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ABSTRACT 
 
 Many service industries utilize ladder racks to transport their ladders and other similar 

equipment to and from jobs. There is a serious potential for injury when performing this 

motion and the definite possibility of long term damage. Research has found that there are 

currently no ladder racks on the market that load your equipment without excessive human 

physical input. The purpose or idea of this product set out to reduce the impact on the 

technician’s body by creating a product that would load the equipment with the simple push 

of a button.  

  

 By utilizing potential customer’s feedback through distributed surveys, a list of customer 

requirements was developed and led to the product objectives. From her various design 

concepts were developed and critiqued until the final design was decided upon. Calculations 

and analysis was performed to decide on component sizes and material selection. The 

prototype was then fabricated and run through a variety of tests to prove its functionality and 

validity. All tests showed that the design was valid and that the product could be put into its 

final phase. This phase included sanding, grinding, priming, painting and reassembling the 

product into its final design. Upon completion of that phase, safety tape and other decals 

were put into place to ensure safe and proper operation. 

 

 After all was said and done this product was very successful at meeting its product 

objectives. The unit had no failure to speak of during its testing phase. It is very close to the 

point of market readiness and consumer introduction. As with most first run products there 

are some recommendations in place that could improve upon the final design achieved during 

this projects time restraint. Going forward, there is a clear market for this product and the 

advantages it offers to its potential users.  
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INTRODUCTION 
 
 One thing that is very common among all of these service people is the potential need 
for ladders. It seems rare that 
incorporated with in them. This proposes an often overlooked issue of added stress upon the 
employee’s body. The purpose of this project is to design a ladder rack that creates a one 
person operation for loading and unloading a ladder from a work vehicle, this takes 
advantage of the large service industry and relieves some of the stress put forth on the 
employee’s bodies. This project is also being 
 
  In fact PrimeDesign had an independent study performed on the loading and 
unloading of a ladder. As you can see in see 
add almost 300 lbs. of force on the back and 1
an employee is unloading the ladder.
onto the employee. By the end of this report, hopefully the reader can see the positive impact 
that this product can potentially 
 

Figure 1: Independent Study performed for PrimeDesign
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One thing that is very common among all of these service people is the potential need 
ems rare that a service vehicle is seen on the road without ladder racks 

incorporated with in them. This proposes an often overlooked issue of added stress upon the 
purpose of this project is to design a ladder rack that creates a one 

person operation for loading and unloading a ladder from a work vehicle, this takes 
advantage of the large service industry and relieves some of the stress put forth on the 

s project is also being performed with manufacturing 

In fact PrimeDesign had an independent study performed on the loading and 
unloading of a ladder. As you can see in see in Figure 1 (1), the act of loading a ladder can 
add almost 300 lbs. of force on the back and 11 lbs. of force on the shoulder, and this is when 
an employee is unloading the ladder. This is a significant amount of unnecessary stress added 

By the end of this report, hopefully the reader can see the positive impact 
entially have on the service industry and its employees.
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One thing that is very common among all of these service people is the potential need 
on the road without ladder racks 

incorporated with in them. This proposes an often overlooked issue of added stress upon the 
purpose of this project is to design a ladder rack that creates a one 

person operation for loading and unloading a ladder from a work vehicle, this takes 
advantage of the large service industry and relieves some of the stress put forth on the 

 in mind.  

In fact PrimeDesign had an independent study performed on the loading and 
, the act of loading a ladder can 

f force on the shoulder, and this is when 
This is a significant amount of unnecessary stress added 

By the end of this report, hopefully the reader can see the positive impact 
have on the service industry and its employees. 
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 RESEARCH 
 

INTERVIEWS  
 

 Part of the research performed for this project included interviewing professionals with 
in the service industry; this entails both management and associates. The first interview 
performed for this report was with Richard Kautz (2), a veteran of the Heating and Air 
Conditioning service industry. He had never heard of any type of innovation like this and was 
very excited about the prospect of not having to load a ladder again. Mr. Kautz really liked 
the idea of having a remote control to operate the loading and unloading of his ladders. His 
one hang up was that he could not see his particular company investing into this type 
product. Another interview with Dan Kayser (3) brought cost and time to the forefront of this 
project. His input questioned, from a business standpoint, why a company would spend 
money to implement a product that would cost the business money and time. Mr. Kayser felt 
that a motor would load and unload a ladder slower than an associate. 
 
 Mechanical Engineers and Mechanical Engineering technology graduates were also 
sought after to interview. An interview with Travis Pierce, a former MET graduate, opened 
up another area of possible implementation and also created another possible design aspect. 
He currently runs a maintenance department with in a large factory setting at Steelcraft. The 
point he made was that, he felt the item would be too bulky to mount to a standard vehicle 
and would obstruct an associate from utilizing the rest of the rack (4). This was brought up 
because for him to implement it with in his setting, the product would have to be mounted to 
golf/ utility carts.  
 
 The final interview performed was with Kenneth Bloomer another former MET graduate 
(5). Mr. Bloomer currently works with the Facilities Maintenance Department at the 
University of Cincinnati. HE was impressed by this projects ingenuity and forward thinking; 
he had never heard of or considered a product like this for his employees. The big point he 
made was that larger corporations like to see a return on investment and this product does not 
really show any potential for that. His belief is that a product like this clearly has no 
monetary return and the impact it has on employees is not going to turn moral around with in 
a department. 
 

SIMILAR PRODUCTS 
 
 There are no actual automated ladder racks on the market currently today. The internet 
has been extensively researched in this area, both as a product search and a patent search. 
The only product on the market that incorporates an electrically driven motor is for the 
purpose of emergency vehicles, but it does not incorporate removing the ladder from the 
vehicle and replacing it upon task completion. This design had been specifically formulated 
for emergency vehicle use only and is inapplicable to this project’s problem statement.  
 
 For the purpose of researching the current market, this report does include some of the 
popular innovations in the area of ladder racks. Below in Figure 2 (6), you can see some of 
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the innovations that are being included into 
first noticeable innovation, this eliminates have to extend the arm to load or unload the 
ladder. Another impressive innovation is the dampeners that have been added
to help control the ladder during loading and unloading. The final innovation worth speaking 
of is the screw mechanism for loading and unloading the ladders. Even though it still requires 
employee input, it is far less stressful on the hu
that could be utilized in this project’s design portion.
 

 
 Another product that was researched was the ErgoRack by Adrian Steel
similar to the above mentioned product, utilizes a screw mechanism for loading and 
unloading the associate’s ladder. This action can be seen in the Figure 3 
difference here is that the rack is utilized from the sid
associate must still lift the ladder to chest height before setting it on the rack. 
biggest hang up on this product’s design. 
impressive is a self-locking mechanism t
popularity. 

Figure 
 

Tipping Carriage that has 
been dampened for safety.

Screw mechanism for raising 
the ladder. 
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innovations that are being included into ladder rack designs. The tipping carriage is the 
first noticeable innovation, this eliminates have to extend the arm to load or unload the 
ladder. Another impressive innovation is the dampeners that have been added
to help control the ladder during loading and unloading. The final innovation worth speaking 
of is the screw mechanism for loading and unloading the ladders. Even though it still requires 
employee input, it is far less stressful on the human body. This design does offer innovations 
that could be utilized in this project’s design portion. 

Figure 2: Rovel Ladder Rack 

Another product that was researched was the ErgoRack by Adrian Steel. This product, 
to the above mentioned product, utilizes a screw mechanism for loading and 

unloading the associate’s ladder. This action can be seen in the Figure 3 (7) below. The major 
difference here is that the rack is utilized from the side of the van. This means that the 
associate must still lift the ladder to chest height before setting it on the rack. 
biggest hang up on this product’s design. One innovation offered by this rack that is 

locking mechanism to hold the ladder in place, this innovation is rising in 

Figure 3: ErgoRack by Adrian Steel 

Tipping Carriage that has 
ed for safety. 

Screw mechanism for raising 
 

Screw mechanism for raising 
the ladder. 

Self-locking mechanism to 
hold the ladder in place
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ladder rack designs. The tipping carriage is the 
first noticeable innovation, this eliminates have to extend the arm to load or unload the 
ladder. Another impressive innovation is the dampeners that have been added to the carriage, 
to help control the ladder during loading and unloading. The final innovation worth speaking 
of is the screw mechanism for loading and unloading the ladders. Even though it still requires 

man body. This design does offer innovations 

 

. This product, 
to the above mentioned product, utilizes a screw mechanism for loading and 

below. The major 
e of the van. This means that the 

associate must still lift the ladder to chest height before setting it on the rack. This is the 
One innovation offered by this rack that is 

, this innovation is rising in 

 

locking mechanism to 
hold the ladder in place 
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 There was one more product on the market that caught the attention of the researcher for 
this project. This ladder rack is the LoadsRite by Adrian Steel. In the Figure 4 
ladder is again loaded on the side of the van but there is no mechanism for raising and 
lowering the ladder. This means that an associate will still need to lif
and then manually push the ladder into place, there seems to be very little benefit to the user 
of this product. 
 
 
 

Figure 
 
 

RESEARCH SUMMARY 
  
 The research in this secti
ladder racks with mechanical assistance. Lower the carrying carriage to a more manageable 
height can relive some of the stress put upon the 
automated ladder racks currently on the market. The focus of adding an electrically driven 
motor is something that is not currently on the market or patented.
 
 

Handle for sliding ladder down to 
the side of the van; this also 

locks/unlocks the ladder 
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There was one more product on the market that caught the attention of the researcher for 
k is the LoadsRite by Adrian Steel. In the Figure 4 

ladder is again loaded on the side of the van but there is no mechanism for raising and 
lowering the ladder. This means that an associate will still need to lift the ladder onto the rack 
and then manually push the ladder into place, there seems to be very little benefit to the user 

Figure 4: LoadsRite by Adrian Steel 

The research in this section shows that there have been a many innovations in the area of 
ladder racks with mechanical assistance. Lower the carrying carriage to a more manageable 
height can relive some of the stress put upon the users back. However there are definitely no 

d ladder racks currently on the market. The focus of adding an electrically driven 
motor is something that is not currently on the market or patented.  

