1) Table with Temperature, wire diameter, weight and stress for each test,


	Test #
	Temperature (ºC)
	 Wire diameter(mm)
	Mass (kg)
	Weight(N)
	Stress (MPa)

	1
	916
	0.3683
	2.845
	27.881
	261.97386

	2
	921
	0.3683
	2.845
	27.881
	261.97386

	3
	927
	0.3683
	2.845
	27.881
	261.97386

	4
	927
	0.3683
	2.6575
	26.0435
	244.708447

	5
	927
	0.3683
	2.5985
	25.4653
	239.275598




 A sample calculation of stress is given below,
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For strain,  it doesn’t matter if inches or millimeters are used . The strain ratio will be the same as long as the units are consistent.
To find strain,
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2) Table for test-1 containing time elongation and strain
	Time (min)
	Time (s)
	Dial Reading 
	Elongation(in)
	strain

	 
	0
	34
	0
	0

	0.25
	15
	29
	0.005
	0.00083

	0.5
	30
	29
	0.005
	0.00083

	0.75
	45
	28
	0.006
	0.001

	1
	60
	28
	0.006
	0.001

	1.25
	75
	28
	0.006
	0.001

	1.5
	90
	22
	0.012
	0.002

	1.75
	105
	21.5
	0.0125
	0.00208

	2
	120
	21
	0.013
	0.00216

	2.25
	135
	21
	0.013
	0.00216

	2.5
	150
	18
	0.016
	0.00266

	2.75
	165
	18
	0.016
	0.00266

	3
	180
	18
	0.016
	0.00266

	3.25
	195
	18
	0.016
	0.00266

	3.5
	210
	17
	0.017
	0.00283

	3.75
	225
	17
	0.017
	0.00283

	4
	240
	17
	0.017
	0.00283

	4.25
	255
	12
	0.022
	0.00366

	4.5
	270
	12
	0.022
	0.00366

	4.75
	285
	12
	0.022
	0.00366

	5
	300
	12
	0.022
	0.00366

	5.5
	330
	12
	0.022
	0.00366

	6
	360
	11
	0.023
	0.00383

	6.5
	390
	11
	0.023
	0.00383

	7
	420
	10
	0.024
	0.004

	7.5
	450
	9
	0.025
	0.00416

	8
	480
	8
	0.026
	0.00433

	8.5
	510
	8
	0.026
	0.00433

	9
	540
	8
	0.026
	0.00433

	9.5
	570
	6
	0.028
	0.00466

	10
	600
	3
	0.031
	0.00516

	10.5
	630
	2
	0.032
	0.00533

	11
	660
	1
	0.033
	0.0055

	11.5
	690
	0
	0.034
	0.00566

	12
	720
	96
	0.038
	0.00633

	12.5
	750
	96
	0.038
	0.00633

	13
	780
	93
	0.041
	0.00683

	13.5
	810
	92
	0.042
	0.007

	14
	840
	92
	0.042
	0.007

	14.5
	870
	87
	0.047
	0.00783

	15
	900
	87
	0.047
	0.00783

	15.5
	930
	84
	0.05
	0.00833

	16
	960
	79
	0.055
	0.00916

	16.5
	990
	79
	0.055
	0.00916

	17
	1020
	75
	0.059
	0.00983

	17.5
	1050
	75
	0.059
	0.00983

	18
	1080
	72
	0.062
	0.01033

	18.5
	1110
	71
	0.063
	0.0105

	19
	1140
	68
	0.066
	0.011

	19.5
	1170
	65
	0.069
	0.0115

	20
	1200
	64
	0.07
	0.01166

	20.5
	1230
	57
	0.077
	0.01283

	21
	1260
	56
	0.078
	0.013

	21.5
	1290
	50
	0.084
	0.014

	22
	1320
	46
	0.088
	0.01466

	22.5
	1350
	40
	0.094
	0.01566

	23
	1380
	38
	0.096
	0.016

	23.5
	1410
	26
	0.108
	0.018


Table for test-2 containing time elongation and strain

	Time (min)
	Time (s)
	Dial Reading 
	Elongation(in)
	Strain

	0
	0
	51
	0
	0

	0.25
	15
	51
	0
	0

	0.5
	30
	49
	0.002
	0.00033

	0.75
	45
	47
	0.004
	0.00066

	1
	60
	47
	0.004
	0.00066

	1.25
	75
	47
	0.004
	0.00066

	1.5
	90
	47
	0.004
	0.00066

	1.75
	105
	46
	0.005
	0.00083

	2
	120
	46
	0.005
	0.00083

	2.25
	135
	46
	0.005
	0.00083

	2.5
	150
	46
	0.005
	0.00083

	2.75
	165
	42
	0.009
	0.0015

	3
	180
	42
