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Preface

User Manual Information

Translated Version V1. 8. 6.

Apply to Model: XI1300 XI1301 XT1302 XI11303 XI11304 XI1305

Product Information

Package contains:

Robotic Arm x 1
Control Box x 1
Power cable for the Control Box x 1
Power cable for the Robotic Arm x 1

Communication cable for the Robotic Arm x 1

Ethernet Cable x1

S A e

Robotic Arm end effector adapter cable x1




Main Contents of the Manual

xArm User Manual Hardware Section

(1) xArm hardware installation

(2) Electrical interface

(3) xArm end-effector

xArm User Manual Software Section

(1) UFactory studio instructions

(2) xArm motion analysis

(3) Typical examples

Appendix

(1) xArm error reporting and handling

(2) xArm technical specifications

(3) FAQ

(4) The xArm software/firmware update method

(5) Maintenance and Inspection

(6) After—sales service

Terms and Definitions

The following terms and definitions apply to this manual.

Control Box The control box, core part of the robotic arm, is the
integration of the robotic arm control system.

The end effector, installed on the front end of the wrist of the
robotic arm, is used to install special tools (such as grippers

End Effector vacuum gripper, etc.), which can directly perform work tasks.

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
trajectory (arc, line, etc.).




TCP Payload

(End Payload)

The payload weight refers to the actual (end tool +other object)
weight in Kg; the X / Y / Z-axis indicates the position of the
center of mass of the TCP relative to the default tool
coordinate system, with unit of mm

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}

A

around XAby Y, then around YA by B, and finally around ZA
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:

X's

The equivalent rotation matrix is:

;RXYZ(%IBaO‘):Rz(a)Ry(ﬂ)RX(7)

Note: Yy corresponds to roll; B corresponds to pitch; «a
corresponds to yaw.




Axis—Angle

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, zJ], and the rotation angle is
phi.

Then the representation of the axial angle:

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

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, vy, zl], 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 system is [1, 0, 0], and the rotation angle is 180
degrees (m), then the axis angle representation of this pose is
[n, 0, 0]

The rotation axis is [0.707, 0.707, 0] and the rotation angle is
90 degrees (m / 2), then the axis angle posture is [0.707 * (m
/ 2), 0.707 * (=n / 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 zero 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, 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.

it means that collision detection is not enabled

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
C:user coordinate

(

74 ‘Y=
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¥

Figure 1

xArm 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

Robotic Arm xArm 5 xArm 6 xArm 7
Maximum Speed 180° /s 180° /s 180° /s
Joint 1 +360° +360° +360°

Joint 2 -118° ~120° -118° ~120° -118° ~120°
Joint 3 -225° ~11° -225° ~11° +360°

Working Range Joint 4 -97° ~180° +360° ~11° ~225°
Joint 5 +360° -97° ~180° +360°

Joint 6 None +360° -97° ~180°
Joint 7 None None +360°

Table 1.2 Range

of various motion parameters of the robotic arm

TCP Motion Joint Motion

Speed 0~1000mm /s 0~180° /s
Acceleration 0~50000mm /s’ 0~1145° /s’
Jerk 0~10000mm /s’ 0~28647° /s

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 ~ 1000mm / 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, so the range 0 to 1000 corresponds to 0 to 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

10



Communication Protocol

Parameter Python—-SDK Blockly Communication
X Y/ millimeter (mm) millimeter (mm) millimeter (mm)
Roll (Pitch/Yaw) degree (° ) degree (° ) radian (rad)
I SVANANANAVAL 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/ s mm/s?
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 xArm developer manual,

please refer to the UFACTORY official website.

(https://store—ufactory—cc. myshopify. com/pages/download—xarm)

Safety Precautions

® Introduction

This chapter contains essential safety information, integrators and
users of xArm 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/ROS/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

11
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whatsoever for any loss, destruction, or damage arising from or in
respect of any use or misuse of xArm.

® 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 standards and regulations of the country

where the robotic arm installed.

The integrators of the xArm are responsible for the compliance of
applicable safety laws and regulations 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 xArm when interacting

with the xArm.

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.

® 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 xArm will not cause

12



injury or damage even if all safety instructions are complied with.

® Safety Alarms in this Manual

DANGER:

This indicates an imminently hazardous

>

electrical situation, which if not avoided,
DANGER could result in death or serious damage to the
device.

WARNING:

This indicates a potentially hazardous

>

WARNING situation which, if not avoided, could result
in death or serious damage to the device.

HIGH TEMPERATURE

>

This indicates a potential hot surface, which
HIGH TEMPERATURE if touched, could result in personal injury.

NOTICE

If not avoided, could result in personal

B>

injury or damage to the equipment.
NOTICE

CAUTION:

>

If not avoided, could result in personal
CAUTION injury or damage to the equipment.

® Safety Precautions
Overview

This section contains some general warnings and cautions on

installation and application planning for the robotic arm. To prevent
13



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.

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

DANGER
before production is essential.

6. The operator must be trained to guarantee a
correct operation procedure when using
SDK (Python/R0OS/C++) and graphical interface
UFactory studio.

7. A complete safety assessment must be recorded
each time the robotic arm is re—installed and
debugged.

8. 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

14



10.

1.

12.

slightly brake and fall.

The xArm 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 area.

When releasing the brakes of xArm, please take
protective measures to prevent the robotic arm
or operator from damage or injury.

When connecting the xArm 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.

HIGH TEMPERATURE

N

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

G

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 sStop 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

15




motions will not collide with any obstacle.

6. 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 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 xArm 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
mechanical damage to xArm be placed outside the

NOTICE ) ) . .
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 solution to the robotic arm running error.

CAUTION 2. When the device is running, even if the robotic
arm seems to stop, the robotic arm may be
waiting for the signal and in the upcoming

action status. Even in such a state, it should

16



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 consequences.

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.

17




xArm User Manual-Hardware Section

1. Hardware Installation Manual

1.1. The Hardware Composition of xArm

1.1.1. Hardware Composition

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

e Control Box (Figure 2-2)

e Robotic Arm Signal Cable (Figure 2-3)

e Robotic Arm Power Supply Cable (Figure 2-4)

e Control Box Power Supply Cable (Figure 2-5)

Figure 2-2

Figure 2-1

18



Figure 2-3 Figure 2-4 Figure 2-5

The xArm 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).

Refer to technical specifications for joint Figures (See appendix—2) .

1.1.2. Emergency Stop Button

By pressing the emergency stop button of the Control Box, a command
will be sent to the Control Box 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 shown below:

19



STATE ROBOT PWR

Emergency Stop: press the emergency stop button to power off the xArm,
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 xArm power indicator lights
up, and the arm is powered.
Note:
After pressing the emergency stop button, the following operations
should be performed to re—start the xArm:
1. Power up the xArm (Turn the emergency stop button in the

direction of the arrow)
2. Enable the xArm (enable the servo motor)

UFactory studio: enable the robotic arm: click the button:

[Enable Robot]

Python-SDK: enable the robotic arm: motion enable (true)

20



1. 1. 3.

xArm Robotic Arm

Network Cable

Three—Position Enabling Switches

Three-position enabling switches

The three—position enabling switches is composed of three switches

and an emergency stop button. The specific functions are shown in the

following table:

First—position

Second-position

Third-position

Emergency stop

Program execution

The buffered
motion command

The robotic arm
resumes motion

The buffered
motion command is

switch switch switch
Stops the motion
of the robotic Yes No Yes Yes
arm
Pause Pause Stop

The buffered
motion command is

arm

is not cleared. not cleared. cleared
The robotic arm .
Pause Resuming motion Pause Stop
status
The power supply
of the robotic On On On Off

21




1. 1. 4. Control Box Description

LAN

ROBOT PWR

Control Box Buttons and

Parameter Name

Function

ROBOT power indicator

ROBOT PWR

The light is on, indicating that the
xArm is powered on.

Control Box power status
indicator

STATE

The light flashes, indicating that
the control box is powered on

Network port indicator

LAN

The light is on, indicating that the
xArm is communicating normally.

Emergency stop button

EMERGENCY STOP

Press the button to power off the
XArm;

Rotate the button, the ROBOT power
indicator of the xArm lights up.

1. 2. Robot Installation

1.2.1. Safety Guidelines for the Robot Environment

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

2. To install the arm body, check that the bolts

are tight.

DANGER 5

surface that is sufficient to withstand at
least 10 times the full torsion of the base

The robotic arm should be installed on a sturdy

22




joint and at least 5 times the weight of the

arm.

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.

WARNING To avoid any electric shock hazard, do not
connect or disconnect the robotic arm cable
when the robotic arm is connecting with
external AC.

1. 2. 2. Robot Installation

L.

Brief installation steps:

a. Define a robotic arm workspace

b. Fix the robotic arm base

c. Connect the robotic arm with the Control Box

d. Connect the Control Box with cable

e. Install end-effector

xArm Robotic Arm

Network Cable




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 xArm7 (unit: mm)

Note : The following working range diagrams are only for safety
assessment.

1037mm

24



770mm

Working space of xArm5 and xArm6 (unit: mm)

Note : The following working range diagrams are only for safety
assessment.

1029mm

25



762mm

1.2.2.2. Robot Installation

The robotic arm has five M5 bolts provided and can be mounted through
five 95.5 holes in the base of the robotic arm. It is recommended to

tighten these bolts with a torque of 20N e m.
@110+00s

@126 001

5X M5 ¥5.5

Robot Base Mounting (unit: mm)

1.2.2.3. Robotic Arm is Connected to the Control Box

Plug the connector of the Robotic Arm Power Supply Cable and the

26



Robotic Arm Signal Cable into the interface of the Robotic Arm. The
connector is a foolproof design. Please do not unplug and plug it
violently;

Plug the Robotic Arm Power Supply Cable and the Robotic Arm Signal
Cable into the Control Box;

Plug the Control Box Power Cable into the AC (110V-240V) interface on
the Control Box and the other end into the socket (as shown in Figure

below).

xArm Robotic Arm AC Control Box

Power Supply

1.2.2. 4. Control Box Networking

Plug the Network Cable into the interface marked LAN on the Control
Box, and plug the other end of the Network Cable into the computer.

Network Cable

xArm Robotic Arm AC Control Box

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
27



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 ISO 9409-1-50-4-M6

standard.

2xM8 N 10mm
45.0° PCD63 c-C

4xM6 10mm
PLODS50

45.0°

8315V 6mm

Ix45°

@650' 'V 10mm

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

M12-12PIN

Tool I/O

Drawing of too I/0

28



1. 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.

Pay attention to the operation specifications of

DANGER sharp end-effector tools.

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

the zero return operation.

1. 3. Power Supply for the Robotic Arm

1.3.1. Preparation before Power On

e LEnsure the power cable and the communication wire are properly
connected between the Control Box and the robotic arm.

e [Ensure the network cable or RS—-485 cable is properly connected.

e FEnsure the power cable for the Control Box is properly
connected.

e FEnsure the xArm will not hit any personnel or equipment within

the working range.
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1. 3. 2. Power On

EMERGENCY STOP ROBOTPWR—
= S =
© PWR o |
SYSTEM
o ) LAN

——— THREE GEAR ENABLE SWITCH INTERFACE

Spn

Network Port h

) I\ Z

K [E— Na— [E—
ACPORT  OFF/ON SWITCH ROBOT 24V PWR ROBOT

1. Turn on the OFF/ON button and ensure the indicator lights are lit.

2. Press the power button, when the status indicator (CONTROLLER)
lights up, the control box is turned on.

3. Rotate the emergency stop button in the direction indicated by
the arrow and is pulled up, at which point the xArm power
indicator (ROBOT PWR) 1lights up.

4. Use the UFactory studio / SDK command to complete the operation

of enabling the robotic arm. (enable the servo motor)

1. 3. 3. Shut Down the Robotic Arm System

1. Shutdown Sequence
(1) Press the EMERGENCY STOP button to power off the robotic arm.

(2) Ensure the power indicator light is off.
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LAN

STATE ROBOT PWR

2. Shutdown the control box
(1) Turn off the power supply of the control box. (The power
switch takes about 5 seconds to turn off the power of the
control box. Please do not restart the control box within 5

seconds after turning off the power supply)

EMERGENCY STOP
Z \i SYSTEM

) [

AC PORT OFF/ON SWITCH

Unplugging the power cord directly from the wall outlet
to shut down the system may result in damage to the file

system of the control box, which may result in robotic

arm malfunction.
WARNING
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2. Electrical Interface

2.1. AC Control Box

2.1.1. Connect the Control Box to the Robotic Arm

1. The robotic arm power supply cable connects the power port of the
robotic arm and the ROBOT power port of the control box.
2. The robotic arm signal cable is connected to the signal interface

of the robotic arm and the ROBOT signal interface of the control

box.
ROBOT PWR —————————————
S —
PWR ( | o o N
Qo o l LAN
@ THREE GEAR ENABLE SWITCH INTERFACE
Network Port |
L J
ROBOT 24V PWR — L ROBOT
(_uracToRY ) D GND| |GND| | 24v | | 24v
[ @ clo DIO Co0 DOO0
D Cl1 DIl co1 DO1

ci2 DI2 co2 D02
Cci3 DI3 co3 D03
GND GND 24V 24V
Cl4 D14 Co4 D04
ClI5 DI5 Ccos5 D05
Clé DI6 Cco6 DO6
cI7 DI7 co7 DO7

2.1. 2. Power Connection

There is a standard IEC plug at the end of the control box’ s main

cable.
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Connect a local dedicated main outlet or cable to the IEC plug. The
control box is powered by 100V-240V AC (the input frequency is 47—
63HZ) and its internal switching power supply converts 100V-240V AC
into 12V, 24V DC, which supplies power to the load of the control box
and the robotic arm.

Therefore, it is necessary to check whether the connection between
the robotic arm and the control box is secured before use. The
hardware protection and software protection of the control box can
ensure the safety of use largely. The emergency stop button of the
control box allows the user to cut off the power of the robotic arm
in the shortest time possible and protect the safety of both
personnel and the equipment.

To power on the robotic arm, the control box must be connected to the
power supply. In this process, the corresponding IEC C19 wire must be
used.

Connect to the standard IEC C20 plug of the Control Box to complete

the process, see the figure below.
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2. 1. 3. Definition of the Robotic Arm Industrial

Connector
PIN 5 PIN 1
PIN 4 PIN 2
PIN 3 PIN 6
6-Pin Industrial Connector (Robot Communication )
Industrial connector wire sequence Functional definition
1 GND
2 485-A Arm
3 485-B Arm
4 GND
5 485-A Tool
6 485-B Tool
2.2. DC Control Box
2.2. 1. External Interfaces of Control Box

Except that the DC Control Box is connected to different power

sources, the other electrical interface specifications and functions

are the same as the AC Control Box.

DCPWR ROBOT 24VPWR

ROBOT

(] L] U

& )l

L

DC Confrol Box
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DC PWR:
VP+: Connect to 24V-72V DC Input
PE: Connect to the control housing (Leakage Protection), not a must

GND: Connect to the ground

ROBOT communication cable:

PINT | GND
ROBOT PIN2 | 485-AAm
m PING | 485-B Am

< PIN4 | GND

PIN5 485-ATool
PING 485-B Tool

123456

2. 2. 2. Cable Connection

2. 2. 3. Specification of External Power
DC1300
Input 24V-72V DC
Output 24VDC 672Wmax
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1/0 power supply

24V 1.8A(Internal power supply)

24V 3A (External power supply)

2.3. 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.

DANGER

L.

PLC.
in serious injury or death due to an invalid safety
stop function.

Never connect a safety signal to a non—safety
Failure to follow this warning may result

NOTICE

©

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.

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

signals.

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

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.

The length of the I/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.

WARNING

When wiring the electrical interface of the

Control  Box, the Control Box must be powered off.

2. 4. End-Effector 1I/0

At the tool side of the robotic arm, there is an avionic socket 12—

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 10
PIN_ 1\ PIN 2
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There are 12 pins inside the cable with different colors,

each color

represents different functions, please refer to the following table:

Pin sequence Color Signal
1 Brown +24V (Power)
2 Blue +24V (Power)
3 White 0V (GND)
4 Green 0V (GND)
5 Pink User 485-A
6 Yellow User 485-B
7 Black Tool Output 0 (T00)
8 Grey Tool Output 1 (TO1)
9 Tool Input 0 (TIO)
10 Purple Tool Input 1 (TIL)
11 Orange Analog input 0 (AIO)
12 Light Green Analog input 1 (AIl)

The electrical specifications are as follows:

Parameter Min. Value Typical Value Max. Value Unit
Supply Voltage in 24V Mode - 24 30 \Y
Supply Current * - - 1800 mA

Note:
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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

2.4. 1. Digital Output

The digital output is implemented in the form of NPN with an open
collector (0C). 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 \Y
Voltage when sinking 50mA - 0.05 0. 20 \Y
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 specified value exceeded.

CAUTION

2.4.1. 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.

2.4. 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 \
Logic Low Voltage - - 1.0 \
Logic High Voltage 1.6 - - \
Input Resistance - 47k - Q
2.4.2. 1. Tool Digital Input Usage
The following figure shows the connection with the simple switch.
POWER
2. 4. 3. Tool Analog Input
The tool analog input is a non—differential input. The electrical
specifications are as follows:
Parameter Min Typical Max Unit
Input Voltage in Voltage Mode -0.5 - 3.3 \
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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 damage to the input port.

CAUTION )
In current mode, the pull-down resistance
depends on the range of the input current.
2.4.3.1. Non—-differential Analog Input

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

a non—-differential output.

Voltage mode

Current mode

2.4.3.2. 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.
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Current Mode

2.5. Control Box Electrical 10

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

outside of the control box.

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

devices, including pneumatic relays, PLCs, and emergency stop buttons.

The figure below shows the electrical interface layout inside the

control box.

Configurable Digital Configurable Digital
Inputs Inputs Outputs Outputs

GND GND 24V 24V
Cclo DIO
Cl1 DIl

DI2

DI3
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2.5. 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 I/0.

®* Configurable I1/0.

