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Preface

User Manual Information

Translated Version V2.0.0.

Product Information

Package contains:

Robotic Arm x 1

Power Adapter x1

Emergency Stop Button x1

Ethernet Cable x1

Robotic Arm end effector adapter cable x1

Lite 6 Quick Start Guide x1

Main Contents of the Manual

Lite6 User Manual Hardware Section

(1) Lite6 hardware installation

(2) Electrical interface

(3) Lite6 end-effector




Lite6 User Manual Software Section

(1) UFACTORY Studio instructions

(2) Lite6 motion analysis

Appendix

(1) Lite6 error reporting and handling

(2) Lite6 technical specifications

(3) The Lite6 software/firmware update method

(4) Maintenance and Inspection

(5) After-sales service

Terms and Definitions

The following terms and definitions apply to this manual.

End Effector

The end effector, installed on the front end of the wrist of the

robotic arm, is used to install special tools (such as grippers,

Enable Robotic Arm

Power on the robotic arm and turn on the motor of the robotic arm.

After the robotic arm is enabled, it can start to move normally.

TCP

Tool center point.

TCP Motion

TCP motion is the Cartesian space motion, with target position in

Cartesian space coordinate and the end follows the specified

ol oo ol [H o)

TCP Payload

(End Payload)

The payload weight refers to the actual (end tool +other object)
weightin Kg; the X /Y / Z-axis indicates the position of the center

of mass of the TCP relative to the default tool coordinate system,

TCP Offset
(Tool Center Point
Offset)

Set the relative offset between the default tool coordinate system at
flange center and the actual tool coordinate system, with distance

unit of mm.




Roll/Pitch/Yaw

Roll / Pitch / Yaw sequentially rotates around the X / Y / Z of the

selected coordinate system (base coordinate system).

The following describes the roll/pitch/yaw orientation

representation of {B} relative to {A}:

For example, the coordinate system {B} and a known reference
coordinate system {A} are first superposed. First rotate {B} around
X by y, then around Y , by B, and finally around Z , by a.

Each rotation is around a fixed axis of the reference coordinate
system {A}. This method is called the XYZ fixed angle coordinate

system, and sometimes they are defined as the roll angle, pitch

angle, and yaw angle.

The above description is shown in the following figure:

a 4

X's X'

The equivalent rotation matrix is:

QRXYZ(yi B, 05) =R, (a)RY (ﬂ)Rx (7)

Note: y corresponds to roll; B corresponds to pitch; a corresponds

to yaw.

Rx / Ry / Rz representation also, using 3 values to represent the
pose (but not three rotation angles), which is the product of a three-
dimensional rotation vector [x, y, z] and a rotation angle [phi

(scalar)].

The characteristics of the axis angle:

Assume the rotation axis is [X, y, z], and the rotation angle is phi.
Then the representation of the axial angle:

[Rx, Ry, Rz] =[x * phi, y * phi, z * phi]




Axis-Angle

Note:
1. [x,y, z] is a unit vector, and phi is a non-negative value.

2. The vector length (modulus) of [Rx, Ry, Rz] can be used to
estimate the rotation angle, and the vector direction is the rotation

direction.

3. If you want to express reverse rotation, invert the rotation axis

vector [x, y, z], and the value of phi remains unchanged.

4. Using phi and [x, y, z] can also derive the attitude representation
as unit quaternion q = [cos (phi / 2), sin (phi / 2) * x, sin (phi / 2) *y,
sin (phi/ 2) * z].

For example:

The vector of the rotation axis represented by the base coordinate
systemis [1, 0, 0], and the rotation angle is 180 degrees (1), then

the axis angle representation of this pose is [, 0, 0].

The rotation axis is [0.707, 0.707, 0] and the rotation angle is 90
degrees (1t / 2), then the axis angle posture is [0.707 * (1t / 2), 0.707
*(m/2),0]

The Base Coordinate

System

(Please refer to the

figure 1)

The base coordinate system is a Cartesian coordinate system based
on the mounting base of the robotic arm and used to describe the

motion of the robotic arm.

(Front and back: X axis, left and right: Y axis, up and down: Z axis)

Tool Coordinate System

(Please refer to the

figure 1)

Consists of tool center point and coordinate orientation. If the TCP
offset is not set, the default tool coordinate system is located at

flange center.

For tool coordinate System based motion: The tool center point is
taken as the Initial point, and the trajectory of the robotic arm refers

to the tool coordinate system.

User Coordinate

System

(Please refer to the

figure 1)

The user coordinate system can be defined as any other reference

coordinate system rather than the robot base.

Manual Mode

In this mode, the robotic arm will enter the ‘zero gravity’ mode,




since the gravity is compensated, the user can guide the robotic

arm position directly by hand.

Teach Sensitivity

Teach sensitivity range is from 1 to 5 level. The larger the set value,
the higher the teach sensitivity level, and the less the force required

to drag the joint in the manual mode.

Collision Sensitivity

The collision sensitivity range is from 0 to 5 level. When it is set to 0,
it means that collision detection is not enabled. The larger the set
value, the higher the collision sensitivity level, and the smaller the
force required to trigger the collision protection response of the

robotic arm.

GPIO

General-purpose input and output.

For the input, you can check the potential of the pin by reading a
register;

For the output, you can write a certain register to make this pin

output high or low potential;

Safety Boundary

When this mode is activated, the boundary range of the cartesian
space of the robotic arm can be limited. If the tool center point (TCP)

exceeds the set safety boundary, the robotic arm will stop moving.

Reduced Mode

When this mode is activated, the maximum linear velocity of the
Cartesian motion of the robotic arm, the maximum joint speed, and

the range of the joint motion will be limited.

A:Base coordinate
B:TCP coordinate
(5]

Tt y C:User coordinate

©
N
=<
>
oe—— N

Figure 1
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Motion Parameters

The parameters of the robotic arm are shown in Table 1.1 and Table 1.2.

Table 1.1 Working Range of each joint of the robotic arm

Joint Range
1st Axis +360°
2st Axis +150°
3st Axis -3.5°~300°
4st Axis +360°
5st Axis +124°
65t Axis +360°

Table 1.2 Range of various motion parameters of the robotic arm

TCP Motion Joint Motion

Speed 0~500mm/s 0~180°/s
Acceleration 0 ~50000mm/s? 0~ 1145°/s?
Jerk 0~100000mm/s3 0 ~28647°/s3

Note:

1. In the TCP motion (Cartesian space motion) commands (set_position () function of the
SDK), If a motion command involves both position transformation and attitude
transformation, the attitude rotation speed is generally calculated automatically by the
system. In this situation, the specified speed parameter is the maximum linear speed,

range from: 0 ~ 500mm / s.

2. When the expected TCP motion only changes the attitude (roll, pitch, yaw), with

position (x, y, z) remains unchanged, the specified speed is the attitude rotation speed,

11



so the range 0 to 500 correspondsto 0to 180 °/ s.

Unit Definition

The Python/Blockly examples and the units standard in the communication

protocol are shown in Table 1.3.

Table 1.3. Default units in Python / Blockly example and Communication

Protocol
Parameter Python-SDK Blockly Communication
X (Y/Z) millimeter (mm) millimeter (mm) millimeter (mm)
Roll (Pitch/Yaw) degree (°) degree (°) radian (rad)
Jv (J2/)3/)al)s1)el)7) degree (°) degree (°) radian (rad)
TCP Speed mm/s mm/s mm/s
TCP Acceleration mm/s? mm/s? mm/s?
TCP Jerk mm/s3 mm/s3 mm/s3
Joint Speed °/s °/s rad/s
Joint Acceleration °/s? °/s? rad/s?
Joint Jerk °/s? °/s? rad/s?

Additional Information

For UFACTORY Studio software download and the developer manual, please

refer to the UFACTORY official website.

https://www.ufactory.cc/download
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Safety Precautions

® Introduction

This chapter contains essential safety information, integrators and users
must follow the instructions and pay special attention to the content with
warning signs. Due to the complexity of the robotic arm system and its
degree of danger, please ensure you fully understand the content of this
manual and strictly adhere to the instructions. When using SDK
(Python/R0OS/C++) and graphical interface (UFACTORY Studio), please read
the relevant interface instructions demonstrated in this operation manual.
UFACTORY devotes to providing reliable and safety information, but these
contents do not constitute warranties by UFACTORY. UFACTORY will not have
or accept any liability, obligation, or responsibility whatsoever for any loss,
destruction, or damage arising from or in respect of any use or misuse of the
robot.

@ Validity and Responsibility

The information does not cover how to design, install, and operate a
complete robotic arm application, nor does it cover all peripheral equipment
that can influence the safety of the complete system. The complete system
must be designed and installed under the safety requirements outlined in the

13



standards and regulations of the country where the robotic arm installed.

The integrators of the robot are responsible for the compliance of applicable
safety laws and reqgulations in the country, to prevent any hazards in the

operating environment.
Safety precautions include but are not limited to:

e Making a risk assessment for the complete system. Make sure to have a
safe distance between people and the robot when interacting with the

robot.

e Interfacing other machines and additional safety devices if defined by

the risk assessment.

e For software programming, please read the interface documentations

carefully and set up the appropriate safety functions in the software.

e Specifying instructions for use to prevent unnecessary property damage

or personal injury caused by improper operation.

@ Limitations on Liability Exceptions
Any information given in this manual regarding safety must not be construed
as a warranty by UFACTORY that the robot will not cause injury or damage

even if all safety instructions are complied with.
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@ Safety Alarms in this Manual

DANGER:

This indicates an imminently hazardous

>

electrical situation, which if not avoided, could

DANGER
result in death or serious damage to the device.

WARNING:

This indicates a potentially hazardous situation

>

which, if not avoided, could result in death or

WARNING . .
serious damage to the device.

HIGH TEMPERATURE

This indicates a potential hot surface, which if

>

HIGH TEMPERATURE touched, could resultin personal injury.

NOTICE

B>

If not avoided, could result in personal injury or

NOTICE damage to the equipment.

CAUTION:

>

If not avoided, could result in personal injury or

CAUTION damage to the equipment.

@ Safety Precautions
Overview

This section contains some general warnings and cautions on installation

15



and application planning for the robotic arm. To prevent damage to the
machine and associated equipment, users need to learn all the relevant
content and fully understand the safety precautions. We do not control or
guarantee the relevance or completeness of such information in this manual,

for which users should conduct self-assessment of their specific problems.

General Alarms and Cautions

1. Make sure to use the correct installation settings
in this manual for the robotic arm and all the

electrical equipment.

2. Please follow the instructions in this manual,
installation, and commissioning needs to be
performed by professionals in accordance with

the installation standards.

3. Make sure the robotic arm and tool are properly

and securely bolted in place.

DANGER 4. The integrity of the device and system must be
checked before each use (e. g. the operational
safety and the possible damage of the robotic

arm and other device systems).

5. Preliminary testing and inspection for both
robotic arm and peripheral protection system

before production is essential.

6. The operator must be trained to guarantee a

16



10.

11.

12.

correct operation procedure when using
SDK(Python/ROS/C++) and graphical interface
UFACTORY Studio.

A complete safety assessment must be recorded
each time the robotic arm is re-installed and

debugged.

When the robotic arm is in an accident or
abnormal operation, the emergency stop switch
needs to be pressed down to stop the
movement, and the posture of the robotic arm

will slightly brake and fall.

The robot joint module has brakes inside, which
will remain manipulator’'s pose when a power

outage occurs.

When the robotic arm is in operation, make sure
no people or other equipment are in the working

drea.

When releasing the brakes of robot, please take
protective measures to prevent the robotic arm

or operator from damage or injury.

When connecting the robot with other
machinery, it may increase risk and result in
dangerous consequences. Make sure a
consistent and complete safety assessment is

conducted for the installation system.
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HIGH TEMPERATURE

The robotic arm and Control Box will generate
heat during operation. Do not handle or touch
the robotic arm and Control Box while in

operation or immediately after the operation.

Never stick fingers to the connector of the end-

effector.

CAUTION

Make sure the robotic arm’s joints and tools are
installed properly and safely, and check the

status for all circuits.

Make sure that there is enough space for the

manipulator to move freely.

Make sure that there is no obstacle in the robotic

arm'’s working space.

The Control Box must be placed outside the
working range of the robotic arm to ensure the
emergency stop button can be pressed once an

emergency occurs.

If the robotic arm is in operation and needs an
emergency stop, make sure the restart/reset

motions will not collide with any obstacle.

Do not modify the robotic arm (or Control Box).
Any modification may lead to unpredictable
danger to the integrators. The authorized
restructuring needs to be in accordance with the

latest version of all relevant service manuals. If

18




the robotic arm is modified or altered in any
way, UFACTORY (Shenzhen) Technology Co., Ltd.

disclaims all liability.

7. Users need to check the collision protection and
water-proof measures before any

transportation.

When the robot cooperates with other machinery, a
comprehensive safety assessment of the entire
collaboration system should be performed. It is
recommended that any equipment that may cause
NOTICE mechanical damage to robot be placed outside the

working range during application planning.

Operator Safety
In the operation of the robotic arm system, we must ensure the safety of the
operators first, with the general precautions listed in the table below. Please

take appropriate measures to ensure the safety of operators.

1. Each operator who uses the robotic arm system
should read the product user manual carefully.
Users should fully understand the standardized
operating procedures with the robotic arm, and the

CAUTION solution to the robotic arm running error.

2. When the device is running, even if the robotic arm

seems to stop, the robotic arm may be waiting for

19



the signal and in the upcoming action status. Even
in such a state, it should be considered as the

robotic arm is in action.

A line should be drawn to mark the range of motion
of the robotic arm to let the operator acknowledge
the robotic arm, including its end tools (such as

gripper and suction cup, etc) operating range.

Check the robotic arm regularly to prevent
loosening of the bolts that may cause undesirable

conseguences.
Be careful when the robotic arm is running too fast.

Be careful about dropping items that can be caused
by accidental power off or unstable clamping of the

robotic arm.
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Lite 6 User Manual-Hardware Section

1. Hardware Installation Manual

1.1.The Hardware Composition of the robot

1.1.1. Hardware Composition

The composition of robotic arm hardware includes:
e Robotic Arm (Figure 2-1)
e Power Adapter (Figure 2-2)

e Emergency Stop Button (Figure 2-3)
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Figure 2-1 Figure 2-2 Figure 2-3

The Lite 6 robotic arm system consists of a base and rotary joints, and each
joint represents a degree of freedom. From the bottom to the top, in order,
Joint 1, Joint 2, Joint 3, etc. The last joint is known as the tool side and can be

used to connect end-effector (e. g. gripper, vacuum gripper, etc).

1.1.2. Emergency Stop Button

By pressing the emergency stop button, a command will be sent to the Lite 6
for software deceleration to stop all activities of the robotic arm and clear all
the cached commands in the Control Box; the power supply for the robotic
arm will be removed within 300ms. The emergency stop should not be used
as a risk reduction measure. When an emergency occurs during the operation
of the robotic arm, users need to press the emergency stop, and the posture

of the robotic arm will slightly brake and fall. The emergency stop button is

22



shown below:

Power off: press the emergency stop button to power off the robot, and the
power indicator will go out.
Power on: when the button is rotated in the direction indicated by the arrow,
the button is pulled up, the robot power indicator lights up, and the robot is
powered.
Note:
After pressing the emergency stop button, the following operations should
be performed to re-start the robot:
1. Power up the Lite 6 (Turn the emergency stop button in the direction of
the arrow)
2. Enable the Lite 6 (enable the servo motor)
UFACTORY Studio: enable the robotic arm: click the button: [Enable

Robot]
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Python-SDK: enable the robotic arm: motion_enable (true)

1.2.Robot Installation

1.2.1. Safety Guidelines for the Robot Environment

DANGER

Make sure the arm is properly and safely installed
in place. The mounting surface must be

shockproof and sturdy.

To install the arm body, check that the bolts are
tight.

The robotic arm should be installed on a sturdy
surface that is sufficient to withstand at least 10
times the full torsion of the base joint and at least

5 times the weight of the arm.

WARNING

The robotic arm and its hardware composition
must not be in direct contact with the liquid, and
should not be placed in a humid environment for

a long time.

A safety assessment is required each time

installed.

When connecting or disconnecting the arm cable,
make sure that the external AC is disconnected.

To avoid any electric shock hazard, do not
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connect or disconnect the robotic arm cable when

the robotic arm is connecting with external AC.

1.2.2. Robot Installation

1. Brief installation steps:
a. Define a robotic arm workspace.
b. Fix the robotic arm base.
c. Connectthe Power Adapter.
d. Connectthe Emergency Stop Button.

e. Install end-effector.
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o0
o

%( P Power Supply

Emergency Stop Button

— Power adapter

1.2.2.1. Define a Robotic Arm Workspace

The robotic arm workspace refers to the area within the extension of the
links. The figure below shows the dimensions and working range of the
robotic arm. When installing the robotic arm, make sure the range of motion
of the robotic arm is taken into account, so as not to bump into the
surrounding people and equipment (the end-effector not included in the

working range).

Working space of Lite 6 (unit: mm)
Note: The following working range diagrams are only for safety assessment.
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683.5mm

Lo}

165mm
v

440 mm 440mm

440mm

1.2.2.2. Robot Installation

The robotic arm has five M5 bolts provided and can be mounted through four

25.5 holes in the base of the robotic arm. It is recommended to tighten these
27



bolts with a torque of 20N-m.

4x25.2THR

R8

pr

14

104

|

130

Robot Base Mounting (unit: mm)

1.2.2.3. Connect the Power Adapter

Plug the connector of the Robotic Arm Power Supply into the interface of the

Robotic Arm. The connector is a fool proof design. Please do not unplug and

plug it violently.

S

Emergency Stop Button

so 0 — Power adapter
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1.2.2.4. Connect the network cable

Plug the network cable into the interface marked LAN of the robot, and plug

the other end of the network cable into the computer.

Power adapter

=

Emergency Stop Button

Voltage selector switch

7%, | Power supply

1.2.2.5. End-effector Installation

The End-effector flange has 6 M6 threaded holes and one ®6 positioning
hole, where the end-effector of two different sizes can be mounted. If the
effector does not have a positioning hole, the orientation of the end-effector
must be documented in a file format, to avoid errors and unexpected results
when re-installing the end-effector. The end-effector flange referenced I1SO

9409-1-50-4-M6 standard.
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2xMEV 10mm

4xM8V 10mm

Mechanical dimensions of end-effector flange (unit: mm)

M8-8PIN

Tool 1/0

Drawing of too I/0

DANGER

Make sure the tool is properly and safely bolted in

place.

2. If the end-effector does not have a locating hole,

the orientation of the end-effector must be

archived as a file.

3. Make sure that the tool is safely constructed such

that it cannot create a hazardous situation by

dropping a part unexpectedly.

4. Pay attention to the operation specifications of

30




sharp end-effector tools.

5. If the installed end-effector exceeds the robotic
arm mounting surface at the initial position of the
robotic arm, a safety assessment is required for

moving to Initial position.

1.3.Power Supply for the Robotic Arm

1.3.1. Preparation before Power On

e Ensure the network cable is properly connected.
e Ensure the Lite 6 will not hit any personnel or equipment within the

working range.

1.3.2. Power On

— Power adapter

Network cable

i

Emergency Stop Button 7w |——Powersupply




1. Release the emergency stop, the power indicator (ROBOT PWR) will on.
2. Use the UFACTORY Studio or SDK commands to complete the operation of

enabling the robotic arm.

1.3.3. Shut Down the Robot

1. Press the emergency stop button.

Dﬁ5®

2. Go to UFACTORY Studio-Settings-System Settings-System Info, click
Shutdown.
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3.Unplug the socket

2. Electrical Interface

2.1.Electrical Alarms and Cautions

Always follow the warnings and cautions below when designing and
installing a robotic arm application. These warnings and cautions are also

subject to the implementation of maintenance work.

1. Never connect a safety signal to a non-safety PLC.
Failure to follow this warning may result in serious

injury or death due to an invalid safety stop function.
DANGER
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Make sure that all the non-waterproof equipment
is kept dry. If water enters the product, turn off the

power supply, and contact your supplier.

Use only the original cable of the robotic arm. Do
not use the robotic arm in applications where the
cable needs to be bent. If you need a longer cable

or flexible cable, please contact your supplier.

