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Introduction
The purpose of this report is to describe and explain the methods used when designing a new end effector for a cobot (collaborative robot). This new cobot is intended to be used alongside the Festo cyber physical production system. 
This report aims to show the design methods that were used. This includes any tools or decisions that were made using relevant sources. The report will analyse the processes currently in use and suggest new processes or equipment that can solve the problem set out in the brief. To support these changes, computational tools will be used, establishing the limitations and manufacturing processes to be used to manufacture any physical parts that are developed as a result of this task. 

[bookmark: _Toc105344282]The problem
The Festo cyber physical production system assembles a simplified mobile phone (also known as the device) using a predetermined selection of parts. At the end of the assembly process, the mobile phone is ejected onto a chute which can hold a maximum of four devices before the system acknowledges the chute is full and does not eject any more devices.
To alleviate this issue, a cobot was introduced to move the mobile phones from the chute and onto an autonomous guided vehicle (AGV). For this to take place, a new end effector is required to lift, transport and release the mobile phone into the correct position and orientation onto the AGV. See the diagrams below of the current and desired process. 

An issue was found where some of the mobile phone cases are not secured fully, meaning that some cases detach from each other. This has the potential for parts of the mobile phone to become damaged as it is dropped from height. Therefore, the solution should factor potential failure modes in both the process and the solution itself, taking necessary precautions in the design and operating procedure to minimise occurrence and the severity of a potential failure mode. 

[bookmark: _Toc105344283]Requirements
The client has specified some requirements which the final outcome must comply with. This includes the following.
· “The final design should be appropriate for high-volume manufacturing.” This means the design of the outcome should have feature that allow it to be produced easily and economically using high-volume or mass production methods.

· “The gripper should be mechanically actuated.” The final outcome should use some form of mechanism to hold the mobile phone whilst it is being transported. It cannot rely solely on other work-holding techniques like vacuum due to the issue with the mobile phones described above.

· “The design should be sufficiently robust to withstand sustained use within a production environment.” The final outcome must be able to withstand standard forces of operation without failing or degrading substantially. Similarly, this product must be used repetitively with varying loads at different times without substantial degradation of properties. 
On top of these requirements, there are a number of additional requirements described in the brief. Often, these requirements are something that is expected by the client and not desired. It is for this reason, they must be recorded. To help find these additional requirements using a functional analysis as specified by Burge (2021). A functional analysis is used by engineers to simplify the function of a system and identify necessary features (Burge, 2021). The functional analysis diagram can be found in Appendix A. These additional requirements are.
· The end effector must be able to support the weight of the mobile phone throughout the whole operation.

· The end effector must allow the cobot to place the device in the correct position and orientation without impeding its performance. 

· The combined mass of the mobile phone and the end effector must not exceed the Safe Working Load (SWL) of the cobot itself.

· The end effector must be able to hold the device in way that does not allow it to fall apart.

· The end effector must not damage the device during any part of the operation. 

· Given this product is intended to be produced in high volumes, it should be inexpensive to produce.

To further assess the process in which the end effector is expected to be used, a Process Failure Mode and Effect Analysis (PFMEA) was conducted. According to Popov, Lyon and Hollcroft (2016), a PFMEA is intended to be used as a method to identify all means a system fails to meet its intended purpose. Burge (2021) adds that a PFMEA can find additional requirements that should be considered. This makes use of the recommended improvements that is intended to find potential solutions to the failure mode itself. In this case, the PFMEA was constructed using the functions established in the functional analysis. Using the risk priority numbers highlights the areas of most concern, to be considered as an additional requirement. As a result of completing the PFMEA, the following requirements can be considered.
· Alignment with relevant interfaces should be maintained at all times. 

· The speed of operation must be adjustable

· The end effector should fit onto the cobot with no further adjustment required

· The device can only be released once it has confirmed location.

Now with a broader understanding with the requirements of this end effector, more detailed research and decisions can be made regarding potential solutions. 

