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‘ Solid-State Switches -1
|
o Driving a relay using a NPN BJT
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Solid-State Switches -2
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Solid-State Switches -3
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Solid-State Switches -4

b

+ MOSFET

To raise the voltage level
to that required for the
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Motor Drive -1

b

o Using pulse-width-modulation (PWM) to

modulate “equivalent” DC voltage between motor terminals
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Motor Drive -2

o Using a H-bridge to switch the polarity of a voltage

Motor Power (+) Motor Power (+)
High Side High Side  High Side High Side
(left) (right) (left) (right)
Low Side MOTOR Low Side Low Side MOTOR Low Side
(left) (right) (left) (right)
Current Flow when
both High side left
Motor Ground (-) Motor Ground (-) and Low side right
From: http://www.mcmanis.com/chuck/robotics/tutorial/h-bridge/index.html are switched "ON”

High side left | High side right | Low side left | Low side right
ON OFF OFF ON

Clockwise rotation

OFF ON ON OFF Counterclockwise rotation
ON ON OFF OFF Brake

OFF OFF ON ON Brake

OFF OFF OFF OFF Free rotation
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Motor Drive -3

o H bridge using four BJTs

+ One input controls two BJTs
B 40 i EC1 40

o PWM, control output voltage

hatar

+ Both inputs must NEVER be HIGH .,

.}

+ THREE modes: forward, reverse,  oiaa —_—

ZE0R
2R

free fun A and B must NEVER both be HIGH
V+

o & &

For forward: high
o

For reverse: low

For forward: low

O
For reverse: high

=

WERGFIRATER— MES126 MomAs




‘ Motor Drive -4
|

o The H bridge using four BJTs

+ Using logic gates to transform control inputs to Forward/reverse

(low-speed DIO) & Chopper signal (PWM, high speed DIO)

+ THREE modes: forward, reverse, free fun

V4

Forward/reverse

O -
< I &

Chopper signal & &
o

= -

* Motor Drive -5
|

o L298N full bridge driver

+ Block diagram Supply voltage
Motor A (Power) Motor B
<2A 25-46V < 2A
ouT1 ouT2 s one  OUD oura
Supply voltage ! =
. 3 3 n 3 4
(Signal) +ws |4 Veet
45-7V | - r
wil |
I oV 1 f 5§
s o, e S
coog ot o S
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Motor Drive -6

b

o L298N full bridge driver

¢ Pin connections

+ Bidirectional motor control
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1/2 L298N

[~ |
[ — CURRENT SENSING B
4 > ouTpuT4
‘q} nB3E— OUTPUT 3
12 3 INPUT4
L E— ENABLEB
L]y —T T
. ———— > LOGIC SUPPLY VOLTAGE Vss
Multiwatt1s o P+ g\
[l — INPUT 2
6 [ ENABLEA
s——> INPUT 1
4 [ 2 SUPPLYVOLTAGE Vs
<$ ) E— OUTPUT 2
2 /3 ouTPUT?
L E— CURRENT SENSING A
Z TAB CONNECTED TO PIN 8 DosIN240A
; Inputs Function
Ven=H C=H;D=L Forward
n 4 C=L;:D=H [Reverse
S Ougg C=D Fast Motor Stop
I Ven=L C=X;D=X Free Running
JoonF Motor Stop
L = Low H = High X = Don't care
% _Oven

TO CONTROL

ok

I

I, Enable B, PWM

DI TO D4: 1A FAST RECOVERY DIODE (t,, €200ns)
S-805/2
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‘ Motor Drive -7
1
o L298N full bridge driver
+ Many modules available e
Schematic diagram cl B
pL| 2 | p3 | p4 12
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NI vss ‘4’4—,’
o IN2 VS
o IN3 R I ]
=— N4 OUTI (= I 2
6 | ena OUTs 3 2
L TN ours 2 l I|
] | 2
‘ ISENA |z
Wi Ii GND  ISENB xm ,)(,me,)x
298N R
=
78M05 GND N
\.(.(.I Vin %Voul 3 2} — 5
— 5 e R iN -
e Z_,—_—,: k| GND _|I|
: 5 17
Q D9 +5V
¥ [ =]
> l VCC
1 Jo
(iED 12 [




* Motor Drive -8
|

o L298N full bridge driver

+ Many modules available

Schematic diagram
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* Motor Drive -9
|

o Ex: Revisit shaft speed control (Chap 1)

+ Using digital controller

Reference Output:

value Digi ) constant speed
igital P
ADC > gital | pac >| Amplifier >| Motor |—-| 109 >
Controller rotating shaft

T Measurement

\

tachogenerator
+ Using microcontroller
Microcontroller
y N\
Reference Output:
value Digi ) constant speed
C D gital _ _ . _ _ | Process, ¢
Controller | PAC >| Amplifier >| Motor “| rotating shaft o
Measurement >
ADC tachogenerator |
\ /
\ /

14 .




