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Pulse Laser Welding 

and its 

Unique Advantages

Chapter I.



By applying continuous heat to metal causes some negative effects :


Microstructure Changing


Coarse Grain Formation


Graphitisation


Thermal Distortion


Residual Stress


Brittle Structure in the Heat-Affected Zone (HAZ)


Unacceptable Welding Discontinuities and Defects


And for some materials it requires :


             Pre- or Post Weld Heat Treatment (PWHT) 

HOW classical arc-welding technologies works ?

GTAW GMAW SMAW

Classical arc-welding methods use electricity.

They continuous provide heat until the metal melts until the needed 
melting pool is present.

Conclusion : Classical arc-welding methods provides negative 
influences regarding mechanical- and metallurgical properties. 

Pulse Laser Welding

Basic Understanding
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Based on always full metallurgical bonding :


    Very low heat input (only about 30 Joules) / very thin HAZ (0.1-0.3 mm)


    No critical microstructure changing / No coarse grain formation


    No pre- or post weld heat treatment / welding at room temperature 


    No graphitisation / related to welding (gray) cast iron


    Almost no thermal distortion / very precisely

Conclusion : Pulse Laser Welding does NOT provide negative 

influences regarding mechanical- and metallurgical properties.   

HOW Pulse Laser Welding technology works ?

Pulse Laser Welding creates the melting pool by pulsed Light and its Speed 
by Photons - travels at 300,000 km/s.

Pulse Laser Welding is happen within a split of second means :


    Release energy supply …


    Create the molten bath …


    Add filler material …


    Stop energy supply …


    Complete solidification of the molten bath …

        … while all unique advantages are provided.

Pulse Laser Welding Process

1.) Original Speed


2.) Thermo Camera

3.) Super Slow Camera


Video DSI-Dropbox

Pulse Laser Welding

Basic Understanding
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No Microstructure 
Change

Microstructure 
Change

Microstructure 
Change

Pulse Laser Welding 
within only 0.5 - 30 ms

No Microstructure 
Change

Time

Temperature


Transformation (TTT)

Diagram

Pulse Laser Welding

Melting Pool


Video DSI-Dropbox

Because only by welding with pulsed light and its speed all unique 

advantages can be earned - at the Tiny-giant Playground which is 

unreachable for any other welding or cladding method.

Pulse Laser Welding is UNIQUE !

Pulse Laser Welding has NONE competitive Technology !

Pulse Laser Welding

Basic Understanding

04



Chapter II.

DSI Thailand Laser-Welding-Academy 

its Partners and what  

we provide



A designated objective of DSI Thailand Laser-Welding-Academy is a continuous 
development of Pulse Laser Welding Technology for customers in any industry, 
which is accompanying with a deeper and wider understanding regarding base- 
and filler-materials, individual applications and required component performances.

“A strong 
collaboration of 

professional parties is the 
key of success“

This Vision & Mission is based on several 
strong and solid collaborations with 
international institutes, third parties and 
societies who have a deep and wide 
understanding within the world of welding.

Together we offer and carry out :


Investigations - Examinations - Certifications - Publications

DSI Thailand Laser-Welding-Academy

Collaborations
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CERTIFICATION

PULSE LASER WELDING

ACADEMY
EDUCATION
MODULE 1: Laser safety regulation
MODULE 2: Machine operation
MODULE 3: Introduction to welding operation
MODULE 4: Training for welder certification
MODULE 5: Training for welder in Aviation & Aerospace

DIN EN ISO 14732:2013-12
AWS C7.4/C7.4M:2017
AWS D14.6/D14.6M:2012
AWS D17.1/D17.1M:2017

Welding procedure development (WPS / WPQR) 
ENGINEERING SUPPORT

DSI TOTAL SOLUTION for PULSE LASER WELDING with DSI LASER WIRES

dsilaser.com

DSI Total Solution for Pulse Laser Welding with DSI Laser Wires 
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In cooperation with German Welding Society DVS SLV Hannover, DSI Thailand 
Laser-Welding-Academy is permitted to educate and qualified Pulse Laser Welders 
and Pulse Laser Welding Machine Operators. Both DSI-Employees and also 
Customers wo operate with ALPHA LASER Systems.

Education & Certification

DSI Thailand Laser-Welding-Academy
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PLW-Certification

for DSI-internal


Video DSI-Dropbox

PLW-Certification

for Customer


Video DSI-Dropbox

Approval Test Certificate of „Pulse Laser Welder“ and „Pulse Laser Welding 
Machine Operator“, executed by DSI Thailand Laser-Welding-Academy based on 
the approval of German Welding Society DVS SLV Hannover.

Education & Certification

DSI Thailand Laser-Welding-Academy
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Pulse Laser Welding Technology can follow any welding standard and 
its examinations like ISO, AWS, ASME, JIS, GB/T.

