Motor data of DC motors
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Agenda l H'flmﬁil

= Motor behaviour / characteristics

= Operating ranges
= Motor data in the catalogue

= Applies to DC and EC motors
— "EC" ="brushless DC" (BLDC)
P,=R-I

T
» Prmech :%n'M

P, =U-I »
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Electromechanical constants ﬂﬁi

= Torque constant k,,

— produced torque is proportional to motor current M= kM N
— unit: mNm /A
= Speed constant k,
— law of induction: changing flux in a conductor loo _
9Ny P n= I(n ' Uind

— Induced voltage proportional to speed
— mostly used for calculating no-load speeds n,
— unit: mint/V

= Relationship
— k,, and k,, are reciprocal values
— In catalogue units:

motor ag 2008, BRJ
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Motor as an electrical circuit ﬂﬁ
applied motor voltage U:

U |
=|
U=L-Z2+R-1+EMF=R-1+Ujyq

+ —

n U_R M
EMF: induced voltage U, 4 E o @
(winding) resistance R
winding inductance L 30000 R
. volta N=Kq-U- o |'M
ge losses over L can be T K

neglected in DC motors

n=k,-U-2".m
AM
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Speed-torque line “ D'f'

speed n 4
" n:kn.U_An.M
AM

motor ag 2008, BRJ

torque M

>
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maxon motor data sheet

214805 [214806 FRLITT] 214806 FRio] 215082 [216083] 216085 PRI

---------------
Values at nominal voltage
1 MNominal woltage V 3.0 4.5 120 150 21.0 240 240 30.0 38.0 48.0
2 Mo load speed fpm 12200 10500 11500 11600 12200 12000 10600 11100 11800 10400
3 Mo load current m& 326 169 7.38 602 4668 394 326 279 257 1.56
4 MNominal speed fpm 11300 8380 8760 8870 9440 9210 7a&70 8300 8950 7450
5 Mominal torgue (max. continuous torque)  mMNm 1.33 239 341 338 356 338 337 3234 328 322
& Mominal current (max. continuous current) A 0800 0600 0280 0281 0.209 0180 0160 0132 0.115 0.0745
7 Stall torque mim  17.1 121 144 143 149 147 129 133 137 115
g8 Starting cumrent A 732 295 145 117 0910 0772 0604 0518 0473 0.262
9 Max. efficiency % 87 86 86 a6 86 bl 86 86 85 a5
Characteristics
10 Terminal resistance Q 0410 15652 830 128 231 211 39.7 &T7T8 Te2 183
11 Terminal inductance mH 0.0114 00349 0206 0.314 0.5RA 0.759 n 955 1.3 1.75 4.04
12 Torque constant mim S 25,7 29.0 440
13 Speed constant rpm“ CharaCter|St|CS 445 arz 329 217
14 Speed/torque gradient rpm/d mim° 718 8332 865 908
15 Mechanical time constant ms 7.93 T44 T27 T29 TE0 7.3 ?.35 7.32 7.3 T7.47
16 Rotor inertia gem® 1.05  0.816 0.884 0.854 0.844 0.854 0.848 0.834 0.811 0.788
Thermal data
17 Thermal resistance housing-ambient 35 K/ W n frpmi I ﬁ“gg:;nv';ﬁ:npi?gggm e e T e T
; _— X f
::g :Ir'rr:::m:: {fﬁ;ﬁﬂ'ﬁ;;‘;;ﬂ'ﬂ%}%usmg 12 P;?H"'S.’ 20000 4, (lines 17 and 18) the maximum permissible winding
a0 Thermal time constant motor 455 5 tampar_‘atura will be (Eanhed during continuous
. .~ 15000 operation at 25°C ambiant.
21 Ambient te.mperatu_re _ -30 ... +85°C — Thermal limil
22 Max. permissible winding temperatura +85°C :
. ) ) . Short term operation
v M"‘g_“ge“rﬁgs?gfeﬂ;géﬁ* bearings) oo rom The motor may be briefly overioaded (recurring).
24 Axial play 0.05 - 3.15 mm
gg Ei.?{l.a;_rﬂglylroad (dynamic) 0.013??3 10 20 30 40 55[: Mll[mHm] ——— Assigned power rating
27 Max. force for prass fits (static) s M 01 02 03 04 05 | [A]
28 Max. radial loading, 5 mm from flangea 14 M

