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Executive Summary  
The goal of our project is to design, build and test a self leveling off-road stretcher with 
advanced independent suspension to allow for a more comfortable extraction of an 
injured person from a secluded environment. The trailer will be designed to be towed 
behind an ATV or other small off-road vehicle that can easily navigate through dense 
forest or rocky terrain without the need to increase the width of the trail for vehicle 
clearance. The trailer will have a completely self contained pneumatic system to adjust 
the height of the bed to allow variable ride heights with up to 8 inches of adjustability. A 
fully independent trailing arm suspension with a custom made strut assembly will 
provide preliminary shock absorption from the terrain, creating a smoother ride for the 
injured person. The table top of the cart will be fitted with a memory foam pad, 
waterproof cover, and tie down locations to secure the injured person to the bed of the 
cart. The middle of the cart will contain the required batteries and Arduino Zero unit that 
will control the geometries involved.  
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1.0 General Project Information  
 
1.1 Introduction: 
The following document is a record of the design process and system architecture used 
to create the final product. Off Road Rescue is an off road stretcher with shock 
absorption and pneumatic ride height adjustment feature to provide maximum stability 
and comfort to the injured person.  

 
1.2 Team Organization 
Off Road rescue is comprised of a four member team consisting of: Josh Bronner, Alexa 
Hull, Alex Meador, and Steve Vanden Berg. Josh, Alex, and Steve are mechanical 
engineers and are primarily focusing on the mechanical design work of the frame, 
suspension, and adjustability system of the off road trailer. Alexa is an electrical 
engineer and will primarily be focusing on the control system and testing aspect of the 
off road cart.  

 
1.3 Schedule 
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Figure 1.3.1, Gantt Chart of Project Schedule 
 

 

1.4 Design Norms 
Engineers are called to follow certain design norms to remain objective and professional 
in our careers and everyday life. These design norms include cultural appropriateness, 
transparency, stewardship, integrity, justice, caring, trust and humility. For Off-Road 
Rescue, caring and stewardship are the guiding principles that have greatly influenced 
the design and system architecture as it progresses to the final product. The main focus 
of our design is to provide a smoother and less stressful ride for the wounded individual. 
The goal of the trailer is to remove as much pain from the transportation process as 
possible. Our trailer is designed with a thin profile so maneuvering through densely 
packed trees and brush requires minimal trail blazing to carve a path to the injured 
person. The smaller environmental impact that the trailer can make, the more closely it 
will achieve greater stewardship.  
 
Another design norm that is considered in this process is trust. Customers that choose 
to endorse and use this product in its desired application of rescue operations will have 
to trust that the system will work when it is needed. They need to trust that the proper 
time and planning has gone into developing this product, and that the system will 
function as it is required for the customer.  
 
 

2.0 Design Requirements 
 
2.1 General Requirements Introduction 
The following sections describe the general requirements for the projects that will be the 
guiding principles for its execution. These requirements are determined by the 
standards set by current products on the market and are designed to address existing 
problems with those products. 
 
2.2 Functional Requirements 
In order for the Off Road Rescue System to be successful, it needs to be able to 
function properly in its application. The main application would be forest and trail 
environments where injured individuals would be difficult to extract due to a lack of 
direct and clear roads to take a large emergency vehicle through. The traits needed to 
function well in an emergency and rescue operation would be mobility or attachability, 
compactness, storage of basic medical supplies, and ability to hold a person during 
transportation.  
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In order to make the system mobile, it must be able to be driven or attached to a 
drivable vehicle. This is the most basic functionality requirement that must be met in 
order to make the system viable. If the system is chosen to be attachable, than it needs 
to be securely connected and easily detachable. A connection device may have to be 
implemented if the towing vehicle does not provide a mechanism for attachment. The 
mobility aspect of the attachable system would have to be able to work with the vehicle 
that it is attached to. Additionally to make the system more mobile, it will be required to 
limit the weight of the system in order to not make itself slow or drag down the vehicle it 
is attached to.  
 
In order to maneuver through the forests and trails, the system design is going to have 
to be compact in order to transport it efficiently. The system will have to be small 
enough to weave through the trees, but large enough to support a large person in an 
emergency situation. With the compactness, it has to be strong enough to support the 
person as well. An additional requirement would be to include storage for immediately 
useful medical supplies that would help in many different variations of emergencies.  
 
