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2 Revision history

Revision Release Date Changes PDF
vl [:1]29 Dec 2017  First draft -
v2 [:108 Jan 2018 Mechanical assembly and thermal dissipation sections added = Download

For the most up to date information use the online Application Guide. The PDF guide is generated only after major
changes.
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3 Disclaimers and limitations of liability

This document contains proprietary information belonging to INGENIA-CAT S.L. Such information is supplied
solely for the purpose of assisting users of the product in its installation.

INGENIA-CAT S.L. rejects all liability for errors or omissions in the information or the product or in other
documents mentioned in this document.

The text and graphics included in this document are for the purpose of illustration and reference only. The
specifications on which they are based are subject to change without notice.

This document may contain technical or other types of inaccuracies.The information contained within this
document is subject to change without notice and should not be construed as a commitment by INGENIA-CAT
S.L.. INGENIA-CAT S.L. assumes no responsibility for any errors that may appear in this document.

Some countries do not allow the limitation or exclusion of liability for accidental or consequential damages,
meaning that the limits or exclusions stated above may not be valid in some cases.

3.1 Contact

INGENIA-CAT S.L.

8-14 Marie Curie

Advanced Industry Park

08042 Barcelona

Spain

Telephone: +34 932 917 682
E-mail: hello@ingeniamc.com
Web site: www.ingeniamc.com

3.2 Support

Visit www.ingeniamc.com/support/triton

INGENIA | 01/08/2018
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4 Scope and Architecture

Triton is a universal servo drive of a very small size and great power density. It is designed by following a modular
approach, which makes it easily customisable. It consists on 2 modules, which are built out of several stacked
electronic boards, plus the heatsink:

Interface board

Triton Core:
EtherCAT board
Core Board
Coldplate

Heatsink

B |ncluded in Triton Core
Il Designed to fit application

« "Core": includes the DSP in charge of all the motion control, the power stage and the minimum electronics
required for signal adaptation and protection. It consists in 1 single board for variants offering CAN
communications and 2 stacked boards for variants offering EtherCAT communications. The Triton Core
alone shall not be considered a finished product, but a component to be integrated in a product.

+ "Interface": includes the rest of signal adaptors, transceivers and connectors required. It can be presented
in either of this 2 approaches:
« The "interface" board closes the product and makes it independent. Interaction with other systems
happens by means of wires and cables. Ingenia's proposal for this approach is Triton GO.

INGENIA | 01/08/2018
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+ The electronics and connectors are among a motherboard or backplane where the Triton Core is
plugged or soldered. This is very common in multi-axis systems.

The purpose of this guide is to provide the necessary information and tools to help designers integrate Triton Core
as a component in their own electronic systems or design their own "interface" boards.

INGENIA | 01/08/2018
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5 Mechanical assembly

Triton Core must be mechanically and electrically attached to an Interface board or Motherboard and, for the 2
higher current rated variants (TRI-4/48-y-P and TRI-7/48-y-P), it must also be mechanically and thermally attached
to a heatsink. In this chapter, basic guidelines are given for the mechanical integration in 3 possible scenarios:

« Attached to the back of a motor
+ Attached to a heatsink and housing
+ Multiple Tritons in a single motherboard

In any of this scenarios a mechanical element acting as a heatsink is considered. This component must be
thermally and mechanically attached to the Triton Core, which can be achieved by putting a thermal interface
element, like a "gap pad" or thermal paste, between the drive and the heatsink, and compressing it by means of
screws, spacers or other.

A Compression of thermal interface material

For the majority of thermal interface materials, compression is essential to reach its nominal ratings. Just
"sticking" or non-screwing the Triton Core towards the heat dissipation might cause a dramatic increase of
the thermal resistance to ambient, which can ultimately cause an overheating of the drive when trying to
deliver its nominal power.

Typically, M3 steel screws tightened at 1 Nm shall provide an adequate compression. An insufficient or
excessive tightening torque can be equally counterproductive.

A Flatness of the heatsink surface

Additionally, the surface of the heatsink in contact with the thermal interface material must be as flat and
smooth as possible. Otherwise, air bubbles or protrusions can cause an unwanted non-uniform heat
transfer.

Check the Thermal dissipation chapter for more information.

Regardless of the recommendations given in this guide, the insertion depth of the Triton Core can be adapted to
the requirements of an specific design. To select the most suitable spacers, always check the mechanical drawings
in the Product Dimensions section of the Manual.

5.1 Single Triton Core with single heatsink

5.1.1 Triton Core attached to the back of a motor

This might be a typical scenario: the four M3 holes in the coldplate of Triton are used to fix it against any sufficient
flat surface of the motor under control. The motor chassis acts as a heatsink for Triton; therefore, calculations must
ensure that the motor has mass and surface enough to get rid of the heat generated by both the drive and itself.
Also, to guarantee that heat can be properly transferred from Triton to the motor, the use of a thermal interface
material under compression, as a "gap pad" or thermal paste, is strongly recommended (pink sheet in the drawing
below).

INGENIA | 01/08/2018 9
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In this example, Triton Go is used, featuring the interface board designed by Ingenia. However, different shape and
size Interface boards might be better to adapt Triton Core to an specific motor.

@ Pros

+ Requires a minimum amount of components.

« Minimises the phase wire length from the motor windings to the drive. This dramatically improves
performance in terms of EMI.

+ Having the drive fully integrated inside the enclosed housing of the motor is mandatory in lots
certification scenarios.

« Might require modifications of the shape of the motor chasis.

+ Space might be very limited at the back of a motor, which can force the Interface board to be small.

+ Calculations should guarantee that heat dissipation of the motor is enough for both Triton and the
motor.

5.1.2 Triton Core attached to heatsink and housing

In this example Triton is embedded inside a housing that is ended in one side with a heatsink. The electronics
remain mechanically and electrically protected while the heat generated by the drive is properly transmitted to the
environment thanks to a sheet of thermal interface material compressed between Triton and the heatsink.

Here Triton Core can be connected to the interface board by means of a pin header receptacle connector o by direct
soldering. This second method is possible thanks to the 4 big @ 8 mm holes that allow passing a screw and tighten it
towards the pre-threaded heatsink. However, having this feature makes impossible to use this same set of holes to
hold the separators required to guarantee the insertion depth of the pins of Triton through the interface board.
Therefore, 4 more holes are added in the corners of the interface board. This holes hold 4 female-female M3 x 15
mm separators used at the same time to set the distance form the Interface board to the heatsink and tighten the
heatsink, the Interface board and the housing together.

INGENIA | 01/08/2018 10
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A 3D model of this example can be downloaded here.

INGENIA | 01/08/2018
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5.2 Multiple Triton Cores in a Motherboard

This scenario assumes a multi-axis application where a total of 4 Triton Cores are driving 4 independent axis,
controlled from an EtherCAT master. Each Triton Core is plugged into a motherboard containing the 4 drives, the
master and the connectors, and at the same time is fixed to both the motherboard and a baseplate by means of a

set of M3 x 16 mm male-female spacers. To gain additional ruggedness, the motherboard is also fixed to the
baseplate in the fours corners.

apdtde

7 P .

|‘th||jll ~

A 3D model of this example can be downloaded here.

INGENIA | 01/08/2018 12
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6 Thermal dissipation

TRI-4/48-y-P and TRI-7/48-y-P variants of Triton Core are capable of providing the nominal current from -25 °C to 85
°C (temperature measured in the coldplate) with a 1.2 °C/W heatsink attached by means of a low thermal resistance
interface material. Above 85 °C a current derating is required. TRI-1/48-y-P, on the other hand, does not require a
heatsink attached to reach its nominal current.

In case of excessive power losses over-temperature will be detected, causing the drive to turn off. The system
temperature is available in E-Core registers and is measured near the power stage. This temperature parameter can
be accessed from any of the communication channels available and does not indicate the air temperature, but the
temperature of the PCB. Above 110 °C the Triton automatically turns off the power stage and stay in fault state
avoiding any damage to it. The pin 71 (LED_FAULT/#OK) will rise and latch until temperature decreases below this
threshold.

@ Drive safety is always ensured by its protections. However, by means of it, power losses and temperature
will limit the allowable motor current.

@ Some parts of the Triton Go can exceed 110 °C during operation, especially at high load levels.
Do not touch the Triton Go during operation and wait at least 5 minutes after turn off to allow a safe cool
down.

Following figure shows the basic power flow and losses in a servo drive system.

Electrical : Electrical Mechanical
Power input Triton Go power output power

T .

ant® feeg,

_.“' Control and Flwwerstage ."". Cablelosses Motor
i standby  |peces : losses
losses

6.1 Power losses calculation (heat dissipation)

Current flowing through Triton Servo Drive causes power losses that, ultimately, are converted in heat. This heat
must be transferred to its surrounding environment efficiently, so that the temperature of the drive does not reach
dangerous levels. The greater the power losses, the more effective the heat dissipation must be. Power losses
mainly depend mainly on 3 parameters:

« Motor RMS current: this is the cause of what are called static or conduction power losses, which typically
are the main source of power losses, having that they show a positive correlation in a squared ratio.

