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Wanpen Moonkhonburi 2011: Analysis of Non Repeatable Run Out Disturbance for
Process Improvement of Head Stack Assembly in Hard Disk Drive. Master of
Engineering (Engineering Management) Major Field: Engineering Management,
Department of Industrial Engineering. Thesis Advisor: Mr. Chuckaphun

Aramphongphun, Ph.D. 140 pages.

Non Repeatable Run Out (NRRO) is the main cause of functional problems including
position error signal and track misregistration in hard disk drive (HDD). These problems are often
found in high track density HDD. NRRO is generally caused by excessive vibration of the

components in HDD.

This research work aims to analyze failure symptom of NRRO caused by head stack
assembly (HSA) and to improve the process by minimizing the NRRO failure. The applied
improvement method will not significantly affect the assembly process in terms of quality,
cost, and are possible to implement in production. The statistical analysis was applied to
determine the suitable conditions of the process parameters including (i) screw fastening torque
to fix the flex cable and carriage, (ii) rotational speed of electric driver, and (iii) applying
adhesive on the carriage to increase contact area between the carriage and tail of head gimbal
assembly (HGA). In addition, the process steps were also investigated to explain how a gap
between carriage slit and HGA tail appeared and to improve the work instruction of the process
step to reduce the gap. Finally, the rework method of the NRRO-failed HSA by re-soldering on
the flex pad and HGA pad was studied to reduce HGA tail floating and, consequently, avoid the

repeated NRRO failure in HDD.
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Two-Sample T-Test and Cl: wfo adhesive, wi adhesive

Two-sample T for w/o glue vs w/ glue

i) Mean 3thev 3E Mean
w/o adhesive 125 Z.4Z6 0.414 o.030
w/ adhesive 585 1.801 0.514 0.021
Difference = mu (w/o adhesiev) - mu (w/ adhesiwve)
Estimate for difference: 0.6251
25% COI for difference: (0.55332Z, 0.&6%70)
T-Test of difference = 0 (vs not =): T-Value = 17.0% P-Yalue = 0.000 DF = 407
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One-way ANOVA: NRRO versus Posiiton

Source DF =3} M3 F B
Fosiiton 2 35.714 17.857 87.84 0.000
Error gz 118,379 0.204

Total 584 154.Z93

8 = 0.4514 R-3gq = 23.15% R-8q(adij) = 22.88%

Level ) Mean 3tDev
Carriage slit 195 1.7406 0.5016
Carriage tip 195 Z.129%4 0.3741

Carriage slit&tip 193 1.5333 0.4687
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SRR

Hu@aY NPUNIT NAINS .
Sy FeFuom  emiden Uiy Ufulse e e
> ) © o now-nae  daduls
IGELARL (PES) (PES)
1 GLG3EIRJ 0 5.088 6.329 -1.241 EARYY
2 GLG3ER6J 0 5.576 1.699 3.877 WU
3 GLG4GE7J 1,2 4.704 4.928 -0.224 Tainu
4 GLG3RU9J 0 7.298 1.048 6.250 WU
5  GLG4KNXJ 0 7.290 1.109 6.181 WU
6  GLG47HTIJ 0 4524 1.516 3.008 U
7 GLG3ZHWI 0 4376 0.939 3.437 AU
8  GLGIAS8J 0 5.675 0.932 4.743 AU
9  GLG3WP6J 0 4.265 1.165 3.100 WU
10 GLG4A08] 0 7.978 0.973 7.005 WU
11 GLG6022] 0 5.047 1.486 3.561 AU
12 GLG568YJ 0 7.171 0.956 6.215 WU
13 GLGSLVGI] 0 8.932 0.895 8.037 U
14 GLGS5S6P] 0,1 5717 1.446 4271 AU
15  GLG3ET3J 0 6.209 0.985 5224 U
AunaY 5.990 1.760 4230  (13/15)x100
drufleannasgiu 1.436 1.616 2.2522 86.67%
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Wy APUMT  HAINS o
Sfy Feyuam  wewdon  Yhudpe Uulse annet e
> ) . N andula
MFone (PES) (PES)
1 GLG3U12J 0 9.051 5.877 3.174 EARRY
2 GLG3NU7J 0 6.575 5.682 0.893 Tainu
3 GLG3N6SJ 0 6.321 1.113 5.208 WU
4 GLG2MS50J 0 9.260 3.727 5.533 WU
5  GLG4N3YJ 0 7.026 2.394 4.632 WU
6  GLG3WJ7I 0 6.674 4219 2.455 Tsiriu
7 GLG3ZJRJ 0 6.519 6.700 -0.181 EARRY
8  GLG4GYRJ 0 7.187 2.066 5.121 AU
9  GLG43XWIJ 0 8.621 4254 4367 Tainu
10  GLG3VGKIJ 0 5.842 5.452 0.390 Tainu
11 GLGA4GEDJ 0 8.894 6.805 2.089 Tainu
12 GLG63MLJ 0 7.388 1.428 5.960 WU
13 GLGS566RJ 1,2 6.355 5.710 0.645 EARRY
14 GLG5UDVJ 0 4.507 2.264 2.243 WU
15 GLG4WZLJ 0 5.481 5.359 0.122 Tairiu
AunaY 7.047 4203 2.843 (6/15)x100
drufleannasgiu 1.387 1.932 2.165 40.00%




