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Informative Abstract 
 

The success of a business is directly affected by the 
quality of the business’s service and their products.  For 
many tent rental companies it is difficult to maintain the 
quality and cleanliness of all tents in the inventory.  The 
reason for this problem is the amount of time required to 
clean such large pieces of material. 
 

In order for a tent to be cleaned it must be scrubbed 
with cleansers, rinsed and dried.  Drying the tent is of 
utmost importance because trapped water will mildew within 
days and eventually discolor the tent and create a foul 
smell requiring it to be cleaned again.  It is the drying 
process of the cleaning cycle that requires the most amount 
of time.  This report will detail the design of a festival 
tent drying apparatus, tent aerator, that can decrease the 
amount of time required to clean and dry large festival 
tents.  Through analysis of the deflection of beams and the 
use of CAD/CAM software, the tent aerator will be designed 
to accommodate a tent as large as 20 x 40 feet. 
 

The final design of the tent aerator made it possible 
to dry a 20 x 40 foot festival tent in half the time it 
took to dry using the previous method.  This device makes 
it possible for tent rental companies to wash and dry their 
tents as they are returned to inventory rather than washing 
and drying immediately before they are rented again. 
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Introduction 
 

Large festival tents (See Figure 1) play an important 
role in recreational activities and entertainment.  They 
are used for festivals, church revivals, car dealerships, 

parties and weddings to 
name a few.  Through 
normal use they become 
soiled with grease
bird droppings, etc.  I
is important for the 
rental companies to clean
these tents so their 
customers are satisfied. 
Cleaning tents seems to be 
a hassle for most rentals 
companies due to the 
amount of time required 

, mud, 
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      Figure 1 30 x 60’ 
 

me 

 

 
ngest axis and the newly exposed surface is washed,  

 

  Figure 2a 

– 4’ then the tent is rolled up.  
At this point there is still water inside the tent that can 
mildew and discolor.   

for this task. 
  

Cleaning a tent is done in a reasonable amount of ti
however; drying a tent is where the inefficiency in the 
cleaning process lies.  The current method (See Figure 2) 
used to dry a previously cleaned tent is simple.  The tent
is left on the concrete to dry after rinsing.  When most 
water has dried up, the tent is folded in half along its
lo

 
 
 
 
 
 
 
 
 

Tent drying      Figure 2b Folded in half 
 
rinsed and allowed to dry.  The amount of time spent 
between folding and washing can be from 10 to 45 minutes.  
This process repeats until the width of the folded tent 
reaches approximately 2 
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  The simple solution 
 to clean more tents in one day. 
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 tent in a 
action of the time currently required.   

 
tent 
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ble 

nce 

 a rental company to clean tents 
several weeks before        Figure 3 Dirty tent 

 
It is reasonable to roll up a ‘wet tent’ if there are 

plans to erect the tent within a day or two.  This is done 
often at Academy Rentals, Inc. and seems to work fine with 
the exception of a tolerable smell of dampness.  To adju
to the fact that no tent will be completely dried when 
rolled up for storage, most rental companies wash the tent 
a day before needed.  This is allowed because the tent will 
completely dry out after being erected.  Problems are often 
encountered with this system when more tents are needed in 
the near future than can be cleaned.
is

A rental company could clean more tents in a day by 
washing more than one tent at a time.  However, some tents 
are as big as 20 x 40’ and space at most rental companies 
is limited.  This prevents the cleaning of multiple tents 
at one time.  Another solution to having more tents cleane
is to reduce the amount of time needed to wash and dry a
tent.  The Tent Aerator is designed to dry a
fr

The design of the 
drying apparatus has created 
two solutions for one 
problem.  Not only does the 
aerator reduce the time 
required to clean and dry 
tent, it makes it possi
to more thoroughly dry a 
tent.  When tents are 
completely dry they can be 
rolled up and stored for 
years without the occurre
of mildew (See Figure 3) and 
molding.  This allows
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 needed so there is no rush to clean numerous tents in one 
day. 
 

Since space is limited at the facilities of most 
rental companies, the tent drier is designed to occupy a 
small amount of space when not being used.  The space 
occupied by the stored aerator is 10 x 22 feet.  All parts 
of the Tent Aerator are painted or made of non-corrosive 
material because it is stored outside. Cleaning tents using 
the current method requires a slight grade on concrete; the 
aerator works on level concrete or on a grade.   
 
 

Technical Discussion 
 
Design 
 

Corrosive materials used to construct the Tent Aerator 
are kept to a minimum to prevent contaminating clean tents 
with rust.  All metal used for construction is painted and 
wherever possible a non-corrosive material is used.  PVC 
plumbing pipe is used for construction of the beams because 
it weighs less than metal and does not corrode.   
 

