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Selection Calculations

For Motors
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Selecting a motor that satisfies the specifications required by the equipment is an important key to ensuring the
desired reliability and economy of the equipment.

This section describes the procedure to select the optimum motor for a particular application, as well as the
selection calculations, selection points and examples.

M Selection Procedure

An overview of selection procedure is explained below.
® First, determine the drive mechanism. Representative drive mechanisms include simple body of

Determine the drive mechanism rotation, ball screw, belt and pulley, and rack and pinion. Along with the type of drive mechanism, you
must also determine the mass of load, dimensions of each part, friction coefficient of the sliding surface,
and so on.

v

® Confirm the drive conditions such as the speed of movement, drive time, and also positioning distance
and positioning time if positioning operation will be performed. Also confirm the stopping accuracy,
resolution, position holding, operating voltage, operating environment, and so on.

Check the required specifications
(Equipment specifications)

.

© Calculate the values for load torque and load inertia at the motor drive shaft. Refer to the left column on
Calculate the load page F-3 for the calculation of load torque for representative mechanisms.
Refer to the right column on page F-3 for the calculation of inertia for representative shapes.

v
® Select a motor type from standard AC motors, brushless motors or stepping motors based on the
Select motor type required specifications.
v

©® Make a final determination of the motor after confirming that the specifications of the selected motor
Selection calculation and gearhead satisfy all of the requirements, such as mechanical strength, acceleration time and
acceleration torque. Since the specific items that must be checked will vary depending on the motor
model, refer to the selection calculations and selection points explained on page F-4 and subsequent
pages.
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M Calculate the Load Torque of Each Drive

Mechanism 77 [N-m]
@ Calculate the Load Torque

B Calculate the Moment of Inertia J [kg'm?]

@ Calculate the Moment of Inertia
Olnertia of a Cylinder
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Pulley Drive . .
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n_,~.@;_1 1 Distance between x and xo axes [m] 1

$>By Actual Measurement {lnertia of a Rectangular Pillar
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Pulley

F : Force of moving direction [N]

Fo : Preload [N] (=< 1/3F) 4

w0 : Internal friction coefficient of preload nut (0.1~0.3) J=m(5) [kgm?]

n : Efficiency (0.85~0.95)

i : Gear ratio (This is the gear ratio of the mechanism and not the
gear ratio of the Oriental Motor's gearhead you are

{lnertia of an Object in Linear Motion

A : Unit of movement [m/rev]
4 ) N
: Density
selecting.) Iron p=7.9%10° [kg/m?]
Ps : Ball screw lead [m/rev] Aluminum p=2.8x10° [kg/m?]
F.u : External force [N] ' Brass »=8.5%10° [kg/m?]
Fs : Force when main s.haft begins to rotate [N] Nylon p=1.1%10° [kg/m’]
(Fs = value for spring balance [kg] X g [m/s?) Jx - Inertia on x axis [kg-m?]
m To.tal. mass of the table .ar?d load [kg] Jv  Inertia on y axis [kg-m?]
u o Frlctlon coefficient of sliding surface (0.05) Jo - Inertia on xo axis
a - Tilt angle [deg] (passing through center of gravity) [kg-m?]
D : Final pulley diameter [m] m : Mass [kg]
g : Gravitational acceleration [m/s?] (9.807) Dr - Outer diameter [m]
D2 Inner diameter [m]
p  Density [kg/md]
L :Length [m]
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F-4

B Motor Selection Calculations

The following explains the calculation for selecting a stepping motor
based on pulse control:

® Operating Pattern

There are two basic motion profiles.

Acceleration/deceleration operation is the most common. When

operating speed is low and load inertia is small, start/stop operation

can be used.

Pulse Speed
2

Pulse Speed
f
A A
Vil
1] [
) o
Acceleration/Deceleration Operation Start/Stop Operation

fi: Starting pulse speed [Hz]

/>: Operating pulse speed [Hz]

A: Number of operating pulses

to: Positioning time [s]

2 Acceleration (deceleration) time [s]

@ Calculate the Number of Operating Pulses 4 [Pulse]
The number of operating pulses is expressed as the number of pulse
signals that adds up to the angle that the motor must move to get
the load from point A to B.

/ % 360°
Irev Os

[ :Movement distance from point A to B [m]
Irev : Movement distance per motor rotation [m/rev]
0s : Step angle [deg]

A [Pulse] =

@ Calculate the Operating Pulse Speed /> [HZ]

The operating pulse speed can be found from the number of
operating pulses, the positioning time and the acceleration
(deceleration) time.

(@ For acceleration/deceleration operation

The level of acceleration (deceleration) time is an important point

in the selection. The acceleration (deceleration) time cannot be

set hastily, because it correlates with the acceleration torque and
acceleration/deceleration rate.

Initially, set the acceleration (deceleration) time at roughly 25% of
the positioning time. (The setting must be fine-tuned before the final
decision can be made.)

n[s] =n[s] X 0.25

A—firth
to— h

f[Hz] =

@ For start/stop operation
£lHz) =2
fo

@ Calculate the Acceleration/Deceleration Rate 7k [ms/kHz]
The values represent the specifications of Oriental Motor's
controllers.

The acceleration/deceleration rate indicates the degree of
acceleration of pulse speed and is calculated using the following
formula:

ORIENTAL MOTOR GENERAL CATALOG 2009/2010

h

Tx [ms/kHz] = ﬁ

Pulse Speed [kHz]

e

Tr

h Time [ms]

® Calculate the pulse speed in full-step equivalents.
® In this example, acceleration (deceleration) time is calculated in [kHz], while time is
calculated in [ms].

@ Calculate the Operating Speed N [r/min] from Operating

Pulse Speed /2 [Hz]
. Os
Nu [r/1 =f[H ——— X 60
¢ [r/min]= /> [Hz] X 360 X
® Calculate the Load Torque
Refer to basic formulas on page F-3.

@ Calculate the Acceleration Torque 7z [N-m]

Regardless of the motor type, the acceleration/deceleration torque
must always be set if the speed is to be varied.

The basic formula is the same for all motors. However, different
formula applies to stepping motors, as shown below, because the
specifications of stepping motors are often calculated on the basis
of pulse speed.

Brushless Motors, AC Motors
(Jo + Ji) « Nu
9.55 f

Operating Speed
Nu [r/min]

T, [N-m]=

h h
fo

Using Brushless Motors

Jo @ Rotor inertia [kg-m?]

J.  Total load inertia [kg-m?2]

N : Operating speed of motor [r/min]
n: Acceleration (deceleration) time [s]

Stepping Motors
(@ For acceleration/deceleration operation

T. [N'm] = s o _ffi
[N-m] = (Jo + Ji) X 130 .
@ For start/stop operation
1 n-Os )
TelN-m] = (Jo + i) X —jg =% o n: 3.6%/6s

@ Calculate the Required Torque 7w [N'm]
The required torque is calculated by multiplying the sum of load
torque and acceleration torque by the safety factor.

Tu = (Ti + Ta) X S
Twm : Required torque [N-m]
T. : Load torque [N-m]
T. : Acceleration torque [N-m]
Sy Safety factor



ISeIection Points (® Check the acceleration/deceleration rate
Most controllers, when set for acceleration or deceleration,

adjust the pulse speed in steps. For that reason, operation may
sometimes not be possible, even though it can be calculated.
should know when selecting a motor. Calculate the acceleration/deceleration rate from the previous

® Standard AC Motors formula and check that the value is at or above the acceleration/
deceleration rate shown in the table.

There are differences in characteristics between standard AC motors
and stepping motors. Shown below are some of the points you

99uaI9)ay [edluydsa)

@ Speed variation by load

The speed of induction motors and reversible motors varies by ) ) ) ) gg)
several percent with the load torque. Acceleration/Deceleration Rate (Reference values with EMP Series) %E
Therefore, when selecting an induction motor or reversible Product Motor Frame Size Acceleration/Deceleration Rate 7x [ms/kHz] ol g’
motor, the selection should take into account this possible speed 5 a's'zl'EP ; ig ;z ig’ gg ;')sMM'"' e
it tepping Motor an ,28,42, in. [
variation by load. Driver Package 85,90 30 Min. %
Time ratin = This item need not be checked for ¥s7ep. The value in the table represents the lower limit ﬁ
¢} c
There can be a difference of continuous and short time ratings, of setting for the EMP Series. 5
due to the difference in motor specifications, even if motors have ) >
P . @ Check the required torque 0‘;',-’
the same output power. Motor selection should be based on the . . ) =5
. ) ) Check that the operation range indicated by operating speed 2 g
operating time (operating pattern). . } i e
Nu (f2) and required torque T falls within the pullout torque of the e
® Permissible load inertia of gearhead speed - torque characteristics. ”
If instantaneous stop (using a brake pack etc.), frequent G ‘g".‘:’
intermittent operations or instantaneous bi-directional operations Safety Factor: Sf (Reference value) § E&
will be performed using a gearhead, an excessive load inertia Product Safety Factor (Reference value)
may damage the gearhead. In these applications, therefore, the X sTeP 1.5~2 o
selection must be made so the load inertia does not exceed the Stepping Motor and 9 §§
permissible load inertia of gearhead. (Refer to page A-17) Driver Package 63
Torque
.Steppmg Motors Pullout Torque f‘;’
(@ Check the duty cycle 9 g
A stepping motor is not intended to be run continuously. §
It is suitable for an application that the duty cycle, which @
represents rate of running time and stopping time, is 50% or less. Tu
Ir
. . ) o5
Duty cycle = - Rlunnmg time — 100 Operation Range §§;
Running time + Stopping time

Nu Speed
@ Check the inertia ratio L I

Large inertia ratios cause large overshooting and undershooting £ Puise Speed
during starting and stopping, which can affect starting time and

settling time. Depending on the conditions of usage, operation

may be impossible.

Calculate the inertia ratio with the following formula and check

that the value found is at or below the inertia ratios shown in the

table.

siojenjoy
Kieyoy
pue Jeaurq

sue4 Buijoo)

. . JL
Inertia ratio = T

Inertia Ratio (Reference values)

Product Motor Frame Size Inertia Ratio
Olster 28, 42, 60,85 30 Max.
Stepping Motor and 20,28 5 Max.
Driver Package 42,60, 85 10 Max.

® Except for geared types

When the inertia ratio exceeds the values in the table, we
recommend a geared type.
Using a geared type can increase the drivable load inertia.

