OPERATING AND SERVICE MANUAL
NC400 SERIES SERVO CONTROLLER

MA1229 REV.B



NC 400 CARD AMPLIFIER



Operating and Service Manual

NC400 Series Servo Controllers

(Preliminary)

TABLE OF CONTENTS

CHAPTER I
1.0 The NC400 Series DC Servo Controllers
1.1 Introduction

1.2 Receiving and Handling

CHAPTER II
2.0 Specifications
2.1 Servo Controller Specifications
2.2 Power Supply Specifications
2.2.1 Single Phase Power Supplies
2.2.2 Three Phase Power Supplies

2.3 Shunt Regulator Specifications

CHAPTER II11

3.0 Assembly and Terminal Descriptions

3.1 Servo Controller Assemblies:
NC407, NC414, NC421

3.2 Dual-Axis Card Assemblies:
Al522, Al1523

3.3 Single-Phase Power Supply Assemblies:
Al524 and Al1525

3.4 Three-Phase Powcr Supply Assemblies:
A1526 and Al1527

3-10

3-11

3-12



3.5 Shunt Regulator Assemblies:

3.6 Rack Panel Assemblies:

4.2 Panel Mounted Assemblies

4.3 Rack Mounted Assemblies

4.4.1 Power Wiring

Signal Wiring and Shielding

Earth (Ground) Connections

Bus Filter Capacitor
Armature Inductor

Load Contactor

CHAPTER III (CONTINUED)
Al528 and Al529
Al516 and Al518
3.7 Power Transformers
CHAPTER IV
4.0 Installation Procedures
4.1 General Precautions
4.4 Wiring
4.4.2
4.4.3
4.5 Ancillary Components
4.5.1
4.5.2
4.5.3
CHAPTER V
5.0 Set-Up Procedure

5.1 Power Supply Tests

5.2 Servo Controller Set-Up Procedures

5.2.1
5.2.2
5.2.3
5.2.4

Bridge Resistance Checks
Polarity (Direction) Determination
Enable and Inhibit Circuit Tests

Potentiometer Adjustments

3-13

3-14

5-1
5-1
5-3
5-4
5-5



CHAPTER V (CONTINUED)

CHAPTER VI

5.2.4 5.2.4.1 Offset Adjustment
5.2.4.2 Current Limit Adjustment
5.2.4.3 Scale Factor Adjustment
5.2.4.4 Servo Response Adjustment
5.2.5 Compensation Component Changes

5.2.6 Electronic Circuit Breaker Trip
Adjustment

6.0 Theory of Operation

6.1 Power Section Operation

6.2

Preamplifier Section Operation

6.2.1 Frequency Response Analysis
6.2.2 The Offset Circuit

6.2.3 The Current Limit Circuit

6.2.4 Three Signal Input Version

6.2.5 Miscellaneous Comments
Protection Circuit Operation

6.3.1 Thermal Sensor

6.3.2 Electronic Circuit Breaker Circuit
6.3.3 Overvoltage Sense Circuit

6.3.4 Undervoltage Protection Circuits

6.3.5 Primary Overcurrent Sense Circuit

6-1

6-8

6-9

6-11
6-14
6-15
6-16
6-18
6-18
6-19
6-19
6-20

6-21

6.3.6 Secondary Overcurrent Sense Circuit ¢-22

6.3.7 Shunt Regulator Option

6-22



CHAPTER VII

7.0 Maintenance, Repair and Warranty

7.1 Maintenance Procedures 7-1
7.2 Fault Determination Procedures 7-1
7.2.1 In-System Check 7=-2
7.2.2 Out-of-System Checks 7-3
7.2.2.1 Quadrant Resistance Tests 7-3

7.2.2.2 Signal Electronics Card Tests 7-3

7.2.2.3 Preamplifier Section Tests 7-7
7.3 Factory Repair 7-8
7.4 Spare Parts 7-9
7.4.1 Level 1 Maintenance Spare Parts 7-9
7.4.2 Level 2 Maintenance Spare Parts 7-9
7.5 Warranty 7-11
7.6 Authorized Repair Agents 7-12

APPENDIX

A.l Assembly Outline Drawings



CHAPTER I

The NC400VSeries DC Servo Controllers

1.1 1Introduction

Three servo controller models, NC407, NC414 and NC421, and
associated equipment assemblies comprise the NC400 Series. These
controllers operate from a 100VDC bus and range in peak output
currents from 15 to 45 amperes.

These controllers are true plug-in card assemblies and do
not require that any wires be detached in order to remove them
from their mounting, making replacements or exchanges extremely
easy and absolutely foolproof.

