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Executive Summary

» Parfial paralysis caused by SCI or Stroke are two of the
most prevalent forms of physical disability in the world

» Presentation seeks to detail material selection process

» Garner approval for component selections and to
begin manufacturing and construction process



Goal of Design Review

GAIN APPROVAL FROM FACULTY, CONFIRM DESIGN FEASIBILITY ENSURE SPONSOR SPECIFICATIONS
SPONSORS, AND ADVISOR TO ARE MET
ORDER PARTS FOR ASSEMBLY



AGENDA

*Base/Torso
eLegs

*F.E.S.

*Motors
*Programming




Background

» Two leading disabilities around the world are Spinal Cord
Injuries and partial paralysis caused by Stroke.

» The predominant form of rehabilitation is the use of @
harness suspended over a tfreadmill or floor.

» This form is physically faxing for therapists; to ease the
therapist’s labor, Robotic Assisted Gait Rehabilitation
systems have been produced.

» The current market lacks a device that accurately
recreates the human gait path motion of the knee and
ankle, nor do these devices provide additional neurological
stimulation with F.E.S. systems.



PURPOSE

To builld and optimize a set of robotic legs which recreate
the moftion of a natural gait cycle in conjunction with proper
timing of a functional electro-stimulator (F.E.S.), used fo
contract muscle groups through external stimulation, with
the goal of rehabilitation for individuals with minor spinal
cord injuries or who are victims of a stroke.




Specifications

Dyasaraer Value/Limit or Acceptance Tests or
P YES/NO Method

Reproduce natural gait motion path Compare to Motion
Yes N/A
of knee and ankle Capture

Adjustable for varying leg lengths 5'4" — 6’4" ft./in. SolidWorks Design and FEA

Calculate motion path with
Electro-stimulate thigh muscle in time linkage position and
with walking motion de’rerming qppropria’re
timing

Able to hold various body types 120 - 300 : FEA testing







Global Center of Mass

» Fluctuates minimally in X and Z
direction

» Fluctuates ~ +6" in Y direction
when fully raised relative to
lowered position

> Typical load applied in Y direction
and above CoM

Y < /
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Saftety Considerations

» Limit Switches

» Physical Limitations
» Kill-Switch

» Abdomen Strap

» Leg Straps
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Feasibility Analysis

» Linkage Material
» Low weight, durability, availability

» 6061 Aluminum meets
requirements

» Motor Torgue and Speed
» Selected motor for excess torque

» Speed not asimportant as
accuracy of movement

» Linear Actuator
» Needed lift capacity of ~370lb
» 2" stroke length
» Small footprint
» Pivot Pin
» Hip location

» Durable Material
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Vertical Displacement (in.)
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Motion Analysis — Gait Path




Simulation/Motion Analysis
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A: Static Structural

Equivalent Stress

Type: Equivalent (von-Mises) Stress
Unit: psi

Time: 20

11/20/2019 5:57 PM

ANSYS

2019 R2

Von-Mises
Stress on

8.8808e5 Max
7.8941eS
6.9073e5
5.9206e5
4.9338e5
3.947e5
2.9603e5
1.9735e5
98676
0.018212 Min

Joint Pin

0.000 0.500 1.000 (in)
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0.250 0.750




A: Static Structural

Total Deformation ANSYS

Type: Total Deformation 2019 R2
Unit: in
Time: 1
11/20/2019 3:25 PM

0.0026903 Max
0.0023913
0.0020924
0.0017935
0.0014946
0.0011957
0.00089676
0.00059784
0.00029892

0 Min

Total
Deformation of

Joint Pin

®

~N

0.000 0.500 1.000 (in)
I 2 a0

0.250 0.750




A: Static Structural

Safety Factor ANSYS
Type: Safety Factor (Average Across Bodies) 2019 R2
Time: 20

11/20/2019 6:24 PM

Safety Factor
0040829 i Of

‘A'
| Max

Joint Pin

0.000 0.500 1.000 (in)
B

0.250 0.750




A: Static Structural
Life

Type: Life

11/20/2019 5:52 PM

le6 Max
1eS
10000
1000

100
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1

0.1

0.01

0 Min

0.000

0.225

0.450

0.675

0.900 (in)

