[bookmark: _Hlk69754292]
TENSILE TESTING
Materials in Service 
ACMA5007



University of Wales Trinity Saint David
School of Engineering
William Jake Taylor
1909829
13/09/2021
     

Contents

Introduction 1.0 ……………………………………………………………………Page 2
	What is Tensile testing? 1.1…………………………………………………………………………..Page 2


Data 2.0 ………….……………………………………………………………………Page 4
	0.1% Carbon Steel 2.1……………………………………………………………………………………Page 6
	0.8% Carbon Steel 2.2……………………………………………………………………………………Page 7
	70/30 Copper & Brass 2.3……………………………………………………………………………..Page 9
	Drawn Copper 2.4……………………………………………………………………………………….Page 10

Colcusion 3.0 ………………………………………………………………………Page 11
















Introduction 1.0
Within this report, a review of what tensile testing is, how it works and how it helps understand more about a wide variety of materials. Four materials have been tested in a tensile machine, with all the values extracted from the tensile test, Stress Strain needs to be calculated to generate a graph that represents the mechanical properties of the given materials. With all information that has been gathered, Stress at fracture, UTS, Young’s Modulus and Yield strength needs to be calculated. This will give a highly in-depth understanding of the material that is being inspected and what its uses could potentially be. 
What is Tensile Testing? 1.1
Tensile Testing is a process that consists of pulling apart materials to obtain force and extension values. These values have the potential to extract numerical values that can give an in-depth understanding of what the material’s capabilities and restraints are. A tensile machine works by pulling a specimen at a given rate and a force and extension values can be extracted at stages of a single specimen. The specimen is being pulled until fracture, once broken, all the values taken through the test can be recorded and can be used to achieve other critical values. These values are: 
[image: A picture containing shape

Description automatically generated]Stress- how much the material is under stress by the force applied 
Strain – difference in length in comparison of its original length
Yield strength - A value produced when plastic deformation happens
Ultimate Tensile Stress - Highest amount of stress a material can take while being pulled to fracture
Elongation - Percentage produced by the amount the sample has been stretched vs its original length
Youngs Modulus - A ratio that is produced to determine the stiffness of a given material

[image: ]
Tensile usually are tested looking like a dog bone, the two ends are for gripping the sample and the thinner middle section. This is because it will force the test to concentrate only within the gauge length. If a tensile was one continuous length, then the stress from the grips being applied at the end of the tensile will cause the tensile to brake, not giving a true or realistic values. 
[image: ]A Tensile Machine consists of a base, two grips, Load cell and a moveable crosshead. 
A sample is measured for its original length (L) and thickness of the gauge length. Then either flat or cylindrical tensile is to be placed between the two grips and clamped tight, the load cell pulls the tensile at a given rate and produces values of how much force is being applied to the tensile, the load cell continues to apply force until fracture has occurred. With the broken sample, the measurement of extension can be assessed. From this point with all the numerical Values achieved, any other further desired values can be calculated 
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Description automatically generated] In this current day and age, tensile machines like the Zwick Z150 machine, the computer software can calculate and produce all characteristics results desired from a single tensile, the machine can be preloaded to test the tensile at constant speeds and be able to determine the most integrate values. 
 
Throughout the years of development, tensile machines have the capability to test various kinds of materials. Testing standards propose acceptable test parameters and results for different types of materials such as: 
· metals 
· plastics 
· elastomers 
· textiles 
· composites  
· Finished products such as medical devices, automotive parts, and consumer electronics. 
(INSTRON, 2021) 

With these capabilities, tensile testing is a process that can be used in all kinds of industries ranging from automotive to medical industries. 


Data 2.0
Tensile tests were conducted on four materials, 0.1% carbon steel, 0.8% carbon steel, 70/30 Copper and brass, drawn copper. Data was collected from the test giving Force and Extension values, these are the main two measurements that will be used to evaluate engineering stress and engineering strain, a graph was created with force against extension for all the materials, as expected, the different materials and compositions have a massive effect of the material's mechanical properties. 
 
In the case of steel, the difference in carbon content can be highly influential to the materials strength as the carbon content increases the materials hardness, strength and hardenability, but it also increases brittleness and reduces weldability of the material because of its tendency to for a martensitic microstructure. (Capudean, 2003) 
 

Key
F = Force	Δl = Extention / change in length	σ = Stress	ε = Strain
A = Area	l = Length	E = Young's Modulus	
In order to calculate engineering Stress (σ) and Strain (ε), a few equations need to be completed. With the given measurements of Length (l) and Cross-sectional area (A), stress is calculated by dividing Force by Cross sectional area, but the cross-sectional area stays nominal throughout the entire test. 
[image: ]Stress is calculated throughout every stage of force measurement to later be created into a curve graph. Stress represents the amount of stress the material is receiving from the machine or apparatus. Stress is measured in Pa. 
[image: ] Strain is a measurement that signifies how much the material has changed in length compared to its original length, it is calculated by the extension/ change in length divided by the change in length. Strain has no units of measurement. 
[image: ] Young’s Modulus is a measurement that defines the stiffness of a material by dividing Stress by the strain of the material. This is different between each material and each chemical composition. Young’s Modulus is measured in GPa. 
With these measurements calculated, an engineering stress strain curve can be created and analyzed. The graph gives good information about the material and its capabilities. The material starts a 0 as no force is being applied to it, then the graph shows the material climbing up quite sharply, but stops climbing but keeps on being elongated, this is the Yielding Point, the point of plastic deformation. This is the amount of stress the material can receive before it returns to its original length or shape. From an Atomic perspective, plastic deformation happens when bonds are broken with an atom’s neighbors and new bonds are created from newly established neighbors. Once the stress has been released, the atoms cannot reform bonds with its original neighbor causing the material not to return to its original shape and size. (William D. Callister, 1997)
After the Yielding point, the material continues to climb and hits a peak at the top also known as the UTS. Slowly it begins to decline to an inevitable drop known as the material’s Fracture.