NOTICE All GND connectors mentioned in this manual are
only suitable for powering and transmitting
signals.

Be careful when installing the interface cable to
the 1/0 of the robotic arm.

Interfering signals above the level specified in the
IEC standard will cause abnormal behaviour of the
robotic arm. Extremely high signal levels or
excessive exposure can cause permanent damage
to the robotic arm. UFACTORY (Shenzhen)
Technology Co., Ltd. is not responsible for any loss
caused by EMC problems.

CAUTION

The length of the 1/0 cable that used to connect
the Control Box with other mechanical and plant
equipment must not exceed 30 meters unless it is

feasible after the extension testing.

34




1. When wiring the electrical interface of the Control

WARNING Box, the Control Box must be powered off.

2.2.End-Effector 1/0

At the tool side of the robotic arm, there is an avionic socket 8-pin female
industrial connector. This connector provides power and control signals for
the grippers and sensors used on a particular robotic arm tool. Please refer to

the figure below:

PIN 3 PIN 4
PIN 2
PIN 8 PIN 5
PIN 1 PIN 6
PIN 7

T
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There are 8 pins inside the cable with different colours, each colour

represents different functions, please refer to the following table:

Pin sequence Color Signal
1 Brown +24V (Power)
2 White 0V (GND)
3 Green RS485-A/Analog Input 0 (T-Al 0)
4 Yellow RS485-B/Analog Input 1 (T-Al 1)
5 Black Tool Output0 (TOO0)
6 Grey Tool Output1 (TO 1)
7 Red Tool Input0 (TIO)
8 Blue Tool Input 1 (TI'T)
The electrical specifications are as follows:
Parameter Min. Value Typical Value Max. Value Unit
Supply Voltage in 24V Mode 20 24 30 V
Supply Current * - - 1000 mA

Note: * Itis strongly recommended to use a protection diode for inductive loads.

Make sure that the connecting tool and the gripper do
not cause any danger when the power is cut, such as

dropping of the work-piece from the tool.
DANGER PRing P

2.2.1. Digital Output

The digital output is implemented in the form of NPN with an open collector
36



(0Q). When the digital output is activated, the corresponding connector will
be driven to GND. When the digital output is disabled, the corresponding
connector will be open (open collector/open drain). The electrical

specifications are as follows:

Parameter Min Typical Max Unit
Open-circuit Voltage -0.5 - 30 Vv
Voltage when sinking 50mA - 0.05 0.20 Vv

Sink Current 0 - 100 mA

Current through GND 0 - 100 mA

There is no current protection on the digital output of

the tool, which can cause permanent damage if the

CAUTION specified value exceeded.

2.2.1.1. Tool Digital Output Usage

The following example illustrates how to use the digital output. As the
internal output is an open collector, the resistor should be connected to the
power supply according to the load. The size and power of the resistor

depend on the specific use.
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Note: It is highly recommended to use a protection diode for inductive loads

as shown below.

2.2.2. Digital Input

The digital input is already equipped with a pull-down resistor. This means
that the reading of the floating input is always low. The electrical

specifications are as follows:

Parameter Min Typical Max Unit
Input Voltage -0.5 - 30 \Y
Logic Low Voltage - - 1.0 \Y
Logic High Voltage 1.6 \Y
Input Resistance - 47k Q

2.2.2.1. Tool Digital Input Usage

The following figure shows the connection with the simple switch.

POWER

2.2.3. Tool Analog Input

The tool analog input is a non-differential input. The electrical specifications

are as follows:
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Parameter Min Typical Max Unit
Input Voltage in Voltage Mode -0.5 - 3.3 Vv
Resolution - 12 - Bit
Input Current in Current Mode - - - mA
Pull-down Resistors in the 4mA to 20mA Current - - 165 Q
Resolution - 12 - Bit

1. In the current/voltage mode, the analog input does
not provide over-voltage protection. Exceeding the

limits in the electrical code may result in permanent

CAUTION damage to the input port.
2. In current mode, the pull-down resistance depends
on the range of the input current.
2.2.3.1. Non-differential Analog Input

The following figures show how the analog sensor can be connected to a

non-differential output.

Voltage mode




Current mode

2.2.3.2. Differential Analog Input

The following figures show how the analog sensor is connected to the
differential output. Connect the negative output to GND (0V), and it can work

like a non-differential sensor.

Current Mode

2.3.Electrical 10

This chapter explains how to connect devices to the electrical I/0 of the

robot.

The 1/0s are extremely flexible and can be used in many different devices,

including pneumatic relays, PLCs, and emergency stop buttons.
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The figure below shows the electrical interface layout inside the control box.

Configurable Configurable
Inputs Outputs

GND 24V

Clo Coo0

co1

Co2

Cco3

24V

Co4

CO05

CO6

cov

2.3.1. General Specifications for all Digital I/0

This section describes the electrical specifications for the following 24V

digital I/0s for the Control Box.

* Dedicated safety 1/0.

* Configurable /0.

For the specific configuration functions of 10, see the following table:

Configurable Function clo-c17
General Input Yes
Stop Moving Yes

Safeguard Reset Yes
Manual Mode Yes
Reduced Mode Yes
Enable Robot Yes
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Configurable Function C00-co7
General Output Yes
Motion Stopped Yes

Robot Moving Yes
warning Yes
Collision Yes

Manual Mode Yes

Reduced Mode Yes

Offline Task Running Yes
Robot Enabled Yes
Emergency Stop is Pressed Yes

It is very important to install the Lite 6 robot according to the electrical

specifications.

All the 1/0 must comply with the specifications. The digital I/0 can be
powered by an internal 24V power supply or by an external power supply by
configuring the power junction box. In the following figure, PWR is the
internal 24V power output. The lower terminal (24V-IN) is the 24V input
external power input for I/0. The default configuration is to use internal

power, see below.

=D,
c

If larger current is needed, connect the external power supply as shown
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below.

t )

The electrical specifications for the internal and external power supplies are

as follows.
Terminal | Parameter Min. Value Typical Value Max. Value Unit
Built-in 24V Power Supply
[PWR - GND] Voltage 23 24 30 \Y
[PWR - GND] Current 0 - 1.8 A
External 24V Input Requirement

[24V - 0V] Voltage 20 24 30 \Y
[24V - 0V] Current 0 - 3 A

The digital 1/0 electrical specifications are as follows.

Terminal | Parameter | Min. Value | Typical Value | Max. Value Unit
Digital Output
[COx] Current* 0 - 100 mA
[COx] Voltage Goes Down 0 - 0.5 Vv
[CcOx] Open Drain Current 0 - 0.1 mA
[CcOx] Function - NPN (OC) - Type
Digital Input
[EIx/SIx/CIx/RIX] Voltage 0 - 30 vV
[EIx/SIx/CIx/RIxX] | OFF Area (Low Level) 15 - 30 vV
[EIx/SIx/CIx/RIX] | ON Area (High Level) 0 - 5 vV
[EIx/SIx/CIx/RIX] Current (0-0.5) 3 - 8 mA
[EIx/SIx/CIx/RIX] Function - - - Type
Note: ** For resistive or inductive loads up to 1H.
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There is no current protection on the digital output of
the Control Box. If the specified values exceeded,

permanent damage may result.
CAUTION

2.3.2. Dedicated Safety I/0

This section describes the dedicated safety inputs and their configurations of

the safety I/0. Please follow the universal specifications in Section 2.4.1.

Safety devices and equipment must be installed to comply with the safety

instructions and risk assessment (see Chapter 1).

All safety I/0s exist in pairs (redundancy) and must be kept in two separate
branches. A single I/0 failure should not result in the loss of safety features.

There are two fixed safety inputs:

* The robotic arm emergency stop input is only used for the emergency stop

of the device.

* The protective stop input is used for all types of safety protection.

The functional differences are as follows.

Emergency Stop Protective Stop

Stops the motion of the robotic Yes Yes

Program execution Stop Suspend
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The power supply of the robotic Off On
Reset Manual Auto or manual
Usage frequency Not frequent No more than once per run
Need re-initiation Only releasing the brake No

2.3.2.1. Default Safety Configuration

The robotic arm has been configured by default and can be operated without
any additional safety equipment, as the figure below. If there is a problem
with the robotic arm, please check the following figure for the correct

connection.
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2.3.2.2. Connect to the Emergency Stop Button

In most applications, one or more additional emergency stop buttons are
required. The figure below shows how to connect one or more emergency

stop buttons.
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Safeguard Stop Emergency Stop
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2.3.2.3. Share Emergency Stop with other Machines

When a robotic arm is used with other machines, it requires to set up a
common emergency stop circuit in most of the time. The following figure
shows that two robotic arms share an emergency stop button (the connection
method shown in the figure below also applies to multiple robotic arms

sharing an emergency stop button).

Safeguard Stop Emergency Stop

¥

2.3.2.4. Automatically Recoverable Protective Stop

The door switch is an example of a basic protective stop device. When the

door is open, the robotic arm stops. See the figure below.
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This configuration is only for applications where the operator is unable to
close the door from behind. Configurable I/0 can be used to set the reset
button outside the door, as to reactivate the movement of the robotic arm.
Another example of an automatic recovery is the use of a safety pad or a

safety laser scanner, see the figure below.
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2.3.2.5. Protective Stop with Reset Button

If you use a protective interface to interact with the light curtain, you need to

reset from outside the safety zone. The reset button must be a two-channel

button. In the example shown below, the I/0 of the reset configuration is
“CI0" . (The corresponding configuration must also be done in UFACTORY

Studio)
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Configurable Inputs

m m
1.3
T O

How to realize the protection reset function with reset button:

1. Configure "CI0" as the safeguard reset in UFACTORY Studio. The specific

steps are as follows:

Enter "Settings"-"Externals"-"Control 10"-Configure CI0 as safequard reset -

"Save".

Settings Sy

Function 10 Debug

Safety Boundary ON
P= xter * (Cl0: Safeguard Reset

IP: 1921681165
Payload: 0.00KG
Status: Normal

Mode: Position

m

X 200 mm
Y0 mm
Z 200 mm
R 180 *

P; 0

Y- 0

Parameters ‘) Enable Robot © Real Simulated
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2. If the robot needs to resume motion, connect SI0 and SI1 to GND, and trigger
the motion of the robot by connecting CIO to GND; if the robot needs to pause

the motion, disconnect SI0 and SI1 from GND.

2.3.3. General Digital I/0 Function

2.3.3.1. Configurable Output

The digital output is implemented in the form of NPN. When the digital output
is enabled, the corresponding connector will be driven to GND. When the

digital output is disabled, the corresponding connector will be open (OC/0D).

You must follow the electrical specifications set in section 2.4.1 ‘universal

specification’.

The following example shows how to use the digital output, as the internal
output is an open-drain (OD) output, so you need to connect the resistor to
the power supply according to the load. The resistance and power of the

resistor depend on the specific use.
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Configurable Outputs

Note: It is highly recommended to use a protection diode for inductive loads

as shown below.

Configurable Outputs

2.3.3.2.  Configurable Input

The digital input is implemented in the form of a weak pull-up resistor. This

means that the reading of the floating input is always high.

You must follow the electrical specifications set in the 2.4.1 ‘universal
specification’. This example shows how a simple button is connected to a

digital input.
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Configurable Inputs

2.3.3.3. Communicate with other Machines or PLCs

If general GND (0V) is established and the machine uses open-drain output
technology, digital I/0 and other can be used device communication, see the

figure below.

Configurable Inputs Configurable Outputs Config urable Inputs Configurable Outputs

2.4. Communication Interface

The robot provides Ethernet interface, as shown in the figure below.
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10

ROBOT PWR \I Motion Status
{ ) e ©

Network Port

T3
I

U

ROBOT 24V PWR

2.5.Ethernet TCP/IP

The robot provides a gigabit Ethernet interface.

ROBOT PWR \I Motion Status
ROBOT 24V PWR { 3 e O Network Port
— 1

Ethernet connection steps:

* The robot and the computer are connected via Ethernet. One end of the

network cable is connected to the network interface of the robot, and the

other end is connected to the computer or LAN network interface. If the

connection is successful, the network port indicator blinks frequently.
The default network segment IP address of the robot is 192.168.1.*(2~254).

For a specific IP address, please check the robot label. When communicating
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with the robotic arm, the IP address of the computer should be in the same

network segment with the IP address of the robot.

Note:

To connect with Ethernet, please check if the computer's IP address is
192.168.1.%, check if the network proxy is enabled, and check if the robotic
arm'’s IP address conflicts with that of other devices in the LAN. Please
change the computer IP address to the same network segment and close the
computer's network proxy. To test whether the computer can communicate
with the robotic arm, open the command terminal and input ‘ping 192.168.1.*
(the IP address of the robotic arm)’. If the ping is working, the communication

between the computer and the robotic arm is successful.
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3. End-Effector

3.1.Gripper

The gripper is the end-effector of the robotic arm, which can grasp objects
dynamically. There are two installation methods for the mechanical claw of
Lite 6: normal installation, the stroke range of the mechanical claw is 0-16mm,
and reverse installation, the stroke range of the mechanical claw is 20-38mm.
Regardless of the installation method, the stroke of the gripper is only
16mm.The maximum payload of the gripper <1kg.

There are two states of the gripper, open and close.

Note: There are two ways to install the gripper, using the tool to unscrew the

4 red screws, Figure 1 can be changed to Figure 2

54



Figure 1 Figure 2

3.1.1. Gripper Installation

Installation of gripper:

1. Move the robotic arm to a safe position. Avoid collision with the robotic arm
mounting surface or other equipment;

2. Power off the robotic arm by pressing the emergency stop button on the
control box;

3. Fix the gripper on the end of the robotic arm with 2 M6 bolts;

4. Connect the robotic arm and the gripper with the gripper connection cable;

4
4

Note:

1. When wiring the gripper connection cable, be sure to power off the robotic
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arm, to set the emergency stop button in the pressed state, and to ensure
that power indicator of the robotic arm is off, as to avoid robotic arm failure

caused by hot-plugging;

2. Due to limited length of the gripper connection cable, the gripper connector

and the tool/end effector connector must be on the same side;

3. When connecting the gripper and the robotic arm, be sure to align the
positioning holes at the ends of the gripper and the robotic arm. The male
pins of the connecting cable are relatively thin, please be careful to avoid

bending the male pins during disassembly.

3.1.2. Precautions

When a robotic arm equipped with a gripper is used for
trajectory planning, it is necessary to perform a safety
assessment on whether to return to the zero-point or

whether the operation can be performed and to avoid
DANGER collisions.
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3.2.Vacuum Gripper

The vacuum gripper can dynamically suck the smooth plane object with
payload <1kg. The vacuum gripper is equipped with 1 suction cups, which
can be partially selected for use according to the size of the object surface,

and the unused suction cup needs to be sealed.
Note:

If the surface of the object is not smooth, there will be air leakage from the

suction cup which makes the object fail to be sucked up firmly.

Indicator status: When the vacuum gripper is powered on, the power supply
indicator near the vacuum gripper is constantly red. When the vacuum

gripper is on, the 10 status indicator is constantly green.

3.2.1. Vacuum Gripper Installation

Installation of vacuum gripper:

1. Move the robotic arm to a safe position. Avoid collision with the robotic arm
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mounting surface or other equipment.

2. Power off the robotic arm by pressing the emergency stop button.

3. Fix the vacuum gripper on the end of the robotic arm with 2 M6 bolts.

4. Connect the robotic arm and the vacuum gripper with the vacuum gripper

connection cable.

Note:

1. When turning on the vacuum gripper connection cable, be sure to power off
the robotic arm, and to ensure that power indicator of the robotic arm is off,

as to avoid robotic arm failure caused by hot-plugging.

2. Due to the length limitation of the vacuum gripper connection cable, the
vacuum gripper interface and the tool |0 interface must be in the same

direction.

3. When connecting the vacuum gripper and the robotic arm, be sure to align
the positioning holes on the two ends of the interface. The male pins of the
connecting cable are relatively thin to avoid bending the male pins during

disassembly.
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3.2.2. Turn On/Off Vacuum Gripper

Example:
Blockly:

get vacuum gripper state

object is timeout

set vacuum gripper [ENIEM object detection [EIERM  set

Python-SDK:

arm.set_vacuum_gripper(True, wait=False) #Turn on vacuum gripper

arm.set_vacuum_gripper(False, wait=False) #Turn off vacuum gripper

Note:

1. Python-SDK and UFACTORY Studio provide wrapped functions that can be
called to turn on/off the vacuum gripper.

UFACTORY Studio-Blockly Command-End Effector-Vacuum Gripper.
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Lite6 User Manual-Software Section

1. UFACTORY Studio

UFACTORY Studio is a graphical user application for controlling the robotic
arm. With this application, you can set parameters, move the robotic arm in
live control, and create a motion trajectory by simply drag and drop the code
blocks of Blockly. UFACTORY Studio allows users to plan the motion trajectory

for the robotic arm without programming skills.

You can access UFACTORY Studio through a browser. UFACTORY Studio is now

compatible with browsers: Google Chrome/ Firefox / Safari /Microsoft Edge (Chromium

kernel)
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1.1 Hardware Preparation

— Power adapter

i

Emergency Stop Button | ——Power supply

Before using UFACTORY Studio, you must ensure that the hardware is
installed correctly and all the protective measures for the workplace

environment have been implemented.

1. The robotic arm is fixed on the plane; protective measures are in place

within the range of motion.

2. Check if the connection between the adapter and the robotic arm, power

supply, and network cable is stable.

5. Check if the network is connected. If the network indicator flashes

frequently, it means the network communication is normal.
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6. Check if the robotic arm is powered and the emergency stop button is
disabled. If the power indicator of the robotic arm lights up, it means the

power is on.

1.2 Connect to the Robotic Arm

1.2.1 The Robotic Arm Network Settings

There are four ways of network settings for the robotic arm. You can choose

the appropriate network setting method according to your scenario:

(1) The robot is directly connected to the PC.

Note: Recommended connection method.

i

Emergency Stop Button

(2) The robot, PC and router are connected by Ethernet cable.
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g0

Interent

Network Cable

|
o ——

- B Power adapter

\

Router

-
=

Emergency Stop Button

(3) PC and router are connected by wireless network, the
robot and router are connected by Ethernet cable.
Note: It is not recommended because of the delay and packet loss of wireless

connection.

I Interent
Network Cable

Router

Voltage selector switch
Power Supply

Emergency Stop Button
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(4) The robot, PC and network switch are connected by Ethernet cable.

AR
\\ l‘ Ir@t
Network Cablle —
)

Emergency Stop Button

1.2.2 IP Configuration

Before connecting the robotic arm with UFACTORY Studio (communication
with the robotic arm), make sure that the IP address of the computer and the
IP address of the control box are on the same network segment. When the
control box is shipped from the factory, the default IP address is
192.168.1.xxx (The factory IP address of the device has been marked on the
base of the robot). Therefore, to successfully communicate with the control
box, the IPV4 network segment on the computer must be between
192.168.1.2-192.168.1.255 (cannot be the same as the IP address tail number

of the control box).

64



@® |P Setting

Network and Sharing Center = Ethernet = Properties = IPV4

Step1: Open the “Network and Sharing Center”

Status
Network status

o—g—®

You're connected to the Internet

metered connection cr change other properties.
Change connection properties

Show available networks

Change your network settings

(& Change sdspter options
View network adapters and change connection settings.

& anmes

A

View your network properties

Network troubleshooter
Diagnose and fx networt protiems.

Windows Firewall

Network reset

Step2: Open the “Ethernet”

5 Network and Sharing Center
1 E > Control Panel » All Control Panel ltems > Network and Sharing Center

View your basic network information and set up connections
Control Panel Home

View your ac
Change adapter settings

Change advanced sharing B2 Access type: nternet
settings Private network Connectionsi_ § Ethemet |
Media streaming options

.
E Set up a new connection or network
Set up a broadband, dial-up, or VPN connection: or set up a router o access point.

