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Fuel level sensor ETS.RS ETS%

1 Application

Fuellevel sensorwithinterface output ETS.RS (hereinafter ETS.RS) is designed to measure the level of
fuel and lubricants (FOL); it can be used on vehicles and fuel depots, inthe systems of measuring and controlling
FOL products amount: gasoline, diesel fuel, oil.

ETS.RS functions are determining the level of the fuel and conversion level to volume (in the absence of
allocation tables sensor measured value is proportional to the level of fuel), transfer values measured by sensor
via RS-232/RS-485 interface and Modbus/Omnicomm protocol.

ETS.RS can be usedin asystem with display devices or programmable controllers with the
characteristics of the input electrical signals corresponding ETS.RS specifications.

Figure 1 — ETS.RS layout

Toimprove the reliability and performance of ETS.RS the following technical solutions and functions were laid in

it:

4 Sensorelectroniccircuitwasimmersedwithelasticcompoundthat providesmaximumprotectionand
reliability in all operating conditions. Measuring tubes are made of material that does not react chemically
with the fuelcomponents.

v' Sensor contains an embedded voltage regulator, and its output is not affected by fluctuations in the supply
voltage.

v" Valueaveragingalgorithmisintegrated in sensor; this allows averaging values atagiventime interval.

v' Sensor has a built-in troubleshooting system.
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2 Specifications

E75"

Name Value
Power supply
Supply voltage, V 10...30
Current consumption, mA 20

Interfaces RS-232 (RS-485)

Data transfer protocol

Modbus, Omnicomm

Data transfer rate, default bit/s

19200

Supported data transfer rate bit/s

9600, 14440, 19200 38400,
57600, 115200

Parity no
Stop bit 1
Level measurement
rI_nor\T/]ver limitvalue of the controlled level of fuel from the tank bottom, from 20
The upper limit of the measurement mm from 200 to 4000
Basic level measurement reduced error % sensor length +1

Additional reduced error on the temperature,% *

No more than + 1

General characteristics

Overall dimensions, mm Lx70x70
Weight, kg from 0.3 t0 3
Continuous operation time unlimited

Operating temperature range, °C

from -40 to +70

Relative environmenthumidity atatemperature ofnomorethan+40
°C, %

No more than 95

*Additional reduced error considers the impact of air temperature from - 40 °C to +70 °C.
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3 Delivery package

Name Quantity
ETS.RS 1 pc.
Extension Cable 1 pc.
Stopwater 1 pc.
Screws for mounting in a regular hole 1 pc.
Operation Manual (passport data, warranty coupon) 1 pc.
Packing box 1 pc.

*The sensor is available in the following sizes according to the heights of the tanks of vehicles: 700, 500,
350, 300, 180 mm, and the great lengths under personal order.
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4 Design and operation
The measuring principle of the sensor is a capacitive one. Sensor sensing elementis a cylindrical
capacitor formed by two concentric tubes which capacitance varies with the level of tubes immersed in fuel.

( D
i Output |
Senglng Measurementl__f\jicrocontroller|— signal [—>
device generator generator

A A A
Power
supply
module
- J

Figure 2 - ETS.RS Block diagram

This capacitoris connectedtothedrive circuitofthe measuring generator, therefore, the measuring
signal period outputted from the generator depends on sensing element capacitance, and accordingly on the level
ofimmersion of the sensing tube into the fuel element. Accordingtothe embedded program, microcontroller
measures the signal period output from the measuring generator performs its processing which includes checking
for valid of measured value, averaging and temperature compensation. It calculates the values of output
parameters,i.e. level ofimmersion, the corresponding amount of fuel, the value of Omnicomm protocol N, F, T
parameters and generates diagnostic codes. Upon request (see chapter 6.3, 6.4 - "Omnicomm Protocol
Description”, "MODBUS Protocol Description™) all calculated and measured parameters can be read along the
lines of the interface RS-232/RS-485.

Power module (Fig. 2) is used for the formation of sensor components stable voltage from the onboard
network inputvoltage; protection the sensor from surges of TV onboard network and polarity reversal to the

supply lines andinterference.
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/\ WARNING! It should be remembered that prolonged exposure of limit (and especially above the limit)
valuestoaswitchinthefeed network canleadtoirreversible consequencesinthe circuits cell protection
due to overheating or breakdown. This in turn can lead to malfunction of the device. Operating range of
supply voltages is given in "Specifications."

Description of ETS.RS algorithm (Figure 3):

1. Thefirststage performs afrequency measurement (Finstant) inthe sensor ifthere are no
errorsinthis case, thenthevalue averaging accordingtoapredeterminedinthe software
type of averagingoccurs:

A\ WARNING! When power is on, averaging module is initialized so that for any type of averaging
Favgis assumedto be equal to the first measured value of the instantaneous frequency.
Moving average

Simple Moving Average (SMA) isthe arithmetic mean value of nvalues obtained forthe period oftimet
(Fig. 4):

lel Fi
n 1

SMA(n) =
where Fi is the instantaneous frequency, Hz.

t-1

t,c

Figure 4 — Moving average of 3 values.

Below are graphs in which:
¢ Dbluelineisthe curve of instantaneous frequency values change
e redlineis the curve averaging of 3 recent values
e greenline is the curve averaging of 5 recent values
e purplelineisthe curve averaging of 10 recent values
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Exponential average
Exponential moving average (EMA) considers more recent data as more important. Consequently, this
type of moving average reacts faster to changes in its values.
Calculation of the exponential moving average for the averaging interval t is calculated as:
Yi = Yi—l + a(X - Yi—l)! where
Yiis EMA at the point corresponding to a particular point in time

Manufacturer Distributor
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Y.1is EMA at a point preceding the selected time

X- t?? current frequency, Hz

a = "_is smoothing coefficient that takes values from O to 1
t

tis the averaging
Below are graphs

interval (s), the minimum allowable t value =5 s.
in which:

blue line is the curve of variation of the instantaneous frequency values;

red line is the aver

age curve att =5 sec;

greenlineisaveragecurveatt=10sec;
purplelineisaveragecurveatt=20sec;

[" BY
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A WARNING! Ifthere is an error in a measurement of the instantaneous frequency, then formation
of fixed error code occurs, the current average frequency value Favg remains unchanged, and an erroneous value

is discarded (Fig.5).
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AFMrH

»T1

ycp:

>t
Fins - Favg
Figure 5 — Error code geneation
2. If Temperature compensation option is enabled in the sensor, then temperature compensation is performed
in accordance with the measured value of the temperature of the head; if the temperature compensation
function is disabled, then averaged frequency value remains unchanged.
A WARNING! Currently, the use of temperature compensation is not necessary since additional error on the
temperature is less than 1%. All factory coefficients are equal to 1.

