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4-Axis SCARA Robot Operation

Manual

> SCARA robot introduction

The SCARA robot has four joints , three of which are rotary joints
with axes paral lel to each other for posit ioning and orientat ion in
the plane. The other joint is a movable joint , which is used to
complete the movement of end pieces in perpendicular to the
plane.
SCARA system has compl iance in X-axis and Y-axis direct ions and
good sti f fness in Z-axis direct ion, this feature is especial ly suitable
for assembly work.
SCARA robot is also widely used in plastic industry , automotive
industry , electronic product industry , pharmaceutical industry and
food industry and other areas. Its main funct ions are parts handing
and assembly work.
Its f i rst and second axes have rotat ion characterist ics , whi le the
third and fourth axes can be manufactured in a variety of dif ferent
forms depending on the needs of the job, with one having rotat ion
and the other having linear movement characterist ics . Due to its
specif ic shape, its working area is simi lar to a sector .

> 4-axis SCARA robot

Slave configuration

If you need to select 4-axis SCARA robot, c l ick [Sett ings-Robot
parameters-Slave conf igurat ion-Robot] and select "4-axis SCARA"
in the "Robot type" drop-down menu, then cl ick "Save".
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Parameters presetting

When you cl ick "Save" after select ing "4-axis SCARA", you need to
import the robot parameter prof i le , but in the "DH parameters"
interface, we provide the funct ion of presett ing robot parameters .
I f this drop-down list contains the robot model you are using, you
can set up al l the robot parameters quickly and easi ly with this
funct ion. There is no need to import the control ler conf igurat ion
parameters separately .
Cl ick [Preset robot] in the upper left corner of the "DH parameters"
interface, you can select the robot model that has already been
adapted, and the DH parameters and joint parameters of the robot
wi l l be fi l led in automatical ly after the select ion.

You need to cal ibrate the zero point manual ly after select ing the
preset robot .

DH parameters setting

1.Fi l l in the parameters of the robot, such as rod length, coupl ing
rat io and pitch; these parameters wi l l affect the linear motion
and accuracy of the robot.

2 . I f the robot accuracy is poor, you can return to this interface for
4-point cal ibration after the conf igurat ion is completed, and
cal ibrate the rod length parameters . The fol lowing figure shows
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the values of each parameter in the robot "DH parameters"
interface after import ing the control ler conf igurat ion.

Note: Please do not power on and operate the robot unti l the
DH parameters, joint parameters and zero point are set.

4-axis SCARA

Parameter description

Preset robot

By import ing the robot joint parameters and DH parameters into
the control ler in advance, you can el iminate the need to fi l l in the
parameters repeatedly

Rod length

The rod length parameter should be fi l led in as shown in the model
diagram on the "DH parameters" interface, if no value is given, we
can only measure the length of each axis of the robot by using a
ruler , and inaccurate fi l l ing wi l l af fect the robot motion accuracy

Coupling ratio

How to tel l i f the robot is coupled?
We can run the robot , when jogging the axis 1, the axis 2 also
moves, indicat ing that there is coupl ing.
How to calculate the coupl ing rat io?
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For example, when axis A rotates by a degrees, it causes axis B to
rotate by b degrees, so the coupl ing rat io of the two axes is

c=b÷ a

Pitch

Pitch of the link responsible for up and down movement in 4-axis
SCARA (axis 3 of 4-axis SCARA and axis 1 of 4-axis SCARA
specia l-shaped robot)

Joint parameters

Note: Please do not power on and jog the robot before DH
parameters and joint parameters are set to prevent the robot
from getting out of control and causing danger to the operator.
If you need the robot to return to the zero posit ion, cl ick [Robot
parameters - Zero position] to see if it is at the zero position, if
not, please cal ibrate the zero point first .

Meaning of each parameter

CW limit

The maximum range of the robot jo ints in the posit ive direct ion.
After import ing the control ler conf igurat ion, the values of each
parameter in the joint parameter interface wi l l be entered
automatical ly and the values of the limits can be modif ied
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CCW limit

The maximum posit ion of the robot in the reverse direct ion during
single-axis rotat ion (This value must be negat ive)

Reduction ratio

The rat io of instantaneous input speed to output speed in the
reduct ion mechanism

Encoder bits

The number of bits of the encoder. Usual ly 17 or 23 bits

Rated positive RPM

The rated rotat ion speed of the motor in the posit ive direct ion

Rated reverse RPM

The rated rotat ion speed of the motor in the reverse direct ion (This
value must be negative)

Maximum positive RPM

The maximum rotat ion speed of the motor in the posit ive direct ion;
its value is a mult ip le of the rated posit ive RPM. If the rated
posit ive RPM is 3000 rpm and the maximum posit ive RPM needs to
be 6000 rpm, then fi l l in 2 times here.

