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Vibration Analysis and Critical Speeds of Rotating Polar Orthotropic
Disks, Part II: Analysis Results

T

L ai

Kyo-Nam Koo

(2005 10€¥ 25¢ < .

20064 1€

239 A e RE)

Key Words : Critical Speed(9}A£%), Rotating Disk(3d 9%), Vibration(¥} %), CFRP, GFRP, CD

ABSTRACT

This paper (Part II) provides the application results of the method presented in a companion
paper (Part I) where the dynamic equation for rotating polar orthotropic disk is formulated and
its solution method is considered. The natural frequencies and critical speed of polycarbonate CD
are calculated to validate the present method and are shown to by very accurate. The critical
speeds of typical GFRP and CFRP CD's are computed by aligning the fibers in radial and
circumferential directions. The radially reinforced CFRP CD is shown to have the five times
higher critical speed than that of the polycarbonate CD. The natural frequencies and critical
speeds of disks with various elastic modulus ratios are obtained. The results show that the
radially reinforced disk is more effective in increasing critical speed than the circumferentially

reinforced disk.
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g The 2 ALE e CD-ROMO A3}
Ak

b=15 mm. ¢=60 mm. A=1.2 mm (1)

o714 pe IA WH(fixed inner radius), & ¢
4, e 48y FAelth .
Aol AM2E A 5o EAAE Table 1o AAH

Atk B2 AREEY @A, By AR

H] (Poisson's ratio), pt L%, xT /%
ole, y& Afrel 2 & wake] Zxolth Tablel

(a)

Fig.1 (a) Radially-reinforced composite disk
and (b) Circumferentially -reinforced
composite disk

Table 1 Material properties

[ Properties | PC GFRP CFRP |
E, 2.2 GPa 38.6 GPa 181.0 GPa
E, | 22GPa | 827GPa | 103 GPa
G | 0846GPa | 414GPa | 717 GPa
Vo 0.30 026 028

p 1220 kg/m3 | 1800 kg/m3 | 1600 kg/m3
X | 549 MPa | 1062 MPa | 1500 MPa
Y | 549MPa | 31MPa | 40MPa

o] 4] PC(polycarbonate) = 44t CDY] 71#A|gEo|1
GFRPE= WEAHA FiF EFAEY E-glass/
epoxyoly CFRPE 17t%, A &2+ 534
&9l T300/N52080|t}.

UM AET npel o] FRA7E CDE Huoly
A EEARE TEUS dee Auwoldy 49
Fig. 13} #o] wtgHlsko 2 W 73¥(radially reinforced
: RR) #3 dFHsko g \7be(circumferentially
reinforced: CR) #e2 n#{d 4 Qitk Z47te] 7
o BAAE Table 1o AAHS Q& e &
7} o} &gsjof gt

RR disk
E,=E; Eos=Ey Go=Gp Vo=V (21
CR disk
E,=Ey Ec=E; Go=Gp Vo=V, (22)
2.1 PC CD
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o|E CDel| ti&t sjA& 4a&}3dtt. Table 2+ v
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Fig. 2 Frequency-speed diagram for CD-ROM
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Table 2 Natural frequencies(Hz) of non-rotating
CD-ROM

T~ 0 | 1| 2 | 3] 4|5
Present| 1259 | 1210 | 1632 | 2772 | 4725 | 7223
Ref. 2| 1259 | 1209 | 1531 | 277.1 | 47256 | 7231
Present| 7965 | 8425 | 990.2 | 12546 | 16340 | 21100
Ref. 2| 796.1 | 8420 | 9889 | 1251.4]1627.9| 2099.7
Present| 23488 | 2404.0 | 2577.2 | 2884.3 | 3335.9 | 30275
Ref. 2| 2313423692 | 25437 | 28515 33031 | 3894.9
46809 | 47455 4946.4 | 53046 | 58524 | 66203
NA | NA | NA | NA | NA [ NA
203229 20350.4| 20434 3| 20578 0| 20787 2 210705
NA | NA | NA | NA | NA | NA
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Fig. 2 Frequency-speed diagram for CD-ROM
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Table 3 Natural frequencies(Hz) of non-rotating
RR GFRP disk

