berger berger _
motoren electGroni

Formulas + Galculations
for Optimum Selection of a Stepmotor

BERGER LEME



1.

11

111

(1)

{2)

11.2

General Formulas

Vis mere.
——
Spindie Drive

Determination of Load Torque M, __,

Stepmotor

Gear

F = Frane + FWorklng Load + Ferestrass T FMowng Force

The required drive torque of a spindle drive is determined by the sum of the load torques and
the required acceleration torque.

M Motor

= MLoad + M

Accel

MLoad

h
=F <m+ I'BLIB) 1T

F = Total force onnut [N]
h = Spindlepitch [cm]

r, = 3Spindle bearing mean radius [cm]
Spindle bearing friction coefficient
Gear ratio = nMotor/nSpindIB

-=
o
|

ol

N = tang
tan{a+ o)

Experience Values

n
t/
Tg- Ug
M's- Ug

FPru!rass

0.9 for ball hearing spindles {see figure)
0.3 for steel spindles with bronze nut

0.015 cm for rotler bearing
0.15 cm for steel/bronze friction bearings

[Ncm]

[Nem)

= Efficiency coefficient of converting M into an axial force

At 10% Prestressandh= Smm:approx. 11to 15N
At 20% Prestressandh= Smm: approx. 22to 30N
A1 10% Prestress and h=10mm: approx. 40to BON
At 20% Prestress and h=10 mm: approx.80to 120 N



11.3 Determination of Total Load F on Spindie Nut

a) Vertically Acting Forces

G=m-g
F F
—JV'—.» +—F0—h- -
Pre

BRI N VNV N NN

(3) F=u -G+F,+F, [N]
G = Woaeight of carriage and structure [kg]
F, = MovingForce [N]

F... = Prestresswhen using springloaded counter nut

1 = Friction coefficient

G =~ 10'm [N]

m = Mass [kg]

Values for Dry Lubricated
Steel on steel 0,18 0,12

Stesl on castiron 0,19 0,10

Steel on bronze 0.11 0,10

Axial Guide

Rolling friction, Rollers - . 0,005



b) ,.Mon-vertical” Spindle

(4) F=Fpet+Fy+F, , IN]
(4a) F, = G{(sine +p-cose) ifmoving up [N]
{4b) F, = Gisina —p - cosa) if moving down [N]

For upward motion

(4c) F=Fyo+F,+G(sine +u-cosa) [N]




11.4 Determination of Moments of Inertia

The total moment of inertia J,,, is the sum of the moments of inertia of all masses in
rotatory and translatory motion.

{5) Jexl = Jrot+‘Jtrans [kgcmzl
Jout = Total external J referenced to motor shaft
Jrot = Rotatory moment of inertia (full cylinder)
Jpans. = Translatory moment of inertia

(sa) 'Jiol = Je:ﬂ + JMot. [kgcmz]

a) Rotatory Moment of Inertia J,, - Full Cylinder

{6) =g r4-L-y {kgem?]
r = Radiusofspindle cm
L = Length cm
Y = Specific weight kg/cm?
Steel Y = 7.85-103kg/cm?
Aluminum ¥y = 2,7 - 10-3kg/cm3
Brass Y = 84 - 10-3kg/cm3
For Stesl
(7) Jt=7.72-104-d4-L [kgcm?]

For Aluminum

(7a) Jo, =27 10" -d¢-L [kgem?]

b) Translatory Moment of Inertia J;, ..,

h 2
(8) Jirans =M (*2“:?) [kgem?]
m = Movedmassinkg
h = Spindte pitchincm

If a reduction gear is used, the external moment of inertia J,,, is reduced by the square
of the gear ratio.

1
(9) Joxt = ot Jians! i [kgem?)




1.2

1.21

1.2.1.1

(19)

(6)

(20

1.2.1.2

(18)

(21)

(22)

Rack and Pinion Drive

Horizontally moved mass driven by rack and pinion.

