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1 Introduction

The NP5 is a controller for BLDC and stepper motors in plug-in module format (PCl-format connector
strip) for integration in your own developments.

O Note

The PCl-format connector strip is not electrically compatible with PCI Express. Under no
circumstances is it to be plugged into the PC mainboard.

This manual describes the integration of the NP5 in your motherboard and the functions of the
controller. It also shows how you can address and program the controller via the communication
interface.

You can find further information about the device on the Nanotec homepage us.nanotec.com.

1.1 Version information

Manual Date Changes Firmware Hardware
version version version
1.0.0 03/2018 First edition FIR-v1748 WO003a

1.2 Copyright, marking and contact

Copyright © 2013 — 2018 Nanotec® Electronic GmbH & Co. KG. All rights reserved.

C€

Nanotec® Electronic GmbH & Co. KG
Kapellenstraf3e 6
D-85622 Feldkirchen/Munich

Phone: +49 (0)89-900 686-0
Fax: +49 (0)89-900 686-50

Internet: us.nanotec.com

TwinCAT" is a registered trademark of the Beckhoff Automation GmbH™.

1.3 Intended use

The NP5 is used to control stepper and BLDC motors and is designed for use under the approved
Environmental conditions.

The controller must be connected to motors via a PCl-format connector strip and a suitable
motherboard. The system boundary of the controller ends at the PCI connector strip.

Any other use is considered unintended use.

Version: 1.0.0 / FIR-v1748 7
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O Note

Changes or madification to the controller are not permitted.

1.4 Warranty and disclaimer

Nanotec produces component parts that are used in a wide range of industrial applications. The
selection and use of Nanotec products is the responsibility of the system engineer and end user.
Nanotec accepts no responsibility for the integration of the products in the end system.

Under no circumstances may a Nanotec product be integrated as a safety controller in a product or
construction. All products containing a component part manufactured by Nanotec must, upon delivery
to the end user, be provided with corresponding warning notices and instructions for safe use and safe
operation. All warning notices provided by Nanotec must be passed on directly to the end user.

Our general terms and conditions apply: en.nanotec.com/service/general-terms-and-conditions/.

1.5 Specialist staff

Only specialists may install, program and commission the device:

» Persons who have appropriate training and experience in work with motors and their control.
» Persons who are familiar with and understand the content of this technical manual.
« Persons who know the applicable regulations.

1.6 Other applicable regulations

In addition to this technical manual, the following regulations are to be observed:

» Accident-prevention regulations
« Local regulations on occupational safety

1.7 EU directives for product safety

The following EU directives were observed:
* RoHS directive (2011/65/EU, 2015/863/EU)

1.8 Used icons

All notices are in the same format. The degree of the hazard is divided into the following classes.

A CAUTION

The CAUTION notice indicates a possibly dangerous situation.
Failure to observe the notice may result in moderately severe injuries.
» Describes how you can avoid the dangerous situation.

O Note

» Indicates an error source or likelihood of confusion.
» Failure to observe the notice may result in damage to this or other devices.
» Describes how device damage can be avoided.

Version: 1.0.0 / FIR-v1748 8
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Tip

Shows a tip for the application or task.

1.9 Emphasis in the text

The following conventions are used in the document:
Text set in bold indicates cross references and hyperlinks:

» The following bits in object 6041}, (statusword) have a special function:
« Alist of available system calls can be found in chapter System calls in a NanoJ program.

Text set in italics marks named objects:

¢ Read the installation manual.

e Use the Plug & Drive Studio software to perform the auto setup.

« For software: You can find the corresponding information in the Operation tab.
* For hardware: Use the ON/OFF switch to switch the device on.

A text set in Courier marks a code section or programming command:

* The line with the od write (0x6040, 0x00, 5 ); command has no effect.
« The NMT message is structured as follows: 000 | 81 2A

A text in "quotation marks" marks user input:

« Start the NanoJ program by writing object 2300, bit 0 = "1".
< If a holding torque is already needed in this state, the value "1" must be written in 3212,:01,.

1.10 Numerical values

Numerical values are generally specified in decimal notation. The use of hexadecimal notation is
indicated by a subscript h at the end of the number.

The objects in the object dictionary are written with index and subindex as follows:
<Index>:<Subindex>

Both the index as well as the subindex are specified in hexadecimal notation. If no subindex is listed,
the subindex is 00y,

Example: Subindex 5 of object 1003y, is addressed with 1003y,: 05y, subindex 00 of object 6040y, with
6040y,

1.11 Bits

The numbering of individual bits in an object always begins with the LSB (bit number 0). See the
following figure, which uses data type UNSIGNEDS8 as an example.

