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Abstract: As a key component of planetary transmission systems, the ring gear plays an important role in load
sharing and influencing the system’s dynamic load factor. The inherent flexibility of the ring gear can
significantly compensate for the transmission torque imbalance among planetary gears caused by manufacturing
and assembly errors. This paper presents a detailed analysis of the structural characteristics of flexible ring gears.

Comparative studies show that flexible ring gears exhibit superior adaptability compared to conventional ring
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gear, improving load sharing capacity and reducing dynamic load factors. However, this flexibility also introduces
certain drawbacks, such as unbalanced loading, uneven stress distribution, increased amplitude of loaded
transmission errors, and structural stress concentrations. The findings offer theoretical insights for optimizing
flexible ring gear design and guiding structural improvements in planetary transmission systems.

Keywords: planetary transmission system; flexible ring gear; meshing characteristics; structural characteristics;

dynamic performance
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Fig. 1 Internal and external gear modeling
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Table 1 Basic parameters of planetary gear train

K BH 56 s i/ LN Y] B AL/

LA 1 W BEUmm R M) 15 FE/mm . P mE A /N
(r-min") kW (N-m)
K FH%E 48 3.8 22.5 90 1128.0 2985.8 25278.7 60 003.2
TR 55 3.8 225 88 1128.0 2985.8 25278.7 60 003.2
eyl 162 3.8 22.5 88 1128.0 2985.8 25278.7 60 003.2
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Table 2 Conventional ring gear structure parameters

ZH B 58 Vi Bl S8 &5 i
LR 162 G JEE /mm 24
FEE /mm 3.8 J e kg 31.25
JEF1£6/(%) 22.5 BB /(kg - m?) 2.960 6
EXVEY 4 0.151 6 e Jal 1)
% P /mm 88

U E 2 B AL G A 1A BT B R 28 A% Bl iR 22 B 5 D 3h R AE X B8/ AR B 32 B e 1A O 52 AR TE 5 1A
VA f5e K2 fth 7 7 457 P9 5147 ) % B 247 I 5 DXL TR 5 1 8 PR 7 B ) 0 T 2 Ml I 3 9 447 5 00 B O3 A1 14 9
Ui At B 3 Al 2K, 55w R k7 g AR 22 B0 AT TR Ak R 3 9 Sl (R0 A TR AR S R

0.050 520 s10r
g 5001
R onl
\50.045 L g 480 § -l
B A 460 S
i P =
Eo =l 440t =
= 04001 § w0k #4490
" =
2; 400
003 03 0 15 20 B05 4 6 g 10 U0 5 10 15 20 25
A JET WA E VTG A 2R B HUS
(a) RBAL BhiRE (b) WG LB B KB (c) Bk & X G -A 2R Bk v 4041

2 fREREE AN

Fig. 2 Meshing characteristics of traditional ring gear
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Fig. 3 Variation law of loaded transmission error and contact stress with rim thickness
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Fig.4 Three-dimensional diagram of the main reducer and planetary gear train
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Table 3 Structural parameters of L-type flexible ring gear
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Fig.5 Meshing characteristics of L-shaped flexible ring gear
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Fig. 6 Von-mises stress cloud image

R4 EBEHRESETMEME NS

Table 4 Loaded transmission error and tooth surface contact stress analysis

S8 HR#F AL 8115 2% /mm T T B2 fil ;. 71 /M Pa
SN 0.322 59 518.4
11 0.306 07 486.8
HBhE 0.037 49 138.4/113.5
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Fig.7 Mesh characteristics of the flexible ring gear
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Fig. 8 Trend of contact stress of original “single tooth engagement zone” along tooth width direction with rim thickness
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Table 5 Comparative analysis of tooth surface contact stress (rim thickness)

GRS /mm LI - T -
B K fH/MPa EEE/MPa PR E A/ MPa  FK{H/MPa SEH{H/MPa P 2R (/M Pa
12 446.8 412.3 82.2 250.2 203.8 70.1
18 502.0 468.3 47.7 92.5 73.8 26.7
24 518.4 488.4 32.6 87.9 66.9 47
30 523.8 495.6 19.5 45.0 29.4 0
36 528.1 500.3 15.7 413 229 0
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Fig.9 Trend of loaded transmission error and contact stress with the length of extended ring
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Table 6 Comparative analysis of contact stress on tooth surface (length of extended ring)

S A 22 1% P 4 & /mm i KAE/MPa -4 {H/MPa W3 4 2 {5 /M Pa
22 519.2 486.4 34.1
40 515.3 487.5 353
58 516.5 486.7 32.6
76 516.9 485.8 345
94 517.1 483.9 38.7
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Fig. 10 Trend of loaded transmission error and contact stress with the thickness of extended ring
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Table 7 Comparative analysis of contact stress on tooth surface (thickness of extended ring)

S i 52 PE P JEL B2 /mm I K fH/MPa V¥ {H/MPa 1945 ¥ fit 2% A/ M Pa
4 517.0 487.4 34.9
6 516.9 488.0 34.6
8 515.6 486.2 33.1
10 515.9 485.8 335
12 518.7 483.4 32.6
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Fig. 11 Trend of loaded transmission error and contact stress with thickness of reinforcing ring
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Table 8 Comparative analysis of contact stress on tooth surface (thickness of reinforcing ring)

JsE PR R B /mm e KA/ MPa F-H#){H /MPa Wi 3t fiv 2 {5 /M Pa
0 513.4 470.1 75.5
3 512.5 4735 61.3
6 513.8 477.1 47.1
9 516.2 480.8 33.2
12 521.2 484.9 20.1
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Fig. 12 Trend of loaded transmission error and contact stress with length of reinforcing ring
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Table 9 Comparative analysis of contact stress on tooth surface (length of reinforcing ring)

JnaE K B /mm I KA /MPa -4 {H/MPa i vt fivs 2 {5 /M Pa
22 510.5 476.7 35.6
33 512.2 478.8 32.8
44 516.1 482.5 32.6
55 519.4 482.4 353
66 522.7 483.8 39.6
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Table 10 Error setting of each component

LOREE it 02 12 25 /um i 0> 1 25 £1/(°) AR ZE [um WRARZESI(°)
K BA % 6 1/6 7 1/6
A ] 9 1/5 8 1/5
2il 6 1/3 6 12
Ai2 8 1/3 7 12
B3 5 1/3 8 12
B4 9 1/3 7 172
RS 7 1/3 9 12
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Fig. 14 Load sharing of system each branch (flexible ring gear)
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Fig. 15 Dynamic load factor of system each branch (traditional ring gear )
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Fig. 16 Dynamic load factor of system each branch (flexible ring gear )
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Table 11 Comparison between system load sharing and dynamic load factor
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