Inertia ratio = i
T J i i: Gear ratio

F-5



®Ball Screw Mechanism @ Calculate the operating speed Nu [r/min]
i i 0. 0.72
|Using Stepping Motors ((Xs7er) | N = f x 3750 X 60 = 10000 x 272 5 60

(1) Specifications and Operating Conditions of the Drive
= 1200 [r/min]

2
o
=y
=
o
=
o)
o
o
o
S
3]
o

Mechanism
_ (4) Calculate the Required Torque 7 [N'-m] (Refer to page F-4)
Controller Stepping
Motor m @ Calculate the load torque Tx [N-m]
r Coupling I/ﬁ Force of moving direction F = F1 + mg (sin o + u cos a)
= HHH = =0 + 40 X 9.807 (sin 0 + 0.05 cos 0)
] Direct sl % =19.6 [N]
Connection ’
Driver
Preload Fo= =~ = 13% = 653N]
Ps F:Ps po* Fo+ Py
Load torque 7 = +
S 27y 2n

1 196 x 15 % 107° 4 03 X653 X15x 10~
Programmable ] 27 X 0.9 2
Controller y

= 0.0567 [N-m]
Total mass of the table and load .........ccccoeveeeiieeiieciieciens m = 40 [kq] (@ Calculate the acceleration torque 7u [N'm]
Friction coefficient of sliding surface ..........ccccecevieeieeiiinennenn. u = 0.05 @-1 Calculate the moment of load inertia J. [kg'm?]
Ball screw effiCiencCy ........cccoceriiiiiiiiiiiecee s n=0.9 (Refer to page F-3 for formula)
Internal friction co.eff|0|ent of preload nut .....coooieiiiiiiiieee uo=0.3 Inertia of ball screw Js — % p- Lo~ D#t
Ball screw shaft diameter .........ccccocevveeereeeeeeieeeeeeeeeeeene Dp = 15 [mm] 32
Total Iength Of ball SCrEW ..ceeeeeeeeeeeeee e Ls = 600 [mm] — ?7; X 7.9 X 10° X 600 X 1073 x(15 X 10—3)4
Ball screw material .........cccocvveeeenn. Iron (density p = 7.9 x 10* [kg/m®])
Ball screw lead ........coccveiiiiiiiiiiiecc Pz =15 [mm] =0.236 X 107* [kg:m?]
Desired resolution .........cccceeceeiiiiiienie e Al = 0.03 [mm/step]
. Ps
(feed per pulse) Inertia of table and load Jr = m ( o )
Y=Y o N [ =180 [mm] 15 % 10-3
2 _
POSItIONING M ..vuceeeeeereseeeereeeeseiseeses e eseeseseeees to = within 0.8 sec. =40 X (5 ) =228 X 107 [kgm?]
Tl @NGIE .o o = 0 [deg] Load inertia Ji = Js + Jr
(2) Calculate the Required Resolution 6s =0.236 X 107 + 2.28 X 107 = 2.52 X 10~* [kg:m?]
s — 360" X Al _ 360° X 0.03 _ 0.72° -2 Calculate the acceleration torque 7a [N'm]
Ps 15 . .
. o To= (Jo + Ji) X z0s o L]
OYsTer can be connected directly to the application. 180 2
) ) B » 7x 0.72 10000 — 0
(3) Determine the Operating Pattern (Refer to page F-4 for = (P + 252X 107) X —as— X 02
formula) = 628/ + 0.158 [Nem]
@ Calculate the number of operating pulses 4 [Pulse]
/ 360° (® Calculate the required torque T [N'm]
A= X
Pz Os Tu= (Tt + Ta) X 2
180 360° ={0.0567 + (628Jo + 0.158) } X 2
15 g0 6000 [Pulse] = 12560 + 0.429 [N'm]
@ Determine the acceleration (deceleration) time ¢ [s] (5) Select a Motor
An acceleration (deceleration) time of 25% of the positioning time @ Tentative motor selection
is appropriate. Rotor Inertia Required Torque
Model
lkg'm?] IN'm]
n=0.8x025=0.2][s] AS66AAE 405%x107 0.48
(® Calculate the operating pulse speed f; [Hz] (@ Determine the motor from the speed — torque characteristics
. _ A—fiXxn _ _6000-0 _ H ASGGAAE
= T T Tos—oa - 10000[Hz] 20 Select a motor for
Pulse Speed [Hz] =02 which the operating
15 area indicated by
10000 = — operating speed and
2.0 il G required torque falls
g within the pullout
S
6000 Pulses 05 < ™~ torque of the speed -
— torque characteristics.
0
0 1000 2000 3000 4000
Speed [r/min]
o I Time [s] 0 10 20 30 40 50 60
Pulse Speed [kHz]
0.8 (Resolution setting: 1000 P/R)
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|Using Standard AC Motors |

(1) Specifications and Operating Conditions of the Drive
Mechanism

This selection example demonstrates an electromagnetic brake

motor for use on a table moving vertically on a ball screw.

In this case, a motor must be selected that meets the following

required specifications.

Motor
Gearhead
‘%‘/Coupling
Ball S
al CFGW\
Fa
l Linear Guide
VT L] |
_—
Total mass of the table and load .........ccccccveeecieeeccieeccee, m = 45 [kg]
Table speed .....cccceeeveeevcveeciieeens ]
External force ]
Ball screw tilt angle ..o o = 90 [deq]
Total length of ball SCrew .........ccoccveiiiiiiiiiiiiieeeees Lz = 800 [mm]
Ball screw shaft diameter ..........ccoooiiiiiiiiiiee, Ds = 20 [mm]
Ball SCrew 18ad ......ccccueeeeeiiee e P =5 [mm]

Distance moved for one rotation of ball screw A = 5[mm]

Ball screw effiCienCy ......cccveeieeriienieeeeeeeere e n=209
Ball screw material ..........ccccceeennen. Iron (density p = 7.9 x 10° [kg/m?)
Internal friction coefficient of preload nut ..., uo =03
Friction coefficient of sliding surface .......c..ccccoeiiieiiienneinenn. u = 0.05
Motor power SUpply ...ccceveeeeeeneeeieeeenn. Single-Phase 115 VAC 60 Hz
Operating time .......ccccceeveerieeenienn. Intermittent operation, 5 hours/day

Load with repeated starts and stops
Required load holding

(2) Determine the Gear Ratio

. + X
Speed at the gearhead output shaft No = VA6O = (s £ ? 60

180 =+ 24 [r/min]

Because the rated speed for a 4-pole motor at 60 Hz is 1450 to
1550 r/min, the gear ratio is calculated as follows:

Gear ratio i = 1450~1550 _ _1450~1550
Ne 180 £ 24

=71~99

This gives us a gear ratio of i = 9.

(3) Calculate the Required Torque T [N-m]
Force of moving direction F = Fiu 4+ m - g (sin @ + u - cos 0)

=0+ 45 X 9.807 (sin 90° + 0.05 cos 90°)

= 441 [N]
F
Ball screw preload Fo = Ele 147 [N]
, _ F-Ps po- Fo- Py

Load torque 7. = 2 + o

_ 441 X 5 X 1073 n 03X 147 X 5%x 1073

27 X 0.9 2z
= 0.426 [N-m]

Allow for a safety factor of 2 times.

Tp=T0+2 = 0426 % 2 = 0.86 [N'm]

Select an electromagnetic brake motor and gearhead satisfying the
permissible torque of gearhead based on the calculation results
(gear ratio i = 9, load torque 7. = 0.86 [N-m]) obtained so far.

Here, ARK25GN-AW2MU and 4GN9SA are tentatively selected
as the motor and gearhead, respectively, by referring to the
"gearmotor - torque table" on page A-125.

Next, convert this load torque to a value on the motor output shaft to
obtain the required torque T, as follows:

T. 0.86
fope = 9x o081 = 0118 [Nm]= 118 [mN-m]

T =

(Gearhead efficiency ¢ = 0.81)

The starting torque of the 4RK25GN-AW2MU motor selected
earlier is 140 mN-m. Since this is greater than the required torque of
118 mN-m, this motor can start the mechanism in question.

Next, check if the gravitational load acting upon the mechanism in
standstill state can be held with the electromagnetic brake.

Here, the load equivalent to the load torque obtained earlier is
assumed to act.

Torque T'w required for load holding on the motor output shaft:

n 0.86

Tv = - = 9 = 0.0956 [N-m] = 95.6 [mN-m]

The static friction torque generated by the electromagnetic brake of
the 4RK25GN-AW2MU motor selected earlier is 100 mN-m, which
is greater than 95.6 mN'm required for the load holding.

(4) Check the Moment of Load Inertia J [kg'm?]

l'p'LE'Dﬁ

Inertia of ball screw Jz 32

= 3—”2 X 7.9 X 10° X 800 X 107 X (20 X 1073

=0.993 X 107 [kg:m?
Inertia of table and load J., = m (%)2

5x107°,
2 )

=0.286 x 10~ [kg'm?]

=45/

Load inertia at the gearhead shaft J is calculated as follows:

J=Js+ Jn=10.993 X 107* + 0.286 X 107*
= 1.28 X 107*[kg:'m?]

Here, permissible load inertia of gearhead 4GN9SA (gear ratio i = 9)
Ja is (Refer to page A-17):

Jo=031%x107"x 9
=25.1 X 107*[kg-m?]

Therefore, J<Js, the load inertia is less than the permissible value, so
there is no problem. There is margin for the torque, so the traveling
speed is checked with the speed under no load (approximately

1750 r/min).

Nwu- Ps 1750 X' 5
- Nz Motor speed

This confirms that the motor meets the specifications.
Based on the above, 4RK25GN-AW2MU and 4GN9SA are
selected as the motor and gearhead, respectively.
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@®Belt and Pulley Mechanism
|Using Standard AC Motors |

(1) Specifications and Operating Conditions of the Drive
Mechanism

Here is an example of how to select an induction motor to drive a

belt conveyor.

In this case, a motor must be selected that meets the following

required specifications.

Belt Conveyor

Motor
Gearhead
Total mass of belt and load .........cccoeieiiiiiiiieeeeeeees m1 = 25 [kq]
EXternal force ..o Fi=0[N]
Friction coefficient of sliding surface ..........ccccevieeiiieciiieeenes u=03
Roller diameter .......ooooeeeiiiieecee e D = 90 [mm]
ROIEr Mass ......ooiviiiiiiie e m2 =1 [Kg]
Belt and roller effiCiency ........cccccviiiiiiiiiiiieee n=0.9
Belt speed ... V= 150 [mm/s]+=10%
Motor power SUPPIY .....coveeeveeereerieenne. Single-Phase 115 VAC 60 Hz
Operating time .......ooieeeieeeeee e 8 hours/day
(2) Determine the Gear Ratio
V- 60 (150 + 15) X 60
Speed at the gearhead output shaft No = D = = 90

= 31.8 £ 3.2 [r/min]

Because the rated speed for a 4-pole motor at 60 Hz is 1450 to
1550 r/min, the gear ratio is calculated as follows:

Gear ratio ; — —220~1550  _ _1450~1550
No 31.8+32

= 41.4~54.2

This gives us a gear ratio of i = 50.

