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DECLARATION OF CONFORMITY

Manufacturer's Name and Address
Aerotech, Inc.

101 Zeta Drive

Pittsburgh, PA 15238-2897

Declares that the product:

Product Name: NDrive

Conforms to the following product specifications:

EMC: EN 61800-3:1997 Class A Emissions
EN 61326-1:1997 Class A Emissions
EN 55011:1998 RFI Limits and Measurement
EN 61000-3-2:1995 Harmonic Current Emissions
EN 61000-3-3:1995 Voltage Fluctuation and Flicker
EN 61000-4-2:1995 ESD Immunity
EN 61000-4-3:1995 Radiated RFI/EMI Immunity
EN 61000-4-4:1995 EFT/Burst Immunity

EN 61000-4-5:1995 Surge Immunity
EN 61000-4-6:1995 Conducted | mmunity
EN 61000-4-11:1995 Voltage Dips and Interruptions

Safety: EN 61010-1:1993 Safety Requirements
and complies with EMC directive 89/336/EEC and 73/23/EEC low voltage directive.

Pittsburgh, PA David F. Kincel Decn® E J{oee O

April, 2002 Quality Assurance Manager
AlexWeibel _ (Mow Moty 2y

Engineer Verifying Compliance

General notes concerning the test setup.

This product was tested at F-Squared Laboratories, in Burton, OH on April 16-18, 2002.
The report numbers are NY 011602-01-01E and NY 011602-01-02E.

The NDrive was tested while powered from a 230VAC source with a brushless
servomotor, connected via PMC-15 and BFC-15 (15 foot) cables. In order for the product
to conform to the radiated emission standards, the motor cable must be shielded and the
shield must be connected to the earth ground. A metal D-style connector with a metal
backshell must be used when connecting to the D-style connectors on the NDrive. The
shield of the feedback cable must be connected to the metal backshell.

Version 1.3 Aerotech, Inc. iX
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The following modifications ensure compliance:

« Install aFerrishield ferrite, PN SS2034, on the Fire wire cable at the unit.

e Install aCurtis, PN F1600CA-10, EMI linefilter to the AC input.

e Install two Ferrishield ferrites, PIN SS2032 and CS1984, between the unit and the
Curtis EMI linefilter.

»  Connect earth ground to the mounting screw at the AC input.

* Install aSCl, 25 pin, D-style, EMI filter adapter, P/N SCI-56-725-0, in serieswith
the motor feedback cable at the unit.

Failure to follow the described procedures may cause excessive emissions or reduced
immunity.

gogd
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CHAPTER 1: INTRODUCTION

In This Section:

¢ ProduCt OVEIVIEW.......cueeiireeeieeiireeereesireeeteessreeeneean 1-1
e Models, Options, and Packages............cceovrvverueriennns 1-2
* NDriVe PaCKage. .......ccccoeeuerienieierienisiesieneeiesieseeie s 1-4
o Hardware OVEIVIEW ........ccceeeeiveeireiiieieeieeereesreenseens 1-6

1.1. Product Overview

Aerotech’s Network Digital Drives (NDrive) complement the Automation 3200 System
(see Figure 1-1). Connected via the IEEE-1394 (Fire¥ymemmunication bus, these
drives provide deterministic behavior, auto-identification, and easy software setup from
the NMotion SMC software controller. Featuring a high-speed Harvard architecture DSP,
the drives have fully digital current and servo loops providing selectable 1-20 kHz servo
loop closure, 40 MHz line driver encoder data rate, and an optional Ethernet port for
access to third part networked 1/0 solutions. The NDrive also features an optional on-
board brake relay, programmabl e resol ution multiplication up to x 65,536, with a 200
kHz maximum amplified sine wave input frequency, and up to three-axis Position
Synchronized Outputs (laser firing). In addition, the use of the commercially standard
FireWire communication link makes integration to the Automation 3200 network plug-n-

play easy.

NDrive with Optional

Standard NDrive IOPSO# Installed.

Figure 1-1. NDrive Networked Digital Drives

Version 1.3 Aerotech, Inc. 1-1
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1.2. Models, Options, and Packages

The NDrive is available in three models with continuous power, ranging from 1,360 to
4,080 watts. A list of these models, and the available voltage configurations, are shown

inTable 1-1
Table 1-1. NDrive Models and Voltage Configurations
M odel Peak Output Current Continuous Output Current (peak)
NDRIVE10B 10A 5A
NDRIVE20B 20A 10A
NDRIVE30B-S 30A 15A

Control Board Options

Expansion board with 8 opto-isolated inputs (sinking or sourcing) and outputs
-IOPSO (sinking), 2-18 bit analog outputs, 2-16 bit analog inputs, SSI Net, absolute
encoder interface, single axis PSO, and brake relay

Expansion board with 8 opto-isolated inputs (sinking or sourcing) and outputs
-IOPS0O2 (sinking), 2-18 hit analog outputs, 2-16 bit analog inputs, SSI Net, absolute
encoder interface, dual axis PSO, and brake relay

Expansion board with 8 opto-isolated inputs (sinking or sourcing) and outputs
-lOPSO3 (sourcing), 2-18 bit analog outputs, 2-16 bit analog inputs, SSI Net, absolute
encoder interface, single axis PSO, and brake relay

Expansion board with 8 opto-isolated inputs (sinking or sourcing) and outputs
-lOPSO4 (sourcing), 2-18 bit analog outputs, 2-16 bit analog inputs, SSI Net, absolute
encoder interface, dual PSO, and brake relay

Opto isolator for PSO, requires |OPSOx option (<+5V, high speed, high current,

-PSOOPTOL HCPL2601)
-PSOOPTO2 Opto isolator for PSO, requires IOPSOx option (<+15V, high speed, low
current, 6N136)
-PSOOPTO3 Opto isolator for PSO, requires IOPSOx option (<+30V, low speed, high
current, 4N33)
Programmable encoder multiplier up to x 4,096, does not support single/dual
-MXU4096 )
axis PSO or quadrature output
Programmable encoder multiplier up to x 65,536, does not support single/dual
-MXU65536 )
axis PSO or quadrature output
Programmable encoder multiplier up to x 2,048, supports single/dual axis PSO
-MXH
and encoder quadrature output
-ENET 10/100BASE-T Ethernet port
Power Board Options
-S Shunt resistor network

Auxiliary 115/230 VAC input to power logic circuitry. Required for "keep
-AUXPWR alive" or 20-80 VDC bus operation. 20-80 VDC operation requires external
transformer to generate 15-60 VAC bus power input.

-HS Heat sink with fins
-3P 3 Phase AC input
1-2 Aerotech, Inc. Version 1.3
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Feature Summary:

Software configurable for brush, brushless and stepper motor operation
Standard 100 VDC - 320 VDC, optional 20 VDC - 80 VDC

Fully isolated power stage

5 VDC, 500 mA output for power encoder and Hall effect signals

Two mounting orientations optimized for heat transfer or minimal panel space
utilization

Full protection against the following failure modes:
1. Control supply under voltage
Continuous current overload
Power stage bias supply under-voltage
Power stage output short circuit (phase to phase and phase to ground)

DC bus over voltage

o 0~ w D

IGBT device over temperature

Line driver square wave or analog sine wave quadrature encoder primary
position and velocity feedback

Line driver square wave auxiliary quadrature encoder input

Version 1.3 Aerotech, Inc. 1-3
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13.

NDrive Package

The standard package includes the bus power supply that operates from 70-230 VAC

(100 — 320 VDC). The power supply is included with the standard packagéffiameo
operation without the need for an isolation transformer. Figure 1-2 is a functional diagram
including options. In addition, a soft start circuit is included to prevent high inrush

currents.
*115/230 VAC
aL1[ ] []aL2
—
L1 (AC HI [ | IGBT Motor A
( ) Soft Start Control Power
Bus -AUXPWR Voltage S Module
L2 (AC LO) D— Power Option Power Shunt Motor B
Supply Supply Option
L3 (-3P Opt) D— F Motor C
— AP I
meeee SSiNET T - Supply + Supply Integrated
i Ontion ' Protection:
' ! 7 Segment L.E.D. . Short Circuit,
' J10 — Opto-Isolation Under
i —1 i Bi-directional ] || | Voltage, Over
b9 I: : [ | | Temperature
i % 18 : F.P.G.A. —
! ,!Aabsolste |
i _Encoder——______1 PSO
AT =, FH
Sl detailed
1, J7 Figure 1-3.
& f'mgry ) MXU j SZ
ncoder -
*Til<= x65,536
Optional
| ENETOpton | i T Bus Over-
: 14 10/100 i i TB7 Voltage
' Base T [ | ! Detect
s ! : TB6
13 DSP i
i *»*Shunt ——
' L T 18 Regulator
J2 D—FII’EWIre— ' _.\._ | Open T PSOZ
: " Collector
a [ s =
V|| DA < :
: > :
RS-232 / RS-422 ; B3
35 D:E— ; —i Et:l?elay I:
: :I 7%
* A secondary 115/230 VAC connection is i i o
necessary if the DC bus power is required to i %:r —_—
operate below 80 VDC ! AID 1 !
** The shunt regulator is not included with the | _ [
TDrive 10/20 t__..-lOPSO# Option _______:
Figure1-2. Functional Diagram
1-4 Aerotech, Inc. Version 1.3
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Pulse
Configuration
Firing Array
Distance
Array
SSI Net 1 Load Next Configuration
»
» FIFO
FIFO
SSI Net 2 (255) (255)
Primary Encoder S_lt_)rfig/;a;rre
Secondary Encoder 24 2 Pulse Skip
A Y
Tracki O
racking Distance Trigger Pulse
Generator O————— > PSO Output

Y S Counter
(1 axis)

Switching
Multiplex

Pulse Output

Figure 1-3. PSO Diagram — Basic Single Axis Firing
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1.4. HardwareOverview

The NDrive consists of two power connections (motor power and input power), three
FireWire ports an optional Ethernet connection, an RS-232/RS-422 connector, a 7 segment
Fault Status display, LED indicator lamps, and two D-Style connectors for Auxiliary 1/O (9-
pin) and Motor Feedback (25 pin). An IOPSO# option is also available, which has

connectors for PSO, absolute encoder, SSINet, analog 1/0, digital 1/0, and user power.
Refer to Figure 1-4 for locations.

A

IOPSO# Option

Ethernet (Optional)

Auxiliary Power PSO / Absolute

(Keep Alive) E Encoder Interface
B
w
]
"
E
1 ]
1-3 Phase ]
28 - 240 VAC [
50/60 HZ ¥

2 Channel SSINet for
buffered RS-422 (multiplied
encoder IN/OUT

3 Phase 40— 340 VDC
Motor Output 10 — 30A pk

e
T ]

7 Segment Display for

Fault Status 2 (18 Bit) Analog Outputs

Brake Relay

LED Indicators 2 (16 Bit) Analog Inputs

RS-232
Or

RS-422 User Power

1 #

Line Driver Second Encoder
Port for Master/Slave, Cam.

£

5

8 Opto-Isolated Outputs
Common Sink or

Common Source (factory option)

i oo

MXH, MXU or Line Driver
Encoder / Halls / Limits

- —

8 Opto-Isolated Inputs
Common Sink or

Common Source (user-defined)

w0 LOEIY "

InNHa

=

AT AN AT

Standard Version

. A
Full Version = -------—-------«¢

Figure1-4. NDrive Hardware
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CHAPTER 2. INSTALLATION AND CONFIGURATION
In This Section:
g1 0o (8ot [ o S 2-1
Safety Procedures and Warnings............ccoeeereeeeeeneennnnes 2-1
Motor and AC Power Connections..........ccoceerereeveruenenns 2-2
Wiring, Grounding, and Shielding Techniques.............. 2-3
Motor and Feedback Connections...........cc.cecveereeerienenn. 2-6
Motor Phasing PrOCESS.........ccceiererieinenieenie e 2-9
FireWire Bus (J1, J2, J3) ....ccccovieeeereerese e e 2-11
DEVICE SELtINGS. ....eeverveeererieieiesieseeesie et 2-14

2.1

This section covers the hardware configurations using the switches, jumpers, connectors,
and power hook-ups when used with a brush, brushless, or stepper motor. Wiring,
grounding, shielding techniques, and the motor phasing process are also covered.

Aside from the obvious reguirements of AC input and motor wiring, the only other typical

I ntroduction

requirement is to set the NDrive’s number via switch S2.

2.2.

The following statements apply wherever the Warning or Danger symbol appears within
this manual. Failure to observe these precautions could result in serious injury to those

Safety Proceduresand Warnings

performing the procedures and/or damage to the equipment.

To minimize the possibility of electrical shock and bodily injury, ensure that the
motor is decoupled from the mechanical system and no harm to personnel will result
if the motor begins to spin.

To minimize the possibility of electrical shock and bodily injury when any electrical
circuit is in use, ensure that no person is exposed to the circuitry.

To minimize the possibility of bodily injury, make certain that all electrical power
switches (all switches external to the amplifier) are in the off position prior to making
any mechanical adjustments.

Version 1.3 Aerotech, Inc.
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2.3.  Motor and AC Power Connections
The three-phase motor terminal connections are made at connections A, B, and C.

Input power to the NDrive is made at the L1 and L2 terminals with earth ground

connected to = (ground). Motor frame and shield connect to = (ground) as well. A
three-phase power input is also available (L 3).

Table2-1. TB2Main AC Power Input and Motor Power Output

Pin # Description In/Out/Bi.
L1 115/240 Volt AC Input Input
L2 115/240 Volt AC Input Input
L3 Optional 3-Phase AC Input* Input

GND From Earth Ground (Required for Safety) Input

GND Earth Ground to Motor (Required for Safety) Input
oA Phase A Motor Power Output
7B Phase B Motor Power Output
wC Phase C Motor Power Output

If the AC bus input power is less than 70 VAC a TB2 L1, L2 (or L3), the optional
control power input must be used (TB1)**

Table2-2. TB1 Optional AC Power Supply Input (required for <70 VAC at TB2)

Pin # Description In/Out/Bi.
AL1 | Optional 115/230 VAC Control Power Input Input
AL2 | Optional 115/230 VAC Control Power Input Input
GND | From Earth Ground (Required for Safety) Input

* 3P option
*»  _AUXPWR option

Aerotech, Inc. Version 1.3
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2.4. Wiring, Grounding, and Shielding Techniques

To reduce electrical noise in the NDrive, the user should observe the motor and input
power wiring techniques explained in the following sections (suitable for use on a circuit
capable of delivering not more than 5,000A, 240V).

2.4.1. Minimizing EMI Interference
The NDrives are high efficiency PWM amplifiers operating at a 20 kHz switching rate.

This switching rate can generate Electromagnetic Interference (EMI) into the MHz band.
To minimize this EMI, it is recommended that the motor leads be twisted together with
the motor cable grounding wire and surrounded with afoil or braided shield.