3. Calculation of sensor immersion in fuel percent is performed on level.

4. Based on the calculated immersion percent on level amount of fuel according to the selected type of
approximation is calculated:

Piecewise linear approximation - this partition of acomplex curved depending on the level ofthe
amountoffuelatanumber of parts with subsequentreplacement ofthese parts ofthe curve segments ofa
straight line.

Piecewise linear approximation is best suited for complex-shaped tanks in which the dependence of the
level is linear in certain areas (Fig. 6).

A A 0/0

> V., n

mmmm - | evel to volume dependence curve
- Polynomial approximation
=@ - Piecewise linear approximation
Figure 6 - The advantage of a piecewise linear approximation for the complex shape of tanks
Polynomial approximation is a replacement of complex third-degree polynomial functions that

approximate the original function:
V (%level) = A x %3 + B % %2 +C*% +D

level level level

Where A, B, C, D are polynomial coefficients calculated with ETSConfig configuration software program
on the basis of data spilling tank.
Polynomial approximation is best suited for tanks cylindrical shape (Fig. 7)
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>V, n

mmmm - | cvel to volume dependence curve
- Polynomial approximation
=@ - Piecewise linear approximation

Figure 7 - The advantage of polynomial approximation for tanks of cylindrical shape

. - . V fue
5. Apercentage calculation offilling atank by volumeis performed: = ’.k
tan.

Vo
6. Omnicomm N, T and F protocol parameters calculation is performed:

- Calculation ofthe parameters N: N=V_9% * N max, Where N naxis the maximum N value, is givenin the software
ETS.RSConfig.
- Calculation of Tparameter:ifthereisnoerror, then T=tofthe head;ifthereisanerror T=error code (seetable
"Diagnostic error codes ETS.RS transmitted in the T field).
Calculation of the parameter F: F = Finstant.
7. Calculated parameters N, T and F can be read by the MODBUS or Omnicomm protocols by interface lines
RS-232/RS-485. MODBUS protocol also allows reading the other calculated sensor parameters (see Section 6.4).

Diagnostic ETS.RS error codes transmitted in the T field
Code, T field of

Omnicomm protocol*

-100; 156 (-1; 255) The sensor is not calibrated, both on bottom and top

-101; 155 (-2; 254) The sensor is not calibrated on top

-102; 154 (-3; 253) Generator frequency is 0

-103; 153 (-4; 252) Dividing by zero, the sensor is calibrated in the same point

-104; 152 (-5; 251) EEPROM reading error

-105; 151 (-6; 250) Out of range, top F>(Fmax+10%)

-106; 150 (-7; 249) Out of range, bottom F<(Fmin-10%)
* In brackets error codes for the sensors with the firmware to 5112010 are given

Error description

Manufacturer Distributor
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5 Operating rules

5.1 Requirements for the sensor operation

e Before putting into operation, the sensor must hold its external examination; in case of presence of
mechanical damage (cracks, chips, dents, etc.) sensor operation is not permitted;

o After mounting the sensor onthe vehicle itis recommended to seal all electrical connections;

e Sensor repair should be performed in certified service centers;

e Sensor operations must be performed by personnel who examined the device, its operation principle and
all instructions in this manual;

¢ Thedielectric constant ofthe medium must be constant. Failure to do soresultsinanincrease in measuring

errors.

5.2 General information on installation

[" BY

Installation ofthe sensor can be made onthe place ofregular fuellevel sensor or by cuttingitinthe
tank. Iltisrecommendedtoinstallitas close aspossible tothe geometric center ofthetank (Fig. 8a),inorderto
avoidtheinfluence ofvehicle inclination on sensorreadings. Ifthe sensorisinstalled onatwo-tank vehicle 1
sensoris installed on each tank. In some cases (when operating vehicles on rough terrain) itis recommended to
installtwo sensorsonasingle tank (Fig. 8b). Inthiscase, they mustbe positionedinthe same diagonal from

opposite side walls of the tanks and to calculate the total value output by the formula:

Ngen

Recommended
place of installation

Flange of regular FLS

_Ni+Np
2

a) closertothe geometric center ofthetank; b) two sensorsononetank
Figure 8 - Selecting a sensor location

5.3 Connection diagram

Pin assignment
Pin No. Assignment Wire color
1 Power supply «-» Brown
2 Power supply «+» Red
3 A/RX Green
4 B/Tx Yellow
4 3 2 1
] I I O
Figure 9 - ETS.RS connector
Manufacturer Distributor
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Toimplementdifferent ETS.RS connectionson TVtwotypes of sensors are issued:

+ | Fuel level sensor
1.0hm
—

—1

 body

Fuel level sensor

DC-DC

Manufacturer

Type 1. Sensor with aluminum body. Designed to connect the sensors to the onboard
vehicle network breaker after mass. Wire power "-" associated with the sensor body
(minus the resistance between the wire and the body less than 1 Ohm).

Type 2. RM. Sensor with a carbon-fiber body. Designed to connect sensors directly to the
battery and on-board network.

Legend

Connection point of “+’power supply
Connection point of “-"power supply
Fuse of “+"power supply

Sensor power supply: max 20 mA
Recorder power supply: acc. to passport

Power supply source with isolated inputs - outputs

Distributor
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Variant 1
Provides the system operation ONLY WHEN MASS BREAKER IS ON (CONNECTION AFTER MASS BREAKER) - a simple

option.
A\ WARNING! Accordingtothis scheme, sensors can be connected with both aluminum and carbon-fiber
body.

