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DATA HANDBOOK SYSTEM

To provide you with a comprehensive source of information on electronic compo-
nents, subassemblies and materials, our Data Handbook System is made up of three
series of handbooks, each comprising several parts.

The three series, identified by the colours noted, are:

ELECTRON TUBES (9 parts) BLUE

SEMICONDUCTORS AND INTEGRATED CIRCUITS (5 parts) RED

COMPONENTS AND MATERIALS (6 parts) GREEN

The several parts contain all pertinent data available at the time of publication, and
each is revised and reissued annually; the contents of each series are summarized
on the following pages.

We have made every effort to ensure that each.series is as accurate, comprehen-
sive and up-to-date as possible, and we hope you will find it to be a valuable source
of reference. Where ratings or specifications quoteddiffer from those published in
the preceding edition they will be pointed out by arrows. You will understand thatwe
can not guarantee that all products listed inany one edition of the handbook will re-
main available, or that their specifications will not be changed, before the next edi-
tion is published. If you need confirmation that the pusblished data aboutany ofour
products are the latest available, may we ask that you contact our representative. He is
at your service and will be glad to answer your inquiries.
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ELECTRON TUBES (BLUE SERIES)

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

Part 1

Transmitting tubes (Tetrodes, Pentodes)

Part 2

Tubes for microwave equipment

Part 3
Special Quality tubes

Part 4

Receiving tubes

Part 5

Cathode-ray tubes
Photo tubes
Camera tibes

Part 6

Photomultipliers tubes
Channel electron multipliers
Scintillators
Photoscintillators

Part 7

Voltage stabilizing and reference tubes
Counter, selector, and indicator tubes
Trigger tubes

Switching diodes

Part 8
T.V. Picture tubes

Part 9

Transmitting tubes (Triodes)
Tubes for R. F. heating (Triodes)

June 1971

January 1971
Associated accessories

March 1971

March 1970

Miscellaneous devices

April 1971

May 1971
Photoconductive devices
Associated accessories

June 1971
Radiation counter tubes
Semiconductor radiation detectors
Neutron generator tubes
Photo diodes
Associated accessories

July 1971
Thyratrons
Ignitrons
Industrial rectifying tubes
High-voltage rectifying tubes

August 1970

January 1971

Associated accessories



SEMICONDUCTORS AND INTEGRATED CIRCUITS (RED SERIES)

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

Part 1

General

Signal diodes

Tunnel diodes

Variable capacitance diodes
Voltage regulator diodes

Part 2

General
Low frequency transistors (low power)
Low frequency power transistors

Diodes and Thyristors

Low frequency; Deflection

Part 3 High frequency; Switching
General

High frequency transistors

Part 4 Special types

General

Transmitting transistors
Microwave devices

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

Part 5

General

Digital integrated circuits
DTL (FC family)
TTL (FJ family)
MOS (FD family)

Integrated Circuits

an 1 M

September

Rectifier diodes
Thyristors, diacs, triacs
Rectifier stacks

1970

Accessories
Heatsinks
October 1970
Deflection transistors
Accessories
November 1970
Switching transistors
Accessories
December 1970
Beam lead devices for
thick- and thin-film circuits
Photo devices
Accessories
March 1971

Linear integrated circuits



COMPONENTS AND MATERIALS (GREEN SERIES)

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

Part 1  Circuit Blocks, Input/Output Devices September 1970
Circuit blocks 100kHz Series Norbits 60-Series, 61-Series

Circuit blocks 1-Series Circuit blocks 90-Series

Circuit blocks 10-Series Circuit blocks for ferrite core

Circuit blocks 20-Series memory drive

Circuit blocks 40-Series Input/output devices

Counter modules 50-Series

Part 2 Resistors, Capacitors December 1970
Fixed resistors Polycarbonate, paper, mica, polystyrene
Variable resistors capacitors
Non-linear resistors Electrolytic capacitors
Ceramic capacitors Variable capacitors
Part 3 Radio, Audio, Television February 1971
FM tuners Audio and mains transformers
Coils Television tuners
Piezoelectric ceramic resonators Components for black and white television
and filters Components for colour television
Loudspeakers Deflection assemblies for camera tubes
Part 4 Magnetic Materials, Piezoelectric Ceramics April 1971
Ferrites for radio, audio Ferroxcube potcores and square cores
and television Ferroxcube transformer cores
Small coils, assemblies and Piezoxide
assembling parts Permanent magnet materials
Part 5 Memory Products, Magnetic Heads, Quartz Crystals, June 1971

Microwave Devices, Variable Transformers,
Electro-mechanical Components

Ferrite memory cores Quartz crystal units, crystal filters

Matrix planes, matrix stacks Isolators, circulators

Complete memories Variable mains transformers

Magnetic heads Electro-mechanical components

Part 6 Electric Motors and Accessories, August 1971
Timing and Control Devices

Stepper motors Small d.c. motors

Small synchronous motors Tachogenerators and servomotors

Asynchronous motors Indicators for built-in test equipment

August 1971



Technology relating to the products described in this publication is shared by the following companies.
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This book describes two groups of products: "Electric motors and accessories' are
Polymotor products, "Timing and control devices" are manufactured by the A.W.
Haydon Company.

Some general remarks:

- All mechanical drawings have been laid out according to the European projection
method.

- The dimensions of the products are given in mm, unless otherwise stated.

- Forces are given in grams (g); 100 g = 1 Newton (N) = 3.53 ounce (oz)

- Torques are given in gramcentimetre (gcm); 100 gcm = 0.01 Newtonmeter (Nm) =
1. 39 ounce inch (oz. in)

- For ordering our productsplease use their cataloguenumber; accessories suchas
phasing capacitors, brackets and inverters should be ordered with a separate order
sheet, unless otherwise indicated.

- 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 resulcant 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 Hy and Hy. The permanent magnet (the

rotor) can now follow either the field rotating
counterclockwise or the one rotating clockwise. V2
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- 7298256

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 revolution. 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:

/4\ Hmaxcos wt
A

wt

Hy =2 Hmax

_ 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 by the 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 properties of 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: 60x60 _ . i
=5t 300 rev/min

March 1971 H 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 mainfield 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.

l SH l
7298255

The main field, which changes sinusoidally, is represented by the vectors H; 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, H; must be eliminated. This can be
achieved by the compensating or auxiliary field F (with its component fields F; and
Fy, identical and rotating in opposite directions), between poles Nr and SF. We sec
that F1, rotating counterclockwise, will always oppose H] (also counterclockwise),
and even eliminate it when fields H and F are of equal strength. We-also seethat Fr
and Hy combine to the resulting rotating field R. The rotor will rotate in the direc-
tion eof R because it is the only remaining field. Evidently R can also be chosen
such that the motor can only run counterclockwise.

A4 H 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 /K%EE m
(phase shift) wt. /
The above explanation applies to a two-pole motor; M

in motors with more poles the auxiliary poles must

be uniformly distributed between them. wt 7230256
t

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

- an auxiliary lagging field is derived from the 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 that an induction current is produced through the rings, lagging behind
the voltage E2 (induced by the field ¢ H,). The induced magnetic flux ¢y forms with
the main flux ®Ho the desired auxiliary flux ¢ g, which lags behind the main flux,
¢H2, by the angle a. The construction is such that the auxiliary field, though weaker
than the main field, ensures unidirectional operation of the motor.

Oy dny
By, © m
Ha Hy \\\
N
3 R r
|
O—:'\ Nf Ny |
{] il 10w, }
~ {3 Higml pe/ |
o J’\} S¢ SH :
t >E;
|
7798252 \IZ\\J

o1

2 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.

\ I
\
) RN
E c 90° s
L L ~E
T 1 2 Pan
7298264 // 7298262
L

Current I} in coil Ly will lag behind voltage E by 45°©. With the aid of a capacitor,
current Ip in coil Ly can be made to lead the voltage by 45°, giving a phase angle
between I; and I2 of 90°. The total current I; 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 180-90° apart.

With Lj and L2 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.

151
o
2E
9 “(Ls, Cs
JISz
7298261 7z
Parallel -connected stator coils Series-connected stator coils

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

Ab H ” 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 Vv
110 v 220 V
220V 380 V

Vs,=EV2
N\
AN
AN
AN
A
N
> 2E
/
/
/
7/
/
/
Vﬁ:Eﬁ / 7298258
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 isy/? 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 OC, 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.

With intermittent operation a higher ambient temperature may be acceptable, de-
pending on the ratio between "switched-on time" and "switched-off time". We think
it wise to explain this point to you with the aid of Figs. a, b and c.

Fig.a shows, for the motor type 9904 111 05311, with series-connected coils, the
warm-up and cool-down curves; the maximum temperature rise occurs in the coils
after about 90 minutes of continuous operation (see also the Note) . Fig.b indicates
that with a duty cycle of, say, 30 minutes, of which 20 minutes is switched-on time

March 1971 | I l



SYNCHRONOUS PRINCIPLES GENERAL
MOTORS

and 10 minutes switched-off time, the coil temperature rises 49 OC after the first
switched-on interval, then drops by 15 ©C during the first switched-off interval,
next rises again by 24 OC, etc., until eventually the maximum temperature rise of
60 OC is attained.

With the "total" temperature limit being 110 OC it is clear that this type of series-
connected motor may be operated intermittently if the ambient temperature does
not exceed 110-60 = 50 °C.

Finally Fig.c shows the maximum permissible ambient temperature plotted as a
function of the duty cycle for different on/off ratios. The upper limit is 70 °C (mo-
tor may be used intermittently), the lower one is 40 °C (motor may be used con-

tinuously) . 7298265
ATBO 1T
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60 -
/ \\
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20{f
0 —
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7298267
80
& AT
60 \ 1 \Ne
\z //\
40
// )( \
N N
0

0 20 40 60 80 100 120 140 160 180 .
—t(min) Fig.b

7298266

~
o

N N
N N
N

o)
S
)4

~
\\ \\- 1. L3 S~ I
™~ : 2 ] F——]
n Sy s T ——

y//4
y/[h4

/
/
y

~
o

maxirmum permissible
ambient temperature(°C)
ol
(=)

w
(=]

Lﬂf&-'
il

N
(=]
l
I
1
|

100 20 40 60 80 100 120 40 160 180 200 220 240

duty cycle (min)

Note - The curve of Fig.a is measuredon an abitrary motor 9904 111 05311 at max-
imum supply voltage and with a phasing capacitor with maximum value. For
other motors and/or in other circumstances the temperature rise (AT) can
be lower or higher.

Fig.c
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GENERAL PRINCIPLES SYNCHRONOUS

MOTORS

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 our 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
counterclockwise torque is much lower.

4. The counterclockwise 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 by the 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 motorbeing 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, when 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
certaln maximum.

March 1971 A9



SYNCHRONOUS PRINCIPLES GENERAL
MOTORS

Stronger motors are hampered 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 rotation of 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, practically noiseless and with-
out vibrations.

Laboratory measurements have demonstrated
that unidirectional motors when starting under
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

=3 444
] 32X')/xhx(D d®)

for an annular object (see the sketch alongside) with —--4
outer diameter (D) in cm o E’L
inner diameter (d) incm -~ -
height (h) in cm
specific gravity (y) in g/cm3 7298263 | _D

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

I

1.6 mm (spindle diameter)
h =4.5 mm
specific gravity = 7.6 g/cm3
Its mass inertia moment may then work out to be 0.0086 gcm2,

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 05... and
9904 111 06... .

A10 H H March 1971



GENERAL PRINCIPLES SYNCHRONOUS

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:

Hefr = C X eeff

where Heff = effective value of the fieldstrength 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 deter-

mined:

at the motor casing: 71 Oe
at 1 cm distance : 12.4 Oe
at 2 cm distance : 4.7 Oe

SOME MECHANICAL NOTES
Braking torque

In all the types of synchronous motor a considerable braking torque is produced when
the current is interrupted dueto the strongrotor magnet poles moving closely to the
stator poles. The rotor is strongly braked, so that the motor stops almost imme-
diately.

The angle through which the rotor can still turn after switching off depends on the
magnitude and moments of inertia of the load. In normaluse it will not be more than
200, For most applications additional mechanical brakes are, therefore, not re-
quired.

Bearings
Ithas been found that the following materials were best suitable for manufacturing
bearings of sound construction and meeting the wide variety of demands imposed on
the motors.
1. Plastic slide bearings
a. A polyamide of a high quality with a very finely graded emulsion of molybde-
num disulphide (MoS2) which gives self-lubricating properties, is used in the
types 9904 110 02..., 9904 110 04... and 9904 110 05... motors.
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.
b. P.T.F.E. This material is used in the motor type for high temperatures,
9904 110 03....
2. Sintered-metal slide bearings

a. Sintered-bronze self-aligning slide bearings are used in the types
9904 111 04 ... and 9904 111 07... motors.

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

3. Needle bearings
These bearings are used in the type 9904 111 05... motors.

March 1971




SYNCHRONOUS PRINCIPLES GENERAL

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. Then the motor stops and Al, that is the total displacement
of a needle fixed to the spring, is measured,

With the aid of the formula: M = (3D + 4d) x C x Al the motor torque can be cal-
culated, where C is a constant characteristic for the spring and Al is the displace-
ment of the needle.

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

\J

|
1

—
|“"|""|f"|""|“"|

7290260
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GENERAL SYNCHRONOUS

MOTORS

QUALITY CONTROL

Quality control is the prime concern from the moment a development is starteduntil

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 sampies to make sure
that the motor confoerms to specifications; there is a standard programme of
checks and tests subdivided into six groups (see below),

- during the first trial run in the factory, when the same programme of tests is
carried out,

- during manufacture, when sometimes all individual products are tested, sometimes
random tests are conducted.

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. Also, any complaints on the part of customers are 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
given below.

QUALITY CONTROL BEFORE MANUFACTURING STARTS
The following so-called "release approval" tests are made:

1. Functional tests

The motors are subjected to:

- voltage fluctuations between —10 and +10% or between —15 and +10%
- on-off switching, up to 250000 times

- a functional test at =20 OC, unless otherwise specified.

2. Tests on the resistance to damage during transport

These tests comprise:
- simulated transport tests on packed motors
- bump tests on motors mounted on a frame.

3. Climatic tests

To examine the behaviour of the motors under various conditions of shelving,
the motors are subjected to:

- a temperature-cycle test, —40 to +85 °C, 30% R.H. (30 hours)

- a cycle damp test, 6 days

- a cold dry shelf test at —40 °C (16 hours), unless otherwise specified.

March 1971 “ ” Al3



SYNCHRONOUS QUALITY CONTROL GENERAL
MOTORS

4.

Life tests

No system of life tests yet devised gives a sure approval of the conduct of the
motors over a long period. Some insight is gained from standard life tests and,
in addition, a number of motors are operated for years at the rated voltage and
under normal climatic conditions, both loaded and unloaded. The combination of
life tests and practical experience gives a reasonable basis for predicting the
motor life,

The standard life tests are not intended to cover the whole normal service life,

because this would imply extremely prolonged test periods. Extrapolation of the

test results allows us to assure that our synchronous motors are fit for contin-

uous service for many years.

The standard life tests are as follows:

- operation for 2000 hours at room temperature and maximum load

- operation for 2000 hours at 70 °C unless otherwise specified and 70% of maxi-
mum load.

. Dimensional checks

The product is checked visually; the dimensions are compared with those spec-
ified on the drawings.

Checks on whether the safety requirements are met

The motors should comply with the safety requirements according to CEE 10,
Class 2 except motor 9904 110 05... which comes under CEE 10, Class 1.
Examples of the requirements are: air gaps - 8 mm; creeping distances - 8 mm;
high voltages - 2500 V between live parts and casing, for one minute. The con-
necting wires for all 60 Hz motors should be in accordance with CSA and UL
requirements.

QUALITY CONTROL DURING PRODUCTION

The following tests are performed during production:

1.
2.
3.

Random checks on motor components.
Random checks on sub-assemblies for the motor.

Tests during manufacturing, on such properties as:

- direction of rotation

- current

- torque

- spindle deviation

- height of motor

- resistance to insulation test voltage as given in the technical performance.

All the products are checked for major defects accordingtoMIL standard 105, in-
spection level II, AQL: 1%.
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GENERAL SYNCHRONOUS
MOTORS

LIFE

It is very difficult to give an exact value for the expected life of our products since
the circumstances in which they are used are often very different. Accelerated life
tests can only give an indication.

There are acceleratedlife tests carried outduring 2000hours, includingtests under
highambient temperatures. After these severe tests, the motors still have to conform
to the specifications and to be able to work for a long time. Some "informal" tests
are carried out; for example, one of the motors has run continuously for more than
5 years under full load under normal (dusty) conditions. No excessive wear or other
undesirable results were noted.

RELIABILITY

Synchronous motors are mostly used in applications where they are required to
operate for a long time and where failures are highly undesirable because many
functions are controlled, as in the case of timers or programme switches. A syn-
chronous motor must therefore be trouble-free. The only way to achieve high reli-
ability is to use a very simple design and to check the quality during all phases of
production.

Our motors have:

- no ratchets that wear out

- closed casings hence, the air gap between rotor and stator is protected

- a coil which is wound in a simple way

- a one-piece rotor moulded to the spindle

- been checked regularly during development and manufacture.
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SYNCHRONOUS GENERAL
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 airconditioning
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 deepfreezers
- washing machines

- dish washers

- cooking ranges and ovens

- ultraviolet lamps

- automatic vending machines.
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APPLICATIONS
GENERAL SYNCHRONOUS

MOTORS

Special synchronous motors with inverter for operation from d.c. sources can be
used in:

- emergency equipment (standby)

- short-cycle d.c. timing devices
- d.c. -powered musical equipment
- d.c. control systems

- portable (measuring) instruments
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SYNCHRONOUS GENERAL
MOTORS

REMARKS ON THE TECHNICAL DATA

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

- The torque values are minimum ones (exceptthose ofthe synchrodriver), for the
values at nominal voltage see the performance graph

- Derating of torque is given in a percentage per deg C above the ambient tempera-
ture of 20 °C

- The curves of the performance graphs are measured on arbitrary motors and syn-
chrodrivers of basic types; they apply also to the derived versions, e.g. curves
of motor 9904 110 02101 apply alsoto motors 9904 110 02111, 9904 110 02121 and
9904 110 02131

- At low ambient temperature (< -5 OC) the moment in which the motors reach their
synchronous speed will be delayed

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

clockwise (cw) counterclockwise (ccw)

7298209
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9904 110

UNIDIRECTIONAL MOTORS

SURVEY

The range of unidirectional motors comprises the following types:

- standard type, catalogue number 9904 110 02...

- type for high ambient temperature, catalogue number 9904 110 03...
- under voltage type, catalogue number 9904 110 04...
- small type, catalogue number 9904 110 0S...

Mounting brackets for these motors are given at the end of this section.

71 548 H5 71 548 H3

Standard type, catalogue

Type for high ambient
number 9904 110 02...

temperature, catalogue
number 9904 110 03...

71 548 H4

71 548 H7

Under-voltage type,

catalogue number
9904 110 04...

Small type, catalogue
number 9904 110 05...
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9904 110 02.. “ UNIDIRECTIONAL MOTORS
il

STANDARD TYPE
TECHNICAL DATA

catalogue number 9904 110 02...
Plain version
clockwise rotation 001 101| 201|301 401| 501{601|701
counterclockwise rotation 011111 211|311|411|511|611|711
version with pinion
clockwise rotation 021121 221|321 |421|521|621|721
counterclockwise rotation 031]131| 2313311431531 |631}731
Nominal voltage (V)| 220|220 117|110 | 48| 24| 12|6.3
Frequency (Hz)| 60| 50| 60| 50| 50| 50| 50| 50
Speed (rev/min) | 300 | 250 | 300 | 250 | 250 | 250 | 250 | 250
Current mA)| 11{7.51 221 171 401 7311701230
Input power (W) 1.6
Starting torque (gem) 25
Working torque (gcm) 30
Torque derating %) 0.6
Temperature increase of themotor (degC) 30
Ambient temperature range (°C) -20to+70 |—20 to+50
Permissible voltage fluctuations (%) -15to+10
Insulation according to CEE10 class 2
Insulation test voltage V) 2500 500
Bearings slide bearings
Maximum radial force (g) 90
Maximum axial force (g) 50
Maximum inertial load (gcm?2) 0.15
Housing zinc plated
Weight (€3] 90
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UNIDIRECTIONAL MOTORS 9904 110 02...

7298297.1

<z o T |9904 110 02101

E B I8

5 |8 (54 ——Ttorque

-

R R Al = T
a | 3 = | .|
18l 30 ol input
B 1.6 power

% P
! P
8 1'% ll __Jcurrent|
7| o8 =T ]
6 ' —]
et
5
4
180 200 220 240
voltage (V)
82-3%5_ 12
3
w0
ol g A= —'4}
run out *
0.05 max ‘
Ji|
15 'ﬂ: 15
ll] plain version
2 45 version with pinion
\; A - ‘ number of teeth =10
< 8.8—(1)_3 module =0.3

7298308.1 addendum modification =+0.2
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99904 110 03... UNIDIRECTIONAL MOTORS

TYPE FOR HIGH AMBIENT TEMPERATURE

TECHNICAL DATA
catalogue number

plain version

clockwise rotation 9904 110 03101

counterclockwise rotation 9904 110 03111
Nominal voltage V) 220
Frequency (Hz) 50
Speed (rev/min) 250
Current (mA) 11
Input power (W) 2,2
Starting torque 1) (gcm) 15
Working torque 1) (gcm) 15
Torque derating (%) 0.6
Temperature increase of the motor (degC) 40
Ambient temperature range (°C) -20to+120
Permissible voltage fluctuations % +15to+10
Insulation according to CEE10 class 2
Insulation test voltage W) 2500
Bearings slide bearings
Maximum radial force (2) 50
Maximum axial force (g) 10
Maximum inertial load (gcmz) 0.15
Housing zinc plated
Weight (&) 90

1y At ambient temperature of 120 °C
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UNIDIRECTIONAL MOTORS

9904 110 03...

72983041
= |= | [9904 110 03101 Tamb = 20°C ]
E 2 18 = — — Tymp =120°C
= w ~
g g %-AG L]

:.5: a § 3;7' 1 torque
+ 20 =
a 34 —~
£ 1 30 e A
3| 26 = :
25 — input
2l 2 T _|_1 power
”/’ -+ T I ]
1]8 15 = T | L+ current
9 1 — =
8 ="
7 =]
180 200 220 240
voltage (V)
74-% 12
o~
[Te] é }_‘ i 1
run out
0.05 max
] s
u7290309]
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9904 110 04..

UNIDIRECTIONAL MOTORS

UNDER-VOLTAGE TYPE

TECHNICAL DATA
catalogue number 9904 110 04...

plain version

clockwise rotation 101 301

counterclockwise rotation 111 311
version with pinion

—_— clockwise rotation 121
E counterclockwise rotation 131
Nominal voltage V) 220 110
Frequency (Hz) 50 50
Speed (rev/min) 250 | 250
Current (mA) 9 17
Input power (W) 1.7 1.6
Starting torque (gcm) 15
Working torque (gcm) 15
Torque derating (%) 0.6
Temperature increase of the motor(degC) 30
Ambient temperature range (°C) -20to+50
Permissible voltage fluctuations (%) -30to+10
Insulation according to CEE10 class 2
Insulation test voltage V) 2500
Bearings slide bearings
Maximum radial force (g) 920
Maximum axial force (2 50
Maximum inertial load (gcm?) 0.15
Housing zinc plated
Weight (g 90
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UNIDIRECTIONAL MOTORS 9904 110 04...

7298305.1

<z = [Eoo 9904 110 04101 ‘ torque
E £ |9% 1] |
5 |2 |s» ]
s [e] = 26! _A
3 a |g<° v
O o |¥25 - T
3 A input | |
& 2 gi’ d power
A= 3 o
18| 22 A P
6] 2 A /,4/
14 20 A
9 ]
% 1'% 19 P current
8| o8 ] —
6| o6 =TT |
4
160 180 200 220 240
voltage (V)
82-% 12
o3
I
©
LA 3 e — - } -
run out
0.05 max
15 " )
[J plain version
2 45 version with pinion
J = o o number of teeth =10
e 88-% module =0.3
7298308.1

addendum modification =+0.2
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9904 110 05.. UNIDIRECTIONAL MOTORS

SMALL TYPE
TECHNICAL DATA
catalogue number 9904 110 05...
plain version
clockwise rotation 1011) [ 201 301 401 | 501 | 601 | 701
counterclockwise rotation 1111) | 211 311| 411|511 | 611 | 711
version with pinion '
clockwise rotation 1211y | 221 321| 421|521 | 621 721
counterclockwise rotation 1311y | 231 331 431|531 631 | 731
Nominal voltage (V)| 220 |117|110| 48| 24| 12 6
Frequency (Hz)| 50 60| 50| 50| 50| 50| 50
Speed (rev/min)| 250 |300| 250 250|250 250 | 250
Current (mA) 8 8 5112.5| 24| 70|100
Input power (W)| 1.8 0.9/0.5/0.6[0.5]/0.8]0.6
Starting torque (gcm) 5 5 5 5 5 5 5
Working torque (gcm) 5 5 5 5 5 5 S
Torque derating (%) 0.6 |0.6/0.6/0.6|0.6|0.6|0.6
Temperature increase of themotor (degC)| 20 35| 20| 25| 20| 30| 25
Ambient temperature range (°C) -20to+70
Permissible voltage fluctuations %) -15to+10
Insulation according to CEE10 class 1
Insulation test voltage V) 2500
Bearings slide bearings
Maximum radial force (g) 30
Maximum axial force (&) 10
Maximum inertial load (gcmz) 0.05
Housing zinc plated
Weight (2) 40

l) With series resistor of 20 k@, 2 W.
Also available without resistor under catalogue number:
9904 110 05102, 9904 110 05112, 9904 110 05122 and 9904 110 05132 respectively.
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UNIDIRECTIONAL MOTORS 9904 110 05...

298296

z |~ = 9904 110 05101
E 2 |&
£ | |g
£ 13 |29
[
2 3 ko] 8 | i torque
299 7 — input
E‘ 2l 6 —T I~ power
18
15 L]
P
14 =
12 ]
9 ! | 4—t+—T" |current|
8 ——
7 —
® |
180 200 220 240
voltage (V)
88-7 105
| 301
3 |
@] |
o |
st L }m o%
o FTU T B
run out
0.05max
151116122
plain version
a=35° for clockwise rotation
=75° for counterclockwise rotation
45
~
S
oo
\_'f 3 = version with pinion
g o number of teeth =10
88-08 module =03
72983242 addendum modification = +0.2
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9904 110 UNIDIRECTIONAL MOTORS

BRACKETS

Special brackets have been made available for mounting the motors of the series
9904 110 02..., 9904 110 03... and 9904 110 04... to some piece of equipment, which
may be a gearbox.

They are identified as follows:

bracket 9904 131 01001 for use with motors of the series 9904 110 02.,.

and 9904 110 04... (plain versions and versions with pinion)

bracket 9904 131 01003 for use with motors of the 9904 110 03... series.

15" 15
05| 05,
&38| & 5|8 ® :}
j B YT Y T e
Bracket 9904 131 01001 Bracket 9904 131 01003

1) In mounted position.
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9904 M

REVERSIBLE MOTORS

SURVEY

The range of reversible motors comprises the following types:
- medium torque type, catalogue number 9904 111 04...

- high torque type, catalogue number 9904 111 0S...

- high torque, slender type, catalogue number 9904 111 06...

- small type, catalogue number 9904 111 07...

All these motors are supplied without phasing capacitors. For recommended capaci -
tors see paragraph "Technical Data" of the relevant motors.

71 548 H6

Medium torque type,
catalogue number
9904 111 04...

71 548 H2

High torque slender
type, catalogue
number 9904 111 06...-

71 548 H1

High torque type,
catalogue number
9904 111 05...

71 548 H8

Small type, catalogue
number 9904 111 07...
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9904 11104..

REVERSIBLE MOTORS

MEDIUM TORQUE TYPE

TECHNICAL DATA

catalogue number 9904 111 04...

coils in parallel

plain version 111 311 411 511 611
version with pinion 131 331 431 531 631
Nominal voltage (v) 220 110 117 48 24 12
Frequency (Hz)| 50 60 50 | 60! 50 | 60| 50| 6G| .50 | 60
Speed (rev/min)| 250 |300 | 250 | 300 |250 '300 250 lSOO 250 lSOO
Current (mA) 8 18 38 75 155
Input power W) 1.8
Starting torque (gcm) 100
Working torque (gcm) 100
Torque derating ) 0.25
Temperature increase
of the motor (degC) 25
Ambient temperature
range 1) (°c) -20to+70
Permissible voltage
fluctuations (%) -15to+10
Insulation according
to CEE10 class 2
Insulation test voltage ) 2500
Bearings slide bearings
Maximum radial force (g) 500
Maximum axial force (g) 150
Housing zinc plated
Weight (g) 160
Required phasing
capacitor (uF)[0.056]0.039|0.22]0.18 |1.2 114.713.3 |18 | 14
Permissible a.c.
voltage ) 330 250 160 63 160
Catalogue number Fal! E R Pl Fo & & &
2222 ... ..... B o <+ < | wlw|w |ov |
2l 2|8|8l§/18|E8|2
= = I A A RN R
~ ~ i — i — v - wn w
N S | S| 3|3 |FI|I|S|S

l) Continuous operation. Intermittent operation must allow for a maximum permis-
sible stator temperature of 110 °C. See also paragraph "Parallel and series con-
nection of the stator coils in reversible motors".

2) Readily available.

[
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} REVERSIBLE MOTORS 9904 111 04...

catalogue number 9904 111 04...

coils in series

111 311 411 511 611
131 331 431 331 631
380 220 110 (117 48 24

50 .60 50| 60| 50| 60 50|60 50 | 60
250 300 | 250 | 300 | 250 |300 {250 1300 | 250 1300
9 16 32 75 155
3.5
150
150
0.25

50
-20to+50
-15to+10

class 2
2500
slide bearings
500
150
zinc plated
160

0.15

I
<
w
.

