MAKING MODERN LIVING POSSIBLE

Tech Note

Input Configurations for
PLUS+1® Controllers

powersolutions.danfoss.com

Tech Note

Input Configurations for PLUS+1® Controllers

About this manual

This publication is intended to share circuits, products and other useful application information not
otherwise found in other Danfoss publications. It is written to inform and aid the reader in the
successful application of Danfoss products.

Revision history
Revision date
07/18/2005
10/11/2005
12/08/2005
17 Sep 2013

2

Page

Change

8, 9
Various
All

Content revision
Drawing and content changes
New layout

520L0931 • Rev CA • Sep 2013

Remarks
Initial release
Rev-A
Rev-B
Rev-C

Tech Note

Input Configurations for PLUS+1® Controllers

Contents
PLUS+1 Controllers
Configurable Inputs

Overview....................................................................................................................................................................................... 4
Switch connected to ground................................................................................................................................................. 4
Switch connected to +battery.............................................................................................................................................. 5
Two position switch connected to +battery or ground.............................................................................................. 6
Three position switch connected to +battery or ground........................................................................................... 7
Quadrature encoder................................................................................................................................................................. 8
Phase shift measurement....................................................................................................................................................... 9
Temperature sensor or rheostat......................................................................................................................................... 10
4-20 milliampere sensor........................................................................................................................................................ 11
Pulse pickups (PPU)................................................................................................................................................................. 12
Battery operated PPU....................................................................................................................................................... 12
+5 Vdc operated PPU........................................................................................................................................................ 12
Inductive 2-wire PPU........................................................................................................................................................ 13
Open collector PPU........................................................................................................................................................... 13
Potentiometers (control handles, setpoint knobs, etc.)............................................................................................ 14

520L0931 • Rev CA • Sep 2013

3

Tech Note

Input Configurations for PLUS+1® Controllers

PLUS+1 controllers
configurable inputs
Overview

PLUS+1 controllers have a number of different input types. Here are some examples and how to use
them to interface with different types of external devices. Please refer to the Application
Programming Interface (API) for the particular hardware you are using for more details and the latest
information on voltage ranges, etc. The API specifications for each hardware module are available in
the hardware tab in PLUS+1 GUIDE.

Switch connected
to ground

Input schematic
+BATT
To Digin

PLUS+1 Input
2308

This type of input could be read by a number of different PLUS+1 input types.
PLUS+1 input types
Digital input (DIN)
Configuration should be set to provide an internal pull-up resistor to +5 Vdc. This will be activated with a
ground signal. (PinConfig = 1)
Digital/analog input (DIN/AIN)
Configuration should be set to provide an internal pull-up resistor to +5 Vdc. (PinConfig0 = 1)
Configuration should be set to 5.25 Volt range. (PinConfig1 = 0)
Multifunction: digital/analog/frequency input (DIN/AIN/FreqIN)
Configuration should be set to provide an internal pull-up resistor to +5 Vdc. (PinConfig0 = 1)
Configuration should be set to 5.25 Volt range. (PinConfig1 = 0)
Frequency configuration, if available, should be set to provide no additional measurement modes.
Analog input (AIN)
Although this is not a recommended method, it could be used if all other input types have been used.
In this case an analog measurement is used and a GUIDE application must be developed to determine if the
signal is true or false.
Configuration should be set to the normal analog input.
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Switch connected
to +Battery