 

Handle for sliding ladder down to 
the side of the van; this also 

locks/unlocks the ladder  
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There was one more product on the market that caught the attention of the researcher for 
k is the LoadsRite by Adrian Steel. In the Figure 4 (7) below, the 

ladder is again loaded on the side of the van but there is no mechanism for raising and 
t the ladder onto the rack 

and then manually push the ladder into place, there seems to be very little benefit to the user 

 

on shows that there have been a many innovations in the area of 
ladder racks with mechanical assistance. Lower the carrying carriage to a more manageable 

back. However there are definitely no 
d ladder racks currently on the market. The focus of adding an electrically driven 
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ANALYSIS  
 

CUSTOMER FEATURES 
 
 Initial customer features, listed below, were needed to determine potential features that 
could be implemented into the Ladder Rack with Mechanical Assistance. Table 1 below 
shows a final condensed product features list. This list of features was used as the base for 
the final function and features of the Ladder Rack with Mechanical Assistance prototype. 
The condensed list was determined by choosing needs or features that could feasibly work as 
part of the Ladder Rack with Mechanical Assistance. This table is to be read in the manner of 
“This product will be….” Features and customer needs in the list were then used to make a 
customer survey.  
 
 

Table 1: Customer Features 
 

Affordable 

Safe 

Reliable 

Easy to Manufacture 

Easy to Install 

Easy to Maintain 

One Person Operation 

Compatible to multiple vehicles 

Quiet Operation 

 
 
 

CUSTOMER SURVEY AND ANALYSIS 
 
 In order to gather information about what ladder rack users are expecting of the Ladder 
Rack with Mechanical Assistance, the features found in the final condensed list were 
transferred into a customer survey. The survey was distributed to 30 service technicians, by 
way of electrical and HVAC supply wholesalers. The survey was broken up into two parts: 
Importance and Current Satisfaction. The importance section asked the survey takers to rank 
the importance of a certain feature in respect to the new Ladder Rack with Mechanical 
Assistance from one to five; one being of very low importance to five being of high 
importance. The current satisfaction section asked survey takers to rank their satisfaction 
with current mechanized ladder racks from one to five; one being very unsatisfied, to five 
being very satisfied. Averages for each of the survey features for both the first and second 
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sections were compiled and can be seen in Tables 2 and 3 below. The tables have the features 
listed from highest averages to lowest. The full survey with results can be found in Appendix 
B. 
 

Table 2: Features Sorted by Survey Response Averages 
(for the Ladder Rack with Mechanical Assistance) 

 

Features 
Average 
Out of 5 

One Person Operation 4.8 

Reliable 4.5 

Affordable 4.0 

Safe 4.0 

Easy to Maintain 3.8 

Compatible to Multiple Vehicles 3.8 

Easy to Install 3.3 

Quiet Operation 3.3 

Easy to Manufacture 1.0 

 
 

Table 3: Features Sorted by Survey Response Averages 
(Satisfaction for current mechanized Ladder Racks) 

 

Features 
Average 
Out of 5 

 Easy to Maintain  4.3 

Affordable  4.0 

One Person Operation 3.9 

Easy to Install 3.5 

Safe 3.5 

Compatible to Multiple Vehicles 3.8 

Reliable 3.3 

Quiet Operation 3.3 

Easy to Manufacture 3.0 

 
These tables are important because they help to decide the improvement ratio between the 
new ladder rack and existing assisting ladder racks. These satisfaction averages and the 
designer’s multiplier help calculate the improvement ratios that you can see in Table 4.  
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PRODUCT FEATURES 
 
 Quality function deployment (QFD) is a method to transform user demands into design 
quality, to deploy the functions forming quality, and to deploy methods for achieving the 
design quality into subsystems and component parts, and ultimately to specific elements of 
the manufacturing process (8). This tool allows designers and analysts to determine what 
characteristics are going to create the best satisfaction curve for the end users. For that reason 
this tool was deployed for the purpose of this product. 
 
 The relative weights are affected by multiple variables. First the design and engineering 
characteristics are analyzed for correlations. The QFD also takes into account the survey 
results for customer importance and current satisfaction rating of current products on the 
market. Another important factor is the designer’s multiplier; this particular area is decided 
solely by the designer/ engineer. In the case of this project, the designer felt that one person 
operation was the most important factor, while ease of installation was believed to be not as 
necessary to the end user as expected. With all of these factors taken into consideration, this 
project objective’s relative weights have been calculated. The product features in table 4 has 
been sorted by the relative weight, highest to lowest. 
   

Table 4: Features Sorted by Relative Weight  
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Chris Reinhart

Ladder Rack Assistance

9 = Strong

3 = Moderate

1 = Weak

Ladder Rack with 
Mechanical Assistance 

 
 

Prototype Features 

One Person Operation 4.8 1.1 3.9 5.0 1.3 6.8 0.18 18%

Reliable 4.5 1.0 3.3 4.0 1.2 5.5 0.15 15%

Safe 4.0 1.0 3.5 4.8 1.4 5.4 0.14 14%

Compatable with Multiple Vehicles 3.8 1.0 3.5 4.0 1.1 4.3 0.12 12%

Affordable 4.0 1.0 4.0 4.0 1.0 4.0 0.11 11%

Easy to Maintain 3.8 1.0 4.3 4.0 0.9 3.5 0.10 10%

Quiet Operation 3.3 1.0 3.3 3.5 1.1 3.5 0.09 9%

Easy to Install 3.3 0.9 3.8 3.5 0.9 2.7 0.07 7%

Easy to Manufacture 1.0 1.0 3.0 4.0 1.3 1.3 0.04 4%
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PROJECT OBJECTIVES 
 
 The top ranked product objectives come directly from the top weighted features from the 
House of Quality, with the help of the customer survey. The relative weight percentage seen 
in the House of Quality is referred to as the Importance Weight when translating the 
prototype features to product objectives. This Importance Weight can be seen to the right of 
each product objective. The product objectives are weighted so that the more sought after 
features are not overlooked during the design phase of this product’s development. All 
product objectives are ordered from highest importance weight to lowest. The list below 
ranks the features in order of customer importance. This entire list can also be found in 
Appendix D.  
 
 
 
 

1. One person operation  18% 
a. Ladder set on carriage 
b. One hand operation 
c. Detailed operations manual 

 
2.   Reliable 15% 

a. Rust-resistant material selection  
b. Design for Duty Cycle, 10,000 cycles 

i. Carriage framing 
ii. Dampers 

iii. Electric motor 
 

3. Safe  14% 
a. Safety covers on all cut edges 
b. Ladder control built into carriage 
c. Use safety factor during design process 
d. Design to avoid tip-over  
e. Label and color coat any potential unsafe areas of the product 

 
4. Compatible with multiple vehicle models  12% 

a. Design unit into a carriage assembly 
b. Carriage assembly applied to pre-fabricated ladder racks 

i. Truck use 
 

5. Affordable  11% 
a. Compare cost of material versus requirements of material 

i. Strength of material 
ii. Wear and rust resistance   

b. Choose most cost effective material 
c. Design for 1/2 of $1250.00 ( M.S.R.P) 
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6.   Easy to maintain  10% 

a. Use sealed bearings  
b. Offer lubrication points  
c. Rust-resistant material selection  
d. Minimal tools use  

i. Grease gun and penetrating lubricant 
ii. Wrench for tightening hardware 

 
7. Quiet operation              9 % 

a. Use of a DC driven electric motor 
i. Less than 60 dB 

b. Design for zero metal to metal contact friction 
i. Coat possible contact areas with dampening material  

 
8. Easy to install   7% 

a. Consistent nut and bolt selection, ANSI ½’’ to 5/8’’ 
b. Unit broken into 2 sub- assemblies  

i. Carriage 
ii. Vehicle mount 

c. Total carriage weight less than 50 pounds  
d. Included wiring and harness for DC voltage 
e. Detailed installation instructions 

 
9. Easy to manufacture  4% 

a. Use of standard material sizes 
b. Uniform nut and bolt selection, ANSI ½’’ to 5/8’’ 
c. Use of a supplier’s off-the-shelf motor and control systems 
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ENGINEERING CHARACTERISTICS AND RELATIVE IMPORTANCE 
 
 The engineering characteristics used in the House of Quality carry their own relative 
importance in the design of the Ladder Rack with Mechanical Assistance. Table 5 shows 
each engineering characteristic and its corresponding relative importance. Each of the 
engineering characteristics has been given either a Strong, Medium, or Weak relationship in 
relation to the prototype features in Table 4. 
 

Table 5: Engineering Characteristics and Relative Weights 
 

Engineering Characteristics Relative Importance 

Dampening Method 23% 

Rust Proof and Lightweight Material 20% 

Clearance Geometry 15% 

Standard Components 11% 

Lightweight 10% 

Operation Time 8% 

Manufacturing 6% 

Installation Time 5% 

Overall Size of Product 3% 

 
 Overall, the relative importance of the engineering characteristics ranges from 23% all 
the way down to 3%. This is a good representation of the important characteristics that will 
need to be considered when determining materials to use for certain parts as well what types 
of parts to look for when designing the Ladder Rack with Mechanical Assistance. To see how 
these engineering characteristics interact with the prototype features to generate the relative 
importance, see Appendix C. 
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DESIGN CONCEPTS  
 

DESIGN ALTERNATIVES 
 
 The first design alternative that was created and introduced was 
the Gear Style. The idea is that a ladder could be set on top of the 
gear and then the user would pull the ladder up on top of the vehicle 
by way of a toggle switch. This design utilizes a slow RPM, DC 
voltage motor with a large gear mounted on the output shaft that 
would pull ladder atop of the vehicle and also push the ladder down 
to ground level. The carriage is what the ladders would actually ride 
on; this carriage has been designed to be a flat piece of metal. The 
gear would protrude through a slot cut in the carriage. In this design, 
the carriage would be dampened to help assist and control the ladder 
from its angled position to the horizontal riding position. The 
dampening keep the ladder from slamming once the center of gravity 
was overcome.                                                                                             Figure 5 Gear Style 

 
 
 The second design would be a pivoting arm style assembly. 
This design utilizes a single pivoting arm that rotates from 0° to 
90°. The assembly at 0° would be hanging at the back of the truck 
to make attaching the ladders easier. At 90° the ladders would be 
safely in a horizontal riding position. This concept is by far the 
simplest in design, allowing changes to the components to be 
easily be made. This design utilizes a carriage style apparatus for 
the ladder to be mounted to. That carriage would then be mounted 
to the actual pivoting arm. The driving force to this motion would 
be flexible, this design is very raw and easy to manipulate. 
 

