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An Industrial Pneumatic and Servo Four-axis Robotic Gripper System:
Description and Unitronics Ladder Logic Programming

Zongguang Liu?, Chrispin Johnston?, Aleksi Leino?,
Travis Winter?, Aleksandr Sergeyev?, Mark Gauthier®, Nathir Rawashdeh?

a Michigan Technological University, ® Donald Engineering

Abstract

As part of the advanced programmable logic controllers (PLC) course at Michigan Tech, this class project is
performed on a mechatronics system gifted by Donald Engineering, a Michigan-based supplier of industrial
automation systems and components. This paper explores the functionality and ladder programming of a
four-axis robot enclosed in a cage with one side guarded by an optical fence. The robot has pneumatically
actuated X-Y linear motion and a pneumatic gripper. Furthermore, the Z-axis motion and gripper wrist
rotation are controlled by servo motors. A human machine interface (HMI) is also present, and it allows for
easy manipulation and programming of the robot. This type robot can be used to transfer small components
between conveyer belts or for light assembly functions. This paper details of the system’s components,
operation, and custom programming.

Literature Review

A programmable logic controller (PLC) is a rugged computer used to track and automate manufacturing
processes in a variety of industries [1]. A PLC consists of four main parts: input and output (I/O) modules, a
power source, and a CPU. Through software that has access to I/O modules, a PLC provides control and
monitoring of equipment and enters the programming application via addresses. PLCs are utilized in a
variety of different applications, especially in industry, and offer several benefits, the most significant of
which are the ability to reduce costs and lower the time for production. In theory, a PLC is necessary for any
application that needs electrical control [2]. Automation has improved productivity while also reducing
variances in manufactured parts, resulting in higher quality standards. Flexible and adaptable manufacturing
concepts that merge imaging and motion with industrial robots are an ideal teaching tool for the field of
"Mechatronics," which encompasses mechanism design and analysis, soft computing, sensing, and
electromechanical systems [3].

Controlling and programming the movements of a robot's mobile elements is critical, particularly when the
application calls for constructive simplicity and ease of implementation [4]. Each input’s status is read at the
beginning of the program [5]. The current value of each input is read and stored during the operating cycle,
i.e., a scan, of the PLC. It collects data from input mechanisms or sensors that are connected and uses that
information to trigger an output from parameters that are pre-programmed [1, 6]. There needs to be a proper
alignment of all the component parts in order to achieve accurate operating and sequencing of the device [7].
A function block diagram (FBD), an instruction list (IL), a ladder diagram (LD), structured text (ST), and a
sequential function map (SFC) comprise the various languages for programming that are utilized for PLCs
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up to the current time [8]. The LD, the most well-known among these various programming languages, is a
graphical symbolic language [8]. Examining the system's proper operation in accordance with the LD design
requirements is challenging. More specifically, the LD is difficult to comprehend and check for correctness,
which results in an absence of versatility in control systems found in industrial environments. In this regard,
research has been conducted to develop the processes that use LDs in order to make them more versatile and
compatible [8]. Discrete event models (DEMs) such as Petri nets, state diagrams, and others have been used
in several of these methods [8, 9]. A PLC can track and log run-time data, e.g., system efficiency or
operating temperature, and automate the initiation and termination of processes-based output and input data.
PLCs are versatile and reliable control systems that can be adapted to most applications. Usually, after
writing the program for a PLC on a computer the program is subsequently downloaded to the controller.
Ladder logic programs are available in most programming applications used by PLCs. The programming
language that has been commonly used is ladder logic.

Robot Station

The Pneumatic Robot is designed to pick and place objects. The dimensions that the Pneumatic Robot works
within are limited, so it cannot be used in tandem with other devices that require a lot of workspace to
complete their tasks. An additional limitation for this Pneumatic Robot is that it has fixed movements so that
it cannot stop at any random location within the working area. The most appropriate circumstance to use this
robot would be to transfer parts from one conveyor to another conveyor.

Original position and part movements

Station 1:

X : Right
Y : Back
Rotate 180 Part 1
cleg'Vl
Station 3:
X - Left No rotation
Y : Middle
No part &
Station 2:
Rotate 180 @ anon

degrees X: Right
Y : Front
Part 2

Figure 1. Pick and place project spatial summary

The Pneumatic Robot was designed to move two parts (Part 1, Part 2), piece by piece, around three
designated points (Station 1, Station 2, Station 3) as shown in Fig. 1. The Pneumatic Robot will move Part 2
from Station 2 (X: Right/Y: Front) to Station 3 (X: Left/Y: Middle). The Pneumatic Robot will move Part 1
from Station 1 (X: Right/Y: Back) to Station 2. Part 2 will be moved from Station 3 to Station 1, Part 1 will
be moved from Station 2 to Station 3, Part 2 will be moved from Station 1 to Station 2, and finally Part 1
will be moved from Station 3 to Station 1. After the program finishes executing, both Part 1 and Part 2
should be in their original positions with the original orientation. To complete a full rotation of Part 1 and
Part 2 through the three stations requires a total of six movements.
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System Components
Sensors
The pneumatic robot system included the following sensors:

