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Dr. Len Trombetta
University of Houston
4800 Calhoun Road
Houston, TX 77044

Dear Dr. Trombetta:

	In adherence to the final course requirements for ECE 4335 (Design I) for the Fall 2014 semester, I am submitting our final progress report. This report, put together by the team, will address the full progress we made throughout the semester. The final report uses the ADDIE process in order to communicate our progress throughout the stages of our design activity. 

As you may already know, detailed measurements of Blowout Preventer (BOP) ram blocks under increase pressure are currently not available in the industry. Further more, if such measurements were to be collected manually under test conditions, there would be a significant safety risk to the technician or operator conducting the procedure. Our team set fourth to develop a device that will remotely collect ram block surface measurements such as sealing distances and alignments measurements along the joining seal blocks in order to understand how materials being used behave under increase pressure. The project is a continuation of the previous UH senior design team during the 2013-2014 academic year, which previously conducted research providing the scanning system that utilizes a 2D laser scanner coupled with a rotary encoder in order to produce a 3D point cloud image of a surface. Their work did not include lowering the laser system to the bottom of a BOP ram block surface. This limits the ability to accurately scan surfaces outside of the effective proximity. Our team’s new design improves upon the existing device by providing a controllable range of vertical motion that will place the laser on the effective scanning distance in order to obtain accurate measurement data.

The team looks forward to finishing the project and implementing our redesign and in hearing any feedback you have on our performance this semester. If you have any questions, concerns or need further information in regards to this final progress report, please contact me at Kevin.Cantor@NOV.com or at (713) 367-4513.

Sincerely,
[Type the document title]
[Type the date]

Kevin Cantor
	ii

	
	Blowout Preventer
Surface Scanning System
Final Report

	
	
Kevin Cantor
German Benitez
Jason Le Gaspi
Khaldon Batnij

























	
	
	

	
	
	

	
	
	

	
	
	

	
	Saturday, December 13, 2014

	
	
	

	Kevin.Cantor@NOV.com
(713) 467-4513

	[image: ]





Team National Oilwell Varco: 
Blowout Preventer Surface Scanning System
Final Report
Table of Contents
ABSTRACT	iii
1.	ANALYSIS PHASE	4
1.1.	BACKGROUND – Previous Work	4
1.2.	PROBLEM	5
1.3.	NEED	5
1.4.	USER ANALYSIS	5
1.5.	GOAL	6
1.6.	DELIVERABLES	6
2.	DESIGN PHASE	8
2.1	MECHANICAL OVERVIEW DIAGRAM	8
2.1.1	Mechanical Solution	8
2.2	ELECTRICAL CONTROLS SOLUTION	10
2.2.1	Existing Electronics and Hardware	10
2.3	SOFTWARE CONTROLS SOLUTION	13
2.4	ENGINEERING CONSTRAINTS AND SPECIFICATIONS	14
2.4.1	Constraints	14
2.4.2	Desired Performance And Specifications	17
2.5	TARGET OBJECTIVE AND GOAL ANALYSIS	18
2.5.1	Overall Target Objective and Goal Analysis	18
2.5.2	Fall 2014 Target Objective and Goal Analysis	20
2.6	SCHEDULING AND TEST PLAN	22
2.6.1	Project Test Plan and Schedule	22
2.7	BUDGET AND COST	25
2.7.1	Fixed Resources	25
2.7.2	Controls and Cylinder Cost	25
3.	DEVELOPMENT PHASE	26
3.1	OBJECTIVES ACCOMPLISHED	26
3.1.1	Re-Design of Electronics and Hardware	27
3.1.2	Existing User Interface	31
3.1.3	Development Of New User Interface	33
3.2	OBJECTIVES IN PROGRESS	35
3.3	OBJECTIVES REMAINING	35
4.	IMPLEMENTATION PHASE	36
4.1	TESTING LASER SYSTEM	36
5.	EVALUATION PHASE	37
5.1	EVALUATING LIMITATIONS	37
6.	CONCLUTION	38
6.1	Project Status Summary	38
7.	APPENDIX	39
7.1	ALTERNATIVE MECHANICAL SOLUTIONS	39
7.1.1	Telescopic Pneumatic Cylinder Design Advantages	39
7.1.2	Vertical Truss System	39
7.1.3	Robotic Arm Design	40

[bookmark: _Toc279764914]ABSTRACT	Comment by Trombetta, Len: An abstract is supposed to include summary information about  all parts of the paper. What you have is more like a list of topics.

