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ABSTRACT 
 
 Motorcycle adventure touring is a mixture of conventional street touring and aggressive off-road 
motorcycling. The rider attempts to be as self-sufficient as possible, often packing all the equipment 
that they will need for the trip onto the motorcycle. The duration of the trips can be from short 
weekend trips to year long around the world tours.  
 Luggage systems are needed to carry the necessary equipment for adventure touring. Luggage 
systems come in two basic forms; light weight textile saddlebags or hard luggage systems. Hard 
systems offer greater protection of equipment at the expense of weight and cost. Hard luggage 
systems will be the focus of this paper due to their more rugged nature.  
 Luggage systems are made of three components; the top rack, the side cases, and the frame. The 
top rack is mounted behind the rider and is used to carry smaller lighter items. The Side cases are 
storage containers, akin to saddlebags, that are used to store and protect equipment. The Frame is the 
mounting device for the side cases. It is usually bolted directly to the frame of the motorcycle. 
 There are two distinct types of adventure touring motorcycles, each fulfilling different 
requirements. One type of adventure touring motorcycle is the single cylinder dual-sport motorcycle. 
These motorcycles are suited for technical off-road riding. The other type of adventure touring 
motorcycle is the larger twin cylinder touring motorcycle. They are designed for carrying heavy loads 
on less technical dirt roads than being ridden on technical off-road tracks. The smaller motorcycles 
more commonly carry less equipment, and infrequently need a large capacity storage system. The 
larger motorcycles more commonly carry larger loads for longer tours requiring a high capacity 
storage system. Most hard luggage manufacturers do not design their systems to be modular enough 
to easily accommodate both large and small loads.  
 The completed design was subjected to thorough testing to determine the functionality of the 
luggage system. The testing of the system illustrated weak points of the design. The problems with 
the prototype and suggestions for corrections were addressed in the design recommendations section 
of the report.    
 The time management and the budgeting of the project are outlined in the project schedule and 
the budget, respectively. The schedule allows the designer to logically maneuver through the steps 
that lead to the completion the project. The schedule allows the designer analyze the time that it will 
take to complete each step of the process and adjust the allotted time for each accordingly before the 
project begins. The cost of the project is outlined in the budget. The process of creating the budget is 
important because it not only sets the cost of the project but it shows where the highest costs of the 
project are incurred.  
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INTRODUCTION 
 
ADVENTURE TOURING 
 
 Motorcycle adventure touring is a rapidly growing past time around the world. The sport is a 
mixture of conventional street touring along with aggressive off-road motorcycle riding. While it was 
initially associated with Europe, Asia, and Africa adventure touring is rapidly becoming a mainstream 
activity in the Americas. Many motorcycle companies, who have traditionally sold adventure-touring 
motorcycles in small European niche markets, are introducing adventure-touring motorcycles to their 
American line up, such as Suzuki’s DL1000 V-Strom. The machines are versatile, on/off road 
motorcycles. They exhibit the power, comfort, and mileage range that is associated with street-
oriented motorcycles along with the long travel suspension, aggressive knobbed tires, and structural 
robustness associated with off-road motorcycles. Many of the motorcycles mimic the looks and 
features of the legendary Paris-Dakar Rally motorcycles, see Fig 1.  
 

 
Figure 1- Dakar Racing Motorcycle 

 
The Paris-Dakar Rally is the pinnacle of off-road endurance racing. The race has been going on since 
1979. It involves a 10,000km trek across the Sahara Desert. The race begins in Paris, France and 
concludes in Dakar, Senegal. Adventure Touring has taken the adventure of the race and moved it 
from a competitive environment to a recreational environment. [1
 Adventure touring is a term that is used to cover a broad form of on/off-road motorcycle touring. 
In general, it is motorcycle touring in which the rider attempts to keep off major highways, and many 
times even paved roads, in order to experience the outdoors. Adventure touring can involve aspects of 
camping, hiking, trail riding, and outdoor exploration. The primary goal of adventure touring is for 
the rider to remain as autonomous as possible. The sport parallels many aspects of backcountry 
hiking. The rider attempts to be self-reliant for food, shelter, and routine motorcycle repairs. This 
requires that the rider have the ability to carry all of the necessary gear that he/she will need for 
survival. An example of a typical adventure-touring motorcycle setup for a long distance trip is 
illustrated in Fig. 2. 

]  

 
Figure 2- Long Distance Adventure Touring Motorcycle 



MOTORCYCLE ADVENTURE TOURING LUGGAGE SYSTEM J. WOJTKIEWICZ 

2 

LUGGAGE SYSTEMS 
  
 Luggage systems for adventure touring have their roots in the simple saddle bags common of the 
era when horses were the main means of transportation. Adventure-touring motorcycle luggage can 
range from soft textile bags to rigid aluminum boxes depending on the riders preference. Soft luggage 
is commonly made from ballistic nylon which gives the bags durability without the protection that is 
offered by rigid metal systems. These bags range from very inexpensive ($25) simple bag systems all 
the way up to expensive ($300+) waterproof specialty systems. Most soft systems do not use any 
frame system to support the bags. Instead, they rely on synch straps to attach the system directly to 
the motorcycle, see Fig. 3. The soft systems allow the rider to carry the necessary gear at a reduced 
cost and weight. These systems also allow for a wide range of loads to be accommodated with a 
single system. The material allows the bag to be packed as full as the user requires and any remaining 
space in the bag can be taken up through the use of compression straps. 
 

 

 
Figure 3- Waterproof Soft Luggage System 

 
The compression straps are the vertical black straps seen in Fig. 3. This makes the soft luggage a very 
inexpensive versatile option. The downside to soft luggage systems is that they offer no impact 
protection for the gear they carry. Off-road motorcycling is technically demanding and the rider 
frequently experiences falls. These falls can come at a high price if the luggage, and the gear that the 
luggage is carrying, is taking the burden of the impact. This is why many Adventure Touring 
motorcycling enthusiasts use hard luggage systems. Hard luggage systems are generally comprised of 
two distinct parts, the luggage containers and the frame that support the containers. [2]  
 
 
HARD CASES 
 
 The bags in hard-luggage systems are commonly mounted to both sides of the rear of the 
motorcycle and are referred to as panniers (see Fig.2 Pg. 1). These panniers are generally rectangular 
in shape and come in a variety of different materials. Some of the materials that panniers can be made 
from are thermoplastics, reinforced plastic composites, steel sheet metal, and most commonly 
aluminum sheet metal. The plastics systems can offer relatively high strength, low weight, and 
durability at a slightly lower cost than if thermoplastics are used. Thermoplastics are durable and 
capable of a large amount of flexing and deforming before failure. The ability of the plastic to flex 
and deform can cause damage to equipment. This problem can be remedied by using plastics that are 
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fiber reinforced, such as carbon or glass fibers embedded in the resin. These materials can be 
extremely durable while remaining very light-weight. Due to the more complex manufacturing 
operations and the added cost of the material, adding a reinforcing element to a plastic increases the 
cost of manufacturing. 
 Aluminum is the most common material used in pannier manufacture because it is light-weight, 
durable, easily machined, relatively cheap, readily available, and simple to shape. Aluminum panniers 
are formed out of sheet metal ranging in thickness from 1.5mm to 2.5mm. The thickness of the 
material, in part, determines the overall rigidity and weight of the pannier. The different ways in 
which the seams of the sheet metal can be joined are outlined in the following list: 
 

1. Tucking and Riveting: This is the method preferred by some companies due to the low cost 
of the process. Tucking and riveting the seams prevents the need for somewhat difficult and 
cost adding welding operations. It also prevents any issues with the heat effected zone which 
the heat from welding can cause. Tucking and riveting allows for a watertight seam at a lower 
cost than a typical welded seam. But, depending on the way in which the seams are tucked 
and riveted, this can cause a weaker overall seam than a welding operation will give. 

2. Tucking and Double Welding: This process joins the material by tucking the metal then 
welding both the inside and outside joints. This is a fairly expensive operation due to the 
labor intensive nature of producing the joint. This type of joint is one of the most durable 
used in pannier construction.  

