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Abstract. This paper represents a design of an automatic ironing machine, whose motion is
controlled by two stepper motors and two servo motors. The computer-aided design figure will be
introduced first, to express the basic structure and show the movement process of the automatic
ironing machine to achieve the goal of ironing a cloth. Next, the control methods of servo motors and
stepper motors are represented as well as the way to optimize the algorithm, where the objective is
to make the motion adapt to the structure of the machine. Then, since some parts of the machine
are made by 3D printing, there are some problems in the actual production process, and some
solutions to those problems are going to be introduced. Finally, the results are discussed, with a
focus on both the advantages and disadvantages of this machine and further improvement.
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1. Introduction

Traditional manual ironing is time-consuming and labor-intensive, and there is a risk of being
scalded. The automatic ironing machines on the market use the method of steam ironing, which hang
up clothes and generate steam to pass over the surface of cloth to iron. Here comes the question that
it is hard to maintain the temperature between upper steam and lower steam, which would affect the
ironing quality. The influence of temperature during ironing process can increase the rate of wrinkle
healing roughly by from 6% to 21%. With an increase in temperature, the rate of wrinkle recovery
will increase somewhat [1]. Compared with traditional ironing machine, the fully automatic ironing
machine could solve the problem by imitating manual ironing to move up and down. A dual control
system called "water level control” and "pressure control” is used to operate the steam generator. [2].
Much of the work of fully automatic ironing machine is on modeling and control, such as CAD
modeling, servo motor control, and stepper motor control. The purpose of fully automatic ironing
machine is to free labor and obtain high quality ironing at the same time.

In literature there is a work accomplished by Fan Wu et al. on the correlation between temperature
and ironing efficiency and quality [1]. Stefano Bracco et al. design a control system of the steam
generator [2]. Other works concentrate on the body structure and control system. A variety of control
systems have been developed, which have different effect of motors and precision to meet different
requirements. Some examples of these include a PID controller with friction compensation [3, 4], a
robotic arm controlled based on Arduino [5, 6], stepper motor’s position control [7-9], servo motor’s
control system [4, 10], the strength and thermal expansion of 3D-printing part [11-14], and the
optimization for the control system [15]. Each strategy has its own advantages and disadvantages.
Here, a fully automatic ironing machines is presented with CAD modeling, stepper motor control and
servo motor control system.

2. CAD Design

2.1. Static Structure

The basic structure of the fully automatic ironing machine is shown in Fig. 1 and Fig. 2. Because
the machine's structure is left- and right-symmetrical, only the half of it will be discussed. 1 on the
top is a stepper motor while 2 is a belt which is connected to the servo motor with belt pulley. 3, 11
and 9 altogether form the steam generation and transportation system. 9 is a water tank with the ability
of storing 1.5L water. 3 is a spray with several holes on one of its sides to release high temperature
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steam to iron the cloth. 11 is a heat retaining tube that connects spray and water tank. 4 is a board to
support the cloth in order to create normal force, on which the spray will press the cloth. 10 is a part
which is connected to the board to hang the cloth. 5 is aluminum bar and 7 is 3D-printed foot for the
machine to stand on the floor. At the bottom, there is a servo motor 6, which is also connected to the
belt by a connection part 8.
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Fig 2. The front view of CAD modeling of the machine.

2.2. Motion Structure

The main transmission structure in the fully automatic ironing machine is the belt. Each belt
connects two motors, servo motor on the bottom and stepper motor on the top. Between the belt and
servo motor, there is a part 8. One side of 8 is connected to the servo motor while another side is
connected to the belt through belt pulley. The spray is also fixed on the belt.

2.3. Analysis of Motion

The function of stepper motor is to control the spray moving up and down. Since spray is fixed on
the belt, its motion is in synchronism with the belt. The lower servo motor changes the input to the
change of angular motion. The part 8 is used to amplifier the angular motion. Suppose the spray is on
the top initially and the servo motor locates at its initial position. Turn on the machine, the stepper
motor will start to rotate and the belt will carry the spray to move down, at which time the servo
motor will not work which means that the spray adds a pressure on the cloth to iron. When the spray
reaches the bottom position, the stepper motor stops and servo motor receives a input signal to rotate.
The servo motor will rotate to a specific angle and the spray will leave the surface of cloth in case
when spray moves up, the friction force between the spray and cloth will wrinkle the cloth. After the
former step, the servo motor stops and stpper motor rotates back to lift the spray. When the spray
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reaches top position, servo motor rotates back and the spray will add pressure on cloth renewedly.
Then the fully automatic ironing machine will repeat the cycle until it reaches the set-up time.

This new-designed motion solves the problem that other automatic ironing machines lack the
function to press the cloth. Since other automatic ironing machines on the market would meet the
problem that how to maintain the upper steam and lower steam at the same temperature, the fully
automatic ironing machine’s spray could move up and down, which can maintain the temperature of
out coming steam as well as the quality of ironing. The function of servo motor at the bottom is to
add pressure when the spray moves down and leave the cloth in case to bring the cloth up when the
spray moves up. To guarantee the synchronism, the four motors, one stepper motor and one servo
motor on each side will receive the same input from Arduino.

