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Executive Summary 
 

 

Naval Sea Systems Command holds the congressional charter for supporting the 

United States maritime war fighter in both the maintenance of current platforms 

and the research and development of new maritime technologies.  In support of 

this mission, the Naval Systems Warfare Center, Carderock Division has asked 

for a redesigned environmental enclosure for a selection of laboratory equipment.  

The new environmental enclosure provides increased protection and improved 

equipment integration relative to the previous instrumentation setup. 

 

The new environmental enclosure groups a LiDAR unit, visible laser used for 

verifying equipment alignment, and a digital camera.  The enclosure falls below 

the 90 pound weight limitation of the pan and tilt mechanism and has an envelope 

of 30‖x10‖x10‖.  This is an improvement over the previous system because each 

sensor is used to observe the same area; when mounted together there is no 

positioning error in the equipment setup and each of the systems is more protected 

from environmental factors such as precipitation.  The enclosure includes a single 

point of access for electronics plugs and features gaskets around all openings to 

better manage environmental hazards.  To further isolate the system from outside 

environmental factors, internal and external wires are separated using bulkhead 

connectors at the box perimeter.  The new enclosure also includes an inertial 

motion unit so that the equipment position may be mapped relative to the test 

platform when the system is used in non-laboratory tests.  The design and 

manufacture of a prototype is on schedule and is due to be completed by the April 

deadline.  The completed enclosure will meet all International weather Protection 

standards, level 3, and some IP-4 requirements. 
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1.0 Introduction 
 

Radar has been used since the mid 1930’s in military applications to detect 

nearby objects and vehicles using electromagnetic waves.  LIDAR (Light 

Detection and Ranging) is very similar to radar, except it uses shorter waves in 

the ultraviolet or visible light region for detection.  This technology is extremely 

useful for topographic mapping, since the small wavelengths reflect off of all 

objects quite well, which results in high resolution images. 

NSWCCD uses the LIDAR system in the testing of scale model 

submarines and ships.  The LIDAR system records the wave profiles in the wake 

of the models, which helps the engineers to see how the vessel maneuvers in the 

ocean.  In the NSWCCD facility in Bethesda, MD, there is a 2000 feet long pool 

that is 25 feet wide where the scale testing is done.  A movable carriage spans the 

width of the pool.  An area in the center of the carriage is open to the water, and 

this is where the scale models are submerged in the water.  Attached to the 

carriage just above the surface of the water is the LIDAR system. 

The LIDAR system itself is housed inside of a steel enclosure.  It has a 

viewing window cut out in order for the LIDAR to see the water.  This opening 

does not offer any water resistance.  This assembly is bolted to a device called the 

pan and tilt.  The pan and tilt is attached to the carriage itself, and it allows the 

LIDAR to be adjusted to the desired angle to record the wave profiles. 

 

1.1 Initial Problem Statement 
 The environmental enclosure for the LIDAR system must be water-

resistant, as it will be exposed to water splashing up to the position in which it is 

mounted.  Since placing material in front of the window will compromise the 

LIDAR’s accuracy, another method of resisting the water is necessary.  The test 

facility is rather dim, and the pan and tilt testing set up offers no additional light 

to indicate the area the LIDAR is recording.  Although the LIDAR itself does not 

need more light, the test operator will need a way to sense where the LIDAR is 

aimed, since this may affect the quality of the data.  Additionally, the entire test 

may need to be recorded via video.  The housing should also have the room to 

accommodate a digital camcorder and a means to protect it from the water. 

 

1.2 Objectives 
 The LIDAR housing, most importantly, will be water-resistant to a 

minimum rating of IP-3.  The IP-3 is an international standard that specifies the 

enclosure must resist spraying water falling from angles up to 60 degrees from 

vertical without damage.  The housing must also have sufficient room to 

accommodate the LIDAR system, a laser line scanner, and a Sony Handycam.  
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The laser line scanner must have a low enough rating to be used without the 

protection of special goggles for the safety of the NAVSEA employees.  The 

Sony Handycam will have an adjustable position to accommodate a removable 

zoom lens.  The camcorder will need to be able to be removed easily, since the it 

is stored at a different location in the NSWCCD facility.  Finally, the overall 

housing assembly should be under the weight rating of the pan and tilt.  A 

successful LIDAR housing will prevent water from entering in order to protect the 

electronics encased, which will be comfortably packaged within the enclosure. 

 

2.0 Customer Needs Assessment 
 

2.1 Gathering Customer Input 
The David Taylor Model Basin Building, part of NAVSEA’s Carderock division, 

is located in Bethesda Maryland and houses three of the world’s largest 

independent towing basin test facilities.  These basins are used for a wide variety 

of hydrodynamic tests, including wake surveys.  To effectively analyze the wake 

of a ship a Light Distance and Ranging (LiDAR) system must be utilized to 

accurately chart wave dimensions.  The current enclosure for the LiDAR system 

lacks attributes such as water resistance and a fully closing lid to keep this 

expensive piece of equipment safe.  In addition, it is difficult to align the laser 

light pointer which indicates the measurement region.  This combined with the 

absence of an inertial measurement unit (IMU) leads to system misalignment and 

skewed data.   

