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SLO-SYN® DC Step Motors

Step motors are devices which position loads
by operating in discrete increments, or steps,
unlike other devices that operate at constant
speeds. The stepping action is accomplished
by switching the power to the motor windings
so that the motor phases are energized in a
specific sequence. Step motors are capable
of very precise positioning without the use of
complicated and expensive feedback devices,
although feedback systems may be incorpo-
rated into step motor systems if position com-
parison is desired. Because of the simplified
control needs and the freedom from expen-
sive feedback requirements, step motors are
viable alternatives to pneumatic, hydraulic and
servo motor systems.

Characteristics of SLO-SYN DC Step Mo-

tors

e Brushless, permanent magnet motors

e QOperate in full-step (1.8°) or half-step (0.9°)
increments

® (Can be microstepped to achieve increments
as small as 0.0072°

» Offered with accuracies of +3% and +5%
noncumulative

e Can be operated at rates to 20,000 steps
per second (6000 rpm)

e Holding torque ratings from 60 to 5330 oz-in
(42.4 to 3764 Ncm)

e Wide range of torque ratings, shaft configu-
rations and frame sizes

s Easily adapted to different control types, in-
cluding microprocessor based systems

» Class B insulation, operate at ambient tem-
peratures from -40°C to +65°C (-40°F to
+149°F)

» No brushes, ralchets or detents to wear out

e [ubricated-for-life ball bearings

Underwriters Laboratories Recognition &

Canadian Standards Association Certifica-

tion

» All MO6 and M09 Series motors are recog-
nized by UL, UL#E31544

» Motors in other series which meet UL re-
quirements are identified with letter U suffix
or are provided with a UL logo. Most stan-
dard motors, as well as double end motors,
are eligible

e Most standard motors are listed by Cana-
dian Standards Association, including all
MO6 and M09 Series Motors

Comparison of Servomotors versus
DC Step Motors

Too often, when a motion control system is
being specified, the designer automatically
assumes that a servomotor system must be

MO61 Motor MO92 Motor M111 and M1 12

used. The truth is that, in many cases, a well designed step motor sys-
tem will perform the same function as well, and at lower cost. The fol-
lowing comparison of the outstanding characteristics of the two types
of motors outlines some of the advantages of step motors for motion
control.

Servomotor Characteristics

* Require complex, expensive control systems

* Position sensing devices needed for feedback to control

* Reiatively iow torque for size

» Thermally inefficient

» Control system must be “tuned” to load; must be “retuned” if load is
changed

* Brushes on DC servomotors subject to wear

SLO-SYN DC Step Motor Characteristics

* Relatively inexpensive

» Can be operated “open-loop” (no position feedback required)
* Noncumulative step error

» Simple control electronics can be used

» Brushless construction aids reliability

Maintenance free

Will not be damaged if stalled

* High torque for size

* Maintain position when at rest

.

Typical Applications

* Environmental Testing

» Silicon Crystal Growing

» Paper Packaging System

e Cut-To-Length of Metal, Plastic, Fabric, etc.
» Sheet Metal Fabrication

» Fiberglass Mass Production

» Aircraft and Aerospace Parts Machining
» laser Positioning

* Brush Manufacturing

¢ Tire Manufacturing

* Radiation Testing Control

» Office Peripheral Equipment

» Pick-And-Place Automatic Loading and Unloading
» Grinding

» Metal Punching

* Rotary Table Control

» Welding

» Wire Harness Assembly

» Wrapping Machines

* XYZ Applications
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Switching Sequence For
Operation From Bipolar Drives

FULL-STEP (TWO-PHASE ON)
ENERGIZING SEQUENCE*

PHASE

STEP A B
1 +1 +1
2 +1 =1
3 -1 -1
4 -1 +1
1 +1 +1

HALF STEP
PHASE ENERGIZING SEQUENCE"*
PHASE

STEP A | B
1 +1 +1
2 +1 —
3 +1 -1
4 —_— -1
5 -1 -1
6 -1 o
7 -1 +1
8 — +1
1 +1 +1

FULL-STEP (ONE PHASE ON)
ENERGIZING SEQUENCE*

PHASE
STEP A B
1 +1 —
2 — =1
3 -1 —
4 — +1
1 +1 —

Switching Sequence For
Operation From Unipolar Drives

FOUR STEP INPUT SEQUENCE
(FULL-STEP MODE)*

STEP | SW1 | sw2 SW3 | Sw4

ON OFF ON OFF

ON OFF OFF ON

OFF ON OFF ON

OFF ON ON OFF

&= |WiN]—=

ON OFF ON OFF

DC -3

EIGHT STEP INPUT SEQUENCE
HALF-STEP MODE*

STEP Swi Sw2 SW3 Sw4
1 ON OFF ON OFF
2 ON OFF OFF OFF
3 ON OFF OFF ON
4 OFF OFF OFF ON
5 OFF ON OFF ON
6 OFF ON OFF OFF
7 OFF ON ON OFF
8 OFF OFF ON OFF
1 ON OFF ON OFF

* Rotation is clockwise as viewed from label end of motor. For counterclockwise
rotation, sequence should go from bottom to top of chart.

Microstepping

Microstepping is a method of step motor control that allows the rotor to
be positioned at places other than the 1.87 or 0.9° locations provided
by the full-step and half-step methods. Microstepping positions occur
between these two angular points in the rotation of the rotor.

The most commonly used microstep increments are 1/5, 1/10, 1/16,
1/32, 1/125 and 1/250 of a full step. Microstep increments chosen by
Superior Electric simplify control of both US and metric units of mea-
surement, and also allow finer positioning resolution. While a full step
of 1.8° will give a 0.001 inch resolution when the motor is driving through
a lead screw which has a 0.2000 inch lead, resolutions of 0.000008
inch or less are theoretically possible using microstepping.

A major benefit of microstepping is that it reduces the amplitude of the
resonance that occurs when the motor is operated at its natural fre-
quency or at sub-harmonics of that frequency. The improved step re-
sponse and reduced amplitude of the natural resonances result from
the finer step angle.

Superior Electric drives offer microstepping, so the benefits of
microstepping are available whenever smoother Step motor performance
or finer positioning resolution are required.

Shaft Deflection
100 = When a load is applied to
/7 a motor shaft, the shalft
/' will deflect angularly from
the no load position. The
/ Shaft Deflection curve
shows shaft deviation
from the no load position
vs. percent of rated hold-
/ ing torque. This curve is
valid for all 1.8° step
/ angle SLO-SYN Step
/ Motors.
/

/ NOTE: Proper construc-

tion of the mechanism of
the driven load is essen-
P tial in order to accurately
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DEVIATION (DEGREES) FROM NO-LOAD POSITION achieve a true versus
theoretical position.
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SLO-SYN® DC Step Motors

Transient Voltage Suppression

As current is switched through the motor windings during stepping, tran-
sient voltages are generated which can cause faulty operation and dam-
age to the motor and drive components. To prevent these problems,
some means of limiting or removing these transients must be provided.
The most common means of accomplishing this employs shunting di-
odes as shown in the connection diagram.

Typical diodes for use in this circuit are 1N4002 and 1N4003 and similar
types. Resistance may be varied between 0 and 50 ohms, as needed,
to reduce transient voltages to an acceptable level. Capacitors can be
used in place of the diodes. Capacitor ratings between 0.1 and 1.0 mfd.
can be used, depending on the characteristics of the switches.

RED SW1

Note: Circuit shown is only for use with a unipolar drive
TYPICAL TRANSIENT VOLTAGE SUPPRESSION CIRCUIT

Holding and Residual Torque

The permanent magnet design of a SLO-SYN Step Motor provides a
small residual torque which helps hold the motor shaft in position when
the motor is not energized. If greater holding torque is required, one or
both motor windings can be energized with dc voltage when the motor
is not stepping. The Ratings and Specifications charts list residual torque
values for each motor, as well as holding torque values with both one
and two motor windings energized at rated voltage and current.

Optional Post Machining

Motors in the M090 and larger frame sizes are available with optional
post machining to provide closer shaft runout and mounting surface
tolerances. The tolerances with standard machining and with optional
post machining are given in the appropriate motor dimensional draw-
ings. The second letter in the motor type number identifies the type of
machining as well as the step accuracy of the motor. For example, the
letter C in motor type number M091-FCO09 signifies that the motor has
optional post machining and provides £3% step accuracy. The identify-
ing letters that are used and the information that they convey are as
follows:

Letter Information
C +3% accuracy'", optional post
machining
D +5% accuracy", standard machining
F +5% accuracy!, standard machining
J +5% accuracy', standard machining
S +3% accuracy®, standard machining
T +5% accuracy™, optional post

machining

) Maximum positive or negative deviation from the
rated angular motion per step, for any step in a
complete revolution. Expressed as a percentage
of the angle of a single step. Measured at no load
with rated current applied to both motor windings
(balanced to within 1%) and motor operated in the
“two windings on” mode.

