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1. Summary 
For procedure, two 1100 aluminum samples, sample 1 and 2 has been received and RB hardness tested and diameter measurement has been completed for both samples. The installation has been completed by TA, hardness and diameter for sample after installation has been found by group and recorded. Sample 3 to 5 has been tested for hardness and diameters both before and after installation. Sample 6 to 8 has been processed same way as previous. The sample for overaging 9 to 11 has been tested for hardness each 30 mins from 0 to 60 mins and recorded in lab sheet, the graph of Force vs Displacement has been provided by ta and copied.
From hardness test and diameter for 1100 aluminum before and after installation, the hardness test is not available cause the materials are too soft for RB test. From the diameter before and after installation, the sample 2 solutionized and quenched sample has greater hardness, because it has lower diameter difference during installation. However, from the F VS D diagram, the displacement for sample as supplied is lower than the sample quenched. It means the sample as supplied has higher hardness. From test of sample 3 to 8, only acceptable samples are sample as supplied and sample 7050 aluminum after installed. Other samples have lower tensile strength and yield strength because sample 5 has been reduced hardness by overaged. 7050 aluminum contains extra elements helps stabilize the boundary in microstructure, therefore 7050 has greater tensile strength and yield strength than other samples. From F and V graph sample 7 250C- 30mins artificial aged has less displacement which mean higher hardness than sample 6 and 8. The sample 8 is overaged and sample 7 has been aged to  stage. Sample 9 to 11, the natural aging has been applied for 2024 aluminum. At 30 mins, the RB hardness has significantly increased from the initial sample hardness by aging. At 60 mins the RB hardness has slightly increased has two possibilities which it’s still in aging process  or it already went through the critical point to  overaging stage. In conclusion, the artificial aging is heat treatment alloy process takes less time than natural aging process. The mechanical properties are increase in tensile strength and yield strength for both aging process. Overaging process for artificial means over time and temperature heat treatment and for natural aging means over time in room temperature and in microstructure the precipitates randomly distribute decrease the tensile strength and yield strength than precipitate at outline of grain and boundary. This lab has introduced artificial and natural aging, overaging process and mechanical properties to student. The overaging state has been estimated and installation process has been completed for testing tensile strength and yield strength. It would benefit engineering student to deal with engineering materials.

2. Results and Observations
2.1 Type 1100 Rivets
Record the hardness and shank diameter before and after installation of each sample in Table #1 provided below. Ensure to indicate the proper unit of measure for all data in the table.


Table 1: Hardness and shank diameter measurements for the 1100 samples.

	
	
	Sample 1
	Sample 2

	
	
	1100
	1100

	
	
	(As-­‐supplied)
	(solutionized and quenched)

	Before
	Hardness
	off scale
	off scale

	Installation
	   (RB)
	
	

	
	Shank Dia.
	4.90
	4.96

	
	  (mm)
	
	

	After
	Hardness
	8
	off scale

	Installation
	   (RB)
	
	

	
	Shank Dia.
	9.02
	8.20

	
	  (mm)
	
	


2.1.2 Explain the differences or similarities in hardness, shank diameter, and degree of cold work between the two 1100 samples. Refer to the force versus displacement graphs to justify your answer.
Answer: The hardness test for both sample before the installation is off the scale, and after installation the sample 1 is at 8 RB and sample 2 is off scale again. These samples are too weak for RB hardness measurements, therefore the hardness data here is negligible. The diameter for sample a and b are similar before installation, their shank diameters both has increased after installation process. Sample 1 has increased more than sample 2 which demonstrates sample 2 has greater hardness than sample 1. According to F vs D graph, the track of sample 2 increase displacement faster than sample 1 at begin of installation, but it increases much slower than sample 1 after mid away. Finally, sample 2 has greater displacement than sample a with same amount of force applied. However, the less diameter which is sample 2 has higher hardness by less diameter change after installation. The graph is not match with the diameter test. Overall, the hardness of both samples has increased after installation process which is coldworked, the diameter change shows that solutionized and quenched 1100 sample has higher hardness so it deformed less than the sample 1 which as supplied has lower hardness. But from the force vs displacement graph, the sample 2 has larger displacement than sample 1, it means sample 1 as supplied has greater hardness, tensile strength and yield strength than sample 2 solutionized and quenched sample. In fact, sample 2 has 1/3 mm more displacement than sample 1. The graph is more reliable than diameter test. There could be random error happened during the measurement of diameter and crack, deformation would affect shank diameter.

