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1 Overview
This document specifies Technion Control Unit (TEC172) electrical and mechanical details and
gives brief functional overview of the controller. The Control Unit user manual describes module
usage more thoroughly and it is separate document.
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2 Abbreviations and terminology

CAN Controller Area Network

TBD To Be Defined

CLAMP-15, cl15 Automotive power rail which is supplied when ignition
switch is closed

CLAMP-30, cI30 Automotive power rail that has permanent power supply
regardless of ignition switch state.

Al Analog input

DI Digital input

DO Digital output

FI Frequency input

PWM Pulse width modulation. In this document this refers to
digital output with pulse width modulation capability.

EMC Electromagnetic compatibility

I/0 Input / Output

SW Software

System SW Software preprogrammed to device by Technion Oy

Application SW Software customized by/for customer —i.e. CODESYS
IEC-61131 program

Wetting current Minimum current flow through switch to break any oxida-
tion on the switch contacts
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3 General

3.1

TEC172 is a general purpose controller for mobile vehicles. Mobile vehicles consist of but not lim-
ited to following utility, forest, construction, mining, load and container handling machinery.
TECL172 is intended to be a part of the control system in vehicle. The control unit will control
valves and other actuator, read different kind of sensors and communicate with other control units
forming a complete control system. The TEC172 is intended for mounting directly to vehicle body
or inside the cabin.

Functionality of application is developed by CODESYS V3 freely by customer. Technion offers
supportive libraries for 1/O mapping and field communication interfaces.

Limited Responsibility

The Manufacturer shall under no circumstances have responsibility of any direct or indirect conse-
guences, that might occur when using the product. The machine builder or system integrator alone
is responsible for making the final selection of the system and its components and assuring that all
performance, safety and warning requirements of the application are met. In case claims based on
product liability are brought against the Manufacturer for which claims the manufacturer may be li-
able, the manufacturer’s liability is limited to the extent normally covered under normal product li-
ability insurances.
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4 Product data

4.1 Mechanics

Material: Aluminum casing,

Protection Class: IP67

Weight: 1.86 kg

Dimensions: 253 mm x 203 mm x 49 mm (W x L x H)
Mounting: 5 holes at module corners for M8 bolts.
Connectors: Straight mount, located at top side of the casing

Mechanical drawing is presented in Chapter 9.

4.2 Electrical connection

Module has six connectors. Connector types and usage is presented in Table 1. Connector orienta-
tion and location is presented in mechanical drawing (see Chapter 9).

Table 1- TEC172 connectors

Ref|Module connector Contact |Mating connector Usage
plating
A |AMPSEAL 776230-5 BLUE |Tin AMPSEAL 776164-5 BLUE Analog inputs, digital inputs
B |[AMPSEAL 776230-4 GRAY|Tin AMPSEAL 776164-4 GRAY Frequency inputs, CANSs,
RS232, RS485
C |AMPSEAL 1-776261-1 Gold AMPSEAL 776273-1 BLACK Power input, CAN
BLACK
D |AMPSEAL 776230-2 Tin AMPSEAL 776164-2 WHITE Outputs, digital inputs
WHITE
E |[AMPSEAL 776230-1 Tin AMPSEAL 776164-1 BLACK Outputs
BLACK
F |M-12, D-coded Gold Ethernet
G [M-12, D-coded Gold Ethernet

Maximum current for single connector pin is MAX 8 A (for connectors A, B, D & E) and MAX 10
A (for connector C).

Note: Mating of tin coated contacts to gold coated contacts is not recommended. Tin-to-gold con-
tacts are susceptible to fretting corrosion related failures. Lubrication of contacts improves reliabil-
ity and prevents fretting corrosion for both tin-to-tin and gold-to-gold contacts. See references [1] —
[2] for more details.

4.3 Marking

Product is marked with type label. Type label contains following information: Technion part num-
ber, serial number and production date.
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4.4  Order options
TEC172 product family has several product variants. This documents covers following products.

Table 2 - TEC172 order codes covered by this manual

Order code | Description

TEC172-001 | VR sensor option

TEC172-002 | VR sensor and Ethernet option
TEC172-003 | Ethernet option

TEC172-004 | Standard version, no additional options

") 2 pes of Ethernet ports with internal switch
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5.1 System block diagram
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CAN 4 | — \
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E
[

Figure 1 - TEC172 1/O block diagram
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System properties
TEC172 has following system properties.
Memory Size
CPU type MPC5674F
CPU architecture €200z7 Power
Architecture
CPU performance 600 DMIPS

521

TEC172 memory resources are presented below.

Memory resources Size
RAM (total) 1.25 MiB
RAM (application) 0.75 MiB
Program Flash (total) 4 MiB
Program Flash (application) 2 MiB
Data Flash (total) 16 MiB
Data Flash (application) 9.5 MiB
Retain data memory 3.5KiB

CODESYS (IEC-61131) application is executed and located in “program flash (application)”
memory. Data flash can be used to store for example application parameters and/or failure / diag-
nostics log. Retain data memory is a fast non-volatile memory. Data in retain data memory remain
unaltered on power failure (unintended VBAT _cl30 power loss).

Retain data memory parameters:

Item Min | Nom | Max | Unit | Notes

Endurance 25 years

Data refresh time 10 ms data is refreshed automatically

Data retention 10 years | TEC172 power-OFF time shall not exceed

data retention time, otherwise data may be
corrupted. During power-ON data is auto-
matically refreshed

Module start-up time

Parameter Time (min) | Time (nom) | Time (max)
Start-up time from power-up to applica- 400 ms
tion software start*

Internal system monitoring

TEC172 has external hardware watch-dog that monitors system software execution. External
watch-dog time out period is maximum 750 ms. If watchdog is activated (maximum kick time is
exceeded) all outputs are switched OFF (OFF is expected to be output safe state). System software
is restarted automatically and SW failure information is forwarded to application software. Appli-
cation software execution can be monitored using CODESYSS task watch-dog. Application software
programmer may decide if automatic application restart is accepted or not.

Controller monitors internal temperature. If internal temperature exceeds safe range all outputs are
put to safe state (OFF) and program execution is halted. Internal temperature is readable in applica-
tion SW. Controller will send critical warning to application before automatic output turn-off.

! Application software is located and executed from flash memory (simple application toggling digital output,
system software v3.7.0.9).
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Iltem Min | Nom | Max | Unit | Notes

Internal temperature -45 130 | °C

measurement range

Accuracy +5 °C

Technion Oy
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5.3 Power supply
TEC172 module can operate either in 12V or 24V electrical system.

Item Min | Nom | Max | Unit | Notes
Supply voltage Us | 9 24 32 V
Overvoltage 1 36 \% Controller operates normally during over-

voltage (32 V — 36 V). Maximum overvolt-
age 1 duration that module withstands is 60
minutes. °

Overvoltage 2 48 \% Controller does not operate during over-
voltage 2 (36 V — 48 V). If overvoltage 2 is
exceeded module will be damaged.

Reverse voltage -28
Under voltage detection 8
Under voltage shutdown 5.4
VBAT15 threshold volt- 8 9
age
VBAT1s input pull-down 3.3 kQ
resistance
Supply current: mod- 0.3 A @ 28V, sensor supply output not included
ule/logic (VBATCI30) current

Standby Supply current: 2.6 mA | VBATw15< 2V, VBATcI30 = 24 V, VBATpo
module (VBATCcl3o + = 24 V, module is turned to OFF state
VBATDo)
Supply current: outputs 30 A
(VBATho)

Automatic shutdown after 60 seconds

< <<

Controller has under and over voltage monitor. During VBAT 3, under voltage all outputs are
switched off (i.e. safe state) and user application is shut down; during VBATpo under voltage all
outputs are switched off, but the user application remains active and output control can be restored
if supply voltage reaches minimum value. Exceeding Overvoltage 1 maximum value causes imme-
diate shutdown of the module. If Overvoltage 2 maximum value is exceeded module will be dam-
aged permanently.

Module monitors VBAT o total current. If maximum current is exceeded all outputs are switched
OFF and power off-on cycle is required for returning to normal operation.

Power supply fault events are reported for user application.

5.3.1 Power supply input

Supply voltage must be within the module operating range. Module has two separate power inputs
and one control input. Separate power inputs are for module logic (VBATc ) and outputs
(VBATpo) power. VBAT 3 supplies power to internal logic circuitry and input functions (includ-
ing power supply for the sensors). VBATpo power supply provides power for high-side outputs
(DOy), DC-motor (HBy) and Sauer-Danfoss valve control (HBspy) outputs. Module power is con-
trolled using one dedicated control signal VBAT ;5. Module is started after VBAT 5 is activated.
Power-off is controlled either from software or VBAT ;5 signal. VBAT ;5 signal can be used e.g.
to implement delayed power-off functionality.

TEC172 power inputs VBAT 3 and VBAT o Voltage can be measured in application software.

2 Some 1/0 functions do not tolerate overvoltage during short circuit to battery conditions. See detailed 1/0
specifications.
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TEC
Input voltage measurement
E-STOP / o ‘I" |
supply voltage measurement
MAIN SWITCH VBATo0 MAIN o
— FUSE SWITCH Total current to ouputs
Szl
Battery ~ G L] VBAT_DO DOy, Outputs
y y DC-motor
+ ~ HBspy
-
RESET-
— SW: DO SUPPLY DISABLE  ———
> Al
VBAT 30 MAIN Input voltage measurement
SWITCH
FUSE
([ VEAT30 | —
| | VBAT_cI30 T
A
SW: LOGIC POWER KEEP-ALIVE
FUSE
Ignition key, cl15 L~ __{ VBAT cl15
system star-
grounding point 932V 932V
—— DI
‘ | VBAT5 input state
i detection ('0'/'1") Logic power Sensor power
supplies supplies

EMI Notice

Module enclosure can be
connected to vehicle chassis, if
needed.

Figure 2 — VBAT power input topology

Table 3 — VBAT input diagnostics

Item Min | Nom Max | Unit | Notes

VBATcL30 & VBATDRo 0 48 \Y;

voltage measurement

range

Measurement accuracy +1 %FS

% FS

Accuracy, typical 0.7+0.2 % + (% of reading + % FS)

Table 4 - Functional specification

Item Value Notes
VBAT30 main Power supply for logic and sensor supplies are
switch control supplied through internal “main switch”. Logic

operation is started when VBAT 15 is powered.
Module is powered-down after both VBAT 15 is
switched off and software control signal ( logic
power keep-alive) is negated.
VBATpo main Digital output (DOy) outputs are supplied
switch control through single VBATpo main switch. Main
switch is enabled when:
1) Controller logic power supplies are
stable (reset = ‘1")
AND
2) Application SW asserts main switch
control signal (do_supply_disable =

0)
VBATpo main Main switch is reverse protected (i.e. short
switch reverse circuit to battery on DOy cannot supply power

current protection | to VBATpo pin (=vehicle battery / cl30)
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Table 5 - Power input signals

Technion Control Unit TEC172 14(69)
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Signal Type | Description

VBATIz0 PWR | Power supply input for module logic functions
and sensors

VBATpo PWR | Power supply input for outputs (DOw, HBspv
and HBwm )

VBATcs IN Control input for module power supply

GND - Ground for logic and output power supply

Technion Oy
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All 1/0O functions (every connector pin) have short circuit protection against system supply voltage

(max 32V) and GND short circuit.

Sensor ground pins (GND4, and GNDg,) are able to break maximum 10 A external fuse during

short circuit to battery.

6.1 I/OList

TEC172 controller has versatile set of I/O types. Different 1/O types/functions are presented in Ta-
ble 6. Detailed description of the 1/0 types is provided in Chapters 6.2 and 6.3. TEC172 I/O pins
can be configured to several 1/0 functions. I/O configuration is presented in Table 7. Configuration
is mainly selected in SW. For some configurations there is separate HW version (i.e. order option

e.g. FlyR) (see ch. 4.4).