INGENIA | 01/08/2018 13
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« DC bus voltage: this, along with the motor RMS current and PWM switching frequency, is the cause of what
are called dynamic or commutationlosses, and show positive correlation in a proportional ratio.

+ PWM switching frequency: similar to DC bus voltage, the PWM switching frequency directly affects the
commutation losses. Typically, 20 kHz is the default value, but it can be increased up to 80 kHz.

@ PWM switching frequency and nominal specifications

All nominal specifications in this manual are measured under a PWM switching frequency of 20 kHz.

Other less relevant parameters affect also the power losses but are not considered in the following graphs:

« Air temperature: higher power semiconductor temperatures reduce their efficiency.
« Motor speed: faster motor speeds result in higher overall power losses since the input DC bus current is
greater, and this increases conduction losses on the reverse polarity protection circuitry.

Power dissipation vs. motor current @ 48 V for TRI-
7/48-x-C

Dissipated Power [W]

oo 95 10 15 20 25 30 35 40 45 0 55 60 65 FO0 75 80 85

Current [4)

e 2] KHZ = B0 kHZ

6.2 Current ratings

Power losses cause the drive to increase its temperature according to:
Tp = Ty + Pross - Zopa

As power losses have a positive correlation with the motor RMS current, when the ambient temperature rises, the
output current must be limited to avoid an excessive drive temperature (Tp <110 °C). The threshold temperature
where the current derating should start mainly depends on the DC bus voltage. Then, although a 1.2 °C/W heatsink
is required to reach the nominal current at the nominal DC bus voltage (48 V), the same nominal current can be
reached with a less restrictive heatsink when DC bus voltage is lower. Also, other environmental parameters can
relax the required heatsink thermal resistance to reach nominal current, typically:

« Air flow around the drive.
« Position (vertical allows natural convection).

INGENIA | 01/08/2018 14
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Parameter

Maximum power stage
temperature

Thermal resistance from
power stage to heatsink

Thermal resistance from
power stage to air

Temperature
stabilization
time

Value Units

110 oC
3.6 °C/W
13 °oC/W
>60 S

Notes

Measured on the PCB (not the heatsink) and accessible via
register.

Does not consider the thermal resistance of the heatsink, but
assumes

the coldplate is a thermal conductor, not the thermal
dissipator.

Considering the coldplate acting as the thermal dissipator (no
heatsink
attached).

With 1.2 °C/W heatsink attached. Considering 90 % of maximum
temperature.

This graphic shows the maximum current with respect to coldplate temperature, assuming a 1.2 °C/W heatsink

attached.

Maximum current vs. coldplate temperature for TRI-

7/48-x-C

$= (¥}

[¥A)

Current (&)

- - —
ll_l 20 E1l

;1.I|:| 5.|:| |_7.I|:| _-II:I EII:I flll:l i |:I| 1] i i 1]

Coldplate temperature (°C)

This graphic shows the maximum current with respect to ambient temperature, also assuming a 1.2 °C/W heatsink

attached.
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Maximum current vs. ambient temperature for TRI-7/48-
X-C

[¥a)
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Current (A}
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Ajr temperature (°Ch

() Current derating

The current derating graph is only indicative and is based on thermal tests performed in a climatic
chamber where there was enough room for natural air convection. Each application may reach different
ratings depending on the installation, ventilation and/or housing.

Current derating is only a recommendation and is not performed automatically by the drive.

6.3 System temperature

Triton power stage integrates power MOSFET transistors. Switching them means charging and discharging
thethose capacitors, and this is done thousands of times per second which results in power losses and a
temperature increase even at 0 current. Therefore, a PCB temperature of 60 °C or more might be measured, even
while no current is passing through the motor, specially of the drive is not ventilated at all.

() Recommendation

When motor is off, exit motor enable mode, as this will switch off the power stage.

6.4 Improving heat dissipation with a heatsink

A heatsink is required to reach the nominal current at any ambient temperatures (except for TRI-1/48-y-C). When
using high efficiency heatsinks or in enclosed spaces the equation can be simplified as follows.

Tp = Ty + Pross - (Zopc + Zocu + Zoua)

INGENIA | 01/08/2018
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@ Assembly recommendations for best heat dissipation

+ Always allow natural air convection by ensuring = 10 mm air space around the drive.

+ Place Triton in inverted vertical position (with heatsink face up).

+ Use a good thermal interface material to improve the heat dissipation.

+ If housed, use a good thermal conductivity material, such as black anodized aluminum. Placing the
drive in a small plastic package will definitively reduce its temperature range.

+ Temperature range can be increased by providing forced cooling with a fan. Always ensure
electrical isolation between live parts and the heatsink.

Find below a list of suggested thermal interface materials. Materials with a thickness of 0.5 mm are proposed,
although thicker ones can be equally valid. In this case, its thickness must be considered when selecting an specific
set of spacers. See the Mechanical assembly section for more info.

Manufacturer Part Number and description Thickness before Thermal
compression conductivity
Laird Technologies A15896-02 / TFLEX 720 9X9" 0.50 mm 5.0 W/m-K
Bergquist GPHC5.0-0.020-02-0816 0.51 mm 5.0 W/m-K
t-Global Technology H48-6A-320-320-0.5-1A 0.50 mm 4.0 W/m-K

INGENIA | 01/08/2018 17


https://www.lairdtech.com/
https://octopart.com/search?q=A15896-02&start=0
https://octopart.com/search?q=TFLEX+720+9X9%22
http://www.bergquistcompany.com/
https://octopart.com/search?q=GPHC5.0-0.020-02-0816&start=0
http://www.tglobaltechnology.com/
https://octopart.com/search?q=H48-6A-320-320-0.5-1A

TRITON CORE Application Guide | Schematic design

7 Schematic design

Triton Core is designed to be interfaced at 3.3V or 5V levels, which would typically be present at most modern
electronics. However, when interfacing other devices, as sensors, command sources or master controllers,
additional adapter electronics might be required to cover a wider range of input voltages. Here, the circuits
included in the interface board at the top of Triton Go (v2) are presented as a reference design.

(i) About this solution

Notice that this solution is designed to be simple, effective and cheap, but at the same time easy to
manufacture and in accordance with the size constraints of Triton Go v2. Then, other solutions from those
presented here may be valid, and even be more suitable for a different electrical or physical environment.

See Triton Core Product Description section for more information.

(i) Pinout document required

Pins of Triton Core are referenced as specified in the Pinout section.

To start straight, download the project files here:

Bill Of Materials

Schematics

7.1 Protective circuits

7.1.1 Inverse Polarity Protection

This circuit is intended to block any current going into Triton Core from a power supply connected in inverted
polarity. If this circuit is not present, it is suggested to select a polarised power supply connector.

INGENIA | 01/08/2018

18


http://doc.ingeniamc.com/display/TR/TRITON+CORE+Product+Manual
http://doc.ingeniamc.com/display/TR/TRITON+GO+Product+Manual
http://doc.ingeniamc.com/download/attachments/58655716/Triton_Adapter_BOM.zip?api=v2&modificationDate=1486058603864&version=1
http://doc.ingeniamc.com/download/attachments/58655716/Triton_Adapter_BOM.zip?api=v2&modificationDate=1486058603864&version=1
http://doc.ingeniamc.com/download/attachments/58655716/Triton_Adapter_Schematics.zip?api=v2&modificationDate=1486058397179&version=1
http://doc.ingeniamc.com/download/attachments/58655716/Triton_Adapter_Schematics.zip?api=v2&modificationDate=1486058397179&version=1
http://doc.ingeniamc.com/display/TR/Product++Description
http://doc.ingeniamc.com/display/TR/Pinout

TRITON CORE Application Guide | Schematic design

@ Effects of inverted polarity

Connecting the power supply under inverted polarity with no protection could cause a massive permanent
damage to Triton Core.

Schematic
+SUPPLY
Ql
SI7469DP-T1-GE3
{ — . RI,,\ 100K
:-:I \ A A 1%
DI SrR2
DZ38068D0L $100K
N
SN
+SUP_PROT GND_P

Bill of materials

Designator Part Number Manufacturer Package Value /[ Description

D1 DZ3S068DOL Panasonic SC-89 Dual zener diode, 6.8 V, common

anode
Q1 SI7469DP-T1- Vishay PowerPAK P-channel MOSFET, 80V, 28 A
GE3 SO-8
R1,R2 RMCF0402FT1 Stackpole 0402 Thick film resistor, 100 kQ, 1 %
00K tolerance, 1/16 W

Signals description

Signal Description

+SUP_PROT Protected power supply to be connected to pins 1, 2, 3 and 4 of Triton Core.