ANSYS

2019 R2

Life Cycle of
Joint Pin




ANSYS

2019 R2

Time: 1. s
11/19/2019 6:30 PM

[B] Moment: 445. Ibf*in
[B] Cylindrical Support: 0. in

Setup of
Gear

Sub-Assembly

0.000 0.500 1.000 (in)
I 4 a0




A: Transient Structural
Equivalent Stress

Type: Equivalent (von-Mises) Stress
Unit: psi

Time: 1

Custom

Max: 36546

Min: O

11/19/2019 6:40 PM

36546

1.8725e-13

1.000 (in)

ANSYS

2019 R2

Von-Mises
Stress on Gear
Sub-Assembly
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A: Transient Structural
Total Deformation

Type: Total Deformation
Unit: in

Maximum Over Time
11/19/2019 6:26 PM

2.731e-4 Max
2.428e-4
2.124e-4
1.821e-4
1.517e-4
1.214e-4
9.105e-5
6.070e-5
3.035e-S
1.177e-19 Min

0.250

0.750

1.000 (in)

ANSYS

2019 R2

Total
Deformation of

Gear
Sub-Assembly
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Type: Safety Factor
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odel name:Arm Support Assembly - FEA
udy name:Static 1(-Default)

ottype: Static nodal stress Stressi
eformation scale: 24.085

. Von-Mises

2.740e+01

- 2491e+01

- Stress on Arm

1.744e+ 01

e Sub-Assembly

7.486e+00

4.9%8e+00

2,509+ 00

1.989e-02

— Yield strength: 8.99%8e+01




todel name:Arm Support Assembly - FEA
udy name:Static 1(-Default-)

ottype: Static displacement Displacementi
eformation scale: 24.085

Y

URES (in)

6.439-02
5.902e-02
5.366e-02
4.829e-02
4.293e-02
3.756e-02
3.220e-02
2.633e-02
2.146e-02
1.610e-02
1.073e-02
5.366e-03

3.937e-32

Total
Displacement

of Arm
Sub-Assembly




fodel name:Arm Support Assembly - FEA

udy name:Static 1(-Default-)

ottype: Factor of Safety Factor of Safetyl
rterion: Max von Mises Stress

sctor of safety distribution: Min FOS= 3

FOS

flt-

4.524e+03
4.148e+ 03
3.771e+03
3.3%4e+ 03
3.017e+ 03
2,640e+ 03
2.264e+03
1.887e+03
1.510e+03
1.133e+03
7.566e+02
3.798e+ 02

3.011e+00

Safety Factor
of Arm

Sub-Assembly
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» Locations of probable
wear:

» Driver Gear
» Cost effectiveness
» Linkage Connections
» UHMW Wear Plate

» Padding

1.000 (in)




Risk Assessment

Probability of Occurrences Catastrophic | Critical | Moderate | Minor | Negligible
Definition Meaning Value (A) (B) (© (D) (E)
Frequent Occurs frequently 5
: Occurs less
Likely frequently 4

Occasional | Occurs sporadically

Seldom Unlikely to occur

Highly unlikely to

Improbable
occur

High Risk
Medium High Risk
Medium Low Risk

Low Risk




Complete Assembly
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Arm Sub-Assembly

Part Number Part Name Quantity
Handle Nut
0.5" O.D. Shoulder Screw
0.25"x1.0" Threaded Rod
Arm Plate
10-32 x 3/8" Pan Head Machine Screw
T-Slot Slider
T-Slot Track
10-32 Lock Nut

VoONOODDWN=
— 00— — 00— NNDN

a Arm Pad Assembly
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Leg Sub-Assembly

Part Number Part name Quantity
10 Hip Mount Plate 2
11 Hip Motor Mount 2
12 Groin Pin Mount 1
13 Groin Pin ]
14 Frame Spacer L 4
15 Frame Spacer Short 4
16 Ankle Swivel 4
17 Foot Platform 2
18 0.25" Hi-Collar Lockwasher 16
19 0.25"- 20 Wingnut 16
20 0.25"- 20 x 0.75" Hex Drive Flat Head Screw 4
21 10-24x0.75" SHCS 16

