ENG 45  Lab #2
Mechanical Properties
A. Objectives:

1. introduction to mechanical testing techniques

a. tensile test

b. hardness test

2. determine mechanical properties of specific materials (metal)

3. gain experience and understanding of where and how mechanical properties are determined

B. Tensile Testing

1. sample testing specimen

a. gage length, width, and thickness 
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2. Apply tensile loads to the specimen – Instron tensile testing device













3. Specimen deform as increased loads are applied









C. Force – Elongation relationship


1. The shape of the curve is dependent on: 

a. material properties of the specimen 

b. size of the specimen

2. Normalize values to account for the differences in specimen sizes

a. Stress: 
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where F = force (load) and A is the cross-sectional area (width * thickness) of the gage section

Engineering Stress: 
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A0 = initial cross-sectional area

True stress:

[image: image3.wmf]t

A

F

=

s


At = instantaneous cross-sectional area

b. Strain:
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(dimensionless)

where L is the elongation and L0 is the original gage length 

D. Stress – Strain relationship


E. Mechanical properties of material from Stress – Strain curve

1. Young’s Modulus:

Y = /  (slope) in the linear region

2. Yield Strength – stress at which plastic (permanent) deformation occurs.  Elastic deformation occurs at lower stresses

3. u.t.s. – ultimate tensile strength – max – necking occurs at this point

4. Ductility – measured from the elongation to failure ((Lf - L0)/L0 *100) or the reduction in area of the necked area of a fractured specimen

5. Modulus of Toughness – measure of material resistance to failure in tension (MPa); total area under the stress – strain curve

6. Modulus of  Resilience – measure of material resistance to plastic deformation (MPa); area under the stress – strain curve to the yield point



From the Force-Elongation curve

7. Energy Capacity – the amount of work done (Joules) to pull the specimen to failure; total area under the force - elongation curve.



F. Hardness Testing

1. Indentation made into surface of material at specified load

2. Indentor with a steel or diamond tip is used to make the indentation (permanent deformation)

3. High precision measurement of indentation depth determines hardness 

4. Correlation between hardness and tensile strength 


Scale
Indentor
Load
Equation
Example

C
Diamond
150 kg
Rc: 100 - 500t
45HRC

B
1/16 inch steel
100 kg
RB: 130 –500t
45HRB

F
1/16 inch steel
60 kg
RF: 130 –500t
45HRF

5. Hardness reporting:
45HRC

a. 45 is the measured value

b. ‘H’ – hardness test

c. ‘R’ – Rockwell test, or other test type

d. ‘C’ – C scale test

6. Advantages of hardness test

a. cheaper and easier test than tensile testing

b. can be performed in the field

c. can be performed on large specimen

Methods

Output from Instron
Calculated Data

Sample #
L
F




Area










n
Ln
Fn
Ln/L0
Fn/A
n+1+n)/2
n+1-n
n(n)



















31
.02
345






32
.03
347






33
.02
348

























From data, one can find:

Y – Young’s modulus

Y.S. – Yield strength

u.t.s. – Ultimate tensile strength

d – ductility

modulus of resilience

modulus of toughness

Energy capacity 
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