Step Response

When a step signal is given to a step motor,
the motor shaft will rotate the specified angu-
lar distance within a measurable period of time
which is called the step response time. This
time is a function of the motor and of the char-
acteristics of the electronic drive circuits. The
step response times given in the Electrical Rat-
ings charts were obtained under no-load con-
ditions and do not include settling down time.
The step response value only indicates single-
step response time and is not an indicator of
maximum motor speed.

Single step time (t.) **
for each motor is given in rating chart
** Does not include settling down'time.

MOTOR— }—
STEP r_
ANGLE

STEP RESPONSE

Torque vs. Speed Characteristics

Many factors determine the torque vs. speed
characteristics of a SLO-SYN Step Motor.
These include the design of the drive system
and the voltage supplied to the motor, as well
as the inductance rating of the motor used.

DC -4
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Effects of Drive Design

Design of the drive which operates the motor
is an important factor in determining the per-
formance which will be obtained. The types of
drives offered, and their effects on motor per-
formance, are as follows:

NOTE: MH112 and MH172 motors are de-
signed to operate only from four-terminal
bipolar drives.

L/R Drives - This design was the basis for most
older drives and is still used on some existing
drives. It allows half- or full-step motor opera-
tion, but does not permit variable control of
current level. L/R drives also require dropping
resistors, which reduce motor efficiency. L/R
drives provide satisfactory performance at
lower stepping rates, but do not have good high
speed capabilities. This is the most basic drive
design, and it is typically the lowest in cost.

Constant Current Chopper Drives - These
drives maintain relatively constant current to
the motor at all speeds, and therefore offer
good stepping performance at rates up to ap-
proximately 5000 steps per second. Although
more costly and complex than L/R drives, they
allow use of features such as closed-loop con-
trol, microstepping, current boost and stabili-
zation in addition to improved motor perfor-
mance.

Line Operated, High Voltage Chopper
Drives - These drives deliver higher voltage
to the motor for optimum high speed perfor-
mance. They are also able to operate larger
motors to provide high performance and ex-
celient efficiency. Since they do not need bulky
stepdown transformers, line operated drives
are more compact than other chopper drives.

Effects of Motor Voltage

Motor performance at mid-range and high-
range speeds can be unproved by increasing
the voltage to the motor. However, the motor
will operate at a high temperature when the
voltage is increased, so some means of cool-
ing may be necessary. In general, motor sup-
ply voltage does not affect operation at lower
stepping rates.

Motor Inductance Effects

For a given supply voltage, a low inductance
motor will give better performance at high
speeds than a high inductance motor, but will
operate at a high temperature.

o -~

This is true because a lower inductance motor requires more current
than does a high inductance model. High inductance motors yield higher
maximum torque and operate cooler, but their top speed is limited and
torque falls off more rapidly as speed rises than is the case with a lower
inductance motor.

Construction of DC Step Motors

A SLO-SYN Step Motor is a brushless DC motor consisting of a rotor
and a stator assembly. The illustration shows the internal construction
and tooth alignment of the motor. A certain number of teeth, evenly
spaced around the entire diameter, provide the incremental angular
rotation that results in mechanical motion. Step motors are constructed
with a 48-50 tooth pitch configuration as well as a 50-50 tooth pitch
configuration. A 48-50 tooth pitch motor has 50 teeth on the rotor and a
48-tooth pitch on the sta-
tor. Similarly, a 50-50 tooth
pitch motor has 50 teeth
on the rotor and a 50-
tooth pitch on the stator.
While both motors deliver
a 1.8° full step angle, the
48-50 tooth pitch motor
gives much smoother op-
eration and softer step-to-
step motion with less
resonance or mechanical
instability at low speed.
The 50-50 tooth pitch
motor provides the user
with a little more torque,
but a much rougher running system. Superior Electric developed the
48-50 tooth pitch motor and holds a patent on this design. Both 48-50
and 50-50 tooth pitch motors are manufactured by Superior Electric.

Stepping Techniques

The terms full-step, half-step and microstep are commonly used in the
discussion of step motors.

A standard 1.8° step motor has 2300 discrete positions in a full 360°
revolution. Since 360° divided by 200 equals 1.8°, the motor shaft will
advance 1.8° each time the motor is given a digital command to take
one step. This is known as a full-step.

The term "half-step” implies a 0.9° step angle (half of a full 1.8 step),
resulting from a different switching technigue of the drive transistors
that provide power to the motor windings.

The term “microstep” refers to a more sophisticated form of control which
goes beyond the simple switching of power between phase A and phase
B of the motor windings and takes control of the amount of current
being sent to the individual windings. Microstepping permits the rotor
and shaft to be positioned in places other than the natural 1.8” and 0.9°
positions during motion.

SLO-SYN Step Motors, because of their basic nature as digital devices
and reliable position and motion control actuator, have proven them-
selves for many years to be a very dependable source of motion con-
trol.
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SLO-SYN® DC Step Motors

60mm Frame Size Models (NEMA Size 23D)

s +3% step accuracy, noncumulative (all models)

e 48-50 tooth pitch configuration give smooth operation, soft
step motion, less resonance and instability

e Qutstanding microstep performance characteristics

e Proprietary molding process yields improved rotor and stator
insulation and increased mechanical integrity

¢ New loopless winding technique and internal circuit board vir-
tually eliminate chance of interference between internal wir-
ing and rotor/stator

e Can withstand up to 2-1/2 times rated current (instanta-
neous) without demagnetization

e Holes in rear end bell for mounting encoder (double end shafts
only)

e Excellent thermal properties and resistance to vibration
s (Class B insulating materials

e Rated for operation in ambient temperatures from -40°C to
+65°C (-40°F to +149°F)

+100°C (212°F) maximum motor shell
temperature

Available with 4, 6 or 8 connections

Can be supplied with leads, connector
or cast enclosure

Constructed to provide long life with no
regular maintenance

TYPE NUMBER EXPLANATION - M060 SERIES MOTORS

Mol - O O **

ﬁ

| £ = Double End Shatt

| Identification Suffix

1 = Single Stack
2 = Double Stack l

3 = Triple Stack

l (Coil Rating)

F = 4 Connections
S = 6 Connections

C = Connector Type
L = Lead Type
T = Cast Enclosure

Refer to page DC-27 for available options

E = 8 Connections
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SLO-SYN® DC Step Motors

MECHANICAL SPECIFICATIONS @

NOMINAL | MINIMUM
ROTOR | RESIDUAL | TYPICAL MAXIMUM | MAXIMUM APPROX. WEIGHT
BASIC | INERTIA | TORQUE | TORQUE TO | OVERHANG | THRUST LBS. (kg)
MOTOR | LB-IN? 0zZ-IN INERTIA LOAD LOAD
SERIES | (kg-cm?) (Ncm) RATIO LBS (kg) LBS (kg) NET SHIPPING
MO61 0.04 1.0 36 x 10° 15 25 1.25 15
(0.12) (0.71) (36°%) (6.8) (11.3) (0.57) (0.68)
MO62 0.08 1.4 30 x 10° 15 25 2 2.5
(0.23) (0.99) (30°) (6.8) (11.3) (0.91) (1.14)
MO63 0.11 2.5 33 x 10° 15 25 2.75 3.25
(0.32) (1.77) (33%) (6.8) (11.3) (1.25) (1.48)

™ Values shown are for reference information and are correct to the best of our knowledge at time of publication, but are
subject to change without notice. Parameters to be used as part of a specification should be verified with the factory.
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0 TORQUE - OUNCE INCHES

N

(42)

(32;

45

\

21)

30

(an

QOTLRIN2

0

0 2000 (10)

4000 (20)

6000 (30)

SPEED - 1.8 DEGREE STEPS / SEC {RPS}

MO061-C308 OR MO061-LE08

8000 (40)

10000 {50}

MOTOR WITH SS2000MD4 3.0 AMP, 36 VDC
SLO-SYN MOTION CONTROL
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TORQUE - OUNCE INCHES

TORQUE - QUNCE INCHES

Typical Torque Versus Speed Characteristics
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3 AMPS

110 BTEP
0ABLBN 2

o

"]

500 (2.5}  1000{5)

1500 (7.5)

2000 (10)
SPEED - 1.8 DEGREE STEPS / SEC (RPS)

2500 (12.5)

M062-CE0S OR M062-LE09
MOTOR WITH SS2000MD4 3.0 AMP, 36 VDC
SLO-SYN MOTION CONTROL
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A
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(28}
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¢
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\

0

400 (2) 860 (4)

1200 {6} 1600 (8)
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2000 {10)