After an extensive external search, the group traveled the Bethesda, Maryland in 

order to examine the equipment and interview Dr. Drazen, an oceanographer for 

the NWSCCD and the group’s point of contact.  The following needs resulted: 

·   An enclosure design that protects the LiDAR from environmental elements 

(i.e. water)  

·   An enclosure that integrates the LiDAR system, laser line pointer, a video 

camera and an IMU into one unit 

·   Easier access to electrical connections 

·   A better way to secure the enclosure 

·   An easily moveable unit 

 

2.2 Weighting Customer Needs 
After gathering the customer input, the group decided to focus on nine criteria that 

encompassed all the customer needs. The criteria and descriptions are listed and 

described in Table 2.1. 

 

 



7 | P a g e  

 

 Table 2.1- Customer needs criteria and descriptions 

 

Criteria Description 

Cost  The amount of money and time the customer is willing to 

spend on the materials and production. 

Reliability Consistency of the performance of the enclosure - the 

amount of battering it can withstand. 

Ease of Maintenance The cost of money or time needed for upkeep under 

normal conditions. 

Ease of Manufacture The complexity involved in making the box. 

Size The expansiveness of the design. 

Weight The total body force of the enclosure. 

Ease of Use Difficulty of using the enclosure. 

Structure The ability to house all necessary components. 

Water Resistance The ability of the enclosure to repel water. 

 

As seen in Figure 2.1, the weighing of the customer needs was completed using 

an Analytic Hierarchy Process (AHP) matrix.  This allowed the most important 

features of the design to be identified. 

 

 
 

Figure 2.1 - AHP pairwise comparison matrix 
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After completing the AHP matrix, the group found the most important need was 

the structure with a weight of 0.18.  The enclosure must be able to incorporate all 

desired components in order to optimize the output data and make wake tests 

simpler.  Water resistance was of almost equal importance with a weight of 0.16.  

The enclosure must repel as much water as possible so the equipment will not be 

damaged.  If the LiDAR is damaged there will be no way to acquire data without 

the purchase of another costly measurement system.  Weight, size, and ease of use 

were of approximately the same importance with weights of 0.14, 0.13 and 0.11 

respectively.  The enclosure must have dimensions and a body force that correlate 

to the capabilities of the tilt panel to which it will be mounted.  The enclosure 

must be easily moveable in order to remove and maintain equipment.  Lastly, 

reliability, cost, ease of maintenance and ease of manufacture are in the same 

weight range with respective weights of 0.09, 0.08, 0.06 and 0.05.  The enclosure 

must be useful for an extended period of time in order to be purposeful.  Because 

it will be used in a testing facility around heavy machinery it must be able to 

withstand mild battering with minimal to no upkeep.  The cost must be kept to a 

minimum as this project must stay within budget.  Manufacturing processes must 

be kept fairly simplistic as the group does not contain an expert in enclosure 

production and does not have any custom equipment facilities.  While some 

criteria are weighted heavier than others, it is important for the group to meet all 

requirements to optimize the final product. 

 

 

 

3.0 External Search 
 

 Although unified sensor enclosures are difficult to find because very few 

researchers use the same combination of sensors in the same location, there are 

some common themes throughout similar commercial products.  Many sensor 

enclosures either are designed to serve as equipment racks, or to protect one 

sensor well against a specific threat to that sensor.  This is well illustrated on the 

Changhe Enclosures website, www.enclosures.com.  They provide enclosures 

such as the ―instrument case‖ which is an open aluminum box with mounting 

points, or they provide a ―temperature sensor enclosure‖ or ―power supply 

enclosure‖ which offer improved protection at the cost of reduced versatility.  

This project aims to provide an enclosure similar in design philosophy though it 

will be difficult to draw on some external design concepts because they are 

specialized to sensors and implementations.  The enclosure will protect a set array 

of sensors from environmental threats including condensation and moderate water 

splashes. 
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3.1 Patents 
 From the team’s patent research, the design objectives of the project made 

it unlikely that team Navy would face many patent-infringement issues.  The most 

pertinent patents found in the patent search are included in Appendix C for 

reference.  Two of the patent concepts may be useful in the final enclosure design, 

the use of rubber O-rings to form seal around any location on the enclosure where 

non-permanent closures are, and the use of a lipped lid to better seal the top of the 

enclosure.  Neither of these concepts is unique to any of the prior art and no 

patents need to be licensed before adapting these ideas to the project. 

 

 Table 1 summarizes the data collected during the team patent search. 

 

Table 1. Art-Function Matrix 

Function Relevant Prior Art 

 O-ring 

gaskets 

Lipped 

Lid 

Pressure 

between 

exposed 

joints 

Compartments Machined 

sensor 

mount 

points 

Water resistance 5353054 

D465330 

4225655 4465189 

4771299 

5353054 

  

Sensor 

Alignment 

   D270387 5353054 

Sensor 

Organization 

   D465330 

5353054 

5353054 
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3.2 Existing Products 
 

 
Figure 2. Changhe sensor enclosure offering organization but little protection 

 

 
Figure 3. Changhe sensor enclosure offering much protection, but with little 

possibility to modify the enclosure without degrading the protection offered. 