Troubleshoot problems
DI

Seealso
Internet Options
Windows Defender Firewall

Step3: Open the “Properties”
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[0 Ethernet Status X

General
Connection
TPv4 Connectvity: Intermet
1PV Connectivity: No network access
Mecia State: Enabled
Duration: 00:02:28
Speed: 1.0 Ghps

Activity
Sent — —— Received
Bytes: 1,204,512 | 3,009,827
B properties Diszble Diagnose
Close
" n
Step4: Open the “IPV4
' Ethernet Properties X

Networking  Sharing

Connect using:
[ Realiek PCle GBE Famiy Controller

This connection uses the following items

B3 Client for Microsoft Networks ~
A VMware Bridge Protocol

" File and Printer Sharing for Microsoft Networks

TH 005 Packet Scheduler

IPY rtemet Protocol Version & (TCP/IPv4)

. Microscht Hetwork Adapter Mutiplexor Protocsl

1. Microsct LLDP Protocol Driver v
>

Instal Uninstal Properties

Description

Transmission Control Protocol /intemet Protocol. The defautt
wide area network protocol that provides communication
across diverse interconnected networks

oK Cancel

Step5:
Then check whether the computer IP is within 192.168.1.2-192.168.1.255 (the
tail number should be 2 to 255, and can not be the same as the IP address of

the control box). If not, please modify the computer's IP.

Internet Protocol Version 4 (TCP/IPv4) Properties X
General

You can get IP settings assigned automaticaly if your network supports
this capabiity. Otherwise, you need to ask your network administrator
 the appropriate P settings.
(O Obtain an IP address automatically
(® Use the folowing TP address:
TP address: 92.168. 1. 12

Subnet mask: 255 . 255 . 355 .

- -
= |e

Default gateway: 197165 1 .

Obtain DNS server address automatically
(®) Use the following DN server addresses:

Preferred DNS server. 192.168. 1 .

|

Alternate DNS server;

[ validate settings upon exit Advanced...

Cancel

66



Stepé6:

1.2.3 Connect to the Robotic Arm

(1) Open the browser

(2) Enter in the search bar: the IP address of the control box: 18333

For example, if the IP address of the control box is 192.168.1.165,

enter 192.168.1.165:18333 in the search bar to access UFACTORY Studio.

O & 192.168.1.165:18333
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Live Control

Safety Boundary ON

IP: 1921681165
Payload: 0.00KG
Status: Normal

Mode: Position

200 mm
0 mm
200 mm
0 -

0 -

0 -

FEENTF

Parameters (@D

1.3 UFACTORY Studio Introduction

© Real

@ Position Control
«* Joint Control
[X Recording

1% End Effector

Speed

Coord

Control

7

XYZ

Adjust

Initial Position

RZ-

UFactory studio mainly consists of 3 main functional modules:

Live Caontrol

STOP

50%

RXYZ R+

RY-

Live Control: Used to control the position of the robot arm in real time, adjust

the motion attitude of the robot arm, end tool, and recording.

Blockly: A graphical programming tool that allows users to achieve

programming for the control of the robotic arm , I/0, or end-effector

by simply drag and drop the code blocks.

Settings: It is used to set the parameters of the robot arm, safety settings,
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system software upgrade, etc.

1.3.1 Toolbar

Window Language Tool Help

window: To adjust its size, you can make a selection in the [Window] drop-

down menu or adjust the size by dragging the border of the window.

Language: Switch language in the upper right corner of the toolbar -

[Language] may switch between Simplified Chinese / English.

Tool: [Tools] - [Search] to return to the interface of ‘search the robotic

1

arm’.
[Tools] - [Check for Updates] to checkthe software updates.

Help: [Help] Use the drop-down window to download the manuals of the

robotic arm, contact technical support, open forums, and visit GitHub.

1.4 Robotic Arm Setting

Click the [Settings] button on the home page to enter the robotic arm
setting interface. Set the desired parameters according to the actual

situation.
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1.4.1 Motion

1.4.1.1 Parameters

Settings

Safety Boundary ON

IP: 1921681165

-
Payload: 0.00KG K,

Status: Normal T e
Mode: Position I" r l

200 mm ‘n
0 mm
200 mm
0 -
0 -
0 -

gFanTx

Parameters ‘) Enable Robot © Real

Joint Motion

Motion

Parameters

STOP

Joint Motion
lointStep @ :
Line Motion
Position Step @ mm
Attitude Step @ n °

Collision Detection

Collision Sensitivity — @

Initial Position

J1 0° J2: 9937 J3: 31.8°

Ja 07 J5: 21.87° Je: 0°

Acceleration: The acceleration of joint motion. The larger the value, the less

time it takes to reach the set speed. The range is recommended

to be within 20 times the maximum operating speed [20*180°/s].

Joint step: Set the step length for fine adjustment of single joint rotation in

Live-control.
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Linear Motion

Acceleration: The acceleration of linear motion. The larger the value, the less
time it takes to reach the set speed. It is recommended to be set
within 20 times the maximum speed value for a smooth

trajectory.

Position step: Set the step length for fine cartesian position (X/Y/Z)

adjustment in Live-control.

Attitude step: Set the step length for fine adjustment of TCP orientation in

Live-control.

Collision Detection

* When the deviation of the torque detected by the joint exceeds a certain

normal range during the movement of the robotic arm, the robotic arm
will automatically stop to prevent the robotic arm or the operator from
being injured. The collision sensitivity range is 1 to 5 levels. The larger the
value is set, the higher the collision sensitivity level is, and the smaller the
additional torque required for the robotic arm to trigger collision

protection. If the load or installation direction is not set accurately, it may
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cause false alarms. During certain high loads or high speed movements, if
you confirm that the load or installation direction is set accurately, you can
try to lower the collision sensitivity, but it is not recommended to lower it

to less than 3.

Teach sensitivity:

* The level of Teach sensitivity is from 1 to 5. The higher the set value, the

smaller the force required to drag the joint in manual mode.

Initial Position

Setting the Initial Position of the robotic arm can help the user to move the

robotic arm to a relatively safe position when planning the motion trajectory.
Steps for setting the initial position:

1. Click [Settings] button on the homepage.
2. Enter [Motion] , then clickthe [Parameters] button nextto
the Initial Position.

3. Setthe initial position of the robot in Live-control.
[OK] : Save the changes.

[Cancel] : Cancel the changes.
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(@ Position Control

& Joint Control

Live Control Blockly Settings

%o Motion Joint Motion
Safety Boundary ON
Parameters N - N
ReducedMode  OFF Joint Step ® [ 1 ]
Line Motion
IP: 192.168.1.165 Position Step @ - mm
Payload: 0.00KG
Attitude Step @ °
Status: Normal e -
Mode: Position
Collision Detection
% 2368 mm
Y0l mm ! ! ! !
2 1969 mm Collision Sensitivi ° =
R 0
Ry o
R 0 Initial Position
JL oo J2 193 13 429°
Parameters @D Enable Robot © Real  Simulated

1.4.1.2 TCP

Set TCP Payload and TCP Offset according to the actual scenario.

[TCP Payload]
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® The load weight refers to the actual mass (end-effector + object) in kg;
X/Y/Z-axis represents the position of the centre of gravity of payload in
mm, this position is expressed in default TCP coordinate located at flange
center (Frame B in the above figure). If there is no load at the end, both TCP

payload and centre of gravity must be setto 0.

[TCP Offset]

@ Setting the Tool Coordinate Offset with respect to the initial tool
frame located at the center of the flange (Frame B in the above figure). The
position coordinates X, Y, and Z determine the position of TCP, while Roll,
Pitch, and Yaw determine the orientation. When the specified value is zero,

TCP coincides with the centre point of the tool output flange.
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TCP Payload

Safety Boundary ON

IP: 192.168.1.165
Payload: 0.00KG
Status: Normal

Mode: Position

X 2368 mm
Y. 01 mm
Z 1969 mm
Re 0 N

Rg 0
Rz 0 N

Parameters .)

Settings

fo Motion

© Real

TCP Payload and Offset

Payload

Weight ke

Offset

mm

z

Nopayload

mm Roll = Pitch

STOP

On this page, the current payload of the robotic arm can be set and the

additional TCP payload data can be recorded. The additional TCP payload

[New] : Create new payload data and offset.

[ © ] :Selectthe payload data to be deleted in the next step.

[Delete] : Delete the selected payload data. Note: the current default

payload data cannot be deleted.

[Save] : Save for the newly added payload record, setting the default

payload, and deleting the payload record.

[Cancel] : Cancel saving the newly added payload record, setting the



default payload, or deleting the payload record.

Create New TCP Payload

Settings Sy

Safety Boundary ON

Set Payload Parameters

Click “Identification” , the robot will run a series of movements
P: 1921681165 and calculate the payload and center of gravity automatically.
Please ensure that the robot is mounted horizontally and there is

Payioad: 0.00KG no obstacle in the working range above the mounting plane. If the

Status: Normal robot is not mounted horizontally or you know the current payload

Mode: Position parameters, please click "Manual Input" and enter the TCP payload
parameters manually.

X 2368 mm

Y 01 mm

L

Re 0 ¢

o0

Rz 0

Parameters ‘) Enable Robot © Real Simulated

There are two ways to create a new TCP payload:

Manual input or Automatic identification. Manually inputting can be selected
if the weight of the payload and the approximate center of gravity of the
payload are known. The center of gravity of the payload is set based on the

initial tool coordinates (the coordinates of point B shown in the above figure).
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Settings

Safety Boundary ON

Payload Parameter Identification

During the payload parameter identification process, the robotic
IP: 192.168 1165 arm will perform a series of movements, as shown in the left
Payload: 0.00KG N model. Click "Next Step” and the robotic arm will start to move.
Status: Normal

Made: Position

% 238 mm
7 1969 mm

Re 0 N

R0

Rz 0 -

Parameters (@D Enable Robot © Real Simulated

The current robotic arm must be mounted on a steady floor if automatic
identification is selected. The robotic arm needs to run a series of action
commands to calculate the parameters of TCP payload. In addition, it is
important to ensure the safety of equipment and personnel near the robotic

arm.

Note: Once the name of the new payload has been determined, it cannot be

changed.

After completing the TCP load settings, click [Next] to startthe TCP offset
settings, the current offset of the robotic arm can be set and the additional

TCP offset data can be recorded. The additional TCP offset data can be
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referenced during Blockly programming.

When creating a new TCP offset

Settings @y

Safety Boundary ON

Set Offset Parameters
[Pe 182168 1165 Click "Teaching Tool Center" to get the offset by teaching the
Payload: 0.00KG robot 5 positions.If the offset of the end effector is known, please
Status: Normal select "Manual Input”.
Mode: Position
X 2368 mm
Z 1969 mm
Rc 0
Re 0
R0
Parameters @D Enable Robot © Real  Simulated

1) Manual Input

When the TCP offset parameter of the end effector is known, you can choose

to manually input its TCP offset parameter.
2) Teaching Tool Center

When the TCP offset parameter of the end effector is unknown,you can

choose to identify its TCP offset parameter.
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Teaching Teaching Tool Center Point Position

Next, move the tool center of the robotic arm to the same point from 4

Note: different angles. Ensure that the 4 poses are diverse and not on the same
plane, as shown in the figure below. If the operation is successful, the
1. Before teaching, please make sure that the currently offset is robot arm will calculate the position automatically.
[0,0,0,0,0,0] &

2. In the process of teaching, please do not change the offset or

B
the user coordinate system. \

e ‘x
B | have read and understood the above information A ‘ ~R, :V' o
’ N/ &

Next

Settings Sy

e Motion
| Teaching Tool Center Point Position
Safety Boundary ON
Moving the Tool Center of the robotic arm to the same point from 4
different angles
TP
IP: 1921681165
0
Payload: 0.00KG E.
Status: Normal s
Mode: Position I r .
X 2368 mm | |
Y. 01 mm Note:
Z 1969 mm
e 0 N You need to move the tool center of the robotic arm to the same point
from 4 different angles. Ensure that the 4 poses are diverse and not on the
R 0" same plane
Rz 0
Parameters ‘) Enable Robot © Real

[Delete] : Delete the selected offset data.
Note: the current default offset data cannot be deleted.

[Save] : Save for the newly added offset record, setting the default offset,

and deleting the offset record.

[Cancel] : Cancel saving the newly added offset record, setting the default

offset, and deleting the offset record.
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1.4.1.3 Coordinates

Settings @y
e Motion Coordinates jog
Safety Boundary ON
Coordinates .
Base Coordinate System
X mm ¥ mm Z mm Roll * Pitch ° Yaw
IP: 192.168.1.165
-
Payload: 0.00KG 4
Status: Normal s
Mode: Position rl
| I
% 2368 mm |
Y 01 mm
Z 1969 mm
Re 0
Re 0
R2 0
Parameters @D Enable Robot © FReal
- X
L=
VA

A:Base coordinate
B:Tool coordinate

o ,
Y

In this interface, the user can set the coordinate offset to customize the user
coordinate system. X, Y, Z are coordinate values that are offset relative to the
base coordinate system. Roll, Pitch, Yaw represents the angular values of
orientation relative to the base coordinate system. After this offset setting,

user coordinate system becomes the world origin instead of robot base.
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[New] : Create a new user coordinate offset.

When creating a new base coordinate offset.

Settings sToP

Safety Boundary ON

Set UCS

IP: 1921681165

Payload: 0.00KG Click "Teaching UCS" to get the UCS by teaching the robot 4 points.|f the

UCS is known, please select "Manual Input”.

Status: Normal

Made: Position

% 238 mm

7 1969 mm

Re 0

Ry. 0

Rz 0

Parameters (@D Enable Robot © Real Simulated

1) Manual Input

When the base coordinate offset parameter is known, you can choose to

manually input its base coordinate offset parameter.
2)Teaching UCS

When the base coordinate offset parameter is unknown, you can choose to

teach USC its base coordinate offset parameter.
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Teaching Direction of UCS

Teaching ucs Next, you need to teach 3 points P-X-Y in sequence on the working plane. As
shown in the figure below, the robot will calculate the UCS direction of the
Not working plane based on the 3 points taught.
ote:
1. Before teaching UCS, please make sure that the coordinate system Y X

i5[0,0,0,0,0,0]
2. In the process of teaching UCS, please do not change the TCP offset
or the coordinate system.

B | have read and understood the above information

Next

Settings Sy

fo Motion | Teaching Direction of UCS

Safety Boundary  ON Move the robot TCP to Just touch the working plane, and set the point P.From

point P, move the robot TCP at least 100mm along the positive direction of the X
axis of the working plane, and set point X.From point X, move the robot TCP at
least 100mm along the positive direction of the Y axis of the work plane, and set

pointY.
Coordinates

IP: 192.168.1.165 v *
Payload: 0.00KG E.

Status: Normal r s

Mode: Position r.

368 mm
01 mm
1969 mm

0

0
0

R A

Parameters ‘)

© Real

[ ¥ ] : Setthe offset data as the default offset.
[Cancel] : Cancel the selection.

[Save] : Save the modified data.
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A:Base coordinate
B:TCP coordinate
L ; C:User coordinate

.

)
D

Example:

When expressed in coordinate system {A}:

B is (87,0,154.2,180,0,0), Dac = 1000mm, if user want to set the world reference
coordinate system to {C}, just express the position and orientation of user coordinate
system {C} in coordinate system {A}.

As figure shown, the offset of the base coordinate system should be (1000,0,0,0,0,180).
Former TCP coordinates of B (87,0,154.2,180,0,0) in base coordinate system, after user
coordinate system offset setting:

Becomes: B (913,0,154.2,180,0,180)
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1.4.1.4 Mounting

Settings @y
%o Motion Mounting
Safety Boundary ON

IP: 192.168.1.165

Payload: 0.00KG 4
Status: Normal f s
Tilt Angle: [ ] - 0 +

Mode: Position I .[( |

1 Rotate Angle: —® - 0 +
% 2368 mm .

Y 01 mm
Z 199 mm
R 0 ‘

R0
Re: 0 N

Parameters @D Enable Robot © FReal

Setting the mounting direction of the robotic arm is mainly to inform the
control box of the current relationship between the actual mounting direction
of the robotic arm and the direction of gravity. If the mounting direction of
the robotic arm is set incorrectly, the robotic arm will not be able to
accurately recognize the direction of gravity, which will cause the robotic arm
to frequently trigger a collision warning and stop motion, and will also result
in uncontrolled motion of the robotic arm after entering manual mode.

The built-in IMU of the robot arm will detect the direction of gravity. When the
deviation between the installation direction you set and the installation

direction detected by the IMU exceeds 10°, the software will pop-up prompts.
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[Floor (0°,0°)]

® The default method is horizontal installation, and the horizontally
mounted robotic arm does not need a tilt angle and a rotation angle.
[Ceiling (180°,0°)]

@ For ceiling-mount, users simply need to set the mounting method as
ceiling, and itis not necessary to set the angle of rotation.
[wallup (90°, 180 °)]

@ Indicates that the robotic arm is wall-mounted and the end of the robotic
arm is facing up.
[WallDown (90°,0°)]

® Indicates that the robotic arm is wall-mounted and the end of the robotic

arm is facing down.
[ Customized]

® Mount at other angles. For mounting at a certain angle. It is necessary to
set the tilt angle and the rotation angle according to the actual situation.

How to determine the tilt angle and rotation angle?
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Rotation angle
A W

— E[Dj(

Tiltangle

The initial position of the robotic arm:

® On the horizontal plane, when the user is facing the robotic arm side, the

initial position is on the left-hand side of the user in a downward direction.
Tilt angle: The initial position of the robotic arm and the base of the robotic
arm to be mounted should be in a tilt angle, which ranges from 0

to 180°.

Rotation angle: The initial position of the robotic arm and the end direction of
the robotic arm to be mounted should be used as the rotation

angle.

The method of determining the rotation angle + direction:

Hold it with your right hand and point your thumb in the direction of the
robotic arm which is vertically mounted. The direction where your four fingers

point is the positive direction and vice versa.
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The range of rotation angle: +180°

4
1 @
w
Ry o

Make sure the robotic arm is properly placed according

to the actual use.

Must be mounted on a sturdy, shock-resistant surface

DANGER to avoid the risk of rollover of the robotic arm.
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1.4.2 Externals

1.4.2.1 Controller 10

Settings Sy

Function 10 Debug

Safety Boundary ON
48 Externals General Input

Controller 10 General Input
Stop Moving
Safeguard Reset
IP: 192.168.1.165 :
’ . Offline Task
Payload: 0.00KG 1
Status: Normai [ o Manual Mode
Mode: Position I !rl Reduced Mode
£ Enable Robot
X 2368 mm .
Y 01 mm
7 1969 mm
RR 0 ¢
Re 0"
RE 0
Parameters ‘) Enable Robot © Real

The control box of the robotic arm is equipped with 8 digital input and output
signals, which can be set in the Blockly project and SDK only when 10 is set to

General Input / Output, otherwise the custom setting will not take effect.

The following functions (if configured), can be triggered by low-level input

signals.

[General Input] The user can use the 10 freely in Blockly or SDK program

only when the controller input is set as a general input,
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otherwise it will cause a function conflict. For example, if CI 0 is
configured as an offline task, Cl 0 should not be used in any

program.

[Stop Moving] Trigger |10, the robotic arm stops moving.

[Safeguard Reset] Trigger 10 to resume the motion of the robotic arm in the
protection stop state. Should work with SI, refer to

2.4.2.5.Protective Stop with Reset Button

[ Offline Task] Offline Task can add multiple Blockly to be triggered through
I/0. As shown in the figure above, Cl0 is set as Offline Task

and a Blockly project is added. Click [Add] to add a Blockly

project, and click [®] to delete the project.

[Manual Mode] When set as Manual Mode, the robotic arm can be dragged

freely when the input signal remains low level.

[Reduced Mode] The IO is triggered and the robotic arm enters the reduced

mode.
[Enable Robot] Enable the robotic arm by triggering 10.
[Save] Save the changes.

[Cancel] Discard the changes.
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Output

Safety Boundary ON

IP: 192.168.1.165
Payload: 0.00KG
Status: Normal

Mode: Position

X 2368 mm
Y. 01 mm
Z 1969 mm
Re 0 N
Rg 0
Rz 0 N

Parameters .)

The below functions can be configured for each output.

