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Analysis and Simulation of Kinematics and Dynamics of Throttle Device for
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Abstract: The throttle device is an important apparatus for engine control on civil aircraft, and performing
kinematics and dynamics analysis of it is the theoretical basis for throttle device design. Firstly, the
mechanism is simplified and the kinematics and dynamics mathematical model of throttle device is established
according to the motion principle. Secondly, kinematics and dynamics simulations are carried out according to
the mathematical model established above to obtain the displacement, velocity and load characteristics of each
component of the throttle device in manual and automatic operating modes. Taking the throttle device of
specific type of aircraft as an example for simulation, the results show that the simulation error of the throttle
angle resolver is no more than 2.3%, the force on the friction clutch and the forward/reverse lever driving
torque change in a quadratic curve, and the driving torque of the throttle servo motors changes linearly,
reaching a maximum value when the motor starts. Further simulation shows that the change in the length of
the control rod of the throttle device has a significant effect on the relationship between the angular

displacement of the resolver and the forward lever, as well as the friction clutch force and torque. The

Yo% B 8 :2024-11-07; 1817 H #3: 2025-05-03

BEAEE MRS Lo W Rl E-mail : 8495472@sina.com.

IR R WK S, 05 =3, 5% RN B2 3% 5 12 it SO07ELT] il = ik KE#Mm (A
SRBLF IR ), 2025,57(5) : 941-953. YANG Jiaxing, CHEN Yonggin, SU Sanmai, et al. Analysis and Simulation of Kine-

matics and Dynamics of Throttle Device for Large Passenger Jet[ J]. Journal of Nanjing University of Aeronautics &. Astro-
nautics( Natural Science Edition), 2025, 57(5) :941-953.



942 BRI MR Rz R (A R B 22 D

557 %

research methods and results of this paper can provide reference for large passenger jet throttle device’ s

kinematic and dynamic analysis, structural design, and selection of throttle servo motors.

Key words: large passenger jet; throttle device; throttle lever; angle resolver; analysis and simulation of

kinematics and dynamics
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Fig.1 Throttle device and its install position in cockpit
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Fig.2 Physical picture of throttle device

B2 i )R, 45 A 46 6 T2 B AR 452
NG L TR (LG IEHE I FF 5 R I FF) 4R 9h
HERT BRI T 2R DL B T B AR 1 R
R AL DR A R ) 2 R (S R A e
R f BE B ) LA S T 14k . Hodr i 1 A8
JEE A SR AR AZ O R SRS AT R L T T A
LA 5 45 & Bh L, DA AR Sk % sl WL 0 4 0 458 i 48
A LT o — 2 38 ik il B AR K 1 O
T TR E R R S A LR S

BEXT L 200 1) 2 S, DLAS G — B H X FR A
B — T TR A G A T ) A A D
fai I, an & 3 F 7 o



% 5

W %, 5 RAVE ML ] 2 32 8l 2 5 80 ) 2 o0 W 5 05 B 943

I—IEHE ST, 2—IRHEFIAT; 3—HRGNEAT; 4—F8; S—M T R4
6—MESJERT; 7—EIEES G438, 8— [ J AL HIAT; 9—HhAw;
10—HL T M 11 —BEEES A8 12—l 1A BEAR AN,
13—k S8, 14—fAl AR B AL

3 U g S B K

Fig.3 Structure schematic diagram of throttle device
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Table 1 Correspondence between throttle lever angle

and resolver angle "’

Description TLA RLA TRA

Out of range low 0.0 — >3.0
Aft mechanical stop 0.0 109.0 6.0
Maximum reverse thrust 0.0 103.8 8.0

Reversepart-power (number2 0.0 978 10.3

detent)

Reverse ldle 0.0 62.2 24.0

Thrust reverser interlock block 0.0 56.5 26.0

Ldle stop rig point 0.0 0.0 36.0

Ldle flat upper end 2.4 0.0 38.0

Maximum climb thrust 44.0 0.0 72.0

Maximum takeoff thrust 52.0 0.0 78.0

Maximum forward thrust 58.3 0.0 82.5

Forward mechanical stop 60.6 0.0 84.0
Out of range high >65.4 0.0 >87.0

All values are indegrees

F2 ERENRSETRERERAUBHERE
Table 2 Angular simulation error of the resolver at for-

ward thrust

TLA/() A ES I
BORME/ () PTEAE/ ()

0 36.0 36.00 0

2.4 38.0 38.02 0.1
44.0 72.0 72.00 0
52.0 78.0 78.00 0
58.3 82.5 82.46 0.1
60.6 84.0 84.00 0

R3 RENRSTRERERAUBHERE
Table 3 Angular simulation error of the resolver at re-

verse thrust

TRA s

RLA/(?) SR () i HiR 2/
109.0 6.0 6.105 1.8
103.8 8.0 8.127 1.6
97.8 10.3 10.290 0.1
62.2 24.0 23.390 1.6
56.5 26.0 24.660 1.3
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forward thrust lever angular displacement variation
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ic mode for different thrust control rod lengths
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