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TULC Combination Sensor

(Temperature - Ultrasonic - Level - Concentration)

Product Overview

Governments around the world are creating legislation to control and reduce the amount
of pollutants that can be released into the environment especially from the burning of
fossil fuels.

Starting in January 2010, Diesel Exhaust Fluid (DEF) tanks became standard equipment
for most new diesel trucks, buses, sport utility vehicles and automobiles in the U.S.
Tractors, bulldozers, and other non-road vehicles will follow to meet the new

EPA standards.

Running without DEF or with contaminated DEF, results in an engine exceeding the
permitted emission levels and the vehicle operator subject to fines. The DEF level in the tank is usually
monitored by a level sensor that interfaces with some form of On Board Diagnostics (OBD) system. The
OBD system usually supports warning actions (low DEF level light and de-rating of engine performance)
and emission limit enforcement actions (engine shutdown or blocking engine restart after shutdown).

SSI's Temperature Ultrasonic Level and Concentration Sensor (TULC) is an optimal choice for DEF tank
applications. Temperature indication is provided to allow the Dosing Control Unit (DCU) to thaw the

DEF tank in cold conditions. Level is provided as driver information and to allow the DCU to induce the
driver to add DEF. Concentration is provided to guarantee the liquid in the tank is the proper
concentration of DEF.

Basic Operation

The TULC sensor provides temperature, level, and
concentration measurements via the J1939 CAN bus. ~

The temperature measurement is performed using a Fluid Level
thermistor contained in the sensor housing located at the
bottom of the tank. The level measurement uses
ultrasonic technology to generate a high frequency sound
wave and measure the time for the echo to reflect off the

DEF’s surface and return. The distance from the liquid et
level sensor to the DEF is calculated based on the speed Ultrasonic

of sound in DEF. The measured distance is converted into g;:':y

a percentage of tank volume based on a strapping table senser I I
programmed inside the sensor.

Ultrasonic Level
Piezo Sensor

Copyright © 2019, SSI Technologies, LLC 1 Doc. TULC-AN — Rev.01  ssi-sensors.com



Basic Operation Continued

The concentration measurement is based on measuring the speed of sound in the liquid. The speed of
sound is measured by generating an ultrasonic signal and bouncing it off a fixed reference distance
Speed of Sound = Time divided by twice the distance.

As shown in the graph below, speed of sound can be used to identify both the concentration percentage
and common automotive fluids.
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TULC Sensor Advantages

Concentration sensor works with real world environmental factors such as aged urea, tank debris,
bubbles, moving fluid, etc.

» Concentration sensor detects diesel and indicates common automotive fluids as out of range.
» High accuracy level sensor to meet Euro IV OBD C consumption monitoring requirements.

» Sensor contains OBD checks of concentration sensor, level sensor, and temperature sensor.

» Sensor supports CAN bus datalink antitampering requirements CAL ID and CVN.

+ Redundant notification of a completely empty tank (both level and concentration sensor).

* Level measurement unaffected by fluid properties.

» Digital filtering eliminates errors in level reading due to DEF sloshing due to vehicle motion.

+ Tank Profiling: Factory programmable strapping tables for volumetric tank profiling.

Chemical Compatibility

Gasoline, Diesel Fuel, Motor Oil, Water, Ethanol, Hydraulic Fluid, Engine Coolant
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Concentration Sensor Specifications

Measurement Range
Operating Temperature
Sensing Resolution
Sensing Accuracy
Response Time
Concentration Output
Concentration FMI
Reagent Type

0% to 50% (DEF saturates above 50%)

-11 °C to 70 °C (works when in liquid state)
0.25%

+ 3% concentration percentage

Less than 30 seconds

J1939 PGN 64923 SPN 3516 (byte 2)
J1939 PGN 64923 SPN 3520 (byte 5)
J1939 PGN 64923 SPN 3521 (byte 6)

Level Sensor Specifications

Measurement Range
Operating Temperature
Angle Performance
Sensing Resolution
Sensing Accuracy
Response Time

Level Output

Level FMI

20 mm to 850 mm from sensor face at the bottom of the tank.