mi~al 0 LY | 2] 3 | 4] 5

3241 | 3241 | 3681 | 5348 | 8321 | 12312

24959 | 2542.1 | 26955 | 2992.2 | 3467.4 | 4133.2

7693.6 | 7858.2 | 8163.0 | 8645.2 | 9340.1

15352.915412.0{15596.8115929.3 | 16445.1 { 17192.9

0
1
2 7642.1
3
4

66739.5 1 66766.8 | 66849.8 | 66991.1 | 67195.3 | 67469.0

Table 4 Natural frequencies(Hz) of non-rotating
CR GFRP disk

] 0 |1 |2 |3 | 4| 5
0 | 2038 | 2336 | 3086 | 7227 | 13201 | 20798
1 1389.0 | 1451.6 | 1769.1 | 2503.3 | 3568.3 | 4841.9
2 3778.7 | 3870.7 | 4236.5 | 5051.7 | 6362.7 | 8059.8
3 73754 | 74905 | 7909.6 | 8842.6 {10597.6|13405.5
4 |312385]312041]31469.9] 31793 7| 32313 0| 331020
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Table 5 Natural frequencies(Hz) of non-rotating
RR CFRP disk

Natural Frequency (Hz)
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g
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N
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7
/

/

(0.2)

20k 30k
Rotation Speed (rpm)

Fig.4 Frequency-speed diagram for CR GFRP

disk

ENEREEREEREEEY S
0 6906 | 694.6 | 7359 | 8838 | 11858 | 1636.8
1 5639.6 | 5679.0 | 5808.0 | 6057.3 | 6468.9 | 70834
2 117402.5]17445.2{17580.3 [ 17827.8 | 18218.9 | 18792.2
3 [35016.6]35065.2| 352160 | 354837 [ 35892.6 ] 364763
4 (152282.9(152306.2(152376.4{152495 4(152666.1{152892.4

Table 6 Natural frequencies(Hz) of non-rotating
CR CFRP disk

g 0

1

2

3

-4

5

595.5

406.3

4944

13345

2562.9

4156.4

2204.4

22270

2786.2

4292.8

6328.6

8756.6

5216.4

5865.0

76479

10417.0

14112.8

9475.5

9618.1

10382.7

127274

17596.6

246279

0
1
2 | 51242
3
4

37262.4

373424

37624.2

38236.7

394275

417217
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(b) Mode (0,2) for CR disk
Fig. 5 Critical mode shapes for GFRP disk
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(3-2)

alb=4. a/h=400
- GIZ/E2=0.5- V12=0.25

22 Eo/E1% 9L 4(2-1)9 RR disk®
Eo/E,>13 982 2 (2-2)¢] CR disk® E4A
& A8 Eo/E, =18 584 ddoldh

Table 8 ~1291E Eo/E,° W3ld me Fatg
3 THAESE e ANSUY. 1HIE

A
T

OS5 Aoz FAYs =
Table 7 Critical speeds and modes
. Citca | CD- | GFRP i
| Pamameer | ROM | RR | CR | RR | CR

Critical speed 7.060

(rpm) 12,529 | 18,462 | 19,106 | 40,218

Critical mode | (0.2) | (0,3) | (0,2) | (04) | (0,2)

Max. rpm for
static strength
(Ref. 3)

44,216 | 65,208 | 47,421 (138,941{-98,444

Table 8 Non-dimensional natural frequencies for
(0, ») mode

f= A 0a'/ E, (4)

AA&E AA M a8 B °L 0,n) &
TE Eo/E19 W Eo/EJt 57 z
S57F A FAEA Atk (1, 0) B2 diEA

Table 9 Non-dimensional natural frequencies for
(1, n) mode

, A 0a Ep for_(m,n)
EolE ap b | a2 | a3 | o | am

1/50 | 11.198 | 11.218 | 11.287 | 11.432 | 11.693 | 12,120
1740 {10.021 | 10,043 | 10.121 | 10.282 | 10.571 | 11.042