M063-CE09 OR M063-LE09 MOTOR WITH SS2000MD4
3.0 AMP, 36 VDC SLO-SYN MOTION CONTROL

Co

DC -



000—=

{56.9]
MAX
4 MTG HOLES

B.205 [5.21] (47 14]

re———— 2 24 ] —egiey

et | 856 [] -t

&)

I . &.MQ

#4-40 GND SCREW
WITH LOCKWASHER

MODELS WITH LEADS

DIMENSIONS, M060 SERIES MOTORS

MAX. LENGTH
MOB1 2.02 [51.3] —=

. 752,04
(1911, 13

L

MOB2 3.02 [76.71]
MOB3 4.02 [102.1)

.19 [4.8]

-—  81.02
{20.6:0.6]

@.2%00 [6.3501}

(M .2495 [6.337)

@ 1.500+.002

(38.10:0.061

g .2500 {6.350]

.2485 [6.337)

\R 1.60 MAX

DOUBLE ENDED SHAFT
WITH ENCODER MOUNTING
2% #4-40 UNC-2B THRU
ON A @1.812 [46.03]

;

271.00200.051)

q

©].003(0.0771 [A]

‘% 1271305) MIN == 050 (1. 3]

LEAD LENGTH
#22 AWG {0, 35mm

2 1. ]1.00300.0771]4]

REMOVABLE COVER/

FOR ACCESS TO

#22 AWG[O.35mm?) |

LEADS

TERMINAL BOX

{-——MAX, LENGTH ———————=t

61 SERIES 2.85(72.4)
62 SERIES 3.85 (97.8)
B3 SERIES 4.85 (123.2]

d

-EB.

\‘ .25-18 NPT

(See models with leads [above] for other dimensions)

Mo La

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com




SLO-SYN® DC Step Motors

DIMENSIONS, M060 SERIES MOTORS

———MAX. LENGTH——t

MOB1 3.02(76,1]
MOB2 4.02(102.1]
MOE3 5.02(127.5]

-_E,

’o/ O

O §-----
O 0
Y 4

ENCODER MODELS WITH LEADS
MO6C2XXX
MO6C4XXX
MOBC5XXX

WK]Z' (305] MIN LEAD LENGTH

#26 AWG [0.14 mm?)

(See models with leads [page DC-9] for other dimensions)

12° { 305] MIN CABLE LENGTH
428 (0.08mm?2] AWG
SHIELDED CABLE

T
'
i
‘
i
'
f
4
:
t
)
I
I
{
'
i

ENCODER MODELS WITH LEADS
MO6C12

ot MAX . LENGTH ——t
MOB1 3.52(114.8]
MOB24.52(114.8]
MOB35.52(140.2]

—
L=

(See models with leads [page DC-9] for other dimensions)
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90mm Frame Size Models
(NEMA SIZE 34D)

« Step angle of 1.8° (full step ) or 0.9°
(half step)

e 48-50 tooth pitch configuration gives
smooth operation, soft step motion,
less resonance and instability

e Excellent microstep characteristics
e Available with +5% or +3% step accuracy, noncumulative

 Can withstand up to 2-1/2 times rated current (instan-
taneous) without demagnetization

« Offered with connector, leads or cast terminal enclosure
e Can be supplied with 4, 6 or 8 connections
e Class B insulating materials

e Rated for operation in ambient temperatures from -40°C
to +65°C (-40°F to +149°F)

e +100°C (+212°F) maximum motor shell temperature

« Constructed to provide long life with no regular mainte-
nance

TYPE NUMBER EXPLANATION - M090 SERIES MOTORS

M O O

- F O **** [

T I

Frame Diameter [1 = Single Stack |

rC = 6 Lead with |

Identification Suffix * ! C3A = Encoder

optional post (Coil Rating) E = Double End Shaft
09 =3.4" 2 = Double Stack machining
3 = Triple Stack D = 6-Lead
F = 4-Lead

+ NOTE: Motors with 8000 suffixes (i.e. MO91-FD-8009) are supplied with integral cast terminal boxes and 8 screw
terminals. Motors with 8100 suffixes (i.e. M091-FD-8109) have 8 leads and no terminal boxes.

Refer to page DC-27 for available options.
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MECHANICAL SPECIFICATIONS ¢

NOMINAL | MINIMUM
ROTOR | RESIDUAL | TYPICAL MAXIMUM | MAXIMUM APPROX.WEIGHT
BASIC | INERTIA | TORQUE | TORQUE TO | OVERHANG | THRUST LBS. (kg)
MOTOR | LB-IN2 0zZ-IN INERTIA LOAD LOAD
SERIES | (kg-cm?) (Ncm) RATIO LBS (kg) LBS (kg) NET SHIPPING
M09 0.23 2 15.6 x 10° 25 50 3.25 4
(0.67) (1.41) (15.6%) (11.3) (22.7) (1.48) (1.82)
MO092 0.42 4 17.2x 10° 25 50 5.5 6.75
(1.23) (2.82) (17.29) (11.3) (22.7) (2.5) (3.1)
M093 0.64 7 16.8 x 10° 25 50 7.75 9
(1.87) (4.94) (16.8%) (11.3) (22.7) (3.52) (4.1)

™ Values shown are for reference information and are correct to the best of our knowledge at time of publication, but are
subject to change without notice. Parameters to be used as part of a specification should be verified with the factory.
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M091-FD-8009 OR M091-FD8109 MOTOR WITH
S$S2000MD7 4 AMP, 30 VDC/60 VDC SLO-SYN
MOTION CONTROL - SERIES CONNECTION
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Typical Torque Versus Speed Characteristics
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M092-FD-8009 OR M092-FD-8109 MOTOR WITH
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MOTION CONTROL - SERIES CONNECTION
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M093-FD-8014 OR M093-FD8114 MOTOR WITH SS2000MD7
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5.0 AMP, 30 VDC/60 VDC SLO-SYN MOTION CONTROL - SERIES CONNECTION
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SLO-SYN® DC Step Motors

DIMENSIONS, M090 SERIES MOTORS

*4-40 UNC-28 THRU
. TWO (2) PLACES
5 LOCATED 180° APART Wk Add N édé I k}h 4M
. oonvieiz[4602) BC.t (228 [580) & ryeu ___J*16 STRANDED LEADS
i [553) 'W =77 12" [304] MIN. LENGTH [1052‘
2 1308 MIN L 53]
{_a-MOUNTING HOLES REF.
S, I
SHMAFT EXTENSION FOR w3y g KK F
DOUBLE END TYPES - - ¥
2. / §
& |
t !
| |
- 13
22 (56 ] 37 * 32
[4 ? Balin s # I ) sx] MAX. =
i 9.525]
048 1.2 Feis | 3.38
578 | i§§] i (5532 ni fesws;q’ MAK. -
119 * .04 e i 119 % .02
(302+14]™ A ~(30.2+ 0.6

WITHIN' 003 {0:077] TIR,

¥k % SURFACE SQUARE 70 SHAFT DIAMETER
WITHIN..003 [0.077] T.1.R.

MO93

540
[129.54]

BASIC At
MOTOR A STANDARD MACHINING OPTIONAL POST~MACHINING
TYPE Max. b= SRS T
1~ All dimensions apply before
MOS &52547’2} K SHAFT:RUNOUT ,002:.[0.:051] MAX. x SHAFT'RUNOUT 001 [0.026] MAX. painting /plating.
- ¥k OIAMETER TOLERANCE £ .002[0.051] %% DIAMETER TOLERANCE *.001[0.026] 2:-Dimensions in brackets ore
DIAMETER CONCENTRIC TO SHAFT.DIAMETER DIAME TER CONCENTRIC TO SHAF T DIAMETER miflimeters.

WITHIN .001[0.026] T.LR,

%%k SURFACE SQUARE TO SHAFT DIAMETER
WITHIN .00t [0.026] T.LR,

+ Double ended shafts only

MODELS WITH LEADS

S (5 53] 2 THRU
4-MOUNTING HOLES

——.50~14 NPT,
S

¥

: [
| SHAFT EXTENSION FOR | I = D
DOUBLE END TYPES 1 :
214 B END TYTES /
[54.36] /
MAX. |
i 2875 g hk
{73025)
TACCESS TO
TERMINALS
BEHIND PLATE S
i
22(58]. a7 s 326
: i3 ga.o] ain I 37451¢ (82.81] MAX:
i | 9,525
i 04801217 . Eerall 3.385 .
! 78 [!,‘9)‘ i 9.5y b (agra) & WX =
119 05 AN L 119,02
(302 £ 1.3)™ A = 3021 0.6)

NOTES ~~
All dimensions apply before
painting/plating.