Input schematic
+BATT

To Digin

PLUS 1 Input
2309

This type of input could be read by a number of different PLUS+1 input types.
PLUS+1 input types
Digital input (DIN)
Configuration should be set to provide an internal pull-down resistor to ground. This will be activated with a
voltage from +5 Vdc to battery voltage. (PinConfig = 2)
Digital/analog input (DIN/AIN)
Configuration should be set to provide an internal pull-down resistor to ground. This will be activated with a
voltage from +5 Vdc to battery voltage. (PinConfig0 = 2)
Configuration should be set to 5.25 Volt range. This is necessary for proper operation as a digital input.
(PinConfig1 = 0)
Multifunction: digital/analog/frequency input (DIN/AIN/FreqIN)
Configuration should be set to provide an internal pull-down resistor to ground. This will be activated with a
voltage from +5 Vdc to battery voltage. (PinConfig0 = 2)
Configuration should be set to 5.25 Volt range. This is necessary for proper operation as a digital input.
(PinConfig1 = 0)
Frequency configuration, if available, should be set to provide no additional measurement modes.
Analog input (AIN)
Although this is not a recommended method, it could be used if all other input types have been used.
In this case an analog measurement is used and a GUIDE application must be developed to determine if the
signal is true or false.
Configuration should be set to the normal analog input.
Normal range of the input is 0 to +5.25 Vdc. Obviously, battery voltage is higher than that, but the input will just
saturate to the highest reading.
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Two position Switch
connected to +battery or
ground

Input schematic
+BATT

To Digin

PLUS 1 Input
2310

This type of input could be read by a number of different PLUS+1 input types.
PLUS+1 input types
Digital input (DIN)
Configuration should be set to provide an internal pull-down resistor to ground. This will be activated with a
voltage from +5 Vdc to battery voltage. (PinConfig = 2)
Digital/analog input (DIN/AIN)
Configuration should be set to provide an internal pull-down resistor to ground. This will be activated with a
voltage from +5 Vdc to battery voltage. (PinConfig0 = 2)
Configuration should be set to 5.25 Volt range. This is necessary for proper operation as a digital input.
(PinConfig1 = 0)
Multifunction: digital/analog/frequency input (DIN/AIN/FreqIN)
Configuration should be set to provide an internal pull-down resistor to ground. This will be activated with a
voltage from +5 Vdc to battery voltage. (PinConfig0 = 2)
Configuration should be set to 5.25 Volt range. This is necessary for proper operation as a digital input.
(PinConfig1 = 0)
Frequency configuration, if available, should be set to provide no additional measurement modes.
Analog input (AIN)
Although this is not a recommended method, it could be used if all other input types have been used.
In this case an analog measurement is used and a GUIDE application must be developed to determine if the
signal is true or false.
Configuration should be set to the normal analog input.
Normal range of the input is 0 to +5.25 Vdc. Obviously, battery voltage is higher than that, but the input will just
saturate to the highest reading.
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Three position Switch
connected to +battery or
ground

Input schematic

With this type of input an application could be setup to get three switch states from a single PLUS+1
input. This could be done with a multifunction input or possibly a
digital/analog input. Switch states:
yy When the switch is in the up position, +Batt voltage will be applied to the input.
The analog reading will be at +Batt voltage.
yy When the switch is in the middle position, no voltage will be applied to the input. The analog
reading will be about 2.5 Vdc due to the internal voltage divider.
yy When the switch is in the down position, ground will be applied to the input. The analog reading
will be 0 Vdc.
PLUS+1 input types
Digital input (DIN)
This cannot be done by a straight digital input. It needs to be able to read the voltage.
Digital/analog input (DIN/AIN)
Configuration should be set to provide an internal pull-up/pull-down configuration.
This configuration may not be available on some templates. (PinConfig0 = 3)
Configuration should be set to 36 Volt range. (PinConfig1 = 1)
The application program can either use the Multi_Dig_In function block set for three outputs or the
programmer can write his own application to decode the signal voltage levels.
Multifunction: digital/analog/frequency input (DIN/AIN/FreqIN)
Configuration should be set to provide an internal pull-up/pull-down configuration. (PinConfig0 = 3)
Configuration should be set to 36 Volt range. (PinConfig1 = 2)
Frequency configuration, if available, should be set to provide no additional measurement modes.
The application program can either use the Multi_Dig_In function block set for three outputs or the
programmer can write his own application to decode the signal voltage levels.
Analog input (AIN)
This type input cannot be used because the configuration cannot be set to provide an internal
pull-up/pull-down configuration.
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Quadrature encoder

