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Abstract

Additive Manufacturing (AM) is a technology utilized for creating complex parts by adding
layers of material in order to create a three dimensional functional part. This technology has been
pushed to a new level of functionality where mechanical parts are combined with electronic components
to create Three-Dimensional Structural Electronics (3DSE) systems. This new technology has been used
to replace Printed Circuit Boards (PCB), for 3D SE are light weight and can be created in any desired
shape. Computer Aided Design (CAD) software is used to design the part and a Fused Deposition
Modeling (FDM) machine is used to 3D print the part with slots for the electronic components to be
embedded. Researchers have been working on embedding electronic components for several years, but
so far all the embedding of components is done manually. The research presented in this paper provides
a new approach for embedding electronics by utilizing a Yamaha SCARA robot in order to automate the
pick and place process. Automated placement of electronic components is an ongoing research area, and
in this paper a design of experiment (DOE) is conducted to measure accuracy on the Yamaha SCARA

robot in order to facilitate accurate placement of electronic components.
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Chapter 1: Introduction

The field of manufacturing is driven by consumer/costumer demand for a higher quality product
at a lower cost. The manufacturer must keep evolving with technology to fit customer needs and at the
same time maintain a high profit by reducing operating cost. Technology offers new pathways to
achieve these goals through automation. In the last couple of decades, the industry has utilized the field
of automation and robotics to lower the cost of manual labor and increase the quality of the product,
automation is expanding across industries at a rate that is exceeded only by the growth of internet [1].
When done correctly may be an efficient approach to maintain the balance between the demand of the
consumer and the efficiency of the manufacturer. Automation, can be defined as the use of machinery or
equipment in a manufacturing process, industrial robots are the mere example of automation. To
facilitate automation, the industrial robot operates in a structured environment that is relatively well
defined and can be engineered and modified for the best use of robotic technologies (in contrast with
robots operating in unstructured environments such as space exploration missions, underwater missions,
or nuclear disaster cleanup), therefore the design of the working area must be strategically thought for
the best production results and cost efficiency. To that end, the uncertainties that exist in a structured
environment can be identified and anticipated, and handled by the correct implementation of sensors,
feeders, fixtures, sorting procedures, and other techniques [2].

An automatic system can be defined as a system which is able to repeat specific operation
generally with a low degree of intellectual and manipulative levels, but that can be easily programmed in
agreement with demands of productivity [3]. Robotics is the theory and practice of automation of tasks
which, because of their nature, were previously thought to be reserved for man alone. Such work is
characterized by an almost permanent interaction between the robotic device and the object (or

environment) [4]. The need of automation in a manufacturing process is ideal for two main reasons: cost



savings and improving the quality of the product manufactured. Zandin (2001) explains how that
flexibility is the main advantage of robots because it allows the manufacturer to utilize them for a vast
variety of products of all sizes. It also allows for implementation of a wide range of productivity life
cycles to accommodate to the demand of the product. Therefore as stated before, it is important to
implement a design that fits the needs of one’s specific product and justify every aspect of the design.
For tasks that are repetitive, such as the case of embedding electronic components, a simpler pick and
place devise may be the most effective and low cost solution. Other more difficult task may require a
higher level of flexibility or even require a human operator with intelligence [2]. Therefore, when
approaching the idea of automating a process one must consider the task, the intellectual levels required
for the task and the potential of the robot that is being considered for the job. New robots have the
capability of performing different jobs by being reprogramed; this means that they can substitute not one
but several workers. Shin (2008) defines the advantages of these robots, the first one being flexibility
which according to her modern robots can in many cases perform better than previews robots since they
are able to perform more than one function such as welding, riveting, bonding and installing components
[5]. Other benefits of robots are their precision, speed, accuracy and according to Shin, their ability to
work 365 days.

Automation is not only a benefit for the manufacturing industry but for the safety of the worker
and in the past it has been implemented entirely in the welding industry due to the injury risk that it
represents for the human worker. Zandin (2001) states that robots are justified for task that have the 4-D
characteristics which are dangerous, dirty, difficult and dull [2]. Research shows that a product spends
95 % of its time waiting and been transport to a different area, while only 5% of the time the product is
on active production and robots can be utilized to speed up the moving time and as a consequence

reduce production time [6].



The purpose of this research is to show the benefits of automating the electronic component
placement for the purpose of building Three-Dimensional Structural Electronics (3D-SE) using Additive
Manufacturing. Additive Manufacturing or 3-D printing is a technology where parts are created by
adding material in layers in order to create a three dimensional part. Researchers are incorporating
electronic components to additive manufacturing to create 3D-SE and replace Printed Circuit Boards
(PCB). Gutierrez (2011) pioneer on 3D SE research, if the use of PCBs is eliminated, one can design the
circuits on the surface of a conformal device, with that the size and volume of the device can be reduced
and its shape optimized for a more efficient use [7]. In addition, the use of additive manufacturing for
the production of 3D SE is an inexpensive alternative to the traditional PCB. 3-D printing is an
automated process which requires minimal human interactions, aside from the design. The use of a robot
to incorporate the electronic components necessary to make a functional 3D SE will extend the
production possibilities and allow for as many changes and alterations as the consumer desires with
minimal cost and quality repercussions. This research presents a design of experiment approach used to
measure the significance of the factors interaction to achieve a high quality production of 3D-SE while
using automated assembly of electronic components. In order to compare the final quality of component
placement a machine Vision system will be utilized, to better understand the reliability and accuracy of

the embedding technique.



Chapter 2: Theoretical Background

2.1 HISTORY OF THE ROBOT:

The vision of robotics has been around since the beginning of the 19t century to depict a
fictional character, an idea of a machine with human characteristics that will function on human
command and never represent a hazard. Scott (2011) describes how the idea was transformed and turned
into a reality initially by building “Shakey”, a robot built at the Stanford Research Institute that was able
to perceive, model and interact with its environment, this robot represented the beginning of the
“Artificial Intelligence” era. Later more sophisticated machines were created, those machines could be
controlled through a computerized system. The first robotic arm was invented in 1969, this arm was
controlled by a computer and had 6 degrees of freedom and five revolute joints. The new
implementations added to the flexibility of its uses, and lead to the creation of the most current robots,
that maximize the cost and quality of the manufacturer’s productions in a variety of industries.

Automation in the Industry grew around the scientific research, one of the first robots created for
the industry was the “Versatran” which was distributed in 1963, and the use of this robot was specific to
transfer of product. This robot was followed by the “Trallfa” robot, a robot with six degrees of freedom,
capable of spray painting different surfaces; this robot was later on modified to be used on the welding
and agriculture industry. Those robots proved to be efficient for the manufacturing industry and their
processes. Since its introduction automation in the industry overlooks three main ideas: create a safe

environment for the human worker, reduce cost and increase product quality.