In addition to the EMI effects, electro-static (capacitive) coupling to the motor frame is
very high, requiring the frame to be grounded in order to eliminate a shock hazard.
Additional electro-static coupling exists between the three twisted motor leads and the foil
shield of the motor cable.

This coupling forces high frequency currents to flow through the returning earth ground
of the motor cable. To minimize this problem and maintain low levels of EMI radiation,
perform the following.

1. Useshielded cable to carry the motor current and tie the shield to earth ground.

2. Use a cable with sufficient insulation. This will reduce the capacitive coupling
between the leads that, in turn, reduces the current generated in the shield wire.

3. Provide strong earth ground connections to the amplifier, additional heat sink,
and the motor. Offering electrical noise a low impedance path to earth ground
not only reduces radiated emissions, but also improves system performance.

4. If possible, do not route motor cables near cables carrying logic signals and use
shielded cable to carry logic signals.

Version 1.3 Aerotech, Inc.
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2.4.2. AUXPWR (Auxiliary Power) Option

If a NDRIVEXXB-AUXPWR amplifier was purchased, a separate AC input (TB1) has
been included on the amplifier. The internal power supply of the NDrive requires a
minimum of 70 VAC input to operate properly. The figure below shows the connection to
the separate AC power board. The connection is made to the AC input board with athree
terminal connector (Aerotech Part #£CK 00213), provided.

115VAC HI ALL[ T~
OPTIONAL _| OR LO:><:>CA|_2 TB1
CONTROL
AC. 230VAC  Ground L
ST G €
i%s -1 10 LO L2 | TB2
230VAC L3*
| Ground L
* optional
Figure 2-1. AUXPWR Option

2.4.3. 40/80 VDC Power Transformers

The TV0.3-56 power transformer is an optional accessory for the NDrive. The
transformer allows the generation of 56 VAC from a 115 VAC and 230 VAC source
respectively. When rectified by the NDrive, 56 VAC yields an 80 VDC power bus.

The TV0.3-28 power transformer is an optional accessory available for the NDrive. This
transformer allows for the generation of 28 VAC from a 115 VAC or 230 VAC source,
respectively. When rectified by the NDrive, 28 VAC yields a40 VDC power bus.

2-4 Aerotech, Inc. Version 1.3
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2.4.4. Minimizing 50/60 HZ Line Interference

Operating the NDrive from an off-line source of 115 VAC or 230 VAC may create some
additiona issues.

First, thereis a potential problem of EMI generated from the switching power stage of the
NDrive propagating through the bridge rectifier and out through the L1 and L2 input AC
line connections. Back-propagation of noise into the AC lines can be minimized using a
line filter. An example of such a filter and proper connection to the NDrive is shown in
Figure 2-2.

l ;’o;?#?bto Use 60 Degree C Copper Conductors Only
115/230 VAC
TDRIVE c Schaffner FN2070-10- 50/60Hz
A 06 includes common
Ground mode choke and ferrite
Ground
L3
L2  S—
L1 —
m TB2
This configuration is especially important if the TIDrive is operating at DC bus
voltages of 160 VDC or 320 VDC (e.g., 115 VAC or 230 VAC input power). . Earth Ground
Figure 2-2. Back-Propagation Line Filter Connection

Second, a potential problem that exists with off line connections is 50/60 Hz electrostatic
coupling between the frame of the AC motor and the L1/L2 AC input power. SinceL1is
referenced to earth ground at the source, the DC bus of the amplifier “swings” at 50/60
Hz with respect to the motor frame.

The path of current caused by this coupling between the motor frame and the amplifier
stage passes through the current feedback sensing devices of the amplifier. Depending on
the magnitude of this current, a 50/60 Hz disturbance may be visible in the position error.

To eliminate this problem, an isolation transformer can be used to block the 50/60 Hz
from being seen by the motor frame. Refer to Figure 2-3 for connection of this
transformer.

Torque to Use 60 Degree C Copper Conductors Only
{5-7 iny
c 115/230 VAC
; 50/60Hz
NMDrive .
Ground
Ground
L3 (X )
L2 —
L1 —
. TB2 Earth Ground

This configuration is especially important if the TIDrive is operating at DC bus voltages of 160 VDC or 320
VDC (e.g., 115 VAC or 230 VAC input power).

Figure2-3. Isolation Transformer Connection (eliminates 50/60 Hz AC Coupling)
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25. Motor and Feedback Connections

The NDrive can be integrated into a system using three basic configurations: DC Brush,

brushless, and stepper motors. Each may have one or two feedback devices.
2.5.1. DC Brush Motor Configuration

The DC brush motor configuration is shown in Figure 2-4. See section 2.6.2. for the
correct encoder phasing information if Aerotech’s standard cabling is not used. Note that

the tachometer feedback is not supported.

TDrive L1 —
See A.C. Power
L2 Wiring
L3 [—
B2 ZA ,". N Red & Orange
i , \ Yellow & Blue
@cC J
Green & White & Shield Motor
GND Frame
Limit +5V| 16
Limit Com| 20 .
cw| 12 Typical motor cables used are
BADC-MSO or BADC-MSONT.
ccwW| 24
H ]
ome) 22 l\May bea For full cable drawings, refer to
separate switch your software CD ROM.
J7 Normally Closed (Typical)
Encoder or
Channel Normally Open (not shown)
(%)
Sin 17
SinN| 18 Encoder
Cos 14
Cos-N| 15 (Line Driver standard,
vkr| 6 Analog Sine Wave with or
MXH/MXU Option)
MKR-N| 7
Encoder +5V 3
Encoder Com.| 20
Chassis Frame 1
Ground
sn| o OPTIONAL Secondary Feedback
SIN-N| 7
cos| 3
J6 cos-N| 8
Encoder
Channel MKR |6
1 MKR-N| 5
+5V| 9 NIIEX / MdXH
~---4 Encoder
coM.| 4 oo
Chassis Frame 1 Multiplier
Ground
OR
Us Absolute Encoder
7-12VDC ————
Chassis-Frame| 1 CASE
-IOPSO#  com| 6 GND /
Option Board  gn+ | 7 SIN + (Typical)
sn-| 8 REF SIN | Stegman SRM 50
COS + | Absolute Encoder
%8 os 8 REFCOS \
Aucxiliary cos-| 10
Signals  gsugs-| 14 DATA +
DATA -
Rs-485+| 15
Figure 2-4. DC Brush Motor Configuration

Aerotech, Inc.
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2.5.2. BrushlessMotor Configuration

This mode is used with a brushless motor only. See section 2.6., if Aerotech’s standard
cabling is not used, for information on correctly phasing the motor, encoder and Hall

feedback devices.

Drive

TB2

J7
Encoder
Channel

(%]

Limit +5V/

Limit Com

cw
ccw

Home

MKR

MKR-N
Encoder +5V
Encoder Com.

Chassis Frame
Ground

L1
L2
L3

DA

7B

@C
GND

See A.C. Power
Wiring
DA

A N Black 7B
" Red @c
TT -
\ White
T
v Green / Yellow Motor

\y Frame

16
20
12
24
22

The P/N for the motor cables that

connect the motor to the NDrive are
::‘ PMC, PMC1, PMC2, or PMCHPD.

Typical encoder cables are the BFC,
BFCMX or BFCD cables.

‘\May be a

separate switch

Normally Closed (Typical) For full cable drawings, refer to your

software CD ROM.

Normally Open (not shown)

Encoder

(Line Driver standard, or

Analog Sine Wave with

MXH/MXU Option)

sn| 2 OPTIONAL Secondary Feedback
SIN-N 7
cos| 3
J6 COS-N 8
Encoder
Channel MKRD 6
1 MKRN | g
V| 9 MX / MXH Analog
com| 4 *---1 Encoder Sine Wave
Chassis Frame Multiplier Encoder
Ground 1
OR
Us Absolute Encoder
7-12 VDC
Chassis-Frame 1 CASE
-IOPSO# coM| g GND
Option Board sin+| 7 SIN + / (Typical)
o | o REFSIN | [  stegman SRM50
J8 COS + |  Absolute Encoder
Auxiliary €0S+| 9 \
Signals  cos-| 19 REFCOS
RS-485- | 14 DATA +
Rs-485+ | 15 DATA -
Figure 2-5. Brushless Motor Configuration
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2.5.3. Stepper Motor Configuration

This mode is used with a stepper motor only. See section 2.6.2., if Aerotech’s standard
cabling is not used, for information on correctly phasing the motor feedback devices.

MNDrive L1 —

See A.C. Power
L2 —— wiring

L3
TB2 on N
7B
acC

GND ~‘

Motor

Frame
Limit+5V | 16
Limit Com 20
cw| 12 For full cable drawings, refer
to your software CD ROM.
ccw | 24
H
ome | 22 ‘\May be a
separate switch
J7 Normally Clcgs;ad (Typical)
Encoder
Normally Open (not shown
Channel y Open ( )
4]
Sin 17
Sin-N 18

Encoder

(Line Driver standard, or
Analog Sine Wave with
MXH/MXU Option)

MKR-N 7
Encoder +5V 3

Encoder Com. 20

Chassis Frame 1
Ground

Figure 2-6. Stepper Motor Configuration
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2.6. Motor Phasing Process

When configuring the NDrive to run a non-Aerotech brushless motor, the commutation

signal input connections (labeled HALL A, B, C on connector J7 pins 10, 5, and 11) are
typically required. These sequences and the generated output motor phase voltages (motor

output connections A, B, and C) are shown in Figure 2-7. The voltages generated are

made under the conditions of a positive rotation signal commanded. A “0” for the given
HALL input indicates zero voltage or logic low, where a “1” indicates five volts or logic
high.

If an Aerotech brushless motor is used with the NDrive, motor phase and HALL :@)
connections can be easily determined by referring to the system interconnection

drawing in Figure 2-5.

2.6.1. Determining Phase/Hall Sequence

For a motor with an unknown phase/hall sequence, a simple test can be performed on the
motor to determine the proper connections to the NDrive.

Before performing the following steps, ensure that the motor leads are completely
disconnected from the amplifier.

WARNING

7 illustrates the generated output voltage of the amplifier relative to the input Hall

The tests outlined below do not require that the amplifier be turned on since Figure 2- @
sequences.

The equipment needed for this test is a two-channel oscilloscope and three resistors
(typically 10 K ohm, 1/2 watt) wired in a “Wye” configuration.

Connect the ends of the three resistors to motor terminals A, B, C. Use one channel of the
oscilloscope to monitor motor terminal A with respect to the “Wye” neutral (eg., the
point where all three resistors are connected together). Turn the shaft of the motor CCW
and note the generated voltage. This voltage represents the “phase A to neutral” Counter
EMF (CEMF). With the second oscilloscope probe, determine the Hall switch that is “in
phase” with this voltage. Similarly, phase B and C should be aligned with the other two
Hall switches.

Refer to Figure 2-7 and note the generated output voltages of the amplifier relative to the
Hall sequences applied tdALL A, HALL B, andHALL C connections at connector

J7. For proper operation, the CEMF generated motor phase voltages should be aligned to
the amplifier's output generated voltage with the given Hall effect sequence shown in
Figure 2-7.

Version 1.3 Aerotech, Inc. 2-9
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Test Setup Brushless
Motor
TPL O—— BLK | A
TP2 RED | B
P3O 10K OHM
TP4 TYP
Power WHT | C
Supply M
CcOoM WHT CcOoM
45V s RED | o
[ﬁ @ 10K OHM
TYP
PS5 WHT
1 ORN
TP6 BLU HB
TP7 O HC
—®— Clockwise Rotation
1 2 3 4 5 6
| | | —
HA l T I +5V
J7 Hall Positions — ov
10 HA | l
5 HB HB ‘
11 HC ‘
‘ — 420V
MDrive
o |
2B
aC - ov
- -20V
Notes:

1. All voltage measurements are made with reference to TP4, Signal Common/Neutral.
2. Clockwise rotation is viewed looking into the front of the motor shaft.

Figure 2-7. Motor Phasing

2.6.2. Encoder Phasing

Figure 2-8 illustrates the required encoder phasing for clockwise motor rotation, or
positive forcer movement, through the stationary magnet track.

cos Linear Motor

FORCER WIRES + MOVE (Clockwise)
k) k2 & £
COS-N
MAGNET ® FORCER * Rl
|
® TRACK & boooooomoood e 2
SIN | l |
Rotary Motor

SIN-N | | |

MKR
MKR-N [ .

' CW Rotation

(Positive Direction)
Figure2-8.

Motor Mounting
Plate (Front View)

Motor Shaft

Encoder Phasing Reference Diagram

2-10 Aerotech, Inc.
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2.7. FireWireBus(J1, J2, J3)

The FireWire bus is the high-speed communications media to the NDrive, operating at

400 megabits per second. All command and configuration information is sent via the
FireWire. All three ports are effectively in paralel, allowing any port to be used when
daisy-chaining the NDrive's together or with other devices such as the NPaq (as shown in
Figure 2-9). The FireWire bus power is independent of the NDrive power, should the
drive fail, communication will be maintained with the other devices.

Table 2-3. J1, J2, J3 FireWire Connector Pinouts
Pin # L abel Description I n/Out/Bi.
1 Bus Power FireWire Adapter Power In/Out
> Physical Ground FireWire Common (Isolated from Signal N/A
Common)
3* TPB# — Port # Communication Signal Bidirectional
4* TPB# + Port # Communication Signal Bidirectionpl
5* TPA# — Port # Communication Signal Bidirectionpl
6* TPA# + Port # Communication Signal Bidirectiongl
7 Frame Chassis Frame N/A
8 Frame Chassis Frame N/A
9 Frame Chassis Frame N/A

* Port 0, 1, and 2, respectively, as represented in the table by a “ # .

The FireWire connector’s J1-J3 have pin 1, the power pin, protected by a resettable fuse.
Should an over-current condition occur, the device will open, to protect against the
overload. To reset the device, remove the overload condition.

Before connecting any device to the FireWire bus, the device should be powered up
and check out independently to prevent damaging linked equipment.

WARNING

NDrives and NPags should always have their FireWire cables connected in a star
configuration to minimize the FireWire cable lengths, see Figure 2-10.

Version 1.3 Aerotech, Inc. 2-11
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Following is a chart showing the part numbers of the FireWire Bus PCI card and the
various interconnect cables and their part numbers. The 4 pin to 6 pin cables are used

with laptop PCs.

