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PREFACE

During the spring of 2008 the class of 3EA at Hi®¥s completed their bachelor project. This
project report is a result of this, and is a docotaton of the bachelor project “Automatic testing
of Drilling Instrumentation system” written by gno.

The project group’s assignment was delivered bgxdernal employer, National Oilwell Varco in

Stavanger. Most of the work was done at their stisidn in Trondheim where the project group
disposed two workspaces in Fjordgata 82. Workinih & external employer made the project
both challenging and interesting. It has been &ulsgperience and a motivating factor for the

group.

Experience from previous projects during the Idste¢ years, have made us capable of
completing a project of this size in a satisfyingywThe acquired knowledge from the last years
have come to good use and been to invaluable belfhé group. The challenge in this project
has primarily been to work with a real employeraied partly at a geographical distance, and get
the complete overview of the project size.

The teaching supervisor for this project at HiIST baen Dag Aune. Contact person at National
Oilwell Varco has been Pal Jacob Nessjgen and AmiteOrnaes. Unfortunately Anne Brit
started in a new job*1of April. The project group will like to thank HarRonny Kjempekjenn
for providing us with this project and for providims with support when needed.

This report was written in a way that an engineighaut automation background with ease will
understand the content, and is meant to functicanwser manual and to be helpful during further
development. The report is meant to be read ineitsrety, but each chapter can be read
independently. The main chapters contain discussibaut different possibilities, and an
overview of the chosen solution. Further detail bé found in the enclosed appendix.

The collaboration within the group has functiondawfess throughout the project, and both
members are collectively responsible for the result

Trondheim, May 9, 2008

Inge Osli Erling André Hornenes
Email: inge@siddis.org Email: ehornenes@hotmail.com
Phone: 958 29 321 Phone: 979 88 891

NjpPage



Automatic testing of Drilling Instrumentation system

IV|Page Inge Osli & Erling André Hornenes



TABLE OF CONTENTS

e (= = Tol= SO OSSPSR M
TaDIE OF CONENTS........oeiee ettt %
SUIMIMIATY..... vttt ettt ettt ettt eb e es e ae s e aeb b eb s e e seseae et e b ehebe s 16 se e £ e et st et sttt et s et 1
L INEFOAUCTION. ...ttt bbbttt et s et s b nsebaes 3
I =TTl (o T (o0 o T PSP SRPS 3
1.2 ASSIGINIMENE.....ceitieeiieictie ettt eteeeee et e st ees et eesteesste e esteessbeessseessseessseessseessseessnsessnsessnsensns 4
LB PIOBIEML ... ettt et st st bbb 4
N Yo =1L TP PRRSTUPSROt 5
2 IMEBLNOAS.......coe et s sttt 6
2.1 PreVious KNOWIEAQE. .......cocuiiiieeiiiee ettt sttt sre e snteesae e snaeenneeas 6
2.2 Literature and reSOUICE PEISQNS.......c.cecueeeiiiereeerieeneesteeeeenseeeeeseesseesseesseeseesseessesssens 6
A I o (o= Tox .4 F= g = o [ o ORI 6
2.4 DEVEIOPMENE PrOCESS ...uvieutietieieiie ettt ettt ettt ettt et st e s tesaeesbee bt e sbeenbeenbeenbesneees 7
3 Work package 1: Investigate different methodddeting instrumentation systems............... 8
G 00 I [ e Yo [ Tox 1T o PRSPPI 8
3.2 TeStiNg /O IN QENEIAL......cccuee ittt sae e st e ssteeste e snreeseaeeas 8
3.3 How the test is preformed at NOV t0day?2........ccoocvieeiieriereeee e 10
3.4 DAta ACQUISITION........ieeietieii ettt ettt et st e st e see e st eeneeseenseenseeenee e 11
3.5 How similar companies perform their teStS........ccccvvvveiiiviiecceee e, 12
3.6 TeSt ProCedUre DESIQN.......ooiuieiiiie ettt ettt st e st eeeste e s 14

4 Work package 2: Evaluate which methods that ls@entost suitable for an efficient complete

TESE OF TNE S ettt 17
4.0 INEFOTUCTION ...ttt ettt ettt ettt ettt st sb e s bt e sbee bt e sbeebe e enseenteeneens 17
Y = 1 Lo o SRS 17
5 Work package 3: Draw up different suggestions/ésious technical solutions..................... 18
N R [ 0170 o [ Tox 170 o DU O S PRSP R T UROPRP 18
B.2 HAFOWATE.....ec ettt st te e et e e s e e st e e s abe e bbeesbbeesteeeabaeeatbaeesseeraeenseas 19
5.3 OPErating SYSEIMIS ... ...ceitieiieiieeieeie et eie et e stee st et et e e e teenseesteeseesssesneesssesseesseen sreens 25
5.4 SOIWAI ...t et ettt st s b e et sttt e a bttt et 26

V|Page



6 Work package 4: Evaluate the solutions from waa&kage 3...........c.ccoooeevviveeeereeecvereeeeevee 29

00 [ 1o To [ Tox 1T o RS T 29
6.2 HArdware SOIULIONL. .......coiuiiiiiie ettt st sttt e e e 29
B.3 HAIAWAI ..ottt st s b e et st e bt st st sae e s e e 30
5.4 SOTIWAIE..... ettt ettt sttt e et e e b be e sbe e e sbe e e bt e s e ebeeeaeeeaeeeeeas 30
6.5 Overview of the phySiCal SYSIEML.......ccoiiiii it 31
7 Work package 5: Implementation of a system ferdhosen solution............c.cccooevveneenee. 32
7.1 Installing hardware and SOftWALE..........cceevviiiiiiiiiee e e s 32
7.2 Test communication and fUNCHIQN...........oocuiiiiiiiiiie e e 33
7.2.2 Make a Simple teSt PrOgralM........ccccveveieriieiiiereeeieseeeeeereeetee e s enreessaeesneeesnnees 33
7.3 First program — Keppel Fels B28Q..........ccoooiiiiiiiiieiie ettt siae s 34
A L T)Y =T 6= T o] o [ = T o USRS 39
7.5 Installation of equipment in aluminium SUILCRSE.........cccceevveeciie e e, 44
7.6 Test of the system at NOV iN StAVANGET..........ccveiiieiie e e 45
7.7 SUQQEStEd IMPIOVEIMENLS.....ccuiieieiieiie et eree et eee e e teestee et e sbe e eteesrseesneeesrnees 46
7.8 Changes that are necessary before using tHBYS........cccccove e, 47
8 Work package 6: AAMINISIIALIVE............ccceuivcueeieeeeeeeeeeee et 48
8.1 TWO WEEKS MEELING ....c.uiiiiii ittt ettt ee et e e srteessbe e snte e seseesnaeesennes 48
T2 o o]0 g [ To OSSPSR 48
RGN =T 0010 ] = (TSR 48
R @ TN = L1 VA= 41 ToT= 4[] o PSR 49
SR 1] - (U= TS 49
EVAIUBLIONS.....c..certieie ittt b e ettt ss ettt st sant s 50
Evaluation of the effect gO@l.........cooviiiiiiiice e 50
Evaluation of the reSUlt QOALS.........ccviiiiiiiice e s ens 50
TIME USE @NU PrOGIESS....uveeeureeiuiiertreertteestteesttesteesssreesesesseessseesesessesessessssesessesssessssesesnns 51
BUAGEL...... ettt sttt bttt s bt b s s et bbb st b e 52
(@] o £ o SO T PR 53
REFEIENCE lISL......eiee ettt s st seee 54
DEIINITIONS. ...ttt et et es ettt een 55
AAPPENAIX ..ottt et ettt ee ettt en st et e s et est et eb et en s et et e b s e s et bbb es et b s sttt en ettt s naeeas 56

VI|Page



SUMMARY

National Oilwell Varco is a company that speciaize delivering equipment for oil rigs
around the world. Their subdivision in Stavangerdoices the Driller Cabins, the Control
Unit (Cyberbase) and the Control System. A parthef Control System is called SDI
(Smart Drilling Instrumentation), and is basicadlgystem that receives and sends signals
through a PLC. Before the system is delivered éoctistomer it is thoroughly tested. The
way this is done today, is by connecting a loojibeator to all the sensor input terminals,
to see if the signals are correctly presented enSBI software. This is relatively time
consuming and makes it hard to test signals thatdapendent simultaneously. The
assignment for the project group was to investigdtieh possibilities there were to make
this test procedure more efficient, how the comesiing companies carried out their
tests and finally find and implement an adequaketien.

