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Vyrobni metody vs. Houzevnatost vs. Pevnost (Tvrdost)
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Moznosti vyroby vysokopevnostnich oceli
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TMCP (Termomechanicke valcovani)
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Efekt legujicich prvkda na ARA diagram

A TMCP
Teplota

QT

Vice legujicich prvka (C, Mn, Cr, Mo, B ...)

CEV=C+Mn/6+(Cr+Mo +V)/5+(Cu+Ni)/15



Benefits of using high strength TM Steel

Low alloying contents for TM-steels

Typical Carbon Equivalents for different steel grades (plate thickness 50mm)

Steel grade typical CET /% | typical CEV /% max. CEV /%
acc. EN 10025

$355J2+N 0.31 0.42 0.45 ; . .
Reduction of preheating according to EN 1011-2 method B
S355M/ML 0.22 0.34 0.40
S460M/ML 0.25 0.39 0.47
Carbon equivalents: 20 Comparison S460N - DI-MC 480
CE=C + Mni6 + (Cr + Mo + V)/5 + (Ni + Cu)/15 180 | Q= 2 klimm

CET=C + (Mn + Mo)10 + (Cr + Cu)/20 + Nil40
160

CEV = cold cracking tendency v
= toughness in HAZ +

140
120

Properties of Q+T steels — Carbon Equivalents 1w

80

Typical Carbon Equivalents for different steel grades (plate thickness 50mm) 60

40

Preheating temperature /°C

20

Steel grade typical CET /% | typical CEV/% | max.CEV /% 0 i —_—
acc. EN 10025 10 20 30 40 50 60 T0 80 90 100

S355J2+N 0.31 0.42 0.47 piate ricknoss jman
S460QL 0.30 043 0.47
S690QL 035 052 0.65

Carbon equivalents: SSA B
CE=C + Mn/6 + {Cr + Mo + V)5 + (Ni + Cu)15

CET = C + (Mn + Mo)/10 + (Cr + Cu)/20 + Ni/40



Prehled specialnich oceli SSAB

Mez kluzu [MPa]

2000 O .
Hardox X3M \.}\\O 0\\\*
Hardox 600 bo é\ ( Q&
ardox be o° <@

1500 Hardox 500/500 TUF
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: STRENX 700 MC PLUS
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Svarovani specialnich oceli

Vysokopevne oceli Otéruvzdorné oceli

Predehiev » Piedehiev
Vysokopevny pfidavny »  Mékky“ piidavny material
material

. » Postup svarovani
Postup svarovani
>

Tepelny pFikon
PeINy P >

Interpass teplota

Vyhnout se vodikovym trhlinam Vyhnout se vodikovym trhlinam

Zajistit pevnost ve svarovém spoji SSAB



Hardox a Strenx
Extremni ¢istota oceli + tepelné zpracovani

» H 0,3 ppm (0.00003%)
» S 10 ppm (0.001%)

» P 80 ppm (0.008%)

» N 25 ppm (0.0025%)

SSAB



Predehrevy + interpass

Minimum recommended preheat and interpass temperatures for different single plate thicknesses

» \/ztazeno k tl.

nejtlustSiho plechu
(single plate
thickness...)

Moximum recommended interposs temperoture

Srerm 700 300°C
Swremx 900 300°C
Sereme 960 300°C
Sererm 1100 200°C
Serenx 1300 200°C
Hardox HiTemp™ 300°C
Hardox HiTuf** 300°C
Hordox 400 225°C
Hardox 450 225°C
Hordox 500 225°C
Haordox 500Tuf 225
Hordox 550 225°C
Hardox 600 225°C
Hordox BExtreme 100°C
** Intempass termperotures of up to opprow. 400°C con be wsed in

ceftain suntions. In sech coses, wss Weldlalc

Plate thickness [mm] 3 10 20 30 40 50 60 70 80 90 100 160
7l o i .l it i st i i i /\/

Strenx 700 15°C 100°C

Strenx 900 I=H(E 100°C

Strenx 960 |75°C B 100°C

Strenx 1100

Strenx1300 |100°C

|:| Room temperature approx 20°C

Minimum recommended preheat and interpass temperatures for different single plate thicknesses