0.12 0.47 l0.39 1.8

1.5 10| 8

330 250 160 160

277 71154
277 71124 2)
341 59474 2)
341 59394
341 89185

341 89155
325 50106
325 50805

325 50256 (2x)
325 50206 (2x)
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9904 111 04...

REVERSIBLE MOTORS
. 72982951
< |= |[E 9904 111 04111 |coils in parallel
EE |8
€ |5 [e
e 2 8-180 = [torque
5 8 =170 e
LA
O |s P60 ]
P 150 1
g 7~ input
=24] %40 —
7
22| 130 - L (POWET
2| 120 »
1| 18 =
y 1
10] 16 t
ol 1 [~ | [eurren
8 L~
7 T
6 =
1
180 200 220 240
voltage (V)
7296299.1
X |~ [z [9904 111 04311 |coils in series
£
E B |o
) — \9
R
o
° B =200 - torque
2 | 190 |
= 180 - L1
5) input ||
4 power
3 —
2 p——
18
16 - L |current|
14| — —
12 7
180 200 220 240
voltage (V)
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REVERSIBLE MOTORS 9904 111 04...

35+02
82+05 25 e
Nl
— -
- R\
S
[t/ I
]
8 ~ ‘
3 ] w|# '
oo
T4 st H— @ —
=} i ~ 8
run out
0.07 max

o

15 (1 3805

plain version

4.5
2 | version with pinion
31—
\_', === 51 1 | . number of teeth =10
= module =0.3

addendum modification =+0.2

82+05 7298330.2

\ blue
cw; C\Ecw g
’3’ red blue 2’ grey
7 P ccw
grey grey j
7298310 729831
Coils in parallel Coils in series

Connection diagrams
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9904 111 O5... REVERSIBLE MOTORS

HIGH TORQUE TYPE

TECHNICAL DATA
catalogue number 9904 111 05...
coils in parallel
plain version 111 211 311 411 511 611
Nominal voltage W) 220 117 110 48 24 12
Frequency (Hz) 50 60 50 50 50 50
Speed (rev/min) | 250 300 250 250 | 250 | 250
Current (mA) 16 42 30 65 | 140 | 280
Input povrer (W) 3.3 4.5 4.5 3.3 3.3 3.3
Starting torque (gcm) 325 325 325 325 | 325 | 325
Working torque (gem) 375 375 375 375 | 375 | 375
Torque derating %) | 0.25 |0.25 | 0.25 [0.25 |0.25 (0.25
Temperature increase of the motor (degC) 40 50 40 40 40 40
Ambient temperature range Ly (°C) -20to+70
Permissible voltage fluctuations (%) -15to+10
Insulation according to CEE10 class 2
Insulation test voltage (V) 2500
Bearings needle bearings
Maximum radial force () 1500
Maximum axial force ) 500
Housing aluminium
Weight (g) 550
Required phasing capacitor WF)| 0.12 | 0.47| 0.47 | 2.2 10 40
Permissible a.c. voltage V) 330 250 250 160 160
Catalogue number
2222 ... ..... & I~ A &
3| %) |58
— <t < N —
= » » ® b
r~ — — — uwn
N 3 =3 3 &

1y Continuous operation. Intermittent operation must allow for a maximum permis -
sible stator temperature of 110 °C. See also paragraph "Parallel and series con-
nection of the stator coils in reversible motors".

2) With a 150 2+10%, 1.0W resistor in series with each stator coil.

3) Readily available.
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REVERSIBLE MOTORS 9904 111 05...

catalogue number 9904 111 05...

coils in series

111 211 311 411 | 511} 611

380 220 220 | 1102) 48| 24
50 60 50 50 50 50
250 300 250 | 250 | 250 | 250
10 27 30 70 | 110 | 250
3.7 6 6| 7.5 | 7.5 6
400 550 550 | 550 | 550 | 550
450 600 600 | 600 | 600 | 600
0.25 | 0.25 | 0.25 |0.25 [0.25|0.25
45 60 60 60 55 60
-20to+40
-15to+10
class 2
2500
needle bearings
1500
500
aluminium
550

0.18 | 0.68 | 0.82 4 16
330 250 250 | 1 160

[N

o
(o))
(@]

277 71184 3)
341 59684

341 59824

325 50405

325 50206 (3x)

325 50166
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9904 MM O5..

REVERSIBLE MOTORS

7298298.1
fi g = 9904 111 05111 |coils in parallel
A i
t | |o
o +—
3] » uggg —— tO:’qt.]le
g LT input
£ 4f 400 — powerF
300 T
]
18 3 -
17, - =
sl 2 - |_4t—1" [current]
15 — =
1% =1
13
12
180 200 220 240
voltage (V)
7298301.1
< | [E 9904 111 05311 |coils in series i
EE 5
s o] et
2B oo DL e
2 800 -
£ 8 700 ] lnput<_
7| 600 power
p1
6 —
5 —
01 4 |+ |current
28 e
26 - =
24 ]
22|
180 200 220 240
voltage (V)
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REVERSIBLE MOTORS 9904 111 05...

18205 57max
l 2*# r—b
T T ‘ 2
15005 soooorff— - —  — - - B69max L 13s
i 7 ¥
run out
0.07max
7261355
3
\
CwW, \ccow
C
$ 3 2 3 Pcew
~ ~N 1 <
? Q C W
1
7298327 2 7298328
Coils in parallel Coils in series

Connection diagrams
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9904 111 06... REVERSIBLE MOTORS

HIGH TORQUE, SLENDER TYPE

TECHNICAL DATA
catalogue number 9904 111 06...
plain version 011 111 211 311 411 511
version with pinion 031 131 231 331 431 531
Nominal voltage V) 220 220 117 110 48 24
Frequency (Hz) 60 50 60 50 50 50
Speed (rev/min) 300 250 300 250 250 250
Current (mA) 24 27 60 50 110 200
Input power (W) 5 5 6 5 5 5
Starting torque (gcm) 300 | 300 | 300 | 300 | 250 | 300
Working torque (gcm) 375 375 75 375 350 375
Torque derating (%) | 0.25 |0.25 [0.25 |0.25 [0.25 |0.25
Temperature increase of the motor (degC) 35 35 45 35 35 35
Ambient temperature range (°C) -20to+70
Permissible voltage fluctuations (%) -10to+10
Insulation according to CEE10 class 2
Insulation test voltage V) 2500
Bearings slide bearings
Maximum radial force (g 1500
Maximum axial force (g) 150
Housing aluminium
Weight (2) 300
Required phasing capacitor (0F) | 0.15 |0.18 | 0.68 |0.68 3.5 14
Permissible a.c. voltage V) 330 330 250 250 160 160
Catalogue number
2222 ... ..... = = = = Ny
S 3 3 3 0 3
- — O \C o —
N NI 5| 3 |8
o~ >~ — — 7e] D
S| 8|3 |28 |8

1) Readily available.

A38 || || March 1971



REVERSIBLE MOTORS

9904 111 06...

7298

303.1

:(E‘ § E 9904 111 06111
E E %500 torque
Rl T
3 2 L~ input
° 5 =450 A power
e ° 00 o
c i 4 —
350 =
F 4 s L~current
28 ] -
26| 3 =t
2 —
20
180 200 220 240
voltage (V)
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9904 111 06..

REVERSIBLE MOTORS

17£05 75.5
o '|\
S
o9
~
=] [\ 0|
STl - — — — | ls i
=] 7 ®
= /
- run out
- 0.05 max
2 2 .
51 1290617.2
plain version
Bio;'-ii 75.5 3502
|
4
[=3
O? r—1
~
S S o
S — g |
TR — — — — 18 e
run out L T
005max |5 I
(T '
J1 number of teeth =10 I
2 | 12 module =0.3 I
" addendum modification =+0.2
44 72983311
version with pinion
\
CwW, N CCcw
2 3
o
~ C
1
72981181
Connection diagram
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REVERSIBLE MOTORS 9904 111 07...

SMALL TYPE
TECHNICAL DATA
catalogue number 9904 111 07...
coils in parallel coils in series
plain version 311 | 411 | 511|611 711} 311 411 |511|611]711
version with pinion 331 | 431 | 531|631| 731| 331 431 |531|631|731
Nominal voltage (V) [110/117| 48| 24] 12 6| 220|110/117| 48| 24| 12
Frequency (Hz) 50/60
Speed (rev/min) 250/300
Current (mA) 4.5 8| 18| 55| 90| 5.5 12 18| 55| 90
Input power W) 0.5 ]0.410.45/0.6/0.55] 1.3] 1.2 {0.9]1.3]1.1
Starting torque (gcm) 25 45
Working torque (gcm) 25 45
Torque derating (%) 0.25 0.25
Temperature increase
of the motor (degC) 10 25
Ambient temperature
range (0C) -20to+70
Permissible voltage
fluctuations (%) -15to+10
Insulation according
to CEE10 class 1
Insulation test voltage (V) 2500
Bearings slide bearings
Maximum radial force (g) 250
Maximum axial force (g 75
Housing zinc plated
Weight (2) 75
Required phasing
capacitor (uF)| 0.047 10.22 1/5.6| 20|0.18| 0.68 2| 14| 40
Permissible
a.c. voltage ) 250 | 160| 160| 63| 160| 160| 160 | 160|160|160
Catalogue number —
2222 ... ..... = Kol Kl K \Nﬁ
o <t n mn O < <t n el O
Sl 21252 2§28
2| S S B S| S| SB|B
i i i i n — — — wn n
e e B = I =S TS = B >

1y Readily available.
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9904 111 07... REVERSIBLE MOTORS

7298306,
z | |[E 9904 111 07311 |coils in parallel
E B 19
N torque
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5 o = 40 L —
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a power
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03 = el
02 —]
5 i current|
4 =TT
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2
90 100 10 120 130
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"ZS!,‘!_OZ_|
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REVERSIBLE MOTORS 9904 111 07...

S +01
gok 2 32
§§ - 35\
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9904 115

SYNCHRODRIVERS

DESCRIPTION

Fundamentally the synchrodriver is based upon the same principles as the unidirec-
tional motors.

Due to the integration of motor and geartrain not sufficient spacewas left fora prop-
er arrangement of the main and auxiliary poles. As a result the magnetic field was
disturbed and therefore the maximum properties of our synchronous motors could
not be achieved.

By a special magnetization of the rotor and the use of a one-way ratchet this disad-
vantage could be eliminated and our synchrodrivers are in all respects comparable
to conventional motor -gear units.
Furthermore, plastic components fabricated
accordingto the latest views areincorporated
to make a reliable, attractively shaped pro-
duct meeting mass-production requirements.
These are all reasons whythe synchrodriver
represents the most economical solution fora
wide range of timing devicesas usedinhouse-
hold appliances.

The basic version is an 8 rev/min synchro-
driver; the starting time of this version is
less than 1 s and the rebound angle smaller
than 5 degrees. A version which has a speed
of 1 rev/minis alsoavailable. It has been de-
signed mainly for use in high temperatures (up to 120°C 1nterm1ttently)

RZ 24634-5

MOUNTING

The synchrodrivers must be mounted by means of two non-ferrous screws or rivets.
For the electrical connections use can be made of AMP terminals 160315,
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9904 115

SYNCHRODRIVERS

TECHNICAL DATA

catalogue number 9904 115

versions with a speed of versions with a speed of
8 rev/min 1 rev/min

clockwise rotation 01061 | 02061 04061 030021) 05002 07002
counterclockwise rotation 01071 | 02071 04071 | 030121y | 05012 07012
Nominal voltage V) 220 110 117 220 117 110
Frequency (Hz) 50 50 60 50 60 50
Speed (rev/min) 8 8 9.6 1 1.2 1
Current (mA) 14 26 35 14 35 26
Input power (W) 2 2 2.5 2 2.5 2
Working torque 2) (gem)| 400 400 380 | 15003) | 15003) | 15009)
Torque derating %) 0.2 0.2 0.2 0.2 0.2 0.2
Temperature increase

of the synchrodriver (degC) 50 50 60 50 60 50
Ambient temperature

range (9C)[=5to+501-5 to +50l =5 to +40/~5 to +503) -5 to +503)| -5 to +503)
Permissible voltage

fluctuations %) -15to+10
Insulation according

to CEE10 class 1
Insulation test voltage V) 2500
Bearings slide bearings
Maximum radial force (g) 1000 1000 3)
Housing zinc plated with nylon glass walls
Weight (g) 85

1y Available witha spindle diameter of 3mm under catalogue numbers 9904 115 03001
(cw) and 9904 115 03011 (ccw).

2) Torque at nominal voltage.

3) It is allowed to use this synchrodriver intermittently in the temperature range
+50t0+120 °C (+50t0+100 °C for the synchrodrivers 9904 115 05002 and 9904 115
05012). Asaresult the maximum permissible torque andthe maximum radial force
decrease; at 120 °C the maximum permissible torque is 300 gcm, the maximum

radial force is 100 g.

wo |
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SYNCHRODRIVERS

9904 115
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9904 115 SYNCHRODRIVERS
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Versions with a speed of 8 rev/min (spindle diameter 3 mm).
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9904 115

SYNCHRODRIVERS
488 20 525
12 _ 12 A
29-% .
X o
+l\_ ';Q
- ;
= 5 &
N © ————
T o Wr @ —_—
B ——
72987681
o ~ |
b |
counterclockwise rotation
468 20 525
12 1.2 L6
29-% ,
= 8
st H
o 0
- ﬁ —o

clockwise rotation

Versions with a speed of 1 rev/min (spindle diameter 1.7 mm).
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9904 110 028../058..
9904 111 04611/07611

A.C./D.C. SYNCHRONOUS MOTORS

APPLICATION

These synchroncus motors, in conjunction with a d.c. to a.c. inverter, are used for

applications which require:

- instantaneous automatic switchovertoa d.c. standby supply in the event of an a.c.
mains failure

- a choice of supply, suchas portable and transportable electrical measuring instru-
ments

- a d.c. supply only, such as portable record players and tape recorders.

DESCRIPTION

These synchronous motors are conventional 12V unidirectional or reversible motors,
the former employing slightly modified coils. The motors operate either directly
from a 12V a.c. supply, or indirectly {via aninverter which is mounted ona printed-
wiring board) from a 12V d.c. supply. The supply used is fed either directly to the
motor (a.c.) or to the inverter (d.c.) via a switching element.
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A.C./D.C. SYNCHRONOUS MOTORS
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A.C./D.C. SYNCHRONOUS MOTORS

9904 110 028../058..

9904 111 04611/0761
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9904 110 028.. /058.. A.C./D.C. SYNCHRONOUS MOTORS
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A.C./D.C. SYNCHRONOUS MOTORS 9904 110 028.. /058..
9904 11 04611/0761
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9904 110 028.. /058..

9904 111 04611/07611

A.C./D.C. SYNCHRONOUS MOTORS
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UPAK 9904 131 02001
9904 131 02002

UNIVERSAL PROGRAMME SWITCH ASSEMBLY KIT

RZ 24634-8

INTRODUCTION

This assembly kit enables the user to construct, with a limited number of compo-
nents, a programme switch for many different timing cycles, very simple in design
but sturdy enough to be suitable for both professional and non-professional purposes.
In the professional field the programme switch can be valuable in the programming
of industrial processes or scientific research experiments. As non - professional
applications we may mention the use in domestic appliances or entertainment appa-
ratus, for instance

- electric blankets

- electric water boilers

- electric heaters

- illumination-control units for shop windows.

The timing function is carried out by a camshaft, and the number of revolutions this
makes per minute is dependent on the selected gearing-down ratio.

Two types of kit are available:
- for use with 220 V, 50 Hz supply, catalogue number 9904 131 02001
- for use with 117 V, 60 Hz supply, catalogue number 9904 131 02002.
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9904 131 02001 UNIVERSAL PROGRAMME SWITCH UPAK
9904 131 02002 ASSEMBLY KIT

SHORT DESCRIPTION

The universal programme switch consists of four basic elements:

1.

The motor.

Unidirectional motor for 220 V, 50 Hz (catalogue number 9904 110 02124) or for
117 V, 60 Hz (catalogue number 9904 110 02223),

or reversible motor for 220 V, 50 Hz (catalogue number 9904 110 04134) or for
117 V, 60 Hz (catalogue number 9904 111 04332).

For details see "Technical Data" of motors 9904 110 02... and 9904 111 04...
respectively.

. The reduction gear.

A wide variety of pinions and gearwheels makes it possible to obtain a great
number of gear ratios, and thus outgoing-spindle speeds between 1 rev/min and
1 rev/24h.

The camshaft with cams.

The camshaft carries up to 6 adjustable cams.

Each cam consists of two separate discs, which can be turned in respect to each
other in order to obtain the desired switching time.

This adjustment can be madewith a special tool on which the angle of adjustment
is indicated.

. The switch assemkt.y, comprising 6 microswitches with alternating contacts to-

gether with insulator plates, operating levers and rollers.

A comprehensive ins.ruction manual is supplied with each kit to explaii. the assem-
bly procedure and the adjustment of the various cams and contacts.

Assembled programme switch
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UPAK

9904 131 02001
9904 131 02002

UNIVERSAL PROGRAMME SWITCH
ASSEMBLY KIT
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9904 130 O1..

GEARBOXES

RZ 12761-6

GENERAL

The reduction gearboxes of the 9904 130 O1... series have been designed for use
with the synchronous motors provided with standard pinions. 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 111 07... the gearbox is provided with two threaded holes M 2.6.

Many different gear ratios can be built into the same metal casing. There are over
60 standard gear ratios, 31 are preferred ones.

The gearboxes are meant for small series and professional applications with versa -
tility as the main property. As a rule small quantities of those in the preferred
range can be supplied from stock.

For all data necessary for selectingthe appropriate gearbox fromthe series, see the
survey at the end of this section.

March 1971 A6l



9904 130 O1l.. GEARBOXES
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GEARBOXES 9904 130 O1..

TECHNICAL DATA

Maximum permissible load 2000 gcm
Maximum permissible radial force 1000 g
Maximum permissible axial force 200 g

Gearbox -performance graph

By using a gearbox with a large gearing-down ratio it will be possible to obtain a
torque at the outgoing spindle of the gearbox which surpasses the maximum permis-
sible load on the gearbox of 2000 gcm. The gearbox-performance graph therefore
shows 2000 gcm as the torque limit.

The graph can be used either for finding the maximum obtainable torque value of a
given motor + gearbox, or the proper motor-gearbox combination for obtaining a
given torque.

a. Motor 9904 110 05...; required gearing-down ratio 36:1.
The graph shows the maximum obtainable torque to be 100 gcm. Gearbox effi-
ciency has been taken into account.

b. Desired torque value 100 gcm, required gearing-down ratio 36: 1.
The graph shows that the motor with the catalogue number 9904 110 05... does
the job.
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9904 130 O1..

GEARBOXES

SURVEY

Preferred range

number of revolutions |directionofrotation| effi-
catalogue number gea.r of outgoing spindle of outgoing spindle | cien-
ratio when coupled to a motor compared to cy
operating from motor spindle 1)
50Hz mains | 60 Hz mains

9904 130 01001 25:6 60 rev/min 72rev/min same 0.64
01003 25:4| 40rev/min 48 rev/min same 0.64
01004 25:3 30 rev/min 36 rev/min same 0.64
01005 10:1 25 rev/min 30 rev/min same 0.64
01006 25:2 20 rev/min 24 rev/min same 0.64
01008 50:3 15rev/min 18 rev/min opposite 0.51
01009 20:1|12.5rev/min 15 rev/min same 0.64
01011 25:1 10 rev/min 12rev/min opposite 0.51
01014 100:3 | 7.5rev/min 9rev/min opposite 0.51
01016 125:3 6rev/min| 7.2rev/min opposite 0.51
01017 50:1 Srev/min 6 rev/min opposite 0.51
01019 125:2 4rev/min| 4.8rev/min opposite 0.51
01021 250:3 3rev/min| 3.6rev/min same 0.41
01087 75:1| 33rev/min 4rev/min opposite 0.51
01023 125:1 2rev/min | 2.4rev/min opposite 0.51
01026 200:1|1.25rev/min| 1.5rev/min same 0.41
01027 250:1 lrev/min| 1l.2rev/min same 0.41
01028 300:1 50rev/h 1rev/min same 0.41
01034 500:1 30rev/h 36 rev/h same 0.41
01037 750:1 20 rev/h 24 rev/h opposite 0.33
01038 2500:3 | 18rev/h 21.6rev/h opposite 0.33
01039 1000:1 15rev/h 18rev/h opposite 0.33
01041 1250:1 12rev/h 14.4rev/h opposite 0.33
01042 1500:1 10rev/h 12rev/h opposite 0.33
01051 3750:1 4rev/h 4.8 rev/h same 0.26
01054 5000:1 3rev/h 3.6rev/h same 0.26
01055 6000:1| 2.5rev/h 3rev/h same 0.21
01062 15000:1 lrev/h 1. 2rev/h opposite 0.21
01071 45000:1 8rev/24h | 9.6rev/24h same 0.17
01077 90000:1 4rev/24h | 4.8rev/24h same 0.17
01085 |360000:1 lrev/24h | 1.2rev/24h opposite 0.14

1) When the direction of rotation of the outgoing spindle is not the one which is de-

sired a motor with the reverse direction of rotation should be chosen (e. g.

9904 110 02131 instead of 9904 110 02121).

Ab64
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GEARBOXES

9904 130 O1..

Non -preferred range

number of revolutions direction of rotation| effi-
catalogue number gear of outgoing spindle of outgoing spindle | cien-
ratio when coupled to a motor compared to cy
operating from motor spindle !)
50Hz mains | 60 Hz mains
9904 130 01022 100:1 | 2.5rev/min 3 rev/min opposite 0.51
01025 500:3| 1.5rev/min| 1.8rev/min same 0.41
01088 3000:9 45 rev/h 54 rev/h opposite 0.33
01031 375:1 40 rev/h 48 rev/h same 0.41
01032 400:1 |37.5rev/h 45 rev/h opposite 0.33
01033 1250:3 36 rev/h 43.2rev/h opposite 0.33
01035 600:1 25rev/h 30 rev/h opposite 0.33
01036 625:1 24 rev/h 28.8rev/h same 0.41
01043 5000:3 9rev/h 10.8 rev/h same 0.26
01044 1875:1 8 rev/h 9.6 rev/h opposite 0.33
01045 2000:1 | 7.5rev/h 9rev/h opposite 0.33
01047 2500:1 6 rev/h 7.2rev/h opposite 0.33
01048 3000:1 Srev/h 6 rev/h same 0.26
01049 3125:1 | 4.8rev/h 5.76 rev/h opposite 0.33
01056 6250:1 | 2.4rev/h 2. 88 rev/h opposite 0.21
01057 7500:1 2rev/h 2. .drevh opposite 0.21
01059 10000:1 | 1.5rev/h 1.8rev/h opposite 0.21
01061 12500:1 | 1.2rev/h 1.44rev/h apposite 0.21
01064 20000:1 {0.75 rev/h 0.9rev/h opposite 0.21
01066 24000:1 15 rev/24h 18 rev/24h same 0.17
01068 30000:1 12 rev/24h | 14.4 rev/24h same 0.17
01069 36 000:1 10 rev/24h 12 rev/24h same 0.17
01093 40000:1 9rev/24h | 10.8 rev/24h same G.17
01072 48000:1 | 7.5rev/24h 9rev/24h same 0.17
01074 60000:1 6rev/24h | 7.2rev/24h same 0.17
01075 72000:1 Srev/24h 6 rev/24h same 0.17
01076 75000:1 | 4.8rev/24h | 5.76rev/24h same 0.17
01079 | 120000:1 3rev/24h | 3.6rev/24h same 0.17
01082 | 180000:1 2rev/24h | 2.4rev/24h opposite 0.14
01083 |240000:1 | 1.5rev/24h | 1.8rev/24h opposite 0.14
01084 | 300000:1 | 1.2rev/24h | 1.44rev/24h opposite 0.14

1y When the direction of rotation of the outgoing spindle is not the one which is de-
sired a motor with the reverse direction of rotation should be chosen (e.g.
9904 110 02131 instead of 9904 110 02121).
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STEPPER
MOTORS

GENERAL

INTRODUCTION

Stepper motors are rapidlybecoming recognizedas the best - and often unique - so-
lution to many control problems. This is due to their lacking the disadvantages of
closed-loop servo-mechanism systems; extreme sensitivity for interference, andthe
need for the input information to be converted from digital to analogue. Besides step -
per motors afford a cheaper solution. Two kinds of stepper motors exist: thevaria-
bie reluctance and the permanent magnet type. Our motors are of the latter construc -
tion which is distinguished from the variable reluctance type by its simplicity, very
small size, large step angle and better damping (giving relative freedom from the
effects of resonance and a smaller overshoot). Especiallythe adoption of the § -phase
construction led to the present satisfactory situation.

Our line of permanent magnet stepper motors covers working torques from 60 gcm
to 1600 gcm, pull-out rates from 320 steps/s (400 rev/min) to 16 000 steps/s (10000
rev/min) and pull -in rates from 140 steps/s (350 rev/min) to 1200 steps/s (750 rev/
min).

General design of the motor has been optimised over the long period we have been
concerned with stepper motor production. All motors canbedelivered complete with
their own electronic control, thus ensuring that the motors always deliver the high
performance of which they are capable. Roller or ball bearings are standard onmost
models*, and the PD and SMDtypes can bemade to satisfy MIL specifications on re-
quest.

The range consists of 21 motors, eight of which are PD ("Professional Digital")types,
a further eight SMD ("'Servo-Mount Digital") types, and five ID ("Industrial Digital")
types. A PD motor and its corresponding SMDtype, whichhas the PDtype number +1,
have identical specifications except for the mounting. PDtypes have a square mount -
ing flange, and the SMDtypes have the standard servo-motor mounting. ID types may
be used in less-demanding applications.

* Except types ID07, ID04 and ID06, which are fitted with sleeve bearings.
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STEPPER
MOTORS

GENERAL

PRINCIPLES

Fig. 1 illustrates the action diagrammatically. The motor shown isa 4-phase, 2-pole
type; this means that the stator has four phases and the rotor two poles (one north
and one south). With phase P and phase R energized, the four stator poles takethe
polarities shown in Fig. la and the rotor turns to the position 1. If phase Q is now
energized instead of phase P, the rotor will turn through 90° (anti-clockwise) to the
position 2 shown in Fig. 1b. Steps to the positions 3 and 4 can be obtained in a simi-
lar fashion. Fig. lc shows the effect of completely de -energizing stator RS; the rotor
turns a half step to intermediate position 23. If stator PQhad been completely de-en-
ergized, the rotor would have turned anti-clockwise to intermediate position 13.

stator PQ

e o L e

(@ (®)

Fig.1l. Diagrammatic representation of a 4-phase, 2-pole motor:
(a) rotor at position 1;

(b) rotor at position 2;

(c) rotor at intermediate position 25 (see next page).
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STEPPER
MOTORS

PRINCIPLES

GENERAL

Energization of phases related to rotor position.

Phases Stator Resultant rotor
energized de-energized step position

P, R - 1

R PQ 15

R, Q - 2

Q RS 25

Q,S - 3

S PQ 3%

S, P - 4

P RS 3

The direction of rotation canbereversed at any
point.

If we now make a stator with eight phases
and placein it the 2pole rotor as shown in
Fig. 2, the rotor willturn only 45°per step.
An important advantage of the 8-phase sta-
tor is that during the switching from one
phase to its partner (i.e. when complete
de -energization of a whole stator occurs),
75% of the full torque is still available be-
cause three out of the four stators remain
energized. In Fig.2 complete de-energi-
zation of stator PQ (phases R, T, V still
energized) will cause the rotor to turn to
intermediate position 13; complete de-en-
ergization of winding VW (phases P, R, T
still energized), will causethe rotor to turn
to intermediate position }.

=

HHE

N 47)
I8 1
- N S
S 5 8
B S
6 3 7
T
u
\ \\
v w

—HF

72571020

Fig. 2. Diagrammatic representation
of an 8-phase, 2-pole motor: rotor
at position 1.
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STEPPER
MOTORS

GENERAL PRINCIPLES ‘ ‘

Thus, an advantage of 8-phase motors is that the stepping angle canbe small while
still having a high torque and stepping rate. In general, the smaller the stepping an-
gle, the greater the resolution. The small stepping angle of our motors (7.5° for
4-phase, 3.75° for 8-phase) hasbeen achieved by using a 24 pole rotor and stator.™
Although not often used, it is possible to halve these stepping angles by counting the
intermediate steps; as noted above, however, the torque is then reduced. To obtain
the maximum torque for a certain average power dissipation, the current in each
phase should reach its maximum value immediatelyand maintain this, and the switch-
over time from one phase tothe next should be zero. The only way inwhich this second
requirement can be closely approached is to use electronic switching. Two inexpen-
sive electronic switching circuits using integrated circuits on printed-wiring boards
have been developed for our motors, one for 4-phase and the other for &-phase types.
The first requirement-that the current in each phase should reachits maximum value
immediately and maintain this - can usually be satisfactorily approximated at start
and low stepping rates simply by paralleling eachwinding with a capacitor (Cy in Fig.3)
and using a higher supply voltage via a resistor Ry. During the time that a phase is
switched off, Cy charges via Ry to voltage Vi; when the switch is again closed, Cy
discharges through the winding. Resistor Ry serves in addition another purpose: at
higher frequencies it reduces the opposing currents in the phases due to the back
e.m.f. thus increasing pull-in and pull-out rates, and torque. This method increases
the power consumption of the system, due to the dissipation of resistor Ry. If dis-
sipation in the system is to be kepttoa minimum, it might be better to choose a mo-
tor that can attain the speed without the help of the RC -network.