 
0.1% Carbon Steel 2.1 
UTS = 417.4733 MPa

0.1 % Carbon steel showed signs of softer steel that can be elongated further than higher amounts of carbon steel. Low carbon steels are the most common steels used day by day, this is because the material is very versatile, low cost and easy to manufacture. Low carbon steel use produced and used by a wide variety of users from steel frame buildings to the cutlery we use to put food in our mouths. 
This graph shows that this specimen elongated greater than 0.4132 showing that the material is more ductile than brittle in comparison with higher carbon content steels. Stress hit peak of 417.4733 Mpa to determine the Ultimate tensile Strength, and inevitably fracturing at 303.8716 MPa. These values can be extracted from the Stress Strain table. [image: ]
Young’s Modulus was determined by calculating stress (σ) over Strain through out the entire test. It is apparent that the highest value crated is 6.583GPa showing this material is ductile in comparason to higher carbon content steels.


Lower Yield point            = 303.209 MPa

Upper and lower Yield points have been determined by the highest amount of stress (σ) within the plastic deformation region and the lowest part of the region. By identifying the areas on the graph, numerical values can be taken from the table to find out exact values that have been identified. 0.8% Carbon Steel 2.2
UTS = 1007.539 MPa

0.8% carbon steel demonstrated that it is a a lot harder material comparing it to 0.1% caron steel because the graph displayed a much higher Ultimate Tensile Strength reaching to 1007.539 MPa, this is 600 MPa higher than 0.1% carbon steel. But 0.8% carbon didn’t elongated nearly as much as low carbon steel. The difference is 0.198 of strain. This shows that higher carbon content steel becomes a lot stronger, more brittle and a lot denser material. The material fractured at 910.596 Mpa as this was the point before the graph declined down to 0. 
Because this material is a lot stronger, it didn’t display a plastic deformation region causing upper and lower yield not to be determined. To combat this, 0.2% Yield was determined instead. A paradelle line to the incline was drawn until it crossed the graph lines. this point read at 841.161 MPa of stress meaning this is the 0.2% yield strength. 
This is a high strength steel, one that can be used in loads of applications that need a strong material that is not easily deformed. This type of material with these mechanical properties can usually be found in many cars and all future car designs to come, as this material give reassurance of safety to the customer and driver that in the event of a collision, their lives are a lot safer than if the car was constructed out of low carbon steel. 
This material can also be seen on cranes, bridges, roller coasters and many other structural positions as it is able to withstand a lot of forces and stresses it might encounter during its lifetime. 

        (World Steel association, 2021)




Copper and Brass (70/30) 2.3
UTS = 237.5446 MPa

70/30 Copper Brass demonstrated that it’s quite a soft material, reaching a total of 237.5446 MPa of ultimate tensile strength, and fracturing at 158.329MPa.the specimen elongated up to 0.597 mean this material is incredibly soft. Considering how soft this material appears, it is believed this material would never be able to withstand the majority of applications that steel has to offer. Under the assumption that this material is Copper alloy C26000 Brass, typical uses for this material can be: 
· AUTOMOTIVE: Odometer Contacts, Heater Cores, Thermostats, Electrical Connectors, Radiator Cores, Radiator Tube, Radiator Tanks, Tanks
· BUILDERS HARDWARE: Odometer Contacts, Heater Cores, Thermostats, Electrical Connectors, Radiator Cores, Radiator Tube, Radiator Tanks, Tanks
· CONSUMER: Snaps, Planters, Fireplace Screens, Etched Articles, Bird Cages, Coinage, Chain Links, Pen/Pencil Inserts and Clips, Syringe Parts, Watch Parts, Costume Jewelry, Buttons, Shells - Electrical Sockets, Lamps
· ELECTRICAL: Terminal Connectors, Flashlight Shells, Lamp Fixtures, Reflectors, Screw Shells
· FASTENERS: Pins, Rivets, Fasteners, Grommets, Eyelets, Screws
· INDUSTRIAL: Air Pressure Conveyer Systems, Sound Proofing Equipment, Springs, Chain, Bead Chain, Tubing for Instruments and Machines, Heat Exchangers, Pump Cylinders, Wire Screens, Pumps, Liners, Power Cylinders
· ORDINANCE: Ammunition Cartridge Cases, Mechanical Housings for Lighters, Shells - Mechanical Housings for Ammunition, Ammunition
· PLUMBING: Fittings, Bathroom Fixtures, Plumbing Accessories, Faucet Escutcheons, Traps, Plumbing Brass Goods
(Aviva Metals, 2021)

