winandtEeeatueTung

auzAranTTuAanT
FRABUNANANR NIPNTRNET 2 Hnnsdnen 2552
&BUAUR 24 Furen 2552 LI 9:00-12:00
215-611 Theory of Engineering Experimentation Wadday R300

A6l Theory o BnEin e D e

* -~ L.d
M b VT M}

1. Tadeuilionun 5 48 IWinadlunszaudeday (fiaitline Liinnesumaq) mivdedauuAazda LR
L?xuuﬂ’ﬁmuuﬂ:‘lﬁmﬂua1J7:nﬂumnu‘qvninﬂ:uuu‘luuﬁaziﬂﬂﬂﬁqmnqzan
° a ) v
2. suywlithldemefeduilunzene A4 1 udu dioeeuld

3. M17N error function uas student's t distribution ’ﬂu:lunﬁ'ﬂ 10 uas 11 1a3daday

§TuniANA Lawgn

deendadal
0 LAY unile
1 15
2 15
3 15
4 20
5 25
Total 90
“f;ﬂ-’dqa .................................................................. THHUNANEA ceeeereenerresansnsosssesssssnensenns

yainlumrdey Inedurn fia Wnndou 1 aenisfne wesalfumnlurndsnitysin




1. A dynamic measurement device operating as a second-order system is to be
designed to measure an input frequency of 60 Hz with an amplitude error of
no greater than 5 percent. Determine appropriate design parameters which
would accomplish this objective. Many answers are possible, so discuss what

factors influenced your selection.



2. A 30x30-cm square metal plate is used for a determination of free-

convection heat-transfer coefficients. The plate is placed in a vertical

position and exposed to room air (T, or Tg) at 20°C. The plate is

electrically heated to a uniform surface temperature, T, of SOOC, and the
heating rate is measured as 15.010.2 W. The emissivity of the surface is
estimated as 0.0710.02. Determine the normal value and uncertainty of the
heat-transfer coefficient, assuming that the temperature measurements are
exact. Assume that the effective radiation temperature of the surroundiﬁgs

is 20°C. (the heat transfer coefficient, h, is obtained from

% CWT,-T.)+oe(T* ~T*); 0 = 5.67x10" W/mK)



3. The experimenter collects a large number of wind speeds from
meteorological data to model a wind resource map. From this data, the mean
value of wind speed is 8.5 m/s and that its variance is 2.25 mZ/sz. Determine
the probability that a single wind speed measurement will fall in the
interval between 10 and 11.5 m/s. (That is determine P(10.0 ¢ x < 11.5) by

using the normal Gaussian error distribution)



4. Two sets of voltages recorded from the instrument were listed as table
below. The number of measurements for tests #1 and #2 are 17 and 24 with
the sample variances of 0.2569 volt2 and 0.0982 voltz, respectively.

Examine these data to determine if they yield the same results with a

confidence level of 90 percent. And determine the new sample size of test

#1 for the mean measurement will be +0.05 with 5 percent of significance

level.

Exp. Test #1 Test #2
Runs (volts) (volts)

1 1.31 1.25
2 1.38 1.44
3 1.45 1.57
4 1.53 1.66

5 1.61 1.74
6 1.69 1.80
7 1.77 1.86
8 1.86 191
9 1.96 1.96

10 2.06 2.00
11 2.17 2.04
12 2.28 2.08
13 2.39 211
14 2.52 2.15
15 2.65 2.18
16 2.78 2.21
17 2.92 2.23

18 - 2.26
19 - 2.29
20 - 231
21 - 2.33
22 - 2.36
23 - 2.38

24 - 2.40







5. Write the details of experiment planning for your thesi
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TABLE 1 : Confidence interval, % of confidence level and % of significance level

Confidence interval level confidence level, %  level of significance, %

3.30 99.9 0.1
3.0 99.7 0.3
2.57 99.0 1.0
2.0 95.4 4.6
1.96 95.0 5.0
1.65 90.0 10.0
1.0 68.3 31.7

