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Design and Its Influence Evaluation of Gear System
Considering Vibratory Torque
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ABSTRACT

The gear system is commonly applied in the marine propulsion shafting system using the diesel engine with the
power take off/in system and it also is necessary to reduce propeller revolution increasing the propulsion efficiency.
The diesel engine has the advantage more than other thermal engines in high thermal efficiency and mobility. But
the large vibratory torque which induced by higher combustion pressure is transmitted to these gears. In this paper,
the surface durability and bending stress of gear system considering vibratory and transient torque is evaluated by
ISO and AGMA regulation. And the influence of these in gear design is investigated with the theoretical analysis

and onboard measurement result of torsional vibration.
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Table 1 Application factor K 4, for gears

Application Connection method K,
Diesel engine with hydraulic 10
Main or electromagnetic slip coupling '
Propulsion | Diesel engine with high elasticity coupling] 1.3
Diesel engine with other coupling 15
Electric motor, diesel engine with 10
Auxiliary | hydraulic or electromagnetic slip coupling |
gears Diesel engine with high elasticity coupling] 1.3
Diesel engine with other coupling 14
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Fig. 1 Dynamic factor K , for helical gear
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Fig. 2 Dynamic factor K  for spur gear
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Table 2 Life factor Z y for gear
Material” No. of load cycles | Life factor Z
StV N < 6XI(°, Static 16
GGG(perl. bain), | N = 10; 13
GTC(perl)Eh, IF [ M. = 10 1.0
2 No= 109 () 0.85 (1.0)
St, v, N. < 10°, Static 16
GGG(DEI'] bam.), NL = 5X107 1.0
GTC(per)Eh, IF P
2 M= 10° (P) 085 (1.0)
GG, GGGlferr). | ML < 10°, Static 13
NT(nitr.) N= 2 10
NV(nitr.) No= 100 (%) 0.85 (1.0)
NL < 6x10°, Static 11
NV(nitrocar.) No= 2x00f 10
No= 100 (%) 085 (1.0)

1; See Fig.3 for explanation of abbreviations used
Only when a certain degree of pitting is permissible

3)

and experience

Optimum lubrication, material, manufacturing

Fig.3 Life factor Z y of ISO 6336-2

for standard reference test gears
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Table 3 Life factor Y y for gear

Material” No. of load cycles | Life factor ¥
v N. < 610" Static 25
GGGlper]. bain), | Ny = 3« 10
GTClperl) N= 10° (?) 085 (1.0)
Ny < 10°, Static 16
Eh, [F(root) N = 5x107 10
N= 109 (2) 085 (10)
St, N < 10°, Static 16
NT, NV(nitr.) NL = 3x10° 1.0
GG, GGGferr) I N, = 100 () 085 (1.0)
N < 10° Static 11
NV 6
(nitrocarburized) |— 310 10
No= 100 () 085 (1.0)
U Gee Figh for explanation of abbreviations used
) Optimum lubrication, material, manufacturing
and experience
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Fig. 6 Vibratory torque of reduction gear in ship A Fig. 7 Vibratory torque of reduction gear in ship B

Table 4 Specification of 6L23/30AK propulsion engine

Type Hasse 690/80 ]
DiaxWidth 630 x 80 mm 49

g:;pg Damping coeffi. | 2900 N-m-zs/rad f 02|
Ring inertia 581 kg-m £ ool

Weight 159 ke i

Type Geislinger 48/5/81N g j

. Torsional stiffness | 150 kN - m/rad. ]

Elastic — 6 . i ' . . . ,
coupling Zﬁgﬁ:ﬁg ntf;;'ue Abt 30 and 7 kN - m °© w 2’°M$M_)‘“ s e ™
(Ship A)

Constant kappa |0.3~0.7 . . .
- Fig. 8 Vibratory torque of reduction gear
?‘m"al torque ;%:TI;N(;SQI at full load and 900 rpm in ship A
ype
i Torsional stiffness | 50 kN - m/rad.

Elastic —
coupling g{el;%i:g; T;’;ue 190 and 31 kKN -m .

(Ship B) Constant kappa |0.143 ]

Nominal torque |125 kN -m o 01
Type 61.23/30 ‘gg oo
Cylborexstroke | 225 x 300 mm g
Power at MCR | 1,305 bhpx 900 rpm g o1
Pmi at full load | 204 bar

Engine |Nominal torque |10.2 kN-m ]

(Ship A | Recipro. mass | 46.0 kg/cyl ° ® W 2;‘)@““3::‘,(0”.)4;0 w e

and B) | Firing order 1-5-3-6-2-4

Dia. of crank shaft | 220 mm Fig. 9 Vibratory torque of reduction gear
Conn. ratiolr/) | 0.250 at zero load and 900 rom in ship A
Minimum speed | 350 rpm
Weight 11.5 ton
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Fig. 10 Vibratory torque of reduction gear
at full load and 900 rpm in ship B
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Fig. 11 Variable torque of reduction gear
during clutch engage of ship B
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Fig. 12 Impulse torque in the transient condition
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Fig. 13 Torque variation of reduction gear
with Geislinger coupling by impulse torque
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Fig. 14 Torque variation of reduction gear
with rubber counling by impulse torque
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Fig. 15 Torque variation of reduction gear
with rubber block by impulse torque
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Fig. 16 Instrument set-up and measuring positions
for torsional vibration test
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Fig. 17 Angular displacement amplitude of fly wheel

during clutch engage in ship B
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Fig. 18 Twist angle between flexible coupling fore and
aft during clutch engage in ship B
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Fig. 19 Propeller speed during clutch engage in ship B
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