 

 

 
Figure 4. Pelican™ case offering protection and compartmentalization though the 

case is not specifically designed to have sensor openings machined into it without 

protection degredation. 
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4.0 Engineering Specifications 

 
4.1 Establishing Target Specifications 
 Dr. Drazen provided the team with the needs of a new LIDAR housing, 

along with the manuals of the equipment to be enclosed in the housing.  This 

information allowed target specifications to be established. 

 
Table 1: Target Specification Metrics and Values 

Metric Specification Units 

Water Resistance Rating IP-3 - 

Weight < 175 lbs 

Handy Cam Dimensions 3 x 3.25 x 5.625 in
3
 

LIDAR System Dimensions 206 x 474 x 133 mm
3
 

LIDAR Base Plate Dimensions 0.5 x 5.25 x 24 in
3
 

Laser Rating Class 1 or 2  

 

4.2 Relating Specifications to Customer Needs 
 To ensure the target specifications were in line with the customer needs, a 

QFD matrix was constructed.  An ―x‖ at the intersection of the engineering 

specification and the customer need indicated that the engineering specification 

lent itself to that customer need. 

Cost x x

Reliability x x x x x

Ease of Maintenance x

Ease of Manufacture x x x

Durability x

Size x x x

Weight x x x x

Ease of Use x

Structure x x x x x

Water Resistance x

0.013 63 1 or 2
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Table 2:  QFD Matrix relating Engineering Specs to Customer Needs 
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5.0 Concept Generation 

 

5.1 Problem Clarification 
Figure 4.1 is the ―Black Box‖ model for the overall problem, which includes the 

inputs and outputs of our system.  Electricity will be input into our system to 

power the internal components such as the laser line scanner, the LIDAR unit, and 

the video camera.  Our enclosure will have to protect the internal components 

from water damage, from the intermittent splashes of water from testing.  After 

the LIDAR collects all of its test data, the wake data will be output to a PC for 

analysis.  The second figure below is a more detailed Sub-Function model that 

shows more functions of our system.     

 

 

 

 
Figure 4.1: Black Box Model 

 

       

 

 

 



13 | P a g e  

 

 
Figure 4.2: Sub-Function Model 

 

 

 

5.2 Concept Generation 
In order to facilitate proper generation of various environmental 

enclosure concepts for the LIDAR system, the team used the brainstorming 

and 6-3-5 ideation methods. Brainstorming entailed each member utilizing 

the information obtained in the external search as well as their own 

creativity to generate any and all possible enclosure configurations.  The 6-

3-5 method had the group members individually generate concepts they 

would like to utilize in the design.  These suggestions were conveyed on a 

piece of paper in the form of words, pictures or a combination of the 

two.  Propositions were then improved upon by adding another member’s 

ideas for enhancement.  Sketches for all of the concepts can be found in 

Appendix A. 

 

Concept A: Attempting to make this design meet IP4 waterproofing 

standards, this concept has incorporated gaskets and o-rings into its design.  

This concept also contains a cable interface inside so that all of the electrical 

connections can be cleanly run through the walls of the enclosure.  This 

design uses two different ways of allowing the camera to adjust in the 

vertical direction.  One of the designs uses three different holes that are 

drilled into the side of the box and has cover plates to cover the holes that 

aren’t in use.  The more favorable design uses a piece of Plexiglas with a 
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gasket that is bolted in front of a vertical slot cut in the side of the box.  

Latches are used in this concept to squish down the gasket on the lid to 

make the box more water-resistant.  Gaskets are also used around the 

LIDAR opening in the box.  

 

Concept B: This design uses some common features of concept A.  Some of 

the common features are the wires running cleanly through the walls of the 

box and using a clear plastic for the cover of the camera opening.  This 

design also has an open layout on the inside of the box and contains no 

dividers to divide between the internal components.  An IMU device is 

included in this design which will sit on top or below the laser scanner.  An 

IMU reports velocity, orientation, and gravitational forces by using 

accelerometers and gyroscopes.  

  

Concept C: This design has compartments to separate the internal 

components from interfering with each other and to add to the water-

resistance of the enclosure.  A sectioned lid is also included in this design so 

that each individual compartment can be accessed without opening all of the 

other compartments.      

 

Concept D: This design has added compartments to separate the internal 

components.  Handles on the side of the box is a nice addition to our design.  

Gaskets are also used to seal around the LIDAR opening and on the lid of 

the box.  Glass is used to cover the camera opening just like our previous 

designs.  A heat sink is a possible addition to this design depending on how 

hot the internal components get.   

  

Concept E: This design consists of a Plexiglas screen to prevent the 

electrical components from getting hit with water.   

