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POWER TRANSMISSION

Mechanical load characterization



The apparatus load can be divided into two classes:

Dissipative load when energy supplied
by the actuator is used to provide work e.g.
tool machining like turning, milling etc. or
lost for friction compensation e.g. industrial
mixers or fans, rail drive, lifting.

Inertial load when energy supplied by
the actuator is used to accelerate and/or to
brake the load e.g. robots, high speed
automatic positioning devices, metropolitan
wheel drive

variazione
attrito

variazione variazione
attrito attrito

rotore

variazione della
coppia di carico

variazione del
momento di inerzia

rotore
albero

RIDUTTORE



LATO MOTORE:

Andamento della coppia di carico;
Andamento della coppia di attrito;

Inerzia del carico;

Coppia : .
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velocita carico

DYNAMIC LOAD CHARACTERIZATION
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VERY SLOW DYNAMIC: Jdw/dt<<Cv + Ca + Cc

SLOW DYNAMIC: Jdw/dt<Cv + Ca + Cc

FAST DYNAMIC: Jdw/dt> Cv + Ca + Cc

VERY FAST DYNAMIC: Jdw/dt>>Cv + Ca + Cc

Energia
Accumulata - ‘
Energia ;. e, 2\ Energia
dissipata t dissipata

Epe_argia ‘a.
Utilizzata g



ACTUATORS
what does it mean?

How many different kind of actuator can you remember?



ACTUATORS

(first approximation list)

ELECTRIC ACTUATORS

PNEUMATIC ACTUATORS

HYDRAULIC ACTUATORS



ACTUATORS

TABLE 14.5.3 Lower Power Actuator Principles

Electro-mechanical Fluid power Alternative concepts
Direct Current (DC) motor Hydraulic actuators Piezoelectric
Alternating Current (AC) motor Pneumatic actuators Magnetostrictive
Stepper motor Electrochemical
Electromagnetic Thermo-bimetal

Linear motor

Shape Memory Alloy
Electrostatic




Each actuator has its own characteristic
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FIGURE 14.5.11 Force vs. speed for common actuators.



The choice between different option is not
always unique

TABLE 14.5.4 Comparison between Common Actuators
Non-linearity Accuracy
Actuator type Static linearity  Friction  Backlash  Hysteresis mim
AC/DC metor with feed A B-C B-C B-C 0.005-100
Stepper motor with feed A B-C B-C B-C 0.01-50
C 0.01-100

Hydraulic cylinder
Pneumatic cylinder C 0.1-100

Symbols: A good, negligible; B: average, commeon; C: bad, significant.



ELECTRIC ACTUATORS

Electro magnetic principia (Lorentz
Law)



ELECTRIC ACTUATORS (both linear and
rotational)

AC motor
DC brushed motor
Stepper motor
Brushless motor

Torque and linear motors



AC motor

Through electromagnetic
induction, the rotating magnetic
field induces a current in the
conductors in the rotor, which in
turn sets up a counterbalancing
magnetic field that causes the
rotor to turn in the direction the
field is rotating




AC motor speed

The nominal synchronous speed is obtained by
Ns=120F/ p

where
Ns = Synchronous speed, in revolutions per minute
F = AC power frequency
p = Number of poles per phase winding



AC motor speed

Actual RPM for an induction motor will be less than this
calculated synchronous speed by an amount known as s/ip
that increases with the torque produced. With no load the
speed will be very close to synchronous. When loaded,
standard motors have between 2-3% slip

As an example, a typical four-pole motor running on 50 Hz

might have a nameplate rating of 1430 RPM at full load, while
its calculated speed is 1500.



AC motor control

The state of the art in the AC motor control is the digital
inverter

Standard inverters may control the AC ref frequency,
controlling consequently the speed of the motor.

The resulting characteristic of the motor is linear. The torque
decrease linearly with the speed.



AC motor control

Vectorial inverters lead to a flat characteristics with constant
power over the full speed range.

AC motor can be controlled by an inverter either in open or

closed loop adding an external sensor that close the speed
loop.

Nominal open loop speed tolerance on vectorial inverter may
be lower than 2%.
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AC motor range — 2
poles

The IEC-narmalized BM rnotors camply with all the applicable
international standards, including the EMC and LY Directives, They are
available in the 0,06 - 20 kW range in the foot and the flange mounting
version, the latter in both the IM BS and the IM B14 configuration.
Single and dual pole version available with generally, three brake
options offered, one DC and two AC supply, lending further flexibility to
the zystarn. Finally, all rmotors are inverter duty,

NB: power is traditionally fraction of HP, ref size is 0.75 kW=1HP



AC motor range 4,6

poles..
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AC motor PROS/CONS

PROS:

Widely used industrially

No commutation

If required flexible control is available
Rugged

Wide range (<0.1 W:>> 1kW)

CONS:

NO POSITION LOOP IS POSSIBLE
Low dynamics

Low torque/weight ratio



DC brushed motor

General principia: static magnet and rotating coils
Coil commutation with “brushes”



DC brushed motor:

Wound field DC motor (magnet replaced by coils: magnetic
field strenght controlled by fixed coil currents )

Universal motor ( wound fieldAC operated brushed motor,
low cost- only copper no magnets)

Low inertia small size motor (small power high efficency
high speed motors)



The "System

FAULHABER®" Rotor
Coil

The motor concept is simple
vet revolutionary: a lightweight
ironless copper coil rotates
around a stationary permament
tmagnet instead of rotating a
heawvy iron armature wound
with copper wire,

Or. Fritz Faulhaber's inwvention
launched a whole new era in
drive technology,

The FAULHABER System
provides solutions for the ever
more complex world of
miniature drives.