MSB LSB
BitNummer 7 6 5 4 3 2 1 0
Bits \0\1\0\1\0\1\0\1\ 2 55p¢ 2 85400

1.12 Counting direction (arrows)

In figures, the counting direction is always in the direction of an arrow. Objects 60C5, and 60C6y,
depicted as examples in the following figure are both specified as positive.

Version: 1.0.0 / FIR-v1748 9
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2 Safety and warning notices

o

Note

Damage to the controller.

Changing the wiring during operation may damage the controller.

Only change the wiring in a de-energized state. After switching off, wait until the capacitors have
discharged.

Note

Fault of the controller due to excitation voltage of the motor.
Voltage peaks during operation may damage the controller.
Install suitable circuits (e.g., charging capacitor) that reduce voltage peaks.

Note

There is no polarity reversal protection.

Polarity reversal results in a short-circuit between supply voltage and GND (earth) via the power
diode.

Install a line protection device (fuse) in the supply line.

Note

The device contains components that are sensitive to electrostatic discharge.
Improper handling can damage the device.
Observe the basic principles of ESD protection when handling the device.

Version: 1.0.0 / FIR-v1748 11
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3 Technical details and pin assignment
3.1 Environmental conditions

Value

Environmental condition

Protection class

Ambient temperature (operation)

Air humidity (non-condensing)

Altitude of site above sea level (without drop in performance)
Ambient temperature (storage)

No IP protection
-10 ... +40°C
0...95%

1500 m

-25 ... +85°C

3.2 Dimensioned drawings

Dimensions are in [mm].
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The following figures show the board layout.
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3.3 Electrical properties and technical data

Property

Description / value

Operating voltage

12 - 48 V DC +4%

Rated current

6 Amms

Peak current

10 A;ms (for 1 second)

Commutation

Stepper motor open loop, stepper motor closed loop with encoder,
BLDC sine commutated via Hall sensor, BLDC sine commutated via
encoder

Note: External wiring is required for encoder and Hall sensor!

Operating modes

Profile Position Mode, Profile Velocity Mode, Profile Torque Mode,
Velocity Mode, Homing Mode, Interpolated Position Mode, Cyclic
Sync Position Mode, Cyclic Sync Velocity Mode, Cyclic Synchronous
Torque Mode, Clock-Direction Mode

Set value setting /
programming

Clock-direction, analog, NanoJ program

Interfaces 2x SPI, 1x I°C
Encoder/Hall 2x encoder 1x Hall sensor

Note: External wiring is required for encoder and Hall sensor!
I/O 6x general 1/0, 2x analog input, 1x output for the external brake

(open drain), 1x output for the external ballast circuit

Version: 1.0.0 / FIR-v1748
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Property Description / value

Connector PCI Express 8x, 1.0 mm RM, 2x49 contacts

Overtemperature Protection circuit at temperature > 75°C

Polarity reversal protection Polarity reversal protection by power diode (short-circuit between

+UB and GND, fuse necessary in supply line)

Fuse size for polarity reversal |ax (controller) < | (tripping current for fuse) < Ihax (Voltage supply)
protection:

Charging capacitor For each ampere of rated current on the motor, Nanotec
recommends a capacitance of approx. 1000 pF.

O Note

» For the digital inputs, the switch-on threshold is 1.86 V, the switch-off threshold is 0.91 V.
« For the digital inputs, the maximum sampling frequency is 1 MHz.
» The range of the analog inputsis 0 ... 3.3 V.

Tip

If the fuse value (I tripping current for fuse) is very close to the maximum current consumption of the
controller (Ihax controller), a medium / slow tripping characteristics should be used.

3.4 Overtemperature protection

Above a temperature of approx. 75 °C on the power board the power part of the controller switches off
and the error bit is set (see objects 1001}, and 1003}). After cooling down and confirming the error (see
table for the controlword, "Fault reset"), the controller again functions normally.

The following temperature test results provide information on the temperature behavior of this
controller.

Temperature tests are performed under the following conditions:

« Operating voltage: 48 V DC

e Motor current: 6 A rms

* Operation mode: Velocity Mode, full step, 30 rpm

e Ambient temperature: 25 °C /45 °C

 Altitude of site: 500 m above seal level

* No external cooling in the climatic chamber, e.g., via fan

The following graphic shows the results of the temperature tests:

Version: 1.0.0 / FIR-v1748 14
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NP5 temperature

Tem peratu e I"C]

Time [5]

Summary:

At 25°C (+48 V, 6 A rms, Velocity Mode 30 rpm), the controller was in operation for longer than 2 hours
without having been switched off. The temperature was stable at approx. 62°C.