‘ Motor Drive -10
|

o Electric speed controller (ESC) for RC vehicles

Power switch
Motor Speed Control

I I
PWM control signal : __| Voltage Motor Power (+) :
3.3V I = regulator I
or | High Side High Side |
I - e / - (right) |
5V S — : Microprocessor I
oV = Other peripheral l
GND = | circuitsp ° = oT Low sid '

ide / o ow Side
| (left) r J (right) |
I I
| I J
: Motfpr Ground (-) :
I [ (R 1

i 6-8.4V =
GND =

i
I =

™ Wotor Drive -11
|

o Electric speed controller (ESC) for RC vehicles

To battery

/To RC receiver
16 B ‘




! Motor Drive -11

o Brushed

+ Two power wires

o Brushless

o Three power wires

o Brushless sensored

+ Three power wires

+ Six sensor wires

4T 2RI BB B — MES126 #om B Li

! DC Motors

o Brushed DC motor Brushless DC motor
® The stator: The stationary ® The rotor: permanent magnets
outside part of a motor, ® The stator: windings
permanent magnets _ ® The control electronics replace
® The rotor: The inner part which the function of the commutator
rotates, windings and energize the proper
® Just as the rotor reaches winding

alignment, the brushes move
across the commutator
contacts and energize the next

winding
B 2 BRI By — MES126 #hmE 18




! Brushed DC Motor -1

o Motors for RC vehicles

et
LY

Standard 540 GWS EM400 TAMIYA RS-540 Type-RZ TAMIYA RS-540 Type-BZ

Stator/Can Magnets

Wire Coil
Windings
Armature
Stacks
Brushes

Commutator

T dk ¢ http://www.brushlessrcmotor.com/brushed-rc-motor-information/

WMERMRIEATER— MES126 MomEs

! Brushed DC Motor -2

o DC motor diagram

or magnet
v Armature
a
Stator
winding
R
Rotor windings
L Brush
Ry i
+ Brush
Commutator
Vs Ly n“" o Inf.:rt%a =7 Bearings
Friction = b
ig(f)
Field
Load
or magnet
(a) (b)

L
T=kyQig = kikrisiq = (kikpip)ig = ki =9 T(s) = kpI(s)
t t

Air-gap flux T Motor constant (torque constant)
WERAERAER— MES126 wopgs o atre-controlled 42




* Brushed DC Motor -3
|

o Modeling
Mechanical Electrical
_ e . d'
T=J0+Dbb vazRi+L—l+kba)
=Jw + bw dt =
‘L Back emf
l L
, V, = Rl + LIs + k,W
T =]0Os“ + bOs
-/ PN ACEY RO
T(s) =JW(s)s + bW(s) R+ Ls

4 4

Va(s) — kpW(s)

JW(s)s + bW (s) =T(s) = kpI(s) = ki,

R+ Ls
.ol
* Brushed DC Motor -4
| Electrical Mechanical
V, . o 1 I In T‘ 1 W= 1 G)=
ﬁ- R+ Ls ™ Js+b \ s
kpr
= -0 8w 1 n
V, WV, s(R+Ls)(Js+b)+kykn
power:  mechanical electrical

T-w = (k,,))w = (k,w)i

= k., =k, unit:(N;m> ( v )

rad - s

22 k‘




* Brushed DC Motor -5
|

Table 2.5 Continued

Element or System Gls)

5. DC motor, field-controlled, rotational actuator

8(3) 5 : Km
Vi(s)  s(Js + b)(Lys + Ry)
Vs (s)
.o LN . f
T = kqksifiy = (klkfla)lf = Kply, I¢(s) = il
6. DC motor, armature-controlled, rotational actuator ! 4

o(s) K,
Vo(s)  S[(R, + Los)(Js + b) + K;K,,]

7. AC motor. two-phase control field. rotational actuator
+ 8(5) Kﬂl

. Lb Vi(s) s(rs + 1)
V) @F@ T =1/(b— m)
= Refiranice m = slope of linearized torque-speed
field curve (normally negative)

23 b
™  Brushed DC Motor -6
!
o Motor model .
Electrical Mechanical
___________ e ataiatet
I I g Iw 0
sL i—R — km sJiB : % —
Electrical : I Mechanical !
_ | e - = :
ky fe—2
~

o Transfer function

+ Voltage to Torque, s-domain

Kn(V(s) — KpW(s))
R+ Ls

T(s) =

24 I8




‘ Brushed DC Motor -7
|

o Assumption: steady-state or ideal inductance (L=0)

T(s) = "2V ()22 W (s)

