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Objects of the experiment

Investigating the elastic and
plastic extension of metal wires

Recording and evaluating with CASSY

B Recording the stress-strain diagram of a copper wire and an iron wire

B Determining the elastic modulus from the proportionality region

Principles

If a wire is strained by a tensile force it expands. If the strain
is below the so-called elastic limit EL (Fig. 1) the wire returns
to its original length after the strain has been removed.

The expansion in the elastic range is given by the relative
change of length:

AL
g=—0 I
1 0)
€: expansion

AL: elongation
L: initial length

The strain o is given by the force F which acts perpendicular
on the cross sectional area A of the wire:

o= 0)

F: normal force
A: cross-sectional area

If the deformations are small in comparison to the dimensions
of the wire the expansion ¢ is proportional to the strain c:

c=Ee (i

The proportionality constant E depends on the material and is
called the elastic modulus.

For most metallic materials Hooke's law (equation (lll)) is
valid throughout the elastic range (Fig.1). i.e. where the ex-
pansion is linearly proportional to its tensile stress. For some
materials, e.g. aluminium, Hooke's law is only valid for a por-
tion of the elastic range. For these materials a proportional
limit PL (Fig. 1) is defined, i.e. the range in which the errors
associated with the linear approximation are negligible.

If the strain exceeds this proportional limit PL the deforma-
tions are not proportional to the strain. However, the deforma-
tions still disappear between the proportional limit and the
elastic limit after the strain has been relieved. Beyond the
elastic limit EL, permanent deformation will occur. The elastic
limit corresponds to the lowest stress at which permanent
deformation can be measured.

Fig. 1: Schematic representation of stress-strain-diagram of a metal
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During further expansion the strain increases. When the flow
point F has been reached a small increase in strain causes a
large increase in expansion. Then follows a range where the
cross-section decreases significantly until the sample breaks
at point B.

In this experiment an iron wire and a copper wire are elon-
gated by turning a wheel. The elongation AL is measured by
the Rotary Motion Sensor S. The tensile force F is measured
by the Force Sensor S.

Fig. 2: Experimental setup to record the stress-strain-diagram of a
copper and a iron wire.

Apparatus

1 Copper wire, 0.20 mm @
1 Iron wire, 0.20 mm @

1Sensor CASSY S 524 010USB
LT CASSY Lab ..o ...524 200
1Force SensorS......cccooeveeeeiiieeeeeieeeeeeen. ...524 042

1 Rotary Motion Sensor S.........ccccceeeeeeenee ...524 082

2 Simple bench clamp........cccccovieeiiiienns ...301 07

3 Leybold multiclamp ..........ccccceeeeiiiiinnen. ...30101

2 Stand rod, 25 CM.....evvvvvvevveveeeveerrereieeennn, ...301 26

1 Stand rod, 100 CM....evvvivnniiiiieeeeeieeeeee, ...300 44

1 Tape measure, 1 m/I MM .....ccccceevniinnenennnn. 31178

additionally required:
PC with Windows 98/NT or higher

Setup

Setting up the experiment
The experimental setup is shown in Fig. 2.

- Mount the simple bench clamps to the table. The distance
between the simple bench clamps should be about 95 cm.

- Fix a stand rod 25 cm to each simple bench clamp in such
a manner that two Leybold multiclamps can be fixed to it
(Fig. 2).

- Fix the stand rod 100 cm with the aid of the Leybold multi-
clamps to each stand rod 25 cm in simple bench clamps.

- Fix the force sensor with the aid of a Leybold multiclamp to
the left end of the stand rod 100 cm as shown Fig. 3.

- Fix the Rotary Motion Sensor S opposite to the force sen-
sor S as shown in Fig. 4.
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Setting up the CASSY measuring system

- Connect the Rotary Motion Sensor S to the “Input A” of
Sensor CASSY.

- Connect the Force Sensor S to the “Input B” of Sensor
CASSY.

- If not yet installed install the software CASSY Lab and
open the software.

