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Who is Viracon

Located in Owatonna, MN

Architectural glass fabricator that adds 
coating to glass panels for exterior use

Name comes from “Environmental 
Control”

Create glass panes of different varieties, 
including laminated and insulated glass

Also applies coatings to modify thermal 
insulation capabilities.

Projects are all custom ordered so the 
sizes of the pieces and packaging vary.
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The Problem
• Wooden frames where glass is 

packaged and shipped are called 
“Boxes” and weigh up to 400lbs.​

• Current transition of boxes from tilt 
table to A frame carts is by lifting boxes 
by 2 people, which poses many 
ergonomic issues.

• Boxes tend to tip off Box Shelf when 
Table is fully vertical due to boxes 
center of gravity being beyond the 
Shelf.​

• Our goal is to re-design this table to 
make transitioning the Boxes safer and 
more reliable.



PROJECT SCOPE
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Creating Scope of Work

Due to the importance of the scope of work there are multiple steps 
to the process

• Seeing Process in Person

• Speaking with Sponsors to Understand Project

• Presenting Draft of Scope of Work to Professors
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Scope of Work

The scope of work is to prototype 
a 1/3 scale alteration to the tilt 
table that serves as a proof of 

concept for loading boxes onto 
the cart with an automated 

system.



DESIGN CONCEPTS
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Determining Functional Needs

Before beginning the design, we needed to determine the functional 
needs for our prototype. This is done by:

• Discussing with our sponsors what their expectations were for the 
solution.

• Developing the process flow to understand the steps currently 
taking place.
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Functional Need Process Map

1) Align with the 
bottom shelf prior to 

lifting the table

2) Locate the box to 
the center of the 

table

3) Move the cart into 
a repeatable location 
next to the tilt table

4) Locate the cart 
for moving of 

boxes repeatably

5) Secure the cart 
into place for 

loading repeatably

6) Prevent tipping 
of box upon lifting 

of tilt table

7) Move the box 
from the tilt table 

to the cart

8) Ensure the box 
is flush up against 

the carts

9) Ensure safe 
turnaround of a half-

loaded cart
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Concept Generation
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Concept Generation
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Concept Evaluation
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Concept Evaluation
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Concept Evaluation



PREDICTIVE ANALYSIS
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Defining Predictive Analysis Process:

Once Done, ensure data is both:

- Verified: Is the math done correctly?

- Validated: Do the results make sense?

https://www.researchgate.net/figure/Principle-of-the-verification-and-validation-
methodology_fig1_258186808

https://www.digitalengineering247.com/article/verification-vs-validation/  

Ask questions that justify concepts we just 
evaluated:

- The justification will prove that the 
concept works and how we designed 
using engineering analysis methods

The questions must be answered with at 
least 2 analysis methods:

1. Experiment

2. Hand calculations

3. Finite element analysis

https://www.researchgate.net/figure/Principle-of-the-verification-and-validation-methodology_fig1_258186808
https://www.researchgate.net/figure/Principle-of-the-verification-and-validation-methodology_fig1_258186808
https://www.researchgate.net/figure/Principle-of-the-verification-and-validation-methodology_fig1_258186808
https://www.researchgate.net/figure/Principle-of-the-verification-and-validation-methodology_fig1_258186808
https://www.researchgate.net/figure/Principle-of-the-verification-and-validation-methodology_fig1_258186808
https://www.researchgate.net/figure/Principle-of-the-verification-and-validation-methodology_fig1_258186808
https://www.researchgate.net/figure/Principle-of-the-verification-and-validation-methodology_fig1_258186808
https://www.researchgate.net/figure/Principle-of-the-verification-and-validation-methodology_fig1_258186808
https://www.researchgate.net/figure/Principle-of-the-verification-and-validation-methodology_fig1_258186808
https://www.researchgate.net/figure/Principle-of-the-verification-and-validation-methodology_fig1_258186808
https://www.researchgate.net/figure/Principle-of-the-verification-and-validation-methodology_fig1_258186808
https://www.researchgate.net/figure/Principle-of-the-verification-and-validation-methodology_fig1_258186808
https://www.researchgate.net/figure/Principle-of-the-verification-and-validation-methodology_fig1_258186808
https://www.digitalengineering247.com/article/verification-vs-validation/
https://www.digitalengineering247.com/article/verification-vs-validation/
https://www.digitalengineering247.com/article/verification-vs-validation/
https://www.digitalengineering247.com/article/verification-vs-validation/
https://www.digitalengineering247.com/article/verification-vs-validation/
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Predictive Analysis Question Example 
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Hand Calculations – Push Piston Concept Ex.

