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Like a human wedding, dissimilar metal welding is awesome. 

But like a human wedding, welding dissimilar metals can be 

difficult, considering all the variables involved.  

Ideally, like a human wedding, dissimilar metal welding should 

only be done with careful planning....
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Objectives: 
After studying this course, student will be able to: 

• Give examples of possible material combinations and their application. 

• Describe the types of joining process and filler materials which are suitable for a 

given material combination. 

• Identify and select the proper method of joint preparation. 

• Evaluate and determine characteristics of the dissimilar metal joint. 

• Prepare research proposals and reports on dissimilar metal joints 

 

Contents: 
Chapter 1 Fundamentals of Dissimilar Metal Joint 

1. Why Dissimilar Metal Joint is needed  

2. Advantages and existing problems 

3. Primary characteristics and weldability 

 

Chapter 2 Review of Welding Processes 

1. Gas Welding 

2. Arc Welding 

3. Resistance Welding 

4. Solid Phase Welding 

5. High Energy Density Welding 

 

Chapter 3 Weld Quality and Inspection of Dissimilar Metals Weld 

1. Defects 

2. Faulty Weld Size and Profile 

3. Corrosion 

4. Mechanical Testing 

5. Metallography of welds 

6. Non Destructive Test of Welds 

 

 

Chapter 4 Special Welding and Joining Topics 

1. Preliminary Research: Steel-Austenitic Stainless Steel Joint 
2. Preliminary Research: Steel-Aluminum Joint 
3. Preliminary Research: Steel-Ferritic Stainless Steel Joint 

4. Preliminary Research: Composite-to-Metal Joining 
5. Preliminary Research: Welding of Plastics 
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Chapter 1 

 FUNDAMENTALS OF DISSIMILAR METAL JOINT 

1.1. WHY DISSIMILAR METAL JOINT IS NEEDED 

Dissimilar metal joint refers to the joining of two or more different materials or alloy 

systems. Since ancient times, people have been joining dissimilar metals. Ornaments and 

trinkets were made with metals of differing colors and workability, even though the joining 

methods used in ancient times were very different from those in present. 

Nowadays, joining dissimilar metal is indispensable in manufacturing and constructing 

advanced equipment and machinery. Different kinds of metals feature different chemical, 

physical, and metallurgical properties: some are more resistible to corrosion, some are 

lighter, and some are stronger. Joining dissimilar metals is, therefore, to compose different 

properties of metals in order to minimize material costs and at the same time maximize the 
performance of the equipment and machinery. Presently, the methods of joining dissimilar 

metals include fusion welding, pressure welding, explosion welding, friction welding, 

diffusion welding, brazing, soldering, and adhesive bonding. This course, however, is more 

focused discussion on welding only, because it is used in a wide range of industries. The 

discussions of dissimilar metal joints using brazing, soldering and adhesive are only as 

additional. 

Welding dissimilar materials is often required to fabricate weldments of different 

materials. It is also required to overlay the base material to prevent corrosion, oxidation from 

heat, and wear. Finally, welding dissimilar materials may be required for maintenance or 
repair of worn parts. 

 

1.2. PROCEDURE FOR MANUAL WELDING DISSIMILAR METALS 

1.2.1. Material Combinations/Applications 

Many material combinations are possible using the arc welding process to make the 

weld. These may include: 

• Steel alloys to steel. 

• Steel to cast iron. 

• Steel to stainless steel. 

• Steel to nickel. 

• Stainless steel to nickel. 
• Stainless steel to inconel. 

• Copper to steel. 

• Copper nickel to steel. 
• Copper aluminum to steel. 

• Silicon bronze to steel. 

• Surfacing alloys to iron base metals. 

• Alloy metal to a nonalloy metal. 