[bookmark: _Toc105344284]Research

[bookmark: _Toc105344285]Universal Robots UR3 Cobot
The Universal Robots UR3 cobot (or UR3) is the cobot that the end effector is being designed to interface with. Therefore, it is important to understand the abilities and restrictions of this equipment. The technical specifications of the UR3 can be found in Appendix D.
[bookmark: _Toc105344286]Functions
To provide a solution to a function, research is required into viable options to be incorporated into the final design. A range of support methods were researched in order to find some of the best methods of holding and supporting the device. Some of the methods to support the device includes a gripper. Traditional gripper are ubiquitous, being used in multiple applications (Universal Robots, 2019). There are different types of grippers to suit different applications. This includes traditional finger grippers, magnetic grippers and vacuum grippers. Traditional finger systems can work in most applications, with a higher number of fingers making it better suited for more general applications (Honarpardaz, et al., 2017). 
Magnetic grippers are generally flat, round or rectangular in shape to allow for grip in different applications. This type of gripper is often lightweight, consisting of purely electronic parts. The biggest caveat to this system being it can only hold ferromagnetic materials (Roy, 2015). This would make magnetic grippers unsuitable for this application, given the cases are polymers and not ferromagnetic. 
Another option that was considered is vacuum. Normally, vacuum grippers use multiple suction cups to generate enough grip to move objects with a wide mass range (Universal Robots, 2019). This makes vacuum grippers suitable to lift products with smooth, flat surfaces or are more difficult to grip using conventional finger grippers (Universal Robots, 2019). Yet, Coxworth (2018) argues these systems are generally noisy and bulky. This is not ideal for this application, plus the additional requirement of minimal top support; to reduce the likelihood of the device falling apart. 
Another function that was identified was the ability of the cobot to sense the position of the end effector. There are many methods that can be used to determine position in robotics. One of the most methods is Odometry (Borestein, et al., 1997). This method translates the rotation of the motor and can covert this into linear motion. As this system measures the movement and position of motors, there is inevitably some error in each measurement. The further the robot moves, the greater cumulative error (Borestein, et al., 1997). Though Universal Robots (2022) states modern equipment can correct and increase the accuracy of joint movement through correct programming.
Global Positioning System (GPS) uses satellites to measure the distance that is travelled by an object carrying the necessary equipment (Borestein, et al., 1997). Yet, this system is used predominantly outdoors where there is less interference. GPS is normally accurate to approximately 4.9 metres (GPS.GOV, 2022). Given the UR3’s span of 500mm (0.5m), this would make GPS a poor choice for positioning the end effector.
Systems like mapping are supported through Universal Robot’s control software. The fixed positions, called waypoint, gives the exact location of the Tool Centre Point (TCP). 
Visions systems use a camera to detect and locate objects. To ensure the cobot can understand what is being presented, a barcode can be used to identify objects. Higher resolution camera systems can yield greater accuracy (Keyance, 2022). Regardless of quality, a vision system generates additional cost to the final product. Other systems such as laser guided systems are used in inspection process, with accuracy on Keyance LR-X series being able to measure changes in position from 0.5mm (Keyance, 2022).













