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DATA HANDBOOK SYSTEM

Our Data Handbook System is a comprehensive source of information on electronic com-
ponents, subassemblies and materials; it is made up of three series of handbooks each
comprising several parts.

ELECTRON TUBES BLUE
SEMICONDUCTORS AND INTEGRATED CIRCUITS RED
COMPONENTS AND MATERIALS GREEN

The several parts contain all pertinent data available at the time of publication, and each
is revised and reissued periodically.

Where ratings or specifications differ fromthosepublished in the preceding edition they
are pointed out by arrows. Where application information is given it is advisory and does
not form part of the product specification.

If you need confirmation that the published data about any of our products are the latest
available, please contact our representative. He is at your service and will be glad to
answer your inquiries.

This information is furnished for guidance, and with no guarantee as to its accuracy or
completeness; its publication conveys no licence under any patent or other right, nor
does the publisher assume liability for any consequence of its use; specifications and
availability of goods mentioned in it are subject to change without notice: it is not to be
reproduced in any way, in whole or in part without the written consent of the publisher.

December 1972



ECTRON TUBES (BLUE SERIES)

This series consists of the following parts, issued on the dates indicated.

Part 1a

Part 1b

Part 2

Part 3

Part 4

Part ba

Part 5b

Part 6

Part 7a

Part 7b

Part 8

Part 9

Transmitting tubes for communication December 1975
Tubes for r.f. heating Types PE0S/25 — TBW15/25

Transmitting tubes for communication January 1976
Tubes for r.f. heating
Amplifier circuit assemblies

Microwave products May 1976
Communication magnetrons Diodes

Magnetrons for microwave heating Triodes

Klystrons T-R switches

Travelling-wave tubes Microwave semiconductor devices

Isolators, Circulators

Special Quality tubes January 1975
Miscellaneous devices

Receiving tubes March 1975
Cathode-ray tubes August 1976
Camera tubes May 1975

Image intensifier tubes

Products for nuclear technology January 1977

Channel electron multipliers Geiger-Muller tubes

Neutron tubes

Gas-filled tubes March 1977
Thyratrons Ignitrons

Industrial rectifying tubes High-voltage rectifying tubes

Gas-filled tubes March 1977
Segment indicator tubes Switching diodes

Indicator tubes Dry reed contact units

TV picture tubes October 1975
Photomultiplier tubes June 1976

Phototubes (diodes)

March 1977



SEMICONDUCTORS AND INTEGRATED CIRCUITS (RED SERIES)

This series consists of the following parts, issued on the dates indicated.

Part 1a

Part 1b

Part 2

Part 3

Part 4a

Part 4b

Part ba

Part 5b

Part 6

Rectifier diodes, thyristors, triacs
Rectifier diodes

Voltage regulator diodes (> 1,5 W)
Transient suppressor diodes

Diodes

Small signal germanium diodes
Small signal silicon diodes
Special diodes

Low-frequency transistors

High-frequency and switching transistors

Special semiconductors

Transmitting transistors

- Microwave devices

Field-effect transistors

Devices for optoelectronics

Photosensitive diodes and transistors
Light emitting diodes
Displays

Professional analogue integrated circuits

Consumer integrated circuits
Radio - Audio

Television

Digital integrated circuits

LOCMOS HE family
GZ family

March 1976
Rectifier stacks
Thyristors
Triacs

October 1975

Voltage regulator diodes (< 1,5 W)
Voltage reference diodes
Tuner diodes

December 1975
April 1976

June 1976

Dual transistors
Microminiature devices for
thick- and thin-film circuits

July 1976

Photocouplers
Infrared sensitive devices
Photoconductive devices

November 1976

March 1977

May 1976

March 1977



COMPONENTS AND MATERIALS (GREEN SERIES)

This series consists of the following parts, issued on the dates indicated.

Part 1

Part 2a

Part 2b

Part 3

Part 4a

Part 4b
Part 5

Part 6

Part 7

Part 8
Part 9

Part 10

Functional units, Input/output devices,
Peripheral devices

High noise immunity logic FZ /30-Series

Circuit blocks 40-Series and CSA70
Counter modules 50-Series
NORDbits 60-Series, 61-Series

Resistors

Fixed resistors

Variable resistors

Voltage dependent resistors (VDR)
Light dependent resistors (LDR)

Capacitors

Electrolytic and solid capacitors
Paper capacitors and film capacitors

Radio, Audio, Television

FM tuners

Loudspeakers

Television tuners and aerial input
assemblies

Soft ferrites

Ferrites for radio, audio and television

Beads and chokes

Piezoelectric ceramics, Permanent magnet materiais

Ferrite core memory products

Ferroxcube memory cores
Matrix planes and stacks

Electric motors and accessories

Small synchronous motors
Stepper motors

Circuit blocks

Circuit blocks 100 kHz-Series
Circuit blocks 1-Series
Circuit blocks 10-Series

Variable mains transformers
Piezoelectric quartz devices

Connectors

April 1977

November 1975

Circuit blocks 90-Series
Input/output devices
Hybrid integrated circuits
Peripheral devices

February 1976

Negative temperature coefficient
thermistors (NTC)

Positive temperature coefficient
thermistors (PTC)

Test switches

April 1976

Ceramic capacitors
Variable capacitors

January 1977

Components for black and white
television
Components for colour television

October 1976

Ferroxcube potcores and square cores
Ferroxcube transformer cores

December 1976
July 1975

Core memory systems

April 1977

Miniature direct current motors

September 1971

Circuit blocks for ferrite core
memory drive

February 1977
March 1976

November 1975



GENERAL REMARKS

- All mechanical drawings have been laid out according to the European (third-angle)
projection method.

- The dimensions of the products are given in mm.
- Forces are given in newton (N); 1 N =100 g = 3,53 ounce (0z).
- Torques are given in millinewtonmetre (mNm); 1 mNm = 10 gem = 0, 139 ounce inch.

- The curves of the performance graphs are derived from measurements made on
arbitrary motors.

- The sense of rotation, clockwise (cw) or counter-clockwise (ccw), is that seen when
looking towards the spindle, as shown by the arrow.

clockwise (cw) 290200  counter-clockwise (ccw)

- To order a product please use the relevant catalogue number.

- The information given in this book does not imply a license under any patent.
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GENERAL SYNCHRONOUS

MOTORS

PRINCIPLES

In a two-pole synchronous motor fitted with a permanent-magnet rotor, a sinus-
oidally alternating magnetic field is set up in the stator by the sinusoidal exciting
current. The alternating field can be assumed to be the resultant of two magnetic
fields of equal and constant strength but rotating in opposite directions. The vector
diagram at a time t can then be drawn ( Fig. below) .

The constant fields are here represented by the Hmax
vectors Hyg and Hy. The permanent magnet (the
rotor) can now follow either the field rotating
counterclockwise or the one rotating clockwise.
Fundamentally, therefore, a synchronous motor
can rotate in either direction. However, more ad-
vanced constructions like our synchronous motors
rotate in one direction which is determined elec-
trically as will be explained later on.

During one cycle of the alternating supply current a motor with two poles, that is
one pair of poles, will make one revoiution. In a motor with p pole pairs the rotor
turns through 360/p angular degrees. The speed of the motor is thus determined by
the frequency and the number of pole pairs and can be calculated with the formula:

60f .
n = — rev/min
p
where f = frequency and p = number of pole pairs.

PERMANENT-MAGNETIC ROTOR

As described above, the speed of the motor is governed bythe number of pole pairs.
How many pole pairs can be provided on a magnet ring depends on the space avail-
able along the periphery of the ring, and on the propertiesof the magnetic material.
The magnetic material is characterized by a high coercive force so that a great
number of poles can be accommodated in a small space. Moreover, the residual
flux will not be attenuated by the alternating field. In our synchronous motors as
many as 24 poles can be made along the periphery of the magnet ring. Thus, the
speed of these motors operating from 50 Hz mains is:

n-= 60;(250 = 250 rev/min
and with 60 Hz mains:
n = @ligg = 300 rev/min

March 1971 ' I A3



SYNCHRONOUS PRINCIPLES GENERAL

MOTORS

The low motor speed means that for most applications the gearing-down ratio can be
very small. This results in gearboxes of simple design which show very little wear
in the bearings.

SYNCHRONOUS MOTORS WITH A SINGLE CONSTANT ROTATING FIELD

The figure below shows the situation at a time t in a synchronous motor with an
auxiliary field added. Both the main field and the auxiliary one are again represented
as being the resultant of two magnetic fields of equal and constant strength but ro-
tating in opposite directions.

' Sk |
7298255

The main field, which changes sinusoidally, is represented by the vectors Hj and
Hy. The poles of the main field are indicated by Ny and SH.

If the rotor is driven by, for example, Hy (clockwise), then Hj (counterclockwise)
will give rise to a vibration at double the frequency of the main field. To control
the rotation of the motor and, as in this example, make it run clockwise only, and
to eliminate the vibration at the same time, Hj must be eliminated. This can be
achieved by the compensating or auxiliary field F (with its component fields Fy and
F,, identical and rotating in opposite directions), between poles NE and Sp. We see
that F'1, rotating counterclockwise, will always oppose Hj (also counterclockwise),
and even eliminate it when fields H and F are of equal strength. We also seethat Fy
and Hy combine to the resulting rotating field R. The rotor will rotate in the direc-
tion of R because it is the only remaining field. Evidently R can also be chosen
such that the motor can only run counterclockwise.

A4 March 1971



GENERAL PRINCIPLES SYNCHRONOUS

MOTORS

Finally, we see that in the figures the auxiliary

field F lags behind the main field H by an angle /KRE ii\
(phase shift) wt.
The above explanation applies to a two-pole motor; M

in motors with more poles the auxiliarypoles must
be uniformly distributed between them.

wt 7298256

t

Two methods are available for obtaining a single constant rotating magnetic tfield:

- an auxiliary lagging field is derived fromthe main field; our unidirectional motors
operate on this principle (see below)

- two stators are used yielding alternating fields with a certain phase shift between
them, as in our reversible types of motors (see the next page).

SYNCHRONOUS MOTORS WITH ONE DIRECTION OF ROTATION  (catalogue numbers
9904 110 ..... )

All these motors are provided with a copper ringaround each of the auxiliary poles.
The effect is thatan induction current is produced through the rings, lagging behind
the voltage Eg (induced by the field ¢ H,). The induced magnetic flux ¢y forms with
the main flux ¢ 1y, the desired auxiliary flux ¢ g, which lags behind the main flux,
®H,, by the angle e. The construction is such that the auxiliary field, though weaker
than the main field, ensures unidirectional operation of the motor.

@Hzﬁ\é\iﬁ
@Hz @m \\\
N
v v o
|
O—— Nf Ny |
I ' I 1 !
~ M Beliil O s/ |
q bl i ! . '
" |
o— =9 | / |
+ £y
\ ;
7238252 I
2 \‘J

o,
~N

7298253
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SYNCHRONOUS

PRINCIPLES GENERAL

MOTORS

SYNCHRONOUS MOTORS WITH AN ELECTRICALLY REVERSIBLE DIRECTION OF
ROTATION (catalogue numbers 9904 111 ..... )

As mentioned on the preceding page, the rotation of a synchronous motor can be
made stable by incorporating two stators in one casing. The required phase shift is
obtained by means of a capacitor which can be connected inseries with either stator
coil.

N I
\ AN
\\
!
E c 90°
2 ~E
f U L2 PN
////
7298264 ,” 7298262
L

Current Iy in coil Ly will lag behind voltage E by 45°. With the aid of a capacitor,
current I in coil Ly can be made to lead the voltage by 45°, giving a phase angle
between Ij and I2 of 900, The total current It will then be approximately in phase
with the voltage so that the maximumtorque, and hence a high efficiency, is attained
at a very low power consumption. From the above explanation it follows that the
poles of the two stators must be an angle of 180-900 apart.

With Ljand L9 in parallel, as above, either the intersection of L.} and the capacitor,
or of Lo and the capacitor, can be connected to the supply. Switching over will,
however, reverse the rotation of the motor.

An arrangement with the two stator coils connected in series is also possible; this
point is dealt with in some detail in the next subsection,

PARALLEL AND SERIES CONNECTION OF THE STATOR COILS IN REVERSIBLE MOTORS

The reversible synchronous motors can be madeto produce a higher torque by con-
necting the stator coils in series, with the exception of the type 9904 111 06...
which is available only with parallel-connected coils.

The figures below show the circuit diagrams.

7298259
Parallel -connected stator coils Series-connected stator coils

With series-connected coils the motors require about double the supply voltage.

A6 March 1971



GENERAL PRINCIPLES SYNCHRONOUS
) MOTORS

Evidently a motor suitable for operation from a 24-volt source with parallel-con-
nected coils may be operated from a 48-volt source when the coils are connected in
series. Inthis way we get:

parallel -connection series-connection
24V 48 V
48V 110 v
110V 220 v
220V 380 V

Vector diagram for parallel - Vector diagram for series-
connected stator coils connected stator coils

The vector diagrams show that the voltage across each coil in the series arrange-;
ment is \/—2 times that in the parallel arrangement. The same is true of the current
through each coil. Therefore the maximum torque produced by a motor with series-
connected coils is considerably higher than that of a motor with parallel-connected
coils.

However, not only the torque but the power consumption as well increases in the
case of series connection. This is accompanied by a rise in the temperature of the
stator coils (AT). As most of the materials used in the motors cannot withstand a
temperature exceeding 110 °C, users of reversible motors with series-connected
coils will have to make sure that the sum of the ambient temperature and AT never
exceeds 110 0C, when the motors are in continuous operation.

Tanuarv 1977 I l A7



SYNCHRONOUS PRINCIPLES GENERAL
MOTORS

HI

STARTING CHARACTERISTICS

Among the factors determining how fast synchronous motors using permanent mag-
nets will start and whether the direction of rotation is correct, the following two
deserve attention:

- the loading conditions

- the relative positions of stator and rotor upon starting.

Loading may be as follows:

1. No load is present.

2. The torques are equal in both directions of rotation but they are below the max-
imum available motor torque.

3. The clockwise torque is equal to the maximum available motor torque but the
counter-clockwise torque is much lower.

4. The counter-clockwise torque is infinitely high (that is: a mechanical stop is ap-
plied) but the clockwise torque equals the maximum available motor torque.

5. A torque is placed on the motor even when it is not energized (the load takes the
form of a spring) but it does not exceed the motor's stalling torque.

6. The load has a high moment of inertia.

These loads can be applied directly to the motor spindle or via gears. In the latter
case there will normally exist some backlash between the gearwheels which is suf-
ficient to enable the motor to start in the unloaded mode and there will be no diffi-
culty in handling the loads except in case 5. This is a special case because one can
never be sure that a smooth start in the desired direction is made. To understand
this we must realize that before the motor is excited the load torque equals ahold-
ing torque produced bythe motor's magnetic circuit, otherwise the rotor would turn
round. When the supply voltage is switched on, the holding torque may be reduced
which will result in the motor being driven inthe wrong directionby the load torque.
The field operating in the wrong direction will have to be suppressed first.

The above phenomenon is most pronounced in unidirectional motors with the aux-
iliary field derived from the main one; the constant rotating field motors with two
stator coils are less sensitive to it. In extreme cases it will be necessary to intro-
duce a mechanical stop to neutralize the effect.

In case 6 the high inertia moment, whén placed direct on the spindle, may cause
the load not to be accelerated enough to reach synchronous speed; the rotor may
then oscillate. Given sufficient amplitude these oscillations may after a longer or
shorter time - depending on the nature and magnitude of the load, and on the motor
excitation - develop into a steady rotation. The sense of rotation is determined by
the direction of the oscillation which is the first to attain the necessary maximum.
Hence it may well happen that the motor starts running in the wrong direction. It
will continue to do so when the load in this direction is small enough. To avoid this
effect one must make sure that the inertia moment of the load does not surpass a
certain maximum.

A8 January 1977



GENERAL PRINCIPLES SYNCHRONOUS
‘ MOTORS

Stronger motors are hamperéd by the inertia moment of the rotor which is so high
that not much is left for the load. For this reason the motors 9904 111 06... have
been equipped with a so-called resonance rotor, with a flexible connection between
rotor and spindle. The rotationof this rotor upon switching-onis first an oscillating
one but here too the oscillations develop into the steady rotation. Thanks to this
rotor construction this type of motor starts rapidly, practicallynoiseless and with-
out vibrations.

Laboratory measurements have demonstrated
that unidirectional motors when starting undex
adverse loads need a starting time of about
250 ms. However, in most cases the starting
time is considerably shorter. Twin-stator
types of electrically reversible motors need,
under adverse conditions, a starting time of
about 80 ms.

C66573

. Resonance rotor
Note

The mass inertia moment of the pinion can be calculated with the formula

= I . 4 _ 44
] 3‘nyxhx(D d®)

¢D

for an annular object (see the sketch alongside) with R S—
outer diameter (D) in cm
inner diameter (d) in cm

-UL
-©-
height (h) incm

mass density  (y) in g/cm3 7298263 | .

In the case of a pinion we may have:

D =4 mm (outer diameter over the teeth; this simplifies the calculation and pro-
vides a safety margin)

d = 1,6 mm (spindle diameter)
h = 4,5mm
mass density =7,6 g/cm3
Its mass inertia moment may then work out to be 0, 0086 gcm?2.

Any pinion with an outer diameter smaller than that of the centring rim on the mo-
tor will, as a rule, have a sufficiently small inertia moment.

SOME NOTES ON THE STRAY FIELD

For the major part our synchronous motors are provided with a steel casing which
minimizes the stray field. Exceptions are the types 9904 111 06... and
9904 111 27....

Tanuary 1977 ‘ ! A9



SYNCHRONOUS PRINCIPLES GENERAL

MOTORS

The strength of a stray field decreases as a function of the distance from the motor.
It can be determined by measuring the e.m.f. induced in a coil placed in the stray field,
and using the formula:

Heff = Cx eeff
where Hggf = effective value of the field strength at the location of the measuring coil;

C = a constant representing the size and the number of turns of the coil
(can be found by calculation or calibration);

eeff = value read from the tube voltmeter.

Example: In the case of the 9904 111 06211 motor the following values were determined:
at the motor casing: 5680 A/m;
at 1 cm distance : 992 A/m;
at 2 cm distance : 376 A/m.

SOME MECHANICAL NOTES
Braking torque

In all the types of synchronous motor a considerable braking torque is produced when the
current is interrupted due to the strong rotor magnet poles moving close to the stator
poles. The rotor is strongly braked, so that the motor stops almost immediately.

The angle through which the rotor can still turn after switching off depends on the magni-
tude and moments of inertia of the load. In normal use it will not be more than 20°. For
most applications additional mechanical brakes are, therefore, not required.

Bearings

It has been found that the following materials were best suitable for manufacturing bear-
ings of sound construction and meeting the wide variety of demands imposed on the mo-
tors. :

1. Plastic slide bearings

A polyamide of a high quality with a very finely graded emulsion of molybdenum disul-

phide (MoS2) which gives self-lubricating properties, is used in the motors

9904 110 02... and 9904 110 05....

Water absorption: negligible (<1, 5%).

Coefficient of friction: low (<0, 15), so the losses due to friction are very small.

Chemical resistance: very high; it is resistant to the normal organic solvents, esters,

ketones, lubricating oil, petrol, paraffin, and solutions of organic salts.

2. Sintered-metal slide bearings ‘

a. Sintered-bronze self-aligning slide bearings are used in the motors 9904 110 06...,
9904 110 09..., 9904 111 04..., 9904 111 07... and in the rear assembly of the
motors 9904 111 27... .

b. Sintered-iron is used in the type 9904 111 06... motors.

— 3. Ball bearings.

These bearings are used in the front assembly of the motors 9904 111 27... .

Al0 January 1977



GENERAL PRINCIPLES SYNCHRONOUS
MOTORS

MEASURING THE MOTOR TORQUE

The adjoining sketch illustrates the set-up for measuring the maximum motor torque.
A pulley with diameter D is placed on the spindle, and a string is fastened at one end
around the pulley and at the other to a helical spring with diameter d.

Next the motor is started, and it will wind the string around the pulley thereby stretching
the spring. This goes on until the force exerted by the spring equals the maximum motor
torque. The motor then stops and Al, that is the total displacement of a needle fixed to
the spring, is measured.

The motor torque can be calculated with the aid of the formula: M = (%D + %d) x C x Al,
where C is a constant characteristic for the spring and Al is the displacement of the
needle. .

It is also possible to mark the scale in such a way that the motor torque can be read di-
rectly from it. Attention should be paid to the fact that the mass of the pulley should be
as small as possible for accurate results.

7298250
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SYNCHRONOUS GENERAL

MOTORS

QUALITY CONTROL

Quality control is the prime concern from the moment a development is started until the
product has been series-produced.

Thus, checks are carried out:

during the development by testing the most important properties;

at the end of development by approval tests on hand-made samples to make sure that
the motor conforms to specifications; there is a standard programme of checks and
tests subdivided into five groups (see below);

during the first trial run in the factory, when the same programme of tests is
carried out; )
during manufacture where, in the scope of quality assurance, systematic checks are
made on motor components, sub-assemblies and finished motors.

The finished product is examined by an independent testing organization making random
tests thus checking whether the manufacturer's quality control is up to standard. Any
complaints on the part of customers are also investigated by the quality department of
the factory and by the independent testing organization.

There is a great difference between the tests carried out before full production starts
and those performed during production, as becomes clear from the schedules givenbelow.

QUALITY CONTROL BEFORE MANUFACTURING STARTS

he following approval or qualification tests are made.
1. Check on initial quality:
visual inspection;
dimensional check on conformity with drawings;
check of mechanical and electrical characteristics on conformity with the
specification.

2. Check on safety according to the specification :
- insulation resistance measurement;
- dielectric strength test.

3. Mechanical tests on robustness :
- simulated transport tests on packed motors (drop and bounce test);
- vibration test on motors mounted on a frame;
- shock test on motors mounted on a frame.

4. Climatic tests:
- functional test at —20 °C unless otherwise specified;
- temperature cycle test, —40 to +85 °C, 5 cycles (total duration 30 h);
- damp heat cycle test (duration 6 days);
- dry heat storage test at maximum specified storage temperature (duration 96 h).

5. Endurance tests:
- accelerated life test for 2000 h under extreme conditions of load and temperature;
- continuous tests under normal conditions of load and temperature, to gather
statistical data over the total functional life of the motor.

Al2 January 1977



GENERAL QUALITY CONTROL SYNCHRONOUS

MOTORS
QUALITY CONTROL DURING PRODUCTION
The following tests are performed during production.
1. Random checks on motor components.
2. Random checks on sub-assemblies for the motor.
3. Either sample or 100% inspection of finished motors on characteristics, such as: -

- critical dimensions;
directional stability of rotation;
current;

torque;

spindle deviation;

noise due to friction;

insulation resistance;

- dielectric strength.

[

Each production lot is submitted, on a statistical basis, to lot acceptance tests by the
Quality Control Department. Sampling procedures are according to MIL-STD-105D.
Unless otherwise specified inspection level I and an AQL value of 1% for major defects
are applied.

Tanuary 1977 H A13



SYNCHRONOUS GENERAL
MOTORS

RELIABILITY

—+ Synchronous motors are mostly used in control and indication systems where they are
required to operate for a long time. It is often overlooked that the synchronous motor
is the determinant reliability factor of these systems.
The combination of our approval and endurance tests are based upon practical experience
from the field and assure that our synchronous motors are fit for continuous service for
many years.
The well-considered design, and the stringent quality procedures, account for the high
degree of reliability of our synchronous motors.

Al4 January 1977



GENERAL SYNCHRONOUS
MOTORS

APPLICATIONS

The synchronous motors can be used in a wide range of applications.
Industrial
Different types of clocks:

- control clocks

- master clocks

- secondary clocks
- signal clocks

- rate change clocks
- switch clocks

Different types of time devices:

- delay relays

- time printers and stamps
- time checking devices

- time recorders

- time switches

Signal apparatus for air traffic control and waterway traffic control

Recording instruments

Electric stage control stands

Control equipment for the processing industry, and for heating and air-conditioning
installations

Remote control units

Programme switches

Entertainment

Record players

Slide projectors
Television selector units
Tape recorders

Toy drivers

Television sets

Domestic

Timers and programme switches for:

- defroster sections in refrigerators and deep-freezers
- washing machines

- dish washers

- cooking ranges and ovens

- ultraviolet lamps

- automatic vending machines.

Tanuary 1977 ] ‘ Al5



SYNCHRONOUS ' GENERAL
MOTORS

REMARKS ON THE TECHNICAL DATA

- The current, power and temperature increase values are guidance values and are
measured at 20 °C, in free circulating air and at nominal voltage.

- The torque values are minimum ones, for the values at nominal voltage see the per-
formance graph.

- Derating of torque is given in a percentage per °C above the ambient temperature of
20 °C.

- The curves of the performance graphs are measured on arbitrary motors of basic types.

- At the lower end of the ambient temperature range the moment in which the motors
reach their synchronous speed will be delayed.

Al6 January 1977



9904 110

UNIDIRECTIONAL SYNCHRONOUS MOTORS

SURVEY

The range of unidirectional synchronous motors comprises the following types :
- industrial type, for general purpose : 9904 110 02...;

- instrument type, for small equipment $ 9904 110 05.. .

- instrument type, for low noise requirements : 9904 110 06...;

- minijature type, for clock mechanisms : 9904 110 09. ...

A mounting bracket for motors 9904 110 02... is given in the chapter "Accessories".

Industrial type for Instrument type for small
general purpose equipment 9904 110 0S5. ..
9904 110 02. .. and for low noise require-

ments 9904 110 06. ..

Miniature type for clock
mechanisms 9904 110 09...

December 1976 ’ | l ' Al7






9904 110 02...

UNIDIRECTIONAL SYNCHRONOUS MOTORS

industrial type for general purpose

QUICK REFERENCE DATA
Nominal voltage 220V 110v
Frequency 50 Hz 50 Hz
Speed 250 rev/min 250 rev/min
Input power 1,6 W 1,6 W
Torque 3 mNm 3 mNm
APPLICATION

These motors have been designed to provide an accurate and reliable time-base for a
variety of industrial applications.

They are ideally suitable for use in delay relays, time switches, time printers, signal
clocks and master clocks.

December 1976 l | Al9



9904 110 02... UNIDIRECTIONAL SYNCHRONOUS MOTORS

TECHNICAL DATA

51
Ll

run out
0.05 max

15

Dimensions in mm

Note: - Motors with different voltage ratings, or provided with a pinion (see figure
below), are available on request only in minimum order quantities, and involve
longer delivery times.

. 45
D; B kg .
~
< 885

7298308.1

version with pinion

number of teeth = 10

module =0, 3

addendum modification = +0, 2

December 1976



UNIDIRECTIONAL SYNCHRONOUS MOTORS

9904 110 02...

catalogue number
clockwise rotation 9904 110 02101 9904 110 02301
counter-clockwise rotation 9904 110 02111 9904 110 02311
Nominal voltage V) 220 110
Frequency (Hz) 50 50 —_—
Speed (rev/min) 250 250 —
Current (mA) 7,5 17 —
Input power (W) 1,6
Starting torque (mNm) 2,5
Working torque (mNm) 3
Torque derating (%) 0,6
Temperature increase of the motor (°C) 30
Ambient temperature range (9C) =20 to +70
Permissible voltage fluctuations %) ~-15to +10
Insulation according to CEE10 class 2
Insulation test voltage (V) 2500
Bearings slide bearings
Maximum radial force (N) 0,9
Maximum axial force (N) 0,5
Maximum inertial load (gcmz) 0, 15
Housing zinc plated
Mass (&) 90
7275214
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~-10 0 10 20
T T voltage (% Vnom!)
me Vnom Vmclx
Typical curves.
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9904 110 05...

UNIDIRECTIONAL SYNCHRONOUS MOTORS

instrument type for small equipment

QUICK REFERENCE DATA
Nominal voltage 220V 110V
Frequency 50 Hz 50 Hz
Speed 250 rev/min 250 rev/min
Input power 1,8 W 0,5W
Torque 0,5 mNm 0,5 mNm
APPLICATION

These motors have been designed for optimum performance in equipment where the
available space is limited and a high torque is required.

The 220 V version operates via a series resistor to keep the dimensions of the motor as
small as possible. The motors find their application in a variety of small timing devices.

December 1976 | I ‘ } A23



9904 110 05... UNIDIRECTIONAL SYNCHRONOUS MOTORS

TECHNICAL DATA

-»>(10,2+0,3

plain version L——/

7269021

Dimensions in mm

Note: - Motors with different voltage ratings, or provided with a pinion (see figure
below), are available on request only in minimum order quantities, and involve

longer delivery times.

ﬂli, 5‘**

da _8 04 T version with pinion
! r number of teeth =10
module =0,3
— I<~ addendum modification =+0,2

88_0,8 7275236
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UNIDIRECTIONAL SYNCHRONOUS MOTORS

99064 110 05...

catalogue number
clockwise rotation 9904 110 05102 1) 9904 110 05301
counter-clockwise rotation 9904 110 05112 1) | 9904 110 05311
Nominal voltage V) 220 110
Frequency (Hz) 50 50
Speed (rev/min) 250 250
Current (mA) 8 5
Input power (W) 1,8 0,5
Starting torque (mNm) 0,5
Working torque (mNni) 0,5
Torque derating (%) 0,6
Temperature increase of the motor (°C) 200
Ambient temperature range (°C) =20 to +70
Permissible voltage fluctuations (%) -15to +10
Insulation according to CEE10 class 1
Insulation test voltage V) 2500
Bearings slide bearings
Maximum radial force ) 0,3
Maximum axial force (N) 0,1
Maximum inertial load (gcmz) 0,05
Housing zinc plated
Mass (2) 40

1) This motor has to be used with a series resistor (20 kQ, 2 W), which can be supplied

on request.
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9904 110 05... || UNIDIRECTIONAL SYNCHRONOUS MOTORS

72690221

~
input [
power |- torque current
(W) - (mNm] (% Tnom)
B 09 torque L
- 0,8 ————
- 07 =
22 0,6
20 T
! power
18+
16 —
141 —
/
12 20
B current |__L———T" = Tmax
B [ 0 <«—Inom
a "] -20 <“—TInin
-10 0 10 20
T T voltage (% Vnom)
Vimin Vhom Vrmax
Typical curves of 220 V motors.
_ 7275235
input
power [ torque current
(W) |- (mNm) (% Inom)
= 06 torque
- 0,5
08
071 power |__4—1
os| —
’ i ol
04
- : - 20
B current _—+—71 “—Imax
o —— 0 <«—Inom
| ] [ -20 “—Imin
—
-10 0 10 20
T T voltage (% Vnom)
van vncm Vmux

Typical curves of 110 V motors.
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9904 110 06...

UNIDIRECTIONAL SYNCHRONOUS MOTORS

instrument type for low noise requirement

QUICK REFERENCE DATA
Nominal voltage 220V 110V
Frequency 50 Hz 50 Hz
Speed 250 rev/min 250 rev/min
Input power 2,6 W 1w
Torque 0, 25 mNm 0, 25 mNm
APPLICATION

These motors have been designed specifically for timing devices which need small motor
dimensions and a very low running noise.

The design is similar to that of the 9904 110 05... series but the accent has been placed
on low running noise characteristics.

The motors are ideally suited for small equipment such as 24-hour timing devices which
operate in environments where noise should be kept to a minimum.

Clock mechanisms in hospitals, living rooms and offices are typical application areas
for these motors.

The 220 V version operates via a series resistor to keep the dimensions of the motor as
small as possible.
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9904 110 06...

UNIDIRECTIONAL SYNCHRONOUS MOTORS

TECHNICAL DATA

——«>7,30 10,5 |=
—bFO,B
I" A

Dimensions in mm

+1

oo™
o
=
?
I¢m
1o
W ———p
o1
o
o

4,./ 72581711
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UNIDIRECTIONAL SYNCHRONOUS MOTORS 9904 110 06...

catalogue number
clockwise rotation 9904 110 06102 1) | 9904 110 06301
counter-clockwise rotation 9904 110 06112 1) 9904 110 06311
Nominal voltage V) 220 110
Frequency (Hz) 50 50
Speed (rev/min) 250 250
Current (mA) 12 10
Input power (W) 2,6 1
Starting torque (mNm) 0,25
Working torque (mNm) 0,25
Torque derating %) 0,4
Temperature increase of the motor (°C) 40
Ambient temperature range ' (°C) -5 to +50
Permissible voltage fluctuations %) =15 to +10
Insulation according to CEE1Q class‘1
Insulation test voltage V) 2500
Bearing sintered bronze slide bearing
Maximum radial force (N) 0,2
Maximum axial force : N) 0,15
Maximum inertial load (gcrnz) 0,02
Housing passivated zinc plating
Mass (2) 40

1) This motor has to be used with a series resistor (12 kQ, +5%, 2 W).
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9904 110 06... UNIDIRECTIONAL SYNCHRONOUS MOTORS

7258170.3

r‘ T
input
power |- torque current
(W) {mNm) ] — (% Inom)
— 0,4 1 [ torque
» ——
- 03 ==
3 —
power |
B —1
2k — 20
| current || ——— <«—Imax
B I 0 <+—Inom
- - — ~20 ™ Imin
-10 0 10
T T voltage (% Vhorm)
lel'l VI’\OIT\ vde
Typical curves of 220 V motors.
1275234
~ 1
input [~ l
power |- torque current
(W) — (mNm) (o/o Inom)
| 0.4 torque '
- p—
- 0,3
B power
1,0 E [ —
0,9 p—
08
= 20
B current | L= +—Imax
i ronento=] 0 ‘_Inom
| | -20 “—Inin
-10 0 10 20
T voltage (% Vnom)
me Van vmdx

Typical curves of 110 V motors.
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MTMO09 “ : 9904 110 09 . . .

