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Fig. 1. High frequency structure.

F 1 LIEBATHEER CEBATHRE M HESE
Table 1. L-band and C-band TWT beam parameters.

ZH TAEHEE/V  H/mA  HFERSE/mm

L BT 3200 135 1.0
C W BATIE 2840 170 0.5

#£2 LIEBATIE M C I BATIRE M= is
Table 2. L-band and C-band TWT dispersion parameters.

ZH PE/GHz H— A #EME/Q #i/dB-m—!

1.4 0.093875 192.822 4.18911
L N
/#?ﬁii 2.8 0.087175 20.8576 13.8447
1T
4.2 0.083819 8.26320 19.9298
5 0.085772 52.7915 23.9855
C N 1S
/A{ﬁf): 10 0.081998 1.64872 51.2463
ITRE
15 0.081482 0.04766 77.5900
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Fig. 2. Power versus axial distance for Lagrangian beam-
wave interaction theory and Eulerian nonlinear theory
considering (L-band TWT).
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Fig. 4. Phase versus axial distance for Lagrangian beam-
wave interaction theory and Eulerian nonlinear theory

considering harmonic interaction (L-band TWT).
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Fig. 3. Gain versus axial distance for Lagrangian beam-
wave interaction theory and Eulerian nonlinear theory

considering harmonic interaction (L-band TWT).

088401-5

5 Fkg B RIS ARA b 5 R U B A R R 2R A
FRV i 1S T A Rl 0 AT (C BBRAT )
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wave interaction theory and Eulerian nonlinear theory

considering harmonic interaction (C-band TWT).
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Fig. 6. Gain versus axial distance for Lagrangian beam-
wave interaction theory and Eulerian nonlinear theory

considering harmonic interaction (C-band TWT).
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Fig. 7. Phase versus axial distance for Lagrangian
beam-wave interaction theory and Eulerian nonlin-
ear theory considering harmonic interaction (C-band
TWT).
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Fig. 8. Gain comparison for Lagrangian beam-wave in-
teraction theory model and Eulerian nonlinear theory
considering harmonic interaction at 1 dB gain com-
pression point for different harmonic frequencies in the
L-band helix TWT.
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considering harmonic interaction at 1 dB gain com-
pression point for different harmonic frequencies in the
C-band helix TWT.
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Abstract

Traveling wave tube amplifiers are one of the most widely used vacuum electronic devices which are employed
in various applications, in the areas of such as radar, wireless communication and electronic countermeasures system.
Among traveling wave tubes, space-borne helix traveling wave tubes which are of high power, high efficiency, high
reliability, long life and radiation hardened, are extensively used in satellite transmitter, data communication system and
global positioning system. With the rapid development of the multiphase digital modulation schemes, communication
systems are placing greater demands on the output power, electronic efficiency and nonlinear distortion characteristics
of space-borne helix traveling wave tubes. However, the nonlinear beam-wave interaction will lead to the generation
of harmonics, and thus reduces the output power and electronic efficiency. The harmonics can also act to create beats
with the fundamental wave, and thus generate these beat frequencies which are commonly known as intermodulation
products. As a result, the bit-error-rate will be increased and the system performance will be compromised. Therefore,
the generation of harmonics is of significant current interest in space-borne helix traveling wave tubes. Understanding
this effect provides a strong motivation for nonlinear analysis of a helix traveling wave tube. In this paper, a continuous
electron phase distribution is obtained by treating the discrete electron beam as a charge fluid based on the Lagrangian
theory. Then, to obtain a nonlinear Eulerian theory considering harmonic interaction, the electron phases in Lagrangian
theory have been expanded into a series of harmonic components. Considering the Oth component and 1st component of
the electron phases only and integrating over the initial phase distribution with the help of the relation of Bessel function,
the nonlinear Eulerian theory considering harmonic interaction is established. The nonlinear Eulerian theory considering
harmonic interaction is compared to a Lagrangian theory on a set of traveling wave tube parameters which are based
on a single section of L- and C- bands traveling wave tubes. It is found that the nonlinear Eulerian theory considering
harmonic interaction agrees accords well with the Lagrangian theory before the saturation effect occurs. But, it begins
to make a difference near saturation point where the electron overtaking happens. The maximum error in gain between
the nonlinear Eulerian theory considering harmonic interaction and the Lagrangian theory is less than 4% at 1 dB gain
compression point. So the present nonlinear Eulerian theory considering harmonic interaction can effectively describe
harmonic generation at 1 dB gain compression point. The simulation results validate the correctness and effectiveness
of our nonlinear Eulerian theory considering harmonic interaction. In futuristic future efforts, it is hoped that the
present nonlinear Eulerian theory considering harmonic interaction may provide insights into the behavioral mechanisms

of nonlinear effects in space-borne helix traveling wave tubes.
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