 

The applications of the weld to join the various materials include the following: 

Butted materials, as shown in Figure 1.1(a), are depending on the alloy mix in the weld 

desired, one of the parent materials is used for filler material. Figure 1.1(b) shows a 

dissimilar metal being used as a filler material. The filler material is compatible with both 
parent materials. 
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Buttered materials, as shown in Figure 1.2, are used to join materials that are very different. 
However, each material must be “buttered” with a material that is compatible with the filler 

material used to make the final joint. 

 

  
   (a)     (b) 

Fig. 1.1(a) Stainless steel filler material is used in many steel-to-stainless steel combinations where 

ductility is of prime importance, (b) Nickel filler material is compatible with both cast iron and steel. 

 
Fig. 1.2 The “buttering” material is applied to each material before the joint filler material is used 

 

Cladded material, as shown in Figure 1.3, is used extensively in the manufacture of 

processing equipment. The “clad” is bonded to the base material at the rolling mill. The 

thickness of the “clad” will vary depending on the final use. The welding materials used 

must match the heavier base material and the cladding. 

 
Fig. 1.3 Welds into the clad require matching filler materials. Welds into the heavier base material 

require filler materials for strength, ductility, and other mechanical properties. 

 

Overlaid materials, as shown in Figure 1.4, are similar to a clad or buttered joint; however, 

overlays are generally thicker. As the overlay thickens, the amount of dilution decreases until 

the deposit contains the filler material chemistry. The special GTAW torch is oscillated 

during the operation to widen the weld bead. Figure 1.5(a) shows a GTAW bore cladding 

operation. Figure 1.5(b) shows a cross section of a bore cladded weld. The darkened zone is 
the heat-affected zone (HAZ) under the cladding. 

 

 
Figure 1.4 The number of weld layers required to achieve the desired chemistry is determined by 

testing the final joint design preparation by chemical analysis. 
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  (a)             (b)  

Figure 1.5 (a). Several layers of cladding have been applied to the bore of the tube, (b). A cross 

section of the part is used to measure the height of the cladding and the penetration pattern.  

 

1.2.2. Butt Joints of Dissimilar Metals 

Butt joints with square edges, as shown in Figure 1.6(a), are used only where the 

material thickness can be welded in a single pass. This type of joint has considerable dilution 
between the parent materials and the filler materials. These designs require a filler material 

compatible with each of the base materials due to the considerable amount of dilution. 

Butt joints with V-grooves welded from one side, as shown in Figure 1.6 (b), are used to 
weld thicker material with multiple passes. Dilution is high at the edges of the joint and 

diminishes near the center of the joint. Stringer type beads reduce penetration and dilution 

when welding V-groove welds. Wash beads should be avoided, if possible, to reduce heat 

input and the amount of dilution from the base materials. 

Butt joints with double V-grooves welded from both sides, Figure 1.6 (c), are used to weld 

thicker material with multiple passes on each side. Distortion and dilution of the parent metal 
is minimized as less metal is required to fill the joint. Use stringer beads to further reduce 

dilution. 

Butt joints with single or double buttered edges are shown in Figure 1.6 (d). The buttered 
material is applied with sufficient height to achieve weld metal chemistry to match the filler 

material composition. Prior to welding the joint, the preparation desired for the final weld is 

prepared from the “buttered” material. 

 
          (a)      (b) 

 
          (c)      (d) 

Figure 1.6(a) Square-groove weld joint, (b) V-groove welds, (c) Double V-groove welds have much 

less dilution of the base materials since less welding is involved (d) Butt joints with buttering or 

overlaid material. 

 

1.2.3. Clad Material Joints 

Clad material often requires two joint designs. One design is for the base metal and one 

design is for the cladding. The base material joint is made to standard practices. The cladding 

joint must be designed to allow cladding integrity. Figure 1.7 shows joint designs for 

preparing cladded materials and various weld applications. 
 

 

HAZ cladding 
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Figure 1.7 Common joint preparations used with cladded base materials. 