71

MI19N 17 AIANNAANAIAR NI T Y AGIgANOULAZHAINTHEDANIINUT I

a3 U ldmaie udsutas dlaeueaguyaIo sy

o

U q
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Sy Feruom  ewden  Usudp USuiye e e
> ) © o now-nae  daduls
GV (PES) (PES)
1 GLG3L70J 0 4.711 0.977 3.734 AU
2 GLG3L4DJ 0 9.099 1.290 7.809 HIY
3 GLG3DSUJ 0 7.489 1.185 6.304 HM
4 GLG5GTI 0 6.759 1.487 5272 HY
5 GLG3N7AJ 0 5.592 0.857 4.735 HY
6 GLG41SSJ 0 6.680 1.111 5.569 U
7 GLG4LOGJ 0 5.701 1.469 4.232 FU
8  GLG63MEJ 0 4.513 1.289 3.224 FU
9  GLG571BJ 0 5.135 1.552 3.583 HY
10 GLG63ANJ 1,2 4.527 1.002 3.525 HIY
11 GLG63G1J 0 4.892 1.020 3.872 HM
12 GLG6029J 0 4.967 1.320 3.647 HY
13 GLG5GTLJ 0 6.965 1.222 5.743 U
14 GLG5GGYJ 0 4.727 1.453 3.274 HU
15  GLG2M4VJ 0 6.300 0.940 5.360 U
Ando 5.870 1.212 4659  (15/15)x100
drudisuunasgn 1.325 0.221 1.326 100.00%
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nugY NPUNIT NAINS .
Gy Fosunu  wewdon  dudp dsudy e e
> ) © o now-nae  daduls
IGELAE, (PES) (PES)
1 VLKTUHPJ 0 5.248 0.822 4.426 WU
2 VLKY9X5J 0 6.557 1.052 5.505 WU
3 VLKYZ47] 0 11.106 0.754 10.352 WU
4  VLKYE33] 0 5.003 1.487 3.516 WU
5  VLKY7PSJ 0 6.442 1.292 5.150 WU
6  VLKYVBBI 0 5.474 1.016 4.458 WU
7 VLKZ9VOJ 0 5.944 1.022 4.922 AU
8 VLKZB89J 0 4.226 1.085 3.141 AU
9  VLKY7BII 0 5.553 1.336 4217 WU
10 VLKXMMGI 0 7.208 0.998 6.210 AU
11 VLKY5GWIJ 0 5.342 0.799 4.543 WU
12 VLKYY5WJ 0 9.943 0.973 8.970 WU
13 VLKX4TZI 0 5.627 0.880 4.747 U
14 VLKZBS5YJ 0 5.715 1.110 4.605 WU
15  VLKY7R4J 0 6.766 1.048 5718 AU
AunaY 6.410 1.045 5365  (15/15)x100
drufleannasgiu 1.842 0.203 1.927 100.00%
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[ RIGL NPUNIT NAINS .
Sy Feuam  wewdon Uiy Ufulse e e
> ) © o now-nae  daduls
IGELAE, (PES) (PES)
1 GLG3ES7J 0 6.762 1.002 5.760 AU
2 GLGI9A3J 0 6.456 1317 5.139 WU
3 GLG3T03J 0 6.817 1.250 5.567 WU
4  GLG3MEPJ 0 5.054 2.119 2.935 WU
5 VLKZ9X5] 0 9.293 7.789 1.504 Tainu
6  GLGSMTMIJ 127 4.842 1.225 3.617 U
7 VLKZOES5] 0 6.001 1.062 4.939 AU
8  VLKY7MIJ 0 6.521 0.890 5.631 AU
9  VLKYMGTJ 0 4.126 0.791 3.335 WU
10 VLKYLL3J 0 4.929 3.151 1.778 WU
11 VLKY7ROJ 0 6.121 0.935 5.186 AU
12 VLKYVM7] 0 5.740 1.218 4.522 WU
13 VLKZ8A7] 0 6.068 0.912 5.156 U
14 VLKYMS5KJ 0 5.961 0.931 5.030 AU
15 VLKZ9XMJ 0 8.436 0.762 7.674 U
AunaY 6.208 1.690 4518 (14/15)x100
drufleannasgiu 1.332 1.797 1.622 93.33%
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LANANAIANNRANA AR N A NEUIAZHAINISUA 1UA07T Paired T-Test AUATN
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Histogram of Differences Apply adhesive on carriage slit
(with Ho and 95% tconfidence interval for the mean)