Table 2-4. FirewWire Card and Cable Part Numbers

Part Number Description

NFire-PCI FireWire OHCI compliant PCI interface card

NConnect-4500-66 FireWire cable, 4.5 M (15 feet) long, 6 pinto 6 pin
NConnect-4500-46 FireWire cable, 4.5 M (15 feet) long, 4 pinto 6 pin
NConnect-1800-66 FireWire cable, 1.8 M (6 feet) long, 6 pinto 6 pin
NConnect-1800-46 FireWire cable, 1.8 M (6 feet) long, 4 pinto 6 pin

NConnect-900-66 FireWire cable, 900 mm (3 feet) long, 6 pin to 6 pin
NConnect-900-46 FireWire cable, 900 mm (3 feet) long, 4 pin to 6 pin
NConnect-228-66 FireWire cable, 228 mm (9 inches) long, 6 pinto 6 pin

2-12 Aerotech, Inc. Version 1.3
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J2 (NDrive)
To J2 (NDrivg

] NMotion
- Controller

To J3

(Drive)

J1
(NDrive)
To J2
(MPaq)

Up to 16 units max in a branch

J3 (MPagq) to J1 (MDrive)

i

Figure 2-9. FireWire Daisy Chain

16 NDrive / NPaqg Units
in a branch

OHCI
FireWire
Card

32 Axes Maximum
(32 Shown)

Star Configuration is recommended

Figure 2-10. Recommended Star Daisy Chain Configuration
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2.8. Device Settings

Each NDrive must have a unique address defined by switch S2. They must be sequential
beginning with the first NDrive.

Table 2-5. NDrive Switch Settings (S2)
NDrive # Switch Settings *
7** | 6** | H** 4 3 2 1 0
1st ON ON ON ON ON
2nd ON ON ON ON -
3rd ON ON ON - ON
4th ON ON ON - -
5th ON ON - ON ON
6th ON ON - ON -
7th ON ON - - ON
8th ON ON - - -
9th ON - ON ON ON
10th ON - ON ON -
11th ON - ON - ON
12th ON - ON - -
13th ON - - ON ON
14th ON - - ON -
15th ON - - - ON
16th ON - - - -
17th - ON ON ON ON
18th - ON ON ON -
19th - ON ON - ON
20th - ON ON - -
21t - ON - ON ON
22nd - ON - ON -
23rd - ON - - ON
24th - ON - - -
25th - - ON ON ON
26th - - ON ON -
27th - - ON - ON
28th - - ON - -
29th - - - ON ON
30th - - - ON -
31t - - - - ON
32nd - - - - -

* Off is indicated by “ - "
** The shaded cells (columns 7, 6, and 5) should be left in their factory-preset positions.
Information on connecting options such as analog and digital 1/0O, and laser firing is

provided in Chapter 4: Options.
ooo
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CHAPTER 3: TECHNICAL DETAILS

In This Section:

e Part Number and Ordering Information ...........c.cccceeeeennee. 31
o RS232/RS422 POrt (J5) ..ccccovererrereeeeresienieessesseneasessensens 3-2
e Secondary Encoder Chann€el (J6) ......cccccovveeeereeieeieesieseesnens 3-3
+ Motor Feedback (MXH / MXU) (J7) .cocverererereerrrnnenenn. 34
o Electrical Specifications ..........ccccevveeeieeieiesise e 311
* NDrive Control Board Assembly .........ccccooveinincincnnnes 3-12
e NDrive Power Board Assembly ........ccccoeeeveeeieeriesesiennenn, 3-14
LI I = D 2 1 0o (o= (o = 3-16
e NDrive DIMENSIONS .....ccoviiririiinirienieesiesieesiesienesseseeeens 3-17

3.1

Part Number and Ordering Information

Order information with part numbers, models, and packages, is shown below (Table 3-1).

Table 3-1. Ordering Information
Amplifier Series | Output Current, Peak | Operating Bus Voltage I nternal Shunt Power Resistor
. 100 - 320 VDC S = Shunt regulator

NDrive 10,20, 30 (70 — 240 VAC) (optional on I%Drivelo, NDrive20)

Options

JIOPSO Expansion boa_rd with 8 opto-isolated inputs (sinking or_sourcing) ar_1d outputs (sinking), 2-18 bit|analog
outputs, 2-16 bit analog inputs, SSI Net, absolute encodeiaitgedingle axis PSO, and brake relay

IOPSO2 Expansion boa_rd with 8 opto-isolated inputs (sinking or_sourcing) _and outputs (sinking), 2-18 bit|analog
outputs, 2-16 bit analog inputs, SSI Net, absolute encodericeedual axis PSO, and brake relay

-IOPSO3 Expansion boa_rd with 8 opto-isolated inputs (sinking or _sourcing) an_d outputs (sourcing), 2-18 bit| analog
outputs, 2-16 bit analog inputs, SSI Net, absolute encodeiaitgedingle axis PSO, and brake relay

-lIOPSO4 Expansion boa_rd with 8 opto-isolated inputs (sinking or _sourcing) a_nd outputs (sourcing), 2-18 bit| analog
outputs, 2-16 bit analog inputs, SSI Net, absolute encodericeedual axis PSO, and brake relay

-PSOOPTO1 Opto isolator for PSO, requires IORSfion (<+5V, high speed, high current, HCPL2601)

-PSOOPTO2 Opto isolator for PSO, requires IORB@ion (<+15V, high speed, low current, 6N136)

-PSOOPTO3 Opto isolator for PSO, requires IORSflion (<+30V, low speed, high current, 4N33)

-MXU4096 Programmable encoder multiplier up to x 4,096, does not support single/dual axis PSO or quadrature output

-MXU65536 Programmable encoder multiplier up to x 65,536, does not support single/dual axis PSO or quadrature output

-MXH Programmable encoder multiplier up to x 2,048, supports single/dual axis PSO and encoder quadrature output

-ENET 10/100BASE-T Ethernet port

-S Shunt resistor network

-AUXPWR Auxiliary 115/230 \_/AC inpgt to power logic circuitry. Required for "keep alive" or 20-SQ VDC bus operation.
20-80 VDC operation requires external transformer to generate 15-60 VAC bus power input.

-HS Heat sink with fins

-3P 3-Phase AC input

Example

NDrive30B-S | 15 A cont., 30 A peak servo amplifier/power supply, w/shunt regulator

Accessories

TV0.3-28 0.3 kVA autotransformer; 28 or 56 VAC out for 40 or 80 VDC bus, 115/230 VAC, 50/60 Hz input

TV0.3-56 0.3 kVA autotransformer; 56 or 115 VAC out for 80 or 160 VDC bus, 115/230 VAC, 50/60 Hz input

TV1.5 1.5 kVA isolation transformer; 115/230 VAC input; 28, 43, 56, 70, 115 VAC output

TV2.5 2.5 kVA isolation transformer; 115/230 VAC input; 28, 43, 56, 70, 115 VAC output

TVS 5 kVA isolation transformer; 115/230 VAC input; 28, 43, 56, 70, 115 VAC output

LF AC Line Filter, general noise suppression (not for CE Compliance)

UFM AC Line Filter Module (required to meet CE Compliance)

Version 1.3
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32, RS232/RS-422 Port (J5)

Note that the RS-232C and RS-422 (a factory option) ports may not be used
simultaneously, as they are one physical port, converted to each interface by the
appropriate line driver/receiver, as shown in Figure 3-1. Connecting the RS-232 port to a
user’s PC requires only a standard 9-pin cable (not a null modem).

Table 3-2. J5 RS-232 / RS-422 Connector Pinouts

Pin # L abel Description In/Out/Bi.

1 Frame Chassis Frame N/A
2 RS-232 TXD RS-232 Transmit Output Output

3 RS-232 RXD RS-232 Receive Input Input
® 4 RS-422 TXD+ RS-422 Transmit Output + Outpu

g O 5 Common Signal Common N/A

o 8 6 RS-422 TXD- RS-422 Transmit Output - Outpul
® ® 7 RS-422 RXD+ RS-422 Receive Input + Input
8 RS-422 RXD- RS-422 Receive Input - Input

O 9 +5 Volt +5 Volt Power Output * Output

* Total user +5 V power islimited to 500 mA, by internal resettable fuses.

The mating connector is a male 9-Pin D-style connector (Aerotech P/N ECK137, Cinch
P/N DE-9P; backshell: Aerotech P/N ECK1021, Amphenol P/N 17-1724-2).

1 oo 114
10, Pro |7 RS232TXD —355)
2 {2
9 o2 RS232RXD —==—
115
+3.3V +8v
R38 ,,, F.S. R39 , \ F.S.
Wy v
1 R163,,, F.S.
M69 . |g RS422RXD+
2 Q 7 Ji RS422RXD- ?
S RS422TXD+ —————
2 [} 6 RS422TXD- j:,g S
MAX490E
FS,‘%
Figure 3-1. RS-232/RS-422 Connector (J5)
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3.3.  Secondary Encoder Channel (J6)

The J6 connector provides a secondary line driver encoder interface. This connection can
be used as an input for master/slave operation or for dual loop systems or for an encoder
input for two-axis laser firing (see Section 4.2.10 for more information). This interface
may not be multiplied by the MXH/MXU options and must be a 5-volt line driver
encoder. See section 2.6.2. Encoder Phasing, for more information. It allows up to a 10
MHz encoder signal, producing 40 million counts per second, after times four (x4)
quadrature decoding.

Table 3-3. J6 Auxiliary I/0O Connector Pinouts

Pin # L abel Description In/Out/Bi.
1 Chassis Frame Ground Chassis Frame Ground Input
2 Auxiliary Sine + Secondary Encoder Channel Input
3 Auxiliary Cosine + Secondary Encoder Channel Input
4 Encoder Return Signal Common Input
5 Auxiliary Marker + Secondary Encoder Channel Input
6 Auxiliary Marker - Secondary Encoder Channel Input
7 Auxiliary Sine - Secondary Encoder Channel Input
8 Auxiliary Cosine - Secondary Encoder Channel Input
9 +5 Volt External +5 Volt External * Output

* Total user +5 V power islimited to 500 mA, by internal resettable fuses.

The external power provided by the NDrive to the user is protected by a resettable fuse.
Should an over-current condition occur, the device will open to protect against the
overload. To reset the device, remove the overload condition.

The mating connector is a male 9 Pin D-style connector (Aerotech PPN ECK 137, Cinch
P/N DE-9P; backshell: Aerotech P/N ECK 1021, Amphenol P/N 17-1724-2).

PPN
+3.3V 45V
X X 4 4 4 4
s aLstsl sl S R29 )\ OOHM { R28 ,,, OPEN
¢
i %

S>> 3
o o o] o] o] o
g gl 3| 3| & 9 vee |8
C %3 AUXCOS+ o o o @] o] o - 2
R32 180 ,J 3
AUXCOS- 1 -
368 >
AUXSIN+ 6
ez >4
R31 180 S
CTET RSN 7
M36
AUXMKR- 10
(366 R30 180 11
AUXMKR+ 9

365

Gl
GND G-N [
DS26LV32AT

Br
4.7K V

74LCX86

Figure 3-2. Secondary Encoder Channel (J6)
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34. Motor Feedback (MXH / MXU) (37)

The 25-pin “D” style connector contains all of the necessary feedback inputs to complete
a servo loop. This port has inputs for a 3-channel encoder, three limit switches, and three
Hall effect devices. Each of these inputs provides feedback for the microprocessor
controlled position and velocity loops. The three encoder signals consists of the
following: sine (SIN), cosine (COS), and marker (MKR) as well as their complimentary
signals: sine-n (SIN-N), cosine-n (COS-N), and marker-n (MKR-N).

Two of the three limit inputs are end-of-travel sensing (CW Limit and CCW Limit) while
the third is a reference limit (Home Limit). The Hall effect switch inputs are
recommended for AC brushless motor commutation but not required. The pinouts for the
connector are shown in Table 3-4.

The NDrive may be factory configured to accept a line driver encoder (standard) or

Sy analog sine wave encoder (MXH or MXU option). Note that the brake output is driven by
el the relay on the -IOPSO# options.
Q See Section 2.6.2., Encoder Phasing for information on interfacing non-Aerotech motors.
/13\ Table 3-4. Motor Feedback Connector Pinouts (J7)
2 Pin # L abel Description In/Out/Bi.
oo 1 Frame Chassis Frame N/A
°? 2 N.C. No Connection N/A
oo 3 +5 Volt +5 Volt Power for Encoder * Output
°? 4 Common Signal Common N/A
oo 5 HB Hall Effect Sensor B (Brushless Motors only) Input
° 2 6 Mkr- Encoder Marker Reference Pulse - Input
oo 7 Mkr+ Encoder Marker Reference Pulse + Input
% 8 N.C. No Connection N/A
9 N.C. No Connection N/A
Q 10 HA Hall Effect Sensor A (Brushless Motors only) Input
11 HC Hall Effect Sensor C (Brushless Motors only) Input
12 CW/+Lmt. Clockwise End of travel limit Input
13 Brake - Optional Brake - Output Output
14 Cos+ Encoder Cosine + Input
15 Cos- Encoder Cosine - Input
16 +5 Volt +5 Volt Power for Limit Switches * Output
17 Sin+ Encoder Sine + Input
18 Sin- Encoder Sine - Input
19 N.C. No Connection N/A
20 Common Signal Common for Limit Switches N/A
21 Common Signal Common for Encoder N/A
22 Hm.Lmt. Home Switch Input Input
23 N.C. No Connection N/A
24 CCW/-Lmt. | Counterclockwise End of travel limit Input
25 Brake + Optional Brake + Output Output
* Total user +5 V power islimited to 500 mA, by internal resettable fuses.
34 Aerotech, Inc. Version 1.3
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All external power provided by the NDrive to the user is protected by a resettable fuse.
Should an over-current condition occur, the device will open to provide protection against
the overload. To reset the device, remove the over-current condition.

The mating connector is a male 25-pin D-Style connector (Aerotech PN ECK 101, Cinch
P/N DB25P; Backshell: Aerotech PIN ECK656, Amphenol P/N 17-1726-2).

R319 R294 Cc405
(G756 DHMKR+ A AM {1
1K I 10K I 23PF
ca1 C406 R293
- ¢
Ra17 330PF 33PF o ¢
1K TP6
c408
33PF 6
R316 R295 3 >—I
Caz HMKR- AW ® w
1K I 10K
caor < R285
3
I33OPF y 10K I33PF
1 5
1 o8 co +ld
47
1 c23
%u 3
R302 R287 C396
s N AM AN { |
1K I 12K I 23PF
caz c397 R286
330PF 33PF Wy
P9
C399
33PF >
R288 5 [v20BT
+
12K I AD822
C398 < Ro77 o400
3
I&‘SOPF T 10K I33PF
1 5
1 a0 ca +l3
47 1 ca0] 3
3
R310 R291 c401
cos
| i ]

33PF
C402 R290
33PF )
10K
TP10

7
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-
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S Iy
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12k
€403 < R281
1 cas L:ss ]

)
&

33PF

w
@
3
> T
A
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=)
~

10UF 6.3V

Figure 3-4. Optional MXH / M XU Analog Encoder Interface (J7)
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3.4.1. LineDriver Encoder (Standard)

The standard encoder input is defined for a differential line driver encoder, in the range of
0 to +5 volts. It allows up to a 10 MHz encoder signal, producing 40 million counts per
second, after times four (x 4) quadrature decoding. An analog encoder is used with the
MXU/MXH option; see Figure 3-4 for more information.

