maxon motor

maxon DC motor — Comments regarding motor data (pages 37-84)

Line 1 Assigned power rating P2t [W] Line 7 Starting current |a [mA], [A]

. This figure represents the maximum 0O is the quotient «Voltage at terminals/DC-
power output when operating within the resistance» and is proportional to stall
recommended output power range. It is torque.
dependent on motor type and can be
correlated with the presentation in our Line 8 Terminal resistance R [Ohm]
Selection Guide (Please refer also to is the resistance at the terminals at 25°C
pages 37-81 under «Operating Ranges»). and determines the starting current at a

. . given voltage.

Line 2 Nomlna! voltage U [V] ) In the case of graphite brushes it must be
All nominal values refer to operation at noted that contact resistance varies de-
this voltage. It was chosen such as not to pending on the load.
exceed the maximum recommended
speed in no load condition. Motor appli-  Line 9 Maximum permissible
cation is of course not limited to this volt- speed Nmax [rpm]
age. To reach the assigned power rating Thi

4 ; . is speed should not be exceeded dur-
(Llne_ 1). higher operating voltages are ing noPmaI operation. Commutation prob-
pe_rmlssmle: _MaX|mum power  output lems may be expected at higher speeds,
(Line 12) will increase respec_tlvely,_ (see in turn, this could lead to premature motor
also page 30 «Important considerations» failur e'
- bottom of right hand side). ’
. Line 10 Maximum continuous

Line 3 No load speed no [rpm] current Ipermiss. [MALIA]

This is the speed at which the motor turns Operating the motor continuously at this

at nominal voltage and without load. For current level and at 25°C ambient will
Eg?g;igl tﬁ:rsgﬁssétzls ﬁsdeed IS propor- cause the winding to ultimately reach the

ge applied. specified max. winding temperature. This

. assumes no heat sinking. Depending

Line 4 Sta}ll .torque M [mNm] how the motor is mounted, this value can
This is the torque produced by the motor be increased substantially.
in a standstill condition, also called start-
ing tOTQU(T- Tdhe rapidly rising r(:jt_or tedm- Line 11 Max. continuous torque  Mperm [mNm]
perature leads to a corresponding de- . . _—
crease in stall torque (see also «Technol- SJQI(; tg:%l:qe;r:\a;\sgpazzSltjhpeﬂl:-:%c:/cr?:;tri]r?g
ogy — short and to the point»). up the winding to the maximum per-

. A missible temperature; based on an am-

Line 5 Speed/torque gradient . !

nt temperature of 25°C.
AN/AM [rpm/mNm] bient temperature of 25°C
This gradient says a lot about the power  Line 12 Maximum power output
capability of a motor. The flatter the gra- Pmax [MW], [W]
dient, the less speed variation is experi- is the theoretical maximum output at 25°C
enced during load variations. rotor temperature. Permissible limits are
The speed/tqrque gradient is calculated frequently below this level (see max. con-
at 25°C winding temperature. tinuous current and max. permissible

Line 6 No load current o [mA] speed).

This is the current the unloaded motor  Line 13 Maximum efficiency Nmax [%]

draws. It depends on brush and bearing
friction and varies slighty with varying
speed.

Efficiency is derived from the relationship
between no load and starting current.

Line 14

Line 15

Line 16

Line 17

Line 18

Line 19

Line 20

The higher the efficiency, the nearer to no
load speed the operating point will be.
Maximum efficiency is usually at approxi-
mately 1/;th of stall torque.

Operating at this point is not necessarily
synonymous to operating at the motor’s
optimum load point.

Torque constant
km [mMNmM/A]

This may also be referred to as «specific
torque» and represents the quotient from
generated torque and applicable current.

Speed constant kn [rpm/V]

shows the specific speed per volt of ap-
plied voltage, disregarding any frictional
losses. The reciprocal of the speed con-
stant is known as the voltage constant or
back-EMF constant.

Mechanical time constant

Tm [Ms]

is the time required by the rotor to accel-
erate from standstill to 63% of its no load
speed. In 4t the rotor will have reached
more than 99% of no load speed.

Moment of inertia  Jr [gem?]

is the polar mass moment of inertia of the
rotor.

Terminal inductance L [mH]

is the winding inductance when stationary
and measured at 1 kHz, sinusoidal.

Thermal resistance Rtz [K/W]

from housing to ambient air. Charac-
teristic value of thermal contact resist-
ance without additional heat sinking. The
sum of lines 19 and 20 define the max.
admissible power loss. Heat sinking may
substantially reduce this value.