(3) Calculate the Required Torque 7 [N-m]
Friction coefficient of sliding surface F is calculated as follows:

F=Fi+m-g(sin@+ p-cos)
=0+ 25 % 9.807 (sin 0" + 0.3 X cos 0)
=73.6 [N]

., _ F-D  736x90x107
Load torque 7" = 2.7 2X0.9

= 3.68 [N'm]
Allow for a safety factor of 2 times.
To=TwL-2=368 x2=736[Nm]

Select an induction motor and gearhead satisfying the permissible
torque of gearhead based on the calculation results (gear ratio

i = 50, load torque 7. = 7.36 [N-m]) obtained so far.

Here, 5IK60GE-AW2U and 5GE50SA are tentatively selected as
the motor and gearhead, respectively, by referring to the "gearmotor
- torque table" on page A-49.

Next, convert this load torque to a value on the motor output shaft to
obtain the required torque 7w, as follows:

T 7.36
T = foe T 50X 066 0.22 [N'm] = 220 [mN-m]

(Gearhead efficiency 76 = 0.66)

Since the starting torque of the 5IK60GE-AW2U motor is
320 mN'm, this is greater than the required torque of 220 mN'm.

ORIENTAL MOTOR GENERAL CATALOG 2009/2010

(4) Check the Moment of Load Inertia J [kg'm?]

’ D 2
Inertia of belt and load Jum = m: ( e )
X 90 X 1077 y2

=25 x ( py )

=507 x 107 [kg-m?]

1
o m D

Inertia of roller Jm 3

1
3 XX (90 x 1073)?

10.2 X 107* [kg:m?]

Load inertia at the gearhead shaft J is calculated as follows:

J=Jm + Jma-2
=507 + 102 X 2
= 528 X 104 [kg-m?]

Here, permissible load inertia of gearhead SGE50SA (gear ratio i =
50) Jo is (Refer to page A-17):

Jo = 1.1 X 104 X 50?
= 2750 X 10-* [kg-m2]

Therefore, J<Jg, the load inertia is less than the permissible inertia,
so there is no problem. Since the motor selected has a rated torque
of 405 mN'm, which is greater than the actual load torque, the motor
will operate at a higher speed than the rated speed.

Therefore, the belt speed is calculated from the speed under no load
(approximately 1470 r/min), and thus determine whether the selected
product meets the required specifications.

y_ NwmD 1750 X 7w X 90
T 60-i . 60%x50

= 165 [mm/s]

N Motor speed
This confirms that the motor meets the specifications.
Based on the above, 5IK60GE-AW2U and 5GE50SA are selected
as the motor and gearhead, respectively.



[Using Brushless Motors |

(1) Specifications and Operating Conditions of the Drive
Mechanism

Here is an example of how to select a brushless motor to drive a belt

conveyor.

Belt speed Vi = 0.05~1 [m/s]
Motor power SUPPIY ....coevverrieerieeeniee e Single-Phase 115 VAC
Belt conveyor drive

Roller diameter ........cociiiiiiiiiiiieeeeeee e D =0.1[m]
ROIIEr MASS ...t m2 = 1 [Kg]

Total mass of belt and load ... weemt =7 [kg]
External force ........cccoviviiiinninniene
Friction coefficient of sliding surface .. .
Belt and roller effiCcienCy ........cccieriiriiiiieceeeeeee n=09

(2) Find the Required Speed Range

For the gear ratio, select 15:1 (speed range: 5.3~200) from the
"Gearmotor — torque table of combination type" on page B-68 so
that the minimum/maximum speed falls within the speed range.

Ne = 607';" Na: Speed at the gearhead shaft
-
Belt speed 0.015 [m/S] ===+ % = 9.55 [r/min] (Minimum speed)
60 X 1

1 [M/S] wemreremsenennes = 191 [r/min] (Maximum speed)

X 0.1

(3) Calculate the Moment of Load Inertia Jo [kg'm?]
w-D.\2 7 X 0.1,
21 ) = ( 21 )

Inertia of belt and load Jm1 = mi (
=175 x 107* [kg-m?]

2

Inertia of roller Jm2 = cma+ D

o0|— oo|—

X 1x0.12=12.5 X 107* [kg-m?]
The load inertia Jq is calculated as follows:

Jo=Jmi + Jm-2 =175+ 125 X 2
=200 X 10-* [kg'm?]

From the specifications on page B-70, the permissible load inertia of
BLF5120A-15 is 225 X 107 [kg'm?].

(4) Calculate the Load Torque 7: [N'm]

Friction coefficient of sliding surface F = Fu 4+ m - g (sin @ + u * cos 0)
=0+ 7 X 9.807 (sin 0° + 0.3 X cos 0°)

=20.6 [N]
F-D 20.6 X 0.1
Load torque T7r = = 2x09 = 1.15 [N-m]

Select BLF5120A-15 from the "gearmotor — torque table of
combination type" on page B-68.

Since the permissible torque is 5.4 N'm, the safety factor is

Tm/ To=54/1.15=4.6.

Usually, a motor can operate at the safety factor of 1.5~2 or more.

[Using Low-Speed Synchronous Motors (SMK Series) |

(1) Specifications and Operating Conditions of the Drive
Mechanism

The mass of load is selected that can be driven with

SMK5100A-AA when the belt-drive table shown in Fig. 1 is driven in

the operation pattern shown in Fig. 2.

) Roller 2

Fig. 1 Example of Belt Drive

Total mass of belt and load .................. m = 1.5 [kg]
Roller diameter vee. D =30 [mm]
Mass of roller .......ooveniiiiiiien m2 = 0.1 [kg]
Frictional coefficient of sliding surfaces ... u = 0.04
Belt and pulley efficiency ..............c.coee. n =209
Frequency of power supply ........c.ccevvene. 60 Hz (Motor speed: 72 r/min)
Motor speed [r/min]
60
f f —+ 15sec [sec]
5 10
)| S I

Fig. 2 Operating Pattern

Low-speed synchronous motors share the same basic operating
principle with 2-phase stepping motors. Accordingly, the torque for a
low-speed synchronous motor is calculated in the same manner as
for a 2-phase stepping motor.

(2) Belt speed V' [mm/s]
Check the belt (load) speed

y=axD-N _xX30XxX72 _ 113 [mm/s]
60 60

(3) Calculate the Required Torque 7z [N-m]
Frictional coefficient of sliding surfaces ¥ = u - mi- g
=0.04 X 1.5 =9.807 = 0.589 [N]

F+D _ 0589 x30x 10~

Load Torque 71 =
25 2% 09

=9.82 X 107 [N-m]

(4) Calculate the Moment of Load Inertia Jc [kg-m?]
nD

Load inertia of belt and load Jum = mi1 X (Tn )?

X 30X10°° y

=15 o

= 3.38 X 107* [kg:m?]

Load Inertia of Roller J.2 = X m2 X D?

1
8
% X 0.1 X (30 X 107

0.113 x 107* [kg-m?]

The load inertia Ji is calculated as follows:
Jo=Jm + 2 X2 =338 X104+ 0.113 X 104 X 2 = 3.5 X 104 [kg'm?]
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(5) Calculate the Acceleration Torque 7= [N-m]

n X 72
180 X 0.5

To= (o +J)) x - 05 52 (o +3.5 x 107 x X 607

180+ n
= 905-Jo + 0.32 [N-m]

Here, s =7.2°, f=60Hz,n=3.6/0s = 0.5
Jo: Rotor Inertia

(6) Calculate the Required Torque 7v [N-m] (Look for a margin
of safety of 2 times)

Required Torque 7w = (Tt + Ta) X 2
=(9.82 X 10-3 + 905 - Jo + 0.32) X 2
= 1810 Jo + 0.66 [N-m]

(7) Select a Motor
Select a motor that satisfies both the required torque and the
permissible load inertia.

Motor Rotor Inertia Permissible Load Inertia | Output Torque
[kg-m?] [kg-m?] [N-m]
SMK5100A-AA 1.4x107* 7x107* 112

When the required torque is calculated by substituting the rotor
inertia, T'm is obtained as 0.914 N'm, which is below the output
torque. Next, check the permissible load inertia. Since the load
inertia calculated in (4) is also below the permissible load inertia,
SMKS5 100A-AA can be used in this application.

ORIENTAL MOTOR GENERAL CATALOG 2009/2010

®Index Mechanism

(1) Specifications and Operating Conditions of the Drive
Mechanism
Geared stepping motors are suitable for systems with high inertia,

such as index tables.
Dr =300 mm

Controller

Driver

Programmable

Controller
Index table diameter
Index table thickness
Load diameter ........ccciiiiiiiiii e
Load thiCKNESS ....cceiiiiiiiiieiee e Lw = 30 [mm]
Material of table .........cccccoeeiiieeens Iron (density p = 7.9 X 10° [kg/m%)
Number of 10adS ......cceeeviieeciie e 10 (one every 36")
Distance from center of index table to center of load......... [ =125 [mm]
POSItIONING @NQGIE ..o 0 =36
Positioning time ........occviiiiiiie to = 0.25 sec.

The Xs1er PN geared type (gear ratio = 10:1, resolution per pulse
= 0.036°) can be used.

The PN geared type can be used at the maximum starting/stopping
torque in the inertial drive mode.

[CT=T: T - L1 o TSP PRRN i=10
RESOIULION .t Os = 0.036°

(2) Determine the Operating Pattern (Refer to page F-4 for

formula)
@ Calculate the number of operating pulses 4 [Pulse]
0
4= Os
__36°
0.036°

= 1000 [Pulse]

@ Determine the acceleration (deceleration) time # [s]

An acceleration (deceleration) time of 25% of the positioning time is
appropriate.

Here we shall let

t=0.1[s].

(® Calculate the operating speed N [r/min]

Ny B0 0 60 36
"7 360 Tl — 0 360 025 — 0.1

= 40 [r/min]

The permissible speed range for the PN geared motor with a gear
ratio of 10 is 0 to 300 r/min.



@ Calculate the operating pulse speed f> [Hz]

4 1000

F= T T 05— 01

= 6667 [Hz]

Pulse speed [Hz]

6667

Time [s]

t0=0.25

(3) Calculate the Required Torque T [N-m] (Refer to page F-4)
@ Calculate the load torque 7z [N'm]

Friction load is negligible and therefore omitted. The load torque is
assumed as 0.

Tr = 0 [N'm]

@ Calculate the acceleration torque 7z [N'm]
@-1 Calculate the moment of load inertia J. [kg-m?]
(Refer to page F-3 for formula)

Inertia of table Jr= X p X Lt X Dr*

T
32
3% X 7.9 X 10° X(10 X 1073)%(300 x 1073)*

= 6.28 X 1072 [kg-m?]

Inertia of load Jin = =
(Center shaft of load)
s

T 32

X p X Lw X Dy*
X 7.9 X 10° X(30 X 1073)X (40 x 1073)*
=0.596 X 107 [kg:m?]