Rack

Total Torques

T PO \\

Pinion
Stepmot

The motor must provide the following total torques:

a) Acceleration of weight G, including rack

b) Acceleration of pinion
c) Acceleration of rotor
d) Owvercoming the friction

Moments of inertia

The following formula is used to calculate the rotatory moment of inertia equivalent to the weigt

Jog = G2 [kgem?]
G= Weightinkg
r= Radiusincm

1

J, = 5 r¢ Ly [kgem? Jrot = Jo
Jtot = Jeq + JPin + Jrot [kgcmzl
Acceleration and Load Torques
- f-2-n-«
M, = Jiot m [Ncm]
Mo = My+M [Nem]
M. = G-pu-r [Ncm]
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1.3

1.3.1

1.3.1.1

(19)
(6)

1.3.1.2

(18)

(23}

(21)

Drum Drive
Lifting a Weight by Cable and Drum

Total Torques

a) Acceleration of the weight
b) Acceleration of the drum
¢) Lifting of the Weight G

Cable Drum Stepmotor

/

e s
N

Moments of Inertia

J‘,,q = Equivalent moment of inertia

The same formulas as used for the rack and pinion drive apply.

J G-r? [kgcmd

n

&g

1
Joum = 7 W-rt-L-y [kgem?]

Acceleration and Load Torques

My = Jig- J_'Tzec')’;f—f& [Nem]

M = Torque required for accelerating the system
M_ = G-r [Ncm]

M, = Torque required for lifting the weight

Mg = Mg+M [Ncm]

M = Totaltorque required for lifting the weight



1.4

1441

(10)

(10a)

14.2

(1

(11a)

1.4.3
(2)

(22)

(23)

Additional Formulas

Start-Stop Operation

az
M, = J‘]m <f2. T—R3,5 -10-4 [Nem]
. M 1 }
f = 199 A L
Start Jtot [ 5

Jiox = Total Moment of Inertia [kgem?]
consisting of J_, + Juotor

f = Stepfrequency [Hz]
= Step angle [Degrees]

Tp = Division angle of rotor teeth
(for 5-phase motors: 7.2%)

M, = My, ~M_ [Nocm)

My~ Mat actual step frequency used

Calculation of Time for a Linear Acceleration (t,)

2-mwoa-f
360° - M, - 10?2 te]

th= d-

Jiot = Total moment of inertia consisting of J,,+Jy, [ kgem?)
Step angle [Degrees]

f = Desired operating frequency [Hz]

Acceleration torque [Nem]

R
It

=
s
I

M, = MMot (at f) - ML [Ncm]

Torques

1 : .
M, = F (____2 . ?r-n +r, + #B) 7 [Ncm] Spindledrive
M, ~ G-u-r [Nem] Rack and pinion drive

G'r  [Ncm] Drum drive

=
-
i

=
N

Load torque



144 Advance, Speed and Power

Distance Increment

(12) ss = 3 em]

h = Spindle pitch in cm
Z = Number of steps per revolution
i = QGearratio

Advance Speed

(13) v=ds-f=D¢ [cm/s] (for spindle drives)
Z-i v = rate of faed
f = Step frequency [s-1]
(13a) t = ——;-—-~—;— fs1] for rotatory drives)
T v = paripheral speed

Advance in a defined time t

{14) s=ds-f-t [cm)
t = timeins
Motor RPM
(15) n=S0f [min-1
Z-i A
f {Hz]
Power for rotation
(16) P =0,00105 M-n W]
M in Ncm c
n in min™

Positioning time for short distances

@) | at, = B 2% | @

Positioning frequency for short distances

(25) af, = _f-4t {s-1 At, = Positioningtime [s]
ts 4s, = Positioning distance [cr

At, = Max. positioning freq. [s

s = . ;

(26) { Spien = Snirsn - 48 {cm] Ain om Acceleratfon d.lstance .[c
S, Acceleration distance ir




1.4.5 Determination of the Moment of Inertia J for Arbitary Bodies by
Means of Measurement

Procedure

The body is freely suspended by two strings attached to two fixes
points. Then it is brought into rotational oscillation about the
sketched center line. The moment of inertia is found using the
previously determined mass m of the body and the distancesa, b
and hin the following formuia.

an J=25-T2m-§‘;—b [gem?)

