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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

In many dynamic events, such as punch forming, metal cutting, and vehicle collision, the metallic
components are susceptible to dynamic impact loading, in which case the maximum strain rate of the
order of 10% s~1 can be achieved. During this extreme loading condition, the strength of the material can
be significantly higher than that under quasi-static loading conditions. The shear mechanical properties
of metallic materials, such as yield strength, flow stress and failure strain are essential information for
analysis of shear failure of components, and are also the basic data for construction of constitutive
relations. The shear mechanical properties of many metallic materials depend also on strain rate as
properties under uniaxial load. Therefore, to determine the shear mechanical properties of metallic

mate
strugq
see

— 1
— 1

The

prop
nam

a)
b)

The fundamental principle is as follows: a small test piece is sandwiched between two long
which are used as loading and measuring devices By means of elastic stress wave propaga

one

forcd and displacement measurements of test piece can be calculated by measuring the e

of th
of sp

widelly used to obtain accurate stress-strain curves at around 103 s™1.

This

TialS at high Strain rates by torsion test 1S also of great \mportance for enginee
tural optimization, processing and evaluation of metallic structures. For additional

SO 26203-1, and
SO 26203-2.

split Hopkinson (Kolsky) bar is one of the major test methods for;measurement of
erties of materials at high strain rates (2102 s71). It is designed:. on the base of two a

by

ne-dimensional elastic wave propagation in elastic bars{and

niform distribution of stress-strain along the length-of the short test piece.

ing design,
information

mechanical
ssumptions,

elastic bars,
tion. On the

and, the propagating waves on elastic bars1oad dynamically the test piece; on the otler hand the

e bars through gauges attached to the bars. The torsional split Hopkinson bar apparat]
lit Hopkinson bar techniques, can provide solutions for dynamic torsional testing pro

document provides test method for the torsional split Hopkinson bar apparatus.

lastic strain
us, one kind
blems and is
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INTERNATIONAL STANDARD ISO 23838:2022(E)

Metallic materials — High strain rate torsion test at room
temperature

1 Scope

This document specifies terms and definitions, symbols and designations, principle, apparatus, test
piece; > e, I > nts for the
torsipn test at high strain rates for metallic materials by using torsional split Hopkinsonybajr (TSHB).

2 Normative references

Therk are no normative references in this document.

3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.
ISO gnd [EC maintain terminological databases for use in standardization at the following dddresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at https://www.elegtropedia.org/

3.1
stress wave
strain wave
proppgation of disturbance of stress (ot strain) in a medium

Note|l to entry: When a localized mechanical disturbance is applied suddenly into a deformable splid medium,
the djisturbance results in the variations of particle velocity, and also the variations of stress and strain states.
The ariations or disturbances-of-the stress and strain states propagate to the other parts of the medium in the
form|of waves. The resulting waves in the medium are due to mechanical stress (or strain) effe¢ts and, thus,
thesq waves are called stress-wave (or strain) wave.

3.2
elastic stress waye
elastic strainwave
stress wave orstrain wave (3.1) propagating in an elastic medium

Note [1 t6*entry: When loading conditions result in stresses below the yield point of solid medium| the medium
behayes élastically, and consequently the stress wave or strain wave (3.1) is elastic.

3.3
elastic torsional wave
type of propagation of rotation disturbance inducing shear deformation in elastic medium

Note 1 to entry: The direction of particle movement is perpendicular to the wave propagation direction.

34
wave front
moving surface which separates the disturbed from the undisturbed part in a medium

3.5
elastic torsional wave velocity
propagation velocity of wave front (3.4) of elastic torsional wave (3.3)

©1S0 2022 - All rights reserved 1
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3.6

split Hopkinson bar

experimental apparatus that utilizes the split-bar system to determine the dynamic stress-strain
curves of materials from the information of stress wave or strain wave (3.1) propagation in bars

Note 1 to entry: In a split Hopkinson bar apparatus a short test piece is sandwiched between the two long elastic
bars, called incident and transmitter bars, by which the test piece is loaded, and force and displacement are

measured.

3.7
TSHB

torsional split Hopkinson bar

kind of split

Note 1 to ent
is utilized to

3.8
incident wg
elastic stres
test piece

3.9

reflected w
elastic stres
piece interf3

Note 1 to enf
wave (3.8) is

3.10

transmitte
elastic stres|
interface an

Note 1 to ent
wave (3.8) is
piece to the t

3.11

Hopkinson bar (3.6) used for testing materials in torsion

I'y: in a torsional split Hopkinson bar (TSHB) apparatus the elastic torsional wave (3.3) propag
measure the shear mechanical properties of materials at high strain rates.

ve
b wave or elastic strain wave (3.2) generated in the incident bar, propagating toward

ave
5 wave or elastic strain wave (3.2) reflected to the incidént bar from the incident baj
ice

ry: When the incident wave (3.8) propagates till the'bar-test piece interface, a part of the in
reflected back into the incident bar.

l wave
s wave or elastic strain wave (3.2)\transmitted through the transmitter bar-test
d into the transmitter bar

ry: When the incident wave (3.8) propagates till the bar-test piece interface, a part of the in
reflected back into the incident'bar, and a second part of the wave is transmitted through th
Fansmitter bar.

average engineering plasticstrain rate

arithmetic 4

Note 1 to ent]
by calculatin
deformation.

