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ABSTRACT

Radar is one choice for level measurement in the petrochemical industries with high of accuracy The radar
provides a non-contact sensor that is virtually unaffected by changing in the temperature process, pressure or
the gas vapor composition within a vessel. The measurement accuracy is unaffected by change in density,
conductivity and dielectric constant of product being measure or by air movement above the product. These
benefit have become more significant to the process industry since the advent of low maintenance cost due to
no moving part that the reason Radar are popular for industrial in present. However we found that some
measurement value deviates from the actual level after the radar is in operation for few years. We have used

Finite Element Technique to investigate for deviation, as our case study.
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ﬂéua'ﬂq ﬂTlNé ﬂ'J'lNEITJﬂéH
VLF (very low) 3-30kHz 100 - 10 km
LF (low) 30 - 300 kHz 10-1km
MF (medium) 300 - 3000 kHz 1000 - 100 m
HF (high) 3-30MHz 100- 10m
VHF (very high) 30 - 300 MHz 10-1m
UHF (ultrahigh) 300 - 3000 MHz 100 - 10 cm
SHF (super high) 3-30GHz 10-1cm
EHF ( extremely high) 30 - 300 GHz 10 - 1 mm

M31911 2.2 ANDIAZAWETIATUYBIADUINY

7u1: Adums & Allday, 2000: 574
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2.8 BHAVRUIAN

2.8.1 AAUUUDABIHBA ( Continuous Wave ; CW )
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137 : Péter Devine ,Radar 1 evel Measurement the user guide, 2000: 33
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2.8.2 HUUTINANNONUADHIVUABIHBA ( Frequency Modulate -

Continuous Wave ; FM - CW)
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31 : Peter Devine ,Radar Level Measurement the user guide, 2000: 35
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2.8.3 ﬁ’s’l“lfliﬂ1ﬁ' (Pulse Radar)
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Solver Output

ANSYS Multiphysics

| WELCOME T O THE ANSYS PROGRAM |

R 22 332 A R 2L A L A A A A A AL A A AR
* ANSYS 8.1 LEGAL NOTICES *
ek k ke dekkd ke kdh ke ke kdk Rk Ak h ok khkkkkhddohddekk ke ko dohkdkkkdk bk
*

Copyright 2004 SAS IP, Inc. All rights reserved.
Unpublished rights reserved under the Copyright Laws of
the United States.

ANSYS, Inc. is a UL registered ISO 9001: 2000 Company

See the ANSYS, Inc. online documentation or the ANSYS, Inc.
documentation CD for the complete Legal Notice.

*************************************************************

DISCLAIMER NOTICE

Information in this Information System is subject to
change without notice. Complying with all applicable
copyright laws is the responsibility of the user. No part
of this system may be reproduced or transmitted: in any
form or by any means, electronic or mechanical, without
prior written permission of ANSYS, Inc.

This document has been reviewed and approved in accordance
with ANSYS, Inc. Documentation Review and Approval
Procedures.

*
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*

*

*

*

*

*

*

*

*

*

%*

*

*

*

*

L 3

*

*

*

* This ANSYS, Inc. software product and program

* documentation are furnished by ANSYS, Inc. under an ANSYS
* goftware license agreement that contains provisions

* concerning non-disclosure, copying, length and nature of
* use, warranties, disclaimers and remedies, and other

*+ provisions. The Program and Documentation may be used or
* copied only in accordance with the terms of that license
* agreement.

*
*
*
do
*
*
->
*
*
*
*
%*
*
*
»*
L3
*

l(-*}#****#*#*****&***1‘***#**#****#

THIS SOFTWARE CONTAINS CONFIDENTIAL INFORMATION AND TRADE
SECRETS OF SAS IP, INC. USE, DISCLOSURE, OR REPRODUCTION
IS PROHIBITED WITHOUT THE PRIOR EXPRESS WRITTEN PERMISSION
OF sAsS 1P, INC.

ANSYS, Inc. may have patents, patent applications,
trademarks, copyrights, or other intellectual property
rights covering subject matter in this documentation and
product. Except as expressly provided in any written
license agreement from ANSYS, Inc., the furnishing of any
product does not give you any license to these patents,
trademarks, copyrights, or other intellectual property.