Settings

4 Externals

Control ller 10

© Real

Function

10 Debug

STOP

General Qutput

Warning

Collision

Manual Mode
Reduced Mode
Offline Task Running
Robot Enabled

Emergency Stop is Pressed

[General Output] The user can use the IO freely in Blockly or SDK program

only when the controller output is set as general output,

otherwise it will cause function conflict. For example, if CO

0 is configured as motion stopped, CO 0 should not be

used in any program.

[ Motion Stopped] The system enters an emergency stop state and outputs a

high signal.

The actions that conform to the emergency stop are:

e When the Emergency Stop button of the control box is pressed, the
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power supply of the robotic arm is cut off.

e Enter emergency stop via Cl.

e Stop button of UFACTORY Studio and Emergency stop code block of
Blockly.

e Emergency stop API of SDK.

[Robot Moving] When the robotic arm is moving, the output is high.

[warning] When the robotic arm issues a warning, the output is high.

[Collision] When the robotic arm reports an error of collision, the output is

high.

[Manual mode] When the Manual Mode is turned on, the output is high.
[ Offline task running] When the robotic arm is running the offline projects,

the output is high.

[Reduced Mode] When the reduced mode is turned on, the output is high.

[Robot Enabled] When the robot is enabled, the output is high.

[Emergency Stop is Pressed] When the emergency stop button on the

robotic arm control box is pressed, the output is high.
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10 Debug

Settings

Safety Boundary ON

IP: 1921681165

Payload: 0.00KG ¢,
Status: Normal

Mode: Position

% 2368 mm ]
Y 01 mm

Z 199 mm

R 0

Ry. 0
Re: 0

A
B

—
== 3

parameters @D Enable Robot © Real

<42 Externals

Controller IO

Function

10 Debug

Digital Input(Cl)

cl Value

Analog Input(C-Al)

nput Value (V)

sTOP

Digital Qutput(CO)
co Output(0/1)
oo a

co1

o o 9 o 9 o
S 88 B &R

Analog Output(C-AO)
Qutput  Value (V) Output
|

AO1 |

In this interface, the 10 input status and 10 output status of the control box

can be monitored, and the 10 output status of the control box can be

controlled by clicking the button.
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1.4.2.1 Modbus RTU

Settings Sl

Robot Arm

Rabot Arm Modbus Debug

<F Externals

Modbus RTU

Set the Robot Arm Modbus Baud Rate [ nszo -]

f,
11‘ - Number Check Comments Commands. Delay ms
T

® CRC Cydic

In the Modbus RTU interface, users can debug the robotic arm end Modbus RTU
and control box Modbus RTU. If users choose the robotic arm end Modbus RTU,
they need to select "RS-485" in [Setup] - [General Setup] - [Advanced Setup] -
[Robotic Arm End Function] first. ". It will activate the function of Modbus RTU
at the end of the robot arm. The following is an example of controlling Robotiq
2F-85 gripper:
Note: The baud rate of Robotiq 2F-85 gripper is 115200, ID is 9, activation
command is 09 10 03 E8 00 03 06 00 00 00 00 00 00 00 00 73 30

1.Select the robot arm Modbus

2.Set the baud rate to 115200.

3.Enter the command in the "Command" box, for example: 09 10 03 E8 00 03
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06 00 00 00 00 00 00 00 00. Note that the program will add CRC check codes
automatically, so the "73 30" at the end of the command does not need to be
entered.

4.Click Send, and you can see the sent and received information in the debug
box on the left.
If you want to send in a loop, you need to set the delay time and click send

after you turn on the loop function.

1.4.3 Safety

Settings STor
Safety Boundary o)
Safety Boundary ON & edemals X -0999 9988  mm ¥ -0999 9998 mm
Z 9999 9999  mm

Reduced Mode

IP: 1921681165 Safety
o © Speed Limit

Payload: 0.00KG 4
Status: Normal
Mode: Position

Tep Speed Limit (1~ 500mmy/s)

i I ) Joint Speed Limit (6~ 180°/s)
% 138 mm B |
Y 01 mm Joint Range Limit
Z 199 mm n (-260~360 J2 (-150~150
Re 0 N -3 ! -1 )
0 -
(-3.5~3007) (-360~360°)
o 13 J4
Re: 0 N
15 (-124~124%) Jo (-360~360°)
Parameters (@D © Real

Safety Boundary

® When this mode is turned on, the working range of the robotic arm in
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Cartesian space can be limited. If the tool center point (TCP) of the robotic
arm exceeds the set safety boundary, the robotic arm will stop moving. The
user can then adjust the robotic arm back into the restricted space.

Reduced Mode

® When this mode is turned on, the maximum linear speed, maximum joint

speed, and joint range of the robotic arm in Cartesian space will be limited.

1.4.4 General

1.4.4.1 Assistive Features

Settings STOP
Qrientation Control Axis-angle IS
Safety Boundary ON
Quick Copy
Pack the robot m
88 General
IP: 1921681165
- 5

Payload: 0.00KG 4 Assistive Features

Status: Normal { -

Mode: Position I .{I

X 235 mm N |

¥ 01 mm

Z 1969 mm

Re 0 N

Re 0

Rz 0 -

Parameters ‘) Enable Robot © Real
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[Orientation Control]
The robot supports adjusting the rotation of the robot arm through the axis-
angle and R/P/Y. Generally, it is recommended to use the axis-angle since
the axis-angle control is more intuitive. The choice here determines the TCP
control mode of the UFACTORY Studio Live Control page. The left side of the
figure below is the axis-angle control, the button is displayed as Rx/Ry/Rz;

the right side is the R/P/Y control, and the button is displayed as R/P/Y.

RZ- RZ+ . Y+
R"III"' p+

R- RXYZ Rx+ R- RPY R+
RY- P-

[ Quick Copy]
@ After turning on this button, the TCP coordinates and joint angle values of
the robot can be copied on the real-time control interface.

[Pack the robot]
@ Long press the move button and wait for the robot to return to the packing position,

then put the robot into the packing box
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1.4.4.2 Debugging Tools

Settings Sy

Debug Status Unlock

Safety Boundary ON

88 General

IP: 1921681165

Payload: 0.00KG E
Status: Normal f r Debugging Tools

Mode: Position I

es T Enter Command

parameters (@D Enable Robot © Real

Note: This function should be completed under the guidance of technical

support.
(Please contact the technical support by the email: support@ufactory.cc)
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Settings

Safety Boundary ON

IP: 1921681165

Y

Payload: 0.00KG
Status: Normal

Mode: Position

o
';'“\

,4
== "3

X 21368 mm
Y. 01 mm
Z 199 mm
R -1798 *
P; oL -
Y. 02 -

Parameters ‘) Enable Robot © Real

oo
oo

General

Debugging Tools

Debug

Status

Voltage (V)

Unlock

2315V

2279V

2325V

23.05V

23.01v

23.18V

J1

J2 -

J3

J4

J5

J6

STOP

Current (A)
0.01A
L21A
0.59A
0.1TA
0.04A

0.01A

In this interface, you can get the joint current value and joint voltage value of

the robotic arm.

The range of the joint voltage value of the robotic arm is: [0, 50V]

The range of the joint current value of the robotic armis: [0, 35A]

Note: When using the above functions, the joint firmware version= 2.7.0.
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Settings STOP

Debug Status Unlock
Safety Boundary ON
§ .
2
s
Gen
IP: 1921681165 #
-
Payload: 0.00KG 3
5 .
Status: Normal s Debugging Tools
Mode: ostion I ] s =
X 2368 mm N |
¥ 01 mm
7 1969 mm
R -1798 *
P; oL -
Y. 02 -
Parameters ‘) Enable Robot © Real

Click [lock] to unlock a single joint. The unlocked joint does not have any
force to provide and thence external force support is needed. At this time, the
joint can be dragged by hand to rotate. After confirming the position, please

re-lock all the joints manually.

Note:

1. Please ensure to hold the robotic arm by hand when unlocking the joint to
prevent it from falling down due to the inadequate provision of force, and
take measures to protect the surrounding environment and peripheral

facilities.

2. The operation of the unlocking joint is mainly used to adjust the posture of

the robotic arm to a relatively safe position when the error is reported by the
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robotic arm. Attention should be paid to adjusting the joint into the range

manually when it exceeds the range of the joint.

3. In the "simulated robotic arm mode", clicking the unlock joint button will

also unlock the real joints of the robotic arm.

When releasing the joint brakes,

someone must support the robot's

posture to prevent the robotic arm

from falling without external force and
DANGER damage the robotic arm and

surrounding equipment.

After the release of the joint brake and
manually dragging the robotic arm,
please always pay attention to the
CAUTION degree of joint rotation to avoid
exceeding the rotation range of the
robot joint and damage the internal

structure of the robotic arm.

1.4.4.3 Advanced Settings

Logic
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Settings STOP

Logic Parameters

Clear the |0 output when the robot is stopped
Safety Boundary - ON Configurable Output(CO0~COT)

Tool Digital Qutput(TO0/TO1)

Collision Rebound [ @)
og
&8 General Collision Detection &
IP: 192.168.1.165
> il )
Payioad: 000KG . Self-collision Detection
Status: Normal
{ f End Tool Function of Robot m Analog Input
Mode: Position | I
Advanced Settings
I Export the parameters of the robotic arm as a
X 2368 mm ] configuration file.
¥ 01 mm
7 1969 mm Import the configuration file containing the robot arm
. Impor
R -1799 parameters.
ool v
Y02
Factory Reset
Parameters ‘) Enable Robot © Real

Clear the 10 output when the robot is stopped

After turning on [Clear 10 output when the robot is stopped] if the robotic
arm receives a stop command, [Controller Digital Output] or [Tool Digital
Output] will be set to the invalid state. Otherwise, the [Controller Digital

Output] or [Tool Digital Output] will not be affected by the stop command.

Collision Rebound

® When this mode is turned on, the robotic arm will rebound backward for a
certain distance after it collides with an obstacle. If collision sensitivity is
not zero, when this mode is turned off, the robotic arm will stay at the
position where collision is detected.
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Collision Detection

® Turn on collision detection

Self-Collision Detection

® When the mode is turned on, it will prevent the robot from causing self-

collision.

End Tool Function of Robot

® You can choose end tool function of robot is RS-485 or Analog Input

Configuration File

® Click the [Export] button to export the parameters of the robotic arm as a

configuration file.

The robotic arm parameters that can be exported mainly include: motion
parameters, TCP offset, TCP payload, 10 settings, safety boundary, installation

methods, coordinate systems, and advanced parameters.

® Click the [Import] button to import the configuration file containing the

parameters of the robotic arm.

® Clickthe [FactoryReset] button, and the robotic arm will restore the factory

settings mode.
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Note:

(1) When multiple robotic arms need to share a set of configuration
parameters, click the [Export] button to export the configuration file of a
robotic arm that has been set. Then click the [Import] button to import the

configuration file to other robotic arms.

(2) When the control box fails and needs to be repaired, you can export and
save the configuration file of the robotic arm to prevent the original data from

being lost or changed during the repair process.

(3) The parameters of the robotic arm will change after the factory reset. Please

export the configuration file of the robotic arm before the factory reset.

Settings @y
Logic Parameters
Joint Jerk o °/sh3
Safety Boundary ON
TCPJerk @ mmyst3
88 General
Parameters J1 42 a3 Ja J5 J6
IP: 192.168.1.165
. L
Payioad: 0.00KG ¢ Position Gain 500 500 500 300 800 500
Status: Normal ,rv Velocity Gain 1000 1000 1000 10000 2000 6000
Mode: Position
‘I L Advanced Settings Velocity Integral 8000 8000 8000 3000 1500 3000
% 238 mm '. Current Gain 100 100 100 260 260 260
Y 01 mm
Current Integration 2000 2000 2000 400 200 150
Z 1969 mm
R -17199 ~ i
Position Gain of 600 600 600 500 500 500
poo1l - Enable
Y. 02 °
velocityGainof 000 00 2000 10000 4000 4500
Enable
Velocity Integral of 500 500 500 3000 1500 3000
Parameters ‘) Enable Robot © Real Enable
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If you want to modify the joint jerk and TCP jerk of the robotic arm, you can

modify time here.

Note:

1.The jerk affects the acceleration performance of the robotic arm. In general,

we do not recommend modifying this parameter.

2.If the robotic arm is not enabled, the jerk cannot be modified.

3.I1f an error warning occurs on the robotic arm, the jerk cannot be modified.

4.When the robotic arm is moving, the jerk can not be modified.

On this page, you can view all the parameters about the arm joint, for
example:Velocity Threshold, Position Deviation Threshold, Position

Feedforward Filtering Time, Speed Feedback Filtering, Speed Integration
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1.4.4 My Device

1.4.4.1 Device Info

Settings Sy
System Info
Safety Boundary  ON Hardware Software
Robot Model Lite® Firmware Version 112101
Robot SN L1100309221B0E StudioVersion  2.0.05
Control BoxSN  DL100309221B0E
IP: 192168.1.165 NetWork DNS =
o o i
My Device
Payload: 0.00KG 3 oo 1P Address: 192.168.1.165
Status: Normal
T Device Info Netmask: 255.255.255.0
Mode: Position l
I BroadCast: 192.168.1.255
% 200 mm B
L] Routers: 192.163.1.1
¥: 0 mm
Z 200 mm
R 180 " Time 2023-03-29 02:14:08
P. 0 -
Parameters ‘) Enable Robot © Real

On the page of Device Info, the robot controller can be rebooted or the joint
can be operated, the degree of freedom (number of axis) of the current
robotic arm, IP address, firmware version, SN address, and software version
of the robotic arm can be checked.

Network

® Display the IP address of the robotic arm, net mask, broadcast address,
and default gateway. The DNS address can be modified and added.

You can change the IP address of the control box and add DNS.
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Note:

If you change the IP address, be sure to mark it on the control box. If you
forget or lose the modified IP address, you can use the following method to

reset the IP.

1.4.41.1 Reset IP

Steps to reset IP:

1. Press the emergency stop button and turn off the power of the control box.

2. Connect RIO to GND with a cable.

RI0 and GND connection cable

3. Turn on the power of the robot. After hearing the sound of "beep", it means
that the IP address of the robot has been reset successfully. The reset IP is

192.168.1.111.

4. Please unplug the cable connecting RIO and GND and wait for the robot to

start up (60 seconds).

5. Enter 192.168.1.111:18333 in the browser to connect the robot.
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6. If you need to modify the IP, just modify the IP in [Settings] — [My

Device] — [DeviceInfo] . (For example: the modified IP is 192.168.1.165)

Settings Sy
System Info
Hardware Software
Robot Model Lite§ Firmware Version 1.12.101
Robot SN L1100309221B0E Studio Version  2.0.05
Control BoxSN  DL100309221B0E
IP: 192168.1.165 NetWork DNS =
- =] i
My Device
Payload: 0.00KG » B 1P Address: 192.165.1.165
Status: Normal )
i an— Netmask 255.255.255.0
Mode: Position I
I BroadC. 192.166.1.255
x 2143 mm & i |
v 109 mm Routers: 18216811
Z: 2008 mm
R 180 " Time 2023-03-29 08:34:00
P; 0 -
Parameters ‘) © Simulated

7. Restart the control box, enter your modified IP to the browser and connect

the robotic arm.

Note:

1. If you do not unplug the cable connecting RIO and GND, the next time you
restart the control box, no matter what IP address you modify, the IP address
of the control box will be automatically changed to 192.168.1.111, so after

modifying the IP, be sure to unplug the cable connecting RI0 and GND.
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Robot controller shutdown / reboot:
Access to robot conttroller Shutdown
® Accessto [Settings] - [My Device] - [Device Info]

Shutdown / Reboot

The robot controller can be shut down or restarted. Note that the shutdown /
reboot button does not turn off the power supply and the main power supply
to the robotic arm.

[Shutdown]

® Click this button, the page will go back to the [Search the IP Address of the
Control Box] page, and the robot controller will shut down. This operation
is equivalent to long pressing the Power button of the robot controller, and
the shutdown process takes 2 to 3 seconds.

[Reboot]

® Click this button, the robot controller will restart. After the restart action is
completed, the pop-up window will close and the robotic arm will be
automatically reconnected. The operation is equivalent to the shutdown
and startup process of the control box, and restart process takes 3 to 4
minutes.

Note: The [Shutdown] and [Reboot] buttons do not affect the main power
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supply of the robot and the power supply of the robotic arm.

1.4.4.2 Check Update

Settings Sy

Software
Safety Boundary ON Version Number: 2.0.05 Release Time: 2022-05-20
*Please stop running the robot and move the robot arm to a safe position I
before upgrading.
*Please do not disconnect the network of the robot during the upgrade
process.
1.Blockly supports Python code block.
IP: 1921681165
2 S, My Device
Payload: 0.00KG 4 oMy Fh=
Status: Normal
» Version Number: 1.12.101 Release Time:
Mode: Position r l
I Check Update Please stop running the robot and move the robot arm to a safe position I
i before upgrading.
200 mm ]
0 mm *Please do not disconnect the network of the robot during the upgrade

process.

80 * 1. Support the standard Modbus TCP protocol.

Check update

0

X

¥

Z 200 mm
R:

P;

¥ 0

parameters (@D Enable Robot © Real

Software updates for UFACTORY Studio, and firmware updates for the robotic

arm.

When updating software and firmware, make sure that the local area
network where the computer and the robot are located can communicate
with the external network. In addition, make sure the control box can

communicate with external internet.

: Click to get the latest UFactory studio and xArm firmware

version information for your controller.
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[Install] :Click to go to the offline installation window for UFactory studio
and xArm firmware, select the upgrade package you
downloaded in advance to update the firmware and studio to

the latest.

Click to download the latest offline upgrade installation package

[ld i

STOP

&€ 3 v 4 | m> =@ > GUI230 > xarm-tool-gui-2.3.8

Release Time: 2023-01-31

jove the robot arm to a safe position I

Birk of the robot during the upgrade

Release Time: 2023-02-22

jove the robot arm to a safe position I

Biork of the robot during the upgrade

P 0 L 1. Support the standard Modbus TCP protocol

O

Parameters @D © Rea

Note:

UFactory studio and xArm firmware installation package version must be =
V2.0.0, i.e. the number 2 prompt box in the picture, if you choose the
firmware upgrade package of the number 1 prompt box there is the

following page pop-up box prompt.
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https://drive.google.com/drive/u/1/folders/1atPLpCRTpS-80MhWRZtZcAzGasnO7j5u
https://drive.google.com/drive/u/1/folders/1atPLpCRTpS-80MhWRZtZcAzGasnO7j5u

Firmware or UFACTORY Studio below V2.0.0
cannot be installed

Close

Note:

Note: For detailed steps on updating UFACTORY Studio and firmware, please

refer to Appendix 3-Lite6 Software/Firmware Update Method.

1.4.4.3 Log

Settings

8 sevo @@ controller @@ End-effiector [ Linear Motor

Safety Boundary ON

Time Error_Code Error_Content
2023-03-28
et (=] The Emargency Stop Button is pushed in to stop.
2023-03-28
) cz The Emergency Stop Button is pushed in to stop.
IP: 192.168.1.165
cH & MyDevice BRI o] Force Torque Sensor Communication Error
Payload: 0.00KG J 06:40:05
Status: Normal )
Mode: Position { r ] 231;;330';7 (@] The Emergency Stop Button is pushed in to stop.

L I 2023-03-27
0

X 200 mm 02:20:33 @2 The Emergency Stop Button is pushed in to stop.
Y. 0 mm Log
Z 200 mm
R 180 ° Egﬁg:}]’é? (w] The Emergency Stop Button is pushed in to stop.
[ i}
o0 2023-03-27

e (] The Emergency Stop Button is pushed in to stop.
Parameters (@D © Real
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The error log of the control box, servo error log and end effector error log can

be checked.

Clickthe [Download] button to download the error log.

1.5 Live Control

Live Control sTOP
Speed
@ Position Control
[ 50%
Safety Boundary ON
«* Joint Control
Coord Adjust
() Recording Base Tool Initial Position Align
IP: 192 168.1 165 /5 End Effector
-
Payload: 0.00KG ] Control
Status: Norma!
) ?’ 7 A 7+ T v+
Mode: Position I r'
% 200 mm |
Y 0 mm b2 ps
Z 200 mm
R 180 - Y OXYZ oy R~ RPY R
B0t
Yoo
X p-
parameters @D Enable Robot O Real

1.5.1 Page Introduction

e |P address
Displays the IP address of the robotic arm controller.
e Payload

Displays the current default load parameters of the arm
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e Robotic arm status

Normal: The robotic arm is not in motion, but is ready to go into motion.
Motion: The robotic arm is in motion.

