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Agenda

• Welding Symbols

• Butt and Fillet Welds

• Stresses in Welded Joints in Torsion | Bending

• The Strength of Welded Joints

• Static Loading

• Fatigue Loading

• Resistant Welding

• Adhesive Welding

• A Gentle Reminder of the Design Projects
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Week 11, Wednesday, Nov 20, 2019
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BMW F30 3 Series Production Process - Body Shop
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https://www.youtube.com/watch?v=muLmD_7DANw

https://www.youtube.com/watch?v=muLmD_7DANw
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Welding Symbols
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A weldment is fabricated by welding together a collection of metal shapes, cut to particular configurations.
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Commonly Welding Types and Symbols
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For general machine elements most welds are fillet welds, though butt welds are used a great 
deal in designing pressure vessels.

Arc- and gas-

weld symbols.
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Butt Welds
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A single V-groove weld loaded by the tensile force F.

the average 

normal/shear 

stress

• The reinforcement can be desirable, 

but it varies somewhat and does 

produce stress concentration at 

point A in the figure.

• If fatigue loads exist, it is good 

practice to grind or machine off the 

reinforcement.
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Transverse Fillet Weld
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Stresses in Welded Joints in Torsion

• The reaction at the support of a cantilever always consists 
of a shear force V and a moment M

• Primary shear Secondary shear

11/20/2019 Bionic Design & Learning Group 9

A cantilever welded to a column by two fillet welds each of length l

• A is the throat area of all the 

welds.

• r is the distance from the 

centroid of the weld group to the 

point in the weld of interest 

• J is the second polar moment of 

area of the weld group about the 

centroid of the group.

• Depends on whether the size of 

the welds are known for the 

equations to be solved.
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Throat thickness

The throat area of both welds together

Second moment of area

Second polar moment of area of welds 1 & 

2 about its own centroid

Coordinate of the centroid G of weld group

Example of Two Welds in a Group
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The rectangles represent the throat areas 

of the welds

Second 

moment of 

area of the 

weld group
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Torsional 
Properties of 
Fillet Welds

The throat areas and the unit 
second polar moments of area 

for the most common fillet 
welds encountered
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Example: A 50-kN load is transferred from a welded 
fitting into a 200-mm steel channel. 
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Estimate the maximum stress in the weld.
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Stresses in Welded Joints in Bending
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Similar Process as in Torsion

A cantilever welded to a support by fillet 

welds at top and bottom

Vertical 

(primary) 

shear

Horizontal 

(secondary) 

shear

• Treating welds as a line

• Produce a slightly larger second 

moment of area, and result in a 

smaller level of stress.

• Convenient for estimation
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Bending Properties 
of Fillet Welds

Similar process for convenient 
calculated estimation.
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The Strength of Welded Joints

• The matching of the electrode properties with those of the parent 
metal is usually not so important as speed, operator appeal, and the 
appearance of the completed joint.

• It is preferable, in designing welded components, to select a steel 
that will result in 

• a fast, economical weld even though this may require a sacrifice of other 
qualities such as machinability.
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Under the proper conditions, all steels can be welded.

Fatigue Stress-Concentration Factors
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Static Loading Example
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Static Loading Example
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Fatigue Loading Example
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Resistance Welding

• Advantages
• Speed, 

• the accurate regulation of time and heat, 

• the uniformity of the weld, 

• the mechanical properties that result, 

• The process is easy to automate, 

• Filler metal and fluxes are not needed.

• Failure of a resistance weld occurs either by 
• Shearing of the weld or by tearing of the metal 

around the weld. 

• Because of the possibility of tearing, it is good 
practice to avoid loading a resistance-welded joint in 
tension.

• Thus, for the most part, design so that the spot or 
seam is loaded in pure shear. 

• The shear stress is then simply the load divided by 
the area of the spot. 

• Because the thinner sheet of the pair being welded 
may tear, the strength of spot welds is often specified 
by stating the load per spot based on the thickness 
of the thinnest sheet.

• Such strengths are best obtained by experiment.
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The heating and consequent welding that occur when an electric current is passed through 
several parts that are pressed together.

