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Abstract: A work environment for modelling, simulating and performing various technological operations (milling, drilling, etc.) has 
been created using hardware developed to include a Fanuc M430i-A/4FH robot and specialised software Roboguide. As a result of the 
study, guidelines have been developed for the software and hardware improvement of the system in order to enhance its use both for the 
purposes of training and research. 
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1. Introduction 
The kinematic and dynamic capabilities, the level of control 

systems, and using of a high quality and reliable element base of the 
modern industrial robots provide great opportunities for the 
realization of complicated trajectories with high accuracy. This 
tendency provides the expansion of robot functionalities which are 
not frequently mentioned in the documentation.  

The goal of the present article is to study the capacity of a 
FANUC M430i-A/4FH robot to perform a various technological 
operations (grinding/polishing, milling, boring/turning, drilling, 
etc.). An additional unit [1] and specialised software 
(ROBOGUIDE [2]) are used to support the robot. In other words, 
can a universal robot work as a operational? If “yes” – to what 
extent? If “not” – what is missing and can it be done? 

In the Fig. 1 the CAD model of a test part is shown. As can be 
seen from it, suitable operations for creation of that geometry 
features are drilling, milling and grinding. The work piece material 
is polyethylene PE, Fig. 2, it is chosen in accordance with the 
allowable payload of the robot wrist. 

  

  
Fig. 1 CAD model of the test part.                   Fig. 2 Work piece. 

2. Setting the experiment 
To make the process simulation possible, first thing to be done is to 
create a virtual model of the real facility in ROBOGUIDE (Fig. 3). 
That model provides the ability to define all objects around the 
robot and create an accurate visualization of the whole system. 
Setting relations between the objects facilitates process planning, 
programming, and verification via computer animation. The 
software [2] includes capability to create a trajectory, based on 
CAD model features, providing an automated path generation 
which is very helpful for welding, dispensing and other 
applications. 

 

 

Fig. 3 Virtual model of the work scene. 

From other side, to ensure environment space equivalence and 
correct distances between the objects, a calibration of the virtual 
model is required. There are a few ways to accomplish this task. In 
the particular case, a gripper reference point is visualized, using an 
additional device and reading data from motor pulse coders of each 
axis. Then the coordinates are imported to the ROBOGUIDE 
model. 

After completion of the calibration procedure, the development 
of the programs can start. The method of the path planning begins 
with the part geometry features recognition (holes, channels, 
pockets, etc.). Then from part documentation, cutting feed rates and 
other technology information must be collected.  

The robot’s work motions, and the logical structures of the 
programs, are dependent from the part geometry. The required 
operations should be divided in the groups by the tool type, feed 
rate, recurrent features or patterns in the different planes. Usage of a 
logic statement for iterative operations increases the time and 
efficiency of programming, improving the readability of the 
programs. Conditional compare instruction, such as IF and 
SELECT, compares the value stored in register with another value, 
which can be specific parameter for the operation (number of 
features, cutting speed, etc.) and after the comparison a specific 
processing can be executed. With this capability to indirect defining 
parameters, a single logical program can be used for multiple 
operations by specifying of required arguments.  

According to the initial conditions of the experiment, the tools 
are mounted stationary on a plate and robot carries the work piece. 
To perform the motion over the programmed trajectory a set of 
points and type of the motion trough them must be specified. There 
are a few transition types between the stored points of a trajectory. 
In Fig. 4 a way for specifying the transition trough adjacent points 
over programmed trajectory via approximation factor is shown. 
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Fig. 4 Transition types between adjacent points. 

Other motion instructions are also required to establish the 
desired behavior of the robot. Such instructions can be speed 
definition and additional motion instructions, which are related with 
the overall performance of the arm. 