For the specific configuration functions of 10, see the following

table:
Configurable Function CI0-CI7 DIO-DIO7
General Input Yes Yes
Stop Moving Yes No
Safeguard Reset Yes No
Offline Task Yes Yes
Manual Mode Yes Yes
Reduced Mode Yes No
Enable Robot Yes Yes
Configurable Function C00-Co7 DO0-DO7
General Output Yes Yes
Motion Stopped Yes Yes
Robot Moving Yes Yes
Error Yes Yes
Warning Yes Yes
Collision Yes Yes
Manual Mode Yes Yes
Reduced Mode Yes Yes
Offline Task Running Yes Yes
Robot Enabled Yes Yes
Emergency Stop is Pressed Yes Yes

It is very important to install xArm according to the electrical

specifications.
All the I/0 must comply with the specifications. The digital I/0 can
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be powered by a 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.

m
s)
=i

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

h

L
ue -

The electrical specifications for the internal and external power

supplies are as follows.

Terminal I Parameter I Min. Value Typical Value Max. Value Unit

Built—in 24V Power Supply

[PWR - GND] Voltage 23 24 30 v

[PWR — GND] Current 0 - 1.8 A
External 24V Input Requirement

[24V - 0OV] Voltage 20 24 30 v

[24V - 0V] Current 0 - 3 A

The digital I/0 electrical specifications are as follows.

Terminal I Parameter I Min. Value ITypical Valuel Max. Value I Unit

Digital Output
[COox] | Current* | 0 | - | 100 | mA
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[COx] Voltage Goes Down 0 - 0.5 '

[COx] Open Drain 0 - 0.1 mA
[COx] Function - NPN (0C) - Type
Digital Input
[EIx/SIx/CIx/R1 Voltage 0 - 30 \
[EIx/SIx/CIx/RI OFF Area 15 - 30 v
[EIx/SIx/CIx/RT | ON Area(low level) 0 - 5 v
[ETx/SIx/CIx/RI | Current (0-0.5) 3 - 8 mA
[EIx/SIx/CIx/RI Function - - - Type

Note: ** For resistive or inductive loads up to 1H

There is no current protection on the digital
output of the Control Box. If the specified

values exceeded, permanent damage may result.

CAUTION

2. 5. 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 1/0 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.
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The functional differences are as follows.

Emergency Stop Protective Stop
Stops the motion of the robotic Yes Yes
Program execution Stop Suspend
Reset Manual Auto or manual
Usage frequency Not frequent No limit
Need re—initiation Only releasing the brake No

2.5.2.1. 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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2.5.2.2. 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

2.5.2.3. 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).

Safety
GND
Ell
GND
EI2

GND
SI0
GND
Si1
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Safeguard Stap Emergency Staop
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2.5.2.4. 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.

op
(w)
D

L

This configuration is only for applications where the operator is
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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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2.5.2.5. 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)

Safety Configurable Inputs
GND oL
Ell

GND =
£ 34
GND
slo N I )
GND
Si1
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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” — “1/0” — “Input” — Configure CI0 as safeguard reset

-"Save”.
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@ xArm Studio = o X
Window Language Tool Help

< Settings IP: 192.168.1240 Real Robot ® Normal O STOP

Motion
Controller GPIO Setting (Input):
End Effector
Clo: Safeguard Reset DIO: General Input
cp h CII: General Input DI1: General Input
Cl2;: General Input DI2: General Input
1/0
Ci3: General Input DI3: General Input
Output CI5: General Input DI5: General Input
Cl6: General Input DI6: General Input
10 Commissioning
CI7: General Input DI7: General Input

Safety
Mounting

(9 Timed Tasks
Coordinate System
Advanced

System

2. If xArm needs to resume motion, connect SI0 and SI1 to GND, and
trigger the motion of xArm by connecting CI0O to GND; if xArm needs to

pause the motion, disconnect SIO and SI1 from GND.
Note:

DIO-DI7 are not equipped with the following three functions: stop

moving, safeguard reset, and reduced mode.

2.5.3. General Digital I/0 Function

2.5.3. 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 (0C/0D).
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Users 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 (0OD) 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.

Configurable Outputs

Note: It is highly recommended to use a protection diode for
inductive loads as shown below.

Configurable Outputs

2.5.3.2. 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.

Users 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

2.5.3.3. 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

2.5. 4. General Analog I/0

This type of interface can be used to set or measure voltage (0-10V)
going into or out of other devices.

For the highest accuracy, the following instructions are recommended:

® Use the GND terminal closest to this I/0.

®* The device and Control box use the same ground (GND). The analog

1/0 is not isolated from the control box.

Use shielded cables or twisted pairs. Connect the shield to the

“GND” terminal on the “Power” section.
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Terminal Parameter Min. Value Typical Value Max. Value Unit

Analog Input under Voltage Mode

[ATx — AG] Voltage 0 - 10 v
[ATx — AG] Resistance - 10k - Q
[ATx — AG] Resolution - 12 12 bit
Analog Output under Voltage Mode
[AOx — AG] Voltage 0 - 10 v
[AOx — AG] Current 0 - 20 mA
[AOx — AG] Resistance - 100k - Q
[AOx — AG] Resolution - 12 - bit

2.5.4. 1. Analog Output

The following example shows how to use the analog speed control input
to control the conveyor belt. (Connect to AOO or AO1)

Analog outputs Analog Inputs

2.5.4. 2. Analog Input

The following example shows how to connect an analog sensor. (Connect
to AIO or AIl)
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2.6. Communication Interface

The Control Box provides Ethernet interface, as shown in the figure

below.

Network Port

2.7. Ethernet TCP/IP

The control box provides a gigabit Ethernet interface.

EMERGENCY STOP
=
©

N
ACPORT  OFF/ON SWITCH

ROBOT PWR

STATE

PWR
SYSTEM

Network Port

=

a

|

Qo o

@O
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o

N

o

LAN

[

THREE GEAR ENABLE SWITCH INTERFACE

,

S

ROBOT 24V PWR—

Ethernet connection steps:

— ROBOT

The control box and the computer are connected via Ethernet. One

end of the network cable is connected to the network interface of

the control box,
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LAN network interface. If the connection is successful, the
network port indicator blinks frequently.
The default network segment IP address of the control box is
192.168. 1. %(27254). For a specific IP address, please check the
control box label. When communicating with the robotic arm, the IP
address of the computer should be in the same network segment with

the IP address of the control box.
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.

The value range of the gripper opening and closing is: —-10 to 850.
The larger the value, the greater the stroke of the gripper, meaning
the smaller the value, the smaller the stroke of the gripper. If the
clamping is not tight, a negative value can be set until it 1is
tightened.

The speed of the gripper should be in 1000-5000. If a speed less than
1000 was set, the gripper may not work. The speed of the gripper
opening needs to be greater than or equal to the speed of the gripper

closing.

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
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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;

The end of the robotic arm The end of the gripper M6 bolts

Note:

1. When wiring the gripper connection cable, be sure to power off the
robotic 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.
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3. 1. 2.

L.
2.

3.

3. 1. 3.

the gripper connector

the tool/end effector
connector of the xArm

The Flow of Gripper Movement

Enable the gripper.

Send out a position for clamping.

The current range of value: —10 ~ 850.

Precautions

DANGER

1. When the robotic arm is in the zero position, the
gripper will exceed the installation surface. Please
adjust the robotic arm to a posture suitable for
installing the gripper during installation.

2. 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 collisions.
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The gripper of the robotic arm in the zero position will exceed the
mounting surface.

Note:

For detailed instructions on the xArm gripper, please refer to the
xArm gripper user manual, download link:

https://www. ufactory. cc/pages/download—xarm

3. 2. Vacuum Gripper

The power supply indicator

The vacuum gripper can dynamically suck the smooth plane object with
payload <<bkg. The vacuum gripper is equipped with 5 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:
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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 I0 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 mounting surface or other equipment;

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

the control box;

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, 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 the length limitation of the vacuum gripper connection
cable, the vacuum gripper interface and the tool I0 interface must

be in the same direction;
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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.

3.2.2. Turn On/Off Vacuum Gripper

Example:

Blockly:

set xarm vacuum gripper [eNIE object detection (ETTED set

set xarm vacuum gripper object detection [EITEE  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.

2. For detailed instructions on the xArm vacuum gripper, please refer
to the xArm vacuum gripper user manual, download link:

https://www. ufactory. cc/pages/download—xarm
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xArm 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.
Note:

1) Installation systems supported by the UFactory studio client: Windows, Mac,
Linux (Ubuntul6. 04)

2)  On Windows (Mac/Linux) computers, iPad, Android tablets and Raspberry Pi 4B,
you can access UFactory studio through a browser.

UFactory studio is now compatible with browsers:

Google Chrome/ Firefox / Safari /Microsoft Edge (Chromium kernel)

1.1 Hardware Preparation

Network Cable

XxArm Robotic Arm
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EMERGENCY STOP T

e . LAN

STATE ROBOT PWR

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.

L.

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

place within the range of motion.

Check if the connection between the control box and the robotic

arm, power supply, and network cable is stable.

Check if the main power of the control box is on. If the ON/OFF

light is on it means power is on.

Check if the control box is turned on, if the status indicator of

the control box is on, it means the control box is turned on.

Check if the network is connected. If the network indicator in the
middle of the control box flashes frequently, it means the network

communication is normal.

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.

62



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 control box 1is directly connected to the PC.

Note: Recommended connection method.

pC

_=—&

WIFI Interent

Network Cable

XArm Robotic Arm AC Control Box

Power Supply

(2) The control box, PC and router are connected by Ethernet

cable.

xArm Robotic Arm AC Control Box
Power Supply

Interent Router



connected by wireless network, and con

(3) PC and router are
connected by Ethernet cable.

trol box and router are

Note: It is not recommended because of the delay and packet loss of

wireless connection.

xArm Robotic Arm AC Control Box
Power Supply

Interent

(4) The control box, PC and network switch are connected by

Ethernet

cable.

XxArm Robotic Arm AC Control Box
Power Supply

Interent Network Switch
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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 side of the control box). Therefore, to
successfully communicate with the control box, the IPV4 network
segment on the computer must be between 192.168.1.1-192. 168. 1. 255
(cannot be the same as the IP address tail number of the control box).
o IP Setting

Network and Sharing Center — Ethernet — Properties — IPV4

Stepl: Open the “Network and Sharing Center”

@ Homs Status

cted to the Internet

LR
(8 Data ussge

B Proxy Change your network settings

(D Crvae ssapteropens
£, Sharing aptions

Step2: Open the “Ethernet”
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Step3: Open the

Step4: Open the

Stepb:

%% Network and Sharing Center

4 %5 > Control Panel » All Control Panel ltems > Network and Sharing Center

Control Panel Home

Change adapter settings

Change advanced sharing
settings

Media streaming options

See also
Intemet Options

Windows Defender Firewall

View your basic network information and set up connections

View your active networks

B 2 Access type;
Private network

Change your networking settings

i Set up a new connection or network

Intemet.

Connections Ul Ethemet

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

[ Toubleshoot problems

Diagnose and repair network problems, or get troubleshooting information.

“Properties”

I Ethemnet Status

General
Connection
1Pv4 Connectvity: Intermet
1PV Connectivity: Mo network access
Media State: Enabled
Duration: 00:02:28
Speed: 1.0Ghps
(o]
Activity
Sent — L\.& —  Received
Bytes: 1,204,512 3,009,827
D properties @nisame [ siagnose

“1PV4”

1§ Ethernet Properties
Networking  Sharing

Connect using

57 Reattek PCle GBE Famiy Controller

This connection uses the following tems

EF Client for Microsoft Networks
T8y Mware Bridge Protocol

005 Packet Scheduler

2 P intemet Protocol Version 4 (TCP/IPv4) |
] . Mecrosoft Network Adapter Mukiplexor P
1. Microsoft LLDP Protocel Driver

2 File and Printer Sharing for Micrasoft Networks

rotocol

>

Install... Uninstall

Description

Properties

Transmission Control Protocol/Intemet Protocol. The default
wide area network protocol that provides communication

‘across diverse interconnected networks

Cancel
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Then check whether the computer IP is within 192. 168. 1. 1-
192. 168. 1. 255 (the tail number should be 1 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 TP settings assigned automaticaly if your network supports

this capabiity. Otherwise, you need to ask your network administrator
for the appropriate [? settings.

() Obtain an IP address automatically
@ Use the following IP address:

1P address: w2 .18, 1.1
Subnet mask: 255.255.255. 0
Defalt gateway: w68, 1. 1|

btain DNS server addr atical
(® Use the following DNS server addresses:

Preferred DNS server: 192.168. 1 .1 |
Alternate DNS server: e 5w |

[ validate settings upon exit Advanced..,

o ][ e

Stepb:

1. 2.3 Connect to the Robotic Arm

There are the following two ways to communicate with the robotic arm.
1. If you access UFactory studio software, you can communicate with
the robotic arm through the following steps:

(1) Download UFactory studio

UFactory studio download address:

https://store—ufactory—cc. myshopify. com/pages/download—xarm

(2) Install UFactory studio software
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https://store-ufactory-cc.myshopify.com/pages/download-xarm

(3) Open the UFactory studio software, and enter the IP address of
the control box in the search box (the default IP address of the

device has been marked on the side of the control box)

@ xArmStudio
Window Language Tool Help

xArm Studio
1921681135

2. If you wuse a browser to access UFactory studio, you can
communicate with the robot through the following steps:

(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. 135,

enter 192.168.1.135:18333 in the search bar to access UFactory studio.

c (@ 192‘168.1.135’3353| 3]
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@ xirm Studio x  +

€ > C O Notsecure | 192.168.1.135:18333/7lang=en& channel=prod

XARM 6

~ : | 1
Y Blockly o 192.168.1135

‘Normal

0.82KG

3

“h  Python IDE

Floor (0°, 0°)

1. 2.4 Return to the Search Interface

Window Language Tool Help

PC: Click [Tool) - [Search)] to return to the search interface.
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1. 3 UFactory studio Homepage

1. 3.1 UFactory studio Homepage Parameters

@ xAm Studio - o X
Window Language Tool Help

Live Control U FAETD EY

o Controller IP 192.168.1.117
5 ) Blockly Robot State Stop
TCP Payload
Collision Sensitivity i¥

) Python IDE Robot-Mounting Floor (0°,07)

-;_,;g: Remring Robot Enabled

Settings

Studio Version: 1.69
Firmware Version: 169

The homepage displays the number of axes currently connected to the
robotic arm, Controller IP, Robot State, TCP Payload, Collision

Sensitivity, Robot—-Mounting, and Motion Enable.
Robot State:

[Error] indicating that the robotic arm has not been enabled, or
the robot is in error state. Click the blue [Enable Robot]

button to enable it.

[Normal)] indicating that the robotic arm is ready, and [Enable

Robot]) becomes [Robot Enabled] .

1.3.2 5 Main Functional Modules of UFactory studio

UFactory studio mainly consists of 5 main functional modules:

70



Live Control: Gives the ability to control the
I.ive Conliol position of the xArm and adjust its posture.

Blockly: A graphical programming tool that allows
users to achieve programming for the control of the
robotic arm , 1/0, or end-effector by simply drag and
drop the code blocks

Python IDE: Python integrated development environment
that uses the xArm—Python—-SDK API directly and has
ability to view the Python code generated by the Blockly
project.

Recording: To record the trajectory of the robotic arm
in manual mode, the maximum recording time is 5 minutes.

Settings: Set the parameters of the robotic arm,
upgrade the system software, etc.

1.3.3 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 f‘search
the robotic arm’ .

[Tools] - [Check for Updates] to check the 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.
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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.

1.4.1 Motion Settings

@ x<Arm Studic — ] x
Window Language Tool Help
< Settings OIS OP
=80
Line Motion
End Effector L = 2000 mm/s'2
Position Step O 04 mm
Tce Attitude Step O 1

o

Safety

Mounting

Joint Motion

Acceleration

Joint Step —O

Sensitivity Setting

500

Teach Sensitivity 5
() Timed Tasks O

Coordmate System Collision Sensitivity

O

Advanced

Initial Position E
n

System

1 . 15 2 16

1.4.1.1 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.
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1.4.1.2 Joint Motion

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.

1.4.1.3 Sensitivity Setting

Collision sensitivity:

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 0 to 5 levels. When it is set to 0, it means that collision
detection is not enabled. 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 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.
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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.
1.4.1.4 Initial Position

Setting the Initial Position of the robotic arm can help the user to
return 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 click the [Set] button next to
the Initial Position.

3. Set the initial position of the xArm in Live—control.
[Confirm] : Save the changes.

[Cancel] : Cancel the changes.

@ xArm Studio - [m] X
Window Language Tool Help

< Sefttings IP: 192.168.1.240 Real Robot ® Normal O STOP

End Effector Line Motion
Acceleration —(} 2000 mm/sh2
TCP
Position Step {) 1 mm
1 o
o Attitude Step O
Joint Motion
Input
Acceleration O 500 %2
Qutput Joint Step —O 1
10 Commissioning Sensitivity Setting
Safety s Teach Sensitivity O 3
Mounting
Collision Sensitivity O 3

(O Timed Tasks

Initial Position

Coordinate System
J1 N J2 N J3
Advanced

J4 ° J5

System
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@ xAm Studio
Window Language Tool Help

Base Coordinate
@ Position se Cocnl

% 207 mm
Y. 0 mm
Z 112 mm
Attitude ﬁ
Roll: 180 *
S ©

Yaw: 0

1.4.2

End Effector

© Real Robot

&

n

MANUAL MODE 42

OFF 3

Real Robot =
J6

Simulated Robot

—

—
SWITCH
COORDINATE

= a X
2 IS R0P
v
L Cancel
A4 0 4
Y 0
.4 0
0
.4 0
ZERQ POSITION INITIAL POSITION
)
h 4
Speed ‘ .
xArm Vacuum Gripper
l’o\i.

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

end of the xArm, select the corresponding end effector.

The end effectors currently supported by xArm are: xArm Gripper, xArm

vacuum Gripper, xArm BIO Gripper, Robotiq—2F-85 Gripper, Robotigq—2F-

140 Gripper.

Take the xArm Gripper as an example.

xArm Gripper
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< Settings 1P: 192.168.1.202 Real Robot @ Stop O S T 0 P

Motion

Tools

Select an End Effector for the robot
XArm Gripper

Force Torque Sensor 1
Self-Collision Prevention ON 4
P o (.
Self-Collision Prevention Model XArm Gripper y . y
o . i3

TCP payload compensation &

Safety

Speed, O 5000

Mounting
xArm Gripper Frimware Version Get Version

9 Timed Tasks
Coordinate System
Advanced

System

Note:
1. The opening and closing speed of the gripper can be adjusted.

2. The self-collision prevention model of the gripper can be turned

on by clicking the button.

