KGCOE MSD Technical Review

Meeting Purpose Systems level design review of P10543 — Update of color measurement system.
The objectives of this are to receive feedback from others about our design and to become aware of
other potential risks that we have not thought of.

Meeting Date: January 15, 2010
Meeting Location: Building 78 Room 2220

Meeting time: 9:00 — 10:30 AM

Timeline:
Meeting Timeline

fﬁg Topic of Review Required Attendees
9:00 | Project Background Dr. Wyble, Mr. Hanzlik

9:15 | System Architechture Dr. Wyble, Mr. Hanzlik

9:30 | Subcomponent Designs Dr. Wyble, Mr. Hanzlik

10:10 | Risk Assessment and Action Items Dr. Wyble, Mr. Hanzlik

10:20 | Wrap-Up Discussion Dr. Wyble, Mr. Hanzlik
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Project # Project Name Project Track Project Family

P10543 Upgrade of Color Controls & Automation
Measurement System

Start Term Team Guide Project Sponsor Doc. Revision

Winter 10 Edward Hanzlik Dr. David Wyble A

Project Description

Project Background:

The goal of the project is to take an existing color
measurement system consisting of, a light source, color
detector, and test platform. The existing system is capable
of detecting color through different angles of incidence
and detection. These angles are manually controlled
though a user control panel. The main goals of the project
are to add a third degree of freedom which will allow the
test sample to pitch up and down. It is also desired to
automate the system by interfacing with a PC.
Furthermore, the sample measurement needs to be
measured against a reference sample.

Problem Statement:

The purpose of this project is to design and build a
color measurement system to be used to describe the
color of surfaces, particularly surfaces which change
color with light and observed angles. The existing
system does not provide enough functionality. It is
desired to be able to describe the target with three
degrees of observation and to be able to compare the
measurement to that of a reference standard using the
same angles of measurement.

Objectives/Scope:
1. Design a new test sample stand

2. Design control system for equipment
3. Design computer interface for user

Deliverables:

¢ Functional color measurement system
e New Design, Drawings, Sketches
e Required documentation

P10543
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Expected Project Benefits:

Reinforcing the imaging science program at RIT.
System will be a great teaching tool.

Will allow for accurate color data.

Basis for future senior design projects.

Core Team Members:

Dale Turley — Project Manager
Jason Herrling — Technical Lead
Sam Seibert

Dave Wagner

Strategy & Approach

Each subsystem of the complete system has been
researched in order to decide upon materials and
components. This includes comparison of motors, motor
drivers, microcontrollers, software interfaces, and holder
designs.

Assumptions & Constraints:

1. The size of the system is constrained to fit within
the dimensions of the current platform.
2. Budget to be about $2500.

Issues & Risks:

Project Issues/Risks/Constraints
¢ Project Understanding and Digesting By Team
o New project
o Lack of imaging science knowledge
e Available Resources
o Obtaining resources
o Order parts/hardware
o Leadtime
e Controls Issues
o Understanding current system
configuration
o Getting up to speed with motors and
encoders

Technical Review
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Existing System
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Drawn by Lawrence Taplin, MCSL/RIT
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Customer Needs

Customer C:_usto mer - - -
Need # ‘I.-"u’E:|g}'|é:.out of Description Comments/Status
Function
1 5 Device takes color measurement data Met
Has three degrees of freedom (sample yaw, detector yaw,
2 5 pitch) Met
Switch between sample and reference with same angular

3 5 and lateral positions Met

4 5 Ability to measure detection and incident angles Met

5 4 Ability to import input position data Met

6 4 Switch between sample and open (direct) measurement Met

7 3 Automated with minimal user setup Met

Reliability

8 5 High repeatablilty of positions Met

9 5 High accuracy of angualar movements Met

10 5 Configurable and robust Met

11 4 Relatively inexpensive Unknown

12 3 Easyto use userinterface Unknown

Physical Constraints
14 5 Fits within the physical contraints of current system Met
13 3 [Test sample and reference are close to same size Met
Safety
15 | 5 |Safe to leave unattended Met
Engineering Specifications
Revision #: C
si:gr " ImF:zilr?zta“rie Source Metrics Unit of Measure M:;?:;al T?Ic_:at;g::tal
1 12% CN8, CN10 Repeatability Percent step error 5 3
9% CN9 Accuracy Steps/Rev 200 400