After thorough investigation the project group died together whit NOV to start
building a test system based upon two Nationalrdns¢nts FieldPoints and a laptop.
This was the most cost efficient and best suitddtiem for the SDI. Together with
software developed in National Instruments LabVIEME project group has made a
fully functional system that fulfils the demandsen in the assignment. All the hardware
is mounted in two aluminium suitcases to make siexado move and make it suitable for
demanding environments. Communication betweenwoeRieldPoints and the laptop is
done by Ethernet which gives the system a longeamgl makes it unaffected by normal
noise.

Each suitcase is equipped with four measuring sateconnect to the sensor input
terminals. The cables are then connected to theasai through quick release couplings.

The system was tested with success and the prgjecip is very pleased with the
product.
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1 INTRODUCTION

These elements are also presented in the pre-projec
1.1 BACKGROUND

The project was written in cooperation with Natibr@ilwell Varco, which is an
international leading company in sales, desigrri¢abon and commissioning of systems
and products for the oil and gas industry.

One of their products is the Smart Drilling Instremtation (Sdi), which is the product
this project will cover. Sdi is a control systenr the drilling process based on state of
the art technology within both computer and sofewar is founded on the accumulated
experience on instrumentation and monitoring aiddal Oilwell Varco Rig System &
Control.

Figure 1.1 shows a typical topology for the SdieTverall topology may very when Sdi
is part of a larger control system but the main gonents in the Sdi will be the same.

Office terminals DerrichMan terminal

-
| Drilling Network

Drillers

Workstation
Maintance > = w
Laptop | N = .
e . P =
f
Drilling Control Network é

Instrumentation & Tool
Controllers

| Database/
Applcation
Server

[ Sensors/actuators | [ Sensors/actuators | [ 3d-Party Interfaces |

Fig 1.1 — Sdi Topology

3|Page



1.2 ASSIGNMENT

Our task was to research and propose differentisnllevaluate these, and eventually try
to make a test system to test the Sdi as thorowghpossible

The assignment consisted of several parts:
1. Investigate different methods for testing instrutaéion systems.

2. Evaluate which methods that is most suitable fosodution with expansion
possibilities for the test of the Sdi.

3. Draw up different suggestions for various techngmutions.
4. Evaluate the solutions with reference to:
» Efficiency
* Cost
» Complexity and time consumed in implementation
» Scaling
* Flexibility

5. Implementation of a system for the chosen solution.
1.3 PROBLEM

National Oilwell Varco Ltd. wanted to develop a teys to test their products Smart

Drilling Instrumentation. The company works contimgly to enhance their products,

and that is why this project was initiated. To gate this system, it was necessary to
research the different solutions that exist in itherked today, evaluate these, and then
generate a proposal for a technical solutions bagethese evaluations. If the proposal
was approved, a pilot system would be developed.

Today the testing is done manually with a loophlralkior. Each input/output is given a

chosen current, usually 0-20 mA, and then compar#id the reading from the system

screen. This is time consuming, when it's requi@tkest each input/output with several

different values. The amount of inputs/outputs ¢en quite vast in many cases. In

addition, it’s difficult to test signals that demkeon each other, since it's required to use
more than one calibrator. It's also often necessatye more than one person during the
test.
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1.4 GOALS

The project contained of two main aspects, a teehmart and a project managing part.
The goal was that during the project, the participavould achieve greater insight in the
area of Sdi and practical project managing.

1.4.1 EFFECT GOAL

“The effect goal will contain getting a better ungtanding of the Sdi system, and getting

to use the achieved knowledge from the previoussyeé the bachelor study, while
acquiring new knowledge.”

1.4.2 RESULT GOALS
Throughout the project, the group had the followpegformance goals:

* Approved pre-project within 08.02.2008.

* Investigate different methods for testing instrutaon systems within
13.02.2008.

+ Evaluate which methods that are the most suitablam efficient test of the Sdi
within 15.02.2008.

» Draw up different suggestions for various techngmutions within 04.03.2008
» Evaluate the technical solutions within 06.03.2008.
* Implementation of a system for the chosen solutighin 02.05.2008.

* Deliver a professional bachelor project, which wallow NOV to continue
developing the system after need within 09.05.2008.
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2METHODS

2.1 PREVIOUS KNOWLEDGE

During the last three years at HiST the projectugrdhas been working with several
projects, but never in a project of this size. €kperience from former projects has come
to good use and helped the group accomplishingd gomject management.

Revenant knowledge from previous studies:
» Basic LabVIEW programming
» Project managing
» Web design
» Measuring theory

2.2 LITERATURE AND RESOURCE PERSONS

During the pre-project and the start of the baahelwject literature from the school
library came to good use. Books about measuringryhi@ addition to the internet were
very helpful getting the project started.

When it came to programming, books and notes ®iLHEbVIEW course were frequently
used. The internet also turned out to be very lisefpecially the National Instruments

forum on their website.

On the hardware side, resource persons both abmétOilwell Varco and National
Instruments were of great help.

Fore more information on this subject, please laiothe Reference list.

2.3 PROJECT MANAGING

The first weeks of the project period was dedicatethe pre-project and research. This
resulted in defined goals and a framework for tfugget. As the group came closer to the
program development, plans for the developmentga®uere made.
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Every second week the project group made a repudhadocumented the work done in
the period, work progress, deviation and the pfanghe next two weeks. Every report
was presented in a meeting in order to inform tin@leyer and the teaching supervisor.
These meetings were the arena for making decisindgetting feedback, and informing
the involved parts about the progress.

2.4 DEVELOPMENT PROCESS

As it was important to ensure the success of tlogegt, the strategy was to focus on
making a basic working program, and continue torowp this through the project

period. The project group also focused on doingoaaugh work in the early phases to
ensure that the foundation of the project was s@iddoing this the group saved much
time in preventing mistakes and troubleshooting.
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3 WORK PACKAGE 1: INVESTIGATE DIFFERENT METHODS FOR

TESTING INSTRUMENTATION SYSTEMS

“ | often say that when you can measure what yai sgreaking about, and express it in
numbers, you know something about it, but whencgomot express it in numbers, your
knowledge is of a meagre and unsatisfactory kindydy be the beginning of knowledge,
but you have scarcely, in your thoughts, advancethé¢ stage of Science, whatever the
matter may be.”

- Sir William Thompson, Lord Kelvin (1827-1907)

3.1 INTRODUCTION

Increased device complexity, shorter developmealesy and decreased budgets provide
an opportunity for companies to re-evaluate theirent test strategies and look for areas
to increase efficiency and reduce cost. When desigmew and improved test systems it
Is important to incorporate strategies that inoeeagstem flexibility, deliver higher
measurement and throughput performance, lowesyssém cost, and expand longevity.
One way to do this is by replacing the old loopibrakor and implement a more
advanced solution that reduces the need of persandethat is less time consuming. A
modular software-defined automated test systermafteercomes the shortfalls of past
solutions based on stand-alone instrumentationh Blith systems, one can reveal more
errors in an earlier stage, and present a moregsmnal test procedure to the customer.

3.2 TESTING I/O IN GENERAL

When testing inputs it is common to use either dage or a current signal. This signal
can be generated by everything from an easy-tolosp calibrator, which is very
common; to much more advanced systems like PLGsilasi controllers with 1/O
modules, or similar products.

