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NAPASSADOL SINGHATA : VISCOSITY ESTIMATION USING DC
MOTOR WITH ADAPTIVE TORQUE COMPENSATOR. THESIS

ADVISOR : ASST. PROF. JIRAPHON SRISERTPHOL, Ph.D., 121 PP.

VISCOSITY ESTIMATION/ADAPTIVE COMPENSATOR/THEORY CONTROL

Viscosity is an importance property of liquid that food and petroleum industry
use viscosity to be an important factor for product quality analysis such as raw food
material and lubricant. At present, most of viscometers are very expensive and only
measure viscosity at the steady state. So this paper presents the estimation of viscosity
method from torque estimation by using DC motor with adaptive torque compensation
method. Base on the viscosity relative with torque that can estimate viscosity at steady
state and transient state. The experimental viscosity test show 80-320 cP in range in
comparison with DV-III Ultra Rheometer for reference. The result show this method

could do the viscosity estimation test.
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Liquid Torque(N'm) Viscosity(cP) T(°C)
Prototype Brookfield

Hydraulic Oil VG46 0.0278 79.79 28
Silicone Oil 0.0302 96.8 28
Hydraulic Oil VG100 0.0310 100.11 40
A 0.0350 136.78 28
B 0.0370 152.67 28
Hale’s & Blue Boy 0.0378 160.61 28
C 0.0386 162.13 28
D 0.0418 189.08 28
Hydraulic Oil VG100 0.0466 196.08 28
E 0.0482 225.78 28
F 0.0518 234.2 28
G 0.0524 250.55 28
H 0.0554 258.89 28
I 0.0554 277.69 28
I 0.0632 317.65 28

09} % . . I J g} %
® NUYATINNITN VG XXX (ISO Viscosity Grade) L‘}Jummmwﬁﬂumummgm ISO Al
= d' 9 [ d' =)
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Viscosity(cP) Viscosity(cP)
Liquid Brookfield Prototype %error
Hydraulic Oil VG46 79.79 85.37 7.01
Silicone Oil 96.80 95.07 1.78
Hydraulic Oil VG100@40 100.11 96.18 3.93
A 136.78 134.16 1.91
B 152.67 148.33 2.34
Hale’& Blue Boy 160.61 156.19 2.75
C 162.13 158.58 2.19
D 189.08 181.89 3.81
Hydraulic Oil VG100 196.08 189.29 3.46
E 225.78 22491 0.39
F 234.20 231.29 1.24
G 250.55 253.44 1.15
H 258.89 261.86 1.15
I 277.69 273.30 1.58
J 317.65 328.29 3.35
mmmﬁﬂwmﬂiﬂm‘ﬁauﬁ’mﬂ?aqgnﬁqmmﬁm
mmmwﬁmmm%mwmgm - AmumiiannnI ey
Y%error = x 100
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v =

a. Tlsunsul¥lumsidszainamanuniia
o o . o
TumseuTysunsununuuazuaaIHan1THIIUYDINDIADS 1% Arduino 1.0.1 A9

A P 3 3
neraelugli n.1 Tagazuaaswasonut Taun AUI51500Y0952 VY ANWISITOVYDITZ U
v W a { I~ [ <3 [ 4

Yosdrduna usedan ldninmsdszana dudu Taeniharaudaawa nudoya degdi n.2

Tasawnsadn 13 ugd Tsunsy TEXT udnih lillsygnd siienaassdu Tusunsudu 1@

o® sketch_jan04a | Arduino 1.0.1 M=
File Edit Sketch Tools Help

sketch_jan04a

#define ANALOG pin O ﬁ
int analogoutpin = 3://3 to EMNA(and connect GND, 5V

int analogValue = 0;//40 to DAD

long Sum_analogValue=0; W
float Ts = 0.065; // 5 s

float £=0.005;:// time to cal

long previousTime = 0O;

float wolt=0;