. ™

. A FA .
(+) Onboard net S +( Monltorlng ) B/Rx
9 terminal

L_J'

_J A/Tx

T +12/248B

B
L

' Fuel level |A/Rx
sensor

1B/Tx

mass | body

breaker | -

A Warning! For FLS.| with RS-485 interface A line is connected to terminal A line, B
line is connected to terminal B line; For FLS.| with RS-232 interface, Tx
line is connected to terminal Rx line, Rx line is connected to terminal Tx

\\ line. /)

Figure 10 — Connection diagram before mass breaker

A FAfuse mustbeinstalled as close tothe pointof connection "+ power " as possible to protectthe vehicle
wiring line monitoring system power short-circuit.

A\ Point Ais connected in the presence of (+) board network with the ignition is off. Itis recommended to
connectto an established fuse to prevent them from burning due to the additional load. One of the best
places is front red wire ignition .

Point B is taken on the machine body under the dashboard.

/A WARNING! Connect the minus and terminal of the sensor is necessary to be taken from one point!
Advantages:

v' Reliability

v' Simple touse
Disadvantages:

v' Does not provide continuous monitoring

Manufacturer Distributor
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Variant 2

Providessystem CONTINUOUS OPERATION (CONNECTION TOMASSBREAKER). Appliedinthe casewhenyou
need 24-hours monitoring of the vehicle. Sensor and monitoring terminal must be powered directly from the
battery.

A WARNING! Under this scheme only sensors with carbon-fiber body can connect.

/7

(+) Onboard net

s +( Monitoring | B/Rx
A — @ ;
=1 terminal
3 J A/TX
T +12/24B
= +| Fuel level |A/Rx
B CF ek ° " sensor
| B/TX
mass I_ A
breaker | body

A Warning! For FLS.I with RS-485 interface A line is connected to terminal A line, B
line is connected to terminal B line; For FLS.I with RS-232 interface, Tx
line is connected to terminal Rx line, Rx line is connected to terminal
Tx line.

Figure 11 - Wiring after mass breaker

FAfuse mustbeinstalled as closetothe pointof connection” + power"aspossible to protectthe vehicle
wiring line monitoring system power short-circuit.

A\ Points A and B are connected to the junction terminals "+" and "-" of the battery.

A WARNING! DO NOT use this scheme on the fuel tanks of vehicles with gasoline engines.

A WARNING! By connecting under this variant you must verify the absence of contact between the outer
tube and the casing of the tank or fuel level sensors staff.

A WARNING! FA2 fuse installing is obligatory. If during operation with open "mass breaker" a contact
betweenthe ETS.RS outer tube and the tank housing or ETS.RS will occur, FA2 protect your wiring system
from burnout.

Advantages:

v’ Easy

v Provides clock control
Disadvantages:

v" Unreliable if 100% protection against contact with the body of the outer tube of the tank or regular fuel
level sensor is not provided.

v Do not use for petrol car fuel tanks

Manufacturer Distributor
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A\ variant 3

A WARNING! Under this scheme sensor with RS-232 interface can only be connected.
Ensures CONTINUOUS OPERATION - the best option possible.
To ensure the galvanic isolation of ETS.RS for signal circuits and power lines electrical isolation module
produced by our company are used.

A WARNING!Accordingtothisscheme, sensorswithaluminumand carbon-fiberbody canbe connected.

/ \

( \
[| |

(+) Onboard net  FA
O { |

= -] Monitoring
A L terminal
== Rx Tx
| ] + 12/24B = R
| I Galvanic isolation
B module Tx
|
i x| _|Rx
| ——IbS |Rx
| ! Fuel level
mass =1 sensor
| breaker

J_body

A Warning! Only FLS.I with RS-232 interface is plugged according
\ to this diagram! )

—— —

Figure 12— Connection diagram with galvanic isolation module
circuit.

A FAfusemustbeinstalledasclosetothe pointofconnection"+power" aspossible to protectthe vehicle
wiring line monitoring system power short-circuit.

A\ Points Aand B are connected tothe junctionterminals "+"and "-" of the battery.

A\ Electrical isolation module is installed in the cockpit, next to the terminal.
Advantages:

v' Easy

v Provides clock control

Disadvantages:

More expensive than variant No.2.

WARNING! Accordingtothis scheme, sensorswithaluminumand carbon-fiber body can be connected.

B X
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Variant 4
Ensures CONTINUOUS OPERATION - the most reliable option.

The system uses a power supply with isolated inputs-outputs. Parameters of the power supply should be
selected based on the technical data specified in the data sheets on the ETS.RS terminal monitoring, etc.,
with a 20% margin.

ETS.RS voltage: 10-33 V.
ETS.RS supply current: max 20 mA.

f/ (+) Onboard net \"*
FA Out g B/RX
A L e * Monitoring
terminal | A/Tx
. -w.
+ 12/24B
A DC-DC -
-In -Out
BO— | + A/Rx
R Fuel level
= - sensor
JO dy B/Tx
mass
breaker i =

AWarning! For FLS.I with RS-485 interface A line is connected to terminal A line, B
line is connected to terminal B line; For FLS.I with RS-232 interface, Tx
line is connected to terminal Rx line, Rx line is connected to terminal Tx

line.
.
Figure 13 - Connection diagram with optional DC-DC converter

FAfusemustbeinstalled as closetothe pointof connection” +power" as possible to protectthe vehicle
wiring line monitoring system power short-circuit.
Points A and B are connected to the junction terminals "+" and "-" of the battery.

Advantages:

B B

v" Reliability, DC-DC provides protection for both the sensor and the terminal.
v" Provides clock control
Disadvantages:
v" Price
Manufacturer Distributor
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5.4 . Installation procedure
1. Drill a central hole (Fig. 14) for mounting the sensor. To install the sensor bimetallic crown with diameter
of 35 mm is necessary. Insert the sensor and mark the holes for attaching the sensor to the tank. Hole
pattern for fixing elements is shown in Fig. 14.