)

+3.3V +5v
gl 8| & 8 T
sLalals R29 , ,, 0OHM R28 ,,, OPEN
£33 " "
cos+ R326 jAp O OHM % % g g E 2 vee &
Cr1a Wy——— P Ro7 180 3
oS R312 y\ 0 OHM 1 D_ —
N+ R321 AVAVAV 0 OHM & 5 6 >_L
SN R303 4\ 0 OHM 3 7
MKR- R320 441 0 OHM 10 | M34
376 RZ5 180 CI>_A
T MKRY RI30 | 0 OHM 9
14 "
15 J>_T
RNLT-A o Howo_on [T
DS26LV32AT
47K V
1
, RNI7-B B
47K /
74LCX86
RN17-C
6
5
RN17-D
4 5
PN 74LCX86
Figure 3-5. Line Driver Encoder Interface (Standard) J7
The NDrive is factory configured for either a square wave differential encoder
(default), OR analog encoder (MXH/MXU options).
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3.4.2. MXH Options

The MXH encoder input options are defined for a differential analog encoder in the range

of 0 to +5 volts. The maximum encoder input frequency is limited to 200 kHz. See

Table 3-5 for maximum input frequencies when the encoder signals output via the SSINet

at varying maximum frequencies/pulse widths. The MXH multiplies the resolution up to

512 times, in addition to the controller’s x 4 multiplication, providing a maximum of x
2048 multiplication. The  multiplication factor is determined by the
CfgFbkEncMultFactorMXH axis parameter. The MXH option should be adjusted for
optimum  performance via the CfgFbkEncCosGain, CfgFbkEncCosOffset,
CfgFbkEncSineGain, CfgFbkEncSineOffset and CfgFbkEncPhase axis parameters. The —
MXH option is compatible with the —IOPSO# options. See the NView MMI help file for
more information. A differential line driver encoder may be used also, see Figure 3-5 for
more information.

The specifications for the -MXH multiplier option are shown in Table 3-5. The following
chart indicates the maximum specifications for the MXH option when the signals are
output via the SSINet. Otherwise, the only limit is the maximum input frequency of 200
kHz. See Figure 3-5 for MXH/MXU typical input circuitry. The pinout is indicated in
Table 3-4.

Aerotech, Inc. Version 1.3
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Table 3-5. MXH Multiplier Specifications (when output isvia the SSI Net)
lc::;?;{-:o%EQﬁM:iit_s |nterT Oélazi\tion Clock Freg. | Max Input Min Edge Min Pulse
Par ameter - (MHZ2) @ | Freq (kH2)“ | Separation (us) @ | Width (us)®
40 200 .025 .025
20 200 .05 .05
10 X40 10 200 1 1
5 125 2 2
40 200 .025 .025
50 X200 ig 1:8 '015 '015
5 25 2 2
40 100 .025 .025
100 X400 ig ‘;’g '015 '015
5 125 2 2
40 50 .025 .025
200 X800 ig 12255 '015 '015
5 6.25 2 2
40 40 .025 .025
20 20 .05 .05
250 X1000 10 10 1 1
5 5 2 2
40 20 .025 .025
20 10 .05 .05
500 X2000 10 5 1 1
5 2.5 2 2

[

Interpolation includes x 4 from quadrature— i.e., MXH50 has a net interpolation of x 200 (x 50 from MXH and x 4 from quadrature).

2. Configurable via the CfgFbkEncMultFactorMXH axis parameter from 1 to 512 in increments of 1.0, yielding a multiplicatiga foo
x2048.

3. Defined by the CfgFbkEncMxhSetup axis parameter, for SSINet use.

4.  Absolute maximum input frequency limited to 200 kHz due to 1.25 MHz sample rate, lesser limit applies only when smrtpist aia

the SSINet.
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3.4.3. MXU Options

There are two MXU encoder input options, -MXU4096 and -MXU65536. Both are
defined for a differential analog encoder in the range of O to +5 volts. The maximum input
frequency is always limited to 200 kHz. The -MXU4096 multiplies the resolution
programmably up to 4096 times. The —-MXU65536 multiplies the signal up to 65,536
times. Both options have their multiplication factor defined by the
CfgFbkEncMultFactorMXU axis parameter.

The -MXU options should be adjusted for optimum performance via their
CfgFbkEncCosGain, CfgFbkEncCosOffset, CfgFbkEncPhase, CfgFbkEncSineGain,
CfgFbkEncSineOffset, CfgFbkEncMultFactorMXU axis parameters. See the NView
MMI help file for more information. The —MXU options are not compatible with the —
IOPSO# options because they do not generate a serial pulse stream as required by the
PSO options. A differential line driver encoder may be used also, see Figure 3-5 for more
information. See Figure 3-5 for MXH/MXU typical input circuitry. The pinout is
indicated in Table 3-4.

3-10

Aerotech, Inc. Version 1.3



NDrive User’s Manual

Technical Details

3.5. Electrical Specifications

The electrical specifications for the NDrive are listed in Table 3-6.

Table 3-6. Electrical Specifications
M odel Units NDrivel0 | NDrive20 | NDrive30
Output Voltage (depends on AC input voltage) VDC 100-320
Peak Output Current (2 sec) A(pk) 10 20 30
Continuous Output Current A(pk) 5 10 15
Peak Power Output (includes AC line droop) Watts 2,720 5,440 8,160
Continuous Power Output (includes AC line droop) Watts 1,360 2,720 4,080
Efficiency % 97
Power Amplifier Bandwidth (selectable through parameters) kHz 5 kHz max
PWM Switching Freguency kHz 20
Minimum Load Inductance mH 0.8 @ 160 VDC bus (1 mH @320 VDC)
M aximum Shunt Regulator Dissipation Watts 40 (optional) | 40
Maximum Heat Sink Temperature degC° 65
Heat Sink Size (Typica) Volume 1'x2'x0.25"
Operating Temperature deg C 0to 50
Storage Temperature deg C -30 to 85
. Standard 5.0 (2.27)
Weight with _IOPSO# option b (kg) 5.4 (2.45)
- Brushless
Modes of Operation - Brush
- Stepper

Feedack Inputs

- Hall A-Pin 10, Hall B-Pin 5, Hall C-Pin 11: Hall effect device inputs for
commutation, 0 to 5 VDC, internal pull-up, 10K input. Commutation signals us
with brushless motors to provide motor rotation position information to the
amplifier. This allows the amplifier to steer the three phases of the motor currg
such a fashion so as to provide rotation of the motor in the desired direction a
desired speed. TTL level input.

- sine/sine-N-Pin 17, Pin 18, cosine/cosine-N-Pin 14, Pin 15: Encoder input O to
5VDC, internal pull-up, 10K input.

ed

nts in
the

Power Inputs
(L1, L2, L3, Aux Power)

- AC input: AC HI, AC LO, earth groundX), 70-230 VAC, 50-60 Hz, single phase.

h

Auxiliary Power Outputs | -

- 5V-Pin 16: On board 5V power supply. 250 mA maximum output.
5V-Pin 3: On board 5V power supply. Pin 3 is intended for powering an enc
Can supply up to 500 mA of current.

pder.

- Output short circuit

- Peak over current

- DC bus over voltage

- RMS over current

Protective Features
- Over temperature

- Control power supply under voltage

- Power stage bias supply under volta

e

- Designed to EN61010/U3101

Isolation

- Opto and transformer isolation between control and power stages.

Indicator (power) - LED indicates drive power.

Indicator (enabled)

- LED indicates drive enabled.

Version 1.3 Aerotech,

Inc.
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3.6.

NDrive Control Board Assembly

Figure 3-6 highlights the important components located on the control board assembly.
The NDrive is jumper selectable, providing the user with quick reconfiguration capability
of operating modes. Table 3-7 list the jumpers and the default configurations for the
NDrive Control board (the PSO / 1/O board and jumper configurations are listed in

Chapter 3).

S2 sets the NDrive address/channel number is the only user configured switch/jumper on
the control board (see Table 2-5).

[ ]

[ ]

e 73 2 J1
A R%) 6 5 6 5 6 5
7 J6 J5 o|o 4 3 4 3 4 3
o |, @ @ . @ @ . ) a4 2 1 2 1 2 1 Y
1 1 I_ —ll 1 I 3
RS RY
[ J J L Bs1
£sS F.gl )
RG. [RZ 1T
. (%% | .
2
P4
7 8
O @ 0
=]
P8 ||
T JP3
I
[ ~E TP5 -
o a8 TP6 @m
I TP7 g
Vo TP8
[ P9
I TP10 .
H | F1
® DH
;:, s2
° 1 P10 °
J9 J8 @
il
Figure 3-6. NDrive Control Board Assembly
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Table 3-7. NDrive Control Board Jumper Selections
Jumpers Positions Function
1 2-3* Signal Common connected to Frame Ground (Chassis)
1-2 Signal Common isolated from Frame Ground (Chassis)
P2 0 Ohm* Encoder Fault Detection Active (0 Ohm Resistor)
Out Encoder Fault Detection Disabled (Resistor Removed)
P3 In* 100 Ohm Terminator in for RS-485 port on J8
Out No Termination for RS-485 port on J8
JPAA 1-2 Infor 100 Terminator on RS-422 Port 2 (J8, J9, J10)
JP4B 34 Infor 100 Terminator on RS-422 Port 1 (J8, J9, J10)
JPAC 5-6 Infor 100 Terminator on RS-422 Port 3 (J8, J9, J10)
JP4D 7-8 Infor 100 Terminator on RS-422 Port 4 (J8, J9, J10)
5 1-2 Watch Dog Timer Enabled
2-3* Watch Dog Timer Disabled

* indicates default setting

Switch Sl isfor factory use only and should not be changed by the user. @
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3.7. NDrive Power Board Assembly

Figure 3-7 highlights the important components located on the power board assembly.
Table 3-8 lists the jumpers and their default configurations for the NDrive Power board.
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Figure 3-7. NDrive Power Board Assembly
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Table 3-8. NDrive Power Board Jumper Selections
Jumpers Positions Function
IPL(F.S) In* 70— 115 VAC Input Power Applied at TB2
Out Less than 70 VAC Input Power Applied at TB2
P2 (F.S) In* 70 — 115 VAC Input Power Applied at TB2
Out Less than 70 VAC Input Power Applied at TB2
IP3 1-2 Shunt Option Present (std. On NDrive30B-S)
2-3 No Shunt Option Present (std. On NDrive1l0B, 20B)
P4 1-2 115 VAC 8unt
2-3* 230 VAC Shwunt
* Default
All jumpers are factory-configured and should not be changed by the user. @
Table 3-9. NDrive Power Board Fuse I nformation
Fuse Description Size
F1 Supply Main Fusing for L1 VAC Bus Input 20 A S.B. (3AG)
F2 Shunt Option (-S) on 30 Amp Drive only 2 AS.B. (5mm)
F3 Control Power Fuse 25 AS.B.
F5 Optional 115/230 VAC Control Power Supply Input .25 A S.B.

F1 and F2 are normal socketed fuses. F3 and F5 are soldered to the circuit board. See
Chapter 5: Troubleshooting for fuse replacement information.
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3.8. LED Indicators

The following LEDs are available on each NDrive. Full NDrive status is available via the
NMotion SMC and its utilities.

Table 3-10. LED Indicator Description

L abel Description
EN Axisisenabled
ZR AXisisin position (zero)
PK Peak current commanded
MR Axisison the marker
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3.9. NDriveDimensions

The outline dimensions for the NDrive are shown in Figure 3-8 and Figure 3-9. Units
should be separated from each other and surrounded by one inch of free air space. This

will also allow the standard nine-inch FireWire cable to interconnect them.
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Figure 3-8. NDrive Dimensions (Front)
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9.65 [.380] dia. Units should be separated from each other and surrounded by one
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NDrive Options

CHAPTER 4. NDRIVE OPTIONS

In This Section:

L [ oo [0 1o o ISR 4-1
o -IOPSO#Option Board ........ccccceveiereineierinieiniesieseenes 4-2
L 1 1= 1 = ) 4-22
o Joystick INterface.......ccouveirinieinerere s 4-23

4.1. Introduction

This section describes the various NDrive options.

Table4-1. NDrive Options and Capabilities

Option

Capabilities

All -IOPSO# * options contain the
following capabilities plus those

Two 18-bit analog outputs (+/- 10 Volts)
Two 16-bit differential analog inputs (+/- 10 Volts)
Onefail safe brake (or user) relay output

listed per option name (IOPSO, | Eight pptically isplated logic inputs (5 — 24 VDC), user defined as current
|OPSO2, etc). sourcmg or §|nk|ng. .
- Two bidirectional RS-422 encoder inputs/outputs (SSINet)
- One absolute/RS-485 encoder interface for secondary encoder channel
_IOPSO - Single axis laser firing (PSO) with an RS-422 or optically isolated oufput
- Eight optically isolated current sinking logic outputs (5 — 24 VDC)
_IOPSO?2 - Two axis laser firing (PSO) with an RS-422 or optically isolated output
- Eight optically isolated current sinking logic outputs (5 — 24 VDC)
_IOPSO3 - Single axis laser firing (PSO) with an RS-422 or optically isolated oufput
- Eight optically isolated current sourcing logic outputs (5 — 24 VDC)
_I0PSO4 - Two axis laser firing (PSO) with an RS-422 or optically isolated outpuit
- Eight optically isolated current sourcing logic outputs (5 — 24 VDC)

* Note that the variations provide four combinations of single/dual-axis laser firing and current sourcing/sinking logic outputs. Reference
Section 4.2.: -IOPSO# Option Board and Section 4.2.8.2.: Two/Three-Axis Laser Firing for the required information.

apter

)

—ENET - 10/100 Base-T Ethernet port for ModBTEP 1/0 support
_AUXPWR - Separa}te control power input for 20-80VDC bus as described in CH
2, section 2.4.2.
_MXH - Programmqble encoder multiplication of an analog sine wave encoder up
to x 2,048 (including controllers x4)
_MXU4096 - Programmqble encoder multiplication of an analog sine wave encoder up
to x 4,096 (including controllers x4)
_MXU65536 - Programmaple engoder multiplication of an analog sine wave encoder up
to x 65,536 (including controllers x4)
-3P - Provides 3 phase power input, described in Chapter 2 (Section 2.3
- Shunt regulator for regenerative energy dissipation, described in Chapter
-S .
3 (Section 3.5.)
—-HS - Finned heat sink
Version 1.3 Aerotech, Inc. 4-1
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4.2. -10OPSO# Option Board

See the following sections for details on the connector pinout and technical information
for the -IOPSO# options.

| TB7 TB6 TB5 TB4 TB3
1 1 1 1 1 J8
JP1 J10 J9
O O 26 O], O
JP3 : 1JP2 |:|
= = T e =N B ] o i
O @)
Figure4-1. —IOPSO# Option Board
Table 4-2. —IOPSO# Option Board Jumpers
Pin # Setting Description
1-2* Brake Option (set 3-4, also)
JP1 3-4* Brake Option (set 1-2, also)

1-3 Auxiliary Output Option

1-2 PSO (Laser Firing) Output Active High

P2 2-3* PSO (Laser Firing) Output Active Low
P3 1-2* Input 1
2-3 External Reset Input from Input 1
* default setting

4.2.1. Brake Configuration Jumpers

Setting JP1 to 1-2, 3-4 allows connection of the brake relay to pins 13 and 25 of the motor
feedback connector (J7). See Figure 4-3 in section 4.2.2. for more information

4-2 Aerotech, Inc. Version 1.3
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4.2.2. Analog Outputs (TB3)

Both analog outputs are driven by an 18-bit AD1868 digital to analog converter and
buffered by TL084 op-amps, producing a single-ended output voltage in the range of +/-
10 volts. The output current is limited to less than 50 mA. Note that the analog outputs
are referenced to TB4-1 (as shown in Figure 4-2).