Low inertia small size DC motor
(exploded view)

Micromotors C.C.

A. Precious Metal Commutation

End cap
Ball bearing

Brush cowvar

IF L
.
=
L T R o L ) (R L R o B

Brushes
; '\\. Houszing
o B
; Cormrutator
7 %\(_‘ e ] 7
¥ T Cail
- "y ]
9 Shatt
P 5
T i
‘s . i 9 Washer
- E»: # 10 Magnet
T A 7 . : y 11 Bushing
8 " 12 Terminals
~ - B. Graphite Commutation
3 ]
b 1 Retaining ring
L 2 Spring washer
i 3 Ball bearing
4  Bruzsh cowver
L%
N & T T 5 Graphite brushes
*'TI_" ’ & Isolation ring
B 3 7 Comrmutator
8 Coil
9 Shaft
o
£ 10 Magnet
[
11 Magnet support
12 Housing
12 Terminals



Motor-Characteristics

Coreless DC-Motors with the FAULHARER skew wound coil have linear
performance characteristics,

mHigh power-to-wvolume ratio P = Power
mlLow starting voltage Pz Tarque

5 3 n = Efficiency
mLow Inertia n = Speed
I = Current

mYery rapid starting

m High efficiency

mLinear voltage-speed relationship
mLinear current-torgue relationship
m High precision assures long life

P."—u
| T
— « | p
Skew wound coil Cutput power and efficiency Current and speed

as a function of torque as functions of torque

Take care: low inertia means low mass: low thermal
inertia..It’s really easy to get too hot!.. Take a look at
continuous performances vs. peak performances !!



..some equations about the fundamental
electic motor (valid for both DC brushed and
brushless)..

The electrical equation is:
Vr=Ir + Ldl/dt + Kew (1)

Where

Vr = the terminal voltage across the active commutated phase

| =the sum of the phase currents into the motor

R = the equivalent input resistance of the active commutated phase
L = the equivalent input inductance of the active commutate phase
Ke = the back EMF constant of the active commutated phase

o = the angular velocity of the rotor

If the electrical time constant of the brushless DC motor is substantially less than the period of
commutation, the steady state equation describing the voltage across the motor is:

Vi =Ir + Kew (2)



The torque developed by the brushless DC motor is proportional to the input current.
T=I1Kr

Where Kr = the torque sensitivity

If we solve for | and substitute into Equation (2) we obtain:

Vr=T/ KR + Ke® (3)

The first term is the voltage required to give the required
torque

The second term is the voltage rise for the back EMF



TORGQUE TetalL

Speed torque characteristic curves.




Faulhaber DC brushed motor range (good for robotics)

Type Commutation  Outer @ Length Shaft @ Mominal voltage  Mo-load speed  Stall torque  Output power
(rmm]  {mml  {mm) Molt) (rprm) () M att)
0515 ... 5 Precious Metal B 15 1.5 15...45 20 200 0,24 012
0516.. 5  Precious Metal g 16 1.5 3.8 16 500 0,41 0,18
1016 ... G Precious Metal 10 16 1.5 3..12 18 400 0,57 042
1024 ... 5 Precious Metal 10 24 1.5 3. 12 14 700 289 1.1
1219 ... G Precious Metal 12 19 1.5 45 .15 16 200 1,19 0,450
1224 ... 5 Precious Metal 12 24 1.5 6..15 13100 369 1.3
1319 ... SE  Precious Metal 13 19 1.5 .. 24 14 600 293 1,10
1331 ... SE  Precious Metal 13 31 1.5 B.. 24 10 600 11,20 3,1
1336 ... C Graphite 13 36 2 .. 24 8200 8,40 202
1816 ... 5 Precious Metal 14 16 1.5 1.5 ... 12 17 200 0,29 a.41
1516 ... SE Precious Metal 15 16 1.5 .. 12 12 900 1,61 054
1524 ... SE Precious Metal 15 24 1.5 3..24 10 800 712 192
1624 ... 5 Precious Metal 16 24 1.5 3..24 14 400 516 187
1717 ... SE Precious Metal 17 17 1.5 3. 24 14 000 5,358 197
1724 ... SE Precious Metal 17 24 1.5 3. 24 8 600 1320 283
W27 .. C Sraphite 17 27 2 B.. 24 7 800 1168 237
2224 . SR Precious Metal 22 24 2 3..36 8 200 21,40 4 55
2230 ... 5 Precious Metal 22 a 1542 3..40 8 (00 14,70 369
2232 ... SR Precious Metal 22 32 2 .. 24 7400 582 11
2233 ... 5 Precious Metal 22 33 1542 45 .30 8300 18,40 3,85
2342 ... CR Sraphite 23 42 3 B.. 458 5000 91,40 2050
2642 .. CR Graphite 26 42 4 12 ... 48 5 400 139 232
2657 ... CR Graphite 2B 57 4 12 ... 48 B 400 286 47 9
J242 . CR Graphite 32 42 5 12 ... 48 5400 193 273
J257 ... CR Graphite 32 57 5 12 ... 48 5500 547 84,5
J557 ... C Graphite 35 57 4 6.. 32 5000 122 15
3557 ... CS Sraphite 35 57 4 9. 48 5700 188 281
J863 ... C Graphite 35 63 3] 12 ... 48 6 700 1290 226




.some relevant data..