2.2 Effects of Natural and Artificial Aging on Type 2024-­‐T4 Rivets

Record the hardness and shank diameter before and after installation of each sample in Table #2 and #3 provided below. Also, sketch any observed cracking of the rivets in the space provided. Compare the degree of cracking with that of Figure 2 in the lab manual, and indicate if each installation was successful or not. Ensure to indicate the proper unit of measure for all applicable data in the table.






Table 2: Hardness, shank diameter, and cracking sketches for the 2024 and 7075 samples
	
	
	Sample 3
	Sample 4
	Sample 5

	
	
	2024
	2024
	7050

	
	
	(As-­‐supplied)
	(RT + 10 hr)
	(As-­‐supplied)

	Before
	Hardness
	87
	81
	88

	Installation
	
	
	
	

	
	Shank Dia.
	4.89
	4.81
	4.86

	
	
	
	
	

	
	
	
	
	

	After
	Hardness
	80
	90
	96

	Installation
	
	
	
	

	
	Shank Dia.
	5.62
	6.13
	5.94

	
	
	
	
	

	
	
	
	
	

	
	Sketches
	
	
	

	
	
	
	
	

	
	Acceptability
	Acceptable
	Not Acceptable
	Acceptable

	
	
	
	
	



Table 3: Hardness, shank diameter, and cracking sketches for the refrigerated 2024 samples
	
	
	Sample 6
	Sample 7
	Sample 8

	
	
	2024
	2024
	2024

	
	
	(Refrigerated)
	(250°C x30 min. -­‐
	(350°C x1 hr -­‐

	
	
	
	refrigerated)
	refrigerated )

	Before
	Hardness
	64
	80
	66

	Installation
	
	
	
	

	
	Shank Dia.
	4.78
	4.82
	4.81

	
	
	
	
	

	
	
	
	
	

	After
	Hardness
	87
	64
	67

	Installation
	
	
	
	

	
	Shank Dia.
	6.53
	6.79
	6.83

	
	
	
	
	

	
	
	
	
	

	
	Sketches
	
	
	

	
	
	
	
	

	
	Acceptability
	Not Acceptable
	Not Acceptable
	Not Acceptable

	
	
	
	
	




2.2.1 Compare the acceptability of the 7075 rivet installation with that of the various 2024 rivets. Refer to the force versus displacement graphs and degree of cracking to justify your response.

Answer: Sample 5 7050 and sample 3 2024 as received are only samples that is acceptable samples. Sample 3 and 5 has none cracks after installation, but other 4 sample all has not acceptable cracks. From the Force VS Displacement graph, the two acceptable samples have much lower displacement than the cracked one but the crack might affect the force vs displacement graph cause the crack will create larger displacement, for track of sample 4, 6, 7 and 8, there are instance increase of displacement and that is the moment when crack happens. The 7050 aluminum contains extra elements than 2024 aluminum. The elements inside 7050 aluminum are zinc, magnesium, copper and chromium and they would help stabilize the boundary in microstructure of 7050 aluminum. As result 7050 aluminum has higher tensile strength, yield strength but lower ductility than 2024 aluminum. For the hardness test in sample 3 to 8. The hardness increased for all samples but sample 3 and 5 slightly increased but sample 4, 6 has significant increase of hardness. The hardness for sample 7 and 8 has decreased and not changed respectively. Compare sample 4 and 3, the sample after aging turns out lower hardness which is overaged cause it’s at room temperature for 10 hours. The hardness increase for sample 4 but the crack was not acceptable mean the tensile strength and yield strength both decreased during overaging. For sample 6, 7 and 8, the heat treatment cause the artificial aging which result in increase the tensile strength and yield strength. Sample 7 heated to 250 C for 30 mins has highest RB hardness value which has went through artificial aging process. The sample 8 heated to 350 C for 1 hour but has reduced hardness, because it has been overaged.