3. Double Welding: This process utilizes the strength of interior and exterior welded joints 
without the extra reinforcement and cost of tucking the material. This form of joining is one 
of the most common in pannier construction. Some companies attempt to strengthen their 
panniers by moving the weld joints from the areas of stress concentration along the edges of 
the pannier to the midpoints along the sides of the panniers.    

 
MOUNTING FRAME 
 
  The panniers are mounted to a frame that is rigidly mounted to the motorcycle. There are two 
primary ways in which the panniers are mounted to the frame. One way to mount the panniers is to 
bolt them directly to the system’s frame. This mounting style is simple and cheap. This is generally 
achieved by bolting the pannier to the frame in each of the pannier’s four corners. The draw back to 
this is that it is difficult to quickly install and remove the panniers. Directly bolting the panniers to the 
frame can cause the metal to fatigue and fail due to the transfer of vibrations from the frame to the 
panniers. This problem can be remedied by using an isolation system, such as rubber grommets, to 
stop the transferal. 
 The second way in which the panniers are attached to the frame is through the use of quick-
release clamping systems, see Fig. 4 on page 4. These systems allow the pannier to be quickly 
installed and removed from the frame while keeping the pannier isolated from vibration. These quick-
release systems are generally comprised of many parts, as illustrated in Fig. 4, and can become 
relatively complex. Most quick-release systems are made up of a hand wheel that, when tightened, 
compresses a clamp against the mounting point on the frame. When loosened the clamps rotate away 
from the frame allowing the pannier to be removed. [3]  
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Figure 4- Quick Release Mounting System 
 
 The frame of the system is the backbone that holds all of the components together. The frame 
can come in many different varieties. Some of the more inexpensive frames are made out of sheet 
metal and use pieces of angle to add rigidity. These are simple to manufacture and generally require 
minimal, if any, joining operations. Fig. 5 shows simple sheet metal pannier frames.  

 

 
Figure 5- Sheet Metal Frames 

 
The frames are a less rigid, light-weight, and cheap alternative to tubular steel frames. Sheet metal 
frames rarely include the option for quick-release mounting provisions. 
 Tubular steel frames are a more rigid, versatile, and expensive option. The frames can be made 
from many types of tubing ranging from ½” to ¾” diameter, as well as up to ¾” box steel. The 
different sizes of tubing represent the different trade-offs that customers make between weight and 
rigidity. Figure 6 shows the main components that make up a typical tubular frame. The primary 
section of the frame is the rectangular rack section. This is the section of the frame where the panniers 
attach. There has been some attempt to standardize the shape and the size of the rack section of the 
frame so that panniers and frames produced by different companies may be used together. This 
creates something of an “open-source” platform for upgrading and interchanging pannier system 
components. The next sections of the frame are the mounts. These are the points where the luggage 
frame mounts to the motorcycle frame. Most frames utilize a three to four point mounting system for 
added rigidity. The frame is commonly mounted directly to the motorcycle’s sub-frame with 
fasteners. Many luggage frames are isolated from the motorcycle sub-frame with rubber or plastic 
grommets. This prevents excessive transferal of vibrations from the motorcycle’s frame into the 
luggage system. Many frames also use a stiffener bar at the rear of the rack section, as shown on the 
left of Fig. 6 Pg.5. This corrects the weakness, due to the lack of mounting points, of the rear of the 
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frame. This is typically a bolt on piece requiring the use of fasteners to secure it into place. [4]  

 
 

Figure 6- Tubular Steel Frames 
 
 
TOP RACK 
 
    Another section of many motorcycle luggage systems is the top rack. The top rack is the 
section of the luggage system located behind the rider along the tail of the motorcycle (Fig. 7).  

 
Figure 7- Top Rack 

 
The top rack is generally made of thick (1/4”) aluminum sheet stock. The top rack can be part of the 
stock equipment on a motorcycle or it can be an aftermarket addition. Many Adventure Touring riders 
choose to use aftermarket additions for the top racks. These additions commonly bolt on over the 
stock rack. These upgraded racks are usually wider and have more tie-down provisions than the OEM 
rack. Some of these aftermarket top racks have proprietary mounting systems for top boxes, which are 
similar to the panniers only mounted flat against the top rack.  
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LUGGAGE REQUIREMENTS FOR ADVENTURE TOURING 
 
Adventure Touring motorcycles come primarily in two categories. The first is the smaller, single 

cylinder dual-sport motorcycle (Fig.8). These motorcycles are designed in a more dirt-oriented 
manner. They retain dirt bike ergonomics and components such as long travel suspension and robust 
off-road frames. Dual-sport motorcycles are essentially dirt bikes with added components to allow 
them to be licensed for street use. Their engines are usually 650cc giving 40-50HP. These 
motorcycles are designed for heavy off-road use. This adds up to a motorcycle that is fairly light and 
agile making it perfectly suited for a more technical terrain; the off-road abilities come at the cost of 
power output and long-distance comfort. These motorcycles, while still utilized as long-distance 
touring machines, are better suited for shorter trips. Because of this dual-sport riders have a tendency 
to become more spartan in their packing habits. Many dual-sport riders have an affinity towards the 
use of smaller hard bag systems or even soft bag systems. [5] 

Figure 8-Dual Sport Motorcycle 
 
 The second group of Adventure touring motorcycles is the twin cylinder, long distance touring 
motorcycles.  These motorcycles are designed in a more street-oriented manner. The power output of 
these motorcycles is usually between 60-80HP. This added power allows the rider to endure longer 
excursions. An example of this style of motorcycle can be seen in Fig. 2 on page 1. The power output 
allows the rider to carry more equipment and even a passenger. The ergonomics of these motorcycles 
are set to keep the body in a comfortable neutral position. They are not set up for the stand-up riding 
style necessary for technical off-road terrain. Instead they work well on light gravel and hard packed 
dirt roads. They are also better suited for long trips that can require the motorcycle to maintain 
highway speeds. The riders of these motorcycles are not as concerned with the overall weight of the 
motorcycle and gear. This creates a need for a durable high capacity luggage system. [6] 
 The systems on the market come in a variety of sizes and styles. The capacities of panniers 
currently on the market have a large spread, ranging from 26-43L. This large spread in sizes shows 
that there is a market for large as well as small luggage systems. Most of these systems have 
provisions for padlocking the lid of the panniers. Some companies have integrated the locks into the 
latching mechanism on the lid as an added feature. Many of the pannier lids have tie down provisions 
(Fig. 9) to allow for extra gear to be attached. As shown in Fig. 10 Some panniers have angled edges 
to allow for added clearance and durability. None of the products have a locking mechanism 
specifically for the frame of the system, but many of the designs make it difficult to remove the frame 
without first removing the panniers. 
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Figure 9 - Tie-Down Provisions 
 
 

Figure 10- Angled Pannier Design  
 
 
 
FEATURES AND CUSTOMER FEEDBACK  
 
 The customer survey in Appendix B shows that there are quite a few aspects in which the 
customers are satisfied with the current luggage systems on the market. These features are desirable 
to the customer and must be incorporated into any new design as much as possible. The survey shows 
the primary features in the current luggage systems that customers desire are: 

 
1. Quality: Most of the systems on the market are made of very high quality components. Any 

new design should incorporate the use of high quality components that will last. 
2. Reliability: The customers need to know that when out riding the luggage system will be 

reliable and keep their equipment safe. The system needs to be able to remain functional after 
sustaining any impacts that take place during normal use. 

 
 

 
 
 
 

 



MOTORCYCLE ADVENTURE TOURING LUGGAGE SYSTEM J. WOJTKIEWICZ 

8 

3. Security: Customers have shown that they are satisfied with the safety and security that the 
current systems offer their equipment. Water tight seals and rigid construction keep the 
equipment safe from the environment (Fig. 10, 11). Locking pannier lids insure that the lid 
will remain shut and the equipment will remain secure (Fig. 11). 