Series 1024 ... S

1024 N

1 MWominal voltage Un

2 Terminal reslstance R

3 Output power P e

4 Efflclency T

5 No-load spead ™

& Mo-load current fesith shaft @ 1,0 mm) la

7 stall torgque M

8 Frictlon torgue e

9 spead constant kn
10 Back-EMF constant ke
11 Torgue constant ki
12 Current constant ki
13 slope of n-M e AMFAR
14 Rotor Inductance L
15 Mechanical time constant Tn
16 Rotor Inertla ]
17 Angular acceleration o ma.
18 Tharmal reslstance Rih1 f Rihz
19 Tharmal time constant Twt ! Twz

20 Operating temperature range:
— motor
— rotor, max. permissible

21 shaft bearings
22 Shaftload max:
- with shaft diametar
—radial at 2 000 rpmi (1,5 mm from baaring)
— axlal at 2 000 pm
— axlal at standstill
23 shaft play:
- radial
— axlal <

|3

24 Housing materlal
25 “Walght
26 Directlon of rotation

14741
5,0 289

- 30 .. +85
+ 85

sinterad bronze sleaveas

steal, black coated
8,8

003 5

2.3
0,57
79

13 &00
0,016
2,69
0,03

4 658
0,215
2,08

0,488

L1135

0,12
224

clockwise, viewsad from the front face

008 5
3
10,2
0,81
78

13 200
0,008
234
0,03

2231
0,448
4,28

0,224

530
100
7
0,12
185

025
12
31,6
1,11

14 700
0,004
2,89
0,03

1240
0,206
7,70

0,130

5 090
344

0,12
241

rpm
A

mim
mim

R
miirpm
mMma
Asmim

rpmydrmkm
HH

ms

gom?
10%radss®

27 Spesd up to Tla rac.
28 Torgque up to Ms e
29 Current up to tharmal Hmits) I e,

12 000
1,27
0,626

12 000
1,21
0,291

12 000
1,28
0,170

rp
mim

Check out:
Nominal torque is 50%
peak torque

On bigger motor same
kind ratio may be 1/5!

Remember nominal
speed..we will discuss

motor is not always the
limiting element of the
chain



The proven and valuable choice when it comes to DC servomotors
The rnotars of the BCS zeries are of the permanent rnagnet type and

- -
anm Some I nd ustrlal will allow an approx. 400% peak torgue over the rated torque.

The particular construction guarantees extrerme smoothness in
operation, even at low speed,

SlzeSl [ | .. o . *h Locked Rotor Torque

.ﬂ 0,05 Mrnow 7,7 Hm

Speed
1,500, 2,000, 3,000, 4,000 rint

Rated ¥oltage
24..,. 180 vdc

Momentary Peak Torque
400/500% over LRT

Degree of Protection
IPS4

Configurations
IM BS and IM B14 Flange Maount

BC series DC motors Gipdioia

Failzafe DC Brake
Tacha-generator

& comprehensive range of permanent maanet DC motors
The rmotors of the BC seriez are the simple, proven and econormical
solution to the requirernents of DC drives, The materials and the deszign
concepts exploited allow the use of BC motors under the severest duty
and with 4-quadrants thyristor converters, Motors can be operated in the
—-20 to +40 °C termperature range and are IPS4 protected and class F
izalated,

Torque Range
0,2 Mroovo 4,5 Mo

Speed
1,500, 2,000, 3,000 rmin?

Supply
12, 24, 36, 48,65, 110, 180, Wdc

Configurations
IM BS and IM B1l4 Flange Mount

Ventilation
BC110 ... BC140 non-ventilated
BC220 ., BC210 TEFC




DC brushed motor PROS/CONS

PROS:

DC driven

Easy to control (mechanical commutation)
Wide range (<0.1 W:>> 1kW)

CONS:

Brushes wear out

Mechanical commutation may be critical

Limits in high speed (..low inertia rotors availables
on low power motors..)

High power motors require wound field motor
(cannot have HUGE magnets!)



Stepper Motor

An internal rotor containing
e B | e | OTTONGIL NGRS OF 2
SR Gliric e He et Tour 1t le e s This ar ge /ron core wi th Sa// ent
i i poles is controlled by a set
of external windings that

are switched electronically

The left electramagnet (4) iz enabled, &3
The bottom electromagnet (3] is charged, & rotating again by 3.6°. Vwhen the top
another 3.56° rotation occurs. electromagnet (1) is again charged, the teeth in

the sprocket will have rotated by one tooth
position; since there are 25 teeth, it will take 100
zteps to make a full rotation.



The control is generally made in open loop
Closed loop generally exists as option.

Linear version with thread integrated in the rotor and translating screw (or
screw integrated in the rotor and traslating nut)

Interesting solutions with motor unit with embedded control board

Sophisticate driver monitors the winding current to sense the right step
commutation (if a “step” is missed the control compensates)



..some stepper examples..




small size (NEMA 14)

STEPPER SIZE 14 A
. ':'I:::::EDLDH: P'I'Iﬂ.le
1.8° ENHANCED HYBRID » green ox
STEPPING MOTOR 2 e o
Part Number | Holding Phase | Number Phase Phase Detent Rotor LMax | Weight
Torque | Current | of Leads | Resistance | Inductance | Torque Inertia Length
ozdin Amps ohms mH ozin ozirsec® inches oz
[M-crm) [M-zm) [kg-cm®) [rm] =]
. 10 1.4 0.00017 1.02 4.2
M-1410-0.7 5[] (7] 0.75 4 4.3 4 (1.0] (0.012) (28] (120)
MECHANICAL SPECIFICATIONS
TDRQUE‘SPEED CUFI',VES Dimensions in Inches [mm)
M-1410-0.75, 0.75 Amps RMS
= p—r e R 0.95 +0.02 ;-}gg‘;a@-ﬂ
= isf ST v 1" g P—— Lmax 44:1 (r0=09) FRONT VIEW j[)eep "
S w "\"_"__-‘I_-‘l ...... _é lF:tE:unal l:nﬁg +0.02 ro 46:4';_5:
. b S , B 5'_h!‘ri 15.0+0.5) F—
ﬁ- ] \-H'"\\ T \ % 029+04 (29 21.0) - | G.;":.?:o.uu'[sm;?
2 1 i S 1.2 £02 — l
(30,44 #0.5) =T )
USE 140 00 4m0  BED 7000 Edon  GEoo | 20456 +CI-'-0|::1__F41_ :"—r u::‘eﬁtﬁgli
Speed in Full Steps per Second (@ 4.0 +0/-012)
@097 +0-.0005
. . (1 5.0 +00-012) @087 +E).-'-EI.DIJS —{-ib—-——
Torque decreases with speed, slope is e I .
function of winding voltage. QM”L\ 675 ncres tocm)  B0%66:0302 %,

