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PREFACE

The 1054 Stepping Motor Drive offers a versatile package suitable for driving the
majority of 4-phase stepper motors up to 2560 watts shaft power. The technigues
employed give an outstanding motor performance with high drive efficiency,
and the various options cater for a wide range of applications and control systems.

This manual gives descriptions of the various system components together with
information on installation, setting up and fault location. An introduction to
stepper motors is included for those who may not be familiar with their

characteristics.

Eor further advice on the use of the drive, and assistance with any stepping motor
application, please contact Digiplan Ltd.
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2. AN INTRODUCTION TO STEPPER MOTORS

2.1 Basic Principles

A stepper motor may be described as a rotating machine in which the rotor moves
through discrete angular steps in response to voltage puises applied to the motor
windings. The size of each angular step depends primarily on the construction of
the motor, therefore it is possible to use the device in a position control system
without a feedback loopp since the movement obtained from a given electtical
input is well defined. Such a contral system gives high accuracy and fast response
without the complexity and stabilisation problems associated with feedback control
systems, and the incremental nature of the motion is ideally suited to control by
a digital logic system. Nevertheless there are certain limitations which must be
taken into account if the full potential performance of a stepper motor system is
to be realised.

Stepper motors may be divided into three main groups — variable reluctance,
permanent magnet and hybrid. The hybrid motor has emerged as the most suitable
type for the majority of applications since it combines the desirable features of
the other two types, so further discussion will be confined to this type of motor.

The theory of operation is most easily understood by considering the simple
4-phase, 4 step/rev. motor shown diagrammatically in Fig. 1.
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SIMPLE 4 STEP/REvV MOTOR FIG.1

The motor consists of a permanently magnetised rotor and two pairs of stator
poles, each pair carrying two windings or ‘phases’. In the absence of any stator
current the rotor tries to assume a position of minimum magnetic reluctance, which
means it attempts to align itself with one or other of the pairs of stator poles.
This gives rise to a ‘detent torgue’ which produces the ‘notchy’ feel of a de-ener-
gised motor.

When a current is made to flow in one of the phases as shown in Fig.1{a}, the rotor
will align itself with the field produced by the stator. Hence if current flows in
phase TA the rotor aligns itself with poles 1 and 3 as indicated. The torque which
would now be required to pull the rotor out of alignment is very much greater
than the detent torgue and is called the 'holding torgue’.

Suppose now that current is made to flow in phase 2A instead of phase 1A, as
indicated in Fig. 1(b). The rotor will align itself with the new stator field and
will therefore rotate through 80 degrees to line up with poles 2 and 4 as shown.
Similarly, suhsequent energisation of phases 1B and 2B will produce further
rotation of the rotor in 90-degree increments (the fields produced by 1B and 2B
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are in opposite directions from those generated by 1A and 2A). Hence by sequenti-
ally energising the four phases the rotor may be made to turn continuously but
always in discrete, defined steps. By reversing the sequence in which the phases
are energised the rotor may be made to turn in the opposite direction.

If two phases are energised simultaneously, the resultant magnetic field will be the
vectorial sum of the individual fields. Thus by energising phases 1A and 2A together
the rotor becomes aligned as shown in Fig.1{c}. It is seen that this new position is
displaced 45 degrees from the previous adjacent paositions, in other words a half
step has been produced. By alternately energising the phases singly and in pairs it
is therefore possible to produce eight half-steps per rev. instead of four full steps,
and in fact there are advantages in using the smaller step size, as will be explained
later.

Of course a motor with such a large basic step angle would be of limited practical
value, but it is a simple matter to reduce the step size by making a multi-toothed
stator which has many pole faces equally distributed around the rotor. During a
complete energising sequence the field from such a stator appears to rotate only
through the angle between one stator tooth and the next, hence the rotor steps are
correspondingly reduced in size. It is important to realise that now the energisation
of one particular phase no longer determines unigquely the position of the rotor; it
will be stable in as many angular positions as there are teeth on the stator. If suffi-
cient lpad torgue is applied to the rotor to deflect it by more than half a stator
tooth pitch, it will jump to the next stable point and a permanent positional
error will have been introduced. This is an important aspect of stepper motor
behaviour from which it is clear that the motor must always be abie to develop
sufficient torque to overcome the frictional and inertial loads imposed upon it.

2.2, Terminology
At this point it is appropriate to define some of the terms used in connection with

stepper motors and their operation. Some of the terms have been used already and
others will be introduced in the next section. The list has been confined to those
terms which are necessary for a basic understanding of stepper motor systems.

Detent Torgue — the maximum torgue which may be applied to the shaft of an
unexcited permanent-magnet or hybrid motor without causing continuous rotation.
There is no detent torque with a variable-reluctance motor.

Holding Torgue — the maximum torque which may be applied to the shaft of an
energised motor without causing continuocus rotation. This torgue is very much
greater than the detent torque.

Step Angle — the angle through which the rotor moves in response to a single
electrical step from the drive. It depends partly on the motor construction and
partly on the drive system being used. It is possible to subdivide the basic motor
step in order to produce smaller step angles.

Resolution — another way of expressing the step angle, but given in terms of the
number of steps for one complete revolution of the motor shaft.

Angular Velocity — the mean rate of shaft rotation when the motor is being
stepped continuously. [t is equal to the product of step angle and stepping rate
and may be expressed in revolutions per minute.

Stepping Rate — the number of steps per second performed by the maotor.

Loss of Synchronism — the condition in which the number of steps performed by
the motor differs from the number of electrical steps delivered by the drive. This
may be caused in many ways but it is usualiy the result of the instantaneous
stepping rate being too high or an excessive load on the motor, The error produced
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is always a multiple of 4 steps on a 200 step/rev. motor.

Start-Stop Range — the range of stepping rates within which the motor may be
started or stopped instantaneously without loss of synchronism with a given load.
Slew Range — the range of stepping rates above the start/stop range which the
motor will follow without loss of synchronism provided that ramping is used.
The motor cannot be started or stopped instantaneously within the slew range.
Ramping — the technique of progressively increasing or decreasing the stepping
rate so that the motor accelerates or decelerates without losing steps.

Phase — one af the motor windings across which the drive voltage is applied. The
1054 Drive was designed for d-phase motors which have four windings arranged
as two pairs. When used with a bipolar drive the two windings in each pair are
connected together and treated as a single winding. The motor then has effectively
only two windings which are referred to as Phase 1 and Phase 2.

2.3 Performance Characteristics

1. Single-step response

In order to understand the behaviour characteristics of a stepper motor it is neces-
sary to appreciate the nature of the torque developed by the rotor. There is clearly
no torque produced when the rotor is in its stable position, i.e. aligned with the
stator field. |f the rotor is forcibly displaced to the next stable point there will
again be no torgue produced in this new position. Half-way between these two
stable points there is another zero-torque position, but this is an unstable point
since a slight deflection will cause the rotor to jump forward or back to the nearest
stable point. [n between the stable and unstable points the torque rises and falls in
an approximately sinusoidal fashion as shown in Fig. 2. In the case of the simple 4
step/rev. motor of Fig. 1 the maximum torque will be produced when the rotor is
displaced 90° from the stable position, i.e. one full step.