Table 6 - TEC172 1/O types

1/10 Type

Abbreviation

Digital input PNP (high active) Dly
Digital input PNP/NPN (high or low active) Dl
Digital output high-side, PWM or ON/OFF 2,5 A | DOw2as
Digital output high-side, PWM or ON/OFF 5 A DOwsa
Digital output/input return signal (GND) GNDpopi

Current measurement input for DOy (current
control operation mode) 1A / 2A range

DOL_reT1a2A

Digital output low-side ON/OFF DO,
Half-Bridge output for DC-motor HBw
Half-Bridge output for Sauer-Danfoss valve HBspv
control (PVE actuator)

Analog input - voltage measurement 0-5V Alsy
Analog input - voltage measurement 0-10V Al1gy
Analog input - current measurement 4-20mA Alzoma
Analog input — resistance measurement (inter- Al1ska
nal 1k5 pull-up)

Analog input — sensor ground GNDa
Voltage reference output5V/10V VREFsv/10v
Sensor power supply output 12 V VOUT1ov
Sensor power supply ground GNDvout
Frequency / pulse input high active Fly
Frequency / pulse input — variable reluctance Flvr+
sensor Flyr-
Analogue output 5V AOsy
Controller address input MODapbr
RS-232 RS-232
RS-485 RS-485
CAN CAN
ETHERNET ETH

Note 1: Each input/output can have several subtypes. Subtype number is shown after I/O-type e.g. DI,y (i.e. Digital in-

put, high-active, type 1)

Note 2: Half-bridge motor output is used for DC-motor drive. Two half-bridge outputs are always needed to drive one

DC-motor.
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Table 7 - TEC172-001 and TEC172-002 1/O configuration
TEC172-001/ TEC172-002

1/0 Group Pcs |I/O Types Notes
HIGH SIDE DIGITAL OUTPUTS 10 | DOmh2as.1 Digital output 2,5A, high side, PWM
(Configurable output #1) DOm2as.1 Digital output 2,5A, high side, PWM
(24 pcs) 4 HBwm.1 Half bridge for DC-motor drive
6 | DOpias 2" Digital output 2,5A, high side, PWM
4 DOhzas.2" Digital output 2,5A, high side, PWM
HBspv.1 Sauer-Danfoss valve control (PVE)
LOW SIDE DIGITAL OUTPUTS / DOL1 Digital output 1 A, low side
PWM CURRENT CONTROL INPUTS 14 | DOy _retiaza1 | Current measurement input (CC PWM with
(Configurable output #2) DOw2ns)
HIGH SIDE DIGITAL OUTPUTS g | DOnsa1 Digital output 5A, high side, PWM
(Configurable output #3)
HIGH PRECISION INPUTS Alsy.1 Analog input 0-5 V
(Configurable input #4) Aliov1 Analog input 0-10 V
(10 pes) 4 | Alyomaz Analog input 0-20 mA
Al1ksa.1 Analog input resistance
Dln.a Digital input (PNP / active high)
Alsyva Analog input 0-5 V
6 Alov.a Analog input 0-10 V
Al2oma1 Analog input 0-20 mA
Dlya Digital input (PNP / active high
GND (for Al sensors) 10 |GNDg
REFERENCE OUTPUTS 4 VREFsy 1 Voltage reference output 5 V
(Configurable output #5) VREFiov.1 Voltage reference output 10 V
SENSOR SUPPLY VOLTAGE 4 VOUT12v.1 Sensor supply voltage 12 V
(Configurable output #6)
GND (for sensor supply voltage) GNDvout
PULSE INPUTS Flh.1 Pulse input (active high)
(Configurable input #7) 6 |Dlus Digital input (PNP / active high)
(10 pes) Aliov s Analog input 0-10 V
Flvr+ Variable reluctance sensor pulse input
Flyg-
GND (for FI sensors) 4 | GNDg
GENERAL PURPOSE INPUT 12 Dln.2 Digital input (PNP / active high)
(Configurable input #8) Aliov.2 Analog input 0-10 V
(16 pcs) 4 |Dlhz Digital input (PNP/NPN)
Aliov.2 Analog input 0-10 V
GND (for in-puts/outputs) 11 | GNDpoi
Analog output 1 [AOsva Analog output0 =5V
GND (for analog output) 1 |GNDao
Controller Address 1 |MOD_ADDR |Module address input
Module power supply 1 |VBATus Power supply control signal
1 |VBATus30 Power supply for module logic and inputs
1 |VBATour Power supply for outputs (DO & PWM)
GND VBAT ground
CAN 4 |CAN
RS-232 1 |RS232
RS-485 1 |RS485
ETHERNETY 2 |ETH Internal 3-port switch (i.e. 2 external ports)

Y Limited open load detection capability
2 TEC172-002 variant only

Technion Oy

MAY CHANGE WITHOUT PRIOR NOTICE

16(69)




TECHNION
esatase 22°

BEHIRL0E @
>0

[ 1]
e
>0

»

Technion Control Unit TEC172

17(69)

Technical Manual V 1.4

29.1.2015

Table 8 - TEC172-003 and TEC172-004 1/O configuration
TEC172-003 / TEC172-004

Y Limited open load detection capability

1/0 Group Pcs |I/O Types Notes
HIGH SIDE DIGITAL OUTPUTS 10 | DOmzas.1 Digital output 2,5A, high side, PWM
(Configurable output #1) 4 DOm2as.1 Digital output 2,5A, high side, PWM
(24 pcs) HBwm.1 Half bridge for DC-motor drive
6 | DOpias 2" Digital output 2,5A, high side, PWM
4 DOhzas.2" Digital output 2,5A, high side, PWM
HBspv.1 Sauer-Danfoss valve control (PVE)
LOW SIDE DIGITAL OUTPUTS/ DOL1 Digital output 1 A, low side
PWM CURRENT CONTROL INPUTS 14 | DOy _retiara1 | Current measurement input (CC PWM with
(Configurable output #2) DOw2ns)
HIGH SIDE DIGITAL OUTPUTS g | DOnsa1 Digital output 5A, high side, PWM
(Configurable output #3)
HIGH PRECISION INPUTS Alsy.1 Analog input 0-5 V
(Configurable input #4) Aliova Analog input 0-10 V
(10 pes) 4 | Alyomaz Analog input 0-20 mA
Al1ksa.1 Analog input resistance
Dln.a Digital input (PNP / active high)
Alsyva Analog input 0-5 V
6 Alov.a Analog input 0-10 V
Alzoma1 Analog input 0-20 mA
Dlya Digital input (PNP / active high
GND (for Al sensors) 10 |GNDg
REFERENCE OUTPUTS 4 VREFsy 1 Voltage reference output 5 V
(Configurable output #5) VREFiov.1 Voltage reference output 10 V
SENSOR SUPPLY VOLTAGE 4 VOUT12v.1 Sensor supply voltage 12 V
(Configurable output #6)
GND (for sensor supply voltage) GNDvout
PULSE INPUTS Flh.1 Pulse input (active high)
(Configurable input #7) 10 |Dlus Digital input (PNP / active high)
(10 pes) Aliov s Analog input 0-10 V
GND (for FI sensors) 8 | GNDg
GENERAL PURPOSE INPUT 12 Dly2 Digital input (PNP / active high)
(Configurable input #8) Aligy.2 Analog input 0-10 V
(16 pcs) 4 |Dlhz Digital input (PNP/NPN)
Aliov.2 Analog input 0-10 V
GND (for in-puts/outputs) 11 | GNDpopi
Analog output 1 |AOsyv1 Analog output0 -5V
GND (for analog output) 1 |GNDao
Controller Address 1 |MOD_ADDR |Module address input
Module power supply 1 |VBATus Power supply control signal
1 |VBATu30 Power supply for module logic and inputs
1 |VBATour Power supply for outputs (DO & PWM)
GND VBAT ground
CAN 4 |CAN
RS-232 1 |RS232
RS-485 1 |RS485
ETHERNETY 2 |ETH Internal 3-port switch (i.e. 2 external ports)

2 TEC172-003 variant only
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6.2 1/O definition

Technion Control Unit TEC172 18(69)

Technical Manual V 1.4
29.1.2015

Every configurable 1/0O type has its own specification. Each specification part is divided to two

parts:
1) electrical specification and
2) functional specification

I/0 functions presented in following chapters have several protection and diagnostics functions to
detect failures either in module, wiring or sensor/actuator. Failure mode diagnostic capability de-
pends on /O type. Failure types are presented in table below.

Table 9 - I/O protection features

Failure Abbreviation
Open load oL

Short circuit to ground SC_G

Short circuit to battery SC B

Over Current oC

Each 10-type is named according to Figure 3. TEC172 has several 10 types that have same func-
tionality and subtype but different electrical specification. Extra care has to be taken on electrical
specification when selecting 10-type / pin for application.

Al 1ov .1
10 functionality j

10 subtype

Electrical specification —

—

Figure 3 - 1O-type naming
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6.2.1

Technion Control Unit TEC172
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Input, PNP, [Dly11 / DIz / Dlyy3]

Active high i.e PNP digital input is used interface sensors / switches connected to battery voltage or
TEC172 power supply outputs. For example following sensors can be connected to this input:
e Mechanical on/off switches

e Semiconductor switches

¢ Inductive proximity sensors

Switch
TEC
Sensor e.g. BAT+
Inductive promixity switch ‘
PWR L( j
‘ T Threshold detector
(s
—<
PWR could be e.g.
-VOUT,y
- VREFSV/IOV
- BAT+
Figure 4- DIy usage
Table 10 - Electrical specification DI, ,
Item | Min | Nom [ Max [ Unit [ Description | ID
Type DIy, Digital input PNP, Active high, sw controlled threshold levels
Voltage range Uin 0 32 V
Over voltage 36 V
Threshold low Ujow 1 3 5 Vv Software controlled
Threshold high Unhigh | 2 7 9 \Y Software controlled
Threshold accuracy Uacc 0.3 V
Threshold adjustment 0.1 \%
resolution
Hysteresis Unyst depends on threshold level MIN Uhnyst = Unigh = Uiow - 2 * Uacc
Cutoff frequency f3d8 50 Hz HW filter
Wetting current lw 9.5 mA at28V
Pull-down resistance | Rpp 3 kQ Un<10V
Input capacitance 4.7 nF
Protection SC G,SC B
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Table 11 - Electrical specification DI} ;
Item | Min | Nom [ Max [ Unit [ Description | ID
Type Dly.1 Digital input PNP, Active high, sw controlled threshold levels, high input im-
pedance
Voltage range Uin 0 32 V
Over voltage 36 V
Threshold low Ulow 1 3 5 V Software controlled
Threshold high Uhigh 2 7 9 Vv Software controlled
Threshold accuracy Uacc 0.3 V
Threshold adjustment 0.1 \%
resolution
Hysteresis Unyst | depends on threshold level MIN Unyst = Unigh = Uiow = 2 * Uace
Cutoff frequency f.3d8 1.6 kHz HW filter
Wetting current lw 1 mA at28Vv
Pull-down resistance | Rep 50 kQ Uns10V
Input capacitance 4.7 nF
Protection SC _G,SC B
Table 12 - Electrical specification DIy 3
Item | Min | Nom [ Max [ Unit [ Description | ID
Type Dln.s Digital input PNP, Active high, sw controlled threshold levels, high input im-
pedance
Voltage range Uin 0 32 Vv
Over voltage 36 Vv
Threshold low Uiow 1 3 5 V Software controlled
Threshold high Uhigh 2 7 9 V Software controlled
Threshold accuracy Uacc 0.3 V
Threshold adjustment 0.1 \%
resolution
Hysteresis Uhyst depends on threshold level MIN Unyst = Unigh - Uiow - 2 * Uacc
Cutoff frequency f.3d8 50 Hz HW filter
Wetting current lw 25 mA at28 VvV
(@28V)
Pull-down resistance | Rep 11 kQ Un<10V
Input capacitance 4.7 nF
Protection SC G,SC B
Table 13 - Functional specification
Iltem Value Notes