3. The gripper firmware version can be got by clicking the button

[Get Version].

4. When "TCP payload compensation” is turned on, the default TCP

payload will be changed to the TCP payload parameter of the gripper.

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

the end of the robotic arm, please choose [other].

76



@ xAm Studio — O b4

Window Language Teol Help
ctings o fot ot ®STOP

Select an End Effector for the robot
Self-Collision Prevention ON
Self-Collision Prevention Model Cylinder

Customize an end effector 3D model for self-collision prevention

© Cylinder Cuboid

m Discard [
b

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]
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@ xAm Studio — u] X
Window Language Tool Help

< Settings © Real Robot O S T 0 P

Motion

% End Effector

Tcp

/o Select an End Effector for the robot
No End Effector

Safety
Self-Collision Prevention ON

Mounting Self-Collision Prevention Model No End Effector

TCP payload compensation (
Coordinate System

Advanced

System

1.4.3 TCP Settings

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

[ TCP Payload]

® 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 1in the
above figure). If there is virtually no load at the end, both TCP

payload and centre of gravity must be set to 0.

[TCP Offset]

Setting the Tool Coordinate Offset with respect to the ini
tial 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

78



determine the orientation. When the specified value is zero, TCP

coincides with the centre point of the tool output flange.

1.4.3.1 TCP Payload

@ xAm Studio - O X
Window Language Tool Help
< Settings © Real Robot O S T 0 P
Motion TCP Payload
End Effector Current payload
TCP Weight kg X mm cY mm cz mm

TCP Payload
No payload Set as Default

TCP Offset
Weight kg X mm Cy mm cz mm

I/0

xArm Vacuum Gripper Set as Default
Safety

Weight kg (4 mm cY mm cz mm

Mounting

xArm Gripper Set as Default
Coordinate System

Weight ke X mm cYy mm z mm
Advanced
System. XArm Bio Gripper _ D
Weight kg X mm o mm cz mm s
“

\mz
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 data can be referenced during Blockly programming.
[Set as default])

® Set the payload data to the payload of the current robotic arm and
display the current payload at the top, which is used for
controlling the entire robotic arm and is related to the normal use
of manual mode and collision detection.

[New])] : Create new payload data.
[Select]) : Select the payload data to be deleted in the next step.

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

default payload data cannot be deleted.
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[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

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).

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.
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1.4.3.2 TCP Offset

@ xAm Studio
Window Language Tool Help

< Seftings
Motion
End Effector
TP

TCP Payload

/0

Safety

Mounting
Coordinate System
Advanced

.
System

Current offset

X

No offset

X

xArm Vacuum Gripper

X

xArm Gripper(Closed)

X

xArm Bio Gripper{Closed)

X

mm

mm

mm

Y

Y

Y

mm

mm

TCP Offset

mm Roll E Pitch
mm Roll * Pitch
mm Roll = Pitch
mm Roll = Pitch
mm Roll i§ Pitch

- a x

DSTOP

Yaw

Set as Default

Yaw

Set as Default

Yaw

Set as Default

Yaw

i

On this page, 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 referenced during Blockly programming.

[Set as default])] : Set the offset data to the offset of the current
robotic arm and display the current offset at the top.

[New] : Create a new offset record.

When creating a new TCP offset, there are two ways to set the new TCP
offset parameters, as shown in the figure below:
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@ xAm Studio - ] ®
Window Language Tool Help

Set TCP Offset Parameters

Click "Teaching TCP" to get the TCP offset by teaching the robot
5 positions.If the TCP offset of the end effector is known, please

select "Manual Input”.

Manual Input Teaching TCP

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 TCP

When the TCP offset parameter of the end effector is unknown, click
the [Teach and Acquire] button to obtain the TCP offset parameters by
teaching 5 points.

[Select]) : Select the offset data to be deleted in the next step.
[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.

1.4.4 1/0 Settings

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
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only when I0 is set to General Input / Output,

Se

1.

tting will not take effect.

4.4.1 Input

@ xArm Studio

Window Language Tool Help

e

< Settings IP: 192.168.1.240 Real Robot
Motion .
Controller GPIO Setting (Input):

End Effector

Clo: Offline Task
TCP o cn General Input

cr General Input
1/0

€3z General Input
General Input

Output Cl5 General Input

Cle General Input
10 Commissioning

Eir: General Input
Safety

Add offline tasks to -- CI0
Mounting

[Blockly] [UF]-1001_Joint_\
Timed Tasks
Coordinate System

Advanced

System

® Normal

DIO:

DI1:

DI2:

DI3:

DI4:

DI5:

DI6:

DIT:

Counter:0

otherwise the custom

- a X

®STOP

General Input
General Input
General Input
General Input
General Input
General Input
General Input

General Input

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

level input signals.

[General Input) The user can use the I0 freely in Blockly or SDK

program only when the controller input is set as a

general input, otherwise it will cause a function

conflict. For example,

if CI 0 is configured as an

offline task, CI 0 should not be used in any program.

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

[Safeguard Reset]) Trigger I0 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




[0ffline Task)] Offline Task can add multiple Blockly to be
triggered through I/0. As shown in the figure above,

CI0 is set as Offline Task and a Blockly project is
added. Click [Add] to add a Blockly project, and

¥ i
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 I0 is triggered and the robotic arm enters the

reduced mode.
[Enable Robot] Enable the robotic arm by triggering I0.
[Save]) Save the changes.
[Cancel]) Discard the changes.

Note:

DIO-DI7 are not equipped with the following three functions: stop

moving, safeguard reset, and reduced mode.
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1.4.4.2 Output

@ xAm Studio — | X
Window Language Tool Help

< Settings © Real Robot C‘ S T 0 P

Mation

Controller GPIO Setting (Output):

End Effector

‘::I General Output | D00 General Output
Tcp col: : Dol General Output
Error
coz2: DO2: General Qutput
o Wamning
Co3: DO3: el
03 o DO3 General Cutput
Input Co4: DO4: General Qutput

Manual Mode

€os5: ik D05 General Qutput
Output
CO6: DO6

Offline Task Running General Output

10 Commissioning cot: Robot Enabled DO7 General Qutput

Safety
Mounting

(%) Timed Tasks
Coordinate System
Advanced

System

The below functions can be configured for each output.

[General Output])] The user can use the I0 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 O 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 power supply of the robotic arm is cut off.
e FEnter emergency stop via CI.

e Stop button of UFactory studio and Emergency stop code block of
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Blockly.

e FEmergency stop API of SDK.
[Robot Moving) When the robotic arm is moving, the output is high.
[Error]) When the robotic arm reports an error, 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.
[O0ffline 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.

86



1.4.4.3 10 Commissioning

@ xArm Studio
Window Language Tool Help

Controller Digital
Input(CI)

< Sefttings
1 Motion
% End Effector
CI
. TCP cI0
CI1
0) 1o cr2
CI3
Input
Ci4
Output CIS
Cle
10 Commissioning ci7
DI
v] Safel
d DIO
DI1
"1 Mounting
DI2
() Timed Tasks b
DI4
Coordinate System PLs
DI6
Advanced D17

System

Value

© Real Robot

Doo
Do1

DO3
DOo4
DO5
Do6&

Controller Digital

OutPut(CO)

Qutput(0/1)

”J”U’)’U“’J”)

Output(0/1)
a
a

@5 0NR

Controller Analog Input(C-AI)

C-AI Analog Value (V)
AIO 0.18
AIl 0.19

Controller Analog OutPut(C-

AOQ)
Geag  AREkg Vel Qutput
ACD 2 m
AO1 8

0]

In this interface, the I0 input status and I0 output status of the

control box can be monitored, and the I0 output status of the control

box can be controlled by clicking the button.
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1.4.5 Safety Settings

1.4.5.1 Safety Boundary

@ xAm Studio
Window Language Tool Help

< Settings © Real Robot

Motion
End Effector
cp
Safety Boundary

I/Q

Safety X -9999

Safety Boundary Y 9999

Reduced Mode z 9999

Mounting
Coordinate System
Advanced

System

Safety Boundary

9939

9999

9999

mm

mm

® When this mode is turned on, the working range of the robotic arm

in 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.
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1.4.5.2 Reduced Mode

@ xAm Studio — m| b4
Window Language Tool Help

¢ Settings © Real Robot O S T 0 P

Motion
¥ End Effector Reduced Mode [ X
cpP
Speed Limit
170
Tcp Speed Limit 1000 (1~ 1000mm/s) Joint Speed Limit 180 (6~180°/s)
/) Safety
Joint Range Limit
Safety Boundary
RatiieedModa J 360 360 (360~ 360%) 2| arer 120 (-117 ~ 119°)
Mounting 13 225 il (224~ 107) 14 360 360 (360 - 360%)
Coordinate System J5 a7 180 (-96~180%) J6 -360 360 (-360 ~ 360°)
Advanced
System

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.
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1.4.6 Mounting

@ xAm Studio - O X
Window Language Tool Help

¢ Settings © Real Robot O S T O P
Motion
@ Floer (0%, 0°) Ceiling (180° 0%)

WallUp (90°, 180%) WallDown (90°, 0°)

End Effector

TCP

Customized
o

Safety
(Q) Timed Tasks
Coordinate System
Advanced

Tilt Angle: O 0 +

System
2 Rotate Angle: O — 0 +

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.
xArm with SN of XF1300/X11300/XS1300 and later versions, 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.

[Floor (0 °, 0 ° )]

® The default method is horizontal installation, and the
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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 it is 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?

Rotate angle "N ]
™\

‘\ Tilt angle

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° .
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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.

The range of rotation angle:

+180°

= .11;1\ :: ~H

Zx(' Y qf }h ] d;')a

;
1
i 1
| Wallup » . ‘h
i ) M s "
H 1 y
Ceiling S
(’IA —————————————
Floor Customized

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.

1.4.7 Timed Tasks

Timed tasks can schedule the offline task to run at a specific time
or within a time range in the future, without the need for an I/0
triggering signal. When using this function, please ensure the safety

of the equipment and personnel around the robotic arm within the
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timed range.

@ xArm Studic — O b
Window Language Tool Help
< Seftings © Real Robot O S T 0 P
Metion Timing Task | Periodic Task
End Effect
1 Etiecter System date time: 2020-05-08 09:49:25
TCP Task name Start time End time operation
739950 2019-11-28 16:48: 44 2019-12-28 16:45:50 expired
10
553238 2020-05-14 00:00:00 2020-05-15 00:00:00
Safety

Task name : 553238 Totals: (1)
Mounting m

[Blockly] 1001-Lin
(%) Timed Tasks

Coordinate System

®

Advanced

System

Select
m e -

dad

[Timing Task]) : The robotic arm will run the added tasks during the
timing range within the set effective time according
to the system time of the control box.

[Periodic Task]) : The robotic arm will periodically run the added
tasks during the timing range within the set
effective time according to the system time of the

control box.

[Calibration]) : Calibrate the system time of the control box
according to the time of the connected computer.

[New] : Create a new task project, under which the user can [Add]
several Blockly and Python tasks.

[Select]) : Select the tasks to [Cancel] .

[Inactivated)] : Inactive projects will not take effect during the

effective time.

[Activated] : Activated projects will take effect within the
effective time, and the robotic arm will automatically
run the tasks within the set time.

[Expired])] : The set time for the project has expired
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({E}] : Delete the tasks added under the project.

1.4.8 Coordinate System

@ xAm Studio — m] b4
Window Language Tool Help
¢ Setings ®STOP
Motiig Coordinate System Settings
% End Effactor Current Coordinate System
TcP X mm ¥ mm Z mm Roll ? Pitch 2 Yaw
o No offset m
Safety X mm pd mm z mm Rall = Pitch 2 Yaw
Motting upside_down Set as Default
() Timed Tasks X 20 mm Y 0 mm  Z 100 | mm  Roll 180 = Pitch 0 © Yaw o
Advanced
System
m Select &/

A:Base coordinate system
B:Tool coordinate system

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, there are two ways to set
the new base coordinate offset parameters, as shown in the figure
below:

@ xAm Studio - O X
Window Language Tool Help

Set UCS

Click "Teaching UCS" to get the UCS by teaching the robot 4 poi
nis.If the UCS is known, please select "Manual Input”.

Manual Input Teaching UCS

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, click the
[Teach and Acquire] button to obtain the base coordinate offset
parameters by teaching 4 points.

[Select] : Select the data to be deleted.

[Set as Default] : Set the offset data as the default offset.
[Default] : The data is the default current base coordinate offset.
[Cancel] : Cancel the selection.

[Save] : Save the modified data.

[Discard]) : Discard the modified data.
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A:Base coordinate system
B:Tool coordinate system
C:User coordinate system

Z
o I : < T@
Y

Example:

When expressed in coordinate system {A}:

B is (207,0,112,180,0,0), D, = 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 (207,0, 112, 180,0,0) in base coordinate system,
after user coordinate system offset setting:

Becomes: B ” (793,0, 112, 180, 0, 180)
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1.4.9 Advanced Settings

1.4.9.1. Advanced Parameters

@ xArm Studio = | X
Window Language Tool Help

< Settings IP: 192.168.1216 Real Robot ® Stop O STOP

Motion
End Effector
TEP A

1/0 ¥

Joint Jerk

Q

11459 °/s"3
Safety ¥

.

TCP Jerk

7000 /SN
Mounting mm/s*3

(O Timed Tasks
Coordinate System

Advanced

Advanced Parameter

Assistive Features
Advanced Tools

System

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. If 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.
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1.4.9.2. Assistive Features

@ xArm Studio
Window Language Tool Help

< Settings
Motion
End Effector
Tcp
/0
Safety
Mounting
(9 Timed Tasks
Coordinate System
Advanced

Advanced Parameter

Assistive Features

Advanced Tools

System

[Orientation

IP: 192.168.1.240 Real Robot

Orientation Control

Quick Copy

Run Package Blockly Project

Quick access switch

Quick Access

Control)

®STOP

Axis-angle © R/PY

xArm 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.
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[Quick Copy]

® After turning on this button, the TCP coordinates and joint angle
values of the xArm can be copied on the real-time control interface.
[Run Package Blockly Project]

® Run Package Blockly Project can avoid the Blockly program from

being affected by the network communication between the client and

the control box during the running process, which improves the

running speed of the program.

Note: After turning on this button, the Blockly program will not be

interrupted after closing the client terminal and will continue to

run, so please do a security assessment before using this function.

[Quick access button)
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Quick Setting

Attitude Step O 1 :

Toint Acceleration O 500 a2

Thack Sensitivity ) 5

Collision Sensitivity O 3

Y

Safety Boundary

L

(] @ After opening this button, the [Quick setting]
interface will pop up. In this interface, you can quickly adjust
the value of each parameter.

[Quick access switch]

® After enabling quick access, you can quickly adjust parameters
through the [Quick access button) in any interface of UFactory
studio.

[Quick access]

® You can select the parameters you want to access quickly, and the

selected parameters will be displayed on the quick setting

interface.
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1.4.9.3. Advanced Tools

@ xAm Studio - ] X
Window Language Tool Help

< Seftings © Real Robot (@)]

" Motion

e

End Effector

)

| LG_J

) 1/0
PID Parameters Settings Friction Identification Advanced Logic
lv) Safety
" Mounting
Coordinate System —_0— ‘ I
> |
—0
Advanced
Advanced Parameter Joint Tools Configuration File Change Password

Assistive Features

Advanced Tools

.
@@ System

PID Parameters Settings

@ x4rm Studic - O X
Window Language Tool Help

< Settings © Real Robot O S T O P

"= Motion < Go Back

% End Effector

", TCP
i PID parameter PID-PARAMETERS-1
PID-PARAMETERS-1
lv) Safety
PID-PARAMETERS-2
4 Mounting :

Coordinate System
= Advanced

Advanced Parameter

Assistive Features

Advanced Tools

.
& System
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Steps for changing PID parameter:

1. Select PID-PARAMETERS-1 (or PID-PARAMETERS-2).

2. Then click [Save].

In the following cases, the PID parameters cannot be modified:

1. If the robotic arm is not enabled, the PID parameters cannot be

modified.

2. If an error warning occurs on the robotic arm, the PID parameters

cannot be modified.
3. When the robotic arm is moving, PID parameters cannot be modified.

The following situation can be improved by modifying the PID

parameter:
1. If the robotic arm shakes heavily executing motions with payload.
Note:

1. Changing The PID parameter can only be performed if UFACTORY
technical support recommends changing the PID parameters. (contact

technical support: support@ufactory.cc)

2. After changing the PID parameters, it may cause the robotic arm
to shake or increase safety risk. Please be sure to perform a safety

assessment after changing the PID parameter.
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Friction Identification

@ xarm Studio — u] X
Window Language Tool Help

< Settings © Real Robot O S T 0 P
"= Motion { Go Back
% End Effector

A TCP

o) 1jo
lv) Safety Please input the SN of the xArm robot, click "Start

identification” to start friction identification.

" Mounting

X1120010191B03

- Coordinate System
5= Advanced

Advanced Parameter

Assistive Features

Advanced Tools

.
@ System

Tips

xArm needs to do friction identification only in one
or more of the following situations:

(1) When you click the "Manual Mode", xArm Studio prompts
"“There is no friction data. Please refer to the user manual
for friction identification."

(2) The bound controller of the xArm robot is replaced.

(3) The UFACTORY technicians recommend you to do
friction identification.

Before friction identification, you need to ensure all
the following conditions are met:

(1) No workpiece or end effector is installed at the end of

the robot arm. -

| have read and understand all the above information.

When the robotic arm needs friction identification, please input the
SN of the robotic arm base for friction identification.
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The following situation can be improved by modifying the friction

identification:

1. If manual mode or collision detection performance is far from

satisfying.

Note: Before friction identification, please read the software tips
carefully and strictly follow the software guidelines for friction

identification.

Advanced Logic

@ xAm Studio

o ox
Window Language Tool Help
< Settings © Real Robot C\ STOP
Motion < Go Back
End Effector
Clear the 10 output when the robot is stopped
TCcp
Controller Digital Qutput(CO0~COT) {
o Tool Digital Output(TOO/TOL) ¢
Safety
Mounting
Coandingte Jystem Collision Rebound {
Advanced
favanced Parameter Self Collision Check [

Assistive Features

2

System

Clear the I0 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
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® Vhen 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.