2.3 Durability Requirements 
The Off Road Rescue system is to be used in a forest or trail environment where it is 
difficult to maneuver large vehicles that would be capable of carrying or containing a 
stretcher. In order to build a successful off road rescue vehicle or attachment, it needs 
to be durable in the environment that it will be applied to. The difficulties associated with 
this environment on this system that affect durability include the terrain, the weather, 
and the seasonal characteristics.  
 
Conquering the type of terrain that would be encountered in this type of environment is 
the first challenge in our development of the Off Road Rescue system. Forests and 
trails have inconsistent and bumpy terrains that can affect the condition of the system, 
especially the mobility aspect. The requirements for this system have to include 
resistance the sudden changes in the ground, being able to absorb the impact of large 
bumps or holes, and most importantly, the system has to be built with enough strength 
and support in order to minimize deformation caused by the ground and prevent failure 
during use. 
 
Next, the Off Road Rescue system will have to be able to handle all types of weather 
conditions since it will be applicable to all emergency situations. The main factor will be 
rust, so the system needs to be constructed from rust-resistant material, or have a rust 
resistant coating. Preventing corrosion overall is a must for this system in order to 
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prevent failure during use. A number of seasonal characteristics must be considered as 
well. In the winter, there will be snow on the ground in many of the areas that this 
system will be used, so the Off Road Rescue system will be required to have a solution 
in order to compensate for the change in terrain without losing mobility. Additionally, in 
the fall, there will more leaves on the ground that may cause the Off Road Rescue to 
lose mobility if a large number of leaves or foliage gets caught in the system. This can 
be supported with a mechanism that blocks out leaves and branches from getting 
caught in the system.  
 
2.4 Comfort Requirements 
Another important factor for the Off Road Rescue system would be providing comfort to 
the individual being rescued. A big factor that causes discomfort during rescue 
operations is again the terrain, where large bumps cause shockwaves of pain through 
individuals that have sprained joints or broken bones. Limiting the shockwaves caused 
by the uneven ground is the primary way that the system will be beneficial in this 
situation. In addition to this, the stretcher for which the rescued individual will be 
secured has to comfortable and ergonomic, as well as provide support and security 
while the system is mobile.  
 
2.5 Performance Requirements 
A defining factor for the system will be its reliability and performance. Our design has to 
be able to be able to work when needed in emergency situations. In order to prevent 
failure in critical moments, additional safety factors have to be implemented into the 
system throughout our design and construction phases in order to ensure that the 
system will be reliable in key situations.  
 
2.6 Maintenance Requirements 
In order to be a consistent and reliable emergency system, the Off Road Rescue device 
needs to be maintainable throughout the life of the system. Hardware used in the 
system, like mechanical fasteners, has to be made up of common parts that can be 
ordered so that they can be replaced as they wear down. The contact areas of the 
system that hold the person have to be washable in order to be sanitary for multiple 
rescue missions. Additional maintenance would be cleaning off the device in between 
uses, oiling joints if necessary, and replacing other worn down parts through the life of 
the device.  
 
 
2.7 Deliverable Requirements 
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As this project is affiliated with course requirements, there are a number deliverables 
that have to be turned in for assessment. The first of which is the PPFS document, 
which describes the project in detail and assesses the feasibility of the project. The 
second would be the final report to be completed by the end of the spring semester. 
Additionally, a working prototype is to be completed for the project. Other required 
deliverables would be our design notebooks and the team website. 
 
 
3.0 Research: 
 
3.1 Search and Rescue Background  
Search and rescue has been an active industry for well over 400 years starting out of 
the need to have a means to save people who run into imminent danger as exploration 
grew across the globe.(C. Peter) Originally search and rescue was primarily run by 
volunteer people who were willingly to help those in need and were in close proximity to 
the situation. Over the years search and rescue has advanced tremendously. In the 
USA this is largely due to government agencies stepping into create an intentional 
response force to help those in need. Some of these agencies include the following: the 
Coast Guard, forest rangers, police departments, and fire departments. There is also 
good evidence to show that the need for search and rescue will continue as seen in 
Figure 3.1.1  

 
Figure 3.1.1, Number of Search and Resuce operations throughout the years 

http://www.khsar.com/statistics/ 
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This figure indicates that there has not only been growth in the search and rescue field 
since the 1990’s but also that the number of rescues has been fairly stable over the last 
couple years. This leads to the conclusion that the market for search and rescue 
equipment is still very much alive and that there would be regular and active use of the 
Off Road Rescue equipment throughout the years of its life.  
 
