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Abstract

Saybolt Universal Viscometer is used to measure the viscosity of liquids by
measuring the time required in second for 60 milliliters of the tested liquid between
40 °C and 100 °C, to pass through a standard orifice. Technology used in this project
for eases the control during the test and gives the most efficient accuracy, as it will
automatically open the gap of the orifice using a control valve that will open when the
desired temperature is achieved in the orifice tube and calculate the required time to
reach 60 ml, and then closes the gap. All of the parts are controlled by a
Microcontroller unit which is programmed to analyze the inputs of the sensors, and
uses the required time to reach 60 ml in the equation of viscosity then it shows the

result on the screen.

Gl Gl U8 e @ilsall A3 Gl aadie e e Bke g daBll WlE Slea

5 A da 50 40 5,0 s da o die da sl YA Ga W g e 2 dall G Je 60 Al S 5L (5 jriuall

SIS ARty LAY L oSt A g i g i) 198 8 Aesdied) Al A sie da 3 100

S oall da 3 (3iiad b Ladic iy Cigas (o3 Sl alaca Ala25ly 5 sl e LAGE s 4l Casm ¢ 30liS

pi Al (@Ble) diy o ey Al (e de 60 @A slhaall G ) Gl o Cus W) 8 4 lladl)

Al Oladin¥) 5 eal cOldae Qe Liadl Lgtina j ot Gl aSail) 3as 5 J (e o) 32 Y) maen 8 aSal)
LASLEN e Aagil el A 30 Al 8 e 60 Y J s sl o slladl) ) alasial



Table of Contents Page

(101 V=T gt o Vo [PPSR UPRPPPRPPS |
Project Title and SIgNATUIE .........cccueiviiiiie e I
D =To [ Tor= 11 [o] o USSR O PP PRSP i
ACKNOWIBAGEMENT ... s v
F N 0] 1 - Tod ST RU USRS V
LIST OF FIQUIES. ...ttt IX
LISt OF TADIES ... X
SYMIDOIS ...t ae e nreens XI

CHAPTER I:Introduction And Background

1.1 OVEIVIBW .vvteiee e ceitieee e s sttt e e s sttt e e s st e e e e st e e e s s nnb e e e e e snsae e e e e ssaaeeeeennnes 2
1.2 Main objectives of the Project.......ccooiviiiiiiiiiiii i, 3
1.3 Problem Definition .........ccueeiiiiie i 4
1.4 LIterature REVIEW.....uuviiiiieeiiiiie e siiiee e ssitee s siae et e e sstae e s snte e e e sae e s snsneeesnnees 4
1.5 Project ManagemeNt..........cceeiuvrrrreeereeeesiiiiirsrreeeeeeeessssssssssseseessessssssnsssnns 5

CHAPTER 2: Viscosity Of Liquids

2.1 INtroduCtion T0 VISCOSITY .....vvvrniiriiiieteeeiis e eei e et e et e e e ean e enn e e ennneaees 8
2.2 VISCOSITY MEASUIEIMENT ...uuiiiiiiiiie ettt e e e e e e e e e ea e e enn e aees 9
2.3Newtonian vs. Non-Newtonian FIUIdS...........cciiiiiiiiiiii e, 10
2.4 TYPES OF VISCOSITY uvvvvrrrrrriieeiiiiiiiiiisieete s e e s s sssisbss e e e e e e e s s s ssasbrrreen e e e e e e e 11
2.4.1 DYNAMIC VISCOSITY .....viviiuiiniiieiie sttt sttt bbb 11
2.4.2 KINEMALIC VISCOSITY ...evveuierieieiiesie sttt 11

Vi



CHAPTER 3:Building Saybolt Universal Viscometer

3.1 Definition of Saybolt universal ViSCOMELEr ...........uuvvviiiieiiiiiiiiiiiiienieeenenns 14
3.2 apparatus of Saybolt Universal ViSCOMELEr .......ccvveveeeeeeeiiiiiiiniirreeeeeeeeeens 15
3.2.1 Saybolt Universal ViSCOMELEr CaSE ........cciveiureieiieieeiie e sieesiesee e esie e 16
3.2.2 Orifice or Capillary tUDE ........ooovviieiiee e 18
T T 11 1=1 40011 (o SRRSO 20
I | -] USROS 22
B2 5 FIASK ottt 22
3.2.6 Level Sensor or FIOAL ........cccociiiiiiiiinieee e 23
L2 THEBALEL ..ttt naae e ees 24
3L2.8 ATAUINO. ....eeiieii ettt ettt e esne e teeseesreente e beeneenneas 25
3.2.9 DISPIAY SCIEEN......ccueiitieieiie ittt re e e e nre s 26
3.2.10 Electrical Contol ValVe ...........ccoooiiiiiiieie e 27

CHAPTER 4:system Control Architecture for the Saybolt Universal Viscometer

I 101 4 oo o1 1 o PR 29
4.2 Flow Chart and Block Diagram of the Saybolt Universal Viscometer ......... 29
4.3 System Control ArchiteCtUIE ........ccvvvreeeeeeee it 32
4.3. 1 USEI INTEITACE ...t e 32
4.3.4 Sensing EIBMENTS .....ccvoiuiiiiiee e 34

CHAPTER 5:Design Of Electronic Circuits

oA 101 oo [0 Tox o o PP PRPP 39
5.2 POWET SUPPIY ...ttt ie e e e s e ettt e e e e e s e s e e e e e e e e s e s s rr e e e e e e e e eeans 39
ST 0] TV EPPUR P PPEPRR 40
N @ 1V o TV T PP PP PP TOTPTPPPRPPR 43

Vil



CHAPTER 6:Software Design

6.1 INTFOAUCTION........eiiiiii ettt r e be e e aneenreas 46
6.2 PIN MAPPING .ttt bbbttt b et b et 48
6.2.1 20X4 LCD DISPIAY ..o 49
6.2.2 TemMPErature SENSOT L .......ooiiiieiiiie it 50
6.2.3 TEMPEIAtUIE SENSOI 2 .....vvieiiiiie ittt ettt e e anneas 55
6.2.4 SOIENO0IA VAIVE ..ot 56
6.2.5 STOPWALCN ......ciiieic e 56
6.3 TESTING MOUE......eiiieie ettt st tesr e beenbesneenreas 56

CHAPTER 7:Test Procedure & Results

T 1 T ST PrOCEAUNE ...ttt e e e e e e e e et e e e e e e e eeeeeees 73
T2 T ST RESUIES ..ottt e e e e e e e e et e e e e e e e e e e e 80
RETEIENCES ...ttt e e e e e e et e e e e e e e e e e e reeennnans 83