Iy

No-load Speed

speed
v

Continuous operation

Km

KmK >
ol
T - m32b W K b
- RS0
eteletele’ el
R R RTINS A%
SIS e
HSEane 56y
| | I Jeletele’ 2%l
[RSadRee
s
Torque Voltage Speed s
oo -
0305030503550
N Affine functi e et Intermittent
Ine tunction srsetatetetets!
kesssesd  operation
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>
stall  KmV

torque R
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‘ Brushed DC Motor -8
R IR PERL A R EE e
R AHEE =7 i iiws] =i o o am | sy | oS
w6 GE-L5) ) (BE) @B
CNI12R-NC 72V 0.28 23300 1300 772 F1.5x4.6 $12x30 15 033 173
CNI2RILIC 24V 0.34 15200 63.0 7 £1.5x4.6 $12x30 15 033 173
CN12-B2C 45V 012 23700 20 16 F1.0x34 $12x10x154 56 020 175
CN12-B2C2 45V 0.12 23700 20 16 $1.0x4.9 $12x10x154 36 020 175
EM100 6.0V 0.36 14000 310 9.10 $2.0x10.6 $23.8x303 40 141 73
EM150 36V 048 12500 240 -11 $2.0x10.6 $23.8x30.3 40 141 73
EM300 T2V 16 34000 370 27 $2.0x7.3 $24.4x308 46 162 0o
EM300H 72V 0.73 22030 370 21 $2.0x7.3 $24.4x308 46 162 200
hnl W A o 11 oo e aon 22 Lo p— o FOEIE Y. 1 1 e afatal
EMA400 72V 13 19200 1172 32 £2.3x13.8 $27.7x37.8 20.2 283 125
CAUS-FLU -2 o> 240U 2.2 U3n EI.UXI.H P UXDUXISD 3.4 Uiz 120
CN10-PLUS 45V 0.05 17000 83 D46 |351.Dx-1." $10x8.0x13 5 0.18 125
26 -




Brushed DC Motor -9

Mechanical power

Efficiency =

Mechanical power + Joule Heat (= Electric power)

Mechanical power  Joule Heat OC Current’
= Torque x Speed

Speed
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Note ! Motors outputs: high speed and low torque Torque O Current

If low speed and high torque needed: Add gear box
If both needed: Use a motor with higher power

T 2 RIREA B B — MES126 MOy 27

Brushed DC Motor -10

o DC Brushed Motor + gearbox

+ Adding gearbox: decreasing speed and increasing torque

+ Gearbox efficiency

Speed
+ 1:0.8 gearbox (overdrive)

’ Increase power

+ 1:4 gearbox

Motor curve

+ 1:2 gearbox

» Torque
e 2 RIREA B B — MES126 MOEY 28




™8  Brushed DC Motor -11
|

A-max 22 22 mm, Graphite Brushes, 6 Watt

Kabal AWG 24/7
cable |J| Style 1061
E_)kubel ret

cable red

x ;
g 7 Bl g [z ;
HEE
% ¢ 5 b o ::
c = L
g 5
g e I [ {__ _____ =
E b ==
]
38 = ]
2T c I
al ‘m ]
Terminal 2.8 x 0.4
(@ Terminal} 1
™ By J Wy (124.2] <35 Nem 16 2,5 -02
—
4002]8 65 06 <319 16 -1
[ Stock program

[1Standard program
Special program (on request)

with terminals | 110156 | 110158] 110150 |FRTREr 110184 110162 | 110163 [[RIIEY 110165 110186 ERTNI74| 110168)|