Speed in steps per second (200 step per
turn)



BIG size (NEMA 42)

SIZE 42 1.8° HYBRID STEPPING MOTORS

o Phase » Phase Phase " -
E E“ Current E Resistance Inductance % E“ g b E“ T -
Specifications 2 3 Amps 4 Ohms mH S = 2 Qs < L £ E
S=Single Shaft o= S e 8| =
_ (== — = — ~ | 5| T2 | X5 | =¥
(D=Double Shaft) = . [ 2 - [ - [ 20| 8N= & o
°S |2 | B | E| & | F o T |88 |x°® | F=
[ b] 18] = @ ] @ 1]
n o Z 73] o 73] o
810 13.0 0.055 5.39 216
M2-4247-5 (D 5.0 10.0 8 D.46 0.115 24.64 6.16
(D) (572) (9.2) | (3.8838) | (13.69) | (6125.6)
1440 26.0 0.114 7.55 320
M2-4270-5 (D) (1017) 5.0 10.0 8 0.88 0.220 29.81 7.45 (18.4) (8.0502) (19.18) (9072)
2100 39.0 0172 9.72 424
M2-4288-5 (D) (1483) 5.0 10.0 8 1.00 0.250 22.24 5.56 (27.5) | (12.1458) | (24.69) | (12020.4)

Same FRAME (frontal dimension,
rotor diameter)

Motor Connection Several stack length

WIRE NO. | SERIES | PARALLEL (we will see that this is typical for
™ E_ﬂ 1 A . most motors)
—®E 2 Connect
el 6 Toget her —
'K 3 A A
(1] E—m 4 B
—a 8 7 Connect s
a7 8 Toget her —
.5 5 B ol




TORQUE SPEED CURVES
Series: 5 Amps BMS, 75 VDC

14nn[: : , 939
. = 4247
= POING e 42707 847
r;] 1000 Q' senmmmnn 4720 | 706 E{
o A 2
c 200 \ 585 s
L 600~ 424 3
E ) ‘_‘* . =
S 400 — 282 !

200 141 3

0 I i I
0 500 1000 1500 2000 2500 3000 3500 4000
Speed in Full Steps per Second

Parallel: 9 Amps BMS, 75 VDC

1600 | | | 1130

1400 b w4247 |
E :I "'.' _42_|'r|: 989
r\:‘112'...||:| —] "'.," snnmmmnn 4288 347 5'
© 1000 706 2
< 500 565 =
i I - =
& 600 o 424 Z
& . " My _
= 400 | e 282 9

200 s T T gt ]

0
0 1000 2000 3000 4000 5000 6000 7000

Speed in Full Steps per Second

Changing the connection beteween coils
change the motor characteristic

MECHANICAL

Dimensions in Inches [(mm)

3% #10-32 UNF-2B Eq Sp
Holes on 3.0 (76.2) Dia. B.C.,
0.38 (2.7) Deep Min

™y

FROMNT VIEW
J .~

—o) O
3.50 50,
(88.9)
4:23 SQ. 4 3028120010
(106.7) (7.24 #0.254) Eq Sp Holes
on 4,950 (125.73) Dia. B.C.
o) (5=
Ty A
I
0.13
(3.3) 0
¢
0.55 _ _ | |':
(13.9) ¢
F

@ 0.25 +0/-0.0005 fl
(.35 +0/-0.013)

@428 -
(108.7) —T— -
0.1355 +0.005/-0
(3.422 +0.13/-0)
Optional Rear Shaft
0.625 +0/-0.0005
0 {15,875 +0/-0.013)

Flange 0.32 (B.13)—w=| |[=—01



Stepper motor PROS/CONS
PROS:

For low power low cost application good for simple
position control: motor is controlled in steps (angle),
Ideally direct drive;

With embedded control may be a simple and cheap
solution for small positioning units.

CONS:
At high dynamics or for unexpected
overload may “loose the step” without

noticing (this may be avoided adding closed loop
control)



Brushless Motor

STATOR LEADWIRES

l In a brushless motor the

PERMANENT  field of the stator is

— MAGNETS t ted

?DTDFI CORE Commu _a
electronically to follow

the position of the rotor

WINDINGS—
STATOR




Brushless Motor

Using high efficency magnet in
the rotor high power density
may be reached

In some application the magnetic rotor
may be external to an internal fixed
coil group (eg. direct drive wheel with
magnet on wheel and coils on hub)



Brushless Motor

Brushless have several advantages over conventional motors:
Higher efficiency than AC motors.

Without commutation that wear out, the life of a brushless
motor can be significantly longer compared to a DC motor

using brushes
(Commutation also tends to cause a great deal of electrical

and RF noise);



Brushless Motor

The commutation feedback may be done using:

A set of hall sensors that detect the magnetic poles of the
rotor (see next lesson about sensors);

Another feedback device as a Resolver or an Encoder coupled
to the rotor shaft (see next lesson about sensors);

The back EMF of the winding (sensor-less)



..again the same equations about the
(brushless) electic motor..