– Knowns:
• Angle of box shelf and cart shelf: 6 deg

• Angle of tilted table and cart: 6 deg

• Position of bar vertically on the table: 4in up, 
8in down

•  Length of box shelf: 14in

• Depth of deepest cart: 15.69in

• Depth of shallowest box: 4in

• Height of tilt table: 137in

– Assumed values:
• Distance between shelf and cart: 2in

• Vertical positions of pistons: 24in in from edges

• Depth of push bar = 2in

– Solved Values with 
AutoCAD:

• Max extension for bottom piston: 31.984in

• Max extension for top piston: 47.2875in
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Prototype – Push Piston Concept Ex.

Functional 
Lego model 
as a physical 

proof of 
concept  
display

video-20231116-172629-8ebf69fa.mov

https://liveuwstout.sharepoint.com/:v:/r/sites/ViraconUWStoutTiltTable/Shared%20Documents/General/Notes%20and%20Documentation%20(Unsorted)/video-20231116-172629-8ebf69fa.mov?csf=1&web=1&e=6O6ErV&nav=eyJyZWZlcnJhbEluZm8iOnsicmVmZXJyYWxBcHAiOiJTdHJlYW1XZWJBcHAiLCJyZWZlcnJhbFZpZXciOiJTaGFyZURpYWxvZyIsInJlZmVycmFsQXBwUGxhdGZvcm0iOiJXZWIiLCJyZWZlcnJhbE1vZGUiOiJ2aWV3In19
https://liveuwstout.sharepoint.com/:v:/r/sites/ViraconUWStoutTiltTable/Shared%20Documents/General/Notes%20and%20Documentation%20(Unsorted)/video-20231116-172629-8ebf69fa.mov?csf=1&web=1&e=6O6ErV&nav=eyJyZWZlcnJhbEluZm8iOnsicmVmZXJyYWxBcHAiOiJTdHJlYW1XZWJBcHAiLCJyZWZlcnJhbFZpZXciOiJTaGFyZURpYWxvZyIsInJlZmVycmFsQXBwUGxhdGZvcm0iOiJXZWIiLCJyZWZlcnJhbE1vZGUiOiJ2aWV3In19
https://liveuwstout.sharepoint.com/:v:/r/sites/ViraconUWStoutTiltTable/Shared%20Documents/General/Notes%20and%20Documentation%20(Unsorted)/video-20231116-172629-8ebf69fa.mov?csf=1&web=1&e=6O6ErV&nav=eyJyZWZlcnJhbEluZm8iOnsicmVmZXJyYWxBcHAiOiJTdHJlYW1XZWJBcHAiLCJyZWZlcnJhbFZpZXciOiJTaGFyZURpYWxvZyIsInJlZmVycmFsQXBwUGxhdGZvcm0iOiJXZWIiLCJyZWZlcnJhbE1vZGUiOiJ2aWV3In19
https://liveuwstout.sharepoint.com/:v:/r/sites/ViraconUWStoutTiltTable/Shared%20Documents/General/Notes%20and%20Documentation%20(Unsorted)/video-20231116-172629-8ebf69fa.mov?csf=1&web=1&e=6O6ErV&nav=eyJyZWZlcnJhbEluZm8iOnsicmVmZXJyYWxBcHAiOiJTdHJlYW1XZWJBcHAiLCJyZWZlcnJhbFZpZXciOiJTaGFyZURpYWxvZyIsInJlZmVycmFsQXBwUGxhdGZvcm0iOiJXZWIiLCJyZWZlcnJhbE1vZGUiOiJ2aWV3In19
https://liveuwstout.sharepoint.com/:v:/r/sites/ViraconUWStoutTiltTable/Shared%20Documents/General/Notes%20and%20Documentation%20(Unsorted)/video-20231116-172629-8ebf69fa.mov?csf=1&web=1&e=6O6ErV&nav=eyJyZWZlcnJhbEluZm8iOnsicmVmZXJyYWxBcHAiOiJTdHJlYW1XZWJBcHAiLCJyZWZlcnJhbFZpZXciOiJTaGFyZURpYWxvZyIsInJlZmVycmFsQXBwUGxhdGZvcm0iOiJXZWIiLCJyZWZlcnJhbE1vZGUiOiJ2aWV3In19
https://liveuwstout.sharepoint.com/:v:/r/sites/ViraconUWStoutTiltTable/Shared%20Documents/General/Notes%20and%20Documentation%20(Unsorted)/video-20231116-172629-8ebf69fa.mov?csf=1&web=1&e=6O6ErV&nav=eyJyZWZlcnJhbEluZm8iOnsicmVmZXJyYWxBcHAiOiJTdHJlYW1XZWJBcHAiLCJyZWZlcnJhbFZpZXciOiJTaGFyZURpYWxvZyIsInJlZmVycmFsQXBwUGxhdGZvcm0iOiJXZWIiLCJyZWZlcnJhbE1vZGUiOiJ2aWV3In19
https://liveuwstout.sharepoint.com/:v:/r/sites/ViraconUWStoutTiltTable/Shared%20Documents/General/Notes%20and%20Documentation%20(Unsorted)/video-20231116-172629-8ebf69fa.mov?csf=1&web=1&e=6O6ErV&nav=eyJyZWZlcnJhbEluZm8iOnsicmVmZXJyYWxBcHAiOiJTdHJlYW1XZWJBcHAiLCJyZWZlcnJhbFZpZXciOiJTaGFyZURpYWxvZyIsInJlZmVycmFsQXBwUGxhdGZvcm0iOiJXZWIiLCJyZWZlcnJhbE1vZGUiOiJ2aWV3In19