[bookmark: _Toc105344287]Design Requirements
With the requirements for this new end effector confirmed, the specification can be developed. ProductPlan (2022) defines a product specification as a list of goals that shows what the product should be capable of and comparable measures of success. To find the measurable goals and properties that will allow the end effector to function as intended a Quality Function Deployment is required. Quality Function Deployment (QFD) is method developed to record the “voice of the customer” and translate these requirements into design requirements or specifications (Johnson, 2003). In its simplest form, QFD uses a matrix comprised of customer requirements and design requirements (Morgan, 2015). The design requirements are assessed according to their relevance to each customer requirement (Johnson, 2003). In some circumstances, competitors’ products can be compared according to the customer requirements. For this task, it is not possible as competitors’ products have not been assessed according to the requirements and application set out in this report. Additionally, some information regarding competitors’ products is not widely available for comparisons to be made. The completed QFD can be found in Appendix C. 
The design requirements that have been established can be found in the table below. This includes the factors that should be considered to solve all stipulated and unspoken requirements set out by the customer. Due to the scarcity of information and specialist application of this product, definite limits could not be defined in some cases. 
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With the necessary customer and design requirements developed, focus can be turned towards developing concepts and solutions for the end effector. Burge (2006) states that a final can be create from multiple concepts, often incorporating the benefits of each. Taking this into account, a method called Function Means Analysis (FMA) will be used. FMA plots the basic function that must be performed by the end effector and provide multiple solutions, or means, for each function. Completing the functional analysis diagram provided some of the basic functions any end effector must perform. The QFD analysis developed customer requirements into design requirements, which brought about a number of different functions that are pertinent to the overall function of the end effector. These functions will be combined into the FMA to develop a number of solutions. The completed FMA can be found in Appendix E. The legend shows the selected pathways for each solution as indicated in the legend. Pathways showing two highlighted functions indicates a hybrid or dual approach has been selected. 


[bookmark: _Toc105344289]Concepts
The following concepts were generated from the function means analysis with the aim of fulfilling the design requirements established in the QFD analysis. A Pugh matrix will be used to assess each concept according to the design requirements to establish a final design. 

[bookmark: _Toc105344290]Concept One
See Appendix F for the sketch of this solution. This concept uses a simple scoop to lift, transport and lower the device into the sled. Lifting and lowering is controlled solely by the cobot, meaning that the device sits loose on the scoop. There is a cut-out at the front of the scoop to straddle the stop at the end of the chute. No modification is required to the chute or sled for this concept. Weight sensors are incorporated into the scoop body to detect if the device is present and a vision system to align the scoop to the body.

[bookmark: _Toc105344291]Concept Two
A simpler concept, this uses a single profiled piece. This piece has hooks at the end of each jaw to act as snap fittings that secure to the back of the device as it is pushed into place. To release the device, it must be pressed into the retaining parts of the sled. This stops the device being released mid-cycle and can only be released with the corresponding location areas. This adds elements of Poka Yoke to the process, controlling the failure modes highlighted in the PFMEA. The sled would require modification to accommodate the release mechanism of this concept. The sketch for this concept can be found in Appendix G

[bookmark: _Toc105344292]Concept Three
Matching the description of a traditional gripper set out by Honarpardaz, et al. (2017), this gripper features two jaws which are indexable to support the device. The jaws are spring loaded in the shut position but opened and held in the open position using a cam and detent. During tranport the jaws cannot be opened accidentally adding a similar level of Poka Yoke to the process as Concept Two. The cam is driven by the tool flange of the UR3, eliminating the need for an external actuator but only when the orientation of the device is locked by the chute and the sled. Whilst suspended, the device can only be turned rather than released. 

[bookmark: _Toc105344293]Final Design
To find the most suitable concept to develop, it must be compared with the design requirements and functions of the end effector. In this instance a Pugh Matrix is used. According to Burge (2009) the Pugh Matrix is completed by comparing the requirements and functions to the concepts, scoring each by compliance. A point is earned through conformance and zero points are earned through non-compliance (Burge, 2009). For this analysis, only design requirements that refer to function and operation of the end effector will be assessed. Material choices will be discounted as it is generally considered in the design stages. Burge (2009) and the American Society for Quality (2022) states this is acceptable for making conclusive decisions. The Pugh matrix can be found in the table below. Concept 3 is the most compliant to the criteria, hence will be developed into the final design.
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Next, the relationships between the design requirements will be explored. Where correlations were highlighted in the QFD analysis, they have common links that will be important to determine when completing the final design. The table below shows the relationships between the design requirements highlighted in the QFD analysis. 
[image: Graphical user interface, application
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It is requirement that the end effector must be suitable for high volume production. Akdogan and Serder Vanli (2020) defines high volume manufacturing as production methods that can consistently produce large numbers of parts within a short amount of time. 3D printing has allowed for high-volume production of parts through optimisation of parts and print volume (Jenkins, 2022). Additionally, Slant3D offer high volume 3D printing service that does not incur high tooling costs associated with alternative methods like injection moulding (Slant 3D, 2021).  