Input schematic
+BATT

Encoder

A

PLUS 1 Master Input

B

PLUS 1 Slave Input

2311

This type of input can only be read by multifunction PLUS+1 inputs. Encoders must be connected to
multifunction inputs that are setup for quadrature encoders. They can measure the number of
counts that have occurred during the last loop time and the direction of rotation. They can also
measure the amount of phase shift time (see Phase shift measurement, page 9).
The maximum input frequency for these measurements is 4 kHz. Above that frequency there is a
chance that some pulses could be missed.
PLUS+1 input type
Multifunction: Digital/analog/frequency input (DIN/AIN/FreqIN)
Only certain multifunction inputs are capable of handling quadrature encoders. Please refer to the API for the
particular hardware you are using for more details.
Quadrature encoders must be connected to multifunction inputs in pairs. The A channel should be connected
to the master input and the B channel should be connected to the slave input.
Configuration should be set to provide an internal pull-up/pull-down configuration depending on the output
structure of the encoder. Check the vendor specifications.
Configuration should be set to 5.25 Volt range. This is necessary for proper operation as a digital input.
(PinConfig1 = 0)
Frequency configuration should be set to quad encoder enabled. (FreqConfig = 1)

When quad encoder measurement is enabled, then the QuadCount value will be valid. When read, this
value will give the number of measured counts during the last loop time. The sign of the value will
indicate the direction of rotation.
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Phase Shift measurement

Input schematic

Input Freq A

PLUS 1 Master Input

Input Freq B

PLUS 1 Slave Input

2312

Phase shift between two input frequencies can be read by multifunction PLUS+1 inputs. The signals
must be connected to multifunction inputs that are setup for quadrature encoders.
The maximum input frequency for these measurements is 4 kHz. Above that frequency there is a
chance that some pulses could be missed.
PLUS+1 input type
Multifunction: Digital/analog/frequency input (DIN/AIN/FreqIN)
Only certain multifunction inputs are capable of handling phase shift measurements. Please refer to the API for
the particular hardware you are using for more details.
Phase shift measurements must be connected to multifunction inputs in pairs. One channel should be
connected to the master input and the other channel should be connected to the slave input.
Configuration should be set to provide an internal pull-up/pull-down configuration depending on the output
structure of the sensors providing the frequency inputs. Check the vendor specifications.
Configuration should be set to 5.25 Volt range. This is necessary for proper operation as a digital input.
(PinConfig1 = 0)
Frequency configuration should be set to phase shift enabled. (FreqConfig = 2)

When phase shift measurement is enabled, then the phase value will be valid. When read, this value will
give the time of the phase shift between the A and B signals in tenths of microseconds. The sign of the
value will indicate the direction of rotation.
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Temperature sensor or
rheostat

Input schematic

+5 V DC
Rheostat or
Temperature
Sensor

1330 ohms
To A/D
PLUS 1 Input

2313

This type of input can only be read by a temperature/rheostat PLUS+1 input type.
yy This input is capable of measuring an external variable resistance of 0 to 10kΩ.
yy Although it can go as high as 10kΩ, the measurement will have better resolution at the lower
resistance values due to the non-linearity of the resultant voltage to the A/D.
yy For best results use sensors or rheostats that have a maximum resistance of less than 1kΩ.
PLUS+1 input type
Analog/temperature/rheostat input (AIN/TEMP/RHEO)
Configuration should be set to temperature/rheostat mode. (PinConfig = 1)
Value is read in ohms.
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4-20 milliampere SENSOR