 

 
 

Figure 11- Locking Mechanism and Waterproof Seal 
 

4. Tie-down Provisions: Another desirable feature is the tie-down provision (Fig.9 Pg.7). All of 
the systems come with some sort of tie-down provision. They are usually mounted on the lids 
of the panniers as well as along the perimeter of the top rack. 

 
 
 

In order to design a successful product the engineer can incorporate what is currently being done right 
in existing designs while finding novel ways in which to improve on their shortcomings.   
 The current designs have multiple flaws that need to be addressed. The results of the survey, 
which are provided in Appendix B, show that the customers are dissatisfied with multiple features in 
current luggage system designs including the following: 
 

• Difficulty level of removing the frame from the motorcycle: Current systems rely on the frame 
being bolted to the motorcycles sub-frame. The frame needs to be designed to release from the 
motorcycle quickly with a minimum use of fasteners and tools.  

• Ease of removal of the luggage: The customer survey shows that there is a need for a system 
that allows the luggage to be easily and quickly removed. The current systems of hand wheels 
and bolting are overly difficult to remove. The new design should be faster and simpler. The 
design should require no tools and only a minimal amount of motion to accomplish removal.  

• Lack of versatility: Many of the systems do not allow for various sized loads to be carried. Most 
are designed for either very large loads or fairly small loads, but cannot easily accommodate 
both. The system should be as effective with smaller loads for shorter trips as it is with larger 
loads for longer trips. This can be achieved by making the system modular so that the luggage 
capacity can be scaled up or down based on the need.  

• Usable with or without a passenger: This problem can be corrected by designing the system to 
be capable of easily converting from a single rider setup, which utilizes the space behind the 
rider for storage of equipment, to a two rider setup, which makes a comfortable space for the 
passenger by rearranging the equipment.  
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PRODUCT OBJECTIVES 
 
The prototype will be durable due to quality welded seams on both the luggage containers and the 
tubular frame. The durability of the prototype will be rigorously field tested. 
 
The prototype will have quick release provisions on both the frame and the luggage containers to 
allow for easy installation and removal. The installation and removal of the prototype will use a 
minimal amount of steps. The process of installing or removing the complete prototype should take 
no more than one minute for each side. 
 
The luggage containers will be fitted with handles to allow for easy carrying while off the motorcycle. 
Ergonomics of the handle and the containers will be taken into account to allow the containers to be 
easily transported.  
 
The prototype will be able to carry from 1.5 ft3 to 5.5 ft3

  
 

 of equipment with in the system cases 
through the use of modular luggage design. Additional tie-down provisions will allow for extra 
equipment to be secured to the outside of the luggage system. 
 
The prototype will be made with high quality components to ensure a long product life cycle.  
 
The prototype will have a water tight gasket at the lid and welded seams to ensure that any equipment 
inside of the luggage containers will remain dry. This will be tested by completely submerging the 
containers in water. 
 
The prototype will have the ability to be set up for use with or without a passenger. The system will 
take the passenger’s comfort into account by ergonomically designing the system. This will be 
reflected in the following areas of the design: system modularity, integrated backrest, and the luggage 
mounting position. 
 
The prototype will be fitted with locking provisions on both the luggage and the frame to keep the 
system and the gear secure at all times. The security of the containers and frames will be tested by 
simulating an attempted theft. 

ALTERNATIVE DESIGNS 
 
PANNIERS 
 
 The primary decision that was to be made on the panniers was the choice of material with which 
to form them. The choice was between thin gage carbon steel or thicker gage aluminum. The 
weighted decision matrix for the pannier material can be seen in Appendix F. Based on the 
information in the decision matrix, aluminum was chosen as the material for the panniers. Aluminum 
was chosen for the material for many reasons. Aluminum is a lighter weight material which decreases 
the amount of weight that is added to the motorcycle aiding in overall better handling. This also 
allows the user to more easily install and remove the cases. Aluminum is more ductile than steel 
allowing the cases to absorb more impact and deform with out fracturing. The panniers will be subject 
to an outdoor environment. Aluminum is an ideal material for this purpose because it does not oxidize 
and degrade when subject to a moist environment. The downfalls of the material are that is more 
expensive than the steel, and much more difficult to weld.  
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FRAME 
 
 The decision for the design of the side frame of the system was between a tubular frame and a 
sheet metal frame. The weighted decision matrix for the frame design can be seen in Appendix F. The 
tubular steel design was decided on because of the inherent durability of the design. The sheet metal 
design, though much more simple to design, would be insufficient to support the panniers in an 
acceptable manner. The tubular steel design is more complex to manufacture but is worth the 
increased difficulty. The tubular steel design is more durable, rigid, and secure than the sheet metal 
frame. The tubular steel design also aids more readily to a quick-release system for the frame. 
 
SIDE FRAME QUICK-RELEASE 
 
 The decision for the design of the quick-release system for the frame was between a 3-point 
lever quick-release setup and a single lever quick-release setup with a locking cylinder mechanism. 
The decision matrix can be seen in Appendix F. The locking cylinder design was chosen because it is 
a more durable design and it allows for fast installation and removal. The 3-point mounting system 
used too many parts which would increase the difficulty associated with the installation and removal 
of the frame. The locking cylinder system allows the user to install the system with a minimum 
number of steps. The locking cylinder design has only one removable part which not only increases 
the speed in which it can be installed but minimizes the number of small parts that can be easily lost 
when the system is not in use. This design does add complexity to the manufacturing process and 
leads to an increase cost for the system. The 3-point design is essentially a purchase part design while 
the locking cylinder will have to be completely fabricated.   
 
TOP RACK 
 
 The decision for the design of the top rack of the system was between a modular 2-part system 
and a one piece system with an integrated backrest. The decision matrix can be seen in Appendix F. 
The 2-part system was decided on because it offered the ability to integrate a backrest while adding to 
the overall system modularity. The 2-part system is a superior design because it allows the user to 
adjust the amount of storage capacity based on the necessity of the trip. The 2-part design allows the 
user to mount equipment over the rear section of the seat when used without a passenger. When used 
with a passenger the rack can be converted to a backrest for the passenger. The 2-part system 
increases the versatility of the system but comes at the price of added weight and cost. The 2-part 
system will be more complex to manufacture and require more materials to fabricate. This increases 
the overall cost of the system. 
 
 
COMPONENT DESIGN 
  
FRAME 
 
 The side frames of the luggage system required extensive three-dimensional reverse engineering 
to design. First, the mounting points on the motorcycle were established in 3D space. The mounting 
points are symmetrical about the center line of the motorcycle. The right side mounting points require 
more clearance than the left side mounting points due to the extra width needed for the exhaust 
canister. This clearance was built into both sides of the frame in order to balance the system about the 
center of the motorcycle. The passenger and rider clearances were then established. The passenger 
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and rider clearances, along with the necessary clearances for the shape of the motorcycle, were used 
to create the work envelope for the frame.     
 The frame needed to be made from 20mm diameter 1020 Carbon Steel tubing with a 2mm wall 
thickness. The material was chosen for its excellent machining and welding properties, high strength, 
and low cost. The Frame is built around a rectangular box section where the panniers are to mount 
(Fig.12). The locations of the panniers were established first, in order to properly locate the 
rectangular section of the frame. The location of the frame was then dictated by the desired location 
of the panniers. The location of the rectangular section of the frame was then established in relation to 
the mounting points. From this main rectangular section two sections of tubing angularly extend to 
the mounting points.   

 
 

Figure 12- Frame Assembly 
 

These sections of tubing are braced, as seen in Figure 12, in order to increase the rigidity of the frame. 
The frame is rigidly supported in three places. The front section of the frame, located on the right of 
the figure, mounts to the sub-frame of the motorcycle. The center mounting point, located in the top 
center of the figure, is fitted with the male section of the locking cylinder mechanism which will be 
explained later. This section is mounted directly to the locking cylinder and is rigidly supported. The 
rear of the frame is supported through a cross bar that will link the two sides of the frame. The cross 
bar will mount on a section of 16mm diameter rod that is welded into the frame. The cross bar will be 
drilled to allow a lever quick-release to be inserted to secure the cross bar to the frame. 
 