Spot welding           Seam Welding

actually a series of 

overlapping spot welds



AncoraSIR.com

Adhesive Bonding
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The use of polymeric adhesives to join components for structural, semi-structural, and 
nonstructural applications

• Significant reduction in weight
• Less fasteners

• Permit the use of thinner-gauge materials
• Stress concentration associated with the holes are 

eliminated

• Significant reduction in noise, vibration, and 
harshness

• Energy dissipation by polymeric adhesives

• To assemble heat-sensitive materials or components 
that might be damaged by drilling holes for 
mechanical fasteners

• Join dissimilar materials or thin gauge stock that 
cannot be joined through other means.
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Application of adhesive using 

robotics and NETZSCH 

Dispensing Pump to engine 

block

https://www.youtube.com/wat

ch?v=J8MpHQr7jE8

Automotive 

Sealing 

System with 

FANUC M-

20iA Robots -

Courtesy of 

Inovision

https://www.y

outube.com/w

atch?v=Wc2

DvmLtZMI

Automated 

Adhesive 

Dispensing 

System –

Automotive 

Robotics

https://www.

youtube.com

/watch?v=W

J2bt10FyO8

https://www.youtube.com/watch?v=J8MpHQr7jE8
https://www.youtube.com/watch?v=Wc2DvmLtZMI
https://www.youtube.com/watch?v=WJ2bt10FyO8
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Mechanical Performance of Various 
Types of Adhesives
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Joint Design

• Design to place bondline in shear, not peel. 

• Beware of peel stresses focused at bond terminations. When necessary, reduce 
peel stresses through tapering the adherend ends, increasing bond area where 
peel stresses occur, or utilizing rivets at bond terminations where peel stresses 
can initiate failures.

• Where possible, use adhesives with adequate ductility. 

• The ability of an adhesive to yield reduces the stress concentrations associated 
with the ends of joints and increases the toughness to resist debond propagation.

• Recognize environmental limitations of adhesives and surface preparation 
methods. 

• Exposure to water, solvents, and other diluents can significantly degrade 
adhesive performance in some situations, through displacing the adhesive from 
the surface or degrading the polymer. Certain adhesives may be susceptible to 
environmental stress cracking in the presence of certain solvents. Exposure to 
ultraviolet light can also degrade adhesives.

• Design in a way that permits or facilitates inspections of bonds where 
possible. 

• A missing rivet or bolt is often easy to detect, but debonds or unsatisfactory 
adhesive bonds are not readily apparent.

• Allow for sufficient bond area so that the joint can tolerate some debonding 
before going critical. 

• This increases the likelihood that debonds can be detected. Having some regions 
of the overall bond at relatively low stress levels can significantly improve 
durability and reliability.

• Where possible, bond to multiple surfaces to offer support to loads in any 
direction. 

• Bonding an attachment to a single surface can place peel stresses on the bond, 
whereas bonding to several adjacent planes tends to permit arbitrary loads to be 
carried predominantly in shear.

• Adhesives can be used in conjunction with spot welding. 

• The process is known as weld bonding. The spot welds serve to fixture the bond 
until it is cured.
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Some basic guidelines that should be used in adhesive joint design

Gray load vectors are to be avoided as resulting strength is poor. 

Means to reduce peel 

stresses in lap-type joints.
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A Gentle Reminder of the 3rd Design Project
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To be submitted before the end of Week 13’s class.

40 hp

Design the intermediate 

shaft, including complete 

specification of the gears, 

bearings, keys, retaining 

rings, and shaft.
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A Gentle Reminder of the 2nd Design Project

• Things to include in your report

• Design Need Analysis

• Existing Design Review

• Mechanical Design Analysis

• Fabrication & Assembly

• Testing & Presentation

• Design consultation with the Teaching Assistants

• Purchase request ends next Friday (29 Nov)

• Make sure to talk with the TAs to refine your design and report

• Make sure you have a full report and a working prototype

• No need for control integration, but mainly on mechanical design
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Scoring Rubrics
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Thank you!
Song Chaoyang (songcy@sustech.edu.cn)

• Xiao Xiaochuan (xiaoxc@sustech.edu.cn)

• Yu Chengming (11930324@mail.sustech.edu.cn)

• Zhu Wenpei (11930368@mail.sustech.edu.cn)

• Guo Ning (11930729@mail.sustech.edu.cn)
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Next class

• Lab for Group 2: Design Consultation

• Friday 0800-1000, Nov 22

• Room 412, 5 Wisdom Valley 

• Discussion for Group 1: Design Consultation

• Friday 0800-1000, Nov 22

• Room 202, 1 Lychee Park 

Design Testing Report Submission

• Online at course website
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