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Saudi Arabia is at the forefront of the world production of dates, producing more
than 960 tons of dates annually. With an increasing number of palm trees planted and the
limited availability of skilled labor and increased the cost of harvest dates, this makes the
interest in raising the efficiency of operations and reap the harvest of dates in Saudi Arabia
is important work. So, design of semi-automatic machines to harvest dates could be
succeeded. So, This Project aims to design a semi-automatic machine to harvest the dates
from the palm trees. It depends on an robot arm placed on the forks of a telescopic lever to
reach the dates. The research has been conducted in several steps. The first step involved
the measurements of dimensions of fruit bunch based on its position on palm tree for the
preparation of the automated harvesting dates by robot. This is done choose the radius of
the operated robot arm.

The results showed that the horizontal distance between two Bunches increases as to
the age of the tree increased with a linear relationship. Moreover, the distance changes
according to date type. It was 20.7cm for date type "Naboot saif”, and 34.6 cm for
"Khedri" type", and 40.8 for "Khalas", and 32.5 cm for "Sukari" in Riyadh region. These
measurements were helpful in choosing a preliminary robot arm "Katana Robot Arm™ from
Neuronics Company. The arm consists of 6 joints move upward either along a straight line
or in a curved way with radius of 60 cm.

In the third step, a machine with telescopic arm was chosen to carry the robot arm
"Caterpillar Telehandlers". It was easier to_handle and to control in order to perform the
task o carrylngbthe arm to the service area fast and accurate with required balance. A unit
to gather dates beneath the robot arm was also designed and manufactured.

In the fourth step, the entire unit (machine with telescopic arm & robot arm) was
tested successfully; the arm reached its target with ease and flexibility, cutting the dates
that dropped in the gathering unit. The movement and rotation of the machine around the
tress was smooth reaching palm trees with the ability to maneuver and to reach as high as 7
meter.

In the fifth step, laboratory measurements were conducted to determine the strength
of cutting the bunch, the strength of the cutting ranges from 116 to 142 N. In the six step,
cutting equipment was purchased and laboratory experienced. The complete unit was also
tested in the field. However, there were some obstacles in completing the cutting of the
bunch since the cutting tools was not a consolidated part of the robot arm. Therefore,
another industrial robot arm was purchased with the capability of completely cutting the
bunch. At same stage, cameras were installed on the machine in order to monitor bunches
at high altitudes on the viewing screens.

At the seven step, a robot arm type "AM100ic" from FANUC company was
obtained with ability to work in 142 cm radius, and rotate up to 360 degree. It was also
able to carry up to 5 kg and has 6 joints that turnover in the directions X, Y, and Z. The
cutting tool was installed on it and tested in the field successfull?/. In this improved unit,
the harvest time for a bunch was 35 second in average. It took only 8 second to move from
one bunch to another to the extent that an average of 5 bunches were harvested in 6
minutes.

With simple analysis, we conclude that he improved system can be used to harvest
10 trees in approximately one hour. This excellent rate of performance should even
improve and become more efficient with more practice and use. It also important to
mention that there was no waist in harvested dates comparing to manual method of harvest.
It is estimated that the cost of harvested one KG with this improved system is only 0.045
Saudi Riyal with appropriate assumptions, given some technical difficulties and
occasionally malfunctlonlnE of equipments during measuring the efficiency of
performance by the teamwork.

The project recommended installing the robot on another carrying unit for vegetable
and fruits harvesting grown in greenhouses. Also, the syllabus of courses in agricultural
colleges must be modified to include the modern techniques in harvesting vegetable and
fruits and research is encouraged to solve the harvesting date palm problem with robot
without manual controlling.

Keywords: harvest dates, robotic arm, agriculture, agricultural engineering
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Table 1:

Summary of reported vision systems for detecting fruit on trees.

] 3
5 ] §§§ 5% 5 5 gl
5 = R s QEE% g% O=E
U.Virginia Appl B/W4+F (Spectral) Local (Thr+FExt+RCla) No N.R.
(ParrishTT)
MAGALI Appl Color (Spectral) Local (Thr) No N.R.
(D’Esnon8T)
(D’Esnon87T, Appl 3 Color+ 3 F (Spectral) Local (Ratio+Thr) Yes 50%-high%
Rabatel38)
U.Florida and  Oran Color+ L (Spectral) Local (Hue&Sat+LCla) No 100%-N.R.
USDA
(Slanghter87)
(Slaughter8, Oran Color (Spectral) Local (RGB+ BCla) No 100%-N.R.
Harrell39)
U.Purdue Toma B/W (Intensity) Shape (Contour+CHT) Yes 68%-42%
(Whittaker87)
ALD. (LeviBE) Oran Color+ F+ L (Spectral) Shape (Gradient+TMat.) No T0%-N.R.
Sunkist and U.Calif. Appl & B/W4 F+ L (Spectral) Local (Thr+FExt4+LCla) No B4%-20%
(Sitesss) Pech
AUFO (Kassay02) Appl 2 Color (Spectral) Local (Thr+stereo) No A1%-N.R.
CITRUS (JusteD1) Oran B/W+ F+ 2L (Spectral)  Local (Thr) No B0%-high'%
(Justed1) Oran 2 B/W+ 2F+ 2L Local (Ratio+Thr) No S0%-10%
(Spectral)
(JusteO1) Oran Color (Spectral) Local (RGB+ BCla) No 90%-5%
(Pla93) Oran B/W+ L (Intensity) Shape (Convx+ Thr&Fitting) Yes T5%-8%
U.Purdue and  Meln B/W (Intensity) Local (Thr+CExt+RCla) No 84%-10%
Volcani
(Cardenas01)
(Dobrousin2) Meln B/W+ Air (Intensity) Local (Thr+CExt+RCla) No B0%-N.R.
(Benady92) Meln Laser&B/W+ Air  Shape (Profile+CHT+RCla) Yes 100%-0%
(Distance)
CIRAA (Buemif3) Toma Color (Spectral) Local (Hue&Sat+ Thr+ No 90%-N.R
stereo)
U.College-London Oran 2 Color (Spectral) Local (Thr+ CHT+4 stereo) No B69%-5%
(Grasso96)
AGRIBOT Oran &  Laser Range finder Shape & Local (4 primitives+  Yes 80%-0%
(Jimenez97, 98, 99)  spheres  (Distance & Spectral) ParaEsti)

