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HEICERL T
1
0. Fifi- #tSIRE & B BTE D EKRAEEE (Basic atitude of mechanical engineer)

01 ST a—T 42T DFIE (Procedure of gear trouble shooting)

02 BBV EES-ODEKRNAEEIREDRIRE (Principle to make strong steel and

practical problems)

03 EHEEGEAREDERY KLY (Way to treat fatigue failure and its initiating point)

04 HHHELSLIZFVYISUIDHETFE (Process of gear blank piece production)

05 H¥|REDIRIEFZEIL (Deterioration of material allowance due to operation)

06 MEEROMPEELHEROMFITRE (Material strength for metallurgists and for gear
engineers)

0.7 HEARABEITEXIZDLVT (On methods for prediction of load capacity of gears)

08 tOOaA FFHELEmEEIEFTEEDERER (Trochoidal interference and scope of
the predicton methods of tooth flank duarability)

09 BHIRIZHITSHANILYILH (Contact stress induced at edges of surface)

010 EFEMDFEE (Generation of wear debris)

011 EYDOHIFAAHA EHEFE S (Crash of foreign objects and surface roughness of tooth
flank)

012 AR INSEEMEDIESATE (Stressed volume of tooth flank material)

013 REMME EEHLHARE X IZDLVYT (On surface roughness and EHL film thickness)

0.14 EIE(Photograph)|Z DLV T (On photograph of failed tooth)

0.15 X$RFEBEISHAIFEIZDULNT (On residual stress measured by X-ray diffruction)

016 HWEEEE S ITILLa1a—T 4 29 1ZDLVT (On the trouble shooting of gear failure)

R
1. HREtELDEEGREE. EERIRME (Causes of failure in design and in production)
11 MItvyT42YFER (nsufficient machine, tool and workpiece setting and adjusting)
111 EXfERENDEAEMDOEEZE (Notch due to grinding disk edge contact)
112 WEEEY OARE (Uneven amount of tooth tip chamfering)
113 WEODRID. S >F > b, @ L(Eccentricity and run—out, tooth side flattering)
1.2 {+ LIF#EE O M T F R (Malfinishing of tooth flank)
121 RITTYYH. L L. H v AR —T—% (Hobbing mark, Cold—adhesive scratch, Cutter
mark)
122 =0TV —HEMIA. 7Y 2 —<—%2(NC mark, Mill-cutter mark)
1.2.3 HiEIB. REHE =(Grinding mark, Surface roughness)
124 23y FE—ZUJICEHEEDFN., E5ED F < 11(Rough surface and tooth tip
deformation due to shot peening)
1.25 4YIEIBEIT (Hard cut burn)
1.2.6 HFEIGET (Grinding burn)
1.2.7 HHEIZIN (Grinding cracks)



1.2.8

HEFEETE (Shortage of gear accuracy)

1.3 ExEtHier. BLEFFDORIRE(Design or manufacturing failure)

1.3.1

BT 74 Ly FERORITARRICKDHEFEEDTFH (32) (Collision of tooth tip

against mating tooth fillet)

1.3.2
1.3.3
1.3.4
1.3.5
1.3.6
1.3.7

MMTIZ&k A/\1) (Machining burr)

HEFEA (Tooth tip edge and chamfering)

HAliRA & mELY (Tooth side edge and chamfering)

N E TO 0 EEEE DA B(Improper center distance by very small module gears)
HiTH., EBBROEY .. EHDEZE (Tooth hammering & judder, gravity influence)
FEFROEIE (Thermal expansion in operation)

1.4 ENILIE R Bfa(Defects by heat treatment)

1.4.1
1.4.2
1.43
1.4.4
1.4.5
1.4.6
1.4.7
1.4.8

£ N (Hardening cracks, Quenching cracks)

R85 712 E (Abnormal residual stress)

AER@;Z % (Overcarbulizing of tooth edge)

FEEPLDFERIE (Grain growth),

BEREER. FIAEE (Improper carburized layer and Granular imperfection)
ELIEZE (Distortion due to heat treatment)

Zitlb &R D R Bk (Peeling off of Nitrided epsilon layer)

BEElh (Delayed fracture)