33



Linkage Sub-Assembly

Part # Part Name Quantity
22 12 RPM P.G. Motor 1
23 10- 24 0.75" Hex Drive Flat Head Screw 4
24 #10 Hi-Collar Lockwasher 4
25 16T Driver (Gear) 1
26 Motor Mount 1
27 8-32x0.375" SHCS 4
28 48T Driven (Gear) 1
29 Pivot Pin 1
30 M3 - 0.5 mm x 10 mm Button Head Hex Screw 4
31 Gear Motor Mount Riser 2
32 1.125"x 0.500” |.D. Bearing 1
33 "Hip Tib" — Quter Linkage 1
34 UHMW Wear Plate 1
35 "“Tibia Link” = Inner Linkage 1
36 0.5"- 13 Nylon Nut 1




ServoCity
12 RPM HD
Premium

Planetary Gear
Motor with
Encoder
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Send rotational
start signal, speed,
and direction
from Arduino Mega

| 42

e
e ™ / /
/ Requested \ / Receive motor /
deqgree of rotation / speed and direction /

\ in# of pulses / on Motor Driver #,..
J/ !

Receive rotational
signal on
Arduino Nano

- ,

Program Overview

r‘r Arduino Mano
S counts incoming

Start motor rotation
with set speed

Hall Encoder

;f‘f Hall encoder pIJ|E:E!E} ,r" Feedback and direction

.\. S

P Make no changes
< ) and keep rotating
until position is reached

/' Send logic request /

/signal from Arduino Mano [/
to receive next /

rotational position JI,-'"




Functional Electrical Stimulation
[FES] |

» Used in conjunction with device

» Provides outside stimulation to
muscles

» Programmed to stimulate the
correct muscle group in time with
motion of robotic Legs.




120¥AC to 12V DC
Transformer

12V DcC
Power

Gx Rotational
Feedback Signal

C

Gx Mext Step
ontrol Signals

MPUs

Gx Arduino Nano }

Arduino Mega2560
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Test and Evaluation Plan

3D Printed Prototype

Upon completion of manufacturing and assembly of complete system, and
iImplementation of program, the produced gait path will be compared with a natural
gait through the Vicon Motion Capture system

» This path will be compared to the original natural gait and the coordinates analyzed in Excel
to determine that the produced path is within 10% of the human path.

» The F.E.S. will be wired with LED lights to illustrate when a therapy pulse is being
administered until such time that the appropriate timing has been established.

» After, the electrodes will be connected under the supervision of Dr. Dong for further testing.
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Timeline

Robotic Walking Training Device

| Jaugust |  september |  oxober | = November | = December |
Task
1. Contracts ]
2. Intial Project
3. Concept design
4. Deliverables
5. Design
6. FES
7. Prototype
8. Coding
9. Presentation

Robotic Walking Training Device

—m_ '
27-Apr

Schcdulcd
-
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Aluminum Material
24" Long Fixturing Track for Hex Head Screws
10-24 x 0.750" Hex-Drive Flat Head Screw
1/4-20x 1.25"SHCS
8-32 x 0.375"SHCS
M3 - 0.5mm x 10mm Button Head Hex Screw
1/4 - 20 x 0.750" Grade 5 Hex Bolt
1/4 Hi-Collar Lockwasher
1/4 - 20 Wingnut
1/4 - 20 x 0.750" Hex Drive Flat Head Screw
10-24 x 0.750" SHCS
#10 Hi-Collar Lockwasher
1/2 - 13 Nylock Nut
Zinc-Plated Cast Iron Easy-Grip Handle with 3/8"-16 Thread
1/2" O.D. Shoulder Screw - 1.0" Shaft Length
1/4"- 20 x 1.0" High Strength Steel Threaded Rod
10-32, 3/8"Pan Head Phillips Screw