Vil



List of Figures Page

Figure 1.1 Saybolt Universal VISCOMELE. .........cooiiiiiiiiiiiieeeee e 2
Figure 2.1 Effect Of Viscosity Difference On FIUIdS. .........ccoooviiiiiiiiiiiiiiee 8
Figure 2.2 Behavior Of A Fluid Placed Between Two Parallel Plates. .............cc......... 9
Figure 3.1 Saybolt Universal VISCOMELEr. .........ccccveiiiiiiiieie e 16
Figure 3.2 Saybolt Universal ViSCOMeter Case. ........ccccevvereeieeiierieeie e sie e 16
Figure 3.3 Saybolt Universal ViSCOMEter regions. .........cccvevvevveveeresieseenie e sieesee e 16
Figure 3.4 Orifice TUDE. ... 18
Figure 3.5 Dimensions of Orifice tUDE. .........ccccoiiiiiiiii e 18
FIQUIE 3.6 TREIMUISTON. .....uiiiiiiiice e 21
FIQUIE 3.7 FHITEE. oot 22
Figure 3.8 VOIUMELIC FIaSK. .......c.coveiiiicece e 23
Figure 3.9 Magnetic float level SWItCh. ..o 24
FIQUIE 3.10 HEALEIS. .. .eeieceee sttt e et e enre e ens 25
Figure 3.11 Arduino BOArd. .........ccccveiiiiiiice e 25
Figure 3.12 20X4 LCd DiSPIAY. ....cveiveiiiiiiiiiiieieeie et 26
Figure 3.13 Schneider Magelis Touch Screen Panel. ..o, 26
Figure 3.14 Electrical Solenoid ValVe ............ccooiiiiiiiiiii e 27
Figure 4.1 General Flow Chart For The Operation Saybolt Universal Viscometer. ...30
Figure 4.2 Block Diagram Of The Saybolt Universal Viscometer. ...........c.cccovovenennn. 31
Figure 4.3 Schneider Magelis Touch Screen Panel. ...........cccooevieviiiciecic e 32
Figure 4.4: 20X4 LCD DiSPlay.......cccciiiiiiieie ettt 33
Figure 4.5 MUILISTEP SWILCN.......ocoviiici e 33
Figure 4.6 Led INAICALON .......eccuiiieieccee ettt 34
Figure 4.7: Closed Loop Pid Controller Block Diagram For The Project. .................. 34
Figure 4.8 LeVel INAICALON.........ccoiiiiiiiiieeeee s 37
Figure 5.1 220V AC POWEIING CIrCUIL. .....ccuviiiiiiiiieiie e 40
Figure 5.2 Temperature SenSor CONNECLION. ........ccorueririirierinieiesese e 41
Figure 5.3 Multistep Switch CONNECLION. .........ccciveiiiiiceee e 42
Figure 5.4 Level Indicator CONNECLION. ........cc.eiveiieiiiieiecie e 43
Figure 5.5 Led's Indicator CONNECLION. ........ccveiieeiiieiie e 44
Figure 5.6 Electrical Control Valve Connection...........ccccevvvvevieiiievie e 44
Figure 6.1 Inputs And Outputs Of The SYStEM. .......cccoviiiiriiieieee e 46
Figure 6.2 Pin Mapping Of Peripherals To The Arduino Uno. ..........cccccoevviiinininnnnn. 48
Figure 6.3 TEMPErature SENSOT L.........ccoiiiiiiieieie ettt 50
Figure 6.4 Temperature Sensor Mfile In Matlab. ............ccooooiiiiiiiiie, 51
Figure 6.5 Characteristic Curve FOr NtC 103........ccooiiieiieieeee e 52
Figure 6.6 Characteristic Equation For NtC 103. ........cccccoiiiieiii i 53
Figure 6.7 TemPpPerature SENSOK 2. .......ccviiiieiie e eiee st siee e sree e e sae e eeeseesrae s 54



Figure 6.8 S0IEN0id VaIVE . .......ooveieeece e 55

Figure 6.9 Pid Temperature CONtroller. .........ccocoviveiiiieieece e 55
Figure 7.1 Heating Chamber With Heating Oil . .........c.cooiiiiiiieee 73
Figure 7.2 Cleaning The TUDE. ..o 74
Figure 7.3 Filter The Prepared Sample. ..o 74
Figure 7.4 Flask, ANd The FIOAL. ..........cooeiiiiiii e 75
Figure 7.5 Testing Temperature MOGE. ........cccocvveiieiiiieseeie e 75
Figure 7.6 SoIen0id ValVe. .........ccoiieiicie e 76
Figure 7.7 The Float Inside The FIasK. ........ccccoveiiiiiiiiiicce e 77
Figure 7.8 Interface Of Read Time And Results For Water At 40 C. ..........cccevenene. 77
Figure 7.9 Start INterface. .........oooiiii i 78
List of Tables Page
Table 1.1: Schedule Time-FirSt SEMESIEr ........cccviieiiee e 5
Table 1.2: The Budget Of The ProjeCT.......cccooieiiiiiiieicsie e 6
Table 4.1: Specification Of NtC 103. .......cccooiiiiiiiiie e 36
Table 6.1: Pin Out Connections for 20x4 LCD Display.........cccccveveiveveiiieiieiecieenn, 49



o > -

Symbols

Dynamic (shear) viscosity.
Kinematic viscosity.
Shear stress.

Speed, Velocity.

Pressure.

Length.
Diameter.
Force.
Time.
Area.

Resistance.
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1.5 Schedule Time



1.1 Overview

Viscosity is one of the most important properties of hydraulic fluids. It is a measure of

a fluid's resistance to flow.

Viscosity is normally determined by measuring the required time for a fixed volume
of a fluid (at a given temperature) to flow through calibrated orifice. The instrument
used to measure the viscosity of a liquid is known as a viscometer. The Saybolt
viscometer, shown in figure 1.1, measures the required time, in seconds, for 60
milliliters of tested fluid between 40 °C and 100 °C to pass through a standard orifice.
The time measured is used to express the fluid's viscosity, in Saybolt Universal
Seconds or Saybolt Furol Seconds[1]. These Viscometers are used to measure

kinematic viscosity.

The following figure illustrates the conceptual design of the project:-

Temperature
Sensor

L3

Heater

Display Screen ' 3
e o »

ﬁ nee Reservoir
| Level

| Sensor | Control Valve

Figure 1.1 Saybolt Universal Viscometer.



In the previous figure the working principle of the project is illustrated as follows:-

At the beginning it is needed to justify the mode of the temperature that is needed to
start the viscosity test with, whether it is 40 °C or 100 °C. Then the heaters are
activated to heat the liquid path in order to heat the orifice where the liquid sample is
going to be in it, to reach the desired temperature to conduct the experiment, were the
temperature is being measured through the temperature sensor inside the orifice
feeding it back to the control unit. Then the control unit sends a signal to activate the
electrical control valve and at the same time a timer is needed to start counting the
time were the liquid starts to flow to the receiving flask, and it continues to flow until
it reaches the desired limit which is 60ml, then after the level sensor sends a signal to
the control unit, were the control unit sends a signal to close the valve and at the same
time the timer value is saved and used to substitute it in equation (1.1) or equation
(1.2) depending on the value of time, finally the value of viscosity is displayed on the

added screen to show it to the user.

For t<100s,
v = 0.226t - 195/t Centistokes [2] (1.2)
For t>100s,
v = 0.220t - 135/t Centistokes [2] (1.2)

1.2 Main Objectives of the Project

As a part of the requirements of the project, a number of goals and objectives are

established to measure the success of the project. The main goals of project are:

1) To measure kinematic viscosity for liquids, to satisfy if the viscosity for any
liquid that correspond with standard table of viscosity.

2) To be used in experiments in fluid laboratory.

3) To be used in the industrial side, such as: petroleum industry.

4) To be used for researches, like the research about reducing the viscosity of

heavy oils to facilitate pump through pipe lines.



1.3 Problem Definition

The Saybolt Universal Viscometer cost is more than 5000$ but it can be designed
at much lower costs to be used in the laboratory of fluid in Palestine Polytechnic
University, and also some of the relevant laboratories in this field.

1.4 Literature Review

1- This project was previously designed, where it was not fully controlled. The
project was developed and modified to become fully controlled by electrically
and programmatically. Another test mode was used, which is 100 °© C which
they did not use. The project is designed to allow the use of this mode as will

be illustrated.

2- American Society for testing and materials "ASTM D88:Standard test method
for Saybolt viscosity" 1968.

This paper was prepared by American Society for Testing and Materials (ASTM), is
an international standards organization that develops and publishes voluntary
consensus technical standards for a wide range of materials, products, systems, and
services. The organization do these document to create a scale and supported way to
conduct this experiment to measure the viscosity. That is Standard Test Method for

Saybolt Viscosity[3].



1.5 Project Management

Time Table

Table 1.1: Schedule Time-First semester

Task\Week

Selection of project

idea

Collecting Data

Literature Review

Writing and

Documentation

Revising

Documentation




Cost Table

Table 1.2: The budget of the project:-

Item\ Cost Number of Items Cost [$]
Aduino Uno Microcontroller 1 35.2
Orifice 1 146.6
Level Sensor 1 5.8
NTC Temperature Sensor 2 20
Helical Liquid Heater 2 96
Electrical Control Valve 1 13
Touch Screen 1 100
Flask 1 3
Liquid Filter 1 7.8
Finishing Outer Case 1 250
Total 677.4
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2.1 Introduction to Viscosity

Viscosity is an important mechanical property of fluids. Physical systems and
applications as diverse as fluid flow in pipes, the flow of blood, lubrication of engine
parts, to name just a few, the flow of all fluids depends on the viscosity where the
flow varies according to the viscosity, also viscosity enters into the calculations of
pressure losses through pipes, the determination of pump sizes, the calculation of fluid

forces, so viscosity is defined as the internal friction of a fluid [4].

Viscosity is a measure of a fluid’s resistance to flow. It describes the internal friction
of a moving fluid. As shown in the Fig (2.1), the fluid with large viscosity resists
motion because its molecular structure gives it a lot of internal friction. A fluid with
low viscosity flows easily because its molecular structure affect in very little friction

when it is in motion.

Figure 2.1 Effect of viscosity difference on fluids.