5:59‘_}' ‘ -
e | )

- | \
| | .T } F I
‘ | | — \
| Lo |
\\ié | v 1 \- e‘ \ c';,
= 5 —fj\ IN
( + I > 055
- ' . 5o0TB.
~ 3 ° o i
5 1.0,20 ‘36‘::!’0:1 )

| =

Figure 14 - Arrangement of holes for fasteners

/A WARNING! 1. Before drilling the fuel tank with diesel fuel must be completely filled to avoid vapor
explosion! The gasoline engine fueltank mustcompletely be filled with water. Otherwise evaporate and
remove remaining fuel.
2. Trimthe sensorto the desired height - see Fig. 15. Use hacksaw to saw off the aluminum tube to the
height ofthe tank, leaving notless than 20 mm between the end of the sensorand the bottom of the tank
foraccumulation of water and dirt. Thoroughly clean aluminum shavings between handsets. Remove bevel
from the tubes.
3. Insertlock-pinintothe end ofthetubes. Itis supplied withthe sensor (lock-pin design - see paragraph
5.5).

A\ WARNING! Using sensors without locking it is strictly prohibited and may result in sensor damage or failure
due to loosening of the tubes during operation.

4 A

Tank

! Sum

Stock on tankage, : . o
6 Tossheh 20 o Trimming length| | Original length

Figure 15 - Diagram of the sensor cutting

Manufacturer Distributor
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1. Routethe cable to connect the ETS.RS, make all connections in accordance with the selected connection
diagram (see section5.3).

Check operation of ETS.RS (see paragraph 6.5).

Disable ETS.RS.

Installthe sensorand assemble itwith self-driving screws (or screwswheninstalling on staffingfixation).
. ConnectETS.RS

A\ WARNING! Do not get wires crossed, incorrect connection may damage sensor!

A\ WARNING! Do not apply voltage exceeding 30 V.

(S N AIN

5.5 Lock-pin mechanism
After sensors’ cutting you must always insert lock-pin supplied with the sensor into the end of the tube.
A\ WARNING! Usingsensorswithoutlock-pinsis strictly prohibited and may resultin sensordamage dueto

loosening of the tubes during operation.
Lock-pin has three positions:

Position 1

Beforeinsertinglock-pinintothe sensoryoushouldextendinnerrodfromalock-pin by pushingituntilitstops
(Fig. 16).

- i B

Figure 16 - Lock-pin look in position 1
Position 2
Afterinsertingthe lock-pininside the sensor, pressthe innerlockingrodandinsertitintothelock-pinonone
level with ETS.RS. Inthis lock-pin is wedged and thus it is fixed in the sensor tube (Fig. 17).

e =

Figure 17 - Lock-pin look in position 2

Position 3
Togetthelock-pinfromthe sensor, presstheinnerlockingrodand pushitdeepintothelock-pin. Thenwedging
is removed and lock-pin can be easily removed from the sensor (Fig. 18).

' = =

Figure 18 - Lock-pin look in position 3
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6 ETS.RS Customization and Configuration
To configure ETS.RS it is necessary to:

1. Downloadthe software archive ETSConfig from www.ets-by.ru website, install the ETSConfig software.

2. Connect the sensor to the PC as shown in Fig. 19.

E75"

7~

FLS

-

UCA

N

PC

v

Asadevice for connecting a sensorto the PC you must use a universal service adapter UCA 2.2 (Fig. 20),

Figure 19 - Connection ETS.RS to PC

produced by our company (for connection/cable required calibration ETS.RSUCA-ETS.RS 4-pin).

—

Figure 20 - UCA look

www.ets-by.by

www.metrotec.ee

UCA to ETS.RS RS-485 connection diagram
DRB-9F ETS.RS RS-485
Pin socket | Contact purpose Pin socket | Contact purpose Wire color
Brown
2 General 1 Power supply «-»
Red
1 +12V 2 Power supply «+»
Green
9 A 3 A
5 v 4 v Yellow
UCA to ETS.RS RS-232 connection diagram
DRB-9F ETS.RS RS-232
Pin socket | Contact purpose Pin socket | Contact purpose Wire color
Brown
2 General 1 Powersupply «-»
Red
1 +12V 2 Power supply «+»
Green
9 TX 3 Rx
5 RX 4 Tx vellow
Manufacturer Distributor
V4|



http://www.ets-by.by/
http://www.ets-by.ru/

Fuel level sensor ETS.RS ETS%

3. InUCAyoushouldselecttheRS-232mode, TTLUART (firstLEDislit, fig. 21a) orRS-485, TTLUART
(center LED is lit, fig. 21b).

®@ o o © ©® o
a) RS-232Mode b) RS-485mode

Figure 21 - Indication of UCA operation
4. Run ETSConfig software. In the window opened (Figure 22), select the sensor type: Interface.
» DUTConfig 3.7.2 = =

Language -

Choose the sensors type

Interface sensor Analog sensor Frequency
sensor
Figure 2 — Sensor selection
5. In the opened window choose:
e Portconnection (Fig.23.1),itsnumbercanbefoundin Windows Device Manager, where itwaslisted as
driver UCA;

e Baud rate (standard sensor speed - 19200) (Fig. 23.2);

1 2 3 4

File » View ~

Back Pon{ COM1 -]Eaudva‘lei 19200 -IModbus ID: -

5 W Version
Emor code 0-No errors

Sensor parameters Omnecomm

Immersion level, % 0,0 Pariodic dats output moda "
Supply vokage, V 00 Penodic data output interval. s

Internal oscillator inst frequency, Hz 00 Network mode Offiine
Internal oscillator avg frequency, Hz 00 Curmrent N value 0
Head temperature, 'C 0

Averaging interval, s

Full tank frequency. Hz

Empty tank fequency. Hz

6

Figure 23 - Connecting ETS.RS
6. Press [Connect], make sure that the connection with the sensor is established (Fig. 23.4). In case of

asuccessful connection the main window will show the software version (Fig. 23.5) and the sensor ID (Fig. 23.3).

/A WARNING! If DEVICES DIDN'T CONNECT AUTOMATICALLY, in the enter 0 in “Modbus ID” field and click
[Connect].