When testing outputs it is the opposite process, dhtputs are measured with a

multimeter, to check if the values are correspogduith the given value in the process’
GUL.
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Current signals usually spans from 4 mA to 20 mAgre 4 mA is represented as 0%,
and 20 mA as 100%. When testing manually, a lodipredor will give out the values
that are required to test the system sufficiente®@fthese values are 4, 8, 12, 16 and 20
mA. Sometimes it's also required to “send” 0 mActeeck if the system reads it as a
signal loop failure.

Voltage signals can range from 0-10VDC, dependimgvbat kind of transducers that are
used. It's the same principles as used with cusigmals.

Instead of using loop calibrators and multimetérss possible to arrange much more
advanced test procedures. For example, it is pessiluse tools such as I/0O modules and
data acquisition tools, with programmable softwarea personal computer. Then it's
possible to build an advanced, user friendly tesgmam. Instead of applying a current to
each terminal block, one can connect to severatkbl@simultaneously, and test many
different signals at the same time. This is eafiethe user, and makes the debugging
more thorough. It is also possible to test sigrbé depend on each other. The only
problem is that the system has to be built, anehofustomized for each test.
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3.3 HOW THE TEST IS PREFORMED AT NOV TODAY?

The present test procedure is mainly based ongbefia loop calibrator. The calibrator
is connected to the first socket in the terminalckl Then the current is altered in steps
of 25%, from 4-20mA. For each step the signal isfieel by confirming that the main
display shows the right values. When the loop caldy is removed and the current
becomes OmA the system will interpret this as a fault and give out an error message.
If the response from the system is ok, the loofbcator is moved to the next socket and
the procedure starts over again.

If there is need for testing two signals simultamgy a second loop instrument has to be
used. If it is necessary to test more then two deget signals simultaneously, the values
are hard coded into the PLC.

Display

PLC

CEAG rack

Terminal block

Loop calibrator

Fig 3.3.1 — Loop Test

10|Page



3.4 DATA ACQUISITION

The data acquisition or display section of a mesment system includes the equipment
that connects to the output of the signal conditigrequipment and processes that signal
into a form that the system operator can use. Tgeent can be as simple as a digital
meter or as complex as a computer-based acquisstgstem. Which type is chosen
depends on such factors as the number of signdie taccessed, how fast the data is
changing, whether the data needs to be storedyhather the data needs to be processed
further.

A measurement system may contain several diffaygas of displays depending on the
operator's needs. For a given test, the operatoy meed to monitor the pressure,
temperature, and flow of a fluid on a test rig.th¢ same time, the operator may need to
store vibration measurements and perform onlindysisaof the vibration data. The
monitoring could be done using digital indicatorsacdata acquisition system, while the
vibration measurements could be carried out usirggarate vibration analysis data
acquisition system.

Computer-controlled data acquisition systems haseoime the most popular form of
equipment for interfacing with transducers or sigoanditioners and then storing,
manipulating, and displaying the test data.

With DAQ software, such as LabVIEW, it is possilbteuse 1/0O modules to simulate
transducers and sensors, so the system can be tasteut having the transducers and
sensor physically present. This is an advantageyoascan thoroughly test offshore
installations onshore and discover more errorsiiealy phase.
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3.5 HOW SIMILAR COMPANIES PERFORM THEIR TESTS.

3.5.1 GENERAL

After contacting several people that have partieigan testing procedures for companies
that can be compared to NOV like ABB, Hitec ProguElrilling, Siemens, Systek,
Marine Cybernetics, the general impression is thatcommon testing procedure is to
use a loop calibrator for simple IO testing. Inetlwords the same procedure that NOV
uses today. Some of these companies have alsoogedeimore complicated systems to
use in more advanced testing.

3.5.2 HITEC PRODUCTS DRILLING

Hitec Products Drilling AS supplies products andvees to the drilling and well
industry worldwide. Their control system requiresla of testing, both on I/O,
communication, and the user interface. To resdlig they have different solutions.

To test the 1/0O system, they have discarded thditimaal method of testing, which
includes testing each 1/0 one by one. Instead tiseya computer with an I/O module to
generate the required values, enabling them tontedtiple 1/O’s simultaneously, and
easily change the values when needed. It is alssile to use different type of signals,
from standard constant signal to pulse signalss $blution makes the testing procedure
more thorough.

They also use simulations of different situatiaiesse how the user interface respond to
the changes in the simulated process. This isused to train driller crew. The system is
connected to their Siemens PLC, and is all attathedbench, where they can connect to
the I/O module through Ethernet or use other tygemmunication.

This is how Hitec described their system, and stheg are a competitive corporation it
is understandable that they don’t want to desdhieé technical solutions more detailed.
Still this gives a relative good picture of what psssible to achieve with modern
equipment available.
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3.5.3 SIEMENS

After some research the project group came ovehuian used by Siemens in Germany.
Before delivering an automatic steam turbine cdiardo their customers, they test the
turbine regulator hardware and software.

This is done with a solution based upon Nationatriiments LabVIEW and PXI Express
Instrumentation. PXI is the open, PC-based platfontest, measurement, and control.
For FAT execution, they close the turbine controB&tomatic control loops using a
simulated, controlled system. They developed a-treed turbine simulator, which is
attached to the turbine controllers 1/O signalse Bimulator computes the appropriate
process variables from the turbine controller, siilig signals as feedback. With this
model, Siemens can test the different operationasodcluding the turbine starting
within a specified revolution rate, the turbine @ieg under load or pressure control,
load decreases under idle operation, load remachtwirbine shutdown.

In addition to the actual functional test, the tonebsimulator can aid in parameter tuning
and optimization in the field prior to operatioriei®ens also delivers a simple turbine
controller model so the customers can operateuitiéne simulator when a test turbine is
unavailable.

3.5.4 MARINE CYBERNETICS
Marine Cybernetics improves safety and profitapilitor our customers through
independent testing of mission-critical control teyss on ships and offshore
installations. This is done using Hardware-In-theep (HIL) testing based on our
unique and patented CyberSea Simulator Technol@gy customers will benefit from:

« Safer ships and rigs with less incidents due towsoE errors

+ Extensive testing early in the design and engimggprocess

« More efficient sea trials

« Less use for potentially destructive testing

« Reduced downtime during operations

+ Reduced overall cost

Marine Cybernetics is a company that specialisethénfield of testing instrumentation

system in shipping and offshore.

Their system is based on simulations of the proegsih allows them to test the whole
system as realistic as possible, increasing th@odsato detect errors. The system is
based upon an I/O module, with computer softwarsimoulate the processes. When
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testing, all of the parts in the system are tedtedy simple signal processing, to program
functionality.

This system is customized for each customer, atthau lot of the situations are quite
similar, allowing them to reuse much of the forrmpesgrams.

3.5.5 LOCKHEED MARTIN SPACE SYSTEMS COMPANY

Lockheed Martin uses NI LabVIEW simulation intedatoolkit for flight simulation
model development. This is a very high tech solutitat uses MathWorks to simulate a
realistic environment. They have built a prototyptgrated avionics unit (IAU) and a
hardware-in-the-loop (HIL) simulator to test thghi detection and ranging (LIDAR)
control software functionality.

One drawback with such heavy mathematic simulatisrisat it is very time-consuming
to make, and the system can be extremely compléxs Solution might be a bit
exaggerated compared to the needs of NOV, bubiwshthe potential in building a more
complex system.

3.6 TEST PROCEDURE DESIGN

To make a complete and thorough test system denagdsat deal of planning. With a
good test description in an early phase, could ndegreased costs and work hours.