2.2 SAFE ENVIRONMENT:

Automation was brought into the manufacturing industry with the idea of creating a safe
environment in dangerous industries such a welding. Today maintaining a safe work environment
continues to be one of the main goals of automation, and robots are more capable of performing tasks
that can be difficult or endangering humans. One example of this is the use of the Microsoft’s Kinect
motion sensing system (Perception Inc.), which utilizes scoops and suction cups to pick and drop boxes

in a conveyor belt. This approach reduces injuries for workers in the loading industry such FedEx and
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UPS, who have a high probability of suffering from back injuries. With the same purpose, Boeing
utilizes giant robots to build their commercial jets, and they state that robots are more precise and the
process is safer for workers [5]. When compared to the small scale of our research which consists on
working with relatively small elements, one may consider that injuries are not something to be worried
about; however injuries also come along through processes that become exhausting by repetition, which
is the case of electronic component assembly.

By creating a safe environment the industry is not erasing manual labor from the map, and while
the machines work on the assembly line 24 hours a day, 365 days a year, taking care of the precise
heavy lifting work load, workers do simple tasks such as trimming extra material, threading wires and
screwing fasteners. In that manner, manual labor continues to be required, without jeopardizing their
safety and the quality of the product [8]. Boeing claims that even when using robots to build their
aircraft the company struggles to obtain enough workers to keep their production of its 787 aircraft, and
that automation only increases precision and is safer for workers. Alternatively, the robotic industry in
continuously creating new jobs, in 2011 the International Federation of Robotics created 150, 000
employments worldwide in engineering and assembling jobs [8]. After a quantitative experimentation on
automation and the effects of a mental load on manual labor Wei (1998) concluded that automation

improves production efficiency and enhances operational safety.

2.3 REDUCED COST:

Cost reduction is leading factor in the manufacturing industry and automation is becoming an
essential step on reducing manual labor cost, and improved new versions of robots can replace more
than one worker and perform up to four functions instead of one. Robots can weld, rivet, bond and
install components. For example, Shin (2008) explains how robots utilized in the lettuce packaging
industry in California, work at speeds that they may replace five workers [5]. The efficiency of
automation when introduced in to the manufacturing industry in a smart educated manner can bring
huge profits to the company and there are cases where robotic automation costing 250,000, replaced 2
operators that were earning 50,000 dollars a year, and after the 15 year life of the robotic system the

machine had produced a saving of 3.5 million dollars [8]. The Philips Electronics factory in Drachten



Netherlands has robotic arms that must remain enclosed on glass boxes due to the high speed work they
produce, at no risk to human injury [8].

Automation has proven to be cost effective in a wide range of industries. One example of this is
C & S, the one of the world’s largest grocery wholesaler, which was able to reduce their warehouse
space from half a million square feet to 30,000 square feet, and hundreds of worker to a few technicians
who take care of the robots that work 24 hours, 365 days at a 25 miles per hour speed [8]. Robots are
acquiring flexibility and becoming inexpensive, since 1990 the cost of automation has dropped to almost
half [9]. As for electronic components assembly, Brandeau (2007) state that implementation of
automation on electric component assembly has proven to be faster and cheaper and the advances need

to be implemented on maximizing the performance of the robot to produce more than one distinct board
[11].
2.4 INCREASE QUALITY:

For this research quality of component placement is being addressed and what automation can
contribute to the assembly process. Robots are capable of performing tasks that could be considered
difficult to humans; are precise and can slip wires into holes too small to be seen by the naked eye.
Philips uses robots that are capable of bending wires with millimetric accuracy, and can put toothpick-
thin spindles into even smaller holes and what is most important to our process these robots can grab
miniature plastic gears and set them in housing, and snap plastic pieces in place. Robots can be accurate
at high speeds without reaching exhaustion. Shin (2008) states that while humans can move a box every
six seconds, a robot can perform the same task in one second and avoid back injury. The Tesla Company
can have as many as eight robots working on the building of a single car without crashing each other [5],
[8]. Although, most of those tasks can be performed through manual labor, these examples show how
the same job can be done in a more precise manner and less time consuming by a robotic arm.

Genaidy (1988) compared the performance of a robot to that of 10 humans during 100 work
cycles, and found out that although robots took about three time longer to perform a cycle
(robot=10.01s, human=2.95s), the robot was consistent with its times with a standard deviation of .279s

and a variation coefficient of 2.76%, on the other hand the human presented a standard deviation of .49s



and a variation coefficient of 16.63%. This shows that even when the robots performance is slower than
that of the human, the robot continues to work at a constant speed even after long periods of time, while

the human’s performance is affected by exhaustion [10].

2.5 IMPLEMENTATION OF AUTOMATION FOR 3D STRUCTURAL ELECTRONICS

The use of automation on the assembly process of printed circuit boards began twenty years ago,
through either semimanual processes or fully automated processes. Researchers have been creating and
developing new ways of utilizing the 3D printing or AM technology to create 3DSE, because of the
advantages of 3D printing that include ease of duplicating products, low cost, and product security
considerations [12]. 3DSE is an area in which electronic devices and connections happen in a three
dimensional part. Leading research laboratory in 3DSE is taking place at the W. M. Keck Center for 3D
Innovation of The University of Texas at El Paso. In order to be able to create an additive manufactured
part a Stereolithograpy or Standard Triangulation Language (STL) file is required, and can be created
with a design software such as Solidworks. Once the STL is created, it can be uploaded to the AM
machine and to begin building the model. After the part is completed the support material is removed
and the part is ready to use. For 3DSE the process varies from the original process and some extra steps
are added. Before creating the CAD a design of the desired electronic component must be created and
saved as .dxf file, the file is then imported to the CAD software and incorporated to the desired shape,
finally it must be saved as a STL file and manufacture with the desire technology [7]. After the part is
completed and cleaned, the electronic components are embedded and the conductive ink or wires are
placed to connect the electronic components [8]. Three Dimensional Structural Electronics have
revolutionized the electronic market; according to Fritz (1998) 3DSE are quickly to build, and can be
created in small batches and small sizes [13]. Also, according to Espalin (2014) 3D printed parts with
embedded electronics have the ability to be built in complex geometrically shapes [14]. Gutierrez (2011)
proposed that this technology is very useful for spacecraft because AM can be conformed to any surface
or volume [15]. On the other hand, 3DSE are complex parts that require care throughout the building
process and high level of precision during the assembly process. Embedding electronic components

within the 3DSE is not an easy task, for each component has a different challenge and it is important to



take into consideration tolerances, fixturing, and functionality [10]. In order to achieve the desired
functionality and precision of the 3DSE building process the electronic components are placed
manually, therefore all implementations on the CubeSat were done manually, however manual labor as
proven to be inefficient and can vary from person to person [15]. By embedding the components
manually is possible to achieve a product with high quality, but is time consuming, and introduces
quality variables to the final product due to human mistake and exhaustion. As a result, after an
extensive literature review about pick and place in 3DSE automating the assembly process of the

electronic components in additive manufactured parts is an important research area.