Pulse Laser Welding Processes are specified and qualified by :


         Welding Procedure Qualification Record (WPQR)


         Welding Procedure Specification (WPS) 

DSI-Thailand PL-Welders & PLW-Machine-Operators are certified 
according to:


   ISO 14732:2013-12


   AWS D14.6/D14.6M:2012


   AWS D17.1/D17.1M:2017

Pulse Laser Welding

Qualification & Standards
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Safety Training

BOSCH TH


Video DSI-Dropbox

PLW-Training

EGAT TH


Video DSI-Dropbox

Education & Certification

DSI Thailand Laser-Welding-Academy
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Magazine, Handbook, Catalog 

• DSI Thailand Pulse Laser Welding Handbook (issue 10/2025)

• DSI Thailand Laser-Welding-Academy Magazine, (issue 05/2026)

• DSI Thailand Laser Welding Wires, (issue 03/2026)

• DSI Thailand Laser Welding Wires / Molds & Dies (issue 05/2025)

• DSI Thailand Pulse Laser Welding Machines, (issue 08/2025)
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• A Novel Approach to Pulsed Laser Welding of Nodular Cast Iron Without Preheating and Post-Weld Heat 
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• Coarse Grain Formation within Heat Affected Zone (HAZ) : Comparison between Classical Arc-Welding 
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The articles are collected in this DSI Thailand Laser-Welding-Academy Magazine were published in 
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American Welding Society.
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Pulse Laser Beam Welding of Duplex Steel 

A balanced metal structure is crucial for quality 

Initial situation: Facts and 
p r e v i o u s  w e l d i n g  t e s t 
Ferritic-austenitic steels (F/A 
steels) are stainless steels and 
exhibit high strength with 
sufficient toughness values. 
This is due to the ferritic-
austenitic steel structure. 
Ideally, this has a ratio of 
50:50%. The ferrite content 
provides the strength (Rp0.2 
from 400 to 750 MPa) and 
also the property that makes 
duplex steels magnetic; the 
austenite content, in turn, 
provides sufficient toughness 
and elongation (A≥18%). 
During the production of 

duplex steel, compliance with 
t h e  i d e a l  F / A  r a t i o  i s 
determined on the one hand 
by the chemical composition 
and on the other hand by 
targeted controlled cooling. 
In contrast, during welding, 
especially in conventional arc 
processes, precise heat input 
and heat transfer are essential 
i n  o r d e r  t o  m a i n t a i n  o r 
achieve the mechanical and 
technological properties of 
the base material and the 
weld metal. Some duplex 
steels are classified as highly 
corrosion-resistant steels. 
They exhibit high resistance 

to stress corrosion cracking, 
p i t t i n g  c o r r o s i o n  a n d 
chloride-induced corrosion. 
In addit ion, most duplex 
steels are seawater-resistant. 
The spectrum ranges from 
lean duplex steels to the 
p rev ious  s t andard  s t ee l 
1.4462 (X5CrNiMoN22-5-3) 
to super and hyper duplex 
steels. For steel construction 
alone, nine different duplex 
steels are currently approved 
in accordance with general 
building authority approval 
Z-30.3-6

 

 

Photos 1–3: Pulse laser welds on components made from DUPLEX (1.4462). Spring and groove 
fit on an offshore pump housing / crack repair on a pump impeller / bearing seats on the drive 
shaft of a centrifuge. Non-destructive test methods (NDT): Dry penetrant test (PT) and 
Ultrasonic test (UT). 

1.4462 is the most commonly 
used duplex steel. It is used in 
chemical and petrochemical 
plant construction, in seawater 
desalination plants and in the 
offshore, oil and gas industries 
as shown in photos 1–3. This 
wide range of applications 
a n d  t h e  h i g h  q u a l i t y 
requirements prompted an 

i n v e s t i g a t i o n  i n t o  t h e 
weldability of this standard 
duplex steel using the pulsed 
laser beam welding process 
(process 521 / ISO 4063) – 
particularly with regard to 
maintaining the ideal ferrite-
austenite ratio. The increasing 
use of this technology is based 
on the unique advantages 

offered by ‘welding with 
pulsed light and its speed’: 
very low heat input (approx. 
30 joules); very narrow heat-
affected zone (0.1–0.3 mm); 
n o  c r i t i c a l  c h a n g e  i n 
microstructure; no coarse 
grain formation; no pre- or 
post-heat treatment to regain 
the desired microstructure; 

Pulse Laser Beam Welding of Duplex Steel
A balanced metal structure is crucial for quality 
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welding at room temperature; 
no ‘graphitisation’ as occurs 
when welding cast iron/cast 
steel; virtually no thermal 
deformation.  

T h e  c u r r e n t  s t u d y 
incorporates findings from 
previous pulse laser beam 
welding experiments and their 
evaluations. These showed 
that conventional welding 
processes, such as tungsten 
inert gas, metal active gas and 
manual arc welding, whose 
energy source and supply is 
based on electricity, have a 
critical heat-affected zone 
(HAZ) approximately 2.0–3.0 
mm wide from a mechanical-
technological point of view. 
In comparison, pulse laser 
beam welding produces a 
very narrow HAZ measuring 
only 0.1–0.3 mm. This also 

applies to welded joints in 
duplex steel structures: these 
too show no or only very 
s l i g h t  c h a n g e s  i n  t h e i r 
mechanical and technological 
propert ies .  This  posi t ive 
influence has been proven by 
the authors in collaboration 
with independent  tes t ing 
l a b o r a t o r i e s  t h r o u g h 
numerous practical welding 
tests. The results have been 
published in international 
trade journals, for example in 
Der Praktiker 7-8/2024 and 
Welding and Cutting 2/2024. 

Based on these facts,  the 
question arises as to whether 
the pulse laser beam welding 
process can also achieve a 
f a v o u r a b l e  F / A  r a t i o 
corresponding  to  that  of 
duplex steel. Both in the weld 
meta l  and  in  t he  HAZ – 

the reby  re t a in ing  a l l  i t s 
a p p l i c a t i o n - r e l a t e d 
advantages.  

