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Abstract : Modern science has developed many techniques and equipment to inspect welds after they are
completed, like radiography, ultra sound, liquid penetration, and magnetic practical tests. But, visual inspection
during welding operation is still the most effective way to obtain good quality welds.

A qualified welding inspector has a responsibility to be personally present where the welding operation is conducted .
His duty is to ensure the welding operation achieves good quality welds, specifically by monitoring the following
items :
?
Welders' certificates

?
Weather condition

?
Incomplete welds

?
Weld joint preparation

?
Welding current

?
Selection of welds for radiography

?
Condition of electrodes

?
Welding machines and tools

?
Welding technique

?
Slag cleaning

All these quality-control steps can hardly be checked with any other method except with the human eye. That is the
reason that proper attention is required for visually inspecting welds during the production process. A further, important
reason for visual inspection is to save on the costs of a project by avoiding unnecessary radiography, weld repairs,
and re-radiography.
Welding inspectors are duly qualified through their experience and qualifications. They need certification by a concerned
authority to inspect welds with respect to a particular code and standard. For example, inspections of pipeline welds are
done according to API 1104 and plant inspections are done through ASME Sec. IX.
Another most important reason for visual inspection is that most of the time all joints are not selected for radiography after
completion. Thus, any joint that has not been visually inspected during welding nor selected for radiography after
completion, and has a defect, may fail during plant or pipeline operation, causing havoc. A defective weld joint cannot
withstand the stresses caused because of high pressure and high temperature fluid passing through it with a high-speed
flow. Pressure and temperature variation can cause failure of a defective joint at an early stage.

Following are the details of each item of visual inspection as listed above.
1. Welders certificate —
The first thing that an on-site weld inspector is expected to
check is whether or not the welder selected to perform
the welding has passed the required tests and carries the
relevant certification. A Welder Procedure Qualification
(WPQ) test is established with respect to the Welding
Procedure Specification (WPS) submitted by the contractor
at the time of tendering the project. All the project welders
are required to pass a welder performance test with
respect to this (WPQ). Besides the individual's name and
photograph, the type of test passed is also indicated on this
card. The thickness and diameter range of pipe a welder is
certified to weld is also mentioned.
The welding inspector can ask any welder to produce this
certificate on demand. No welder, however expert, is
allowed to perform a welding task without this card.
Welders discovered to be welding without this card not
only are to be removed from the site but the project
contractor too should be reprimanded.
2. Weld joint preparation —
Although both the fabricator and welder both know the
material to be welded and the joint to be prepared for
welding, it is also the duty of a welding inspector to doublecheck each and every joint to ascertain that it has been
prepared according to an agreed standard. In the case of a
pipe joint he should check the root gap, root lap, and the
weld angle. Also, he should check the thickness and pipe
diameter range a specific welder is supposed to weld
before welding begins.
3. Electrode condition —
The welding electrode, its size, and its physical condition is
another important aspect of visual welding inspection.
High-quality welds cannot be produced with poor
electrodes. Besides quality, the diameter of the electrode
should be inspected according to the welding procedure
qualification. Current and voltage required for welding are
also adjusted according to the diameter of an electrode.
Care must be taken that the right type of electrode is used
to weld a specific joint. Wet electrodes and electrodes with
rusted tips cannot produce good welds.
In the case of a low-hydrogen electrode, preheating of
electrodes to a certain temperature range is required
before use. Preheating of low-hydrogen electrodes is done
in specific ovens. Also, a code to specify the strength
should be clearly written on each electrode for easy
identification.
4. Welding technique —
Next is the welding technique or welding method to be
used for the movement of the electrode, especially on
pipes. A “down hand” (downhill) technique is used on
cross-country pipelines and “up hand” (uphill) technique is
used on plant piping. With the down-hand welding
technique the electrode is moved from top to bottom of
a pipe during welding, and in up-hand welding the motion
is in the reverse. It is easier for welders to weld with a
down-hand technique than with than with up-hand
technique. Care must be taken so that welders use the right
welding technique.