*************************************************************
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Warning: This computer program is protected by copyright
law and international treaties. Unauthorized reproduction
or distribution of this program, or any portion of it, may
result in severe civil and criminal penalties, and will be
prosecuted to the maximum extent possible under the law.

* * %

*************************************************************

U.S. GOVERNMENT RIGHTS

Use, duplication, or disclosure by the U.S. Government is
subject to restrictions set forth in the ANSYS, Inc.
license agreement and as provided in DFARS 227.7202-1(a)
and 227.7202-3(a) (1995), DFARS 252.227-7013(c) (1) (ii) (OCT
1988), FAR 12.212(a) (1995), FAR 52.227-19, or FARS52,227-14
(ALT III), as applicable. BANSYS, Inc.

# & % * * 4 * *F % * * ¥ % * *

*************************************************************

Completing ANSYS Load Process.

*#*%%% ANSYS COMMAND LINE ARGUMENTS  *****

BATCH MODE REQUESTED = NOLIST

MEMORY REQUESTED (MB) = 85

START-UP FILE MODE = NOREAD

STOP FILE MODE = NOREAD

DATABASE SIZE REQUESTED (MB) = 35

*%k WARNING *** CP= 0.203 TIME= 01:58:20

Use of the -M switch is no longer recommended for normal ANSYS use.
ANSYS now dynamically allocates memory as needed. Only use the =M
switch if you are certain that you need to do so.

PARAMETER STATUS~- ( 1 PARAMETERS DEFINED)
{(INCLUDING 1 INTERNAL PARAMETERS)
00265231 VERSION=INTEL NT RELEASE= 8.1 UP20040329
CURRENT JOBNAME=file 01:58:20 AUG 11, 2008 CP= 0.203
PARAMETER _DS_PROGRESS = 999.0000
/INPUT FILE= ds.dat LINE= 0
NUMBER OF PROCESSORS TO USE (NPROC) = 2

*GET WALLSTRT FROM ACTI ITEM=TIME WALL VALUE= 1.97222222

*%***TRACK MONITOR LEVEL= -1
TRACK PRINT LEVEL = 0
TRACK SUMMARY LEVEL= O

1

**%%%* ANSYS ~ ENGINEERING ANALYSIS SYSTEM RELEASE 8.1 ek ke Kk
ANSYS Multiphysics

00265231 VERSION=INTEL NT 01:58:20 AULG 11, 2008
Cp= 0.219

#*%%% ANSYS ANALYSIS DEFINITION (PREP7) *****
sknkxkknrinx Nodes for Part 1 *xrkkkkskss
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% %k %k &Kk
% d ok k ke k
o e ek ok k
& d gk ok ke
* ok k ke k
de ek ko ko
& %k vk ok k
d % de g ke ok

* % &k ko

-~- Number of total nodes = 16977

¥*xxx Blements for Part 1 ***#kwwdkkis
%k kok ok Send Materials % de & e e ke ke ok kok ok
**x** Send Sheet Properties ***kkakkdis
***%* Send Beam Properties **#**kkdikiw
gk kK k Displacements ¥k Kk otk de ok kok ok ke