Chapter 3: Proposed Methodology

3.1 GENERAL
This chapter describes the methodology proposed to automate the pick and place process for

embedding electronic components. The first step is the pick and placement process with a robotic station
includes analyzing several key factors. First, it necessary to know the station used for the pick and
placement, including the robot used and the software to manipulate the robot (Section 3.2). Also, it is
important to identify the components that will be placed with the robotic station (Section 3.3). After the
robotic station has been identified and the Machine Vizio System has been described (Section 3.4). A
precision test can be run as a key step to ensure the placement of the electronic components with

required quality.

3.2 MACHINE SETUP
This research includes a design of experiments will be conducted to analyze and verify the

accuracy of an automatic station. The robotic station consist of Yamaha SCARA YK350X (1), Yamaha
SCARA YK180X (1), Yamaha Linear Actuator 850mm (1), Black and white Cognex camera (1) and
Colored Cognex camera (1). Each robot can be operated either by its controller or through the computer

utilizing the VIP WIN program (Figure 1.)

Figure 1 Automation Station with Components (Left), Controller with VIP WIN Program (Right)

Due to the limitation of the robotic station been incased, the space available to work is 23 inches

by 16 inches as shown in Figure 2. However the space available for experimentation is further limited by



the range of the robotic arm which only extends up to 8.75 inches on the “X” and “Y” axis, and only

allows for 4 inches on the “z” axis (Figure 2).

Figure 2 Robotic Platform Dimensions (Left), Robotic Arm Dimensions (Right)

The dimensions of the YK180X robot are critical because distance traveled is one of the factors
to be considered to ensure good quality of component placement. Also, by knowing the dimensions of
the robot it is possible to manipulate it so as to prevent any crash with its base or with another robot

located on the vicinities.

3.3 THREE DIMENSIONAL PRINTED BOARD
For this research a Fused Deposition Modeling (FDM) machine was utilized to create the AM

part to embed the electronics. In order to create the part, it is necessary to follow a process chain that
consists of eight steps. First, it is necessary to create a 3 dimensional design of the part using Computer
Aided Design (CAD) program such as Solidworks. Figure 3 shows the blue print of the platform created
to embed the electronic components. All the dimensions shown in Figure 3 were taken from the

electronic components selected for this research (Figure 4).
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Figure 3 Blue print Embedded Electronic Platform

Figure 3 layout was randomly selected. The electronic component slots were placed vertically

and horizontally in order to test the robotic arm placing components in both directions.

12.12 mm

8.24 mm

Figure 4 Electronic components Dimensions

From Figure 4 it is possible to observe the electronic components used. Also it is possible to see
the different shapes of micro components available to embed. Finally the one cent coin on the right side

of the image is for size reference.
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After the 3D design is completed, it was necessary to convert the CAD design to a STL file
which can be done using the same CAD software. The STL file was transferred to a computer connected

to a FDM machine (Figure 5) where the orientation, layer resolution, and size can be adjusted.

Figure 5 Dimensions Elite Machine (FDM)

Orientation, layer resolution, and part size are some key parameters that will determine the build
time and the amount of support material utilized. With a FDM Dimensions Elite, it is possible to create
parts as large as 8 inch by 8 inch by 12 inch in height as shown in Figure 6. These dimensions are key in
the process of building a part with any FDM machine because it is not possible to create parts larger

than the building envelope.

Figure 6 Building Space Dimensions
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These dimensions are key in the process of building a part with any FDM machine because it is
not possible to create parts larger than the building envelope.

Figure 7 shows the Catalyst software home page, where all the modifications of the orientation,
layer resolution, and size can be done. Also, with this software it is possible to create several parts at the

same time to save time and cost by clicking the option “Pack” (Figure 9).

B CatalystEX
File View Tools Help

-
dimension.

General Orientation Pack Printer Status Printer Services b

Name: [Dimension Eite (Dimension Eite) ] [ mansge30 printers-. |

Material: Model: P430_IVR, 53.75 in? Support: 11.10 in2
Status: 1die

Elapsed time:

Time remaining:

Properties

Layerresolution: (00100 ]

Figure 7 Catalyst Software Home page

As seen in Figure 7 (General Tab) it is possible to modify the layer resolution from 0.01 inches
to 0.007 inches. Next, it is possible to modify the model density from low density to solid. Also, the
units can be modify from millimeters to inches and finally the scale of the part can be modify. All these

options can be find on the right side of the home page.
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Figure 8 Catalyst Software Orientation Tab
Figure 8 shows the home page of the Orientation tab. In this page it is possible to change the
build angle and orientation of the part. The part can be rotated on its X, Y and Z axis and from 30

degrees to 180 degrees. All the options can be find on the right side of the orientation page.

B CatalysteX.
i

le View Tools Help

General | Orientatid ter Status | Printer Services D
Name: | Dimension Elite (Dime it v ] [ Manage 3D Printers.

Material: Model: P430_IVR, 53.75 in* Support: 11.10in2

Status: Idle

Preview

Pack Details
Insert CMB Name:

Copy Model Material: 0.00in>
Support Material;  0.00in?

Rem Time: 0:00
Notes:
Rep
D Name
Clear Pack
2 As
Add to . »
= Print Cancel

Figure 9 Catalyst Software Pack Tab

14



Figure 9 shows the Pack tab where multiple parts can be manufacture at the same time. On the
right side of this page it is possible to find all the options. Some of the options used more frequent is
copy and clear pack.

Next, the part is manufactured and once the product is completed it must undergo a post process
to remove any support material if support material was used. The post process consists of submerging
the manufactured part in a bath containing water and sodium hydroxide solution. This solution helps
dissolve the support material when maintain at a temperature between 70 and 72 degree Celsius. Figure

10 shows the Support Cleaning Apparatus (SAC) used to remove the support material.

Figure 10 Support Cleaning Apparatus (SCA)

The SAC main components are the cover, display screen, housing and the sodium hydroxide
solution. After the part is removed from the support cleaning apparatus it is rinsed with water to
eliminate any residues of sodium hydroxide and dried using paper towels. Once completely dried the
part is ready to embed the electronic component in, which are currently added manually and potentially
in the future using a robotic arm. Figure 11 shows the manufactured part with the electronic components

placed on their respective slots.
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Figure 11 3D Printed Platform with Electronic Components Embedded (Top View)

For research purposes access holes were manufactured to the platform as shown on Figure
12 to facilitate easier release of the electronic components from the slots, since components are added by

press fit.