[bookmark: _Toc105344295]Material
Some of the most common and versatile materials used in 3d printing includes ASA, ABS and PLA plastic (Slant 3D, 2021). Whilst there are options for metals, these are being disregarded due to their higher density. Simplify3D (2022) regards ASA as the most durable material of the selection. The following properties are given for each material.
	Property
	ASA (MatWeb, 2022A)
	ABS (MatWeb, 2022B)
	PLA (MatWeb, 2022C)

	Toughness
	0.32-5.87 J/cm
	0.1-7.85 J/cm
	0.105 - 8.54 J/cm

	Yield Strength
	15-83.4MPa
	2.00 - 77.0 MPa
	8.00 - 103 MPa

	Stiffness/flexural modulus
	1.34-5.89GPa
	0.0241 - 6.89 GPa
	0.167 - 13.8 GPa

	Density
	1-1.24 g/cm3
	0.882 - 3.50 g/cm3
	1 - 2.47 g/cm3


From this table, ASA provides a much higher set of minimum properties, despite some properties having higher maximum values. Due to a higher base value for each mechanical property and having the lowest maximum density. 

[bookmark: _Toc105344296]Design/Function
Parts will be designed to be manufactured using 3d printing. Guidance and design features will be used from Jenkins (2022) in each design. The final design will reflect the features of the concept, but will incorporate changes that allow it to be 3d printed. The gripper can only be opened and closed when locate into the chute or onto the sled with the device. Doing this eliminates the possibility for the device to be accidentally released through program error or loss of power. Effectively, this a control form of Poka Yoke that stops an error occurring (Morgan, 2021).

[bookmark: _Toc105344297]Features
For this design a lever microswitch will be used to detect the presence of the device in the end-effector. This provides autonomation, also known as Jidoka, to the operation (Morgan, 2021). Doing this provides a human level sensing ability that will detect when the end effector has failed to collect a device from the chute. 

[bookmark: _Toc105344298]Conclusion
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	PROCESS FAILURE MODE AND EFFECTS ANALYSIS

	
	
	
	
	 

	
	
	
	
	 

	Process:
	Lifting and transporting mobile phones from chute to AGV
	
	

	 
	 
	
	
	 
	 
	 
	 
	 
	 

	 
	
	Potential Effect(s) of Failure
	Sev
	Potential Cause(s)/ Mechanism(s) of Failure
	Occur
	Current 
Process 
Controls
	Detec
	RPN
	Recommended Action(s)

	
	
	
	
	
	
	
	
	
	
	

	Move end effector in vicinity of the machine
	Doesn't move
	No function of end effector
	10
	Failure of program, no power, program not started
	2
	Start-up procedure, Failure detection
	1
	20
	Program planning
	

	
	Moves into the incorrect area
	No function, misalignment, damage to end effector, damage to device
	8
	Program error, misalignment of robot
	5
	None
	5
	200
	Alignment jig for robot. Align and secure robot, use of vision system
	

	
	Hits obstacle
	Damage device, damaged machine, damaged end effector, Injury, dropped device, damage obstacle
	8
	Program error, misalignment of robot, obstacle not detected
	3
	Program planning, 
	3
	72
	Alignment jig for robot. Align and secure robot, use of vision system
	

	Locate into device
	Doesn't locate onto device
	Damage device, damaged machine, damaged end effector, Injury, dropped device, damage obstacle
	8
	Mobile phone misaligned. Robot misaligned, end effector misaligned
	3
	Chute guides
	2
	48
	Alignment jig for robot, alignment jig for end effector, use of vision system
	

	
	Doesn't locate onto correct areas
	Damage device, damaged end effector, Injury, dropped device
	6
	Mobile phone misaligned. Robot misaligned, end effector misaligned
	4
	Chute guides
	4
	96
	Alignment jig for robot, alignment jig for end effector, use of vision system
	