Moment of inertia in gcm?
Duration of period in sec.

Fixad points

-

b Body

= Distancesincm

b= gl =
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1.4.6 How to Find the Optimum Stepmotor
Aids: 1. "Formulas and Calculations for Optimum Selection of a Stepmotor” (this brochure)
2. BERGER Catalog *'5-Phase Stepmotor System”

( Determination of motor size )

External moment of inertia known?
No Yes

Joxt [kgem?]

Use formulas
56,7,8,919,20

Jou [kgCM?]

Trial selection of moter from Catalog No. 250/...
"5-Phase Stepmotor System”
Max. allowable external moments of inertia

. Torque [Ncm] of the machine to be driven known? }_

Musotar =Mioag + Magee [NCM]

Use formulas
1,2,3,4,10

M [Nem]

Trlal selection
RDM 5 .. /50

Verification for the
required values
Use formulas 10- 186

Trial selection of motor
compatible with final
selection?




2.1

2141

21.2

(2)

(3

Calculation Examples

Calculation: Horizontal Spindle Drive

N

Known and Required Values

Known Values

G=1000N

F, =250N

U =01

7 =09
Spindle diameter 35 mm
Spindle length = 800 mm
Spindle pitch h 5mm
Travel distance = 700 mm

Sought: the correct stepmotor

Required Torque

h
ML=F(2 +r8'lls)

F =u'G+FA+FPre [N]

F =01 -1000N+250N=350N

0,5cm

M, =350 N | =
2:3,14-09

M_ = 36 Ncm

INcm)

> 707 , s
GO <=
: NN

Required Values

Vgiew= 12 M/Min=20cm/s
Positioning time for 1I0mm=0.5s
Resolution: 0.01 mm

+ 0,015 cm)= 36 Ncm

The calculation example does not include gsar ratio (1—) and Fp,,
i



213

(5)
(6)

(8)

(5)

214

(13)

215

16

Existing Moments of Inertia

Joxi = Jrot T Jirans, [kgem3
Jot=05 7Ly [kgem?]

7,85k
Jiot=05-314 - (1,75 cm)4 -80cm - o’ g. 102

J., =9,25kgem?

m —h 2 tkgcm?]
J === m
trans 2

J 100 ki 95 _J° [kgcm?2]
trans g 0-314 g

Jigng = 0,63 kgem?

‘Jext = Jrot + Jtrans
Joxt = 9,25 kgem? + 0,63 kgcm? = 9,88 kgem? = 10 kgem?
Joa = 10 kgem?

Required Operating Frequency

h

vy = ?-_i‘f fcm/s]

f = ¥-Z-i _ _20cm/s-500 Steps/Rev.  [s-1
h 0,5 cm

f = 20000s

Values Determining the Motor Size

1. M, = 36 Ncm
2. Jg, = 10 kgcm?
3. f = 20000Hz



218 Determination of Motor Size

5-Phase Stepmotor Data Overview
The motor data are contained

in our Catalog No. 250/...
»5-Phase Stepmotor System«

in the following arrangement.

"Size 110"
MOTOR MODEL > ROM 51117/50 ROM 51122/50
Step angle [Degrees] 0,72 0,72
Maximum torque [Ncm] 700 1000
Holding Torque, excited [Nem] 750 1100
Max, Power [W] at ......... Hz igo 365
Moment of insrtia of rotor [kgem?] 7.5 115

Motor Characteristics (Constant-Current Operation / Standard Winding)