\0)

Fig.3. Connection ofthe compensating network Ry-Cy. (L is the sta-
tor phase winding 1; the numbers 1 and 1" refer to the leads to and
from phase 1. The switch can be a transistor, as in the electronic
switches, described below).

7257079 ov

* Except types ID08, PD22, SMD23, PD24 and SMD25, whichhavea 12pole construc-
tion (159 and 7. 5° step angles).

[
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GENERAL STEPPER
MOTORS

TERMINOLOGY

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

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: gcm.

Maximum Pull-In Rate (Speed): The maximum switchingrate (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).

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 voltage.

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: gcm.

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: gcm.

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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STEPPER
MOTORS

TERMINOLOGY || GENERAL

tttttt
curve A =pull-out torque versus steps/second

ttttt
rrrrr

frictional load

%/
%//

%) steps/second

uuuuuuuuuuuu

Typical stepper motor curves illustrating the terminology used.
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STEPPER
MOTORS

GENERAL

CHARACTERISTICS

The characteristic of foremost importancetothe designer is the way inwhich rotor
torque varies with speed (stepping rate). Fig.1 compares the torque/stepping rate
characteristics of the PD20 and PD12, from which it is clear that motors are avail -
able to cope with most situations. These curves canbe further modified so that peak
torque occurs at other than zero stepping rate, by using certain values of resistors
and capacitors across the windings (see relevantdata sheets). Inaddition, thecurves
can be raised or lowered by varying the applied voltage.

72570991
1600
torque
(gem)
PD20
L
100 P/D12
St Ty}
6000 16000
steps/s

Fig. 1. Typical curves from two motors in the
range: the PD20 (SMD21) and the PD12 (SMD13).

By way of example, take the torque/stepping rate characteristic of the PD24 (Fig.1)
and examine it in detail. The solid "pull-in torque" curve A is the start characteris-
tic: fromthis canbe readthe allowable load friction torque which, when appliedtothe
rotor spindle, will allow the rotor to reach a certain stepping rate from stand-still with -
out missing a step. The "pull -out torque” curve B shows allowable friction torque
plotted against stepping rate after gradual increase of the rate. The motor cannot be
quickly accelerated or decelerated in this region (i.e. between the start curve and
the slew curve) without the risk of discrepancies appearing between number of pulses
supplied and number of steps moved by the rotor. This region is called the "slew
range".

The two solid curvesdescribed above are for the values of Ry, Cy and Vp given.. The
two broken curves are for Vh=5V and no Cy or Ry. (Curve a: pull -in torque; curve
b: pull -out torque).
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STEPPER CHARACTERISTICS GENERAL
MOTORS
1000 7258926
fgem)
800 NN
i N\
500 \C
400 2 e
'p'uu-in torque \\pullmut torque
200 i | e ™
I\ N
o Lilh <
0 1000 2000 ;
— . . e Fig.2. Start and slew range
0 1250 2500 3750 5000 curves for the PD24,

rev/min

In practice, the stepper motor must be started ata stepping rate not exceeding the rate
given by the start curve for the friction load present, then brought into the slew range
by gradually increasing the pulse rate. To stop accurately, the pulse rate must first
be gradually reduced, back to the rate used to start the motor. Below this rate, the
rotor will stop without permanent overshoot even if the pulse rateis suddenlyreduced
to zero,

The curves given in the data sectionassume the inertia of the load to be small com -
paredtothe rotor inertia. Iftheloadinertia is appreciable, the start curve will bead -
versely affected in that stepping rates will be reduced. The slew range will not be
affected; however, acceleration and deceleration in the slew range must then be
smaller.

Stepper motors are inherently prone to instability due to the pulsating nature of the
energizing signals. Often, the instability region lies outside the working region, or
is very slight, thus causing no problem. If instability is a problem, however, there
are a number of ways available to reduce it to insignificancy. Instability results from
the internal resonance of the "motor + electronics" system. The resonance frequen -
cy can be affected by the load inertia and the RC network, while the amplitude of os -
cillation is determined by the friction load and RC. It may also be possible to move
the working speed range of the motor above or below the instability region.

Our motors do in fact exhibit instability over certain speed ranges for the values of
Ry, Cy and Vp chosen to produce the curves given in the data sheets below, it must
be remembered, however, that firstly the Ry -Cy-Vpvalues were chosen only withan
eye to producing the best speed, ‘and secondly, that the load inertia is assumedneg-
ligible. With appreciable inertia, the instability can disappear.

The dissipation stated for each motor in the PD and SMD series is that which gives
a 40-45 degC rise in motor temperature. The maximum temperature for which the
motors are designed is 125°C. Forthe IDseries, a temperature rise of 30-40 degC
has been allowed: maximum temperature is 1000°C. If used at a low ambient temp -
erature, ahigher supplyvoltage is permissible giving correspondingly higher torque.

*) For ambient temperatures of more than 25°C, the torque will decrease by 0. 2%
per degC (approx). There is also a derating at low temperature.
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STEPPER
MOTORS

GENERAL

APPLICATIONS

The stepper motor converts electrical digital information into mechanical movement.
Given this property plus the fact thatthe digital technique is the predominant method
used for information processing, applications for stepper motorscover an extremely
wide field.

A very important advantage of stepper motors over most other electro-mechanical
converters is that the control can be open-loop: the error is non-cumulative, and in
many cases information feedback is not necessary. Elimination of feedback loops
saves much expense, both in design and installation.

Stepper motors can be thought of aspositioners, or asvariable speed drives; below
are a few examples.

As positioners:

- Pulse counters on production lines

- Selectors in information retrieval systems

- Remote indicators

- Numerically controlled machine tool drives

- Line spacing control for print-out machines

- Punched -tape drives

- Diaphragm control in optical and medical equipment.

As variable speed drives:

- Curve tracers

- Paper -feed devices in chart recorders

- Drives for electronic sweep generators

- Synchronizers between machines and their recording instruments
- Variable speed spool drives in the textile industry.

As will be seen from the data given below, our motors cover a wide range of per-
formance. Motors used as positioners usually require high starting torque, such as
given by the types PD18 and PD20. On the other hand, motorsused as variable speed
drives require high speed, provided by types PD12 and PD16. Applications in which
both high torque and high speedare necessary arelikely tobe covered by types PD20
and PD24. The torque/speed (torque/stepping rate) graphs are in factthe first thing
the designer is usually interested in when choosingthe motor;typical curves for each
motor are given in the relevant data sheet.

A stepper motor can alsobe used as anintegrator. By feeding a continuously varying
signal to an analogue-digital converter giving a pulse frequency proportional to the
amplitude of the input signal, a stepper motor supplied with those pulses will move
the load attachedto its shaft through a distance proportional tothe time integral ofthe
signal.
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ID04 9904 112 04101

STEPPER MOTOR

QUICK REFERENCE DATA
Step angle 7° 30°
Maximum torque 150 gcm *)
Holding torque 225 gcm *)
Maximum pull-in rate 350 steps/s
Maximum pull-out rate 550 steps/s
RZ 26753-7

APPLICATION

This stepper motor has been designed for converting electrical digital information,
supplied via an electronic switch, into mechanical movement. It can be used as a
positioner or in a variable speed drive.

DESCRIPTION

The stepper motor has a 4-phase stator and a permanent magnet rotor with 24 poles
in a rugged and simple construction. The motor coils are adapted to the electronic
switch 9904 131 03003 (see relevantdata sheet) for optimum performance.

*)1 gem = 1074 Nm
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9904 112 04101 STEPPER MOTOR ID 04
TECHNICAL DATA
Dimensions (in mm) and connections
P —={ [=—38t05
26° | 1)1
(/ ! YELLOW3— — 7 25 1VELLOW
\ | BLACK 3 TBLACK
RED & 2RED
<\ 1 GREY 4:7 “ “ 2GREY
> _ [l
L
- 2:02 | @5imaxd)l | = -0002 0
- 705max { 4¢3~ggga ¢10_0_05
- |
- run out 005max
Fig.1
Fe—25manx: 82+05

7299395

Marking
The connecting leads are colour-coded, see Fig. 1.

Maximum pull-;l:lt torque 150 gcm
Holding torque 225 gcm
Maximum pull-in rate 1) 350 steps/s
Maximum pull-out rate 1) 550 steps/s
Number of steps per revolution 48
Step angle 7° 30'
Step angle tolerance + 20" non cumulative
Direction of rotation electrically reversible
Mass moment of inertia of the rotor 11 gcm2
Maximum axial force 150 g
Maximum radial force 500 g
Bearings sleeve
Weight 160 g
Ambient temperature range
operating -20 to +70 °C
storage -40 to +85 °C
Maximum permissible motor temperature 100 °C
Number of phases 4
Resistance per coil 15 @

according to Fig.2b.

1) measured with 4-phase electronic switch 9904 131 03003 and with the coils connected

we |l |
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1D 04 ” STEPPER MOTOR 9904 112 04101

| connector ™)

Inductance per coil 30 mH
Current per coil 330 mA
Power consumption of the motor 3.3 W
Insulation resistance at 500 V d.c. 100 MQ2
e e e i ———
! 7 I 'stepper
| Iy motor
I Vo
i [
| U
i b
i Lo
| [
| [
| bt
| [
| |
input for : | | [
drrectaon LAl 4 3 2 _1‘ :
tnon o oz g Fo LJ
Y & 3 B
Fig.2a. Diagram for con- - n ';‘— . H
. i -~
necting the motor to the ; o o iprinted-wiring
. . 1 L
electronic switch via a : o (z o( :connector )
printed-wiring connector, ] n ;‘19__-_—1_7:__15________ 78] 19 0] |
without compensating net- T|sv
input for 0 7299390
work. stepping l
-
oo R T
: | t | stepper
| I I 1 motor
. ! o
1 i [
I \ |
! | N
: | e
| ! i
I |
| | B
input for [ | | | , ! |
difrectlon e T N I O I I I I
Qotation > ‘2‘6 § P 1;, 3 ]
Rl ov o & 2 ¥ ® S g%
i ]
fl 2 ‘00 P_%
|
. . t
Fig.2b. Diagram for con- | Pty
1
1

O
ko
é
b
Q\O
6

necting the motor to the
electronic switch via a

————— ————— e o

=
|
=
0
<
]
7
|
3
S
3
)
N
(=]
T
Leee

printed-wiring connector, input for *+Vp

. . stepping
with compensating network. R R, R, . | compensatin
RV= 220 X Cv= 27 pF ) networ
Vp=12 V d.c. c c c c
Rs= (Vb' 5)/0.230 Q. T T T 7299391 ov

*) figures refer to terminals of electronic switch.
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9904 112 04101 STEPPER MOTOR ID 04

7258930

160
torque 'T'\..
(gcm) N
\"\ \\ \\
120 SIS
AN N
\\v\\ \'\\
N
SN N
80 o <
pull-in torqu)e\ N puli-out torque
‘\‘ AN N
N
Cl\\‘x b\ B
40 A
\ \
A}
\
0
0 100 200 300 400 500 600
steps/s
|- 1 A 1 1 1 J
[} 125 250 375 500 625 750
rev/min

Fig.3. Torque versus stepping rate. (Solid lines obtained with circuit of Fig.2b,
dashed lines obtained with circuit of Fig.2a)

72993%
g
200 A
/-
applied s
e //
100| /
/
0 A A
0 25 5 75
deviation (degrees)

Fig.4. Applied torque versus deviation.
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ID 05 9904 112 05101

STEPPER MOTOR

QUICK REFERENCE DATA
Step angle 79 30"
Maximum torque 650 gcm ¥)
Holding torque 900 gcm ¥)
Maximum pull-in rate 240 steps/s
Maximum pull-out rate 360 steps/s

A 53191

APPLICATION

This stepper motor has been designed for converting electrical digital information,
supplied via an electronic switch, into mechanical movement. It can be used as a
positicner or in a variable speed drive.

DESCRIPTION

The stepper motor has a 4-phase stator and a permanent magnet rotor with 24 poles
in a rugged and simple construction. The motor coils are adapted to the electronic
switch 9904 131 03003 (see relevant data sheet) for optimum performance.

*)1 gem = 1074 Nm

June 1970 “ H B19



9904 112 05101

STEPPER MOTOR ID05
TECHNICAL DATA
Dimensions (in mm)and connections
169 max: je————————— 57max -18205 —»{
m56$0‘———>| r—ﬂs-o 4> {|e—2
Qﬁ %@ o
BLACK
L RED z'—]
~ 2\ GREY 2 i — 1%
135 @ @ Q D #69max 6010007 ﬂs_m:,
VELLOVIB‘J— L 1 ¢
r\ BLACK TJ run_out 007max
RED &
@% % GREY 4 — ]
E 45«124 e
_— 72 max Flg. 1
Marking
The connecting leads are colour-coded, see Fig.1.
. in
Maximum pull-Out torque 650 gcm
Holding torque 900 gcm

Maximum pull-in rate 1)
Maximum pull -out rate 1)
Number of steps per revolution
Step angle
Step angle tolerance
Direction of rotation
Mass moment of inertia of the
rotor
Maximum axial force
Maximum radial force
— Bearings
Weight
Ambient temperature range
operating
storage
Maximum permissible motor temperature
Number of phases
Resistance per coil
Inductance per coil
Current per coil

240 steps/s
360 steps/s
48

70 30"

+ 20" non cumulative
electrically reversible

93 gcm?2
500 g
1500 g
needle
500 g

-20 to +70 °C
—-40 to +100 °C

100 °C

4

9Q

25 mH

550 mA

1) measured with 4-phase electronic switch 9904 131 03003 and with the coils con-

nected according to Fig.2b.

w |
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1D 05 STEPPER MOTOR 9904 11205101

Power consumption of the motor 5.5W
Insulation resistance at 500 Vdc 100 M2
3
e e e e e e} || ——
I i R | stepper
| | t , motor
I i Vo
1 ! [
| ! [
| ! P
| ] Lo
i | R
I | |
1 | [
! | P
input for ! | 8 kl |
direction La] 3l 3] 19 2 i
of . x| % |
rotation OV o P g 2 o 2 L_J
R ¥ & & % <)
. s it mabe -
Fig.2a. Diagram for con- i1£ Z(L NN f——
necting the motor to the | 'pgg‘r::g‘c”:g;Q)g
. s . |
electronic switch via a | <{___ ran & r—
. . | T
printed-wiring connector, L _""i_.':.‘___'_I’i__‘f’____'ET_17____'91_.'3___2_0A
: . _ T|sv
without compensating net puttor | ! e
work. stepping
I
e T .
{ | { 1 stepp
i ! | | motor
1 | [
1 | ] ]
| r P
, | ) S—
| ! |
! | T
i ! v
] | | 1
! ! P
input for [ | P , o
direction S NS | N O O G IO | T
?otcnicn o 2 k] § o ] _% :._J
Rl ov ® & 2 E T 3 & E
ISR N DENDE
Il 2 3 8 9 104t
i °© ° © prlnted-wiri.ng
Fig.2b. Diagram for con- E (/ o cz———o connector )
necting the motor to the mi | J9__ 2o |
electronic switch via a T vv
printed-wiring connector, Hopsig ®
with compensating network. v| compensatin
networ
Ry=15Q , Cy= 100 pF ,
Vp=12 V d.c. Cy
Rg= (V- 5)/0.230 Q. e OV

*) figures refer to terminals of electronic switch,
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9904 11205101 STEPPER MOTOR D05

7258931

800
torque
(gem)
s
600 ~T~
\:\ N
NN TN
NG N
400 NP &8
pull-in torque N\ pull-out torque
AN N
S Nb | N !
NN I\
200
\ AN
NN
ANANEAY N
AVER)
0 \
0 100 200 300 400
steps/s
0 125 250 375 500
rev/min

Fig.3. Torque versus stepping rate. (Solid lines obtained with circuit of Fig.2b,
dashed lines obtained with circuit of Fig.2a).

72 99397
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Fig.4. Applied torque versus deviation.
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1D 06 9904 112 06101
STEPPER MOTOR
QUICK REFERENCE DATA
Step angle 79 30’
Maximum torque 500 gcm¥)
Holding torque 700 gcm*)

Maximum pull-in rate

Maximum pull-out rate

200 steps/s

320 steps/s

RZ 267534

APPLICATION

This stepper motor has been designed for converting electrical digital information,
supplied via an electronic switch, into mechanical movement. It can be used as a

positioner or in a variable speed drive.

DESCRIPTION

The stepper motor has a 4-phase stator and a permanent magnet rotor with 24 poles
in a rugged and simple construction. The motor coils are adapted to the electronic
switch 9904 131 03003 (see relevant data sheet) for optimum performance.

*)1gem = 1074 Nm
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9904 112 06101 STEPPER MOTOR ID06

TECHNICAL DATA

Dimensions (inmm) and connections

[F—4.0 )
I B4 o012 80_g0s

run_out 005max

R Fig. 1
Marking
The terminals are numbered as indicated in Fig.1.
Maximum pull-i::lt torque 500 gcm
Holding torque 700 gcm
Maximum pull-in rate 1) 200 steps/s
Maximum pull-out rate 1) 320 steps/s
Number of steps per revolution 48
Step angle 79 30°
Step angle tolerance =+ 20’ non cumulative
Direction of rotation electrically reversible
Mass moment of inertia of the
rotor 920 gcm2
Maximum axial force 150 g
Maxiraum radial force 1500 g
Bearings sleeve
Weight 320 g
Ambient temperature range
operating -20 to 470 °C
storage -40 to +100 °C
Maximum permissibie motor temperature 100 ©C
Number of phases 4
Resistance per coil 12 @
Inductance per coil 35 mH
Current per coil 400 mA
Power consumption of the motor 4w
Insulation resistance at 500 Vgc 100 M€2

1) measured with 4-phase electronic switch 9904 131 03003 and with the coils con-
nected according to Fig.2b.
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1D 06 STEPPER MOTOR 9904 112 06101

-
_ e | ——
}' B i stepper
| r ! ! motor
| :
i P
! !
I b
| [
| i
| [ i
! bl
j P
input for : | :
dlrectnon L4 1?2 2 _1I !
rotutlon ov b
Fig.2a. Diagram for con- e % ------ u e
. I } 1 -~
necting the motor to the ! % o 8<L % | "% lprinted-wiring
. . . I cor *
electronic switch via a : o CZ £ < j connector®)
printed-wiring connector, ] o] - W 1s- §] 17 18] 19 "2—00_)3
without compensating net- U7 S D -
inputfor 0 7299390.A
work. stepping
-
[ R I
! | i | stepper
| ! I 1 motor
I ' L
| | [
i l .
| % -
! ! [ e
| ! Vo
| | i |
! ' i
input for : . { : .
direction 4 3 3 12 2 '] !
o e e et
rotation L__}
R| ov
N — S (I
1
1425 3| % % 8L 75 8L 95| 10) te—m——
i pnnted,wm.ng
. . | connector *)
Fig.2b. Diagram for con- ! o S |
necting the motor to the mp BCLC] I
electronic switch via a ! "
. . input f
printed-wiring connector, stepping °
with compensating network. v v|compensatin
networ
=15Q, Cv=50uF,
=12V d.c. —I—Cv Cy
R_= (V- 5)/0.230 Q AoV

*) figures refer to terminals of electronic switch.
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9904 112 06101 STEPPER MOTOR ID06

7258932

600
torque
(gem) M~
00| N
400
AN
\;\\ ™.
\\\A \ B
\\\\\\puu—in torque \\pull-out torque
N N
a\ b
200 N
\\‘ \
AN
AWA
NAN
0 \‘
0 100 200 300 400
steps/s
0 125 250 375 500
rev/min

Fig.3. Torque versus stepping rate. (Solid lines obtained with circuit of Fig.2b,
dashed lines obtained with circuit of Fig,2a)
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Fig.4. Applied torque versus deviation
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ID 07 9904 112 07101

STEPPER MOTOR

QUICK REFERENCE DATA
Step angle 70 30’
Maximum torque 60 gcm*)
Holding torque 80 gcm™)
Maximum pull-in rate 500 steps/s
Maximum pull-out rate 1000 steps/s

RZ 26753-10

APPLICATION

This stepper motor has been designed for converting electrical digital information,
supplied via an electronic switch, into mechanical movement. It can be used asa
positioner or in a variable speed drive.

DESCRIPTION

The stepper motor has a4-phase stator and a permanent magnet rotor with 24 poles
in a rugged and simple construction. The motor coils are adapted to the electronic
switch 9904 131 03003 (see relevant data sheet) for optimum performance.

*)1gem = 1074 Nm
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9904 112 07101 STEPPER MOTOR ID 07
TECHNICAL DATA
Dimensions (in mm) and connections
YELLOW 3 jﬂ [ max
le—22 08 -1 1 YELLOW
BLACK 3’l MI'BLACK
. RED 4 2'RED
<<\ GREY 4 :E 2 GREY
—
~ nal
L
S5max ¢355m0x45[- N | 4 2:088%! ¢10-%.05
- run I out 0.05rnax7
- ) r~—21max 889
Flg. l 2 1299401 05—15

Marking

The connecting leads are colour-coded, see Fig. 1.

. in
Maximum pull- torque
out

Holding torque
Maximum pull-in rate 1)
Maximum pull-out rate 1)
Number of steps per revolution
Step angle
Step angle tolerance
Direction of rotation
Mass moment of inertia of the
rotor
Maximum axial force
Maximum radial force
Bearings
Weight
Ambient temperature range
operating
storage

Maximum permissible motor temperature

Number of phases
Resistance per coil
Inductance per coil
Current per coil

nected according to Fig.2b.

60 gcm

80 gcm

500 steps/s

1000 steps/s

48

70 30'

+ 40" non cumulative
electrically reversible
2.6 gcm2
75 g

250 g
sleeve

75 g

-20 to + 70 °C
-40 to +100 °C
100 °C

4

25Q

30 mH

175 mA

1y measured with 4-phase electronic switch 9904 131 030603 and with the coils con-
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ID 07 STEPPER MOTOR 9904 112 07101

Power consumption of the motor 1.7W
Insulation resistance at 500 V4c 100 MQ2
-
P - | -
r {_ 1 1 stepper
! | { 1 motor
| ! P
| | .
1 } [
| i N
i | b
] | Lo
l i L
| | .
input for ! | | [
direction L4 & 3| 3. 12 4
tation OV o 2 3 H ° L
R o8 3% ¢
Fig.2a. Dia f - ISR s sl 7 el s |0 =—
lg'. - Dlagram lor con i J) o o "o J) o o :printed-wiring
necting the motor to the ! " connector®)
electronic switch via a ; o <{-——0 - e F--- i
- . ] 2] 137 1e] 150 6] 17 18] 19 20] |
printed-wiring connector, ‘-T— o e I e e e -
without compensating net- input for 7299390
work. stepping
-
______________ R S|
r B : |I<——
! b stepper
| | | motor
i i
i b
: vy
| [ .
= e
: b
input for [ ! | , ! |
direction ! 3l 3 2] 2 L I ;
? T R 3
rotation o ol B Fn ol o [
Rl ov ¥ 5 S8 E& FHE
YN Ny 7|
-
i 35| 44 5o 8y 75| 85 90| 19 —
i Di for con | "Eé“.f:ﬂc&r"-”f
Fig.2b. Diagram -
g 2. Diagr | Fog oo oo
necting the motor to the E]? 15 6] 17 18] 19 za)_l
electronic switch via a T | -
printed-wiring connector, input for +Vy
. . steppi
with compensating network. Pping . . | compensatin
networ
R =43Q, C_=27pF,
v v
V.=12 V d.c.
b ch TCV TCV
RS= (Vb' 5)/0.230 Q. 7299381 ov

¥) figures refer to terminals of electronic switch.
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9904 112 07101 STEPPER MOTOR ID 07

60 7258933
NSk —
N AY
torque NN\ \\
(gcm
sem! R \\
N N
40 3 2
ANIAN N
AN \
\pu I-in torque pull-out
AY torque
20 VAN \
\ NA DO B
a \lz
N
y\ N
\ NC
0 A
0 200 400 600 800 1000 1200
steps/s
. L n L L L s
0 250 500 750 1000 1250 1500
rev/min

Fig.3. Torque versus stepping rate. (Solid lines obtained with circuit of Fig.2b,
dashed lines obtained with circuit of Fig.2a).

7299%8

100

applied

torque)

(gcm //
/,
Yy

50 /
A
V4|
0 A1 1
0 25 5 75

deviation(degrees)

Fig.4. Applied torque versus deviation.
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ID 08 9904 112 08101

STEPPER MOTOR

QUICK REFERENCE DATA :
Step angle 150
Maximum torque 350 gcm *)
Holding torque 650 gcm *)
Maximum pull-in rate 160 steps/s
Maximum pull-out rate 450 steps/s

A 53191

APPLICATION

This stepper motor has been designed for converting electrical digital information,
supplied via an electronic switch, into mechanical movement. It can be used as a
positioner or in a variable speed drive.

DESCRIPTION

The stepper motor has a 4-phase stator and a permanent magnet rotor with 12 poles
in a rugged and simple construction. The motor coils are adapted to the electronic
switch 9904 131 03003 (see relevant data sheet) for optimum performance.

*)1 gem = 104 Nm
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9904 112 08101