Table 4-3. Analog Output Connector Pinouts (TB3)
Pin # Label Description In/Out/Bi.
1 Analog1 Out | Analog Output 1 Output
2 Analog 2 Out | Analog Output 2 Output
R359 076k 3 lz 1
AMA—
R6
TLO84 500 1TURN
S — R361 R17
o 8 ,\/\/\/ ) ,\/\/\/ ANALOG1-OUT 831
+ 100 0Q
M31-C 3
B
B
N ﬁ
R345 9.76K 3 cw 2 1
A= o
R7
TLog4 500 1TURN
131 R342 R338
14 ANALOG2-OUT
12 AWy ——AW\, (TB32D)
+ 100 0Q
M31-D 3
T
J
O
CTBa1)
N/ 4
Figure 4-2. Analog Output Connector (TB3)
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4.2.3. Brake/ Relay (TB3)

The relay output is typically used to drive a fail-safe brake on a vertical axis; however, it
may be used for any purpose. The normaly open and normally closed contacts are
provided to the user. See the FaultMaskBrake axis parameter in the NView MMI help file
for information on activating the brake output, and Figure 4-3 for a typical connection
with an inductive load. See Table 4-5 for the specifications for relay K1.

Table 4-4. Brake/ Relay Connector Pinouts (TB3)

Pin # L abel Description In/Out/Bi.
3 Relay-N.C. (Brake) Relay Output Normally Closed Contact Output
4 Relay-Com. (Brake) Relay Output Common Contact Output

) (Brake) Relay Output Normally Open Contact
5 | Relay-NO. (See JP1-A, JP1-B)

Output

K1

TB3-3
% \J7\ 5 RELAY-COM
1w

6 :
\C RELAY-NO ——==—

RLYV23026SMT 1 JP1-A 2

—‘ b—- J7-25
3 JP1-B 4
) € J7-13

Figure 4-3. Brake/ Relay Connector (TB3)

Table 4-5. Voltage and Current Specifications (TB3)

Relay K1 Contact Ratings

Maximum Switched Voltage 150VDC, 125 VAC
Maximum Switched Current 1A

Maximum Carrying Current 1A

Maximum Switched Power 30W (DC), 60 VA (AC)
Note: Maximum switched power is voltage dependent.

Initial Contact Resistance ‘ 50 milliohms max. @ 10 mA, 6 VDC
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4.2.4. Analog Inputs(TB4)

Both analog inputs are differential, buffered by a precision unity gain differential INA105
amplifier and converted to digital by 16-bit ADS8320 analog to digital converter allowing
an input voltage in the range of +/- 10 volts. Refer to Figure 4-4. To interface to asingle-
ended (non-differential) voltage, ground the negative (-) input and connect your signal to
the positive (+) input.

Table 4-6. Optional Analog Input Connector Pinouts (TB4)
Pin # Label Description In/Out/Bi.
1 A Gnd. Analog Common N/A
2 Analogl In + | Non-Inverting Analog Input 1 Input
3 Analogl In - | Inverting Analog Input 1 Input
4 Analog2 In + | Non-Inverting Analog Input 2 Input
5 Analog2 In - | Inverting Analog Input 2 Input
M30
11 NC 8
ANALOGI1-IN+
( TBAZ ) 2|+ v
( TB4-3 ) E 6
ANALOG1-IN- 4| . s L5 +12V
INA105 %
@ @
% _|c436 | Cc426
-12V 1 1
@
A
: M41
@ 1 REF N 8
ANALOG2-IN+ 0 ¢
(T84 ) 2 | * vt 1
(CTBas = ——
ANALOGZ2-IN-
4 V_ S L
INA105
Figure 4-4. Optional Analog Input Connector (TB4)
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4.25. User Power Connector (TB5)

Refer to Figure 4-6. This connector allows the user to power the opto-isolated laser firing
(PSO) output (see section 4.2.9.).

Table 4-7. User Power Connector Pinouts (TB5)

Pin # L abel Description In/Out/Bi
1 +5 External Rtn. External +5 Volt Signal Common N/A
2 +5 External Rtn. External +5 Volt Signal Common N/A
3 +5 Ext. External +5 Volt Power Output
4 FP Power for PSO opto-isolated output Input
5 FM Common for PSO opto-isolated output N/A

4.2.6. Opto-lsolated Outputs (TB6)

The outputs are driven by a PS2506L-4 opto-isolator that is rated for 40 volts maximum
and up to 150 mA, not to exceed 160 mW per channel. Figure 4-6 and Figure 4-8 show
the outputs in current sinking and current sourcing modes, respectively. Figure 4-5
illustrates the typical user connections with the required pull-up resistors.

Table4-8. Opto-lsolated Output Connector Pinouts (TB6)

Pin # L abel Description I n/Out/Bi
1 OoP Output Common Plus (-10PSO3, -10PSO4) Input
2 oM Output Common Minus (-IOPSO, -I0OPS02) Input
3 Output 1 Output 1 (Optically-Isolated) Output
4 Output 2 Output 2 (Optically-Isolated) Output
5 Output 3 Output 3 (Optically-Isolated) Output
6 Output 4 Output 4 (Optically-Isolated) Output
7 Output 5 Output 5 (Optically-Isolated) Output
8 Output 6 Output 6 (Optically-Isolated) Output
9 Output 7 Output 7 (Optically-Isolated) Output
10 | Output 8 Output 8 (Optically-Isolated) Output

Table 4-9. Output Specifications (TB6)

Specification Value

Maximum Power Dissipation 160 mWatts/ Channel

Maximum Output Voltage 40 Volt Maximum

Maximum Output Current 150 mAmps/ Channel

Output Saturation Voltage ~0.7-0.9 Volts
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1K
TB6 élKOhm

[:[5{7 Output 2 4
Output 1
P 3
i :
5 Volts
OUT-COM-M 2

Figure4-5. Connecting Outputsin Current Sinking M ode (-1OPSO, -IOPS02)

<
o

{__TB6-10 )
16

15

TB6-9 )

14

13

TB6-8
12 ;)

VS S 4

11

TB6-7 )
10

= e e =
TN i e

PS2506L-4

<
J

16 { TB6-5 )

15

[ — TB6-4 )

13

TB6-3 )
12

VA A 4

11

(_TB6-6 )
10

A A0 ) A0

#E

e e e

PS2506L-4 T OUT-COM-M

{ TB6-2 )

Figure 4-6. -IOPSO, -IOPS02 Sinking Outputs (TB6)
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86
1
Q Output 2 4
User Device
Q Output 1 3
— : + ;
5 Volts
Common
Figure4-7. Connecting Outputsin Current Sourcing M ode (-lOPSO3, -10PS04)
M5
1 16
E& X
2 15
TB6-10 )
_3 | 14 ?
Y
v WL
5 12 ®
EERLE
° = G
7 10 ©
T3 S
PS2506L-4
M7
_1 | 16 ®
NG
B LA s )
3 T2 ©
MIZEL
3 2 e
5 12 ®
73 5K
o 1 (TB63 )
7 10 ®
EERY s
8 9 TB6-6
PS2506L-4 OUT-COM-P
Figure 4-8. -10OPS03, -10PS04 Sourcing Outputs (TB6)
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4.2.7. Opto-lsolated Inputs(TB7)

The inputs are configured for 5-24 volt logic, using a higher input voltage, requires
adding external series resistors to limit the current. The opto-isolator is a PS2506L-4.

P

1
Figure 4-9 illustrates interfacing both an active device and a switch to the inputs. In either 2
case, the power supply is required. 2

5
Table 4-10. Opto-lsolated I nput Connector Pinouts (TB7) 6
Pin # Label Description In/Out/Bi 1
1 IP Input Common Plus I nput
2 Reserved
3 Input 1 Input 1 (Optically-lsolated) Input
4 Input 2 Input 2 (Optically-lsolated) Input
5 Input 3 Input 3 (Optically-lsolated) Input
6 Input 4 Input 4 (Optically-Isolated) Input
7 Input 5 Input 5 (Optically-Isolated) Input
8 Input 6 Input 6 (Optically-Isolated) Input
9 Input 7 Input 7 (Optically-lsolated) Input
10 Input 8 Input 8 (Optically-Isolated) Input
TB7
1 Plus Common
@ g Unputi
6200 Ohm
4 Input 2 A
\ 6200 Ohm
Figure 4-9. Connecting I nputs
Version 1.3 Aerotech, Inc. 4-9
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PS2506L-4
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Figure 4-10. Opto-lsolated Input Connector (TB7)

4.2.8. Laser Firing/ Position Synchronized Output (PSO)

The NDrive includes a Laser Firing or Position Synchronized Output (PSO) option. This

PSO output may be programmed to generate a position-synchronized output based upon a
user-defined trigger condition, most typically, but not limited to firing alaser. The NDrive

offers two levels of laser firing, single axis and two/three axis. Single axis firing is
standard (-IOPSO and —IOPS03) and multi-axis is an option, -IOPSO2 or —IOPSO4.
Trigger signals may be derived from the primary encoder channel, secondary encoder
channel, either of the two SSINet ports or a software trigger. The SSINet ports may
provide axes encoder signals or marker signals from another NDrive. All encoder input
sources are limited to a 40 Mhz. data rate. The synchronized output pulse is solely
generated within sophisticated and versatile high-speed hardware, allowing minimal
delays between the trigger condition and the output. Refer to Figure 1-3 for a basic single-
axis block diagram of the PSO capabilities, or Figure 4-11 and Figure 4-12 for a more
detailed block diagram of the multi-axis capabilities that also apply to single-axis firing.
The output may be either an open-collector output or a differential RS-422 output, see the
Figures in Section 4.2.9. The opto-isolated output is available in three different
configurations as show in Table 4-14. Additionally, the PSO options provide Data
Capture and Data Update capabilities, also shown in Figure 4-11 and Figurédr12
programming information, refer to the NView MMI Help file or the NView MMI
Programming Manual, EDU174.

4-10
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Table4-11. Laser Output Opto-lsolator Specifications
— Nominal Power Supply Output
Opien () Frequency | Voltage (Vi ax) | Current Sink
HCPL -2601 (-PSOOPTOL option, std) * 5MHz 5VDC 10 mA
6N 136 (-PSOOPTO2 option) * 750 kHz 5-25VvDC 2mA
4AN33 (-PSOOPTO3 option) * 10 kHz 5-25VDC 50 mA

* See Figure 4-16

The pre-scaler in the block diagram is used to scale, or normalize the resolution of axes
with different machine step sizes. The PSO option operates in machine counts, so all axes
must be scaled, or normalized to like units. This allows a trigger to be generated from a
true vectoria position change. Each of the three possible tracking channels has a pre-
scaler, which may be used to divide the number of encoder counts on that channel. Each
pre-scaler defaultsto 1 and may divide the input feedback pulses by up to 1,023.

The trigger condition may be a software trigger under program control, various other
hardware triggers, or most typically a user-defined change in vectorial position, on up to
(optionally) three axes. This vectorial position change is monitored via hardware,
allowing an output pulse to be generated in less than 125 nanoseconds (50 nsec. for single
axis) after the trigger is detected. This is accomplished via hardware that monitors the
designated axes positions, calculates the sum of the sguares of the axes positions and
compares it to the desired (squared) position trigger value. All of the mathematical
squaring of the positions occurs in hardware for speed. The comparison of the squared
command to feedback position occurs at an 8 Mhz. rate for multi-axis firing and at a 20
Mhz. rate for single axis firing. Furthermore, this vectorial position trigger value is
queued via a 255 level queue, in hardware to the triggering hardware, with each trigger
advancing thru the queue to the next trigger value. This allows the trigger value to be
specified as a series of incremental trigger points, if desired.

The absolute accuracy is excellent, although, point to point accuracy may vary, due to the
calculated feedback squared firing distance jumping past the (internally squared) user
programmed firing distance. This small error is accumulated and subtracted from the next
firing distance, maintaining absolute accuracy. For example, if the user programs a trigger
to occur after avectorial change in position of 5 machine steps. Internally, thisis squared,
and the axes positions are internally squared and compared to 25. If they are equal to or
greater than 25, a trigger event occurs. The comparison occurs at an 8 Mhz. rate (125
nano-seconds), so, should the sum of the square of the axes change in position be equal to
9 during a sample period, no trigger occurs. However, on the next sample, the sum of the
squares of the axes positions could now be equal to 36. A trigger event would now occur
(36 is greater than 25) and the remainder (11) is then stored to be summed with the
squared feedback positions during the next sample period.

The output pulse is also user programmable. It may be a single, or multiple pulses per
trigger event. It too is generated in hardware and fed from a 255 level queue, allowing
trigger events to advance thru the queue, varying the output pulse per trigger event.

Version 1.3 Aerotech, Inc.
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Figure4-11. Advanced 1 - 3 AxisFiring

The window modes allow firing to occur, or be enabled, based upon axes being within a
user-defined window. This window may be one or two-dimensional. The "+/- and
Enter/Exit Detection" block within the block diagram is used to prevent false triggering
due to one bit dither on axis, etc. Window modes may not be pre-scaled as shown in the
block diagram.

The Data Capture and Data Update modes allow data to be captured or written to the 1/O
on the occurrence of the internal or external trigger. Data Capture mode allows position,
digital inputs, etc. to be captured. Data Update mode allows analog or digital outputs to
be set by the same trigger. The capture and update modes are defined in Figure 4-12. For
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afull description of these modes, refer to the NView MMI help file or the N View MM
Programming Manual, EDU174.

