Motor Sizing Example
BJ Furman
190CT2010

Reference: Maxon 02/03 Catalog

2- . _
J = 120000-gm-cm’ J = 0.012kg-m’ RPM := % unit definition for RPM
-S
-3 .
Ttric = 300-10 “N-m  Tgyi:= 0-N-m Vg :=24-V Supply voltage Isupply_max = 5-A
: ad Vi ional speed of the load
O|pad = 60-RPM Oload = 6.283T aximum rotational speed of the loa

Motion Profile

taccel :=0.5s tS|eW =255— taccel tdec =3.0.s—2.55 tdwell :=3.7.s-3.0-s tcycle =3.7-s

(O]
o= load o= 12.566%d Angular acceleration of the load

taccel S

Find Tpeak, which must be delivered to the load

Tpeak load = 0-451 N~n1 The motor chosen needs to be capable
= of delivering at least this torque to the
load.

Toeak_load = L + Tfric + Text

Find the RMS torque, which must be delivered to the load

Taccel =%  Taccel = 0-151N-m Tolew = Trric  Tejew = 0-3N-m

Tdec = ~Tpeak_load * Tric  Tdec = ~0-151N-m Taweln =0

1 2 2 2 2
TRMS ::\/t I '(taccel'Tpeak_load +Llew Tslew * dec Tdec +tdweII'waeII)
cycle

|TRMS =0.281 N~n1 Trms is the effective continuous torque

P =T -® P =2.832W The motor chosen needs to be capable of
max eak_load “load max - :
peak_ delivering at least about 3 W. This number can be
used to 'get in the ballpark' for choosing a motor.
Select the gearing
®max_gear .
®max_gear = 6000-RPM Gred max = _max_gear Gred max = 100 The gear reduction cannot
- - ®oad - be larger than Greq_max, Of

else the motor won't be able

to rotate the load up to 60 RPM
The gearhead must be able to handle Tpeak_joad @nd Trvs

Creg =8 mg =059 Of the available gearheads listed in the catalog, a 22mm dia
planetary gear type will handle the peak and RMS torques. The

closest ratio available that is less than Greq max is 84:1. It has
an efficiency of 59%.
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Find speed and torgue at the motor shaft (i.e., "reflected" through the gearhead)

Omot = Gred @load Omot = 5.04 x 103RPM
TRMS -3 Use these torque values to find a
TRMS_mot = ﬁ TRMS_mot =5.678x10 "N-m motor from the catalog. Note that these are
red1G minimum values. Your choice of a motor
Theak_load _3 should allow for some margin (at least 20%
Tmot_max = o o Tmot_max = 9-096x 10 "N-m beyond the minimum values). A Maxon
red MG A-max 22mm dia, 6W type will work

(actually several model numbers in this
category will work.) Select the most
appropriate one by looking at the operating
point on the speed-torque curve and the
margin for speed control.

Select the motor winding

STgrad = 480-ﬂ For the A-max 22mm dia, 6W type motors in the catalog, this is the

N-m-10" average speed-torque gradient (i.e., the slope of the operating line in the
torque-speed graph.)

ONL_targ = “mot * STgrad Tmot_max ONL_targ = 9406 x 10°RPM  This is the no-load speed
- corresponding to the speed-torque line
that passes through the operating point
of the motor: (Tpeak_mot: ©mot)

Viind = Ve—6:V V.. =18V This is the maximum voltage available to be applied to the motor. The
wind S wind . . " .
drive electronics (power amplifier) will have a voltage drop of about
6V, according to Maxon.

(O]
speed = M kspeed = 522.559@ This is the minimum speed constant that the motor must

wind \ have. (The speed constant is the reciprocal of the back
EMF constant, Kg.)

K

Looking at the catalog page for the A-max, 22mm, 6W motors, model 110163 would just about meet the
requirements, but with almost no margin. Choose motor 110162 instead, because it has a slightly larger
speed constant, so it will have more than the desired 20% margin for meeting the speed requirements given
that only 18V is available for driving the motor.

Kt = 13.9-10 3-N-% Torque constant for the 110162 motor

Check the maximum current

Tmot_max |

Imax = K max
T

= 0.654 A Imax is lower than 2A of that the power amplifier can deliver.

