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1 INTRODUCTION

“Impact strength is the ability of a material to resist failure when loaded suddenly high
speed” [1] that is energy lost per cross sectional area, meaning that an impact strength test
measures the exact energy that would cause a material to fail and it is reported as Joules

per square meter (J/m?). [2]

Impact strength of a material is determined by both internal factors and external factors.
Internal factors include the actual mechanical properties of the material while the external
factors include; temperature, rate of loading, geometry of the specimen and definition of
failure. [1]

The tables below show some typical values of impact strength testing on common engi-

neering materials:

Table 1:Impact strength test (Izod) of polymers [3]

Polymers Impact energy [#]
Engineering Polymers
ABS 1.4 -14(1-10)
Polycarbonates 19 (14)
Acetals 3(2)
Polytetrafluorethylene (Teflon) 5(4)
General use polymers
Polyethylene
High density 1.4 -16(1-12)
Low density 22(16)
Polyvinylchloride 1.4(1)
Polypropylene 1.4-15(1-11)
Polystyrene 0.4(0.3)
Polyesters 1.4(1)
Epoxies 1.1(0.8)




Table 2:Impact test (Charpy) of alloys [3]

Alloy Impact energy [#]

1040 Carbon steel 180(133)
8630 Low alloy steels 55(41)
c. 410 stainless steel 34(25)
L2 tool steel 26(19)
Ferrous super alloy (410) 34(25)

a. Ductile iron, quench 9(7)
b. 2048, plate aluminum 10.3(7.6)

There are several standard methods used in impact strength testing and these include;
e Pendulum type instruments i.e. 1zod and Charpy test

e Drop weight or Falling weight method.

Drop weight or Falling weigh method

Drop weight or Falling weight method is simply a method used to determine whether a
material will crack or fracture when a mass of a known weight is dropped on the material.
The weight can be increased gradually or the height from which the mass falls can also

be raised gradually. This method is well suited to testing material in sheet form. [1]

Pendulum type method i.e. 1zod and Charpy test

The pendulum type method is a dynamic test in which a pendulum hammer of known
mass is attached to a machine and in one swing of the hammer it causes the specimen to
fracture or fail. The specimen is usually notched or unnotched though notching the spec-
imen causes a concentrated stress increases the likely hood of the specimen breaking with

a brittle fracture rather than a ductile fracture. [4]
The Izod and Charpy test also measure the bending impact strength of a specimen though

in the Charpy test the specimen is supported at both ends, while in the 1zod test the spec-
imen is supported as a cantilever. [2] [1]
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Table 3:Stardard methods of measuring unnotched Charpy impact strength [2]

Standard

ISO 179-1 and I1SO 197-2

Specimen

80mm * 10mm* 4mm cut from the center of an ISO
3167 Type A specimen, also referred to as an 1ISO
179/1Eu specimen.

Conditioning

Specimen conditioning, including any post mold-
ing treatment, shall be carried out at 23°C+2°C and
50 + 5% R.H for minimum length of time of 88h
except where special conditioning is required as

specified by the appropriate material standard.

Apparatus

The machine shall be securely fixed to a founda-
tion having a mass at least 20 times that of the
heaviest pendulum in use and capable of being lev-
eled.
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1.1 Relevance

The study of impact strength of materials is motivated by a desire to understand the be-
havior of common engineering materials under dynamic loading. With new materials,
such as composites, being widely adopted by the automobile and aerospace industry con-
tinuous study is required. An understanding of their behavior under static and dynamic
loading is crucial as materials are sensitive to different testing variables. Impact strength
tests are an important part of determining performance, service life and service safety of

materials and products.

There are currently two methods that are used to test impact strength of materials; drop

weight method and pendulum type methods as described above.

The focus of this thesis is on the 1zod pendulum impact strength test which measures the
amount of energy absorbed by a material. In order to calculate the energy absorbed, the
indicated energy is first determined by measuring the difference between the initial angle
and the final angle of the pendulum hammer. Once the indicated energy is determined, it
is divided by the cross-sectional area of the specimen resulting in the absorbed energy.

12



2 BACKGROUND

The history of impact strength testing dates to the 19th century. It was highly driven by
the building of the railways, when it was discovered that impact loads affect materials
differently to static loads. At this time, the development of impact strength testing was
mostly driven by the British. In 1857 Rodman designed and made a drop weight machine

which was used to test finished products like pipes and ankles. [5]

The test was simple in the way it worked, the weight was dropped on the material and it
either broke or it didn’t break. The data produced was used in the manufacture of other

products and Rodman’s machine was used for 30years to test steel and steel products. [5]

But this was not the first documentation of impact strength testing. In fact, the very first
documentation of impact strength testing was back in 1824 by a man called Tredgold who

published about the theory of cast iron to resist impact forces. [5]

The drop impact test was improved due to the introduction of the notch on the rectangle
samples. The improvement was important because some ductile material just bent without

breaking but with a notch the material become more fragile. [5]

More work needed to be done on the impact strength test to improve the test and develop
the it to produce consistent data. Between the years of 1895 to 1922 both national and
international bodies were responsible for introducing the standardization of impact
strength tests. These bodies included The American Society for Testing and Material
(ASTM) and the International association for Testing materials. (IATM) [5]

In 1898 Russell built a Pendulum Impact Machine unlike the drop weight machine. Rus-
sell argued that the drop weight did not provide any more information apart from whether
the material broke or not, but the Pendulum Impact Machine would provide more infor-
mation on the amount of energy absorbed by the material on impact. Russell’s swinging

pendulum machine was very big and could break large products. [5]
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The design concept of the Russell’s swinging pendulum machine was detailed and well
analyzed in its mechanics and accounted for the friction. This machine provided more
consistent data and most importantly determined the amount of energy absorbed by the

material when an impact force is applied. [5]

The American Society for Testing and Material and the International Association for
Testing Materials continued with their research to improve impact testing and in 1905
Charpy, a member of the IATM, designed a new machine called the Charpy Method Test.
It is a pendulum impact strength test like the one we used today. [5]

The Charpy method originally used specimen sizes of 10 mm by 10 mm and length of

53mm, with 40mm between the points and a notch of 2 mm to 5 mm.