Input refresh rate 100Hz

Digital filter cutoff | 40Hz
frequency f.a4s

Digital filter implemented
in system software

Digital filter stop- Typical 20dB at f > 100Hz
band attenuation

Table 14 - DI signals

Signal Dir Description
Dly In Active high digital input
GNDpopi Reference ground for DO/DI
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6.2.2 Input, PNP/NPN, [Dly, ]
SW configurable active high or low (i.e PNP/NPN) digital input is used for interface sensors /
switches connected to battery voltage.
e Mechanical on/off switches
e Semiconductor switches
¢ Inductive proximity sensors

Switch | Sensor. €.g. . . . Switch TEC
! Inductive promixity switch ! VBAT cI30
3 3 BAT+ A
i PWR i j
—C | i | Dly | Sotmn —
} } Threshold detector
| | 5
G | | 3
| | = e,
| |
i PWR could be e.g. i )
! -VOUTyyy ! -
i - VREFSV/lUV i
‘ - BAT+ ‘
Figure 5- DIy usage
Table 15 - Electrical specification
Item | Min | Nom [ Max [ Unit | Description | ID
Type Dlnw2 Digital input PNP/NPN, Active high, sw controlled threshold levels
Voltage range Uin 0 32 V
Over voltage 36 V
Threshold low Uiow 1 3 5 \Y Software controlled
Threshold high Unhigh | 2 7 9 \Y Software controlled
Threshold accuracy Uacc 0.3 V
Threshold adjustment 0.1 \%
resolution
Hysteresis Uhyst V MIN Uhigh - Uiow - 2 * Uace
Cutoff frequency f3d8 50 Hz
(HW)
Wetting current lw 9.5 mA at28 Vv
(@28V)
Pull-down resistance | Rep 3 kQ SW controlled (PNP)
Pull-up resistance Rpy 3.3 kQ SW controlled (NPN)
Input capacitance 4.7 nF
Protection SC G,SC B
Table 16 - Functional specification
Item Value Notes
Input refresh rate 100Hz
Digital filter cutoff | 40Hz Digital filter implemented
frequency f.a4s in system software
Digital filter stop- Typical 20dB at f > 100Hz
band attenuation
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Table 17 - DI signals

Technion Control Unit TEC172 22(69)
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29.1.2015

Signal Dir Description
Dl In Active high/low digital input
GNDpoypi Reference ground for DO/DI
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6.2.3 Input, Frequency / Pulse input [Fl, 4]

Configurable frequency input can be used to interface e.g following sensors:
Incremental encoder (quadrature signals, push-pull or PNP output)
Incremental encoder (direction and increment signals, push-pull or PNP output)
Incremental encoder with index/reference signal (push-pull or PNP output)
Inductive/HALL sensors (frequency / pulse counter, push-pull or PNP output)

Incremental encoder
(quadrature output)

Speed / pulse

Sensor +2V
sensor VOUT:ay diagnostics

4<—— Fly

PWR

Fly

Figure 6- Fl usage

Table 18 - Fly, Electrical specification

Parameter [ Min | Nom [ Max [ Unit [ Description | ID

Type Flh1 Frequency/pulse input

Input frequency range 1 25000 | Hz Rising edge frequency at
one channel

Input voltage range 0 32 V

Over voltage 36 V

Threshold low 2 Vv

Threshold high 4 V

Hysteresis 0.2 0.5 Vv

Cutoff frequency (HW) f.3d8 25 kHz HW filter

Input resistance 11 kQ

Input capacitance 4.7 nF

Protection SC B,SC G
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Table 19 - Functional specification

Counter event frequency can be four times the
single channel input signal frequency, i.e. coun-
ter value can change 40 000 times per second
when individual encoder inputs receive 10 kHz
signal.

Pins used as encoder inputs must be a se-
quential pair; e.g. FI6y and FI74

Item Value Notes
Incremental en- High resolution mode is supported (i.e. all edg-
coder mode es of the quadrature signal are evaluated).

Pulse counter
mode

Rising, falling or both edges can be counted
(application specific configurability).

Counter event frequency can be two times the
input frequency (if both edges are counted).

Frequency meas-
urement mode

Resolution of frequency values: 1 Hz.

Frequency evaluation interval: Maximum 1
second (software configurable).

Polling interface: The last evaluated frequency
value is given.

Period or pulse
length measure-
ment mode

Measurement is configurable for rising or falling
edge (pulse period measurement) or for either
pulse high time or low time (pulse length meas-
urement).

Resolution: 1 microsecond.

Polling interface: The last evaluated frequency
value is given.

Input capture
mode

Input events (rising, falling or either edge) are
time stamped.

Resolution of timestamps: 1 microsecond.

Polling interface: The last captured timestamp
value is given.

Digital input mode

State of frequency input pin is readable while in
pulse counter / measurement modes.

Table 20 — Frequency input interface signals

Signal Dir Description
Fly In Configurable frequency input
GNDg In Fl reference grounds
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6.2.4

Technion Control Unit TEC172
Technical Manual V 1.4
29.1.2015

Input, Frequency / Pulse input for variable reluctance sensors [Flygr ]

This input is dedicated for variable reluctance type sensor (VR). TEC172 VR sensor interface has
electrically differential input to minimize interference from electrical system disturbances. Also the
input filter is effective below intended maximum input frequency to maximize immunity to noise.
This is possible because input signal amplitude is proportional to input frequency. Input can be
used as pulse/frequency counter or incremental (quadrature) encoder input.

25(69)

Variable reluctance speed/ TEC
position sensor
4(‘ Flyg+
S L
@ I I
Figure 7- Flyg usage
Table 21 - Flyg Electrical specification
Parameter [ Min [ Nom [ Max [ Unit [ Description [ ID
Type Flvr+ Frequency / Pulse input for Variable Reluctance-Sensor
Input frequency range 1 25000 | Hz
Input voltage range -90 90 V
Over voltage 920 Vv
Minimum threshold 50 mV
voltage
Cutoff frequency (HW) f.3d8 8 kHz HW filter
f-G.SdB 15 kHz
f.10.308 25 kHz
Input resistance 15 kQ
Input capacitance 4.7 nF
Protection SC B,SC G
Table 22 - Functional specification
Item Value Notes
Pulse input filter 1 us (pulses shorter than filter length are ig-
length nored)
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Counter event frequency can be four times the
single channel input signal frequency, i.e. coun-
ter value can change 40 000 times per second
when individual encoder inputs receive 10 kHz
signal.

Pins used as encoder inputs must be a se-
quential pair; e.g. Fllygr and FI2yr

Iltem Value Notes
Incremental en- High resolution is supported (i.e. all edges of
coder mode the quadrature signal are evaluated).

Pulse counter
mode

Rising, falling or both edges can be counted
(application specific configurability).

Counter event frequency can be two times the
input frequency (if both edges are counted).

Frequency meas-
urement mode

Resolution of frequency values: 1Hz.

Frequency evaluation interval: Maximum 1
second (software configurable).

Impact of high frequency on CPU load is negli-
gible.

Polling interface: The last evaluated frequency
value is given.

Period or pulse
length measure-
ment mode

Measurement is configurable for rising or falling
edge (pulse period measurement) or for either
pulse high time or low time (pulse length meas-
urement).

Resolution: 1 microsecond.

Impact of high frequency on CPU load is negli-
gible.

Polling interface: The last evaluated frequency
value is given.

Input capture
mode

Input events (rising, falling or either edge) are
time stamped.

Resolution of timestamps: 1 microsecond.

Polling interface: The last captured timestamp
value is given.

Table 23 — Frequency input interface signals

Signal Dir Description
Flyr+ In Differential sensor input+
Flyr- In Differential sensor input-

Twisted-pair cable shall be used.

Input, Controller address [MODappr]

Controller address input is used to configure module ID-number / address in control system. ID-
number can be used in application SW to identify each controller’s intended functionality. Address-
ing supports 32 individual addresses. Resistor between two address pins defines the module ad-
dress. Address resistor should be connected to mating AMPSEAL connector using short wires (<

0,1 m).
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Module address pin configuration other than presented in Table 25 returns error code. If module
address pins are shorted together module start-up time is increased by 1 second.

Table 24 - MODppr Electrical specification

Parameter Min | Nom | Max | Unit Description ID
Address configu- 0.22 82 kQ Value is selected from E12-series.

ration resistor

Address resistor 1 %

tolerance

Address resistor 100 | ppm/K

temperature drift

Address resistor 125 mw

power rating

Table 25 — Module address / resistor coding

Module address

Resistor value

1 220 Q
2 270 Q
3 330 Q
4 390 Q
5 470 Q
6 560 Q
7 680 Q
8 820 Q
9 1kQ
10 1,2kQ
11 1,5kQ
12 1,8 kQ
13 2,2kQ
14 2,7kQ
15 3,3kQ
16 3,9 kQ
17 4,7 kQ
18 5,6 kQ
19 6,8 kQ
20 8,2 kQ
21 10 kQ
22 12 kQ
23 15 kQ
24 18 kQ
25 22 kQ
26 27 kQ
27 33kQ
28 39 kQ
29 47 kQ
30 56 kQ
31 68 kQ
32 82 kQ
No address open
(MODappr pins not connected)
Module base address is used

Not valid shorted

(MODappr pins connected together)

Table 26 — Module address interface signals

Signal Dir Description
MOD ADDR+ In Module address resistor
MOD ADDR- In Module address resistor reference
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6.2.6 Input, High precision analog input, 0-5V / 0-10V / 0-20mA / Resistance, [Alsy1 / Al /

AIZOmA.l /

Al lkSQ.l]

Analog input type is software configurable. For example following sensors can be connected to in-

put.

Sensor
(e.g. pressure)
0-5Vor 0-10 V output

PWR

|
|
|
|
|
|
|
|
i
|
|
|
|
|
|
|
|
|
|
|
|
s |
0-5V i
|
|
|
|
|
i
|
|
|
|
|
|
|
|
|
|

—<
PWR could be e.g.

- VOUTy

- VREFsy/10v

- BAT+ |

Figure 8 - Al

Sensor
(e.g. pressure)
4-20mA output

PWR

optional GNI;
PWR could be e.g.
-VOUT,y

- VREFsy/10v

- BAT+

usage

Potentiometer (3-wire)
Temperature sensors (PTC or NTC)
Pressure sensors

Variable resistance
Voltage output sensors
4 — 20 mA current output sensors

|
|
|
|
|
|
|
1
1
1
1
|
|
|
|
|
|
|
|
|
|
1
1
1
1
1
1
|
1
|
|
|
|
|
|
|
1
1
1
1
1
1
|
1
1
|
|

Resistance (e.g PTC
temperature sensor,

—

N

L

Table 27 - Analog input electrical specification

Potentiometer
) — VREFsy/10v

I
I
I
I
I
I
I
I
|
I
I
I
I
I
:
! | Alsy/10v/20ma/1ks0
I
‘ I
|
I
I
‘ [
I
I
I
I
I
I
I
I
I
|
I
I
I
I
I
I
I
I
I
I
I
I

TEC

configuration

configuration [

AlSV / AIlOV
configuration

=
AlemA

Parameter Min Nom Max | Unit | Description ID
Resolution 12 bits

Protection SC _G,SC B

Type Alsy1 0-5V Voltage input

Input voltage range 0 5 V Voltage input

Over voltage 32 V

Accuracy % FS +1 %FS

Accuracy, typical 0.1+0.3 % + (% of reading + % FS)
Input resistance 47 kQ

Input capacitance 4.7 nF

Input cut-off frequency f.3d8 0.9 kHz HW filter

Type Aliov.1 0-10V Voltage input

Voltage range 0 10 \Y Voltage input

Over voltage 32 V

Accuracy % FS +1 %FS

Accuracy, typical 0.4+0.3 % + (% of reading + % FS)
Input resistance 50 kQ

Input capacitance 4.7 nF

Input cut-off frequency f.3d8 1.6 kHz HW filter

Type Alzoma.i1 0...20mA current input

Current range mA

Nominal 4 20

Actual 0 22.5 for diagnostics purposes
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Parameter Min Nom Max | Unit | Description ID
Over current protection >22.5 | mA Input is switched to voltage

mode

Accuracy % FS +1 %FS
Accuracy, typical 0.5+0.3 % * (% of reading + % FS)
Input resistance 220 Q
Input capacitance 4.7 nF
Input cut-off frequency f.3d8 1 kHz HW filter

Type Aliso1 Resistance input

Accuracy +1 Y%FS

Accuracy, typical 0.6+0.3 % + (% of reading + % FS)

Input resistance (pull- 15 kQ

up)

Pull-up reference volt- 4.97 5 503 |V

age

Input capacitance 4.7 nF

Input cut-off frequency | f.aas 1 kHz HW filter

Table 28 - Analog input functional specification

Iltem Value Notes

Sampling interval | 6.4 kHz Unfiltered samples can be
streamed to application at
full sample rate (RAW
sample rate)

Input refresh rate 800Hz Digitally filtered (FAST
sample rate).