Stop: The robotic arm is in motion stop.

Pause: The robotic arm is in motion pause.

e mode

The current control mode of the robotic arm, default is position mode.

e Position information

The current position information of the robot arm, contains [X,Y,Z,R,P,Y], or

[X,Y,Z,Rx,Ry,Rz] if the axis angle display mode is selected
e Real robotic arm/simulation robotic arm
Simulation robotic arm:

It means the robotic arm is connected and the current one is simulation
robotic arm. You can control the virtual robot arm movement through

UFactory studio interface.

Real arm:

means the arm is connected and the arm is currently a real arm. You can
control the movement of the real robot arm through UFactory studio
interface. The virtual robot arm will react to the position and attitude of the

real robot arm in real time.

Note: A robot arm can only be in one mode (real robot arm mode /

simulation robot arm mode).
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e Align

When this button is clicked, the tool flange will be leveled, i.e. pitch and roll

will be adjusted to fixed values of 0° and 180°.
e Initial position

You can set the initial position by clicking [Settings] - [Motion] -

[Parameters] - [Initial Point Position] in the home page.

[Initial position] point press for step motion, long press for continuous

motion.

1.5.2 Emergency Stop

Click the emergency stop button to immediately stop the current motion and
clear all cached commands.
Note: The “STOP” button in UFACTORY Studio is different from the one on

the control box.

1.The “STOP"” button in UFACTORY Studio allows the robotic arm to stop the
current motion and clear all cache commands immediately. It is a software

stop, and the power is still on.

2.The Emergency STOP button on the control box: Send out a stop command

to cut off the power supply of the robotic arm, and then the posture of the
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robotic arm will slightly brake and fall.

1.5.3 Position Control

1.5.3.1 Linear Motion

Users can control the motion of the robotic arm based on the base coordinate
system and TCP coordinate system. The trajectory of tool center point in the
Cartesian space is a straight line. Each joint performs a more complex
movement to keep the tool in a straight path. The TCP path is unique once the
target point is confirmed, and the corresponding posture in the execution

process is random.

X, Y, and Z control the position of TCP in base or tool coordinate system, the
unit is mm. While Roll/Pitch/Yaw controls the TCP orientation in the unit of

degree.

Linear motion and arc linear motion belong to the Cartesian space trajectory
planning, which needs to be solved by inverse kinematics. Therefore, there
may be no solution, multiple solutions, and approximated solutions; and due
to the nonlinear relationship between the joint space and Cartesian space,

the joint motion may exceed its maximum speed and acceleration limits.
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1.5.3.2 TCP Coordinate System

|

| (5]
It

o ,
Y

= X

A:Base coordinate
B:Tool coordinate

The default TCP coordinate system is defined at the centre point of the end
flange of the robotic arm, and it is the result of rotating [180°, 0°, 0°] around
the X/Y/Z-axis of the base coordinate system in order. The spatial orientation
of the TCP coordinate system changes according to the changes of the joint

angles.

® Roll/Pitch/Yaw respectively rotates around X/Y/Z of the base coordinate
system, and the final TCP orientation is the result of the three rotations in
exact order. The robotic arm will always choose the shortest way to reach
target orientation. In particular, it is important to strictly control the
magnitude of the deflection angle between the two points to control the
direction of rotation, and if necessary, insert a third point between the
two points. As shown in figure 6.4, if a deflection is needed from position

point A to point B, the robotic arm moves in the direction of a angle. If the

116



robotic arm needs to be moved in the direction of the B angle, a new
position between the angles of B should be inserted, and the angle that

formed by the inserted point and A should be smaller than a.

90°
A
/ Ct// \\\
+180° \ v ] ./B 0
B
90°

® The +180° and -180°points of the Roll/Pitch/Yaw are coinciding in the
space, and the valid range is £180°, so it is possible to have both
+180° when the robotic arm is reporting the position.

® Roll angle, pitch angle, and yaw angle (RPY). The RPY rotation matrix

(X, Y', Z" rotation) is determined by the following formula:

Rrpy (v, B,a)=RZ(a)-RY(B) - RX(y)
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A: Base coordinates B: TCP coordinates (no offset)

1. You must check the TCP offset before recording

the Cartesian position.
DANGER

1.5.3.3 Speed Setting

It is used to adjust the motion speed of the live control interface. (Note that
the maximum speed of the live control interface is not the actual maximum
motion speed of the robotic arm. If you want the program to run at high

speed, you can add a speed command in the Blockly motion program).
Joint Operating Speed

® The rangeis 1°/s ~ 180°/s. When the robotic arm is in operation, the actual
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maximum speed will be influenced by the payload, speed, and the pose,

and the maximum speed would not be an absolutely reachable value.
Note: the speed at which the joint runs between each command is not
continuous, and the robotic arm will have a brief pause between joint

command.

TCP Operating Speed

® The Cartesian speed range is from Tmm/s to 1000mm/s. The actual
maximum speed is also affected by the payload, speed, and posture of the
robotic arm. If the set speed is close to the limit speed, the robotic arm will
slow down or cause an error mechanism. When a command involves
displacement and rotation, at the same time, the time required for the
displacement motion and the rotational motion depends on the one that
takes more time, but in principle, it is better to separate the displacement

from the rotation command.
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1.5.3.4 Operation Mode

1.5.3.4.1 Lite 6 Operation Interface

Coord Adjust Coord Adjust
Base Tool Initial Position Align Base Tool Initial Position Align
Control Control
- rag Y- Y+ - I+ ¥- Y+
s p- X+ P+
Y+ XYZ ¥- R: RPY R Y+ XYZ Y- R RPY R
X P X p.
[ Base Tool ]

@ It can switch the control functions between the base coordinate system and
the tool coordinate system.
[ Position/Attitude Real-time Display]

® X /Y / Zrepresents the coordinates of the tool center point (TCP) position
of the robotic arm under the base coordinate offset. Roll/Pitch/Yaw under
the Attitude indicates the angle value rotated under the base coordinate
offset, which is a description of the azimuth obtained by rotating three
times around the selected coordinate system in a certain order.
[Real-time Position Control]

® X/Y/Z controls the X/Y/Z-axis of the selected coordinate system
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respectively. Click for step motion and long press for continuous motion.
[Real-time Attitude Control]

® Roll/Pitch/Yaw controls the Roll/Pitch/Yaw of the selected coordinate
system respectively. Click for step motion and long press for continuous
motion.

The step can be set by clicking [Settings] - [Motion] - [Parameter] -
[ Attitude Step]

1.5.4 Joint Control

The robotic arm consists of joint modules. The position of the end-effector is

controlled by coordinating the rotation angle of each joint.

The joint motion reaches the target point with the fastest path, the end
trajectory is not a straight line, and the speed unit is °/s. After the target point
is set, the corresponding poses are unique for TCP and the joints along the

trajectory.
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Live Control sToP

Manual Mode
@ Position Control

Safety Boundary ON

Sensitivity
i Joint Control bt
Manual Mode
[X Recording
Joint Control =
IP: 192.168.1.165 S End Effector S
o
Payload: 0.00KG d
Status: Normal » I - — PR
Made: Position r'
i I J2 + 9.9
x 200 mm & N |
Y 0 mm 3 o +) N8
Z 200 mm
R 180 ° N e—— + 0 e
P; 0 -
o o - J5 e —— + 218°
Je + 0
Parameters ‘) Enable Robot © Real

You can copy the joint angle value of the robotic arm by clicking this

button.

—_ + The progress bar represents the range of joints, the text
represents the current joint and its degree.

Operation mode:

Click [+] or [-] forthe step angles, users can set the step angle in

[Settings] - [Motion] - [Parameter] - [JointStep ] .

Press-and-hold [+] or [-] for continuous joint motion in a positive or

negative direction, which will stop when the mouse is released.

To confirm the direction of joint rotation, please refer the figure below:

122



Lite 6

1.5.4.1 Manual Mode

By turning on the Manual Mode, the joint can be moved freely by hand.

® Turn on the joint manual mode, you can manually drag the robot links to
reach the target position, making it easier to record the robot's motion
trajectory, thereby reducing the development workload. When danger
occurs, you can also use the manual mode to manually drag the robot
away from the danger zone.

® Drag sensitivity can be setin [Joint Control] - [Manual Mode] -

[ Sensitivity] .
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Note:
Before opening the manual mode, you must ensure that the mounting
method of the robot and the payload setting are consistent with the actual

situation, otherwise it will be dangerous.

1.5.5 Recording

The position of the joint is obtained and recorded by 250HZ to record the
motion trajectory of the robotic arm in free driving, and the maximum
recording time is 5 minutes. The playback will completely repeat the motion
trajectory during recording, and the playback speed of the trajectory can be

set (x1, x2, x4). A recorded trajectory can be imported into Blockly projects.
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Live Control sToP

g j B
@ Position Control A My Project &import | & Select
Safety Boundary ON
«* Joint Control
ID Title Duration

[X Recording

IP: 192.168.1.165 /S End Effector

o
Payload: 0.00KG J
Status: Normal T s

Mode: Position I rl

x 200 mm & N |

¥ 0 mm

Z 200 mm

R 180 *

P; 0 -

Y 0 N

Parameters ‘) Enable Robot © Real

[New] Create a new recording file.

[] Manual Mode will be turned on accordingly by clicking on
the button, and the robotic arm can be dragged directly for
trajectory recording. When starting recording, be sure to pay
attention to the load state of the robotic arm, so as to avoid the big
difference between the actual load and the set load of the robotic

arm, resulting in its self-motion.

[ 00:04 ] Display recording time.
[] Stop recording.

[Times] Set playback times.

[Speed] Set playback speed.
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[ & Export ] Download the file.
[ ODelete 1 polete the file.

[ Timpert Import recorded trajectory.

1.5.6 End Effector

® When the end effector provided in the option is installed at the end of the

Lite6, select the corresponding end effector.
The end effectors currently supported by Lite6 are: Gripper, Vacuum Gripper.
Take the Gripper as an example.

Lite6 Gripper

126



STOP

Live Control

Gripper

@ Position Control
Safety Boundary ON

«* Joint Control Gripper

(X Recording No End Effector Vacuum Gripper
'

1% End Effector \ N

Cd
IP: 192.168.1.165
" ‘* 5 v \ .

Payload: 0.00KG
Status: Normal
Made: Position

200 mm & .
0 mm

200 mm
80 ~°

S P ANS R

Parameters (@D

© Real

® When installing other end effectors (not officially provided) at the end of

the robotic arm, please choose [other] .

STOP

Live Control

@ Pasition Control
Safety Boundary ON

£* Joint Control Other-Cuboid

(M Recording Other-Cylinder No End Effector

IP: 192.168.1.165 /% End Effector “ ‘

Payload: 0.00KG

A\

Status: Normal
Mode: Position r.
LI Lx 5 mm
00 mm & I
0 mm ly g mm
200 mm
B Lz 19 mm

180

ST OA N TR

Parameters (@D © Real
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1.You can choose a 3D model (Cylinder/Cuboid) that can wrap the end

effector and use it as the self-collision prevention model of the end effector.

® When no end effector is installed at the end of the robotic arm, select [No

End Effector]

Live Control Sy

@ Pasition Control
Safety Boundary ON
«* Joint Control No End Effector

X Recording Other-Cubold Gripper

IP: 1921681165 S End Effector “ ‘5\3
-
Payload: 0.00KG [f

Status: Normal

Mode: Position I rl

200 mm & i |

¥ 0 mm

Z 200 mm

R 180 *

P; 0 -

¥ 0 °

Parameters ‘) Enable Robot © Real

1.6 Blockly Graphical Programming

Blockly is a graphical programming tool that can be programmed to control
the robotic arm by dragging and dropping code blocks without the need to

write the code manually.
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1.6.1 Interface Overview

Blockly STOP

Project Program

+New Folder &

Safety Boundary ON
CIUF_APPS

™ [UF-1001_Joint_M-
™ [UF-1002_Continu:

(™ [UFI-1003_Linear -
IP: 1921681165
(3 [UFI-1004. Continu--
Payload: 0.00KG

Status: Normal

x
finear mofion X 1) ¥ 1) Z FZC0) Rol G Pitch () Yaw () Rachus EX) Wit (5750 move | ecit

[ [UF1-1005_DrawCricle

Mode: Position B [UFH1006 Lt Gr- [ reer motion X ED) YLD Z B2 Roll (1) Pitch [ Yaw () Radius E2) Weit (2750 m‘ et

e mﬁ X X3 v i) 2 ) Rell (D) Plch () Yow (] Radus E5) woit (7K move | ecit
x 20 mm & (3 [UFF1007 Lite6s Va--
Y0 mm
7 200 mm ( [UFF1008_Digjtal_IO
R 180 *
oo e (3 [UFF-1009_Mutiplel- -
Y 0 N

0 USER_APPS
( testo0l

parameters @D Enable Robot © Real Simulated B pos compare

[Project] Click to expand to display all created items, the currently open

item "xxx" is displayed when it folds.

[Program] Click to expand the different programming modules, such as

Motion, Setting, Logic, Loop

[ e ] Mouse click to select any Blockly project to display the New

Folder button, click to create a new folder

[ e ] Mouse click to select the newly created folder that can be used

to create a new Blockly file.

¢
[ = ] Upload the Blockly file saved on the computer to the control box of

the xArm.

( © ] Run the Blockly program
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( 2 ] Undo the changes to Blockly code.

Download

Rename

[ ™= ] Right mouse click on the Blockly file name to download, rename or

delete the file

[ © ] Click to convert Blockly projects to Python code.

[ ] Save changes to Blockly code.

A

[ “ ] Enlarge or reduce

Blockly sToP

Project Program

+New Folder &

DO UF_APPS
™ [UF-1001_Joint_M-
(4 [UFJ-1002. Continue

(4 [UFF1003 Linear -~

IP: 1921681165
[ [UFF1004_Continu---
Payload: 0.00KG &
linear motion T ¥ (I Z [ Roll (ET) piech ([ vaw (1) Rudius 2] wakt (TP move | e
Status: Normal [ [UFI-1005_DrawCricle = B e e T
Mode: Position . B linear motion X EXZ) Y 113 Z B0 Roll §E1) Phich () Yow () Radius £ Weit (Z7E  move
(Y [UFH-1006 Lite6 Gr-
e X ETT) Y T Z ) ol (TT) piech () vaw ([ Radius E1) wait (27508 | move
x 200 mm B (3 [UF1007_Lite6, V-
Y0 mm
7 200 mm ( [UF-1008_Digital IO
R 180 )
oo - ( [UFF1009_Muittiplel--
Y 0 N
0 USER_APPS

0 tesiL

Parameters (@D Enable Robot Real @ Simulated B pos compare

Note: When the robotic arm is in the simulation mode, you can also run the

Blockly motion program to observe the motion of the virtual robotic arm.
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1.6.2 Blockly Workspace

Blockly STOP

> @ B

Project Program

+New Folder &

[JUF_APPS
[ [UFH-100L_Joint_ M-
0 [UFH-1002_Continu---
[ [UFH-1003 Linear ---
[ [UF-1004 Continu--
[ [UFH1005 DrawCricie

[ [UFF1006 Lite§ Gr---

9 | linearmotion X [EZE] ¥ 0 Z 2} Roll K] Pitch [0 Yaw ) Radius EX) Wakt [ETXM move

(Y [UFI1007_Lite6 Va--- linear motion. X [EXT) ¥ B0 2 EXT) Roll KTTD Pitch ) Yow ) Radivs BT wait (F7X8  move
- Snear motion. X [E0) ¥ B0 2 E5) Rell (L) Pich (0] Yeour (3 Radius EX) Woit (EZX  move
[ [UFI-1008 Digital 10 Soearmotion X EL) ¥ 6173 2 62 st D) i ) Y 0 achs £ Wk (D move

0 [UFH-1009_Muttiplel-
O USER_APPS
O testooL

O [_pos_compare

Drag the code block into the action panel, the code execution is top-down,

users can drag and drop the code block with the blocks attached from behind

together.

[ ] Return to the default size and code block at centered position
[ ] Zoom in on the code block.

[ ] Zoom out on the code block.
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1.6.2.1 The Right Click Mouse Event in the Workspace

Undo

move (arg) line X ST ¥ (@ z G338 Roll {5 Pitch @ Yaw B R n

mave circle

Posel | cartesian x EXD) v B Z Roll E1D Pit]
POse2 | cartesian X EXT) Y (1) Z 2D Roll D pitc NG e

Center angle()
‘Wait

Delete 13 Blocks

Right-click on the blank workspace of the non-code block, the function is

mainly for all code blocks:
[Undo] : Undo the previous operation.
[Redo] : Restore the last undo operation.
[Collapse Blocks] : Collapse all code blocks.
[Expand Blocks] : Display all collapsed commands.

[Delete 13 Blocks] : Delete all code blocks.
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1.6.2.2 The Right Click Mouse Event of the Code Block

=¥ Duplicate 73 Roll €3] Pitch (3 Yow (0 Radiius () Wait CIZXB( | move [ edit |

~-  Add Comment

3 v BT z B roll BB Pitch [ Yaw ) move.. edit
3 R 50 Frdl 1542 AR 180 LGN 0 R0 0 T edit

External Inputs
~-=  Collapse Block
Disable Block

Delete 3 Blocks

Right-click in the code block, the function of each module pop up:

[Duplicate] : Copy all code blocks of the current workspace, copy/cut

shortcuts with the keyboard and paste them into other files.
[Add Comment] : Users can add a description to the code block, which is
identified by the symbolﬂ. Click to open/close the
description pop-up window, as shown in the following

figure.

[External input] : The location for setting the text box is displayed at the far

right.

[Internal Input] : The location for the setting of the text box to be displayed
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in the default middle position.
[Collapse Block] : Folds the code block of the current workspace.

[Disable Block] : Stop the execution of the running command of the current

code block. The opposite is [Enable Block] .

[Delete 82 Blocks] : Delete the current code block selected by the mouse

click.

1.6.2.3 Move/Wait/Edit

For some common functions of the motion commands, click [move] and the
robotic arm will move to the current position; click [edit] , Then the robotic
arm will move to the current position and open the live control interface; Wait
(true/false), indicating whether to wait for the execution of a command

before sending the next one.

1.6.3 Blockly Code Block

Setting: Used to set the running speed, acceleration, collision sensitivity,

load, etc. of the robotic arm.

Motion: Common motion commands including linear motion, joint motion,

linear motion with arc, sleep time, itial point, and emergency stop.

Application: You can import Blockly other projects.
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GPIO: External input signal triggered event (suitable for plc).

End-Effector: Contains common commands to control the end-effector, such

as gripper, vacuum gripper.

Logic: Contains commonly used logic commands.

Loop: Contains common loop commands such as multiple loops, infinite

loops, and breaking loops.

Math: Contains commands for mathematical operations.

Advanced: Includes location notes and message reminders.

.
1.6.4 Setting
[ @ 5
Profect _ progam
Motion set joint speed: §[H) /s
o >
set TCP 'l No payload - RVEN LA 0 B4 0 A 0 P4
End Effector > payloa 20 cioht @ x@ v 0z 0
o set TCP offset =R X [0 ¥ (3 Z [ roll [ pitch ) Yaw 0
Application
Lo set coordinate system offset [[EEReeec s ci=kal X [ ¥ [ Z [ Roll [ Fitch [ Yaw [
ogic
Loop
Math >
Advance >

[Set TCP speed () mm/s]

@ Set the speed of the linear motion in mm/s.
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[Set TCP acceleration () mm/s?]
® Set the acceleration of the linear motion in mm/s2.
[Set joint speed () °/s]
® Set the speed of joint movement in °/s.
[Set joint acceleration () °/s?]
@ Set the acceleration of joint motion in °/s2. The default speed and
acceleration values in the code block are the speed and acceleration values
set currently, which can be modified manually.
[Set tcp load () weight () XYZ]
® Set the load of the current project, refer Settings-TCP Payload from the
drop-down list.
[Set tcp offset () XYZRPY]
® Set the end offset of the current project, reference Settings-TCP Offset from
the drop-down list.
[Set world offset () XY Z Roll Pitch Yaw]
@ Set the base coordinate offset of the current project. The drop-down list
refers to the data of the Setting-Base Coordinate Offset.
[ Counter reset]
® This command resets the counter in the control box to 0
[ Counter plus]
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® Each time the command is run, the counter of the control box will be
incremented by 1. It can be used to calculate the number of times the

program actually cycles.