The ASTM committee continued with their research and in 1922 to 1933 they developed
standard methods for the pendulum impact strength test. The two approved pendulum
impact strength tests were the Charpy and the 1zod test. The standards detailed the geom-
etry of the specimens, the size of specimens, notch, dimensions of the hammer, geometry
of the striking edge and distance of striking. These and many more standards were de-
tailed but over the years due to research and experience, they have been revised from time

to time and in detail. [5]

2.1 Manufactures of Impact Testing Machine

There are various manufacturers and suppliers of Impact strength testing machines in the
world The Zwick Roell company is one of the leading manufacturers and suppliers of
different systems and testing machines including the Impact Strength Testing machines.
Zwick Roell company produces an impact testing machine called the Pendulum Impact
Tester PSW 750. [6]

The Pendulum Impact Tester PSW 750, can perform impact both as a Charpy and Izod
testing machine by changing the fixture support. [6] “The PSW 750 can be used for tests
to the following standards (among others): ISO 148- 1, ISO 14556, ASTM E23, JIS Z
2242, GOST 9454-78, DIN 50115.” [6] It is an automatic machine detecting errors during
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testing. It has potential energy of 750 joules and the results of impact energy and impact
.. . kJ .

strength are recoded in joules and kilojoules per meter squared (ﬁ). Different pendulum

hammers can be used and changed easily from 300 joules to 750 joules. Specimens var-

ying in sizes of 55 x 2.5 X 10 mmto 55 x 10 x 10 mm can be tested in this machine

which requires minimum specimen preparation and is normally done at room tempera-
ture. [6]

2.2 Methodology

My approach is to use an available steel frame to design and assemble the different man-
ufactured components into an Izod Impact Strength Testing Device. The machine will
have four major components to it; frame, clamp, pendulum hammer and the scale or meter

to read of the data.
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3 LITERATURE REVIEW

3.1 I1zod Theory

The lzod impact test is a standardized test described by the ASTM-D 256, 1SO 180 and
is named after Edwin Gilbert 1zod (1876-1946), who first described it 1903.

The Izod impact test measures the impact strength of a vertical cantilevered notched spec-
imen hit by a swinging hammer. The Izod test exerts bending forces on the specimen and

. . . kJj .
the absorbed energy is the measured. Impact energy is expressed in — where impact

energy is divided by the cross-sectional area for the ISO standard while ASTM standard
J

expresses it in =.
m
The notch in the specimen causes a concentration of stress which makes the specimen

more likely to have a brittle fracture. [2], [4]

3.1.1 Impact Energy

“Impact energy is a measure of the work done to fracture a test specimen.” [7] when the
hammer hits the specimen it will absorb energy until it yields. The specimen will be sub-
jected to plastic deformation at the notch. The specimen will absorb energy and when it
cannot absorb more energy it will fracture. Tougher materials will have higher impact

strengths while brittle materials have low impact strength. [7]

Major factors that affect impact strength of a specimen
e Temperature
e Velocity

e Notch sensitivity
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Temperature

Temperature affects the process of energy absorption during impact hence affecting the
yield behavior of a specimen. Low temperature causes the specimen to be more brittle
while higher temperature causes the specimen to be more ductile.

Velocity

The speed at which the specimen is hit or struck by the hammer determines the type of
failure that will occur. Very high speeds will cause brittle failure in most materials of

specimen while in low speeds, most materials will exhibit good impact strength.

Notch sensitivity

A notch is a sharp corner made in a specimen; this causes a localized concentration of
stress higher than the stress imposed elsewhere in the specimen. A notch makes failure
most likely and the radius and depth of the notch affects it even further. Different mate-
rials have different sensitivity to notches. [8]

3.1.2 Center of Mass/ Gravity

Center of mass is defined as; “a single point at which the whole mass of the body or
system is imagined to be concentrated and all the applied forces acts at that point”. [9]

When an external force is applied on the body it is the center of mass that moves in the
direction of the force. The center of mass is also that point where the distributed mass of

the body balances.
Center of gravity is the other term that is used interchangeably with center of mass. The

center of gravity of a body is the same as the center of mass in a uniform and parallel

gravity field and so calculations are done using or referring to the center of gravity. [10]

17



3.2 Schematics of the Izod Test

Point of Impact _

Figure 1:Cantilever Beam Izod Impact Machine [2]

3.3 Test Method of a Cantilever 1zod Impact Test

3.3.1 Apparatus

The machine consists of a rigid frame, pendulum hammer, a clamp or fixture to place the
specimen, a massive base that is at least 20 times heavier than the hammer and a computer

or dial used to measure the energy loss.

18



The clamp or fixture is mounted onto the base to which the frame is connected. The pen-
dulum hammer is connected to the frame with a release mechanism and a dial or computer

connected as well.

The pendulum hammer can have one or more arms which must be rigid enough to clear
specimens and reduce vibrations. The head of the pendulum used to strike the specimens
should be of hardened steel, with a cylindrical surface and a radius of 0.80 + 0.20mm.
The frame and pendulum should be rigid enough to maintain proper alignment of the

hammer and specimen both in motion and at impact to reduce vibration and energy loss.