3 9% CN11 Cost Dollars 4000 2500
4 8% CN5, CN7 Importable data Yes/No Yes Yes
5 8% CN3, CN6 Selectable measurement target Yes/No Yes Yes
6 8% CN13 Change in sample/reference surface area (assume square) Centimeter 10+2 10
7 8% CN2 Change in sample pitch Degrees +70 +180
8 8% CN2, CN4 Change in sample yaw Degrees 270 360
9 7% CN13 Change in sample/reference thickness Centimeter 2.5 5
10 7% CN14 Radius of sample holder Centimeter 28 17
11 6% CN2, CN4 Detector visibility cone Degrees 140 180
12 6% CN12 Usability Rating 8 10
13 5% CN1 Digital output of measurements Yes/No Yes Yes
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System Architecture

LabVIEW Coordinate
PC :
Program List
Output
Detector i Data -
_ Sample Flip
Microcontroller Stepper
Motor
Reference
Flip Stepper
Motor
Stepper DC Motor DC Motor
Motor (Tilt) (Holder Yaw) (Detector Yaw)
Encoder Encoder Encoder
| | |

Selected Test Sample Holder Concept

Figure 1 — Proposed Design
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Figure 2 — Pass-Through Position

Figure 3 — Back View Sample Switching

Figure 4 — Sample in Testing Position
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Specifications:

Material: Aluminum Alloy
Maximum Pitch Angle: £70°
Maximum Yaw Angle: +180°

Description:

The selected test stand design allows for the testing surface to be rotated in two degrees of freedom, yaw and pitch. The
two axis of rotation intersect at the point where the light beam from the stationary light source hits the sample. The
entire holder rotates in a yawing motion about a rotating table. The table is connected though an 80:1 gear down worm
gear to a brushless DC motor. The motor is controlled by a microcontroller. The test sample rotates with a pitching
motion induced by a stepper motor mounted to the holder frame. The stepper motor is connected to a motor controller
and driver which communicate with the microcontroller. The holder allows for the switching between test sample and
reference sample through two stepper motors. Both steppers are run simultaneously allowing for the sample to move
into the testing position and the reference to move into the standby position, and vice versa.

Analysis:

Dimensionally the two leaf controlling motors have to be less than 3" long and less than 2" square wide.
According to Solidworks Mass Properties tool on our model, we will need greater than 45 in*oz worth of
torque to overcome inertia and applied moments.

The main pitch motor needs to be less than 3.25" long and less than 6" in diameter. There is more space
lengthwise but it will cut the diameter down to 3" or so to clear everything. From the Solidwork Mass
Properties, the required torque to overcome inertia and moments is a minimum of 95 in*oz however this
calculation does not include the two leaf motors or solenoids so probably will need something in the 200+
in*oz range.

Configuration 1:
Mass properties of Asseml [ Assembly Configuration - Default )
Torque about OQutput coordinate System: Coordinate System3
Mass = 3.1488 pounds
Volume = 35.0205 cubic inches
Surface area = 350.6206 inches* 2
Center of mass: [ inches )
¥ =-00215
¥=01131
I=-18685

Principal axes of inertia and principal moments of inertia: [ pounds * square inches |
Taken at the center of mass.