To determine this additional property, consider a hypothetical experiment in which a
material is placed between two very wide parallel plates as shown in Fig(2.2). The
bottom plate is rigidly fixed, but the upper plate is free to move. If a solid, such as
steel, were placed between the two plates and loaded with the force P as shown, the

top plate would be displaced through some small distance, 6a (assuming the solid was
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mechanically attached to the plates). The vertical line AB would be rotated through
the small angle, 63, to the new position AB'. We note that to resist the applied force
P, a shearing stress, 1, would be developed at the plate-material interface, and for
equilibrium to occur, P=tA where A is effective upper plate area. It is well known that
for elastic solids, such as steel, the small angular displacement, of (called the shearing

strain), is proportional to the shearing stress 1, which is developed in the material.

Su oa
ﬁ P
A '
u . | // 2
—_— : //
/ I
8.
Sy B : //
-
o
1/ \5
Y A B
2 ( Fixed plate

Figure 2.2 Behavior of a fluid placed between two parallel plates.

2.2 Viscosity Measurement

Viscosity is measured with various types of viscometers and rheometers. A
rheometer is used for those fluids which cannot be defined by a single value of
viscosity and therefore require more parameters to be set and measured than is the
case for a viscometer. Close temperature control of the fluid is essential to accurate
measurements, particularly in materials like lubricants, whose viscosity can double
with a change of only 5 °C. For some fluids, viscosity is a constant over a wide range

of shear rates (Newtonian fluids). The fluids without a constant viscosity (non-



Newtonian fluids) cannot be described by a single number. Non-Newtonian fluids

exhibit a variety of different correlations between shear stress and shear rate[5].

One of the most common instruments for measuring kinematic viscosity is the
capillary viscometer. In paint industries, viscosity is commonly measured with a Zahn
cup, in which the efflux time is determined and given to customers. The efflux time
can also be converted to kinematic viscosities (centistokes, cSt) through the
conversion equations. Also used in paint, a Stormer viscometer uses load-based
rotation in order to determine viscosity. The viscosity is reported in Krebs units (KU),

which are unique to Stormer viscometers[é].

2.3 Newtonian vs. Non-Newtonian Fluids

A Newtonian fluid can be described as a fluid that maintains constant viscosity across
all shear rates (shear stress varies linearly with shear rate). These fluids are called
Newtonian because they follow the original formula established by Sir Isaac Newton
in his Law of Fluid Mechanics. Some fluids, however don’t behave this way. In
general, they are called non-Newtonian fluids. A group of non-Newtonian fluids
referred to as thixotropic are of particular interest in used oil analysis because the
viscosity of thixotropic fluid decreases as the shear rate increases. The viscosity of a
thixotropic fluid increases as shear rate decreases. With thixotropic fluids, set-time

can increase apparent viscosity as in the case of grease[7].
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2.4 Types of Viscosity

2.4.1 Dynamic Viscosity

Dynamic viscosity is a measurement of a fluid’s resistance to flow. Water is lower in
viscosity than motor oil or honey. Oil is lower in viscosity than tar or molasses.
Depending on the application method, viscosity determines how well a resin fills the

cavities or voids in a mold [8].

The fact that the shear stress in the fluid is directly proportional to the velocity

gradient can be stated mathematically[9] as
o |su|™
1= u|8y (2.1)

Where:-

M constant of proportionality p (the Greek letter miu) is called Dynamic (shear)

viscosity of the fluid.
T: Shear stress.
The unit of dynamic viscosity is the Pascal second (Pa-s).

The term absolute viscosity is sometimes used.

2.4.2 Kinematic Viscosity

Kinematic viscosity is the time required for a fixed amount of fluid or oil to flow
through a capillary tube under the force of gravity. Units of kinematic viscosity are
stoke, centistoke (1/100 of a stoke), and Saybolt Universal Seconds (SUS). Saybolt
Universal Seconds or Saybolt Universal Viscosity (SUV) is the time in seconds
required for 60 milliliters of a fluid to flow through the orifice of a standard Saybolt

universal viscometer at a given temperature under specified conditions, usually per

11



ASTM D88. Kinematic viscosity is also described as quotient of the absolute
viscosity in centipoises divided by the specific gravity of a fluid where both are

measured at the same temperature[10].

=B
V= p (2.2)

w: Dynamic (shear) viscosity.
v: Kinematic viscosity.
p: Density.

The kinematic viscosity is usually expressed in square millimeters per second. USP
The basic unit is the poise (according to USP). However, viscosities commonly
encountered represent fractions of the poise, so that the centipoise (1 poise = 100

centipoises) proves to be the more convenient unit.
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3.1 Definition of Saybolt Universal Viscometer

A viscometer invented by Saybolt for measuring the viscosity of petroleum based
liquids, typically consisting of an oil tube surrounded by a heated bath which controls
the temperature of the liquid.

The Saybolt Universal Viscometer shown in figure 3.1 ,measures the time required ,
in seconds, for 60 milliliters to flow through a calibrated orifice or capillary tube(at a

given temperature), the time measured is used to express the fluid’s viscosity.

Temperature
Sensor

Heater

Display Screen

Reservoir

Level

: Sensor

“Control Valve

Figure 3.1 Saybolt Universal Viscometer.
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3.2 Apparatus of Saybolt Universal Viscometer

To build the Saybolt Universal viscometer we need several components and each of

these components has a specific function, these components are:

1) Saybolt Universal Viscometer Case.
2) Orifice or Capillary tube.

3) Thermistor.

4) Filter.

5) Flask.

6) Level Sensor.

7) Heater.

8) Arduino.

9) Display Screen.

10) Electrical Control Valve.

15



3.2.1 Saybolt Universal Viscometer Case

Its box made from stainless steel, which contains most of the parts for this project.
The structure of Saybolt Universal viscometer case will be design in cylindrical form
like a tank as shown in figure 3.2 , also the heating chamber walls it will be built from

two layers of steel and the insulation material will be between them.

Figure 3.2 Saybolt Universal viscometer case.

16



The heat must stay inside the box in water region between plate 1 and plate 2 as
shown in figure 3.3, so we will use insulation material between plate 2 and plate 3 to
reduce the heat transfer from water to environment, to reach the main purpose which
IS maintaining the temperature of the water and reduce energy consumption from

heater.

|
|

/ e e mtameeehen | )
,//, .
/) f
I . f
AA F Uld "N . /‘
1/ reQioN r> e w, otes
—"%0, Bt ate
7 /4
// Wptar Al
_-;A regian Pl&tg’%,

NN

NI

&
— ——

~

SN

N
Insulption
moteriat

Figure 3.3 Saybolt Universal viscometer regions.
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3.2.2 Orifice or Capillary Tube

The Orifice tube as shown in figure 3.4.1t’s a tube with standard dimensions.
Calibrated brass oil cup with stainless steel flowing orifice, polished and calibrated

flow through this tube to flask. [15]

Figure 3.4 Orifice tube.

Each orifice and cup assembly should be calibrated using the ASTM viscosity

standards to obtain the correct calibration constant. [15]

Three types of orifice are available:

1) Universal.
2) Furol
3) Asphalt.

The used orifice in this project will be the universal type.

18



The dimensions of orifice should be measured with respect to the ASTM standard to
get the perfect results as in the standard table of viscosity, dimensions of the orifice

tube is shown in the figure 3.5 below:

125108
(12820.02
. . « . . . H’?toi.
Region A: this region is the orifice tube, where B
the liquid sample will cross through this orifice to - LEVEL OF LIOUID
a P J — I llﬂg!!"“_‘_\, 176580013
the flask. W%ﬁ;‘-w—q . lm.filo. 1006281 00006
—
12281010
(048220004
Region B: in this region the filter will be placed to
purification the liquid before entering the tube. lﬂ{ﬂ:%'l
880
AT
u»'uu.' UNIVERSAL TIP
Region C: this region contains the liquid sample ,4_;?11& "
to be tested. (0384

Note-All Dimensions are in inches.

Figure 3.5 Dimensions of orifice tube.
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3.2.3 Thermistor

To obtain high accuracy the temperature of the liquid sample should be controlled
since the saybolt universal viscometer measure the viscosity at a specific temperature,
so we need temperature sensor to measure the temperature especially in the container

that contains the liquid sample which is called a thermocouple.

The challenge is that the thermocouple must be selected with the precision required to
maintain the temperature required according to the standard of the saybolt universal

viscometer criteria.

Thus, a thermocouple or thermistor must be selected with high accuracy since it will
be used as a feedback to the controller which will be designed prevents errors in the
temperature and can compensate for changing environment factors, so detection

circuit should be more intelligent.

On the other hand, the sensor must be designed to be able to withstand the sudden rise
in temperature were the temperature has two modes and in one of them the

temperature will reach 100 °C.