 

1.2.4. Overlay Type Joints 

Overlay type joints require a full weld metal chemistry at the edge of the weld. To achieve 

this condition, the number of layers of weld metal must be computed into the joint design, as 
shown in Figure 1.8 (a). Figure 1.8(b) illustrates a grooved overlay improperly prepared, 

which may result in improper chemistry in the final weld. 

 
  (a)     (b) 

Figure 1.8 (a). Reference lines or points are used to assure proper overlay build-up dimensions,  

(b) Insufficient build-up of the overlay may result in incorrect weld metal chemistry. 

 

Table 1.1 Filler materials used for joining stainless steels and dissimilar metals 
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1.2.5. Filler Materials 

The choice of filler materials for the weld joint requires analyzing the composition of the 

base materials, dilution percentages, and the final use of the joint. In many cases, a sufficient 
number of welds have been made to establish which filler materials can be used successfully. 

See Table 1.1 through 1.5 and Figure 1.9. They include stainless steel filler metals for 

welding dissimilar steels, hardfacing and surfacing, filler metals for welding clad layers, 

alloys for joining clad steels, and filler wires for surfacing applications. Preheat temperatures 

for hardfacing are shown in Table 1.6. 

 
 

  

 
Figure 1.9. Sequence of welding clad steels  

 

 

  

Table 1.2 Base material and surfacing 

   material combinations 

Table 1.3 The cladding listed in the left hand 

column maybe welded with any of the other 

Table 1.4 Filler materials used in welding clad steels 
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Table 1.6 Preheating of the base material reduces the amount of cracking in the surfacing alloy during 

the cooling period 

 
 

Table 1.5 Common filler materials used for surfacing  
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Chapter 2 

REVIEW OF WELDING PROCESSES 

 

2.1. GAS WELDING 
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2.2. ARC WELDING 
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2.2.1. Shielded Metal Arc Welding (SMAW) 
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2.2.2. Submerged Arc Welding (SAW) 
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2.2.3. Tungsten Inert Gas (TIG) 
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2.2.4. Metal Inert Gas (MIG) 
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2.2.5. Metal Active Gas (MAG) 
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2.2.6. Atomic Hydrogen Welding 
 

 
 

2.3. RESISTANCE WELDING 

2.3.1. Electroslag Welding 
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2.3.2. Spot Welding 
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2.3.3. Projection Welding 

 
 

2.3.4. Seam Welding 

 
2.3.5. Flash Welding 
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2.3.6. Butt (upset) Welding 

 

 
 

2.3.7. Percussion Welding 
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2.3.8. High Frequency Resistance Welding 

 
 

 

2.4. SOLID PHASE WELDING 

 
 

2.4.1. Friction Welding 
 

 
 

2.4.2. High Frequency Pressure Welding 
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2.4.3. Ultrasonic Welding 
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2.4.4. Explosive Welding 
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2.5. HIGH ENERGY DENSITY WELDING 
2.5.1. Electron Beam Welding 
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2.5.2. Laser Beam Welding 
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2.5.3. Plasma Arc Welding 
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Chapter 3 

WELD QUALITY AND INSPECTION OF DISSIMILAR METALS WELD 

3.1. DEFECTS 
 

 

 

 
Fig. 3.1 Typical weld defects 

 

3.1.1. Undercut 
 

 
 

3.1.2. Cracks 

3.
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Fig. 3.2 Types of cracks in welded joints 

 

 
 

3.1.3. Porosity 

 
 

3.1.4. Slag Inclusion 

3.
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3.1.5. Lack of Fusion 

 
Fig. 3.3 Types of lack of fusion 

 

3.1.6. Lack of Penetration 

 
 

3.2. FAULTY WELD SIZE AND PROFILE 

 

3. 3.
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Fig. 3.4 Excessive reinforcement, Lack of filler metal 

 
Fig. 3.5 Desirable, acceptable, and defective fillet weld profiles 

 

 

3.3. CORROSION 

 

3.
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Fig. 3.6 Types of corrosion commonly found in metals and alloys 

 

 

 

 

