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WEICELT
B 1
0. Fifi- #tSIIRIE & BB TE D E KA REE (Basic atitude of mechanical engineer)

01 FSITNNa—TFT 42T DFIE (Procedure of gear trouble shooting)

02 RN ZEZED-OOELRAEEIREDMRE (Principle to make strong steel and

practical problems)

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

04 fHELLIZXNVYISUIDHETFE (Process of gear blank piece production)

05 #MEBREDEEEZIL (Deterioration of material allowance due to operation)

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

07 HEARAEITEEIZDULVYT (On methods for prediction of load capacity of gears)

08 btOOA FFHELEEAIEGTEEDEZIER (Trochoidal interference and scope of
the predicton methods of tooth flank duarability)

09 BHImRIZHITAANILYIES (Contact stress induced at edges of surface)

0.10 EFEMDFEALE (Generation of wear debris)

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

012 B INLEEME OIS N{KTE (Stressed volume of tooth flank material)

013 FMEHME EEHLAREE ZIZDULVT (On surface roughness and EHL film thickness)

0.14 EIIE(Photograph)[Z DLV T (On photograph of failed tooth)

0.15 X#RFEEEISFBIEIZDULVT (On residual stress measured by X-ray diffruction)

016 WEEEHE FSITIL a—T 4 25 (ZDULVT (On the trouble shooting of gear failure)

E R
1. HEtEELEDEERRE. EEaiRME (Causes of failure in design and in production)
11 MItvyT 42T FE (nsufficient machine, tool and workpiece setting and adjusting)
111 HTfEREIANDIEGEMDOEEZE (Notch due to grinding disk edge contact)
112 tEEEY OFRE (Uneven amount of tooth tip chamfering)
113 WEDRLD. 5 >7F7 9 k. @ F L(Eccentricity and run—out, tooth side flattering)
1.2 L EFEEOMNIA R(Malfinishing of tooth flank)
121 RIPYHE. L L. v S —<7—% (Hobbing mark, Cold—adhesive scratch, Cutter
mark)
122 =22 —%IHMIE. 7Y% —<—%(NC mark, Mill-cutter mark)
123 WiEIE. EREHE =(Grinding mark, Surface roughness)
124 Lay brE—ZUJI2&BEEORN., BEDFE < (Rough surface and tooth tip
deformation due to shot peening)
1.25 LIEIBEIT (Hard cut burn)
126 HHEIBET (Grinding burn)
1.2.7 HrEIZEI+ (Grinding cracks)



128 HEFEETZE (Shortage of gear accuracy)
1.3 EEtiew. &L ERDRIRE(Design or manufacturing failure)
131 BRI 4Ly FBORIFRRIZK HHEFHEDTFH (H3R) (Collision of tooth tip
against mating tooth fillet)
132 MIIZ& B/\1) (Machining burr)
1.3.3 HEHEA (Tooth tip edge and chamfering)
1.3.4 wH{lInA E@EmEY (Tooth side edge and chamfering)
1.35 fUuMsEETO I EEEE DA B (Improper center distance by very small module gears)
136 WITH. EBBHEDBEY .. EADEZE (Tooth hammering & judder, gravity influence)
1.3.7 REFFDEETE (Thermal expansion in operation)
1.4 EALIE K [E(Defects by heat treatment)
1.4.1  BEEIN(Hardening cracks, Quenching cracks)
142 5B HEE(Abnormal residual stress)
143 AEP1ER ik (Overcarbulizing of tooth edge)
144 $ERAOFEKXIE (Grain growth)
145 ZREEE. FIFREE (Improper carburized layer and Granular imperfection)
146 ZALIEE (Distortion due to heat treatment)
1.47 ZL{EEWYE D F|E (Peeling off of Nitrided epsilon layer)
148 EZIN (Delayed fracture)
1.5 MHEXMa (Material defect)
1.5.1 {®H#T (Segregation)
152 44909599, "4 FOEE (Microcrack and void)
153 #EBD A — (Uneven texture of material)
154 Ff¥. NEWIEZ (mpurity, inclusion)
16 BXRICHBARDHEIE (Stressed curriculum)
1.7 3TIE. N2 FY 29 - 8EDE (Nick, Handling and transportation problem)