T h e  m a i n  f o c u s  o f  t h e 
investigation was on the weld 
m e t a l .  T h e  w e l d i n g 
consumable DSI M Connect 
3 (EN ISO 14343-A: G 22 9 3 
N L), approved for 1.4462, 
was selected. The aim was to 
determine the influence of 
welding with different energy 
inputs and matching welding 
wire diameters (high energy / 
D = 1.2 mm and low energy 
D = 0.6 mm) in order to draw 
conclusions about the F/A 
r a t i o  a n d  i t s  p o s s i b l e 
variations. The pulse laser 
welding parameters for low 
energy and high energy were 
shown in Table 1 and 2

 

Table 1: Parameter selection ‘low energy / D = 0.6 mm’ 
Laser Beam 

Energy 
Pulse 

Duration 
Pulse 

Frequency 
Laser Beam 

Diameter 
Pulse 
Shape 

Shielding Gas 
Argon 4.6 

609 W / 15,30 J 3,0 ms 42,4 Hz 1,5 mm S3 15 l/min. 
 

Table 2: Parameter selection ‘high energy / D = 1.2 mm’ 
Laser Beam 

Energy 
Pulse 

Duration 
Pulse 

Frequency 
Laser Beam 

Diameter 
Pulse 
Shape 

Shielding Gas 
Argon 4.6 

1112 W / 28,32 J 3,4 ms 42,4 Hz 3,1 mm S3 15 l/min. 

Pract ica l  weld ing tes ts 
(technical details)  

T h e  t e s t  p l a t e s  w i t h  a 
th ickness  of  8  mm were 
provided by a company based 
in Germany. The test welds 
were carried out at DSI Laser 
Service (Thailand) Co., Ltd., 
based in Chonburi, which has 
been active in the field of 
pulsed laser steel welding for 

25 years and serves customers 
i n  v a r i o u s  b r a n c h e s  o f 
industry. This includes the 
chemical/petrochemical and 
offshore industries, for which 
high-quality repair welds on 
components made of duplex 
steel are absolutely essential 
– until now, this has been 
achieved using conventional 
welding processes, which 
have the well-known time-

c o n s u m i n g  a n d  c o s t l y 
d i s a d v a n t a g e s .  T h e s e 
difficulties, in turn, explain 
the  great  in teres t  in  the 
w e l d i n g  t e c h n o l o g y 
investigation of duplex steel 
u s i n g  p u l s e  l a s e r  b ea m 
welding.All sample plates 
were welded in pulse mode 
us ing  a  f ibre  laser,  type 
A L P H A  L A S E R 
ALFlak1200F.   
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Photos 4–6: During pulse laser beam welding; Completed, three-layer build-up welds 

 

I n  b o t h  c a s e s  ( ‘ l o w 
energy/high energy’), two 
samples were welded: one 
single-layer and one three-
layer build-up weld. 

Evaluation of test welds:  

The metallographic sections, 
hardness series and delta 
ferrite content determinations 

were  ca r r i ed  ou t  by  the 
a u t h o r i s e d  t h i r d  p a r t y 
KMUTT’s Welding Research 
a n d  C o n s u l t i n g  C e n t e r 
(KINGWELD),  which is 
a f f i l i a t e d  w i t h  K i n g 
M o n g k u t ' s  U n i v e r s i t y 
T h o n b u r i  ( K M U T T ) , 
Bangkok, Thailand. In order 
to  have their  tes t  results 
v e r i f i e d  b y  a  s e c o n d 

i n d e p e n d e n t  b o d y,  t h e 
sections obtained from the 
test welds were sent to GSI 
S LV H a n n o v e r  a n d  t h e 
magnifications, in the range 
between 50 and 500 times, 
were re-evaluated. In this 
t e c h n i c a l  a r t i c l e ,  t w o 
micrographs relevant to the 
evaluation were selected 
(photos 7–8). 

 

 

Photos 7–8: Macro overview 8x magnification with Vickers hardness scale HV-10 3-layer pulse 
laser steel welding 

 

Table 3: Determination of hardness values (HV10) according to Figs. 1 and 2 with measurement 
point assignment (MP) 
 

 Low Energy / D = 0,6mm High Energy / D = 1,2mm 
Weld metal MP 1-7 = 269-287 MP 1-9 = 249-272 
Heat Affected zone (HAZ) MP 8-10 / 18-21 = 266-279 MP 10,11 / 17-20 = 266-272 
Base Material MP 11-17 = 234-266 MP 12-16 = 241-272 
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Table 4: Determination of the delta ferrite content in % 
 

 Low Energy / D = 0,6mm High Energy / D = 1,2mm 
Weld metal / upper covering layer 59,57 48,81 
Weld metal / lower covering layer 42,27 48,71 
Heat Affected zone (HAZ) 54,78 53,16 
Base Material 50,88 50,37 

 

Evaluat ion of  hardness 
values (Table 3): 
In the areas of weld metal, 
heat-affected zone (HAZ) and 
base material, the hardness 
values for ‘low energy D = 
0.6 mm’ welds are below 287 
HV10. For ‘high energy D = 
1.2 mm’ welds, they are below 
272 HV10. 