! Appl=Apples, Oran=0ranges, Toma=Tomatoes, Meln=Melons, Pech=Peaches.

2 B/W= Black and White camera, Color= Color camera, F= Optic filter, L= Artificial light, Air=Air blower to

move leaves.

3 Thr=Thresholding segmentation, FExt=Feature extraction, TMat= Template Matching, LCla=Linear classifier,

BCla= Bayessian classifier, RCla=Rule-based classifier, RGB= Red-Green-Blue feature space, Hue&Sat= Hue-

Saturation feature space, CHT= Circular Hough Transform, Gradient=Local gradient image, Convx= Convexity

image, Profile=Profile image, ParaEsti= Parameter Estimation by CHT and sphere fitting.
! N.R.=No Reported.
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Manipulator Link Link Twist Link Joint Joint angle

i length 2.4 angle offset angle range
m 1 d & - —
08 m 08 dag or m

Type 1 1 0 0 022860 B -135,+135

2 0 o0 0 B =100,0

3 0 20 dz 0 0.5461 0.8271

4 0 0 0.17145 By -180,+180

5 0 o0 008880 & =45 +225

& 0.21580 0 0. 17780 B -135,+135

7 021550 0 -0.0BB2D B -135,4135
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joint 0 degree dem |a em O dogres
1 45 0 0 90
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4 -45 0 14.249 | -90
5 30 0 0 0

6 0 0 0 0
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Neuronics 4853 (e Js¥1 V) & LAl Cilbalse 1(Y) Jsaa

Drive DC motors with position encoders
Repeat accuracy 0.1 mm

Degree of freedom 5t06

Working radius Up to 60 cm

Mechanical design High-strength aluminum, anodized

Net Weight 4.8 kg (without control box and gripper)
Max power 96 W(24 V/4A)

Speed 90%sec

Working space 517 mm (without gripper)

Payload from flange 400 g

Force 4 N (in all directions)

Point speed <1m/sec

Standard interfaces Digital 1/0, Ethernet, Modbus TCP/IP, (additional 1/0 and PLC-
connection), USB, LAN, Soft Stop, UPS, C++ interface, support for Python
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| Application | Projects & Programs| Katana-Setup | User Management

E} Katana
i-E General
L.af Gripper
bbo sensars

Katana Parameters

Angles in * at Mech, Stop

Range of work in Degree

Lengths in mm

e
oo Fimware Joint 2 124,25 g9 Joim 2 132] seg Fore Arm 139] men
L@ controlbox Joint 3 52.7| deg Joint 3 245) oeg Welst v -
Joint 4 635 deg Joint 4 =21 365] mm
Joint & 8.5 deg Joint & 36| deg
Joint & 0| deg Joint & 140 deg TCP Offsetin mm
Start value in Enc Encoder per 360° Offset g men
Offset Y 0| mm
Motor 1 31000 enc Motor 1 51200 enc
Motor 2 -31000| enc Motor 2 4978 enc OffsetZ 0 men
Motor 3 -31000] enz Motor 3 47888 ene | UffsotPai 0] ceg
Motor 4 31000 | enc Motor 4 51200 enc Direction of Coordinates
Motor 5 31000 enc Motar § 51200| enc Define origir
Motor & 31000 | enc Motor & 51200 enc :
Set X-Auis
- Load standard values Expert mode...
Newkatana. | [ Delele Katana .
You are loggedin as Administrator Current Katana: Katana .~ ONUNE
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C Applicaticn

KNI C++ KNI Python
LabView Application KNI .MET
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v

g

KNI C
Wrapper DLL
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(' hy

KNI Abstraction Layer

Y

KNI Base Layer

¥

KNI Communication Layer

KNI Protocol Layer
v
( KM Device Layer ]
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Joint Absolute Angle Relative Angle Remark

Jaoint 1 339+ +/— 168.5%

Jaint 2 132¢ +102% / —30°

Joint 3 245% +/—122.5°

Joint 4 224° +/—112°

Joint & 336 +/— 168

Joint & 329° + 289.5° / —29.5° dependent upon the position of the stop screw
with flange)
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.Caterpillar Telehandlers

\Engine \
[Engine Model |Cat 3054E / C4.4 ACERT (optional) |
Gross Power - Standard|74.5 kW [ |
\Weights |
Operating 7200 kg

Weight

\Operating Specifications

Rated Load Capacity 13600 kg |

IMaximum Lift Height  [7200 mm I
IMaximum Forward Reach [3800 mm I

Top Travel Speed 140 km/h [
ILoad at Max Height 12000 kg [
ILoad at Max Reach 11250 kg [
IDimensions

