
FIRST Pneumatics

Introduction to Air Power
By

Bob Koehl
Team Ford FIRST

Presented by
Scott Simons

Team 313 Wayne-Westland Community Schools



November 2004 2

Objectives

• Describe the Air Components
• How to use the Air Components
• Safety
• Troubleshooting
• Air Circuit Diagrams
• Custom Circuits
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Cylinder

• Cylinder used to move a slide or pivot an arm
• Cylinder has a “Rod end” and a “Piston end”
• Cylinder mechanically connects using a clevis each end

“Rod end” and clevis 
threaded for the rod

“Piston end” and foot 
mounting brackets
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Cylinder Internal View
Rod End

Piston End

• Cylinder is a tube with a 
piston inside and the piston 
rod coming out one end

• Pressur ised Air  enter ing 
the “ Rod end” causes the 
rod to return into the tube
– ONLY IF

• Simultaneously the Air  is 
released from the “ Piston 
end” .
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Cylinder Internal View
Rod End

Piston End

• Cylinder is a tube with a 
piston inside and the piston 
rod coming out one end

• Air  exhausting from the 
“ Rod end” alows the rod 
to extend from the tube
– ONLY IF

• Simultaneously 
Pressur ised Air  is forced 
into the “ Piston end” .
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Cylinder sizing
•Use Table 
•Equations used are:

–Force = Area *  Pressure
–Area = PI *  Bore Squared

•Pressure MAX of 60 psi
•Bore size or diameter is 
either ¾” , 1 ½” or 2”

•Extend Area is the area of 
the Bore size

•Retract Area is the area of 
the Bore size LESS the area 
of the Piston Rod
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Flow Control
• Used to control the 

speed of a cylinder
• Usually two per 

cylinder
• Controls the air 

LEAVING the cylinder 
during motion

• Adjustment should be 
locked with the locking 
collar once desired 
setting is found

Brass fitting (with 
Teflon tape) that 
screws into the 
cylinder

Tube Quick 
Connect 
fitting to 
connect to 
the control 
valve

Adjusting 
screw with 
locking collar 
to set the speed
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Compressor

• The Compressor 
forces lots of air into a 
really small volume to 
create pressure.

• The relief valve makes 
sure the pressure does 
not exceed 120 psi.

• The motor is 
controlled by the 
electrical system.

Relief 
Valve 
120 psi

Motor

Outlet 
to 

circuit
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Accumulators and Pressure Switches

•Accumulators are tanks that 
store the compressed air.

–Stores air since the compressor 
cannot supply it quickly enough

•A Pressure Switch gives an 
electrical signal indicating the 
pressure is above the switch 
setting to turn off the 
compressor.

–Set to turn ON compressor at 
95_psi and OFF at 120_psi.

•Pressure Transducer allows 
the robot to read the air 
pressure.

Air Dump Valve

Pressure 
Gage

Main Air Supply System

Compressor
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Pressure Regulator and Gage
• Regulator adjusts the air 

pressure lower than the 
compressor pressure.

• FIRST requires that the 
main regulator be 
maximum 60 psi. 

• An additional regulator 
can be added to adjust 
even lower.

• Gage displays the 
pressure

Main 
Regulator 
MAXIMUM 
of 60 psi

Adjustable 
regulator set lower 
if necessary

Pressure 
Gage
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Directional Control Valves
Valve simultaneously changes the direction of the 

air flow TO and FROM a cylinder

Cylinder Extending Cylinder Returning
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Electrical Double Solenoid Valve

“A” “B”

• Both the “A” and “B”
operators are electrical.  

• DO NOT electrically 
operate both at the same 
time. Unpredictable 
actions may occur.

• Valve stays in its last 
position when the 
Electrical is OFF .
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Electrical Single Solenoid Valve

• “A” operator is electrical

• “B” operator is internal 
air (internal pilot)

– Acts like a spring

– Causes the valve to 
reset when the 
electrical is OFF

“A” “B”
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Brass Fittings
• Plug: stop air flow

• Manual Shut Off: used 
to empty all air from the 
system

• Coupler: used to connect 
two female fittings

• Tee: used to connect 
three male fittings

• Reducer: used to 
transition from one size 
fitting to another size

Manual Shut Off 
or Plug Valve

Tee

Coupler

Reducer Plugs Reducer
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Use of Teflon Tape

• Teflon tape is used to 
prevent air leaks when 
connecting brass 
fillings

• Tape is applied to the 
male threaded fitting

• Tape must not cover 
the first two threads

Correct 
use of 
Teflon 
tape

Wrong: Tape 
should not 

cover first 2 
threads.  Pieces 
can break off 

and cause valve 
or cylinder jam

Male Threads
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Plastic Tubing
• Cut with cutting tool to 

assure no leaks
• Used with Quick Connect 

Fittings
• INSERTING: Press tubing 

IN fitting past the first 
resistance point then PULL 
on Tube: should stay in

• REMOVING: Press IN the 
RED collar while PULLING 
the tube out of the fitting
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Quick Connect Tube Fittings

Remember that Brass fittings 
go into cylinders, gages, or 
other Brass fittings

1. Brass fitting to Tube 
Coupler (straight)

2. Brass Fitting to Tube 
Coupler (90 degree Elbow)

3. Tube to Tube to Tube T 
Fitting

4. Brass fitting to Tube to 
Tube T Fitting

1 2

3 4
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Safety FIRST

Safety Hazard
1. Force from cylinder can 

be 200 pounds or more 
and could pinch or cut off 
body parts.