STEPPER MOTOR ID08
TECHNICAL DATA
Dimensions (in mm) and connections
~~~~~~ 069 max—
[‘—*ﬂﬁs!m‘—ﬂ r_I - -.‘r———* —— 57max . T‘LB;OE; -
o L.
@ % ‘ YELLOW 1
BLACK T
L RED 2
u: @ (\\ Q o GREY 2 — i jo
! é:: : max 26010007 B15 00
- — I YELLOW 3 = ?
f Q Q BLACK ¥ run out 007max
RED &'
% GREY 4
E 4502+ l—-~ o e
: fo— e —— 72 max ] Fl‘b 1.
Marking

The connecting leads are colour-coded, see Fig. 1.

. in
Maximum pull-
out

Holding torque
Maximum pull-in rate l)
Maximum pull -out rate l)
Number of steps per revolution
Step angle
Step angle tolerance
Direction of rotation
Mass moment of inertia of the
rotor
Maximum axial force
Maximum radial force
Bearings
Weight
Ambient temperature range
operating
storage
Maximum permissible motor temperature
Number of phases
Resistance per coil
Inductance per coil
Current per coil
Power consumption of the motor
Insulation resistance at 500 V¢

torque

350 gecm

650 gcm

160 steps/s

400 steps/s

24

150

+ 30 ' non cumulative
electrically reversible

93 gcm2
500 g
1500 g
needle
500 g

-20 to +70 °C
-40 to +100 °C
100 °C

4

9 Q

20 mH

550 mA

5.5 W

100 MS2

1)1110':1:5\;1‘0(1 with 4-phase electronic switch 9904 131 03003 and with the coils con-

nected according to Fig. 2b.

w |

I
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D08 STEPPER MOTOR 9904 112 08101

I
_: | -———
{’ ! :stepper
1 : ! motor
i
| .
! P
i R —
1
[
| | r—--]
! |
H [
! P
input for | [
difrection IL__ _4 3.3 22 _‘{ :
Btation ov I A B[ 5 | 2 LJ
RI Y 5 B % el &)
Fig.2a, Diagram for con- i -—-1—}
necting the motor to the i‘cL 25 35| 45 55| 88 o 88 %0 Eprinted-wiril.\g
electronic switch via a } < j connector®)
printed-wiring connector, e !
without compensating net- -
work. input for ' T
stepping
M
o R B e
! 1 i stepper
; ! ( { motor
! ' v
! ! o
| i | —
; : | ;F___j
' ! T
i ! !
| ! H
! ! '
input for [ ) } | , I
direction }lﬂ 3] 3 121 2 1 _J ;
of .. I I Rt H ‘"_“.:"g'" [
rotation o 2 vl B 3~ vl © [
Rl ov © & 8|3 ¥ & ]
— . -
]
}11 501 64 70| 84 90 | 108 le—
| printed-wm.ng
. . | t
Fig.2b. Diagram for con- { - o g | OMMECD)
necting the motor to the ﬂ, 15 817 18] 19 20 |
electronic switch via a T
. .. input for *+Vy
printed-wiring connector, stepping
with compensating network. v v v| compensatin
networ
R =15Q, C_=100 pF ,
v v
V.=12V d.c. Cy Cy c c
b T T T T
729939
R = (V, - 5)/0.230 Q. o

*) figures refer to terminals of electronic switch.
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9904 112 08101 STEPPER MOTOR 1D08

400 7258935
torque
(gem) N
O \
300 N\ S

NN
200 \\ N ™~
\

AY
\ N\ pull-in torque pull-out torque
\ |
\\A \ \B
100 \ N \\
a b
\. AN NG
\ \
0 \
0 100 200 300 400 500
steps/s
0 250 500 750 1000 1250
rev/min

Fig.3. Torque versus stepping rate. (Solid lines obtained with circuit of Fig.2b,
dashed lines obtained with circuit of Fig.2a).

7299400
TZi00
1000]
applied|
torque
(gem)
P
500 A
)4
/!
c A 1
0 5 10 15-
deviation(degrees)

Fig.4. Applied torque versus deviation.
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PD10 9904 112 10001
SMDI1 9904 112 11001

STEPPER MOTORS

QUICK REFERENCE DATA
Step angle 7 30
Maximum torque 70 gcm *)
Holding torque 100 gcm *)
Maximum pull -in rate 500 steps/s
Maximum pull -out rate 1000 steps/s

RZ 26753-16 RZ 26753-18

PD10 SMD11

APPLICATION

These stepper motors have been designed for converting electrical digital 'lmforma -
tion, supplied via an electronic switch, into mechanical movement. They can be used
as positioners or in variable speed drives.

DESCRIPTION

The stepper motors have a 4-phase stator and a permanent magnet rotor with 24 poles
all enclosed in a robust aluminium housing. Themotor coils are adapted to the elec -
tronic switch 9904 131 03003 (see relevant data sheet) for optimum performance.
The PD10 has a square mounting flange while the SMD11is provided with a so-called
servo-flange (size 15) and meets standard servo-mount requirements. The motors
are characterized by their robust design and if desired they can be made to satisfy
MIL specifications.

*) 1 gem = 1074 Nm
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9904 112 10001
9904 112 11001

STEPPER MOTORS

PD10
SMD11

TECHNICAL DATA

Dimensions

Fig. la.
PD10 in mm

8 connecting leads

@ 38 max

J<—175-N
=5

[

36101

Fig. 1b.
SMD11 in
inches

f*— 46max 12¢03
ta——>‘ }H—].S"_

|

0 0
4_ 15_
7 1 0008 °-002

T
] / run out 0.03mu‘x

7260489

Marking

e 1775max —{  [=-04700020
0.132 £0.005 —* #1<-0040+0005
o [ ’ ’
1= = ~N©
S—Tie 8 S ©9°
o o
3 88 g g8
9 Q H ! =
A ?w 0 oo o ™
1 =
run_out 00012 max
0.078+0.005 - ¢ =—0093+0005 7260488

The connecting leads are colour -coded, see Fig. 2

in
Maximum pull - torque
P out q

Holding torque

Maximum puli-in rate:l)

Maximum pull -out rate 1)

Number of steps per revolution
Step angle

Step angle tolerance

Direction of rotation

Mass moment of inertia of the rotor

70 gcm

100 gcm

> 500 steps/s

> 1000 steps/s

48

70 30°

+20' non cumulative
electrically reversible
3.5 gcm2

1y measured with 4-phase electronic switch 9904 131 03003 (see relevant data sheet)
and with the coils connected according to Fig. 2b.
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PD10 STEPPER MOTORS

DMD11

9904 112 10001
9904 112 11001

Maximum axial play (axial force 150g) 0.08 mm
Maximum axial force 500 g
Maximum radial force 1000 g
Bearings ball -bearings
Weight 140 g
Ambient temperature range
operating up to +85 °C
storage up to +110°C
Maximum permissible motor temp. 125°C
Number of phases 4
Resistance per coil 27 Q
Inductance per coil 20 mH
Current per coil 175 mA
Power consumption of the motor 1.75 W
Insulation resistance at 500 V d.c. 100 M€
M
S - - Y ——
stepper | |
motor | !
|
! I
1
— | [ |
——] | |
|
E i E
|
|
|
A 3 3] 1 2] 2 1
- 1 @ O
input for = ) 3 O sl o
direction 2| % 8| 5 g 2 &| B
Fotation
R ov|
) — P
" 2 3 4 5 6 7 8 9 0l |e————
| g ° © ° ° ° o | printed_wiring
| | connector *)
[ |
] (Z—- —_— — cé.__ |
input n 2] 13 14 150'/ 15‘11 17 18 19 26? !
mput —FIT 1T T T g
for. T _ T
stepping 72993405

Fig. 2a. Diagram for connectingthe motor to the electronic switch viaa printed-wiring

connector, without compensating network.

*) Figures refer to terminals of electronic switch.
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9904 112 10001 STEPPER MOTORS PD10
9904 112 11001 SMDI1
1
_ ) —_——
stepper i 1
motor | :
|
| ! }
| | I
I ! |
e | : |
g | g l
! I
|
I |9
“f ol 3 3] 4 2 2 L)
Ly 2 2
£ 5, & <
5| 2 Tl o $ Tl ¢
- S 3 § § 3| © z g
- Input for e ¢ 5| © e 2 a| B
- direction
- ?ottmon
R ov I Y U R S i -
" 2 3 4 5 6 7 8 9 104 [ +=—
: Lo o ° o © ° ° | printed_wiring
| CZ [ connector *)
1 ]
| —— z___ _— &___ |
:n(f 12? 137 14 13___3;?__15_[ 8] 19 op |
TI 5V
+
Vv,
input b
for
stepping Rs | IR, Ry Ry R,
compensating
networ k
T T T~ T
7299404 ov

Fig. 2b. Diagram for connecting the motor to the electronic switch viaa printed -wiring
connector, with compensating network.

Ry = 47 Q (£5%), 2W; Cy =10 pF, 64V d.c.; V}, =12V d.c.;
Rs =(Vp - 5)/0.230 @

*) Figures refer to terminals of electronic switch.
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PDI0 STEPPER MOTORS 9904 112 10001
SMD11 9904 112 11001

7260768
LULL

75

hxque N ‘\

(gem) N ~

N
50 \1\ gy

25 \ N 1 LN
pull-in torque| \ A\ pull-out torque
a4\ \
AN
0

0 250 500 750 1000
steps/s

0 250 500 750 1000 1250
rev/min

Fig.3. Torque versus stepping rate, measured at room temperature. (Solid lines
obtained with circuit of Fig. 2b, dashed lines obtained with circuit of Fig.2a).
Derating at low and high temperatures.

7260765

100

applied A
torque P4
(gem) 4

75

S0 Y

25

0 25 5 75
deviation (degrees)

Fig. 4. Applied torque versus deviation.
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PD12 9904 112 12001
SMD13 9904 112 13001

STEPPER MOTORS

QUICK REFERENCE DATA
Step angle 390 45’
Maximum torque 150 gem *)
Holding torque 180 gcm *)
Maximum pull -in rate 1200 steps/s
Maximum pull -out rate 16000 steps/s

RZ 26753-14

RZ 26753-17

PD12 SMD13

APPLICATION

These stepper motors have been designed for converting electrical digital informa-
tion, supplied via an electronic switch, into mechanical movement. They can be
used as positioners or in variable speed drives.

DESCRIPTION

The stepper motors have an 8-phase stator and a permanent magnet rotor with 24
poles all enclosed in a robust aluminium housing. The motor coils are adapted to the
electronic switch 9904 131 03004 (see relevant data sheet) for optimum performance.
The PD12 has a square mountingflange while the SMD13 is provided with a so-called
servo-flange (size 15) and meets standard servo-mount requirements. The motcrs
are characterized by their robust design and if desired they can be made to satisfy
MIL specifications.

*y1 gcm =104 Nm
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9904 112 12001 STEPPER MOTORS PD12

9904 112 13001 SDM13
TECHNICAL DATA
Dimensions
Fig. la.
PD12 in mm 16 connecting leads
@382 ; 64 { 12£0.3
mux~—] \ max 15“7

\ (175 4 ~
== |

|

0 0
4_3008 5.
7% -0008 >-002

° °| ] run gut 0.031%

36+01 7260487

Fig. 1b.
SMD13 in
. 16 connecting leads
inches [———2480max———>{  [+0470£0020
]‘fG.QO—’ 0.132+0.005 — #/+-00400005
oy
}
== Telig
g |2 8 8 oo
F150max 0 cu'% N
it R R
o o
[ vy
Lrun out 00012max
0.078+0.005—» ¢ =—0093+0005 7260490
Marking
The connecting leads are colour -coded, see Fig. 2
Maximum pull _:)I:m torque 150 gcm
Holding torque 180 gcm
Maximum pull -in rate 1) 1200 steps/s
Maximum pull -out rate 1) 16000 steps/s
Number of steps per revolution 96
Step angle 30 45"
Step angle tolerance +20' non cumulative
Direction of rotation electrically reversible
Mass moment of inertia of the rotor 7 gcm?2

1) measured with 8 -phase electronic switch 9904 131 03004 (see relevant data sheet)
and with the coils connected according to Fig. 2b.
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pPD12 STEPPER MOTORS
SDM13

9904 112 12001
9904 112 13001

Maximum axial play (axial force 150 g)
Maximum axial force
Maximum radial force
Bearings
Weight
Ambient temperature range
operating
storage
Maximum permissible motor temp.
Number of phases
Resistance per coil
Inductance per coil
Current per coil
Power consumption of the motor
Insulation resistance at 500 V d.c.

0.08 mm

500 g

1000 g

ball -bearings
220 g

up to +859C
up to +110°C
125°C

8

27 Q

20 mH

175 mA

3.5 W

100 MQ
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SDM13

PD12

STEPPER MOTORS

9904 112 12001
9904 112 13001
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9904 112 12001

STEPPER MOTORS

PD12

9904 112 13001

SDM13
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9904 112 12001
9904 112 13001

STEPPER MOTORS

PD12
SDM13

150

7260767

N
torque
(gem) \
\
100
AN
A \B
50 pull-in torque Eull out torque
ahb N
i >
0
0 5000 10000 15000 20000
steps/s
0 2500 5000 7500 10000 12500
rev/min

Fig. 3. Torque versus stepping rate, measured at room temperature. (Solid lines
obtained with circuit of Fig. 2b, dashed lines obtained with circuit of Fig.2a).
Derating at low and high temperatures.

200

applied
torque
(gem)

150

100

50

7260766

25

75

deviation (degrees‘)

Fig.4. Applied torque versus deviation.
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PD 14 9904 112 14001
SMD 15 9904 112 15001

STEPPER MOTORS

QUICK REFERENCE DATA »
Step angle 7°© 30'
Maximum torque 250 gcm *¥)
Holding torque 350 gcm *)
Maximum pull-in rate 360 steps/s
Maximum pull-out rate 550 steps/s
70-657H2 RZ 26753 - 18

SMD 15

APPLICATION

These stepper motors have been designed for converting electrical digital informa-
tion, supplied via an electronic switch, into mechanical movement. They can be
used as positioners or in variable speed drives.

DESCRIPTION

The stepper motors have a 4-phase stator anid a permanent magnet rotor with 24 poles
all enclosed in a robust aluminium housing.The motor coils are adapted to the electronic
switch 9904 131 03003 (see relevant data sheet) for optimum performance.

The PD14 has a square mounting flange while the SMD15 is provided with a so-called
servo-flange (size 23) and meets standard servo-mount requirements. The motors
are characterized by their robust design and if desired they can ve made to satisfy
MIL specifications.

*) 1 gcm = 10-4 Nm
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9904 112 14001 STEPPER MOTORS PD 14
9904 112 15001 SMD 15

TECHNICAL DATA
Dimensions
Fig. 1a. 8connecting Leads

PD 14 [e——— [ 585 max—— ] 555 max ' fe—15403
(in mm) F—VJW!MS-—" r175~—} 5_.1 ‘r*z \[‘7
mo
© o © s | |
- S
TW""" 7 > 3008 ’f-g.oz

) )
M' 9 JMM

—’l L_ 46401 7299415

Fig. 1b. 8 connecting leads

SMD 15 f+—1578+0005 2185max [—0590+0020
(in inches) 4-40 UNC 2b (4X) 't—690- 0.200£0005— 0063+0005

| 5 H]

@ 225max

]
1875-00005

2000-00008—
2.06210005

re——2250+ 0005 ——»

.9375-0001

0.
0.

run out
F q [_00012 max.

0100£0005—* t F+—(0125¢0005

3
§
£
H

Marking
The connecting leads are colour-coded, see Fig.2

. in
Maximum pull-out torque 250 gcm
Holding torque 350 gcm
Maximum pull-in rate 1) 360 steps/s
Maximum pull-out rate 1) 550 steps/s
Number of steps per revolution 48
Step angle 7° 30
Step angle tolerance +10' non cumulative
Direction of rotation electrically reversible
Mass moment of inertia of the rotor 18 gcm2

1y measuredwith 4 -phase electronic switch 9904 131 03003 and with the coils connected
according to Fig.2b.
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PD 14
SMD 15

STEPPER MOTORS

9904 112 14001
9904 112 15001

Maximum axial play (axial force 150 g) 0.07 mm
Maximum axial force 750 g
Maximum radial force 1500 g
Bearings ball
Weight 500 g
Ambient temperature range
operating ~54 to +85 °C
storage -62 to +110 °C
Maximum permissible motor temperature 125 °C
Number of phases 4
Resistance per coil 15 @
Inductance per coil 25 mH
Current per coil 350 mA
Power consumption of the motor 3.7W
Insulation resistance at S00 Vqc 100 MQ2
r
—_— pm ————————— ) -/
stepper | 1
motor | :
|
, ! }
| i i
l'_'i | ] |
N | |
| |
! [
} |
' !
A 3| 3] | 2| 2 v ]
1 v
L Jg £ g
k: E g £
HE BHh O f HE:
input for 3| 3 gl © 1R ol ©
direction & > o ©° b e o
?o‘tution
R ovi:
RAS FEVEL At S I SRS GRS W—
: 14 2 30 1.1) 50 6 7 o 84 9 o
!
|
1 i
1 !
! - — c/——- &._ |
, n 2] 13 A 15"'/ 6] 1718 19”20 |
',‘;p”‘ I D Ji
s!repping | 7293405

Fig.2a. Diagram for connecting the motor to the electronic switch via a printed-wiring

connector, without compensating network.

*) Figures refer to terminals of electronic switch.

| connector

ol Je——

: printed_wiring

*)

March 1971
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9904 112 14001 STEPPER MOTORS PD 14.
9904 112 15001 SMD 15
-
_ e —_
stepper —I' "
motor | |
| |
| ! !
o l !
1 | |
e | | |
| |
! I
! 1
|
| I
& 4 3 3] 22 1]
L £ g
E < [ <
3 +
; 2 Tl & £ % c
2| © 2 c E 2 2
— = 2 g| 2 v| T ol ©
— input for ol ¢ 5| © ol @ =5
— direction
- Fotation
,_Ri___*_)v_ _____ ] S B i ]
" 2 35 | 40 54 | 6 7 8L, 9, | 10] Je—m——
fo) |
: -~ ° °© © {printed-wiring
! CJ | connector *)
I
) !
n ) BRE R D SN !9C{ 200 |
T 5V -
+
input Yo
Rop
stepping Rs | [R, R, R, R,
compensating
networ k
ch ch ch T‘CV
7299404 ov

Fig.2b.Diagram for connecting the motor to the electronic switch via a printed-wiring
connector, with compensating network.

Ry
R

1

s =(Vp=15)/0.230 Q

*) Figures refer to terminals of electronic switch,

18Q (£5%), 5W; Cy =50 pF, 40 Vd.c.; Vp =12V d.c.;
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PD 14 STEPPER MOTORS 9904 112 14001

SMD 15 9904 112 15001
300 7258934
torque
cm =N
fgem) SN
200 ANSN \\\
NN
~\\ \§§§ N
\w \
pull-in N pull-out
00 torque A‘\ torque B
\°\ AN\ \
I\
\ —
0 ‘ =
0 100 200 300 400 500 600 —
steps/s —
0 125 250 375 500 625 750
rev/min

Fig.3. Torque versus stepping rate, measured at room temperature. (Solid lines
obtained with circuit of Fig. 2b, dashed lines obtained with circuit of Fig. 2a).
Derating at low and high temperatures.

72994034
400

applied
torque ——
(gem) -

300 L4

200 i/

100
/

0 25 5 75
deviation (degrees)

Fig.4.Applied torque versus deviation.







PD 16 9904 112 16001
SMD 17 9904 112 17001

STEPPER MOTORS

QUICK REFERENCE DATA
Step angle 30 45°'
Maximum torque 400 gcm*™)
Holding torque 500 gem*)
Maximum pull-in rate 900 steps/s
Maximum pull-out rate 7500 steps/s

70-657H3 RZ 26753-17

PD 16 SMD 17

APPLICATION

These stepper motors have been designed for converting electrical digital informa-
tion, supplied via an electronic switch, into mechanical movement. They can be
used as positioners or in variable speed drives.

DESCRIPTION

The stepper motors have an 8-phase stator and a permanent magnet rotor with 24
poles, all enclosed in a robust aluminium housing. The motor coils are adapted to
the electronic switch 9904 131 03004 (see relevant data sheet) for optimum perfor-
mance.

The PD16 has a square mouting flange while the SMD17 is provided with a so-called
servo-flange (size 23) and meets standard servo-mount requirements. The motors
are characterized by their robust design and if desired they can be made to satisfy
MIL specifications. '

*) 1lgem = 1074 Nm
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9904 112 16001 STEPPER MOTORS PD 16
9904 112 17001 SMD 17

TECHNICAL DATA

Dimensions

16connecting Leads
le——— [ 585 max——e f 785max {
[— @ 4725 —ol : rns-‘ 5—e { fe—2
N @ | 1]
ZBN ==
i 0 to
® \ @ 57max 7 —3-0008  P-002

[ _run out 003max
@—Q_..l@L — ]

Fig., la, PD 16 (in mm)

15203

16 connecting leads
j*—1578$0005 fe————3090max ——————= [+— 05900020
4-40 UNC 2b (4X) *4—690* 0200+0005—* 006320005
| il ?
R SE= I
——
ngs 8 88
e 1o @ @ <
S |6 8 & ©
@ @ 225max 7 .| iow o8
/ 75 {E § 8 n
318 & & d
irun out !
[o q 00012 max. ]
I - 7295019
0100#0005—= t le— 01250005

Fig. 1b. SMD 17 (in inches)

Marking

The connecting leads are colour-coded, see Fig. 2.
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PD 16 STEPPER MOTORS 9904 112 16001

SMD 17

9904 112 17001

. in
Maximum pull-o torque

ut
Holding torque
Maximum pull-in rate 1)
Maximum pull-out rate 1)
Number of steps per revolution
Step angle
Step angle tolerance
Direction of rotation
Mass moment of inertia of the
rotor
Maximum axial play(axial force 150 g)
Maximum axial force
Maximum radial force
Bearings
Weight
Ambient temperature range
operating
storage
Maximum permissible motor temp.
Number of phases
Resistance per coil
Inductance per coil
Current per coil
Power consumption of the motor
Insulation resistance at 500 V¢

400 gcm

500 gcm

900 steps/s

7500 steps/s

96

30 45'

+ 10' non cumulative
electrically reversible

32 gem?
0.07 mm
750 g
1500 g
ball

600 g

-54 to + 85 °C
-62 to +110 °C
125 °C

8

15Q

25 mH

350 mA

6.5W

100 MQ

l) measured with 8-phase electronic switch 9904 131 03004 and with the coils con-

nected according to Fig.2b.
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PD 16
SMD 17

STEPPER MOTORS

9904 112 16001
9904 112 17001
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9904 112 16001

STEPPER MOTORS

PD 16

9904 112 17001

SMD 17
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9904 112 16001 STEPPER  MOTORS PD 16
9904 112 17001 SMD 17

500 7258929

torque
(gem)

400

300 \

200 \‘
0 5
100 \prll—in torque \p‘ull-out torqhe
ol\\,\,b NS
\ T
oL\l
0 2000 4000 6000 8000
steps/s
0 1250 2500 3750 5000
rev/min

Fig. 3. Torque versus stepping rate, measured at room temperature. (Solid lines
obtained with circuit of Fig. 2b, dashed lines obtained with circuit of Fig.2a).
Dervating at low and high temperatures.

500

applied | |
torque
(gem)

375

250 s

125

0 25 A
deviation (degrees)

Fig.4. Applied torque versus deviation.
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PD 18 9904 112 18001
SMD 19 9904 112 19001

STEPPER MOTORS

QUICK REFERENCE DATA
Step angle 7° 30
Maximum torque 1000 gcm *)
Holding torque 1400 gcm ¥)
Maximum pull-in rate 260 steps/s
Maximum pull-out rate 340 steps/s
70-657H4 RZ 26753 - 15
PD 18 SMD 19

APPLICATION

These stepper motors have been designed for converting electrical digital informa-
tion, supplied via an electronic switch, into mechanical movement. They can be
used as positioners or in variable speed drives.

DESCRIPTION

The stepper motors have a 4-phase stator and a permanent magnet rotor with 24 -poles,
allenclosedina robust aluminium housing. The motor coils are adapted to the elec-
tronic switch 9904 131 03003 (see relevant data sheet) for optimum performance.
The PD18has a square mounting flange while the SMDI19 is provided with a so-called
servo-flange (size28) and meets standard servo-mountrequirements. The motors
are characterized by their robust design and if desired they canbe made to satisfy
MIL specifications.

*) 1 gem = 10°4 Nm
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9904 112 18001
9904 112 19001

STEPPER MOTORS

PD 18
SMD 19

TECHNICAL DATA

Dimensions

8 connecting Leads

fe————1 725max —

h 60015
® o

NOK

75max:

1750{
==

@705 max

2

i 2003

1
;D_g-goos 203,

l l B B

8 connecting Leads

| rm:

T
run out 003max

1293414

2980max

[0} 8530005——’1

'*——(17852 0020
[+— 006320005

=

2 2760 max

Fig.la. @ () @
PD 18 \:
(in mm) ——I L«ss:m
}+—15780005
4-40 UNC 2b(4X)
—
Fig.1b.
SMD 19

(in inches)

Marking

[T

_._.
0.250 - 00005
09375-0001

le—— 25000005 ——

N

2500-00008 ——*
2734-0010———

run out
00012 max.

01200005 —*1

The connecting leads are colour-coded, see Fig., 2

Maximum

Holding to
Maximum
Maximum

Number of steps per revolution

Step angle

ull-in torque
P out q

rque
pull-in rate 1)
pull-out rate )

1000 gcm

1400 gcm
260 steps/s
340 steps/s
48

7° 30

TR

r*— 025010005

+10' non cumulative

Step angle tolerance
Direction of rotation

Mass moment of inertia of the rotor

electrically reversible

110 gcrn2

1y measuredwith 4-phase electronic switch9904 131 03003 and with the coils connected
according to Fig.2b.
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PD 18
SMD 19

STEPPER MOTORS

9904 112 18001
9904 112 19001

Maximum axial play (axial force 150 g)
Maximum axial force
Maximum radial force
Bearings
Weight
Ambient temperature range
operating
storage
Maximum permissible motor temperature

0.07 mm
2000 g
5000 g
ball

800 g

-54 to +85 °C
-62 to +110 °C
125 °C

Number of phases 4
Resistance per coil 9Q
Inductance per coil 25 mH
Current per coil 600 mA
Power consumption of the motor 6.5W
Insulation resistance at 500 V¢ 100 M2
-1
b — - o \
stepper | |
motor | :
I
| |
' I
I
[_1 ! 1 |
g ! | |
| | I
! 1
! I
| ‘;
¢ & SR ) I . )
1 3
Ly & &
: 5 3 5
HE: & o 3 $
input for S| 2 s 3 3 ?_; ]
direction L) 8| o g = 4 s
otation
Rﬂ ov| i S
- — ) I -
N8 28 i [ 4l 50 |88 70|86 %0 |14
I
| |
i i
| —— —_— S —_ |
NI ) G o _13‘_/.-53 AN SN i
input T 5 1T
s?(gpping 7299405

-
printed_wiring
connector *)

Fig.2a. Diagram for connecting the motor to the electronic switch via a printed-wiring
connector, without compensating network.

*) Figures refer to terminals of electronic switch.
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9904 112 18001

STEPPER MOTORS PD 18
9904 112 19001 SMD 19
[~
e - ———
stepper | |
motor | :
!
| | |
i | |
| |
i I |
e ! | I
! I
1
g g g i
‘ i
wlef o 3ls]l 2zl vl
L g £ &
@ £
= HEIER B HE:
= HE 5| g 33 of ¢
_— input for EARES 5| © el ¥ 5| &
— direction
— of
— rotation
R ov 1
| o Bttt F—T——-=—1 - —— 3
3 “ 5 6 7 8 9 0l je——m0—o
21 2/0 ° o CE o ° 6 :printtd_wiring
| | connector *)
|
| |
! _ (/_-_ ({___ _o !
R I i e By O e 8
T 5V
va
input
for
stepping R R
e | R Rv v Y| compensating
networ k
T T T™ -

ov

7299604

Fig.2b. Diagram for connecting the motor to the electronic switch via a printed-wiring
connector, with compensating network.

Ry =10Q (£5%), 8 W; Cy = 50 pF, 40 V d.c.; Vp = 12V d.c.;

R. =(V
s~ \Whp

[y} o

NI DN
5)/0.230 @

*) Figures refer to terminals of electronic switch.
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PD 18 STEPPER MOTORS 9904 112 18001
SMD 19 9904 112 19001

7258928

1200 I
torque :
(gcm) -
00 [N \\ 1
2N
l Ral A \.B
puli-in_torque \\pull—out torque
400 BEXNEEAN ™
oG TN \
A Y
AN
|
\‘\ \
\ \ T
0 !
0 100 200 300 400
steps/s
i 1 1 L J
0 125 250 375 500
rev/min

Fig. 3. Torque versus stepping rate, measured at room temperature. (Solid lines
obtainedwith circuit of Fig. 2b, dished lines «<triined with circuit of Fig. 2a).
Derating at low and high temperatures.

2000

applied
torque
(gem)

1500

1000

500

0 25 5 75
deviation (degrees)

Fig.4 Applied torque versus deviation
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PD 20 9904 112 20001

SMD 21 9904 112 21001

STEPPER MOTORS

QUICK REFERENCE DATA
Step angle 30 45"
Maximum torque 1600 gcm™)
Holding torque 1900 gcm™)
Maximum pull-in rate 650 steps/s
Maximum pull-out rate 6000 steps/s
70-657H1 RZ 26753-12

SMD 21

APPLICATION

These stepper motors have been designed for converting electrical digital informa-
tion, supplied via an electronic switch, into mechanical movement. They can be
used as positioners or in variable speed drives.

DESCRIPTION

The stepper motors have an 8-phase stator and a permanent magnet rotor with 24
poles, all enclosed in a robust aluminium housing. The motor coils are adapted to
the electronic switch 9904 131 03004 (see relevant data sheet) for optimum perfor-
mance.

The PD20 has a square mounting flange while the SMD21 is provided with a so-called
servo-flange (size 28) and meets standard servo-mount requirements. The motors
are characterized by their robust design and if desired they can be made to satisfy
MIL specifications.

*)1gem = 1074 Nm
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9904 112 20001 STEPPER MOTORS PD 20
9904 112 21001 SMD 21

TECHNICAL DATA

Dimensions

16 connecting Leads

@ 725max——— :T ‘[— 108 max ————~ *“] 2003 "*—

|
| \

\ —— ) 60015 —— 5 \ ‘*175
\

670.5mc|x ? 7-8009 20-802
| |

‘run_out G03max
l l H _1]

-
123963

Fig. la. PD 20 (in mm)

16 connecting Leads
[+—15760005 fe————————— 4270max —————- j+—078520020
\rsso 0185+0005 — iﬁOOSZKOOOS
| -F‘

»|
-

0.250 - 00005

]'L |

[PE—

09375 - 0001
fe——— 2500 20005 - ——

ta-— ——2500 ~ 00008
e——— 2734 - 0010 —

/run out
lo l ZJ)QOJZ max.

012020005+ f+— 025020005

Fig. 1b, SMD 21 (in inches)

Marking

The connecting leads are colour-coded, see Fig, 2.

B66 ” ” March 1971



PD 20 STEPPER MOTORS

SMD 21

9904 112 20001
9904 112 21001

in
Maximum pull- torque
P out a

Holding torque

Maximum pull-in rate 1)
Maximum pull-out rate )
Number of steps per revolution
Step angle

Step angle tolerance
Direction of rotation
Mass moment of inertia of the
rotor
Maximum axial play (axial force 150 g)
Maximum axial force
Maximum radial force
Bearings
Weight
Ambient temperature range
operating
storage
Maximum permissible motor temperature
Number of phases
Resistance per coil
Inductance per coil
Current per coil
Power consumption of the motor
Insulation resistance at 500 Vdc

1) measured with 8-phase electronic switch 9904 131 03004 and with the coils con-

nected according to Fig.2b.

1600 gcm

1900 gcm

650 steps/s

6000 steps/s

96

30 45’

+ 10’ non cumulative
electrically reversible

220 gem?2
0.07 mm
2000 g
5000 g
ball

1400 g

-54 to + 85 °C
-62 to +110 °C
125 0C

8

9Q

25 mH

550 mA

11 W

100 MS2
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STEPPER MOTORS PD 20

9904 112 20001
9904 112 21001

SMD 21
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9904 112 20001
9904 112 21001

STEPPER MOTORS

PD 20
SMD 21
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9904 112 20001 STEPPER MOTORS
9904 112 21001

PD 20
SMD 21

1500 7258924
torque
tgem) (TN
1200 !
AN
N
800 "y 8
1Y puli-in pull-out torque
torque [
1 |
400 af \\
bl N
]
t .
0 L
0 2000 4000 6000 8000
steps/s
0 1250 2500 3750 5000
rev/min

Fig. 3. Torque versus stepping rate, measured at room temperature. (Solid lines
obtainedwith circuit of Fig. 2b, dashed lines obtained with circuit of Fig. 2a).

Derating at low and high temperatures.

7299412.1
2000

applied
torque y
(gem) pd

1500

1000

0 25 5 75
deviation (degrees)

Fig.4. Applied torque versus deviation.
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PD 22 9904 112 22001
SMD 23 9904 112 23001

STEPPER MOTORS

QUICK REFERENCE DATA
Step angle 15°
Maximum torque 600 gcm*)
Holding torque 800 gcm™)
Maximum pull-in rate 140 steps/s
Maximum pull-out rate 460 steps/s
70-657H4 RZ 26753-15

PD 22 SMD 23

APPLICATION

These stepper motors have been designed for converting electrical digital informa-
tion, supplied via an electronic switch, into mechanical movement. They can be
used as positioners or in variable speed drives.

DESCRIPTION

The stepper motors have a 4-phase stator and a permanent magnet rotor with 12
poles, all enclosed in a robust aluminium housing. The motor coils are adapted to