Consider now what happens when the phase gurrents are switched so as to advance
the rotor one step, as in going from ta) to 1(b). When the current is established
in the new winding the rotor now finds itself at a position of maximum torque,
i.e. it is displaced 90° from what will be the new step position. It therefore begins
to accelerate towards the new position, during which time the torque falls until
it becomes zero at the stable point. By the time the rotor reaches the stable point,
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however, it has acquired momentum by virtue of its inertia and it therefore over-
shoots, causing a reverse torgue to be produced which tends to return it to the
stable position. This is clearly an oscillatory condition and in fact the nature of the
single step response is typically as shown in Fig. 3. Frictional loading on the shaft
acts as a damping force, and an increase in the frictional load causes the oscillations
to die away more quickly.

2. Multiple-Step Respornse

The behaviour of a motor when performing multiple steps is usually described by
means of a torgue-speed curve. This curve indicates how the available torgue
varies with the stepping rate; the torgue output decreases as siepping rate is in-
creased, partly due to a reduction in input current caused by the winding induc-
tance and partly as a result of an increase in eddy currents and hysteresis losses
which reduce the efficiency of the motor. There are two basic curves which des-
cribe the performance of the motor— a start/stop curve and a slew curve, illustrated
in Fig. 4. The start/stop curve shows the maximum torque load against which the
motor can start in synchronism at a particular stepping rate, with a specified
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inertial load: the area under this curve is called the start/stop range. The slew curve
shows the maximum torque available when the motor is gradually run up to speed,
and the area between the two curves is called the slew range or slew region. The
motor must always be started within the start/stop range and then be gradually
accelerated into the slew range, as it cannot be started instantaneously within the
slew range. Similarly a motor operating in the slew range must be decelerated into
the start/stop range before it is brought to rest, otherwise it will overshoot on
stopping. The start/stop and slew curves are sometimes referred to as the pull-in
and pull-out torgue curves respectively.

It should be noted that the performance of a motor is largely dependent on the
drive system used and on any external load, therefore a torque-speed curve is mean-
ingless unless this information is included.

3. Resonance

Referring back to Fig. 3, it is seen that the rotor oscillates about the final step
position before coming to rest. At certain stepping frequencies these oscillations
can seriously affect the behaviour of the motor by producing resonance effects
or even causing the motor to stall. The amplitude, frequency and decay rate of the
oscitlations depend very much on load and drive conditions. An inertial load
carries with it the risk of increased resonance trouble, a frictional load acts as a
damping force and tends to reduce the problem. A step-division drive system,
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together with active current regulation as used in the 1054 Drive both result in a
significant reduction in motor resonance phenomena.

4, Static Accuracy

With an unlgaded motor the angular accuracy of any particular step depends
mainly on the quality of construction and is typically = 3 minutes of arc for a
200 step/rev. motor. |t is important to realise that this error is non-cumulative,
in other words the error after rotation through any number of steps will still be
+ 3 minutes. In practice it is difficult to achieve this accuracy in systems which
have any frictional load, and this is particularly true in a sub-step mode. When a
torque load is applied to the motor the shaft will deflect from its no-load position
until sufficient torque is generated to equal the load. Fig. 5 shows a typical torque/
deflection curve for a 200 step/rev. motor. The holding torgue depends on the
motor current at standstill, and Digiplan high performance Drives are designed to
allow adjustment of the standby current according to the application. In most
cases a standby current of 30—40% of full motor current is sufficient and this
ensures that the motor and drive remain cool during standby periods.

2.4 Drive Systems

In the simplest type of stepping motor drive, four transistor switches are used to
energise the mator phases as shown in Fig. 6. In a full-step arrangement the phases
are usualty energised in pairs in the sequence A1+B1, B1+A2, A2+B2, B2+A1. Ina
half-step drive the phases are energised alternately singly and in pairs as explained
in Section 2.1. In this case it is necessary to reduce the current when two phases
are energised simultaneously so that the torque produced on alternate steps is the
same, otherwise the steps will be alternately strang and weak.

v+

SIMPLE STEPPING-MOTOR DRIVE FIG 6.

It is found that the low-speed motor efficiency in terms of torque per watt is
usuatly some 20% higher when two phases are energised instead of one, and a
further improvement may be achieved by energising all four windings simultaneously.
However, with the simple drive system, energising coils A1 and A2 together will
produce magnetic fields which tend to cancel each other out. Hence it is necessary
to employ a different driving arrangement which can feed current through the
windings in either direction, and then the pairs of coils can be interconnected so
that their magnetic fields are additive. Such a system is cailed a bipolar drive and
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is shown in its basic form in Fig. 7. Current is made to flow in either direction
through the windings by switching an either TR1 or TR2, and it is found in
practice that a further improvement of 25—30% in torque per watt is achievable
using this technigue. This improvement in efficiency will not normally apply at
high speeds when the bulk of the losses are due to eddy currents and hysteresis.

BASIC BIPOLAR DRIVE (ONE PHASE ONLY) FIG. 7

The drive system used in the 1054 is an extension of the basic bipolar arrangement
and is known as a bipolar bridge, shown in simplified form in Fig. 8. This system
uses an extra pair of switches but has twa important advantages — only one power
supply is required, and the peak-to-peak voltage applied across the windings is
twice the supply voltage. This is important at high stepping rates as will shortly

hecome clear.
T N

BIPOLAR BRIDGE DRIVE FIG. 8

The drive systems so far considered operate very well at low stepping rates, but as
speed is increased the inductance of the motor windings starts to become a prohlem.
By its very nature an inductance opposes a rapid build-up of current and at high
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speeds the current may only have time to rise to a fraction of its steady state value,
with a corresponding reduction in torque.

The rate at which current builds up in an inductance depends on the voltage applied
to it, so in order to obtain a rapid rise of current in the coils a large voltage must be
applied. Once the current has risen to the required value the high voltage must
somehow be reduced, otherwise the current will continue to rise until it becomes
limited only by the winding resistance. A common method of achieving this is to
feed the coils via a series resistor which will limit the current to the required value,
but this arrangement is very wasteful and at low speeds the drive may be dissipating
considerably more power than is actually being delivered to the motor.

The bilevel drive system overcomes this problem by employing separate high and
low voltage power supplies. When a coil is energised the high voltage is applied
across the winding and this ensures a rapid build-up of current; when the current
has reached a pre-determined level the high voltage supply is turned off and the
coil current is maintained at the required value from the low voltage supply,
enabling the dissipation within the drive to be kept to a minimum. The advantage
of the full bridge configuration will now be apparent — for a given transistor
collector voltage rating the windings may be driven at twice the voltage of the
simpler bipolar arrangement with a corresponding improvement in high-speed per-
formance.

Q) HIGH-VOLTAGE

SUPPLY
TRS
b {———0 LOW-VvOLTAGE
SUPPLY
TR TR3
Al
A2
TR2 TR
’ CURRENT $ENSE VOLTAGE
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BRIDGE DRIVE FI1G.9. =

Fig. 9 illustrates the extension of the bipolar bridge to bilevel operation. At the
start of the step, transistor TR5 is turned on and this connects the bridge to the
high-voltage supply. The vaoltage appearing across the sense resistor R gives a
measure of the coil current, and when this has built up to the required value TR5
is turned off and the low-voltage supply takes over.