This specimen didn’t display any plastic deformation with the graph, so 0.2% yield strength was determined instead. A parallel line was drawn from 0.2 strain up to where it intersects the line on the graph to give a reading of 75.649 MPa.
Drawn Copper 2.4
UTS = 312.379 MPa

Drawn copper was tested and compared to the other graphs produced, the specimen peaked its Ultimate tensile strength early at 312.379 MPa and then continued to decline from that point onwards to its inevitable fracture at 196.281 Mpa. The specimen reached its strain limit at 0.254 and achieved a Young’s Modulus of 10.522GPa. Copper appears to be quite a soft material judging by the graph of the tested sample. But copper is a widely used material for a lot of different applications, one of its main uses is its capability to conduct electricity extremely well and has good thermal conductivity. Copper has a really High ductility, give it the capability to shaped and sized really easy down to the size a humans hair stands, Malleability allows it to be bent and moved around without and threat of braking. (Johnson, 2021)


Applications of Hard Drawn Copper Wire							      ● Overhead power sources in subways								      ● Heavy transit systems										      ● High humid environments									      ● Industrial machines										      ● High temperature operations			(Zenith Wire Industries, 2021)
Given the high conductivity copper is, they make excellent material to transport electricity from place to place at high speeds. The materials are a lot cheaper than other steels and they are corrosion resistant. 
Drawn copper didn’t display a clear plastic deformation area due to the graph appearing more curvature. 0.2% Yield was calculated to determine the yield strength of the material. Yield Strength was calculated at 309.22Mpa


Conclusion 3
Throughout this report, a basic understanding of what a tensile machine is, what it can do and what is it purpose is in the material science world. A sequence of testing over a range of 4 different materials was conducted and all the calculations to follow. This report demonstrates how to obtain and achieve the required mechanical properties, how to interoperate the date collection and what each characteristic means in relation to material science.
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Stress (MPa)




