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MODULE 15

L

FUNCTIONS
OF THE
INSPECTOR

The functions, responsibilities, and accountability of the inspector
can be wide ranging. An inspector could be employed full-time by the
contractor performing the work or could be employed by an inspection
organization acting as a third party and reporting to the owner or
designer. An inspector may justinspect and monitor welding operations
or may be involved in many other aspects of inspection including

+ material inspection
*  measurement of shape
* machining inspection
* heat treating operations
* proof testing.

Theinspectortoday, however, is very oftenin the latter cate goryand
is required to participate in a variety of activities. Nevertheless, the
welding inspector, regardless of the reporting relationship or of other
duties, does have some specifically defined functions which relate to the
production of welds that meet the contracted performance criteria. In
this module we will be covering in some detail these various functions,
particularly as they relate to verification and the associated documen-
tation. The details of the technology of weld inspection are covered in
subsequent modules. '

- After successfully completing this module, you will be able to:

* Describe and check the documentation required to control the
ordering, delivery and issuing of production materials and welding
consumables '

* Verify a welding procedure specification and determine if it has
been properly qualified

1
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*  Verify the qualifications of the welder or welding operator
= List the requirements to ensure the welding operation is executed

correctly and in accordance with the approved welding procedure
specification '

* Verify that an adequate and approved inspection procedure is

available

* Verify that heat treating equipment and procedures conform to

specifications

* Prepare inspection records and reports.

Figure 1. A welding inspector checks a fabricated item against the drawing.

7.6

The inspector’s role begins well before welding starts, continues
during the welding operation, involves action after welding is com-
pleted, and is finished only when the results are properly reported
(Fig. 1). Aspart of the quality system, inspection activities are defined
in an inspection and test plan which clearly describes what is required.
The inspector is frequently responsible for producing documents that
ensure traceability of the components and related fabricating action.

2
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P

Approved
welding
procedures

Prior to welding, the inspector must be assured that the materials are
correct and that the shop has approved welding procedures and appro-
priately qualified welders (Fig. 2). Written procedures and competent
operators are important to the production of a quality welded product,
but the actual execution of the weld is also a critical point for the
inspector. Once the inspector is satisfied that all is in order for the
welding to proceed, the task becomes one of witnessing and monitorin g.
There are three basic interests at this point: ensuring that the written
procedures are being followed; ensuring that workmanship require-
ments are being followed; and, of course, watching for any physical

‘signs of nonconformance of the final product.

Corract
materials

Figure 2. The “Quality Triangle”
for welding showing three key
items that would be verified by the
welding inspector prior to

- beginning any welding.

Priorto
‘fabrication

Qualified

welders

The inspector’s responsibilities are to verify base metals and weld-
ing consumables, observe the fit-up and preparation for the weld, and
watch the welding operation itself. Once the welding is completed, a
new series of inspection tasks begins, which starts with executing an
inspection program according to an approved procedure, keeping track
of the status of examination and testing and selecting specific welds for
further NDE or mechanical testing.

Heat treatment (such as preheating, postheating and postweld heat
treatment) can be a critical parameter in a welding operation and the
inspector is often required to ensure that it has been done properly. Heat

~ treatment must be carried out followin g an approved written procedure.

The inspector must know enough about the technique, the equipment
and the reports to have confidence in the results.
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When preparation, production and inspection are over, theinspector
must collate the observations, checklists, and results into a report which
is structured to meet the needs of the client, a jurisdiction, ora code. This
report is the document of reference which could allow the tracing of a
production parameter which proves after years of service to be contrib-
uting to a failure. It allows the tracing of responsibility to a specific
supplier or contractor.

One or more interim reports might well be necessary to show
progress during a long or complicated construction project. Reports
must detail the inspection stages, parameters, and results, including
corrective action if required. It is important to recognize quality related
problems as early into a contract as possible. Interim reports and
observations are extremely valuable as they provide engineering and
production personnel with information they might not otherwise be
aware of. The inspector’s observations might highlight quality prob-
lems that could, perhaps, be remedied by desi gn or production changes
if found early enough. The inspector should remember to quantify
observations where possible. :

Interim

report
1
Quality \\/

1
Figure 3. Interim reports can be :
beneficial in alerting personnel fo H :
potential quality problems, allowing f ] f
them to be rectified early. ‘ i i | -

Start Finish
Time

Throughout this module we will emphasize the importance of
proper documentation. Reports produced by the inspector should be:

* neat and accurate
* complete and timely,

As an example take a look at the Welding Record Sheet shown in
Fig. 4. This card was used for weld monitoring and records what
actually took place when a submerged arc weld was made in a pressure
vessel. All entries are clearly legible and the card has been signed and
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Figure 4. An example of a carefully completed report recording details of a weld.
Reports should be legibly written and complete. Sketches are often useful.

dated. This card could be readily reviewed by someone else at any time
and all relevant information pertaining to that weld would be found.

To minimize additional paperwork standard formats can be used
wherever possible. Fig. 5 shows an example of a quality plan for the
manufacture of a boiler drum. The format includes standard items and
reference to existing quality documents by number. Items not required
are deleted. The letter “R” is written in to indicate that a control check
is required and the letter in the box above indicates the type of control.
Such a format is easy to prepare, is unambiguous, and easy to follow.
The formatshould be acceptable to the client and meet the requirements
of the codes, standards, or regulations. Standard check lists may be used
to identify the various documents required in the documentation pack-
age required at the end of a contract.

- As we go through some of the functions in detail—control of
materials, qualifications, welding operations, and so forth—we will
discuss them more or less in the order of fabrication; prior to welding,
during welding, and after welding.
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CONTROL OF MATERIALS

The starting point for the control of materials is the purchasing
process. Company policy usually dictates whether material is pur-
chased by requisition, local purchase order, or formal purchase order.
Typically the project engineer or superintendent raises a requisition—
probably on a standard form. This document should show enough detail
to enable the supplier to provide the right material.

For example,
* quantity and dimensions

(“three 20 foot lengths of 8 inch diameter schedule 80™)
+ material specification

(“ASTM A335 Grade P22 Stainless Steel Tubing™)
* any special requirements

~ (heat-treating, QA requirements, inspection - prior to dehvery)

* requirements to supply mill test certificates. :

The requisition typically is routed to stores or a central purchasmg
department where the information is transferred to a formal purchase

. arder (perhaps a “local purchase order’” for small items or quantities).

An example is shown in Fig. 6 although purchase orders can take many
forms. Many Quality Assurance systems require that a copy of the
requisition and purchase order go to the i inspection department at the
time the orderis placed. The inspector should review these to ensure that
what is being purchased is in accordance with specified requirements,

The inspector might be required to review documentation related to
base materials including metallurgy (mill specification), proposed
manufacturing plan, heat treatment history, and inspection history.
Remember that the common CSA and ASTM steel specifications also
call up general requirements. For example, steels meeting any of the

- CAN/CSA-G40.21-M87 series must also meet the general require-
" ments on CAN/CSA-G40.20-M87. The latter includes such rcquxre-

ments as dimensional tolerances, marking, repairs, and so forth.

