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Abstract

The wave generation systemin a High Speed Towing Tank (HSTT) generates regular and irregular waves to simulate wave condition
during ship model testing. A wave probe is used to measure the height of waves generated by the wave generation system which is
placed at the centre of the towing tank from the wave generation system. Generally the initial wave height reference (zero-point) at no
wave condition is set manually and it is difficult to set reference accurately and the procedure is time consuming. The work aims at
development of an automatic mechanism for adjustment of zero point in HSTT. The intended system enables remote monitoring and
setting wave probe height reference with better accuracy minimizing human intervention. The prototype results confirmed the efficacy
of the proposed mechanism.
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1. INTRODUCTION

The High Speed Towing Tank (HSTT) is a test fagifior
carrying out model testing under various conditior@duding
simulated sea conditions for determining the pentmice of
the surface and submerged bodies and evaluatiothef
hydrodynamic characteristics.

The dimensions of HSTT is considered as 500m x 88mx
(LxBxD). The facility has a high speed towing cage which
runs on parallel rails upto a maximum speed of 2@mivith
an accuracy of 0.1% of set speed. HSTT featuresah fthp

type wave generator capable of generating reguladt a

irregular waves (unidirectional) up to wave heigh©.5m.

The waves generated by the wave generation system a

measured using a conductive type wave gauge (weokep
The wave probe is placed at the centre of the tpwank 20m
from the wave generation system.

At present the initial wave height reference (zeoint) at no
wave condition is set manually, i.e. a person goksthe tank
and fixes the probe to the reference point at thewave
condition. It is difficult to set the reference acately and the
procedure is time consuming. Thus a mechanism eorote
monitoring with a provision for adjustment of theference
point (‘zero’) in an HSTT is highly desired.

2. METHODOLOGY
2.1BLOCK DIAGRAM

The mechanism used in the system for setting thespaobe
reference consists of two sections; Transmitteti@e@nd the
Receiver section.
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Fig 1: Block diagram of the proposed mechanism

As shown in the block diagram of the system in Eighere
are two microcontroller units. First unit is useddisplay the
position of wave probe and transmit the controhalgo the
other microcontroller unit. The second microcor&oblnit is
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used to set the position of wave probe accordingh®
received control signal.

Waves are generated by wave generation system snd a

measured using a wave probe which gives voltagedmange
of +/-10V according to the wave level. This voltagdeed to
the ADC through a cable. The microcontroller reesithe
digital output of the ADC. According to the digitdhta the
microcontroller displays the position (cm) and thetput
voltage (V) of the wave probe which is presentedhenLCD
display. If the wave probe is not at the ‘zero’ erehce
position, the microcontroller displays other thaero’ value
To bring the wave probe position at ‘zero’ referepoint we
use a keypad by which a control signal is sent tivero
microcontroller unit through the transmitter.

At the other microcontroller unit the receiver rees the
control signal and feeds the microcontroller. Actiog to the
control signal, the microcontroller drives the gtepmotor in
forward or reverse direction. The wave probe is magally
attached to the stepper motor. Therefore when tappsr

motor rotates the wave probe moves upward or dowhwa

direction till the position at the ‘zero’ referengeint.

22CIRCUIT DETAILS

As shown in the circuit in Fig 2 the 80 metal resister
attached between REFOUT and REFIN, is used to tpéra
unipolar mode (i.e. 0 to +10V and 0 to +20V). listbase the

BIPOFF is connected to the ground. If the BIPOFF is

connected as shown in the circuit, the ADC operatpslar
input (i.e. +/-10V and +/-5V).

A MCROCONTROLLER.LCD,  tnensnirren

UPADCHNKERS
i 15 T80
1 I 1 W 3 1 3
W oy oo
uuw% Bl *__fLmUF B *__fLmUF B
=1 2 1] 7
a1 | . - |
mg—l &
" o) -
pels
] 2
1 —l 0T
ZZMLfJ-+ N0 : il

500

I
, T

1632LCD
§ ke

N werediE 00 504D DI i

Wy g5 WO His g7 851 LLLELLE AT
i S

M 110 0 ? ?luk 1k S0k 1006310k 0 (1]

T F3Y 16(00)
‘ F(m)

=2

=]

.

i}
(9% 503
6 Emmy
R Al
L% 2204

=

(vee)

SpE

=]

FO7)3) 2307
hh
o ILM e 1

e pon g Vel

S P 26010)
233 o1

=2

=]

afE

T

P27) o[12f
P26j27 [RlC
st (e (S ) D

= I}
TRAVSMITTER = 2425 28(STS)
o ) e 5(&} | pemg

+

4
J__t_waa) _
iy ()
= |, B 0 (B\POFFJH-Q,‘Y
1533)
16(F3.5) 1—t5V
\Twa 15(0610)
zme e Y—/10v
onyeal =
1
pin 1
= J_—_ CIMF
RIFE00N  Co4TUF
Figure2

Now the analog signal should be converted into diggtal
data and the MAX174 ADC uses a successive appraxima
technique to convert unknown analog input to a it 2tgital
output code according to the control signal as shawthe
truth table.