The electrical equation is:
Vr=Ir + Ldl/dt + Kew (1)

Where

Vr = the terminal voltage across the active commutated phase

| =the sum of the phase currents into the motor

R = the equivalent input resistance of the active commutated phase
L = the equivalent input inductance of the active commutate phase
Ke = the back EMF constant of the active commutated phase

o = the angular velocity of the rotor

If the electrical time constant of the brushless DC motor is substantially less than the period of
commutation, the steady state equation describing the voltage across the motor is:

Vi =Ir + Kew (2)



The torque developed by the brushless DC motor is proportional to the input current.
T=I1Kr

Where Kr = the torque sensitivity

If we solve for | and substitute into Equation (2) we obtain:

Vr=T/ KR + Ke® (3)

The first term is the voltage required to give the required
torque

The second term is the voltage rise for the back EMF



TORGQUE TetalL

Speed torque characteristic curves.




RBEH-0121X-X00

A brushless motor

57
9.520 (.3743) | 9.520 (.3748) 5
293512 5.3?451 P 9’512 (3745) '2{]22—?5’]8
| ! Max.
4 T - E—— i I — 3810 - —
ol .
f Tl #5-32 X 5.08{.20)
(1.409) deep 4 holeson a
] £48 26(1.900) Basic
I [ @ 38 (015)@A[B D]
r — 2145 —
13.21 (.520) (.875)
12.19 (. 480) wan (.845)
FA-] Dimensions in mm (inches).
Notes: Product designed in inches.
1) Shaft end play: with a 9 1b reversing load, the axial displacement shall Netric conversions provided for reference only.
be .013-.15 {.0005- 006).
2) For a C.C.W. rotation, as viewed from pilot end, energize per excitation MODEL REEH- | RBEH- | RBEH- | RBEH- | REEH- | REEH-
sequence table. NUMBER 01210 01211 01212 01213 01214 01215
3) V-AB, V-BC and V-CA is back EMF of motor phases AB, BC and CA CAT 43.05 50.04 56.39 2.74 70.36 88.14
respectively, aligned with sensor output as showa for C.C.W. rotation only. Dimenston | (1.695) | (1.970) | (2.220) | (2470) | (2.770) | (3.470)




A brushless motor (iCub) — FRAMELESS

RBE(H) Motor Series

DIMENSIONS

RBE-0121X-X00

.
— 10.16 {.400)
- Mazx.
A Ez.gﬁ.—'
Mig. Reqt (M:u
@46 61
{1.835)
047,88 Max. . -
W8 | osmiTn|- ETEo :
Max. @30.73 e
pl. {1.210) T
Min.
P S S ' Dimensions in mm (inches).
g-Reat —"B" Product designed in inches.
Metric conversions provided for reference only.
MODEL RBE- RBE- REBE- EBE- REBE- RBE-
o NUMBER 01210 01211 01212 01213 01214 01215
f‘-‘ifs- e P — - “A” 5.72 12.7 19.05 254 33.02 50.8
3'9:;1;]1;& e Dimension | (0.225) | (0.500) | (0.750) | (1.000) | (1.300) | (2.000)
2) V-AB. V-BC and V-CA is back EMF of motor phases AB, BC and CA B 1207 1 1905 1 254 L e T
respectively, aligned with sensor output as shown for C.W. rotation only. Dimension | (0475) | (0.750) | (1.000) | (1.250) | (1.550) | (2.250)
3) Mounting surface s befween © 47 88 (1.885) and @ 49.17 (1.936) on both T .
sides. Tolerance = 010 on “A” Dimension.

For a given diameter 6 different lenghts



RBE(H) Motor Series

RBE(H) 01210 MOTOR SERIES PERFORMANCE DATA

Motor Parameters Svmbols Units 01210 0111 01212 01213 01214 01215
Max Cont. Ouiput Power  HP Rated HP 0142 0.204 0243 02n 0.280 0310
at 25°C amb. PRated Watts 108 152 181 03 214 k)|
Speed at Rated Power N Rated RPM 13800 0680 B100 1152 6230 5100
Max Mechanieal Speed N Max RPM 18000 18000 18000 13000 18000 18000
Contiuens Stall Torgue Tc 0z-in 164 ilé 433 ME 66.2 an4
at 25°C amb. N-m 0115 0223 0307 0387 0467 0639
Peak Torgue Tp 0z-in 484 114 168 m 282 433
N-m 0342 0808 118 1.57 Log i
Max Torque Tl 0z-in 484 114 168 m 82 433
for Linear KT N-m 0342 0804 118 1.57 100 07
Mator Constant Tm oz W 400 112 950 117 139 184
N-mvW 0.028 0.050 0.067 0083 0098 0.130
Thermal Resistance® Rth *CIWatt 435 386 368 355 iy in
Viscous Damping Fi oz-inBPM 1 30E-04 2 95E-04 4 46E-04 S9TE-H 7.TRE-4 1.20E-03
N-mBFM 0 18E-07 109E-04 3.15E-06 4 22E-0d 5 49E-06 8 4BE-D6
Max Static Friction Tf 0z-in 170 213 253 102 340 430
N-m 0.0120 0015 0.018 0021 0024 0032
Max Coggmng Torque Teog 0z-in 041 (.66 088 1.10 1.37 2.00
Peak to Peak N-m 0.0029 0.0046 00082 0.0078 0.0097 0014
[nertta Tmf pz-in-sec? TI0E-04 1.20E-03 1. TOE-03 210E-03 270E-03 400E-03
Frameless Kg-m* 5.15E-06 B4TE-D0 1. 20E-03 1 48E-03 191E-05 2 BIE05
Motor Weight Wif oz 45 112 ] 121 151 nn
Kg 1.26E-01 203E-01 274EM 3 44E-01 428E-01 8.24E-01
[nertia Juh DE-in-sec? TH0E-04 1.30E-03 1 80E-03 2 E-03 1 BE-03 4 20E-03
Housed Eg-m* 53TE06 9 18E-0a 1. 27E-03 1 53E-05 1.98E-03 2 9TE05
Motor Weight Wik 0z 113 142 16.8 195 226 00
Kg 3. 20E-01 402E-01 4TTEM 552E-01 6.41E-01 B.50E-01
No. of poles P g 8 3 g § 3




