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DUE DATE : 04/11/2009

· Objectives:

The main objective of this experiment was to:

1) Measure and calculate the Brinell hardness of 5 different specimens (with different percentages of carbon), where hardness is defined as the resistance of an element to indentation. 
 2)  To determine the tensile strength (TS).
· Introduction: 
3 different hardness tests are available:

a) Rockwell hardness test, indenter includes (spherical hardened steel balls and conical diamonds.

b) Brinell hardness test uses a hardened spherical ball as indenter.

c) Knoop and Vickers micro hardness test uses a small pyramidal shaped indenter.

  However in our 3rd lab experiment we performed a Brinell hardness test. We have used a Brinell ball: the ball that transmits the indenting force is 10.000 mm in diameter. It is to be made of Tungsten Carbide and to be free of surface defects.

· Problem Approach:
 Apparatus Settings:

•
Brinell Testing machine: consists of a test bed able to support the specimen and apply the indenting force to it via the indenter ball. The machine allows only vertical motion of the ball to avoid rocking and lateral sliding of the ball on the test specimen. The force applied is 500 Kg, 1500 Kg, or 3000 Kg according on the material to be tested. However, in this experiment we only used the 3 ton force( and every specimen was put under the action of that 3 ton force for about 30 sec)
•
Brinell ball: the ball that transmits the indenting force is 10.000 mm in diameter. It is to be made of Tungsten Carbide and to be free of surface defects.

•

Measuring device: used to measure the diameter of the indentation.

     Test specimen:

There is no standard shape or size for a Brinell test specimen. The test specimen, however, must be thick enough not to bulge under the load (no signs of the load must appear on the opposite side). The test specimen is to be polished and cleaned to ensure accurate reading of the diameter.

The Brinell hardness test was performed on five types of specimens:

1) Cast iron

2) Low carbon steel specimen

3) High carbon specimen

4) Heat treated carbon steel specimen
5) Brass
Preparation procedure for the heat treated Carbon steel specimen:
       -Heat up specimen (in oven) to a temperature of 600oC (Time = 1hr)

       -Raise temperature to 800oC in 10 minutes

       -Keep specimen at 800oC for 25 minutes

       -Quench specimen in oil at a temperature of 30oC

       Procedure and measurements:

1) set the required load on top of the machine (the 3000 kg load in this case)

2) place the specimen on the flat surface below the Brinell ball

3) apply the load on the specimen for about 30 sec

4) Remove the specimen and measure the indentation diameter (d) using the microscope (two readings are taken at right angle and their average is to be used to determine the hardness of material).

5) After finding the indentation diameter 2 methods are used to find the hardness either through tables or through the following formula:
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· Analysis and calculations:
	Specimen   
	measure1 (d1 mm)
	measure2 (d2 mm)
	Average (mm)
	Calculated HBW
	Table Value for HBW
	% error
	TS (MPa)
	% of carbon

	1- Cast iron 
	4.4
	4.3
	4.35
	  191.811
	192
	0.098
	560.8
	0.32

	2- Low carbon steel
	4.4
	4.3
	4.35
	191.811
	192
	0.098
	662.4
	0.43

	3- High carbon steel
	4.15
	4.2
	4.175
	209.132
	206.583
	1.234
	712.7114
	0.55

	4- Heat treated carbon steel
	2.8
	2.7
	2.75
	495.349
	495
	0.070
	1707.75
	--

	5- Brass
	4.2
	4.3
	4.25
	201.447
	202
	0.274
	650.4
	0.42


· We read tensile strength of the cast iron from graph (1) in the Appendix. 
By knowing the HBW values which we found from the table, we can make a projection on the graph to get the value of the Tensile Strength.
· We calculated tensile strength of steels from the formula: 

Tensile strength (MPa)=3.45*HBW.

· We calculated the percentage of carbon from graph (2) in the Appendix. By knowing the HBW values which we found from the table, we can make a projection on the graph with the fine pearlite curve to get the value of the carbon content (% of carbon).
· We calculated HBW:          [image: image3.emf]
· Note:

 The HBW value for heat treated carbon steel for diameter of indentation : 2.75mm is not found in the chart, so we took an approximate value to the calculated value of HBW.
Analysis:

The presence of carbon makes dislocation between atoms harder, thus increasing the hardness of the material makes it more brittle.
Oppositely, when carbon is less present, the atoms move more freely, thus reducing hardness of the material makes it more ductile. 