Mass of load mw = X p X Lw X Dw?

T
4

= % X 7.9 X 10° X(30 X 107)X (40 X 107

=03 [kg]

Inertia of load Jw [kg'm?] relative to the center of rotation can be
obtained from distance L [mm] between the center of load and
center of rotation, mass of load mw [kg], and inertia of load (center
shaft of load) Jm [kg'm?].

Since the number of loads, » = 10 [pcs],

Inertia of load Jw=n X (Jm + mw X L?)
(Center shaft of load)

=10 X {(0.596 X 107%) + 0.3 X (125 X 107%)%}

=471 X 107 [kg:-m?]

Load inertia J. = Jr + Jw
= (6.28 + 4.71) X 102
=11 X 102 [kg'm?]

-2 Calculate the acceleration torque 7a [N'm]
X 0s « L =1
180 t

Ta= (Jo X i* + Ji) X

7 X 0.036 % 6667 — 0
180 0.1

=(JoXx 10>+ 11 X 107%) X

=4.19 X 10%o + 4.61 [N-m]

(® Calculate the required torque Tu [N'm]
Safety factor Sy = 2.0

Tv = (Tt + Ta) X Sy
= {0 + (4.19 X 10° Jo + 4.61) } X 2.0
=838 X 10°Jo + 9.2 [N-m]

(4) Select a Motor
@ Tentative motor selection

Rotor Inertia Required Torque
Model
lkg'm?] [N'm]
AS66AAE-N10 405x107 9.55

@ Determine the motor from the speed — torque characteristics
AS66AAE-N10

25
20
Operating Area
E15
=
K
£10
»2 \
I3 \\
Permissible Torque,
0

0 50 100 150 200 250 300
Speed [r/min]
0 5 10 15 20 25 30 35 40 45 50
Pulse Speed [kHz]
(Resolution setting: 1000 P/R)

PN geared type can operate inertia load up at starting/stopping to
acceleration torque less than maximum torque.

Select a motor for which the operating area indicated by operating
speed and required torque falls within the speed - torque
characteristics.

If the load torque is applied, the selection must be made so the value

of the safety factor multiplied by the load torque does not exceed
the permissible torque.
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Selection Calculations

For Linear and Rotary Actuators
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Motorized Linear Slides

After you have determined which to use, select an appropriate model. Select a linear slide of the size that satisfies
your desired condition.

Select an appropriate model by following the steps below.
©® Refer to page F-20 for selection calculations using a dual axes mounting bracket.

(1) Select a Linear Slide Satisfying the Transportable Mass

By referring to "Mspecifications of linear slide," select a linear slide satisfying the transportable mass.

Condition: Drive a load of 15 kg over a horizontal distance of 400 mm within 1.5 seconds.

EZSA4: Specifications of Width 74 mm X Height 50 mm, 24 VDC Linear Slide
M Specifications of Linear Slide C€

Drive Method\ Ball Screw Repetitive Positioning Accuracy [mm]\ +0.02  Resolution [mm]\ 0.01  Traveling Parallelism [mm] \ 0.03*  Maximum Load Moment [N-m] \ Mp: 8 My: 8 Mg:27.8

Model Lead | Transportable Mass [kg] | Thrust | Electromagnetic Brake Maximum Speed (Stroke) [mm/s]
[mm] | Horizontal | Vertical | [N] Holding Force [N] | 50~550 mm | 600 mm 650 mm 700 mm
EZS4D[-K _ —
“ezsabmk | 2 | —— ~70 - 600 550 460 400
EZS4E[1-K — —
TEZSAEOMK | ° ~30 eyt 0 300 270 220 200

® Enter the stroke length in the box (CJ) within the model name.
= This applies when a parallelism is 0.06 mm or less along the mounting plate, per 200 mm of guide length.

Based on the "condition" and "specifications of linear slide," select EZS4D040-K.

(2) Check the Positioning Time

From the graph "Bpositioning distance — positioning time" below, check if the selected linear slide satisfies the desired positioning time. As
a rough guideline, the positioning time required by the selected linear slide corresponds to the positioning time identified from the graph,
multiplied by the "positioning time coefficient" applicable to the linear slide.

From the graph, find the "positioning time of 1.2 s" for the "positioning distance of 400 mm." You obtain the "positioning time of 1.2 s." Since
the stroke is below 550 mm, multiply "positioning time of 1.2 s" by the "positioning time coefficient of 1.0" to obtain an approximate positioning
time.
Notes:
® The calculated positioning time does not include the settling time.

Use a settling time of 0.15 s as a reference.
® The duty cycle, which represents the relationship of running time and stopping time, should be kept to 50% or less (reference).

Duty cycle [%] = running time [s]x100/ (running time [s] + stopping time [s])

M Positioning Distance - Positioning Time
®EZS4D (Lead: 12 mm)

OHorizontal Installation 1.2 S Positioning Time Coefficient

2.0

1.8; Load‘Mass ~ “ — Stroke . Logd Masg -

1'6::7%8 v = (mm] Horizontal Installation | Vertical Installation
ZAA4— —.= {5kg =L 0kg [7.5kg|15 kg| O kg 3.5 kg| 7 kg
§1.27 F L 50~550 1.0 /1.0 | 1.0 | 1.0 [1.0 | 1.0
g10 S 600 1.0 [1.0 [ 1.0 [ 10|10 ] 1.0
208 e 650 12 |11 ]1.0[12[1.0] 1.0
<06 7z 700 14 [11[11]13]10] 10

04 z

0.2[#2

0 100 200 300 400 500 600 700
Positioning Distance [mm]
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(3) Check the Operating Speed and Acceleration of the Linear Slides

The time calculated from "Bpositioning distance — positioning time" assumes the operating speed and acceleration that achieve the shortest
positioning time. Check the specific operating speed and acceleration at which to drive the linear slides based on the time calculated in step (2).

99uaI9)ay [edluyssl

® Operating Speed and Acceleration of the Linear Slides
Check the operating speed and acceleration by referring to "Bpositioning distance — operating speed" and "Bpositioning distance —
acceleration." If the identified speed exceeds the maximum speed specified in specifications of linear slide, use the maximum speed specified in

specifications of linear slide as the operating speed of the linear slide. I o
Example) For a positioning distance of 400 mm on the graph, the operating speed is 480 mm/s, and the acceleration is 1.5 m/s2 §'§
[
EZS4D040-K [MPositioning Distance - Operating Speed] g
700 T Maximum Speed by Stroke 8
600 SEY IS Stroke [mm] Max. Speed [mm/s] r.;-'
— 1 _ === 50~550 600
2 ~ L-F-T —- 3
E 50—~ = e 600 550 o2
= I A P I = 650 460 =
g // AA 700 400 gs
n %
2300777 | P
s i Load Mass =90
§ oo L
100 -=-=-75kg _| aé"-
—-— 15kg _|
0 [ 1 1 ©
0 100 200 300 400 500 600 700 3
Positioning Distance [mm] g‘g’_
°3
EZS4D040-K [MPositioning Distance - Acceleration]
20 T 1 8§
18 Load Mass H
16 — 0Okg é
T 14 ---75kg
&) —-— 15kg _|
£ 120
= \ z5
£ 103
2 8L —1.5 m/s?
o
Z
2 6 \\ B — — R
4 ~ 933
N S g2
: FEEN S
0 I I | =
0 100 200 300 400 500 600 700 -
Positioning Distance [mm] S
E
m
(4) Check the Load Moment 3

Calculate the load that will generate under the applicable condition, and confirm that the calculated result is smaller than the "maximum load
moment specified in specifications of linear slide." If the maximum load moment is exceeded, select another model.

The maximum load has been calculated by considering the estimated traveling life of each model. If a given model is operated at load exceeding
the designed limit, the life of the linear slide will decrease. The life is also affected by the operating environment and conditions.
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How to Calculate the Speed for Sensorless Return to Home Operation

The EZSII Series can perform the high-speed, sensorless return to home operation. The maximum return to home speed is 100 mm/s when the
lead is 12 mm, and the maximum speed becomes 50 mm/s when the lead is 6 mm. Select an applicable calculating formula by referring to the
linear slide installation conditions and calculate the maximum settable speed for return to home operation from the specific overhung length and
load mass.

Note that the load will receive impact if the sensorless return to home operation is performed at high speed.
® If there are overhangs along both the Z-axis and Y-axis, compare Vz and Vlv. The smaller of the two provides the maximum settable speed for return to home operation.
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®Linear Slide Installation Conditions (Horizontal, wall-mounted or ceiling-mounted)

{>Overhang in Z-Axis Direction {>Overhang in Y-Axis Direction
kx10° kx 10
Vz[mm/s] = b < 100 Vy[mm/s] = oLy <100
[Overhang in Z direction] <> [Overhang in'Y direction]

Load

Lz Center of Gravity

Load
Ly : Center of gravity of load [mm]
/ m : Mass of load [kg]
Lz : Center of gravity of load [mm] Linear Slide Strength Coefficient &
m : Mass of load [kg] Size Lead 12mm | Lead 6 mm
EZ 0.6 0.5
Linear Slide Strength Coefficient & S3

Size Lead 12 mm Lead 6 mm EZ54 17 1.5

EZ53 67 12 EZS6 75 64
EZS4 7.1 6.3
EZS6 18.6 16.1

®Linear Slide Installation Conditions (Vertical)

If the linear slide is installed vertically, the applicable coefficient varies depending on the return to home direction (upward or downward).
Use the correct coefficient according to the specific direction.