BASIC Wt
MOTOR A STANDARD MACHINING OPTIONAL POST-MACHINING
MAX.
TYPE
MOSY [9%387 * SHAFT RUNOUT 002 [0,081] MAX, & SHAFT RUNOUT .001 {0.026] MAX,
47 %k DIAMETER TOLERANCE ¥ 1002 [0.051] *% DIAMETER TOLERANCE *.001 [0.026]
4.93 DIAMETER CONCENTRIC TO SHAFT DIAMETER DIAME TER CONCENTRIC TO SHAFT DIAMETER
[1e5.22] WITHIN:003.[0.077] T.LR. WITHIN .001 {0.026] T.I.R.
6,30 KK SURFACE SQUARE TD SHAF T DIAMETER * k% SURFACE SQUARE TO SHAFT DIAMETER
MOS3 | nevos) WITHIN 003 [0.077) T.LR. WITHIN .001 [0.026] T.T.R.

2~ Dunensions in brackets are
miffimeters,

MODELS WITH CAST TERMINAL ENCLOSURE
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RS SRS S

DIMENSIONS, M090 SERIES MOTORS

e 5014 NPT
o
|
{"Access 1o
+ TERMINALS
1§ HIND PLATE
22fse) L | .30 4+
6 [4,01_’ N | S7as 2
| | 9,525
Qasfiai] i, [9 812
578|199 | ’
Y . t19t.02
* A (302 +08)

I
-

STANDARD MACHINING

OFTIONAL POST-MACHINING

* SHAFT RUNOUT 002 [0.051] MAX.

%% DIAMETER TOLERANCE * 002 [0.051]
DIAME TER CONCENTRIC TO SHAFT DIAME
WiTHIN 003 [0.077] T.1.R.

* %k SURFACE SQUARE TO SHAFT DIAMETER
WITHIN .003 [0.077] T.LR.

TER

* SHAFT RUNOUT 001 (0.026] MAX.
F% DIAMETER TOLERANCE £.001[0.026]
DIAMETER CONCENTRIC TO. SHAFT DIAMETER
WITHIN 001 [0,026] T.1.R:
* %k SURFACE SQUARE TO SHAFT.DIAMETER
WITHIN 001 [0.026] T.I.R.

¥
|
326
[B2.81}
MAX,
i
ZAR |
._.E
. 326
(g2.81) MAX:
3,385 -
“{g5.079) ¥ MAX.- T

NOTES —-
1.- Al dimensions apply before
painting/ plating.
2~ Qimensions in brackets are
millimeters.

BASIC "
MOTOR A
TYPE MAX-
MO91 [15a59)
Mo92 [12'1?343
T
MO93 | (195.83]
ENCODER MODELS
ey

NOTES ——-—

1~ Dimensions in brackets are mitlimeters.

2 Tolsrance on decimals -~~~
XXX = *0.005 {0.13]
XX *0.02 [086)

3 Dimansions shown apply before painting or plating.

4 This drawing shows only those features which are pertinent
to the form, fit, and function of the motor.

- unless otherwise specifiad.

VISCOUS DAMPED MODELS (see page

6.18 ,
Igm} @ THRU

243
213
/| a-MounTING HOLES

VENT SCREW MUST BE LOOSENED
ONE {4) TURN BEFORE OPERATING
\ AND LEFT LOOSE WHILE OPERATING

MOTOR CAN BE OPERATED HORIZONTALLY AS SHOWN
OR MOUNTED VERTICALLY WITH SHAFT DCOWN

. 27
—qi ‘}4-{6'91 MAX.
: L kK
2.875 2
[73.02]
My |
120
(304819 g
MAX. |
i
Lo 1 ¥
3750
) .37451‘25
44 [9525
I - [9.532;‘ ’\69
H
22 [5.6] |
2 - e
ose f132] L
| o7 ’L:,es} >
225 . _ 267 123 + .03
L* [s715] REF— S MO — 57y MAX— (35 + 0g]™
‘—Mogz——[;é?a_,] MAX ]
5,30 sk SHAFT RUNOUT .001 [0.026] MAX.
M-MO93 35 g7 MAX DIAMETER TOLERANCE ¥ 002 {0.051]

DC-27)

k%

DIAMETER CONCENTRIC TO SHAFT DIAMETER WITHIN 003 [0.077] T4.R.

Ok SURFACE SQUARE TO SHAFT DIAMETER WITHIN 008 {0.127) TR,
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SLO-SYN® DC Step Motors

110mm Frame Size Models (NEMA Size 42)
165mm Frame Size Models (NEMA Size 66)

e For full-step (1.8°), half-step (0.9°) or microstep operation
« +5% step accuracy, noncumulative

* Enclosed terminals for external connections

* Can be supplied with 4, 6 or 8 connections

e C(Class B insulating materials

e Can withstand up to 2-1/2 times rated current (instanta-
neous) without demagnetization

¢ Operate in ambient temperatures from -40°C to +65°C (-40°F
to +149°F)

e 100°C (212°F) maximum motor shell temperature

» Shafts have flats (M111 models) or
keyways (M112 and M172 models)

» Constructed to provide long life with no
regular maintenance

* No ratchets, detents or gears to wear
out

TYPE NUMBER DESIGNATIONS
M111, M112, M113 AND M172 MOTORS

MEEE_ Fg****

Frame Diameter ldentification Suffix
11=42" (Coil Rating)
12 =4.2"
17 = 6.5”

D =6 or 8 connections,
round flange
F = 4 connections,

1 = Single Stack square flange™*
2 = Double Stack | |J = 6 or 8 connections,
3 = Triple Stack square flange,

sealed against
ingress of liquids
or dust

+ NOTE: Except the M111-FF401 which has a round flange.

Refer to page DC-27 for availble options.

Motors For “HAZARDOUS DUTY”

Locations

The MX111-FF-401U, MX112-FF-401U and
MX112-FF-401EU motors meet the specifi-
cations for motors operating in “Hazardous
Duty” locations as defined by UL Class 1,
Group D requirement. “Class 1" is desighated
as locations in which flammable gasses or
vapors are, or may be, present in the air in
guantities sufficient to cause explosions of ig-
nitable mixtures. “Group D” includes atmo-
spheres containing gasoline, petroleum,
naphtha, acetone, lacquer, solvent vapors
or natural gas.

MX111-FF-401U

DC-16
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SLO-SYN® DC Step Motors

MECHANICAL SPECIFICATIONS

NOMINAL | MINIMUM
ROTOR | RESIDUAL | TYPICAL MAXIMUM | MAXIMUM APPROX. WEIGHT
BASIC | INERTIA | TORQUE | TORQUE TO | OVERHANG | THRUST LBS. (kg)
MOTOR | LB-IN? 0Z-IN INERTIA LOAD LOAD
SERIES | (kg-cm?) (Nem) RATIO LBS (kg) LBS (kg) NET SHIPPING
M111 1.34 6 11.2 x 10° 25 50 8 9.25
(3.93) (4.24) (11.29) (11.3) (22.7) (3.63) (4.2)
MX111 1.34 6 11.2x10° 25 50 9 10.25
(3.93) (4.24) (11.29) (11.3) (22.7) (4.08) (4.65)
M112-FD 2.75 12 9.8 x 10° 25 50 16.7 16.5
M112-FJ | (8.06) (8.47) (9.8%) (11.3) (22.7) (7.57) (7.4)
MX112 2.75 12 9.8 X 103 25 50 16 18
(8.06) (8.47) (9.83) (11.3) (22.7) (7.26) (8.16)
M113 4.1 20 9.1 X 103 25 50 22 25
(12.0) (14.12) (9.13) (11.3) (22.7) (10) (11.4)
M172 21 50 3.1 x 103 50 100 50 56
(61.5) (35.31) (3.13) (22.7) (45.4) (22.7) (25.4)

(1)

Values shown are for reference information and are correct to the best of our knowledge at time of publication, but are

subject to change without notice. Parameters to be used as part of a specification should be verified with the factory.

Typical Torque Versus

TORQUE = OZ. IN Nem

00 424

450 318

300 212

150 \ 106
.-\

0 g
0 (O 2000 (10) 4000 (20) 6000 (30) 8000(40) 1000050}

SPEED - STEPS SECS {1.8° - 200 PULSES/REV]

M111-FF206 MOTOR WITH SS2000D6
6 AMP, 180 VDC SLO-SYN MOTION CONTROL

TORQUE =oz-in Ncm
1800, 1272

~

: <%\;;““*;.;;‘ o 2z

. 0
8000(40}  10000(50}

(RPS)

1500 ~{1059

1200 | 847

800 1636

600 353

300

0
0 (0) 2000(10)  4000(20) 6000(30)

SPEED - STEPS SECS [1.8° - 200 PULSES/REV]

M113-FF-401 MOTOR WITH SS2000D6
6 AMP, 180 VDC SLO-SYN MOTION CONTROL

(RPS)
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Speed Characteristics

o TORQUE = OZ. IN Ncm

w00 636
600 424
300 212
\”.—'b\
0
¢ © 2000010 4000(20) BOOO(30) BO00(40) 10000(50)

SPEED - STEPS SECS [1.8" - 200 PULSES/REV] (RPS)

M112-FF206 MOTOR WITH SS2000D6
6 AMP, 180 VDC SLO-SYN MOTION CONTROL

Nem

TORQUE =oz-in

5000 3831

4000 2825
;

3000/ 2118

2000 1412

706

1000

oL o
Q (0} 10000(50)

8000(40)
(RPS)

M172-FF-401 MOTOR WITH $52000D12
8 AMP, 180 VDC SLO-SYN MOTION CONTROL

2000(10)
SPEED - STEPS SECS [1.87 - 200 PULSES/REV]

4000(20) 6000(30)

DC-18
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DIMENSIONS

3-MOUNTING HOLES AT 120°
(3.000 [76.20] BOLT CIRCLE)
TAPPED *10-32, .38 [9.65] MIN. DP.