In construction, manufacturing and repairs, the responsibility of the
constructor, manufacturer or owner is usually to meet the requirements
of a code of practice which relates to the performance requirements of
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Figure 6. Typical purchase order.
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the end product once in service. For materials, these requirements might
include, for example, a specific alloy content for corrosion resistance,
for notch toughness, or for sirength at high temperatures. '

The supplier, when requested, provides a mill test certificate which
details the chemical analysis of the material, the mechanical test results,

- and, perhaps, a history of heat treatment and inspection. Fig. 7 shows a
- typical mill test certificate (“mill sheet”). There is no standard format;

each steel mill uses its own design and conventions. Take careful note
of the position of the decimal point in the chemical analysis figures.
Sometimes these values are expressed as the weight percent multiplied
by 1000 to make it easier to read. Be careful of the units. Values should
be expressed in the units of the specification. For example, check
whether impact values are in ft 1b or joules and what the acceptance
values are. When the mill test certificates have been reviewed and found
to comply with the specifications, they should be stamped and si gnedto
signify acceptance.

Sometimes the figures reported on the mill sheet are from tests on
a sample of the material that has undergone a further weatment and

" therefore does not represent the material as-delivered. For example, a

pressure vessel steel may be normalized by the fabricator. The steel is
therefore accepted on the basis of test results on a sample that has been
normalized. But the as-delivered plate received from the mill would not
be normalized. The inspector must be aware of who is doing the heat
treatment and on what basis the material is accepted.

In another example, there have been cases where a normalized steel
was ordered and delivered in the as-rolled condition with mill test
certificate values from normalized test coupons. The mill assumed the
fabricator would normalize the steel but the fabricator assumed the mill
had done the normalizing. Special attention is required when part of the
processing is the responsibility of the fabricator.

The inspector should review similar documentation supplied with
fabricated components such as welded fittings or piping assemblies.
When fabrication has been carried out by others and a component is to
be incorporated into the structure or vessel which is the responsibility
of the inspector, there must be assurance thatitcomplies in every respect
with the contract requirements. For example, Partial Data Reports are
usually required for boiler and pressure vessel parts that have been
welded by another fabricator. Such reports must be certified by the
provincial boiler and pressure vessel inspector or other authorized
inspector in the jurisdiction where the component is fabricated.
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3.13.2  Required Documentation for Acceptance

The following certification of chemical analysis and mechanical tests are required for all piping and
components on arrival at Plant for acceptance and use in the refinery.

These requirements apply for alf piping materials requisitioned by the Company or contractors
directly supervised by the Company or any engineering consultants and their contractors or
subcontractors employed by the Company.

1. Carbon Steel Pipg

Mili Test Certificates are required for ail carbon steel pipe. This will also include carbon
steel pipe that is covered with any form of a manufacturer's applied protective coating.

2. |mpact Tested Carbon Steel Materials
Mill Test reports are required for all material requiring impact testing.
3. Carbon Steg! Fittings
Mill Test reports are not required for pressure parts such as fittings and flanges made
in accordance with an accepted standard (such as ANSI) provided such parts are marked with the
name or trademark of the manufacturer and such other markings as required by the Manufacturers
Standardization Society, Standard MSS SP-25 and the mill heat number for the material used.
Milt Test Certificates are required if the material does not comply with the condftions

outlined above or in the event that the material identification as per MSS SP-25 is not clearly
‘marked.

4 Qamgﬂﬁlem_ialms
Mill test certificates are not required for carbon steel valves.
5. I i i Fitti
Mill Test certificates are required for all alloy pipe and fittings.
6. Alloy and Stainless Steel Valves
Mill test certficates are required for all alloy and stainless steel valves.

3.13.3 ni ifi i nd Fitti

Pipe and Fittings that have no material specifications or any other markings as required by
MSS SP-25 are not acceptable and cannot be used in the refinery. This condition will continue
to apply even if the material is accompanied with certification.

Figure 8. Example from a typical “Materials Receiving and Inspection Guidelines.”

11



Funciions of the Inspecior

In Fig. 8 there is an example taken from the “Materials Receiving
and Inspection Guidelines™ of an operating plant, showing the type of
documentation needed for materials to be used in the repair of pressure
vessels.

When material is delivered several items must be verified against
the order: :

e Do the materials comply dimensionally?

+ Are the materials properly identified?

» Do the chemical and mechanical properties as detcmuned from the
mill test certificate comply with specifications?

+ Surface or edge defects resulting from material manufacturing.

-Additional tests may be required if the inspector doubts the docu-
mentation or if the documentation or material identification is incom-
plete.

The material should be inspected upon receipt to verify its condi-
tion. Items to be checked include:

. ,weathenng or transportation damage

* corrosion damage due to salt spray if the sh1pment has come by sea

* mechanical damage incurred during trans-shipment or during road
transport—dents and scrapes, for example.

, Edgse defects }
@echanica! damaga

Figure 8. Typical items o be checked in a physical inspection of material.

12
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Gases

Fluxes

Figure 10. Several types of welding consumables may be used on the
shop fioor, and their control is critical.

The control of welding materials is particularly important since
there may be many suppliers and several types in use on the shop floor
(Fig. 10). Welding materials are usually governed by code requirements
such as described in CSA or ASME codes.

4 ‘ o | Fabricators certified under CSA W47.1-1983 must use certified
I - electrodes and consumables when this standard applies (Clause 8.2.2).
Electrodes are certified by the Canadian Welding Bureau (CWB)toone
of the CSA W48 Series Standards shown in Table 1. If there is a specific
reason to use a noncertified consumable, W47 does provide a mecha-
nism for qualifying the procedure. Similarly CSA W59-1989 requires
that welding consumables conform to the requirements of the applicable
W48 Series Standard. The inspector should verify that the consumables
to be used are certified. The CWB publishes a yearly list of certified
consumables foreasy reference and updates and amendments are issued
as they occur. :

Table 1. CSA W48 series for electrodss.

Welding process Electrode material CSA Standard

SMAW . Carbon (mild) steel W48.1-M1291

Cr and Cr-Ni stesl W48.2-M1g92

L ow alloy steel w48.3-M1982

) GMAW Mild steel W48.4-M1980
o FCAW Mild steel W48.5-M1990
= SAW Mild steel W48.6-M1980

13
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For ASME pressure vessels constructed in accordance with the

- requirements of Section VIII for example, there is no agency to oversee

the qualification of welding consumables. However, each electrode
manufacturer musthave performed tests in accordance with the require-
ments of the pertinent ASME SFA specification and state conformance
of the product to the same standard. The inspector should verify that the
label identification on the consumables to be used includes the conform-
ances required by the welding procedure specification.

The AWS publishes a wide range of filler metal specifications
covering most types of welding consumables which provides a compre-
hensive system for electrode classification. These specifications may
contain both mandatory provisions such as chemical and mechanical
properties, manufacture, and testing as well as nonmandatory provi-
sions which provide more information for the user. AWS also publishes
the following documents to aid users with the purchase of filler metals:

*  AWS A5.10, Filler Metal Procurement Guidelines provides meth-
ods for identification of filler metal components, classification of
lots of filler metals, and specification of the testing schedule in
procurement documents. :

» The Filler Metal Comparison Charts, provide lists of manufactur-
ers that supply filler metals in accordance with the various AWS
specifications and the brand names. Conversely, the AWS specifi-
cation, classification, and manufacturer of a filler metal can be
determined from the brand name.

ANSThas approved most AWS filler metal specifications as Ameri-
can National Standards and they have also been adopted by ASME.
ASME in Section IX of the Boiler and Pressure Vessel Code groups
electrodes according to an F number. Table 2 shows the F number
classification and the corresponding ASME specification number and
AWS classification number. When ASME adopts an AWS filler metal
specification, either in its entirety or with revisions, it adds the letters
“SF” to the AWS alphanumeric designation. Thus, ASME SFA-5.4
specification would be similar, if not identical, to the AWS A5.4
specification.

