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Abstract: The high-concentration pickling and the extreme emission and energy consumption of the precision saponification
process before the cold finishing of the precision forgings of the constant speed drive shaft of the car. Oil mist emissions from the
cold finishing process and relatively harsh working conditions. The purpose of this paper is to develop a new saponification
process that saves energy and reduces emissions while ensuring product quality during production. Through a large number of
tests, it shows that the saponification of precision forgings for the drive shaft can be completed by three steps including simple
saponification liquid spraying, liquid extraction and hot air drying. Thus in this way, the saponification quality is the best, At the
same time, it has greatly reduced emissions, while the instability of the saponification quality mainly relates to the control of

saponification process.
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1. Introduction

With the continuous development of human science and
technology, the ability to transform nature has undergone
tremendous changes. But in the 21st century, environmental
protection has become a top priority for all countries in the
world. In the manufacturing sector, companies must not only
produce products that do not harm the environment, but also
ensure that resources are saved as much as possible during the
production process [1-2].

In this context, the car constant speed drive shaft industry
began to replace hot forging with warm forging + cold
finishing in the 1980s, directly forging the tracks of parts, or
leaving only the hard machining allowance. Great savings in
energy and materials. After the 1990s, the tooling lubrication
in the warm forging + cold finishing process were improved.
The synthetic materials were used instead of graphite as the
tooling lubricant for warm forging, and the oiling process was
used instead of Phosphorus saponification as the cold finishing
treatment, greatly reducing emissions and energy
consumption [3-5]. In the 21st century, Japan began to explore
and improve the original Phosphorus saponification process,
eliminating the highly polluted pickling and phosphating
process, and developing special environmentally friendly

saponified materials to be directly coated on the surface of the
workpiece as a cold finishing treatment to reduce dripping.
The oil mist is discharged during the oil process and the
relatively harsh working environment, and the anti-rusting
sequence after the cold forming is eliminated, which saves a
lot of energy and reduces emissions. After 2005, the
technology was officially used in domestic production in
Japan, forming a stable saponification product and rapidly
expanding in other industrial fields.

Shanghai GKN HUAYU Driveline Systems Co., Ltd. has 4
automatic precision forging production lines, with an annual
output of 20 million precision forgings for the constant speed
drive shaft of the car. It summarizes the domestic phosphorus
saponification process and draws on the advanced
saponification process from abroad to develop a suitable local
saponification process. The saponification production line and
saponification process of the precision forgings of the constant
speed drive shaft of the Shanghai GKN HUAYU Driveline
Systems Co., Ltd. are far ahead of the Japanese counterpart in
terms of emissions, energy saving and efficiency. It has been
developed to become a mature saponification process. In
terms of environmental protection, tooling life and production
costs have also achieved good results.
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2. Process Analysis and Production Line
Composition

2.1. Process Analysis

As shown in Figure 1, the two types of precision forgings
are typical car constant speed drive shaft parts, all of which are
medium carbon alloy steels. The shape of the inner cavity is
relatively complicated. After the cold forming of the left outer
race forgings in Figure 1, the inner cavity surface reaches the
final product requirement through a grinding process; in
Figure 1, the right Tulip forging is cold forming, and the inner
and outer cavity surfaces directly meet the final product
requirements. The above two types of forgings require high
head dimensional accuracy after cold forming and
deformation, and put forward higher requirements for the
lubrication treatment of the head before cold forming
deformation [6-8].

Figure 1. Forgings.

2.2. Production Line Composition

Figure 2. Saponification production line.

As shown in Figure 2, the equipment was developed
specifically for the automatic saponification of precision
forgings for constant speed drive shafts. Overall equipment
size: 4600 (L) X1500 (W) X2340 (H) mm, the overall power

is 90KW, working cycle 12S / 2 pieces. The automatic
saponification ~machine can uniformly apply the
saponification liquid to the surface of the warm forging part by
continuously stirring the saponification liquid; and the air jet
pump is used to drain the saponification liquid in the
workpiece, and the precision forging piece does not need to be
turned over during the saponification process, so that the
whole equipment has a simple structure and low cost. The
saponification of the forging surface can be achieved by
simply spraying, pumping, and hot air drying in three steps. In
the course of use, the saponification liquid is discharged
without waste liquid, and the working environment is greatly
improved.

3. Factors Affecting Saponification

Combined with the application of saponification at home
and abroad in the cold forming process and the company's six
years of cold forging saponification production experience,
the author believes that the following aspects will affect the
quality of cold forging saponification.

3.1. Surface Quality of Precision Forging

The surface quality of the forging is one of the key
indicators to ensure the quality of the saponified film after
saponification of the forging. Before the forging is saponified,
the surface of the forging should be removed from oil, dust
and other impurities. Therefore, the forgings should be shot
before saponification until the surface of the forging is
metallic [9-11].

3.2. Concentration

The concentration of the saponification solution must reach
the critical saponification concentration to enter the growth
period of the saponified membrane. Moreover, the
concentration of the saponification liquid must be uniform,
which is advantageous for uniform film formation. Therefore,
when cold forming, the force is uniform, which is beneficial to
prolong the life of the tooling [12-13].

3.3. Time

The weight of the saponified film increases sharply with
time, but after the film is completely formed, the saponified
film becomes loose and easily falls off. Therefore, the choice
of saponification time should be based on actual conditions.