2.3 Natural Aging of Type 2024 Rivets

Record the hardness of each sample in Table #4 provided below. Ensure to indicate the proper unit of measure for all data in the table.

Table 4: Hardness measurements for the naturally aged 2024 samples.

	
	Sample 9
	Sample 10
	Sample 11

	
	2024 (WQ – 0 min)
	2024 (30 min @ RT)
	2024 (60 min @ RT)

	Hardness
	64
	78
	82

	
	
	
	

	2.4 Microstructure of the 2024 Rivets
	
	


Observe and sketch the microstructures of the 2024 samples provided by the instructor, labeling important microstructural features on the sketches. Identify which sample corresponds to the slowly cooled case and which corresponds to the over-­‐aged case.

	Sample #1
	Identification: slow cooled
	Additional Observations

	
	
	Small precipitate at outline of the grain boundary.


	
	
	

	Sample #2
	Identification: overaged
	Additional Observations

	
	
	Large precipitate randomly distributes small ones also with intermetallic particles. 




2.5 Describe what you observed in hardness changes with time for the naturally aged rivets in section 2.3. Explain why.

Answer: The hardness for sample 9, 10 and 11 is RB: 64, 78 and 82 respectively. The sample 9 is as receive stage. During the aging process, the hardness will increase. Therefore, the sample 10 which made an significant increase of hardness is after zone at  area. At sample 11 the RB hardness is 82. It is slightly higher than sample 11 so there are two possibilities. The first one is at one hour aging, it is still in aging zone, left to the peak before the overaging zone. Second possibility is at sample 11 one hour after aging it already passed aging zone but just went through the critical point into the overaging zone. As result we can estimate the maximum aging time for 2024 aluminum is around one hour.




2.6 Attach all force versus displacement curves to the back of this template.

3. Provide answers to the questions given by the TA and attach them to the end of this template.







TA questions: 

1. Explain in detail the differences between the two harden mechanisms observed in this experiment.

The artificial aging and natural aging are the two harden mechanism. Artificial aging could be done at room temperature. The aging hardening need certain huge amount of time but it stabilizes the alloy and increase the saturated alloy hardness slowly. But artificial aging has been done by conditions. It heat treats the alloy to specific temperature in order to reach certain amount of precipitates. It’s able to accelerate the hardening process. Artificial aging requires more energy to achieve but it but use much less time than natural aging.

2. Why are 2024 rivets generally refrigerated prior to installation? Why aren’t 7050 rivets refrigerated.

When 2024 aluminum in room temperature, it starts aging immediately. So, in order to prevent it aging in room temperature before installation process, it is necessary to keep them in a lower temperature and to refrigerate it. However, 7050 aluminum was created by industry as replacement for the icebox rivets, so it would not be aging under room temperature.

3. What occurs to the microstructure when a sample has been overaged? Explain the phase transformations that occur and the resulting effect on the mechanical properties of the rivet.

After the alloy pass the peak critical point turns from aging to overaging, precipitated and distributed small intermetallic particles appear randomly in microstructure of the alloy. When overaging happens the phase from  the aging area to  overaging area according to figure ©. And finally, it turns out  after overaging. The hardness, tensile strength and yield strength increases during aging phase , but in  overaging phase, the tensile strength and yield strength decreases and finally the reduction ends at  phase due to coalescence of intermetallic particles.
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