INSTRUMENTS

maXOn motor
Motion under Control wNATlONAl-

driven by precision




PP |
Winding resistance ﬂﬁi

resistance increases from left to right
low resistance winding ﬁ high resistance winding

= thick wire, few turns = thin wire, many turns
" low rated voltage

= high rated and
starting currents

= high rated voltage

= [ow rated and starting
currents

= high specific speed = [ow specific speed

(min-1/ V) (min-1/ V)
= l[ow specific torque = high specific torque
(MmMNmM/A) (MmMNmM/A)
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Characteristic motor data ﬂﬁi

describe the motor design and general behaviour
= independent of actual voltage or current

= strongly winding dependent values (electromechanical)
— terminal resistance (phase to phase) R
— terminal inductance (phase to phase) L
— torgque constant k,,
— speed constant k|

= almost independent of winding (mechanical)
— speed-torque gradient An/AM

— mechanical time constant <,
— rotor mass inertia Jy;;

9, © by maxon motor ag 2008, BRJ
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Winding series

n A

MM m |

at U constant

numerous winding variants adjust

= electrical input power (voltage,

thin wire

current of power supply)

thick wire

" mechanical output power
(speed, torque)

speed-torque gradient
= pasically constant for the winding series
= constant filling factor: a constant amount of copper fills the air gap

maxon motor
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Speed-torque gradient l H'flmﬁil

by how much is the speed reduced An, if the
output motor torque is enhanced by AM?

An 30000
= —R
speed n AM  7w-kf,
i M, 1, strong motor:

« flat speed-torque line, small An/AM
* not sensitive to load changes

M, n, * e.g. strong magnet, bigger motor

AM

weak motor:
 steep speed-torque line, high An/AM
 sensitive to load changes

« e.g. weak magnet, smaller motor

>
|\/|H torque M

maXOn motor
Motion under Control wNA"ONAI-
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maxon motor data sheet

MM |

AETH R 2107 PLEd 2o PETABE-APE A2 oo BER |
1EMHIHEIIIIIIIIIIIIIIIIIIIIlllIlllIlllIlllIlllIlllIlllIlllIlllIlllIlllIlllIllIlllIlllI
Values at nominal voltage
1 MNominal voltage V 3.0 4.5 120 1650 210 240 240 30,0 360 48.0
2 Mo load speed fpm 12200 10500 11500 11600 12200 12000 10600 11100 11800 10400
2 Mo load current mpl 2@ 1RO TARA  and  AmAa  aad 298 27Ta 9RT 1E&
4 MNominal speed
5 Mominal torgue (max. continuous tongue) m Values at n0| I Ilnal VOItage
& Mominal current (max. continuous current) A0 BUO _____ e — B
7 Stall torque mim  17.1 121 14.4 143 149 14? 129 122 137 11 5
8 Starting cumrent A 732 295 145 117 0910 0772 0804 0518 0473 0.262
9 Max. efficiency Yo 87 86 86 86 86 85 86 56 85 85
Characteristics
10 Terminal resistance 2 0410 152 830 128 2341 2314 39.7 b&79 TB2 183
11 Terminal inductance mH 0.0114 00349 0206 0.314 0.5RA 0.759 n 955 1.38 1.75 404
12 Torque constant mim S 25,7 29.0 440
13 Speed constant rpm | C h aracteri St| CS 445 arz 329 217
14 Speed/torue gradient rpm/ mim- 718 832 8BS Q08
15 Mechanical time constant ms 7.93 TF44 T27 T.29 TE0 7.1 ?.35 732 736 747
16 Rotor inertia gem® 1.05  0.816 0.884 0.854 0.844 0.854 0.848 0.834 0.811 0.788
Operating Range Comments
Thermal data - , .
17 Thermal resistance housing-ambient 35 K/ W [rPﬂ'l] ﬁﬂg:::;ov:ﬁc?np?:?;ggm listed thermal resistance
::g :Ir'rr:::m:: {fﬁ;ﬁﬂ'ﬁ;;‘;;ﬂ'ﬂ%}%usmg 12K/W EUUDD' {lines 17 and 18) the maximum permissible winding
20 Thermal time constant motor * T h erm al d a.ta m Lepn;pr;atri"%:]u;? Egil,é g;&gﬁfheu =l e
21 Ambient temperature -30 .. +65° — Thermal limil ‘
22 Max. permissible winding temperatura +85°C — f - ‘
. ) ) . Short term operation
Mechanical data (zleeve bearings) . .
23 Max. permissible speed 19000 rppm 5000 The motor may be briefly overloaded (recurring;.
24 Axial play 0.05-0.15m
25 Radial play 0012* h | d (b )
26 Max. axial load (dynamic) M eC an ICa ata earl n g ver rating
27 Max. force for prass fits (static) s M I [A]
28 Max. radial loading, 5 mm from flangea 14 M