[4]

3.3.2 Test Specimen

o ~——"1 DIRECTION OF
lu Q
» IMPACT END B COMPRESSION
MOLDING
T < B8 =) T

< Cc —] ;
WIDTH OF SPECIMEN

SHALL BE IN ACCORDANCE
WITH SECTION 7.2

A 10.16 = 0.05 0.400 = 0.002
B 318=10 1.25 = 0.04

Cc 635=20 250 = 0.08

D 0.25R = 0.05 0.010R = 0.002
E 12.70 = 0.20 0.500 = 0.008

Figure 2:Dimensions of 1zod-Type Specimen ASTM-D 256 [4]

3.3.3 Notching Test Specimen

The test specimens are notched by milling with constant feed rate and cutting speed
throughout the procedure. The notch is angle is 45 + 1° with a depth 10.16 + 0.05mm

of material remaining on the specimen material. [4]
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3.3.4 Conditioning

A temperature of 23 + 2°C is ideal for storing test specimen and carrying out the 1zod
impact test and a 50 + 5% relative humidity. [4]

3.3.5 Procedure

Ideally run three to five blank tests to determine the least frictional loss of energy and this
should not be greater than 1% for a 2 J pendulum or 0.5% for the specified pendulums

with a 4.0 J for greater energy pendulums.

Each material should have at least five to ten sample tests carried out in suitable condi-

tions with each group of specimens having the same width.
Approximate the energy needed to break the specimen and select the lightest hammer
available to break the specimen unless the impact energy needed to break the specimen

is more than 85% and if this happens use the pendulum hammer with the highest energy.

Check that the pendulum hammer is in place properly and that the specimens conform to

the standards.

Check to make sure that the dial or pointer on the impact machine works correctly, adjust

and correct any excessive friction if detected in the machine.

Measure and record the width of the specimens and the width and depth of material re-

maining on the notching of the specimen.

20



Position and clamp the specimen as shown in the figure below;

STRIKING EDGE RADIUS

0.80 + 0.20 mm
(0.031 + 0.00H in)

SPECIMEN

1/

DEPTH [=—

22.0x 0.05 MM.
(0.87 + 0.002 n.)

q
N

0.25 £ 0.12 MM. RADIUS
(0.010x0.005 IN.)

VISE

i)
7

PLANES € AND D MUST BE PARALLEL
TO WITHIN 0.025 MM (0.001 IND
OUVER A DISTANCE OF 25 MM (1 IN)

Figure 3:Schematic of the Clamp, Specimen & Striking Hammer in Izod Impact Test [11]

Release the pendulum hammer and record the impact energy that is taken to break the

specimen as well as the appearance and condition of the specimen.

Calculate the correct impact energy by subtracting the friction from the indicated impact

energy to break the specimen, record it and compare it with the energy specified for that

hammer.

Divide the energy measured by the width of the specimen to get the impact resistance in

joules per meter(J/m) or kilojoules per meter(kJ/m) if the energy is divided by the cross-

sectional area of the specimen.

Lastly, using specimens of the same width and type of break, obtain the average impact

strength excluding the specimens that did not break. [4] [2]
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3.3.6 Specimen Types of Failures

“C- Complete Break—A break where the specimen separates into two or more pieces.
H- Hinge Break—An incomplete break, such that one part of the specimen cannot sup-
port itself above the horizontal when the other part is held vertically (less than 90° in-
cluded angle).

P- Partial Break—An incomplete break that does not meet the definition for a hinge break
but has fractured at least 90 % of the distance between the vertex of the notch and the
opposite side.

NB. Non-Break—An incomplete break where the fracture extends less than 90 % of the
distance between the vertex of the notch and the opposite side” [4]
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3.4 Risk Assessment

The table shows the potential risks, source of risks, and consequences of these potential

risks of operating the Impact Strength Testing Device to both the user and the bystanders.

The risk assessment also puts control measures in place to avoid these accidents from

happening.

Because this is a newly built machine the risk assessment will continually be reviewed

and updated according to feedback provided by the users and according to the workshop

or laboratory standards.

Table 4:Risk assessment

Lab; Impact strength material

Machine; Pendulum Impact Test-

Applicant; Isaac Mugenyi

testing ing Device
Risk Risk group Risk sources Worst conse- Risk Risk control
quences level
Bruising inju- | User Pendulum ham- | Injuries to fin- Possible | e Correct set up of the ma-
ries when mer and frame | gers and hand chine
loading the e Ensure the pendulum is at
specimen and complete stop and secured
removing it. before loading the specimen
Fracture inju- User and peo- | swinging pen- Severe Fractures | Unlikely | o Correct set up of the ma-
ries like bro- ple very close | dulum and bleeding chine
ken fingers proximity e Ensure the pendulum is at
and arm complete stop and secured
before loading the specimen
e Stay clear of the pendulum
path
e Never stop the pendulum
with any part of the body
Injuries from User and peo- | Material debris | Injuriesto eyes | Possible | e Wear protective clothing
broken mate- ple around and body like, face mask, googles and
rial debris lab coat
e Ask people around to stay
away.
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3.5 Mathematical Pendulum

Mathematical pendulum is a mass point connected to a rigid massless rod of known length

| at the upper end enabling it to move in the vertical plane. [12]

Figure 4:Mathematical Pendulum

Potential energy is

Epor = mgh [13] (1)
Kinetic energy is
1
Eyin = ymv? [13] @
Where;
1 2
E,y = mgAhy = Ej, = Smv? = Epy = mgAh, + E; (3)
Ahl - Ahz = Ah3 (4)

Note; Ef is friction energy

24



1
mgAh, = Emv2 = mgAh, + Ef (6)

With no sample;
mgAhl - mgAh3 - Ed + Ep4, (7)

Eq = mg(Ahy — Ahg — Ahy) 8

Note:E,; = is the Potential pendulum energy

3.5.1 Energy Analysis

To determine height changes (Ah) of the pendulum, small angle (¢) will be measured.

s=101—-Ah 9)
Ah+s =1 (10)
[ —Ah Ah

cos<p=T=1—T (11)

Ah
- = 1—cos¢g (12)
Ah = [(1 — cos ¢) (13)
Ey = mgh = mgl(1 — cos ¢,) (14)
E, = mgh, = mgl(1 — cos ¢,) (15)
AW = gml(1 — cos ¢,) — gml(1 — cos ¢,) a7
AW = gml(cos ¢, — cos @) (18)

Note; Even if the hammer is very heavy it is still possible to measure small fracture en-

ergies by simply using a small initial angle (¢,).
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3.5.2 Motion Analysis