3.12

verage of the engiheering plastic shear strain rate function of time

ry: The arithinetic average value of the engineering plastic shear strain rate function can be
b the definite integral of the function and dividing the integral value by the time interval for pj

ation

s the

-test

rident

biece

rident
b test

ound
lastic

gauge length
length of thin-wall section of the test piece

4 Symbols and designations

Table 1 — Symbols and designations

Symbol Designation Unit
a Distance from the strain gauge location on the incident bar to the bar-test mm
1 piece interface
NOTE During the data processing, the unit of shear strain rate and average engineering plastic strain rate is (ms)~1; the

resulting expression should be converted to s1.

© IS0 2022 - All rights reserved
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Table 1 (continued)
Symbol Designation Unit
a D_istar_lce from the strain gauge location on the transmitter bar to the bar-test mm
piece interface
Cy Velocity of the torsional wave propagation of the elastic bar mm/ms
Pb Density of the elastic bar g/mm3
D, Diameter of the elastic bar mm
L Length of the elastic bar mm
65 Stearmodutusof theetastichar — MPa
Lg Length of the energy storage section (\q‘/l’ mm
L Length of the incident bar m‘])’ mm
Ly Length of the transmitter bar O_\(bv mm
M Applied torque in the bar at gauge station q(bu N-mm
M, Torque in the test piece ,-O ’ N-mm
Mp Torque of the reflected wave &\‘O N-mm
Moy Maximum torque applied on the energy storage sect@no\ N-mm
T Radius of the elastic bar {)Q\ mm
Jb Polar moment of inertia of the elastic bar \\\‘ mm*
Ty Shear yield strength of the elastic bar mat(gl?}*a\f MPa
Ps Density of the test piece . \\'Qv g/mm3
Gy Shear modulus of the test piece \Q? MPa
D Diameter of cylindrical flangeAA\ mm
Dy Diameter of the circumcirc\lﬁs&'}regular hexagonal flange mm
d; Inner diameter of thil);s\:é}’\section mm
d, Outer diameter of\thip\-\fvall section mm
L Total length of,t-%*\est piece mm
L Flange lengtﬁp\f{he test piece mm
Ly Gauge lw'of the test piece mm
I Me;a\@fl/ius of the thin-wall of the test piece mm
s ness of the thin-wall section of the test piece mm
r (\\ adius at the shoulder of the test piece mm
91 , 'ezxev Angular velocities of the ends of the test piece (ms)1
a/'/i\‘ Engineering plastic shear strain rate in the test piece (ms)1
7/ Engineering shear strain rate (ms)1
C Velocity of the torsional wave propagation of the test piece mm/ms
Ys Engineering plastic shear strain in the test piece -
7_'/5 Average engineering plastic shear strain rate in the test piece (ms)1
T Engineering shear stress of the test piece MPa
Y Engineering shear strain -
T Engineering shear stress MPa
U Voltage of channel signal \%
NOTE During the data processing, the unit of shear strain rate and average engineering plastic strain rate is (ms)~1; the
resulting expression should be converted to s™1.

©1S0 2022 - All rights reserved 3
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Table 1 (continued)

Symbol Designation Unit

Uoj Voltage of the jth channel signal at the strain calibration,j=1, 2, ..., n \%
U Output voltage of the jth channel signal,j=1, 2, ..., n \%
Ug Bridge voltage \
T Starting point of the incident wave ms
T, Starting point of the reflected wave ms
T3 Starting point of the transmitted wave ms
A Length of the incident wave ms
t Time ms
T Load duration of stress wave ms
T, Time corresponding to the yield strength in engineering shear stress-time s

curve

AT Sampling interval ms
At Rise time of the incident wave ms
At; Time interval between the incident and reflected waves ms
& Dummy variable ms
e Engineering elastic strain 10-¢
e;j Measured strain value of the jth channel,j=1, 2, ..., ri -
e Strain of incident wave recorded by gauge on the incident bar -
er Strain of reflected wave recorded by gauge-on'the incident bar -
er Strain of transmitted wave recorded by gauge on the transmitter bar -
TR Measured shear strain of reflected wave on incident bar -
Y Shear strain on the surface of the.bar -

resulting expffession should be converted to s1,

NOTE Duripg the data processing, the unit of shear’strain rate and average engineering plastic strain rate is (ms){; the

5 Principle

The shear gtress-strain characteristics of metallic materials at high strain rates are evaluatgd by

torsional split Hopkinson.bar (TSHB) method, which utilizes two long elastic bars for applying the

load

to the test pieces sandwiched between bars, and also for measuring the displacements and loagls as
transducers|at the test piece ends. The bars remain elastic throughout the test and are long enough so

that the strain sighals are recorded before the elastic wave is reflected back from the other end

The

histories of|loadl and deformation in test piece are calculated by one dimensional wave propagption
theory frony §tpain signals obtained by strain gauges mounted on two bars by use of Formulae (1) to

@3)14:
72 (6)=22 2 ey (6)—eq (6)-ex (0]
Iy - Ls
7 (0= ey (6)-eq (6)-ex ()]
b s
Gb~rb3
Ts(t)=r2—_[el(t)+ek(t)+eT(t)]

M

(2)

(3)

4 © IS0 2022 - All rights reserved
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where

Ys  isthe engineering plastic shear strain in the test piece;

T is the engineering shear stress of the test piece;

e is the strain of incident wave recorded by gauge on the incident bar;
egr isthe strain of reflected wave recorded by gauge on the incident bar;

er isthe strain of transmitted wave recorded by gauge on the transmitter bar;

s is the mean radius of the thin-wall of the test piece;

b is the radius of the elastic bar;

. is the gauge length of the test piece;

s is the thickness of the thin-wall section of the test piece;

[,  is the velocity of the torsional wave propagation of the elasticbar;
7,  is the shear modulus of the elastic bar;

is time;

, is dummy variable.

