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Abstract 
An existing Purdue-type rainfall simulator (RFS) was designed to be trans-
ported using a commercial flatbed trailer that was modified by cutting out a 
section of the wooden bed allowing the RFS to be positioned directly above 
the target area to measure soil erosion and water runoff. To allow water to 
pass through the trailer undisturbed, the axle of the trailer was removed and 
replaced with axle-free wheel hubs and springs. Additionally, a remote con-
trol mover rated for 2000 kg was incorporated in our design. The final result 
was a portable and mobile RFS that can be moved to fields using a trailer 
hitch and can be operated by two individuals. The cost of the hardware, not 
including the RFS, is $5300 (USD) and detailed design plans are available. 
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1. Introduction 

Rainfall simulators (RFS) are tools that are used to apply water to plots as a 
means to simulate and observe the effects of natural rain events, e.g., [1] [2]. 
Natural rainstorms have intensities resulting from variable drop-size distribu-
tion and kinetic energy [3] [4]. For a given rain event, a large fraction of the total 
rainfall can be delivered during a short time and these high intensity peaks can 
occur anytime during the rain event. Furthermore, during high intensity pe-
riods, raindrops can become larger with greater fall velocities resulting in higher 
kinetic energy for the storm. These two rainfall properties—variable intensity 
and drop-size distribution characteristics—need to be duplicated by a RFS to 
accurately quantify the effects of rain in soil erosion and other hydrological pro- 
cesses, such as infiltration, runoff, sediment and nutrient transport, among others. 
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There is an extensive body of literature related to RFS and their design and use 
in soil erosion studies and comprehensive reviews are given by [5] [6] [7] [8] 
and more recently by [9]. 

In general, RFS can be categorized according to their transportability, indoor 
and outdoor, and by how the simulator generates rain, non-pressurized, where 
raindrops fall due to gravity, and pressurized, where raindrops are delivered 
from a single or multiple nozzles [2] [10] [11] [12]. In the non-pressurized 
group, for a rain of a desired size, the drop is formed at the tips of hanging 
threads, glass capillary and stainless tubes, or hypodermic needles. In this type of 
RFS, the drops fall when their weight overcomes the surface tension and fall due 
to gravity. In the pressurized-nozzle type, a RFS can produce raindrops through 
single or multiple nozzles using a rotating disc or boom, and an oscillating bar 
or solenoid-controlled simulator that can be used to start or stop the spray, e.g., 
[13] [14] [15] [16]. 

The pressurized-nozzle type RFS is often used for field applications and has 
been modified and improved over the last two decades. For example, a RFS 
producing variable intensities and kinetic energies similar to natural rain was 
described by [17]. A solenoid-operated variable intensity RFS was described by 
[18]. A RFS where the intensity of a simulated rain event could be adjusted while 
raining with a computer that controlled the spray nozzles exposure time was de-
scribed by [19]. Similarly, a computer-controlled RFS that varied both the inten-
sity and the kinetic energy of the raindrops, and also measured runoff and rec-
orded rain application and runoff data was developed by [2]. These modifica-
tions improved the use of RFS for field investigations and the introduction of 
microprocessors and computers have facilitated spray nozzle control and data 
collection [11] [20]. 