Plate thickness [mm]

3
1

20

1757C

Hardox HiTemp | 75°C I

150°C

Hardox HiTuf

200°C

Hardox 400

Hardox 450

Hardox 500

Hardox 500Tuf

125°C

Hardox 550

Hardox600  |150°C

Hardox 600

Stainless steel consumables

60 70 80 90
N N A N AN A

100

/\I

130
LLLLY

140 15
Lovr el

0
Ll

160

Hardox Extreme
Stainless steel consumables

l 100°C ‘

D Room temperature (approx. 20°C)

D Outside the size range

Only stainless steel consumables

Preheat and interpass temperature at least 100°C



Doporucéené pridavné materialy ESAB
Recommended welding consumables

Base material MMA MIG/MAG FCAW FCAW TIG SAW

OK OK AristoRod, OK Tubrod OK Tubrod OK Tigrod OK Autrod +
OK Autrod (metal-cored) (rutile) OK Flux
Unalloyed steel (EN 10025-2)
S35y, 527500, S355000 40.00, 53.05 12.50, 12.51 14.11, 1413 15.14 1264 12.10 or 12.20410.71
Normalised fine grain steel (EN 10025-3)
S275N, SassN, S420N 48.00, 53.05 12.50, 12.51 14.11,14.18 15.14 12.84 12.22410.71
S480N 55.00 12,63, 12.64 1402 15.14 1284 12.22410.71
S275NL, S355NL. S420NL 4g.08, 55.00 13.2g, (12.63, 12.64)° 14.04 1511, (18.17)° 13.28 12.32+10.82
S4a0NL 4808, 55.00 13.2g, (12.83, 12.84) 15,11, (15.17)° 1328 12.32+10.62
*)-404C *j404C
Thermo-mechanically treated fine grain steel (EN 10025-4)
S275M, 5355M, S420M 4p.00, 53.05 12.50, 12.51 1411, 1413 15.14 1264 12.22410.71
S4a0M 55.00 12.63, 12.84 14.02 15.14 1328 12.32410.71
S275ML, 5355ML, S420ML 4p.0a, 55.00 13.28, (12.83, 12.84)° 14.04 15.11, (18.17)° 1328 12.32 13.27+10.82
S4a0ML 4g.08, 55.00 13.2g, [12.63, 12.84)° 15.11, (18.17)° 1328 12.32 13.27+10.82
") -40+4C ) -404C
Weather resistent steel (EN 10025-5)
S235.J0W, S23502W 73.08 13.28 14.01 1517 1328 13.38+10.71
S355.0WP (e.0. COR-TEN A), S355/2WP 73.08 13.28 14m 1517 13.26 13.38+10.71
S355.J0W, S355.42W (e.0. COR-TEN B) 73.08 13.26 4.0 1517 1328 13.36+10.71
High strength steel (EN 10025-6)
54500, S4800L 4g.00 12.63, 12.84 14.02 15.17 1328 12.32, 13.27+10.62
S5000, S5000L 74.70 55 14.02 1511 1313 13.24+10.62
S5500, 55500L 74.70 55 14.03 Dual Shield 55 13.40+10.62
Se200, Se200L 75.75 a2 14.03 Dual Shield 52 13.40+10.62
Se800, Ss800L (e.g. WELDOX 700 D ar E) 75.75 &0 14.03 15.09 13.43+10.62
Se000, 520000 (e.g. WELDOX 200 D or B} 75.78 =2 Coreweld 22
Ultra high strength steel (Rautaruukki)
Optim 200 OC 7578 3] Coreweld 22
Optim 9s0 QC 75.78 " BB " Coreweld s0 *
Optim 1100 OC 75.78° e * Coreweld a8 * (S

* Undermatching wald metal




Svaritelnost - Vnesenée teplo
Casy t8/5

» P¥iliS mnoho vneseného tepla - dlouhé €asy tg,.