I = (0.0002, 0.9974, 0.0727) Px = 142295
Iy = (-0.0027, -0.0727, 0.9974) Py = 35,7633
Iz = (1.0000, -0.0004, 0.0027) Pz = 359371
Moments of inertia: [ pounds * square inches )
Taken at the center of mass and aligned with the output coordinate system.
Lo = 359371 Ly = 0.0049 Lz = 0.0001
Lyx = 0.0049 Lyy = 14.3432 Lyz = 1.5611
Lz = 0.0001 Lzy = 1.5611 Lzz = 35.6496
Moments of inertia: | pounds * square inches )
Taken at the output coordinate system.
boc = 46,9713 Loy = -0.0027 bz = 01267
Iy = -0.0027 Iyy = 25.3387 Iyz = 0.8957
Iz = 0.1267 Izy = 0.5957 Izz = 356913
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Configuration 2;

Torque about axis = 55 0z-

Mass properties of Asseml [ Assembly Configuration - Default )
Qutput coordinate System: Coordinate System2
Mass = 3.1488 pounds
Volume = 35.0205 cubic inches
Surface area = 3506206 inches*2
Center of mass: [ inches )
¥ =0.0033

¥ =05235
Z=-1.0737

Principal axes of inertia and principal moments of inertia: [ pounds * square inches )
Taken at the center of mass.

Ix = (0.0013, 0.9394, 0.3428) Px = 104459
Iy = (-1.0000, 0.0004, -0.0027) Py = 23.9322
Iz = (-0.0024, 0.3428, 0.9394) Pz = 27,5420

Moments of inertia: [ pounds * square inches )

Taken at the center of mass and aligned with the output coordinate system.
Lo = 23.9322 Lxy = 0.0198 Lxz = 0.0020

0198 Lyy = 12.4553 Lyz = -5.5058

0.0020 Lzy = -5.5058 Lzz = 25.5326

Moments of inertia: [ pounds * square inches )
Taken at the output coordinate system,

Dox = 30,2480 Iy = 0.0294 Ixz = -0.0092
Tyx = 0.0294 Iyy = 16,0857 Iyz = -8.6282
Iz = -0.0092 Izy = 86282 Izz = 28,2181

Mass properties of Asseml | Assembly Configuration - Default )
Output coordinate System: Coordinate Systeml
Mass = 1.3155 pounds

Volume = 14,8563 cubic inches

Configuration 3:

Surface area = 1423076 inches*2

Center of mass: [ inches )

X =-2p442
¥ =0.09599
Z=-21297

Principal axes of inertia and principal moments of inertia: [ pounds * square inches )
Taken at the center of mass.
Ix = (0.0027, 0.0762, 0.9971)
Iy = (1.0000, -0.0004, 0.0027)
Iz = (0.0002, 0.9971, 0.0762) Pz = 48563

Moments of inertia: [ pounds * square inches |
Taken at the center of mass and aligned with the output coordinate system.

Lk = 2.5039 Lxz = -0.0001
Lyx = -0.0005 Lyz = 01816
Lzx = -0.0001 Lzz = 2.4790
Moments of inertia: [ pounds * square inches )
Taken at the output coordinate system.
boc = 8.4841 Iy = 03479 bz = 7.4082
Iyx = 0.3479 Iyy = 20,0073 Iyz = 04614
Ime = 7.4082 Izy = 04614 Izz = 11.6900
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Motor Concept Selection

Step #1 Screening Motor Selection Concepts
P10543 A B c D D D
Brushless DC Stepper Stepper Brush DC Brush DC Brushless DC
Motor Motor Motor Motor Motor Motor
(Reference)
Selection Criteria (Closed Loop) | (OpenLoop) | (Closed Loop) | (Closed Loop) (Open Loop) (Open Loop)
Has three degrees of freedom 0 0 0 0 0 0
Switch between sample and reference 0 0 0 0 0 0
Switch between sample and open measurement 0 0 0 0 0 0
Automated with minimal user setup 0 0 0 0 0 0
High repeatablilty of positions 0 0 0 0 - -
High accuracy of angular movements 0 0 0 0 - -
Configurable and robust 0 0 0 - - 0
Relatively inexpensive 0 - - - - -
Fits within the physical contraints of current system 0 0 0 0 0 0
Test sample and reference are close to same size 0 0 0 0 0 0
Feasibility of Design 0 0 0 - -
Sum+'s 0 0 0 0 0 0
Sum-'s 0 1 1 3 5 4
Net Score 0 -1 -1 -3 -5 -4
Continue? Yes Yes Yes No No No
Motor Selection Concepts
A B D
(reference) Open Loop Closed Loop
Segmem DC Brushless Motor Stepper Motor Stepper Motor