These Capture/Update modes, share four FIFO's (queue’s) with Window 1 and Window 2,
preventing the window-firing modes from being used with the Capture/Update mode.
Using a queue from a window, precludes using that window (1 or 2) for firing, however,
gueues from window 1 may be used for data capture/update mode, while queues from
window 2 may be used for window firing purposes. The Capture/Update modes vary for
Window 1 and Window 2, see Figure 2.

The data capture mode rate for analog inputsis limited to approximately 100,000 samples
per second due to A/D conversion rate. The data update mode for analog outputs is
limited to 500,000 Hertz due to internal serial bus design constraints.

From Pulse or PSO Output
Window
—<__—> FastInput #1
_Ri O-1¢——40 Mhz., 32- Bit Counter
O-€¢——40 Mhz., 32-Bit Counter < East Input #2
O-+¢——Secondary Encoder, 4 Aux. Inputs, 2 Fast Inputs O« 8 General Purpose Inputs
(\)_1—Primary Encoder, 4 Aux. Inputs, 2 Fast Inputs o ¢ Analog Input 1, General Purpose
Inputs
OH¢—— 32- Bit Counter from any Window
O-€—32- Bit Counter from any Window Source J Source
' J
4
Switching Switching
Multiplexors Multiplexors
[ 0
Trigger ¢ #Trigger
Shared Shared Shared Shared
FIFO FIFO FIFO FIFO
(255) (255) (255) (255)
Capture Capture Update
Window #1 Window #2

Analog Output 1, 4 Aux. Outputs (o Analog Output 2, 8 General Purpose Outputs ¢ Lo
Analog Output 1, Aux. 1 and 2 Outputs ¢———-O Analog Output 2, 8 Goetﬂ.pFu,tus”io-Si 4+—10
Analog Output 1 ¢———O Analog Input 2 ¢——0O

4 Auxiliary Outputs €———O 8 General Purpose Outputs ¢——QO

Auxiliary 1 and 2 Outputs g——+O General Purpose Outputs 1 - 4 q——O

Figure 4-12. Data Capture/Data Update M odes
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4.2.8.1. Single Axis Laser Firing

Single axis firing (-IOPSO and —IOPSO3 options) requires no additional encoder signals.

It may be programmed to fire from the primary or secondary encoder channel. Single axis
firing provides one feature not present with the multi-axes firing option, it allows for
directional based firing. This means that you may program a firing distances for the
positive and negative motion separately. Single axis window firing and Capture/Update
modes may be used with single-axis firing, limited only by the use of the Windows
internal shared queue's.

See Figure 4-13 for a basic single-axis block diagram of the PSO capabilities or Figure 4-
11 and Figure 4-1Zor a more detailed block diagram of the multi-axis capabilities that
also apply to single-axis firing.

Pulse
Configuration
Firing Array

Distance
Array
SSI Net 1 Load Next Configuration

. <
» FIFO ¢ >
FIFO
SSI Net 2 (255) (255)
: Software
Primary Encoder Trigger
Secondary Encoder 24 % Pulse Skip
—
) @)
Tracking Distance Trigger Pulse
o b—b— %OU”FQ)T ® Generator |  (O————<——>PSO Output
axis,
Pulse Output
Switching
Multiplex

Figure 4-13. PSO Diagram — Basic Single Axis Firing
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4.2.8.2. TwolThree-Axis Laser Firing

The NDrive alows two-axis laser firing via its -IOPSO2 and —IOPSO4 options. To
accomplish this, the encoder signals from a second NDrive must be jumpered (or daisy-
chained) from that NDrive to the NDrive with the -IOPSO2 or —-IOPS0O4 option. This
requires an encoder signal from another axis via the J6 connector (Section 3.3) or via one
of the two SSINet connectors. If the SSINet is used it requires a cable (see Table 4-12 and
Figure 4-14) from J9 to J9 of each NDrive (J9 to J9 or J10 to J10 of the other NDrive,
both connectors have two bidirectional ports). The ports on each drive must then be
configured via theiPsoSsi1Config/PsoSsi2Config and PsoMrk1Config/PsoMrk2Config

axis parameters, out and in, respectively, so the encoder signals are supplied to the
NDrive with the -IOPSO2 or —IOPSO4 option. The figure below also shows three-axis
firing, which is very similar to two-axis firing. See the NView MMI help file for more
information on parameter configurations.

NConnect-SSINet-XX Cable

Has 2-Axis Laser
Firing Option
(-IOPS02, -IOPS0O4)

________________________________________________________________

3-Axis Firing

Figure 4-14. TwolThree Axis Laser Firing Interconnection

Table 4-12. SSINet Cable Part Numbers

Part # Description

NConnect-SSINet-4500 4.5 M (15 FT) SSINet Cable

NConnect-SSINet-3000 3.0 M (10 FT) SSINet Cable

NConnect-SSINet-1500 1.5 M (5 FT) SSINet Cable

NConnect-SSINet-900 490 M (3 FT) SSINet Cable
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4.2.9. PSO / Absolute Encoder Interface (J8)

This connector utilizes the RS-485 port and the (analog sine wave) encoder channel as an
absolute encoder interface. The absolute encoder channel accepts a differential analog
encoder up to 200 kHz. Typically, this is a 1 V P-P signal varying about a 2.5 V
reference. See Figure 2-4, Figure 2-5, and Figure 2-6 in Section 2.5. for connection
information. The two RS-422 channels provide buffered and/or multiplied MXH encoder
signals to the user, for laser firing or other purposes. Additionally, the PSO option
provides a open-collector or a RS-422 laser firing signal to the user. Only one of these
signals may be used, asillustrated in Figure 4-16. Jumper JP2 defines the active state of
the open-collector output, which has three options, as defined in Table 4-13. See Section
4.2.8. for more information on the laser firing (PSO) option. Note that the two RS-422
channels are two of the same channels available on the J9 and J10 connectors. For
information on the RS-422 ports, see Figure 4-19 in Section 4.2.10.

A
U
X
S
I
(€]
N
A
L
S

Q See Figure 4-16 and Figure 4-17 for the firing output.
) Table4-13. PSO / Absolute Encoder Interface Connector Pinouts (J8)
®° Pin # L abel Description In/Out/Bi
oo 1 Chassis Frame Ground Chassis Frame Ground N/A
°o ! 2 RS-422-1M RS-422 Channdl 1 - Bidirectional
oo 3 RS-422-1P RS-422 Channel 1 + Bidirectiona
o 4 RS-422-2M RS-422 Channel 2 - Bidirectional
Q) 5 RS-422-2P RS-422 Channel 2 + Bidirectiona
6 Common (+5 Volt External) | Common N/A
Q 7 Absolute Sine + Input Absolute Encoder Interface Input
8 Absolute Sine - Input Absolute Encoder Interface I nput
9 Absolute Cosine + Input Absolute Encoder Interface Input
10 | Absolute Cosine— Input Absolute Encoder Interface Input
11 PSO-IOC/RS-422-M Outpyt PSO /RS-422 Output * Output
12 PS0O-RS-422-P Output RS-422 + Output
13 +5 Volt External — See Pin|6  External +5 Volt supply Output
14 RS-485-M RS-485 — for Abs. Encoder Bidirectional
15 RS-485-P RS-485 + for Abs. Encoder Bidirectional

@ * Users are recommended to utilize the open-collector output where possible to
maintain the isolation between the NDrive and laser. This prevents noise and current

spikes (from laser firing pulses) from being conducted through the NDrive! This
requires the user to power the opto-isolator at TB5 (see Section 4.2.5. for more
information).

The mating connector is a male 15-pin D-Style connector (Aerotech P/N ECKZ100,
Keltron P/N DN-15PYSH-G; Backshell: Aerotech P/N ECK1022, Amphenol P/N 17-
1725-2).
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Table 4-14. Laser Output Opto-lsolator Specifications
— Nominal Power Supply Output
i -7 Frequency | Voltage (Vi ae) | Current Sink
HCPL -2601 (-PSOOPTOL1 option, std) * 5 MHz 5VvDC 10 mA
6N 136 (-PSOOPTO2 option) * 750 KHz 5-25VDC 2mA
4N33 (-PSOOPTO3 option) * 10 KHz 5-25VDC 50 mA
* See Figure 4-16
C422 I I33PF
i R228 R208 £
5 ABS-SIN+ AA, © AMY R215,\/\/\/ 10K
1K 10K M54-A
L ca35 )
100PF 1
@ 3 +
v L c433
T 100PF
QN R227 R220
S ABS-SIN é
1K 10K
C415 I ISSPF
y R218 R209 ¥
T ABS-COS+ A, © AMY R213,\/\/\/ 10K
1K 10K i
L ca434 5 M>4-8
T 100PF 7
® 5 +
v L c432
T 100PF
Py R217 R207
3810 H-AES S MV @
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Figure 4-15. Absolute Encoder | nterface (J8)

Version 1.3

Aerotech, Inc.

4-17



NDrive Options NDrive User’s Manual

HS-OUT-P

(TB54 )
+5V M13
R51Z 10K
1 1inc vec |8 i
- R52
Wi-c A2 2 SZ VE - o=
P2 O2 5 _U 6 3 vo |8 PSO-I0C / RS-422-M T
4 1INc GND 2
74ACT14 c1-E a7pE
s HCPL-2601SK
o s——HSOUTM (755
N
FPGA .
ce-L
M12 8 —1
.| F.S.
] 7
F.S.
R | S PSO / RS-422-P EED)
6
MAX490E
4
Figure 4-16. PSO Interface (J8)
User Provided
J8 Line Terminator
11
RS-422
Receiver
12
TB5
4 @
L5 |
1 k Ohm
J8
Active Low 11 To Laser
93
Active High M13

Please note that J8 pin 11 is common between the two outputs, so only one of the
interfaces may be used.

Figure4-17. Interfacingto RS-422 or Open-Collector Laser Firing Signal
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Figure 4-18. (RS-485) Absolute Encoder Interface (J8)
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4.2.10. SSINet (2 channel) (J9, J10)

Each SSINet is a two-channel bidirectional RS-422 interface. Each of he two SSINet
interfaces comprise two RS-422 channels, most typicaly for quadrature encoders. This
allows one channel for the sine signal and one channel for the cosine singal. Alternatively,
one of the SSINet interfaces may be used to provide an encoder marker signal to another
NDrive for triggering purposes. In this case, only one of the RS-422 channed within an
SSINet interface is used.

It is designed for daisy-chaining encoder signals from one NDrive to another for 2 axes

PSO (laser firing). This allows one NDrive containing the two-axis PSO option to track

the vectorial position change of two axes in real-time. These encoder signals may also be

used for user-defined purposes. Refer to Figure4-19 and Figure4-14. These four
channels are bidirectional and configured via axis parameters. Note that channels 1 and 2

are also available on the J8 connector (see Section 4.2.9.). The signals from these ports

will be the same as the differential line driver encoder signal input to the NDrive, unless

the —MXH option is present. The signal output, when the —MXH option is present, will be
of a pulse width determined by the —-MXH clock frequency, as indicated in Table 3-5.

Table 4-15. J9, J10 2-Channel SSINet Connector Pinouts

Pin # Label Description In/Out/Bi.
1 RS-422-1M RS-422 Channel 1 - Bidirectional
2 RS-422-1P RS-422 Channel 1 + Bidirectional
3 RS-422-4M RS-422 Channel 4 - Bidirectional
4 RS-422-3M RS-422 Channel 3 - Bidirectional
5 RS-422-3P RS-422 Channel 3 + Bidirectional
6 RS-422-4P RS-422 Channel 4 + Bidirectional
7 RS-422-2M RS-422 Channel 2 - Bidirectional
8 RS-422-2P RS-422 Channel 2 + Bidirectional
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43. Ethernet

(J4)

The optional Ethernet port provides connectivity to a 10/100Base-T ModBus TCP
network. Additionally, the -IOPSO# options provide analog and digital inputs and
outputs, see section 4.2. for more info.

Table 4-16. Ethernet Connector Pinouts (J4)
Pin # L abel Description In/Out/Bi.
1 X + Transmit Data + Output
2 X - Transmit Data - Output
3 RX + Receive Data + Input
4 Unused RC Terminated N/A
5 Unused RC Terminated N/A
6 RX - Receive Data - Input
7 Unused RC Terminated N/A
8 Unused RC Terminated N/A
+3.3V
%I g
+3.3V
a o— A oy
i i O"i: g 1 GLL0-S050N? 4 J4
14 T1 5
TPO+ 75 © 1 [o, 6 6
e Hi W cr eacii— o —
LNKN B g2 ¢¢ AT
C'\éeTBﬁ{k-sN% R138/, 10K Hﬁ |”’l" R141AAr 390 15 LEDA
W S A\ S T W S e
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3 CONBRJ45GRN-YEL
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\4
Figure 4-20. Ethernet I nterface (J4)
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4.4. Joystick Interface

The user can connect their own joystick and switches to the NDrive (Refer to Figure 4-
21). The joystick interlock input in the logic low state indicates the connection of the
joystick. The zero velocity null-point for each joystick connection is approximately 2.5

volts.

3 % JoY-X
TB4

? JOY-Y

3
85| 2
1

i I

TB7 2 l | ;q
i
|

Speed Select/ Button\ N\ Exit slew Mode
all N.O.)

Axis Pair Select

Figure 4-21. Joystick Interface

gogd

Arrows below show
axes motion that results
when joystick is used.

+Y

+X
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CHAPTERS: TROUBLESHOOTING

In This Section:

e Problems, Causes, and Solutions.............cccceueeeenenns 51
e Fault Status Display .......ccceeveeveereerieeereeeeieese e 5-2
¢ NDrive Control Board Test POINtS .........ccceevveenee. 5-3
e JTAG Programming CONNECLON ........cceeveveeeuereeeenns 54
e Using the RS-232 Boot Loader on the NDrive......... 5-5
e Fuse/ Battery Replacement.........cccccevevveeveceenennn. 5-7
¢ Preventative MaintenanCe...........ccceeevveeeceeeeveecveeene 5-8

5.1. Problems, Causes, and Solutions

This section covers symptoms, probable causes, and solutions related to NDrive
operation. Table 5-1 lists the most common symptoms of irregular operation and the
possible causes and solutions for these faults. More information can be found in the

NView MMI help file.

Before performing the tests described in Table 5-1, be aware of lethal voltages
inside the controller and at the input and output power connections. A qualified
service technician or electrician should perform these tests.

Table5-1. Amplifier Faults, Causes, and Solutions

Symptom

Possible Cause and Solution

Motor spins uncontrollably.

Encoder (sine and cosine) signals are improperly connected. See

Section 2.5. for motor phasing information.

Brushless motor will not spin.

Motor phases A, B, and C connected incorrectly relativeto HA, HB,
and HC Hall inputs. See Section 2.5. for motor phasing information.