» NiZ8i mez pevnosti
» Niz8i mez kluzu Temperature
» Niz$i houZevnatost iy IMEIAERIS(ES LAl

e Increased heat input
* Increased preheat /interpass
temperature
» Decreased plate thickness

» Malo vneseneho tepla — kratsi tg,s (for small 1
» NiZSi houzevnatost 800C [~

» Riziko neprivart
» NiZzSi produktivita

500C [ 7

t8/5

t8/5

» Postupy svarovani lze vypocitat ru¢né, nebo s pomoci software SSAB WeldCalc, s
kterym lze provest i dokumentaci svarovaciho procesu — pWPS, WPQR atd.

Time

SSAB



Heat input, E (kJ/mm)

3.0+

2.5-

2.0+

1.57

1.0

0.5

0.0

30s

Cooling time t g5 20

15

1 2 3 4 5 6 7 8 9 10 11 12
Sheet thickness (mm)

Figure 2.2 Graph for estimating t;,. Applies to MAG and MMA welding
(butt weld, single V joint at a workpiece temperature of 20°C).

SSAB



WeldCalc

SSAB

File Edit Options Help

Box Criteria

Strenx max/min ts;= criteria

| Impact toughness 40] at -40°C X
Preheat Requirements
| SSAB recommendations Tl
Box Limits
Consumable Hydrogen Content 3 mlj100g
Joint
w
Single-V butt weld
Plates
tais tais T d CE
min max max
Material [s] [s] [°cl  [mm]
1 | Strenx 700 A 10 | 400 25 | 0.28
2:| Strenx 700 > | 10| 400 25|| 0.28
Copy Plate 1 to Plate 2 |
Working Point
Heat Input 1.01  KJfmm
Preheat/Interpass Temperature 100 °C
Plate 1 Plate 2
Cooling time ta/s 6is |

6|5

WeldCalc 2.2 - Casel

Instance Mode: In browser Network Mode: Connected

Tolerance box | peak HAZ Hardness

Tolerance Box
T
5,5
5
4,5
i !
E |
=
3,5 t =
) |  Min t8/5
1 |
&3 m Max FB/5
g B Max interpass temp.
2,5 ™ Min preheat SSAB
@ ® Min preheat consum.
= m Working Point
1,5+
I_
0,5+
D’ - 4 |- 1 ! 1 | —
0 50 100 150 200 250 300 350 400 450
Preheat/Interpass temperature [°CJ
Danger zones
(=) None | Reduced HAZ mechanical properties
_ Risk of hydrogen cracking | Risk of poor HAZ toughness or HAZ strength

|_! Risk of poor penetration or lack of fusion

» pWPS
» WPQR

SSAB



Pevnost svarovych spoj

Hardness profile across the joint Hardness profile across the weld

600 600
elimeol e
> 400 ‘ ; > 400 W

300 |, ,,,,._.,_‘, "J \/ W‘,. —_ 300

200 200

100 100

00 100 200 30.0 400 500 60.0 70.0 80.0 0.0 10.0 20.0 300 400 500 600 70.0 80.0
Distance [mm] Distance [mm]

Strenx 700, 900, 960
Strenx 900 — 960 Plus Strenx 600 — 700 MC (Plus)

) ) Strenx 1100, 1300
Hardox HiTemp a HiAce Strenx 900 — 1100 MC

PFi pouziti pfidavneho ] Viechny Hardoxy kromé
materialu stejné nebo vyssi HiTemp a HiAce
pevnosti

SSAB



Doporucené intervaly tg .

Requirement: min. 27 J at -40°C

Steel grade

Strenx 700

Strenx 900

Strenx 960 — 1300
5355 -500 MC

S550 MC

Strenx 600 — 700 MC
Strenx 700 MC Plus
Strenx 900 — 960 Plus
Strenx 900 MC
Strenx 960 MC
Strenx 1100 MC

Recommended t8/5 intervals in order to fulfill the min impact toughness requirement 27J at -40°C.

tes =(6700—5-T0)-Q-( !

