
Page 1 of 9      AHS_t-shirt launcher INTEL-blazer 2008 

���������	
�		
���������	�
�����	��������	
 

���������	����������	
½” PVC small marshmallow launchers (similar design to the ones sold at fairs for small 
marshmallows) and dart accelerators used in science 
Impulse and velocity trials using sports radar 

·  Max speed with human lung power 80 mph 
 
1” Electric Solenoid Valves from 4 inch reservoir to 1.25” PVC 
Projectile used- large marshmallow 
Impulse and velocity trials using shooting chronograph 
RESULTS 

·  Max speed with 100 PSI 496 mph 
·  Range: 200 feet 
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1” Sprinkler Valve  modified with ¼” release installed into the manual bleed valve. 
Relatively small reservoir to barrel ratio and short barrel.   
No math for volume of the reservoir vs. volume of the barrel.  
Projectile used- large marshmallow, rolled t-shirt 
Impulse and velocity trials using shooting chronograph 
RESLULTS 

·  Max speed with 100 PSI- 964 mph.   
·  Most trials yielded 500-700 mph. 
·  Range with:  

o Marshmallow  250 feet  1.25”barrel 
o T-shirt   100 feet  3.0”barrel 

 
1.5 Sprinkler Valve modified with ½ close nipple installed into the manual bleed valve 
with ½” full flow ball valve as the trigger. 
MATH used to figure volume of 4” reservoir to 3” barrel 
ASSUMPTION that the valve releases 60% of the air efficiently then begins to close as 
the pressure equalizes in the valve body.  See diagrams and data attached 
SAFETY factor… TWO failures due to glue joint failure.  

·  Safety demanded that we find a different reservoir to eliminate pressure failures. 
Projectiles used- rolled t-shirts, apples, water bottles, tennis balls, and foam balls 
Impulse and velocity trials using shooting chronograph and high-speed camera borrowed 
from Insitu 
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RESULTS 
·  Tight roll with one piece of duct tape wrapped around and one over the top-

leading edge- best range with tumble. 
·  High speed camera showed the slow-motion unroll of the first 10 feet after the 

barrel. 
·  Excessive tumble at higher PSI. 50-60 PSI yielded best range. 
·  Max speed with 60 PSI 325 mph.  . 
·  Range with  

o Water bottle   400’ 2.5” barrel 
o T-shirt   250’ 3.0” barrel 
o Tennis ball   450’ 2.5” barrel 
o Apple     500’    2.5” barrel 

 

2” Piston Valve (final design choice) 
Working with Randall Fullman (INTEL mentor), high-speed camera, and audacity 
software we developed a 2” piston valve with three 1” ports and a larger reservoir built 
from a salvaged Freon tank.   
REASON 

·  Smoother airflow (see diagram for the airflow of piston vs. sprinkler valve) 
·  Dump all the air in reservoir faster than diaphragm or ball valve 
·  Larger orfices-2 inch valve with 6 square inches of ports 
·  Safety- reservoir pressure rated for 200+PSI 

VALVE CONSTRUCTION 
·  16” threaded 2” sch40 black-pipe nipple cut for 3 - 1”x2” ports 
·  The sum of the port areas is more than the area of the 2” diameter valve body 
·  Freon tank- sch40 black-pipe nipple and ¼” union welded in and pressure tested 
·  Schrader fittings and gauge installed  
·  Internal diameter turned to make perfectly round by ASAP fabrication true inner 

valve core surface. 
·  Ultra high molecular weight polyethylene(UHMWPE) valve turned from solid 

stock to .010” tolerance on lathe at Arlington Parts and Fabrication by students 
and  advisor with  the final turning demonstrated by machinist 

MATH used to figure volume of reservoir to 4” x 4’ barrel-1:1 ratio  
·  Volume of res would require a 3” barrel over 10 feet long 
·  Muzzle brake hole size relative to 3” t-shirt load each row 90º to each other 
·  Area of valve body compared to sum of ports 

ASSUMPTION The valve releases 100% in 10-20 milliseconds based on audacity 
software sound tracings.  See diagrams and data attached 
SAFETY  

·  Pressure testing showed safe pressurization up to 120 PSI and the valve held the 
pressure with minimal drop for over 30 minutes.   

·  Onboard pressure gauge 100PSI. al fittings welded and hydrostatically tested 
·  Impact of CATCHING the t-shirt is minimal-based on student catching the shirt at 

range.  Terminal velocity of rolled t-shirt is relatively low. 
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Projectiles used- rolled t-shirts, apples, water bottles, tennis balls, foam balls 
Impulse and velocity trials using shooting chronograph and high-speed camera borrowed 
from Insitu. 
Highs-speed camera showed images and video plus practical testing between longer 2.5” 
barrels and 3” barrels used to determine best roll 
MUZZLE BRAKE:  Rows of 7/8 holes near the end of the 3.0” barrel act as a muzzle 
brake to reduce barrel-whip and reduced the tumble early out of the barrel based on the 
proportions of BARELL SIZE vs. PROJECTILE in paintball guns and target rifles. 
 
IN-BARREL ANALYSIS:  Magnetic flux used to analyze the speed of the shirt while in 
the barrel. 

·  Rare earth magnet was rolled into the shirt 
·  Coils of wire were installed outside the barrel 
·  Wires will create a pop registered by a soundcard on a computer or oscilloscope 

as the magnet passes by the wire. 
·  Times between pops can be measured 

and instantaneous speeds can be 
computed 

·  Optimal barrel length can be derived 
from when the t-shirt stops 
accelerating between points. 

