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Abstract - Glass/epoxy products are widely used in numerous industries nowadays .The glass-epoxy (G-E) composites are 

prepared manually using hand lay-up technique or mechanized. In this work, a 2-axis filament winding machine was 

designed and fabricated to produce pipes and round shape specimens. It provides a capability for producing pipe specimens 

with an internal diameter up to 60 mm and lengths up to 1000 mm. The range of the winding angle configurations starts from 

50o to 80o depending on the mandrel diameter used. The speed of screw of delivery unit ranges from 1 rpm 250 rpm. A Dc 

motor was adopted in this work due to its greater capabilities and accuracy. A control unit was designed to control the whole 

process and achieve regular winding. The developed machine could be used for scientific research and educational purposes. 

It could be used in the field of fabrication of long fiber composite materials. Several specimens are fabricated to validate the 

developed machine. 
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I. INTRODUCTION 

 

Composite material is a combination of a 

reinforcement fiber in a thermoset polymer resin 

matrix, where the reinforcement has an aspect ratio 

that facilitates the transfer of loads among fibers, and 

the fibers are bonded to the resin matrix. In other 

words, a composite is produced by bonding of two or 

more materials that result in a new material which is 

usually stronger than the individual ingredients. 

Compared to metallic materials, composites have 

better flexibility, can handle highly corrosive 

environment and they are comparatively lighter in 

weight [1-4]. composite  fiber winding machines  are 

developed due  to  technological  advances  in  

various  industries  including  aerospace,  marine,  

electrical,  chemical,  transportation,  as  well piping 

system [5-11]. Normally ,reinforced-plastic 

composite materials are made with synthetic fibres 

such as glass, carbon and aramid fibres, since these 

materials have a high strength to weight ratio, 

corrosion resistance and low density, fibre-reinforce 

plastic is generally used in construction, automotive, 

marine and aerospace industries [12-14]. 

Filament winding has emerged as the primary process 

for composite cylindrical structures fabrication at low 

cost has been investigated by Abdalla et.al. [15,16], 

in which the cost of the  software  as well  as  the  

cost  heavy  filament winding machines  in  the 

market  is  quite  high.  In  the  filament  winding  

process,  winding machine  is  used  to  wrap  resin  

impregnated  roving  or  monofilaments  onto  a  

rotating  mandrel  specimen  under  controlled  

tension  in  a  predetermined  geometrical  pattern.   

In the industry, fiber materials that are commonly 

found are E-class. For two degree of freedom 

filament winding machine, the mandrels are usually 

cylindrical in shape [17, 18]. 

The process where the layers are perpendicular to the 

axis is called hoop winding, and the layers at an angle 

to the axis are called the helical layers studied by 

Hazra [19] T. in which the properties of the finish 

composite products are dependent on the type of 

winding pattern. Typical winding pattern are hoop 

winding and helical winding.   

Considering the importance of knowing the 

mechanical characteristics of filament wound tubes in 

applications, there is a considerable amount of work 

carried out in literature on this subject. In most of the 

studies, mechanical constants and characteristics are 

determined by means of several mechanical tests and 

analytical studies.  The effect of multi axial filament 

winding on tubular structures of three different 

winding configurations by comparing the data of 

[±45, ±60], [±30, ±60] with [±60], [±55], so called 

baseline data, under constant ratios of biaxial loads 

have been investigated in ref. [20-22]. 

In the investigation conducted by Krishnamurthy and 

Muralidhar [23], the filament Winding machine can 

be successfully used to fabricate small sized 

specimens with any fiber and resin combination and it 

is capable of producing cylindrical parts of different 

diameters using mandrels of different sizes. 

Joanna et.al. [24] investigated the filament winding 

processing parameters, e.g. line speed, fiber tension, 

compaction force and preheater temperature. The 

results showed optimizing the processing parameters, 

in this filament winding process produced a fully 

consolidated material, which is comparable to the 

material quality achieved by means of compression 

molding using the same intermediate materials. 

