MCT333/ MCT344: Mechatronic Systems Design
Lecture 4, 5, and 6: Actuator Selection and Sizing

Presented by : Prof. Mohammed Ibrahim Awad




What is an Actuator?

(] Actuators are devices used to produce action or motion.

(It is operated by a source of energy (mainly electrical signal, air ,fluids) and converts
that energy into motion.

1 Actuator is a mechanism by which a control system acts upon environment.

1 Actuator’s output is usually Mechanical i.e. linear displacement or velocity.
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Actuator Types?

Actuators
| ' |
Types of Types of
Motion Medium
| ' | | |
Linear Rotary Hydraulic | |Pneumatics| | Electrical

DC

AC




Actuators Power-to-weight Ratio

Power/weight ratio(w'kqg)

{1

10°

1o’

10

Hydraulic
Actuators
P - 4
Pizoelectric ‘-]
SMA Actuator r J
- : Pnematic
| Motors
e
'/
DC Motors
L
[ 0 o 1 10 19° 10°

Weight(kg)



Operational Efficiency and Energy Conversion (Hydraulic System)

VFD  Eleciric motor ~ Pump Cylinder
Useful
Input \ Electrical \ Mechanical \ Hydraulic DU:E::
electrical |  power power power o
power /
[
| | \l
% Pump losses: Hydraulic-system
VFD losses:  Motor losses: Volumetric losses losses:
Current losses Copper losses Mechanical losses Throttling losses
Iron losses Mechanical losses

Mechanical losses



Analysis of Electric Motors

Electric Motors convert electrical power to mechanical

POWCT.
LV EvorTw
Electrical Power Mechanical Power
B bccicMoor D
I : Current F: Force T: Torque
V: Voltage v: Velocity w: Angular Velocity

Electrical Power = I*V
Mechanical Power = F*y for linear motor
= T*w for rotary motor



Electric Motors

Electric Motors convert electrical power to mechanical power.

P, =R.P

al

Mechanical Power

T
- I::'mech =%n‘M

Electrical Power

[ : Current F: Force T: Torque
V: Voltage v: Velocity w: Angular Velocity

Electrical Power = I*V
Mechanical Power = F*v for linear motor
= T*w for rotary motor



Operational Efficiency and Energy Conversion (Electrical Motor Actuation
System)

POWER CONVERSION
F’: - Watts out
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P = types of

POWET powers in play

supply electrical, hydraulic,

B~ orpneumatic = mec
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power losses due to dissipative effects (e.q., friction)




Data Sheet and Operating Ranges

(110061 || 110062 |gRLLEE]| 110064 [[RILLES 110066 110067 [ 110068 ERELLEY 110070

MotorData | | | |

Values at nominal voltage
1 Nominal voltage \"
2 No load speed rpm
3 No load current mA
4 Nominal speed rpm
5 Nominal torque (max. continuous torque) mNm
6 Nominal current (max. continuous current) A
7 Stall torque mNm
8 Starting current A
9 Max. efficiency %

Characteristics
10 Terminal resistance Q
11 Terminal inductance mH
12 Torque constant mNm /A
13 Speed constant rem/V
14 Speed / torque gradient rpm / mNm
15 Mechanical time constant ms
16 Rotor inertia gcm?2

Specifications

Thermal data
Thermal reslstance housmg amblent 298K/ W

17
18
19
20
21
22

23

Max permissible winding temperature +125°C

Mechanical data (sleeve bearings)
Max. permissible speed 11900 rpm
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Il Stock program Part Numbers
[ ] Standard program
Special program (on request)

Motor Data

Values at nominal voltage

1 Mominal voltage v 24 36 48

2 Mo load speed rpm 16700 16700 16500
3 Mo load current mA 728 485 356
4 Mominal speed rpm 16100 16200 16000
5 Mominal torque (max. continuous torque) miNm 94.6 94.2 82.9

& Mominal current (max. continuous current) A 7.58 5.03 3.68



Bl Stock program Part Numbers
[ ]Standard program

Special program (on request)