Diagnostic evalua- | 100Hz

tion interval

Digital filter cutoff | 320Hz Digital filter implemented

frequency f.zds

in system software

Digital filter stop-
band attenuation

Typical 20dB at f > 800Hz

Input configuration

Selected during device initialization

Overcurrent han-
dling in Alooma
mode

Fault reporting:

e Current exceeds measurement

range

e Overcurrent protection is active
Automatic disabling of current measurement on
overcurrent after 30ms. Automatic re-enabling
of current measurement after 1 second cool-
down period (SUSPENDED state). After 10
retry sequences, input is permanently disabled
(SHUTDOWN state) until power off-on cycle is
performed.

Application can reconfig-
ure the channel to voltage
measurement mode to
prevent the fault condition
from repeating.

Table 29 - Al signals

Signal Dir Description
Al In Configurable analog input
GNDa Al reference ground
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6.2.7 Input, Precision analog input, 0-10V, [Aliv.2 / Alivs]

For example following sensors can be connected to input.
e Potentiometer (3-wire)

e Temperature transducers

e Pressure sensors

e Voltage output sensors

TEC
Sensor (e.g. pressure)
0-10 V output
PWR m—{  Alygy l > > Al
GND T =
PWR could be e.g.
-VOUTy,y
- VREFSV/lOV
- BAT+
Figure 9 — Alygy» / Alygy 3 Usage
Table 30 - Analog input electrical specification
Parameter Min Nom Max | Unit | Description ID
Resolution 12 bits
Protection SC G,SC B
Type Aliov.2 0-10V Voltage input
Input voltage range Un |0 10 \Y Voltage input
Over voltage 32 V
Accuracy % FS +3 %FS
Accuracy, typical 2+0.5 % + (% of reading + % FS)
Input resistance 3 kQ Un<10V
Input capacitance 4.7 nF
Input cut-off frequency f3d8 50 Hz HW filter
Table 31 - Analog input electrical specification
Parameter Min Nom Max | Unit | Description ID
Resolution 12 bits
Protection SC_G, SC_B
Type Aljov.3 0-10V Voltage input
Input voltage range 0 10 V Voltage input
Over voltage 32 \
Accuracy % FS +3 %FS
Accuracy, typical 2+0.5 % + (% of reading + % FS)
Input resistance 11 kQ Uns10V
Input capacitance 4.7 nF
Input cut-off frequency f.3d8 50 Hz HW filter
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Table 32 - Analog input functional specification

Item Value Notes

Sampling interval | 800 Hz Unfiltered samples can be
streamed to application at
full sample rate (RAW
sample rate)

Input refresh rate 100Hz Digitally filtered (NORMAL
sample rate).

Digital filter cutoff | 40Hz Digital filter implemented

frequency f.ads in system software

Digital filter stop- Typical 20dB at f > 100Hz
band attenuation
Input configuration | Selected during device initialization

Table 33 - Al signals

Signal Dir Description
Al In Configurable analog input
GNDa Al reference ground
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6.2.8 Output, Sensor supply voltage 12 V [VOUT 1,y 4]
Supply voltage for external sensors that are not tolerant to automotive power system.

TEC

VBAT, 30 |—m—

9-32V

12v

wod

Total current
to all VOUTy,y

ouputs

Al

> VOUT3,y

Figure 10- VOUT,y usage

Table 34 — VOUT,,y, Electrical specification

Sensor supply
voltage

Sensor output

Parameter | Min [ Nom [ Max [ Unit [ Description [ ID
Type VOUT1ov1 12 V + 15% Sensor supply output

Default state OFF

Output voltage Uow | 10.2 | 115 135 |V

Output over volt- 32 \% Output short circuit to battery
age

Output current 250 mA

Maximum capaci- 50 pF

tive load

Turn-on delay 40 ms

Protection SC_G, SC_B, OC

Output voltage 0 138 |V

measurement

range

Output voltage +3 %FS

measurement

accuracy % FS
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Table 35 - Functional specification

Item Value Notes
Supply state Software controllable as digital state (‘0’ = sup-

ply off, ‘1’=supply on)
Diagnostics SC G

Overcurrent /
short to ground
handling

Automatic disabling of supply on fault detection.

After 1 second of cool-down period (SUS-
PENDED state), application can turn the supply
on again. After 100 repeated faults, the supply
is permanently disabled (SHUTDOWN state).

Short circuit to
Battery handling

Fault reporting: Output voltage above threshold
value.

Table 36 — VOUT,y signals

Signal Dir Description
VOUT12v Out Sensor supply voltage output
GNDvour Al reference ground

6.2.9 Output, Voltage reference output 5V / 10V [VREFsy 1, VREFpv1]

Output can be used as reference voltage output for sensors (i.e. ratiometric measurement) or supply
voltage source for external sensors.

TEC

9-32V

- |
Reference 5V / 10V D
(sw configurable)

VBAT 30 |

Supply for
ratiometric
measurement

Sensor supply
voltage

Al
diagnostics

— O

Figure 11- VREF usage

Table 37 — Voltage reference output electrical specification

Parameter [ Min [ Nom [ Max [ Unit | Description | ID
Type VREFsv.1, VREFiov.1
Default state OFF
Output voltage Uout 5 \% Software selectable
10 \Y
Output accuracy +0,5 | %FS
% FS
Output over volt- -3 32 \% Output short circuit to battery
age
Output current 50 mA
Protection SC G, SC B, 0C
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Parameter Min | Nom | Max | Unit | Description ID

Output voltage 0 105 |V

feedback meas-

urement range

Output voltage +1 %FS

feedback meas-

urement accuracy

% FS

Table 38 - Functional specification
Iltem Value Notes
Supply state Software controllable as digital state (‘0’ = sup-
ply off, ‘1’=supply on)
Diagnostics SC_G

Overcurrent /
short to ground
handling

Automatic disabling of supply on fault detection.
After 1 second of cool-down period (SUS-
PENDED state), application can turn the supply
on again. After 100 repeated faults, the supply
is permanently disabled (SHUTDOWN state).

Short circuit to
Battery handling

Fault reporting: Output voltage above threshold
value.

Table 39 — VREFsy10y Signals

Signal Dir Description
VREFsv/10v Out Voltage reference output
GNDai Al reference ground
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6.2.10 Output, high side PWM or ON/OFF with current feedback [DOwoas: / DOusas /
DOL_RETlA/ZA.l]
TEC172 high-side outputs can be used either in open-loop PWM or current controller closed-loop
mode. PWM output has integrated free-wheeling diode. Proportional valves with current controlled
mode need both DOy,as and DO, ger outputs. DOwsa can be used for high current loads (max. 5A)

TEC172 high-side output load examples:
Proportional valve (current controlled)
ON/OFF valve

Solenoid

Bulb lamp

Led lamp

Heaters (and other resistive loads)
Relay

| | | |
i i i i
i i i i
| | | | |
! i i : i
} Douple acting 3 Proportional 3 Bulb or led 3 Inductive load 3 Resistive load
I pPWM valve (current i valve i lamp i e.g. solenoid i e.g. heater
I controlled) ! ! '\ orrelay !
| | | | |
i i | i
| NC | N | | |
oA | | o 1
| | i I |
[ | | i |
\ > 3 > 3 | |
| | | | |
H I H I | I
| | | | |
w S I R s B VSOl E )
| i i i i
A w 7 1 1 1
| | i i i i
fffff | e | | | |
o0y Lo A7 1 1 1
DOy ger / DO, | | | |
DOy SUPPLY | | i i
i i i i
i i i i
i i i i
i i | i
i i i i
i i | i
i i | i
i i 1 i
3 3 | 3
i i i i
i i i i
ON/OFF ——— % ! ! ! !
| | i |
i i | i
soc 4 1 1 | |
= i i i i
i i i i
i i i i
1A/2A I ‘ | Py by
1 /,/’V\/lhen current controlled drive is not needed:
oD L) ¢ . 7 Ground can be connected either to common grounding

point near TEC172 or module GNDpo pin.
L system star-grounding

Figure 12 — DOy,a5 USage
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Table 40- DOy,a5 Electrical specification

Parameter Min_[Nom [Max [Unit [Description ID
Type DOh2as.1 / DOx2as.2 High-side OUtpUt

Default state OFF

Voltage range 9 32 V

Over voltage 48 Vv

Output current 25 |A Parallel connection of the channels is

allowed for higher output current in
ON/OFF mode only with dedicated
CODESYS block.

Voltage drop U(VBATpo) — U(DOw )

load 1 A 01 |V

load 2.5 A 03 |V

Output current 25 |A

Freewheeling diode 1 A Average current

current

Short circuit current 6.5 |A

limit

Leakage current in off -2 0.4 mA | Leakage current from DOH (positive

state value outgoing from DOH), VBATpo <
32V

Pull-up resistance Rpu 100 kQ only in DOw2as.1

PWM frequency fowm |10 1000 |Hz

PWM duty cycle 0.1 %

resolution

Dither frequency forrH 500 |[Hz Dither frequency can be set to
fDITH = fPWM / DIV y where D|V={2,4,6,8,}

Dither amplitude 50 % PWM duty modulation depth. ‘PWM duty’

+ ‘Modulation depth’ must always be
0%...100%

Protection SC_G, SC_B, 0OC Output voltage shall not exceed VBATpo
supply voltage in any conditions
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ON/OFF valve Bulb or led nductive load Resistive load
lamp e.g. solenoid e.g. heater
or relay
N
>— >
0
i J

izt

s

¢

S — —
GND
L system i !
star-grounding Ground can be connected either to common
grounding point or module GND (i.e DOgnp)
Figure 13 — DOysa Usage
Table 41- DOysa Electrical specification
Parameter Min_[Nom [Max [Unit [Description ID
Type DOxsa.1 High-side output
Default state OFF
Voltage range 9 32 V
Over voltage 48 V
Output current 5 A Parallel connection of the channels is
allowed for higher output current in
ON/OFF mode only with dedicated
CODESYS block.
Voltage drop V(VBATpo) — V(DO )
load 1 A 01 |V
load 5 A 04 |V
Freewheeling diode 1 A Average current
current
Short circuit current 85 |A
limit
Leakage current in off -2 0.4 |mA |Leakage current from DOH (positive
state value outgoing from DOH), VBATpo <
32v
Pull-up resistance Rpu 100 kQ
PWM frequency 10 1000 |Hz
PWM duty cycle 0,1 %
resolution
Dither frequency forrn 500 | Hz Dither frequency can be set to
fDITH = fPWM / DIV y where
DIV={2,4,6,8,...}
Dither amplitude 50 % PWM duty modulation depth. ‘PWM
duty’ £ ‘Modulation depth’ must always
be 0%...100%
Protection SC_G, SC_B, OC Output voltage shall not exceed VBATpo
supply voltage in any conditions
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6.2.10.1 Low-side output with current measurement [DO retia1/ DOL reT2a1]

Low-side output with current measurement is used to closed loop current control for proportional
hydraulic valves. Current measurement is used in conjunction with high-side PWM output
(DOy2as5). Two high-side outputs can be connected to same current measurement (DO, get) channel
if not used simultaneously (i.e for double acting valve). Current measurement range is software
configurable to 0 — 1 A or 0 — 2 A. See Figure 12 for typical connections.