Most RFS are custom built and their design can vary from simple, e.g., [8] [21] 
[23] to complex, e.g., [2] [10] [24] depending on their specific application. With 
regard to components, field RFS typically have the following parts: 1) water ap-
plicator, including solenoid-valves and nozzles; 2) suspension frame and tarp; 3) 
water supply and pump; 4) runoff collection; 5) power supply; 6) computer con-
trol; and 7) boom [2] [11] [15] [22] [25]. However, an additional component 
that is necessary for field applications but is seldom mentioned is the trailer or 
mechanism used to transport the RFS between fields and between sampling 
plots. Regardless of the simulator used, a RFS for field studies should meet the 
following design criteria to accurately simulate rain events [2] [10]: 1) raindrop- 
size distribution and terminal velocities similar to those of natural rain events; 2) 
uniform intensity and random raindrop-size distribution across the measure-
ment or target area; 3) near vertical impact of raindrops on the target area; 4) 
reproducible rain patterns for both duration and intensities; 5) low cost and 
portability; and 6) user-friendly control systems. Of these criteria much work 
has been on improving the “engineering” components of the RFS by selecting 
appropriate nozzles that in combination with oscillating mechanisms duplicate 
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the variable intensity and drop-size distribution of rain events, e.g., [10] [13] 
[14] [18] [20] [26]; and others. However, modifications to improve the portabil-
ity and mobility of RFS for field applications have been marginal. Therefore, the 
main purpose of our work was to develop and build a mechanism to transport 
and deploy, using a commercial trailer, a RFS for field applications that mini-
mized labor and improved portability and mobility. For this purpose, we used a 
Purdue-type RFS, which has been described by [27] [28] [29] [30]. A detailed 
description of this type of RFS is given by [31]. Herein, we describe parts used 
and provide detailed mechanical drawings that describe the construction of the 
trailer used with our RFS. 

2. Materials and Methods 

One goal of our design was to use the RFS while it was directly mounted on the 
trailer without having to detach and manually move it into position, as normally 
done. This design reduces the time required to move the RFS and expedites the 
measurement of infiltration and runoff, and other measurements. For this pur-
pose, we selected and used a commercial flatbed general single axle utility trailer 
14 feet (4.3 m) in length × 77 inches (2.0 m) in width that was acquired from a 
local dealership (Figure 1). Specifically, the trailer was a Model PSA, Diamond C 
Series Trailer Mfg., Mt. Pleasant, TX, with a gross vehicle weight rating of 2990 
pounds (1356 kg), with 2-inch (5.1-cm) treated lumber for the bed, ST205/75SD15  

 

 
Figure 1. Schematic diagram of commercial flatbed trailer used to transport the rainfall simulator. The scale of the drawing is 1 
cm = 0.5 m. 
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tires (ST is for Special Trailer, 205 is the section width of the tire in mm, 75 is the 
aspect ratio or section height, D is the diagonal or bias ply construction, and 15 
is the wheel diameter in inches, 381 mm), and 3500 pound (1588 kg) E-Z Lube, 
Idler axles. This axle as the name implies, is relatively easy to lubricate. A 2.3 m 
long × 1.8 m wide section of the wooden bed of the trailer was cut to accommo-
date the base of the RFS, as shown in Figure 1 and Figure 2. A list of the trailer 
parts used to transport the RFS is given in Table 1 and the corresponding num-
ber of each part is shown in Figure 3. 

To lower the RFS while mounted on the trailer and position it directly above 
the measurement plot requires the removal of the single axle (Part No. 8, Figure 
3) so that it would not interfere with the wetting of the plot (see Part No. 8, Ta-
ble 1 and Figure 3). Information on modifications to the springs is shown in 
Figure 4 (see Part No. 10, Table 1). It is important to note that the removable 
axle has to be inserted and be in place when the trailer is being towed by a ve-
hicle at highway speeds not to exceed 55 miles/h (89 km/h). Towards the front of 
the trailer, a compartment to store tools and other equipment was added. 

The ability to remove the axle while maintaining the structure of the wheel 
hub (Part No. 18, Figure 3) required modification of the two springs (Part No. 
10, Figure 3), one per wheel. This included the shaft (part No. 9, Figure 3) and a 
variety of nuts (Parts 13, 16 and 19, Figure 3), bolts (Part No. 12 and 19, Figure 3),  

 

 
Figure 2. Different views of the rainfall simulator positioned over the wooden base of the 
flatbed trailer. The scale of the drawing is 1 cm = 0.5 m. 
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Table 1. List of parts used in the rainfall simulator. Given are the quantities of each item, 
their description and the part number that corresponds to the number shown in Figure 3. 