- Open the window “Settings” using the tool box button 8lor
function key F5 from the top button bar:

ASSY Lab

emal o 80| o 3

- Sensor CASSY with the connected Sensors, i.e. Rotary
Motion Sensor S at “Input A” and Force Sensor S at Input
B should be displayed at the tab “CASSY” if Sensor
CASSY is connected via the USB port to the computer.

Settings El
CASSY | Parameter/Formula/FFT | Modeling | Comment | General
¥
¥
ceee
RS
LD 524 010
I Update Setup Click. on a channel to activate.

- Activate connected sensors by clicking at the Rotary Mo-
tion Sensor S and the Force Sensor S.

Note: Further details about connecting sensors to Sensor
CASSY can be found in the manual “CASSY Lab Quick
Start”.

A CASSY Lak
nERa o Ko 4@ (B
==
EPRTL] BN T S . (] -
2 et S ‘
ta = -2.2 Fe1=-T2N
CASSY | Fmammter F v FF 1 | Duplay | Modelng | Conment | Gemeral
e
L)
seas
D e
pileliis fetay, [ERET e —
[Com ] [ owwhssmoPummses | [ tostiomee _ [ ]
e )
%) Ausermate: Frptandeg Maac bt 100ms & 8 [T Tagge bt
) i Fncing i
e w L : | :
Com ) e ] chemme]  Ts 5 Cincmtmmsmant A S ; :
© by LD Decdacte Genbid_ 1 995 2008

- In the window “Measuring Parameters” set the measuring
interval to 500 ms.

- Click with the right mouse button on the window “Angle
aAl” or the corresponding button in the top menu bar. Se-
lect “Path sA1” and Zero point “left”.

Sensor, Input Settings

Irput A1: Fiatary Mation Sensar 5 (524 082)

Cloze

Quantity: | Path sgq [cm] vl

Meas. Fange: cm

Delete

Help

Correct

. g {-F -®
Zerm Paint

(&) Left O Middle

) Right

=0«

- Turn the wheel of the Rotary Motion Sensor S to see
whether the directions has to be switched by the button
‘s <—>-g".

- Click with the right mouse button on the window “Force
FB1” or the corresponding button in the top menu bar. Se-
lect measurement range O N to 15 N.

Sensor Input Settings

Input B Forze Sensor 5, 250 W (524 042) Close
[uantiby: | Force Fey w |

Delete
teas. Hange:|UN..15N v|

Record Measured Yalues Relp

() Instantaneous Values

3
T
9

(%) Averaged Values Corect
} w0

Zero Paint

(=) Left ) Middle ) Right

- Select averaged value and Zero point “left”.
- Select the tab “Display” in the window “Settings”
- Then set the X-axis to “sAl” and the Y-axis to “FB1”

Settings rg|
CASSY F’arameterf’Formu\aJFFTl Display ‘Modalhng Comment | General
Select Display: |Standard vl [ Mew Digplay ]
el -Aes
[ | [For |[on ]
®x @y
(o (oF,
Q1 [@RF
O1ne O
Ologx | | Ology
[ Palar [JBars

[ Close: ]

[ Display Meazuring Parameters ] [ Load Example

- Close all windows.
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Fig. 3: How to fix a wire to the Force Sensor S

Carrying out the experiment

- Cut off an approx. 110 cm long piece of iron wire.
Important: The wire must not be bent at any point.

- Fix the wire a to the hook of the Force Sensor S as shown
in Fig. 3.

- Fix the other end of the wire to the wheel of the Rotary
Motion Sensor S using the 4 mm plug ( Fig. 4).

- Measure the initial length of the wire.

- Click with the right mouse button into the window “Force
FB1” to reset the zero position with the button —> 0 <-— (re-
peat as required).

- Click with the right mouse button into the window “Path
sAl” to reset the zero position with the button —> 0 <— (re-
peat as required).

Note: After you have fixed the wire to the wheel of the Rotary
Motion Sensor S the wheel should not be released.

- Start the measurement with the button &l or function key
F9 to start recording.

- Slowly turn the wheel to apply strain until the wire breaks.
While turning the wheel the appropriate speed of data re-
cording can be controlled by watching the screen.