14
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Table 2. F Number classification for electrodes (ASME).

QW-432
F-NUMBERS
Grouping of electrodes and Welding Reds for Qualification

aw F-No, ASME Specification No. AWS Classification No.

Steel and Steal Alloys

4321 1 SFA-5.1 &55 EXX 20, EXX 24, EXX 27, EXX 28
2 SFA-51&55 EXX 12, EXX 13, EXX 14
3 SFA-5.1 &55 EXX 10, EXX 11
4 SFA-51 &55 EXX 15, EXX 16, EXX 18, EXX 48
4 SFA-5.4 other than austenitic EXX 15, EXX 16
5 SFA-5.4 (austenitic) EXX 15, EXX 16
& SFA-52 RX
6 SFA-5.17 FXX-EXX
& SFA-59 ER/XX
& SFA-5.18 ERXXS-X
6 SFA-5.20 EXXT-X
§ SFA-5.22 EXXXT-X
6 SFA-5.28 : FXX-EXXX-X, FXX-ECX00X, and
FXCCEXXX-XN, FXX-ECXXX-XN
& SFA-5.25 FESXX-EXXXXX-EW
§ SFA-5.26 EGXXTXXX
~ & SFA-5.28 ER-XXX-X AND E-XXX-X
b . - - 6 SFA528 _ ‘ EXXTX-X
oL o 8 SFAS30 | TN XXX

The supplier should provide documentation such as a label on the
package which shows that the materials meet the code requirements,
classification and certification status. Typical labels from packages of
welding materials are shown in Fig. 11.

[T e g ST o)
E Produit Global Electredes Inc. Product ;
! 3LOBAL i Figure 11. Typical part of a label on an
{ i electrode package. Note the list of
| ; ! ‘ conformances and certifications.
N - i )
: Made in Canadz  Fabtiqué au Canada :
! i
I 70089 ;
I I
{ E7018 - E48018 ~—— ciocrode ype
i ’ 32mm - .18 ---L-— Size
i b
= 20kg .- 441b --{—- Weight of electrodas
g CONFORMANCES: AWS A 5.1 CLASS 37019--:— Conformances and
ASME SFA 5.1 CLASE E7018 / npr .
i ASME SEC IX GR.F4 ANAL: A-1 ; certifications
I cerrirications: cwe - csa wes.1-M | )
: LLOYDS GR.3/3YH; ABS GR. 3% 3¥ I
I
D ———
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Figure 12. Typical holding oven for the storage
of basic electrodes. Note that the maximum
temperature at which these ovens operate, while
suitable for holding (120°C minimum), may not
be high enough for rebaking electrodes (370 -
430°C). If rebaking is confemplated, suitable

ovens must be available.

Inaddition to this the packaging should be checked to ensure that the
packages are intact and there is no damage from dropping or tearing.
Some standards require damaged containers to be treated in a certain
manner. CSA W59-1989, for example, requires that basic electrodes
delivered in containers that show evidence of damage must be recondi-

tioned by baking.

The inspector should check that the fabricator’s storage and han-
dling procedures comply with the applicable codes. Holding ovens must
be available for basic electrodes to ensure they are dry and retain their
low hydrogen properties (Fig. 12). There should be a procedure to
control the issuing of electrodes to welders so that the wrong electrodes
cannot be used in error.

The inspector should check on a regular basis that the holding
ovens are operating properly and set at the correct temperature. A

* temperature indicating crayon is a useful tool for this. Electrode ovens

should be clearly identified as to their contents and electrodes of
different classifications should not be indiscriminately mixed together.
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VERIFICATION OF WELDING
PROCEDURES |

Fabrication and construction codes require that welding be carried

out in accordance with written procedures, and most go on to formalize

this requirement by specifying the content and recommending the
format of such procedures.

Codes might also require that the “Welding Procedure Specifica-
tions” be approved by some appropriate body such as the “jurisdiction”
or the Canadian Welding Bureau. The Ontario Boilers and Pressure
Vessels Act, for example, requires approval “by the chief inspector.”

The ASME Boiler Code (Section IX) requires that the fabricator has
Welding Procedure Specifications (WPS) and Procedure Qualification
Tc_-,st Reports (PQR):

Qw-200 General

QW—ZdD.‘I Each manufacturer and contractor shall
prepare written Welding Procedure Specifications which are
defined as follows.

(a) Welding Procedure Specification (WPS). AWPS is a
written qualified welding procedure prepared to provide direction for
making production welds to Code requirements. The WPS or other
documents [See (e) below] may be used to provide direction to the
welder or welding operator 1o assure compliance with the Code
requirements. ‘
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CSA Standard W47.1 requires WPS’s approved by the Canadian
Welding Bureau: '

7.3 Welding Procedure Specifications

7.31

The fabricator shali prepare welding procedure specifications
dutlining the general welding procedure to be followed in the
construction of weldmenis built in accordance with ahy governing
design or manufacturing standard, or beth. Each such specifica-
tion shall include and define numerically where applicable all the
variables listed as essential variables in Clause 8.2. A suggested
fbrm showing the typical information to be included in the welding
procedures specification is given in Appendix A.

7.3.2

“Allwelding procedure specifications shall be submitted to the
Bureau for approval and when stamped as approved shall be
registered with the Bureau.

733

Welding procedure specifications shall be designated primarily
for use by shop and field supervisory personnet although on
occasion they may be referred to by inspection and engineering
personnel.

CSA W47.1 recommendations for the content of a WPS are shown
in Fig. 13 on the following pages.
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Figure 13. Suggested form of a welding procedure specification according to CSA W47.1.

g
‘ﬁ T
{ Y

Appendix A
Welding Procedure Specification
Suggested General Form

Note: This Appendix is not a mandatory part of this Standard.

For........(Process)............Welding
Welding Procedure
Specification No.........
Date...oviivncrrnnnncn.
Scope ,
This welding procedure specification covers welding and related operations in accordance
With......cvenrnnenen {insert appropriate CSA Standard number and/or other code dasignation}.

" Achange in any of the essential variables contained in succeeding paragraphs or detailed on an

applicable welding procedure data sheet will require a new welding procedure specuflcat;on and/

~or a new data sheet.

Welding Procedure

The welding shall be done......o.ceceeeeenrnnnns {insert manually, semi-automatically, automatically,
or other) uUsiNg A....eveeeecceueeee (describe process, such as SAW, GMAW, etc., process.

The joints shallbe made by..........ccvueue.e. (insert single pass, muitipass, both sides, or from one
side onlY..cceveerreenecienns describe).

Base Metal ,

The base metal conform to the specifications for................. (insert appropriate CSA material

standard, other code designations, or chemical analysis and physical properties).

Base Metal Thickness
Base metal thicknesses from.................inch{es) to................... inch(es) inclusive may be welded
under this specification.

Filler Metal
Thefiller metal shall conformto specifications for..................... {insert appropriate CSA standard,
other code designatior, chemical composition, or proprietary designation).

18
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Figure 13. cont.

Flux :
The flux shall conform to specifications for........... (insert appropriate CSA standard, other code
designation, chemical composition, or proprietary designation).

Shielding Gas .
The shielding gas shall conform to the following nominal composition................... (insert the gas or
gases by proportional paris). -

Position
The welding shall be done inthe.................. position (insert classification in accordance with Clause
8.4.1).

