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ABSTRAKT / ABSTRACT

Stanovenie zvaratelnosti a vyber optimalnej technolégie
zvarania rurky vyrobenej z Cr-Mn vysokopevnej ocele

Estimate of weldability and selection of optimal welding technology
for the cover of atube girder made of the Cr-Mn high strength steel

Vukié LAZIC', Dusan ARSIC? Ruzica R. NIKOLIC®, Srbislav ALEKSANDROVIC®
Milan DJORDJEVIC®, Branislav HADZIMA®

Abstrakt

V ¢lanku je prezentovany zakladny postup a technoldgia zvarania rurky. Spoj je tvoreny
rarkou z Cr-Mn vysokopevnej ocele, ktora je zvarana po celom obvode vo forme V drazky.
Pred stanovenim technolégie zvarania bolo vyhodnotené chemické zlozZenie
a mechanické vlastnosti zakladného materialu. Nasledne bola urCena zvaratelnost
zakladného materialu, ktora ukazala, Ze zakladny material je podmieneCne zvaratelny
s pouzitim predohrevu. Technolégia zvarania bola zvolena na zaklade vopred
stanovenych parametrov a nasledne boli urené postupy zvarania atyp pridavného
materialu. Predpisana technolégia zvarania bola pouzitd pri vyrobe skusSobnych vzoriek
ana nich bola technolégia overena meranim tvrdosti a vyhodnotenim mikrostruktury
jednotlivych Casti zvarového spoja. Analyza nameranych vysledkov potvrdila, ze
technoldgia zvarania bola vhodna a méze byt aplikovana na realne sucasti.

Abstract

The basic procedure and welding technology for the cover of the tube girder is presented
in this paper. The cover is made of the Cr-Mn high strength steel and it has to be welded
over the whole perimeter in the V groove. Prior to prescribing the welding technology, the
check of the base metal chemical composition and the mechanical properties was
conducted. Then the estimate of weldability of the base metal was done what showed that
that this steel was conditionally weldable with application of preheating. The welding
technology was then prescribed, based on the previously determined parameters, and the
welding procedure and filler metals were selected. The prescribed technology was
executed on the selected samples and for its verification the hardness and the
microstructure of the welded joint zones were determined. Analysis of experimental results
has confirmed that the welding technology was appropriate and that it could be applied to
the real part.
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® Prof. Ing. Branislav Hadzima, Research Center, University of Zilina, Slovakia
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1. Introduction

The procedure for determining which technology should be used for welding the
cover of the tube made of the C-Mn high strength steel is presented in this paper. The
welded tube is a part of the assembly of the large hadron collider (LHC) of the largest
accelerator made under the auspices of CERN. According to Figure 1 the tube and the
cover should be welded over the whole perimeter (Figure 1a) with previously prepared
groove (detail "A" in Figure 1b).

$150

438.5 (412.1)

b) Detail "A"

14.65

TS

6.4/45°

Fig. 1 Welding of the tube and its cover (a) and appearance of the groove (b)

2. Base metals' weldability and tendency towards creating cracks

Prior to selecting the welding process, technology and eventual heat treatment
(before or after the welding), it is necessary to estimate the weldability of the base
metal. The chemical composition and the mechanical properties of steel L355 (EN) i.e.
St 52.0 (DIN), obtained from the manufacturer and by the chemical analysis are
presented in Table 1 [1, 2]. This is the fine-grained C-Mn high strength steel of the
ferrite-pearlite structure.

Tab. 1 Chemical composition and mechanical properties of HSS L355 (St 52.0)

Chemical composition, %
C Si Mn P S Cr Ni Cu Al
Catalogue %.12‘5‘ %%%' 1125 <0.040 | <0.04 | <0.30 | 0.30 | <0.03 | -
Analyzed 0.17 0.45 1.33 0.008 | 0.009 - - - 0.028
Mechanical properties
Ren, MPa Rm, MPa As, %
Catalogue min 355 500-650 min 21
Analyzed 377 577 30.8
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2.1 Weldability estimate according to chemically equivalent carbon

For this type of steels the chemically equivalent carbon (CE) is calculated from
the expression [3-5]:

CE=C+m+Cr+I\;0+V+NIISCu,%- (1)

Steels with value of CE > 0.45 % are considered as conditionally weldable (the
application of the prior and post welding heat treatments is necessary — preheating
and tempering), while the steels with value of CE < 0.45% are considered as well
weldable. The obtained value of chemically equivalent carbon was CE = 0.392 %, (i.e.
< 0.45 %), so this steel is considered as well weldable. However, due to high
responsibility of the welded assembly, the checking of this steel's tendency towards
creation of the hot and cold cracks had to be performed.