Motor Model RDM 51117/50
R,=030 1,=5A

= 80
5 o } \
z ——
i; 700 B~ N
| = 1 '4“--\ ‘
600 -‘ \“\. Q\
N Halfstep
Fullstep \ |
500 X
|
400 {
300 \ \ at 20 kHz [
1 \ \Cso Ncm
200 p—rt— T ; ‘(
Constant Current \
5A/Phase | T
100 b
<= O TN
100 500 1000 5000 10000 50000 100000
| | | | | | [Stepe:
12 80 120 600 1200 8000 12000
[min %

* For fullstep ot 0.72°



Maximum Permissibla External Moments of Inertia

Motors of Series 511 .. /50

J
[kgem?]
BDM SM7/50
I = 5 A/Phase
80
Congtant currant
oparation
70 4
Fullstep 0.72°
|
BO Meximum permigsible
sxternal momant of
\ inartia for faultiess start

o and stop
g \
'
£
—
S 40
=
@
§ \
= \

x N

° \\
+] S(I)O 10|CID 15;]0 2000 2500 [Stapa/s]
50 120 180 240 300 [min*

Motor size determined form curves: RDM 51117/50
Motor data see Catalog 250 “5-Phase Stepmotor System”

Jyotor = 7,5 kgem?
M, = M, (@t20kHz)-M, [Ncm]
M, = 150Ncm-36Ncm=114 Nem

18



21.7 Determination of Acceleration Time

Forlinear acceleration and deceleration, the acceleration and deceleration times are equal.

(5a} ot = Jrot + Juans + duot = 17,9 kgem?
_ 2r-a'd
» — o 3500 - M, - 102 s}

2-314-0,72° - 20000 Hz
360° - 114 Ncm - 107

(1% t

t, =17.5 kgocm? .

A

~
|

= 0386s ~039s

4 t, = Time foracceleration
Time for constant speed
ty = Time for deceleration
t = Totaltravel time

&
|

O T R o, g s, = Steps foracceleration
AL s, = Steps for constant speed
t [stot] ' S, = Steps fordeceleration

218 Distance Traveled in Total Travel Time
f-1, ) .
(27) S, = —2— [Distance in steps]

S, = g%@% = 3900 Steps

3900 Steps = 8Sa
Sp

1

DOuring acceleration phase
During deceleration phase = 3800 Steps

7800 Steps

I

]

Sum for acceleration and deceleration

Total distance traveled s,=700 mm& 70 000 Steps

219 Total Travel Time

et = th T4+ 1 [s]

t, _ S T (fs,n. + sp) 3]

= 70000 - (3900 + 3900)

e 20000

t. = 311s .
b = T+ 1, + 1 (s]

t = 039 + 31 + 0,39

tot = 3,899



2.1.10

2.1.104

(24)

(26)

21.10.2

(12)

Verification of Required Values

Paositioning Time Jtp [s]

at, required0.5 s

togr 48
A tp - Msls P [em] [S]
A [em]
As, = 10mm =1cm

Sateml = S, [Steps] - 4s = s, - %

05 em
Sprem = 3900 Steps - 500 Steps
At 0.393'1Cm=0’15

P 39 cm

Smaliest Distance Increment per Step

4s  required 0.01 mm

h
As = 7] [em]

_ 05
4% = 500 1

= (0,001 cm = 0,01 mm

= 38 cm



2.2

2.21

222

(2)

{4¢)

Calculation: Vertical Spindle Drive {Lifting Force)

Known and Required Values

s

ARLRLLN

N

e @ VREARLLALLNL LAY ARANLNL

@ VLRV

Stepmotor
/ p

Required Torque

R h 1
ML = F <m+r3pa> . T [Ncm]

F = G- (sina+1-cosea) |[N]
at « = 90°
sina = 1

U

cosu 0

Known Values

G = 150 kg
n =09
b =01

Spindle diameter 63 mm
length 10m
pitch 10mm
Gearratio i=20:1

Requlred Values
Positioning time 10 mmin 1 ¢
Resolution < 0.01 mm
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2,23

(8}
(6)

(8)

224

|
n

500N (1 +0,1-0)

F = 1500 N

1cm
1500 N (m +1y g} - [Nem]

=
-
I

=
n

1500 N (0,177 + 0015) 5= = 14,4 Nem

Existing Moments of Inertia

1
ext - <Jrot +'Jtrans> T

ot 06-m-rt-L-y [kgem?

| .
!

e
[t}

Moment of Inertia of Spindle
Jrot = 0,6-314(3,15¢cm)*- 1000 cm - 7,85 kg/cm? - 10-3
1213,42 kgom?