maxon motor
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Values at nominal voltage ﬂﬁi

describe the special working points: ® at rated voltage U,
= at rated current I

= 1. No-load operating point
— resulting no-load speed n,
n — resulting no-load current |,

= 3. Rated working point
— resulting rated speed ny
— resulting rated torque My

= 2. Motor at stall
— resulting stall torque M,
— resulting starting current |

motor ag 2008, BRJ
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Thermal motor data

describe the motor heating and thermal limits

= standard mounting:
horizontal

= depend strongly on mounting conditions plastic
: , mounting
= heating and cooling

plate
— thermal resistance housing-ambient Ry, . ’
— thermal resistance winding-housing Ry,
ﬂ

" temperature limits free convection
— ambient temperature range at 25 °C ambient

— thermal time constant of winding t,,,
— thermal time constant of motor t; o

14, © by maxon motor ag 2008, BRJ

— max. winding temperature T temperature

max

maXOn motor
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Mechanical motor data ﬂﬁ

describe maximum speed and the properties of bearings

‘ " max. permissible speed
— limited by bearing (EC)

— limited by relative speed between collector and
brushes (DC)

= axial and radial play
— suppressed by a preload

= axial and radial bearing load
— dynamic: in operation
— static: at stall

axial press fit force
(shaft supported)

maxon motor
Motion under Control yNATlONAI-

driven by precision
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maxon standard tolerances ﬂﬁi

= winding resistance +/- 7 %
" " magnetic properties +/- 8 %
108 —weaker magnet enhanced n,
1.0 — stronger magnet reduced n,
0.92
M

086 1.0 1.16

maXOn motor
Motion under Control wNATlONAl-

driven by precision
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Motor limits: operation ranges ﬂﬁi

Speed
N nmax
continuous short term
operation operation
>
My, Iy torque M
| current |

- higher ambient temperature
- heat accumulation

- lower ambient temperature
- good heat dissipation

maXOn motor
Motion under Control wNATlONAl-

driven by precision
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Short-term operation overload ﬂﬁi

= motor may be overloaded for a short time and repeatedly
— Limit: max. permissible winding temperature
— depends on thermal time constant of winding t,, and amount

overload of overload
duration
o1
W Thermally
47, prohibited
2 continuous short term : \\,a\\,ke‘5
W operation permissible operation Wp\oa _
27T\ short term g
1+ operation 2
w g
torque M
-
load My 2M 3My 4M, c
Motion under Control ,\'ﬂ:?}-ﬁ%ﬁéﬁs
driven by precision
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Working points ﬂﬁ

= working points are characterized by a load speed n, at a
given load torque M,

= working points lie on the speed-torque-line: select the
motor voltage accordingly

A Speed-torque-line to be high
enough for reaching all working
speedn |._

deceleratien_  |acceleration :

' \} > 8—

torque M .
maxon motor

__ Motion under Control ﬂ:?}-ﬁ%ﬁéﬁs

driven by precision
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Example: situation analysis for ﬂﬁ
Conveyor belt for samples

= pulley diameter 100 mm
" maximum mass on belt 3 kg

= coefficient of friction on
support ca. 0.3

= friction force (empty belt) ca.40N
= feed velocity
= supply voltage

maXOn motor
Motion under Control VNATWNAI-

driven by precision
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Example: Conveyor belt for samples ﬂﬁ

= Which information is missing?