the electronic switch 9904 131 03003 (see relevant data sheet) for optimum perfor-
mance.

The PD22 has a square mounting flange while the SMD23 is provided witha so-called
servo-flange (size 28) and meets standard servo-mount requirements. The motors
are characterized by their robust design and if desired they can be made to satisfy
MIL specifications.

*)1gem = 10”4 Nm

March 1971 ” “ B71



9904 112 22001

o s

STEPPER MOTORS PD 22
9904 112 23001 SMD 23
TECHNICAL DATA
Dimensions
Fig, la. 8 connecting Leads
PD 22 le———— ) 725max————= 75max | 20403 |e—
(in mm) [‘*m 60%015 ———= t’”‘i 6—] }»-—z
© ® il
® @ @705 max 7_8009 20_802
T
@ run_out 003max T
o ° o 1]

01

1293414

Fig. 1b 8 connecting Leads
. [*—15780005 le—————2980max j+— Q7850020
SMD 23 4~ounc2biax) 690+ 018520005—*| ] 006320005
(in inches) i g I 3 ‘
o «
8%z & 8 2
1515888
@ 2760 max é ® § 8 é
S g 548 S
run out
| ° 9) 00012 max.
' 77980001
0120¢0005—={ § *—0250%0005

Marking

The connecting leads are colour-coded, see Fig.2,

. in
Maximum pull ~out torque

Holding torque

Maximum pull-in rate )
Maximum pull-out rate 1)
Number of steps per revolution
Step angle

Step angle tolerance

Direction of rotation

Mass moment of inertia of the rotor

600 gcm

800 gcm

140 steps/s

460 steps/s

24

150

4 15" non cumulative
electrically reversible
110 gcm2

1y measured with 4-phase electronic switch 9904 131 03003 and with the coils con-

nected according to Fig.2b.
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PD 22 STEPPER MOTORS 9904 112 22001
SMD 23 9904 112 23001

Maximum axial play(axial force 150 g) 0.07 mm
Maximum axial force 2000 g
Maximum radial force 5000 g
Bearings ball
Weight 800 g
Ambient temperature range
operating -54 to + 85 °C
storage -62 to +110 °C
Maximum permissible motor temperature 125 °C
Number of phases 4
Resistance per coil 9 Q
Inductance per coil 20 mH
Current per coil 600 mA
Power consumption of the motor 6.5W
Insulation resistance at 500 Vg, 100 MQ2
i
e B ] —
motor | :
| |
| | |
— 1 | |
[ | |
‘E | I
! |
! I
I
| |
ol o 3 8] 12| 2 _r |
s
% £ g £
t for E é E' E‘ % bl %g <§>
raction g % gl 8 gl ¢ -
Htartion
R o] J) ] i
Y ISR S S ——1-
1 2 3 4 5 6 7 8 9 ol je——
o g ° o o (L o © Eprinted_wiring
| connector *)
|
—— —— I ——— |
. "0 12? 13/ 14 15C/ 16 170( 18 19({ 20] |
input T 5vl __________________________

for
stepping [ 7299405

Fig.2a. Diagram for connecting the motor to the electronic switch via a printed-
wiring connector, without compensating network.

*) Figures refer to terminals of electronic switch.
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9904 112 22001 STEPPER MOTORS PD 22
9904 112 23001 SMD 23

M
[ - ) -
stepper | | |
motor | | |
| | I
I | i
| |
! I |
— | ] —
Loy i I
b | U
! |
| | i
| | |
bole] 4 I 3 L2 2 Vil
] T T -T- -
Llg ] -]
T < [ <
2 b=
‘§ 2 % & % % c
S < < 3| 3
3| 3 gl ¢ 33 8l ¢
Input for CARES 5| o e @ & B
direction
Totation
R ov i .
LY SR A S S S P D _-}-
1 2 3 & 5 6 7 8 9 104 j=——
! o To ° ° o] ° ! printed_wiring
! | connector *)
i |
| —_ —— ({___ c{.-_ |
I O __17____'9‘,3.__‘2____2913
T +
) | Vo
input
for .
stepping R R R R
® v v v Y1 compensating
networ k
“ T Tt T
T 7799404 ov

Fig.2b. Diagram for connecting the motor to the electronic switch via a printed-
wiring connector, with compensating network.

Ry =10Q (£5%), 8 W;C, =50 uF, 40 V d.c.; V=12V d.c.;
Rg = (Vp - 5)/0.230 Q

*) Figures refer to terminals of electronic switch.,
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PD 22 STEPPER MOTORS 9904 "2 2200]
SMD 23 9904 112 23001

7258926

600
N [

torque \\ !
tgem) [\

400 \

\ \A Q
‘\ - S
pull—in torque pull-out torque
200 | ‘\ 3
\‘\ i
u\\ \\b ~N
\
RN
. RN I
0 100 200 300 400 500 600
steps/s
L 1 1 1 1 A —
0 250 500 750 1000 1250 1500
rev/min

Fig. 3. Torque versus stepping rate, measured at room temperature. (Solid lines
obtained with circuit of Fig. 2b, dashed lines obtained with circuit of Fig. 2a).

Derating at low and high temperatures.

72996111

1000

applied
torque
{gem)

]
750 A

500
/

250

0 5 10 15
deviation (degrees)

Fig.4. Applied torque versus deviation.
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PD 24 9904 112 24001
SMD 25 9904 112 25001

STEPPER MOTORS

QUICK REFERENCE DATA
Step angle 7° 30"
Maximum torque 900 gcm *)
Holding torque 1100 gcm *)
Maximum pull-in rate 350 steps/s
Maximum pull-out rate 3500 steps/s
70-657H1 RZ 26753 -12

PD 24 SMD 25

APPLICATION

These stepper motors have been designed for converting electrical digital informa-
tion, supplied via an electronic switch, into mechanical movement. They can be
used as positioners or in variable speed drives.

DESCRIPTION

The stepper motors have an 8 -phase stator and a permanent magnet rotor with 12 poles,
all enclosedina robust aluminium housing. The motor coils are adapted to the elec-
tronic switch 9904 131 03004 (see relevant data-sheet)for optimum performance.
The PD 24 has a square mounting flange while the SMD 25 is provided with a so-called
servo-flange (size 28) and meets standard servo-mount requirements. The motors are
characterized by their robust design and if desired they can be made to satisfy MIL
specifications.

*)1 gem = 1074 Nm
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9904 112 24001 STEPPER MOTORS PD 24
9904 112 25001 SMD 25

TECHNICAL DATA

Dimensions

16 connecting Leads
o 725max—————+f

fe———————108max—— ———— 2003
r——m 60£015 —— \ tfws» 6_*:’1”‘2 ”*
F —
@ ® % ‘ ==
| T—l
() () ?705 max 3 78000 20802
! L\Mo;t Q03max

o °® o . L/ |

T 299413
- -55+01

Fig. la. PD 24 (in mm)

16 connecting Leads
|+—1578+0005 - 4270max — f+—07852Q0020
r—GQO"' 018520005 ——-1‘1 r*— 006320005

iR f

>
-

0250 - 00005
[P

2 2760 max

2500 - 00008-

09375 - 6001
le———2500 1 0005

-

) / run out
| /00012 max.

01200005+ I<—0250*Q005

Sle———2734-0010—-

N

Fig. 1b. SMD 25 (in inches)

Marking

The connecting leads are colour-coded, see Fig. 2.
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PD 24
SMD 25

STEPPER MOTORS

9904 112

9904 112 24001

25001

. in
Maximum pull- torque
out

Holding torque
Maximum pull-in rate 1y
Maximum pull-out rate 1)
Number of steps per revolution
Step angle
Step angle tolerance
Direction of rotation
Mass moment of inertia of the rotor
Maximum axial play (axial force 150 g)
Maximum axial force
Maximum radial force
Bearings
Weight
Ambient temperature range
operating
storage
Maximum permissible motor temperature
Number of phases
Resistance per coil
Inductance per coil
Current per coil
Power consumption of the motor
Insulation resistance at 500 V4c¢

900 gcm

1100 gcm

350 steps/s

3500 steps/s

48

7° 30

+15' non cumulative
electrically reversible
220 gcrr12

0.07 mm

2000 g

5000 g

ball

1400 g

—-54 to +85 °C
-62 to +110 °C
125 °C

8

90

20 mH

550 mA

11w

100 M2

1) measuredwith 8-phase electronic switch9904 131 03004 and with the coils connected

according to Fig.2b.
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|
9904 112 24001 STEPPER MOTORS PD 24

9904 112 25001 | SMD 25
1000 7258926
torque
(gem}
800 \\
[
600 “\! \
T N
! \
w00 | Ne
1 - AN
mgull—m torque Qull-out torque
200 : l“%b \\ N
\
— \
= 0 it ™~
—_— 0 1000 2000 3000 4000
— steps/s
0 1250 2500 3750 5000
rev/min

Fig. 3. Torque versus stepping rate, measured at room temperature. (Solid lines
obtainedwith circuit of Fig. 2b, dashed lines obtained with circuit of Fig. 2a).
Derating at low and high temperatures.

2000 7299410.1

applied
torque
(gem)

1500

1000

/

0 5 10 15
deviation (degrees)

0

Fig.4 Applied torque versus deviation.
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ES 400 9904 131 03003

ELECTRONIC SWITCH
for 4-phase stepper motors

RZ 26753-1

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 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 I.C."s of the
F] series which need a supply voltage of 5V. 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 tran-
sistors developed for switching inductive loads. All comporents are mounted on a
double -sided printed-wiring board mating a printed-wiring connector with two rows
of 10 contacts and a contact pitch of 0.156 inch.
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9904 131 03003

ELECTRONIC SWITCH ES 400

for 4-phase stepper motors

TECHNICAL DATA

Dimensions (in mm and in inches) and terminal location
68.8max
(2.7Ymax)

max. thickness 15 mm

print side

436
428

I7Z

wﬂu 1]

_

0min
(0.39min)

94.2 max
(3.71max)

input for direction __] I | I
of rotation (R) o 4

motor leads

component side

Weight 40 g

Ambient temperature range

operating
storage
Power supply

voltage (V)

current (at Vp = 5V)

1299053

T

m
(aooaug o_gos)U U (0.315min)

14 min
(0.06 min)

40°
30° 7299085

Detailed view of the slot

0 to +70 °C
-40 to +70 °C

+5V + 5%
230 mA £ 10%

B84 | l
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ES 400 ELECTRONIC SWITCH 9904 131 03003

for 4-phase stepper motors

Input data

Direction of rotation

VR in "1" state (high level) >2.0V, <5V
see Note below
VR in "0" state (low level) <0.8V, =20V
IR (VR in "1" state) < 120 uA
-IR (VR in "0" state) <4.8mA
Maximum VR 5.5V
-IR, limiting value 20 mA
Stepping. —_—
VT in "1" state (high level) >2.0V, <5V E
VT in "0" state (low level) <0.8V,=0V -
IT (Vpin "1" state) < 250 uA
~IT (V1 in "0" state) < 6.4 mA
Maximum V- 5.5V
~I1, limiting value 20 mA
Pulse width (VT in "1" state) > 100 ns
Frequency < 25kHz

Output data

Permissible voltage (at each

output) <100V
Permissible current (per output) < 600 mA
Saturation voltage (Vcg) < 500 mV

Note: The level may change state only when the input pulse for stepping is in the
"0" state (low level).
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ELECTRONIC SWITCH ES 400

for 4-phase stepper motors

9904 131 03003

2506621

€Z

agn N ogn

—HH

€2

60
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05
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R SSaNanr e
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ES 400 ELECTRONIC SWITCH 9904 131 03003
for 4-phase stepper motors
Parts list

component description value tolerance
Cl1 electrolytic capacitor 125 uF, 10V -10/+50%
C2 capacitor 0.1 uF 10%
C3 capacitor 1 nF 10%
D1 -DS8 diode BAX13
D9 diode AAZ18
Ul integrated circuit FjJ121
U2 integrated circuit FJH131
U3 integrated circuit FJH161
R1 -R4 carbon resistor 390 2, 0.2 W 5% E
RS -R8 carbon resistor 519, 0.7W 5% —
R9 -R12 carbon resistor 6.8kQ, 0.2 W 5% -
R13-R16 carbon resistor 1802, 0.2 W 5%
Tl -T4 transistor BSW66
TS -T8 transistor BC107
Z1 zener diode BZY88/C5Vé6
Z2 -73 zener diode BZY88/C5V1
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ES 800 9904 131 03004

ELECTRONIC SWITCH
for 8-phase stepper motors

RZ 26753-2

APPLICATION

The electronic switch changes a train of input pulses into a sequential pulse output
which provides the required pulse pattern for driving &-phase 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 I.C."s of the
F] series 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 tran-
sistors developed for switching inductive loads. All components are mounted on a
double-sided printed-wiring board mating a 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 stepper motors

TECHNICAL DATA

Dimensions (in mm and in inches) and terminal location

122.2max
(4.81max)

max. thickness 15mm

1044 max
print side (4.11max)
91.0
90.2
(3.58
1 3.55

—000000000000000000000 0 ectms

J‘IIIIIIIII T
0

input for stepping (T) v H 2 3 4 5 6 2 8

input for direction | 5V

of rotation (R) motor leads )
" 2 ¥ &4 5 & 7 8 ;nfn
SR ! (mggégg; (0.315min)
nnbooooood

14 min
(0.06 min)

component side
7299053

40°
30° 7299085

Detailed view of the slot
Weight 80 g

Ambient temperature range

operating 0 to +70 ©°C

storage -40 to +70 °C

Power supply

voltage (Vp) +5V + 5%
current (at Vi, = 5V) 440 mA + 109
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ES 800 ELECTRONIC SWITCH

for 8-phase stepper motors

9904 131 03004

Input data

Direction of rotation

VR in "1" state (high level)
VR in "0" state (fow level)
IR (VR in "1" state)

-Ig (VR in "0" state)
Maximum Vg

-IR, limiting value

Stepping

Vo in "1" state (high level)
VT in "0" state (low level)
I (Vpin "1" state)

-Ip (V1 in "0" state)
Maximum VT

-IT, limiting value

Pulse width (V in "1" state)

Frequency

Output data

Permissible voltage (at each
output)

Permissible current (per output)

Saturation voltage (V~g)

>2.0V, <5V
<0.8V, =20V
200 uA
< 8§ mA

see Note below

A

5.5V

20 mA

v

2.0V, €5V
<0.8V, =0V
< 400 pA
< 12.8 mA
5.5V
20 mA
> 100 ns

< 25 kHz

<100 V
< 600 mA
< 500 mV

Note: The level may change state only when the input pulse for stepping is inthe

"0" state (low level).

April 1971 | |
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ES 800 ELECTRONIC SWITCH 9904 131 03004
for 8-phase stepper motors

Parts list
component description value tolerance
Cl electrolytic capacitor 125 uF, 10V -10/+50%
C2 capacitor 0.1 uF 10%
C3 capacitor 1 nF 1095
DI -Dl6 diode BAX13
D17 diode AAZILS
Ul integrated circuit Fjj121
U2 integrated circuit FJJ121
U3 integrated circuit FJHI131
U4 integrated circuit FJHl161 o
Us integrated circuit FJH161 —
U6 integrated circuit FJHI121 —
R1 -R§ carbon resistor 390 2, 0.2 W 3%
R9 -R16 carbon resistor 5192, 0.7W 5%
R17-R24 carbon resistor 6.8 k2, 0.2 W 5%
R25-R32 carbon resistor 180, 0.2 W 3%
T1 -T8 transistor BSWo66
T9 -Tl16 transistor BC107
Z1 zener diode BZY88/C5V6
72 -73 zener diode BZY88/C3V1
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GENERAL

GOVERNED SMALL
D.C. MOTORS

APPLICATIONS

The governed d.c. motors have been developed for use with an electronic speed con-
trol unit to keep the speed of the motor within narrowlimits under variations inload,
supply and temperature. Sample electronic control units or circuit diagrams are a-

vailable on request.
The motors can be used in a wide range of applications.

Recording instruments:

- cassette recorders

- portable tape recorders

- record players and changers

- chart and pen-driving units in recording instruments

Optical industry:
- film cameras (film drive and zoom lens drive)
- slide projectors

Measurement and control equipment:
- small battery timers

- domestic clocks

Instruments for automation

March 1971 “ H
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9904 120 01501

DIRECT CURRENT MOTOR
in deep drawn metal housing

RZ 27077-6

QUICK REFERENCE DATA

Nominal voltage 4.5 Vq4c

Speed 2000 rev/min

Input power max. 0.6 W

Torque min. 11 gcm *)
APPLICATION
This small d.c. motor has been designed for applications which require a high qual -
ity.
Examples:

- small tape recorders (cassette recorders)
- record players

- record changers

- film cameras

- car cassette radios

DESCRIPTION

The motor has been provided with a permanent magnet system, consisting of a ring
magnet with which a very low holding torque has been obtained. It has a nickel-plated
deep drawn steel housing. The built-in spark suppressor (V.D.R.) increases the
collector life considerably.

The motor is suitable for operation in tropical environments.

*) 1 gcm = 10_4 Nm
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9904 120 01501 DIRECT CURRENT MOTOR

in deep drawn metal housing

TECHNICAL DATA
Dimensions in mm < 236max—s “2?
(rotor in highest
34max +— 2max position;aaiul
—_— 1max play of rotor 06 max)
O % 2h5
120 l
+(red) I —(blue)
72990201
Weight 100 g

The values given below apply to an ambient temperature of 22 £ 5©°C, an atmos-
pheric pressure of 860-1060 mbar and a relative humidity of 45-75%.

Nominal values

Voltage 4.5V(dc
Torque min. 11 gcm *)
Speed

at nominal load 2000 rev/min

at no load 2650 + 250 rev/min
Current

at nominal load max. 0.110 A

at no load max. 0.035 A
Starting torque min. 50 gcm *)
Input power max. 0.6 W
Induced voltage at 3000 rev/min 4.4-5.1V
Rotor resistance measured statically

with brushes 10+£0.7Q
Direction of rotation clockwise, see dimensional drawing
Ambient temperature range -10 to +50 °C
Bearings slide-bearings
Maximum radial force on the bearings 100 g *)

*) 1 gem = 10"4 Nm
lg =10"2N

Cé6 | I | | March 1971



DIRECT CURRENT MOTOR 9904 120 01501

in deep drawn metal housing

Maximum axial force 10g *)

Maximum axial play 0.6 mm

Rotor inertia 10.2x 1073 gcms2 *)

Housing, material steel, deep drawn
finish nickel -plated

Limiting conditions

The following maximum values should never be exceeded.

Maximum voltage 6 Vdc
Maximum permissible load 18 gcm *)
Maximum permissible input current 0.15A
Maximum speed 3000 rev/min
Maximum output 0.5W
- L —
2 - < 19904 120 01501
> < E 3
v e >
PEER —— i
() & e .
T 6045 Qs-z 3000 < —-— at 6V
® (Y] -
TN
4 4 o e
S -
401 04{ 2000 NC R el
.Jeff*ciencyz N[
] speed
N <
201  o2{ 000l N NE TN
N
] ] VW
N\ N b
N N
0 20 40 60
torque (gcm)

The curves are measured on an arbitrary motor,

REMARK

The motor can be used with the electronic speed control unit 9904 132 01006; see
the relevant data sheet.

*)1gem = 1074 Nm
1lg =10"2N
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9904 120 01502

DIRECT CURRENT MOTOR
with interference-suppression filter

RZ 2707721

QUICK REFERENCE DATA
Nominal voltage 4.5 Vgc
Speed 2000 rev/min
Input power max. 0.6 W
Torque min. 11 gecm *)
APPLICATION

This small d.c. motor has been designed for applications which require a high qual-
ity, e.g. musical equipment.

DESCRIPTION

The motor has been provided with a permanent magnet system, consisting of a ring
magnet with which a very low holding torque has been obtained. It has a housing of
extruded aluminium. The built-in spark suppressor (V.D.R.) increases the collec-
tor life considerably. An interference-suppression filter has been incorporated in
the housing so that there can be no objection to building in this type of motor close
to equipment that is sensitive to electrical interference.

The motor is suitable for operation in tropical environments.

*) 1 gem = 1074 Nm

June 1969 ll ” co



9904 120 01502

DIRECT CURRENT MOTOR

with interference-suppression filter

TECHNICAL DATA

Dimensions in mm

355

05max —» po—

.9
33
(rotor in highest
position; axial

play of rotor 06 max)

| )

¥ons L]

70
+(red)

Weight

72990121

100 g

The values given below apply to an ambient temperature of 22 + 50C, an atmos-
pheric pressure of 860-1060 mbar and a relative humidity of 45-75%,.

Nominal values
Voltage
Torque
Speed
at nominal load
at no load
Current
at nominal load
at no load
Starting torque
Input power

Induced voltage at 3000 rev/min

Rotor resistance measured statically
with brushes

Direction of rotation

Ambient temperature range

Bearings

Maximum radial force on the bearings

Maximum axial force

Maximum axial play

Rotor inertia

Housing, material

*) 1 gem = 104 Nm
lg =10"2N

4.5Vg4c
min. 11 gcm *)

2000 rev/min
2650 + 250 rev/min

max. 0.110 A
max. 0.035 A
min. 50 gcm *)
max. 0.6 W

4.4 -5.1V

10+£0.7Q

clockwise, see dimensional drawing
-10 to +50 °C

slide bearings

100g ™

10g ™

0.6 mm

10.2 x 1073 gems?2 *)

aluminium; extruded

o ||
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DIRECT CURRENT MOTOR 9904 120 01502

with interference-suppression filter

Limiting conditions

The following maximum values should never be exceeded.

Maximum voltage 6 Vdc
Maximum permissible load 18 gem *)
Maximum permissible input current 0.15A
Maximum speed 3000 rev/min
Maximum output 0.5W
Ij I 9904 120 01502
< < 3
= « £ [
v hed >
< + é \ o Gt 3Vgc
K] & v at 45V,
£ 609 5 0.6 § 3000 . —-— at 6V
. o @
"am N
N . /'
40 0.4 2000 \\ N Zurrent
.Jeff-ciency /) NE
speed P
N SANEN
20 02{ 1000 > NCTF
| i N R
N \.‘
~A N
0 20 40
torque (gcm)

The curves are measured on an arbitrary motor.
REMARK

The motor can be used with the electronic speed control unit 9904 132 01006; see the
relevant data sheet.

*) 1 gecm = 10 ~4 Nm
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9904 120 03101

DIRECT CURRENT MOTOR

-
QUICK REFERENCE DATA
Nominal voltage 3.2 Vgc
Speed 2000 rev/min
Input power max. 0.85 W
Torque min. 18 gcm*)
APPLICATION

This small d.c. motor has been mainly designed for servo purposes in a wide range =—
of professional and industrial applications.

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 housing of sintered iron.

A special construction of a flat collector, a light brush construction and a built-in
spark suppressor (V.D.R.) guarantee a smooth running.

The motor is suitable for tropical environments.

*)1 gem = 10~4 Nm
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9904 120 03101 DIRECT CURRENT MOTOR

TECHNICAL DATA
Dimensions in mm
1max
-~
S, 4xM16
T L ’ +(blug
. \ —_——
P AT vt {@. g E—=—15h5 10-003
N
r _L_/KT/ —(brown) L
7Z98015.1
1]
~115 21.8-02 -+
le—224-02 > le— 23max—s 7-05
Weight approx. 45 g
The values given below apply to an ambient temperature of 22 + 5 °C, an atmos-
pheric pressure of 860-1060 mbar and a relative humidity of 45-75%.
Nominal values
Voltage 3.2 V4c
Torque min, 18 gcm *)
Speed
at nominal load 2000 rev/min
at no load 3000-3500 rev/min
Current
at nominal load max. 0.265 A
at no load max. 0.05 A
Starting voltage at no load max. 0.6 Vq4c
Starting torque min. 45 gcm *)
Input power max. 0.85 W
Induced voltage at 3000 rev/min 2.6-3.1V
Rotor resistance measured statically
with brushes 4.5 Q2+ 10%
Direction of rotation counterclockwise, see dimensional
drawing
Ambient temperature range -10 to +50 oC
Bearings slide bearings; self-lubricating
Maximum radial force on the bearings 100 g *)
Maximum axial force 10 g *)
Maximum axial play 0.4 mm
Rotor inertia 4,10-3 gcms? *)
Housing, material sintered iron
finish blackened
*)1 gcm = 10~4 Nm
lg =10"2N

l
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DIRECT CURRENT MOTOR 9904 120 03101

Limiting conditions

The following maximum values should never be exceeded.

Maximum voltage 5 Vge
Maximum permissible load 25 gcm *)
Maximum permissible input current 0.35 A
Maximum speed 3500 rev/min
Maximum output 0.8 W
719!0|§_
I~ € |9904 120 03101
S S 5
s T |E
[y + [—
o S = N current
2 |E é N
©50/%0s|7 LN d
) NJNL LS
40| 04 Sy
2000 X
30| o3 | efficiency
AN
20| 02]1000 7 speed
4
10 01 7 \
y
0O 10 20 30 40 50 60

torque (gcm)
The curves are measured on an arbitrary motor.

REMARKS

— A circuit diagram of an electronic speed control, suitable for this motor, can be
supplied on request.

- Special long-life versions for use ine. g. small recorders are available on request.

*) 1 gem = 1074 Nm
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9904 120 53..

DIRECT CURRENT MOTORS

with reduction

QUICK REFERENCE DATA
catalogue nominal reduction speed input torque
number voltage ratio (rev/min) power (gcm *)
(Vde) (W)

9904 120 53101 3 27 1 96 0.45 150
9904 120 53102 3 15.8: 1 162 0.45 90
9904 120 53103 3 10 :1 258 0.45 35
9904 120 53104 3 1.6:1 1600 0.45 |

APPLICATION

These small d.c. motors with reduction have been mainly designed for servo pur- <+—
poses 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.

*) 1 gem = 1074 Nm
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DIRECT CURRENT MOTORS

9904 120 53. with reduction

DESCRIPTION

The motors have been provided with a housing of sintered iron.

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

A special construction of a flat collector, a light brush construction and a built-in
spark suppressor (V.D.R.) guarantee a smooth running.

The motors are suitable for use with an electronic remote control unit.

They can be used in tropical environments.

TECHNICAL DATA

Dimensions in mm

+(black) q
O
27.1-
—(brown)
—uf| [a—{max L
~115 218-02 1.7-»
le———23max 15 —>167*02

g
— =]

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

Weight approx. 65 g

C18 |l Il March 1970



DIRECT CURRENT MOTORS 9904 120 53..
with reduction

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

Nominal values

Catalogue number 9904 120 ..... 53101 53102 53103 53104
Reduction ratio 27:1 [15.8:1| 10:1 1.6:1
Voltage 3 3 3 3 Vg4
Torque 150 90 55 11 |gcm *)
Speed at nominal load 96 +12{162 + 20258 + 31 {1600 £ 180| rev/min
at no load 110+ 12190 + 20| 298 4+ 31 | 1870 + 200| rev/min
Current at nominal load <0.15 | <0.15 | <0.15 < 0.15 A
at no load <0.05 | <0.05 | <0.05 < 0.05 A
Starting voltage at no load < 1] < 1] < 1 < 1 Vac
Starting torque > 750 | > 450 | > 285 | > 55 |gcm¥)
Input power <0.45 | <0.45 | <0.45 < 0.45 w
Maximum radial force
on the bearings 200 200 200 100 g™

Induced voltage at 3000 rev/ min (rotor speed)  between 2.6 and 3.1 V

Rotor resistance measured

statically with brushes 4.5 2+ 10%

Direction of rotation clockwise, see dimensional drawing
Ambient temperature range -10 to 450°C

Maximum axial force 100g *)

Maximum axial play 0.2 mm

Rotor inertia 4.1073 gems?2

Housing, material of motor sintered iron

material of gearbox steel

*) 1 gcm = 10~4 Nm
lg =10"2N
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9904 120 53..

with reduction

DIRECT CURRENT MOTORS

Limiting conditions

The following maximum values should never

be exceeded.

53103 53104

Catalogue number 9904 120 ..... 53101 53102
Maximum voltage S 5
Maximum permissible load 470 280
Maximum permissible input curfent | 0.35 0.35
Maximum speed 130 220
Maximum output 0.6 0.6

5 5 | Vae
175 35 | gcm ¥*)
0.35 0.35 A
350 2200 rev/min
0.6 0.7 w

Note— The gears of the gearbox can easily withstand a load of 1000 gcm *) on the

outgoing spindle.

*) 1 gcm = 1074 Nm

1
E c 9904 120 53101
< E
< =
g |~ 3
c - v
I -
2 g & |speed current
¢ 503 050(a 100
RS
[ N
I Py
25| azs5] so Nefticiency
N
0 0 0
0 500 1000 1500
torque(gcm)
72
5 T [9904 120 53101
o > £
< =
g
‘s 50[{2010|2 110 ulrre'nt
efficiency]
—
/,
>~
.
25| 005| 1001 cpeed
/'
/f
4
0 0 90
0 S0 100 150
torque(gcm)

o
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DIRECT CURRENT MOTORS 9904 120 53..
with reduction

7299363

|~ = 9904 120 53102
o o~ =
SEC
5 = [
I 50| asol
= 50| 5 Q5013 200 = % Jrren
ViEAN /
™ N
N
N
25| azs| 100 I’ ‘\\
Al ]
N Nefficiency |
7 speed
0 0 0
250 500 75
torque(gcns
7Z 90368
E T 9904 120 53102
= E
< =
o v § culrrTnt ——
3
c 5013 010]53200 efficiency| |
T
25| 005 150 Nlspeed
-
of o] 100§
0 50 100 15Q
torque(gcm)

March 1970 H H Cc21



9904 120 53.. DIRECT CURRENT MOTORS
with reduction
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MOUNTING

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

The bearing of the outcoming spindle can also be used as a centring piece.

REMARKS

Versions for other supply voltages and with different speeds can be supplied on re-
quest.

In the future motors with other reduction ratios will be available.

~— A circuitdiagram of an electronic 4-speed control unit can be supplied on request.
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9904 132 01006

ELECTRONIC SPEED CONTROL UNIT
for direct current motors

9904 120 01501 and 9904 120 01502

RZ 27077-3

QUICK REFERENCE DATA
Voltage range 5to 9 Vqye
Speed 2000 rev/min
Torque > 6 gcm*)

GENERAL

With this electronic speed control unit the speed of the motor 9904 120 01501 or
9904 120 01502 is kept within narrow limits under variations in load, supply voltage
and temperature.

The combination of motor and speed control unit is very suitable for use ine.g.
tape recorders, record players and record changers.

The unit can be used in tropical environments.

*) 1 gem = 1074 Nm
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ELECTRONIC SPEED CONTROL UNIT
for direct current motors
9904 120 01501 and 9904 120 01502

9904 132 01006

TECHNICAL DATA (See also the data sheets of the motor used with the speed con-
trol unit)

Dimensions in mm

3(location boss, 2x)

component 17 19

bt

21—»f
= - = P
M25 285 —
4, |
23
“““ 13 l
¥
L “‘5 7299049

Connecting diagram

r red
M+ D+ @
-+
- 9 9904 120 01501
o

r
9904 132 01006

9904 120 01502
blue

7299050

The data given below are valid for the combination of the electronic speed control
unit and motor 9904 120 01501 or 9904 120 01502.

Voltage range S5Sto 9 Vye
Torque at 5 V¢ > 6 gcm*)
Speed at nominal load 2000 rev/min
Current at no load < 35 mA {imotor)+8 mA (control unit)
Starting torque at 5 V¢ > 30 gcm*)
at 9 Ve > 60 gem*)

Speed control range for variations of:

supply voltage between 5 and 9 Vqc and

load between 3 and 6 gcm*) and tem -

perature between 0 and 45 oC 2000 rev/min + or -39
Ambient temperature range -10 to +50 oC

*)1 gem = 104 Nm
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ELECTRONIC SPEED CONTROL UNIT
for direct current motors 9904 ]32 O] 006
9904 120 01501 and 9904 120 01502
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9904 132 01006 ELECTRONIC SPEED CONTROL UNIT

for direct current motors
9904 120 01501 and 9904 120 01502