3.3.1. Galvanic Corrosion 

 
Fig. 3.7 Galvanic corrosion in welded joint, Top: weld metal less noble than base metal, Bottom: weld 

metal more noble than base metal 

 

3.3.2. Crevice Corrosion 

 
 

3.3.3. Intergranular Corrosion 

3.
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3.3.4. Stress Corrosion 

 

 
 

3.3.5. Factors Affecting Corrosion Resistance of Welded Joints 
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Fig. 3.8 Types of corrosion in a welded joint 

3.4. MECHANICAL TESTING 
 

A number of mechanical properties are used to characterize welds, including strength, 

ductility, hardness, and toughness. In general, the same samples and procedures are used in 
other areas of metallurgy. However, a prominent concern regarding the mechanical 

performance of welds is the direct comparison with base material. The goal is to ensure that 

the weld is not the weakest component of a structure, or if it is, to compensate for this in the 
design. 
 

Strength. Yield and tensile strength are measured for all-weld-metal specimens using a 

standard tensile test (Ref 18), but with specimens removed from test plates welded according 

to AWS-specified procedures (Ref 19). These tests form the basis for the assignment of yield 

and ultimate strength values to welds made using a specific electrode and according to a set 

procedure. Additional tests are sometimes performed to compare the base metal and weld 

metal strengths. An example of this type of test is the transverse tensile test, in which the 

specimen is removed from the weld so that the loading axis is perpendicular to the weld bead 

and the weld reinforcement is left intact. The goal of this test is to verify that overload failure 
will occur in the base metal rather than in the weld metal or HAZ. 
 

Ductility is another critical weld property. In addition to defects, many welding processes 

can produce hard, brittle microstructures. The standard measures of ductility--percent 

reduction in area and percent elongation--are obtained in a uniaxial tensile test. Another test 

often specified for welds is a bend test (face bends, roof bends, and side bends). In this test, a 

strip of material containing a weld is deformed around a specified radius and its surface is 

3. 3. 3.

3. 3.
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examined. The criteria for success or failure are the number and size of defects seen on the 
outer surface of the bend. An example of bend test criteria is the AWS Structural Welding 

Code, which calls for bending around a 19 mm (0.75 in.) radius for materials with yield 

strengths less than or equal to 345 MPa (50 ksi), a 25 mm (1 in.) radius for 345 to 620 MPa 
(50 to 90 ksi) materials, and a 32 mm (1.25 in.) radius for materials with yield strengths 

greater than or equal to 620 MPa (90 ksi). 
 

Hardness. One common use of hardness values in weld specifications is as a check for the 

formation of microstructures that might have low ductility and toughness and thus are prone 

to cracking. For example, in pipeline steels, the formation of martensite in the HAZ is a 

cause for concern because of the potential for cracking. This is addressed by specifying 

maximum values for microhardness traverses across several sections of the weld. Hardness 

values are also used as an indicator of susceptibility to some forms of stress-corrosion 

cracking. 
 

Toughness is the ability of a material to absorb energy during fracture. There are two 

approaches to toughness testing: impact toughness testing and fracture mechanics testing. 
 

Impact Toughness Testing. To test impact toughness, a sample of specified geometry 

is subjected to an impact load, and the amount of energy absorbed during fracture is 

recorded. Usually the specimen is oriented so that the notch and expected plane of fracture 

run longitudinally through the weld metal. Charpy tests do not measure an inherent material 

property, but they result in a relative measure of impact toughness between materials. A very 

common use of the Charpy test is to determine a material's ductile-to-brittle transition 

temperature by performing tests at several different temperatures. AWS A5.1 (Ref 19) gives 

minimum Charpy impact values, at several temperatures, for welds made on carbon steel 

using a number of different electrodes. 
 