 

 

5.3 Concept Selection 
Concept Screening 

In order to rate each of the possible concepts researched in a methodic 

manner, a concept screening matrix was created.  Each concept was 

compared to the current enclosure – an aluminum box that encases the 

LIDAR, has an unprotected opening for the laser and receiver and does not 

close fully.  The criteria as specified in the screening matrix were judged on a 

+, -, and 0 scale. Plus and minus denote better than and worse than, 

respectively.  0 indicates no change from the current enclosure.  The ratings 

of each concept were totaled and ranks given to each design and sub-concept 
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depending on their net sum.  The results from the screening matrix 

determined that the splash screen, the compartmentalized enclosure and the 

rain protection enclosure were the best options suggested.  Other sub-

concepts like o-ring seals, handles, latches and crank securing were viable 

options to integrate into the designs.  The matrix can be seen in Appendix G. 

 

Concept Scoring 
Environmental enclosure concepts and sub-concepts selected in the concept 

screening matrix were combined and scored in order to determine the best 

enclosure to manufacture.  Ratings for each aspect of the design process 

were assigned to each of the proposed concepts.  The rating system scored 

each component against the reference enclosure; 5 being better, 3 being 

neutral and 1 being worse than the current system.  Scores of 4 and 2 

indicate mid-range values. Each concept was then multiplied by the 

respective customer needs weight value, determined by the AHP matrix (See 

Figure 2.1), and tallied together to receive a total score.  Structure, water 

resistance, size and weight proved to be weighed heaviest, and carried much 

of the score for the final ranking.  The rankings determined that an o-ring 

sealed latched enclosure with handles provided the most accommodating, 

protective and easy to use product.  To clarify which concepts are ranked in 

the concept scoring matrix, descriptions of each will follow.  The o-ring 

sealed, latched box with handles is concept A of Appendix A.  The top 

concept of the concept E page is called the splash screen in the matrix and 

the bottom concept of the concept E is called the rain protection enclosure.  

Concept B is called the crank secured metal enclosure and the crank secured 

compartmentalized enclosure is concept C.  The concept scoring matrix can 

be found in Appendix H.  
 

Concept Pros and Cons: 

 

Concept A: This design offers a lot of water-resistance to the internal 

components.  Another great feature of this enclosure is that all of the internal 

components are in line with the center line of the LIDAR unit.  The Plexiglas 

cover for the camera opening is very innovative since the camera can be adjusted 

vertically without changing anything externally on the enclosure.  A cable 

interface is including in this design to make running all of the electrical wires very 

professional looking.  One drawback to this design is the lack of carry handles 

and possible the weight may be a factor in the design.  This is the primary design 

and will be continued with small additions from concept D.    
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Concept B: This design is very similar to concept A.  All of the internal 

components are in line with the LIDAR center line as mentioned before.  This 

design is lacking a cable interface so that the wires run through the enclosure very 

neat and tidy.  An open floor layout on the inside of the enclosure is present in 

this concept which makes every component very easy to access.  The weight of 

the enclosure should be very similar to concept A’s weight.    

Concept C: This design has a sectioned floor layout to separate the internal 

components so that individual components can be accessed without accessing the 

other components.  The lid is also sectioned to help in accessing specific 

components inside the enclosure.  A cable interface and carry handles are lacking 

in this design.  Due to the extra material that would be added to this enclosure to 

build the separating walls, this design would be the heaviest of all the designs.     

 

Concept D: This design aligns all of the components with the center line of the 

LIDAR unit.  Carry handles are including in this design and also an adjustable rail 

for the camera is a nice addition.  This design would be slightly heavier than the 

existing enclosure due to the added material to create the separation walls of the 

enclosure.  A heat sink may be also added if the internal temperatures are found to 

be very high.  A cable interface is included to run the wires through the wall like 

in our other designs.   

 

Concept E: This design would be the lightest of all our designs.  This design 

doesn’t provide very good splash protection and doesn’t contain any carry 

handles.  There is no lid or protective cover to keep the components from getting 

wet.   
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6.0 System Level Design 
 

 
 

Figure 5. Exploded system-level view of the environmental enclosure 

 

Exploded Enclosure (Figure 5): Pictured is the overall enclosure (1), including 

tracked mounting point for the Handycam video camcorder, changed to a sliding 

bolt track in the final design, shown updated in figure 6 below (2), sealed glass 

window for the videocamera (2), and cutouts for the visible line laser (3) and 

LIDAR system (4).  Also pictured is the lipped box lid (5) and LIDAR system 

itself (6).  All three items, LIDAR system, visible laser, and camera, all have the 

same center vertically. 

 

 

 

 

 

(2) 

(3) 

(4) 

(5) 

(1) 

(6) 
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Figure 6. Close-up of box corner 

 

Pictured in figure 6: Enclosure carrying handles (1) are located on both ends of 

the enclosure, also pictured in more detail, the slot for the handycam mounting 

bolt(2) 

 

 
 

Figure 7. LIDAR system plug layout 

 

(1) 
(2) 

(1) 

(2) 

(3) 
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Here are the bayonet connector (1) and parallel port (2) that should be wired to 

the enclosure ports.  Also shown are the heat fins (3) which dictate the overall 

height of the enclosure design. 