Preheat
Description of the temperature of preheat, before welding, the control of temperature during welding,
and the rate of temperature change.

Heat Treatment : o ‘ S . ‘
Description of the heat treatment before .or after welding that will include temperature, rate of
temperature change, times of heating or holding, eic.

Siress Relieving E
Description of siress relieving if not already included in the heat ireatment.

Electrical Characteristics -

Descriptionof the type of welding current {AC or DC), voltage characteristic {CV or drooping), polarity
.(RP or SP), electrical stickout (if important for process) and the range of amperages and voltages

recommended for the process and electrode diameters covered by the specification.

Welding Technique _

Description of limiting factors of the welding technique such as the maximum tolerances on voltage
and amperage, thickness of weld deposit layers for appropriate position, arc manipulation, maximum
width of weave, etc. (Note: This could be considered as a part of Welding Procedure paragraph.)

20
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Figure 13. cont.

Preparation of Base Material _

The edgesorsurfaces of the parts tobe joined bywelding shallbepreparedby........ccocvan...... (state
whether sheared, ground, machined, gas-cut, etc.) and shall be cleaned of all oil or grease and
excessive amounts of scale or rust.

| Quality

Cracks or blow holes that appear on the surface of any pass shall be removed before depositing
the next covering pass.

Undercutting shall be minimized by selecting the most suitable process and procedure, and
applying the correct technique.

Weld Metal Cleaning

Slag or flux remaining after a pass, particularly in manual welding or in narrow grooves, shall be
removed before applying the next covering pass.

- Treatment of Underside of Welding Groove

Prior to depositing weld metal on the back side of a welded joint, the root shali be gouged, ground,
or chipped to sound metal, unless otherwise specified on the applicable data sheet.

Data Steets
The attached data sheets form part of this specification.
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A typical WPS to ASME Section IX recommendations is shown in
Fig. 14 below. !

Figure 14. Typical welding procedure specification for ASME work.
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@ Elsctrical Characiscietics snd Techniqua/Caractéristiques dleciriquas ef technlques  w.aos) - {ow.410}
v Filler Moat C Conorx .
et S Process T o apoact Coutant St v
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1 SMAW - E6010 1/8 Tas. 120 24 & "/min

2 SHAW E70IB 3732 Pos, 95 . 22 2-3 "/min

Tungsien Eiacirode §hn ] I’Tvtu
i ]

ol type o N/A
Mode of Metal Transier kit GMAW
Mode de translen du méisi pour GMAW N/A
) Weave Bead
Cordon aroi o cecsiant E6010 Root-String, E7018 Fill-Weeve

Mrlhod of Hack Gouging
Procdad de gougeage artidre MONE

lestial et Inlnepans Claaning (Deuishing, Grinding, ain 3
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Dscittation Widih Frequency
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Certact Tube 1o Wik Distance
Distance e tudra st pibes NJA
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Passa urique ou mukiple (par cofMultiple

Mulliple qe Single Eleciivdia
inctrodn unigue ou muliple Single

Elecirota Wire feed speed range
Gammn de vitexse o alimentation de Fétectade W/A

b
Ausire

@ X Supplemantsry C tonis/ Aulres falres

Registeation of s Welding Procedure (Specifi-
calion plus Qualificalion Record) is required nur-
suanl lo the pravisions of Sertion J6{1} of lhe
‘Buoilers and Pressure Vessels Act of Ontario,

The Registralion beromes invalid whan Ay essen.
tal varlable changes, or any 1aquiteed ol tha
ASME Code Section IX, affacting this procedure. is
allered.

Ministry of
Consumer and
Commercial
Onlario  Relations

L'enragisirement de cette méthode de soudage
(description et rdsulial) esl exigé par la section 36{ 1)
de fa lol sur les chaudigres of appareils pression
de Onlario.

LUenragistremenl devient nul quand un élément
variable eagsentiel change ou si une des sondilions
de lasection 1X du code de VASME concernant calle
méthode ast modifice.

Ministare de [a
Consommation
et da

Ontario  Commerce

In verifying that the welding procedure specifications are appropri-
ate to the code and the type of work contemplated the welding inspector
should be aware of the type of material, the application, and any special
limitations that the customer may have put on the welding process and
variables. ' '
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After establishing that appropriate welding procedure specifica-
tions exist, the inspector must verify that they have been properly
qualified and approved. The method of qualification varies with the
type of work and governing code. In some cases new tests are required.
In other cases the results of previous tests can be used, and in most
structural fabrication “prequalified” procedures can be used without the
need for further testing. But whether or not testing is needed an

- approved written welding procedure specification is always required.

Letus first consider structural fabrication by a company certified to
CSA W47.1 and welding to CSA W59-(M)1989. If the joint prepara-
tions selected follow those of Clause 10 of W59 and if the procedural
restrictions of Clauses 5 and 10 of W59 are followed then the welding
procedure is considered prequalified (Fig. 15). It must still be submitted
to the Canadian Welding Bureau (CWB) for approval but testing is not
required. At present prequalification in CSAWS9-(M)1989 is only
applicable for SMAW, SAW, and FCAW.

S

Figure 16. Procedures that do
not comply with conditions for
prequalification can be qualified
by performing mechanical tests
on a procedure qualification
test weld (CSA W47.1).

- If the procedure does not comply with the conditions for
prequalification, or if there are additional requirements such as charpy
impact properties then the procedure must be qualified by testing .
(Fig. 16). The results of tests are presented in a Procedure Qualification
Test Report (PQR). Details for testing are given in W47.1. There are
thus two main routes for qualifying procedures to W47.1 (Fig. 17). For
actual production welding procedural information is given in the
: Welding Procedure Specification (WPS) and Welding Procedure Data
S Sheets (WPDS).
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Prbcedure Test
Wiritten welding
Welding . Two methods procedure:
conditions of support « WPS
+ WPDS

Prequalified joints
plus procedural
requirements

Requires CWB approval

Figure 17. Summary of routss for welding procedure qualitication following CSA W47.1-1983.

For work being done to ASME there is no system of prequalified
procedures as such, but the results of qualification tests for previous jobs
can be used. Fabricators, therefore, usually build up a file of approved
PQRs that can be called upon as required.

The WPS properly supported by a PQR must be submitted to the
appropriate jurisdiction for approval. For pressure vessels built to
'ASME in Canada this is a provincial governmentdepartment such as the
Ministry of Labour or, as in Ontario, the Ministry of Consumer and
Commercial Relations (MCCR). A typical PQR re gistered with MCCR
{Ontario) is shown in Fig. 18.

One of the most important features of the PQR is the range of
conditions over which the qualification is valid. For example, under
ASME, materials are grouped into “P” numbers, A qualification for one
material in a particular “P” group is valid for any other material in that
group. Similarly, tests on one thickness of material will be valid for a
range of thicknesses (usually 3/16 in. to twice the thickness of the test

coupon).

Parameters which are considered to have a significant effect on the
properties of the resulting weld when varied outside a given range are
termed essential variables. The essential variables and their allowable
ranges are given in the standards. ASME also uses the term supplemen-

tary essential variables for those that are considered to affect the notch
toughness of the weld. In addition ASME requires nonessential
variables to be listed on the WPS although a change in them is not
considered to affect the mechanical properties of the weld and does not
require requalification.
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Figure 18. Typical Procedure Qualification Test Report to ASME Section IX.
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When welds are to be stress relieved, th
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times to be experienced by the
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When procedures must be qualified by testing the inspector may
play a role in monitoring the tests. The contract may require that the
inspector witmess the welding, preparation of test coupons and me-
chanical or NDT testing of specimens. One function might be to attest
to the origin and control of the specimens.