 
   Figure 6 Pivot Arm 

 
 
 The third design possibility was a sliding carriage 
style. The idea behind his design was that the ladders 
would be safely mounted to a carriage that could be 
lowered off of its riding position into a more accessible 
height. This design would require wheels to be mounted to 
this carriage; these wheels would then need tracks to run 
in. The driving force in this design is flexible but the initial 
approach would be to create a rack style gear on one of the 
tracks and mount a motor and pinion to the carriage.           
                                                                                                          Figure 7 Sliding Carriage 
 



Ladder Rack with Mechanical Assistance

FINAL SELECTION 
 
  The final selection of the design was aided by a weighted rating m
entails the how well each design meet the project objecti
relative weight of each project objective and multiplies it by a scaled number. This scaled 
number directly correlates how well the designer believes the concept to fill each specific 
objective. As you can see in table 
rating than the other two designs by almost a full point.
collection of weighted decision matri
 

Table 

Concept Style

Gear Style 

Pivot Arm 

Sliding Carriage

  

STANDARD COMPONENT S
 

Motion Driving 

 
 Once I had decided on the pivot arm style assembly, I would 
now need to decide on how to achieve the motion needed to get 
the ladder to the top of the vehicle.
down to three separate alternatives; a cylinder, a rotary actuator 
and a DC voltage winch. The first two alternatives could have 
been pneumatic or hydraulic, but based on the footprint and 
components needed for these two the designer decided to go 
with pneumatic instead of hydraulic. After using a weighted 
decision matrix the decision was made to use the DC voltage      Figure 
winch as the driving force behind the motion of the pivot arm 
style design. An important factor is that the winch can be 
changed to add a higher lifting capacity. 
than a full point above the other to choices, Refer to Appendix 

                 Figure 10 Winch 
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The final selection of the design was aided by a weighted rating matrix. This matrix 
entails the how well each design meet the project objectives. The weighted matrix takes the 
relative weight of each project objective and multiplies it by a scaled number. This scaled 
number directly correlates how well the designer believes the concept to fill each specific 

As you can see in table 6 below, the Pivot Arm style design concept has a better 
rating than the other two designs by almost a full point. Refer to Appendix F

weighted decision matrices. 

Table 6 Weight Rating of Design Concepts 

Concept Style Weighted Rating

 3.04 

 4 

Sliding Carriage 2.99 

SELECTION 

Once I had decided on the pivot arm style assembly, I would 
now need to decide on how to achieve the motion needed to get 
the ladder to the top of the vehicle. This decision really came 
down to three separate alternatives; a cylinder, a rotary actuator 
and a DC voltage winch. The first two alternatives could have 
been pneumatic or hydraulic, but based on the footprint and 

ponents needed for these two the designer decided to go 
with pneumatic instead of hydraulic. After using a weighted 
decision matrix the decision was made to use the DC voltage      Figure 8 Pneumatic Cylinder

orce behind the motion of the pivot arm  
An important factor is that the winch can be 

changed to add a higher lifting capacity. The winch has more 
than a full point above the other to choices, Refer to Appendix F. 

    
 
 
 

 
                                  Figure 9 Pneumatic Actuator
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atrix. This matrix 
ves. The weighted matrix takes the 

relative weight of each project objective and multiplies it by a scaled number. This scaled 
number directly correlates how well the designer believes the concept to fill each specific 

below, the Pivot Arm style design concept has a better 
F for the entire 

Weighted Rating 

Pneumatic Cylinder 

Pneumatic Actuator 
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Upright Securing 

  

 Once I had the driving motion of the design concept it was 
time to decide on how to lock the assembly in an upright motion. 
This would help to add the safety of the product once it is located 
atop the truck and the truck is in motion. The decision came down 
to three different designs. The first idea would be to incorporate 
two latches to the unit because one would create twist on the unit. 
The second idea was to use a safety chain and carabineer to pull 
against the winch, holding the unit upright. The final choice was 
to utilize some of the scrap created by the fabrication o
components to make a location were a hitch pin could be inserted 
to lock the arm in an upright 
between the arm and the base 
matrix the decision was made to create a point where 
could be used to aid in the securing of the arm in an upright                        
riding position. The hitch pin design was a full one and three 
tenths of a point higher rated than t
Refer to Appendix F.  
                                                                                                            
                                                                                      
 

Figure 12 Safety Chain and Carabineer
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Once I had the driving motion of the design concept it was 
cide on how to lock the assembly in an upright motion. 

This would help to add the safety of the product once it is located 
atop the truck and the truck is in motion. The decision came down 
to three different designs. The first idea would be to incorporate 
two latches to the unit because one would create twist on the unit. 
The second idea was to use a safety chain and carabineer to pull 
against the winch, holding the unit upright. The final choice was 
to utilize some of the scrap created by the fabrication of the other 
components to make a location were a hitch pin could be inserted 
to lock the arm in an upright motion; the connection would be 

the base upright. Using a weighted decision 
matrix the decision was made to create a point where a hitch pin                 Figure 
could be used to aid in the securing of the arm in an upright                         
riding position. The hitch pin design was a full one and three  
tenths of a point higher rated than the other two concepts.  

                                                                                                                           
                                                                                                                        

 
 
 
 

 
 

 
 

 
Safety Chain and Carabineer 

 
 
 
 
 

                                                                                                    Figure 13
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Figure 11 Latch 

               

 

13 Hitch Pin 
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PRODUCT DESIGN 
 

OVERALL PRODUCT DESIGN

  
 The pivoting arm style design was selected for many reasons. The main reason for
product style’s selection is its ease of loading 
and carriage to move along a single pivot from 0° to 90°; from loading the position to the 
riding position ( as seen in Figure 14)
for loading purposes makes setting the ladder up against the carriage eas
very ergonomic for tying or strapping the ladders down to the carriage.
ladder racks besides the loading and unloading of the ladders is the act of strapping the 
ladders down. This design eliminates over stretching or the act of putting one’s b
precarious situation (i.e. standing on a vehicle’s tire to strap a ladder in). 
contributed greatly to the selection of this alternative design.
 

 
 Another reason for this design selection was its number of moving parts. In all reality the 
arm is the only moving component of this design, since the carriage is fixed to the arm during 
operation. This eliminated some of the unwanted safety hazards and pinch points created by 
the other two design alternatives. The only foreseeable pinch point in this design is that of the 
winch wire wrapping around the pulley, but this portion of the product should be out of reach 
for most operators; also there is no reason to have one’s hands i
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ESIGN 

The pivoting arm style design was selected for many reasons. The main reason for
selection is its ease of loading the ladder. This pivoting design allows the arm 

a single pivot from 0° to 90°; from loading the position to the 
( as seen in Figure 14). Having the carriage lowered down to a waist height 

makes setting the ladder up against the carriage easier and it should be 
ergonomic for tying or strapping the ladders down to the carriage. A big issue with 

ladder racks besides the loading and unloading of the ladders is the act of strapping the 
ladders down. This design eliminates over stretching or the act of putting one’s b
precarious situation (i.e. standing on a vehicle’s tire to strap a ladder in). These two aspects 
contributed greatly to the selection of this alternative design. 

Figure 14: Loading position 

design selection was its number of moving parts. In all reality the 
arm is the only moving component of this design, since the carriage is fixed to the arm during 
operation. This eliminated some of the unwanted safety hazards and pinch points created by 
he other two design alternatives. The only foreseeable pinch point in this design is that of the 

winch wire wrapping around the pulley, but this portion of the product should be out of reach 
for most operators; also there is no reason to have one’s hands in that area. 

Single Pivot Point 
0° to 90° 

Carriage Loading 
Position 
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The pivoting arm style design was selected for many reasons. The main reason for this 
This pivoting design allows the arm 

a single pivot from 0° to 90°; from loading the position to the 
down to a waist height 

and it should be 
A big issue with 

ladder racks besides the loading and unloading of the ladders is the act of strapping the 
ladders down. This design eliminates over stretching or the act of putting one’s body in a 

These two aspects 

 

design selection was its number of moving parts. In all reality the 
arm is the only moving component of this design, since the carriage is fixed to the arm during 
operation. This eliminated some of the unwanted safety hazards and pinch points created by 
he other two design alternatives. The only foreseeable pinch point in this design is that of the 

winch wire wrapping around the pulley, but this portion of the product should be out of reach 
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 This design also offers some other aspects that help to achieve some of the other product 
objectives; these can be seen in Figure 15. This design 
to load even the widest ladders on the market. The widest
35 ¼ inches at the ground and 31 ½ inches wide 30 inches of the ground; the carriage offers 
32 inches of clearance across the width of the carriage. This design also offers 2’’ x 2’’ 
tubing to take the brunt of the forc
that the mounting bolts are not subjected to the full load. This should help 
product safer by being more reliable and durable. Finally this design offers a locking point 
for the loaded position. This point utilizes the hitch pin method shown in Figure 13 and its 
position can be seen in Figure 15.
alternative. 
 

 
 For all SolidWorks models refer to 
 

Hitch Pin locking 
mechanism
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some other aspects that help to achieve some of the other product 
objectives; these can be seen in Figure 15. This design provides a large enough surface area 
to load even the widest ladders on the market. The widest base of any ladder on the market is 
35 ¼ inches at the ground and 31 ½ inches wide 30 inches of the ground; the carriage offers 
32 inches of clearance across the width of the carriage. This design also offers 2’’ x 2’’ 
tubing to take the brunt of the force created by the loading and unloading of the ladders, so 
that the mounting bolts are not subjected to the full load. This should help to make the 
product safer by being more reliable and durable. Finally this design offers a locking point 

osition. This point utilizes the hitch pin method shown in Figure 13 and its 
position can be seen in Figure 15. All of these aspects help to make this the correct design 

Figure 15: Isometric View 

models refer to Appendix G. 

