Licensed Copy: London South Bank University, London South Bank University, Sun Jun 17 07:05:02 GMT+00:00 2007, Uncontrolled Copy, (¢) BSI

BRITISH STANDARD

Thermal spraying —
Determination of shear
load resistance of
thermally sprayed
coatings

The European Standard EN 15340:2007 has the status of a
British Standard

1CS 20.220,20

NO COPYING WITHOUT BS1 PERMISSION EXCEPT AS PERMITTED BY COPYRIGHT LAW
I

BS EN
15340:2007

British Standards



BS EN 15340:2007

This British Standard was
published under the authorty
of the Standards Policy and
Strategy Committee

on 29 June 2007

© BSI 2007

ISBN 978 0 580 50885 1

National foreword

This British Standard was published by BSI. It 1s the UK implementation of
EN 15340:2007.

The UK participation in its preparation was entrusted to Technical Committee
STL/40, Thermally spraved inorganic finishes.

A list of organizations represented on this committee can be obtained on
request to 1ts secretary.

This publication does not purport to include all the necessary provisions of a
contract. Users are responsible for its correct application.

Compliance with a British Standard cannot confer immunity from
legal obligations.

Amendments issued since publication

Amd. No. Date Comments

Licensed Copy: London South Bank University, London South Bank University, Sun Jun 17 07:05:02 GMT+00:00 2007, Uncontrolled Copy, (c¢) BSI



EUROPEAN STANDARD EN 15340
NORME EUROPEENNE
EUROPAIS CHE NORM March 2007

ICS 25.220.20

English Version

00 2007, Uncontrolled Copy, (c) BSI

Thermal spraying - Determination of shear load resistance of
thermally sprayed coatings

L]
-

Projecuon thermigue - Délermination de la résistance auw Thermisches Spriizen - Bestimmung des
cisallement des revélemenlts oblenus par projecion Scherbeanspruchungswidersiandes beithermisch
the rmique gespritzten Schichten

This European Standard was approved by CEN on 3 February 2007,

CEN mcmbers arc bound to comply with the CEN/CENELEC Internal Regulations which stipulate the conditions for giving this Europecan
Standard the status of a natonal standard without any alteration. Up-to-date lists and bibliographical references concerning such national
standards may be obtained on application to the CEN Management Centre or to any CEN member,

This European Standard exists in three official versions (English, French, German). A version in any other language made by translation
under the responsibility of a CEN member into its own language and notified to the CEN Management Centre has the same status as the
official versions.

CEN mcmbers arc the national standards bodics of Austria, Belgium, Bulgaria, Cyprus, Czech Republic, Denmark, Estonia, Finland,
France. Germany, Greece, Hungary, lceland. Ireland, Italy. Latvia, Lithuania. Luxembourg, Malta, Netherlands, Norway, Poland, Portugal,
Romania, Slovakia, Slovenia, Spam, Sweden, Switzerland and United Kingdom.

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

Management Centre: rue de Stassart, 36 B-1050 Brussels

© 2007 CEN  All rights of exploitation in any form and by any means rescrved Ref. No. EN 15340:2007: E
worldwide for CEN national Members.

Licensed Copy: London South Bank University, London South Bank University, Sun Jun 17 07:05:02 GMT+00



Licensed Copy: London South Bank University, London South Bank University, Sun Jun 17 07:05:02 GMT+00:00 2007, Uncontrolled Copy, (c) BSI

EN 15340:2007 (E)

Contents

3
a

(®]
@

B AT T . et e o e 17 ot i g o i 1 a1 ot i g 1 e o i et o ' 1 e .

L0 o T [T (o] 1

T 0 ] o - O STO

N O I A IV 8 T O O S uutuiviiusesesennes sasusnsnsnnsssssssnssssss snssss s snsss s omsssssssssssssssnssss esesssssssssssssssnssssanssnssssassnss

L= T L0 B L L T o ) 1 T

D BN G EITIEN TR i s i i s o i i i i i e i i o o M i v
S T T O

1

2

3

Bl 0 L o =T
5

5.1

5.2 Preparation.......cc.c....

53 NUMDEX Of SPECIMENS 0 D@ LESHOU...rv.v-vvrverrsvrssesssrsssssssessassssessses oo

6 a0 Lo = e L1
7 QB IINE it im0 i i e i T i

8 Testreport....ccciiivccinniesnnass e ennsas

Annex A (iINformative) EVAlUALION .....c....iiieeiiieeceiisisncsesnsnss sarmsssssssss nssnsssansssssmsnssnssns sssnssnssnsassnssnssnsnns ennsnnssssnn