Figure 12 3D Printed Platform with Electronic Components Embedded (Bottom View)

3.4 MACHINE V1Z10 SYSTEM (COGNEX CAMERA)

The main purpose of this research is to compare the quality of component placement by hand and
by automating the placement process. Before, performing any component placement experiment, it is
necessary to adjust the machine vizio system to verify that the system is functional. In this section,
experiments were performed to assure that the system is performing as required. Figure 13 shows the
home page of the In-Sight Vizion System. From the home page of the system it is possible to connect to
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any desired camera (In-Sight Network) also, it is possible to capture images or play live video. If an

image is taken it is possible to test the image from the applications column and set up tab.
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Figure 13 In-Sight Vizion System Homepage

The first experiment was to verify the electronic component placement quality utilizing the
option of “Blob Testing”. For the blob testing it is necessary to select the area that wants to get evaluated
as show in Figure 14. The selected area to be evaluated shows in green color and is composed of the
three electronic components. Also, on the top right side of the In-Sight page it is possible to see the

results in pixels.
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Figure 14 Machine Vizion System Blob Testing Area

After removing the components from the additive manufacture part it is possible to appreciate
that the vision systems marks the part as a non-defective part (Figure 15) this can be concluded because

the area selected keeps appearing in green and not in red.
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Figure 15 Machine Vizion System Blob Testing Error
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Blob testing is not the best option to evaluate the quality of the component placement in the 3D
printed part. For this reason the “PatMax Pattern” testing had to be selected. This method was more

efficient because it identifies numbering and lettering on the components tested as shown in Figure 16.

[[| €2 Ede Edt View Image Sersor System Window Help 7 -8

: m ! > ‘:'. ~ » . ] =
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% M ENGE1128-131163 image bnp — — :
» [® 5400C_0204da mageip [ 2 152 132 Nome | Resu
» [® is5401_021a01 [N image2 bere ' O FPat. (1148144
& s MOLTE | magetteo || | s |
€ proc.set S

""""""""""""" Rate: 59.6% (65/109)
Time: 209.6ms

Figure 16 Machine Vizion System PatMax Pattern Testing Area

From Figure 16 is possible to see the evaluated area in green color, but also on the bottom right
side it is possible to see the model region that is conformed of the electronic component with numbering
on it.

After removing the electronic component that have been identified as the model region it is
possible to observe that the In-Sight system will mark it as a defect (Figure 17) and the selected are will

change the color from green to red.

19



| Q Fle Edt View Image Sensor System Window Help -8

: In-Sight Network X :In-Si
= 3 InSight Sensors
ENGET128-131163 | [~ image.bmp

- d o
is5400C_0204da £ image.pg ; | &2 | 3¢ Name | Result
w-[® is5401_021421 [N image2bmp @ Fre X

B isml 403114 | S naged brop 2
) proc.set

SEE

i

e TR

ol

Rate: 59.8% (67/112)
_:; [Time: 545.6ms.

= J2 Location Tools
¥ PatMax Pattemns ———
# Patiems Patent | [ Mod Regon |
£ Edoe i None =
£ o0 on -
49 Circle St —
Execution Time (ms) 468459

Figure 17 Machine Vizion System Defective Platform using PatMax Pattern

On the other hand if the electronic components that are not selected as model region are removed

the In-Sight system will mark it as a non-defective part (Figure 18) and will change the evaluated area to

green.
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Figure 18 Machine Vizion System Non-defective Platform using PatMax Pattern
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As seen in the previous images one of the challenges of PatMax Pattern is that if any electronic
component does not have lettering or numbering it is not possible to identify it as the model region and
thus placement errors can be made. In order to prevent placement errors a FDM machine was used to
create a new assembly base (Figure 19) with assembly components (Figure 21) to test the PatMax

Pattern. Figure 20 shows the new assembly base with the components placed on the specific slots.

Figure 19 3D Printed New Assembly Base Figure 20 New Assembly Base with Components

Figure 21 3D Printed New Assembly Components

The lettering shown in Figure 22 was selected in order to avoid any similarity from one letter to another
for example B and E or E and F. Figure 22 shows the homepage of the In-Sight system with the new

assembly base and its components in place.
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Figure 20 Machine Vizion System with New Assembly Base Homepage
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After creating the new assembly base it is possible to conduct another experiment utilizing the
PatMax Pattern. The following images show the new assembly base been tested with the PatMax

Pattern, lets observe that the model region it is consisted of the components “D, H, F”.
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Figure 21 Machine Vizion System PatMax Pattern Testing Area New Assembly Base

As mention before the chosen letters D, H, F were selected to avoid similarity because these letters do
not share shape. After removing some components as seen in Figures 24 and 25 it is possible to see that
the In-Sight system detects a defect and marks the part as defective, this occurs because the system

identifies that there are missing components comparing it with the model region.
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Figure 22 Machine Vizion System Defective New Assembly Base using PatMax Pattern (Missing 2 Components)

22



5401021621
i 1403114405

Rate:51.4% (196381)
Time: 1

Figure 23 Machine Vizion System Defective New Assembly Base using PatMax Pattern (Missing All Components)

Figure 26 shows the components been rotated clockwise and the In-Sight system detecting an
anomaly in the component arrangement and marking it as a defect. This happens because the

arrangement it is not the same as the model region.
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Figure 24 Machine Vizion System Defective New Assembly Base using PatMax Pattern (Clockwise Component Rotation)
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Finally, after all the testing was conducted the components were placed in their original position

and the In-Sight system marked the assembly base as a good part without any defect.
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Figure 25 Machine Vizion System Non-defective New Assembly Base using PatMax Pattern

In conclusion, the PatMax Patter is the best option to check for quality in the assembly base,
even though it has some constrains like if the components been verified do not have any lettering or
numbering. For this research, the PatMax Pattern will be used to analyze accuracy of component
placement. In order to achieve a high quality of component placement it is needed to have a high
precision placement robotic arm. Section 3.5 describes a precision test created to measure the precision

of the Yamaha SCARA YK 180X robot.
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Chapter 4: Computational Results

4.1 PRECISION TEST
It is well known that robots main task is to pick and place components or parts. Therefore, in

order to achieve a high quality pick and place, the robot has to be accurate and precise. Before practicing
any experimentation on placing the electronics components on to the additive manufactured part, a
precision test was done to corroborate that the Yamaha SCARA YK180X is accurate and precise. The
precision test consisted in programing the robotic arm to move to 7 different landing areas that were
chosen randomly and mark a hole with a push pin on each area to complete a cycle. Figure 28 shows the
7 different landing areas, these areas were selected in order to cover every possible motion of the robotic

arm.

Figure 26 Precision Test Landing Area Top View

In order to attach the push pin to the robotic arm, a new robotic head was created using

Solidworks and manufactured using a Fuse Deposition Modeling (FDM) machine (Figure 29).