1730 | 8686 | 8.712 | 8801 | 8986 | 9315 | 9.845

1/20 | 7104 | 7136 | 7.245 | 7468 | 7.861 | 8481
1710 | 5050 | 5094 | 5245 | 5550 | 6,067 | 6.845
1/5 | 3608 | 3670 | 3.877 | 4280 | 4.930 | 5.848
1/2 | 2352 | 2446 | 2.748 | 3294 | 4.099 | 5143
1 1746 | 1872 | 2254 | 2.899 | 3789 | 4.887
2 1.787 | 1902 | 2.303 | 3.070 | 4.178 | 5540
5 1961 | 2045 | 2492 | 3546 | 5070 | 6.890
10 2237 | 2279 | 2790 | 4173 | 6.099 | 8375
20 2710 | 2691 | 3303 | 5106 | 7.532 | 10455
30 3111 | 3.048 | 3741 | 5833 | 8.627 | 12.078
40 3465 | 3367 | 4.128 | 6451 | 9555 | 13472
50 3786 | 3658 | 4479 | 6.998 | 10.381 | 14716

Table 10 Non-dimensional natural frequencies for
(2, n) mode

pat/Exh* for (m, n)
Eo/EJ 00 | o) | 02 | 03 | 04) | 05
1750 | 1349 | 1350 | 1372 | 1476 | 1732 | 2177

1740 | 1210 | 1210 | 1.235 | 1.350 | 1.626 | 2.091
1730 | 1.053 | 1.053 | 1.081 | 1.210 | 1.512 | 2.001

; , Y Pa“/Ezlzz for (m, n)

E/Ef g len e eyl eo | en
1/50 {34623 | 34.645 | 34.716 | 34.853 | 35.081 | 35.435
1740 | 30.976 | 31.000 | 31.080 | 31.233 | 31.487 | 31.881
1/30 | 26.838 | 26.866 | 26.959 | 27.135 | 27.427 | 27 877

1720 | 0.867 | 0867 | 0.901 | 1.053 | 1.387 | 1.903 1/20 |21.932 | 21.967 | 22.080 | 22.295 | 22.649 | 23.191
1710 | 0629 | 0629 | 0675 | 0.867 | 1.249 | 1.794 1710 | 15,550 | 15.600 | 15.758 | 16.057 | 16,544 | 17.274
1/5 | 0466 | 0466 | 0526 | 0.757 | 1.170 | 1.728 175 | 11.055 | 11124 | 11.346 | 11.757 | 12.411 | 13.358
1/2 10332 | 0332 | 0412 | 0.682 | 1.119 | 1685 172 | 7106 | 7.213 | 7.551 | 8.154 | 9.061 | 10.287
1 0274 | 0273 | 0367 | 0657 | 1105 | 1.677 1 5163 | 5310 | 5.762 | 6531 | 7.621 | 9.010
2 0316 | 0.287 | 0387 | 0.787 | 1384 | 2.138 2 5149 | 5292 | 5.762 | 6.641 | 7.971 | 9.706
5 0421 | 0331 | 0436 | 1.033 | 1.894 | 2.986 5 5304 | 5430 | 5944 | 7111 | 899 | 11.432
10 0.552 | 0394 | 0491 | 1.273 | 2403 | 3857 10 5609 | 5708 | 6.285 | 7.844 | 10.349 | 13,615
20 0.745 | 0495 | 0.555 [ 1553 | 3.034 | 4974 20 6.188 | 6.244 | 6.925 | 9.054 | 12424 | 17.018
30 0896 | 0577 | 0594 | 1.734 | 3463 | 5766 30 6.718 | 6.738 | 7.504 | 10.052 | 14.125 | 19.776
40 1025 | 0648 | 0.621 | 1.868 | 3.798 | 6.401 40 7207 | 7.196 | 8.034 110924 | 15619 | 22.135
50 1138 | 0712 | 0641 | 1.974 | 4.075 | 6.940 50 7662 | 7626 | 8526 | 11.713 | 16.970 | 24.209