Self-collision detection

® VWhen the mode is turned on, it will prevent the xArm from causing

self-collision.
Joint Tools

1. Joint Status

@ xArm Studio - O X

Window Language Tool Help

< Seftings © Real Robot O S T 0 P

Motion < Go Back

End Effector
Voltage (V) Current (A)

Tcp

J1 24.03V J1 0.07 A
1/0
24V 2 =& 28TA

J2
Safety

Mounting J3 2416V 3 e 151A

Coordinate System J4 238V J4 003A

Advanced 15 2401V J5 0.38A

Advanced Parameter

J6 2402V J6 01A

Assistive Features

.
System

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 arm is: [0, 35A]
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Note: When using the above functions, the joint firmware version=

2.7.0.

2. Unlock Joints

@ xArm Studio - O X

Window Language Tool Help

< Seftings © Real Robot O STOP

Motion < Go Back

End Effector

n @ 2 @ B @ N o @

TP
15 @ 15 (@
I/0
Safety
Mounting
Coordinate System
Advanced
Advanced Parameter

Assistive Features

System.
Q.
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.
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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 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 damage the robotic arm and
surrounding equipment.

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

robot joint and damage the internal
structure of the robotic arm.
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3. Joint Debug

@ A Studio - O X
Window Language Tool Help
< Seftings @ Real Robot O S T 0 P
: Motion < Go Back
» End Effector Common instructions
T T
cpP
o ) Log
Safety
Mounting
() Timed Tasks
#
Coordinate System
Advanced
o~ =

Advanced Parameter

Assistive Features

Advanced Tools

System

@

The user can obtain the following information of the robotic arm by
clicking the corresponding button: communication status, joint status,
and PID parameters. And you can clear the multi—turn error of the
robotic arm and modify the speed threshold of the robotic arm.

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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Configuration File

@ xAm Studio - o X
Window Language Tool Help

< Settings © Real Robot O S T O P

Motion < Go Back
End Effector

Export the parameters of the robotic arm as a configuration file.
ce
110

Import the configuration file containing the robot arm parameters,
Saf
afety Warning:

Import the configuration file will overwrite the current robot arm

Mounting parameters. Due to the change of the robot arm parameters, please be sure

to perform the safety assessment again

Ceordinate System

Advanced
Warning:

Factory Reset

Advanced Parameter Due to the change of the robot arm parameters after the factory reset,

please be sure to perform the safety assessment again

Assistive Features
Note:

Advanced Tools Factoryf reset will not delete the project files of Blockly, Python IDE andr
Recording, nor will it delete the TCP Payload, TCP Offset and the Coordinate

. System parameters.
System

&

1. Click the [Export Configuration]) 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, I0 settings, safety
boundary, 1installation methods, coordinate systems, and advanced

parameters.

2. Click the [ Import Configuration ] button to import the

configuration file containing the parameters of the robotic arm.

3. Click the [ Factory Reset ] button, and the robotic arm will

restore the factory settings mode.

Note:

(1) When multiple robotic arms need to share a set of configuration

parameters, click the [ Export Configuration] button to export the
109



configuration file of a robotic arm that has been set. Then click the
[ Import Configuration]) 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.

Change Password

@ xAm Studio - ] X

Window Language Tool Help

=

< Settings © Real Robot

(

Motion { GoBack

End Effector
Username:

TCP

I/0 0Old Password:

Safety

New Password!
Mounting

Coordinate System

Confirm Password:

Advanced

Advanced Parameter
Change Password

Assistive Features

Advanced Tools .

.
System
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The user password of the Advanced Tools can be modified in the page

shown above.

Note: Please keep the new password properly. If the password is lost,

you will need to contact UFACTORY to reset the password.

1.4.10 System Settings

System Settings mainly include Check Update, System Information,

Network Settings, and Log.
Check Update

® Software updates for UFactory studio, and firmware updates for

the robotic arm.
System Information

® Display the IP address of the connected robotic arm, the firmware
version of the arm, and the UFactory studio software version.

Network Settings

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

added.

Log

® Display or download the error log of the robotic arm.
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1.4.10.1 System Information

Robotic Arm
Robotic Arm Model XArme
Robotic Arm Hardware Version X11203
Robot SN X1120307201B60

Control Box

IP Address 192.168.1.216
Control Box Firmware Version 1.7.0
xArm Studio Version 170

On the page of System Information, the control box 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.

Control Box shutdown / Reboot:

Do you want to turn off the controller? Do you want to restart the controller?

Restarting the controller will not cut off the power of
the robotic arm. It is recommended to cut off the
power of the robotic arm through the Emergency

Stop Button before restarting the controller.

Turning off the controller will not cut off the power of
the robotic arm. It is recommended to turn off the
power of the robotic arm through the Emergency
Stop Button before turning off the controller.
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Access to Control Box Shutdown

® Access to [Settings]—[System Settings]—[System Information]

Shutdown / Reboot

The control box 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 control box will shut
down. This operation is equivalent to long pressing the Power
button of the control box, and the shutdown process takes 2 to 3

seconds.

[Reboot]

® Click this button, the control box of the robotic arm 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 [xArm shutdown] and [ xArm Reboot] buttons do not affect
the main power supply of the control box and the power supply

of the robotic arm.
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1.4.10.2 Software / Firmware Update

@ xArm Studio - o X

Window Language Tool Help
< Sefttings IP: 1921681216 Real Robot ® Stop O STOP

End Effector

Check update

TCP

Software
/o } Version Number 170 Release Time 2021-06-23
Safety v xArmStudio process manager 1.2.0
xArmStudio service program 1.7.0
Mounting Web Python IDE support program 1.2.0

*Please stop running the robot and move the robot arm to a safe position before upgrading.
“Please do not disconnect the network of the xArm controller during the upgrade process.
1. The built-in xArm-Python-SDK is updated to V1.7.0

(O Timed Tasks

Coordinate System
Firmware

Advanced - Version Number 17.0 Release Time 2021-06-23

System . *Please stop running the robot and move the robot arm to a safe position before upgrading.
*Please do not disconnect the network of the xArm controller during the upgrade process.

System Info 1. Add deceleration stop method for Live Control of xArm Studio.

2. Add a method to limit TCP speed of joint motion for Live Control of xArm Studio.
Check Update 3. Cl supports the configuration of the” Reduced Mode “, CO supports the configuration of the” Emergency Stop is
Pressed .
Network 4 Add tha featira af? Claar tha I0 antnnt when tha rhat ic ctannad  “fartha 1200 cantral hay

Log -

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

control box can communicate with external internet.

Click this button to check whether the control box is

connected to the Internet.

Note:

Note: For detailed steps on updating UFactory studio and xArm

firmware, please refer to Appendix 4-xArm Software/Firmware Update

Method.
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1.4.10.3 Network Settings

@ xarm Studio — O X
Window Language Tool Help

< Settings © Real Robo O S T 0 P

Motion

End Effector
NetWork

Tce 1P Address: 192.168.1.183
170 Netmask: 255.255.255.0
Safety BroasCast: 192.168.1.255

Routes: 192.168.1.1

DNS ==

DNS1: 192.168 1.1

Mounting

Coordinate System

Advanced

®

DNS2: 8888

System
System Info

Check Update

Log

The IP address, subnet mask, broadcast address, and default gateway
of the control box of the robotic arm are displayed on this page. You

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

115



D GND| [ GND| [ 24v ]| [ 24v

) ]
! nlliiie

@\

Cl1 DIl co1 DO1
Cci2 DI2 co2 D02
Cci3 DI3 co3 DO3
GND GND 24V 24v
Cl4 Dl4 co4 D04
Cl5 DI5S Ccos DO5
Clé DI6 Cco6 DO6
cI7 DIT7 co7 DO7

T T
Safety |0 RIO and GND connection cable

3. Turn on the power of the control box. After hearing the sound of
“"beep”, it means that the IP address of the control box 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

control box to start up (60 seconds).

5. Enter 192.168.1.111 in the UFactory studio search box, connect the

robotic arm.

@ xArmStudio - O X

Window Language Tool Help

xArm Studio
1921681135

6. If you need to modify the IP, just modify the IP in [Settings] —
[System Settings] — [Network Settings]. (For example: the modified
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IP is 192.

@ xAm Studio
Window Language Tool Help

< Settings

% End Effector
. TCP

o) 1o

») Safety

% Mounting

(Q) Timed Tasks
- Coordinate System
Advanced

@ System
System Info
Check Update

Network

Log

7. Restart the control box,

studio search box, and connect the robotic arm.

@ xArmStudio
Window Language Tool Help

168.1.135)

© Real Robot
NetWork
1P Address: 192 168.1.135
Netmask: 255.255.255.0
BroasCast: 192.168.1.255
Routes: 192.168.1.1
DNS
DNS1: 192.168.1.1
DNS2: 8.888

enter your modified IP in the UFactory

xArm Studio

1921681139
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Note:

1. If you need to reset the IP, the xArm firmware version must be =
V1.5.0.

2. 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 RIO and GND.
1.4.10.4 Log

The error log of the control box, servo error log and end effector
error log can be checked.

Click the [Download] button to download the error log.

@ xArm Studio - O X
Window Language Tool Help

< Settings © Real Robot O S T O P

End Effector
Servo Error Controller Error End-effector Error
e . -
Time Error_Code Error_Content
2021-03-25
1/0 e G c22 Self-collision Error
2021-03-25 fi
16:16:16 c22 Self-collision Error
Safe 2021-03-25 :
L 14:57:45 cis Gripper Communication Error
202_170,3725 C19 Gripper Communication Error
Mounting 14:19:31
2021-03-25 %
14:19:20 Ci1s Gripper Communication Error
= 2021-03-25 N
(Q Timed Tasks 14:19:18 Cc1s Gripper Communication Error
2021-03-25 c1 The Emergency Stop Button on the Control Box is
11:19:21 pushed in to stop.
Coordinate System 2021-03-25 e
11:04:20 c24 Speed Exceeds Limit
2021-03-25 ~
Advanced 11:04:08 c24 Speed Exceeds Limit
2021-03-25 o i
10:56:30 c24 Speed Exceeds Limit
System 2021-03-25
¥ 10:56:20 C24 Speed Exceeds Limit
2021-03-25 s
e c24 Speed Exceeds Limit
System Info zégfgfis
10:55:47 c24 Speed Exceeds Limit
Check Update 2021-03-25
10-55:34 c2a Speed Exceeds Limit L
Network

u.
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1.5 Live Control

@ xAm Studio - O X
Window language Tool Help
o m— ®STOP
Q
&
©]
b a X 384
v
MANUAL MODE 2 BT
OFF 5 \ 4 =N 5 -

v
Real Robot - =a 956 =[Ff
Je

-484 = +
Simulation Robot

& positi Base Coordinate
osition
4342 mm
Z+
3444 mm
2517 mm
Speed ‘ .
Attitude
Roll: -177.4 *
Pitch: 26 ° XArm Bio Gripper
Yaw: 87.1 °
2
e EECE ==
COORDINATE

1.5.1 Status Bar

ZERO POSITION INITIAL POSITION

= =

o]

The “unconnected robotic arm” indicates that the robotic arm is not
connected. Please reconnect the robotic arm on the homepage. If it is
not connected, please check if the robotic arm is normally turned on

and check if the network connection is normal.

© Simulate Robot

The “Simulate Robot” indicates that the robotic arm is connected
and is currently in simulation mode. In this mode only, the joint
motion of the simulated robotic arm can be controlled by the live

control panel.

& BReal Robot
The “Real Robot” indicates that the robotic arm is connected. It is
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currently a real robotic arm, and all control functions on the live

control panel are available.

1.5.2 Emergency Stop

®STOP

Click on 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
thence the posture of the robotic arm will slightly brake and

fall.

1.5.3 Real Robot/ Simulation Robot

[Real Robot]

® [t can control the motion of the real robotic arm in the interface
of UFactory studio, and the virtual robotic arm will reflect the
position and posture of the real robotic arm in real-time.
[Simulation Robot]

® [t can control the motion of the virtual robotic arm in the
interface of UFactory studio.
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Note: A robotic arm can only be in one mode (Real Robot

Mode/Simulation Robot Mode).

f"‘\
[~ ] : Tt can reload the entire software control interface and
refresh the model posture.

1.5.4 Manual Mode

By turning on the Manual Mode, the joint can be driven 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 set in [Settings) — [Motion Settings]) -
[Teach sensitivity] .

Note:

1. Before opening the manual mode, you must ensure that the
installation method of the robotic arm and the payload setting
of the robotic arm are consistent with the actual situation,
otherwise it will be dangerous.

2. The serial number of robotic arm and the control box need
to be matched before Manual Mode can be turned on. The SN of
the control box can be checked in [Settings) — [System
Information] .

3. The SN address of the robotic arm can be checked next to

the power signal interface of the base.

1.5.5 Joint Motion

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

EI—]

J X 384

J2 246

J3 Yy -765 =
J4 y -0.3

J5 = 55.6

Js Y -484 -

Sl

clicking this button.

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

h J ..
The progress bar represents the range of joints, the

text represents the current joint and its degree.

Operation mode:

Click [+) or [-] for the step angles, users can set the step angle
in [Settings)] - [Motion Settings)] - [Joint Motion)] - [Joint
Step 1.

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:
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1.5.6 Linear Motion

1.5.6.1 Introduction

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, in the unit of 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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1.5.6.2 TCP Coordinate System

\__/
—

o o] 'Y X
z
7&‘,,:[:_ -
Y X
A: Base coordinate system B: Tool

coordinate system

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 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
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the inserted point and A should be smaller than a.

90°
A
/ ar ’-\\\
+180° | ¥ | ./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 (y, B, a) =RZ (a) « RY (B) * RX (y)

A: Base coordinates B: TCP coordinates(If no offset)
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1. You must check the TCP offset before
recording the Cartesian position.

DANGER

1.5.7 Operation Mode

1.5.7.1 xArm 6 (xArm 7) Operation Interface

Base Coordinate
@] Position

X 4342 mm
Z+
Y: 3444 mm

Z 25170 mm
Attitude
Roll: -177.4 ©
Pitce 26 °
Yaw: 87.1 ° llHI' llil' Ea
Tool Coordinate
@ Position

X 4342 mm
Z+
Y. 3444 mm

L 2517 mm
Attitude
Roll: -177.4 °
Pitch: 26 °
Yaw: 87.1 ° llll' llHIl
—
——
SWITCH
COORDINATE

® [t can switch the control functions between the base coordinate
system and the tool coordinate system.

[Position/Attitude Real-time Display]

® X / Y / 7 represents the coordinates of the tool center point (TCP)

position of the robotic arm under the base coordinate offset.
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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
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 Settings)] -
[Line Motion] - [Attitude Step)] on the homepage.

Note: When the real-time control base coordinate system/tool
coordinate system is switched, if the coordinate system offset is not
[0,0,0,0,0,0], the “user coordinate system” will be displayed, as
shown in the figure below.

g User Coordinate
Position

S
Y: 69.1 mm
Z: -17T7.7 mm
Orientation
Roll: 126.1 °
Pitch: -14 °
Yaw: 1137 ° ' u '
A
—
SWITCH
COORDINATE
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1.5.7.2 xArm 5 Operation Interface

Base Coordin
@ Position a o ate

X 300 mm
Z- rar
Y 0 mm

Z 1243 mm
Attitude
Roll: 180 °
Aligning the Hand
Pitch: 0 °
Yaw: 0 ° ' '
—
—
SWITCH
COORDINATE
Tool Coordinate
@ Position
X 300 mm
I+
Y 0 mm
£ 1243 mm
Attitude
Rol 180 °
Aligning the Hand
Pitth 0 ° S
Yaw: 0 ° '
A
—]
SWITCH
COORDMNATE
[Aligning]

® After clicking this button, the tool flange will be adjusted to a
horizontal attitude, that is, pitch and roll will be adjusted to

the fixed values of 0 ° and 180 ° .

1.5.8 Zero Position, Initial Position

[ZERO POSITION]

® Indicates all joint angles values are zero.
Long press the button of Zero Position to return the robotic arm to
the posture of Zero Position.

User can click [Settings) — [Motion Settings) — [Initial Position]
on the homepage to set the Initial Position.

Click [ZERO POSITION] [INITIAL POSITION] for step motion, long press

them for continuous motion.
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If the end-effector is installed in the robotic
arm, make sure to assess whether the robotic arm
DANGER will hit the obstacles or the fixed surface of the

robotic arm when it returns to the zero pose.

The robotic arm should be back to the zero pose
before packaging.

CAUTION

1.5.9 Speed Setting

It is used to adjust the motion speed of the live control interface
of xArm. (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 range is 1° /s =~ 180° /s. When the robotic arm is in operation,
the actual 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 lmm/s to 1000mm/s. The actual
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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.

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.

1.6.1 Interface Overview

@ xAm Studio - ] *
Window Language Tool Help
< AppEditor © Real Robot ® STOP
Blockly Python IDE = My Projects — /bio_test
Setting Title Operate -'2
Bm UF_APPS
Motion
Bm USER_APPS
GPIO Bm CX_TEST 0L @
End Effector =0 . : . o o
move (arc) fne. X T ¥ [E[T) 2 (73 Rob (173 Piich (ST Yaw BT Rodus 1 Woi [ITXM  move | cdi | ®
Application
Posel | cartesion X EETD Y BT Z (73 Rob ETA Pich BT Yaw BT} move | cat |
Logic = = — —
'Pose2 || cariesion X [EIN) ¥ B0 Z (23 Roll ETE Pich (1) Yaw BTN move | cdit | 5
Loop
Math

I Advance

2 Import Project =+ Download Project l“ ® i
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®

(Ei]] Click to create a new folder.

=
®

hon IDE
(] Can be converted to Python code and can be used in

the xArm—Python-SDK library.

[My Project— “xxx” 1 Click to expand to display all created items,
the currently open item “xxx” is displayed when
it folds.

[ Import Project) Click to import the Blockly project from the local
drive.

[Download Al11]) Click to download all projects.

[ 6 ] Click this button, and the 3D simulation model of the
robotic arm in the real-time control interface will pop up (as shown
in the figure below). When running the program, you can observe the

motion posture of the robotic arm in real time.

@ xAm Studio — u] X
Window Language Tool Help

< AppEditor © Real Robot O STOP

Setting @ ‘i
i

Motion
GPIO » ®
End Effector

o)
Application
Logic E]
Loop
Math v

I Advance
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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.