Amplifier faults (“EN" LED

deenergizes) when motor decelerates.

Bus over voltage detected (NDrive 10/20). This condition indicat
an excessive regeneration condition. The NDrive 10/20 requires

a shunt regulator be mounted in the unit.

es
that

Amplifier Faults (EN LED
deenergizes).

1. RMS current exceeded - run at lower current.

2. Over temperature condition - Turn off and let amplifier cool down.

Provide better ventilation.

3. Defective on board power supply - Return for repair.

Version 1.3
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5.2. Fault Status Display
Table5-2. 7 Segment Fault Status Display
Code# M eaning Cause
0001 | Position Error Fault Pos Err Threshold Exceeded
0002 | RMS Current Fault RMS Threshold Exceeded (Fbk)
0003 | Hardware Limit Hardware Limit Switch Tripped
0004 | SoftwareLimit Software Threshold Exceeded (Cmd)
0005 | Drive Fault Amplifier Hardware Fault
0006 | Feedback Fault No Feedback connected
0007 | Hall Effect Fault Bad Hall State
0008 | Velocity Cmd Fault Overspeed commanded
0009 | ESTOP Fault ESTOP toggled
0010 | Velocity Error Fault Vel Err Threshold Exceeded
0101 | Task 1 Error Problem with independent motion cmd
0102 | Task 2 Error Problem with Ethernet
0103 | Task 3 Error Currently Undefined
0104 | Task 4 Error Currently Undefined
0 FPGA Program Error Hardware Failure
1 Memory Space Error Problem with memory allocation
2 Routine Error Problem setting up low-level drivers
3 No task O program Missing Task O program
4 Memory Clear Error Low Memory written as O, but not read back as 0
5 Unexpected Software Fault | Should Never Happen
6 Soft Start Not Engaged Bus Power too low
8 Waiting for Firewire Power | Cable Not Connected
9 Unexpected Hardware Trap | Hardware Failure

(&~

The L.E.D. flashes each digit sequentially on the single L.E.D.

Aerotech, In
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5.3.  NDriveControl Board Test Points

The following test points are available internal to the NDrive.

Table5-3. NDrive Control Board Test Points
Test Point Function

TP4 Signal Common (Analog and Digital)
TP5 MXH/MXU Sine Signal 2.5 Volt Reference
TP6 Marker Signal after Signal Conditioning (See Figure 3-3)
TP7 MXH/MXU Cosine Signal 2.5 Volt Reference
TP9 Sine Signal after Signal Conditioning (See Figure 3-3)
TP10 Cosine Signal after Signal Conditioning (See Figure 3-3)

Version 1.3
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54. JTAG Programming Connector
Table 5-4. JTAG Programming Connector — Internal (P10)
Pin # | Label Description In/Out/Bi.
1 TDI JTAG Data Input I nput
2 Common Signal Common N.A.
3 TDO JTAG Data Output Output
4 Common Signal Common N.A.
5 TCK JTAG Programming Clock Input
6 Common Signal Common N.A.
7 JTAG-TDI Test Data Input I nput
8 - Key Position (No Connection) N.A
9 Reset Reset Input
10 | TMS Test Mode Select Input
11 Power 3.3 Volt Standard (5 Volt Optional) Output
12 | JTAG-TDO | Test Data Output Output
13 DE-N Data Enable Input
14 | TRST-N Test Reset Input
5-4 Aerotech, Inc. Version 1.3
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55. Usingthe RS-232 Boot L oader on the NDrive

ComBoot.exe - the bootloader program

bootcode.lod - mini bootstrap code for comboot.exe
ndboot.lod - main bootloader code for NIDrive
ndrive.lod - firmware code file

ndfpga.lod - fpgafile

ndboot.lod should already be burned into flash on the drive (so it may not be necessary to
load and burn this code to flash again).

551, Setup

Remove the cover from the NDrive and locate the switch block marked S1. Set switch
position “3” to “on” and switch position “4” to “off’. This will put the unit in the
bootload mode.

Connect an RS-232 cable to the unit and to the PC. This is a straiglgkttumnnection
(no null modem cable is required).

Apply Power to the drive. Always be sure to cycle power to the drive before using the
loader software, since it expects a clean boot in the bootload mode.

5.5.2. Loading Code

Run the software program ComBoot.exe. A graphical interface will come up. Select the
desired COM port and press “Connect”. The software should then indicate "Initialization
of boot loaded complete”. (This loads the small “bootcode.lod” to the NDrive.)

You should be able to individually load any one or all of the three .lod files into the
NDrive. If the NDrive has never had boot code loaded, you must start with the ndboot.lod
code file. If you only want new firmware (without new FPGA), then you should be able
to just load the ndrive.lod file, etc.

TO LOAD THE BOOT CODE:

Type “ndboot.lod” into the text box by the Load button and then press the Load
button. This will load the boot code to the drive. The indicator bar at the
bottom of the window will indicate when loading is complete.

To store this boot code permanently to flash, press the “Burn” button in the
Flash window. The indicator bar at the bottom of the window will indicate when
loading is finished.

TO LOAD THE NEW FIRMWARE CODE:

Type “a.lod” into the text box in the window labeled “Boot File” and press the
Load button. This will load the firmware code to the drive. The indicator bar at
the bottom of the window will indicate when loading is complete.

To store this code permanently to flash, press the “Burn” button in the Flash
window. The indicator bar at the bottom of the window will indicate when
loading is finished.

Version 1.3 Aerotech, Inc. 5-5
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TO LOAD THE FPGA CODE:

Type “ndfpga.lod” into the text box and press the Load button. This will load
the fpga code to the drive. The indicator bar at the bottom of the window will
indicate when loading is complete. This can be deceiving, however, since the
code is one big chunk of memory. The indicator bar may be complete, but the
actual device will be loaded when the message window indicates "loading
complete”.

To store this boot code permanently to flash, press the “Burn” button. The
indicator bar at the bottom of the window will indicate when loading is finished.

TO COMPLETELY ERASE THE FLASH:

Load any one of the code files (ndboot.lod, ndrive.lod, ndfpga.lod) and press the
Erase All. The flash can be erased from any of these programs.

5.5.3. When finished loading

Power down the NDrive and be sure to put switch S1 back to its original state (position 3
“off”, position 4 “on”). Power the drive back on and the new firmware should be active.

5-6
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56. Fuse/ Battery Replacement

Table 5-5 lists the manufacturer and Aerotech’s part number for typical replacement
fuses. Additional fuse information can be found on the system drawing supplied with the
unit.

Table 5-5. Fuse Replacement Part Numbers (NDrive Power Board)

Fuse | Description Third Party P/N | Aerotech PIN Size
F1 \S/i%pgu'\é'?:%ﬁtusmg fortll  Littefuse EIF00118 | 20AS.B.(3AG
K i%%ﬁgg%%S on 30 ngggf; EIF00195 | 2AS.B.(5mm
F3 | Control Power Fuse Iz'gt(ljeéft‘)es EIF01009 25 ASB.
7S | Contror Power Supply Inpul_ 230.2505 | EIF01009 | 25ASE

F1 and F2 are normal socketed fuses. F3-F5 are soldered to the circuit board.

Always disconnect the mains power connection before opening the NDrive chassis.

DANGER
Table 5-6. Battery Replacement Part Number (NDrive Control Board)
Battery | Description Third Party P/N Aerotech P/N
. RAY-O-VAC
B1 3V Coin Cell BR1225 ECZ01079

Version 1.3 Aerotech, Inc. 5-7
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5.7. Preventative Maintenance

The NDrive and external wiring should be inspected monthly. Inspections may be
required at more frequent intervals, depending on the environment and use of the system.
Table 5-7 lists the recommended checks that should be made during these inspections.

@ The NDrive (all Aerotech equipment) is not to be used in a manner not specified by
Aerotech, Inc.
Table5-7. Preventative M aintenance
Check Action to be Taken
Visually Check chassis for loose or Parts should be repaired as required. If internal
damaged parts/ hardware. damage is suspected, these parts should be
Note: Internal inspection is not required. | checked and repairs made if necessary.
Inspect cooling vents. Remove any accumulated material from vents.

Any fluids or electrically conductive material
must not be permitted to enter the NDrive.

Note: Disconnect power to avoid shock hazard.

Check for fluids or electrically
conductive material exposure.

Tighten or re-secure any loose connections.
Replace worn or frayed cables. Replace broken
connectors.

Visually inspect all cables and
connections.

5.7.1. Cleaning

The NDrive should be wiped with a clean, dry (or slightly damp with water), soft cloth.
Fluids and sprays are not recommended because of the chance for internal contamination,
which may result in electrical shorts and/or corrosion. The electrical power must be
disconnected from the NDrive while cleaning. Do not allow cleaning substances to enter
the NDrive or on to any of the connectors. Cleaning labels should be avoided to prevent
erasing of label information.

gogd
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APPENDIX A: GLOSSARY OF TERMS
In This Section:
o DESCIIPLON....coereeirierieieie e A-1
Description

The following section provides a quick reference of terms used through this manual.

CEM F - counterelectromotive Force. Voltage generated by a motor.

DIP switch - pua In-ine Package switch. A set of tiny toggle switches built into a
housing commonly used on printed circuit boards

Hall effect devices - A set of three dectro-optical or magnetic switches mounted
on the motor that produce a sequential pattern to provide proper motor commutation.

HED - Hall effect device.

| GBT - Insulated Gate Bipolar Transistor.

PWM - pulse Width Modulation.

RM S - Root Mean square - The effective DC value of AC voltage or current.

TTL - Transistor - Transistor Logic.
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APPENDIX B: WARRANTY AND FIELD SERVICE

In This Section:

o Laser ProduUCES........cccooeiinienenieeeseie e B-1
o REUrN Procedure...........ccooveieienieienenieese s B-1
* Returned Product Warranty Determination............... B-2
e Returned Product Non-warranty Determination........ B-2
* RUSh SEIVICE.....coi e B-2
e On-site Warranty REPAIT ........ccccoceeiereeerieeieesiesneneens B-2
e On-site Non-warranty Repair ...........cccooeeieeneeanenn B-2

Aerotech, Inc. warrants its products to be free from defects caused by faulty materials or
poor workmanship for a minimum period of one year from date of shipment from
Aerotech. Aerotech’s liability is limited to replacing, repairing or issuing credit, at its
option, for any products that are returned by the original purchaser during the warranty
period. Aerotech makes no warranty that its products are fit for the use or purpose to
which they may be put by the buyer, where or not such use or purpose has been disclosed
to Aerotech in specifications or drawings previously or subsequently provided, or whether
or not Aerotech’s products are specifically designed and/or manufactured for buyer’s use
or purpose. Aerotech’s liability or any claim for loss or damage arising out of the sale,
resale or use of any of its products shall in no event exceed the selling price of the unit.

Aerotech, Inc. warrants its laser products to the origina purchaser for a minimum period
of one year from date of shipment. This warranty covers defects in workmanship and
material and is voided for all laser power supplies, plasma tubes and laser systems subject
to electrical or physical abuse, tampering (such as opening the housing or removal of the
serial tag) or improper operation as determined by Aerotech. Thiswarranty is also voided
for failure to comply with Aerotech’s return procedures.

Claims for shipment damage (evident or concealed) must be filed with the carrier by the
buyer. Aerotech must be notified within (30) days of shipment of incorrect materials. No
product may be returned, whether in warranty or out of warranty, without first obtaining
approval from Aerotech. No credit will be given nor repairs made for products returned
without such approval. Any returned product(s) must be accompanied by a return
authorization number. The return authorization number may be obtained by calling an
Aerotech service center. Products must be returned, prepaid, to an Aerotech service
center (no C.O.D. or Collect Freight accepted). The status of any product returned later
than (30) days after the issuance of a return authorization number will be subject to
review.

After Aerotech’s examination, warranty or out-of-warranty status will be determined. If
upon Aerotech’s examination a warranted defect exists, then the product(s) will be
repaired at no charge and shipped, prepaid, back to the buyer. If the buyer desires an air
freight return, the product(s) will be shipped collect. Warranty repairs do not extend the
original warranty period.

Laser Products

Return Procedure

Returned Product
Warranty Determination
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Returned Product Non-
warranty Determination

Rush Service

On-site Warranty Repair

On-site Non-warranty
Repair

Company Address

After Aerotech’'s examination, the buyer shall be notified of the repair cost. At such time,
the buyer must issue a valid purchase order to cover the cost of the repair and freight, or
authorize the product(s) to be shipped back asiis, at the buyer’s expense. Failure to obtain
a purchase order number or approval within (30) days of notification will result in the
product(s) being returned as s, at the buyer’'s expense. Repair work is warranted for (90)
days from date of shipment. Replacement components are warranted for one year from
date of shipment.

At times, the buyer may desire to expedite a repair. Regardless of warranty or out-of-
warranty status, the buyer must issue a valid purchase order to cover the added rush
service cost. Rush serviceis subject to Aerotech’s approval.

If an Aerotech product cannot be made functional by telephone assistance or by sending
and having the customer install replacement parts, and cannot be returned to the Aerotech
service center for repair, and if Aerotech determines the problem could be warranty-
related, then the following policy applies:

Aerotech will provide an on-site field service representative in a reasonable amount of
time, provided that the customer issues a valid purchase order to Aerotech covering al
transportation and subsistence costs. For warranty field repairs, the customer will not be
charged for the cost of labor and material. If service is rendered at times other than
normal work periods, then special service rates apply.

If during the on-site repair it is determined the problem is not warranty related, then the
terms and conditions stated in the following "On-Site Non-Warranty Repair" section

apply.

If any Aerotech product cannot be made functional by telephone assistance or purchased
replacement parts, and cannot be returned to the Aerotech service center for repair, then
the following field service policy applies:

Aerotech will provide an on-site field service representative in a reasonable amount of
time, provided that the customer issues a valid purchase order to Aerotech covering al
transportation and subsistence costs and the prevailing labor cost, including travel time,
necessary to complete the repair.