Selection Criteria Weight | Rating Notes Wtd |Rating Notes witd |Rating Notes Wid
Has three degrees of freedom ™% 5 0.35 5 035| 5 0.35
Switch between sample and reference 6% 5 0.30 5 030| 5 0.30
Switch between sample and open measurement 5% 5 025 5 025 5 0.25
Automated with minimal user setup 6% 5 0.30 5  When integrated with Labview 0.30| 5 0.30
High repeatablilty of positions 15% 3 Only speed control 0.45 5 Accurate with microstepping  0.75| 5 0.75
High accuracy of angular movements 15% 5 0.75 5 075 5 0.75
Configurable and robust 10% 5 0.50 5 050| 5 0.50
Relatively inexpensive 6% 5 0.30 4 024 3 Encoders required 0.18
Fits within the physical contraints of current system 10% 5 0.50 5 050 5 0.50
Test sample and reference are close to same size 5% 5 0.25 5 025| 5 0.25
Feasibility of Design 15% 5 0.75 5 075 5 0.75

Total Score 4.70 494 4.88
Rank 3 1 2
Continue?| No Maybe Maybe
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Specifications Met or Exceeded:

www.anaheimautomation.com

Tilt motor Peak Torque (oin.) | Length (in.) | Diameter (in.)
Specifications 200 3 6
34Y004D-LW8 467 2.56 3.38
34N207D-LW8 1195 1.65 3.38
SampleReferencenterchange motors| Peak Torque (oin.) | Length (in.) | Width (in.)

Specifications 60 3 2

17Y302S-LW4 62 1.89 1.66

17Y402S-LW4 100 2.36 1.66

17Y9302S-LW6 62 1.9 1.66

17Y9304S-LW4 86 1.9 1.66

17L203S-LwW8 77 1.77 1.66

Description:

Preliminary analysis using CAD modeling tools dictated dimensional and torque constraints for each of the
three motors involved in the proposed sample holder design. It was found that there exist NEMA34 motors
that meet the specifications for the “tilting” motor. Similarly, there exist NEMAZ17 motors that meet the

specifications for the motors that interchange the sample and reference plates.

P10543
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Physical Flowchart:

Flip up sample holders
I
Tilt Table

Tilt Stepper

Detector Table Sample Table

80:1 Gear

80:1 Gear

DC Brushless
Motor

DC Brushless
Motor
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Software Design

Description:

The software will be primarily developed in LabView and read input based on an Excel spreadsheet. Once the
spreadsheet is read the program will then interface with the various controllers to obtain readings for each of the
specified data points. When all of the data has been collected the information will be returned to the user in a

spreadsheet.

Software Flowchart:
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Risks/Risk Mitigation

E =) - . -
. E o S Agtlon to Minimize
ID Risk Item Effect Cause =g 3 £ 2 |Risk Owner
1. Run mass and
Sample switching is inertial analysis
not possible or Insufficient 2. Use solenoids to
Flip up motor [does not function [torque or form hold in high torque
inadequate |asintended factor too large 2 3 6|positions Sam
1. Provide 1/0
System does not capability for
interface with Color detector
color measurement 2. Communicate with
measurement |[Unable to complete  [software not customer
software real world routine chosen or setup 3 1 3 Jason
Inadequate
precision of Limitations of 1. Preliminary
DC brushless [Reduced accuracy |motors and interface testing
motors and repeatability  |controllers 1 3 3|with motors Sam/Jason
Complex
geometry of 1. Find CNC
Final components machining contact
assembly and tight 2. Investigate
time Missed deliverables|tolerances 1 3 3|welding Dale
Hall effect
sensor not 2 wire output
compatible |DC brushless not compatible 1. Data sheet
with motors wont with 3wire investigation
controllers  |function input 1 2 2|2. Find specialist |Dave
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Action Items

 Feasibility feedback

« Risks

« Bill of Materials

 Detailed mechanical drawings
 Detailed pin outs

« Choice of materials

» CNC contact
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