Motor Data

Values at nominal voltage

1 Nominal voltage vV 24 36 48
2 No load speed rpm 16700 16700 16500
3 No lead current mA 728 485 356
4 Nominal speed rpm 16100 16200 16000
5 Nominal torgue (max. continuous torque) miNm 94.6 94.2 92.9
6 Nominal current (max. continuous current) A 7.58 5.03 3.68
7 Stall torque mim 3220 3510 3430
8 Stall current A 236 171 124
9 Max. efficiency %o 89 a0 90
Characteristics
10 Terminal resistance phase to phase Q) 0.102 0.21 0.386
11 Terminal inductance phase to phase mH 0.016 0.037 0.065
12 Torque constant miNm/A 136 20.5 27.6
13 Speed constant rem/V 700 466 346
14 Speed/torque gradient rpm'miNm 5.21 4.78 4.83
15 Mechanical time constant ms 1.82 1.67 1.69

16 Rotor inertia gcm? 33.3 33.3 33.3




Thermal data

17 Thermal resistance housing-ambient 7.4 K/W
18 Thermal resistance winding-housing 0.21 K/W
19 Thermal time constant winding 211 s
20 Thermal time constant motor 1180 s
21 Ambient temperature -20...+100°C
22 Max. winding temperature +155°C
Mechanical data (preloaded ball bearings)
23 Max. speed 25000 rpm
24 Axial pﬁ[}f at axial load <B.0N 0 mm
=>8.0N 0.14 mm
25 Radial pla preloaded
26 Max. axial load (dynamic 55N
27 Max. force for press fits (static) 73N
htatlc shaft su p:::-rted}l 1300 N
28 Max. radial Ina 5 mm from flange 25N
Other specifications
29 Number of pole pairs 2
30 Number of phases 3
31 Weight of motor 300g

Values listed in the table are nominal.

Connection motor (Cable AWG 18)

black Motor winding 2
white Motor winding 3
red Motor winding 1

Connection sensors (Cable AWG 26)
black/grey  Hall sensor 2

blue GND

green Vian 3...24VDC

red/grey Hall sensor 1

white/grey Hall sensor 3

Wiring diagram for Hall sensors see p. 35

Operating Range

n [rpm]
30000

25000
20000
15000
10000
5000

0 a 50 100

024 2.3 4.4

Planetary Gearhead
332 mm

8 Nm

Page 345

Planetary Gearhead
Zi42 mm

3-15 Nm

Page 350

maxon Modular System

200W

150
6.4

200
g5

Comments

B Continuous operation
Continuous operation with reduced

thermal resistance Ry: 50%

Intermittent operation

Bl [miMm]
| [A]

=

Recommended Electronics:

]

Notes Page 26
ESCON Mod. 50/5 417
ESCON Mod. 50/4 EC-S 417
ESCON 50/5 418
ESCON 70/10 418
DEC Module 50/5 420
EPOS2 50/5 425
EPOS2 7O/10 425
EPOS4 Module 50/8 431
EPOS4 Comp. 50/8 CAN 431
MAXPOS 50/5 435

Assigned power rating

Overview on page 20-27

-

Encoder MR

128 - 1000 CPT,

3 channels

Page 392

Encoder 2RMHF
3000 - 5000 CPT,

3 channels

Page 397

Encoder HEDL 5540
500 CPT,

3 channels

Page 404

Encoder AEDL 5810
1024 - 5000 CPT,

3 channels

Page 407

Brake AB 20

24 VDC

0.1 Nm

Page 444



Operation Ranges

Motor limits: operation ranges

Speed

max

continuous short term
operation operation

torque IVI'
current |

- higher ambient temperature
- heat accumulation

- lower ambient temperature
- good heat dissipation



Operation Ranges

Short-term operation at overload

= motor may be overloaded for a short time and repeatedly
— Limit: max. permissible winding temperature
— depends on thermal time constant of winding 1, and amount

overload of overload
duration
51
" thermally
4 ey
Tw ' prohibited \es
3 continous short term -2\ \Ja
Gl IV )  permissible operation
21y short term
™ operation
t M
orque._
oad My 2My 3My 4M,

thermal time constant of the winding 1.



