIT ABTOMOOUIBHO-10POKHIli yHIBepcUTeT

AHomauyis. 3 memoro nio8uweHHs MEXHON02IUHOI NAACMUYHOCE XOJIOOHOKAMAHOI TUCMOB80I CAi
enepute 3anponoOHOBAHA NOBEPXHEBa 00pOOKA — eninamysanus. Y pesynvmami y XOA0OHOKAMAHIl
mouxoaucmosiu cmani 08 kn O6yia 00csieHyma HAUueUWa Kamezopis 30amHOCmI 00 WMAMNYEAHHS
(BOCB). Egexm Oocsicacmves 3a paxyHoK 3aMIKO8Y8AHHS. NOBEPXHEGUX OeheKmie ma 3MeHUIeHH s
KOHYEHMPAamopie HanpyiceHbv.

Knrouosi cnosa: cmanv, X0100HOKAMAHUIL TUCH, MEXHONIO2IYHA NAACIUYHICb, 30AMHICIb 00 WMAMNY-
BAHHSL, BUMAZYBAHHS, GUNPOOYBAHNS HA BUOABTIOBAHHSL.

Introduction areas of industry. Total volume of thin rolled
sheet in developed countries is around 50% and
One of the most popular types of steel products its production tends to grow.

is cold rolled sheet which is widely used in all
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Despite the increasing new structural materials
applying the leading role in the automobile and
tractor manufacturing, as well as in road-
building machines production, still belongs to
cold rolled steel sheets.

About 60% of automobiles parts and 40% of
tractors parts various by purposes, shapes and
sizes (body parts, frames, cases, covers, disks,
flat levers, headlights etc.) are made from low-
carbon sheet steels by cold stamping.

This method is widely used in civil engineering,
power generation, railway and agricultural engi-
neering, domestic appliance.

Taking into account the high usage of cold
stamping the increase of thin steel sheet engi-
neering ductility is a present-day issue. Insuffi-
cient stamping formability reduces cold stamp-
ing efficiency.

State of art

Cold stamping of sheet steels has a number of
advantages. This rather simple method is practi-
cally unwasted, allows producing interchangea-
ble parts with high accuracy of dimensions and
shapes. This is especially important for assem-
bling items (machines) on the conveyer [1, 2].
This method also has high productivity and low
labor intensity.

Two basic requirements are placed upon cold
rolled thin sheet — good drawability and high
surface quality of product for following painting
or coating [3].

In the cold stamping shops the workpieces from
low-carbon cold rolled sheet steels (08kp, 08ps,
08ALl) constitute about 90% of total production.
These steels are widely used in the automotive
industry and are known as automotive sheet
steels.

The drawability of cold-rolled products (strips,
sheets) is determined by hole-expansion test
(Erichsen test) and is estimated by maximum
depth of an expanded hole without crack [4].

In accordance with the regulations [5] the thin
(thickness up to 2 mm) steel cold rolled sheet is
divided into 4 groups: VPDD (very particularly
difficult drawing), PDD (particularly difficult
drawing), CD (complex drawing), VDD (very
deep drawing). Requirements for VPDD, PDD

and CD are applied for steel 08Al which con-
tains aluminum to reduce the oxygen content.
This helps to improve stamping formability.
Steel 08kp which is more widely used provides
only as VDD.

However, the difficulties often occur at the
plants during stamping process because of steel
poor stamping formability and insufficient draw-
ability. This leads to defects occurrence, increas-
ing material consumption and therefore decreas-
ing the economic efficiency of production.

Previously we have proposed a method of in-
creasing thin steel sheet engineering ductility,
stamping formability and drawability using ion
bombardment [6], but it requires special equip-
ment and professional service.

The purpose and the problem formulation

The purpose of the paper is to propose a more
simple surface treatment which does not need
special equipment for increasing engineering
ductility and stamping formability of finished
thin cold rolled sheet. The proposed method
must lead to defects healing what will result in
improving stamping formability.

The material and research techniques

Flat samples from steel 20 (100x20x1,2 mm)
and sheet samples from cold-rolled steel 08kp
(90%x50x0,5 mm) were treated with Epilam.
Epilam is a solution of fluorine surface-active
agents in a highly volatile halocarbon com-
pounds. After evaporation of halocarbon com-
pound, the monomolecular film forms on the
surface. The procedure of Epilam applying con-
sists of the following steps: degreasing and sur-
face cleaning — Epilam applying — heat setting.