3000 Resgse
—al
speed aemae At 7.5Vgc
(rev/min) E—— zczlto(s:vdc
2000
\
\ %‘\\
\ \ \\
\} L \
A \
\ \
\
A
A}
1000 \ \
AN
\
LY
\ \
M \
\
\ )
ML
\ A
\
0 A Y
0 50 torque (gcm) 100

The curves are measured on an arbitrary motor.

MOUNTING

The electronic speed control unit should be mounted on a suitable heatsink.
The unit can be fixed with a screw M 2.5.

oo | |
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GENERAL

UNGOVERNED SMALL

D.C. MOTORS

APPLICATIONS

The ungoverned d.c. motors can be used in a wide range of applications:

Small household appliances:
— hair dryers

— clothes and shoe brushes
— tooth brushes

- manicure sets

- fans

- scissors

- knives

- mixers

— deodorizing systems

Motor car industry:

- demister systems

- actuator systems

- radio-tuning devices

- windscreen washer pump

Toy industry:

- high quality toys

- remotely controlled toys e.g.cars, trains, boats, dolls
- building kits

March 1971 ‘ I
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9904 120 07..
9904 120 08...

DIRECT CURRENT MOTORS

RZ 25905-2 RZ 26709-1

9904 120 07401 9904 120 08401
9904 120 07601 9904 120 08601

QUICK REFERENCE DATA

Nominal voltage

motors 9904 120 07401 and 9904 120 08401 6 Vdc

motors 9904 120 07601 and 9904 120 08601 12 Vi
Speed 3900 rev/min
Input power 2 W
Torque 30 gcm¥)

APPLICATION

These small d.c. motors have been designed for applications which require high

quality and long life.

Examples:

- motor car industry: fans, demister systems, actuator systems,

- small-household-appliance industry: electrical clothand shoe brushes, deodorised
systems, hair dryers,

- toy industry: high quality toys and building kits.

*)1 gem = 107% Nm

December 1969 l l H C29



9904 120 07..
9904 120 08..

DIRECT CURRENT MOTORS

DESCRIPTION

The motor has been provided with a permanent-magnet system. It has a grey, in-
jection - moulded housing of polyacetal resin, which offers an excellent resistance
to chemicals and corrosion. A special advanced construction of a flat commutator,
brass-graphite brushes, anda built-in spark suppressor (V.D.R.) guarantee a good

performance during its whole life.

TECHNICAL DATA

$35

$34

6.2
16
“0-7!“01
1]
, 2,
~3 I 'S
s - — =t
-2
|

7298690.2

D.C. motors 9904 120 07401 and 9904 120 07601. The direction of rotation is given
in connection with the polarity.

6.2

16

:

‘107 max

$34
9334

T

405

©
r
~N

[
;
11202

72908341

D.C. motors 9904 120 08401 and 9904 120 08601. The direction of rotation is given
in connection with the polarity.

Weight

approx. 90 g

C30
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DIRECT CURRENT MOTORS

9904 120 07..
9904 120 08...

The values givenbelow apply to an ambient temperature of 22 + 5°C, an atmospher-
ic pressure of 860 - 1060 mbar and a relative humidity of 45 - 75%.

Nominal values

motors 9904 120 07401 |motors 9904 120 07601

and 9904 120 08401

and 9904 120 08601

Voltage

Torque

Speed at nominal load
at no load

Current at nominal load

at no load

Starting torque

Input power

Direction of rotation

Ambient temperature range
Bearings
Maximum radial force on the
bearings
Maximum axial force
Housing, material

colour

Limiting conditions

0.375 A
0.095 A

6 Ve 12 Ve
30 gcm™)

3900 rev/min

4900 rev/min

0.190 A
0.055 A
min. 120 gcm®)
2w

reversible, see dimensional

drawing

-20 to +60°C

sintered bronze; self-lubricating

250 g%

200 g

polyacetal resin

grey

The following maximum values should never be exceeded.

motors 9904 120 07401 | motors 9904 120 07601

and 9904 120 08401

and 9904 120 08601

Maximum voltage

Maximum permissible loadat 6 V4.
atl2 VdC
at24 Vgc

*)1lgem = 104 Nm
lg =~102N

12 Vge 24 Vdc

60 gcm™)

30 gcm®) 60 gcm *)
30 gcm *)
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9904 120 07... DIRECT CURRENT MOTORS
— < 9904 120 07401
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The curves in full lines are representative for our motors; these in dotted lines will
give an information about the possible spread in the performances.

MOUNTING

The motors with a square flange with mounting holes (catalogue numbers

9904 120 07401 and 9904 120 07601) can be fixed by means of four screws (M 2.6)
and nuts.

REMARKS

Versions for other supply voltages and with different speeds can be delivered onre-
quest.

A series of smalld.c. motors with gearbox and with a square flange, offeringawide
range of gear ratios, can be delivered under catalogue numbers 9904 120 51401 to

9904 120 51411 for a supply voltage of 6 V3c and 9904 120 51601 to 9904 12051611
for a supply voltage of 12 V4.
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9904 120 514..
9904 120 516..

DIRECT CURRENT MOTORS

with reduction

QUICK REFERENCE DATA
catalogue numbers reduction | speed input | torque
nominal voltage 6 V4c|nominal voltage 12 Vg.| ratio |(rev/min)|power|(gcm ™)
(W3
9904 120 51401 9904 120 51601 5.57 : 1| 690 2.1 100
9904 120 51402 9904 120 51602 9 t 1| 435 2.0 150
9904 120 51403 9904 120 51603 16.7 1| 235 2.0 300
9904 120 51404 9904 120 51604 27 1| 143 2.1 500
9904 120 51405 9904 120 51605 50 1 83 2.0 750
9904 120 51406 9904 120 51606 81 1 49 2.2 1500
9904 120 51407 9904 120 51607 150.4 :1 28 1.5 1500
9904 120 51408 9904 120 51608 243 01 18 1.2 1500
9904 120 51409 9904 120 51609 451.25:1 9.8 1.0 1500
9904 120 51411 9904 120 51611 729 1 6.3 0.8 1500
* -4 N\
) lgcm = 107* Nm
February 1970 H C33



9904 120 514.. DIRECT CURRENT MOTORS
9904 ]20 5]6 with reduction

APPLICATION

These smalld.c. motors with integrated gearboxes have been designed for applica-
tions which require a driving motor of good quality and a long life.

Examples:

- automation systems

- chart and pen-driving units for portable recorders
- rotating antenna systems

- rotating warning lights

- positioning of searchlights e.g. on cars

- electric cloth-brushes and shoe-brushes

- high-quality toys and building kits.

DESCRIPTION

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

A voltage dependent resistor is builtin and acts as a spark suppressor. This and the
fact that the commutator is flat make for a good interference suppression so that the
motor can also be remotely controlled.

The grey injection-moulde hotsing of polyacetal resin is highly resistant to chemi-
cals and corrosion.

Mounting the motor is easy since it is provided with a flange having four holes.

MOUNTING

The motor can be fixed by means of four screws M2.6 and washers. (See dimen-
cional drawing.)

C34 H H February 1970



DIRECT CURRENT MOTORS 9904 120 514..
with reduction 9904 ]20 5]6.

TECHNICAL DATA

Dimensions in mm

15
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#39

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

The values given in the tables on pages 4 and 5 apply to an ambient temperature of
22 +5°C, an atmospheric pressure of 860 - 1060 mbar and a relative humidity of

45 - 75%

Ambient temperature range -20 to +60 °C

Bearings bronze, self lubricating

Maximum axial play 0.5 mm

Housing, material polyacetal resin
colour medium grey

Gears, material polyacetal resin

Weight approx.110 g
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DIRECT CURRENT MOTORS
with reduction

9904 120 514.
9904 120 516..
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9904 120 514.. DIRECT CURRENT MOTORS
9904 120 5]6 with reduction

The solid curves are typical, the dotted ones indicate the spread in the performances.
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DIRECT CURRENT MOTORS 9904 120 514..
with reduction 9904 ]20 5]6..
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REMARKS

Versions for other supply voltages can be supplied on request.

Motors with metal gearwheels are available for higher output torques.
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9904 120 54301

DIRECT CURRENT MOTOR DRIVE UNIT
with integrated gearbox

A 52731-1

3

QUICK REFERENCE DATA
Nominal voltage 4.5 V{dc
Speed 225 rev/min
Input power 1.7 W
Torque 200 gcm *)

APPLICATION

This small d.c. motor drive unit with integrated gearbox has been especially de-
signed for the toy industry (making toy cars, trains, sewing machines, dolls, etc.).
It has a high-speed and a low-speed spindle so that it is highly suited for a combined
function, e.g. in model helicoptersor airplanes, where the low-speed spindle drives
the wheels and the high-speed spindle the propellers.

Furthermore it can be used in small household appliances, such as electrical cloth
and shoe brushes. For use in e.g. electric shavers and motorised boats, the motor
can be supplied without gears.

DESCRIPTION

This motor drive unit consists of a d.c. motor and an integrated reduction gear,
gear ratio 20.44 : 1. The complete assembly is encapsulated in a housing of poly-
acetal resin. A high-torque low-speed output is provided by the two ends of the spin-
dle of the reduction gear. This spindle is perpendicular to the motor armature spin-
dle, which provides a high-speed output.

Electrical connection to the motor is made by two solder tags.

The motor has been provided with four mounting ears.

If interference suppression is required, e.g. for remote control purposes, the mo-
tor can be supplied with a built-in spark suppressor (V.D.R.), which does the job
properly thanks to the special flat-shaped long-life commutator.

*) 1 gem = 104 Nm
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9904 120 54301|| DIRECT CURRENT MOTOR DRIVE UNIT
with integrated gearbox

TECHNICAL DATA

) . —>4 461 >
Dimensions in mm ‘
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The direction of rotation is given in connection with the polarity.

Weight

approx., 30 g

Thevalues given below apply to an ambient temperature of 22 + 5 °C, an atmospher-
ic pressure of 860 - 1060 mbar and a relative humidity of 45 - 75%.

Nominal values

Voltage

Torque:

Speed at nominal load
at no load

Current at nominal load

at no load

Starting torque

Input power

Direction of rotation

Ambient temperature range
Maximum radial force on the bearings
Maximum axial force
Housing, material

colour

*) 1 gcm = 10"4 Nm
1g =10"2N

4.5 Vde

200 gcm™)

225 rev/min
280 rev/min
0.36 A

0.135 A

>750 gcm *)
1.7 W
reversible; see dimensional
drawing

=10 to +50 oC
1000 g™)

500 g*)
polyacetal resin
white

C42 II
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DIRECT CURRENT MOTOR DRIVE UNIT || 9904 120 54301

with integrated gearbox

Limiting conditions

The following maximum values should never be exceeded.

Maximum voltage 6 Vdc
Maximum permissible load 300 gcm *)
1299288
£ 30|~ 1s|E 300 HEE 9904 120 54301
> : B " pg, @TTICIENCY
H P H N P 2
* c =3 N N
° 4 3 N N ]
; § §» N N < curren
20 1 200 ™ '\\ f/’ -
3 N M &
'~ : dPd N
A20X3 [ [N
b’ \.\ \\
10 0.| 100 ” //,4 s NRC
ALY N
d speed
N
9 L of | N
0 250 500 50 7000
torque(gcm)

The curves in full lines are representative for our motors; these in dotted lines will
give an information about the possible spread in the performances.

MOUNTING

The motor can be fixed by means of four screws.

REMARKS

Versions are available on request:

- for other supply voltages and with other speeds

- with a reduction gear spindle with other lengths (maximum 120 mm)
- with the reduction gear spindle shifted to left or to right.

*)1 gem = 1074 Nm
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Tachogenerators and servomotors

Servomotor
D.C. tachogenerators
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9904 121 ooon

SERVOMOTOR

symmetric asynchronous type with a.c. tacho-generator

RZ 2707710

QUICK REFERENCE DATA

Nominal voltdge, reference coil
control coil

Speed at no load

Input at no load, reference coil
control coil

Maximum torque

110, 220V, 50 Hz
9, 18V, 50 Hz

> 2400 rev/min
< 3 W
< 3 W

Z 135 gcm ¥)

APPLICATION

This asynchronous motor with incorporated tacho-generator has been specially de-
signed for closed loop compensating circuits, requiring accurate setting, asused in:

- recording measuring instruments
- electronic weighing equipment
—~ proces control equipment.

No maintenance is required. It is suitable for tropical environments.

*) 1 gcm ~ 10 "4 Nm
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SERVOMOTOR

9904 121 0001 symmetric asynchronous type

with a.c. tacho-generator

DESCRIPTION

The motor is equipped with 4 coils, 2 of which beingmains fed (motor reference coils),
whereas the other 2 (control coils) are to be connected to an amplifier.

The input of thisamplifier is driven by the difference involtage between the record-
ing element andthe potentiometer with indicator driven by the motor. If this differ-
ence is zero, the amplifier receives no input signal and supplies no output voltage
to the control coils, so that the motor stops.

As soon as there is a voltage difference, the motor will begin to rotate so that the
potentiometer is moved until the difference disappears again.

Owing to the momentum of motor and system, the indicator will overshoot the zero
position, thus giving rise to another voltage difference which starts the motor anew.
The result is that the motor will oscillate round the zero point. The built-in tachom -
eter -generator suppresses the oscillation by generating a voltage which opposes the
abovementioned voltage difference.As the indicator approaches the correct position,
the voltage difference is very low and equals the e.m.f. of the generator. As a re-
sult the input voltage of the amplifier iszerobefore the indicator arrives atthe cor-
rect point, The indicator travels to the correct point driven by the momentum of mo-
tor and system. Finally the voltage difference and the e.m.f. of the generator be-
come zero, and the whole system is in neutral position.

LaAa) L‘ indicator

5 13 £]
F ' F;generutora

m A

——] " potentiometer
ref
amplifier ] — }————4
p Voglﬁe‘ 7299532
4 J '
mains voltage recording element

D4 l | January 1971



SERVOMOTOR

symmetric asynchronous type
with a.c. tacho-generator

9904 121 0001

TECHNICAL DATA
Dimensions in mm

445
"

outlet for connecting wires Q
1
36

| I
i :
5
g .
‘5 3%1: 4
| 4 $8-005
1 Jls 1 30° | q"-mﬁ._
' ] I
il 6 7
102 ¥
68
-
@ i Dle=— Module : 0.5
! X ! Number of teeth: 14
— @ — -, 52 56 68 i .
T 7] 10 Height of teeth: 1.1
de e
o | ofee=s
[ Faadil - - 4 T 729983
aMy| e
s
76—
Connecting diagram
generator
motor ?
)i
7299533
< 3 x < c
o 2 > ° v H &
= R -
HEEEE sl | = s oz E 3
Bl B55|% 58 % HEE I
6 646 66 6 )
6 5 47 8 23 1 10 9 earth

Reference coils of motor

5 and 6 interconnected;
between 4 and 6: 110 V, 50 Hz,
6 and 7 interconnected and
4 and 5 interconnected.

Control coils of motor

Reference coils of generator
Outgoing coils of generator

between 1 and 3: 18 V,
between 1 and 2:
between 2 and 3: 9V,
between 7 and 8: 50 V,
between 9 and 10.

9V,

between 4 and 7: 220 V, 50 Hz and

50 Hz;
50 Hz and
50 Hz.
50 Hz.

January 1971 | |



SERVOMOTOR
9904 ]2] 000" symmetric asynchronous type

with a.c. tacho-generator

Weight approx. 1000 g

The values given below are measured at 220 V,. reference coil and 18 V4. control
coil with phase angle between the two voltages of 90 % 5°.

They apply to an ambient temperature of 22 * 59C, an atmospheric pressure of
800-1060 mbar and a relative humidity of 45-75%.

Nominal voltage, motor reference coil 110, 220V
motor control coil 9,18 V
Frequency 50 Hz
Starting torque at 150 rev/min > 135 gcm %)
Maximum torque = 135 gcm )
Speed at maximum torque 150 rev/min
at no load > 2400 rev/min
at maximum output power 1400 rev/min
Maximum output power = 1.2 w
Input power at no load, motor reference coil < 3 W
motor control coil < 3 w
Current at no load, motor reference coil < 0.035 A
motor control coil < 0.375 A
Voltage, generator reference coil S0V, 50 Hz
Current, generator reference coil < 0.02 A

Voltage, generator outgoing coil (open output
voltage, 50 Hz, sinusoidal) > 0.1 mV/rev/min
at 2400 rev/min > 250 mV
<

at 0 rev/min 1.5 mV
Direction of rotation reversible
Maximum permissible temperature

of the windings 120 °C

of the bearings 80 °C
Insulation according to IEC 65 class E
Insulation test voltage 2500 V
Bearings ball bearings
Maximum radial force on the bearings 500 g
Maximum axial force 100 g
Rotor inertia (motor and generator) 54 . 10'3 gcms 2 )
Terminals flying leads
P Igem ~ 1074 Nm

lg =~ 1072

N -
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SERVOMOTOR
symmetric asynchronous type 9904 121 0001

with a.c. tacho-generator

resistance | inductance
Motor reference coils (2 coils in series) 1350 @ 18.2 H
Motor control coils (4 coils in series) 7.5Q 0.14H
Generator reference coils (2 coils in series) 2000 @ 7H
Generator outgoing coils (2 coils in series) 110 @ | 0.37H
7299539
50] Q39904 121 000N
€ N - = N
& -~ NS S / |
T S = o ,
E ol anl® o5 N
S 100 Q a0 g 05| 02
@ =) 32
g |5 e AN
T : 2 {motor current
IR
S 0045 04y O1 N
5050045 0 g o \
8 S @
g I8 ¢
<] g 4~
£ E o  /|generator voltage
ol oo3 03 o [ []1
0 1000 2000 3000

speed (rev/imin)
Torque, motor current reference coil, motor current control coil and generator volt-
age outgoing coil (open output voltage) as a function of rotor speed.
The curves are measured at an arbitrary motor.

4 123353
10°M990% 121 ooon

load
Q)

~~—]

v &
/
s p
2
: o
10 /
0 25 50 7% 100

voltage generator outgoing coil
" (%o0f max. open output voltage )
Load as a function of generator voltage outgoing
coil at an arbitrary constant rotor speed.

The curves are measured at an arbitrary motor.
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SERVOMOTOR
9904 121 ooONn symmetric asynchronous type

with a.c. tacho-generator

MOUNTING

The motor can be fixed by means of four screws M4 and/or four screws M3.

REMARKS

- Input power, currentand torque are measuredatan ambient temperature of 20°C,
within the first 15 s after starting the cold motor.
The speed is measured at an ambient temperature of 20 °C, 5 min after starting
the cold motor.

~ A voltage deviation of -10% from nominal causes the torque to decrease by about
20%.

- Versions for other supply voltages can be supplied on request.
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9904 121 000..

D.C. TACHOGENERATORS

QUICK REFERENCE DATA
Output voltage 0.06 V/rev/min 0.1V /rev/min
Maximum permissible speed 10000 rev/min 6000 rev/min
Maximum permissible output current 0.25A 0.16A
Armature resistance at 20 °C 59 Q 165 Q
Rotor inertia 8450 gcm?2 8450 gcm?2
A 52801-21

APPLICATION

This range of d.c. permanent magnet tachogenerators has been designed for use in
electronic control and measuring systems.

They can be used as a link in servo control systems where d.c. feedbackis required
proportional to speed such as for programmed control of machinetools, acceleration
and deceleration of high speed lifts, and variable speed drives of coil winding ma -
chines. For speed synchronization of rotary machines, such as in the printing, pa -
per making and textile industries, these tachogenerators are ideally suited, for not
only are the machines of a high quality type but, since they are totally enclosedthey
are able to operate in particle-laden atmospheres without their performance being
affected in any way.

April 1971 ” ” D9



9904 121 000.. D.C. TACHOGENERATORS

DESCRIPTION

These d. c. permanent magnet tachogenerators generate a d.c. voltage directlypro-
portional to the speed of spindle rotation with a linearity of 0.5%.

They are available in two basic formshaving outputs of 60mV and 100 mV per rev-
olution per minute, respectively. Peak-to-peak ripple has been reduced to less than
1% for speeds from 100 to 4500 rev/min.

Both basic forms of tachogenerators can be supplied in spigot-flange or base-mount -
ing types. A choice of three different spindle diameters is offered.

The range of d.c. tachogenerators comprises 11 different versions; eight make up
the preferred range and three others comprise the non-preferred range. Selection
of one of the non-preferred versions will usually result in a longer delivery time.

The tachogenerators are of rugged design withdynamically balanced armatures run-
ning in double-shielded bearings which require no further lubrication.

TECHNICAL DATA

Dimensions in mm

6 holes 6.5mm. dia. 25 |-
equispaced on 100mm. PC.0. 35 - e
s (— h
X L]
1Y
989 —— - - - EE Ahb
J L
l !
=115 |-
-+ 30 |-
"10 130
cable gland 166 —wl 72603501

Fig. 1. Spigot-flange types of d.c. tachogenerators.

A B
7 2.3x7
10 3 x5

11 4 x5

+—— B89 ——»

N —T=
® ) ‘

[iegs i 4 ‘J

+

I ’ - 30
gle— 64— 32 |=
- 80 —!

166

80
95

72603491

Fig. 2. Base-mounting types of d.c. tachogenerators,
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9904 121 000..

D.C. TACHOGENERATORS
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9904 121 000..

D.C. TACHOGENERATORS

Direction of ratation
Max. linearity error
Max. no load reverse error
at 1000 rev/min
Max. output voltage at no load
A.C. content (peak-to-peak) at any
speed between 100 and 4500 rev/min
Voltage temperature coefficient
Max. temperature rise at maximum
output current
Ambient temperature range
operational
storage
Insulation according IEC 65
Insulation test voltage, 50 Hz, for 30 s
Protection according IEC 34-5
Rotor inertia
Max. permissible radial force
Max. permissible axial force
Brushes
Bearings
Housing
Weight
spigot-flange types
base-mounting types

reversible 1)
0.5%

1%
600 V

1% of output voltage

0.01%/degC
35 degC

-15 to +65°C

-30 to +85°C

class E

1700 vV

1D 34

8450 gcm2

10 kg

10 kg

silver -graphite
double-shielded, self-lubricated
light alloy, grey painted

2.48 kg
2,65 kg

1) For clockwise rotation (seen when looking towards the spindle) the white lead is

positive.
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9904 121 000..

D.C. TACHOGENERATORS

No load conditions

A tachogenerator can be represented schematically as shown in Fig.3, where Rj is
the armature resistance and Ry represents the resistance of the external load.

The output voltage measured acrosstheterminals marked xxis shown for no load in
Fig. 4 for the 0.06V /rev/min types and in Fig.5 for the 0.1V /rev/min types.

Ri

7260340

Fig.3. Equivalent circuit of d.c. tachogenerator.

600 7’-&? 600 TER020E,
4
Vo Vo /
V) v) /l
4
500 Vi 500
y /
A
/
400 400
P4
/
4
p4 /!
300 300
4 /
/ /
200 A 200
) /
/ J
/
100 100
l' £
/
y.4 /
0 0
0o 1 2 3 & 5 6 7 8 9 10 o 1 2 3 4 5 6 7 8 9 10

n(rev/minx10%)

Fig. 4 No load output voltage (Vo) as a
function of speed (n) for 0.06 V/rev/min

types.

n(rev/minx103)

Fig.5 No load output voltage (Vo) as a
function of speed(n) for 0.1 V/rev/min
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9904 121 000.. D.C. TACHOGENERATORS

Qutput current limitations

Since the output currentis limitedto 250 mA and 160 mA for the 0.06 V/rev/min and
the 0.1V/rev/min types respectively, the minimum permissible load resistance in re-
lation to the rotational speed of the tachogenerator (output voltage) must be taken into
consideration.

The minimum value of external load resistance as a function of the speed is given for
the 0.06V/rev/min types in Fig. 6 and for the 0.1 V/rev/min types in Fig.7.
Example:

The tachogenerator is required to run at 6000 rev/min.

The minimum permissible load resistance if a 0.06 V/rev/min type is used can be
found directly from the graph in Fig.6: 1381 Q.

Alternatively, this can be calculated as follows:

Vo =nx V/rev/min

Rtotal min = —Imax

whence
Rymin = Rtotal min = Rj
where V, is the output voltage
n is the speed in rev/min
Imax is the maximum permissible current
Ry min is the minimum permissible load resistance

Rj is the armature resistance.
In the example quoted, Imax = 0.25 A and Rj = 59 @, therefore:
Vo = 6000 x 0.06 = 360 V

360
Riotal min = 5355 = 1440 €2

Note: This example does not take into account the percentage by which the no load
output voltage will fall (4%) as a function of the external load resistance.
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D.C. TACHOGENERATORS

9904 121 000..

1000 72603431 6000 7260344t
Rmin Ry min

(Q) Q)

2500 5000

"4
2000 4000
/
/l
A/ l,
1500 3000
Y
/ /
// /
1000 2000
7
// 4
500 / - 1000 A
4
oL olLd
6 1 2 3 & 5 6 7 8 9 10 0 1 2 3 & 5 6 7 8 9 10

nirev/minx10%) n{rev/minx10%)

Fig.6 Minimum permissible load re-
sistance (Rgmin) as a function of speed
(n) for 0.06 V/rev/min types.

Fig.7 Minimum permissible load re-
sistance (Rgmin) as a function of speed
(n) for 0.1 V/rev/min types.

Voltage drop as a function of external load

Although the linearity of the output voltage with respectto speed remains constant e-
ven at a voltage drop of 30%, the voltage drop must be taken into consideration.

Figs. 8 and 9 show how the voltagedrop varies asa percentage of the no load voltage
as a function of the external load. These graphs serve two purposes:

- to determine the variation in output voltage when a fluctuating load is applied
- to determine the correct speed for a constant load when a constant output voltage
is required.

To maintain a certain voltage for a given load, the rotational speed should be in-
creased by the percentage indicated in the graphs.
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9904 121 000.. D.C. TACHOGENERATORS

7260345

100

VR, =

Vo
(°f) /

75 /

solf

25

0 500 1000 1500 2000 2500 Ry (Q) 3000

Fig.8 Percentage drop in output voltage from its no load value
as a function of external load (Ry) for 0.06 V/rev/min types.

7260346

100

Vry

(%) A
75

50

Pt

25

0 1000 2000 3000 4000 5000 Ry (1) 6000

Fig.9 Percentage drop in output voltage from its no load value
as a function of external load (Ry) for 0.1 V/rev/min types.
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D.C. TACHOGENERATORS 9904 121 000..

Output power

When a tachogenerator is used to supply speed data for analogue instruments or in-
dicators, the external load will normally be insignificant and canusuallybe neglect-
ed. Circumstances can arise, however, in which the tachogenerator may be called
on to supply power and, taking the minimum value of external load resistance as a
function of shaft rotation from Figs. 6 and 7, the output power delivered by thetacho -
generator may be plotted as a function of terminal voltage. The limit of the output
power which is also determined by the maximum current that may be drawn, is shown
in Figs. 10 and 11 as a function of output voltage.

150 7260347

Po / [2

o
(W) (W)

125 /

150 7260348

125

100 /

100

75 / 75 A

50 / 50 /,

4
25 / 25 .

0 250 500 750 Vo(V) 1000 0 250 500 750 Vo (V) 1000

Fig. 10 Output power (Pp)asa function Fig. 11 Output power (Pg)asa function
of output voltage (Vo) for 0.06 V/rev/min of output voltage (Vo) for 0.1 V/rev/min
types. types.
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9904 121 000.. D.C. TACHOGENERATORS

MOUNTING

For position servo systems where accuracy is essential, the spigot-flange method of
mounting is to be preferred. A large number of measureshave been taken in the de-
sign of the machines to minimize the a.c. component due to armature eccentricity
and every care should be taken to ensure accurate spindle alignment, otherwise the
a.c. component may be unacceptable.

For speed control systems the base-mounting type may be preferred; the spindle is
then fitted with a suitable pulley for belt drive, care being taken that both spindles
are parallel to each other. Only continuous belts may be employed.

The base-mounting type is secured in position by four screws or studs. .

It is important that users of tachogenerators are aware of the effects produced by
incorrect mounting. Whilst every care hasbeen taken in design to reduce the ripple
content, the user can easily destroy this quality by allowing mechanical misalign-
ment, or impacting gearing, to interfere with the smooth running of the armature.
For correct mounting the following points should be borne in mind:

- the spindle of the tachogenerator should be carefully aligned with the spindle to
which it is to be coupled

~ eccentricity of mechanical couplings should be a minimum
— gearing should be avoided, but where gearing must be used:
anti-backlash gears are essential if a position control servo system is involved

all gears should be high qualityand the tooth clearance correctly maintained by
accurate centre-distances

a combination of nylon and resin-bonded fibre gears will give the smoothest op-
eration

- direct coupling is preferred to gearing, but to reduce the tendency to produce
ripple through misalignment of spindles, metal bellows couplings should be em -
ployed. The first point still applies, since any undue misalignment will inevita -