UNIDIRECTIONAL SYNCHRONOUS MOTORS
miniature type for clock mechanisms

QUICK REFERENCE DATA

Nominal voltage 12V, S0Hz |24V, 50Hz | 24V, 50 Hzl) 110 vV /220V, 50 Hz

Speed 375 rev/min | 375 rev/min | 375 rev/min |375 rev/min

Input power 0,2 W 0,2 W 0,12 W 0,75 W/1,5W

Torque 0,08 mNm 0,08 mNm 0,03 mNm 0,08 mNm
APPLICATION

These miniature timing motors are designed to drive small clock mechanisms specifi-
cally where low power consumption (thus low temperature rise) is required and where
small dimensions are preferred.

Versions are available for 12 V, 24V, or 110 V /220 V operation at 50 Hz. The low
power consumption of the 12 V and 24 V types allows battery operation (via d.c. /a.c.
converter). For applications which normally use hysteresis motors, with their unfavour-
able volume-to-output ratio, a much better proposition is the silent 24 V version. The
12 V and 24 V versions can operate from the mains but, to obtain optimum results, it is
preferable to use the 110V /220 V version (in each case the appropriate resistor or
capacitor is required in series with the motor coil).

Typical applications are: '

electronic car clocks;

rate change clocks in electricity meters;

central heating control clocks;

- miniature time switches;

miniature elapsed-time indicators.

i

l) Silent version.
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9904 110 09 .. . || UNIDIRECTIONAL SYNCHRONOUS MOTORS MTMO09

TECHNICAL DATA Dimensions in mm

<—10,8 —|

e— 11,4—

see note /

Note - The angle between the axial plane through the centres of the mounting pins and the
axial plane through the centres of the solder tags is maximum 20 30'.

Mounting Two plastic twist-lock mounting pins are
provided, but can be cut off if desired.
Maximum thickness of mounting plate is
0,8 mm.

A32 “ November 1976



MTMO09

UNIDIRECTIONAL SYNCHRONOUS MOTORS

9904 110 09

12 V version

clockwise rotation
counter-clockwise rotation

catalogue number

9904 110 09701
9904 110 09711

Nominal voltage )
Frequency . (Hz)
Speed (rev/min)
Current (mA)
Input power W)
Starting torque ) (mNm)
Working torque 3) (mNm)
Torque derating %)
Temperature increase of the motor °c)
Ambient temperature range
operating (°C)
storage (9C)
Permissible voltage fluctuations (%)
Insulation according to CEE 10
Insulation test voltage W)
Bearings
Maximum radial force N)
Maximum axial force (N)
Maximum inertial load (gcmz)
Housing
Mass ()

12 6 _—
50 50 -_—
375 375 =
18 9
0,2 0,05
0,08 0,02
0,08 0,02 1y
0,6 0,6
16 4
-30 to+ 85 -10 to+ 85
-40 to +100 -40 to +100
~15to+ 10 0to+110
class 3
500
sintered bronze
0,05
0,05
0,002
steel, zinc plated
14

For typical curves, see next page.

This version can also be used for operation from 110 V /220 V, 50 Hz supply, provided
that the appropriate resistor or capacitor is in series with the motor coil see "Additional

information".

1y These figures for 6 V operation are for guidance only; they are not guaranteed but in

practice ensured.

2) If allowed for sufficient free movement of the motor spindle at the initial stage of

starting (e.g.a gearbox).

3y At 1 rev/min the working torque is 30 mNm (guidance value 7,5 mNm), without taking

into account the efficiency of the gearbox.
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9904 110 09 ... || UNIDIRECTIONAL SYNCHRONOUS MOTORS MTMO09
1
— 7264837
. 9904 110 09701
input R 9904 110 09711 current
power |- torque rre
(W) | (mNm) - (mA)
- 010 -
| ]
—_— 006 torque | _4—T"] P
—_— . I 7
—_— 020 e
—_— ’ -1
- 002 = =
0,15+ ‘/
) //
B input power A~ =%
010 |- -
_ o = .
0,05} e current L. |
i =T = et 10
a =
- L d 5
) 4 6 8 10 12 1%
voltage (V)
_ 7264841
) 9904 110 09601
;:&Jetr — torque 9904 110 09611 current
(W) | (mNm) > (mA)
- 040 L
0,25 | ]
L 006 torque | L~ P
020 - V0. - 4// <
B 0,02 e = L
015 |-
L 1L A
input power
0,10 |-
| /// d
0,05 | ] 110
| | et =T |t
N current |-t 6
| T |
-t =]
= 2
10 15 20 25
voltage (V)
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MTMO09

UNIDIRECTIONAL SYNCHRONOUS MOTORS

9904 110 09 . . .

24 V version

clockwise rotation
counter-clockwise rotation

catalogue number

9904 110 09601
9904 110 09611

Nominal voltage V)
Frequency (Hz)
Speed (rev/min)
Current (mA)
Input power W)
Starting torque 2) (mNm)
Working torque 3) (mNm)
Torque derating (%)
Temperature increase of the motor ©c)
Ambient temperature range
operating (°C)
storage °c)
Permissible voltage fluctuations (%)
Insulation according to CEE10
Insulation test voltage V)
Bearings
Maximum radial force (N)
Maximum axial force (N)
Maximum inertial load (gcmZ)
Housing
Mass (g)

24 12
50 50
375 375
9 4,5
0,2 0,05
0,08 0,02 )
0,08 0,02 1)
0,6 0,6
16 4
-30 to +85 -10 to +85
40 to +100 ~40 to +100
-15 to +10 0 to+110
class 3
500
sintered bronze
0,05
0,05
0,002
steel, zinc plated
14

For typical curves, see preceding page.

This version can also be used for operation from 110 V/220V, 50 Hz supply provided that
the appropriate resistor or capacitor is in series with the motor coil, see "Additional

information'.

1y These figures for 12 V operation are for guidance only; they are not guaranteed but in

practice ensured.

2) If allowed for sufficient free movement of the motor spindle at the initial stage of

starting (e. g.a gearbox).

3) At 1 rev/min the working torque is 30 mNm (guidance value 7,5 mNm). without taking

into account the efficiency of the geariox.
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9904 110 09 ... || UNIDIRECTIONAL SYNCHRONOUS MOTORS MTMO09
Versions for mains operation
catalogue number
clockwise rotation 9904 110 09101
counter-clockwise rotation 9904 110 09111
— Mains voltage V) 110 220
— low torque | hightorque | low torque | hightorque
—=_ mode 1)|  mode mode 1) mode
Required series resistor, * 5% (k) 22 12 47 30
Maximum power dissipation W) 0,5 0,7 1,1 1,6
Frequency (Hz) 50 50 50 50
Speed (rev/min) 375 375 375 375
Current (mA) 4 7 4 7
Input power W) 0,47 0,75 0,94 1,5
Starting torque 2) (mNm)| 0,02 0,08 0,02 0,08
Working torque 3) (mNm) 0,02 0,08 0,02 0,08
Torque derating %) 0,6 0,6 0,6 0,6
Temperature increase of the motor (oC) 5 17 5 17
Ambient temperature range
operating (0C) -15 to +85
storage . (°C) -40 to +100
Permissible voltage fluctuations (%) -15 to +10
Insulation according to CEE10 class 3
Insulation test voltage V) 500
Bearings sintered bronze
Maximum radial force (N) 0,05
Maximum axial force (N) 0,05
Maximum inertial load (gcm?2) 0,002
Housing steel, zinc plated
Mass ' (g) 14

For typical curves, see next pages.

For use of a series capacitor instead of a series resistor, see ""Additional information".

—
~

2

~

starting.
3

~

If used in low torque mode, the motor noise is reduced at minimum.

If allowed for sufficient free movement of the motor spindle at the initial stage of

At 1 rev/min the working torque is 7,5 mNm if used in low torque mode and 30 mNm

if used in high torque mode, without taking into account the efficiency of the gearbox.
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MTMO09 UNIDIRECTIONAL SYNCHRONOUS MOTORS 9904 110 09 . . .
~ 7264840
) i 9904 110 09101
input 9904 110 G911
power |- torque current
(W) | (mNm) = (mA)
1
10K 012 =
- torque — —
09 : 0,10 = ~ e —
= 7 —
08 0,08 f/ o
B 7
07 input power
- 8
06 —— ,
osl ‘¢”' current | Lt
) i ’/ 5
- - "‘
~ 5
80 90 100 110 120
voltage (V)
Typical curves for motors used with a series resistor of 12 k.
_ 72648462
) B 9904 110 09101
input 9904 110 09111
power |- torque current
(W) [ (mNm) o {mA)
- . =
B 06 torque L~
06 0,05 = ~
- ’/
e
05 004 -
i input power |~ s
4 T it I P
i L L~ ’
031 P current | 1T
L A A
" d
L e o 35
) 80 30 100 0 120
voitage (V)
Typical curves for motors used with a series resistor of 22 kQ.
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9904 110 09 ... ||UNIDIRECTIONAL SYNCHRONOUS MOTORS MTMO09
~— 7264839
input 9904 110 09101
power torque 3304 110 09111 current
(w) (mNm) A
e 007 — (mA)
pr— ! )//’
— —
— 0,06 torque |~
12 P .
0,05 > el -
10 Ll P
0,04 input power B 5
08
ol 1
ST S 45
pom =1 |t
0,6 currer&
—t"" 4
-+
35
180 200 220 240
voltage (V)
Typical curves for motors used with a series resistor of 47 k.
7264843
. " 9904 110 09101
input " torque 9904 10 09111
power {mNm) current
' = (mA)
(W) 0,12 =
torq_u’e_ ———
030 —
pu——1
18 7
0,08 !
y //
1,6 /,‘
=
14 input power_-
L~
1,2
| | | ”—
0 current |t 7
e 6
180 200 220 240
voltage (V)

Typical curves for motors used with a series resistor of 30 k.
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MTMO09 UNIDIRECTIONAL SYNCHRONOUS MOTORS

9904 110 09 . ..

Silent version

clockwise rotation
counter-clockwise rotation

catalogue number

9904 110 09501
9904 110 09511

Nominal voltage V)
Frequency (Hz)
Speed (rev/min)
Current (mA)
Input power W)
Starting torque b (mNm)
Working torque 2) (mNm)
Torque derating (%)
Temperature increase of the motor (°c)
Ambient temperature range
operating °c)
storage (©°C)
Permissible voltage fluctuations (%)
Insulation according to CEE10
Insulation test voltage V)
Bearings
Maximum radial force (N)
Maximum axial force (N)
Maximum inertial load (gcm?)
Housing
Mass (g)

Noise level 3) (dB - A scale)

24
50
375
5
0,12
0,03
0,03
0,6
10

-10 to +85
—~40 to +100
~15 to +10
class 3
500
sintered bronze
0,05
0,05
0,002
steel, zinc plated
14
30 (typical value)

For typical curves, see next page.

This version can also be used for operation from 110 V /220 V, 50 Hz supply, provided
that the appropriate resistor or capacitor is in series with the motor coil, see

"Additional information".

1y If allowed for sufficient free movement of the motor spindle at the initial stage of

starting (e. g.a gearbox).

2) At 1 rev/min the working torque is 11, 2 mNm without taking into account the efficiency

of the gearbox.

3) Measured with Brilel and Kjaer sonometer, type 2203; microphone at 40 mm from the

motor, which is mounted on a gearbox.
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9904 110 09 ... ||UNIDIRECTIONAL SYNCHRONOUS MOTORS MTMO9

7264838

input [ - i 9904 110 09501
power | torque 9904 110 09511 current
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— 016 torque |41
— ; —
—_— - 004 -
—_ oM | =t »
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012 -
r input power
0,10 |-
e 6
-~
0,08 P L
’ =
- = currenPt_ T 5
0,06 -
L e =T
o - .
18 20 22 24 26

voltage (V)
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9904 110 09 . ..

UNIDIRECTIONAL SYNCHRONOUS MOTORS

MTMO09
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9904 M

REVERSIBLE SYNCHRONOUS MOTORS

SURVEY

The range of reversible synchronous motors comprises the following types:
- instrument type : 9904 111 04...;
instrument type : 9904 111 06...;
instrument type : 9904 111 07...;
industrial type : 9904 111 27...;
instrument type : 9904 111 31....

'

Instrument type Industrial type
9904 111 04... and 9904 111 27...
9904 111 31...

Instrument type Instrument type
9904 111 06. .. 9904 111 07...
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9904 111 04...

REVERSIBLE SYNCHRONOUS MOTORS

instrument type

QUICK REFERENCE DATA

Nominal voltage

coilsinparallel 220V 110/117 'V 48V 24V

coilsinseries 380V 220V 110/117 V 48V
Frequency 50/60 Hz 50/60 Hz 50/60 Hz 50/60 Hz
Speed 250/300 rev/min 250/300rev/min 250/300rev/min 250/300 rev/min
Input power

coilsinparallel 1,8 W 1,8 W 1,8 W 1,8W

coilsin series 3,5 W 3,5W 3,5W 3,5W
Torque :

coilsinparallel 12 mNm 12 mNm 12 mNm 12 mNm

coilsinseries 18 mNm 18 mNm 18 mNm 18 mNm
APPLICATION

These motors are designed to operate with parallel-connected or series-connected motor
coils.

In parallel the output torque is limited to 12 mNm with a temperature rise of the motor
of 25 0C.

In series the output torque increases to 18 mNm and a temperature rise of the motor of
50 °C.

As the maximum permissible motor temperature is 100 °C, parallel operation allows
for a maximum ambient temperature of 75 °C, whilst series connection permits a
maximum ambient temperature of 50 °C.

Note : For new designs or applications which require a higher torque in parallel connec-
tion, refer to motors 9904 111 31..., as it is our intention to replace motors
9904 111 04... by this type. Motors 9904 111 04... will remain available as
maintenance types.
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9904 111 04... REVERSIBLE SYNCHRONOUS MOTORS

TECHNICAL DATA Dimensions in mm
8,2+05
+> |[*+—25—| «33+05
> 25
0
18-0,01
—H- 51
run out
0,07 max

Version with ¢1, 8 mm spindle.

) Version with $3 mm spindle.
i

< 7273234

Version with pinion

number of teeth = 10;
module = 0, 3;
addendum modification = +0, 2.

>l 82 |¢ 7273238
0,5
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REVERSIBLE SYNCHRONOUS MOTORS 9904 111 04...

|

catalogue number 9904 111 04...

coils in parallel l)

versions with spindle $3 mm 101 301 401 501
versions with spindle $1, 8 mm 111 311 411 511
versions with pinion 131 331 431 531 .
Nominal voltage V) 220 110 | 117 48 24 —
Frequency (Hz) 50 60 50| 60 50 | 60 50| 60 —
Speed (rev/min) 250 300 | 250 | 300 | 250 | 300 | 250 | 300
Current (mA) 8 18 38 75
Input power W) 1,8
Starting torque (mNm) 12
Working torque (mNm) 12
Torque derating %) 0,4
Temperature increase
of the motor °c) 30
Ambient temperature range (°C) -20 to +70
Permissible voltage
fluct}latlons . %) 15 to 410
Insulation according
to CEE10 class 2
Insulation test voltage V) 2500
Bearings slide bearings
Maximum radial force N) 5
Maximum axial force (N) 1,5
Housing zinc plated
Mass (2) 160
Required phasing
capacitor (UF) 0,056 ‘0,047 0,22 ‘O, 181 1,2 14,7 ! 3,9
permissible a.c.
voltage V) 330 250 160 63
729831
Coils in parallel Coils in series
Connection of the phasing capacitor.
1) For data on series-connected motor coils, see next page.
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9904 111 04... * REVERSIBLE SYNCHRONOUS MOTORS

catalogue number 9904 111 04...
! coils in series 1)
versions with spindle ¢3 mm 101 301 401 501
versions with spindle ¢1, 8 mm 111 311 411 511
versions with pinion 131 331 431 531
— Nominal voltage (V) 380 220 110 | 117 48
—— Frequency (Hz) 50 60 50 [ 60 | 50| 60 | 50| 60
— Speed (rev/min) 250 { 300 | 250 {300 {250 |300 | 250 {300
Current (mA) 9 16 32 75
Input power W) 3,5
Starting torque (mNm) 18
Working torque (mNm) 18
Torque derating %) 0,4
Temperature increase
of the motor (°C) 60
Ambient temperature range (°C) -20 to +50 2)
Permissible voltage
fluctuations %) -15 to +10
Insulation according
to CEE10 class 2
Insulation test voltage V) 2500
Bearings slide bearings
Maximum radial force (N) 5
Maximum axial force (N) 1,5
Housing zinc plated
Mass (2) 160
Required phasing
capacitor ©F) 0,15 |0,12 | 0,47 ‘ 0,39 1,8 ll,s 10 ‘ 8
permissible a.c. I
voltage V) 330 250 160 160

1y For data on parallel-connected motor coils, see preceding page.

2) Contimuious operation. Intermittent operation must allow for a maximum permissible
stator temperature of 110 °C. See also ""Parallel and series connection of the stator
coils in reversible motors". A
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REVERSIBLE SYNCHRONOUS MOTORS 9904 111 04...

7275218

input |~ ]
power - torque current
(W) (mNm) (% Inom)
- 18 ——
B 7 torque L~
- 16 ]
2,41 15
2,21 1A g
20 13—
18 12 POWEl i
1,6 - "
141+ — - 20
- e .
B current 1o :imux
— nom
- L
L " —20 ¥ Lmin
-10 0 10 20
T T voltage (% Vnom)
me Vr\gm qux
Typical curves; motor coils in parallel.
7275219
input
power |- torque current
(W) | (mNm) (% Tnom)
u 20 torque
| st
- 19 pu——
- 18
5 —
4 power | it
3 N IR 7
2 -
n 20
- - et <+—Imax
= ¢ gnt 0 <«—Inom
L =T 20
B -10 0 10 20
voltage (% Vnom!)
Vmin Vnom Vmux

Typical curves; motor coils in series.
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9904 11 06...

REVERSIBLE SYNCHRONOUS MOTORS

instrument type

QUICK REFERENCE DATA
Nominal voltage 220V 117V 110V 48V 24V
Frequency 50 Hz 60 Hz 50 Hz 50 Hz 50 Hz
Speed 250 rev/min 300 rev/min 250 rev/min 250 rev/min 250 rev/min
Input power SW 6W SW SW SW
Torque 37,5 mNm  37,5mNm 37,5mNm 37,5 mNm 37,5 mNm
APPLICATION

These motors are especially suitable in applications which require high torque andthe
capability to start relatively high inertia loads, e.g. medical instrumentation.

They have a unique rotor design (see "Principles-starting characteristics')anda slender
configuration.

Apart from their widespread use in medical equipment, these motors are to be found in
an increasing variety of applications, for example, traffic control equipment, textile
machines, and radar displays.
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9904 1M 06...

REVERSIBLE SYNCHRONOUS MOTORS

TECHNICAL DATA Dimensions in mm
+|16+05 [«—— 758404 ——> <—— 50,7max ——*
> |- 15+0,4 I 35+0,2
> |+1 2+0) "} l‘“
o F———
—_— L_gor2 1 N T I ]
' L ﬂ L ) 50 55
10_8’05 ?_ = ﬂ ''''' " max A @9 +0,2 05
» J] N
I 175 BN
10 T
8,2+05
— ‘4— 7269020.1
Version with ¢4 mm spindle.
3 -0,002 L‘ | n
-0,008 r
r Version with ¢3 mm spindle.
7275211
8+05
- < 758+ 04—
> e 15+04
—+(12+0,1
0 N
b-004 I
v 0 .
0.0 - : 1 1 so07 =— 60 68
100,05 — i max ’ £0,2 05
* T
_
S version with pinion ' 72690191
5+0, number of teeth =10
module =0,3
addendum modification = +0,2
A52
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REVERSIBLE SYNCHRONOUS MOTORS 9904 111 06...

catalogue number 9904 111 06. ..

versions with spindle ¢3 mm 101 201 301 401 501
versions with spindle ¢4 mm 111 211 311 411 511
versions with pinion 131 331 431 531
Nominal voltage V) | 220 117 110 48 24
Frequency (Hz) 50 60 50 50 50
Speed (rev/min) | 250 300 250 250 250
Current (mA) 27 60 50 110 200
Input power (W) 5 6 5 5 5
Starting tbrque ’ (mNm) 30 30 30 25 30
Working torque (mNm) |37,5 37,5 37,5 35 37,5
Torque derating (% | 0,4 0,4 0,4 0,4 0,4
Temperature increase of the motor (°C) 35 45 35 35 35
Ambient temperature range (°C) -20 to +70
Permissible voltage fluctuations (%) -10 to +10
Insulation according to CEE10 class 2
Insulation test voltage (V) 2500
Bearings slide bearings
Maximum radial force ) 15
Maximum axial force (N) 1,5
Housing aluminium
Mass (g) 300
Required phasing capacitor (WF) 10,18 | 0,68 | 0,68 3,5 14

Permissible a.c. voltage (V) | 330 I 250 j 250 j 160 160

Connection of the phasing capacitor.
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9904 111 06...

REVERSIBLE SYNCHRONOUS MOTORS

7275215

input B
power |- torque 8 current
(W) - (mNm) (% Tnom)
u 50
| el
Jrm— L 45 torque |~
ju— 6 P
prem— B 40 ] //
5 -
power
- 35 — / I
NS ]
- = 20
3 = *+— Imax
-~
i C/Lll’lre’nt = 0 <+—Inom
- | -20 "_Imln
-10 0 10 20
T T voltage (% Vnom!
me Vnom Vmux
Typical curves.
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9904 111 07...

REVERSIBLE SYNCHRONOUS MOTORS

instrument type

QUICK REFERENCE DATA

Nominal voltage
coils in parallel
coils in series

Frequency
Speed

Input power
coils in parallel
coils in series

Torque
coils in parallel
coils in series

110/117 V
220 V

50/60 Hz
250/300 rev/min

2,5 mNm
4,5 mNm

48V
110/117 V

50/60 Hz
250/300 rev/min

0,5W
1,3 W

2,5 mNm
4,5 mNm

24V
48V

50/60 Hz
250/300 rev/min

0,5W
1,3 W

2,5 mNm
4,5 mNm

APPLICATION

These motors have been designed for optimum performance in equipment where the
available space is limited but high torque and reversibility of the motor is required.
In order to keep the dimensions as small as possible, the coils are connected in series

for 220 V operation. The motors find their application in control and regulating systems

in instrumentation.
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9904 111 07... REVERSIBLE é'YNCHRONOUS MOTORS

Dimensions in mm

TECHNICAL DATA
9 . +01
88-1 21 32
s | | —/%
83 T
N f
a1 1 0 g
==H-— |— - 1B —t- 0 -
iy ; R O
NG
run out E Ny .
0.05max { v 7 L 22 | \é/ \
1.1]/08 33 max ) ‘
{ 60°
fe—
Version with ¢2 mm spindle.
45
o}é . | Version with pinion.
Ny number of teeth = 10
module =0, 3
88-% 2om322 addendum modification = +0, 2

Note: - Motors with different voltage ratings, and/or provided with a pinion (see above),
are available on request only in minimum order quantities, and involve longer

delivery times.
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REVERSIBLE SYNCHRONOUS MOTORS

9904 1M1 07..

catalogue number 9904 111 07...
coils in parallel coils in series
versions with spindle ¢2 mm 311 411 511 311 411 511
versions with pinion 331 431 531 331 431 531
Nominal voltage W) 110/117 48 24 220 110/117 48 S
Frequency Hz) 50/60 s
Speed (rev/min) 250/300 rm——
Current (mA) 4,5 8 18 5,5 12 18 —
Input power W) 0,5 0,4 0,45 1,3 1,2 0,9
Starting torque (mNm) 2,5 4,5
Working torque (mNm) 2,5 4,5
Torque derating (%) 0,4 0,4
Temperature increase
of the motor (oC) 10 25
Ambient temperature
range (0oC) =20 to +70
Permissiblie voltage
fluctuations %) -15to+10
Insulation according
to CEE 10 class 1
Insulation test voltage (V) 2500
Bearings slide bearings
Maximum radial force (N) 2,5
Maximum axial force (N). 0,75
Housing zinc plated
Mass (8) 75
Required phasing
capacitor (LF) 0,047 0,22 1 0,18 0, 68 2
permissible a.c.
voltage V) 250 160 160 160 160 160
\
cw \cow
[} red c blue
N
grey! grey
7298310 7298311
Coils in parallel Coils in series
Connection of the phasing capacitor.
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9904 111 07... REVERSIBLE SYNCHRONOUS MOTORS

7275216

r
input |~
power |- torque current
(W) | (mNm) (%6 Tnom)
B 5 torque I e, o
= A E————
o 3
- 2
08 [~ | T
0,51 power| L ——
0,4 - I
0,3 —
0,21 — 20
/%
- current—— +—Imax
- —— 0 f—[nom
B "] _20‘_‘1m|n
-10 0 10 20
T voltage (% Vnom!
me Vnam vde
Typical curves; motor coils in parallel.
— 7275247
input
power |- torque T current
(W) - (mNm) (% Ian)
— 7
torqu
- 6 que
-
- 5
- 4
2 -
151 power -
‘1 - I e
05 20
’ |
L curre & — | <+ Imax
- — =] 0 <+—Inom
L |
B "1 -20 +—TImin
-10 0 10 20
T T voltage (% Vnom)
Vmin Vnom vmax

Typical curves; motor coils in series.
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9904 1M 27..

REVERSIBLE SYNCHRONOUS MOTORS
industrial type

QUICK REFERENCE DATA
Nominal voltage 220V 110V 48V 24V
Frequency 50 Hz 50 Hz 50 Hz 50 Hz
Speed 250 rev /min 250 rev/min 250 rev/min 250 rev/min
Input power 6w 6w 6w 6 W
Torque 70 mNm 70 mNm 70 mNm 70 mNm
APPLICATION

These motors are especially suitable for instrument drives, computer peripherals and
office machines. Typical end uses of these motors also include medical pumps, and
valve drives in central heating and air-conditioning systems.

A phasing capacitor is used to determine the direction of rotation with a 50 Hz supply.
For 60 Hz operation the same capacitor can be used in series with a resistor.
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9904 11 27..

REVERSIBLE SYNCHRONOUS MOTORS

it

TECHNICAL DATA
> 18£0,5 57,6
| Ly,
2 -t | e
L? 0,07]A]
L
0 S\
12_g03 ~ -+t — - —- 8675
+ J 010
8 0018
HH— blue
length 17515 L grey
‘ 1} —red
length 190 £15 - grey
I

Dimensions in mm

'4

b’ J |<- 4,502

069

05601

7l

Jﬂ/’

2¢

—g

7269855

—

Version with # 6 mm spindle. The leads are double insulated (AWG22).

VATTary

¥
0 _
812_003
) |
-0,002
23_0.008
~t -
82+05 7269850

Version with ¢ 3 mm spindle.

Note - Motors with different voltage ratings are available on request, only in minimum
order quantities, and involve longer delivery times than standard versions.
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REVERSIBLE SYNCHRONOUS MOTORS 9904 1M 27..

catalogue number 9904 111 27...

Versions with spindle ¢6 mm 111 311 411 511
Versions with spindle ¢ 3 mm 101 301 401 501
Nominal voltage V) 220 110 48 24
Frequency (Hz) 50 50 50 50
Speed (rev/min) 250 250 250 250
Current (mA) 30 55 125 250
Input power (W) ’ 6
Starting torque (mNm) 60
Working torque (mNm) 70
Torque derating (%) 0,4
Temperature increase of the motor (0C) 55
Ambient temperature range

Operating (°c) -20 to+70

Storage (°C) -40 to +100
Permissible voltage fluctuations %) -15 to +10
Insulation according to CEE10 class 2
Insulation test voltage V)| 2500
Bearings ball bearing (front), slide bearing (rear)
Maximum radial force (N) 50
Maximum axial force (N) 20
Housing aluminium
Mass (2) 530
Required phasing capacitor (LF) 0,22 | 0,82 4,7 18

Permissible a.c. voltage V) 330 1 250 ] 160 ’ 100

For operation from 60 Hz mains voltage (resulting in a motor speed of 300 rev/min), a
resistor must be connected in series with the phasing capacitor; the value of this resis-
tor is:
2,7 k2, 5W for 220V, 60 Hz;
1k, 5W for 117V, 60 Hz;
39 @, 5W for 48V, 60 Hz;
15 @, 5W for 24V, 60 Hz.

CcW ; CCW cw ccw

red c blue red blue
c —k o | —
50 Hz 60 Hz
(o] o
grey grey grey grey

_____.__j 7269852

Connection of the phasing capacitor. Connection of a resistor in series
with the phasing capacitor for 60 Hz
mains supply.

7269851
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9904 111 27... REVERSIBLE SYNCHRONOUS MOTORS

I

7269854

—
input [~ 100 |
p:)vv;)er B (tozr:; torque_—T ‘Z;";e”t)
L (m o
B A l/ nom
- 80 —
L ]
= 70
7 o e—T"
4/’
o power
5 —
L
. et —— 20
= — «—1
current |_— max
B |1 0 <+—Inom
= -] ] JL _20'_Imm
-10 0 10 20
T T voltage (% Vnom)
Vimin vr\om vmux
Typical curves for 50 Hz operation.
_ 7269853
input [~ 100
power - torque ot current
W) | (mNm) torque — (% Tnom)
B l/ nom
T
- 80 ]
» '/
S 0 ,‘/
- Pl
.
" 60
i pover T
B -
5 — — 20
L current— = <+ Imax
—
L —— 0 <«—Inom
| ] _20‘—Im|n
-10 0 10 20
T T voltage (% Vnom)
leﬂ Vnom vmdx

Typical curves for 60 Hz operation.
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9904 1M1 31...

REVERSIBLE SYNCHRONOUS MOTORS
instrument type

QUICK REFERENCE DATA
Nominal voltage 220V 110V 48V 24V
Frequency 50 Hz 50 Hz 50 Hz 50 Hz
Speed 250 rev /min 250 rev/min 250 rev/min 250 rev/min
Input power 3,5W 3,5W 3,5W 3,5W
Torque 20 mNm 20 mNm 20 mNm 20 mNm
APPLICATION

These motors are especially suitable for a.c. servo systems where instant start/stop
and reversibility of the motor is required. The design is similar to that of the

9904 111 04... series, but the motors of the 9904 111 31... series have maximum
torque output in the parallel connection. This allows for a switching technique which
disconnects the mains supply during the switch-over period to obtain the reversed
direction of rotation.

A phasing capacitor is used to determine the direction of rotation with a 50 Hz supply.
For 60 Hz operation the same capacitor can be used in series with a resistor.

December 1976 A63



9904 111 31... REVERSIBLE SYNCHRONOUS MOTORS

|

TECHNICAL DATA Dimensions in mm

8,205 3,5%0,2

> <—25— +33+05

| a2 5 Iy

~—t-H 51 705 502 :
run out
0,07 max \

i %r 3 \ 175
N
15+ *? q : \\/

7275209 |<—-/26°/'

Version with ¢ 1,8 mm spindle. The leads are double insulated (AWG24).

Version with pinion.

number of teeth = 10;

mocdule = 0, 3;

addendum modification =+0, 2.

53-0002

Version with ¢ 3 mm spindle.

1273234
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REVERSIBLE SYNCHRONOUS MOTORS

9904 1M 31

catalogue number 92904 111.31...

Versions with spindle ¢ 1,8 mm 111 311 411 511
Versions with spindle ¢ 3 mm 101 301 401 501
Versions with pinion 131 331 431 531
Nominal voltage (V) 220 110 48 24
Frequency (Hz) 50 50 50 50
Speed (rev/min) 250 250 250 250
Current (mA) 16 30 80 150
Input power W) 3,5
Starting torque (mNm) 20
Working torque (mNm) 20
Torque derating %) 0,4
Temperature increase of the motor (9C) 60
Ambient temperature range
Operating (°C) ~20 to +60
Storage (°C) -40 to +100
Permissible voltage fluctuations %) ~15 to +10
Insulation according to CEE 10 class 2
Insulation test voltage ) 2500
Bearings slide bearings
Maximum radial force {N) 5
Maximum axial force (N) 1,5
Housing zinc plated
Mass (2) 160
Required phasing capacitor [(T13)} 0,1 l 0,39 2,2 8
Permissible a.c. voltage V) 330 l 250 160 63

For operation from 60 Hz mains voltage (resulting in a motor speed of 300 rev/min), a
resistor must be connected in series with the phasing capacitor; the value of this resis-

tor is:
i,8kR2, 0,5W for 220V, 60 Hz;
560, 0,5 W for 117V, 60 Hz;
68, 0,5W for 48V, 60 Hz.

No resistor is required for operation from 24 V, 60 Hz supply.

cw ccw
O—
red c ———[ blue

50 Hz

¢

QYE)’C[ grey

7269852

Connection of the phasing capacitor.

cw ccw
red c R blue
e}
60 Hz
Q
grey grey
7269851

Connection of a resistor in series
with the phasing capacitor for 60 Hz
mains supply.
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9904 11 31.. REVERSIBLE SYNCHRONOUS MOTORS
_ 7275213
input
power |- torque current
(W) | (mNm] —F (%o Tnom)
- 27 torque[ =
- 26 e
- 25 —
u 24
— 23
L5
41 —_— -
power et
351 —
//
22 I — - i I
an current _|_4+—t1 | . :Imax
i //‘/ nom
- — -20 +—TImin
-10 0 10 20
T T voltage (% Vnom
me vnom dex
Typical curves for 50 Hz operation.
_ 1275212
input
power |- torque current
(W) — (MNm) (%6 Inom)
|
B 27 torque | L —t—
- 26 —
- 25
o 24
- 23 4
L5t = —
| —
Lr power
35 p—
3t L — - 20
25 | current ——y o :Imux'
B . [ nom
- — ] -20 ‘_Imln
-10 0 10 20
T T voltage (% Vnom)
me vnom VmﬂX

Typical curves for 60 Hz operation.
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GENERAL STEPPER
MOTORS

INTRODUCTION

A stepper motor converts digital information into propcrtional mechanical movement ; it
is an electro-mechanical device whose spindle rotates in discrete steps, following com -
mand pulses in number and speed, when operated from a source that provides program -
med current reversals.

