G sTeW

ROBOTICS TRAVELING VAN

NORTHERN ARIZONA UNIVERSITY

ME 476C Capstone Project — Robotics Traveling Van

Freddy Rivera, Florence Fasugbe, Colin Parsinia, Ziyi Tang, Andres Gonzales
Northern Arizona University
Sponsor: Michael Shafer
Engineering Drawings/Designs/Tables
Fall 2025

Instructor: David Willy




Robotics Traveling Van - Presentation 03

Table of Contents

O B Pt iutnin ittt ettt ettt et et e euetetneaettnenetnteeneantnansanansnsassnsnsnssnsssssentnssesntnsnsnssnssenstssenstnssenssesssnssetnsssestsnssetsnsnstesnenseesnsnsnesnsneens 1
[2{e] oJo) i BN o | L@ Y B N1 T =T o] o] A A PP PP PP PP 2
[2¥e] o Yol ai TN o F= 1 1sT= o o] o VA O M N O 0 A B N 0 - ST 3
[2{e] oJo) i IRSTW ] o= T1=T a 0] o] (YA O D2 O 2N B I A\ o o o TSP 4
[2{e] oJo) i ISTB ] o= FoE1=T gl o] (YA X B @2 (ol U]l B LYY 1= o I PP PP PP PP 5
[200] oJo) 7 @ YD Rl LU LN 1T a'a] o] Y 6
[2{e] oJo) RS TN | o= Rt 1= a ] o] (YA Ol B 2 1=F=1 0 1 L 07 AN B I PP 7
RODOT 2 SUDASSEMDLY 02: CAD PN ..eiininiiiiiiii ettt ettt ettt e ea et e easatensantensatasnsatsnsastesssnseesssnssesssnssesssnsensnsnsnseosnsnssosnsnseosnens 8
RODOt 2 SUDASSEMBDLY 03 CAD BaSe .ouiuiiiiiiiiiiiiiiiiiie et r e e ettt et e e e teteteteteaetetetsasaaaetesssssssesetesssssesssesesssssssesesessssssnssesessesnensesesesesnsnnes 9
RODOt 2 SUDASSEMBDLY 04: CAD BasS Pl. D2 cueniniiiiiiiiiiiiie ittt ettt ettt ettt et te st tetatesasesesasasassesesesasesesssesesesesesesesesesesesesesesesnsnsesesnsnsnsns 10
RODOT 2 SUDASSEMDLY 05: CAD S ONT. . eniniiiii ittt ettt ettt e et eaeteteensanteaneateansastesnsnstsnessaetnsnssetasnssstssnssstesnsnsensnsnsnssnsnsnnes 11
(2{e] oJo) 7101 o= FoE1=T a ] o] AV A O N B @2 (o1 U 1 Al DI F-Y =1 £-1 o o D PP PP PSP PPRTRPRE 13
Robot 2 Subassembly 02: Program BLOCK Diagram .. ... ittt et et e et ettt e et e ea et e ensataensaatasnsaatesnsnatasnsnssnsnsnsnnnnsnsenen 14
(R T oYo ) b ol |7 o o O PRSPPI 15




Robotics Traveling Van - Presentation 03

/sl

"~ pendulum Robot 1_Protel

Robot 1 - Full CAD Assembly




Robotics Traveling Van - Presentation 03

Robot 1 Subassembly 01:CCAD Cage
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Robot 1 Subassembly 02: CAD Arm
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Robot 1 Subassembly 03: Circuit Design
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Robot 2 CAD - Full Assembly

L PART NUMBER DESCRIPTION | QTY.
1 |Base RB2 1
2 |Fulcrum_ RB2 1
3 |Stent RB2 1
4 [|Rod RB2 2
5 |Hinge_RB2 1
B 6 |Breadboard 400 1
7 |9V-battery PART-layer1[1]-DESC | 1
8 12v stepper motor 1
17HS19-2004S1 (1)
92 |Hinge_Connector_RB2 1
Fulcrum_Connector_RB
10 |5 1
VL53LOX distance
11 [sensor_assy sensor simple model| 1
for integration
12 |Raspberry Pi Pico-R3 1
13 |User Library-SCV0050 NONE 1
14 User Library-ULN2003 |
Driver
UNLESS OTHERWISE SPECIFIED NAME DATE
A DIMENSIONS ARE IN INCHES DRAWN FLF 11/5/2025
: S CHECKED TITLE:
oRceosa 1 [SRST Ball on Beam