Boxplot of Differences Apply adhesive on carriage slit
(with Ho and 95% tconfidence interval for the mesn)
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Differences
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Individual Value Plot of Differences Apply Adhesive on Carrage slit
(with Ho and 95% tconfidence interval for the mean)

Te

Differences

Paired T-Test and CI:
Carriage slit_Before, Carriage slit_After

Faired T for 8lit Before - 8lit After

o Mean dtDev 8E Mean
Carriage silt Before 15 5.95000 1.43633 0.37086
Carriage 81lit After 15 1.76040 1.61263 0.41638
Difference 15 4.22%60 2.52155 0.65108

95% CI for mean difference: (2.83321, 5.62599)
T-Test of mean difference = 0 (vs not = 0):

T-Value = .50 P-¥alue = 0.000

H a 4 1 1 a o [ Y 1 Y]
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ngean1INFead 1Sy lan1990 1 e UAI1875 Paired T-Test
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Histogram of Differences Apply adhesive on carriage tip
(with Ho and 95% t-confidence interval for the mean)

Boxplot of Differences Apply adhesive on carriage tip
(with Ho and 95 % t-omnfidence interval for the mean)
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Individual ¥alue Plot of Differences Apply adhesive on carriage tip
(with Ho and 95% t-confidence interval for the mean)
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Differences

Paired T-Test and CI:
Carriage tip_Before, Carriage tip_After

Paired T for Carriage_Eefore - Carriage_after

N Mean B8thev E Mean
Carriage tip_Befors 15 7.04673 1.38722 0.35818
Carriage tip_sfter 15 4.20333 1.93168 0.45876
Difference 15 Z.84320 2.16540 0.55%10

95% CT for mean difference: (1.64424, 4.04256)
T-Test of mean difference = 0 (vs mot = 0):
T-yalue = 5.09 E-Value = 0.000

MNN 57 MITnNgHaNuLAnAAmANUAaNaIAd T Yo aneULAZ HAINT

veoanINdUla10v893 1UYAT 10 1UASUAI83T Paired T-Test



Histogram of Differences Apply adhesive on carriage slit & tip
(with Ho and 95% t-confidence intereal for the mean)
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Boxplot of Differences Apply adhesive on Carriage slit & tip
(with Ho and 95% t-monfidence interval for the mean)
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Individual Value Plot of Differences Apply Glue at Carriage slit & tip
(with Ho and 95% trconfidence interval for the mean)
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Differences

Paired T-Test and CI:
Carriage slit & tip_Before, Carriage slit & tip_After

Paired T for Carriage & Slit Before - Carriage & Slit After

N Mean StDev SE Mean
Carriage slit & tip before 15 5.87047 1.32532 0.34220
Carriage slit & tip after 15 1.211é0 0.22140 0.03717
Difference 15 4.65887 1.32577 0.34231

95% CI for mean difference: (3.92468, 5.39305)