Manufacturer Distributor
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A\ WARNING! THE INICIAL ID NUMBER FOR ALL DEVICES - 1.
A\ WARNING! To change the baud rate and the device ID (in any mode) you must:

1. Press [Connect]

2. Press [Reset] (Fig.23.6)

3. Set the desired baud rate and enter anew ID
4. Press [OK] button in the main window

[" Y

File = View -

DUTConfig 3.7.2

Back | Port: COM1 ~ Baudrate: 19200 = Modbus ID: 1 ‘-

SW Version 0

Error code 0- Mo errars

Sensor parameters Omnicomm

Immersion level, % 0,0 Periodic data output mode Off
Supply voltage. V 0.0 Periodic data outputinterval, s 0
Internal oscillator inst frequency, Hz 0.0 Network mode Offline
Internal oscillator avg. frequency, Hz 0.0 Current N value 0

Head temperature, “C
Averaging interval, s

Fulltank frequency, Hz
Empty tank frequency, Hz

| [=] =] &

Figure 24 - The process of changing the values of ID and baud rate

6.1 Configuring the ETS.RS in standard mode

File ~ View -

In standard mode the following parameters are configured:

1. Sensor calibration

2. Averaging interval setting

3. Parameters of the sensor operation under Omnicomm protocol are set
To configure ETS.RS in standard mode, you should:

1. Press [Reset] (Fig.23.6).

2. Input the required parameters

3. Save your settings in the sensor by clicking [OK].
DUTConfig 3.7.2

Y |

Connection: on

Back |Portt COMZ2 - Baudrate: 19200 -~ ModbusIiD:| 99 ‘-
SW Version 27062012
Error code 0- Mo errors
Sensor parameters Omnicomm
Immersion level, % 11,9 Periodic data output mode Off o
Supply voltage. VV 0.0 Periodic data outputinterval, s 1
Internal oscillator inst. frequency, Hz 95132.9 Network mode Offline v
Internal oscillator avg. frequency, Hz 95132.9 Current N value 122
Head temperature, “C 18
Empty tank Full tank
Averaging interval, s 0
Full tank frequency, Hz 70000
Empty tank frequency. Hz 100000 OK | Cancel
Figure 25 - ETS.RS standard mode settings
Manufacturer Distributor
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6.1.1 Sensor Calibration
To calibrate the sensor you should:
1. Fully immerse the sensor in the fuel
2. Press [Full tank]
3. Get the sensor out of fuel and dry it for 2-3 minutes
4. Press [Empty tank]
Ifthe frequency of dry and fullyimmersed in the fuel sensor is known, they can be imputed manually:
1. Inthe "frequency for a full tank, Hz" field, input the frequency corresponding to the full tank.
2. Inthe "frequency for the empty tank Hz" field, input the frequency corresponding to the empty tank.

6.1.2 Setting the averaginginterval
Averaging interval is the period in which the averaging of the measured values of the measuring frequency
generator is done. To set the averaging interval it is necessary to input the number of seconds in the
"averaging interval, s."
A\ WARNING! Possible averaging interval: 0—90 s; recommended averaging interval 8—30's.
/A WARNING! The default method of averaging is running average. Another method of averaging can be
selected in the advanced mode (see chapter 6.2).

6.1.3 Setting the ETS.RS parameters via Omnicomm protocol
To configure the Omnicomm protocol settings you should:

1. Choose the mode of sending data to the ETS.RS terminal. To do this in the "Data auto output Flag" field
select:
= Off when the terminal itself interrogates the sensor. ETS.RS transmits the data in response to requests
from the terminal.
= Binaryif ETS.RS itself transfers data in binary format at atime interval specified in the software inthe
"Period of data output, s" field.
= Textifthe ETS.RSitselftransfers datain character formatatatime interval specified inthe softwarein
the "Period of data output, s" field.
2. Specify the period of data output (only if "Data auto output Flag" field value is other than "Off"). To do
this in the "Period of data output, s" field, enter the time interval in seconds that will be sending data
packets to the ETS.RS terminal.
3. Set network mode. To do this, indicate in the "network mode" field:
= Stand-alone, if the terminal is connected to one ETS.RS232 or one ETS.RS485. Inthis mode responds to
any of ETS.RSID.
= Network, if one terminal simultaneously connects several sensors (only for ETS.RS485). Inthis mode, the
ETS.RS responds only to its ID and ID=255.

6.2 ETS.RS configuration in advanced mode
A WARNING!Tosetupandconfigure ofthe sensorinthe advanced mode ofthe programmenuselectMode

— Advanced in the main window.
In advanced mode the following parameters are configured:
1. Sensor calibration;
2. Switch on/off temperature compensation
3. The level to volume conversion (ETS.RS gaging) is set
4. The type and the averaging interval are set
5. Parameters of the sensor operation under Omnicomm protocol are set

Manufacturer Distributor
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To configure the ETS.RS in the advanced mode, you should:
1. Press [Set] (Fig. 23.6)
2. Select tab Mode — Advanced in the main window
3. Set the required settings
4. Save your settings in the sensor, for this click [OK].
6.2.1 Sensor calibration
Sensor calibrationinadvanced modeis similarto calibrationin standardmode (see paragraph 6.1.1).
6.2.2 Temperature compensation setting
Temperature compensation is a feature that allows you to remove the dependence of the ETS.RS
operation from the temperature change.
To setthe temperature compensation itis necessary to select On/Off inthe "Temperature compensation”
field.
A WARNING! Currently, the use of temperature compensation is not necessary since additional
reduced error on the temperature is less than 1%. All factory coefficients are equal to 1.
6.2.3 Levelto volume calibration (ETS.RS gagging)
1. In the "Approximation type" field, indicate its type:
2. Fill in the gagging table:
A piecewise-linear approximation type is used for tanks of complex shape
A polynomial approximation type is used for tanks of cylindrical and elliptical shape (fuel trucks, tanks).

SW Version 27062012
Emor code 0-No ermors
Sensor parameters
Immersion level, % 11,9
Sensor readings. | 18
Supply voltage, V 00
Internal oscillator avg frequency, Hz 951329
Intemal oscillator inst frequency, Hz 951329
Temperature sensor ON Of
Head temperature, 'C 20 5
Approximation type Piecewise-linea
The number of approximation points 2 e
Averaging type Running averag L T NS, SN . M
Averaging interval, s 0 E ! C ! - :
Fultank Sequency. He —— Fooo Lot
Empty tank frequency, Hz 100000 } ...
Output frequency range, Hz 0 i : i ]
—— RO S e SRS R s e S
Periodic data output mode Of 9 t + + + +
0 20 40 &0 80 100 120
Penodic data outputinterval. s 1 Immersion level, %
Network mode Offline
Maximum N value 1023
Current N value 122

Edit

Figure 26 - The piecewise linear approximation

= Forthe piecewise linear approximation type (Fig. 26), enter the following lines inthe calibration table:
level ofimmersion in % and the corresponding value of the amount of fuel in liters. You allocate any strings
(not necessarily strictly ascending or descending). Mistakenly entered lines can be removed.