Annex B (informative) Coating systems and SOUrces of rror........iiieeciieciiisicisr e cirs e ssss s e sar ss ansneamsn ses
B.1 Coating systems (DONAOP COAL) ... .ot ier e ssieeeseesssssesas s s anssnnnss sessnssnssnensnsssassnssases
B.2 = LT T I =T T OO PPP

= 101 T'o L PP

Mo

0 W W W~~~ D thh o b W

—
—

- b
b

-
14|



Licensed Copy: London South Bank University, London South Bank University, Sun Jun 17 07:05:02 GMT+00:00 2007, Uncontrolled Copy, (c¢) BSI

EN 15340:2007 (E)

Foreword

This document (EN 15340:2007) has been prepared by Technical Committee CEN/TC 240 “Thermal spraying
and thermally sprayed coatings’, the secretariat of which is held by DIN.

This European Standard shall be given the status of a national standard, either by publication of an identical
text or by endorsement, at the latest by September 2007, and conflicting national standards shall be
withdrawn at the latest by September 2007.

According to the CEN/CENELEC Internal Regulations, the national standards organizations of the following
countries are bound to implement this European Standard: Austria, Belgium, Bulgaria, Cyprus, Czech
Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, lceland, Ireland, Italy, Latvia,
Lithuania, Luxembourg, Malta, Netherlands, Norway, Poland, Portugal, Romania, Slovakia, Slovenia, Spain,
Sweden, Switzerland and United Kingdom.
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Introduction

The test is conducted to determine the shear load resistance of the bond between the spray deposit and the
parent material (adhesive strength) and/or the strength of the coating itself (cohesive strength). If adhesive
strength of the sprayed coating to the base material supersedes the cohesive strength, primarily the cohesive
strength of the deposit is determined. During the test the coating is loaded parallel to the interface of
coating/substrate.

The test is used to evaluate the effects of parent material and spray material, surface preparation of the work
piece before spraying, and the spraying conditions on the adhesive and/or cohesive strength of thermally
sprayed coatings, or for quality control and routine supervision of the spray works.

=
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1 Scope

This European Standard specifies the procedure for determination of the shear load resistance of thermally
sprayed coatings, provided that a minimum thickness is given.

Additionally this European Standard defines the shear load resistance and the designation of the fracture’'s
structure on the test specimen, which occurs when the shear adhesive or adhesive/ cohesive or cohesive
strength of the coating or the coating system will be exceeded.

The test report is the basis for comparative statements regarding shear load resistance and structure of
fracture.

NOTE The test for the determination of the shear load resistance is not recommended for sprayed coatings thinner
than approximately 150 um because the adjustment of shear distance becomes critical.

2 Normative references

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

EN 657:2005, Thermal spraying — Terminology, classification

EN ISO 7500-1, Metallic materials — Verification of static uniaxial testing machines — Part 1:
Tension/compression testing machines — Verification and calibration of the force-measuring system (ISO
7500-1:2004)

ISO 1832, Indexable inserts for cutting tools — Designation

3 Terms and definitions

For the purposes of this document, the terms and definitions given in EN 657:2005 and the following apply.

3.1
shear strength
FSa

maximum force that causes fracture of the specimen in the interface coating/substrate
NOTE This fracture mode is called "Mode 1°.

Sl
shear adhesive/cohesive strength
FSalc

maximum force that causes mixed fracture partially within coating material and partially in the interface
coating/substrate

NOTE This fracture mode is called "Mode 2".

3.3

shear cohesive strength

FSc

maximum force that causes fracture of the specimen within the coating material

NOTE This fracture mode is called:
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. "Mode 3a”
- if in case of hard coatings continuous blistering of small or larger pieces of the coating occurs;
- If soft and/or porous coatings will be compressed and continuously scraped off;

* “Mode 3b"

- If the fracture path runs within the coating especially parallel to the interface coating/substrate and the
coating part under the shear plate detaches in one piece

3.4

shear energy

ES

area below the force displacement curve provided by the shear test

NOTE The energy ES up to the first shear force maximum can be calculated using the force-displacement curve
provided by the shear test. The energy ES relates to the energy absorption of the coating-substrate system until failure.