This progress reports provides details surrounding the development of a redesigned 3D point cloud-generating scanner.  The progress report begins with a background containing the project problem, need, and goal, as well as an overview diagram, project specifications, and project constraints.  The target objective and goal analysis is then presented, followed by updated schedule and budget.  Afterwards, the project progress is presented and analyzed in regards to the path set forward by the schedule and budget.  The proposal concludes with summary of the overall purpose of the project, a discussion of the progress made so far, and identification of all critical paths that required completion in order to provide the set deliverables for the semester project.



iii
1. [bookmark: _Toc279764915]ANALYSIS PHASE
1.1. [bookmark: _Toc279764916]BACKGROUND – Previous Work

This ECE 4335 senior design project, sponsored by National Oilwell Varco (NOV), under the management of Roger Dale Brown, and supervised by Wesley Powell, is a continuation of a previous project done by an electrical engineering team in ECE 4335 and 4436 during the 2013-1024 academic year. Previously, the engineering team designed a 3D point cloud generating system of the sealing surface area of a blowout preventer (BOP) using an AccuProfile 2D laser scanner and a Heidenhain modular magnetic encoder moved by an Applied Motion Products 2-phase hybrid step motor.  The project met its specifications for generating the 3D point cloud image of a scanned surface. However, the vertical range of the scanning system was fixed and did not provide scans for surfaces of the ram blocks. The current ECE 4335 project team has taken the challenge to address the vertical range limitations of the existing design. Our redesign of the existing 3D point cloud generating system is a dramatic improvement that incorporates new hardware that makes use of mechanical components and instrumentations.


1.2. [bookmark: _Toc279764917]PROBLEM

The overall problem for NOV and other vendors of BOPS is a continuous need for improvement in the reliability of complex machinery used during the production of petroleum well reservoirs. Currently, many vendors of BOPs have no way of determining the stresses, strains, and elongations of the BOP ram sealing blocks surface under simulated test conditions of an actual blowout.  Additionally, such measurements require placing an operator in the vicinity of a BOP ram block-sealing surface under test conditions and pressures. This presents vendors with an unacceptable level of risk that no vendor is willing to accept. By understanding how the materials used, we help out client, National Oilwell Varco, design safer, and more reliable BOPs. Our device will aid manufactures find flaws in the blowout preventer designs.
1.3. [bookmark: _Toc279764918]NEED

Given the scope of the problem that NOV is facing in their continuous improvement of BOPs, there is a need to develop a test procedure that will gather critical test data of the ram block surface under pressure and remove the human operator out of the hazardous zone. The data gathered must be done in a consistent manner that can be standardized, repeated, and uniformly applied such that the acquired data can be trusted in order to facilitate improved design changes to BOPs produced by NOV.
1.4. [bookmark: _Toc279764919]USER ANALYSIS

During our analysis phase, it was vital that we determined the end user of our design. In concurrence with our industry sponsor, Roger Dale Brown, we established that the operator would be a research and development facility technician or engineer. The operator must be able to remotely gather test data through the use of a control system interface. The operator must be physically located outside of the hazardous testing environment. Operator must have minimum skill levels of those of a trained technician.  
1.5. [bookmark: _Toc279764920]GOAL	Comment by Trombetta, Len: This is fine, but the goal is implicit. I am looking for an explicit statement: “Our goal is…”.

During the academic year of 2014-2015, the UH senior design team in conjunction with industry sponsor NOV will seek to improve upon a previous design provided by a senior design team during the previous year.  That team was able to utilize a 2D laser scanner coupled with an encoder to provide a 3D point cloud image of surfaces.  However, the limitation in this design was that scanned surfaces needed to be placed in close proximity to the scanning laser in order to obtain an accurate scan.  Surfaces placed further from the scanning surface did not produce an accurate scan as those that were places closer to the scanning laser and encoder.  Our project will improve upon this existing design by providing a controllable range of vertical movement that will place the laser to the optimum distance for accurate scanning for each and every scan depth.  This redesign will help accomplish our overall goal of developing an automated system that will remotely gather consistent and reliable BOP measurement data under simulated test conditions and pressures that will be used to facilitate and aid continuous improvement of NOV designed BOPs.
1.6. [bookmark: _Toc279764921]DELIVERABLES

On Friday October 24, 2014, the team met with Roger Dale Brown, our industry sponsor, in order to establish attainable deliverables for the Fall 2014 and Spring 2014 semesters. Previously, the team had met with Mr. Brown on Friday October 10, 2014 to discuss design ideas but could not establish deliverables without knowing the specifications of the design. During our design review meeting on the 24th, Mr. Brown selected our main design concept and discussed deliverables. The team emphasized that tangible items needed to be attained by the end of the fall semester. However, Mr. Brown advised that a complete detailed design analysis is an achievable acceptable deliverable by the end of the semester.
For the Fall 2014 semester our main deliverable will be a detailed engineering design package. This will include detailed drawings of the system architecture layout, control system goal analysis, mechanical equipment layout with isometric drawings, and electrical equipment layout with wiring diagrams. A complete Bill of Materials (BOM) chart will be included in order to procure parts. The modified layout of the user interface will be add in order to document any required changes. Finally, as part of our tangible items as required for the course, a 3D printed prototype of the mechanical design will be made if needed.
For the Spring 2015 semester the agreed deliverable will be the fully functional positioning system. The set deliverable will include the following: The fully fabricated mechanical base and positioner that will mount to a standard bore diameter; a complete positioning electrical control system that operates the motor rotation and position calibration; an integrated 3D point could generating system; and a complete system demonstration that will gather data under testing conditions. 