The NC400 Series are switch-mode controllers employing rugged
power switching transistors, resulting in reliable, efficient
and smooth power transfer from the DC supply to the motor load.
In fact, average load current form factors are normally lower than
1.01; hence, nearly pure DC current flows in the motor. As a
result, substantially more power is obtained from SCR - rated
motors, allowing in many cases a reduction of frame size with
consequent cost savings.

In addition, an order of magnitude increase in closed-loop
velocity and position servo performance is afforded by the high
system bandwidths achievable using the NC400 Series.

Besides the three identically-sized servo controller card
assemblies, the NC400 Series also offers additional, complemen-
tary assemblies (Dual-Axis Card Assembly) in which to mount the
controllers for either panel or rack mounting. In addition, both
single and three phase Power Supply assemblies are available‘to
provide up to 6KW of power to the controllers. Detailed descrip-
tions of these components, as well as others, are provided in
later sections of this manual,
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1.0

The NC400 Series DC Servo Controllers (Continued)

1.1 Introduction (Continued)

The following sections of this manual detail installation,
operating and maintenance procedures for the NC400 Series and
have, as well, sections covering aspects of the theory of
operation of the controllers and basic applications information.

1.2 Receiving and Handling

Upon delivery of the equipment, thoroughly inspect the ship-
ping containers and contents for indications of damage incurred
in transit. If any of the items called for in the bill of lading
or express receipt are damaged or the quantity is short, do not
accept them until the freight or express agent makes an appro-
priate notation on your freight bill or express receipt. If
any concealed loss or damage is discovered later, notify your
freight or express agent within 15 days of receipt and request
that he or she make an inspection.

Claims for loss or damage in shipment must not be deducted
from your invoice, nor should payment be withheld pending adjust-
ment of any such claims.

Store the equipment in a clean, dry area. It is advisable
to leave the equipment in its shipping container until ready for
use.

Procedures for returning equipment to the factory, for any
reason, are detailed in later sections of this manual.
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CHAPTER 11

2.0 Specifications

2.1 Servo Controller Specifications

1)
2)
3)

4)

5)

6)

7)
8)
9)

10)
11)

12)
13)
14)

DC Bus Voltage (nominal):
Maximum Output Voltage:
Output Current:

NC407
Peak (5 sec. max) +15A
RMS +7A
Continuous +7A

Horsepower Rating (nominal):

NC407
Peak 1.5
Continuous 0.7

Power Input Voltages:
Power Section Bandwidth:
Deadband:
Efficiency:
Current Limit Range:
Form Factor (Note 1):
Gain (Note 2):
NC407
Input 1: 0 to
5000A/V
Input 2: 130 to
1300A/V

Gain Linearity:
Drift (Referred to Input):
Offset

+100VDC
+95
NC414 NC421
+30A +45A
+14A +21A
+14A +21Aa
NC414 NC421
3.0 4.5
1.4 2.1
+100VDC
36VAC (center-tapped) € 0.27
Small Signal: 0 to 1000Hz
Large Signal: O to 100Hz
Zero
85%
NC407: +3A to +15A
NC414: +6A to +30A
NC421: +9A to +45A
1.01
NC414 NC421
0 to 0 to
10,000A/V 15,000A/V
260 to 400 to
2600A/V 4000A/V
+5%
1ouv/°c

Adjustable to zero
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2.0 Specifications (Continued)

2.1 Servo Controller Specifications (Continued)

15) Input Resistance (min.) Input 1: 10K Ohms
(Differential)
Input 2: 10K Ohms
16) Temperature Range:
Operating: 0°c to +50°C
Storage: -30°c to +65°C
ADDITIONAL FEATURES
1) Auxiliary Outputs:
a) Load Current Analogue: 1.6A/V (NC407), 3.3A/V (NC414)
4.8A/V (NC421)
b) Reference Voltages: +15VDC @25MA
c) Fault Indication: Open-Collector Transistor
Output and PCB LED Indicator
d) RMS Over~Current or Over- Open-Collector Transistor
Temp. Indication: Output with 1.5K ohm Pull-Up
to Internal +15VDC
2) Auxiliary Inputs: Positive Current Inhibit
Negative Current Inhibit
Enable (short-to-enable)
3) Protection Circuits: Over-Temperature

Over-Voltage

Over-Current (RMS)

Short-Circuit Across Armature

Short-Circuit to Ground -
either armature lead

NOTE 1l: At ratecd

NOTE 2:

continuous current and load inductance of 7A,
2.9 mH (NC407; 14A, 1.45 mH (NC414):; 21A, 1.0mH (NC421)

Gain ranges shown are for the standard preamplifier

configuration,
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2.0 Specifications (Continued)

2.2 Power

Supply Specifications

2.2.1

1)
2)

3)
4)

5)

2,2.2
1)

2)

3)
4)

5)