	Support device
	Doesn't support
	No function
	10
	Failure of program, no power, program not started
	2
	Start-up procedure, Failure detection
	1
	20
	Program planning
	

	
	Insufficient support
	Dropped device, damaged device, Damages machine
	7
	Failure of program, no input
	3
	Start-up procedure, Failure detection, use of friction grips
	2
	42
	Program planning, use of friction grips
	

	
	Excessive support
	Damaged device, damaged end effector
	8
	Input too high, leverage too high, misalignment of device
	2
	Program planning,  chute guides
	6
	96
	Program planning, use of friction grips
	

	Lift device from chute
	Doesn't lift
	No function
	10
	Failure of program, no power, program not started, overload of cobot
	2
	Program planning
	1
	20
	Program planning, lightweight design
	

	
	Lifts excessively high
	Misalignment of device, misalignment of end effector, ejection of device, damage to device, damage to end effector
	6
	Input too high,
	2
	Program planning
	 
	0
	Program planning
	

	
	Lifts too little
	Misalignment of device, misalignment of end effector, damage to device, damage to end effector, damage to machine
	7
	Input too low. Overload of cobot
	1
	Program planning
	7
	49
	Program planning, lightweight design
	

	
	Hits obstacle
	Misalignment of device, misalignment of end effector, damage to device, damage to end effector, damage to machine, damage to obstacle
	8
	Program error, misalignment of cobot, obstacle not detected
	3
	Program planning
	2
	48
	Program planning, alignment jig for cobot, vision system
	

	
	Lifts too quickly
	Misalignment of device, ejection of device, damage to device, damage to end effector, damage to machine
	6
	Program error, input too high
	2
	Program planning
	5
	60
	Program planning
	

	Support weight of device
	Doesn't support weight
	No function, damage to end effector, damage to device, dropped device
	5
	Program error, no input to end effector, end effector error
	4
	Program planning
	2
	40
	Detailed program planning, end effector testing, vision system
	

	
	intermittent support
	No function, damage to end effector, damage to device, dropped device
	5
	Program error, no input to end effector, end effector error
	3
	Program planning
	1
	15
	Detailed program planning, end effector testing, vision system
	

	Move device into vicinity of AGV
	No movement
	No function
	10
	Program error, no input to cobot
	2
	Program planning
	1
	20
	Detailed program planning, pre-start checks
	

	
	Moves too far
	Misalignment of device, damage to device, damage to cobot, damage to machine, device dropped
	8
	Program error, misalignment of Cobot, hit obstacle, misalignment of end effector
	4
	Program planning
	3
	96
	Detailed program planning, alignment jig for cobot, alignment jig for end effector
	

	
	Move too little
	Misalignment of device, damage to device, damage to cobot, damage to machine, device dropped
	8
	Program error, misalignment of Cobot, hit obstacle, misalignment of end effector
	4
	Program planning
	3
	96
	Detailed program planning, alignment jig for cobot, alignment jig for end effector
	

	
	Move too slow
	excessive time taken for one operation
	1
	Program error, Input to cobot too low
	6
	Program planning
	5
	30
	Detailed program planning
	

	
	Moves too fast
	Damage to cobot, damage to end effector, ejection of device, damage to damage.
	9
	Program error, Input to cobot too high
	3
	Program planning
	6
	162
	Detailed program planning. 
	

	Locate device onto platform
	Doesn't locate
	Damage to device, damage to end effector, damage to AGV
	8
	Program error, misalignment of Cobot, misalignment of AGV
	5
	Program planning
	3
	120
	Detailed program planning, Alignment jig for cobot, alignment adjusted for AGV
	

	
	Locate too far from platform
	Damage to device, damage to end effector, damage to AGV
	6
	Program error, misalignment of Cobot, misalignment of AGV
	5
	Program planning
	4
	120
	Detailed program planning, Alignment jig for cobot, alignment adjusted for AGV
	

	
	Incorrect orientation
	Damage to device, damage to end effector, damage to AGV
	5
	Program error, misalignment of Cobot, misalignment of AGV
	6
	Program planning
	3
	90
	Detailed program planning, Alignment jig for cobot, alignment adjusted for AGV, pre-start checks, alignment jig for end effector
	

	Remove support
	Doesn't remove support
	Damage to device, damage to AGV
	5
	Program error, damaged end effector
	4
	Pre-start checks
	1
	20
	Detailed program planning. Inspection of end effector prior to start up.
	