2. IE®EE#  (Normal wear, Running—in wear)
21 BEEDEFE (Moderate wear)
22 RY v (Polishing)
23 BEOEYMHIHIAH (Light crush of foreign objects). R4 5 v F >4 (Scratching)
24 BEODO OIS FFH, mOAIIRERERE (Tooth edge contact and edge wear)
241 bBA3A FF#(Trochoidal interference)
242 mOBAIIHERL(Contact of tooth side edge)

3. BBOIKIE (ndication of failure)
3.1 HMEIE & RIT (Tooth flank failure and chipping)
311 MEAEYF Y (Initial pitting)
312 YAV AEYF I DHEPKREE (Initial micropitting)
313 HWIM<TA - 0AEYyF > (Independent micro—pits)



3.14 E{AIREAERE v ~ (Pitting due to tooth side edge—contact)
315 ®WmAlR~Y4A 2 aF v E>S (Microchipping at tooth side edge)
316 WEANFEERNOXRIT (Chipping at tooth side and at tooth tip edge)
3.1.7 #E#TH (Tooth hammering)

32 [EF - BWMEMEIES (Wear and thermal failure)

321 RS wF % (Scratching), BEDEYDMHAH (Light crush of foreign

objects)

322 b+rOOaA FFHIZLBEITEE (Trochoidal interference wear)

323 wFEIT v o MDIEE(Failure of tip edge failure)

324 EMETHEFRE (Non-backlash interference wear)

325 TmHANFEMEIDEEERE (Adhesive wear due to tooth side edge—contact)

326 R4 —1) 2% (Scaling)
3.2.7 %+ (Burning)

328 IEfMEOMEEIET (Decrease of surface hardness)

329 EVEINL (Thermal cracks, Heat cracks)
3.2.10 EV&H (Thermal cracks)
33 EFERRAEEEIEE &EMFDLIE (Other tooth flank failure and deterioration)
33.1 {EZE R (Chemical corrosion)
332 JLvFr4Haa— 3 (Fretting corrosion)
333 TEB (Electric erosion)
334 ¥y ET—3>IO— 32 (Cavitation erosion)
335 AT O— 3> (Hydraulic erosion)
3.4 &3 (Fissures and micro cracks)
341 HWILIERFEZR (Fatigue cracks at tooth fillet)
342 EvFAFAEFTEZR (Fatigue cracks in pitch line zone)
343 EvVvFUIEAETFTEZ (Fatigue cracks from pitting)
344 RR—Y) TEAEFHEHR (Fatigue cracks from spalling)
345 TJLyFUTEABZ (Fatigue cracks from fretting)
346 MERMERIKZEFTBH (Fatigue cracks from material defects)
347 wANHEEY NIRFHFER (Fatigue crack inside tooth side chamfer)
348 EYDOIFHIAAIZEDHEEEZ (Collision crack due to crush of foreign object)

4. EF (Wear)

41
4.2
43
44
4.5
4.6

7T L TER (Abrasive wear)
StiEEFE (Adhesive wear)
EEi# (Wear out)
EEEAEERE (High surface temperature thin oil film wear)
VI (Rag wear)
FiHEEE (Interferential wear)



5. RAvIT4>245, Aa—"1) 2% (Scuffing. Scoring)
51 EBRAHNY T4 2% (Hot scuffing)
52 {ERBRXH YT 124 (Cold scuffing)

6. KAZR (Permanent deformations)

6.1 [EJE (Indentation)

6.2 BHZER (Plastic deformation)
621 A—1) 2 FIZ&KBEBHEZLER (Plastic deformation by rolling)
6.2.2 HWOEIN (Plastic leaning deformation of tooth)
6.23 BEEDEIE (Flank destruction)