¢ heat treatment period that
ce for all the heat treatment
product including those that may arise
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VERIFICATION OF PERSONNEL
QUALIFICATIONS

One of the most important tasks of the inspector is verification that
the welding operators, welders, and the tackers are appropriately
qualified for the work at hand. Welding personnel are qualified by
undertaking welder performance tests as required by the relevant code.
Evidence of qualification is in the form of an identification card
(“ticket”) which shows the classification, process, position, etc., for
which the individual is qualified. An example of the CWB welder
identification card is shown in Fig. 19.

~ SAnpLE oy 40201 SAMPLE O N LY 40201
c” B CANADIAN WELDING BUREAU WELDER'S TEST RECORD

BUREAU CANADIEN DE SOUDAGE RAPPORT DE QUALIFICATION DE SOUDEUR
powesie 123 456 789 e Wh7.1 0 [RSRMERSN RLAT/HORIZ/VERT/OVER
N otrven AL Welder SHAW NANTAL

- Teees. Transferable FRotine i '

re s S | e o Tl
gponzmoy  FAB COMPANY peoss ALY, THICKNESSES OVER 1/8-in

o N/A
seowe Ol /12 /88 gemmonors 03/17/90

is/12/88 B foeree J N>

CWB SIGNATURE ¥ HOLBERS SIGNATURE
SHENATURE DE CWE SIGNATURE DE DETENTELR !

Figure 19. Welder identification card (CSA W47.1-1983).

The CWB issues cards according to the requirements of CSA W47.1
(steel} and W47.2 (aluminum). Qualification is governed by:

+ classification

*  PTOCESS |
-« mode of process application
* position.

Twoclassifications are used: T for complete penetration welding of
hollow sections from one side without backing (e.g., a pipe weld), and
S for welding of plate, and rolled or hollow sections either from both
sides or from one side with backing (Fig. 20).
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T classification

Hollow sections welded

from one side without

backing.

Ko ws DirraRed s
‘ -BEWE&‘M..;_C.MS!&S,

S classification

Plates and rolfed or
hollow sections
welded either from
both sides or from

one sids with backing.

Single Vee
with backing

/’ Double Vee
back gouged

Single Vee o
- back gouged : o -

Figure 20. Classification of welders according to CSA W47.1-1983.

The valid positions of welding are determined by the class (Fig.21):

* Class F: flat position and fillet welds in the horizontal position
* Class H: flat and horizontal position

» Class V: flat, horizontal, and vertical positions

*  Class O: flat, horizontal, vertical, and overhead positions,

Theclass and the classification letters are used to gether to denote the
qualification of the welder, e.g., FS. Qualification for “T” classific ation
also qualifies for “S™ in the same process, position, and mode, and “S”
qualification is not a prerequisite for “T” classification.

For the purposes of performance qualification, electrodes are grouped
such that a welder qualified with one electrode in a group is qualified to
weld with other electrodes in the group and possibly with other groups
(see Table 3). The grouping is intended to reflect the difficulty of
handling the various electrodes.
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Test plates required
Position Classes {,& r% Eﬁ] $
\ \\ —
Class F V
ClassH - v V
Class V v v v
Class O v \/ v | +

Figure 21. Position classes for welder qualification according to CSA W47.1-1983.

Table 3. Group designation of electrodes (CSA W47.1-1983).

Group
designation Electrode classification
F4 EXXX15 EXXX16 EXXX18
F3 EXXX00 EXXX10 EXXX11
F2 EXXX12 EXXX13 EXXX14
F1 EXXX22 EXXX24 EXXX28

EXXX27

F4 gqualifies F4, F3, F2,and F1
F3 qualifies F3, F2, and F1

F2 qualifies F2, and F1
F1 qualifies F1
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The CWB standard qualification is transferrable among certified
employers so welders retain their qualifications if they move to another
certified employer. Identification cards have expiry dates and the
inspector must verify that cards are current for the job in hand. It may
be necessary to call for requalification of the welders and operators.
Normally the CWB qualification is valid for two years. If the CWB
qualification is based on an ASME qualification, for example, then the

CWB ticket is only valid until the expiry of the ASME ticket. Fig. 22 -

shows an Ontario (MCCR) ticket for pressure vessel (ASME) work.

For other codes and jurisdictions the requirements for qualification
of welders may be different and the specific codes should be studied for
details. In some types of construction welder qualification is not
required to be approved by the CWB or other jurisdiction but s directly
approved by the company owning or operatin g the installation, Under
these circumstances the welding inspector employed on behalf of the
owner may be required to supervise the conduct of performance
qualification tests as specified in the appropriate code.

Depending on the conditions of the qualification tests there are

- limitations on the position, type of weld, and thickness range qualified.

Table 4 provides a summary of the ASME Section IX requirements.

: IDENTIFICATION OF WELDER . Ministry of Technical  Prassura
. Pursuant to the Boilers & Pressure Vessals Act 6 Consumer and Standerds  Vassels

Oarlo

Expiry Date.‘-/;M é_'?; S.LN. 51;?5—'8‘3‘3 - ?‘23 Process _G«/M. ﬁw : ::;;e% "

== Commercial Relations Division Branch
Ontario

/

. 4 ot e é

P AW LA Fiter Rod F. NO Ao,/ P. No,
Welder M Syrabol 3 G

Has passed the welding test required under saction.38 of the Boilers and .| Paositions: Progression:

Pressure Vessels Act, and is hereby authorized to weld for.

FABLLEATT

C ! / 9 Thickniess | ange Qualified ins. to ins.

éubject to the limitations on this certificate

09397 {Rev, 5-77)

Min. Dismster Cualiffed— ____lng, .-

1Ty o Ve
%zﬁ&f’:g Signature of Weider /é{ A?thﬁﬁze%ﬁminer

CHSF .nspestor -|

Figure 22. Welder qualification card for pressure vessel
(ASME) application issued by the MCCR (Ontario).
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WELDING INSPECTION TASKS

Prior to fabrication much of the inspector’s job, as defined in the
inspection and testing plan, is confined to examining the paperwork,
verifying that procedures and qualifications are in place. When fabrica-
tion begins the job changes to one of observing and checking to ensure
that things are done according to the documented procedures. Before
welding starts duties may include checking of equipment, materials,
. and consumables to ensure they are as specified in the WPS. In addition
to welding equipment this might include other equipment required
during fabrication. For example, if welding with basic electrodes to
W59 suitable electrode holding ovens must be available and operating
at the correct temperature.

After preparation of the material but before welding starts, the weld
preparations must be checked to ensure they comply with the require-
ments. In verifying the weld preparation and fit-up dimensions it is
important to note the difference between the workmanship tolerances
and the range of values for which the welding procedure is valid. For
example, a prequalified joint from W59 Clause 10 may be valid for all
greove angles down to some minimum value. If this minimum value
were specified in the procedure it would still be subject to the -5°
workmanship tolerance given in Clause 5.4.5 of W359. The measure-
ment of these dimensions is discussed in detail in Module 16,

In addition to the dimensions of the Jjoint, the condition of the edge
preparation and cleanliness of the material must be checked. The
requirements for these are normally given in the governing standard
(e.g., CSA W59-1989) or the contract specification. For example, the
quality of a flame cut edge is specified in W59. This same standard also
requiresthat surfaces to be welded be free of scale, slag, looserust, paint,
grease, and so forth. Some typical items that require checking prior to

welding are shown in Fig. 23,
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Quality of flame |}
cui edge

}3

Root face

Figure 23. Typical items that require checking prior to welding.