26 [6.61] @ REF. X 82° C'SINK
SHAFT EXTENSION FOR i N *1 r—x.ooo {(25.40] USABLE FLAT
DOUBLE END TYPES - .
= -+ 09 [2.29] MAX. RAD
Ez \"‘T***/r
\ - i
| 1a 1 1
I ;
1—""—;«;~j—” 2.186 ¢**
BN T [55.52]

5 [

] | |

l \ d (E& J-— ‘_.___.__i<( T
2750 f 1 = 3750 ¢*
3745 \ | 3745
{9.525} | | [9.525}
19512 i N L 9.512

REMOVE NAMEPLATE FOR [ <——[2'0299] Max, 933 B'—?—%Jw» —
ACCESS TO TERMINALS I ' ’ ’ |
1.25 * 05 __” e 478 g 1.25 ¥ 02 e 423 g Max
(318 *1.3) 120.40) : [31.8 £ 0.6] [107.45) :

NOTES ——-

1 —~Dimensions m brackets are millimeters.

*
*k

2~ Tolerance on decimals ~——
XXX = ¥ 0.005 [0.13] uniess otherwise specified.

3~ Dimensions shown apply before painting or plating.

4- This drawing shows only those features which ore pertinent
10 the form, fit, ond function of the motor.

M111-FD MOTORS, STANDARD AND DOUBLE END

K SHAFT RUNOUT 002 [0.051] MAX.

4 DIAMETER TOLERANCE * 002 [0.061]
DIAMETER CONCENTRIC TO SHAFT DIAMETER WITHIN 003 [0.077] T.LR.

K SURFACE SQUARE TO SHAFT DIAMETER WITHIN 003 {0.077] T.1R.

Wi

3-MOUNTING HOLES AT 120°

*'ﬁ f( iy
. e . é' _es 16 *n‘r __J*18 STRANDEO LEADS (3,000 [76.20] BOLT CIRCLE}
281 {730 . W it {31.8] 2 (407 Wi} 127 3041 MIN. LENGTH TAPPED #10-32, .36 (9.14] MIN. OP,
29 1900 g thmy | [ { « | "
2.7116.88 > L / REF. o e 24(6.10) 8 x 82° C'SINK
4-MOUNTING HOLES | | / =4 T ’
SN T O&]
/ g fo 11
2 990 251]
/ 22 1520 | USABLE FLAT
/ Hel 515 | 257) USABLE
i g
[ = o |
- lz&‘gl } | yxs | ———090[2.29] MAX. RAD
3 /
pig ey
© RS
! ;\\ b
R & * * j
4 . |
i \
1.750 2318
| [44.45) o} [ A?ZSB
v [egg]
I @ 18.33]
L o750 | g :
b L 420 R
r [4a.45] " I Mo o668 MAX bl
H
- .
U owios 2 “MOUNTING HOLES AT 90°
= ohat 08]™ et (3,625 [92.08] BOLT CIRCLE)
e | TAPPED *10-32, .36 {9.14] MIN. OP.
5102, MAX, e
o & SHAFT RUNOUT 002 [0.61] MAX.

- All dimensions apply before painting/plating.
2.~ Dimensions in brackets are mitlimeters

MX111-FF-401U MOTORS, STANDARD AND DOUBLE END

&k DIAMETER CONCENTRIC TO SHAFT DIAMETER WITHIN 003 (0077} TIR
k% SURFACE SQUARE TO SHAFT DIAMETER WITHIN 003 [0.077] T.I.R.

/’“‘4 50 NPT

#404 WOOBRUFF KEY SUPPLIED-

3-MOUNTING HOLES AT 120°
{3.000 (76.20] BOLT CIRCLE)

TAPPED *10-32, .38 [9.65] MIN. OP.
26 [6.61] @ REF. X 82° C'SINK

SHAFT EXTENSION FOR \ 52[13.2)
DOUBLE END TYPES - ’1 VT IIPRY 561
ek 553
] b ] 14.25
\ d ] S l T 1300
‘“”j'“ i | 2.186 ¢** |
UL SR
. S— A [55.52]
| -
| £ e
3750 ¢*l q = s000 ¥
3745 7 | J 4558 9
{9.525} : ! [12.700}
g512) 12.687
REMOVE NAMEPLATE FOR ! _.i...__ éos MAX. »%5_5 {1;”.9]_. e 126 ngl
ACCESS TO TERMINALS I [2:29] 069 [1.76 125|318
125105 0 g 6.99 . 1.38 * 02 4.23
(18 £13) ~ frrr.ss] MAX b [35.1 £ 0.6] [107.45] & MAX—
NOTES - == ) % SHAFT RUNOUT .002 [0.051] MAX.
t—Dimensions in bracke!s are millimeters. DIAMETER TOLERANCE % .002 [0 051)
BT E ¥ 0008 [0.13] unless ofnorise specified FX [IAMETER CONCENTRIC TO SHAFT DIAMETER WITHIN 003 [0.077] T.iR.
X KX SURFACE SQUARE TO SHAFT DIAMETER WITHIN 003 [0077] TR

3- Dimensions shown apply before painting or piating.

4~ This drawing shows only those features which are pertineat
to the form, fit, and function of the motor.

Vi112-FD MOTORS, STANDARD AND DOUBLE END MODELS

Ve

4N
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SLO-SYN® DC Step Motors

DIMENSIONS

3-MOUNTING HOLES AT 120°

{3.000 {76.20] BOLY CIRCLE)

f 5G-14 NPT
/ —
/’ TAPPED *1%—32, 38 [9.65] MIN. DP.,
o 36 [9.2] 29 [7.37] @ REF. X 82° C'SINK [ _ 190 (a83]
/ %—: E%g} @ THRU 78 [H] neling 188 {4 78]
4~ MOUNTING HOLES i ;’% ft— | USABLE KEYWAY
- - 3 P (2540}
SHAFT EXTENSION FOR -47***}, MAX. RAD. 214
L 7s0 DOUBLE_END TYPES 1 g [54.36]
[ [44.45] . | } 7 MaX.
| Y I A
3.500 y i} #Fy - i 2.186 Q)** i,_ N
{88.50] g {55.52]
| , | ‘
| | —
1 5000 6250 ¢*
4995 q - 6245
' ! 12.700} | [15875:1
| . | [12.687 | 15.862
e 1750 5 e 08 057 [1.44]_ .. 420 e
[*(aa.a5]™ g pg) MAX 667 {\.71} > M r06.66] MAX-
JA 3.500 | 125 + 07 7.54 [191.52] MAX. (SINGLE END TYPES) l‘ 138 * 02 4.26
/ [ —— ] —> T - et MAX —
/ ! [88.90] (318 18] 77 7.67 [194.82] MAX. (DOUBLE END TYPES) [35.1 % 0.6] [108.21] 4
A
REMOVE NAMEPLATE FOR NOTES ~—~
ACCESS TO TERMINALS 1 — Dimensions in brackets are millimeters. K SHAFT RUNOUT 002 [0.054] MAX.
2— Tolerance on decimals ——- oo DIAMETER TOLERANCE sl %8‘833%
= 0. X herwi fied. : -
XXX = £ 0.005 [0.43] unless ofherwise specified DIAMETER CONCENTRIC TO SHAET DIAMETER WITHIN 003 [0.077] T.L.R.

3~ Dimensions shown opply before painting or plating.
v apely painting of P 9 k% SURFACE SQUARE TO SHAFT DIAMETER WITHIN .003 [0.077] TAR.