Q =Heatinput (kiJ/mm)

d = Single plate thickness (mm)
T, = Working temperature (°C)
F, = Shape factor

F; = Shape factor

500-T, 800-T,

5-25s
5-20s
5-15s
1-25s
1-20s
1-20s
1-20s
1-15s
1-15s
1-15s
1-10s

1

MAG3-25s
MAG3-20s
MAG3-20s
MAG3-20s
MAG3-15s
MAG3-15s
MAG3-15s
MAG3-10s

2
J'Fg tg/_r,:(4300—4’3-1'0).105.&.

d2

[

1

Recommended t;/; values

1

500 T,

JH

800 - T,

Use WeldCalc to calculate and optimize the weld procedure

it

SSAB



VIiv tss Na pevnost SK

Bi-}hl{,rwemmg Wairmefiihrung beim Schweillen

GROUP

Einfluss der Warmeeinbringung auf die
Dehngrenze verschiedener Zusitze

1100
1000 - %
© 900 —— [ ]
o
E /
~ ]
cE‘ 800 ——
& @]
N
§ 700 — I
: /
[ et
A =
8 600 * =
* | [ | Atgs
500 — ¢ca. 6s
/ Eca. 14s
400 T T T T T T
K5Ni K58 K52Ni MoNi NiMoCr X85 X90 X96

Union ... SSAB

We are the World of Welding Solutions. 18



Typicka staticka pevnost svaroveho spoje

[Mpa] [Mpa]
Strenx 700 700-780 780-830
Strenx 900 780-850 940-1000
Strenx 960 900-980 1000-1050
Strenx 1100 950-1030 1010-1090
[Strenx 1100 PLUS min 1100 1160 - 1220]
Strenx 1300 1000-1100 1100-1200
Strenx 600 - 700 MC 700 - 780 760 - 850
Strenx 700 MC Plus 700 - 780 760 - 850
Strenx 900 — 960 MC 800 - 1000 880 - 1080
Strenx 1100 MC 950 - 1070 1010 - 1180
Strenx 960 Plus 960 - 1070 1020 - 1140

SSAB



Examples of hardness profiles of the weld. Heat input [Q]
IS the same.

450 — ' . e 0Q=0,48 kdJ/mm
plate thickness = 6 mm
* welding wire Union X96

400 —

Distance from fusion line

=§= Strenx 960 MC =#= S960 QL

Strenx MC steels are not tempered and they
have a lower level of alloying elements than QL
steels of the same strength class

SSAB




Houzevnatost Strenx 960 MC HAZ (FL+1 mm)

90

80

Impac Energy [J] at -40°C
N w N ul D ~l
o o o o o o

[EY
o

o

P”

A
[ ]

A
|

Union X96
Union X90
Bohler X90
Coreweld 89
Aristorod 89
Autorod 12.51
SupraMig

—CVmin =14]

CVmin = 14J 5x10x55

0,0

2,0

4,0

6,0 8,0 10,0 12,0
tg/s [S]

14,0 16,0 18,0

mm

test sample

SSAB



Arc energy, for fillet welds and undermatching
joints it is possible to use higher arc energy
than butt welds and matching joints

OPTIMIZED WELDING PARAMETERS.

1.40 Arc energy (E) and
120 Arcenergy (E) heat input (Q)
maximum values

E 1.00 _ B0xUxI

E 0.80 1000 x v

& 060 E = Arc energy (kd/mm)

E m—=|Undermatching fillet weld on a T joint U =Voitage (V)

o 040 w=Undermatching butt joint | = Current (A)

E TSN PRI LT JONT v =Welding speed

0.20 === Matching fillet weld on a T joint (mm/min)
Matching butt joint

Q =kxE
2 4 6 g8 10 Q = Heat input (kd/mm)
Plate thickness mm k = Thermal efficiency
k =0.8for MIGIMAG,
FCAW and MMA

Softening in the heat affected zone (HAZ) of the welded joint

Heat cycle during welding causes narrow softened HAZ. The softened HAZ is characteristic phenomenon of thermome-
chanical rolled ultra high strength steels. The softening can be taken into account in structures, e.g. by lowering design
stress or by placing the welds in low stress area.