bly result in destruction of the bellows through work-hardening under stress

— wherever possible, belt drive is preferredto reduce spindle vibrations transmit -
ted through mechanical couplings.
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D.C. TACHOGENERATORS 9904 121 000..

MAINTENANCE

Lubrication is unnecessary, since the tachogeneratorsare fitted with double-shielded
self-lubricating ball bearings witha life of 50 000 hours at 1000 rev/min without main-
tenance.

After every 2000 hours of runningthe brushes should be inspected and dust removed.
The brushes are of silver-graphite andthey should be carefully checked that they slide
easily in their holders without them being taken out. The commutator should be cleaned
with a cloth lightly soaked in trichlorethylene.

The brushes have a life of at least 10000 hours at 1000 rev/min. When replacing the
brushes it is necessary to bed them inuntil the contact area exceeds 70%of the brush
section.

The silver-graphite brushesmeasure 3 x 4 x 12, 5mm and four brushes are required
for each tachogenerator.

The armature should not be removed as this may affect the characteristics of the
tachogenerator.

NOTE

Each tachogenerator is supplied with its own test certificate attached. Maintenance
instructions are re-printed on the back of the certificate for handy reference.
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Asynchronous motors

Shaded pole motors page ES5

Motors with phasing capacitors page E33






GENERAL ASYNCHRONOUS
MOTORS

INTRODUCTION

The range of asynchronous motors comprises the following types:

- shaded pole types, catalogue number 9904 122 .....
- types with phasing capacitor, catalogue number 9904 123 .....

They can be used in a wide range of applications.

Industrial and medical equipment:

- recording measuring instruments

- professional sound and picture recording instruments
- electronic weighing equipment

- process control equipment

- computer peripherals

Blowing equipment:

- industrial blowers
- projector cooling
- heating convectors
- ventilators

Office machines:
- type writers
- desk calculators

Household appliances:
- fans

- fan heaters

- hair dryers

- humidifiers

March 1971 H “ E3






9904 122 01311

ASYNCHRONOUS MOTOR
symmetric shaded pole type, with fan

RZ 27077-1
QUICK REFERENCE DATA
Nominal voltage 110, 220 V, 50 Hz
Speed at no load > 2880 rev/min
Input power at no load <33 w
Maximum torque > 400 gcm*)

APPLICATION

This asynchronous motor has been designed to be used in a wide range of applica-
tions.

Examples:

-tape recorders

-desk calculators

-type writers

-medical equipment

-recording measuring instruments.

DESCRIPTION

This symmetric shaded pole motor has a large laminated section by which low in-
duced losses have been obtained. As a result the electric rumble and the stray field
around the motor are limited to a minimum. Mechanical noise has been restricted
by special spindle treatment and severe tolerances on the self-adjusting slide bear-
ings. Motor vibrations are absorbed by a rubber suspension block. The motor has
been provided with a cooling fan.

It is suitable for tropical environments.

*)1gem=10-4 Nm
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9904 122 01311

ASYNCHRONOUS MOTOR

symmetric shaded pole type, with fan

TECHNICAL DATA
Dimensions in mm

a——

Weight

77

5h5

approx. 1100 g

A r
— (& < OY — 43 (4x) i
® <8>—f
—
o0 [ X
5 76 o P . I
o0 .
= séz | =
I ™~ bb
® ® su;l;)enes'cton 1
— Lol o
! o023 - ’ 36 26 25—
L 60 i 41
69 7299173
Connecting diagrams (view according to arrow P)
) L
10Vqc 220V,
T 7299174

The values given below are measured at a nominal voltage of 220 V,¢; they apply to
an ambicent temperature of 22 +5 OC, an atmospheric pressure of 860-1060 mbar

and a relative humidity of 45-75 Y. See also "Remarks'.

Nominal voltage
Frequency
Starting torque at 150 rev/min
Maximum torque
Speed at maximum torque
at no load
at maximum output power
Maximum output power
Input power at no load
Current at no load

*) 1 gem = 10 ~4 Nm

110, 220 Vag
50 Hz

280 gcm *)
400 gem *)
1800 rev/min
2880 rev/min
2000 rev/min
> 8W

<33 W

<0.23 A

=
=

[\

o

H September 1969



ASYNCHRONOUS MOTOR 9904 122 01311

symmetric shaded pole type, with fan

Direction of rotation counterclockwise, see dimensional drawing
Maximum permissible temperature
of the windings 120 °C
of the bearings 80 °C
Minimum ambient temperature -100C
Insulation according to I.E.C.65 class E
Insulation test voltage 2500 Vye
Bearings self aligning slide bearings
Maximum radial force on the bearings 600 g ™
Maximum axial force 250 g ™)
Maximum axial play 2 mm
Terminals soldering tags
7299175

= |- S [9904 12201311

s I |2

[ c a

g | |y ——

é 500 a 05 g. 50| input power

] N
- current| \\‘
250 0.25| 25 —
\
torque
0 1000 2000 3000

speed (rev/min)
The curves are measured at an arbitrary motor.
MOUNTING

The motor can be fixed by means of four screws M4.

REMARKS

- Input power, current and torque are measured at an ambient temperature of 20°C,
within the first 15 seconds after starting the cold motor. The speed is measured
at an ambient temperature of 20 °C, S minutes aftex starting the cold motor.

- A voltage deviation of —10% from nominal causes the torque to decrease by about
20%,.

- Versions for other supply voltages and for another direction of rotation can be de-
livered on request.

Q

10~4 Nm
1072 N

*) 1 gem

Q

lg
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9904 122 02311

ASYNCHRONOUS MOTOR
symmetric, shaded pole type

RZ 27077-15

QUICK REFERENCE DATA
Nominal voltage 110, 220 V, 50 HZ
Speed at no load >2900 rev/min
Input power at no load <40 W
Maximum torque >270 gcm®)
APPLICATION
This small asynchronous motor has been designed for domestic applications.
Examples:
- hair dryers
- fans
- humidifiers

A good cooling of the motor (e.g. for use in hair dryers) is necessary.
The motor is suitable for tropical environments.

*)1 gem = 1074 Nm
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9904 122 0231 ASYNCHRONOUS MOTOR

symmetric, shaded pole type

TECHNICAL DATA

Dimensions in mm

$ /‘F?S’:I‘\
{6 -

<+— 475 max —
83
S : ,$
I 0 & -
v
@ —1 +0 P
~76 L4 4— é 415005 -~
i ‘ ’
x) : .
L_é S
v —= ¢
) \\ e /
v r 0 0 ‘
L— 537 —»
66
<+— 455max —»
Connecting diagrams (view according to arrow P) 7258636
—f___ B ——f
;:
-—
L]
= 1
LO 110V, O 7256832 L0 220Vqc
Weight approx.600 g

The values givenbelow are measured at a nominal voltage of 220 Va¢; they apply to
an ambient temperature of 22 +5 °C, an atmospheric pressure of 860-1060 mbar
and a relative humidity of 45-75%. See also "Remarks".

Nominal voltage
Frequency

Maximum torque
Speed at maximum torque
at no load
at maximum output power
Maximum output power
Input power at no load
Current at no load

*)1gem = 1074 Nm

110, 220 Va¢
50 Hz

=100 gcm™)
>270 gcm™)
2200 rev/min
>2900 rev/min
2300 rev/min
>6W

<40 W
<0.3A

~
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ASYNCHRONOUS MOTOR

symmetric, shaded pole type

9904 122 0231

Direction of rotation

Maximum permissible temperature
of the windings
of the bearings

Minimum ambient temperature

Insulation according to IEC 65and CEE 10

Insulation test voltage
Bearings

Maximum radial force on the bearings

Maximum axial force
Maximum axial play

clockwise, see dimensional drawing

120 °C
90 °C
-10 °C
class E
2500 Vac
self aligning slide bearings
250 g*)
350 g*)
0.6 mm

Terminals soldering tags
7299378
~ . [5904 122 023 torque
E < E
o |- ]
- c 3 4
g g g FTlcurrent // \
g200| 3 030| 5 50 —TF
- »g - input power N \
P ‘ \
100 025 40 NN
N
o] o2 30 N
0 1000 2000 3000

speed(rev/min)

The curves are measured on an arbitrary motor.

MOUNTING

The motor can be fixed by means of four screws M4.

REMARKS

- Input power, currentand torque are measured at an ambient temperature of 20°C,
within the first 15 seconds after starting the cold motor. The speed is measured at

an ambient temperature of 20 °C, 5 minutes after starting the cold motor.

- A voltage deviation of —10% from nominal causes the torque to decrease by about

20%.

- Versions for other supply voltages and for an other direction of rotation can be

supplied on request.

*1lg ~10"2 N
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9904 122 03141

ASYNCHRONOUS MOTOR
asymmetric, shaded pole type

RZ 27077-17

QUICK REFERENCE DATA
Nominal voltage 220V, 50 Hz
Speed at no load > 2700 rev/min
Input power at no load < 17W
Maximum torque > 75gcm?®)
APPLICATION

This asynchronous motor is mainly intended for fans, forced cooling beingrequired.
DESCRIPTION

This small asymmetric shaded pole motor has been provided with two spindle ends.
It has self-aligning slide bearings. The motor is suitable for tropical environments.

*)1 gcm = 1074 Nm
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9904 122 03141 ASYNCHRONOUS MOTOR

asymmetric, shaded pole type

TECHNICAL DATA
Dimensions in mm

3.2 (4x) |

17.5 15.8
max max

l«-37max-» 166

>~ max *

. 88.5 ———

7299383

Weight approx.325 g

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

Nominal voltage 220 Vue
Frequency 50 Hz
Starting torque at 150 rev/min >60 gcm*)
Maximum torque >75 gcm*)
Speed at maximum torque 1700 rev/min
at no load >2700 rev/min
at maximum output power 1800 rev/min
Maximum output power >1.35 W
Input power at no load <17 W
Current at no load <0.13 A
Direction of rotation counterclockwise,see dimensional drawing
Maximum permissible temperature
of the windings 120 °C
of the bearings 80 °C
Minimum ambient temperature -10 °C
Insulation according toIEC 65and CEE 10 class E
Insulation test voltage 2500 Vac
Bearings self aligning slide bearings

*) 1 gcm = 1074 Nm
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ASYNCHRONOUS MOTOR 9904 122 03141

asymmetric, shaded pole type

Maximum radial force on the bearings 250 g*)

Maximum axial force 35 g*)
Maximum axial play 0.6 mm
Terminals soldering tags
7299372
— N 9904 12203141 | [ | |
E lz B
¢} < Z
2 ot 5 ~—]_[input power
s 52 =
I I a N
2100|323 015|5 15 N
- torque
currant
Nm—
50| 010 10 \\
\
o] 005 5 \
0 1000 2000 3000

speed (rev/min)

The curves are measured on an arbitrary motor.

MOUNTING

The motor can be fixed by means of four screws M3.

REMARKS

- Input power, currentandtorque are measured at an ambient temperature of 20 ¢,

within the first 15 seconds after starting the cold motor.

The speed is measuredatan ambient temperature of 20 OC, 5 minutes after start-

ing the cold motor.

- A voltage deviation of —10% from nominal causes the torque to decrease by about

20%.

- Versions for other supply voltages and for an other direction of rotation canbe

supplied on request.

*)1g=10"2 N
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9904 122 04101

ASYNCHRONOUS MOTOR
asymmetric, shaded pole type

RZ 27077-20

QUICK REFERENCE DATA

Nominal voltage 220 V, 50 Hz
Speed at no load > 2850 rev/min
Input power at no load < 13 W
Maximum torque = 80 gcm™)

APPLICATION

This small asynchronous motor has been designed for use in household appliances,
e.g.fans. Furthermore it can be used in office machines, vending machines, etc.
The motor is suitable for tropical environments.

*)1gem = 1074 Nm
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9904 122 04101

ASYNCHRONOUS MOTOR

asymmetric, shaded pole type

TECHNICAL DATA

Dimensions in mm

3.2 (4x)

.
Lf 37 f—ﬁ»l
Lt

Weight

1

1\.
| .
175 158 ||

max [+ ™ max H‘*‘ -

a37max-» max [*—

|

|

|

i

|
S
7299386

approx. 330 g

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

Nominal voltage
Frequency
Starting torque at 150 rev/min
Maximum torque
Speed at maximum torque

at no load

at maximum output power
Maximum output power
Input power at no load
Current at no load
Direction of rotation

Maximum permissible temperature

of the windings

of the bearings
Minimum ambient temperature
Insulation according to IEC 65and CEE 10
Insulation test voltage
Bearings

*) 1 gem = 1074 Nm

220 Ve

50 Hz

> 53 gcm™)

> 80 gcm™)
1800 rev/min
> 2850 rev/min
2000 rev/min
>1.5W

<13 W

0.11 A
counterclockwise, see dimensional
drawing

IA

120 °C
90 °C
-10°C
class E
2500 Vac
self aligning slide bearings

E18 H
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ASYNCHRONOUS MOTOR

asymmetric, shaded pole type 9904 122 04101

Maximum radial force on the bearings 250 g*)
Maximum axial force 35g*)
Maximum axial play 0.6 mm
Terminals soldering tags
729937

E z 9904 122 04101

e F L

o € I

s 18 ¢

5 a
2100|3015/ 2 15 T power
+ I T
orque
NN
i NS
current Nl
50| 0.10 10
\
0] 0.05 5
0 1000 2000 3000

speed(rev/min)

The curves are measured on an arbitrary motor.

MOUNTING

The motor can be fixed by means of four screws M3.

REMARKS

- Input power, current and torque are measured at an ambient temperature of 20 °¢,
within the first 15 seconds after starting the cold motor.

The speed is measured at an ambient temperature of 20 °C, 5 minutes after start-
ing the cold motor.

- A voltage deviation of =10% from nominal causes the torque to decrease by about
20%.

- Versions for other supply voltages and for an other direction of rotation can be
supplied on request.

*)1g~10"2N
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9904 122 0531

ASYNCHRONOUS MOTOR
asymmetric shaded pole type

RZ27077-14

QUICK REFERENCE DATA
Nominal voltage 110, 220 V, 50 Hz
Speed at no load > 2825 rev/min
Input power at no load =< 6 W
Maximum torque > 30 gcm *)

APPLICATION

This asynchronous motor has been designed for applications which require a low
noise level, e.g. record players, fans, medical equipment.

DESCRIPTION

In this small asymmetric shaded pole motor the electric rumble level is kept very
low thanks to the low induced losses and the small torque. Mechanical noise has been
restricted by special spindle treatment and severe tolerances on the self-adjusting
slide bearings. The motor is suitable for tropical environments.

*)1gem = 1074 Nm
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9904 122 0531 ASYNCHRONOUS MOTOR

asymmetric shaded pole type

TECHNICAL DATA

Dimensions in mm

3.2 (4x) n n
T——T‘_‘_G (o] | [
s s
43. L () o] ” 50.5 J
0 - - —f :74—0.005

L e

166 [

29 —»te—23 7299176

Connecting diagrams (view according to arrow P)

Ailil 5[+1 [1 Ai}l 571 [1

— MN0Vqc 220Vgc //
- 12T 213] 3[=] 1T 2 3[=]
O 7299177
Weight approx. 350 g

The values given below are measured at a nominal voltage of 220 V,¢; they apply to
an ambient temperature of 22 £ 5 °C, an atmospheric pressure of 860-1060 mbar
and a relative humidity of 45-75 %. See also "Remarks".

Nominal voltage 110, 220 Vg¢

Frequency 50 Hz

Starting torque at 150 rev/min > 20 gcm ¥*)

Maximum torque > 30 gcm ¥

Speed at maximum torque 2000 rev/min
at no load > 2825 rev/min
at maximum output power 2200 rev/min

Maximum output power >0.6 W

Input power at no load <6W

Current at no load <0.045 A

Direction of rotation counterclockwise, see dimensional drawing

*) 1 gem = 1074 Nm
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ASYNCHRONOUS MOTOR 9904 122 05311

asymmetric shaded pole type

Maximum permissible temperature

of the windings 120 oC
of the bearings 80 oC
Minimum ambient temperature -100C
Insulation according to I. E.C. 65 class E
Insulation test voltage 2500 Ve
Bearings self aligning slide bearings
Maximum radial force onthebearings 250 g *)
Maximum axial force 35g %)
Maximum axial play 2.7 mm
Terminals soldering tags
7299178

_ S [9904 122 05311

3 > =

& |3

£ 5013005 0 current

/'
b1
25| 0.025) 5 input power -
torque
0 1000 2000 3000

speed (rev/min)

The curves are measured at an arbitrary motor.

MOUNTING

The motor can be fixed by means of four screws M3.

REMARKS

- Input power, current and torque are measured at an ambient temperature of 20 °C,
within the first 15 seconds after starting the cold motor.

The speed is measured at an ambient temperature of 20°C, 5 minutes after start-
ing the cold motor.

- A voltage deviation of -10% from nominal causes the torque to decrease by about
20%.

- Versions for other supply voltages and for an other direction of rotation can be de-
livered on request.

10™4 Nm
1072 N

Zl

*) 1 gcm
lg

u
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9904 122 06101

ASYNCHRONOUS MOTOR
symmetric, shaded pole type

RZ 27077-19

QUICK REFERENCE DATA

Nominal voltage 110, 220 V, 50 Hz

Speed at no load > 2700 rev/min
Input power at no load < 13 W
Maximum torque = 50 gcm™)

APPLICATION

This small asynchronous motor has been designed for use in household appliances,
e.g. fans. Furthermore it can be used in office machines, vending machines, etc.
The motor is suitable for tropical environments.

*)lgem = 10"4Nm

| | e
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ASYNCHRONOUS MOTOR

9904 ]22 06101 symmetric, shaded pole type

TECHNICAL DATA

Dimensions in mm

b

| |
—>144maxe e—18

7299393

Connecting diagrams (view according to arrow P)

%

7299382

Weight approx. 250 g

The values given below are measured at a nominal voltage of 220 V4; they apply to
an ambient temperature of 22 + 5 °C, an atmospheric pressure of 860 - 1060 mbar
and a relative humidity of 45-75%. See also "Remarks".

Nominal voltage 110, 220 V¢

Frequency 50 Hz

Starting torque at 150 rev/min = 26 gcm™)

Maximum torque = 50 gem ™)

Speed at maximum torque 1900 rev/min
at no load > 2700 rev/min
at maximum output power 2000 rev/min

Maximum output power =21W

Input power at no load <13 W

Current at no load < 0.085 A

*)1lgem = 107% Nm
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ASYNCHRONOUS MOTOR

symmetric, shaded pole type 9904 122 06101

Direction of rotation clockwise, see dimensional drawing
Maximum permissible temperature
of the windings 120 °C
of the bearings 90 °C
Minimum ambient temperature -10°C
Insulation according to CEE 10 classe E
Insulation test voltage 2500 Ve
Bearings self aligning slide bearings
Maximum radial force on the bearings 300g*)
Maximum axial force 250 g™)
Maximum axial play 0.7 mm
Terminals soldering tags
7299373
—~ < 9904 122 06101
e |z |2
RS 8 e

o - [ T

o - 2 current 1

] S 8 torque

g 5 ] input ;gkoer >

3 S
£ 50/3008/3 15 - N
N
/ — -

25| 007 10

0| 006 5 \
0 1000 2000 3000
speed (rev/min)

The curves are measured on an arbitrary motor.
MOUNTING

The motor can be fixed by means of two screws M2.6.
REMARKS

- Input power, current and torque are measured at an ambient temperature of 20 °C,
within the first 15 seconds after starting the cold motor. The speed is measured
at an ambient temperature of 20 °C, 5 minutes after starting the cold motor.

- A voltage deviation of -10% from nominal causes the torque to decrease by about
20%.

- Versions for other supply voltages and for an other direction of rotation can be
supplied on request.

*) 1g=~10"2 N
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9904 122 06102

ASYNCHRONOUS MOTOR
symmetric, shaded pole type, with fan

RZ 27077-18

QUICK REFERENCE DATA

Nominal voltage 110, 220 V, 50 Hz

Speed at no load = 2700 rev/min
Input power at no load < 13 W
= 50 gcm*)

Maximum torque

APPLICATION

This small asynchronous motor with fan is mainly intended for use as cooling unit in
industrial appliances where a low noise level is required.
The motor is suitable for tropical environments.

*)lgem= 10"4Nm
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ASYNCHRONOUS MOTOR

9904 ]22 06]02 symmetric, shaded pole type, with fan

TECHNICAL DATA

Dimensions in mm

- 11.5 = ‘
0L | 45 ——

max
7258635

%

7299382

Weight approx. 250 g

The values given below are measured at a nominal voltage of 220 V,.; they apply to
an ambient temperature of 22+ 5 °C, an atmospheric pressureof 860 - 1060 mbar
and a relative humidity of 45-75%. See also "Remarks".

Nominal voltage 110, 220 Vg4,

Frequency 50 Hz

Starting torque at 150 rev/min > 26 gcm*)

Maximum torque > 50 gem™)

Speed at maximum torque 1900 rev/min
at no load > 2700 rev/min
at maximum output power 2000 rev/min

Maximum output power =>1Ww

Input power at no load < 13W

Current at no load < 0.085 A

*) 1l gem = 10_4Nm
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ASYNCHRONOUS MOTOR

symmetric, shaded pole type, with fan

9904 122 06102

Direction of rotation
Maximum permissible temperature
of the windings
of the bearings
Minimum ambient temperature
Insulation according to CEE 10
Insulation test voltage
Bearings
Maximum radial force on the bearings
Maximum axial force
Maximum axial play
Terminals
Air displacement at an

clockwise, see dimensional drawing

120 °C
90 °C
-10 °c
class E
2500 Vac
self aligning slide bearings
300 g *)
250 g *)
0.7 mm
soldering tags

air pressure of 1 mm WG **) 30 m3/h
7299388
- < 9904 122 06102
e |z |2 T
S < P L .
o |z 3 current
v c o
] o a torque
g 5 E] input ;laov'/er DL I,
(o] el -
£ 50|3008|2 15 = N
S P
25| 007 10
0| 006 5
0 1000 2000 3000
speed (rev/min)
= 72 937’__
< g 9904 122 06102 |
3 3
> £
2 n
? |2
a2600{8 2
o a speed
2500} 1 air pressure
"N
N
2400 0
0 25 50 75

air displacement (malh)

The curves are measured on an arbitrary motor.

*)1g ~10"2N
**) 1 mm WG = 1 kg/m2
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9904 122 06102 ASYNCHRONOUS MOTOR

symmetric, shaded pole type, with fan

MOUNTING

The motor can be fixed by means of two screws M2.6.

REMARKS

- Input power, current and torque are measured at an ambient temperature of 20 °C,
within the first 15 seconds after starting the cold motor. The speed is measured
at an ambient temperature of 20 °C, 5 minutes after starting the cold motor.

- A voltage deviation of -10% from nominal causes the torque to decrease by about

20%.

- Versions for other supply voltages and for an other direction of rotation can be
supplied on request.

E32 | l | | April 1970



9904 123 01101

ASYNCHRONOUS MOTOR
with phasing capacitor

RZ 27077-16

QUICK REFERENCE LATA

Nominal voltage
Speed at no load
Input power at no load
Maximum torque

110, 220 V, 50 Hz

> 2500 rev/min
< 4w
> 155 gem™®)

APPLICATION

This small asynchronous motor with high starting torque is intended for applications

where a high speed is not allowed because of noise restrictions.
Examples:

- musical equipment

- vending machines

- office machines

- fans.

The motor is suitable for tropical environments.

*) 1 gem = 1074 Nm
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9904 123 01101 ASYNCHRONOUS MOTOR

with phasing capacitor

TECHNICAL DATA

Dimensions in mm

P

76

7299387

Connecting diagrams (view according to arrow P)

I? 3 3 £

rwv‘} 05pF

—H

2uF
o
— ccw\ cw
cow och J) 220V~ 7258633
é 110V~ 7256634
Weight approx. 500 g

The values given below are measured at a nominal voltage of 220 V,; they apply to
anambient temperatureof 22 + 5 °C, an atmospheric pressure of 86-1060 mbaranda
relative humidity of 45-75%. See also "Remarks".

Nominal voltage 110, 220 Vg4¢
Frequency 50 Hz
Starting torque at 150 rev/min =155 gcm*)
Maximum torque >155 gcm*)

*)1 gcm =~ 10~4 Nm
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with phasing capacitor

” ASYNCHRONOUS MOTOR

9904 123 01101

Speed at maximum torque
at no load
at maximum output power
Maximum output power
Input power at no load
Current at no load
Direction of rotation
Maximum permissible temperature
of the windings
of the bearings
Minimum ambient temperature
Insulation according to IEC 65and CEE 10
Insulation test voltage
Bearings
Maximum radial force on the bearings
Maximum axial force
Maximum axial play
Terminals
Required phasing capacitor

150 rev/min
>2500 rev/min
1800 rev/min
>2 W

<14W

< 0.06 A

reversible, see dimensional drawing

120 °C

90 oC
-10°C
class E
2500 Vac
self aligning slide bearings
300 g*)
350 g*)
1.6 mm
soldering tags
0.5 uF

7299379

~ — [9904 123 0101
SRR =
o - g N
g 18 |8 N
§200/3005|F 15
- current |
= N
N input power|
00| 004| 10 NG
\torque
0| 003 5
0 1000 2000 3000

speed (rev/min)

The curves are measured on an arbitrary motor.

*1g=10"2N
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9904 123 01101 ASYNCHRONOUS MOTOR

with phasing capacitor

REMARKS

- Input power, current and torque are measured at an ambient temperature of 20 °C,
within the first 15 seconds after starting the cold motor. The speed is measured
at an ambient temperature of 20 °C, 5 minutes after starting the cold motor.

- A voltage deviation of -~10% from nominal causes the torque to decrease by about
20%.

- A capacitancedeviationof the phasing capacitor of + or —=10% from nominal causes
the torque and the output power to increase or decrease respectively by about 10%.

- Versions for other supply voltages can be supplied on request.

- I



9904 123 02101

ASYNCHRONOUS MOTOR
with phasing capacitor

RZ 270779

QUICK REFERENCE DATA

Nominal voltage
Speed at no load

Input power at no load

Maximum torque

110, 220 Vae, 50 Hz
> 2800 rev/min
45 W

800 gcm *)

A

v

APPLICATION
- Industrial blowers and fans
- Office machines

- Vending machines

DESCRIPTION

This motor has a housing of die-cast aluminium. It has been provided withballbear-

ings.

*)1gem = 10~4 Nm
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9904 123 02101

ASYNCHRONOUS MOTOR
with phasing capacitor

TECHNICAL DATA

Dimensions in mm

soldering tags

T IS IO\

|:n:n:|zf_

.

75 62 14—
1299374
Connecting diagrams
AAAS®
7 3
E;r L—o
2uF
L~ leF —"‘j—""‘—T 220Vac
| T t o
7299346
S MOVy l)
Weight approx. 900 g

The values given below are measured at a nominal voltage of 220 Va¢; they apply to
an ambient temperature of 22 # 5 °C, an atmospheric pressure of 860 - 1060 mbar

and a relative humidity of 45 - 75 %. See also "Remarks".

Nominal voltage

110, 220 Vg

Frequency 50 Hz
Starting torque at 150 rev/min = 550 gcm ¥)
Maximum torque > 800 gcm *)
*) 1 gem = 1074 Nm
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ASYNCHRONOUS MOTOR
with phasing capacitor

9904 123 02101

Speed at maximum torque
at no load
at maximum output power
Maximum output power
Input power at no load
Current at no load
Direction of rotation
Maximum permissible temperature of the windings
of the bearings
Minimum ambient temperature
Insulation according to IEC 65
Insulation test voltage
Bearings
Maximum radial force on the bearings
Maximum axial force
Maximum axial play
Terminals

Required phasing capacitor

2000
2800
2200

17
= 45
<0.225

Y

v

reversible
120

80

-10

class E

2500

ball bearings
500

200

0.1
soldering tags

2

7299338
=

€ . ; 9904 123 02101
B |=< <
: [ |¢
g [z |28
- - +
1000| 30400 2 75
£ L
= input power N\
500, 0.30 50
current
\
1
N
0] 020] 25 N
0 1000 2000 3000

*)1g=10"2 N

speed (rev/min)

rev/min
rev/ min
rev/min
w
w
A

oc

oc

°c

Vac

g™"
*)

el

uF
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9904 123 02101 ASYNCHRONOUS MOTOR

with phasing capacitor

MOUNTING

The motor can be fixed by two screws M5.

REMARKS

- Input power, current and torque are measured at an ambient temperature of 20 °C,
within the first 15 s after starting the cold motor.
The speed is measured at an ambient temperature of 20 °C, 5 min after starting
the cold motor.

— A voltage deviation of —10% from nominal causes the torque to decrease by about
20%.

— A capacitance deviation of the phasing capacitor of + or —=10% from nominal causes
the torque and the output power to increase or decrease respectively by about 10%.

- Versions for other supply voltages can be supplied on request.
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9904 123 02102

INDUSTRIAL CENTRIFUGAL BLOWER
with asynchronous motor with phasing capacitor

RZ 27077-5

QUICK REFERENCE DATA

Nominal voltage 220V, 50 Hz
Speed at maximum output power 2200 rev/min
Air displacement at an air pressure
of 13 mm wg *) 130 m3/h
APPLICATION

For use in cooling systems requiring high static pressures to overcome airflow re-

sistance such as in

- projector cooling

- heating convectors

- electronic equipment with high component density.

*¥1mm wg = 1 kg/m2

.
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INDUSTRIAL CENTRIFUGAL BLOWER

9904 123 02]02 with asynchronous motor with

phasing capacitor

DESCRIPTION

The industrial blower comprises a symmetrical asynchronous motor, catalogue num -
ber 9904 123 02101 with a enamelled steel vane wheel in a bright steel housing. A
thermal safety switch has been provided.

TECHNICAL DATA

Dimensions in mm

—————— g —

‘ [+ 62—~ n2 -
[ ( ) ?
M R u
K -
i 7| °
-4
] |:
L
b \
N |
10 2133 mo 201
, La
§ :: vy !
I |
o "t i °
L.-J,:L _______ 4o
®
1! 1 —
[T i L/
ny J

i G i g {®
M4 (4X) ‘L *]
‘ L‘ . ] J/

Connecting diagram

7299375

red
220V,
brown o
white =.2pF