3.2.3.1 Temperature Sensor Types:

There are three commonly used temperature sensor types illustrated as follows:-
1) Negative Temperature Coefficient (NTC) thermistor:-

A thermistor is a thermally sensitive resistor that exhibits a large, predictable, and
precise change in resistance correlated to variations in temperature. An NTC
thermistor provides a very high resistance at low temperatures. As temperature
increases, the resistance drops quickly. Because an NTC thermistor experiences such
a large change in resistance per °C, small changes in temperature are reflected very
fast and with high accuracy (0.05 to 1.5 °C). Because of its exponential nature, the
output of an NTC thermistor requires linearization. The effective operating range is -
50 to 250 °C for gas encapsulated thermistors or 150°C for standard[11].

20
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2) Resistance Temperature Detector (RTD)

An RTD, also known as a resistance thermometer, measures temperature by
correlating the resistance of the RTD element with temperature. An RTD consists of a
film or, for greater accuracy, a wire wrapped around a ceramic or glass core. The
most accurate RTDs are made using platinum but lower cost RTDs can be made from
nickel or copper. However, nickle and copper are not as stable or
repeatable. Platinum RTDs offer a fairly linear output that is highly accurate (0.1 to
1 °C) across -200 to 600 °C[12].

3) Thermocouple

This temperature sensor type consists of two wires of different metals connected at
two points. The varying voltage between these two points reflects proportional
changes in temperature. Thermocouples are non-linear, requiring conversion when
used for temperature control and compensation, typically accomplished using a
lookup table. Accuracy is low, from 0.5 to 5 °C. However, they operate across the

widest temperature range from -200 to 1750 °C.

Since the NTC thermistor has the highest accuracy (0.05 to 1.5 °C) and it can operate
with temperature above 100 °C and it has operating range from -50 to 250 °C, also it
cost not high, so in this project we can use it.

The NTC as shown in figure 3.6, is a sensor for measuring temperature. It consists of
two dissimilar metals, joined together at one end, which produce a small voltage at a

given temperature.

Figure 3.6 Thermistor.
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3.2.4 Filter

The filter as shown in figure 3.7, it’s used to clean the sample of the liquid from

impurities to get pure liquid as much as possible.

Typical commercial pneumatic filters will remove particles as small as 5 micrometers
from the air. The filters used to get pure liquid as much as possible also to protect the
orifice or capillary tube from the errors in the calibration that would be caused by
these contaminants. These contaminants include lubricant particles, dirt particles,

small water droplets or aerosols.

The filter should be placed at the top of the container that contains the liquid sample.

Figure 3.7 Filter.

3.2.5 Flask

It’s calibrated to contain a precise volume at a particular temperature. Volumetric
flasks are used for precise dilutions and preparation of standard solutions. These
flasks are usually pear-shaped, with a flat bottom, and made of glass or plastic. The
flask’s mouth is either furnished with a plastic snap/screw cap or glass stopper. The
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neck of volumetric flasks is elongated and narrow with an etched ring graduation
marking. The marking indicates the volume of liquid contained when filled up to that
point. Volumetric flasks are of various sizes, containing from 1 to 20 000 mL of

liquid and in this project we will use a volumetric flask with size of 60ml.

The flask as shown in the figure 3.8,it’s a volumetric flask used to receive the liquid
falling from the container, in order to measuring the required volume of the sample

which is equal to 60ml.

mi
&0

Figure 3.8 VVolumetric flask.

3.2.6 Level Sensor or Float

The level sensor is an important part of the project. When the temperature inside the
orifice reaches the desired value, the electrical control valve will be opened then the

liquid will begin to flow to the receiving flask.
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The main function of the level sensor is to detect the volume of the sample when it
reach 60 milliliters since it will send a command to the microcontroller to make the

electrical control valve closed.

The level indicator can be used which is magnetic float level switch for liquids series
use a hermetically sealed reed contact actuated by a magnet in the float. As the float
rises and falls, the magnetic field causes the switch inside the stem to open or close.
As shown in figure 3.9, the level indicator sensor detects the level of the liquid in the

flask, that will use to detect if the liquid in the flask reach 60ml or not.

Figure 3.9 Magnet float level indicator.

3.2.7 Heater

Liquid heating is a thermodynamic process that uses an energy source(heater) to heat

it above its initial temperature.

In this project the results must be accurate according to the standard table of viscosity,
so the temperature must be provided according to the standardization of saybolt

universal viscometer.
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This project needs robust heater to ensure the heat transfer from the heating liquid to

all parts of the liquid sample inside the orifice.

The heater as shown in figure 3.10 should be selected so that it is able to provide the
required temperature according to the standards of saybolt universal viscometer, since
the viscosity will be measured in two modes, one of them is at 40 °C and the other is
at 100°C.

Figure 3.10 Heaters.

3.2.8 Arduino

In this project, Arduino as shown in figure 3.11 is a very important part because it is
used in the process of control of all tasks in the project where it will connect all the
parts to each other, for example through which will control the heat by programming
and writing the difference equation of the PID controller which will be designed in
this project, also display the results on the screen where it will be programmed by

Arduino and etc.

Figure 3.11 Arduino Board.
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3.2.9 Display Screen

In this project we need to display the results, viscosity, temperature values, the time
required for the flow of 60 ml and some other values, so this project needs a screen to

display those values.
3.2.9.1 Display Screen Types

1) Liquid Crystal Display LCD Screen.

SREEREERRRERRERERR w

Figure 3.12 20x4 LCD Display.

2) HMI Touch Screen.

Figure 3.13 Schneider Magelis touch screen panel.
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3.2.10 Electrical Control Valve

The electrical control valve as shown in figure 3.14.1t’s an important part of the
project where the sample liquid must be trapped in the orifice until it reaches the
desired temperature according to the temperature mode used. After reaching the
required temperature, the temperature sensor will send a command to the
microcontroller, which in turn opens the electrical control valve and it remains open
until flows the required volume of the sample, after that the level sensor send a

command to microcontroller to make it closed.

Figure 3.14 Electrical Solenoid Valve

It is important to note that the electric control valve must be selected with a diameter
greater than the diameter of the orifice so that the results are accurate according to the
standard table of viscosity also must be fully open and fully closed.
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CHAPTER 4: System Control Architecture for The Saybolt
Universal Viscometer

4.1 Introduction
4.2 Flow Chart and Block Diagram of the Saybolt Universal Viscometer
4.3 System Control Architecture

4.3.1 User Interface

4.3.2 PID Controller

4.3.3 Sensing Elements
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4.1 Introduction

In this chapter the block diagram for all components of the Saybolt Universal
Viscometer will be discussed, to integrate all components with each other, this will
include the mechanical device that will be used, the sensors, the interface device and

the controlling unit.

4.2 Flow Chart and Block Diagram of the Saybolt Universal Viscometer

The flow chart in figure 4.1 shows in general the steps and sequence of operations of
the Saybolt Universal Viscometer. When the start, two options are available the 40 C
and 100 C.

When Choosing 40 C mode, the temperature will be defined as we selected, then the
heaters will be starting to reach the specified temperature, the heaters will run as long

as the sample temperature it is less than the specified temperature.

Then the orifice tube will open, and the stop watch will start timing, when the liquid
reach 60ml in the flask the stop watch will stop and the orifice tube closed by the
electrical control valve. The same procedure will be operate when choosing 100 C,
but the orifice tube will open at 100 C, and the watch will start at this temperature.
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Figure 4.1 General flow chart for the operation Saybolt Universal Viscometer.
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Whenever the orifice tube is open the stop watch will be set to increment the time in
the controller, the system will check whether the sample in the flask have reach the 60
ml by using level indicator. The orifice tube will be kept open until reaching 60 ml,
which causes the system to close the orifice tube, and the result display on the LCD,

then the system will be idle.

Heater —» Temp Sensor

Interface

—>
User —> C | Panel Controller €——
¢ ontrol Pane < <

|

Valve Open —»  Float Level

Figure 4.2 Block diagram of the Saybolt Universal viscometer.

As mentioned in the block diagram in figure 4.2 the user will have the ability to
contact the control panel directly by the user interface, which will give the orders to
the system where the controller starts reading the commands of the user and then it
start the process. The controller must give signals to activate heaters which will
increase the water temperature, other signals are sent to the electrical control valve.
The controller will receive signals from the temperature sensor, and the level

indicator.
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4.3 System Control Architecture

In the system control architecture the parts of the Saybolt Universal Viscometer will

be explained and described each part by itself.