SSAB



Undermatching filler metal can be used

» The weld is in a low
stress area

» Welding to an ordinary
mild steel

» Most joints subjected to
fatigue loads

SSAB



Undermatching filler metal can be used

» The weld is in a low
stress area

» Welding to an ordinary
mild steel -—

» Most joints subjected to
fatigue loads

SSAB



Undermatching filler metal can be used

Most joints subjected to
fatigue loads

SSAB



Preheating

» Preheating is not necessary when using low hydrogen welding
consumables. Hydrogen content not over 5 ml/100g (H5)

» Plate thickness is thin (3-10 mm)
» CET value is quite a low

» Welding consumable important to check if preheating is needed (can be
calculated acc. to EN 1011-2, method B)

Microstructure Hydrogen

Stresses Susceptibility to cold cracking

SSAB



Filler material selection

» EN ISO 16834:2007 strength class 89 (Rp0.2 minimun 890 MPa).
» Impact strength class 4-6 (CV minimum 47J/-40 °C).

HIGH STRENGTH WELDING CONSUMABLES FOR LOAD BEARING WELDS

Welding process Examples of consumables

MAG Solid wire OK Aristorod 79/M21, Union X90/M21, Union X96/M21, OK AristoRod 89 / M21
FCAW Flux-cored PZ 6149, Stein Megafil 1100 M

FCAW Metal-cored Coreweld 89 / M21 or M20

MMA Covered electrode OK 75.78, SH NNI 2 K 130, Fox EV 90

NOTE: The validity of any consumable should be verified with their manufacturer. High strength consumable may require preheating

because of high alloying rate of the consumable. The need for preheating due to the consumable must be checked. Low hydrogen class
= H5 of consumables is essential.

SSAB



The effect of cooling time t8/5 on yield and ultimate

tensile strength of butt joint

Rp0.,2=y = -15,3x + 1023
R*=091

Rm=y =-13,6x + 1084
R*=0,86

Strenx 960 MC welded joints in different ty,. times and
strength, welding wire X96, VTT and Ruukki
1080
1040
=
= 1000
c
g QR0 == -
- [
® 920 I
3 |
8 880 ! u
o |
= I
840 |
|
800 : <
760 :
2 4 6 B 10 12 14
tajrs -ﬁl‘l‘IB
¢ Rp0.2% m Rm m—— Linear (Rm) = Linear (Rp 0.2%)

16

18
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Welding processes for UHSS steel

Base material Strenx 960 MC 6mm

a) Laser + Low welding energy
Welding speed 1,2 m/min + Small distortion
Welding energy 0,26 kJ/mm - Small groove tolerance
Yield strength 1024 MPa - Expensive

b) Laser + MAG (Hybrid) + Low welding energy
Welding speed 2,0 m/min + Small distortion
Welding energy 0,35 kJ/mm + High productivity
Yield strength 979 MPa - Expensive

C) Pl_JIsed MAG | + Cheap

Welding speed 0,8 m/min + Easy process
Welding energy 0,59 kJ/mm + Also manual welding
Yield strength 981 Mpa (backing) - Lower energy density

- Lower productivity

SSAB



Laser-MAG hybrid welding tests

- Tensile test results, next slide

Laser-GMA Laser tack
hybrid welding welding
Y 10°  |Y20° [y 10° |y 20°

Laser power [kW] 9.2 10 2

MAG Current (mean) [A] 230 245

MAG Voltage (mean) [V] 33 34

Travel speed [m/min]| 33 1.8 1

Filler wire feed rate 14 16

Welding energy [kJ/mm | 0.31 0.63 0.12 0.12

SSAB



Yield strengths [MPa] of the laser-MAG hybrid welded joints. Welding
consumables Esab OK12.51, Bohler X70 |G and Union X96

1200
1140
1080
1020 -

960

900 -
840 -
780 -
720 -
660 -
600 -
540 -
480 -
420 -
360 -

Rpo.. [MPa]

300 -
240 -
180 -
120 -
60 -

0

SSAB



Strenx 960

PLUS

Strength of weld, Re (MPa)

1100

1050

1000

950

900

850

800

Strenx 960 PLUS 5 mm. Re vs cooling time (t8/5).
MAG butt weld. Union X90.