353024 231171 353025 353026 231174 353027

353023 353028
. /. ./ | ' | [ |

with cables 139848

Order Number

o8 38

W2 54 4 tiel/deep
W (L24) 8.5 Nem

353029 316659 353603

[MotorData | |
Values at nominal voltage
1 Nominal voltage V 80 90 90 120 120 150 18.0 240 240 360 480 480
2 No load speed rpm 9250 9710 8530 10200 9200 10100 9800 10500 8500 9650 9130 8220
3 No load current mA 832 57.9 497 459 405 360 200 237 184 142 100 885
4 Nominal speed rpm 5550 6370 5240 6390 50960 6880 6630 7430 5340 6500 5020 5020
5 Nominal torgue (max. continuous torque) mNm 582 6.52 6.76 6.77 682 687 6.94 697 7.07 700 681 7.02
6 Nominal current (max. continuous current) A 106 0816 0741 0664 0602 0520 0433 0350 0.287 0.214 0.150 0.138
7 Stall torque mNm 161 20.4 187 228 204 227 223 243 195 219 201 185
8 Starting curent A 273 238 192 209 168 164 1.30 114 0745 0631 0411 0.340
9 Max efficiency % 65 70 69 72 71 72 72 78 T T2 71 70
Characteristics
10 Terminal resistance @ 220 378 469 574 712 815 138 210 32 571 M7 141
11 Terminal inductance mH 0106 0.222 0288 0.362 0.445 0.584 0.890 1.37 210 368 7.29 B8.95
12 Torque constant mNm/A 590 855 073 108 121 139 174 212 262 348 489 543
13 Speed constant rpm/V 1620 1120 981 875 790 689 558 450 364 274 195 176
14 Speed /torque gradient rpm/mNm 604 484 473 461 465 455 451 445 447 450 466 458
15 Mechanical time constant ms 252 218 21.2 206 203 19.9 194 191 19.0 189 189 188
16 Rotor inertia gom? 398 4.22 428 426 417 447 411 411 407 400 3.88 3.82
29
* Brushed DC Motor -12
Specifications Operating Range Comments
Thermal data . 5
17 Thermal resistance housing-ambient 20 K/W n [rpm] [ F""E“""""?. operfah;:: ] il G
18 Thermal resistance winding-housing 6.0 K/W '|1 observa ';" o : ve s srma _t:lesm_a;_ce
19 Thermal ime constant winding 10.1s i ines 17 an 18& lbe WL %e".“‘ss' en:‘."" ing
20 Thermal time constant motor 5405  gopo e e uring continuous
21 Ambient temperature -30 ... +85°C Ep"lghr:r:'ﬁglé\limit ambient.
22 Max. permissible winding temperature +125°C 6000 - :
- 4000 Short term operation
s m::_h:;r'];ia;s?;?s[;;?e bearings) 2600 1M 5000 The motor may be briefly overloaded (recurring).
24 Axial play 0.05-0.15 mm
25 Radial play 0.012 mm . g
26 Max.axial load (dynamic) 1N _ 20 40 60 B0 100 M imNm) RESiAed Pone L=tng
27 Max. force for press fits (static) 80N 02 04 06 08 1.0 1[a]
(static, shaft supported) 440N
28 Max. radial loading. 5 mm from flange 28N -
maxon Modular System Overview on page 16 - 21
Mechanical data (ball bearings)
23 Max. permissible spead 9800 rpm ;Iggfntfnry el ] Eg%‘#rer LT
24 Axial play 005-015mm g 4_ g6 Nm N -B= 213 channels
25 Radial play 0.025 MM  page 222 / 223 | Page
26 Max. axial load (dynamic) 33N Planetary Gearhead Encoder MR
27 Max. force for press fits (static) 45N oo m 128 / 256 / 512 CPT
(static, shaft supported) 440N 05-20Nm N 'E}= 2 /3 channels '
28 Max. radial loading. 5 mm from flange 123N Page 224 / 225 Page 262
Other specifications Pt > ¢ EraielE
pee ! @24 mm ] i | 22mm
% Humger 0: pole pairs . ; 0.1 Nm = 100 CPT, 2 channels
umber of commutater segments
21 Weight of motor 589 54 Page229 ) Recommended Electronics: Page 267
9! 9 Spindle Drive LSC 30/2 Page 283 Encoder MEnc
222 mm = 13 mm
Values listed in the table are nominal. Page 249 / 250 = Emﬁz Module 3672 3(1):; -B: 16 CPT, 2 channels
Explanation of the figures on page 49. Page 275