PANNIERS AND TOP-BOXES 
 
 The system cases are comprised of the Panniers and Top-boxes seen in Figure 13 on page 12. 
The panniers are the higher volume cases while the top-boxes are the lower volume cases. The cases 
are designed to be scale images of one another, as well as, interchangeable.  
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Figure 13- Pannier and Top-Box 
 
 

The cases are designed of 12 Ga. (0.080”) 6061-T6 aluminum. The material was selected for its low 
weight, high ductility, and excellent weather resistance.  
 The cases consist of three sections; the main body of the case, the backing plate, and the lid. The 
main body of the cases will be formed from a single complex flat pattern (Fig. 14). The use of a 
 

 
 

Figure 14- Flat Pattern 
 

complex flat pattern minimizes the need for costly and time consuming welding operations. The 
manufacturing is then more focused on simple bending operations. The backing plate is a section of 
sheet metal that contains all the holes required for the mounting hardware of the cases. The backing 
plate is formed so that it will mate with the main body of the cases (Fig. 13). The lower outside edge 
of the cases have a 45° chamfer to remove the stress concentration that would occur along that edge 
(Fig. 13). This also allows any force due to the motorcycle falling to be distributed along the face of 
the chamfer. The lid is formed from a single bent piece of sheet stock. The seams are then welded to 
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prevent them from leaking. The lid has an internal lip that mates with the lip on the edge of the main 
body of the case (Fig. 15). The lip on the main body of the case is Z-shaped to further prevent them 
from leaking. 
 

 
 

Figure 15- Flat Pattern 
 

The lip on the main body of the case will be equipped with a gasket that will be compressed by the lid 
to insure a water-tight seal. The lid will be secured to the main body on either end of the cases with 
two spring loaded locking compression latches. The latches will insure a tight secure seal.  
 The back of the system cases contain all of the mounting hardware that secures the case to the 
frame/top-rack of the system (Fig. 16). The mounting hardware consists of three rubber locators, two 
 

 
 

Figure 16- Mounting Hardware 
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angle mounts, and two T-handle latches. The rubber locators are made from 1” x 1” x 4”Lg. Buna-N 
rubber. The locators are arranged to mount inside of the rectangular section of the frame. They are 
designed to hold the case from moving in the X and Y axis. The two angle mounts are made from 
3/16”thk. x 1” 6061 T-6 aluminum angle. The material is welded to the backing plate of the case 
creating a downward facing channel. The case will ride on the lower section of the rectangular frame, 
as shown in Figure 16 on page 13. The case is secured to the frame by two T-handle latches. The T-
handles are equipped with a strong 5/16” square shaft. At the end of the shaft a latch made of ¼” steel 
is mounted. The T-handles lay horizontal when in the unlocked position to allow the user to utilize 
the T-handles as lifting points to remove the case. The cases are mounted by first placing the channel 
made by the angle onto the lower section of the rectangular frame. The case is then pushed flat 
against the frame. The T-handles are rotated from their horizontal unlocked position 90° to the locked 
position.  
 
SIDE FRAME QUICK-RELEASE 
 
 The quick-release cylinder for the frame is composed of three main components the aluminum 
cylinder body, Delrin slotted cylinder, and the aluminum face plate (Fig. 17). The body of the 
assembly was designed from 2” X 2” 6061 T-6 aluminum square stock. With the amount of space 
allowed for the latching mechanism, due to the mounting points on the motorcycle, the 2” square  

 
 

Figure 17- Frame Quick-Release Assembly 
 

stock is an ideal size. The square stock has a 1.5” diameter x 0.5” deep cutout that receives the Delrin 
cylinder.  The base of the body has a 0.375” cutout to allow the male tab on the frame to slide into the 
receiving slot in the Delrin cylinder. The slotted cylinder was designed to be made form Delrin. The 
Delrin was selected for the material of the moving cylinder because it allows the cylinder to easily 
slide within the aluminum body. The Delrin will also be used as a semi-consumable part. As the 
cylinder slides within the body it will wear down without damaging the aluminum body. Delrin is 
also an ideal material because of its durability and its reasonable coefficient of thermal expansion. 
The cylinder has a 1” slot machined along the center line for receiving the male tab of the frame. The 
face plate of the assembly is made from 0.190” thick 6061 T-6 aluminum. It is secured to the body of 
the assembly with four M6 bolts. The face plate has a slot cut in it to allow clearance for the tubing of 
the frame when mounted.  
 The assembly functions as a rotating locking cylinder. The frame is mounted to the quick-release 
cylinder by inserting the tab into the assembly with the flats facing to the left and the right, as seen in 
Figure 18 page 15. The frame is oriented with the front mounting point facing down as the tab is 
inserted. The frame is then rotated up towards the front of the motorcycle.   
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Figure 18- Unlocked Quick-Release Assembly  

 
 

Figure 19- Locked Quick-Release Assembly  
 

As the frame is turned the cylinder is rotated locking the tab into the assembly, as seen in Figure 19. 
The front mounting point of the frame is then secured to the corresponding mounting point on the 
motorcycle by a lever quick-release (Fig. 20 Pg. 16).  
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Figure 20- Lever Quick-Release 
 

TOP RACK 
 
 The top rack of the system was designed from 6061 T-6 aluminum (Fig. 21). The front section of 
the top rack is made from 0.190” thick material, while the rear section of the rack is made from 
 

   
 

Figure 21- Top Rack Assembly 

    
 

Figure 22- Top Rack: Front                       Figure 23- Top Rack: Rear 
 
0.250” thick aluminum. The front section (Fig. 22) is made of a lighter material because it will be 
carrying a smaller amount of equipment than the rear section. This thinner material cuts down on the 
overall weight and cost of system. The edges of the both sections of the top rack have been bent down 
45° and milled with slots that act as tie-down provisions. The rear section of the rack was designed to 
overlay the existing top rack on the motorcycle (Fig. 23). The hole pattern on the rear of the rack  
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Figure 24-Stock Top Rack                                       Figure 25- Top-Box Mounting 
 

mates with the hole pattern on the existing rack (Fig. 24). The rear section of the rack has cutouts that 
receive both the T-handle latches and the base angles of the system cases, seen in respectively in red 
and blue (Fig. 25). The two sections of the top rack are mounted together with 0.25” stainless steel 
spring-loaded quick-release pins. The pins run through two sections of 1” square 6061 T-6 aluminum 
blocks. The blocks have a clearance hole drilled through to receive the pins (Fig. 25). The blocks on 
the rear section of the rack are also drilled with clearance holes that allow the front section of the rack 
to be mounted nearly vertically when the system is used with a passenger. When mounted vertically 
the front section of the rack will double as a backrest for the passenger. The two different mounting 
styles for the top rack can be seen in figures 26 and 27. When the rack is used without a passenger the  
 

          
 

Figure 26- Top Rack Down                                       Figure 27- Top Rack Up 
 
top-boxes will be mounted in the forward position to keep the weight as close to the motorcycle’s 
center of gravity as possible. When the rack is used with a passenger the top-boxes are mounted in the 
rear position, giving the passenger more seating room. The top-box is mounted to the rear section of 
the rack in the same way that the system cases mount to the side frames. The rubber locator blocks on 
the cases are used to create the correct offset to allow the T-handle latches to grip the top rack. The 1” 
rubber blocks are slightly oversized for the 20mm necessary offset. This allows the user to compress 
the rubber blocks as the case is mounted to create a preload which aids in preventing the case from 
moving.  
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COMPONENT DESIGN 
 
FRAME 
 
 The side frames are redundantly supported making the structure statically indeterminate. The 
worst case loading conditions for the frame would occur when the motorcycle falls on its side. Based 
on this assumption the weakest point of the frame was determined to be located in the lower rear 
corner (Fig. 28). This section of the frame was simplified and analyzed as a cantilever beam.  