2. [bookmark: _Toc279764922]DESIGN PHASE 
2.1 [bookmark: _Toc279764923]MECHANICAL OVERVIEW DIAGRAM

On Friday October 24, 2014, our team presented the details and design concepts for our project to Mr. Brown. The following section describes only the chosen solutions we developed in order to achieve our goal of scanning the ram block surfaces inside the BOPs. Alternative solutions we presented are given in Appendix A.
2.1.1 [bookmark: _Toc279764924]Mechanical Solution

The redesign of the existing 3D point cloud generating system will utilize many of the same components in order to save on cost.  This includes utilizing the existing rotational gear and gear motors for 360° rotational control, the existing AccuProfile 2D laser scanner and Heindenhain modular magnetic encoder, as well as the existing electronics enclosure that contains all the power supplies, controllers, and communications hardware.  The redesign will focus on installing pneumatic cylinders to the rotating gear wheel assembly that will lower the laser down to a specified depth.  A new linear position transmitter will be installed along with a new digital logic controller in order to provide proportional-integral-derivative (PID) control for position, using a pneumatic-to-current actuator as the output converter that will translate the controller electrical output signal to a specified pneumatic set point.  This arrangement is illustrated in Figure 2.1 below.
[image: ]
[bookmark: _Ref279740774][bookmark: _Ref279762696]Figure 2.1: Overview Diagram for vertical telescopic cylinder positioning system.	Comment by Trombetta, Len: Not sure what happened here…can’t read much of anything.




2.2 [bookmark: _Toc279764925]ELECTRICAL CONTROLS SOLUTION

The redesign of the existing 3D point cloud generating system will utilize many of the same electrical and control system components used by the previous team in order to save on cost and reduce time spent in development. The development of the electrical system is discussed in further detail in section 3.3.1. The following describes the existing electrical systems of the previous year’s design. 
2.2.1 [bookmark: _Toc279764926]Existing Electronics and Hardware

 	The electronics of the previous system primarily included hardware for the rotational gear motor and integration of the rotational gear position into the laser scanning system.  These hardware components were installed in an electrical enclosure on a steel backplane, using Panduit wire raceway for panel organization.  Figure 2.2 below illustrates the existing electrical enclosure panel.	Comment by Trombetta, Len: Nice picture what we need an explanation of what’s in here. Where are your EE’s?
[image: Enclosure Interior]
[bookmark: _Ref279741282]Figure 2.2 Existing Electrical Enclosure - 3D Rotational Gear Scanner

A NEMA 34 stepper motor was used to power the automatic movement of the rotational gear wheel. The motor provides a high torque capable of 1694 oz-in of torque and is manufactured by Applied Motion Products.  The motor has internal encoder feedback capability that allows better control of the motor’s shaft displacement.  The stepper motor is powered by a 48VDC, 320W power supply from Applied Motion Products that has current overload capability and may be used with input voltage ranges of 85-265VAC or 120-370VDC.  In addition, the motor is controlled by a high performance step motor drive with multiple control options, also manufactured by Applied Motion Products. This motor drive controller has functionality for advanced current control, anti-resonance, torque ripple smoothing, micro-step emulation, as well as stall detection and prevention.  Communication to the motor drive controller is established via a PC USB port configured for RS-232.
Mounted on the rotational gear assembly was a magnetic encoder ring that was used in conjunction with a Heidenhain optical ring encoder.  This encoder utilized 5VDC provided by a power supply mounted in the local electronics enclosure to generate a position signal that would be sent to the 2D laser scanner for position determination of the rotational gear.  This was accomplished by using a DB-15 feedthrough module and signal conditioner which were both manufactured by Automation Direct.  
The 2D laser scanner used was the AccuProfile AP820-120 2D laser manufactured by Acuity.  This laser scanner uses a triangulation method to generate 2D contour plots by combining a downward vertical laser beam with a secondary triangulated receiver.  Coupled with the rotational gear encoder for position, this laser scanner can generate a 3D point could data set when activated and moved along a rotational path.  An image of a similar 2D laser scanner manufactured by Acuity is shown below in Figure 2.3.  Note the vertical downward laser beam on the left side of the image and the secondary triangulated receiver on the bottom of the laser on the right side of the image.
[image: ]
[bookmark: _Ref279746507]Figure 2.3: Acuity AccuProvide 2D Laser Scanner