Apparently, most of the published works have been 
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carried out based AC or servo motor for delivery 

system.  In contrast to this approaches, the present 

work uses the Dc motor due to its greater capabilities 

and accuracy when    operating under condition of 

heavy loading. Obviously, the considered approach in 

Glass fabric reinforcement would have clear 

advantages in mechanical properties and this is 

considered a good choice for pipe applications.   

The objective of the present work is fabricating an 

educational and research low cost filament winding 

machine to produce small sized cylindrical specimens 

of fiber reinforced plastics. The   winding angle 

ranges from 50o to 80o.  This is normally done by 

simultaneously controlling rotary speed of the 

mandrel and linear speed of the carriage. The speed 

of the carriage motor is varied according to the 

desired winding angle. 

 

II. DESIGN AND MANUFACTURING OF 

WINDING MACHINE 

 

The  design of   automated  composite  fiber  winding  

machine  is  an  integration  of  Mechanical and 

electrical. The machine is controlled by PIC16F877A 

microcontroller.  This section discusses the details of 

mechanical and electrical design. 

 

A. Mechanical system design 

Fig. (1) Depicts a schematic 3-D modeling of the 

automated composite fiber filament-winding 

machine. While the manufactured   machine was 

shown in Fig.  2.  In general, mechanical designs of 

the machine can be categorized into two parts: 

delivery and rotary unit. While the control unit was 

an integral part of the machine. 

 
Fig.1 Schematic 3-D modeling of automated composite fiber 

Filament winding Machine 

 

 

a) Manufactured winding machine Material Part 

 
 

b) Table of parts names 

Fig.2. Filament winding machine and its parts names 

It should be noted that the  delivery  unit  is  the most  

important module; it  consists  of  fiber  holder,  limit 

switch , rollers guide, resin bath (with  four  rollers), 

carriage,  lead screw,  lead screw holders and DC 

motor. Fiber holder was used to store fiber roving.  

For the automated fiber winding machine, the wet 

winding method was used. Hence, fiber will pass 

through a resin bath before it was fed onto the 

mandrel through the carriage. Limit switch was used 

to reverse of the rotation of the motor which drives 

the carriage rod. The carriage was made from low 

friction polymer.  It  consists of  a  roller  and  two  

polished  screw  eyes  which  were  used  as  a  means  

to  guide  as  well  as  to  provide  tension  to  the  

wetted  fiber  before  reaching  the  mandrel.  Lead 

screw generates rotary-to-linear motion transmission 

[15].  

The resin bath, shown in Fig. (3), was made from a 

steel container with four rollers.  In the winding 

process, Resin bath was used to store epoxy or the 

polyester resin mixture. The  eye was  used  as  a way  

to guide  the  fiber  to  the  resin  bath beside 

smearing off excess resin from the wetted fibers after 

going through  rollers of the resin bath.  

 

Fig.3 Resin bath 

 

Fig. (4) illustrates the  rotary  assembly  unit, it 

consists of  spindle  (with chuck), tail stock and 

mandrel   which  are  held onto the  horizontal  frame.  

The mandrel is supported horizontally between a 

chuck and tail stoke as shown in fig 4. The tail stoke 

is free, but chuck is driven by required angle and 

speed, using a control unit. As the mandrel rotates, a 
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carriage travels along the mandrel and delivers fiber 

with a given position and tension. 

 
Fig.4 Rotary assembly unit 

 

B. Electrical and electronic system design 

The design of electrical and electronic circuit could 

be carried out into several fragmented circuits; the 

design of these fragmented circuits is discussed in the 

following sections 

 

a) Main circuit  

The Main circuit, or the microcontroller circuit,  

consist of microcontroller PIC16F877A as shown in 

Fig.5 which is responsible of sending and receiving 

signals to the control circuits.  