6 Apparatus

6.1 | Apparatus components

The [TSHB apparatus consists of three® major components: loading device (rotary actuator, energy
stordge section and clamp), bar components (incident bar and transmitter bar), and datg acquisition

and recording system (strain gauge, amplifier and data recorder) (see Figure 1, the stored-forque TSHB
for example).

© IS0 2022 - All rights reserved 5
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Key
rotary ag¢tuator
energy storage section
strain gquge

clamp
incident|bar
bearing
test piece

O 00 N O U1 B»H» W N -

transmiTer bar

supporting frame

—_
o

amplifief

—_
—_

data recprder

Figure 1 — Schematic of-torsional split Hopkinson bar apparatus

6.2 Loading device

The loadingidevice is used for génerating the incident wave by means of explosives, or sudden releasge of a
stored torqye, or impact, ete, In stored-torque TSHB, the incident wave is initiated by the instantaneous
release of altorque, whichdis elastically stored previously in a section of the incident bar between the
clamp and the turning end. The loading device in stored-torque TSHB apparatus consists of three rhajor
components:

a) arotary actuator fastened to free end of the incident bar, by which the external torque is applied;

b) anenergy storage section, the segment of the incident bar for storing torsional elastic strain energy;

c) aclamp with a quick releasing mechanism.

6.3 Bar components

The bar components in TSHB consist of an incident bar, a transmitter bar and some bearings. By using
long elastic bars, the incident strain signal should be recorded before the elastic wave is reflected
back from bar-test piece interface, i.e. the incident and the reflected waves are recorded separately.
The reflected strain should be recorded before the wave is reflected back again from the other end of
incident bar, and transmitted strain should be recorded before the wave is reflected back from the other
end of transmitter bar (see Annex A). Consequently, the strain signals on the bars can be measured
without being disturbed by the wave interaction.

6 © IS0 2022 - All rights reserved
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6.4 Data acquisition and recording system

The data acquisition and recording system consists of strain gauge, amplifier and data recorder such
as oscilloscopes (see Annex B). The testing data is acquired with the use of strain gauges mounted
on the incident and transmitter bars in conjunction with an oscilloscope. The frequency response
of all instruments in the system shall be selected to ensure that all recorded data are not negatively
influenced by the frequency response of any individual components. Signal conditioning amplifiers are
usually employed to maximize precision in the obtained strain measurements. The minimum frequency
response for amplifier shall be not lower than 100 kHz, the minimum resolution of measured data for
digital data recorders shall be not less than10 bits, and the sampling frequency of data recorder should
be not lower than 1 MHz. It is recommended that frequency response for amplifier is on the order of
500 kHz conforming to ISO 26203-114l.

7 Test piece

7.1 | Dimensions of test piece

a) The test pieces used in the torsional testing are short and thin-wall-tubes with integral flanges.
Two types of geometric configurations are recommended:

1) type-A, tubular test piece with cylindrical flanges (see Figure 2), and
2) type-B, tubular test piece with hexagonal flanges (se€Figure 3).

The type-A test piece is glued to the ends of bars with high strength adhesive, for examplq with epoxy
adhegive. The type-B test piece is connected to the ends of bars by mechanical means using hexagonal

flanges with matching sockets at the ends of bars.
/Ra 3,2
a

o
M~

Ke

L ’ total length of the test piece d, outer diameter of thin-wall section

L flange length of the test piece p diameter of cylindrical flange

L, 8auge length of the test piece r  radius at the shoulder of the test piece
d, inner diameter of thin-wall section a  Others.

Figure 2 — Type-A test piece

©1S0 2022 - All rights reserved 7
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Ra 1,6

A < /Ra 1,6
Az/ J
) T B
//10.03]8
[©]¢0.02 L | Ls
X
o
L
[__Jo.025]8] s
Key
[ total length of the test piece d, outer diameter oftthin-wall section
L flange lehgth of the test piece D diameter of the'circumcircle of regular hexagonal flange
1 gauge length of the test piece r  radius atthe’shoulder of the test piece
S
dy inner digmeter of thin-wall section a Others:
Figure 3 — Type-B test piece
b) The dimensions of test piece are determined by the following requirements:
1) Diameter-to-thickness ratio oftest piece in the thin-wall section shall comply with the following
rul¢ shown in Formula (4):
d
—LB>10 (4)
0,
where
dq is.the inner diameter of thin-wall section;
5 = d, ey is the thickness of the thin-wall section of the test piece;
)
d, is the outer diameter of thin-wall section.
2) The gauge length of the test piece, L, shall comply with the following rule in Formula (5)[8?land
shall not be less than 2,5 mm.
C,-At
Ly<—2 5
s < 5)
where
L is the gauge length of the test piece;
8 © IS0 2022 - All rights reserved
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Gs is the velocity of the torsional wave propagation of the test piece;

Cs=,—
Ps
Gy is shear modulus of the test piece;
Ps is the density of the test piece;
At is the rise time of the incident wave.

The rise time of incident wave can be determined from difference between time points corresponding
to the maximum strain and the starting point of incident wave (See Annex C).

3) The radius at the shoulder of test piece shall be small enough so that the total length{of thin-wall
gection could be considered as the original gauge length. The radius of the shoiildér pf test piece
ghould be equal or less than 0,5 mm.