32 inches of clearance 

2’’ x 2’’ Tubing 

Hitch Pin locking 
mechanism 
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some other aspects that help to achieve some of the other product 
provides a large enough surface area 

of any ladder on the market is 
35 ¼ inches at the ground and 31 ½ inches wide 30 inches of the ground; the carriage offers 
32 inches of clearance across the width of the carriage. This design also offers 2’’ x 2’’ 

e created by the loading and unloading of the ladders, so 
to make the 

product safer by being more reliable and durable. Finally this design offers a locking point 
osition. This point utilizes the hitch pin method shown in Figure 13 and its 

All of these aspects help to make this the correct design 

 

32 inches of clearance  
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LOADING CONDITIONS 
 
 Due to how this product will be used, there are multiple calculations to be completed and 
analyzed to ensure a durable, reliable and safe design. 
loading conditions. The first condition is the act of loading the ladder onto the 
includes the force needed by the winch to pull the ladders to their riding position and the 
dynamic loads placed on to the bearings at the pivot point. 
placed on the eyelet during the lifting motion. 
on to the product due to the riding position. This includes the 
and the carriage mounting bolts. Double shear also app
arm securely upright in the riding position, the force applied to this pin accounts for the 
dynamic load created by the act of the vehicle coming to an abrupt stop when traveling 75 
miles per hour since this is per
includes how the weight of the ladders and material acts on the components of the product; 
the arm and base. 
  
 Once the appropriate forces have been calculated the components and material c
selected. Some components like the motor and bearings will be selected and tested based 
directly from the hand calculations. The hand calculations can be found in 
The fabricated components can have the loads applied and tested in SolidWor
program offers a Finite Element Analysis which accurately reflects how a part is affected by 
the load that is being applied to it. 
 

DESIGN ANALYSIS 
 
 The design analysis section goes over some of the parts that have had Finite Element 
Analysis performed on them. This is a simulation program that accurately reflects who a 
component reacts to the force applied to it. In Figure 16
the product’s weight has been applied to the arm at the secured upright position. T
and material’s weight have been multiplied by a 3.5 safety factor, so 641 pounds have been 
applied to the arm in compression. There is a 12.4 safety factor in analysis.
 

Figure 
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Due to how this product will be used, there are multiple calculations to be completed and 
analyzed to ensure a durable, reliable and safe design. This analysis consists of multiple 

s. The first condition is the act of loading the ladder onto the 
includes the force needed by the winch to pull the ladders to their riding position and the 
dynamic loads placed on to the bearings at the pivot point. This also includes the te
placed on the eyelet during the lifting motion. The next condition is the loads that are placed 
on to the product due to the riding position. This includes the double shear at the pivot arm 
and the carriage mounting bolts. Double shear also applies to the hitch pin that is holding the 
arm securely upright in the riding position, the force applied to this pin accounts for the 
dynamic load created by the act of the vehicle coming to an abrupt stop when traveling 75 

since this is perceived to be the worst case scenario for that pin. This step also 
includes how the weight of the ladders and material acts on the components of the product; 

Once the appropriate forces have been calculated the components and material c
selected. Some components like the motor and bearings will be selected and tested based 
directly from the hand calculations. The hand calculations can be found in APPENDIX 
The fabricated components can have the loads applied and tested in SolidWor
program offers a Finite Element Analysis which accurately reflects how a part is affected by 
the load that is being applied to it.  

The design analysis section goes over some of the parts that have had Finite Element 
rformed on them. This is a simulation program that accurately reflects who a 

component reacts to the force applied to it. In Figure 16, the force created by the ladders and 
the product’s weight has been applied to the arm at the secured upright position. T
and material’s weight have been multiplied by a 3.5 safety factor, so 641 pounds have been 
applied to the arm in compression. There is a 12.4 safety factor in analysis. 

Figure 16: Pivot Arm in Double Shear 
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Due to how this product will be used, there are multiple calculations to be completed and 
This analysis consists of multiple 

s. The first condition is the act of loading the ladder onto the vehicle; this 
includes the force needed by the winch to pull the ladders to their riding position and the 

This also includes the tensile force 
The next condition is the loads that are placed 

double shear at the pivot arm 
lies to the hitch pin that is holding the 

arm securely upright in the riding position, the force applied to this pin accounts for the 
dynamic load created by the act of the vehicle coming to an abrupt stop when traveling 75 

ceived to be the worst case scenario for that pin. This step also 
includes how the weight of the ladders and material acts on the components of the product; 

Once the appropriate forces have been calculated the components and material can be 
selected. Some components like the motor and bearings will be selected and tested based 

APPENDIX H. 
The fabricated components can have the loads applied and tested in SolidWorks. This 
program offers a Finite Element Analysis which accurately reflects how a part is affected by 

The design analysis section goes over some of the parts that have had Finite Element 
rformed on them. This is a simulation program that accurately reflects who a 

, the force created by the ladders and 
the product’s weight has been applied to the arm at the secured upright position. The ladder 
and material’s weight have been multiplied by a 3.5 safety factor, so 641 pounds have been 
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 This portion of the design analysis shows how the force of the winch pulling the ladders 
and carriage to the upright positio
with a bending moment. The analysis can be seen in Figure 17 below. 
the force of 878 pounds as calculated in Appendix H. This force has a 3.5 safety factor built 
into its calculations. The Finite Element Analysis still calculates a
6.5, which should equate to a durable product.  
 

 
 The Finite Element Analysis performed below in Figure 18 actually covers two aspects 
of the design analysis, one for the hitch pin and one for the mechanism that is attached to the 
arm. The safety factor the hitch pin is 
calculations need to be reworked for dynamic loading. The same can be said for the arm at 
the hitch pin point; it currently shows a safety factor of 11.4. 
 

 
More Finite Element Analysis can be found in Appendix I.
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on of the design analysis shows how the force of the winch pulling the ladders 
and carriage to the upright position acts against the base upright (2’’x 4’’ 1020 tube steel) 

The analysis can be seen in Figure 17 below. This breakdown
878 pounds as calculated in Appendix H. This force has a 3.5 safety factor built 

into its calculations. The Finite Element Analysis still calculates an additional safety factor of 
6.5, which should equate to a durable product.   

Figure 17: Base in Bending 

The Finite Element Analysis performed below in Figure 18 actually covers two aspects 
of the design analysis, one for the hitch pin and one for the mechanism that is attached to the 

hitch pin is 13.9, which is grossly over engineered but the 
calculations need to be reworked for dynamic loading. The same can be said for the arm at 
the hitch pin point; it currently shows a safety factor of 11.4.  

Figure 18: Hitch Pin Analysis 

More Finite Element Analysis can be found in Appendix I. 
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on of the design analysis shows how the force of the winch pulling the ladders 
n acts against the base upright (2’’x 4’’ 1020 tube steel) 

breakdown uses 
878 pounds as calculated in Appendix H. This force has a 3.5 safety factor built 

additional safety factor of 

 

The Finite Element Analysis performed below in Figure 18 actually covers two aspects 
of the design analysis, one for the hitch pin and one for the mechanism that is attached to the 

13.9, which is grossly over engineered but the 
calculations need to be reworked for dynamic loading. The same can be said for the arm at 
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MATERIAL AND COMPONENT SELECTION 
 
 The materials selected for this product had to meet a variety of requirements due to the 
applications of them. First and foremost the material had to withstand the stresses created by 
the load of the ladders, the stresses created by the act of loading and unloading the ladders. 
Another consideration was the weight of the material; the idea was to choose a low weight 
material so that it would not add to much force to the lifting mechanism. The final 
consideration was the need for the material to withstand the outdoor elements, whether it is 
sun, rain, snow, ice or hail.  
  
 There were actually two types of material chosen for this product. For the parts that are 
moving, the arm and carriage, 6061- T6 aluminum was selected. This material has very 
strong material properties when you consider how lightweight it is. This material has an 
ultimate strength of 45,000 psi and a yield strength of 40,000 psi. This proved to be a strong 
enough material through the calculations and finite element analysis. This material also 
offers the corrosion resistance required, aluminum does not rust like steel or other metals. 
This material is also fairly easy to fabricate and weld. It meets all the requirements for these 
parts. 
 
 The base of this product did not require a lightweight material, being that its main 
function is the anchor of the product. Taking that into consideration and the cost of materials, 
common 1020 mild steel was chosen for the base material. This steel is common, easy to find 
in various shapes and sizes, and easy to fabricate and weld. This product’s base is coated and 
painted in a rust proof primer and paint to help prevent rust from compromising the integrity 
of the product.  
  
 The list of standard components for this product is extensive; these parts are purchased 
directly from vendors. All of the hardware for this project is made of grade 8 nuts and bolts, 
for safety and durability purposes. The hitch pin and eyelet are comprised of 1038 high 
strength steel with corresponding hardware. The pulley has been sized and purchased to 
handle the appropriate load. The pillow block bearings have been selected to handle the 
dynamic loading created be the movement in the pivot arm. The motor has been selected 
according to the loading conditions created by the raising of the ladder to the top of the 
vehicle. 
 

FABRICATION AND ASSEMBLY DRAWINGS 
 
 Fabrication drawings have been created for all of the specialized components. They will 
be used to aid the manufacturing of the ladder rack with mechanical assistance. Assembly 
drawings were made to show the assembly and details were shown for areas of the product 
that involve different parts and hardware. These drawings can be seen in Appendix H. 
 

BILL OF MATERIALS 
 
 The entire Bill of Materials can be seen in Appendix K.   
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FABRICATION, ASSEMBLY

FABRICATION OF COMPONENTS

 
 The 6061-T6 Aluminum required for the Arm and Carriage was purchased from David 
Hirschberg Steel in Cincinnati, Ohio. The aluminum tubing and rod was cut to length using a 
chop saw (Figure 19) in the University 
shop per the drawings in Appendix 
using a numerically coded vertical 
welding was performed with an electric MIG welder, using aluminum filler and Argon 
shielding gas. This process was performed at GMP Welding in Forest Park, Ohio w
assistance of Lenny Melee owner and operator.
  