The combination of bipolar bridge with bilevel excitation results in a powerful
system giving both high drive efficiency and excellent motor perfermance.
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3. DESCRIPTION OF THE 1054 DRIVE

3.1 Specification
Drive Circuit:

Max. Power Qutput:
Rated output current:

Max. Motor Voltage:
Max. Stepping Rate:

Auxiliary Power Cutput:
Supply Voltage:

Supply Voltage Talerance:

Power Consumption:
Dimensions:

Weight:

Operating Temperature
Range:

3.2 General Description

Bipolar, bilevel bridge

300 Watts.

one phase on with boost 5.3A;

two phases on with boost 4A/phase
10 volts {less than b volts recommended)
20,000 steps per second {400 steps/rev)
50,000 steps per second {1000 steps/rev)
+24V DC £ 20%, %A maximum.
100-125V or 200250V, 40-60 Hz.

+ 10%

350 VA fully loaded.

127 (306mm) long x 6 (162mm) wide x 5%
(133mm) high.

16 lbs (7.26 Kg).

0°C to 40°C local ambient.

Fig. 10 shows the main components of the 1084 system — the translator, switch
set and power supply. An optional oscillator card may be included and this will

he considered later.

TRANSLATOR & AUX!LIARY SUPPLIES

POWER AC INPUT

SUPPLY

MGTOR
SUPFLIES

CLOCK PULSE 151
——————
INPUT

TRANSLATOR
DIRECTION
INPUT

MOTOR

161
CONTROL SIGNALS SWITCH

SET

1

CURRENT FEEDBACK SIGNAL

1054 DRIVE SYSTEM FIG.10.

Figs. 11 and 12 show the physical layout of the drive and the location of the
main components. The 161 switch set has an integral heat sink and forms the left-
hand side of the drive assembly. The translator and optional oscillator cards plug
into the 168 mother board which incorporates a 24-volt power supply. The main
power supply and power dump circuits make up the remainder of the package.
All terminations are brought to the front of the drive for ease of installation.



The basic input signal required by the system is a sefies of ramped or uniform
clock pulses, the number of pulses corresponding 1o the number of steps the
motor is required to perform. From this pulse sequence must be generated a set
of controlled drive waveforms which, when applied to the stepping motor, will
cause it to execute the required number of steps.

The first part of the process is carried out by the translator. It generates a series
of low-leve! signals which will be fed to the switch set to control both the timing
and direction of the currents flowing in the motor windings. In generating these
signals the translator must take account of the required direction of rotation,
as specified by the ‘Motor Direction’ input.

The switch set is essentially an amplifier which delivers the necessary power 1o the
motor in response to the control signals from the translator. It incorporates the
bipolar, bilevel switching circuitry mentioned in Section 2.4,

MAINS TRANSFORMER

151 OR 208 TRANSLATOR

CARD
156 DR 165 OSCILLATOR
CARD
LV RECTIFIER LY CAPACITCR HY CAPACITOR
BRI c1 Cc2

(2a)

| —— MAINS

161 SWITCH
SET

FAULT INDICATOR ' “l
ON 151 CARD x
MY FUSE \

(34)

CONNECTOR
LV FUSE

(7.58) ‘ \/

MOTOR LPOWER INDICATOR
CONNECTOR

FIGA, MAIN DRIVE COMPONENTS, L.H.SI0E
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A second function of the translator is to control the magnitude of the motor
currents, both during the stepping sequence and whilst the motar is stationary,
It achieves this by measuring the motor current using a sensing resistor and then
using this information to control the signals fed to the switch set,

The system components will now be considered individually in greater detail.

168 MOTHER BOARD

23L POWER DUMP CTT

‘— HY RECTIFIER BR2

FiG.12 MAIN DRIYE COMPONENTS R.H. SIDE

3.3 The Translator and Switch Set

The translator and switch set are closely inter-related and are therefore best con-
sidered as a single unit. Fig. 13 is a block diagram of the complete system. For the
sake of clarity the components which are duplicated for phase 2 have been omitted.

The incoming Clock and Direction signals are fed to an 8state translator which will
produce 400 steps/rev. with the usual 200 step/rev. mator, The translator generates
the timing waveforms shown in Fig. 14 and it will be seen that the phases are
alternately energised singly and in pairs, this being a halfstep sequence giving 400
steps/rev. A link may be inserted on the board to convert the system to 200 steps/
rev. This is achieved by generating an auxiliary clock pulse 40uS after each incom-
ing clock pulse whieh causes the translator to pass quickly through the intermediate
state. It should he noted that 400 steps/rev. is the preferred mode of operation as
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motor resonance effects are much reduced and the behaviour is smaother, par-
ticularly at low speeds. The maximum angular velocity (or RPM) attainable from
the motor is unaffected by the stepping mode, equivalent to 20 000 steps/second
in the 400 steps/rev. mode or 10,000 steps/second in the 200 step/rey, mode.

A ‘zero phase’ signal is available from the translator which indicates that it is in
the first of its eight states; this signal will occur 50 times per rev. in addition, the
translator is always preset to the zero phase state when the drive is switched on.
This signal is therefore useful in establishing a mechanical reference datum.

The X and Y timing wavefarms from the translator determine the timing and
direction of the current in each motor winding. Associated with each phase are
five power switches $1 to 55 as shown in the diagram. All five switches may be
operated as straightforward on-off devices, but in addition $2 and S3 function as
linear control elements, in other words the device behaves like a variable impe-
dance in order to regulate the phase current. The timing waveforms are taken to
the four main power switches §2 — 5b which are interconnected in pairs as shown.
When X1 is high, current wilt flow through 53, through the motor winding from
1B to 1A, then via $4 and the sense resistor to ground. Similarly when Y1 is high,
current flows through §2, through the winding in the opposite direction from 1A
to 1B, through SB and the resistor to ground. When both X1 and Y1 are low there
is no current in the winding. When the Energise input to the translator is taken
high, atl X and Y signals from the transiator are forced low regardless of the state
of the translator, thus no current flows in either of the windings and the motor is
de-energised.

Whenever current must be established in a new direction in the winding, as at
peints A and £ on the timing diagram, the bilevel switching system is brought into
operation. A separate output from the translator sets the top switch latch at the
appropriate points in the sequence, and this turns on the high-voltage switch 51,
The high voltage supply will now appear across the winding and produce a rapid
build-up of current which is monitored by the peak current detector. When the
current has reached the reguired value, determined by the peak current reference
generator, the top switch latch is reset and 51 is turned off. At this point the low-
voltage supply takes over and the motor current comes under control of the regu-
lator.

The regulator compares the current feedback voltage {developed across the sense
resistor} with a voltage from the regulator reference generator. The resulting error
signal is taken to the linear control inputs of 52 and 53 (of which only one will
be conducting) and thereby regulates the current flowing in the windings. It will
he seen from the timing diagram that a larger current flows when only one phase
is energised in order to maintain the torgue on intermediate steps. The reference
generator therefore has an input fram the translator which causes the reference
level to be raised when only one phase is energised {points B,DF and H on the
diagram}.