After the appearance of the stepper motor in applications traditionally employing digital
control, the advantages of precise and rapid positioning of objects using electronics be-
came more cbvious and this, in turn, led to a greater variety of applications. These
now include:

- paper and magnetic tape drives

- teletype and strip printers

- camera iris control, film transport and colour film sorting

- co-ordinate plotters, incremental chart recorders and variable speed chart drives

- medical equipment, e.g. blood samplers, lung analysers and kidney pumps

- fuel flow control, valve control and variable speed syringé pumps

- taxi-meters, card readers, production line pulse counters, and automatic weighing
and labelling systems

- digital -to-analogue converters and remote position indicating equipment.

A1l have one thing in common - controlled motion. Wherever controlled movement and/or
positioning is necessary, the stepper motor can be applied. And usually to advantage.

From a mechanical viewpoint, the stepper motor has simple positional control, relia-
bility and precision - it has, however, introduced the need for electronics. Where pre-
viously, simple, mechanically operated switches often provided adequate control, the
need for a better method has arisen. The advantages of stepper motor systems have been
gained at some expense to the simplicity of the motor control: although still unsophisti-
cated by modern standards, some electronic circuits are necessary.

The full benefit of a stepper motor can only be realized if it is correctly driven. It re-
quires a d.c. supply, an electronic switch and a source of control pulses (digital infor -
mation). The appropriate d.c. supply is routed to the motcc via the electronic switch. In
effect, the motor moves through one step for each control pulse applied to the electronic
switch. The angle of the step depends upon the type of motor and can be from as little as
39 45" to as much as 159, Consequently, if 24 pulses are fed to the switch, the shaft of a
motor with a 150 step-angle will complete one revolution. The time taken for this action
is entirely a function of the rate at which control pulses are applied. These may be ge -
nerated by an oscillator with adjustable frequency, or derived from one of a variety of
sources: perforated tape, magnetic tape, etc.
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GENERAL STEPPER
MOTORS

PRINCIPLES

MOTORS

The position assumed by the spindle of a stepper motor depends upon the relationship
between a number of magnetic poles on its stator assembly and a number of magnetic
poles on its rotor. Since the latter is a permanent magnet, the poles are fixed. The sta-
tor assembly, however, comprises two or more stators, each having a coil through which
current is passed to form a magnet. By reversingthe direction of current flowinginacoil,
therefore, the north and south poles can be transposed. Reversing the current -flow
through successive stator coils creates a rotating magnetic field which the permanent —
magnet rotor follows. Speed of rotation is thus governed by the rate at which the siator
coils (and hence the electro-magnetic poles) are switched and the direction of rotation
by the actual switching sequence.

There are two methods by which the current-flow through stator coils can be reversed
and this has led to two classes of stepper motor: those designed for uni-polar drive and
those for bi-polar drive.

For ease of description, illustrations in this section which give a diagramatic represen -
tation of a stepper motor show only a 2-pole rotor although it could have as many as 24:
the operating principles, however, are the same.

Motors for Uni-polar Drive

Each stator coil of a motor designed for uni-polar drive is provided with a centre -tap
which is connected to one side of the supply, say, the positive. The direction of current
flowing through a coil is then determined by the end to which the negative supply line is
connected via a switching device. Switching coil-halves results in the magnetic poles of
the relevant stator being reversed.

2-stator motors (4-phase)

Fig. la shows a 4-phase stepper motor in which phases P and R are energized: the rotor
assumes the position indicated. If switch S1 is now operated (phases Q and R energized),
the conditions illustrated in Fig. 1b obtain, i.e. the rotor has moved through 90 degrees.
From this it can be seen that by operating switches S1 and S2 alternately, the rotor can
be made to rotate in 90° steps. The direction of rotation can be reversed by altering the
switching sequence.

4 -stator motors (8-phase)

The 8-phase motor illustrated in Fig. 2 functions in the same manner as the 4-phase
motor described previously. In this case, the angle through which the rotor-turns at
each step is halved. This is because the stator assembly now has twice the number of
magnetic poles.
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STEPPER PRINCIPLES GENERAL

MOTORS
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STEPPER PRINCIPLES GENERAL
MOTORS

Motors for Bi-polar Drive

The stator coils of a motor designed for bi-polar drive have no centre-tap. Instead of
using alternate coil -halves to produce a reversal of current -flow through the stator
windings (as for uni-polar drive), the current is now reversed through the entire coil by
switching both supply lines. Operation of a motor with bi-polar drive is identical to that
of one with uni-polar drive.

2 -stator motors (2-phase)

Operation of a 2-phase motor with bi-polar drive is shown in Fig.3.

4 -stator motors (4-phase)

The 4-phase motor with bi-polar drive is shown in Fig. 4.

[

stator P

T

0

stator R

wn
N

{}_

- e

Fig.3a
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STEPPER PRINCIPLES
MOTORS :

GENERAL

Features of the bi-polar drive

The advantages of using motors with bi-polar drive are shown in Fig.5. This compares
the performance of type PD16 motors when employing uni-polar and bi-polar drive. A

considerable increase in available torque is apparent using the bi-polar version: the as-
sociated electronics, however, are necessarily somewhat more complex.

100 7258929.2
torque PD16B
(MNm) P e EEF 1
<1 N
<
75 bt N
N AN
N pull-in N\ pull-ou
N
o PD16 \
™
\\\ ‘ A}
AN N\
\\ \ \ \
25 \ AN
N N
1\ N N\
\ . N\
N\ N \
0 \ AAN
10 30 100 300 1000 3000 10000 30000 steps/s
6,25 18,75 62,5 187,5 625 1875 6250 18750 rev/min
Fig.5
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GENERAL PRINCIPLES STEPPER
MOTORS

THE ELECTRONICS

As indicated previously, stepper motors operate from a d.c. supply via sequential
switching which produces current reversals through successive stator windings. A d.c.
supply, appropriate to the particular motox -type and the method of drive, is usually
derived from the a.c. mains by means of a transformer and rectifier circuit. Switching
is performed either by a mechanical switch (Fig. 6a) or by an electronic switch (Fig. 6b).

d.c. supply
4
mechanical R stepper
switch v motor
Fig.6a
7266685
d.c. supply
Y
control electronic R stepper
pulses - switch g motor
Fig. 6b

7266686

The mechanical switch requires a physical force to produce the required switching,
whereas the electronic switch provides the necessary control directly from a series of
pulses (i.e. digital information). In general, a mechanical system has several disad-
vantages when compared with its electronic counterpart:

- lower switching speeds

- wear on moving parts and, hence, increased maintenance

- contact vibration, leading to lower efficiency and decreased reliability
- longer switch-over times.
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STEPPER PRINCIPLES GENERAL
MOTORS

The features listed detract from the characteristics of the stepper motor itself. The
electronic switch, however, optimizes the motor characteristics; this is because it has:

- a high switching speed

- high reliability

- no maintenance requirements
- a very short switch-over time
- a low power control capability.

Fig. 7 illustrates the detrimental effect upon current-flow through a coil, and hence
torque, caused by the extended switching time inherent in mechanical switches.

switch-over time
— <

s ‘mechanical switch

A\

7266701

switch-over time '
negligible electronic switch

Fig.7
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PRINCIPLES

STEPPER
MOTORS

Uni-polar Drive

Stepper motors operated with a uni-polar drive system require the following electronics

(Fig. 8):

- a transformer, to reduce the value of the available a.c. mains
- a rectifier, to convert the low a.c. supply into the appropriate d.c. motor supply

voltage

- a source of control pulses (e.g. an oscillator)
- an electronic switch, this arranges the incoming control pulses into the sequential
phase switching necessary for the stator coils )
- a compensating network, to improve the rise-time of current through a stator coil when
power is initially applied.

transformer
and
rectifier
v
. N electronic . compensating . stepper
oscillator - switch » network e motor
7266688
Fig.8

The compensating network (Fig. 9) consists of a resistor Ry and a capacitor C, for each
phase. The resistor Ry isconnected in series with the stator phase P and the capacitor is
connected in parallel with the phase and the switching element TR. This arrangement
allows the capacitor to discharge, thereby providing a current peak (Fig. 10), at the a-
mount its associated phase is switched into circuit. The capacitor regains its charge du-
ring the period for which the switching element is in the off state.

(15

Ry1 Ry2
P1 P2
Ccy2o=
TR1 TR2
Fig.9

TRn

7266697

-0 +
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Fig. 10

Bi-polar Drive

Stepper motors operated with a bi-polar drive system require the following electronics
(Fig.11):

- a transformer, to reduce the value of the available a.c. mains

- a rectifier, to convert the low a.c. supply into the appropriate d.c. motor supply
voltage

- a source of control pulses (external to the electronics, as such)

- an electronic switch, known as a "bi-polar constant current drive" (BCCD).

The BCCD unit converts the incoming control pulses into the requisite current reversals
through successive stator coils, supplying them from a 60 V source which employs a
chopper circuit. This ensures that the current through a stator coil reaches its maximum
value in the shortest possible time, maintains that value irrespective of opposing cur -
rents generated by the rotor and reduces the power consumption of the overall system.

transformer
and
rectifier

stepper
motor

control

pulses Bcco

Y

Fig. 11

7266687

July 1972



GENERAL PRINCIPLES STEPPER
MOTORS

Fig. 12 shows a basic constant current, bi-polar drive circuit for one stator coil. Trans-
istors TR1 to TR4 perform the bi-polar switching function for a stator coil L and ¢orrect
sequential switching of a number of these circuits, to provide "step-wise" rotation of the
motor in either direction, is controlled by the logic circuit. If TR1 and TR4 are conduc -
ting (TR2 and TR3 off), conventional current-flow through the stator coil is from 1 to 2
(Fig. 12): if TR2 and TR3 are conducting (TR1 and TR4 off), it is in the opposite direction
i.e. from 2to 1.

When TR1 and TR4 are switched on by the control logic, current starts to flow and quick-
ly increases exponentiallythrough resistor R1, transistor TR1, stator coil L and trans-
istor TR4. On reaching a predetermined maximum permissible value, the voltage devel -
oped across R1 causes the level detector to operate. The output' from the level detector
is fed to gate A and this switches off TR4 as soon as that value is reached. At this mo-
ment, the energy stored in the magnetic field of the stator coil maintains a temporarily
increasing voltage across the coil and an exponential fall in current results through the
circuit R1, TR1, L and diode D2, reducing the voltage across R1.When a predetermined
minimum value is reached, the level detector causes TR4 to conduct again and thisaction
continues for as long as the logic circuit demands the conduction of TR1 and TR4: resul -
tant current -flow is shown in Fig. 13.

A similar action occurs when the control logic demands the conduction of TR2 and TR3
but, in this case, TR3 is switched by gate B.

Vb
D1 R1 D2
level
detector | |
{ ! TR1 TR2 ! }
1/Y\LrY\2
gate gate
T
I N TR4 R3 8
Vo
] [ 7266698
control
logic
Fig.12
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MOTORS

TS

IS

stator
current

7266700

time

Fig.13
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STEPPER
MOTORS

GENERAL

TERMINOLOGY

(in alphabetical order)
Detent Torque: The maximum torque that canbeappliedto the spindle of an unexcited
motor without causing continuous rotation. Unit: mNm.

Deviation: The change in spindle position from the unloaded holding position when a
certain torque is applied to the spindle of an excited motor. Unit: degrees.

Holding Torque: The maximum steady torque that can be externally'applied to the
spindle of an excited motor without causing continuous rotation., Unit: mNm,

Maximum Pull-In Rate (Speed): The maximum switching rate (speed) at whichan un-
loaded motor can start without losing steps. Unit: steps/s (rev/min).

Maximum Pull -Out Rate (Speed): The maximum switching rate (speed) which the un-
loaded motor can follow without losing steps. Unit: steps/s (rev/min).

Maximum Working Torque: The maximum torque that can be obtained from the mo-
tor. Unit: mNm.

Overshoot: The maximum amplitude of the oscillation around the final holding posi-
tion of the rotor after cessation of the switching pulses. Unit: degrees.

Permanent Overshoot: The number of steps the rotor moves after cessation of the
switching pulses. Unit: steps.

Phase: Each winding connected across supply veltage.

Pull -In Rate (Speed): The maximum switching rate {(speed)at whicha frictionallyload-
ed motor can start without losing steps. Unit: steps/s (rev/min).

Pull-In Torque: The maximum torque that can be applied to a motor spindle when
starting at the pull-in rate. Unit: mNm. :

Pull -Out Rate (Speed): The maximum switching rate (speed)which a frictionally load -
ed motor can follow without losing steps. Unit: steps/s (rev/min).

Pull-Out Torque: The maximum torque that can be applied to a motor spindle when
running at the pull -out rate. Unit: mNm.

Start Range: The range of switching rates within whicha motor can start without losing
steps.

Step Angle: The nominal angle that the motor spindle must turn through between ad-
jacent step positions, Unit: degrees.

Stepping Rate: The number of step positions passed by a fixed point on the rotor per
second. Unit: steps/s.

Slew Range: The range of switching rates within which a motor can rununidirection -

ally and follow the switching rate (within a certain maximum acceleration) without
losing steps, but cannot start, stop or reverse.
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GENERAL STEPPER
: MOTORS

MOTOR SPECIFICATIONS

The following pages contain full specifications for each motor type. Values given are ty-
pical, they apply at an ambient temperature of 15 °C to 35 °C, an atmospheric pressure
of 860 to 1060 mbar and a relative humidity of 45 to 75 %.

The following points should be noted:

Maximum motor temperatures are as follows:

- PD-series: 125 °C
- ID -series: 100 °C.

Temperature increase in these motors depends upon their power consumption. Motors
employing unipolar drive 9904 131 03003, 9904 131 03004, or SAA1027, operate from a
low supply voltage and have a low power input which limits the increase in motor temper -
ature. If motors with unipolar drive are operated at low ambient temperatures, a higher
supply voltage, giving correspondingly higher torque, is permissible.

Motors employing bipolar constant current drive 4322 027 90070 operate from a high
(60 V) supply voltage and have a higher input power which causes a greater increase in
motor temperature. They should either be mounted on a surface that will act as a heat-

sink or have forced cooling (for further details see Description of the bipolar constant -

current drive).

At ambient temperatures above 25 0C, the torque of motors, both for unipolar and bipolar
drive, will decrease by approximately 0, 2% per °C. There is also a derating at low am-
bient temperatures, more so for unipolar motors operating in the slew range: pull -in,
however, is not affected.

Instability of a stepper motor's performance can occur under certain circumstances. The
mass moment of the rotor and its load, together with the magnetic stiffness, forms a
spring system which causes:

- a resonance at low stepping rates
- hunting around the required speed at high stepping rates (this is more pronounced with
8-phase motors operating in their slew range).

These unstable areas are indicated by broken lines on the performance curves appearing
in this section.

Resonance can be minimized by applying the correct amount of friction to the motor
drive-spindle.

Hunting can be minimized by attaching a " Lancaster damper" to the motor spindle. A
Lancaster damper basically consists of a disc that is frictionally attached over the
motor spindle. Ordinarily the disc rigidly follows the rotational speed of the spindle but
when hunting occurs, it moves through a small angle in relation to the spindle and ab-
sorbs the fluctuation in speed. The mass moment of the disc ‘and the required friction
depend entirely upon the application and must be individually determined in each case.
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GENERAL

4-PHASE UNIPOLAR STEPPER MOTORS

This range comprises eight types of permanent magnet stepper motor :
- 6 industrial digital (ID) types;
- 2 professional digital (PD) types.

The ID types are intended for instrumentation and computer peripherals. The PD types
may be used in professional applications and equipment which require a high degree of
reliability even under very unfavourable environmental conditions.

DESCRIPTION

The motors have a 4-phase stator and a permanent magnet rotor with 24 poles (step angle
of 70 30') or 12 poles (step angle of 15°) in a rugged and simple construction. The motor
coils are adapted to the unipolar electronic switch 9904 131 03003 or the unipolar inte-
grated circuit SAA 1027 (see relevant data sheets).

CONNECTION DIAGRAMS
ID types with unipolar electronic switch 9904 131 03003

printed-wiring

connector stepper motor
——— e —
yellow | 4
420 10} NY\-.,
S 1
I___,l"g 9] black |1 l
118 8} grey | :
~ |
L__|’7 71 redIZ'_________ﬂ
16 6} yellow |—3M\_]
Y |
Lhs s black |3t I
16w} grey :‘* ' J !
_ﬁ; 3l red ' 4 '
o ol -
Y R Y IH
rT—_I” 1 I—m 7273238
input input for : P .
for stepping direction Fig. 1. Combination without

of rotation compensating network.
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GENERAL

4-PHASE UNIPOLAR STEPPER MOTORS

printed-wiring

compensating network connector stepper motor
+Vy ov —_———— —
yellow |1
§20 10}
R, +Cv I\: F | f'YYL' l
= Ly o black llr |
o c 18 el Tt |
v v —
»‘l:J——E-ﬂi—‘ Lt red '2‘______1
16 6 b yellow l—zj
Rv Cy '~ ! | rW\-l l
1 L s black 13! |
R c e o — |
M +
S ——_ I PO redﬁ'_h‘
- TETe S
s 4 1 H 7266817
I—’T‘ ?—’
input input for.
for stepping direction
of rotation

Fig.2. Combination with compensating network. Resistor and capacitor values can be
found in the data sheet of the relevant motor type.

ID types with unipolar integrated circuit SAA1027

Isys‘tem
—

12V

0,1puF

Y

1000 Rg

15

2

3

[ |
B |D ' ’L.Nma"
“‘ “ b 11:._A—,_~_/YYY\__!___J
Q3 p
9 3 3'
SAA1027 Q, | |
8 Q4 L+ vy
6 f—— 2 2'
5 12 —l | |
7 Z oo

7273240

Fig.3. Resistor value Ry can be found in the data sheet of the relevant motor type.
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4-PHASE UNIPOLAR STEPPER MOTORS

GENERAL

PD types with unipolar electronic switch 9904 131 03003

printed-wiring

connector stepper motor
— — ———
120 10} bf°Wnl1fYﬁj Y _}
S5 1
Ly o brown/white 1’
e af red |2 |
~ ]
1y red/white 12! |
17 7}
% 6t orange l—?, m\_—1
N | m_l |
e orange /white 131
I yellow IL; ,
I A yellow/white ' & |
11 — — — —
vev i 2hgy I
!——B—T—-IH 1 I——RA-—I 7273237
input input for
for stepping direction
of rotation

Fig. 4. Combination without compensating network.
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GENERAL

4-PHASE UNIPOLAR STEPPER MOTORS

printed-wiring

compensating network connector stepper motor
+Vp ov —— ;
120 10} brown | 1 NY\_I —YY
R Lo — |
I—‘ I——|19 9l brown/white 11 |
'la 8} red IZ
g ' = |
!—‘ I—~—{17 71 red/white |2
116 6} orange ,—3 ,W\_l _1
Ry +Cv : . ! FfYY\— I
I—" l——|15 5] orange /white !3! I
R c O yellow lh |
g i b)) LI s yellow/white ' &'
e o] plaplepteplestuge
L--~[_§___'_‘r =" 2Hgy ™
) T [ I"—R4—| 7266815

input input for
for stepping direction
of rotation

Fig.5. Combination with compensating network. Resistor and capacitor values can be
found in the data sheet of the relevant motor type.
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9904 112 04101

4-PHASE UNIPOLAR STEPPER MOTORS

QUICK REFERENCE DATA

motor type 9904 112 04002 9904 112 04101
performance integrated circuit electronic switch 9904 131 03003
obtained with SAA1027 without RC network | with RC network
Step angle 70 30 70 30' 70 30'

Max. working torque 18 mNm 18 mNm 20 mNm
Holding torque 25 mNm 25 mNm k 27 mNm
Max. pull-in rate 230 steps/s 300 steps/s 400 steps/s
Max. pull-out rate - 350 steps/s 550 steps/s

A52692-2

APPLICATION

Motor 9904 112 04002 has coils adapted to the 350 mA per phase output capability of the
SAA1027. This motor is intended for applications where the system efficiency factor pre-
vails and circuit complexity is to be kept at a minimum.
Motor 9904 112 04101 operated via electronic switch 9904 131 03003, without RC network,
is especially suited for applications where the motor is used on

and system efficiency is of importance.

Motor 9904 112 04101 operated via electronic switch 9904 131 03003, with RC network,

is ideally suited for variable speed drives where the pull-out capabilities of the motor

are required.

anly in tha n11 i -
Ulily Ll LliC puli-iil range,
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9904 112 04002

9904 112 04101

4-PHASE UNIPOLAR STEPPER MOTORS

ID04-Series

TECHNICAL DATA

Dimensions (mm)

Marking and connection

yellow 3
black 3!

1 yellow
1" black

red 4!
grey 4

3,3 i0,5->‘ -

i

|

2'red
->’ -+ 2 grey

<15

-0,002
23_go08

v

Fig.1

<— 25max —»

\ 0
——E— 210_4 05

3

run out
0,05 max

8,2

- "
i 0.5 727330041

I

The connecting leads are colour-coded (see Fig. 1) and are connected to the electronic
switch or to the integrated circuit as shown in General section of 4-phase unipolar

stepper motors.

motor

9904 112 04002

9904 112 04101

Power consumption of motor only
Maximum working torque

Holding torque

Max. pull-in rate

Max. pull-out rate

Number of phases

Resistance per coil

Inductance per coil

Current per coil

Permissible ambient temperature range
Permissible storage temperature range

(W)
(mNm)
(mNm)
(steps/s)
(steps/s)

)
(mH)
(mA)
(°C)
(°C)

3
18
25
230 1y
4
94
260
125
-20 to +60
-40 to + 100

3,3
20
27
400 2)
550 2)
4
15
30
330
~20 to +70
-40 to + 100

1) When driven by integrated circuit SAA 1027 (see General section, Fig.3. Rp =470 Q).

2) When driven by electronic switch 9904 131 03003 with RC network (see General section,

Fig.2. Ry =22 Q;Cy =27 pF; Vp = 12 V d.c.; Rg = (Vb - 5)/0,230 Q).
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ID04-Series

4-PHASE UNIPOLAR STEPPER MOTORS

9904 112 04002
9904 112 04101

Permissible motor temperature (0C) 100 100
Insulation resistance at 500 V d.c. (M) 100 100
Step angle 70 30’ 70 30'
Step-angle tolerance (non-cumulative) +20' +20'
Number of steps per revolution 48 48
Direction of rotation . reversible reversible
Rotor inertia (gcm,z) 11 11
Bearings slide slide
Mass () 160 160
Maximum radial force N) 5 5
Maximum axial force (N) 1,5 1,5
7266703.3 f—
40 —
applied —_—
torque
(mNm) -
1
30 #
)4
4
74
20 Y4
/
/
10 7
/
0 0 2,5 5 7,5
deviation (degrees)
Fig.2 Applied torque versus deviation.
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2904 112 04002 4-PHASE UNIPOLAR STEPPER MOTORS ID04-Series
9904 112 04101

Motor 9904 112 04002 with integrated circuit SAA1027

7273266.1
40

torque
(mNm)

30

20 —

~S]
\ pull-in
10 \
\\
10 30 100 300 1000 3000  steps/s
12,6 37,5 125 375 1250 3750 rev/min

Fig. 3 Torque versus stepping rate, measured at room temperature

Motor 9904 112 04101 with electronic switch 9904 131 03003

7258930.4
40

torque
(mNm)

30

praa T

20 fPm==— LSSt B,
THITTHN pull-ml pull-out
~ \A B
NN AN
\\\\\ \\
10
AN
a\ \ b
N
10 30 100 300 1000 3000  steps/s
12,5 37,5 125 375 1250 3750 rev/min

Fig.4. Torque versus stepping rate, measured at room temperature (thin lines-without RC

network, thick lines-with RC network; a and A for pull-in, b and B for pull-out).
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ID04-Series

4-PHASE UNIPOLAR STEPPER MOTORS

9904 112 04002
9904 112 04101

7266796.3

1,0
output
power /
(W)
0,75
0,50 [/
// N
P \ —_—
0,25 —
#% \ =
A \ =
P // puII-in\ pull-out
=
0
10 30 100 300 1000 3000  steps/s
12,5 37,5 125 375 1250 3750 rev/min

Fig.5. Output power versus stepping rate measured with RC network at room temperature.
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ID06-Series 9904 112 06001
9904 112 06101

4-PHASE UNIPOLAR STEPPER MOTORS

QUICK REFERENCE DATA

motor type 9904 112 06001 9904 112 06101
performance integrated circuit electronic switch 9904 131 03003
obtained with SAA1027 without RC network | with RC network
Step angle 70 30" 70 30 70 30"
Max. working torque A 40 mNm 40 mNm 50 mNm
Holding torque 60 mNm 70 mNm 70 mNm
Max. pull-in rate 110 steps/s 150 steps/s 200 steps/s
Max. pull-out rate - 175 steps/s 320 steps/s
RZ 26753-4

APPLICATION

Motor 9904 112 06001 has coils adapted to the 350 mA per phase output capability of the
SAA1027. This motor is intended for applications where the system efficiency factor pre-
vails and circuit complexity is to be kept at a minimum.

Motor 9904 112 06101 operated via electronic switch 9904 131 03003, without RCnetwork,
is especially suited for applications where the motor is used only in the pull-in range,
and system efficiency is of importance.

Motor 9904 112 06101 operated via electronic switch 9904 131 03003, with RC network,

is ideally suited for variable speed drives where the pull-out capabilities of the motor
are required.
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9904 112 06001 4-PHASE UNIPOLAR STEPPER MOTORS
9904 112 06101

ID06-Series

TECHNICAL DATA

Dimensions (mm)

+————— 76,2 max

-+ 17£05
> |2

>

]41.2

E3
2
o

ES

red &4
yellow 3

~

o
b
b

black 3
grey &4
grey 2
black 1

Fig. 1

Marking and connection .

The connecting leads are colour-coded (see Fig. 1) and are connected to the electronic
switch or to the integrated circuit as shown in General section of 4-phase unipolar

stepper motors.

motor

9904 112 06101

9904 112 06001
Power consumption of motor only W) 6,4
Maximum working torque (mNm) 40
Holding torque (mNm) 60
Max. pull-in rate (steps/s) 110 1)
Max. pull-out rate (steps/s) -
Number of phases 4
Resistance per coil (Q) 45
Inductance per coil (mH) 130
Current per coil (mA) 250
Permissible ambient temperature range (0C) -20 to + 50
Permissible storage temperature range (°C) -40 to + 100

4
50
70
200 2)
320 2)
4
12
35
400
-20to +70
-40 to + 100

1) When driven by integrated circuit SAA 1027 (see General section, Fig.3. Rp =220 Q).
2) When driven by electronic switch 9904 131 03003 with RC network (see General section,

Fig.2. Ry =15 Q; Cy = 50 pF; Vp = 12 V d.c. ; Rg = (Vp - 5)/0, 230 ).
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ID06-Series

4-PHASE UNIPOLAR STEPPER MOTORS

9904 112 06001
9904 112 06101

May 1975

Permissible motor temperature (9C) 100 100
Insulation resistance at 500 V d.c. MQ) 100 100
Step angle 70 30' 70 30"
Step-angle tolerance (non-cumulative) +20' +20
Number of steps per revolution 48 48
Direction of rotation reversible reversible
Rotor inertia (gem?) 90 90
Bearings sleeve sleeve
Weight (2) 320 320
Maximum radial force (N) 15 15
Maximum axial force (N) 1,5 1,5
Motor 9904 112 06001 with integrated circuit SAA1027
100 7273258 =
torque
(mNm)
75
50
\‘
\\
N
\Pu I-in
N
25
\
. [
10 30 100 300 1000 3000 steps/s
12,5 375 125 375 1250 3750  rev/min
Fig.2.Torque versus stepping rate, measured at room temperature
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9904 112 06001 || 4-PHASE UNIPOLAR STEPPER MOTORS ID06-Series
9904 112 06101

7273264

100

applied
torque
(mNm) ot

75 L

50 7

25 £

0 25 5 75
deviation (degrees)

Fig. 3. Applied torque versus deviation.

Motor 9904 112 06101 with electronic switch 9904 131 03003

100 7258932.3
‘torque
(mNm)
75
50 pacs ==
L 1
»—\\\\\‘\\‘\ \\\
T~
S
ull-in ™ pull-out
NY% NE\A__ P B
* Y
c\\\b
0 A\
10 30 100 300 1000 3000 steps/s
12,5 37,5 125 375 1250 3750  rev/min

Fig.4. Torque versus stepping rate, measured at room temperature (thin lines-without RC
network, thick lines-with RC network; a and A for pull-in, b and B for pull-out).
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ID06-Series 4-PHASE UNIPOLAR STEPPER MOCTORS

9904 112 06001
9904 112 06101
O,h 7266793. 1,0
pu(ll—in \ pull-out
w) \/_\ (W)
03 X 3 0,75
/\
/ / \
/ \
0,2 // \\ 05
/ |
/ nr—
01 -7 0,25 E
pd
P pull-in pull-out
/
010 30 100 300 1000 3000 steps/s

12,5 37,5 125 375 1250

3750 rev/min

Fig.5. Output power versus stepping rate measured with RC network at room temperature.

7266702.2

100

applied
torque
(mNm)

75

50 7

25 A

0 25 5 75
deviation (degrees)

Fig. 6,Applied torque versus deviation.
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ID07-Series 9904 112 07005

9904 112 07101

4 -PHASE UNIPOLAR STEPPER MOTORS

QUICK REFERENCE DATA
motor type 9904 112 07005 9904 112 07101
performance integrated circuit electronic switch 9904 131 03003
obtained with SAA1027 without RC network | with RC network
Step angle 79 30" 79 30' 79 30’
Max. working torque 4,5 mNm 6 mNm 6 mNm
Holding torque 6,5 mNm 8 mNm 8 mNm
Max. pull-in rate 350 steps/s 400 steps/s 500 steps/s
Max. pull-out rate - 750 steps/s 1000 steps/s

RZ 26753-10

APPLICATION

Motor 9904 112 07005 has coils adapted to the 350 mA per phase output capability of the
SAA1027. This motor is intended for applications where the system efficiency factor pre-
vails and circuit complexity is to be kept at a minimum.

Motor 9904 112 07101 operated via electronic switch 9904 131 03003, without RCnetwork,
is especially suited for applications where the motor is used only in the pull-in range,
and system efficiency is of importance.

Motor 9904 112 07101 operated via electronic switch 9904 131 03003, with RC network,

is ideally suited for variable speed drives where the pull-out capabilities of the motor
are required.
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9904 112 07005 4-PHASE UNIPOLAR STEPPER MOTORS IDO7-Series
2904 112 07101

1l

TECHNICAL DATA

Dimensions (mm)

/ yellow 3 1 yellow

- black 3' 1' black
red A,'/ ) ( 2'red
grey 4 -~ *0,8 2 grey

a1
33 max—», - '
~o 2,2
\ ’ -T| -
‘ N -0,002
4\ ‘ 5 2_0008
175 l ¢
“ 42 50,5 2355 dl | bV 0
+0,2 max max * #_7‘0»05
' i
l run out
0,05 max
! 32201 0/
7273301 <+ 21max—+> 4—8’8‘15

Fig. 1

Marking and connection

The connecting leads are colour-coded (see Fig. 1) and are connected to the electronic
switch or to the integrated circuit as shown in General section of 4-phase wnipolar
stepper motors.

motor

9904 112 07005 | 9904 112 07101
Power consumption of motor only (W) 1,9 1,7
Maximum working torque (mNm) 4,5 6
Holding torque (mNm) 6,5 8
Max. pull-in rate (steps/s) 350 1y 500 2)
Max. pull-out rate (steps/s) - 1000 2)
Number of phases 4 4
Resistance per coil (Q) 150 25
Inductance per coil (mH) 150 30
Current per coil (mA) 80 175
Permissible ambient temperature range (°C) -20 to +60 -20to +70
Permissible storage temperature range (°C) -40 to + 100 —-40 to + 100

1y When driven by integrated circuit SAA 1027 (see General section, Fig. 3. Rp = 620 Q),
2) When driven by electronic switch 9904 131 03003 with RC network (see General section,
Fig.2. Ry =43 Q;Cy =27 pF; Vp =12V d.c.;Rg = (Vp-5)/0,230 Q).

B40 l ’ January 1977



ID07-Series

4-PHASE UNIPOLAR STEPPER MOTORS

9904 112 07005
9904 112 07101

May 1975

Permissible motor temperature (°C) 100 100
Insulation resistance at 500 V d.c. (M) 100 100
Step angle : 70 30° 70 30"
Step-angle tolerance (non-cumulative) 20 £20'
Number of steps per revolution 48 48
Direction of rotation reversible reversible
Rotor inertia (gcmz) 2,6 2,6
Bearings sleeve sleeve
Weight (g) 75 75
Maximum radial force N) 2,5 2,5
Maximum axial force N) 0,75 0,75
Motor 9904 112 07005 with integrated circuit SAA1027
10 7273259 ——
torque
(mNm)
75
5 ‘\,\
I N pull-in
25 \\
\
0 \
10 30 100 300 1000 3000 steps/s
12,5 37,5 125 375 1250 3750  rev/min
Fig.2.Torque versus stepping rate, measured at room temperature
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9904 112 07005

9904 112 07101

4-PHASE UNIPOLAR STEPPER MOTORS

ID07-Series

10
applied
torque
(mNm)

75

25

245

N

25

75

deviation (degrees)

Fig. 3. Applied torque versus deviation.