2.2 Parametric equations for tendency towards creation of cold cracks

For estimates of the C-Mn steel's tendency towards creation of cold cracks
(when the yield strength is between 272 and 870 MPa), one applies equations that
take into account the chemical composition of the base metal and the content of the
diffused hydrogen, as well as the stiffness and the thickness of the welded joint.
According to [6], the following equations should be applied:

K
P =P +——~10.015-lo , for K <1300, 2
hp = Fom 40000 g2 77 @)
P, =Poy + K —+0.075- Iog , for K >1300, (3)

P 40000 2.77
PCM:C+ﬂ+w+m+MO+V+5.B’ (4)
5 60 15
where:

K =70 - s —is the stiffness factor of the but joints; s, mm, is the welded material
thickness and H, cm®/100 g, is the content of the diffused hydrogen in the weld metal.
The welded joint, for which the obtained value of Py, is < 0.24, is considered as
resistant to cold cracks, while for the values of P, > 0.24 the preheating is necessary
to temperature of:

T, =1600-R, —308, °C. (5)

Under the assumption that the welding would be done in the protective gas
atmosphere (80% Ar + 20% CO,), with the dry and clean wire, value H = 3 ml/100 g
was adopted. The maximum thickness of the welded part is s = 14.65 mm. According
to those assumptions, the following values were obtained:

K =1025.25 <1300, Pcy = 0.2515, Py, = 0.278, namely T, =136 °C.
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Analogously to formula for the chemically equivalent carbon, Prochazka et al.
[6] proposed that the indicator of tendency of the low alloyed steels towards creation of
cold cracks during the welding should be calculated as:

S H
P.=P +—+— 6
¢ ™ 600 60 ©
where:
PCM:C_FL_'_m_Fw_}_m_{_S.B_ (7)
10 15 20 60

If the value of Pc is obtained to be 0.25 < P¢ < 0.40, at the medium input heat,
then the preheating is necessary, at temperature:

T, =1440-P, 392, °C. 8)

With the same input parameters as for the previous formula, the following
values were obtained:

Pcm = 0.2365, Pc = 0.3109, namely T, = 56°C.

The preheating temperature, for the conditionally weldable steels, could be also
calculated according to expression, proposed by Seferian [7]:

T,=350-,/[C]-0.25,°C (9)

[c]=[c]. +[c], =[], (@+0.005-s) (10)
Mn+Cr Ni 7-Mo

[C], =C+ s 18t 90 (11)

With the same input data as before the following values were obtained:
[C]n = 0.317, [C] = 0.34, namely T, =105 °C.

However, taking into account that the first — root pass is the most important for
obtaining the favorable welded joint, somewhat higher preheating temperature,
Tomax = 150 °C, was adopted for the test welding.

So the conclusion is that this steel is resistant to cold cracks, with application of
preheating.

2.3 Parametric equations for tendency towards creation of hot cracks

According to [8], tendency towards creation of hot cracks can be estimated
according to the modified equivalent carbon:

Si-0.4 N Mn—-0.8 Ni N Cu N Cr-0.8 (12)

CE,=C+2-S+ +—+— , %.
10 12 12 15 15
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Steels that have the value CE, > 0.45% are prone to create the hot cracks and
vice versa.

Ito and Bessyo [9] have derived the following expression for estimates of
tendency for creating the hot cracks, he Hot Cracks Sensitivity factor — H.C.S.:

C-(S+P+ﬂ+&)-103
HCS.= 25 100

(13)
3-Mn+Cr +Mo +V

The permissible value of the H.C.S. depends on the type of steel. Thus, for the
carbon steels that are prone to creating the hot cracks the value should be H.C.S. > 4,
while for the high strength steels it amounts to H.C.S. > 2 for thin sheets and H.C.S. >
1.6 for thick sheets.

According to expressions (12) and (13) the following values were obtained

CEn =0.237 <0.45and H.C.S. =1.49 < 1.6,

which implies that the base metal St 52.0 is resistant to hot cracks.