COMPLETE DESIGN 
REVIEW – PART 1
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Complete Design Review

During this time, we 

• Cleaned up documentation

• Finished the initial 3D model

• Created justification for all processes



Redesign 
Process 

Flow

Box Enters the Table

Box is Raised and 

Centered on Table 

Using Conveyor Belts

Shelf is Raised from 

Beneath the Table

Table Tilts from 0 

degrees Horizontal to 

84 degrees

Pneumatic Clamp 

Extended to Lock Cart

Cart is Positioned on 

Location Markers Up 

Against the Brace Bar

Shelf Retracts to Clear 

Box Overhang, Pistons 

and Clamp Retract

Box is Pushed from 

Tilt Table to Cart 

Using Push Pistons

Table Lowers from 84 

degrees Back Down to 

0 degrees

Cart Exits the Work 

Area
Table is in Starting 

Position

Note: Gray 
indicates 

processes that 
changed in 
Semester 2



Painted green square indicates 
where box should be to be 

centered.

Box Enters the Table

Box is Raised and 

Centered on Table 

Using Conveyor Belts



Old Length                                                   New Length

Shelf is Raised from 

Beneath the Table



Cart is Positioned on 

Location Markers Up 

Against the Brace Bar

Overhead View



Clamp lifts to attach 
to bar on cart, 
securing it in place.