Table 42- DO rem1a Electrical specification

Parameter Min_[Nom [Max [Unit [Description ID
Type DO. ret1a1 return current measurement 0 — 1 A (for DOpias)
Default state OFF
Voltage drop Y DO._rer — GND
load 1 A 0.3
Output current 1 A
Freewheeling diode 05 |A Average current
current
Short circuit current 12 (13 |A tmeasure = 100 ms
limit
Current measurement 0 1 A
range
Current measurement +1 % FS
accuracy
Current measurement 0.6 + % + (% of reading + % FS)
accuracy, typical 0.2
Current measurement 1 mA
resolution
Protection SC_G,SC_B, OC
Table 43- DO__ grer2a Electrical specification
Parameter Min [Nom [Max [Unit [Description ID
Type DO, rer2a1 return current measurement 0 — 2 A (for DOnas)
Default state OFF
Voltage drop Vv DO._rer — GND
load 2 A 0.6
Output current 2 A
Freewheeling diode 05 [A Average current
current
Short circuit current 24 25 |A tmeasure = 100 ms
limit
Current measurement 0 2 A
range
Current measurement +1 % FS
accuracy
Current measurement 0.6 + % + (% of reading + % FS)
accuracy, typical 0.2
Current measurement 1 mA
resolution

Protection

SC_G, SC_B, OC
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6.2.10.2 Functional specification

Table 44 - Functional specification

Item

Value

Notes

Dither modes

1) Direct PWM, PWM output without
current control (i.e. open-loop con-
trol).

2) Current controlled output

1) PWM duty is modulated by
dither depth value.

2) Current controller’s target
value is modulated by frac-
tion of full scale feedback
current

Direct PWM dither
(amplitude and
resolution)

Dither amplitude in PWM duty cycle devi-
ation amount. Dither resolution 0.1%

Current controlled
dither (amplitude
and resolution)

Dither amplitude is fraction of full scale
feedback current. Dither resolution is
0.1%

Turn-on/off ramp
(soft-start) modes

1) Direct PWM
2) Current controlled output

Turn-on/off ramp
(soft-start)

Minimum ramp step time: One PWM
period

Ramp type: linear

Dynamic ramp control: Ramp parameters
can be controlled during ramp (see Fig-
ure 14)

PID current control

Current controller loop time: One PWM
period

Double acting valve
control

Single control value for two complemen-
tary channels.

DOy Over current /
short circuit protec-
tion

Different overcurrent profiles for inductive
and lamp loads

Quick autoretry ( < 100ms until output
value is automatically restored after turn-
off due to fault detection)

After 10 autoretries, 1 second cool-down
period (SUSPENDED state, output is
disabled) after which application is al-
lowed to turn on the output

After 100 faults in total, output is disabled
permanently (SHUTDOWN state) until
power off-on cycle is performed

DO._rer Over cur-
rent / short circuit
protection

Output is disabled for cool-down period of
1 s typical (SUSPENDED state) after
overcurrent or short circuit, after which
user application is allowed to turn on the
output.

Number of different

Each channel can be configured inde-

PWM frequencies pendently.

PWM frequency Period time of PWM must be multiple of

resolution 100us

Diagnostics ocC Diagnostic functions available
depends on load type

Diagnostics DO, ger | OC
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Figure 14 - Linear ramp control (left) and dynamic control (right)

Table 45 - DOy & DO ger signals

Signal Dir Description

DOy Out High-side output

DO get In Feedback current measurement
GNDpopi DO reference ground

6.2.10.3 Parallel connection of DOy outputs

Two DOy outputs can be connected parallel to increase output current. When outputs are connected
parallel only ON/OFF control of the outputs is possible (no PWM control). Parallel connection
must be done using special CODESYS block. Otherwise outputs may not behavior correctly or
TEC172 module may be damaged. When outputs are connected parallel maximum output current is
doubled. However freewheeling current remains same as for one output and must not be exceeded.

Channels that can be connected parallel are presented in the Table 46. Other connections are not

possible.

Table 46 — DOy Parallel connections

# CHA CHB Notes

1 E-1 E-13 DOhz2as
2 E-14 E-15 DOwz2a5
3 E-31 E-32 DOw2as
4 E-33 E-34 DOu2as
5 E-35 E-23 DOhz2as
6 E-11 E-12 DOn2as
7 D-4 D-3 DOhoas
8 D-2 D-1 DOn2as
9 D-13 D-24 DOu2as
10 D-25 D-26 DOw2as
11 D-31 D-32 DOn2as
12 D-33 D-34 DOn2as
13 D-35 E-24 DOysa

14 E-25 E-26 DOysa

15 E-27 E-28 DOpsa

16 E-29 E-30 DOpsa
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6.2.11 Output, low side ON/OFF

TEC172 low side output load examples
o Relays

e ON/OFF valves

e Resistive loads

Maximum output current is 1 A.

VBAT_DO

TEC

DOy, SUPPLY

A

ON/OFF ——— %
Inductive load
‘ e.g. relay

VBAT DO

>7

Resistive load

1 e.g. heater
GND j
Figure 15 - DO, usage
Table 47 - Electrical specification
Parameter Min [Nom [Max [Unit [Description ID
Type DO, 1 Low-side output 1 A
Default state OFF
Voltage range 9 32 V
Over voltage 48 V
Voltage drop
load 1 A 03 |V
Output current 1 A
Freewheeling diode 05 [A Average current
current
Short circuit current 1.2 13 |A tmeasure = 100 Mms
limit
Leakage current in off 10 100 |pA
state
Protection SC G, SC B, 0C
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Table 48 - Functional specification

Item Value Notes
Signal change <10Hz

rate

Diagnostics ocC

Diagnostic evalua- 100Hz

tion interval

Overcurrent /
short circuit to
battery handling

Output is disabled for cool-down period of 1 s
typical (SUSPENDED state) after overcurrent
or short circuit, after which user application is
allowed to turn on the output.

Table 49 — Digital output, low side interface signals

Signal

Dir

Description

DOL

Out

Digital output low side
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6.2.12 Output, Sauer-Danfoss valve control [HBspy.1]

TEC172 Sauer-Danfoss valve control output is intended to be used with voltage controlled hydrau-
lic valves (Sauer-Danfoss valves with PVE actuator e.g. PVG 32, PVG 100 and PVG 120). Dedi-
cated half-bridge output produces high frequency and symmetric push-pull PWM output (HBgpy).
HBspy output is connected to valve signal input (Us) to generate ratiometric control voltage
(0,25...0,75)*Upc. HBspy output must be used together with DOy output. DOy output provides
supply voltage to PVE actuator. Valve signals US and UDC must connected to specific TEC172
I/0 pins. TEC172 connection to PVE actuator is defined in Table 52.

TEC172 has internal monitoring to HBspy output voltage. If application software detects misbehav-
ior at the HBspy output voltage DOy, shall be switched OFF to stop hydraulic valve. HBspy outputs
have common overcurrent diagnostics. If overcurrent or short to ground is diagnosed at any HBspy
output all channels should be disable i.e. DOy should be turned off.

TEC172 HBspy Usage:
e Voltage controlled Us = (0,25...0,75)*Upc hydraulic valves.

TEC

DOy SUPPLY N VBAToo

ON/OFF —— %
|

PWM
10kHz

DOy D—
i Hydraulic valve
Output T = Uc | PVE series
monitoring
actuator
Al < X - _# Us
| ——— (wmm—{ GND
[(HBsoy |- —

]

GND )w

Figure 16 - HBgpy Usage

Technion Oy MAY CHANGE WITHOUT PRIOR NOTICE




TECHNION
escscss

BEHIRL0E @
>0

[ 1]
e
>0

»

Technion Control Unit TEC172 44(69)
-+ Technical Manual V 1.4
29.1.2015
Table 50- HBgpy Electrical specification
Parameter Min_[Nom [Max [Unit [ Description ID
Type HBspv.1 Half-bridge output for 12 kQ resistive load

Default state

pull-down 55 kQ

Voltage range 9 32 \

Over voltage 48 V

Voltage drop

load 0.01 A 0.01 |V DOy SUPPLY — HBspv

Output current 0.02 |10.1 A

PWM frequency 10 kHz

PWM duty cycle 0,1 %

resolution

Pull-down resistance |Rpp 55 kQ

Protection SC_G, SC_B, 0C Output voltage shall not exceed VBATpo

supply voltage in any conditions

Table 51 - Functional specification

ltem Value Notes
Diagnostics ocC

Diagnostic evalua- | 100Hz

tion interval

Fault handling

DOw channel providing supply to HBspyv channel
is turned off to prevent erratic control

Driver hardware has inter-
nal protection.

Fault protection is shared
by all HBspy channels —
fault in one channel shuts
down all HBspy channels

Table 52 — Sauer-Danfoss valve control interface signals

# | TEC172 Signal | Dir TEC172 PVE Description

Pin
1 | DOn Out D3 Upc Supply voltage to PVE actuator
1 | HBspv Out D1 Us Signal voltage to actuator
1| GND D21 GND Ground
2 | DOy Out D4 Upc Supply voltage to PVE actuator
2 | HBspv Out D2 Us Signal voltage to actuator
2 | GND D21 GND Ground
3 | DOx Out D26 Upc Supply voltage to PVE actuator
3 | HBspv Qut D13 Us Signal voltage to actuator
3 | GND D21 GND Ground
4 | DOy Out D25 Upc Supply voltage to PVE actuator
4 | HBspv Out D24 Us Signal voltage to actuator
4 | GND D21 GND Ground
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6.2.13 Output, Analog output 0-5V
General purpose 0 — 5 V analog voltage output can be used to interface sensor and actuators.

TEC
VBAT 30 |
9-32V
ACTUATOR
D i@—% Al 0-5V
0-5V——
: T
diagnostics il

Possible ground loop shall be
prevented in the external actuator OR
Actuator must be grounded to same
= point as TEC172

Figure 17- AOsy Usage

Table 53 - Analog output electrical specification

Parameter [ Min [ Nom [ Max [ Unit | Description | ID
Type AOsv 1, Analog output 0-5V

Default state 0V /OFF

Output voltage Uout | O 5 Vv

Resolution 10 bit

Output accuracy +0,1 +0,5 | %FS

% FS

Output over volt- 0 32 \% Output short circuit to battery
age

Output current 5 mA Minimum output load 1kQ
Maximum capaci- 1 pF

tive load

Protection SC G,SC B

Output voltage 0 5.5 \%

feedback meas-

urement range

Output voltage +1 %FS

feedback meas-

urement accuracy

% FS

Table 54 - Functional specification

Item Value Notes
Supply state Software controllable

Diagnostics oC

Output update Max. 100Hz

rate
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Signal Dir Description
AOsy Out Analog output0 -5V
GNDao AO reference ground

6.2.14 Output, DC-motor drive H-bridge [HBw]
TEC172 H-bridge output consists of two HBy, half-bridge outputs. Two outputs (HBy,) are always
needed to drive one DC-motor. Output configuration is presented in chapter 8. TEC172 motor
drive topology is 2-quadrant unipolar PWM-drive. Both motor driving speed and direction can be

controlled.

TEC172 H-bridge usage:

o DC-motor drive with direction and speed control
o Linear DC-motor drive with direction and speed control

Regenerative energy

Note!

DC-motor generates regenerative energy (motor acts as a generator) during braking or when ex-
ternal force spins the motor. Regenerative energy may break TEC172 module if following preven-
tive actions are not handled in system side:
1) DC-motor must not be spin by any other device than TEC172
2) Battery must be connected directly to TEC172 VBAT o pin always when motor is driven
to provide sink for regenerative energy.

TEC

PWM_A —]

o ———| e

HBy 1

—_—— '7 VBATp |
+ Battery MUST be always connected when DC-
4N7 — motor is spinning. Otherwise regenerative
energy from motor during braking may break

the module.