Manufacturer Distributor
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SW Version 27062012
Error code 0-No errors
Sensor parameters
Immersion level, % 11,9
Sensor readings. | 1ns
Supply voltage, V 0.0
Internal oscillator avg. frequency. Hz 951329
Intemal oscillator inst. frequency. Hz 951329
Temperature sensor ON Off v Clear | Emptytank Full tank
Head temperature, ‘C 2 -
— = —— =W
Approximation type Polynomial v o
The number of approximation points 2 G E s I B e’ . Y :
rosmaine e T T S S P
Averaging interval, s 0 E
Full tank frequency. Hz 70000 § 60
Empty tank frequency. Hz 100000 Sk,
Output frequency range. Hz 0
Ommicomm T TN . TR O SO SO
Periodic data output mode Pﬂ v o ? + 4;0 v X i .
Periodic data outputinterval, s 1 Immersion level, %
Network mode Offline v [Polynomial
Maximum N value 1023 V =AXL3+B XL2+CXL+D
Current N value 122 - : ‘
A= 10,0008 B= |-0.12
oK ‘ Cancel |Ic= |5 D= 6.661338E-16

Figure 27 - The polynomial approximation

Toapolynomialtype of approximation (Fig. 27) inthe calibration table itis also necessaryto input string
raw data: % of alevel ofimmersion and the corresponding value of the fuel volume in liters. Polynomial
coefficients A, B, C, D will be automatically calculated and will appear in the "Polynomial” field.

6.2.4 Averaging type and interval setting
To adjust the averaging it is necessary to:

1. Inthe "Averaging Type" field specify the type of averaging:

e Exponential, the averaging interval is set to 5 seconds.

¢ Moving average, the averaging interval is setin the range from 0t0 90 s.

2. Settheaveraginginterval. Todothisinthe "averaginginterval,s." field input the value of the averaging

time in seconds.

A\ WARNING! Adaptive type of averaging inthe testing phase and is currently notrecommended for use.

6.2.5 Setting of ETS.RS operating parameters via Omnicomm protocol

Setting of the sensor under Omnicomm protocol is performed similarly to setting in standard mode (see

paragraph6.1.3). Additionally,in Advanced mode you cansetthe maximumvalue ofthe parameterN (fromOto
65535). To do this, you must set it in the "Maximum N" field.
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6.2.6 Firmware upgrade
To upgrade the firmware you should:
1. InAdvanced mode, select the "Upgrade firmware" menu (Fig. 28).

g DUTConfig 3.72

Fle v View ~

Back | Port COM1 - Baudrate: 19200 - Modbus ID: 1

Figure 28 - Firmware upgrade
2. Inthe window that opened (Figure 29), press the [Open firmware file].

‘, DUTConfig [ |

Specify fimware file

Tatmayr (10c Download ‘

Figure 29 - Open the firmware file
3. Choose the firmware file and click [Upgrade].

6.3 Omnicomm protocol description

ETS.RS supports commands of Omnicomm protocol open part. Open part supports two types of transfer
protocols: binary (HEX) or in symbolic form (transfer ASCII-sequences).
6.3.1 Description of commands for symbolic transfer protocol

Transferviathe symbolic protocolisreceiving and sending the sequence of ASCII characters which are
perceived as the command and response queries.

Command “DO” (0x44 0x4F) - data reading
Response line: F=xxxx t=xx N=xxxx.0 (CR) (LF)

This command is used to read the current data: F is the current value of the instantaneous (not
averaged) frequency of measurement generator, tis the currenttemperature in Celsius or error code (see
Chapter 4), Nis level (volume) value (see Chapter 4). After receiving the command «DO» program will response as
a sequence of ASCII characters, such as :

F=0AF9 t=1A N=03FF.0 <CR><LF>,
All data are transferred in hexadecimal.

Command “DP” (0x44 0x50) - periodic data output
Response line: F=xxxx t= xx N=xxxx.0 (CR)(LF)

Command enables periodic output data. After processing the command sensor produces periodicissuance
in symbolic form (ASCII codes) of parameter F, t, N (similar to the answer to the command DO).
Thesedataareissued periodically atintervals specifiedwhenconfiguringthe ETS.RSinsoftware ETSConfig.

A\ WARNING! In the case of the data output interval set to zero, data output will not be performed.

/\ WARNING! Temporary (until power off) off the periodic data delivery in character format done after the
receiving of any valid Omnicomm protocol command.

/\ WARNING! Shutting down the periodic delivery of data in character format occurs after receiving the
command «DO» or after changing the settings in the ETSConfig program.

6.3.2 Description of the commands in the binary protocol

Data between the sensor and the external device are sent as messages with the format presented by
the table "ETS.RS command format").

Manufacturer Distributor
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ETS.RS commands format

Field Field size, byte Value

Prefix 1 0x31forquery,Ox3Eforresponse
Network address 1 0x00...0xFF
Operation code 1 0x06, 0x07

gt q @i O 8 Look command description

epends on operation code
Hash sum Calculated for each command field.
1 Initialization=0.

Polynomial: a"8+a”5+a™4+1.

CRC algorithm
To calculate CRC polynomial a*"8+a”5+a”™4+1 you can use the following algorithm (C language):

U8 CRCB8(U8 data, U8 crc)
{
U8i=data”crc;
crc =0;
if(i&0x01) crc~=0x5e;
if(i& 0x02) crc = 0xbc;
if(i&0x04) crc~=0x61,;
if(i& Ox08) crc *=0xc2;
if(i&0x10) crc*=0x9d;
if(i&0x20) crc"=0x23;
if(i&0x40) crc~=0x46;
if(i& Ox80) crc = 0x8c;
return crc;

U8 CRC8 (U8 b, U8 crc)
{
ugi=38;
do{
if ((b"crc) & 0x01){
crc = ( (crc ~ 0x18) >> 1) | 0x80;
} else {
crc>>=1;
}
b>>=1;
} while (--i);
return crc;

}

Manufacturer Distributor
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6.3.3 0x06 command (single data reading)

Function code Description
DATA_READ
0x06 (getcurrentdata, once)

Thiscommandisusedtoreadthe currentdata: Fisthe currentvalue oftheinstantaneous (not
averaged) frequency of measurement generator, tis the currenttemperature in Celsius or error code (see
Chapter 4), N is level (volume) value (see chapter 4).