4.3.1 User Interface

For the user interface two options are available to do, the first choice is the electric
touch screen that can establish a serial communication with microcontroller that is
relatively expensive, the other option is the multistep switch that can chose a
temperature operation and to start and stop the system, and LCD to display the results

onit.

e Schneider Electric Touch Screen Panel:

Figure 4.3 Schneider Magelis touch screen panel.

The Schneider touch screen provides two monochrome versions that are available
with three colure backlighting for high visibility and status indication. The display
features 16 levels of grey, numerous character fonts, and the vijeo designer extensive

object library, which all help to provide best in class, high-quality graphic animations.
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Vijeo Designer supports 38 alphabets and enables the HMI to manage up to 15

languages simultaneously. And Ease of maintenance:-

1) No batteries required, backlit by LEDs.
2) Removable power connector.

3) USB memory stick for application downloads.

e 20x4 LCD Display:

| RRECRRERRRLREERR 2w

Figure 4.4 20x4 LCD Display.
This is an industry standard HD44780 based controlled 4 lines X 20 characters LCD
display with WHITE characters on BLUE background and backlight. It is a parallel
interface so you will need 7 General-purpose input/output (GPIO) pins for 4-bit mode
or 11 GPIO pins for 8-bit mode to interface to this LCD screen.

e Multistep Switch

Is an electromechanical device which allows an input connected to one of a number of
possible output connections, and in this apparatus a multistep switch with two outputs

is used as shows in figure 4.5. The two options outputs 40 C and 100 C .

Figure 4.5 Multistep Switch.
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e LED Power Indicator

Low energy consumption low maintenance and small size of LED has led to uses as
status indicators and displays on a variety of equipment and installations. In this
apparatus two LED indicators are used to display which operation selected, as shown
in figure 4.6.

Figure 4.6 LED indicator

4.3.2 PID Controller

A proportional-integral—derivative controller (PID controller) is a generic control
loop feedback mechanism (controller) widely used in industrial control systems, a
PID is the most commonly used feedback controller. A PID controller calculates an
error value as the difference between a measured process variable and a desired set
point. The controller attempts to minimize the error by adjusting the process control
inputs [13].

Input Error u Output
—~©7 PID Heaters >
40C or 100 C

A 4

Feedback Temperature
Sensorl

Figure 4.7: Closed Loop PID controller block diagram for the project.
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The PID controller compares the measured process value with a reference setpoint
value. The difference or error, e, is then processed to calculate a new process input.
This input will try to adjust the measured process value back to the desired setpoint.
The alternative to a closed loop control scheme such as the PID controller is an open
loop controller. Open loop control (no feedback) is in many cases not satisfactory, and
is often impossible due to the system properties. By adding feedback from the system
output, performance can be improved [14].

In this project a PID controller is desired to be added to make sure that no undesired
error occur in the reading of the temperature, and to support the output with a high
accuracy in the two modes whether it was 40C or 100C and to make the results fit
with the standard table of viscosity as much as possible, the temperature must be
controlled very well.

4.3.3 Sensing Elements

4.3.3.1 Thermistor (NTC)

A negative temperature coefficient (NTC) thermistors are temperature-sensing
elements made of two terminal solid state electronic component that has been sintered
in order to display large changes in resistance in proportion to small changes in
temperature. This resistance can be measured by using a small and measured direct
current, or dc, passed through the thermistor in order to measure the voltage drop
produced. Thermistors are an incredibly accurate category of temperature sensors.
This apparatus has two NTC 103 thermistors in this apparatus the first one in the
water region with PID controller, and the second in the testing sample region.
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Table 4.1 : Specification of NTC 103.

179.593
128.240
107.162
§3.648
65.737
52.003
41.403
33.171
26.737
21.678
17.677
14.494
11.947
2.900
8.213
5.848
5.737
4.828
4.0381
3.465
2.954
2.528
2172
1.873
1.622
1.409
1.228
1.073
0.242
0.828
0.731
0.647
0.574

&2)

186.796
143 405
110.881

£6.334
67.683
53416
42.431
33.918
27.280
22.071
17.960
14.697
12.091
8.312
6.942
5.326
4911
4.159
3.536
3.01@
2.588
2.227
1.924
1.668
1.451
1.266
1.108
0.973
0.858
0.758
0.671
0.597
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2.650
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4.3.3.2 Level Indicator (Float level switch)

Its highly needed to use the level sensor in this project for its importance in indicating
the level of the liquid that is needed to be tested, where level indicator sensor detects
the level of the liquid in the flask that will be used to detect if the liquid in the flask
reach to 60 ml or not, and such an action cannot be accomplished without this sensor.

Figure 4.8 Level indicator
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Chapter 5: Design of Electronic Circuits

5.1 Introduction
5.2 Power supply
5.2.1 220 volt AC Power Supply
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5.3.1 Temperature Sensor
5.3.2 Multistep Switch
5.3.3 Level Indicator
5.4 Outputs
5.4.1 Heater
5.4.2 LED's indicator

5.4.3 Electrical Control Valve
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5.1 Introduction

An electronic circuit is composed of individual electronic components, such as
resistors, transistors, capacitors, inductors and diodes, connected by conductive wires
or traces through which electric current can flow. The combination of components
and weirs allows various simple and complex operations to be performed: signals can
be amplified, computations can be performed, and data can be moved from one place
to another. Circuits in the project are constructed of discrete components connected
by individual pieces of wire. In this chapter the electric parts and circuit are discussed
to explain the necessary resistance needed for the circuit protection and explaining the
circuit of each function such as LED indicators, temperature sensors, electrical control
valve, level indicator, and power supply, these functions are divided two groups the

inputs and outputs as discussed in the previous chapter.

5.2 Power supply

A power supply is a device that supplies electric power to an electrical load, a
regulated power supply is one that controls the output voltage or current to a specific
value; the controlled value is held nearly constant despite variations in either load
current or the voltage supplied by the power supply's energy source. Three types of
power source are needed to power up the apparatus, 220v AC to power up the
electrical heater and the electrical control valve, 5v DC to power up LED indicators,

and to power up the control circuits such as the microcontroller.
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5.2.1 220 volt AC Power Supply

There are two parts that need to be powered up with a 220 AC power source, with,

figure 5.1 shows the connection circuit of the heater.

Connected to pin D10
0—

5 { R2
100
©,
(% U2
4 _|C Al 1
HEATER RL2 3 2
J e

—
JA'A'A)

PCJ-12403MH

7%

Figure 5.1 220 AC powering circuit.

As the figure above shows the AC parts are connected directly to the power source
and are controlled using solid state relay (SSR) that is connected to the optocoupler

which is connected to the ARDUINO which is powered with a PWM output (pin 10).

5.3 Inputs

This section discusses the inputs of the project that are two temperature sensors,

multistep switch (two input), and level switch.
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5.3.1 Temperature Sensor

Temperature sensor will use as a voltage divider element with 2KQ resistance, the
output from the NTC thermistor is the voltage through the 2KQ resistance, figure 5.2

shows the connection circuit of temperature sensor.

+5v

] NTC103
\\_l-c° 10k

{0 Connectedto the arduino A0

R1
%

7

Figure 5.2 Temperature sensor connection.
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5.3.2 Multistep Switch

The Multistep switch is activated by physical contact, and must give a value Ov if
opened and 5v if close to do, so the following circuit is derived so ARDUINO can

receive a logic order of 0 or 1.

+5v

T T Multistep switch

Connected tothe arduing (g () Connected to the arduino

R2 R3
10 k1

!

Fig 5.3 Multistep switch connection.

The resistor R2 and R3 are used to protect the microcontroller where the maximum
current that can pass through the arduino is 25mA; the following equation shows the

required resistance.

_V 5v

=TT 00254 2000

The minimum resistance is 200Q to give 25mA, in the project resistance of 330Q is
used where the current is 15mA which still can active the ARDUINO and less risk

can be achieved to guarantee a more durability for the ARDUINO.
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5.3.3 Level Indicator

The level indicator switch is activated by magnetic field, and the same connection
circuit for multistep switch it's for level indicator, but the level indicator is a normally

close switch, figure 5.4 shows the connection circuit of this part.

Connected to the arduino O

Figure 5.4 Level indicator connection.

5.4 Outputs

The control and activation of the outputs of the machine are discussed in this section,

which are the electrical linear heater, two LED indicators, and electrical control valve.

