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(breakage)

(tooth crush)

(fusion)

(wear)

(wear)

, Scratching, Fretting

(plastic deformation)

, Rippling, Ridging,

Pitting, Spalling

Scoring, Burning

(crack), , ,
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(eccentricity) (out of round)
(bent shaft)
(looseness) : - , - : -
(misalignment)
(backlash)
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(transducer)

(spur gear) :
(helical), (herringbone)

(gear mesh frequency) 3 2 KHz

, 2KHz (accelerometer)
, (
, )
(proximeter)
(
). / >10:
500rpm
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(tooth surface) (contact marking)

(misalignment) :

(scuffing) :
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(Surface Fatigue) ]

(case exfoliation)

M.J. Neale, Component Failures, Maintenance
and Repair, Butterworth-Heinemann, 1995

(carburised) (hardened),
(nitrided) (induction
hardened)
. : ( )
(teeth)
Hertz
(Core) Case Exuﬁaﬁﬂﬂ on a spiral bevel pinion
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(Surface Fatigue) ]

(Pitting)

(root)

(exfoliation)

G-3.

(Ref. M.J. Neale, Component Failures,
Maintenance and Repair, B&H, 1995)

PITTING ON SOME TEETH
3 CUNTINUGLS AMND

JUITE DEEP
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(Surface Fatigue) J

(dedendum attrition)

, 0.5mm

(addendum)
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(Surface Fatigue) ]

G-5.

(Micro-pitting)

. 0.03-
0.01mm

(load-carrying additives)
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(Surface Fatigue) ]

(Initial Pitting)

. : : (tooth
flank) : (dedendum)
2mm ;
. ; (profile)
(clefts) (tooth)
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(Chemical Wear) |

G-7.

(Smooth Chemical Wear)

(steel)

(load-carrying additive)
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(Sauffing) |

(Light Scuffing)

3m/s :
: (etching) (dlight scuffing)
(welding) (tearing) heavy scuffing
° : IGHTLY SCUFFED
LREAS -
. ; (extreme pressure
oil)
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(Sauffing) |

(Heavy Scuffing)

( adhesive wear)

(welding) (tearing)

G-9. (hypoid wheel)
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(Abrasive Wear) |

, 0.5um

: (three-body abrasion).1
: , two-body abrasion :

. : (tooth
flanks) :
(contaminant)

(cutting)
: (tooth tip)

: (casting

sand), shot-blast grit
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(Abrasive Wear) |

(Attrition)

(lapping)

(mesh)

(tooth profile)

(Flushing).

G-11.
(Spur gear)
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(Tooth Breakage) ]

(steel)
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(Tooth Breakage) ]

(end) (tip)

LIGHT SCUFFING
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(Tooth Breakage) ]

| (roots)

(blowhole),
(bruise), deep machining :
(inclusion)

(slow fatigue)
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(Tooth Breakage) ]

. (pitting)

(dedendum) (pits)

TTALINE OF PITS THAT
HAVE INITIATED
FRACTURES
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(Plastic Deformation) ]

. (steel gear) (plastic flow)

. ; (flash)
(knife-edge) (tip)
(hollow)
(swelling)
(end)

(burnishing)

(alignment)

G-16.

Intelligent Mechanics Lab., Pukyong National Univ.




(Case Cracking) ]

/

(radial crack)

(core strength)

HAaDAL CRACKS IN POLISHED
CONTACT ZOME

G-17. Worm whedl /
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2 : ;
: (eccentricity) (common factor)
1. (Gear Mesh Frequency)
1) (Fundamental Frequency: f=2ZN (H2)
Z: , N: (Hz2)
) ; (2) 43 (N) 1776 rpm (29.6 Hz), f=43X 29.6 = 1,272.8 Hz
(2) 99 N=f/Z=1,2728/99=12.86 Hz
2) (Harmonics) : 21, 31,41, .....
21 > f, 3f . Backlash
(1) backlash , (2) , (3)
: 2
f,2f 3f : runout
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(Fractional Gear Mesh Frequency)

n

1 2 ,
) (common factors) 2, 3, 5 :
1)
1/2f,13f 2/3f,1/5f 2/5f,3/5f 4/5f
2)

1121, 11/3f, 12/3f, 1151, 12/5f, 13/5f, 14/5f,

21/2f, 21/3f, 22/3f, 21/51, 22/5f,23/51, 24/5f
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|

( Hunting Tooth Frequency, HTF)

1)
2) HTF
HTF = 1/ (L/UX UN)
L : ,U: , N: (Hz2)
) ; ( 43 1776 rpm), ( 9 )
99 : 43
43 X 99/43 =99 43 X 99/99 = 43
1776 rpm , 1 0.0338 s,
3.34 (0.0338X99=3.345)
L=43X99, U=43, L/U=99, N=1776/60=29.6 Hz, 1/N=1/29.6 =0.0338 s
HTF =1/ (99 X 0.0338) = 1/3.34=0.299 Hz
) HTF

HTF
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G-1.

Sideband

Y 113, Ya

1,2,3

Backlash
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(Eccentric Gear)]

1)
2)
3)
4)

1)

(out-of —round), high place
(bent shaft)

( ): 25 20 Hz
115 20 X 25/115=4.348 Hz
(GMF) =25X 20=115 X 4.348 =500 Hz
5 (5X5=25 5X23=115), . 5, 23, : 115
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(Eccentric Gear)}

1/5, 2/5, 3/5, 4/5
5
1/5
500/5=100Hz = 5X 20 (
(5 :
(5, 23) :

) 23 5

bad place
(0,5, 10, 15, 20 ) :

(100, 200, 300, 400 Hz)

) =23 X 4.348 ( )

(115/23 = 5, 115/5=23) :

23
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(Eccentric Gear) J
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Ref)Vibration Consultants Inc., The Vibration L
. R=181.64 msac y=0.14 U E/N=B.5% Hz
Analysis Handbook.
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(Dryer gear) : Z =96
GMF =96 X 3.26 = 312.5Hz

(Idler gear): Z=52, N=312.5/52 = 6 .01Hz
Ya, % , ¥4 GMF . 77.5,155, 227.5 Hz,

, N =3.26Hz

. (2.75H2) : 309.85,
315.3, 318.05Hz

. (sdeband)  : 0.5Hz

2X -1X =
3.255-6.01=0.5Hz

. (306.05, 309.3, 315.85Hz
) (306.5, 318.55 Hz) :
GMF(312.5H2) ,

2X

Ref) Vibration Consultants Inc., The Vibration
Analysis Handbook.
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G-6. Zooming (20H2)
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. Backlash ]

IPS
0.70 :

°
oa

(Dryer gear) : Z=128 ,N=25Hz
c GMF=128 X 25=320Hz

. (Idler gear): Z=64 ,N=5Hz o
- 2GMF  : 640 Hz
* GMF 2 Backlash T 1
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(GMF) , 1X, 2X, 3X ,
1X>2X>3X . 2X Backlash
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(Spur gear)
: 1,800 rpm, : 0.0333 s, :0.0333 s )

1N, ) mnr

G-9.
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