5. Weather conditions —
Another required factor that cannot be detected by
radiography or other weld-quality control methods, except
by visual inspection, are if the welds were made during bad
weather. Special protective measures like use of tarpaulin
covers are used to protect welds from rain, dust storms and
high-velocity wind, etc. Good quality welds cannot be
produced in bad weather conditions.
6. Welding current —
By visual inspection one can check polarity, amperage, and
voltage during welding operation. One cannot check these
parameters through any other quality control method.
Reverse polarity is used on pipe welding. In reverse polarity,
the electrode is positive and the pipe is negative Care must
be taken to ensure that the correct polarity, correct
amperage, and voltage are used for welding. A welding
inspector will have the necessary tool to check current
during welding operation.
7. Welding machines, tools —
To ensure a good job it is imperative to have good tools,
which is true also for welding. Visual welding inspection
also includes the inspection of the following tools :
?
Welding machine
?
Grinding machine
?
Welding cables
?
Welding clamps
?
Internal and external pipe clamps
?
Brushes
?
Welding helmet and glasses
The welding machine is even more important. It should be
able to produce the desired current and voltage properly.
Ampere meters are used by welding inspectors to measure
current during welding.
8. Slag cleaning —
Coating on the electrode, which saves the molten metal
from rusting during welding by producing slag cover, must
be cleaned with the help of a grinder after the completion
of each pass to achieve good quality weld. Visual
inspection helps in this regard tremendously.
9. Incomplete welds —
The welding inspector conducting welding inspection
should check that no weld is left incomplete at the end of
the day.
10. Selection for radiography —
Because the welding inspector is always present during
a welding operation, he is the best person to decide which
welds are to be radiographed (if certain percentages
of welds are to selected for radiography.) Moreover, he
can determine if a certain weld that had a defect during
radiography has been properly repaired, and
re-radiographed and cleared.

Welding Inspection Methods for the Oil & Gas Sector

Welding is a critical function in the construction of oil-and-gas industry infrastructure, and there are numerous insights
and fine points about that sector that young welding engineers and inspectors will need to learn in order to advance in
their profession.
The following methods are used mainly used to inspect welding project during the execution process and after
completion. Except for destructive and Charpy testing, all the methods described here are non-destructive testing
(NDT) methods.
?
Visual inspection

?
Liquid-penetrant testing

?
Eddy-current testing

?
Radiography

?
Destructive testing

?
Hardness testing

?
Ultrasound testing

?
Magnetic particle testing

?
Charpy V notch testing

What follows here is a series of brief details about each of these methods, and their practical applications.

Visual inspection —
Visual inspection is the method involving the human eye
and some tools. It is the easiest, least expensive and most
effective welding inspection method. This technique is
used while welding is in progress in a field or a workshop.

Destructive testing —
In this test the completed weld is cut into pieces, as per the
code for face bend, root bend, side bend, and tensile tests,
etc. It's a method that is effective for locating porosity,
slag inclusion, undercutting, and like defects in a weld.

A welder certificate, joint preparation, condition of
electrode, current used, weather conditions, slag removal,
etc., can be checked effectively by visual inspection.

Magnetic particle testing —
This is a method used to detect surface and slightly
subsurface discontinuities in a weld. Electric current
is passed through the weld to form a magnetic field.
Iron particles are applied in that magnetic field. The iron
particles will build up in the defect area, isolating it and
helping to determine its cause.

Radiography —
Radiography or X-ray methods are also known as nondestructive testing (NDT), and the process is used to
examine the internal structure of a weld without destroying
the welded component. X-ray films are produced with the
help of iridium isotope producing x-rays passing through
the weld.
Excessive penetration, lack of fusion, concavity, cracks, etc.,
are inspected through radiography.
Ultrasound testing —
High-frequency sound vibrations are transmitted by
ultrasound equipment through a welded joint. The signals
that are received in return on a glass screen determine the
defect in the welded joint.
The thickness of a welded joint, cracking, lack of
penetration, and blow holes can be detected by way of the
ultrasound method.
Liquid-penetrant testing —
The method detects surface defects in a weld, such as
hairline cracks, porosity, etc. In this test, a liquid penetrant
is applied on the weld surface. Next, a developer is applied
that renders the defects visible.

Eddy-current testing —
Very small cracks are detected through this method. A
circular coil carrying an alternating current is placed near
the test specimen. The AC in the coil generates a magnetic
field that interacts with the test specimen and generates
eddy current. The presence of any flaw will cause a change
in the eddy current, and this change can be measured by a
receiver coil.
Hardness testing —
This test is carried out by striking a specific load on an
indicator placed on the weld. The size of the indentation
that is so produced can be referred to a table measuring
hardness.
Charpy V notch testing —
By this method, the toughness of a weld is measured.
It is performed by collecting a sample of the weld, cut
to a specific size, into which a V-shaped notch is carved.
Then, the sample is held in a clamp. A pendulum strikes
the notch and swings upward, and the result is a
measurement of the weld's toughness.
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