Both the regulator and peak current reference levels may be modified by means of
the boost input. This enables either or both of the current levels to be increased
at strategic times when extra torque is required, or conversely the facility may be
used to reduce the current when the torgue demand is lower.

A circuit is included which will automatically reduce the current at standstill. In
most applications the torque required at standstitl is less than when the motor
is running, and by reducing the current at this time the dissipation in both the
motor and drive may be minimised, A delay circuit, triggered by the incoming
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clock pulses, reduces the regulator reference level if no clock pulses have been
received for 80mS. The reference level is restored immediately another clock

pulse arrives,

All the operating currents (i.e. peak, regulated, boost and standby) are program-
mable by means of resistors on the translator board. Tables 3—6 give values of the
programming resistors for a range of operating currents.

The translator board also incorporates circuitry to protect the switching com-
ponents against excessive molor current or power supply failure, An overioad
detector monitors the motar current against a fixed reference, and in the event
of excessive current flowing it de-energises the four power switches 52 — Sh and
inhibits operation of the high-voltage switch 51. An L.E.D. on the translator
board gives a visual indication of this condition and a fault signal is available for
use by the control system. The protection circuit can only be reset hy disconnecting
the mains supply, and power should only be re-applied after the cause of the fauit
has heen established, The circuit also monitors the +24V supply, since a failure in
this supply could result in damage to the switching transistors. In the event of a
power supply failure the protection circuit operates in the same way as for an
overcurrent fault.

See Appendix 1 for details of the 208 Multistep Translator Option.

3.4 The Power Supply
The circuit of the 350watt power supply is shown in Fig. 15. It generates the high
and low voltage rails for the switch set and also a separate logic supply.

A 20 5wolt winding on the mains transformer feeds the 168 Mother Board which
incorporates a rectifier and smoothing capacitor for the +24V supply (see Fig. 16}.
The transiator and optional oscillator cards plug into 168 and each card has its own
12V zener stabiliser which is fed from the +24V supply. The 12V rail derived on
each card powers hoth the CMOS logic and the analogue circuitry. Spare capacity
is included in the +24V supply which permits up to 500mA to be drawn from the
auxiliary power outlet.

The low-voltage supply for the 161 switch set is derived from a 7.8-volt winding on
the transformer via rectifier BR1 and capacitor C1. The winding has alternative
tappings which may be required with high-voltage motors or when very long motor
leads are used. The higher tappings should not be used unnecessarily as the drive
dissipation will be increased.

A 61-volt transformer winding provides the high voltage for the switch set via
rectifier BR2 and capacitor C2, the nominal supply voltage being 85 volts. Across
this rail is connected the 234 Power Dump circuit which protects the drive during
rapid deceleration of the motor. When the mator is running at high speed there is
energy stored in the rotor which must he dissipated during deceleration, and if an
inertial load is being driven this will also have stored energy. During the deceleration
period the motor therefore behaves as a generator and pumps power back into the
drive, which has the effect of raising the high-voltage rail. If the deceleration rate is
very high the increase in rail voltage may be considerable and cause the power
switches to break down. The regenerative power dump senses a rise in the high-
voltage rail and cannects a load resistor across the supply to dissipate the surplus
power. The resistor is switched out of circuit as soon as the rail voltage returns to
normal.
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3.5 Oscillator Options
Digiplan currently manufacture two types of oscillator card which may be plugged

directly into the 1054 drive. They simplify the problem of generating clock pulse
sequences which will run the motor up to its maximum speed without loss of

synchronism.
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The 156 Ramped Clock is a wide-range voltage controlled oscillator which may be
controtled by DC inputs or switches. Acceleration circuits are included which allow
the motor to be accelerated and decelerated between speeds as well as from rest.
This type of oscillator is equally suitable for digital control or for positioning
systems which are controlled by an operator.

The 165 Buffered Clock is intended mainly for use with computer-based and
similar control systems which generate output commands in the form of a pulse
train at the required rate, the number of pulses corresponding to the required
number of motor steps. The buffered clock wilt cause the motor to run at the
required speed, storing pulses to permit acceleration and deceleration as neces-

sary.
When either of these oscillator cards is included with the drive, the appropriate
instruction manual will be supplied.

4. INSTALLATION

4.1 Physical Location and Mounting

When deciding on the location and mounting of the drive, there are a number of
factors to be borne in mind.

a) Adeguate provision must be made for cooling. The power dissipated in the drive
depends almost entirely on the application and can vary between wide limits; it is
related to such factors as motor current, stepping rate, duty cycle, duration of
boost periods etc. and it is therefore almost impossible to give any meaningful
dissipation figures. In situations where the available space or volume of cooling air
is restricted, it is recommended that preliminary tests are carried out under normal
operating conditions with the drive in free air. By measurement of the mean heat-
sink temperature it is then possible to estimate the dissipation from the formula

W=09T+32

where W is the dissipated power in watts and T is the difference between the 161
power-card heatsink and ambient temperatures in degrees Centigrade. The equip-
ment is designed for a maximum operating heatsink temperature of 80°C, but it
should be borne in mind that for maximum reliability the power semiconductors
should be kept as cool as possible. If an enclosed cubicle is to be used it is essential
that suitable ventilation is provided, and Fig. 17 gives information regarding mount-
ing enclosures. It is preferable for the drive to be mounted on open rails to allow
the maximum unobstructed air flow. When more than one drive is installed and
cooling is by natural convection, allow for a minimum spacing of 3" (75mm)
between units. Tapped fixing holes are provided in the base of the unit as shown
in Fig, 18 and it is envisaged that the fixing screws will normally pass through rails
underneath the drive. Other mounting orientations are permissible but it is advis-
able to keep the heatsink in a vertical plane, i.e. it shoud not form the top or
bottom surface of the drive when mounted.

b} Where there is a considerable distance between the control system and the
motor, the drive should generally be located as close to the control system as
possible. Very long motor Jeads are unlikely to present a problem as long as they
have a low resistance, but low-level controi signals may become prone to pickup or
crosstalk problems over long distances. In any event the total amount of wiring will
generally be minimised with the drive close to the control system.

c} For setting up and servicing purposes it is desirable to have easy access to both
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the top and the heatsink side of the drive. Where this is not possible with the drive
in its normal position, ensure that the wiring and fixing method allow the unit to

be withdrawn for setting up and servicing.

4.2 AC Supply Connections

Units are normally wired for operation from a 240-volt supply. If the nominal
supply voltage differs from this by more than 10 volts, refer to Table 1 which
shows the mains transformer connections for various voltages. Select the nearest
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voitage to the lacal supply and reconnect the leads accordingly, referring to Fig. 19

which shows the transformer terminal positions,

Note that the 0.1 uF filter

capacitor should be connected to the same terminais as the brown and blue leads.
Ensure that the transformer cover plate is replaced after changing connections,

PK5 TOO0S&/C

5 ¢ 1wo 1o

120V 50/60Hz

OO ONCINC

g 100 10 120¥

&
® 0@ @ @ ® scr

50 55 BV .

