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STRATEGY AND SYSTEMS



Strategy:
• Start on the 45-degree roof side

• Grab collector from roof and place on staging block

• Pick up new collector and place back onto roof

• Autonomously move to the other side of the field

• Repeat process for 25-degree roof

• Stop after new collector is placed

System:
• Designed a gripper to grab the collector

• Use a four-bar mechanism to lift the collector to/from 
the roof

• Have a two stage 1:25 transmission to power the 
four-bar mechanism



DESIGN OVERVIEW



Front View



Side View, Arm Lowered



Side View, Arm Raised



Top View



Front Isometric View



Back Isometric View



Transmission Detail View



LINKAGE SYNTHESIS DESIGN PROCESS



Linkage Synthesis Design Sketch



Fourbar Lift Mechanism Joint Locations



Fourbar Lift Mechanism Link Lengths



Lift Mechanism Gripper Position 1 (0-deg)



Lift Mechanism Gripper Position 2 (45-deg)



Lift Mechanism Gripper Position 3 (25-deg)



PICK-UP AND DEPOSIT OF SOLAR PANELS



45-Degree Roof Pickup Collector



45-Degree Roof Place Collector





25-Degree Roof Pickup Collector



25-Degree Roof Place Collector



Staging Area Pickup Collector



Staging Area Place Collector



MAXIMUM REACH ORIENTATION/CENTER OF 
MASS







MOTION STUDY 



Maximum Torque: 2.63353 in-lbf @ 2.16 seconds



Fourbar Lift Mechanism



FORCE ANALYSIS OF FOURBAR LIFTING 
MECHANISM



Four Bar Lift Mechanism



FBD of Coupler



FBD of Rocker



FBD of Crank



Mathcad Calculations



Mathcad Calculations



Gripper Mechanism



FORCE ANALYSIS OF GRIPPER MECHANISM



FBD of Solar Collector



Gripper Mechanism  



FBD of Lower Jaw



FBD of Link



FBD of Servo Horn



Mathcad Calculations



Mathcad Calculations



FORCE ANALYSIS OF GEAR TEETH



Two Stage 1:25 Transmission



Calculating the Force on the gear tooth:

𝜏𝑐𝑟𝑎𝑛𝑘 = 𝑟 × 𝐹

𝐹 =
𝜏𝑐𝑟𝑎𝑛𝑘
𝑟𝑐𝑜𝑠𝛳

𝐹 =
2.63353 𝑖𝑛 ∙ 𝑙𝑏𝑓

(1.25𝑖𝑛)cos(14.09°)

𝐹 = 2.172 𝑙𝑏𝑓

Calculating Torque on Intermediate Shaft :

𝜏𝑖𝑛𝑡 = 𝜏𝑐𝑟𝑎𝑛𝑘
𝑑𝑟𝑖𝑣𝑒𝑟

𝑑𝑟𝑖𝑣𝑒𝑛
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𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦

𝜏𝑖𝑛𝑡 = (2.63353𝑖𝑛 ∙ 𝑙𝑏𝑓)
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𝜏𝑖𝑛𝑡 = 0.5852 𝑖𝑛 ∙ 𝑙𝑏𝑓

Second Stage



Calculating Force on the gear tooth:

𝜏𝑖𝑛𝑡 = 𝑟 × 𝐹

𝐹 =
𝜏𝑖𝑛𝑡
𝑟𝑐𝑜𝑠𝛳

𝐹 =
0.5852 𝑖𝑛 ∙ 𝑙𝑏𝑓

(1.25𝑖𝑛)cos(14.09°)

𝐹 = 0.483 𝑙𝑏𝑓

Calculating the output torque of the blue motor:

𝜏𝑚𝑜𝑡𝑜𝑟 = 𝜏𝑐𝑟𝑎𝑛𝑘
𝑑𝑟𝑖𝑣𝑒𝑟𝑠

𝑑𝑟𝑖𝑣𝑒𝑛
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𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦

𝑛

𝜏𝑚𝑜𝑡𝑜𝑟 = 2.63353𝑖𝑛 ∙ 𝑙𝑏𝑓
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𝜏𝑚𝑜𝑡𝑜𝑟 = 0.13005 𝑖𝑛 ∙ 𝑙𝑏𝑓

First Stage



FACTOR OF SAFETY OF GEAR (2ND STAGE)