£loat speedl =0;

int countl =0;

float Setp_rpm;

float Setp_r,f6=0,FR,T=0;

float err=D,erp=D,u=D,xl_l=D,x2_l=D,fl,f2,f3,f4,k5=ﬂ,f2_l=ﬂ,f3_l=ﬂ;
float G,xl1=0,xZ=0,L=0,P=0,0=0,M=0,H=0,erq=0,er=0,era=0,aa=0,al=0,az

vold setup ()

AA4 MM fercuency adijust 3.9 hke

{
Serial _herin (192000 —
< >

Arduino Uno on COMS

517 n.1 Talsunsy Arduino 1.0.1
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[ a [ 4 <3 4
MILAAINALIZINUAMTITAVIVDUNAY TYYIUNDIADT AINITITOUUDINDINDS
Frduna uazdrdunarududirare anldlunisdszurana adaulsaa1uz o6

AUNALALAIBAIFLLTITIA

- BX

| [ Send ]
RPM Z215.10705 diff RPN Z.64371 TL -2.6 A
RPM Z13.095215 diff RPM -4. 37654 TL 4.38
EFM Z15.03200 diff RFM 11.290937 TL -11.
EFM zZ06.7342Z6 diff RFPM -5.8%6Z2 TL §.91
EPM Z16.753Z7 diff RFPM 3.23921 TL -3.2
RFM 214.03081 diff RFM -2.395934 TL .90
EPM Z17.4322Z8 diff RFM 2.19152 TL -9.2
EFM =Z05.7961l1 diff RFM -11.05725 TL 11.0
EPM zZ15.Z9330 diff RFM 6.6Z675 TL -6.6
RPFM Z1:Z.10386 diff RPM -3.Z6271 TL 3.27
EFM Zlo6.04579 diff RFM &6.43567 TL -6.4
EFM Z10.Z1380 diff RFM -10.95941 TL 10.%9
EPM zZ15.Z9330 diff RFM 7.15460 TL -7.1
RPFM Z211. 5374340 diff RFM -6.69540 TL 6.70 =
REPM Z15.Z9330 diff RPM 4.77925 TL -4.7 %
< N — i | >
Autoscroll 'El:u_liﬂ_nia-nding w| [19200baud

Y 1

JUN 1.2 HINENUAAIWAYDY Arduino 1.0.1
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sk ke sfe sk sk sk sk sk sk sk sk sk sk sk sk sk sk skeosk skeosk sk sk sk sk sk sk sk sk sk sk sk skt sk sk sk sk sk skeoske skeoske skeoske sk sk sk sk sk skeoske skeoske skt sk skoskoskok kol kol skok skok sk

// These Program is used to Viscometer using Model Reference Adaptive System

// Program with Napassadol Singhata
// Arduino UNO 328
// January 2013

sk sk sfe s s sfe s sfe s sfe s sfe s sfe s sfe sk sk sk sk st sk s sfe st s st sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sfe s s sl s sk sl sfe sk sk sk sk sk sk sk sk sk sk sk skl kol sk skoskoskoskoskoskosk

#define ANALOG pin 0

int analogoutpin = 3;

int analogValue = 0;

long Sum_analogValue=0;

float Ts = 0.065; //

float t=0.005;//

long previousTime = 0;

float volt=0;

float speed1 =0;

int countl =0;

float Setp_rpm;

float Setp_r,f6=0,RR,T=0;

float err=0,erp=0,Q=0,x1_1=0,x2 1=0,f1,f2,f3,f4,f5=0,{2 1=0,f3 1=0;;
float
G,x1=0,x2=0,L=0,P=0,N=0,M=0,H=0,erq=0,er=0,era=0,aa=0,a1=0,a2=0,ab=0,ac=0,ad=0,a2 1=
0,al _1=0;

//**************************MODEL*********************************//

void setup()

{
Serial.begin(19200);
pinMode(analogoutpin,OUTPUT);