  
 

Figure 28- Side Frame Loading Conditions 
 
The assumptions used for the force calculations are outlined in the following list: 
 
• Cross sectional area doubled to account for both ends of frame 
• Yield strength= 72,000psi 
• Loading: 250lb motorcycle + 400lbs rider, passenger, and equipment 
• This loading would only impart 200lbs to the frame due to load distribution  
• Frame capable of sustaining 290lb point load 
 
 The 290lbs is a conservative estimate of the amount of force that the frame can support. In the 
event of a fall the frame was estimated to receive no more than a third of the total weight of the 
vehicle due to the support of the wheels and handle bars. Even using this conservative estimate of the 
amount of force that the frame can carry the frame will not fail.    
 
 
SYSTEM CASES 
 
 To analyze the loading conditions the cases are likely to endure, a direct frontal impact was 
decided to be the worst case loading condition (Fig. 29 Pg. 19). A direct frontal impact would put the 
four bolts that mount the rubber locator into shear. 
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Figure 29- System Case Loading Conditions 
 
The assumptions used for the force calculations are outlined below: 
 
• Cross sectional area of 0.375” 
• Yield strength = Sys 

• Permissible force = 30,800lbs 
= 0.5Sy = 70,000lbs for heat treated and hardened 416 stainless steel 

• Impact speed = 15MPH 
 
Using the principal of work and energy the force that a 15mph impact with a stopping distance of 
0.50” would cause would only be 27,300lbs. The stopping distance is based on the deformation of the 
rubber locator. This force is approaching the permissible force of the structure, but the estimation 
technique for the yield strength gives a very conservative value.    
 
COMPONENT SELECTION 
 
 All components used in the luggage system (Fig. 30 Pg. 20) were selected for strength and 
ability to be used in an outdoor environment. All hardware used in the system is hardened and heat 
treated 416 Stainless Steel. This hardware was selected for its high strength and good weathering 
characteristics.  
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Figure 30- Complete Luggage System 
 

All spacers and bushings in the system are made of silicon rubber. The silicon rubber was selected 
because of its durability and its ability to be used in an outdoor environment without breaking down.  
The only section of the system not made of a  non-oxidizing metal is the carbon steel tubing of the 
side frames. The frame is painted to prevent oxidizing of the underlying material. With all parts of the 
system the functionality and durability of the part was more important than the cost. Most parts of the 
system can cause serious issues in the occurrence of a failure making the quality of the parts far more 
important than cost of the parts. 
 
 
PROJECT BUILD 
 
SYSTEM CASES 
 
 The system cases were fabricated from .080” thick 6061 T-6 aluminum (Appendix G). The cases 
were built from two flat patterns that were formed then welded together, which comprised the body of 
the case and one flat pattern that was formed into the lid of the case. The flat patterns were cut by 
Mainstream Waterjet Co. for a total $100 for all 12 patterns. The material choice for the cases caused 
problems when the part needed to be formed. The T-6 temper of the aluminum prevented it from 
being able to be bent. The material was heated with a torch to approximately 750°F, to remove the 
temper, and then allowed to cool to room temperature. As the material was bent partial fracture 
occurred along the bend line. To correct this all bent edges of the cases were TIG welded.    
 The final assembly of the cases required all hardware and gasket material to be mounted. The 
latches for the case were riveted in place while the rest of the parts were strictly bolt on. The rubber 
locators for the cases were fabricated from 1” square rubber stock. The rubber was cut to length then 
drilled and counter bored with the mounting holes.  
 
SYSTEM FRAMES 
 
 The frames for the luggage system were made from 20mm diameter carbon steel tubing 
(Appendix H). The tubing was cut to length then faced on either end with a fish-mouth cut. The 
cutout allows the tubing to be securely welded to the mating section of the frame. The fish-mouth cut 
was made by fixturing the tubing into a lathe and removing the material with a 2 flute milling cutter. 
The box section of the frame was CNC bent by Ohio Hydraulics for $140 for both frames. 
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Figure 31- Notching of Tubing in Lathe 

 
The frame was then mounted into a wooden jig and bolted down to be welded. The frame was 
completely TIG welded giving a good surface finish and strong joints. When one side of the frame 
was completed the locator bolts for the jig could be removed and the plate flipped to allow the 
mirrored part to be fixtured on the same jig. The last section of the frame to be fabricated was the tab 
for the locking mechanism. The tab was turned from 1.5” dia. steel stock. The flats were milled in a 
vertical mill and the part was then cut to size and drilled.  
  
TOP RACK 
 
 The top rack of the system was fabricated from .190” thick 6061 T-6 aluminum (Appendix I). 
The rack was cut to size with a band saw. The part was then mounted in a vertical mill and the cutouts 
for the cases and the tie down provisions were made. The two sections of the rack were originally 
designed to be formed from the two flat patterns. Due to the hard temper of the material the flat 
patterns were cut along the bend lines then beveled with a 45° angle. The parts were then welded 
together with a spool gun. A spool gun was used for the welding because material of that thickness 
cannot be welded easily with an air cooled TIG welder. The spool gun was simple and fast to use but 
left a poor surface finish. The mounting blocks that secure the two sections of the rack together were 
drilled, cut to length, and welded to the corresponding sections of the rack.  
 
QUICK RELEASE MECHANISM 
 
 The quick-release mechanisms for the side frames were the most complex section of the 
fabrication (Appendix J). The assembly is comprised of four main parts: the body, face plate, Delrin 
cylinder, and the mounting tubing. The body of the quick-release was cut to length then bored on a 
lathe to create the central cavity of the locking mechanism. The rest of the cutouts on the body were 
removed on a vertical mill. The Delrin cylinder was cut to the correct length, and then turned to size 
on a lathe. The size of the cylinder had to closely match the size of the hole it was going to be 
mounted to, making the tolerance of the cylinder vital. The Delrin cylinder was then mounted into a 
mill to remove the material for the mounting cutout. The faceplate was made by mounting the same 
stock material the body was made from into a mill and removing the material for the holes and the 
clearance slot for the frame mounting. The block was then cut into 0.25” sections to be used as the 
face plates for the assembly. The tubing was cut and faced then welded to the body of the assembly. 
Welding the tubing to the body was difficult because the body acted as a large heat sink. This caused 
the tubing to begin to melt before the body had achieved the correct temperature for welding. This 
was corrected by preheating the body with a torch then using the spool gun to weld the tubing to the 
body.  
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TESTING 
 
 The testing of the luggage system involved a day trip through varied terrain. The luggage system 
was mounted on the motorcycle in the large volume arrangement seen in Figure 32. The system cases 
were filled with approximately 60lbs of equipment to properly simulate field usage.  

 

 
Figure 32- Luggage Setup for Testing 

 
HIGH-SPEED TESTING 
 

 
 

Figure 33- Highway Testing of Luggage System 
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 The highway testing took place on approximately 65 miles of maintained asphalt road. The 
results of the testing can be seen in Table 1. 
 
Table 1 – Highway Testing 
 

Average Speed 60 MPH
Distance 65 Miles

Terrain Type Asphalt road, Well maintained surface.     Fig. 
33 Pg. 22

Cornering 
Clearance

Cases have ample cornering clearance for 
even the tightest turns. The placement of the 
cases prevent drag even at extreme cornering 
angles.

Handling

The luggage system makes the high speed 
handling of the motorcycle slightly sluggish. 
This handling effect is most apparent at lower 
speeds and fades as the speed is increased. 
The cases remained firmly mounted with no 
shaking at high speeds. 

System 
Performance

The cases remained securely mounted to the 
motorcycle, even at high speed. Negligible 
adverse effects caused by luggage system. 

Summary
System functions well at high speeds. Few 
issues with handling and cornering.

Highway Testing

 
 
 
FIRE TRAIL TESTING 
 

 
 

Figure 34- Fire Trail Testing of Luggage System 
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The fire trail testing took place on approximately 30 miles of gravel forestry roads. The results of the 
testing can be seen in Table 2. 
 
Table 2 – Fire Trail Testing 
 

Average Speed 35 MPH
Distance 30 Miles

Terrain Type Loose Gravel, Minimum maintained road. Fig. 
34 pg. 23

Cornering 
Clearance

Cases have sufficient cornering clearance 
except under slide turning conditions. During 
sharp sliding turns cases begin to drag. 