1.6.5 Motion

] @

- G
Setting emergency stop
m
To) 5 joint motion J1 [ 12 [ 13 [ 24 [D 15 [ s6 [ Radius [ Wait (EEXS move edit
End Effector > linear motion X EGIED ¥ () Z EES Roll pitch () Yaw [() Radius () Wait 150 move | edit
Applicati .
Logic - - -
move tool line X [ ¥ [ Z [ Roll [ Pitch [E) Yaw [) Wait

Loop

cartesian X B ¥ ) z ) roll BEDD Pitch [ Yaw ) move edit
Math >

cartesian X EE] Y [ Z (5 Roll GEI) Pitch [ Yaw [ move edit
Advance >

joint motion pariablel 11 K6 12 FE 3 ) 2 00 5 0 6 (D) Radius FG) wait D

linear motion [variable] X VD v ¥ z /5 rol YEED Fitch M Yaw oI Radius o[ wait CEED

[sleep () s]

@ After receiving this command, the robotic arm will stop moving for the set
time, and then continue to execute the following commands. It is mainly
used in motion programs that need to do the continuous motion. It is used
to buffer more motion commands for successful continuous motion
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calculation.
[motion () ]

@ With this command, operators can set the state of the robotic arm
(movement, pause, stop). It is used to control the state of the robotic arm. It
is mainly used in condition-triggered programs.

[emergency stop]

® The robotic arm immediately stops moving and clears the command cache.
[zero position]

® The robotic arm returns to a posture where the joint value are 0.

[move joint J1() J2() J3 () J4() J5() J6() J7() Radius()
Wait(true/false) ,[move], [edit]]

@ Set each joint value for the joint movement, with the unit of degree.
[move(arc) line X() Y()Z() Roll() Pitch() Yaw() Radius() Wait(true/false) [move]

[edit]]

@ Set the Cartesian coordinate target value of the linear motion and the TCP
rotation angle in mm and °.

[ move (front/back/left/right) (true/false)() mm ]
@ Indicates that the robotic arm makes relative linear motion
forward/backward/left/right based on the current position, in mm

[ move tool line X() Y()Z() Roll() Pitch() Yaw() Radius() Wait(true/false) ]
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® This command is a relative motion relative to TCP coordinates.
[ move circle position 1 to position 2]

® From current position, the whole circle is determined by current position
and position1 and positon2, “center angle” specifies how much of the
circle to execute.
[center angle (°) () ]

® Indicates the degree of the circle. When it is set to 360, a whole circle can
be completed, and it can be greater than or less than 360; (Note: To
achieve smooth track motion, you need to set Wait = false).
[move joint [variable] J1() J2() J3 () J4() J5() J6() J7() Wait(true/false)]

® The command passes through the joint motion and supports variable
values.
[move (arc) line [variable] X() Y() Z() Roll() Pitch() Yaw() Radius()

Wait(true/false) ]

® The command passes through the Cartesian motion and supports

variable values.
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1.6.6 GPIO (Control Box and End tool interface)

&
Friet g
Ci

Motion get Al IED

set
To ~ set AO (BB to Y  set
Controller 1O Cio- 17 are [EEEE

Tool IO (REEETE

when X- Y= [ Z- (£ tolerance= [ set CO X to [ETED

End Effector >

when X= EQE Y= [ Z= (£ tolerance= [ set A0 S to [
Application

Event

Logic

when C1 (S is CISIES do
Loop
Math N vhcn Al (XD EXD O do
Advance >
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b2 e B

Project Program get Tl (D
Setting get T-Al (KD
10 - To-m1 are [(EATEE [ETEN timecut E)
Polstion Trigger

Controller 1O

when X= EE v= [ 7= [ tolerance= [ set TO KD to (IETED
Tool 1O

Event
End Effector >
T RIN0 - FAHIGH - BN
Application
-

Logic

Loop

Math »

Advance »

The 10 interface is made up of a controller interface and an end tool
interface, which can be used to acquire, set, and monitor |0 interface
operations. The controller has 8 digital input interfaces, 8 digital output
interfaces, 2 analog input interfaces, and 2 analog output interfaces. The end
tool has 2 digital input interfaces and 2 digital output interfaces. 2 analog
input interfaces. The control box digital 10 is low-level-triggered. The end

tool digital 10 is high-level-triggered.

[get1/0]
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@ Acquire the I/0 interface data of the code block.

[set1/0 ]

® Setthe I/0 interface of the code block, click [Set] to runthe command.

[setl/Owhen (X,Y, Z, tolerance) ]

® When the robotic arm reaches the specified position (the area of the
sphere specified with the trigger position point (X, Y, Z) as the center (the
radius of the sphere is the tolerance radius)), 10 is triggered. This command
can be used to trigger 10 at a specific location.

X, Y, Z represent the coordinate value of the specified position to be reached

by the robot arm, with the unit of mm.

The digital 10 is triggered as soon as the system detects that the TCP position

enters a spherical area centered at (X, Y, Z) with the specified radius. If the

tolerance radius is not set, when the robotic arm passes the specified point at

a speed other than 0, it may miss the trigger because it cannot be accurately

detected.

[when digital I/0 is (High/Low) do ]

® Executes the commands contained in this code block when the condition is

met.

[ when the analog 10 value satisfies the set condition do]
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® When the monitored analog 10 value meets the condition, the commands

contained in the code block will be executed, and the condition are =, %, >,

10 trigger logic of UFACTORY Studio:

1. UFACTORY Studio obtains the 10 state every 100ms, and uses the IO state

value obtained for the first time as the initial value.

2. Compare the |0 state obtained the second time with the |0 state obtained
last time. If the |0 state changes, a callback meeting the condition is

triggered.

1.6.7 End Effector

Gripper

set gripper BIJVIEM  set

get vacuum gripper state

ohject is timeout

set vacuum gripper [EJJEM object detection [EIER set

[set gripper (OPEN/CLOSE/OFF)]
» Open the gripper.

> Close the gripper.
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» Turn off the pump of the gripper.

[object is (picked/release) ]

> Detect whether the vacuum gripper has picked (released) the object. If
it is detected that the vacuum gripper has picked (released) the object,
then jump out of this command and execute the next command. If the
timeout period is exceeded, the vacuum gripper has not yet picked
(released) the object, it will also jump out of the command and execute
the next command.

[get vacuum gripper state]

» Obtain whether the vacuum gripper picks the object or not. When the
vacuum gripper state is 1, it indicates that the object is picked
successfully; when the vacuum gripper state is 0, it indicates that the
object fails to be picked.

[set vacuum gripper (ON/OFF) object detection (true/false)[set]]

» Setthe vacuum gripper to be on and off.

> [object detection] = true: detect whether the object is picked, if not, it
will jump out of the entire program.

> [object detection] = false: do not detect whether the object is picked.
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1.6.8 Application

Run Trajectory ) Times n
Application [

[Run Trajectory (path) Times [1] ]

® Users can import the trajectory recording file and set the times of

executions.
[Import other APP]

@® Users can import Blockly of other projects.

1.6.9 Logic

Project Program

ﬁv
—

Setting

Motion

10 b

il

Controller 1O

Tool 10

End Effector ~

Gripper ot

E :

Vacuum Gripper
Application

Loop

Math >

[wait ()]
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® Wait for the next command to be sent, with the unit of seconds.
[if (Condition 1) Run (Command 1)]

@ If Condition 1 is true, then Command 1 will be run. Otherwise, it will be

skipped.

The setting method of the if/else sentence:

1. Click the setting button @]on the command block , then the

command block will pop up a selection box, as shown below:

2. At this point, drag the [else] code block to the bottom of the [if] code block,

and combine the two code blocks, as shown below:

ea r
- O

3. Click the setting button@], the selection box is retracted, if /else sentence

setting is completed, as shown below:
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1.6.10 Loop

B

[ @
Project Program
Setting E

Motion

repeat times
10 ~
do
Controller IO
Tool 10 repeat
do
End Effector ~
Gripper m
Vacuum Gripper
Application
Logic
Loop
Math >
[forever]

® The command contained in the loop will be executed in infinite loop.
[repeat() times do]

® The command contained in the loop will be executed X times.
[repeat while/until do]

® When the condition is not met, it jumps out of the loop.
[break]

® Terminate the loop.
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1.6.11 Math

i ﬂ
.
A~
o

remainder of m = 10 n n

You can use the above code block to do some complex operations such as

addition, subtraction, multiplication, and division, exponential operations.

1.6.12 Text

[>] @ k=]

Project  Program
o
Setting
Motion ﬁ
10 >
message type ([l duration [0} message [ErS
End Effector >
string printing [ ]
Application
Logic variable printing [ ] ‘

Loop
Math >
Advance ~
e # python code
o Pyth pyt
Variable
Function
[remark]
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® Remark the code block, which serves as an indicator and can change the
colour.

[message type]

® Types available are: (information/success/warning/error), duration
indicates the time interval the message is displayed, the unit is in second;
the message indicates the content of the prompt message.
[string printing(]]

® Users can print the entered string below and set the font and the colour.
[variable printing]

@ Users can print the added variable and set the font and the color.
[Date]

® The date and time on which the command was run can be output.
[ Python Code]

@You can write custom python code to turn it into a block in Blockly and use

it in your program

set joint speed: °fs

set joint acceleration: (1) °/s?
joint motion J1 [E5) J2 EE) 3 ETED 4 [0 )5 EXED J6 @) Radius [[) Wait [E5R8 move I edit

Pyﬂlon Los5 [- ##get the angle of the robot
angle ret=arm.get servo_angle(}[1]

## compare the angle of joint 1, if angel of joint 1 less than 0 degree, go to joint pos (0,9.9,31.8,0,21.9,0)
if angle_ret[0]>0 or angle ret ==0:

ret=arm.set_servo_angle(angle=[0.0,9.9,31.8,0.0,21.9,0.0])

print(‘angle of joint 1 equal or bigger than 0 ™, ret)
else:

print('angle J1 less than 0° ')
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1.6.13 Variable

Create variable...
set to

change by

[Create variable]

® New variables can be added. After adding a variable, there are three
commands by default (set the value of the variable, change the value of the
variable by adding or subtracting, variable).
[Rename variable]

® Rename the variable.
[Delete variable]

® Delete the variable.

1.6.14 Function

(&) ) to

(2) ) to
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[to (do something)]

® Users can define a new function without a return value.
[to (do something) return []]

® Users can define a new function with a return value.
[if [] return[]]

® Conditional judgment sentence that can only be placed in the built-in

function.
Note:

1. The defined function should be placed in front of the main programs.

1.6.15 Set & Edit Motion Coordinates

Live Control Blockly Settings Sl

Project Program
remark
+New Folder & set TCP speed: mm/s
set TCP acceleration: mmys2
Durpes repeat ﬂ times
[ [UFI-100L_Joint M- do (D b . . . 1 .
linear motion X Y [) Z EZY) Roll §E) Pitch [1) Yaw ([1) Radius [0) Wait (E12288 move edit
move circle
(3 [UFHO03 L - PosEl cartesian X S ¥ (ER) Z ET0) Roll EER) Pitch @ Yaw [} move | | edit |
D [UF-1004_Continur-- Pose2 | cartesian X Y EDz Roll Pitch [0 Yaw [} move | edit
(3 [UF1-1005_DrawCricle Center angle(”)
Wait

0 [UFH1002_Continu--~

[ [UFF1005.Lite5._Gr-

—

[ [UFF-1007_LiteS_Var--

(Y [UF-1008_Digital_l0

[ [UFF1009_Multiplet--
[ USER APPS

[ testonl

O Lpos_compare
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Long press [Move] button to move the robotic arm to the position of the

current command.

Click [edit] to pop up the live control interface to re-edit the motion

coordinates of the current command.

Adjust

Initial Position

1P: 192 168 1.165
Payload: 0.00KG
Status: Nermal
Mode: Position

% mm &
50 mm
> 200 mm
180 -
g L] N
0 -

Parameters -) Enable Robot Real @ Simulated

Click [Save] to save the changes and close the pop-up window.

Click [Cancel] to cancelthe changes and close the pop-up window.

Note: In the command, there are sequential points suchas A/ B/ C/ D. Etc. If
the user clicks [move] to skip point B from point A to point C, a safety
assessment must be carried out to avoid damage to peripheral
facilities

Due to the complexity of Cartesian commands, Cartesian spatial trajectory
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planning needs to be solved by inverse kinematics. Therefore, there may be
no solution, multiple solutions, approximate solutions. When the solution of
the Cartesian command from point A to point B is not ideal, insert a third joint

command between the two points if necessary.

1.6.16 Path Planning Guidelines

e Ifthe robotic armis collided during the movement,
resulting in stopping, the robotic arm will report an
error at this time, and the error must be cleared
before it can be used normally. Be sure to do a

DANGER safety assessment before moving again to prevent

collisions.

e When the robotic arm is in certain positions, there
may be a situation where the linear motion is
unsolvable. At this time, the route needs to be re-

CAUTION planned.

1.7 Python IDE

[ @ ] Click to enter Python IDE, Python IDE is a Python development

integration environment that can directly use Python-SDK API and check the
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Blockly projects converted into Python code.

Blockly sToP

[ & =]

1 #!/usr/bin/env python3
+ New Folder & 2 ¢ Software License Agreement (BSD License)

I 4 | # Copyright (c) 2022, UFACTORY, Inc.
DBlocklyToPyt--- 5 # ALl rights reserved.
6 #

JF]-1001 Jo--- . " . - PR
O I-1001_Jo 7 # Author: Vinman <vinman.wen@ufactory.cc> <vinman.cub@gmail.com>

O [UF]-1002_Co--
Notice
1. Changes to this file on Studio will not be preserved
2. The next conversion will overwrite the file with the same name

D test001.py 11

O untitled.py

#

#

#

#

# xArm-Python-SDK: https://github.com/xArm-Developer/xArm-Python-SDK
# 1. git clone git@github.com:xArm-Developer/xArm-Python-SDK.git
# 2. cd xArm-Python-5DK

# 3. python setup.py install

9 | dimport sys

26 import math

21  import time

. import queue

23  import datetime

24  import random

5 import traceback

26 import threading

27 from xarm import version

28 from xarm.wrapper impert XArmAPI

31 class RobotMain(object):
2 """Robot Main Class"""
def __dinit__(self, robot, **kwargs):
self.alive = True

S

[ et ] Mouse click to select any Python project to display the New

Folder button, click to create a new folder

[ ene ] Mouse click to select the newly created folder that can be used

to create a new Python file.

Download

Rename

[ == ] Right mouse click on the Python file name to download, rename or

delete the file
[ ® 1 Runthe program
[ €] GobackBlockly

0 .
[ = ] Import projects.
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[ ] Save changes to Python code.

[ < ] Enlarge or reduce

Controller Command Caching Mechanism:

The current controller can cache 2048 commands. If more than 2048
commands need to be sent, user have to control the cached number and
control the volume. When awaiting commands of the control box exceed the
maximum buffer amount (2048), a warning code will be returned. The
warning code is decimal 11, and the command will be discarded. The
commands issued should not exceed 256 command caches.

It is recommended to keep the number of cached/sent commands under 256

all the time.
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2. Motion Analysis

2.1. Motion of the Robotic Arm

2.1.1. Joint Motion

To achieve point-to-point motion in joint space (unit: degree), the speed is
not continuous between each command.
Blockly example:

set joint speed: 1) °/s
set joint acceleration: °/g2

move joint J1 @) J2 J3 J4 [ J5 J6 (1) Radius &I Wait [ZE-R8 move edit |
move joint J1 [EEY J2 J3 Ja [ J5 J6 Radius &P Wait move edit

move joint J1 J2 €79 43 J4 [@ Js5 J6 Radius [E) Wait CT°88  move | edit |
—
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[Set joint speed() °/s] : Set the speed of joint movement in °/s.

[Set joint acceleration() °/s*] : Set the acceleration of joint motion in °/s2.

[move jointJ1() J2() J3 () J4() J5() J6() J7() ,Radius()] : Set each joint angle
for the joint movement, the unit is °.

[Wait (true / false)] : indicates whether to wait for the execution of this
command before sending the next command.

[Move] : The robotic arm will move to the current position.

[Edit] : Open the live controlinterface and adjust the coordinates of the
current point.

The motion trajectory of the robotic arm in the above example is as follows:

The interface set_servo_angle is described in Table 2.1:

Table 2.1 Description of set_servo_angle

set servo angle
description set joint angle for joint motion

jointID, 1-7, None or 8 means all joints:

) a) 1- (Number of axes) Joint number of the robotic arm
servo_id

E.g.: arm.set_servo_angle (servo_id =1, angle = 45, is_radian =
False)

b) None (8) represents all joints

E.g.: arm.set_servo_angle (angle=[30, -45, 0, 0, 0, 0, 0], is_radian =
False)
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parameter angle Joint angle or list of joint angles (the unit of the default joint

angleis is_radian = False, degrees (°))

angle o o
a) If servo_id is 1- (joint number)
E.g.: arm.set_servo_angle (servo_id =1, angle =45, is_radian =
False)
b) If servo_id is None or 8,
E.g.: arm.set_servo_angle (angle =[30,45,0,0,0,0,0], is_radian =
False)
joint speed (the default unitis°/ s):

speed e . L . .
Unit: if is_radian =True, the unitis rad / s; if is_radian = False, the
unitico / c-
joint acceleration (default unitis °/ s?)

mvacc
Unit: if is_radian = True, the unitis rad / s?; if is_radian = False, the
roll / pitch / yaw Whether it is measured in radian (default is_radian

is_radian | =False)

If is_radian = True, the unit of roll / pitch / yaw is radian;
If is_radian = False, the unit of roll / pitch / yaw is degree (°);
If wait = True, wait for the current commands to finish before

wait sending the next commands;
If wait = False, send the next commands directly;

mvtime 0, reserved;

Note:

1. If the joint angle is to be set in radian, then is_radian =True;

ex: code = arm.set_servo_angle (servo_id =1, angle=1.57, is_radian = True)

2. To wait for the robotic arm to complete the current commands before returning, wait
=True;
ex: code = arm.set_servo_angle (servo_id =1, angle =45, is_radian = False, wait =
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True)

Continuous Joint Motion

Inserting an arc transition between two joint motion commands is a way to plan the
continuous joint motion of the robotic arm.

Blockly:

set joint speed: s
set joint acceleration: [E11) °/s?

40 ' movejoint J1 [ J2 J3 J4 0) Js J6 [ Radius 1) Wait [ER8 move edit

move joint J1 I3 J2 €5) J3 B4 J4 [) J5 EZX) J6 EEE) Radius ) Wait ETTEB  move | edit
move joint J1 2D J2 €73 43 &) J4 [0) J5 €D J6 B2 Radius (0) Wait E°8B  move | edit |

—

The motion trajectory of the robotic arm in the above example is as follows:

Key parameter description

Radius = 60

Radius =60 in the "move joint" command refers to setting the radius of the
transition arc R = 60mm, which is used to achieve a smooth transition of the

arc in ajoint motion.
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The parameters of Radius can be set as Radius> 0, Radius =0, Radius =-1,

different parameters correspond to different trajectories.

(1) Radius> 0. For example, setting Radius = 60, the turning trajectory is as
shown in the arc in the figure below, which can achieve a smooth turning

effect.

>

Note: The radius of the arc is smaller than Das and Dsc.

(2) Radius = 0. There is no arc transition at the turn, it will be a sharp turn with

no deceleration, as shown in the figure below.

[vs)

(3) Radius <0. There is no arc transition at the turn, this speed will not be
continuous between this and next motion, as shown in the figure

below,speed will decelerate to 0 at point B before moving to C.

@
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Note: Radius <0 cannot realize continuous motion. If you need to plan a

continuous motion of the robotic arm, please make sure Radius>0.