QA

THE INFORMATION CON uigtei COMMENTS

’:’-:‘AV\‘ "””\'-:[JL""ECPU("/T«! HATERA b SIZE DWG. NO. REV
i : A Robot2

WITHO! NEXT ASSY USED ON

ISR

WNIERPRET GEOMETRIC
NSER
M AFTCATION DO PR SOAIE ARG SCALE: 1:8 WEIGHT: SHEET 1 OF 1

PROPRIETARY AND CONFIDENTIAL TOLERANCING FPEF: A SS e m b Iy
2 1
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Robot 2 Subassembly 01: Beam CAD
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PROPRIETARY AND CONFIDENTIAL

Ball on Beam: Hinge
Connector

SIZE DWG. NO. REV

l a
UNLESS OTHERWISE SPECIFIED: MAME DATE
ARE IN NCHES DEAWN FLF 11/5/2025
TITLE:
t BENDs | oPR
LACE DECIMAL 2 ENGARER:
THREE PLACE DECIMAL & MFG APPR.
QA
COMMENTS:
MATERIAL
FRISH

<INSER
PROK

NEXT ASSY USED O

APPUCATION

DO NOTSCALE DRAWNG

A Hinge_Connecior_R82

SCALE: 2:1 WEIGHT: SHEET 1 OF 1

1




Robotics Traveling Van - Presentation 03

Robot 2 Subassembly 02: CAD Pin
2
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UNLESS OTHERWISE SPECIFIED: NAME DATE
DIMENSIONS ARE IN INCHES DRAWN FL 11/5/2025 A
TITLE:

j sk CHECKED
oAt bEChAL 3T | O Ball on Beam: Fulcrum
i Connector

THREE PLACE DE!

o

PROPRIETARY AND CONFIDENTIAL ?“‘
COMMENTS:
SIZE DWG. NO. REV
Fulcrum_Connector_R82
NEXT ASSY USED ON i A
SCALE: 12:1 WEIGHT: SHEET 1 OF 1

CALE DRAWING
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Robot 2 Subassembly 03: CAD Base

2 1

1]

Vi) 1

PROPRIETARY AND CONFIDENTIAL
THE INFORMATION CONTAINED IN THIS

PROMIBTED.

NEXT ASSY

UNLESS OTHERWISE SPECIFED:

DIMENSIONS ARE IN INCHES
TOLERANCES:
FRACTIOMAL 2
ANGULAS

NTERPRET GECMETRIC

DRAWN

CHECKED
ENG APPR.
MFG APPR

QA

TITLE:

Ball on Beam:
Base 2/2

USED ON

APPLICATION

TOLERANCING PER

MATERIAL

FNISH

DO NOT SCALE DRAWING

COMMENIS:

SIZE DWG. NO. REV

A Base RB2 2

SCALE: 1:8 WEIGHI: SHEET 1 OF |

1
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Robot 2 Subassembly 04: CAD Base Pt. 02
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UNLESS OTHERWAE SPECIFIED: NAME | DATE
A DIMENSIONS ARE IN INCHES ORAWN FLFE  111/5/2025
TOLERANCES =
R NAL® CHECKED TITLE:
ANGULAR: MACHS BEND = g =
Rl Ball on Beam:
THREE PLACE DECIMAL ¢ NEG APPR. .
INTERPRET GEOMETRIC QA. B O S e ] /2
TOLERANCING PER COMMENTS:
MATERA SIZE DWG. NO. REV
; e Base_RB2_1
REPRODUCTION IN PART OR AS A WHOLE = INSH
WITHOUT THE WRITTEN PERMI OF HEXTASSY YED ON
SMNSERT COMPANY NAME HERES IS
PROMBITED, APPLICATION DO NOT SCALE DRAWNG SCALE: 1:8 WEIGHT: SHEET 1 OF 1

2 1
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Robot 2 Subassembly 05: CAD Stent