Handling

The lower speed of this section of the testing 
makes the rider more aware of the additional 
weight of the luggage system and equipment. 
The effect of the system is most prevalent 
during cornering.

Summary

The additional weight of the luggage system 
and equipment made the motorcycle slightly 
more difficult to control on the loose gravel 
surface. The steering became more sluggish 
and seemed slightly less stable at the lower 
speeds of this section of the test.

Fire Trail Testing

 
   
DOUBLE-TRACK TESTING 
 

 
 

Figure 35- Double-Track Trail Testing of Luggage System 
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Figure 36- Crash Testing of Luggage System 
 

The double track testing took place on approximately 15 miles of 5ft wide un-managed trails. The 
results of the testing can be seen in Table 3. 
 
Table 3 – Double Track Testing 
 

Average Speed 15-20 MPH
Distance 15 Miles

Terrain Type Packed and loose soil. Trail approximately 5ft 
wide. No maintenance. Fig. 35 pg. 24

Handling

The low speed and tight trail made the 
motorcycle more cumbersome to handle. The 
size of the system becomes more apparent on 
the tighter trail. The system makes the 
motorcycle harder to quickly maneuver past 
obstacles. 

System 
Performance

The luggage system remained securely 
mounted to the motorcycle during impacts 
caused by dropping the motorcycle (Fig. 36 ) 
and trail obstacles. The tie-down provisions on 
the system cases developed an irritating 
rattling due to the vibration of the motorcycle.

Summary
The size of the system did not cause any 
serious issues but it was definitely a hindrance 
as the trail became more technically 
demanding. Still no clearance issues.

Double Track Testing
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SINGLE -TRACK TESTING 
 

 
 

Figure 37- Single-Track Testing of Luggage System 
 

 The single track testing took place on approximately 15 miles of tight un-managed trails. The 
results of the testing can be seen in Table 4. 
 
Table 4 – Single Track Testing 
 

Average Speed 5-10 MPH
Distance 15 Miles

Terrain Type
Packed and loose soil. Trail approximately 3-
4ft wide. Heavily rutted. No maintenance. Fig. 
37

Handling

The trail was technically challenging and the 
additional weight and width of the luggage 
system made this section of trail difficult to 
navigate. The weight and size of the luggage 
system made the bike difficult to maneuver on 
the trail.

System 
Performance

The luggage system remained securely 
mounted to the motorcycle during impacts 
caused by dropping the motorcycle and trail 
obstacles. The tie-down provisions on the 
system cases continued to make an excessive 
amount of noise.

Summary

The system was not specifically designed to 
be used on single track trails. But, the handling 
was far better than what was expected. The 
system is not recommended for this type of 
use but it is capable of traversing this type of 
terrain.

Single Track Testing
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FIELD TESTING SUMMARY 
 
 The luggage system functioned well throughout the testing. The luggage system does change the 
handling of the motorcycle but does not drastically change the performance abilities of the 
motorcycle. The system makes the motorcycle handle slightly slower due to the additional weight. 
During the street and fire trail testing the additional size and weight was almost unnoticeable. The 
tighter trails made the additional weight much more apparent. The size of the luggage system also 
became more apparent as the trail became tighter and more technical. The luggage system worked 
well in keeping equipment safe even in the event of a fall. The system functioned as expected during 
high impact situations caused from a fall or a collision with a trail obstacle.  
 
WATER  TESTING 
 
  The cases were subjected to testing to determine if they were water tight.  Each case was filled 
with water then sealed. The case was then examined for leaks. All cases passed this initial section of 
the testing. The cases were then rotated upside down to check the seam between the lid and the case 
for leakage. All cases failed this phase of the testing. Most cases had a slow leak coming from 3 to 4 
sections of the seam. This is due to the incomplete sealing of the foam gasket. After repeated use and 
extended periods of being sealed, the foam rubber material begins to lose its elasticity. This causes 
the seam to incompletely seal. In order to completely seal the seam between the lid and the case a 
non-foam gasket such as neoprene should be used. The cases are not completely water tight but they 
did remain dry after a stream crossing during the trail testing and multiple hours in the rain. The cases 
are water resistant but they will not remain water tight when fully submerged.   
 
 PASSENGER TESTING 
 

 
 

Figure 38- Passenger Testing 
 

 
 Figure 38 is a picture of the rider and passenger after the 30 mile, street only, passenger testing 
of the system. The passenger stated that while the amount of seating space is limited on the 
motorcycle the ride remained comfortable. The motorcycle performed very well for not being 



MOTORCYCLE ADVENTURE TOURING LUGGAGE SYSTEM J. WOJTKIEWICZ 

28 

designed for passenger comfort. The back rest along with the top case gave a secure feel to the ride 
while also giving good back support. The side cases made mounting the motorcycle more awkward 
for the passenger but did not interfere with the passenger’s comfort once seated. The passenger stated 
“though not exactly the most comfortable bike I’ve ridden, the cases [luggage system] were 
comfortable and being surrounded by them made me feel a lot more safe and secure during the ride. 
The luggage system is a definite upgrade over the stock passenger seating.” Based on the passenger’s 
comments the only suggestions were additional seating space and more padding on the backrest.  
 
 
 
 
DESIGN RECOMMENDATIONS  
 
 The luggage system functioned correctly as designed. The fabrication of the system would have 
been simplified with more time spent on material selection. Many of the difficulties faced during the 
fabrication of the luggage system were due to poor materials selection. The cases and the top rack of 
the system should have been fabricated from a softer temper of the 6061 aluminum alloy. A T-0 
temper would have been better suited for the forming operations used in the fabrication of the cases 
and the top rack. The gasket material for the top cases should be changed from a foam rubber gasket 
to a neoprene gasket. A neoprene gasket at this joint would have sealed correctly and held up better 
over the product’s life cycle.  
  
PROJECT MANAGEMENT 
 
PROJECT SCHEDULE 
 
 The time management of the project is outlined in the project schedule in Appendix D. The 
schedule begins with the selection of the design. The design was selected using the weighted decision 
method (Appendix F). This method was used to compare designs by assigning each of the criteria a 
weighting factor. Based on these weighting factors the designer was able to select the best design 
from the group. Once the basic design for the system is decided upon a complete design of the 
components is created. There were 5 weeks allotted to this section of the project. The five weeks of 
designing lead up to the design freeze. This is the point in the project in which all changes in the 
design have occurred and the design is essentially finalized. The five week design process is a lead up 
to the design presentation in which the designer explained the design to the faculty. The design is then 
touched up as needed before the report is submitted in the 11th week. At this point the parts for the 
assembly of the design were gathered. Many of the luggage components were locally sourced which 
is the reason for the allotment of a single week to this task. The 13th-18th weeks were spent building 
all of the components which make up the luggage system. The final week of the project was spent 
testing, demonstrating the design and finalizing the project report. 
   The design schedule for the project (Appendix D) proved insufficient because of the concurrent 
designing of the different components of the system. The original schedule set a separate week for 
many of the tasks with very little overlap project to project. Because of this a separate concurrent 
schedule was developed. This schedule was broad task oriented, allowing movement from the design 
of one component to another. As one section of the system was designed it affected the design of 
another section of the system. This caused the design to become layered with each component going 
through many revisions.   
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PROJECT BUDGET 
 
 The cost of the project is outlined in the budget in Appendix E. The act of creating a budget 
allows the designer to located components or operations that add the most cost to the project. This 
information allows the designer to begin to reevaluate the sections of the project based on cost. The 
largest cost of this project stemed from the material cost of the aluminum used to make the luggage 
containers. Analysis of this cost shows that is may be driven down by using cheaper materials or less 
of the current material. This process of analyzing the costs involved in the project allows the designer 
to lean out the costs of the project by reviewing the vital few components that drastically affect the 
cost instead of the trivial many components that do not. 
 