The simple pendulum is not dependent on the mass, nor is it dependent on amplitude for
the period but for small angle displacement, the pendulum will go through a simple har-

monic motion. [14]

Figure 5:Pendulum Motion

p=2=x=lp[14] (19)
sing = ¢ (20)
Using the Newton’s second law;
F = —mgsing [14] (21)
F =—-mgsinp = —mgp = g [14] (22)
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Since;

w=\/§=\/§=\/%[14] (23)

T=22=2=2r |-[14] (24)
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3.6 Physical Pendulum

“A physical pendulum is any real pendulum that uses an extended body, as contrasted to

the idealized simple pendulum with all of its mass concentrated at a point.” [14]

Figure 6:Physical Pendulum of Mass [12]

The physical pendulum is fixed at point O, with point C as the center of mass, and ¢ the
angle rotation of the pendulum. To analyze this pendulum, we will assume that there is

no friction at point O using small angle displacement. [12]

To calculate the energy in a physical pendulum we use the center of mass of the hammer
instead of the change in height as a function of pendulum length and angle. This is because
in a physical pendulum the mass is distributed. Where;
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Note; In figure 5, S = [, and [, refers to the length to the center of mass.

AW =E, = E, (25)

Ey = mgh = mgl.(1 — cos ¢,) (26)

Ey = mgh =mgl.(1 — cos ¢;) (27)

AW = gml.(1 — cos ¢y) — gml.(1 — cos ¢,) (28)
AW = gmy,:l.(cos @, — cos @) (29)

3.7 Calibration Procedure

There are two types of methods used in the calibration of the pendulum arm namely;
1. Static method
2. Dynamic method

3.7.1 Static Method

To find the center of mass or the effective length of the pendulum arm, the pendulum arm
is balanced on a single pivot point, then the pivot point is the position of the center of
mass or the length L needed to calculate the energy of the physical pendulum.

3.7.2 Dynamic Method

The testing device is bolted on a firm base of at least 20 times heavier than the hammer

being used. The base should be firm to prevent loss of energy through vibration.

Ensure that the pendulum arm is straight and insert it vertically, clamp it and check for

alignment.
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Check that the machine is well oiled and insert the pendulum arm in the vertical position

and clamp it.

Swing the pendulum hammer freely without a specimen and record the height before the

swing and the height it gets after the swing and the difference in height can be used to

calculate the friction loss.

An angle meter is used to record the angle of the pendulum as a function of time, but the

velocity of the pendulum will increase until the pendulum is vertical, and the velocity will

be its derivative between two samples [11] [15]

S 2mRe

. — -
max t t

R= real total length of the pendulum.
If the friction is zero

15
mgAh — 0 =§mv

Divide by mass (m) and get

Emv2 =mgl.(1 — cos @)

v= \/2glc(1 — Ccos Q)

Pendulum has a maximum velocity at ¢ = 90
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Figure 7:lmpact Velocity

Pendulum has a maximum velocity at ¢ = 90 degrees.

Dynamic calibration is the preferred method of impact pendulum testing devices due to
its accuracy and easy repeatability but to dynamically calibrate the impact pendulum de-
vice we must determine the center of mass of the pendulum with the hammer and without

the hammer.

To determine the center of mass of the pendulum, two measurement of the period (T)
were done with and without the hammer. This can be done because the mass of the ham-
mer is known and pendulum mass without the hammer is also known. This allows us to

measure the distance from suspension to the center of mass of the hammer. (Lyqemmer)
We know that:
Kinetic energy;

Epin = %10)2 [16] (34)
Period of oscillation;

2T 1
T=0=(mgr 4 (35)

Note; The inertia (I) and the center of mass () are unknown.

The center of mass of the pendulum with hammer can be calculated by:
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lc — mqle+myLpammer [17] (36)

mi+my

According to Steiner Satz (parallel axis theorem) [18], inertia can be calculated by:

I=1I+ m, L?‘Lammer 37)
Period with no hammer;
I
migly

Period with hammer;

Because this is for finding the period of the pendulum and hammer, the mass and length
of hammer is added to the inertia and inserted equation 36 to find the center of mass for

the whole system.

T =2m myl; + m, (39)

l
(my + mz)g(W)

The total mass cancels out remining with two equations:

(E)Z __h (40)
21 mygly
(2)2 __hi¥maly (41)
2m g(myly + myly)
Approach;
11 = 11 (42)
T \2
Il == (ﬁ) mlgll (43)
T,\*
L = (E) g(myly + myly) —myl3 (44)
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2 2

T T
(_;[) mygly = (ﬁ) g(myly + myly) — mzl%

2 2

Ti\* T, T, ,
(_T[) mygly — (_T[) mygl, = (%) g(myly) —myls

[ (32) -

om () - (22)]

Note; 1, is the center of mass for the pendulum without the hammer. Once the center of

mass for the pendulum without the hammer (1;) is calculated, it allows us to calculate

(45)

(46)

(47)

(48)

(1) the center of mass with the hammer because all the other parameters are known.
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4 METHOD

The impact testing device was designed and assembled using SolidWorks. Each part was
designed individually, sent to be milled, assembled and then welded together.

SolidWorks is a computer design software used in product development i.e. Solid mod-
elling, computer aided design and computer aided engineering and can be used on Mi-

crosoft Windows. It is issued by Dassault Systems company. [19]

4.1 The Frame

We used an already available rigid steel frame onto which all the other components were
assembled, it was measured carefully, and the dimensions were used to draw the frame in
SolidWorks. Sketch, boss extrude, and clearance holes are some of the commands used

in the design of the frame.

Figure 8:The Frame
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4.2 The Clamp

The clamp will be used for securing the specimen securely with easy loading and remov-
ing of the test specimen during the impact testing. The clamp was designed in two parts
and assembled together using some of these commands; extrude boss, extrude cut, holes
and fillet.