Fracture Mechanics Testing. The second type of toughness testing is based on 

fracture mechanics, and it can use either linear elastic or elastic-plastic methodologies. 
Although elastic-plastic behavior (JIc) is becoming of interest in some cases, the bulk of 

fracture mechanics testing is based on linear elastic considerations. These tests, using 

specimens and procedures given in ASTM E 399 (Ref 20), are used to measure a material's 

fracture toughness (KIc), which is a material property. In the case of welding, fracture 

toughness is usually expressed using a value for crack tip opening displacement. Fracture 

toughness testing has only recently begun gaining acceptance as applicable to welds. The 

major shortcomings of this approach include the complexity and cost of testing and the wide 

variability in fracture toughness values for weld metal, due largely to the inhomogeneous 

nature of welds and residual stress effects. 

 

3.4.1. Weld Tension Tests 

 

3.9 

3.9 

3.10 
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Fig. 3.9 Typical test specimens for evaluation of welded joint (inch) 
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Fig. 3.10 Tension test specimens (mm) 

 

3.4.2. Tension Tests for Resistance Welding 

 

 

3.11 

3.12 
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Fig. 3.11 Test specimens for tension shear of Resistance Welding 

 
Fig. 3.12 Cross-tension test of Resistance Welding 

 

 
Fig. 3.13 Test jig for cross-tension specimens 
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Fig. 3.14 Test jig for cross-tension specimens (t>4.8 mm) 

 

3.4.2. Bend Tests 

Fig. 3.15 (a) Bend tests 

3.13 

3.14 

3.14(b) 

3.15(a) 
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(b) 

Fig. 3.15 (b) Typical fixtures for free bend testing (top) and guided bend (bottom) 

 

 

3.5. METALLOGRAPHY OF WELDS 
Generally, the weld is regarded as a junction between two or more pieces of metal in 

which their surfaces have to be raised to a plastic (e.g. friction welding) or liquid state by the 

application of heat with or without added metal and with or without the application of 
pressure. Each of these processes has their own unique characteristics e.g. penetration, speed 

of welding, slag generation, heat input, properties of weld, etc. and this in turn can have a 

considerable influence on the resultant microstructural detail. Fig 3.16 shows the various 
regions of weld and the possible defects. Consequently, any study on the effects of a 

particular welding process will require careful metallurgical examination of representative 

weld samples, irrespective of whether the objective is to examine the overall integrity of the 

weld or examine the microstructure/property relationship or to identify the nature and origin 

of defects. It follows then, that the accuracy of microstructural analysis and interpretation 

will depend on the production of prepared specimens, free from any artefacts which may 

have been introduced at any stage in the preparation process. 

Two levels of metallographic inspection 

The examination of metallographic sections through welded joints is commonly carried out 
at two levels of inspection: 

Macro: Where magnifications up to 50x are employed with stereomicroscopes. Macro 

examination is commonly carried out on unmounted cross sections through welded joints 
and simply involves cutting and coarse/fine grinding techniques. The resultant finish is 

adequate for etching, followed by an examination of the macro features of the weld joint. 
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Micro: Where examination is at higher magnifications (up to 1000x) using optical 
microscopes. For micro examination techniques and hardness traverse, the provision of a 

polished, optically flat surface will be required. This involves cutting, mounting and grinding 

and polishing. One has to be aware from the outset, that artefacts can be introduced at any 
stage of the preparation process. This is particularly true of welded sections because not only 

do microstructural variations occur over relatively short distances but welds can also involve 

joints between dissimilar metals having widely different properties. 

   
Fig 3.16 the various regions of weld and the possible defects. 

 

3.5.1. Recommendations for the preparation of weld microsections.  
Cutting 

For most welder approval tests it is suggested that macro sections are cut in the transverse 
direction through weld stop/start positions. It is at these locations where any lack of skill on 

the part of the welder will result in the formation of weld defects. For weldability and other 

studies the section must be truly representative. Often, flame cutting is used as a primary 
cutting technique e.g. to remove a more manageable welded section from a larger 

fabrication. It is important in these cases that the macro/micro section is cut by an abrasive 

wet cutting process and is sectioned well away from the influence of any thermal damage 

from a primary thermal cutting operation. The introduction of any thermal damage during 

the cutting process (Fig. 3.17) must be avoided as it can alter the microstructure and 

properties in the welded joint. A thorough understanding of the preparation process is 

necessary to deal with the difficulties presented by the variations in the material properties in 

and across the welded joint, if flatness between microstructural features with different 

hardness values is to be achieved. 
 