+SUPPLY To be connected to positive terminal of power supply.

GND_P Power supply reference voltage. To be connected to negative terminal of power supply and

pins 5,6, 7 and 8 of Triton Core.

INGENIA | 01/08/2018
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Design Notes

« In this circuit, the P-channel MOSFET Q1 is properly polarised thanks to series resistors R1 and R2. Resistors

are of high value to strongly limit the current, and thus the power dissipation, and capable of holding the
maximum transient supply voltage of Triton Core. Diode D1 ensures that the maximum gate voltage of the

transistor is not exceeded.

« Qlisdimensioned so that is capable of continuously conduct the nominal phase current of Triton Core (see

Product Description section for more details con current variants), and still self-heat below 100 °C, even if

only the intrinsic diode is conducing.

« This design assumes that Logic Supply (V_LOGIC) and Power Supply (V_BUS) are tied together. However,

Triton Core accepts separated logic and power supplies.

7.1.2 Shunt Braking Resistor Transistor

The purpose of this transistor is to short the power supply across a power resistor to avoid reaching an excessive
level during a motor re-injection. By controlling the activation and de-activation of the transistor, the excess of

energy is mainly dissipated in the resistor.

Schematic

SHUNT DRIVE

+SUP_PROT

D1
RB160M-90TR

SHUNT-

RI
2100K
1%

GND P

Bill of materials

Designator
D1
Q1

R1

Part Number

RB160M-90TR

BSZ150N10LS3 G

RMCF0402FT100K

INGENIA | 01/08/2018

o Ql
[ BSZ150N10LS3G

Manufacturer
ROHM
Infineon

Stackpole

Package
SOD-123F
TSDSON-8

0402

Value / Description
Diode Schottky,90V, 1A
N-Channel MOSFET, 100V, 40 A

Thick film resistor, 100 kQ, 1 %
tolerance, 1/16 W
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Signals description

Signal Description

+SUP_PROT Power supply from Inverse Polarity Protection. To be connected to the positive terminal of the
power resistor.

GND_P Power supply reference voltage. To be connected to negative terminal of power supply and
pins 5, 6, 7 and 8 of Triton Core.

SHUNT_DRI To be connected to pin 25 of Triton Core.
VE

SHUNT- To be connected to the negative terminal of the power resistor.

Design Notes

« Awheeling diode (D1) might be required to provide a discharge path for the energy stored in the power
resistor (specially for wirewound type of resistor).

« Alogic level transistor is required, having that the control signal (SHUNT_DRIVE) is Vgp (typ.) = +3.3 V.

« For further information on dimensioning the resistor or transistor, see this guide.

7.1.3 Safe Torque Off (STO)

This circuit provides a dual, protected and isolated input interface for the Torque Off functionality built-in the
Triton Core. Whenever the output signal (#STO_IN/STO_1) carries a low level, the power stage of the drive will
remain inactive (no commutation).

Schematic
| ___RIl, . 4K7 sT0.1 ,
Ul o) 1% ©sto
+5V D 4 1 o b1
\F" :%Z BZX585-B3V3115
3 i 2 i STO_COMMON (T 7q)
TLP293

D2

STO BZX585-B3V3115

u.

4 1 @ R2  AAKT STO 2 @STO

2
STOINSTO 1 3 - 2

TLP293!
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Bill of materials

Designator  Part Number Manufacturer Package Value / Description

D1, D2 BZX585- Diodes SOD-523 Diode zener,3.3V
B3Vv3,115 Incorporated

R1,R2 ERJ- Panasonic 0805 Thick film resistor, 4.7 kQ, 1 % tolerance,
PO6F4701V 1/2W

U1, u2 TLP293(BL- Toshiba S04 Transistor Output Optocoupler, 3750
TPL,E Vrms isolation

Signals description

Signal Description

+5V_D +5V Logic supply. To be connected to pin 78 of Triton Core.
#STO_IN/STO_1 To be connected to pin 76 of Triton Core.

STO_1 Positive terminal of STO input 1.

STO_2 Positive terminal of STO input 2.

STO_COMMON Negative terminal of both STO 1 and 2 input circuits.

Design Notes
« Inputs are designed to handle +5V levels, but tolerant up to +24 V.

« STO net class can be used to build an isolation barrier with the rest of the PCB.

« This simple circuit provides a functional protection. However, to comply with specific certifications, other
more complex designs might be required.

7.1.4 Encoder Broken Wire Detector

This circuit is intended to detect a wrong voltage level along the stream of a 3-channel differential incremental/
quadrature encoder. To do so, each pair of signals is XOR-ed, which makes the signal #BROKENWIRE to go low if the
same voltage level is found in both inputs. Whenever the configured feedback is not a differential incremental/
quadrature encoder, Triton Core just ignores this signal.

(i) About this circuit

Note that this circuit is not present in Triton Go (the Encoder Broken Wire protection is available, but not
implemented).
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Schematic

45V D

—10inF =
16V 1

)
C1 C2
— 100nF SD103ATW-T.F E|
(ay
=

DiC

ENC A/SIN P 10K 1%

DIB

SD103ATW-T-F

Ul

Rl
ENC AJSIN M R2 10K 1%

ENC B/COS P R3 10K 1%

ENC B/COS N R4 10K 1%

ENC Z/REF P RS 10K 1%

ENC_Z/REF N R6 10K 1%

——1= 4B GND [—
SNT4AHCTE6PWR

I e vee .
1B SNTALVCIGIIDCKER
4 3 1
Mmooy Lia + : . e
3 2B v ] 3 B - Y 1 R7 4K BROKENWIRE
© s e |B 2 1%
. sy pE ¢ B
3A AV P
10,1 3p N
RS 3
12, 10K == 100pF
EN 1% S0V

GND_D

Bill of materials

Designat Part Number

or

C1,C2 GRM155R71C104KA88D

C3 CC0402JRNPO9BN101

D1, D2 SD103ATW-7-F

R1, R2, R3, RMCF0402FT10KO0

R4, R5, R6,

R8

R7 MC00625W040214K7

Ul SN74AHCT86PWR

U2 SN74LVC1G11DCKR
INGENIA | 01/08/2018

Manufacturer

Murata

Yageo

Diodes

Incorporated

Stackpole

Multicomp

Texas

Instruments

Texas
Instruments

Package

0402

0402

SOT363

0402

0402

14-TSSOP

SC70-6

Value [ Description
Ceramic capacitor, 100 nF, 16 V,
X7R

Ceramic capacitor, 100 pF, 50V,
NPO

Triple independent Schottky
diodes, 40V, 175mA

Thick film resistor, 10 kQ, 1 %
tolerance, 1/16 W
Thick film resistor, 4.7 kQ, 1 %
tolerance, 1/16 W

Quadruple 2-input XOR gate

Single 3-input AND gate
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Signals description

Signal

+5V_D
ENC_A/SIN_N
ENC_A/SIN_P
ENC_B/COS_N
ENC_B/COS_P
ENC_Z/REF_N
ENC_Z/REF_P
GND_D

#BROKENWIRE

Design Notes

Description

+5V Logic supply. To be connected to pin 34 of Triton Core.

Channel A, negative terminal in a digital encoder. To be connected to pin 36 of Triton Core.
Channel A, positive terminal in a digital encoder.To be connected to pin 35 of Triton Core.
Channel B, negative terminal in a digital encoder.To be connected to pin 40 of Triton Core.
Channel B, positive terminal in a digital encoder.To be connected to pin 39 of Triton Core.
Index, negative terminal in a digital encoder.To be connected to pin 38 of Triton Core.
Index, positive terminal in a digital encoder.To be connected to pin 37 of Triton Core.
Logic supply reference voltage. To be connected to pin 33 of Triton Core.

Encoder Broken Wire protection notification signal. to be connected to pin 27 in Triton Core.

« If an encoder with no Index channel must be used, remove one of the 3 input pairs of the circuit by pulling
one input of the XOR up and the other down.

« Theinputs must be connected by respecting their association in differential pairs (each pair to the same
XOR), but their order is not important.

« The output (signal #BROKENWIRE) is Vg = 3.4 V. However, #BROKEN_WIRE_IN input in Triton Core is
tolerant to +5V logic levels.

« Output filter has T=320 ns to prevent false detection during encoder transition.

« The encoder signals must satisfy a Vih (min) =2 V.

+ There are no external clamping diodes to negative because they are included in U1.

7.2 Inputs and Outputs

7.2.1 Digital Inputs

Simple voltage divider to adapt a +5 Vinput to +3.3 V levels.