Part Number Quantity Item Description 

1 1 Commercial Trailer 
14 feet × 77 inches [Length × Width] 

(4.3 × 2 m) 

2 33 Nut 9/16-18# UNF* [(14.3 mm) − 7/cm] 

3 4 Metal Plate 4” × 4” (10.2 × 10.2 cm) 

4 12 Washer 9/16” Hole Flat (14.3 mm) 

5 16 Washer 1/4” Hole Flat (6.4 mm) 

6 12 Bolt 1/4-20 UNC* [(14.3 mm) − 8/cm] 

7 16 Bolt 9/16-18 UNF [(14.3 mm) − 7/cm] 

8 1 Axle 8 feet (2.4 m) Length 

9 2 Shaft 
 
 

10 2 Spring  

11 2 Star  

12 16 Bolt 9/16-18 UNF [(14.3 mm) − 7/cm] 

13 17 Nut 9/16-18 UNF [(14.3 mm) − 7/cm] 

14 8 Strap No. 1  

15 8 Strap No. 2  

16 8 Nut 9/16-18 UNF [(14.3 mm) − 7/cm] 

17 4 Pipe Connect  

18 2 Wheel ST205/75D15 

19 10 Bolt 9/16-18 UNF [(14.3 mm) − 7/cm] 

20 10 Nut 9/16-18 UNF [(14.3 mm) − 7/cm] 

*UNF = United National Fine Thread; +UNC = United National Coarse Thread; #Thread Standards and De-
finitions: [9/16”-18] is 18 threads per inch, equivalent to [14.3 mm − 7/cm];  
https://www.engineeringtoolbox.com/unified-screw-threads-unc-unf-d_1809.html. 

 
Strap No. 1 (Part No. 14, Figure 3), Strap No. 2 (Part No. 15, Figure 3), shaft 
(Part No. 9, Figure 3) and star (Part No. 11, Figure 3). The inclusion of the star 
(Part No. 11, Figure 3) allows both the rapid removal of the axle to lower the 
RFS and to reinsert the axle when necessary for transport. A detailed diagram of 
the spring and axle parts is shown in Figure 4 and a depiction of the axle in the 
wheel hub from different angles is shown in Figure 5. 

The framework used to attach the RFS to the trailer is given in Figure 6 and a 
list with part numbers for the items shown in Figure 6 is given in Table 2. To do 
so, four brackets were first welded to the sides of the trailer and four plates (Part 
No. 3, Figure 3) were used to connect (Part No. 1, Table 2) the RFS using four 
beams (Part No. 2, Table 2). This design provided a rigid framework to support 
the RFS on the trailer. 

Another feature of our design was to incorporate the use of a remote controlled  
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Figure 3. Schematic diagram of the flatbed trailer used to transport the RFS. The numbers shown correspond to the item number 
shown in Table 1. The scale of the drawing is 1 cm = 0.5 m. 
 

 
Figure 4. Schematic diagram of the spring mounted on the wheel hub to support the tire mounted to the lower frame of the 
flatbed trailer. The scale of the drawing is 1 cm = 0.5 m. 
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Figure 5. Different views of the axle and wheel hub assembly on the flatbed trailer. The 
scale of the drawing is 1 cm = 0.5 m. 

 

 
Figure 6. Framework used to attach the RFS to the flatbed trailer. The numbers shown 
correspond to the item number shown in Table 2. The scale of the drawing is 1 cm = 0.5 m. 
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Table 2. List of parts used in the pipe assembly of the RFS. Given are the quantities of 
each item, their description and the part number corresponds to the number shown in 
Figure 6. 