Motor 9904 112 07101 with electronic switch 9904 131 03003

10 7258933.3
torque
(mNm}
75
=1 N
=T
i e g ek e A
. 4TI N N
5 N
N\
pull-in/\vk \ \ pull-out
A \\ B
a\ b
25 AN
AN
N\
NUA
0 N
10 30 100 300 1000 3000 steps/s
12,5 375 125 375 1250 3750 rev/min

Fig. 4. Torque versus stepping rate, measured at room temperature (thin lines-without RC
network, thick lines-with RC network; a and A for pull-in, b and B for pull-out).

B42

May 1975



ID07-Series 4-PHASE UNIPOLAR STEPPER MOTORS 9904 112 07005
9904 112 07101

7266792..

0,100 1,0
pull-in //'\ pull-out
(w) 7 (W)
0,075 ]/ \\ 0,75
0,050 \ = 0,50
/ \ 1/
/ /.
A A
)4 =
0025 7 \ 0,25 E
/f
‘,/"7 pull-in pull-out
— ’,v' \
0 I \
10 30 100 300 1000 3000 steps/s
12,5 37,5 125 375 1250 3750  rev/min

Fig.5. Output power versus stepping rate measured with RC network at room temperature.

7266705.2

10

applied
torque
(mNm) A

75

N

” /

0 25 5 75
deviation (degrees)

Fig. 6. Applied torque versus deviation.
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PD10 9904 112 10001

4-PHASE UNIPOLAR STEPPER MOTOR

QUICK REFERENCE DATA

performance electronic switch 9904 131 03003
. without RC network | with RC network
Step angle 70 30 79 30'

Max. working torque 7 mNm 7 mNm
Holding torque ) 10 mNm 10 mNm
Max. pull-in rate 400 steps/s 500 steps/s
Max. pull-out rate 550 steps/s 1000 steps/s

720808-16-02

APPLICATION

Motor 9904 112 10001 operated via electronic switch 9904 131 03003, without RCnetwork,
is especially suited for applications where the motor is used only in the pull-in range,
and system effeciency is of importance. This combination, with RC network, is ideally
suited for variable speed drives where the pull-out capabilities of the motor are required.
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9904 112 10001

4-PHASE UNIPOLAR STEPPER MOTOR

PD10

TECHNICAL DATA

Dimensions (mm)

< [382max —»

’4031_‘t0,15->’ l<— 175 |

<+—— 46 max ——

L;*l -

- <15

'
.

Fe9 1 ==
ggg conngcting
} ‘ leads

-

)

-+l 3601

Marking and connection

Fig. 1

7260489.2

12£0,3
-

run out
0,03 max

The connecting leads are colour-coded and are connected to the electronic switch as
shown in General section of 4-phase unipolar stepper motors.

Power consumption of motor only
Maximum working torque

Holding torque

Maximum pull-in rate *)

Maximum pull-out rate *)

Number of phases

Resistance per coil

Inductance per coil

Current per coil

Permissible ambient temperature range
Permissible storage temperature range
Permissible motor temperature
Insulation resistance at 500 V d.c.
Step angle

Step-angle tolerance

Number of steps per revolution
Direction of rotation

Rotor inertia

Bearings )

Weight

Maximum axial play (axial force 1,5 N)
Maximum radial force

Maximum axial force

1,75 W

7 mNm

10 mNm

500 steps/s
1000 steps/s

4

27 @

20 mH
175 mA

-30 to + 85 oC

-62 to+ 110 oC
125 oC
100 MQ
70 30"
+20" non-cumulative

48

reversible
3,5 gem?2

ball

140 g
0,07 mm

10N

5N

*) When driven by electronic switch 9904 131 03003 with RC network (see General section,
Fig.2. Ry =47Q + 5%, 2W; Cy =10 uF, 64 Vd.c.; Vp =12 Vd.c.;

Rg = (Vb -5)/0,230 Q).
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PD10 4-PHASE UNIPOLAR STEPPER MOTOR 9904 112 10001

10 7260768.3
torque
(mNm)
75 = — =
<RI
\t\pulila—\il"lx‘ipu\“éout
. N N
\ 3\
a\ \ \p \
\\
X\\ A \
25
\\ \
|
\ |
|
10 30 100 300 1000 3000 steps/s
12,5 375 125 375 1250 3750  rev/min

Fig.2. Torque versus stepping rate, measured at room temperature (thin lines-without RC
network, thick lines-with RC network; a and A for pull-in, b and B for pull-out).

7266812.2

0,20 1,0
pull-in pull-out
(w) (W)
015 075
™\
/
0,10 / \ 05
\
/ \ ~
/ /) \
0,05 0,25
1\ |
/ / \ |
y e pull-in\ | pull-out
r Bt 1
10 30 100 300 1000 3000 steps/s

12,5 37,5 125 375 1250 3750  rev/min

Fig. 3. Output power versus stepping rate, measured with RC network at room temperature.
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9904 112 10001 4-PHASE UNIPOLAR STEPPER MOTOR PD10

T

20 7273248
\ applied
torque
(mNm)
15
-
10 > ]
A
pd
A
5
_—
/
p 4
0
0 25 5 7,5

deviation (degrees)

Fig.4 Applied torque versus deviation.

B48 May 1975



9904 112 14001

PD14
4 -PHASE UNIPOLAR STEPPER MOTOR
QUICK REFERENCE DATA
performance electronic switch 9904 131 03003

obtained with

without RC network

with RC network

Step angle

Max. working torque
Holding torque

Max. pull-in rate

Max. pull-out rate

70 30
25 mNm
32,5 mNm
300 steps/s
400 steps/s

70 30'
25 mNm
32,5 mNm
360 steps/s
550 steps/s

APPLICATION

720808-16-02

Motor 9904 112 14001 operated via electronic switch 9904 131 03003, without RC network,
is especially suited for applications where the motor is used only in the pull-in range,
and system efficiency is of importance. This combination, with RC network, is ideally
suited for variable speed drives where the pull-out capabilities of the motor are required.
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9904 112 14001

4-PHASE UNIPOLAR STEPPER MOTOR

PD14

TECHBNICALDATA
Dimensions (mm)

|*«——0585max——*

|[+—D047x 0,15—»{
{

<175

)
0

) @
o

© © @

|
==

- le+46%01

Marking and connection

. £
connecting
leads
run out
[O ol ] 0,03 max
-_J—J 7273305
Fig.1

The connecting leads are colour-coded and are connected to the electronic switch as
shown in General section of 4-phase unipolar stepper motors.

Power consumption of motor only

Max. working torque

Holding torque

Maximum pull-in rate. *)

Maximum pull-out rate ¥

Number of phases

Resistance per coil

Inductance per coil

Current per coil

Permissible ambient temperature range
Permissible storage temperature range
Permissible motor temperature
Insulation resistance at 500 V d.c.
Step angle

Step-angle tolerance

Number of steps per revolution
Direction of rotation

Rotor inertia

Bearings

Weight

Maximum axial play of spindle measured

with axial force of 5 N
Maximum radial force
Maximum axial force

*) When driven by electronic switch 9904 131 03003 with RC network (see General section

3,7W

25 mNm

32,5 mNm

360 steps/s
550 steps/s

4

15Q

25 mH

350 mA

-30 to +85 oC
-62 to + 110 0C
125 oC

100 MR

70 30

+ 10" non-cumulative
48

reversible

18 gcm?2

ball

500 g

0,07 mm

15 N
7,5 N

’

Fig.2. Ry =18Q* 5%, 5W; Cy =50 pF, 40 Vd.c.; Vp =12 Vd.c.;

Rs = (Vb - 5)/0,230 Q).
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PD14 4-PHASE UNIPOLAR STEPPER MOTOR 9904 112 14001

7258934.3

40
torque
(mNm)
30
£ fond
™~
— ﬂ:-\ ES \pull—in‘ pull-out
" cURe \ 0
NN
AN \
AN
AN\ \
10 \
N\
\ 1\
AL
\ |
. ERIANEA
10 30 100 300 1000 3000 steps/s
12,5 37,5 125 375 1250 3750 rev/min

Fig. 2. Torque versus stepping rate, measured at room temperature (thin lines-without RC
network, thick lines-with RC network; a and A for pull-in, b and B for pull -out).

7266808.2

10 10
pull-in \ pull-out
(w) (W)

/
075 / 0,75
J
/
/
05 / 05
j D e
[/ 1\
// \
y/4 \
0,25 / \ 0,25
P74
‘A pull-in| pull-out
0
10 30 100 300 1000 3000 steps/s
12,5 375 125 375 1250 3750 rev/min

Fig. 3. Output power versus stepping rate, measured with RC networkat room temperature.
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9904 112 14001

4-PHASE UNIPOLAR STEPPER MOTOR PD14

7273250
40

applied ol
torque A
(mNm) A

30 A

20

10

™~

0 25 5 75
deviation (degrees)

Fig. 4 Applied torque versus deviation,
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ID27 - Series

9904 112 27001

9904 112 27101

4-PHASE UNIPOLAR STEPPER MOTORS

QUICK REFERENCE DATA

Max. pull-out rate

motor type 9904 112 27001 9904 112 27101

performance integrated circuit | electronic switch 9904 131 03003
obfained with SAA 1027 without RC network with RC network
Step angle 70 30" 70 30" 70 30"

Max. working torque 100 mNm 85 mNm 110 mNm
Holding torque 140 mNm 120 mNm 150 mNm
Max. pull-in rate 80 steps/s 150 steps/s 275 steps/s

175 steps/s

275 steps/s

APPLICATION

761224-10-06

Motor 9903 112 27001 has coils adapted to the 350 mA per phase output capability of the
SAA 1027. This motor and I.C. driver offer an economic and maintenance-free solution
for stepwise rotational functions in a variety of applications and can replace complex

and expensive mechanisms. ‘

Motor 9904 112 27101, operated via electronic switch 9904 131 03003 (with or without
RC network), will serve the same functions, however the output power capability of the
electronic switch allows for higher torque and speed.

The ID27-Series finds its application in chart drives and X-Y plotters and is an ideal
component to drive the paper-feed mechanism of terminal and telex printers. Industrial
control and medical instrumentation range among the possible end use of these stepper

motors.
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9904 112 27001 4-PHASE UNIPOLAR STEPPER MOTORS ID27-Series
9904 112 27101
TECHNICAL DATA
Dimensions (mm)
-+ 18%+0,5 |*— 58,1 max —————— +—————— 0 69,1 Max —————
|l - r——+l356t0,1 7&7
2+ | l

‘*’ [ ’*L,SiO,Z

FToaTal

o - e | B 1 . .
2_003 - 2675 o

-0010
-0,018

Cam—
S

@ Y

I_f 007
]

yellow 1
black 1
red 2"
grey 2 3 yellow
3' black
lead length 175£15 u red

0
812_0 03

-0,002
-0,008

! <4
82405

7269850

Marking and connection
The connecting leads are colour-coded (see Fig. 1) and are connected to the electronic
switch or to the integrated circuit as shown in General section of 4-phase unipolar

stepper motors.

4 grey

lead length 190 15 ——— 7269878.1

Fig. la. Standard version

Fig. 1b. Version having a spindle
with a diameter of 3 mm %),

*) These motors are available on request in minimum order quantities, and involve long-
er delivery times than standard versions.
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9904 112 27001

ID27-Series 4-PHASE UNIPOLAR STEPPER MOTORS ' 9904 112 27101
motor
9904 112 27001 9904 112 27101
Power consumf)tion of motor only (W) 6,8 6,8
Maximum working torque (mNm)” 100 110
Holding torque (mNm) 140 150
Max. pull-in rate (steps/s) 80 1 275 2)
Max., pull-out rate . (steps/s) - 275 2)
Number of phases 4 4
Resistance per coil ) 39 9,8
Inductance per coil (mH) 240 60
Current per coil (mA) 290 ' 580
Permissible ambient temperature range (°0) -20to +70 -20to +70
. Permissible storage temperature range (°C) -40 to +100 -40 to +100 R
Permissible motor temperature (°C) 120 120 —
Insulation resistance at 500 V (d.c.) M) > 2 > 2 E
Step angle i 70 30" 7° 30" —
Step-angle tolerance (non-cumulative) +15' +15'
Number ot steps per revolution 48 48
Direction of rotation reversible reversible
Rotor inertia (gcm2) 70 70
Bearings, fromt ball ball
rear slide (bronze) slide (bronze)
Mass (g) 610 610
Maximum radial force (N) 50 50
Maximum axial force (N) 20 20

1) When driven by integrated circuit SAA1027 (see General section, Fig.3. Rg = 150 Q).
2) When driven by electronic switch 9904 131 03003 with RC network (see General section,
Fig.2. Ry =10Q; Cy = 50 uF; Vp = 12 V d.c.).

\
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9904 112 27001

9904 112 27101

4-PHASE UNIPOLAR STEPPER MOTORS

ID27-Series

I

Gra}:)hs

Motor 9904 112 27001 with integrated circuit SAA1027.

200

7269874

pull-in

torque

(mNm)

150

100 g

50 A\

0

10 30 100 300 1000
12,5 375 125 375 1250

3000
3750

steps/s
rev/min

Fig.2. Pull-in torque versus stepping rate at room temperature.

200 12698

77

applied

torque

(mNm)

150

100 /

50

0 25 5
deviation (degrees)

75

Fig. 3. Applied torque versus stepping rate.
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ID27-Series 4-PHASE UNIPOLAR STEPPER MOTORS || 9904 112 27001
9904 112 27101
Motor 9904 112 27101 with electronic switch 9904 131 03003.
7269872.1
200
torque
(mNm)
150
i T "N
100 << < ‘\
N} AN
\\ pull-in pull-out
7] A L%S‘ B
N, \
50 NN
ANEA\
ANEIA\
ANANA\
0 AN\
10 30 100 300 1000 3000 steps/s
12,5 37,6 125 375 1250 3750 rev/min

Fig.4. Torque versus stepping rate, measured at room temperature (thin lines-without
RCnetwork, thick lines-withRC network; a and A for pull-in, bandB for pull-out).

7269870.1
2
|
output
power
(W)
/
e 7/
[/ \I\
) iV4 \
) |
1 1
, \!
\l
\
/ \\
y
0,5 7 l
pull-in {{{pull-out
01 0 30 100 300 1000 3000 steps/s
12,5 37,5 125 375 1250 3750  rev/min

Fig. 5. Output power versus stepping rate measured with RC network at room temperature.
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9904 112 27001 4-PHASE UNIPOLAR STEPPER MOTORS ID27-Series

9904 112 27101

200 e

applied
torque | et
{mNm)

150

100 /

50

Il

‘1\}‘

0 25 5 75
deviation (degrees)

Fig.6. Applied torque versus deviation.
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il
D28-Series ” 9904 112 28001
9
L

904 112 28101

4-PHASE UNIPOLAR STEPPER MOTORS

761224-10-06

APPLICATION

s adapted ro the 250 mA per phase output capability of the
and maintenance-[ree solution
ations and can veplace complex

Motor 9904 112 28001 has coll
SAA 1027, This motor and 1, C. dyriver offer an ¢
for stepwise rotational functions, in a vaviety of appiic
and expensive mechanisms. '

Motor 9904 112 28101, operated via electronic switch 9904 131 03003 (with or without
RC network), will serve the same functions, however the output power capability of the

clectronic switch allows for highexr torque and speed,

The 1D28-Series finds its application in chart drives and X-Y plotters :
component to-drive the paper feed mechanism of terminal and telex printers 3
confrol and medical instrumentation range among the possible end use of this stepper
motor.

QUICK REFERENCE DATA
motor type 9904 112 28001 9904 112 28101
performance integrated circuit | electronic switch 9904 131 03003
obtained with SAA 1027 without RC network | with RC network
Step angle ' 15¢ 159 150
Mazx. working torque 60 mNm 50 mNm 65 mNm
Holding torque 80 ml\‘h‘l 75 mNm 85 mNm
Max, pull-in rate 90 steps/s 140 steps /s 200 steps/s
Max. pull-out rate - 140 steps/s 250 steps/s
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9904 112 28001 4-PHASE UNIPOLAR STEPPER MOTORS 1D28-Series

9904 112 28101

TECHNICAL DATA

Dimensions (mm)

-+ 18+0,5 |*— 58,1 max————» - - ——— [0 69,1 max ———»

{l -—

I

T

L‘i u

as6+01 -———»]

0
20y  f— Tt — o5 - .
J §~0010
-0018
yellow 1
black 1" F
red 2
grey 2 3 yellow
3" black
lead length 17515 ——— 4 red
L grey
lead length 190 £15 72698781
F Fig. la. Standard version
'

@12 -g,oa h —%
; ? |

-0,002

23_0008

Fig. 1b. Version having a spindle with
a diameter of 3 mm *),

> -
82+05 7269850

Marking and connection

The connecting leads are colour-coded (see Fig. 1) and are connected to the electronic
switch or to the integrated circuit as shown in General section of 4-phase unipolar
stepper motors.

*) These motors are available on request in minimum order quantities, and involve long-
er delivery times than standard versions.
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1D28-Series

4-PHASE UNIPOLAR STEPPER MOTORS

9904 112 28001
9904 112 28101

motor

9904 112 28001

9904 112 28101

Power consumption of motor only (W)

Maximum working torque

Holding torque

Max. pull-in rate
Max. pull-out rate
Number of phases
Resistance per coil
Inductance per coil
Current per coil

(mNm)
(mNm)
(steps/s)
(steps/s)

€
(mH)
(mA)

Permissible ambient temperature range (°C)
Permissible storage temperature range (°C)

Permissible motor temperature
Insulation resistance at 500 V (d.c.)

Step angle

(°C)
(MS)

Step-angle tclerance (non-cumulative)
Number of steps per revolution
Direction of rotation

Rotor inertia

Bearings, front

rear
Mass

Maximum radial force

Maximum axial force

(2)
(N)
™)

6,8
60
80

90 1

4
39
200
290
=20 to +70
-40 to +100
120
> 2
150
+30'
24
reversible
70
.~ ball
slide (bronze)
610
50
20

6,8

65

85

200 2y
250 2)

4

9,8

45

580

-20to +70
-40 to +100
120

> 2

159

+30'

24
reversible
70

ball

slide (bronze)
610

50

20

1y When driven by integrated circuit SAA1027 (see General section, Fig.3. Rg = 150 Q).
2) When driven by electronic switch 9904 131 03003 with RC network (see General section,

Fig.2. Ry = 10 Q; Cy = 50 pF; Vi = 12V d.c.).

Tanuarv 1977

B61



9904 112 28001 4-PHASE UNIPOLAR STEPPER MOTORS 1D28-Series

9904 112 28101

Graphs
Motor 9904 112 28001 with integrated circuit SAA 1027,
200 7269873

pull~in
torque
{mNm}

150

100

50

\

10 30 100 306 1000 3000 steps/s
25 75 280 750 2500 7500 rev/min

Fig.2. Pull-in torque versus stepping rate at room temperature.

269876
100 R

applied //
torque
(mNm)

75 7

25

0 5 10 15
deviation {degrees)

Fig. 3. Applied torque versus stepping rate.

i
i
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|
1D28-Serics l | 4-PHASE UNIPOLAR STEPPER MOTORS 9904
| 4

Motor 9204 112 28101 with electronic switch 9904 131 03003.

77698751
100
torque
(mNm)
e
75 ool
xn%“% ‘qtv‘.‘
X [ Ry,
_ SR pull-in
N :.\ _ N \< A
~ N o
50 g %\ pull-out
\\‘ hS \\ N B
AN
Y
AYAN
25 s AL\ 1
\‘\ k)
MK
VWL
A
10 30 100 300 1000 3000 steps/s
25 75 250 750 2500 7500 rev/min

Fig. 4. Torque versus stepping rate, measured at room temperature {thin lines-without

RO network, thicklines-with RC network; a and A for pull-in, bandB for puli-cut).

7269871.1
4
output
power
(W)
3
2 eI,
_ / Y
/ \
A e | ]
S // 7 \
; v 3
w7 L\
g
| pull-in puli-out
. ;
d«ﬁM \ | L |
| \ I Il
10 30 100 300 1000 3000 steps/s
12,5 37,5 125 375 1250 3750 rev/min

Fig. 5. Output power versus stepping rate measured with RC network at room temperature.

Y
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9904 112 28001 4-PHASE UNIPOLAR STEPPER MOTORS
9904 112 28101

ID28-Series

100 72698 57
VIA
applied P
torque r
(mNm)
75 /
/
50
25
/
0
0 5 . 10 15

deviation (degrees)

Fig.6. Applied torque versus stepping rate.

B64

January 1977



ID 31-Series 9904 112 31001

9904 112 31101

4-PHASE UNIPOLAR STEPPER MOTORS

QUICK REFERENCE DATA

motor type 9904 112 31001 9904 112 31101

performance integrated circuit electronic switch 9904 131 03003

GBEatnEd WAt SAA1027 without RC network with RC network

Step angle 7030" 7° 30" 70 30"

Max. working torque 22 mNm 22 mNm 24 mNm

Holding torque 30 mNm 30 mNm 34 mNm
LMax. pull-in rate 180 steps/s 250 steps/s 400 steps/s

A52692-2

APPLICATION
TheID 31-Series is designedto operate in the pull-in area with optimum torque and speed.

Motor 9904 112 31001 has coils adapted to the 350 mA per phase output capability of the
SAA1027.

This motor is intended for applications where the system efficiency factor prevails and
circuit complexity is to be kept at a minimum.

Motor 9904 112 31101 operated via electronic switch 9904 131 03003, without RC network,
is especially suited for applications which require a higher speed whilst retaining a
modest total system power consumption.

Motor 9904 112 31101 operated via electronic switch 9904 131 03003, with RC network,

is ideally suited for applications which require maximum torque and speed, such as
variable speed drives.
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9904 112 21001 ,‘ 4-PHASE UNIPOLAR STEPPER MOTORS ID 31-Series

9904 112 3101

|
TECHNICAL DATA
Dimensions (mm)
yeilow 3 — —1 yellow
black 3"&_______\ o "///““1’ black
red 4L —~ ﬁ} N\~ 2" red
grey 4 — ” |- 1 ~2 grey
3,30,55) | -’T! 15
2.5 -«L»I g~ ¢
-0,002
T ; 730,008
- ‘
b !_v,_;LJ
e 1{——~—‘-~}EL-J £10_805
max - -
X 4

| LA e T | 872 |
amax +0.5 72733001
£y,

Marking and connection

The connecting leads are colour-coded (see Fig.1) and are connected to the electronic
switch or to the integrated circuit as shown in General section of 4-phase unipolar
stepper motors.
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1D 31-Series

4-PHASE UNIPOLAR STEPPER MOTORS

9904 112 31001
9904 112 31101

motor
9904 112 31001 | 9904 112 31i01
Power consumption of motor only {W) 4 4
Maximum working torque (mNm)* 22 24
Holding torque (mNm) 30 34
Max. pull-in rate (steps/s) 180 1) 400 2)
Max. pull-out rate (steps/s) - 400 2)
Number of phases 4 4
Resistance per coil () 62 17
Inductance per coil (mH) 160 45
Current per coil (mA) 190 325
Permissible ambient temperature range (©C) -20to +70 -20to +70
Permissible storage temperature range (©C) -40 to +100 -40 to +100
Permissible motor temperature (©°C) 120 120
Insulation resistance at 500 V (d.c.) (MQ) >2 >2
Step angle 70 30" 70 30'
Step-angle tolerance (non-cumulative) +20' +20"
Number of steps per revolution 48 48
Direction of rotation reversible reversible
Rotor inertia (gcmz) 11 11
Bearings slide slide
Mass () 200 200
Maximum radial force N) 5 5
Maximum axial force (N) 1,5 1,5
100 7276467
applied
torgue
(mNm)
75
50
Fig.2. Applied torque versus deviation. o
L
25
A
V//
yd
0
0 2,5 5 7,5

deviation (degrees)

1y When driven by integrated circuit SAA1027 (see General section, Fig.3. Rp =180 ).
2) When driven by electronic switch 9904 131 03003 with RC network (see General section,
Fig.2. Ry =18Q;Cy =33 pF:Vp =12V d.c.).

|
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9904 112 31001 4-PHASE UNIPOLAR STEPPER MOTORS ID 31-Series

9904 112 31101

Motor 9904 112 31001 with integrated circuit SAA1027

7276482

40

torque
(miNm)

30

20 AN

pull-in

A\
0 \

10 30 100 300 1000 3000 steps/s
12,5 37,5 . 125 375 1250 3750  rev/min

Fig.3. Torque versus stepping rate, measured at room temperature.

Motor 9904 112 31101 with electronic switch 9904 131 03003

7276481

40
torque
{mNm)
30
pull-in
_::::- ~Jd1 A
S~ 4 '\/ pull-out
20 NSk \ B
M\ N\
AN
ANAVAY
NEBNYE
o VA
AN
1\
0
10 30 100 300 1000 3000 steps/s
12,5 37,5 125 375 1250 : 3750 rev/min

Fig.4. Torque versus stepping rate, measured at room temperature (thin lines-without
RC network, thick lines-with RC network;aandA for pull-in, bandB for pull-out).
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ID 31-Series 4-PHASE UNIPOLAR STEPPER MOTORS 9904 112 31001
9904 112 31101
7276479
1,0
output
power
w)
0,75
/
/
/
/
0,50 /
[/ I\
[/ 1\
Va4 \
0,25
A7 \
A
J7 pull-in } | pull-out
—d
0
10 30 100 300 1000 3000  steps/s
12,5 37,56 125 375 1250 3750 rev/min

Fig.5. Output power versus stepping rate, measured at room temperature.
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GENERAL

8-PHASE UNIPOLAR STEPPER MOTORS

This range comprises four types of permanent magnet stepper motor :

- 2 industrial digital (ID) types;
- 2 professional digital (PD) types.
The ID types are intended for instrumentation and computer peripherals. The PD types

may be used in professional applications and equipment which require a high degree of
reliability even under very unfavourable environmental conditions.

DESCRIPTION

The motors have an 8-phase stator and a permanent magnet rotor with 24 poles (step
angle of 30 45') or 12 poles (step angle of 79 30') in a rugged and simple construction.
The motor coils are adapted to the unipolar electronic switch 9904 131 03004 (see re-
levant data sheet). :

CONNECTION DIAGRAMS

printed-wiring

connector stepper moter
0
; [ —
us 22 arey iam_, e |
s 2 grey /white ia' r I
ju2 20} violet | 7 l |
Lz 1oy violet/white , 7' —J
J0 18} blue , 6 .
L_43g 17} blue/white | 6' l—N I
36 16 green 5 ]
2
[ e green/white |5 ‘
[ 436 14l yellow/white &' _I
s 1o bt I
yellow | b |
]"“'3“ 2l orange/white | 3' |
133 11} I ) I
orange | 3 e "——'i
r‘"? ol red/white 2 ~Y
-
i ]A. rvw-\__' I
red ‘4
[""'3" ol brown/white e’l’ il
{29 7} 18
i brown | 1
F.ig.l . 1 6l L
Diagram for connecting the motor - 213239
to the electronic switch 9904 131 03004,
. . 126 ab—- oV
without compensating network. u +5V
{25 3|—¢—I

R input for
126 2=~ direction
| N T of rotation
23 1

input
for stepping

AT
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GENERAL

8-PHASE UNIPO LAR STEPPER MOTORS

il

printed-wiring

compensating network

connector *

stepper motor

"
—_——
+Vy ov —
juu 22 grey .8
Ry +Cv 14 F l JYW\_, |
}—4 [__|Zg 21 grey /white |S‘ |
1u2 20 violet | 7 |
Re |48 S } |
l——‘ 1_442\ 19] violet/white | 7' -—I
blue |8~~~ !
¢ 140 18} 1
Re |4 Cv I
i s 11 blue/white l6'
J38 16h green ' 5 l
Ry Cy N
* |—< [_457 15 green/white [5' |
r—-lis 1] yellow/white &' . 1
435 13} 1 ] i
Ry +CV yellow 4 I
H (_"'3“ 12l orange/white | 3' |
133 11}
Ry Cv ) orange | 3
+ —_———
H e o red/white 2" —
- i N‘Y‘v’\_l |
Ry +c\, red |2
]_‘ EL'%U ol brown/white | 1" | :
129 7H
Ry Cy brown , 1
+
4 125 &) L ]
7266816
127 s
Rs 125« ov
12 sH—+sv
R input for
l24 2H——<— direction
s 1H T of rotation
23 1
input

compensating network.

for stepping

Fig.2.Diagram for connecting the motor to the electronic switch 9904 131 03004, with
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9904 112 12001

PD12
8-PHASE UNIPOLAR STEPPER MOTOR
QUICK REFERENCE DATA
performance electronic switch 9904 131 03004

obtained with

without RC network

with RC network

Step angle

Max. working torque
Holding torque

Max. pull-in rate

Max. pull-out rate

30 45
15 mNm
18 mNm
800 steps/s
1000 steps/s

30 45
15 mNm
18 mNm
1200 steps/s
16000 steps/s

APPLICATION

720808-16-03

Motor 9904 112 12001 operated via electronic switch 9904 131 03004, without RC network,
is especially suited for applications where the motor is used only in the pull-in range,

and system efficiency is of importance.

This combination, with RC network, is ideally suited for variable speed drives where the
pull-out capabilities of the motor are required.

May 1975 ”
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9904 112 12007 , 8-PHASE UNIPOLAR STEPPER MOTOR PD12

I

TECHNICAL DATA

Dimensions (mm)

-
N
I+

o
w

|~ [138,2max - <*——— BLAmaXx — & <
J L) <
|=-31%0,15% - 175 -
1 ( el 0
' 4-9008

fea o ™,

‘ 16/ :
) & 238 . o]
) ® connacting 15_9 2
. mnax leads ] i B 0

. | AN *
& . | (] (o) t
® v o i 0,03 max

7260487.2A

e 3,601
Fig. 1

Marking and connection
The connecting leads are colour-coded and are connected to the electronic switch as
shown in General section of 8-phase unipolar stepper motors.

Power consumption of motor only

Maximum working torque

Holding torque

Maximum pull-in rate *)

Maximum pull-out rate *)

Number of phases

Resistance per coil

Inductance per coil

Current per coil

Permissible ambient temperature range

Permissible storage temperature range

Permissible motor temperature

Insulation resistance at 500 V d.c.

Step angle

Step-angle tolerance

Number of steps per revolution

Direction of rotation

Rotor inertia

Bearings

Weight

‘Maximum axial play of spindle measured
with axial force of 1,5 N

Maximum radial force

Maximum axial force

*) When driven by electronic switch 9904

Rg = (Vh-5)/0,440 Q).

131 03004 with RC
Fig. 1. Ry =910 % 5%, 5W; Cy = 10 4F, 64 V d.c.

3,5W

15 mNm

18 mNm

1200 steps /s
16000 steps /s
8

27 Q

20 mH

175 mA

~30 to + 85 oC
~62 to-+110 oC
125 oC

100 MQ

30 45'

+20' non-cumulative
96

reversible

7 gcm2

ball

220 g

0,07 mm
10N
5N

network (see General section,
i Vhb=20Vd.c.;
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|
PD12 I
|

20 7260767.3
torque
{mNm}
SRR N I I g W =
15 I AN S
T —— '\
NAY \
\ kY
ML K
10 LY
\ 3
pull-in \pull-cut
A B
h
\ ,
a \b AN
5
MR
O AN
0 5 N
10 30 100 300 1000 3000 10000 30000 steps/s
6,25 18.75 62,5 1875 625 1875 6250 18750  rev/min
Fig.2. Torque versus stepping rate, measured at room temperature (thin lines~without RC
network, thick lines-with RC network; a and A for pull-in, b and B for pull-out).
7266610.2 ;
Q,L‘, T = 4
i i A I
puli~in i/ '% pull-out
(W) (W)
0,2 /j 3
/ i L
/ A .
a2 Vi )
/ | \
/ \_/ \
/ W4 1\
/ VY
0,1 / 1
bd A\
L v WY |
e g 1 pull-in | pull-out
i P \ ]
0 I i 0
10 30 100 300 1000 3000 10000 30000 steps/s
6,25 18,75 62,5 187,5 625 1875 6250 18750 rev/min

Fig. 3. Output power versus stepping rate, measuredwithRC networkat room terperature.

8-PHASE UNIPOLAR STEPPER MOTOR i 89904 112 12001

I
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9904 112 12001 8-PHASE UNIPOLAR STEPPER MOTOR

PD12

20 \ 7273249
applied A
torque
(mNm} /]

15
7
/
10 /‘
/]

. 5

/£

/
0

0 25 5 75

deviation (degrees)

Fig. 4 Applied torque versus deviation.
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9904 112 16001

PD16
8-PHASE UNIPOLAR STEPPER MOTOR

' QUICK REFERENCE DATA
performance electronic switch 9904 131 03004
obtained with without RC network | with RC network
Step angle 30 45" 30 45'
Max. working torque 40 mNm 40 mNm
Holding torque 50 mNm 50 mNm
Max. pull-in rate 700 steps/s 900 steps/s
Max. pull-out rate 900 steps/s 7500 steps /s =

720808-16-03

APPLICATION
Motor 9904 112 16001 operated via electronic switch 9904 131 03004, without RC network,
is especially suited for applications where the motor is used only in the pull-in range,

and system efficiency is of importance.
This combination, with RC network, is ideally suited for variable speed drives where the

pull-out capabilities of the motor are required.
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9904 112 16001 8-PHASE UNIPOLAR STEPPER MOTOR PD16
|
31 - -
TECHNICAL DATA
Dimensions (mm)
15+0,3
[«<———[] 58,5 max-——- —8 |————— 78,5 max ‘--W*"“W’ e
| ! 5y {
| =D 470,15 =175 - | |
P | | T
T | S i |
+ T e | .
- ;;@g;i 7 °-0,008
# ' r‘
16 . i _4“#% ¢
max R— UL
; | L T
l ! ’ run out
I '“‘"““j 003m
(@] [e) U ] . ax
¥ JL—"‘"““* E— L( - - L 7273304.4
N Lwa,stm
pinammien Fig.1
mmf:: Marking and connection
i The connecting leads are colour-coded and are connected to the electronic switch ag
shown in General section of 8-phase unipolar stepper motors.
Power consumption of motor only 6,5 W
Maximum working toraue 40 mNm
Holding torque 50 mNm
Maximum pull-in rate ) 200 steps /s
Maximum pull-out rate *) 7500 steps/s
Number of phases : 8
Resistance per coil 5Q
Inductance per coil 25 mH
Current per coil 350 mA

=30 to + 85 oC
=62 to + 110 oC
125 °C

100 M

Permissible ambient temperature range
Permissible storage teraperature range
Permissible motor temperature
Insulation resistance at 500 V d.c.