Thermal resistance Rih1 [K/W]
from rotor to housing.

Operating Ranges

Comments (Example from page 59)

Short Term Operation

n (min %)

6 Watt

I (mA)
r 3000

[-2500

Recommended operating range

Continuous operation

10%
ON

OFF

In observation of above listed thermal resistances 54 _ ton o
2000 (lines 19 and 20) the maximum permissible rotor ED: T 100%
5000 L1500 temperature will be reached during continuous 44
operation at 25°C ambient.
| 1000 = Thermal limit 31
2000 I s00 Short term operation 24
The motor may be briefly overloaded (recurring).
Lo 1 - -
10 25 40 M (mNm) 1 10 100 1000 ton (S)
Speed (n), torque (M), current (1): . Assigned Power Rating P21 (W) (Line 1) ON Motor in operation
The outer edges of the values depicted represent [ Starting current |a at nominal voltage OFF  Motor inoperative
limits for continuous and short term motor oper- (Line 7) as well as related stall torque | max. peak current
ation. Values listed in the tables (lines 3, 4, 6, 7, . _u 3 Ipermiss. Max. permissible continuous current
12 and 13) are valid for operation at nominal Mk (MNm) (Line 4) la = g HLO (mA) Line 10
voltage (line 2). These are therefore values which 980  Winding Number with related current ton ON time
are only reached when operating the motor at curve. Low resistance winding T cycle time ton + torF
higher voltages. (Ref. line 8) DCy  Duty Cycle in percent of the Cycle
982  Winding Number with related current Time T. The motor may be overloaded

curve. High resistance winding
(Ref. line 8)

by the relationship I/lpermiss. during X%
of the total Cycle Time.

36  maxon DC motor

April 1998 edition / subject to change



maxon motor

CLLLS Watt

C€

A-Motor  [20[17].]...]

maxon Modular System

Spur Gearhead
016 mm

0.015 Nm
Details page 108

o

Planetary Gearhead
0.06-0.3Nm

016 mm

page 110/111

Weight of motor

Values listed in the table are nominal.
For applicable tolerances (see page 33)
and additional details please request
our computer printout.