10-32 Medium-Strength Steel Nylon-Insert Flange Locknut

UHMW Wear Plate
12 RPM Motor (12VDC)
32 Pitch - 48 Tooth x 0.500" Gear
32 Pitch - 16 Tooth x 6mm D-Shaft Gear
1.125"x 0.500" ID Ball Bearing

FA-400-12-2-P

Cytron MD20A
Transformer
Arduino Nano
Arduino Mega2560
Eaton Neutral Bar
4x 100" - 18 AWG Wire
Memory Foam

Total:

$7.10
$8.56
$12.48
$10.89
$7.77
$8.53
$10.38
$10.94
$8.54
$12.07
$8.41

$10.07
$3.79
$2.61

$3.13
$13.88

$6.85

$8.14
$59.99
$12.99
$7.99
$6.27

$139.00

$19.80
$17.99
$4.29

$6.55
$15.95
$34.99

$93.84
$14.20
$8.56
$12.48
$10.89
$7.77
$8.53
$10.38
$10.94
$8.54
$12.07
$8.41
$10.07
$15.16
$10.44
$12.52
$13.88

$6.85

$8.14
$359.94
$77.94
$47.94
$75.24

$139.00

$118.80
$17.99
$25.74

$6.55
$15.95
$34.99

$1.203.75







Appendix
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A: Transient Structural
Translent

Time: 1, s

11/19/2019 6:30 PM

B Moment: 445. bf'in
[BJ Cylindrical Support: 0. in




A: Transient Structural
Equivalent Stress

Type: Equivalent (von-Mises) Stress
Unit: psi

Time: 1

Custom

Max: 36546

Min: 0

11/19/2019 6:40 PM

36546
l 32485
— 28424
L 24364

= 20303

=~ 16243

I 4060.6
1.8725e-13

0.000

0.500

1.000 (in)

.

ANSYS

2019 R2

~N



A: Transient Structural
Total Defor mation

Type: Total Deformation
Unit: in

Maximum Over Tima
11/19/2019 6:26 PM

ANSY

2019 |

2.428e-4
2.124e-4
v 1.8212-4

1.517e-4
E 1.214e-4
— 9.105e-5

6.070e-5
H 3.035e-5

1.177e-19 Min

ﬂ 2.731e-4 Max

0.000 0.500 1.000 (in)
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Model name:Arm Support Assembly - FEA
Study name:Static 1[-Defaulty)

Plottype: Static nod al stress Stresst
Deformation scale: 24.085

von Mises (ksi)
2.98%&+ M

2.740e+ 0

. 2491+
. 2.242e+01
- 1.993e+ 01
. 1.744e+ O

1.495e+ N

. 1.246e+ M
. 9.975¢+00
. 7.486e+00
4.956¢+ 00
2.509+ 00

1.989e.02

~ Yield strength: 8.9%Ge+ 01



Model nameArm Support Assembly - FEA
Study name:Static 1(-Default)

Plottype: Static displaceme nt Displacementl
Deformation scale: 24.085

URES (in)
6.439e-02
5.8902e.02

5.366e.02
- 482902
- 4.293e.02
3.756e-02
3.220e-02

2.653e-02
2.146e-02
. 1.610e-02
1.073e-02
5.366e-03

3.937e.32




Model name:Arm Support Assembly - FEA
Study name:Static 1[-Defaulty)

Plottype: Static strain Straini
Deformation scale: 24.085

ESTRN

6.368e-04
5838604
5.307e-04
477704
4.247e-04
3.717e04
3.186e-04
2.656e-04
2.126e-04
1.595e-04
1.0656-04
5.350e-05

4.715e.07



Model name:Arm Support Assembly - FEA
Study name:Static 1(-Defaulty)

Plottype: Fadtor of Safety Factor of Safetyl
Criterion: Max von Mises Stress

Factor of safety distributiorc Min FOS = 3

FOS

4.524e+ 03
4.148e+ 03
3.771e+ 03
3.394e+ 03
3017e+03
2.640e+ 03
2.264e+03
1.5687e+03
1.510e+ 03
1.133e+ 03
7.566e+ 02
3.798e+ 02