Figure 9:The Clamp
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4.3 The Pendulum Arm

The pendulum arm is to hold and secure the pendulum hammer in position. It is rigid,
made of steel and will be welded together using steel bars across to ensure there is less
vibration when sample testing. It is designed for easy mounting of the hammer as well as
easy mounting on the steel rod and fastening to the frame. Commands used are; extrude

boss, extrude cut and fillet.

Figure 10:Pendulum Arm
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4.4 Fixtures

This support will be connected to the support rod, pendulum arm to the frame. The two
will experience a lot of friction during to the rotational movement of the support rod and
pendulum arms. With proper oiling the friction should be reduced considerably. It was

designed using extrude boss, cut and hole wizard.

Figure 11:Fixture Figure 12:Rod Support
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4.5 Hammer

The hammer is designed to be easily fitted and removed from the pendulum arms so ham-
mers of different masses can be used in experiments. The hammer is also designed

with a striking edge of hardened steel which is tapered at an angle of 45 degrees + 2°.
The hammer is designed with four holes so that it can be effectively mounted to the pen-
dulum arm and rigid enough to avoid loss of energy through friction and instability. The
hole will also help in adjusting the hammer’s height as needed. It is designed using com-

mands; extrude boss and cut.

Figure 13:Hammer
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4.6 Assembled Device

Figure 14:Assembled Pendulum Impact Testing Device

As shown in the figure above, the fully assembled Pendulum Impact Testing device with

major components being the frame, clamp, hammer and pendulum arms.

The Pendulum arms are bent and will be welded together with horizontal rectangular rods.

The purpose of this is to prevent any torsional motion.
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4.7 Engineering Drawing
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Figure 15:Engineering Drawing

The engineering drawing is showing details of the assembled impact testing device. The
2D views of the assembled, some of the dimensions used in modelling of various parts, a
diametric view of the assembly and the bill of materials. Only a few dimensions are shown

S0 as not to over crowd the drawing.
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5 EXPERIMENTS

This chapter describes calibration of the Impact Pendulum Test Device (1zod) center of
mass, set up in which experiments carried and the results of the sixty-impact tests carried
out on the composite test specimens.

5.1 Setup

Figure 16:Pendulum Impact Device

As shown above in Figure 17, the main components of the pendulum impact device are;
frame, pendulum hammer, clamp, angle measurement device and potentiometer to meas-
ure the voltage (electric potential). The device is firmly fixed on a large table giving it

stability.
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The operator of the device stands to the side of the machine while loading the sample and
uses a straight simple bar to lock the pendulum hammer so that it does not swing back.
After loading the sample, the operator will stand behind the machine, make sure there is
no one in front or in close proximity. The pendulum is then raised to a vertical position

of 90 degrees and let go freely.

5.1.1 Pointer and Dial Mechanism

Figure 17:Point and Dial Mechanism

The dial (white circular plate) made of polymer with angles engraved using a laser cutter
for accuracy. The pointer, consisting of an arm and marker, is connected to the rod
through which the pendulum arms are connected as well. This mechanism will help in
determining the energy required to break the specimen or the energy remaining in the
pendulum after breakage by indicating the initial angle at which the pendulum is released

and the final angle beyond the point of breakage.
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5.1.2 The Potentiometer

Figure 18:Potentiometer

The potentiometer is a voltage divider and used to measure voltage. It is mounted and
connected to the rod where the pendulum arm is connected. As the pendulum is released
to swing freely the potentiometer enables us to measure the angle, speed and displace-
ment. As shown below in the graph the angles measured have a linear relationship with

the voltage measure:
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y=-0.7117x + 201.6
angle R? = 0.999

450

angle(degrees)

voltage (mV)

Figure 19:Angle Voltage Relationship

As the pendulum swings both the angle and voltage are measured simultaneously. The
angles are measured using the pointer and dial mechanism while the voltage is measured
using the potentiometer and values displayed on the monitor. As the outputs of the angle
measurement and voltage are analyzed, they show a linear relationship between the angle
and voltage measured, this is because the ratio of division in potentiometer corresponds
to the angle. Unlike in the traditional method, where only angle measurements are relied
upon to calibrate impact test device, we can also use the voltage to calibrate this Impact

Pendulum Device.
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5.2 Center of Mass of the Pendulum Hammer

The pendulum arm oscillates freely either with or without the hammer mass. This is used
with the parallel axis theorem to define two equations containing polar moment of inertia

(I) and center of mass.

The center of mass is determined using the dynamic method. The pendulum was released
to swing freely with and without the hammer. The pendulum oscillations were measured
by the potentiometer and from the data collected the periods were extracted, which were

used to calculate the center of mass.

The graph below (Figure 20) shows two distinctly different oscillations, one with the
hammer and one without. From this data we extracted periods which we used to solve
the first equation. This gives us the center of mass for the pendulum only. Once we know
the center of mass for the pendulum only, we can use it to calculate the center of mass for

the entire pendulum including the hammer.

Pendulum oscillation

0.45
0.4
0.35

©
w

0.25

voltage (mV)
o
M

0.15

o
=

0.05

0 2 4 6 8 10 12
time(s)

V_hammer V_no_hammer

Figure 20:Pendulum Oscillations with &without hammer
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Using equation 39 the center of mass of mass was calculated,

(my +my)g(

ml; + m,

lz)
my; +m,

Table 5:Calculated L. using extracted periods

T 1(s) T 2(s)
periods(s) 0.924221 1.4639
T/2/pi 0.147094 0.232987
0.021637 0.054283
L 0.201583 | m
LC 0.438247 | m

Eq (39)

Note; the extracted periods from the data are slightly smaller than expected and this is

because the friction is not considered.