	
	Support removed too quickly
	Dropped device, damaged device, Damaged end effector
	4
	Program error, Input to cobot too high
	4
	Program planning
	3
	48
	Detailed program planning, Pre-start checks
	

	
	Support not fully removed
	Dropped device, damaged device, Damaged end effector
	4
	Program error, misalignment of cobot, misalignment of AGV
	3
	Program planning, pre-start checks
	3
	36
	Detailed program planning, alignment jig for cobot, alignment jig for AGV
	

	
	Support removed too slow
	excessive time taken for one operation
	1
	Program error, Input to cobot too low
	6
	Program planning
	2
	12
	Detailed program planning
	

	Remove end effector from vicinity of device
	Doesn't remove end effector
	No function
	10
	Program error, no input to cobot
	2
	Program planning
	1
	20
	Detailed program planning, pre-start checks
	

	
	End effector moved too little
	Hit obstacle, damage to AGV, damage to end effector, damage to cobot
	7
	Program error, misalignment of Cobot, misalignment of AGV
	3
	Program planning
	2
	42
	Detailed program planning, pre-start checks
	

	
	End effector moved too far
	Hit obstacle, damage to end effector
	6
	Program error misalignment of cobot
	3
	Program planning
	5
	90
	Detailed program planning, alignment jig for cobot
	

	
	Hit obstacle
	damage to end effector, damage to cobot, damage to obstacle
	6
	Program error misalignment of cobot, no control of obstacles in vicinity of cobot
	3
	Program planning, pre-start checks
	2
	36
	Detailed program planning, alignment jig for cobot, cordon area around cobot vision system
	



Appendix B: Process FMEA to identify points of failure and additional requirements
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Appendix C: The QFD analysis of the requirements and specification
[bookmark: _Toc105344304]Appendix D – Universal Robots UR3 Cobot Technical Specification
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Measure
(if applicable)

Design Requirements.

Description

1 Number of parts Minimise | Less parts means less error in the position of the device.
2_|Toughness Maximise _|To be able to withstand unintentional impact
P F— " To make the end effector easier to manoeuvre, fit within the
rne! Dimensions "nIMIS€ | boundaries of the chute and reducing the total mass.
To withstand forces associated with lifting and holding the
4 |vield strength Maximise |12 o o
Provide enough friction to prevent the device falling ot of the
5 |Grip Force Target |end effector but not to damage the device through excessive
force.
To prevent distortion during operation but also to allow for
6 |[stffness Target o & o

multiple assembly methods.
25k | 3keis the maximum load that can be supported by the URS

Maximum | Cobot. Subtract 0.5ke for the device.

& | Number of sharp edges Minimise | Reduce the likelihood of damaging the device

Agrip or support that is softer than the device case material

7 |Total Mass

9 |[EEh=sciEk MinimiSe | will ot damage the surface of the device.
Less clearance reduces the likelihood of misalignment. This
10 |Clearance between parts Minimise | requirement covers clearance between individual parts of the
end effector
11| Operation adjustability Maximise | Adjustability of operational parameters
Reducing the hole clearance, to interface on the URS mounting
12 |Mounting hole clearance Minimise | plate, reduces the need for unwanted adjustments to prevent

misalignment.
There must be some method for the cobot to measure the

13 | Position sensing. Maximise | position of the device. This can include passive methods that
do not communicate with the URS cobot.