= Acceleration
" Current

= Mass (pulley, belt)

= Maximum length / diameter = pulley diameter 100 mm
: - " maximum mass on belt 3 kg
" Ambient conditions = coefficient of friction on support ca. 0.3
- = friction force (empty belt) ca.40 N
....... = feed velocity 0.5 m/s
= supply voltage 24\

21, © by maxon motor ag 2008, BRJ
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Overview ﬂﬁi

Step 1 Step 2 ‘ Step 3 ‘ Step 4
Direction of selection
#
load + drive gearhead |motor type servo- supply
n_ M, Mot Mimot N #” controller U, |
winding Umotr Imot
kn,kM

Load Dirive layout (Gear MAotor Erake Sensor Control SUpphy

Pmech zs—%-n-M— Pel =U-|

Power flow

maXOn motor
Motion under Control wNATlONAL

driven by precision
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Step 1: working points ﬂﬁ

30 30 v, 30 05
"speed YT d T 1005
d |

~100min 1

=feed force F,.=u-m-g+K =0.3-3-10+40=9+40= 50N

ome =% 0L as 225
"power P, = VLR =0.5-49=25W
- AV 0.5
=acceleration F_,=m- TtL — 3" 5
Motion under Control ﬂ:gﬁ%ﬁé—ms
driven by precision
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Key values ﬂﬁ

Requested is a drive, which can achieve the following:

" max. speed N 100 mint

" average. torque Mz ca. 2.5 Nm

" max. torque Mpax Ca. 2.7 Nm

= duration of M., 1s

n 4
100 min-i ® 0
25 2.7Nm M
| —
Mot I -

driven by precision otion under Contro )‘INSTHUMENTS
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Step 2: 0 earhead selection
n
| .ﬁ' f; maxon gear Seis
o0 GP22A  Panstergarisha mm 284 =21
0540 Hmi 45
- GP 22 Planslsngerichs mm 384 2EER
05-20Mm 45024
- GPI2M  Flanstengsiriche mm, steil. 2801 el |
0520 Nm 4502
G52 A Srimmdgeinebs 024 mm 724 25
- . 0.4 M 225
- GP 2EB  Harstengsinabs D26 mm 28 22
0.5-20 Hm LR
GS 30 A  Sirnmdgeiriebes O3 mm 154 =7
0.07-02 Hmi S
e GP 22K Marstzngatisbs 032 mm 524 220
420 Mo EeCe |
. GPZ2A Fanstengstnabe (22 mm E S =]
0.75-4.5 Nm E2R5
GPR2C Harsengenebs T2 mm ard 2z
1 0-6.0 M E2R5
GP 32 HP  Planstergarishs (22 mm 144 =2
B0 MNm 1062
. GEEA  Sirnmdgeirisbs 02 mm =h| =24
040,68 Hmi S| 2
- GP 42 ¢ Flaretsngstniebs B42 mm 151 2352 m
215 Mm =R £
. GS4E A Sinradgeiriebe 145 mm 54 o=ar &
0520 Hmi 19524 2
s GPE2C  Planstergelrishs 352 mm 951 s g
4-30 M Ee | IS
. GPEZA  Planeergerichs 852 mm 524 245 §
8-50 Mm pE s | g
GP B & Fanstsngetiebs D81 mm e | 244 >
|| | 20420 Hm 081 S
] rnmrrirrw T Lr)—
Hm oM 0o0s Abgaregedrahmoment N

min® 1 Aburgsdrahzoh|

S0 0 oE0
maxon Mo
Motion under Control yNATlONAI-

driven by precision

INSTRUMENTS




L P |
Step 2: gearhead selection ﬂm
= planetary gearhead GP 32 A

= continuous torque 4.5 Nm — e
— at least 3 stages .
" input speed 6000 min-t
— Reduction 51:1
— efficiency 70 %
= requirements motor (key values)
— speed Nmot =N|_ -i=100-51=5100 min™ -
— torque M M. _ 29 =~ 70mNm :