4 This drowing shows only those features which are pertinent
1o the form, fit, and function of the motor.

M112-FJ MOTORS, STANDARD AND DOUBLE END MODELS

#14 STRANDED LEADS

12" [304] MIN, LENGTH (3.000 [76.20] BOLT CIRCLE

#10-32, 36 [5.1] MIN. DEEP

50 -14 NPT \\h d nh (jﬁ

wiTH .56 [14.2] 1.0 N

INSULATED GROMMET g Y(\ FROM GROMMET. 2y pelownoeer
" 4 (6. EF. °
““““ - [a;] \ / 24 ' REF. x 82° ¢S //
291739 o A\ /
=T {6.88} # THRY 125
4-~MOUNTING HOLES - [31.8] ¢ o
| 22
3.24 101 USABLE
{81.5] ﬂ - - :_,’5 25:2] KEYWAY
MAX. [ i 25.7]
oy e
4,20
—— - [106.7
MAX.
.50 TT7
[12.7] m@ I
off [I l b v
1.750 | o721.83
t[aﬁ._af;] z‘ 6’7{1.32}_“’
3.51 [8s.2 3
T34 [88 6}7’*‘ M g 7] MAX, T
NOTES ——
{ - Dimensions in brackets are millimeters.
2- Tolerance on decimals ——~
XXX = *0.005 [0.13] unless otherwise specified
3~ Dimensions shown opply before painting or pioting.
4 - This drawing shows only those features which are pertinent
1o the form, fit, and function of the motor.
MX112-FF MOTORS, STANDARD AND DOUBLE END MODELS
DC-2
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DIMENSIONS
9 0. 281(7.40) . 1.25+0.02 A MAX 1.250.05
0-27188;89), TRy (31.82.6) | —wxx (31.821.3)
1.010(25.65) 3
.990525‘153 -50-14 NPT
USABLE FLAT
? 0‘8?
2.2 \
MAX N £ '
T 0.338 !
3.505 0.318
34950 L \ | 58_583 4;>¥ ~ ;%?m MI11 MODELS
. f(8.08
E88-77§ x fi o | & 0.3750
2ééag%é B 3750 i ?g?égg?
) ) s g.512
L 4. 200 — §55.52o§ 0.3745 3659 23
(106.68) g.525
MAX 9.512) —4— 0572 g
@ 4.26— 057
(108.21) 3X #10-32, .38(9.65)
MAX MIN DP. @.29(7.37) REF
X 82° C'SINK 120° APART
ON A $3.000(76.20) B.C.
0.190
0.188 b A MAX ——
4. 833 1.010(25.65) —
54 78 .890 25‘153 N . 05000
[] T .
3 USABLE KEYWAY =3 0 29950
0.517 ) 512.7003
0.502 _ - 12.687
i 3.14 = bk
SR T ! e,
#¥x 0.6250 ~ +H MODELS
0.6245% s
E15.2723
15.86 1.25+0.07
1.38%0.02
(35.1&.5) (31.811.8)
oX .S0-NPT
_(() §12#0.005 )
20.625+.13
MODEL A MAX A MAX T 2 PLACES
M111,E 529 (134.37) ny !
M112 7.54 (191.52) ] +1 J HH
M112E 767 (19482) | !
MH112E 809 (21057) | 1
MI1T1C 7.10 (180.34) R o S
M112C 0.35 (237.49) }-
MH112C 10.16 (256.54)
NOTES: —
1.0 THAN THE DIMENSIONS SHOWN, THE
THER ! ENCODER MODELS

PARAMETERS FOR M112 & MH112 MODELS ARE
THE SAME AS THE M111 MODELS.

2. DIMENSIONS IN BRACKETS ARE IN MILLIMETERS.
3. TOLERANCES:

¥ SHAFT RUNOUT .002(.051) MAX.

x% DIAMETER Cl RIC TO SHAFT DIA
WITHIN .003(.077) T.I.R.

*#x SURFACE SOQUARE TO SHAFT DIA.
WITHIN .003(.077) T.I1.R.

M111-FF206 AND M112-FF206 MOTORS; STANDARD, DOUBLE END AND ENCODER MODELS

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com




SLO-SYN® DC Step Motors

DIMENSIONS

}
i
; s
s20 ¥y
- (106.68]
AKX
H A
\ 4
1750 < ; o2 420 ]
: T A —mmme
*(a4.45]™ ey 2] MAX { 5.58) MAX =
2.500 t2h t o7 .97) MAX.{SINGLE END TYPES) 426 |
- i A i e J D TYPES) e P
[ra.90} M ST RS 10,05 255 27) MAX.(DOUBLE END TYPES) i - Togpg) B MAXTT
[/ REMOVE NAMEPLATE FOR NOTES e
i ot ) - SHAFT RUNGUTY
\ACCESS TO TERMINALS  Demensons i brackers are muibimeters * : -
2o Toserance on decimals ~ - DIAMETER TOLERANCE | 000 §?2§g,
= 20008 [0.13] unl siherw ied SRl L &
- X (h“ T o ey e DIAMETER CONCENTRIC TO SHAFT DIAMETER WITHIN .003 [0.077] T.L R
3. [imensions shown opply befors pointig ur ploting
< SURFACE SGQUAR F AMETER WiT { §
4 Ynis drawing shows only those features w re pertinent SOokok SURFACE SGUARE TO SHAFT DIAMETER WITHIN 003 {0.077) TR
to the form, £ gng functon of the motor

M113-FF MOTORS, STANDARD AND DOUBLE END MODELS

N - 50 NPT
F[ox) 9 v /

/
4-MOUNTING HOLES SHAFT EXTENSION FOR /
e DOUBLE END TYPES /

/o T
/)
? 4 J 100 [29.40}
i H MAX. RAD
| 2656
| [67.46]
L
5.312 ]
{13a.92]
|
|

l: ‘ | 15.862]

2.656

" (67.96] "

[PE— L
[134.92) '

REMOVE NAMEPLATE FOR

ACCESS TO TERMINALS

657
T 166.88) @ max.——

NOTES— — M
t ~Dimensicns in brackets are muifimeters,
2~ Tolerance on decimals ——- OUT o 1]
XXX = 7 0,005 [0.13] unless otherwise spec:fied sk SHAFT RUNOUT 002 [0.051] MAX.
3~ Dimensions shown apply before painting or piating. skok SURFACE SQUARE TO SHAFT DIAMETER WITHIN 005 [0.127] T.LR
4~ This drawing shows only those features which gre pertinent
10 the form, fit, and funclion of the motor.

M172 MOTORS, STANDARD AND DOUBLE END MODELS

DC -
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N00==—=

MH112 (NEMA Size 42) and
MH172 (NEMA Size 66)
Motors

e Can be used for full step (1.8°), half
step (0.9°) and microstep operation

e +5% step accuracy, noncumulative
e High power for machine tool and similar applications

e Offered with 4 or 8 connections for use with unipolar or
bipolar chopper drives

e Have cast terminal enclosure

e Optimized magnetic structure gives motor torque 10% to
100% higher than competitive motors

e Have Class F insulation for higher allowable duty cycles

 Can withstand up to 2-1/2 times rated current (instan-
taneous) without demagnetization

e [ arge diameter improves shatft stiffness
e Shaft has keyway for square key

e Have provisions for 4-hole mounting

TYPE NUMBER EXPLANATION - MH SERIES MOTORS

MH OO O-F O 7777

Frame Diameter ]

Identification Suffix
(Coil Rating)

11=42"
17=6.5"

D = 4 or 8 connections, square flange
J = 6 or 8 connections, square flange
F = 4 connections, square flange

2 = Double Stack l

Refer to page DC-27 for list of available options.
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MECHANICAL SPECIFICATIONS ¥

NOMINAL| MINIMUM
ROTOR |RESIDUAL| TYPICAL MAXIMUM | MAXIMUM APPROX. WEIGHT
BASIC INERTIA | TORQUE | TORQUE TO| OVERHANG | THRUST LBS. (kg)
MOTOR LB-IN? 0Z-IN INERTIA LOAD LOAD
SERIES (kg-cm?) | (Ncm) RATIO LBS (kg) LBS (kg) NET SHIPPING
MH112-8XXX | 3.22 85 13.1 x 10° 50 100 20.5 24
(9.42) (60.02) (22.7) (45.4) (9.3) (10.9)
MH112-4XXX | 322 85 11.2x10° 50 100 20.5 24
(9.42) (60.02) (22.7) (45.4) (9.3) (10.9)
MH172-8XXX | 21.0 50 6.1 x 10° 100 150 53 62
(61.5) (35.31) (45.4) (68) (24.1) (28.1)
MH172-4XXX | 21.0 50 3.4 X 10° 100 150 53 62
(61.5) (35.31) (45.4) (68) (24.1) (28.1)

) values shown are for reference information and are correct to the best of our knowledge at time of publication, but are subject to change without
notice. Parameters to be used as part of a specification should be verified with the factory.