At 45°C (+48 V, 6 A rms, Velocity Mode 30 rpm), temperature protection switched off the controller in
less than 2 minutes.

O Note

Aside from the motor, the exact temperature behavior is also dependent on the flange connection and
the heat transfer there as well as on the convection in the application. For this reason, we recommend
always performing an endurance test in the actual environment for applications in which current level
and ambient temperature pose a problem.

Version: 1.0.0 / FIR-v1748 15



3.5 LED signaling

3.5.1 Power LED

Side A || | fm

Normal operation

In normal operation, the green power LED flashes briefly once per second.

1s 2s 3s 4s 5s 6s 7s

Case of an error

8s

Y Nanotec’

PLUG & DRIVE

If an error has occurred, the LED turns red and signals an error number. In the following figure, the

error number 3 is signaled.

1s 2s 3s 4s 5s 6s 7s

The following table shows the meaning of the error numbers.

8s

Flash rate Error

General

Voltage
Temperature
Overcurrent
Controller
Watchdog-Reset

o O~ WDN PR

Note

For each error that occurs, a more precise error code is stored in object 1003;,.

Version: 1.0.0 / FIR-v1748
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3.6 Pin assignment
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PIN assignment of the PCI connector strip

OSIWOF 5010
(150w or oIy
[d10" @ eaidp
EEEERE),
[soor toma)
[ECTTTEETND,

Note

For digital inputs 1 to 6, the switch-on threshold is 1.86 V, the switch-off threshold is 0.91 VV DC.
The maximum sampling frequency is 1 MHz. If the 1/O pins are used as output (see Defining

input and output assignments), the maximum admissible current is approx. 10 mA at 3.3V DC.

The range of the analog inputsis O ...

3.3V DC.

off threshold is

on threshold is 1.86 V, the switch

The encoder signal is single-ended, the switch-

0.91 V DC. The maximum sampling frequency is 1 MHz.

The current consumption of the UB_LOGIC logic supply is approx. 30 mA at 24 V DC.

PCI pin assignment:

Description/function

Name

Pin

GND

Al

A
B

ENC1_A

A2

Encoder 1,

ENC1_B

A3

Encoder 1,

ENCL1_]|

Index

’

Encoder 1

A4

ENC1_CAP

Not used

A5

HALL_U

Hall sensor 1 (U)
Hall sensor 2 (V)
Hall sensor 3 (W)

Encoder 2, A

(H1)

HALL_V

A6

(H2)

HALL_W

A7

(H3)

ENC2_A

A8

A9

ENC2_B

A10
All

Encoder 2, B

GND

17
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Pin Name Description/function

Al12 GND

Al3 ADC_ANALOG_2 Analog input2: 0 ... 3.3V

Al4 GND

A15 SLOT_SPI_MOSI

A16 SLOT_SPI_MISO

Al SLOT_SPI_SCK PDI[SJEEPROM_Loaded , see EtherCAT
connection

A18 SLOT_SPI_CS

Al19 COMM_SPI_MOSI PDI[2] , see EtherCAT connection

A20 COMM_SPI_MISO PDI[3], see EtherCAT connection

A2l COMM_SPI_SCK PDI[0] , see EtherCAT connection

A22 COMM_SPI_CS PDI[1] , see EtherCAT connection

A23 I2CSCL_CANRX EPROM_CLK , see EtherCAT connection

A24 [2CSDA_CANTX

A25 n.c. reserved

A26 GND

A27 +3.3V_EXT Not used

A28 +14V_EXT Not used

A29 GND

A30 BN_OUT B\ (stepper motor)

A3l

A32

A33 B _OUT B\(stepper motor) or W (BLDC)

A34

A35

A36 AN_OUT A\ (stepper motor) or V (BLDC)

A37

A38

A39 A OUT A (stepper motor) or U (BLDC)

A40

A4l

A42 GND

A43

Ad4

A45 UB_IN 12 ... 48V DC 4%

A46

A47

A48 BRAKE_OUT Control of the external brake, open-drain output,
max. 1 A

A49 GND

Version: 1.0.0 / FIR-v1748
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Pin Name Description/function