Thermal motor data

Thermal motor data

describe the motor heating and thermal limits

= depend strongly on mounting conditions
= standard mounting:

plastic

horizontal
mounting

" heating and cooling
— thermal resistance housing-ambient Ry,
— thermal resistance winding-housing Ry,
— thermal time constant of winding T,y

— thermal time constant of motor ty,g free convection
at 25 °C ambient

= temperature limits temperature

— ambient temperature range
— max. winding temperature T,,,,



Cooling Fan

StatorRotor




Mechanical Motor Data

Mechanical motor data
describe maximum speed and the properties of bearings

‘ " max. permissible speed
— limited by bearing life considerations (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




What is servomotor?

A servomotor is a rotary actuator or linear actuator that allows for precise control of angular or linear position,
velocity and acceleration. It consists of a suitable motor coupled to a sensor for position feedback.
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) Fositional
Error Detection - - Input Signal

Amplifier



Operating Modes (Four Quadrant)
Quadrant II 4w, Quadrant I

)

Forward braking ¥ LECTRONICS E . Forward motoring
w +tve w +ve
Tm - ve 1 Tm +ve
P +ve Counterweight Counterweight P +ve
PR — Empty cage Loaded cage tT
i Quadrant III Quadrant IV
Tm - ve W = = W Tm +ve
P +ve ECTRONICS P -ve
Reverse motoring l l Reverse braking
Counterweight Counterweight
w¥

Empty cage Loaded cage



Actuator sizing



Types of Motion and Motion Conversion

Linear and Angular Motion

The linear motion induced in a rigid object 1s governed by Newton’s second law of motion
F =ma

F is the resultant of all forces acting on the object, m is the mass of the object and a is the
resulting linear acceleration.

The constant force F' produces a constant acceleration a and moves the object of mass m a
certain distance s according to

s =1/2 at’

s is the displacement and t is the time

Thus, the time required to move mass m through distance s by means of a constant force F
is given by = w;2ms/F



For angular motion, Newton’s law reads

T=J6

T'is the resultant of all torques acting on a mass rotating about a fixed axis, J is the moment
of inertia of the mass about its axis of rotation and 0 is the angular acceleration
and the angular displacement equation analogous to that of linear motion is ¢=1/2 at’

O is the angular displacement.

Solving for t yields . t=.,/2J60/T



The Move Profile
Typical Move Profile (Figure 6)
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.

Speed = 2000 rm

A2 | & Seconds

a2
| Acceleration Aun Deceleratin | Idle Tirne
Time Time Time




A

Motion Profile
F Y
“° B
S B 5 |
3 | : |
a I o 25 ________ | |
| |
A |
: > Time, (t) i : > Time, ()
: A l !
A | |
| | |
| | |
s [ 2 10F-———--—- !
2 S |
2 Area of this triangle is the < |
8 final position |
> :
: 5 15] * Time, (f)
The slope of _ | :
“v"is “a” | » Time, () N : |
| | |
' 5 | |
p I o [ [
[ @ | |
: : : :
= a
E | = : :
= | | |
S l ' ! » Time, (t)
© ' : :
% | | [
3 | afF-———--—-
= |
. » Time, (1)

------------ Figure 2.3 Velocity profile for deceleration
Figure 2.1 Basic relationships between position, velocity, and acceleration



A o)
____________ g
S b , 5
S ! ! 2
=] | ! a
3 | I
o ! , >
. 1 ! . , Time, (t)
0 : | | Time, (1) : Lo :
I [ X . . : . ‘
4 ! ! : .+ S-curve Velocity Prafile !
. . 1 i ' h g '
Tmpezozdal Velocity Profile | SN B Coo ;
“:’ Vi F———=——3 ; ; E = : . : :
= ! } | 3 : o) = Ci 24 Cot 4 Cs
Q I [} .U('t) lt + Zt + 3.
o ! I | = ; -
(] 1 I ' '
> | [ : T . .
| | ] ' ' ' »
Il 1 - » : : : : : . . e
0 ! | | Time, (1) o Lo ;. Time, (@)
I [ I . ' '
" | | i po Lo
s : i S Al B
5 : : ! 5 CN : L
® 0 . d T > ® O — . 4 : >
s : : | Time, (1) ks L : Time, (1)
e ! ! I 3 : :
g af------- b — Q R A
I I " < 4 G X '
: | : A P :
| | | : : ! : : ‘
| ! | Lo ! : 5 5
! ! I - ' ' o '
} : I A vl , . Co :
| | Tlnfinite j ' i i —
\ I . . .
= ! ! ' ' X
= 0 i | | > = : :
£ Time, (t) = 0 ! >
5 X ' Time, (f)
R : :
= I '
fa fm fa — f, e, ———— t, —>
1€ tiotal > € tiotal g
[ota .

