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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

Porous and cellular metals have attractive properties due to their unique cell morphology. When
they are used as impact energy absorbing components in automotive structures, knowledge of their
high-speed compressive properties is necessary for industrial design. The high-speed compressive
deformation behaviour of porous and cellular metals is quite different from their static compressive
properties. Testing methods for static compressive deformation are, therefore, insufficient for
characterization of high-speed compressive deformation. Standardization of a testing method for the
high-speed compressive behaviour of porous and cellular metals is required.

© IS0 2020 - All rights reserved v


https://standardsiso.com/api/?name=876272587b7396d7ef7730137d5eb8f5



https://standardsiso.com/api/?name=876272587b7396d7ef7730137d5eb8f5

INTERNATIONAL STANDARD
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Metallic materials — Ductility testing — High speed
compression test for porous and cellular metals

1 Scope

This document specifies methods for high speed compression testing, at room temperature, of porous
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3.2

initial strain rate
value derived by dividing the test speed by the initial height of the test piece

3.3

sampling frequency
frequency used to sample the measurement data per unit time

3.4

drop height
initial distance between the pressure application plane of the pressing jig and the top surface of the test
piece in the drop weight impact testing machine
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approach length
initial distance between the pressure application plane of the pressing jig and the top surface of the test
piece in the servo-type high-speed compression testing machine

4 Symbols and units

Symbol Unit Designation

m kg mass of the weight

h m r‘rnp hniglﬂf

¥ m/s |[testspeed

g m/s2 |acceleration of gravity

a st initial strain rate of the test piece

H, mm |initial height of the test piece

H; mm |test piece height at a time when the weight contacts the absorher

A mm?  |initial cross-sectional area of the test piece

AL mm |displacement of the pressing jig from the initial contact position with the test pigce

e % compressive strain

F N compressive force

o N/mm? |compressive stress

oy N/mm? |plateau stress defined in ISO 13314

€ple % plateau end strain defined in ISO 13314

w MJ/m3 |energy absorption per unit volume

€max % upper limit value of the compressive strain

Weia M]/m3 |energy absorption up to 50%.0f the compressive strain, as determined in 8.1 a)

5 Principle
This test copsists of applying an impact force at test speeds between 0,1 m/s and 100 m/s to parous
and cellular|metals and measuring the compressive force and displacement for evaluation of their high-
speed compyressive deformation(characteristics, such as plateau stress and energy absorption.| Test
methods that apply high-speedZcompressive forces to porous and cellular metals are the drop weight
impact test and the servo-type high-speed compression test.
The drop weight impact.test applies the compressive force by dropping a weight from a specified hg¢ight.
The test speled is controlled by the drop height. Due attention should be paid to the fact that the weight
will be decglerated during the period of compressive deformation. When the drop height necegsary
to reach theg spécified test speed cannot be obtained, application of an initial velocity to the weight is

possible.

The servo-type high-speed compression test applies the compressive force using a hydraulic or electric
high-speed servo mechanism. The test speed is changed by the servo control. The drive unit shall be
capable of following the test speed.

6 Testing machine

6.1 Type of testing machine

The testing machines to be used for high-speed compression testing of porous and cellular metals are
the drop weight impact testing machine and the servo-type high speed compression testing machine.

© IS0 2020 - All rights reserved
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Drop weight impact testing machine

6.2.1 General

An example of the basic composition of the drop weight impact testing machine is shown in Figure 1.

The drop weight impact testing machine consists of a weight, guide frame, pressing jig, load cell,
displacement sensor, and absorber, as described in 6.2.2 through 6.2.6.

6.2.2 Weight

The ¥
force

The Y
mas{

6.2.3

The pressing jigs are located above and below the test piece and are used'to apply the compres
the te¢st piece. The pressing jig shall be of a construction such that it doéSnot deform due to the

forc
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The
com
com

The |
is ali
6.2.4

The
of th

The 1
shall

veight shall drop vertically along the guide frame and shall be capable of applying the
to the test piece.

veight shall not be deformed by the impact when dropped and it should be possible t
freely.