7.2 | Measurement of test piece dimensions

The test piece dimensions shall be measured and recorded before tests./Selection of th¢ measuring
equipment shall meet the following requirements for resolution, and the.equipment shall be[periodically
calibjrated.

a) [Ior the measurement of inner diameter and outer diameter)of thin-wall section, the esolution of
easuring equipment shall be superior to 0,002 mm.

b) Kor the measurement of length of thin-wall section,the resolution of measuring equipment shall be
uperior to 0,02 mm.

c) For the measurement of thickness of thin-wallsection, the resolution of measuring equjpment shall
e superior to 0,002 mm.

Meagure the inner diameter of the testpi€ce, d;, and outer diameter of thin-wall sectjion, d,, and
calcylate the mean radius of the thin-walVof the test piece, r, using Formula (6).

) :dl +d,

S 4 (6)
where
is the mean@adius of the thin-wall of the test piece;

l;  is thetinner diameter of thin-wall section;

1, iSthe outer diameter of thin-wall section.

8 Procedure

8.1 Calibration of the apparatus

The output of the strain gauge should be calibrated by applying a known static torsional force to
the strain gauged elastic bar. The strain gauge can be calibrated through checking if the following
relationship is satisfied.

M'rb

= 7
Go I (7)

b

©1S0 2022 - All rights reserved 9
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7b
M
Iy
Gy

Jb

:2022(E)

is the shear strain on the surface of the bar;

is the applied static torque in the bar at gauge station;
is the radius of the elastic bar;

is the shear modulus of the elastic bar;

is the polar moment of inertia of the elastic bar.

The velocity
theoretical {

C \/E
b =4/
o

where
Gy,

P 1S

The velocit

Formula (9)

where the i

B 2a4

b7 A

where

-

a, q

At;

1

-

q
The physica

measured fi
in consisten

8.2 Recol

The test is d

r of the torsional wave propagation of the elastic bar can be calculated by applyin
bquation with the density and shear modulus of the elastic bar, given as Formula (8):

b
b

the shear modulus of the elastic bar;

the density of the elastic bar.

by measuring the transmission time of the elastictorsional wave in the incident bar 3
jcident wave will be reflected into the bar at thedree end,

the distance from the strain gauge location on the incident bar to the bar-test piece intej

the time interval between-the incident and reflected waves.

properties of barscanbe calibrated through checking if the elastic torsional wave velo
om the test compited with Formula (9) and theoretically calculated with Formula (8

Cy.

"ding thie temperature of the test environment

arried out at room temperature between 10 °C and 35 °C, unless otherwise specified

test temper

b the

(8)

y of the torsional wave propagation of the elastic'bar can be also determined yising

lone,

(9)

face;

Cities
) are

The

hture may be recorded if needed. Tests carried out under controlled conditions shou

Id be

conducted a

Ta temperature of (23 £ 5J °C conforming to 150 262031121,

8.3 Checking the bar alignment

Check the al

ignment of bars with the method specified in A.5.4.

8.4 Mounting test piece

Connect coaxially test piece between the incident and transmitter bars, prevent any relative movement
between the test piece flange and the bars during the loading.

When a type-A test piece is selected, the test piece should be glued to the ends of bars, for example
with epoxy adhesive, ensure high bonding strength to apply torsional force on the test piece in order to

prevent any

10

relative movement between the test piece flange and the bars during the loading.

© IS0 2022 - All rights res

erved


https://standardsiso.com/api/?name=e1c41ee2f9681d682b8b21db90c0f41f

ISO 23838:2022(E)

8.5 Loading

Firstly, install an unbroken, notched bolt into the jaws of the vise to ready the clamping mechanism.
Secondly, apply clamping pressure to the incident bar, and employ the rotary actuator to apply a
predetermined rotation to the free end of the incident bar in order to elastically store a torque in the
energy storage section. Then, instantaneously release the torque, causing the notched bolt to fracture
and the clamping jaws to release the incident bar. A torsional stress wave then initiates from clamping
point, and propagates towards the test piece, dynamically loading the test piece in torsion.

8.6 Measuring and recording

Meagure and record the following information:
a) dimensions, elastic torsional wave velocity and shear modulus of the elastic bars;

b) §train gauge parameters such as dimensions, sensitivity ratio, resistance value and thg position of

q
gtrain gauge on the bars;

c) §tatus of the apparatus, including test circuit and strain calibration values;
d) Ireloaded shear strain of the energy storage section;

e)

riginal waveform from bars.

9 Data processing

9.1 | Strain on bars

Strain on bars shall be calculated according to-Eormula (10):

q;(t)=U;(t)/Uy; (10)
where
p . is the measured strain value of the jth channel,j=1, 2, .., n;

J

U;  is the output voltage of the jth channel signal,j=1, 2, ..., n;

Jo; is the voltage of the jth channel signal at the strain calibration,j =1, 2, ..., n;

J

is time.

9.2 | Waveform processing

9.2. Determination of wavefornr baseline

Attach two strain gauges symmetrically on the bar surface across from each other, take the average
value of the two strain signals for the data processing.

Take the average value of data in the straight section before the rising of the wave as the waveform
baseline. During the data processing, reset waveform baselines of waves to zero.

9.2.2 Determination of starting points of waves

Recommended method is specified in Annex C for the determination of the starting points of incident,
reflected and transmitted waves. The determined starting points shall be on corresponding waveform
baseline and near the rising stage.