T-Test of mean difference = 0 (vs not = 0):
T-Value = 13.61 P-Value = 0.000
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Histogram of Differences Re-solder flex pad & HGA pad
fwith Ho and 95% t-confidence interval for the mean)

Boxplot of Differences Re-Solder flex pad & HGA pad
(with Ho and 95% t-oonfidence interval for the mean)
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Individual Value Plot of Differences Re-solder flex pad & HGA pad
(with Ho and 95% t-confidence interval for the mean)
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Differences

Paired T-Test and CI:
Re-solder_Before, Re-solder_After

Paired T for Re-beam_Before - Re-heam_after

N Mean Sthev &E Mean
Re-solder Before 13 6.41027 1.84168 0.47532
Re-solder_After 15 1.044593 0.2031e 0.05z4¢
Difference 15 5.36533 1.92705 0.4373¢

95% CI for mean difference: (4.29817, 6.43230)
T-Test of mean difference = 0 (ws not = 0):
T-Value = 10.78 P-¥alue = 0.000
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Histogram of Differences Flex cable adjustment
(with Ho and 95% t-confidence interval for the mean)

Boxplot of Differences Flex cable adjustment
(with Ho and 95% toonfidence interval for the mean)
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Individual Yalue Plot of Differences Flex cable adjustment
(with Ho and 95% t-confidence interval for the mean)

Tw

Differences

Paired T-Test and CI:
Flex cable adjustment_Before, Flex cable adjustment_After

Paired T for Ml Screw_Eefore - Ml Berew_dfter

o Mean
Flex cakle adjustment Before 15 £.20847 1.33194 0.34390
Flex cakle adjustment After 15 1.6%027 1.79715 0.46402
Difference 15 4.51820 1.62193 0.41878

StDev SE Mean

35% CI for mean difference: (3.62000, 5.416&40;
T-Test of mean difference = 0 (vs not = 0):
T-Value = 10.7% P-Value = 0.000
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MTvPE PTC4

Throughvield [*] 7511

Failure Repeat[4] 0.00:

S5 ield [] 3733

Function visld [] 9324

SRSTYield [>] 87 .00

Final*rield [*] =i

S5 Test Input 225
Pazs 213 3733
3313 2 0.83
3358 2 0.83
3360 1 0.44
3361 1 0.44

Function Test Input 213
Pazs 200 .32
4831 5] 365
4580 ] 274
4335 2 0.3
4000 1 0.46
3400 1 0.46
o0 1 0.46

SRST Test Input 200
Pazs 174 g87.00
5300 26 13.00

Final Test Impt 174
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No NRRO No NRRO No NRRO No NRRO
1 2.4260 26 2.3851 51 2.0755 76 2.0875
2 2.4470 27 2.3491 52 2.0968 77 2.1475
3 2.4979 28 2.3792 53 2.2160 78 2.1159
4 2.3860 29 24321 54 2.2316 79 2.0792
5 24515 30 2.4475 55 2.2715 80 1.9515
6 2.4872 31 2.4882 56 2.0960 81 2.2286
7 2.3797 32 2.3871 57 2.3081 82 2.0063
8 2.4546 33 2.3646 58 2.1664 &3 2.2611
9 2.3961 34 2.4889 59 2.2722 84 1.9278
10 2.3791 35 2.3923 60 1.9054 85 1.7879
11 2.5086 36 2.5022 61 2.0998 86 2.3308
12 2.4168 37 2.1544 62 2.1697 87 2.1602
13 2.3548 38 2.2907 63 1.9743 88 2.0348
14 2.4355 39 2.1198 64 2.1817 &9 1.8898
15 2.3549 40 1.9024 65 2.3036 90 2.0326
16 2.4804 41 1.9650 66 1.6272 91 2.0895
17 24118 42 2.0853 67 2.2556 92 2.1833
18 2.4965 43 1.7806 68 2.2720 93 2.0609
19 2.3943 44 1.9969 69 2.2249 94 1.8979
20 2.3405 45 1.7134 70 2.1175 95 2.2691
21 2.4891 46 1.7737 71 1.9022 96 2.2288
22 2.4925 47 2.2803 72 1.8773 97 2.1795
23 24117 48 2.0542 73 2.1821 98 2.0931
24 2.4000 49 2.1652 74 2.0106 99 1.8720
25 2.4745 50 1.9214 75 2.3191 100 1.9048
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No NRRO No NRRO No NRRO No NRRO
101 2.2961 126 2.7706 151 3.0280 176 2.8777
102 2.0632 127 2.6633 152 2.5249 177 3.0317
103 1.8707 128 2.5944 153 3.1915 178 2.6163
104 1.7278 129 2.6622 154 3.1449 179 2.7600
105 1.7291 130 2.8345 155 2.5230 180 2.6661
106 2.0350 131 2.5158 156 2.6239 181 2.5287
107 2.0767 132 2.7028 157 2.5749 182 2.5208
108 2.2650 133 2.5776 158 2.6031 183 2.6432
109 2.1011 134 3.6037 159 2.8344 184 2.6507
110 1.8854 135 2.5487 160 3.3387 185 2.6280
111 2.1325 136 3.1397 161 3.1339 186 2.8883
112 1.7989 137 3.0007 162 2.8579 187 3.0788
113 2.1551 138 2.5800 163 3.4413 188 2.6623
114 1.7820 139 3.2657 164 3.5184 189 2.5200
115 2.3077 140 2.5394 165 3.0841 190 3.0060
116 2.2481 141 2.8506 166 2.5271 191 2.7646
117 2.1856 142 2.9639 167 3.1022 192 3.8744
118 1.9361 143 3.1130 168 2.7879 193 2.6142
119 1.7224 144 3.0267 169 2.6315 194 3.4364
120 2.3219 145 2.6506 170 2.5495 195 2.8148
121 2.2815 146 2.6218 171 2.9601