Step angle 30 45"

Step-~angle tolerance + 10" non-cumulative
Number of steps per revolution 96

Direction of rotation

32

reversible
2

Rotor inertia 32 gem
Bearings ball
Weight 600 g
Maximum axial play of spindie measured
with axial force of 1,5 N 0,07 mm
Maximum radial force 15N
- Maximum axial force 7,5 N

) Whenmdriven by electronic switch 9904 131 03004 with RC network (see Generai section,
Fig. 2, Ry =50Q + 5%, 8W; Cy =25 W, 40V d.c. iV =20V d.c.:
Rg = (Vb - 5)/0,440 Q).

f
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I
PDI6 8-PHASE UNIPOLAR STEPPER MOTOR % l 9904 112 16001
fH

100
torque
{mNm)
75
=0 %\\ T R
\.Spuil—in N, puli-out
=k QI\A \“
N S
25 \ \\ N
R
\ A t
1 -
0 | i \\ i LU
10 30 10C 300 1000 3000 10000 30000 steps/s
6,25 18,75 €72.5 187,5 G258 1875 65250 18750 rev/min

Fig. 2, Torque versus stepping rate, measured at room temperature (thin lines-without RC
network, thick lines-with RC network; a and A for pull~in, b and B for pull-out).

110 7266806.2 10
AN l
puil=in \ - pull-out
(w) Ii 1 (W)
. I
0,75 ; 75
G5 . / 5

74 S
0,25 4 A \ 25
, ¥ %k v
] o \
¥ pd puli-in Y puii-cut
P - = | ‘\
Letsz
0 ] E 1 . 0
10 30 100 300 1000 3000 10000 30000 steps/s
6,25 18,75 625 187,5 825 1875 6250 18750 rev/min

Fig. 3. Output power versus stepping rate, measured with RCnetworkat room temperature.

]
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9904 112 16001 8-PHASE UNIPOLAR STEPPER MOTOR

PD16

fif

7273251

100 [T T T
applied f ‘ J |
torque [ | f I
{(mNm) [ } { { |

s r I

[ ]
] ]
T REN
°0 EEERVJENEERE
] A 1] |
AT NN
LA T T T !
e V4ERERENN
)” } ITI HNEEEN
SiffaiccRs
T T

Fig. 4 Applied torque versus deviation.
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D29 9904 112 29101

8-PHASE UNIPOLAR STEPPER MOTOR

QUICK REFERENCE DATA

performance electronic switch 9904 131 03004
obtained with without RC network with RC network
‘Step angle 3045’ 3045'

Max. working torque 180 mNm 250 mNm
Holding torque 200 mNm 270 mNm
Max. pull-in rate 280 steps/s 700 steps/s
Max. pull-out rate - 6500 steps/s

770104-14-01

APPLICATION

Motor 9904 112 29101 has coils adapted to the 600 mA per phase output capability of
electronic switch 9904 131 03004.

The motor, operated via this switch without RC network, is especially suited for
applications where it is used only in the pull-in range and system efficiency is of
importance. With an additional RC network, use can be made of the motors pull-out
characteristics which are ideal for variable speed drives. The high speed and torque
capabilities of this motor make it suitable for applications which require large speed
variations and a high degree of positional accuracy.

It is a valuable component for digital servo systems and can often advantageously be
used instead of d.c. servo motors as it has the required characteristics and, because
of the absence of brushes and commutator, a long operational life.
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9904 112 29101

8-PHASE UNiPOLAR STEPPER MOTOR

D29
| i

TECHNICAL DATA
Dimensions {(mm})

FFM__ 3 69,1 MAX ——— - ————————— 100 max —-»-Z‘A»- 2005 r-

A
| o562 0,1 ——n S {
|

/’f"_i:‘:_‘i‘:“:.‘::““‘"' ~ -ir M |

{ e @ SFX | ]

/ \ |

[ A \

( Q@D} | 667,5

- ) R T N ! !J
ﬂm[m]_ - l«as::oz

leads

]
= {1 T 178215
connjegtm/g UTI—I‘JUH | ’ Q

Marking and connection
The connecting i

shown in Geveral section of 8-phase unipolar stepper motors.

1y 0
L 2503

3
5-0010 1
-0,018

ds are colour-coded and are connected to the electronic

7276664

switch as
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1D29 8-PHASE UNIPOLAR STEPPER MOTOR }

i

9904 N2 29101

Power consumption of motor only
Maximum working torque
Holding torque
Maximum pull-in rate ¥)
Maximum pull-out rate *)
Number of phases
Resistance per coil
Inductance per coil
Current per coil
Permissible ambient temperature range
Permissible storage temperature range
Permissible motor temperature
Insulation resistance at 500 V d.c.
Step angle
tep-angle tolerance
Number of steps per revolution
Direction of rotation
Rotor inertia
Bearings, front
rear
Mass
Maximum axial play of spindle measured
with axial force of 1,3 N
Maximum radial force
Maximum axial force

Fig.2. Applied torque versus deviation.

*) When driven by electronic switch 0004 131 03004 with RC network (see General section,

400
applied
torque
{mNm)

300

200

100

11w

250 mNm

270 mNm

700 steps/s
6500 steps/s
8

10 @

60 mH

530 mA

~20 to +70 °C
-40 to +100 °C
120 oC

> 2 MG

30 45'

+15'

96

reversible
160

ball

slide

1100 g
0,3 mm
50 N

20 N

7276465

5 7,5
deviation (degrees)

Fig.2. Ry = 33 Q@  5%: Cy = 50 pF, 64 V d.c.; V=24V d.c.).

January 1977
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9904 112 29101 8-PHASE UNJPOLAR STEPPER MOTOR 1D29
400 7276478
torque
(mNm)
300
o
\'“h"'\
— \\
<
200 <
pull»in\ A pull-out
A NJ|B
N
100 a\\b A \\
N\ N
\\
\ ~
.

0 N »

10 30 100 300 1000 3000 10000 _ 30000 steps/s

625 1875 625 1875 625 1875 6250 18750 rev/min

Fig. 3. Torque versus stepping rate, measured at room temperature (thin line-without
RC network, thick lines-with RCnetwork;aandA for pull-in, bandB for pull-out).

7276476
20
output
power
(W)
15
/ “ \\
10
7 A
Pa \
i \
5
\
A N
A pull-in Y pull-out \
=
0 | |
10 30 100 300 1000 3000  steps/s
6,25 18,75 62,5 187,5 625 1875  rev/min

Fig. 4. Output power versus stepping rate, measured with RC networkat room temperature.
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D30 9904 112 30101

8-PHASE UNIPOLAR STEPPER MOTOR

QUICK REFERENCE DATA

performance electronic switch 9904 131 03004
obtained with without RC network | with RC network
Step angle 7030° 7030'

Max. working torque ‘ 140 mNm 165 mNm
Holding torque 150 mNm 180 mNm
Max. pull-in rate 270 steps/s 500 steps/s
Max. pull-out rate 300 steps/s 3500 steps/s

770104-14-01

APPLICATION

Motor 9904 112 30101 has coils adapted to the 600 mA per phase output capability of
electronic switch 9904 131 03004.

The motor, operated via this switch without RC network, is especially suited for
applications where it is used only in the pull-in range and system efficiency is of
importance. With an additional RC network, use can be made of the motors pull-out
characteristics which are ideal for variable speed drives. The high speed and torque
capabilities of this motor make it suitable for applications which require large speed
variations and a high degree of positional accuracy.

It is a valuable component for digital servo systems and can often advantageously be
used instead of d.c. servo motors as it has the required characteristics and, because
of the absence of brushes and commutator, a long operational life.
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9904 112 30101 ' 8-PHASE UNIPOLAR STEPPER MOTOR , 1D30

TECHNICAL DATA

Dimensions (mm)

———— 20*0,5 ja—

|

j<t———— [0 69,1 ax ————s <——————— 100 max
- Ly |
[e——— I 562 0,1 —> "’I‘*Z
(e L_// Tl j
T e ¢ Zen
/ \
/
/ P \ |, I+
© | e | RN
> ’ -&—*H‘
@ T o, ozige |
\ , X
\\ Ve
\{i} \\_.]J‘HH —‘ﬁ,ﬂ; - _% & f L -’__] 7276466
16— [l T as2 175%15
connecting ww f ﬂ
feads il i"

Fig.1

Marking and connection
'he connecting leads are colour-coded and are connected to the electronic switch ag

shown in General section of 8-phase unipolar stepper motors.
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D30 8-PHASE UNIPOLAR STEPPER MOTOR 9904 112 30101

Power consumption of motor only 11w
Maximum working torque 165 mNm
Holding torque 180 mNm
Maximum pull-in rate *) 500 steps/s
Maximum pull-out rate *) 3500 steps/s
Number of phases 8
Resistance per coil 102
Inductance per coil 45 mH
Current per coil 530 mA
Permissible ambient temperature range ‘ -20 to +70 °C
Permissible storage temperature range -40 to +100 °C
Permissible motor temperature 120 °C
Insulation resistance at 500 V d.c. >2 MQ
Step angle 70 30"
Step-angle tolerance +30'
Number of steps per revolution 48
Direction of rotation reversible
Rotor inertia 160 gcm2
Bearings, front ball
rear slide
Mass 1100 g
Maximum axial play of spindle measured
with axial force of 1,5 N 0,3 mm
Maximum radial force 50 N
Maximum axial force 20 N
400 7276469
applied
torque
(mNm)
300
1
200
V.
///
//
100 4
Fig.2. Applied torque versus deviation.
0
0 5 10 15

deviation (degrees)

*) When driven by electronic switch 9904 131 03004 with RC network (see General section,
Fig.2. Ry =33Q £5%; Cy =50 puF, 64V d.c.; V=24V d.c.).
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9904 112 30101 8-PHASE UNIPOLAR STEPPER MOTOR ID30
7276477
200
torque
(ml&m) \\ —
\_\ — M
150 = i BN
NN
L AN
N\ AN
N \\ \\
1 N =
00 \
\ \ pull in|_|y |pull-out
a\\ b \ A \| 8
A\ b
50 N\ \ AN
\ \
\ \ AN
W\ AN
\
o \
10 30 100 300 1000 3000 steps/s
12,5 37,56 125 375 1250 3750 rev/min

Fig.3. Torque versus stepping rate, measured at room temperature (thin lines-without
RC network, thicklines-with RC network;aandA for pull-in, bandB for pull-out).

7276480

10
output
power / N
(W) / \
7,5 \X
/
/ \
. 4 \
/ \
7 \
/ \
. L |
- /- \
' 7 |\
y \
pull-in \pull-out
e \ \
0
10 30 100 300 1000 3000  steps/s
12,5 37,5 125 375 1250 © 3750  rev/min

Fig. 4. Output power versus stepping rate, measured with RC networkat room temperature.
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GENERAL

2-PHASE BIPOLAR STEPPER MOTORS

This range comprises four types of permanent magnet stepper motor :

- 2 industrial digital (ID) types;
- 2 professional digital (PD) types.

They are ideally suited for incremental motion control in telecommunication equipment
and computer peripherals. The ID types 9904 112 27201 and 9904 112 28201 represent
alternatives for the unipolar types 9904 112 27101 and 9904 112 28101 respectively, if
short periods of extremely high speed in the slew range are required.

DESCRIPTION

The motors have a 2-phase stator and a permanent magnet rotor with 24 poles (step angle
of 70 30') or 12 poles (step angle of 15°) in a rugged and simple construction. They are
derived from the 4-phase unipolar motors, so that their design is similar. The motor
coils are adapted to the bipolar constant current drive (BCCD) 4322 027 90070 (see rel-
evant data sheet). Driven via the BCCD unit the stepper motors are able to achieve extre-
mely high stepping rates in the slew range. However, it should be noted that the motors
are NOT designed for continuous operation at these high stepping rates since the iron
losses within the motor result in an unacceptable temperature rise,

CONNECTION DIAGRAM

See next page.
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GENERAL 2-PHASE BIPOLAR STEPPER MOTORS

printed-wiring
connector stepper motor

ov

+5V m
R o Iy

7
T
2

2V to 5V

(counter- Hx 201 ) ;
clockwise) ] rEd/whlte‘!Z_rY_W\ql ]
0V to 0,8V Hw 19 T3 |

(clockwise)
direction Iv 18} '_____._._]

of rotation—* brown /white | 1'
input v ‘7"_' - |

;
IT sl brown 1 I

L1

stepping pulse__ IR ""_']
input .

2Vto 5V — max.
frequency In w2l
Vo o,ev—l I—— 20kHz M 1l

a0
=
2

+60V Ha 1

72668131

Diagram for connecting the motor to the bipolar constant current drive 4322 027 90070

via a printed-wiring connector.
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PD10B 9904 112 10101

2-PHASE BIPOLAR STEPPER MOTOR

QUICK REFERENCE DATA
performance obtained with bipolar constant current drive 4322 027 90070
Step angle 70 30"
Maximum working torque 13 mNm
Holding torque 16 mNm
Maximum pull-in rate 750 steps/s
Maximum pull-out rate 15000 steps/s

720808-16-02
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9904 112 10101 2-PHASE BIPOLAR STEPPER MOTOR PD 108
TECHNICAL DATA
Dimensions (min)
1240,3
<« []382max = 46 max ———e !<-
I [ S
(1312015 < 175 |
‘ ] \ | w15
i | | ’ 4 0
' | -0,008
A
| =F R
4 .
mgs connecting - 15_80?
| leads _,‘_L‘,;‘ )
[o 'o‘]
run out
v = 0,03 max

>l la-36+01

Marking and connection

7Z60489.2A

The connecting leads are colour-coded and are connected to the bipolar constant current

~

drive as shown in C

Power consumption of motor only
Maximum working torque

Holding torque

Maximum pull-in rate )

Maximum pull-out rate *)

Number of phases

Resistance per coil

Inductance per coil

Current per coil

Permissible ambient temperature range

Permissible storage temperature range

Permissible motor temperature
Insulation resistance at 500 V d. c.
Step angle

Step-angle tolerance

Number of steps per revolution
Direction of xotation

Rotor inertia

Bearings

Weight

Maximum axial play (axial force 1,5 N)
Maximum radial force

Maximum axial force

-*) When driven by BCCD unit 4322 027 906070,

eneral section of 2-phase bipolar stepper motors.

3,25 W

13 mNm

16 roNm

750 steps/s
15000 steps/s
2

6,52

10 mH

500 mA

see General section of Stepper motors
~62 to + 110 °C
125 oC

100 M

70 30!

48

reversible

3,5 gem?

ball

140 g

0,07 mm

10N

5N
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PD10B 2-PHASE BIPOLAR STEPPER MOTOR } 9904 112 10101

72668111

20 . - - : - 0,515
| L ! | ‘ L_urtbl‘ivt]power
PD10B )
torque pull-in | pull-out
{mNm) N (W) (W)
0414
L e N o e e iy 7T
r~L . ""'N\ [ \
Fi
< 7 \ 0,313
AN | \L
0 \ \ output /\ \
SN fpower~/J [ \
/ / \ I
/ / - \ 0,242
AN A \ I
5 \ // \\ \
/ N 0,111
% ) X ]
N\ L
[ A SN
0 o L Lt pull-in \Mp(‘ﬂlv-‘m{tI !jD —
10 30 100 300 1000 3000 10000 30000 steps/s =
12,5 37,5 125 375 1250 3750 12500 37500 rev/min —_

Fig.2 Torque (left scale) and relevant output power (right scale) versus stepping rate,
measured at room temperature.

7260765.3

20
applied
torque
(mNm)
15 ]
A
/’
)4
i0 7
2
/I
5
J
/ n
/]
0 [
0 25 5 75

bl
deviation {degrees)

Fig. 3 Applied torque versus deviation.
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PD14B 9904 112 14101

2-PHASE BIPOLAR STEPPER MOTOR

QUICK REFERENCE DATA

performance obtained with bipolar constant current drive 4322 027 90070

Step angle 70 30"
Maximum working torque . 30 mNm
Holding torque 40 mNm
Maximum pull-in rate 580 steps/s
Maximum pull-out rate 12000 steps/s

720808-16-02
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2-PHASE BIPOLAR STEPPER MOTOR \ PD14B

9904 112 14101
TECHNICAL DATA
Dimensions (mm)
<———[J58,5 ax-——— 555max - 903 L

4‘—D 47+0,15— —>

5 |a
F .

38
a

o()o

e @ I

-l leu6£01

Marking and connection

W— ’ 58008
| L
connecting 7:’%—'—’0
) 150
_&‘—?“770,02

\ A

run out

[o o] ] 0,03 max

ﬁ—lJ 7273305.4

The connecting leads are colour-coded and are connected to the bipolar constant current
drive as shown in General section of 2-phase bipolar stepper motors.

Power consumption of motor only
Maximum working torque

Holding torque

Maximum pull-in rate *)

Maximum pull-out rate *)

Number of phases

Resistance per coil

Inductance per coil

Current per coil

Permissible ambient temperature range
Permissible storage temperature range
Permissible motor temperature
Insulation resistance at 500 V d.c.
Step angle

Step-angle tolerance

Number of steps per revolution
Direction of rotation

Rotor inertia

Bearings

Weight

Maximum axial play (axial force 5 N)
Mazximum radial force

Maximum axial force

*y When driver by BCCD unit 4322 027 90070.

4w

30 mNm

40 mNm

580 steps/s
12000 steps/s
2

8Q

25 mH

500 mA

see General section of Stepper motors
-62 to + 110 °C
125 °C

100 M@

70 30'

+ 10" non-cumulative
48

reversible

18 gcm2

ball

500 g

0,07 mm

15N

7,5 N

B96

I May 1975



9904 112 14101

PD14B 2-PHASE BiPOLAR STEPPER MOTOR
AO 72668071 0’8 8
| ey
torque FDiLB e ) —if h\\ output power
(mNm) o / / \ | pull-in | pull-out
_torque-.~""' 4 ™ / LWL tw)
N
+~ / \ N Il
30 = 06| 6
\ N[
I NS
/Y X
I] \ output [ N
20 \ power / T\ P
RARA
\ N
AN
y d11j ] !
10 0212
;;;;;; N
L \ ] VL]
0 L kT | Eulil—m | \\‘pAuH-Qut T ‘OT_ .
10 30 100 300 1000 3000 10000 30000 steps/s e
12,5 375 125 375 1250 3750 12500 37500 rev/min —

Fig. 2 Torque (left scale) and relevant output power (right scale) versus stepping rate,

measured at room temperature,

7266707.2

100
applied
torque
(mNm)
75
50

‘,_W""

o
//
25
/1/
L
yd

0

0 25 75

deviation (degrees)

Fig. 3 Applied torque versus deviation.
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1D27B 9904 112 27201

2-PHASE BIPOLAR STEPPER MOTOR

QUICK REFERENCE DATA

performance obtained with bipolar constant current drive 4322 027 90070

Step angle 70 30"
Maximum working torque 130 mNm
Holding torque 170 mNm
Maximum pull-in rate 450 steps/s
Maximum pull-out rate 5000 steps/s

761224-10-06
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9904 112 27201 2-PHASE BIPOLAR STEPPER MOTOR

1D27B

TECHNICAL DATA

Dimensions (mm)

18105 58,1 max i

0 69,1 max

05601 ‘

v
&

WV

7276483

0 N ——
2 0y
T
50010
-0018 '
lead length 175+15 ——U
lead length 190£15 —‘*—H
Fig.la. Standard version.
[T] 7 J0.07[4]
VA
=11
1012_0’03 r_i;ilf_—_l
) 1
¢3-0,002 N . . . .
-0,008 Fig.1b. Version having a spindle with
a diameter of 3 mm *).
-

-
82405 7269850

Marking and connection

3C

=

—

The connecting leads are colour-coded and are connected to the bipolar constant current
drive as shown in General section of 2-phase bipolar stepper motors.

*) These motors are available on request in minimum order quantities, and involve long-

er delivery times than standard versions.
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1D27B 2-PHASE BIPOLAR STEPPER MOTOR % 9904 N2 27201

Power consumption of motor only
Maximum working torque

Holding torque

Maximum pull-in rate *)

Maximum pull-out rate *)

Number of phases

Resistance per coil

. Inductance per coil

Current per coil

Permissible ambient temperature range
Permissible storage temperature range

3,75 W

130 mNm

170 mNm

450 steps/s
5000 steps/s

2

7,5Q

90 mH

500 mA

see General section of Stepper motors
- 40 to +100 °C

Permissible motor temperature 120 °C
Insulation resistance at 500 V d.c. >2 MQ
Step angle 70 30'
Step-angle tolerance +15" non-cumulative
Number of steps per revolution 48
Direction of rotation reversible
Rotor inertia 70 gcm2
Bearings, front ball
rear slide
Mass 610 g
Maximum axial play (axial force.5 N) 0,3 mm
Maximum radial force S50 N
Maximum axial force 20N
*) When driven by BCCD unit 4322 027 90070.
200 7276468
applied
torque
(mNm)
150
/
/
/
100
/
/
/
50
/
7
o]
0 2,5 5 75

deviation (degrees)

Fig.2. Applied torque versus deviation.

January 1977
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9904 112 27201

2-PHASE BIPOLAR STEPPER MOTOR ID27B
7276472
200 ] Hl‘ﬂ 10
\ output power
torque \ pull-in ] pull-out
(mNm) y \ (W)T (W)
|
150 torque 3175
S 4 output
N power \
/ \
100 = 215
4N
/N1
/ \ \
NS
/
50 1125
/ \ AN
N
d N
~ 1 pull-in \\ puli-out
0 [ NI | Jolo
10 30 100 300 1000 3000 10000 30000 steps/s
12,6 37,5 125 375 1250 3750 12500 37500 rev/min

Fig. 3. Torque (left scale) and relevant output power (right scale) versus stepping rate,
measured at room temperature.

B102

January 1977



1D28B

9904 112 28201

2-PHASE BIPOLAR STEPPER MOTOR

QUICK REFERENCE DATA

performance obtained with bipolar constant current drive 4322 027 90070

Step angle

Maxifnum working torque
Holding torque

Maximum pull-in rate

Maximum pull-out rate

150

90 mNm

110 mNm
275 steps/s
3200 steps/s

761224-10-06

January 1977 l !
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92904 112 28201 2-PHASE BIPOLAR STEPPER MOTOR 1D28B

TECHNICAL DATA

Dimensions (mm)

- 18+0,5 58,1 max +————— [J 69,1 max ——————
hainn [ — 056+0,1 ~-———~—->’
2> | y ] j«z.,s_to,z ;
i —y— T \_\ \
0
12_ B o 2675 - ‘:\
003 R
L N
-0018
U JJ Y
S F
lead length 175+15 T I
]J]J 7276463
lead length 190+15 i
Fig.la. Standard version.
{7 Too7]A]
¥
0
812_03
¥ 10002 Fig.1b. Version having a spindle
23_0.008 with a diameter of 3 mm ¥).
|
- [
8,2+05 7269850

Marking and connection
The connecting leads are colour-coded and are connected to the bipolar constant current
drive as shown in General section of 2-phase bipolar stepper motors.

*) These motors are available on request in minumum order quantities, and involve long-
er delivery times than standard versions.
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ID28B 2-PHASE BIPOLAR STEPPER MOTOR % l 9904 112 28201
I

Power consumption of motor only 3,75 W
Maximum working torque . 90 mNm
Holding torque ) 110 mNm
Maximum pull-in rate *) 275 steps/s
Maximum pull-out rate *) 3200 steps/s
Number of phases 2
Resistance per coil 7,5
Inductance per coil 70 mH
Current per coil 500 mA
Permissible ambient temperature range see General section of Stepper motors
Permissible storage temperature range -40 to +100 °C
Permissible motor temperature 120 °C
Insulation resistance at 500 V d.c. >2 MQ
Step angle 150
Step-angle tolerance +30" non-cumulative
Number of steps per revolution 24
Direction of rotation ‘ reversible
Rotor inertia 70 gcm2
Bearings, front } ball

rear slide
Mass 610 g
Maximum axial play (axial force 5 N) 0, 3 mm
Maximum radial force 50 N
Maximum axial force 20 N

*) When driven by BCCD unit 4322 027 90070.

7276470

200

applied
torque
{mNm)

150

2\

100 e

N

50

0 5 10 15
deviation (degrees)

Fig.2. Applied torque versus deviation.
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9904 112 28201 2-PHASE BIPOLAR STEPPER MOTOR 1D28B
7276473 "
T ~ 2
Z D output power
torque torque | N . pull-in | pull-out
(mNm) N (W) (W)
1
75 \\ N\ 3{15
\
\ \
output
7 \ power Ny
50 2110
,’ \ 1/ \
/ \[/ \
\ \
/ \ \
25 / A 115
AN\ \
B /11 \
P ' \
| L1 pull-in \ [ pull-out
0 NTTT A BEENN ol o
10 30 100 300 1000 3000 10000 30000 steps/s
25 75 250 750 2500 7500 25000 75000 rev/min

Fig. 3. Torque (left scale) and relevant output power (right scale) versus stepping rate,
measured at room temperature.
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GENERAL

4-PHASE BIPOLAR STEPPER MOTORS

This range comprises four types of permanent magnet stepper motor:

- 2 industrial digital (ID) types;
- 2 professional digital (PD) types.

The high torque, high speed and small step angle make these motors very suitable for
accurate and fast positioning functions in telecommunication equipment and computer
peripherals. The ID types 9904 112 29201 and 9904 112 30201 represent alternatives for
the unipolar types 9904 112 29101 and 9904 112 30101 respectively, if short periods of
extremely high speed in the slew range are required.

DESCRIPTION

The motors have a 4-phase stator and a permanent magnet rotor with 24 poles (step angle
of 30 45"y or 12 poles (step angle of 79 30') in a rugged and simple construction. They are
derived from the 8-phase unipolar motors, so that their design is similar. The motor
coils are adapted to the bipolar constant current drive (BCCD) 4322 027 90070 (see rel-
evant data sheet). Two BCCD units are required to operate one of the 4-phase bipolar
motors.

Driven via the BCCD unit the stepper motors are able to achieve extremely high stepping
rates in the slew range. However, it should be noted that the motors are NOT designed
for continuous operation at these high stepping rates since the iron losses inside the mo-
tor result in an unacceptable temperature rise.

CONNECTION DIAGRAM

See next page.
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GENERAL 4-PHASE BIPOLAR STEPPER MOTORS
printed-wiring
connectors stepper motor
e L=
5 Hz 22 Hz 22
+5Y n
1 o | PO _a_
2V to 5V - - >0 O] : E[_______;]
ilcoocfl:iesre-) ok o Hx 20l & yellow/white ,ra'm |
0V to 0,8V Chw Chw o P Tz |
(clockwise) yellow |
direction v sk Iv 1sH '.. e e e 1
of rotation . -
input I 17— I fu 176—-j 31 <0range fwhite ;3 |
3 4————-——-1——-»——~—
IT 16} Tl orange | 3 |
S
s st s red/white | 2' )
J | 1 N 1t
stepping puise IR ek T IR wh red |2 |
input LK o sk o
2Vto 5V —— * max. ; ! brown/white | 1' I
I I frequency vl I 2H { I
0V to 0,8V === ’ 4OkHz it M nH— brown L1 K
| ——
">200s I ok i oH-
[Ca] Ik ot
TR S P
IH 7t H oTH—
I ot : IF o sH—
L"iE Sl‘—r . He 5{»———‘
— L_..w L',._I [ L0 Ai“""’
— Ic sH— 3 fc 3}
p—— B 2H—>3 i 2f
+60V T-IA w———l [—-‘—u

1|~«—I
72668160

Diagram for connecting the motor to the two bipolar constant current drives 4322 027 90070
via printed-wiring connectors.
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PD12B 9904 112 12101

4-PHASE BIPOLAR STEPPER MOTOR

QUICK REFERENCE DATA
performance obtained with bipolar constant current drives 4322 027 90070
‘Step angle 30 45
Maximum working torque 25 mNm
Holding torque 27 mNm
Maximum pull-in rate 1500 steps/s k
Maximum pull-out rate 2500 steps/s

720808-16-03
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9904 112 12101 4-PHASE BIPOLAR STEPPER MOTOR PD12B

I

TECHNICAL DATA

Dimensions (mm)

12403
< []38,2max —» <+—— B64max ——» -
In
’403110,15»! 175> j»tw
> 0
1 4_0008
i
7 = !
8 Y 0
connecting __ 15_0,02
leads %t__
‘0 9] run out '
0,03 max
7260487.2
Fig. 1

Marking and connection
The connecting leads are colour-coded and are connected to thé bipolar constant current
drives as shown in General section of 4-phase bipolar stepper motors.

Power consumption of motor only 6,5W
Maximum working torque 25 mNm
Holding torque 27 mNm
Maximum pull-in rate *) 1500 steps/s
Maximum pull-out rate *) 25000 steps/s
Number of phases 4

Resistance per coil 6,5Q
Inductance per coil 10 mH

Current per coil 500 mA
Permissible ambient temperature range see General section of Stepper motors
Permissible storage temperature range -62 to +110 °C
Permissible motor temperature 125 °C
Insulation resistance at 500 V d. c. 100 M@

Step angle 30 45
Step-angle tolerance +20' non-cumulative
Number of steps per revolution 96

Direction of rotation reversible
Rotor inertia 7 gcm?2
Bearings : ball

Weight 220 g
Maximum axial play (axial force 1,5 N) 0,07 mm
Maximum radial force 10N

Maximum axial force 5N

*) When driven by two BCCD units 4322 027 90070.
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PD12B 4-PHASE BIPO LAR STEPPER MOTOR 9904 112 12101
1&0 72668091 170 10
T—l out ut
PD12B N\ putput power
torque \ pull -in{ pull-out
(mNm) H\ ,%(W)f— (w)
|
0818
30
torque
TN I NS [ \
TS / \ 0,6] 6
S/ [ | ’
20 N \output JAAN
‘DOWEF
L
04 4
Vi WARREH)
N/ \
K 7 ){ \\
4 /,X \ 0,21 2
/ A1\ \
- o \ pull-in pul\—out\ H
0 | | \l olo
10 30 100 300 1000 3000 10000 30000 steps/s
6,25 18,75 62,5 187,5 625 1875 6250 18750 rev/min

Fig.2 Torque (left scale) and relevant output power (right scale) versus stepping rate,
measured at room temperature.

7260766.3

40

applied
torque
(mNm)

30 P

20

0 25 5 75
deviation (degrees)

Fig. 3 Applied torque versus deviation.

May 1975

" B111






PD16B -

9904 112 16101

4-PHASE BIPOLAR STEPPER MOTOR

QUICK REFERENCE DATA

performance obtained with bipolar constant current drives 4322 027 90070

Step angle

Maximum working torque
Holding torque

Maximum pull-in rate

Maximum pull-out rate

30 45
75 mNm
83 mNm
1150 steps/s
20000 steps/s

720808-16-03

May 1975
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9904 112 16101 4-PHASE BIPOLAR STEPPER MOTOR PD16B

TECHNICAL DATA

Dimensions (mm)

15+0,3
j«——058,5max — +————— 785max ————— -
|<—[j47:0,15~>} <175 > iaaling
' l <> -2

> o @ ==
8

©| & T

| | Nt

run out

m J " 0,03 max

i 7273304

:

j

Fig. 1

Marking and connection
The connecting leads are colour-coded and are connected to the bipolar constant current
drives as shown in General section of 4-phase bipolar stepper motors.

Power consumption of motor only 8 W

Maximum working torque 75 mNm
Holding torque 83 mNm
Maximum pull-in rate *) 1150 steps/s
Maximum pull-out rate *) 20000 steps/s
Number of phases 4

Resistance per coil 8 Q

Inductance per coil 25 mH

Current pex coil 500 mA
Permissible ambient temperature range see General section of Stepper motors
Permissible storage temperature range =62 to + 110 °C
Permissible motor temperature 125 oC
Insulation resistance at 500 V d.c. 100 MQ2

Step angle , . 30 45’
Step-angle tolerance £ 10" non-cumulative
Number of steps per revolution 96

Direction of rotation reversible
Rotor inertia 32 gcm2
Bearings ball

Weight 600 g
Maximum axial play (axial force 1,5 N) 0,07 mm
Maximum radial force 15N

Maximum axial force 7,5 N

*) When driven by two BCCD units 4322 027 90070.
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4-PHASE BIPOLAR STEPPER MOTOR

9904 112 16101

PD16B
100 l I 72668051 2,0; 20
INN|
torque PD16B output power
pull-in| pull-out
R (RN g I Uy 1y N (S S—
(mNm) -t-o‘r‘q_ue =T J "(W)J (W)
~ ]
75 > A 15] 15
/ an
AN AN
A N\ / \
/ \ \ / \\
50 output 1,01 10
\ power
// // \\
25 \, / \ 0515
N
D N\
- » \\
L pull-in pull-out{
0 L 1 N
10 30 100 300 1000 3000 10000 30000 steps/s
6,25 18,75 62,5 187,5 625 1875 6250 18750 rev/min

Fig.2 Torque (left scale) and relevant output power (right scale) versus stepping rate,

measured at room temperature.