©1S0 2022 - All rights reserved 11
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9.2.3 Synchronization of waves

Shift the incident wave, reflected wave and transmitted wave calculated from Formula (10) at the three
locations to the same staring point (e.g. T, or zero time), so that the calculations of strain functions
with synchronized time can be conveniently operated as Formulae (1), (2) and (3). Check the dynamic
equilibrium of the test piece using the shifted waves. The test piece is regarded as being in dynamic

equilibrium

if the waves satisfy Formula (11):

0.9ler|<le; +eg [<1.1ler|

where

(11)

€
€R
er

9.2.4 Det

After shiftimg the incident, reflected and transmitted signals to the starting point (see Annex

specificatio}
point correg

When the fr]
and steep di
the ending t

9.3 Engiy
Calculate th
9.4 Engiy
Calculate th
9.5 Engiry
Calculate th

9.6 Engir

Use the eng}
the enginee

is the strain of incident wave recorded by gauge on the incident bar;
is the strain of reflected wave recorded by gauge on the incident bar;

is the strain of transmitted wave recorded by gauge on the transmitterbar.

ermination of loading duration of stress wave

is), determine the intersection of platform and falling edge)of incident signal, take a
ponding to the intersection as the ending time of loadingduration of stress wave.

acture of a test piece occurs, determine the intersecting point of flat portion after rise
opping edge of transmitted signal. Take the corresponding time point to the intersecti
ime of loading duration of stress wave.

jeering plastic shear strain rate

e engineering plastic shear strain rate-according to the formulae in the Annex A.

jeering plastic shear strain

e engineering plastic shear strain according to the formulae in the Annex A.

jeering plastic shear stress

e engineering plastic shear stress according to the formulae in the Annex A.

jeeringplastic shear stress-shear strain curve

neeting shear stress obtained in 9.5 and engineering shear strain obtained in 9.4 to o
"ig shear stress-shear strain curve.

C for
time

time
bn as

btain

9.7 Average engineering plastic shear strain rate

The average engineering plastic shear strain rate is obtained by calculating the arithmetic average of
the engineering strain rate function of time from 9.3 by Formula (12):

T
= 1 .
Vs = Vs (§)dS (12)
T-T,
To
where
}75 is the average engineering plastic shear strain rate in the test piece;

12
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is the engineering plastic shear strain rate in the test piece;

is the load duration of stress wave;

is dummy variable.

Test example

is the time corresponding to the yield strength in engineering shear stress-time curve;

Anne
matd

10 ]

The
piecd
cons

a)

b) {

n 1 1 i b 4] H - 1 de. 1 de H
A D SHUWS dIl TAAHIPIT UL LTS LTS LT TIHGIIITTT TS S1ITAdI STITS5751ITAl Stidlll LUl'v

rials at high strain rates by using the torsional split Hopkinson bar at room temperatu

tvaluation of test result

ollowing cases may influence the evaluation of material properties, and interface slip
dered:

here is any relative slip at the bar-test piece interface;

he buckling of the test piece occurs at gauge section of test'piece;

Meanwhile, it is recommended to compare the deformation of the test piece calculated |

meth

117
The {
a) 4
b)
c) {
d) i
e) §
f) 4

od with the deformation of the test piece measuredhby the optical techniques to confirn

[est report

est report should contain items selected-from the following:

| reference to this document, i.e. 1ISO:-23838:2022;

pecified materials, if knowny(names of tested materials and sources);
est method used (strain-measuring method, and type of load cell, etc.);
dentification of the test piece;

reometry and diniénsions of the test piece;

environmental conditions of the test;

g) instruments (amplifier, oscilloscope, etc.);

h)

onfirmation of dynamic equilibrium;

of metallic
re.

page or test

buckling means an invalid test, and a retest or a suitable interpretation of the test data should be

y the TSHB
n test result.

i) measured properties and results (i.e. engineering stress-strain curve with average strain rate);

j) personnel performing the test, the review and the approval.
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Annex A
(informative)

Torsional split Hopkinson bar

A.1 Principle of TSHB method

The original split Hopkinson bar testing method was proposed to measure the compressive mechalnical

behaviour
apparatuseg
loading test

The TSHB a
the same di

measuring ynit. To conduct a test, a torsional wave has to be generated in the-incident bar. Ther

several way,
of a stored

first tightenjing the clamp and then turning the end of the bar, and the‘lgading wave in the inciden

is produced
front propa
magnitude |
bar, forming

The incident
piece in tors
through thej
to the incidsg
be recorded|
typical incid

)

materials at high strain rates[2l. Because of its simplicity, some modified Hopkinso
were developed by many investigators for measuring tensile or torsionalgproperti
pieces in uniaxial tension or torsionl2I[6l(Z],

pparatus is made up of two collinear bars that are made of the same material and h{
hmeter. The bars are applied as wave-guides and the dynamic loading/unit, and also 3

5 to initiate the torsional wave in the incident bar, for instancethe way of a sudden re
forque and the way by explosives. In the stored-torque TSHB, the torque is generatg

by the release of the stored torque. Once upon release of the clamp, the torsional {
bates down the bar toward the test piece, and simulbaneously a torsional pulse of ¢
propagates from the clamp toward the loading pulley and is reflected back in the inc
an entire incident wave with wave front and unleading stagel4l.

wave propagates down the incident bar towards the test piece, dynamically loading th
ion. Once the incident wave reaches the test piece, some portion of the wave is transm|
test piece and into the transmitter bar, while the remainder of the wave is reflected
nt bar, as shown in Figure A.1 (for example the stored-torque TSHB). The stress wave
as incident, transmitted and refle¢ted pulses using strain gauges mounted on the barg
ent, transmitted and reflected'signals obtained by strain gauges are shown in Figure ,

 bar
bs by

ving
s the
e are
ease
d by
t bar
bulse
equal
dent

b test
itted
back
5 can
. The
\.2.
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X
Y
1 incident wave
2
3 ansmitted wave

Figure A.1 — Schem

& stored-torque TSHB and its wave characteristic diggram
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Key
X time (1ns)
Y enginegring elastic strain (109)
1 incidenpt wave
2 transnjitted wave
3 reflectpd wave

Figure Al2 — Typical incident, transmitted and reflected signals obtained by strain gaugges

Under stresf wave loading, the end of the incident bar where the test piece is attached rotates with an
angular velgcity 6; that is much larger than-the angular velocity 8, of the other end of the test piece

that is conngcted to the transmitter bar, ‘as shown in Figure A.3. The difference in the angular velpcity
between the test piece ends causes the teést piece to deform in shear at a high strain rate.