TCCR2B = TCCR2B & 0b11111000 |0x02;// vary HZ to 3912 (from 495 HZ) 0x02 =mode 2
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void loop()
{

while(1)
{
if(millis()-previousTime>=Ts*1000)

{previousTime=millis();

for(int i=1;i<=10;i++)

{
Sum_analogValue =Sum_analogValue+ analogRead(ANALOG _pin);

}

analogValue=Sum_analogValue/10;
Sum_analogValue=0;
volt=(float)analogValue*5/1023;
float GainMotor Poten=217/4;
speed1=volt*GainMotor Poten;

// Upid =0-3000

H=255;

//**************************Observer******************************//

Setp rpm=5.6;
erp=Setp_rpm+(0.0448*x2);
/lerr=erp*255/3250; //
erq=erp-(169.9*x1)-( 4971.6*x2);
G=erq+(0.00169*Q);
x1=G*t+x1_1;//err because Ts
L=x1-(0.001*Q);

x2=L*t+x2 1;
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if (x2>=0.0011263)
{

x2=0.0011263;

H

else if(x2<=0)
{

if (x1>=0.0257)
{
x1=0.0257,;
}
else if(x1<=0)
{
x1=0;
H
else
{
x1=x1;
H
N=3572.7%x2;
M=N*255/4;
P=N*54.25;

Q=P-speedl;
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f1=-169.9-(4971.6*{3)-(169.9*2);
2=f1*t+ 2 1,

f3=2%t+ {3 1,

f4=£3*Q;

£5=29.3*f4;// Volt

f6=15*54.25;// Volt to RPM

T=P+{5;

if (f3<=-0.0342)

{
f3=-0.0342;

analogWrite(analogoutpin,255);
x1 1=x1;
x2 1=x2;
2_1=f2;
f3 1=f3;
Serial.println();
Serial.print(volt); // using time = 380 us = 400
Serial.print("\t"); // using time = 380 us = 400
/ Serial.print(countl); // using time = 380 us = 400
/ Serial.print("\t"); // using time = 380 us = 400

Serial.print(speed1); // using time = 380 us = 400

//**************************Compensator***************************//
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Serial.print("\t erq ");
Serial.print(erq,5);
Serial.print("\t x1 ");
Serial.print(x1,5);
Serial.print("\t x2 ");
Serial.print(x2,5);
Serial.print("\t ObRPM ");
Serial.print(P,5);
Serial.print("\t diff RPM ");
Serial.print(Q,5);
Serial.print("\t TL ");
Serial.print(f5);
Serial.print("\t RPMTd ");
Serial.print(T);
Serial.print("\t");

Serial.print(millis()-previousTime);  // sum time=2 ms
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. Tisunsan309ion1N3g 11 DV-IIT Ultra Rheometer

r

i+ Rheocalc ¥2.4: Rheometer 1 ELE@
Dashboard |§pind|es | Brograms | wiew/Edit | Plot | Analysis |

= Vi . m o —/| Instrument —|Alarms _—|Units
=| Viscosi c
v Instrument Status =
[ ool I
=] Speed RPM Rheometer Accessory
=] Torque + '- { o None ~ M‘ None ~

LA LY
= Sk s m Rheometer Name |Rheometer 1 i]
— ear Stress
Torque Alarms

Low i v Enable

High o v Accept‘
Motor Off 110

Units
Measurement ICGS (cP; D/icm?) Ll

Diecm?

