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Motivation

Robotic arm for research 
(build vs. buy)
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Motivation
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http://www.richardsonproducts.com/mealbuddy.html

http://www.medifab.co.nz/products/arm-supports-
feeding/meal-mate-robotic-feeder



Motivation
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http://www.brickset.com/detail/?set=3933-1

http://www.nxtprograms.com/robot_arm/steps.html

http://www.instructables.com/id/
Intro-and-what-youll-need/



Motivation
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http://www.instructables.com/id/Intro-
and-what-youll-need/

http://thenextweb.com/shareables/2010/12/31/the-
10-robots-that-rocked-in-2010/

http://www.adafrui
t.com/blog/2011/1

2/12/measuring-
angst-robotic-

installation/



Theory/Mathematical Background
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Forward kinematics

x= l1 cosθ1 + l2 cos (θ1+ θ2)
y= l1 sinθ1 + l2 sin (θ1+ θ2)

Inverse kinematics

θ1=arcos

θ2  = Φ – Ψ
Φ = atan2 (y, x)
Ψ = atan2 (l2 sinθ2, l1 +l2cos θ2)



DC-Motor
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DC-Motor
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DC-Motor  transfer function

Tau = time for 63.2% of w

FVT:   = lims->0                         = K



PID controller
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The closed loop transfer function is:

U(t) = Kp e(t) +KI + KD



Mechanical Design – Slave Arm
• Solidworks
• Off the shelf parts for slave arm 

– CAD files available: http://www.lynxmotion.com/s-5-ses-3d-models.aspx

• Base machined in basement shop
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Mechanical Design – Master Arm
• Solidworks
• Master arm parts 

printed on Dimension 
3D printer in ME 
department

• Functions as user 
interface to monitor 
and control slave arm
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Electrical Design
• Motors

– Hacked HS-4950TH Servos
– Necessary torque: 5oz*14in=70 in-oz
– 5V Power from fixed benchtop supply
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http://servocity.com/html/hs-
7950th_servo.html



Electrical Design
• Solenoid

– 24V power from variable benchtop supply

14

https://www.adafruit.com/products/412



Electrical Design
• Arduino

– Powered through USB
• Motor shield

– Upgraded with 
SN754410 h-bridges

– Speed control through 
PWM

• Emergency Stop
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http://www.adafruit.com/products/81

http://arduino.cc/en/Main/ArduinoBoardUno



Electrical Design
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to motors

transistor

220 ohm

10k ohm

Emergency 
stop

1k ohm

Arduino Power

Motor 
power

Solenoid 
power



Controls and Software Design
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Angle reading, constraining, 
and mapping
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P D control
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Run Motor
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Drive Solenoid



Bill of Materials – our cost
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Vendor Part number Description # in pack Quantity Price (1) Subtotals (1)
Slave arm hardware Lynxmotion ASB-04 Aluminum Multi-Purpose Servo Bracket  2 1 $11.95 $11.95

Lynxmotion ASB-09 Aluminum "C" Servo Bracket with Ball Bearings  2 1 $12.90 $12.90
Lynxmotion HUB-08 Aluminum Tubing Connector Hub  2 2 $8.00 $16.00
Lynxmotion AT-04 Aluminum Tubing - 6" 1 2 $3.60 $7.20
Adafruit ID: 412 Solenoid 1 1 $9.95 $9.95
Servocity HS-7950TH High Torque Digital Servo Motor 1 4 $119.99 $0.00
McMaster 1630T332 Aluminum c-channel base 1 1 $15.06 $0.00

Slave arm electronics Adafruit ID: 81 Motorshield 1 1 $19.50 $19.50
Sparkfun COM-00315 SN754410 h-bridge 1 2 $2.35 $4.70
Adafruit ID: 50 Arduino UNO 1 1 $30.00 $30.00
Mouser 511-TIP102 TIP102 (for solenoid) 1 1 $0.80 $0.80
Sparkfun COM-08589 Diode 1N4001 1 1 $0.15 $0.15
McMaster 7395K44 Illuminated rocker switch 1 1 $7.02 $7.02

Master arm Sparkfun COM-09288 Rotary Potentiometer - Linear (10k ohm) 1 2 $0.95 $1.90
Sparkfun COM-09190 Momentary pushbutton 1 1 $0.50 $0.50
SolidConcepts 3D printed parts 1 1 $0.00 $0.00

Other Sparkfun CAB-10647 Ribbon Cable - 10 wire (15ft) 1 1 $0.99 $0.99
Misc. jumper wire, resistors, connector,etc. $0.00 $0.00

Art Store Foam core, padding, sketch paper, marker $25.00 $25.00

Total $148.56



Bill of Materials – cost at 100
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Vendor Part number Description # in pack Quantity Price (100) Subtotals (100)
Slave arm hardware Lynxmotion ASB-04 Aluminum Multi-Purpose Servo Bracket  2 1 $10.76 $10.76

Lynxmotion ASB-09 Aluminum "C" Servo Bracket with Ball Bearings  2 1 $11.61 $11.61
Lynxmotion HUB-08 Aluminum Tubing Connector Hub  2 2 $7.20 $14.40
Lynxmotion AT-04 Aluminum Tubing - 6" 1 2 $3.24 $6.48
Adafruit ID: 412 Solenoid 1 1 $7.96 $7.96
Servocity HS-7950TH High Torque Digital Servo Motor 1 4 $16.99 $67.96
McMaster 1630T332 Aluminum c-channel base 1 1 $15.06 $15.06

Slave arm electronics Adafruit ID: 81 Motorshield 1 1 $15.60 $15.60
Sparkfun COM-00315 SN754410 h-bridge 1 2 $1.88 $3.76
Adafruit ID: 50 Arduino UNO 1 1 $25.46 $25.46
Mouser 511-TIP102 TIP102 (for solenoid) 1 1 $0.53 $0.53
Sparkfun COM-08589 Diode 1N4001 1 1 $0.12 $0.12
McMaster 7395K44 Illuminated rocker switch 1 1 $7.02 $7.02

Master arm Sparkfun COM-09288 Rotary Potentiometer - Linear (10k ohm) 1 2 $0.76 $1.52
Sparkfun COM-09190 Momentary pushbutton 1 1 $0.40 $0.40
SolidConcepts 3D printed parts 1 1 $5.00 $5.00

Other Sparkfun CAB-10647 Ribbon Cable - 10 wire (15ft) 1 1 $0.79 $0.79
Misc. jumper wire, resistors, connector,etc. $2.00 $1.50

Art Store Foam core, padding, sketch paper, marker

Total $195.92
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Safety Pads

Danger Zone

Operation Guidelines



Conclusion and Future Work
• Give back to Open Hardware community

– Publish on Instructables.com
• Low cost assistive feeder design
• Maker Faire
• Research platform for Applied Dynamics 

& Optimization Lab
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