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External Periodic Excitation Control of Gear Transmission Systems
for Safety-Attraction Basin Erosion and Bifurcation
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Abstract: In response to the instability problem caused by the coupling of strong nonlinear factors such as
time-varying mesh stiffness and backlash in high-speed heavy-duty gear systems, an external periodic excitation
control strategy was introduced, to establish and numerically solve a dynamic model for single-degree-of-free-
dom gear transmission systems. With the cell mapping method, the effects of control parameters on the erosion
and bifurcation transition process of the system safety-attraction basin, as well as the evolution law of the at-
traction domain proportion p, were quantitatively analyzed. Based on the Floquet multiplier analysis, a quantita-
tive mapping relationship between the doubling coefficient, the excitation amplitude, and the bifurcation
threshold, was established. Combined with the system phase diagram and the Poincaré mapping diagram, the
stable control mechanism realized through reconstruction of the phase space topology under external excita-
tion, was revealed, and the control mechanism of key control parameters on the global stability transition of the

system was quantitatively elucidated. The results shows that, the low-frequency excitation can easily induce
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high period attractors, leading to motion boundary instability; the high frequency excitation can trigger safety-

5l

L W

attraction basin erosion and bifurcation, where the P3S attractor is stable and the P2S attractor undergoes in
=]

verse doubling bifurcation to transition to the P1S single period safe orbit; and the reverse excitation amplitude

will destroy the system stability, while increasing the forward excitation amplitude can accelerate the stabiliza:

tion process, ultimately achieving full coverage of the P1S attraction domain. The research provides a theoreti

cal support for vibration suppression, parameter optimization, and safety design of gear transmission systems

Key words: gear transmission system; nonlinear dynamics; vibration control; safety-attraction basin
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x —d, x=d,
f(x) =10, -d<x<d, (2)
x +d, x<-d.

B BN AR L Bl A A A

Fig. I Nonlinear dynamic model for the single-degree-of-freedom gear
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Fig. 2 The erosion and bifurcation process of the safety-attraction basin with the change of doubling coefficient b
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Table 1  Geometric parameters of gears
gear number of teeth gear module/m  pressure angle/(°) pitch radius/m quality/kg moment of inertia/ (kg m?)
drive gear 20 0.002 4 20 0.024 1.081 6.24x107*
driven gear 90 0.002 4 20 0.108 15.372 1.09x107!
F2 BAEWG|GEAREYIA
Table 2 Safety-attraction basin label details
number of cycles P1 P2 P3 P4 P5 P6 P7 P8 chaos
safety-attraction basin black orange white yellow purple blue pink green grey
attractor ([ b3 A + * ] * * —
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Table 3 The distribution of p-values for the proportion of attraction zones in the safety-attraction basin

b P safety-attraction basin Floquet multiplier
/9 pav = 0.3199,p,5 = 0.642 1,p,s = 0.037 8 P3U,P4S,PNS (-0.479 3+0.000 0i,-1.441 8+0.000 0i)
/8 Py = 0.3333,py5 = 0.643 1,pys = 0.0236 P3U,P2S,PNS (-0.482 1+0.000 0i,-1.433 1+0.000 0i)
w7 pay = 0.446 0,pys = 0.5129,p\g = 0.041 0 P3U,P2S,P8S (-0.501 9+0.000 0i,—1.376 8+0.000 0i)
/6 p3s = 0.408 7,p,s = 0.5913 P3S,P2S (=0.605 9+0.000 0i,-1.140 5+0.000 0i)
/5 p3s = 0.4355,p;s = 0.499 9,pes = 0.064 5 P3S,P1S,P6S (-0.549 1+0.624 1i,-0.549 1+0.624 1i)
/4 pis = 04625 ps = 0.537 3 P3S,P1S (-0.728 9+0.399 6i,-0.728 9-0.399 6i)
w/mw pas = 0.341 9 p,s = 0.658 1 P3S,P2S (-0.530 6+0.000 0i,-1.302 4+0.000 0i)
/3 pis = 0.304 4,p, = 0.695 6 P3S,P2S (-0.524 1+0.000 0i,-1.318 4+0.000 0i)
/2 pis = 0.149 7 pis = 0.850 3 P3S,P1S (-0.828 0+0.074 2i,-0.828 0-0.074 2i)

BERI AR b WK, R L e B s X R Il W5 | T 2 M) 1,3 FEPIE , R4 Floquet £2
SE TS A W A i EEE M, b TE w/6~ /5 ZIAAFAE Floquet T M (—1,0) Zid 807, R &8 & A A5 A 4
JalUIfi e AR WS R AR A 0 2 PR E AR B IRZS 136 3 Wl L b A8 /3 ~ /2 Z [, Floquet 765~ M
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Fig. 3 The phase diagram and the Poincaré mapping diagram with the change of doubling coefficient b
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Fig. 4 The erosion and bifurcation process of the safety-attraction basin with the change of excitation amplitude a
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Table 4 The distribution of p-values for the proportion of attraction zones in the safety-attraction basin

a p safety-attraction basin Floquet multiplier
-1.0 pw = 1.0 PNU (~0.466 3+0.000 0i,—1.481 8+0.000 0i)
-0.2 Py = 0.367 1,p,s = 0.629 3 ,pys = 0.003 6 P3U,P2S,PNS (~0.493 0+0.000 0i,~1.401 5+0.000 0i)
0.30 pis = 0.1497,p;s = 0.850 3 P3S,P1S (-0.828 0+0.074 2i,-0.828 0-0.074 2i)
0.40 pas = 0.030 7,p,c = 0.969 3 P3S,P1S (1.000 0+0.000 0i,0.691 0+0.000 0i)
0.42 pss = 0.0109,p;s = 0.989 1 P5S,P1S (-0.677 9+0.481 1i,-0.677 9-0.481 1i)
0.43 pis = 1.0 P1S (-0.653 6+0.513 5i,-0.653 6-0.513 5i)

BE IR A o 3K, RG0IE g 1) 24 XIRFE AR W5 | 76 250 1 Bl R @ 53 R 4 Floquet
T T, K B ZR G5 5 AE (R 20 BN [5) [) B E AE BE IR NS RN e e e 38 4 T L, @ =0.40
i, Floquet 3f€ 124 ( 1.000 0+0.000 0i,0.691 0+0.000 0i) , R & AE 2k 434, 16 B ka2 1y R4 1 37,

2 [ 2
1 :
a ‘
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_l |-
_3 _2 1 1 1 1 _2 1 1
= 1 3 = 0 2 ~2 0 2
X X X



494 A I G SR | M = 2026 4 i 47 &

2
| 0.4 02r
x0r .
X -04r X -02F
_2 1 1 1 _1 '2 1 1 _0.6 1 1 1
-2 0 2 -2 0 2 0.6 0.8 1.0
X X X
(d) a = 0.40 (e)a = 0.42 (f) a = 0.43
B 5 WhRME o AL K Poincaré BLET K]
Fig. 5 The phase diagram and the Poincaré mapping diagram with the change of excitation amplitude a
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