72934

Weight approx. 900 g
Nominal voltage 220 Vac
Frequency 50 Hz
Speed at maximum output power 2200 rev/min
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INDUSTRIAL CENTRIFUGAL BLOWER

with asynchronous motor with 9904 123 02102

phasing capacitor

Air displacement at an air pressure

of 13 mm wg ¥) 130 m3/h

299335

9904 123 02102

20

speed(rev/min)

qair pressure

peed

[la

air pressure(mmwg)

\
10| 2000 o

‘§\
0] 1000

0 100 200 300
air displacement(m¥h)

For full data of the motor see data sheets of the asynchronous motor 9904 123 02101.

¥) 1 mmwg =1 kg/m2
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9904 123 03101

ASYNCHRONOUS MOTOR
with phasing capacitor

RZ 27077-12

QUICK REFERENCE DATA

Nominal voltage 110, 220 Vgac, 50 Hz
Speed at no load > 2650 rev/min
Input power at no load < 27 W
Maximum torque = 330 gem™)

APPLICATION

- Office machines
- Vending machines
- Ventilators

- Domestic appliances

DESCRIPTION

This asynchronous motor has been provided with two spindle ends.
It has two threaded ends for mounting
The motor is suitable for tropical environments.

*)1 gem =~ 1074 Nm
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9904 123 03101 ASYNCHRONOUS MOTOR

with phasing capacitor

TECHNICAL DATA

Dimensions in mm

soldering tags

e 21—

21—

——365——*

—Msxy —
f

1299376

Connecting diagrams

P AAAT?
TTUAAAS
g 1uF
- |—-—o
220V,
GL—M« 1 4pF L’ T lac
*J 7299348 O
M0Vee O
Weight approx. 780 g

The values given below are measured at a nominal voltage of 220 V,; they apply to
an ambient temperature of 22 &+ 5 0C, an atmospheric pressure of 860 - 1060 mbar

and a relative humidity of 45 - 75%. See also "Remarks".

Nominal voltage 110, 220
Frequency 50
Starting torque at 150 rev/min > 280
Maximum torque = 330

1 gem =~ 10"4Nm

Vac
Hz

*)
gem

gcm*)
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ASYNCHRONOUS MOTOR
with phasing capacitor

9904 123 03101

Speed at maximum torque
at no load

at maximum output power

1800 rev/min
= 2650 rev/min

2000 rev/min

Maximum output power = 6.0 W
Input power at no load = 27 W
Current at no load < 0.175 A
Direction of rotation reversible
Maximum permissible temperature of the windings 120 ©oC
of the bearings 80 ©oC
Minimum ambient temperature -10 °C
Insulation according to IEC 65 class E
Insulation test voltage 2500 Vi,
Bearings self aligning
slide bearings
Maximum radial force on the bearings 500 g*)
Maximum axial force 200 g*)
Maximum axial play 0.6 mm —_
Terminals soldering tags E
Required phasing capacitor 1 wF
72 99 1L‘

= z 9904 123 03101

s (< %

o |-

s |= |3

g g |2

s ey =

25003 03|2 50

torque
I N,
input power
I A
250 02 25 current
~’~~
0] o1 0
0 1000 2000 3000.
speed(rev/min)

*)1g=~10"2N
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9904 123 03101 ASYNCHRONOUS MOTOR

with phasing capacitor

MOUNTING

The motor can be fixed by means of two screws M4,

REMARKS

- Input power, current and torque are measured at an ambient temperature of 20 °C,
within the first 15 s after starting the cold motor.
The speed is measured at an ambient temperature of 20 °C, 5 min after starting
the cold motor.

- A voltage deviation of -10% from nominal causes the torque to decrease by about

20%.

- A capacitancedeviation ofthe phasing capacitor of + or — 10% from nominal causes
the torque andthe output power to increase or decrease respectively by about 10%.

- Versions for other supply voltages can be supplied on request.
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9904 123 04301

ASYNCHRONOUS MOTOR
with phasing capacitor

RZ 27077-2

QUICK REFERENCE DATA

Nominal voltage
Speed at no load

Input power at no load

Maximum torque

110, 220V, 30

= 2900
< 40
P 1150

Hz

rev/min

gcm ¥)

APPLICATION

The motor is intended for use in

- professional sound and picture recording instruments
- medical equipment

- computer peripherals.

DESCRIPTION

This reversible asynchronous motor with phasing capacitor has a high output power
and a high efficiency. Mechanical noise has beenrestricted by special spindle treat-
ment and severe tolerances on the self-adjusting slide bearings. Motor vibrations
are absorbed by rubber suspension blocks. It is suitable for tropical environments.

*) 1 gem ~ 1074 Nm
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9904 123 04301 ASYNCHRONOUS MOTOR

with phasing capacitor

TECHNICAL DATA

Dimensions in mm

[ e — 88 34
| le—32 _"

)
[ 0]

\\

ol

-
Connecting diagrams
yellow green red  brown yellow green red  brown
0% pack blue grey|whit 220V%c iqc) Jrey|  white
4
CCw
W o T ccw
8rF o—e” 2pF =
cwo——1 T
CWO 7299344
Weight approx. 1650 g

The values given below are measured at a nominal voltage of 220 V4¢; they apply to
an ambient temperature of 22 + 5 ©C, an atmospheric pressure of 860-1060 mbar and
a relative humidity of 45 - 75%. See also "Remarks".

Nominal voltage 110, 220 Vgu¢
Frequency 50 Hz
Starting torque at 150 rev/min > 450 gcm *)
Maximum torque = 1150 gcm *)

*)1 gem = 104 Nm
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ASYNCHRONOUS MOTOR
with phasing capacitor

H99o4 123 04301
|

Speed at maximum torque
at no load
at maximum output power
Maximum output power
Input power at no load
Current at no load
Direction of rotation
Maximum permissible temperature of the windings
of the bearings
Minimum ambient temperature
Insulation according to IEC 65
Insulation test voltage

Bearings

Maximum radial force on the bearings
Maximum axial force

Maximum axial play

Terminals

Required phasing capacitoxr

1\

[\

=
=

2200
2900
2400
28
40
0.15

reversible

120
80
-10

class E

2500

self aligning,

slide bearings

800
250
2

flying leads

7299338

1500 3 100[3904 123 04301 bl
E 1T I3 ] 3
%’ b ¢ input power AN
¢ lE |2 N
Z1000{ 3 05|23 50 —
current \
~— N
s00| 025 O N
o] o
0 1000 2000 3000

*1g=~10"2N

speed(rev/min)

2

rev/ min
rev/min
rev/min
w
W
A

°C

oC

oC

Vac

g
g "

uF

March 1970 H

I

E51



9904 123 04301 | ASYNCHRONOUS MOTOR

I with phasing capacitor

MOUNTING

The motor can be fixed by means of the rubber suspension blocks.

REMARKS

Iy Input power, current and torque are measured at an ambient temperature of 20 °C,
within the first 15 s after starting the cold motor.
The speed is measured at an ambient temperature of 20 °C, 5 min after starting
the cold motor.

2)A voltage deviation of —10% from nominal causes the torque to decrease by about
20%.

3)Versions for other supply voltages can be supplied on request.

4)A capacitance deviation of the phasing capacitor of +or —10% from nominal causes
the torque and the output power toincrease or decrease respectively by about 10%.
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II. TIMING AND CONTROL DEVICES
(A.W. HAYDON)






Indicators for built-in test equipment (bite)

General page F3
Rectangular BITE indicators page F9
Round BITE indicators page F15

Ball BITE indicators page F19






BITE

GENERAL

INDICATORS

INTRODUCTION

Our range of microminiature BITE indicators enables performance monitoring to be
achieved with ease. Functionally, these units monitor the performance of a system
and/or its components and provide an automatic visual warning whenever equipment
operation falls outside of the design parameters, and will continue to indicate the
fault condition even after loss of power. Microminiature BITE indicators may be em-
ployed at system, sub-system, module and printed circuit board levels.

Of course, indicators need not only befitted into the various parts of a system. Sig-
nals or functions to be monitoredcan alsobe parallel-wired to indicators grouped on
a conveniently placed panel where they will come under the routine inspection of an
alert equipment operator. Such a fault isolation system (FIS) further increases fault
detection speed and equipment efficiency.

Polymotor -A. W. Haydon offer three basic types of BITE indicators - ball, round, and
rectangular. It is envisaged that the balltype willfind the majority of its applications
in industry, whilst the round and rectangular types will be more suited to military
uses.

In addition to the three basic BITE indicator types, Polymotor -A. W. Haydon can pro-
vide test and driver circuits for applications where customer's circuitry does not
provide the characteristics needed to operate the indicator in the desired manner.
Examples of this are where the fault signal is inthe millivolt range or in a pulseform
lasting only microseconds, or where a time delay is required before the indicator
operates. In most cases these circuits canbe included as part ofthe indicator pack-
age and are often incorporated into the basic indicator assembly without increasing
its size. Consultation with our engineers, early in the equipment design stage, will
realize the maximum benefits in performance and design simplification, and in size,
weight and cost reduction.
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GENERAL BITE

INDICATORS

MAIN APPLICATIONS

FAULT DETECTION
Ball type

The microminiature size of the ball BITE indicator permits direct mounting onto
printed circuit boards as well as surface or panel mounting in such equipment as:

recorders; indicators; amplifiers; annunciators; auxiliary devices.
Simplified design and functional utilization make these units ideal for use with auto-

matic control and systems in the process industry.

Round and rectangular types ’

Military applications utilizing the round and rectangular types inciude many avionic
systems where rapid in-flight fault detection is of the utmost importance, and where
in-flight history is required by ground maintenance crews. Some avionic applications
are given below.

- In-flight monitoring of the voltage and frequency output of 400 Hz alternators is done
by sensors which send signals to the BITE indicators. The indicators'magnetic
latching properties enable ground maintenance crews totell at a glance whether the
alternators functioned properly during the flight, and to take any necessary cor -
rective action.

- Servo loop in an aircraft control system. In this application the indicator has a
built-in time delay. When a control signal is applied to the system, the indicator
detects any failure to respond within 10 ms, after whichtimethe delaytriggers the
BITE indicator to signal an actual or potencial failure.

~ Ground-support computer equipment. The indicator monitors the complernent of the
output code continuously and signals if an erroneous code is generated.

- Aircraft fire warning system. Each of a number of indicators in the pilots' com -
partment represents a different section oftheaircraft and, inthe event of fire, the
pilot can determine its location immediately. It is extremely important that a fault
indicator continues to register upon the loss of power, therefore indicating lights
can not even be considered for such a use.

- Automatic Landing System (ALS)in one of the major commercial aircraft. In each
system 24 indicators are used to monitor various components. Immediately prior
to landing, a complete check of the dircraft s landing system is made automatic -
ally, three times, and everything mustbe in a ""go" condition before an actual land-
ing is made.
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BITE MAIN APPLICATIONS GENERAL

INDICATORS

FAULT ISOLATION

The fault isolation system (FIS) grew from the necessity for one-location perform -
ance monitoring of large-scale electronic and avionic concepts. No matter how com -
plex or sophisticated the equipment under scrutiny, a well-designed FIS will give an
at-a-glance performance statement - BITE indicators are the heart of any FIS - they
make the performance statement.

Any out-of-tolerance parameter capable of being convertedinto a fault signal voltage
level can be monitored, be it continuous, pulse, or transient in nature. Commer -
cial and military application for FIS are many and varied (the FIS meets all military
specifications, particularly MIL-E-5400 and MIL-STD-810). Among the many appli-
cations, a few of the more obvious are:

commercial and military aircraft;
C()mputcr Systcms;

industrial and process control;
qualification and verification testing.

A complete IFIS consists of an annunciator panel containing any number of electrical -
ly-actuated BITE indicators, signal conditioning and control/comparator network cir -
cuitry. A self-test capability can also be incorporated to verify BITE indication and
circuit operation. K21500, K21600 and K21700 series BITE indicators have been spec -
ifically designed to interface with the FIS signal conditioning circuitry (low voltage
d.c. signal operation).

1 54075

CENer s RN TSy E AR RTEY

liiree

FIS can be small too. The photograph shows a fault isolation concept applied to a
printed circuit board used in telecommunication equipment. Ten rectangular BITE
indicators are mounted on the left of the board.

(Photograph by courtesy of Standard Electrik Lorenz, Stuttgart, West Germany).
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BITE
INDICATORS

GENERAL MAIN APPLICATIONS

A FIS is as individual as the customer's requirement and Polymotor-A.W. Haydon
have experienced engineers onhandto assist in realizing specific requirements (also
those relating to military and standard ARINC specifications).

ref.

voltage
inverter
{— _37/
self
test

rectifier
black NSV 400Hz £ |
l l105v 400Hz %
2

white

test
switch

7 72597864

Typical FIS circuitry requiredto actuate a BITE indicator when the input signal is a.c.
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K21502

RECTANGULAR BITE INDICATORS

RZ 29167-5

DESCRIPTION

Fault indication is made visuallythroughwindows onthe front and/or side of theunit.

MECHANICAL DATA
I<——~*———c~—>H<— }&A—»\
! | .
o + | —— —— :
o | D P = _J
J_1°] | ~ P ] |
4 D == {[H}
g == [
Fig.l o | \ — —
> ) |l ‘4— F—»! G - K —| —>| E L—
7260399
dim mm in
A 5.08 0. 200
B 10. 16 0.400
C 17.78 0.700
D 2.59 min. 0.102 min.
E 2. 84 min. 0.112 min.
F 4.76 3/16
G 7.14 diam. 9/32 diam.
H 1,58 max. 1/16 max.
J 2.54 max. 0. 100 max.
K 203.2 min. 8.0 min.

April 1971 H F9



K21502 RECTANGULAR BITE INDICATORS

Readout front, normal - black; fault - white
side, normal - black; fault - white cloverleaf
Enclosure sealed plastic housing
Finish black acrylic paint
Leads 30 AWG stranded and insulated (1to5 leads);
32 AWG stranded and insulated (6 leads)
Weight 6 nom.
ELECTRICAL DATA
Operating voltage 28 Vd.c.
Coil resistance min. 1400 Q at 25°C
Duty rating intermittent
Duty cycle 20 % over voltage and temperature range
Cycle rate max. 10 Hz
Input signal duration min. 15ms; max. 1 s (non-switched coils)

Diagrams and connections

The following five versions are available:

Version-P13

¢C————9(-) 4 orange Non-switched unit; requires pulse input. When
coil A is energized with the polarity indicated,

8 the device will transfer from black to a white
(+) 3 green cloverleaf and latch inthis condition. When coil
B is energized the readout will transfer from
(=12 black white cloverleaf to black and latch.
A

Fig.2
(+) 1 red (a)

7260394
Version-P23

(=) 4 orange Non-switched unit with internal diode suppres-
sion of inductive load; requires pulseinput. Op-

B
erates in same manner as P13.
(+) 3 green
(=) 2 black
A
7260391 (+) 1 red (b)

F10 ” April 1971



RECTANGULAR BITE INDICATORS

K21502

Version-P33

- ————

-

I
!
q
!
q

S2
B
———————O0(+) 3 green
——0(-=) 2 black
A S1
—— & TA——0(+) 1 red
Lo
7260393 Fig.2
(c)
Version-P43
e )
4—o0(-) &4 orange
S2
B
(+) 3 green
]
g (=) 2 black
A
S1
T (+) 1t red
; i
Sienr T (@
Version-P63
(+) 5 blue
B
(=) 4 orange
A
(+) 3 green
1
: l————o 2 black
4———0 1 red

O 6 yellow

(e)

7260390

Self-switched unit; uses power duringtransist -
ion only. When coil A is energized with the po-
larity indicated, the device will transfer from
black toa white cloverleaf; close S2 toa make -
ready condition for coil Boperation; open Sire-
moving power fromcoil A, and latchin thiscon-
dition. When coil Bis energized the readout will
transfer from white cloverleafto black and latch,
with the reverse switching sequence.

Self-switched unit with internal contact protec -
tion;uses power during transition only. Operates
in same maanner as P33.

Relay unit with internal diode suppression of
inductive load; requires pulse input when not
self-switched. (Switch: Form D - make occurs
approx. 6 ms before break - rated 20 mA re-
sistive at 28 V d.c.)

When coil A is energized with the polarity in-
dicated, the device will transfer from black to
a white cloverleaf; make the circuit between
terminals 1 and 6; break the circuit between
terminals 2 and 1, and latch in this condition.
When coil Bis energized, the readout will trans -
fer from white cloverleaf to black and latch,
with the reverse switching sequence.
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K21502 RECTANGULAR BITE INDICATORS

MILITARY TESTS

The indicators withstand the following tests:

comments

MIL-E -5400H
tests
paragraph 1)

high temperature 3.2.21.1
low temperature 3.2.21.1
temperature shock 3.2.21.1.1
altitude 3.2.21.2
humidity 3.2.21.4
vibration 3.2.21.5
shock 3.2.21.6
sand and dust 3.2.21.7
fungus 3.2.21.8
salt spray 3.2.21.9
explosive conditions 3.2.21.10
transient voltage N/A

105 °C operating and non-operating
-549C operating and non-operating
non-operating

9140 m

curves I and III 15 g to 500 Hz
30g for 11ms

48 h

80 Vd.c. max.

1) Class 1 A equipment

MOUNTING

The indicators can be supplied mounted on the bracket of Fig. 3 in four different po-
sitions as shown in Fig.4 a, b, c,d, distinguished by mountingnumbers. When an indi-
cator is supplied without a bracket (or with the bracket separate), a 100% epoxy ad-
hesive should be used to fasten the indicator to the chassis (or to the bracket). Ad-
hesives containing diluents or volatiles are to be avoided as indicator damage may

result.

»| ) |- >

7260400

L»—c ~>\

|-

T3

A >

Fig.3. Dimensional drawing of mounting bracket
(mounting number for separate delivery-10)

e
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RECTANGULAR BITE INDICATORS K21502

¢ (mounting number -13)

dim. mm in
A 18.65 47 /64
B 19.84 25 /32
c 5.95 15/64
D 3.17 0.125
E 4.88 - 5.08 0.192 - 0. 200
F 8.89 0.350
G 3.35 0.132
H 15. 87 0.625

+0.12 +0.005
I 2.36{_0_00 0.093{ - 0

7260386

b (mounting number -12)

7260387 7260388

d (mounting number -14)

Fig. 4. Indicator mounted on the bracket in four different positions.

ORDERING

Please quote the model number, versionnumber, and mounting number (if applicable).
Special windings, and different readout colours are available on request. Special
mountings can be made to order,

April 1971
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K21602

ROUND BITE INDICATORS

DESCRIPTION

RZ 291674

Fault indication is made visually through a window on the front of the unit. An im-
portant feature of the round type of BITE indicators is the use of mechanical latching
in addition to magnetic latching which further ensures against false transfer when
indicators are subjected to severe shock or vibration.

MECHANICAL DATA

Model K21602 Front panel mounting

Z Y X

-—— E —»

"

00 010

- D
|- C ——— | 7z60398
Dimensions
mm . 11.9mm (15/32 in) - 32 pitch
A 7.92 0.312° thread to within 1.58 mm (1/16 in)
B 15.07 0.593 of shoulder
washer 15.9mm (5/8 in) outerdia,
c 16.00 max. 0. 630 max. 0.51mm (0.02 in) thick
D 6.35 0.250 hexagonal nut 14.3mm (9/16 in)
E 203.2 min, 8.0 min. across flats, 2mm (5/64 in) thick
April 1971 “ Il F15



K21602 ROUND BITE INDICATORS

Readout
Enclosure
Finish

Leads
Weight

ELECTRICAL DATA

Operating voltage
Coil resistance
Duty rating

Duty cycle -

Cycle rate

Input signal duration

Diagrams and connections

normal - black; fault - white cloverleaf
sealed aluminium housing

black anodized housing;

black Ebanol C nut;

black oxide lock washer.

30 AWG stranded and insulated (4 leads)
13 g nom.

28 Vd.c.

min, 600 Q at 25°C

intermittent

12.5% over voltage and temperature range
max. 10Hz

mia, S0ms

max. i0s

A version without and a version with diodes for suppression of inductive loads are

available:

Version-P13

(=) 4 orange
B

(+} 3 green

(=) 2 black
A

(+) 1 red

7260394

Version-P23
—O(~) 4 orange

L ®

——O (+) 3 green

(-) 2 black

(+) 1 red

7260391

When coil A is energized with the polarity indicated, the device will transfer from
black to white cloverleaf readoutandlatchinthis condition. When coil B is energized,
the device will transfer from white cloverleaf to black readout and latch.

s |
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ROUND BITE INDICATORS K21602

MILITARY TESTS

The indicators withstand the following tests:

MIL-E -5400H
tests ] 1 comments
paragraph *)

high temperature 3.2.21.1 85°C operating; 95 °C non-operating
low temperature 3.2.21.1 ~549C operating; —65 °C non-operating
temperature shock 3.2.21.1.1 non-operating
altitude 3.2.21.2 9140 m
humidity 3.2.21.4
vibration 3.2.21.5 20 g to 2kHz (exceeds MIL -E -5400)
shock 3.2.21.6 exceeds MIL-E -5400 2)
sand and dust 3.2.21.7
fungus 3.2.21.8
salt spray 3.2.21.9 48 h
explosive conditions 3.2.21.10
transient voltage N/A 80 V d.c. max.

1) Class 1A equipment

2) Highest shock limit before false transfer occurs has not been determined. Units
have been tested successfully at 100 g for 9 ms nad 590 g for 2 ms - 3 shocks in
each direction in 3 mutually perpendicular planes at both g levels -~ total of 36
shocks.

ORDERING

Please quote K21602-P13 or K21602-P23, as required. Other readout colours are a-
vailable on request.
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K21702

BALL BITE INDICATORS

DESCRIPTION

RZ 29167-6

For functional display, the ball type of BITE indicator makes use of a pivoted two-
colour ball which has a permanent magnet core. When a fault signal is applied to one
coil, a magnetic field is generated in opposition to the magnetic polarity of the ball
forcing it to pivot; its permanent magnet core then aligns withthe field generated by
the coil. A reset signal applied to the other coil will initiate the reverse action ),

MECHANICAL DATA
The following 3 models are available:

Model K21702,Press-fit panel mounting

| B — - A —»
—— C —» E—>| |-
7 ? — /\
1 — I
—_— - —— D — }‘_
\ — ——
NS { [—] &J
Fig. 1 7260395 L— F —b'
dim. mm in
A 8.13 0.320
B 20.62 0.812
C 9.22 0.363
D 6. 35 diam. 0. 250 diam.
E 1. 27 max. 0.050 max.
F 203.2 min. 8.0 min.

*) Units are being developed which will include a manual reset as well as the elec-

trical reset.
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K21702 BALL BITE INDICATORS

Model K21702-M1. Front panel mounting
ZY X

Ll o
AW
s |4 —
A T+ H—=6—-1%1- —
U E
. 4 > l-F
> C <—D—>1E!<-
Fig. 2 B 7260396

Model K21702-M2, Redr panel mounting

Xy Z

- 6———+—

T’““r\. ‘ 0
i

I Ny

> EleD —»

» C |-

Fig. 3 +————— B ————————| 7260397

Dimensions Figs.2 and 3

mm in
A 7.62 diam. 0. 30 diam.
B 21.08 max. 0. 83 max. X 9.5mm (3/8 in) - 32 NEF thread
C 3.05 0.12 to within 1.58 mm (1/16 in) of
D 6.35 0.25 shoulder
IE i;; max. 882 max. Y washer 12.7mn.1 (1/2. in) outer dia,
G 6.35 diam. 0.25 diam. 0.51mm (0.02 in) thick
H 12,7 diam. 0.50 diam. Z hexagonal nut 12.7mm (1/2 in)
] 203.2 min. 8.0 min. across flats, 2mm (0.08 in) thick
Readout normal - black; fault -white
Enclosure sealed aluminium housing
Finish black anodizing
Leads 30 AWG stranded and insulated (4 leads)
Weight 4 g max.
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BALL BITE INDICATORS K21702

ELECTRICAL DATA

Operating voltage 28 V d.c.

Power 0.5 W nom.

Duty rating intermittent

Duty cycle 6% over voltage and temperature range
Cycle rate max. 4 Hz

Input signal duration min. 50 ms

Diagram and connections

(=) 4 orange
B
When coil A is energized with the polarity indi-
(+) 3 green cated, the device will transfer from black to
(=) 2 black white readout and latch in this condition. When
coil Bis energized, the device will transfer from
A white to black and latch.
(+) 1 red

7260394

MILITARY TESTS

The indicators withstand the following tests:

tests MIL-E -5400{_1 comments
paragraph *)
high temperature 3.2.21.1 95°C operating; 125°C non-operating
(or asfunction of mounting heat sink)
low temperature 3.2.21.1 -54°C operating; =65 °C non-operating
temperature shock 3.2.21.1.1 non-operating
altitude 3.2.21.2 9140 m
humidity 3.2.21.4 100% for 240 h
vibration 3.2.21.5 10g to 500Hz 2)
shock 3.2.21.6 30g for 11ms
sand and dust 3.2.21.7
fungus 3.2.21.8
salt spray 3.2.21.9 48h
explosive conditions 3.2,21.10

1) Class 1A equipment
2) The indicator should be shielded from the vibrator's magnetic field.

ORDERING

Please quote the model number for ordering. Continuous duty cycle, and different

readout colours are available on request.
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Time indicators,

timers and timing motors



Basic elapsed time indicator

Hermetically-sealed elapsed time indicator

G2

Resettable elapsed time indicator
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TIME INDICATORS

Basic Elapsed Time Indicators (ETI)
Resettable ETI

Hermetically-Sealed ETI

Hermetically -Sealed Resettable ETI
Commercial ETI

Industrial ETI

Microminiature ETI

Microminiature Resettable ETI
Microminiature Industrial ETI
Subminiature ETI

Microminiature Non-Reset Events Counters
Microminiature Reset Events Counters
Electro-Mechanical Counters
Laboratory Stop Clocks

Stop Clocks

Information on these devices can for the time being be found in our booklet "Timing
and contro! devices', order No 9399 173 06329, which is available on request.
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Basic repeat cycle timer

Precision repeat cycle timer

Electronic repeat cycle timer
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TIMERS

Basic Repeat Cycle Timers

Electronic Repeat Cycle Timers

Precision Repeat Cycle Timers
Commercial/Industrial Repeat Cycle Timer
Subminiature Repeat Cycle Timers
Progress-Indicating Delay Relays

Delay Relays

Subminiature Delay Relays

Electronic Industrial Delay Relays
Electronic Delay Relays

Crystal Can Timing Module

Electronic Timing Modules

Electronic Time Code Generator
Electro-mechanical Time Code Generators
Motor -driven Potentiometers

Rotary Stepping Switch

Interrupters

Information on these devices can for the time being be found in our booklet "Timing

and control devices!, order No 9399 173 06329, which is available on request.

April 1971
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High-performance governed d.c. motor |

G6
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TIMING MOTORS

D.C. Motors

Chronometrically Governed D.C. Motors
High-Performance Governed D.C. Motors
Miniature D.C. Motor

Hysteresis Synchronous Motors
Miniature 400 Hz Timing Motor

Shaded -Pole Synchronous Motors
Miniature Reversible Synchronous Motor
General Duty Synchronous Motor

High-Torque Reversible Synchronous Motor

Information on these devices can for the time being be found in our booklet "Timing

and control devices', order No 9399 173 06329, which is available on request.

April 1971
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Stepper motors

Electronic switch for
4-phase stepper motors

Electronic switch for
8-phase stepper motors

SMALL D.C. MOTORS

Governed d.c. motors

Applications
Direct current motors in
deep drawn metal housing
Direct current motor with
interference-suppression filter
Direct current motor
Direct current motors
with reduction
Electronic speed control for
direct current motors

Ungoverned d.c. motors

Direct current motors

Direct current motors
with reduction

Direct current motor drive unit
with integrated gearbox

TACHOGENERATORS AND SERVOMOTORS

Servomotor, symmetric asynchronous

type with a. c. tachogenerator
D. C. tachogenerators

ASYNCHRONOUS MOTORS

Introduction

Asynchronous motor
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Asynchronous motor

asymmetric, shaded pole type
Asynchronous motor

symmetric, shaded pole type
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Asynchronous motor

with phasing capacitor
Industrial centrifugal blower with
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I “Electric motors and accessories” (Polymotor)

A Small synchronous motors
B Stepper motors
C Small d.c. motors
D Tachogenerators and servomotors
E Asynchronous motors
II “Timing and control devices” (A.W. Haydon)
F Indicators for built-in test equipment (bite)
G Time indicators, timers, timing mofors
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