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“Tinius Olsen Lo-Torq Bench Model Torsion Testing Machine” was used to carry out the test.—
0 -{:— a /— ﬂm //Mf#l? K’/h‘l ”It’éﬁ -
The material-used-in-the test-was Steel specimen. The setup of the lab considered the details

given, ensuring the specimen was held tight into the grip. M.e.gpecime;pis-notholdeQPHILhe

experiment s considered-erroneous— T2 @ Szcu-f& & weit Je s Koo/ ]4, ﬁ et |
Ae fervipn€ /77 wres ot e Fuo

The purpose of the experiment was 10 observe how different specimen which were used

Lp&’tf/

reaet—ander torsion ferce‘ to-dete

testing cquipment and testing proceduzs;-and-study the-fracture-surface-properties and-reeord the

observations-The experiment was conducted to determine the shear proportional limit. At this
point, the graphs of shear stress vs shear strain begins to be nonlinear. Second, the experiment
tested the Yield shear stress and this value is gotten in the same way tensile yield strength is
calculated. Third, the practical aimed at finding the probable Tensile Strength. Four, the practical
data was used to calculate the maximum shear strain to due to failure, the maximum elastic shear

strain and type and properties of fracture.
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TORSION TEST 4
Introduction

Torsion testing is used to evaluate the shear modulus, the elastic modulus, strength, and
different properties of the steel rod. The “Tinius Olsen Lo-Torq Torsion Testing Machine” is a
bench type of equipment which is used to carry out torsion tests on test bars by holding them
between measurement and force application chucks. The untversat-machine can apply torsional
load weighing up to 1000 Newton’s-meters on test specimen ranging between 7.94mm to 38mm
in diameter. However, the span between measuring and twisting chuck is adjustable 51cm and
the torsional force can be indicated and applied in the two direction of twisting (Patil & Gore,

22 2

2017) Th l,-: chue s Lo T .

S o-Forg Torsion Testing Machine-is-propelled
by, combin
ctreuitry. The
an ion is record. ed fo forque coritis-di "tp,;/(,

the-operations=First, the torque loaded on the tested steel is recorded by the Strain Gauge

Torsional Load Celliwhieh-iﬂ—anached-at-the-weighing.clamp. The detected-torque-is-the

meters-in-metrie-value——

There are different reasons for conducting this type of experiment, the most important

one is to check the response of metal such as steel when used, to applied torsion and to check the

A
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accuracy of the “Tinius Olsen Lo-Torq Torsion Testing Machipe” in calculate the applied torque
(Wu & Wang, 2010). Moreover, the students who condugfed the experiment got skills on torsion

testing, the test apparatus used, and the data which gotten from experiment.

7
At the start of the lab test, a straight line was drawn on the test steel. This enabled the

students to tell if the data collected was correct set. If the data set collected was good, then the
drawn line on the steel would be wrap around the specimen in an even spaced cycle. The more

irregular the spacing, the more unreliable the experiment is. ,L qC( },
74l

sy

There are different comporénts and products which are subjected to torsiona

[7 /‘Lﬂfi‘fg

——
L

forces during their operations. Some of these products are fasteners, switches and

automotive steering’columns. These components are subjected to torsional stresses. B

afid methods. The torsion test is pérformed by using twisting moment to one side of the

test bar while calculating the angular deformation at the ofher end of the bar.
Torsion test is important in defining the steel physical properties such as “shear modulus
of elasticity, torsional yield strength, and the shear modulus of rupture.” Thése test can be done
using full-size engineering parts to determine the behaviors of material under loading conditions.
There are various advantage of torsion test compared to tensile test. Torsion test does not have
necking effects and, therefore, the torque increases up to moment of failure. In torsion test, the
plastic deformation is uniform over the whole span of the specimen and this concept is used in

determining the deformations and stresses for highly ductile materials (Seaburg & Carter, 2009).