™t e 51.0.7

26, © by maxon

— Mmax. torque ca. /5 mNm, 1s -

maxon motor
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Step 3: selection of the motor type ﬂﬁi

= Combinations with the Additional criteria:
chosen gearhead = Commutation: Graphite,

= Torgues Metal, brushless
— Continuous torque — Life expectancy
— Intermittent torque = Shaft, bearing

= Speed — Diameter, length
— Max. permissible speed — Drive element

® Combinations with needed — Bearing load radial, axial .
sensor "= Electrical connections
— Encoder, DC-Tacho, — Pig tail, cable, connector

Resolver, ...

" Temperatures

27, © by maxon
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Selection of the motor type ﬂﬁi

rated torque My > 70 mNm

speed
n max. speed > 5100 min
Nmot:Mmot
continuous short term )
operation operation
>
torque M E
current | 2
e
Motion under Control :
driven by precision otion tinder ontro }INSTHUMENTS
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Selection of the motor type
q -]

Goenrntlanno

m - --l

+ Motor

RE 25, 10 W Gesamtlangs ... Gesamtlings |

EE Sg’ 13 $ Kombination _ _

RE 25: ow * Motor Seite 4+ Tacho/ Bremse Seite Gesamtldnge [mm] = Motorkinge + Getrisbelange + (Tacho / Bramse) + Montagetaile

RE 25 10 W RE 20, 60'W a0 24.5 104.4 104.4 1111 1111 117.58 117.8 117.8 124.5 124.5 124.5
RE 25: 20 W RE a0, 60 W 80 MR 251 105.9 116.8 11&£.8 122.5 122.5 128.2 129.2 129.2 136.9 136.9 135.9
RE 25 20 W RE a5, a0'W a1 974 107.3 107.2 114.0 114.0 120.7 120.7 120.7 127.4 127.4 127.4
RE 25; 20 W RE 35, 20 W a1 MA 281 108.58 118.7 118.7 125.4 126.4 132.1 1321 1321 138.8 138.8 138.8
RE 25. 20 W RE 35, 20 W a1 HED_ &840 254/2568 118.4 128.3 128.3 135.0 135.0 141.7 141.7 141.7 148.4 148.4 148.4
RE 25: a0 W RE 35, 20 W a1 DCT 22 263 116.5 125.4 125.4 132.1 132.1 138.48 138.8 138.8 145.5 145.5 145.5
RE 25 20 W RE 25, 20'W a1 AB 28 300 132.5 143.4 142.4 1501 1501 156.5 156.8 156.8 183.5 162.5 162.5
RE 25; 20 W RE 35,850 W a1 HEDS 5540/ AB 28 254/300 150.6 160.5 160.5 167.2 167.2 173.9 173.9 173.9 180.6 180.6 180.6
RE 25 20 W RE 38, TOW 82 97.7 1078 107 .6 1142 114.2 121.0 121.0 121.0 127.7 127.7 127.T
RE 25; 18 W RE 38, TOW 82 MHA 251 1081 118.0 118.0 126.7 126.7 132.4 132.4 132.4 139.1 139.1 1381
RE 26. 18 W RE 38, TOW 82 HED_ 5540 254/258 118.7 125886 1286 1353 1383 142.0 142.0 142.0 148.7 148.7 148.7
RE 25' 18 W REas, T0W 82 . DCT 22 263 116.8 126.7 126.7 132.4 132.4 139.1 13941 139.1 145.8 145.8 145.8
RE 261 18 W A-max 22 121123 89.4 99.3 99.3 108.0 10&8.0 112.7 1127 112.7 119.4 119.4 119.4
RE EEI 18 W A-max 22 122-’.124 88.0 97.9 97.9 104.6 104.6 111.3 111.3 111.2 118.0 118.0 118.0
A—I‘I’Iajn;EE A-max 32 122124 MR 281 98.2 1021 1021 115.8 118.8 122.5 122.5 122.5 129.2 129.2 128.2
A-max 26 A-max 32 122124 HED_ 5540 254/266 108.8 118.7 1Ma.7 125.4 126.4 132.1 1321 1321 138.8 138.8 138.8
A-INiax 26 EC 32, 80'W 1g2 86.5 5.4 6.4 1021 1021 108.48 102.8 109.8 116.5 116.5 116.5
A-max 26 ECaz2 s80'W 182 HED_ 5540 255/257 104.9 114.8 114.8 121.5 121.5 128.2 128.2 128.2 134.9 134.9 134.9
A-max 26 ECa2 80W 162 Res 26 264 106.6 118.5 11e.5 123.2 123.2 129.9 129.9 129.9 136.6 136.6 136.6
RE-max 29