{>Overhang in Z-Axis Direction {>Overhang in Y-Axis Direction
k X 10° . kX 103 .
Vz[mm/s] = (T +i ) X 100 Vy[mm/s] = (T +i )x 100
[Overhang in Z direction] [Overhang in'Y direction]

Center of Gravity

(&)

Load Lz : Center of gravity of load [mm] Load Ly : Center of gravity of load [mm]
m : Mass of load [kg] m : Mass of load [kg]
Upward: Upward:
Linear Slide Strength Coefficient & Upward Coefficient i Linear Slide Strength Coefficient & Upward Coefficient i
Size Lead 12 mm Lead 6 mm Lead 12 mm Lead 6 mm Size Lead 12 mm Lead 6 mm Lead 12 mm Lead 6 mm
EZS3 6.7 5.7 1.8 15 EZS3 0.7 0.6 1.8 15
EZS4 9.6 13.7 2.6 3.7 EZS4 2.2 3.2 2.6 3.7
EZS6 20.7 51.7 2.1 5.4 EZS6 8.3 20.8 2.1 54
Downward: Downward:
Linear Slide Strength Coefficient & Downward Coefficient i Linear Slide Strength Coefficient & Downward Coefficient i
Size Lead 12 mm Lead 6 mm Lead 12 mm Lead 6 mm Size Lead 12 mm Lead 6 mm Lead 12 mm Lead 6 mm
EZS3 5.3 3.1 —-1.5 —0.9 EZS3 0.6 0.3 —-15 -0.9
EZS4 5.3 3.5 —-15 -1.0 EZS4 1.2 0.8 -1.5 -1.0
EZS6 11.2 12.2 —-1.2 -1.3 EZS6 45 49 —-1.2 -1.3

F-14 ORIENTAL MOTOR GENERAL CATALOG 2009/2010



M Positioning Distance - Operating Speed, Positioning Distance - Acceleration
®EZS3D[-K (Lead 12 mm, 24 VDC)

<Horizontal Installation
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e Positioning Distance - Operating Speed Maximum Speed by Stroke e Positioning Distance — Acceleration
700 20 T
. _ St;%ke 5[r;l(;n] Max. Spggg [mm/s] 8 o Mgsf ]
P s . ;
e //1,/ o 600 550 B 14 —-=75kg 7] S
17z e 650 460 s I 29
2 soopls? - 4 | 700 400 AN 22
£ —=75kg g R S5
s 200 < ° ~o — [
100 g I D Stk et ey Gy P »
)
0 100 200 300 400 500 600 700 0 100 200 300 400 500 600 700 E
Positioning Distance [mm] Positioning Distance [mm] ﬁ
5
OVertical Installation
e . . . e . . >
¢ Positioning Distance - Operating Speed Maximum Speed by Stroke e Positioning Distance - Acceleration g‘,—{;’
0 20 3
7o Stroke [mm] Max. Speed [mm/s] 0 ‘ g8
600 18 Load Mass — =3
— [ — 50~550 600 16 — 0kg | @
£ 500 = --- 2kg |
B 600 550 B 14 —-=35kg
3 400 e T e e 650 460 £ At 204
& / R £ 10 k-]
S 700 400 NAN g52
= —— 8 \ o
g_: 200 T Moa SKZ T < O I @
100 o 2ko G
—---35kg 2 = == —
0 | 0 (2]
100 200 300 400 500 600 700 100 200 300 400 500 600 700 Eﬁ'
Positioning Distance [mm] Positioning Distance [mm] gg
83
«Q
®EZS3E[-K (Lead 6 mm, 24 VDC)
. . 9
<>Horizontal Installation 8
e Positioning Distance - Operating Speed Maximum Speed by Stroke e Positioning Distance — Acceleration g
700 T 20 T ®
. s | Stroke [mm] Max. Speed [mm/s] 8 N
% Yo 50~550 300 1 Yo
£ 500 e 600 270 g M e zC
650 20 n
S 300 = 700 200 L
Myl g8
4 N > &
100 S om3
2 = 0@
—=roe—r Sa0
0 0 o=
100 200 300 400 500 600 700 100 200 300 400 500 600 700 _O‘-Eg
Positioning Distance [mm] Positioning Distance [mm] (] o
. . <°')
OVertical Installation S
¢ Positioning Distance - Operating Speed Maximum Speed by Stroke e Positioning Distance - Acceleration t_g"
700 : 20 T ]
o i | Stroke [mm] Max. Speed [mm/s] s Load Wass H
_ — ok 50~550 300 16 0
£ o o 600 270 g e
30 650 220 g2
2 300 i 700 200 I
§ 200/=5=" SN
° 100F— : N
%700 200 300 400 500 600 700 L R R - T
Positioning Distance [mm] Positioning Distance [mm]

®EZS3D[]-A/EZS3D[]-C (Lead 12 mm, Single-Phase 100-115 VAC/Single-Phase 200-230 VAC)
<>Horizontal Installation

e Positioning Distance - Operating Speed Maximum Speed by Stroke e Positioning Distance — Acceleration

:S Stroke [mm] Max. Speed [mm/s] - I
=700 50~500 800 16 1
K3 = Load Mass —{
E 600 Load Mass | 550 650 § 1‘2‘ i Oaisg ]
B 500 — Okg— 600 550 s --- 4kg
g --- 4k £ 10 —-=7.5kg
240 —-=75kg 7| 650 460 S
g% 700 400 26
S 200 4

100 2

0 100 200 300 400 500 600 700 0 100 200 300 400 500 600 700
Positioning Distance [mm] Positioning Distance [mm]



OVertical Installation
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e Positioning Distance - Operating Speed Maximum Speed by Stroke e Positioning Distance — Acceleration

:gg Stroke [mm] Max. Speed [mm/s] fc I
7 700 50~500 800 ] 1
Eom Load Mass —| 550 650 gu LoadMiss
E 500 = o 600 550 g --- 2k
H --- 2kg £ 10 —-=3.5kg |
< 400 --=35kg 650 460 £ 3
g %0 700 400 L S
S 200 4

100 2

0 100 200 300 400 500 600 700 0 100 200 300 400 500 600 700
Positioning Distance [mm] Positioning Distance [mm]
®EZS3E[]-A/EZS3E[]-C (Lead 6 mm, Single-Phase 100-115 VAC/Single-Phase 200-230 VAC)
<>Horizontal Installation
¢ Positioning Distance - Operating Speed Maximum Speed by Stroke e Positioning Distance — Acceleration

700 T 20 T

o - Stroke [mm] Max. Speed [mm/s] " Load ass ]
— — kg 50~500 400 1 —, 09
g0 il 550 320 g e
g 400 600 270 N
2300 650 220 e
g 200 700 200 O i ) A A O
S 4

100 5

0 100 200 300 400 500 600 700 0 100 200 300 400 500 600 700
Positioning Distance [mm] Positioning Distance [mm]
{Vertical Installation
¢ Positioning Distance - Operating Speed Maximum Speed by Stroke e Positioning Distance — Acceleration
700 ‘ Stroke [mm] Max. Speed [mm/s] 2 ‘
Load Mass 1 Load Mass —

o — kg | 50~500 400 18 0
£ 0 oS 550 320 o R
g0 600 270 R
2300 650 220 E
§ 200 700 200 e == ey
© 4

100 2

0 100 200 300 400 500 600 700 0 100 200 300 400 500 600 700
Positioning Distance [mm] Positioning Distance [mm]

®EZS4D[ -K (Lead 12 mm, 24 VDC)
<Horizontal Installation
e Positioning Distance - Operating Speed Maximum Speed by Stroke e Positioning Distance — Acceleration

7o Stroke [mm] Max. Speed [mm/s] 0 -

600 18 Load Mass —|
— — T == 50~550 600 1 — ol
£ 500 o o . s B 600 550 3 kb e
g T 650 460 5 N
gaf 700 400 F
£ 200}s7 e . =
° ---75k | 4 K|

100 - 15k3: 2 e =

o I R I y 1
100 200 300 400 500 600 700 100 200 300 400 500 600 700
Positioning Distance [mm] Positioning Distance [mm]
{Vertical Installation
¢ Positioning Distance - Operating Speed Maximum Speed by Stroke e Positioning Distance - Acceleration

700 T Stroke [mm] Max. Speed [mm/s] i

600 1 18 Load Mass —|
_ T —— 50~550 600 16 o Jke
£ — 0k ] 600 550 7 b e
E-,Aoc vi ot ] 650 460 5 ﬁ \\

)V I - - 700 400 i
“3 20012 L :(5 6 —
[S) 4 —
100 2 J=g= === ===
0 100 200 300 400 500 600 700 o 100 200 300 400 500 600 700
Positioning Distance [mm] Positioning Distance [mm]
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OEZS4E[-K (Lead 6 mm, 24 VDC)
<>Horizontal Installation
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e Positioning Distance - Operating Speed Maximum Speed by Stroke e Positioning Distance — Acceleration
7o Stroke [mm] Max. Speed [mm/s] 10 T
= 50~550 300 ] o ]
£ 600 270 g ik
g 40 650 220 5
R - 700 200 E RN -
& w0yt LL"MJ‘if_; LN 3%
0 --- 15k _| 2 e £e
100 e 10 : g2
o | B o gs
100 200 300 400 500 600 700 100 200 300 400 500 600 700 7}
Positioning Distance [mm] Positioning Distance [mm]
w
(]
OVertical Installation 5
e Positioning Distance - Operating Speed Maximum Speed by Stroke e Positioning Distance - Acceleration g_
e Stroke [mm] Max. Speed [mm/s] 10 T
600— Load Mass Load Mass —| >
_ 800 — Toig 50~550 300 8 — ko 3¢
L ol == Tk — --- Tk
EOr - 14k§ 600 270 2 - mﬂ* §§
g4 650 220 5 sa
5 300 g 0
2o 700 200 K ‘\\\
& 200 g R R B e = N\ Lo
T = N 9 ',%,
0 = 338
0 100 200 300 400 500 600 700 100 200 300 400 500 600 700 o =
Positioning Distance [mm] Positioning Distance [mm]
w
®EZS4D[ ]-A/EZS4D[]-C (Lead 12 mm, Single-Phase 100-115 VAC/Single-Phase 200-230 VAC) 58
- . T
Horizontal Installation a5
e Positioning Distance - Operating Speed Maximum Speed by Stroke e Positioning Distance — Acceleration
:z” Stroke [mm] Max. Speed [mm/s] 1 I 9
0 —= = o i 2
7700 = A 50~500 800 16 Load Mass —| 2
E soo—4" 550 650 7 u — kg | 8
= S Load Mass E 4 ---75ky _| 2
g 50017 — kg | 600 550 N —-=15kg
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Vertical Installation
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e Positioning Distance - Operating Speed Maximum Speed by Stroke e Positioning Distance — Acceleration
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OEZSA4E[]-A/EZS4E[]-C (Lead 6 mm, Single-Phase 100-115 VAC/Single-Phase 200-230 VAC)
<>Horizontal Installation

e Positioning Distance - Operating Speed Maximum Speed by Stroke e Positioning Distance — Acceleration
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OVertical Installation

e Positioning Distance - Operating Speed Maximum Speed by Stroke e Positioning Distance — Acceleration
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®EZS6D[]-K (Lead 12 mm, 24 VDC)
<Horizontal Installation

e Positioning Distance - Operating Speed
700

Maximum Speed by Stroke e Positioning Distance — Acceleration

Stroke [mm] Max. Speed [mm/s] 2 1
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OVertical Installation

e Positioning Distance - Operating Speed Maximum Speed by Stroke e Positioning Distance — Acceleration
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®EZS6E[ -K (Lead 6 mm, 24 VDC)
<Horizontal Installation
e Positioning Distance - Operating Speed

Maximum Speed by Stroke e Positioning Distance — Acceleration

700 10,
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OVertical Installation

e Positioning Distance - Operating Speed Maximum Speed by Stroke e Positioning Distance — Acceleration
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®EZS6D[]-A/EZS6D[ I-C (Lead 12 mm, Single-Phase 100-115 VAC/Single-Phase 200-230 VAC)
<>Horizontal Installation

29uaI9)ay [edluydsa)

e Positioning Distance - Operating Speed Maximum Speed by Stroke e Positioning Distance — Acceleration

900 20 T T

a0 _ L Stroke [mm] Max. Speed [mm/s] 8 Load Mass
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Vertical Installation §
e Positioning Distance - Operating Speed Maximum Speed by Stroke e Positioning Distance — Acceleration 5’;

900 Stroke [mm] Max. Speed [mm/s] 2 .
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O®EZS6E[]-A/EZS6HE[]-C (Lead 6 mm, Single-Phase 100-115 VAC/Single-Phase 200-230 VAC) g.ﬁ
<>Horizontal Installation 63
e Positioning Distance - Operating Speed Maximum Speed by Stroke e Positioning Distance — Acceleration
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Vertical Installation
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For Motorized Linear Slides Using Dual Axes Mounting Brackets

The following explains the calculation when using a dual axes mounting bracket dedicated to the EZSII Series.
Required dual axes mounting bracket is determined by selecting any biaxial combination of the EZSI Series based
on your conditions. You can select an optimum combination by following the procedure.