Pneumatic Clamp 

Extended to Lock Cart



Table Tilts from 0 

degrees Horizontal to 

84 degrees



Box is Pushed from 

Tilt Table to Cart 

Using Push Pistons



Shelf Retracts to Clear 

Box Overhang, Pistons 

and Clamp Retract



Table Lowers from 84 

degrees Back Down to 

0 degrees



Cart Exits the Work 

Area
Table is in Starting 

Position



FULL MODEL



FULL MODEL



COMPLETE DESIGN 
REVIEW – PART 2
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Re-defining Scope

• Through comments from professors in previous 
presentations

• Another site visit with Viracon

• New team member perspective

We realized we were doing a lot of work outside 
the project goals. So, we modified our scope to 
better reflect those goals
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Process Flow

Box Enters the Table

Box is Raised and 

Centered on Table 

Using Conveyor Belts

Shelf is Raised from 

Beneath the Table

Table Tilts from 0 

degrees Horizontal to 

84 degrees

Electromagnet is 

engaged

Cart is located using 

brace bar and sensors

Shelf Retracts to Clear 

Box Overhang, Pistons 

and Clamp Retract

Box is Pushed from 

Tilt Table to Cart 

Using Push Pistons 

assembly

Table Lowers from 84 

degrees Back Down to 

0 degrees

Magnet is released 

and cart exits the 

work area

Table is in Starting 

Position

Note: Red 
indicates 

processes that 
were removed 

from our 
system in 

semester 2
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Process Flow Explained
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Process Flow Explained
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Process Flow Explained
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Process Flow Explained



S U B J  X X X :  C O U R S E  T I T L E

Robert F. Cervenka SCHOOLOF ENGINEERING

Table Tilts from 0 

degrees Horizontal to 

84 degrees
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Process Flow Explained
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Process Flow Explained
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Table Lowers from 84 

degrees Back Down to 

0 degrees
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Process Flow Explained
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Updated Model Part 2



CONTROLS
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Complete Design Review: Controls

INPUTS OUTPUTS

HMI PB1 – Table Extend 

HMI PB2 – Table Retract

HMI PB3 – Bottom Push Pistons Extend 

HMI PB4 – Top Push Pistons Retract

HMI PB5 – Push Pistons Retract 

HMI PB6 – Rest 

HMI PB7 Magnet 

PB8 – E-Stop  

PROX 1 

PROX 2 

Sol1 – Extend Bottom Push Piston

Sol2 – Retract Bottom Push Piston 

Sol3 – Extend Top Push Piston 

Sol4 – Retract Top Push Piston 

Sol5 – Extend Tilt Table 

Sol6 – Retract Tilt Table 

Magnet 
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Controls: Part Flow 
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Controls: Part Flow 
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INPUTS



9/2/2025 55

M F G E / M E - 4 1 0 :  S E N I O R  D E S I G N  E X P E R I E N C E  I I

Robert F. Cervenka SCHOOLOF ENGINEERING

OUTPUTS
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HMI



FINAL BUILD
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Parts list

We organized the parts in this excel
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Final Build Successes

• Assemblies 

– Tabletop

– Base

– Magnet & Sensors
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Final Build Complications

• Linear actuator operation troubles

• High machining hours required for manufactured 
parts

• Miss-ordered parts
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Final Build Gantt Chart



QUESTIONS?



APPENDIX
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Appendix Links

• A1 – Design Concepts Semester 1

• A2 – Predictive Analysis Semester 1

• A3 – Controls Information Semester 1



A1: DESIGN CONCEPTS 
SEMESTER 1
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Functional Need – Align with The Bottom Shelf Prior to Lifting the Table 

▪ Multiple designs were considered (Left).

▪ Vertical conveyor belts

▪ Roller bearings

▪ Conveyor/pull bar contraptions

▪ A compromise was proposed by Viracon.

▪ Viracon will create a work instruction in place 

of a design solution.

▪ Workers will orient box in line with the table’s 

loading side before centering





Demonstration Diagram
▪Box enters workspace on Lid table ▪Box is oriented to have bottom edge in line 

with the tables loading side.