3.011e+ 00
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ServoCity 12 RPM HD Premium Planetary
Gear Motor w/ Encoder

Part Number 638310

6v-12V
12RPM
054 A
81102 ozin (584 kgf-cm)
Brass primary, nylon secondary, steel
tertiary
oC
Motor Brush Type Graphite
Output Shaft Diameter 6 mm
Output Shaft Style D-shaft
PH Series JST 6—pir1 Connector (2 mm
Pitch)
M3 0.5 mm
 Weew | %09
:
Encoder: Cycles Per Revolution (Output Shaft) 8,651.868
Encoder: Countable Events Per Revolution 48
(Motor Shaft)

Encoder: Cou?g:‘zfuli\;ir:fi;er Revolution 34.607.427
Magnetic (Hal Effect|
24V-26
= Sensor Input Voltage
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Model

ATmega2560

Operating Voltage

S5V

Input Voltage (recommended)

7-12V

Input Voltage (limit)

6-20V

Digital 1/O Pins

54 (15 of which are PWM)

Analog Input Pins

16

DC Current per I/O Pin

20 mA

DC Current for 3.3V Pin

50 mA

Flash Memory

256 KB (8 KB used by bootloader)

SRAM

8 KB

EEPROM

4 KB

Clock Speed

16 MHz

Operating Temperature

—25°C~50°C

Dimensions

101.52 mm x 53.3mm

Microcontroller
Operating Voltage

Input Voltage

Input Voltage (limit)

Digital I/O Pins

Analog Input Pins

DC Current per 1/O Pin

Flash Memory

SRAM

EEPROM

Clock Speed

Operating Temperature

Dimensions

14 (6 are PWM)
8
40 mA
32 KB
1 KB
1 KB
16 MHz
—25°C~50°C
43.18 mm x 18.54 mm



Model

Logic Operating Voltage

Motor Input Voltage

Max Continuous Motor Current

Peak Motor Current

Digital Input Pins

DC PWM Frequency

2
@

Continuous Current Operating
Temperature

Dimensions

Cyiron MD20A
OV-1.5V
6V-30V

20 A
60 A
3
20 kHz

25°~°30C

86 mMm x 52 mm

Model

AC Input Voltage

Input Voltage Frequency

DC Output Voltage

Output Current

Output Voltage Adjustable Range

Output Voltage Tolerance

Nominal Power

Fan Temperature Control

Dimensions

MINZO §-120-12
100V —-240 V
50 Hz - 60 Hz

12V
OA-30A

+10%
+1%
360 W
45° C
215 mmx 115 mm x 50 mm




m ScripHessco Reusable & Self-Adhering Electrodes

Part Number 6720106

0.889 mm Hydrogel

Conductor 2 mil carbon conductive film
Square Dimensions 50.8 mm x 50.8 mm
Rectangle Dimensions 50.8 mm x 82.55 mm

Part Number
Input Voltage
Input Frequency
Apparent Power
Output Voltage
Output Current
Pulse Duration
Pulse Polarity

Connections

>
o}
=2
(1)
a,
3
(]

Round Dimensions 34.925 mm
Oval Dimensions 38.1 mm x 63.5 mm

Digitimer Constant Current Stimulator

DS7A
100 VAC to 240 VAC

47 Hz to 63 Hz
12 VA

100 V to 400 V

OAfolA
50, 100, 200, 500, 1000, 2000 us
+ve, -ve, and alternating polarities

4mm shrouded, touchproof sockets on 19.05mm centers

225 mm x T00 mm x 255 mm



z (314 VE = SENSOR+

AREF 2 2 . P VE b CHANNEL _A
Al = GHE mMa ~=— CHANNEL B
Al T ) Motor Driver MB
A | b
A 5 . MUTUR- Motor
Ad J - (B34 VE
AS 5 = il VE SENSOR+