Table 1: Truth Table

CE | CS| R/IC| 12/8| AO OPERATION

1 0 0 X 0 Initial 12-bit
conversion

1 0 0 X Initial 8-hit

1 conversion

1 0 1 0 X Enable 12-bit
parallel output
1 0 1 1 0 Enable 8-bit

MSB parallel
output

The output of the ADC signal also depends uponctirol
signal as shown in the truth table. These contigiias are
connected to the higher nibble of port-2 of theragontroller.
The digital outputs of the ADC pins are connectecort-0
and to the lower nibble of the port-2 of microcatigr. The
microcontroller receives the digital data and adoualy
displays the position and the output voltage of evprobe on
LCD. The LCD data pins are connected to the patd the
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control signal pins of LCD are connected to the sarhthe
port-3 of controller.

For the LCD display other than ‘zero’ referenceuealve use
normally on-off-on switch which is connected to erxial
interrupts of the micro controller. When these phations are
used some controlling message will pass throughstrel
TxD pin to the ST-FTX01-FSK transmitter module. The
controlling message takes FSK modulation with 488kHz
frequency range. This modulated signal takes #restnitter.
The receiver receives the 434/868MHz range of feegy
signals and demodulates the digital data. The idagigven to
the microcontroller through serial RxD pin. Now the
microcontroller compares the controlling messageausing a
program. According to that data it drives the seeppotor in
forward or reverse direction. But the microcongolcannot
drive the stepper motor because it does not giffcisunt
current to the motor. IRI44N power MOSFET is usi@ la
driver to drive the stepper motor
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Figure 3

Each MOSFET is connected to microcontroller angste
motor as shown in the Figure 3.

The systems in Figure 2 and Figure 3 require inldiai power
supply. In the power supply unit we use step daangformer
to get the required voltage from the 230V AC inpuhis
voltage is converted into DC voltage by using ffeats
(diodes like IN4007 and IN5409). The output of tketifiers
consist some amount of the ripples and to filter AC ripples
we use a smoothing capacitor. This DC voltagedsilegded by
the regulators according to the application.

The stepper motor is allowed to the wave probe with
mechanical interface as shown in Figure 4.

WAYE PROBE HECHANICAL INTERFACING WITH STEFFER MOTOR

Figure4

The wave probe is based on a conductivity type wgaigge
which comprises two thin parallel stainless stdektteodes.
When immersed in water, the meter measures theuctiaity

of the water volume between the two electrodes ¢hahges
proportionally with the change in water surfacevatn, i.e.
the wave height between electrodes.

3. FLOWCHART:

The wave probe reference setting is controlled bg t
microcontroller ~ software. The embedded software
development is carried out with the keil vision3IDE
(Integrated Development Environment). By usingsbfware

we select conversion and read mode as shown imd=fgu

After the completion of the conversion the readiia¢ga is kept

in two registers since the reading data is of 1Zstzie. This
12-bit data should be converted into 8-bit data usjing
embedded software since the LCD used can receide an
display 8-bit data only at a time.
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The LCD control signals are also controlled by the
microcontroller software. When the program is exeduit
checks the interrupts every time. If any interrtgites place
then it will send data i.e. controlling data to tl¢her
microcontroller through serial communication.

Here the serial communication takes place with 9600 rate
and this baud rate can also be changed by usingrtggam.
Now the received data in other microcontroller canag. If
this data equals to the reference data the mictoatar
software rotates the stepper motor in the directibneverse
or forward according to the data. Otherwise
microcontroller will wait till the required dataceived.
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Figure5 - Flowchart

4. RESULTSAND ANALYSIS:

The hardware and software test is done thoroughty the
bench test is done. The output of the wave prolg tae
length of probe manual are compared with multi mee
vernier scale and are listed in Table 2.

Table2
WAVE PROBE
WAVE PROBE
POSITION (cm) 8/[)JTPUT VOLTAGE
Scale System mg'lcgr System
readings| readings readings readings
(em) | em) |y V)
0 0.009 -0.004 0.014
0.6 0.504 0.129 0.136
1.1 1.011 0.278 0.283
2.2 2.005 0.555 0.561
3.2 3.016 0.833 0.844
5.3 5.075 1.393 1.406
10.3 10.069 2.786 2.797

The error profile plots shown in Fig 6 which are awered
from the difference between the system readingsamlially
measured readings are obtained.

Error Profile in Readings for the Resistance of 500s
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Figure6 - Error Profile plots

The mechanical arrangement and the environmental
conditions result in slight change in the measwades from

the expected result, so the expected output iexettly same

as the system reading. The significance of thests 8 that, it
indicates the variation of the error value for elifint
instances.

CONCLUSIONS

An automatic mechanism for remote monitoring with a
provision for adjustment of reference point (“ZEROh a
HSTT was proposed. There is an observed increase in
performance with the designed system and this myste
adjusted the wave probe at the reference pointrq(ze
remotely. The system can be programmed to work in
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automatic mode by making changes in the progranrevtie
system checks the reference value and if there ieeference
value automatically it comes to reference value.
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