7266708.2

100

applied
torque
(mNm)

75

50

25

25 5
deviation (degrees)

75

Fig. 3 Applied torque versus deviation.
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1D29B

9904 112 29201

4-PHASE BIPOLAR STEPPER MOTOR

QUICK REFERENCE DATA

performance obtained with bipolar constant current drives 4322 027 90070

Step angle

Maximum working torque
Holding torque

Maximum pull-in rate

Maximum pull-out rate

30 45'

280 mNm

300 mNm

900 steps/s
12000 steps/s

770104-14-01

January 1977 I ’
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9904 112 29201 4-PHASE BIPOLAR STEPPER MOTOR ID29B
TECHNICAL DATA
Dimensions (mm)
<——— [0 69,1 max ———» 100 max . 20+0,5 [«
| |-
<+—— 056101 —> |2
H — T T~ M
'?/ \Q?
A
/ \ ‘ 7
| /} 367,5 - 12_8703
\ - '
e~ e, \. i
N ‘
: / ( ]
@ \\\_— - ﬁ/ L) 7z76464A
connecting *
leads

Marking and connection

Fig.1

The connecting leads are colour-coded and are connected to the bipolar constant current
drives as shown in General section of 4-phase bipolar stepper motors.
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ID29B 4-PHASE BIPOLAR STEPPER MOTOR

9904 112 29201

Power consumption of motor only
Maximum working torque
Holding torque
Maximum pull-in rate *)
Maximum pull-out rate *)
Number of phases
Resistance per coil
Inductance per coil
Current per coil
Permissible ambient temperature range
Permissible storage temperature range
Permissible motor temperature
Insulation resistance at 500 V d.c.
Step angle :
Step-angle tolerance
Number of steps per revolution
Direction of rotation
Rotor inertia
Bearings, front

rear
Mass
Maximum axial play (axial force 1,5 N)
Maximum radial force
Maximum axial force

*) When driven by two BCCD units 4322 027 90070.

400

7,5 W

280 mNm

300 mNm

900 steps/s
12000 steps/s
4

7,5

90 mH

500 mA

see General section of Stepper motors
-40 to +100 °C
120 °C

>2 MQ

30 45"

+15" non-cumulative
96

reversible

160 gem?2

ball

slide

1100 g

0,3 mm

50 N

20 N

7276466

applied

torque

(mNm)

300

200 Wi

100

0 2,5

5 75

deviation (degrees)

Fig.2. Applied torque versus deviation.

January 1977

B119



|
9904 112 29201 4-PHASE BIPOLAR STEPPER MOTOR l; 10298
| l
7276474 ,
400 ] I101 20
4
A output power
torque g puli-in | pull-out
A A ; i
{mNm) torque \ W w)
=~ ~_ [
300 i 756115
™. N /
\\
NIA
[T~ output
N power
200 \'"‘ \ \ 5110
// f \\ \\
A
)4 N !
100 ,/ i \ AN \ 2515
1 AN T‘ |
7 N ! 1
A7 ! N i
L %puil-in N | puilout ‘
o T
o = { | ‘ L L1 iiTelo
0 30 160 300 1000 3000 16000 36000 steps/s
6,25 18,75 62,5 187,35 625 1875 6250 18750 rev/min
Fig.3. Torque {left scale) and relevani output power {right scale) versus stepping rate,
measured at room {emperature.
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- | 9904 112 30201

4-PHASE BIPOLAR STEPPER MOTOR

QUICK REFERENCE DATA

performance obtained with bipolar constant current drives 4322 027 90070

Step angle 70 30°
Maximum working torque 190 mNm
Holding torque 210 mNm
Maximum pull-in rate 520 steps/s
Maximum pull-out rate 7000 steps/‘s

770104-14-01

January 1977



9904 112 30201 4-PHASE BIPOLAR STEPPER MOTOR

1D30B

TECHNICAL DATA

Dimensions (mm)

<——— [0 69,1 max ————

]«——-*D 56+ 0,1 ——>1

(¢ .//"‘\\, 5)
VR

fjﬁ\\ /ﬁ}
S I[TIH]H] »ﬂ%asmz

connectmg muw
leads

Marking and connection

it

100 max 20%0,5 j=—
Loy |
<2
[ #]0,07]A]
LT
B67,5 ——‘—ﬂ‘. 12_003
oot0 1
60010
-0,018
)—L 7276464 A
17515 u

Fig.1

The connecting leads are colour-coded and are connected to the bipolar constant current
drives as shown in General section of 4-phase bipolar stepper motors.
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1D30B 4-PHASE BIPOLAR STEPPER MOTOR

9904 112 30201

Power consumption of motor only
Maximum working torque
Holding torque
Maximum pull-in rate ¥)
Maximum pull-out rate *)
Number of phases
Resistance per coil
Inductance per coil
Current per coil
Permissible ambient temperature range
Permissible storage temperature range
Permissible motor temperature
Insulation resistance at 500 V d.c.
Step angle
Setp-angle tolerance
Number of steps per revolution
Direction of rotation
Rotor inertia
Bearings, front

rear
Mass
Maximum axial play (axial force 1,5 N)
Maximum radial force
Maximum axial force

*) When driven by two BCCD units 4322 027 90070.

400

7,5 W

190 mNm

210 mNm

520 steps/s
7000 steps/s

4

7,5Q

70 mH

500 mA

see General section of Stepper motors
~-40 to +100 °C
120 °C

>2 MQ

70 30'

+30" non-cumulative
48

reversible

160 gcm2

ball

slide

1100 g

0,3 mm

50 N

20 N

7276471

applied

torque

(mNm)

300

200

AN

100 .

10 15
deviation (degrees)

" Fig.2. Applied torque versus deviation.
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HHIN

9904 112 30201 4-PHASE BIPOLAR STEPPER MOTOR 1D30B
7276475
400 10y 40
(0]
OUtDUt power
torque puil-in | pull-out
(mNm) w 1w
) 17
300 7,5{ 30
™,
. \
— torque OUtpUt /
— el power
200 LA — Y /)’ 5{ 20
N \
JAIN
// \ / AN
100 \/ A 2,5{10
y \\
W / N
d P ‘\
LA W Npun-in N | [ pull-out
] 1 N olo
10 30 100 300 1000 3000 10000 30000 steps/s
12,6 37,5 125 375 1250 3750 12500 37500 rev/min

Fig. 3. Torque (left scale) and relevant output power (right scale) versus stepping rate,
measured at room temperature.
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Miniature direct current motors






GENERAL DIRECT CURRENT

MOTORS

CONSTRUCTION

Our direct current motors are available in two basic types:

— iron rotor motors;
— ironless rotor motors.

Iron rotor motors (Fig. 1)

All motors of this type have a three-pole laminated iron rotor and a flat commutator.

A VDR (voltage dependent resistor) disc spark suppressor, mounted between the commu-
tator and coils, provides interference suppression and also considerably increases brush
life. All motors except those of the 9904 120 52... series have a gold-plated commutator;
the two-leaf metal brushes are silver-plated and damped so that long life and low noise
level are guaranteed. The stator consists of a Ferroxdure ring and the magnetic circuit
is closed by the motor housing.

In the motors of the 9904 120 52... series,carbon brushes and copper commutators are
used; a steel ring closes the magnetic circuit and also provides a foundation for the plas-
tic motor housing. In all other respects these motors are the same as the other iron
rotor motors. ’

I8
O rotor laminations
Fig.1

1 = rotor

= rotor winding

= stator magnet

commutator
brush
VDR

O 0 N O RN
n

bearing

i 2

April 1975 H C3



GENERAL

DIRECT CURRENT CONSTRUCTION 1
MOTORS |

Ironless rotor motors (Fig.2)

In this type of motor, the rotor consistsof a plastic cup moulded onto the spindle andupon

— which nine coils are wound. A nine-segment precious-metal-plated flat commutator is
used. Voltage peaks during commutation are so small in this type of motor thatnospecial
arrangements for interference suppression are necessary. The stator is a Ticonal cylin-
drical magnet located inside the rotor before the latter is wound. Upon assembly, a
spigot in the housing is pressed into the stator magnet ring, leaving the rotor free to
rotate in its bearings with the stator supported inside the rotor windings. The motor

—s housing completes the magnetic circuit. The silver-plated brushes have three or four
leaves each but are otherwise similar in form and damping to those in the iron rotor
motors.

oL
LKLS
0% %%

i,

7 ’V
TR R /
SRR
2/

)
K

<7

N

7265931

Fig.2
1 = rotor 6 = commutator
2 = rotor winding 7 = brush
4 = stator magnet 10 = bearing

C4 !! October 1976



GENERAL DIRECT CURRENT

MOTORS

APPLICATION

All direct current motors have properties - good and bad - that are more or less import-
ant depending upon the particular application. These properties are listed in the table
below, and each type of motor is graded 1,2 or 3 (1 being the best) for each property.
Thus, for a given application, the most suitable type of motor can be chosen. One of the
factors in the table is the price; this of course depends of the motor size and also onpro-
duction quantities, the comparison shown being for motors of approximately similar
power and based upon similar quantities.

Comparison of d. c. motor properties

iron rotor ironless
motors rotor motors
life 1000 h 2000 h
audible noise 3 3
electrical noise 3 2
reliability 3 3
efficiency 3 1
acceleration 2 1
wow and flutter 2 1
price X 1, 5x

Iron rotor motors are used in those applications which require an optimum compromise
between technical properties and economic price.

Applications : cassette recorders;
record players;
calculators;
dictating machines;
telephone answering equipment;
weather balloons;
rotating light for vehicles;

car head-lamp wipers. -

Ironless rotor motors are used in those applications requiring better performance in
certain properties, such as shorter acceleration time and lower wow and flutter levels,
even though the price is higher than that of the iron rotor types.

Applications: hi-fi reel-to-reel recorders;
hi-fi cassette recorders;
educational recorders;

video recorders; P

digital computer cassette and cartridge recorders;
recording measuring equipments;

printer drive calculators and computer printers;
ribbon transport computer printers;

card readers.

October 1976 5



' I GENERAL

DIRECT CURRENT
MOTORS
SURVEY
nom. speed at nom. . .
dimensions
type voltage nom. load torque catalogue number
W) (rev/min) (mNm) (mm)
4,3 2000 1 @34 x23,6 9904 120 01501
7 2000 1 @34 x23,6 9904 120 01806
7 2000 1 P34 x32,7 9904 120 01809 1y
5,2 2000 1,5 ®27,2 x 22,4
iron x 20,5 9904 120 03501
Fotor 12 330 I 25 ? 38,6 x 64 9904 120 52602
12 { 9 60 150 @ 38,6 x 64 9904 120 52605
12 ) 23 3y 150 @ 38,6 x 64 9904 120 52607
12 8,2 150 @ 38,6 x 64 9904 120 52609
3 100 15 @27,2x 22,4
x 35,5 9904 120 53101
12 2815 10 @40 x39,6 4322 010 75110
24 2815 10 @40 x 39,6 4322 010 75060
24 2815 10 942  x50,5 | 9904 120 10804 1)
ironless 16 3000 24 @40 x 40,6 4322 010 75040
rotor 12 3900 5 @?29 x39,5 9904 120 12601
24 4050 5 ®29 x39,5 9904 120 12701
12 3900 5 @29 x48,4 9904 120 12603 1)
9 5300 0,3 @19 x15 4322 010 77000

1y provided with frequency tachogenerator.

2) Also available in 6 V (9904 120 524..) and 24 V (9904 120 527..) versions.

3) Motors with reduction.
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9904 120 01501
9904 120 01806

DIRECT CURRENT MOTORS

QUICK REFERENCE DATA
9904 120 01501 9904 120 01806
Nominal voltage (d.c.) 4,3V 7V
Nominal speed 2050 rev/min 2050 rev/min
Nominal torque 1 mNm 1 mNm
L

APPLICATION

These motors have been designed for applications which require low noise level, smooth
running and accurate speed control by an electronic speed control unit.

Examples :

- cassette recorders and players

- record players

- telephone answering equipment

- dictating machines

- echo sounders

Tahviaws 1075 ” ” C7



9904 120 G1501 DIRECT CURRENT MOTORS
%904 120 01806

DESCRIPTION

The motor has been provided with a permanent magnet system, consisting of a ring mag-
net with which a very low holding torque has been obtained.

The gold-plated flat commutator with 3 segments and the silver-plated brushes of two
parts ensure optirnum commutation ; the built-in spark suppressor (VDR) also increases
the collector life considerably.

The motor has a nickel-plated deep drawn steel housing.

TECHNICAL DATA Dimensions in mm

<-236%04 0 <-68+04
0 .
(rotor in highest
<+ 2max position; axial
play of rotor 0,6 max)

1
TIme e 0,5 max
r_‘_—_“-"““_\
S v
— - — - = __+2h5 7
— : *
[ 7 not present )
I\ on 9904 120 01806
L 120
(90)
+red - blue
{+red) (- yellow)
l‘ 7269326.1

The lead length and lead colour given between brackets apply to motor 9904 120 01806.
The direction of rotation is given in connection with the polarity.

Mass approx. 82 g
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S

DIRECT CURRENT MOTORS

9904 120 01501
9904 120 01806

The values given below apply at an ambient temperature of

22 + 5 ©C, an atmospheric

pressure of 860 to 1060 mbat and a relative humidity of 45 to 75%.

9904 120 01501

9904 120 01806

4,3V

Voltage (d.c.)
Torque 1 mNm

2050 + 300 rev/min
2550 + 300 rev/min

Speed at neminal load
at no load

max. 110 mA
max. 35 mA

Current at nominal load

at no load
Starting torque 4,6 mNm
Specific input current 60,4 to 72, 1 mA /mNm
Induced voltage 1,45 to 1,73 mV per rev/min
Rotor resistance 100+ 0%
Direction of rotation reversible
Ambient temperature range - 10 to +50 ¢
Rotor moment of inertia 10 gcmz
Motor constant typ. 44 ms
Bearings slide bearings

Maximum radial force,

4 mm from bearing IN
Maximum axial force 0, 1N
Maximum axial play 0,6 mm
Housing material steel

Limiting conditions

The following maximum values indicate those circumstances under which the motor can
hut under these circumstances the motor life is

run continuously without being damaged,
greatly reduced.

9904 120 01501
Maximum voltage (d.c.) 6V -
Maximum permissible load 2 mNm
Max, permissible current 150 mA

Maximum speed 3500 rev/min

Maximum output power 0,5W

0904 120

Y
1 mNm

2050 + 300 rev/min
2550 + 315 rev/min

max. 65 mA
max. 25 mA

4.4 wmNm

37,1 to 44,5 mA /mNm

2,35 to 2,82 mV per rev/min
27 Q + 10%

reversible

~10 to +50 °C

10 gcmz
typ. 44 ms

slide bearings

1IN
0,1 N
0,6 mm

steel

118006

10V

2 mNm

90 A

3500 rev/min
0,5 W

|
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9904 120 01501 DIRECT CURRENT MOTORS
9904 120 01806
— 7269325
| 3000 9904 120 01501 04
efficiency |- speed current
(%/o) L {rev/min) LA {A)
i N / 03
- N //
o 2000 \\ current
i N A
\\ 7 0,2
60 N ™
Y I AN
so b / /| ~’(/'\\/efﬂciency o1
i // % \k )
20 < speed "IN L
Cr Ny N v
oL 0 N | , 0
0 1 2 3 4 5 6 7 8
torque (mNm)
Typical curves at Ty = 20 °C
_ 7269324
- 3000 9904 120 01806 | %
efficiency |-  speed current
(°/o) I (rev/min) (A)
B \\\ 03
R = 2000 \\
- AN A 02
—— N current o
- N
60 BN AN
- 1000 -\\ )(
40l N ( /\\ efficiency o
N " *
- d+==
% [P IR N\
|~ \RV \{V N
0- 0 0
0 1 2 3 L 5 6 7 8

torque (mNm)

Typical curves at T, =20 °C

ci10 February 1975



9904 120 01809

DIRECT CURRENT MOTOR

with frequency tachogenerator

QUICK REFERENCE DATA

Motor 4 Tachogenerator
'Nominal voltage (d.c.) 7V Number of pole pairs 72
Nominal speed 2000 rev/min Generated voltage at
Nominal torque 1 mNm 2000 rev/min = 1535 mVp_p P—

Frequency wobble at

3000 Hz <0,1%
APPLICATION

This motor-tachogenerator combination has been designed for applications which require
a direct current drive system the speed of which can be controlled in a very accurate
and reliable way (no mechanical contacts).

Examples:

- hi-fi cassette recorders;

- hi-fi record players;

- recording measuring instruments.

DESCRIPTION

The motor has been provided with a permanent magnet system, consisting of a ring mag-
net with which a very low hclding torque has been obtained. )
The gold-plated flat commutator with 3 segments and the two-piece silver-plated brushes
ensure optimum commutation ; the built-in spark suppressor (VDR) also increases the
collector life considerably.

The motor has a nickel-plated, deep drawn, steel housing.

The frequency tachogenerator has a gearwheel rotor (72 teeth) which is mounted on the
protruding spindle of the motor. The stator consists of a deep drawn steel housing, a
magnet strip of plastic-bonded ceramic material which has been magnetized with 72 pole
pairs, and a coil.

The alternating flux, which arises by rotation of the gearwheel in the magnetic field, is
enclosed by the coil in which the tachogenerator voltage is generated. ‘
The frequency of this tachegenerator voltage is determined by the speed of the motor and
the number of pole pairs of the tachogenerator.
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i
f v e L . T T T s e
9904 120 01809 || DIRECT CURRENT MOTOR
E ; with frequency tachogenerator
TECHNICAL DATA Dimensions in mm
325204y [0° o
| =551 (rotor in highest position ;
| <_21¢,5"‘8»5—>' | axial play of rotor 0,6 max)
-+ 215%05 |= 25 05
max— | [ > max
_____ . ] Y [ —
{
L _
p274 8. - T = 792 3 9,
: " —— !
[ |
i / i
v J [ ~]o.01]
e J,

—{yetiow} !

+(red) v | 0 1401 - _
e
0,7£01-» L\’
»| 45°
detait A
The direction of rotation is given in connection with the polarity,
Mass 100 g
The values given below apply to an ambient temperature of 22 + 5 0C, anp atmospheric

5
pressure of 860 to 1060 mbar and a relative humidity of 45 to 759,

Direct current motor

Nominal voltage (d.c.)
Nominal torque
Speed  at nominal load
at no load
—= Current at nominal load
— at no load
—= Starting torque
— [nput power
—= Specific input current
— Rotor resistance
Rotor moment of inertia
Bearings
Maximum radial force, 4 mm from bearing
Maximum axial force
Maximum axial play
Housing material
finish

7V

1 mNm

2000 + 350 rev/min
2500 £ 350 rev/min
max. 76 mA

max. 32 mA

min. 4,5 mNm
max. 0,53 W

37,0 to 44,9 mA /mNm
26 @+ 109

11 gem?2

slide bearings
I,5N

0,IN

0,6 mm

steel, deep drawn
nickel plated

C12
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\ DIRECT CURRENT MOTOR 9904 120 01809

with frequency tachogenerator

Limiting conditions

The following maximum values indicate those circumstances under which the motor can
run continuously without being damaged, but under these circumstances the motor life is
greatly reduced.

Maximum voltage (d.c.) 12V <«

Maximum permissible load 2,0 mNm -
Maximum permissible input current 110 mA -
Maximum speed 3500 rev /min -
Maximum output power 0,5W
Tachogenerator
Number of pole pairs 72
Generated voltage, peak to peak

value, at 2000 rev/min (Ep_p) =1535 mV

Amplitude variation for I rev

El.f.

§ 5o X 100%) <15%

Eif
I . i
T — _T
i "
Y
o111l 11112 ¢
7269117
.72

Frequency néo Hz (n =number of rev/min)

Frequency wobble at 3000 Hz <0,1% b _
Temperature coefficient of the generated -

voltage -0,2%/°C =
Resistance 9302 + 12% -— -
Inductance 640 mH * 15% -
Housing, material steel, deep drawn

finish nickel plated

General
Direction of rotation reversible
Ambient temperature range -10 to + 60 °C -«

1y Measured with EMT measuring instrument type 420 A, position linear.

i
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9904 120 01809 DIRECT CURRENT MOTOR

with frequency tachogenerator

7269120.1

4000 04
speed -1 current
(rev/min) (A}
3000 03
_Spe
N Seg
b
NV e
2000 ° 0,2
L Spe ,l 1 s ]
el /,;' b
) ™
N Lo
1000 SPegiA— Tl S 01
"‘q\\d /31// . a S
oy \\
~ ~
0 N ho 1 0
0 1 2 3 4 5 6
torque (mNm)
Typical motor curves
4,000 T T SRR
speed P 1
(rev/min) lr
3000 7
| A
[ pd
_ | P4
= 2000 + '/’
i <
1000 !
/I
el |
NN [
, | | |
o ket 1 I i
0 1000 2000 3000

tachovoltage, Ep_p(mV)

Typical tachogenerator curves

Cl4 ‘ April 1975



DIRECT CURRENT MOTOR 9904 120 01809

with frequency tachogenerator

—_—— e
/
7 O +
TR2
BC558 RE
R8
TR4
R7 : BC328
RS TR3
BC548
c2
==c3 :ECL
R3 R4
72691181 0 -
Example of an electronic speed control system
|
’ CI5
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DIRECT CURRENT MOTOR

QUICK REFERENCE DATA
Nominal voitage (d.c.) 5,2V
Nominal speed 2000 rev/min
Nominal torque 1,5 mNm
APPLICATION

This motor has been designed for applications which require low noise level, smooth
running, small size and accurate electronic speed control.

Examples: - cassette recorders and players;
- portable dictating machines;
- telephone answering equipment.

DESCRIPTION

The motor has a permanent magnet stator system, consisting of plastic -bonded ceramic
material, with which a very low holding torque has been obtained.

The gold'-plated flat commutator and silver -plated brushes ensure optimum commutation,
‘thus making the motor suitable for accurate electronic speed control. This commutator/
brush construction, together with the special stator magnet material and the sintered
bearings, ensure smooth running and long life.

The built~-in spark suppressor (VDR) minimizes interference and considerably increases
the commutator and brush life.

The motor has a nickel -plated, deep drawn, steel housing.

9904 120 ©3501

1111

@]
Yt
~
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9904 120 03501

DIRECT CURRENT MOTOR

H

TECHNICAL DATA

Dimensions in mm

brown (=)

_ 15h5 black (+]

) & e

2 L ey
272 83 B3 wp =5 AH0) e H—— — 5+ =
) ‘ ' 1 .
| A [ *
003[A i
_ ] ZALKEILY J«ns"’%»&
<— 185 min —+ ! <-1max

M16 (2) ; max. permissible depth
of screw insertion 1,7mm

/«—zz,A,%_a—J | |«15max
0
TSm0

72696581

The direction of rotation is given in connection with the polarity.

Mass

approx. 45 g

The values given below apply to an ambient temperature of 22 + 5 °C, an atmospheric
pressure of 860 to 1060 mbar and a relative humidity of 45 to 75%.

Nominal voltage (d.c.)
Nominal torque
Speed

at nominal load

at no load
Current

at nominal load

at no load
Starting torque
Starting voltage
Specific input current
Induced voltage
Rotor resistance
Rotor moment of inertia
Friction torque at 2000 rev/min
Motor constant
Direction of rotation
Ambient temperature range
Bearings
Maximum radial force, 4 mm from bearing
Maximum axial force
Housing material

5,2V
1,5 mNm

1970 + 275 rev/min
2940 + 315 rev/min

max. 125 mA
max. 25 mA
min. 4,1 mNm
min. 0,7V

56 to 67 mA/mNm
1,53 to 1, 82 mV /rev/min
15,8 Q * 10%

4,2 gcm?

max. 0,32 mNm
typ. 27 ms
reversible

=20 to + 60 °C
slide bearings
1,5SN

0,1 N

steel, deep drawn
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DIRECT CURRENT MOTOR

9904 120 03501

Limiting conditions

The following maximum values indicate those circumstances under which the motor can
run continuously without being damaged, but under these circumstances the motor life is
greatly reduced.

Maximum voltage (d.c.)
Maximum permissible load

Maximum permissible input current

Maximum speed
~Maximum output power

100
C
efficiency |
(o) t
75
B
50 -
25
0 -~

4000

speed
(rev/min)

3000

2000

1000

8V

2,0 mNm

150 mA

3500 rev/min
0,5 W

7269655

ed

current ——

AN

VA

ficiency

1L

=

NY
N

|

4 5 6

torque (mNm)

Typical curves at 5,2 V, Tamb = 20 °C

— 04

current
(A)

03

0,2

0,1
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9904 120 524..
9904 120 526..
9904 120 527..

DIRECT CURRENT MOTORS

with reduction

QUICK REFERENCE DATA

catalogue numbers
nominal voltage | nominal voltage | nominal voltage | reduction| speed torque
6Vd.c. 12V d.c. 24V d.c. ratio [(rev/min)| (mNm)
9904 120 52402 9904 120 52602 | 9904 120 52702 9 1 330 25
9904 120 52405 9904 120 52605 | 9904 120 52705 | 50 :1 60 150
9904 120 52407 9904 120 52607 | 9904 120 52707 |150,4 :1 23 150
9904 120 52409 9904 120 52609 | 9904 120 52709 |451,25:1 8,2 150

APPLICATION

These small d.c. motors with integrated gearboxes have been designed for applications
which require a driving system of good quality and a long life.

Application examples are :

- rotating warning lights e.g.
- positioning of searchlights e.g. on cars
- headlamp wipers on cars

- automation systems

- high quality toys

on cars

DESCRIPTION

The motor has been provided with a permanent-magnet stator system. A reduction gear -
box has been built in with gearwheels made of polyacetal resin ; various reductions are
available.

The use of special brushes, a flat commutator and a built-in spark suppressor (voltage
dependent resistor) guarantee a long life and a low interference level. The new stator
magnet material and the special rotor construction give the motor a high efficiency.

The grey injection-moulded housing of polyacetal resin is highly resistant to chemicals
and corrosion.

MOUNTING

Mounting the motor is casy since it is provided with a flange having four holes.
Four screws M 2,5 and washers can be used.
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TIIG VLU DL4G..
9904 120 526..
9904 120 527..

DIRECT CURRENT MOTORS

with reduction

TECHNICAL DATA

Dimensions (mm)

27 .
+ - e e 14—— 30— +05[™*
4. A T I 5 [ B I I N | o 0 0
4139 32 ?—- $38,6 33,4 011_0’2{ @338 '_\J Bl_go0g 2192
l cw T cew ‘ l [ l f
e | o '
54*32~——~>l -l 5 |la | le-15
! 3 |a
39 i
15+ la—— 37 —le—27 —» 7265933.1

The direction of rotation is given in connection with the polarity (see table next page)
Ambient temperature range -20 to +60 °C
Bearings bronze, self lubricating
Maximum axial play 0,5 mm
polyacetal resin
grey

polyacetal resin

Housing, material
colour

Gears, material

Weight 125 g approx.

C22
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9904 120 524..
DIRECT CURRENT MOTORS 9904 120 526..

with reduction 9904 ]20 527

The values given below apply to an ambient temperature of 22 £ 5 OC, an atmospheric
pressure of 860 - 1060 mbar and a relative humidity of 45 to 75%.

catalogue number
9904 120 52... 402 | 602 | 702 | 405 | 605 | 705 | 407 | 607 | 707 | 409 | 609 | 709

reduction ratio 9:1 50 : 1 150,4 : 1 451,25 :1

Nominal values

voltage 6 l 12 I 24| 6 l ]2—l 24 6 I 12 l 24 6 ‘ 12 l 24 {Vd.c.

torque 25 150 150 150 mNm

speed at nom. load 330 60 23 8,2 rev/
at no load 415 . 78 26 8,5 min

current atnom.load| 360 | 185 | 105 | 360 | 185} 105 | 180 | 100 | 60| 110] 60 45 | mA
atno load 80 | 45| 35| 80| 45 351 75 | 40 351 70 40 35 | mA

input power 2,112,212,512,112,212,5 (1,1 11,2]L,410,7[0,7]1,1|W

direction of
rotation (see also CW CW cCw - CwW
dim. drawing)

max. radial force

8§ {
on the bearings 2 6 ’ 10 N
max. axial force 2 6 8 10 N
Limiting conditions *)
max. voltage 9 l 18 l 28 9 ‘ 18 l 28 | 9 , 18 ] 28 9 L 18 [ 28 | Vd.c.
max. perm. load 37,5 150 150 150 mNm

*) These maximum values should never be exceeded.
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vyYU4G 1£U S544..
9904 120 526.. DIRECT CURRENT MOTORS
9904 ]20 527 with reduction

The curves are measured on an arbitrary motor.

72677821 7267781.1
T oo T T T ITT] o e LTI ITT]
— 1c 19904 120 52402 6Vd.c. 3 1< {19904 120 52405 6Vd.c.
T oo) € 500|090 120 52602 12Vdec. E s00] € 100|_]980% 120 52605 12vd.c.
=500 "3 500119904 120 52702 24Vdc, = 3 9904 120 52705 24Vd.c|
L T £ 9= ] 1
24004 o 400 1 £400{ g 80
mes ANy R ===—as =
— ——
3004 " 300 ‘ e 300{ ” 60 e
| current (6V d.c.) current (12de¢,—- ] ] /( )
| et current (6V d.c.
4 200 2001 40
200 o - | current (12Vd.c.)
T =1 —— 1 L
1 1
1004 100 | = 100{ 20 e e
i T current (26Vdc) 4 e =T—current (24Vd.c)
i [ [ T[] 0
0 10 20 30 0 50 100 150
torque (mNm) torque (mNm)
72577831 7267784 .1
T T T _ [TTTTTI]
_ 1e | {9904 120 52407 6Vd.c. 3 1c |__19904 120 52409 6Vd.c. -
Eo00] £ 5g| 9904 120 52607 12Vde. ool E | [9904120 52609 12vd.c|
=2001°3 2819904 120 52707 24Vd.c. SP13 g 2904 120 52709 2uvde
- 42 - 1= 6
§ ; 26 [ ] | P § . R
:_._,: | g \qr\ sTpﬁzd [~ § ] g ] Speed
47 2ulcurrent (6V d.c.) s S = 47 ]‘T\\
1004 | —— 1004 - current (6V d.c) et
22 current (12Vd.c.) 1T ] 8 e I L
] ! [ —— ] et current (12Vd.c.)
| 20 ot |t =] ] - I | I ]
| current (24Vd.c) | | _|_leurrent (24Vd.c.) I
[TTTTTT [] HEENEEN
Q 50 100 150 0 50 100 150
torque (MNm) torque (mNm)
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9904 120 53101

DIRECT CURRENT MOTOR
with gearbox

QUICK REFERENCE DATA
Nominal voltage (d.c.) 3V
Nominal speed 103 rev/min
Nominal torque 15 mNm

APPLICATION

This motor with gearbox has been mainly designed for servo purposes in professional
and industrial applications, which require high reliability and smooth running.

Examples:

- film cameras (film drive and zoom lens drive);

- slide projectors;

- portable recording instruments (chart drive and pen drive);
instruments for automation.

'

DESCRIPTION

“The motor has been provided with a deep drawn steel housing. A reduction of the motor

speed has been obtained by means of a high-precision reduction gear, mounted in a steel
housing, which is fitted to the motor.

The special construction of a flat collector, a light brush construction and a built-in
spark suppressor (VDR) guarantee smooth running.

The motor is suitable for use with an electronic remote control unit.

It can be used in tropical environments.
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9904 120 53101

with gearbox

DIRECT CURRENT MOTOR

TECHNICAL DATA

*‘ 13,4:4£0,05

M3 (2x)- ‘ -

Dimensions in mm

72656751

. . L —
T brown (-)
| black (+)
| . 2004

2720 2 - -] — - St g:

' ‘-031‘:0.05 6 0 ) r
Iy : e -
| N AN I i I I | 3 °-0036 AT
l ] t L— 115*5—»[
——~\—‘ . 0
[e—21.8 ) —wl -+l 15 max I +111,5 max =

The direction of rotation is given in connection with the polarity.

Mass

i

approx. 65 g

C26

October 1976



H DIRECT CURRENT MOTOR

with gearbox

9904 120 53101

The values given below apply to an ambient temperature of 22 + 5 °C, an atmospheric
pressure of 860 to 1060 mbar and a relative humidity of 45 to 75%.

Nominal voltage (d.c.)
Nominal torque

Speed at nominal load
at no load

Reduction ratio

Current at nominal load
at no load

Starting torque

Starting voltage (d.c.) at no load
Input power

Induced voltage

Rotor resistance

Direction of rotation

Ambient temperature range
Rotor moment of inertia
Maximum radial force on bearings
Maximum axial force

Maximum axial play

Housing material

Limiting conditions

3V

15 mNm

103 * 13 rev/min
122 + 14 rev/min
27:1

max. 150 mA
max. 50 mA
min. 77 mNm
max. 0,4V

max. 0,45 W

0,78 to 0,95 mV /rev/min
4,5Q % 10%

reversible

-10 to +50 °C

4 gcm2

2N

1IN

0,2 mm

steel

The following maximum values indicate those circumstances under which the motor can

run continuously without being damaged, but under these circumstances the motor life is

greatly reduced.
Maximum voltage (d.c.)