AB GHG ma e CHANNEL _A

a7 — b 1l ; Motor Driver MB . CHANNFL B

3 W G

MUTOR

MUTUR- Motor

(B34 VE-
P VB

GHE MA = { SENSOR+
Motor Driver MB < CHANNEL A
T IANNEL_B

] klator
) -
GHE

SENSOR+
CHANNEL_A
CHANNEL_B

0 Mana

Ardu

VE-
=] VB- - Motor
HE Ma

i 1 Motor Driver ME
RST 3 SENSOR+
GHND vl +! P CHANNEL _A
N — i VB~ CHANNEL_E
P VB- GHD
GHE Ma - MOTOR-
Molor Driver MB JR-

Kolor

A7
GNLZ BEY GNLZ sy
RSTL RST RSTL RET
Rl GMD Rl GND
TX0 N TX0 WM

GHO1S
GHO1E
GHDLY
GHDLE
GHDLD
GHOD20

GHND14
GND15
GND1G
GND17
GND18
GND19

Transformer

@
=
=)

=120 VAC




c|u|c|m
alalal

=]
]

=]
o

lelke

SRiE

]
=

B

=
=

elele
0‘45

g

Arduing Mega2Sed
el
=

|§ﬁ%§ﬁ§%@%

T e e
EE[REE

=

Cld
ol
5l
o
[FET}

| C2

| o8
o7

22 | | C&

5]

| Cd
03
17}

| TH
RA
RET
AREFL
3.2

4|4 |ea
_n ||
2125
ey

i

55|oo
=l=I=|=
=] [=]
Lol P

EESLELRS

i SRR R
Wi+
t',?: ES‘EQEQEE?EE
Wl

GMD
M i Fower Rail

Jransformer L

b-120 WAl @




EEEEEEEEEEEEEEEE:

=
o

g
x|z
:J|u

HEREREAEHEREEEEEE
LRl ] Ll L] o) e (] Dl ] e ] e D) ] o] )

b P
Zlz|z
ta [tz [ea

[&]
=
ia

dELEIHLIILEY
"3
SuEN cunprg

d38zzrrszay

2
&

e
[=]
=
[T]

dELEIHLIILEER
o Ir
cuEN cunpd

e

&
d38zzmruz2Es

FELEIHAIILEES
o ri
cuEN cunpd

Bagrgszas

FRLSIAIILRY

= auey cuinprd

ddf8gasrsaaa

FRLSIAIILRGR

= TUE SUINRET
o

[=1
dE88zemsszzas

FRLSIdIILRERE

#
s i
TUE SUINRE

=1
=
[T]