The diameter of the PVC beams was determined after 
creating a spreadsheet in Microsoft Excel to calculate 
deflection of a uniformly loaded beam.  See Appendix A for 
the spreadsheet.  Two conditions were taken into account 
when calculating deflection: loading and no loading.  
Loading only takes place when the tent is placed on the 
aerator for drying.  No loading is the status of the beams 
when the Tent Aerator is stored.  Under loading the Tent 
Aerator supports the weight of one 20 x 40 foot tent (168.5 
lbs) and any water that may be on that tent.  For critical 
conditions it was assumed that there would be no more than 
1/8th inch of standing water on the entire top surface of 
the tent being dried, although there is considerably less 
than that after the tent is placed on the aerator.  The 
weight of the water and tent at this critical condition is 
688.5 lbs.  When distributed on nine 20 foot beams it 
applies a load of 3.825 lbs/ft.  The distributed load used 
to calculate deflection was based on 3.825lb/ft plus the 
weight of the beam for the loaded beam calculations.  For 
unloaded beam calculations only the weight of the beam was 
used.  A PVC pipe with a 4.5” diameter was chosen because 
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3.3” of deflection was tolerable and anything bigger would 
have been too expensive. 
 
 Upon choosing a diameter for the PVC, CAD drawings 
were made of any parts that needed to be specially 
machined.  These drawings can be seen in Appendix B.   
 
 The Tent Aerator is made collapsible by placing 
rollers (Appendix B, drawing 4-23000) on the end of the 
beams.  The rollers ride in a track made of 2” x 1” C-
channel that is cut to a length of 10’.  When not in use 
all of the beams are rolled onto one section of rail so the 
dimensions of the stored Tent Aerator is 10 x 22’. 
 
 
Operation 
 
To use the Tent Aerator the rails are put in place and the 
vertical supports are retracted.  Next the brakes are 
released and with one person on each end the beam is rolled 
out the end of the rails.  Now the brakes are engaged and 
the vertical supports are deployed.  The process of rolling 
out the beams is repeated for each beam so that they are 
evenly spaced on the rails.  The pictures on the next few 
page show this process.   

 
The brake design is a four bar linkage that clamps the 

beam to the rail to prevent it from moving when a tent is 
placed on the Aerator.  Figures 4 and 5 below show the 
brake in a CAD drawing and on the Tent Aerator.  The force 
applied to bottom of the rail for baking is adjustable via 
a threaded rod that is used as a linkage on the brake. 

  
 Figure 4 CAD Drawing of brake        Figure 5 End Jigs 
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Figure 6a Setting up the Tent Aerator step 1 

 

 
Figure 6b Setting up the Tent Aerator step 2 
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Figure 6c Setting up the Tent Aerator step 3 

 

 
Figure 6d Setting up the Tent Aerator step 4 
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Figure 6e Setting up the Tent Aerator step 5 

 

 
Figure 6f Setting up the Tent Aerator step 6 
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Figure 6g Setting up the Tent Aerator step 7 

 

 
Figure 6h Setting up the Tent Aerator step 8 
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Figure 6i Setting up the tent Aerator step 9 

 

 
Figure 6j Setting up the Tent Aerator step 10 
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Figure 6k Setting up the Tent Aerator step 11 

 

 
Figure 6l Using the Tent Aerator 
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 Once the beam is rolled into place and the brake on 
each side has been engaged the vertical supports are 
deployed.  This is done by pulling the green handle seen in 
figure 5.  The two vertical legs on each beam are connected 
with 1/16” stainless steel, wire rope that is spring 
actuated.  Cross sectional views of the retractable support 
legs can be seen in figure 7.  Once all beams have been set 
in their location, the brake are engaged and the support 
legs are deployed, the Tent Aerator is ready to use (See 
Figure 6k). 

 
   Figure 7a Leg retracted          Figure 7b Leg deployed 
 
Recommended Operating Conditions 
 

Certain conditions improve or hinder the performance 
of the Tent Aerator.  The Tent Aerator should never be used 
in the rain.  Not only is it impossible to dry a tent 
outside in the rain, but too much water may collect in the 
tent and cause the aerator to collapse.  The Tent Aerator 
does not require the sun to be shining to dry a tent.  
However, a good sunny day with mild to low humidity is the 
optimal condition for use of the aerator.  No tent bigger 
that 20 x 40’ should be used on the Tent Aerator.  When 
setting up the aerator it is recommend that one person be 
each end of the beam to roll the beams out because with one 
person the beams tend to bind up.  The grade of the ground 
does not affect performance of the aerator.  While level 
ground is ideal, the Trent Aerator is functional on a 
slope.  Following  these recommendations will improve 
performance of the Tent Aerator and reduce drying time. 
 