Height 2270 mm [

\Width 2350 mm [
Wheelbase 13050 mm [

|Length to Fork Face 14960 mm [
Ground Clearance 1425 mm [

Turning Radius over Tires [3600 mm [
Turning Radius over Forks [4670 mm [

Tires

Standard 115.5/80-24 16 PR

Hydraulic System

IMaximum System Pressure 1250 bar I
IMaximum Pump Flow 1113 L/min I
IPump Type IVariable displacement load sensing axial piston pump
\Transmission Speeds

[Forward — 1 |7 km/h |
Forward — 2 13 km/h |
Reverse — 1 17 km/h [
Reverse — 2 113 km/h [
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. FANUC 485 (30 AM100IC £58 (3 (AU daga)l) cilialsa (1) Jsaa

Items AM100iC AM100iC/6L
Axes 6 6
Pavload (ka) 10 6
Reach (mm) 1420 1632
Repeatability (mm) +0.08 0.1
Interference radius (mm) 262 262
Motion range J1 360 360
(degrees) J2 250 250
J3 445 447
J4 380 380
J5| 380 /280(1) 380 /280(1)
J6| 720 /540(1) 720 /540(1)
Motion speed J1 210 210
(degrees/s) J2 190 190
J3 210 210
J4 400 400
J5 400 400
J6 600 600
Wrist moments Jal 22 (2.2) 15.7 (1.6)
N-m (kgf-m) BBl 22 (2.2 10.1 (1.0)
J6| 9.8 (1.0) 59 (0.6)
Wrist load inertia Ja .63 .63
(kg_mZ) J5 .63 .38
J6 15 .061
Mechanical brakes All axes All axes
Mechanical weight (kg) 130 135
Mounting method(2) Floor, ceiling, angle, Floor, ceiling,
and wall angle, and wall
Installation environment
0 to 45 0 to 45

Temperature (°C)

Humidity

Normally: 75% or less
Short term (within a month): 95% or less

No condensation

Vibration (m/s2)

4.9 or less

Payload at axis 3 (kg)

12

12
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tree time
m | ---- S S s/date | ------ S
1 2.2 2 7 8 9 6 69
2 3.6 3 9 11 12 10 140
3 4.7 5 12 16 14 20 308
4 5.3 4 10 19 13 7 120
5 6.7 5 13 23 15 15 261
Average| 4.5 3.8 10.2 154 12.6 11.6 179.6
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1 Introduction

Neuronics is the world’s leading supplier of intelligent automation solutions for human-machine cooperation
for use in industry, robotic services, research and didactics. Designed and built in Switzerland, the company's
intelligent & personal robots impress with their compact dimensions, flexibility and user-friendliness in terms
of both implementation and handling. This manual is intended for all users of a Katana 450 robotic arm.
So that the Katana 450 can be made ready for its task in the optimum way and provide a safe and efficient
solution meeting workspace and process requirements, the arm is available in both 90° configurations (A and
B) and 180° configuration.
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2 Manufacturer’s Instructions

2.1 Warning Notices and Symbols

Before putting the Katana 450 into operation, you must read the user manual carefully, paying particular
attention to the safety instructions in Chapter 3. Compliance with the instructions in the manual is manda-
tory. Instructions in the manual which have been marked for special attention MUST be followed. In this
manual, all safety-relevant information is marked with the symbol shown in Figure 2.1.

Figure 2.1: In this manual, warning notices are marked
with the above symbol.

2.2 Trademarks

“NEURONICS”, “INTELLIGENT PERSONAL ROBOTICS” and “IPR BY NEURONICS" are registered trade-
marks of Neuronics AG, Zrich.

2.3 Certification

The Katana 450 bears the CE mark. In a risk analysis carried out by Electrosuisse under intended application
conditions, the KATANA M5 and KATANA M6 robots were categorised as sufficiently safe (report no. Neu-
040315).

2.4 Versions

Five generations have been developed consistently over recent years as the company pursues its commitment
to responding to the needs of different customer groups.

2.5 Customer Service

The support team provides support and advice, is involved in programming and develops applications for
Katana users. It can be reached via telephone or e-mail:

Tel.: +41 44 445 16 31
E-Mail:  support@neuronics.ch

Please note support is not usually provided free of charge.

User manual 2

V¢o



o
Residual Risks Nqur onics

2.6 Residual Risks

There is a risk of injury when working with robots, in particular when manipulating fragile objects or items with
sharp edges or points, or if such objects and items are located within reach of the robots.

If changes affecting the design and construction of the Katana need to be made, the risk of injury has to
be reassessed and appropriate action taken to protect persons and property. Whenever intolerable risks
prevail or risk to persons cannot be excluded in application, sufficient measures must be taken to cordon off
or safeguard the area in which work is being carried out.

If the Katana 450 power supply fails, the joints will no longer function cor-
rectly. This can result in damage to objects being held by the gripper and
items located within the area in which work is being carried out. We therefore
recommend taking appropriate action (e.g. using an uninterruptible power
supply) to avoid such damage.

2.7 Liability

Except for the case of deliberate concealment of defects, Neuronics AG may, in particular, not be held liable
for damage to the goods as such or consequential damages to other assets or legal interests, respectively
caused by or occurring due to the defect in question, nor for loss or costs incurred in connection with the use
of or on grounds of the impossibility to use the product for any specific purpose. Implied warranty with respect
to the application or applicability or fitness for use for a certain purpose is hereby explicitly excluded.

(Extract from our general terms and conditions.)