Figure 2.4 Trapezoidal velocity profile and associated position, acceleration, and jerk profiles to move
> an axis from 0 to position L Figure 2.8 S-curve velocity profile and the associated position, acceleration, and jerk profiles



Example:
Consider a rotary motion axis driven by an electric servo motor.The rotary load is

directly connected to the motor shaft without any gear reducer (Fig. |).The rotary load is
a solid cylindrical shape made of steel material, d=75mm, I=50mm, p=7800kg/m3The

desired motion of the load is a periodic motion (Fig. 2).

H
. |
X

oo Equivalent Load . Desared Motion

|
i |
|
A

Fig. (1)




Example Cont.:
The total distance to be traveled is //4 of a revolution. The period of motion is t., =250 msec.,

and dwell portion of it is t;,=/00 msec., and the remaining part of the cycle time is equally
divided between acceleration, constant speed and deceleration periods, t,=t,=t,=50 msec.
Determine the required motor size for this application.

H
el
X,

1desared Motrom

Tanw:
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Actuator Sizing Algorithm:

|. Define the geometric relationship between the actuator and load. In other words, select
the type of motion transmission mechanism between the motor and load (N=reduction ratio).

2. Define the inertia and torque\force characteristics of the load and transmission mechanisms,

i.e. define the inertia of the tool as well as the inertia of the gear reducer

mechanisms (J, T).

Define the desired cyclic motion profile in the load speed versus time (&'(t)).

4. Using the reflection equations developed above, calculate the reflected load inertia and
torquelforce (. T.q) that will effectively act on the actuator shaft as well as the desired
motion at the actuator shaft (J' (t)).

5. Guess a actuator/motor inertia from an available list (catalog) (or make the first calculation
with zero motor inertia assumption), and calculate the torque history, T, (t), for the desired
motion cycle.Then calculate the peak torque and RMS torque from T_(t).

W



Actuator Sizing Algorithm Cont.:

6. Check if the actuator size meets the required performance in terms of peak and RMS torque,
and maximum speed capacity (T, T, 0',,). If the above selected actuator/motor from the
available list does not meet the requirements (i.e. too small or too large), repeat the
previous step by selecting a different motor. It should be noted that if a stepper motor is
used, the torque capacity of the stepper motor is rated only in terms of the continuous
rating, not peak.Therefore, the required peak and RMS torque must be smaller than the
continuous torque capacity of the step motor.

/. Most servo motor continuous torque capacity rating is given for 25°C ambient
temperature is different than 25°C, the continuous (RMS) torque capacity of the motor
should be de-rated using the following equation for a temperature,

-7 (25 C)\/(ISS Temp’C)




honor Enurvalest Losd

|

Solution: 1
T | )

) Determine the Net inertia:
where:

J.oi.=the total inertia reflected on the motor axis.

Je7~the load inertias reflected on the motor shaft=>» o =J1

J.,=the motor rotor inertia.

1, 1, m
Ty =—mr’ =—(p(=—))r
a0 27 4
1 75%107°

=X 7800 (%x (75%107°)2 x50% 107> ) x ( )? =0.0012kg.m’

The ratio of motor inertia to reflected load inertia should be between one-to-one and up to one-to-ten.

J 1 1

m
—_—~ —

, 110




The one-to-one is considered the optimal match (an ideal case), where the motor drives a purely inertia
load and this inertia ratio results in minimum heating of the motor. Let us assume that we will pick a motor
which has a rotor inertia same as the load so that there is an ideal load and motor inertia match.

J,, =J, =0.0012kg.m’
** “ total

g = +J gy =0.0024 kg.m*

2) Determine the Net torque:
N T(0) =T, () =T _(6)~ T (1)

where:
T....(t)=the total torque.

T..(t)=the torque generated by the motor.

