ME133 Lecture 14 3/2/23

Last time:

> DC Motors



Today:

> DC Motors + Stepper motors



DC Motors: Working Principle

Torque is produced by an electric motor through the interaction of either stator
flelds and armature currents or stator fields and armature fields.
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DC Motors: Working Principle - stator field/armature currents
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DC motor with six armature windings




DC Motors: Working Principle - stator field/armature currents
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DC Motors: Working Principle - stator/rotor magnetic fields
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DC Motors: Working Principle - stator/rotor magnetic fields

The torque is produced by the fact that like field poles attract and unlike poles repel.
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DC Motors: You can have many poles!

EC 45 flat ©¥42.9 mm, brushless, 30 Watt
A with Hall sensors B sensorless 0
Option with cable and connector: 20.5 -0.4 L 16.5 max. M3x3.8 fief/d -
(Dimension drawings opt.) [~ £1.0 Tiel/ceen & o
— Motor length +1.3 mm, 3.2, 1 4 40.05 -
{ Ambient temperature -20...+100°C ;| (@)
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PIN 1 PIN 1 M 1:2

I Stock program Part Numbers
[ Standard program

Special program (on request)

A with Hall sensors [JIPSTIEPI | 339281 | 339282
Option with Cable and Connector 387266 400527 400580
B sensorless 200189 339283 339284

Motor Data

Values at nominal voltage

1 Nominal voltage \ 12 12 24 24 36 36
2 No load speed rpm 4370 4350 4360 4380 4750 4760
3 No load current mA 163 163 81.4 73 61.6 55.3
4 Nominal speed rpm 2940 2800 2940 2900 3290 3270
5 Nominal torque (max. continuous torque) mNm 55 54.7 54.8 55.2 66 66.6
6 Nominal current (max. continuous current) A 2.02 2.02 1.01 1.01 0.847 0.849
7 Stall torque’ mNm 255 219 253 243 380 369
P ¥ 8 Stall current A 10 8.58 4.97 4.77 5.38 5.22
/ < 9 Max. efficiency % 76 75 76 77 80 81
Characteristics
10 Terminal resistance phase to phase Q 1.2 1.4 4.83 5.03 6.69 6.89
11 Terminal inductance phase to phase mH 0.56 0.56 2.24 2.24 4.29 4.29
12 Torque constant mNm/A 25.5 25.5 51 51 70.6 70.6
13 Speed constant rpm/V 374 374 187 187 135 135
14 Speed/torque gradient rpm/mNm 17.6 20.5 17.7 18.5 12.8 13.2
15 Mechanical time constant ms 171 19.9 17.2 17.9 12.4 12.8
16 Rotor inertia gcm? 92.5 92.5 92.5 92.5 92.5 92.5
Thermal data ) ) n [rpm] I Continuous operation
1; Rgmg: ﬁgi:igﬂgz Cﬁ#g;gg:ﬁgﬁgﬁg ggg %w 30W In observation of above listed thermal resistance
19 Thermal time constant winding " 11.4's 10000 (lnes 17 and 18) the maximum permissible wind-
o 20 Thermal time constant motor 205 s m ing temperature will be reached during continuous
Mra & 21 Ambient temperature -40...+100°C ~ 8000 operation at 25°C ambient.
22 Max. winding temperature +125°C 0 = Thermal limit.
— PO— — 23 m:;h:pnéggl data (preloaded ball bear|n1gosg)00 om o Short term operatiop .
24 Axial play at axial load < 28 N o0 12 mm 5000 The motor may be briefly overloaded (recurring).
> 5. .0.14 mm
ax. axial loa namic; . mNm : :
27 Max. force for p(reés fits ()static) 53N ' "~ 10 20 30 1 [A] el i i
(static, shaft supported) 1000 N
28 Max. radial load, 5 mm from flange 18 N
" 29 ﬁ'm?g ;‘%‘?‘;gf:;ggs M maxon Modular System Overview on page 28-36
30 Number of phases 3 .
4 s S olle] - < fla R M O/ Qe 3 ottt 75 panstary Geathead 4 for oot
— Values listed in the table are nominal. 315 Nm { 556 - 2048 CPT
Connection with Hall sensors sensorless Page 356 2 e !
I Pin 1 Viai 4.5...18 VDC  Motor winding 1 )
” Pin 2 Hall sensor 3* Motor winding2  Spur Gearhead Recommended Electronics: Page 402
Pin 3 Hall sensor 1* Motor winding 3 45 mm ‘Eq]]‘ Notes Page 32

Pin 4 Hall sensor 2* A neutral point ~ 0.5-2.0 Nm ESCON Module 24/2 444
Pin 5 GND Page 358 ESCON 36/3 EC 445

[ e Pin 6 Motor winding 3 ESCON Mod. 50/4 EC-S 445
Pin7 Motor winding 2 ESCON Module 50/5 445
e Pin 8 Motor winding 1 ESCON 50/5 447
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*Internal pull-up (7...13 kQ) on Vi

' Wiring diagram for Hall sensors see p. 43 DEC Module 24/2 449
Adapter Part number Part number DEC Module 50/5 449
see p. 471 220300 220310 EPOS4 Mod./Comp. 24/1.5 452
Connector  Part number Part number EPOS4 50/5 453
Dl/clo ; é%%?;g 3 23283_3433 EPOS4 Mod./Comp. 50/5 453

olex - -
Molex 52089-1119 52089-0419 II\E/IZ?(%%DE ggﬁg 32;
\\b Pin for design with Hall sensors:
FPC, 11-pol, Pitch 1.0 mm, top contact style
, 'Calculation does not include saturation effect
m I é r UV'& (p. 53/164)
o o May 2018 edition / subject to change maxon EC motor 265
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Motor Mechanical Model (permanent magnet DC motor)
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Mechanical Principle of Stepper Motors

NorS N or S
S N
permanent magnet rotor N or S%J N or S
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Power Transistors Design and Control . :
Unipolar (one power supply) e fg N step |
A . 7y ((bl, (1)3 : ON)
N\
N S
1

P2 4
‘1’1? ; : ? b3 W %
o & PN S step 1.5
rotor % Nj}) ($h: ON)
- ([)4 (bp_ S
= = N N
I r b3 b fm% step 2

W (P1, ¢y : ON)
V.

Step ¢, ¢, ¢, ¢,

1 ON OFF ON OFF
b b b; b 2 ON OFF OFF ON
— — — — 3 OFF ON OFF ON

4 OFF ON ON OFF




Power Transistors Design and Control
Bipolar (switchable power supply)

Table 10.3 Bipolar full-step phase sequence

Step ¢,andp, ¢,andP; ¢;and Py ¢, and ¢,
= = CW l ON OFF ON OFF
o o>
Sl SHN | I ! > ON OFF OFF ON
I, L CCW 3 OFF ON OFF ON
1 4 OFF ON ON OFF
2 | i O A
o O = e

+5V,

' l 1 i I,l5|9|”]| +5

g 1 o 1 o For both bipolarand s (-K
unipolar, there are  cwicew

drive circuits to take

b; by b, by RESET

care of phasing e

7414 Schmitt trigger buffers, a 74191 up-down counter, and 7486 Exclusive OR gates



Video Links

https://www.youtube.com/watch?v=-qS85alvieQ&t=289s

https://www.youtube.com/watch?v=DsYgw3GFHZo

https://video-demos.colostate.edu/videos/mechatronics/motors.mp4

https://high-speed-video.colostate.edu/videos/physics/mechatronics/
stepper_motor_medium_speed.mp4

https://video-demos.colostate.edu/videos/mechatronics/
stepper_motor_design_example.mp4



