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Typical component after welding

Loader front frame

Fillet weld
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Situation around 25 years ago

• Fatigue issues after new machine releases

• Design problem or production problem ?

• 

• Start of many research projects with > 10 Dr-students from 1995….
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Starting point was analysis
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DESIGN  FOR  PURPOSE

( from fatigue point of view )
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Weld requirements depend on purpose
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” Low accuracy in fatigue design”
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How about the quality system – does it work ?
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Results ISO5817
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Diagram .1. Compilation - Life in % of 2 million cycles

0%

20%

40%

60%

80%

100%

120%

140%

1.
7.

 U
nde

rc
ut

 (b
w)

1.7
. U

nde
rc

ut
 (f

w)

1.9
. E

xc
ess

 w
eld

 m
et

al

1.1
0.

 E
xc

es
siv

e 
co

nv
ex

ity

1.1
1.

 E
xc

es
siv

e 
pe

ne
tra

tio
n

1.1
2.

 In
co

rre
ct

 w
eld

 to
e (b

w)

1.1
2.

 In
co

rre
ct

 w
eld

 to
e (f

w)

1.1
3.

 O
ve

rla
p

1.1
4.

 In
co

m
ple

te
ly 

fill
ed

 g
ro

ove

1.1
6.

 E
xc

es
siv

e 
un

eq
ua

l le
g 

len
gt

h

1.1
7.

 R
oo

t c
on

ca
vit

y

1.2
0.

 In
su

ffic
ien

t t
hro

at
 th

ick
nes

s

1.2
1.

 E
xc

es
siv

e 
th

ro
at t

hic
kn

es
s

2.1
2.

 L
ac

k 
of

 fu
sio

n

2.1
3.

 L
ac

k 
of

 p
en

etra
tio

n 
(fw

)

2.1
3.

 L
ac

k 
of

 p
en

etra
tio

n 
(b

w)

3.1
. L

ine
ar

 m
isa

lig
nm

en
t (

on
e)

3.1
. L

ine
ar m

isa
lig

nm
en

t (
db

)

3.2
. A

ngu
la

r m
isa

lig
nm

ent

Case

B

C

D

Results below
nominal life

No influence Expected influence



How fix the situation ?

• Define a new weld class system

• Keep only important acceptance limits

• Add new acceptans like “transition radius” instead of “even transition”
•
• Skip “cosmetics”

Bertil Jonsson / Berjo Weld Design AB 10



Bertil Jonsson / Berjo Weld Design AB

Summary - acceptans limits

VB
( post treated )

VC
( as welded high quality )

VD
( as welded normal quality )

Discontinuity 
type

Not alloweda < 0,1 mma < 0,5 mmCold lap

Not allowedNot allowedNot allowedInner lack of fusion

R > 4 mmR > 1 mmR > 0,25 mmTransition radius

Not alloweda < 0,025t
[max 0,5 mm]

a < 0,05t
[max 1,0 mm]

Undercut

Not allowed

( bigger OK )

Not allowed

( bigger OK )

< -0,2a
[max 2 mm]
( bigger OK )

Throat deviation

Not allowedNot alloweda < 0,1t
[max 2 mm]

Misalignment

0,2t [max 2] /   0,1t [max 1]

2%   /   1%

0,3t [max 3] /   0,2t [max 2]

4%   /   2%

0,4t [max 4] /   0,3t [max 3]

6%   /   3%

One pore inner/outer

Clustered pores 
(inner/outer)
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Weld class selection
( + 1 class double fatigue life )

Corresponds to 
IIW FAT-levels
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Effect on weld designations
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Example
• Example fillet weld:

” i2a5 VD [3] ”  ( earlier: a5 DU [3] )

penetration = 2 mm
throat size = 5 mm
weld class = VD
criticality = 3
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More general …
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Working with the new weld STD
 Looping !

Bertil Jonsson / Berjo Weld Design AB 16



Summary
• Identifying analysis low accuracy

• A new quality assessment system 

• A new way to designate welds on the drawing

• A better way to find appropriate welding process (WPS)

• 

• Secure product fatigue life according to targets
• Reduce of cost & weight
• Automated inspection (laser)

• In future, maybe automated welding with auto-correction
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