2.8 Guarantee

Neuronics guarantees that the delivered products are free of defects in material or fabrication. This guarantee
applies provided that the products are properly used, operated and maintained in accordance with this user
manual. We recommend that the products be serviced once a year.

The guarantee period is 12 months for new products and 6 months for spare and replacement parts, to be
calculated from the date of delivery respectively. The guarantee will lapse in the case that service and repairs
are not carried out by persons certified by Neuronics AG or if foreign spare parts are used. The rejected
devices or parts thereof must be returned carriage paid.

(Extract from our general terms and conditions.)
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3 Safety

3.1 Essential Safety Instructions

Considered in isolation, Katana is a safe automation component and therefore does not require a safety
enclosure. However, this does not necessarily mean that the automation solution it is used to provide is safe
enough not to require any additional protective measures. The user of the Katana bears full responsibility for
compliance with application-specific safety regulations. Should grippers not approved by Neuronics be used
or if hazardous objects are being manipulated, an application-specific risk analysis will need to be carried
out and sufficient protective measures taken to provide an assurance of safe working. Neuronics accepts no
responsibility whatsoever for accidents resulting in personal injury and damage to property which could be
caused by application-specific hazards.

Anyone using Katana robotic arms must be familiar with the safety instructions and tips for use outlined in
this document. Furthermore, they must receive training in the appropriate application from those persons
who created or modified the application programs. We strongly recommend that anyone responsible for
programming or configuring Katana robotic arms takes part in training provided by Neuronics or a Neuronics
training partner.

User manual 4
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3.2 Ten Tips for Successful Working

The following instructions are designed to facilitate safe and efficient working with the Katana 450:

User manual
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A main calibration routine must always be carried out whenever a col-
lision signal is output. Resuming the program immediately can lead to
deviations with regard to the reaching of target positions. Neuronics
can accept no responsibility for positioning accuracy following a colli-
sion.

. Following teach-in and programming, traversing should initially be un-

dertaken without a gripper. This is to avoid damage to the gripper
should there prove to have been any programming errors.

. When moved by hand, the Katana joints must not exceed a speed of

45° per second.

. If you are working without a safety enclosure you should if possible

mark out the effective area, in order to avoid malfunctions due to per-
sons or objects entering it unintentionally.

. If the power supply is disconnected or the motors are set to OFF via

the software, you will need to use your hand to hold the Katana still.
As the joints do not have a brake to hold them still, gravity will force the
Katana to collapse in on itself.

. We recommend wearing safety goggles to avoid eye injuries when

working in the vicinity of robots.

. Before start-up, you must check that the Katana robotic arm has been

securely fastened to its working surface in compliance with the instal-
lation instructions.

. If the use of the Katana robot or the handling of objects which have

sharp edges or are dangerous poses a risk of damage to electrical ca-
bles, lines and switchgear, appropriate action must be taken to protect
such equipment.

. Users of robotic manipulators must be given regular training so that

they are familiar with the risks, the necessary protective measures and
the applicable rules of conduct.

. The integration of components into an application can pose new risks.

These risks must be assessed in the context of the engineering of the
application and appropriate protective measures taken to reduce or
eliminate them. Changes affecting design and construction can intro-
duce new risks and potential hazards; these must also be countered
by appropriate protective measures.

YEA




- Neuronics

4 Storage and Shipment

4.1 Cleaning

For safety reasons, the mains cable connector must be unplugged from the socket prior to cleaning the robot
or any accessories connected to it.

The robot should be wiped clean with a soft, slightly damp cloth. Alcohol (maximum 70%) or a cleaning agent
containing alcohol (maximum 70% alcohol) can also be used to remove stubborn stains. Substances such as
turpentine, thinners, or acetone must not be used. Such substances must not be allowed to come into contact
with the electronics in particular. The use of compressed air for cleaning is not permitted. Abrasive cleaning
agents can damage the surface of the robot.

4.2 Storage and Protection

In order to ensure maximum protection against dust and dirt, the robotic arm and its accessories must be
kept sealed in the original packaging. The room temperature in the storage location should be between +5°C
and +40°C. Relative humidity in the robot's storage and operating locations should be between 20% and 80%
(non-condensing). We absolutely do not recommend taking the robot out of its packaging when in storage.

Alternatively, the robot can be kept in a clean and sealable plastic box.

Original packaging can be reordered from Neuronics AG.

4.3 Packaging and Transporting the Katana

In order to ensure maximum protection, the robot must only ever be transported with the original packaging in
which it was supplied.

Packaging can be reordered from Neuronics AG in the event of loss or damage.

Alternatively, an aluminium case on rollers with a suitable foam lining can be purchased from Neuronics AG.
Please call +41 44 445 16 40 for information about prices.

4.4 Disposal of Packaging Materials

The foam lining is a flexible reusable packaging solution which moulds around the shape of the robot to afford
maximum protection during transportation. Since it can be reused, we recommend that you do not throw it
away.

When disposing of the product and its packaging materials, compliance with local regulations and legislation
must be ensured.

User manual 6
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5 Hardware

5.1 Katana Robot

Three Katana models are available. They are the 6M180, the 6M90A and the 6M30B. They differ with regard
to the arrangement of joint 6. Detailed drawings illustrating dimensions and traverse paths appear in the
appendix (Chapter 9.2). The three models are illustrated in Section 5.1.1.

5.1.1 Katana 450: Models

All Katana 450 models shown in Figures 5.1 to 5.3 are fitted with Neuronics angular grippers.

Figure 5.1: 6M180 Figure 5.2: 6M90A Figure 5.3: 6M90B

5.1.2 Traverse Angles of the Joints

The following maximum traverse angles are available to users for their handling tasks.