INGENIA | 01/08/2018
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Schematic

LS DI1

GND D
Bill of materials
Designator Part Number Manufacturer  Package Value / Description
R1 RMCF0402FT10KO0 Stackpole 0402 Thick film resistor, 10 kQ, 1 %
tolerance, 1/16 W
R2 MC 0.0625W 0402 Multicomp 0402 Thick film resistor, 20 kQ, 1 %
1% 20K tolerance, 1/16 W
Signals description
Signal Description
GDI_1 To be connected to pin 58 of Triton Core.
GND_D Logic supply reference voltage. To be connected to pin 45 of Triton Core.
LS_DI1 Low speed digital input 1 (5 V levels).

Design Notes

« Although this circuitis intended to receive 5V levels, it is designed to be 24 V tolerant.

« Repeat this same circuit for each input, and connect the corresponding nets GDI_2, GDI_3 and GDI_4 to
pins 57, 54 and 53 of Triton Core.

« Combined with the circuitry of Triton Core this circuit forms a 1st order filter with fc(-3 dB) = 19.3 kHz.
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7.2.2 HS Digital Inputs

This circuit converts a differential digital input, in the range of -10 V to +10 V, into single-ended 3.3V levels.

Schematic
.:Rl
GND D  $47K +3.3V D
1%
Ul
1
HS DL P R2,. 10K Vee .
VW o Out 3 HS GPI 1 ::Cl
5 100nF
s 4 IN- GND 2
Ho DN RE ok MAX3280EAUK+T
Lrs GND_D
$47K
1%
+3.3V_D
Bill of materials
Designator Part Number Manufacturer Package Value / Description
C1 GRM155R71C104KA Murata 0402 Ceramic capacitor, 100 nF, 16 V, X7R
88D
R1,R5 MC 0.0625W 0402 Multicomp 0402 Thick film resistor, 47 kQ, 1 %
1% 47K tolerance, 1/16 W
R2,R3,R4 RMCF0402FT10KO0 Stackpole 0402 Thick film resistor, 10 kQ, 1 %
tolerance, 1/16 W
U1 MAX3280EAUK+T Maxim SOT-23-5 Differential RS485/422 line receiver
Signals description
Signal Description
+3.3V_D +3.3V Logic supply. To be connected to pin 55 of Triton Core.
GND_D Logic supply reference voltage. To be connected to pin 45 of Triton Core.
HS_DI1_N High speed digital input 1, negative terminal.
HS_DI1_P High speed digital input 1, positive terminal.
HS_GPI1 To be connected to pin 52 of Triton Core.

INGENIA | 01/08/2018
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Design Notes

+ Repeat this same circuit for high speed input 2, but connecting the corresponding net HS_GPI2 to pin 51 of

Triton Core.

+ The design is tolerant to 24V (48 V for two seconds).

« Pull up resistor R5 allows input to be used as single ended. Pull down resistor R1 sets the default state to

low.

+ MAX3280EAUK+T has rugged ESD protection, so no additional protection might be required in most

applications.

« Minimum input impedance =48 kQ.

7.2.3 Analog Inputs

This double circuit is designed to adapt 2 analog inputs, one differential ranging from -10 V to +10 V and the other

single-ended ranging from 0 to +5V, into single-ended, 0 to +3.3 V signals.

Schematic

R1,,. 1k65
M 0.1%
Cl ||220F
” 1oV +3.3V_REF
+/- 10 V Input o o4
A INZ N R2 10K 2 ™ —T100nF
0.1% 1 ANALOG_IN 2 16V
A IN2 P R3 . 10K 3
M0.1% 1 ul A _
o | 2 | MCP6292-E/MS GND D
>1k65 —22nF
0.1% 16V
+1.65V_REF GND D
RS . OR
[=2=]
0 to +5 V Input
7 ANALOG IN 1
A_IN1 R6 A 24K
“0.1% UlB
| R e MCP6292-E/MS
P47 T InF
0.1% 50V/NPO
GND D
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Bill of materials

Designator Part Number

C1,C2, CC0402KRXTR7BB223

C3 C0402C102J5GACTU

C4 GRM155R71C104KA88
D

R1, R4 CPF0402B1K65E1

R2, R3 ERA-2AEB103X

R5 MC00625W040210R

R6 CPF0402B24KE1

R7 CPF0402B4TKE1

Ul MCP6292-E/MS

Signals description

Signal Description
+1.65V_REF
+3.3V_REF
ANALOG_IN_1
ANALOG_IN_2
A_IN2_N

A_IN2_P

A_IN1

GND_D

INGENIA | 01/08/2018

Manufacturer
Yageo
Kemet

Murata

TE

Panasonic

Multicomp

TE

TE

Microchip

Single-ended analog input.

Package
0402
0402

0402

0402

0402

0402

0402

0402

8-MSOP

Analog half reference voltage, from circuit below.

To be connected to pin 50 of Triton Core.
To be connected to pin 49 of Triton Core.
Differential analog input, negative terminal.

Differential analog input, positive terminal.

Value / Description
Ceramic capacitor, 22 nF, 16 V, X7R
Ceramic capacitor, 1 nF, 50 V, NPO

Ceramic capacitor, 100 nF, 16 V, X7R

Thin film resistor, 1.65 kQ, 0.1 %
tolerance, 1/16 W

Thin film resistor, 10 kQ, 0.1 %
tolerance, 1/16 W

Thick film resistor, 0 Q jumper, 1/16
w

Thin film resistor, 24 kQ, 0.1 %
tolerance, 1/16 W

Thick film resistor, 47 kQ, 0.1 %
tolerance, 1/16 W

Dual rail-to-rail OpAmp, 10 MHz
bandwith

Logic supply reference voltage. To be connected to pin 45 of Triton Core.

Analog reference (circuit below). Can also be taken from pin 56 of Triton Core (10 mA max).
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Design Notes

« This circuit is supplied from a +3.3 V reference voltage generator. If an analog reference voltage other than
the one specified below is used, ensure that it can provide enough current.

« Filter in differential analog input has fc(-3 dB) = 4.4 kHz, and Single-ended is fc(-3 dB) = 10 kHz.

7.2.4 Digital Outputs

This simple circuit can be used to convert the 3.3 V push-pull digital outputs into 5V open collector with weak pull-
ups. This will invert the logic polarity of the output, but at the same time it will provide the capability of driving

greater loads.

Schematic
DI
+5V D DO1
IN4148WS
GDO_1
ZXMS6004
GND D
Bill of materials
Designator Part Number Manufacturer  Package Value / Description
D1 1IN4148WS Fairchild SOD-323F Diode rectifier 75V, 150 mA
R1 RMCF0402FT1K  Stackpole 0402 Thick film resistor, 1 kQ, 1 % tolerance,
00 1/16 W
Q1 ZXMS6004FFTA Diodes Inc. SOT-23F N-channel MOSFET,60V,1.3A
Signals description
Signal Description
+5V_D +5V Logic supply. To be connected to pin 46 of Triton Core.
DO1 Open collector digital output 1.
GDO_1 To be connected to pin 48 of Triton Core.
GND_D Logic supply reference voltage. To be connected to pin 45 of Triton Core.
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Design Notes

« This MOSFET does not require biasing. Also, as it is a self-protected MOSFET it can handle the effects of
driving inductive loads (i.e. a mechanical brake).

7.3 Output Supplies

7.3.1 3Vand 5V Logic supplies

This is the minimal circuit recommended to provide 5V and 3.3V levels externally. This can be used to supply a
motor feedback source (encoder, digital halls, ...), a potentiometer as command source, ... etc.

Schematic
Fl
+5V_D . +5V_0OUT
PTC FUSE
1 c1 _1 c2
T luF T 100nF
10V 16V
GND D
F2
+3.3V_D . . +3.3V_0OUT
PTC FUSE
1 C3 _1 €4
T luF T 100nF
10V 16V
GND D
Bill of materials
Designator Part Number Manufacturer  Package
C1,C3 C1005X7S1A105K0 TDK 0402
50BC
C2,C4 GRM155R71C104K Murata 0402
A88D
F1,F2 MF-FSMF035X-2 Bourns 0603
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Value / Description

Ceramic capacitor, 1 uF, 10V, X7S

Ceramic capacitor, 100 nF, 16 V, X7R

PTC resettable fuse, 6 V, 350 mA
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Signals description

Signal Description
+3.3V_D +3.3V Logic supply. To be connected to pin 55 of Triton Core.

+3.3V_0OU +3.3 V supply for external electronics.
T

+5V_D +5V Logic supply. To be connected to either pin 34, 46 or 78 of Triton Core.
+5V_OUT +5 V supply for external electronics.

GND_D Logic supply reference voltage. To be connected to the closest GND_D pin to the selected +5V_D
pin of Triton Core.

Design Notes

« This circuits will protect against short-circuit or overload over 350 mA. However, Triton Core can supply up
to 200 mA through the +5V_D pins and up to 50 mA though the 3.3V_D pins (including self-consumption of
the electronics presented in this section).

+ In case a more rugged circuit is required, the load switch FPF2125 from Fairchild Semiconductor is
suggested as a base component.

