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Analysis of Limit Cycle of Dynamic Model of
Linear Range Extender Based on Describing
Function Method

WANG Zhe, LIN Lianlion , ZANG Pengfei, SUN Chenle
(Clean Energy Automotive Engineering Center, Tongji University,
Shanghai 201804, China)

Abstract: According to a simplified dynamics model of the
linear range extender, the limit cycle of linear range extender
was studied in frequency domain by using the describing
function method. The nonlinear part of the linear range
extender dynamics model was described by using the
describing function, and the existence, quantity and stability
of the system limit cycle were analyzed by using the image of
the describing function and the frequency response function.
Then the approximate frequency and approximate amplitude of
the limit cycle were obtained. This method can also explore
the influence of parameters of the linear range extender on
the frequency, amplitude, and relative stability of limit
cycles. Finally, the analysis results were verified by the
experimental data of a prototype. The results show that when
the system parameters are appropriate, the linear range
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extender has the only stable limit cycle in the physical
constraint range, and the fuel injection quantity and the
electromagnetic force load have influence on the frequency
and amplitude of the limit cycle; the amplitude of the limit

cycle is related to its relative stability.

Key words: linear range extender; limit cycle; describing
function; existence; stability
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Fig.16 Prototype of linear range extender
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Fig.17 Contrast of test and simulation results
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Tab.2 Comparison of experimental and calculated

results for limit cycle frequency

N I B4 S 31/ Ha AT
" REss R HELER wE/%
—160 27.72 26,11 5.81
—190 29. 04 27.71 4,58
—220 30. 58 29,14 4.71
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Tab.3 Comparison of experimental and calculated

results for limit cycle amplitude

Foo/N 76 Y 23R H/mm IR AT
" REss R HELER RE/N
—160 24. 56 26. 00 —5. 86
—190 24.53 26. 50 —8.03
—220 24,54 26, 90 —9,62
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