Maximum permissible load

Maximum permissible input current

Maximum speed

Maximum output power

4V

35 mNm
285 mA

155 rev/min

0,33 W
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9904 120 53101 DIRECT CURRENT MOTOR

with gearbox

80 - 200 7275171 08
efficiency [~ speed current
(/o) i (rev/min) (A)
60 B 150 > 0,6

B - current.
- - = efficiency o
40 N 100 y N S 0,4
r Vi speed ] PN
- \\ h
20 B 50 7 o 0,2
B I r NN
o- 0 I 0
0 20 40 60 80 100 120
torque (mNm)
Typical curves at 3V, Tampp =22 0C
MOUNTING

The motors can be fixed by means of two screws M3 in the mounting holes of the gearbox.

The bearing of the spindle can also be used as a centring piece.
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4322 010 75040

DIRECT CURRENT MOTOR
ironless rotor type

QUICK REFERENCE DATA
Nominal voltage (d.c.) ‘ 16V
Nominal speed 3050 rev/min
Nominal torque 24 mNm
APPLICATION

This motor has been designed for heavy duty applications which require highacceleration
and many start/stops. There is no magnetic holding torque thus the motor is extremely
smooth running.

Examples :

- digital cassette and cartridge recorders;

- printers (head drive, head positioner, paper drive etc.);
- recording measuring instruments.

DESCRIPTION
The motor owes its special characteristics to the following design :

- ironless rotor with oblique winding;

- the low moment of inertia and the high starting torque yield a motor constant of no
more than 22 ms;

- the robust commutator /brush construction (silver-palladium-plated commutator with
9 segments and four-piece silver-plated brushes) and the built-in interference sup-
pression system make the motor suitable for heavy duty applications;

- the commutator /brush construction together with the sintered slide bearings with extra
oil reservoirs, ensure a long life, smooth running and a low audible and electrical
noise level.
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4322 010 75040

DIRECT CURRENT MOTOR
ironless rotor type

TECHNICAL DATA

M3 (4x) max. permissible depth
of screw insertion: 3mm
max. permissible torque 06 Nm

Dimensions in mm

65+0,1 >

6,2 max
-+  (*+——396+03 —>

<— 3 max
~ |<— 2 2 max
w1202 15 0, <

fw'*——’—:{ .*__*._.__$

I+
o9
NN
I+
o3
N
I+
o
o=

t

!

]

v
- 3r;5 18_30540.9,

see detail A c
[/Jooz[A]

Q
p e ool 2])
35 Ty
£0/ fi}j
? —» J<—1,510,1 E 7269836.1
04 ¥ ‘
t0,035é T
detail A

The direction of rotation is given in connection with the polarity.

The values given below apply to an ambient temperature of 22 + 5 °C, an atmospheric
pressure of 860 to 1060 mbar and a relative humidity of 45 to 75%.

Nominal voltage (d.c.)
Nominal torque
Speed

at nominal load

at no load
Current

at nominal load

at no load
Starting torque
Input power
Specific input current
Induced voltage
Rotor resistance

(il

16V
24 mNm

3050 £ 320 rev/min
4385 + 545 rev/min

max. 815 mA

max. 31 mA

94 + 21 mNm

max. 13 W

25,5 to 32,4 mA /mNm

3,23 to 4,1 mV per rev/min
6,2 Q + 8%

C30
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DIRECT CURRENT MOTOR 4322 010 75040

ironless rotor type

Direction of rotation : reversible
Ambient temperature range -5 to +60 OC
Rotor moment of inertia 43 gcm?
Motor constant : 22 ms
Bearings slide bearings
Maximum radial force, 8 mm from bearing 5N

Maximum axial force 0,5N
Maximum axial play of rotor ) 0,4 mm
Housing material steel

Limiting conditions

The following maximum values indicate those circumstances under which the motor can
run continuously without being damaged, but under these circumstances the motor life is
greatly reduced.

Maximum voltage (d.c.) 18V
Maximum permissible load 27 mNm
Maximum permissible input current 925 mA
Maximum speed 4000 rev/min
Maximum output power 8,5W
Locked rotor max. 40 s at 16 V
7269835
~
- 4000
efficiency |- : 3
(%) | speed \‘
(rev/min) \\speed
B N current
- 3000 g (A)
L \\ ,//
- N
100 \\  current 2
- N L
80 2000 |~ 1 N2
/ \effu:lency D
- N
60 | N ,// N
L v \\ ™ 1
40 1000 A
i 7 \\\
-y
20 //l ~
ol 0 | 3 0
0 20 40 60 80 100

torque (mNm)

Typical curves at 16 V, Tamb = 22 °C
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4322 010 75060~
4322 010 75110 =

DIRECT CURRENT MOTORS

ironless rotor type

QUICK REFERENCE DATA
4322 010 75110 4322 010 75060
Nominal voltage (d.c.) 2V 24V
Nominal speed 2815 rev/min 2815 rev/min
Nominal torque 10 mNm 10 mNm

APPLICATION

These motors have been designed for applications which require high acceleration, high
efficiency and smooth running (no magnetic holding torque).

Examples:

- hi-fi reel-to-reel recorders (capstan and reel drive);
- hi-fi cassette recorders (reel drive);

- video recorders (capstan, reel and drum drive);

- digital cassette and cartridge recorders;

- card readers;

- printers (paper transport and head positioner);

- recording measuring instruments.

DESCRIPTION
The motor owes its special characteristics to the following design:

- ironless rotor with oblique winding;

- the low moment of inertia and the high starting torque yield a motor constant of no

more than 19, 6 ms;

a precious-metal-plated commutator with 9 segments and three-piece silver-plated brushes «—

ensure optimum commutation, thus making the motor suitable for accurate electronic

control and optimum functioning as a servo motor or tachogenerator;

the powerful cylindrical steel permanent magnet, around which the rotor rotates,

makes for high efficiency;

- theabove-mentioned commutator /brush construction together with the sintered slide
bearings ensures a long life, smooth running and low noise level.
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4322 010 75060
4322 010 75110

ironless rotor type

DIRECT CURRENT MOTORS I '

TECHNICAL DATA

Dimensions in mmi

[Z]0,07]
M3 (4x) max. permissible depth <~— 396+0.3 125 o
of screw insertion:3mm N 0,4
max. permissible torque 0,6 Nm - |<18 max
—| | 0
+1<-1max 1,5 | [
835 (6x) “ -0,
pitch circle 27 + ’
N FToor]
v ! i
28 o —
05 - £02 e 3518 5 400,

REN
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The direction of rotaticn is given in connection with the polarity.

Mass approx. 205 g

Note - A square flange (figure below), which can be fitted to the motor, can be supplied

under catalogue number 4322 010 66090.
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DIRECT CURRENT MOTORS

ironless rotor type

4322 010 75060
4322 010 75110

The values given below apply at an ambient temperature of 22 5 °C, an atmospheric
pressure of 860 to 1060 mbar and a relative humidity of 45 to 75%.

Nominal voltage (d.c.)

Nominal torque

Speed at nominal load

at no load
Current at nominal load
at no load

Starting torque

Input power

Specific input current

Induced voltage

Rotor resistance

Direction of rotation

Ambient temperature range

Rotor moment of inertia

Motor constant

Bearings

Maximum radial force
8 mm from mounting
plane

Maximum axial force 1)

Maximum axial play

Housing material

Limiting conditions

4322 010 75110

4322 010 75060

12V

10 mNm

2815 + 385 rev/min
3310 * 460 rev/min
max. 365 mA

max. 30 mA

70 £ 17 mNm

max. 4,3 W

25,1 to 33,1 mA/mNm
3,17 to 4,17 mV per rev/min
6,2Q +10%
reversible

-5 to +70 °C

39,2 gcm?

typ. 19,6 ms

slide bearings

5N

0,5 N
0,6 mm
steel

24V

10 mNm

2815 + 385 rev/min
3310 * 460 rev/min
max. 180 mA

max. 15 mA

70 £ 17 mNm

max. 4,3 W

12,5 to 16,6 mA/mNm
6,33 to 8,33 mV per rev/min
24,5Q £ 10%
reversible

~-5to +70 °C

39,2 gem?

typ. 19,6 ms

slide bearings

5N
0,5N
0,6 mm
steel

The following maximum values indicate those circumstances under which the motor can
run continuously without being damaged, but under these circumstances the motor life is

greatly reduced.

Maximum voltage (d.c.)
Maximum permissible load
Max. permissible current
Maximum speed
Maximum output power
Locked rotor

4322 010 75110

4322 010 75060

15V
20 mNm

550 mA

4000 rev/min
5W
max. 2 min at 12V

1) Directed towards the connections.

30V

20 mNm

275 mA

4000 rev/min

SW

max. 2 min at 24 V

December 1976 ] I
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4322 010 75060 DIRECT CURRENT MOTORS

4322 010 7510 ironless rotor type
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4322 010 77000

DIRECT CURRENT MOTOR

ironless rotor type

‘ QUICK REFERENCE DATA
Nominal voltage (d.c.) 9V
Nominal speed 5430 rev/min
Nominal torque 0, 3 mNm
APPLICATION

This motor has been designed for applications which require low noise level, smooth
running, small size, high acceleration and accurate electronic speed control.

Examples : - portable dictating machines;
- film cameras;
- process control systems (as a servo motor or tachogenerator).

DESCRIPTION

The motor has an ironless rotor with oblique winding. The low moment of inertia

(0, 76 gcmz), and the high starting torque yield a motor constant of no more than

50 ms.

A gold-plated commutator with 5 segments and three-piece silver -plated brushes ensure
optimum commutation, thus making the motor suitable for accurate electronic control

and optimum functioningas a servo motor or tachogenerator.

The powerful cylindrical steel permanent magnet, around which the rotor rotates, makes
for high efficiency.

The commutator/brush construction, together with the sintered bearings, ensures long
life, smooth running and low noise level.
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4322 010 77000 DIRECT CURRENT MOTOR

ironless rotor type

TECHNICAL DATA Dimensions in mm
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The direction of rotation is given in connection with the polarity.

Mass approx. 17 g
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DIRECT CURRENT MOTOR
ironless rotor type

4322 010 77000

The values given below apply to an ambient temperature of 22 5 °C, an atmospheric
pressure of 860 to 1060 mbar and a relative humidity of 45 to 75%.

Nominal voltage (d.c.)
Nominal torque

Speed at nominal load
at no load

Current at nominal load
at no load

Starting torque

Starting voltage

Specific input current

Induced voltage

Rotor resistance

Rotor moment of inertia
Friction torque at 530’() rev/min
Motor constant

Direction of rotation

Ambient temperature range

Bearings

Maximum radial force, 1,6 mm from bearing

Maximum axial force
Maximum axial play

Housing material

Limiting conditions

9V
0,3 mNm

5430 + 910 rev/min
7440 + 1320 rev/min

max. 41 mA
max. 9 mA

min. 0,82 mNm

min. 0,8V

76,6 to 104,7 mA /mNm
1,0 to 1,37 mV /rev/min
85,5 Q * 10%

0,76 gcm2

max. 0,09 mNm

typ. 50 ms

reversible

=10 to +50 °C

slide bearings

0,5N -

0,IN

0,1 mm

steel

The following maximum values indicate those circumstances under which the motor can
run continuously without being damaged, but under these circumstances the motor life is

greatly reduced.

Maximum voltage (d.c.)

Maximum permissible load
Maximum permissible input current
Maximum speed

Maximum output power

12V

0,5 mNm

60 mA

9000 rev/min
0,25 W
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4322 010 77000 DIRECT CURRENT MOTOR

ironless rotor type
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9904 120 10804

DIRECT CURRENT MOTOR

with frequency tachogenerator

QUICK REFERENCE DATA

Motor Tachogenerator
Nominal voltage (d.c.) 24V Number of pole pairs 72
Nominal speed 2800 rev/min Generated voltage at
Nominal torque 10 mNm 2000 rev/min 2 1535 mVp.p |=—

Frequency wobble at

3000 Hz <0,1%
APPLICATION

This motor-tachogenerator combination has been designed for applications which require
a direct current drive system the speed of which can be controlled in a very accurate and
reliable way, and where high acceleration, high efficiency and smooth running are pre-
ferred.

Examples :

- hi-fi reel-to-reel recorders (capstan drive);

- video recorders (capstan, reel and drum drive);

- digital cassette and cartridge recorders;

- card readers;

- recording measuring instruments.

DESCRIPTION

The motor has an ironless rotor with oblique winding. The low moment of inertia

(38 gcmz), and the high starting torque (69 mNm) yield a motor constant of no more than
19 ms.

A gold-plated commutator with 9 segments and three-piece silver-plated brushes ensure
optimum commutation, thus making the motor suitable for accurate electronic control
and optimum functioningas a servo motor or tachogenerator.

The powerful cylindrical steel permanent magnet, around which the rotor rotates, makes
for high efficiency.

The above mentioned commutator /brush construction together with the sintered slide
bearings ensures a long life, smooth running and low noise level.

The frequency tachogenerator has a gearwheel rotor (72 teeth) which is mounted on the
protruding spindle of the motor. The stator consists of a deep drawn steel housing, a
magnet strip of plastic-bonded ceramic material which has been magnetized with 72 pole
pairs and a coil. :
The alternating flux, which arises by rotation of the gearwheel in the magnetic field, is
enclosed by the coil in which the tachogenerator voltage is generated.

The frequency of this tachogenerator voltage is determined by the speed of the motor and
the number of pole pairs of the tachogenerator.
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9904 120 10804

DIRECT CURRENT MOTOR

with frequency tachogenerator

TECHNICAL DATA

M3 [4x) permissible
depth of screw insertion: 3mm
permissible torque:0,6Nm 25
- [

je————— 63max ——————

Dimensions in mm
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The direction of rotation is given in connection with the polarity.

Mass

approx. 250 g

The values given below apply to an ambient temperature of 22 + 5 OC, an atmospheric
pressure of 860 to 1060 mbar and a relative humidity of 45 to 75%.

Direct current motor

Nominal voltage (d.c.)
Nominal torque
Speed
at nominal load
at no load
Current
at nominal load
at no load
Starting torque
Input power
—= Specific input current
Rotor resistance
Rotor moment of inertia
—» Motor constant
Bearings
Maximum radial force, 8 mm from bearing
Maximum axial force
Maximum axial play
Housing material

—_—

NI

24V
10 mNm

2800 * 350 rev/min
3300 * 400 rev/min

max. 180 mA
max. 15 mA
69 + 15,5 mNm
max. 4,2 W
12,5 to 16,5 mA /mNm
24,5 Q + 10%
38 gcm2

typ. 20 ms
slide bearings
5N

0,5 N

0,6 mm
sintered iron
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DIRECT CURRENT MOTOR

9904 120 10804

with frequency tachogenerator

Limiting conditions

The following maximum values indicate those circumstances under which the motor can
run continuously without being damaged, but under these circumstances the motor life is

greatly reduced.

Maximum voltage (d.c.)

Maximum permissible load
Maximum permissible input current
Maximum speed

Maximum output power

Locked rotor

Tachogenerator

Number of pole pairs
Generated voltage, peak to peak
value, at 2000 rev/min (Ep_p)

Amplitude variation for 1 rev

E
1. 1. x 100%)

(
Ep

Frequency

Frequency wobble at 3000 Hz
Temperature coefficient of the generated
voltage
Resistance
" Inductance
Housing, material
finish

General

Direction of rotation
Ambient temperature range

30V

20 mNm

275 mA

4000 rev/min

SW

max. 2 min at 24 V

72
> 1535 mV
< 15%
EIf
N
#Ep T
Epp

7269117

n.72

0 Hz (n = number of rev/min)

<0,1%

-0,2%/°C

930 Q% 12% -
640 mH * 15% -
steel, deep drawn

nickel plated

reversible
-5to+70 °C

1y Measured with EMT measuring instrument type 420 A, position linear.

October 1976
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9904 120 10804 DIRECT CURRENT MOTOR
with frequency tachogenerator
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DIRECT CURRENT MOTOR 9904 120 10804

with frequency tachogenerator
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9904 120 12601
9904 120 12701 «—

DIRECT CURRENT MOTORS
ironless rotor type

QUICK REFERENCE DATA
9904 120 12601 9904 120 12701
Nominal voltage (d.c.) 12V 24V
Nominal speed 3900 rev/min 4050 rev/min
Nominal torque 5 mNm 5 mNm

APPLICATION

These motors have been designed for appiications which require high acceleration, high
efficiency, smooth running (no magnetic holding torque).

Examples :

- hi-fi cassette recorders;

- video recorders;

- digital cassette recorders (reel and capstan drive);

- recording measuring instruments (chart and pen drive);

- calculating machines;

- process control systems (servo motor or tachogenerator).
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9904 120 12601 DIRECT CURRENT MOTORS
9904 120 ]270] ironless rotor type

DESCRIPTION

These motors have an ironless rotor with oblique windings. The low moment of inertia

9 gcmz), and the high starting torque (23 mNm), yield a motor constant of no more than
23 ms.

A silver-palladium-plated commutator with 9 segments and silver-plated brushes of
four parts ensure optimum commutation, thus making the motor suitable for accurate
electronic control and optimum functioning as a servo motor or tachogenerator.

The powerful cylindrical steel permanent magnet, around which the rotor rotates, makes
for high efficiency.

The above mentioned commutator /brush construction together with the sintered slide
bearings ensures a long life, smooth running and low noise level.

TECHNICAL DATA Dimensions in mm
M2(3x); permissible depth 5 ‘—39-8,5_“> ;85 <
of screw insertion: 3 max max 0 ”
-—»I < 1‘5_02—> -
->| <-35max
1,5 [w—
< 1,8 max
> |15 1,5 | [

i +

20 en Wl 0 0
02 +0,2 4 v—-305 10_g05 29-04
v & n f
x ﬁ_ H
1,540 7265600.2
- ]'+ :
J R [ 7]o,05]A]
3510, 1,3_81::$- VAT
' LN Teila]

v
04* 0,035;:(]:

The direction of rotation is given in connection with the polarity indicated on the terminals.

Mass approx. 100 g
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DIRECT CURRENT MOTORS

ironless rotor type

9904 120 12601
9904 120 12701

The values given below apply to an ambient temperature of 22 * 5 9C, an atmospheric
pressure of 860 to 1060 mbar and a relative humidity of 45 to 75%.

Nominal voltage (d.c.)
Nominal torque

Speed at nominal load
at no load

Current at nominal load
at no load

Starting torque

Input power

Specific input current
Induced voltage

Rotor resistance

Direction of rotation
Ambient temperature range
Rotor moment of inertia
Motor constant

Bearings

Maximum radial force
10 mm from bearing

Maximum axial force
Maximum axial play

Housing material

Limiting conditions

9904 120 12601

9904 120 12701

12V
5 mNm

3900 £ 525 rev/min
5125 + 675 rev/min

260 £ 40 mA
max. 45 mA

23 £ 6 mNm

max. 3,6 W

40 to 50,5 mA/mNm

2,03 to 2,57 mV per rev/min
11,8Q + 10% '
reversible

-5to+70 °C

9 gcm2
typ. 23 ms

slide bearings

3,4N
0,5N
0,4 mm

steel

24V
5 mNm

4050 *+ 550 rev/min
5300 £ 700 rev/min

135 £ 25 mA
max. 20 mA

23 ik 6 mNm

max. 3,7 W

21to 27 mA /mNm

4,0 to 5,0 mV per rev/min
45Q + 10%

reversible

-5 to +70 °C

9 gcm?

typ. 23 ms

slide bearings

3,4 N
0,5N
0,4 mm

steel

The following maximum values indicate those circumstances under which the motor can
run continuously without being damaged, but under these circumstances the motor life is

greatly reduced.

Maximum voltage (d.c.)
Maximum permissible load
Max. permissible current
Maximum speed

Maximum output power

Locked rotor

9904 120 12601

9904 120 12701

16V

6,5 mNm
375 mA

6000 rev/min
3w

max. 2 min at 12V

32V

6,5 mNm
225 mA

6000 rev/min
3W

max. 2 min at 24 V

October 1976 H
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9904 120 12601 DIRECT CURRENT MOTORS

9904 120 12701 ironless rotor type
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9904 120 12603

DIRECT CURRENT MOTOR

with frequency tachogenerator

QUICK REFERENCE DATA
Motor . Tachogenerator
Nominal voltage (d.c.) 12V Number of pole pairs 72
Nominal speed 3960 rev/min Generated voltage at
Nominal torque 5 mNm 3000 rev/min 2 650 mV(r.m.s.)
Frequency wobble at
3150 Hz  =0,11%

APPLICATION

This motor-tachogenerator combination has been designed for applications which require
a direct current drive system the speed of which can be controlled in a very accurate and
reliable way, and where high acceleration, high efficiency and smooth running are pre-
ferred.

Examples:

- hi-fi reel-to-reel recorders (capstan drive);

- video recorders (capstan drive);

- hi-fi cassette recorders (capstan drive);

- digital cassctte recorders (capstan and reel drive);

- card readers;

- recording measuring instruments.

DESCRIPTION

The motor has an ironless rotor with oblique winding. The low moment of inertia

(10,5 gcm2), and the high starting torque (22 mNm) yield a mechanical time constant of
no more than 25,7 ms.

A gold-plated commutator with 9 segments and silver-plated brushes of four

parts ensure optimum commutation, thus making the motor suitable for accurate elec-
tronic control and optimum functioning as a servo motor or tachogenerator.

The powerful cylindrical steel permanent magnet, around which the rotor rotates. makes
for high efficiency.

The above~mentioned commutator /brush construction together with the sintered slide
bearings ensures a long life, smooth running and low noise level.

The frequency tachogenerator has a gearwheel rotor (72 teeth) which is mounted on the
protruding spindle of the motor. The stator consists of a deep drawn steel housing, a
magnet strip of plastic-bonded ceramic material which has been magnetized with 72 pole
pairs and a coil.

The alternating flux, which arises by rotation of the gearwheel in the magnetic field, is
enclosed by the coil in which the tachogenerator voltage is generated.

The frequency of this tachogenerator voltage is determined by the speed of the motor and
the number of pole pairs of the tachogenerator.
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9904 120 12603 DIRECT CURRENT MOTOR

with frequency tachogenerator

11,95
TECHNICAL DATA 48,4 max +057|" Dimensions in mm

<+——£40,8 max —»|
M2 (3x); permissible depth

of screw insertion:2,5max ‘ > "‘1'5—8,1
- «2,1_83
2,5 max—=| | ERY <>1,5_8‘2

. v

=T 0.9, 200,
/ —;3h5 1004 29_q,
I,

see detail A

+(red) - (blue) ¥

L AL
detail A 7275169

The direction of rotation is given in connection with the polarity.

The position of the mounting holes with respect to the connecting leads is arbitrary.
Mass approx. 126 g

The values given below apply to an ambient temperature of 22 * 5 0C, an atmospheric

pressure of 860 to 1060 mbar and a relative humidity of 45 to 75%.

Direct current motor

Nominal voltage (d.c.) 12V
Nominal torque 5 mNm
Speed at nominal load ' 3960 + 540 rev/min

at no load 5135 £ 735 rev/min
Current at nominal load max. 310 mA

at no load max. 51 mA

Starting torque 22,25 +5,7 mNm
Input power ' max. 3,72 W
Specific input current 40,0 to 52, 36 mA/mNm
Rotor resistance 11,8 Q@ £ 10%
Rotor moment of inertia 10,5 gcm2
Mechanical time constant 1) typ. 25,7 ms
Bearings slide bearings
Maximum radial force 5N
Maximum axial force 0,5N
Maximum axial play 0,4 mm
Housing material . steel

[ — -t
1) According tong = ng (1-e T ).
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DIRECT CURRENT MOTOR

with frequency tachogenerator

9904 120 12603

Limiting conditions

The following maximum values indicate those circumstances under which the motor can
run continuously without being damaged, but under these circumstances the motor life is

greatly reduced.

Maximum voltage (d.c.)

Maximum permissible load
Maximum permissible input current
Maximum speed

Maximum output power

Tachogenerator

Number of pole pairs
Generated voltage, peak to peak
value, at 3000 rev/min

Amplitude variation for 1 rev
El.f.

¢ x 100%)
E, 0

Frequency

Frequency wobble at 3150 Hz

Temperature coefficient of the generated

voltage
Resistance
Inductance
Housing, material
finish

General

Direction of rotation
Ambient temperature range

16V

6,5 mNm

375 mA

6000 rev/min
3w

72

2650 mV(r.m.s.)

= 15%

"'""ll il
T

7269117

n.72
60
<0,11% 1)

Hz (n = number of rev/min)

approx. -0, 2%/°C
930 Q) + 159,

640 mH * 159
steel, deep drawn
nickel plated

reversible
-10 to +70 °C

l) Measured with EMT measuring instrument type 420 A, position linear, DIN.

January 1977
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9904 120 12603

DIRECT CURRENT MOTOR

with frequency tachogenerator

7265601.1
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with frequency tachogenerator

|
DIRECT CURRENT MOTOR * 9904 120 12603
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Example of an electronic speed control system
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Accessories






9904 130 01...

GEARBOXES

for unidirectional synchronous motors -~

GENERAL

The reduction gearboxes of the 9904 130 01... series have been designed for use with the
synchronous motors, provided with a pinion. They are supplied separately but can easily
be mounted to any of these motors.

To attach the motor to the gearbox, place the reversible centring bush in position so that

it fits the centring rim on the motor casing, and fasten the motor by means of the two

screws in the gearbox cover. For fastening the motors 9904 110 05... and 9904 110 06. .. =—
the gearbox is provided with two threaded holes M2,6.

Many different gear ratios can be built into the same metal casing; there are 19 standard
gear ratios.

The gearboxes are meant for small series and professional applications with versatility
as the main property. As a rule small quantities can be supplied from stock.

For all data necessary for selecting the appropriate gearbox from the series, see the
survey.
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9904 130 O1...

GEARBOXES

for unidirectional synchronous motors

TECHNICAL DATA Dimensions in mm
20 23
o9

¥ d
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°

Maximum permissible load
Maximum permissible radial force
Maximum permissible axial force

7298335

centring bush

200 mNm
10N
2N

D4
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GEARBOXES 9204 130 O1...

for unidirectional synchronous motors

SURVEY
number of revolutions direction of rotation | effi-
gear of outgoing spindle of outgoing spindle | cien- catalogue
ratio when coupled to a motor coinpared to cy number
operating from motor spindle l)
50 Hz mains 60 Hz mains

25:6 60 rev/min 72 rev/min same 0, 64 9904 130 01001
25:4 40 rev/min 48 rev/min same 0,64 01003
25:3 30 rev/min 36 rev/min same 0,64 01004
10:1 25 rev/min 30 rev/min same 0,64 01005
25:2 20 rev/min 24 rev/min same 0, 64 01006
50:3 15 rev/min 18 rev/min opposite 0,51 01008
20:1 | 12,5 rev/min 15 rev/min same 0,64 01009
25:1 10 rev/min 12 rev/min opposite 0,51 01011
100:3 7,5 rev/min 9 rev/min opposite 0,51 01014
125:3 6 rev/min 7,2 rev/min opposite 0,51 01016
50:1 5 rev/min 6 rev/min opposite 0,51 01017
125:2 4 rev/min 4,8 rev/min opposite 0,51 01019
250:3 3 rev/min 3,6 rev/min same 0,41 01021
125:1 2 rev/min 2,4 rev/min opposite 0,51 01023
250:1 1 rev/min 1,2 rev/min same 0,41 01027
500:1 30 rev/h 36 rev/h same 0,41 01034
750:1 20 rev/h 24 rev/h opposite 0,33 01037
1250:1 12 rev/h 14,4 rev/h opposite 0,33 01041
15000:1 1 rev/h 1,2 rev/h opposite 0,21 01062

l) When the direction of rotation of the outgoing spindle is not the one which is desired a
motor with the reverse direction of rotation should be chosen.
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9912 200 000..

GEARBOXES

for reversible synchronous motors

GENERAL

The reduction gearboxes of the 9912 200 000.. series have been designed for use with all
reversible synchronous motors with ¢3 mm or ¢2 mm spindles. They are supplied with
two pinions, one with a bore of 3 mm, one with a bore of 2 mm. The locating hole in the
gearbox has a diameter of 12 mm and mates with the centring rim of motors 9904 111 27. . .
A centring bush is provided for motors with a centring rim of 10 mm.

Precision cut, brass gearwheels and impregnated bronze bearings, pressed into the
aluminium side frames, ensure a long, trouble free life. The side frames are shielded
from the outside with a layer of stainless steel to prevent migration of the bearing oil.
A dust cover encloses the gearbox assembly to protect the rotating parts against
penetration of foreign particles.

Before mounting the motor onto the gearbox, the proper pinion must be pressed onto the

motor spindle. Make sure that during the press-fit operation, the motor spindle is supported
from the other side.

The motors 9904 111 04..., 9904 111 07... and 9904 111 31... have an open-ended rear
cover, so support of the spindle is simple. )

The motors 9904 111 06... and 9904 111 27... have a closed rear cover, which should be

removed to support the spindle properly.

After removing this rear cover the spindle of motors 9904 111 27... can easily be
reached, whilst the spindle of motors 9904 111 06... remains invisible, but can be
supported through the threaded hole in the bearing bracket.

To avoid dislocation of the connecting leads adhesive tape can be used to keep the leads
in place during this operation.
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9912 200 000.. GEARBOXES

for reversible synchronous motors

i

The gearbox is provided with threaded holes M3 for fastening the motors 9904 111 04...,
9904 111 06..., 9904 111 07... and 9904 111 31... . The four corner pillars are
provided with threaded holes M4 for fastening motors 9904 111 27... . For mounting the
motor-gearbox assembly to the application, use can be made of the threaded holes M4 at
the other side of the pillars.

TECHNICAL DATA Dimensions in mm

9
I el
o | 4

1‘ '@\ M (LX)

—>151<~‘

" 005 |
0 ! 18 =-27-» <——[156 —
— 056 — «——— 70 — | 7275210

Maximum permissible load 3000 mNm
Maximum permissible radial force 50N
Maximum permissible axial force 20N
Ambient temperature range ) -20 to +70 °C
Side frames aluminium
Bearings sleeve bearings
Gearwheels ) brass
Mass approx. 400 g
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GEARBOXES

for reversible synchronous motors

9912 200 000..

SURVEY

Preferred range

number of revolutions

gear of outgoing spindle catalogue
ratio when coupled to a motor number
operating from
50 Hz mains 60 Hz mains

25:6 | 60 rev/min 72 rev/min | 9912 200 00001
25: 3 30 rev/min 36 rev/min 00004
25:2 | 20 rev/min 24 rev/min 00006
50: 1 5 rev/min 6 rev/min 00017
250: 1 1 rev/min 1,2 rev/min 00027
1000: 1 15 rev/h 18 rev/h 00039
5000: 1 3 rev/h 3,6 rev/h 00054
15000: 1 1 rev/h 1,2 rev/h 00062

Non-preferred range — Gearboxes listed below are available on request only in minimum
order quantities and involve longer delivery times.

number of revolutions

gear of outgoing spindle catalogue
ratio when coupled to a motor number
operating from
50 Hz mains 60 Hz mains

25: 4 40 rev/min 48 rev/min | 9912 200 00003
10: 1 25 rev/min 30 rev/min 00005
©50:3 15 rev/min 18 rev/min 00008
20:1 12,5 rev/min 15 rev/min 00009
25:1 10 rev/min 12 rev/min 00011
100: 3 7,5 rev/min 9 rev/min 00014
125: 3 6 rev/min | 7,2 rev/min 00016
125: 2 4 rev/min { 4,8 rev/min 00019
250: 3 3 rev/min | 3,6 rev/min 00021
125: 1 2 rev/min | 2,4 rev/min 00023
500: 1 30 rev/h 36 rev/h 00034
750: 1 20 rev/h 24 rev/h 00037
1250: 1 12 rev/h 14,4 rev/h 00041
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9904 131 01001

MOUNTING BRACKET
for small synchronous motors 9904 110 02...

A special bracket, catalogue number 9904 131 01001 has been made available for moun-
ting the unidirectional motors of the series 9904 110 02... to some piece of equipment,

which may be a gearbox.

151)

67
60
1

298349

l) In mounted position.
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9904 132 02001

POWER SUPPLY UNIT

for bipolar constant current drive

QUICK REFERENCE DATA

Input voltage 220V, 50 to 60 Hz
Output +60V, 1,5A
+ 5V, 2.5A

750528-15-01

APPLICATION

The power supply unit has been designed to supply the required voltages and currents for
one or two BCCD units, catalogue number 4322 027 90070, to drive a bipolar stepper
motor. A current of maximum 2 A from the 5V supply can be used for additional logic.

DESCRIPTION

The unit consists mainly of a transformer and a rectifier. The mains voltage of 220 V is
transformed into two voltages which. after being rectified, are matched to the BCCD unit
supply requirements (5 V and 60 V). Provision is made in the unit so that the 60 V supply
becomes available later than the 5 V supply when the unit is switched on. When the unit
is switched off, electrolytic capacitors in the unit must be discharged so that the 5V
supply is maintained until the 60 V supply has dropped below 30 V. This can be achieved
with a double-pole. double-throw switch.
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9904 132 02001

POWER SUPPLY UNIT
for bipolar constant current drive

MECHANICAL DATA

Qutlines

© N O U AW N A

— 136 17
(ax) @3
T l
; 5 —
/9 § S
II :
Pr— 5
o |
S S |
a b
e 135 - 19
" — 180
Fig. 1

Mass

3,2 kg approximately

Connections (see Fig. 1)

Terminal 1 =+5V supply (V1)

2 =460V supply (Vp)
3=0VofVp,

4=0VofVp

5 = discharge terminal of V.
6 = discharge terminal of Vp

- J' 220V, 50/60 Hz input terminals

o~

The terminals are suitable for direct soldering.

