SLOVENSKI STANDARD
SIST-TP CEN/TR 16749:2015

O1-januar-2015

Aluminij in aluminijeve zlitine - Razvrstitev pomanjkljivosti in napake v
visokotlac¢nih, nizkotlaénih in teznostno kokilno ulitih ulitkih

Aluminium and aluminium alloys - Classification of Defects and Imperfections in High
Pressure, Low Pressure and Gravity Die Cast Products

Aluminium und Aluminiumlegierungen - Klassifikation von Fehlern und
Unvollkommenheiten fiirDruckgussi Niederdruckgussiund 'Schwerkraftkokillenguss

Aluminium et alliages d'aluminium - Classification des défauts et imperfections des
produits moulés par coulée a haute pression, basse pression et gravité

Ta slovenski standard je istoveten z: CEN/TR 16749:2014

ICS:

77.120.10 Aluminij in aluminijeve zlitine Aluminium and aluminium
alloys

SIST-TP CEN/TR 16749:2015 en

2003-01.Slovenski institut za standardizacijo. RazmnoZevanje celote ali delov tega standarda ni dovoljeno.



SIST-TP CEN/TR 16749:2015

iTeh STANDARD PREVIEW
(standards.iteh.ai)

SIST-TP CEN/TR 167492015
https://standards.iteh.ai/catalog/standards/sist/3d347668-d5ca-421d-8e87-
a83b56d6835/sist-tp-cen-tr-16749-2015



TECHNICAL REPORT CEN/TR 16749
RAPPORT TECHNIQUE
TECHNISCHER BERICHT October 2014

ICS 77.120.10

English Version

Aluminium and aluminium alloys - Classification of Defects and
Imperfections in High Pressure, Low Pressure and Gravity Die
Cast Products

Aluminium et alliages d'aluminium - Classification des Aluminium und Aluminiumlegierungen - Klassifikation von
défauts et imperfections des produits moulés par coulée a Fehlern und Unvollkommenheiten fir Druckguss,
haute pression, basse pression et gravité Niederdruckguss und Schwerkraftkokillenguss

This Technical Report was approved by CEN on 9 September 2014. It has been drawn up by the Technical Committee CEN/TC 132.

CEN members are the national standards bodies of Austria, Belgium, Bulgaria, Croatia, Cyprus, Czech Republic, Denmark, Estonia,
Finland, Former Yugoslav Republic of Macedonia, France, Germany, Greece, Hungary, Iceland, Ireland, Italy, Latvia, Lithuania,
Luxembourg, Malta, Netherlands, Norway, Poland, Portugal, Romania, Slovakia, Slovenia, Spain, Sweden, Switzerland, Turkey and United
Kingdom.

. — |

EUROPEAN COMMITTEE FOR STANDARDIZATION
COMITE EUROPEEN DE NORMALISATION
EUROPAISCHES KOMITEE FUR NORMUNG

CEN-CENELEC Management Centre: Avenue Marnix 17, B-1000 Brussels

© 2014 CEN  All rights of exploitation in any form and by any means reserved Ref. No. CEN/TR 16749:2014 E
worldwide for CEN national Members.



CEN/TR 16749:2014 (E)

Contents Page
L =TT o o 5
1 8T o - 6
2 Normative referenCes. ... ..o ————————— 6
3 Terms and definitionNs ... ——————————— 6
4 Classification of defects and imperfections in high pressure, low pressure and gravity

Lo TL=Y o= Eo3 Q] o T ¥ o2 £ 8
41 (=T 3T - 8
4.2 ClasSifiCation .......cccceiiiiir i ————— 9
5 Definition of defects and imperfections..........ccccccciiii i 10
5.1 (7= 1= - | 10
5.2 Shrinkage defects and iMpPerfeCtions .........c.ccciiireriiieri s ————— 1
5.3 Gas-related defects and iMmpPerfections ... 1
5.4 Filling-related defects and imperfections ..........cccccviiiniin 12
5.5 Undesired PhaseS. ... rie ixbresibmnserbuesbabassbnrrdesasatschebnd Shineidesdiamny s ebOehasanbbTas sesanssssnmnnnssssssssssnnnssnsssasasssnn 12
5.6 Thermal contraction defects and Imperfections ... 12
5.7 Metal-die interaction defects and imperfections............cccccccimiiiiccccsmne s e 13
5.8 Geometrical defects and iIMpPerfections.........coocc i e 13