Geometry
Model

2 Spindle Max. Viscosity @ RPM Temperature IOC (Celsius) LJ

’_— | CP52 v| — Date FormatlUS (mm/dd/yyyy) _'_|
T

l About | ? Help | 0L Exit |

517 0.1 Tasun3umri Dashboard

U

T1Jsunsuiv Dashboard A9g1) 4.1 No15a1
A 1 A A o Y] a c’d'o =
1) Geometry Model 10A0e81AT0910 IANIATFIUAUABNNAADT NTINTTUNNNA
1 4' A v d%’ v 2 d' 9 dl o [ = 1
Junseladarziliingiuinlagdn luiia inseanseunozsiimsiataziunng
. A v & Aq Y @ o A o 1w ~ A
2) Spindle taanravuN1HIumsia dunsesrziinisgamaiulsnvunzanie
AnTgdmanuniiaoenin

3) Temperature §3A1370IAQUNUYNILININTOIUAYUUYUVBIATVUENINGIA



109

A A o quv A o A o Ay A A
ﬂ'lil“l]fluiﬂiuﬂ53JLW€II‘NGI,°I’TLﬂi@\i’]ﬂﬂ?']ﬂ‘l’iuﬂ‘ﬂ%ﬁ'luﬁ'm‘lﬂ@]’ﬂﬂﬂ']i Iﬂﬂmi@illﬂ"ﬂg

maemawngldaudeuTusunsudn 1y Tasunsuned Program deg) v.2

=+ Rheocalc ¥2.4: Rheometer 1

Qashboardl Spindles Programs ]yiew/Editl Plot | ﬂnalysis]

Program |Manual |

# Cmd |Parameter e Wait for %Torgue
1 SSH 40.00
2 W1 0:1 it Wait for Temperature
& LSC (180 b d Wait for Set Point
4 DSP Delete
Wait for Data Points
5 LEC af
5 Set Speed
Clear LRED
(Sl STM Set Temperature ket

Program: v Confirm Deletions |~ Shear Rate Mode

Loop Count: - Time Until Next Reading: Sltzn
a
(=]
Ne
Load Save Print l {5f0n-Line ? Help j,]_l':)_(it
1 2.2 Talsunsunii Program
ANUHUBVDIAT

SSN : Set viscosity speed
WTI : Wait for time interval
LSC : Loop start (Count)
DSP : Single data point

LEC : Loop end (Count)
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Tilsunsunih View/Edit a931) 4.3 uaaswanisiasivounieslonasgiulaoaas
1 1 [ dyd a 9 = <
AN AU ABLLITIUA (Torque) ANUAUIRDY (Shear Stress) ﬂ’J'lZJLi’J’iE]‘]Ji‘Mﬂ'Ii‘ViHH (Speed

of Rotation) HAZANNNUA (Viscosity) U9UDU1a"

Rheocalc V2.4: Rheometer 1

Dashboard | Spindles | Programs  View/Edit | Plot | Analysis |
Modet: [ -] Spindte: [£1 1 -] Fite:
Sample: Iiluu swed Data Date/Time: [UZATrd LK Iva R v
cP RPM % Dfem® 1/sec MG MM:SS.T
[_Viscusity Speed % Torque|[Shear Stress||Shear Rate [Temperature|[Time Interval s
¥ 800.96| 43.01| 68.9 320.39| 40.00| 28.1] 00:01.2
[ 43.01 70.6 328.29 40.00 28.0 00:00.1
1l 830.03 43.01  71.4  332.01 40.00 28.0 00:00.2
835.84 43.01 71.9 334.34 40.00 28.0 00:00.1
842.81 43.01 72.5 337.13 40.00 28.0 00:00.2
852.11 43.01 73.3 340.85 40.00 27.9 00:00.2
868. 39 43.01 74.7 347.36 40.00 28.0 00:00.1
902.10 43.01 77.6 360.84 40.00 28.0 00:00.1 o
| | > ] > | + J - l - I I Record _ of m
Notes: Data Buffer
By Export| |~ pisk Data
 Captured Data
Sewmoon |
< Clear | 3% Losd | 3 s--oJ & print | [ Graph I Eamuu] Aovams | P Help | N Exit |