L]

When welding commences many of the items previously checked

by the inspector must be verified again during welding. For example,
although the inspector will have checked that qualified welders were
available for the job, it must also be verified that they were actually used
for welding. Again at this stage the inspector’s task involves direct
‘abservation of the welding operations. Some of the items that the
inspection and test plan might require the inspector to check are:

Ensure that only the approved Welding Procedure Spec1ﬁcat10ns
are used

‘Review welder, welding operator and tacker qualifications to en-
sure that they are current and appropriate to the task and the
specification

Check that welders only weld for the process, consumable, position,
and other conditions for which they are qualified

Verify that only compatible materials are used and that they con-
form to the welding procedure specification

Verify that the welding parameters conform to the approved Weld-
ing Procedure Specification

Ensure that the welding consumables have been properly stored,
that they are in good condition and that they are being properly
handled by the welders

Ensure that clamping and fit-up has been done in accordance with
good practice-

Ensure that tack welds have been suitably prepared for inclusion in
the final weld

Monitor the method of application and the measurement of preheat
if required by the welding procedure specification.

,
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Although checking the welds after completion is traditionally
thought of as the main role in “weld inspection,” this module has
emphasized the continuous monitoring of all steps that affect the ability

. of the welds to meet the specified requirements. This starts well before
production begins and runs through until after fabrication is complete.
Nevertheless, the same systematic approach is required for operations
after completion of the welds, including weld inspection.

- Oneofthefirstitems is to check that afl the required welds have been
made. This duty requires the inspector to be able to read drawings and
interpret weld symbols. Inspecting for missing welds requires some
system for recording completed welds, for example by checking them
off on a drawing.

Inspection of completed welds is carried out according to a docu-
mented inspection and test plan. An example of a written inspection and
test plan is given in Fig. 24 starting on page 37. Read through this and
note the kinds of items that are included. Remember this is just one
example and inspection procedures for other applications could look
quite different.

~ Toensure smooth implementation of the inspection plan the inspec-
tor should establish a system of tracking the status of the inspection by
marking work and by maintaining detailed records. If the construction
code calls for sampling inspection (e. g-» 10%radiography) the inspector
may have to define the sample by selecting and marking the inspection
sites (see Clause 4.1 of the example). In some jobs production welds
may need to be selected and flagged for mechanical testing. These
would usually have run-off plates added which can be removed after
welding to pryovidevthe mechanical test samples.

When nondestructive examination is specified it should be
integrated with visual inspection in the plan and not used in isolation.
Good visual inspection is often needed to complement NDE and to
assist in the interpretation of NDE results. Various NDE methods may
be specified and each has advantages in specific applications. Some of
the relative merits of NDE methods are summarized in Fig. 25.

Where nondestructive examination is called for this must be closely
monitored. Equipment must be checked to ensure that it is suitable for
the job, in good working condition, and properly calibrated. Although
not normally qualified to interpret the results of NDE, the inspector
must review the qualifications of NDE operators (radiographers, ultra-
sonic technicians, etc.) to verify they are appropriate for the product and
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Figure 24. Example of part of an inspection plan.

1.

PROCEDURE #

PECTI PROCEDURE FOR CAUSTIC PIPELINE WELDED JOINT
Reference codes:

1.1 CSAstandard Z 184 - Gas Pipeline Sysitems

1.2 ANSI, B31.3 - Chemical Plant and Petroleum Reﬁnery Piping
1.3 ASME, section V - Nondestructive Examination

1.4 ASME, section IX - Welding and Brazing Qualifications

Fabricater and Erector (Forge Shop, Pool Force or Contractor) are fully responsible for quality
of welded joints.

Prior to starting the welding operation the supervisor {foreman) shalt make the following
examination:

2.1 Check if material of pipe, flanges, pipe attachments correspond to the drawing.
22 Is preparationof the joints: bevel, root opening, electrode in accordance with specification:
“and drawing? ' ’

2.3 Arewelders quahf:ed under section X of ASME code, and do they have the knowledge
of approved welding procedure?

2.4 Welderis direcily responsible for the quality of welded joints and he has the right to report
to his supervisor any deviation from the procedure in joint preparation. Each joint shall
be marked by identification stamp. '

Welding inspector, project leader or his delegate has the right to check as perparagraphs 2.1,
2.2, 2.3 and onh a random basis during welding operation.

3.1 Visually inspect quality of joint for undercut, reinforcement etc., as per Table # 325.4.1
& 327.4.1A (attached).
3.2 Inspect visually for Root Penetration, Root Fiemforcemeni etc., at branch joints using

mirrors.
3.3 For girth joints, a minimum of one cut-out 8" wide sample on 15 joints, shall be taken at
-random for visual, metallurgical and mechanical examinations.
3.4 Any deviationfrom established norms shal be reported to welding supervisor (foreman)
and to project leader.
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Figure 24. cont.

4, After welding is finished the following inspection shall take place:

4.1 Projectleader or his delegate shall call outside specialized firm to take spot radiography
photos as per Table | in places indicated by welding inspector.

4.2 In addition to radiography, cut-out samples as per Table | shall be taken for visual,
metaliographic and mechanical test by metailography dept.

Table 1

No. of weld joints  Min. no. of spot radiog. test Min. no. of cut-out samples

To 10 3 1
11-30 4-6 2
31-100 7-10 3
101 - 11 - 4

. 5. " If resulis of final exammatlon are unsatlsfactory (do not correspond to acceptable standards
tables, eic.) project leader shall call a meeting of: design engineer, welding inspector and
fabricator to re-examine the results and to decide upon one of the following:

5.1 Conditional acceptance of the work. )
5.2 Callfor 100% radiography to indicate spots to be repaired,

6.  After acceptance of welded joints (after repair of poor joints or rewelding of parts taken for
sampling).

6.1 Postweld heat treatment of all welded joints is required as per procedure No............
6.2 Hydrostatic test to 200% of maximum operating pressure, but not less than 200 psifor
complete caustic pipeline is requrred *
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the procedures to be used. Approved written NDE procedures must be
available and followed by the operators. All NDE examination must be
properly documented in accordance with the applicable codes, stand-
ards, and specifications.

Note in Clause 5 of the inspection procedure example that there is
a procedure spelled out for dealing with nonconformances. In this case
a meeting is required to decide the disposition. The inspector must be
completely’ familiar with the conditions for conformance, i.e., the
acceptance criteria and the procedure to be followed in the event of a
nonconformance.

In summary, there must be a system for:

* reporting nonconformance, corrective and repair action

* authorizing, monitoring and inspecting Tepairs

* documenting repairs and other rectification action

* reviewing records for recurring problems and initiatin g corrective
action,

After the completion of all welding, corrections, and repairs the
inspection and test plan would typically call for the inspector to check
that all required activities have been completed such as:

*  Confirm all stated prior inspections were carried out satisfactorily
*  Confirm all necessary monitoring was carried out

* . Carry out any necessary final inspections, e. g.., finish, appearance, -

straightness

+ Confirm all mechanical testing sampling and NDE has been com-
pleted :

*  Confirm all repairs and corrections have been carried out to meet
original specifications

«  Check all nonconformances have been closed out satisfactorily -

* Confirm all specified tests required by the customer have been
carried out. ‘ '

A typical nonconformity report is shown in Figure 26.
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NONCONFORMITY REPORT (NCR)

DESCRIPTION OF NONCONFORMANCE

PROJECT TITLE JOB NO.

