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Fasteners (Bolts, Screws, Rivets)

- Sizes - nominal and root diameters.
- Spacing - from each other and from edge.
example: aluminum structures
between bolts: 2.5x bolt diameter
between rivets: 3x rivet diameter
from edge: 2x bolt or rivet diameter
- Placement - pattern of the placement.

- Use of washers - flat, lock, and nylon nuts.

- Torque settings for bolts and screws.
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Welding

Strength of weld - determined by the effective area of

the weld. May be stronger or equal to the strength of the
base material.

Welds may be used as seals.

Weldability is dependent on the material. Usually
only good for similar metals.

Heat Affected Zones - the structure of the material around
the area of the weld changes due to heat from the weld.
Heat from the weld may have an effect on the materials
properties.
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Single Groove Welds

{(A) SINGLE-SQUARE-GROOVE WELD {B) SINGLE-BEVEL-GROOVE WELD (C) SINGLE-V-GROOVE WELD

(F) SINGLE-U-GROOVE WELD (G) SINGLE-FLARE-BEVEL GROOVE WELD (H) SINGLE-FLARE-V-GROOVE WELD

Source: ANSI/AWS A3.0-94
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Double Groove Welds

(F) DOUBLE-FLARE-BEVEL GROOVE WELD (G) DOUBLE-FLARE-V-GROOVE WELD

Source: ANSI/AWS A3.0-94
Sealed Source & Device Workshop General Engineering Principles Il: 5




dge, Flange, and Fillet Welds

Ay Edge weld

(B} Edge-flange weld

&N

(D) Fillet weld

=

El Flare-Bewvwal -
--------------------- S Flamged -T-dairrh - - - - - - - - oL
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Joint Types and Applicable Weld Types

Applicable Welds

Bevel-groove U-groove
Flare-bevel-groove V-groove
Flare-V-groove Edge-flange
J-groove Braze
Square-groove

{A) Butt joint

Appilicable Welds

Fillet Corner-flange
Bevel-groove Edge-flange
Flare-bevei-groove Plug

Flare-V-groove Siot

J-groove Spot

Square-groove Seam

U-groove Projection

V-groove Braze

(B} Corner joint

Applicable Welds

Filiet Slot
Bevel-groove Spot
Flare-bevel-groove Seam
J-groove Projection
Square-groove Braze

Pilug

(C) T-joint
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Joint Types and Applicable Weld Types
(cont.)

Applicable Welds

Filiet Slot

Bevel-groove Spot

Flare-bevel-groove Seam

J-groove Projection

Plug Braze
(D) Lap joint

Applicable Welds

Bavel-groove V-groove
Flare-bevel-groove Edge
Flare-V-groove Comer-flange
J-groove Edge-fiange
Square-groove Seam

U-groove

(E) Edge joint
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AMERICAN WELDING SOCIETY
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Source: ANSI/AWS A2.4-93
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Typical Welding Symbols

Doubile-Fillet Welding Symbaol

Chain Intermittent Fillet Welding Symbot

Staggered Intarmittent Fillet Welding Symbol

Weld size

/ Length
1/4 6
116 4
Omission of length indicates that

weld extends between abrupt changes
in direction or as dimensioned

Pitch {(distance
between centers)
of increments

718

Size
{length of leg) Length of

tncrements

Pitch (distance
between centers)
of increments

12

1/2

Size _/

(length of leg) tength of increments

Plug Weilding Symbol

Back Welding Symbol

Backing Welding Symbol

Pitch (distance
between centers)
of welids

Inciuded angle of
countersink

Size (diameter

of hoie at

root)

Depth of filling in inches

{omission indicates filling is compiete)

Back

2na operation

1st operation

Backing

1st operation

2nd operation

Spot welding Symbot

Stud Welding Symbot

Seam Welding Symbol

Size or

strength /_
N\ &

ozs5 4
RSW

\— Process

Number of welds

/— Pitch

172 =]

/ [52) T Pron
Size TS~ Number of

studs

increment

Size or length Pitch
strength e \
030 3-9

RSEW

Process /

Square-Groove Welding Symbol

Single-V Groove Welding Symbol

Double-Bevei-Groove Welding Symbol

3/16) {1
& ) 2

Wweld -/ \ Root opening

Pepth of bevel

Root

172 (1/2) e Shing

Weid size

Weld size

(1-1/4)
weld size

Arrow points toward
member to be prepared

size
Symbol with Backgouging

Flare-V-Groove Welding Symbol

Flare-Bevel-Groove Welding Symboi

Depth of

bevel —\

3/8

ey 7~

Weld size

Weid size

- “ /4)/_:

Multiple Reference Lines

Complete Penetration

Edge Flange Welding Symbol

1st operation on line
nearest arrow

2nd operation

3rd operation

7z

Indicates complete joint penetration
regardless of type of weld

or joint preparation _7

CJP

3/64 + 1/16

1/186 \
We|d/ Height above point

stze of tangency

Flash or Upset Welding Symbol

Meit-Thru Symboi

Joint with Backing

Process reference

1/32

Root reinforcement

"R’ Indicates backing
removed after weliding

Jaint with Spacer

Flush Contour Symboi

Convex Contour Symbol

wWith maodified groove weld symbol

Double bevel groove

R

>
it shouwid be understood that these charts are intended only as shop aids.