With friction considered the center of mass =0.476 m

The alternative use of kinetic energy instead of potential energy demands velocity and

the table below shows the calculated velocity. The pendulum oscillation had over a mil-

lion points but only a few have been selected to demonstrate this;

Table 6:Calculated velocity with &without hammer

<= R

S m g i gl
— = 1) o0 e — g

> — (0] [ I~ ~— g —

£ o ) =l S T g T

g % = o = 5 I, <

£ < T ° S S Z z

@© o) Q Q2 © © o ]

= < X ® 2 @ o 3 <

o > > © @© o o > >
0 0.157 0.160 89.93 87.73 0.00 0.01 | -440.70 | 1308.32
9.5461E-06 0.154 0.154 92.21 92.21 0.00 0.00 | -440.70 | 440.70
1.9092E-05 0.154 0.157 92.21 89.93 0.00 0.00 881.40 0.00
2.8638E-05 0.157 0.157 89.93 89.93 0.00 0.00 | -881.40 0.00
3.8184E-05 0.154 0.157 92.21 89.93 0.00 0.00 881.40 0.00
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4.773E-05 0.157 0.157 89.93 89.93 0.00 0.00 | -440.70 0.00
5.7276E-05 0.154 0.157 92.21 89.93 0.00 0.00 0.00 0.00
6.6822E-05 0.154 0.157 92.21 89.93 0.00 0.00 | -440.70 0.00
7.6369E-05 0.154 0.157 92.21 89.93 0.00 0.00 | 881.40 0.00
8.5915E-05 0.157 0.157 89.93 89.93 0.00 0.00 | -440.70 0.00
9.5461E-05 0.154 0.157 92.21 89.93 0.00 0.00 0.00 | 440.70

0.000105 0.154 0.157 92.21 89.93 0.00 0.00 | -867.63 | -881.40
0.000115 0.154 0.154 92.21 92.21 -0.01 0.00 | 1294.55 | 440.70
0.000124 0.160 0.157 87.73 89.93 0.00 0.00 | -426.93 0.00
0.000134 0.157 0.157 89.93 89.93 0.00 0.00 | 440.70 0.00
0.000143 0.157 0.157 89.93 89.93 0.00 0.00 | -881.40 | 440.70
0.000153 0.154 0.157 92.21 89.93 0.00 0.00 | 881.40 | -881.40
0.000162 0.157 0.154 89.93 92.21 0.00 0.00 | -440.70 | 881.40
0.000172 0.154 0.157 92.21 89.93 0.00 0.00 0.00 | -440.70
0.000181 0.154 0.154 92.21 92.21 0.00 0.00 | -440.70 0.00
0.000191 0.154 0.154 92.21 92.21 0.00 0.00 | 440.70 | -440.70
0.000200 0.157 0.154 89.93 92.21 0.00 0.00 | 440.70 | 440.70
0.000210 0.157 0.157 89.93 89.93 0.00 0.00 | -440.70 0.00
0.000220 0.154 0.157 92.21 89.93 0.00 0.00 | -440.70 0.00
0.000229 0.154 0.157 92.21 89.93 0.00 0.00 | 881.40 0.00
0.000239 0.157 0.157 89.93 89.93 0.00 0.00 | -440.70 0.00
0.000248 0.154 0.157 92.21 89.93 0.00 0.00 | -440.70 | 440.70
0.000258 0.154 0.157 92.21 89.93 0.00 0.00 | 440.70 | -881.40
0.000267 0.157 0.154 89.93 92.21 0.00 0.00 0.00 | 440.70
0.000277 0.157 0.157 89.93 89.93 0.00 0.00 | 440.70 0.00
0.000286 0.157 0.157 89.93 89.93 0.00 0.00 | -440.70 0.00
0.000296 0.154 0.157 92.21 89.93 0.00 0.00 | -440.70 0.00
0.000305 0.154 0.157 92.21 89.93 0.00 0.00 | 881.40 | 440.70
0.000315 0.157 0.157 89.93 89.93 0.00 0.00 | -440.70 | -440.70
0.000325 0.154 0.154 92.21 92.21 0.00 0.00 | -440.70 | -440.70
0.000334 0.154 0.154 92.21 92.21 0.00 0.00 | 440.70 | 440.70
0.000344 0.157 0.157 89.93 89.93 0.00 0.00 0.00 0.00
0.000353 0.157 0.157 89.93 89.93 0.00 0.00 | 440.70 0.00
0.000363 0.157 0.157 89.93 89.93 0.00 0.00 | -881.40 0.00
0.000372 0.154 0.157 92.21 89.93 0.00 0.00 | 881.40 0.00
0.000382 0.157 0.157 89.93 89.93 0.00 0.00 | -881.40 0.00
0.000391 0.154 0.157 92.21 89.93 0.00 0.00 | 440.70 0.00
0.000401 0.157 0.157 89.93 89.93 0.00 0.00 0.00 0.00
0.000410 0.157 0.157 89.93 89.93 0.00 0.00 | 440.70 0.00
0.000420 0.157 0.157 89.93 89.93 0.00 0.00 | -440.70 | 440.70
0.000430 0.154 0.157 92.21 89.93 0.00 0.00 | -440.70 | -440.70
0.000439 0.154 0.154 92.21 92.21 0.00 0.00 | 881.40 | -440.70
0.000449 0.157 0.154 89.93 92.21 0.00 0.00 | -881.40 | 440.70
0.000458 0.154 0.157 92.21 89.93 0.00 0.00 | 881.40 0.00
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The angle was calculated using the linear equation extracted from Figure 20; graph
showing the Angle voltage linear relationship;

y = —0.7117 X voltage + 201.6
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5.3 Test Specimens

The test specimens were made of composite material that is; both fiber-reinforced poly-
mers and bio-composites. The test specimens were unnotched and the experiments were
carried out at room temperature. The width and thickness of each specimen was measured

prior the experiment. These are some of the test specimens after the experiment;

Figure 21:Broken Test Specimens
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5.4 Calculations

The energy calculations were done using equation 29; -
AW = gmyoelc(cos @1 — cos @q)
Parameters used for the calculations:

Table 7:Parameters used for calculations

Mass_total(kg) 13.772
L_center of mass (m) 0.476
m 9.81
9(3)
Angle offset (degrees) 5.4 (accounts for friction)

Table 9 below is showing the dimensions of the test specimens, energy lost due to friction
and energy needed to break each individual test specimen. Sixty test specimens were test

using the impact strength device.