11 4.3 Tusunsunih View/Edit
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Y v g :/I
Tilsunsunih Plot aegt) v.4 naaswamsiailuginsvl Tasaunsadenununniga
Y a Y A 3 A
sazuvduouveIns i 1dun useda anuwdumeou anudiseulumsnyy aAnuwtiave

VDY LaTlIan

- Rheocalc V2.4: Rheometer 1

Qashhoardl §pindles| Programs | View/Edit Plot |Analysis|
~Y-Axis
IViscosity vI
s <
[~ Force To Zero ! !
= i

ITime Interval 'I i
exns < G 1T 1]

[ Force To Zero

—General
v Auto Replot

v Major Grid Marks
v Minor Grid Marks
v Data Markers

[~ DatalLegend

[~ Color Prints

[~ Mouse Data

Time: |Seconds v I

i@ Clear | JFon-Line

Load Print | ggéplot

qd ﬂamel ?

517 v.4 Ta)sunsumid Plot



HNANHIN A

a :i Yo A A Jd v
‘].I‘VIﬂ’J”INTIN’J‘U]ﬂ1§ﬂ"lﬂi‘ﬂﬂ1§ﬂWNW!Nﬂ!!W’§



A a d' Yo A A J =
518]‘]5@‘]]‘ﬂﬂ'3"l3»1'J‘lf1ﬂ1iﬂl'lﬂi‘lJﬂ]iﬂWNW!Wﬂ!!W{lummgﬂﬂH1

Srisertpol, J., Singhata N., (2013) VISCOSITY ESTIMATION USING DC MOTOR WITH
ADAPTIVE TORQUE COMPENSATOR, Proceedings of the 5 th ECTI-CARD. 2013

Suranaree University of Technology. 8-10 May. Nakhonratchasima Thailand, pp.581-587.
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Paper ID: 1235
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HdalgeunsItanuulsunile

VISCOSITY ESTIMATION USING DC MOTOR WITH ADAPTIVE
TORQUE COMPENSATOR

wiana Fanze’ uas Issna ARATIHG”

gUATARINITHATEING SrlaAmnirumant

uuAnenduwmalulagigrud o.1ied 4 uArmaENN30000

T190-4422-3117 Tn3#130-4422 4613 F1udjiraphon@sut.ac. th

UNARLa

Aarausadun A TAR A ATy aene g e oft
AVARAATHNIIUEIHI mngnmwnﬁufm"u Maauiia sty
wilsAgn Ay lun153merzsfana mae auintiul gAud1uenng
urafaeeRu oty feyiundoeietng s wilad ol g
wazasndnanilafan neradalfduumas il aue
FEmssesnAraailasnn sl samsusdafisun i ia
SNAIIHTATE e e e usa vesuawme v nssuansslan
FEnqren e us DauouFudh Wivddane lumsdssyma
Avisilaverseaia o duidiuuselnfzuna ufaniunsnyssaang
Avesilafian weauasan we sl unsemaned naney
ludatanunila 80 - 320 ePufoufoufuados DV Ul
Rhaomater wud1dEn zdmnaaa e Hlunaslss wmsaoy
uiaunamusastaua s asiiaan s taagld
Ard1ATy
nasssauAa wis nrsas i Bl ngeimemuay
Abstract

Viscosity 15 an imponance propety of fowd that food
and petroleum ndustry use viscosiy to be an impotant factor
for procduct qualty araiysis such as raw food matena and
fubricant At present, most of vscomaeters are very expensive and
only measure viscosity al the steady stafe.So this paper prasenis
ihe estimation of wscosiy method from lorgue estimation by

vsing OO motor with adaphive torgue compensation method.

Base on the viscosily relative with forque that can estmate
viscosily at steady siate and fransient state. The experimerial
viscosily test show 80 - 320 cf in range in companson with OV-
i Uira Rheometer for reference. The result show this mathod
could do the viscosiy estimation fest
Keywords
Wiscosily Cstimation, Adaptive Compensator, Theory Control
1. unid
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