      
         Figure 19: DoALL Chop Saw                      
                                                                                
         The Base part of this assembly was to be fabricated in 1020 steel. The raw material 
was donated by Steelcraft in Blue Ash, Ohio. The angle iron and steel tubing were cut using 
a chop saw at the tool and die facility at Steelcraft. 
band (Figure 20) saw at the same facility. 
vertical knee mill (Figure 21)
Appendix J. Once the parts were prepped they were set to be welded together utilizing an 
electric MIG welder (Figure 22)
 

 
        Figure 21: Trak K3 Knee Mill  
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ASSEMBLY AND TESTING 

OMPONENTS 

T6 Aluminum required for the Arm and Carriage was purchased from David 
g Steel in Cincinnati, Ohio. The aluminum tubing and rod was cut to length using a 

in the University Of Cincinnati- College Of Applied Science’s machine 
Appendix J. The aluminum was also drilled from the same d

using a numerically coded vertical knee mill. Once the raw materials were prepped, the 
welding was performed with an electric MIG welder, using aluminum filler and Argon 
shielding gas. This process was performed at GMP Welding in Forest Park, Ohio w
assistance of Lenny Melee owner and operator. 

           
: DoALL Chop Saw                       Figure 20: DoAll Vertical Band Saw

                                           
The Base part of this assembly was to be fabricated in 1020 steel. The raw material 

was donated by Steelcraft in Blue Ash, Ohio. The angle iron and steel tubing were cut using 
ie facility at Steelcraft. The base plate was cut using a vertical 

saw at the same facility. All parts were drilled on a numerically coded 
knee mill (Figure 21). All of these processes were following the drawings in 

ce the parts were prepped they were set to be welded together utilizing an 
(Figure 22), using a mild steel filler wire and Argon shielding gas.

                       
: Trak K3 Knee Mill                                     Figure 22: Miller MIG welder
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T6 Aluminum required for the Arm and Carriage was purchased from David 
g Steel in Cincinnati, Ohio. The aluminum tubing and rod was cut to length using a 

Applied Science’s machine 
. The aluminum was also drilled from the same drawing 

. Once the raw materials were prepped, the 
welding was performed with an electric MIG welder, using aluminum filler and Argon 
shielding gas. This process was performed at GMP Welding in Forest Park, Ohio with the 

 
: DoAll Vertical Band Saw 

The Base part of this assembly was to be fabricated in 1020 steel. The raw material 
was donated by Steelcraft in Blue Ash, Ohio. The angle iron and steel tubing were cut using 

The base plate was cut using a vertical 
numerically coded 

All of these processes were following the drawings in 
ce the parts were prepped they were set to be welded together utilizing an 

, using a mild steel filler wire and Argon shielding gas. 

  
: Miller MIG welder 
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      The standard components were found and purchased through 
The winch and control assembly were purchased through Harbor Freight Tools. All hardware 
were found, ordered, and purchased through Fastenal. The pillow block bearings and pulley 
were ordered through Grainger Inc.
choice of were to purchase material was selected on lead time, quantity available, and cost.
  
 Overall, fabrication has gone as planned. The carriage and arm were fabricated without 
any concerns, especially with the welding h
with too tight of tolerances on the carriage 
repaired before fabrication was complete
redoing them. Another slight modification was adding a
the where and offering a surface to mount the kill switch to. 
with some HVAC grade metal sheeting for ductwork. 
28’’ rectangle and then bent vertically into 3 (3’’) sections. 
fabricated to ensure that the steel winch wire stays in the pulley groove. This was done by 
cutting a 14 gauge corner bracket down to a tight fit on the pulley. 
 

ASSEMBLY 
         
This section is aimed at explain 
assembly mostly happens during installation process. The assembly process will be better 
explained in the Installation section 
of the report. The assembly process 
went as smoothly as anticipated
All of the holes matched as 
expected since they had been 
manufactured according to the 
designers specifications. All tapped 
holes were perfect fits for the bolts 
selected. In some areas where two 
pieces fit together, slight sanding 
had to be performed to ensure a 
smooth and easy assembly; this was 
the case where the one inch pivot 
rod slid into the pillow block 
bearings, for example. The 
enclosure is mounted to the 
underside of the base by drilling 
pilot holes and using self-tapping 
screws, once the base has been 
installed. 
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The standard components were found and purchased through various qualified vendors. 
The winch and control assembly were purchased through Harbor Freight Tools. All hardware 
were found, ordered, and purchased through Fastenal. The pillow block bearings and pulley 
were ordered through Grainger Inc. The hitch pin was purchased from Tractor Supply. The 
choice of were to purchase material was selected on lead time, quantity available, and cost.

Overall, fabrication has gone as planned. The carriage and arm were fabricated without 
any concerns, especially with the welding help of GMP Welding. There was a slight issue 
with too tight of tolerances on the carriage drawings but that issue was easily caught and 
repaired before fabrication was complete, this repair consisted of grounding out to weld and 

t modification was adding an enclosure under the base to house 
the where and offering a surface to mount the kill switch to. This piece was then fabricated 
with some HVAC grade metal sheeting for ductwork. The sheet metal was cut into a 9’’

and then bent vertically into 3 (3’’) sections. A pulley cover was also 
fabricated to ensure that the steel winch wire stays in the pulley groove. This was done by 
cutting a 14 gauge corner bracket down to a tight fit on the pulley.  

section is aimed at explain any issues that arose when assembly occurred, since 
assembly mostly happens during installation process. The assembly process will be better 

section 
The assembly process 

anticipated. 

expected since they had been 
manufactured according to the 

All tapped 
holes were perfect fits for the bolts 

In some areas where two 
pieces fit together, slight sanding 
had to be performed to ensure a 
smooth and easy assembly; this was 
the case where the one inch pivot 
rod slid into the pillow block 

underside of the base by drilling 
tapping 

, once the base has been 

                                                                           Figure 23: Completed Assembly 

Christopher Reinhart 

20 

qualified vendors. 
The winch and control assembly were purchased through Harbor Freight Tools. All hardware 
were found, ordered, and purchased through Fastenal. The pillow block bearings and pulley 

ased from Tractor Supply. The 
choice of were to purchase material was selected on lead time, quantity available, and cost. 

Overall, fabrication has gone as planned. The carriage and arm were fabricated without 
There was a slight issue 

but that issue was easily caught and 
, this repair consisted of grounding out to weld and 

enclosure under the base to house 
This piece was then fabricated 

The sheet metal was cut into a 9’’x 
A pulley cover was also 

fabricated to ensure that the steel winch wire stays in the pulley groove. This was done by 

any issues that arose when assembly occurred, since 
assembly mostly happens during installation process. The assembly process will be better 

: Completed Assembly  
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INSTALLATION  
 
 The installation was more labor intensive than originally expected. It would be suggested 
to have a second person there to lift the base into place. It is also important to have a second 
person there when tightening the base mounting bolts since it is impossible to reach both the 
bolts and nuts at the same time. Professional installation would also be recommended for 
customers who are not comfortable with light electrical work. The installation for this project 
was performed by the designer who is not a licensed professional. The below instructions 
explain how the process went during the installation and assembly phase of this project. 
 
 Before setting the base in the unit some components can be installed first. Refer to 
Figure 23 to better understand the process. First I would install the components that do not 
affect the installation. The pulley can be mounted to the top of the vertical upright, at this 
time only one of the pillow block bearings can be installed, and the stopper can also be 
mounted to the base. Next, with the help of another individual, insert the anchor bar of the 
base into the corresponding slot in the truck bed. Once this has been performed it is 
important to line the unit up so that the base edges are parallel with truck bed edges. Now 
you can actually mount the base to the truck bed. This involves drilling two ½’’ holes into 
the truck bed, these are the only two alterations made to the vehicle. Then the two grade eight 
mounting bolts are inserted and tightened down. 
 
 Once the base is secure you can install the arm. Before the arm is installed it is important 
to install the eyelet. Mounting the arm to the base involves inserting one end of the pivot rod 
into the mounted pillow block and then sliding the other pillow block onto the opposite end 
of the pivot rod, now the loose pillow block can be mounted to the base as well. Once the 
arm is secure lower it to the loading position and mount the carriage using the provided bolts. 
This completes the labor intensive portion of the installation. 
 
 Next is installing the winch. First mount the winch to the vertical upright. Run the wire 
over the pulley and attach to eyelet using the given hardware. Once this is complete, the 
pulley cover can be installed to ensure operation. Now the wiring harness and components 
can be mounted to the base using self tapping screws. The next step is to run the electric to 
the battery. Start at the winch and run wiring at the base of the truck bed and through the 
drain points, this step includes running the load wire at the same time. The wires can be 
directly connected to the battery using the eyelets provided; the load wire should be installed 
onto the positive side as well as the main voltage wiring. Now the wiring enclosure can be 
mounted to the underside of the base. This step also involves running the low voltage, load 
side, through the kill switch. The final step of the installation process is to apply all of the 
appropriate signage and safety tape to specified areas. 
 

TESTING   
 
 Once the unit had been completely installed into the truck, it was time to test the 
functionality of the product design. There was a multitude of tests that could have been run 
on this design but they were limited for the purpose of time. These tests were chosen on how 
they relate to the design objective, so the focus was on safety, reliability, and one person 
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operation. The tests were limited to an operation test, capacity test, battery test, and a road 
test.  
 
 The operation test consisted cycling the unit in and under its normal operating 
conditions, this being up to two full size ladders. With on
down to the carriage this unit has been cycled 100+ times. It was important to the designer 
that the unit be reliable. There has even been operation tests run during and after rain to 
account for the capability of all
been no failure to speak of during any of the operational tests perform on this product.
  
 The next test performed was the capacity test. The product has been designed for the use 
with up to two full size extension ladders weighing in near 150 pounds
testing, three full size extension ladders were strapped on to the carriage to test its loading 
capacity. This capacity test resulted in the loading of 210 pounds of extension ladd
unit was able to lift all three ladders without any failure. The winch did take a second longer 
to load but that was to be expected with extra load.
 

 The battery test was performed to test h
recharging automobile battery. 
accurately calculate the amount of charge in an automotive battery 
gauges. It was found that with
cycles before the winch showed signs of lack of power (slower pull and inconsistent pull). 
The winch eventually stopped during the fourteenth run. It should be noted that battery 
should be recharged while vehicle is in motion.
 