HBw D——

TIRI 7T

]

@ DC-Motor

HBy 2 (two half bridge interfaces are needed

to H-Bridge

PWM_B

Figure 18 - HBy, usage
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Table 56- HBy, Electrical specification
Parameter Min_[Nom [Max [Unit [ Description ID
Type HBw Half-bridge (PWM) output for motor control
Default state Hi-Z (before initialization), Low state (= STOP) after DC-motor mode is
initialized
Voltage range 9 32 \
Over voltage 48 V
Voltage drop
load 2.5 A 0.5 \Y VBATpo — HBwm
Output current 2.5 A MAX continuous current
Freewheeling current 2 A Average current
Note: Motor generator current has to be
limited below this value.
Short circuit current 14 17 A Motor stall current must lower than this
limit limit and tsian < 50 ms
PWM frequency 1 10 kHz
PWM duty cycle 0 100 %
PWM duty cycle 0,1 %
resolution
Protection SC_G, OC Output voltage shall not exceed VBATpo

supply voltage in any conditions

Table 57 - Functional specification

Item

Value

Notes

Drive modes

¢ Stopped (not driving)
¢ Forward (adjustable duty)
¢ Reverse (adjustable duty)

¢ Braking
Short circuit protec-
tion
PWM frequency Minimum 10 Hz
resolution
Diagnostics for full ocC
H-bridge configura-
tion
Signal Dir Description
HBwm Out Motor X + output
HBwm Out Motor X - output

6.2.15 10 GND (actuator / sensor return signal)

TEC172 module has several 10 GND pins that can be used to connect load / actuators / sensor re-
turn signals. 10 GND is internally connected to module GND pins.

It is essential to use strictly controlled grounding principle at system level. For example the use of
dedicated analog ground signal prevents measurements errors caused by ground currents. Sensors
and loads shall be grounded (IO GND pin or star-grounding near module GND pin) only in module
side to prevent ground loops.
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Table 58 — 10 GND electrical specification
Parameter | Min [ Nom | Max_ [ Unit | Description [ ID
Type GNDri, GNDai, GNDvour, GNDpoypi, GNDrs232

Ground signal for sensors and actuators

Input current

[ | (8 [A | |

6.2.16 System status LEDs
There are two LEDs that are visible to the user. LEDs are located on cover near main connector
(see Figure 22). First (green) led indicates module operational or fault state other (yellow) is user
application programmable. Module status LED (green) functionality is according to Table 59.

Table 59 - Status led operation

LED (green) state

Description

Constant ON

Power ON — system software not running

2 blinks Application SW running

3 blinks System SW running — application not started
4 blinks Application / system SW reprogramming

5 blinks HW fault

6 blinks SW operation fault

OFF Power failure

LED (yellow) state Description

ON/OFF (default OFF) Application specific, freely programmable
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6.3

6.3.1
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Communication definition

CAN

Module has four CAN 2.0 A/B communication interfaces. CAN physical layer is according to ISO
11898-2. CAN interface supports CANopen and other protocols implementable over CAN2.0 A/B.
CAN bus can be terminated in the module using short wire loop (max 80 mm) between pins
CAN_H_TERM and CAN_L_TERM.

TEC
1200 |——|CAN_H_TERM]| =) termination wire loop should
be as short as possible
>
1 CAN_H |- wum CAN_H
E ] 1200 Q
l CAN_L |—— CAN_L
I 0.1nF  ==0.1nF
) 7 (XX}
Figure 19- CAN usage
Max
| 80 ,, -
= M ==
Figure 20- CAN termination wire loop maximum length
Table 60- CAN Electrical specification
Parameter Value Description
Physical layer ISO 11898-2 High speed CAN
Termination resistor 120 Q + 5% Termination resistor is connected using

wire loop in connector

Communication speed

10 kbps — 1 Mbps

Common mode voltage 25V ...+25V

Short circuit protection 28V ...+36V

CAN_H / CAN_L leak- 5pA Max leakage current during power-off,

age current Ucan Hican L< 5V

Table 61 - CAN interface signals

Signal Dir Description

CAN_H In/Out | CAN transmit / receive high

CAN_L In/Out | CAN transmit / receive high

CAN_TERM L - Termination resistor connection (internally connected to CAN_L)

CAN_TERM_R - Termination resistor connection (internally connected to termination
resistor)

Twisted-pair cable shall be used.
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6.3.2

6.3.3

Ethernet
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Module has two Ethernet ports (connectors), which are connected to CPU through Ethernet switch.
Ethernet ports can be used for:
e Software or application specific data download

e Industrial Ethernet type communication networks

e Diagnostic port

Table 62- Ethernet Electrical specification

Parameter

Value

Notes

Physical layer

10BASE-T / 100BASE-TX

IEEE 802.3i/802.3u

Crossover support

Auto MDI/MDI-X

Time synchronization

IEEE 1588

Software implementation

Table 63 - Ethernet interface signals

Signal Dir Description
ETH TX+ Out Transmit data +
ETH TX- Out Transmit data -
ETH_RX+ In Receive data +
ETH_RX- In Receive data -
RS-232

RS-232 interface can be used to communicate with external devices.

Table 64- RS-232 Electrical specification

Parameter Value Description
Communication speed max. 115200 bps
Input capacitance typ. 1,5 nF

Table 65 — RS-232 interface signals

Signal Dir Description

TXD Out RS-232 Transmit data
RXD In RS-232 Receive data
GNDgrs232 Reference ground signal
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6.3.4 RS485
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RS-485 interface can be used to connect TEC172 to other ECUs. TEC172 supports MODBUS-
RTU/ASCII protocol and other protocols based on standard RS-485 communication.

TEC
+5V
47kQ
[ 10Q RS485+ data+
<] 1200 120Q
10Q RS485- data-
47kQ l
—A|— 1nF — 1nF

[ N N J
Figure 21- RS-485 usage
Table 66- RS-485 Electrical specification
Parameter Value Description
Physical layer TIA/EIA-485
Termination resistor NA external termination resistors shall be

connected at the both ends of the bus

Communication speed

max. 115,2 kbps

capacitance

half-duplex
Input common mode -0V ...+15V
voltage
Short circuit protection 28V ...+36V
RS485+/RS485- leak- 250pA Max leakage current during power-off,
age current Ursa4ss+/Rrs485-< 5 V
RS485+/RS485- input 1nF

Table 67 - Functional specification

Item

Value

Notes

TX enable control

Transmitter enable signal is controlled by

system software.

Table 68 — RS-485 interface signals

Signal Dir Description
RS485+ In/ Out | Non-inverted TX/RX data
RS485- In/ Out | Inverted TX/RX data

Twisted-pair cable shall be used.

Technion Oy

MAY CHANGE WITHOUT PRIOR NOTICE




TECHNION Technion Control Unit TEC172 52(69)
Jofeees o2° Technical Manual V 1.4
238 29.1.2015

»

6.4 Fault handling

Individual 10 channels implement fault containment mechanisms which protect the hardware from
breaking down. Recovery from situation can be attempted, unless allowed number of retries has
been exhausted due to repeated failure. When no more retries are allowed, the affected 10 channel
is non-operational until a power off-on cycle is performed.

The recovery is performed in two stages:

- When the fault is initially detected, the output channel may enter RECOVERING state (im-
plemented on some 10-types). The channel output is momentarily disabled, but will be auto-
matically re-enabled with the value last set by application. If the fault is still present, recovery
is attempted again.

- When a set limit of fault events for one 10 channel has been reached, the channel is disabled
for a longer cool-down time. This is SUSPENDED state. After cool-down time expires, normal
operation is allowed. Note however, that the output will remain turned off unless application
explicitly writes a control value for the output after exit from SUSPENDED state.

- When faults have repeated long enough, the channel is put to SHUTDOWN state. In this state,
the channel is disabled and cannot return to normal operation until power off-on cycle is per-
formed.

The application can read the diagnostic information from all outputs using the functions provided
in the Technion 10 library.

Table 69 - 10 channel fault handling parameters

Parameter Value Notes

Number of fault events | 10 DOy outputs (fast auto-recovery through RECOVERING state)
until IO channel is set 1 Other 10 types

to SUSPENDED state

Number of entries into 10 All 10O types

SUSPENDED state
after which 1O channel
is set to SHUTDOWN
state

Minimum cool-down 1s
time in SUSPENDED
state

Faults that affect the whole module, such as power supply issues, are reported to application using
CODESYS system events mechanism. Where appropriate, the operation of the user application is
forced to stop unless fault is removed.
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7 Environmental specification

7.1 General
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29.1.2015

Electrical and environmental requirements are based on standard 1SO 16750.

7.2 Ambient temperature

TEC172 is to be designed to operate mounted directly in vehicle body or inside the cabin.

Item Min Nom | Max | Unit | Notes
Operating temperature -40 - 75 °C
Storage temperature -40 - 85 °C

7.3 Functional safety

TEC172 is not a safety component according to the machine directive 2006/42/EC. TEC172 is not

SIL classified.
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8 Connector pin mapping

8.1 Connector locations
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Figure 22 - Connector locations
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8.2 Main connectors pin map (TEC172-001 / TEC172-002)

Table 70 — Connector A pinout (TEC172-001 / TEC172-002)

55(69)

Connector A — TYCO AMPSEAL 776230-5 (BLUE), TEC172-001 / TEC172-002
Pin Dir Function(s) I/O Notes

Group
All (@] VOUT1ov1 O _#6 +12V output
Al 2 | Alsv.1, Aliov.a, Alooma1, Aliks.1, Dlna | #4a High precision analog input
Al 3 | Alsv.1, Aliov.1, Al2oma.1, Aliks.1, DIn1 I_#4a High precision analog input
Al4 | O VREFsy.1, VREFgv.1 O #5 5V/10V reference output
Al 5 | Alsv.1, Aliov.1, Alzoma1, Dlna |_#4b High precision analog input
Al 6 (@) VREFsv.1, VREF10v.1 O _#5 5V/10V reference output
Al 7 (@) VREFsv.1, VREF10v.1 O _#5 5V/10V reference output
Al 8 | Alsyv.1, Aliov.1, Alooma, Dlna |_#4b High precision analog input
Al 9 (6] VREFsy.1, VREFgv.1 O #5 5V/10V reference output
Al 10 | | Alsy.1, Aliov.1, Alooma.1, Dlna |_#4b High precision analog input
Al 11 | Alsy.1, Aliov.1, Alooma1, Dlna |_#4b High precision analog input
Al 12 | O VOUT1ov1 O _#6 +12V output
Al 13| 0O VOUT12v1 O_#6 +12V output
Al 14 | A|5VA1, A|10VA1, A|20mA,1, A|1k5,1, Dln1 | #4a ngh precision analog input
Al 15 GNDay Analog ground
Al 16 | Alsy.1, Aliov.1, Alooma1, Aliks.a, Dlga I_#4a High precision analog input
Al 17 | Alsyv.1, Aliov.1, Alooma1, Dlna |_#4b High precision analog input
Al 18 GNDa Analog ground
Al 19 GNDay Analog ground
Al 20 | | Alsy.1, Aliov.1, Aloomai, Dlna |_#4b High precision analog input
Al 21 GNDa Analog ground
Al 22 GNDa Analog ground
Al 23] 0 VOUT12v1 O_#6 +12V output
Al 24|10 AOsy 1 O #9 0-5V analog output
Al 25 GNDao Analog ground
Al 26 GNDa Analog ground
Al 27 GNDa Analog ground
Al 28 GNDay Analog ground
Al 29 GNDay Analog ground
Al 30 GNDaqj Analog ground
Al 31 GNDp, Ground for digital inputs
Al 32 GNDvout Sensor power supply ground
Al 33 GNDvour Sensor power supply ground
Al 34 |1 Dln.2, Aliov.2 |_#8 Digital/Analog input
Al 35 |1 Dly2, Aliov2 |_#8 Digital/Analog input
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Figure 23- Connector A pinout
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Table 71 — Connector B pinout (TEC172-001 / TEC172-002)

