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Customer Needs 

Autonomous 
Operation

Future 
Customization

• Customer Needs: the design intends 

to meet all of the needs specified by the UF 

Biofoundry

• Autonomous Operation: the 

design features autonomous operation so that 

the user can set the conditions and not worry 

with monitoring the process

• Future Customization: the 3D 

printable parts allow the design to be 

customized for future applications if 

necessary
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36"

Tool Delivery Subsystem
• Robotic Arm

• Reconfigurable

Reservoir and Pump 

Subsystem
• Autonomous for 2-week 

operations

• Luer lock syringe tips

Temperature Control 

Subsystem
• External vapor 

compression heat 

exchanger

Display Panel
• Simple UI via LCD touch 

screen

• Emergency Stop
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Fluid and OD Tool Block
• Polypropylene construction

• Custom fit for robotic 

grippers

Shaker Subsystem
• Custom Brackets for Standard 

Well Plate and Tubes

• 12 m/s2 Linear Acceleration in 

2 Axes

Gas Control System
• Individual flow valves for all 

gases

• Sealed 5 to 1 manifold input
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Threaded 

Inserts

Polypropylene

Upper Well 

Plate Clamp

Polypropylene

Lower Well 

Plate Clamp

Cavity to 

Accept Well 

Plate Flange

Drive 

Screw Slide Carriage

Plastic Capped 

Thumbscrew

Ball Screw 

Linear 

Actuators

Al 5052

Actuator 

Mount

XY Transfer 

Plate

NEMA 17 

Stepper Motors

Shaker Subsystem
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Required Shaking Speed

θ

2h

d

θR
FG

FC

h

d

Unshaken Liquid

Optimally 

Shaken 

Liquid



Department of Mechanical & Aerospace Engineering

Shaker Motor Analysis
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Chosen Components

Parker 402XE

Linear Actuator
Need 1:  Life of over 

100,000km (approx. 40 yrs)

Need 28: Maximum 

acceleration of 20 m/s2

Lin Engineering 

NEMA 17 Motor
Need 5: 25 Watts each (less than 

2% of total power)

Need 20: Functions in ambient 

temperatures of up to 80°C

Need 28: Max torque of 0.59 Nm 

will accelerate plates for optimal 

mixing

Custom 

Polypropelyne Test 

Tube Holder
Need 26:  Configurations for 

holding 50 ml and 15 ml Test 

tubes.
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14 ga. 6’’ blunt tip 

Stainless steel needle

PharMed BPT tubing

Luer Lock Couplings

Luer Lock Couplings

Optical Density Sensor
Holes for mounting to the frame

Groove to guide the robot 

gripper into the correct 

position

14 ga. 1.5’’ 45° bend blunt 

tip Stainless Steel needle

Fluid and Optical Density Tool

45° bend in needle allows nutrients to be 

added to the inner wall of the container to 

reduce splashing

PharMed BPT tubing provides good chemical 

resistance and 10,000 hrs. of use.
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= 3184.99 ℎ𝑟𝑠 < 10,000 ℎ𝑟𝑠.
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Nutrient and Waste Tanks

Luer Lock Couplings

Luer Lock Couplings

Waste Tank

Waste Tank Lid

Nutrient Tanks Lid
Nutrient Tank

Tank Mount

• Nutrient Tank

o 1 L total volume

o Fills 50 mL rack => 8 times

o Fills Deep 96 plate => 5 times

• Waste Tank

o 1 L total volume

o Inlet on top to prevent potential back 

flow
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MasterFlex C/L • Single Channel Pump head with 4 rollers

• Runs from 50 to 300 rpm

• With 0.06’’ ID tubing => 53-318 𝜇𝐿/𝑠
• Max Operating Pressure = 103.4 kPa
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• The control volume does not include the pump so there is no 

work in, the flow rate is constant, we’re neglecting minor 

losses and we’re using gauge pressure

∆ℎ −
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• We estimate the height change to be 1 ft., 𝑅𝑒𝐷 = 249 < 2300 so 

we have a laminar flow so our darcy friction factor becomes 

0.275 and the tube length is estimated at 2 ft.
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𝑃𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑 < 103.4 𝑘𝑃𝑎
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Tool Delivery Subsystem

3D Printed Custom Grippers

8" by 10" Aluminum 6061 Plate for mount

Microcontroller

Aluminum Extruded Arm

WidowX 250 Robot Arm by Trossen Robotics

Mounting Screws



Department of Mechanical & Aerospace Engineering

WidowX 250 Arm

Degrees 

of 

Freedom

5

Accuracy
1mm

Working 

Payload
250g

Total 

Servos 8

Wrist 

Rotate
Yes

3D Printed Custom Grippers allow for interchangeability 90-degree elbow design

Tool Delivery Subsystem



Department of Mechanical & Aerospace Engineering

OD/FI Subsystem

5050 RGBW LED Bed
• Red 630 nm

• Green 520 nm

• Blue 466 nm

• Cool white 6500k for 

photobioreactor mode

• 128/326/82/432 

lumens/meter

Optical Density Sensor
• Photoelectric Receiver

• -25 to 80°C operating 

temperature

• Receives red light (630 nm)

Photomultiplier Tube FI Sensor

Polypropylene 

Case

Sensor

• 280-630 nm range

• 80 mA/W

• <10 seconds warm up 

time

• Sensor is 3.65” x 1.60” 

x 2.46”
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OD/FI Subsystem
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Frame and Structure Subassembly
8 Guage 5052 

Aluminum Sheeting

Raspberry Pi 4 with 

Display
Electrical Housing

Mesh Aluminum Wall

26in Inner Diameter 

Buna-N O-ring

Aluminum Hinges 

with Mounting Shims

90°Rotating Latch
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Insulation Heat Loss Analysis
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Temperature Control Subsystem



Department of Mechanical & Aerospace Engineering

Gas Subsystem

Through Wall 

Fitting

5 Into 1 

Manifold

¼ OD to ¼ NPT 

Adaptor

¼ in Tygon

Tubing

Kelly Pneumatics 

Proportional Flow 

Valve 1.8W per Valve

1/4in – 10-32 

Adaptors

Mounting 

screws

¼-¼ Fully 

Threaded 

Nipple

Valve Bracket
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Gas Subsystem Analysis
Bernoulli's equation as a starting point

Derivation of Flow Rate vs System Leakage from Bernoulli's

Area of Leakage and Maintaining Atmosphere Flow Rate Calculation

Purge Flow Rate Calculation
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Design Highlights and Features

• Customizable tool delivery system

• Explosion proof flow valves

• Touch screen display

• Robust small diameter shaker

• Large access for cleaning

• Easily accessible electronics

• Simplistic codability

• Small footprint on a desktop
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Cost Analysis Cost Breakup Total Cost

OTS Cost $8949

Raw Cost $2160

Manufacturing Labor $1073

Assembly Labor $112

Energy Consumption $4

Total Cost $12298
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Conclusion
The Reactigator can solve all customer needs and 

competes with commercial competitors using its 

autonomous structure and extreme flexibility in 

customizability according to the user.
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Thank You
We would like to thank our corporate 

sponsors Cummins and Northrop Grumman 

for their support of this project.