 The final test performed was the road test. Lifting the ladders is one aspect of this 
product but another aspect is its ability to keep those products safely in place during 
transportation. This test consisted of two majo
testing. This consists of below 
turning, and even railroad crossings.
the more rough travelling style. This product has over forty miles of “backroads” testing. 
There were no failures to speak of within the unit, but the ratchet straps did show signs of 
needing to be tightened after prolonged trips. The other aspect to the road test was the 
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The tests were limited to an operation test, capacity test, battery test, and a road 

The operation test consisted cycling the unit in and under its normal operating 
conditions, this being up to two full size ladders. With one or two ladders fully strapped 
down to the carriage this unit has been cycled 100+ times. It was important to the designer 
that the unit be reliable. There has even been operation tests run during and after rain to 
account for the capability of all-weather use (this is not a direct claim). All together there has 
been no failure to speak of during any of the operational tests perform on this product.

The next test performed was the capacity test. The product has been designed for the use 
ull size extension ladders weighing in near 150 pounds. For the purposes of 

testing, three full size extension ladders were strapped on to the carriage to test its loading 
This capacity test resulted in the loading of 210 pounds of extension ladd

unit was able to lift all three ladders without any failure. The winch did take a second longer 
to load but that was to be expected with extra load. 

Figure 24: Capacity testing 
 

The battery test was performed to test how many cycles of the unit could be run on a 
recharging automobile battery. The winch has a nine amp draw but it is not feasible to 
accurately calculate the amount of charge in an automotive battery without special tooling or 

It was found that with a full load on the carriage the unit was able to run 12 full 
cycles before the winch showed signs of lack of power (slower pull and inconsistent pull). 
The winch eventually stopped during the fourteenth run. It should be noted that battery 

rged while vehicle is in motion. 

The final test performed was the road test. Lifting the ladders is one aspect of this 
product but another aspect is its ability to keep those products safely in place during 
transportation. This test consisted of two major portions. The first portion is “backroads” 
testing. This consists of below 35 m.p.h driving situations including stopping, starting, 
turning, and even railroad crossings. This was to check the durability of the product through 

tyle. This product has over forty miles of “backroads” testing. 
There were no failures to speak of within the unit, but the ratchet straps did show signs of 
needing to be tightened after prolonged trips. The other aspect to the road test was the 
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The tests were limited to an operation test, capacity test, battery test, and a road 

The operation test consisted cycling the unit in and under its normal operating 
e or two ladders fully strapped 

down to the carriage this unit has been cycled 100+ times. It was important to the designer 
that the unit be reliable. There has even been operation tests run during and after rain to 

r use (this is not a direct claim). All together there has 
been no failure to speak of during any of the operational tests perform on this product. 

The next test performed was the capacity test. The product has been designed for the use 
. For the purposes of 

testing, three full size extension ladders were strapped on to the carriage to test its loading 
This capacity test resulted in the loading of 210 pounds of extension ladders. The 

unit was able to lift all three ladders without any failure. The winch did take a second longer 

 

ow many cycles of the unit could be run on a 
The winch has a nine amp draw but it is not feasible to 

special tooling or 
a full load on the carriage the unit was able to run 12 full 

cycles before the winch showed signs of lack of power (slower pull and inconsistent pull). 
The winch eventually stopped during the fourteenth run. It should be noted that battery 

The final test performed was the road test. Lifting the ladders is one aspect of this 
product but another aspect is its ability to keep those products safely in place during 

he first portion is “backroads” 
m.p.h driving situations including stopping, starting, 

This was to check the durability of the product through 
tyle. This product has over forty miles of “backroads” testing. 

There were no failures to speak of within the unit, but the ratchet straps did show signs of 
needing to be tightened after prolonged trips. The other aspect to the road test was the 
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highway test. This consisted of having another team video tape the product while traveling 
up to a rate of 70 m.p.h (seen in Figure below). The purpose of this was to check for 
movement or deflection in the ladders created by the wind resistance. The deflection and 
movement was very minimal. Overall the tests were seen as a success. 
 

 

RECOMMENDATIONS  
 
 As with the first run of products there are some recommendations for the ladder rack 
with mechanical assistance. This
considered to be ready for production. The suggestions are to simply improve upon the 
design created for this project
 
 The most important and func
loading and to assist in the unloading process. This could be performed using a dampener or 
an appropriately sized spring mechanism. Sometimes when loading the ladder, the 
momentum of the ladders, carriage, and arm can cause the moving parts to slam into the 
vertical upright. The other purpose for this would be to assist the unloading process, the 
center of gravity of the ladders is more centered above the bed instead of behind the carriage; 
this causes the need to assist the carriage past the center of gravity threshold through the use 
of human physical input. 
 
 Another recommendation would be to add ladder stop to the carriage. The idea behind 
this is to have a rigid mechanism to prevent the ladders
when in the riding position. This could be accomplished by welding a female adapter to the 
carriage and having a rod that could be slid and fastened into that adapter. This would help to 
add to the safety of the product by
place.  
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st. This consisted of having another team video tape the product while traveling 
up to a rate of 70 m.p.h (seen in Figure below). The purpose of this was to check for 
movement or deflection in the ladders created by the wind resistance. The deflection and 
movement was very minimal. Overall the tests were seen as a success.  

Figure 25: Road Test 

As with the first run of products there are some recommendations for the ladder rack 
with mechanical assistance. This product has met its design objectives and therefore is 
considered to be ready for production. The suggestions are to simply improve upon the 

created for this project, this product has met all possible design criterias.

The most important and functional recommendation is to test a process to control the 
loading and to assist in the unloading process. This could be performed using a dampener or 
an appropriately sized spring mechanism. Sometimes when loading the ladder, the 

arriage, and arm can cause the moving parts to slam into the 
vertical upright. The other purpose for this would be to assist the unloading process, the 
center of gravity of the ladders is more centered above the bed instead of behind the carriage; 

ses the need to assist the carriage past the center of gravity threshold through the use 

Another recommendation would be to add ladder stop to the carriage. The idea behind 
this is to have a rigid mechanism to prevent the ladders from sliding forward or backward 
when in the riding position. This could be accomplished by welding a female adapter to the 
carriage and having a rod that could be slid and fastened into that adapter. This would help to 
add to the safety of the product by adding another manner of securing the ladders and load in 
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st. This consisted of having another team video tape the product while traveling 
up to a rate of 70 m.p.h (seen in Figure below). The purpose of this was to check for 
movement or deflection in the ladders created by the wind resistance. The deflection and 

 

As with the first run of products there are some recommendations for the ladder rack 
product has met its design objectives and therefore is 

considered to be ready for production. The suggestions are to simply improve upon the 
, this product has met all possible design criterias. 

tional recommendation is to test a process to control the 
loading and to assist in the unloading process. This could be performed using a dampener or 
an appropriately sized spring mechanism. Sometimes when loading the ladder, the 

arriage, and arm can cause the moving parts to slam into the 
vertical upright. The other purpose for this would be to assist the unloading process, the 
center of gravity of the ladders is more centered above the bed instead of behind the carriage; 

ses the need to assist the carriage past the center of gravity threshold through the use 

Another recommendation would be to add ladder stop to the carriage. The idea behind 
from sliding forward or backward 

when in the riding position. This could be accomplished by welding a female adapter to the 
carriage and having a rod that could be slid and fastened into that adapter. This would help to 

adding another manner of securing the ladders and load in 
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PROJECT MANAGEMENT 
 

SCHEDULE 
 
 This section is devoted to the proposed schedule for the conclusion of the design portion 
of this project; it does not take into consideration the work that has performed on the 
completion of the appendices. This section is more directed to the main points of the design 
portion of this project. For the complete proposed schedule please refer to the schedule 
section in Appendix E. 
 
 

Table 7: Proposed Schedule for Ladder Rack project  
 

 
 
 
 
 The condensed schedule shows the overall breakdown of the project into six different 
categories. The first of these categories (Proof of Design to advisor) involves research and 
customer analysis. The next category is the design concepts phase. This stage of the project 
deals with concept design selection, modeling of critical parts with necessary calculations 
and is set to be completed the week of December 15th. It is critical to stay on track during 
this stage because of a required design freeze of December 15th. Once the design freeze 
happens, the schedule consists of ordering parts, prototype assembly, testing/product 
alterations, and expositions and final reports. All of this can be seen in the project schedule 
seen in Table 4. The completion of the Ladder Rack with Mechanical Assistance has been 
rescheduled for the week of March 24, 2013. 
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PROJECT BUDGET 
 
 The estimated total cost for this project was forecasted as $650.00. Parts, materials, labor 
time and cost will be tracked during manufacturing to yield an exact cost for the project as a 
whole. The estimated initial budget and the final bill of materials will be shown in Appendix 
F. For the purpose of accuracy Table 5 will be updated to show a side by side comparison of 
estimated costs versus actual cost. 
 

Table 8: Proposed Production Budget  
 

Part Estimated Costs Actual Parts Actual Costs 

Raw materials $150.00 Raw Materials $225.00 

Hardware $40.00 Hardware $46.50 

Dampeners $80.00 Bearings $77.80 

Motor/ Controller $300.00 Winch/ Controller $108.00 

Wiring Harness $30.00 Labor $50.00 

Miscellaneous $50.00 Miscellaneous $60.00 

Total $650.00 Total $567.30 

 
 
For a more in depth look at the Actual Budget, consider looking at the Bill of Materials 
located in Appendix G. 
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CONCLUSION 
 
 With the conclusion of this project, it is important to look at the product objectives and 
evaluate them for their completion. The most important objective was that one person could 
easily load the necessary ladders to the appropriate riding position. This is clearly met when 
considering that the ladders are actually loaded with a push of a button. This product has also 
proven its reliability by continuously functioning during operational test. The material was 
specifically chosen to be strong and weather resistant, not including many layers of primer 
and paint. This product is also safe to operate; all possible unsafe areas have been labeled and 
painted to bring attention to users and passer-by’s. Edging and corners have also been 
protected to eliminate cuts and hazards. Another objective is met by the anchor being the 
only part that actually interacts with the design of the truck. The non 2’’x2’’ base leg can be 
change to fit any truck bed on the market, making this product compatible to many trucks. 
This unit also meets the criteria of being affordable, according to the standard of half of 
$1250 m.s.r.p. This prototype unit has been fabricated for the cost of $567.30 less than the 
suggested $625.00. This design is also maintenance friendly by offering lubrication points for 
the bearings and a sealed bearing motor. 
 