7.3.2 Reference Voltage

3.3 Vreference voltage for analog circuits can be taken from the Triton Core itself. However, 1.65 V reference
voltage must be generated by the user whenever other circuits (see analog inputs above) use it. This circuit solves
this problem by providing both.

Schematic
L1 Ul
L ]
+5V D aras 4 VIN VREF 5 +3.3V_REF
1207
3 EN VBIAS 1 +1.65V REF
)
a1 e Z | c3
T luF =T 100nF T 100nF
10V 16V 16V
| REF1933AIDDCT
GND D
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Bill of materials

Designator

C1

C2,C3

L1

Ul

Part Number

C1005X7S1A105K0
50BC

GRM155R71C104K
A88D

74279271

REF1933AIDDCT

Signals description

Signal

+1.65V_R
EF

+3.3V_RE
F

+5V_D

GND_D

Design Notes

Description

Manufacturer

TDK

Murata

Wurth

Texas
Instruments

Analog half reference voltage.

Analog 3.3 V reference voltage.

Package

0402

0402

0402

SOT-23-5

Value / Description

Ceramic capacitor, 1 uF, 10 V, X7S

Ceramic capacitor, 100 nF, 16 V, X7R

Ferrite bead, 0.5A, 120 Q @ 100 MHz

Voltage reference 3.3V and 1.65V
0.1% 20mA

+5V Logic supply. To be connected to either pin 34, 46 or 78 of Triton Core.

Logic supply reference voltage. To be connected to the closest GND_D pin to the selected +5V_D

pin of Triton Core.

« This voltage reference has an accuracy of 0.1 % and can deliver up to 20 mA.

7.4 Communications

7.4.1 RS-485 Interface

This transceiver will convert the differential levels of the RS-485 physical layer into UART at 3.3 V levels.

INGENIA | 01/08/2018
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Signals description

Signal
+3.3V_D

GND_D

GDO_6/TX_ENABLE

RX_485_N

RX_485_P

TX_485_N

TX_485_P

INGENIA | 01/08/2018

Description

Schematic
Ul RX_485 P
+33V D 10 [ veo r2
o Aren 2 Lir
RE 1%
UART_RX 1 R OUT B (Rx) 8_I .
1 a
—T 100nF TX_485_P
16V UART_TX 4 6|
GDO_6/TX_ENABLE 3 BEIN parss
RI. 10K 1%] S 7 (Tx) L
(G TX_485_N
ISL32600EFUZ
GND D
Bill of materials
Designator Part Number Manufacturer Package Value / Description
C1 GRM155R71C104KA88D Murata 0402 Ceramic capacitor, 100 nF, 16
V, X7R
R1 RMCF0402FT10KO0 Stackpole 0402 Thick film resistor, 10 kQ, 1 %
tolerance, 1/16 W
R2 MCHPO5W4F1200T5E Multicomp 0805 Thick film resistor, 120 Q, 1 %
tolerance, 1/4W
Ul ISL32600EFUZ-T7A Intersil 10-MSOP RS485/422 full-duplex

transceiver, 256 kbps

+3.3V Logic supply. To be connected to pin 55 of Triton Core.

Logic supply reference voltage. To be connected to pin 62 of Triton Core.

To be connected to pin 41 of Triton Core.

Negative terminal of RS485 Receive channel.

Positive terminal of RS485 Receive channel.

Negative terminal of RS485 Transmit channel.

Positive terminal of RS485 Transmit channel.
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UART_RX To be connected to pin 60 of Triton Core.

UART_TX To be connected to pin 59 of Triton Core.

Design Notes

« Rxis enabled by default and Tx is disabled by default by means of pull-down R1.

+ ISL32600EFUZ-T7A ensures a logic High in net UART_RX if nets RX_485_N or RX_485_P are floating, shorted
or on a terminated but undriven bus. Then, no Fail-safe biasing resistors are needed. Also, UART_RX is
always driven High or Low with no need of pull-up/down resistors.

7.4.2 CAN interface

This transceiver will convert the differential levels of the CAN bus physical layer into TTL at 3.3V levels.

Schematic
+3.3V.D
i e SRI
== 100nF 20K X SN65HVD234D .
16V AN TX 1% I Vee RS = AN T
CAN_RX 3| TXDCANH —¢ CAN L
> RXD CANL 3 R2 .R3
GND EN 3: 120R. E;OR
Ua 1% 1%
GND D
Bill of materials
Designato Part Number Manufacturer = Package Value / Description
r
C1 GRM155R71C104KA Murata 0402 Ceramic capacitor, 100 nF, 16 V, X7R
88D
R1 RMCF0402FT10K0 Stackpole 0402 Thick film resistor, 10 kQ, 1 %
tolerance, 1/16 W
R2 MCHPO5W4F1200T5 Multicomp 0805 Thick film resistor, 120 Q, 1 %
E tolerance, 1/4 W
R3 MC00625W040210R Multicomp 0402 Thick film resistor, 0 Q jumper, 1/16 W
u4 SN65HVD234DR Texas 8-SOIC CAN transceiver, 1 Mbps
Instruments
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Signals description

Signal Description

+3.3V_D +3.3V Logic supply. To be connected to pin 55 of Triton Core.

CAN_H Positive terminal of CAN bus.

CAN_L Negative terminal of CAN bus.

CAN_RX To be connected to pin 68 of Triton Core.

CAN_TX To be connected to pin 70 of Triton Core.

GND_D Logic supply reference voltage. To be connected to pin 72 of Triton Core.

Design Notes

« The design includes the termination resistor, but this shall be included only in the first and last node of the
bus.

+ Resistor R3 is used to limit the slope rate of the signal transition, which can have a significant impact in the
EMC evaluation of the design. If this becomes an issue, a value of 10 kQ can entail a big reduction of EMI,
while still being able to communicate at 1 Mbps.

7.4.3 EtherCAT Interface

This circuit provides an isolated interface for one EtherCAT port. The selected magnetics are compliant with
the 10/100 BASE -T standard. To get a full EtherCAT support, 2 of this circuits should implemented, one for each
channel.

Schematic
i Network
ul : o
PHY1 TXD_P ; TD+ TX+ llga ECATL TX P (i) Network
PHY1 TXD N 3 L2 Lo l;t ECAT1 TX N
TD- TX- () Network Iri Network
4 13 275R ;
<= N.C. N.C. TERM COM 1% @®
- 12
<~ N.C. N.C. irR2 R3 3
PHY1 RXD P 6 | pp+ RX+ |LL ECATL RX P @thwm-k 705R ¢;1£d ——1000pF
7 10 1% 1% 2000V
: 1 g RDCT RXCT 0 cATL
PHY1 RXD_N RD- RX- ECATL RX_N @I\'etwork&)
| ci C2 WE_ 74901001 11A ®
—T100nF 100nF : Network Network
S50V 50V ! /—7
) NETWORK_GND

GND D

INGENIA | 01/08/2018 35



TRITON CORE Application Guide | Schematic design

Bill of materials

Designator  Part Number Manufacturer Package Value /[ Description
C1,C2 C0603C104K5RACT Kemet 0603 Ceramic capacitor, 100 nF, 50 V, X7R
u
C3 1206GC102KAT1A AVX 1206 Ceramic capacitor, 1 nF, 2000 V, X7R
R1,R2 MC 0.063W 0603 Multicomp 0603 Thick film resistor, 75 Q, 1 %
1% 75R tolerance, 1/16 W
R3 RMCF1206FT1MO00 Stackpole 1206 Thick film resistor, 1 MQ, 1 %
tolerance, 1/4 W
Ul 7490100111A Wurth SMD 10/100 Base-T single port transformer
magnetics
Signals description
Signal Description
ECAT1_RX_N Negative terminal of the receiver channel of the Port 1 of the EtherCAT bus.
ECAT1_RX_P Positive terminal of the receiver channel of the Port 1 of the EtherCAT bus.
ECAT1_TX_N Negative terminal of the receiver channel of the Port 1 of the EtherCAT bus.
ECAT1_TX_P Positive terminal of the receiver channel of the Port 1 of the EtherCAT bus.
GND_D To be connected to pins 83, 84, 89, 90 of Triton Core.

NETWORK_GND Floating Ground level of the network side (isolated) of the EtherCAT bus.

PHY1_RXD_N
PHY1_RXD_P
PHY1_TXD_N
PHY1_TXD_P

TERM_COM

Design Notes

To be connected to pin 87 of Triton Core.
To be connected to pin 85 of Triton Core.
To be connected to pin 88 of Triton Core.
To be connected to pin 86 of Triton Core.

Termination resistors common node.

+ Pins 12 and 13 of the 7490100111A are connected to the termination resistors common net to gain direct
footprint compliance with other magnetics available in the market.
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« "Network" is defined as a net class to ease defining an isolation barrier.