For each motor different electric
characteristic are available

Winding Constants Symbaols Units A B C A B C A B C A B € A B C A B C
Cuerent at Cont. Torque Ie Amps | 541 380 605 [ 5B 363 906|542 338 B45 57T 400 838|615 373 86l 546 331 T
Curent at Peak Torque Ip Amps 150 106 189|200 106 268 |200 106 268 | 225 134 301 | 253 154 358 |53 134 333
Torque Sensitivity Kt oziAmp | 334 464 260 | 580 030 3T (349 136 S45[100 145 650 ( 113 18T 3808 | 174 287 124
NemAmp | 0.0236 0.0328 0.0183|0.0410 0.0657 0.0263(0.0600 0.0962 0.0383(0.0707 0.102 0.0459(0.0799 0.132 005710123 0203 0.0878
Back EMF constant Eb VERPM | 247 343 192 |42 688 275|628 101 403|741 107 481|836 138 597 | 120 212 9019
Motor Reststance Rm Ohms | 0698 138 0431 (0664 175 0276|0803 211 0334|073 155 0307(0666 182 0336|0800 243 0450
Motor Inductance Lm mi [ 0280 05 017032 08 013|044 11 Q018|047 097 020 (04 13 0207 19 036

*Rth 2ssumes a hovsed motor movnted 02 407 x 375" x 0.257 alwmennm heatsmk or equivalent

Continuous Duty Capability for 130°C Rise — RBE - 01210 Series

20000

15000
1E00

I]1211|I 012124 I213% 2
T

0 10 2N ®N £ 5 & M & 8 100 wn




Low inertia brushless from faulhaber..

Brushless DC-Motors with integral Drive Electronics *

Type Comrmutation Outer @ Length Shaft & Mominal voltage MNo-load speed  Starting torgue  Output power
(mm)  (mm)  (mm) Mol (rpm) (mMm) Matt)
1525 . BRC Electranic* 15 25 2 9..15 16 000 36 23
1935 .. BRE Electronic * 19 34 3 B ... 12 7 Bs0 4 4 1.8
3153 .. BRC Electronic * H 53 4 9. 24 5200 33 185
Brushlesz DC-Motars 1=l 1=l 1=l 1=l

Brushless DC-Servomotors

Type Commutation Outer @ Length Shaft @ Mominal valtage Mo-load speed  Starting torque  Output power
(mm)  (mm) () Molt) (rprm) (i) MW att)
DE20 .. B Electronic 06 20 1 6. 12 47 000 0,73 158
1626 .. B Electronic 16 28 15 12 ... 24 28 800 12 11
2036 .. B Electronic 20 36 2 12... 48 19 500 23 20
2444 . B Electronic 24 44 3 24 .48 23000 115 37
3056 ... B Electronic 30 56 4 12 ... 48 g 840 100 49
3564 .. B Electronic 35 B4 4 12 ... 48 12 200 401 109
4490 .. B Electronic 44 a0 G 24 .48 11 000 2758 2m
44390 .. BS Electronic 44 80 B 24 48 & 060 1 BBY 212
Brushless DC-Servornotors el el el el

Brushless DC-Servomotors with integrated Motion Contraller *
Type Commutation Outer @ Length Shaft @ Mominal voltage Mo- Starting torgue Output power Instruction
(mm)  (mm) (mm) Molt) load speed (M) Watt) manual
(rprm) Download

3564 ... BC Electronic * 34 g3 4 24 8000 160 70 (1208 KB}




Typical industrial range..

Winding A (230¥)  Winding 4 (400¥)

Stall Peak Stall Peak Peak Stall Peak Length Flange

Torque Torque Current Speed Speed Current Speed without Size

[Wm] [Nm] [Arms] [rpm] [rpm] [Arms] [rpm] Brake [mam]

@Z3I0V @400¥ @400V [mim]

BL 040 0,3 1.3 i1.02 10000 = = = 11z 41
BL 055 0.8 2.8 1.26 Fraon 11000 0,76 o000 140 57
BL 071 0.8 4.8 2,23 82200 11000 1.27 10000 100 70
BL O72 1.85 11.1 4,12 Faoo iio0a0 2,17 Fa0oo 1z0 70
BL 073 2,72 16,3 3.83 S300 g200 226 5300 iza 70
BL 074 243 20,6 4,234 4500 Fiaon 2,32 4500 156 70
BL 111 2.9 17.3 3.6 4300 5300 2,13 4400 124 106
BL 112 5.0 30,1 &, 4 4400 Fioo 3.92 4400 143 106
BL 113 .4 50,4 i0.4 4700 F400 5,99 4400 174 106
BL 114 10.& 63,7 i3.1 43900 Faoo F.53 4400 199 106
BL 115 12,9 22,1 17.1 4700 Fraon 9.89 4400 224 10&
BL 141 13.6 81.6 13.7 3700 S000 746 3500 193 140
BL 142 17.4 104, 6 15.2 300 S400 8.17 2000 214 140
BL 143 26.8 160.5 19.4 2750 4500 10,62 2500 258 140
BL 144 22,0 1922.2 18,2 2200 2700 9.90 1900 200 140