Samples were treated with Epilam SFK-05
(Specs. 2412-002-13868195-2012) by dipping in
a hot bath at a temperature about 55°C with the
holding time about 15 minutes. The heat setting
of the film was carried out at the temperature of
110°C for 50 minutes.

The roughness and the surface profile were de-
fined on surface analyzer TR-200. Sensor sensi-
tivity of the surface analyzer was 0,002 um.
This allows estimating the surface topography
from 0,005 pm. Measurement range was from
0,01 to 160 um. Measurement error did not ex-
ceed 10 % of the Ra.
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Tensile tests were carried out on the testing ma-
chine UIT-STM-50 according to the standard
[7]. The drawability of cold rolled sheet work-
pieces was determined by hole-expansion test
[4]. The depth of expanded spherical holes char-
acterizes the category of flat products and its
stamping formability in a cold condition.

The results

Experiments have shown that after Epilam ap-
plying the surface roughness Ra was significant-
ly reduced (from 1,6 pm to 0,21 um), see. Fig. 1.
Epilams have very low surface tension and a
high penetrating ability to fill pores, cracks,
scratches. This leads to profile smoothing and
improving surface quality. In addition, Epilam
filling the pores and microcracks, displaces gas
(hydrogen, carbon dioxide) and moisture, what
in its turn reduces metal embrittlement.

Tensile tests of flat samples made from steel 20
(table 1) showed that Epilam applying results in
substantial increasing of ductility characteristics
(the percent elongation and the reduction in area
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Roughness height, pm

increases by 44 % and 55 % respectively). This
is accompanied by relatively small reduction of
accompanied by relatively small reduction of
strength characteristics (o, by 4 %, G2 by 9 %).
At the same time, the actual fracture stress due
to essential rise of ductility increases by 12%.

Substantial ductility increasing should affect the
drawability of steel. To confirm this assumption
the cold-rolled steel sheet made from steel 08kp
was subjected to Epilam treating. Then this
sheet was tested by hole-expansion test (Erich-
sen test). The results are shown in table 2.

As it could be seen from table 2, Epilam apply-
ing significantly improves engineering ductility
and stamping formability. As a result the highest
category of drawing (VPDD) was obtained in
cold-rolled thin sheet of steel 08 kp. It also
should be noted that achieved depth of the ex-
panded hole (11,7-11,85 mm) is far above the
requirements of the standard for VPDD
(9,7 mm).
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Fig. 1. The surface profiles of steel 20 samples before (a) and after (b) applying Epilam

Table 1 The mechanical characteristics of samples made from steel 20 before and after applying Epilam

The state Gy, MPa Go.2, MPa Sy, MPa 3, % v, %
Before Epilam applying 375 290 480 25 21
After Epilam applying 360 265 540 36 33
Table 2 The results of hole-expansion test of sheet steel 08kp
The state The depth of expanded hole, mm The category of drawing
Before Epilam applying 9,05 VDD
After Epilam applying 11,7-11,85 VPDD
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It should be emphasized that despite a slight de-
creasing of strength characteristics after Epilam
applying their values correspond to the standard
for VPDD (thickness of sheet less than 0,7 mm)

[5].
Conclusions

Epilam applying heals surface defects what re-
sults in substantial increasing the ductility char-
acteristics of cold rolled low-carbon sheet steel.
In addition this treatment improves sheets sur-
face quality.

Exclusively high ductility characteristics cause
the unusual increase of stamping formability:
steel sheet obtains the highest category of draw-
ing — VPDD. For this particular purpose Epilam
is used for the first time.

The obtained results allow to recommend this
method for improving the drawability of sheet
steel workpieces directly on the consumer
plants. It also could be used in plants that pro-
duce thin sheet steels.

Epilam applying is a simple method that does
not require any special equipment and provides
significant economic benefits due to reducing
workloads and increasing tool durability, in-
creasing productivity and product quality, reduc-
ing the number of transitions during cold stamp-
ing. The recommended method is protected by
the patent.
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