B1 GND

B2 U_REF_ANALOG 3.3 V DC, reference voltage for analog inputs

B3 DIO1_10_CS General I/0

B4 DIO2_CD_CLK General 1/0O (clock input in clock-direction mode)

B5 DIO3_CD_DIR General I/O (direction input in clock-direction
mode)

B6 DIO4_10_MOSI General I/0

B7 DIO5_IO_MISO General I/0

B8 DIO6_IO_CLK General I/0

B9 ENC2_I Encoder 2, Index

B10 ENC2_CAP Not used

B11 GND

B12 GND

B13 ADC_ANALOG_1 Analog input 1: 0 ... 3.3V

B14 GND

B15 SPARE_PHY_TX+ reserved

B16 SPARE_PHY_TX- reserved

B17 SPARE_PHY_RX+ reserved

B18 SPARE_PHY_RX- reserved

B19 SLOT_RESET System function, reserved

B20 SLOT_BOOT System function, reserved

B21 SLOT_SYNC System function, reserved

B22 COMM_RESET ETHERCAT_RESET, see EtherCAT connection

B23 COMM_SYNC PDI[4]/SPI_IRQ , see EtherCAT connection

B24 GND

B25 n.c. reserved

B26 GND

B27 BALLAST For controlling the external ballast circuit

B28 n.c. reserved

B29 GND

B30 BN_OUT B\ (stepper motor)

B31

B32

B33 B_OUT B (stepper motor) or W (BLDC)

B34

B35

B36 AN_OUT A\ (stepper motor) or V (BLDC)

B37

B38

B39 A_OUT A (stepper motor) or U (BLDC)

B40

B41

Version: 1.0.0 / FIR-v1748
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Pin Name Description/function

B42 GND

B43

B44

B45 UB_IN 12 ... 48 V DC 4%

B46

B47

B48 UB_LOGIK External logic supply, 24 V DC
B49 GND

Version: 1.0.0 / FIR-v1748 20
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4 Hardware installation

O Note

Make certain that all components are de-energized.

O Note

» The device contains components that are sensitive to electrostatic discharge.
» Improper handling can damage the device.
» Observe the basic principles of ESD protection when handling the device.

4.1 Connecting the controller

For easy connection, Nanotec recommends the Discovery Board DK-NP5-68. If you operate your
controller using this Discovery Board, read chapter Connecting the NP5 controller via the Discovery
Board.

4.1.1 Integrating the NP5

O Note

« EMC: Current-carrying cables — particularly around supply and motor cables — produce
electromagnetic alternating fields.

 These can interfere with the motor and other devices. Nanotec recommends the following
measures:

» Use shielded cables and earth the cable shielding on both ends over a short distance.

« Use cables with cores in twisted pairs.

» Keep power supply and motor cables as short as possible.

» Earth motor housing with large contact area over a short distance.

» Lay supply, motor and control cables separately.

Shown in the following figures is the circuit diagram of the NP5 Discovery Board, which can serve as
a reference for the development of your own motherboard. You can find the pin assignment of the PCI
connector strip in chapter Pin assignment.

1. Prepare your motherboard.

The minimum wiring varies depending on motor type and any present feedback (stepper or BLDC
motor, Hall sensors/encoders). For commissioning, the connection of the voltage supply (POWER)
of the motor and of suitable EtherCAT wiring (see also EtherCAT connection) is sufficient.

Version: 1.0.0 / FIR-v1748 21
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Expansion Socket for N5 Comm Modules
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e
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owkevision | R som
CoRRD

Rvan
e

] Ground

Nanotec Electronic GmbH M N P5_S I N G L E

Kapellensir. 6

10.04.2017 13:20:26 | 'WO003
MNP5_SINGLE_W003 | 1/1

0-85622 Foldkirohen b. Minchen

2. Plug the NP5 into the PCI plug connection.

4.1.2 EtherCAT connection

The following figures show a reference circuit for connecting the NP5 EtherCAT

oL N ]

For the standard assignment of the connections, see Pin assignment.
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AL B1
A2 B2 aﬂi’ﬂ
A3 B3 10 CS
A4 B4

A5 3 BS

A6 o B6

A7 31 B7

A8 5 B8

A9 & B9

PDIL61/EEPROM_LOADED

PDIC2]

PDIC3]

PDIC@]

PDIC1]
EEPROM_CLK
EEPROM_DATA

ETHERCAT _RESET
PDIC41/SPI_IRQ

> > > (>
M
\o‘m‘\lm

BRAKE_OUT ::g A48 B48 g:g UB_LOGIK
} A49 S B49
o

GND*2

100n/16V

ETHERCAT _RESET

+33V
l Ic1

8 1

e S vee Ao b

e WP AL 2

EEPROM_DATA o S A2
EEPROM_CLK = SDA  VSS
3 24LC128_TDFN

Is)