Annex A (informative) Description of defects and imperfections in High Pressure, Low Pressure

and Gravity Die Cast ProduCtS............ccccceciiiiiiiiscccsecrrns s sssss e s s s ssssssssss s s s s ssssssssmsnssssssnsssssnmsnsssnesas 14
A1 Internal defects and IMPerfeCtioNS...........oi i e 14
A.1.1 Shrinkage defects and imperfections ...........cccccmiiiiccciirirr e 14
A.1.1.1 Macro-shrinkage (TYPe AT.1) ..o e 14
A.1.1.2 Interdendritic shrinkage (TYpe A1.2) ... 14
A.1.1.3 Layer porosity (TYPe AT1.3) it s s 15
A.1.2 Gas-related defects and imperfections.......... i —— 16
A.1.2.1 Air entrapment porosity (TYPe A2.1) ... 16
A.1.2.2 Hydrogen porosity (TYPE A2.2) ......ccuuierriinimrminssrsissssissssissss s s s ssss s s sssssss s ssssssssssssns s 17
A.1.2.3 Vapor entrapment porosity (TYPe A2.3) ......ccccccrirriiiicsismrreesrssssssssmssessssssssssssssssssssssssssssssssessssssssnnsens 18



CEN/TR 16749:2014 (E)

A.1.2.4 Lubricant/release agent entrapment porosity (TYpe A2.4)........ccccceeriiieccssmmermeesssssssssesessssssssssnsens 18
A.1.3 Filling-related defects and Imperfections .........cccccvvcccciimieiii s s nmnees 19
A.1.3.1 Cold JOINt (TYPE A3.1)..uiiiiiieiieiii it s e s a s a s s an e n e n e 19
A.1.3.2 Lamination (TYPE A3.2) ....uiiiiiiiiiiiierrrrsisssssssssssresssssssssssssssssessssssssmsssssssssssssnsnsssnssssssssansnsesnssassssnnnsnns 20
A.1.3.3 Cold ShOt (TYPE A3.3)...cciiiiiiiiiiiii et e s s e s s e e an e s e s 20
N I U T o T =TT =T I o T T = 21
N I By [ o [T E= o o I 01 T - V- Fe ) 21
A.1.4.2 Undesired structure (TYpe A4.2)........cccceiirimmminnisimmisssisss s s sss s s ssssss s 21
A.1.5 Thermal contraction defects and imperfections ... s 22
A.1.5.1 Cold Crack (TYPe AS5.1)...cciiiiiiiiiiiiiriisir i n e e s R e e a R e e e nne s 22
A.1.5.2 Hot tear, hot crack (TYpe Ab5.2) ... 23
A.2 Surface defects and iIMPerfections...........cccciiiiicccciini s e 24
A.2.1 Shrinkage defects and imperfections ..........ccccccmiiiiccccirirn s 24
A.2.1.1 Sink (Type B1.A4) . i b L e i e 24
A.2.2 Gas-related defects and IMPErfeCtioNS ... . e nmnnes 25
A.2.2.1 Blister (Type B2.1).......ccoeen Sl L LR G ENATRLLGZAL 200 St 25
A.2.2.2 Pinhole (Type B2.2) .......28 ks 6l A sinntine oo odd0n 0l S 25
A.2.3 Filling-related defects and imperfections .........ccccccvriiminni s ————— 26
A.2.3.1 Cold joint and vortex (Type B3.1) ... s s ssns s 26
A.2.3.2 Lamination (TYPe B3.2) ...t s s s s s sana s mne s 27
A.2.3.3 Cold shot (TYPe B3.3)....cciiiiiiiiriiiiriiisirsinsss s s s s s s s mne s 27
N T 4 o [ =TT =T I o T T = 28
A.2.4.1 Surface deposit (TYPe B4.1) ... s e 28
A.2.4.2 Contaminant or inclusion (Type B4.2)..........cccccimiiiiccciimirrernsssscsssse e s s s ss s ssssss s s s s ssssssssssssssessssssssnmsnns 28
A.2.5 Thermal contraction defects and imperfections ...........cccccmiiiicccccrir s e 29
A.2.5.1 Cold Crack (TYPE B5.1) ....uiiiiiiiiciciiiriss s isissssssesse s s s sssssssms s s e s s s s sssssssms s e e s eesssssmnnesenssassssssnsnsennssnnsssnnnnnes 29
A.2.5.2 Hot tear, hot crack (TYpe B5.2) ......iiiiiiiicccecirers s ssscssssese s s s ssssssms s s s s s s s ssssssnnn s e s e ssssssssmnnsseessnnsssnnnnnns 30
A.2.6 Metal/die interaction defects and imperfections...........ccccmiiiicccceriei s e 30
A.2.6.1 EroSion (TYPe B6.1) ..o ceciiiiiiiiccccseresss s sssssssssss s e s sssssssssms s s e s s essssssssms s s essassssssnsnsssnssasssssnnsnsennssnnsssnnnsnes 30
A.2.6.2 Soldering (TYPe B6.2).......couciiiiiiiimiriisiriisss s s s an s s an e s mne s 31