-11 °C to 85 °C (works when in liquid state)

+ 15 Degrees (Increased angle performance configurations available)
0.4% over full scale

+3 mm

Less than 240 seconds

% Tank Volume per J1939 PGN 65110 SPN 1761 (byte 1)

Fluid Level in mm per J1939 PGN 65110 SPN 3517 (byte 3)
J1939 PGN 65110 SPN 3532 (byte 5)

Temperature Sensor Specifications

Operating Temperature
Sensing Resolution
Sensing Accuracy
Response Time

Temperature Output

Temperature FMI

Other Specifications

Input Supply
Power Consumption

Wiring Harness

Input Supply Transients

Transients

EMI

Storage

Aged Urea Compatibility

-40°Cto 85 °C

1°C

+3°C

Less than 60 seconds

J1939 PGN 65110 SPN 3031 (byte 2)
J1939 PGN 64923 SPN 3515 (byte 1)

J1939 PGN 65110 SPN 4365 (byte 6)
J1939 PGN 64923 SPN 3519 (byte 4)

8-32 Volts Switched Power
70 mA nominal

Up to 1 meter pigtail per J1939-15
Deutsch DT04-4P Pin-Out:

Cavity 1 = green, CAN 1939 —
Cavity 2 = yellow, CAN 1939 +
Cavity 3 = black, ground

Cavity 4 = red, ignition

Reverse Battery -36 Volts

+ 600 Volt Transients

Load Dump 120 Volts, ESD 15 KV thru air
100 V/m

-50°Cto 95 °C

12 days in Aged Urea at 60 °C

Copyright © 2019, SSI Technologies, LLC

3 Doc. TULC-AN — Rev. 01 ssi-sensors.com



J1939 Interface

The TULC product is SAE J1939 compliant. It uses a fault tolerant TJA 1040 transceiver chip to interface
to the bus. The TULC does not include a bus terminating resistor. The data rate is 250 kbits/seconds.

The TULC uses source address 0xA3. The TULC product is re-programmable over the J1939 bus and
using proprietary PGNs to perform the programming.

CAN Database follows:

PGN

Name

Units

Scale Factor

Offset

Start Bit

Bit Length

Minimum

Maximum

OBD Sensor Failure Detected

No Echo Condition

18FD9BA3H

Concentration

%

0.25

0

8

8

0

63.75

Output set to OXFE (63.5 scaled)

Output set to OxFB (62.75 scaled). No echo conditions occur when the

sensor is dry (empty tank), covered with debris, or frozen.

PGN 18FD9BA3H
Name Concentration Failure Mode Indicator
Units Enumerated
Scale Factor 1
Offset 0
Start Bit 32
Bit Length 8
Minimum 0
Maximum 255
3 = OBD Sensing Element Failed Open.
Values 11 = OBD Internal Failure.
31 = Device Functioning Properly
PGN 18FD9BA3H
Name Temperature
Units Degrees C
Scale Factor 1
Offset -40
Start Bit 0
Bit Length 8
Minimum -40
Maximum 215

OBD Sensing Element Failed Open/Short

Output set to OxFE (214 scaled)
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PGN 18FD9BA3H

Name Temperature FMI

Units Enumerated

Scale Factor 1

Offset 0

Start Bit 24

Bit Length 8

Minimum 0

Maximum 255
3 = OBD Sensing Element failed open.

Values 4 = OBD Sensing Element failed shorted.
31 = Device Functioning Properly

PGN 18FD9BA3H

Name Reagent Type

Units Enumerated

Scale Factor 1

Offset 0

Start Bit 40

Bit Length 8

Minimum 0

Maximum 255
0 = Concentration is greater than 36%.
1 = Concentration is less than 29%.

Values 2= Di_esel .
3 = Mixture is between 29% and 36%.
13 = Fluid reading is out of range
14 = No readings available.