 

7.0 Special Topics 
 

7.1 Preliminary Economic Analyses, Budget and Vendor Purchase 

Information 
The budget for this project is $1250.00 and is meant to include all travel, 

equipment, material and poster costs as well as any additional project needs. A 

projected bill of materials (BOM) was generated in order to provide an estimate 

of the material and equipment costs for the project. A projected budget was 

developed to ensure that all expected costs would remain within the allocated 

limit with a slight surplus to allow for any unforeseen needs.  The budget will 

incorporate a ten percent contingency in order to account for any risks (see Risk 

Plan in section 7.3) and unexpected costs that may be incurred. The BOM and 

projected budget can be found in Appendix D. The final estimated cost for this 

project is $684.63 including a contingency of $125.00. Travel expenses have 

accumulated to $352.04. The material costs are projected to be $103.84.  When 

the project is completed, a poster will be printed for the senior design showcase at 

an estimated cost of $53.00.  This leaves $565.37 for any unaccounted 

expenditures.   

 

7.2 Project Management  
Our Gantt chart is a representation of the scope of work that needs to be 

completed by listing tasks, milestones, and each individual’s responsibilities to 

ensure the customer’s needs are satisfied. It was in our good practice to have the 

person who would be responsible for an activity estimate the duration. Our team 

generates updated Gantt charts on a daily basis to make sure each team member is 

on the same page. Updates include recognizing when a task is done, changing any 

changes in goals or deadlines, and also updating percentage completion of tasks 

that are ongoing responsibilities. Along with informing team members, our 

sponsor will receive a weekly progress report which includes our most up-to-date 

Gantt chart. This allows the sponsor to compare our work completed to scope of 

work. Our most current Gantt chart is attached to Appendix B. Managing a 

project depends on the use of the program Microsoft Project. Our team has 

appointed a Project Manager with the appropriate technical skills needed to 

operate the software.  
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7.3 Risk Plan and Safety 
As with any project, safety is an extremely important aspect when designing and 

prototyping a product. We will make sure we are in the state of being certain that 

adverse effects will not be caused by some agent under defined conditions. Team 

Navy will be working in the Pennsylvania State University Learning Factory 

which has strict guidelines to safety.  It states ―Safety is of utmost importance in 

The Learning Factory. Every student must complete a 20-30min Safety Tour & 

Training before being allowed to use the Bernard M. Gordon Learning Factory 

facility.‖ (http://www.lf.psu.edu/Facilities/Safety.html) When prototyping the 

enclosure for the LiDAR, we will rigorously test the product for safety every step 

of the way. The project also entails some risk factors. When assessing risk 

management, we must expect unexpected events and plan for them. We will also 

identify a risk plan, realize high probability risks and identify them at the 

beginning of the project, realize any other risks that should have been mentioned 

in the beginning of the project then mention them. We will also make sure we 

have a contingency plan and adequate money for the risks. Assessing each risk 

involves determining the likelihood that the risk even will occur and the degree of 

impact the event will have on the project objective. Both of these factors can be 

assigned a rating of High, Medium, or Low. The project manager, in consultation 

with appropriate team members who are most knowledgeable about the potential 

risk, should determine a rating for each risk.  These risk factors include technical 

risks, manufacturing risks, schedule risks, and reliability risks which can all be 

reduced to financial risks to the sponsor. Team Navy is dedicated to sticking to 

the budget but are prepared for any of the previously risk factors. Below is our 

Risk Plan Table that includes foreseen risks, level of severity, actions to 

minimize, and a fall back strategy for each risk. Risk monitoring will also be 

established which includes reviewing the Risk Plan through-out the project. 

During the project, it is important to evaluate all risk to determine if there are any 

changes to the likelihood of occurrence or the potential impact of any new risks.  

 

 

 

 

 

 

 

 

 

 

 

 

http://www.lf.psu.edu/Facilities/Safety.html)
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Table 8 - Risk Plan for a LiDAR system enclosure 

Risk Level Actions to Minimize Fall Back Strategy 

Schedule 

Delays 
High -Constantly track task progress and task 

completion 

- Accelerate most imminent tasks then 

review future tasks to lessen applicable 

duration times. 

-Calculate Slack for 

each task and assess. 

-Re-allocate 

individual 

responsibilities by 

reviewing resource 

usage. 

Change in 

NavSea 

specification 

Moderate -Involve NavSea in process of concept 

selection and intention. 

-Work with NavSea to estimate time 

and cost penalties for any changes 

-Add time for 

sponsor approval 

after each milestone 

during the duration 

of project 

-Additional budget 

required 

Customer 

not satisfied 
Moderate -Constantly review NavSea objectives 

for production and use 

-Discuss with 

sponsor how to fix 

unsatisfactory 

components of 

product 

Delays in 

order 

placements 

or delivery 

Moderate - Make sure parts are in stock by two 

methods (online, telephone) 

- Make sure purchasing department has 

all needed information 

-Build or assemble 

ourselves 

-If possible, pick up 

the part 

 

Product 

does not 

function as 

predicted 

Low -Test early and often 

-Prior and after to prototype assembly, 

have sponsor approval 

-Be aware of risks of new technology 

- Have alternative 

concept designs 

-Use different 

material and 

assembly 
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7.4 Ethics Statement 
Ethical behavior is necessary within our project, but it is also crucial in project 

business relationships with the customer, suppliers, and subcontractors. 

Customers and suppliers want to do business with a project team they can trust. 