**k*% Create Pressure Vector for Surface Force(s) **k*kkkkikhi

*x*+* Send Solved Temperatures *r*kkdkikdx

**+x* Send Component Needed For Reactions *****x#xdikx

ROUTINE COMPLETED ***** (CP =

--- Number of contact elements =

--- Number of spring elements = 0

0

-~- Number of solid elements = 8459
—-—- Number of total elements = 11187

--- Data in consistent MKS units.
SI UNITS SPECIFIED FOR INTERNAL
LENGTH (1) = METER (M)
MASS (M) = KILOGRAM (KG)
TIME (t) = SECOND(SEC)
TEMPERATURE (T) = KELVIN(K)
TOFEFSET = 0.0 KELVIN
CHARGE {Q) = COULOMB
FORCE (f) = NEWTON (N) (KG-M/SEC2)
HEAT = JOULE (N-M)
PRESSURE = PASCAL (NEWTON/M**2)
ENERGY (W) = JOULE (N-M) {
POWER (P) = WATT (N-M/SEC)
CURRENT (i) = AMPERE (COULOMBS/SEC)
CAPACITANCE (C) = FARAD
INDUCTANCE (L) = HENRY
MAGNETIC FLUX = WEBER
RESISTANCE (R) = OHM
ELECTRIC POTENTIAL = VOLT
INPUT UNITS ARE ALSO SET TO SI
*GET WALLBSOL FROM ACTI ITEM=TIME WALL VALUE= 1.97250000
*kkkk  ANSYS SOLUTION ROUTINE ***%x*
Avg ratio= 1, totalParts=1l, thickParts=0, thickPcent= 0
USE SPARSE MATRIX DIRECT SOLVER
DO NOT SAVE ANY RESTART FILES AT ALL
WRITE ALL ITEMS TO THE DATABASE WITH A FREQUENCY OF NONE
FOR ALL APPLICABLE ENTITIES
WRITE NSOL ITEMS TO THE DATABASE WITH A FREQUENCY OF LAST
FOR ALL APPLICABLE ENTITIES
WRITE RSOL ITEMS TO THE DATABASE WITH A FREQUENCY OF LAST
FOR ALL APPLICABLE ENTITIES
WRITE STRS ITEMS TO THE DATABASE WITH A FREQUENCY OF LAST
FOR ALL APPLICABLE ENTITIES
WRITE EPEL ITEMS TO THE DATABASE WITH A FREQUENCY OF LAST
FOR ALL APPLICABLE ENTITIES
WRITE EPTH ITEMS TO THE DATABASE WITH A FREQUENCY OF LAST

FOR

ALL APPLICABLE ENTITIES
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WRITE NLOA ITEMS TO THE DATABASE WITH A FREQUENCY OF LAST
FOR ALL APPLICABLE ENTITIES

WRITE MISC ITEMS TO THE DATABASE WITH A FREQUENCY OF LAST
FOR ALL APPLICABLE ENTITIES

CONTACT INFORMATION PRINTOUT LEVEL 1
¥kxdkx  ANSYS SOLVE COMMAND  **#***

**% NOTE *** CP= 1.156 TIME= 01:58:21
There is no title defined for this analysis.

*** WARNING **+* CP= 1.156 TIME= 01:58:21
Element shape checking is currently inactive. Issue SHPP,ON or
SHPP,WARN to reactivate, if desired.

***% NOTE *** Cp= 1.266 TIME= 01:58:22
The model data was checked and warning messages were found.

Please review output or errors file (
C:\DOCUME~1\ADMINI~1\LOCALS~1\Temp\£file.err ) for these warning
messages.

*** SELECTION OF ELEMENT TECHNOLOGIES FOR APPLICABLE ELEMENTS ***
-—-GIVE SUGGESTIONS ONLY~-~-

ELEMENT TYPE 1 IS SOLID187. IT IS NOT ASSOCIATED WITH FULLY INCOMPRESSIBLE
HYPERELASTIC MATERIALS. NO SUGGESTION IS AVAILABLE.

1
**%** ANSYS - ENGINEERING ANALYSIS SYSTEM RELEASE 8.1 Sl
ANSYS Multiphysics
00265231 VERSION=INTEL NT 01:58:22 AUG 11, 2008
CP= 1.266
SOLUTION OPTIONS
PROBLEM DIMENSIONALITY. . . . . . + +. « « « . .3-D
DEGREES OF FREEDOM. . . . . . UX Uy Uz
ANALYSIS TYPE . . . . . « 4 & « « o« « + + +» . STATIC (STEADY-STATE)
EQUATION SOLVER OPTION. . . . . . . . . . . . .SPARSE
GLOBALLY ASSEMBLED MATRIX . . . . . . « . . . .SYMMETRIC
¥k WARNING *+*+* CP= 1.344 TIME= 01:58:22

Material number 2 (used by element 8460 ) should normally have at least
one MP or one TB type command associated with it. Output of energy by
material may not be available.

*k* NOTE *** Cp= 1.359 TIME= 01:58:22
Present time 0 is less than or equal to the previous time.
Time will default to 1.