Aerotech, Inc. Phone:  (412) 963-7470
101 Zeta Drive Fax: (412) 963-7459
Pittsburgh, PA 15238-2897
USA

oo
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Symbols

<70VAC AC Bus Input Power, 2-2
10/100BASE-T Ethernet, 1-2, 3-1, 4-1, 4-22
20 kHz Switching Rate, 2-3
-3P

Capabilities, 4-1
-3P Option, 1-2, 2-2, 3-1, 4-1
40/80 VDC Power Transformer, 2-4
4AN33, 4-11, 4-17
50/60 Hz Torque Disturbance, 2-5
6N136, 4-11, 4-17
7 Segment Fault Status Display, 5-2

A

AC Power Connections, 2-2
Accessories, 3-1
AL1, 2-2
AL2, 2-2
Amplifier Faults, 5-1
Amplifier Related Problems, 5-1
Analog Inputs (TB4), 4-5
Analog Output Connector Pinouts, 4-3
Auxiliary 1/0, 3-3

Connector Pinouts, 3-3
Auxiliary Power Option, 2-4
-AUXPWR, 1-2, 3-1, 4-1

Capabilities, 4-1

TB1, 2-4
-AUXPWR, 2-4
-AUXPWR (Auxiliary Power) Option, 2-4
-AUXPWR Option, 2-2

B

Back-Propagation Line Filter Connection, 2-5
Battery, 5-7

Battery Replacement, 5-7

Brake/ Relay (TB3) Current Specifications, 4-4
Brake/ Relay (TB3) Voltage Specifications, 4-4
Brake / Relay Connector Pinouts, 4-4

Brake Configuration Jumpers, 4-2

Brake Output Relay, 3-4

Brushless Motor Configuration, 2-6, 2-7, 2-9
Bus Power Supply, 1-4

C

Capacitive Coupling, 2-3
CEMF, A-1
Cleaning, 5-8

Commutation Signal Input Connections, 2-9
Connector, 1-6
Connector Pinouts
Auxiliary 1/0, 3-3
FireWire, 2-11
J5, 3-2
J6, 3-3
J7, 34
Motor Feedback, 3-4
RS-232/RS-422, 3-2
Continuous Output Current, 1-2
Control Board, 3-12
Assembly, 3-12
Jumpers, 3-12, 3-13
Test Points, 5-3
Control Board Options, 1-2, 3-1
ENET, 1-2, 3-1, 4-1
I0OPSO, 1-2, 3-1, 4-1
10PS0O2, 1-2, 3-1, 4-1
I0PSO3, 1-2, 3-1, 4-1
10PS0O4, 1-2, 3-1, 4-1
MXH, 1-2, 3-1, 4-1
MXU4096, 1-2, 3-1, 4-1
MXU65536, 1-2, 3-1, 4-1
PSOOPTOL1, 1-2, 3-1
PSOOPTO2, 1-2, 3-1
PSOOPTO3, 1-2, 3-1
Current Sinking Mode, 4-7
Current Sourcing Mode, 4-8

D

DC Brush Motor Configuration, 2-6

Determining Proper Connections to the NDrive
Equipment, 2-9
Test, 2-9

Device Settings, 2-14

Dimensions, 3-17, 3-18

DIP switch, 1-6, A-1

Drive Package, 1-4

E

Electircal Noise Reduction, 2-3

Electrical Specifications, 3-11

Electrostatic Coupling, 2-5

EMI Interference, 2-3

EN LED Indicator, 3-16

Encoder Phasing, 2-10

-ENET, 1-2, 3-1, 4-1, 4-22
Capabilities, 4-1

Ethernet (34), 4-22
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F

Fault Status Display, 5-2
Features, 1-1

Feedback Connections, 2-6
Field Service Policy, B-1
FireWire, 2-11

Card and Cable Part Numbers, 2-12

Connector Pinouts, 2-11
Ji, 2-11
2, 2-11
13, 2-11

Minimizing Cable Lengths, 2-11, 2-13

Part Numbers, 2-12

Preferred Configuration, 2-11, 2-13
FireWire Bus, 2-11
FireWire:, 2-11, 2-13
Fuse Replacement, 5-7

Fuses, 5-7
G
Grounding Techniques, 2-3
H
HALL A, 2-9
HALL B, 2-9
HALL C, 2-9

Hall effect device, A-1
Hardware Function, 1-6
Hardware Overview, 1-6
HCPL-2601, 4-11, 4-17
High Inrush Currents, 1-4
-HS, 1-2, 3-1
Capabilities, 4-1
-HS Option, 4-1

IGBT, A-1
Input Power, 1-6
L1, L2 L3 2-2 25
Main Supply, 2-2
Motor Frame Connections, 2-2
Shield Connection, 2-2
TB1, 2-2
Three-Phase Power Input, 2-2
Input Power Wiring Techniques, 2-3
Installation, 2-1
Integrated, 2-6
Integrated Configurations, 2-6
-IOPSO, 1-2, 3-1, 4-1, 4-7
Capabilities, 4-1
-|IOPSO#, 4-1
Capabilities, 4-1

-|OPSO# Option
Jumpers, 4-2

-IOPSO# Option Board, 4-2
Analog Inputs (TB4), 4-5
Analog Outputs, 4-3
Brake/Relay (TB3), 4-4
Opto-Isolated Inputs (TB7), 4-9
Opto-Isolated Outputs (TB6), 4-6
PSO / Absolute Encoder Interface (J8), 4-16
SSINET (J9, J10), 4-20
User Power Connector (TB5), 4-6

-|OPSO# Options
Brake Output, 3-4

-lIOPS02, 1-2, 3-1, 4-1, 4-7, 4-15
Capabilities, 4-1

-lIOPS0O3, 1-2, 3-1, 4-1, 4-8
Capabilities, 4-1

-lIOPS04, 1-2, 3-1, 4-1, 4-8, 4-15
Capabilities, 4-1

|solation transformer, 2-5

Ji
FireWire, 2-11
J10, 4-20
J2
FireWire, 2-11
J3
FireWire, 2-11
W, 4-22
N3
Connector Pinouts, 3-2
J, 3-2
J6
Connector Pinouts, 3-3
J6, 3-3
J7, 2-9, 3-4, 4-2
Connector Pinouts, 3-4
J8, 4-16
X9, 4-20
Joystick Interface, 4-23
JTAG, 5-4
JTAG Programming Connector, 5-4
Jumpers
Control Board, 3-13
-|OPSOH#, 4-2
Power Board, 3-15

L

L.E.D. Display, 5-2

L1 Input Terminal, 2-2, 2-5

L2 Input Terminal, 2-2, 2-5

L3 Input Terminal, 2-2

Laser Output Opto-Isolator Specifications, 4-11, 4-15,
4-17

Aerotech, Inc. Version 1.3



NDrive User’s Manual

Index

LED indicator, 1-6
LED Indicators, 3-16
Description, 3-16
EN, 3-16
MR, 3-16
PK, 3-16
ZR, 3-16
Limit and Hall Effect Inputs, 3-5
Line Driver Encoder (Standard), 3-7
Line Filter Connection, 2-5
Line Interference, 2-5
Logic High, 2-9
Logic Low, 2-9

M

Models, 1-2
Motor, 1-6
Motor and Feedback Connection Basic
Configurations, 2-6
Brushless, 2-6
DC Brush, 2-6
Stepper, 2-6
Motor and Feedback Connections, 2-6
Motor Connections, 2-2, 2-6
Motor Feedback
Connector Pinouts, 3-4
Motor Feedback, 3-4
Connector, 4-2
MXH/MXU, 3-4
Motor Frame Connection, 2-2
Motor Output Terminals
A,B,andC, 2-2
Motor Phasing, 2-9, 2-10
MR LED Indicator, 3-16
-MXH, 1-2, 3-1, 4-1
Capabilities, 4-1
-MXH Option
Specifications, 3-9
Clock Frequency, 3-9
Interpolation, 3-9
Max Input Frequency, 3-9
Minimum Edge Separation, 3-9
Minimum Pulse Width, 3-9
MXH/MXU, 3-4
Options, 3-8

MXH/MXU Anaog Encoder Interface (Optional), 3-6

-MXU4096, 1-2, 3-1, 4-1
Capabilities, 4-1
-MXU65535
Capabilities, 4-1
-MXU65536, 1-2, 3-1, 4-1

N

NDrive Connection Test, 2-9
NDrive Hardware, 1-6

Noise
Back-propagation, 2-5

O

Operating Bus Voltages, 3-1
Optiona AC Power Supply Input, 2-2
Optional Analog Input Connector Pinouts, 4-5
Options, 1-2, 4-1
Opto-Isolated Input Connector
Pinouts, 4-9
Opto-lsolated Inputs (TB7), 4-9
Opto-Isolated Output Connector
Current Sinking Mode, 4-7
Current Sourcing Mode, 4-8
Pinouts, 4-6
Sinking Outputs, 4-7, 4-8
Specifications, 4-6
Opto-Isolated Outputs (TB6), 4-6
Order Information, 3-1
Output Current, Peak, 1-2
Output Current, Peak, 3-1

P
P10, 5-4
Part Number Information, 3-1
Part Numbers

FireWire Card and Cables, 2-12
Phase/Hall Sequence, 2-9
Pinouts
Analog Output Connector, 4-3
Brake / Relay Connector, 4-4
Optiona Analog Input Connector, 4-5
Opto-Isolated Input Connector, 4-9
Opto-Isolated Output Connector, 4-6
PSO / Absolute Encoder Interface (J8), 4-16
SSINet (39, J10), 4-20
User Power Connector, 4-6
PK LED Indicator, 3-16
Power, 1-2
Power Board, 3-14
Assembly, 3-14
Fuses, 3-15
Jumpers, 3-15
Power Board Options, 1-2, 3-1
-3P (3-Phase AC Input), 1-2, 3-1, 4-1
-AUXPWR (Auxiliary Power), 1-2, 3-1, 4-1
-HS (Heat Sink), 1-2, 3-1, 4-1
-S (Shunt), 1-2, 3-1, 4-1
Power Connections, 1-6, 2-2
Precautions, 2-1
Preventative Maintenance, 5-8
Product Overview, 1-1
PSO / Absolute Encoder Interface (J8), 4-16
PSO / Absolute Encoder Interface (J8)
Pinouts, 4-16
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-PSOOPTO1, 1-2, 3-1, 4-11, 4-17
-PSOOPTO2, 1-2, 3-1, 4-11, 4-17
-PSOOPTOS, 1-2, 3-1, 4-11, 4-17
PWM, A-1

R

Relay K1 Contact Ratings, 4-4

Revision History, R-1

RMS, A-1

RS-232 Boot Loader, 5-5

RS-232/RS-422, 3-2
Connector Pinouts, 3-2

S

-S,1-2, 31

Capabilities, 4-1
-S Option, 4-1
S2

Switch Settings, 2-14
Safety Procedures, 2-1
Secondary Encoder Channel, 3-3
Shield Connection, 2-2
Shielding Techniques, 2-3
Soft Start Circuit, 1-4
Specifications

Opto-Isolated Output Connector, 4-6

SSINet (39, J10)

Pinouts, 4-20
SSINET (9, J10), 4-20
Standard Encoder Input, 3-7
Standard Package, 1-4

Stepper Motor Configuration, 2-6, 2-8

Switch S2, 2-14
Switching Rate, 2-3

TB1, 2-2, 2-4
AL1, 2-2

AL2, 2-2

-AUXPWR, 2-4

Ground, 2-2

Optional AC Power Supply Input, 2-2
TB2, 2-2
TB3, 4-3,4-4
TB3 (Brake/ Relay) Current Specifications, 4-4
TB3 (Brake/ Relay) Voltage Specifications, 4-4
TB4, 4-5
TB5, 4-6
TB6, 4-6
TB7, 4-9
Technical Details, 3-1
Three-Phase Motor Terminal Connections, 2-2
Three-Phase Power Input (optional), 2-2
Troubleshooting, 5-1
TTL, A-1
TV0.3-28 power transformer (optional), 2-4
TV0.3-56 power transformer (optional), 2-4
Two Axis Laser Firing, 4-15

U

Unknown Phase/Hall Sequence, 2-9
User Power Connector (TB5), 4-6
User Power Connector Pinouts, 4-6

\%
Voltage configurations, 1-2

W

Warnings, 2-1, 2-11
Warranty Policy, B-1
Wiring Techniques, 2-3

Z
ZR LED Indicator, 3-16
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REVISION HISTORY

In This Section:
¢ REVISIONS...cccviicceieetei e R-1

Revisions

The following section provides the user with general information regarding the latest
changes to this manual. Extensive changes, if made, may not be itemized — instead, the
section or chapter will be listed with “extensive changes” in the corresponding General
Information cell.

Table R-1. Revisions
Revision Section(s) Affected General Information
1.1. Text change. Figure 1-1 updated.
1.3. Figure 1-2. updated. Figure 1-3. added.
25.1.-25.3. Figure 2-4. — Figure 2-6. updated.

2.7. Warning added. Table 2-3 updated.
3.2. Text updated.
3.3. Text updated.
3.4. Table 3-4. updated.

3.4.1. Previously numbered as 3.4.2.

1.3 3.4.2. Previously numbered as 3.4.1. Text and Table 3-5. updated.

3.4.3. New section.

4.2.3. Figure 4-3. updated.

4.2.5. Table 4-7. updated.

428 This and all subs_ections under 4.2.8. extensively changed (previously

numbered as section 4.2.10).

4.2.9. Text updated (previously numbered as section 4.2.8).

4.2.10. Text updated (previously numbered as section 4.2.9).
4.4, Figure 4-21. updated.

Declaration Of Conformity] Declaration of Conformity added

3.7. Figure 3-7 updated (fuse removed). Table 3-9 updated (F1 information).

4.2.10. SSINet cable information added (Figure 4-16 and Table 4-15).

12 4.4, Figure 4-18 wiring updated.

5.5. File names updated

5.5.2. File names updated
5.6 F1 and F2 fuse information updated.
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Table R-1. Revisions

Revision Section(s) Affected General Information
13. Figure 1-2: Updated
2.3. Text change (deletion)
24.2. Text change (NDriveB-xx-AUXPWR becomes NDRIVEXXB-
AUXPWR)
251 Figure 2-4: Updated
Chapter 3 Pin drawings corrected (pin numbers)
33 Table 3-3, Figure 3-2: AUXMKR+ and AUXMKR- swapped
3.4. Figure 3-4: MKR+ and MK R- swapped
11 34.2 Figure 3-5: MKR+ and MK R- swapped
3.6. Table 3-7: jJumper position/default setting updated (for JP5)
3.7. Figure 3-7, Table 3-8, Table 3-9: Updated (F4 and JP5 deleted)
423 Figure 4-3: Updated
4.2.8. Figure 4-14: Updated
4.2.9. Figure 4-15: Updated
5.2. Table 5-2. Updated
5.6. Table 5-5: Updated (F4 deleted)
aodad
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2 ;i ; READER’'S COMMENTS
®

AEROTECH

NDrive User's Manual
P/N EDU 170, November 2002

Please answer the questions below and add any suggestions for improving this document. Isthe
information:
Yes No
Adequate to the subject?
Well organized?
Clearly presented?
Well illustrated?
Would you like to see more illustrations?
Would you like to see more text?

How do you use this document in your job? Does it meet your needs?
What improvements, if any, would you like to see? Please be specific or cite examples.

Y our name
Your title
Company name
Address

Remove this page from the document and fax or mail your comments to the technical writing
department of Aerotech.

AEROTECH, INC.

Technical Writing Department

101 Zeta Drive

Pittsburgh, PA. 15238-2897 U.S.A.
Fax number (412) 967-6870
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