CLL = Capacitor Long Life

2649

approved Precious Metal Brushes
3 M1.6x2 d
BXx .
S @[003]A H :
—
— S
- = ~
7 ®
s
0.7
max.1.7 deep
tief
6.6-08 max. 29.2 dp= profondeur
profundidad
|20|17i izzi 1 | 6 | 2 iOOOi
1 1 | | | 1 1 1 1 | 1 1 1
Motor Data Winding Number
930 | 931 | 932 | 933 | 934 | 945 | 935 | 936 | 937 939 | 940 942 | 943
(Order Number)
1 Assigned power rating W | 15 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 15 1.5 15 1.5 15
2 Nominal voltage Volt | 2.00 | 240 | 2.40 | 3.60 | 3.6 | 450 | 6.00 | 7.20 | 9.00 |12.00|12.00 | 15.00 | 18.00 | 24.00 | 30.00
3 No load speed rpm (12400(12900(11300|13700| 11200 |10400|13400(13300|13400|14800|11800|12000(11200| 1130012800
4 Stall torque mNm | 495 | 4.86 | 400 | 482 | 3.73 | 3.74 | 499 | 482 | 481 | 521 | 412 | 4.06 | 3.84 | 3.83 | 4.03
5 Speed/torque gradient rpm/mNm | 2550 | 2690 | 2880 | 2890 | 3050 | 2830 | 2720 | 2800 | 2840 | 2880 | 2910 | 3010 | 2980 | 3020 | 3250
6 No load current mA | 480 | 424 | 344 | 313 | 224 | 16.0 | 18.0 | 149 | 121 | 10.6 | 7.34 | 6.06 | 4.52 | 3.45 | 3.38
7 Starting current mA | 3270 | 2770 | 2010 | 1950 | 1230 | 920 | 1180 | 946 | 765 | 681 | 431 | 347 | 255 | 193 | 184
8 Terminal resistance Ohm |0.611 |0.865| 1.19 | 1.85 | 2.92 | 4.89 | 5.08 | 7.61 | 11.8 | 17.6 | 27.8 | 43.3 | 70.6 | 124 | 163
9 Max. permissible speed rom (14700|14700(14700(14700|14700({14700|14700|14700({14700|14700|14700(14700|14700(14700|14700
10 Max. continuous current mA | 500 | 500 | 500 [ 500 | 500 | 486 | 477 | 390 | 313 | 256 | 204 | 163 | 128 | 96.4 | 84.1
11 Max. continuous torque mNm | 0.76 | 0.88 | 1.00 | 1.24 | 1.52 | 1.97 | 201 | 1.99 | 1.97 [ 1.96 | 1.95 | 191 | 1.93 | 1.91 | 1.84
12 Max. power output at nominal voltage mW | 1600 | 1630 | 1180 | 1720 | 1080 | 1010 | 1740 | 1670 | 1680 | 2000 | 1260 | 1270 | 1120 | 1130 | 1340
13 Max. efficiency % | 780 | 776 | 76.4 | 771 | 75.7 | 76.1 | 77.6 | 77.3 | 77.2 | 774 | 76.4 | 76.1 | 76.0 | 759 | 75.6
14 Torque constant mNm/A | 1.51 | 1.75 | 1.99 | 2.47 | 3.03 | 4.06 | 422 | 5.10 | 6.29 | 7.65 | 9.56 | 11.7 | 15.1 | 19.8 | 21.9
15 Speed constant rpm/V | 6310 | 5450 | 4800 | 3870 | 3160 | 2350 | 2260 | 1870 | 1520 | 1250 | 999 | 816 | 634 | 481 | 436
16 Mechanical time constant ms | 23.7 | 23.3 | 23.2 | 229 | 229 | 225 | 224 | 224 | 224 | 224 | 22.4 | 226 | 225 | 225 | 22.8
17 Rotor inertia gcm2 | 0.886 | 0.827|0.770 [ 0.757 | 0.718 | 0.760 | 0.785 | 0.764 [ 0.754 | 0.744 | 0.746 | 0.715| 0.722 | 0.713 | 0.671
18 Terminal inductance mH | 0.03 | 0.04 | 0.05 | 0.08 | 0.12 | 0.21 | 0.23 [ 0.33 | 0.51 | 0.75 | 1.18 | 1.76 | 2.92 | 5.06 | 6.17
19 Thermal resistance housing-ambient K/W |30.00 [ 30.00 | 30.00 | 30.00 | 30.00 | 30.00 | 30.00 | 30.00 | 30.00 | 30.00 | 30.00 | 30.00 | 30.00 | 30.00 | 30.00
20 Thermal resistance rotor-housing K/W |12.10(12.10|12.10 | 12.10|12.10 (12.10 | 12.10 | 12.10 | 12.10 | 12.10 (12.10 | 12.10 | 12.10 | 12.10 | 12.10
Operating Range Comments (Details on page 36) - Stock program
) Standard program
n (min ) @LL ﬂuSW@tt I (mA) Recommended operating range i prog
9T 1500 I:ISpGCIaI program (on request!)
b ’ \ I 1250 Continuous operation ® Axial play 0.1-0.2mm
§ ’ In observation of above listed thermal resistances e Max. sleeve bearing loads
1 ] [~ 1000 (lines 19 and 20) the maximum permissible rotor axial  (dynamic) 0.2N
§ ﬂ temperature will be reached during continuous oper- dial (5 f fl 0'5 N
H s - 750 ation at 25°C ambient. radia ( mm from ange) ;
§ A = Thermal limit. Press-fit force (static) 20 N
i (; 500 ® Radial play/sleeve bearings 0.014 mm
§ gd Laso Short term operation ® Ambient temperature range -20/+65°C
[ g ; ;
i 1) 1 The motor may be briefly overloaded (recurring). e Max. rotor temperature +85°C
H 28 11l Lo
) . s M Imml : Number of commutator segments 5
L]
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maxon gear — Important considerations

When selecting a gear-motor, please
keep the following suggestions in
mind: Reduce the motor speed by di-
viding by the reduction ratio. Increase
the motor torque by multiplying times
gearhead ratio times gearhead ef-
ficiency. The maximum efficiency is
stated in the table. It is dependent on
the number of stages and is measured
at maximum continuous torque and
nominal speed. The efficiency is re-
duced for lower torque requirements.
This must be taken into consideration
when selecting a gear-motor.

To keep noise and gearhead wear low
it is advisable not to exceed the max.
recommended input speed. Also, the
permissible output torque must be ob-
served with a clear distinction be-
tween short-term and continuous oper-
ation. We will gladly assist you with
any gearmotor problem you might
have.

Important:

¢ Primary consideration should be
given speed and torque at the out-
put shaft when determining a gear-
motor combination.

An extensive adaption to desired
output requirements is achieved by
taking advantage of the various
windings available with maxon mo-
tors as well as the wide selection of
gear reduction ratios.