122 1.9701 147 2.8868 172 3.2790

123 2.2237 148 2.7689 173 2.5826

124 2.5800 149 3.2280 174 2.5671

125 2.7460 150 3.3042 175 2.7087
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No NRRO No NRRO No NRRO No NRRO
1 1.7736 26 1.8592 51 1.1318 76 1.4587
2 1.8296 27 1.7875 52 0.7760 77 1.0806
3 1.6248 28 1.6964 53 1.0345 78 1.2733
4 1.6823 29 1.8187 54 1.2183 79 1.3892
5 1.6485 30 1.7611 55 1.4799 &0 1.0100
6 1.6966 31 1.6504 56 1.5926 &1 1.5366
7 1.7973 32 1.8298 57 0.6450 82 1.2914
8 1.6471 33 1.7847 58 1.1212 &3 1.2529
9 1.7801 34 1.7781 59 1.5415 &4 1.5331
10 1.7593 35 1.8563 60 1.4771 &5 0.6582
11 1.7438 36 1.7494 61 1.3200 86 1.2096
12 1.8507 37 1.7562 62 1.2975 87 1.5033
13 1.8122 38 1.7613 63 1.3971 88 1.5767
14 1.8514 39 1.3088 64 1.2423 &9 1.2252
15 1.6643 40 1.2643 65 1.5756 90 0.9358
16 1.7571 41 1.1736 66 1.0595 91 1.5141
17 1.7198 42 1.1264 67 1.2174 92 1.3567
18 1.8158 43 1.5490 68 1.6194 93 1.1256
19 1.8255 44 1.4481 69 1.4540 94 0.9930
20 1.8492 45 1.6117 70 1.5163 95 1.3191
21 1.6307 46 1.0088 71 1.2779 96 1.1710
22 1.8608 47 1.4773 72 1.1441 97 1.2793
23 1.7234 48 1.3117 73 1.1716 98 1.5471
24 1.7989 49 1.1983 74 1.3814 99 1.5299
25 1.8116 50 1.4985 75 1.1015 100 1.5889
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No NRRO No NRRO No NRRO No NRRO
101 1.0740 126 1.4437 151 2.0352 176 2.2818
102 1.5188 127 1.3302 152 2.2803 177 2.0538
103 1.2685 128 1.5540 153 2.1376 178 2.0652
104 1.5403 129 1.2929 154 1.9878 179 2.2262
105 1.5614 130 0.8476 155 1.8895 180 2.3531
106 1.4733 131 1.4456 156 2.5840 181 22718
107 1.2949 132 0.9423 157 1.8809 182 2.0330
108 1.5252 133 1.2681 158 1.9747 183 3.0146
109 0.8194 134 0.8890 159 2.4009 184 2.5430
110 1.2668 135 1.2433 160 2.0384 185 2.6979
111 1.3090 136 1.4119 161 2.3486 186 2.0331
112 1.2398 137 1.5922 162 1.9609 187 2.0466
113 1.2725 138 0.9569 163 2.1638 188 2.0482
114 1.4745 139 1.3848 164 2.1901 189 2.4039
115 1.0334 140 1.8795 165 1.9120 190 2.8765
116 1.5684 141 2.0338 166 2.0883 191 2.5765
117 1.0451 142 1.9558 167 2.0437 192 1.9852
118 1.3523 143 1.9061 168 1.9125 193 2.7775
119 1.5931 144 2.3154 169 2.7170 194 1.9421
120 1.4625 145 2.9063 170 1.9885 195 1.9342
121 1.4909 146 2.3373 171 3.1900