B Selection Procedure

Check your conditions

.

® Select the combination of motorized linear slides using the table of transportable mass per
acceleration. Once the combination is determined, you can figure out required dual axes
mounting bracket.

Select the combination of
motorized linear slides

v

® Find an acceleration from the table of transportable mass per acceleration, and check a speed
of each axis in the speed - transportable mass characteristics graph.

Check the acceleration
Check the operating speed

v

® Calculate a positioning time. Check if your preferred positioning time can be met.
— Check the positioning time

.

Selection

B Example of Selection
Follow the procedure for selection based on the following conditions.

[Conditions]

Load 3 kg mass in X-Y mounting with 100 mm in 0.5 s.
Moveable range is 500 mm in X-axis and 250 mm in Y-axis.

The center of gravity for load in Y-axis: (G1, Gz, G3) = (45, 20, 25)
Power supply voltage: 24 VDC input

(1) Select the Combination of Motorized Linear Slides and Dual Axes Mounting Bracket

Check the combination of motorized linear slides using the "transportable mass per acceleration" table (Refer to page F-22).
Find the maximum absolute value within G1, G2, Gs. As the conditions state | G1 | = 45 is the maximum value, check the table for center of
gravity conditions of 30 < | Gn | = 50.
The following combination of linear slides can bear a mass of 3 kg with a 250 mm stroke.
[Combination 1]  X-axis: EZS6D Y-axis: EZS3D
or
[Combination 2] X-axis: EZS6D Y-axis: EZS4D

Select [Combination 1] as the smaller product size.

The following products are tentatively selected.

X-axis: EZS6D050-K

Y-axis: EZS3D025-K

EZS6D is tentatively selected for the first axis, and EZS3D for the second. As the second axis stroke is 250 mm, and the combination pattern
(Refer to page D-55) is R-type, the required dual axes mounting bracket can be determined as PAB-S6S3R025.
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B Transportable Mass per Acceleration
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©X-Y Mounting Y-axis transportable mass [kg] ®X-Y Mounting Y-axis transportable mass [kg]
30< |G| < 50 30< 1Gn| < 50
) Stroke [mm] Stroke [mm]
Accel i
¥ A, EZS4D coeleratin |50 700 | 150 | 200 | 250 | 300 , Aeceleralion 55T 300 | 150 | 200 | 250 | 300
o 1.0m/s? | 20 | 16 | 13 | 10 | 07 | 04 X-Ads: EZS6D 10m/s | 41 | 41 | 41 | 41 | 41 | 41
Y-Axis: EZS3D 5 Y-Axis: EZS3D
25m/ | 11 | 08 | 05 | 02 | — | - Casmisy| 33 | 33 | 33 | 33 | 33 | 33 -
soms | 03 | - | - | — | — | - 50m/s | 26 | 26 | 26 | 26 | 26 | 26 20
) Stroke [mm] £o
Accelerat 22
s EZS6D CoBIeraton ™50 T 700 | 150 | 200 | 250 | 300 g3
PXS: 1oms | 41 | 41 | 41 | 41 | 41 | 41 2
Y-Axis: EZS3D »
25m/s | 33 [ 33 | 33 | 33 |(33) 33 g
50m/s’ | 26 | 26 | 26 | 26 | 26 | 26 5
Acceleration stroke [mim] 5
A EZS6D 50 | 100 | 150 | 200 | 250 | 300 °
XIS 10m/i® | 87 | 87 | 87 | 81 | 70 | 60 >
Y-Axis: EZS4D b4
25mi | 70 [ 70 | 70 | 63 |[(53) 45 =3
50ms | 53 | 53 | 52 | 43 | 36 | 29 28
&

(2) Check the Acceleration of Linear Slides

Check an acceleration value from the "transportable mass per acceleration" table.
The maximum acceleration is 2.5 m/s? when a transportable mass is 3 kg.

swalsAs
|013u0)
paadg

B - ®»
(3) Check the Speed of Linear Slides 58
Check the "speed - transportable mass characteristics" graph (Refer to page F-23). “3a
Draw a horizontal line for 3 kg mass in Y-axis. o
The speed at which the acceleration 2.5 m/s? line intersects with the above-mentioned line is the maximum speed (upper limit) for dual axes 3
combined configuration. g
Q
7]
X-axis speed: 460 mm/s or less
Y-axis speed: 560 mm/s or less -

Speed and acceleration can be increased for the same mass, by replacing the power supply with single-phase 100-115 VAC/single-phase
200-230 VAC and/or by using linear slides with greater size.

M Speed - Transportable Mass Characteristics

® X-Axis Speed ®Y-Axis Speed

{24VDC <24 VDC

EZS6DL(M)-K EZS3DLI(M)-K
140 Acceleration 70

1.0 m/s?

—-=-=:25m/s?
—-— 5.0m/s?
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pue Jeaurq

sue4 Buijoo)

Acceleration
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—-==:25m/s?
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g
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o
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/
-

/]
e

A}
460 nﬂm/s LA

100 200 300 400 500 600 0 300 400 500 600
Speed [mm/s] Speed [mm/s]

o
o

o
S
n

(4) Check the Positioning Time

Make a simple calculation of the positioning time to verify if your preferred positioning time can be met.
The simple formulas are as follows:
(@ Check the operating pattern

Venae = | L-a X 10° L : Positionin.g distance [mm]
: Acceleration [m/s?]
Vimae = V& — Triangular drive Ve :Operating speed [mm/s]
Vinar > Vi = Trapezoidal drive Vimax . Maximum speed for triangular drive [mm/s]
o . T : Positioning time [s]
@ Calculate the positioning time
Triangular drive Trapezoidal drive
L Vr
2 Vena _ L T = 4 —
T="0x0 O T axie X2 Vi ax 10°
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® Example of Calculation
Check if the combination on page F-20 can move 100 mm in 0.5 s.
O X-Axis: EZS6D050-K
Conditions Speed Vr : 460 mm/s
Acceleration a 2.5 mm/s?
Positioning distance L : 100 mm

Check the operating pattern  Vemer =/ 100 X 2.5 X 10°

500 > Vr Trapezoidal drive

e . 100 460
Iculate th itioning tim =— —
Calculate the positioning time 7 460 + 25 % 10°
=0.401s

Calculation revealed that the preferred positioning time can be met.

M Transportable Mass per Acceleration

®X-Y Mounting Y-axis transportable mass [kg]

OY-Axis: EZS3D025-K

Conditions Speed

Acceleration
Positioning distance

Check the operating pattern  Vemax

Calculate the positioning time 7 =

Vr : 560 mm/s
a :2.5mm/s?
L :100 mm

=, 100 x 2.5 x 10°

=500 = Vk

2 X 500

2.5 X 10°

=0.400s

Triangular drive

[Gn| = 30 [mm]

30< IGnl = 50 [mm]

50< [Gn| = 100 [mm]

Acceleration Stroke [mm) Stroke [mm] Stroke [mm]
X-Axis: EZS4D 50 100 150 200 250 300 50 100 150 200 250 300 50 100 150 200 250 300
-Axis: 5
Y-Axis: EZS3D 1.0 m/s 2.3 1.9 15 1.1 0.7 0.4 2.0 1.6 1.3 1.0 0.7 04 1.5 1.2 1.0 0.7 0.5 0.3
2.5m/s? 1.3 0.9 0.6 0.2 - - 1.1 0.8 0.5 0.2 = = 0.8 0.6 0.4 0.2 = =
5.0 m/s? 0.3 - - - - - 0.3 - - - - - 0.2 = - = - -
. Stroke [mm] Stroke [mm] Stroke [mm]
Acceleration
X-Axis: EZS6D 50 100 150 200 250 300 50 100 150 200 250 300 50 100 150 200 250 300
-Axis: 5
Y-Axis: EZS3D 1.0 m/s 5.8 5.8 5.8 5.8 5.8 5.8 41 41 41 41 41 41 2.3 23 2.3 23 2.3 2.3
2.5m/s? 438 48 438 48 438 48 33 33 33 33 33 33 1.9 1.9 1.9 1.9 1.9 1.9
5.0 m/s? 3.6 3.6 3.6 3.6 3.6 3.6 26 2.6 2.6 2.6 2.6 2.6 15 15 15 15 15 15
) Stroke [mm] Stroke [mm] Stroke [mm]
Acceleration
X-Axis: EZS6D 50 100 150 200 250 300 50 100 150 200 250 300 50 100 150 200 250 300
Y_'A)’(‘i':j Ezsap | 1OMs | 127 | 124 | 104 | 89 | 76 | 65 | 87 | 87 | 87 | 81 | 70 | 60 | 48 | 48 | 48 | 48 | 48 | 438
’ 2.5 m/s? 10.1 9.8 8.2 6.9 5.8 49 7.0 7.0 7.0 6.3 53 45 39 39 39 3.9 39 3.8
5.0 m/s? 7.5 71 5.8 47 39 3.1 5.3 5.3 5.2 43 3.6 29 3.0 3.0 3.0 3.0 3.0 2.5
®X-Z Mounting Z-axis transportable mass [kg]
| Gn | =30 [mm] 30< IGnl =50 [mm] 50< 1Gnl = 100 [mm]
) Stroke [mm] Stroke [mm] Stroke [mm]
Acceleration
X-Axis: EZSAD 50 100 150 200 250 300 50 100 150 200 250 300 50 100 150 200 250 300
-Axis: 2
Y-Axis: EZS3D 1.0 m/s 35 33 3.0 2.7 25 2.2 26 2.6 25 2.3 2.0 1.8 1.6 1.6 1.6 1.6 15 1.3
2.5 m/s? 241 1.7 1.4 1.0 0.7 0.4 1.7 1.4 1.2 0.9 0.6 0.4 1.2 1.0 0.8 0.7 0.5 0.3
5.0 m/s? 0.7 0.3 - - - - 0.5 0.3 - - - - 0.4 0.2 - = - =
. Stroke [mm] Stroke [mm] Stroke [mm]
Acceleration
X-Axis: EZS6D 50 100 150 200 250 300 50 100 150 200 250 300 50 100 150 200 250 300
-Axis: 2
Y-Axis: EZS3D 1.0 m/s 35 35 35 35 35 35 26 2.6 26 2.6 2.6 2.6 1.6 1.6 1.6 1.6 1.6 1.6
2.5m/s? 3.1 3.1 3.1 3.1 3.1 3.1 2.3 2.3 2.3 2.3 2.3 2.3 14 14 14 14 14 14
5.0 m/s? 2.2 2.2 2.2 22 2.2 2.2 1.9 1.9 1.9 1.9 1.9 1.9 1.1 11 1.1 1.1 1.1 1.1
) Stroke [mm] Stroke [mm] Stroke [mm]
Acceleration
XeAvis: EZS6D 50 100 150 200 250 300 50 100 150 200 250 300 50 100 150 200 250 300
-Axis: 5
Y-Axis: EZS4D 1.0 m/s 6.7 6.7 6.7 6.7 6.7 6.7 49 49 4.9 49 49 4.9 3.0 3.0 3.0 3.0 3.0 3.0
2.5m/s? 59 5.9 5.9 59 5.9 59 43 43 43 43 43 4.3 2.6 2.6 2.6 26 2.6 2.6
5.0 m/s? 49 49 49 49 49 49 36 3.6 3.6 3.6 3.6 36 2.2 2.2 2.2 2.2 2.2 2.2