=)
o

g
=
ia

ag
dESgaREsARaEE

[Fround Rail

+

2

]
i, T OETE

L

Jransfoimer




=1 WB+
P WE-

GHD =+ wlp,
ilotorn CriverWE

iR WE+
P WwE-
GHE + W,
pilotor CriverWE

CR B+
P Wh-
GHD =+ wlp,
pilotor Crived B

iR Wl
P WwE-
GHD  + g,
pilotor Crived B

CR B+
Pl WwE-
GHD + g
piotor CriverWE

W+

W1+

Wi+

e

Wl

Wi

GHE

H

JTiansformer L

zlz| 52

EREREEE S RN

Fower Rail




SENSOR-
CHANNEL A
CHANNEL_E
GND

MOTOR-
MOTOR- Matar

SENSOR-
CHANNEL A
CHANNEL_E
GND

MOTOR~ Motar
MOTOR-

SENSOR~
CHANNEL_A
CHANNEL_E
GO
MOTOR~

MOTOR- Motor

SENSOR-
CHANNEL A
CHANNEL_E
GND

MOTOR~ Motor
MOTOR-

SENSOR~
CHANNEL_A
CHANNBL_E
GNDF

MOTOR~
MOTOR- Mgtgr

Wl
Wl
W2
Wi
Wl
W2
GHD
il

Jransformer L

SENSOR~
CHANNEL_A
CHANNBL_E
GNDF

MOTOR~
MOTOR- Mgtgr

Fowier Rail




DIR VE+
Py WB-
GHND + MA

SENSOR+
CHAMMEL A
CHAMNMEL B
D

MOTOR+
MOTOR- Mgtgr

otor Driver MB

DIR WEB+
Py WEB-
GMD  + MA

IMator Driver MB

SEMNSOR+
CHAMNMEL A
CHANMEL B
GMD

MOTOR+
MOTOR- Mgtor

DIR VE+
Py WEB-
GHND + WA

MMotor Driver MB

SENSOR+
CHAMNMEL A
CHANMEL B
EMD

MOTOR+
MOTOR- _Mgtor

DIR WEB+
Py WEB-
GHMD  +  MA

MB

SENSOR+
CHAMNMEL A
CHAMNMEL B
D

MOTOR+
MOTOR- Mgtgr

DIR VE+
Py WEB-
GHND + WA

MMotor Driver MB

SEMNSOR+
CHAMNMEL A
CHANMEL B
GMD

MOTOR+
MOTOR- Mgtor

DIR WEB+
Py VEB-
GHD +  MA

Motor Driver MB

SEMNSOR+
CHAMMEL A
CHANMEL B
GMD

MOTOR+
MOTOR- Mgtor




!
e
7]

=
en
ra

=
1
—

]
o
o

=
E
o

=
B
oo

=
=
~

=
E
o

0,020,020
$|ﬁ|a

=
B
[i%]

=
=
sy

=
=
=

=
o]
=1

]
7% ]
o

]
w
1

=
[9%]
5

=
|9%]
r

=
[#5]
B

]
j7%]
71

Arduing Mega2560

=
[7%]
[

=
—
(]

=
i
=

=
—
5]

=
—
x*]

=
[
—

=
—
o]

=
1)

[ o o | |on |G |~ oo

.
€3
s

=
%]
=1

=
(%]
21

=
o]
[o'+]

o}
r
-1

=
%]
o

-
(o]
e

o]
[is]
iy

=
%]
[3%]

=
r3
[

=
[&%]
et

=
%]
o

=2
=
o

=
it
co

=
P
~1

=
=
o

=2
=
e

=
ot
i~

=
=
[3%]

=2
=
[*]

o
=
=

=
it
(=

=
D

ckllkl
| | — |2

_'
|>< |S|8|E

&
2

]
%3]
)

=
|
m
M
=

4]
=
]
[i%]

+ e
o <
=
Fa

DIR WB+
P YE-
GND + MWlA

Motor Driver MB

DIR B+
P YE-
CND + MWlA

_Motor Driver MB

DIR WB+
Py WEB-
GND  + MWlA

Motor Driver MB

B+
YE-
MWlA
ME

DIR VB+
P VB-
GMD  + Bk
Motor Driver MB

DIR WB+
Py WEB-
GND  + Il

Motor Driver MB




SENSCR-
CHANMEL_A
CHANNEL_E
GHD
MWSToR-

MOTCR- _Mgtgr

SENSOR+
CHAHNEL _~
CHAHHEL_E
GHND

MMOTOR

M-S TSR- _M otor

SENSOR-
CHANNEL_A
CHANNEL_B
GNE

MOTOR-
MSTER- Motor

12 (k]
11 3.3
10 AREF
Ca A
e Al
7 a2
(l:3 A3
L5 Ad
L A5
[EXx) AE
o2 AT

12 Cla
11 3.3V
C1s AREF
ca Al
e Al
CT a2
-3 A3
Cs Al
C4a AT
[EX) AE
ca AT
GHE2 5.5y
R5T1 RS3T
R¥1 GHL
THED WIN

Arduino Mano
Arduing Mano

SENSCR+
CHAHMEL_A
CHANNEL_E
GHL
MOToR-

MCTCR Jotor

SENSCR-
CHANMEL_A
CHANNEL_E
GHD
MWSToR-

MOTCR- _Mgtgr

SEHSOR+
CHAHNEL _~
CHANHEL_E
GHND

MWOTCOR

M ToR- _M otor

L1z 13
11 3.3
1o AREF
o4 AD
e Al
7 A2
(el A3
L5 Ad
Ll A5
[EXx) AE
o2 AT
GHE2 5.5V
R5T1 RST
R¥1 GHE
THD WIN