7.5 Absolute Encoder Interface

This circuit is designed to set a RS422/485-based physical layer, which is the most common among absolute
encoders. This sets 2 half-duplex channels, one for the "clock" signal, driven from the motion controller, and the
other for the "data" signal, which is able of working in both transmit or receive directions (this, and the use of the
signal ENDAT_TXEN would allow a future support to other absolute encoder protocols in the market).

7.5.1 Schematic

10R

ABSENC CLK N

R3

10

Vi
1%

ABSENC CLK P

R
1% |
C3

100pE T 100pF
| 50V

| _C4

S0V

5V 0

RS

10R

GND_D

R10
2K

1%
ABSENC_DATA N

RT

1%

R6
2120R

1%

10R

ABSENC DATA P

WA
1%

s

100pF T~ 100pF
Tsov

Ch

50V

+3.3V.D
J_L"l _LC'Z
100nF 100nF
16V 16V
GND D
u J
N Uto =l R vee |8
Elo;\' . Ve |—2 v B <|£—|
TS I%EA:D_Y 4 2 b A<'>—‘6
) B ABS ENC SCK 4 DI GND 3
e lny  SNGSHVDTSDGRR
SNT4AHC1GOODBVR 210K
GND_D 1%
L2
ABS_ENC_SDI 1 R vee |8 |
2 o B 1
EMDAT TXEN 3[ DE A ]g
ABS ENC SDO 4V DI GND S
rs  Lro SN6SHVD75DGKR
10K $10K
1% 1%
GND_D
7.5.2 Bill of materials
Designator Part Number Manufacturer Package
C1,C2 GRM155R71C104K Murata 0402
A88D
C3,C4,C5, CC0402JRNPO9BN  Yageo 0402
() 101
R1, R4, RS, RMCF0402FT10KO0 Stackpole 0402
R9
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Value / Description

R11
2K
1%

Ceramic capacitor, 100 nF, 16 V, X7TR

Ceramic capacitor, 100 pF, 50 V, NPO

Thick film resistor, 10 kQ, 1 %
tolerance, 1/16 W
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R2, R3, R5,

R7

R6

R10, R11

U1, U2

u10

MC 0.063W 0603 Multicomp 0603 Thick film resistor, 10 Q, 1 %

1% 10R tolerance, 1/16 W

MCHPO5W4F1200T Multicomp 0805 Thick film resistor, 120 Q, 1 %

5E tolerance, 1/4 W

RMCF0402FT2K00 Stackpole 0402 Thick film resistor, 2 kQ, 1 %
tolerance, 1/16 W

SN65HVD75DGKR Texas 8-VSSOP RS485/422 half-duplex transceiver,

Instruments 20 Mbps
SN74AHC1GOODBV  Texas SOT-23-5 IC LOGIC, Positive NAND Single 2
R Instruments inputs, Schmitt Trigger SOT23-5,

125°C

7.5.3 Signals description

Signal
+3.3V_D
+5V_D
#ABS_ENC_C
S
ABS_ENC_SC
K
ABS_ENC_SDI
ABS_ENC_SD
0
ABSENC_CLK
_N
ABSENC_CLK
_P
ABSENC_DAT
A_N
ABSENC_DAT
A_P
ENDAT_TXEN
GND_D

Description
+3.3V Logic supply. To be connected to pin 55 of Triton Core.
+5V Logic supply. To be connected to pin 34 of Triton Core.

To be connected to pin 61 of Triton Core.

To be connected to pin 64 of Triton Core.

To be connected to pin 65 of Triton Core.

To be connected to pin 63 of Triton Core.

Negative terminal of the "clock" channel of the Absolute encoder.

Positive terminal of the "clock" channel of the Absolute encoder.

Negative terminal of the "data" channel of the Absolute encoder.

Positive terminal of the "data" channel of the Absolute encoder.

Can be connected to pin 66 of Triton Core or left unconnected. This signal is present in the

design only for future use.

Logic supply reference voltage. To be connected to pin 62 of Triton Core.

INGENIA | 01/08/2018
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7.5.4 Design Notes

« Termination resistor is not included in the "clock" output, although it can be recommended if the absolute
encoder is connected along a very long cable, or a harsh electromagnetic environment.
» (C3,C4,C5and C6 could be increased up to 220 pF to reinforce the filtering effect over the input.

« If astronger ESD protection is required, a TVS diodes with capacitance <100 pF are acceptable, whenever C3,
C4, C5 and C6 are kept as specified in this guide.

7.6 LED Signalling

This circuit proposes a set of on-board LED indicators that will be sufficient to comply with the specifications of
CANopen and EtherCAT standards, plus other functional signalling.

7.6.1 Schematic

Supply Braking resistor Drive fault Link O Error Run Link 1
+5V D = +
1
R1 R2 R3 lRJ Ds R7
1K 1K 1K Ko LED_0603_GREEN E 1K
1 . . . H
1% 1% 1% 1% /!m 1%
" ~ LED_0603_RED
! 120, 0603 vErLow W N RE ) Ds
W W [LED_0603_GreenBlue LEL_WBU_LELLUY ™y RS 1K w h. 4 LED_0603_YELLOW
i
\}I I/ D2 \I s o
2 1%
N LED_O(:US_F.ED! e
=t (=]
o

<7 KD LED LED_RUN Ui
GND D U2a PUMHI11
LED_FAULT/OK_OUT 3 FUMHI1 NPN+NPN_Biased

UlB NPN+NPN_Biaszed
SHUNT_DRIVE 2 Klf.‘ﬂ-:\'P_\'_B‘.ased
q:]& -_ PUMELL

NPN+NPN_Biased + S S
PUMHI1L (§D7 D G§D7 b GND_D GND_D

- V4 - =~ \Eb ERROR L LK1 ED

GND_D
~7
GND_D

7.6.2 Bill of materials

Designator Part Number Manufacturer Package Value / Description

D1 APHB1608QBDC Kingbright 0603 Blue / green clear LED
GKC

D2,D4 HSMH-C190 Avago 0603 Red diffused LED

D3, D6 LY Q976-P1S2-36  Osram 0603 Yellow diffused LED

D5 HSMG-C190 Avago 0603 Green diffused LED
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Thick film resistor, 10 kQ, 1 %

Dual NPN BJT transistor, 50V 100mA,

R1,R2, R3, RMCF0402FT1KO  Stackpole 0402
R4, R5, R6, 0 tolerance, 1/16 W
R7
U1, U2, U3 PUMH11,115 NXP SOT-363
prebiased
7.6.3 Signals description
Signal Description
+5V_D +5V Logic supply. To be connected to pin 78 of Triton Core.
GND_D Logic supply reference voltage. To be connected to pin 72 of Triton Core.
LED_ERROR To be connected to pin 69 of Triton Core.

LED_FAULT/#OK_OUT
LED_RUN

LINK1_LED
LINKO_LED

SHUNT_DRIVE

7.6.4 Design Notes

To be connected to pin 71 of Triton Core.
To be connected to pin 67 of Triton Core.
To be connected to pin 82 of Triton Core.
To be connected to pin 81 of Triton Core.

To be connected to pin 25 of Triton Core.

« All the current limiting resistors are the same value, which will cause differences in the brightness of each
LED. Whenever this is not acceptable, each resistor must be individually dimensioned to match the specific
forward voltage of each LED. When doing this, mind the dissipated power in each resistor and its derating
with temperature. If no derating curve is available, this rule of thumb can be used: the maximum power that
will be dissipated in the resistor (minimum V¢ of the LED) shall be less than 40% of its rated power.

INGENIA | 01/08/2018
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8 PCB design

This part of the guide is intended to provide the necessary indications to design a PCB in which the Triton Core can
be integrated.

Triton Core is interfaced by means of 1.27 mm pitch pin headers: 80 pins in the CANopen version and 94 pins in
the EtherCAT version. As they have a slightly different shape and number of pins, the required footprint is slightly
different in each case.

s
sy

Triton Core CANopen Triton Core EtherCAT

Also, Triton Core can be directly soldered to the PCB or plugged into a receptacle pin header. This guide is
intended to provide PCB design advise for both approaches.

Component libraries for Altium Designer, Autodesk Eagle and KiCAD are provided through the links below. This
components include only a through-hole footprint (soldered option), as in the case of using a pin header
receptacle, the footprint is determined by the specific receptacle header selected.

Component for Altium

8.1 TH soldered approach

This way Triton Core will be directly soldered to the Interface board, meaning that it will not be anymore
removable. Going with this approach the Interface board can be cheaper, as it does not need any header
connectors.

It does still require spacers to keep the Triton at an optimal height over the interface board. Spacers will guarantee
a sufficient mechanical integrity when a heat dissipator is mounted on the top of the Triton, but also a proper
insertion depth of the pins through the PCB and, ultimately, an adequate soldering. Consider this suggested spacer,
although any other length from 7.5 mm to 12.5 mm might be valid, depending on the PCB thickness of the
Interface board and how much the Triton pins are allowed to protrude through the back side of the board.