6.3 w7125 (Rippling)

64 1JwvP Y (Ridgng)

6.5 /\!) (Burrs)

6.6 ;ARYL (Fusion, Melting)

6.7 FEY EIF (Tooth on tooth jamming)

7. RMEIEF (Surface and subsurface fatigue) & B Z{=1E (Crack propagation)
71 EvF 2T (Pitting)
711 ETHE Y F 24 (Progressive pitting)

712 O—SHEB#ICLDIEYF I DEE (Observation of pitting on disk machine)

72 btO3OA FFSEES & ZFDIE!E (Failure due to trochoidal interference)

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

contact on strong helical gears)

722 WAV SO hREETOEES. FLzYmEaTnigE(Failure at middle of

tooth width and tooth side end)
723 FEDTFHEfM(Interference of tooth tip edge)
7.3  mAlinEAE{S (Failure of tooth side edge)
74 A4 8EYyF Y (Micropitting)
75 JL—* 2% (Flaking, Flake pitting)
76 RKR—1 % (Spalling)
17 7—RY 5w 2% (Case crushing)
78 #MEOMBETILERIBE L KFEKHE (Hydrogen attack)
79 #E R SRFIE (Spalling due to material defects)

8. 18 (Tooth breakage)
8.1 BEAETTIE (Overload breakage)
8.1.1 HMEMEHHIE (Brittle fracture)
8.1.2 EMHHIE (Ductile fracture)
8.1.3 FHEMEHEIR (Semi-brittle fracture)
82 HAMHTE (Tooth shear)



83 MR ENINEMET (Breakage after plastic deformation, Smeared fracture)
8.4 JEFHTHE (Fatigue breakage)
8.4.1 HITHAIFIKS (Bending fatigue)
842 XRMEEFHIRITIE (Breakage from surface fatigue)
843 MHERMIRITIE (Breakage from material defects)
844 WK - ') LHHE (Rim breakage, Breakage from the center of tooth bottom space)
845 F v TA J1E5 (Cap-off failure)
846 FwEUIHEEIIE (Breakage from chipping)
847 HMAEE S FIEHE (TIFF: Tooth interior fatigue failure)
848 HWIHERHTIE (Tooth side end breakage)
849 TEEHHE (Shock breakage)
8410 BLIBARIZHEE T 1718 (Breakage due to heat treatment failure)
8.4.11 HMENHEIE (Breakage due to residual damage)
85 HMDERHRIE (Partial breakage of tooth)

9. EYDh I AHELE (FOD: Foreign object damage)
9.1 EWEANDMHIAH (Intrusion and crush of foreign objects)
9.1.1 HHE ULEIBREED M HIAFH(Intrusion at beginning of tooth meshing)
912 MHENEDLYBEOIIAAHAEEIETF v E >4 (ntrusion at ending of tooth
meshing)
9.2 EPHIFDIEOHEM D DFE (Influence of Sulpher and Phosphor)
921 FXAAIILDIZE(nfluence for Gear oil)
9.22 ATF®D1H A (Influence for ATF)
93 JL—X24. F—RHUS5va, AR—1) U5 ER|E#(Lamellar separation of
tooth flank)
94 HIAERE HWIEDB DM HIAFH(Crush of Foreign object between tooth crest and tooth
bottom)
95 HUNED 31— /LEHEDEDEERK(Wear—out of teeth of micromodule gears)

10. HWEAXRK - B1DEE (Failure of gear body and shaft)
101 Y LOHYzTDES (Rim and web cracks)
102 EHODITE (Shaft breakage)

11. &3]
1.1 BRAFIZKSZFE]
11.2 AEIC L 5 FESI

12. S&3H
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Fig. 1 Reversible stress / strain limit for critical current of BSCCO and REBCO practical wires
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Fig. 1 Stress vs strain curve measured at 77 K for Super OX wires
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Fig. 1 Stress vs strain curve for three kinds of practical superconductive wires
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