This is especially important in what information the project members 

communicate to the sponsor. Withholding or falsifying information is 

unacceptable, especially in situations where potential safety consequences are 

concerned. All members of the group are part of ASME (American Society of 

Mechanical Engineers) and have decided promote and encourage practice in the 

profession within this code which is as follows;  

 

 CODE OF ETHICS OF ENGINEERS 

 

 The Fundamental Principles 

 

Engineers uphold and advance the integrity, honor and dignity of the engineering 

profession by: 

 

 I. using their knowledge and skill for the enhancement of human 

welfare; 

 

 II. being honest and impartial, and serving with fidelity their clients 

(including their employers) and the public; and 

 

 III. striving to increase the competence and prestige of the engineering 

profession. 

 

7.5 Environmental Statement 
Team Navy will ensure that all materials and processes used in the design and 

production of the enclosure for the LiDAR detecting system will be 

environmentally friendly. We will make sure the processes we use do not emit 

harmful emissions as well as the products. We aim to conserve natural resources 

and minimize waste through source reduction and recycling; handle and dispose 

of wastes through safe, environmentally responsible methods; encourage energy 

efficiency and the use of renewable energy sources; and encourage our sponsors 

and suppliers to strive for the same high levels of environmental performance. 

 

7.6 Communication and Coordination with Sponsor 
Dr. David Drazen, an employee at Naval Surface Warfare Center Carderock 

Division, will be the point of contact.  In addition to the weekly progress reports, 

Dr. Drazen prefers a teleconference every other week to check on the progress of 
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the design.  The teleconferences take place on Tuesdays between 9:30 a.m. and 

10:00 a.m. in the Learning Factory’s teleconference room.  Email is the primary 

form of communication between team members and Dr. Drazen.           

 

8.0 Detailed Design 

 
The projected budget and bill of materials from section 7.1 Preliminary Economic 

Analyses, Budget and Vendor Purchase Information have been updated below in 

section 8.7 Economic Analysis, Budget and Vendor Information. 

 

8.1 Manufacturing Process Plan 
Housing 

 Material—0.050‖ Thick 6061 Aluminum Sheet 

 Waterjet the outer profile of the enclosure.  (The 2 long sides and the 

bottom will be 1 piece and 2 additional end caps will be cut). 

 Deburr the edges with the scotch brite wheel. 

 Bend the two long sides to 90 deg using the sheet metal bender. 

 TIG weld the end caps 

 

Lid 

 Material—0.050‖ Thick 6061 Aluminum Sheet 

 Waterjet the outer profile of the lid. 

 Deburr the edges with the scotch brite wheel 

 Bend the 4 sides to 90 deg with the sheet metal bender. 

 TIG weld the 4 corners 

 

Wiring  

 Slide a piece of heat shrink onto the cable. 

 Put the cable through the appropriate hole on the side of the housing 

 Strip all wires. 

 Solder the leads according the wiring diagram or to correspond with the 

correct pin. 

 Slide the heat shrink over the soldered connections 

 Using the heat gun, shrink the heat shrink. 

 Pop rivet the panel mount connectors to the outside of the housing. 

 

Composite Video Mount 

 Wateret the outer profile of the mount 

 Deburr the edges with the scotch brite wheel 
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Enclosure Assembly 

 Pop rivet the hinge to the back of the enclosure 

 Attach the latches 

 Attach the o-ring 

 Attach the composite video connector and mount using pop rivets 

 

8.2 Analysis 
The concept and intended purpose of the environmental enclosure for a LiDAR 

system does not require a theoretical analysis to validate the design. Heavy 

loading and significant battering of the enclosure is not anticipated therefore 

eliminating the need for a finite element analysis of the enclosure’s structural 

integrity.  There are no unusual methods of assembly or any other idiosyncrasies 

that would require testing to demonstrate the reliability of the enclosure.   

 

8.3 Material and Material Selection Process 
Material selection was a priority of our design of our environmental LiDAR 

enclosure.  Cost, ease of manufacture, and ease of use are high on our customer 

needs list.  The importance of the cost of our design is an influence of the material 

we should use for our enclosure.  Some important selection parameters are 

strength, weight, and machinability. The major component of our enclosure to 

consider was the material for the box.  NSWCCD currently used aluminum for the 

design so we chose to use 6061 T6 Aluminum.  Aluminum is a cost-efficient and 

reliable material because it has a relatively high tensile strength (276 MPa) and a 

lower modulus of elasticity (68.9 GPa).  This means that the material will make a 

stiff and rugged enclosure for the LiDAR system and will stand up to the weight 

of the internal components of our enclosure.  Aluminum has good machinability 

which we need in our design since we will be drilling holes for wire connector to 

pass through the side of our box.  Aluminum sheeting is relatively inexpensive 

and is also very light so we thought that aluminum was a clear choice for a 

material to use.                  