Tr(t)=the resistive load torques on the system, where T,(t) represent the sum of all external torques. If the
load torque is in the direction of assisting the motion, it will be negative, and net result will be the addition of
two torques.The Tg(t) may include friction (T), gravity (T,), and process related torque and forces (i.e.an
assembly application may required the mechanism to provide a desired force pressure (Tp).



hdater Enuivalent Logpd

ik
T, (1) =0 g
T (=T, (1) "

3) Fundamental Equations for torque calculation:
The torque and motion relationship is:

Jtotalé = ZT
(J, +J,)0=T,

i
- — — ——— e ——

The required torque to move the load through the desired cyclic motion given in the figure can be calculated if

the value of § calculated. SN |

\ | | |

—revolution } } } Y B4 }

- | B | |

g | | ‘ }

= | \ | |

3 | | | |
% } } er } 6total

2} \

A | B | |

| \ \ \

L D | P

0 ta tattr tattr+td teyc



4) Define the desired cyclic motion profile in the form of load (motor) speed versus time:

From the desired motion profile specification, we can determine the velocity and acceleration of the actuator
can be deliver using the kinematic relations.

t, =t :td=250_100:50msec.

where:

t,=acceleration mode time.
t =constant speed mode time.
t;=deceleration speed mode time.
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5) Calculate the maximum speed

From displacement motion profile: max
T
total a r d 4 )

note that:

0(t) = j O(¢)dt

From velocity motion profile:
0

Lo 4 v6 1o t

total max"” a max " r max
.t 42t +t
_ a r d
etotal - Hmax( 2 )
— 2 gtotal
"t 426+,
T

6 = ————=15.7rad / sec
150%10

n= 600 =150rpm
2

required to define this profile from the motor:

Displacement

Velocity

tattr tat+tr+td tcyc

time (sec.)

time (sec.)



6) Calculate the angular acceleration :

\ \
e'max
Note that: e ; |
. \ \
. \ \
From velocity motion profile: >
. . . \ |
= d -0 15. .
ea — ea — emax — emax — 5 7_3 — 314]"610’/8602 time (sec.)
dt t,—0 t, 50xI0
. do. 0. -0
er — r — max max — 2 — O
dt (¢, +t)—t, 1,
. do 0-6 -6 15.7
0,=—*%"= = =—" = — =—314rad / sec’
dt (t,+t +t,)—(. +t,)) t, 50x10
! ! ! !
| Acceleration | | |
| diagram | | |
314 rad/sec? i i i
0 ‘ | }
| -314 rad/sec? . |
| | S
0 ta ta+tr ta+tr+td



7) Use Fundamental equation for torque calculation at each mode:

(J, +J,)0=T,

o T, =(J,+J )0, =0.0024x314=0.7536 N.m

2T, =(J, +J )0, =0
o T, =(J, +J,)0,=0.0024x-314 =—0.7536N.m
The torque diagram profile is shown in Fig

8) The Peak torque (maximum torque):

Hence, the peak torque requirement is

T. =0.7536N.m

| | |
| | |
Acceleration } } }
diagram ! ! !
314 rad/sec? } } }
| | |
| | |
|
| |
| -314 rad/sec? - |
| |
| |
| | | |
| | | |
| | | ]
ta ta+tr ta+tr+td
| | | |
| | | |
‘ Tgrque | | |
diagram | | |
0.7536 Nm } } }
| | |
|
| -0.7536 Nm }
| |
| | | |
| | | |
\ | | ]
ta tat+tr tat+tr+itd tcyc



9) T .= root mean square torque over entire cycle:

Ty = J Jo (e

Leycte dingram | |
0.7536 Nm | | |
From torque diagram: ’ i 07536 N
2 2 2 2 i } } i
T = Tma Ly +Tmr L +de La +TH L 0 ta tatir watorid | feye
" t+t +t,+t,,
where : T,=holding torque required in dwell mode=0
2 -3 2 -3
- \/(0.7536) x50x 10 ;500+(10(:7536) x50x10°+0 _ (o
X

Therefore, a motor which has rotor inertia of about 0.00/2 kg.m?, maximum speed capability of /5.7 rad/sec(150 rpm)or
better, peak and RMS torque rating in the range of 0.7536 N.m and 0.4766 N.m range would be sufficient for the task