Note; The Impact strength is given in % because the test specimens were unnotched.

Table 8:Calculated impact energy of test specimens

5
[}
< = 2
g < =1 9 S
g S = g 8 3 5 —
—_ = = £ ° = 3 c o = ~|N
£ € T T 2 2 4] 3 T 2 &>" P_>° E
£l E g S| ®| 5| ?| 3 . £ % 2 2 <
: | F < < | <« o | | B w! w! & & S py
4| 10 40 | 0.0000 | 90| 260 | 80| 10 | 6431 | 5314 | 029 | 10.88 | 0.011 | 272.04
20| 42 84 | 00001 | 90| 249 | 69| 21| 6431 | 4126 | 029 | 22.76 | 0.023 | 270.96
20 | 41 82| 00001 | 90| 248 | 68| 22| 6431 | 4022 | 029 | 23.81 | 0.024 | 290.31
20 | 41 82 | 00001 | 90| 248 | 68| 22| 6431 | 4022 | 029 | 2381 | 0.024 | 290.31
20 | 41 82| 00001 | 90| 249 | 69| 21| 6431 | 4126 | 029 | 22.76 | 0.023 | 277.57
20| 5.2 104 | 00001 | 90 | 210 | 30| 60 | 64.31 862 | 029 | 5541 | 0.055 | 532.77
20| 5.2 104 | 00001 | 90| 230 | 50| 40 | 6431 | 2297 | 029 | 41.05 | 0.041 | 394.73
20| 53 106 | 0.0001 | 90 | 223 | 43| 47| 6431 | 17.28 | 0.29 | 46.75 | 0.047 | 441.01
20| 5.2 104 | 00001 | 90| 217 | 37| 53| 6431 | 1295 | 029 | 51.07 | 0.051 | 491.10
20| 42 84 | 00001 | 90| 250 | 70| 20| 6431 | 4231 | 029 | 2171 | 0022 | 25845
20 | 42 84 | 00001 | 90| 252 | 72| 18| 6431 | 4444 | 029 | 1959 | 0.020 | 233.18
20| 42 84 | 00001 | 90| 255 | 75| 15| 6431 | 4766 | 029 | 1636 | 0.016 | 194.75
20| 43 86 | 00001 | 90| 252 | 72| 18| 6431 | 4444 | 029 | 1959 | 0.020 | 227.76
20 4 80 | 00001 | 90| 254 | 74| 16 | 6431 | 4658 | 0.29 | 17.44 | 0.017 | 218.01
20 | 41 82| 00001 | 90| 250 | 70| 20| 6431 | 4231 | 029 | 2171 | 0022 | 264.75
25 | 3.8 95 | 0.0001 | 90| 245 | 65| 25| 6431 | 3713 | 0.29 | 26.89 | 0.027 | 283.08
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25 | 3.8 95 0.0001 90 | 245 65 25 64.31 3713 | 0.29 26.89 0.027 283.08
25 | 3.7 92.5 0.0001 90 | 248 68 22 64.31 40.22 | 0.29 23.81 0.024 257.35
25 | 3.8 95 0.0001 90 | 247 67 23 64.31 39.18 | 0.29 24.84 0.025 261.50
25 | 3.8 95 0.0001 90 | 245 65 25 64.31 37.13 | 0.29 26.89 0.027 283.08
25 4 100 0.0001 90 | 249 69 21 64.31 41.26 | 0.29 22.76 0.023 227.61
25 | 3.8 95 0.0001 90 | 245 65 25 64.31 37.13 | 0.29 26.89 0.027 283.08
25 | 3.8 95 0.0001 90 | 245 65 25 64.31 37.13 | 0.29 26.89 0.027 283.08
25 | 6.8 170 0.0002 90 | 260 80 10 64.31 53.14 | 0.29 10.88 0.011 64.01
25 7 175 0.0002 90 | 259 79 11 64.31 52.04 | 0.29 11.99 0.012 68.49
25 7 175 0.0002 90 | 261 81 9 64.31 54.25 | 0.29 9.77 0.010 55.86
25 7 175 0.0002 90 | 260 80 10 64.31 53.14 | 0.29 10.88 0.011 62.18
25 7 175 0.0002 90 | 259 79 11 64.31 52.04 | 0.29 11.99 0.012 68.49
25 | 7.1 177.5 0.0002 90 | 260 80 10 64.31 53.14 | 0.29 10.88 0.011 61.31
25 | 6.9 172.5 0.0002 90 | 259 79 11 64.31 52.04 | 0.29 11.99 0.012 69.48
25 7 175 0.0002 90 | 260 80 10 64.31 53.14 | 0.29 10.88 0.011 62.18
20 4 80 0.0001 90 | 253 73 17 64.31 45,51 | 0.29 18.52 0.019 231.46
20 | 41 82 0.0001 90 | 253 73 17 64.31 4551 | 0.29 18.52 0.019 225.81
20 | 4.2 84 0.0001 90 | 254 74 16 64.31 46.58 | 0.29 17.44 0.017 207.63
20 | 3.9 78 0.0001 90 | 255 75 15 64.31 47.66 | 0.29 16.36 0.016 209.73
20 | 41 82 0.0001 90 | 253 73 17 64.31 45,51 | 0.29 18.52 0.019 225.81
20 | 3.5 70 0.0001 90 | 254 74 16 64.31 46.58 | 0.29 17.44 0.017 249.15
20 | 3.6 72 0.0001 90 | 255 75 15 64.31 47.66 | 0.29 16.36 0.016 227.21
20 | 3.8 76 0.0001 90 | 256 76 14 64.31 48.75 | 0.29 15.27 0.015 200.95
20 | 49 98 0.0001 90 | 239 59 31 64.31 31.19 | 0.29 32.84 0.033 335.06
20 5 100 0.0001 90 | 238 58 32 64.31 30.23 | 0.29 33.79 0.034 337.93
20 5 100 0.0001 90 | 240 60 30 64.31 32.15 | 0.29 31.87 0.032 318.69
20 5 100 0.0001 90 | 235 55 35 64.31 27.42 | 0.29 36.60 0.037 366.01
20 5 100 0.0001 90 | 240 60 30 64.31 32.15 | 0.29 31.87 0.032 318.69
20 5 100 0.0001 90 | 238 58 32 64.31 30.23 | 0.29 33.79 0.034 337.93
20 5 100 0.0001 90 | 240 60 30 64.31 32.15 | 0.29 31.87 0.032 318.69
20 5 100 0.0001 90 | 238 58 32 64.31 30.23 | 0.29 33.79 0.034 337.93
20 | 41 82 0.0001 90 | 250 70 20 64.31 4231 | 0.29 21.71 0.022 264.75
20 | 41 82 0.0001 90 | 250 70 20 64.31 4231 | 0.29 21.71 0.022 264.75
20 | 4.2 84 0.0001 90 | 245 65 25 64.31 37.13 | 0.29 26.89 0.027 320.15
20 | 4.2 84 0.0001 90 | 251 71 19 64.31 43.37 | 0.29 20.65 0.021 245.85
20 | 41 82 0.0001 90 | 250 70 20 64.31 4231 | 0.29 21.71 0.022 264.75
20 | 41 82 0.0001 90 | 253 73 17 64.31 4551 | 0.29 18.52 0.019 225.81
20 | 4.2 84 0.0001 90 | 250 70 20 64.31 4231 | 0.29 21.71 0.022 258.45
20 | 41 82 0.0001 90 | 249 69 21 64.31 41.26 | 0.29 22.76 0.023 277.57
20 | 5.5 110 0.0001 90 | 260 80 10 64.31 53.14 | 0.29 10.88 0.011 98.93
20 | 5.5 110 0.0001 90 | 262 82 8 64.31 55.36 | 0.29 8.66 0.009 78.77
20 | 5.5 110 0.0001 90 | 260 80 10 64.31 53.14 | 0.29 10.88 0.011 98.93
20 | 5.5 110 0.0001 90 | 259 79 11 64.31 52.04 | 0.29 11.99 0.012 108.96
20 | 55 110 0.0001 90 | 260 80 10 64.31 53.14 | 0.29 10.88 0.011 98.93
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6 RESULTS