 

 
 
4.0 System Criteria 
 
4.1 Design Criteria Introduction 
The goal of the design is to create a lightweight but strong design that allows for 
maximum suspension travel without sacrificing overall width of the cart. Each of the 
criteria must contribute to our goal with minimal sacrifice to structural soundness, high 
price of production, and ease of assembly and maintenance. The following sections 
discuss the design criteria for each of the major components of the design that have the 
largest impact on the final design 
 
4.1.1 Frame Material Selection Criteria  
The main material for the cart frame must be a strong yet lightweight material that is 
readily available to the common consumer. The material must also be easily repairable 
with common tools found in most intermediate to advanced mechanic shops and can be 
repaired without difficulty by the end user. The material must also be sustainably 
sourced and have a high recyclability so the environmental impact is minimal. The 
material must also be oxidation resistant to increase its useful life for the customer. 
 
4.1.2 Suspension Material Selection Criteria 
The material for the suspension must be very strong and resistant to both tensional and 
compressional forces with minimal elastic deformation. The material must be able to be 
easily serviced if damage does occur and must be resistant to oxidation if protective 
coatings are removed through abrasion or general wear and tear.  
 
4.2 Suspension Design Criteria  
The main shock absorption will be through the primary suspension mounted to the 
frame. The suspension design must be able to have a travel of 8 inches in order to clear 
logs and other obstacles that may be present in the environment. The suspension must 
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be able to have serviceable components within easy access of the end user. The 
suspension must use the least possible amount of parts with minimal unsprung weight 
for increased stability while navigating through uneven terrain. The suspension must 
also have a wide wheelbase in order to provide stability and ease of control when the 
weight of a human is placed on the cart. The suspension must be able to easily 
maneuver with the tow vehicle so the cart follows the vehicle within the same trail. 
 
4.3 Bed Design Criteria  
The injured person must be able to be secured to the cart with minimal movement of 
their body within the cart itself. The bed of the cart must be able to have adjustable 
straps to compensate for varying body types so that every individual can be safely 
secured to the cart. The bed must also be able to be removed quickly from the cart to 
allow for the safer transfer of the injured person from the scene of the accident onto the 
cart. The bed must also be conforming to the shape of a human body to reduce 
pressure points from being focused on any one point of the individual for added comfort. 
 
4.4 Main Frame Design Criteria  
The main frame will be the mounting point for both the bed and the suspension of the 
cart while also containing the tow point for the cart. The frame will also need to be able 
to support an average sized human with dimensions 72 inches long, 32 inches wide, 
and weighing 180 pounds. The main frame must be constructed of a minimal amount of 
components while still remaining rigid when torsional forces are applied from the 
suspension. The frame must be able to contain and protect any electrical components 
from impact damage. It is desirable for the frame to be dismantled for ease of transport 
in the back of a vehicle or for storage purposes. The frame must also be serviceable if 
damage occurs with as little as possible effort from the end user.  
 

 Strength Price Manufacturability Weight Availability Repairability  

Weight 3 3 2 2 1 1 Total 

1018 Steel 4 5 5 2 5 5 51 

Aluminum 
 

3 4 2 4 3 3 39 

SS Steel 4 3 3 2 3 3 37 

Table 4.4.1, Material Decision Matrix 

 
4.5 Roll Cage Design Criteria  
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In order to protect the rider in the event of a turnover,  a roll cage is necessary to protect 
them from harm. The roll cage must be able to encompass a wide range of body types 
without the possibility of contact between the individual. The cage must be hinged and 
easily removable as to not restrict loading and unloading an injured person from the 
stretcher. The cage must be able to support the weight of the trailer and individual 
without buckling or bending in the event of a crash. It must also be lightweight to allow 
for one individual to be able to remove quickly and easily. 
 
 
 

5.0 Design Alternatives 
  
5.1 Design Alternatives Introduction 
The following sections discuss each of the alternatives considered for all of the major 
components of the design. Each of the following considerations have both positives and 
negatives associated with them that influenced the final decisions for our cart design.  
 
5.2 General Material Alternatives  
One of the materials considered is standard low carbon 1080 steel. 1080 steel is easily 
accessible and is very inexpensive. The steel is also very easy to work with and can be 
easily repaired or replaced if damaged. 1080 steel also has great strength 
characteristics but is also very dense. The low grade steel is also very susceptible to 
corrosion and will require protective coating on all surfaces to reduce the chance of 
oxidation from occurring. 1080 Steel is also easily recyclable and has minimal 
environmental impact with its production and recycling.  
 