3.5
shear distance

d
distance between interface coating/substrate and the edge of the shear plate

3.6
shear load resistance
value of the first maximum of the load during the shear test process

4 Equipment

The shear test may be performed using a universal testing machine in accordance with EN ISO 7500-1
class 2.5 or using stand alone desk top machine which fulfils the corresponding requirements for accuracy

and reproducibility.

The construction of the testing machine shall be able to apply a force required for the operation. The principle
of the testing set up is demonstrated in Figure 1.

(2]
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Figure 1 — Principle of shear test

An exact fixation and alignment of the specimen in the specimen holder is necessary and any movement of
the specimen during the shear test shall be avoided.

The shear plate is preferentially made of hard metal. A suitable cutting plate without “swarf crusher” (1ISO 1832
standardized e.g. SP EW 120408 (turning, 11° clearance angle) or LC EW 1904PPF (milling, 7° clearance
angle) ensures proper test conditions. The shear plate is fixed in a suitable manner to a punch or cantilever
that allows a movement during loading in the guide ways without deviations or friction that affects the
measured shear force. The edge of the shear plate shall be parallel to the interface coating/substrate and
parallel to the upper face of the specimen. Thus a uniform loading of the coating is ensured.

5 Specimens

5.1 Shape

The dimensions of the specimen for the determination of the shear load resistance of sprayed coatings are
shown in Figure 2.
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Dimensions in millimetres

0 0
5-0,075 30 -0,02
3 o
* | [0,06
7] =
‘—J_ 0,12
.‘_

Key

1 area to be coated

Figure 2 — Dimensions of the specimen

The mentioned tolerances shall be complied with for measuring/adjusting the shear distance even from the
back side of the specimens. For tolerances not specified + 0,1 mm shall apply.

After surface preparation the coating is sprayed to the front area of 5 mm x 10 mm. When the specimens are
coated in a rotating specimen holder safe fastening against centrifugal forces shall be ensured e.g. form-
locking by pin and hole or notch, as shown in Figure 3.

Dimensions in millimetres
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Figure 3 — Examples of specimen layout for form-locking safety of specimens during rotational
coating

5.2 Preparation

The specimen is made of the specified material and shall be pre-treated in the same way as the work piece in
practice. After surface preparation and before spraying, the length of the specimen has to be measured as a
reference. The coating or the coating system is applied to the front face 5 mm x 10 mm. No spray material
shall be deposited on the other sides. The coating thickness shall be constant. Spray conditions shall be equal
to those of practical work. For spraying a set of specimens they may be inserted as a batch in an adequate
specimen holder. In that case it has to be guaranteed that each specimen is mechanically separated, for
example by thin copper foils. The separating elements shall not reach the coating area. Unavoidable
overspray on the sides of the specimen shall be removed by abrasive paper (120 grit recommended) moving
carefully from the coating to the substrate. Care shall be taken to ensure the perpendicular position of
specimen faces after cleaning. Other post treatments should be done only if it belongs to the treatment of the
work piece in practice.

Before carrying out the test, the coating thickness should be measured non-destructively or by metallographic
examination on an accompanying specimen. Care shall be taken when measuring the coating thickness by
slide gauge in order to avoid that measured values are not overestimated due to coating roughness and/or
loosely bonded particles on the surface.
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5.3 Number of specimens to be tested

For statistical reasons, at least five specimens, spray deposited in one cycle, should be tested.

6 Procedure

Before performing the tests, the edge of the shear plate shall be inspected to prove that no damage has
occurred during the preceding loading.

The coated specimen is inserted into the specimen holder of the test device. Concerning shear distance the
roughness of the specimen shall be taken into account. Thus, the shear distance 4 shall be 50 pm + 20 pm
(see Figure 4). Within this range the distance does not have a significant influence on the result.

Then the specimen is securely clamped. Any movement of the specimen during loading, lateral, back, or tilting
shall be avoided. The coating is loaded according to Figures 1 and 4 by thrust of the shear plate at a constant
rate and without jerks until fracture occurs and the recorded load decreases. A suitable speed of the shear
plate is about 50 pm/s.

— - 2

1
L %

Key

1 specimen 3 shear plate

2 shear force d shear distance
Figure 4 — Shear distance d

7 Results

The shear load resistance is taken from the first maximum of the force displacement curve.
Typical force displacement curves are schematically shown in Annex A, Figures A.1 to A.5.