**% NOTE *** Cp= 1.422 TIME= 01:58:22
The step data was checked and warning messages were found.

Please review output or errors file (
C:\DOCUME~1\ADMINI~1\LOCALS~1\Temp\file.err ) for these warning
messages.

**% NOTE *** Cp= 1.422 TIME= 01:58:22
The conditions for direct assembly have been met. No .emat or .erot
files will be produced.



LOAD STEP OPTIONS

LOAD STEP NUMBER. . . &« « v & « o o v v o o« o . 1
TIME AT END OF THE LOAD STEP. . . . . . . . . . 1.0000
NUMBER OF SUBSTEPS. . . . . . . . . « « « . . . 1
STEP CHANGE BOUNDARY CONDITIONS . . . . . . . . NO
INERTIA LOADS X Y 2
ACEL . . . . . . . .. .. . 0.0000 -9.8067 0.0000
PRINT OUTPUT CONTROLS . . . . . . . . . . . . .NO PRINTOUT
DATABASE OUTPUT CONTROLS
ITEM FREQUENCY COMPONENT
ALL NONE
NSOL LAST
RSOL LAST
STRS LAST
EPEL LAST
EPTH LAST
NLOA LAST
MISC LAST

SOLUTION MONITORING INFO IS WRITTEN TO FILE=
file.mntr

**** CENTER OF MASS, MASS, AND MASS MOMENTS OF INERTIA ***+*

CALCULATIONS ASSUME ELEMENT MASS AT ELEMENT CENTROID

TOTAL MASS = 612.93
MOM. OF INERTIA MOM. OF INERTIA

CENTER OF MASS ABOUT ORIGIN ABOUT CENTER OF MASS
XC = -0.75605E-01 IXX = 1012. IXX = 812.5
YC = 0.43436 IYY = 246.7 IYY = 159.0
ZC = 0.37052 . 122 = 1045. 12z = 926.2

IXY = 66.14 IXY = 46.01

IYZ = -54.79 IYzZ = 43.86

I1zZX = 10.00 IZX = -7.169

*%%* MASS SUMMARY BY ELEMENT TYPE ***

TYPE MASS
1 612.932

Range of element maximum matrix coefficients in global coordinates
Maximum= 1.03177704E+13 at element 2157.
Minimum= 1.226044879E+09 at element 7922.

*** ELEMENT MATRIX FORMULATION TIMES

TYPE NUMBER ENAME TOTAL CP AVE CP
1 8459 SOLID187 2.594 0.000307
2 2728 SURF154 0.469 0.000172

Time at end of element matrix formulation CP= 4.15625.

SPARSE MATRIX DIRECT SOLVER.
Number of equations = 50859, Maximum wavefront = 371

*** NOTE *** Cp= 6.359 TIME= 01:58:30
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The initial memory allocation (-m) has been exceeded.
Supplemental memory allocations are being used.

Memory available for solver = 118.11 MB
Memory required for in-core = 110.48 MB
Optimal memory required for out-of-core = 34.42 MB

Minimum memory required for out-of-core = 31.33 MB
*** ELEMENT RESULT CALCULATION TIMES
TYPE NUMBER ENAME TOTAL CP AVE CP
1 8459 SOLID187 4.000 0.000473
2 2728 SURF154 0.922 0.000338
*** NODAL LOAD CALCULATION TIMES
TYPE NUMBER ENAME TOTAL CP AVE CP
1 8459 SOLID187 0.250 0.000030
2 2728 SURF154 0.063 0.000023
*** T,0AD STEP 1 SUBSTEP 1 COMPLETED. CUM ITER = 1
**k% TIME = 1.00000 TIME INC = 1.00000 NEW TRIANG MATRIX

*%* ANSYS BINARY FILE STATISTICS

BUFFER SIZE USED= 16384
23.375 MB WRITTEN ON ELEMENT SAVED DATA FILE: file.esav
22,188 MB WRITTEN ON ASSEMBLED MATRIX FILE: file.full
22.000 MB WRITTEN ON RESULTS FILE: file.rst