3. Selection of the procedure and the technology of welding

The selected procedure was welding in the protective gas atmosphere (gas
mixture 80% Ar + 20 % CO,), on the semi-automatic programmed machine for the
circular welding. To fix the cover to the tube, three fixture welds were executed at
three points, at 120° distances, Figure 2. The fixing welding was done in the CO,
protective atmosphere (CO, — GMAW) [10], with the wire of diameter 1.2 mm and
current | = 200 A), while the length of welds was 20 mm. After the cooling to
the room temperature, the beginnings and the ends of all the three welds were ground.

3.1 The calculated welding parameters

Technological parameters of welding in the protective gas atmosphere are
given in Table 2.

Besides these parameters, one should also consider the length of the drawn
wire, the position of the wire electrode with respect to the joining plane, the distance of
the gas nozzle from the working piece surface, polarity of the wire electrode, welding
position, variable inductance, etc.

150

438.5 (412.1)

Fig. 2 Schematic presentation of the fixing-welding
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Tab. 2 Technological parameters of welding

6.4-6.4

1| Grove area A=2-P =2 =40.96 mm?
2 | Weld area Aw=1.2:A, = 1.3-40.96 = 53.248 mm®
3 | Area of a single weld Asw = 25 mm’?
Weld's mass per unit g 2
M=p-A -L=7.85 -0.25cm? -1cm =1.9625
4 length pA, o’ cm”-1lcm g
5 | Deposited material m,, =0.64+0.55-M —0.055-M2 ~1.51g / s

mass per time unit

~ m-6000 1.51-6000

i \Y = =46 cm/ min =0.768 cm/ min
6 | Welding speed A p >5.7.85
. : 0.012732- A, - : -25.- :
7 | Wire melting rate v, = 3 AoV, 0O 01271322 25:48 57 m/min
jl Welding current I, =378-logv, + 26 =378-10g5.7 + 26 ~ 312 A
intensity '
9 | Working voltage U=14+0.05-1=14+0.05-312~30 V
u-l 30-312
ing i =——p= -0.85=10359J / cm
10 | Welding input heat q v, 1="0768
11 | Welding depth §=0.3-r =0.3-0.00537-[q, =0.3-0.00537-10539 = 1.64 mm
12 | Protective gas type mixture (80% Ar + 20% CO,)

13 | Protective gas flow rate | g =20 I/min

3.2 Selection of the filler metal

The copper plated steel wire VAC 60, @ = 1.6 mm (SRPS C.H3 C3203; DIN 8559/94
SG-2-CY 4233; AWS A5.-18-79 ER 70S-6) was used as the filler metal, which is
aimed for welding in the protective gas atmosphere. According to the manufacturer's
recommendations, this wire is adequate for welding of the non-alloyed and low-alloyed
structural steels with strength up to R, = 590 MPa, boiler thin sheets, ship thin sheets
etc. Mechanical properties of the pure weld metal and the chemical composition of the
wire are given in Tables 3 and 4, respectively.

Tab. 3 Mechanical properties of the pure weld

Yield stress Tensile strength Elongation Toughness (- 40 °C)
Rpo.2, MPa Rm, MPa As, % ISO-V, J
410-490 510-590 22-30 > 47

Tab. 4 Chemical composition of the wire

C Si Mn P S

0.08 0.90 1.50 <0.025 <0.025

Welding current: DC (E+)
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3.3 Control of samples before and after the welding
Prior to commencing the welding, both the test and the real one, the circular

radial deviation of each working piece was controlled (Figure 3a). This deviation was
within the range 0.1 to 0.2 mm, what was considered as acceptable.

a)

Fig. 3 Schematic presentation of the circular deviation control (a); of the three-pass
welding (b) and the two-layer welding (c).

In addition, before the welding the fixed pieces were degreased by washing with
an appropriate detergent and then dried.

To be sure that the optimal welding technology was selected, numerous test
welds were executed with the calculated welding parameters, in conditions with the
preheating (T, = 120 °C) and without the preheating, with three (Fig. 3b) and two
passes (Fig. 3c).

The metallographic samples were prepared by grinding from the tested welded
pieces, which served for measuring the micro hardness (HV1) and for reading the
micro structure of the welded joint different zones.

