Non Destructive Testing

Methods

« Penetrant Inspection
« Radiographic Inspection
 Ultrasonic Inspection
« Eddy Current Inspection
« Magnetic Particle Inspection
 Visual Inspection



Fluorescent Penetrant Inspection

« Surface breaking discontinuities only
— Cracks
— Porosity
— Shrinkage
— Inclusions
« Surface must be clean and dry
— Etch, Degrease, Oven Dry



Fluorescent Penetrant Inspection

1) Clean & Dry Component 4) Apply Developer

2) Apply Penetrant

5) Visual Inspection
3) Remove Excess S\

6) Post Clean Component



Fluorescent Penetrant Inspection




Fluorescent Penetrant Inspection




Fluorescent Penetrant Inspection

Advantages
— Inexpensive, easy to apply
— Flaws readily visible

Limitations

— Surface breaking discontinuities only
— Relatively slow

— Non-porous materials only

— Non-recordable

— Limited use on wide or shallow flaws




FPI — Automatic Detection
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FP| — Automatic Detection
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X-Ray Inspection
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X-Ray Inspection




X-Ray Inspection




X-Ray Inspection

« Surface and internal inspection
— Cracks
— Voids
— Inclusions
— Corrosion
— Mechanical damage
— Laps
— Seams

— Dimensional inspection — thickness profile, coating
thickness



X-Ray Inspection

« Advantages
— Extensive surface preparation of the part is not required
— Can be used for internal evaluation of most materials
— Provides a permanent record

— Has excellent capability for detecting voids, porosity and
Inclusions

— No contact with the part is required



Real-Time Radiography Equipment

Conventional x-ray Real time micro focus x-ray




Eddy Current Inspection
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Eddy Current Inspection

« Surface breaking and slightly sub-surface discontinuities
— Cracks
— Inclusions
— Coating thickness

« Typically find cracks down to 0.1mm depth

« Conductivity measurement

Eddy Current Instrumentation

« Portable instruments
« Wide range of probes for
different applications
— Absolute
— Differential
— Rotary




Ultrasonics
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« Detection capability
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— Thickness measurement
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Ultrasonic Thickness Measurement




Summary of NDT inspections

NDT can never guarantee to find 100% of defects.

It can be used as a process monitor to show when the process
IS going out of control.

Relies (depends) on having a well trained workforce



Casting Defects




Content

e Introduction

« Sources, Remedies, Effects of:
— Gas Porosity
e Blow holes
e Pinholes
e QOpen holes
— Metallurgical defects
e Hot tears
e Hot Spots
— Pouring metal defects
e Cold shut
e Misrun
e Slag inclusion
— Shrinkage
e Shrinkage cavity
— Warpage
—  Shift/Mismatch
— Flash
— Mould material defects
e Wash and cuts
e Drop
e Swell
* Metal Penetration

e Rat tail



What are casting defects?
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https://me-mechanicalengineering.com/probable-causes-suggested- remedles -various-casting-defects/



Casting Defects

Hot tears Shrinkage Wash and cuts Slag inclusion 23

Cavity ©2017mechanicalbooster.com
http://www.mechfoundry.com/pin-holes/I


http://www.steeldata.info/macro/demo/data/855.htm

Casting Defects

Shift or
mismatch

Mis-run in a turbine blade

L
htt://textofweo.ntel.a'm

defect-in-casting-casting-defects.html
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http://mechlinks.blogspot.com/2015/08/
http://textofvideo.nptel.ac.in/

Casting Defects
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Hot tears Shrinkage Wash and cuts Slag inclusion
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Casting Defects

Shift or
mismatch

http://h

s/inclus m html

Hot tears Shrinkage Wash and cuts Slag inclusion 26

Cavity ©2017mechanicalbooster.com



Casting Defects

Shift or
mismatch

https://www.intouch-quality.com/blog/21-casting-defects-and-how-to-prevent-them-in-your-products
Hot tears Shrinkage Wash and cuts Slag inclusion

Cavity ©2017mechanicalbooster.com



Casting Defects
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http://lwww.mechfoundry.com/types-of-casting-defects/
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Shrinkage Wash and cuts Slag inclusion 28
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Hot tears



Casting Defects

1ift or
smatch

Blowhole:
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Hot tears Shrinkage Wash and cuts Slag inclusion 29
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Hot tears

Casting Defects

Shrinkage
Cavity
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Casting Defects

https://www.youtube.com/watchPv=ZI7GTo-gAnE
Hot tears Shrinkage Wash and cuts Slag inclusion

Cavity ©2017mechanicalbooster.com




Casting Defects

Shift or
mismatch

Hot tears Shrinkage Wash and cuts Slag inclusion 2

Cavity ©2017mechanicalbogster.com



Casting Defects

Hot tears Shrinkage Wash and cuts Slag inclusion

33
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Gas Porosity In pressure die castings

Gas sources:

e Trapped air

e Trapped steam

e Gas from vaporised
lubricant
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https://Aww.youtube.com/watch?v=TH2pUVHtXFs freegifmaker.me