· Specimen 1 and 2 had the highest indentation diameter (4.35mm), and the lowest hardness number (192)( specimens 1 and 2 corresponds to casting iron and low carbon steel, where layers of ferrite and cementite are formed, consequently weakening the material.
· On the other hand, specimen 4 had the lowest indentation diameter (2.75mm), and the highest hardness number ( so, it experiences less plastic deformation. And as the percent of carbon increases the hardness of material increase. After quenching, the layers of materials will cool down rapidly, and this will transform the distribution of carbon from heterogeneous (dark layers including high concentration of carbon and light layers including low concentration of carbon) into homogenous structure, thus making the material harder because carbon atoms will redistribute evenly in the material. 
· Specimen 4 corresponds to heat treated steel that has the highest percent composition of carbon between the 5 tested specimens. Upon heating, due to internal stresses the FCC crystal structure of steel will be altered into BCC structure.
· The high carbon steel specimen should have a higher hardness number that the low carbon steel specimen( specimen 3 is the high carbon steel. The high carbon steel has the same structure of low carbon steel, but a higher percentage of carbon.
· Cast iron is approximately has the same hardness as low carbon steel but has a lower hardness than high carbon steel, heat treated steel and brass.. It has a high percentage of carbon, but the impurities present in its structure weaken the material.
· Brass is much harder than cast iron and low carbon steel but has a lower hardness than high carbon and heat treated carbon steels. It also has a high percentage of iron but the impurities present in its structure weaken the material.
	Specimen1
	Specimen2
	Specimen3
	Specimen4
	Specimen5

	Cast iron
	Low carbon steel
	High carbon steel
	Heat treated carbon steel
	Brass


4. Observations:

      Different indentations were observed for the different specimens. Thus, each specimen has hardness value different from the other.

5.Conclusion: 
     
Every material has its own hardness, that is affected by its composition (especially the composition of carbon) and method of manufacturing (the heated treated steel was the hardest of the 5 specimens).

The ascending order of hardness of the 5 given specimens is as following: (low carbon steel and cast iron), brass, high carbon steel, heat treated carbon steel. 

6.Appendix:
Graph 1:
[image: image4.emf]
Graph 2:
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[image: image6.jpg]BRINELL HARDNESS NUMBERS AND TENSILE
STRENGTH EQUIVALENTS WITH
CORRESPONDING HV AND HRC NUMBERS

Rockwell
Brinell Brinell Vickers C scale
dia. of hardness | hardness | hardness Equiv, Equiv.
impression [ number number. number Rm Rm
mm HB HY HRC tfin? Kg/mm? N/mm?
2:50 (601) 640 57 — - -
2:55 (578) 615 56 - - =
2:60 (555) 591 545 - — =
2:65 (534) 569 535 - = -
270 (514) 547 52 - &= -
2.75 (495) 528 H - = =
2:80 (477) 508 495 — = =
285 (461) 491 485 101 160 1569
2:90 444 474 47 98 155 1520
2:95 429 455 455 95 150 1471
3-00 415 440 445 92 145 1422
305 401 425 43 8 139 1363
310 388 410 42 85 134 1314
315 375 396 405 82 129 1265
320 363 183 39 80 126 1236
325 352 72 38 77 121 i187
330 341 360 365 75 18 1157
335 331 350 355 73 114 e
140 321 339 345 71 1 1089
345 E 328 33 68 107 1049
350 302 9 2 66 104 1020
3-55 293 309 30 64 101 990
360 285 301 30 63 99 971
365 277 292 29 6l 9% 941
3.70 269 284 275 59 93 912
375 262 276 265 58 9l 892
380 255 269 255 56 89 873
3-85 248 261 24 55 87 853
3-90 241 253 23 53 84 824
395 235 247 2 51 8l 794
4:00 229 241 205 50 79 775
405 223 235 - 49 77 755
410 217 228 - 48 76 745
415 212 223 - 46 7 716
420 207 28 - 45 71 696
430 197 208 - 43 8 667
4:40 187 197 - 41 65 637
450 179 189 - 39 62 608
460 170 179 — 36 57 559
470 163 172 - 35 55 539
480 156 165 - 34 54 530
490 149 157 - 2 51 500
500 143 150 - 3l 49 481
510 137 144 - 31 49 481
520 131 138 - 30 47 461
530 126 133 - 29 46 451
540 121 127 - 28 44 431
5-50 116 122 - 27 43 422
5-60 i 17 - 26 41 402
570 107 13 - 25 39 382
5-80 103 108 — 24 38 373
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