Evaluation of delta ferrite 
content (Table 4): The welds 
with ‘low energy D = 0.6 mm’ 
and those with ‘high energy D 
= 1.2 mm’ show very similar 
results. In total, the delta 
ferrite content relative to 
austenite was determined in 
each area of the weld, in the 
base material, in the HAZ and 

in the weld metal, using five 
i n d i v i d u a l  v a l u e 
determinations in each case. 
In all cases, these were within 
the technically acceptable F/A 
structure range of 60:40% 
and, conversely, 40:60%. The 
ferrite content was determined 
to be max. = 59.57% and min. 
= 42.27%. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Photos 9–10: Pulse laser welds with complete bonding to the base material and barely 
detectable heat-affected zones (HAZ). 

Evaluation of heat-affected 
z o n e s  ( p h o t o  9 ) :  T h e 
microstructure in the section 
with ‘low energy D = 0.6 mm’ 
shows a barely detectable, 
and therefore barely existent, 
HAZ of approx. 23 µm (0.023 
mm) at 500x magnification. 

The microstructure in the 
‘high energy D = 1.2 mm’ cut 
(photo 10) shows a 98 µm 

(0.098 mm) wide WEZ at 50x 
magnification. When viewing 
and evaluating, it should be 
noted that the ‘widths’ of the 
heat-affected zones are given 
in micrometres (µm). 

Summary of the 
investigation results: 

T h e  e v a l u a t i o n s  o f  t h e 
av a i l ab l e  w e l d  s am p l e s 

demonstrates ,  as  al ready 
proven by similar tests on 
other materials, that pulse 
laser  beam weld ing  a l so 
makes it possible to achieve 
non-critical, high-quality 
welds in duplex steel with 
regard to the entire welded 
joint without the need for 
preheating or post-weld heat 
treatment (PWHT) – from the 
base material to the very 
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narrow heat-affected zone to 
the weld metal. The positive 
test results confirm and justify 
the safe use of pulsed laser 
beam welding technology in 
the aforementioned industrial 
sectors. 

Practical applications prove 
the high quality: 

Over the past few years, the 
results of numerous repair 
welds have confirmed the 

high quality of pulse laser 
beam welding on components 
made of duplex steel:  1.) 
During the welding process: 
generally crack-free welding 
(no cracks in the weld metal 
due  to  the  se lec t ion  and 
i n d i v i d u a l  s e t t i n g  o f  5 
different welding parameters). 
Welding without preheating 
and/or post-heating. 2.) In 
operational use: long service 
life. High corrosion resistance 
to seawater. This applies to 

welding repairs on static 
components (pump housings, 
diffusers, valve seats and 
spindles, heat exchangers) as 
well as rotating components 
(rotors, shafts, impellers); 
both for build-up welding and 
joint  welding. The repair 
welds on the components 
listed below were successfully 
carried out by DSI Laser 
Service (Thailand) Co., Ltd.
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A Novel Approach to Pulsed Laser Welding of Nodular Cast Iron Without Preheating 
and Post-Weld Heat Treatment 

 
Nodular cast iron is widely 

used in industry for its excellent 
mechanical properties, but its poor 
weldability mainly due to brittle 
martensite formation. Conventional 
Sh i e lded  Meta l  Arc  Weld ing 
( S M AW )  t y p i c a l l y  r e q u i r e s 
preheating and post -weld heat 
treatment (PWHT). This study, 
conducted between August 2024 
and May 2025, investigates the use 
of Pulsed Laser Welding (PLW) as 
a novel repair  method without 
prehea t ing  or  pos t -weld  heat 
treatment (PWHT). Microstructural 
and hardness analyses showed that 
multi - layer PLW significantly 
reduces martensite formation and 
promotes a pearlitic structure in 
Heat Affected Zone (HAZ) PLW 
joints exhibited more uniform and 
lower  ha rdness  t han  SMAW, 
reducing brit tleness and crack 
susceptibility 
 
Pulse Laser Welding Technology  

Pulse Laser Welding (PLW) 
is an advanced joining technology 
that utilizes high-intensity laser 
pulses, rather than a continuous arc, 
to create precise and localized 
welds. Unlike conventional arc 
welding methods, which rely on 

electric arcs and plasma as the heat 
source. PLW employs focused light 
e n e rg y  i n  t h e  f o r m  o f  s h or t , 
control led pulses .  Each pulse 
delivers a concentrated energy burst 
within milliseconds, enabling fusion 
of the base and filler materials with 
minimal thermal distortion. This 
makes PLW particularly well-suited 
for applications requiring high 
precision, low heat input,  and 
minimal impact on the surrounding 
material. 
Unique Advantages of Pulsed 
Laser Welding 

The pulsed nature of PLW 
offers several unique metallurgical 
and operational advantages that are 
d i f f i c u l t  t o  a c h i e v e  w i t h 
conven t iona l  a r c  we ld ing  or 
cladding technologies.  

 
First, the extremely short welding 
duration occurring within a fraction 
of  a  second ,  minimizes hea t -
affected zones and residual stress. 
This reduces the l ikelihood of 
distortion, cracking, or undesirable 
microstructural transformations. 
Second, the process provides full 
metallurgical bonding between the 
base material and fi l ler metal . 
Lastly, the low overall energy input 

enables welding of heat-sensitive or 
Crack-susceptible material, such as 
cast iron, without requiring thermal 
treatments pre and post-welding. 
These features make PLW a highly 
efficient and reliable method, 
especially in applications where 
p r e c i s i o n  a n d  s t r u c t u r a l 
performance are critical. 
 