Box 
Box 
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Functional Need -  Locate the box to the center of the table
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Functional Need – Move Cart into Repeatable Location Next to Tilt Table
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Functional Need – Repeatable Location of Cart for Loading Boxes
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Functional Need – Repeatable Securing of Cart in Place
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Functional Need – Prevent Tipping of Box upon Lifting of Tilt Table
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Functional Need – Moving the Box from the Tilt Table to the Cart
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Functional Need – Ensuring the Box is Flush up against the Cart
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Functional Need – Ensure Safe Turn Around of Loaded Cart





A2: PREDICTIVE 
ANALYSIS SEMESTER 1



Showstopper #1: Locating Cart in Loading Zone

▪ Max box depth = 24 inches

▪ Min Box depth = 4 inches

▪ Main Problem – Center of gravity 

exceeds edge of box shelf and causes 

boxes to fall



Explanation:

  Known 
o Cart max height next to table = 19.03”

o Our Box shelf is 14” by 2” 

Unknown

o Height to increased shelf length
o = 18.38+ 2”*sin(6) + 14”*sin(6) = 19.86”

o Shortest Center of Gravity = 4/2 = 2”
o The Gap can be no greater than 2 inches 

to avoid the weight shift

▪ Next steps:
o If this distance is determined to be too large, it can 

be shortened easily by moving the brace bar.

Calculations and proof
Tilt Table and Box Shelf

Tilt Table

Max Box Depth

Cart

1.

2.



Showstopper #2: Securing Cart for Loading

Design: Two pneumatically extending arms to clamp onto the 
lower portion of the cart frame



Calculations and proof

▪Explanation:
o Both the cart and clamp will be positioned 

directly next to the brace bar

o Pneumatically operated, triggered 
manually on the HMI.’

o Degrees of Freedom:
▪ Y Axis: Locked by ground

▪ X Axis: Locked by Clamp bar

▪ Z Axis: Zero Force acts, so locking is unnecessary

▪The total height the clamp would have 
to reach to is: 2.5+11.0+1.0 = 14.5 inches
o Model axle is located at this height.  (Subject 

to being lowered if there is collision between 
this and the box shelf)

Force from PistonsPoint B

Reaction Force from securing clamp

Gravity

Floor reaction force

15”



Proof Continued…

1.) 144 Inch Cart
2.) 120 Inch Cart
3.) 100 Inch Cart



Showstopper #3: Box is Flat against cart 



Calculations and proof
Explanation:

▪ Knowns:
◦ Angle difference: 12 degrees

◦ Depth of box shelf: 14in

◦ Depth of deepest cart: 15.69in

◦ Smallest box depth: 4in

▪ Assumed values:
◦ Distance between shelf and 

cart: 2in

◦ Vertical positions of pistons: 
24in from top and bottom

▪ Solved Values with 
AutoCAD:
◦ Max extension for bottom 

piston: 31.984in

◦ Max extension for top piston: 
47.2875in

Next steps:
◦ Complete in-depth comparison 

matrix for Hydraulic vs Pneumatic 
Pistons

◦ Piston lengths may be shorter if 
testing shows boxes naturally slide 
into position



Showstopper #4:Lifting the Table

Explanation:
◦ Min weight increase: 4x Hydraulic Pistons: 5kg/11lbs each 

w/connections and hydraulic fluid = 80 lbs increased weight

◦ Weight of Box shelf change predicted to be negligible.

◦ Current pistons rated at 500 lb each, table current weight is _____:

Next steps:
◦ Continue calculating size requirements and weights of components 

as research provides.

◦ Are the current hydraulic pistons strong enough or do we need to 
order new ones?



Additional Supporting Data
Functional Need:

▪Painted lines to guide cart into location for loading:
▪ Plan: Experiment during prototype phase for what the turn radius of 

the cart is. This would determine the distance away from the table 
to locate paint.

▪Safe turn around of cart:
▪ For boxes causing force to move cart exceeding 100 lbs., dolly must 

be used to prevent potential injuries

▪ Dolley hitch will be adjusted to fit current method of pulling heavier 
carts.