0.1% Carbon Steel

Stress (MPa)	0	0	9.3600000000000003E-3	1.3000000000000001E-2	1.668E-2	2.0320000000000001E-2	2.4E-2	2.7679999999999996E-2	3.1320000000000001E-2	3.5000000000000003E-2	3.8679999999999999E-2	4.2359999999999995E-2	4.6039999999999998E-2	4.9640000000000004E-2	5.3319999999999999E-2	5.704E-2	6.0639999999999999E-2	6.4320000000000002E-2	6.8000000000000005E-2	7.1680000000000008E-2	7.5359999999999996E-2	7.8960000000000002E-2	8.2639999999999991E-2	8.6359999999999992E-2	8.9959999999999998E-2	9.3640000000000001E-2	9.731999999999999E-2	0.10099999999999999	0.10460000000000001	0.10827999999999999	0.11196	0.11564000000000001	0.11928000000000001	0.12292	0.12659999999999999	0.13028000000000001	0.13396	0.13756000000000002	0.14127999999999999	0.14496000000000001	0.14859999999999998	0.15228	0.15592	0.15960000000000002	0.16327999999999998	0.16692000000000001	0.17064000000000001	0.17424000000000001	0.17788000000000001	0.18156	0.18528	0.18892	0.19260000000000002	0.19628000000000001	0.19988	0.20356000000000002	0.20724000000000001	0.21088000000000001	0.21456	0.21824000000000002	0.22192000000000001	0.22552	0.22924	0.23292000000000002	0.2366	0.2402	0.24388000000000001	0.24756	0.25120000000000003	0.25488	0.25856000000000001	0.26219999999999999	0.26588000000000001	0.26956000000000002	0.27324000000000004	0.27684000000000003	0.28051999999999999	0.28420000000000001	0.28820000000000001	0.29192000000000001	0.29555999999999999	0.29924000000000001	0.30287999999999998	0.30656	0.31024000000000002	0.31391999999999998	0.31751999999999997	0.32119999999999999	0.32491999999999999	0.32851999999999998	0.3322	0.33588000000000001	0.33956000000000003	0.34323999999999999	0.34683999999999998	0.35052	0.35424	0.35787999999999998	0.36152000000000001	0.36520000000000002	0.36887999999999999	0.37252000000000002	0.37619999999999998	0.37988	0.38347999999999999	0.38716	0.39084000000000002	0.39451999999999998	0.39816000000000001	0.40223999999999999	0.40592	0.40952	0.41320000000000001	0.41688000000000003	0.42052	0	0	0.10188487009679063	0.10188487009679063	0.15282730514518594	0.40753948038716253	4.4319918492103927	34.284258787570046	83.545593479368321	141.97656647987773	206.82628629648499	273.56087620988285	303.10748853795212	300.81507896077431	311.15639327559859	312.0224146714213	305.55272542027512	304.73764645950075	307.28476821192055	306.92817116658176	305.24707080998473	303.20937340804892	307.03005603667856	322.36372898624558	332.04279164544067	339.02190524707083	344.88028527763629	350.22924095771782	355.22159959246056	359.80641874681612	364.13652572592974	368.16097809475292	371.98166072338262	375.34386143657667	378.65511971472239	381.71166581762611	384.51349974528785	387.16250636780438	389.70962812022418	392.00203769740193	394.14161996943454	396.17931737137036	398.01324503311258	399.74528782475807	401.3245033112583	402.85277636271013	404.22822210901683	405.50178298522673	406.62251655629143	407.79419256240448	408.81304126337238	409.73000509424355	410.69791136016306	411.46204788588898	412.1242995415181	412.78655119714722	413.49974528782479	414.00916963830872	414.5695364238411	415.07896077432503	415.53744268976061	415.84309730005094	416.19969434538973	416.55629139072852	416.70911869587366	416.96383087111565	417.11665817626084	417.32042791645443	417.32042791645443	417.47325522159963	417.47325522159963	417.47325522159963	417.47325522159963	417.47325522159963	417.32042791645443	417.21854304635764	417.06571574121244	416.96383087111565	416.70911869587366	416.45440652063172	416.19969434538973	415.84309730005094	415.53744268976061	415.07896077432503	414.6714212939379	414.26388181355071	413.65257259296999	413.04126337238921	412.37901171676009	411.51299032093738	410.69791136016306	409.67906265919515	408.45644421803365	407.03005603667856	405.39989811512993	403.46408558329091	401.3245033112583	398.77738155883856	396.07743250127356	392.9190015282731	389.55680081507899	385.73611818644935	381.55883851248092	377.2287315333673	372.28731533367295	367.04024452368827	361.28374936321956	355.06877228731537	348.44625573102394	340.44829342842587	332.75598573611819	323.99388690779421	314.4676515537443	303.87162506367804	0.25471217524197659	Strain 	0	0	9.3600000000000003E-3	1.3000000000000001E-2	1.668E-2	2.0320000000000001E-2	2.4E-2	2.7679999999999996E-2	3.1320000000000001E-2	3.5000000000000003E-2	3.8679999999999999E-2	4.2359999999999995E-2	4.6039999999999998E-2	4.9640000000000004E-2	5.3319999999999999E-2	5.704E-2	6.0639999999999999E-2	6.4320000000000002E-2	6.8000000000000005E-2	7.1680000000000008E-2	7.5359999999999996E-2	7.8960000000000002E-2	8.2639999999999991E-2	8.6359999999999992E-2	8.9959999999999998E-2	9.3640000000000001E-2	9.731999999999999E-2	0.10099999999999999	0.10460000000000001	0.10827999999999999	0.11196	0.11564000000000001	0.11928000000000001	0.12292	0.12659999999999999	0.13028000000000001	0.13396	0.13756000000000002	0.14127999999999999	0.14496000000000001	0.14859999999999998	0.15228	0.15592	0.15960000000000002	0.16327999999999998	0.16692000000000001	0.17064000000000001	0.17424000000000001	0.17788000000000001	0.18156	0.18528	0.18892	0.19260000000000002	0.19628000000000001	0.19988	0.20356000000000002	0.20724000000000001	0.21088000000000001	0.21456	0.21824000000000002	0.22192000000000001	0.22552	0.22924	0.23292000000000002	0.2366	0.2402	0.24388000000000001	0.24756	0.25120000000000003	0.25488	0.25856000000000001	0.26219999999999999	0.26588000000000001	0.26956000000000002	0.27324000000000004	0.27684000000000003	0.28051999999999999	0.28420000000000001	0.28820000000000001	0.29192000000000001	0.29555999999999999	0.29924000000000001	0.30287999999999998	0.30656	0.31024000000000002	0.31391999999999998	0.31751999999999997	0.32119999999999999	0.32491999999999999	0.32851999999999998	0.3322	0.33588000000000001	0.33956000000000003	0.34323999999999999	0.34683999999999998	0.35052	0.35424	0.35787999999999998	0.36152000000000001	0.36520000000000002	0.36887999999999999	0.37252000000000002	0.37619999999999998	0.37988	0.38347999999999999	0.38716	0.39084000000000002	0.39451999999999998	0.39816000000000001	0.40223999999999999	0.40592	0.40952	0.41320000000000001	0.41688000000000003	0.42052	0	0	9.3600000000000003E-3	1.3000000000000001E-2	1.668E-2	2.0320000000000001E-2	2.4E-2	2.7679999999999996E-2	3.1320000000000001E-2	3.5000000000000003E-2	3.8679999999999999E-2	4.2359999999999995E-2	4.6039999999999998E-2	4.9640000000000004E-2	5.3319999999999999E-2	5.704E-2	6.0639999999999999E-2	6.4320000000000002E-2	6.8000000000000005E-2	7.1680000000000008E-2	7.5359999999999996E-2	7.8960000000000002E-2	8.2639999999999991E-2	8.6359999999999992E-2	8.9959999999999998E-2	9.3640000000000001E-2	9.731999999999999E-2	0.10099999999999999	0.10460000000000001	0.10827999999999999	0.11196	0.11564000000000001	0.11928000000000001	0.12292	0.12659999999999999	0.13028000000000001	0.13396	0.13756000000000002	0.14127999999999999	0.14496000000000001	0.14859999999999998	0.15228	0.15592	0.15960000000000002	0.16327999999999998	0.16692000000000001	0.17064000000000001	0.17424000000000001	0.17788000000000001	0.18156	0.18528	0.18892	0.19260000000000002	0.19628000000000001	0.19988	0.20356000000000002	0.20724000000000001	0.21088000000000001	0.21456	0.21824000000000002	0.22192000000000001	0.22552	0.22924	0.23292000000000002	0.2366	0.2402	0.24388000000000001	0.24756	0.25120000000000003	0.25488	0.25856000000000001	0.26219999999999999	0.26588000000000001	0.26956000000000002	0.27324000000000004	0.27684000000000003	0.28051999999999999	0.28420000000000001	0.28820000000000001	0.29192000000000001	0.29555999999999999	0.29924000000000001	0.30287999999999998	0.30656	0.31024000000000002	0.31391999999999998	0.31751999999999997	0.32119999999999999	0.32491999999999999	0.32851999999999998	0.3322	0.33588000000000001	0.33956000000000003	0.34323999999999999	0.34683999999999998	0.35052	0.35424	0.35787999999999998	0.36152000000000001	0.36520000000000002	0.36887999999999999	0.37252000000000002	0.37619999999999998	0.37988	0.38347999999999999	0.38716	0.39084000000000002	0.39451999999999998	0.39816000000000001	0.40223999999999999	0.40592	0.40952	0.41320000000000001	0.41688000000000003	0.42052	Strain