Wait = false

The wait in the "move joint" command indicates whether it is necessary to

wait for the execution of this command before sending the next command.

Note: If you need to plan for speed continuous motion, make sure wait =

false, to buffer the commands to be blended.

2.1.2. Linear Motion and Arc Linear Motion

2.1.2.1. Linear Motion

Characteristics of Linear Motion
The concept of linear motion
e Straight linear motion between Cartesian coordinates (unit: mm), the
speed is not continuous between each command.
e Users can control the motion of the robotic arm based on the base
coordinate system and TCP coordinate system. The trajectory of tool
center point in the Cartesian space is a straight line. Each joint

performs a more complex movement to keep the tool in a straight
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path. The TCP path is unique once the target point is confirmed, and
the corresponding posture in the execution process is random. X, Y,
and Z control the position of TCP in base or tool coordinate system, in
the unit of mm. While Roll/Pitch/Yaw controls the TCP orientation in the
unit of degree.

e Linear motion and circular linear motion belong to the Cartesian space
trajectory planning, which needs to be solved by inverse kinematics.
Therefore, there may be no solution, multiple solutions, and
approximated solutions; and due to the nonlinear relationship
between the joint space and Cartesian space, the joint motion may

exceed its maximum speed and acceleration limits.

Blockly example:

set TCP acceleration: mm/s?
TN TSN Y 205 R'd 100 ¥4 110.4 L1 Pitch Yaw [0) Radius ) Wait (5788 move | edit |

move (arc) line X ERS Y F5) Z £ Roll (E5) Pitch 5 Yaw [3) Radius E) Wait XD move | edit |
T 9] 1304 205 R4 140 P4 10.4 L5111 180 Baite ] 0.5 R0 O REEGITEN -1 RVET true - move |

[Set TCP speed () mm/s] : Set the speed of the linear motion in mm/s.
[Set TCP acceleration () mm/s?] : Set the acceleration of the linear motion
in mm/s2.

[move(arc) line X() Y()Z() Roll() Pitch() Yaw() Radius() Wait(true/false)
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[move] [edit] ] :Indicates the Cartesian coordinate value of the linear
motion and the TCP rotation angle in mm and °.

Note: Cartesian motion is TCP straight-line motion.

The interface set_position() is described in Table 2.2:

Table 2.2 set_position description

set_position
Description Sets the Cartesian coordinate value of the linear motion
X coordinate x, (unit: mm)
y coordinate y, (unit: mm)
coordinate z, (unit: mm)
attitude roll (default unitis®) :
ro[l . . . . . . . . . .
Unit: if is_radian = True, the unitis rad; if is_radian = False, the unit
is°;
attitude pitch (default unit is °):
pitch e . L . .
Unit: if is_radian = True, the unitis rad; ifis_radian = False, the
unitis °;
Parameter
attitude yaw (default unit is °):
yaw L . o - .
Unit: if is_radian = True, the unitis rad; ifis_radian = False, the
unitis °);
radius radius: if itis a linear motion, radius <0 / radius = None;
if itis arc linear motion(blended), radius> 0;
if is_radian = True, the unit of roll / pitch / yaw is rad;
is_radian . ) ) ) )
if is_radian = False, the unit of roll / pitch / yaw is °;
speed TCP motion speed (mm /s, rad / s);
mvacc TCP motion acceleration (mm / s?, rad / s?);
mvtime 0, reserved;
relative if relative = True, it is relative motion; if relative = True, it is not
relative motion;
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if wait = True, wait for the current commands to finish before

wait sending the next commands;

if wait = False, send the next commands directly;

2.1.2.2. Arc Linear Motion

Characteristics of Arc Linear Motion:

Arc linear motion (Lineb), inserting arc transitions between two straight lines,
is @ way to plan the continuous movement of the robotic arm. The following
figure is a simple example of continuous motion using a circular arc linear

motion planning robotic arm.

Note: If you need to plan Lineb motion, you need to adjust the TCP speed
below 200mm/s for debugging, otherwise there will be a high security risk.

Blockly:

set TCP speed: mm/s
set TCP acceleration: mmy/s?

repeat Il ] times

do | move (arc)line X [E1N) Y (EN0) Z LG} Roll €E0) Pitch ) Yaw ) Radius 3 Wait EE88 move |

T Ce 1L RS 300 R4 -100 P4 300 L351N 180 I3l 0 RETA 0 IGELTEN 5 RUETH false = O |
move (arc) line X [E01) Y E00) Z ENND Roll EER) Pitch 1) Yaw [ Radius [ Wait [E5R8 move

move (arc) line X [E1) Y E00) Z E10D Roll EER) Pitch 1) Yaw [ Radius [ Wait (%@ move
— ;

Key parameter description

Radius =5
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Radius =5 in the "move (arc) line" command refers to setting the radius of the
transition arc between two straight lines R = 5mm, which is used to achieve a

smooth transition of the arc in a straight motion.

The parameters of Radius can be set as Radius> 0, Radius = 0, Radius = -1,

different parameters correspond to different trajectories.

(4) Radius> 0. For example, setting Radius = 5, the turning trajectory is as
shown in the black arc in the figure below, which can achieve a smooth

turning effect.

Note: The radius of the arc is smaller than Das and Dsgc.

(5) Radius = 0. There is no arc transition at the turn, it will be a sharp turn with

no deceleration, as shown in the figure below.

Note: If the motion of the robotic arm is a reciprocating linear motion, you need
to set radius=0. If the radius>0, the robotic arm may report a motion planning

error.
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(6) Radius <0. There is no arc transition at the turn, this speed will not be
continuous between this and next motion, as shown in the figure below,

speed will decelerate to 0 at point B before moving to C.

Note: Radius <0 cannot realize continuous motion. If you need to plan a

continuous movement of the robotic arm, please make sure Radius=0.

Wait = false

The wait in the "move (arc) line" command indicates whether it is necessary

to wait for the execution of this command before sending the next command.

Note: If you need to plan for speed continuous motion, make sure wait =

false, to buffer the commands to be blended

set_position interface: refer to Table 2.2.

The set_pause_time interface is described in Table 2.3:

Table 2.3 set_pause_time description

set_pause_time

Description Set the robotic arm pause time
sltime pause time, unit: second (s);
Parameter wait whether to wait, default is False;
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2.1.2.3. Circular and Arc Motion

The circular motion calculates the trajectory of the spatial circle according to

the coordinates of three points, which are (starting point, pose 1, pose 2).
The calculation method of three-point drawing circle:

Use the current point as the starting point, and then set two position points.
Three points define a circle. Make sure these three points are notin a

common line.
Set the center angle:

1. If O< center angle (°) <360 ° or center angle (°) > 360 °, the motion path of

the robotic armis a circular arc of the corresponding degree;

center angle = 60°, the motion trajectory of the robotic arm is:

A/\B
\ e /
2.

2. The center angle (°) = 360 °, the movement track of the robotic armis a

complete circle;

3. If you want to draw multiple circles continuously (for example, draw 10

circles continuously), set center angles equal to 3600°;

Blockly example:
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remark
set TCP acceleration: [ER[[2) mm/s?

set TCP speed: [E8[}) mm/s
repeat n times
d0 | move joint J1 () J2 25 J3 [2) J4 ) J5 EZ5) J6 [0) Wait [G0TEl  move | edit |
. move (arc) line X [ELL) Y [) Z ERE) Roll ) Pitch BE) Yaw [E[) Radius [E) Wait | move '
' move circle
Posel | cartesian X &) Y [E9) Z 1) Roll {E5) Pitch EE1) Yaw ) move |
Pose? | cartesian X EE9) Y E=5) Z Z00) Roll (58] Pitch E=6) Yaw [©) move | edit

Center angle(®)
Wait

edit |

edit |

[move circle position 1 to position 2] : From current position, the whole
circle is determined by current position and position1 and positon2, “center

angle” specifies how much of the circle to execute.

Note: (1) The starting point, pose 1 and pose 2 determine the three reference points of a complete
circle. If the motion path of the robotic arm is a circular arc, then pose 1 and pose 2 are not necessarily
end points or passing points;

(2) If you want the robot arm to change its posture during the movement, set the roll, pitch, and yaw of

pose 2 to the desired posture when completing the trajectory;

[center angle (°) () ] : Indicates the degree of the circle. When it is set to
360, a whole circle can be completed, and it can be greater than or less than
360;

Note: To achieve smooth motion, you need to set Wait = false.
Example explanation:
In this example, the central angle is set to 3600°, which means that the

robotic arm can draw ten circles at a time, and the robotic arm still stays at
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the starting point after drawing a circle.

Judgment of the direction of the robotic arm motion

In the above example, the starting point, pose 1 and pose 2 are:

A (300,0,400,180,0,0) B (350,50,400,180,0,0) C (350, -50,400,180,0,0)

® The robotic arm draws a circle in a clockwise direction, and t he trajectory

of the robotic arm is as follows:

® If the positions of point B and C are swapped, point B is (350, -
50,400,180,0,0), point Cis (350,50,400,180,0,0), the robotic arm will draw
a circle in a counterclockwise direction. The trajectory of the robotic arm

is as follows:

set servo_angle interface: see Table 2.1.
set_position interface: see Table 2.2.

The move_circle interface is described in Table 2.4:
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Table 2.4 move_circle description

move_circle

This motion calculates the trajectory of a space circle based on three-point

coordinates. The three-point coordinates are (current starting point, pose 1,

Description
pose 2)
posel Cartesian coordinates
[x(mm), y(mm), z(mm), roll(rad or °), pitch(rad or °), yaw(rad or °)];
pose2 Cartesian coordinates
[x(mm), y(mm), z(mm), roll(rad or °), pitch(rad or °), yaw(rad or °)];
percent Percentage of arc moved
If is_radian =True, the unit of roll / pitch / yaw is rad;
is_radian ) i ) . .
If is_radian = False, the unit of roll / pitch / yaw is °;
Parameter
speed TCP motion speed (mm /s, rad / s);
mvacc TCP motion acceleration (mm / s?, rad / s?);
mvtime 0, reserved;
If wait = True, wait for the current commands to be sent before
wait sending the next commands;

If wait = False, send the next commands directly;
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2.2 Singularity

1.Concept

Singularities occur when the axes of any two joints of a robotic arm are
on the same straight line. At the singularity point, the robot's degrees of
freedom will be degraded, which will cause the angular velocity of some
joints to be too fast, leading to loss of control. A common situation is that
when the wrist joint (the penultimate one) is at or near the axis of the first
joint, singularity point will also appear (see Figure 2.1), so the robotic arm
should try to avoid passing directly the central area near the base, which

is likely to cause 1st Joint speed too high.
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Wrist(second last joint)center point

ijoint 1 central axis

Figure 2.1 singularity

2.Characteristics

The characteristic of the singularity is that the planning movement
cannot be performed correctly. Coordinate-based planned movements
cannot be explicitly translated into joint motions of each axis. When the
robot performs motion planning (linear, circular, etc., excluding joint
movements) near the singularity point, it will stop to avoid high
instantaneous speed of the joint when it passes the singularity point.
Therefore, try to avoid the singularity point or pass the singularity point

through joint motion.
3.Processing method for singularity point

Case 1: Singularity encountered during robot teaching
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a) Switch the robot coordinate system to a joint coordinate

system, and pass the singularity point through joint motion.
Case 2: Singularities encountered while the program is running

a) When encountering a singularity point while running the
program, you can modify the position and attitude of the robot

and re-plan the path to the target point.

3. Robotic Arm Motion Mode and State Analysis

3.1 Analysis of Robotic Arm Movement Mode

7 motion modes of the control box: (Python SDK: set_mode ())
® Mode 0: Position control mode.
The control box enters by default after startup.

e Joint Motion: to achieve the point-to-point motion of joint space
(unit: degree/radian), the speed between each command is

discontinuous.
Click to see code:set_servo_angle()
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https://github.com/xArm-Developer/xArm-Python-SDK/blob/master/example/wrapper/xarm6/2001-move_joint.py

® Mode 1:

Linear Motion: to achieve linear motion between Cartesian
coordinates (unit: mm), the speed between each instruction is

discontinuous.

Click to see code:set_position() set_position_aa()

Arc Linear Motion: to achieve linear motion between Cartesian
coordinates (unit: mm), inserting an arc between two straight
lines for a smooth transition, and the speed between each

command is continuous.

Click to see code:move_arc_lines()

Circular Motion: Circular motion calculates the trajectory of the
spatial circle according to the three-point coordinates, the three-
point coordinates are starting point, parameter 1 and parameter

2.

Click to see code: move_circle()

Servoj mode.

Servoj motion: move to the given joint position with the fastest
speed (180°/s) and acceleration (unit: degree/radian). This

command has no buffer, only execute the latest received target
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https://github.com/xArm-Developer/xArm-Python-SDK/blob/master/example/wrapper/common/1001-move_line.py
https://github.com/xArm-Developer/xArm-Python-SDK/blob/master/example/wrapper/common/1008-move_line_aa.py
https://github.com/xArm-Developer/xArm-Python-SDK/blob/master/example/wrapper/common/1005-move_arc_line.py
https://github.com/xArm-Developer/xArm-Python-SDK/blob/master/example/wrapper/common/3001-move_circle.py

point, and the user needs to enter the servoj mode to use. In
servoj mode, the maximum receiving frequency of the control box
is 250Hz. If the frequency of sending commands exceeds 250Hz,
the redundant commands will be lost. The Python-SDK interface
function we provide also reserves the speed, acceleration and
time settings, but they will not work at present. The suggested
way of use: If you want to plan your track, you can use this
command to issue a smoothed track point with interpolation at a
certain frequency (preferably 100Hz or 200 Hz), similar to the
position servo control command. (Note: this execution is similar to
the step response, for safety considerations, do not give a distant
target position at once). Using this mode requires detailed
position planning for each axis and motion estimation of the

robotic arm, which is difficult to develop.

Click to see code:set_servo_angle j()

Servo_cartesian motion: move to the given cartesian position with
the fastest speed (1m/s) and acceleration (unit: mm). This
command has no buffer, only execute the latest received target
point, and the user needs to enter the servoj mode to use. In

servoj mode, the maximum receiving frequency of the control box
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https://github.com/xArm-Developer/xArm-Python-SDK/blob/master/example/wrapper/common/7001-servo_j.py

is 250Hz. If the frequency of sending commands exceeds 250Hz,
the redundant commands will be lost. The Python-SDK interface
function we provide also reserves the speed, acceleration and
time settings, but they will not work at present. The suggested
way of use: If you want to plan your track, you can use this
command to issue a smoothed track point with interpolation at a
certain frequency (preferably T00Hz or 200 Hz), similar to the
position servo control command. (Note: this execution is similar to
the step response, for safety considerations, do not give a distant
target position at once). It is recommended that the frequency of
user issuing commands be controlled within the range of 30Hz-
250Hz. If the frequency is lower than 30Hz, the motion of the
robotic arm may be discontinuous. Using this mode requires
planning the fine position of each axis and predicting the motion

behaviour of the robotic arm, which is difficult to develop.

Click to see code:servo_cartesian(),servo_cartesian_aal()

® Mode 2: Joint teaching mode.

In this mode, the robotic arm will enter the zero gravity mode, and
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https://github.com/xArm-Developer/xArm-Python-SDK/blob/master/example/wrapper/common/7002-servo_cartesian.py
https://github.com/xArm-Developer/xArm-Python-SDK/blob/master/example/wrapper/common/7003-servo_cartesian_aa.py

the user can freely drag the links of the robotic arm to complete the
teaching function. If the drag teaching is completed, switch back to

mode 0.

*Note for safe use: Before turning on the joint teaching mode, be sure to
confirm that the installation direction of the robotic arm and the TCP load are
set correctly, otherwise the arm may not be able to remain stationary due to

inaccurate gravity compensation!*

Click to see code:record_trajectory(),playback_trajectory()

® Mode 4: Joint velocity control mode.

Click to see code:vc_set joint_velocity()

® Mode 5: Cartesian velocity control mode

Click to see code:vc_set cartesian_velocity()

® Mode 6: Joint online trajectory planning mode

Command sent by set_servo_angle() In this mode, every time a motion
command is received, the current motion command will be interrupted, and
then the motion command will be planned and executed from the current
position, and the latter motion command can be interrupted Ongoing
movement guide
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https://github.com/xArm-Developer/xArm-Python-SDK/blob/master/example/wrapper/common/3002-record_trajectory.py
https://github.com/xArm-Developer/xArm-Python-SDK/blob/master/example/wrapper/common/3003-playback_trajectory.py
https://github.com/xArm-Developer/xArm-Python-SDK/blob/master/example/wrapper/common/2000-joint_velocity_control.py
https://github.com/xArm-Developer/xArm-Python-SDK/blob/master/example/wrapper/common/1009-cartesian_velocity_control.py

Click to see code: mode(6)

® Mode 7: Cartesian online trajectory planning mode

Command sent by set_position() In this mode, every time a motion
command is received, the current motion command will be interrupted, and
then the motion command will be planned and executed from the current
position, and the latter motion command can be interrupted Ongoing

movement guide

Click to see code:mode(7)

Operators who design the robotic arm motion path

must be qualified with the following conditions:

1. The operator should have a strong sense of
security consciousness, and sufficient knowledge

on robotic arm operations.

2. The operator should have in-depth knowledge
on the robotic arm and understands the joint

motion mode and the linear motion mode.
CAUTION

3. The operator should have safety knowledge on

emergencies.

4. When planning the path for the robotic arm, the
risk assessment must be done and the operator

should be cautious.
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https://github.com/xArm-Developer/xArm-Python-SDK/blob/master/example/wrapper/common/2006-joint_online_trajectory_planning.py
https://github.com/xArm-Developer/xArm-Python-SDK/blob/master/example/wrapper/common/1010-cartesian_online_trajectory_planning.py

5. Please note that the above code example is
based on xArmé6, Lite6 needs to be modified to
adjust the parameters before running the

example.

3.2 Analysis of the Motion Status of the Robotic Arm

3 states that the control box can set: (Python SDK: set_state ())
@ State 0: Start motion.

Can be understood as ready for motion or stand-by. In this state,
the robotic arm can normally respond to and execute motion
commands. If the robotic arm recovers from an error, power
outage, or stop state (state 4), remember to set the state to 0 before
continuing to send motion commands. Otherwise the commands

sent will be discarded.
® State 3: Paused state.

Pause the currently executing motion and resume the motion at the

interruption by setting state 0 again.
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@ State 4: Stop state.

Terminates the current motion and clears the cached subsequent

commands. Need to set state 0 to continue the motion.

6 states that the control box can get: (Python SDK: get_state ())

@® State 1: In motion.

The robotic arm is executing motion commands and is not stationary.

@ State 2: Standby.

The control box is already in motion ready state, but no motion

commands are cached for execution.

@ State 3: Pausing.

The robotic arm is set to pause state, and the motion commands

buffer may not be empty.

@ State 4: Stopping.

This state is the state entered by default upon power-on.
Stop and on commands can be executed until state is set to 0.
@ State 5: System reset.
The user just enters the state after the mode switch or changes some

settings (such as TCP offset, sensitivity, etc.). The above operations
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will terminate the ongoing movement of the robotic arm and clear
the cache commands, which is the same as the STOP state.
@ State 6: Stop.
Generally, use studio will generate state 6, and state 6 is

also a kind of stop.
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Appendix

Appendix1-Error Reporting and Handling

1.1 Joints Error Message and Error Handling

® Error processing method: Re-power on, the steps are as follows:
1. Turn the emergency stop button on the control box
2. Enable the robotic arm

® UFACTORY Studio enable method: Click the guide button of the error

pop-up window.

® Python-SDK enable method: Refer to Error Handling Mode.

@ ROS-library: Users can view related documents at

https://github.com/xArm-Developer/xarm_ros

https://github.com/xArm-Developer/xarm_ros2

@ If the problem remains unsolved after power on/off for multiple times,

please contact UFACTORY team for support.
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Software Error Code

Error Handling

SO

Joint Communication Error
Please restart the robot with the Emergency Stop Button on the Control

Box. If multiple reboots do not work, please contact technical support.

S10

Current Detection Error
Please restart the robot with the Emergency Stop Button on the Control

Box. If multiple reboots do not work, please contact technical support.