# With reinforce ment
* r* i A Reinforcement remowved
A"
A
__________________ A : *
+
|
I A A
| &
|
|
|
|
1
|
|
T T ! T T
] ] 10 15 20 25

Cocling time, t8/5 (s)

30

SSAB



Vyloznik mobilniho jefabu - Strenx 960 PLUS vs Strenx 960 MC

800

STRENX 960 PLUS i ' o .y
- ﬁ; 4 x Single-bevel

welds outside
corners

4 x Fillet welds
inside corners

NizSi pevnost ve svarovem spoji

SSAB



Tradi¢ni Strenx 1100 vs Strenx 1100 PLUS

yield strength, Rp0.2 946.00

tensile strength, Rm -~ 1050.00 . ield strength, Rp0.2  1155.00

elongation, A% 4.90 II t ength, Rm .. 1229.0C
| ngation, A% 1.60

SSAB



Obalka plastickych napéti dle von Misese

Various Loci

0:=-01 \ GF‘ZG‘\

AR, N ——

.\-

Pure Shear
State of
Stress

0,=0:0:

- >
N

Oy
' 01
: ------------ ”r’ . c - .
B \.\Mat rial failure
N
=01

(o 7]
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Rovnani plamenem CEN/TR 10347:2006

Flame straightening. Hot rolled steels, maximum recommended temperatures by
delivery condition Source CEN/TR 10347:2006 (E)

Normalized,
Normalized rolled

<900°C < 700°C < 650°C

Thermomechanically
rolled up to strength class
S460

<900°C < 700°C < 650°C

Thermomechanically
rolled,
strength class S500...S700

< 900°C < 600°C < H5H0°C

Quenched and tempered

QT

Tempering temperature in
manufacturing lowered 20° C.
Maximum usually < 550°C

SSAB



PWHT (Zihani k odstranéni pnuti)

» Strenx 1100, 1300, Strenx 900 — 1100 MC a
Strenx 900 — 960 Plus neni mozno zihat

SSAB



ARMOX - Preheat temperature:

Thin plates with low stress joints, preheat can be considered case by case

Plate thickness

Steel

Armox 370T, Class 1, Class 2; unalloyed or low alloyed consumables
Armox 370T, Class 1, Class 2; Stainless consumables

Armox 440T, unalloyed or low-alloyed consumables

Armox 440T, Stainless consumables

Armox 500T, unalloyed or low alloyed consumables

Armox 500T, Stainless consumables

Armox 600T, stainless consumables

3080 81-100 10.1-120 121150 15.1-20

[°C] [°C] [°C] [C] [°C]

50 100 125 125 125

RT RT RT RT RT
DA s s s
RT RT RT RT RT
S 100 125 125 125
RT RT RT RT RT

SSAB



How to minimize HAZ softening effects

» Minimize or eliminate welding:
- Use of bended components preferred option
- Mechanical connections (bolts or studs) if possible

» Overlap joints §
- Minimum overlap recommendation 20 - 25 mm ‘I

» Backing strips '
- Narrow strip behind or top of weld w r

» Weld placement

- Blind placement, hide weld from direct hit ‘

» Low heat input butt welds

- Use of low energy to minimize HAZ softening

SSAB



Selection of welding consumables
» The selection of welding consumables:

1. Undermatching ferritic, WM vyield strength max. about 500 MPa
2. High-strength ferritic, WM vyield strength max. about 800 MPa
3. Undermatching austenitic, WM yield strength max. about 500 MPa

. Undermatching ferritic consumables are in most cases good cost effective alternative for all
grades, easy to weld.

. High-strength ferritic consumables are more difficult to weld and benefits are limited, weld
Is not "bullet proof”. Use only if especially high strength is needed for joints

. Austenitic consumables are the most commonly used consumables. The risk for cold
cracking can be reduced significantly. Austenitic consumables are most beneficial also in
repair welding.