Joint | Absolute Angle Relative Angle Remark

Joint 1 339° +/—169.5°

Joint 2 132° +102° / —30°

Joint 3 245° +/—1225°

Joint 4 224° +/-112°

Joint 5 336° +/— 168°

Joint 6 329° +299.5°/ —29.5° dependent upon the position of the stop screw

(with flange)
Flange operation:
Users wishing to set their gripper application at an angle will need to move
the stop screw on joint 6 (in 90° increments). It is absolutely vital that this
action is then entered in the Katana4D software, otherwise the kinematics
will be distorted (for more information please see the Katana4D manual).

User manual 7
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Katana Control

5.2 Katana Control

A Neuronics control box is needed to control the robot. There are two types of control box: an internal model
and an external model. The internal control box is flange-mounted directly on the robot’s foot; the external
can be positioned at will within the vicinity of the robot (see Chapter 6.1.1).

5.2.1 Internal Control Box

Figures 5.4 and 5.5 show the ports and the controls on the internal control box. These are described in more
detail in subsequent chapters.
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Figure 5.4: Internal control box: view from the front  Figure 5.5: Internal control box: view from the right-
hand side

5.2.2 External Control Box

Figures 5.6 and 5.7 show the ports and the controls on the external control box. These are described in more
detail in subsequent chapters. When using the external control box, the maximum length of the control cable
is 10m.

Figure 5.6: External control box: view from the front Figure 5.7: External control box: view from the rear

5.2.3 Ports
5.2.3.1 Ethernet

Two RJ45 Ethernet ports provide full TCP/IP support for LAN and web applications. The control board's IP
number and net mask are set to fixed values but can be changed if required.
Control via Ethernet:

IP Adress: 192.168.168.232
Net Mask: 255.255.255.0

If required, fieldbuses like ProfiNET or EtherCAT can be connected to the control box with a bus coupler (on
Modbus/TCP via the Ethernet port).
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5.2.3.2 USB Device
The availability of a USB port offers an alternative control option to the Ethernet port. It is useful in particular

if safety regulations prevent the integration of Ethernet into an existing network. A special driver is needed for
the USB connection: it can be found on the Katana4D installation path under “Drivers”.

Control via USB:

|IP Adress: 192.168.1.1
Net Mask: 255.255.0.0

5.2.3.3 USB Host

Two USB host ports provide options for connecting USB sticks (firmware update and standalone program
memory) for the Neuronics control pad and customer-specific interfaces with peripheral equipment.

5.2.3.4 Digital Input/Output

The control box features the following eight digital inputs/outputs.

In A-D Four digital inputs

InE Soft Stop  Enables the program to be stopped via an external signal

InF Power Fail ~ Signal from the UPS (uninterruptible power supply) for the robot to return to the
home position

Out A-B Two digital outputs

The pin assignment of the inputs and outputs is determined by the jumper setting of the control board. By
default, the jumpers are set to ‘Active Low’ (see Figure 5.10). This setting can be adjusted if necessary. To
access the jumpers, the control box housing needs to be removed first. Please contact Neuronics Support for
assistance with this. Figures 5.8 to 5.10 illustrate the inputs and output circuitry as well as the three possible
jumper configurations.

‘24.\/,|o -
uts R95 ® = %
—_—r‘ : — —a o
s |AZ¥ , R97 a7 o g——2 1 | Digital Input
I—————u g
PC357NATIOOF 470R —I_TD—_\__‘T a
J1 7
GND_IO
Figure 5.8: Digital input circuitry
X23
vee @
=
5 6' Digital Output
a
S I )
GND_IO
Figure 5.9: Digital output circuitry
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Active Low Active High Optically Insulated

Figure 5.10: Jumper settings

5.2.3.5 Power Supply
The power supply connection (jack socket) is located at the front (internal control box) or the rear (external

control box); it is marked “Power +24VDGC". Please only use the Neuronics power pack (24 V DC) included in
the scope of supply.

5.2.3.6 Status Display

The integrated status LED provides up-to-date information about the status of the control box. The most
important LED statuses are listed below:

Lit up RED e The control box is not yet ready for operation (during the warm-up phase; this lasts approx. 30
e Malfunction
e During the update process via USB stick

Lit up GREEN e The control box is ready for operation.

Flashing RED/GREEN e  The update process is complete.

ﬁ)uring the update process the USB stick must NOT be removed and the |
| control box must NOT be shut down. Noncompliance with this instruction
could damage the electronics board beyond repair!

5.2.3.7 Main Switch

The main switch is located on the right-hand side (internal control box) or at the rear (external control box).

Pressing the switch during operation will cause the Katana to collapse in on
itself!

5.2.3.8 Katana Connection
The connection for the D-SUB cable to the Katana robot is located on the rear of the external control box.

Please only use the Neuronics D-SUB cable included in the scope of supply. A cable is not required to operate
the internal control box, since the box is flange-mounted directly on the robot’s foot.

User manual 10
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5.2.4 Control Board Services

The control board supports the following services:
o Telnet
e FTP
e HTTP
e XML-RPC
o SOAP
e Modbus

User manual 11
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5.3 Payload

If customer-specific payloads are to be used on the Katana flange, the permissible actual loads must be taken
into account. The position of the centre of gravity of the add-on component on the flange is defined by the
radial clearance L, along with the axial clearance L. (see Figure 5.11). Figure 5.12 shows the maximum
values applicable for L, (x axis), L. (y axis) and the add-on weight 1 .

