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Abstract

Abstract

With the high-speed development of automotive industry, the demand
and required precision of gear is improved. It is of great practical signifi-
cance to get high-precision gear with high-efficiency and low-cost through
the research and development of novel gear precision forming technology.
To put the cold forging process of spur gear into practice, some key techni-
cal issues are studied.

“ 9.

A forging process with punch end surface in “~~~—” shape and
counter punch end surface in “~—~7” shape is put forward, the corner fill-
ing is improved and the forging load is decreased. A general good agree-
ment is found between simulation and experimental results throughout the
study. Firstly, the method of combination of orthogonal experiment design
with numeric simulation is used to optimize the forging process with four
die design key parameters, and the forging load is decreased 18 % compared
with the conventional scheme. Secondly, the idea of floating die is intro-
duced and the forging load is decreased 26 %. Finally, to control allowance
for finish caused by the wave-shaped punches, grey relational analyzing
method and fuzzy logic reasoning technique are used to find the optimal
group of design parameters for wave-shaped punches which can minimize
both the forging load and the allowance for finish.

The hypothesis of rigid-parallel motive flow mode (RPM flow mode)
is given, and it is verified by the results of numerical simulation and physi-
cal experiment. Compared with the conventional flow mode, the deform

force and energy of gear forming in the RPM flow mode is reduced. The
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RPM two-step forming method is put forward and the method of design
preforming gear profile is introduced in detail. Based on the RPM mode a
novel specific gear forging technology is put forward by introduced impact
extrusion process and constrained divided-flow technique; The effect on
forming load of two process parameters (the height of gear tooth after pre-
forming and friction coefficient) is analyzed, and the sensibility to the flow
distance and friction of forming process is reduced effectively; Compared
with the conventional forming process, the forming load of novel process is
reduced 35% , and the load is reduced 42 % after the use of asymmetric die.
Design key parameters of the boss on the punch and counter punch inclu-
ding height, radius and chamfer are used as design variables; The coeffi-
cient of friction and the extrusion velocity are considered as noise factors
because they are liable to fluctuate and hard to control accurately in the
practical; The method of combination of the Taguchi method with finite el-
ement simulation technique is used to optimize the gear finish-forging
process, and the results show that the forming load is decreased and the
stability of the finish-forging process is improved.

MT51 gear part is thin and its structure is very complex, a two-step
forming process combined backward extrusion preforming with upset ex-
trusion finish-forming is obtained by the RPM two-step method. Results of
simulation show that the forming process is feasible and it will guide to
produce MT51 gear.

Based on study of the RPM two-step method, the idea of an extrusion
process design with consecutive forming by infinite preforming is given,
and the transitional surface of extrusion die is designed in detail. The ex-
trusion process can improve deformation uniformity and corner filling effec-
tively, and the gear part can be ejected out easily.

The classical theoretical formula of thick cylinder is not fully applica-
ble to combination die with complex inner shape, especially die with gear-

shaped inner. To fully play the potential of inner material, finite element
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Abstract

method and golden section iteration method are used to get the optimal
structure size of gear-shaped combination die.

Elastic plastic-elastic three-dimensional(3D) coupled model is built to
compute plastic deformation of gear blank,elastic deflection of die and elas-
tic recovery of gear forging. Elastic deformation rules of die and gear forg-
ing are analyzed along both tooth profile curve and tooth height curve, and
they are used to evaluate the dimensional discrepancy of gear product. The
effect on gear accuracy of three parameters (ratio of outer and inner diame-
ter of die, height of die and friction coefficient) is also analyzed.

Firstly, the deficiencies of conventional deflection modify method are
discussed. Secondly, anti-deformation iteration modify method ( ADIM
method) is obtained on the base of the non-involution feature of gear profile
after elastic deformation, and the die modified procedure using ADIM
method is introduced. Thirdly, considering the uneven distribution charac-
ter in 3D space of dimensional discrepancy, a basic idea about perfect die
modified procedure based on “two-loop and one platform” is proposed. Fi-
nally, taking a reverse gear in car as a specific example, the effect on its ac-
curacy of both die and gear forging elastic deformation behaviors is studied
in detail. Compared prediction result by simulation with actual measure re-
sult, a conclusion can be drawn: there is certain difference in absolute fig-
ure between the results, but a general good agreement is found in the dis-

tribution and trend between the results.

Keywords: Spur gear, Cold forging, Numeric simulation, Wave-
shaped punch, Rigid-parallel motive (RPM), Elastic deformation, Accura-

cy of forged gear part
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