[OCATION SUPERVISOR NCR NO.

EQUIPMENT NO. LINE NO. JOBNO. |CRN. |OIN.
STANDARDS VIOLATED |

(state paragraph no.)

A.l. Advised of Nonconformity

QC Supervisor:

Date:

PROPOSED CORRECTIVE ACTION

PROPOSED BY:

CONCURRENCE
QC SUPERVISCR

1AL

M & C SUPERVISOR

| CORRECTIVE ACTION COMPLETE

M & C SUPERVISOR

DATE:

CORRECTIVE ACTION CHECKED

QC INSPECTOR

DATE:

NCR ACTIVITIES COMPLETE AND NCR TC DEAD FILE ‘ QC SUPERVISOR

DATE:

Figure 26. Typical nonconformity report.
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Several other operations, such as proof testing (e.g., hydrostatic
testing of a pressure vessel) and postweld heat treatment, although not
strictly welding activities, may require monitoring by the welding
inspector when specified. As with the welding operations these tasks
involve verifying that suitable procedures are available, checking the
suitability and availability of equipment, and monitorin g the execution
of the test or postweld heat treatment to ensure they are done in

~accordance with the procedure.

The most common type of postweld heat treatment is thermal stress
relief which usually involves soaking the product at a temperature of
typically 625°C for a period of time then slow cooling. Other heat
treatments, however, might be called for and the inspector should
understand completely what is specified. Because the control of tem-
perature, temperature gradients, and cooling rate are critical in postweld
heat treatments many parameters must be specified in the procedure.
The items that the inspector may be required to monitor could include:

* the number and placement of thermocouples
* area to be heated or placement of the product in the furnace
* heating and cooling rates

.+ holding temperatures and times and permissible variations :

* maximum allowable temperature difference among thermocouples
* calibration of temperature recording equipment.

Following postweld heat treatment the inspector should carefully
review the temperature records to verify compliance with requirements.
A sketch of a heat treatment chart is shown in Fig. 27 which also
explains some of the checks that typically would be made to verify
compliance. Fig. 28 shows part of an actual heat treatment chart
showing temperature records from several numbered thermocouples.
When many thermocouples are used, the charts can become quite
complex, and great care is need in reading them. Records, of course,
must be properly identified and dated so that they can be traced to the
work to which they apply.
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1/ T
During hoid time the temperature
must be within the specified range
bl
3
E
(Duraﬁon at holding temperature - soak timﬂr
l |
Time
Figure 27. Some items that might require checking on a heat treatment chart.
= — By B e e ok o e B PR
= 4% = LT e e W Lo ET_ Ty b
- ‘_5;: = = o o = - 5=
e e e e
o e e
el Figure 28. Part of a typical postweld heat treatment chart

showing data from several numbered thermocouples.
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Summary

Among many duties, the welding inspector has some specifically
defined functions related to the production of welds. These include not
- only inspection of the finished weld but verification of compliance with *
specified requirements at each stage of the process. In this module we
have discussed many of these functions and related tasks, although an
inspector may not be required to carry out all of them.

In discussing the functions and tasks we have emphasized the
importance of good reporting and documentation. We discuss the
documentation associated with the purchase and delivery of materials
and indicate some of the items that an inspector may be required to
check. We cover the important topic of certification of welding
consumables.

Welding must be carried out in accordance with a formal procedure -
which must be documented. The methods of qualifying and approving
these procedures under various codes are discussed. Similarly, we cover
qualification of welders and welding operators. We mention some
typical tasks during welding operations from checking joint fit-up and
preparation, checking that welding parameters are in accordance with
the procedure, to inspection of a completed weld. It is emphasized that
specific tasks would be listed in a formal inspection and test plan.
Following welding, there may be further activities that the welding
inspector is involved in such as postweld heat treatment and proof

_ testing.

The specific functions and duties of an inspector should be
planned and documented and they would depend on the particular
industry and product. This module has provided an introduction to
examples of what these might be.
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GUIDES AND EXERCISES
MODULE 15

FUNCTIONS OF THE INSPECTOR
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FUNCTIONS OF THE INSPECTOR

'MODULE 15

Guides & Exercises

To obtain maximum benefit from this modute we suggest that you follow this guide and complete the exercises
asindicated. ltisimportant that you work through the text methodically, studying each sectionthoroughly before
moving on. The exercises are designed to give you an indication of whether you have learned the material and
can move on or whether you need to go back and study the section again,

Do the exercises honestly. They will not help you unless you take them seriously. If you get a question wrong
go back through the text until you understand where you have gone wrong and know the correct answer,

‘The Iéngth of time required to comblete the modﬁle will vary from student to student. Find your.own pace. Do
- not rush. Remember you are trying to leam something, not win a race. ' : :

Some people like to underiine sections when they read a text. We suggest that you use caution if you do this.
What you think is important first time you read it may be different after reading it three times. We suggest you
read a section three times thoroughly before highlighting anything.

The last exercise Is designed to give you an indication of whether you are ready to take the WIC closed-book
.exams. The exercise questions are of a similar standard to the official exams. Do not take the exam until you
feel you are ready and you may wish to study several Modules before taking the exams on each. The details
of the examination procedures are on a separate sheet.

if you have any difficulties with this Module do not hesitate to ask for help. You may find you learn more by

atiending seminars which are given periodically, and you should also contact your local WIC Chapter to see if
they can be of assistance. Remember, if you fail the examination you can always try again later.
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Aiter working through eabh guide, check your answers (on page 51) for accuracy. if any of
your answers are wrong, restudy the guide subject matter in the text until you understand it
betore moving on to the next guide.

Guide 1
Read carefully pages 1 to 6 and answer the foIloWing questions:

1. True orfalse?

“The inspecter’s role begins immediately after welding with visual inspection of the
completed weld.” :

2. What three key items form the “Quality Triangle for Welding” and are required prior to
fabrication? '

3. What benefit may interim reports have?
a) No benefii, they are just more paperwork
b)  They avoid the need for a final report
¢)  They can alert people to potential quality problems allowing them 1o be rectified
early. o .

4.  According to the welding record sheet example shown in Fig. 4, was the same batch of
SAW wire used for welding both sides of the joint?

5. According to the quality plan example given in Fig. 5, do welding procedures require the
client's approval?
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Guide 2

Read carefully pages 7 to 16 and answer the following questions: .

1. For steels meeting CAN/CSA-G40.21-M87 the general requirements are covered by
CAN/CSA-G40.20-M87. Which of the following are general requirements?

a)  chemical composition
b}  dimensional tolerances
¢} marking
d) tensile strength

2. Referio the mill test certificate shown in Fig. 7. If the minimum average CVN (impact
test) specified had been 50 ft Ib instead of 35 fi Ib, would the steel have still met the
requirements?

3.  Tre orfalse?

“The samples used for mechanical testing reported on a mill sheet are taken directly from
the plate and therefore always represent the condition of the plate as-delivered.”

4. Which organization certifies welding consumabies to the CSA W48 series standards?
5. How could you check whether an electrode was certified to the GSA W48 standard?