Option
Ball bearings in place of sleeve bearings




Brushed DC Motor -13

Planetary Gearhead GP 22 A 22 mm, 0.5- 1.0 Nm

02 515 -0 Planetary Gearhead straight teath
a7 135 5 Output shaft stainless steal, hardenad
% g Bearing at output ball bearing
B - tion sleeve bearing
8 8 - Radial play, 10 mm from flange max. 0.2 mm
= - Axial play max. 0.2 mm
o) % T Max. radial load, 10 mm from flange 70N
[ = = B I— & Max. parmissible axial load 100N
O [ H o Max. permissible force for press fits 100N
» Sensae of rotation, drive to output =
o Racommended input speed = 6000 rpm
E Recommended temperature range -20 ... +100°C
1485 1 o1 Extended area as option -35 . +100°C
M 1:1
[ Stock program
=,
Special program (on raques) 734156 |REIE JRFTL(Z0 124168 | 134172 [ERTCTTN 134183 134186 134100 134105] 134203
Gearhead Data
1 Raduction 38:1 14:1 53:1 104:1 198:1 370:1 500:1 742:1 1386:1 1006:1 3180:1
2 Reduction absolute LA 2/, 33y, BTTEfy,, SOEGf, MBSO T g O T 1684323 1
3 Max. motor shaft diametar mim 4 4 4 32 4 a2 4 4
| OrdorNumber | 110337 RESECNRENTTREISN 134173 [REEIECN 134184 | raa1e7 | (3109 | asiae | 134204
1 Reduction 4.4:1 16:1 B2:1 100:1 231:1 380:1 @00:1 B867:1 1480:1 2102:1 3728:1
2 Reduction sbsolute 2/ [T . 2|m',r20 |mfm BB OB, DY AT THEEY o ST,
3 Max. motor shaft diameter mm 32 32 32 32 3z 32 32 32 3z 32
134157 |[ERIEET 134165 IIEIEI\ 134174 | 134180 | 134105 [EETICTN 194196 | 134200 | 134205 |
1 Raduction 54:1 19 -1 72:1 128:1 270:1 440:1 B50:1 1014 1 15838:1 2214:1 4502:1
2 Reduction absolute By WG I MISSAp. THON GSEN SN ST Wﬂ'ﬁrg.. Ty, e
3 Max. motor shaft diameter mm 25 32 32 32 32 4 25 32 4 25
Order Number 134101 |m 134100 |
1 Reduction 1068:1 1621:1 2458:1
2 Reduction absolute i m"’l’zgﬁ R I
3 Max. motor shaft diametar mim 4 32 a2z 32
Order Number 134175 | 1344181 134104 | 134204
1 Raduction 316:1 479:1 1185 1 1707 :1 2580:1
2 Reduction absolute TGS g 124659500 41uwm!1snmwm ST
2 Max. motor shaft diametar mim 32 32 3.2 3.2
134162 | 134167 (134177 (124182 134192 134197 |EZTEH
1 Reduction 20 -1 80:1 333:1 B561:-1 1240:1 1708:1 3027:-1
2 Raduction absoluls Y T 60266, 25ER 1038825y, STTT e SEETY
3 Max. motor shaft diameter mm 25 3.2 32 3.2 3.2 32 3.2
4 Number of stages 1 2 3 ] 4 4 4 3 B = B
5§ Max. continuous torque Nm 0.5 0.5 0.8 0.8 1.0 1.0 1.0 1.0 1.0 1.0 1.0
P - 4 " R oo P 40 4a s s ie 4c 4e 4c 4e
7 Max. efficiency % 84 70 59 59 49 49 49 42 42 42 42
T qT—m—————y iy o oY
9 Average backlash no load - 1.0 12 16 16 2.0 20 20 20 2.0 20 20
10 Mass inertia gcm? 05 04 0.4 04 04 04 04 04 0.4 04 0.4
11 Gearhaad length L1* mm 254 322 30,0 30.0 458 45.8 458 526 526 B26 526

“tor EC 20#a L1 Is - 28 mm, for £G 52 L1 s + 6.3 mm

— ME5126 #)h#%

Brushed DC Motor -14

o Brushed DC motors with field coils

e %

n

i IRIE

O

l'u.ld coil Field coil

Field coil Field coil

Armature Armature Armature
coil coil coil
< O e} 0O
Series wound motor Shunt-wound motor Compound motor

- High starting torque - Low starting torque
- High no-load speed - Low no-load speed

- Good speed regulation
T = kykpipia = kykgiy?

v 2
Stall torque K, (E)

Series Field
It=1a+ I

+ + O

IT I“. I:
Carbon
Brushes Shunt

Armature Armature Field
- @ - @

EAE B — MES126 MomE#




Brushless DC Motor -1

o Rotor

+ 2-8 pole pairs that alternates between N and S

BLDC Motor

o Stator
¢ 6-24 pole pieces
o Phase

+ Number of individually controllable coils

Magnets

The magnetic
field is
concentrated
into a nearly
uniform field in
the center of a
long solenoid.
The field outside
is weaker and the

3 Hall
Sensors N Stator Teeth
i C‘(ea: h lobe)

lines representing
the magnetic field
are further apart.

B 2 BRI By — MES126 #hmE 33

Brushless DC Motor -2

o Coil energizing methods
+ Single pole

o 6 phases

+ Two poles

o 3 phases

o Double attraction force
+ Four poles

o 3 phases

o Attraction & Repelling

WMERMRIEATER— MES126 MomAs




b

Brushless DC Motor -3

o Commutation sequence: each sequence has

+ One winding energized positive (current into the winding)

+ One winding energized negative (current out of the winding)

+ One winding non-energized

Eiectronics Seeep ControLLER

Brushless Motor

Qs a5\ as
SW1_| sw3 SW5_| E} ;Il\.r:é-;:at;: THROTILE G:d
i__ u SIMPLIFIED ILLUSTRATION
“Hyd THid R
35 .‘
* Brushless DC Motor -4
I
o Commutation sequence
+ Digital control
En:ﬂrg;zéng Energized Phase Resultant Flux
1 ubWw A\
2 up(v] AL
3 W=V A, -~
NS ! L a4, \
/\\ . 5 V-lu] A, 7
‘ ” 6 VW) A, =

+ Sinusoidal control

u
w
u
V@W

36 J




! Brushless DC Motor -5

o How do we know when to activate which phase?

+ Method 1: Using hall-effect sensors

Hall-effect Sensors Output

O - O - O -

o
»

H2 011100
H3 111000

B % I R T B — MES126 M2t Lﬂ,

! Brushless DC Motor -6

o How do we know when to activate which phase?