Maximum reverse RPM

The maximum rotat ion speed of the motor in the reverse direct ion;
its value is a mult iple of the rated reverse RPM. If the rated reverse
RPM is -4000 rpm and the maximum reverse RPM needs to be
-6000 rpm, then fi l l in -1.5 times here. (This value must be
negative)
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Rated positive speed

The rated posit ive speed of the robot jo int ; it is automat ical ly
calculated from the rated posit ive RPM, encoder bits and the
reduct ion rat io (the axis 3 of the 4-axis SCARA and axis 1 of the
4-axis SCARA special-shaped robot also need to add the pitch) , no
need to f i l l in .

Rated reverse speed

The rated reverse speed of the robot jo int ; it is automatical ly
calculated from the rated reverse RPM, encoder bits and the
reduct ion rat io, no need to fi l l in . (This value must be negative)

Maximum acceleration

The maximum accelerat ion of the robot joint movement; its value is
a mult iple of the rated posit ive (reverse) speed. If the rated
posit ive speed is 300 degrees/s , the maximum accelerat ion needs
to be 1500 degrees/s ² , then fi l l in 5 times here.

Maximum deceleration

The maximum decelerat ion of the robot joint movement; its value
is a mult iple of the rated posit ive (reverse) speed. If the rated
posit ive speed is 300 degrees/s , the maximum accelerat ion needs
to be 1200 degrees/s ² , then fi l l in -4 times here. It is recommended
that the maximum accelerat ion and maximum decelerat ion values
be the same. (This value must be negative)

Model direction

The model direct ion should be set by referr ing to the joint posit ive
direct ion diagram below, and the direct ion of the jogging "+" key
of each axis should be the same as the joint posit ive direct ion
diagram (choosing 1 for the same and -1 for the opposite) .
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Gear backlash

The angle to compensate for the f i l led value whenever the joint
moves in the opposite direct ion; not f i l led by default .

Robot type Axis Posit ive direct ion
(top view or left
view)

4-axis SCARA J1 antic lockwise
J2 antic lockwise
J3 upward
J4 clockwise

Joint posit ive direct ion diagram

Note: Please do not power on and operate the robot unti l the
posit ive direction of the joint has been set.
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Zero calibration

If the robot zero posit ion is a non-standard zero posit ion, users
can al ign the robot according to the robot 's al ignment hole, and
then set the current robot posit ion coordinates to the zero posit ion
on the robot zero posit ion interface. The diagram of the SCARA
zero posit ion is as fol lows.

Make sure the robot is in this posit ion and cl ick "Set al l jo ints to
zero"

Note: Please do not power on and jog the robot before DH
parameters and joint parameters are set to prevent the robot
from getting out of control and causing danger to the operator.
If you need the robot to return to the zero posit ion, cl ick [Robot
parameters - Zero position] to see if it is at the zero position, if
not, please cal ibrate the zero point first .
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Cautions

If the robot is not zero posit ion cal ibrated, you can not return it to
the zero point and jog it .
For systems that use mult iple robots , each robot must perform
origin posit ion cal ibration.
When there is a coupl ing relat ionship between joint axes, such as
the common coupl ing relat ionship between the fi f th axis and the
sixth axis of a robot, the fi f th axis must be at the zero posit ion,
then the zero data recorded for the sixth axis wi l l be val id,
otherwise, the zero data recorded for the sixth axis wi l l be inval id.
So the zero data of the sixth axis must be recorded with the fi f th
axis at the zero posit ion. If there is no coupl ing relationship, each
axis can cal ibrate the zero posit ion indiv idual ly , and the respect ive
zero posit ion wi l l not affect the zero posit ion of other joints .
When al l the used axes (body axes and auxi l iary extension axes)
have been zero-cal ibrated, the "Al l" indicator on the "Zero
cal ibrat ion" interface turns green, indicat ing that the robot has
completed zero cal ibrat ion, and the robot is ready to move in
Cartesian space.
Cartesian parameters sett ing
Cartesian parameters can use default values direct ly .

Meaning of each parameter

Maximum speed

The maximum linear speed of the robot during operat ion.
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Maximum acceleration

The maximum accelerat ion of the robot during operat ion; its value
is a mult iple of the maximum speed. If the maximum speed is
1000mm/s and the maximum accelerat ion needs to be 3000mm/s² ,
then fi l l in 3 times here.

Maximum deceleration

The maximum decelerat ion of the robot during operat ion; its value
is a mult iple of the maximum speed. If the maximum speed is 1000
mm/s and the maximum decelerat ion needs to be -3000 mm/s² ,
then fi l l in -3 times here. It is recommended that the maximum
accelerat ion and maximum decelerat ion values be the same and
the same as the maximum accelerat ion and maximum decelerat ion
in the joint parameters. (This value must be negat ive)

Maximum jerk

This parameter is a reserved parameter and is currently inval id .