Pressing jig

allowing correct transmission of the compressive force in-the axial direction and pr
of forces, such as bending stress, etc., other than the compressive force on the test piec

area of the pressing surfaces shall be sufficiently.large to ensure an even applic

lete.

bressing surfaces shall be polished flat and.installed in such a manner that the centre
bned with the centre line of the testing machine and the planes are parallel to each otH

Load cell

oad cell shall be capable of measuring the compressive force acting on the test piece. Fo
e load cell, ISO 376 shall be-taken into consideration.

esonant frequency and stiffness of the load cell shall be sufficiently high and the compj
be measured to anaccuracy of +1 %.

rompressive

p change the

sive force to
compressive
bventing the

a)
.

htion of the

ressive force over the entire end surface of the,test piece until compressive deformation is

f the planes
er.

I calibration

essive force
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Figure 1 — Schematic of a drop weight impact testing machine

6.2.5 Displacement sensor

The displacement sensor shall be capable of measuring the travel of a drop weight during tests and
shall be of a non-contact type to avoid inertia effects.

The response speed of the displacement sensor shall be higher than the test speed. Measurement with
laser-type displacement sensors, optical displacement sensors, etc. with high accuracy is recommended.
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6.2.6 Absorber

The absorber shall be capable of stopping the weight and preventing it from damaging the load cell
after compressing the test piece to the specified height.

6.3 Servo-type high-speed compression testing machine

6.3.1 General

Among servo-type high-speed compression testing machines, the basic composition of the servo-
hydraulic-type high-speed compression testing machine is shown in Figure 2

The [servo-type high-speed compression testing machine consists of a pressing|jig, load cell,
displlacement sensor, rupture pin, and stopper, as described in 6.3.2 through 6.3.6.

6.3.] Pressing jig

The pressing jig shall be the same as described in 6.2.3.

6.3.3 Load cell

The load cell shall be the same as described in 6.2.4.

6.3.4 Displacement sensor

The ¢lisplacement sensor shall be the same as describédin 6.2.5.

6.3.3 Rupture pin

The rupture pin is a test force transmission.part provided to protect the load cell and the|pressing jig
from|damage resulting from excessivelydarge compressive forces.

The material and the size of the rupture pin shall be capable of resisting the required test force
adequately and of breaking, without large plastic deformation, below the load capacity of the load cell
and the pressing jig.

6.3.4 Stopper

The stopper shall besprovided between pressing jigs and shall be capable of stopping the rhovement of
the pressing jigs aftet having deformed the test piece to the specified height.

7 Testpiece

7 1 Pironaration of fack miacn
L] ) WD § CPGI ALIVUII Ul tLOU PICLU

The test piece shall be prepared by machining, electro-discharge machining, etc., as specified in
ISO 13314.

Cutting into test pieces shall be executed with the utmost care so as not to alter the cellular structure or
pore shape of the porous and cellular metals.

© IS0 2020 - All rights reserved 5
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Figure 2 — Schem f a servo-hydraulic type high-speed compression testing machin

Shape a imensions of the test piece
shape a &imensions of the test piece shall be as follows
The shape of the test piece shall be a square prism, a rectangular prism, or a column.
The length of the shorter side or diameter of the test piece shall be no less than 10 times the average
pore size.
The average pore size shall be measured in the cut section.
The initial height of the test piece, H;, shall be between one and two times the diameter or length

of the shorter side of the test piece. In the case of the drop weight impact test, however, the initial
height of the test piece shall be more than two times the test piece height, H;, at a time when the

weight contacts the absorber, as shown in Figure 3.
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e) The shape and size of the test piece used for the preliminary test of the drop weight impact test
shall be as specified in ISO 13314 regardless of items a) to d) above.