1z Clz
11 3.3V
Clo AREF
oA Al
e Al
Cr A2
CE A3
Cs Al
8 A5
[EX) HAE
ca AT

_\ﬁrIjLIiI'ID Mano

o
=
@

=
o

=
3
k=l
=

12 12
11 3.3
10 AREF
Ca AD
e Al
7 A2
(el A3
(= Ad
Ll AS
[EXx) AE
2 AT
GHE2 5.5V
R5T1 RST
R¥1 GHD
THD WIN

iz Cl2
11 3.3V
1o AREF
oA A
e Al
CT A2
CE A3
e A
8 AS
C3 HAE
ca AT
GHEE 55V
R5T1 RST
R¥1 GMD
THD WIN

JArduino Nano
SArduing Mano




‘D‘U‘UD
ra|ra|ra
-qmrﬂg

=}
ra
=

=}
ra
n

0z [L3E)
DL 33
Ole  AREF
i) A
0E Al
i A2
De AZ
Oz Ad
iz A5
oz AG
o2 A7
GHOE  52.5W
R5TL R5T
R¥1 GHD
TR WIN

12 0z
[l 33V
e AREF
L] A
L= AL
0 A2
L3 AZ
=3 Ad
[k A5
I3 AE
o2 A7
GHDZ2 25
R3TL  RST
REL GHDr
THG WIN

=}
ra
L

=}
ra
L

(=)}
ra
ra

(=)}
ra
iy

(=}
ra
L=

22
Ealio

=}
fact
=1

Arduino Mano
=
(=
[z

Arduino Mano

U‘
=
Ln

Arduing Megaz36d

0z [L3k)
OH1 3.3
OnZ AREF
] A
[
o7
O
[
1%
1k
02
GHDR BB
RST1  RST
Rl GND
THRZ I

[z 0z
01 3.3V
Os AREF
i) A
=3
07
-3
=3
[rd
153
02
GO BBV
RSTL  RST
REL GHD
TR Wl

=
=

PP | LT L

Arduino Mano
JArduino Mano

0z L)
NN 3.3
O AREF
] AT
0 Al
o A
i AZ
i Ad
i A5
oz AL
o2 A7
GHO2  2.5W
R5TL R5T
R¥1 GHD
THG WIN

12 01z
Cr11 3.5
1 AREF
2] AT
33 Al
L A2
[ A3
=3 Ad
[ AS
I3 AG
o2 A7
GHDZ2 25V
RSTL RST
REL GHDr
THG WIN

Arduino MNano

Arduino Nano

LR | L
LR | L




=2
o
[

=}
o1
3¢

=
|
iy

=
un
o

)
E
w0

lw}
E
o

=
=
R

)
E
&

= ,0,0
a|ﬁ|a

)
E
3

=
e
fury

)
E
=]

=
(%]
X}

ol
w
5]

jw}
[#%)
1

=
7%}
=2

=
7]
1

lw]
w
iy

=}
%)
w

=
]
]

=
—
(=

=
=
s

=
s
(7]

=
—
(]

=
—
—

=
s
=

-
w0

(==l (Sl [S-N VR HoNg [Ey | forl S (os]

JArduing Mega2560

=
%]
it

=
@
o

=
]
(t+]

=
%]
oo

wr]
™3
~

=
]
=1

=
]
th]

]
[y
=

jwll lw)
ra |ra
ra e

=
%]
it

=
%)
o

=
=
1]

=
=
(=]

=
=
~

=
=
o

=
=
wn

=
=
.

=
=
(3]

=
=
%]

jw)
=
=

=
=
o

D|U|U
—i |z

DIR WB+
P WEB-
GND  + Il

_Motor, Driver MB

DIR YE+
P WEB-
GND  + Iyl

Motor Driver MB

DIR VB+
Pty WEB-
GND  + A

Motor Driver MB

Tl
WE

DIR WB+
Pty WEB-
GND  + A

Motor Driver MB

DIR WB+
P WB-
GND  + Tl

Motor Driver MB