3. Stepper Motor Control

The desired motion of stepper motor is to simulate the movement of hands in manual ironing
process. Thus, the time for spray to move down should be longer than the time to move up. Here, the
moving down time is set to 10 seconds and moving up time is 5 seconds. Assume the fully automatic
ironing machine is designed for cloth that is not longer than 1 meter and the radius of stepper motors
belt pulley is 1.6 centimeters. According to calculation, it takes gear pulley to rotate 10 revolutions
to achieve 1 meter. The Arduino code and connection graph are shown in Fig. 3 and Fig. 4.

#define VCC
#define PLS
#define DIR
#define ENA
void setup() {
pinMode (VCC, OUTPUT) ;
pinMode (PLS, OUTPUT) ;
pinMode (DIR, OUTPUT) ;
pinMode (ENA, OUTEUT) ;
}
void loop() {
digitalWrite (VCC, HIGH) ;
digitalWrite (ENA, HIGH) ;
digitalWrite (DIR, HIGH) ;
f/define 1

o W b

/rotate

for (int x=0; x<1600*10; x=++){
digitalWrite (PLS, LOW);
delayMicroseconds (625/2) ;
digitalWrite (PLS, HIGH) ;
delayMicroseconds (625/2) ;

}

delay (3000} ; //stop 3s

digitalWrite (DIR, LOW); //rotate back

//rotate back for 5 seconds and 10 revolution

for(int x=0; x<1600*10;
digitalWrite (PLS, LOW);
delayMicroseconds (625/4) ;
digitalWrite (PLS, HIGH);
delayMicroseconds (625/4) ;

7]

}

delay (3000) ; //stop 3s

Fig 3. Arduino code for stepper motor.
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Fig 4. Connection graph for stepper motor.
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4. Servo Motor Control

Servo motor serves to rotate an angle so that the spray can move up without touching the cloth.
And the motion cycle analyzed before is to firstly wait for the spray moving down until a position,
then the servo motor rotates to a specific angle and stop, waiting for the spray moving back to the
original position and then rotates back.

To achieve the function, Fig. 5 shows the Arduino circuit and code. The stop time and moving
time can be adjusted according to the need. In the example, the moving time is 3 seconds each, and it
takes 10 seconds for spray to move down and 5 seconds to move up.

Text - 3y a8 A~ 1 (ArduinoUnoR3)  ~

a servo object

0id setup() {
servoBase.attach (A1) ; //A h a pin to servo
servoBase.write (0); //Initialize angle 0

d = 4 11 woid loop() {
Bzt i3 12 for(int i=0; i<=0.1; i=i+1)
3 {
servoBase.write (i)
delay(10000); //adjust the wait time

}

for(int i=0.1; i<=9%0; i=i+1) //rotate from 0 degree to 90 degree
{

18 servoBase.write (i);

_____________ 20 delay(30);

for (int i = .1; i >=0; i——-) //rotate from 90 degree back to 0 degr
{

servoBase.write (i)

delay (30) 7

}

Fig 5. Arduino circuit and code for servo motor in Tinkercad.

5. 3D-Printing Optimization

In the real manufacturing process, some problems occur. The intensity of part 8 is not strong
enough to resist the tension in belt and the gravity of spray. Part 13 in Fig. 6 is then introduced to
solve the problem. Part 13 provides a vertical force to part 8, so that the tension force locates between
part 13 and servo motor. In this way, both part 13 and the servo motor provides forces to resist the
tension in belt, which will increase the stability of the structure.
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Fig 6. Introduction of part 13.
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Part 8 is also made by 3D printing. In what direction and by what method it is printed also matters.
Since it is printed by PLA method, how it is placed to print will affect the structure strength of it. The
direction it is placed to print should be adjusted according to the force direction it will receive. Fig. 7
shows a failure of part 8.

-

Fig 7. A failure

of part 8.

6. Arduino Optimization

The biggest problem of the whole control system is about the synchronism. Since the code uses
time to control the movement of two motors, it would be better and more accurate to apply a position
sensor on the spray to control the input of both stepper motor and servo motor, which will make the
movement more accurate and durable. When using Arduino to control more than two motors, there
comes the problem of insufficient current. The solution is to connect an external power supply with
a constant current power source. Also, adding a capacitor to the circuit could avoid the problem of
sudden electric current when turning on and off the switch. It would also be better to add code for the
stepper motor to move with a positive acceleration first and negative acceleration when the spray
nearly reaches ending position.

7. Conclusion

The fully automatic ironing machine introduced in the article is a basic designed that can realize
some basic functions. There is a long way to go to put the machine into commercial use. Some
optimizations include the Arduino program, the steam-generating and steam-transporting system and,
safety problems and the intelligent control system. More modes to different materials of clothes will
widen the range of application of the machine. And there should be another method to tell the machine
when to stop instead of a setting time. However, the fully automatic ironing machine gives a
theoretical solution to solve the drawbacks of manual ironing and existing ironing machine in the
market and an example to combine the advantages of manual ironing and existing ironing machine
together.
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