2.3 [bookmark: _Toc279764927]SOFTWARE CONTROLS SOLUTION

The computer software needed redesign in order to incorporate the new controls for the vertical positioning system. Figure 2.4 show the new logic flow chart that the software will perform in order to operate the device. The documentation of the software changes is presented in section 3.1.3. 
[image: ]
[bookmark: _Ref279745831]Figure 2.4: Flow diagram of new software
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2.4 [bookmark: _Toc279764928]ENGINEERING CONSTRAINTS AND SPECIFICATIONS
2.4.1 [bookmark: _Toc279764929]Constraints

There are several constraints that will provide limits to the redesign of the mechanical and electrical components of the new 3D surface scanning system.  First and foremost is a maximum budget of $10,000 for fixed resources.  Secondly, there is a time limit constraint on the scanning time, which has been set at 5 minutes.  This is due to degradation of the BOP as it undergoes testing under test conditions and pressures.  The scanning system must be able to capture the state of ram block cutting block surface area once it experiences the test condition.  Failure to capture this critical piece of information during the initial stages of a BOP’s activation would limit the scanning systems value in contributing meaningful data to NOV.  Additionally, there is a maximum design height for the mechanical base system, which will rest between the top of the BOP surface and an upper top hat that is used during certain testing procedures, this value is set at 18”.  NOV would also like to have a minimum of 6 5/8” diameter circular opening in the middle of the scanning system for simulated pipe testing.  The scanning accuracy would like to be as accurate as possible, so the limit provided by the AccuProfile laser was selected as the desired accuracy of the overall system.  In regards to the length of vertical range that the new pneumatic cylinders can provide, the team had selected a range up to 32”, in order to allow the system the ability to scan the bottom ram block cutting surface of a dual ram BOP.  Lastly, there are some physical constraints of the test conditions that must be met, and the team is currently working to finalize these parameters.  A listing of the system constraints is presented below in Table 2‑1.	Comment by Trombetta, Len: Would have been nice to have a picture, or else to refer to the overview diagram. This is difficult to envision.	Comment by Trombetta, Len: Comma splice.

[bookmark: _Ref279748879][bookmark: _Ref279748867]Table 2‑1 System Constraints – 3D Surface Scanning System
	Temperature Range:
	32° F

	Pressure Range:
	Atmospheric

	Oil Resistance:
	Moderate Surface Contact

	Water Resistance:
	Moderate Surface Contact

	Pipe Center Opening Allowance (Min. Dia.):
	6 5/8”

	Maximum Measure Height:
	24”

	Maximum Design Height:
	18”

	Operation Location:
	Remote Operation via User Interface

	Data Collection Accuracy:
	±0.015”

	Data Collection Time (Max.)
	5 minutes 

	Design Budget (Hardware - Fixed):
	$10,000



There are concerns regarding the scanned area range of the AccuProfile laser.  The optimum distance for our laser (model 820-120) is 3.5”-4.5” from the bottom of the laser to the surface.  At the 4.5” vertical scanning distance, we have about 3.14” of width area.  This area, when swept around in a 360° rotation, will only cover a fraction of the area of an 18” diameter surface area (approximated approximately to be about 254 square inches). Figure 2.5 gives a visual representation of the laser’s scanning limitation.  Below in Table 2‑2 are the total scanned areas of the laser set at the maximum vertical scanning distance of 4.5” coupled with the laser positioned at various distances from the center of the BOP inner walls:

[bookmark: _Ref276943226]Table 2‑2 – Scanned Surface Areas at Different Heights 
	Height 
	Area

	5” radius sweep
	98.6 square inches

	6” radius sweep
	118.3 square inches

	7” radius sweep
	138.3 square inches

	8” radius sweep
	157.6 square inches



[image: ]
[bookmark: _Ref279749289]Figure 2.5: Maximum scanning range.
The team discussed the possibility of an additional laser to address the scanning area limitation with the vendor. The vendor provided documentation showing the process needed in order to adapt a second laser in order to maximize the scanning capability. However, our sponsor excluded this option due to project budget constraints. A second laser would cost an additional $40,000, which was outside the scope of our budget.	Comment by Trombetta, Len: Must be one h*ll of a laser!