Key
incident bar
test piece
transmitter bar
9'1 angular velocities of the end of the test piece

6 angular velocities of the end of the test piece
2

L gauge length of the test piece
Figure A.3 — Angular velocities of the ends of the test piece
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The shear strain rate in the test piece as a function of time, ¥, (t), is determined from the difference in
the angular velocity between the ends of the test piece as given by Formula (A.1):

75 (1)==[0, (-6 (1)] (A1)
where

Ys  isthe engineering plastic shear strain rate in the test piece;

1S angn]ar velocities ofthe end of the tast pinrn;

T
92 is angular velocities of the end of the test piece;
a is the mean radius of the thin-wall of the test piece;

. is the gauge length of the test piece.

If thq test piece is designed as outlined in this standard, the deformationefthe test piece willl be uniform
sincq itis shortand the time it takes for the wave to propagate throughiswery shortl2l. If the fleformation
is unjiform, the torque at both ends is equal and the test piece is in force equilibrium. The difference in
the angular velocity [91 (t)—éz (t)] can be determined from theytorque of the reflected wave given by

Formula (A.2):

_2[-Mg (t)]

0 (-0, ()= = E

(A.2)

wherte

9'1 is angular velocities of the end. of the test piece;
92 is angular velocities of the(end of the test piece;
M is the torque of the reflected wave;

p, is the density of thetest piece;

/,  is the polacmioment of inertia of the elastic bar;
is time

The forque, M, at a gauge station is related to the measured shear strain on the surface of the bar, y,,, by

Formula (A.3):
I._Gh Jh
My

7b (A.3)

where

M isthe torque at a gauge station of the bar;
Y,  isthe shear strain on the surface of the bar;
r,  istheradius of the elastic bar;

G,  is the shear modulus of the elastic bar;

Jp,  isthe polar moment of inertia of the elastic bar.

©1S0 2022 - All rights reserved 17
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Further, the engineering plastic shear strain rate in the test piece as a function of strain of reflected
pulse can be calculated by Formula (A.4):

r. 2C
7s (t)=L—S = [y ()] (A4)
)
where

Ys  isthe engineering plastic shear strain rate in the test piece;

r. is the mean radius of the thin-wall of the test piece;

S

hy id the radius of the elastic bar;

igthe gauge length of the test piece;

C, igthe velocity of the torsional wave propagation of the elastic bar;
Yr  i9the measured shear strain of reflected wave on incident bar;

t if time.

The shear sfrain yg in Formula (A.4) is calculated by yg =2ep fromtheé recorded strain of the gauge
oriented at g 45° angle to the bar, i.e. the principal strain e, . Hence the engineering plastic shear sfrain

rate in the test piece ¥, (¢) in Formula (A.4) can be obtained frémthe recorded reflected wave e}, (t),
as given by Formula (A.5):

4r. -C
Vo () =1 b ep (£) (A.5)
rb'LS

where

¥s  i9the engineering plastic shear strdin rate in the test piece;

igthe mean radius of the thinrwall of the test piece;

Iy ig the radius of the elastic bar;

ig the gauge length-of the test piece;

C, igthe velocity ofthe torsional wave propagation of the elastic bar;
eg  ifthe straiif of reflected wave recorded by gauge on the incident bar;

t id time.

Further, the engineering plastic shear strain in the test piece ¥, (t) is obtained by integrating the strain
rate y, (t) as given by Formula (A.6):

t

s (t)= [ (£)de= j

0

4’" Cb

r(§)dS (A.6)

where

Ys  isthe engineering plastic shear strain in the test piece;

Ys  isthe engineering plastic shear strain rate in the test piece;
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For 4 thin-wall tube the shear stress is given by Formula (A.7):

wherte

Becapse the stress in the test piece is assumed to be uniform, the torque at each end of the
the same, and the torque of the wave trahsmitted to the transmitter bar is the torque in tH

In te
shea

wherte

15(¢)

ISO 23838:2022(E)

r,  isthe mean radius of the thin-wall of the test piece;

Iy is the radius of the elastic bar;

L, isthe gauge length of the test piece;

C, isthe velocity of the torsional wave propagation of the elastic bar;
egp isthe strain of reflected wave recorded by gauge on the incident bar;

t is time;

3 is dummy variable.

engineering shear stress in the test piece, 7, is determined from the torque in‘the teg

MS

S =
2mr? -6,

<

s is the engineering shear stress of the test piece;

is the mean radius of the thin-wall of the test piece;

7R

M isthe torque in the test piece;

D,

s isthe thickness of the thin-wall sectiorpf the test piece.

'ms of the strain measured by the\$train gauge station on the transmitter bar, eg, the
- stress in the test piece is given by Formula (A.8):

_ Gb'rg
=
2rs -6

S S

er (t)

[ is the-eigineering shear stress of the test piece;
7, _is:the shear modulus of the elastic bar;

-~ "1s the radius of the elastic bar;

t piece, M.