Data is transferred with low byte forward.

Example - function code for Omnicomm - 0x06 (DATA_READ).

Query Response

Field (HEX) | Field (HEX)

Prefix 31 Prefix 3E

Network address| 00...FF | Network address| 00...FF

Operation code | 06 | Operation code 06

Hash sum 00...FF | t, °C -128...127
N 0000...FFFF
F 0000...FFFF
Hash sum 00...FF

6.3.4 0x07 command (periodic data output)

Function code Description
007 DATA_CONTIN
(enable continuous data output)

Command enables periodic output data .

Afterprocessing,the command sensorbeginsto produce periodicdataoutput: F,t, N (similartothe
answer to the 0x06 command), with atime interval specified when configuring the ETS.RS in ETSConfig software.
At a zero value of output interval data are not provided.

Disabling periodic data output is done after the receiving any valid command, reset, or after voltage is
switched off, if you configure the ETS.RS in ETSConfig software was not set to data auto-output.

Data is transferred with low byte forward.

Example - function code for Omnicomm - 0h07 (DATA_CONTIN).

Query Response

Field (HEX) | Field (HEX)

Prefix 31 Prefix 3E

Network address 00...FF | Network address 00...FF

Operation code 07 Operation code 07

Hash sum 00...FF | Command executed successfully 00
Command cannot be executed 01
Hash sum 00...FF

Manufacturer Distributor
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Periodic data output format:

Response

Field (HEX)
Prefix 3E
Network address| ~ 00...FF
Operation code 07
Temperature, °C| -128...127
Relative level 0000...FFFF
Frequency value| 0000...FFFF
Hash sum 00...FF

6.4 Modbus protocol description

ETS.RSisdesignedforuse with display devices and programmable controllers, which support connection
viaRS-232 (only one sensor onthe line), RS-485 (multiple sensors on the line + increase communication range)
and work under the MODBUS protocol (www.modbus.org).

6.4.1 MODBUS protocol supportedfunctions

Function code Description

Read Input Registers

(reading the register values from a certain address)
Write Single Register

(register value record)

0x04

0x06

6.4.2 Description of the registers used in ETS.RS.
Addressingin MODBUS occursthrougha16-bitregisters. Touse afloattype apair oftworegistersis

used.
Name Address Size/Mode Description
liter 0 (0x00) Float/ro Sensorreadings, L (if V specified -
sensor volume)
prosent L 2 (0x02) Float/ro Sensor readings % of the length
DOT _frequency 4 (0x04) Float/ro Internal generator frequency
DOT _frequency core | 6 (0x06) Float/ro Interna! generator frequency, not
normalized
DOT_period 8 (0x08) Float/ro Internal generator period
DOT _period_core 10 (Ox0A) Float/ro Interna_l generator period, not
normalized
Ut 12 (0x0C) Float/ro Temperature sensorvoltage
t 14 (OxOE) | signed short/ro | Head temperature
FI_termo 15 (OxOF) | unsigned short/ro -(r; r_nl[\)l((e)r)ature el A AL
unsigned L
type_appr 16 (0x10) Short/rw Approximation type
unsianed Sensor voltage differential — to
deltaU_pow 17 (Ox11) shogr]t/rw determinethe state ofthe engine
on /off, mV
. unsigned Engine condition:
EngineState 18 (0x12) short/rw 0 — stalled, not O — running
version_po 19 (0x13) | unsigned long/ro | Software version
Manufacturer Distributor
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Averaging type:

unsigned ;
type_average 21 (0x15) 0 - exponential,
short/rw 1 — movingaverage
Time 22 (0x16) :E(S)Irgt?r?/\? Moving average averaging time, sec
Alfa 23 (0x17) Float/rw Expo_n_entlal average alpha
coefficient
unsianed Omniconn protocol data auto-
fl_auto_send 25 (0x19) g output flag:
short/rw
0 — no output, 1 — output
period_auto 26 (Ox1A) unsigned Om_nlcc_)nn protocol data output
short/rw period in auto-output mode
omni_net_mode 27 (0x1B) unsigned Omnicomm networking operation
short/rw mode
Errorcode thatwillbe providedin
Omni_error 28 (0x1C) | unsigned short/ro| the Omnicomm protocol
temperature field
unsigned Maximum output valueof
AL 29 (D), short/rw Omnicomm protocol
N_point 30 (Ox1E) | unsigned short/ro| Approximation points number
dev_id 31 (0x1F) UTEEe Modbus address
short/rw
Boudrate 32 (0x20) | unsigned long/rw | Uart data transfer speed
error 34 (0x22) | unsigned short/ro| Error code
Password 35 (0x23) Zﬂiﬁ?ﬁl Password to change settings
F_min 36 (0x24) Float/rw Frequency of complete sensor
F_max 38 (0x26) Float/rw Frequency of an empty sensor
*U_pow 40 (0x28) | unsigned short/ro| Sensor voltage, mV
sime average win unsianed Moving average averaging time at
= ge_ 41 (0x29) g an adaptive filtering and stalled
dow_stop short/rw )
engine, sec
*deltaFout 42 (Ox2a) unsigned Frequency generation range at
short/rw frequency output
reserviD 43 (0x2b) :Ezlrgt?r?/\? Reserved for future use
fl_termo_correct 44 (0x2c) | unsigned short/ro ;Il'zgqperature compensation usage
polmom_tetrmo_correc 45 (0x2d) Float[5]/rw Temperature correction polynomial
polinom_t 55 (0x37) Float[4]/rw Temperature sensor polynomial

* Given registers are only available in firmware versions released after 22/11/2012.
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6.4.3 Data Format

Unsigned short (16 bit)

Number 0x1234 - 0x12 byte is sent first followed by 0x34.

Float inverse (32 bit)

Number0h12345678 - consists of two 16-bitregisters 0x1234 and 0x5678. The firstregister addresses
0x1234, the second 0x5678. Registers transfer is done is as unsigned short (see above).