Another material that can be considered is 301 stainless steel. 301 stainless is a fairly 
expensive material but has excellent strength characteristics that would produce very 
rigid components. The stainless steel is also corrosion resistant and can withstand 
prolonged periods of exposure to the elements before oxidation takes place, reducing 
the need a thick protective coating. 301 stainless steel is much more difficult to work 
and requires more specialized equipment to perform any repairs if necessary. It is also 
much more difficult to obtain and will require being specialty ordered. 301 stainless is a 
bit difficult to recycle and not every recycling facility has the ability to process it, which 
increases its environmental footprint.  
 
A third material that can be considered for component construction is 6061 Aluminum. 
6160 aluminum is more expensive than 1080 steel but less so than 301 stainless steel. 
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6160 is also somewhat common and can be ordered from most major metal distributors. 
Aluminum is also very lightweight and has a high degree a flexibility. It is corrosion 
resistant and can be exposed to the elements without the need for protective coatings. 
Aluminum has decent strength characteristics but may require additional bracing in 
critical components to reduce the chance of component failure. Aluminum is also 
difficult to work with and requires specialty equipment to repair any damaged 
components. Aluminum is also very recyclable and has a minimal environment impact in 
its creation and reusability.  
 
A fourth material that can be considered for component construction is Acrylonitrile 
butadiene styrene or ABS plastic. ABS is a very lightweight and strong material that can 
be reinforced with glass fibers to increase its compressive and tensional force 
resistibility. ABS experiences no oxidation and can be exposed to the environment 
without worry of decomposition of the material. The major drawback of ABS is its 
non-serviceability if a given component is damaged in any way. Any damaged 
component will need to be directly replaced which leads to increased cost of ownership. 
ABS is also not environmentally friendly and cannot be recycled as efficiently as other 
materials considered. 
 
5.3 Frame Design Alternatives 
Based upon the criteria in section 4.4, the frame will need to be the mounting point for 
the suspension components, bed, electronic control system, mechanical leveling 
system, and tow point for the cart. A single modularized frame with all necessary 
attachment points for the suspension and bed that is welded together will produce the 
strongest overall design. A modularized frame design will also contain all necessary 
housings for all electrical and mechanical components in order to protect them from 
damage that may occur.  
 
5.4 Frame Material Selection Alternatives 
Based upon the criteria in section 4.1.1, the frame of the cart will need to be both strong 
and lightweight while remaining cost efficient. A 1080 steel frame will be cheap to 
produce and structurally be able to withstand forces from the suspension, bed, and tow 
vehicle with minimal bracing to key stress areas. 1080 steel frame will suffer from 
increased weight and will need to be thoroughly coated with a protective coating to 
prevent any oxidation. 301 Stainless steel will surpass the required structural and 
rigidity demands and will require minimal amounts of protective coatings to prevent 
oxidation from occurring. Stainless steel does suffer through difficulty to repair and the 
cost to produce the frame will be quite high compared to other considered materials. 
6160 Aluminum will produce a lightweight frame that will be able to handle the structural 
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and rigidity demands with additional bracing. The aluminum frame will also not require 
any special coatings to prevent corrosion, but it will suffer from a increase repair 
difficulty and a moderate to high cost to produce the frame. 
 
 
5.5 Suspension Design Alternatives  
Based upon the criteria in section 4.2, the design of the suspension will need to have 
high travel, easily accessible components and be able to withstand high torsional, 
compressional, and tensional forces. One such design that could be utilized is a 
standard leaf springs with solid rear axle connecting both wheels such as one shown 
below in Figure 5.5.1. A standard leaf spring suspension, similar to the designs used in 
the auto industry, limits the axle to one plane of vertical motion by securing the axle to 
two separate leaf spring packs.. A single leaf spring by each wheel would allow for 
simple axle articulation and requires a minimal amount of components to operate 
effectively. Leaf spring designs are also very cheap and can be fit into a relatively small 
area under the cart. One major drawback of this design is limited ground clearance 
between the ground and the axle due to its centralized location under the frame. The 
leaf spring suspension does reduce the amount of wheel articulation available in a small 
space and needs an additional stabilizer called a panhard bar to act as a lateral motion 
stabilizer in situations of high articulation.  