 

The only other component of our enclosure to pick a material for is the gaskets to 

waterproof our box.  The gaskets should be inexpensive, have good chemical 

stability, and have flexibility.  The purpose of a gasket is to fill the space between 

two objects, to prevent leakage between the two surfaces while under 

compression.  We chose to use neoprene rubber for our gaskets since it is fairly 

cheap and very durable.  Neoprene can withstand some harsh chemicals are still 

provide us with sufficient waterproofing.  The major benefit of neoprene is that it 

maintains flexibility over a wide range of temperatures.  We can also manipulate 
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the shape of our neoprene very easily to fit our enclosure design.  It is a good idea 

to make the gasket thicker than needed to compensate for any surface 

irregularities, and to allow the gasket to compress in order to seal our enclosure.  

We can’t make the gasket too thick because then the gasket will start to seep 

water and not be providing waterproofing to our enclosure.            
 

 

8.4 Component and Component Selection Process 
Gasket — Due to the operating conditions which include temperature, pressure, 

and fluid, a neoprene rubber gasket was selected to seal the lid of the enclosure as 

well as the opening around the LiDAR laser and receiver. Neoprone is typically 

used to waterproof products because it embodies the essential characteristics of 

durability, UV resistance, flexibility, and resistance to oils and aging. 

 
Piano Hinge—A single long hinge was chosen instead of 2 smaller hinges, since 

it will be sturdier.  The size of the hinge was based on the dimensions of the 

enclosure. 

 

Latches— A steel draw latch with nickel finish was selected to secure the 

enclosure’s lid.  Nickel is very corrosion resistant so it will be durable.  The draw 

latch will allow for consistent pressure applied to the gasket in the lid.  The latch 

can also be locked if necessary. 

 

Line Scanner & Mount—The laser line scanner and the mount were provided by 

NSWCCD.  This laser was chosen because it meets the requirements of having a 

Class II laser.  Also, the dimensions are small, which allow it to be packaged 

more efficiently in the housing. 

 

Electronics 

The goal of all connectors in the enclosure was to provide a connector on the 

outside of the housing that is identical to the connection on the electrical 

component within the enclosure.  

 

Souriau connectors (Digi-Key P/N’s: S85102E1210P50-ND and 

S85106E120S50)—The male connector was specified by Riegl to provide power 

to the LiDAR.  Originially, a bulkhead connector was chosen in order to have 

other connectors plug into either side of the housing.  The specified connector, 

however, was only available as a panel mount connector.  This meant a cable 

needed to be soldered on the rear of the connector, inside of the housing.  A plug 

will be soldered to the other side of the cable, which  will interface with the 

LiDAR.  The cable and plug must be left inside of the enclosure.  Since a cable 
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must be left connected to the housing, we decided to do the same with the rest of 

the connectors. 

 

Cable—The Souriau connectors have 10 pins; therefore, the cable must have at 

least 10 wires.  The Digi-Key representative recommended using 22 AWG for the 

connection.  Digi-Key only offered this type of cable in increments of 100 feet.  

Since only a few feet will be used, this was far too much.  We found 12 wires, 22 

AWG cable in smaller increments, which will be used instead.  The additional 

two wires will just be clipped and left unused. 

 

Parallel Port Connector (Radio Shack P/N:  276-1547)—Since the standard 

parallel port connectors do not come with a mount, a 25 Position, Male Solder D-

Sub connector will be used.  There are two holes on either side of the connection 

that may be used for mounting.  The back of the connector has cups for soldering.  

A cable will be soldered onto the connector and will stay in the enclosure. 

 

Female Parallel Port Connector—The parallel port connector on the LiDAR was 

male; therefore, a female parallel port was necessary to plug into the LiDAR.  

Since the female connector must be wired to the d-sub connector on the housing, 

the team chose a female connector that was already attached to a cable.  This 

ensured that the correct cable was chosen. 

 

Serial Port (Radio Shack P/N:  276-1427)—This will be used to connect to the 

IMU from the outside of the enclosure.  Standard serial connectors also do not 

provide an easy means of mounting. The mounting of the RS-232 port will be 

similar to the parallel port connector.  A 9 Position, Male Solder D-Sub connector 

will be used.  Like the other connectors, a cable will be soldered to the connector 

from the inside of the housing. 

 

IMU Power Cable 3dM-TX1-CBL (Micro Strain P/N: 6206-0020)—The IMU’s 

power connection was through a specialized cable, which was available through 

Micro Strain.  The end of the cable is a female RS-232 connector, which can be 

cut and soldered to the inside of the serial port mounted on the outside of the 

enclosure.  Since the interface is already a serial connector, the wire gage of the 

cable will be adequate for the amperage. 