Stress (MPa)




Upper and lower Yeild Point of 0.1% Carbon steel

2.4E-2	2.7679999999999996E-2	3.1320000000000001E-2	3.5000000000000003E-2	3.8679999999999999E-2	4.2359999999999995E-2	4.6039999999999998E-2	4.9640000000000004E-2	5.3319999999999999E-2	5.704E-2	6.0639999999999999E-2	6.4320000000000002E-2	6.8000000000000005E-2	7.1680000000000008E-2	7.5359999999999996E-2	7.8960000000000002E-2	8.2639999999999991E-2	8.6359999999999992E-2	8.9959999999999998E-2	9.3640000000000001E-2	9.731999999999999E-2	0.10099999999999999	0.10460000000000001	0.10827999999999999	0.11196	0.11564000000000001	0.11928000000000001	0.12292	0.12659999999999999	0.13028000000000001	0.13396	0.13756000000000002	0.14127999999999999	0.14496000000000001	0.14859999999999998	0.15228	0.15592	0.15960000000000002	0.16327999999999998	4.4319918492103927	34.284258787570046	83.545593479368321	141.97656647987773	206.82628629648499	273.56087620988285	303.10748853795212	300.81507896077431	311.15639327559859	312.0224146714213	305.55272542027512	304.73764645950075	307.28476821192055	306.92817116658176	305.24707080998473	303.20937340804892	307.03005603667856	322.36372898624558	332.04279164544067	339.02190524707083	344.88028527763629	350.22924095771782	355.22159959246056	359.80641874681612	364.13652572592974	368.16097809475292	371.98166072338262	375.34386143657667	378.65511971472239	381.71166581762611	384.51349974528785	387.16250636780438	389.70962812022418	392.00203769740193	394.14161996943454	396.17931737137036	398.01324503311258	399.74528782475807	401.3245033112583	Stress


Strain (MPa)



0.8%C Steel

Stress (MPa)	2.5999999999999999E-3	6.28E-3	9.92E-3	1.3600000000000001E-2	1.728E-2	2.0959999999999999E-2	2.4559999999999998E-2	2.8239999999999998E-2	3.1920000000000004E-2	3.56E-2	3.9280000000000002E-2	4.2960000000000005E-2	4.6559999999999997E-2	5.0279999999999998E-2	5.3960000000000001E-2	5.7599999999999998E-2	6.1239999999999996E-2	6.4920000000000005E-2	6.8600000000000008E-2	7.2279999999999997E-2	7.5920000000000001E-2	7.9600000000000004E-2	8.3279999999999993E-2	8.6880000000000013E-2	9.0559999999999988E-2	9.423999999999999E-2	9.7919999999999993E-2	0.10156000000000001	0.10523999999999999	0.10888	0.11256000000000001	0.11627999999999999	0.11988	0.12356	0.12723999999999999	0.13092000000000001	0.13452	0.13819999999999999	0.14188000000000001	0.14555999999999999	0.14923999999999998	0.15284	0.15651999999999999	0.16024000000000002	0.16391999999999998	0.16752	0.17120000000000002	0.17488000000000001	0.17856000000000002	0.1822	0.18584000000000001	0.18952000000000002	0.19320000000000001	0.19684000000000001	0.20052	0.20420000000000002	0.20780000000000001	0.21164000000000002	0.2152	0.21879999999999999	0.10188487009679063	0.15282730514518594	0.15282730514518594	0.15282730514518594	0.25471217524197659	0.61130922058074377	14.875191034131433	49.057564951604689	94.905756495160475	147.88588894549162	209.37340804890474	278.50229240957719	354.66123280692818	434.53897096281207	514.11105450840557	575.49668874172187	606.21497707590424	640.95771777890991	674.12124299541517	705.29801324503319	735.71064696892518	764.54406520631687	791.28884360672441	817.1166581762609	841.1614875191035	863.37238920020377	883.59653591441679	902.34335201222621	919.25624044829351	934.28425878757014	947.63117677024968	958.83851248089661	968.92511462047889	977.43250127356089	984.5644421803363	990.47376464595015	995.26235354049925	999.13397860417729	1002.2924095771779	1004.4829342842588	1006.1130922058074	1007.1319409067754	1007.5394803871626	1007.3866530820173	1006.5206316861946	1004.9923586347428	1002.3942944472747	998.57361181864496	993.63219561895062	987.11156393275598	979.26642893530311	970.55527254202752	961.02903718797768	950.48395313295975	938.7162506367805	925.77687213448803	910.59602649006627	61.487519103413149	-0.25471217524197659	-0.25471217524197659	Stress