Maintaining a low density reduces the total mass of the end

oy —p— pr—
15| ortionorndersie supprt Mimize |0 besuppert hats e o i and move the deic is
[P [ — Mimize |10 besupperibts eird ot and move the deic, s
17 | ortionortonsuppor Minimise_[Losppertshould b rovided o is e o present e
18 [Number of locating positions Minimise | There should only be one position/orientation in which the.

device can be held.
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UNIVERSAL ROBOTS

UR3e
Technical
Specifications

With a 3 kg payload capacity and
500 mm reach, the compact form
factor of the UR3e makes it a fit
for tight workspaces.

Today, more than 50,000 UR
collaborative industrial robots have
been delivered to customers across
industries and around the world.
UR3e is one of four e-Series cobots,
each with a different payload

and reach combination. e-Series
brings incredible flexibility and
unparalleled ease of use to your
application

Contact

Universal Robots A/S
Energivej 25

5260 Odense

Denmark

+45 89 93 89 89
sales@universal-robots.com
universal-robots.com

UR3e

Specification
Payload

Reach

Degrees of freedom
Programming

Performance

Power, Consumption,
Maximum Average

Power, Consumption, Typical
with moderate settings
(approximate)

Safety
Certifications

Force Sensing, Tool Flange
Range
Precision
Accuracy

Movement

Pose Repeatability
per IS0 9283

Axis movement
Base
Shoulder
Elbow
Wrist 1
Wrist o
Wrist 3
Typical TCP speed

Features
IP classification
ISO 14644-1 Class Cleanroom
Noise
Robot mounting
I/0 ports
Digital in
Digital out
Analog in

Tool I/0 Power Supply
Voltage

Tool I/0 Power Supply
Physical

Footprint
Materials

Tool (end-effector)
connector type

Cable length robot arm

Weight including cable
Operating temperature range
Humidity

3 kg (6.6 1bs)
500 mm (19.7 in)
6 rotating joints

12 inch touchscreen with polyscope
graphical user interface

300 W

100 W

17 configurable safety functions

EN ISO 13849-1, PLd Category 3,
and EN ISO 10218-1

Force, x-y-z Torque, x-y-z

30.6 N 10.0 Nm
2.0 N 0.1 Nm
3.5N 0.1 Nm

+ 0.03 mm

Working range Maximum speed

+ 360° + 180°/s
+ 360° + 180°/s
+ 360° + 180°/s
+ 360° + 360°/s
+ 360° + 360°/s
Infinite * 360°/s

1 m/s (39.4 in/s)

IP54

5

Less than 60 dB(A)
Any orientation

2
2
2

12/24 V

608 mA

@ 128 mm
Aluminium, Plastic, Steel
M8 | M8 8-pin

6 m (236 in) cable included.
12 m (472 in) and high-flex options
available.

11.2 kg (17.7 1bs)
8-50°C
90%RH (non-condensing)

UR3e Product Fact Sheet - July 262

Control Box

Features
IP classification
IS0 14644-1 Class Cleanroom
Operating temperature range
Humidity
I/0 ports

Digital in

Digital out

Analog in

Analog out

Quadrature Digital Inputs
I/0 Power Supply
Communication

Power source
Physical

Control box size (W x H x D)

Weight
Materials

IP44
6

08-50°C

90%RH (non-condensing)

16

16

2

2

4

24V 2A

500 Hz Control frequency
Modbus TCP

PROFINET

Ethernet/IP

USB 2.0, USB 3.0
100-240VAC, 47-440Hz

466 mm x 449 mm x 254 mm
({828 nibaklZ 6 in e N0 Ein)

12 kg (26.5 1bs)
Powder Coated Steel

The control box is also available in an OEM version.

Teach Pendant
Features

IP classification
Humidity

Display resolution
Physical
Materials

Weight

Cable length

IP54
90%RH (non-condensing)
1280 x 800 pixels

Plastic, PP

1.6 kg (3.5 1bs)
including 1m of TP cable

4.5 m (177.17 in)

The teach pendant is also available in a 3PE option.
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