®Gn represents the distance from table to center of gravity of the load (unit: mm).
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M Speed - Transportable Mass Characteristics
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@ X-Axis Speed (Common to electromagnetic brake type)* Acceleration
<>24 VDC —1.0m/s2 === 25m/s2 =—-— 5.0m/s?
EZS4D[](M)-K EZS6D[](M)-K

40 14.0
$35 B120 \
g0 100
g25 2 a0 “\ Q
Fuipmesspe==y =esspeessry \

g 15 ‘\ £ 4 \ 8 o

g 1.0 \“ f ." \‘\ ; 2

Sos ; =2 \ i o
z \

0 100 200 300 400 500 600 00 100 200 300 400 ‘500 600 g’

Speed [mm/s] Speed [mm/s] g

8

[=

{>Single-Phase 100-115 VAC/Single-Phase 200-230 VAC &)

EZS4D[](M)-A/EZS4D[](M)-C EZS6D[](M)-A/EZS6D[](M)-C -

40 140 5] g.’
g35 Zro E §_
g 30 £100 3 a
225 E
€15 E b \ %’ 9%’
» 2 4 5 =3 0
= 1.0 3 o =
Yos S 20 A 3¢ 5

0700 200 300 400 500 600 700 800 %00 200 300 400 500 600 700 800
Speed [mm/s] Speed [mm/s] »
Sa
= For X-axis, the maximum speed read from the graph is limited by the stroke. Check the maximum speed for each stroke in EZSII Series products. g—%
63
®Y-Axis Speed (Common to electromagnetic brake type) Acceleration o
{24 VDC —1.0m/s? === 25m/s? —-— 5.0m/s? 5
EZS3D[I(M)-K EZS4D[](M)-K g
7.0 14.0 >
60 $120 ‘\
Esop——— e —— - £100 N zc
@ 2 3
g4 AN g0 -4
% 30 A g 60 N
£ 20 : g 4 ~N ~
H H N < -
10 320 - » C
: : . 23
0 100 200 300 400 500 600 0 100 200 300 400 500 600 o =
Speed [mm/s] Speed [mm/s] o < g
@ =
{>Single-Phase 100-115 VAC/Single-Phase 200-230 VAC ‘g’
EZS3D[](M)-A/EZS3D[](M)-C EZS4D[](M)-A/EZS4DL(M)-C o

70 14.0 E
$60 120 2
e e P e e e e e %Wu
240 E 8.0
240 g 60
E 20 E 4
f 10 T 20

O 105209300400~ 500 800700800 %G00 200 300 400 500 600 700 800

Speed [mm/s] Speed [mm/s]

@ Enter the stroke in the box (LJ) within the model name.
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®Z-Axis Speed (Common to electromagnetic brake type)

{24 VDC
EZS3DI(M)-K

4.0

s

3QF===o====1

Z-Axis Transportable Mas:

N. ~

100 200 300 400 500 600
Speed [mm/s]

{>Single-Phase 100-115 VAC/Single-Phase 200-230 VAC
EZS3DL](M)-A/EZS3D](M)-C
40

‘530“"""""" o B S s

100 200 300 400 500 600 700 800
Speed [mm/s]

@ Enter the stroke in the box ((J) within the model name.

B Motorized Cylinders

The parameters listed below are required when selecting motorized
cylinders for transferring a load from A to B, as shown below.

The required parameters are as follows:
e Mass of load (m) or thrust force (F)

¢ Positioning distance (L)

¢ Positioning time (7

¢ Repetitive positioning accuracy

® Maximum stroke

Among the above parameters, the thrust force and positioning time
can be calculated using the formula shown below.

@ Calculate the Thrust Force

The specified maximum thrust force indicates the value when no
load is added to the rod, which is operating at a constant speed.

In an application where an external force is pushed or pulled, it is
general that the load mounted to the rod receives an external force.
The method to check the thrust force in this application is explained
below:

@ Calculate the required thrust force when accelerating the load
mounted to the rod.
Fa=m X {a+ gXx (u X cosa+ sina)}

ORIENTAL MOTOR GENERAL CATALOG 2009/2010

—1.0m/s2 === 25m/s2 —=-— 5.0 m/s?

Acceleration

EZS4D[(M)-K

@ 20 ~

¢
Z ~.. I~
3

100 200 300 400 500 600
Speed [mm/s]

EZSA4D[](M)-A/EZS4D[(M)-C
8.0

=)

Z-Axis Transportable Mass [kg]
- dow s o oo
>
1

100 200 300 400 500 600 700 80O
Speed [mm/s]

(@ Calculate the thrust force that allows for pushing or pulling
F = Funax — Fa

If the external force applied to the load is smaller than F, then push-
pull motion is enabled.

Fnax : Maximum thrust force of the motorized cylinder [N]

Fa : Required thrust force during acceleration/deceleration
operation [N]

F  :Thrust force that allows for pushing or pulling of external
force [N]

m : Mass of load mounted to the rod [kg]

: Acceleration [m/s?]

: Gravitational acceleration 9.807 [m/s?]

: Friction coefficient of the guide supporting the load 0.01

: Angle formed by the traveling direction and the horizontal

plane [deg]

R T Q

External Force




@ Calculate the Positioning Time

Check to see if the motorized cylinders can perform the specified
positioning within the specified time. This can be checked by
determining a rough positioning time from a graph or by obtaining a
fairly accurate positioning time by calculation. The respective check
procedures are explained below.

The obtained positioning time should be used only as a reference,
since there is always a small margin of error with respect to the
actual operation time.

Obtaining from a Graph

In this section, the EZHC series will be used as an example.

For the EZHC, EZC, and EZHP Series, the speed will change
depending on the mass of the load being transferred. The target load
mass and speed must be confirmed using the graph shown in the
catalog.

EZHC6

EZHC4

Load Mass [kg]

!
0 400 600
Speed [mm/s]

1
1
1
1
1
1
1
1
1
T
1
1
1
1
1
1
1
1
1
1
0f

0 2

If the load mass is 10 kg and the speed is 200 mm/s, it will be
EZHC6.

Example) Position a 10 kg load over a distance of 200 mm at the
speed of 200 mm/s within 1.5 second via vertical drive, using
EZHC6A-30MA (tentative selection).

Check line @ on the EZHC6A-30MA graph.

~——— 600 mm/s
=== 400 mm/s

1.6 1] — 200 mmis /4®

: /
WS

04

Positioning Time [s]

\

L el Il T

\

02

0 L
0 100 200 300
Positioning Distance [mm]

The above graph shows that the load can be positioned over

200 mm within 1.5 second.

If the load mass is less than 10 kg, the positioning time can be
shortened. Calculate the positioning time using the following
formula.

However, for the motorized cylinder(s), the load generated by the
guide mechanism will become unknown when used in combination
with the customer's guide mechanism. Therefore, the load of the
guide mechanism will be assumed to be 0 in this section.

Obtaining by Calculations

(@ Check the operating conditions

Check the following conditions:

Mounting direction, load mass, positioning distance, starting speed,
acceleration, operating speed

@ From the above operating conditions, check to see if the drive
pattern constitutes a triangular drive or trapezoidal drive.

Calculate the maximum speed of triangular drive from the
positioning distance, starting speed, acceleration and operating
speed. If the calculated maximum speed is equal to or below the
operating speed, the operation is considered a triangular drive. If
the maximum speed exceeds the operating speed, the operation is
considered a trapezoidal drive.

/2Xa XaxL

/ 3 2
\/ ot a X 10° + Vs

Vimax =

Vrmax = Vr = Triangular drive
Virmax > Ve = Trapezoidal drive

® Calculate the positioning time
Trapezoidal drive
T=TT+T+Ts

=V Ve — Vs L (a+a)X Ve — Vs)
T ax10 a X 10° Ve 2Xa Xa X Vex 10°
Triangular drive
T=T+T1T
Vimax — Vs Virmax — Vs
ar X 10° a X 10°
Pattern 1 Pattern 2
Speed Speed
Vel -----
ai ,a Vimax == =--=----
ar / \, a
Vst - Trapezoidal Drive Vsp------
Triangular Drive
il Ts 7> | Time il T Time
T r

Vrmax : Calculated maximum speed of triangular drive [mm/s]
Ve : Operating speed [mm/s]

Vs : Starting speed [mm/s]

L :Positioning distance [mm]

ar  : Acceleration [m/s?]

a> : Deceleration [m/s?]

T :Positioning time [s]

T1  : Acceleration time [s]

T>  : Deceleration time [s]

75 : Constant speed time [s]

Other conversion formula is explained below.
The pulse speed and operating speed can be converted to each
other using the formula shown below. Keep the operating speed
below the specified maximum speed:
Operating speed [mm/s]

Resolution [mm]

Pulse speed [Hz]=

The number of operating pulses and movement can be converted to
each other using the formula shown below:

Movement [mm]

Resolution [mm]

Number of operating pulses [pulses]=

The acceleration/deceleration rate and acceleration can be

converted to each other using the formula shown below:

Resolution [mm] x 10°
Acceleration [m/s?]

Acceleration/deceleration rate [ms/kHz] =
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B Compact Linear Actuators (DRL Series)

The parameters listed below are required when selecting compact
linear actuators for transferring a load from A to B, as shown below.