Jrot

Jtrsms = m (%)2 {kgem?]

{equivalent moment of inertia of weight Q)

Jyans = 150kg —2—1%) = 3,8 kgcm?

1
Jext = (Jrot + Jtra.ns) g iE [kgCl‘ne]

= 1
ot = (‘! 213,42 kgcm? + 3,8 kgcmz) 553
Joir = 3,043 kgcm?
Required Speed

In order to determine the exact motor data, the speed must be determined.

Required: 10mmin1s & 1s™
at i=20:1 4 Ny, & 1200 min-t &« 10 kHz

Hence, the motor torques have to be determined for a step frequency of 10 kHz.



225 Values Determining the Motor Size

1)

2)

3)

M, = 144 Nem
Jaxt = 3,043 kgem?

f = 10000 Hz

2.2.6 Determination of Motor Size

. ""Size 90"

Data Overview

5-Phase Stepmotor
MOTOR MODEL [ REM 596/50 RDM 599/50 RDM 5913/50
Step angle [Degrees] 0,72 0.72 0,72
Maximum torque [Nem] 115 210 310
Holding Torque, excited [Nem) 125 220 400

48 60 180

Max. Power {W)] at ... Hz 10 10 a
Moment Sf inertia of rotor [kgem?] 07 1,2 18
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Constant Current Operation (70 V)

Motor Model RDM 599/50
Rw =325Q Iy =115A

"g 111 1 1 1 I 1 1 1.
E i T
Z HH t
g I O R 5 L — Rl '—j}: 1 1
& r L 0 1 D 0 0 I 0
S 220 -1 — 1 H—
200 - L 1 Halfstep | +
E % N ‘
- T ] LN 1 1 T
1] | ' 1
- [~ 7 1 1 11T
T X I—T
100 = B Fg?lstep} M= at 10 kHz
1 <50 Ncm
1 1 1 1 hvd
w0 1T S, L N
1 i T N
- R
10 i I Y i T
100 1000 10000 Step frequency [Steps/s)
12 120 1200 [min-1]
Motor Model RDM 5813/50
Ry =1Q Iy, = 28A
— 400
£ ] ] | | BB
2 —TI N i I
@ [ e
?._. w0 _IT 1 A | 1111 Halfstep I
(s .
- 1]
i O NN [
L } { 1 | /\\ |
Llyh L L
200 ‘i_LﬁL T T A TN &t 6 kiz
i I;_i [} Fulisten | | [T }7125 Nem
1 ESN NI LAY B
oo | I NN RN
[BRE R AN
l 1 I N\L
T e
| N
100 1000 10000 Step frequency [Steps/a)
12 120 ' 1200 {min 1
For thase two motor models:
a) RDM 599/50 b) RDM 5913/50
ot = 1,2 kgom? Jya = 1,8 kgem?
My = My (at 10kHz)— M, My = M, (8t 10KkHz) - M,
M, = 50Ncm - 14,4 Ncm M, = 125Ncm - 14,4 Ncm



227

(1)

(6a)

(11a)

2.2.8

(27)

Calculation of Acceleration Time

For linear acceleration:

Acceleration Time = Deceleration Time

tA
‘Jtot =

Jtot =

f [Hz]
10000

2 moaf

[s]

Jext + JMot, [kgcm2]

3,043 kgecm? + 1,2 kgem?2 = 4,243 kgem?
for RDM 599/50

3,043 kgem? + 1,8 kgem?2 = 4,843 kgem?
for RDM 5913/50

M, (@t 10 kHz) — M [Ncm]