 
  (a)     (b) 

Fig. 3.17 (a) Thermal damage on a steel weld. (b) Polished and etched transverse section shows depth 

to which thermal damage penetrates. 

 

In order that deformation from cutting is minimized and the risk of thermal damage on the 

cut surface is avoided, it is important that:  

• The correct type of abrasive cut-off wheel is selected. 

• An appropriate feed speed is used. 

• There is an adequate level of coolant supplied during cutting. 
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• The preparation method should be selected according to the material types of a 

weld and optimized to minimize the risk of relief between hard and soft phases 
in the weld, heat affected zone and parent material. 

 

Mounting 

Normally, macro sections for procedural testing are prepared unmounted because of time 

constraints, and because a finely ground finish is usually adequate for macro examination. 

If semi-automatic preparation is an option, then there are a number of specimen holders 

which will accommodate unmounted cross sections from welded joints. If mounting is 
required then there is the option of hot compression mounting or cold mounting. It is not 

uncommon, however, in weld examination to have relatively large cross sections. In this 

case, section sizes up to 120 x 60 x 45 mm can be accommodated in Struers UnoForm, 
rectangular moulds for cold mounting (Fig. 3.18.). 

 
Fig. 3.18. Rectangular mounts of various welds. 

 

Macro sections 
Traditionally, welded sections for macro examination are prepared manually on successively 

finer grades of silicon carbide paper to a 1200 grit finish. This is usually sufficient for 

hardness traverse through parent material, heat affected zone, and weld metal, as well as 

being suitable for macro etching to facilitate weld macro examination. Silicon carbide paper 

is limited in respect of its cutting life (1.0-1.5 mins) and this is exacerbated with increasing 

section size. As an alternative grinding/fine grinding media for manual preparation the 

Struers MD-Piano discs offer a number of advantages: 

• A longer cutting life. 

• A constant removal rate over a longer time period. 
• Suitable for a wide range of materials hardness (HV150-2000). 

• Less waste. 

MD-Piano discs are resin bonded diamond discs which have been developed for coarse and 
fine grinding of materials in the hardness range HV150-2000 and they are available in 

comparable grain size to SiC-Paper 80,120, 220, 600, and 1200. 

 

Micro sections 

Weld specimens can involve wide variations in material hardness across the specimen either 

because of a phase changes during welding, or because the joint incorporates dissimilar 

metals. The weld metal may contain hard precipitates or some indigenous weld defect. As a 

consequence, it is important that the preparation method should ensure that polish relief 

between microstructural features is minimal and all microstructural elements are retained. In 

this respect, semiautomatic or automatic preparation equipment is preferred as it provides a 
consistency and reproducibility of polish which facilitates accurate microstructural analysis. 

Preparation methods for the wide range of welded materials which can be experienced 

cannot be covered in this document. 
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Etching 
It is not uncommon, in shop floor production control applications, to find electrolytic 

polishing/etching being used as a method for obtaining prepared weld cross sections for 

macro examination. Here the sections are cut on an abrasive cut off machine, then after a 
single grinding stage, the specimens are electrolytically polished and etched to provide a 

section suitable for macro examination. The advantages of this technique are: 

- Its speed. 

- Its ease of operation. 

- Minimizes user contact with acidic etchants. 

- A more suitable option for a wide range of stainless steel types and other metals 
difficult to etch just chemically. 

For applications where detailed microstructural analysis is required the specimens for 

electrolytic polishing and etching should be ground to 1000 grit. 
 

Some of the more common chemical and electrolytic etching reagents for welded joints in a 

variety of materials are listed in Table 3.1 below. 