Single Phase Power Supplies

AC Input Voltage:
(nominal, no-load)

DC Output Voltage:
(nominal, no-load)

Power Ratings

144vVAcC,

+100VDC

4,0 KW (max,

Transformer/Supply Regulation:

center- tapped

continuous)

Transformer No-Load @Rated PWR Ripple Volts
T0073 +100VDC +84VDC 5VP-P
T0074 +100VDC +82VDC 8VP=P
TOO075 +100VDC +82VDC 12vP-P
T0076 +100VDC +82VDC l16VP-P

Cooling: Convection

Three Phase Power Supplies:

AC Input Voltage:
(nominal, no-load)

DC Output Voltage:
(nominal, no-load)

Power Rating:

72VAC line-to-line

120VAC @ 1A

+100VDC

6.0 KW (max, continuous)

Transformer/Supply Regulation:

Transformer No-Load VDC @Rated PWR | Ripple Volts
TO0O077 +100VDC +90VDC 2Vp =P
TOO078 +100VDC +90VDC 3VP-P
T0079 +100VDC +88VDC 4VP-P

Cooling: Forced Air
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2.0 Specifications (Continued)

2.3 Shunt Regulator Specifications:

1) Peak Power Dissipated:

Al1528 1000w
Al529 2000w

2) Continuous Power Dissipated:

Al528 lo0w
Al529 200w

3) Thresholds:
Cut-In : 117 - 118 V
Cut-Out: 112 « 113 V
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CHAPTER 111

Assembly and Terminal Descriptions

3.1 Servo Controller Assemblies: NC407, NC414, NC421

Each of the three servo controller card assemblies
Al1519 (NC407), Al1520 (NC414) and Al521 (NC421l) consists of
two pcb cards --- a Signal Electronics Card and a Power
Electronics Card --- mated together with a plastic handle
extrusion to form a complete controller. Only the Power
Electronics Card is different in the three different models,

The controller is a true plug-in unit,., When inserted
into a Dual-Axis Card Assembly, the Signal Electronics
Card mates with a 24 pin card edge connector carrying all
signals; while the Power Electronics Card mates with a
special power card edge connector, through which all power
connections are made.

The following is a description of each of the 24 signal
inputs and outputs available at A2 on the Signal Electronics
card, and each of the 4 power inputs and outputs available
on the Power Electronics Card (refer to Figure 3.1.)

Servo
Dual-Axis Controller
Card Assy Assembly Terminal Description
TBl-1 or A2-10 . NON-INVERTING SIGNAL INPUT NO. l{

TB2-1
Non-inverting signal input point,

for signal input No, 1, when
employing differential input stage,
Also can be used as signal No, 3
input point when not employing
differential input stage (see
Section 5.2)., Input impedance is

10K&a nominal,
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3.0 Assembly and Terminal Descriptions (Continued).

3.1 Servo Controller Assemblies: NC407, NC414, NC421 (Cont)

Servo

Dual-Axis Controller

Card Assy Assembly Terminal Description

TB1l-2 or A2-11 INVERTING SIGNAL INPUT NO, 1:
Inverting signal input No. 1,
when employing differential input
stage., Input impedance is 10Ka.
nominal, Gain is adjusted by R94
(581G, 1 potentiometer) at the top
of the Signal Electronics Card.
CW rotation increases the signal
level,

TB1-3,5,9, A2-3,4, SIGNAL COMMON:

11,14,16,22 5,6,7,8

or A number of signal common connec-

TB2-3,5,9, . . . .

11'14’1é’22 tion points are provided. The sig
nal commons are tied internally on
the NC400 Series to the power common,

TB1l-4 or A2-D SIGNAL INPUT NO, 2:

TB2-4
Non-differential signal input terminal

Gain set using R91 (SIG. 2) poten-
tiometer at the top of the Signal
Electronics Card. CW adjustment
increases the signal level.
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3.0 Assembly and Terminal Descriptiomrs (Continuéd)

3.1 Servo Controller Assemblies:

NC407, NC414, NC421 (Cont)

Servo

Dual-Axis Controller
Card Assy Assembly
TBl-6 oOr A2-9
TB2-6

|

|
TB1-7 or A2-f
TB2~7

Terminal Description

AUXILIARY FUNCTION No. 1l:
Auxiliary Function 1, 2 and 3

terminals allow the interposition of
additional, external circuits in

the signal path of the Servo Controller.

For example, .an external current-
limit circuit can be placed between
Auxiliary Function terminals 1 and 2
(jumper J4 must be removed).