The recommended maximum gear-
head input speed should, if
possible, not be exceeded (see
gearhead pages, «Technical Data»).
When ordering a gearhead, state
maxon motor or give details of the
mounting.

You will find spur and planetary
gearheads on page 104 up to 134
sorted by diameter.

Spur gearheads:

Output torques up to 0.6 Nm.
Reduction ratios from 4:1 to 3000:1.
One or several stages. Each pair of
gear wheels represents one stage,
whereas the first gear wheel (pinion)
is mounted on the motor shaft.
Normally, gearhead output shaft bear-
ings are the sinter sleeve type.

Planetary gearheads:

Output torques up to 180 Nm.
Reduction ratios from 4:1 to 6285:1.
Planetary gearheads are particularly
suitable for the transmission of high
torque. Gearheads 22 mm in
diameter and larger are equipped
with ball bearings.

Sequence of steps in determining the components of a gearmotor combination:

1. Power requirement estimate

T
PL=M =ML D3—0 Lhr
2. Gearhead selection
Choose the one gearhead from the
gearhead pages that just meets the
application’s torque requirements.

3. Determination of the theoretical
reduction ratio:
NGear permiss

itheor =
nL

4. Determination of motor speed
based on the nearest available gear-
head reduction ratio.

NMot = i Chi

5. Gearhead efficiency

NGear = (T]Stage)S =n1 [h2 s O..

6. Calculation of necessary motor
torque

Mt [Nm] 1000
Mmot=———"——

i Mcear

7. Choice of motor type

The gearhead data pages indicate the
motor types compatible with the
chosen gearhead. Choose a type that
meets power requirements and other
prerequisites such as dimensions,
tacho option, etc.

= [mNm]

8. Motor choice, a cursory assess-
ment

NMot < Nlimit

MMot < Mpermiss

9. Choice of winding number
a) Determination of the motor’s
no load speed

Ni = NMot + (AA—ICI EMMot)

b) Calculation of theoretical speed
constant

ni
kni = UI
c) Effective speed constant
The speed constant of the motor
selected under item 7 can be obtained
from line 15 of the motor data sheet.

d) Choice of winding
kni = knMot

10. Verification of calculated values
Compare gearmotor speed of the unit
assembled using the components
selected with the initial requirements.
The procedure may need to be
repeated with other motor and gear-
head data, if necessary.

Definition of abbreviations:

i Actual gearhead reduction

itheor theoretical gearhead reduction

Ipermiss Max. permissible continuous cur-
rent (Line 10) [mA]

km = Torque constant (Line 14) [MNm/A]

Kni = Theoretical speed constant [rpm/V]

Knmot = Actual motor speed constant
(Line 15) [rpm/V]

Mcr = Output torque [Nm]

Mmot = Motor torque [mMNm]

Mpermiss = Max. permissible continuous
torque (Line 11) [mNm]

= km Dpermissllooo

NGearperm = Recommended input speed [rpm]

ni = Theoretical no load speed [rpm]

nL = Output speed under load [rpm]

Niimit = Max. permissible speed [rpm]
(Line 9)

NMot = Motor speed [rpm]

PL = Output power [W]

S = Number of gearhead stages

U = Available voltage [V]

Un = Nominal voltage (Line 2) [V]

Y = Speed/torque gradient (Line 5)
[rpm/mNm]

