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PROJECT INTRODUCTION

e Client is NightForce Optics

e Scopes are adjusted using
turrets/lead screws

Elevation turret

Erector tube

* Screws need to fit tight
Windage turret tolerances to be suitable
for use.
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Erector spring

Outer chassis




PROBLEM STATEMENT

Currently lead screws are burnished and tested by hand
and the torque specs are defined as what feels good to
the workers.

Our job is to quantify the torque values that “feel good”
and create an autonomous machine that burnishes to
those values.

The minimum acceptable backlash for the threads is
around 0.0001”, so our machine must also measure to see
if the threads meet that requirement.



DESIGN VALUE PROPOSITION

* Allows client to repurpose up to 2,000 labor hours
e Eliminates human factors involved with hand-burnishing
e Reduces wasted materials and machining time

e Increases accuracy of backlash measurements




SPECIFICATIONS

e Maximum size - 2ft by 2ft

e Maximum weight - 50 |bs

® Burnish acceptable turrets at similar or
increased rate to current process

® User Friendly

e Easily modified to future requirements



PROJECT OVERVIEW

*  Workflow
* Burnishing
O Torque Sensing
* Backlash
* Coding



PROJECT LEARNING - WORKFLOW
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Magazine Hopper
Pros: Simple, Inexpensive, Easily changed Pros: Little labor necessary to load
Cons: More labor intensive to load Cons: Complicated, expensive, could

damage threads



PROJECT LEARNING - WORKFLOW

Turntable Racetrack
Pros: Controlled movement of work Pros: Simple - no motor or rotating mechanism

Cons: Uses motor to rotate the table Cons: Can be jammed more easily



DESIGN CONCEPTS - WORKFLOW

Fed via magazine

Burnishing
accomplished with direct
drive stepper and linear
actuator

Stepper motor used to
turn turntable

Ejection accomplished
using an angled plate




DESIGN CONCEPTS - WORKFLOW

» Fed via magazine

» Turrets are stopped at
stations using servos

« Turrets slide through
machine




DESIGN CONCEPTS - WORKFLOW

Fed via magazines

Different station for
each turret size

Reduces changeover
time




PROJECT LEARNING: BURNISHING

» Threads must be burnished to a specific torque value currently
known as “feels good”

» Avoiding axial forces on threads is best
« Torgue sensing is a critical part of burnishing

* 6 different lead screws need burnished



DESIGN CONCEPTS - BURNISHING
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Horizontal
Pros: less axial weight on threads

 Cons: workflow of horizontal
turrets would be difficult
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 Vertical

Pros: less forces, easier workflow

 Cons: axial force on threads



DESIGN CONCEPTS - BURNISHING

Pulley Drive

Pros: location of motor, less axial
weight on threads

» Cons: Added variability

Direct Drive

Pros: less variables, enables potential
torque measurement

« Cons: Space constraint, weight

distribution



TORQUE SENSING

* Use stepper voltage and current to find torque
- Higher the Torque, Lower the Speed
- PWM to change speed
- Encoder to adjust PWM based on load Powe: Voltage
* Prosvs Cons

- Accuracy

- Repeatability

e Conclusions

fohms)



PROJECT LEARNING - BACKLASH

Definition/Description
Major Causes
Tolerance - 0.0002”-0.0004” (5.08um-10.16um)

Current measurement system

Backlash (wear)
Leadscrew pushing nut to the left
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PROJECT LEARNING - BACKLASH

Precision Components

e Contact Displacement Sensor
® Laser Displacement Sensor
® High Precision Actuator




DESIGN CONCEPT - BACKLASH

e |Immobilizing Actuations
® Precision Actuation/Measurement
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RESIGN. CONCEPT - BACKLASH




FINAL DESIGN CONCEPT

* Vertical Burnishing

* Direct drive burnishing
* Turntable workflow

* Laser position sensor

* Use stepper voltage and current to find torque
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CODING

main{
switch (turrets)
{
case 1:
turret size
break;
case 2:
turret size
break;
case 3:
turret size
break;
case 4:
turret size
break;
case 5:
turret size
break;
case 6:
turret size
break;

one

two

three

four

five

six



CODING

void turntable (table)
{
if (table = 1)
table turns;
else
table stops;

void burnishing(turns,height)
{
turntable (0) ;
height lowers to turret, = 0;
stepper turns CCW while height raises;
if (turns < 3)
{
if (height = 1)
{
turns = turns + 1;
stepper reverses CW;
elseif (height = 0)

turns = turns + 1;
stepper reverses CCW;
else

continue until height is either 1 or

}

else
stepper stops;
height goes to 1;

}
turntable (1) ;



CODING

int backlash(clamp,back actuat)
{

int pass_fail;

clamp = 1;

lower back actuat to turret;

calculate backlash

raise back_actuat;

return pass_fail;

int ejector (pass_fail)
{
if (pass_fail = 1)
return 1 to actuate;
else
return 0 to do nothing;



POTENTIAL PROBLEMS/ PROPOSED SOLUTIONS

Backlash
* Coding
 Changeover



BUDGET

Capstone Project Budget
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SCHEDULE

Schedule - Gantt Chart
ME L2 L - The Longshots

Select o peniod to highlight ar right. A legend describing the charting foflows. Period Highlight: % Plan Duraion % Actuzl Start
_ % Complete % Actual (beyond plan) % Complete (beyond plan)
PLAN ACTUAL ACTUAL PERCENT
ACTVITY PLAN START September October November December
DURATION START DURATION COMPLETE 1 2 3 4 5 6 7 8 95 10 1 12 B W BEBETBIDAREMEDS
Submit Team 100%
Contracts - All 1 1 1 3
Team Meeting#1 100%
-All 2 1 2 1
Bud get Draft - 100%
Maorgan 2 1 2 1
Client Visit and 100%
Interview - All 2 2 2 2
7
Product /
Requirement 100%
Doc. - David 3 2 4 1
2
Product Schedu ke 50% /
- lake 2 3 3 3 %
%
Loghook & %
Portfolio Review 100%
#1 - All 1 5 2 4
Snapshot Day #1 5 2 4 3 100%
Design Validation 100%
Plan - All 5 2 5 2
PVP - All 5 3 5 3 100%
Draft Wikipage - 100%
Al & 3 & 3
Loghook &
Portfolio Review 30%
#2-All & 4 & 4 s
Concept Design 903
Review - Al g 4 B g i
Team Member 100%
Citizenship 9 3 9 3
Snapshot Day #2 10 4 g 5 75%

z;eivermls Due - . - . . 50% % %
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