(A7)

test piece is
e test piece.
engineering

(A.8)

s isthe mean radius of the thin-wall of the test piece;
0;  isthe thickness of the thin-wall section of the test piece;
e is the strain of transmitted wave recorded by gauge on the transmitter bar;

t is time.

© IS0 2022 - All rights reserved
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If three waves are used to calculate the difference in the angular velocity 6, (t)—6, (t), the engineering

plastic shear strain rate, engineering plastic shear strain and stress in the test piece can be obtained
from the three waves as[101[11];

o)== 2 ey (O (0)er (0] (49
2r,-Cy

¥s (£)= [er (&) —egr (§)—er (§)]dE (A.10)
rb'LS 0
Gy 1o

Ts (t)=1——ler (t) +eg (t) ter (t)] (h.11)
drs O

where

¥s  i9the engineering plastic shear strain rate in the test piece;

Ys  i9the engineering plastic shear strain in the test piece;

S ig the engineering shear stress of the test piece;

e id the strain of incident wave recorded by gauge on the incident bar;
er  idthe strain of reflected wave recorded by gauge on the'incident bar;
er idthe strain of transmitted wave recorded by gauge on the transmitter bar;
i the mean radius of the thin-wall of the testpiece;

n, ithe radius of the elastic bar;

s i9the gauge length of the test piede;

s  idthe thickness of the thin-wall'section of the test piece;

Cp, idthe velocity of the torsiorial wave propagation of the elastic bar;

G, idthe shear modulus™®f the elastic bar;

t id time;

'S i dummy<ariable.

A.2 Rotary-actuator

The rotary actuator is used to apply a predetermined rotation to the free end of the incident bar in order
to elastically store a torque in the portion of the incident bar between the rotary actuator and clamping
mechanism. During loading process the bar shall remain elastic. The maximum torque applied on free
end of the bar is limited by the shear yield strength of the bar material. Hence the maximum torque

shall satisfy Formula (A.12):

T ']b
M., <— (A.12)

y

where

M is the maximum torque applied on the energy storage section;
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Ty is the shear yield strength of the elastic bar material;

Ty is the polar moment of inertia of the bar;

y
EXAMPLE

M

A3

The {
betw

max

is the radius of the bar.

according to Formula (A.12) is 1,84-10% N-mm.

For a bar with a diameter of 25 mm and made of Ti6Al4V (Ty = 600 MPa) the applied torque

-Energy storage section

ection is the segment for storing torsional elastic strain energy, which is a part of the
een the rotary actuator and clamping mechanism, and its length, Lg, govern's|the I¢

incident wave, A in Formula (A.13):

whet

A4
The

stroy

A5

A.5.

The
matd

A.5.]

2L
o

|

e

L is the length of the incident wave;
[ isthelength of energy storage section of the incident bar;

[, is the velocity of the torsional wave propagation of the elastic bar.

Clamp

clamping mechanism controls the torque storage and release, and clamp shall mai
1g rigidity during the energy storage-and release.

Bars

Il Materials of bars

incident and transmitter bars shall be made of the identical material, generally
rials, for exandple, aluminium alloy, titanium alloy and steel.

P Dimensions of bars

The incident and transmitter bars shall have the identical diameter, while their lengths can

The

ncident and transmitter bars can be designed according to Formula (A.14) and For

incident bar
ength of the

(A.13)

htain rather

the metallic

be different.
mula (A.15),

respectively. T he fengti-aiameter Tatio of the bars siait be farger tiam 40-

L; 210D, +2L

Ly 210Dy, +1,2L;

where

L is the length of the incident bar;

L isthelength of energy storage section;
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Lt isthelength of the transmitter bar;

Dy  isthe diameter of the elastic bar.

A.5.3 Machining precision of bars

The bars shall have the machining precision specified in Figure A.4.

S

N

= o

=) —

7 le — o1 R 18

S /Ra 1,6

(] 710,012

b +0,1 J_ 0,03|A‘

710,012
[ [0,03]A]

Key
L, length |of the elastic bar

D, diameter of the elastic bar

Figure A.4 — Shape and dimensions of bar

A.5.4 Alignment check for bars

The bars shall keep good alignment.‘The alignment can be checked by the method of torsion test without
test piece. The specific method.is.as follows: affix the incident bar and the transmitter bar firmly, apply
the load, anfl measure the incident and transmitted waves (see Figure A.5). If the two signals arp the
same (see Higure A.6) or the-difference between two waves is less than 5 %, the alignment of|bars
meets the tdst requiremeént:
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Figure A.5 — Incident and transmitted waves without test piece between bg
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1  incident|lwave

2
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Figure A.6 — Shifted waves

A.6 Bearjing

The bearings are used to/stispend and adjust the bars, but they shall not restrain the axial movement
and rotation of bars.

A.7 Data|processing using two-wave formulae

A.7.1 Reflected wave and transmitted wave

The engineering plastic shear strain rate, engineering plastic shear strain and engineering shear stress
can be obtained from reflected and transmitted waves.

a) Engineering plastic shear strain rate:

47'5 'Cb
-

Vs (t)= R () (A.16)

rb 'LS

b) Engineering plastic shear strain:
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o (6) == 50 o ()de (a17)

rb'LS 0

c) Engineering shear stress:

G -r3
75 (t)=———er (t) (A.18)
2rg - O
where

/o  is the engineering plastic shear strain rate in the test piece;

s isthe engineering plastic shear strain in the test piece;

. is the engineering shear stress of the test piece;

p is the strain of reflected wave recorded by gauge on the incident bar;
pr is the strain of transmitted wave recorded by gauge on the transmitter bar;
s isthe mean radius of the thin-wall of the test piece;

,  is the radius of the elastic bar;

s isthe gauge length of the test piece;

b, is the thickness of the thin-wall section of the test piece;

[,  is the velocity of the torsional wave propagation of the elastic bar;

7,  is the shear modulus of the elasticbar;

is time;

s is dummy variable.