Nanotec Electronic GmbH N PS_ETH ERCAT

Kapellenstr. 6

06.06.2017 16:59
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Pin

Name

Description/function

Al7

A19

A20

A21

A22

A23

A24

22

B23

SLOT_SPI_SCK

COMM_SPI_MOSI

COMM_SPI_MISO
COMM_SPI_SCK
COMM_SPI_CS
I2CSCL_CANRX

[2CSDA_CANTX

COMM_RESET

COMM_SYNC

ROM_Loaded

PDI[2] *

PDI[3]

PDI[0]

PDI[1]

EPROM_CLK input I? clock

EPROM_DATA

Input I” data
ETHERCAT_RESET

PDI[4)/SPI_IRQ

1 PDI: Process Data Interface

Version: 1.0.0 / FIR-v1748
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Pin assignment NP5 ET1100 EtherCAT ASIC ET1100:

ET1100 Ethercat ASIC

Q2
TX_ENA(0)/EBUS(0)-TX+ VCe_10
-m TX_D(0)[0]/C25_ENA VCC_IO
18 TXCD(O)[1)/EBUS(O)-TX- VCC_10
M7| TX-D(O)[2]/C25_SHI[0] VCC_IO
TX_D(0)[3]/C25_SHI[1] VCC_I0
VCC_I0
RX_ERR(0) VCC_10(T0) 33V
RX_DV(0)/EBUS(0)-RX- vce_10 3
RX_CLK(0) VCC_10(T3)
RX_D(0)[0] VCC_10
RX_D(0)[1)/EBUS(0)-RX+ VCC_I0
RX_D(0)[2] VCC_CORE 2
RX_D(0)(3] VCC_CORE 333 |3 3
VCC_CORE HEEEE z
LINK_MII(0) VCC_CORE 282 |2 2
PERR(0)/TRANS(0)/CLK_MODE[0] VCC_PLL
LINKACT(0)/P_CONF[0]
GND_PLL
M3| Ty ENA(L)/EBUS(1)-TX+ GND_CORE
TX_D(1)[0]/TRANS_MODE_ENA GND_CORE
TX_D(1)[1]/EBUS(1)-TX- GND_CORE
o2yt TX_D(1)[2]/P_MODE[0] GND_CORE
| TX_D3(1)/P_MODE[1]-53 TX_D(1)[3]/P_MODE[1] GND_IO
GND_IO
RX_ERR(1) GND_IO
RX_DV(1)/EBUS(1)-RX- GND_IO
RX_CLK(1) GND_IO
RX_D(1)[0] GND_IO(T2)
RX_D(1)[1]/EBUS(1)-RX+ GND_IO
RX_D(1)[2] GND_IO
RX_D(1)[3] GND_IO(T1)
GND_IO
LINK_MII(1)
PERR(1)/TRANS(1)/CLK_MODE[1] Res[o] (E3
LINKACT(1)/P_CONF(1) Res[1] &
RES[2] (&4
TX_ENA(2)/EBUS(2)-TX+ Res[3] (EL
TX_D()[1]/EBUS(2)-TX- REs.[4] |8
RX_D(2)[1]/EBUS(2)-RX+ RES.[5] (K10 >
RX_DV(2)/EBUS(2)-RX- RES.[6] P
LINK_MII(2)/CLK250UT1 RES.[7]
e S| PERR(2)/TRANS(2)/PHYAD_OFF
ad LINKACT(2)/P_CONF{[2] OSCIN (25 25MHz/20ppm
o 0sc_out i
© KLU m1_cLK/LINKPOL P
K2l i paTa Reias (G
H3 R22 12k
@ TesTMODE (3
K51 PDIEOVRX_D2)[3] RESET [H12_(pv wesers
251 POIESYRX D)) RUN/EEPROM_SIZE Eﬁun_mwsspbm_sxzs
82 poiz7/RX D(2)[0] 2
&2 PDI6RX_CLK(2) sync/LaTeHry (E12
S4f PDISYRXERR(2) SYNC/LATCH[0] [EL
E2 PDI[34)/MX_D(2)[0Y/CTRL_STATUS_MOVE ot
521 porEsymCDR)L2] EEPROM_CLK EEPROM_CLK
PDI[32)/TX_D(2)(3] EEPROM_DATA EEPROM_DATA
i poipstyckesout2 PDI[15]
<24 PDI[30)/LINKACT(3)/P_CONF(3) PDI[14]
S| PDIC29Y/RX_D(3)[1}/EBUS(3)-RxX+ PDI[13]
B2 PDI[28]/PERR(3)/TRANS(3) PDI[12]
ALl PDIL27)/RX_DV(3)/EBUS(3)-RX- PDI[11]
A2} PDI[26)TX ENA(3)/EBUS(3)-TX+ PDI[10]
83 poIsTX D(3)(0] PDI[9]
A3 PDIL24)/TX_D(3)[1]/EBUS(3)-TX- PDI[8]
2 pormsymcoE)2] PDI[7}/CPU_CLK
5g| PDI22)/TX D(3)(3] PDI[6] PDIC61/EEPROM_LOADED
55 PDIQ2LY/LINK MII(3) PDI[5]
A% PDI[20JRX_D(3)[3] PDI[4] PDIC41/SPI_IRQ
B8 PDIL19/RX D(3)(2] PDI[3] PDIL3]
A A} PoIf18YRX D(3)(0] PDI[2] PDIL2]
J 71 PDI{17)/RX_CLK(3) PDI[1] PDIC1]
<] 433V 241 PDI[16]/RX_ERR(3) PDI[0] PDIC@]
2 :
N ET1100