Stress (MPa)




Yield Strength of 0.8% Carbon steel 

1.3600000000000001E-2	1.728E-2	2.0959999999999999E-2	2.4559999999999998E-2	2.8239999999999998E-2	3.1920000000000004E-2	3.56E-2	3.9280000000000002E-2	4.2960000000000005E-2	4.6559999999999997E-2	5.0279999999999998E-2	5.3960000000000001E-2	5.7599999999999998E-2	6.1239999999999996E-2	6.4920000000000005E-2	6.8600000000000008E-2	7.2279999999999997E-2	7.5920000000000001E-2	7.9600000000000004E-2	8.3279999999999993E-2	8.6880000000000013E-2	9.0559999999999988E-2	9.423999999999999E-2	9.7919999999999993E-2	0.10156000000000001	0.10523999999999999	0.10888	0.11256000000000001	0.11627999999999999	0.11988	0.12356	0.12723999999999999	0.13092000000000001	0.13452	0.25471217524197659	0.61130922058074377	14.875191034131433	49.057564951604689	94.905756495160475	147.88588894549162	209.37340804890474	278.50229240957719	354.66123280692818	434.53897096281207	514.11105450840557	575.49668874172187	606.21497707590424	640.95771777890991	674.12124299541517	705.29801324503319	735.71064696892518	764.54406520631687	791.28884360672441	817.1166581762609	841.1614875191035	863.37238920020377	883.59653591441679	902.34335201222621	919.25624044829351	934.28425878757014	947.63117677024968	958.83851248089661	968.92511462047889	977.43250127356089	984.5644421803363	990.47376464595015	995.26235354049925	Strain


Stress (MPa)