FINISH SOLUTION PROCESSING

***x%* ROUTINE COMPLETED **#*¥* (P = 14.641

*GET WALLASOL FROM ACTI ITEM=TIME WALL VALUE= 1.97638889
1

*x%k¥x ANSYS - ENGINEERING ANALYSIS SYSTEM RELEASE 8.1 by of
ANSYS Multiphysics

00265231 VERSION=INTEL NT 01:58:35 AUG 11, 2008
CP= 14.641

*k*k**x ANSYS RESULTS INTERPRETATION (POST1) ****%

*** NOTE *** Cp= 14.641 TIME= 01:58:35
Reading results into the database (SET command) will update the current
displacement and force boundary conditions in the database with the
values from the results file for that load set. Note that any
subsequent solutions will use these values unless action is taken to
either SAVE the current values or not overwrite them (/EXIT,NOSAVE).

SET PARAMETER DIMENSIONS ON REACTION
TYPE=ARRA DIMENSIONS= 6 1 1

*GET MAXCSYS FROM CDSY ITEM=NUM MAX VALUE= 6.00000000

PARAMETER MAXCSYS = 7.000000

*IF maxcsys (= 7.00000 ) LT
11 ( = 11.0000 ) THEN

PARAMETER MAXCSYS = 11.00000
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*ENDIF

ALL SELECT FOR ITEM=NODE COMPONENT=
IN RANGE 1 TO 16977 STEP 1

16977 NODES (OF 16977 DEFINED) SELECTED BY NSEL COMMAND.

ACTIVE COORDINATE SYSTEM SET TO 0 (CARTESIAN)

ALSO SELECT ALL COMPONENTS
You have already entered the general postprocessor (POST1).

ACTIVATE ERROR ESTIMATION CALCULATIONS
PRINTOUT RESUMED BY /GOP

EXIT THE ANSYS POST1 DATABASE PROCESSOR

** k%% ROUTINE COMPLETED ***** (P = 17.156

*GET WALLDONE FROM ACTI ITEM=TIME WALL VALUE= 1.97750000

PARAMETER PREPTIME = 1.000000
PARAMETER SOLVTIME = 14.00000
PARAMETER POSTTIME = 4.000000
PARAMETER TOTALTIM = 19.00000

EXIT ANSYS WITHOUT SAVING DATABASE

NUMBER OF WARNING MESSAGES ENCOUNTERED= 3

NUMBER OF ERROR MESSAGES ENCOUNTERED= 0

*%% PAGE FILE USED ***

NUMBER OF R/W OPERATIONS= 157

MAXIMUM RECORD NUMBER = 16l

RECORD SIZE (I*4 WORDS) = 16384

PAGE FILE SIZE (MB) = 10.062

A e e e e e e e e n om i e o e e e i S o T s D . o Ay S o o S o P48 D P S T T T i o S i o e e S
-

|

;

| ANSYS RUN
COMPLETED |

|

i

I ____________________________________________________________________
-1

|

|

| Release 8.1 UP20040329 INTEL
NT |

|

|

] ____________________________________________________________________
-1

|

|

| Maximum Scratch Memory Used = 42749184 Words 163.075

MB !
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CP Time (sec)
17.156 Time = 01:58:39 i
Elapsed Time (sec)
20.000 Date = 08/11/2008 |
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The Application of Finite Element to Analyze the Accurac¥ for Radar System
Nareerat Boonsung' and Prapart Ukakimapan

! Department of Instrumentation Engineering, King Mongkut’s Institute of Technology Ladkrabang, Bangkok, Thailand
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Abstract:  Radar is one choice for level measurement in petrochemicals industry with high degree of accuracy The
radar provides a non-contact sensor that is virtually unaffected by change in process temperature, pressure or the gas
vapor composition within a vessel. The measurement accuracy is unaffected by change in density, conductivity and
dielectric constant of product being measure or by air movement above the product. These benefit have become more
significant to the process industry since the advent of Radar owing to low maintenance cost as there are no moving part.
This is the reason Radar are so popular for industrial applications presently. However we found that some measurement
value deviates from the actual level after the Radar is in

Technique to investigate for deviation, as our case study.