Typical Torque Versus Speed C

160

o TORQUE =OZ.IN.
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MH112-FJ-4201 OR MH112-FF206 MOTOR WITH $S2000D12 6 AMP, 180 VDC
SLO-SYN MOTION CONTROL
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MH172-FD-8030 Motor with S$2000D12 12 AMP, 180 VDC
SLO-SYN MOTION CONTROL - SERIES CONNECTION
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{0 4000 {20) 8000 (40} 12000 {60) 18000 (80) 200600 {100)
SPEED - STEPS SECS {1.8" - 200 PULSES/REV]
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MH172-FD-8030 Motor with SS2000D12 12 AMP, 180 VDC
SLO-SYN MOTION CONTROL - PARALLEL CONNECTION

Fan Kits

Motors of the MH Series can usually be operated at duty cycles up to 35% to 45%
without exceeding their maximum temperature rating. If the duty cycle is greater than
45% or if the motor loading is too high, some additional means of cooling the motor
may be required. Fan Kits FAN212, FAN112 and FAN172 are offered for this purpose.
These two-piece kits bolt to the shells of the motors and can be installed in the field.
Motors tested with these kits have exhibited operating temperatures of 130°F (55°C) or
less after 900 hours of operation. This is well below the maximum motor shell tempera-
ture rating of 257°F (125°C). Order type FAN212 for an M112 motor, FAN112 for an
MH112 motor or FAN172 for and MH172 motor.
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SLO-SYN® DC Step Motors

DIMENSIONS, MH112 AND MH172 SERIES MOTORS

291 [—-—7'40} @ THRU

271 (688
4-MOUNTING HOLES 36 (9.2
Eﬂu imelinin
SHAFT EXTENSION FOR »l e 00 Usamie kEYWAY ol “% [!3.‘3}
DOUBLE END TYPES [25.4) ; ;
P 188 ; R
;’ T 391 (o 1. ) f
'@ : 4.78 f
e ; P
/ 7”\ L
! 3505 L5
ot / = 4 r e
80.03 i
T——j--“-—— N 155 {88_77 MAX.
i 1,745 I ‘
2.89 | [44458}
3 | 34,52 i |
o) 5000 ¥ : PN Bt SR S
E : 558 @ / - 3 v
112,700
| O)}\ o {12.587} \
! i | '\ 1,785
; L755
4.20 e 10 057 [14a] e 1745
[106.7] MAX- TR 5] MAX ~_ 67 iuo] > e {4222}
a
252 ., 3.506 [89.03 :
: ACCESS TO TERMINALS ¥ feap) MAX M .T514 STRAIGHT PIRE TAR " 3%5s [ee.??]
BEHIND PLATE. 125 , .08 10.50 138 , .02
25 1 U __,___J +
(318 = 2a)™ [266.7] MAX (351 - 06)

k SHAFT RUNOUT 002 [0.051] MAX.
k> DIAMETER CONCENTRIC TO SHAFT DIAMETER WITHIN 003 [0‘077] T.I.R.
% k% SURFACE SQUARE TO SHAFT DIAMETER WITHIN 003 {0.077] T.I.R.

Dimensions in brackets are mitlimeters.
Dimansions shown apply before painting.

This drawing shows only those features which are pertinent
to the form, fi1, and function of the motor,

MH112 MOTORS, STANDARD AND DOUBLE END MODELS
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e
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- -—— —] + 03,
BEMIND PLATE {445 - 18] [308.6] MAX 1445 ~ 08]

K SHAFT RUNQUT .002 [0.051] MAX.
sk DIAMETER CONCENTRIC TO SHAFT DIAMETER WITHIN .005 [0.127] T.IR
sk k¥ SURFACE SQUARE TO SHAFT DIAMETER WITHIN .005 [0.127] TI.R,

Dimensions in brackets are mitiimeters.

Tolerance on decimals ~~~
XXX = %t 006 [0.13]
XX = % 02 {0.6]

Dimensions shown apply before painting.

This drowing shows only those features which ore pertinent
1o the form, fil, and function of the motor.

uniess othsrwise spacified.

MH172 MOTORS, STANDARD AND DOUBLE END MODELS
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Sinle Step Function

DAMPED

Available Options, All Models

Viscous Damped Motors - These motors have a unique fluid system that results
in a step function that approaches critical damping. Properties of the internally
contained silicon fluid are such that the overall speed of response and running
characteristics are changed very little, but settling-down time is substantially re-
duced. A typical torque vs. speed curve for the M092-FC09D viscous damped
motor is shown. Viscous damped motors are only available in the 90mm frame

size.

Step functions for both damped and undamped motors are shown. With damping,
the typical time for the motor to settle down to within 0.1° is 17 milliseconds. Vis-
cosity of the damping fluid is 1500 centistokes.

TYPICAL TORQUE_VS. SPEED CHARACTERISTICS

Viscous damped models can be op- =,
erated over an ambient temperature
range of 10°C to 35°C (50°F to 95°F).
They can be mounted horizontally or
vertically with the shaft facing down.
A vent on the motor housing must be
opened before operating a viscous o L
damped motor. k

“apme——" RUNN NG
e s s o S TART = §TOP
WITHOUT ERROR

{Nem)

4
\\.\
S~

TORQUE, 0Z.- iN.

75 5o 22n 300 375 45C 525 €00 675 750

M092-FC09D

Continuous Stepping

o | S
| [ 1S
G =

Lanchester Dampers - All stepper motors are subject to torsional vibrations or
“resonance” when operated at their natural frequencies. Normally, these vibrations
are minor in nature and the motors are seldom operated at the affected speeds.
When inertial loads or operating speeds are such that torsional vibrations become
excessive, they can be suppressed by adding dampers.

The curves compare typical damped and undamped motors under continuous step-
ping and single-step conditions. Torsional vibrations under continuous stepping
conditions show a substantial reduction for the damped motor as compared with
the undamped motor. The damped
motor also shows improved step
function characteristics, although
settling time is not greatly reduced.

Motors having integrally mounted
Lanchester dampers are available
on special order. Dampers can also
be supplied separately for addition
to double-end motors in field use.
Damper part numbers for specific
motors are listed in the chart.

DAMPED MOTOR

Single-Step Operation

UNDAMPED MOTOR
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2000

The complete Encloder Kit Model Number is specified as shown below:

EK

21

Encoder Kit

DC - 29

Encoder Body Diameter

(2.1 Inches)
Shaft Size
25 =1/4” Dia.
38 = 3/8” Dia.

Lines Per Revolution
200, 400, 500, 1250

Number of Outputs
2 = Single-Ended (A, B Only)
3 = A, B and Index
6 = A, B, Index

A, B, Index (With Differential Line Drivers)

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com




SLO-SYN® DC Step Motors

Encoder Kit Specifications

Output Type
Less Complements .. square wave, TTL
Mechanical Specifications compatible, short
Welght 2.1 ounces circuit protected,
Moment Of Inertia .ccc.coccccoeiinn e 2.6 x 10* 0z-in -sec? maximum capable of sinking
Acceleration ... 100,000 radians per second 10mA
BOre SiZe . oo, 0.250” and 0.375” With Complements .. square wave, TTL
Slew Speed .. 7000 rpm maximum compatible, short
Strain Relief............ withstands 10 Ibs. pull on cable or wire bundle circuit protected,
capable of sinking
Motor Interface and sourcing
Mounting Holes ........... #4-40 at 180° on 1.812 diameter Bolt Circle 20mA
Perpendicularity Frequency Response ... 100 kHz (data
Shaft To MoUNt ..o 0.005" TIR and index)
Shaft Endplay Frequency Modulation .. £0.5% maximum
Dynamic Or StatiC ..o.oovieeeoie e +0.010" at 50 kHz
Shaft FINISO vovveeveeveereeee 16 microinches or better. End must be Encoder Accuracy ........ 3.0 arc minutes
chamfered or rounded maximum with
Shaft Tolerance zero shaft runout
1/4” Diameter . 0.2495/0.2500 inch
3/8” DI@MELET ..o 0.3745/0.3750 inch | Environmental Specifications
Minimum Shaft Temperature
Length .o 0.56 inch (usable at specified diameter) Operating ................. -10°C to +100°C
(+14°F to +176°F)
Electrical Specifications Storage .................... -20°C to 100°C
GO oo, Incremental (-4°F to +212°F)
Cycles Per Revolution ..........c..ccccccceevinn 200/400/500, as specified Enclosure ..................... unsealed housing,
Supply Voltage .....cccccoveeiiiiiee 5 Vdc 10% at 60mA maximum must be protected
Output Format .......cccoeen. dual channel quadrature, minimum edge from harsh envir-
separation 45 °© onments
Qutput Format
OptioNS .o index and complementary outputs
TERMINAL CONNECTOR
BOARD NO.S PINNO.S
(IF USED) (IF USED)
r r
Lol 1
RED O TO—_T——) +5VDC £10% AT 60 MA MAX. WAVE FORMS
L sLACK —HO2—] Lo2—}—> GROUND
F— ORANGE {LOS : tLog—-}-———-> A CHANNEL - “GATE” 90° REF. 180° REF.
1o | ORNAWHT lo4 [ !o——r———u A
ENCODERL __ opeen Fol LOL—}—» B CHANNEL - “COUNT” % L—— |
— l | ]
L GRN/WHT %Cz { iLOZ——Jl-—) B
L WHITE 107 I ‘07———T—> I CHANNEL - “INDEX” .g, — I .
L wHT/BLK —+O& Lo T GATED TO A AND B
L—d L—d INDEX o
OUTPUT TYPE (LESS COMPLEMENTS) - SQUARE WAVE TTL TNDEX
COMPATIBLE CAPABLE L]
OF SINKING 10MA
OUTPUT TYPE (WITH COMPLEMENTS) - DIFFERENTIAL LINE MINIMUM EDGE SEPARATION ON ALL OUTPUTS 45°
DRIVERS (26L.831) A, B, INDEX ON COMPLEMENT
CAPABLE OF SINKING —CCW ROTATION, ENCODER END ——>