Lx

Lz

Ly

Figure 5.11: Payload centre of gravity

140 |- 4

120 |- ¥ 1

100 E

400g
E 80 B
F
60 .
40 E
20 - -
0 1 1
0 50 100 150 200
L [mm]
Figure 5.12: Payload diagram
Ly, 100 mm
Maximum values: . . 150 mm
Wivas 400 g
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Accessories

5.4.2 Fingers

The Neuronics fingers are the standard gripper solution supplied for general handling tasks with the Katana.
The associated angular gripper is described in Chapter 5.4.1.

Figure 5.14 shows how the fingers are mounted on the angular gripper.

Please note: When you order a Katana with gripper fingers, these will be delivered ready-mounted on the
body of the gripper. If you order a pair of fingers separately, the scope of supply will include the individual
parts 2-4 (Figure 5.14).

(1) Angular gripper

(2 Fingers

@) Spring lock washer DIN7980 @3.1x@5.6x1 (2x per
finger)

B A\ i s f
. * ‘X > \’ 3 @) Cylinder head screw DIN912 M3x6 (2x per finger)

 Zolo

Figure 5.14: Finger assembly
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5.5 Kinematics and Coordinate Systems

5.5.1 Coordinate Systems and Definitions
5.5.1.1 Basic Coordinate System (Basic Frame)
The origin of the basic coordinate system is located at the point where the rotary axes of motor 1 and motor 2

intersect (centre of joint 2). The z axis represents the rotary axis of motor 1. Figure 5.18 shows the origin of
the basic coordinate system in plan view. The x axis is located exactly in the centre of the working area.

Figure 5.18: Basic coordinate system, plan view

Figure 5.19 shows the robot with all axes in mechanical stop (the position approached during the main cali-
bration routine) with the basic coordinate system drawn in.

5.5.1.2 Tool coordinate System (Tool Frame)

The tool coordinate system is located in the robot’s tool. The position is defined by the tool centre point (TCP).
The position and orientation of the tool coordinate system are defined as translatory and rotary transforma-
tions of the basic coordinate system. Z-X-Z Euler angles are used for orientation. As the tool coordinate
system moves with the tool, its position in relation to it always remains the same, even if its position in space
changes. The tool coordinate system is also a right-handed system and is defined by the following vectors:
Ttools Ytool AN 24001 . The positive 24, axis always points towards the tool, away from the robot. If a gripper
has been mounted, the tool coordinate system will be entered as per standard (in other words, as illustrated
in Figure 5.20.

5.5.1.3 Angle Definitions

The angle definitions in the Katana4D software differ from the angles calculated in the case of kinematics in
accordance with the modified Denavit-Hartenberg convention (mDH, see Chapter 5.5.2). The two illustrations
that follow (Figure 5.21) show the angle definitions from Katana4D followed by those as they are used in the
kinematics. The angles in the kinematics are defined in accordance with the ‘right-hand rule’. Each of the z
axes is also shown in the figure. The images have been taken from the Katana 6M180 by way of example.
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Figure 5.19: Basic coordinate system
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Figure 5.20: Tool coordinate system

User manual 20

YoA




@nematics and Coordinate Systems

theta5

= {theta2

Y thetal

a) b)
Figure 5.21: Angle definition a) in K4D b) in the kinematics

The formulae in the following tables can be used to convert the angles from Katana4D (K4D) to a kinematic
definition, where 6, to 04 on robot models 6M180, 6M90 with gripper (6M90G) and 6M90 with flange (6M90T)
are defined as identical, and f5 and if applicable g are different in this calculation:

Angle [Model] | K4D — Kin Kin — K4D

01 eicm = 61{?4(1 - grAd — Hlfm 7
05 ()!)crn = olZcAd gkdd — glzcm

9; 0§1n = 9§4d - 0 4d _ 9§m +7

0 okin — /2 — gktd | gE4d = /2 — ghin

4
05[6M 180] 0F" = 3m/2 — 054 | 0
05[6M90G] | 05" = 7/2 — gk | o844 = /2 — oF*"
05[6MO0T] | 05" = /2 —ok4d | gkt — /2 — gF
05[6MO0T] | 05 = n/2— 0k10 | okt = m/2 — oF™

5
5

The positive encoder direction is again defined differently, although it is set by the integration of the motors
(see Figure 5.22). The following formulae should be used for encoder to angle conversion (in accordance with
mDH) and vice versa:

encoder — encoderQ f fset
epc

2n

0 = angleOf [ set + rotationDirection -

—angl set
0 —angleOf fse o118

encoder = round(encoderQ f fset 4 rotationDirection - 3
™

The angleOf fset (angle of the calibration stop), rotationDirection (comparison of the direction of rota-
tion between encoder and angle), encoderO f fset (encoder value at calibration stop) and epc (number of
encoders per 360° revolution) are determined by the hardware, geometry and calibration of the robot (see
Figure 5.22).
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e 6 spring lock washers @3.1x@5.6x1 (DIN 7980)

Note: All the above standard parts are part of the scope of supply of the base plate or the equipment config-
uration with an external control box.

6.1.2 Wiring

The following components have to be connected following assembly in order to work with the Katana (see
Chapter 5.2.3).

e 220/24 V power pack for power supply
o USB or Ethernet cable for connection to a PC
e Connecting cable for Katana communication (external control box only)

6.2 Cable Connections

Figures 6.3 and 6.4 show two ways of connecting the Katana robot to a PC for control purposes: Ethernet
and USB.