FI1G.19. MAINS TRANSFORMER TERMINAL

LAYOUT

If the drive is to be operated from a supply in the 100-125 volt range, the mains
fuse FS1 (see Fig. 11} should be replaced by one of bamp rating. The fuse is a
20mm semi-defay type. A unit which has been reconnected for this voltage range
should be suitably identified to minimise the risk of damage should it become

necessary to return it for repair,

Cable used for connecting the AC supply should be of nominal 5-amp rating such
as 24/0.2 or similar. Ensure that there is a sound earth connection and that any
metalwork to which the drive is attached is separately earthed.

The maximum input power to the unit is 350 watts. This figure should be used
when assessing overali system power requirements and fuse ratings.
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TABLE 1. Mains Transformer Connection Data

Nominal Brown Blue

Supply  Voftage Wire Wire Link
100 i3 17 12817; 13&18
105 13 16 11816; 13&18
110 14 17 1281714819
116 14 16 11&16; 14&19
120 15 17 12&17; 16&20
125 15 16 11&16; 16&20
200 13 17 12&18
210 13 17 12819
220 14 17 12819
230 14 17 128&20
240 15 17 12820
250 15 16 11&20

NOTE: 0.1uF capacitor should be connected to the same terminals as the brown and
blue leads.

4.3 Motor Connections

Four connections are required between the motor and the short terminal block
on the drive. Section 6 shows the connection data for various motors. It will be
seen that the windings may be connected either in series or in parallel, unless the
motor has only six leads in which case the choice is between using one or both
halves of each winding. The preferred connection mode depends on the appli-
cation since the performance characteristics are different in each case.

Series connection increases the inductance per phase to four times the inductance
of one coil anly. There is a significant increase in low speed torque, but the torque
begins to drop off rapidiy at higher speeds. In the series mode the phase resistance
will be increased, and if this amounts to more than 0.76 ohm the low-voltage trans-
former tapping will have to be raised. Refer to Section 4.6.2.

Paraliel connection results in less torgue at low speeds, but the torgue will be
maintained up 1o high stepping rates and in fact the maximum horsepower obtain-
able from the motor is greater in this mode.

Two motors may be driven in synchronism by connecting the corresponding
windings in series. The motors should be of the same type and may deliver up to
100 watts each.

Wire used for the interconnections between motor and drives should generally be
nat less than 0.76mm? in area; 24/0.2 stranded cable is recornmended. The length
of the cable will not normally present a problem, but in situations where radio
frequency interference must be minimised it may be preferable to use cable with
a collective screen. The screen should be earthed at one end only, and the body of
the motor should also be earthed.

It is most important that any unused motor ieads are individually insulated, and

under no circumstances should they be joined together unless this is specified in
the motor connection data. Do not attempt to use a b-lead motor with this drive.

4.4 Control Signal Connections
The main part of this section lists the low-level signals appropriate to the basic
drive with translator: those which relate to the optional clock cards are shown in
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the relevant manual. Fig. 20 shows the interface circuits used on the drive and these
should provide sufficient information for the signal requirements to be established.
Since the voltage and current levels are low there is virtually no restriction on the
size of wire used for these connections, particularly where the drive and control
system are in the same housing, Stranded wire such as 16/0.2 will generally be
sultable. Where the drive and control system are housed separately, it will normally
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be necessary to use some kind of multicore cable for the interconnection and here
a cable with a single collective screen is recommended. The screen should be
earthed at one end only to avoid the creation of earth loops.

Logic Convention. The voltage levels corresponding to logic 1 (high) and logic 0
{low) are shown on the interface circuit diagrams (Fig. 20}. Most of the terminal
functions are complementary, shown by a bar above the function name, and the
logic level is_low when the signal or condition is present. For example, an input
such as Motor Clock In will respond to a low-going transition, i.e. a change from
logic 1 to logic 0, which in this case will cause the motor t0 advance one step.
In the case of a true function {no bar above the function name) the logic level is
high when the signal is present.

List of Terminal Functions. The number preceding each function denotes the
terminal strip number and this information is summarised in Table 2. Refer to
Fig. 20 for the interface circuit details.

7. Logic Ov. This is the common point for both the logic signals and the +24V
auxiliary supply, and it shouid be connected to the common point of the control
system. This point is also connected to mains earth. In systems using several drives
it is preferable for them to be housed in the same enclosure and wired back to the
same mains earth point, If this is not possible and the drives are widely separated,
it may be advisable to use optically-coupled isolators to interface with the control
system.

2. Boost. Taking this input low ({i.e, short<circuiting it to Ov) increases the peak,
regulated and standby currents. The amount by which these currents are increased
is programmable by means of resistors R4 and R5 on the 151 translator board;
refer to Tables 5 and 6 for information on the programming resistor values.

3. Energise. During normal operation this input should be at fogic 0 and the motor
will be energised. Taking the input to logic 1 turns off all the power switches and
de-energises the motor. This facility enables the motor to be turned by hand or
overridden by other mechanical means, BUT IT SHQULD NOT BE DRIVEN AT
HIGH SPEED BY EXTERNAL MEANS WITH THE ENERGISE INPUT HIGH AS
THIS PUMPS POWER BACK INTO THE SUPPLY AND MAY OVERLOAD THE
POWER DUMP CIRCUIT. SIMILARLY THE DRIVE SHOULD NOT BE DE-
ENERGISED WHILST THE MOTOR 1S RUNNING. Link 3 on the 151 translator
board is normally inserted to hold this input permanently low and it must be
removed if the de-energise facility is required (see Fig. 21}

4. Zero Phase. This is an output signal which is low during the first of the trans-
lator states; it occurs 50 times per rev. with a 200 step/rev. motor. At switch-on
the translator is always reset to the zero phase state. This signal may be used when
establishing a mechanical reference since the datum position may be made to
correspond with a specific motor step.

5. +24V. This auxiliary power output may be used to drive a simple control system
or other low-power external module, The current drawn should not exceed 500mA.

&. Motor Direction. Changing the logic level at this input will reverse the direction
of motor rotation. If the motor runs in the wrong direction in relation to the logic
level, reverse the connections to one phase (eg. interchange the connections to
terminals 1A and 1B). The motor direction input should only be changed whilst
the motor is stationary or running within its start/stop speed range. Note that if
one of the optional oscillator cards is fitted, this connection becomes an output
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indicating the motor direction. This is not necessarily the same as the requested
direction at a time when the maotor is being reversed.

7. Motor Clock In. A low-going transition on this input causes the motor to advance
ane step. The input should remain at logic O for not less than 5uS and not more
than 30 uS and another lowgoing pulse should not occur within 50 uS (equivaient
to a maximum frequency of 20kHz). Should the clock input be held at logic O
the drive will not revert to the standby condition and the motor will run hot whilst
stationary. Note that the clock frequency must be ramped if speeds within the
motor slew range are reguired.

13. Fauft. Operation of the overload cutout circuit or a power supply failure is
indicated by this output going high, and the control system must be alert to this
condition since no further commands wilt be obeyed until the fault is cleared. The
drive must be switched off to reset the overload circuit. Shouid the fault condition
reappear immediately on switch-on and there are no extermal wiring faults, it is
probabie that the drive has been damaged.