It is always less expensive to spend time and money thorough preparation than to
repeat a test because one or more items were msidered when the test was planned.
Such preparations should entail gaining input frathsections of the group involved in
the project. This can include design engineeringnagement, quality assurance, test rig
designers, test measurement professionals, anésheperators. [1]

3.6.1 TEST OBJECTIVE

The test objective is a written statement that detaly describes the purpose of the test.
It should include background information about whe test is being carried out, the
range of the test conditions that will be coveradd the format of the expected test
results. It should also define any national or miional standards that have to be met
as well as any quality assurance requirements. Aabgvant regulatory requirements
should also be defined in the test objective. [1]
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3.6.2 REQUIRED MEASUREMENTS

A description of the required measurements showdabnatural byproduct of the
preparation of the test objective. This descriptstould include the measurement range
of each test parameter. An initial description igpitally prepared by the design
engineering staff. It should then be reviewed lgytdst measurement professionals and
the test rig operators. These people have the ledye to determine if such
measurements are possible and an idea of theiramate cost. They should also be
able to describe any additional measurements theyt have to be taken to support the
basic required measurements. The test schedulareegents can have an impact on
which measurements should be made. The delivegyftinsome test instrumentation can
be several weeks or months, especially if somemruzation is required. [1]

3.6.3 ACCURACY REQUIREMENTS

Defining the accuracy requirements for each measerd is one of the most difficult
tasks to resolve in the development of the testgolare. It is also one of the most
important tasks because it will determine the gesticcess and have a larger impact on
its costs. If you underestimate the accuracy resuents then the test result may not
support your conclusions about the test's objectifeyou overestimate the accuracy
requirements then the cost of instrumentation lvélexcessive. [1]
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3.6.4 TEST DATA FORMAT

The form in which the test measurement data isetadguired, displayed and stored in
must be decided upon and documented when thertestdures are developed. A simple
test could be conducted in which a few transdueeesdisplayed on digital indicators.
When the test operator simply notes readings atr@ppate times the form of data
acquisition and storage is manual. [1]

3.6.5 TEST DATA ANALYSIS

Test data analysis can be carried out in real timsethe test is occurring or after the test
sequence is completed (post-test). It is also plessd combine the real-time and post-
test analysis methods so that some combined asasydione while the test is occurring
and other analysis is carried out on the storedadafter the test.

The factors that can influence the analysis met@écted include:
e Duration of the test
* Availability of online analysis equipment
* Need to vary test parameters as results becoméaiai
* Need to carry out multiple types of analysis onghme data
* Requirement that analysis be done by people olfzer the test operators.

The ideal situation is to store all raw test dakatt is acquired during the test. This will

allow unlimited post-test analysis and makes itsgge to correct any errors that are
discovered as part of this analysis. [1]
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Automatic testing of Drilling Instrumentation system

4 WORK PACKAGE 2: EVALUATE WHICH METHODS THAT ARE
THE MOST SUITABLE FOR AN EFFICIENT COMPLETE TEST OF

THE SDI.

4.1 INTRODUCTION

Work package 1 presented different methods foingshstrumentation systems. After
investigating the methods, the project group andvN®aluated which method that is
suitable for testing the Sdi system. When decidiigch method to use, factors like
costs, efficiency, mobility and diversity, wheregartant for the decision.

4.2 METHOD

The method that was agreed upon was to use eitl@roP similar controllers with I/O
modules, through Ethernet or USB to a laptop, withgrammable software that can both
send out simple signals and simulate more advasigedl types. With this method it's
possible to test multiple terminal blocks at onaad simulate different situations if
needed. This will make the test procedure easietenwell-arranged, as well as
presenting a graphical overview to the customer.

Ethernet/TSB Swiich

Fig 2.2.1 — Method principle
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Automatic testing of Drilling Instrumentation system

5 WORK PACKAGE 3: DRAW UP DIFFERENT SUGGESTIONS FOR

VARIOUS TECHNICAL SOLUTIONS

5.1 INTRODUCTION

Based on the results from the former work packages,project group will present
several technical solutions for this project. Tliféedent solutions will be discussed with
NOV in work package four, and one of the solutiom#l be chosen for further
implementation.

The project group wants to install the chosen smiuin suitcases to make it easy to
transport and to protect the equipment. A princigketch is shown in fig 5.1.1. The
principle is the same for all solutions.

r— Powersupply

Fieldpoint /— Powersupply

-----
-----
------------
—

o
------

Fig 5.1.1 — Principle sketch
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5.2 HARDWARE

5.2.1 ALTERNATIVE SOLUTION 1: SIEMENS SIMATIC S7

This solution is based upon PLC’s from Siemens. Fh€’s that are used is the Simatic
S7, which is a module based solution.

Fig 5.2.1 — PLC with modules

Technology CPUs S7-315T-2DP The S7-300 technology CPUs 315T-2 DP provides the
full functionality of the powerful standard CPUs with
integrated technology functions.

The technology CPUs combine
« SIMATIC CPU 315-2 DP / 317-2 DP with
. PLCopen-compatible motion control

functions.
Fig 5.2.2-PLC CPU The technology CPUs are compactly built with high-
speed distributed I/Os (4 digital inputs, 8 digital

outputs) and two PROFIBUS DP interfaces:

Modules « Digital output 8DO, DC 24V, 2A; isolated

e Analog output 4 AQ, isolated
* Analog output 8 AO; 11/12 bit; isolated

Fig 5.2.3 — I/O module

The Siemens Simatic S7 is the same PLC that NO¥ imstheir systems. Using a PLC
will allow the system to run without a computert uthis case it's necessary to present
the data in a graphical user interface, so onengild an additional computer anyway.
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Table 1 — Pros and cons PLC

Advantages Disadvantages

- Highly programmable - Expensive

- Known system to NOV - Unknown to the project grou
- Easy for NOV to develop further - Requires an Qieénce

See appendix E for complete list of componentspiueds

5.2.2 ALTERNATIVE SOLUTION 2: COMPACTDAQ FROM NATIGIAL
|INSTRUMENTS

Fig 5.2.4 - NI CompactDAQ Chassis - NI cDAQ-9172

NI CompactDAQ Chassis - NI cDAQ-9172

* More than 5 MS/s streaming acquisition per chassis

* Included AC power supply, USB cable, and strairefeit

* True plug-and-play installation and configuration

* Rugged A380 metal construction

Available mounting kits for enclosures, DIN-raihcadesktop development
Hi-Speed USB connectivity to PC

NI 9265
4-Ch, 100 kS/s, 16-Bit, 0 to 20 mA, Analog Outpubdvle
o . 0 to 20 mA output range, 16-bit resolution
. Open-loop detection with interrupt, 0.0 mA power-on
. Hot-swappable operation
. 4 analog outputs, 100 kS/s, simultaneously updated
Fg 5.2.5 = NI 9265 . -40 to 70 °C operating range
Analog /0O module W
. NIST-traceable calibration
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NI 9474
8-Channel 5to 30 V, 1 ps, Sourcing Digital Outhladule

. 8-channel, 1 ps high-speed digital output
. 5to 30V, sourcing digital output

. -40 to 70 °C operating range

. Extreme industrial certifications/ratings
. Hot-swappable operation

Fig 5.2.6 — NI 474
Digital I/0O module

This solution is one of the two solution preserftedh National Instrument.

The CompactDAQ is a much faster system than thepgaotmFieldPoint, with a higher
resolution. It is easy to use, and can be used attWIEW, which is a program the
project group already knows quite well.

The CompactDAQ is depending on a computer to renptiogram. It also has no ability
to set start-up and com-error values. This systemneunicates by USB, which means
that the cable between the system and the switohotaexceed 5 meters, making it
difficult to test cabinets in different locatioldSB cables over 5 meters can’t guarantee
that the signals to the recipient will be transfat®rrect. To overcome this problem it
would be necessary to use several USB signal aseglifAlso, the 0-20mA analog
modules are limited to 4 output channels.

