MIE 302  --  Mechanical Engineering Laboratory I

Experiment 2

Stress-Strain Behavior of Alloys

(2 weeks)

(Revised on 9/05)

Objectives:
To investigate the tensile mechanical properties of different materials by characterizing their stress versus strain behavior.

Equipment:
Instron #4411 Universal Testing Machine



Rockwell hardness tester



Extensometer

Material:


Specimen 1:
1010 steel, normalized from 900oC.  

Specimen 2: 
Alloy 360(AKA free-cutting brass) 60-63% Cu, 33-37% Zn, 2.5-3.7% Pb.  

Specimen 3:
Alloy 6061 Aluminum 

Safety Procedures: Safety glasses must be worn near moving machinery or specimens that may fracture.  Therefore, you must wear safety glasses when operating the Instron machine.
Pre-Lab: Describe the typical stress versus strain behavior of the three metals used in this laboratory exercise using schematic diagrams. Indicate the modulus (E), yield stress (YS) and ultimate tensile strength (UTS) and fracture strength (FS) on your schematic diagram.  Define ductility on your diagram and distinguish it from strain to failure.  Design a strategy to determine the tensile properties of metals.  

Show a table of composition and properties for the three metals from a published database.  List the applications of each of the metals.  What is an extensometer?  Clearly describe how an error bar is applied to a data point.

Procedure:  
Specifically, each group will:

1. Make statistical measurements of the hardness of the specimens given, making sure hardness measurements are made on the specimens’ wider sections only. (Not the test section!)

2. Perform a tensile test to failure on the three metal specimens (see “Instructions for Tensile Testing Metal Specimens”).

Prior to the tests, determine the required Instron and Labview settings (Instron extension rate, cross sectional area of specimen, etc.).  Make measurements of sample dimensions before the Instron test.  Show your test strategy to the lab instructor before you run the test.

3. Once a specimen breaks, measure and record the cross section at the fracture location and calculate the percent reduction in area.

4. Construct  stress versus strain plots for the metal specimens tested.

5. Determine the modulus (E), yield strength (YS), the ultimate tensile strength (UTS), the fracture strength (FS), the strain to failure (StF), and the ductility from the stress versus strain curves.

6. Pool your data with your section.


Safety Procedures:  Safety glasses must be worn near moving machinery or specimens that may fracture.  Therefore, you must wear safety glasses when operating the Instron machine.
Figures and Tables:

a. On a single graph show the stress-strain curves for the three metals.

b. On a single graph show the yield strength and ultimate tensile strength versus hardness for the metals using all the data collected by the students of your lab section.  Have one data point for each material with a mean value and an error bar.  This means you will have three data points with x- and y- erorr bars. 

c. On a single graph show the ductility (in terms of reduction in area) and elongation versus ultimate tensile strength for the metals, again using all the data of your section.  Again use three data points, one for each material, with x- and y- error bars.

d. Schematic drawing of the specimen used (with dimensions shown) and a schematic drawing of the tensile testing machine and extensometer used.  Schematic drawing of the test set-up.

e. A table showing all the data pertaining to item b above.

f. A table showing all the data pertaining to item c above.

Instructions for tensile testing metal specimens 

(1/26/2005)

NOTE: In this document, all Instron command keys on control panel are in bold print and quotes, (e.g. [“STOP”]); the sequence of pressing keys for completing an individual action is put in a square bracket [ ], where capital word not in quotes indicates the subsequent key location(s) on the control panel.(e.g. [LOAD “CAL”, “ENTER” ] . Numeric entries are made using the keypad, and are ALWAYS followed by “ENTER”.

Safety in Mind 

1. Put on safety glasses when operating the Instron machine.

2. Push in emergency stop button whenever there is a threat.

Instron Set-up
1. Measure the specimen’s dimensions and install it into the grips of the Instron.

2. Set the mechanical stops (travel limit) ¼ inch below and 1 inch above the crosshead’s present position.

3. With no stress on the specimen, i.e. with one grip open, calibrate the load cell [LOAD “CAL”, “ENTER”]. After self-calibration is complete, the LOAD display should show .0000 +/- .002.

4. Set displays to track current data [“TRACK”], then tighten the grip opened in step 3.

5. Tightening the grip will put a tensile load on the specimen. To remove the load:

a.  Set the crosshead speed to .1 mm/min ["SPEED", "0", ".", "1", "ENTER"];

b.  Set the min Load limit to 0 [LOAD "MIN", CROSSHEAD ACTION "STOP",
     "0", "ENTER"];

c.  Remove the load by pressing ["DOWN ARROW"] on the control panel, meanwhile, be ready to press [“STOP”] in case the LOAD display goes negative; check with your instructor if the LOAD display does go negative.

6. Pre-load specimen to take out the slack from the load train:

a. Set the crosshead speed to 0.1 mm/min [“SPEED”, “0”, “.”, “1”, “ENTER”];

b. Set pre-load to 0.01 KN [LOAD “MAX”, CROSSHEAD ACTION “STOP”, “0”, “.”, “0”, “1”, “ENTER”];

c. Start pre-loading by pressing  [“UP ARROW”] on the control panel, meanwhile, be ready to press [“STOP”] in case the LOAD display exceeds 0.01; check with your instructor if the LOAD display does exceeds 0.01.

7. Install and calibrate the extensometer as demonstrated by your instructor.

8. Set the Instron to stop when the specimen breaks [“BREAK”, CROSSHEAD ACTION “STOP”].

9. Set the crosshead speed to your desired value. [“SPEED”, “(desired value)”, “ENTER”]. Note: the crosshead speed in conjunction with the LabVIEW sampling rate need to be selected to give adequate resolution for the stress-strain curve.

LabVIEW Set-up

1. Open the vi named "Lab 2 and 3 load vs disp” that is located in LabVIEW’s MIE-302 folder. Enter the crosshead speed you have selected on the Instron. Also select a sample rate and enter it.

2. CHECK WITH YOUR INSTRUCTOR BEFORE CONTINUING!

Perform Test

1. Start the test:

a. On the computer screen, click the RUN icon (white arrow).

b. On the Instron, press the [“UP ARROW”]. Crosshead will move up until the specimen breaks.

2. Stop the test:

a. Click on the STOP button in the LabVIEW display.

b. Click "Replace" to write current data to file named "tensile test"

c. Rename the data file and save.

NOTE: Do not open the file until you have renamed it. If the file "tensile test" is open when the vi runs, all data collected will be lost!