Introduction 

Nodular  cast  i ron ,  also 
known as ductile iron, is extensively 
used in industrial applications that 
require high strength, good wear 
resistance, and excellent fatigue 
performance. Typical components 
manufactured from nodular cast 
iron include worm gear housings, 
gland seal guides, and impellers, 
which are widely employed in 
power  t ransmiss ion  sys tems, 
rotating machinery, and fluid-
h a n d l i n g  e q u i p m e n t .  T h e s e 
c o m p o n e n t s  a r e  f r e q u e n t l y 
subjected to cyclic loading, thermal 
var ia t ion ,  and  severe  service 
conditions, making repair  and 
refurbishment unavoidable during 
their service life. Representative 
examples of such industrial cast-
iron components are illustrated in 
Figure 1. 

 
 
 
 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
 
Fig 1: Representative nodular cast iron components commonly used in industrial applications: 
(a) housing of a worm gear, (b) guide of a gland seal, and (c) impeller. 
These components typically require repair welding during service due to wear, fatigue, or localized damage

A Novel Approach to Pulse Laser Welding of Nodular Cast Iron 
Without Pre- and Post-Weld Heat Treatment
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Traditional arc welding methods, 
such as Shielded Metal Arc Welding 
(SMAW), typically necessitate 
preheating, post-weld heat treatment 
(PWHT), and tempering to prevent 
cracking and to stabilize the weld 
and HAZ microstructures. These 
additional thermal steps are labor-
intensive, energy-consuming, and 
o f t e n  i m p r a c t i c a l  f o r  l a r g e 
w o r k p i e c e s  o r  i n - f i e l d 
refurbishments. 

Pulsed Laser Welding (PLW) 
has gained increasing attention due 
to its ability to deliver high-energy 
pulses  of  very  shor t  dura t ion, 
typically in the millisecond range, 

This process offers high energy 
density, narrow fusion zones, and 
low hea t  input ,  which  he lp  to 
minimize thermal distortion and 
preserve the mechanical properties 
of the surrounding material. Several 
s tudies  have demonstrated the 
effectiveness of PLW in joining thin-
section steels and high-strength 
alloys, highlighting its advantages in 
minimizing metallurgical defects, 
controlling phase transformations, 
and improving weld bead geometry. 
However, relatively few studies have 
examined the application of PLW to 
cast irons—materials inherently 
prone to solidification cracking, 

porosity, and brittle microstructures 
due to their high carbon and silicon 
content. 

The use of PLW presents a 
novel and promising approach to 
addressing the weldability challenges 
of cast iron, particularly through the 
development  of  a  temper  bead 
mechanism. By leveraging the 
precise thermal control of PLW, it is 
possible to promote benef icial 
microstructural evolution in the HAZ 
without the need for conventional 
preheating or PWHT. The temper 
bead effect 

 

 
Table 1 The summary of welding parameters of PLW 

 
Table 2 The summary of welding parameters of SMAW

Materials used in the study  
Base material 
The primary material used in this 
study was nodular cast iron grade 
E N - G J S - 5 0 0 ,  a l s o  k n o w n  a s 
FCD500 under JIS standards. This 
material is a type of ductile iron 
characterized by i ts spheroidal 
graphite microstructure, which 
imparts a unique combination of 
high strength, good ductility, and 
excellent fatigue resistance. FCD500 
is widely used in the manufacturing 
of machine bases, engine blocks, 
pumps, gearbox casings, and various 
structural parts in heavy industries. 
Its ability to absorb impact energy 
while maintaining dimensional 
stability under cyclic loading. 

Filler metals for PLW and SMAW 
Proper fi l ler  metal  selection is 
essential for achieving metallurgical 
compat ib i l i ty  and minimizing 
cracking in cast iron welding. In this 
study, different filler metals were 
applied for PLW and SMAW. 
For PLW: 
1) EN ISO 18274 (DSI Inconel 625) 

was used as the buttering layer. 
Its high nickel content improves 
compatibility with cast iron and 
r e d u c e s  c r a c k  r i s k  b y 
a c c o m m o d a t i n g  t h e r m a l 
expansion and l imiting hard 
phase formation. 

2) EN ISO 21952-A (DSI M 90) was 
used  in  the  second layer  to 
e n h a n c e  m e c h a n i c a l 

performance. This nickel-iron 
alloy offers good strength and 
ductility for structural repairs. 

For SMAW: 
1) EN ISO 1071: E C Ni-CI 3 A 

specialized nickel electrode for 
cast iron, applied as the buttering 
layer.  I t  p rovides excel lent 
weldability and reduces the risk 
of cracking by allowing for a 
softer transition between the weld 
metal and the base material.  

2) EN ISO 2560-A (E7016): A low-
hydrogen, iron-based covered 
e lec t rode .  This  f i l l e r  metal 
provides s t rong mechanical 
performance, good resistance to 
hydrogen-induced cracking. 