50 Nem - 14,4 Nem= 356 Ncm
for RDM 599/50

125 Nem = 14,4 Nem = 10,6 Ncm
for RDM 5913/50

2-314-072° - 10000 Hz
4,243 kgem? - 2.314-0,
3 kgem - S0 - 35.6 Nem - 102

0,148 s for RDM 589/50

,. 2-314-0,72° - 10000 Hz
360° - 110,6 Ncm - 102

0,0548 s ~ for RDM 5913/50

4,843 kgcm

0,055 8

!

Distance Traveled

= Time for acceleration

Time for constant speed
Time for deceleration

S, = f—2t* [Distance in Steps]

8, = EQWQ'_P'_O@ = 275 Steps for RDM 5913/50
During acceleration phase = 275 Steps = sa
During decelerationphase = 275Steps = sp

550 Steps



229 Total Travel Time
Distance of 10 mm < 20 - 1 Revolution = 10000 Steps
Spindie pitch h =10 =10 mm Advance

at 1 Revolution 2500 Steps
i=20 : 1

ton = 1+ tc+ tD [s]

. S (st s} 10000 -550 _

te f = 710000 0,945 s
t, = 0055+ 0945 + 0,055 = 1,055 s

Therefore, if a distance of 10 mmis to be traversed in 1 second, the frequency must b«
increased, in this example to about 11000 Hz.

If the RDM 599/50 had been selected instead of the RDM 5913/80, the total time
would be longer and the frequency would have to be increased even further.

2.2.10 Frequencylncrease to 11 kHz (arbitrarily chosen)

{11a) Ma = My, (@t11kHz) -M_ (Ncm]
M, = 120Nem- 14,4 Ncm =105,6 Ncm
2-314-0,72° - 11000 Hz

= 4,843 kgcm? N o

ta 843 kIem® 350 -108,6 Nem - 107

ta = 00834s
- f tA .

(27) s, = 5 [Distance in Steps]
s, = 11000 sz- 005685 _ 449 Steps

S, +8, = 698 Steps

S~ (Sa t Sp}_ 10000 - 698
f 11000

= 0,8456 s .

e = 0,0834 + 0,8456 + 0,0834 = 09724 s Y

26



2.3

2,31

23.2

(19}

(5a)

Calculation: Rack and Pinion Drive

Example: Horizontally moved mass, driven by rack and pinion.

\

il ////7

Known and Required Values

Given:

Weight G = 4kg

Radius r= 3cm

Pinion width L= 1,5cm

Material: Steel y = 7.85-103kg/cm3
Speed v= 400cm/s
Acceleration Time t= 058

Existing Moments of Inertia

Joq = G-rZ  [kgem?]

Jeg = 4-{3)? = 36 kgcm?

Jom = owrily=d -m-34-15.7,85-10°
Jpin = 1,5 kgem?

Assumed motor model: RDM 5813/50

ot = 1,8 kgem?

Rotor moment of inertia see catalog data.

J!ot = JBq"'JP]n + JMog [kgcm?]

-
g
=4

1}

36+1,5+1,8=39,3

drot ~ 40 kgom?

\

Stepmotor
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233

{13a)

234

(21)

(22)

235

Step Frequency
fo V- Zi -
5o &1
{ = 400cm/s-500°1 _ ynais Steps/s
2-m-3cm

Acceleration and Load Torque

Mo = ot gl

M, = 40.10610.2:314-072

0,5 360° - 102 107 Ncm

M, = 107 Ncm

Mot = M, +M_ [Nem]

Mg = 107 + 06 = 107,86 ~ 108 Ncm
M~ G-u-r [Nem]

M, ~ 40-0005-3 = 06Ncm

Verification of Data

Model RDM 5813/50 s too weak, it would operate atits very performance limit {(100%).