 
Manufacturing 
 

The Tent Aerator consists of two rails and nine 
horizontal support beams.  The two rails are identical and 
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the nine beams are identical so
there are plenty of parts tha
are identical.  Most of these 
parts are machined parts and 
require quite a bit of time.  
Machining fixtures (See Fi
8 and 9) are used to mass 
produce the machined parts
consistent features.  The 
fixtures are helpful in 

 
t 

gures 

 with 

making 

   Figure 8 Drill fixture 

ture 

so 
t 

o be 

oduction time as well as produce consistent parts. 

 

he 
e tests don’t show the 

aerators maximum performance. 

 

is 

tent.  The scale has been checked for calibration and 

sure that every part is 

 
identical and they eliminate the need to measure and mark 
each part before machining.  Figure 8 shows a drill fix
that speed up the process of 
drilling holes in 20 leg 
tubes.  Figure 9 shows a weld 
jig that not only helps make 
parts consistent but it al
holds the ports that are abou
to be welded and reduces 
warping.  A little over 400 
parts are required t
machined for the Tent Aerator 
and the machining  
fixtures help reduce the        Figure 9 Weld jig 
pr
 
 
esting T

The Tent Aerator was tested at Academy Rentals, Inc. 
in Evendale, Ohio, on a humid day.  The first part of the 
test was completed just before it rained.  The second part 
of the test was completed just after it rained.  With t
presence of so much humidity th

   
Testing the performance of the Tent Aerator required 

knowing how much water was present before after drying.  To 
do this the tent is weighed three times.  First there is an
initial weight of the dry tent, then a weight of the tent 
after drying with the current method and finally a weight 
of the tent after using the Tent Aerator.  A scale that 
used for weighing propane tanks was used to weight the 
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certified by the county auditor for the year 2002.  The 
initial weight of the ten prior to washing was 168.5 lbs. 
 

The tent is washed and dried using the current method 
of drying.  Two times are recorded for this process.  88 
minutes were spent for drying between folding and 64 
minutes were spent washing.  The tents weight after this 
part of testing was 179.25 lbs.  Next the tent was placed 
on the Tent Aerator and allowed to dry for 46 minutes.  The 
weight of the tent after using the Tent Aerator was 170.75 
lbs.   
 

 
Conclusion 

 
The Tent Aerator met all design requirements and 

functioned as planned.  Drying time was reduced by half to 
46 minutes.  With a washing time of 64 minutes, this allows 
a person to wash a 20 x 40’ tent in 110 minutes.  The 
previous wash and dry time was 152 minutes.  The main 
objective of the Tent Aerator is to dry tent more 
thoroughly.  This too was achieved.  By using the Tent 
Aerator, the tent was dried 95% better than using the 
current method.  The aerator is also easily collapsed to 
store in a relatively small space of 10 x 22’.  The time 
required to set up the Tent Aerator is about 5 minutes for 
two people.  
 
 

Recommendations 
 
The end caps that house the rollers and brakes should be 
cast to reduce machining time.  Cost would also be an issue 
if the aerator were to go into production.  The labor and 
welding of the 20 machined parts for each end cap would 
cost too much for mass production. 
 

Automated set up of the Tent Aerator would improve 
ease of use and reduce set up time.  A type of electrically 
of manually driven cable system would be ideal to pull the 
beams out on the rails while not interfering with the 
aerator’s collapsibility. 

 
Drying time may be reduced even more if a forced are 

drying system were incorporated into the design.  Air 
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nozzles on each beam could circulate air under the tent and 
utilize a blower that many rentals companies already have 
in their inventory.
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PVC Schedule 40 
Modulus of Elasticity = 420 
ksi Dist. Load = 3.636364 lb/ft 

         

O.D. I.D. lb/ft Length (ft) centroid
Moment of 
Inertia Deflection No Load  

3.5 3.042 1.409 22 1.75 3.1627175 20.01963 5.590808  
4 3.52 1.967 22 2 5.030376465 13.97888 4.907133  

4.5 3.998 2.006 22 2.25 7.587639182 9.332078 3.317785  
5.563 5.017 2.726 22 2.7815 15.91272845 5.01762 2.149835  
6.625 6.031 3.535 22 3.3125 29.61906665 3.038466 1.497759  
8.625 7.943 5.305 22 4.3125 76.25525937 1.471492 0.873051  
10.75 9.976 7.532 22 5.375 169.3684808 0.827525 0.558087  

         
PVC Schedule 80        
         

O.D. I.D. lb/ft Length (ft) centroid
Moment of 
Inertia Deflection No Load  

3.5 2.864 1.903 22 1.75 4.063530293 17.10725 5.877048  
4 3.326 2.322 22 2 6.559353376 11.39961 4.442476  