5.4.1 Heater

As mentioned before the heater operate under a 220v AC voltage, and the output
voltage of the ARDUINO is 5v DC which is not enough to power up the Heater;

Figure 5.1 shows the connection circuit for heaters.
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5.4.2 LED's indicator

The LED indicator is activated by command from ARDUINO, when choosing the
right operation for both LED indicators. The LED's can working under 5v DC, so the

connection circuit will be directly from ARDUINO as shown in figure 5.5.

Connected to the arduino O~

40 LED INDICATOR

Connected to the arduino C

100 LED INDICATOR
7.

Figure 5.5 LED's indicator connection.

5.4.3 Electrical Control Valve

The electrical control valve operate under a 220 Volt AC, and the output voltage of
the microcontroller is 5v DC which is not enough to power up the electrical control
valve; as shown in the figure 5.6, the connection circuit for the electrical control

valve.

Connected to pin A3

QO

AC SOLINOID VALVE

B

Figure 5.6 Electrical control valve connection.

As the figure above shows the AC parts are connected directly to the power source
and are controlled using solid state relay (SSR) that is connected to the optocoupler

which is connected to the ARDUINO digital pin.
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CHAPTER 6: Software Design
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6.1 Introduction

To complete the desired procedures of the apparatus, rules must be done to lead the
operation; these rules can be implemented using a microcontroller, and to make it
work according to the rules; the rules must be translated to a language that can be
understood by the used controller which is in this case Arduino Uno, the Arduino Uno
is programmed in C language with arduino genuine for Arduino software.

In any system there must be outputs and inputs to interface with the mechanical
structure, in this project the outputs and inputs are illustrated in figure 6.1.

Temp Sensor 1
Heater
Temp Sensor 1 >
LED indicators >
Lewvel indicator
» Arduino Uno
Solencid valve
Mode 1 (40 °C)
> LCD
Mode 2 (100 *C) »

Figure 6.1 Inputs and outputs of the system.
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According to the figure above these are the inputs and outputs of the system:

e Inputs

1- Temperature sensor 1: Detects the temperature of the heating oil region.

2- Temperature sensor 2: Detects the temperature of the testing sample region
(inside the Orifice tube). With PID controller to keep the temperature constant.

3- Level indicator: Detects the level of the sample.

4- Mode 1: The first operation option, the apparatus will start at 40 C.

5- Mode2: The second operation option, the apparatus will start at 100 C.

e OQOutputs

-
1

Heater: Used to increase the temperature of the heating oil region.

N
)

Led indicators: Used to indicate which operation selected.

w
1

Solenoid valve: Used to open and close Orifice tube mechanism.

4- LCD: Is the display screen.
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6.2 Pin mapping

To interface with the outputs as denoted the address of each part must be known and
named in the software, the following figure 6.2 shows the wiring of the peripherals
and there pin number , where the circuit designed using proteus software .

o LCD1
LED100C
LED#00C
&
TEMP. SENEOR2 ARDA 88% 3. szuzases
m Rl o L R L o
o
mscﬂ—% =
PEAMIBD T
-FEMMOSIOCIA
~FEEEOCHE L
—FEUOCLA RV1
FEORCPICLKD )

:
i
b

u[m_?--lu
L
O it O Ol
g
I
S
H

uho 3 510 afolg Bupaau Bu ey | mmm

E
T
il

|
I
[}

R3 © & @ STEP SWITCH
bl ARDUNG U KIPRW PM

220v AC

8 Ri [R.Z p
0o 0| R
4®7 " s
OPTO-COpPLER? 29y AL
N # s OPTO-COUPLER1 Ré R
| = !

1 [E

AC SOLINOID VALVE

2]
[] =
Hg SOLID STATE RELAY 2 3 * 2
E ¥

HEATER ___I ACET .3

Hg S0LID STATE RELAY 1

?
gt

Figure 6.2 Pin mapping of peripherals to the Arduino Uno.
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6.2.1 20x4 LCD Display

LCD

E wy
g = 2 § s

o
o o o o

E s 8 B EEER @4
a1 21 31 4l s1 el 7 8 9 410 110112 [13l414l15 1 16l
. External A
Pinno. | Symbol connection Function
1 Vs Signal ground for LCM (GND)
2 Vo Powersupply | Power supply for logic (+5V) for LCM
3 Vi Contrast adjust
4 RS MPU Register select signal
] RW MPU Feadwrite select signal
fi E MPU Operation (data readwrite) enable signal
Four low order bi-directional three-state data bus lines,
T-10 DB(-DB3 MPU Used for data transfer between the MPU and the LCM.
These four are not used during 4-hit operation,
Four high order hi-directional three-state data bos lines,
1114 DB4-DB7 MPU Used for data transfer between the MPU
13 LED+ LED BEL power | Power supply for BEL (Anode)
l& LED- Supply Power supply for BKL (GND)

Table 6.1 Pin out Connections for 20x4 LCD Display.

The following variables (LCD module connections) must be defined:

DBO _
DB1 _
DB2 _

DB3 _

Unused.
Unused.
Unused.

Unused.

DB4 _ Digital Pin 5.

DB5 _ Digital Pin 4.
DB6 _ Digital Pin 3.
DB7 _ Digital Pin 2.
RS _ Digital Pin 12.

E _ Digital Pin 11.
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6.2.2 Temperature sensor 1

As described in the previous chapter this sensor (NTC 103) placed in heating oil
region, as shown in figure 6.3. The first analog input pin AO will be an input for
temperature sensor 1 (analogRead(A0)).

Figure 6.3 Temperature sensor 1.

By using MATLAB software we can get the characteristic equation for NTC 103
from Specification data as shown in table 4.1 in previous chapter 4. And the
Electronic Circuit for NTC 103 was discussed in previous chapter, NTC 103 will use
as a voltage divider element with 2K€Q resistance. Figure 5.2 shows the connection
circuit of the NTC.

First step it's save workspace variables and their values in MATLAB.
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Temperaturesensorm [ + \

?

1 $ Mfile for temperature sensor NIC 103
2 $Temperature (celsius)
35 A=[-40;-35;-30;-25;-20;-15;-10;-570;5,10;15,;20;25;30,35;40
4 45;50;55;60:65;70,75;80;85;90;95;100;105;7110;115;7120];
5
[ $NIC resistance wvalue (Kohm)
o= B=[186.7960;143.3050;110.8810;86.3340,67.6830;53.4160
8 42.4130;33.9180;27.2800;22.0710;17;9600;14.6970;12.0910
9 10.0000:8.3120;6.9420,5.3260,4.9110;4.1590,3.5360;3.0190
10 2.5880:;2.2270;1.9240,1.6680,;1.4510;1.2660;1.1080,0.9730
11 0.8580;0.7580;0.6710;0.5970] ;
12
13 $Voltage Divider Value (Volct)
14 - C=[0.0523;0.0680,;0.0875;0.1118;0.1418;0.1783;0.2225;0.2751
15 0.3375,0.4107;0.4954;0.5923;0.7020,0.8246;0.9599;1.1074
16 1.3526,1.4341;1.6099,1.7919;1.9774,2.1641;2.3501;2.5327
17 3.8349];
18 3$ADC walue
19 = D={10.7135;13.9207;17.9202;22.9014;29.0333;36.5113,45.5619
20 56.3452;69.1301;84.1055;101.4497,121.3052;143.7793
21 168.8852:196.5976,226.8027;277.0032;293.6974;329.7033
22 366.9751;404.9660,443.2172;481.2946,518.6971;555.1469
23 590.3094,624.0049;655.9844,686.0244;713.8722;739.9927
24 764.3235;786.3142];
25 $plot the characteristic curve
26 — plot (D, 2)
Figure 6.4 Temperature sensor Mfile in MATLAB.
Where

2KQ resistancexsource voltage

Voltage divider value = - - 6.1
2KQ resistance+NTC resistance

voltage divider1024

ADC value = - 6.2
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Now by using plot command between matrix A and matrix D, it will get the
characteristic curve for NTC 103.

1% T T

40 i | ] | | | | |

Figure 6.5 characteristic curve for NTC 103.
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The final step it's to get the characteristic equation for NTC 103 to put it in the
arduino program, by using basic fitting tool and select the fifth order polynomial
equation.

140

ok y=52e2% 11608 + 0706 - 00038 + 0.84% - 4 /]

Figure 6.6 characteristic equation for NTC 103.
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6.2.3 Temperature sensor 2

As described in previous chapter this sensor (NTC 103) placed in the testing sample
region, as shown in figure 6.8, and this sensor will be a feedback from sample
temperature. And will be programmed in the same way but with PID controller. The
second analog pin A1 will be an input for temperature sensor 2 (analogRead(A1l)).