+ Method 2: Sensing the back EMF of the coil that is not

active

Back EMF

B % AR E S — MES126 3¢ Lﬂ,




* Brushless DC Motor -7
|

o Sensored

vvv 11
. 5w1_\ sm\ SWS
o b o
) = | i M
r# swz\swﬂ swsi\

e . . 4 |

Hall BB!’ISOI"U_'SIUQZ abe=001 e: abe=011

£-] Q Q9
e | SWI swW3l sws
4 T T

motor

s
Lz

] o @
SW2 | SW4 . SWe
C) ] )

Szszpoles
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* Brushless DC Motor -8
I

o Sensored motor
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! Brushless DC Motor -9

o Sensorless motor

+ Monitoring back
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! Brushless DC Motor -10
o Circuit example
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! Brushless DC Motor -11

o Increasing the number of poles of the both
the rotor and the stator

+ Still three-phase

+ The number of intervals will increase in order to

complete a full cycle

nnnnnnnnnnnnnnnnn

HELRRREATR— MES126 MIHES

‘! Brushless DC Motor -12

o BLDC types

¢ Inrunner vs. outrunner

Inrunner BLDC Qutrunner BLDC

HMERFRREAEER— MES126 MhE




* Brushed vs. Brushless DC Motors
|

Brushed DC Motor

Brushless DC motor

Solder Tabs

SC/Battery

Simple and inexpensive control
No controller is required for fixed
speeds

Operates in extreme environments

Periodic maintenance is required
Brush friction & arcing

Ball Bearings

High Temperature
Neodymium Magnets

High output power to size ratio
High speed range

Quiet acoustically and electrically
Safe in explosive environment
Easy to cool

Control is complex (electronic

commutation)
Expensive

45

* Brushed vs. Brushless DC Motors -2
I

o Motor comparison

TABLE 1: COMPARING A BLDC MOTOR TO A BRUSHED DC MOTOR
Feature BLDC Motor Brushed DC Motor
Commutation Electronic commutation based on Hall position sensors. {Brushed commutation.

Maintenance

Less required due to absence of brushes.

Periodic maintenance is required.

Life Longer. Shorter.

Speed/Torque Flat — Enables operation at all speeds with rated load.|Moderately flat — At higher speeds, brush friction
Characteristics increases, thus reducing useful torque.
Efficiency High — No voltage drop across brushes. Moderate.

Output Power/

High — Reduced size due to superior thermal

Moderate/Low — The heat produced by the armature

This improves the dynamic response.

Frame Size characteristics. Because BLDC has the windings on |is dissipated in the air gap, thus increasing the
the stator, which is connected to the case, the heat  |temperature in the air gap and limiting specs on the
dissipation is better. output power/frame size.

Rotor Inertia Low, because it has permanent magnets on the rotor. |Higher rotor inertia which limits the dynamic

characteristics.

Speed Range

Higher — No mechanical limitation imposed by
brushes/commutator.

Lower — Mechanical limitations by the brushes.

Electric Noise
Generation

Low,

Arcs in the brushes will generate noise causing EMI
in the equipment nearby.

Cost of Building

Higher — Since it has permanent magnets, building
costs are higher.

Low.

Control

Complex and expensive.

Simple and inexpensive.

Control Requirements

A controller is always required to keep the motor
running. The same controller can be used for variable
speed control.

No controller is required for fixed speed; a controller
is required only if variable speed is desired.
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* Brushed vs. Brushless DC Motors -3
|

o Motor comparison

TABLE 2: COMPARING A BLDC MOTOR TO AN INDUCTION MOTOR

Features BLDC Motors AC Induction Motors
Speed/Torque Flat — Enables operation at all speeds with Nonlinear — Lower torque at lower speeds.
Characteristics rated load.

Output Power/ High — Since it has permanent magnets on the rotor, Moderate — Since both stator and rotor have windings,
Frame Size smaller size ¢an be achieved for a given output power. [the output power to size is lower than BLDC.

Rotor Inertia Low — Better dynamic characteristics. High — Poor dynamic characteristics.

Starting Current Rated — No special starter circuit required. Approximately up to seven times of rated — Starter

circuit rating should be carefully selected. Normally
uses a Star-Delta starter.

Control Requirements [A controller is always required to keep the motor No controller is required for fixed speed; a controller
running. The same controller can be used for variable |is required enly if variable speed is desired.
speed control.