INGENIA | 01/08/2018 41


http://doc.ingeniamc.com/download/attachments/58655698/Triton_Core_Altium_Library.zip?api=v2&modificationDate=1514567799580&version=1
http://www.altium.com/

TRITON CORE Application Guide | PCB design

Image Description Manufacturer  Part number

w M3, male-female, 12 mm  Ettinger 05.13.121

/\ Mount spacers before soldering

Care must be taken on assembling the spacers before and during soldering. Otherwise, excessive
mechanical tolerances can endanger the Triton Core, as strong stresses can appear when tightening them.

Overall, consider this pros and cons when choosing for this approach:

© Pros

« No additional components required (cheaper).
« Maximum current through power pins is guaranteed.

() Cons

« Triton is permanently attached to the Interface board.
+ Mechanical tolerances with spacers matter.

/\ Soldering technology

Triton Core must be soldered to the Interface board by means of wave, selective or manual soldering.
Never introduce a Triton Core in a reflow oven, as a temperature profile that has not been carefully
selected can cause permanent damage to it. For more information, please contact Ingenia Support.

8.1.1 Recommended layout

Follow this footprint and landmark indications to properly include Triton Core in a PCB project, or download any of
the CAD components linked above.

(i) CAN and EtherCAT versions

Some of the drawings represent only the Triton Core EtherCAT variant. For the CANopen variant, just
ignore the EtherCAT pins.

All the dimensions shown are in millimetres (mm).
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Hole locations

Triton Core EtherCAT
Pin land pattem

2,54 T
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1,27 J }&
19,05 '

3,75

A
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All holes are 0.6 mm diameter

Product

Triton Core EtherCAT
clearance and fixing

r 2,54

holes

45,00

37,00

45,00
37,00
eseenccscscccsccsenne

w—.‘..‘l.....'l.'l.ll.

A
o
o)
%

% 35,20

@ 8,00

®,

Grey areas indicate recommended copper and components clearance around the fixing holes. This would allow the
safe use of a tube wrench key to tighten the spacers.
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No components area

Triton Core CANopen
Components clearance area
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Triton Core EtherCAT
Components clearance area
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:
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Both cases are considering the maximum insertion depth of the pins. However, if a 12 mm length spacer is used,
the represented area shall allow any underneath component no taller than 4 mm in the CANopen variant, and 1.5
mm in the EtherCAT variant.
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Only low profile components area

Triton Core CANopen
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Both represented areas are considering the maximum insertion depth of the pins. In this case, the represented
areas only allow a maximum component height of 0.8 mm under the CANopen variant, and 3 mm under the
EtherCAT variant (only in the area marked in grey). Furthermore, only components shorter than 6.5 mm in the
CANopen variant and 9 mm in the EtherCAT variant can be located under the Coldplate, represented in the
drawing "Triton Core EtherCAT: Product clearance and fixing holes".

If a 12 mm spacer is used instead of going to the maximum insertion depth, the grey area shall allow components
up to 5 mm height, in both CANopen and EtherCAT variants.

8.1.2 Routing

Once Triton Core is properly added to a PCB project, multiple routing strategies may be equally valid. The chosen

one should depend on the amount of features to use, specially regarding to feedback sensors, inputs and outputs

and communications. The strategy suggested in this guide tries to cover everything Triton Servo Drive has to offer,
which might represent a worst case in terms of complexity.

PCB technology

The main and hardest technological restriction is in the pin holes. Due to their required diameter (& 0.6 mm) and
pitch (1.27 mm), the use of top-middle-bottom pads is deeply recommended to allow signal tracks passin
between across internal layers while keeping a PCB manufacturing technology grade low enough.

Take the next image as an example:

Here, the pad 1 is defined as a "simple" pad, meaning that the anular ring in the external layers is identical in
internal layers. This causes an excessive narrowing of the space remaining for a track or a ground plane to pass
between, as it happens with the track marked in red. The only way to proceed in this case is to increase the
requirements of the PCB manufacturing technology, which obviously entails an higher cost. On the other hand,
pads 2 and 3 are defined as "top-middle-bottom", meaning that the anular rings in internal layers are different from
external layers. Specifically, in this case the internal anular rings are completely removed. Then, the remaining
space is sufficient, and the green track or the ground plane under can pass with no problems.
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() Top-middle-bottom pads

Itis not mandatory to use this technique is all the 94 pins: typically, power, GND, +5V and +3.3 V pins can
and should remain as "simple" type.

Then, one possible pad configuration might be this (internal layer represented):

W 0258mm

With this, consider the following recommendations to configure the rules / DRC of your project:

Parameter Minimum recommended
Number of PCB layers * 4

Copper thickness (external layers) 18 pm copper + 18 pm plating
Copper thickness (internal layers) 35um

Conductor width for signal nets 0.15mm
Conductor width for power nets (35 pm copper) ** 3mm

Clearance from conductor to conductor 0.15mm

PE isolation clearance (external layers) 0.27 mm ***

EtherCAT isolation clearance (external layers)

INGENIA | 01/08/2018
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* Although is possible to integrate the Triton Core in a single layer PCB when using a small amount of its features,
most projects would require a PCB with a minimum recommended of 4 layers.

** Considering the nominal current of TRI-7/48-y-P. Power conductors can be distributed along multiple layers,
both internal and external. This would allow for less surface-consuming power tracks.

*** Limited by the pads themselves. Whenever is possible, increase this clearance to 0.5 mm.

Recommended routing strategies

Each Interface board project will have its own specific requirements depending on the size, shape, components /
connectors placement and number of layers. This will make each routing scenario unique. However, consider this
routing layout as a possible solution to allow all nets exit the pins area:

4
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<———— Routing suggestion ————>
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I

\V4
(FIGE

Additionally, some nets might require a special treatment. Specifically, USB data tracks and differential pairs must
be routed carefully, meaning this:

o
7o
ello ©

d
P
ﬁ

bé
o
d
oo

« Positive and negative tracks must be kept close together and maintain a uniform distance between them all
along their path.

« Pairs should describe a rather straight trajectory, o at least avoid significant length differences due to an
uncompensated number of turns.

« Copper connected to GND must be kept uncut al allong the path described by the pair in an immediately
adjacent layer.

+ Avoid layer changes as much as possible, and always keep the 2 tracks in the same layer.

« If the pair must move to another layer, always put at least 1 via connected to GND as close as possible to the
point where the pair goes through.

H
o
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The nets affected by this advise are:

Pair Pins

ENCODER_A 35,36
ENCODER_Z 37,38
ENCODER_B 39,40

USB_DATA 73,75

Pair Pins

PHY1_RXD 85,87
PHY1_TXD 86, 88
PHYO_TXD 91,93

PHYO_RXD 92,94

8.2 TH or SM plugged approach

With this solution Triton Core can be plugged and unplugged from the Interface board at will, meaning this that the
Triton Core in use can be updated over time. Under this approach, at least a couple of pin header receptacle strips
are required to provide connectivity to the Triton.

@ Difference from direct soldering approach

The footprint, landmark, PCB technology and routing layout strategy will depend in this case on the
receptacles selected. However, selecting through hole (TH) pin receptacles might lead to a solution very
similar to the one exposed in the previous section. Even if the receptacle is surface mounted (SM), many of
the indications described in the previous chapter might still be valid, so read it carefully.

Then, consider this pros and cons when choosing for this approach:

) Pros

+ Triton Core can be removed from the resulting Interface board.
+ Mechanical tolerances can be absorbed in the assembly.

() Cons

« Additional components (connectors) must be added.
« Care must be taken on the current rating of the connectors.
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@ Manufacturing advise

Here the Triton is not part of the manufacturing process, but assembled afterwards. Therefore, the
soldering method only depend on the restrictions associated to the selected components of the Interface
board, which would probably allow reflow soldering.

8.2.1 Selection of pin header receptacles

Follow this recommendation to select the best suited receptacles for the Interface board:

« Triton Core requires 2-row, 1.27 mm pitch receptacles:
« The main connectors require 40 pins each (20 per row). The distance between rows is 2.54 mm,
which allows implementing a single 40 contacts, 2-row, 1.27 mm x 2.54 mm header strip, or two 20
contacts, single-row, 1.27 mm pitch header strips.
« The EtherCAT connector require 14 pin (7 per row). Both the pitch and the distance between rows is
1.27 mm. In this case, using 2 single-row connectors is also possible, although it is deeply
recommended to double-check that the selected component is narrow enough to fit.

« Acurrent rating of at least 1.5 A per pin is mandatory, unless only TRI-1/48-y-P and / or TRI-4/48-y-P will be
used. Triton will use 4 of these pins to conduct the phase current, so a lower current rating will act as a
bottle neck in the power train.