𝑡 =
𝜋

2𝑃

𝑡 =
𝜋

2 ∙ 24
= .06545 𝑖𝑛

𝐴 = 𝑡 ∗ 𝑏

𝐴 = .06545 𝑖𝑛 ∙ .45 𝑖𝑛 = .02945 𝑖𝑛2

𝜎𝑚𝑎𝑥 =
𝐹

𝐴

𝜎𝑚𝑎𝑥 =
2.172 𝑙𝑏𝑓

.02945 𝑖𝑛2
= 73.75212 𝑝𝑠𝑖

𝐹𝑜𝑆 =
𝜎𝑦

𝜎𝑚𝑎𝑥

𝐹𝑜𝑆 =
2500 𝑝𝑠𝑖

73.75212 𝑝𝑠𝑖
= 33.90013

* t = tooth thickness, b = face width



FACTOR OF SAFETY OF GEAR (1ST STAGE)

𝑡 =
𝜋

2𝑃

𝑡 =
𝜋

2 ∙ 24
= .06545 𝑖𝑛

𝐴 = 𝑡 ∗ 𝑏

𝐴 = .06545 𝑖𝑛 ∙ .45 𝑖𝑛 = .02945 𝑖𝑛2

𝜎𝑚𝑎𝑥 =
𝐹

𝐴

𝜎𝑚𝑎𝑥 =
.483 𝑙𝑏𝑓

.02945 𝑖𝑛2
= 16.40068 𝑝𝑠𝑖

𝐹𝑜𝑆 =
𝜎𝑦

𝜎𝑚𝑎𝑥

𝐹𝑜𝑆 =
2500 𝑝𝑠𝑖

16.40068 𝑝𝑠𝑖
= 152.4327

* t = tooth thickness, b = face width



FOURBAR COMPONENT SPEEDS







Angular Speed of Crank:  0.377 rad/s
Angular Speed of Coupler: 0.144 rad/s
Angular Speed of Rocker: 0.130 rad/s

Fourbar Component Speed Results



SUMMARY OF SENSORS



Ultrasonic Sensor:
• Detect the distance the robot is away from the roof and the 

staging block
• Position the robot optimally for grabbing and placing the 

solar collectors
• Range: 2cm – 4m
• Accuracy: ~0.5cm

Reflective Sensor Array:
• Detect light levels to follow the black lines on the field
• Keep robot on straight course to target with 

proportional control
• 8 IR LED/phototransistor pairs (using 2 for robot) 
• Optimal sensing distance: 0.125”



Optical Quadrature Encoders:
• Keep count of the motor rotations
• Control drive motors to drive for target distance
• Measure arm position for PID control algorithm
• Drive motors: 1440 counts/revolution
• Blue motor: 540 counts/revolution

IR Sensor:
• Detect input signals from the IR remote
• Receive user commands to proceed
• Respond to emergency stop signal



BLUE MOTOR CURRENT REQUIREMENT



𝐼 =
𝐼𝑠𝑡𝑎𝑙𝑙 − 𝐼𝑛𝑜𝑙𝑜𝑎𝑑

𝑇𝑠𝑡𝑎𝑙𝑙
∙ 𝑇 + 𝐼𝑛𝑜𝑙𝑜𝑎𝑑

𝐼 =
0.32 𝐴 − 0.04 𝐴

.092 𝑁 ∙ 𝑚 ∙
3.281𝑓𝑡
1𝑚 ∙

12 𝑖𝑛
1𝑓𝑡

∙
1 𝑙𝑏𝑓

4.448 𝑁

∙ 0.13005 𝑖𝑛 ∙ 𝑙𝑏𝑓 + 0.04 𝐴

𝐼 = .08471𝐴



PROGRAM OVERVIEW



PROGRAM FLOWCHART



Start: 
• Initialize sensors and systems
• Pressing IR remote button switches to Grab Collector

Place Collector: 
• Picks up new collector when IR remote is pressed
• 180 turn and drive to black line intersection
• Check boolean to know which way to turn
• Drive up to roof while line following and using 

ultrasonic sensor for distance
• Lift arm to the roof position
• Place collector
• Toggle Boolean value to indicate task completed
• Switch to Navigate when IR remote is pressed

Grab Collector: 
• Drive up to the roof while line following and using 

ultrasonic sensor for distance
• Check boolean to know which position to lift arm to
• Lifts arm to that position
• Grab the collector
• Switch to Remove Collector when IR remote is pressed

Remove Collector: 
• Remove the collector from the roof
• 180 degree turn and drive to black line intersection
• Check boolean to know which way to turn
• Drive to staging block while line following and using 

ultrasonic sensor for distance
• Place collector on staging block
• Switch to Place Collector when IR remote is pressed

Navigate: 
• Open gripper mouth 
• Drive back a certain distance
• Check boolean value to see if both collectors 

have been placed
• If true, switch to Start
• If false, drive to the other side of the field by 

making a series of turns using the drive motor 
encoders, and find black line

• Switch to Grab collector once on the other side 
of the field



ASSEMBLY DRAWING/BOM







THE END ☺


