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ELECTRICAL INTERFACE BETWEEN NUMERICAL CONTROL AND MACHINE TOOLS

(From Standards Proposal No. 1181 formulated under the cognizance of EIA
Engineering Committee IE-31 on Numerical Control Systems and Equipment)

FOREWORD

The widespread use of Numerically Controlled Machine Tools has necessitated a standard whereby a
variety of numerical controls can be used on the same machine tool with minimum changes to the interface.

The Electronic Industries Association has long sponsored the work of Committee IE-31 on Numerical
Control Systems and Equipment. This committee, made up of representatives of control systems builders,
machine builders, and users, has prepared this standard for use by people building and using Numerical
Machine Controls.

1. GENERAL
1.1 Purposc

This standard is intended to serve as a guide in the design of an electrical interface between
Numerical Control systems and clectrical equipment associated with machine tools so as to promote:
L.1.T Compatability hetween machine tool electrical equipment and Numerical Control systems.
1.1.2 Reliable operation of the machine/control combination.

1.1.3 Uniform operation and definition of on/off signals.

1.1.4 Safety to personnel, consistent with provisions of NFPA-79 Elcctrical Standard for Metal
Working Machine Tools.

1.2 Scope

This standard covers both active and passive aspects of the electrical interface between the
Numecrical Control (NC) and the machine power and logic control, motor drive equipment, and
other clectrical apparatus on or associated with the machine tool. It covers:

1.2.1 Identification, grouping and wiring methods for signal and current-carrying conduclors, ground-
ing conductors, shields, and electrical transient suppression apparatus.

1.2.2 Voltage and current ratings and timing for on/off signals to and from the NC.

1.2.3 Voltage and current ratings for analog velocity reference signals to drive appamjus ax i
motions and spindle or table rotation. ﬁbbrﬂrrﬁé nts
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1.3 Definitions

For the purposes of this standard, definitions of terms are given in EIA Automation Bulletin 3-C
entitled “Glossary of Terms for Numerically Controlled Machines” and in NFPA-79 entitled
“Elcctrical Standard for Metalworking Machine Tools.”

2. INTERFACE

2.1 The physical interface consists of the electrical connections between NC and machine power and
logic control, motor drive equipment, and other electrical apparatus on or associated with the machine
tool. Figure 1 shows the functional areas that are included in the definition of the interface.

2.2 The interface connections are divided into four groups; I, 11, IIl and IV. (See Fig. 1). The com-
position of the groups does not depend upon the arrangement of enclosures; machine logic and motor
drives may be physically separated or either one or both may be in the NC enclosure.

2.3 Group I — Drive Velocify Commands

2.3.1 Connections commanding velocity or indicating servo-error, and connections of the NC
to variable-speed drives (See Fig. 2).

2.3.2 This group includes, in particular, the connections to hydraulic servo-valves and velocity
signals to motor drives where these are used for driving NC axes and/or machine spindles.

2.3.3 This group includes the connections for outputs to motors where the NC includes armaturc
and/or field power supplies.

2.4 Group II — Interconnections with Measurement System and Measuring Transducers

Connections for measurement of position and/or velocity on linear and rotary axes and of spindle
orientation; other measuring transducers associated with the NC, such as adaptive control signals. This
group includes the connections for associated excitation and supply voltages and tachometer signals
where these are connccted directly to the NC. (See Fig. 1).

2.5 Group Il — Power and Grounding Conductors

Connections to the grounding conductor and to the main power supply system.

2.6 Group IV — On/Off Signals

Connections for on/off signals, hoth mandatory and optional, interchanged between the NC and

machine (Sce Fig, 3).
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3. GENERAL CONSIDERATIONS OF INTERFACE CONNECTIONS

3.1 Separation and Shielding
3.1.1 Where conductors from different groups run parallel to each other in the same raceway
and/or at their points of connection to the NC, they shall be separated by a sufficient distance
and/or shielding for mutual interference effects to be insignificant. Alternatively, every group
shall have its own shield. It shall be the responsibility of the NC builder to provide the neces-

sary advice to fulfill this requirement.

3.1.2 Refer to sections 4, 5, 6 and 7 for requirements for separation and shielding for specific groups.

3.2 Connection of Shielding
3.2.1 Cable shields shall be connected to the grounding conductor at the NC. The NC builder
shall be responsible for these connections. If this connection must be made outside the NC, as
an exception, the NC builder shall indicate its location.
3.2.2 The user shall not connect the shielding at any other point to any metallic structure, nor
by any alternative route to the frame or grounding conductor, except by agreement of the NC

builder.

3.2.3 Shielding shall have electrical continuity from the NC to the remote termination with a
minimum of unshielded length.

3.2.4 Shielding shall not be used as a connection nor a current-carrying element between the
devices at each end of the cable.

3.2.5 All shielded cables shall be externally insulated to prevent accidental contact with any
other metallic parts. This outer insulation shall either afford mechanical protection of the cable
or it shall be additionally covered with a mechanically protective outer layer or layers.

3.3 Cable Specifications -

The NC builder shall recommend types of shielded cable suitable for use with the NC.

4. RECOMMENDATIONS AND REQUIREMENTS FOR GROUP I INTERFACE (Fig. 2)
4.1 Shielding of Connections

Group I connections for each drive velocity command ou tput ciréuit from the NC shall be shielded separately.
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4.2 Isolation Between NC and Electric Motor Drives .

4.2.1 Where electric motor control circuits are used, there shall be no electrically conductive
connection (except for grounding conductor) between the power circuit of the motor and the
NC, except as specified in 4.5. Connections to the grounding conductor shall be in accordance
with 6.5. ‘

4.2.2 Connections for the velocity command signals from the NC to electric drives for axis
motors may or may not comprise a zero-reference potential connection (See Figs. 2a and 2b).
The electric drives shall always be insensitive to common-mode inputs between its input ter-
minals and the frame or cabinet.

4.2.3 Group I connections for each output from the NC to dc motor armatures and/or field
excitation should be installed as twisted pairs of conductors.

4.3 Hydraulic Servo-valves

The NC builder should provide output currents proportional to machine velocity or alternatively
advise the machine builder of appropriate voltage to current conversion devices.

4.4 Velocity Command Voltages and Currents
4.4.1 The motor speed signal should be chosen so that the velocity command voltage for
maximum motor rpm under the conditions of use should lie between £ 7V and £ 10V. The
NC shall provide an output that is linearly proportional to the speed commanded with polarity
indicating direction, in the range of velocity corresponding to contouring on axis drives, and
throughout the range on spindle drives. The manufacturer of the motor drive shall make ap-
propriate provision for control of field energization where required.

4.4.2 Output impedance of the NC for voltage signals shall be less than 100 ohm.

4.4.3 The resultant input impedance of one or more motor controllers for voltage signals shall
be greater than 5K ohm.

4.5 Connections Between NC and Power Circuits

The builder of the motor drive shall ensure that no direct electrical path (except for grounding con-
ductor) under 20K ohm exists between the NC and power circuits. This includes any means of
measuring motor armature current.

4.6 Servo Energization

The NC builder shall state whether the servo loops for the machine axis drives remain fully excited

when the axes are in position.
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