Slip No slip is experienced between stator and rotor The rotor runs at a lower frequency than stator by
frequencies. slip frequency and slip increases with load on the
motor.
47

* RC Servo Motor -1
|

o Characteristics
+ Swing motion
+ Gearbox, motor, potentiometer, control circuit

+ Feedback controlled

Position ‘
Cog Rotation & s ad 4
Gearbox ik Q II> Q . 4
D.C. Motor For Speed ' “Shaft FUTABA S3003
Reduction
-
- ke
Feedback Loop QO;;: 22?
A
Error signal '/ /
. . Positional
Error Detection - Input Signal
Amplifier S R
rzttp /lwww.societyofrobots.com FUTABA B LS351
/actuators_waterproof_servo.s
html
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* RC Servo Motor -2
|

o 3 pin wiring

+ Fool-proof design
+ Middle pin: power supply (Vcc, red)

+ Ground pin (black), signal (white or yellow)

4 4\/ o hikee =g
N < N R 4
# - \ |
m-rsv-n - | waiie (Signal) \

| Yellow (Signal)
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* RC Servo Motor -3
!

o Controlled using PWM (Pulse Width Modulation)

R/C Control Signal Theory

Duty cycle
2.5% Minimum Maximum left
Pulse Width = | | == 0.5ms throw. 45-90
degrees.
by 2,510V
7.5% Neutral Center Position

|pu|sewid:h e |*"H-5ms

%

12.5%

Maximum

| Pulse Width ™ = 25ms |

The minimum and maximum pulse width for different manufacturers can vary considerably; however,
the neutral position is generally quite near 1.5ms regardless of manufacturer. Typical variance for the
minimum pulse width is from 0.5ms to 0.8ms, and the typical variance for the maximum pulse wicth
is from 2.5ms to 3.0ms. The frequency of the signal is generally near 50Hz; however, it can range from
30Hz to 200Hz. The output voltage can vary from 2.5V to as much as 10V.

Maximum right
throw. 45-90
degrees.

<

7 %R ¢ http://www.mitchr.me/SS/batteriesRequired/RCcontrolTheory/index.html
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RC Servo Motor -4

o Some examples

standard

large

WELRRIBEER—

S$3003 Standard

FUTM0031
4.8V 44 oz-in (3.2 kg/cm)
6.0V I 57 o (4.1 kg/cm)

1-9/16 x 13/16 x 1-7/16 in
{40 x 20 x 36 mm)

0.23 sec/60°

0.19 sec/60°

1-5/16 oz (37 g)

3P

53306MG HT/HS 1/5 Scale

267 oz-in (19.2 0.20 /50°

0.16 sec/60°

2-5/8 x 1-3/16 x 2-1/4 in
(66 % 30 x 57 mm)

4-7/16 oz (126 g)

2BB, WP, MG, 3P

ME5126 o m#af

mini

High-end

S$3111 Micro Servo-J

FUTMO0D47

7/8 x 7/16 x 13/16 in

1/4 0z (6.3
(22 x 11 x 20 mm) HEE

3P

BLS157HV Ultra-Torque

FUTMO0751

431 oz-in (31.1

0
ka/cm) 0.14 sec/60

6.0V ‘

514 oz-in (37

0
o e .11 sec/60

1-9/16 x 13/16 x 1-7/16
in
(40 x 20 x 37 mm)

2.7 0z (77 q)

2BB, HG, WP, BLS,
MCC

HV

BB = Ball Bearing * MG = Metal Gear # HG = Hybrid Gear
* WP = Water Protected # BLS = Brushless Motor « MCC = Metal Center Case
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RC Servo Motor -5

o GWS S03T-2BB

WMERMRIEATER— MES126 MomAs

Bis NTS) _ 18V 6V
i RT@EsEs® =8
e Py s i) EE 70
STD | 2BB | MG R s s
B ] e [ apas | amse | @60 [ agas | e
S03N 350 | 300 | s00 023 34 17 0.18 10 36
- - - 30.5%20.0x35.6 412BB) | 1452BB) -
25 5 2 5 2
S03NF 250 | 300 | s00 Lieibaon1 a0 MG | 226010 0.18 28 39 0.15 32 14
SO3NXE 250 | 300 | s00 0.13 22 31 0.12 25 34
03T 150 | 300 033 72 100 027 80 111
- 30.5%20.0x39.3 - -
" 35 4 ) 27 3 22 3
S03TF 250 | 300 L ieibaon) 6 16 1.62 02 580 81 022 63 20
S03TNF 250 | 300 021 5.00 69 017 62 86
S03TFET 2BBMG 523 032 80 110 028 20 123
03T 2BBMG 500 30 5%20.0x39 3 - e 033 74 103 028 80 111
S03TF 2BBMG 500 156x0.79x1.56 ) - 027 6.00 83 012 70 97
S03TXF 2BBMG 500 021 5.60 78 0.17 64 )




‘ Stepper Motors -1
|

o Definition

+ A device that produces rotation through equal angles (i.e. the
steps)
o Characteristics

+ Open-loop control

Variable reluctance Permanent magnet 1

Alternately ground each
phase and watch

it step
- Gnd
Vde
o e
4 ar

‘ Stepper Motors -2
1

o Variable reluctance stepper

+ Rotor: soft steel
+ Fewer poles on the rotor than on the stator

+ Number of steps per revolution

o S = pN
p teeth This pair of poles energised by
current being switched to them
D phases and rotor rotates to next position