Figure 27 Precision Test Pin Head Attachment Front View (Left), Side View (Right)
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The test was ran at 5 different velocities, 1%, 5%, 20%, 50% and 95% of the maximum velocity
of the robotic arm and for each velocity a total of 4 cycles (one cycle consist of the arm reaching every
one of the 7 designated points) were performed. The robotic arm also performed 300 cycles at 95% and
450 cycles at 20%. After analyzing data, it was concluded that the precision test was not able to provide
enough information to accurately measure the robot’s precision. The issues with the accuracy of this test
were due to the fact that the measurements from one cycle to the next cycle were done manually with a
caliper and therefore can be affected by the human error. Figure 30 shows the defects to some of the
push pin holes on their contour. For this reasons a second precision test had to be designed to eliminate

human error.

Figure 28 Defective Accuracy Test Landing Areas

In the second test, a platform was created to fit the robotic station floor and locking in place with
2 bolts to prevent misaligning the boards from one cycle to another cycle. This platform was created to
hold four pieces of wood where all the perforations were pre-made. Figure 31 and 32 shows the

implemented precision platform. The main purpose of creating this platform was to be able to place the
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boards on the same area every time they were removed for measurement and prevent any human error

misplacement.

Figure 30 Implemented Precision Platform with Bolts Figure 29 Implemented Precision Platform with Testing Boards

The platform consisted of 4 boards that were perforated with a total of 10 holes to practice the
push pin puncture. The robotic arm was utilized to select the perforation areas, some of the holes were
selected by extending the robotic arm to his maximum aperture on the X and Y axis (perforations 2, 3, 5,
6, 8, and 9). Also, perforations 4, 7, 10 and 1 were selected by finding the middle point between the

already existing points. The following figure shows the 10 areas used for the precision test.

Figure 31 Precision Test Landing Areas
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During the first precision test a couple of challenges were presented, for example, the material
used to do the perforations on was cardboard which is stiff. In order to prevent this issue from happening
again, clay was chosen because it is soft and can hold its shape for long period of time. Three different
colors were selected to identify the sections of the platform (Red, Blue, and Green). This clay was used
by filling the premade perforations where the push pin will land. Figure 34 show the board perforation

without clay, with clay and with a push pin perforation.

Figure 32 Board Perforations with and without clay.

4.2 RANDOMIZED FACTORIAL DESIGN
For this experiment, a randomized factorial design was utilized; to obtain randomized and

independent values in other word it was created to eliminate any consistency. The test was ran at 4
different velocities; 1%, 10%, 25%, and 50%. These velocities were selected to be lower than 50%
because all the components need to be handle with care and exceeding these velocities might cause any
damage to the components. Each cycle consisted of reaching the 10 points and back to the starting
point. Also, for this test 3 extra weights of 10 grams, 25 grams, and 50 grams were utilized to verify that

the weight of the part been pick and placed do not affect the accuracy of the robotic arm. These weights

28



were selected to not exceed a 5% of the maximum payload of the robotic arm. According to the
manufacturer the maximum payload is 1000 grams. Minitab software was utilized to create the
randomized factorial design sequence. Table 1 show the variables weight, speed and replication with

their respective values to create the randomized factorial design.

Table 1 Randomized Variables

Weight 0 Grams 10 Grams| 25 Grams | 50 Grams
Speed 10% 25% 50%
Replications 10

Table 2 shows the randomized factorial design sequence (The full table can be find in the appendix).
Table 2 is consisted of three columns. The first column is tittle RunOrder, the run order is the order that
the cycles were performed. The next column will show the velocity used for the run order and the final

column is the weight utilized for each run order.

Table 2 Randomized Factorial Design Sequence

Randomized Factorial Design

RunOrder Velocity Weight

1 25 25
2 10 50
3 50 10
4 50 50
5 25 10
6 25 25
7 25 10
8 10 25
9 50 50
10 50 0
11 10 50
12 25 0
13 25 50
14 50 10
15 50 25
16 50 10
17 50 25
18 50 0
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Once the randomized factorial design sequence was completed the accuracy test was conducted.
The randomized factorial design sequence was followed to ensure that all the samples were random and
independent. Figure 35 shows the platform with clay ready to use. First, all the landing points had to be
programmed to the robot. Second, the landing perforations had to be filled with clay and even out to

prevent any discrepancy.

Figure 35 Top View Landing Areas with Clay

Figure 36 shows the extra weight used for this test. The desired cycle can be performed by
modifying the velocity or adding or removing the extra weight. The three different extra weights were

10, 25, and 50 grams. These weights were made out of clay because the clay can conform to any surface.

Figure 36 Extra weights, Blue (50 Grams), Red (25 Grams) and Green (10 Grams)
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Figure 37, 38, and 39 shows the push pin head with their respective extra weight in place. The
image on the left side is the side view of the push pin head and the image on the right side would be the

front view of the push pin head with extra weight.

Figure 39 Robotic Arm with 50 Grams extra weight
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Once the desired velocity and desired weight are selected it is possible to run the test. As
mention before, the sequence followed for the cycle is shown in the randomized factorial design
sequence. A total of four cycles were run for each individual combination (RunOrder) and after the four

cycles are finished the measurements can be performed. Figure 40 shows the robotic arm in operation.

Figure 40 Precision Test in Action

4.3 MEASUREMENT STATION
As soon as the fourth cycle is completed, the measurements can be taken in the measurement

station. This measurement station was created to standarized all the measurements. The station consisted
of a Cognex camara, holding boards, ruler, and a fluorescent light (Figure 41). All the equipment used
for the measurements stayed on the same position for the duration of the precision test. The Cognex
camera can be manipulated utilizing the In-Sight Vizion System software. Once the cycle is finished the
wooden boards with the perforations are placed in the measurement station as seen in Figure 41 and a

screen shot is taken of the In-Sight Vizion System (Figure 42). In figure 42 (same as the previous) it is
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possible to see the ruler located next tho the push pin hole. The main purpose of the ruler is for
dimensions reference. All the measurements taken from the In-Sight Viziozn System were in pixels, this
unit cannot be used as a point of comparison because it depends of light, movement and camara
resolution. In order to convert pixels into millimiters another software is used called “GRiP” that can be

found at www.grelf.net.

Gognex Cz

Holding Boards

Fludr&eht

Figure 41 Measurement Station Components (Left), Holding Board with Precision Board (Right)

[T tn-Sight Explorer - admin - (1sm1403_1141d6 - EasyBuilder View] -Ja

) Fle Ed View Image Sensor System Window Hep -8 X
oo Bl nedolleg e oM S o B

Sensor

Rate:44 7% (132/295)

1| Pinel Vakue @ (1353.576) = 73 . Time: 0.0ms_ i
[ : [Cr Imooe B o U
T bl Xe
rigger n e
Trigger Delay Calibeation Type =
Live Video Exposure A
Auto-Exposure : Shape: e :
——— Dimension 11
Max Exposure Time
oo v

Figure 42 In-Sight Vizion System Screen Shot of Perforation Area
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http://www.grelf.net/

4.4 GRIP
“GRiP was originally designed to stack together astronomical photos taken with a digital camera

on a fixed tripod from a light-polluted urban site so that as much faint detail as possible cold be
seen.”[21]. GRiP software is utilized to edit images, but also it can be used to measure pixels. For this
research this software was utilized to convert pixel units into millimeters in order to measure a diameter

and therefore quality. Figure 43 shows the home page of the software that has been downloaded.