Section 5,2 provides further details,

\AUXILIARY FUNCTION No, .2

Used with Aux, Function 1 above,

or Aux. Function 3 below to imple-
ment special signal processing
functions provided by external cir-

cuitry. For example, one can inter-
pose a current-limit versus motor
speed circuit between the preamplifier
and power sections of the controller,
using Auxiliary Function No, 2 and

No. 3 terminals (jumper J3 must be

See Section 5.2 for

further details.

removed) .
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3,0 Assembly and Terminal Descriptions (Continued).

3,1 Servo Controller Assemblies: NC407, NC414, NC421 (Cont)

Servo
Dual-Ax%; Controller
Card Assy Assembly Terminal Description

TBl-8 or A2-E AUXILIARY FUNCTION NO,3:
TB2-8 Used with Auxiliary Function No.2,

above, to implement special signal
processing functions, See above and
Section 5.2 for details,

TB1-10 or A2-H £§ﬁIBIT POSITIVE:
TB2-10 A contact closure or suitable active
device capable of sinking a peak
current of 20MA and having an off-
set or saturation characteristic of
less than 0.6V, must be present and
closed between the Inhibit Positive
terminal and signal common to allow
normal controller operation in the
positive direction, Positive direc-
tion means current flow from the
Armature (+) to Armature (-) ter-
minals, A delay of approximately 30
msec occurs between inhibit activation

and cessation of current flow,

TBl-12 or A2-L INHIBIT NEGATIVE:

TB2-12 Same function as Inhibit Positive
above, except that, when activated,
current is inhibited from flowing in
the negative direction, that is, from
Armature {-) to Armature (+).
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3.0 Assembly and Terminal Descriptions (Continued)

3,1 Servo Controller Assemblies: NC407, NC414, NC421

Servo
Dual-Axis Controller
Card Assy Assembly
TB1-13 or A2-J
TB2-13
TB1-15 or A2«=N
TB2-15

Terminal Description

SYNC SIGNAL INPUT:
This input provides a means of

synchronizing the switching frequencies
of the controller and other controllers
or devices, by injection of a triangle-
wave modulation signal from an exter-
nal source. The injected signal should
have an amplitude of from 18 to 20
volts peak-to-peak and a frequency

in the range 3 to 6 KHZ, Jumper Jl
must be removed when using an external

sychronizing signal.

Electronic Circuit Breaker/

Overtemperature Indication:
A signal low(< 0,3V) is present at this

terminal with respect to signal common

~during normal controller operation.

Up to 10MA of current can be sinked by
this circuit. If either the Electronic
Circuit Breaker protection circuit or
the heat sink over-temperature sensor
should activate, this indicator ter-
minal is pulled to +15KVDC thrcugh a
1.5KQ resistor.
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3.0 Assembly and Terminal Descriptions (Continuedi

3.1 Servo Controller Assemblies: NC407, NC414, NC421

Servo

Dual-Axis Controller
Card Assz Assembly
TBl-17 or A2«C
TB2«17

}
TBl1l-18 or A2-K
TB2-18

Terminal Description

FAULT LATCH OUTPUT:
During normal controller operation

a signal low (<% 0.3V) is present
at this terminal, Up to 20MA can

be sinked. If a fault condition is
detected, such as a shorted armature
in the motor load, the internal fault
latch is set, the controller is dis-
abled and the Fault Latch Output
goes to an open state. Pull-up must
be provided by external means, as
this circuit is an open collector in

the tripped state.

CURRENT ANALOGUE OUTPUT:
An analogue of load current is

available at this terminal, The
scale factor is such that 9.3V + 10%
represents rated peak controller
current. The source impedance at
this terminal is the equivalent of
2,7Kka. and 0.1 MF in parallel..
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Assembly and Terminal Descriptions (Continued)

3.1 Servo Controller Assemblies: NC407, NC414, NC421 (Cont)

Dual-Axis
Card Assy

TB1-19 or
TB2-19

TB1~20 or
TB2-20

TB1-21 or
TB2-21

Sexrvo
Controller

Assemblx

A2-M

A2-B

A2-A

Terminal Description

ENABLE:

This terminal provides a means of
disabling the controller totally,
so that the output bridge circuit
semiconductors are all in the OFF
state and current is not driven

in either direction., ‘irhe controlle:
is disabled whenever this terminal
is not connected to signal common,
A delay of approximately 30 msec

is incurred when the controller is
disabled. Virtually no delay occurs

when the controller is enabled.

+15VDC BIAS VOLTAGE:
A source of both positive and negative

15VDC bias voltage is provided by the
NC400 Series servo controllers and
made available at this terminal and
the one below, Current draw should
not exceed 25 MA, Ripple and noise
are less than 50 MV peak.to-peak.
These voltages can be used to power
auxiliary function circuits or provide
reference voltages. See Section 5.3
for further details,

:ESVDC BIAS VOLTAGE:
Sce above for details.
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