After completing the tests, the arithmetic mean value [in N] and standard deviation of the determined shear
forces (FSa, FSc, or FSalc) for all evaluated specimens shall be calculated.

The standard deviation of the test shall be less than 10 %. Otherwise the test shall be repeated.

The fracture’s structure is important for the evaluation of the shear load resistance. Therefore the fracture
mode shall be indicated in the test report.

8 Testreport

The test report shall contain the following information for every specimen tested in accordance with this
European Standard:

a) inspection body, inspector, date;
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b) specimen material;

c) coating thickness;

d) coating material;

e) shear distance d;

f) shear plate geometry according to ISO 1832;

g) speed of shear plate;

n) list of all single measurement results of the shear load resistances [N] including type of fracture:
“‘Mode 1": FSa (failure at interface between coating and substrate);
“Mode 2": FSal/c (mixed fracture, portion of the coating peeled off in [area-%]);
‘Mode 3a" / "Mode 3b": FSc (failure within the spray deposit);

i) arithmetic mean value and standard deviation of results;

j) any particularities.

—
o



Licensed Copy: London South Bank University, London South Bank University, Sun Jun 17 07:05:02 GMT+00:00 2007, Uncontrolled Copy, (c¢) BSI

EN 15340:2007 (E)

Annex A
(informative)

Evaluation

Depending upon the coating material and its adhesion to the substrate and cohesion between the splats,

different modes of fracture can be distinguished. This can be seen from the load-displacement curves. Typical
curves and sketches of crack configuration are shown schematically in Figures A.1 to A.5.

Mode 1 coating adhesion < coating cohesion
T4 F oo
1 1
3\ 3\
~, - 7 -
A 7
| 1 2 5 2
- \
X
Key
Y shear load [N] 3 specimen
X displacement 4 crack path a
1  shear load 5 crack path b
2 shear plate

Figure A.1 - Typical schematic load displacement curves and crack paths which are likely to result
during shear testing for Mode 1 failure

Coating chips off totally and instantly when reaching the maximum shear forces. The delamination propagates

almost completely along the interface between coating and substrate (crack path a). Even if the fracture starts
with some distance it will run into the interface (crack path b).

11
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Mode 2 coating adhesion = coating cohesion

/“5

Key

Y shear load [N] 3 specimen

X displacement 4 crack path a
1 shear load 5 crack pathb
2 shear plate 6 crack path c

Figure A.2 — Typical schematic load displacement curves and crack paths during shear testing for
Mode 2 failure

The failure may propagate along the interface between coating and substrate (crack path a) as well as within
the coating itself (crack path b and c). The shear forces may start rising again after reaching a first maximum if
fracture path proceeds within the coating (cohesive failure) due to frictional forces (load displacement and
crack path c).

Mode 2 has to be considered if different crack pathways a, b and/or ¢ occur within one batch of test samples
manufactured and tested in the same way.

Mode 2 is distinguishable safe from mode 3 only when corresponding series of samples are tested with
different shear distance.

Mode 3 coating adhesion > coating cohesion

Mode 3a — coating disintegrates (crumbles) into small particles

Y

max

Y

>

Key
Y shear load [N] X displacement

Figure A.3 — Typical schematic load displacement curve and crack configuration during shear testing
for Mode 3a failure of hard coatings

—
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During shear testing of hard coatings continuous blistering of small or larger pieces of the coating may happen.

Y 4

FFI'IE!

/‘I

<V

Key

Y shear load [N]
X displacement
1 ductile behaviour (no peak, but deviation form linear curve)

Figure A.4 — Typical schematic load displacement curve and crack configuration during shear testing
for Mode 3a failure of soft and/or porous coatings

During shear testing coatings will be compressed and continuously scraped off.
Mode 3b - coating chips off in large parts

Y4

max

<V

Key
Y shear load [N] X displacement

Figure A.5 — Typical schematic load displacement curve and crack path during shear testing for
Mode 3b failure

Fracture path runs within the coating along the coating/substrate interface and the coating part under the
shear plate detaches prompt like in Mode 1,

13
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Annex B
(informative)

Coating systems and sources of error

B.1 Coating systems (bond/top coat)

In case of coating systems which e.g. consist of bond and top coat — especially in case of coating evaluation
by testing a sequence with variable shear distance is recommended, so that a curve of the shear load
resistance can be drawn up. The interesting values of the shear load resistance at the interface between bond
and top coat are to be determined out of the curve's run.