Material Choice Justifications - Prototype
▪Tabletop: Plywood – Cheap and easy to manipulate for 
adjustments.

▪Table structure: Combo of 4x4 and 2x4 wood. 

▪Box Shelf and push piston bar: HDPE – Self lubricating 
material for low coefficient of friction for good price.

▪Shelf structure, ground brace bar and cart clamp structure: 
2x4 wood – Strong enough to hold high weight, cheap in cost.

▪Small scale cart: Aluminum square stock and miniature castor 
wheels.

▪Small scale Box: plywood and 2x4 wood cut to size w/ extra 
weight for realism.



Potential Design, Manufacturing or 
Process Issues

1. The box may shift in a way where the lower end of the push 
bars pass through the center of the box.

▪ This may be solved by requiring boxes to have at least one cross-
frame support and to be oriented, so the support is perpendicular 
to push bars.

2. Will the clamp arms reliably close tightly enough around the 
cart frame for securing?

▪ This could be solved by elevating the brace bar and requiring the cart 
to be flat against it. This way the clamp arms can be reduced to a 
shorter length and will be more consistent.



A3: CONTROLS 
INFORMATION 
SEMESTER 1



Inputs and 
Outputs 

PB1- Estop (N.C.) 

PB2- Home (N.O.)

PB3- Conveyors Raising (N.O.)

LS1- Box Shelf Fully Extend 

LS2-  Box Shelf Fully Retracted

LS3- Tilt Table Fully Extended 

LS4 – Tilt Table Fully Retracted 

LS5 –  Bottom Piston Fully Extend 

LS6- Bottom Piston Fully Retraced 

LS7- Bottom Piston Force Detection 

LS8 – Top Piston Fully Extend 

M1- Hydraulic Pump

M2- Pneumatic Pump

M3 – Conveyor Motor

Sol 1- Conveyors Ext/Ret

Sol 2- Tilt Table Ext/Ret

Sol 3- Box Shelf Ext/ Ret

Sol 4- Secure Clamp Ext/Ret

Sol 5- Top Piton Ext/Ret

Sol 6- Bottom Piston 
Ext/Ret

Inputs Outputs
LS9- Top Piston Full Retraced 

LS10- Top Piston Force Detection

LS11- Secure Cart Fully Extend 

LS12- Secure Cart Fully Retraced



Operators Manual 



Statement of Operations



Green Ramp Cycle 



Statement of Operations Cont. 



Homing 
Cycle 



State 
diagram



Part Flow 



Part Flow 



Part Flow 





Tag 
Table
Inputs



HMI Tags 



Tag 
Table
Outputs



Tag 
Table
States



State 
Output 
Table





HMI 



Pneumatic Diagram 



Physical Components Required for the 
System

Pneumatics 
• Air Compressor 

• 3x for raising up/down tilt table 

• 4x extending and retracting box shelf 

• 4 pneumatic pistons for push pistons 

• 1x for raising and lowing conveyors 

• Hoses 

• Fittings  

• Connectors 



Physical Components Required for the 
System

Motors  
• 120V AC Motors for conveyors



Parts- Prototype
ITEM NUMBERS 

▪Festo 
▪DNU-32-400-PPV-A

▪DNU-32-320-PPV-A
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Prototype Solution Cost - Overview

• Tilt Table Assembly ------$1,787.82

• Tabletop ----------------------$109.10

• Bottom Frame ---------------$751.97

• Box Shelf -----------------------$28.44

• Push Piston Assembly ---$1,655.19

• Cart Connection ------------$926.47

• Cart Model -------------------$329.73

• Total -------------------------$5,588.71



TEAMWORK
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Teamwork

The first step of the process was 
establishing the team by establishing: 

• The Goal

• Our Values

• Conflict Resolution

• Who We Are

• Ground Rules

• Additionally: Interim and End of 
Semester Peer Reviews
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