1.6.2 Blockly Workspace

@ xAm Studio - O X
Window Language Tool Help

< AppEditor © Real Robot O S T 0 P

Setting i
Motion
GPIO ®
End Effector  » ‘coumter reset

T @
Application = Pl times
Logic % ry o

move jont 1 () J2 EEZE U3 EE U4 GEEED 35 () Radess §1) Wal (Z7X0 move | eat | B

Loop movejoint 1 [0} 42 0 J3 ETE) J4 5 45 () Racius 10 Wer EE88 move | eat |
i ’ move ot 1 EEY 2 ETE 4 EEEFD 4 () 45 EE7ED Rk G Vit (738 rove | e | ®

move jomt 1 ETED 42 10 3 7D 34 EF0 95 B Raous 610 et (Z7EEM. move | ean |
move jont. J1 E2E3 2 G150 43 1400 94 (LK) 95 B Radus 600 Wt (ESB8) move | et |

I Advance v

(O
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.

[ ] 7Zoom out on the code block.
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1.6.2.1 The Right Click Mouse Event in the Workspace

set angle acceleration: gilelooll °/s*
o Undo

set angle speed: ﬂ °/s
set acceleration: jllselelell mm/s? ar Blocks
set speed: m mm/s Collapse Blocks
move joint J1 &) J2 EFE) J3 B8 94 B8 Js (3 6 T andlE =

| Delete 22 Blocks
repeat n times

do | move (arc) line X Y Z {EE) Roll §EF) Pitch Yaw Radius o) Wait EE[SE8 move |  edit |
move (arc) line X Y Z [BZE) Roll §ER) pitch {15 Yaw Radius [[¢) Wait move edit
move (arc) line X A4 100.9 P4 678.9 [RLIN 162.2 Raitey] Yaw Radius &) Wait move |
| L

edit |

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 30 Blocks]) : Delete all code blocks.

1.6.2.2 The Right Click Mouse Event of the Code Block

Duplicate
Add Comment

External Inputs

Collapse Block
Disable Block
Delete 2 Blocks

3 Js J6 Wait [ = move edit

do Fmove (arc) line X g1 Y Kk Z RLE) Roll §ER) Pitch B0 Yaw EZEJ Radius [5) Wait (EEES  move edit
move (arc) line X YERz Roll 21701 -0.5 RE Radius (3} wait move edit |
WAIE UGN 80 325.4 Bl 100.9 4 678.9 B20l(N 162.2 fite)) Yaw [EEFE) Radius (&) Wait (EE3K
==

move | edit

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

[Duplicate] : Copy all code blocks of the current workspace,
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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 symbol. Click to open/close
the description pop—up window, as shown in the

following figure.

test

[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 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.

[Help) : Jump to the Help Page of the corresponding code block.

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.

134



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, zero point, and emergency

stop.
Application: You can import Blockly other projects.
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
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Motion

GPIO b

End Effector [

T T
Appiiction set joint acceleration: e °/s*
Logic set tcp load [Nl Weight I X R YD z @
Loop
set tcp offset X [ ¥ £ Z [2) Roll [ Pitch 2] Yaw (&)
Math
set coordinate system offset X 2 ¥ ) z & roll [&) pitch (&) vaw (2]
I Advance »
counter reset
‘counter plus

[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/s”

[Set joint speed () ° /s)

® Sct the speed of joint movement in ° /s.

[Set joint acceleration () ° /s?]

® Set the acceleration of joint motion in ° /s®. The default speed
and acceleration values in the code block are the speed and
acceleration values set currently, which can be modified manually.
[Set tep load () weight () XYZ])

® Set the load of the current project, refer Settings—TCP Payload
from the drop—down list.

[Set tcp offset () XY ZR P Y]

® Sct the end offset of the current project, reference Settings—TCP

Offset from the drop—down list.
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[Set world offset () X Y Z Roll Pitch Yaw]

® Sct 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]

® Fach 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

Setting

GPIO ’

emergency stoj
End Effector »
Application

Logic

move joint J1 [0 92 [ J3 [ J4 £ 45 [ Radius BB Wait T7EB move | edt
Loop
Math M move (arc) ine X EXIEES Y [ Z EERER) Roll [ Pitch [E) Yaw () Radius EB wait {iTEED

move tool ine X [} Y ) Z [ Ron 3 Pitch ([ Yaw [ wait

move circie
Posel | caesian X BOEED Y [0 Z BETEH Roll [ Pitch ) Yaw B} move | edit |
Pose2 | cafesian X E0EEA Y 60 Z EET0E Roll [ Pitch [ Yaw B move

Center angle(”) |
Wait

move joint [variable] 1 ‘mﬂ a2 @J 53 :[E)J 4 “ﬁ] 35 m] Radius ﬁ_!, 8 true - |

move (arc) line [variable] X @TE\ Y .ﬂi 7 @:‘ Roll f] Pilch ’m] Yaw \ﬂ]l Radius | Wit (TEED

[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
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motion. It is used to buffer more motion commands for successful

continuous motion 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 J1O) J20 J3 O J40O J50 J6(O J7(0) Radius()

Wait (true/false) , [move] , [edit]]

® Set each joint value for the joint movement, with the unit of

degree.
[move (arc) line X() YOZ( 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 J
® Indicates that the robotic arm makes relative linear motion
forward/backward/left/right based on the current position, in mm
[move tool line X() YOZ( Roll() Pitch() Yaw() Radius()
Wait (true/false) ]

® 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 positionl and positon2, “center angle” specifies how

much of the circle to execute.
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[center angle (° ) O ]

® 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] J1O J20 J3 O J40 J50 J6O J70
Wait (true/false) ]

® The command passes through the joint motion and supports variable
values.

[move (arc) line [variable] X() YO Z(O Roll() Pitch() Yaw()

Radius () Wait (true/false) ]

® The command passes through the Cartesian motion and supports

variable values.

1.6.6 GPIO (Control Box and End tool interface)

get Gl

B T o -

=S
Hl
] [

set DO (KN to (BTN set

g

z -

= =

B

i B
4

set AO BB to
when X= ENES Y= [ 7= EEED tolerance= [i) set Co G to (ETED

when X= EIEEED Y= ([} Z= EELED tolerance= (1) set DO [CIEM to
set tool digital 10 [T to set

when X= EIED Y= [ 7= EEE tolerance= [} set AC [OEM to @

Poistion Trigger

o

vent

when X= =0 z= tolerance= (i) set tool digital 10 [EIEH to

when Cl G is CIEEES do

Event
when DI CED is GIEEED do when tool digital 10 [EIE is ([EIEEEM do
when Al [EB EEB @ do when tool analog 10 [[ES EES [ do

The 10 interface is made up of a control box interface and an end

tool interface, which can be used to acquire, set, and monitor 10
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interface operations. The control box 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.

[get 1/0 ]

® Acquire the I/0 interface data of the code block.
[set 1/0 1

® Sect the I/0 interface of the code block, click [Set] to run the

command.
[set 1/0 when (X, Y, Z, tolerance) ]

® Vhen 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 I0 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 1/0 is (High/Low) do ]

® Fxecutes the commands contained in this code block when the

condition is met.
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[ when the analog I0 value satisfies the set condition do]

® Vhen the monitored analog 10 value meets the condition, the
commands contained in the code block will be executed, and the

condition are =, #, >, =, {, <.
I0 trigger logic of UFactory studio:

1. UFactory studio obtains the I0 state every 100ms, and uses the IO

state value obtained for the first time as the initial value.

2. Compare the I0 state obtained the second time with the I0 state
obtained last time. If the IO state changes, a callback meeting the

condition is triggered.

1.6.7 End Effector

xhrm Gripper

set xarm gripper  Pos Speed ETI) wait EiTR8 | move edit
BIO Gripper

initialize bio gripper set

set bio gnpper [E=IEM Speed EITR Wait RS set

object is picked by bio gripper  timeout [E)

Robotiq Gripper

inftialize robotiq gripper set

set robotiq gripper  Pos L)) Speed Force Gl Wait set
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get xanm vacuum gripper state

object is [N g timeout E3
set xarm vacuum gripper [8]NIEM) object detection TR set |

[set xarm gripper Pos () Speed () Wait (true / false) [move][edit]])
® Set the position and the opening and closing speed of the gripper.
[set bio gripper Speed () Wait (true / false) [move][edit]]

® Sct the opening and closing speed of the gripper.

[set robotiq gripper Pos () Speed () Wait (true / false) [move][edit]]
® Set the position of robotiq gripper, opening and closing speed,
and the strength of the gripping object.

[initialize gripper])
® Enable 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 xarm vacuum gripper statel
® 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 xarm vacuum gripper (ON/OFF) object detection (true/false)
[set]]
® Sct the vacuum gripper to be on and off.

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

picked.

1.6.8 Application

| Run Trajectory () Times n
| Application [

[Run Trajectory (path) Times [1] 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

Setting u 1

Motion

GPIO »

End Effector 2 @
L not N

Application

Loop

Math v

I Advance

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

® [f Condition 1 is true, then Command 1 will be run. Otherwise, it
will be skipped.
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The setting method of the if/else sentence:

1. Click the setting button E:ﬂon 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:

- B

L+

3. Click the setting buttonE;ﬂ, the selection box is retracted, if

/else sentence setting is completed, as shown below:
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1.6.10 Loop

Setting
Motion
GPIO »
repeat times
End Effector » e
do
Application
Logic
S0l while -
do
Math »
I Advance m
[ 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.

1.6.11 Math

round - i 3

areroaer o o

1.

=T -

o - amm
s A D

You can use the above code block to do some complex operations such
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as addition, subtraction, multiplication, and division, exponential
operations.

1.6.12 Text

Setting

Motion
GPIO ,

End Effector »

message type [IXM duration message

Application

string printing [
Logic
Loop variable printing 3 B ‘

Math

Advance -

Variable
Function
[remark]
® Remark the code block, which serves as an indicator and can change
the color.
[message typel
® 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
color.
[variable printing]
® Users can print the added variable and set the font and the color.

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

1.6.13 Variable

Create variable...
set to

change by i

[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]l

® Rename the variable.

[Delete variable]l

® Delete the variable.

1.6.14 Function

L1 do something |

)1 do something |

[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.
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[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

@ xAm Studio
Window Language Tool Help

< AppEditor © Real Robot O S T O P

Blockly Python IDE 4 My Projects — /XARM5_JOINT_JOINT

Setting
Motion
GPIO

End Effector »

Application

Logic = e ,
movejoint J1 [ 2 ETER 13 EXR J4 GHEED J5 () Radus E[) Wat (EK0  move | edt |

Loop move jont 1 (1) 12 G0} J3 EE) 4 () 35 () Radus K0) Wail B8 move | eqt |

it ’ movejont 1 £ 42 ETRD 43 BT M (XD 45 B acws 00 Wett TR oo | oot |

edit |

move joint 1 EECED 2 10 3 7 34 £ 35 5D Raows 610 Wt (58 move |
Advance

movejont. 1 E5) U2 £ 43 BT 4 (16 45 B0 Raus 60) Wat (E588 move | odi |

‘E; e B @ ® k “\ j

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.
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@ x4m Studic - ] b

© Real Robot O S T 0 P

Window Language Tool Help

@
+ n h 4 = 0
2 A 4 B o ‘
MANUAL MODE Cancel
3 4 0
OFF
Move
4 L 4 = 0
5 \ J = 0
Real Robot
3% X = 0
Simulated Robot
. Base Coordinate
Position
ZERO POSITION INITIAL POSITION

X 207 mm
z- Z+
Y 0 mm
)
Z 112 mm A4
Speed
Attitude ‘ ’
Rol: 180 °
Py - S G D ﬂ B i
xArm Vacuum Gripper
Yaw. 0 °
A -C m
’ “ it
SWITCH
COORDINATE

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

Click [Cancel)] to cancel the changes and close the pop—up window.

Note: In the command, there are sequential points such as 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 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.
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1.6.16 Path Planning Guidelines

e I[If the robotic arm 1is 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.

DANGER Be sure to do a safety assessment before moving

again to prevent collisions.

e VWhen 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-planned. For details, please refer to

CAUTION ”xArm Kinematics—Linear Motion”.

1.7 Python IDE

Python IDE is a Python development integration environment that can
directly use xArm—Python—SDK API and check the Blockly projects

converted into Python code.

BlocklyToPythoi

(E] Create a new project.

@] Create a new file.

[n] Create a new folder.

[E] Rename.

150




['] Delete the file.
[.] Run the file.

1.7.1 Create a New Project

Date

23/06/2020 03:48-14 PM

247062020 09:42:03 AM

On this page, all current project files are displayed, including

Blockly projects converted into Python code.

TI )
[ """ Y Import projects.

+ Expor .
[ PO Y Export projects.

i BlockiyToPython & 29/07/2019 02:23:49 PM

Display the current open project and the time it was created.

[-] Delete projects.

[Open]) Open the projects and display them in the edit box.

24062020 09:42:03 AM

, The project folder is

not available, please create a new project by yourself.

Control Box Command Caching Mechanism:
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The current control box 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.

1.8 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.

@ xArm Studic - O x
Window Language Tool Help
< Recording © Real Robx O STOP
parameter v My Projects i
. D Title Operate
Position 5 %
1 test K3
x 300 mm © L
y: 0 mm +
1243 mm
Attitude
roll: 180°
pitch: 0°
yaw: 0°
TCP Payload
o 0 mm
cy: 0 mm
. 13 mm
payload: 1.02kg
: 00:00
Playback Setting
Times: ..

— 1 o

Speed: Start Recording

2 Import Project 4 Download All
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[ ] Pop—up live control panel.

B

] Create a new recording file.

[sezeoes ] 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.

[g] Download the file.

[] Delete the file.
[ Import Project]) Import recorded trajectory.

[Download A11) Download all current files.
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2. xArm Motion Analysis

In this section, we mainly use Python / Blockly examples to explain a

few typical motions in the list below.

Motion Joint Linear Arc linear Circular xArm5 Motion
Motion Motion motion Motion

About Python—-SDK:

For all interfaces with is radian, the default value of is radian is

the value at the time of instantiation.
That is, the value of “ is radian” set when xArmAPI () is created.

Here are three examples to illustrate:

1. arm = xArmAPI( 192. 168.1.226’,)
2. arm = xArmAPI(’ 192. 168. 1. 226", is radian=False)
3. arm = xArmAPI(’ 192. 168. 1.226°, is radian=True)

When the xArmAPI() interface is created in method 1, the default value of is radian is False, the
unit is °
When the xArmAPI() interface is created in method 2, is radian = False, the unit is °

When the xArmAPI() interface is created in method 3, is radian = True, the unit is rad ;

About Blockly:

A1l units for angles use degrees (° ).
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2.1 Robotic Arm Motion Mode and State Analysis

2.1. 1 The Motion Mode of the Robotic Arm

Motions of the robotic arm: joint motion, linear motion, linear

circular motion, circular motion, servoj motion and servo cartesian

motion.

The following motions are in position mode (Please refer to [Robot

Movement & Status Analysis]) ):

The

Joint Motion: to achieve the point—to—point motion of joint space
(unit: degree/radian), the speed between each command is

discontinuous.

Linear Motion: to achieve linear motion between Cartesian
coordinates (unit: mm), the speed between each instruction is

discontinuous.

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.

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.

following motion modes are in servoj mode:

Servoj motion: move to the given joint position with the fastest
speed (180° /s) and acceleration (unit: degree/radian). This
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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

is 250 Hz (the maximum receiving frequency of the version before
1.4.0 is 100 Hz). If the frequency of sending commands exceeds
250Hz, the redundant commands will be lost. The xArm—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.

Servo cartesian motion: move to the given cartesian position with
the fastest speed (1 m/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
is 250 Hz (the maximum receiving frequency of the version before
1.4.0 is 100 Hz). If the frequency of sending commands exceeds
250 Hz, the redundant commands will be lost. The xArm—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
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interpolation at a certain frequency (preferably 100 Hz 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 30 Hz—250 Hz. If the frequency is
lower than 30 Hz, the motion of the robotic arm may be
discontinuous. Using this mode requires planning the fine
position of each axis and predicting the motion behavior of the

robotic arm, which is difficult to develop.

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.

2.1.2 Analysis of Robotic Arm Movement Mode

4 motion modes of the control box: (Python SDK: set mode ())

@® Mode 0: Position control mode.

In this mode,

the robotic arm can execute a series of motion

commands (joint motion, linear motion, circular motion, etc.)
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automatically planned by the control box, which is also the

mode that the control box enters by default after startup.
@® Mode 1: Servoj mode.

In this mode, the robotic arm can accept joint position
commands sent at a fixed high frequency like 100Hz (Note:
not a Cartesian commands). The robotic arm responds
immediately after receiving each command and executes at the
maximum speed. If the user can complete the planning of the
motion trajectory with smooth speed and acceleration and map
it to the joint space, the servoj mode can replace the
planning of the control box, and let xArm execute the user s
own or third-party (such as ROS Moveit) planning algorithm.
Do not use this mode if users cannot implement trajectory

planning and inverse kinematics by themselves.
® Mode 2: Joint teaching mode.

In this mode, the robotic arm will enter the zero gravity
mode, and 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 O.

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
® Mode 4: Joint velocity control mode.

@® Mode 5: Cartesian velocity control mode
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@® 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
@® lMode 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

2.1.3 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.
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Pause the currently executing motion and resume the motion

at the interruption by setting state 0 again.
@® State 4: Stop state.

Terminates the current motion and clears the cached
subsequent commands. Need to set state 0 to continue the

motion.
4 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 will terminate the ongoing movement of
the robotic arm and clear the cache commands, which is the

same as the STOP state.
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@® State 6: Stop.
Generally, use studio will generate state 6, and state 6 is

also a kind of stop.