2.4.2 [bookmark: _Toc279764930]Desired Performance And Specifications 

The specifications for the 3D surface scanning system that address the constraints set forth in section 2.4.1 and in Error! Reference source not found. were developed by the project team and are summarized in Table 2‑3 below.  These specifications will be used as the overall design guidelines throughout the remainder of the project.	Comment by Trombetta, Len: Interesting…

[bookmark: _Ref276943400]Table 2‑3 – System Specifications – 3D Surface Scanning System	Comment by Trombetta, Len: I think an entry is either a constraint OR a spec, but you have some things appearing in both tables.
	Mechanical Base Mounting:
	Annular Magnetic Base Plate 

	Vertical Positioning System:
	Pneumatic Cylinder Pistons with Linear Position Feedback

	Rotational Position System:
	Motor Driven Gear with Modular Magnetic Encoder Feedback

	Data Collection System:
	Laser Scanner Data Point Export to 3D Software Package

	Pipe Center Opening Allowance (Min. Dia.):
	7”

	Maximum Measured Height:
	36”

	Maximum Design Height of Base:
	16”

	Operation Location:
	Remote Operation via User Interface

	Data Collection Accuracy:
	±0.015”

	Data Collection Time (Max.)
	5 minutes

	Pressure Range:
	Atmospheric

	Oil Resistance:
	Moderate Surface Contact

	Water Resistance:
	Moderate Surface Contact





2.5 [bookmark: _Toc279764931] TARGET OBJECTIVE AND GOAL ANALYSIS
2.5.1 [bookmark: _Toc279764932]Overall Target Objective and Goal Analysis

The overall project target objective is to produce a point cloud image of a BOP ram block surface under pressure-testing conditions.  In Figure 2.6, this objective is accomplished by breaking the task down into three areas:  laser scanning data collection, rotational and vertical control of the system, and mechanical construction of the rotational and vertical components.  Each of the three sub-areas can furthermore be divided into individual components that can then be used as a basis for individual test plans throughout the life of the project.




[image: ]
[bookmark: _Ref279747290]Figure 2.6: Project Goal Analysis set forth at the beginning of Fall 2014 semester.
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2.5.2 [bookmark: _Toc279764933]Fall 2014 Target Objective and Goal Analysis

The deliverables and target objective for the Fall 2014 semester included a complete redesign package of the new 3D surface scanning system that included a system architecture layout, control system goal analysis, mechanical equipment layouts and details, and electrical equipment layouts and wiring diagrams.  In addition, a complete Bill of Material was generated for procurement at NOV. A modified layout of the user interface and 3D printed prototype of the mechanical design were also targeted.  The completed tasks in the Goal Analysis are presented in Figure 2.7, all of these items are crossed out in order to show completion status.  Now that the design has bee finalized and all new components have been procured, all is needed is installation and testing for verification.  These systems are scheduled for completion in the Spring 2015 semester.
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[image: ]
[bookmark: _Ref279750751]Figure 2.7: Project Goal Analysis of completed tasks in Fall 2014.
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2.6 [bookmark: _Toc279764934] SCHEDULING AND TEST PLAN
2.6.1 [bookmark: _Toc279764935]Project Test Plan and Schedule

As part of our progress, the project schedule for the Fall 2014 semester and the Spring 2015 semester was revised and reevaluated. It is now summarized by the respective test plans for each of those semesters.  These are presented in Figure 2.8 and Figure 2.9 below.  The bars spanning the durations of each of the line item tasks in the test plans are to identify team members tasks and responsibilities for the both semester. All tasks presented in the semester test plans reflect the tasks on the Goal Analysis presented in the previous section in Figure 2.6.
Report Version: Final Report		Fall 2014


[image: ]
[bookmark: _Ref279751320]Figure 2.8:  Fall 2014 Semester Project Goal Analysis	Comment by Trombetta, Len: More interesting hieroglyphics…

[image: ]
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[bookmark: _Ref279751403]Figure 2.9: Spring 2015 Semester Project Goal Analysis
2.7 [bookmark: _Toc279764936] BUDGET AND COST
2.7.1 [bookmark: _Toc279764937]Fixed Resources

	As budget was listed as an overall constraint of $10,000, the team sought to utilize as many components from the existing system as possible.  Only the new pneumatic cylinders, positioner, linear transmitter, and controller were added as part of the fixed costs. The team has work to generate the Build of Material (BOM) chart to keep track of expenditures.  
2.7.2 [bookmark: _Toc279764938]Controls and Cylinder Cost

The team contacted multiple manufactures and distributors of pneumatic cylinders. Only one vendor was found for out cylinder needs. Bernie Lang from Shepherd Controls & Associates, a Bimba distributor and an approved NOV, estimates the cost of a custom made multiple-stage-telescopic, pneumatic cylinder that will get the job done, at around $550 each. A quantity of three custom made cylinders will cost $1,650 of the budget. The controls added an additional $850 to the budget reduction. The team has moved forward with procurement and awaits the arrival of these parts. A total of $2,500 has been spent of procured items. The BOM chart will be submitted separate from this report.	Comment by Trombetta, Len: I don’t remember getting this. In any case, it seems like it belongs here, in an appendix.