	0.009
	0.0015

	3.25
	195
	41
	0.01
	0.00166

	3.5
	210
	41
	0.01
	0.00166

	3.75
	225
	39
	0.012
	0.002

	4
	240
	39
	0.012
	0.002

	4.25
	255
	37
	0.014
	0.00233

	4.5
	270
	37
	0.014
	0.00233

	4.75
	285
	37
	0.014
	0.00233

	5
	300
	37
	0.014
	0.00233

	5.5
	330
	37
	0.014
	0.00233

	6
	360
	36
	0.015
	0.0025

	6.5
	390
	28
	0.023
	0.00383

	7
	420
	28
	0.023
	0.00383

	7.5
	450
	28
	0.023
	0.00383

	8
	480
	28
	0.023
	0.00383

	8.5
	510
	16
	0.035
	0.00583

	9
	540
	15
	0.036
	0.006

	9.5
	570
	15
	0.036
	0.006

	10
	600
	14
	0.037
	0.00616

	10.5
	630
	11
	0.04
	0.00666

	11
	660
	4
	0.047
	0.00783

	11.5
	690
	4
	0.047
	0.00783

	12
	720
	4
	0.047
	0.00783

	12.5
	750
	99
	0.052
	0.00866

	13
	780
	99
	0.052
	0.00866

	13.5
	810
	97
	0.054
	0.009

	14
	840
	96
	0.055
	0.00916

	14.5
	870
	89
	0.062
	0.01033

	15
	900
	89
	0.062
	0.01033

	15.5
	930
	80
	0.071
	0.01183

	16
	960
	79
	0.072
	0.012

	16.5
	990
	73
	0.078
	0.013

	17
	1020
	72
	0.079
	0.01316

	17.5
	1050
	64
	0.087
	0.0145

	18
	1080
	58
	0.093
	0.0155

	18.5
	1110
	48
	0.103
	0.01716

	19
	1140
	33
	0.118
	0.03133


Table for test-3 containing time elongation and strain

	Time (min)
	Time (s)
	Dial Reading 
	Elongation(in)
	Strain

	0
	0
	93
	0
	0

	0.25
	15
	93
	0
	0

	0.5
	30
	93
	0
	0

	0.75
	45
	93
	0
	0

	1
	60
	93
	0
	0

	1.25
	75
	93
	0
	0

	1.5
	90
	91
	0.002
	0.00033

	1.75
	105
	88
	0.005
	0.00083

	2
	120
	85
	0.008
	0.00133

	2.25
	135
	84
	0.009
	0.0015

	2.5
	150
	76
	0.017
	0.00283

	2.75
	165
	75
	0.018
	0.003

	3
	180
	71
	0.022
	0.00366

	3.25
	195
	68
	0.025
	0.00416

	3.5
	210
	62
	0.031
	0.00516

	3.75
	225
	60
	0.033
	0.0055

	4
	240
	59
	0.034
	0.00566

	4.25
	255
	52
	0.041
	0.00683

	4.5
	270
	48
	0.045
	0.0075

	4.75
	285
	42
	0.051
	0.0085

	5
	300
	33
	0.06
	0.01

	5.5
	330
	19
	0.074
	0.01233

	6
	360
	93
	0.1
	0.01666


Table for test-4 containing time elongation and strain

	Time (min)
	Time (s)
	Dial Reading 
	Elongation(in)
	Strain

	0
	0
	86
	0
	0

	0.25
	15
	86
	0
	0

	0.5
	30
	86
	0
	0

	0.75
	45
	85
	0.001
	0.00016

	1
	60
	85
	0.001
	0.00016

	1.25
	75
	85
	0.001
	0.00016

	1.5
	90
	85
	0.001
	0.00016

	1.75
	105
	85
	0.001
	0.00016

	2
	120
	83
	0.003
	0.0005

	2.25
	135
	83
	0.003
	0.0005

	2.5
	150
	80
	0.006
	0.001

	2.75
	165
	80
	0.006
	0.001

	3
	180
	76
	0.01
	0.00166

	3.25
	195
	73
	0.013
	0.00216

	3.5
	210
	71
	0.015
	0.0025

	3.75
	225
	71
	0.015
	0.0025

	4
	240
	71
	0.015
	0.0025

	4.25
	255
	71
	0.015
	0.0025

	4.5
	270
	68
	0.018
	0.003

	4.75
	285
	67
	0.019
	0.00316

	5
	300
	62
	0.024
	0.004

	5.5
	330
	62
	0.024
	0.004

	6
	360
	57
	0.029
	0.00483

	6.5
	390
	55
	0.031
	0.00516

	7
	420
	43
	0.043
	0.00716

	7.5
	450
	43
	0.043
	0.00716

	8
	480
	34
	0.052
	0.00866

	8.5
	510
	29
	0.057
	0.0095

	9
	540
	26
	0.06
	0.01

	9.5
	570
	6
	0.18
	0.01333

	10
	600
	6
	0.18
	0.01333

	10.5
	630
	98
	0.088
	0.01466

	11
	660
	78
	0.108
	0.018


Table for test-5 containing time elongation and strain
	Time (min)
	Time (s)
	Dial Reading 
	Elongation(in)
	Strain 