Mounting

The unit has four mounting holes of 3 mm as indicated in Fig. 1,

a2

oXoNeNoNoXe

Di

mensions in mm

107
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POWER SUPPLY UNIT

for bipolar constant current drive

9904 132 02001

ELECTRICAL DATA
Input
Voltage

Current with 2-ph. motor
with 4-ph. motor

Frequency

Fuse (F1) %)

Ourput
BCCD supply_
Voltage (Vp)
Current

Fuse (F3) *)

Logic supply_
Voltage (V1)
Current

Internal resistance

Ripple voltage
Fuse (F2) %)

Automatic short-circuit protection.

Ambient temperature range

Operating

Storage

Caution : when using the power supply in combination with BCCD unit 4322 027 90070, a
double-pole double-throw switch must be used to discharge electrolytic capacitors in the

220V, +10/-15%

max, 450 mA
max. 650 mA

50 to 60 Hz

thermal, at 0 A for Ty = 138 °C
at 4 A for Typp = 52 0C

+60 V, +20/-30%
max. 1,5 A

2 A, slow

+5V 5%

max. 2,5 A
max. 12 m®
max. 20 mV

4 A, slow

0 to +70 °C

~40 to +70 9C

power supply (terminals 5 and 6) at switching off. See also data sheet of BCCD unit.

*) Easily replaceable.

Anril -1976 I ,
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9904 132 02001

POWER SUPPLY UNIT

for bipolar constant current drive
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POWER SUPPLY UNIT

9904 132 02001

for bipolar constant current drive

Parts list

D1
D2.D3.D4,D5
D6.D7.D8,D9
TR1

TR2

TR3

Ul

Cl1

C2.C5
C3.C4

co

C7

C8

C9

R1.R8
R2.R3,R7,R11
R4

R5

RO

RY

R10,R12

R13

R14

R15
R16.R17,R19.R20
R18

R21

T1

Fl1

F2
F3

carbon resistor

carbon resistor

carbon resistor

carbon preset potentiometer
carbon resistor

carbon resistor

carbon resistor

carbon resistor

carbon resistor

carbon preset potentiometer
carbon resistor

carbon resistor

carbon resistor
transformer

temperature fuse

miniature fuse
miniature fuse

diode BA 148
diode BYX42 - 300 R
" diode BYX42 - 300
transistor BC148
transistor BD132
transistor BDY20
integrated circuit pA723 CL
capacitor 10 pF, 63V
capacitor 6800 pF, 25V
capacitor 3300 pF, 40V
capacitor 0,33 pF, 100V
capacitor 1000 pF, 100V
capacitor 680 pF, 100V
capacitor 100 pF, 10V

1202, 5%, 0,33 W
10000 €2, 5%, 0.33 W
750 @2, 5%, 0,33 W
470 @

2200, 5%, 0,33 W
56 @, 5%, 1,15 W
680 €, 5%, 0,33 W
200, 5%, 0,33 W
56, 3%, 0.33 W
220Q2

1Q, 5%, 1,15 W
12, 5%, 1,15 W
68, 5%, 0,5 W
primary (S1+S2): 220V, 50/60 Hz

secondary S3: 16 V, 0,01 A

S4: 11V, 3,7A
S5:46,5V, 1,5A

0A:Tymp = 138 °C

4A:Tamb = 52 °C

4 A, slow
2 A, slow

Anil 107A
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9904 131 03003

ES 400
ELECTRONIC SWITCH
for 4-phase unipolar stepper motors
RZ26753-1
APPLICATION

The electronic switch changes a train of input pulses into a sequential pulse output which

provides the required pulse pattern for driving 4-phase unipolar stepper motors.

DESCRIPTION

The electronic switch is essentially a reversible ring counter, each of its 4 outputs being

followed by an output stage. The ring counter is built up with IC s of the GFB family

which need & supply voltage of 5 V. For this reason the whole unit has been designed for
this voltage. The unit has two inputs : the first one receives the order for the rotor to
perform the step, the second one determines the direction of rotation by means of a d.c.
level. The output stages are equipped with silicon transistors developed for switching

inductive loads. All components are mounted on a double-sided printed-wiring board

that mates with a printed-wiring connector with two rows of 10 contacts and a contact

pitch of 0, 156 inch.

June 1975
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9904 131 03003

ELECTRONIC SWITCH
for 4-phase unipolar stepper motors

ES 400

TECHNICAL

DATA

Dimensions (mm) and terminal location

-

__688max

input for direction __1 |

of rotation (

R) 0

[

vV 4 3 2 1
motor leads

L3 2 p

input for stepping (T)j 5[\/ l ‘ i !

Weight 40 g

component side

Ambient temperature range

operating

storage

Power supply

voltage (Vi)

current (at Vi = 5 V)

72990531

max. thickness 15 mm
print side 94,2 max
436
428
1 10 R
Q0000000007 ome
)

02-05

iy
/e
/ 1,4-min
™ S 400 /__/

300 7299055.1

Detailed view of the slot
0to+ 70 °C
-40 to +70 °C

+5V 5%
230 mA + 10%
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ES 400

ELECTRONIC SWITCH
for 4-phase unipolar stepper motors

9904 131 03003

Input data

Direction of rotation

The level of VR may change state only when the input pulse for stepping is LOW.

VR, HIGH (clockwise)

LOW (counter-clockwise)

VR, limiting value *)
IR, at VR HIGH
-IR, at VR LOW

-IR, limiting value *)

Stepping.
Vo, HIGH
LOW
Ve, limiting value *)
I, at Vo HIGH
=~Ip, at Vo LOW
~IT, limiting value *)
Pulse width, V- HIGH

Pulse frequency

Output data

Permissible voltage (at each

output)

Permissible current (per output)

Saturation voltage (Vo)

*) In accordance with the Absolute Maximum Rating System as defined in IEC publication

134.

22,0V, £5V
20V, 0,8V
max. 5,5V

max. 0,12 mA
max. 4,8 mA

20 mA

22?QV, =5V
20V, £0,8V
max. 5,5V
max. 0,25 mA
max. 6,4 mA
20 mA

min. 100 ns

max, 25 kHz

max, 100V
max, 600 mA
max, 500 mV

June 1975
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ELECTRONIC SWITCH ES 400
for 4-phase unipolar stepper motors

9904 131 OBOO.?J

Circuit diagram
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ES 400 ELECTRONIC SWITCH 9904 131 03003

for 4-phase unipolar stepper motors

Parts list

component description value tolerance

C1 capacitor 125 pF, 10V -10/+50%

C2 capacitor 0,1 pF 10%

C3 capacitor 1nF 10%

D1 -D8 diode BAX 13

D9 diode AAZ18

Ul integrated circuit GFB7473D

U2 integrated circuit GFB7400D

u3 integrated circuit GFB7451D

R1 -R4 carbon resistor 390, 0,2 W 5%

R5 -R8 carbon resistor 51Q, 0,7W 5%

R9 -R12 carbon resistor 6,8 k2, 0,2 W 5%

R13-R16 carbon resistor 180, 0,2 W 5%

T1 -T4 transistor BSW66

T5 -T8 transistor BC107

z1 voltage regulator diode BZY88-C5V6

72 -73 voltage regulator diode BZY88-C5V1
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ES 800 9904 131 03004

ELECTRONIC SWITCH

for 8-phase unipolar stepper motors

RZ 267532

APPLICATION

The electronic switch changes a train of input pulses into a sequential pulse output which
provides the required pulse pattern for driving 8-phase unipolar stepper motors.

DESCRIPTION

The electronic switch is essentially a reversible ring counter, each of its 8 outputs being
followed by an output stage. The ring counter is built up with IC s of the GFB family which ®—
need a supply voltage of 5 V. For this reason the whole unit has been designed for this
voltage. The unit has two inputs: the first one receives the order for the rotor to perform

the step, the second one determines the direction of rotation by means of a d.c. level.

The output stages are equipped with silicon transistors developed for switching inductive
loads. All components are mounted on a double-sided printed-wiring board that mates with
printed-wiring connector with two rows of 22 contacts and a contact pitch of 0, 156 inch.
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9904 131 03004 ELECTRONIC SWITCH ES 800

for 8-phase unipolar stepper motors

TECHNICAL DATA

Dimensions (mm) and terminal location

122,2max

max. thickness 15 mm

print side 104,4max
91,0
90,2
! 22 |
10000000000000000000 -
vnputforstepping(T)JJ iO]V { {2 :L L l L |7 L
input for direction 5V

of rotation (R) motor leads

2 3 4 s 6 78

e

nnoonbbond

23 44

component side

300 7299055.1

72930502 Detailed view of the slot
Weight 80 g
Ambient temperature range
operating 0to+70 °C
storage -40 to +70 °C
Power supply
—_— voltage (Vp) +5V +£5%
j—— current (at Vp =5 V) 440 mA + 10%
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9904 131 03004

ES 800 ELECTRONIC SWITCH
for 8-phase unipolar stepper motors
Input data

Direction of rotation

The level of Vg may change state only when the input pulse for stepping is LOW,

VR » HIGH (clockwise)
LOW (counter -clockwise)
VR , limiting value )
I , at VR HIGH
=Ig, at VR‘LOW

=IR, limiting value *)

Stepping_

Vr , HIGH

vVt , LOW

Vo » limiting value *)
IT , at Vp HIGH

=It, at VT LOW

=Ir, limiting value )
Pulse width, Vo HIGH

Pulse frequency

Output data

Permissible voltage (at each output)

Permissible current (per output)

Saturation voltage (VCE)

*) Inaccordance withthe Absolute Maximum Rating System as defined inIEC publication 134.

22,0V, =5V
=0V, £0,8V
max. 5,5V
max. 0,2 mA
max. 8 mA

20 mA

22,0V, =5V
20V, £0,8V
max. 5,5V
max. 0,4 mA
max. 12,8 mA ,
20 mA

min. 100 ns

max. 25 kHz

max. 100 V
max. 600 mA
max. 500 mV

June 1975
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ES 800

ELECTRONIC SWITCH
for 8 -phase unipolar stepper motors

9904 131 03004

Parts list

component description value tolerance
Cl capacitor 125 uF, 10V =10/+50%
C2 capacitor 0,1 pF 109
C3 capacitor 1 nF 10%
D1 -D16 diode BAX13
D17 diode AAZ18
Ul integrated circuit GFB7473D
U2 integrated circuit GFB7473D
U3 integrated circuit GFB7400D
U4 integrated circuit GFB7451D
Us integrated circuit GFB7451D
[8[¢) integrated circuit GFB7410D
R1 -R8 carbon resistor 3909, 0,2W 5%
R9 -R16 carbon resistor 51, 0,7W 5%
R17-R24 carbon resistor 6,8k, 0,2 W 5%
R25-R32 carbon resistor 180 @, 0,2 W 5%
T1 -T8 transistor BSW66
T9 -T16 transistor BC107
71 voltage regulator diode BZY88-C5V6
72 -73 voltage regulator diode BZY88-C5V1
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4322 027 90070

BIPOLAR CONSTANT CURRENT DRIVE

for 2- and 4-phase stepper motors

QUICK REFERENCE DATA

5V5%
60 V +20/-30 %

2 x max. 500 mA

Supply voltages

Output currents

Control inputs for direction i
of rotation and stepping TTL compatible

750527-17-04

APPLICATION

The BCCD unit is designed to drive bipolar stepper motors. It converts the input data into
the requisite current reversals through successive stator coils of 2- and 4-phase bipolar
motors. Two drive units are needed for 4-phase bipolar motors.
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4322 027 90070

BIPOLAR CONSTANT CURRENT DRIVE
for 2- and 4-phase stepper motors

DESCRIPTION

A simplified circuit diagram is shown in Fig. 1 (the complete circuit diagram is given in
Fig.5). The unit consists of two parts: a logic control circuit and a motor drive circuit.
The logic control circuit needs a supply voltage of 5 V and has two inputs : input (T)
(Figs 3, 4 and 5) receives the command for the rotor to perform the step, input (R)
determines the direction of rotation. The motor drive circuit needs a supply voltage of
60 V and forms the output stages which drive the stator coils of the motor. The maximum
current through the stator coils is controlled by a level detector (chopper), see Fig. 1.
This ensures that the current through a stator coil reaches its maximum value in the
shortest possible time and reduces the power consumption of the overall system. The
current remains constant over the greater part of the stepping rate. Consequently the
motor temperature increases with the increase of the stepping rate due to the iron losses
within the motor.

It should be noted that the bipolar stepper motors in conjunction with the BCCD unit, are
not designed for continuous operation in the pull-out range but are intended for applica-
tions requiring rapid positioning in which the pull-out operation is limited to a few se-
conds. Prolonged duty cycles in the pull-out range may result in an unacceptable tem-
perature rise of the motor.

The unit has four different current settings to match the drive current to the application
requirements. The torque characteristics in the pull-in and pull-out range will be affec-
ted by the current setting, however, the maximum pull-out rate will not be reduced.

All components are mounted on a double-sided printed-wiring board, which mates with

printed-wiring connector type F047, having two rows of 22 contacts and a contact pitch
of 0, 156 inch.

current
settings

D E
Vp=60V
4L 5 D
6,8 R 10
221 |10 25 [0
D8 (- R [3.9 =\ D12
pe QD oo @DD“ LEVEL
: DETECTOR
TR6 TR8 JQ!,
L
motor A0S
drive
circuit ><
GATE TR Re | caTE
A B
Vo

[

LOGIC
CONTROL

7273268

Fig. 1 Basic bipolar constant current drive circuit for one stator coil (L).

June 1975



BIPOLAR CONSTANT CURRENT DRIVE 4322 027 90070
for 2- and 4-phase stepper motors

MECHANICAL DATA Dimensions (mm)
<+ 116,84+02 ——m—> ——
11.5 max
N <
max

r—=1p
| |
| |
| |
| |
|
!
l

|
I |
| |
| |
| |
| |
| |
print side I :
| |
| |
209,3%0,2 | I
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
-« 909+01 ——> : ;
A : :
{ | I | |
y m m_/ L..__=1_J

v omin |100000000000000000000 ]
* 123456 78 9101 1213141516 171818202122
ol le 1,62

connector numbering
HJKLMNPRST

IO IO aa00a a0t

component side

o
-7
o
"

),
@

- 3 —»!
5

7273281

Detailed view > 1,4 min
of the slot 13061
Weight 80 g S~ ‘3‘8:/
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BIPOLAR CONSTANT CURRENT DRIVE

4322 027 90070

for 2- and 4-phase stepper motors

Connections

I8TELZL T’
H: Vi

*J30 paydIms ST 31 usym jrun Ajddns xemod a3 ur sx0310BdEO 211470130970 98 IBYOSIP 03 POPISU ST YOIIMS MOIYI-S[QNOP
arod-a1qnop v "10020 Z€T 066 3tun Arddns xemod pue xojowr refodiq aseyd-g ® ‘31un DDg © I0] WeISeIp uonoauuo) ‘¢ *Si4

k ()
iz 8l
|
7 a
o L
s 3
[ il |
s 3l
—HI: Hl
He rl —I. c© ﬁ
] —35T6—
Hes il Hs | ~A0ZZ
I
Jor 11 suoz< - | P
- - |
0| O
1wl ZH 07 .ll__ —l_ A8'0 9} AO e _
12 Nl Kouanbasy s s ]
xow AS 03 AZ O
fer 41 ndur H
_.I(_.: ul (L) as|nd Buiddays e
Ist sl iz
r———/"7
| L | umoiq lov 1] 1
| coot+—ie—! He 0l ndur
L1 ariym/umoiq . uo0I1D0J jO /
_l —_— I_ Jsi A} o) uoi3daitp Ajddns iamod
_ 2] pes (3s1mM320)2)
st mH _ A8'0 03 A0
| g + ] ] (3simx20]>
2! aym/pal _ loz xT|l_ -133un0d)
m_lll — P AS 0} AZ
— = 1z A
U ml a)
_’LNN NTIM
T
©A)
Jo3ow Jaddays aososg

June 1975

D 34



4322 027 90070

BIPOLAR CONSTANT CURRENT DRIVE

for 2- and 4-phase stepper motors
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4322 027 90070 BIPOLAR CONSTANT CURRENT DRIVE

for 2- and 4-phase stepper motors

ELECTRICAL DATA
Input data

Direction of rotation

The level of Vg may change state only when the input pulse for stepping is LOW.
22V, =5V
=0V, 0,8V

VR, HIGH (clockwise)
LOW (counter-clockwise)

VR, limiting values *)

I , at VR HIGH, Fig.3

Fig. 4
-Ir , at Vg LOW, Fig.3
Fig. 4
Stepping.
V., HIGH
LOW

Vo, limiting values *)

I, at Vo HIGH, Fig.3
Fig.4
-l , at Vo LOW, Fig.3
Fig. 4

Pulse width, V- HIGH
Pulse frequency, Fig.3
Fig.4

*) In accordance with the Absolute Maximum Rating System as defined in IEC

publication 134.

* %) Pulse duration 20 ns, frequency 5 MHz, source resistance minimum 75 Q.

-max. 2V %%)
max.
max.
max.
max.

max.

5,5V

0,12 mA
0,24 mA
4,8 mA
9,6 mA

=2V, =5V
=0V, 0,8V

—-max. 2V *%)
max.
max.
max.
max.
max.
min.
max.

max.

5,5V
0,16 mA
0,32 mA
6,4 mA
12,8 mA
20 ns

20 kHz
40 kHz
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BIPOLAR CONSTANT CURRENT DRIVE 4322 027 90070
for 2- and 4-phase stepper motors

Output data

Four drive current settings can be obtained by interconnecting the following connector
terminals :

set current ‘ power consumption terminals to be
(mA) of motor interconnected
500 P nominal 4 and D
5 and E
400 2/3 Phom 4 and D
350 1/2 Pnom Sand E
250 1/4 P -

Interconnection shunts R20 (in Fig. 1) so that the level detector which controls the
maximum current chopper operates at a higher current level.

Caution : Two BCCD units are required for 4-phase stepper motors. Be sure that both
units are set for the same output current.

The BCCD unit has been developed to drive bipolar stepper motors having coil windings
adapted for this form of drive. Do not replace the motor by other electrical components
to simulate the load conditions and do not connect other electrical’components in series
or in parallel with the motor coils. To do so may damage the unit.

Power supply requirements

Logic circuit

Voltage Vi, +5V+5%
Current I} (per unit) 160 mA

Drive circuit

Voltage Vp 60 V+20/-30 %
Current Ip (per unit)

no load 45 mA

full load 750 mA

Note: See under Precautions below.

Ambient temperature range

Operating 0 to+70 °C
Storage -40 to +70 °C.
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BIPOLAR CONSTANT CURRENT DRIVE
for 2- and 4-phase stepper motors
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4322 027 90070

BIPOLAR CONSTANT CURRENT DRIVE
for 2- and 4-phase stepper motors
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4322 027 90070

BIPOLAR CONSTANT CURRENT DRIVE

for 2- and 4-phase stepper motors

Parts list

D1, D2, D3, D6, D15, D18, D19,
D20, D25, D26, D27, D30, D39,
D42, D43, D44

D4, D16, D28, D40

D5, D17, D29, D41

D7, D14, D31, D38

D8, D9, D12, D13, D32, D33, D36, D37
D10, D11, D34, D35

D23

D21, D24

D22

D45

D46

TR1, TR2, TR13, TR 14,

TR21, TR22, TR33, TR34, TR36
TR3, TR12, TR23, TR32

TR4, TR11, TR24, TR31

TRS, TR10, TR17, TR18,
TR25, TR30

TR6, TR7, TR8, TR,

TR26, TR27, TR28, TR29

TR 15, TR16, TR19, TR20, TR35
Ul

U2

U3

Cl, C2, C3, C4

C5

C6

Cc7

Cc8

c9, Cl10, C11, C12

R1, R31, R49, R79

R2, R29, R51, R78

R3, R23, R56, R76

R4, R10, R15, R24,

R30, R50, R57, R65,

R70, R77

R5, R21, R60, R75

R6, R18, R26, R53,

R61, R73

R7, R19, R62, R74

R8, R17, R63, R72,

R81

R9, R16, R64, R71

R11, R12, R13, R 14,

R66, R67, R68, R69

diode
stabistor
diode
diode
diode
diode
diode
stabistor

voltage regulator diode
voltage regulator diode
voltage regulator diode

transistor
transistor
transistor

transistor

transistor
transistor
integrated circuit
integrated circuit
integrated circuit

capacitor 4700 pF, 100V
capacitor 0,47 pF, 100V
capacitor 0,1 pF, 250V
capacitor 15 pF, 10V
capacitor 0,1 pF, 250 V
capacitor 4700 pF, 100 V

BAW62
BZX75-C1V4
BAV19
BAX18
BAV10
BY206
BV126
BZX79-C4V7
BZX61-C20
BZY88-C3V3
BZX79-C36

BC548
BSS38
BSX20

BSS68

BSW66
BC558
GFB7476D
GFB7400D
GFB7451D

carbon resistor 15 k@, 5 %; 0,33 W
carbon resistor 4,7 k@, 5 %; 0,33 W
carbon resistor 390 Q, 5 %; 0,33 W

carbon resistor 1k, 5%; 0,33 W
carbon resistor 39 @, 5%; 0,67 W

carbon resistor 560 @, 5 %; 0,33 W
carbon resistor 5,6 k@, 5%; 1,15 W

carbon resistor 560 Q, 5%; 0,33 W
carbon resistor 102, 5%; 0,33 W

carbon resistor 680 k2, 5%; 0,33 W

R20, R59 carbon resistor 3,9 Q, 5%;0,5W
R22, R58 carbon resistor 6,8, 5%; 0,5W
D40
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BIPOLAR CONSTANT CURRENT DRIVE 4322 027 90070
for 2- and 4-phase stepper motors

R25, R55 carbon resistor 102, 5 %; 0,5 W
R27, R54 carbon pre-set

potentiometer 220 Q2
R28, R52 carbon resistor 39 k2, 5 %; 0,33 W

R32, R36, R38, R39,
R41, R43, R45, R46

R 83 carbon resistor 10 k2, 5 %; 0,33 W
R33, R47 metal film resistor 2,2 k2, 2 %; 0,4 W
R34, R48 metal film resistor 6,8 k2, 2 %; 0,4 W
R35, R44 carbon resistor 56 2, 5 %; 0,33 W
R37, R42 carbon resistor 4,7 kQ, 5%; 0,33 W
R40, wirewound resistor 2,2 kQ, 5 %; 4,2 W
R 80 carbon resistor 33 kQ, 5 %; 0,33 W
R82 carbon resistor 100 2, 5 %; 0,33 W
R84 carbon resistor 3,3 kQ, 5 %; 0,33 W
ACCESSORIES

Power supply

A power supply unit designed for the BCCD unit is available under catalogue number
9904 132 02001.

Connector

The BCCD unit fits a printed-wiring connector F047 with 2 x 22 connections which is
available in different versions.

PRECAUTIONS

To be considered when using a power supply which has not been specifically designed to
accomodate the BCCD units.

(a) Switching on
VL must always be switched on FIRST and then Vpy, because the drive circuit will be
damaged if the logic control levels are not available. )

Switching off

For the same reason Vi, should not be switched off before Vp has dropped below 30 V.
This can be achieved by maintaining the logic supply voltage Vi, for a short period
after the switch-off by means of electrolytic capacitors.

(b) When a bipolar stepper motor operates, magnetic (field) energy is stored in the motor
coils. If the 60 V supply is suddenly interrupted, this energy will cause a high voltage
peak which will damage some semiconductors in the BCCD unit.

To avoid this, a diode should be connected in parailel with the interruption switch.
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4322 027 90070 BIPOLAR CONSTANT CURRENT DRIVE
for 2- and 4-phase stepper motors

©

Ll SO Y

SUPPLY BCCD STEPPER
(60V) UNIT MOTOR

7273264

(c) For the same reason, it is clear that a diode should not be connected in series with
the 60 V supply line.
This method is commonly used as a safeguard against reverse connection of the
supply, but here it would result in a damaged BCCD unit.

never
-
SUPPLY BCCD STEPPER
(60V) UNIT MOTOR

7273265

(d) When use is made of a 60 V stabilized (chopper) supply, an electrolytic capacitor of
1200 pF, 100 V must be connected between the positive and negative supply lines to
provide the necessary feedback, thus avoiding damage to the BCCD unit.

+
SUPPLY Lt BCCD STEPPER
(60V) T UNIT MOTOR

7273266
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SAA1027

INTEGRATED CIRCUIT

for driving 4-phase unipolar stepper motors

APPLICATION

The integrated circuit SAA1027 changes a train of input pulses into a sequential pulse
output which provides the required pulse pattern for driving 4-phase unipolar stepper
motors.

The unit is intended to drive the following motors:

- 9904 112 04002 (ID 04-Series)
- 9904 112 06001 (ID 06-Series)
- 9904 112 07005 (ID 07-Series)
- 9904 112 27001 (ID 27-Series)
- 9904 112 28001 (ID 28-Series)
- 9904 112 31001 (ID 31-Series)

For detailed information on the SAA1027 see Data handbook "Semiconductors and
integrated circuits", Part Sa.

DESCRIPTION

The circuitconsists of three input stages, a logic part, and four output stages. The inputs

are as follows:

- a trigger input which receives the order for the rotor to perform the step.

- an input which determines the direction of rotation by changing the d.c. level.

- a set input, being an option for setting the logic part at 'zero' before the trigger pulses
are applied.

All three inputs are compatible with high noise immunity logic to ensure proper operation,

even in noisy environments.

The four output stages can supply 350 mA each. Integrated diodes protect the outputs

against transient spikes caused by switching the motor coils.
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SAAI027 ' INTEGRATED CIR CUIT

for driving 4-phase unipolar stepper motors

MECHANICAL DATA

Dimensions (mm)

22,0 max <+——— B8,25max ———»

L
(=4
5 t
a
o 470
g max
% Yog l

v . . . . A ; %w

1 . . -—l0,76 ®

3,9 4

3,4 e

; ‘ eI o

i ‘ ' [254] | , i » ‘
_l 2.2] | P | < R
max

7,60 7255041.5

A) Centre-lines of all leads are
within =0, 127 mm of the
16 15 1% 13 12 1 10 9 nominal positions shown; in
the worst case, the spacing
between any two leads may
deviate from nominal by

1 2 3 L s 3 7 8 +0,254 mm.

B) Lead spacing tolerances ap-
ply from seating plane to the
line indicated.

Soldering
By hand

Apply the soldering iron below the seating plane (or not more than 2 mm above it).
If its temperature is below 300 OC it must not be in contact for more than 10 seconds if
between 300 OC and 400 °C, for not more than 5 seconds.

By dip or wave

260 OC is the maximum allowable temperature of the solder; it must not be in contact
with the joint for more than 5 seconds. The total contact time of successive solder waves
must not exceed 5 seconds.

The device may be mounted up to the seating plane, but the temperature of the plastic
body must not exceed the specified storage maximum. If the printed-wiring board has
been pre-heated, forced cooling may be necessary immediately after soldering to keep
the temperature within the allowable limit.

Repairing soldered joints

The same precautions and limits apply as for hand soldering.
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INTEGRATED CIRCUIT
for driving 4-phase unipolar stepper motors

SAA1027

January 1977

Connections
Isyst'zm
——pe
12v
1000 Rg
0,1uF
b
r——— "
B |D o
e 1 PAEEIN [ | |
—Y Yy
s 9 -03__.__J '3 3
2 SAA1027 ol 2 | |
R Q | B e o Yo W
3 6 2 2!
5 12 [ |
|
o AR
7273240
Fig.2
motor Rp Isystem
9904 112 04002 270 2, 0,33 W 300 mA
9904 112 06001 1802, 0,67 W 500 mA
9904 112 07005 3302, 0,33 W 200 mA
9904 112 27001 150Q@, 1,15W 600 mA
9904 112 28001 150, 1,15 W 600 mA
9904 112 31001 180, 0,67 W 400 mA
ELECTRICAL DATA
Input data
Direction of rotation (pin 3)
VR, HIGH (counter-clockwise) 7,5t0 12V
LOW (clockwise) Oto4,5V
IR , at VR HIGH typ. 1 pA
-IR , at VR LOW typ. 30 pA
Stepping (pin 15)
VT, HIGH 7,5t0 12V -
LOW 0to 4,5V =
IT , at Vo HIGH typ. 1 pA
=Ir, at Vo LOW typ. 30 pA
Note: Triggering occurs when T goes from LOW to HIGH.
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SAA1027 INTEGRATED CIRCUIT
for driving 4-phase unipolar stepper motors

Set control (pin 2)

Vs, HIGH 7,5t0 12V
LOW . 0to 4,5V

Ig , at Vg HIGH typ. 1 pA
-Ig , at Vg LOW ' typ. 30 pA

Note: When T is HIGH and S is LOW the outputs are: Q) = LOW, Qo = HIGH, Q3 = LOW,
Q4 = HIGH.

Ambient temperature range

Operating: minimum -20 9C
maximum see Table below
Storage : minimum -40 OC

maximum + 125 °C

Remarks

Four integrated diodes dissipate the energy stored in the motor coils when the outputs Q

are being switched.

- The common line of these clamping diodes (pin 13) must therefore have the shortest

connection to the common line of the motor windings. Due to this effect, the tempera-

ture rise of the IC increases with the increase of the stepping rate of the stepper motor.

This reduces the max. permissible ambient temperature in which the IC can operate.

To overcome this phenomena, external diodes e.g. BAX12, accross the motor windings

are recommended (see Fig. 3 and Table).

To achieve maximum noise immunity, unused inputs must not be left floating, but

should be connected to the voltage level appropriate to the required function.

- When both the IC and the motor are connected to the same supply, a simple RC net-
work must be used in the supply line of the logic part to prevent the logic sequence from
being discontinued by transient spikes, caused by the switching of the motor coils.

This network is depicted in Fig.2 (and Fig. 3). The capacitor should be connected as
close as possible to pin 14 and 5 (or 12).
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INTEGRATED CIRCUIT SAA1027
for driving 4-phase unipolar stepper motors

Isystem
12V
T
e.g.
1000 Rg A 4 ) BAX12
01 pF (Lx)
-1
B — Y Y Y
T % % Q. |“ 4 |
15 Ul e
21, SAA1027 S [e |® ¥
R 3 601 %2""L2,:
5 12 | | |
Yy
7 7 Uo 1
7273267
Fig.3
Table of maximum permissible ambient temperatures (in °C) for SAA1027.
motor without external diodes with external diodes

9904 112 04002 80 920
9904 112 06001 65 80
9904 112 07005 80 100
9904 112 27001 55 70
9904 112 28001 65 70
9904 112 31001 70 90
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DATA HANDBOOK SYSTEM

SMALL SYNCHRONOUS MOTORS

Principles

Quality control

Reliability

Applications

Remarks on the technical data
Unidirectional synchronous motors
Reversible synchronous motors

STEPPER MOTORS

Introduction

Principles

Terminology

Motor specifications

4-phase unipolar stepper motors

8-phase unipolar stepper motors

2-phase bipolar stepper motors

Contents

9904 110 .....
9904 111 .....

general
9904 112 04002
9904 112 04101

9904 112 06001

9904 112 06101
9904 112 07005
9904 112 07101
9904 112 10001
9904 112 14001
9904 112 27001
9904 112 27101
9904 112 28001
9904 112 28101
9904 112 31001
9904 112 31101
general

9904 112 12001
9904 112 16001
9904 112 29101
9904 112 30101
general

9904 112 10101

19904 112 14101

9904 112 27201
9904 112 28201

page

A3

Al2
Al4
Al5
Al6
Al7
A43

B3
BS
B19
B21
B23

B27

B33

B39
B45
B49

B53

B59

B65

R71

D/1

B73
B77
B81
B85
B89
Bo1
B9S
B99
B103



4-phase bipolar stepper motors

MINIATURE DIRECT CURRENT MOTORS

Construction
Application

Survey

Direct current motors

Direct current motor with
frequency tachogenerator
Direct current motor
Direct current motors
with reduction

Direct current motor
with gearbox

Direct current motor
ironless rotor type

Direct current motor
jronless rotor type

Direct current motor
ironless rotor type

Direct current motor with
frequency tachogenerator

Direct current motors
ironless rotor type

Direct current motor with
frequency tachogenerator

ACCESSORIES

Gearboxes

for unidirectional synchronous motors
Gearboxes

for reversible synchronous motors

Mounting bracket

for small synchronous motors 9904 110 02. ..

Power supply unit

for bipolar constant current drive
Electronic switch for 4-phase

unipolar stepper motors
Electronic switch for 8-phase

unipolar stepper motors
Bipolar constant current drive

for 2- and 4-phase stepper motors
Integrated circuit

for driving 4-phase unipolar stepper motors

general

9904 112 12101
9904 112 16101
9904 112 29201
9904 112 30201

9904 120 01501
9904 120 01806

9904 120 01809
9904 120 03501

9904 120 524..
9904 120 526. .
9904 120 527..
9904 120 53101
4322 010 75040

4322 010 75060
4322 010 75110

4322 010 77000
9904 120 10804

9904 120 12601
9904 120 12701

9904 120 12603

9904 130 01. ..
9912 200 000. .
9904 131 01001
9904 132 02001
9904 131 03003
9904 131 03004
4322 027 90070

SAA1027

page

B107
B109
B113
B117
B121

C3
C5
C6
C7

Cl1
C1i7

C21

C25

Cc29

C33

C37

C41

C47

C51
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D11

D13

D19

D25

D31
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Small synchronous motors

general

4-phase unipolar motors
8-phase unipolar motors
2-phase bipolar motors

4-phase bipolar motors

Stepper motors

general
iron rotor motors

ironless rotor motors

Miniature direct current
motors

Accessories
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