= Ultrasonic sensors for x-and y-axis
= Inductive proximity sensor for z-axis
= Magnetic sensor for gripper rotation

Robot Motion

The Pneumatic Robot has 4 degrees of freedom: left-to-right motion in the x-axis, forward/backward motion
in the y-axis, upward/downward motion in the z-axis, and the end effector has the ability to rotate 180
degrees clockwise (CW) and counterclockwise (CCW). Fig. 2 illustrates the robot moving parts. The motion
in the x-axis, the y-axis, and the end effector is pneumatically driven. The motion in the z-axis is electrically
driven. If the robot is programed to move from the forward position to the middle position in the y-axis, it
will reach the rear position first and then move to the middle position. The Pneumatic Robot can achieve
only fixed positions (2-X, 3-Y, 2-Z, CW/CCW, gripper closed/open) and no positions in-between. Table 1
summarizes the robot’s motion patters.

Pneumatic Robot Station -

—— o e

Figure 2. Pneumatic robot station components
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Table I. Motion Summary

X-axis Left Right

Y-axis Rear Middle Forward
Z-axis Up Down

End- Rotation Close/open

effector (CW, CCW)

motion for 180 deg

Safety Features

Industrial robots contain several features designed to protect operator safety on the factory floor. Some
feature may not be obvious, such as infrared light curtains. The robot system used in this work has to
following safety features:

Aire fence: Located on both sides, top, and at the back of the robot station.

Light curtain: Located at the very front of the robot station. If the light barrier is broken, the safety
exhaust valve located on the right of the robot station will release the air out of the system. All
pneumatic motion will cease in the x and y axes, as well as in the end effector’s ability to rotate.
Emergency stop button: Locate on the front right side of the robot station. When the emergency
button is pressed, the power supply will be cut, and all motion will cease. Light curtain invasion only
stops motion in the axes that are pneumatically driven (x & y axes) but not in the axis that is
electrically driven (z-axis).

Buffers on either end of the x-axis: Rapidly decelerate the robot’s movement and aid in absorbing
the impact of the robot when it crashes into the ends of the rail that allows the robot to move side to
side.

Control and Power Components

The robot included the following electrical and mechanical components highlighted in Fig 3 and listed here:

Unitronic PLC (USC-B5-B1): 16+16 digital input/output; 16 analog input; 16 relay input.
Power supply

Pneumatic control/supply

Mechanical gripper

Stepper motor drivers

Robot HM1

On the human machine interface control touch panel, shown in Fig. 3, the operator can move the robot by
pressing the related commands. The M35 must be pressed in order to energize the pneumatic supply.
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Figure 4. Robot station pneumatic components.
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Ladder Logic Programming

The Unitronic programmable logic controller was programmed using ladder logic, as shown in Figures 5
through 10. Programs were written using UniLogic’s ladder logic to perform simple tasks, nevertheless
became quite complex to write and follow. The program had to be written in such a way that all output
functions were used only once in the program, which meant that single rungs became very complex.
UniLogic’s’s ladder logic was appropriate for the purpose of programming a pneumatic pick-and-place
robot but other programming ladder logic languages should be considered as complexity of tasks increases.

Figure 5 illustrates the start rung including lap counters. The button M35 is used as the start button for the
program. Two different positions determine the lap counting. Two conditions are defined for lap counting. P
is positive transition contact which works like one-shot rising. If the condition satisfied once, the output will
remains true.

BTN-M35

| | {EN  ENO
. 08
{ SW_X_RIGHT ] [ SW_Y_REAR l { SW_z_UP ]
| 1] 1pl
35 11 11 1Pl EN___ENO
[ SW_X_LEFT ] ISW_Y_FORWARDI [ SW_z_UP ]

Pl | | | |

Figure 5. Ladder logic section 35: start and counters.

l SW_X_RIGHT ] ISW_Y_FORWARDI ‘ sw_z_up ]
] L ] L ] 1 [ )
EN__ENO 1T 1T 11 W
#)
Wait to get Z B :
up5.Current
I SW_X_RIGHT 1 ‘ SW_Y_REAR l ‘ Sw_z_up ] [SW_CCW_ROTATE
e 11 11 1l 11
EN__ ENO| 1T 1 T 11 11
.
Wait to get Z B [‘_‘]
up5.Current
I SW_X_LEFT 1 ‘SW_Y_FORWARD] { Sw_z_up l [SW_CW_ROTATE} { BTN-RotCCW
11 1| 1| 1} ()
11 1 | 1T 1T \ )

Figure 6. Ladder logic section 36: rotations.
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In fig. 6, the ladder logic for determining the rotation of the gripper by different conditions, is shown. All

sub-rungs with the not equal block are used for redirecting the robot to the home position (right forward up
CW open) when the M35 button pressed.