3. [bookmark: _Toc279764939]DEVELOPMENT PHASE
3.1 [bookmark: _Toc279764940]OBJECTIVES ACCOMPLISHED 
The team had many items to address prior to beginning the redesign of the previous senior design team’s system.  First was the need to conduct NOV employee paperwork, signature of non-disclosure agreements, attend new employee orientation, obtain a badge, obtain network login access and an NOV issued laptop, and attend a project meeting kickoff.  All these items were not finalized until September 26.  By the next scheduled bi-monthly meeting set forth by our NOV sponsor on October 10, the project team was still getting acclimated to the NOV facility and the scope of the project.  In particular, the terminology and layout of blowout preventers took some time to learn before all team members were versed on the project specifics.  In addition, at the October 10 meeting, our industry sponsor wanted the team to explore several redesign options and prepare a paper for review on the next meeting on October 24.  It was finally determined on that October 24 meeting what the final design would look like and the project path forward was set. 
Since then, the team has focused on the specification of the new hardware components and a Bill of Materials in order to send to the NOV purchasing group for approval, estimate, and procurement. The team also focused on modifications of the existing laser scanner. The performance of this task was limited due to computer login credentials issues encounter on the NOV assigned laptop that prevent access to both SolidWorks and AutoCAD. Therefore, drawings for modifications of the existing design were delayed. However, progress of the overall project was not been affected since the concept for the new design has been thought out thoroughly and the new modifications depend on the selected cylinder. Once the cylinders were selected, the team completed the necessary design models on SolidWorks. 	Comment by Trombetta, Len: Why the change in font?
3.1.1 [bookmark: _Toc279764941]Re-Design of Electronics and Hardware

	The installation of the new double-acting pneumatic cylinders requires that additional electrical hardware be installed to control the new vertical positioning system.  The team determined that an overdamped proportional-integral-derivative (PID) control using a vertical positioning sensor for feedback would be the best option for controlling the new system.  Once in the proper vertical position, the rotational gear and laser scanning system can then activate and begin to gather the 3D point cloud data set.
	In order to accomplish this, the team first specified a servo pneumatic PID controller that would regulate both of the instrument air supplies to the double-acting pneumatic cylinders.  The controller that best accomplished this and which was on a list of approved vendors was the Enfield Technologies S2 servo pneumatic controller.  This controller is capable of using 4-20mA inputs for position control as well 4-20mA inputs for position feedback in order to execute the PID control parameters that are programmed into its microcontroller housed locally on the assembly.  PID control parameters such as the gain (proportional), reset (integral), and rate (derivative) are programmed into the local controller via micro-USB and PC software provided by the manufacturer.  Once programmed, the controller will execute the PID control based on the 4-20mA input position provided. Figure 3.1 below shows the Enfield S2 servo pneumatic controller.	Comment by Trombetta, Len: Seems like there should be some specs associated with this device: positing accuracy and speed for example…
[image: Einfield S2 User's Manual]
[bookmark: _Ref279746480]Figure 3.1: Enfeild Technologies S2 Servo Pneumatic PID Controller
	A new vertical position sensor was required in order to provide input into the new PID controller.  The team specified a loop-powered 4-20mA output laser with a 680nm wavelength manufactured by Automation direct.  This new sensor will be mounted on the bottom of the pneumatic cylinder assembly on the new rotational guidance ring which will also hold the Acuity 2D laser scanner.	Comment by Trombetta, Len: Again, seems like there should be some specs for positing accuracy here.
In addition, an input-output (IO) device was required in order to communicate from the PC to the new control system.  This IO device must be capable of using a serial interface from the PC and be able to generate 4-20mA outputs, digital relay outputs, and accept 4-20mA inputs.  The NOV R&D facility primarily uses National Instruments for their remote IO applications, and an 8-slot chassis was provided by NOV to use for the new vertical positioning system.  The team selected the proper IO cards for the application and integration to the new vertical positioning system hardware components. Figure 3.2 below shows the National Instruments RIO chassis and associated IO cards that fit into the 8-slot chassis.
[image: RIO Chassis][image: NI RIO Cards 1]
[bookmark: _Ref279752974]Figure 3.2: National Instruments RIO Chassis and Associated IO Cards
	Lastly, modifications to the existing electrical enclosure were required in order to fit the new IO chassis.  This was accomplished by removing a linear 24VDC power supply and replacing it with a DIN rail mount 24VDC switching power supply as well as removing a 120VAC two-gang electrical outlet and replacing it with terminal blocks for power distribution.  Reorganization of the power supplies, terminal blocks, DB-15 feedthrough block, and signal conditioner into a horizontal position allowed for installation of the new IO chassis on the bottom of the electrical enclosure. Figure 3.3 below illustrates the new design.
[image: ]
[bookmark: _Ref279746448]Figure 3.3: Re-Designed Electrical Enclosure - 3D BOP Surface Scanning System


3.1.2 [bookmark: _Toc279764942]Existing User Interface	Comment by Trombetta, Len: Give us some explanation here. A section should never start with a list of stuff.