Some brittle materials which cannot be tested under tensions can be examined using the torsion
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test which enable the observer to determine the mechanical properties of the brittle material.
Moreover, torsion tests can also be done at high strain rates.
During the torsion test, the angle of twist and the torque are measured and using the data
from the display, the “torque-twist diagram” is constructed. Further, using the torque-twist ﬁfﬂﬂ{ :
diagram, the shear strains and the shear stresses can be calculated by use of the following
I i R
equations. The experiment used cylindrical steel bar. When the bar is fixed at one and subjected

to torsional moment (Torque, T) at the other side, the twist will be through the angle (9). The

torsional deformation induce shear stress denoted by (7) and corresponding shear strain (y) at the

Torgue + Pirmetr. : 7= Aol 2%,
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Torsion test is however not used in material specification like tension test because it does not

generate uniform shear stress. The magnitude of shear stress varies from zero and increase to
maximum at the surface of the torsion bar. When the surface of the bar is at elastic limit, the

interior part is at elastic range. o
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Some of the parameter considered include the modulus of rigidity or the shear modulus
denoted by G, this is the stiffness in torsion. The torsional fracture is also different from other
types of fracture such as the compression and tension fracture. The torsional fracture does not
have localized reduction in any area, i.e. there is no necking. The possible types of fracture are:

In ductile material, the fracture occurs at right angle relative to the torsional axis in the

maximum shear place whereas in brittle metals the fracture occurs at approximately 45° to

torsional axis in maximum tension plane.

Ductile material 2/

Brittle material

Ji:;c/‘f,-w-( /-}«‘ / )

————
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e The first process in this lab practical was to measure the diameter of the test specimen
using the measuring caliper and rule. These values were recorded for later calculations.
After this, a straight line was drawn on the test specimen so that the angel of twist can be

check during the experiment.

e The screen was turn on and the program for torsion test (LabVIEW) located on desktop
was started. This program display and record data

e Use the SELECTOTWIST Controls to set the chuck to 0° to read the degree of twist from
the scale located on the loading chuck. Also, rotate the rotation rate dial to small values.

e Mark the steel bar using permanent color about 25.4mm from the two ends and measure

the length of the steel bar to be twisted. Repeat the measurement of the length to find

accurate value.

e The display was set up to the right measurement units for proper units and maximum

torque reading and 200° rotation was selected
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® The steel bar was mount in the self-tightening grip holders of the torsion tester. The
loading was done by sliding the weighing chuck of the machine bed and opening the
grips of the holders to allow insertion of the steel bar. When using the bolt mechanism,
the clamp of the weighing chuck should be tightened sufficiently to avoid the weighing
chuck from lifting. The tightness of the chuck grip should be sufficiently loose for
horizontal movement. The lathe dogs were tightened to prevent slipping.

® During the test, the LABVIE code was started and the speed of rotation set. The direction
of twist was selected from the SELECTOTWIST guide. The speed of rotation can be
adjusted during the experiment if need be. For better result, it is advisable to select the
speed of rotation which allows the torque to be read easily and produce many data points
in the 0°-30° range. As the test profess, the specimen exceed the elastic limit and the
torque value is level off.

® After the failure the broken halves should be removed. Also, the specimen should be

examined of failures such as fracture surface and the observation recorded.

[\ ﬁ/cki/f%_

Results

The experiment on the steel bar in the torsion machine produced set of valuable data.

the test of materials.
\ /
Load (NM) Twist\lrrd%ez wist in rads

0.003

Z}J -
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11.325 1.017 0.018
20.495 1.782 0.031
31.347 2.727 0.048
41.124 3.716 0.065
51.655 4.875 0.085
60.449 5.866 0.102
70.635 6.957 0.121
80.422 8.099 0.141
90.355 9.186 0.16
101.201 10.487 0.183
111.091 11.742 0.205
120.971 13.214 0.231
130.554 14.787 0.258 /
140.455 16.632 0.29/
150.897 18.406 yx’zl
160.034 20.16 // 0.352
170.678 02455 V 0.394
180.049 25/68 0.442
190.363 29.738 0.519
190.979 // 30.079 0.525
195.308’ 32.997 0.576
200.02 37.569 0.656
200.392 38.073 0.665