AND SOURCING 20MA PHASING AND SYMMETRY SHOWN IN ELECTRICAL DEGREE

ENCODER CONNECTION DIAGRAM AND OUTPUT WAVEFORM

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com DG - 30




DIMENSIONS

12" MINIMUM_LONG LEADS #26 AWG

'§;// ACCESS TO AIRGAP
'L\ﬂ' AND SET SCREW
%o |

N WITH COVER OFF

2-#4-40 TAPPED HOLES ON 1.812" [46.025] B.C.

LOCATED AS SHOWN UNDER NAMEPLATE WHEN

DOUBLE ENDED MO6 AND MO9 MOTORS ARE

PURCHASED FROM SUPERIOR ELECTRIC

{TO ACCESS HOLE NAMEPLATE MAY BE
PUNCTURED OR REMOVED.)

REMOVE CAP
FOR THRU SHAFT
If REQUIRED

SNAP-ON COVER Le—1.812 [46.025] B.C. REAR VIEW OF
(2) #4-40 TAPS S.E.CO. MOTOR

M98 MAX

ORDERING INFORMATION

The following diagram explains the Encoder Kit number system:

ek|[21] - [25] - [200] - |2
ek
I Encoder Kit Number of Outputs
2 = Single-Ended (A, B only)
] Encoder Body Diameter (2.1 inches) 3= A, B and Index
6 =A, B, Index
Shaft Size A, B, Index
25 = 1/4 Inch Diameter (with Differential Line Drivers)
38 =3/8 Inch Diameter
Lines Per Revolution: 200, 400, 500, 1250

How To Select a DC Step Motor

Successful application of a step motor requires Voltage in a step motor system is used primarily to achieve speed and
careful selection of the proper step motor con- to overcome the back EMF (electro-magnetic force) generated by the
trol as well as the correct step motor. The first motor. Higher voltage drives are capable of delivering higher speeds.
step in the selection process is a complete load Current is used to provide torgue at the motor shaft. Superior Electric
analysis to determine the correct motor size selected chopper drives for the Micro Series controls because of their
and the amount of torque needed to drive the ability to regulate the amount of current within the step motor to assure
load. Since step motor systems are often used maximum performance.

as ultra high performance positioning systems
or motion controls, selection of the optimum
motor/drive combination is of prime impor-
tance.

One of the most important factors when choosing components for a
step motor system is the proper calculation of inertia, which is the prop-
erty of matter to resist a change in state. Because bodies at rest tend to
remain at rest and bodies in motion tend o remain in motion, torque
must be applied to the load to effect any change in motion, such as

The torgue versus speed performance of any , , , ‘
acceleration, deceleration, starting, stopping, etc.

step motor is dependent on the drive used to
direct the motor. Torque and speed are directly | The following information can be used to calculate the data needed to
related to voltage and current. select the optimum components for the step motor system.
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SLO-SYN® DC Step Motors

Selecting DC Step Motors

-

. Leadscrew Mechanical System:

. Leadscrew Shaft Inertia
. Shaft Diameter (D)

2. Shaft Weight (W shaft)
or
Shaft Length (L}
Shaft Density (d)
3. Shaft Inertia (J shaft)
Calculation
= W shaft x (D =2))= 2
or
-098x DixLxd

. Reflected Load Inertia

1. Load Weight (W foad)
2. Leadscrew Pitch (P)
3. Efficiency (B}
4. Load Inertia (J load)
Calculation
= (W load + (E x P?))
x (1+(2 x P1Y?)

. Total Inertia

1. Add Leadscrew Shaft
Inertia and Load Inertia
J system = J shaft + J foad

. Friction

1. Friction Force
Fforce = u x W load
u = Coefficient of Friction
2. Total Friction Torgque
F total = (F force x 16) =
(PxEx2xPl)

. Pulley Mechanical System

. Motor Pulley Inertia

1. Diameter (D pulley)
2. Weight (W) if known
or Calculate Weight:
Length (L)
Density (d)
W =Pl x (D pulley + 2)*
xLxd
3. Pulley Inertia (J m pulley)
Calculation
=W x (D pulley+ 2y =2

. Load Pulley Inertia

1. Diameter (D load)
7. Weight (W) if known
or Calculate Weight:
Length (L)
Density (d)
W =Pl x (D pulley = 2)*
xLxd
3. Pulley Inertia (J 1 pulley)
Calculation
=W x (D pulley = 27+ 2

[ TIT)

won

[

nonow

[

non

u

o

Inches
Pounds

Inches
L bs/in®

LB-in?

Pounds
Rev/in
O/D

Lb-in?

Lb-in?

Lb

Oz-in

Inches
Pounds

Inches
Lb/in®

. Pounds

Lb/in?

Inches

Pounds

Inches
ib/in®

_ Pounds

Lbfin?

C. External Load Driven by Load Pulley

1. Load Weight (W) = Lbs
2. Load Inertia = Lb-in?
Jload = W x (D load =2)?
D. Gear Ratio
G = (D load)/(D pulley =
E. Total Inertia
J system = J m pulley +
(J 1 pulley) = G? +
(J foad) + G* = Lb-in?
F. Total Friction Torque
{F total) = Dz-in
3. Cylindrical Mechanical System
A. Cylinder Inertia
1. Outer Diameter (OD) = Inches
2. Inner Diameter (ID) = inches
(=0 if Solid)
3. Weight (W) = Pounds
or
Length (L) = Inches
Density (d) = . LbAmw?
W= a x [(0D = 2)2-
(D=2 xLxd = ___ Pounds

4. Total Inertia (J system)

= 5XWx{(0D=2)+

(D=2 = Lbim
5. Total Friction Torque (F total)

Motion Calculations (Assuming Trapezoidal
Move Profile)

1. Distance (X) = Steps
2. Time (T) = Seconds
3. Calculate Velocity (V)
V=(1.5xX)+T = Steps/Sec
4. Calculate Acceleration (A)
A={45xX)+T? = Steps/Sec?
5. Torque Utilization Factor (UJ)
(Usually 50%) = %
6. Friction Utilization Factor (UF)
(Usually 90%) = %
7. Select Constant
For 1.8 degree
step angle
K= 0.00131 =
= Lb-in?

8. Calculate Total Inertia
(J total)
Add Motor Inertia and the
Total System Inertia
Jtotal = J motor + J system
Note: if the Load Inertia is
greater than ten times the
Motor Inertia, then the motor
is not applicable.
9. Calculate Reguired Torque
= K (ACC) (J total) (100% =+ UJ)
+ F total (100%/UF) = 0z-in
10.Determine Torque Available at
the required Velocity (V)
from the Speed/Torque Curve = Oz-in
11.1f the value from Step 10 is
greater than the value from Step
9, then the maotor is applicable
12.Duty cycle considerations
must be evaluated for proper
motor selection

CONVERSION FACTORS

INERTIA

slug-ft? x 4600 = Ib-in?

Ib-12x 144 = Ib-in?

0z-in? x 0.0625 = Ib-in?

1h-ft-sec? x 4600 = lb-in?

Ib-in-sec? x 385 = lb-in?

0z-in-sec? x 24 = Ib-in?

gm-cm?x .000342 = Ib-in?
= |b-in?

kp-m-sec? x 33,500

METRIC-DECIMAL EQIVALENTS

Yinch = - 2.50.cm

Tem = :0.3937 Inch

1-pond {gm) = - 0:035270z.

1oz, = 28.35pond (gm)
1kp:{kg) = 2,205 pound
1.gm-cm = - 0.0139 0z-in
1kg-cm = 1kpem=13.9 oz-in
1.hp = 746 watts
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Artisan Technology Group is an independent supplier of quality pre-owned equipment

Gold-standard solutions We buy equipment Learn more!

Extend the life of your critical industrial, Planning to,upgrade your/current Visit us at artisantg.com for more info
commercial, and military systems with our equipment? Have/surplus equipment taking on price quotes, drivers, technical

superior service and support. up’shelf'space? Well give'it a new home. specifications, manuals, and documentation.
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