	0
	0
	13
	0
	0

	0.25
	15
	13
	0
	0

	0.5
	30
	9
	0.004
	0.00066

	0.75
	45
	0
	0.013
	0.00216

	1
	60
	98
	0.015
	0.0025

	1.25
	75
	98
	0.015
	0.0025

	1.5
	90
	98
	0.015
	0.0025

	1.75
	105
	98
	0.015
	0.0025

	2
	120
	98
	0.015
	0.0025

	2.25
	135
	98
	0.015
	0.0025

	2.5
	150
	98
	0.015
	0.0025

	2.75
	165
	98
	0.015
	0.0025

	3
	180
	98
	0.015
	0.0025

	3.25
	195
	98
	0.015
	0.0025

	3.5
	210
	98
	0.015
	0.0025

	3.75
	225
	98
	0.015
	0.0025

	4
	240
	98
	0.015
	0.0025

	4.25
	255
	95
	0.018
	0.003

	4.5
	270
	91
	0.022
	0.00366

	4.75
	285
	91
	0.022
	0.00366

	5
	300
	90
	0.023
	0.00383

	5.5
	330
	90
	0.023
	0.00383

	6
	360
	90
	0.023
	0.00383

	6.5
	390
	88
	0.025
	0.00416

	7
	420
	88
	0.025
	0.00416

	7.5
	450
	88
	0.025
	0.00416

	8
	480
	85
	0.028
	0.00466

	8.5
	510
	85
	0.028
	0.00466

	9
	540
	85
	0.028
	0.00466

	9.5
	570
	79
	0.034
	0.00566

	10
	600
	78
	0.035
	0.00583

	10.5
	630
	78
	0.035
	0.00583

	11
	660
	78
	0.035
	0.00583

	11.5
	690
	78
	0.035
	0.00583

	12
	720
	73
	0.04
	0.00666

	12.5
	750
	71
	0.042
	0.007

	13
	780
	71
	0.042
	0.007

	13.5
	810
	71
	0.042
	0.007

	14
	840
	71
	0.042
	0.007

	14.5
	870
	65
	0.048
	0.008

	15
	900
	65
	0.048
	0.008

	15.5
	930
	65
	0.048
	0.008

	16
	960
	65
	0.048
	0.008

	16.5
	990
	55
	0.058
	0.00966

	17
	1020
	55
	0.058
	0.00966

	17.5
	1050
	55
	0.058
	0.00966

	18
	1080
	55
	0.058
	0.00966

	18.5
	1110
	49
	0.064
	0.01066

	19
	1140
	49
	0.064
	0.01066

	19.5
	1170
	49
	0.064
	0.01066

	20
	1200
	48
	0.065
	0.01083

	20.5
	1230
	40
	0.073
	0.01216

	21
	1260
	37
	0.076
	0.01266

	21.5
	1290
	35
	0.078
	0.013

	22
	1320
	31
	0.082
	0.01366

	22.5
	1350
	26
	0.087
	0.0145

	23
	1380
	25
	0.088
	0.01466

	23.5
	1410
	25
	0.088
	0.01466

	24
	1440
	23
	0.09
	0.015

	24.5
	1470
	20
	0.093
	0.0155

	25
	1500
	18
	0.095
	0.01583

	25.5
	1530
	14
	0.099
	0.0165

	26
	1560
	9
	0.104
	0.01733

	26.5
	1590
	8
	0.105
	0.0175

	27
	1620
	4
	0.109
	0.01816

	27.5
	1650
	95
	0.118
	0.01966

	28
	1680
	85
	0.128
	0.02133


The creep curves for the above test are shown below,
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Figure:1 The creep curve for Test 1
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Figure:2 The creep curve for Test 2
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Figure:3 The creep curve for Test 3
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Figure:4 The creep curve for Test 4
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Figure:5 The creep curve for Test 5
 Table -The stress, temperature, creep rate and final time for the five trials.
	Test #
	Stress (MPa)
	Temperature (ºC)
	 
[image: image9.wmf]ss

e



	Tf(min)

	1
	261.9738599
	916
	0.0006
	23.5

	2
	261.9738599
	921
	0.0009
	19

	3
	261.9738599
	927
	0.0024
	6

	4
	244.7084474
	927
	0.0015
	11

	5
	239.2755975
	927
	0.0006