Input schematic
+Batt

4-20 mA

Sensor

PLUS 1 Input
To A/D
External
18 ohm
Resistor
Sensor
Ground
2314

There is not a PLUS+1 input specifically designed for a 4-20 mA sensor. However, this type of input
could be read by a multifunction input, if it is wired as shown above with an external resistor. An 18Ω
resistor provides an input signal voltage range of 0.072 to 0.36 Vdc. A 200Ω resistor provides an input
signal voltage range of 0.8 to 4.0 Vdc.
PLUS+1 input type
Digital/analog input (DIN/AIN)
Recommended external resistor is 200Ω. Other resistor values can be utilized, but the voltage range will be
different than 0.8 to 4.0 Vdc.
Configuration should be set to provide no pull-up or pull-down resistor. This will be activated with a voltage
from +5 Vdc to battery voltage. (PinConfig0 = 0)
Configuration should be set to 5.25 Volt range. (PinConfig1 = 0)
Multifunction: digital/analog/frequency input (DIN/AIN/FreqIN)
Recommended external resistor is 18Ω. Other resistor values can be utilized, but the voltage range will be
different than 0.072 to 0.36 Vdc. This input could also use the 200Ω value, if desired, by setting the voltage
range to 5.25 Vdc.
Set the configuration to provide no pull-up or pull-down resistor. This will be activated with a voltage from
+5 Vdc to battery voltage. (PinConfig0 = 0)
Set the voltage range to 0.3675 Vdc. (PinConfig1 = 1)
Frequency configuration, if available, should be set to provide no additional measurement modes.
Analog/temperature/rheostat input (AIN/TEMP/RHEO)
Not recommended since the minimum voltage range is 0 to 5.25 Vdc
Analog/CAN shield input (AIN/CAN/Shield)
Not recommended since the minimum voltage range is 0 to 5.25 Vdc
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Pulse Pickups (PPU)

PLUS+1 hardware will work with virtually any Pulse Pickup (PPU). This is because a number of voltage
ranges and pull-up/pull-down configurations are available. The user should refer to the API
document for details of the voltage ranges and the threshold values for a particular PLUS+1 hardware.
Users should also refer to the pulse pickup manufacturer’s data sheet for details on the PPU output
configuration.
The PPU can only be read by a PLUS+1 multifunction (DIN/AIN/FreqIN) input. Frequency
configuration can be set to any mode, but normally no additional measurement mode is needed.
Available measurements are frequency, period, pulse counting, or duty cycle.
Battery operated PPU
Input schematic
+5 V DC
+BATT

Pulse
Pickup

Multi-Function
Input

2315

PLUS+1 multifunction input type
Battery operated PPU
Configuration should be set to provide an internal pull-up/pull-down configuration. (PinConfig0 = 3)
Configuration should be set to 5.25 Volt range. (PinConfig1 = 0)

+5 Vdc operated PPU
Input schematic

+5 V DC
PLUS 1 Input

Potentiometer

To A/D
Sensor
Ground
2316

PLUS+1 multifunction input type
+5 Vdc operated PPU
Configuration should be set to provide an internal pull-up/pull-down configuration. (PinConfig0 = 3)
Configuration should be set to 5.25 Volt range. (PinConfig1 = 0)
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Pulse Pickups (PPU)
(continued)

Inductive 2-wire PPU
Input schematic
+5 V DC

Inductive
Pulse
Pickup

Multi-Function
Input

2317

PLUS+1 multifunction input type
Inductive 2-wire PPU
Configuration should be set to provide an internal pull-up/pull-down configuration. (PinConfig0 = 3)
Configuration should be set to 5.25 Volt range. (PinConfig1 = 0)

Open collector PPU
Input schematic
For an open collector PPU, you must have a pull up resistor that is external to the PPU. This can be
provided by the PLUS+1 controller by setting the input pin configurations as follows.

+5 V DC
+5 V DC or
+BATT
Open
Collector
Pulse
Pickup

Multi-Function
Input

2318

PLUS+1 multifunction input type
Open collector PPU
Configuration should be set to provide an internal pull-up resistor to +5 Vdc. (PinConfig0 = 1)
Configuration should be set to 5.25 Volt range. (PinConfig1 = 0)
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Potentiometers (Control
Handles, Setpoint Knobs,
etc.)