operation for few years. We have used Finite Element

Keywords: Electromagnetic Wave, Radar Level Measurement, Finite Element

1. INTRODUCTION

At present the Radar Level Measurement is a popular
level measurement technique in petrochemical industry,
with high degree of accuracy and virtually unaffected by
change in process parameters like temperature, pressure,
density or the gas vapor. Due to non-contact sensor,
there is no moving part and therefore maintenance costs
are low. With lots of installation in industry, we found
deviation of reading after few years in service, as a
general phenomenon. In our research, we have taken
this, as a case study. For example, suppose the operator
control level at 65% of tank level. After one year of
operation, we found that there is some deviation in
reading from the actual level, though there is no change
in process or any damage of Radar. We assumed the
deviation was a result of shifting of datum line of fluid..
We have used Finite Element Technique to prove this
assumption.

2. ELECTROMAGNETIC WAVE PRINCIPLE

The Radar is base on Electromagnetic wave or Radio
wave principle by James Clerk Maxwell. He predicted
the existence of radio wave in his theory of
electromagnetism as long ago as 1864. He showed
mathematically that all electromagnetic wave travel at
the constant velocity in free space, independent of their
wavelength. This velocity is of the order of 300,000
Km/Sec, the speed of light. Hertz confirmed that these
electromagnetic radio waves have same velocity as light
and could be reflected by metallic and dielectric bodies.
Maxwell showed that the velocity of light in vacuum in
free space is give by the expression:

1

Teeme)

€, Vvelocity of electromagntic wave
in a vacuum in metres / second

the permeability of free space
b (€ npx 107 henry/metre)

the permittivity of free space
~ (8.854x10-1'¥farad/metre) (1)

C°=

2.1 Relative Permittivity or dielectric constant

The ratio of the permittivity of the media to the
permittivity of free space is a dimensionless property
called “relative permittivity” or “dielectric constant”
The value of the dielectric constant of the product being
measure is very important for Radar application in level
measurement. In non-conductive product, some of the
microwave energy will pass though the product and the
rest will be reflected off the surface.

2.2 Permeability and relative permeability

The Magnetic vector B, of an electromagnetic wave
also has an influence on the velocity of electromagnetic
wave. However, this influence is degasses and vapors
which are non-magnetic. The relative permeability of the
product being measure has no significant effect on the
reflected signal when compare with the effect of the relative of
permittivity or dielectric constant. For the non-magnetic gases
above the product being measured, the value of the relative
permeability, M =1

2.3 Frequency, Velocity and Wavelength

The Frequency remains uninfluenced by changes in
the propagation media. However, the velocity and wave
length change depending on the electric properties of
the medium in which they are traveling. The speed of
propagation can be calculated with equation
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velocity of electromagnetic wave
in the medium in metres/second
C, velocity of electromagnetic
waves in free space
I, the relative permeability
(K medium / p,)
€, the relative permittivity )

Change in the wavelength and velocity of microwave
are apparent in certain radar level application. Change
in temperature, pressure and gas composition have a
small effect on the running time of microwave because
the dielectric constant of the propagation medium is
altered to a greater or lesser extent. The dielectric
constant or relative permittivity can be calculate as
follow

Ay x P

€ = 1 +(9rN'1)X (—)XpN

€,  calculated dielectric constant
(relative permittivity)

€,n dielectric constant of gas/vapour
under normal conditions
(temperature 273 K. pressure 1 bar
absolute)

By  temperature under normal
conditions, 273 Kelvin

Py pressure under normal
conditions, 1 bar absolute

6 process temperature in Kelvin

P process pressure in bar absolute (3)

2.4 Electromagnetic waves exhibit the same property
as light
- Reflection : immediately direction changing of
wave when traveling and reflection with medium
same as miller reflection
- Polarization : Define the orientation of the
electromagnetic wave and reflect to the direction of
the electric vector E
- Refraction : when the electromagnetic wave
traveling though to the difference medium with
difference electric property let some of wave can
go though
- Interference : The mixing of signal that are out of
phase. The microwave signal have sinusoidal wave
form. Interference can be “constructive” where in
phase signal produce a signal with a higher
amplitude or it can be destructive when signal that
are 180 out of phase effectively cancel each other
out

3. FINITE ELEMENT INVESTIGATION
ERROR OF READING
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