3.4. Temperature

The effect of saponification temperature on film formation
is very special, unlike general chemical reactions. First, in the
middle temperature range (60-70°C), the saponification
increases with temperature by 2 to 3 times/10°C, and then in
the high temperature range (75-90°C), the saponification
reaction drops sharply.

Because a temperature of less than 50°C, the liquid has a
large viscosity and is even cloudy. As the temperature
increases, the viscosity decreases, and at 70°C, it is essentially
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the same as water. Therefore, at about 60°C, due to the
viscosity of the liquid , the saponification process will be
controlled by diffusion, and within 4 minutes, the
saponification is incomplete [14-15]. However, different
saponification components will have different temperature
ranges suitable for saponification.

3.5. PH Value

When the PH value is too low, the sodium soap is
neutralized and the concentration of the soap is lowered. If the
PH value is too high, the film formation reaction rate is too
fast, and the film grains are not closely arranged, resulting in
poor appearance and corrosion resistance of the film [16].
Therefore, the effect of PH value can be attributed to the effect
of concentration on saponification. Urban water and purified
water as a diluent for the saponification solution will have
different effects on the saponification results.

4. Process Trial
4.1. Trial Condition

A saponification machine having a saponification liquid
spray, liquid extraction, and hot air drying function is prepared
according to the process requirements, and a saponification
liquid, tap water, purified water, a saponification liquid
concentration measuring instrument are prepared.

4.2. Testing Program

According to the surface quality of the warm forging, the
concentration of the saponification solution, the temperature
of the saponification solution, the saponification time, the
pumping time, the hot air temperature, the PH value of the
water, etc., the saponification treatment before cold forming,
and then tracking analysis Forging quality and tooling life.

4.3. Experimental Procedure
Spraying - pumping - hot air drying - cold forming.
4.4. Test Evaluation

According to the above test scheme, nearly 1 million warm
forgings were saponified and cold-formed using different
process parameters, and then the surface quality and tooling
life of the forgings were tracked and analyzed. The test results
show that: tap water as a thinner of saponification liquid,
because it contains CL- and other impurities, the forgings are
easy to rust after cold forming, and pure water as a thinner of
saponification liquid, this problem does not occur; forging
surface saponification film after the formation, the saponified
film should not be too thick or too thin, the saponified film is
too thick, and the saponified film is easily detached, and the
saponified film is too thin to achieve a lubricating effect. This
test shows that the saponification liquid concentration is 5 to
8%, The saponification film thickness is relatively uniform
and the lubrication effect is the best; after the surface of the
forging is saponified, the surface must be dry. If the surface of

the forging is moist, the saponified film is not completely
formed, and thus the lubricating effect is not achieved. The
test scheme adopts the hot air of 140~ 180°C is blown for 5 to
9 seconds, and the saponified film adheres uniformly and is
dried to meet the requirements for use.

5. Process Status and Prospects
5.1. Impurity Removal

In the saponification tank, as the amount of forging
saponification increases, the iron blasting and shot blasting
particles will increase, which will affect the quality of
saponification to a certain extent. A saponification liquid
circulation loop is added to the saponification machine, and a
magnetic filter is added to the circuit. As shown in Figure 3, In
the process of circulating liquid flow, magnetic impurities
such as iron blasting and shot blasting particles are adsorbed to
ensure the quality of the saponified film.

Figure 3. Magnetic filter.

5.2. Saponification Temperature Control

The saponification liquid in the saponification tank will
decrease correspondingly with the saponification amount of
the forging, and the water and the saponification liquid must
be added according to a certain ratio, and the water is added by
the heated hot water. For the addition of the saponification
liquid, there is currently no a good method for heating can
only be carried out at room temperature. After the liquid is
mixed, the temperature does not reach the working
temperature of the saponified mixture. The saponification
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mixture must be heated as a whole and the temperature
reaches the temperature required for the work. Work started,
efficiency is low, and time is wasted.

5.3. Rust Prevention

The development of a new type of saponification liquid,
which has the effect of cold forming lubrication and rust
prevention of cold forging after the tooling life is not reduced,
is the development direction of the new saponification liquid
in the next few years.

6. Conclusions

The quality of the precision forgings and the unstable
tooling life of the precision forgings of the constant speed
drive shaft of the car are mainly caused by the uneven
thickness of the saponified film. The improvement of the life
of the tooling and the reduction of the occurrence of
unqualified precision forgings are the key to controlling the
quality of the former saponification. Strengthening the control
of the saponification process, mastering the correct
saponification method and reasonable saponification process
is the most effective way to improve the quality of
saponification. Using warm forging shot blasting, the
concentration of saponification liquid and purified water is
5~8%, the temperature of saponification liquid reaches
68-75°C, the saponification time reaches 10~18 seconds, the
pumping time reaches 5-9 seconds, the hot air temperature
reaches At 140-180°C, this saponification process has been
verified by more than 10 million pieces of precision forging
saponification. The saponification process can reduce the
friction coefficient, improve the life of the tooling, and ensure
the quality of precision forgings. Now the saponification
process has been successfully applied with a large-scale
production of cold forming saponification production line in
Shanghai GKN HUAYU Driveline Systems Co., Ltd.
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