Figure 6.7 Temperature sensor 2.

6.2.4 Solenoid Valve

The electrical control valve operate under a 220v AC voltage, and the output voltage
of the microcontroller is 5v DC which is not enough to power up the electrical
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control valve; as shown in the figure 5.6, the connection circuit for the electrical

control valve.

Figure 6.8 Solenoid Valve .

6.2.5 Stopwatch

A stopwatch designed to measure the amount of time elapsed from a particular time
when it is activated (when the solenoid open the orifice tube), to the time when it
deactivated(when the level indicator give a signal to arduino while the testing sample

reach 60 ml in the flask).

6.4 PID controller

Input Error
—( F——  PID
40C or 100 C

Feedback

Temperature
Sensorl

A 4

Heaters

Output

Figure 6.9 PID temperature controller.
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As shown in figure 6.7, the output of a PID temperature controller, equal to the
control input to heater.

The transfer function of a PID controller

ds? i
T(S) :K S +I:pS+Kl 6.3

Where:
K: proportional gain.
Ki: Integral gain.

Kd: Derivative gain.

By using Tustin's method the transfer function of a PID controller can be written in Z-
Domain as

_ KiTs(z+1) 2Kd(z—-1)
D(Z) =kp + 2(z—1) * Ts(z+1) 64

The difference equation of the discrete (digital) PID controller is

U _(4Kd-2KpTsKiTs?)epp+(2KiTs?—8Kd)ep+(4Kd+2KpTs+KiTs?)e
B 2Ts+upp

6.5

Where:

Ts: Sampling time.

epp: Previous previous error.
ep: Previous error.

e: Current error.

upp: Previous previous input.

u: Current input.
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Use pulse-width modulation (PWM) to change the duty-cycle of square-wave pulses
output by a PWM pin on the arduino hardware. PWM enables a digital output to
provide a range of different voltage levels, similar to that of an analog output. The
value sent to the block input determines the width of the square wave, called duty-
cycle that the target hardware outputs on the specified PWM pin. The range of valid
outputs is 0 to 255.

6.5 Testing mode

In this section the selection of the 40 °C or 100 °C test will be discussed, as well as
how each function works, in this program there are many functions from arduino
library were used.

[* Program start */

/lincluding liblary for LCD
#include <LiquidCrystal.h>

#include<TimerOne.h>

double T, count;

double SetPoint=0;

double E,Ep,Epp,e,ep,epp;

double alpha, beta, gamma, kp, kd, ki;

double Outputl,Output2, LastOutputl,LastOutput?2;
double mode;

/Isetting up LCD INPUT pins

LiquidCrystal Icd(12, 11, 5, 4, 3, 2);

/[setting secound and miliseconds to 0
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int s=0;

int ms=0;

/[defines pin for all buttons

const int solinoid_pin = A2;
const int levelsensor_pin=A3;
const int Heater_pin = 10;
const int LED40C_pin = 8;
const int LED100C _pin = 9;
const int mode40C_pin =7,
const int mode100C_pin = 6;
int testvalue = 0;

//defines starting points (in my case 0)

int mode40C=0;

int mode100C=0;
double Temp1=0;
double Temp2=0;

int NTCequationl =0;
int NTCequation2 =0;

double Viscosity=0;

void setup()

{
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/1SetPoint=500;

E=0;

Ep=0;

Epp=0;

e=0;

ep=0;

epp=0;
Outputl=0;
LastOutput1=0;
Output2=0;
LastOutput2=0;
T=0.01,
kp=4.9;

ki=0.1;
kd=0.009;

Serial.begin(9600);

Timerl.initialize(10000); // initialize timerl

Timerl.attachInterrupt(Pid);

/[defining pins if they are INPUT or OUTPUT pins

pinMode(mode40C_pin,INPUT);
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pinMode(model00C_pin,INPUT);
pinMode(levelsensor_pin,INPUT);
pinMode(solinoid_pin,OUTPUT);
pinMode(Heater_pin,OUTPUT);
pinMode(LED40C_pin,OUTPUT);
pinMode(LED100C_pin,OQUTPUT);
/I set up the LCD's number of columns and rows:
Icd.begin(20, 4);

/l Print a message to the LCD.
Icd.setCursor(0, 1);

Icd.print(" Saybolt Universal™);
Icd.setCursor(5, 2);
Icd.print("Viscometer ");
delay(2000);

Icd.clear();

Icd.setCursor(4, 1);
Icd.print("Project Team");
delay(2000);

Icd.clear();

Icd.setCursor(0, 1);
Icd.print("Eng.Mahmmod Mohammad");
Icd.setCursor(8, 2);
Icd.print("Zoul™);

delay(2000);

Icd.clear();

Icd.setCursor(0, 1);

Icd.print("Eng.Mohammad Ibrahem™);
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Icd.setCursor(7, 2);
Icd.print("Alshaer");
delay(2000);
Icd.clear();

Icd.setCursor(1, 1);

Icd.print("Eng.lbrahim Dawoud");

Icd.setCursor(8, 2);
lcd.print("Hmaid");
delay(2000);

Icd.clear();

Icd.setCursor(5, 1);
Icd.print("SuperVisor");
Icd.setCursor(1, 2);
Icd.print("Eng.Majde Zalloum™);
delay(2000);

Icd.clear();

Icd.setCursor(0, 1);
Icd.print("Select Testing Mode™);
Icd.setCursor(3, 2);

Icd.print(40 C or 100 C");

}
void loop()

{

delay(5);
Templ=analogRead(A0);

Temp2=analogRead(A1l);
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NTCequation1=(0.0000000000021*Templ*Templ*Templ*Templ*Templ)-
(0.0000000051*Templ*Templ*Templ*Templ)+(0.0000048* Templ*Templ*Temp
1)-(0.0022*Templ*Temp1)+(0.6*Templ)-50;

NTCequation2=(0.0000000000021*Temp2*Temp2*Temp2*Temp2*Temp2)-
(0.0000000051*Temp2*Temp2*Temp2*Temp2)+(0.0000048* Temp2*Temp2*Temp
2)-(0.0022*Temp2*Temp2)+(0.6*Temp2)-50;

delay(100);

if(digitalRead(mode40C_pin)==HIGH&&digitalRead(levelsensor_pin)==HIGH)
{

SetPoint=40;

if(NTCequation2<40)

digitalWrite(Heater_pin,HIGH);

digitalWrite(LED40C_pin,HIGH);

Icd.clear();
Icd.setCursor(0, 0);
Icd.print("Testing Mode:");
Icd.setCursor(14, 0);
Icd.print("40C");
Icd.setCursor(0, 1);
Icd.print("Actual Temp:");
Icd.setCursor(14, 1);
Icd.print(NTCequationl);
Icd.setCursor(18, 1);

Icd.print("C™);

Icd.setCursor(0, 2);
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Icd.print("Sample Temp:");
Icd.setCursor(14, 2);
Icd.print(NTCequation2);
Icd.setCursor(18, 2);
Icd.print("C");
Icd.setCursor(0, 3);
lcd.print("Timer:"),
Icd.setCursor(8, 3);
Icd.print(s);
Icd.setCursor(16, 3);

Icd.print("Sec");

iIf(NTCequation2>=40)
{

testvalue=1;

¥

if(testvalue==1&&digitalRead(levelsensor_pin)==HIGH)

{

stopwatch(); //goes to sub program stopwatch
digitalWrite(Heater_pin,LOW);

digitalWrite(solinoid_pin,HIGH);

else

{
digitalWrite(solinoid_pin,LOW);
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else

digitalWrite(LED40C_pin,LOW);
digitalWrite(Heater_pin,LOW);

}

if(digitalRead(mode100C_pin)==HIGH&&digitalRead(levelsensor_pin)==HIGH)
{
SetPoint=100;
if(NTCequation2<100)
digitalWrite(Heater_pin,HIGH);

digitalWrite(LED100C_pin,HIGH);

Icd.clear();

Icd.setCursor(0, 0);
Icd.print("Testing Mode:");
Icd.setCursor(13, 0);

Icd.print("100C™);
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Icd.setCursor(0, 1);
Icd.print("Actual Temp:");
Icd.setCursor(14, 1),
Icd.print(NTCequationl);
Icd.setCursor(18, 1);

Icd.print("C");

Icd.setCursor(0, 2);
Icd.print("Sample Temp:");
Icd.setCursor(14, 2);
Icd.print(NTCequation2);
Icd.setCursor(18, 2);
Icd.print("C");
Icd.setCursor(0, 3);
lcd.print("Timer:");
Icd.setCursor(8, 3);
Icd.print(s);
Icd.setCursor(16, 3);