122 1.4079 147 2.1868 172 2.5221

123 1.4095 148 1.9883 173 5.4236

124 1.3130 149 2.1913 174 2.4062

125 1.0244 150 2.1634 175 2.0319
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No NRRO No NRRO No NRRO No NRRO
1 2.1535 26 2.2075 51 1.7439 76 1.8038
2 2.1869 27 2.0821 52 1.7482 77 1.6213
3 2.1813 28 2.1198 53 1.8843 78 1.9530
4 2.1440 29 2.0741 54 1.8463 79 1.9801
5 2.2029 30 2.1569 55 1.7814 &0 1.9909
6 2.2127 31 2.0907 56 1.5049 &1 1.5216
7 2.1832 32 2.1860 57 2.0373 82 1.8255
8 2.1811 33 2.1442 58 1.7945 &3 1.8924
9 2.1296 34 2.1737 59 1.7878 &4 1.9938
10 2.1613 35 2.1842 60 2.0245 &5 1.9167
11 2.0865 36 2.1392 61 1.5185 86 1.8776
12 2.1661 37 1.6688 62 1.8016 87 1.8355
13 2.1153 38 1.6182 63 1.6563 88 1.8544
14 2.1463 39 2.0338 64 1.9952 89 1.8081
15 2.1208 40 2.0551 65 1.7292 90 1.7926
16 2.0950 41 2.0460 66 1.5227 91 1.9244
17 2.1783 42 1.6079 67 2.0303 92 1.9590
18 2.2276 43 1.9762 68 1.9351 93 1.6531
19 2.1164 44 1.8093 69 1.8226 94 1.8398
20 2.0634 45 2.0632 70 1.8520 95 1.9685
21 2.1224 46 1.6506 71 2.0126 96 1.9781
22 2.0891 47 1.9313 72 1.6366 97 1.9829
23 2.2141 48 2.0144 73 1.5873 98 1.5034
24 2.1445 49 1.9633 74 1.7003 99 1.8432
25 2.0832 50 1.7285 75 1.7013 100 1.9880



MI1EUINN U3 (MD)
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No NRRO No NRRO No NRRO No NRRO
101 2.0354 126 2.9275 151 2.7906 176 2.3200
102 1.9563 127 2.2879 152 4.2030 177 2.2882
103 2.0117 128 2.5212 153 2.3364 178 2.7501
104 1.8213 129 2.3582 154 2.5774 179 2.9424
105 1.9712 130 2.2567 155 2.7568 180 2.4937
106 2.0339 131 2.4423 156 2.5352 181 2.3358
107 1.7971 132 3.0257 157 2.6203 182 2.9535
108 1.5265 133 2.3238 158 3.3157 183 24173
109 1.8626 134 2.6009 159 2.3698 184 2.5361
110 1.7535 135 24131 160 2.6540 185 2.8629
111 1.8806 136 2.3539 161 2.5826 186 2.3857
112 1.8822 137 2.2631 162 2.3034 187 2.4560
113 1.7106 138 3.3819 163 2.6915 188 3.5672
114 1.7158 139 2.4683 164 2.2705 189 2.7669
115 1.6792 140 2.2430 165 2.5130 190 2.4164
116 1.7157 141 2.2685 166 2.5471 191 2.2646
117 1.8921 142 2.2898 167 2.4537 192 2.4263
118 1.8862 143 2.3065 168 2.6743 193 2.5077
119 1.7841 144 2.6239 169 2.3058 194 2.5859
120 1.6271 145 2.3929 170 2.6904 195 1.4458
121 1.9019 146 2.3606 171 2.3774