1.5 #MEXHE (Material defect)

1.5.1
1.5.2
1.5.3
1.5.4

{R#T (Segregation)

4989599, R"14 FOFE (Microcrack and void)
HEED A — (Uneven texture of material)

5. NEMIEZ (Impurity, inclusion)

1.6 BXKIGHERDRIE (Stressed curriculum)
1.7 3TIE. N2 KY 29 - 8EDE (Nick, Handling and transportation problem)

2. IE®EE#( (Normal wear, Running—in wear)
21 BEDEFE (Moderate wear)
22 K w T (Polishing)
23 BEDOEMMNHIAH (Light crush of foreign objects). XY T v F ¥ (Scratching)
24 BEEO@LOOA FFH, mORIREREFE (Tooth edge contact and edge wear)

241

kO a4 KF%(Trochoidal interference)

242 Ol ERAR(Contact of tooth side edge)

3. #BIEDIIE (ndication of failure)
3.1 E=miEE & RIT (Tooth flank failure and chipping)

3.1.1
3.1.2
3.1.3

MEAE Y F 25 (nitial pitting)
A0y F U TDOWERAKREE (nitial micropitting)
MMITHIY Ao B E Y F 4 (Independent micro—pits)



3.1.4 E{IREAERE v ; (Pitting due to tooth side edge—contact)
315 ®WAlH~<Y4A o aF v E>S (Microchipping at tooth side edge)
316 WEANEEROXRIT (Chipping at tooth side and at tooth tip edge)
3.1.7 BE#TH (Tooth hammering)

32 FEER - B\WIHE MBS (Wear and thermal failure)

321 RYUSwF 2% (Scratching), BEDEMDMHAH (Light crush of foreign

objects)

322 btOaA FFHIZKDETER (Trochoidal interference wear)

323 ®WFET v U MDiBE(Failure of tip edge failure)

324 EETHEFRE (Non-backlash interference wear)

3.25 mAlHEMENDEIEERE (Adhesive wear due to tooth side edge—contact)

326 R4 —1 2% (Scaling)
3.2.7 BT (Burning)
328 IEMMEDIEEET (Decrease of surface hardness)
329 EZEIN (Thermal cracks, Heat cracks)
3.2.10 2A&Z (Thermal cracks)
33 EEBRRAMEEIRE & MFDLIE (Other tooth flank failure and deterioration)
3.3.1 {EZFE R (Chemical corrosion)
332 JLwF>rFan0—2 3> (Fretting corrosion)
3.33 TEB (Electric erosion)
334 FvET—L3>IB— 32 (Cavitation erosion)
335 RiATO— 3> (Hydraulic erosion)
3.4 &% (Fissures and micro cracks)
341 MHITIEFEHR (Fatigue cracks at tooth fillet)
342 EvwFafHaETTE8Z (Fatigue cracks in pitch line zone)
343 EvFriiEmEH&H (Fatigue cracks from pitting)
344 RR—1) UTREEIRFTEH (Fatigue cracks from spalling)
345 TJLyFUIEEBR (Fatigue cracks from fretting)
346 MEXRMIERIRFEBZ (Fatigue cracks from material defects)
347 HAEFEEY NEF B (Fatigue crack inside tooth side chamfer)
348 EYIOINHIAHIZ K BEEESL (Collision crack due to crush of foreign object)

4. FEEE (Wear)

41
4.2
43
44
4.5
4.6

7 7 L JE%%E (Abrasive wear)

SHIEEFE (Adhesive wear)

EEi# (Wear out)

2B HIEEFE (High surface temperature thin oil film wear)
VIZ¢EZ % (Rag wear)

Fi5EE$E (Interferential wear)



5. RAv T4, Aa—1) 2% (Scuffing, Scoring)
51 BEiBRAHAY T 424 (Hot scuffing)
52 {EEBERH YT 4% (Cold scuffing)

6. JKAZR (Permanent deformations)

6.1 JE£JE (Indentation)

6.2 EHZLER (Plastic deformation)
6.21 A—1Y) UTIZ&LBEHELER (Plastic deformation by rolling)
6.2.2 HOEIN (Plastic leaning deformation of tooth)
6.23 HWMEODELE (Flank destruction)