192.168.168.232
255.255.255.0

Figure 6.3: Connecting the Katana robot to a PC via Ethernet.

L
)

O
6 A

—_

192.168.1.1
255.255.0.0

Figure 6.4: Connecting the Katana robot to a PC via USB
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6.2.1 Ethernet

The robot can be connected either to an existing LAN or to a PC directly via a crossed network cable. The
standard IP configuration of the robot on Ethernet is:

IP Adress: 192.168.168.232
Net Mask: 255.255.255.0
6.2.2 USB
Connection via USB is an alternative to the Ethernet port. It is of use primarily if the Katana cannot be

integrated into a company network for reasons associated with IT guidelines. Connection via USB provides a
point-to-point link to the robot via the TCP/IP protocol, in exactly the same way as connection over Ethernet.

The standard IP configuration of the robot on the USB port is:

IP Adress: 192.168.1.1
Net Mask: 255.255.0.0

6.2.2.1 Windows XP

A special driver has to be installed when the control box is connected to the control PC for the first time.

Hardware Updats Wizord
Hardwiare Update Wizard

Welcome to the Hardware Update
Wizard

\irdboms vl seirch o cunert ardl upcated softwae by
Rk, o ot Cotmpdes, o e P e wrstalohon D, ot o
they

w This wizaed helps you instal solles for
Windows Updaie Web s2e (with your permisson

Foatl oo ity by

CanViindoms ccrnect 1o Windows Updete 10 sessch fox
sliwae”
Yes, thi e ory
Yes. P and ey fion | conmest 8 device
=) Mo. 2t this

bk Hextho contrue.

Select the third option.

Hardware Update Wizard

Please chouss yous seaich and installation options.

) Seach e he best divon i hese bocations

Use the check coxes below 10 kvl o expand the cafauk iemcn. nbich rclces local
pabe iz Tre best

) Semch rsmovable madia loopy. CO-ROM .|
#lnchude tha lncetion e ssach
C\Progiam Filestk anadD 5.0 1\Drvers v E

) DarY search | val choose e dwver to instel.

Crease fiom 3kt Windown
the diver yor

< Back Hot) | [ Conced

Enter the path to the driver in this dialog box.
This is located in the Katana4D installation di-
rectory under 'Drivers’.
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“} I your hardware come with an installation €D
2 or floppy disk. insert it naw.

Wk dyou mars the wemd o 0o
Ingtall e softvese adoweicaly Mecomnended)

) Ikl ey e cx sy s oAt bianond)

Cick Nt ko contrun

(Ccgone [ moe> ] [ Corest

Completing the Hardware Update
Vhzard

The versed b irished ind v the sclzwars for

2 L USB ExnemetRNE S Gadged

ik Finsh 10 cloes tha vizad

P |

The driver is installed.
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A network connection has been added which now needs to be configured. Click Start— Control Panel—Network
Connections. Then select the newly created connection and edit its settings.

4 Local Area Connection 2 Properties 2% Internet Pratoenl (TCPAIP)
General | Advanced Geners
Cannect using: You can get IP setings assigned automaticaly f your network, supports
. . this capabity. Dth=twise, you need to ask your network admnishialar for
#8 Linux USB Ethemet/RNDIS Gadget Configure. the appropiiate IP seftings

This connection uses the following itams () Oblain an IP addiess automabically

() Use the fol 1P address
¥ Bl Cliert for Miciosoft Networks o the following [P addre:

V! JBFie and Prinles Sharing for Miciosolt Networks IP address 192.168.1%. 32
¥ =005 Packel Scheduler Subnet mask 2%5.255. 0, 0
' Intemet Protocol (TCP/IP)
Defak gateviay

Install | [ Properies | =
Desciipbor (5) Usa the followng DNS server addresses
Transmission Contiol Protocolintemet Protocol The defaul Prefoned DNS server
wirde area nelwork protacol that provides commurication
acioss diverse interconnected nelworks Abemate DNS server

[7] Show icon n notiication area when connected

[ Notily me when this connection has limled o ro cornectivty “Advarced._|
(o J[ comca |
ok J[Ccomea ]
Enter the IP address and subnet mask as
Double-click 'Internet Protocol(TCP/IP)’ shown. The remaining fields remain blank.

6.2.2.2 Linux
A USB connection under Linux requires that the ‘usbnet’ kernel module has been installed. Check this with

1smod | grep usbnet. If the module has not been installed, it can be with modprobe usbnet. Next, the
usbO interface is configured.

ifconfig usb0 192.168.1.12 netmask 255.255.0.0
ifup usbO

6.2.3 IP Configuration

The IP address and net mask can be modified at will. To do this, open a web browser and go to the Katana
website by entering its current IP address, for example http:/192.1 68.168.232/. The (Ethernet) IP configura-
tion and the USB IP configuration can be set in the web interface under Settings.

6.3 Control Options
The Katana supports three control options: Katana4D, KNI and standalone mode.

6.3.1 Katana4D
The easiest option is to control the robot using Neuronics' KatanadD software. You will need a PC with a

Windows operating system and an Ethernet or USB port. Neuronics Customer Service can provide detailed
information about system requirements.
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ARC Mate® 100:C
& 100:C/6L

Basic Description

The ARC Mate 100iC series is a
six-axis, modular construction,
electric servo-driven family of robots
designed for precise, high-speed
welding and cutting. Based on its
simple and reliable construction,

the ARC Mate 100iC and ARC Mate
100iC/6L provide accurate and
consistent path performance. The
robot controller and easy-to-use
ArcTool® software provide reliable
performance with high productivity.