Table 2 — Pros and cons DAQ

Advantages Disadvantages

- Faster than Compact FieldPoint - No start-up @rd-error values

- Higher resolution - Communicates through USB

- Easy to use - Com cable cannot exceed 5 meter
- Compatible with LabVIEW - Only 4 analog outputs @ach module
- Built-in power supply

See appendix E for complete list of componentspaites
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‘5.2.3 ALTERNATIVE SOLUTION 3: COMPACT FIELDPOINT

Fig 5.2.7 — Compact FieldPoint with I/O modules

NI cFP-1804
Ethernet/Serial Interface for Compact FieldPoint

» Access through industry-standard communicationgeads such as Modbus and OPC
» FieldPoint software for drag-and-drop I/O accesgistributed systems
* Rugged hardware for industrial environments — S0agk, 5 g vibration,

-40to 70 °C
» Up to 4 Compact FieldPoint modules per distribuEdaernet/serial network interface
» Easy read and write from networked host PCs usinigalVIEW or any OPC client

This is the second solution provided by Nationatdmments. The National Instruments
cFP-1804 network interface module connects up o @ompact FieldPoint I/O modules
to a high-speed Ethernet network. This allows ther uo operate the complete solution
through a computer running for instance LabVIEW. &ddition to managing
communications between a host PC and the I/O msdtie cFP-1804 also provides
diagnostic and autoconfiguration features to sifppiistallation, use, and maintenance.
Perform IP address assignment and module configaraising Measurement &
Automation Explorer, a menu-driven Windows-basedfiguration utility designed for
ease of use. It is also possible to set a stanmuplast communication value, which
ensures a greater control over the systems duriticat states.

The Compact FieldPoint is not produced with anrivaepower supply. This means that
it is necessary to purchase an external power guppke FieldPoint is also much slower
compared to e.g. Compact DAQ. But with an analogedpup to 200Hz and a digital
speed up to 20 kHz this is more than enough ferghoject.
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Digital I/O module for cFieldPoint

. HotPnP (plug and play) operation

. -40 to 70 °C operating range

. Voltages from 5 to 30 VDC

. LED on/off state indicator, per channel

. Up to 2 A per channel, 9 A squared per module

Fig 5.2.8 — Digital I/O module for Compact FieldRbi

The National Instruments cFP-DO-400 module featwight sourcing digital output
channels. Each channel is compatible with voltdges 5 to 30 VDC and can source up
to 2 A per channel with a maximum of 9 A squaredmedule. (The sum of the squares
of the output currents from all eight channels mhesto greater than 9.) Each channel
has an LED to indicate the channel on/off statee Module features 2300 V transient
isolation between the output channels and the back&pTo make installation and setup
easier the NI cFP-DO-400 features HotPnP (plugpdayg) operation and is automatically
detected and identified by the configuration sofeva

Analog I/0 module for cFieldPoint

. HotPnP (plug and play) operation

. Open-circuit detection

. 12-bit resolution

. Eight 4 to 20 mA or 0 to 20 mA current outputs
. -40 to 70 °C operating range

. Short-circuit protection

Fig 5.2.9 — Analog I/O module for Compact FieldRoin

The National Instruments cFP-AO-200 is an 8-chaanalog output module for 4 to 20
mA and 0 to 20 mA current loops. The module inctudpen-circuit detection for wiring
and sensor troubleshooting and short- circuit ptaie for wiring errors. To make
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installation and setup easier the NI cFP-AO-200tuies HotPnP (plug and play)
operation so it is automatically detected and idiedtby the configuration software.

Software development is also simplified becausé aittoscaling, you can write to the
module in engineering units instead of having tovest the current levels to binary
numbers. The module comes with a NIST-traceabléreagion certificate to ensure
accurate and reliable analog control.

Integrated Connector Block for wiring to cFieldPoin

. Mounts to backplane between 1/O modules

. Easy wiring with color-coded terminals for voltagend
common connections

. Built-in strain relief and slots for wire ties

. One cFP-CB-1 is required for each Compact FieldPbd
module

Fig 5.2.10 — Integarted Connector Block for wirittgCompact FieldPoint I/O

You can easily wire signals to the inputs and oustmi any Compact FieldPoint module
using the cFP-CB-1. The cFP-CB-1 mounts onto tlogfdiane and provides a convenient
way to connect sensors and actuators. The connelctck comes with two strain-relief
bars - one for individual wires and one for thickables. The cFP-CB-1 has slots for
wire ties to further secure cables, and featurder@mded terminals to make wiring
easier. It has a thermistor for cold-junction comgaion when used with thermocouples.
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Power supply
Wwf; -
.- -

PS-2 -- 24 VDC, 19 W (100-240 VAC input)

§iE
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2=
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Fig 5.2.11 — DC Power Supplies for Compact Field®oi
The PS-2 is a DIN-rail-mountable 24 VDC power syplat provides 0.8 A of current
and is rated for operation from -25C to 60C. The2PS recommended for industrial

installations. One power supply can power an eriaak of Compact FiledPoint 1/0O
modules.

Table 3 — Pros and cons Fieldpoint

Advantages

Disadvantages

- Ethernet communication

- Slower then CompactDAQ

- Campatible with LabView

- Lower resolution thenr@pactDAQ

- 8 analog outputs on each module - Should be nedupulnerable)

- Easy to use - Needs external power supply

See appendix E for complete list of componentspaites

5.3 OPERATING SYSTEMS

5.3.1 LINUX

Linux is a Unix-like computer operating system. Winis one of the most prominent
examples of free software and open source developriypically all underlying source
code can be freely modified, used, and redistribbieanyone. Predominantly known for
its use in servers, Linux is supported by corporstisuch as Dell, Hewlett-Packard,
IBM, Novell, Oracle Corporation, Red Hat, and Sunctdsystems. It is used as an
operating system for a wide variety of computediare, including desktop computers,
supercomputers and embedded devices such as mbbites, routers, and stage lighting
systems. The main reason for choosing this solutionld be that it is free to use and
there is no need for an expensive license. Linuxiss less demanding to the recourses
than other operating systems.
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The disadvantage of Linux is that it is very comple set up and difficult to implement
with external hardware. The competence in the ptgeoup when it comes to Linux is
not as good as for instance windows.

5.3.2 WINDOWS

Windows is the leading operating system today. T system that is familiar to most
people and don’'t need a thorough introduction. Wimsl is very user-friendly, and

because it is widely used it is easy to find infation about it. Windows is also easy to
set up and implement with external hardware.

The biggest disadvantage about windows is tha&itires a licence to use. It is also a bit
more demanding on computer recourses than fomosthinux.

5.4 SOFTWARE

5.4.1 LABVIEW

LabVIEW (short for Laboratory Virtual Instrumentati Engineering Workbench) is a
plattorm and development environment for a visuabgpamming language from
National Instruments. The graphical language is ethitG". LabVIEW is commonly
used for data acquisition, instrument control, amtustrial automation on a variety of
platforms including Microsoft Windows, various flans of UNIX, Linux, and Mac OS.
The latest version of LabVIEW is version 8.5, reldin August of 2007. LabVIEW is
very easy to use and gives the developers thayatalconcentrate on the functionality of
the program rather than getting the different parthe system to cooperate. The project
group has good experience working with LabVIEW fagarlier projects.
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5.4.2 LABWINDOWS

LabWindows/CVI (CVI is short for C for Virtual Ingtmentation) is an event-driven,
ANSI C programming environment developed by Natiolmstruments. The current
version of LabWindows/CVI (commonly referred to @¥l) is 8.5. LabWindows uses
the same libraries and data acquisition modulgb@asnore famous National Instrument
product LabVIEW and is thus highly compatible withLabVIEW being targeted more
at electronics technicians and CVI more towardgygmmers. The project group has
also used this program in earlier projects withdyoesults.

The disadvantage with LabWindows is that is muchiaremmplex than e.g. LabVIEW,
and will take more time to set up.

5.4.3 INTOUCH

InTouch software is an open and extensible HMI witkting-edge graphical capabilities
providing incredible power and flexibility for appation design. InTouch software offers
connectivity to the broadest range of automationa#s in the industry.

Already established as the world’s favorite HMIT&uch software is used in over one-
third of the world’s plants, in virtually every cotty and industry. It is easy to use and
wery powerful, especially when it comes to contnglPLC’s. This is also program that
the project group has used before.

InTouch don't offer a good support towards Natiom@struments products. It also
requires the use of an OPC server to communicdteexternal hardware.