 
Table 3.1 Chemical and electrolytic etching reagents for welded joints 

Material Etchant Comment 

Carbon and 

low 

alloy steels 

100 ml ethanol (95%) or methanol (95%) 

1-5 ml nitric acid (Nital) 

 

 

100 ml distilled water 

10 g ammonium persulphate 

Good general purpose reagent; 

can be increased to 15 ml nitric 

acid for macro etching. 

 

Good macro etching 

Stainless steels 480 ml distilled water 

120 ml hydrochloric acid (32%) 

50 g iron (III) choride, 

 

100 ml distilled water 

10 g oxalic acid 

 

100 ml distilled water 

5 ml sulphuric acid (95-97%) 

Macro etching 

 

 

 

Electrolytic etching 4-6 volts for 

a few secs. 

 

Electrolytic etching 2-4 volts for 

a few secs 

Nickel alloys 100 ml distilled water 

5 ml sulphuric acid (95-97%) 

Electrolytic etching 3-6 volts for 

a few secs. 

Copper alloys 100 ml distilled water 

10 ml ammonium hydroxide (25%) with a few 

drops of aqueous hydrogen peroxide (3%) 

Use freshly made 

Aluminium 

alloys 

100 ml distilled water 

15 g sodium hydroxide 

Macro etching 

 
. 

 

3.5.2. Metallography.  
 

Macro sections 

Etched macro sections allow the identification of the boundaries of the weld metal, heat 
affected zone, fusion boundary, grain growth and the individual runs in multi-run welds. In 

addition weld defects such as cracks, pores/voids, lack of fusion, and lack of penetration can 

be identified. Fig 3.18 is given for examples of macro sections. 
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Fig 3.18 Examples of macro sections 
 

 

Micro sections 

Some of the more common metallographic tests carried out on welded joints are detailed 

below: 

Area fraction of a constituent – identification of individual phases and determination of area 

fraction by point counting, e.g. deltaferrite in austenitic stainless steel welds (Fig. 3.19). 

Grain size / grain size measurements of grain coarsened / grain refined regions in weld 
metal and heat affected zone (Fig. 3.20). 

Microstructure type / morphology / identification of microstructural transformation 

products in weld metal and heat affected zone (Fig. 3.21) 

Defect analysis / identification and characterization of indigenous weld defects (Fig. 3.22). 

 

   
Fig 3.19 Islands of delta ferrite and small area of pearlite in austenitic stainless steel weld 

Macro section of spot welded similar SUS304 and 

dissimilar SUS304-SS400 
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Hardness survey - normally a hardness / microhardness traverse across parent material heat 
affected zone and weld metal is carried out to ensure whether weld and heat affected zone 

properties are satisfactory (Fig.3.23). 

 

 
Fig 3.20 Aluminum weld showing assortment of microstructures in weld, base metal and heat affected 

zone. Etchant: 100 ml distilled water +2 ml hydrofluoric acid. Bright field, 100x. 

 

 
Fig 3.21 Heat affected zone in duplex stainless steel weld. Etched electrolytically with 40% aqueous 

sodium hydroxide solution. 200x. 

 

 
Fig 3.22 Pores in an austenitic stainless steel weld. 100x. 

 



51 

 

 
Fig 3.23 Weld with hardness indentations. 

 

3.6. NON DESTRUCTIVE TEST OF WELDS 

 
 

Table 3.1 Summary of the methods of non-destructively testing weld 

 
 

 

 

3.2 
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3.6.1. Magnetic Particle Inspection 

 

 
Fig 3.24 Longitudinal Magnetic Inspection. 

 

3.6.2. Radiographic Inspection 
 

 

 

3.24 

3.25 
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Fig 3.25 Operation of an X-ray device. 

 

3.6.3. Ultrasonic Inspection 

 Fig 3.26 Cathode ray tube and cathode tube construction. 

 

 

 

3.26 
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