Stator

Nieern: NumMber of teeth \
+ Coils ccw — rotor cw

+ Example

o §S=3%x4=12

This pair of poles energised
by current being switched
to them to give next step

Rotor

\




‘ Stepper Motors -3
|

o Permanent magnet stepper

+ Number of steps per
revolution
o §= 2proles

. p: phases

- Npores: number of poles of (@) (b)

the rotor
+ Example
o 2-phase,p =2
o A stator with 4 poles

o WNpoles = 1

o S=4‘

‘ Stepper Motors -4
1

o Specifications

+ Phase
o Number of independent winding on the stator

+ Step angle

o The angle through which the rotor rotates for one switching change for

the stator coils

+ Holding torque

o The maximum torque tat can be applied to a powered motor without

moving it from the rest position and causing spindle rotation

+ Pull-in torque

o The maximum torque against which a motor will start, for a given

pulse rate, and reach synchronism without losing a step
56 n‘




* Stepper Motors -5

+ Pull-out torque

o The maximum torque that can be applied to a motor, running at a

given stepping rate, without losing synchronism

¢ Pull-in rate

o The maximum switching rate at which a loaded motor can start without

losing a step

+ Pull-out rate

o The switching rate at which a loaded motor will remain in synchronism

as the switching rate is reduced

+ Slew range

o The range of switching rates between pull-in and pull-out within which

the motor runs in synchronism but cannot start up or reverse
57 k‘

* Stepper Motors -6

Torque A

Pull-out torque F————X———

Pull-in torque Fr——————

The motor can be operated
in this region, but It may not
be started and stopped
without losing steps

|
|
|
|
[ Slew range
|
|
|
I
I
I
|

2
Pull-in Pull-out Maximum Speed
The motor can start and stop speed speed p‘_l"""“t
at will without missing steps speed
Maximum

pull-in speed

58 k‘




! Stepper Motors -7

o Two-phase motor control

+ Bi-polar — 4 connecting wires, full-stepping  Fuyll-stepping

1&4 28&3 5&8 6&7
ON OFF ON OFF
ON OFF  OFF ON

ON OFF ON

A W N =
O
M
M

Phase A Phase B

P.S. Wave drive: only one phase is actuated at a time, less torque
M 2RI B R — MES126 Mimas 59

! Stepper Motors -8

o Two-phase motor control

+ Bi-polar — 4 connecting wires, half-stepping

o Same circuit, different actuation sequence Half-stepping
step wansstor
1&4 28&3 5&8 6&7
1 ON OFF ON OFF
ON OFF OFF OFF
ON OFF OFF ON
OFF OFF OFF ON
OFF ON OFF ON
OFF ON OFF OFF
OFF ON ON OFF
OFF OFF ON OFF

o “‘mini-stepping” — applying different currents to the coils I ‘
60

WERGFIRATER— MES126 MomAs
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! Stepper Motors -9

o Four-phase motor control

+ Unipolar — 6 connecting wires

o Each coil has a center-tap

» Only need 4 transisto?\

/]

Full-stepping Phase A Phase B

1 2 3 4

ON OFF ON OFF K_/ I:_
ON OFF  OFF ON N

1 2 3 4

¥’ \

OFF ON OFF ON

OFF ON  ON  OFF
B RIERER— MES126 Mt 8 Li

A WO N -~

! Stepper Motors -10

o Four-phase motor control

+ Unipolar — 6 connecting wires

Half-stepping

OFF ON ON OFF
OFF OFF ON OFF = = = =

B % IR T B — MES126 M2t Li

—e —e

1&4 2&3 5&8 6&7
1 ON OFF ON OFF
2 ON OFF OFF OFF

Phase A Phase B
3 ON OFF OFF ON
4 OFF OFF OFF ON ¢
5 OFF ON OFF ON _/
6 OFF ON OFF OFF |: K K N
1 2 3 4+

7
8




Stepper Motors -11

o Circuit example N : i
dj
T ] *

- 15 . 3 L
g — 13

2= 5 g b )
3% s i E &
o 3 z - 2 _i
5 2 J =) A

—
y t 1
2] 12

Supply voltage +12V

1000 [I] 200
0.1 pF ‘_l‘_| |_ [ & i |

5
=5
7 E —
- £ 2| v Red
(Low-to-high: change state) = 7| Trgeer f>——15 14 1 13 ¢ o i
5% 8 Black fYY\_I
(High-ccw; Low-cw) ;:’:;: Rotion —{>=— 3 SAAI0T | Green e
(Enable) E_ : Set 2 b 1 rellow NV'\_]
Three control pins - = Stepper motor

6 connecting wires
T 2 RIREA B B — MES126 MOy 63

Stepper Motors -12

o Permanent magnet stepper

+ Full-stepping

Full Step Drive

=0

+ Half-stepping

+ Micro-stepping

o Current control: sine wave

™, |7
o
‘\

B 2 4 RIB B R — MES126 MiEs S o




! End

o Questions?

WMERMRIEATER— MES126 MomEs

.d




