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5. Numerical examples, prototypes, application

Fig. 5 and Table 1 present design, results of stress analysis and vibro-tesdng of the single, 

stage generator gear with standard helical and asymmetric spur teeth. Two sets of asymmetric 
gears were made in order to test both high and low pressure angle drive sides for a 
comparison. The two accelerometers were attached to the gear housing in horizontal and 
vertical directions in the plane of the bearings. The average vibration level was registered. The 

standard and experimental gears were carburized, heat treated (the surface hardness Re > 55), 
and the tooth surfaces were ground (AGMA Qll-Q12). 

The two-stage planetary gear reducer of the turbo-prop engine TV7-117 (Design Bureau 
named after V.Y. Klimov, St. Petersburg, Russia) for Ilyushin-114 plane (currently in 

production) has all gears with asymmetric teeth. The photos and the data of that gear reducer 

are presented in Fig. 6 and Table 2, respectively. 
In the planetary gear, the side of the planet gear teeth, that is a drive in the external mesh 

with the sun gear, becomes coast side in the internal mesh with the ring gear. It is preferred to 
have the high pressure angle contact in the external mesh and low pressure angle contact in the 

internal mesh because the internal gearing contact surface durability is significantly higher than 

in the external gearing. 
The pressure angles in the internal mesh of planet and ring gears are: 

• for drive sides:

(28) 

Fig. 5. The experimental generator gear data 
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Table 1 
The experimental generator gear data 

Maximum transmitted power (hp) 77 
Pinion (RPM) 27000 
Center distance (mm) C 74.25 
Gear set Standard Experimental 1 Experimental 2 
Pinion tooth number N1 17 
Gear tooth number N2 79 
Gear width (mm) w 22 
Helix angle ( deg) /3 14.5 
Coefficient of asymmetry k 1.0 
Pressure angle for drive sides ( deg) cpd 20.36 
Pressure angle for coast sides ( deg) c/Jc 20.36 
Contact ratio for drive sides mpd 1.37 
Contact stress (MPa) <le 1090 
Pinion bending stress (MPa) <lbJ 173 
Gear bending stress (MPa) <lb2 237 
Vibration level with frequency of the cycle of meshing (g) 7.7 
Pinion tooth elastic deflectiona (µm) b1 5_7b 

Gear tooth elastic deflectiona (µm) b2 5.1 b 

a Deflection of loaded tooth tip (without load sharing) calculated by FEA. 
b Determined for virtual spur gears (N1v = 22,N2v = 104). 
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where ¢ct 1
_

2 
is the pressure angle for drive sides in external mesh of sun and planet gears,

• for coast sides: 

(cos(¢ct ) )/4 
= arccos 2-3 

lf'c2-3 k 
· (29) 

Fig. 6. The two-stage planetary gear reducer with asymmetric teeth of the turbo-prop engine TV7-117 (left) and its 
first stage sun gear (right). 
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