  
Figure 5.5.1, Leaf spring suspension for solid rear axle. Image courtesy of 

 http://fantasticpixcool.com/leaf+springs+diagram 
 

Another suspension design under consideration is a trailing arm suspension design 
similar to the suspension currently on the current Polaris RZR XP as seen in Figure 
5.5.2 below. Trailing arm suspension has the benefit of allowing independent movement 
of each individual wheel which results in increased shock absorption and body control. 
Trailing arm suspension can vary depending on the application, but standard designs 
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call for a singular arm to act as the main pivot point for vertical wheel movement while 
one or two stabilizer arms act as lateral motion stabilizers. This type of suspension can 
offer high travel while utilizing short coilovers depending on their mounting point on the 
lower control arm. Trailing arm systems do require a large amount of space under a 
vehicle to be fully utilized and suspension travel is limited by the springs and shock 
absorbers chosen. 
 

    
Figure 5.5.2, Polaris RZR XP trailing arm suspension, image courtesy of 

http://atvtelevision.blogspot.com/2011/03/polaris-rzr-xp-performance-details.html 
 

A third suspension design considered is a double wishbone suspension similar to what 
can be found on most dune buggies such as the one shown in Figure 5.5.3. Generally, 
double wishbone suspension allows for axle control to be contained within a relatively 
small profile and provides excellent vertical and lateral axle control. A standard double 
wishbone suspension consists of two control arms with a spring / shock absorber 
mounted to the lower control arm and frame. The draft on the control arms limits the 
amount of lateral motion available in the suspension while allowing free vertical motion 
with minimal bind. The major drawback of double wishbone suspension is range of 
motion is limited by the length of the coilover; the longer the coilover the higher degree 
of vertical motion available. A suspension with a high range of motion can be very costly 
due to the cost of an adequate coilover for our criteria.  
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Figure 5.5.3, Long arm double wishbone suspension, Image courtesy of  

http://www.duneguide.com/2012_arctic_cat_wildcat.htm 
 

Suspension Complexity Price Comfort Weight Travel 
Length 

Motion 
Control 

 

Weight 3 3 2 2 2 2 Total 

Leaf Springs 5 4 1 3 1 1 39 

Trailing Arm 3 3 4 3 5 4 50 

Double 
Wishbone 

2 2 4 3 4 4 42 

Figure 5.5.4, Decision Matrix for Suspension Design 
 

5.6 Suspension Material Selection Alternatives  
Based upon the criteria in section 4.1.2, the main suspension components will need to 
be very strong and resistant to high torsional, compressive, and tensional stresses 
along with returning a low unsprung weight. 1080 steel will be adequately strong for the 
standard environments the cart will experience. The low grade steel will require a thick 
protective coating to reduce the chance of abrasion removing it, exposing raw steel to 
the environment which may lead to oxidation. Its high density will also increase the 
unsprung weight of the suspension. 301 Stainless steel will be able to withstand all of 
the forces the suspension may experience and will not suffer from oxidation. But the 
increased cost and high density are factors that may limit its practicality for use in the 
suspension. 6160 Aluminum will reduce the unsprung weight of the suspension while 
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retaining high resistance to corrosion. Its strength properties may be adequate for 
standard use but additional bracing may be necessary to guarantee rigidity. 
 
5.7 Bed Pivoting Alternatives  
Based upon the criteria in section 4.3, the bed of the stretcher will need to achieve a 
minimum of 20 degrees of total pitch adjustment to compensate for the terrain. There 
are two possible planes of motion for which the bed can pivot, the a single plane with 
XY motion or a two plane with XYZ motion. An XY plane of motion would allow for a 
simple pivot point at each end of the stretcher that would keep the injured individual 
level on only side to side motion. A double pivot point would be strong and simple and 
would require a leveling system that could accommodate the leveling in that plane. This 
range of motion would limit the leveling capabilities of the bed to a single plane and may 
lead to discomfort of the individual if the terrain does not slope in that plane. An XYZ 
pivoting bed would allow for a single pivot point in the center of the bed that would be 
adjustable for all ranges of motion. A system to accommodate XYZ planes of motion 
would be much more complex but allows the added benefit of increased comfort to the 
passenger involved. This system could also suffer from decreased reliability because of 
all of the forces being focused into one central location in the center of the bed.  
 