CEN/TR 16749:2014 (E)

A.2.6.3 Thermal fatigue Marks (TYPe B6.3)....cciuiiiiiiiiicmrririiiicccsssrre e rsssssssmss s s s s ssss s s sssms s e e e ssssssssmsnn s e nssesssnnnnnns 31
A.2.6.4 Ejection Mark (TYPe BB.4) ........occcccomiiiiiiiicccecreessssssssssmssse s s s s sssssssss s s s s ssssssssssnsssnessssssssnsnsssnssnnsssnnnsnns 32
A.2.6.5 Corrosion of the die (TYPe B6.5).......cccuriiiicciieimiiriiissccssrre e r s sssme s s s s s sssse s e e s s s s s ssmnns e e nssnnsssnnmnnes 32
A.3 Geometry defects and imperfeCtions ........cccccvi e e 33
A.3.1 Lack of material - Incompleteness (TYPe C1.1) i iiciiciiiiiirrccreerre e re s ssssr e e s s s mnne e e e e s s s snmnnns 33
A.3.2 Excess of material - Flash (Type C2.1)......cccciniimmminnimmmiirsssisss s s ssss e 33
A.3.3 Out of tolerance - Deformation (Type C3.1) ..o 34
Annex B (informative) Translations of defects and imperfections terminology..........ccccurivmmrnniirnnininennn 35
Annex C (informative) Examples of detection techniques and size of defects and imperfections........ 37
[ T] o 1o T o /7 39



CEN/TR 16749:2014 (E)

Foreword

This document (CEN/TR 16749:2014) has been prepared by Technical Committee CEN/TC 132 “Aluminium
and aluminium alloys”, the secretariat of which is held by AFNOR.

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent
rights. CEN [and/or CENELEC] shall not be held responsible for identifying any or all such patent rights.
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1 Scope

This Technical Report specifies the classification of the defects and imperfections may be present in cast
products manufactured by high pressure, low pressure and gravity die casting of aluminium alloys.

2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and are
indispensable for its application. For dated references, only the edition cited applies. For undated references,
the latest edition of the referenced document (including any amendments) applies.

EN 12258-1:2012, Aluminium and aluminium alloys - Terms and definitions - Part 1: General terms

3 Terms and definitions

For the purposes of this document, the terms and definitions given in EN 12258-1:2012 and the following
apply.

31
casting process
process in which molten metal is introduced into a mould where it solidifies

[SOURCE: EN 12258-1:2012, 3.1.1]

3.2

die casting process

casting process in which molten metal is injected undef substantial pressure, typically above 70 bars, into a
metal die and solidifies under this pressure

Note 1 to entry: Die casting process is-also referred to ‘as'“pressure die casting (process)” or “high pressure die
casting (process)”.

[SOURCE: EN 12258-1:2012, 3.1.10]

3.3

permanent mould casting process

casting process in which molten metal is introduced by gravity or low pressure into a mould constructed of
durable material, typically iron or steel

Note 1 to entry: A permanent mould casting process where the metal solidifies in a metal mould under low pressure
(typically less than 1 bar above atmospheric pressure) is also referred to as a “low pressure die casting process”.

[SOURCE: EN 12258-1:2012, 3.1.9]

3.4
casting
product at or near finished shape, formed by solidification of the metal in a mould or a die

[SOURCE: EN 12258-1:2012, 2.5.1]

3.5

dendrite

crystal that has a tree-like, branching pattern, being most evident in cast metals slowly cooled through the
solidification range

[SOURCE: EN 12258-1:2012, 4.5.17]
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3.6

microstructure

structure of a metal as revealed by microscopic examination of a surface, typically after mechanical and/or
chemical preparation, e.g. polishing and micro-etching

[SOURCE: EN 12258-1:2012, 4.5.10]

3.7
dendrite arm spacing
mean distance of adjacent secondary arms of a dendrite

[SOURCE: EN 12258-1:2012, 4.5.18]

3.8

defect

quality characteristic which is lower with respect to the level or state foreseen (usually specified) and which
does not allow the product to carry out a function requested

[SOURCE: EN 12258-1:2012, 7.1.2]

3.9

imperfection

quality characteristic which is for a some extent lower with respect to the level or state foreseen or a
deviation from a continuous appearance of the base material not yet evaluated against a threshold level (a
technical OK / not OK evaluation is not allowed)

Note 1 to entry: The term“inhomogeneity” canalso’be used.