M=120Ncmat 10.6 kHz

This can be remeadied in the following Ways:

a) Increase acceleration time by about 20%, this would reduce M to about 85 Ncm
or

b) Reduce speed v=400cm/s by about 20%, this would reduce M to about 92 Nem
or )

c) Use next larger motor model (RDM £1117/80). This model would provide
a torque My, , of about 300 Ncm at 10.6 kHz. -



2.3.6

Torque Curves

Motor Model RDM 51117/50
R, =03Q I, =5A

ré" 800
2
° 700 S
= == \
2 600 ]
Fulistep Halfshlap
500 T +—t
[ at 10,6 kHz
\ 300 Nem
400 P
\\I/<
” N \\
200 !Constant Current
Operation \
5A/Phase \
100
Start-Stop \ \
| ™
100 500 1000 5000 10000 50000 100000
| | | | | l [Steps/s
12 60 120 600 1200 8000 12000
[min -7+
Motor Model RDM 5913/50
R, =19 |, =28A
'E 400
G
=
@
5
= Halfst
8 w0 Ny alfstep
N7
\NLLN
/\
200 \
4
/ \
Fullstep \ | at 10,6 kHz
\ 100 Ncm
\
100 l
N\
100 1000 10000 Step Freguency [Steps/s]
1[2 1210 1200 [min~*

* Forfullstep 0.72*



2.4

2.41

242

243
(23)

244
(13)

(13a)

245

Calculation; Drum Drive
Lifting a Weight by Cable and Drum

\
\

M) Cable Drum Stepmotor

Conversion Factor
G _ 1kg = 981N =10N

Known and Required Values

Weight G = 4Kkg
Drum radius r = 3cm
Lifting speed v = 400cm/s
Acceleration time t, = 05s
Drum moment of inertia  Jp, = 10 kgcm?
Existing Moments of Inertia

Je‘q = G-'r2 [kgem?

Jog = 4kg-(3cm)? = 36 kgcm?

Jpr = 10 kgem?

Jea = 46 kgem?

Existing l.oad Torque

M, = G-r [Ncm]

M, = 4kg-3cm =12 kgcm 2 120 Ncm

QOperating Frequency

I | B
Vv = 73 f [Cm/S]

vieZ-j
2-m-r

400 cm/s - 500 Steps - 1
2-314:-3cm

s}

= 10615 Steps/s

Values Determining the Motor Size
) M_ = 120 Ncm

2} Joq = 46 kgem?

3 f 10615 s~

& 87
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Determination of Motor Size

5-Phase Stepmotor Data Overview
The motor data are contained
inourCatalogNo. 250/...
"5-Phase Stepmotor System”

in the following arrangemasant

“Size 110"
MOTOR MODEL - RDM 51117/50 RDM 51122/50
Step angle [Degrees] ¢72 072
Maximum torque [Ncm] 700 1000
Holding Torque, excited [Ncm} 750 1100
Max. Power [W] at ... Hz ‘1’20 g65
Moment of inertia of rotqr [kgcm?2] 7.5 115

Moter Model: RDOM 51117/50 Constant Current Operation (80 V)

R,=03Q I ,=5A
= 800
g [ i [ l
Z i
o 7% -
2 —— AN
L 600 - ‘
Halfstep
Fullstep \
500 \
\ at 10,6 kHz
400 \\ ‘/w’soo Nem
- 4& \ |
200 |Con
Oie :;aﬁn;n(:urrent \ F
/P
o0 SA ha.se I _ \
| IEAN 1 |
100 500 1000 5000 10000 50000  t00DOO
[ i | | ] | [Steps/a}
12 60 120 800 1200 8000 1[20001]
min "1
* For fullstep 0.72"

Based on this data, the RDM 51117/50 was selected M, at 10,6 kHz 300 Ncm
Jror 7,5 kgem?