·  Traces done by RF with similar valve 
and barrel and analysis done by AHS 
students.  Optimal barrel length 
projected from results.  Barrel choice 
based on velocity traces and usability 
in the arena. 

 
RESULTS 

·  Tight roll with one piece of duct tape wrapped around and one over the top-
leading edge- best range with tumble as in 1.5” sprinkler valve. 

·  Muzzle brake reduced overall tumble and increased range. 
·  Excessive tumble at higher 80 PSI. 60 PSI yielded best range. 
·  Max t-shirt speed not computed as of NOV 17- est. near 300mph based on range. 
·  Accuracy:  all t-shirts landed within 30 feet of each other at 250 feet. 
·  Range with  

o Water bottle   600’ 2.5” barrel 
o Gatorade 500’ 3.0” barrel  Note:  significant recoil 
o T-shirt   325’ 3.0” barrel 
o Tennis ball   600’ 2.5” barrel 

�  Filled with water 1200’ 2.5” barrel 
o Apple-firm  850’    3.0” barrel 
o Foam football ???? 3.0” barrel  Note:  spin and range unpredictable 
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FINAL PREPARATION 
·  Aesthetics- paint and design 
·  Determine roll and pressure for short, medium, and long range shots using actual 

shirts to be launched in arena 
·  Roll shirts to consistent specs for range and pressure 
·  Figure reload and charge time with Nitrogen or Carbon Dioxide cylinder 
·  Complete design and integration of  a breech loading system 

 

Partners and contributors to this project  
(Cost breakdown from the US bank giftcard issued to AHS on attached sheet. Most of the 
funds from Intel were used in research and development and barrel components) 
 

·  Intel 
·  Portland Trailblazers 
·  Insitu - Bingen, Wa 
·  Randal Fullman-Intel mentor 
·  Arlington Ace Hardware 
·  James Ruiz-Arlington Parts and Fabrication 
·  Mark Davidson-Arlington School District 
·  Jack Will-ASAP Fabrication- The Dalles, Oregon 
·  Don Brace-Brace Brothers- The Dalles, Oregon 
·  Red’s Trading post- The Dalles, Oregon 
·  James Garland-Garland Manufacturing Company- Saco, Maine  

 
 

Build Team 
Evan Poeling  Freshman Robotics and Engineering 
Ty Davies  Sophomore Robotics and Engineering 
Ethan Weiser  Senior  Shop and Physics 
Jessica Mundy  Senior  Physics 
Ginger Evans  Junior  Physics 
Freddy Lopez  Sophomore Shop  
MRC   Instructor Science and Technology 
Randall Fullman   INTEL mentor 
 

Build Website hosted by AHS-HONKERNET 
http://www.honkernet.net/AHS/departmental/Robotics_engineering/09-intel-blazer_tech-
challenge.htm  
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High speed camera TUMBLE analysis (overlay) RF 
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Airburst behind orange 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
Impact on a Dasani water bottle 
with T-shirt 
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Valve construction 
 

Valve body needed to be 
machined to the inner surface 
was round within minimal 
tolerances 
 
Large lathe at ASAP 
Fabrication in The Dalles, OR 
 
The valve body surface is 
bored to within .005” round 
 
 
 
 
 
 
 
 
New valve core needed to be 
made after the valve body was 
machined.   
Lathe is owned by Arlington 
Parts and Fabrication and used 
on site with supervision. 
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Valve CLOSED (left) 
Launcher with ½ build crew(below) 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

VALVE beginning to open 
 
 
 
 
 
 
 
 
 
 
 
 
 
VALVE open 
(left) 
 
 
TIME to 
empty 
resevoir based 
on audio trace 
from Audacity 
(right) 



Page 9 of 9      AHS_t-shirt launcher INTEL-blazer 2008 

COST breakdown as of NOV 20, 2008 
MOST of the expenditures were in barrel construction and Research and Development 
We have 3 working launchers. 
 

date vendor items  cost  value 
1-Oct local 1.5 sprinkler valve  donated   $          35  
5-Oct ARLINGTON ACE 1 inch valves  donated   $          60  

9-Oct REDS trading post 
BARELL AND RES 
FITTINGS  $     81.40   

17-Oct REDS trading post PIPE AND FITTINGS  $     34.55   
17-Oct ARLINGTON ACE FITTINGS  $     10.98   
18-Oct THRIFTY BUILD DAY FOOD  $     28.47   
18-Oct ARLINGTON ACE HDWR, ball valve  $       7.58   
24-Oct REDS trading post 2" NIPPLES  $     16.45   
27-Oct local res tank  donated   salvage  

1-Nov 

Garland 
Manufacturing 
Company piston material UHMWPE  donated   $          25  

4-Nov ARLINGTON ACE CAP AND FITINGS  $     12.98   
6-Nov REDS trading post FITTINGS  $     10.10   
7-Nov PARKROSE HWDR FITTINGS  $     12.30   
9-Nov TUM A LUM EPOXY  $       7.99   
9-Nov GROVER FITTINGS  $       9.54   
9-Nov HOME DEPOT BUSHINGS  $       9.32   

10-Nov local 2.5 barrel  donated   $          22  

19-Nov 
irrigation specialties 
-pasco wa snap-t and bushings  $     59.71   

     
     
  total expenditures  $    301.37   
  donation value   $        142  

 