Note 2 to entry: This does not mean-necessarily that'the’ product is not suitable for use. An imperfection needs to be
evaluated by means of a proper scale, based on the related specifications, to decide if the product has a quality level
making it suitable for the use.

3.10
shrinkage cavity
void left in cast metals as a result of solidification shrinkage

[SOURCE: EN 12258-1:2012, 5.2.10]

3.1

gas porosity

porosity caused by entrapped gas, evolution by evaporated organic release compounds, or by evolution of
dissolved hydrogen during solidification

3.12

inclusion

extraneous material accidentally entrapped into the liquid metal and whose possible root causes are melt
treatment procedures initiating oxidation, transported to the melt by contaminated ingot surfaces, transported
into castings due to abrasion of process equipment, entrapped into the metal surface during hot or cold
working

3.13

blister

raised spot whose inside is hollow, that forms on the surface of products and is caused by the expansion of
entrapped gas at the opening of the die or during conditions of elevated temperature in subsurface regions,
typically during thermal treatment
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3.14

hot crack

crack formed in a cast metal or in a welding because of internal stress developed upon cooling at the solidus
temperature or slightly above

[SOURCE: EN 12258-1:2012, 5.2.8]

3.15

cold crack

crack in cast metal initiated by mechanical stresses at temperatures significantly below the solidus
temperature

[SOURCE: EN 12258-1:2012, 5.2.9]

3.16
corrosion
deterioration of a metal by chemical or electrochemical reaction with its environment

[SOURCE: EN 12258-1:2012, 5.6.14]

3.17

flash

thin protrusion into the parting surface of a die which forms when metal, in excess of that required to fill the
impressions, is forced between the die interfaces

4 Classification of defects and imperfectionsin high pressure, low pressure and
gravity die cast products

4.1 General

Defects and imperfections. implemented . .in_the present- classification ,are .metallurgy-related, i.e. directly
bound to high pressure, low pressure and.gravity, die casting-processes.

The defects and imperfections are classified using a scheme based on three levels:

a) The level | is based on morphology/location of defects and imperfections, with reference to the
investigation techniques suitable for their detection (visual inspections and controls involving the bulk
material): there are internal (Table 1) and external or surface (Table 2) defects and imperfections. Sub-
surface defects and imperfections (i.e. so close to the surface that they can affect external aspect
detectable by conventional surface investigation techniques) are considered surface defects and
imperfections. Finally, the geometrical defects and imperfections (Table 3) refer to the casting shape in
terms of dimensions and tolerances.

b) The level Il is mainly focused on the metallurgical, physical, chemical and process-based origin of
defects and imperfections. They are grouped into several classes according to their general
metallurgical origin:

1) defects and imperfections related to the presence of gas (gas-related defects and imperfections);

2) defects and imperfections related to material volume contraction during metal solidification
(shrinkage defects and imperfections);

3) defects and imperfections related to thermal contraction prevented by previously solidified metal or
by the die (thermal contraction defects and imperfections);

4) defects and imperfections related to incorrect filling of the die-cavity (filling defects and
imperfections);
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6) defects and imperfections related to the presence of unsuitable phases (undesired phases),
originating from the interaction of the metal with external environment during melting, pouring,

casting, filling or extraction/ejection from the die.

As previously observed, the knowledge of metallurgical origin could supply starting points for corrective
actions (e.g. on process parameters).

c) The level lll is used to identify the specific types of defects and imperfections. Usually, the term adopted
to describe a particular type of defect and imperfection allows a better definition of its metallurgical
origin, which was preliminarily identified in the previous level.

NOTE Other defects and imperfections, related to subsequent operations (handling finishing, machining), have not

been considered.