It is important to note that transition from point to point of the 
trajectory must have a consistent configuration, otherwise it can 
cause inability to execute the motion instruction because of the 
control unit generates errors. The configuration of the robot refers 
to the actual construction of the arm, desired location to move, and 
system variables of the controller. A member of the construction 
constraints, for example, is the number of controlled axes (Fig. 5). 
The program in depth is a set of instructions, defining the points 
forming the path, and branch instructions to control the order of 
execution of movements depending on specific requirements for the 
task. Every movement of the robot is determined form the origin of 
the robot (the crossing point of first two axes). By the data collected 
via encoder of every axis and the dimensions of the arm links, 
which are known, the controller obtains the location of the robot 
effector. To fully define the desired trajectory two additional points 
should be taught. First one is related to the device attached to the 
end-effector, representing the tool centre point, and second – point 
which specifies the instrument centre point. Thus, the control unit 
computes all displacements for the each axis. The procedures for 
definition of an instrument and tools are integrated in the 
controlling unit. There are 3 methods, by teaching 3 or 6 points and 
direct input for coordinates. For the particular case, the last method 
is chosen, because the CAD model of the gripper is available. The 
instrumental coordinate systems are trained via 3 point method. All 
coordinates are in a Cartesian representation. 

 

 

Fig. 5 Taught positions in ROBOGUIDE. 

Three cutting tools are used for the experiment. That requires 
teaching of 6 user frames (Cartesian). The reason for use 6, instead 
of 3 user frames, is that the end-effector cannot keep constant the 
attitude of the work piece when J5 axis is lying in XY plane.  

The creation of the robot’s programs is performed via teach 
pendant (teach pendant programming). The programming language, 

developed by FANUC, includes high-level integrated functions. 
This enhances the ease of the reading programs. The controller 
provides the subsequent translation of the instructions, sended to the 
axes drives. 

 

 

Fig. 6 Operation sequence. 

A machining experiment was conducted to the test the robot [2] 
capabilities for operational proposes. Sixteen programs were 
developed in total: 

- Supporting programs: GRAB; DROP; PICKnDPHOME; 
DPHOMEnDROP - for operating the gripper, pick (or place after 
machining) work piece in specified place and positioning above the 
cutters. 

- Drill operation programs: DRILLG, DRILLF, SD8, SD5 (№ 1 
and 2, Fig. 6). 

- Operations for channel milling: CHANTF, SIDECH, 
CHANSTEP1, CHANSTEP2 (№ 3, 4, 7 and 8, Fig. 6). 

- Chamfering programs: CHANT, CHANT2 – (№ 5 and 6, Fig. 
6). 

- A program for machining pocket in the side surface of the 
work piece: POCK (№ 9, Fig. 6). 

- The main program is TECHPROCES, which specifies the 
sequence of the operations. 

In Fig. 7, 8 and 9 are shown the logical structure, a part of the 
program and the real execution of CHANSTEP1 operation. 

 

 

Fig. 7 CHANSTEP1 block-logic. 
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Fig. 8 Code segment of CHANSTEP1 program. 
 

 

 

Fig. 9 CHANSTEP1 execution. 
 

After the completion of teaching and calibration procedures a 
test execution is performed (Within ROBOGUIDE and in a real 
controller test mode). Any corrections are implemented if 
necessary. All programs and variables used should be transferred 
from the software to the robot controller via the communication 
interface (RS-232 or Ethernet) or an USB drive. 

The results from the tests conducted allow a primary evaluation 
of the implementation capabilities of a FANUC M430i-A/4FH 
robot for technological operations, and guidelines for system 
improvement. 

3. Conclusions  
1. With certain limitations, a FANUC M430i-A/4FH robot can 

be used for various machining applications (milling, boring/turning, 
drilling, grinding/polishing, etc.). 

2. The developed system, based on a FANUC M430i-A/4FH 
robot can be used both for the purposes of training and research. 

3. To expand the robot capabilities for technological operations 
is required: establishing end-effector to execute continuous rotation 
about J5 axis (>5400); improving the arm stability for cutting forces 
above 40N (4kgf) to increase the feed rates and improvement of 
repeatability as well. 

4. To establish capabilities for complete process execution is 
required to expand the system functionality by using active control 
peripheral subsystems. 

5. To create, or modify, path planning algorithms for 
automation of the programming. 

6. To expand software [3] capabilities is required to develop 
software integration for some existing CAD/CAM products (e.g. 
SolidWorks). 

7. To establish a direct robot control via the communication 
interface between PC and the robot controller. 

8. To develop databases containing algorithms for optimizing 
the system capabilities during the development of new 
technological processes, programming and their realization. 
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