Fig.7 shows the ladder logic section for gripper open and close conditions. The reason for using increment
and decrement at the end of each rung is that the gripper should change the condition for the next lap. For
example, the current gripper will pick up (close) item from station 1 but it should drop off (open) item to
station 1 in the next lap. At the end of rungs, another counter gets involved for the robot to make decision on

gripper conditions in different laps. If the gripper open once the counter will minus 1 and if the gripper
closed, the counter will plus 1.

I SW_X_RIGHT I [SW_Y_FORWARDI l SW_Z_DOWN l [SW_CW_ROTATE]
]l L - ] | - ] | ] | {
I 1T 1T 11 11 f | ENOY 1
= =
Walttoget 2 [ J [ J
— e
ENO N ENO 1 [ev  Eno
ON F
. @ | [eaane | [wiom h
= i =
| SW_X_LEFT | [ SW_Y_MID ‘ ‘ SW_Z_DOWN ‘ ‘SW_CCW_RDTATE]
L | | ] | ] |
I 1t 11 11 F 1 ENO
NI
= -
ENO
Leptrakking A [ J
[ Jp
I SW_X_RIGHT I [SWJJORWARD‘ [ SW_Z_UP J
m 1} | 1

A

Wait to get Z
ups.Current

#

l
1

= =)
— = =

Lap trakking

>

=

w

I 1 f
=1
=
Walt to get Z [ J
| | ENDL
. a x
l SW_X_RIGHT ] [SW,Y,FORWARDJ [ SW_Z_DOWN } lSW,CW,ROTATE]
— | 1 |} 1 { | { | E“
F 11 11 11 ENO

Lap trakking

®

w

N

1]]]

r

SW_Y_REAR

2
]

Lap trakking

(1)

i

Figure 7. Ladder logic section 37: gripper in/out (+ activating Z up timers)
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Figure 8. Ladder logic section 38: Z-Movements

The logic for programming the conditions for Z movements is shown in Fig. 8. The timer at the end of sub-rungs is waiting for the
robot to move forward, otherwise the robot arm may move down when the position is rear and satisfy other conditions and keep
moving up and down in the rear position.

In Fig. 9, he logic defining all conditions for robot’s movements on the X-axis is shown. All the equal blocks are used for letting
the robot determine movements based on the lap and the gripper condition.

Similarly, the definition of all conditions for robot’s movements on Y-axis are shown in Fig. 10. All comparison function for the
whole program, are used for identifying different laps since the robot will perform differently in different laps even in the same
station.
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Figure 9. Ladder logic section 39: X-Movements
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Figure 10. Ladder logic section 40: Y-Movements
Challenges

There were a number of significant challenges that arose during the completion of this project. In the
Pneumatic Robot workstation, the original human machine interface (HMI), which was broken, was
swapped with a working HMI of the exact same make and model from the neighboring Pneumatic Robot
workstation. The ethernet communication between the laptop and the robot station failed to work; however,
the use of a special USB cord allowed the project to overcome this obstacle. Using the USB cable was very
easy and straight-forward. Another challenge was the lack of control over the speed at which the robot
moved from one position to another. The robot would travel through the same range of motions but at
varying speeds. When the program was initially downloaded, using the human machine interface (HMI) the
robot could not be set to manual mode which ultimately did not allow the HMI to be used to return the robot
to its original home position from varying positions within the work area. The program initially downloaded
had to be unloaded, the robot could then be moved using the HMI, and then the program downloaded once
again in order for the robot to start in the correct home position. Transition Contact conditions were not
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useful because the robot did not have time to move away from the sensor before the transition contact would
go off. By using timers within the program this problem could be solved, but instead position conditions
were used and Transition Contacts were used for counters. Little options were available to monitor the
position of the robot. The sensors could only monitor when the robot was in a fixed position. The sensors
could not tell where the robot is in space while it is transitioning from one position to another. The gripper
cannot close all the way but can open all the way. The gripper has no sensors, so in it place a counter was
placed in the program. A 1 signifies the gripper is open and a 2 signifies the gripper is closed. One output is
assigned to each rung. Before the Pneumatic Robot can execute the UniLogic’s’s ladder logic program, the
UniStream PLC download target must be selected. Once selected the program will be downloaded. The
online value of lap tracking and lap tracking two must be set to 1. This should not be reset in the program or
else the pneumatic robot will run continuously. Once M35 is pressed on the HMI the robot can execute the
program created.

Conclusions

This paper describes the pneumatic pick and place robot project programmed using an HMI and a Unitronic

ladder logic program. The robot system is a give from industry to the mechatronics master’s program labs at
the university. The robot components and application are described. A pick and pace demonstration program
was developed. This project also has a companion video on YouTube.
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