Generally industrial range motors are defined in terms of nominal
torque at nominal speed (look at the flange sizes)



Brushless motor PROS/CONS

PROS:

High performance
High efficency

CONS:

Higher cost
Requires commutation control



A torque motor is generically Torq ue motors
defined as a motor optimized

to give high torques at low
speed with low cog

Torque motor can be both
brushed or brushless



ROTOR POSITION
ELECTRICAL DEGREES OB

.f/\'l

l:|1
\ / oA Lvm—\ @c
TORQUE i S

aA ROTOR POSITION
g 180 £70 360 ELECTRICAL DEGREES

T{:I H{}U E l ] l l ] l J l T{}H{}U E

oB QA-0B 60 120 180240 300 460

TORQUE /_\
2 0B-0C \/

TORQUE

ik
TORQUEW TNV TWV OV WV OC-0A \/

COMMUTATED
EXCITATION o+

COMMUTATED + | 5 4
EXCITATION R

[ —
—

\/

H+
[ H ]

C EIA ﬁﬁ EJEI E}B CIC EJC
B @B @C @C OA OA OGB

ikt
Switch mode commutation of 01
a two phase brushless DC motor.

T
E

Switch mode commutation of
a three phase delta wound brushless DC
motor.



Increasing the number of phases from 2 to 3
decrease the torque ripple form 17% to 7% of
nominal torque

In a torque motor the number of poles per phase
can be tipically 12 or 16 with <1% of torque

ripple



RBE(H) Motor Series

RBE(H) 01210 MOTOR SERIES PERFORMANCE DATA

Motor Parameters Svmbals Units 01210 0 01212 1 K 01214 01215
Max Cont. Ouviput Power  HP Rated HpP 0.142 0.204 0.243 027 0.290 0.310

at 25°C amb. PRated Watts 106 152 181 03 216 3l
Speed at Rated Power N Rated RPM 13800 0480 B100 7152 6230 3100
Max Mechanieal Speed N Max EPM 18000 18000

I8¢ As example the icub motor has 8 pole

C"j”;::j’?] Torgue E "I’;i n]f:: slf; ;‘; pairs and the torque ripple is typically
23 . ! 115 2 . @ .
Peak Torque Tp oz-in 484 114 168 about 2% °__9f nominal _t9rque..
N-m 0342 0.806 118 157 1.00 307
Max Torque Tel oz-in 484 114 168 m 28 435
for Linear KT N-m 0342 0.806 118 157 1.00 307
Motor Constant Tm oz-in/ W 400 12 950 117 139 184
N-m W 0.028 0.050 0.067 0.083 0.098 0.130
Thermal Resistance* Rih *C/Watt 425 386 368 355 34 ERY)
Viscous Damping Fi oz-in/RPM 1.30E-04 296E-4 4 46E-04 597E-04 7.78E-M4 1.20E-03
N-mRPM 0.18E-07 109E-06 3.15E-06 4.20E-06 5 A0E-06 8 48E-06
Max Static Friction Tf oz-in 1.70 213 253 202 140 450
N-m 0.0120 0.015 0.018 0.021 0.024 0032
Max Coggmng Torque Teog 0z-in 041 (.66 088 1.10 1.37 2.00
Peak to Peak N-m 0.0020 0.0046 0.0062 0.0078 0.0007 0.014
Inertia Jmf oz-in-sec? 7.30E-04 1.20E-03 1.70E-03 2.10E-03 2. T0E-03 4 00E-03
Frameless Kg-m? 5.15E-06 8 47E-06 1.20E-05 148E-05 1.91E-05 2 82E-05
Motor  Weight Wif oz 45 72 0.6 12.1 15.1 0o
Kz 1.26E-01 103E-01 2 T4E-01 344E-01 428E-01 6.24E-01
Inertia Tuh oz-in-sec? 7.60E-04 1.30E-03 1.80E-03 2.20E-03 2 80E-03 4 20E-03
Housed Kg-m 5.3TE-06 0.18E-06 1.27E05 1.55E-05 1.98E-05 297E-05
Motor  Weight Wih oz 113 142 168 195 06 300
Kz 3.20E-01 4(2E-01 4 TTE01 5.32E-01 6.41E-01 8 50E-01
No. of poles P g 8 3 g § 3




Advantage of the torque motor is that it can
DIRECT DRIVE the load with no need of
mechanical reduction

High torques generally requires high current and
high weight (strong magnet and lot of copper!)

Direct drive motor are tipically used where high
precison high control bandwith with no backlash

Is required

Altought the efficency is high direct drive motors
are generally liquid cooled..



Direct drive two axis stabilized platform for traking (military
application — exploded view of a brushed DC torque motor)

Brush Mounting Screws

Clomp Screws ™
Clomp Assemblly *

Field Mounting Screws ™

Comm utator

Armaoture

Mylar Strip / Shim

Fied Asembly



Typical torque motor (ETEL)

TMB torque motor's advantages:

# Designed for the most demanding applications
& Liguid cooling channels

& 500VDC bus voltage

& Yery high continuous torgue

& Yery high peak torgue

THMB torque motors main features:

# More than 50 standard models available
# External diameters from 160 to 1'260 mm
# Large hollow shaftt: 60 to 1'100 mim

# Peak torgue from 38 to 31'000 Nm

# Maximum rated speed up to 3'000 rpm

# Low torgue ripple




Motor type

ue

| th | & o
[rrm] | [rm] | [roesd [Mrm] [Mr]