As shown below there are two ways to wire a potentiometer to a PLUS+1 controller. The first method
is recommended. The second method is acceptable, if you can deal with the limitations.
Recommended wiring—this will give you the most accurate readings. The +5 Vdc supply from the
PLUS+1 controller is regulated and the ground return goes back to the controller.
Alternate wiring—this will give you roughly the same results. However, the battery voltage can
fluctuate and there may be some voltage differential between the ground of the potentiometer and
the ground in the PLUS+1 controller. Either of these two conditions can cause the analog voltage
reading to fluctuate. Of course you will also need to use the high voltage range on the analog input.
Recommended wiring

Alternate wiring

+BATT

+5 V DC

PLUS 1 Input

PLUS 1 Input

Potentiometer

Potentiometer
To A/D

To A/D

Sensor
Ground
2319

2320

PLUS+1 input types
Analog input (AIN)
No configuration is necessary.
Range is normally 0 to 5.25 Vdc so the alternate wiring shown above is not applicable.
Digital/analog input (DIN/AIN)
Configuration should be set to provide no pull-up or pull-down resistor. This will be activated with a voltage
from +5 Vdc to battery voltage. (PinConfig0 = 0)
For 5 Vdc input set the configuration to 5.25 Volt range. (PinConfig1 = 0)
For up to 36 Vdc input set the configuration to 36 Volt range. (PinConfig1 = 1)
Multifunction (digital/analog/frequency) input (DIN/AIN/FreqIN)
Configuration should be set to provide no pull-up or pull-down resistor. This will be activated with a voltage
from +5 Vdc to battery voltage. (PinConfig0 = 0)
For 5 Vdc input set the configuration to 5.25 Volt range. (PinConfig1 = 0)
For up to 36 Vdc input set the configuration to 36 Volt range. (PinConfig1 = 2)
Frequency configuration, if available, should be set to provide no additional measurement modes
Analog/temperature/rheostat input (AIN/TEMP/RHEO)
Configuration should be set to normal analog input
No range configuration – this is usable for the 5 Vdc input only
Analog/CAN shield input (AIN/CAN Shield)
No range configuration – this is usable for the 5 Vdc input only
This input can be used if a CAN shield is not used in the system
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Products we offer:
 Bent Axis Motors
 Closed Circuit Axial Piston
Pumps and Motors
 Displays

Danfoss Power Solutions is a global manufacturer and supplier of high-quality hydraulic and
electronic components. We specialize in providing state-of-the-art technology and solutions that
excel in the harsh operating conditions of the mobile off-highway market. Building on our extensive
applications expertise, we work closely with our customers to ensure exceptional performance for a
broad range of off-highway vehicles.

 Electrohydraulic Power
Steering

We help OEMs around the world speed up system development, reduce costs and bring vehicles to
market faster.
Danfoss – Your Strongest Partner in Mobile Hydraulics.

 Electrohydraulics

Go to www.powersolutions.danfoss.com for further product information.

 Hydraulic Power Steering
 Integrated Systems
 Joysticks and Control
Handles
 Microcontrollers and
Software
 Open Circuit Axial Piston
Pumps

Wherever off-highway vehicles are at work, so is Danfoss.
We offer expert worldwide support for our customers, ensuring the best possible solutions for
outstanding performance. And with an extensive network of Global Service Partners, we also provide
comprehensive global service for all of our components.
Please contact the Danfoss Power Solution representative nearest you.

 Orbital Motors
 PLUS+1® GUIDE
 Proportional Valves
 Sensors
 Steering
 Transit Mixer Drives

Comatrol
www.comatrol.com
Schwarzmüller-Inverter
www.schwarzmuellerinverter.com

Local address:

Turolla
www.turollaocg.com
Valmova
www.valmova.com
Hydro-Gear
www.hydro-gear.com
Daikin-Sauer-Danfoss
www.daikin-sauer-danfoss.com

Danfoss
Power Solutions US Company
2800 East 13th Street
Ames, IA 50010, USA
Phone: +1 515 239 6000

Danfoss
Power Solutions GmbH & Co. OHG
Krokamp 35
D-24539 Neumünster, Germany
Phone: +49 4321 871 0

Danfoss
Power Solutions ApS
Nordborgvej 81
DK-6430 Nordborg, Denmark
Phone: +45 7488 2222

Danfoss
Power Solutions
22F, Block C, Yishan Rd
Shanghai 200233, China
Phone: +86 21 3418 5200

Danfoss can accept no responsibility for possible errors in catalogues, brochures and other printed material. Danfoss reserves the right to alter its products without notice. This also applies to products
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