S11

Joint Overcurrent
Please restart the robot with the Emergency Stop Button on the Control

Box. If multiple reboots do not work, please contact technical support.

S12

Joint Overspeed
Please restart the robot with the Emergency Stop Button on the Control

Box. If multiple reboots do not work, please contact technical support.

S14

Position Command Overlimit
Please restart the robot with the Emergency Stop Button on the Control

Box. If multiple reboots do not work, please contact technical support.

S15

Joints Overheat

If the robot arm is running for a long time, please stop running and

S16

Encoder Initialization Error
Please ensure that no external force pushes the robot to move when it's

powered on. Please restart the robot with the Emergency Stop Button on

thao Cantral Rav 1If multinla rahnotc do notwwinrlk nloaco cantacttachnical
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Single-turn Encoder Error

517 Please restart the robot with the Emergency Stop Button on the Control
Box. If multiple reboots do not work, please contact technical support.
Multi-turn Encoder Error
S18 Please click "Clear Error", then push the power switch of the Control Box
to OFF, wait 5 seconds and then power on again. If multiple attempts do
519 Low Battery Voltage
Dloaco contacttochnical ciinnart
Driver IC Hardware Error
520 Please re-enable the robot. If it appears frequently, please contact
Driver IC Initialization Error
S21 Please restart the robot with the Emergency Stop Button on the Control
Box. If multiple reboots do not work, please contact technical support.
522 Encoder Configuration Error
Please contacttechnical siinnort
Large Motor Position Deviation
Please check whether the robot movement is blocked, whether the
523 payload exceeds the rated payload of the robot, and whether the
acceleration value is too large. If it appears frequently, please contact
technical support.
526 Joint Positive Overrun
Please contact technical support.
527 Joint Negative Overrun
Please contact technical support.
528 Joint Commands Error
Tho robhotic nat onahlod nloaco click Enahlo Dahot
S33 Drive Overloaded
Dla~cn malin crivn tha mavidlansd icaanithin tha vatnd oA
S34 Motor Overload
Motor Type Error
535 Please restart the robot with the Emergency Stop Button on the Control
Box. If multiple reboots do not work, please contact technical support.
Driver Type Error
536 Please restart the robot with the Emergency Stop Button on the Control
Box. If multiple reboots do not work, please contact technical support.
S39 Joint Overvoltage
Dla~c xod, b ac laration ol in th Motion Cotdinoc
Joint Undervoltage
540

Please reduce the acceleration value in the Motion Settings.

Please check if the Emergency Stop Button on the Control Box is released.
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EEPROM Read and Write Error

549 Please restart the robot with the Emergency Stop Button on the Control
Box. If multiple reboots do not work, please contact technical support.
Motor Angle Initialization Error
S52

Please restart the robot with the Emergency Stop Button on the Control

Box. If multiple reboots do not work, please contact technical support.

For alarm codes that are not listed in the above table: Joints Error, Please restart the robot
with the Emergency Stop Button on the Control Box. If multiple reboots do not work, please

contact technical support.

1.2 Control Box Error Code and Error Handling

1.2.1 Control Box Error Code

If there is an error in the hardware of the robotic arm/the software of the

Control Box/in sending commands, an error or warning will be issued. This

error/warning signal will be fed back when the user sends any command;

that is, the feedback is passive and not actively reported.

After the above error occurs, the robotic arm will stop working immediately

and discard the Control Box cache command. Users need to clear these errors
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manually to allow normal operation. Please re-adjust the motion planning of

the robotic arm according to the reported error message.

Software Error Error Handling

c1 The Emergency Stop Button on the Control Box is Pushed in to Stop

please release the Emergency Stop Button, and then click "Enable Robot"

. The Emergency 10 of the Control Box is triggered

Please ground the 2 Els of the Control Box, and then click "Enable Robot".

The Emergency Stop Button of the Three-state Switch is pressed
3 Please release the Emergency Stop Button of the Three-state Switch, and
then click "Enable Robot".

c11-c17 Power on again.

End Module Communication Error
c19 Please check whether gripper is installed and the baud rate setting is

correct.

Kinematic Error
(xArm 6, xArm 7 or Lite 6)Please re-plan the path.
(xArm 5) Please long-press the "Aligning the Hand" or long-press the "Initial
c Position" button to level the end flange of the robot before moving.(xArm 5)
Please long-press the "Aligning the Hand" or long-press the "Initial Position"

button to level the end flange of the robot before moving.

Self-collision Error
The robot is about to collide with itself. Please re-plan the path. If the robot
22 reports the self-collision error continually, please go to the "Live Control"
page to turn on the "Manual Mode" and drag the robotic back to the normal

area.

Joints Angle Exceed Limit
23 Please go to the "Live Control" page and press the "Initial POSITION" button

to let the robot back to the Initial position.

Speed Exceeds Limit
C24 Please check if the robot is out of working range, or reduce the speed and

acceleration values.
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c25

Planning Error

Please re-plan the path or reduce the speed.

c26

Linux RT Error

Please contact technical support.

c27

Command Reply Error
Please retry, or restart the robot with the Emergency Stop Button on the
Control Box. If multiple reboots are not working, please contact technical

support.

c29

Other Errors

Please contact technical support.

30

Feedback Speed Exceeds limit

Pleace cantact technical siinnart

C31

Abnormal current in the robotic arm
1. Check whether the robotic arm collides.
2. Check whether the mass and center of mass set at "Settings"-"TCP
Settings"-"TCP Payload" match the actual payload.
3. Check whether the mounting direction set at "Settings"-"Mounting"
matches the actual situation.
4. Check whether the TCP payload parameters set in your program match the
actual payload.
5. Reduce the motion speed of the robotic arm.
6. Go to "Settings"-"Motion"-"Sensitivity Settings" to lower the collision

sensitivity.

€32

Three-point drawing circle calculation error, please reset the arc command.

33

Controller 10 Error

If the error occurs repeatedly, please contact technical support.

C34

Recording Timeout
The track recording duration exceeds the maximum duration limit of 5

minutes. It is recommended to re-record.

C35

Safety Boundary Limit
The robot reaches the safety boundary. Please let the robot work within the

safety boundary.

C36

The number of delay commands exceeds the limit
1. Please check whether there are too many position detection or 10 delay

commands.

1 1 Lol e 1 : L
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Abnormal movement in Manual Mode
c37 . . .
Please check whether the TCP payload setting and mounting setting of the
Abnormal Joint Angle
€38 Please stop the robot by pressing the Emergency Stop Button on the Control
Rox and then contacttechnical siinnort
€39 Control Box Power Board Master and Slave IC Communication Error
Please contact technical support.
Six-axis Force Torque Sensor Mode Setting Error
€50 Please make sure that the robotic arm is not in Manual Mode, check whether
tho ovinn vl fibhic command ic N/ /D
Six-axis Force Torque Sensor Zero Setting Error
o1 Please check the sensor communication wiring and whether the power is
C52 Six-axis Force Torque Sensor Overload
Dloaco roadiico tho navlnad ar annlied oviarnal farce
c53 Robot Base Board Communication Error
Dlosco cantacttaochnical ciinnaort
c110 Control Box External 485 Device Communication Error
Dlan~ncn cantarct tnchnical ciinnar +
Six-axis Force Torque Sensor Mode Setting Error
an Please make sure that the robotic arm is not in Manual Mode, check whether
For alarm codes that are not listed in the above table: Power on again. If the problem remains
unsolved after power on/off for multiple times, please contact technical support.

1.2.2 Control Box Error Code

The error does not affect the normal operation of the robotic arm, but it may
affect the user's program operation. Once the warning occurs, the arm will
set the warning flag and return it together in the command reply. Otherwise,
no other operations will be performed. The robotic arm will still operate

normally.
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1.4 Python SDK Error Code & Error Handling

Software Error Code Error Handling
A-9 Emergency Stop
A-8 The TCP position command is out of the robot arm's motion range.
Please adjust the TCP position command.
Ao Robot is not ready.
Please check whether the robot is enabled and the state is set correctly.
A-T Robot is disconnect or not connect.
Dloaca chaoclk tho naotwinrle
Al There are errors that have not been cleared.
Please clear the errors and trv again.
A2 There are warnings that have not been cleared.
Please clear the warninas and trv aaain
A3 Get response timeout.
Please check the firmware version and the network
A4 TCP reply length error.
Please check the network.
A5 TCP reply number error.
Please check the network.
A6 TCP protocol flag error.
Please check the network.
A7 The TCP reply command does not match the sending command.
Pleace check the netwaork
A8 Send command error.
Dlaoaca chaclk thao natwwinarl
Robot is not ready.
A9 Please check whether the errors have been cleared, whether the robot
arm has been enabled, and whether the robot arm status is set correctly.
A1l Other error.
Please contact technical support.
A12 Parameter error.
A20 Tool IO ID error.
A22 The end tool Modbus baud rate is incorrect.
A23 The end tool Modbus reply length error.
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A31 Trajectory read/write failed.

A32 Trajectory read/write timeout.

A33 Playback trajectory timeout.

A4l Vacuum gripper wait timeout.

A100 Waiting for completion timeout.

A101 Too many failures to detect the status of the end effector.

A102 There are errors in the end effector

A103 The end effector is not enabled
For alarm codes that are not listed in the above table: enable the robotic arm and gripper. If
the problem remains unsolved after power on/off for multiple times, please contact technical

Python-SDK Error Handling:

When designing the robotic arm motion path with the Python library, if the
robotic arm error (see Appendix for Alarm information) occurs, then it needs
to be cleared manually. After clearing the error, the robotic arm should be

motion enabled.

Python library error clearing steps: (Please check GitHub for details on the

following interfaces)

a. error clearing: clean_error()

b. Re-enable the robotic arm: motion_enable(true)

c. Setthe motion state: set_state(0)
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Appendix2-Technical Specifications

1.1 Lite 6 Specifications

Lite 6
X +440mm
Cartesian Range Y +440mm
Z -165mm~683.5mm
Roll/Yaw/Pitch +180°
Maximum Joint Speed 180°/s
Reach 440mm
Repeatability +Imm
Max Speed of End-effector 500mm/s
*Ambient Temperature Range 0-50°C*
Power Consumption Min 4.8 W, Max 350W
Input Power Supply 24V DC, 14.5A
ISO Class Cleanroom 5
Robotic Arm Mounting Any
Programming UFACTORY Studio/Python/C++/R0OS
Robotic Arm Communication Protocol Private TCP

End-effector 1/0 Interface

2 Digital inputs, 2 Digital outputs,

2 Analog inputs

End-effector Communication Protocol Modbus RTU
Footprint 227.6 cm?
Materials Aluminium, Carbon Fiber

End Tool Flange

DIN 1SO 9409-1-A50/63 (M5*6)
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Appendix3-The Software/Firmware Update

Method.

1) It is recommended to update the Lite6 firmware and UFactory studio at the

same time.

2) Please check the update log carefully before each update. It is not
recommended to update the robot arm that have been deployed to

production environment.

3) After each update, please download the latest Lite6 User Manual and Lite6
Developer Manual from the official website to learn the latest features. If you
use XArm-Python-SDK (xArm-C++ SDK or xArm ROS) for development, please

get the latest SDK code from GitHub.

Manual download: https://www.cn.ufactory.cc/xarm-download

SDK: https://github.com/xArm-Developer
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1.0nline upgrade: when PC has network connection

@ Use UFactory Studio to do the online upgrade:

Go to [My Device] = [Check for Update], click "Check for Update", if there is a
new version, click "Download", click "Install" to load the downloaded
installation package and wait for the system to reboot. The reboot will take

about 2-3 minutes.

Software
. Version Number: 2.0.0 Release Time: 2023-04-11
*Please stop running the robot and move the robot arm to a safe position l

before upgrading.

*Please do not disconnect the network of the robot during the upgrade
process.

1.Update user interface and interaction.

[,2‘ My Device /\l

Firmware

Version Number: 2.0.0 Release Time: 2023-04-11

Check Update
*Please stop running the robot and move the robot arm to a safe position

before upgrading.

*Please do not disconnect the network of the robot during the upgrade
process.

1.Support for dynamic reduced mode.

Check update Install

2.0ffline upgrade: when PC has no network connection

® Tool download

xArm-Tool-GUIl Download
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@ Use UFactory Studio to do offline upgrade :

Go to [My Device] - [Check Update], click "Install" to load the offline package

downloaded in advance, reboot the system, it will take 2-3 minutes.

STOP

1P: 1971681165

= #l
pr
Lupdateus diint
- | & MyDevice -
Payload: 0.00KG
Status: Norma ff ) Firmware
i Version Number: 112,101 >200
Check Update .
bef

Mode: Position 1
y o

x 20 nm & n |
¥ 0 mm

z 20 mm

R o180

oo

¥ oo

Parameters @D O Real

@ Use xArm-tool-gui tool to do offline upgrade:

xArm-Tool-GUI Download

Download the xarm-tool-gui tool, unzip and run it. Enter the IP address of the

controller and click [Connect] button.

1) Click [Firmware] - [Offline Installation], select the offline firmware package
you downloaded in advance, click [Install], the interface pop-up prompt

"Install firmware successfully".

2) Click [xArmStudio] - [Offline Installation], select the offline package
downloaded in advance, click [Install], the interface will pop up a prompt

"Install Studio successfully".
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3) Click [Reboot Control Box], wait for 2-3 minutes for the controller to finish

rebooting and reconnect.

Robot Type: [Lite6 -] Robot sS¥: L1100309221B0E | Robor 1P: | [ | ] Bearch Port] [Disconnect
Firmvare Version: L. 12.101 Studio Version: 1. 10. 108 A RRA: Kbk 259 WA 554 U wemEEA: N ( Rafl

Used to install or update firaware and Studic

[ Check Update Reboot Control Box ‘ [ Check

5

Firmware xArmStudio
| [ | install orsline] ] | Resrite startup scripe ] [ a I fostann ofrlind ll;md Friction Paramelel] fewrite Startup Scn;rl [nstall To Local
4} 3

Clear Log

FEBENEE] LRS54

Note: If the online upgrade fails, you can try the offline upgrade. If the offline

upgrade is still unsuccessful, please contact technical support

(support@ufactory.cc).
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Appendix4- Maintenance and Inspection

1. Long-term placement

If the robotic arm is not used for a long time (=3 months), you need to power
on the robotic arm for 6 hours every 3 months to charge the built-in battery of
the robotic arm.

When powering on the robotic arm, please release the emergency stop
button, and the robotic arm does not need to be enabled.

2.Clean

After the robotic arm is used for a long time, there may be dirt or grease on
the carbon fiber shell (in rare cases, a small amount of grease can be seen at
the joints, which will not affect the normal use or life of the joints). You can
use 95% alcohol or 70% isopropanol to wipe the carbon fiber surface for
cleaning.

Note:

When cleaning the carbon fiber surface, be careful not to let the liquid
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penetrate the joints.

Appendix5- Repair

1. Repair work must only be done by UFACTORY.

After repair work, checks must be done to ensure the required safety level.

Checks

must adhere to valid national or regional work safety regulations. The correct

functioning of all safety functions shall also be tested.

2. After-sales policy:

For the detailed after-sales policy of the product, see the official website:
3. https://www.ufactory.cc/warranty-and-returns

4. The general process of after-sales service is:

(1) Contact UFACTORY technical support (support@ufactory.cc) to confirm
whether the product needs to repair and which part should be sent back to

UFACTORY.
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(2) After the bill of lading on UPS, we will send the invoice and label to you by
mail. You need to make an appointment with the local UPS and then send the

product to us.

(3) UFACTORY will check the product warranty status according to the after-

sales policy.

(4) Generally, the process takes around 1-2 weeks except for shipment.

Note:

1. Please keep the original packaging materials of the product. When you
need to send the product back to get repaired, please pack the product with
the original box to protect the product during the transportation.

2. If you need to send the control box to get repaired, please export and save
the configuration file of the robotic arm to prevent the original data from

being lost or changed during the repair process (Please refer to the section

1.4.4.5 Advanced Setting-Configuration File).
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Appendix6-Product Information

1.1 Product Mark

Robotic Arm

1.2 Use Environment

e Low humidity (25%-85% non-condensing)
e Altitude: <2000m
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e Ambient temperature: 0°C ~ 50°C
e Avoid direct sunlight (indoor use)
e No corrosive gas or liquid.

e No flammable materials.

e No oil mists.

e No salt sprays.

e No dust or metal powder.

e No mechanical shock, vibration.
e No electromagnetic noise.

e No radioactive materials.

1.3 Transport, Storage and Handling

e Move the robot to the mnitial position by UFACTORY Studio, then put the
lite 6 robot and Control Box in the original packaging.

e Transport the robot in the original packaging.

e Lift both tubes of the robot arm at the same time when moving it from
the packaging to the installation place. Hold the robot in place until all
mounting bolts are securely tightened at the base of the robot.

e The controller box shall be lifted by the handle.

e Save the packaging material in a dry place, you may need to pack

down and move the robot in the future.

1.4 Power Connection

The power cut-off method of this productis a plug/socket connection, so when

using this product, it is recommended to equip with a suitable switching device
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with sufficient breaking capacity (such as an air switch; insulation voltage:

400V AC; rated current: 10A)

1.5 Special Consumables.

Fuse specifications: 15A 250V 5x20mm Time-Lag glass body cartridge fuse

1.6 Stop Categories

A Stop Category 1 and a Stop Category 2 decelerates the robot with drive
power on, which enables the robot to stop without deviating from its current

path.

Safety Input Description

Emergency Stop Button of the Three-Position Enabling | Performs a Stop Category 1.

Device

Safeguard Stop by ClI of Control Box Performs a Stop Category 2.

1.7 Maximum Speed

Mode Typical Scenarios Maximum Speed

Teaching mode Live Control Page of UFACTORY Studio 250 mm/s
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Automatic mode Blockly/ IDE of UFACTORY Studio 500 mm/s
1.8 Specifications
Robotic Arm Model LI1000
1 +360°
2 +150°
Joint Range 3 -3.5°~300°
4 +360°
5 +124°
6 +360°
Payload 600g
Maximum Reach 440mm
Degrees of Freedom 6
Repeatability =Imm
Maximum Joint Speed 90°/s
Weight (robotic arm only) 9kg
Weight (including accessories, packing box) 13KG
Footprint 227.6cm?
Maximum Power 350w
Rated Voltage 24VDC
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Appendix7-Kinematic and Dynamic Parameters of

UFACTORY Lite 6

Modified D-H Parameters:

Size Parameters: (unit:mm) Joint Coordinate Definition

87

)

0
©
@] O
" L
8
i ZI
Yo4 X
Kinematics theta offset (deg) d (mm) alpha (deg) a (mm)
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Joint1 0 243.3 0 0
Joint2 -90 0 -90 0
Joint3 -90 0 180 200
Joint4 0 227.6 90 87
Joint5 0 0 90 0
Jointé 0 61.5 -90 0
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Standard D-H Parameters:

Size Parameters: (unit:mm)

Joint Coordinate Definition

2276

X2

G
Zl—)
¢ X0

L
' ©
@ T
0
8
|
Kinematics theta offset (deg) d (mm) alpha (deg) a (mm)
Joint1 0 243.3 -90 0
Joint2 -90 0 180 200
Joint3 -90 0 90 87
Joint4 0 227.6 90 0
Joint5 0 0 -90 0
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Jointé
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Mass Parameters:

Size Parameters: (unit:mm) Joint Coordinate Definition

87

)
¢

1 0
I _—
©
@ ©
" L
§
|
Dynamics Mass(kg) Center of Mass(mm)
Link1 1.411 [-0.36, 41.95, -2.5]
Link2 1.34 [179.0, 0.0, 58.4]
Link3 0.953 [72.0, -35.7, -1.0]
Link4 1.284 [-2.0, -28.5, -81.3]
Link5 0.804 [0.0, 10.0, 1.9]
Linké 0.13 [0.0, -1.94, -10.2]

Manufacturer: UFactory Technology Co.,Ltd

Address: 2F, Building M-6, Ma Que Ling Industrial Zone, Nanshan District, Shenzhen,




Guangdong, China

Website: www.ufactory.cc


http://www.ufactory.cc/

