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Abstract:  The~“3-dimensional FBEM dynanic model of a cracked gear structure is
established, the dynan ic characteristics, i e , the natural frequency, themode shape, the dynan ic
stress and © on, due to crack of gear tooth are analyzed in thispgoer. T he influence of crack
position and crack depth etc on dynam ic characteristicsof gear is investigated by using computer
smulation and the FBM. It show s that the influence of crack depth and crack position on both
natural frequency and mode shgpe of gear is significant T he natural frequency drops and mode
shgpe changeswhen a crack started This natural frequency dropsw ith the increase of crack
depth, but the influence of crack position on both natural frequency and mode shape is greater
than that of the crack dgpth T he natural frequency of gear dropsmorew hen crack locate at the
tooth root in comparison w ith that of the gearw hen crack gppearsat the tooth tip. W hen acrack

starts, themode pattern of gear structure becomesvery different from that of g gear uncracked

when acrack starts The anplitude isaugmented and the dynan ic stressof gear changes in the
crack neighborhood The present study is mportant and usuful for danage detection and fault

diagnosis
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; p= 7860 kg/m°, p=0.30,
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Table 1 Natural frequency of gear substance
1 2 3 4 5 6 7
192. 38 193. 49 209. 40 225. 49 281. 02 499. 00 499. 54
154. 42 154. 56 185. 06 251. 06 277.07 572. 41 611. 64
152. 80 153. 25 168. 95 220. 65 254. 17 501. 07 501. 60
8 9 10 11 12 13 14
662. 30 856. 02 856. 61 1291.5 1291.8 1303. 2 1364. 4
612. 32 1096. 4 1099. 1 1278.0 1336. 6 1346.7 1500. 9
590. 66 857.18 859. 19 1131.5 1194.5 1198. 6 1285. 2

15 16 17 18 19 20
1376.9 1507.0 1717.5 1731.2 1795.8 1796.9
1501. 6 1509. 5 1706. 3 1707.0 1769. 56 1781.3

1287.4 1368. 7 1539.7 1542. 4 1568. 05 1777.1
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1
Fig 1 The FBM model of gear structure
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Fig 3 M ode shape of gear structure
(6-th Order)
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Fig 2 M ode shape of gear structure
(4-th Order)
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Fig 4 Stressof gear structure (4-th Order)
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5
Fig 5 Stressof gear structure (6-th Order)
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(6 , 008 )
Fig 7 M ode shape of cracked gear structure

(6-th Order, o= 0.8, root crack)
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(
Fig 8 M ode shape of cracked gear structure
(6-th Order, o= 0.4, reference circle crack)

6
Fig 6 The FBEM model of cracked gear structure
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Table 2 Natural frequency of cracked gear

2

(

Hz)

1 2 3 4 5 6 7
o= 190. 61 192. 41 206. 04 225.91 280. 43 500. 98 501. 28
= 192. 74 193. 88 209. 00 226. 44 281. 38 501. 09 501. 40
= 152. 84 153. 96 168. 70 220. 96 253.59 499. 40 501. 83
= 153. 77 154. 34 171. 23 221.92 254. 93 503. 63 505. 34
= 163. 61 164. 18 180. 91 228. 30 264. 94 513. 58 514. 21
o= 164. 14 165. 39 182. 71 228. 94 266. 50 514. 39 519. 83
8 9 10 11 12 13 14
o= 662. 36 860. 89 862. 27 1298. 6 1301.6 1302. 8 1369. 4
= 665. 84 860. 71 861. 62 1300. 5 13015 1305. 3 1369. 1
= 589. 98 854. 54 860. 14 1131.'6 1196.9 1197.5 1283.0
= 590. 83 860. 41 863. 45 1141.5 1202. 9 1208. 3 1288. 2
= 616. 53 868. 79 877.81 1196.3 1260. 4 1271.5 1298. 2
o= 618. 32 866. 79 889. 76 1200. 8 1267.6 1274.5 1291. 3
15 16 17 18 19 20
o= 1370:8 1508. 8 1702.7 1739.0 1799. 1 1815.1
= 1376. 3 1510.1 1689. 9 1742. 4 1803. 5 1813. 4
= 1287.5 1367. 6 1538. 3 1541.9 1568. 8 1773. 8
= 1291.2 1379.5 1540. 1 1542. 6 1577.1 1779.0
= 1308. 2 1450. 9 1590. 1 1596. 1 1659. 4 1779.1
o= 1324.2 1459. 5 1594. 4 1597. 3 1668. 2 1792. 2
6 )
7 1 7
2 o= 0.8
o= 0.4 6
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