« Blind or bottom entry receptacles can be selected, but this determines the length of the spacers:

« When selecting blind receptacles, put care in selecting the spacers length, as they must guarantee
that the tip of the pins of Triton Core lays under the contact point's insertion depth of the selected
receptacles. The datasheet or drawing of the receptacle should provide this information.

+ When selecting bottom entry receptacles there is a wider range of valid insertion depths. However,
mind the length of the pins that will protrude by the opposite side of the interface board, and ensure
this pins will not be in risc of electrical contact or mechanical interference with other adjacent
devices.

& Use of spacers required

Any solution including receptacle connectors must include spacers to fix Triton Core. This way both the
mechanical integrity and electrical contact are guaranteed.

Suggested components

Image Description Manufacturer Part number Recommended spacer
2-row SMD 1.27 mm x Samtec RSM-120-02-L- M3, male-female, 14
2.54 mm D mm:
971140321
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2-row TH 1.27 mm x 2.54
mm

Single-row TH 1.27 mm
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Connectivity

Harwin

5-104078-2

M52-5002045

M3, male-female, 16
mm:
R30-3001602

M3, male-female, 16
mm:

R30-3001602
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9 Slave and Standalone Control

Triton Servo Drive comes with a full pack of options to work standalone or be integrated in a network. Natively, it
is based in the CANopen standard from which it can be configured and driven through several communication
protocols. On top of this, Ingenia adds the motion control know-how shaped into the friendly and effective user
interface of our configuration software, MotionLab, from which all the features of the Triton Servo Drive can be
squeezed. Furthermore, users that would like to develop their own software can freely download a set of

libraries that will allow them releasing all the control power of this tiny servo drive.

9.1 To get started: MotionLab

MotionLab is the "do it all" software from Ingenia. Configuring the control loops, setting motion profiles,
monitoring inputs and outputs, ... and a lot more: everything is centralised in this tool under an elegant and
intuitive user interface.

To get started, download the last version of MotionLab for free by following the link below, and follow the steps to
install.

MotionLab Download Page

MotionLab User Manual

Once installed and running, simply plug a pUSB cable from Triton to your Windows PC and press "scan". Your drive
will be automatically detected, as it is powered from USB. From this, you can follow the wizard guide to easily
configure your motor, feedback and command source, and even command an auto-tune of the PID controller, or
you can explore all the options and operation modes yourself by going through the main menu in the left tab. Find
more in the Reference Guide linked above.
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| MOTION LAB

PLUTO % & Update firmware

COM PORT 1 (USE)

' HYDRA

9.1.1 Standalone operation

Triton Core has a built-in non-volatile memory that enables it to work in Standalone mode. In this operation mode,
the drive will take pre-programmed actions in front of multiple trigger events, with no need of a master device or
network activity at all (although it still can be a network slave at the same time). To benefit from this feature,
MotionLab integrates a Composer editor to configure simple macros and tie them together to form a standalone
program. No coding or programming skills are required, and the resulting program can reach a level of
complexity high enough to make a network master unnecessary in most cases.
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(“) COMPOSER: My Drive - Node 0x20
@ Write reserved memory | @ Load E Save All | ‘! Write All | !’ Set Interruptions | Macro Access: 0 P Run B Stop | Program Status:
Unnamed.ximf Macro Interrupt System:

Active Source
Free memory

Used memo
] Ty

mﬂ MACRQ space TOTAL space

M Reserved memory

Macro: 0

0 x Current Function Properties

% Add Position | ® Remove l|l-| Remove All -: Save !' Write | Copy/Move Mode Absolute
Active Ins # Label Size Type Description Comment (ETE FEETTT LIS
Motar Motor: On Target Position Value (c) 1000
If Condition: Digitallnput Setpoint Mode Immediate
Position Mode: Absolute; Target Position: 1000 Wait Mode TargetReached

() Moreinfo

Check MotionLab's Reference Manual to get further info about Composer and macro editing.

9.1.2 Network operation

Triton Core can be interfaced through 4 different communication physical layers. On the top of them, the CANopen
standard is followed (with the inherent limitations of each physical layer):

« USB: 2.0 or earlier. Only SDO (no PDO allowed)

« UART: Up to 115200 baud. Can be driven to RS-232 or RS-485 in both point-to-point o daisy-chain
modes. Only SDO (no PDO allowed).

+ CAN: Up to 1 Mbps. Only TRI-X/XX-C-Y. Full CANopen support.

« EtherCAT: 100 base-T. Only TRI-X/XX-E-Y. Full CANopen over EtherCAT support.

/\ CAN and EtherCAT versions

Note that Triton Core comes in 2 versions, one supporting CAN and the other EtherCAT, so both interfaces
cannot be available at the same time. Find out more about Triton versions at Triton Core User Manual.

With this, a same set of registers or "stack" is used regardless of the nature of the network. MotionLab manages the
interaction with this registers, while offering a more comfortable front-end to configure and control the drive.
However, the users interested in directly reading and writing this registers can still use MotionLab, as a full register
watcher is included.
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Find our more about MotionLab here:

How-to Articles

Troubleshooting Articles

9.2 Slave direct command control

In Network mode, one or more Triton Core can be controlled from a master device by directly reading and writing
to the registers stack. Everything, from enabling the motor to configure a multi-point trajectory, can be set by
managing this registers through the network, thanks to EMCL, Ingenia's proprietary firmware, embedded in the
Drive.

The EMCL Command Reference Manual gathers all the information required to enable every single feature and
function packed into the Triton Servo Drive from a network master device, including register addresses, motion
control objects and the state machine.

Command Reference Manual

9.3 Further beyond with software

Either if the project requires programming the master device, or simply developing software tools to be used at an
engineering stage, programming your own motion control application will be a lot easier with Ingenia
software Libraries.

IngenialLink, offering both C and Phyton APIs, provides what is needed to develop a motion control application for
Windows, Linux or MacOS under USB [ Serial communications: from plotting in real time any magnitude quantified
in the drive, to programming gadgets in a virtual control board to become a manual command source.

Arduino Library embeds all the motion control expertise required to create very advanced projects while keeping
the well known simplicity and flexibility of Arduino, thus giving step to a whole new generation of prototyping and
educational engineering. With Arduino and the power of Triton Core, the sky is the limit.
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IngeniaLink Library

1\

Arduino Library
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10 Further reading

Continue learning by following any of this topics:

(1,

Triton Core Online manual

Most up-to-date description of the product

(1,

Ingenia Wiki

How-to, Troubleshooting and Motion Control Literature

(1,

Low Inductance Motors

How they can be driven with Ingenia Drives

(1,

Shunt Braking Resistor

How to dimension it, what to know

(1,

Power Supply
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How to select a power supply for Triton Servo Drive

10.1 Contact

INGENIA-CAT S.L.

8-14 Marie Curie
Advanced Industry Park
08042 Barcelona

Spain

Telephone: +34 932 917 682

E-mail: hello@ingeniamc.com

Web site: www.ingeniamc.com

Support page: ingeniamc.com/support/triton
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11 Service

We are committed to quality customer service. In order to serve in the most effective way, please open a ticket on
our service desk at www.ingeniamc.com/support or contact your local sales representative for assistance.

If you are unaware of your local sales representative, please contact the Customer Support.

INGENIA
Spain HEADQUARTERS www.ingeniame.com info@ingeniamc.com
France A2V www.a2v.fr a2v@a2v.fr
Germany MACCON GMBH www.maccon.de inffo@maccon.de
India MPAGS Www.mapgs.com inffo@mpags.com
Israel MEDITAL www.medital.co.il comotech@medital.co.il
Italy SERVOTECNICA SPA  |www.servotecnica.com info@servotecnica.com
Norway ELECTRO DRIVES AS |www.electro-drives.no firmapost@electro-drives.no
MECANICA
Portugal MORDERNA www.mecmod.com/pt vendas@mecmod.com
Russia AVI SOLUTIONS www.avi-solutions.com sales@avi-solutions.com
Singapore I-MOTION www.imotionasia.com ivan@imotionasia.com
South Korea |SERVOSTAR WWW.Servostar.co.kr servo@servostar.co.kr
South Korea |ALLTEK www.alltek.co.kr info@alltek.co.kr
MECANICA
Spain MORDERNA www.mecmod.com/es mecmod@mecmod.com
Spain GIZATECH www.gizatech.eu/ comercial@milexia.es
ANTRIMON MOTION
Switzerland AG www.antrimon.com motion@antrimon.com
Turkey FEMSAN www.femsan.com melike@femsan.com
United MOTION CONTROL
Kingdom PRODUCTS www.motioncontrolproducts.com |info@motioncontrolproducts.com
United States |[NAMPRO WWw.namproinc.com sales@namproinc.com
United States |GROUP SIX www.grp6.com ingenia@grp6.com

INGENIA-CAT S.L.

8-14 MARIE CURIE, ADVANCED

INDUSTRY PARK

08042 BARCELONA

INGENIA

passion for motion
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