TMEO140-030 160 &0 70 7 19 28

Some reference data
TMEO140-050 160 &0 a0 14 23 64 m r r n
TMEO140-070 160 &0 110 19 48 g9
TMEO140-100 160 &0 140 28 70 127
TMEO140-150 160 &0 190 44 107 191
TMEO17S-030 198 a0 &0 15 2z 68
TMBEO175-050 198 a0 100 27 57 113 Ch k d'ff b tw dry
TMEO175-070 198 a0 1z0 27 g2 158 ec lrerence e een
TMBO175-100 198 20 150 52 119 226 and quuid cooled performances
TMEO175-150 198 a0 200 g2 184 239
TMEOZ10-030 zz0[ 140 70 20 68 121
TMEOZ10-050 zz0[ 140 a0 53 123 206
TMEOZ10-070 zan| 140 iin 73 177 29z
TMEOZ10-100 zz0[ 140 140 101 2549 420
TMEOZ10-150 zz0[ 140 190 157 400 £33
TMEOZ91-030 10| zoo &0 &0 139 249 Cont,
TMBO291-050 310, zoo| 100, 106 24z 418 Mater tupe A Il ti::r_qu':_: t':'r':!u'.a f?;j,:
TMEOZ91-070 10| zoo 1z0 147 245 582 A [Mr] [Mrn]
TMEOZ91-100 10| zoo 150 207 500 831
TR T | — - - S R — TMEO7&0-020 735 650 110 €20 1'1g0)  2'z40
TMBO360-030 25| 265 an 106 213 424 TMEOT&0-050 795 650 iz0/ 1'ie0 2'060l  2'740
TMEOZE0-050 P 110 1:2 277 207 TMEOTEO0-070 795 650 150/ 1'430 z'950)  S5'z40
TMBOIE0-070 385 ZES 1=0 Z4E 539 990 TMBEOF&0-100 7a5 650 180, 1'970 4'z2390 7'4s0
TMEOZ60-100 %85| 265 160 345 791 1'410 THMEOTA0-150 735 650 a0l 3'1z0 £'730 11'z00
TMEOZE0-150 385 265 210 531  1'zoo| 2'1zo TMEQ990-030 1020  E70 110/ 1'020 2'0sal  2'e9n
TMEO430-030 483 343 20 17% 368 £33 THMBO990-050 1030 270 120/ 1's70 2600  &'650
TMeO4350-0350 483 343 iia 306 £34| 1'160 TMEOZ90-070 10320/ 870 150/ 2'sz0 S5'160| 9'310
THB0I0-0T WY Ty AT DAE 898 1'630 TMBED990-100 | 1030/ 870 180/ 3'4s0]  7'soo 13's00
TMEO450-100 VP8 B98 IED|  §FE| D280 2WE0 TMBEOS90-150 | 10300 870 230 5'290/ 11'S00 19'soo
TMEO450-150 483 345 210 893] 1'970 ='4390 TMEL1220-030 1ze0| 1100 110/ 1'e90 2'150  &'z20
TMBOS30-030 965 420 20 254 o1z 237 TME1ZZ0-050 izen| 1100 iz0/  2'g40 5'sz0) 10'400
TMEOS30-050 565 4z0 110 437 g98  1'6&0

TMB1ZZ0-070 i1zén| 1100 150/ 3'sa0 F'oz0l 14'S00

TMEOS30-070 565 4z0 1z0 ses[  1'zen|  2'sz30
MBDS30-100 ezl 220 ‘en 2al 170l 3320 TME1ZZ0-100 i1zen| 1100 im0 S'4sen| 1i'soo| zo'soo
MBOS30-150 ses| 420 =0 amenl wesl oeem THME1ZZ0-150 izen| 1100 zao| &'ozo| 17'e00 31'zZoo




Linear motor

A linear motor is a torque motor that is opened
and flattened (!)

Main advantage of the linear motor is that most
of the actuation are linear

As other torque motors linear motors are
generally high power..




Thrust/weight ratio 10:20
data weig

Linear motor ref.

Length | Width @ Height
Mator type LM e 1] H
[rm] | [mm] | [
LMPO7-050 225 10z 72,6 21| 1070 5.2
LMPO7-100 225 152 72,6/ 1220 2140 8.8
LMP14-050 352 102 72,6 1zoo| 1990 a.5
LMP14-100 352 152 72.6| 2410/ 3980/ 15.8
LMP14-150 g2 203 74,6 35700  S7FE0 22,2
LMP14-200 352 253 75,6 4740 7970 ZE.6
LMP21-050 535 10z 72.6| 13500 29200 1.6
LMP21-100 535 152 72,6/ 36200 S83I0  22.8
LMP21-150 535 203 74.6| 53800 s750| 32.0
GL GO &5y &H
Motor tupe - o o o
LMP21-200 528|252 78,6 7120/ 11700 41,2 Crarn] | [mrn] | [romd | [romnd
ILMO3-040 136 13 g a5 g4 412 0,41
LMP28-050 705 102 72,6/ 2460 3840 17.8
ILMOZ-060 136 15 g 125| 139 625 0,55
LMP2S-100 705 152 72.6| 43200 7Fes0l z29.8 ILMO&-0440 264 13 8 93 187 g23| 0.77
ILMO&-0&0 264 15 g 125| 277| 1247 1.0%
LMP28-150 705 203 74,6 7160 115200 41.9 ILMO9-040 292 13 o as|  zs0| 1z34| 1.13
LMP28-200 705 253 78.6| 9490 153600 53.9 ILMO=-060 392 15 s 125] 41e 1871 1.51
ILM1Z-040 520 13 g o5|  334| 164&| 1.54
LMP28-250 7035 304 82,6, 11800 19200 63,9 ILM1Z-060 520 i5 2 175 555 2494 2,06

Thrust/weight ratio 20:100



(fine!)