	28


3)

The equation,[image: image11.png]y =kx+m



, is a variation of Equation 2 from the lab manual. This is shown below,
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Where,
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It results in ,
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The graph of the ln
 () vs. T-1 is shown below ,
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Figure 6: The linear relation between creep rate and temperature for points with constant stress.
Figure 6: The linear relation between creep rate and temperature for points with constant stress.
The values for C and Q can be determined from the linear relation,
-53456x +75.653 = (-Q/R) 1/T +ln (C)

-53456 = (- Q/R)

Q = 53456(K) *8.31 (J/mol K) =444.22 KJ/mol
ln (C) = 75.653

C = e75.653

= 7.17 × 1032
It can also be shown that Equation 1 from the lab manual can be written as [image: image25.png]y =kx+m



. This is shown below. 
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Where, 
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Figure 7: The plot of logarithmic strain rate and stress.
Logarithmic stress was plotted against rupture time. This is shown in Figure 8. Due to inconsistencies, the experimental results do not match the expected results.
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Figure 8: Logarithmic stress against the rupture time

The Larson-Miller Parameter for each test is recorded below in Table,

	Test #
	Stress (MPa)
	Temperature (ºC)
	Tf (min)
	L-M parameter

	1
	261.9739
	916
	23.5
	23298.91679

	2
	261.9739
	921
	19
	23286.6443

	3
	261.9739
	927
	6
	22802.85

	4
	244.7084
	927
	11
	23118.77921

	5
	239.2756
	927
	28
	23605.75849


A plot for the L-M Parameter versus log(σ) was made. This is shown in Figure 9 below
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Figure 9: The L-M parameters plotted against logarithmic stress.
Questions:

(1) (a) Show that 
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Since [image: image38.png]£:s = Bo™



 and [image: image40.png]


, set [image: image42.png]Bo™ :Au"exp(—"%)




Then, solve for A: A =[image: image44.png]



Since [image: image46.png]
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, set [image: image50.png]


 = [image: image52.png]



Then, solve for A: A = [image: image54.png]



(b) What value of 𝜀𝜀̇ ss would you expect at 800 °C and 16000 psi? (Hint: A, B and C in Equations. (1-3) are related to each other.)
From equation ,[image: image56.png]


, 
C = 4.875 [image: image58.png]x108




Q = 230 [image: image60.png]x10%




T= 1073K 

R = 8.314:

(ss = 4.875 [image: image62.png]x108



exp ((-230 [image: image64.png]x10%



)/(8.314*1073)) = 0.003097 min-1
2) Using your Larson-Miller curve, what temperature should you use for a life of 20 years at the lowest stress level?