This section describes the various calculations and results of center of mass of the pendu-

lum hammer and impact/absorbed energy of test specimens.

6.1 Center of Mass of Pendulum Hammer

Dynamic method was used to calibrate the impact strength. The pendulum was released
to swing freely with and without the hammer. The pendulum oscillations were measured
by the potentiometer and from the data collected the periods were extracted, which were
used to calculate the center of mass.

Table 5 shows the calculated center of mass of the impact device using the extracted
periods; 0.438 m

These extracted periods were slightly smaller than expected because friction was not con-

sidered. When friction was considered the center of mass was calculated to be 0.476 m

6.2 Impact/Absorbed Energy

Sixty composite specimens were tested. Impact energy ranging from 532.7 r’:l—i to

55.86% was calculated using known parameters shown in Table 7.

The test specimen requires a range of different impact energy to fail or fracture due to

different reinforcing materials and different fiber arrangement.
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7 DISCUSSION

The primary focus of this thesis to design and assemble the different manufactured com-
ponents into an Impact Strength Testing Device (Izod). The machine has four major com-
ponents to it; frame, clamp, pendulum hammer and the scale or meter to read the data.

First, the individual parts of the of the test device are designed in SolidWorks software
and brought together into a final assembly. The manufactured parts are assembled to-

gether and welded were needed.

Secondly, to use the test device, it must be calibrated to the standards and both the static
and dynamic method were used. The dynamic method of calibration was preferred to the

static because of its easy repeatability and accuracy.

In addition to the traditional dynamic method of calibration, which relies upon the meas-
urement of angles, the alternative method in this thesis uses the Potentiometer to measure
the voltage and periods as the pendulum oscillates freely with or without the hammer
mass. Two distinctly different oscillations were recorded, getting periods that were used
to calculate the center of mass for the entire pendulum. Voltage has a linear relationship
with the angles measured due to the ratio of division in Potentiometer corresponding with

the angles.

Friction was considered in both the center of mass and impact energy calculations as it
affects the accuracy of the recorded periods and absorbed energy. Percentage error be-
tween center of mass calculated with friction considered and without friction considered

is less than 10%.
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8 CONCULSION

The basic idea of this thesis is to design, manufacture, assemble and calibrate the Impact
Strength Testing Device (1zod) which will be able to carry out impact strength tests with

easy repeatability and accuracy.

The Impact Strength Testing Device works well and accurately. According to the results
shown in Table 8, composite materials over all require higher impact energy to break
them compared to the polymers and metals as in Tables 1& 2. To further improve the
accuracy of this test a wider range of test specimens could be used, conditioned and

notched according to the standards.

The Impact Strength Testing Device can be calibrated dynamically on a regular basis even
with a change of hammer size and mass. This makes the whole process of calibration,

hammer change and testing of specimens relatively easy and accurate.

The designing, manufacturing and assembly of the Impact Strength Testing Device were
economical compared to buying a new test device. This comes with safety concerns,
which we addressed but this will be a continuous process of reviewing and implementing

the safety control parameters regarding the device, user and bystanders.

The Impact strength test device works well but could also be improved by; a hold and
release mechanism of the pendulum to ensure safety while loading and unloading of the
test specimen, a jig for positioning of test specimen in the clamp, and a cage at the front

of the device to provide safety.

Traditionally, calibration of pendulum impact device has relied on angle measurement.
This Impact Strength Testing Device improved on the traditional method by successfully
using the voltage to calibrate it. Further studies could explore the accuracy of using volt-
age or resistance in relationship to angle rotation in impact strength testing especially in

the impact pendulum strength device (lzod).
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