TABLE 2. Connections for basic drive with translator

Function Terminal Strip Interface
Number Circuit
{See Fig. 20)
Ov 1 -
Boost 2 1A
Energise 3 1A
Zero Phase 4 2
+24V 5 —
Motor Dirn 6 1A
Motor Clock in 7 1A
Fault 13 5

4.5 Preliminary Checks prior to switching on the Drive

NOTE: It is important that the following checklist is followed before power is
applied to the drive. Faulty connections, and shaort circuits in particular, will aimost
certainly result in permanent damage.

1} Check that the AC supply voltage is correct. Units are normally supplied wired
for 240-volt operation; for use on other supply voltages refer to section 4.2. and
ensure that if necessary the correct replacement fuse has been fitted.

2} Check that there are no short circuits between any of the motor connections.
With low-mpedance motor windings this may be difficult, and in this case the
wiring between motor and drive shou!d be checked by temporarily disconnecting
the motor.

3) Check that the motor phases are isolated from each other. With some types of
drive it is wsual for the centre-tap connections of G-lead motors to be joined
together, but with the 1054 they must be kept separate. Note that 5-lead motors
are not suitable for use with this drive.

4) Check that ALL unused motor leads are individually insulated and suitahly
anchored mechanically,

5} Check that there are no short circuits to earth from any of the motor leads.
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6) Check that the drive is being used with the same type of motor for which it was
supplied. If this is not the case the drive settings may need to be altered, see section
4.6, '

7} Ensure that the printed circuit cards are firmly located in their sockets, that the
16-way strip connector between translator and switch set is intact and that all
external connections to the unit are sound and tight.

8) Before applying power to the drive, remove the high-voltage fuse from the 161
switch set {see Fig. 11). Switch on the drive and check that the motor rotates
correctly at low speeds. This checks that the wiring is correct with minimum risk
to the drive. If all is well, switch off the drive and refit the high-voltage fuse. The
systern is now ready to be checked over the full operating range and set up as
necessary .

4.6 Setting Up

The drive as supplied will be found suitable for the majority of small motors, and
in most cases no further adjustment will be necessary apart from setting up the
oscillator. Where an oscillator is included with the drive, setting-up instructions
will be found in the relevant manual. However, should there be resonance pro-
blems or the motor runs excessively hot, the situation may well be improved by
alteration of the drive settings. In this connection it should be noted that stepping
motors are designed to permit operation at relatively high temperatures and a
loaded motor running continuously may well become too hot to touch. in most
cases a motor body temperature of up to 80°C need not cause concern, but above
this temperature consideration should be given to minimising the dissipation by
reducing the motar currents. If the motor will not provide the necessary torque
without running excessively hot it is likely that the mator is unsuitable for the
application.

1. Motor Resolution. The translator normally operates in a halfstep sequence
giving 400 steps/rev. with a 200 step/rev. motor, and this is the preferred mode of
operation, Should the 200 step/rev. mode be required, insert Link 1 on the 151
translator board (see Fig. 21), Note that the maximum obtainable RPM is unaffected
by the stepping mode, so at 200 steps/rev. the maximum stepping rate is halved.

2. Low-voltage Transformer Tapping. The drive is usually supplied with the low-
voltage supply connected to the 7 8-volt transformer tapping (terminal 4 — see
Fig. 19). This will be adequate when the voltage across each motor phase is less
than about 3 voits at full current. if the motor phase voltage is between 3
volts and 4 volts, transfer the grey wire from terminal 4 to terminal 6 (3-volt
tapping). |f the phase voltage is between 4 volts and b volts, transfer the wire to
terminal 5 {10.8volt tapping). Motors with a phase voltage between 5 valts and 10
volts may be used with the 1054 but the pest performance will not be achievable,
If tong motor leads are used with a significant resistive loss it may also be necessary
to select a higher tapping. De not use a higher tapping unnecessarily as the drive
dissipation will be increased.

3. Regufated Motor Current, This is determined by resistor R2 on the 151 trans-
lator card (see Fig. 21} and Table 3 gives approximate resistor values for a range of
motor currents. The motor manufacturer’s current rating may be used as a guide
when selecting the regulated current. Unless otherwise stated the rated current per
phase normatly refers to unipolar operation with two phases energised. With a
bipolar drive the maximum current rating may have to be modified according
to the operating configuration, For 6 or 8-lead motors with the windings connected
in series, the permissible current is 70% of the unipolar rating. For 8-lead motors
with the windings in parallel the rated current per phase may be increased by 4 %.
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B-lead motors cannot be operated in parallel, but when one winding is used per
phase the maximum current will be the same as the unipolar rating. Whenever the
full motor torque is not required it will generally be advantageous to reduce the
motor current. This will reduce the dissipation in both motor and drive and will
also help to reduce resonance effects. Note that the boost facility may be used
if full torque is only required occasionally,

4. Peak Motor Current. Resistor R1 on the translator controls the peak motor
current, i.e. the current at which the high-voltage drive is switched off and the
current falls to the regulated value, Table 4 gives the current levels corresponding
to different values of R1. A suitable value for the peak current is normally about
B0% higher than the regulated current. As before, the dissipation and resonance
effects may be minimised by reducing the peak current where possible,

5. Peak and Regulated Boost Currents. By using the Boost facility the peak and
regulated currents may be increased when extra torque is required, for instance
during acceleration. Resistors R4 and RS on the translator board determine the
boosted peak and regulated currents respectively, and Tables 5 and 6 give resistor
values for various percentage boost levels, It is not normally necessary to change
the ratio of peak to regulated current when the boost is in operation, so the per-
centage boost will generally be similar for each. If the boaost facility is to be used
frequently, consideration should be given to the resulting increase in motor dissi-
pation; this may already be offset by standby periods (see Part 6), alternatively it
may be possible to reduce the regulated current,

6. Standby Current. In most applications the torgue required at standstill is much
lower than when the motor is running, and the translator takes advantage of this
by automatically reducing the motor current at standstill. The standby current is
determined. by R3 on the translator card (see Fig. 21} and the drive is normatly
supplied with R3 set to 4K7 which gives a standby current of about 1 amp with
a regulated current of 3 amps. The value of R3 for given standby current depends
on the regulated current, and it is best determined experimentally using a current
meter in series with one of the motor leads. Note that if R3 is left out altogether
the standby current becomes the same as the regulated current, but this will result
in a holding torque some 40% greater than the maximum running torgue and this
is seldom needed.

TABLE 3. Value of R2 for various TABLE 4. Value of R1 for
regulated currents. various pealc currents
Regulated Maximum Peak
current famps), phase current, RZ current AT
two phases on one phase on farmps}
08 1.1 3K3 1.7 EKEG
1.2 1.6 hK6& 241 8K2
15 20 8K2 2.7 15K
20 28 18K 3.1 22K
25 3.5 47K 37 47K
open- open-
3.1 4.1 circuit 4.3 circuit
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TABLE 5. Value of R5 for various
degrees of regulated boost.

Approximate
increase in RE
requlated current
10% 1Mb
20% 820K
30% 560K

TABLE 6. Value of R4 for various
degrees of peak boost.

Approximate
increase in R4
peak current
10% ™5
20% 820K
30% 560K

5. FAULT LOCATION

In the event of a fault occurring, first switch off the drive and carry out & visual
inspection to ensure that all external connections are sound and tight, that the
cards are all securely located and that the 1B8-way strip connector between
translator and switch set is properly fitted. If all is in order, study the following list
of fault symptoms and then follow the appropriate checking sequence, The possible
causes marked * relate to systems with a buiit-in oscillator.