Icd.print("Sec");

if(NTCequation2>=100)

{

testvalue=2;

¥

if(testvalue==2&&digitalRead(levelsensor_pin)==HIGH)
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{

stopwatch(); //goes to sub program stopwatch
digitalWrite(Heater_pin,LOW);

digitalWrite(solinoid_pin,HIGH);

else

{
digitalWrite(solinoid_pin,LOW);

else

{
digitalWrite(LED100C_pin,LOW);
digitalWrite(Heater_pin,LOW);

}
if(digitalRead(mode100C_pin)==LOW&&digitalRead(mode40C_pin)==LOW)

SetPoint=0;

s=0;

testvalue=0;
digitalWrite(Heater_pin,LOW);
digitalWrite(solinoid_pin,LOW);

Icd.clear();
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Icd.setCursor(0, 1);
Icd.print("Select Testing Mode");
Icd.setCursor(3, 2);

Icd.print("40 C or 100 C");

}
if(digitalRead(mode100C_pin)==HIGH&&digitalRead(levelsensor_pin)==LOW)

{

digitalWrite(LED100C_pin,HIGH);
digitalWrite(Heater_pin,LOW);
digitalWrite(solinoid_pin,LOW);
if(s<=100)
{

Viscosity =(0.226*s)-(195/s);
}
else if(s>100)
{

Viscosity =(0.220*s)-(135/s);
}
Icd.clear();
Icd.setCursor(0, 0);
Icd.print("The Time is =");
Icd.setCursor(0, 1);
Icd.print(s);
Icd.setCursor(5, 1);
Icd.print(""Seconds");

Icd.setCursor(0, 2);
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Icd.print("The Viscosity is =");

Icd.setCursor(0, 3);

Icd.print(Viscosity);
}

else if(digitalRead(mode40C_pin)==HIGH&&digitalRead(levelsensor_pin)==LOW)
{

digitalWrite(LED40C_pin,HIGH);

digitalWrite(Heater_pin,LOW);

digitalWrite(solinoid_pin,LOW);

if(s<=100)
{

Viscosity =(0.226*s)-(195/s);
}
else if(s>100)
{

Viscosity =(0.220*s)-(135/s);
}
Icd.clear();
Icd.setCursor(0, 0);
Icd.print("The Time is =");
Icd.setCursor(0, 1);
Icd.print(s);
Icd.setCursor(5, 1);
Icd.print(""Seconds");
Icd.setCursor(0, 2);

Icd.print("The Viscosity is =");
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Icd.setCursor(0, 3);
Icd.print(Viscosity);
}

void stopwatch()

{

ms=ms+10;

delay(10);

if(ms==150) //if state for counting up seconds
{
ms=0;

s=s+1;
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void Pid() {

E = SetPoint - NTCequation2;
alpha = 2*T*kp + Ki*T*T + 2*kd;
beta = T*T*ki -4*kd -2*T*kp;
gamma = 2*kd;
Outputl = (alpha*E + beta*Ep + gamma*Epp +2*T*LastOutputl)/(2*T);
LastOutputl = Qutputl,
Epp= Ep;
Ep=E;

if(Output1>255)
Output1=255;

if(Outputl<-255)

Outputl= -255;

if(Output1>0&&digitalRead(mode40C_pin)==HIGH&&digitalRead(levelsensor_pin)
==HIGH&&NTCequation2<40)

{
digitalWrite(Heater_pin,Outputl);

¥

else if(Outputl
<0&&digitalRead(mode40C_pin)==HIGH&&digitalRead(levelsensor_pin)==HIGH
&&NTCequation2<40)

{
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digitalWrite(Heater_pin,abs(Outputl));

else

digitalWrite(Heater_pin,LOW);

ks

if(Outputl>0&&digitalRead(model00C_pin)==HIGH&&digitalRead(levelsensor_pi
n)==HIGH&&NTCequation2<100)

{
digitalWrite(Heater_pin,abs(Outputl));

ks

else if(Outputl
<0&&digitalRead(mode100C_pin)==HIGH&&digitalRead(levelsensor_pin)==HIGH
&&NTCequation2<100)

{

digitalWrite(Heater_pin,abs(Outputl));
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Chapter 7: Test Procedure & Results

7.1 Test Procedure

7.2 The Results
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7.1 Test Procedure

1- Set up the Saybolt Universal viscometer where it will be free from drafts and
rapid changes in temperature. And to prevent the effect of external factors on
the experiment. Then fill heating chamber amount of heating oil,
approximately 7 liter.

Figure 7.1 heating chamber with heating oil .
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2- Clean the tube with an effective nontoxic solvent and remove all solvent from
the flask and orifice tube.

Figure 7.2 cleaning the tube.

3- Filter the prepared sample of liquid before entering the tube, to purification
the liquid from any impurities and dirt.

Figure 7.3 filter the prepared sample.
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4- Put the flask directly under the orifice, where the float has been calibrated to
be inside the flask, to give indicator that the oil reaches 60 ml.

Figure 7.4 flask, and the float.

5- Set the test temperature by choice of two degrees (40, 100), and then the
heater will run.

Figure 7.5 testing temperature mode.
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6- There is solenoid valve located at the gap orifice tube, also it consider
normally closed which is controlled by an arduino microcontroller, when the
temperature test is reached the desired value, the controller will send a
command as following: heater to stop, solenoid to open and to the timer to
start calculating the time.

Figure 7.6 solenoid valve.
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7- The float determines the liquid level, and when liquid reaches 60 ml the float
send a signal to the arduino microcontroller which is directly send a command
to solenoid valve to make it closed, also the timer will stop and the controller
will record the time value .

Figure 7.7 the float inside the flask.

8- The controller takes time, which was recorded, then apply it in one of two
equations of viscosity according to the time value, then compares with tables
of viscosity, which was inserted to the controller to determine the viscosity
and showing the results on the screen.

Thu Time is
‘nl=| & ||"||j -4

Figure 7.8 Interface of read time and results for water at 40 C.
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Figure 7.9 Start interface.



Important Notes

e Viscosity determinations shall not be made at temperature below the dew point of

the room's atmosphere.

e The room temperature shall be kept between 68 and 86 F, and the actual

temperature shall be recorded.

e The plunger should never be used for cleaning as overflow rim and walls of the

viscometer may be damaged using it.

e Never adjust the temperature by immersing hot or cold bodies into the sample.

Such thermal treatment may affect the sample and precision of the test.
e Never preheat any sample within 50F of its flash point.

e Do not touch the overflow rim or the effective head of the sample will be reduced.
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7.2 Test Results

The Saybolt Universal Viscometer measures the time required, in seconds, for 60
milliliters of the tested liquid at 40 C or 100 C to pass through a standard orifice. The
time measured is used to express the liquid's viscosity, in Saybolt Universal Seconds.
This time multiplied by the temperature constant of viscometer in use to provide the
viscosity, expressed in cintistokes. The following formulas used to convert Saybolt

Universal Seconds(SUS units) to approximate centistokes (cSt units).

For SUS values between 32 and 100:
195
cSt=0.226 x SUS -—— [2]
SUS
For SUS values greater than 100:

135
cSt=0.220 X SUS - — [2]
SUS

Water Experiment Theoretical
Test temperature 40 °C 40 °C
Test time 3lsec | mememeemeeees
Viscosity 0.71 cSt 0.65 cSt
Water Experiment Theoretical
Test temperature 100 °C 100 °C
Test time 30sec | @ smemememeeeee-
Viscosity 0.28 cSt 0.29 cSt
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5W-30 il Experiment Theoretical
Test temperature 40 °C 40 °C
Test time 297sec | e
Viscosity 64.7 cSt 63.2 cSt
5W-30 oil Experiment Theoretical
Test temperature 100 °C 100 °C
Test time 62sec | e
Viscosity 10.9 cSt 10.5 cSt
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Percentage of error:

For water at 40 C :

experimental—theoretical
%error = P , *100%
theoretical

_ 0.71-0.65
~ 065

*100%

=10.7%

For water at 100 C :

experimental—theoretical
%error = P - *100%
theoretical

0.29-0.28
©0.29

*100%

=3.4%

For 5W-30 oil at 40 C :

experimental—theoretical
%error = P - *100%
theoretical

_ 64.7-63.2
~ 632

*100%

=237%

For 5W-30 oil at 100 C :

experimental—theoretical
%error = P - *100%
theoretical

~10.9-10.5
© 105

*100%

=3.8%
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