PGN 18FE56A3H

Name Level

Units %

Scale Factor 0.4

Offset 0

Start Bit 0

Bit Length 8

Minimum 0

Maximum 102

OBD Sensor Failure Detected

No Echo Condition

Output set to OxFE (101.6 scaled)

Output set to OxFB (100.4 scaled). No echo conditions occur when the

sensor is dry (empty tank), covered with debris, or Frozen.
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PGN

Name

Units

Scale Factor

Offset

Start Bit

Bit Length

Minimum

Maximum

OBD Sensor Failure Detected

No Echo Condition

18FES56A3H

Level 2

Mm

041

0

16

16

0

6425.5

Output set to OxFEQO (6502.4 scaled

Output set to 0xFBOO (6425.6 scaled). No echo conditions occur when the

sensor is dry (empty tank), covered with debris, or frozen.

PGN 18FE56A3H

Name Level FMI

Units Enumerated

Scale Factor 1

Offset 0

Start Bit 32

Bit Length 8

Minimum 0

Maximum 255
3 = OBD Sensing Element Failed Open.

Values 11 = OBD Internal Failure.
31 = Device Functioning Properly

PGN 18FE56A3H

Name Temperature

Units Degrees C

Scale Factor 1

Offset -40

Start Bit 8

Bit Length 8

Minimum -40

Maximum 215

OBD Sensing Element Failed Output set to OXFE (214 scaled)

PGN 18FE56A3H

Name Temperature FMI

Units Enumerated

Scale Factor 1

Offset 0

Start Bit 40

Bit Length 8

Minimum 0

Maximum 255

OBD Sensing Element Failed

3 = OBD Sensing Element failed open.

4 = OBD Sensing Element failed shorted.

31 = Device Functioning Properly
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Contact
SSI Technologies, LLC

3200 Palmer Drive, Janesville, WI 53546
ssi-sensors.com

1 (608) 757-2000

& Made In USA &£

SSI Technologies, LLC is an Amphenol Advanced Sensors company.

SSI Technologies, LLC

—an Amphenol Company —

Amphenol ‘

Advanced Sensors

Warranty

LIMITED WARRANTY: All SSI products are warranted against defective materials and workmanship for a period of one (1)
year from the date of delivery to the original purchaser. Any product that is found to be defective within the one year period will
be replaced at the discretion of SSI. THIS WARRANTY IS IN LIEU OF ALL OTHER WARRANTIES, EXPRESS OR IMPLIED,
OF MERCHANTABILITY, FITNESS FOR PARTICULAR PURPOSE, PERFORMANCE, OR OTHERWISE. SSI is not an ex-
pert in the customer's technical field and therefore does not warrant the suitability of its products for the applications selected
by the customer. SSI accepts no responsibility for misuse, misapplication or unauthorized modification of its products.

LIMITATION OF LIABILITY: SSI's obligation under this limited warranty is strictly and exclusively limited to the repair or
replacement free of charge of such articles as are found to be defective in material or workmanship on the condition that the
purchaser gives prompt written notice to SSI of any claim to breach of warranty within the warranty period, and, if

requested, returns the defective articles to SSI. SSI will not assume any expenses or liability for repairs made to its articles
outside of its plant, without its prior written consent. SSI reserves the right to satisfy its warranty obligation in full, with respect
to defective articles, by the payment to the purchaser of all sums paid by the purchaser to SSI for such articles. IN NO
EVENT SHALL SSI BE LIABLE FOR CLAIMS (BASED UPON BREACH OF EXPRESS OR IMPLIED WARRANTY, NEG-
LIGENCE OR OTHERWISE) FOR ANY DAMAGES, WHETHER DIRECT, IMMEDIATE, INCIDENTAL, FORESEEABLE,
CONSEQUENTIAL, OR SPECIAL.

Terms & Conditions

Please visit [https://www.ssi-sensors.com/contact/supplier-portal] for information regarding the SSI Technologies, LLC Terms &
Conditions.

Note: Specs are subject to change without notice.

Copyright © 2019, SSI Technologies, LLC 7 Doc. TULC-AN — Rev.01 — 06/01/2019



