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CT&l Project Goals

e CT&l is creating a museum demonstrating Southern Tier technology
e They acquired 2 vintage spindle drills that will be placed in an exhibit
e Use the Spindle Drill to develop a platform for games and demonstrations
e 2 year Project:
o First year (WCPO04) will be research & developing a controller

o Next year’'s team will take our research and controller to make a game



Executive Summary

Our main objectives are:

e Repurpose a vintage spindle drill
e Develop a Theory of Operations Manual
e Build a Proof of Concept Controller for the Spindle Drill

Constraints:

e Our Drill hasn't undergone required maintenance

e Hasn't operated in 5 years



WCPO04 Goals

e We will get a critical subset of functions operational

e Design a controller to control X-Y movement of the Spindle Drill
e Document independent functions of the drill

e User Manual will describe the operation of the drill

e The next WCP group will implement our controller in their designs



Drill Layout

Drill Position

Sensor X-Motor
PCB Stand Spindle Drill
Granite Y-Motor
Stand




Drill Information

Manufactured by Electro Scientific Industries

e Used by i3 electronics, an IBM successor

e Used to drill holes in PCBs with up to 40 layers
e Some boards require 40,000 holes

e Each hole takes 4-5 “hits”

e One PCB could require over 150,000 “hits” from the drill An example ofalarge PCB



How The Drill Works

e X-Y directions controlled by DC brushed motors
e Z Direction controlled by linear motor

e Sensors detect drills location to increase accuracy

e Pneumatics control drill bit and circuit board clamps




Major Findings

Constraints

Positives

Motors have been out of use

Motor data-sheet acquired

Vintage controller chassis not operable

We have designed our own controller

Drill wires have been severed

Drill motor wires labeled

Drill spinning requires cooling

Cooling not necessary in X-Y movement

Drill has complex pneumatics

Our controller doesn’t require pneumatics
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Operational Context Diagram

Feedback
Drill Controller . . Theory of
< User SACn ommands—P» Spindle Drill SET e e
A
Power

Legend —. WCP04 — SUpplied by CT&I




Controller System Diagram
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Controller Diagram
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Arduino Controller
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e Has the capabilities required for this project
e Easy and affordable to replace
e Built in Power Regulator

e Strong online community of support

Arduino UNO

e Inspirational
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Select

PWM A

PWM B

Motor Selection Diagram

Relay Diagram
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Drill Feedback
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Project Finances

ltems Original Actuals to date | Estimate to Estimate at
Estimate $ $ Completion $ Completion $
Control Parts 150 0 250 250
Drill Parts 100 0 100 100
Pneumatic Parts | 100 0 0 0
Total 350 0 350 350
Funding Limit$ | 500 Reserve $ 150
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Top-level Schedule: Fall

Description Percent Complete Date Completed
Project Launch 100 September 9, 2015
Requirements Analysis 100 October 10, 2015
Venture Capitalist Presentation 100 November 13, 2015
Interim Presentation 100 December 11,2015
Reverse Engineering 50 IN PROGRESS
Theory Of Operations Manual 10 IN PROGRESS
Proof of Concept Controller 40 IN PROGRESS
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Top-Level Schedule: Spring

ltem Percent Completed | Estimated Date of Completion
Reverse Engineering 50 February 15, 2016
Theory of Operations Manual 10 March 1, 2016
Testing 0 March 15, 2016
Proof of Concept Controller 40 April 15, 2016
Prototype Software 0 May 1, 2016
Prototype User Interface 0 May 1, 2016
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WCPO04 Drill Spindle Controller

Arduino Pinout

Arduino
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WCPO04 Drill Spindle Controller

H-Bridge Circuit

8.2.2 Parallel Full Bridge Mode Operation
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PWM_A controls OUT_A and OUT_B; PWM_B controls OUT_C and OUT_D.
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WCPO04 Drill Spindle Controller

Relay Circuit
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WCPO04 Drill Spindle Controller

User Input
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WCPO04 Drill Spindle Controller

+5V

Limit Switches

Arduino_A2_Y1

Arduino_A3_Y2

+SW_X1

Z;RS
100k

1

Arduino_A4

+SW_X2

:;R4
100k

Arduino_A5_X2

30