TABLE 7. Power supply voltages (relative to Ov.)

Test Point Nominal Voltage
C1 positive terminal +9V {using 7.8 volt tapping.}
C2 positive terminal +8bV
Control signal
connector terminal 5 +24V

Refer to Fig. 11 for test point locations.

29



"€ pue g udamlaq pue
‘g pue ¥ | S|BUIWIS) UaaMIag ALINUNUOD 10} YI8Y)

{| 210U 2ag) soe|day

“Aj|ney} §1 103R||10S0
'0S 3] "1081100 a4 10)R||1980 3y} 0] sjeubis 1ndul ay)
1BU1 ¥o8Yd ‘£ |PUILLIBL 1B $85|Nd 3D0|2 OU aJe alaul 4|

“JWl| H0 walsAs syl Buig o1
1224400 51 |euB|§ 1senbay uoiioalid syl 1Byl o8y’

"5asjnd UAAMIBQ SIOA | |+ 1SES| 3B §1 DU as|nd
ay1 Bulnp A L+ ueyl aailisod s40W 30U §1°STG 15834
1B 10} MO} SARIS LLIOJBARM 35{Nd Y00[2 8yl 1BYL %08YD

*f|eulualB) 1e sasInd 3202 10 8duasald 1oL ayD

"31R101
03 994} 51 1JBYS JOLOW 1BUL YO3LD PUB BALID 140 YDLIMG

(| 910N 9288} aoe|day

-pabewep s| aapp ‘uiebe uo
$aW09 (137 41 "S1oys 104 Buliim pue Jolow >oeya ‘1o
sARLS (J37T ) "UO YILIMS ’1010W 128ULI0DSIP ‘11O Yo1ImS

gz pue vz gl
%7 | S|EULLLISYY PUS aALIP 8yl 1B AJNUNRLOD 1O} ¥28Y)

(€ [PUILIBY) H}IBYD

“sio112edRD pue s1a1)11081 abplig ‘sasny xoaayd
198.463U1 | '/ ajqeq ul swurod 1591 1e sabeljoa yoayn

1S4 8sny sulew *Alddns Oy Buiwooul 3oayd
NOILDY

1N2513uado sseyd au

1|NE} JOIB|SUEI] 10 185 YO1IMS

“JIney 101811950,

‘1sanbal uoto8latp
Buoum ‘uolielado ul 3w,

“slenbapeu) sasind 320|0

*sa5|Nd 0012 ON

pazals PRO| 10 JO10N
‘1ney Jolesuell 40 185 Yd1mg

“(401e|suesyz uo Q371 Ag
uaoys) paddul pecjaang

“UNAS- uBd o
spes) 10 sBuipuim 1010\

‘Hn2419-uado
10 yBiy 1ndul asibitau]

‘1 ney Alddns 1amog

“ain|iey Ajddns Oy
ISNwI 37415504

§1E104 10U
$30p 1Ng $9ZZ N4 1010

‘puey Agq paudnl ag 1ouuED
pUB 818104 0} S|1B} OO

‘puey AQ pauin aq ued
1ng a1ei04 01 SHE} JOLOIA

WOLdWAS

(=]
o



"81E4 3201 WNWIXEL aonpay
{1 310N aas) aop|day
"98U2-31 pue 3181 UOIIRIB|3008 JoNpay

b
Burwooaq sbulieaq “Hs ‘Buipeq pasealoul Jo subis aoy
300| Aj10a4100 Bullesado Ajsnoinald sea WalsAs H

“aroqe se sarddns Jsmod oY)
] pue | B2 ’sseyd auo 01 sUOIBBUUOD abueyatayu|

{403e||10%0
UELHNG UM QZ [BUIWIB) 40) g |BULIB] 1B ¥DayD)

3osy3al pue
Aausnbauy 3000 1amo) o asied Ajybis ‘a|qissod y|

‘ndul uonosup
Bunetaso se yons speubis induy [EwlIOUQE 104 ¥23YD)

"s4011vedea pue sigiynoal abplig ‘sesny yosyo
'1082100U1 J1 "7 31qeL W sauiod 1591 18 seberjon yosyn

"3j28ys-a1 pue (1018]|1950 U-3INg
10 WalsAs 0IIU0D WOLy) aleJ UDITRID|8D0E aonpay

(£ |euiwisl) abues dois
FHEBIS BUL LY St 9181 Y000 [BIIUT By} JeyR ¥oayD)

‘2110
03 884} 1J2YS J0J0W 3I3UD PUE IALIP }40 YILIME

aA0QE SE 3DayD
NOILOV

Yy 0ol a1e4 5203 |BUIY
1|rey J01B[SUBI] 1O 18S YD) IMG
ybly 001 a1kl uoiesap@00y

PeO| 9A15889X ]

1iney Ajddns abejjon-ybiy

19234100U1 SU0[193UL0D 3SELYd
1984400Ut 041U0D UOIIBJI(]
wia|go.d asueuosay

1ney |eubis (010D

¥ney Ajddns Jamod

ybiy ooy e1e) uotelaja0DYy
1584 00} 20|70}

PEO| 8A1$539X ]
Pass0.s SUGI308UL0D BsBY
FENVI F781SS0d4

"s||B3IS UBLL INg
paads ybiy 01 dn suns 1010

paseataul paads [1 s|je1s 'spaads
AMO| 1B UM AjuO [{1am 1010 p

Aem Buoum sunz J010[0

WOLIWAS

31




"1usby |e20| 1oyt 10 *p1 ueldiBi(] 01 Sp4eDd 102dSNs ALY LIN1RL BICR]IBAR 118G 155 | JOIR|SURL] pue
UOLIMS OU §| “2unjlef B JO 1uBAS 8U) Ul YI0Y 308Ud O1 Aressadau €1 11 pue juapuadaplalu] aJe JOLBJSURIL PUR 39S YO1IMS 8l] | 810N

("9 uolloas

8985} £H 10 3Nn|eA Mooy "1us.INd ACQpuels Yosyo
pue aseyd U0 YIIM $81485 Ul J913LU 1UBLIND 103LUOD
‘I113spuels 1e poliad Buo) Ja1e 104 [}135 J010W §]

"punoub 01 palIoys 10 Mmo|
piay 1cu si (Z jeuilwiel} indus 1soeg ayl 18yl 384D

(' 1'£ uoI11285) SUOI1BILIDAUS 0) JgLoY

("9’ UOI103s 2as) 1081100
aJe siojsisad BuiwwelBoud 1yl 3842 pue shuilel
1UaLIND 10I0W 40) BIEP $,494N10B)NUEBLL A0)0LW I NSUCY

"101B|SUBI) UO PAAOWIAY
Uaaq SBY € MUl 18Ul X09YD 'S [BLIWIEY 18 328D

284d-8d pUE 8184 UCIIEII|IDSP BONPIY
‘01w sbuyaeaq 1ybil 1oy anoge se YosyD
*YD8YD- 9k PUB 31R4 UOIIRIB|SIDOE 8oNpay