- When the wire breaks stop data recording. Repeat the
measurement for the copper wire.

Note: The button & works as a toggle switch. The data ac-
quisition can be stopped by pressing ®l or F9. When select-
ing “Manual Recording” in the window “Measuring Parame-
ters” point by point can be measured by turning the wheel of
the Rotary Motion Sensor S stepwise and pressing the short
cut key F9.

Measuring Parameters @

() Automatic Recording
(%) Marual Recording
[] Append New Meas. Series

[ Close l ’ Help

Note: The measurement can be saved by pressing the button
or using the function key F2.

Fig. 4: How to fix a wire to the wheel of the Rotary Motion Sensor S:
top: attaching the copper wire to a hole of the wheel.
bottom: fixing the wire with the plug-in axle.

Measuring example

cema o Kol 4@ (Wi

Fgi1= 0.00N Sa = 0.00cm
- Wp.u--ﬁm-vl"‘ﬁ
L . 1

L] : n

wiom
£ by LD Bt lisbid, 14695 2000

Fig. 5: Force as a function of the elongation of a iron wire.
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Force as a function of the elongation of a copper wire.

Evaluation and results

To determine the elastic modulus E according to equation (l11)
the expansion ¢ and the strain ¢ have to be evaluated and
plotted in a diagram. A step-by step procedure is given to
define and plot the required quantities:

CASSY: Defining the expansion ¢

- If the window “Settings” is not open press the button Sl or
function key F5 and select the tab “Parame-
ter/Formula/FFT” (Fig. 7)

- Click on the button “New Quantity” to define the expan-
sion ¢ (Fig.7).

- Select “Formula” and enter (compare equation (I) with a
fixed length of L = 1.01 m):

sA1*0,01/1.01

Notes:

The symbol ¢is displayed as “&e”. How to enter Greek letters
can be found in the appendix of the manual “CASSY Lab
Quick Start”.

- Enter “&e” to define the symbol.

- As the relative elongation AL/L has no dimension leave
the field “Unit” empty.

- Enter the values for the range, i.e. “0” to “0.15" and

choose 4 for decimal places.

Settings ﬁ‘

Ca5SYy | Parameter/Formula/FFT | Display | Modelling | Comment | General

Select Quantity: | exparsion v [ Mew Quantity ] [ Delete Quantity ]

Properties
() Constant (Manual Entry in Display or Here) } 00
) Parameter [Manual Entry in Table or Here)
(&) Formula [ime,date,n,ts41 FB1,0ld)=
sA1°0.0141.1
() Fast Fourier Transtormation
() Histogram (& =1 )

() Derivation aver Time () Integral over Time
O Mean Walug aver (10 | 5 -

} from v

Symbal: | &e Unit: Fram: |0 Tao: | 0.0075 Decimal Places: |4

[ Clase 1

Fig. 7: Defining the formula for the expansion ¢ by using the new
quantity tool (function key F5).

[ Dizsplay Measuring Parameters ] [ Load Example ]

CASSY: Defining the strain o

- If the window “Settings” is not open press the button 8lor
function key F5 and select the tab “Parame-
ter/Formula/FFT” (Fig. 8)

- Click on the button “New Quantity” to define the strain c.

- Select “Formula” and enter (compare equation (II) with
A=mrd):
FB1/(3,1416*(0,0002/2)"2)*10"(-11)

Notes:

The symbol cis displayed as “&s”. How to enter Greek letters
can be found in the appendix of the manual “CASSY Lab
Quick Start”.

- Enter “&s” to define the symbol.
- Enter “N/m~2” for the unit.

- Enter the values for the range, i.e. “0” to “0.0035” and
choose 4 decimal places.

Fig. 8: Defining the formula for the strain ¢ by using the new quantity
tool (function key F5).