Part Number Quantity Item Description 

1 1 Trailer/Pipe Connect  

2 4 Beam  

3 1 Ladder  

4 2 Pipe PVC*, 4.5-inch (11.4-cm) Diameter 

5 2 Pipe Elbow PVC, 4.5-inch (11.4-cm) Diameter 

6 2 Pipe 
4.5-inch (11.4-cm) Diameter, 5-inch (12.5-cm) 
Length 

7 2 Pipe Elbow PVC, 3.5-inch (8.9-cm) Diameter 

8 1 Pipe 4.5-inch (11.4-cm), 10-inch (25.4-cm) Length 

9 1 Tee 4.0-inch (10.2-cm) PVC Tee 

10 1 Pipe 
4.5-inch (11.4-cm) Diameter, 12-inch (30.5-cm) 
Length 

11 1 Hose  

12 32 Bolt 1/2-13 UNC [(12.7 mm) − 5/cm] 

*PVC = polyvinyl chloride. 
 

robot to maneuver the trailer into position above the sampling plot. For this 
purpose we used a Model CT1500 “trailer valet” manufactured by Kronings of 
Ebsjerg, Denmark. This particular model has the following specifications: no-
minal power = 0.118 kW; rated voltage = 14.8, battery capacity = 6.6 Ah; maxi-
mum vertical load = 2940 N, maximum drawbar pull = 14,700 N, and a mass = 
20 kg. The use of this device allows a single operator to transport the trailer with 
the RFS to a measurement site and to use the trailer valet to move the trailer 
with the RFS over the field plot and thereafter to other locations. 

3. Results and Discussion 

The time needed to acquire the trailer and purchase the required parts was ap-
proximately 30 days with one technician doing assembly, modifications, welding 
and construction. We estimated that the technician spent 32-man hours on con-
struction and assembly and 32-man hours on welding. By far the task that was 
the most time-consuming was the spring assembly (40-man hours) and the de-
sign to remove the axle from the wheel hub (40-man hours). This was a “trial 
and error” process that ultimately resulted in a very robust design that was tested 
with excellent results. 

The normal operation of a Purdue-type RFS requires a minimum of two to 
four individuals depending on the measurements planned. For example, for rou-
tine measurements of simulating three rainfall patterns on bare and cultivated 
soil requires at least three individuals to move the RFS between plots, connect 
hoses run pumps and collect data. With the RFS on the trailer, we speculate that 
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one person would be able to do all the necessary tasks to accomplish all mea-
surements and data collection. However, for our purpose and that for routine 
use of our RFS we recommend two individuals to carry out field measurements. 
This recommendation is partly based on safety, particularly when measurements 
are obtained in remote areas. 

Based on our experiences, and for routine measurements with our RFS 
mounted on a trailer required about one hour to setup the initial deployment of 
the equipment. Thereafter, the RFS can be moved to a different site (plot) in the 
same field in less than 30 minutes using the trailer valet to tow the RFS. Natural-
ly, these times will vary depending on experimental design, number of replicates 
needed and other factors. 

The cost of hardware used to build the portable RFS was, $800 (USD) for 
parts, $1500 (USD) for a used trailer, and $3000 (USD) for the robot, for a total 
of $5300 (USD). This value is subject to change and the cost of the trailer-valet 
represented 57% of the total cost. Further, the value of labor is not included as 
this cost is subject to vary significantly and also the cost of the RFS is not in-
cluded. In our design, we used a Purdue-type RFS; however, other RFS could be 
used provided that the width of the RFS does not exceed the width of the flatbed 
trailer, i.e., 2.0 m. 

4. Summary and Conclusion 

We describe a Purdue-type rainfall simulator that was adapted to be mounted on 
a flatbed trailer above an opening on the bed of the trailer, allowing the rainfall 
simulator to be lowered and placed directly and in contact with the target area 
for measurements of soil erosion and water runoff. The trailer was modified 
such that the axle could be removed when the RFS was in use and could be 
re-inserted when the RFS was being transported between fields. The design of 
the axle required modifications to the springs mounted on the wheel hubs of the 
trailer. We estimated that the total cost of hardware was $5300 (USD) and that 
routine measurements of soil erosion and water runoff could be done with two 
individuals. Please contact us for detailed information on the design of our 
portable and mobile rainfall simulator. 
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