4.2 Classification

Table 1 — Classification of internal defects and imperfections

Level | Level ll Level lll
A1A1 Macro-shrinkage
Shrink
A1 rinkage , , A1.2 Interdendritic shrinkage
defects and imperfections
A1.3 Layer porosity
A2 Air entrapment porosity
A2.2 Hydrogen porosit
A2 Gas-related ydrogen p y :
defects and imperfections A2.3 Vapour entrapment porosity
A . .
Ao'4 Lubricant and/or die release
Internal ' agent entrapment porosity
defects and .
imperfections N A3.1 Cold joint
a3 | Ming-related A3.2 Lamination
defects and imperfections i
A3.3 Cold shot
A4 .1 Inclusion
A4 | Undesired phases
A4.2 Undesired structure
AS Thermal contraction AS5.1 Cold crack
defects and imperfections A5.2 Hot tear, hot crack
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Table 2 — Classification of surface defects and imperfections

Level | Level ll Level lll
Shrinkage
B1 B1.1 Sink
defects and imperfections n
B2 Gas-related B2.1 Blister
defects and imperfections B2.2 Pinhole
B3.1 Cold joint, Vortex
Filling-relat:
g3 | ling-related _ B3.2 Lamination
defects and imperfections
B B3.3 Cold shot
B4.1 Surface deposit
Surface B4 | Undesired phases
defects and B4.2 Contamination, inclusion
imperfections B5 Thermal contraction BS5.1 Cold crack
defects and imperfections B5.2 Hot tear, hot crack
B6.1 Erosion
B6.2 Soldering
Metal-die int ti
B6 ca-diein ferac on . B6.3 Thermal fatigue marks
defects and imperfections
B6.4 Ejection mark
B6.5 Corrosion of the die

Table 3 — Classification of geometrical defects and imperfections

Level | Levellll Level llI
C C1 | Lack of material C1.1 Incompleteness
Geometrical C2 | Excess material C2.1 Flash
defects and
imperfections C3 | Out of tolerance C3.1 Deformation

5 Definition of defects and imperfections

5.1 General

A short definition of each defect and imperfection is given here. Internal and surface defects and
imperfections are grouped on the basis of the phenomena generating them (shrinkage, gas entrapment or

development, filling, formation of undesired phases, thermal contraction, metal-die interaction).

Extended definitions, as well as morphology and metallurgical origin descriptions and representative
figures/schemes for each defect and imperfection are given in Annex A, as well as possible detection and

investigation methods.

Annex B collects the translations of defects and imperfections terminology from English to ltalian, French,

German and Spanish languages.

Annex C reports, for each defect and imperfection, the typical size and the main detection techniques.

10
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5.2 Shrinkage defects and imperfections
— Macro-shrinkage (A1.1)

A relatively large shrinkage cavity with irregular shape formed inside a hot spot due to the volume
contraction when liquid metal transforms into solid and not enough liquid metal flows to contrast it.

— Interdendritic shrinkage (A1.2)

Several cavities located in interdendritic regions formed when the liquid flow in the mushy zone is inadequate
to counterbalance the metal shrinkage.

— Layer porosity (A1.3)

Particular case of shrinkage cavities aligned along a specific surface; typically such surface corresponds to
the neutral thermal axis/surface of the casting.

— Sink (B1.1)

A surface depression related to the presence of a sub-surface shrinkage porosity. The thin metal layer above
is not able to sustain stress arising from the contraction of the internal region and from the surrounding
pressure, and it plastically deforms.

5.3 Gas-related defects and imperfections

— Air entrapment porosity (A2:1)

Small cavities formed as consequence! of(the presencetof air. bubbles trapped inside liquid metal. They
appear as spherical or ellipsoidal cavities characterized by relatively smooth surface.

— Hydrogen porosity. (A2.2)

Due to the abrupt reduction of atomic hydrogen solubility in the solid phase, the dissolved hydrogen
recombinate to form small cavities with smooth and not oxidized surface.

— Vapor entrapment porosity (A2.3)
Cavities similar to air entrapment porosity caused by residual humidity on the die surface.
— Lubricant/release agent entrapment porosity (A2.4)

Cavities similar to air entrapment porosity caused by decomposition gases of lubricant and/or die release
agent that remain trapped into liquid metal in form of bubbles.

— Blister (B2.1)

Small surface areas which blow up if internal pressure of sub-surface gas related porosity is high enough (it
increases with temperature) to plastically deform the metal skin that covers it. It is caused by the expansion
of entrapped gas at the opening of the die or during conditions of elevated temperature in subsurface
regions, typically during thermal treatment.

— Pinhole (B2.2)

Rounded cavity usually smooth-walled of varied size, isolated or grouped irregularly, located on the surface
or in sub-surface regions, and due to gas rising from core materials.

11
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