P_CONFIGL2] = @ (.0
C25_0UT = @ (CLK250UT2 disabled)

| TX_Shift[1:0] = @8 (Bns)

TX_D0(0)/C25_ENA-S3
T D30)/C25 SH0) 539/
TX_D3(0)/C25_

o ET1100 Device Configuration

| CPU_CLK_MODE[1:0] = 88 (off)
| P_MODEL1:0] = 00
(2 EtherCat Ports enabled>
TRANS_MODE_ENA = @ (disabled)
PHY Address Offset = @

Link Dolari(g = @ (because of un-
documented 1nternal PullUp of 12.5k0hm)

Nanotec Electronic GmbH N PS_ETH ERCAT

Kapellenstr. 6

+3.3V
®

rx,mu)/»,mooe[ursz
TX_DO(1)/TRANS_MODE_ENA-S3,

EEPROM_SIZE = 1 (>32kbit)
P_CONFIGL@] (Port@ = MID
P_CONFIGL1] (Portl = MID

]
LINKACF(O)/P,CONFIG[O]
LINKACT(1)/P_CONFIG[1] {_Tre

PR

PHYO_LINKACT_LED-S3
PHY1_LINKACT_LED-S3

06.06.2017 16:59
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Pin assignment NP5 PHY device configuration

'MII_CONFIG1(0)
MII_CONFIGO(0)

+3.3V

LINK_MII_SPEED(0)-52

1c3

+3.3V

PHY 0 Device Configuration

disable NAND tree mode
enable auto-negotiation

broadcast off; PHY address @ enable

Speed mode 100@Mbps

PHY Address = 000

Full-Duplex
ISOLATE Mode disabled

PHY MII = 000

PHY 0

NWAYEN(1)

LINK_MII_SPEED(1)-

RX_D2_PHYAD1(1)-

RX_D3_PHYADO(1)-52 |

PHYADO_NANDTREE(1)

RX_CLK_B-CAST_OFF(1)-52

52
2
2.

RX_D1_PHYAD2(

2.

RX_DO_DUPLEX(:

)

)
RX_ERR_ISO(1)-52
'RX_DV_CONFIG2(1)-
MIL_CONFIGL(1)

MII_CONFIGO(1)

+3.3V +3.3V

2k2

1)-52

PHY 1 Device Configuration

disable NAND tree mode

enable auto-negotiation

broadcast off; PHY address @ enable
Speed mode 100@Mbps

PHY Address = @01

Full-Duplex
ISOLATE Mode disabled

PHY MII = 008

Nanotec Electronic GmbH

Kapellenstr. 6
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2| ¢ RexT |10 699 —— R0 6 -
mn 7] eJ 3¢ e ~
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4.1.3 Connecting the NP5 controller via the Discovery Board

The NP5 Discover Board helps you during tests and during the evaluation of the NP5 controller.

The connectors necessary for the boards are supplied already installed.

Jumper X13 must be set if CANopen (NP5-08) is used; otherwise, you must remove it.