Settings &l

Cassy | Parameter/Fomula/FFT | Display | Modeling | Comment | General

Select Quantity: | stain v [ MNew Quantity ] [ Drelete Quantity ]
Properties
() Constant [Manual Entry in Digplay or Here) } e
() Parameter [Manual Entry in Table or Here)

(%) Formula [time, date, .t 31 FEB1 &, 0ld)=
FB1/(3.14165(0,0002/2) 2107 11)

(O Derivation over Time ) Integral aver Time () Fast Fourier Transfarmation } from
v
1

O MeanValue over 100 | |5 v (O Histogram [& =1

Symbok | &3 Unit: | N/m™ From: |01 M/md  To|0.0035| N/md Decimal Places: | 4|

Cloze ]

[ Display Measuring Parameters ] [ Load Example ]
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CASSY: Plotting the strain ¢ as function of the expansion ¢

To plot the strain ¢ as function of expansion ¢ proceed as
follows:

- Press the button &l or function key F5 and select the tab
“Display” (Fig. 9).

- Click on the button “New Display”
- Enter a name, e.g. “stress-strain-diagram”

- Select “g” for the X-axis and “c” for the Y-axis

Settings E|
CASSY | Parameter/Formula/FFT | Display | Modeling | Comment | General
Select Display: | stress-strain diagram w MNew Display

et Y-hes

3 w| |o | |aus v

[oF ®y
O Ow
(@R Oy
O Q14
Clogx | Ology
[ Polar [ClBars

{ Close I [ Dizplay Measuring Parameters ] [ Load Example ] [ Help ]

Fig. 9: Defining a new display "stress-strain-diagram” to plot the
strain ¢ as function of expansion ¢ by using the new display
tool (function key F5).

- Close the window “Settings” and select the tab “stress-
strain-diagram”.

Note: Further details about “Changing graphical settings” and
“Performing data evaluations” can be found in the manual
“CASSY Lab Quick Start”.

CASSY: Data evaluation

- Click with the right mouse button into the graph to select
the stress-strain diagram.

- Click with the right mouse button into the graph to access
the “Fit Function” tool. Chose “Fit Function” and select
“Straight Line through Origin”.

- Select the data to be fitted. Hold down the left mouse
button and drag the mouse pointer over the data points in
the proportionality range (selected data become blue) to
determine the elastic modulus E in equation (lII).

Note: You may display the evaluation result (shown in the
status line at the bottom of the window) in the plot using short
cut key Alt-T.

Example of a measurement of the stress as a function of the
expansion of a iron and copper wire are shown in Fig. 10.
The fit of a straight line through the origin in the proportional-
ity region gives the elastic modulus:
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Fig. 10: Measured strain o as function of expansion ¢ of a iron and
copper wire. The straight lines correspond to the fit according
equation (l1l) to determine the elastic modulus E.

The comparison of the measurements series of iron and
copper shows that the expansion of a wire obeys the Hooke’s
law, i.e. for small tensile forces the deformations are elastic
(indicator of the Force Sensor S does return to zero when
releasing the wheel of the Rotary Motion Sensor S). Beyond
the elasticity limit the deformations become irreversible (indi-
cator of the force Sensor S does not return to zero). The wire
starts to flow. A further increase leads to the breaking point.

Supplementary information

The experiment can be performed with different materials.
Fig. 11 shows a summary of the results of a copper wire, iron
wire and constantan wire with a diameter of 0.2 mm.

Hint: To create a plot with different measurements various
measurement files are loaded to an existing measurement
file.

Fig. 11: Comparison of measured strain ¢ as function of expansion ¢
for copper (red), iron (black) and constantan (blue) wire.

"lﬂsﬁ\'l-ﬁ CamtCufe_0. Fmem 00 _tuisFit
O R0 49 Bum e

=

Econ = 1.25 107" N/m’
Ero = 1.55 107" N/m?
E-u=0.41 10" Nim?

0

-

/" |

,..,...—'_---ﬂ"'v

] 0z

Aul 20N e

© by LD Dt i, 1595 20080

LD Didactic GmbH - Leyboldstrasse 1 - D-50354 Huerth / Germany - Phone: (02233) 604-0 - Fax: (02233) 604-222 - e-mail: info@Id-didactic.de

©by LD Didactic GmbH

Printed in the Federal Republic of Germany
Technical alterations reserved