5.4.4 AIM 2000

AIM is a program made by “Kongsberg gruppen”. Allvbgess automation system aim
to provide reliable solutions for optimal producti@and operation of the controlled
process. It provides powerful tools for engineerthg optimum solution required by
process control systems and operational training dypnamic simulator.

The project group has never used this programjtasgrobably more suitable for bigger
control systems.
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5.4.5 SIMATIC WINCC

SIMATIC WInCC is a HMI software developed by Sieradn easily set up user friendly
programs for running their products e.g. the Sia t¢iost friendly and very flexible.

The project group has no experience working with pinogram.
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Automatic testing of Drilling Instrumentation system

6 WORK PACKAGE 4. EVALUATE THE SOLUTIONS FROM WORK
PACKAGE 3

6.1 INTRODUCTION

In this work package the project group and NOV dedi which solution from work
package 3 that was implemented in this project.

The hardware solutions were evaluated with refereoc

» Efficiency

* Cost

» Complexity and time consummation in implementation
* Scaling

* Flexibility

The software solutions were evaluated with refezgnc
» [Easy-to-use interface
« Compatibility
» Former experience within the project group

6.2 HARDWARE SOLUTION

The solution that was selected was the solutiomnfridational Instruments, using
Compact FieldPoint. This solution was agreed upspabse:

e It's easy to install.

* The system is relatively inexpensive.

* ltis easy to set up in LabVIEW which the projectup is familiar with.

» If expansion is needed, it doesn’t take a lot witito refit the program.

* National Instruments has good support, both ordime through customer service.
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6.3 HARDWARE

To build two Compact FieldPoint systems, it waseoed:

2 Ethernet/Serial Interface for Compact FieldPoint
6 Analog I/O modules for cFieldPoint

2 Digital /0O modules for cFieldPoint

8 Integrated Connector Blocks for wiring to cFieddi
2 Power Supplies

In addition two power supplies for the digital méeiwas purchased
Each Compact FieldPoint system has 24 analog auigmd 8 digital outputs.
The power-supplies for the analog modules deliviey 2

The power-supplies for the digital modules deli¥eés-12V. These are set to 7.5 V when
simulating the proximity switches.

6.4 SOFTWARE

6.4.1 OPERATING SYSTEM (0OS)

The operating system that will be used on the cdempus Microsoft Windows XP. It
could be possible to use Linux also, both windasvisatter known, and usually has better
compatibility. Also the project group doesn’t hdtiat much experience with Linux.

6.4.2 PROGRAMMING SOFTWARE

It was decided to use National Instruments LabVIEWWnake the system program. The
program is easy to understand, has a lot of intedréunctions, and is known to the
project group. The language is graphical, so it lbareasier to get an overview of the
program.
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6.5 OVERVIEW OF THE PHYSICAL SYSTEM

Display

PLC

CEAG

Terminal blocle

/— Powersupply

Fig 6.5.1 — Principle sketch
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7 WORK PACKAGE 5. IMPLEMENTATION OF A SYSTEM FOR THE

CHOSEN SOLUTION.

After choosing a solution in work package 4, thstegn was implemented into the final
product. The result of work package 5 is a comp@gtem to test the Sdi signals.

Because of the size and complexity of this packtdwgeproject group found it necessary
to split it up into several smaller pieces. Thisdmat easier for both participants to co-
operate and work towards one complete program. Tantain a solid working
environment when programming it is important thatergone involved has clear
guidelines and are working to achieve the samesgdélis resulted in the following sub-
packages:

Installing hardware and software

Test communication and function

Create a test program for Keppel Fels B289

Create an universal test program

Install equipment in aluminium suitcases

Testing the system at NOV in Stavanger

Suggested improvements

Changes that are necessary before using the system

YVVVVVVYVYY

7.1 INSTALLING HARDWARE AND SOFTWARE

7.1.1 ASSEMBLE THE HARDWARE

This part of the package was done very swiftly ditbh’t cause any complications at all.

NI's hardware was very user friendly and easy tbtpgether. The picture shows how
one of the FieldPoints after it was assembled amhected to the power supply and the
network.

Fig 7.1.1- The Fieldpoint assembled.
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7.1.2 INSTALL SOFTWARE

The project group was given access to one of theds copy of National Instruments
LabVIEW 8.2. The development program and the riea tcomponents were installed to

two desktops and one laptop at NOVs office in Fyatd 82. This is a student licensed
copy, and will be removed after the project.

7.2 TEST COMMUNICATION AND FUNCTION

7.2.1 COMMUNICATION BETWEEN SOFTWARE AND HARDWARE

As the project group was promised by the salessidini at NI, the communication
between the software and hardware went withoubalpm. By using NIs Measurement

and Automation program, which generates a setegdil the FieldPoint’s in LabVIEW,
this part of the package went along very smoothly.

7.2.2 MAKE A SIMPLE TEST PROGRAM

For testing the analog and digital modules on tieédPoint, the FieldPoint came with a
set of example programs. This meant that it wasiroessary to make the test programs
from scratch, just modifying the example programs.

This I writes up to 8 channels of any analog output FieldPoint module using the LabWIEW Express ¥
on the block diagram. The Express VI does not allow you to change the channel while the VT is
executing.

INSTRUCTICHS:
1. Configure a FisldPoint comm resource in MAS with any analog output module.
2, Right-click on the FieldPaint Express ¥1 on the biock diagram and choose Properties to bring up
the property page.
3, Click Browse on the puldown menu in the property page ko browse to the
module you configured in step 1. Select the Allitem.
4. Run the 4T,

NOTE:

1. If the output module does not have & channels, use the Set Dimension Size property in the pop-
up menu of the Output Yalues atray to change the dimension to match the number of actual
channels.

2. Make sure the range of the knobs in the Gutput Yalues control makches the range of the items ‘Arite Error
configured in MAX.

Contral Rate ()t ontral rate determines the ‘

Q'M update frequency of the example, FiEIdPDiI‘IH,FP
OutpUE Values Oukput Yalues Res\FP-A0-200

4 & 4 [ 4 & 4 & 4 & 4 &

o P L) [

ZNO‘EZ-\) az-J sz-J 52~J 82~;j-82~

~ - ~ A - ~ A - ~ -
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write Error Zonkrol FRate {ms)
skatus code
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Fig 7.2.1 — Analog output testing program.
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E ‘irite Errar
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; Timesktamp M

Fig 7.2.2 — Digital output testing program.

7.3 FIRST PROGRAM — KEPPEL FELS B289

The project group first made a program for a spepifoject, the Keppel Fels B289. This
is a rather small project, with a few signals tondate. If the program worked as
expected, a universal program would be createdcthatl be used with any project. This
program was not fully completed, because the pra@emup found it more important to
start creating a universal program.
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7.3.1 SIGNAL MENU

Mud purnp 1
Wi purp 2
Mud pump 3
Mud pump 4
Mud pit 1
Mud it 2
Wud pit 3
Mud p 4
Mud pt 5
Mud pit 6
Mud pt 7
Pud pit
Slug pit

Premix 1

O
o
(@)
G

Mudpump 2 5P (3

Mudpump 35N (3

Hud pump 4 P01

)

Trp tarkz

Standpipe manifoid 1

Standpipe manifoid 2

Choke manifaid

Fig 7.3.1 — The choose signal menu — Keppel Fe89B2

The first window that appears when program is laedcis the signal menu. In this
program, the signals are locked to this specifajqut, the Keppel Fels B289. The user
can choose which of the signals to simulate. Inuh&ersal program, this menu are
much more dynamic, so that it can be used withpaaject.

Inge Osli & Erling André Hornenes
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7.3.2 SETUP RIO/DAU MENU

ininfoioinfioioioioioioiofioioioioioiofioioiniodo

[ [ ]

[ G E A

Fig 7.3.2 — The Setup RIO/DAU menu.