252/ S-S UESIEEH=RE/A 16 A A 3 %, 200619
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Table 11 Non-dimensional natural frequencies for

(3, n) mode

A 9a | B fox_(m, )

Eo/Ef 30y | 6D | 32 ] 33) | G4 | 35 |
1/50 | 69.694 | 69.719 | 69.798 | 69.943 | 70.172 | 70.510
1740 |62.349 | 62.378 | 62.467 | 62.628 | 62.884 | 63.261
1730 | 54.016 | 54.048 | 54,151 | 54.338 | 54.632 | 55.066
1720 | 44.136 | 44.176 | 44301 | 44529 | 44.888 | 45418
1710 | 31.277 | 31.333 | 31.510 | 31.831 | 32.333 | 33.069
1/5 2221322292 | 22541 | 22.988 | 23.684 | 24.694
172 | 14.236 | 14.360 | 14.744 | 15.426 | 16.464 | 17.934
1 10.294 | 10,466 | 10.992 | 11.904 | 13.255 | 15.106
2 10.205 | 10,374 | 10.918 | 11.940 | 13.593 | 16.045
5 10,336 | 10.494 | 11.082 | 12.417 | 14.965 | 19.056
10 | 1067210812 | 11467 | 13318 | 17.251 | 23.427
20 | 11.359 | 11.465 | 12.249 | 15.082 | 21.251 | 30.038
30 | 12016 | 12,092 | 13.000 | 16.723 | 24.584 | 34.775
40 | 12643112691 | 13718 | 18.240 | 27.427 | 38.246
50 | 13.242 113264 | 14.404 | 19.646 | 29.895 | 40.853

Table 12 Non-dimensional natural frequencies for

(4, n) mode

| AV pa’/ Eoh for (m, n)

EolE,| 40y | 4D | 42 | 43 | 40 | 45)
1/50 | 303.11 | 30312 | 303.16 | 303.22 | 30331 |303.43
1/40 | 27117 | 2718 | 271.22 | 271.29 | 271.39 | 27152
1730 | 23492 | 234.93 | 234.98 | 235.06 | 235.17 [235.32
1/20 | 191.94 | 191.96 | 192,01 | 192.11 | 192.25 | 192.44
1710 | 136.00 | 136.03 | 136.11 | 136.24 | 136.44 [136.70
1/5 96.562 | 96.599 | 96.711 | 96.901 | 97.177 | 97.547
1/2 | 61.835 | 61.892 | 62.067 | 62.364 | 62.793 | 63.366
1 | 44656 | 44736 | 44.978 | 45388 | 45.978 | 46.763
2 | 43972| 44,052 | 44.297 | 44722 | 45.353 | 46.227
5 [ 43677 | 43.754 | 44.000 | 44.455 | 45.193 [ 46325
10 | 43745 | 43817 | 44.061 | 44563 | 45479 [47.090
20 44.085 | 44.146 | 44.385 | 44.981 | 46.287 {49.104
30 44467 | 44517 | 44.752 | 45.444 | 47.188 | 51.598
40 | 44.857 | 44.895 | 45.126 | 45.919 | 48.153 | 54.520
50 | 45248 | 45.276 | 45502 | 46.398 | 49.180 |57.741
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Fig. 9 Non-dimensional critical speed with
variation of elastic modulus ratio

Table 13 Non-dimensional critical speed and mode with variation of elastic modulus ratio Eg/E,

| El/E, 50 10f1/30 120 1t0f 15 (12 1 | 2 | 5 [ 10 20|30 | 40|50
507 2721259242 236197 {177 | 169 | 170 | 198 | 265 | 348 | 470 | 564 | 643 | 71.3
Critical mode | (05)[(0.0)](04) [ (04) [(0.3) [ (0:3)[(03) ] (02) | (02) [ (02) | (0:2) | (0.2) | (02) | (02) | (0.2)
Q. in mode (0,2) | 53.7 | 484 [ 425356 | 270 | 216 { 179
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