 

Composite Video Output (Radio Shack P/N:  55017213)—This connector was 

chosen to interface with the Sony Handycam.  Like the other connectors, a 

connection must be made on the inside and the outside of the housing.  The 

composite video output connector did not come with a means to mount it to the 

enclosure.  A separate mount will be made. 
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8.5 CAD Drawings 
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8.6 Test Procedure 
The equipment needed to test the LiDAR enclosure would be a water supply, 

hose, nozzle, a stable stand, ruler, a thermometer with a range including 18 °C to 

30 °C , moisture content meter, a class one laser, Sony Handycam, and our water 

resistant enclosure. The first step in the procedure would be to secure the LiDAR, 

laser, and Handycam into their positions in the housing. We would then seal the 

enclosure and put it on the stand, set up the hose and nozzle, and prepare for the 

test. We will spray the water from the hose and nozzle onto the enclosure at a 

predetermined angle. Since our enclosure has to be environmentally safe and meet 

the IP3 standard (has to withstand a splash of water from 60 degrees from the 

vertical) we will simulate the splash of water from the ocean. Once we splash the 

enclosure, we will use a moisture content meter to detect any moisture inside the 

enclosure. If the housing meets the IP 3 rating, we will test the higher IP rating to 

determine the water resistance level. The next step in our procedure would be to 

test the laser and Handycam. The Handycam must have a freedom of motion in 

the x and y plane to accommodate the different sized lenses. We will actuate the 

Handycam back and forth to determine the range of motion.  The next step would 

be to align the laser and check to see if it is along the horizontal center line of the 

LiDAR. This will be done by using a ruler. Another step in our procedure would 

be to turn all electronic systems within the enclosure and run them for a period of 

15 minutes. A thermometer will be placed inside the enclosure and the 

temperature will be recorded every minute. This will test to see if our design 

needs a heat sink to dissipate heat.  During the testing of the enclosure, we will 

record results and the details of the test conditions. 

 

8.7 Economic Analyses, Budget and Vendor Purchase 

Information 
The budget for this project is $1250.00 and is meant to include all travel, 

equipment, material and poster costs as well as any additional project needs. The 

projected bill of materials (BOM) has been revised in order to provide an up to 

date record of the material and equipment costs for the project. The budget 

remains within the allocated limit with a ten percent contingency built in to 

account for any risks (see Risk Plan in section 7.3) and unexpected costs that may 

be incurred. The BOM and updated budget can be found in Appendix D. The final 

estimated cost for this project is $872.27 including a contingency of $125.00. 

Travel expenses have accumulated to $352.04. The actual and projected material 

costs are $342.23 including an expected $50.75 for shipping. Major discrepancies 

between the initial projected budget and the actual budget are due to two factors.  

The first modification being that NWSCCD has decided to purchase the laser 

alignment and laser alignment mount with no charge to the project budget.  The 

second discrepancy is in connectors that were not accounted for in the initial 
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evaluation of the project materials.  When the project is completed, a poster will 

be printed for the senior design showcase at an estimated cost of $53.00. This 

leaves $342.23 for any unaccounted expenditures.  
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Appendix A: Design Concepts 
 

Concept A 
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Concept B 
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Concept C 
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Concept D 
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Concept E 

 
 

 

 



38 

Appendix B: Gantt Chart (As of March 18, 2010) 
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Appendix C: Patent Search 

 

1) US Patent # 4465189 – Waterproof Container 

 

 A pressure relief valve provides venting when there is a differential between the 

outside pressure and inside pressure 

 A vacuum release valve eliminates any vacuum when opened 

 Waterproof equipment bags have been used for many years by military to protect 

equipment that is submerged or around moisture.  

 These bags often leaked and subject the equipment to damage. 

 

2) US Patent # 4771299 - Underwater operation of non-waterproof equipment   

 

 This invention relates to a means to adapt an apparatus such as a video camera for 

underwater operation without increasing the strength of the structure to be 

protected or adding waterproof seals around openings or operation ports.  

 This is done in this patent by waterproofing the device by enclosing it in a 

waterproof case and pressurizing the case to approx equal to the ambient water 

pressure 

 To do this in the past they used a pressure hull. These devices were bulky, 

expensive and complex 

 The pressure hull needs an operator because of the complex buttons it has on it. 

 The pressure that builds up on these containers is so high that it messes with the 

video camera’s buttons and controls jam.  

 Containers are destroyed or deformed by water pressure 

 

3) US Patent # 5353054 

 

 Glass sealed by o-rings to a case with a nominal thickness of at least 5mm (for 

depth, but we should consider it for strength—people may set items on top of our 

box) 

 Daylight filtering (they use a sensor, but would it help to have an upper lip on the 

box to act as a sunshield?) 

 Will we need vents to prevent the inside of the box from fogging in humid 

conditions? 

 Should the box include an access hatch for easy removal of the LIDAR system, or 

is the enclosure meant to be a completely sealed environment? 

 Mount the box to the test bed with a flanged base and use a thick bottom that we 

can put half-depth tapped holes in if need be so the box has as few bolt holes that 

open up the inside of the box to the atmosphere. 

 

4) US Patent # 4225655 

 

 Use a deep top lip if the system is small so the box lid doesn’t allow rain in (if we 

happen to go with a removable lid) 

 Use vents that are resistant to rainwater entry 
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5) US Patent #5087934 & #5239322 

 Both patent numbers were for the same device.  5087934 was more recent with updated 

claims 

 Made of Flexible Material—Transparent viewing port made of ―Perspex.‖  The rest is 

polyurethane coated nylon 

 Waterproof zipper—all joints are reinforced to ensure water-tightness 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



42 

Appendix D: Budget 
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Appendix E: Bill of Materials 
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Appendix F: Concept Screening Matrix 
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Appendix G: Concept Scoring Matrix 

 

 