Welding 
conditions 

Welding 
process 

Weld 
layer 

Filler metal Pulse 
frequency 

Travel 
speed 

Beam 
diameter 

Pulse 
duration 

Welding 
heat input 

1 PLW 1st DSI Inconel 
625 ø1.2 mm 

45 Hz 3 mm/s 5.5 mm 3.2 ms 0.4 kJ/mm 

 
2 

PLW 1st DSI Inconel 
625 ø1.2 mm 

45 Hz 3 mm/s 5.5 mm 3.2 ms 0.4 kJ/mm 
(maximum) 

PLW 2nd DSI M 90 
ø1.6 mm 

45 Hz 3 mm/s 5.5 mm 3.2 ms 

Welding 
conditions 

Welding 
process 

Weld layer Filler metal Electrode 
diameter 

Welding 
current 

Welding 
voltage 

Welding heat 
input 

1 SMAW 1st ENi-Cl 3.2 mm 110 A 25 V 0.96 kJ/mm 
2 SMAW 1st ENi-Cl 3.2 mm 110 A 25 V 0.96 kJ/mm 

(maximum) SMAW 2nd E7016 3.2 mm 90 A 23 V 
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Fig 2: The experimental set-up (left) Operator performing welding using a PLW (right) Weld bead appearance and 
weld pool formation (© DSI Laser Service Thailand) 

 
 
 

Pulsed Laser Welding (PLW) 
parameters 

PLW was carried out using 
a pulsed laser welding system 
operated at 1200 W, with a pulse 
duration of 3.2 ms, a frequency 
r a n g e  o f  4 5  H z ,  a n d  a  beam 
diameter of 5.5 mm. A welding 
speed of 3 mm/s was applied, and 
argon shielding gas (99.9% purity) 
was used to prevent oxidation. The 
experimental set-up and weld bead 
appearance are shown in Figure 2.  

 
Shielded Metal Arc Welding 
(SMAW) parameters  

SMAW specimens were 
p r e p a re d  u s i n g  E  C  N i - CI  3 
electrodes (Ø3.2 mm) for the first 
layer and E7016 electrodes (Ø3.2 
mm) for the second layer. Two 
welding conditions were tested. 
The first condition involved single-
layer welding without preheating 
o r  pos t -we ld  hea t  t r ea tment 
(PWHT). The second condition  

used two-layer  welding,  a lso 
performed without any thermal 
treatment. 

These welding parameters 
w e r e  s e l e c t e d  b a s e d  o n 
manufacturer recommendations 
and preliminary trials to achieve 
complete fusion while minimizing 
the risk of cracking. 
 
Results and discussions 
M a c r o s t r u c t u r e  a n d  H e a t 
Affected Zone (HAZ) formation  

The macrostructure results 
for  PLW under  al l  conditions 
showed complete joint penetration 
without welding discontinuities. 
One of the notable advantages of 
PLW in welding nodular cast iron 
i s  i t s  a b i l i t y  t o  p r o d u c e  a 
remarkably narrow HAZ. In this 
study, the HAZ width generated by 
PLW was consistently measured in 
the range of approximately 0.4 to 
0.5 mm, significantly smaller than 
that  observed in conventional 
Shie lded  Meta l  Arc  Welding 

(SMAW), where the HAZ typically 
exceeds 2.0 mm. This narrow HAZ 
is a direct result of the precise heat 
input control achievable with the 
pulsed laser beam, which delivers 
short, high-intensity energy bursts 
localized within a small region of 
the material. As a result, the HAZ 
produced by PLW is approximately 
70% to 80% narrower than that 
f o r m e d  b y  S M A W  u n d e r 
comparab l e  cond i t i ons .  The 
macros t ruc tures  of  PLW and 
SMAW are shown in Figure 3.  

T h e  a b i l i t y  t o  t i gh t ly 
conf ine  t he  t he rmal  cyc l e  i s 
particularly valuable when welding 
high-carbon materials such as 
FCD500,  which  are  prone  to 
cracking when exposed to large 
thermal gradients. Overall, the 
narrow HAZ produced by PLW 
offers significant metallurgical and 
mechanical advantages for cast 
iron welding applications. 
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Fig 3: Macrostructure of (Left) PLW with first layer of Inconel 625 and second layer of DSI M90; (Right) SMAW with 
first layer of E C Ni-CI 3 and second layer of E7016. (© KMUTT) 

 

Microstructural Evolution and 
Temper Bead Effect in Pulse 
Laser Welding  

The microstructure of the 
HAZ in PLW under single-layer 
conditions showed a large amount 
of martensitic structure near the 
weld metal interface. This is due to 
the high cooling rates inherent to 
the PLW process, which transform 
the austenitized region of nodular 
cast  iron into hard and brittle 
mar t ens i t e .  The  p resence  of 
martensite in the HAZ increases 
hardness but also raises the risk of 
cracking. The microstructure of 

PLW with a single layer is shown 
in Figure 4. 

After Pulse Laser Welding 
under multi-layer conditions, the 
microstructure of the HAZ showed 
a clear reduction in martensite and 
a  co r r e spond ing  i nc rease  in 
pearli te.  The application of a 
s e c o nd  we l d  l a y e r  p rov ided 
additional heat that altered the 
microstructure of the first layer’s 
HAZ. The martensitic structure 
fo rmed dur ing  t he  f i r s t  pass 
unde rwen t  a  t emper ing - l i ke 
transformation due to reheating. 
This microstructural evolution is 

characteristic of the well-known 
temper bead effect. In the HAZ, re-
austenitization occurred, followed 
by slow cooling, which promoted 
pearlite formation. As a result, the 
final HAZ contained a mixture of 
martensite and pearlite, with a 
reduced amount of martensite. This 
r e d u c t i o n  l o w e r s  c r a c k 
suscep t ib i l i t y  and  enhances 
mechanical properties compared to 
conventional arc welding methods 
such as SMAW. The microstructure 
o f  P LW  u n d e r  m u l t i - l a y e r 
conditions is shown in Figure 5. 