In the setup RIO and setup DAU menu, the FieldPdmatnnels are set up. The different
signals are assigned to the channels, and it isifgesto choose which terminals each
channel should be connected to, and export thisgvidiagram to a spreadsheet file.
Then it is easy to connect to the system using diagram. When all the signals are
assigned, the simulation is ready to run.
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7.3.3 RUN TEST MENU

Fig 7.3.3 — The Run test menu — pit simulation

In the Run test menu, the different signals areukdted. In this program, only a few
selected signals are represented, since the propr@ncomplete. In this menu it is
possible to simulate different signals, either nadiyuor automatic. It's also possible to
simulate a line fault (0 mA).

@ 000 9000 000
i 6000

Fig 7.3.4 — Overview of simulation graphics
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7.3.4 COMMUNICATION

Fig 7.3.5 — The communication menu

In the communication menu, the communication to RreddPoint is monitored. In this

program, only one FieldPoint is represented. lmktef finalizing this program, the

project group decided to move on to the universab@m. If an error appears in this
window, it's possible to get an explanation by kilig on the error code.
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7.4 UNIVERSAL PROGRAM

After creating a successful test program for Kegpads B289, a universal program was
created. In this program most of the signals tlvaldc be necessary to simulate in any
project are included. It is also possible to imptré signals from the NOV HED
database, instead of the user setting them up rihganua

7.4.1 SIGNAL MENU

Choose signals

"
One Company.... Unlimited Sclutions

| Send: @ choosesignals | Density & Temp |
Selup RIO
| setup Daw Fits ictive Fumps: Active. Fit Densky  Active Pit Temp  Active
R et Pt L I Pump 1 r Pit Density L W it Temp | |l
£on Pit 2 =l Pump 2 r Pit Density 2 i | B Pit Temp 2 | i
Pt 3 | i Pump 3 T Fi Density 3 = Pit Temp 3 i
Fié r JPump 4 T Fit Density 4 n Pit Temp 4 I
] | r. Pump 5 ul Fit Density 5 r Fit Terp 5 =
Lalsh i Punp & g Fit Densty & | mi Fit Terp 6 &l
el i Pit Density 7 1| Pit Terp 7 1
pLe i B e Fit Density 8 ]' Pit Ternp & I
e ! r A S, F Fit Density 9 i Pit Temp 9 I
Pit 10 | i f Pit Density 10 T Fit Temp 10 r
(328 | i r PiE Density 11 T Pit Temp 11
12 | i r Pit Density L2 i Pit Terp 12 I
PEE ) r_ r Pit Density 13 r Pit Temp 13 r
Pi 14 B F 1" Pt Ters 14 m
P15 i - | mi it Temp 15 | i
Pit 16 i F L Pit Temp 16 i m
Pi 17 | f F 1| =i Pit Termp 17 | i
pit 15 r 1| mi Fit Temp 16 [ | ml
A al ] Pit Temp 19 i
Bz, A B Fit Density 20 ] Fit Termp 200 I
Pit 21 || =i r
Pit 22 l" r
Trip Tank g T
g Torkz r r mpart ' ‘ Reset to defaulk '
1 Tark r Sare andlog 252 | '
P26 | =i ud Dersicy In r
Fit 27 L Pud Temp In r
Pr2s N Mud Temp Out m
P20 e Vi s 5ep. Temp & | I
Pit 30 r Spare Analog (slaw) 24 | |
Fit 31 ol Spare Andlog (slow) 25 | |
Fit 32 ¥ Spare Andlog (slow) 26 |

Fig 7.4.1 — The choose signals menu

When the program is launched, the signal menuesgmted. The user can insert name for
the different signals, and activate them. An easiay is to use the import button to
import the signals from a csv-file exported from [HHBNVhen this option is used, all the
names, active signals and ranges are set autothatica

39|Page



Automatic testing of Drilling Instrumentation system

Density and Temp
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When density and temp is to be simulated, a seoweml is necessary. When simulating
density, it is really a pressure sensor that isikted. Then the density is calculated with
the pressure value and the pit volume value. Thegein this menu, the user can select
which pit the volume is received from.

It is also possible to assign a pit to the tempusition, but this option is just to get an
overview over which pit temp that is represented.
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7.4.2 SETUP RIO/DAU MENU
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In the setup RIO and setup DAU menu, the FieldPdmatinnels are set up. The different
signals are assigned to the channels, and it isigesto choose which terminals each
channel should be connected to, and export thisgvidiagram to a spreadsheet file.
Then it is easy to connect to the system using diagram. When all the signals are
assigned, the simulation is ready to start.
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7.4.3 RUN TEST MENU

Fig 7.4.4 — The Run test menu — pit simulation

In the Run test menu, it's possible to simulatedigmals that are selected. The items that
are not selected are greyed out and disabled plkissible to choose a value manually or
an automatic incremental value. It is also posdibmulate a line fault (0 mA).

100 150

Fig 7.4.5 — Overview of simulation graphics
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7.4.4 COMMUNICATION

Fig 7.4.6 — The communication menu

In the communication menu, the communication tdhideeldPoint’s is monitored. If an
error appears, it's possible to click on the emode to get an explanation. It is also
possible to change the control rate. This is nobmamended to exceed 100 ms, because
of the digital signal simulation which runs at 125mtervals.
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7.5 INSTALLATION OF EQUIPMENT IN ALUMINIUM SUITCASES

To protect the system and make it easier to usetvib FieldPoint's were mounted in
separate suitcases. All the FieldPoint channels@naected to outlets at the side of the
suitcase. For each module there is a cable witlug fnat can be connected to these
outlets with quick release couplings. This makdaster and easier to connect the system
to the project that’s going to be tested.

To install the equipment, the project group usesl workshop in the NOV Stavanger
office during the final test visitation.

Fig 7.5.2 — The suitcase with the FieldPoint modnte
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7.6 TEST OF THE SYSTEM AT NOV IN STAVANGER

Installing the equipment consumed more time thgreeted, and the testing was delayed.
On Wednesday 23rd of April, 1200 Pm, the group veasly for testing. Unfortunately
the rig wasn’t available at this time. At 1430 Phe test started. It was necessary to
reschedule the flight back to Trondheim, and caithe test on the 1st of May.

7.6.1 KEPPEL FELS B289

In the Keppel Fels project it is a total of 25 sitpto simulate. 10 analog signals were
connected to the DAU system, 12 analog and 3 digigaals to the RIO system.

Connecting the terminal blocks took 15 minutes.

Setting up the software also took 15 minutes, sotdital time used to set up the system
adds up to 30 minutes. How long it takes to sineuthe signals is depending on the user.
It is possible to complete the signal testing ssléthan 30 minutes.

When testing on the Keppel Fels project, the Stiinsme wasn’t responding. Since there
was a lack of personal at the time when the pragjeatip were testing, the testing was
moved to another rig project, the Noble Jim Day.

7.6.2 NOBLE JIM DAY

With one day behind and a tight schedule, the ptajeoup only got to test one analog
signal and one digital signal. The Sdi softwaresdietd both signals. When testing the
analog signal, the Standpipe pressure was testgd.AVnA the value shifted between 0
and -3, witch equals an offset to 0.05 percent.

The digital signal was simulating a mud pump, an@tspm the actual spm in the SDI
software shifted between 54 and 64. This is becéissaot a real-time simulation, and
there were limited resources on the test laptop.viatues below 60 spm the software
followed correctly.

With more time available, a complete test procedordd be completed, and the test data
documented. Unfortunately the time ran out, and ki@d to be skipped. The system has
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been tested with a multimeter, to check if the el channels are responding, and
correct values are sent out. See appendix H -nalt&ieldPoint test procedure.

7.7 SUGGESTED IMPROVEMENTS

7.7.1 REMOTE CONTROL

It is possible to set up the program to be corgtbhemotely, so that anyone can run the
test program regardless of geographic locationotfof the software testing at NOV is

done remotely, and it could be an advantage to Mawesame possibility with the test

program. Then they could connect the FieldPointesysin Stavanger, and it could be

controlled from anywhere.