TABLE 2 : Values of one-sided error functiom, {(1/2)erf(n1/\/2)}

N 0.00 0.01 0.02  0.03  0.04  0.05 0.06  0.07  0.08  0.09
00 o0 0040 0080 0120 0160 | o199 020 029 0319 0359
0.1 0398 0438 0478 0517 0557 | 0596 0636 0675 0714 0754
02 0703 0832 0871 0910 0943 | 0087 .26 1064 1103 114
03 79 217 255 4203 331 | 1368 1406 443 1480 ST
04 G554 1591 1628 1664 1700 | 1736 4772 1308 sM L1879
05 1015 1950 1985 2019 2054 | 2088 2123 2157 210 22
06 58 201 224 35T 89 | 2422 2454 248 2518 2549
07 580 612 2642 2673 2704 | 273 2764 2794 2813 282
038 o881 2910 2930 2967 2996 | 3023 3051 3078 3106 3133
09 310 3186 3212 3238 64 | 329 335 M0 3365 3389
10 413 3438 3461 3485 3508 | 3531 3554 3577 3599 362
11 3643 3665 3686 308 3729 | 3749 370 310 3810 3830
12 3349 3360 3888 3907 3025 | 3944 3962 3980 3997 AOIS
13 0w 4040 4066 4082 4090 | A11S 4131 AT 4162 4177
14 4100 4207 4 A6 A1 | Azés 419 A2 4306 A3D9
15 433 4345 4357 4370 4382 | 4304 4406 4418 A0 A
16 4450 4463 A4T4 4484 4495 | 4505 4515 4525 4535 A5ES
17 45s4 4564 4ST3 4582 4S9 | 4500 4608 4616 4625 4633
18 4641 4640 4656 4664 46T | 4678 4686 4603 4G99 4706
19 473 4719 476 4732 4T3 | 4744 4TS0 ATS6 ATE1 AT6T
20 4770 4TS 4783 AT88 4793 | 4708 4803 4808 4812 481
21 A1 A6 4830 48d 4838 | 4842 4846 4850 4854 4857
22 4S61 4864 AS68  ASTI 4875 | 4878 4881 4884 4887 4300
23 4503 A806 4898 4901 4004 | 4906 4000 4011 4913 4916
24 4918 4920 4022 4925 4927 | 4929 4931 4032 4934 4936
25 4038 4940 4941 4943 4045 | 4946 4948 4940 4951 4932
26 4953 4955 4956 A957 4959 | 4960 4961 4962 4963 4004
27 4065 4966 4967  AD68 4069 | 4970 A9TL 4972 4973 49T
2.8 4974 A9TS 4976 A9TT  ASTT | 4978 4979 4979 4980 498l
29 4081 4982 4082 4983 4984 | 4984 4985 4985 4986 4086
3.0 4087 4987 4987 4988 4988 | 4980 4980 49089 4990 4990
3.1 4000 4901 4901 4991 4992 | 4902 4992 4992 4993 4003
32 4003 4903 4004 4994 4004 | 4994 4994 4005 4905 4995
33 4005 4905 4995 4996 4996 | 4996 4996 4996 4906 4007
34 4007 4997 4007 4997 4997 | 4997 A7 A%07 4997 4998
35 4098 4908 4908 4998 4908 | 4008 4008 4008 4908 4008
36 4008 4908 4000 4900 4999 | 4999 4999 4999 4999 4999
37 4000 4900 4900 4900 4900 | 4000 4000 4000 4960 4999
38 4900 4900 4990 4999 4909 | 4990 4999 4990 4990 4099
39 S000 5000 5000 5000 5000 | 5000 5000 5000 5000 5000