Ngear = Gearhead efficiency

Nstage = Efficiency per gearhead stage

Note: Line .... references above pertain

to motor data pages.
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Planetary Gearhead
Plastic version see page 111
016 mm, 0.1-0.3 Nm pag
Sl Technical Data
3 8 0.2 © Planetary gearhead straight teeth
0o S ™ Bearing at output sleeve bearing
85 © c>\|< Ra_dial play, 6 mm from flange max. 0.06 mm
ool « - S Axial play 0.02-0.10 mm
[qp ] T s 9’ (72 | Max. perm. radial load, 6 mm from flange 36N
S = L © O 15.»‘ Max. perm. axial load 8N
= Max. permissible force for press fits 100N
Average backlash no load per stage <1°
< Recommended input speed < 6000 rpm
1-04 = Recommended temperature range -15/+65°C
2.6-0.2 deep
tief S
dp= profondeur ::
11‘,15 -7 L1 profundidad
* Option ball bearings
max. 5
. . o Torque B
[] 5] (] %) lo)
o] o Q | e - ==
Els | s Els | s Els| s, B2 |E [EE*
z 2 22 b 2 =8 z i) =2 |%|3 |&€ O .|| L1 |Le|L|La|lLls|Le| Lz | Ls
s | S| S2 |5 |5 |52 |5 |5 | 52 s/l (835
== E =
% 3 8§ 8 3 8§ % 3 8§ S|EE SE 2IE ,% max. | max. |max. |max. | max. | max. | max. | max.
o x xs o 4 xrs o 4 s |2|0Z&|EZ|wn|c=|Z |[mm]|[mm]|{[mm]|[mm]|[mm]{[mm]|[mm]|[mm]
110321 [EREET NS 54:1 525 1010 {0.150| = [90|20| 1555 | 53.65 | 44.75 | 38.05 | 56.00 | 63.60 | 59.00 | 66.60
fEORZPM 19:1 | 19%e [ 134777 24:1 23*/e5 118185 [EPLEEN 2925 2| 0415|0225 = |81|23]19.15 | 57.25 | 48.35 | 41.65 | 59.60 | 67.20 | 62.60 | 70.20
KPRl 84:1 | 84%/g; | 134778 | 104:1 | 103%%gs | 134779 | 128:1 | 127°"%5s | 3 | 0.20 [0.300 | = [ 73|27 22.75 | 60.85 | 51.95 | 45.25 | 63.20 | 70.80 | 66.20 | 73.80
ERESERN 157:1 [ 157%%1s 3| 0.20 {0300 = |73|27|22.75 | 60.85 | 51.95 | 45.25 | 63.20 | 70.80 | 66.20 | 73.80
EEEPZM 370:1 | 369%/7e | 134780 | 455:1 | 455750 | 134781 | 561:1 | 560%%/sz0s | 4 | 0.25 | 0.375| = | 65|31 | 26.35 | 64.45 | 55.55 | 48.85 | 66.80 | 74.40 | 69.80 | 77.40
FRIYEVH 690 : 1 | 690°%/1605 | 118187 | 850:1 | 850™/ezs 4] 025|0375| =|65|31|26.35 | 64.45 | 55.55 | 48.85 | 66.80 | 74.40 | 69.80 | 77.40
SRIVEPIN 1621 : 1 | 1620%%/es2s | 134783 | 1996 : 1| 1995°°%/7305 | 134784 | 2458 : 1| 2458%0340 | 5 | 0.30 | 0.450 | = |59 |35 | 29.95 | 68.05 | 59.15 | 52.45 | 70.40 | 78.00 | 73.40 | 81.00
FRZYEEN 3027 : 13027 %6722 | 134786 | 3728 : 1| 3728 % /g1os [HENEEIR] 4592 : 1 [4591°%/s1p5 [ 5 | 0.30 [0.450 | = [59 (35| 29.95 | 68.05 | 59.15 | 52.45 | 70.40 | 78.00 | 73.40 | 81.00
‘- Stock program [ I standard program ] Special program (on request!)

+ Motor Order Number

— [25[15] [.}-[o.)-[1]1]]-[o]o[o]
Basic motor 2515....-11.111-000
Details see page 65

— [20[27].[..]-[6_].[1]e[2]-[o]o]o]
Basic motor 2017....-22.162-000
Details see page 66

1.6 Watt, sleeve bearings, 1 shaft
Details see page 47

3.2 Watt, sleeve bearings, 1 shaft
Details see page 48

3.2 Watt, sleeve bearings, 1 shaft
Details see page 48

3.2 Watt, sleeve bearings, 2 shafts
Details see page 48

4.5 Watt, sleeve bearings, 1 shaft
Details see page 49

4.5 Watt, sleeve bearings, 2 shafts
Details see page 49

4.5 Watt, sleeve bearings, 2 shafts
Details see page 49

— maxon DC motor RE (016 mm Graphite Brushes

— maxon DC motor RE (116 mm Graphite Brushes

— maxon DC motor RE 016 mm Graphite Brushes

— maxon DC motor RE 115 mm Metal Brushes CLL

— maxon DC motor RE 016 mm Metal Brushes CLL

—— maxon DC motor RE 116 mm Metal Brushes CLL

— maxon DC motor RE 116 mm Metal Brushes CLL

N

IS

o

—
(]

(LRI

+ Tacho/Encoder

Digital Magnetic Encoder
013 mm, 16 CPT, 2 channels
| Details see page 155

1

(4]

Digital Magnetic Encoder
| 013 mm, 16 CPT, 2 channels
Details see page 155

~

| ]
i — — —
-] ~
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