1

~

Key
4

q

BwWw N R

1

Fi

8.1

pressing jig

est piece
bsorber

pad cell

pure 3 — Relation between the initial height of the test piece and that of the absd
drop weight impact test

Drop weight impact test

Preparation

The

rop weight impact tést shall be prepared as follows.
reliminary test

or the prelintinary test, the compression test in accordance with ISO 13314 shall

rberina

be executed

sing a test'piece of the same material, so as to determine the mass of the weight beflore starting

he maintést.

he preliminary test shall be made once or more to measure the energy absorption u

b to 50 % of

omnreacciva ctrain
T v CAZ RS-z o

CompreooTrv e

b) Setting the drop height

The drop height can be determined from Formula (1) according to the desired test speed:

© ISO

2020 - All rights reserved

(D


https://standardsiso.com/api/?name=876272587b7396d7ef7730137d5eb8f5

ISO 17340:

2020(E)

h  is the drop height (m);

V, isthe testspeed (m/s);

g isthe acceleration of gravity (m/s2).

The initial strain rate is calculated from Formula (2):
VO
a=1 000x—
HO
where

a is tIe initial strain rate of the test piece (s71);

Hy ist
c) Mass of]

The ma

A

m=

where

—n

sta |
1

A i

The ma
compre

d) Operati

Confirm

from the testing machine and the displacement data operates correctly in accordance witl

method
e) Safetyn
Depend

if the mass of the weight (kg);

e initial height of the test piece (mm).
the weight
5s of the weight shall meet Formula (3):

-3
LAHyx10
3gh

fem a);

5 the initial cross-sectional area of thie test piece (mm?2).

ksive characteristics at the specified test speed.
pn check

ation shall be madethat the measuring instrument used to acquire the compressive

specified in 1S0/7500-1.
heasures

ing onthe type of porous metal, the test piece might break during compressive deformg

with stsmle scatterlng of broken pleces A suitable guard around the testing machi

5 the energy absorption (MJ/m3) up to 50 %-of the compressive strain, as determined in

(2)

(3)

=

ss of the weight shall be sufficiently large to ensure the appropriate evaluation of the

force
h the

tion,
e is

recommrended-tocontain any CJUL tedfr agments:

8.2 Test

The drop weight impact test shall be as follows.

a) The dimensions of the test piece shall be measured using suitable measuring equipment. The
measured values shall be rounded to the nearest 0,1 mm in accordance with the method specified

inISO 8

0000-1.
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b)

d)

9.1

The gervo-type high-speed compression test shall be prepared as follows,

b)

d)

9.2

The gervo-type high-speed compression test shall be as follows.

ISO 17340:2020(E)

The test piece shall be installed with its centre aligned to that of the pressing jig. The pressure-
application plane may be coated with lubricant.

To prevent movement of the test piece during the compression test, adhesive may be applied to the
bottom surface of the test piece to fix it to the pressing jig. If adhesive is used it shall be applied in
the form of solid tape or liquid film. Penetration of adhesive into the open pores should be avoided
in order to prevent constraint of the deformation of cells at the bottom surface of the test piece.

The absorber shall be installed in the specified position.

The weight shall be dropped and the compressive force and displacement shall be recorded. The
data shall be recorded and cynr‘hrnnimﬂd with a cqmp]ing frpqnpnry of 10 kHZ or highp :

$ervo-type high-speed compression test

Preparation

$topper

The stopper shall have a height appropriate to the maximunx¥displacement, in compression, of the
flest piece.

Approach length

m is necessary to establish the approach length.according to the test speed so that th¢ servo-type
igh-speed compression test can be made at thé specified test speed.

The pressing jig shall be moved without installation of the test piece to the testing machine to make
the pressing jig movement distance-time curve. On the basis of this curve, the approach length
mecessary to reach the test speed of the main test shall be determined.

Dperation check
An operation check shall besmrade similarly to the case of 8.1 d).
$afety measures

$afety measures shall be taken similarly as in the case of 8.1 e).

Test

The dimensions of the test piece shall be similar as in the case of 8.2 a).

Installation of the test piece shall be similar as in the case of 8.2 b).
The rupture pin shall be installed in the testing machine.

The stopper shall be installed on top of the pressing jig. The stopper shall be positioned in such a
manner that the test piece under compressive deformation does not contact the stopper.

The approach length appropriate to the specified test speed shall be provided.

The compressive force shall be applied to the test piece with the specified test speed and the
compressive force and displacement shall be recorded. Recording shall be made with the sampling
frequency of 10 kHz or higher.