TABLE 3 : Values of

Student's ¢

Degrees Percent confidence level
of 75% 80% 85% 90% 957%  97.50%  99%  99.50% 99.75% 99.907. 99.95%
freedom,‘i
y 50% 60% 70% 80% 90% 95% 987 997  99.50% 99.80% 99.90%
1 1.000 1.376 1.963 3.078 6.314 1271 31.82 63.66 127.3 3183 636.6
2 0.816 1.061 1.386 1.886 2 92  4.303 6.965 9.925 14.09 22.33 31.6
3 0.765 0.978 1.25 1.638 2353 3182 4541 5.841 7.453 1021 12.92
4 0.741 0.941 119 1.533 2132 2.776  3.747 4.604 5.598 7.173 8.61
5 0.727 0.92 1.156 1.476 2015 2571 3.365 4.032 4. 773 5893 6.869
6 0.718 0.906 1.134 1.44 1.943 2,447 3143 3707 4317 5.208  5.959
7 0.711 0.896 1.119 1.415 1.895 2365 2.998 3.499 4.029 4.785 5.408
8 0.706 0.889 1.108 1.397 1.86 2.306 2.89% 3.355 3.833 4.501 5.041
9 0.703 0.883 1.1 1.383 1.833 2262 2.821 3.25 3.69 4.297  4.781
10 0.7 0.879 1.093 1.372 1.812 2228 2.764 3.169 3.581 4.144 4.587
11 0.697 0.876 1.088 1.363 1.796 2,201 2.718 3.106 3.497 4.025  4.437
12 0.695 0.873 1.083 1.356 1.782 2179 2681 3.055 3.428 3. 93 4.318
13 0.69 0.87 1.079 1.35 1771 2.16 2.65 3.012 3372 3.852 4.221
14 0.692 0.868 1.076 1.345 1.761 2145 2.624 2977 3.326 3 787  4.14
15 0.691 0.866 1.074 1.341 1.753 2131 2602 2947 3.286 3. 733 4.073
16 0.69 0.865 1.071 1.337 1.746 212 2.583 2.921 3.252 3 686  4.015
17 0.689 0.863 1.069 1333 174 2.11 2567 2.898 3.222 3.646 3. 965
18 0.688 0.862 1.067 1.33 1.734 2101 2552 2878 3.197 3.61 3.922
19 0.688 0.861 1.066 1.328 1.729 2093 2.539 2861 3174 3.579 3.883
20 0.687 0.86 1.064 1.325 1.725 2,086 2.528 2.845 3.153 3.552 3.85
21 0.686 0.859 1.063 1.323 1.7Z1 208 2518 2831 3135 3.527 3.819
22 0.686 0.858 1.061 1.321 1.717 2,074 2.508 2.819 3.119 3.505 3.792
23 0.685 0.858 1.06 1.319 1.714 2.069 2.5 2.807 3104 3.485 3.767
24 0.685 0.857 1.059 1.318 1.711 2064 2.492 2797 3.091 3.467 3.745
25 0.684 0.856 1.058 1.316 1.708 206 2485 2.787 3.078 3.45 3.725
26 0.684 0.856 1,058 1.315 1.706 2.056 2.479 2779 3.067 3.435 3.707
27 0.684 0.855 1.057 1.314 1.703 2052 2473 2771 3.057 3.421 3.69
28 0.683 0.855 1.056 1.313 1.701 2048 2.467 2.763 3.047 3.408 3.674
29 0.683 0.854 1.055 1.311 1.699 2,045 2462 2.756 3.038 3.396 3.659
30 0.683 0.854 1.055 131  1.697 2,042 2.457 275 303 3385 3.646
40 0.681 0.851 1.05 1303 1.684 2 021 2423 2704 2.971 3.307 3.551
50 0.679 0.849 1.047 1.299 1.676 2009 2403 2678 2.937 3.261 3.496
60 0.679 0.848 1.045 1.296 1.671 2 2.39 2.66 2,915 3.232 3.46
80 0.678 0.846 1.043 1.292 1.664 1. 99 2374 2.639 2.887 3.195 3.416
100 0.677 0.845 1.042 1.29 1.66 1.984 2.364 2.626 2.871 3.174 3.39
120 0.677 0.845 1.041 1.289 1.656 1.98 2.358 2617 2.86 3.16 3.373
o0 0.674 0.842 1.036 1.282 1.645 1.96 2.326 2.576 2807 3.09 3.291
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One sided

Two sided