10
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Torque (NM) vs Twist angle s
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By graphing the torque against the twist angle, different properties of materials are
verified. Looking at the above graph, the properties of the material can be displayed. To
get the properties of steel, it is important to create the stress-strain graph. To draw the
graph, the torque is converted into shear stress. Further, the twist is converted into shear

strain. After this plot the graph of the shear stress data against the shear strain yielding as

shown below /? (u’

s
; | a & >y
5/““)/& g'kgj%
ek 14
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shear strain acti the steel is used to determine the modulus of toughness.
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e = ﬂﬁz/ /4 1.”5c L~5‘§4‘Z}j :
The gnﬁlgs of the above results requires several assumption in or‘c\i\é\r\(p make

conc’:(j ions. The assumption which was confirmed was the ductile property of\r\n\}ig steel.
The ductility of steel can be confirmed based on the failure surfaces of the sample. :‘I‘-he
right angle failure of specimen shows that the mild steel failed because of shear. Material
such as the cast iron have angled failure surface because of maximum-tensile-stress. The
flat failure as shown in the above experiment is typical failure for ductile material. The
recorded information also shows how the specimen failed at little strain. The analysis:"‘
shows the nature of specimen (steel) by considering the two failure modules. The lay‘ée

modulus of resilience of steel put different qualitative observation of twisted steel/

Since both ¢1 and dnead Were recorded for 40° of rotation, the amount of slip to this point

ed. The equation of the slip angle; ¢sis-given by

~ o

¢s= ¢head £y _
e

\
Analysis the above equation for increase in rotation, the slip angle appears to approach constant\
value. The angle of twist ¢1 is found from the rotations from the assumed value of ¢s and the \\

values of (nead from the practical. For the calculations of shear strain, all angles are expressed in

radians.

Shear modulus or the “modulus of rigidity” is symbolized by G and it is the ratio of shear

stress to shear strain. (Wu & Wang, 2010). In case of fixed end like in this experiment, the az/

/

Nadai method is used to convert the torque and twist angle values to shear stress and shear str

/

S
lues respectively. The Nadai method is used since there is no axial length change. Torgué-twist
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Shear modulus G can be determined from the following equation:

The value of shear strength can only be determined experimentally. Under the static
loading of the specimen, the stress element is considered as the shear strength is calculated based

on different theories. From the steel which is ductile, the strength can be calculated using:

e Maximum Shear Stré isCalculated as:

—

oy —0.6S

e ——

From the graph, some information about the material can be defined. Some of the
information include the shear yield strength, the proportional limit, the shear ultimate

strength, and shear modulus of elasticity. The steel has yielding torque of 145Nm which

is caused by yield stress of about 712,938,577N/m?. To get shear stress the following

equation are used:

TC TC 2T
Shear stress= Es e
2
2X640

The shear yield strength = = 53,423.9% = 368.3448MPa

mx0.2483

Where:
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T=torque
C =radius
J =polar moment of inertia for the cylindrical bar.

The ultimate strength is calculated as

Ultimate strength= ——= 222 —161564.41b/in>= 1113.9 3MQ

mwe3  mx0.2487

Though the results of the confirmation expected values from the lab test, in
finding the derived mechanical properties of the steel bar to the known properties of test
steel bar there are some discrepancies. The shear modulus (67.4Gpa) does not match with
the theoretical value (79.3GPa), the error can be as a result of using the wrong domain for

—
elastic region of the material. The main source of the error reported could be because of
incorrect units and not knowing the SI units for the different modules. To prevent the
errors is easy, by simply familiarizing with the terms and machine operation before
experiment. Despite the large amount practical errors, the experiment was informative.
The torsion testing provide the characteristics of material just like the tensile test.
Knowing the properties of steel helps in understanding how the material is used. Steel is
suitable for moving bodies because of its resilient properties. It can be used in build
structures especially in areas prone to earthquake. Understanding the mechanical
properties gives insist to design process.

Another source of error in the above experiment could be the tightening of the
specimen in the grips. If the grip is too tight, the material develop scratches and fail at
that region. If the specimen is not tightened and the grip is loose, then it slip and data

collected become unreliable (Hibbeler, 2011). The solution to the gripping problem is to
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use a gage which specify the grip strength. Other possible sources of error are: bend
specimen could have been used and the angle of twist could have developed at rapid pace.
If angle of twist is added rapidly, then planes of the structure would have insufficient
time to slide past each other and the specimen would fracture sooner compared to case

scenario where the angle of twist is applied at slower rate.