Connector B - TYCO AMPSEAL 776230-4 (GREY), TEC172-001 / TEC172-002
Pin Dir Function(s) I/O Notes
Group

B|1 | Fllyra+ | #7 Frequency/pulse input+

B| 2 | FI3vr.1+ | #7 Frequency/pulse input+

B| 3 | Fldyg.1t+ |_#7 Frequency/pulse input+

Bl 4 | Fl6H.1, Aliov.3, Dln3 |_#7 Freqguency/pulse, analog or digital input

B| 5 GNDg - Ground signal for Fly

B| 6 | FI94.1, Aligvs, Dlns | #7 Frequency/pulse, analog or digital input

B| 7 (6] TXD RS-232 transmit signal

B| 8 10 RS485+ RS-485 TxD/RxD non-inverting

Bl 9 10 CAN4 L CAN interface 4 dominant low line

B| 10 | 1O CAN3 L CAN interface 3 dominant low line

B| 11 || CAN2_L_TERM CAN interface 2 bus termination (con-
nect to B23)

B| 12 | 10 CAN2_H CAN interface 2 dominant high line

B|13 || Fl4vr.1- |_#7 Frequency/pulse input-

B| 14 || Fl2yr1+ | #7 Frequency/pulse input+

B| 15 | | FI54.1, Aligvs, Dlns | #7 Frequency/pulse, analog or digital input

B| 16 | | FI74.1, Aligv.s, Dlns |_#7 Frequency/pulse, analog or digital input

B|17 || FI8x.1, Aligv.3, Dlns |_#7 Frequency/pulse, analog or digital input

B|18 || FI10n.1, Aligv.3, Dlns |_#7 Frequency/pulse, analog or digital input

B|19 || RXD RS-232 receive signal

B| 20 |10 RS485- RS-485 TxD/RxD inverting

B|21 |10 CAN4_H CAN interface 4 dominant high line

B| 22 | 10 CAN3 _H CAN interface 3 dominant high line

Bl 23 |1 CAN2_H_TERM CAN interface 2 bus termination (con-
nect to B11)

B[ 24 |1 Fllvr.1- | #7 Frequency/pulse input-

B[ 25 |1 Fl2vr.1- |_#7 Frequency/pulse input-

B| 26 |1 FI3vr.1- | #7 Frequency/pulse input-

B| 27 GNDg Ground signal for Fly

B| 28 GNDg Ground signal for Fly

B| 29 GNDg Ground signal for Fly

B| 30 GNDgrs323 Ground signal for RS-232

Bl31 |1 CAN4_H_TERM CAN interface 4 bus termination (con-
nect to B32)

Bl32 |1 CAN4_L_TERM CAN interface 4 bus termination (con-
nect to B31)

B| 33 | I CAN3 L _TERM CAN interface 3 bus termination (con-
nect to B34)

B34 |1 CAN3_H_TERM CAN interface 3 bus termination (con-
nect to B33)

B| 35|10 CAN2 L CAN interface 2 dominant low line
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Figure 24- Connector B pinout
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Table 72 — Connector C pinout (TEC172-001 / TEC172-002)

Connector C—TYCO AMPSEAL 1-776261-1 (BLACK), TEC172-001/ TEC172-002
Pin Dir Function(s) I/O Notes
Group

Cl1 PWR VBATcL30 Power supply for logic and sensors

C|2 | VBATcL15 Control input for logic power supply

c| 3 | GND¥ GND¥ Power Supply Ground

cla | PwR" VBATpo Power supply for outputs

cl5 | PwrR" VBATbo Power supply for outputs

C| 6 10 CAN1 L CAN interface 1 dominant low line

C| 7 10 CAN1 H CAN interface 1 dominant high line

c| 8 | GND¥ GND¥ Power Supply Ground

clo | PwR" VBATpo Power supply for outputs

Cl10 || MODappr- Module address resistor

Cl11 |1 MODappr+ Module address resistor

Cl12 |1 CAN1_L_TERM CAN interface 1 bus termination (con-
nectto C13)

C| 13 |1 CAN1_H_TERM CAN interface 1 bus termination (con-
nect to C12)

Cc| 14 | GND® GND¥ Power Supply Ground

' Several parallel pins are needed for output current rating, all pins must be connected
2 Several parallel pins are needed for output current rating, all pins must be connected
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Figure 25- Connector C pinout
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Table 73 — Connector D pinout (TEC172-001 / TEC172-002)
Connector D - TYCO AMPSEAL 776230-2 (WHITE) , TEC172-001 / TEC172-002

Pin Dir Function(s) I/O Notes
Group

D|1 |O DOi2as.2, HBspv.1 O _#1d

D|2 | O DOw2as.2, HBspv.1 O_#1d

D[3 | O DOrizas.1 O_#la

D[4 | O DOrizas.1 O_#la

D|5 |10 DO. reT1a2a.1, DOL1 10_#2

D|6 |IO DO. Rreriazai, DOL1 10_#2

D|7 |10 DO Rreriazat, DOL1 10_#2

D| 8 I Dlnn.2, Aliov.2 |_#8

D| 9 I Dlxn.2, Aliov.2 |_#8

D| 10 | | DIz, Aliov.2 I_#8

D| 11 | IO DO. Rreriazai, DOL1 10_#2

D| 12 | IO DO Rreriazat, DOL1 10_#2

D|13 | O DOm2as.2, HBspv.1 10_#1d

D|14 |1 Dl.2, Aliov.2 I_#8

D[ 15 |1 Dlh.2, Aliov. |_#8

D| 16 | | Dln.2, Aliov.2 |_#8

D[ 17 |1 Dli.2, Aliov. |_#8

D|18 || Dlh.2, Aliov.2 I_#8

D|19 |1 Dl.2, Aliov.2 I_#8

D| 20 | | DIz, Aliov.2 I_#8

D| 21 GNDpoypi Ground for digital outputs / inputs /

SDv

D| 22 GNDpoyi Ground for digital outputs / inputs

D| 23 | 10 DO Rret1a2a1, DOL1 10_#2

D|24 | O DOm2as.2, HBspv.1 O_#1d

D[25 [ 0O DOizs 2 O_#lc

D26 | O DOizas.2 O_#lc

D[ 27 |1 Dli.2, Aliov. |_#8

D| 28 |1 Dlu.2, Aliov.2 I_#8

D29 |1 Dlh.2, Aliov.2 I_#8

D30 |1 Dlh.2, Aliov.2 I_#8

D[31]0 DOizas.2 O _#lc

D| 32| 0O DOm2as.2 O_#ilc

D| 33 |0 DOm2as.2 O_#ilc

D[34 |0 DOizas.2 O_#lc

D[35 |0 DOusa1 O_#3
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Figure 26- Connector D pinout
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Table 74 — Connector E pinout (TEC172-001 / TEC172-002)

Technion Control Unit TEC172 59(69)
Technical Manual V 1.4
29.1.2015

Connector E-=TYCO AMPSEAL 776230-1 (BLACK) , TEC172-001 / TEC172-002

Pin Dir Function(s) I/O Notes
Group
E|[1 |O DO2as.1 O #la
E|2 |10 DO._ret1a2a1, DOL1 10_#2
E|3 |10 DO retiara1, DOL1 10_#2
E|4 |10 DO retiara1, DOL1 10_#2
E|5 |10 DO. ret1aral, DOL1 10_#2
E|6 |10 DO. ret1aral, DOL1 10_#2
E|7 |10 DO._retiara1, DOLa 10_#2
E|8 10 DOL_ ret1ara.1, DOLa 10_#2
E|9 10 DOL ret1aa.1, DOL1 10_#2
E| 10 GNDpoypi Ground for digital outputs / inputs
E[11 | O DOw2as.1, HBm1 O #1b | Motor2+ (in DC-motor configuration)
E|12 | O DOxizas5.1, HBm.a O_#1b | Motor2- (in DC-motor configuration)
E|13 | O DOhoas.1 O #la
E| 14 O DOw2as.1 O_#la
E|15] 0 DOwzas.1 O #la
E| 16 GNDpoypi Ground for digital outputs / inputs
E| 17 GNDpopi Ground for digital outputs / inputs
E| 18 GNDpopi Ground for digital outputs / inputs
E| 19 GNDpoypi Ground for digital outputs / inputs
E| 20 GNDpoypi Ground for digital outputs / inputs
E| 21 GNDpoypi Ground for digital outputs / inputs
E| 22 GNDpopi Ground for digital outputs / inputs
E[23 | O DOn2as.1, HBm.1 O_#1b | Motorl- (in DC-motor configuration)
El24 | O DOysa 1 O _#3
E[|25 | O DOnsan O _#3
E|26 | O DOnsan O _#3
E| 27 | O DOwsa.1 O #3
E| 28| O DOwsa.1 O #3
E[29 | O DOhsa O _#3
E|30 | O DOnsan O _#3
E| 31 O DOw2as.1 O_#la
E| 32| O DOhoas.1 O #la
E| 33 (@] DOH2A5_1 O #la
E|34 |0 DOwhiz2as.1 O #la
E[35|O DOm2as.1, HBm.1 O _#1b | Motorl+ (in DC-motor configuration)
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Figure 27- Connector E pinout
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8.3 Main connectors pin map (TEC172-003 / TEC172-004)

Table 75 — Connector A pinout (TEC172-003 / TEC172-004)

60(69)

Connector A — TYCO AMPSEAL 776230-5 (BLUE), TEC172-003 / TEC172-004
Pin Dir Function(s) I/O Notes

Group
All (@] VOUT1ov1 O _#6 +12V output
Al 2 | Alsv.1, Aliov.a, Aloomai, Aliks.1, Dlna | #4a High precision analog input
Al 3 | Alsv.1, Aliov.1, Al2oma.1, Aliks.1, DIn1 I_#4a High precision analog input
Al4 | O VREFsy.1, VREFgv.1 O #5 5V/10V reference output
Al 5 | Alsv.1, Aliov.1, Alzoma1, Dlna |_#4b High precision analog input
Al 6 (@) VREFsv.1, VREF10v.1 O _#5 5V/10V reference output
Al 7 (@) VREFsv.1, VREF10v.1 O _#5 5V/10V reference output
Al 8 | Alsyv.1, Aliov.1, Alooma, Dlna |_#4b High precision analog input
Al 9 (6] VREFsy.1, VREFgv.1 O #5 5V/10V reference output
Al 10 | | Alsy.1, Aliov.1, Alooma.1, Dlna |_#4b High precision analog input
Al 11 | Alsy.1, Aliov.1, Alooma1, Dlna |_#4b High precision analog input
Al 12 | O VOUT1ov1 O _#6 +12V output
Al 13| 0O VOUT12v1 O_#6 +12V output
Al 14 | A|5VA1, A|10VA1, A|20mA,1, A|1k5,1, Dln1 | #4a ngh precision analog input
Al 15 GNDay Analog ground
Al 16 | Alsy.1, Aliov.1, Alooma1, Aliks.a, Dlga I_#4a High precision analog input
Al 17 | Alsyv.1, Aliov.1, Alooma1, Dlna |_#4b High precision analog input
Al 18 GNDa Analog ground
Al 19 GNDay Analog ground
Al 20 | | Alsy.1, Aliov.1, Aloomai, Dlna |_#4b High precision analog input
Al 21 GNDa Analog ground
Al 22 GNDa Analog ground
Al 23] 0 VOUT12v1 O_#6 +12V output
Al 24|10 AOsy 1 O #9 0-5V analog output
Al 25 GNDao Analog ground
Al 26 GNDa Analog ground
Al 27 GNDa Analog ground
Al 28 GNDay Analog ground
Al 29 GNDay Analog ground
Al 30 GNDaqj Analog ground
Al 31 GNDp, Ground for digital inputs
Al 32 GNDvout Sensor power supply ground
Al 33 GNDvour Sensor power supply ground
Al 34 |1 Dln.2, Aliov.2 |_#8 Digital/Analog input
Al 35 |1 Dly2, Aliov2 |_#8 Digital/Analog input
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Figure 28- Connector A pinout
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Table 76 — Connector B pinout (TEC172-003 / TEC172-004)