70/30 Copper & Brass

Stress (MPa)	0	3.3600000000000001E-3	7.0399999999999994E-3	1.072E-2	1.472E-2	1.84E-2	2.2080000000000002E-2	2.58E-2	2.9399999999999999E-2	3.3079999999999998E-2	3.6760000000000001E-2	4.0439999999999997E-2	4.4039999999999996E-2	4.7759999999999997E-2	5.144E-2	5.5039999999999999E-2	5.8720000000000001E-2	6.2439999999999996E-2	6.6040000000000001E-2	6.9720000000000004E-2	7.3399999999999993E-2	7.7079999999999996E-2	8.0759999999999998E-2	8.4360000000000004E-2	8.8040000000000007E-2	9.172000000000001E-2	9.5399999999999985E-2	9.9040000000000003E-2	0.10272000000000001	0.10640000000000001	0.11	0.11368	0.11736000000000001	0.12103999999999999	0.12472	0.12836	0.13204000000000002	0.13571999999999998	0.1394	0.14300000000000002	0.14668	0.15035999999999999	0.15404000000000001	0.15768000000000001	0.16136	0.16500000000000001	0.16868	0.17236000000000001	0.17600000000000002	0.17968000000000001	0.18336	0.18704000000000001	0.19064	0.19431999999999999	0.19803999999999999	0.20164000000000001	0.20532	0.20899999999999999	0.21268000000000001	0.21636	0.21995999999999999	0.22364000000000001	0.22731999999999999	0.23100000000000001	0.23463999999999999	0.23832	0.24199999999999999	0.24559999999999998	0.24928	0.25296000000000002	0.25664000000000003	0.26028000000000001	0.26396000000000003	0.26763999999999999	0.27128000000000002	0.27495999999999998	0.27860000000000001	0.28228000000000003	0.28595999999999999	0.28960000000000002	0.29327999999999999	0.29692000000000002	0.30059999999999998	0.30427999999999999	0.30796000000000001	0.31159999999999999	0.31528	0.31896000000000002	0.32256000000000001	0.32624000000000003	0.32991999999999999	0.33360000000000001	0.33728000000000002	0.34088000000000002	0.34456000000000003	0.34823999999999999	0.35192000000000001	0.35560000000000003	0.35920000000000002	0.36287999999999998	0.36659999999999998	0.37028	0.37387999999999999	0.37756000000000001	0.38124000000000002	0.38491999999999998	0.38851999999999998	0.39223999999999998	0.39588000000000001	0.39956000000000003	0.40323999999999999	0.40688000000000002	0.41055999999999998	0.41415999999999997	0.41787999999999997	0.42155999999999999	0.42515999999999998	0.42884	0.43252000000000002	0.43619999999999998	0.43984000000000001	0.44351999999999997	0.44719999999999999	0.45088	0.45456000000000002	0.45816000000000001	0.46183999999999997	0.46555999999999997	0.46915999999999997	0.47283999999999998	0.47652	0.48015999999999998	0.48383999999999999	0.48752000000000001	0.49115999999999999	0.49484	0.49847999999999998	0.50216000000000005	0.50588	0.50948000000000004	0.51316000000000006	0.51683999999999997	0.52051999999999998	0.52412000000000003	0.52780000000000005	0.53148000000000006	0.53515999999999997	0.53880000000000006	0.54247999999999996	0.54615999999999998	0.54984	0.55352000000000001	0.55712000000000006	0.56079999999999997	0.56447999999999998	0.56811999999999996	0.57179999999999997	0.57543999999999995	0.57911999999999997	0.58276000000000006	0.58643999999999996	0.59011999999999998	0.59379999999999999	0.59748000000000001	0	0.10188487009679063	0.35659704533876724	2.903718797758533	23.790117167600613	40.346408558329088	49.312277126846666	56.698930208863985	63.423331635252168	69.689251146204796	75.649516046867049	81.151299032093732	86.602139582272031	91.798267957208353	96.688741721854313	101.52827305145186	106.21497707590423	110.64696892511462	114.87519103413143	119.05247070809985	123.12786551197148	126.99949057564952	130.66734589913398	134.33520122261845	137.95211411105453	141.26337238920021	144.5746306673459	147.88588894549162	151.04431991849211	153.99898115129903	156.90269994905756	159.85736118186449	162.60825267447785	165.30820173204279	167.85532348446256	170.24961793173713	172.7967396841569	175.08914926133471	177.38155883851249	179.4701986754967	181.76260825267448	183.8003056546103	185.83800305654611	187.82475802343353	189.65868568517575	191.54355578196638	193.32654100866023	195.00764136525726	196.73968415690271	198.31889964340297	199.84717269485483	201.3754457463067	202.90371879775853	204.38104941416202	205.70555272542029	207.08099847172696	208.45644421803362	209.62812022414673	210.9016811003566	212.0224146714213	213.1940906775344	214.31482424859908	215.38461538461539	216.40346408558329	217.4223127865512	218.44116148751911	219.30718288334182	220.22414671421296	221.09016811003568	221.95618950585839	222.7712684666327	223.53540499235865	224.40142638818136	225.06367804381051	225.82781456953643	226.43912379011718	227.10137544574633	227.81456953642385	228.3749363219562	228.98624554253695	229.4956698930209	230.00509424350486	230.51451859398881	231.02394294447276	231.43148242485992	231.88996434029548	232.39938869077943	232.70504330106979	233.16352521650535	233.46917982679574	233.8257768721345	234.18237391747326	234.48802852776365	234.74274070300561	234.9974528782476	235.25216505348956	235.50687722873155	235.71064696892512	235.96535914416711	236.22007131940907	236.37289862455427	236.52572592969946	236.62761079979623	236.78043810494142	236.98420784513502	237.03515028018342	237.13703515028018	237.23892002037698	237.28986245542538	237.39174732552218	237.49363219561897	237.49363219561897	237.54457463066737	237.54457463066737	237.54457463066737	237.54457463066737	237.54457463066737	237.54457463066737	237.54457463066737	237.49363219561897	237.49363219561897	237.39174732552218	237.28986245542538	237.23892002037698	237.13703515028018	237.03515028018342	236.98420784513502	236.88232297503822	236.72949566989303	236.52572592969946	236.37289862455427	236.22007131940907	235.96535914416711	235.76158940397352	235.50687722873155	235.20122261844116	234.9465104431992	234.48802852776365	234.08048904737649	233.57106469689253	232.95975547631178	232.29750382068264	231.43148242485992	230.41263372389201	229.24095771777891	227.81456953642385	226.18441161487522	224.29954151808457	222.10901681100358	219.71472236372901	217.11665817626084	214.21293937850231	210.9016811003566	207.43759551706572	203.66785532348447	199.54151808456444	194.95669893020889	190.16811003565971	184.921039225675	179.21548650025471	173.0514518593989	166.3270504330107	158.32908813041263	0.10188487009679063	Strain


Stress(MPa)



Yield Strength of 70/30 Copper & Brass

1.072E-2	1.472E-2	1.84E-2	2.2080000000000002E-2	2.58E-2	2.9399999999999999E-2	3.3079999999999998E-2	3.6760000000000001E-2	4.0439999999999997E-2	4.4039999999999996E-2	4.7759999999999997E-2	5.144E-2	5.5039999999999999E-2	5.8720000000000001E-2	6.2439999999999996E-2	6.6040000000000001E-2	6.9720000000000004E-2	7.3399999999999993E-2	7.7079999999999996E-2	8.0759999999999998E-2	8.4360000000000004E-2	8.8040000000000007E-2	9.172000000000001E-2	9.5399999999999985E-2	9.9040000000000003E-2	0.10272000000000001	0.10640000000000001	0.11	0.11368	0.11736000000000001	0.12103999999999999	0.12472	0.12836	0.13204000000000002	0.13571999999999998	0.1394	0.14300000000000002	0.14668	0.15035999999999999	0.15404000000000001	0.15768000000000001	0.16136	0.16500000000000001	0.16868	0.17236000000000001	0.17600000000000002	0.17968000000000001	0.18336	0.18704000000000001	0.19064	0.19431999999999999	0.19803999999999999	0.20164000000000001	0.20532	0.20899999999999999	0.21268000000000001	0.21636	0.21995999999999999	0.22364000000000001	0.22731999999999999	0.23100000000000001	0.23463999999999999	0.23832	0.24199999999999999	0.24559999999999998	2.903718797758533	23.790117167600613	40.346408558329088	49.312277126846666	56.698930208863985	63.423331635252168	69.689251146204796	75.649516046867049	81.151299032093732	86.602139582272031	91.798267957208353	96.688741721854313	101.52827305145186	106.21497707590423	110.64696892511462	114.87519103413143	119.05247070809985	123.12786551197148	126.99949057564952	130.66734589913398	134.33520122261845	137.95211411105453	141.26337238920021	144.5746306673459	147.88588894549162	151.04431991849211	153.99898115129903	156.90269994905756	159.85736118186449	162.60825267447785	165.30820173204279	167.85532348446256	170.24961793173713	172.7967396841569	175.08914926133471	177.38155883851249	179.4701986754967	181.76260825267448	183.8003056546103	185.83800305654611	187.82475802343353	189.65868568517575	191.54355578196638	193.32654100866023	195.00764136525726	196.73968415690271	198.31889964340297	199.84717269485483	201.3754457463067	202.90371879775853	204.38104941416202	205.70555272542029	207.08099847172696	208.45644421803362	209.62812022414673	210.9016811003566	212.0224146714213	213.1940906775344	214.31482424859908	215.38461538461539	216.40346408558329	217.4223127865512	218.44116148751911	219.30718288334182	220.22414671421296	Strain