—_— New ﬂfyf/

yrzvr?’ée( 47 Ve, e ¥im Mo/ ls

s
The torsion test was performed on the steel specimen:*One-end-was fixed in the grips-and-

Conclusion

/"é%

s-of elastieity-and-shear-ultimate-strensth-was-ealeulated. Theerrorbetweentruevalue/
@eﬁmemal value qu?ge.l}he sources of error in the practical include steets 1pp;gTht\J
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Lab Report Guidelines for 3xxx Courses (Junior Level)

Tagliatela College of Engineering

General Descriptions of Laboratory Report Components

(Components are selected as needed for each assignment.)

_Lab Repoft Compenent Component Description
W‘ of Transmittal, or Memoa\ % A transmittal letter (for external audiences) or memo
( Transmittal \ (for internal audiences. These brief formal letters
.k.a. memo (Accompanies the report, follow an employee (or lab instructor) assigned
%ﬂg&,—ﬁﬂ‘ technical) . standard format. Limit to 1 page- as small as 1
paragraph, includes any anomalies that occurred.)
/Cover Page % Asingle page that normally includes title, author (s)

name, names of colleagues, the course name, and the
date the work was done and the date the report was

writfen.
¢ The format and content are specified by those
requesting the report.
++ A graphic may be used to sho ny/university
affiliation or to show major lab setups.
Abstract ++ Consists of no more than 150-250 words.
(formal, documents work for ¢+ States the major objectives. Not in physics where
archiving) research can %e very open ended and not goal driven.

*,
L

Briefly describes the methods and materials
employed, especially if they are novel or unfamiliar.
For established methods, a name for the technique or

key equipment is give
Summarlzmm
> A list of section titles used in the report, with-page

numbers to the right.
Executive Summary % Similar stract but targeted to those who may
(strategic document, ~5% of total mw on the content of the
length of report, at the beginning of report. Larger audience, external sponsor.

.

report # Clear and concise statement of results and
p

Sy e conclusions. Length varies.
e 7
)rr{roductlon \

.
L

oo

Table of Contents

-
o

Lists objectives of the study in order of importance.

< ¢ (Not for more open ended scientific research. The
psychological intent of the researcher is seldom

mentioned.)

Provides background on the experiment, including

relevant theory on which the experiment is based.

< Theory may be included, equations are numbered.

%

% Citations & discussion of important previous studies.
Literature Review ¢+ For thesis work where the uniqueness of the research
must be established or to provide a broad context for
the work. Citing relevant work can allow the report

to be searched for through a citation index.

.
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Component Description

Lab Rgggrt Component
ethods and Materials =~
CWME]

Provides only enough detail to
replicate the experiment.

{‘ @e?ods : )
entifies by name commonly accepted methods.
Lists i the procedures -gerformed.
4+ Materials ;

apparatus.
ifies the materials employed and
properties. (In table forma

Data and Results

Presents data and results pertinent to
the primary objective or argument
from experiments, simulations,
models.

% Pertinent data are presented in formats (graphs,
tables, diagrams, etc.) that reveal critical
relationships (trends, correlations, etc.)

% "“Raw” (directly measured) data can be presented if

they are not too detailed to disrupt the flow of

reading.

Discussion

% Interpret the data & results in light of what you
expected, and/or make comparisons to published
information.

< Identifies and explains any unusual or surprising
results.

Identifies theSignificant sources of error and
assesses th iabili results.

K
0.0

Conclusions/Recommendations

)
..‘

Restates significant limitations, assumptions or

violations of assumptions that qualify the

conclusions.

% Based upn@ist conclusions in

order ofi 3 '

%+ Assess the extent to which each objective has been
met.

% Provides any recommendations that derive from the

conclusions.

Works Cited

%+ Uses appropriate format (Council of Science Editors,
IEEE ...) to list sources.
% Includes sources used in designing the experiment,
writing the lab report, discussing theory or for citing
. standard equations.

Appendices

*,
e

Provides detailed information (raw data, calculations,
etc.) that are too cumbersome to include in the body
of the report. These data might interest only a few
readers, especially those who verify the validity of

results.
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