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How Manufacturing process of EPOXY FIBERGLASS FILAMENT WINDING

TUBE?
In recent years, the domestic high-voltage electrical equipment industry has developed rapidly the demand for epoxy

glass filament wound insulation tubing is increasing day by day, and with the improvement of voltage level of electrical
equipment, higher technical requirements are put forward for epoxy glass filament wound insulation.
3641 epoxy glass cloth laminated tubing has been used in the domestic electrical industry for many years. In recent years,
epoxy glass filament winding tubing (hereinafter referred to as "winding tubing") has developed rapidly because it has
more advantages compared with laminated tubing. See Table 1.

1. Manufacturing technology of epoxy fiberglass winding tubing

1.1 winding method
There are many filament winding methods, including spiral winding method, circumferential winding method, polar
winding method, cyclotron winding method and spherical winding method. The first two methods are commonly used,
namely spiral seam winding method and circumferential winding method, as shown in a and B of Figure 1. Figure 1 shows
two basic winding methods.
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1.2 epoxy fiberglass winding process

The winding technology described in this paper refers to the wet winding technology.
The glass yarn is led out from the yarn frame, and each yarn enters the dipping tank after passing through its own tension
control mechanism. After the glass yarn is soaked in a certain amount of glue in the glue dipping tank, it passes through

the wire nozzle and is regularly wound on the rotating core mold. The winding process is shown in Figure 2.

When the glass yarn is wound on the core mold to a certain thickness and length, and the glue liquid reaches the gelling
state, the winding process ends.

1.3 process flow of epoxy fiberglass filamentwinding products

The epoxy resin and curing agent are mixed from the hair and then loaded into the glue tank of the winding machine. The
glass fiber is wound on the core die after being soaked in glue through the glue groove. After winding, the workpiece
together with the core mold shall be put into the curing furnace for curing. The core shall be removed after "beam
training" in the curing process. The cored workpieces are packed after finishing.
The process flow of winding products is shown in Figure 3.

1.4 selection of raw materials
The raw materials of filament winding tubing include adhesive, reinforcing materials and other auxiliary materials.
Adhesives and reinforcing materials are the main materials, which are briefly described below.
(1) The adhesive is a kind of high polymer resin system. It is formulated according to the use of filament winding tubing
and considering the different requirements of mechanical strength, electrical strength, corrosion resistance and flame
resistance of the product. The requirements for adhesives are as follows:
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2. Excellent infiltration capacity
・ strong adhesion
・ low curing temperature and short curing time
・ good processability after curing
・ good electrical and physical properties
・ low toxicity or non toxicity
・ low price, etc
According to these basic requirements, the commonly used resin for electrical winding parts is epoxy resin, mainly
bisphenol A epoxy resin, and the curing agent is generally anhydride curing agent.
(2) Reinforcing materials include glass fiber, aramid fiber, carbon fiber and ceramic fiber. Alkali free glass fiber can maintain
50% tensile strength at 320 ℃ because of its high strength / mass ratio, good fatigue resistance, excellent electrical
insulation and corrosion resistance, and the price is appropriate. Therefore, it has been widely used in electrical winding
products.
(3) Other auxiliary materials include diluents, accelerators, flame retardants, toughening agents, dyes, release agents and
UV stabilizers. These auxiliary materials shall be used according to the process and product performance requirements.

2. Process equipment

Winding process equipment mainly includes glue mixing tank, yarn frame, tension control device, dipping tank, winding
machine, curing furnace, coring machine and machining equipment. The following is a brief description of winding
machine, dipping tank, tension control device and curing furnace.
2.1 winding machine
There are many types of winding machines, among which the horizontal winding machine is more commonly used. In
addition, there is a portal winding machine which is also more practical. Winding machine can be divided into single axis
winding machine, double axis winding machine and multi axis winding machine according to the number of core molds.
These winding models are different and have their own characteristics. For example, the production efficiency of portal
double shaft winding machine is doubled compared with that of single shaft winding machine; If only one spindle is used.
Due to the increase of winding space, workpieces with doubled diameter can be wound. In the rotary table with heater,
after winding a workpiece, the multi axis winding machine rotates at a certain angle, and turns to the curing process
without unloading. At the same time, it can then wind another workpiece, with high production efficiency.
The winding angle can be adjusted by adjusting the spindle speed of the winding machine and the moving speed of the
wire nozzle. The winding angle is the included angle a formed by the axis of the same core die when the glass yarn is
wound, as shown in Figure 4. In application, when the tubing wall is under stress, the circumferential stress is twice the
longitudinal stress
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2.2 glue tank
The glue trough is the glue dipping mechanism of glass yarn. Generally speaking, dipping methods include coating dipping
method and immersion method, as shown in Fig. 5 and Fig. 6. In the coating and dipping method, the glue is brought when
the roller rotates, and the glass yarn is coated when it passes through the upper part of the roller. In the sinking method,
the glass yarn is directly immersed in the glue solution in the glue tank, and the glue solution is immersed while moving,
which is easier to infiltrate the glass yarn. Fig. 6 shows a pair of dipping rollers, which can also use fixed leakage plates and
grate diaphragms.
The viscosity and amount of glue will affect the properties of products. The amount of glue carried by glass yarn during
dipping is related to factors such as glue solution temperature, dipping mode and yarn arrangement density. When the
glue temperature is high, the glue carrying amount is large, and the glue carrying amount of immersion method is more
than that of coating and immersion method. When the flattening degree of glass yarn is good, the glue carrying amount is
higher than that of poor flattening degree. In addition, the viscosity of glue solution will affect the glue carrying amount of
glass yarn and the inclusion amount of trace air.