5.8 Control Unit Alternatives 
An Arduino or a Raspberry Pi could be used to control the off-road vehicle. An Arduino 
is a microcontroller; a Raspberry Pi is a mini-computer. An Arduino is better suited to 
reading and reacting to inputs. Because it is a computer, a Raspberry Pi takes more 
time to process signals and to provide an output. An operating system for this project 
would be excessive. Also, an Arduino is able to read analog and digital inputs whereas 
a Raspberry Pi requires additional hardware to read analog signals.  
 
Arduino boards use different processors, run at speeds from 8MHz to 48MHz, have 
analog and digital IO pins, and some combination of EEPROM, SRAM, and Flash 
memory. Three models were considered: Arduino 101, Arduino Uno and Arduino Zero. 
The 101 runs at 3.3V and has a CPU speed of 32MHz and has a built in accelerometer 
with 196kB of flash memory. The Uno runs at 5V and has processor speed of 16MHz 
with a 32kB flash memory. Zero runs at 3.3V and CPU speed of 48MHz with a 256kB 
flash memory. Information about the specifications for each of these controller choices 
were derived from https://www.arduino.cc/en/Products/Compare. 
 
 

6.0 System Design Decisions 
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6.1 Design Decisions Introduction 
The following sections highlight the design decisions for the final off-road stretcher 
derived from the alternatives highlighted above. Each of the design decisions was made 
through the use of design criteria for each main component and selected based upon 
performance, applicability and cost. The finalized frame assembly drawing is shown in 
Figures 6.1.1, 6.1.2 and 6.1.3.  
 

 

Figure 6.1.1, Finalized Off-Road Stretcher Design 
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Figure 6.1.2, Finalized Off-Road Stretcher Design 

 

 
Figure 6.1.3, Finalized Off-Road Stretcher Design 
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6.2 Frame Design  
Due to its ability to be disassembled for transportation and repairability, the finalized 
frame design will use a modularized design (see Figures 6.2.1 and 6.2.2). The frame 
will be constructed out of 1018 1”x1” 18 gauge mild steel due to its strength properties 
that will be adequate for the finalized product. The modularized frame has the ability to 
be broken down into four smaller pieces: tow bar assembly, battery and control module 
cage, suspension mount frame, and bed containment rails. Calculations based on 
material requirements place the final weight of the frame at 120 lbs with 62% of the 
weight being focused on the trailer hitch.  

 
Figure 6.2.1 Finalized Modularized Frame Design 
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Figure 6.2.2, Finalized Modular Frame Design 

 
 

6.3 Suspension Design  
The limited space available in the cart along with its optimal wheel control properties 
drove the final suspension to be designed using a Trailing arm arrangement (see 
Figures 6.3.1 and 6.3.2) similar to what is used in the off-roading community. The 
trailing arms will be constructed of 1080 steel due to the increased forces it will transfer 
between the strut assembly and the frame. The trailing arm suspension will allow for 
smooth transitioning over rough terrain and allows for 8 inches of suspension travel 
without bind. The simple design allows for easy repair if damage occurs and can 
provide hundreds of hours of active service before maintenance is required. The design 
for Off Road Rescue consists of a modular arm design constructed of ¾” schedule 40 
steel with double perpendicular triangles. The lower part of the arm is designed to 
control lateral movements and transfer all lateral forces into the frame. The smaller of 
the two triangles is designed to control fore and aft moment of the wheel and transfer 
any potential torque into the frame (see Figures 6.3.3 and 6.3.4). The suspension will be 
attached to the frame via grade 8 ½” bolts to withstand the high forces being transferred 
to the two pivot points on the arm. 
 
To achieve a height adjustability of 8”, a custom strut design is necessary to fit our 
specific needs. The strut will consist of four parts; pneumatic cylinder, coil spring, lower 
spring cup, upper strut mount (See Figures 6.3.4 and 6.3.5). Specifications for the 
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cylinder and coil spring are listed in table 6.3.1. The pneumatic control for the air 
cylinders is discussed in section 6.6.  