1. The feature “Get Signal Scan” was removed since it only produces only one quick scan, Figure 3.4. The previous team most likely used this feature for troubleshooting when they began development of the software. This feature won’t be needed for running a full complete scan, and thus was discarded. 
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2. The Magnetic Encoder Position button was removed from the “Scan with an Encoder” section since it was not necessary. A button would be added that includes “Extra information” which contains status, Figure 3.4. Also, Motor Encoder Position was moved next to Laser and Motor status fields because it was easier to read all necessary values one needs in one place.
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[image: C:\JRL Work Files\University of Houston\ECE 4335\Drawings\Control System\Original.JPG]1[image: ][image: ][image: ]
2[image: ][image: ][image: ]

[bookmark: _Ref279746031]Figure 3.4: Original Software
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3.1.3 [bookmark: _Toc279764943]Development Of New User Interface

The changes made to the user interface are explained below. All features are shown in Figure 3.5.
1. Manual controls for the motor were added. Commands that force the motor to rotate clockwise and counterclockwise in case of an error in the position were added. Previously only the Motor E-Stop was there to stop the motor completely.
2. “Status Connection” button was moved to the left along with Laser and Motor status update fields. Vertical Position information was added to know how far the laser would be from the original position (This value will be shown in inches). Motor Encoder status was moved to new location as discussed in [2] from the list above.
3. Set Spin Velocity and Set Depth are added along with a Start Automatic Scan button. The button follows the flowchart process in Figure 2.4. The parameters for velocity and depth are used in the automatic scan to know how deep the laser needs to go by using the pistons. The Spin Velocity will be changed in the future to “Set Time to Scan”, that way the technician does not need to do any calculation on how long the scan will take.
Report Version: Final Report		Fall 2014
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[bookmark: _Ref279746045]Figure 3.5: Edited Software
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3.2 [bookmark: _Toc279764944]OBJECTIVES IN PROGRESS
The team is the progress of procuring necessary items listed in the Bill of Materials given to our sponsor. Once procured items are received, the task for the following semester will be to assemble the mechanical design and make all necessary connections. The team is currently assembling the final engineering design package to be delivered to our sponsor Mr. Brown by the end of December. The 3D printed model of the design was not completed due to the fact that most of the parts used are already obtained from the previous design. Also, NOV prints on a priority basis and has a backlog list that delays any possible 3D printed models for our use. 
3.3 [bookmark: _Toc279764945]OBJECTIVES REMAINING
The objectives remaining for the Spring 2015 semester include assembly of the new vertical positioning system utilizing the pneumatic cylinders and the electrical controls. Once assembly is accomplished the team can move forward and test the vertical and rotational control systems. Bugs in the control system and software are expected for next semester’s implementation phase.



4. [bookmark: _Toc279764946]IMPLEMENTATION PHASE
4.1 [bookmark: _Toc279764947]TESTING LASER SYSTEM
On Wednesday November 4, Khaldon established communication with laser and motors of the previous system.  He was able to move the motor and begin generating laser scan sequence.  However, laser scans were not returning data and motor reversal command needed some to be debugged. Both existing electrical and system control of motor and laser appear to fit into the new design with re-use of all components. On Friday November 21, the team took multiple scan data and produced a surface image using Autodesk ReCap program. The one of the results from the scans is show in Figure 4.1.	Comment by Trombetta, Len: I’m not sure we need this level of detail…
[image: ][image: ]
[bookmark: _Ref279754202]Figure 4.1: Results of scanning a phone case with the laser system.


5. [bookmark: _Toc279764948]EVALUATION PHASE
5.1 [bookmark: _Toc279764949]EVALUATING LIMITATIONS
The true limitations of our laser scan range became apparent after obtaining the scan data and converting the point cloud data to a surface image. As described in section 2.4.1 the laser system scans a doughnut shape area and cannot obtain any information outside of the range shown by Figure 2.5. This effect was obvious from the data collected. Figure 5.1 shows an exploded view of Figure 4.1 demonstrating the gap in information. (For information on the dimensions of the scan area see Figure 2.5).   In order to scan a larger area, an extra laser must be adapted or the existing laser must be able to move within multiple radii. The option for adapting an extra laser was excluded due to cost, and the redesign of a system that can vary the laser radii location was discussed but not approved. By sponsor requirement, our main priority is to lower the laser to the BOP ram block surface and rotate the laser. That does not include changing the radial distance. 