B.2 Faults in testing

Possible faults in the preparation of specimen and in testing can be:

a) surfaces of the specimen are not cleaned properly from overspray;

b) angular and positional displacement of specimen in the specimen holder;
c) movement of the specimen during loading;

d) shear distance is too low; shear plate scrapes the substrate material;

e) shear distance is too large, only the coating surface is scraped.

—
S



Licensed Copy: London South Bank University, London South Bank University, Sun Jun 17 07:05:02 GMT+00:00 2007, Uncontrolled Copy, (c¢) BSI

[1]
2]

3]

[4]

9]

6]

EN 15340:2007 (E)

Bibliography

EN 582, Thermal spraying — Determination of tensile adhesive strength

EN ISO 2064, Metallic and other inorganic coatings — Definitions and conventions concerning the
measurement of thickness (ISO 2064:1996)

EN 13507, Thermal spraying — Pre-treatment of surfaces of metallic parts and components for
thermal spraying

EN ISO 3882, Metallic and other inorganic coatings — Review of methods of measurement of
thickness (ISO 3882:2003)

EN 22768-1, General tolerances — Part 1. Tolerances for linear and angular dimensions without
individual tolerance indications (ISO 2768-1:1989)

EN 22768-2, General tolerances — Part 2: Geometrical tolerances for features without individual
tolerance indications (ISO 2768-2:1989)

15



—~ BS EN

vl

N 15340:2007

BSI

389 Chiswick High Road
London

W4 4AL

BSI — British Standards Institution

BSI 1s the independent national body responsible for preparing
British Standards. It presents the UK view on standards in Europe and at the
international level. It is incorporated by Royal Charter.

Revisions

British Standards are updated by amendment or revision. Users of
British Standards should make sure that theyv possess the latest amendments or
editions.

It 1s the constant aim of BSI to improve the quality of our products and services.
We would be grateful if anyone finding an inaccuracy or ambiguity while using
this British Standard would inform the Secretary of the technical committee
responsible, the identity of which can be found on the inside front cover.

Tel: +44 (0)20 8996 9000. Fax: +44 (0)20 8996 7400.

BSI offers members an individual updating service called PLUS which ensures
that subscribers automatically receive the latest editions of standards.

Buying standards

Orders for all BSI, international and foreign standards publications should be
addressed to Customer Services, Tel: +44 (0)20 8996 9001.

Fax: +44 ()20 8996 7001. Email: orders@bsi-global.com. Standards are also
availlable from the BSI website at http://www.bsi-global.com.

In response to orders for international standards, 1t 18 BSI policy to supply the
BSI implementation of those that have been published as British Standards,
unless otherwise requested.

Information on standards

BSI provides a wide range of information on national, European and
international standards through 1ts Labrary and its Technical Help to Exporters
Service. Various BSI electronic information services are also available which give
details on all its products and services. Contact the Information Centre.

Tel: +44 (0)20 8996 7111. Fax: +44 (0)20 8996 7048. Email: info@bsi-global.com.

Subscribing members of BSI are kept up to date with standards developments
and receive substantial discounts on the purchase price of standards. For details
of these and other benefits contact Membership Administration.

Tel: +44 (0)20 8996 T002. Fax: +44 (0)20 8996 7001.

Email: membership@bsi-global.com.

Information regarding online access to British Standards via British Standards
Online can be found at http:/www.bsi-global.com/bsonline.

Further information about BSI 1s available on the BSI wehsite at
http://www.bsi-global.com.

Copyright

Copyright subsists 1n all BSI publications. BSI also holds the copyright, in the
UK, of the publications of the international standardization bodies. Except as
permitted under the Copyright, Designs and Patents Act 1988 no extract mayv be
reproduced, stored 1n a retrieval system or transmitted in any form or by any
means — electronie, photocopying, recording or otherwise — without prior written
permission from BSI.

This does not preclude the free use, in the course of implementing the standard,
of necessary details such as symbols, and size, type or grade designations. If these
details are to be used for any other purpose than implementation then the prior
written permission of BSI must be obtained.

Details and advice can be obtained from the Copyright & Licensing Manager.
Tel: +44 (0)20 8996 7070. Fax: +44 (0)20 8996 7553.
Email: copyright@bsi-global.com.

Licensed Copy: London South Bank University, London South Bank University, Sun Jun 17 07:05:02 GMT+00:00 2007, Uncontrolled Copy, (c)