2.2. Motion of the Robotic Arm

2.2.1. 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: °/s
set joint acceleration oJg2

repeat fﬂm times

9% | movejomt J1 042 €2 53 B3 44 ) 5 BED 56 ) Radius D Wait TR move | edit |
move joint J1 EI9 J2 €5 42 BE) J4 0 J5 EEX) J6 EEED Radius ED Wait R move | edit

move joint J1 EXED J2 €73 53 ETD 44 [ J5 E1D 46 B Radius ED Wait C88  move | edit |
| '

[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 joint JIO J20 J3 O J40 J50 J6O J70 ,Radius(O] :
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 control interface and adjust the coordinates

of the current point.
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The motion trajectory of the robotic arm in the above example is as

follows:

Python example:

arm. set_servo angle(angle=[0.0, 7.0, -71.2, 0.0, 0.0, 0.0], speed=8, mvacc=1145, wait=True)
arm. set_servo angle(angle=[0.0, 7.0, -51.2, 0.0, 0.0, 0.0], speed=8, mvacc=1145, wait=True)

arm. set_servo angle(angle=[0.0, 7.0, -91.2, 0.0, 0.0, 0.0], speed=8, mvacc=1145, wait=True)

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
joint ID, 1-7, None or 8 means all joints:
sorvo id a) 1- (Number of axes) Joint number of the robotic arm
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]
parameter is_radian = False)
angle Joint angle or list of joint angles (the unit of the
default joint angle is is radian = False, degrees (° ))
angle
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 unit is ° / s):
speed
Unit: if is radian = True, the unit is rad / s; 1if is radian =
False, the unit is ° / s;
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joint acceleration (default unit is ° / s%)

mvacc
Unit: if is_radian = True, the unit is rad / s’; if is radian =

False, the unit is ° / s*;

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 = 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: [Ei1) */s?

move joint J1 X3 42 €10 J3 BA) 4 [ 45 EEXD J6 EEED Radivs () Wait CTTR move | edit |
move joint J1 PXED J2 €73 J3 EX) 4 [0 J5 EIB J6 BX) Radius (1) Wait C28  move | edit |
e . |

do | movejoint J1 03 J2 B8 J3 B53 4 [ J5 EFED J6 [0 Radius G0 Wait (2588 move | edit |

The motion trajectory of the robotic arm in the above example is as
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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 a joint motion.

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 D,; and Dj.

(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.

A
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(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

o

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

C.

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.

2.2.2. Linear Motion and Arc Linear Motion

2.2.2.1. 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. Fach joint performs a more complex movement to
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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, 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:

movecarc)llne xv@z[ﬁgml-pnchmvameadmﬂwtm _move |

mwe(an:)nne b4 205 Rl 120 P4 1104 ;5110 180 fxitvid 0.5 BE1A O BiE0 15 -1 RWE 1 true -
rlme(arl:)llm X EE) Y §E1) Z Ei0EY Roll EEE) Pitch [R5 Yaw [E) Radius §) Wait fif:R@ 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/s”.

[move (arc) line X() YOZ( Roll() Pitch() Yaw() Radius()

Wait (true/false) [move]l [edit) 1 : 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.

Python example:

arm. set_tcp_jerk (2000)
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arm. set_position(x=205.0, y=100.0, z=110.4, roll=180.0, pitch=0.5, yaw=0.0, speed=100
radius=-1.0, wait=True)
arm. set_position(x=205.0, y=120.0, z=110.4, roll=180.0, pitch=0.5, yaw=0.0, speed=100
radius=-1.0, wait=True)
arm. set_position(x=205.0, y=140.0, z=110.4, roll=180.0, pitch=0.5, yaw=0.0, speed=100

radius=-1.0, wait=True)

arm. reset ()

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)
7 coordinate z, (unit: mm)
attitude roll (default unit is ° )
roll
Unit: if is radian = True, the unit is rad; if is radian =
False, the unit is ° ;
attitude pitch (default unit is ° ):
P t pitch c . o o
arameter Unit: if is radian = True, the unit is rad; if is radian =
False, the unit is °
attitude yaw (default unit is ° ):
yaw
Unit: if is radian = True, the unit is rad; if is radian =
False, the unit is ° );
radius radius: if it is a linear motion, radius <0 / radius = None;
if it is 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;
if wait = True, wait for the current commands to finish before
wait sending the next commands;
if wait = False, send the next commands directly;
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Note: If it is xArmb, roll and pitch must be set to roll = £ 180 ° and pitch =0 ° .

2.2.2.2. Arc Linear Motion

Characteristics of Arc Linear Motion:

Arc linear motion (Lineb), inserting arc transitions between two
straight lines, is a 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: When the xArm firmware version=1.6.0, 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: mm/s?

repeat ﬂﬂ' times

do | move (arc)line X (€I Y T Z §I Rotl EE1D Pitch (@ Yaw (D) Radius [ Wait CIEED  move | edit |

‘nﬁve(arc)ine b4 200 B -100 P& 300 NGTH 180 Nxiti® 0 RENE 0 [GELTTEN 5 RIETE false - (TS edit |
' move (arc)line X BT Y 7 €1 Roll Pitch (1) Yaw [ Radius © Wait Scll cdi |
L:me (arc)ine X ENE) Y EITD Z EL0D Roll EE0 Pitch 0 Yaw ) Radius & Wait move edit

Key parameter description
Radius = 5

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
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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 D,; and Dj.

(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.

A B

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.

(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
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the next command.

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

= false, to buffer the commands to be blended.

Python example:

arm. reset (wait=True)

arm. set_pause time (0. 5)

while True:

arm. set_position(x=400, y=-100, z=250, roll=180, pitch=0, yaw=0, radius=50, speed=200
wait=False)

arm. set_position(x=400, y=100, z=250, roll=180, pitch=0, yaw=0, radius=50, speed=200
wait=False)

arm. set position(x=300, y=0, z=250, roll=-180, pitch=0, yaw=0, radius=50, speed=200

wait=False)

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;

2.2.3. 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 not in a common line.

Set the center angle:
170




1. If 0< center angle (° ) <360 ° or center angle (° ) > 360 ° , the
motion path of the robotic arm is a circular arc of the

corresponding degree;

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

A\/_\B
\ 60° /
=

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

arm is 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:

remark
set TCP acceleration: ) mm/s*
e s

repeat m times

do | move joint 1[5 J2 B J3 (<] J4 ) U5 B2 96 [0) Wait (TRl move | edit |
move (arc) line X ER) ¥ [E) Z EEE) Roll [2) Pitch §2[3) Yaw 1) Radius B} Wait (88 move edit |

cartesian X £C0) Y 58] Z EX1) Roll [E5) Pitch ES) Yaw B} move |
cartesian X E50) Y E6) Z EL0) Roll (1) Pitch B56) Yaw B} move |

[move circle position 1 to position 2) : From current position, the
whole circle is determined by current
position and positionl and positonZ2,

“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;
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(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 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:

A

® [f the positions of point B and C are swapped, point B is (350, -
50, 400, 180, 0, 0), point C is (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:

A

Python example:

arm. set_servo angle (angle=[0.0, —-45.0, 0.0, 0.0, —-45.0, 0.0], speed=20, mvacc=500, wait=True)
arm. set_position(x[300.0, 0.0, 400.0, 0.0, -90.0, 180.0], speed=300, mvacc=2000, radius=-1.0

wait=True)
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move circle([350.0, 50.0, 400.0, 180.0, —90.0, 0.0], [350.0, —50.0, 400.0, 180.0, -90.0, 0.0],
1000. 0, speed=300, mvacc=2000, wait=True)

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:

Table 2.4 move circle description

move circle

Description This motion calculates the trajectory of a space circle based on three—
point coordinates. The three—point coordinates are (current starting point
pose 1, pose 2)

posel Cartesian coordinates
[x(mm), y(mm), z(mm), roll(rad or ° ), pitch(rad or ° ), yaw(rad
or ° )1;

pose2 Cartesian coordinates
[x(mm), y(mm), z(mm), roll(rad or ° ), pitch(rad or ° ), yaw(rad
or ° )1;

percent Percentage of arc moved

If is radian = True, the unit of roll / pitch / yaw is rad;

is radia
Parameter n 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;
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;

2.3. xArmb Motion Characteristics

® Cartesian space

The movement of xArmb is relatively special. Due to the
structural limitation, the actual flexible degrees of freedom of
linear and circular motions in Cartesian space is 4, which is [x,

y, z, yaw], similar to a SCARA manipulator with four degrees of
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freedom. Before starting Cartesian control, it is necessary to
ensure that the end flange surface of xArmb and the base are
completely parallel. If mounted on horizontal plane, the roll
and pitch should be [+ 180 degrees, 0 degrees], otherwise the

trajectory is likely to have no solution.
® Joint space

In joint space, the robotic arm has 5 degrees of freedom to
control and can switch to joint commands when different
orientations are required at the end. Then use the joint command
again to return the flange and the base to a horizontal attitude,
and you can switch back to Cartesian control. A quick way to set
a cartesian controllable attitude is: Just set the angle of J4

equal to—(J2 angle + J3 angle).

2.4. 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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Figure 2.1 xArm6 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

a) Switch the robot coordinate system to a joint
coordinate system, and pass the singularity point

through joint motion.
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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.

Note:

It is important to consider the cylindrical volume directly above and
directly below the base of the robotic arm when a mounting place for
the robotic arm is chosen. Moving the wrist joint(second last joint)
close to the cylindrical volume should be avoided if possible,
because it causes the joints to move fast even though the robotic arm
is moving slowly, causing the robot to work ineffificiently and

making it diffificult to conduct a risk assessment.
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3. Typical Examples

3.1. The Use of xArm Vacuum Gripper

The download address of the Blockly program:

The use of xArm vacuum gripper.blockly

set TCP accaleration: X mm/<"
set joint speact 3] °/s
et joint acceleration: [ °/=*
move (arc) line X EZ5E) ¥ (3 Z (2K Roll (5] Pitch [6) Yaw () Radius &) Weit T80 move | odit |
o s X FELYY Y (0} Z ECLEJ Roll [0) Pitch ¥ Yaw () Radius ) Wait (G080 move B oan |
set xarm vacuumn gripper (8l object detection [E15
(ol object is ST IEN timeout &
do (v ot NEZE) 12 BEL) 03 EEE 44 () 45 K30 36 ) Weit PR, move | et |
| move (arc) line X 3] ¥ EZZES Z X} Roil §11) Pitch BE) Yaw [E5) Radius B} Wit TR move | edit

set xarm vacuum gripper {8538 object detection [EERS = sot

move (arc) line X EX3E) Y 8 Z (K] Roll [25) Pitch [B) Yaw (2] Radius B) Wait (5788 move | edit |
| s |

sise [ move jomt J1 K] J2 EEE) JS EXK) 4 () J5 G130 J6 () Weit ET80 move
=5

The role of this program: execute this program to control the vacuum

gripper to suck the target object at the specified position, and then

place the target object at the target position.

Explanation of main commands:

[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.

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

[set]]) :

® Sct the vacuum gripper to be on and off.
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[object detection] = true: detect whether the object is sucked, if
not, it will jump out of the entire program.
[object detection] = false: do not detect whether the object is

sucked.

3.2. The Use of xArm Gripper

The download address of the Blockly program:

The use of xArm gripper.blockly

move (arc) line X E5E] ¥ R3] 2 (G143 Roll {iZ#} Pitch [1¥] Yaw ] Radius E) Wait (0758
set xarm gripper Pos [5:1) Speed EENI) Wait (788 move edit
move (arc) line X E5E) ¥ {EEE) Z EELE) Roll (EZF]) Pitch [£%) Yaw [Ej Radius §) Wait (TS

sot xarm gripper Pos L) Speed E0] Wait EiTE8 move edit

move (arc) line X L) Y (=) 7 (G Roll §1#3 Pitch [(F3 Yaw El Radius B} Wait {758
miove (arc) line X [EE] Y BSES 7 [EEE Roll §EF Pitch [ Yaw ) Radius ) Wait ET5
move (arc) line X 5[ Y EEIES Z £1FE) Roll [5E#) Pitch [5¥] Yaw [ Radius ) Wait T8RS
set xarm gripper Pos [E2E]) Speed E[[] Wait [RS8  move edit
move (arc) fine X EE] Y BES Z E22E) Roll (73 Pitch [ Yaw [E] Radius [E) Wait (75
set xarm gripper Pos EEI} Speed 1) Wait T8l move edit

The role of this program: execute this program to control the gripper
to grip the target object at the specified position, and then place

the target object at the target position.

3.3. The Use of the Digital I0

The download address of the Blockly program:

The use of the digital 10.blockly
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set TCP speed: Eﬁ) mm/s

when CI Is m do repeat ﬂ times

do (Line
— g

when Ci1 BB is (F8]78 do | set TCP acceleration: [Eeel) mm/s* [
set TCP speed: §3[¢[¢) mm/s
set luint SDEEdZ @ 9/5 . . . . . . . . . .
move joint J1 2 J3 Ja Js J& wait (Sl = move edit

move joint 11 [ J2 43 Ja J5 J6 Wait (588 move edit

move joint J1 [ER) J2 B3 J3 Ja J5. J6 wait [ 'CRll move edit

The role of this program: If you need to use digital I0 to control
the motion of the robotic arm, you can trigger the digital I0 to
perform the corresponding motion.

Note:

2. The defined function should be placed in front of the main
programs, as shown in the figure above.

3.4. Cyclic Motion Count

The download address of the Blockly program: Cyclic Motion
Count. blockly

Counter counts:

set TCP speed: mm/s
set TCP acceleration: Efe[e[e]] mm/s?

sleep n s

counter reset

forever

counter plus

move (arc) line X El) Y &) Z Roll Pitch [5) Yaw [&) Radius [5) Wait move | edit ||

move circle )
Posel | cartesian X ¥ z Roll pitch &) Yaw 8} move edit |

Pose2 | cartesian X Y z Roll Pitch ) Yaw ) move | edit

Center angle(®)
Wait

Cyclic motion count: By adding [Counter plus), each time the

command is run, the counter of the Control Box will be incremented by
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1. It can be used to calculate the number of times the program cycles.
[Counter reset] : This command resets the counter in the Control Box
to 0.

Variable ++ i class count:

1. wait = true

set TCP speed: mm/s

set TCP acceleration: mm/s?
set to | :E
repeat il times
do | change FlE3 by
variable printing
. s (arc) line X b'd 100 | Z Roll Pitch Yaw [} Radius [£) Wait move edit
move (arc) line X Y z Roll Pitch Yaw [} Radius [&) Wait — T
I move (arc) line X i rd 110.4 RGN 180 Jaid) Yaw (2} Radius [¢) Wait [f{-h@ move ' edit |

—_

When wait = true, the counting effect of the ++ i class and the

counter counting are consistent.

2. wait = false

set TCP speed: BEE) mm/s |
set TCP acceleration: flelsfel mm/s?

set [{ED to ¢ )

repeat n times

do | change by

variable printing

move (arc) line X ¥ z Roll Pitch Yaw () Radius (&) Wait (EIZE8 move | edit |
move (arc) line X Y Z {3 Roll Pitch Yaw [8) Radius (&) Wait [EE=B8 move edit |
move (arc) line X ERE) Y rd 110.4 L:5110 120 Rty Yaw [¢) Radius (5} Wait fEECR@ move edit

When wait = false, the ++ i class count and the count counter are
inconsistent. Because wait = false, the commands will be sent
continuously until the control box buffer is full (According to the
above example, the number of cycles of the robotic arm is 10 times.
When wait = false, the ++ i class count will take into account all
commands already sent to the robotic arm, regardless of whether the

robotic arm has completed 10 cycles.), the counter count is a count
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made by the firmware through position detection, and it is a count of

the actual number of cycles of the robotic arm.

Note: If the robotic arm needs to count the cyclic motion, it is

recommended to use the counter for counting.
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Appendix

Appendixl-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.

® xArm—Python—-SDK enable method: Refer to Error Handling Mode.

® xArm—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.

Software Error Code Error Handling

Joint Communication Error

50 Please restart the xArm with the Emergency Stop Button on the Control
Box. If multiple reboots do not work, please contact technical
support.
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S10

Abnormal Current Detection
Please restart the xArm with the Emergency Stop Button on the xArm
Control Box.

S11

Joint Overcurrent
Please restart the xArm with the Emergency Stop Button on the xArm
Control Box.

S12

Joint Overspeed
Please restart the xArm with the Emergency Stop Button on the xArm
Control Box.

S14

Position Command Overlimit
Please restart the xArm with the Emergency Stop Button on the xArm
Control Box.

S15

Joints Overheat

If the robot arm is running for a long time, please stop running and
restart the xArm after it cools down.

516

Encoder Initialization Error
Please ensure that no external force pushes the robot arm to move
when it’ s powered on. Please restart the xArm with the Emergency Stop
Button on the Control Box.

S17

Single—turn Encoder Error
Please restart the xArm with the Emergency Stop Button on the Control
Box.

S18

Multi—turn Encoder Error
Please click “Clear Error”, then push the power switch of the Control
Box to OFF, wait 5 seconds and then power on again.

S19

Low Battery Voltage
Please contact technical support.

520

Driver IC Hardware Error
Please re—enable the robot.

S21

Driver IC Initialization Error
Please restart the xArm with the Emergency Stop Button on the xArm
Control Box.

S22

Encoder Configuration Error
Please contact technical support.

523

Large Motor Position Deviation
Please check whether the xArm movement is blocked, whether the
payload exceeds the rated payload of xArm, and whether the
acceleration value is too large

526

Joint N Positive Overrun
Please check if the angle value of the joint N is too large.
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Joint N Negative Overrun
Please check if the angle value of the joint N is too large, if so
s27 please click Clear Error and manually unlock the joint and rotate the
joint to the allowed range of motion
Joint Commands Error
528 The xArm is not enabled, please click Enable Robot.
Drive Overloaded
S33 Please make sure the payload is within the rated load.
Motor Overload
534 Please make sure the payload is within the rated load.
Motor Type Error
§35 Please restart the xArm with the Emergency Stop Button on the xArm
Control Box.
Driver Type Error
336 Please restart the xArm with the Emergency Stop Button on the xArm
Control Box.
Joint Overvoltage
539 Please reduce the acceleration value in the Motion Settings.
Joint Undervoltage
5S40 Please reduce the acceleration value in the Motion Settings.
Please check if the control box emergency stop switch is released
EEPROM Read and Write Error
549 Please restart the xArm with the Emergency Stop Button on the xArm
Control Box.
Initialization of Motor Angle Error
S52 Please restart the xArm with the Emergency Stop Button on the xArm
Control Box.
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 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
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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 manually to allow normal operation. Please re-—

adjust the motion planning of the robotic arm according to the

reported error message.