Technical data — NP5 Discovery Board

Property

Description / value

Operating voltage +UB:
Logic voltage +UB_Logic:
Current consumption +UB:
Current consumption
+UB_Logic:
Communication interface:
Analog reference voltage:
Digital input voltage:

DC output voltage:

Status indicator:

EtherCAT-EEPROM:
Ballast resistor:

Mounting holes:

Additional board EtherCAT :
Weight:

12 ... 48 V DC 5%

24V DC 5%

Max. 100 mA (without connected NP5)
Max. 100 mA (without connected NP5)

SPI, CANopen, EtherCAT

3.3V DC +5%, max. 10 mA

Max. 3.3V DC

5V DC +3%, max. 300 mA

4x green LEDs for GPIO 1 to 4

2x blue LEDs for GPIO 5 and GPIO 6
1x green LED for Discovery Board (+3.3 V DC)
128 Kbit

15 Q/5W

4x @ 3.2 mm for Discovery Board

3x @ 2.5mm

0.12 kg

Dimensioned drawings — NP5 Discovery Board

Dimensions are in [mm].

Version: 1.0.0 / FIR-v1748
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Pin assignment — NP5 Discovery Board
Connector Function
X1 Encoder 1 and Hall sensor
X2 Brake
X3 Motor
X5 CANopen
X6 Logic voltage
X7 Voltage supply
X8 Slot for NP5 controller, see also Dimensioned drawings and Pin assignment
X9 Encoder 1/2 and Hall sensor
X10 GPIO and communication interface
X13 Jumper for activating / deactivating the CANopen communication
X14 Ribbon cable socket for EtherCAT additional board
Version: 1.0.0 / FIR-v1748 30
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Connector Function

X15 +5 V DC output

P1 Potentiometer for analog input 1

P2 Potentiometer for analog input 2

SW1 to SW4 Buttons for GPIO 1 to GPIO 4

SW5 Reset button for the Discovery Board

SW6 Switch for 120 ohm termination resistor (CANopen)
D1 to D6 Status indicator for GPIO 1 to GPIO 6

D7 Status indicator for the Discovery Board (+3.3V DC)
G1 Earth connection

Connector X1 — encoder 1 and Hall sensor

Connector X1 has the following features:

e Connector type: Phoenix base strip, MCV-0,5/8-G-2,5
* Voltage level: +5 V logic level
* Maximum admissible current: Max. 300 mA (together with +5 V DC output voltage on pin header

X15)

< Hallinputs: Internally by means of 2.7 kQ pull-up resistor connected to +5 V DC

Pin

Name / function

0 NoO ok WDN B

Hall_U (H1)
Hall_V (H2)
Hall_W (H3)
+5VvV DC
GND
ENC1_A
ENC1 B
ENC1 |

Connector X2 — brake

Connector X2 has the following features:

« Connector type: Phoenix base strip, MCV-0,5/2-G-2,5

Pin Name / function
1 Brake + (connected with +UB)
2 Brake — (PWM-controlled open-drain output, max 1.5 A)

Connector X3 — motor

Connector X3 has the following features:

e Connector type: Phoenix base strip, MCV-1,5/4-G-3,5
e Max. rated current 6 A RMS
e Max. peak current 10 A RMS (for 1 s)

Pin

Stepper motor BLDC motor

1

A U

Version: 1.0.0 / FIR-v1748
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Pin Stepper motor BLDC motor
2 A\ V

3 B w

4 B\

Connector X5 — CANopen
Connector X5 has the following features:

e Connector type: RJ45 Duo Port, horizontal

Pin Name / function

CAN+

CAN-

GND

N.C

N.C

CAN_Shield

GND

+UB_Logic (24 V DC +5%)

o No o~ WDN B

Connector X6 — logic voltage
Connector X6 has the following features:
e Connector type: Phoenix base strip, MCV-0,5/2-G-2,5

Pin Name / function
1 +UB_Logic (24 V DC +5%)
2 GND

Connector X7 — operating voltage
Connector X7 has the following features:

« Connector type: Phoenix base strip, MCV-1,5/2-G-3,5

Pin Name / function
1 +UB (12 ... 48 V DC £5%)
2 GND

Connector X9 — encoder and Hall sensors
Connector X9 has the following features:

e Connector type: Pin header, single row, RM 2.54 mm, 12-pin, vertical
« Voltage level: +3.3 V DC logic level

Pin Name / function
1 GND
2 ENC1_A
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Pin Name / function
3 ENC1 B

4 ENC1 |

5 ENC1_CAP
6 ENC2_A

7 ENC2_B

8 ENC2 |

9 ENC2_CAP
10 Hall_U (H1)
11 Hall_V (H2)
12 Hall_ W (H3)

Connector X10 — |/O and communication interface
Connector X10 has the following features:

« Connector type: Pin header, two rows, RM 2.54 mm, 2x 15-pin, vertical

Pin Name Type Note

1 GND Earth

2 U _REF_ANALOG Out Analog reference voltage
3 DIO1_IO0_CS I/O General I/0

4 DIO2_CD_CLK I/O General 1/0

5 DIO3_CD_DIR I/0 General 110

6 DIO4_IO0_MOSI le] General 110

7 DIO5_10_MISO I/O General 1/0

8 DIO6_IO0_CLK I/0 General 110

9 ADC_ANALOG_1 In AD converter 1

10 ADC_ANALOG_2 In AD converter 2

11 GND Earth

12 SLOT_SPI_MOSI - SPI'1

13 SLOT_SPI_MISO - SPI 1

14 SLOT_SPI_SCK - SPI1

15 SLOT_SPI_CS - SPI'1

16 SLOT_SYNC - System function, reserved
17 SLOT_RESET - System function, reserved
18 SLOT_BOOT - System function, reserved
19 GND Earth

20 COMM_RESET - System function, reserved
21 COMM_SYNC - System function, reserved
22 COMM_SPI_MOSI - SPI 2

23 COMM_SPI_MISO - SPI 2

24 COMM_SPI_SCK - SPI 2

25 COMM_SPI_CS - SPI 2

26 GND Earth

27 CANopen ON - CANopen ON
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Pin Name Type Note

28 I2CSCL_CANRX - I°C Clock or CANopen RX
29 I2CSDA_CANTX - I°C Data or CANopen TX
30 GND Earth

Connector X13 — jumper for activating / deactivating the CANopen communication
Connector X13 has the following features:

« Connector type: Pin header, RM 2.54 mm, 2-pin, vertical
« Bridged with jumper: CANopen activated
» Not bridged with jumper: CANopen deactivated, EtherCAT activated

Pin Name / function
1 +3.3V
2 CANopen ON

Connector X15 — +5 V DC output
Connector X15 has the following features:

* Connector type: Pin header, RM 2.54 mm, 2-pin, vertical

e Maximum admissible current: Max. 300 mA (together with +5 V DC output voltage on pin header

X1)
Pin Name / function
1 +5V DC
2 GND

Extension for EtherCAT (additional board)

Discovery Board DK-NP5-68 is equipped with an additional board for communication via EtherCAT .

Dimensioned drawings — EtherCAT additional board

Dimensions are in [mm].
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Hardware overview — EtherCAT additional board
Name Function Note
X1 EtherCAT IN
X2 EtherCAT OUT
X4 Connection to Discovery Board NP5
D1 ERROR status indicator for EtherCAT
D2 RUN status indicator for EtherCAT

Commissioning Eth

erCAT via the Discovery Board

To establish a connection with the NP5-20, proceed as follows:

1. Plug in the NP5-20 at X8.

2. Unplug jumper X13.

3. Connect your EtherCAT cable to X1 of the EtherCAT board.
4. Connect your supply voltage to X7.

Version: 1.0.0 / FIR-v1748
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5 Commissioning

Described in this chapter is how you establish communication with the controller and set the necessary
parameters to make the motor ready for operation.

The Plug & Drive Studio software offers a convenient option for performing the configuration and
adapting the controller to the connected motor. You can find further information in document Plug &
Drive Studio: Quick Start Guide at us.nanotec.com.

5.1 Establishing communication

5.1.1 EtherCAT

Before commissioning, we recommend reading chapter Connecting the controller.

Software connection

Tip

The following description assumes that an EtherCAT master from Beckhoff with the TwinCAT
software is used.

1. Connect the EtherCAT master to the controller, see Connecting the controller.
Supply the controller with voltage.

3. Obtain the ESI file that corresponds exactly to the used firmware version from the following
sources:

n

a. From the Nanotec website us.nanotec.com. The current version of the firmware and the ESI file
can be found in the Plug & Drive Studio download folder.

b. From Nanotec support.
4. Close the TwWinCAT system manager if it is open.
5. Then copy the ESI file to the TwinCAT subfolder:

e If you use TwinCAT version 2, use folder <TWINCAT INSTALL DIR>/Io/EtherCAT

e If you use TwinCAT version 3, use folder <TWINCAT INSTALL DIR>/3.1/Config/Io/
EtherCAT

Example

Example: If TwWinCAT 2 is installed on your computer under path C: 