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Abstract: In order to reduce the degree of blockage, strictly control the equipment size of a large-
scale continuous transsonic wind tunnel double rotating shaft mechanisms, a small volume, high torque and
high transmission accuracy reduction unit for heavy duty double rotating shaft mechanisms was developed.
By comparing the common precision deceleration methods such as involute planet, cycloid-pin, harmonic
and worm gears, the precision heavy duty transmission method of RV and NGW planetary reducer in series
combination was put forward. Optimization design of the planetary reducer and strength analysis of key
components were conducted based on ISO 6336, sequential quadratic programming algorithm, and finite el-
ement method. The return difference and transmission errors of the planetary transmission unit were calcu-
lated, and precision theoretical analysis of the reducers was performed. Among them, the processing and
assembly of small backlash planetary transmission were the key technology . breaking through the precision
machining of internal gear ring and planetary carrier, gear heat treatment deformation control and high-
precision grinding, as well as the whole complex structure assembly adjustment technology. The dedicated
test rig was developed to evaluate the transmission performances of the current precision heavy duty re-
ducer, followed by validation in the wind tunnel, confirming that the manufactured reduction unit meets the
requirements for applications in a large continuous transonic wind tunnel double rotating shaft mechanisms.

Key words: wind tunnel; double rotating shaft; precision; heavy duty; RV reducer; planetary trans-
mission
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Fig.1 Installation of double rotating shaft mechanism
and its precision heavy duty reducer in large

wind tunnels
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Tab.1 Main technical specification of rear axle

precision heavy duty reducer
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Fig.2 Precision heavy duty reduction transmission

scheme for rear axle
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Tab.2 Basic parameters of a certain type RV reducer
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Tab.3 Transmission ratio distribution
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Tab.4 Main parameters of NGW planetary reducer
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Fig.3 Design drawing of rear axle precision heavy

duty reducer
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Tab.5 Geometrical accuracy parameters of rear axle

planetary reducer gears pm
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ks F, 11.0 14.0 27.0

+ 2428 -

22 0.08 mm ; 17 52 il K 5 17 B2 B8 Bl 7K AR ORG B A
RTPSHLIFBART C249 .

Ve S R 0l 22 B 55 B A0 B i 6 R R
% 180 6876
1000mz =

He Il 22 5 B NGW 47 2 58 & 190 B OC & He
SRR R B AT R A R 122 Baow s RN

Buow =500 (ot )=

Mz Ixcw

B=

X 60 (13)

6.876
3.75 X 31 X 5.419

B g o 285 h A B A7 2 0 R ANAT B2 5 - 1 1 1
F) 852 R 8 J 00 ISR o A L2 S A A 19 K R 100 e

i 2 A0, RV 980 A5 145 ) (8] 22 Bl B KAH
A1 arc min, WX F 5 #5584 . RE W
M2 B, A

B,= Bxew T BRV/iRV =1.906 4+ 1/5.419=
2.091 arc min << 3 arc min

s 5 05 TV L a4 [ 4 A i 0 F A
W T B 1 25 5 R 2 ) KR . FAE SR SR IR 2
S W T 85 B JLART A5 0 2 3R 0 5 B 1 3 1
2 T £ M g /I JE IO 158 2% il 14 T 358 2% A 5 5 22
SRR, TR — I TR e LR 2 A A 2 1
315 FBL A LS fl 28 5t R,

T'Z%(F,'*f,/)sinHJr%f}'sin(zﬁ) (14)

X(74 + 92+ 8.6)=1.906 (arc min)

S0 W MBS RO, zﬂe@ﬁmﬁﬁ;%m’—

£')sin m% T DR 5 R

O e B T 3R 25 T 3 R 5 T 14 48 S5 B [l 7%
HhC 0T B R JE e B D L R YT I R A A L
i i L o FHUA 8 LS il 2 ) A TR) B e | 147 2 2 b
AR BB e, AR AR 1] [B] B o5 2H B, R IA R

T”Zzs:eksinﬁk (15)

A0, 18] AR A

PR UGBS AR 22 T, 32 1 F8 ] kR 25 e
BRZE R, H

T,=T+T (16)

— X 1 IR 22 o, e AH B A 1 R L
[F 45 . BR
T, T,

Ty
KA T T 50 50 R 328 N B AR B 1R 25 5, S DN BB 19 43
R AR

WA A% 3R 25 o Sl ok A% 3l HKs 2256 14 56 R
MR 22 BRI 2 B AW R T =AW A

¢:.¢1 +£+...+@+¢n (18)

Ly—1 Ly—2 1y

®, (17)



R AR IR XU S AL ALY 2 o B e I o b —— M e KIR IMIEFR 4§

o, J S n X IG SRR AL BB 25 54, AR n—2 AN
) a— 1R ER LS T

F 48 X (E 5 3T 5 AL Bk 22 A 5 IR R A AL
Ff1 55 1] B AR AL AR LR CH A 2R 22 04 BE LR 52 i L 1
A i Rl 3k 1% 22 I IC 1% 22 73 30l R

1

Tr;ax:ﬂg<F,.’—f,'>+%ﬁ’J:F,’ (19)

3
T =20 (20)
k=1

1R RS R A R IR 6 Bim
R6 EWMITRREBEDIRE

Tab.6 Rear axle planetary reducer transmission errors
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Fig.8 The reducer test rig
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forward and reverse rotation
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different loads
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mechanism under wind tunnel test
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