 

 

 

 

 

 

 

 

 

 

Fig 4: Microstructure of the HAZ in FCD500 base material welded by PLW with a single layer: (Left) 50× 
magnification; (Right) 500× magnification. (© KMUTT) 

 
 
 
 

DSI M 90 weld layer 

DSI Inconel 625 weld layer  
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E C Ni-CI 3 weld layer 

  HAZ 

E7016 weld layer 

  Weld metal (Inconel 625) 

  HAZ 

  Spheroidal graphite 

  Base metal (FCD500) 

  Martensite 

  HAZ 

27



 
 
 

 

 

 

 

 

 

 
Fig 5: Microstructure of the HAZ in FCD500 base material welded by PLW with multiple layers: (Left) 50× 

magnification; (Right) 500× magnification. (© KMUTT) 

 

 

 

 

 

 

 

 

 

 

Fig 6: Microstructure of the HAZ in FCD500 base material welded by SMAW with a multiple layer: (Left) 50× 
magnification; (Right) 500× magnification (© KMUTT) 

 

C o m p a r e d  t o  t h e 
microstructure of the HAZ in 
SMAW with both single-layer and 
multi-layer conditions, the results 
s h o w e d  a  l a r g e  a m o u n t  o f 
martensitic structure remaining in 
t h e  H A Z  i n  b o t h  c a s e s . 
Additionally, the presence of a 
Partially Melted Zone (PMZ) near 
the fusion boundary was clearly 
o b s e r v e d ,  a l o n g  w i t h  s m a l l 
spheroidal graphite. This indicates 
that the high heat input of SMAW 
leads to the formation of a PMZ, 
where the original  spheroidal 
graphite becomes remelted.  

After rapid cooling, the graphite 
re-solidifies in a smaller, rounded 
shape. The retention of martensite 
in the HAZ and PMZ contributes 
t o  i n c r e a s e d  h a r d n e s s  a n d 
brittleness, which in turn raises the 
risk of cracking and reduces overall 
t o u g h n e s s  a n d  w e l d a b i l i t y, 
especially under service conditions. 
These characteristics contrast with 
t he  mod i f ied  micros t ruc ture 
observed in the PLW multi-layer 
condition, where temper bead 
effects help to mitigate such risks. 
The microstructure of SMAW 
under multi-layer conditions is 
shown in Figure 6. 

Due to the retention of 
martensite in the HAZ and PMZ, 
t h e  r e c o m m e n d e d  w e l d i n g 
procedure for  cast  i ron using 
SMAW or  o the r  a r c  we ld ing 
p r o c e s s e s  s h o u l d  i n c l u d e 
p r e h e a t i n g  t o  a  m i n i m u m 
temperature of 400°C and post-
weld heat treatment (PWHT) at a 
minimum of 800°C. However, in 
many practical cases, applying 
preheating and PWHT can be very 
cha l lenging  espec ia l ly  when 
dealing with large components, 
restricted working environments, 
or limited access to the weld area. 

  Weld metal (Inconel625) 

  Spheroidal graphite 

  HAZ 
  Pearlite 

  Martensite 

Small spheroidal graphite 

  HAZ 

  PMZ 

Weld metal (E C Ni-CI 3) 

  Martensite 
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Fig 7: Hardness distribution across the weld zones of FCD500 welded by PLW and SMAW (© KMUTT) 

 

Comparison of Hardness Profiles 

The hardness profiles across 
the weld zones for both PLW and 
SMAW are shown in Figure 7. In the 
case of SMAW, the HAZ exhibited a 
s igni f icant  hardness  increase, 
reaching values of approximately 
400 HV, due to the formation of large 
amounts of untempered martensite. 
This high-hardness zone extends 
over a wider region of the HAZ, 
increasing susceptibility to cracking. 
I n  con t r a s t ,  t he  PLW process 
produced a much narrower HAZ 
with a moderate hardness peak of 
approximately 300–320 HV. The 
reduced hardness in the PLW HAZ 
reflects the influence of the temper 
bead effect, where the second layer 
tempered the initial martensitic 
s t r u c t u r e ,  p r o m o t i n g  p a r t i a l 
transformation to pearlite. In the 
fusion zones, the hardness of the 
weld metal with Inconel 625 and DSI 
M90 remained stable and lower than 
the HAZ peak observed in SMAW. 
Conversely, the SMAW weld metal 
(E C Ni-CI 3 and E7016 layers) 
exhibited lower and more uniform 
hardness compared to i ts HAZ. 
O v e r a l l ,  t h e  P LW  p r o c e s s 
demonstrated superior control over 
hardness distribution, resulting in a 

smoother transition from weld metal 
to base metal  and signi ficantly 
reducing the likelihood of crack 
initiation in the HAZ. 