7.7.2 AUTO REPORTING

Another feature that could be interesting to ad@&n automatic report system, where you
can document that the components that are testelled/aas expected. Then, when
completing the test, you can print a report docuingnthat everything is working

properly.

7.7.3 AUTOMATIC SETUP OF RIO AND DAU

If it is possible to get the terminal block setop the project from HED, it would be time
saving to create an automatic setup of the chammetee FieldPoint. This will allow the
user to export a complete wiring diagram, withoavihg to set it up first. With today’s
situation, it is not possible to get this data freliaD.

7.7.4 PILLAR TERMINAL

To connect the system easily, it is possible tongkathe terminal blocks, to get the
possibility to connect the channels without havimgse the screw terminal.

7.7.5 DUAL SENSOR SIMULATION
On several project, there are two sets of senswsteeds to be simulated for each

component. Therefore it would be smart to creaee dption to chose two sensors to
simulate. For example pit 1 sensor A & B.
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7.8 CHANGES THAT ARE NECESSARY BEFORE USING THE SYBM

7.8.1 STATIC IP ADDRESS

In order to avoid having to set up communicationefach project, it is necessary to set an
static IP address for the FieldPoint’s. This haBda@oordinated with the IT department at
NOV in Stavanger.

17.8.2 CLOSED NETWORK

Another way to set a static IP address, and avoitflicts with other computers or
components, is to use the test system on a closteebrk. This way the system will not
have anything to do with the NOV network. With tkiglution, it will not be possible to
remote control the system though.
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8 WORK PACKAGE 6: ADMINISTRATIVE

The last work package the project group decidedestablish incorporated all the
administrative tasks. The main purpose for thikkpge was to ensure that the progress of
the project went according to the plan. This wasedby arranging frequently meetings
with the teaching supervisor, the employer andptfogect group. The project group also
kept an hour log which was continuously comparedhte® estimated hours and the
expected progress.

8.1 TWO WEEKS MEETING

Approximately every two weeks the teaching superyithe employer and the project
group met to present and discuss the progreseqgirtiiect. In advance the project group
sent out a notice of meeting and a two week refdre. two week report included what
the group had done the last period, time consumpifchours and potential deviations.
During every meeting a referent from the projecugr made a report. The minutes of
meeting were sent to the participants within a shore after the meeting. At the end of
each meeting the participants agreed upon whendkiemeeting should take place.

8.2 HOUR LOG

At the start of the project the group made a docunmeMicrosoft Excel to keep track of

the hour consumption and work progress. Each grogmber could fill inn the hours

used at the end of the day and the excel documénmmatically compared it to the

estimated hours and generated an s-curve diagraeneXcel file also included contact
info of all the involved persons, a notepad forasl@nd a log of all conversations the
project group have made during the project.

Se AppendidG — Time consumption.

8.3 TEMPLATES

During the project the group has based all thegudtents on the templates provided by
HiST.
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8.4 QUALITY VERIFICATION

The project group consisted of two members whickeh@made the quality verification

very easy. During the project each group membercbasrolled the work of the other

member continuously. This have prevented faultssawved the group from using a lot of
time on troubleshooting.

8.5 LITERATURE

To handle this project it was necessary for thgegtogroup to acquire a lot of new
knowledge. The schools library was frequently usedhe first four work packages.
When the programming in work package 5 started, hbeks and notes from the
LabVIEW course from the autumn semester came ihaRarallel to books, internet
has also been an invaluable supplement.

For more details about the used literature seé&itbeature list.
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EVALUATIONS

Throughout the project period the cooperation hesnbvery good, and both members
were committed to an open discussion. There waseed for strict organization as both
participants showed responsibility and initiativiehe size of the group has also been
perfect for the assignment.

Using English for all documentation and reports)éat out to be a challenge, but in the
same time it was very educational. Both member$ ttest they have gained more
experience with writing in English.

EVALUATION OF THE EFFECT GOAL

The process goals were described in the pre-progazirt, and were what the group
expected to gain from the process of working with project.

- The effect goal will contain getting a better urgtanding of the Sdi system, and
getting to use the achieved knowledge from theiquevyears of the bachelor
study, while acquiring new knowledge.

The group feels that this goal has been fulfillBdth members know much more about
the Sdi system today than when they started. Knbydefrom previous years has been
used, and a lot of new knowledge has been achieved.

EVALUATION OF THE RESULT GOALS

* Approved pre-project within 08.02.2008.
This part has been achieved according to plan.

* Investigate different methods for testing instrutagon systems within
13.02.2008.
This part has been achieved according to plan.rébelts can be found in work
package 1.

» Evaluate which methods that are the most suitair@h efficient test of the Sdi
within 15.02.2008.
This part has been achieved according to plan.rébelts can be found in work
package 2.
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» Draw up different suggestions for various technalutions within 04.03.2008
This part has been achieved according to plan.rébelts can be found in work
package 3.

* Evaluate the technical solutions within 06.03.2008.
This part has been achieved according to plan.rébelts can be found in work
package 4

* Implementation of a system for the chosen solwtitimn 02.05.2008.
This part has been achieved according to plan.réselts can be found in work
package 5. The hardware and the software have teeted and are ready to be
delivered to the employer.

» Deliver a professional bachelor project, which wdllow NOV to continue
developing the system after need within 09.05.2008.
This part has been achieved according to plan.pfoyect was delivered on time,
and the group members look forward to the evalnaitd feedback.

TIME USE AND PROGRESS

Strict project managing and concrete deadlines nradiee pre-project and in the Gantt
diagram, have ensured that the progress of thegirbpve gone according to plan. The
group realized that the estimated time consumptidhe start was too high, and this led
to a deviation in the hour log. But the remainirapfs came to good use later on as the
programming and documentation started. At the ptaad the actual hour consumption
was slightly higher then the estimated 900 hours.shibstantial deviations besides the
hour deviation have accrued during the projectgaeri
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BUDGET

In the pre-project there was no budget, since & gfathe main project was to find a

suitable solution for the Sdi test system it wapassible to estimate what the costs
would be. After a solution was agreed upon, thepngent was bought and the invoice
had been approved by NOV, the project group cowddlera budget over the expenses.

Table 4 — Complete expenses

Description Amount - NOK
Purchases National Instrument 46240,-
Purchases Clas Ohlson 596,-
Purchases Biltema 140,-
Purchases Elfa 5000,-
Airplane tickets 19698,-

Total 71674,-
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CONCLUSION

The project has been very interesting and educatidime project group has experienced
a continuous learning progression throughout theleviprocess. Different challenges
have appeared in each phase of the project, ase theve been solved in a satisfying
matter.

The project group met with the employer, Nationawell Varco, as early as before
Christmas, to get some insight regarding the takis made the project planning easier,
and throughout the whole project the progress weotrding to the plan. This has meant
that the project group could work steadily withanl unpleasant surprises.

When the project is completed, all the goals pregskmn the pre-project are met. A
complete test product is developed, and is readyetput to use. Good communication
with the employer has eased the progress, andrtheproduct meets the specifications
required.

This bachelor project was a great way to comple¢eliachelor degree, and the project
group has used knowledge previously acquired, ast ag getting new knowledge,
especially when it comes to National Instrumentb\&W. Overall, this has been a
positive experience, and a very nice closure ohg leducation.
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DEFINITIONS

NOV
Sdi

/O

PLC
DAQ
FAT

NI
LabVIEW

DAU
RIO
HED

National Oilwell Varco Ltd

Smart Drilling Instrumentation
Input/Output

Programmable Logic Controller
Data Acquisition

Factory Acceptance Test

National Instruments

Laboratory Virtual Instrument Engineeringo¥bench
Graphical programming environment
Data Acquisition Unit

Remote I/O

NOV’s database for all projects.

Inge Osli & Erling André Hornenes
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APPENDI X

CD contents

Documentation — Keppel Fels B289 Test program
Documentation — Universal Test program

NI FieldPoint Operation Instructions

Purchase suggestions

User manual — Universal Test program

Time consumption

Internal Fieldpoint test procedure

Internal wiring diagram
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