RE-max 29

Ausgabe April 20

29, © by maxon motor ag 2008, BRJ

230 maxen gear Auzgabe April 2007 ﬂndarungen
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Selection of the motor type

[

Ea

30, © by maxon motor ag 2008, BRJ

according motor type My suited?
oqulmy  RE25,RE26| <32mNm  too weak
System A-max 26 | <18 mNm too weak
RE-max 29 | <30 mNm too weak
RE 30 | ca. 80 mNm good
RE 35 100 mMNm strong
RE 36 80 mMNm good
A-max 32 | <45 mNm too weak
EC 32 | ca. 45 mMNm too weak
Motion under Control w"”"’"“

driven by precision
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Step 4: Winding selection Fol

AN
speed n N LY ¥
A 0,theor mot AM mot
No.theor
No theor \ kn > kn,theor — U
Mot
NmotMmot
an'[_

speed-torque line high enough
for the required load speed

speed-torgue line too
low for the required
load speed

31, © by maxon motor ag 2008, BRJ

mot torque M

maxon motor
Motion under Control wNATlONAL
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Winding selection ﬂﬁ

Noireor =Nt +——M__ =5100+9-70 ~ 5700min "
n a ! AM
No th 5700 rom
Kn >kn,theor = U =L = 21 :270—%
Mot

= select motor 310007:
— speed constant k,, = 369 min-/V

<~ " needed current

— with torque constant k,

M

— max S

Imax - T IO g

| > M :

69 mMNm M 70 3

=——+0.15=2.8A

25.9
maxon motor
__ Motion under Control ﬂﬂﬂ.‘{f,’;{,‘&“-
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Example Conveyor belt for samples : ﬂﬁ
Solutions with MSP

= List with possible solutions
= Filter

= graphic illustration

= Output documentation

motor ag 2008, BRJ
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maxon selection program (MSP) ﬂﬁi

= Selection of maxon products for applications
— Demonstration of alternative solutions

= For optimising the drive selection

— Playing with parameter
= for Visualisation of the drive possibilities
= For documentation

= Target group
— maxon sales engineers
— Customer with experience of the maxon product segment
— Students of Technical Universities

34, © by maxon motor ag 2008, BRJ

maxon motor
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E:E maxon selection program 2005

maxon m_otor
driven by precision

Load calculator

Comparison

NEEO)e

B maxon selection program (MSP) @

JIé
w1 |04
[
|

Oirive layout Gear hotor Erake Sensor Control Supply

|English

W10 - 452005

=]
Basic functions of the MSP

= Selection of maxon products

for a given power supply

for a given drive layout: screws, belts, ...

at a given load

= Calculation of achievable load characteristics

= Gearmotor comparison
— finding a maxon replacement product

= Mass inertia calculator




Corner marks of the MSP

= Data base: maxon catalogue products
— Motors (1232), gearheads (685):
— Sensors (57), Controller
— Considering of the "maxon Modular System"
o ca. 80'000 possible Motor gearhead combinations

" No installation needed
— can be started directly from the maxon CD ROM
— or copy and start it

= Easy to use, self-explaining user interface
— minimum "help"

motor ag 2008, BRJ

36, © by maxon
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Where to find the MSP

Free of charge:
= on the CD with the catalogue

= on www.maxonmotor.nl => service & downloads
or

= on www.maxonmotor.be => service & downloads

37, © by maxon motor ag 2008, BRJ
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