&4 GRp o[- s

Eile Batch Configure Help

GRIiP

Wersion 156,23
Copyright @ Graham Relf, UK, 2006-15
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Figure 43 Grip Homepage

After taking all the pictures of every point for every cycle, the conversion of pixels in to
millimeters can start. First, all the pictures have to be saved as “JPG” format. Next, it is necessary to
open every image with the software. In order to open a new image it is necessary to click the file button

in the home page and click the open image button (Figure 44).

Open image(s) Ctrl+0O

[Load RAW, TIFF, JPEG, PNG, etc [-t+N
New star chart

New gradient chart
New test grid of squares
New Mandelbrot curve

New drawing

Open blob data & image
Open star chart
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Find and refresh image table Ctrl+T

Bxit

Figure 44 Open Image steps
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After selecting the open image button a browser will appear and from here the image can be

selected (Figure 45). Figure 46 shows the image opened.
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Figure 46 Selected Image Opened with GRiP
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Next, the image can be sized by cropping it; by clicking in the button geometry it is possible to

crop the image. Figure 47 shows the image after been cropped from Figure 46.

o) ll;Z.jpg [100%] [l =] s

Image Measure Geometry Levels Segmentation C lution Experi Help

Figure 47 Cropped Image with GRiP

Once the desired imaged is open, the measurements can be taken. First it is necessary to calibrate
the pixels to millimeters by using the ruler on the picture. For this research, all the measurements were
done in millimeters, but the GRiP software can be calibrated using any required unit. By clicking on the

measure button and then on the calibrate distance it is possible to calibrate the image (Figure 48).

BT J

P
—

cer and magnify CarteH

Straight line profile

Curve (freehand) profile
Area (freehand) histogram
Rectangle histogram
Vinole image histogram
Same shape #5...

Move shape

comi Mi images

View calibration
Same calibration as...

Clear overlay

Draw overlay into new image

Star spectrum
20 profile
3D histogram

Help about this meny

Figure 48 Calibrating Steps GRiP
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The following image will show the next step to calibrate the image (Figure 49). In here it is

possible to define the units and from what point to what point is the corresponding distance.

B Calibrate: set 2 points of known separation

Image Measure Geometry Levels Segmentation Convolution Experiment Help

Calibration

E Measured separation = 375 pixels
Units to be used?

|MILLIMETRE
Actual distance in those units?

10|

Figure 49 Ruler Calibration Distance

Figure 50 shows the results of converting the pixels in to millimeters. For this image a total of

37.7881 pixels per millimeter can be found.

T3 Calibeate set 2 points of known separation
Image Measure Geometry Levels Segmentation Convolution Experment Help

-

5 Grip o|®| =

File Batch Confiouwe Heln

==

Figure 50 Calibration from Pixel to Millimeter
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After the calibration is finished the measurements can be taken. First, it is needed to click the top
button called Measure, and then the straight line profile option. The program will measure the diameter

of the circle and convert the pixels into millimeters (Figure 51 and Figure 52).

B 192ps
b, Measur

Figure 51 Push Pin Diameter Measurement
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Figure 52 Push Pin Diameter Measurement Results
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Finally, this process was followed for all the images taken at 1%, 10%, 25%, and 50% with the

combination of the no extra weight (NEW), 10 grams, 25 grams, and 50 grams. The following tables

will show all the measurements taken from the pictures.

4.5 PRECISION TEST HOLE MEASUREMENTS
Table 3, 4 and 5 show all the measurements taken for all 10 points at different velocities with no

weight or with extra weight. The 1% column can be defined as the target for it is the slowest velocity

that the robot can run and will be more precise. Also, no extra weight was added for the 1% velocity

measurements.

Table 3 Push Pin Measurements at 10% Velocity

Table 4 Push Pin Measurements at 25% Velocity

Velocity Velocity
1% 10% 1% 25%

Point NEW NEW |10 Grams |25 Grams |50 Grams Point NEW NEW [10 Grams |25 Grams |50 Grams
1 1.1461 1.1462 1.1460 1.1462 1.1461 1 1.1461 1.1461 1.1460 1.1462 1.1460
2 1.1463 1.1461 1.1461 1.1460 1.1463 2 1.1463 1.1461 1.1462 1.1461 1.1463
3 1.1454 1.1452 1.1455 1.1454 1.1452 3 1.1454] 1.1453 1.1452 1.1452 1.1454,
4 1.1471 1.1470 1.1469 1.1471 1.1470 4 1.1471 1.1470 1.1471 1.1470 1.1469
5 1.1452 1.1451 1.1453 1.1451 1.1451 5 1.1452 1.1451 1.1451 1.1451 1.1453
6 1.1449 1.1450 1.1450 1.1449 1.1451 6 1.1449 1.1449 1.1451 1.1449 1.1450
7 1.1462 1.1464 1.1460 1.1462 1.1461 7 1.1462 1.1462 1.1461 1.1462 1.1460
8 1.1446 1.1447 1.1448 1.1443 1.1446 8 1.1446 1.1445 1.1446 1.1446 1.1445
9 1.1452 1.1452 1.1453 1.1451 1.1450 9 1.1452 1.1452 1.1450 1.1452 1.1452

10 1.1469 1.1468 1.1469 1.1470 1.1468 10 1.1469 1.1471 1.1468 1.1470 1.1469

Table 3 Push Pin Measurements at 50% Velocity

Velocity
1% 50%

Point NEW NEW |10 Grams |25 Grams |50 Grams
1 1.1461 1.1460 1.1462 1.1460 1.1461
2 1.1463 1.1462 1.1461 1.1462 1.1460
3 1.1454 1.1455 1.1454 1.1455 1.1455
4 1.1471 1.1470 1.1472 1.1470 1.1471
5 1.1452 1.1452 1.1451 1.1453 1.1451
6 1.1449 1.1451 1.1451 1.1450 1.1450
7 1.1462 1.1464 1.1464 1.1461 1.1462
8 1.1446 1.1446 1.1447 1.1446 1.1443
9 1.1452 1.1450 1.1452 1.1452 1.1453

10 1.1469 1.1469 1.1468 1.1469 1.1467
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4.6 DESIGN OF EXPERIMENTS
The main objective of this research is to create a design of experiments to evaluate the accuracy

or a robotic station. In order to evaluate all the measurements a general linear model experiment was
created utilizing Minitab to analyze the interaction of speed and weight previously mention. The

following table shows the results of the experiment.