 Given,

In 20 years, there are 175,200 hours. 

T = [image: image66.png]S .
(C'+1og(175.200m73)




LM at lowest stress level = 23856.28192

T = 23856.28192/[20 + log(175200)] = 945 K
(3) With increasing stress or temperature, what changes will you notice in a typical creep curve?

Strain will increase with increase in temperature. But the rupture time will decrease. This is understood by the data in Table above. By the way as stress increases, strain will increase while rupture time decreases. There is a discrepancy that prevents this from being seen.

(4) Does Chromel have a well-defined secondary creep stage? Explain your answer.

Chromel does not have a well-defined secondary creep stage.  Because the secondary creep state is described by a steady creep rate.  Usually the steady creep rate would appear as a line with constant slope. Chromel does not show this throughout all the tests.
(5) Creep data usually exhibit a large amount of scattering. How much scatter existed in your data? This can be estimated from your graphs in 3, 4 and 5 of the analysis section. Be specific in your answer.

The amount of scatter encountered wasn't high. The data follows a fairly smooth curve when looking at the creep curves. There are slight bumps along the curve but not enough to keep the students from knowing what the creep curve's general pattern is. As shown with Test 5, these minor variations can be the product of many factors, like human errors and inconsistencies.
(6) Put your sketch of the fractured specimen here, and describe the features shown.
The group was not allowed to examine or report samples of the specimens.
(7) Creep deformation mechanisms all involve the diffusion of atoms, explaining increased transport at higher temperatures.

(a) What is diffusion and how does it occur?

(b) Why does it occur most rapidly at grain boundaries?
Diffusion happens as atoms move about inside the structure. The diffusion happens for several reasons, some of which include the distribution of atoms across vacancies, and even temperature. The atoms travel to a vacant place with vacancies. An increase in temperature would increase atom movement, allowing for further diffusion. Instead of any defects on the surface, diffusion occurs even faster along the grain boundaries.
(8) Primary creep is typified by a continuously decreasing creep rate. Give reasons.
In the primary stage strain hardening occurs. Strain hardening results in greater resistance to elongation content. Strain is an elongation measurement, and where there is resistance to it, the rate of creep should decrease.
 (9) Why is the creep rate constant during the secondary creep state? What causes the tertiary creep state to appear? [Hint: Use the effect of both strain hardening and the creep damage to the microstructure].
We no longer see strain hardening in the secondary stage which means the initial resistance to elongation is no longer present.This is because throughout our sample reached a uniform temperature. With strain hardening and a uniform temperature, the creep rate will remain constant
The tertiary stage is due to the separation which occurs along the boundaries of the grain. As described earlier, diffusion takes place more rapidly along the boundaries of the grain, and as time goes on, our sample starts to elongate at an exponential rate. An example of this was when the dial would start jumping around each time the sample was close to fracture. This rate continues till the point of fracture.
(10) Give the approximate temperature at which creep deformation becomes an important consideration for each of the following metals; nickel, copper and lead.
When heated to temperatures greater than about 0,4Tm, where Tm is the absolute melting point, creep deformation can begin to have effect on a metal. That said, the melting temperatures of nickel, copper, and lead (found on the engineering tool box) are: 1453 C, 1084 C, and 327.5 C respectively.
Sample calculation of when creep will occur for nickel: 0.4Tm (nickel) = 0.4*1453= 581.2 C

Temperature when creep will occur: Nickel: 581.2 C, Copper: 433.6 C, Lead: 131 C

(11) Steady-state creep rate data are given below for nickel at 200 °C:
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If it is known that the activation energy for creep is 140,000 J/mol, compute the steady-state creep rate at a temperature of 250 °C and a stress level of 48 MPa (7000 psi).
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