A.7.2 Incident wave and transmitted wave

The engineering plastic.shear strain rate, plastic shear strain and shear stress can be obtained from
incident and transmiittéd waves.

a) KEngineering/plastic shear strain rate:

41‘5 Cb
rb -L

Vs (€)= [er (€)—er ()] (A.19)

S

b) Engineering plastic shear strain:

Vs (6)=——"2 |[e1 (&) —er (£)]dS (A.20)

c) Engineering shear stress:

_ Gb 'rg
2r2.s

S S

7, (t) ex (¢) (A.21)
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where
Ys  isthe engineering plastic shear strain rate in the test piece;
Ys isthe engineering plastic shear strain in the test piece;
T is the engineering shear stress of the test piece;
e is the strain of incident wave recorded by gauge on the incident bar;
er  isthe strain of transmitted wave recorded by gauge on the transmitter bar;
rs i the mean radius of the thin-wall of the test piece;
Iy ig the radius of the elastic bar;
L,  idthe gauge length of the test piece;
O ig the thickness of the thin-wall section of the test piece;
Cp, idthe velocity of the torsional wave propagation of the elastic bar;
G, idthe shear modulus of the elastic bar;
t idtime;
3 i§ dummy variable.
A.8 Data|processing using three-wave formulae
The engineering shear strain rate, shear strain and.shear stress can be obtained from incident, refl¢cted
and transmitted waves.
a) Enginegring shear strain rate:
. 2r. - Cb
¥s () =—"—[e; (t)—er (t)—ex. (D] (p.22)
rb . LS
b) Enginedring shear strain:
2r,-Cy |
"“b
¥s () =—=—|[ex[&)—eg (&) —er (£)]dE (p.-23)
rb . LS
0
c¢) Enginedring shear stress:
ﬂ.u -r.s
75 (t)=———ler (t) +eg (t) +er (1)] (A.24)
4rg -6
where
¥s  isthe engineering plastic shear strain rate in the test piece;
Ys isthe engineering plastic shear strain in the test piece;
T,  isthe engineering shear stress of the test piece;
e is the strain of incident wave recorded by gauge on the incident bar;
e,  isthe strain of reflected wave recorded by gauge on the incident bar;

26
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er isthe strain of transmitted wave recorded by gauge on the transmitter bar;
ro  isthe mean radius of the thin-wall of the test piece;

Iy is the radius of the elastic bar;

L, isthe gauge length of the test piece;

s  isthe thickness of the thin-wall section of the test piece;

C, isthe velocity of the torsional wave propagation of the elastic bar;

7,  is the shear modulus of the elastic bar;
is time;

C is dummy variable.

A.9 | Recommended calculation formulae

The fwo-wave formulae from incident and transmitted waves, Fornulae(A.19), (A.20) and (A.21), in
A.7.2] are recommended when the measured strains satisfy dynamic equilibrium Formula (11). The
thre¢-wave formulae in A.8 are recommended when the jmedsured strains don’t satigfy dynamic

equilibrium Formula (11).
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Annex B
(informative)

Data acquisition and recording system

B.1 General

Refer to Figure 1 for the composition of data acquisition and recording system.

This Annex|specifies the data acquisition method and the technical requirements of data actquigition
system.

B.2 Components of the system

The data acquisition and recording system consists of three major compongents: strain gauge, ampllifier
and data regorder.

According tp the connection modes of strain gauge, there are non-btidge data acquisition systen{ (see
Figure B.1) ¢r bridge data acquisition system (see Figure B.2). It is rfecommended to use the Wheat§tone
circuits to fprm a bridge data acquisition system. When the bridge circuit is used, it is recommepnded
to affix a same type of strain gauge on the metal block madeefthe identical material with bars fqr the
temperatur¢ compensation.

1 2 3

Key
1  strain gauge
2 amplifie]
3 datarecqrder

Figure B.1 — Non-bridge data acquisition system

28 © IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=e1c41ee2f9681d682b8b21db90c0f41f

Key

B.3
The

ISO 23838:2022(E)

chtrain ga

oo
Strorgoa st

temperature compensated strain gauge
standard resistance

amplifier

data recorder

bridge voltage

Figure B.2 — Bridge data acquisition system

Strain gauge

$train gauge shall be chosen and used according tothe following requirements:

a) The grid length of strain gauge, which is determined according to the diameter of bar,|shall not be
larger than 5 mm, with 2 mm recommendeds

b) Two strain gauges shall be mounted oni€ach bar, diametrically across from each other;

c) The sensitive grid of strain gauge shall have an angle of 45° to the longitudinal directign of the bar,
yvith a deviation not larger than 55

d) The mounted positions of strain gauges on incident bar shall meet Formulae (B.1) and (B.2). The
mounted positions of strain‘gauges on transmitter bar shall meet Formulae (B.3) and (B.4):
1, 210D, (B.1)
1, >1,2Lg (B.2)
1, > 10Dy (B.3)
[r2a, >1,2Lg (B.4)

where

a, isthedistance from the strain gauge location on the incident bar to the bar-test pie
Dy is the diameter of the elastic bar;

Lg  isthe length of the energy storage section;

a, isthedistance from the strain gauge location on the transmitter to the bar-test pie

Lt isthelength of the transmitter bar.

© IS0 2022 - All rights reserved

ce interface;

ce interface;
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