Table 4 Design of Experiment Results

General Linear Model: Size versus Speed, Weight

Factor Type Levels Values
Speed fixed 3 10, 25, 50
Weight fixed 4 0, 10, 25,50

Analysis of variance for Size, using Adjusted SS for Tests

Source DF Seq SS Adj SS Adj MS
Speed 2 0.0000000 0.0000000 0.0000000
Weight 3 0.0000000 0.0000000 0.0000000
Speed*Weight 6 0.0000000 0.0000000 0.0000000
Error 108 | 0.0000754 0.0000754 0.0000007
Total 119 | 0.0000755

After analyzing the P-Values of speed, weight and speed*weight it is possible to conclude that
this values are not significant, in other words the size of the hole created by the push pin is not affected
by the speed or weight. Also, it is important to mention that the maximum payload of the robotic arm is
1000 grams according to the manufacturer. The details of the Yamaha SCARA YK180X can be found

in the appendix II.

4.6.1 Process Capability Index (Cpk)
After the general linear model has been conducted, and after concluding that the interaction

between weight and speed is not significant for this research, it is possible to conduct a process
capability index to verify that all the measurements are within the specification limits. Figure 53 shows
the set up used for the Cpk and the boundaries specifications.
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Capability Analysis (Normal Distribution) | x|
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Upper spec: Boundary
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oK
_ v | _ Concel |

Figure 53 Capability Analysis Set up

The lower specification limit was set up to 1.14 millimeters because the diameter of the push pin is 1.14

millimeters at point of measurement and it is not feasible to measure less than the diameter of the push

pin as seen in Figure 54.

Push Pin

Accuracy Test
Robotic Head

Figure 5433 Push Pin Measurement
The upper specification limit is 1.1685 which was calculated as shown in the following equation.
Equation 1 Upper Specification Limit Calculation

[1.14- *0C

> ] +1.14 = 1.1685

o= Significance Level = 5%
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[1.14 * 0.05

> ] +1.14 = 1.1685

After, specifying the upper and lower specification limits the Cpk is calculated to be 2.07 as seen in

Figure 55.

Process Capability of Size

LSL USL
Process Data | | | —— within
LsL 114 : | |-=-- overal
Target * | |
usL 1.1685 [ | Potential (Within) Capability
Sample Mean  1.14576 | | G 512
Sample N 120 [ I oL 207
StDev(Within)  0.00092798 : |
stDev(Overall)  0.000796588 I I Cpk  2.07
: | Overall Capability
: : Pp 5.96
I I PPL 241
: : PPU  9.52
I | Ppk 241
| i om__x
I I
1 |
T T T T T T T T T T T r
S L O P
Ol S A RN N RN
NOONTON NN F TN
Observed Performance Exp. Within Performance Exp. Overall Performance
PPM <LSL  0.00 PPM <LSL  0.00 PPM <LSL  0.00
PPM > USL  0.00 PPM > USL 0.00 PPM > USL 0.00
PPM Total  0.00 PPM Total  0.00 PPM Total  0.00

Figure 55 Process Capability of Size

In conclusion, the Cpk calculated of 2.07 it is an acceptable value, for it means that there will be

a rate of around 3.4 defects per million.
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Chapter 5: Conclusions and Future Work

Reducing cost, creating a safe environment for human workers and improving product quality
are the main objectives to automate a manufacturing process. In this research a series of accuracy tests
were run to measure accuracy of an automation station in order to achieve a high product quality. The
first accuracy test created to measure accuracy was not the most effective due to a high rate of human
error. A second accuracy test was created to eliminate any human error, but had some challenges. The
main challenge of the second accuracy test was to convert all images from pixels to millimeters. After
all the conversion was completed a design of experiment was conducted using a general linear model.
The results of this design of experiments show that the interaction of weight and speed do not affect the
accuracy of the robotic arm. Finally, from the second accuracy test it is possible to conclude that the
Yamaha SCARA YK180X located at The University of Texas at El Paso is accurate even if a cycle is

run at different velocities and different weights.

5.1 FUTURE WORK
From the previous accuracy results it is possible to create a new accuracy assembly test with

electronic components. For this test a Design of Experiments will be used to conduct the runs. A
factorial design will be used of 5 levels to ensure that any of the levels affect the accuracy of the robot.

The following table shows the levels that will be used to conduct the experiment.

Table 5 2" Factorial Design Factors

Min Max

Velocity 1% 50%

Weight 0Grms | 50 Grms

Distance 19cm |42.75cm
Chip Number 1 4
Chip Layout | Linear |Nonlinear

The Following tables will show the Full Factorial Design that will be used to conduct the future

experiment.
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Table 6 Full Factorial Design

Full Factorial Design

Factors 5 Base Design| 5, 32
Runs| 32 Replicates 1
Blocks 1 Center Points 0

Table 7 Full Factorial Design Runs

StdOrder RunOrder Velocity Weight Distance Chip Number Chip Layout

1 1 1 0 19 1 Linear
2 2 50 0 19 1 Linear
3 3 1 50 19 1 Linear
4 4 50 50 19 1 Linear
5 5 1 0 42 1 Linear
6 6 50 0 42 1 Linear
7 7 1 50 42 1 Linear
8 8 50 50 42 1 Linear
9 9 1 0 19 4 Linear
10 10 50 0 19 4 Linear
11 11 1 50 19 4 Linear
12 12 50 50 19 4 Linear
13 13 1 0 42 4 Linear
14 14 50 0 42 4 Linear
15 15 1 50 42 4 Linear
16 16 50 50 42 4 Linear
17 17 1 0 19 1 Nonlinear
18 18 50 0 19 1 Nonlinear
19 19 1 50 19 1 Nonlinear
20 20 50 50 19 1 Nonlinear
21 21 1 0 42 1 Nonlinear
22 22 50 0 42 1 Nonlinear
23 23 1 50 42 1 Nonlinear
24 24 50 50 42 1 Nonlinear
25 25 1 0 19 4 Nonlinear
26 26 50 0 19 4 Nonlinear
27 27 1 50 19 4 Nonlinear
28 28 50 50 19 4 Nonlinear
29 29 1 0 42 4 Nonlinear
30 30 50 0 42 4 Nonlinear
31 31 1 50 42 4 Nonlinear
32 32 50 50 42 4 Nonlinear
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Finally, before accurately assembly the electronic components the test will be done using AM
parts. Figure 56 shows the assembly base that will be used and Figure 57 shows the components that
will be used to pick and place. From this test it is expected to increase the confidence of accurately

placing electronic components to 3D manufacture parts.