4. Results and discussion

Results of the hardness measurements of the welded joint individual zones and
the corresponding micro structures are shown in Table 5.
Hardness distribution and appearance of micro structures for the two-layer and three-
pass welding are presented in Figures 4 and 5, respectively (hardness measurement
direction is the I-I direction shown in Figures 3b and 3c).
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Tab. 5 Measured hardness and microstructures of the welded joint individual zones

Maximal and minimal hardness (HV1) and

Preheating Determined microstructure
NUTIES? € temperature
layers/passes oC
Weld metal HAngz‘l and HAZzyl BM
221-251 HV1 210-227 HV1 201-210 HV1
3 passes T, =150 °C | Fine grained Interphase + Lamellar pearlite-

Widmannstetten | tempered martensite | ferrite

205-217 HV1 205-214 HV1 201-210 HV1

2 layers T,=20°C Fine grained Interphase + Lamellar pearlite-
Widmannstetten | tempered martensite | ferrite

201-234 HV1 219-229 HV1 201-210 HV1

3 passes T,~20°C | Fine grained Interphase + Lamellar pearlite-
Widmannstetten | tempered martensite | ferrite

By analyzing the obtained results, one can conclude that no major differences
were noticed of both values of measured hardness and red-off microstructures in
individual zones of the welded joint, during the welding either with or without the
preheating.

Welding of the cover to the tube with three passes without preheating was done
primarily because of the large angle of the groove opening and necessary post
treatment of the weld's face. The passes were executed immediately one after the
other (Fig. 3b). The cover pass 2 tempers the root cover 1 and the cover pass 3
tempers the root pass 1 and patrtially the pass 2, as well, what produces significantly
more favorable microstructure, avoids creation of the possible brittle phases and
reduces the level of residual stresses. With this type of welding the necessary overfill
of the welded joint was created, which is later removed by machining for the final
ultrasonic control.

The energetic parameters (current |, voltage U and the welding velocity vy),
related to the welding input heat, were constantly monitored. The input heat was within
limits g = 9500-10500 J/cm; it provides necessary welding penetration, favorable
hardness and micro structure, as well as the adequate output mechanical properties of
the welded joint.

Experimental investigations have confirmed that the base metal was the well
weldable steel, thus either the previous or the additional heat treatment were not
necessary.
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without preheating i i i -
220 ' ' W , ' e
eld metal (2,1)+HAZ (2)
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T
190 | L L L
Direction |- : : :
180 H H H H H H H H :
0 1 2 3 4 5 6 A 8 9 10
Distance from weld surface, mm

Fine grained Interphase + tempered
Widmannstetten martensite

Fig. 4 Hardness distribution and appearance of micro structures in the two-layer
welding

Besides the visual control and conducted metallographic tests, each welded
joint on real parts was controlled by the ultrasonic defectoscopy in the laboratory,
which was accredited for the non-destructive testing. In all the performed
investigations, no flaws, external or internal, were noticed in the welded joints.

5. Conclusions

Based on the theoretical and experimental analysis of the base metal's

weldability, adopted welding technology and control of the welded joints, the following
conclusions were drawn:

e The base metal from the class of the high strength steel belongs to a group of
the well weldable metals with mandatory application of preheating;

e This steel is not prone to creation of cracks and brittle phases during the
welding by melting;
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e Welding can be successfully executed in the protective gas atmosphere with
the proposed technology;

e The three-pass welding is necessary due to structurally required type of
groove (too large groove opening);

e Neither unfavorable structures nor the zones of increased hardness were
noticed during the experimental investigations;

¢ Neither previous nor additional heat treatment were necessary.

250
Two-layer welding
240 without preheating HAZ
Weld metal (3,2,1)+HAZ (3,2)| (1) BM
230 \
>
T i
@ 220
=
Ee)
©
T 210
= Direction I-I L
190
0 1 2 3 4 5 6 T 8 9 10
Distance from weld surface, mm
WELD METAL HAZ BM (pipe)
7 A5 : . o, ',,,-L‘p..~»¢.‘.b -
A AP
e 0 SN
’- L ) Lo ) N -
N ORIt ')'? .’ \"w
METE 2 A;:,.‘? i el 41
LT WRSSTENE S SaSg ¥y o)
NS AR TR A
? [ —s y ‘1 (ot
- .:‘ v . bk, R 2 - """ 7 L 4" ‘)J’ ":
Fine grained Interphase + tempered Lamellar pearlite-ferrite

Widmannstetten martensite

Fig. 5 Hardness distribution and appearance of micro structures in the three-pass
welding
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