© IS0 2020 - All rights reserved 9
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10 Calculations

10.1 Compressive strain

The compressive strain shall be calculated from Formula (4):

AL

e=—->x100
H

0

where

(4)

e ist

AL ist

10.2 Comy

The compre

|

e compressive strain (%);

e displacement of the pressing jig from the initial contact position with the test'piece (|

pressive stress

5sive stress shall be calculated from Formula (5):

o ist

F ist
10.3 Comy
The compre

a)

From t

compre
b) Whentl
strain c
filtering
10.4 Plate

The plateau
with 0,1 %
Figure 5 a)].

!

e compressive stress (N/mm?);

e compressive force (N).

Jressive stress-strain curve
ksive stress-strain curve shall be prepared as follows.

he compressive strain and the~compressive stress determined in 10.1 and 10.2
5sive stress-strain curve (see\Eigure 4) shall be prepared.

le compressive stress contains any periodic noise [see Figure 4 a)], the compressive s
urve [see Figure 4 b)] shall be prepared by removing unnecessary noise through adeq
. For filtering, see Afinex A.

au stress (67

stress defined in ISO 13314 shall be determined as the arithmetical mean of the str
br smaller strain intervals between 20 and 30 % or 20 and 40 % compressive strain

mm).

(5)

the

ress-
juate

bSses
[see

10.5 Plateau end

The plateau end defined in ISO 13314 shall be determined as the point in the stress-strain curve at
which the stress is 1,3 times the plateau stress [see Figure 5 a)].

10.6 Plateau end strain (e,)

The plateau end strain defined in ISO 13314 shall be determined as the compressive strain at the

plateau end

10

[see Figure 5 a)].
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10.7 Energy absorption
The energy absorption per unit volume defined in ISO 13314 shall be calculated from Formula (6):

_ 1 ®max
_E-[o ode 6)

where

W isthe energy absorption per unit volume (M]/m3);

max 1S theupper limit value oI the compressive strain (7o).

The ppper limit value of the integration range shall be either the 50 % compressive,strain value or
the plateau end strain value. However, different upper limit values can be employed as r¢quired [see

Figure 5 b)].

0 1 P PP TS PP PR PR PP PP

0 10 20~30 40 50 60 70 80 e

a) Compressive stress-strain curve containing noise
o

10

0.I----I----I----I----I----I----I----I----.
0 10 20 30 40 50 60 70 80 e

b) Compressive stress-strain curve after noise removal
NOTE Test speed: 4 m/s.

Figure 4 — Compressive stress-strain curves for porous aluminium
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1,3 Oy

(40)

a) Plateau stress, plateau end and plateau end strain
o

w

0 //

0 e e

max,

b) Energy absorption

Key
1 plateau ¢nd

Figure 5 — Schematic of compressive stress-strain curves for porous and cellular metals

11 Test report
The test repiort shall speeify/the following:
a) testpiege:

1) natpireanddesignation of the product;

2) thelmaterial density porosity tvyne of nores (onen or closed) and average nore size:
y P PR o P (S 77 5 F g

3) dimensions and whether it has a surface skin or not;
4) the number of test pieces;
b) testing method:
1) ambient temperature;
2) testing machine used;
EXAMPLE Drop weight impact testing machine or servo-type high-speed compression testing machine.

3) the test speed and initial strain rate;

12 © IS0 2020 - All rights reserved
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4) with/without lubricant and with/without adhesion;

5) sampling frequency recording the compressive force and displacement;
c) testresults:

1) plateau stress;

If there is no visible plateau in the diagram, then report that there is no plateau.

2) energy absorption (indicating the upper strain for determination, e.g. 50 %).
The foHowingoptiomatinfornmationcanbeinctudedimrthe testreport——————————————
a) ¢ompressive force-displacement curve;

In the case of the drop weight impact test, the absorber operation start displacemgent shall be
¢learly indicated.

b) ¢ompressive stress-strain curve;
If filtering has been carried out, the information on the filter used'shall be clearly indidated.
c) plateau end and plateau end strain.

d) ¢tatistics of measured quantities.

© IS0 2020 - All rights reserved 13
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