[image: ]
[bookmark: _Ref279759333]Figure 5.1: Laser scan data showing limitation.


6. [bookmark: _Toc279764950]CONCLUTION

6.1 [bookmark: _Toc279764951]Project Status Summary
Our project is a redesign of an existing 3D point cloud generating system that will provide added vertical range in order to produce accurate 3D point cloud images of BOP ram cutting block surface areas.  This redesign addresses an overall industry problem of continuous improvement of the design of BOPs due to recent industry and media scrutiny as a result of high profile failures.  Our team seeks to address the need of developing a method of safety gathering test data that removes the human operator out of the hazardous zone.  Overall, our goal is to develop an automated system that will remotely gather consistent and reliable BOP measurement data under simulated test conditions and pressures that will be used to facilitate and aid continuous improvement of NOV designed BOPs.  Our redesigned system will add pneumatic cylinders to control the vertical range and deployment of the laser scanner to an optimum range for accurate 3D point cloud generation.  This new design will adhere to specifications that our team developed in conjunction with our sponsor NOV.  There was considerable time spent in setting up the project logistics in the beginning of the semester, but full design is underway with the expected deliverables and schedule for the Fall 2014 semester that were accomplished.


7. [bookmark: _Toc279764952]APPENDIX
7.1 [bookmark: _Toc279764953]ALTERNATIVE MECHANICAL SOLUTIONS 	Comment by Trombetta, Len: Nice.
7.1.1 [bookmark: _Toc275184598][bookmark: _Toc279764954]Telescopic Pneumatic Cylinder Design Advantages
	By using two pneumatic cylinders, an elevator type structure can be constructed to lower the laser system to the bottom of the BOP. Figure 2.1 shows this mechanical design. The laser is highlighted in magenta, the pneumatic cylinders are highlighted in blue and the bases, top and bottom, are highlighted in yellow. The top base will sit on the outer BOP surface and will secure the structure in place. The laser scanning system is attached to the bottom base. The pneumatic cylinders connect the lower base and the top base. Once the cylinders lower the bottom base, the top base will rotate the structure and the laser system will scan the BOP surface. Table 7‑1 gives the advantages, disadvantages and cost of this system.
[bookmark: _Ref279762607][bookmark: _Ref279762594]Table 7‑1: Projected benefits of cylinder design.
	Advantages and Disadvantages

	Advantages
	Disadvantages

	Reduces total height of mechanical system. Telescopic cylinders can be attached to increase range of motion.
	Difficult to establish coordinate system. Can lead to difficulty in establish vertical distance traveled. 

	Rigid, robust.
	May not reduce vibrations.

	
	Expensive (>$20k)



7.1.2 [bookmark: _Toc275184600][bookmark: _Toc279764955]Vertical Truss System
The third mechanical option is the use of a truss system that will lower the base of the laser to the bottom of the BOP. This mechanical system is shown in Figure 7.1. Advantages, disadvantages and cost of this system are given in Table 7‑2.

[bookmark: _Ref279762732]Table 7‑2
	Advantages and Disadvantages

	Advantages
	Disadvantages

	Simple to manufacture.
	Difficult to establish accurate vertical travel distance.

	Rigid, robust and stable structure helps reduce vibrations.
	Needs secondary encoder to measure vertical distance traveled.

	Low cost (approximately $15k) when compared to a robotic arm system (>$20k).
	Requires electric motor to drive truss system.



[image: ]
[bookmark: _Ref279762873][bookmark: _Ref279762754]Figure 7.1: Diagram of vertical truss system. Credits: Jason LeGapsi
7.1.3 [bookmark: _Toc275184599][bookmark: _Toc279764956]Robotic Arm Design

A second possible solution that will lower the laser system to the bottom of the BOP is the utilization of a robotic arm. Similar to the pneumatic system, the structure is placed on the outer BOP surface; a robotic arm sits on the base and the base is allowed to rotate; Figure 7.2 shows this mechanical concept. The advantages, disadvantages and cost of this system are given in Table 7‑3. 
[bookmark: _Ref279762941]Table 7‑3
	Advantages and Disadvantages

	Advantages
	Disadvantages

	Reduces total height of mechanical system. Telescopic cylinders can be attached to increase range of motion.
	Difficult to establish coordinate system. Can lead to difficulty in establish vertical distance traveled. 

	Rigid, robust.
	May not reduce vibrations.

	
	Expensive (>$20k)



[image: ]
[bookmark: _Ref279762788]Figure 7.2 – Diagram of robotic arm. Credits: Jason LeGapsi.
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