The onty campiete and official presentation of the standard welding symbols is in AZ.4.

Source: ANSI/AWS A2.4-93
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Weld Area acTuaL THROAT —_| T

=-LEG AND SIZE-+

EFFECTIVE THROAT —| T ND SIZE

<

Weld Terminology

THEORETICAL THROAT ——//

Convex Fillet Weld

/\/

CONCAVITY — &

ACTUAL THROAT AND
EFFECTIVE THROAT —

Weld Area =
Effective Throat
x Length

THEORETICAL THROAT

Concave Fillet Weld
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Deformation of Material
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HAZ and the Affect of Preheating
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Shielded Metal Arc Welding (Stick)

——
DIRECTION
OF TRAVEL

PROTECTIVE GAS o ff! ELECTRODE
FROM ELECTRODE COATING / ¢ COATING

\ < ELECTRODE
Lo

SLAG MOLTEN _ *~-

__WELD METAL
e § Py ‘ \
souomeo "/DROPLETS

BASE METAL

POWER _
SOURCE A o

ELECTRODE
BASE METAL

WORK LEAD -~
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Gas Metal Arc Welding (MIG)

Fl
E

3

s
w /, » ELECTRODE BAS
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Gas Tungsten Arc Welding (TIG)

D ———
DIRECTION
OF TRAVEL

WELDING
TORCH

SHIELDING TUNGSTEN
GAS ELECTRODE

MOLTEN WELD
\ FILLER

’ LN "%‘.?t..m.,
77777 ////
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Welding Qualifications

- Qualification of welding procedure

- Qualification of welder/weld operator
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Welding Procedures

Needed:

1. welding procedure specification (WPS)
- essential information
- nonessential
- supplementary

2. procedure qualification record (PQR)

- records of weld parameters
- records of test results

Sealed Source & Device Workshop General Engineering Principles II: 18




Weld Procedures (cont.)

Must “rigorously” specify:

- joint type - Interpass temperature

- materials welded - post weld heat treatments
- filler material used - gases used

- welding position - electrical characteristics

- preheat - welding techniques
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Weld Tests

- tensile test (elongation & reduction of area)

- bend tests

- fracture toughness test
(Charpy V-Notch impact test)

- hardness test
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Charpy V-Notch

LONGITUDINAL WELD
SPECIMEN

BOTH PLATE-TYPE
SPECIMENS HAVE

IDENTICAL DIMENSIONS
5 GAGE LENGTH

i il

OVERALL LENGTH 5\
BASE METAL TRANSVERSE
WELD SPECIMEN
C O

‘R\ ~

\

ROUND SPECIMENS DIAMETER
DEPENDING ONT

Typical Tensile Test Specimens for Evaluation of Welded Joints
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Charpy V-Notch (cont.)

0394 in. .
(27.5 mm} , 0.394 in.
(10 mm) 0.079 in. (10 mm)

l—2.165 in. (55 mm)—»>| (2 mm)

:R =0.010 in. (0.254 mm)

()

Charpy V-Notch Impact Specimen
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References

- AWS B4.0, Standard methods for Mechanical

Testing of Welds (preparation, conditions,
procedures)

- ASME B&PVC Section IX (criteria)
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Nondestructive Methods of Examination

radiographic examination
ultrasonic examination
liquid penetrant
magnetic particle

eddy current

visual examination

leak testing
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Ultrasonic Examination
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Apply Penetrant

Dwell Time

Water Hmse )//

Apply Developer

\ indication /

Inspection

Liquid Penetrant Examination
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Magnetic Particle
Examination
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Magnetic Particle Examination
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DISPLAY

#—-ﬂ

TEST
OBJECT

W

Eddy Current Examination
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Eddy Current Examination
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Qualification of Welders/Welding
Operators

demonstrate ability to make sound welds by
WPS

tests to assess minimum skill (not production
skills)

specimens tested, e.g. by independent
laboratories

Ref: ASME B&PVC, Section IX, Article lll, for
general requirements
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Glues/Adhesives

Alternative to welding or fastening

Can distribute load eliminating localized stresses
Can join dissimilar materials

Low cost and skill level

Proper surface preparation is critical

Tight controls are needed for mixing of two part
epoxies.
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Glues/Adhesives (cont.):

Susceptible to temperature and certain fluids.
Therefore, need to verify integrity if used as a
seal.

Verify they will withstand environments when
used to attach labels.

Strength is usually verified through prototype
testing.
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Moving Parts - Clearances

Thermal Expansion - openings must be such that
when the temperature increases, there is still a
clearance.

Corrosion (vapors, dirt, rust, fluids) - can form on
bearing surfaces and keep the part from moving
or could build up and fill the clearances which
would not allow the part to move.

Clearance for lubricants.
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Moving Parts - Friction

- Look everywhere.

-  Contact between any parts.
shutter and fixed walls.

shaft and fixed walls.
shaft and bearings.
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Moving Parts - Bearings

May be susceptible to radiation and high
temperatures.

Moving style - ball bearings, bushings, lubricants.
Fixed style - nylon, brass, graphite, plastic.

All types wear with time.
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