63 )T (Rippling)

6.4 ')w 2% (Ridging)

6.5 /\1) (Burrs)

6.6 AFE (Fusion, Melting)

6.7 ZFELY EIF (Tooth on tooth jamming)

7. RMIEF (Surface and subsurface fatigue) & BZEIE (Crack propagation)
7.1 EvF Y (Pitting)
711 ETHEYF 2T (Progressive pitting)

712 O—S5HEBREIZLDEYF T DEE (Observation of pitting on disk machine)

72 +tOOA FFSEMRF & DB (Failure due to trochoidal interference)

721 [FXFIEEEDOIAESLMEOHERDIE!S (Failure at the beginning part of tooth flank

contact on strong helical gears)

722 WY SO I hREETDES. A=Y ETtDiE{EFailure at middle of

tooth width and tooth side end)
7.23 WHEDFiHER(Interference of tooth tip edge)
7.3 wAlIHEALE S (Failure of tooth side edge)
74 Y4 BEYF Y (Micropitting)
75 T L—x 2% (Flaking, Flake pitting)
76 RR—1 % (Spalling)
17 7—RY9 5w 2% (Case crushing)
78 MEOMEBEILEIFIEE & KFEHE (Hydrogen attack)
7.9 MFERMEE S RIBE (Spalling due to material defects)

8. #148 (Tooth breakage)
8.1 BEAETGIHIE (Overload breakage)
8.1.1 [at4EmEtE (Brittle fracture)
8.1.2 JETEHEIE (Ductile fracture)
8.1.3 HHEMHAFIE (Semi-brittle fracture)
8.2 HABIITIE (Tooth shear)



8.3 MR ENNEMT (Breakage after plastic deformation, Smeared fracture)
8.4 JRFHTIE (Fatigue breakage)
841 BEITHAFIKF (Bending fatigue)
842 XRMEIEHERITIE (Breakage from surface fatigue)
8.43 MHEIXRMaFCHHTIE (Breakage from material defects)
844 MK - ') L3748 (Rim breakage, Breakage from the center of tooth bottom space)
845 F v TA TiE5 (Cap—off failure)
846 FvEUJIRRITIE (Breakage from chipping)
847 MAEE LK FHIEE (TIFF: Tooth interior fatigue failure)
848 mIHERHTIE (Tooth side end breakage)
8.49 fEHZEHE (Shock breakage)
8410 BVUIBAR RI(ZHE T 51718 (Breakage due to heat treatment failure)
8411 HHMENMIE (Breakage due to residual damage)
85 BMDERHDRIE (Partial breakage of tooth)

9. EMDOHh HAH#IEIS (FOD: Foreign object damage)
9.1 HEADMNHAHIAHA (Intrusion and crush of foreign objects)
9.1.1 M HEULBIIRERD HFHIAFH(Intrusion at beginning of tooth meshing)
912 HMHENEDLYRFROIAHIAHEEIETF v E >4 (ntrusion at ending of tooth
meshing)
92 EPH|RDEEOHE KD DFE (Influence of Sulpher and Phosphor)
921 FVF A ILDiFE(nfluence for Gear oil)
9.22 ATFM15E Unfluence for ATF)
93 JL—F25. Hy—RHUS5va, AR—1) U5 E#|E#(Lamellar separation of
tooth flank)
9.4 HIEER & HWEDRB DM HIAH(Crush of Foreign object between tooth crest and tooth
bottom)
95 MUNED 31— ILEEDOEDEH(Wear-out of teeth of micromodule gears)

10. BHEAR - BHDIEIE (Failure of gear body and shaft)
101 YA TDEH (Rim and web cracks)
10.2 EHODITI8 (Shaft breakage)

11. #F5|
1.1 BMITFIZ & SFESI
1.2 BAEIC &L 5 %5

12. SEXH
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Fig. 1 Tensile strain dependence of the normalized critical current for several SU50/BSSCO

tapes applied with different pretension
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Fig.1 A calculation of the normalized critical current for a material with two populations of A-and B-domains

contributing to & . The xaxis is the fractional change in <& in these populations.
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