6. Why must holding ovens be available when using basic electrodes?

Guide 3

Read carefully pages 17 to 28 and answer the following questions:
1. What do the letters WPS stand for?
2.  Forcompanies certified to CSA W47.1, who must approve the WPS's?

3. Inthe suggested form of a WPS in CSA W47.1, does the method of joint preparation
have to be specified?
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4.  Tre orfalse?
“Cne advantage of using prequalified joints is that a written welding proéedure is hot
required.” , :
5. Whatis a PQR?
True or false?
“An essentiat variable is one for which any change outside a épeciﬁed range requires
requalification of the procedure.”
Guide 4

Read carefully pages 29 to 33 and answer the following questions:

1.

2.

How would you check that a welder is qualified under CSA W47.17

In what positions is a class V welder permitted to weld under CSA W47.1?

~ What are the classifications for welders under CSA W47.17

True or false?
“A CWB weider qualification is good for life.”
Is a CWB welder qualification normally transferable among employers?

According to the example of a welder qualification card shown in Fig. 22, is this welder
qualified to make horizontal groove welds in 1 in. thick plate?
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Guide 5

Read carefully pages 34 o 44 and answer the following questions:

1.

If you are checking a joint preparation act:ording to CSA W53-M1388, are you allowed to
consider the workmanship tolerances?

True or false?

“When checking a joint before welding, the quality of the flame-cut edge is not important
since the edge is all melted in when welded.”

True or false?
“If ultrasonic examination is specified there is no need for a visual inspection.”

According to the inspection procedure example shown on pages 37 and 38, what is the
next step in the event that radiographs fail to meet the acceptance standard?

According to the same example, is the welding inspector permitted to do random spot
checks of the electrode type being used during welding?

List at least three items that might need to be checked during a postweld heat treatment.
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Guide 1

Guide 2

APl Sl

@

Guide 3

Guide 4

SR R A

Guide 5

Hwh

o o

AN

oA w@D -

ANSWERS

False

Correct materials, approved welding procedures, and qualified welders

<)
Yes
Yes

b} and ¢)

Yes

Failse

Canadian Welding Bureau (CWB)

It is marked on the package label and the CWB issues a list of centified

consumables
To keep them dry and retain their low hydrogen properties

Welding Procedure Specification

CwWB o

Yes

False

Procedure Qualification Test Report
True

Qualified welders are issued with identification cards (tickets)
Flat, horizontal, and vertical

SandT

False

Yes

No

Yes

False, CSA W59-M1989 specifies edge quality

False

Project leader fo call a meeting of the design engineer, welding i
fabricator

Yes

Six items are mentioned on page 42
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MODULE 15

TEST

This test is designed to determine whether you are ready to attempt the formal examination.

Complete the ANSWER SHEET and compare the results with the TEST KEY. [f you score

less than 70% we suggest you restudy the material.

1. Which of the following best describes the role of the welding inspector?

a)

b)

c)
d)

&)

the welding inspector's role is strictly to perform visual inspection of the
completed weld

the welding inspector’s role begins well before welding staris, continues during
and after the welding operation, and is finished only when results are properly
reported ‘

the welding inspector's role is primarily one of checking the qualification of
welders

the welding inspector’s role is mainly to check during welding that the
procedure is followed

- the welding inspector's role is mainly using NDE methods to inspect completed
welds S o ' : ‘

2. Which of the following is specified in the “General Requirements” (CAN/CSA-G40.20-
M87) rather than in the standard “Structural Quality Steels” (CAN/CSA-G40.21-M87)?

a)
b)
0)
d)
e)

grade

chemical composition (heat analysis)
minimum yield point

dimensional tolerances

minirmum elongation

3. To what standard are welding consumables certified by the Canadian Welding Bureau?

a)
b)
c)
d)
€)

CAN/CSA G40.21-M87

one of the CSA W48 series

the Canadian Welding Bureau does not certify welding consumables
CSAWA47.1 or CSAW472 , :

- CSA W593-M1989
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4. Why are holding ovens used for basic electrodes?

a)
b)
c)

d)
e

a)
b)
c)
d)

e)

to keep them dry and retain their low hydrogen properties

to keep them warm to facilitate striking an arc

basic electrodes should not be kept in holding ovens because it damages the
coating

holding ovens are only used to dry a basic electrode if it gets wet

{o improve the impact properties of the deposited weld metal

. 5. Whichof the foliowing statements is true with regard to CSA W47.17

prequalified joint welding procedures require testing but do not need a written

“procedure

prequalified joint welding procedures require testing and also need a written
procedure

prequalified joint welding procedures do not have to be approved by the CWB
because they are prequalified

prequalified joint welding procedures do not require CWB approval if they are
tested _

prequalified joint welding procedures do not require testing but require a written
procedure approved by the CWB

6.  Which of the following statements best describes an essential variable?

2

by

c)
d)

e)

any variabie that affects the toughness of the weld _ _
any variable that can be changed +10% without requalifying the procedure

a variable that may affect the weld properties and for which a change ouiside a
specified range requires requalification of the procedure

a variabla that may affect the weld properties and for which any variation from
the specified value requires requalification of the procedure

any variable that need not be specified in the procedure

7. For work done 1o ASME codes, when must a Procedure Qualification Test Report
(PQR) be submitted with the Welding Procedure Specification (WPS) for approval?

a)
b)
c)
d)
&)

PQR’s need not be submitted

PQOR’s need not be submitted for prequalified joint welding procedures
PQR’s must be submitted to support the WPS

PQR's must be submitted and they must be from new tests done for each job
there is no approval system for ASME work
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10.

In what positions is a ciass V welder permitted to weld under CSA W47.17

a)
b)
c)
d)
e)

vertical only

flat, horizontal, and vertical
all tive positions

flat and horizontal

“vettical and flat

What is the normal length of time a CWB welder's qualification remains valid according

fo CSA W47.1?

for life

1 year

until the welder changes employer
for the duration of the contract

2 years

Which of the following statements best describes the use of visual inspection?

. can usually be omitted

visual inspection is often the most effective method and should not be omitted
when radiography is called for

visual inspection shouid only be used if the material is too thick for radiography

visuial inspection is not required when either radiography or ultrasonics is
specified '

if a good visual inspection is carried out, any specified ultrasonic examination

visual inspection is not effective and either radiography or ultrasonics should
always be specified :
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Welding_ Institute of Canada
Answer Sheet
Module 15

Complete the “Answer Sheet” and compare your answers with those in the “Test Key.” If you score less
than 70% we suggest you restudy the material.

Please circle only ONE letter corresponding to the answer you think is most correct.

QUESTION ANSWER
1 a b c d e
2 a b c d e
3 a b C d e
4 a b C d e
5 a b ¢ d €
- B a b c d e
7 a b c d e
8 a b c d e
9 a b c - d e
10 a b G d e
The answer sheet below is provided in the event you wish to retest yourself.
QUESTION _ ANSWER
1 a b c d e
2 a b c d €
3 a b c d e
4 a b c d e
5 a b c d e
6 | a b c d e
7 a b c d e
8 a b ¢ d e
9 a b c d e
10 a b c d e
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Welding Institute of Canada

Test Key
Module 15
Compare your answer shest to this key.
QUESTION ANSWER

1 a @ c d e
2 a b c @ e
3 a @ c | d e

4 @ b c d e
5 ; b~ e d § @
5] a b @ d e
7 a b @ d e
8 a @ c d e
9 a b c d @

10 [O) b c d e
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