Mechanisms and Drives

Direct Drive where Sm = motor speed (rpm)
\ Sy = load speed (rpm)

Tm = motor torque (Ib-in)
Ty = load torque (Ib-in)
Ji = total inertia (Ib-in-s2)

J; = load inertia (Ib-in-s2)
— i i _inoss
MOTOR LOAD I motor inertia (Ib-in-s2)
speed (motor) = speed (load)
forque at motor = torque at load
total inertia = inertia (load) + inertia (motor)
o= )i+ Jn
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Rotating mass driven through a gear reduction.

TD - JECI“'I- Motor } ni
gear ratio The speed ratio (or, the gear ratio) n is expressed by To j
?12 o
_ow_m_ i om
"= wi a1 Ry m
Tl Tg TE
F = ——="=2\IIlTy = R{===nT,.
R R { 1 1R2 2
Taking gear 1 as a free body gives
Io —T1 = a1 The equivalent moment of inertia as
Iy = g ds.
2 242 Th a1Jy +nds nds
Joq = —= =7+ —
1 a1 ]
o (L2 _ ;| 2
————————————————————————————————————————————————————————————————————————————————————————— = Ji+n°|— | =J1+nJ.
> @




How to calculate equivalent inertia?

The efficiency of a motion transmission mechanism is defined as the ratio between

the output power and input power,

Pour
=g (3.1)
Pour =1+ Py 7 H
Tous éﬂur:i’}"ﬂn Gin (——— = A
. \ N
KE; = 1 - KE,, N = f;in r 2
o




Gear Drive: where Sm = motor speed (rpm)

Sy = load speed (rpm)

N = gear ratio

) Ny = number of load gear teeth
Nm = number of motor gear teeth
Tm = motor torque (Ib-in)

MOTOR Ty = load torque (Ib-in)

) e - efficiency

Jv = total inertia (Ib-in-s2)

J1 = load inertia (Ib-in-s2)

Jw = motor inertia (Ib-in-s2)

LOAD

speed (motor) = speed (load) x gear ratio
Sm = 51 X N
orS, =51 X Ny o+ Ny

torque at motor = torque at load + gear ratio

Tm =11
Ne
total inertia = inertia (load) = (gear ratio?) + inertia (motaor)
Jo= A,
NE



motor velocity D

Mator Ratio = N = =
0. o ,d T

L
load velocity D,

O=MNO, o, =N

Total Inertia = ey = J, + # Jy

Load Torque Reflected to Motor = r:Id_TL

I:'L
1 rev =2n (rad) Load

I.-.IL 5 [.]L’ .JL:' TL

0 = angular distance (rad)
o = angular velocity (rad/s)
J = moment of inertia (lb-in-52)

T =torque (Ib-in)



Conversion of Rotary to Linear Motion

1. Rack and pinion drives,
2. Power (lead) screws,
3. Linkages.

V = Ru|

If the load attached to the rack has mass m, then, total
equivalent moment of inertia equals

- 2
Jeq = J1+ mR? = Ji+m (1—)

(O

[ e
| L; |
N {_—
{:"“"’ . PINION .{/
30 )

é NI

o,

Kf“} (\T--_J

&l 1 — F - -\ "
I \ '.d_i'.ll . _.'i_hl:“"'\-\_-"". Iln" '\
]I l,lI e % ! i
1 ! o L L - n
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Conversely, i1f the rack 1s the driver, then the moment of inertia J/ attached
to the pinion shaft must be reflected back to the rack, and the equivalent

linear inertia as felt by the pinion driving the rack is

J1
Meq = M + —

R?




g = -QFEWII'.';,F constant = 386 ||"].I|l5r2 thd = FEH‘Em-EI + Ffri.':ii.'.il'l + Fgran.-iiy

W, = weight (Ibs) = W,__, + weight of *+— Fauemal

moving parts £
v = linear velocity (in/min) gravity

Load (W,_.4)
. . . —* Fiiction
x = linear distance (in)
DL = xr s Iy = _V , N Er-p_m_] = ¥ i 4 i
60 r 2nr

F gravity = Wicta SIND, Fction = 1 Wigia COS0 @_1r = drive radius (in)

