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Modeling and characteristic analysis of engaging process during gear

shifting of mechanical transmissions

CHEN Hong-xu, LU Zi-wang, WANG Li-jun, TIAN Guang-yu
(State Key Laboratory of Automotive Safety and Energy. Tsinghua University. Beijing 100084, China)

Abstract: The engaging process of engaging sleeve and clutch gear is the key phase influencing the
gear shifting performance of mechanical transmissions. During an engaging process, collision
occurred when engaging sleeve and clutch gear contacted at the end of the tooth chamfer, their
relative speed suddenly changed, and their coupling relationship and dynamic equations also
changed. In order to obtain an accurate mathematical model and characteristics of the engaging
process of mechanical transmission, a hybrid automaton model was built to describe the engaging
process through multi-body dynamics theory and hybrid system methodology. In this model,
three sets of differential equations were built to describe the dynamic characteristics of engaging

sleeve and clutch gear under different coupling relationships during an engaging process. Poisson
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recovery coefficient was introduced to build four sets of difference equations to describe the
rotational speed of clutch gear, the axial movement speed of engaging sleeve and the sudden
change of rotational speed during the collision process. Based on the hybrid automaton model,
simulation analysis was carried out in the MATLARB environment. The trajectories, the engaging
duration and the maximum impact of engaging sleeve and clutch gear during their engaging
process were obtained. The effects of the shifting force and the initial rotational speed and
position of engaging sleeve relative to clutch gear on engaging performance were analyzed. The
results show that the relative position of engaging sleeve and clutch gear has significant effect on
the engaging duration and the maximum impact. If the rotational speed difference of engaging
sleeve and clutch gear is within limit, the engaging duration is relatively short, and a big
rotational speed difference will cause an exponential rise of engaging duration, a bigger rotational
speed difference of engaging sleeve and clutch gear will cause a bigger engaging impact. When
increasing the shifting force, the engaging duration will shorten but the impact will increase.
When designing the control system of automated mechanical transmission, the optimal shifting
force, relative rotational speed and position should be adopted as control parameters to shorten
power interruption time and reduce shifting impact according to the gear shifting characteristics of
mechanical transmission. 1 tab, 7 figs, 25 refs.

Key words: automotive engineering; engaging process; numerical simulation; impact; hybrid sys-

tem; rotational speed difference; relative position
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Tab.1 Configuration parameters of mechanical transmission
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Fig. 2 Abstraction of engaging process of engaging

sleeve and clutch gear
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TR I T 3D J) B2 K H e B AL H Tk

REL , RI=A B2eE.F H
CPHESURMEE K2 LA TR BT 7% 710055)

i EAMEEHBEmIIRY BT AHKEIRB T, D EAMET QR EHE IR AL
ZHERPREAMEG A R R AR THES EEL R A dhdsim T 3D 71 RAME F ik,
Araf A& 3D 7] BAME e G Sz A e S B M E e T 3D 7 RAMEWAME R & 5 AMEE 7T
e AR THEFTARFEATFHNE KA (UGO WM EAE, 23T 54 745 %X S
H.EATUGWHEAREAAMBENIESLTHELCA WA EENG T Z X4, K#E SIE-
MENS 840D #4x 2 4 %I 3D 71 AAME K FHEH (NO AKX ZE R, A ERFELHE S L
IR AP, @it e E ) F R E ARG ARGk, A T4 &% H IMSpost(Jg &
HERRBE) T ERTRBOEEREFTEIAATEABLELEZE . A5KRT LA 3D 71 L4t
xR E15 809 NCEF, AT ASMSE VERICUT F & 25 RE T 0UTF EARvt 4645 A An T 09 25 R it
fratre, SREAN S DARBERLART TN, RAR B G T EfF Ly LA 3D 7 LA4MED
e E AR BAKEBG NCES, TAF M T EAEG R IELZEH AL 0.l mm AT, LTI
Z ARG T BA AT e T e R 8 % T 1 B BEBUE K A T B RS BOE SL R A W it
WA B (CAM) AR EH AR LN AR BARFEERLG LI TE BIET IR HEY
WEARL B F QG R0 B LR,

KPR AR LA A m ;3D 77 BAME AME R B3 A2 S AR RHITF AR B ELAR
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Method on five-axis CNC machine 3D cutter

compensation and post-process

CAI An-jiang, SONG Ren-jie, DU Jin-jian, LI Lin
(School of Mechanical and Electrical Engineering, Xi’an University of Architecture and Technology.,

Xi'an 710055, Shaanxi, China)

Abstract: In five-axis machining, as the tool axis vector changes, the tool compensation direction
can not be determined resulting in the problem that the tool can not be compensated in the three-
dimensional space. In order to solve this problem, a 3D tool compensation method for five-axis
CNC machining was proposed based on pre-processing and post-processing. For numerical control
systems with the 3D tool compensation function, the vector calculation equation about
compensation vector and cutter location point coordinates after compensation in five-axis 3D tool

compensation was derived. By creating the function which controls the cutter location file format
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