Pose movement maximum speed

The maximum speed of the robot during operat ion, if the
instruct ion speed exceeds this value, it wi l l be decelerated.

Speed limit method

Pose : The linear interpolat ion motion of the robot is l imited by the
maximum speed and the pose movement maximum speed.
Position : The linear interpolat ion motion of the robot is l imited
only by the maximum speed.

> 4-axis SCARA robot left and right hand

Left and right hand (4-axis SCARA robots only)
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left hand att i tude

right hand att i tude
For example:
1.Jog the robot to adjust it to posit ion of the left hand att i tude
2. Insert the movl instruct ion, modify the current posit ion to the
P001 point , and select "Left hand" and save
3.Jog the robot to adjust it to the posit ion of the right hand
att i tude
4.Step movl instruction
The running result wi l l report an error : The left and right hand
system of robot 1 is incorrect ly used
Note: movj instruction does not distinguish between left and
right hand
In summary,the right hand att i tude cannot fol low the posit ion of
the left hand
The left and right hand is general ly used to compress the robot 's
movement space, and can also be used for obstacle avoidance.
General ly , we only choose the cartes ian coordinate system to set
the left and right hand, and the decis ion procedure is based on the
direct ion of axis 2. You can select the left and right hand in the
instruct ion sett ing interface, and when the sett ing is completed,
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cl ick the [Manual modify] button and then cl ick the "OK" button, as
shown in the figure

Global variables settings for left and right hand

Click [Variables] - [Global var iables] , then cl ick the drop-down
menu, you can set the left and right hand of the robot global point
GP, the picture below shows the global var iable interface to set the
left hand.

Set the left and right hand of GE points of 4-axis SCARA robots
with external axes in the same way
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Local variables sett ings for left and right hand
Cl ick [Program], select a program to open, and select [Variables] -
[Local var iables] at the bottom, as shown in the fol lowing figure

Cl ick "Modify" , cl ick on the top drop-down arrow and select left or
right hand, as shown in the figure

In the instruct ion parameter sett ing interface, you can select
parameters to set the local posit ion var iable P point or E point
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> 4-point calibration

4-point calibration can be used to correct rod length and zero

point

Cl ick the "Cal ibrate" button on the "DH parameters" interface to
enter the 4-point cal ibrat ion interface

Point A, point B, point C and point D form a rectangle; the values of
L1 and L2 represent the width and length of the rectangle
The above figure shows the cal ibration of four points A,B,C,D.
For example: L1=50
L2=100
A (X,Y)， B (X+50,Y)，C (X＋ 50，Y+100)， D (X，Y+100)
Cl ick "Calculate" after cal ibrat ing the 4 points
Confirm the calculat ion result is correct and cl ick "Fi l l the result
into DH parameters"
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> 2-point calibration

2-point calibration supports 4-axis SCARA.

Cl ick the [2-point cal ibrat ion] button at the bottom of the "Tool
hand cal ibrat ion" interface to enter the "2-point cal ibrat ion"
interface, as shown in the figure.

Figure. 2-point cal ibration
The specif ic cal ibrat ion steps are as fol lows:
1.F ind a reference point (pen tip) and make sure this reference
point is f ixed.
2.Cal ibrate a point under the left hand form (cal ibrated point and
reference point t ip to tip)
3.Cal ibrate a point under the right hand form (cal ibrated point and
reference point t ip to tip)
4.After cal ibrat ing 2 points , cl ick [Calculate] .
5 . I f you are not sat isf ied with the cal ibrat ion of a point during the
cal ibrat ion process , you can cl ick the [Cancel cal ibrat ion] button
corresponding to that l ine to cancel the cal ibrat ion and then
cal ibrate the point again.
6.You can cl ick [Run to this point] after each point is cal ibrated,
and the robot wi l l run to that point .
7 .Move the robot to another posit ion, and then cl ick [Run to
calculat ion result posit ion] , then the robot wi l l move to the original
cal ibrat ion posit ion, which is equivalent to the zero posit ion of the
robot.
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8.Mark the result posit ion as zero point : After the 2-point
cal ibrat ion is f in ished, cl ick [Calculate] and then cl ick [Save results] ,
a pop-up window wil l appear, displaying "Confirm whether to set
the result to zero point"
9. [Clear al l mark points] : The cal ibrat ion points wi l l be saved in the
control ler , and the cal ibrat ion results wi l l be cleared only after you
cl ick "Cancel cal ibrat ion", "Clear al l cal ibrat ion points" and switch
the tool hand into the cal ibrat ion interface.

Caut ions

Please try to take the pose of each point in
any direct ion. If the pose taken is rotated in
a certa in direct ion, somet imes the accuracy
is not accurate.
Please keep the reference point f ixed during
the cal ibrat ion process, otherwise the
cal ibrat ion error wi l l increase.
Cl ick the [Return] button at the bottom to return to the "Tool hand
cal ibrat ion" interface.