NOILIOV

1ney 33419 Aqpuers

uonesado Ut Ajausueuiiad 1s00g

‘papdads
1010w Jo adA) sygerinsun

1010w
+04 ybiy ool sjaaa| uany

puncuf o1 peLioys indu) asiblauy

Y6ty 001 ale1 uoneI3aDa)
paads ybly te peo| anlssenx g
ybiy 001 a1eJ UCIIBISEDY

3SNvD 37181580d

10y Adaa sund 1010
pasiBiaus-ap ag 10UUBD JOLO

‘158l 01
BuiLIOD UBLAR $100YSIBAC JOLO]

WOLIWAS

32



UBIIBLIIOJUI §,13JN1DE) NUBLL

1010W 341 1NsUao ‘sn0ge UMOUYS asoyl ylim aadbe 1ou op tolow Jendibed B U0 SINOJOD &41M 3yl 4| (310N 'PEWAUU0Y ION — “O'N
paay-&l00W
SJ84N10EJNUBIA 1[NSUDD DLIIJB A
AT BB L
LB 8®E SBET an | AT ABG| £ z L uogalg
884 918G ree 7wl N LBAUTeERE] 8 g v L 521U0ILOG8Z
UL £ UM
Hulg AU £ AU qul JBA B 8 UM/PaY
PIBA® [um/ieA ] £B10® | G uwWRIO AW G Um/Bio| ¥ Z € !
RUM/PH | 2 Pad | 9 um/ig B ig B 9um/ig| 1BA  |ped| BID 414 Vg
{pesniouy 9 g § ¥ z l 9 v £ i
HM/PSY B WDl A8 pay YM Yym/ug "N GAIE B Z UMMM/PeY|ped| WD |UAUD a9
pa4 10 Y| g 1uBeAajal yiim
UQUWIWIOD YAA 3084400 3 v
ONang B uID| UM pay YA Alg YN UM X E)| anig |pad| w9 A8 UAg-aalg
ON S®Eg|l 4 o L N 9mz| S ¥ £ L uAspidey
TN GAMUID] YA ulg A8 pay DTN MG UM UM/ IO UM/PRY|  peY uAsoulsy
ym/pay UAS-0IS
HU 8 L
LBT 28Rt 9me SRl AU G RGL b Z € L xog |
PH/UM | 1BA/UM Atgium | Biosum AU BASMM B POH/UM
B A B pad B B0 ® Mig AU BIO/UM R AIG/UM| 1BA gPRd| BID k! pea g
A% Bi10 B DTN BA/PHUM pean 9
"O'N 12N ® BIO| PYR/UM pay g/ UM A4 B10/A18/3uM | 1#A |Ped| B0 118 ewfilg
] U8/
LBt ewnte c®S aml qum9®ws ¥ € 4 L 0’39
.Q.Z 1eA W C._.U 3id an|g uig pPaY TO'N Mg B uag 13 A =N|g [IFRy] UmI mm_Ocm_>
® paysiany
spes| pasnun ale|os| 24 Ve g1 vl spes| pasnun 3le|os| ae ve gl Yl
S310N T311vHVYd S310N $3143S I VIN

S3IAIHA HV10dI9 SNOILOINNOD HOLOW "9

33



APPENDIX 1. 208 MULTISTEP TRANSLATOR OPTION.

In certain applications it may be desirable to use a smaller step size to improve the
low-speed smoothness of the system and to minimise the effects of resonance.
The 208 Multistep translator is available to meet this reguirement and may be
specified with a resolution up to 1000 steps/rev.

VI V2VIvi v5-e—FIXED

1y REFERENCE
VOLTAGES
CLOCK ——-{DIVIDER CIRCUIT - g PHASE 1
INPUT (10 FOR 10005/ DECODER [ o] ANALOSUE REFERENCE
| SWITCHES
5 |——8=- PHASE 2
QuTRUT REFERENCE
A | e PHASE !
BASIC 200 S/R CONTROL
TRANSLATOR {————m-PHASE 2 J QUTPUTS

FIG. 22 STEP DIVIDE CIRCUITRY

In the standard translator operating at 400 steps/rev., the intermediate or half-
steps are produced by energising one phase only using extra current. This causes
the rotor to align itself half way between the full step positions. Further sub-
division of the basic step is possible by varying the proportion of the currents
flowing in the two phases, causing the rotor to assume an intermediate position
related to the ratio between the currents. This is the technigue used in the 208
translator.

Fig. 22 shows in schematic form the step division circuitry in the 208 card. Incom-
ing clock pulses pass through a divider circuit with a variable modulus, and in the
case of a 1000 step/rev. translator this modulus will be set at 10. The outputs
from the divider are decoded and arranged to control a series of analogue switches
which are fed from various reference voltages; these voltages correspond to the
different current levels required during the stepping sequence, as shown in Fig. 23.
In this way a composite reference voltage is generated for each phase and this is
fed to a current regulator as in the standard translator.

Every fifth clock pulse is routed to a basic 200 step/rev. translator which generates
the control waveforms shown in Fig. 23. These signals are fed to the power switches
and thereby control the direction of current flow in the motor windings.

It should be emphasised that the relationship between rotor position and relative
phase currents is not linear and varies from one type of motor to another. There-
fore it is necessary for this translator to be set up during manufacture according
to the type of motor to be driven.
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STEP No. 123 & 56 7881010121310 151617 18132021 22232425

CLOCK PULSES: | N N T N T N T T N N N T U I T I |
CONTROL PHASEl ——— I 8
QUTPUTS FROM PHASE 2
200 5/R
TRANSLATOR: 1 | |

PHASE 1 REFERENCE:

PHASE 2 REFERENCE:

ZEROC

PHASE ! CURRENT: ZERO — — — — 44— — — = e = e e e = = = — — _

+
PHASE 2 CURRENT: ZERQ

FiG.23 MULTISTEP TRANSLATOR WAVEFORMS (1000 STEP/REV.}

Setting up the 208 Translator

1. Motor resolution. The 208 Translator may be specified with resolutions of either
400, 600, 800 or 1000 steps/rev. The adjustment of the stepdivision circuitry is
not a task which can be readily undertaken by the custamer, and should a change
in resclution be required it is recommended that the board be returned to the
manufacturer.

2. Regulated Motor Current. This is determined by R82 and R83 on the 208 board
{see Fig. 24). Table 8 gives approximate resistor values for a range of motor
currents (note that both resistors must be of the same value). With this translator
the peak current is the same as the regulated current.

3. Boost current. When boost is applied, the one-phase-on regulated current is
increased to h.3A.
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4. Standby current. Rb and RG on the 208 board determine the standby current
{see Fig. 24). These resistors are normally set to 2K2 which typicaily reduces the
motor current by about 50% at standstill. However, as in the case of the 151
translator, the resistance value for a given reduction depends also on the regulated
current. Insert link 10 to completely de-energise the motor at standstill.

TABLE 8. Resistor values for regulated current — 208 translator.

Value of Requlated Current
R82 & R83 fone phase on)
2K2 24A
3K3 29A
4K7 3.4A
5KB 38A
10K 42A
16K 45A

Note that the RMS regulated current (equivalent to the unipolar rating of the
motor) is approximately 70% of the value shown in the table.
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