The required parameters are as follows:
» Mass of load (m) or thrust force (F)

« Positioning distance (L)

« Positioning time (T)

Among the above parameters, the thrust force and positioning time
can be calculated using the formula shown below.

® Calculate the Thrust Force

The specified maximum thrust force indicates the value when no
load is added to the screw shaft, which is operating at a constant
speed.

In an application where an external force is pushed or pulled, it is
general that the load receives an external force. The method to
check the thrust force in this application is explained below:

@ Calculate the required thrust force when accelerating the load
Fo=m X {a+ g X (u X cosa + sin a)}

@ Calculate the thrust force that allows for pushing or pulling
F = Funax — Fa

If the external force applied to the load is smaller than F, then

push-pull motion is enabled.

Fuax: Maximum thrust force of the actuator [N]
Fa :Required thrust force during acceleration/deceleration
operation [N]

F : Thrust force that allows for pushing or pulling of external force
(NI

: Mass of load [kg]

: Acceleration [m/s?]

: Gravitational acceleration 9.807 [m/s?]

: Friction coefficient of the guide supporting the load 0.01

: Angle formed by the traveling direction and the horizontal
plane [deg]

QT Q & I

External Force
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@ Calculate the Positioning Time

Check to see if the actuators can perform the specified positioning
within the specified time. This can be checked by determining a
rough positioning time from a graph or by obtaining a fairly accurate
positioning time by calculation. The respective check procedures are
explained below.

The obtained positioning time should be used only as a reference,
since there is always a small margin of error with respect to the
actual operation time.

Obtaining from a Graph

Example) Position a 5 kg load over a distance of 20 mm within
1.0 second via vertical drive, using DRL4A2PB2-04G (tentative
selection).

Check line @ on the DRL42 graph.

3.0

25

g
=)

o

| —

Positioning Time [s]
P

o
o

/
o]
0 5 10 15 20 25 30 35 40
Positioning Distance [mm]

The above graph shows that the load can be positioned over 20 mm
within 1.0 second.

If the load mass is less than 10 kg, the positioning time can be
shortened. Calculate the positioning time using the following
formula.

Obtaining by Calculations

@ Check the operating conditions

Check the following conditions:

Mounting direction, load mass, positioning distance, starting speed,
acceleration, operating speed

@ From the above operating conditions, check to see if the drive
pattern constitutes a triangular drive or trapezoidal drive.

Calculate the maximum speed of triangular drive from the
positioning distance, starting speed, acceleration and operating
speed. If the calculated maximum speed is equal to or below the
operating speed, the operation is considered a triangular drive. If
the maximum speed exceeds the operating speed, the operation is
considered a trapezoidal drive.

[ 2Xar Xa X L
a + a2

X 10° + Vs?

Vimar = Vi = Triangular drive

Vimax > V& = Trapezoidal drive

(® Calculate the positioning time
Trapezoidal drive

I'=T+1+T
Ve = Vs Ve = Vs L

(a1 + @) X (V& = Vs)
= +
ar X 10° a % 10° V&

2X a1 X ax X Ve X 10°

Triangular drive

T=T+T1T
_ Vimax — Vs Vimax — Vs
@ X 10° a X 10°



Pattern 1
Speed Speed

a a Vimax === === == =
N ’
at / a
N ’
Vst -1 72

Trapezoidal Drive;
Triangular Drive

Pattern 2

T Ts T>_| Time Ti I» Time
T r

Vrmax : Calculated maximum speed of triangular drive [mm/s]
Ve : Operating speed [mm/s]

Vs : Starting speed [mm/s]

L :Positioning distance [mm]

a1 : Acceleration [m/s?]

a» : Deceleration [m/s?]

T  :Positioning time [s]

T1  : Acceleration time [s]

T>  : Deceleration time [s]

75 : Constant speed time [s]

B Hollow Rotary Actuators (DG Series)

The following sections describe the selection calculations for the DG
Series.

@ Calculate the Required Torque

@ Calculate the inertia (load inertia) of the load.
Use less than 30 times the actuator inertia as a reference for the
inertia of the load.

@ Determine the positioning angle.

® If there is no friction torque, check the positioning time from the
load inertia — positioning time graph for the DG Series. Refer to
page D-172 for the load inertia — positioning time graph.

@ Determine the positioning time and acceleration/deceleration
time.
However, make sure that:
Positioning time = shortest positioning time identified from the

load inertia — positioning time graph

Acceleration/deceleration time 1 X 2 = positioning time

(® Determine the starting speed N1, and calculate the operating
speed N: using the following formula. Set N1 to a low speed
[0 to several r/min] but be careful not to increase it more than
necessary.

6 X 6Ni1t1

N2 [r/min] = 6(—0)

N:>: Operating speed [r/min]
6 : Positioning angle [deg]
N : Starting speed [r/min]

Speed

t : Positioning time [s]

] [ || Time
ti : Acceleration (deceleration) time [s]

If you cannot achieve N1 = N> = 200 [r/min] with the above
formula, return to @ and review the conditions.
(® Calculate the acceleration torque using the following formula.

Acceleration torque 7.[N-m] = (/i + Ji) X % X M
Ji : Inertia of actuator [kg'm?]

Ji : Total inertia [kg'm?]

N:>: Operating speed [r/min]

N : Starting speed [r/min]

t1 : Acceleration (deceleration) time [s]

@ Calculate the required torque. The required torque is equal to the
load torque due to friction resistance plus the acceleration torque
due to inertia, multiplied by the safety factor.

Required torque 7' = (load torque [N-m] + acceleration torque [N-m]) x safety factor
=(Tt+ T XS

Set the safety factor S to at least 1.5.

Check whether the required torque T falls within the speed -
torque characteristics. If the required torque does not fall within
the range, return to @ to change the conditions, and recalculate
the value.

Torque [N-m]

Required Torque

Speed [r/min]
(Pulse speed [kHz])
Use the following formula to convert the speed into a pulse
speed.

flHz) = o

f :Pulse speed [Hz]
N : Speed [r/min]
65 : Output table step angle [deg/step]

@ Calculate the Thrust Load and Moment Load

If the output table is subject to a load as indicated in the following
diagram, use the formula below to calculate the thrust load and
moment load, and check that the values are within the specified
values.

FIN] L[m]
mi [kg]
]
=
Thrust load [N] Fs=F+mXg
Moment load [N'm] M =F X L
g: Gravitational acceleration 9.807 [m/s?]
Fi[N]
F2[N]
E
m2 [kg] ~
C

Thrust load [N] Fs=Fi+mXg
Moment load [N'm] M = F2 X (L + a)

Model a
DG60 0.01
DG85 0.02
DG130 0.03
DG200 0.04
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Selection Calculations

For Cooling Fans

M Selection Procedure

This section describes basic methods of selecting typical ventilation
and cooling products based on their use.

@ Specifications and Conditions of the Machinery
Determine the required internal temperature of the machinery.

®Heat Generation within the Device
Determine the amount of heat generated internally by the machinery.

@ Calculate Required Air Flow

Once you have determined the heat generation, the number of
degrees the temperature must be lowered and what the ambient
temperature should be, calculate the air flow required.

® Selecting a Fan

Select a fan using the required air flow. The air flow of a mounted
fan can be found from the air flow — static pressure characteristics
and the pressure loss of the machinery. It is difficult to calculate the
pressure loss of the machinery, so the fan with a maximum air flow
of 1.3 to 2 times as the required air flow may be used.

Air Flow — Static Pressure Characteristics of Fan

Max. Static Pressure /

High Pressure Loss

/Ope ating Point
. rati i
4

/

Operating Static Pressure ””””””””7; ffffffffffffff

Pressure Loss

Low Pressure Loss
.

Operating Air Flow Max. Air Flow

Air Flow — Static Pressure Characteristics

B Fan Selection Procedure

Determine the requirements of the machinery
Determine how many degrees to lower the internal temperature
based on the guaranteed operating temperatures of the internal
components and elements of the machinery.

¢

Calculate the amount of heat produced
Calculate the amount of heat generated internally from the
input/output of the machinery, efficiency, etc.

¢

Calculate the required air flow
Calculate the air flow required for desired temperature.

¢

Select a fan
Select a fan with a maximum air flow of 1.3 to 2 times as the
required air flow.

ORIENTAL MOTOR GENERAL CATALOG 2009/2010

M Example of Selection - Ventilation and
Cooling of Control Box

Specification of Control Box

ltem Letter Specifications
Installation Environment Factory Floor
w Width 700 mm
Size H Height 1000 mm
Control D Depth 400 mm
Box Surface Area S 2.37 m?*
Material SPCC
Overall Heat Transfer Coefficient U 5 W/ (m?/K)
20°C
Permissible Temperature Rise AT Ambient temperature Ti: 25°C
Internal permissible temperature Tz: 45°C
Total Heat Generation qQ 450 W
Power Supply 60 Hz 115 VAC

s« Calculated by the formula below (assuming that all periphery is open) :
Surface of control box = side area + top area
=18XHX(W+D)+ 14X WXD

®Required Air Flow
The following explains a calculation method using the formula and a
simple calculation method using the graph.

<{>Obtaining by Calculations
V=1+20X(Q+AT—-UXS) X S

1 +20 X (450 +20 — 5 X 2.37) X 2
= 1.07 [m¥/min]

Internal pressure loss must be considered when calculating the
required air flow.

In general, pressure loss inside the control box is not known.
Therefore, the air flow at the operation point is assumed as 50% of
the maximum air flow and a safety factor Sf = 2 is applied.

<{>Obtaining by a Graph

@ Search for the cross point A between heat generation Q (450 W)
and permissible temperature rise AT (20°C).

@ Draw a line parallel with the horizontal axis from point A.

(® Search for the cross point B between the parallel line and surface
area S (2.37 m?) line.

@ Draw a line perpendicular to the horizontal axis from point B.
Required air flow is approximately 0.5 m3/min.

(® Allow for a safety factor (Sf) of 2 times. Required air flow will be
1.00 m%/min.

5 0 109,
10 67
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g 2
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> E
g 15 P
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S 2 s
g K]
k) 25 E
2 % <
2 £
£
& A B
T |
| |
1500 1000 500 0 1 2 3 4 5 8

Heat Generation @ [W] Required Air Flow I/ [m%min]

Graph to Determine Required Air Flow



®Applicable Fans
Based on the above, FM Series cooling module FMB23BI-2H221 is

selected.
FMB23BI-2H221 Specifications
Input Voltage | Frequency | Input | Current | Speed | Max. Air Flow | Max. Static Pressure | Noise Level
VAC Hz w A | min | m%min Pa dB (A)
Single-Phase 115| 60 14.0 | 0.18 | 2500 1.25 46 4

The FM Series is a cooling module integrated with an MU Series

axial flow fan, filter and finger guard. Not only does the filter prevent
ingress of foreign objects, but installation and maintenance are easy
to perform, making it an optimal product for control box.
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