    

 Component Specifications   

 Pneumatic 
Cylinder 

Single Action Cylinder 
1.5" Bore 
1.56" OD 
Force 170 lbf @ 100 psi 
16.71" Retracted Length 
24.71" Extended Length 

 

 Coil Spring Compression Spring 
2.906" OD 
0.281" Wire Dia 
42.00 lbs/in Rate 
10" Overall Length  

 

 Table 6.3.1, Strut Component Specifications   

 

 
Figure 6.3.1, Finalized Trailing Arm Suspension Design 
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Figure 6.3.2,  Finalized Trailing Arm Suspension Design 

 

 
Figure 6.3.3 FE Displacement Analysis of Trailing Arm With 400 lb Lateral Force 
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Figure 6.3.4 FE Displacement Analysis  of Trailing Arm with 200 lb Vertical Force on Wheel Hub 

 

 
Figure 6.3.5 Strut Design 
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Figure 6.3.6 Strut Design Spring Mounting Cup 

 

6.4 Stretcher Design 
The bed of the cart utilizes existing technology and will be composed of a preexisting 
stretcher that will be fitted to our design. Using a pre-made stretcher allows more time to 
be focused onto the other components of the off-road stretcher assembly and already 
takes into account body geometry, strap points, and safety concerns with creating a 
custom made bed. The stretcher is lightweight and has integrated handles for easy 
transportation of the stretcher from the ground onto the cart. 
 
6.5 Bed Pivoting Design 
The need for the bed to be able to tip became apparent when it was decided that the off 
road rescue system should be able to operate using a one person team. In order for a 
single person to be able to load a stretcher into the cart it was decided to have the bed 
come down so that the stretcher can be loaded onto the bed and then tilted up and 
locked into a flat position. In order to save on weight and increase rigidity, the design 
includes a two rail system with a small square stock frame that rotates on a full length 
bar that goes across the frame. This design can be seen in Figure 6.5.1 which shows 
the bed as it is connected to the frame. 
 

Page 26 



 
 Figure 6.5.1  Rotating Bed Design 

 
This was decided as the optimal design as it creates optimal rigidity while still using 
minimal amounts of material. This also provides a very easy system for connecting the 
stretcher to the frame for transportation. This also provides an easy loading system for a 
single operator as the stretcher can be pulled onto the rails using a winch and then once 
it gets past half way up the ramp the ramp can be tilted down and locked onto the frame 
and the stretcher can be slid into place.  
 
6.6 Pneumatics 
For the suspension system, pneumatic cylinders will be used in order to absorb shock 
sustained during travel and to limit the force felt by the passenger. The pneumatic 
system will be composed of two air cylinders that will be located on each side of the 
frame, and will be connected to the trailing arm suspension located below the frame. 
The air cylinders will be powered by an air compressor, which will be housed in a 
compartment in the lower part of the frame below the passenger holding area. Air will be 
controlled by two solenoid valves and will be connected to the cylinders by tubing. This 
pneumatic system allows for variable suspension for the cart, where more air can be 
added if a stiffer suspension is needed. Another benefit of this system is that the air 
cylinders can be fully released, enabling the cart to be fully lowered to the ground and 
allowing for the use of our tilting bed system.  
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6.7 Control Unit 
The control unit will will read in signals from the pressure system and from a 
user-interface in order to set the solenoid valves that control the system pressure.  The 
control unit will be based on the Arduino Zero. Since the Arduino Zero has the most 
memory and runs at the fastest clock speed, it will be well suited as the controller unit 
for this project. The overall cost for this unit is very cheap and its small profile will 
require a minimal amount of room within the frame. 

 
Figure 6.7.1, Arduino Zero Unit, Image Courtesy of 

 https://store-usa.arduino.cc/products/abx00003 

 
The Arduino will have two main functions.  First, it will be able to increase or decrease 
the pressure in the suspension system.  This would either change the stiffness of the 
suspension or raise or lower the stretcher.  The second function of the Arduino will be to 
regulate the pressure in the air tank.  The Arduino will read the pressure sensor on the 
air tank and determine if the air compressor should be running.  Or, if for some reason, 
the pressure is too high, the Arduino can open the solenoids and depressurize the tank. 
The Arduino will also be connected to an LCD that displays the information from the 
pressure sensor.  
 