Connector B — TYCO AMPSEAL 776230-4 (GREY) , TEC172-003 / TEC172-004
Pin Dir Function(s) I/O Notes
Group

Bl 1 | Fl1n.1, Aliov.3, Dln3 |_#7 Frequency/pulse, analog or digital input

B| 2 | FI3n.1, Aligvs, Dlns | #7 Frequency/pulse, analog or digital input

B| 3 | Fl4y1, Aligvs, Dlns | #7 Frequency/pulse, analog or digital input

Bl 4 | Fl6H.1, Aliov.3, Dln3 |_#7 Frequency/pulse, analog or digital input

B| 5 GNDg - Ground signal for Fly

B| 6 | FI9h.1, Aliov.3, DIn3 |_#7 Frequency/pulse, analog or digital input

B|7 (6] TXD RS-232 transmit signal

B| 8 10 RS485+ RS-485 TxD/RxD non-inverting

B|9 10 CAN4 L CAN interface 4 dominant low line

B| 10 | IO CAN3_L CAN interface 3 dominant low line

Bl 11 || CAN2_L_TERM CAN interface 2 bus termination (con-
nect to B23)

B| 12 | 10 CAN2 H CAN interface 2 dominant high line

B| 13 GNDg |_#7 Ground signal for Fly

B| 14 | | FI24.1, Aligv.3, Dlns |_#7 Frequency/pulse, analog or digital input

B| 15 || FI5n.1, Aligv.3, Dlns |_#7 Frequency/pulse, analog or digital input

B| 16 || FI741, Aligvs, Dlns | #7 Frequency/pulse, analog or digital input

B| 17 || FI84.1, Aligvs, Dlns | #7 Frequency/pulse, analog or digital input

B|18 || FI104.1, Al1gv.3, Dlns |_#7 Frequency/pulse, analog or digital input

B|19 || RXD RS-232 receive signal

B| 20 | IO RS485- RS-485 TxD/RxD inverting

B[ 21 |10 CAN4 H CAN interface 4 dominant high line

B[22 |10 CAN3 H CAN interface 3 dominant high line

Bl 23 |1 CAN2_H_TERM CAN interface 2 bus termination (con-
nect to B11)

B| 24 GNDg |_#7 Ground signal for Fly

B| 25 GNDg | #7 Ground signal for Fly

B| 26 GNDg | #7 Ground signal for Fly

B| 27 GNDg |_#7 Ground signal for Fly

B| 28 GNDg |_#7 Ground signal for Fly

B| 29 GNDg |_#7 Ground signal for Fly

B| 30 GNDgrs232 Ground signal for RS-232

B| 31| I CAN4_H _TERM CAN interface 4 bus termination (con-
nect to B32)

Bl32 |1 CAN4_L_TERM CAN interface 4 bus termination (con-
nect to B31)

B33 |1 CAN3_L_TERM CAN interface 3 bus termination (con-
nect to B34)

B| 34 | I CAN3_H_TERM CAN interface 3 bus termination (con-
nect to B33)

B[ 35 |10 CAN2_L CAN interface 2 dominant low line
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Figure 29- Connector B pinout
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Table 77 — Connector C pinout (TEC172-003 / TEC172-004)

Connector C—TYCO AMPSEAL 1-776261-1 (BLACK), TEC172-003 / TEC172-004
Pin Dir Function(s) I/O Notes
Group

Cl1 PWR VBATcL30 Power supply for logic and sensors

Cl|2 | VBATcL15 Control input for logic power supply

c| 3 | GND® GND¥ Power Supply Ground

cla | pwR" VBATDo Power supply for outputs

cl[5 | PwWR" VBATDo Power supply for outputs

C| 6 10 CAN1_L CAN interface 1 dominant low line

C| 7 10 CAN1 H CAN interface 1 dominant high line

c| 8 | GND® GND¥ Power Supply Ground

clo | PwR" VBAToo Power supply for outputs

Cl10 || MODappr- Module address resistor

Cli1 |1 MODappr+ Module address resistor

Cl12 |1 CAN1_L_TERM CAN interface 1 bus termination (con-
nect to C13)

C| 13 |1 CAN1_H_TERM CAN interface 1 bus termination (con-
nect to C12)

c| 14 | GND¥ GND" Power Supply Ground

' Several parallel pins are needed for output current rating, all pins must be connected
2 Several parallel pins are needed for output current rating, all pins must be connected
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Figure 30- Connector C pinout
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Table 78 — Connector D pinout (TEC172-003 / TEC172-004)
Connector D - TYCO AMPSEAL 776230-2 (WHITE) , TEC172-003 / TEC172-004

Pin Dir Function(s) I/O Notes
Group

D|1 |O DOi2as.2, HBspv.1 O _#1d

D|2 | O DOw2as.2, HBspv.1 O_#1d

D[3 | O DOrizas.1 O_#la

D[4 | O DOrizas.1 O_#la

D|5 |10 DO. reT1a2a.1, DOL1 10_#2

D|6 |IO DO. Rreriazai, DOL1 10_#2

D|7 |10 DO Rreriazat, DOL1 10_#2

D| 8 I Dlnn.2, Aliov.2 |_#8

D| 9 I Dlxn.2, Aliov.2 |_#8

D| 10 | | DIz, Aliov.2 I_#8

D| 11 | IO DO. Rreriazai, DOL1 10_#2

D| 12 | IO DO Rreriazat, DOL1 10_#2

D|13 | O DOm2as.2, HBspv.1 10_#1d

D|14 |1 Dl.2, Aliov.2 I_#8

D[ 15 |1 Dlh.2, Aliov. |_#8

D| 16 | | Dln.2, Aliov.2 |_#8

D[ 17 |1 Dli.2, Aliov. |_#8

D|18 || Dlh.2, Aliov.2 I_#8

D|19 |1 Dl.2, Aliov.2 I_#8

D| 20 | | DIz, Aliov.2 I_#8

D| 21 GNDpoypi Ground for digital outputs / inputs /

SDv

D| 22 GNDpoyi Ground for digital outputs / inputs

D| 23 | 10 DOL ret1ara.1, DOLa 10_#2

D|24 | O DOm2as.2, HBspv.1 O_#1d

D[25 [ 0O DOizs 2 O_#lc

D26 | O DOizas.2 O_#lc

D[ 27 |1 Dli.2, Aliov. |_#8

D| 28 |1 Dlu.2, Aliov.2 I_#8

D29 |1 Dlh.2, Aliov.2 I_#8

D30 |1 Dlh.2, Aliov.2 I_#8

D[31]0 DOizas.2 O _#lc

D| 32| 0O DOm2as.2 O_#ilc

D| 33 |0 DOm2as.2 O_#ilc

D[34 |0 DOizas.2 O_#lc

D[35 |0 DOusa1 O_#3
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Figure 31- Connector D pinout
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Table 79 — Connector E pinout (TEC172-003 / TEC172-004)

Technion Control Unit TEC172 64(69)
Technical Manual V 1.4
29.1.2015

Connector E-=TYCO AMPSEAL 776230-1 (BLACK) , TEC172-003 / TEC172-004

Pin Dir Function(s) I/O Notes
Group
E|[1 |O DO2as.1 O #la
E|2 |10 DO._ret1a2a1, DOL1 10_#2
E|3 |10 DO retiara1, DOL1 10_#2
E|4 |10 DO retiara1, DOL1 10_#2
E|5 |10 DO. ret1aral, DOL1 10_#2
E|6 |10 DO. ret1azal, DOL1 10_#2
E|7 |10 DOL_remiara1, DOLa 10_#2
E|8 10 DOL_ ret1ara.1, DOLa 10_#2
E|9 10 DO. Rret1a2a.1, DOL1 10_#2
E| 10 GNDpoypi Ground for digital outputs / inputs
E[11 | O DOw2as.1, HBm1 O #1b | Motor2+ (in DC-motor configuration)
E|12 | O DOxizas5.1, HBm.a O_#1b | Motor2- (in DC-motor configuration)
E|13 | O DOhoas.1 O #la
E| 14 O DOw2as.1 O_#la
E|15] 0 DOwzas.1 O #la
E| 16 GNDpoypi Ground for digital outputs / inputs
E| 17 GNDpopi Ground for digital outputs / inputs
E| 18 GNDpopi Ground for digital outputs / inputs
E| 19 GNDpoypi Ground for digital outputs / inputs
E| 20 GNDpoypi Ground for digital outputs / inputs
E| 21 GNDpoypi Ground for digital outputs / inputs
E| 22 GNDpopi Ground for digital outputs / inputs
E[23 | O DOn2as.1, HBm.1 O_#1b | Motorl- (in DC-motor configuration)
El24 | O DOysa 1 O _#3
E[|25 | O DOnsan O _#3
E|26 | O DOnsan O _#3
E| 27 | O DOwsa.1 O #3
E| 28| O DOwsa.1 O #3
E[29 | O DOhsa O _#3
E|30 | O DOnsan O _#3
E| 31 O DOw2as.1 O_#la
E| 32| O DOhoas.1 O #la
E| 33 (@] DOH2A5_1 O #la
E|34 |0 DOwhiz2as.1 O #la
E[35|O DOm2as.1, HBm.1 O _#1b | Motorl+ (in DC-motor configuration)
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Figure 32- Connector E pinout
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8.4 Ethernet M12 (Female, D-coded)
Table 80 — Connector F pinout
Connector F — M-12 D-CODED (female)
Pin Dir Function(s) Spec/ | Notes
type
F| 1 (@) ETH17x+ Transmit data +
F|2 | ETH1Rrx+ Receive data +
F|3 (@) ETH11x- Transmit data -
Fl4 I ETH1Rx- Receive data -
F Shield Connector body is connected to mod-
ule enclosure
Table 81 — Connector G pinout
Connector G — M-12 D-CODED (female)
Pin Dir Function(s) Spec/ | Notes
type
G|l1 (6] ETH27x.+ Transmit data +
G| 2 | ETH2grx+ Receive data +
G| 3 (@) ETH27x- Transmit data -
G|l 4 | ETH2gx- Receive data -
G Shield Connector body is connected to mod-
ule enclosure

e
&

Female

Figure 33 — Ethernet connector pin numbering from front view of the connector
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9 Mechanical drawings
All measurements in millimeters (mm).
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10 Software environment

User applications for TEC172 are developed as IEC 61131-3 applications, using CODESYS V3
programming environment. By default, CANL1 is used as development port for communication be-
tween the module and the development PC. The CODESYS tool is compatible with USB-to-CAN
interfaces provided by Kvaser and PEAK-System Technik. The firmware of TEC172 supporting
development of user applications consists of the Boot loader and the System software.

10.1 Boot loader
The boot loader is the first program running after power-up of the device, and it provides facilities
for updating the system software and user application over CAN using CANopen-based download
protocol. Technion offers a software tool for Windows-based PCs for performing the download.
The software tool is compatible with USB-to-CAN interfaces provided by Kvaser and PEAK-
System Technik.

10.2 System software
The system software of TEC172 manages the I/O features of the module, and implements
CODESYS V3 Runtime System, necessary for creating user applications with CODESYS. Main
features provided by the runtime system for application development are:

On-line monitoring and writing of application variables

Pre-emptive multitasking scheduler for application tasks

Exception processing for handling application programming errors
Support for CAN interfaces

Support for Ethernet Socket interface

Support for file access on data flash

Support for RS232/485 interfaces

Retain variables support

Support for configuring all analog and digital 1/0 interfaces of TEC172

Documentation on how to access these features can be found in built-in help system of CODESYS.
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11 Reference documents
Item Document name Description Rev
[1] Technical Report: The Tin Command- http://www.te.com/documentation/whitepapers/p | 7/31/96
ments:Guidelines For The Use Of Tin On | df/sncomrep.pdf
Connector Contacts, AMP Incorporated
[2] Technical Report: Golden Rules: Guide- http://www.te.com/documentation/whitepapers/p | 7/29/96

lines For The Use Of Gold On Connector
Contacts, AMP Incorporated
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