It should be noted that the microcontroller is a small 

computer with a central processing unit and read-only 

memory ROM and a random read memory RAM and 

input and output units. 

 

 
Fig.5 PIC16F877A 

 

b) Sub-circuits: 

Fig. (6) Depicts one of these sub-circuits of this 

system is feeding/cutting off circuit; it consists of 

feeder and voltage regulation circuits. Feeder circuit, 

shown in Fig. (6-a), which is the unification and 

voltage regulation circuits, i.e. voltage regulation 

process function is to regulate the (+ 5V) voltage 

which feed the microcontroller and organization of (+ 

12V) voltage control of the engine speed and the 

engine running circuit. The second part of tis circuit 

is the circuit of cutting off voltage, shown in Fig. (6-

b), from which the signals to control the motor speed 

are get out.  

 

The other sub-circuit of this system is a keys circuit 

as shown in Fig.7. The function of the keys circuits is 

to send signals to the microcontroller to start the 

program and to adjust the angles as well as switching 

- off the circuit and restart it.  Fig. (8) Illustrates the 

practical circuits of the this system 

a) Feeder circuits 

 
Fig.6 Feeding / cutting off circuit 

b) Voltage cutting off circuit 

 
Fig.7 Circuit keys to send signals 

 

 
Fig.8 The practical circuits 
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III. SYSTEM WORKING THEORY 

 

In the developed winding machine, the aim of control 

circuit is adjusting angles lapping around the column, 

this process is done through the conclusion equation 

(1) between the speeds of two engines; the first 

engine is responsible for the column tweaking 

rotation which is wrapped product around it, and the 

second engine which is responsible for moving the 

box (which inside it the product will be processed) to 

the right and left on an ongoing basis as shown in Fig. 

(9). 

 
Fig.9 The first engine and the second engine 

 

Continuing to wrap the product harmonically static 

process, this equation (1&2) concludes, by 

experience, the change of speed of the two engines 

(fixed steps and measure the angles to determine the 

values of the angles by the speeds that are changed). 

The control technique used is by using 

microcontroller of type PIC16F877A which is 

programmed and simulated using MICRO C and 

simulator program PROTEUS respectively. The 

winding angle and screw speed are calculated as 

follows [3]:  

θ =
        2πrNm

Vc
 (1)     

     

whereθ: is the winding angle, r: is the Mandrel radius, 

Nm is the Mandrel speed, Vc is the carriage linear 

velocity which is calculated as follows:  

VC = NS× d (2)                                                                                                    

  

Where NS is the screw speed, d is the screw thread 

distance.  

 

During the Machine working, the pattern is 

considered complete and cover of glass on the 

mandrel at different values of angles. These angles 

range between 500 and 800.  

Evidentially, the developed winding filament 

machine is used for research and educational 

purposes, however, a lot of specimens could be 

produced using it.  Fig. (10) Shows a samples of the 

final specimens of different dimensions after 

fabrication and machining. 

 
Fig.10 The fabricated specimens 

 

IV. CONCLUSION 

 

Filament Winding machine has been fabricated. 

Following are the conclusion drawn from the 

performance of the fabricated machine 

1. The machine can be successfully used for 

education and research purposes.  

2. Filament Winding machine can be successfully 

used to fabricate small sized specimens with any 

fiber and resin combination with low cost  

3. The winding  patterns  are  achieved  by  

controlling  separately  rotational  speed  of  

mandrel  and  translational  speed  of  carriage  

block  on  the  lead  screw 

4. The machine is capable of producing cylindrical 

parts of different diameters using mandrels of 

different sizes. 

5. The range of the winding angle, or the fiber 

orientation angle, starts from 500 to 800 

depending on the mandrel diameter used 

6. The control technique used is by using 

microcontroller of type PIC16F877A 

7. Mechanical strength of the filament wound parts 

not only depends on the composition of 

component material but also on process 

parameters like winding angle, fiber tension, 

resin chemistry and curing cycle. 
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