Software Error Error Hand]_]'_ng
Code
The Emergency Stop Button on the Control Box is Pushed in to Stop
1 please release the Emergency Stop Button, and then click “Enable Robot”
The Emergency 10 of the Control Box is triggered
C2 Please ground the 2 EIs of the Control Box, and then click “Enable
Robot”.
The Emergency Stop Button of the Three-state Switch is pressed
C3 Please release the Emergency Stop Button of the Three—state Switch, and
then click ”“Enable Robot”.
Cl1-C17 Power on again
End Module Communication Error
C19 Please check whether gripper is installed and the baud rate setting is
correct.
Kinematic Error
€21 Please re-plan the path.
Self-collision Error, Please Re-plan the Path.
If the robotic arm continues to report self-collision errors, please go
C22 "y o ” ”
to the “live control” interface to turn on the “manual mode” and drag the
robotic arm back to the normal position
Joints Angle Exceed Limit
23 Please go to the “Live Control” page and press the “ZERO POSITION” button
to let the robot back to the zero position
Speed Exceeds Limit
€24 Please check if the xArm is at singularity point, or reduce the speed and
acceleration values.
Planning Error
€25 Please re-plan the path or reduce the speed.
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C26

Linux RT Error
Please contact technical support.

Cc27

Command Reply Error

Please retry, or restart the xArm 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.

C30

Feedback Speed Exceeds Limit
Please contact technical support.

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”
Imatches 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

C32

Three—point Drawing Circle Calculation Error

please reset the arc command

C33

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 xArm reaches the safety boundary. Please let the xArm 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 I0 delay
commands.

2. Increase the tolerance of the position detection command

C37

Abnormal Motion in Manual Mode

Please check whether the TCP payload setting of the robotic arm and the
installation method of the robotic arm match the actual settings.

C38

[Abnormal Joint Angle

Please stop the xArm by pressing the Emergency Stop Button on the Control
Box.
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Control Box Power Board Master and Slave IC Communication Error
C39 .
Please contact technical support.
Six—axis Force Torque Sensor Error
Please check the sensor error code, locate the problem, and power on
€50 again. If it cannot be resolved, please contact technical support.
Six—axis Force Torque Sensor Mode Setting Error
Please make sure that the robotic arm is not in Manual Mode, check
Col hether the given value of this command is 0/1/2
Six—axis Force Torque Sensor Zero Setting Error
Please check the sensor communication wiring and whether the power is
€52 normal.
Six—axis Force Torque Sensor Overload
C53 Please reduce the payload or applied external force
Robot Arm Base Board Communication Error.
C110 .
Please contact technical support.
Control Box External 485 Device Communication Error
Cl11 .
Please contact technical support.
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.

Error code Description Error Handling
11 Buffer overflow Control the volume of command cache
12 Command parameter abnormal Check sent command
13 Unknown Command Check sent command
14 Command no solution Check sent command
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1.3 Gripper Error Code & Error Handling

The user can re—-power on the robotic arm as an error handling, the

steps are as follows (all the following steps are needed):

1. Re—powering the robotic arm via the emergency stop button on the

control box.
2. Enable the robotic arm.

a. UFactory studio enable method: Click the guide button of the
error pop—up window or the ‘STOP’ red button in the upper

right corner.

b. xArm—Python—SDK enable method: Refer to Error Handling Method.

c. xArm ROS library:

ROS https://github. com/xArm—Developer/xarm ros

ROS2  https://github. com/xArm—Developer/xarm ros2

3. Re—enable the gripper.

If the problem remains unsolved after power on/off multiple times,

please contact UFACTORY team for support.

Software Error Code Error Handling
Gripper Current Detection Error
69 Please restart the xArm with the Emergency Stop Button on the xArm
Control Box.
Gripper Current Overlimit
G11 Please click “OK” to re—enable the Gripper.
Gripper Speed Overlimit
G12 Please click “OK” to re—enable the Gripper.
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Gripper Position Command Overlimit
Gl4 Please click “OK” to re—enable the Gripper.
Gripper EEPROM Read and Write Error
G15 Please click “OK” to re—enable the Gripper.
Gripper Driver IC Hardware Error
G20 Please click “OK” to re—enable the Gripper.
Gripper Driver IC Initialization Error
G21 Please click “OK” to re—enable the Gripper.
Gripper Large Motor Position Deviation
G23 Please check if the movement of the Gripper is blocked, if not, please
click “0OK” to re-enable the Gripper.
Gripper Command Over Software Limit
625 Please check if the gripper command is set beyond the software limit
Gripper Feedback Position Software Limit
G26 Please contact technical support.
Gripper Drive Overloaded
G33 Please contact technical support.
Gripper Motor Overload
G34 Please contact technical support.
Gripper Driver Type Error
G36 Please click “OK” to re—enable the Gripper.
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 support.

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.
xArm is not ready.
A-2 Please check whether the robot is enabled and the state is set
correctly
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xArm is disconnect or not connect.

A-1
Please check the network.
Al There are errors that have not been cleared.
Please clear the errors and try again.
A2 There are warnings that have not been cleared.
Please clear the warnings and try again.
A3 Get response timeout.
Please check the firmware version and the network.
A 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.
Please check the network.
A8 Send command error.
Please check the network.
xArm 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.
All Other error.
Please contact technical support.
Al2 Parameter error.
A20 Tool 10 ID error.
A22 The end tool Modbus baud rate is incorrect.
A23 The end tool Modbus reply length error.
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
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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 support.

xArm-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. Set the motion state: set state(0)
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Appendix2-Technical Specifications

1.1 xArm5/6/7 Common Specifications
xArm
X 700 mm
Cartesian Range Y 700 mm
Z -400 mm~951. 5 mm
Roll/Yaw/Pitch + 180 °
Maximum Joint Speed 180 ° /s
Reach 700 mm
Repeatability +0.1 mm
Max Speed of End-effector 1 m/s
*Ambient Temperature Range 0-50 ° Cx*

Power Consumption

Min 8.4 W, Typical 200 W, Max 500 W

Input Power Supply

24 V DC, 16.5 A

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 TCP
Footprint @ 126 mm
Materials Aluminium, Carbon Fiber

End Tool Flange

DIN IS0 9409-1-A50/63 (M5%6)

Control Box

AC Control Box DC Control Box

Input

100-240V AC 50/60 Hz 24V DC

Output

24V DC 20.8 A 24V DC  16.5 A

Control Box Communication Protocol

Private TCP

Control Box Communication Model

Ethernet

Control Box I/0 Interface

8*CI+8+DI (Digital In)

8#%CO+8*D0 (Digital Out)
8%CI(Digital In)
2%AI (Analog In) 8%CO(Digital Out)

2%A0 (Analog Out)
2%A1 (Analog In)

1%RS-485 Master 2%A0 (Analog Out)

1%RS-485 Slave

Weight

3.9 kg 2.6 kg
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Dimension (LWsH)

285%135%101 mm

262%160%75 mm

xArm accessories parameters:

Gripper

Nominal Supply Voltage 24V DC

Absolute Maximum Supply Voltage 28V DC
Quiescent Power (Minimum Power Consumption) 1.5 W
Peak Current 1.5 A

Working Range 84 mm

Maximum Clamping Force 30 N

Weight (g) 802 g
Communication Mode RS-485

Modbus TCP

Communication Protocol

Position, Speed

Programmable Gripping Parameters
Feedback Position
Vacuum Gripper

Rated Supply Voltage 24V DC
Absolute Maximum Supply Voltage 28V DC
Quiescent Current (mA) 30 mA

Peak Current (mA) 400 mA

Vacuum 78 %

Vacuum Flow (L/min) > 5.6 L/min
610 g

Weight (g)

Dimensions (L*WxH)

122.5 * 91.6 * 75 mm

Payload (kg) <5 kg
Noise Level (30cm away) < 60 dB
Communication Mode Digital IO
Power, Working State

State Indicator

Feedback

Air Pressure (Low or Normal)

Notes:

1. The ambient temperature of xArm is 0-50
high—speed operation is needed

° C, please reduce the temperature if continuous|

1.2 xArm 5 Specifications

1,5 +360°
Joint Range 2 ~118° 120
-225° “11°
4 -97° ~180°

Payload 3kg
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Degrees of Freedom

Weight (robotic arm only)

11.2 kg

Joint 5
Joint 4

Joint 3

Joint 2

Joint 1 =———

Robot Joints

N
N

z

112mm

AL

X

Robot Zero Attitude

Joint Rotating Direction

1.3 xArm 6 Specifications

1,4,6 +360°
Joint Range 2 18 T}ZOO
-225° 11°
5 -97° ~180°

Payload 5 kg

Degrees of Freedom 6

Repeatability +0.1 mm
Weight (robotic arm only) 12.2 kg
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Joint 6
Joint 5

Joint 4

Joint 1 =——

Robot Joints

\_
N

112mm

AL

X

Robot Zero Attitude

Joint Rotating Direction

1.4 xArm 7 Specifications

1,3,5,7 +360°
Joint Range 2 ~118° 1207
4 -11° "225°
6 -97° 7180°
Payload 3.5 kg
Degrees of Freedom 7
Weight (robotic arm only) 13.7 kg
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A Joint 7
Joint &

Joint 5

Joint 4

Joint 3

Joint 2

Joint 1

Robot Joints

A
a2

Z
120.5mm

Joint Rotating Direction

196




Appendix3-FAQ

1. Guide for UFactory studio displayving “Sever is not ready”

2. Guide to use the Vacuum Gripper

3. Guide to download the log file on the UFactory studio

4. Solve the problem that all joints of the xArm are at 0 in the
gazebo

5. The Method of the IP Configuration

6. How to use PLC to control xArm

7. Guide to control xArm by tablet

8. Kinematic and Dynamic Parameters of xArm Series

9. The Proper Way to Power DC Control Box

10. How to get the joint current/torque data of the xArm robot

11. Guide to Update the UFactory studio and xArm Firmware

12. What should I do if I have a problem with xArm?

13. Guide to install the xArm Camera Module

14. Guide to use the Robotiqg Gripper on xArm

15. Guide to run xArm at the maximum speed
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https://help.ufactory.cc/en/articles/3966286-guide-to-use-the-vacuum-gripper
https://help.ufactory.cc/en/articles/3965923-guide-to-download-the-log-file-on-the-xarm-studio
https://help.ufactory.cc/en/articles/3970365-solve-the-problem-that-all-joints-of-the-xarm-are-at-0-in-the-gazebo
https://help.ufactory.cc/en/articles/3970365-solve-the-problem-that-all-joints-of-the-xarm-are-at-0-in-the-gazebo
https://help.ufactory.cc/en/articles/3957975-the-method-of-ip-configuration
https://help.ufactory.cc/en/articles/4410847-how-to-use-plc-to-control-xarm
https://help.ufactory.cc/en/articles/4204606-guide-to-control-xarm-by-tablet
https://help.ufactory.cc/en/articles/4330809-kinematic-and-dynamic-parameters-of-xarm-series
https://help.ufactory.cc/en/articles/4175526-the-proper-way-to-power-dc-control-box
https://help.ufactory.cc/en/articles/4318480-how-to-get-the-joint-current-torque-data-of-the-xarm-robot
https://help.ufactory.cc/en/articles/4080803-guide-to-update-the-xarm-studio-and-xarm-firmware
https://help.ufactory.cc/en/articles/4110648-what-should-i-do-if-i-have-a-problem-with-xarm
https://help.ufactory.cc/en/articles/4006975-guide-to-install-the-xarm-camera-module
https://help.ufactory.cc/en/articles/3997200-guide-to-use-the-robotiq-gripper-on-xarm
https://help.ufactory.cc/en/articles/3954394-guide-to-run-xarm-at-the-maximum-speed

Appendix4-The xArm Software/Firmware Update
Method.

There are five ways of network settings for the robotic arm, you can
choose the corresponding update method according to the different

methods of the robotic arm network setting.
Notes

1) Tt is recommended to update the xArm firmware and UFactory studio

at the same time.

2) After updating, please download the latest “xArm User Manual” and
“xArm Developer Manual” from the official website to learn about the

latest features of xArm.

The download link: https://store-ufactory—

cc. myshopify. com/pages/download—xarm

3) Although the compatibility with the old version of the SDK was
fully considered when developing the xArm software, we still

recommend :

If you use xArm—Python-SDK (xArm—-C++ SDK or xArm ROS), after updating
the xArm to the latest firmware, you need to obtain the latest xArm—

Python—-SDK (xArm-C++ SDK or xArm ROS) from GitHub.

The download link: https://github. com/xArm—Developer

1. When you use the following network setting methods, please
use xarm—tool—gui tool to update UFactory studio and xArm

firmware online.
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S
. b 3
IF|

/
< WIF Interent

XArm Robotic Arm AC Control Box

Power Supply

The control box is directly connected to the PC(The PC is connected to the Internet)

® The method for the online update using the xarm—tool-gui tool is

as follows:
1) Tool download

Download address of xarm—tool—-gui tool, UFactory studio and xArm

Firmware installation package:

xArm—Tool-GUI

Since your PC connected to the xArm control box can access the
Internet, you can directly download the above installation package to

your PC.

2) After decompressing the installation package, run the xarm—tool-
gui program that matches your PC’ s operating system, select the type
of robotic arm, and enter the IP address of the xArm control box,

then click “Connect”.
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https://drive.google.com/open?id=1-XoPBqu79Fdo8mB9T4EGI6-4n6yqpXIm

&8 xarm-tool-gui-02.13
stép1
Robot Type:

Firmware Version: N/A

InstallTool lentif Toal |

Used to install or update firmware and Studio

Robot SN: |

Studio Version: N/A

step2

step3

1110009191802 ] Robot TP: ’[

192. 168. 1.

135 ]I [ Connect

|

[ Check Update ] l Reboot Control Box
Firmware xArmStudio
[ Install Online ] [ Install Offline ] [ Install Online } [ Install Offline ]
[ Clear Log

3) After successful connection, click the [Check Update] button, then

click the [Install Online] in the Firmware installation box (UFactory

studio installation box), and finally click the [Install] button in

the pop—up box;

&
Robot Type: Tarmb-type6 - Robot SN: | X1110009191802 Robot IP: 1.135 ] (Disconnect
Firmware Version: 1. 4.0 Studio Version: 1.4.0
InstallTool dentification | |
Osed te install or update firmware and Studie
step1
[ | Check Update l [ Reboot Control Box
|-
e & Installation confirmation x S ArmStadio
step2
o Robot IP: 192.168.1.135
[ I Install Online l ] [ Inst: ROlOVEE &2t ypch Line } [ Install Offline l

REERARERR RN EARAR SRR AN A AR R A

rrent contrc

Current Firmware Version: 1.4.0
The firmware version to be installed: 1.5.0

‘Whether to install the firmware to the control bex immediately? r

Cancel

step3




4) After the installation is completed, the console of the xarm—tool-
gui will display “Install firmware success” (or “Install Studio
success”). Finally, click “Reboot Control Box” and wait for the

control box to reboot, the reboot usually takes about 2-3 minutes.

Robot Type: xarmb-typeb - Robot SN: | 1110009191802 Robot IP: 192, 168. 1. 135 ] [ Connect
Firmware Version: N/A Studio Version: 1.4.0
InstallTool x cationTesl | Clea Sl

Used to install or update firmware and Studio

[ Check Update ] [ Reboot Control Box

Firmware xArmStudio
€8 I Resulf X
[ Install Online l [ Install atelation Result L Online ] [ Install Offline ]
0 Installation Success!, Please reboot the control box
[ Clear Log ]

ontroller. tar.gz

2. When you use the following network setting methods, please
use xarm—tool—gui tool to update UFactory studio and xArm

firmware offline.

_ R —q

WIFI Interent

xArm Robotic Arm AC Control Box

Power Supply
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The control box is directly connected to the PC(The PC is not connected to the Internet)

® The offline update method using the xarm—tool—-gui tool is as
follows:

Tool download

Download address of xarm—tool—-gui tool, UFactory studio, and xArm
Firmware installation package:

xArm—Tool-GUI

Since your PC connected to the xArm control box cannot access the
Internet, please download the above installation package using a USB
drive, copy it to the PC connected to the xArm control box.

After decompressing the installation package, run the xarm—tool-gui
program that matches your PC' s operating system, select the type of
robotic arm, and enter the IP address of the xArm control box, then
click “Connect”.

4 xarm-tool-gui-0.9.18

stepl step2 step3

Robot Type: | Robot SN: | X1110009191502 ] Robot IP: [[ 192. 168. 1. 135 J| [_connect
Firmware Version: N/A Studio Version: N/A
InstallTool IdentificationTesl | Clearks ool |
Used to install or update firmware and Studic

[ Check Update } [ Reboot Control Box

Firmware xArmStudio

[ Install Online ] [ Install Offline ] [ Install Online } [ Install Offline ]

[ Clear Log }

NASRRER KR NARERR RS R RN RARRR RS EANRN SRR RN

After successful connection, click the [Install Offline] in the
Firmware installation box (xArmStudio installation box), then load
the corresponding “firmware” or “UFactory studio” compressed package
in the folder.
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https://drive.google.com/open?id=1-XoPBqu79Fdo8mB9T4EGI6-4n6yqpXIm

Robot Type: xarmb-type6  ~ Robot SN: [ X1110009191502 Robot IP: 192. 168. 1. 135 ] (Disconneet
Firmware Version: 1.4.0 Studio Version: 1.4.0

[EROSRE el oentificationTool | ClearErrorTool |
Used to install or update firnvare and Studio
[ Check Update l [ Reboot Contrel Box ]
Firmware | = |
ste p 1 % Firmware Selection x
« v 4 ||« xAm-Tool-GUI > offline package > firmware v @& | Searchfirmware P
[ Install Online ] [ l Install Offline
Organize »  New folder k- ™ @
Name Date modified Size
# Quick access
BH xarmcontroller-13.0ar.gz 12
a OneDvweSte 2l xarmeontroller-1.40ar.qz
£ WesE } H8 xarmcontroller-15.04argz

3 This PC

¥ Network

< >

File name: |xarmcontroller-1.5.0.tar.gz | [Fimware pamcontrotiergz)

step3

Click the [Install] button.

After the installation is completed, the console of the xarm—tool-gui
will display “Install firmware success” (or “Install Studio success”).
Finally, click “Reboot Control Box” and wait for the control box to
reboot, the reboot usually takes about 2-3 minutes.

3. When you use the following network setting methods, please use
UFactory studio to update the UFactory studio and xArm firmware
online.

® The method of online update using UFactory studio is as follows:

A
C Control Box PawenSupy

Interent Router
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(1) The control box, PC and router are connected by ethernet cable

xArm Robotic Arm AC Control Box
Power Supply

Interent

Network Switch

The control box, PC and network switch are connected by ethernet cable

xArm Robotic Arm AC Control Box
Power Supply

Interent Router

(3)PC and router are connected by wireless network, and control box and router are connec
ted by ethernet

Cable.