2.3 tension control of glass yarn
The uniformity of the tension of each strand of glass yarn will affect the mechanical and electrical properties of the wound
parts. Therefore, tension control is an important problem in winding technology. Tension control generally has the
following methods.
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2.3.1 single roll method
As shown in Figure 7, the lower roll is the driving roll and the upper roll is the driven roll. This method is simple, but the
accuracy is not high.
2.3.2 pin method
As shown in Fig. 8, each strand of glass yarn passes through several fixed pins (or perforated plates) on different horizontal
planes at the same time to form a tortuous line and produce a certain tension.
2.3.3 friction disc method
Each yarn group is equipped with a friction disc, and the tension of each strand of glass yarn is independently controlled by
the friction disc of its yarn group.
2.3.4 swing roll control method
As shown in Figure 9, the tension of glass yarn is adjusted by the coil spring on the swing roller.
2.3.5 single chip microcomputer tension controller
As shown in Figure 10, 8098 single chip microcomputer is used as the core control component, and DC torque motor is
used as the actuator to drive the positive and negative rotation of yarn. The glass yarn enters the glue groove after passing
through the guide roller and swing arm of the tensioner. When the tension changes, the position of the swing arm changes
accordingly. It is converted into an electrical signal through the potentiometer and input to the 8098 single chip
microcomputer to control and correct its tension detection value.

2.4 curing furnace
Curing furnace is a kind of equipment used to cure semi-finished winding workpiece. In the curing furnace, the epoxy resin
curing agent is crosslinked into a body structure, so that it has good electrical and physical properties. Generally, the curing
of winding workpiece is divided into two stages, namely pre curing and post curing. Pre curing is carried out when winding
on the winding machine, so that the core mold can be removed soon after winding, and then new workpieces can be
wound, which reduces the waiting time of the winding machine and improves the production efficiency. The pre cured
wound workpiece is sent to the curing furnace for full curing.
The heating method of curing furnace can adopt hot oil, hot air, steam exhaust tubing, electric heating tubing, far infrared
ray, etc. In order to ensure the performance of products, rotating machinery should be set in the curing furnace so that the
workpiece can be cured evenly under rotation.

3. Application of winding tubing

Because the winding tubing has excellent performance, and can be made into products with various diameters,
thicknesses and lengths according to the requirements of users to meet the needs of users, it has been more and more
widely used in power machinery equipment. Especially in the medium and high voltage power mechanical equipment, the
application prospect of wound tubing is broad. In recent years, winding technology has attracted attention in some
insulating material manufacturers, and winding tubing has formed a certain market.

3.1 application of winding tubing on hollow composite insulator
Hollow composite insulator is composed of winding tube and silicone rubber umbrella skirt. Compared with porcelain
insulator, the former has the advantages of light weight, not easy to break, good seismic resistance and excellent pollution
resistance. At the same time, it can reduce the creepage distance and reduce the structural size. The structure of hollow
composite insulator is shown in Figure 11. See Fig. 12 for the application of hollow composite insulator on the composite
insulating sleeve of switch.
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3.2 application of winding tubing on insulating jacket of high voltage electrical equipment

The winding tube can be directly used as the insulating sleeve of some high-voltage electrical equipment, such as the shell
insulating cylinder of on load tap changer of power transformer and the shell insulating cylinder of air core reactor.

3.3 application of winding tubing in insulating structural parts of high voltage electrical equipment
The original structure of the central shaft of the no-load tap changer of the power transformer is assembled with phenolic
laminate, and now the integral winding tubing is adopted. The winding tubing is also used as an arc insulation cylinder
lined with porcelain bushing of 35 ~ 500kV zinc oxide arrester and an insulation cylinder for coil support of dry-type
transformer.
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