BA C

Figure 56 Circular Assembly Base without Components (Left). Circular Components (Right)
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Appendix | — Randomized Factorial Design Run Order

Randomized Factorial Design
StdOrder RunOrder Velocity Weight

1

16 2 10 50
70 3 50 10
72 4 50 50
54 5 25 10
115 6 25 25
66 7 25 10
51 8 10 25
96 9 50 50
33 10 50 0
4 11 10 50
41 12 25 0
116 13 25 50
58 14 50 10
59 15 50 25
94 16 50 10
95 17 50 25
57 18 50 0
81 19 50 0
74 20 10 10
80 21 25 50
6 22 25 10
71 23 50 25
3 24 10 25
50 25 10 10
104 26 25 50
12 27 50 50
21 28 50 0
82 29 50 10
24 30 50 50
32 31 25 50
13 32 10 0
29 33 25 0
118 34 50 10
40 35 10 50
111 36 10 25
26 37 10 10
53 38 25 0
5 39 25 0
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37 40 10 0
107 41 50 25
39 42 10 25
99 43 10 25
92 44 25 50
27 45 10 25
110 46 10 10
46 47 50 10
17 48 25 0
69 49 50 0
22 50 50 10
2 51 10 10
8 52 25 50
93 53 50 0
43 54 25 25
73 55 10 0
19 56 25 25
84 57 50 50
47 58 50 25
106 59 50 10
42 60 25 10
89 61 25 0
117 62 50 0
31 63 25 25
67 64 25 25
34 65 50 10
88 66 10 50
61 67 10 0
87 68 10 25
68 69 25 50
119 70 50 25
113 71 25 0
120 72 50 50
90 73 25 10
36 74 50 50
30 75 25 10
25 76 10 0
48 77 50 50
62 78 10 10
11 79 50 25
20 80 25 50
108 81 50 50
38 82 10 10
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103 83 25 25
9 84 50 0
60 85 50 50
44 86 25 50
97 87 10 0
112 88 10 50
100 89 10 50
77 90 25 0
1 91 10 0
64 92 10 50
56 93 25 50
75 94 10 25
45 95 50 0
86 96 10 10
91 97 25 25
52 98 10 50
79 99 25 25
102 100 25 10
114 101 25 10
49 102 10 0
78 103 25 10
83 104 50 25
76 105 10 50
28 106 10 50
101 107 25 0
15 108 10 25
105 109 50 0
109 110 10 0
98 111 10 10
55 112 25 25
10 113 50 10
63 114 10 25
23 115 50 25
65 116 25 0
35 117 50 25
14 118 10 10
85 119 10 0
18 120 25 10
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Appendix Il — Yamaha SCARA YK180X Specifications

YK180X

@ Arm length 180mm JM @ Maximum payload 1kg

W Ordering method

YK180X- 100 -

RCX340-4-

m— Z axis stroke & Controller / Safety Option A Option D
Number of confrollable axes standard (OP.A) (OPE) (OP.D) (OP.E) battery
Specify various conlroller setting |tems. ncxaqo > '_l'l.
Specﬂy various controller setting items. HCX2401HOX24DS > '_.l.‘l
M Specifications W Controller
X-axis Y-axis Z-axis R-axis Controller |Power capacity (VA)|Operation method
Axis Arm length 71 mrm 109 mm 100 min - Programming /
specifications 190 140 ® _ 3 o 1/0 paint trace /
pec Rotation angle +/-120 +/-140 +-360 RCX340 c00 Remote command /
AC servo motor output 50W 30w 3ow 30w RCX2408 Operation
Speed reducer Harmonic drive | Harmonic drive |  Ball screw | Harmonic drive using R8-232C
DTN | ansmission Motor to speed reducer Direct-coupled communication
method Speed reducer to output Direct-coupled
Repeatability " +-0.01 mm +-0.01mm | +-0.004°
Maximum speed 3.3 misec 0.7 misec 1700 “fsec
Maximum payload 1.0 kg
Standard cycle time: with 0.1kg payload "*** 0.39 sec
R-axis tolerable moment of inertia *™** 0.01 kgm® Nate. aﬁm';::nrfwrgmmﬂl::_’ are the registered rademarks
User wlﬂng 01 sq x 6 wires Note. The movement range can be limifed by changing the positions
of X and Y axis mechanical stoppers. (The movement range is
User tubing (Outer diameter) pIx2 sel to the maximum at the time of shipment.)
Travel limit 1.Soft limit 2.Mechanical stopper (X.¥,Z axis) f‘:; :;;Em manuals (instaliation manuals) for detailed
Robot cable length Standard: 3.5m Option: 5m, 10 m
T Our robot manuals (installation manuals) can be
Weight (Excluding robot cable) 5.5kg downloaded from our website at the address below:
Robot cable weight 15kg(3.5m) 21kg(5m) 4.2kg(10m) http:liglobal.y motor. robot!

Mete 1. This is the value at a constant ambient temperature.

MNete 2. When reciprocating 100mm in horizontal and 25mm in vertical directions.
MNote 3. There are limits o acceleration coefficient settings. See P.522.
MNote 4. The total robol weight is the sum of the robot body weight and the cable weight.

Figure 57 Yamaha SCARA YK180X Specifications
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YK180X

Connector for user wiring

(No. 1 to 6 usable, socket contact)
J.5.T. Mfg Co., Ltd. SM connector
SMR-6VE, pin $YM-001T-P0.6 (supplied)
Use the YC12 crimping toal.

60
|
v
1
L

Do not attach any wire or tube to self-supporting cable.
Daing s0 may degrade positioning accuracy.

Working enveloj

X-axis origin is at 0°+5" with respect
to front of rabot base

X, Y-axis origin position
When performing return-to-origin, move the axes
counterclockwize in advance the position
shawn above.

User fubing 1 ($3)

41 109 71
a5 If attaching wire or tube, make use of these air tubes.
46T For details, refer to “10 When attaching a new user wire or tube”
4635 in Chapter 3.
:gv 420 (During arm rotation 425)
E "J% 30 (Maximum 120 during arm rot)
g — 35 User tubing 2 (:3
E E User tubing 1
203 ,;g 5 Cross section A-A .
1635 173 User tubing 2 ($3)
147
1126 ground terminal
100+/-2 (109.5
Z-axis origin position Connector for user wiring
(Z-axis org 1. {No. 1 to 6 usable, socket contact)
8|5 J5.T. Mig Ca., Lid. SM connector SMR-BVE,
] - pin SYM-001T-P0.6 (supplied)
0 0 Use the YC12 crimping machine.
26 Mo phase relation between flat spot

and R-axis crigin

iy

[ User tool installation range
e
0_30
i 0 ki
Lﬂ:lﬂh " o015 3

i 5

Holow | =F Eg -

diameter @ = m= o) AN ¥

: ¢4 h L I?J

Details of B

For user tool installation
4-M4 % 0.7 Depth &

e

jE |

0

R2T {Min. cable bending radius)
Do not move the cable.

3 Keep enough space for the maintenance
work at the rear of the base.

4-49

Figure 58 Yamaha SCARA YK180X Specifications
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