Click [Settings] on the UFactory studio homepage, enter [System
Settings] — [Check Update], click “Update”.

Wait for the system to prompt to restart, and then click “Restart”,
the restart usually takes about 2-3 minutes, please be patient.
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@ xAm Studio - O X
Window Language Tool Help

< Settings © Real Robot O S T 0 P

End Effector
, TCP
Software
o Version Number 1.6.5 Release Time 2020-11-24
Safety xArmStudio service program 1.6.5
*Please stop running the robot and move the robot arm to a safe position before upgrading.
*Please do not disconnect the network of the xArm controller during the upgrade process.
Mounting 1. The built-in xArm-Python-SDK is updated to V1.6.5
2. Support the latest 1.6.5 firmware.
(9 Timed Tasks 3. Add "Run Package Blocky Project”, which can be turned on in the Settings-Advanced-Assistive
Features.
4. Update the trademark and add software version information on homepage.
Coordinate System Firmware
Advanced Version Number 1.6.24 Release Time 2020-11-24
*Please stop running the robot and move the robot arm to a safe position before upgrading.
System *Please do not disconnect the network of the xArm controller during the upgrade process.
1. Add abnormal joint angle detection.
System Info 2. Fix some bugs.
Check Update
Network

, o

4. Precautions

If there is no I0 module on the side of your control box (the I0
module is shown in the figure below) and cannot be updated online by
UFactory studio, please contact technical support

(support@ufactory.cc) to provide a dedicated xarm—tool-gui

installation package.
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Appendixb5— 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 on the control box, 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 penetrate the joints.
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Appendix6— 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:

https://store—ufactory—cc. myshopify. com/pages/warranty—returns

3. 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.

(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
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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 1.4.9.2 Advanced Tool—-Configuration

File).
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Appendix7-Product Information

1.1 Product Mark

Robotic Arm

UFACTORY XArm 6 @ vmerom

MODEL: XI1300 MAX.PAYLOAD: 5kg
WEIGHT: 12.2kg MAX.REACH: T00Omm
RATED VOLTAGE: 24VDC MAX.POWER: 500Wmax

PRODUCTION DATE: Feb 2021

S/N:X113000221XXXX

IR, BuILdlrgM 6, Ma Que Ling Industrial Zone, UFACTORY Co, LTﬂ
Nanghan District, Shenzhen, Guangdeng, PR, China W W ufa:tury.c:
Made In China
Control Box
UFACTORY Made in China
XARM AC CONTROL BOX MODEL: AC1300

SHORT CIRCUIT RATING:50A WEIGHT:3.9kg
INPUT:1PHASE AC 100-240V 47-63Hz 550Wmax

(€ ® 2 A A

e e . —— . — al

PRODUCTION DATE: Feb 2021

S/N:AC13000221XXXX

T T e i

2F, Building M-6, Ma Que Ling Industrial Zone, UFACTORY Co.,Ltd.
Nanshan District, Shenzhen, Guangdong, P.R. China www.ufactory.cc

1.2 Applied Standards

The xArm 6(XI1300, XI1301, XI1302, XI1303, XI1304, XI1305) robot is
certified and tested by SGS, and has passed the EU CE certification.
The product meets the relevant requirements of the EU CE directive:

e MD 2006/42/EC
e EMC 2004/108/EC
e EN ISO 10218-1:2011
e [N 60204-1:2018
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e EN ISO 12100:2010
e EN 61000-6-2:2005
e [N 61000-6-4:2007+A1:2011

1.3 EMC

e IEC 61000-6-2:2005

e IEC 61000-6—4/A1:2010

e EN 61000-6-2:2005 [2004,/108/EC]

e [N 61000-6-4/A1:2011 [2004/108/EC]

FElectromagnetic compatibility (EMC)
Part 6-2: Generic standards — Immunity for industrial environments

Part 6-4: Generic standards — Emission standard for industrial

environments

These standards define requirements for the electrical and
electromagnetic disturbances. Conforming to these standards ensures
that the xArm robots perform well in industrial environments and that
they do not disturb other equipment.

e EN 61000-6-4:2019
e EN 61000-6-2:2019

Electrical equipment for measurement, control and laboratory use -

EMC requirements

Part 3-1: Immunity requirements for safety-related systems and for
equipment intended to perform safety-related functions (functional
safety) — General industrial applications.

This standard defines extended EMC immunity requirements for safety—
related functions. Conforming to this standard ensures that the
safety functions of xArm robots provide safety even if other
equipment exceeds the EMC emission limits defined in the IEC 61000
standards.

1.4 Use Environment

e Low humidity (25%-85% non—condensing)
e Altitude: <2000m
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1.6

Ambient temperature: 0° C = 50° C
Avoid direct sunlight (indoor use)
No corrosive gas or liquid.

No flammable materials.

No oil mists.

No salt sprays.

No dust or metal powder.

No mechanical shock, vibration.

No electromagnetic noise.

No radioactive materials.

Transport, Storage and Handling

Move the robot to the zero position by UFactory studio, then
put the xArm robot and Control Box in the original packaging.
Transport the robot in the original packaging.

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.

The controller box shall be lifted by the handle.

Save the packaging material in a dry place, you may need to
pack down and move the robot in the future.

Power box placement height

The control box should be placed at a height of 0.6m to 1.5m

1.7

Power Connection

The power cut—off method of this product is a plug/socket connection,

so when using this product, it 1is recommended to equip with a

suitable switching device with sufficient breaking capacity (such as

an air switch; insulation voltage: 400V AC; rated current: 10A)
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1.8 Special Consumables.

Fuse specifications: 15A 250V 5X20mm Time-Lag glass body cartridge

fuse

1.9 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 Control Box Performs a Stop Category 1
Emergency Input of the Control Box Performs a Stop Category 1.

Emergency Stop Button of the Three-Position | Performs a Stop Category 1.
Enabling Device

Three—Position Enabling Device Performs a Stop Category 2.

Safeguard Stop by CI of Control Box Performs a Stop Category 2.

1. 10 Stopping Time and Stopping Distance

Stop Category 1 stopping distances and times.

The table below includes the stopping distances and times measured
when a Stop Category 1 is triggered. These measurements correspond to
the following configuration of the robot:

e Extension: 100% (the robot arm is fully extended horizontally).

e Speed: 100% (the general speed of the robot is set to 100% and
the movement is performed at a joint speed of 180 ° /s).

e Payload: maximum payload handled by the robot attached to the
TCP (5 kg).

The test on the Joint 1 was carried out by performing a horizontal

movement, the axis of rotation was perpendicular to the ground.

During the tests for Joint 2 and 3 the robot followed a vertical
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trajectory, i.e. the axes of rotation were parallel to the ground,
and the stop was performed while the robot was moving downwards.

Stopping Distance (rad) Stopping time (ms)
Joint 1 0. 62 521
Joint 2 1.12 885
Joint 3 0. 67 577
1.11 Maximum Speed
Mode Typical Scenarios Maximum Speed
Teaching mode Live Control Page of UFactory studio 250 mm/s
Automatic mode Blockly/ IDE of UFactory studio 1000 mm/s

1. 12 Maximum Payload

The maximum allowed payload of the robot arm depends on the center of
gravity offset. The center of gravity offset is defined as the
distance between the center of the tool output flange and the center
of gravity.
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1. 13 Specifications
Robotic Arm Model X11300
1,4,6 +360°
Joint Range -8 1120°
-225° "11°
-97° ~180°
Payload 5kg
Maximum Reach 700mm
Degrees of Freedom 6
Repeatability +0. 1mm
Maximum Joint Speed 180° /s
Weight (robotic arm only) 12. 2kg
Footprint 0 126 mm
Maximum Power 500W
Rated Voltage 24VDC




Control Box Model AC1300
Size 285%135%101mm
1/0 Ports 8*CI 8%DI 8%CO 8*DO 2*%AI 2%A0 2%RS—-485

Communication Protocol

Private TCP

Weight

3. 9kg

Operating Temperature

0-50°C

Humidity

25%-85% (non—condensing)

Short Circuit Rating

50A

Input

IPHASE AC 100-240V  47763HZ 550Wmax
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Appendix8-DH Parameters of xArm Series

First let’s learn to distinguish the model of the UFACTORY xArm by
the SN of the UFACTORY xArm,

UFACTORY xArm.

so that the user can obtain the
kinematic and dynamic parameters of the corresponding model of the

® Method of distinguishing UFACTORY xArm model through SN

number

SN of the Robotic Arm

M_\_\_\_

UFACTORY xArm

Mol p i MunAeach ey
waighn KENE WanPaglowd: DAKE

{’E@ﬁ

_['nrhr

M:XMANKKKK
ul IHI:H-I'-EI’\.HTI’ L.

(= = = A
. i

N
Ll

MIhngy
iy WD
LI Ky

e

| SN of the Robotic Arm

SN: XX XXXX XXXX XXXX
| | | | |

T T
® QOO EOO®

®:

OO

There are three representations for this position: S/I/F
S I F
xArm 7 xArm 6 xArm 5
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a:

There are three representations for this position: L/B/0

When () position is 0, Please send the SN of the UFACTORYxArm to
technical support (email: support@ufactory.cc).

When (D position is L, it means that the robotic arm is model 2.

When () position is B, it means that the robotic arm is model 1/model
3

3-1: When the position ®® is 04-12 and the position ®© is 20, the
model of the UFACTORY xArm is model 3 (such as 0420).

3-2: When the position ®@®® is other numbers, the model of the
UFACTORY Arm is model 1.

® Kinematic and Dynamic Parameters of UFACTORY xArm

Annotation of coordinate representation:
Black dot (@):

This means the direction is pointing out of the viewing surface.

4

'JJX4

White dot (O):

This means the direction is pointing into the viewing surface.

Z

Y
X0

* Please note the provided Dynamic Parameters are just for reference.
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1. UFACTORY xArm 5
1) UFACTORY xArm5 Modified D-H Parameters

Size Parameters: (unit: mm) Joint Coordinate Definition

w
=
&8

§
[
~

T o131
Kinematics theta d
{rad) (mm)
Jointl 0 267
Joint2 0

Joint3

0

0
Joint4 0 0
Joint5 0 97
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2) UFACTORY xArmb5 Standard D-H Parameters

Size Parameters: (unit: mm) Joint Coordinate Definition
3 z
s 3
§
.;.'
% P
131
Ki i theta d alpha a offset
EsHiovie (rad) (mm) (rad) (mm) (rad)
Jointl 0 267 -pif2 0 0
Joint2 0 0 0 az? T2 offset
Joint3 0 0 0 a3 T3 offset
Joint4 0 0 -pif2 76 T4_offset
Joint5 0 97 0 0 0
Note:
‘Tx offset’” 1is the offset joint angle from the mathematical zero

position to the mechanical zero position shown in the picture.

T2 offset = —atan(284.5/53.5) = —1.3849179 (-79.34995° );

T3 offset = atan(284.5/53.5)+atan (0. 3425/0. 0775) = 2. 7331843
(156.599924° ) :

a2 = sqrt(284.5°2+53.5°2) = 289. 48866;

T4 offset = —atan(342.5/77.5) = —1.3482664 (-77.249974° );
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a3 = sqrt(77.5°2+342.5°2) = 351. 158796;
3) UFACTORY xArm5 xArm Mass Parameters

Joint Coordinate Definition
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UFACTORY xArm 5-Model 1

Byniamits centﬁ; :#:Jh'lass
Linkl 2177 [0.15,27.24,-13.57]
Link2 2.011 [36.7,-220.9, 33.56]
Link3 2.01 [68.34,223.66, 1.1]
Link4 1.206 [63.87,29.3,3.5]
Link5 0.17 [0,-6.77,-10.98]

UFACTORY xArm 5-Model 2

Dynamics l';l Ka gs}s Cen t{Er:'u ?rl:iMass
Linkl 2.46 (0.13,30.1,-12.0]
Link2 2.1 [38.2,-226.6, 34.7]
Link3 2.16 [69.0,231.8,1.0]
Link4 1.354 [65.2,31.8,3.11]
Link5 0.17 [0,-6.77,-10.98]

UFACTORY xArm 5-Model 3

Bynamics centﬁ; :#:Jh'lass
Linkl 2.382 [0.13,29.4,-12.4]
Link2 2.164 [37.88,-225.4,34.47]
Link3 2121 (68.83,229.85, 1.02]
Link4 1.317 [64.9,31.2,3.2]
Link5 0.17 [0,-6.77,-10.98]
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2. UFACTORY xArm 6
1) UFACTORY xArm 6 Modified D-H Parameters

Size Parameters: (unit: mm) Joint Coordinate Definition
: 2
=
L
¥
131
Kiertatics theta d alpha a offset
{rad) {mm) (rad) {mm) (rad)
Jointl 0 267 0 0 0
Joint2 0 0 -pif2 0 T2_offset
Joint3 0 0 0 a2 T3 offset
Joint4 0 342.5 -pif2 Tilh 0
Joint5 0 0 pi/2 0 0
Joint6 0 97 -pi/2 76 0

222



2) UFACTORY xArm 6 Standard D-H Parameters

Size Parameters: (unit: mm) Joint Coordinate Definition
: 2
3
§
S =T
Kinematice theta d alpha a offset
(rad) {mm)} (rad) {mm) {rad)
Jointl 0 267 -pif2 0 0
Joint2 0 0 0 a2 T2_offset
Joint3 0 0 -pif2 77.5 T3_offset
Joint4 0 342.5 pif2 0 0
Joint5 0 0 -pif2 76 0
Joint6 0 97 0 0 0
Note:

‘Tx offset’ 1is the offset joint angle from the mathematical zero
position to the mechanical zero position shown in the picture.

a2 = sqrt(284.5°2+53.5°2) = 289. 48866;
T2 offset = —atan(284.5/53.5) = —1.3849179 (-79.34995° );

T3 offset = -T2 offset = 1.3849179 (79.34995° );

3) UFACTORY xArm 6 Mass Parameters
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Joint Coordinate Definition

UFACTORY xArm 6-Model 1

Center of Mass

Dynamics (mm)
Linkl 2177 [0.15,27.24,-13.57]
Link2 2.011 [36.7,-220.9, 33.56]
Link3 1.725 [69.77,113.5,11.6]
Link4 1.211 [-0.2,20.0,-26.0]
Link5 1.206 [63.87,29.3,3.5]
Link6 0.17 [0,-6.77,-10.98]
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UFACTORY xArm 6-Model 2

Dynamics I‘E'I :gs::s l.‘.ent{er; :I':!ri:]hl'lass
Linkl 2.46 [0.13,30.1,-12.0]
Link2 2.21 [38.2,-226.6,34.7]
Link3 1.925 [70.6,117.2,10.4]
Link4 1.36 [0.18,17.7,-23.0]
Link5 1.354 [65.2,31.8,3.11]
Link6 0.17 [0,-6.77,-10.98]

UFACTORY xArm 6-Model 3

Dynamics

Center of Mass
(mm)

Linkl 2.382 [0.13,29.4,-12.4]
Link2 2.267 [38.8,-227.8, 34.96]
Link3 1.875 [70.4,116.3,10.7]
Link4 1.319 [-0.2,18.0,-22.9]
Link5 1.34 [65.1, 30.96, 3.15)
Link6 0.17 [0,-6.77,-10.98]
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3. UFACTORY xArm 7
1) UFACTORY xArm7 Modified D-H Parameters

Size Parameters: (unit: mm) Joint Coordinate Definition
B35

Kinematics T[l::é?
Jointl 0 267 0 0 0
Joint2 0 0 -pif2 0 0
Joint3 0 293 pij2 0 0
Joint4 0 0 pij2 52.5 0
Joint5 0 342.5 pi/2 Fif e 0
Joint6 0 0 pif2 0 0
Joint7 0 97 -pif2 76 0
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2) UFACTORY xArm7 Standard D-H Parameters

Size Parameters: (unit: mm) Joint Coordinate Definition
325, .
E
I
S S -
‘?-n" 0
h g
_._._.E
=
[=3]
s N . 1
™~
LF'—%ISD |
Ki i theta d alpha a offset
IRt (rad) (mm) (rad) (mm) (rad)
Jointl 0 267 -pif2 1] 0
Joint2 0 0 pif2 0 0
Joint3 0 293 pif2 52.5 0
Joint4 0 0 pif2 T7.5 0
Joints 0 342.5 pif2 0 0
Jointé 0 0 -pif2 76 0
Joint7 0 97 0 0 0
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3) UFACTORY xArm 7 Mass Parameters

Joint Coordinate Definition

UFACTORY xArm7-Model 1

Bynamics I"(.-'I:g;. EEHt::!'r:] ?':.}ME 55
Linkl 2177 [0.15,27.24,-13.57]
Link2 1.716 [0.22,-124.7, 18.9]
Link3 1.485 [46.0,-22.3,-8.47]
Link4 1.574 [69.75,-112.5,13.2]
Link5 1.209 [-0.35,17.6,-28.4]
Link6 1.214 [63.65, 30.84, 21.7]
Link7 0.17 [0,-6.77,-10.98]
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UFACTORY xArm7-Model 2

Dynamics l:.[.ll :E}S Cemfr:'l ?I!I’]Ma 55
Linkl 2.46 [0.13,30.1,-12.0]
Link2 1.916 [0.2,-129.6, 16.9]
Link3 1.69 [46.76,-25.3, -7.46]
Link4 1.774 [70.66,-116.6, 11.7]
Link5 1.357 [-0.3,15.6,-25.3]
Linké 1.362 (65.0,33.4,21.3]
Link7 0.17 [0,-6.77,-10.98]

UFACTORY xArm7-Model 3

Dynamics Centﬁ:.l ?:]Mass
Linkl 2,382 [0.13,29.4,-12.4]
Link2 1.869 [0.2,-128.56, 17.35]
Link3 1.638 [46.6,-24.63,-7.68]
Link4 1.727 [70.5,-115.75, 12.0]
Link5 1.32 [-0.32, 16.04,-26.0]
Linké 1:305 [64.7,32.8,21.4]
Link7 0.17 [0,-6.77,-10.98]

Manufacturer: UFactory Technology Co.,Ltd

Address: 2F, Building M-6, Ma Que Ling Industrial Zone, Nanshan District, Shenzhen,
Guangdong, China

Website: www.ufactory. cc
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