Example - reading the sensor parameters.

Function code for MODBUS - 0x04 (READ_INPUT_REGISTERS).

Example - Reading tank filling per cent:

Query Response

Field (HEX) | Field (HEX)

Function code 04 Function code 04

Hi address 00 Number of bytes 02

Lo address 02 Hi O register 12

Hi registers quantity 00 Lo O register 34

Lo registers quantity 02 Hi 1 register 56
Lo 1 register 78

Example - record the sensor parameters
Function code for MODBUS - 0x06 (WRITE_SINGLE_REGISTER).
Example - recording of the dry sensor frequency (recording is made of two packets)

Packet No.1
Query Response
Field (HEX) | Mone (HEX)
Function code 06 | Field 06
Hi address 00 | Function code 00
Lo address 26 | Hiaddress 26
Hiregister value| 12 | Hiregistervalue| 12
Loregistervalue| 34 | Lo register value| 34
Packet No.2
Query Response
Field (HEX) | Field (HEX)
Function code 06 | Function code 06
Hi address 00 | Hiaddress 00
Lo address 27 | Lo address 27
Hiregister value, 56 | Hiregistervalue, 56
Loregistervalue| 78 | Loregister value| 78

6.5 Functional test
1. Connect ETS.RS toPC.
2. Determinethe amountoffueldopedintothe vehicletank.
3. InBridgeToolBox software click [Read all from the device].
4. The total volume that is displayed in the program window must match fuel volume doped in tanks.
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7 Maintenance
Product needs no maintenance.
Typical problems and troubleshooting

Error

Generator
frequencyisO
Code:-102;
154 (-3; 253)

Reading error
EEPROM
Code: -104;
152 (-5; 251)

Out of top
range
F> Fmax+10%
Code: -105;
151 (-6; 250)

Out of bottom
range F<Fmin-
10%
Code: -106;
150 (-7; 249)

Problem description
Description: generator stopped — sensor
doesn’t measure the level of fuel.
Character: bug is sporadic* (water circuit
when driving) or permanent (for mechanical
shorting) character. When troubleshooting
the causethesensorswitchestooperating
mode.

Reason: sensor tube

Sensing device is shorted - water in fuel,
manual shorted.

Description: Stitched sensor calibration
parameters got off.

Reason: Possible damage from static
electricity when gagging the sensor.

Description: Atlowfuellevel sensorfreezes
at zero, and then exposes error.
Character: Erroroccursonthe "dry" sensor.
By immersing the sensor in the fuel, after
passing the dead zone sensor is working
properly.

Reason: The sensor is not properly
calibrated. It may also be caused by damage
to the sensor electrodes.

Description: fuel level above the actual
sensor periodically exposes error.
Character: error occurs when immersed
sensor closetothe maximumleveloratany
level in the water circuit. If the error is
replaced by the error "The oscillator
frequencyis equalto 0", the reasonfor the
presence of water in the fuel.

Reason: The sensor is not properly
calibrated,; circuit element measuring water
or mud in the tank.

* Sporadic — from time to time

Manufacturer
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Troubleshooting
1. Dry sensor, drain water
from tank;
2. Remove the mechanical
short circuit. Test to
measure the resistance
betweenthe sensing device
tubes. Resistance value
shouldbegreaterthan460
kiloohms.

1. Perform ETS.RS
reconfiguration (see
Chapter 6). Turn off-turn on
the power.

2. Refer tothe
manufacturer.

1. Calibrate sensor. If the
problem persists please
contact the manufacturer.

1.Erroroccursatanylevel
and periodically error code
changes to -102; 154 (-3,
253) (The oscillator
frequency is equal to 0),
you must followthe
recommendationslistedfor
error code -102; 154 (-3,
253).

2.Erroroccursonthe same
level, it is necessary to
calibrate the sensor. If the
problem persists please
contact the manufacturer.

Distributor

www.metrotec.ee


http://www.ets-by.by/

Fuel level sensor ETS.RS ETS%

8 Marking
ETS.RS is manufactured in four versions. The information for the order is given below.
Trimming
Name Body d
egree
ETS.RSM Metal 50%
ETS.RSY Carbon fiber 50%

Each sensor has a marked code consisting of 10 characters applied with shock-point method:

Code example 3 3 L 3141|853 2
A character from code ordinal 1 5 3 456 718 9l 10
number
. Length Code
Symbol meaning ETS.RS type code type* Date
Always
Interpretation Interface 232 | 700 mm | «L» for 17:00 09.07.2012
ETS.RS

“Code type” — always “L” for ETS.RS

Sensor type
3 Interface 232
4 Interface 485

Length code
350 mm
500 mm
700 mm
1000 mm
1400 mm
265 mm
680 mm
730 mm
750 mm
Custom length

O N g P, WNE

"Date" - the date of ETS.RS manufacture, encoding - UNIX time, without the first and last two characters.

UNIX time
1 | Dateofmarking| 0 | 0

UNIX time can be deciphered here - http://www.onlineconversion.com/unix_time.htm
Example. ETS.RSwithcode421.3655169.

Explanation:

4 - ETS.RS interface 485;

2 - length 500 mm;
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L - code type;

3655169 - encrypted date:

» We have 3655169;

= Add 1 from front and two O at the end — 1365516900;

= On site http://www.onlineconversion.com/unix_time.htm in “Unix timestamp” field register the resulting
combination, click [Submit] - manufacture date willappear below-Tue,09 Apr201314:15:00 GMT.

Convert Unix timestamp to Readable Date/time
(based on seconds since standard epoch of 1/1/1870)

UNIX TimeStamp: | 1365516900
[ Submit ] [ Reset ]
Tue, 03 Apr 2013 14:15:00 GMT

Figure 30 - Date explanation
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9 Transportation and Storage
Transportation
Transportation if equipment in a package subject to the following conditions:
= Air temperature from -40 °C to +80 °C,;
= Relative humidity less than 95% at 40 °C;
= Transportation is allowed with all kinds of enclosed transport.

Storage

Device storage in the package is subject to the following conditions:
= Air temperature from -40 °C to +80 °C;

 Relative humidity less than 95% at 40 °C.
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