SSAB



Selection of welding consumables — undermatching ferritic

» Examples of ferritic undermatching consumables:

MAG solid wire welding MAG flux-cored welding:  MAG flux-cored welding: Submerged arc welding:
Metal-cored wire Rutile flux-cored wire Wire+ flux

AWS A5.18 ER70S-X  AWS A5.18 E70C-X AWS A5.20 E71T-X AWS A5.17 F7X
OK Autrod 12.51 OK Tubrod 14.12 OK Tubrod 15.14 OK Autrod 12.22+
(ER70S-6) (E70C-6M, E70C-6C)  (E71T-1, E7T1T-1M) OK Flux 10.71

OK AristoRod 12.63 PZ6102 (FTA5-EM12K)
(ER70S-6) (E70C-6M H4)

Manual metal arc welding
AWS A5.1 E7018X

OK 48.00
(E7018)

OK 55.00
(E7018-1)

» The advantages of undermatching ferritic consumables compared to high-strength

consumables:
Good welding properties
7 Extensive selection and good availability
Cost-effective both at purchase as well as during use

Lower stress level in the weld
A tough and ductile welding consumable tolerates stress well
Lower carbon equivalent and, respectively, lower hardenability

Lower susceptibility to cold cracking
Tolerates hydrogen better than a higher-strength welding consumable
Less need to increase working temperature than with higher-strength welding consumables
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Selection welding consumables — high-strength ferritic

» Examples of ferritic high-strength consumables:

MAG solid wire welding MAG flux-cored welding: MAG flux-cored welding: Submerged arc welding:

Metal-cored wire Rutile flux-cored wire Wire+ flux
AWS A5.28: ER100S-X  AWS A5.28: E110C-X AWS A5.29: E111T1-X AWS A5.23: F11X
OK AristoRod 69: OK Tubrod 14.03: OK Tubrod 15.09: OK Autrod 13.43+
ER100S-G E110C-G E111T1-K3MJ-H4 OK Flux 10.62:
F11A8-EG-G

Manual metal arc welding

AWS A5.5: E11018X

OK 75.75:
E11018-G

» Increased risk of cold cracking

» Recommended only for special applications (e.g. weld subjected to heavy static

loads)

» Better suited for thin plates, for thick t > 15 mm plates it is difficult to get good

properties
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Selection of welding consumables - austenitic

» Examples of austenitic consumables:

MIG solid wire welding MAG flux-cored welding, MAG flux-cored welding, Submerged arc welding Manual metal arc welding
Metal-cored wire Rutile flux-cored wire Wire+ flux

AWS 5.9 ER307 AWS 5.9 EC307 AWS 5.22 EC307T-x AWS 5.9 ER307 AWS 5.4 E307-X

OK Autrod 16.95 OK Tubrod 15.34 OK Tubrodur 14.71 OK Autrod 16.97+ OK 67.45

(ER307) OK Flux 10.93

» Listed consumables are so-called AWS 307 type Mn-alloyed consumables, reduced
cracking possibility. AWS 309 type consumables are suitable as well.

» Advantages and properties of austenitic consumables:

Good welding properties

Good selection and availability
High purchase price
The stress level of the weld is low

Very tough and ductile welding consumable
Austenitic microstructure dissolves less hydrogen without susceptibility to cold cracking
Usually no need to increase working temperature

Withstands welding stresses
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Recommendation: Austenitic
Armox 600T/ 12 mm

» MAG welding
» High Mn austenitic wire 307 / OK 16.95 or similar

» Preheat +100°C for stiff joints, torch heating not
recommended

» Target parameters (t 8/5: 10 ... 15 sec):

- Arcenergy: 1.42..1.5 kJ/mm, modern pulse machines recommended
» Soft HAZ area about +25 mm on both side of weld
» Min length of weld run 50 mm (=tacks)

» Gas selection:
- Gas Ar + Co2 2 %, stable arc
- Gas flow steady, not too high (flow = nozle diameter)
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Recomendation: Austenitic