 
 

Table 5 – Budget 
 

Materials,Components or Labor Forcasted Amount Actual Amount

Frame $40.00 $65.00
Top Box (2X) $250.00 $220.00
Side Box (2X) $270.00 $211.00
Hardware $0.00 $110.00
Outsourced Services $0.00 $240.00
Rack $50.00 $154.00
Total $610.00 $1,000.00

Motorcycle Luggage System Budget

 
 
 The total cost of the project was $390 off from the original estimated amount (Table 5). The 
largest difference in cost came from the redesigned top rack, out sourced services, and upgraded 
hardware. The original design did not factor in the additional cost of the upgraded components that 
were used to give the cases the necessary durability. 
 
  
CONCLUSION 
 
 The luggage system fulfilled the design requirements set out at the beginning of the project. The 
system is durable and made from strong, high quality components. The design allows the user to carry 
large or small amounts of equipment by changing the arrangement of the system cases. The system is 
capable of being installed and removed quickly due to the quick release mechanisms built into the 
different aspects of design. The system is capable of being used comfortably with or without a 
passenger. The entire system is fitted with locking provisions that prevent theft of both the luggage 
and the frame of the system.  
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APPENDIX A – EXISTING PRODUCTS 

Sealing our aluminum panniers is a 
matched extrusion incorporating a silicone 
O-ring seal. Lids are secured by robust 
keyed latches, these not only keep dirt and 
moisture out, but unwanted visitors too. 

Moto-Sport Panniers mounting brackets 
are manufactured from 5/8" mandrel bent 
steel tube and powder coated black. 

Our lines of Aluminum Panniers are 
constructed of extremely durable 
aircraft quality 6061 T-6 Aluminum. 
All are bonded and air-riveted 
constructed, utilizing solid rivets, 
eliminating material hardness 
variations due to welding. Two sizes 
are available 37 liter Bavaria or 26 liter 
Baja 

http://www.moto-sportpanniers.com/engineer.htm 10/02/2006 aluminum pannier 
systems offered by moto-sport 

http://www.moto-sportpanniers.com/engineer.htm%2010/02/2006�
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44 CM / 17.5" Long 
38 CM / 15" High {to 
bottom of lid} 
27 CM / 10.5" Wide 
Pannier opening 23.5 CM 
/9.5" 40.5 CM 16" 
Each Pannier weighs 
6.5KG 
43 Lts / 41 Lts on exhaust 
side. 

There are many custom fittings 
available. In the past I have added 
things to the panniers such as: 
   -    Lockable document panel in 
the bottom with double locks for 
security. 
   -    Flat lid panniers so that you 
can easily mount things onto the 
top. 
   -    Custom Locks onto the 
pannier lid. 
   -    Choice of powder coat 
finishes. (Click here for more info) 
   -    Custom bags to drop inside 
your panniers so you never need to 

  
              

 

The Panniers are made from 2.5MM Aluminum. 
The Aluminum is folded and Double welded , that’s welded 
inside and outside the outside weld is buffed to give a nice 
clean exterior finish the inside weld remains as is for the 
added strength that is needed for what is essentially a harsh 
environment. 

http://www.cajasahel.com/panniers.html 10/01/2006 Pannier options, Caja Sahel 

http://www.cajasahel.com/paintoptions.html�
http://www.cajasahel.com/accessories.html�
http://www.cajasahel.com/accessories.html�
http://www.cajasahel.com/panniers.html%2010/01/2006�
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Jesse Luggage is and always has been made of high quality 2mm (.080) 
thick aluminum. There is over 5’ of weld on each box, and we use both mig and tig 
welding process. Welding on the inside as well as the outside ensures perfect 
penetration and maximum strength. The weld is up to 2 times the thickness of the 
aluminum, and with the added corners and angles of the boxes, provide the ultimate 
in strength.  

How do you make a flat piece of metal stronger? Add angles. Many 
customers have asked why our boxes look like they do. Angles add strength to the 
box as well as a little more clearance for cornering or for your leg when you are 
paddling out of the deep sand. 
The cams that hold the boxes to the mounts are rated at 125 lbs each. 2 cams per 
box increase that rating to 250 lbs. Per box. 

When the box is set in place on the mounts, the stainless steel button is 
drawn into place in a machined recess. The rubber mounting allows the bag to 
“float” and absorb the road vibration, avoiding metal fatigue. 

 

http://www.jesseluggage.com/safari.html 10/02/2006 Jesse luggage system options 
and build information. 

http://www.jesseluggage.com/safari.html%2010/02/2006�
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Features  

Absolutely waterproof  

 35 litres (44 x 22.5 x 38cm) = 
(17.3 x 8.8 x 15.0 in)  

 4 top loops for fastening additional 
luggage or straps  

 2 tie down hooks, optional integral 
locks can be fitted  

 Removable lid  
 Access from top  
 Opens even with luggage rolls on 

top  
 Fits many types of luggage racks  
 Mounting kits available for 15mm 

and 18mm luggage racks (round or 
square tubing); spacers available to 
accomodate other sizes.  

Stability  
 1.5mm aluminium  
 High-quality workmanship  
 Rounded corners and bends  
 Welds not on bends !  
 Weighs just 3.5kg  
 INSIDE opening is 21.6 X 36.2cm 

(=8.5 X 14.25in)  

Three advantages of our mounting 
kit:  
This is a universal kit which can be 
used with all brands of panniers as 
well as with our ZEGA Cases. 
Panniers can be mounted at 
different heights and angles to suit 
your needs.  

Technical data:  

 For 18mm tubing luggage racks  
 Can be used with round and/or 

square tubing racks  
 Materials: Steel, aluminium and 

glass-fiber reinforced plastic  
 Designed for two-track and off-

road use  
 Easy to fit  
Frame: 

18mm tubing, with 2mm wall, VERY 
strong.  

  
 

http://www.touratech-usa.com/shop/luggage.lasso?-
session=touratech:13E4D74B179EF17C24035467C0782C73 10/02/2006 touratech pannier 
system options and features. 

http://www.touratech-usa.com/shop/luggage.lasso?-session=touratech:13E4D74B179EF17C24035467C0782C73�
http://www.touratech-usa.com/shop/luggage.lasso?-session=touratech:13E4D74B179EF17C24035467C0782C73�


 

Appendix A5 

All our boxes are TIG welded of .080” 
aluminum and are not glued or riveted 
together. The Happy Trails Slot Hinge 
Lid (SHL) is the only option we have 
now. The SHL is a new Patent Pending 
design that fits all the needs. The SHL is 
a side hinged feature. The first benefit is 
that with our new Patent Pending design 
we have actually eliminated the hinge 
mechanism but the unique design allows 
the SHL to hinge. The other factor of the 
SHL is the safety feature of having the 
lid securely attached. If a customer 
desires to have a “Lift Off” style lid this 
can be achieved by simply rearranging 
the hardware. All boxes are top loading. 
The old problem of which style lid to 
order if you have an inference problem 
with how the lid is opened is solved by 
the SHL. Each box has a very high 
quality lockable cam latch. The addition 
of a small padlock or cable allows for 
security. Our cam lock latch system 
gives a positive seal, meaning that the 
gasket always has torque applied to it 
resulting in no leaks. All of the lids 
come with footman loops for strapping 
additional gear to the lids. The box 
opening will be 1 3/4”-2” smaller 
because of design elements.  

Pannier Kit Includes: 
2 Panniers 
SU Rack 
Mount Kit  

All boxes are lockable with your own 
padlocks (not included). Each box 
requires two pad locks.  
Bare Aluminum boxes will have 
imperfections in the metal, such as 
scratches ECT… from the 
manufacturing process.  

 

The SU (Something Unique) rack is designed for 
use with soft or fixed luggage of any type. Strong 
3/4" tubing with three or four point mounting 
system. 

Our Mount kit makes it a cinch to 
take your panniers on and off. 

http://happy-trail.com/category.aspx?categoryID=524 10/02/2006 happy trails KLX650 
specific pannier system and quick release system. 

http://happy-trail.com/category.aspx?categoryID=524�
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36 Ltr Aluminium Pannier, Waterproof and Hard 
Wearing, with Top Handle. Made from 1-1.5mm 
Aluminium sides with sturdy rims to provide 
rigidity and strength. There are no better value for 
money Panniers on the market today, many of it's 
competitors sell for twice the price. 