6.8 Testing  
The integration of this project will mainly occur with the testing of human response to 
the shock experienced while riding on the back of standard evacuation equipment 
compared to the shock experienced while riding on the back of the off road extraction 
cart. The primary testing being done will use the MMA8451 accelerometer to first test 
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the experience on the back of a standard extraction. Vehicles that would be considered 
for testing would be a John Deere Gator, an ATV trailer, or a pickup truck. Another 
option would be having the cart carried by hand. This will create a baseline for the 
experience a patient has while on the back of the competing vehicles in our market. 
This information can also be used to determine potential injuries to humans using a 
graph similar to what is shown in Figure 6.8.1. This chart shows the maximum allowed 
threshold a human body can withstand and can be used to gauge the severity of the 
movement during extraction. This will also allow for a direct comparison to how the Off 
Road Rescue vehicle compares to the competitor vehicles. The test will be as 
standardized as possible involving a closed one mile off road course that involves 
several of the difficulties vehicles will find during the extraction of a person in a search 
and rescue environment. The vehicles will be tested on five different criteria during their 
test run: The total time taken to complete the course, the G-force rating that the patient 
would experience during the trip, an objective rating of a stand in patient of the 
comfortability of the vehicle, the fuel economy the vehicle got during its run, and overall 
durability of the vehicle/ the amount of damage sustained during the run.  

 
Figure 6.8.1 G-Force overtime vs. effect on human 

By Cmglee - Own work, CC BY-SA 3.0, https://commons.wikimedia.org/w/index.php?curid=40107022 
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Once each vehicle has completed its run, the baseline values will then be assessed and 
weighted according to their importance to determine the competitive value of the 
designed vehicle. The values will be able to quantitatively show that the design will not 
only be more cost efficient but also be a more suitable off road vehicle overall than its 
competitors.  
 
 
6.9 Budget 
The budget for this project was primarily decided by the cost of the raw materials 
needed to create the base design frame and suspension components to make the fully 
functioning cart system. All of the costs were assumed based on the preliminary 
designs using the assumed length of the various sections of metals used. All of the 
prices represented in the budget chart indicate the lowest price available for the product 
being used for the project. While this budget exceeds the based budget of $500 given 
by Calvin College our team believes that it is still low enough that it can be justified by 
extra budgeting and by the competitive marketplace it will be entering.  
 
Item # Item Description Quantity Unit Price Total Price 

1 1”x1” Steel Square Stock 62 $2.68 $166.16 

2 2”x2” Steel Square Stock 2.5 $4.78 $11.95 

3 2”x2” Steel Square Channel 14 $4.78 $66.92 

4 Single Action Pneumatic Cylinder 
(6498K742) 

2 $69.00 $138.00 

5 0.5” round stock 2.5 $1.56 $3.90 

6 Center Shaft Hub 2 $10.00 $20.00 

7 Main Wheel Bearings 2 $5.74 $11.48 

8 Stretcher Base (donated) 1 $0.00 $0.00 

9 Stretcher Straps and Restraints 4 $6.52 $26.08 

10 Stretcher Cushioning 1 $36.72 $36.72 

11 ATV Hitch attachment 1 $23.62 $23.62 

12 Knobby ATV Wheels 2 $16.00 $32.00 

13 Hardware (assumed) 24 $0.68 $16.32 

14 Air Compressor 1 $34.00 $34.00 

15 Arduino 1 $35.00 $35.00 

16 12V battery 1 $32.00 $32.00 

17 Wiring components 1 $26.74 $26.74 
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18 96485K299 (coil Springs) 2 $19.09 $38.18 

19 60645K351 Air cylinders ends 2 $5.80 $11.60 

20 Misc. Expenses/Hardware   $150.00 

 Total   $880.67 

 Total w/ 15% buffer   $1,012.77 

Table 6.9.1,  Project Budget 

 
 
 

7.0 Conclusion 
 
7.1 Conclusion 
In conclusion Team 17 believes that the Off Road Rescue is a very feasible and 
practical project that will be able to improve on the techniques used in the search and 
rescue field as well as possibly provide a practical product for the commercial market. 
Based on the research and design work done for this project, the final product will be a 
square stock frame that is constructed from 1018 Steel that will have a tilting bed and 
pneumatic suspension to allow for optimal loading and unloading abilities. The 
suspension will be designed as a trailing arm and will be controlled via a pressure 
regulator that is connected to an Arduino. Some potential difficulties with this design 
may include the following: suspension travel, suspension firmness, fabrication 
difficulties, and overall weight concerns. While all of these problems have been 
researched and evaluated, the final solutions will have to wait until fabrication begins. 
Some of the future possibilities for this product would be in the commercial industry in 
which a more standard bed would be installed to allow for more convenient loading and 
unloading for a consumer. This could also lead to more advanced hardware depending 
on the terrain in which the product would be used as well as more advanced software 
for more control over the suspension as it travels behind the ATV.  
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