 This product did not meet some of the product objectives but those turned out to not be 
attainable or measureable. The winch dictated how loud the product would be and none of 
the winches on the market (at a reasonable price) operated under 80 decibels. It is also hard 
to say whether this product is easily manufactures until a more mass production took place. 
These unattained objectives did not discourage the designer. The important conclusion is that 
this could be the first ladder rack on the market that requires no more import than the push of 
a button.  
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Interview with industry expert: Dan Kayser, Installation and Production 
manager of Apollo Heating Cooling & Plumbing. 
1730 Tennessee Avenue Cincinnati, OH 45229 Phone: (513) 271-3600 
Mr. Kayser has 4+ years as a corporate manager and 10+ years as a 
commercial HVAC service technician. 
Possible areas of innovation in industry:  adding a DC motor to drive the 
loading and unloading of an extension ladder. 
Important features to include: remote/ retractable control to better ease 
operation, DC driven motor that can be tied into the van’s electrical system, 
easily installed onto different vans and/or ladder racks, cushioned installation 
points to prevent damage to the top of service vans. 
Felt that my project was an extremely interesting innovation but doesn’t expect 
a low enough initial cost to make it feasible. 
Mr. Kayser does not know of a ladder rack design that currently exists on the 
market that meets my desired design criteria. 
 

Interview with industry expert: Richard Kautz, Team leader and service 
technician at Apollo Heating Cooling & Plumbing. 
1730 Tennessee Avenue Cincinnati, OH 45229 Phone: (513) 271-3600 
Mr. Kautz has 25+ years as a commercial and residential HVAC service 
technician. 
Mr. Kautz has never come across any type of ladder rack that is more than just 
a bar atop of his van. He was very interested in the idea coming from the 
service side of the product; he can attest for the discomfort created by loading 
and unloading an extension ladder on top of his vehicle. He feels that there 
would not be enough benefit for his company to implement such a product. 
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Interview with industry expert: Kenneth Bloomer, Maintenance and Facilities 
Manager for the University of Cincinnati. 
2600 Clifton Avenue Cincinnati, Ohio 45221 
Bachelor’s Degree in Mechanical Engineering Technologies 
Mr. Bloomer has 5+ years as the Maintenance and Facilities Manager 
Mr. Bloomer has never seen an automated or mechanized ladder rack for a 
work vehicle. 
Mr. Bloomer has not actively been looking to upgrade the university’s ladder 
racks but is interested in the project idea, especially if it can be tied into the 
vehicle power source. 
 

Interview with industry expert: Travis Pierce, Maintenance Scheduling 
Manager for Steelcraft. 
9017 Blue Ash Road Blue Ash, Ohio 45242 
Bachelor’s Degree in Mechanical Engineering Technologies 
Mr. Pierce has 3 years with the Maintenance and Facilities Department 
Interested in the overall concept of the design and saw the benefits for the user. 
He could not see it as an area of innovation to be implemented within his 
facility, unless it was scaled done to be used on a golf cart. 
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Rovel Ladder Rack 

The Rovel ladder rack system is a product developed by Global 
Rescue Equipment Ltd. Quick and safe access to the appropriate 
equipment is the key to all the emergency service professionals. 
G.R.E works with European leading system integrators to provide 
Rovel ladder rack with balanced-tipping for easy, safe and space 
saving roof loading and unloading of ladders and equipment from 
medium to high roof fire & rescue vehicles. 
  

 
 
 
 

Material Aluminum and Stainless Steel 

Versatility Up to 2 “saddles” per vehicle 

Maintenance Self-lubricating materials 
Easy replacement of wear parts 

Functional/ Safety Easy to use 
Anchoring system per vehicle type 
Automatic clamping system 
Manual safety lock 
Anti-abrasion rubber 
Dampened tipping system 

 
 

Company Name Global Rescue Equipment Ltd. 

Contact Person Ms. Annie Yeung 

Contact Address Tampines Street 21 

Contact Number 65-6698 7062 
 

 
Interesting design for a 
“tipping saddle”, 
damping system is 
something to consider.   
    
Does not have 
mechanized assistance 
for loading and 
unloading. 
 
$1 USD (per website) 

 
 

http://sell.bizrice.co
m/selling-
leads/443594/Ladd
er-racks-with-
balanced-tipping-
system.html#details   
08/30/2012 
 

Product Information 

Contact Information 

Figure 1 



 

ErgoRack 

The ErgoRack is just one of the ladder rack solutions created by 
Prime Design. This company 
distributes professional roof racks for light commercial
This specific product line offers multiple models and designs; 
horizontal rotation, inclined rotation, quick clamp and the base 
model. They are crank operated lowering the ladder into a more 
workable position. 
  

 
 
 
 

Material Aluminum 

Versatility Multiple types of rotation

Maintenance Self
Easy replacement of wear 

Functional/ Safety Ergonomic Rotation Design makes
 loading a ladder easy 
Quick c
Additional pad lock prevents easy 
Hydraulic cylinder provides 
 mechanical assistance

 
 
 
 

Company Name Prime Design

Contact Number (651

Contact Address 1689 Oakdale Avenue, Suite 102
West Saint Paul, Minnesota 55118

 

Product Information 

Contact Information 

one of the ladder rack solutions created by 
This company develops, manufactures, and 

distributes professional roof racks for light commercial vehicles. 
This specific product line offers multiple models and designs; 

ned rotation, quick clamp and the base 
They are crank operated lowering the ladder into a more 

 

Aluminum  

Multiple types of rotation 

Self-lubricating materials 
Easy replacement of wear parts 

Ergonomic Rotation Design makes 
loading a ladder easy  

Quick clamp secures ladder safely to  
dditional pad lock prevents easy  

Hydraulic cylinder provides  
mechanical assistance 

Prime Design 

651) 552-8554 

1689 Oakdale Avenue, Suite 102 
West Saint Paul, Minnesota 55118 

 
Would rather see a 
design that requires less 
effort to get the ladder to 
its initial point.
 
Still having to exert the 
effort to crank the ladder 
into positio
    
Does not 
mechanized assistance 
for loading and 
unloading.
 
$1,495.00

http://www.primedesign.net/er
gorack-horizontal.htm  
   08/30/2012 
 

Figure2 
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Would rather see a 
design that requires less 
effort to get the ladder to 
its initial point. 

Still having to exert the 
effort to crank the ladder 
into position. 

Does not have 
mechanized assistance 
for loading and 
unloading. 

.00 USD  



 

LoadsRite Dropdown Ladder Racks

LoadsRite Ladder Racks from Adrian Steel easily raise and lower 
to eliminate the need to climb, stretch or reach for your ladder on 
top or your van. This design of the L
in a diagonal position bringing it to a comfortable working height 
in the right way. LoadsRite, the right way to load and unload 
ladders. 
  

 
 
 

 
 
 

Company Name Adrian Steel

Contact Number (517) 265

Contact Address 906 James Street
Adrian, MI 49221

 

Product Information 

Contact Information 

Figure 3 

LoadsRite Dropdown Ladder Racks 

LoadsRite Ladder Racks from Adrian Steel easily raise and lower 
to eliminate the need to climb, stretch or reach for your ladder on 

design of the LoadsRite presents the ladder 
in a diagonal position bringing it to a comfortable working height 
in the right way. LoadsRite, the right way to load and unload 

 

 

Adrian Steel 

(517) 265-6194 

906 James Street 
Adrian, MI 49221-3996 

 
Would rather see a 
design that requires less 
effort to get the ladder to 
its initial point.
 
Still having to exert the 
effort to 
the ladder into position.
    
Does not 
mechanized assistance 
for loading and 
unloading.
 
$790.00

 
http://www.adriansteel.c

om   08/30/2012 
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Would rather see a 
design that requires less 
effort to get the ladder to 
its initial point. 

Still having to exert the 
effort to raise and slide 
the ladder into position. 

ot have 
mechanized assistance 
for loading and 
unloading. 

790.00 USD  
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APPENDIX B – SURVEY  
 

Ladder Rack with Mechanical Assistance 

CUSTOMER SURVEY 

 

The purpose of this project is to develop a ladder rack that assists one with the loading and 
unloading of ladders onto a work vehicle. The purpose of this survey is to get feedback from 
potential users and to have a better understanding of the perceived importance of this 
product’s customer features. 

 
 How important is each feature to you for the design of a mechanized ladder rack?  

 
Please circle the appropriate answer.     1 = low importance         5 = high importance 
                                                                                                                                 Average 
 *Affordable    1 2 3(4) 4(22) 5(4) N/A           4.0 
 *Safe    1 2 3(5) 4(20) 5(5) N/A           4.0  
 *Reliable    1 2 3(2) 4(26) 5(2) N/A           4.5 
 *Easy to manufacture   1(30) 2 3 4 5 N/A           1.0 
 *Easy to install    1 2(1) 3(23) 4(2) 5(4) N/A           3.3 
 *Easy to maintain    1 2 3(2) 4(22) 5(4) N/A           3.8  
 *One person operation 1 2 3(1) 4(4) 5(25) N/A           4.8 
 *Compatible with 
           multiple vehicles        1 2 3(8) 4(20) 5(2) N/A           3.8 
 *Quiet operation    1 2 3(21) 4(9) 5 N/A           3.3 

 
How satisfied are you with the current ladder rack options?   

 
Please circle the appropriate answer.      1 = very UNsatisfied          5 = very satisfied 
 
        *Affordable    1 2 3(5) 4(20) 5(5) N/A           4.0 
 *Safe    1 2 3(4) 4(12) 5(9) N/A           3.5  
 *Reliable    1 2(1) 3(23) 4(2) 5(4) N/A           3.3   
 *Easy to manufacture   1 2 3(30) 4 5 N/A           3.0 
 *Easy to install    1 2 3(2) 4(22) 5(4) N/A           3.8 
 *Easy to maintain    1 2 3 4(21) 5(9) N/A           4.3 
 *One person operation 1 2 3(6) 4(21) 5(3) N/A           3.9 
 *Compatible with  
           multiple vehicles        1 2 3(4) 4(12) 5(9) N/A           3.5 
 *Quiet operation    1 2(2) 3(21) 4(3) 5(4) N/A           3.3 

 
 
How much would you be willing to a mechanized ladder rack? 
 