Armox 600T/

HITSAUSKOEPOYTAKIRIA

d DETAILS OF WELD TEST
Poytikirjan nro Ty6 nro Tilaaja
Report no 978 Work no 196/15 Customer Sakari Tihinen
Paikka Hitsausohie nro Menetelmikoepdvtikirian nro
Location Raahe WPS no - WPQR no -
Valmistaja Perusaine
Manufacturer SSAB Europe Oy Parent material spec.
Hitsaaia
Welderl Jorma Laitinen Armox 600, 111835-802275
Hitsausprosessi Ainepaksuus Ulkohalkaisija
Welding process 135 Material thickness 6.0 mm Qutside diameter  —~
Liitesmuoto Liitoksen kuva Hitsausjarjestys
Joint type FW Joint design Welding sequence
Hitsausasento
Welding position PB
Railon valmistus -
Edge preparation Machining

Railen puhdistus
Cleaning

Silloitus
Tacking

Juurituki
Backing

Juuren avaus
Back gouging

Jilkikdsittelv
Post-weld treatment

TIG-elektrodi, tyyppi'koko
Tungsten electrode, type/size

Hit ' suoritusarvot | Welding details
Palko | Prosessi | Lisdaineen mitat | Hitsausvirta | Kaarijinnite | Virtalaji/napaisuus | Langansyétté | Kuljetusnopeus | Kaarienergia
Run Process | Size of filler metal Current Voltage Type of current/ Wire feed Travel speed Arc energy
mm v polarity mimin cm/min kJ/mm
1-2 135 1.0 250 29.3 DC+ 13.3 47.0 0.93
Esikuumennus Palkojen vilinen lampétila Huom.
Preheat —°C Interpass temperature 25 °c Notes

Joint 19-24

Hitsausaineet / Welding Consumables

Kauppanimi ja lisdaineen luokittelu
Trade name and classification of filler metal

OK Autrod 16.95, EN ISO 14343-G 18 8 Mn

Suojakaasuljauhe

Juurikaasu
Backinggas

Kaasun virtausnopeus .
Gas flow rate 16 L/min

Shielding gas/flux Mison 2
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Recommendation: Soft ferritic y
Armox 600T/ 8 mm e

Tillsatmateri
W AGIERS

Meddelande:.......oooveeieeiiiii
Bestallare:. /7 fAUICID P e

» MAG welding with soft G
ferritic wire OK14.13 i

Svetsat av:...

Datum:..[.}.nﬂl‘:.@é ........

» Preheat +150°C Forb Jng i

> Target parameters (t 8/5: e e [ [ | e | 5 |t | | ™ |22 2
mm mm. i cm/min
15...25 SeC): (| 1 | lalso] s 75 | g7 | /50 | po |\Oc
¢ Z “ /7% |dos 14,4l 29 | Oz 4 “ | &
— . a 3 4 n “ " " 8 7@ @
HI: 0.7 / 1.0 ki/mm s CH T A ! . : e
- D321/ D322 WPS
- Mison 25 gas iiiiﬁiiﬁiii‘;f?;é“?ff."M" """""""""""""" iy 0 P,
Pmidcpﬁtet:.. LAl
» Soft HAZ area about +25 w; - —
mm on both side of weld AR
Gasforbrukning:
. Strﬁnganla}:...
» Higher energy gave better i
roperties ‘ .
p p ‘Ft')rg)dl.ingd:... \@/
» Min length of weld runso0 S
mm (=tacks) A Fa P e e P =g e
[mm] (mm] {em/min .
(] 4 a2 /50| /2 ’ 5 ber | /80 | Pw | RS
7 | n a0 |als 24 A U Jar | O
11 8 a | /96| /9 7 0,55 “w “« “
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Recomendation: Soft ferritic
Armox 600T/ 8 mm results

» Strength:

D321 (155)
* Rm 767 / 850 Mpa
D322 (255)
* Rm 898 / 940 Mpa

» Charpy V average (-40°c)

D321 (155s) / D322
(255)

« WM 36J/341]
* FL 39J/21]
e FL+1 133/ 29
e FL+3 173/ 27 ]
e FL+5 2010/ 27
o FL+7 213/ 21

Hardness profile across welded joint D321
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Hardness profile across welded joint D322
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Dékujl za pozornost