2. Cylinder can move due to 
trapped air.

3. Cylinder can move when 
NO air is on OR if a hose 
comes loose or breaks.

How to make it safe
1. Keep hands away from 

moving items while air 
pressure is on.

2. Include a manual valve to 
dump all air

3. Gravity can move the 
cylinder.  Know how the 
robot cylinder will act 
with the loss of air 
pressure.
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Troubleshooting
CAUTION—MOTION MAY HAPPEN DURING 

TROUBLESHOOTING
• Manage and Control air  losses and leaks:

– Use short hoses from Valves to Cylinders
– Use Teflon tape on all threads
– Use soapy water to find air leaks

• Electrical Solenoid Valves features include:
– Manual Override and Indicator Light (on some valves)

• Air pressure MUST be above 25 psi for the valves to work.
• Be sure the Manual Shut Off Valve is in the correct 

position to keep air in the system.
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Complete Trainer
Regulator & Gage (Reduced Pressure)

Gage (Compressor Pressure) & 
Manual Shut Off Valve

Cylinder & 2 Flow Controls

Electrical Double 
Solenoid Valve

Compressor & Gage

Accumulators & 
Pressure Switches
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Demonstration Unit Circuit
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How to read Air Circuit
• P is incoming Pressure
• E is outgoing Exhaust
• B is the Cylinder port with 

pressure when the B end 
of the valve is operated.

• A is the Cylinder port with 
pressure when the A end 
of the valve is operated.

• Valves and Cylinders are 
drawn assuming the B End 
was operated last.

P EAEB

B A

P E

B A

B End 
of the 
Valve

A End 
of the 
Valve

4 Port Valve: With B End operated last, 
Pressure goes to B AND A goes to Exhaust.

5 Port Valve: With B End operated last, 
Pressure goes to B AND A goes to Exhaust EA.
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How to read Air Circuit
• P is incoming Pressure
• E is outgoing Exhaust
• B is the Cylinder port with 

pressure when the B end 
of the valve is operated.

• A is the Cylinder port with 
pressure when the A end 
of the valve is operated.

• When the A End operates, 
the  other flow path is 
done.  The air shifts from 
following the B End to 
following the A End.

P EAEB

B A

P E

B A

B End 
of the 
Valve

A End 
of the 
Valve

4 Port Valve: With A End operated last, 
Pressure goes to A AND B goes to Exhaust.

5 Port Valve: With A End operated last, 
Pressure goes to A AND B goes to Exhaust EB.
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FIRST Circuit Diagram
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FIRST Circuit Components
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Why Use Pneumatics??
• Go to Pneumatics Manual pg. 2
• Weight:  Once the compressor and tanks are used, 

additional pneumatic functions may be lighter than 
motors and gearing.

• Durable:  Stalling an electrical motor can be 
disasterous.  A stalled cylinder uses no energy and 
never heats up.  Especially an advantage for gear 
shift or Gripping a ball.

• Speed:  Can be very fast.  A flow control should 
be used to slow down if motion is too fast.
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Problems with Pneumatics

• Air LEAKSmust be found and fixed.
• Stopping an air cylinder and holding that 

position requires special circuits and valves.
• Valves can be expensive (over $50 each).
• Every (2) electrical soleniods require a 

SPIKE relay
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Special Circuits used in 2004

• Stop and hold a 
cylinder in mid stroke.

• Uses: Rotating Arm or 
long stroke ball 
gripper

• See circuit.
• Ask Teams 301 and 

1037

• Stop a cylinder in mid 
stroke and "relax" the 
cylinder.

• Uses:  Some gear shift 
designs.

• See circuit.
• Ask Team 301.
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Stop and Hold Circuit # 1

SAFETY ALERT:
Air  is trapped in the cylinder .  Use caution if removing hoses.

When this valve is OFF, 
the cylinder  can NOT 
move due to air  trapped 
by the blocking valves.
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Stop and Hold Circuit # 2

SAFETY ALERT:
Air  is trapped in the cylinder .  Use caution if removing hoses.

When THIS Solenoid is ON, 
BLUE Air  pressure pushes 
open the RED side check valve 
to let the RED air  exhaust 
through the RED valve so the 
cylinder  can move.
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Stop and Relax Circuit
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Credits
• The Pneumatic Manual for the FIRST 2004 
Competition:

FIRST website (www.usfirst.org)
Click on <Documents and Updates>Section 5 The Robot

• Cylinders:
– www.parker.com
–www.bimba.com

• Valves and Flow Controls 
–www.smcusa.com or www.smcworld.com
–www.numatics.com

• NuAir Fluid Power, Walled Lake, MI
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Are there any Questions??