2 1

PN
2.28
20 % 36

UNLESS OTHERWISE SPECIFIED: NAME DATE

A DBAENSIONS ARE IN INCHES DRAWN FLF 1175/2025
T RANCES: TIC.
FRACTIONALS CHECKED TITLE

MACHS BEND &

ENG APFR.
S HACEGEch "y | B A Ball on Beam:
THREE PLACE DECIMAL & 2~

MFG APPR.
INTERPRET GECMETRIC Q.A. S-I- 1.
TOLERANCING PER: COMMENTS: e n
MRS SIZE DWG. NO. REV

. :"""'”C:'r NEXT ASSY USED ON e A S T e n 1.—R B 2

WRITTEN PERMBSSION OF
PANY NAME HERE> 15

:g;jmg'[rp_ APPLICATION DO NOT SCALE DRAWNG SCALE: 1:1 WEIGHT: SHEET 1 OF 1

2 1




Robotics Traveling Van - Presentation 03

Robot 2 Subassembly 01: Circuit Diagram

Raspberry Pi PICO
Step and Direction Signal

Regulated Vin

Voltage Regulator

Lattery Power Source

Motor Voltage

Stepper Motor Coil Control
Diriver
-
b
Logic Voltage Data Signal

Stepper Motor

Ultrasonic Sensor

{ Time of Flight
Sensor
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Robot 2 Subassembly 02: Program Block Diagram

SET BALL CENTER
POSITION
(EX: X = OCM)

REAL TIME
ULTRASONIC GENERATE ERROR
SENSOR VALUE
MEASUREMENT (BALL POSITION VS
CENTER)

PID CONTROLLER

DEPENDING ON
ERROR VALUE SIZE

QE

[ ADJUST MOTOR
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Robot 2 FMEA:

Subassembly m Faetenklale | Potentisikffect(s) of E RredevBgh Sripaed Of H Cwnend D dsistn Recommended Action

Base / Stand Base plate bebgtaoisor egesna Artudisoanterdting 6 Midnsport freauent 3 lepertashers: 4 72 Apply thread locker; retighten before demos

Btatetlire Plate panel Rsidiridesurface Riatessaas or Behltichifts desnite 8 hhdtepralveak 3 Rétédtioaterial 3 72 Use aluminum or composite plate

Btatetlire Plate panel Eiietdge low- brefadeydirtv Babxpidcksdiy slows 6 Dust; fingerprints 4 Béeanina before 3 72 Apply smooth matte coating; routine cleaning

Btatetlire Plate edge Keetairrld bdasidsingow Battdalls off durina 6 Design oversight 2 Visual check 2 24 Add 1-2 cm guard wall around plate

Mbchanism  Bialgdoint /  Adtevionlé¥eY) Joint binds  bsweitemionstion: 8 Dust; tight fit 3 Lubrication 3 72 Use precision ball joints; routine maintenance

Actuation Freotar (x3) Cokmdate Biile grrdeifts Bbateblésdiaeonallv: 9 fhileven load: motor 3 Mataledisienyos: 3 81 Use identical servos; test prior to demo

Subassembly m Faflotenkiade | PotentiBhibffect(s) of Mebméralidh df H QCwnendLD Feistn HW Recommended Action

Base / Stand Base plate btettitoisor Mogeina Suibudisarterdting 6 Hidmsport 3 Irepertishers: 4 72 Apply thread locker; retighten before demos

Btatetlire Plate panel Rsididesurface Riatessaas or Bahtesifts despite 8 fatepralveak 3 Retedtioaterial 3 72 Use aluminum or composite plate
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Btatetlire Plate panel Etietdge low- Bueticeydirtv Batkpiecksdiy slows 6 Dust; fingerprints 4 Gteanina before 3 72 Apply smooth matte coating; routine cleaning

Btatetlire Plate edge Keetairld bdasidsindow Battdatls off durina 6 Design oversight 2 Visual check 2 24 Add 1-2 cm guard wall around plate

Mbchanism  Bislgdoint / AdtatioplékeY) Joint binds  bseillemionstion: 8 Dust; tight fit 3 Lubrication 3 72 Use precision ball joints; routine maintenance

Actuation Frestar (x3) Eotmdate il gardeifts Bbatablésdiaeonallv: 9 brverfdidade 3 Matphedisenyos: 3 81 Use identical servos; test prior to demo
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