122 1.7878 147 2.2636 172 2.5317

123 1.9149 148 2.3011 173 2.2529

124 1.8424 149 2.5102 174 2.3662

125 2.3842 150 2.2747 175 2.5698
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M3 1eNUINT w4 Joyamanuianaad g yanuvemiIoulsuiveoan1 UM

FOIa 15 U 1AM 1RO AUV IUYATIDUAIY INTUYARI0 U BU

filsznonlu
No NRRO No NRRO No NRRO No NRRO
1 1.5222 26 1.4767 51 1.3844 76 1.0044
2 1.5118 27 1.5443 52 1.4221 77 1.4107
3 1.5093 28 1.5922 53 1.1502 78 1.4234
4 1.4507 29 1.5521 54 1.2854 79 1.3344
5 1.6277 30 1.6072 55 1.2062 80 0.8279
6 1.5197 31 0.8990 56 1.3346 81 1.4184
7 1.5880 32 0.9640 57 0.9632 82 1.3555
8 1.5039 33 1.0832 58 1.4064 83 1.1510
9 1.5938 34 0.9780 59 0.6421 84 1.2361
10 1.4868 35 1.2960 60 1.3172 85 1.3630
11 1.5263 36 0.9393 61 1.0092 86 1.3892
12 1.5954 37 1.0438 62 1.0385 87 1.2565
13 1.4559 38 0.9214 63 1.3199 88 1.3235
14 1.5352 39 0.9906 64 0.5781 89 1.4099
15 1.6243 40 1.0333 65 1.1705 90 1.4228
16 1.5835 41 0.6492 66 0.8519 91 0.6265
17 1.5435 42 1.1360 67 0.8999 92 0.8744
18 1.5664 43 1.2350 68 0.7317 93 1.1690
19 1.5527 44 0.8781 69 0.9067 94 0.8862
20 1.5496 45 0.8398 70 1.2799 95 0.9739
21 1.5742 46 0.9595 71 1.0212 96 1.3424
22 1.4878 47 1.4119 72 1.0533 97 1.0468
23 1.5930 48 1.4222 73 0.9099 98 1.3997
24 1.4743 49 1.1203 74 1.0671 99 0.9632
25 1.5904 50 1.4159 75 1.3995 100 1.2786
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No NRRO No NRRO No NRRO No NRRO
101 0.8895 126 2.1824 151 1.8895 176 2.1085
102 1.0950 127 1.7606 152 1.8296 177 1.9119
103 1.3850 128 2.2616 153 2.0439 178 1.9011
104 1.2551 129 1.7866 154 2.2060 179 2.7261
105 1.2026 130 2.3267 155 1.8450 180 2.1501
106 1.3029 131 1.6502 156 2.1273 181 1.6801
107 1.4086 132 1.7392 157 1.6959 182 1.8739
108 1.2780 133 1.7498 158 2.0929 183 1.7342
109 1.4124 134 1.9105 159 2.1310 184 1.8562
110 1.0472 135 2.1196 160 2.6728 185 2.3439
111 0.8433 136 2.4233 161 2.0358 186 2.4167
112 1.3239 137 1.7239 162 1.9338 187 1.7344
113 1.3950 138 2.0239 163 1.8108 188 2.1490
114 1.2876 139 1.8047 164 2.0226 189 1.7183
115 0.8376 140 2.1008 165 2.4480 190 2.1285
116 1.2038 141 2.1950 166 2.0552 191 2.2097
117 1.3447 142 1.7241 167 2.3205 192 2.0152
118 1.1662 143 2.7233 168 1.8761 193 3.0827
119 1.2572 144 1.9621 169 1.6813 194 1.8412
120 1.1613 145 1.6828 170 1.7295 195 1.7000
121 0.8713 146 1.7615 171 1.7202

122 1.8547 147 2.3654 172 2.0866

123 2.1520 148 1.7891 173 2.2141

124 2.0930 149 1.8800 174 2.5261

125 1.7376 150 1.7787 175 1.7041
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