 

http://store.eibcltd.co.uk/EIBCLtdOnline/catalogue/c5   10/02/2006 adventure equipment 
panniers and mounting system. Cheaper alternative to the other pannier systems, about 
half to a quarter of the price of the others. 

http://store.eibcltd.co.uk/EIBCLtdOnline/catalogue/c5�
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APPENDIX B- CUSTOMER SURVEY WITH RESULTS 
 

Motorcycle Adventure Touring Luggage System 
I am a senior at the University of Cincinnati studying Mechanical Engineering technology. I am 
designing a new luggage system to be used for motorcycle adventure touring. Please take a few 
minutes to complete this survey to help me better my design. 
 
What is important to you for the design of a new adventure touring luggage system? Please 
circle the appropriate answer.   1=Low importance     5=High importance 

           AVG. 
1. Durability   1 2 3 4(7) 5(26) N/A (4.87)  
2. Ease of installation   1 2 3(4) 4(11) 5(18) N/A (4.42) 

and removal of Luggage 
3. Ease of installation   1(2) 2 3(3) 4(13) 5(15) N/A (4.70) 

and removal of Frame 
4. Ability to carry   1(1) 2 3(5) 4(13) 5(14) N/A (4.18) 

Various sized loads 
5. Quality     1 2 3 4(7) 5(26) N/A (4.78) 
6. Modularity of system  1(2) 2 3(4) 4(8) 5(19) N/A (4.27) 
7. Security   1 2(5) 3(2) 4(1) 5(25) N/A (4.39) 
8. Cost    1 2(8) 3(7) 4(2) 5(16) N/A (3.79) 
9. Appearance   1(3) 2 3(7) 4(12) 5(11) N/A (3.85) 
10. Safety    1 2 3 4(8) 5(25) N/A (4.76) 
11. Waterproof   1(1) 2 3(5) 4(11) 5(16) N/A (4.24) 
12. Tie-Down Provisions for  1(7) 2(1) 3(10) 4 5(15) N/A (3.45) 

Extra Equipment 
13. Useable With a Passenger 1(1) 2 3(4) 4(7) 5(21) N/A (4.42) 

Are you satisfied with the current adventure touring luggage system? Please circle the 
appropriate answer to indicate your level of satisfaction. 

1=Very unsatisfied  5=Very satisfied 
1. Durability   1 2(3) 3(5) 4(8) 5(17) N/A (4.18) 
2. Ease of installation   1(3) 2 3(12) 4(13) 5(5) N/A (3.52) 

and removal of Panniers 
3. Ease of installation   1(7) 2(18) 3(5) 4(1) 5 N/A(2) (2.00) 

and removal of Frame 
4. Ability to carry   1 2(5) 3(19) 4(6) 5(3) N/A (3.21)  

Various sized loads 
5. Quality     1(2) 2 3(9) 4(15) 5(7) N/A (3.76) 
6. Modularity of system  1(5) 2(7) 3(17) 4 5(4) N/A (2.73) 
7. Security   1 2(3) 3(7) 4(6) 5(17) N/A (4.12) 
8. Cost    1(4) 2 3(13) 4(2) 5(14) N/A (3.67) 
9. Appearance   1(1) 2 3 4(14) 5(18) N/A (4.45) 
10. Safety    1 2 3(3) 4(5) 5(25) N/A (4.67) 
11. Waterproof   1 2(2) 3 4(4) 5(27) N/A (4.70) 
12. Tie-Down Provisions for 1(3) 2 3 4(11) 5(19) N/A (4.30) 

Extra Equipment 
13. Useable With a Passenger 1(8) 2 3(7) 4(10) 5(8) N/A (3.30) 

 
Please use the back of this survey for any additional comments you would like to make. Thank you 
for taking the time to complete this survey. You input is greatly appreciated.  
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APPENDIX C- QFD MATRIX 
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APPENDIX D- SCHEDULE 
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Proof of design Agreement 18-Jan
Weighted Objective Method
Design of frame
Design of side Panniers
Design of Top Box
Design of Top Rack 
Design Freeze 19-Feb
Oral Design Presentation 26-Feb
Touch up design
Prepare Report
Design Report Due 19-Mar
Order Parts
Spring Break
Build Frame
Build Panniers
Build Top Box
Build top Rack 
Testing
Demonstration 2-May
Correct problems
Tech EXPO 17-May
Prepare Oral Presentation 23-May
Oral Presentation
Prepare Project Report
Project Report 6-Jun

Winter Quarter Spring Quarter
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APPENDIX E- PROJECT BUDGET  
 
 
 

Materials,Components or Labor Forcasted Amount Actual Amount

Frame $40.00 $65.00
Top Box (2X) $250.00 $220.00
Side Box (2X) $270.00 $211.00
Hardware $0.00 $110.00
Outsourced Services $0.00 $240.00
Rack $50.00 $154.00
Total $610.00 $1,000.00

Motorcycle Luggage System Budget
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APPENDIX F- WEIGHTED DECISION MATRIX  
 
 

Design 
Criterion Weight Factor Units Score Rating Score Rating
Durability 0.08 3 0.24 4 0.32
Ease of 
installation 
and removal 
of Luggage 0.08 3 0.24 2 0.16
Quality 0.1 4 0.4 3 0.3
Security 0.08 3 0.24 4 0.32
Cost 0.05 3 0.15 4 0.2
Appearance 0.03 4 0.12 2 0.06
Safety 0.06 3 0.18 4 0.24
Waterproof 0.03 4 0.12 3 0.09

1.69 1.69

Aluminum Steel
Panniers

 
 
 
 

Design 
Criterion

Weight 
Factor Units Score Rating Score Rating

Durability 0.08 4 0.32 2 0.16
Ease of 
installation and 
removal of 
Frame 0.16 4 0.64 3 0.48
Quality 0.1 4 0.4 3 0.3
Security 0.08 4 0.32 3 0.24
Cost 0.05 3 0.15 4 0.2
Appearance 0.03 4 0.12 2 0.06
Safety 0.06 4 0.24 3 0.18
Waterproof 0.03 3 0.09 3 0.09

2.28 1.71

Frame
Tubular Steel Steel Sheetmetal
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Design 
Criterion Weight Factor Units Score Rating Score Rating
Durability 0.08 4 0.32 3 0.24
Ease of 
installation and 
removal of 
Frame 0.16 2 0.32 4 0.64
Quality 0.1 4 0.4 4 0.4
Security 0.08 4 0.32 4 0.32
Cost 0.05 3 0.15 3 0.15
Appearance 0.03 3 0.09 4 0.12
Safety 0.06 3 0.18 4 0.24
Waterproof 0.03 4 0.12 4 0.12

1.9 2.23

Frame Quick Release
Lever Cam 
Latches at 3 

mounting points

Locking Cylinder with 
single cam latch 
mounting point

 
 

Design 
Criterion

Weight 
Factor Units Score Rating Score Rating

Durability 0.08 4 0.32 4 0.32
Ability to 
carry various 
sized loads 0.08 2 0.16 4 0.32
Quality 0.1 3 0.3 4 0.4
Modularity of 
system 0.12 2 0.24 4 0.48
Security 0.08 4 0.32 4 0.32
Cost 0.05 4 0.2 3 0.15
Appearance 0.03 2 0.06 4 0.12
Safety 0.06 3 0.18 4 0.24
Waterproof 0.03 4 0.12 4 0.12
Tie-Down 
Provisions for 
extra 
Equipment 0.03 1 0.03 4 0.12
Useable With 
a Passenger 0.1 3 0.3 4 0.4

2.23 2.99

Rack

Single Piece rack 
extension with non- 
moving passenger 

back support

Two piece rack with 
hinge allowing 

foreward section of 
rack to move 90deg 

to double as 
passenger back 

support
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APPENDIX G- SYSTEM CASES PRODUCTION DRAWINGS 
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APPENDIX H- FRAME PRODUCTION DRAWINGS  
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APPENDIX I- RACK PRODUCTION DRAWINGS 
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APPENDIX J- QUICK RELEASE PRODUCTION DRAWINGS  
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