Trapped air - sources

e Turbulence flow

e Fast fill rate

e Excess air in shot sleeve (pressure casting)
e Sharp undercuts

Vertikale Kaltkammer-DruckgieBmaschine
Air pocket being Vertical cold chamber die casting machine

Lubricant entrapped
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Trapped air - remedies

e Constant and enough amount of lubricant
e Slower filling rate
e Sleeve shot filled with extra metal

(in case of high pressure die casting)
e Better mould design
e \enting/vacuum system

Original with sharp steep undercuts Original will sharp gaps filled.
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Trapped Steam and Gas from vaporised
lubricant - sources

e Lubricants (>95% water)

e |Leaks from cooling systems

Lubricant

S

ﬂf.
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rapped Steam and Gas from vaporised
lubricant - remedies

e Choosing the correct type of lubricant depending on the temperature of
the casting

e |eak check are made from time to time by closing the die and start the
cooling system without casting metal. (Then check for wet areas in the die)

e Better design of the system not to have spaces where water can
accumulate.
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Hydrogen gas - sources

e Solubility in Aluminium and Aluminium alloys:

— Humidity in the atmosphere, fuel, oils and due to other reasons (during
production and material handling).
— Time and temperature of casting process (affects the solubility of H in

Al)

Davis, J.R., 1993. Aluminum and aluminum alloys, Materials Park, OH: ASM International. 39



Hydrogen gas - remedies

e Limiting handling time
e Reducing temperature of melt

e Speeding up the process of hardening
e Avoiding splashing and turbulences

e Degassing tablets
e Vacuum

Davis. J.R.. 1993. Aluminum and aluminum allovs. Materials Park. OH: ASM Internationa



Aluminium Casting

S

Degassing of Aluminium.mp4

https://www.youtube.com/watch?v=-e_6GdK6gk0
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Effects of Gas Porosity

Open holes Blowholes

AN

Pinholes
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Metallurgical defects

Hot Spots — Sources
e Rapid cooling at certain spots
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TTT-curve-by-an-easy-example-How-they-are-plotted
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Metallurgical defects

Hot Spots — Remedies

e Better cooling systems and processes
e Change in chemical composition

e Preheating the mould

e [ncrease in fluidity (ex. Adding more Si to Al)

44



Intermetallic particles and crack

freegifmaker.me
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Metallurgical defects

Hot tears — sources
e Residual stresses when cooling
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https://www.youtube.com/watch?v=25nsvOSm794
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Metallurgical defects

Hot tears — remedies
e Elimination of residual stresses by:

— Better mould design

— Better cooling control (ex preheating mould)
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Metallurgical defects

Hot tears
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Pouring metal defects

Cold shut — Sources
e Poor gating system

e |ow temperature of the melt

e |ack of fluidity

Cold shut

Gate i E Gate

A

Cold shut

http://article.sapub.org/10.5923.c.jmea.201502.09.html
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Pouring Metal Defects

Cold shut — remedies

e Improve gating systems

e Proper Pouring temperature
e Additives to increase fluidity

50



Pouring Metal Defects

Misrun — Sources
e |ow fluidity of the molten metal
e |ow temperature of the molten metal

e Too thin section and improper gating system

o1



Pouring Metal Defects

Misrun — remedies

e |[mprove gating systems

e Proper Pouring temperature
e Additives to increase fluidity

e Avoid having too thin sections in the mould
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Pouring Metal Defects

Slag inclusion — sources
e |[mpurities in melt
e Dust and dirt from the environment

Slag inclusion

JEOL COMP x2A00  10Bum WD 11mm

53
http://www.mechfoundry.com/dirt-slag-and-
other-inclusions-in-castings-and-forging/ http://www.mechanicalbooster.com/2017/11/casting-defects.html
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Pouring Metal Defects

Slag inclusion — remedies
e Use of filters

https://www.giessereilexikon.com/en/foundry-lexicon/Encyclopedia/show/casting- http://castingssa.com/foam-ceramic-filters-made-of-highly-pure-zirconia-
filter-4258/?cHash=ae8b7a4aa02e865e17a7404c9f5alcof particularly-high-load-capacity-and-very-robust/
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http://www.google.com.mt/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwjYjZDnut7eAhXL66QKHfgqBSQQjRx6BAgBEAU&url=http://castingssa.com/foam-ceramic-filters-made-of-highly-pure-zirconia-particularly-high-load-capacity-and-very-robust/&psig=AOvVaw2La-7wFASREcVD6OpX3imA&ust=1542648189739718

Summary & Conclusion

* Waste

« Simulations

« Remedies

» Machining
 First try success
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Main sources

 http://www.mechfoundry.com/category/sand-casting-
defect-foundry/

« Davis, J.R., 1993. Aluminum and aluminum alloys,
Materials Park, OH: ASM International.
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http://www.mechanicalbooster.com/2017/11/casting-defects.html
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