 $100-$299        $300-$599 (3)       $600-$999 (9)     $1000-$1399 (14)     $1400-$2000 (4)  
 

Thank you for your time. 
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APPENDIX C - QFD 
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%

Affordable 3 3 3 9 3 1 4.0 1.0 4.0 4.0 1.0 4.0 0.11 11%

Safe 3 3 9 3 3 4.0 1.0 3.5 4.8 1.4 5.4 0.14 14%

Reliable 3 3 3 4.5 1.0 3.3 4.0 1.2 5.5 0.15 15%

Easy to Manufacture 9 3 9 3 1.0 1.0 3.0 4.0 1.3 1.3 0.04 4%

Easy to Install 9 9 1 9 3.3 0.9 3.8 3.5 0.9 2.7 0.07 7%

Easy to Maintain 1 3.8 1.0 4.3 4.0 0.9 3.5 0.10 10%

One Person Operation 3 3 4.8 1.1 3.9 5.0 1.3 6.8 0.18 18%

Compatable with Multiple Vehicles 1 3 9 3.8 1.0 3.5 4.0 1.1 4.3 0.12 12%

Quiet Operation 1 3 3.3 1.0 3.3 3.5 1.1 3.5 0.09 9%

Abs. importance 0.32 1.43 1.30 2.52 0.72 2.89 0.66 1.92 0.98 12.8 37.1 1.0 1.0

Rel. importance 0.03 0.11 0.10 0.20 0.06 0.23 0.05 0.15 0.08 1.0

Chris Reinhart

Ladder Rack Assistance

9 = Strong

3 = Moderate

1 = Weak
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APPENDIX D - OBJECTIVES 
 
Objectives  
 
 Based on the survey performed, the product objectives are the list of features that are 
taken into consideration during the design phase process. The following is a list of product 
objectives and how they will be obtained or measured to ensure that the goal of this project 
was realized.  
 

1.  One person operation  18% 
d. Ladder set on carriage 
e. One hand operation 
f. Detailed operations manual 

 
2.  Reliable 15% 

g. Rust-resistant material selection  
h. Design for Duty Cycle, 10,000 cycles 

i. Carriage framing 
ii. Dampers  

iii. Electric motor 
 

3. Safe  14% 
a. Safety covers on all cut edges 
b. Ladder control built into carriage 
c. Use safety factor during design process 
d. Design to avoid tip-over  
e. Label and color coat any potential unsafe areas of the product 

 
 

4. Compatible with multiple vehicle models  12% 
a. Design unit into a carriage assembly 
b. Carriage assembly applied to pre-fabricated ladder racks 

i. Truck use 
 

5. Affordable  11% 
a. Compare cost of material versus requirements of material 

i. Strength of material 
ii. Wear and rust resistance   

b. Choose most cost effective material 
c. Design for 1/2 of $1250.00 ( M.S.R.P) 

   
 

6.   Easy to maintain  10% 
a. Use sealed bearings  
b. Offer lubrication points  
c. Rust-resistant material selection  
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d. Minimal tools use  
i. Grease gun and penetrating lubricant 

ii. Wrench for tightening hardware 
 

7. Quiet operation              9 % 
a. Use of a DC driven electric motor 

i. Less than 60 dB 
b. Design for zero metal to metal contact friction 

i. Coat possible contact areas with dampening material  
 

8. Easy to install   7% 
a. Consistent nut and bolt selection, ANSI ½’’ to 5/8’’ 
b. Unit broken into 2 sub- assemblies  

i. Carriage 
ii. Vehicle mount 

c. Total carriage weight less than 50 pounds  
d. Included wiring and harness for DC voltage 
e. Detailed installation instructions 
f.  

9. Easy to manufacture  4% 
a. Use of standard material sizes 
b. Uniform nut and bolt selection, ANSI ½’’ to 5/8’’ 
c. Use of a supplier’s off-the-shelf motor and control systems 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

APPENDIX E – DESIGN ALTERNATIVES
 

OVERALL DESIGN 
Gear Style 
 

 
 
 

DESIGN ALTERNATIVES 

Appendix E1 

 



 

 
Pivot Arm Style 
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Sliding Carriage Style 
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STANDARD COMPONENT S
 

 
 
 
 
 
 

 
 
 
 
 
 
 
 

Pneumatic Rotary Actuator

SELECTION – DRIVING MOTION 

                          

Pneumatic Rotary Actuator Pneumatic Cylinder

2,000 pound capacity winch 
12 Volt DC 
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Pneumatic Cylinder 



 

STANDARD COMPONENT S
 

 
 
 
 
 
 
 

 
 
 

Locking Door Style Latch 
Mechanism 

SELECTION – UPRIGHT SECURE 

        

Safety Chain and CarabineerLocking Door Style Latch 

Hitch Pin Style 
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Safety Chain and Carabineer 



 

Appendix F1 

APPENDIX F- WEIGHTED DECISION MATRICES 

DESIGN CONCEPTS 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Design Criterion Weight Factor Score Rating Score Rating Score Rating

Easy to operate by one person 0.18 4 0.72 5 0.9 5 0.9

Reliable 0.15 3 0.45 4 0.6 3 0.45

Safe 0.14 3 0.42 5 0.7 4 0.56

Compatible with multiple vehicles 0.12 2 0.24 3 0.36 2 0.24

Affordable 0.11 2 0.22 4 0.44 2 0.22

Easy to Maintain 0.1 5 0.5 4 0.4 2 0.2

Quiet Operation 0.09 3 0.27 3 0.27 3 0.27

Easy to Install 0.07 2 0.14 3 0.21 1 0.07

Easy to Manufacture 0.04 2 0.08 3 0.12 2 0.08

Total 3.04 4 2.99

Scale 1-5

1 being the worse

5 being the best

Gear Style Pivot Arm Style Sliding Carriage
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DRIVING MOTION 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Design Criterion Weight Factor Score Rating Score Rating Score Rating

Easy to operate by one person 0.18 5 0.9 5 0.9 5 0.9

Reliable 0.15 3 0.45 3 0.45 3 0.45

Safe 0.14 2 0.28 4 0.56 3 0.42

Compatible with multiple vehicles 0.12 2 0.24 3 0.36 2 0.24

Affordable 0.11 1 0.11 4 0.44 1 0.11

Easy to Maintain 0.1 1 0.1 4 0.4 1 0.1

Quiet Operation 0.09 3 0.27 3 0.27 3 0.27

Easy to Install 0.07 2 0.14 3 0.21 1 0.07

Easy to Manufacture 0.04 2 0.08 3 0.12 2 0.08

Total 2.57 3.71 2.64

Scale 1-5

1 being the worse

5 being the best

Pneumatic Wiinch Rotary Actuator
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UPRIGHT SECURING MECHANISM 
 

 
 
 

Design Criterion Weight Factor Score Rating Score Rating Score Rating

Easy to operate by one person 0.18 5 0.9 5 0.9 5 0.9

Reliable 0.15 3 0.45 5 0.75 3 0.45

Safe 0.14 2 0.28 5 0.7 3 0.42

Compatible with multiple vehicles 0.12 2 0.24 3 0.36 2 0.24

Affordable 0.11 3 0.33 5 0.55 3 0.33

Easy to Maintain 0.1 3 0.3 4 0.4 1 0.1

Quiet Operation 0.09 3 0.27 3 0.27 3 0.27

Easy to Install 0.07 3 0.21 4 0.28 2 0.14

Easy to Manufacture 0.04 2 0.08 4 0.16 2 0.08

Total 3.06 4.37 2.93

Scale 1-5

1 being the worse

5 being the best

Chain Hitch Pin Latch



 

APPENDIX G- SOLIDWORKS MODELS
 

COMPONENTS 
 

Arm 

SOLIDWORKS MODELS 

      

Base 
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Carriage 
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ASSEMBLY DRAWINGS 
 

 
 

   

Isometric Assembly View 

Trimetric Assembly View 
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SIDE VIEWS 

 
 

Side View- Unloaded 

Side View- Loaded 
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FRONT VIEW 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Front View- Loaded 
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ASSEMBLY INSTALLED 
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APPENDIX H- CALCULATIONS 
 
General Calculations 

 
Heaviest extension ladder ion the market = 71.5 lbs. 
Unit design to carry two ladders = 143 lbs 
Estimated weight of carriage and arm = 40 lbs 
Total weight to load = 183 lbs 
Factor of safety applied to load = 3.5 
Unit has been designed for: 183	��� ∗ 3.5 � 640.5	��� 
 
T6061 – T6 Aluminum Properties 
 

���� �	�� ∗ 0.61 � 40,000	���	 ∗ 0.61 � 24,400	��� 
 

���� �	�� ∗ 0.25 � 40,000	���	 ∗ 0.25 � 10,000	��� 
 
 
 
Force required to Lift Load 
 

������ �  !."
   

   

 � � 46.9 
 

$%� � 	∅ � 640.5 ' 	( sin 46.9° 	( � 877.3	��� 

 
 
 
2,000 Capactity Winch Chosen 
 
2000
877.3 � 2.28	��./�0	%�1�23 

 
 
 
 
Certain calculations have been lost during this process, and left out of Report.

640.5 lbs 

θ 
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APPENDIX I- FINITE ELEMENT ANALYSIS 
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APPENDIX J- SOILDWORKS DRAWINGS
 
 
 

 
 
 
 
 
 
 
 

SOILDWORKS DRAWINGS 
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APPENDIX K- BILL OF
 

   
 
 

BILL OF MATERIALS 
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APPENDIX L – SCHEDULE 
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Proof of Design to advisor 24

Concept sketches to advisor 24

3D Model - (Carriage) 31

3D Model - (Rack mount) 15

Design for Motor/ Winch 29

Design for Carriage 6

Design Freeze 15

Order parts and Materials 15

Design/ Oral Report 3

Oral Design Presentation 18

Finalize Design Report 18

Component assembly 14

Assemble unit 21

Testing 7

Adjustments to unit 14

Retesting 28

Prepare for Tech Expo 5

Tech Expo 5

Give Oral presentation 11

Present Final Report 18

Chris Reinhart
Ladder Rack Assistance
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APPENDIX M – BUDGET 
 

Part Estimated Costs Actual Costs 

Raw materials $150.00 $225.00 

Hardware $40.00 $46.50 

Dampeners $80.00 $77.80 

Motor/ Controller $300.00 $108.00 

Wiring Harness $30.00 $50.00 

Miscellaneous $50.00 $60.00 

Total $650.00 $567.30 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