Stress (MPa)



Drawn Copper

Stress (MPa)	1.1999999999999999E-3	4.8799999999999998E-3	8.5599999999999999E-3	1.2199999999999999E-2	1.5880000000000002E-2	1.9519999999999999E-2	2.3199999999999998E-2	2.6880000000000001E-2	3.0520000000000002E-2	3.4200000000000001E-2	3.7879999999999997E-2	4.1599999999999998E-2	4.5199999999999997E-2	4.888E-2	5.2560000000000003E-2	5.62E-2	5.9839999999999997E-2	6.3520000000000007E-2	6.7199999999999996E-2	7.084E-2	7.4520000000000003E-2	7.8200000000000006E-2	8.1880000000000008E-2	8.5519999999999999E-2	8.9200000000000002E-2	9.2880000000000004E-2	9.6479999999999996E-2	0.10016	0.10388	0.10752	0.11115999999999999	0.11476000000000001	0.11848	0.12215999999999999	0.12584000000000001	0.12952	0.13316	0.13683999999999999	0.14044000000000001	0.14412	0.14779999999999999	0.15148	0.15515999999999999	0.15884000000000001	0.16244	0.16616	0.16984000000000002	0.17344000000000001	0.17712	0.18079999999999999	0.18443999999999999	0.18812000000000001	0.1918	0.19547999999999999	0.19911999999999999	0.20280000000000001	0.20648	0.21015999999999999	0.21376000000000001	0.21743999999999999	0.22111999999999998	0.22475999999999999	0.22844	0.23211999999999999	0.23579999999999998	0.2394	0.24312	0.24679999999999999	0.25040000000000001	0.25412000000000001	0.15282730514518594	13.346917982679573	43.70860927152318	84.819154355578206	135.65970453387672	189.86245542536935	241.72185430463577	282.83239938869082	304.48293428425882	309.22058074375957	309.98471726948549	310.49414161996947	310.9016811003566	311.41110545084058	311.76770249617931	312.0224146714213	312.1752419765665	312.27712684666329	312.37901171676009	312.37901171676009	312.37901171676009	312.37901171676009	312.27712684666329	312.1752419765665	312.1242995415181	311.92052980132451	311.66581762608251	311.51299032093738	311.36016301579218	310.9016811003566	310.64696892511466	310.39225674987267	310.08660213958228	309.62812022414676	309.32246561385637	308.86398369842078	308.35455934793686	307.94701986754967	307.33571064696895	306.77534386143657	306.06214977075905	305.29801324503313	304.48293428425882	303.46408558329091	302.34335201222621	301.1716760061131	299.64340295466127	298.01324503311258	296.12837493632196	294.09067753438615	291.7982679572084	289.2511462047886	286.44931227712686	283.39276617422314	280.08150789607743	276.51553744268978	272.64391237901174	268.56851757514011	263.98369842078455	259.14416709118694	254.10086602139583	248.59908303616913	242.63881813550688	236.22007131940907	229.4956698930209	222.10901681100358	214.31482424859908	205.80743759551709	196.28120224146716	0.15282730514518594	Strain


Stress (MPa)



Yield Strength of Drawn Copper

1.1999999999999999E-3	4.8799999999999998E-3	8.5599999999999999E-3	1.2199999999999999E-2	1.5880000000000002E-2	1.9519999999999999E-2	2.3199999999999998E-2	2.6880000000000001E-2	3.0520000000000002E-2	3.4200000000000001E-2	3.7879999999999997E-2	4.1599999999999998E-2	0.15282730514518594	13.346917982679573	43.70860927152318	84.819154355578206	135.65970453387672	189.86245542536935	241.72185430463577	282.83239938869082	304.48293428425882	309.22058074375957	309.98471726948549	310.49414161996947	Stress


Strain (MPa)
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8195 6.647 417.4732552 026588
8195 6.739 417.4732552 0.26956.




image1.png
Strain hardening Necking

Stress, 0 i ;
Ultimate strength !
: Fracture
Yield strength
Rise
Run
Young's modulus = Slope = Rise,
Run

Strain, ¢




image2.png
Overall Length

Shoulder et

Testlength | radis

Diameter

Crimping