Conclusion: A Novel Approach to 
P LW  o f  N o d u l a r  C a s t  I r o n 
FCD500 

This study demonstrated the 
novel application of Pulsed Laser 
Weld ing  (PLW)  fo r  r epa i r i ng 
FCD500 nodular cast iron without 
the need for preheating or post-weld 
heat treatment. The results confirmed 
that the temper bead mechanism, 
achieved through multi-layer PLW, 
effectively reduced martensite 
content in the heat-affected zone 
(HAZ)  by  p romot ing  pea r l i t e 
format ion ,  thereby improving 
mechanical properties and lowering 
crack susceptibility. Compared to 
c o n v e n t i o n a l  S M AW,  w h i c h 
typically produces a HAZ width of 
approximately 2.0–2.5 mm, the PLW 
process generated a significantly 
narrower HAZ of only 0.4 – 0.5 mm. 
T h i s  r e d u c t i o n  u p  t o  8 0 % , 
demonstrates the precision and low 
thermal impact of PLW, contributing 
to better weld integrity and reduced 
cracking risk. Additionally, the 
"healthy supporting effect" of the 
narrow hardness peak, stabilized by 

the surrounding softer weld and base 
material enhances impact resistance 
and overall service durability. These 
findings highlight the potential of 
this novel PLW technique as an 
efficient, low-heat-input, and reliable 
m e t h o d  f o r  t h e  p r a c t i c a l 
refurbishment of nodular cast iron 
components. 
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Pulse Laser Welding 
(almost) unlimited Applications

Videos 

DSI-Dropbox
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Pulse Laser Beam Welding : 
In Seventh Heaven above Thailand
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Chapter IV.

Pulse Laser Welding meets University. 

Lectures 

Internship  

Apprenticeship



DSI Thailand Laser-Welding-Academy

Collaborations

Pulse Laser Welding meets University


On 17. November 2025, DSI Thailand Laser-Welding-Academy signed MOU with the 
Faculty of Engineering King Mongkut’s University of Technology Thonburi, Bangkok.

Our designated Focus are on :

Lecture & Technology Transformation

Research & Development

Publication

Workshop & Practical Oriented
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DSI Thailand Laser-Welding-Academy

Internship & Apprenticeship

As an opportunity to discover the amazing world of Pulse Laser Welding 
Technology, DSI Thailand Laser-Welding-Academy provide Internship & 
Apprenticeship programs to students from different universities e.g. King Mongut’s 
University of Thonburi, Bangkok (KMUTT) and Prince of Songkla University. 
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Chapter V.

Pulse Laser Welding 

Professional Facts  
&  

Fantastic Fictions



DSI Thailand Laser-Welding-Academy presents :


The return of the modern Jedi-Knights who fights (in a positive sense) with their ALPHA 
LASER Machines for the prevention of the Good Force within all industrial sectors in Thailand 
and whole Southeast Asia.

Oil on Canvas, 50x40cm / paint by Christian Banpao, 2024 

DSI Thailand Laser-Welding-Academy

Professional Facts & Fantastic Fictions

When Technology meets Art

The painting process

Video DSI-Dropbox
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Prof. Dr.-Ing. G. Kuscher
German Welding Society - DVS SLV Hannover 

Master Yoda of PLW-Technology - DSI Academy Thailand

Good to know - Professional Fact : 
In the early 1990, Prof. Kuscher was one of the visionaries who understood the unique 
advantages of the pulsed Laser and saw the benefit of its (almost) unlimited applications, 
adaptable for any industrial sector. At about the same time ALPHA LASER has the Vision 
of engineering and manufacturing Pulse Laser Welding Systems which leads to the 
company foundation in 1994. Soon later ALPHA LASER presented the first Nd:YAG 
Machine with a pulsed laser power of 25 Watt - from which on the successful story began 
and continued … until nowadays. 

DSI Thailand Laser-Welding-Academy

Professional Facts & Fantastic Fictions

Master Yoda of PLW-Technology & DSI-Academy
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Jedi-Knight Wisdom I. : Master Yoda says …

Jedi-Knight Wisdom 1

Video DSI-Dropbox

Jedi-Knight Wisdom II. : Master Yoda says …

Jedi-Knight Wisdom 2

Video DSI-Dropbox

DSI Thailand Laser-Welding-Academy

Professional Facts & Fantastic Fictions
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Chapter VI.

DSI Total Solution  
for  

Pulse Laser Welding 
with 

 DSI Laser Wires



ALPHA LASER Southeast Asia  

DSI-Thailand Chonburi (Head office)

Thailand
       Good to know : 

   DSI Laser Service (Thailand) 
is


    ALPHA LASER Southeast Asia

DSI Total Solution for Pulse Laser Welding with DSI Laser Wires 

Since 2000 located in Southeast Asia, DSI Laser Service (Thailand) follows 

25 years of continuous development which leads to the concept of :

 Pulse Laser Welding Service

 DSI Laser Welding Wires

 Authorised Dealer of ALPHA LASER Machines

 Service & Maintenance for ALPHA LASER Machines

 DSI Thailand Laser-Welding-Academy 

 Machine processing / pre- and finishing of surfaces

“DSI Total Solution 
for 

Pulse Laser Welding 
in whole 

Southeast Asia & Japan“

Pulse Laser Welding

ALPHA LASER SOUTHEAST ASIA
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Pulse Laser Welding

ALPHA LASER SOUTHEAST ASIA

ALPHA LASER Southeast Asia provides DSI TOTAL SOLUTION - each 
single segment, which is necessary for the professional execution of a 
Pulse Laser Weld whose superior quality is compliant with international 
welding standards and the requirements of a reliable operation condition 
of the component.  

63



DSI Total Solution Pulse Laser Welding DSI Laser Wireswithfor
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Welding Connects  
Pulse Laser Welding as well

The proceeds from the book sales will
turn children's dreams into reality:
their desire for education.