It would also be a good idea to check the temperature rise under the ambient operating conditions. More
information on how to do this can be found in the Maxon catalog.
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‘Motor Data
1. Assigned power rating - W
2 Nominal voltage Volt
'8 'Noload speed Tpm.
4 Stall torque mNm
5 Speed/ torque gradient “rpm /- mNm
6 No load current mA
7 ‘Starting’current TmA
8 Terminal resistance Ohm
79 Max. permissible speed Tilrpml
10 Max. continuous current mA
11 Max: contintoUs torque “mNm_
12 Max. power output at nominal voltage mw
“13" Max. efficiency -
14 Torque constant mNm/A
15 Speed constant rpm/V
16 Mechanical time constant
17 Rotorinertia
18 Terminal inductance

. 6.0
6.0

 Thermal resistance housing-ambient -

' 12.0

9.0 9.0
9240 - 9700, 8520110200 "
156 197 18.0 220
624 511490 477
83 58 50 46
264072300 1850 1 2020
227 391 4.86 595
98009800 98001 9800
1080 841 756 680
6,37 7.9 .7.36 743
3480 4740 3820 5640
65069 69 .71
590 855 9073 10.9
162077 1120 7 '981 11875
21 20
4.09:7.4.06
0.29 0.36
20 20
60 60
H0HD

19.7

a2

41

1630

7.38

79800

612

7400

4550

T0
) 12.1‘
790 1

20

ae7

0.45
120

12.0
9190

110162 1016 11016 1016 11016 1016 10168

539

747

5580
72
13.9

20
596
0.59

L0

6.0

1689

21.4

fiass

29

1250

14.4

59800

439

751

5340

T2
171
12558 1

19

1390 3

0.89

20

6.0
9

; eo“--------
180 Y
9780

6.0

240 240 360 480 480
10500 8490, 9640 9120 8210
234 188 211 193 177
4627 464 4BB 484 476
24 18 14 10 9
110017716606 395 827
218 B335 594 122 147
19800 /9800 9800 19800 19800
356 287 216 151 137
786 765 751 0 7.38 745
6300 4070 5210 4520 3730
TR e
212 263 348 490 54.3
450° 364 274 195 01 176
19 19 18 18 18
389 384877 383368
137 210 3.69 7.30 8.98
202000 2000 20 L 20
60 60 6.0 60 6.0
T S

Comments Details on page 49

- [EEFE Recommended operating range

M [mNm]

| [A]

Contmuous operatlon

in: observation of :above listed thermal resxstances
“(lines 19 and 20) :the ‘maximum :permissible ‘rotor:
temperature: will be reached during contlnuous ope-:
ration.at 25°C ambient. :

= Thermal limit. o

i Short term operation
The motor-may.be brlefly overloaded (recurnng)

mon Modlar ystem

20 Thermal resistance rotor-housing
217 Thermal time constant winding
©® Axial play 0.05-0.15 mm
® Max. sleeve bearing loads
axial (dynamic) 1.0N
radial (5 mm from flange) 2.8N
Press-fit force (static) 80N
(static, shaft supported) 440 N
® Max. ball bearing loads
axial (dynamic) 3.3N
radial (5 mm from flange) 12.3N
Press-fit force (static) 45N
(static, shaft supported) 440N
©® Radial play sleeve bearing 0.012 mm
® Radial play ball bearing 0.025 mm
©® Ambient temperature range -30/+85°C
® Max. rotor temperature +125°C
©® Number of commutator segments 9
® Weight of motor 549
@ Values listed in the table are nominal.

For applicable tolerances (see page 43).
For additional details please use the maxon
selection program on the enclosed CD-Rom.

@ Options: Ball bearings in place of sleeve
bearings and pigtails in place of terminals.

44 &

Planetary Gearhead
@22 mm :
0.1-0.6 Nm

Details page 175/176

Planetary Gearhead
@22.mm
0.5-1.0Nm-

Details page 177

Planetary Gearhead

@22 mm
0.5-2:0Nm..
Detalls page 178
Spur Gearhead’
@24 mm :
0.1 Nm

Details page 179

Digital Encoder
e2.mm

100 CPT, 2 channels

Details page 204
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