32

24.7

(18)

(5a)

248

(21)

Acceleration Torque

a  f-2-73-a
My = Ji ﬁ___*th 360° - 102 INem]
Jtot = Js:t + JMot [kgcm2]
Joo = 4Bkgom? + 7.5 kgem? = 53,5 kgem?
M. = 535- 10615 -2 - =- 072 _ 142,66 Nem

0,5 - 360102

Total Torque to be Gerated

Mg = M +M, [Ncm])

1

M. 120 Ncm + 142,66 Ncm = 262,66 Ncm

i.e. Mode! RDM 51117/50 with 300 Nom is sufficient,
it provides areserve of 37.3 Ncm=13%
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2.5 Calculation: Flywheel Drive

Drive Wheel Printing Wheel
o
|
o
by
ToothedBeit | | |=2:1
] |
=
i +E
y; =
Stepmotor
2.51 Data
Printing Wheel Drive Wheel Motor Pinion
Diameter 140 mm Diameter 90 mm Diameter 45 mm
Width (L) 90.mm Width (L) 25mm Width (L) 25mm
Material Steel Material Aluminum Material Aluminum
Number of Teeth 24 Number of ‘_I'eeth 12

Reduction ratio 2: 1 by toothed belt.

Printing wheael setting time 0.3 s for 180°,




2,52

{6)

7

(7a)

{5a)

253

(18)

254

{1

Moments of Inertia
oo = —12— oty (kgcm?]

For steel
Jo = 7,72-104-d4-L [kgem?)

rot

For Aluminum:

oo = &7 104-d4-L  [kgem?

if a transmission is used, Formulas 6 - 7 a must be multiplied by -:; .

The formulas then become:

Joxt = (JPdn + Jnm.-) : }11*' Joinion

Jonpwren = 7272104 - (14 cm)* - 9=267 kgem?
Joravnes = 27 -104-9%.25=443 kgem?

Jotnion = 27-104-4,54-2,5=0,28 kgem?

o = (267 + 443) - 3; + 028 = 6813 ~ 70 kgom?
Jior = oy + IMot fkgecm?]

Acceleration Torque

MA = ‘Jiot - ?‘;_'36—01‘;%5 [Ncm]
Acceleration Time

2rn-a-f
'a = e ze0e M, 10 B

fis calculated from the requirement i=2: 1 and t=0.3 s for a180 ° rotation of the
printing wheae!, i. . the motor must execute a rotation of 360°in 0.3 s. For a 5-phase
motor operating in the fullstep mode, this means 500 steps.

_500 Steps_
03s

»

The frequency is then = 1667 Hz

However, as the motor must accelerate and decelarate, a higher frequency must be
chasen. We assume here f=2500 Hz.



The RDM 51117/50 is selected because it is the only motor capable of accelerating the 70 kgom?

it = Yaxt Tduot =70 kgem? +7.5 kgem? = 77,65 kgem?

My = the available torque at 2500 Hz according curve approx, 600 Ncm

Motor Model: RDM 51117/50
RW = 0.3 Q IW = 5 A

— 800 |
E [I l 1 !| _1\_ \ ] | T —r
g B B ~
§ _h-&‘““"m \
2 600 ~- \ [
Fullstep P\Halfstap
500 ; 8 uls \
S B B e R AR
| N\
%0 | ]
200 |Constant Current |
O?)Z?a?ir-‘:m urean [ \
5A/Phase \
100 L
! ﬁ-smp g
| B} \
100 500 1000 5000 000 1
| j i l | | [Steps/s]
12 80 120 800 1200 St
[min -1~

* For lullstep 0.72°

2-314-0,72° - 2500 s~

t = 5 2. = 0’
a = TTS kgemt e 600 Nom - 102 0045
O 1
@27 s, = I?A [Steps]
5, =~ 2—5022—0-% = 50 Steps

255 TotalTime

As acceleration =deceleration, 54 =8p=2 x 50= 100 Steps

Total distance st =180°ati=2:1, 500 Steps

ttmz t;i\‘+'t::+tm [S] -
_ Sumfs ts) _ 500-100 _

t f 2500 016 s

ty= 004 + 016 + 004 = 024s