The ARC Mate 100iC robot series
has a process specific design that
protects the weld torch cable from
the wire feeder to the torch goose
neck, reducing cable wear and
minimizing wire feeder issues. This
simplified routing prevents cable
interference with parts and tooling
and allows offline programs to

be generated and tested without
compensating for the torch cable.

Benefits

= Process specific arm protects and

minimizes wear of the torch cable.

Features highest motion speeds in

class for maximum performance

and productivity.

= Best in class reach versus stroke
ratio.

= Compact design simplifies
installation and transportation
of system.

= The ARC Mate 100iC series offers
an extremely large work envelope
useful for large parts or complex
tooling.

= Extremely fast wrist axes reduces
aircut times, thus improving
throughput.

Features

= Slim wrist size enables the robot
to enter into smaller openings in
the work space.

Note: ARC Mate is a registered
trademark of FANUC LTD.

J3 flip-over capability provides large
working envelope that is ideal for
inverted applications.

Designed with integral utilities
including gas/air lines and a Lincoln
Electric wire feed motor cable
routed inside the robot arm. This
offers improved reliability, reduced
setup time and eliminates external
cabling requirements.

Wire feed motor (up to 12 kg)
mounted behind the J4 hollow
opening, shortens welding torch
length which improves wire feed
reliability and arc start capability.
“Plug and play” simplicity with
Lincoln Electric's Power Wave™ or
STT™ (Surface Tension Transfer)
power sources.

Arc welding teach pendant with
application-specific hard keys offers
intuitive control over the process.
Compatible with all major brands of
welding equipment.

Interfaces with most types of servo-
driven or indexing positioners.

ARC Mate 100iC has 1,420 mm
reach and 1,066 mm stroke.

ARC Mate 100iC/6L has 1,632 mm
reach and 1,154 mm stroke.

10 kg payload on faceplate for
ARC Mate 100:C.

6 kg payload on faceplate for

ARC Mate 100i/C/6L.

Yy
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Multiple mounting positions
include upright, inverted, wall or
angle mount with no changes to
the mechanical unit.

Options

ServoTorch™ provides precise
wire feed control for aluminum
and soft wire application.
Integrated weld power cable
EMI shielding kits for TIG (GTAW),
plasma (PAW) and plasma
cutting (PAC) allow operation
in harsh EMI (electro-magnetic
interference) environments.
Multiple process I/0 welding
boards integrate multi-channel
welding equipment such as 4
channel TIG and 3 channel MIG.
Various robot connection cable
lengths for flexible cabinet
placement and optional track
rated cables.

J1 axis stroke modification kit.
Auxiliary axis packages

for integration into welding
positioners.

iRVision™ (Integrated Robot
Vision) system delivers high-
performance 2-D and 3-D
machine vision capabilities with
FANUC reliability.



ARC Mate 100/C Dimensions

Isometric

ARC Mate 100/C Specifications

Top

Wrist

225°
R110

b— ma—l 455

J5 AXIS
R
CENTER

IOTATION

MOTION RANGE
OF J5AXIS
ROTATION CENTER (100iC)

MOTION RANGE
OF J§ AXIS
ROTATION CENTER (100iC/6L)

MdxE.0 DP.
TYP.(8) AS SHOWN
ONS60DIA B.C

FANUC

Charlotte, NC
(704) 596-5121

Chicago, IL
(847) 898-6000

C OH

Robotics
Toronto, Canada

(905) 812-2300

Montréal, Canada
(450) 492-9001

(513) 754-2400

Los Angeles, CA
(949) 595-2700

ltems iC/6L
Axes 6 6
Payload (kg) 10 6
Reach (mm) 1420 1632
(mm) 0.08 0.1
Interference radius (mm) 262 262
Motion range Ji 360 360 E Ng i
(degrees) J2 250 250 |
J3 445 447 L
5 380 380 8sd
J5| 38072800 3807280 FotLow
J6 | 720754000 720/ 540 000 h7
Motion speed J 210 210
(degrees/s) J2 190 190
J3 210 210 Note: Dimensions are shown in millimeters.
. 400 400 Detailed CAD data are available upon request.
J5 400 400
J5 600 600
Wrist J4 22 (2.2) 15.7 (1.6)
moments J5 22 (2.2) 10.1 (1.0) . "
Moo (gt m) 56| | 9810 59 (06) Intelligent Robot Solutions
Wrist load J4 .83 63
‘:"“‘ J5 63 38 FANUC Robotics America, Inc.
Kear) J& 15 -061 3900 W. Hamlin Road
brakes All axes All axes Roch Hills, MI 48309-3253
weight (kg) 130 135 (248) 377-7000
Mounting method®® Floor, ceiling, Floor, ceiling, Fax (248) 377-7362
angle, and wall angle, and wall
Installation environment For sales or infor call:
c) D048 tods 1-800-iQ-ROBOT + 1-800-47-ROBOT
Humidity Normally: 75% or less
Short term (within a month): 95% or less'
No condensation
Vibration (m/s?) 4.9 0rless.
Payload at axis 3 (kg) 12 | 12 .

Notes:

(1) J5and J6 motion range when internal torch cable is installed
(2) Motion range is de-rated for wall and angle mount

fanucrob;tlcs.com

©2007 FANUC Robotics America, Inc. Al rights reserved.
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Toledo, OH
(419) 866-0788

52 (449) 922-8000

Sao Paulo, Brazil
(55) (11) 3619-0599

FANUC ROBOTICS LITHOINUS.A. FRA-05/09
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