TL = Ft-:dal r+ Tac.c : Tac.cz [‘Jmlayﬂpiim + Wi.,-_.i_gl I"2] dn Incline
g 0 angle

= VY I':I-"-\

d Ootional Load Side
Mator - B, o ,Jd ., T,
9 e 1T Timing Belt
m [.]m, m* 'm or

Gear Reducer



I Fe:-:temal Ftntal = Fe:tternal + Ffri-::tic:nn + Fgravitg.r

Fgravitg,r

Load Side
— Load (W
O, o, J, Ty F friction (Wigaa)
Table (Wipe)

u = coefficient of friction)

S

Motor
Oy s Ty

Y - - ——— .
mNNERN W/I/I1N] Frrrrgia Incline
0000 3] angle

- Optional / /

Timing Belt Ball Nut Ball Screw (Jqgren)
ar

Gear Reducer

m 1

P = pitch = revs/inch of leadscrew
B=2xPx, e =2aPv,n(rpm)=Pv

h = lead = inches/rev of leadscrew 60

Faravity = Wigtar SINO | Fiiction = 1t Wigia COSH
g = gravity constant = 386 in/s? gravity — *"total friction = M VViotal

Wigta) = weight (Ibs) = Wigag + Wigpie T, = Fiotal * Taces Tace =[JWEW + W, (1/27P)2] dn

_ o 27P g dt
v = linear velocity (in/min)

X = linear distance (in)



Backdrivability (Passive behavior)

2 1 Normal operation (Easy)

Nback—drive —
1 forward

Motor
Where:
nback-drive , back-driving or reverse efficiency. C
nforward , driving or forward efficiency. Link




Backdrivability (Passive behavior)

» https://youtu.be/wgs | eCOfbag?t=95



https://youtu.be/wgs1eCOf6ag?t=95
https://youtu.be/wgs1eCOf6ag?t=95
https://youtu.be/wgs1eCOf6ag?t=95
https://youtu.be/wgs1eCOf6ag?t=95
https://youtu.be/wgs1eCOf6ag?t=95
https://youtu.be/wgs1eCOf6ag?t=95

Robotic system actuation system

Gravitational
Torque

Shoulder Joint (Axis 2)
Actuator Cross-Section

6DoF -axis
Industrial Robots

Payload

Encoder—  Spring-Applied  Seryo Motor  Planetary Gearbox —
Position ~ Electromagnetic (Rotor & Stator) Torque Amplification
Feedback Brake (Fail-Safe)
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torque from payloads. Integrated spring-app-
lied electromagnetic brakes ensure fail-safe
locking during power loss, preventing collapse
------- and maintaining positional stability.

Brake (Fail-Safe)

High Load
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Servomotor with Electromagnetic Brake

To operate the motor:
First apply electrical
signal to disengage the
electromagnetic brake, then
control the motor torque and
speed via the motor driver.

Encoder Electromagnetic Electric Motor Gearbox Output Shaft
Brake



Servomotor with Electromagnetic Brake

Operating Sequence:

1. Apply electrical signal to disengage electromagnetic brake.
2. Activate motor control (torque/speed control).

3. Torque is amplified through gearbox.

4. Mechanical power delivered at output shaft.

Brake Release
Signal

‘a/"

~hl\

v

Encoder  Electromagnetic
Brake

Electric Motor Planetary Output Shaft
Gearbox



Servomotor with Electromagnetic Brake

Servomotor Internal Structure and Operating Sequence

P Controller

Encoder Electramannatic Electric Motor Gearbox Output Shaft
(Position Brakeg (Torque (Torque (Mechanical
Feedback) Generation) Amplification) Output)
!
1
Brake Release Motor Control
S'gnal S|gna' Operating Steps:

—

. Apply electrical signal to disengage the brake.
2. Send control signal to motor.

3. Torque passes through gearbox.

4. Output motion delivered at shaft.




Cascade Control Structure of High Performance DC Servo System

AC Supply
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Torque Control Mode

Velocity Control Mode

Position Control Mode

AC Motor

@ @ |- =-=-==-== 1 @
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Speed
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Block Diagram of AC Servo System



Questions

Thank You
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