4.5 3.786 2.782 22 2.25 10.04351425 8.019782 3.476125  
5.563 4.767 3.867 22 2.7815 21.66332239 4.346652 2.240129  
6.625 5.709 5.313 22 3.3125 42.41661122 2.647769 1.57191  
8.625 7.565 8.058 22 4.3125 110.8776478 1.323599 0.912026  
10.75 9.492 11.956 22 5.375 257.0721222 0.761169 0.583653  
12.75 11.294 16.437 22 6.375 498.5527029 0.505281 0.413748  

14 12.41 19.79 22 7 721.4620962 0.407488 0.344236  
         
PVC Schedule 
120        
         

O.D. I.D. lb/ft Length (ft) centroid
Moment of 
Inertia Deflection No Load  

2.875 2.239 1.529 22 1.4375 2.120043645 30.57596 9.050793  
3.5 2.758 2.184 22 1.75 4.525988673 16.1384 6.055683  
4.5 3.572 3.516 22 2.25 12.13762783 7.395026 3.635289  

6.625 5.434 6.759 22 3.3125 51.76083907 2.520359 1.638721  
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Bill Of Materials 

Assembly Level Name Description 
Drawing 

# Quantity 
1         Horizontal Tent Dryer Assmebly 4-00000 1 
  2       Horizontal Support Assmebly 4-10000 9 
    3     Horizontal Section 4" schedule 40 PVC pipe CTL 81.1 4-11000 27 
    3     Tee 4" schedule 40 PVC tee fitting 4-12000 18 
    3     Rectractable Leg Assmebly 4-13000 18 
      4   Leg Pin 0.75 round mild steel CTL 6.0 4-13010 18 
      4   Support Leg 2.5" schedule 40 PVC CTL 10.0 4-13020 18 
      4   Support Leg Bracket Assmebly 4-13030 18 
        5 Leg tube 2.875" ID steel tube 4-13031 18 
        5 Lever Arm 1 x 0.125 flat steel CTL 9.75 4-13032 18 
        5 Leg tube plate 0.5 X .125 flat steel CTL 3.125 4-13033 18 
  2       End Jig Assmebly 4-20000 18 
    3     Cap tube 8.625 ID steel tube CTL 5.0 4-21000 18 
    3     Plate 0.1875 flat steel cout and drilled 4-22000 18 
    3     Rollers PN W-315-5/8 Hamilton Caster & MFG Co. 4-23000 36 
    3     Socket head cap screw 5/8 x 1.625 1/2 - 13    36 
    3     Bushing Bronze 5/8 x 5/8   36 
    3     Bushing Bronze 5/8 x 1-1/4   36 
    3     Nut 1/2 - 13   36 
    3     Washer 1/2   72 
    3     Brake Assembly 4-29000 18 
      4   Pivot plate 1 x 1 sq stock CTL 1.5 4-29010 36 
      4   Short Rocker Welded part 4-29020 18 
        5 Side plate 1 x 0.125 flat steel CTL 2.65 4-29021 36 
        5 Top plate 1 x 1 sq stock CTL 1.325 4-29022 18 
        5 rod 1/2 rnd stock   18 
      4   Linkage Welded part 4-29030 18 
        5 Threaded rod 3/8 threaded rod 4-29031 18 
        5 Head 1/2 round steel 4-29032 18 
      4   Hinge Welded part 4-29040 18 
        5 plate 1 1 x 0.125 flat steel CTL 2.30 4-29041 36 
        5 plate 2 1 x 0.125 flat steel CTL 4-29042 36 
        5 Base plate 1 x 0.125 flat steel CTL 4.5 4-29043 18 
      4   Brake Pad Welded part 4-29050 18 
        5 plate 1 1 x 0.125 flat steel CTL 5.5 4-29051 36 
        5 plate 2 2 x 0.125 flat steel CTL 5.0 4-29052 18 
      4   washer 1/2   144 
      4   Pivot pin 1/2 rnd stock CTL 1.5 4-29070 18 
      4   Lever pin 3/8 x 1-1/2 hex bolt   18 
      4   Brake pin 1/2 rnd stock CTL 5.25 4-29090 18 
  2       Rail Assembly 4-30000 2 
    3     Channel 2 x 1 x 10' channel   8 
    3     Leg, standard 2 x 2 rect tubing CTL 14   12 
    3     Base plate 6 x .125 flat steel CTL 12   18 

 XXVI  



  

 

 
 

XXVII  

    3     Leg, male 2 x 2 rect tubing CTL 14   6 
    3     Male hinge     6 
    3     Female hinge     6 
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