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PL 6 - AC Motors - Selection (2)

Objectives: - Braking of AC induction motors (constant frequency)
- Practicing Exercises with three-phase induction motors
Documents available
PL classes: 1) SEW_DT71D4_ClassPL6.pdf
2) SEW_SDT100LS8_2_ClassPL6.pdf
3) SEW_Brake_Data_ClassPL6.pdf
4) SEW_Drive_Engineering_10522913_Project Planning for Drives .pdf (see link)
https://download.sew-eurodrive.com/download/pdf/10522913.pdf

Braking Systems for Three-Phase Induction Motors

1. Introduction

In industrial applications, braking an induction motor is essential for safety, precision
positioning, and reducing cycle times. Modern braking strategies are divided into two primary
categories: Electromechanical (physical friction) and Electrical (electromagnetic interaction).

2. Electromechanical Braking

Electromechanical braking utilizes physical contact to arrest the motor shaft. It is often used as
a "holding brake" to maintain position after the motor has stopped. These brakes are designed to
be fail-safe: they engage automatically when power is removed and release only when the brake
coil is energized.

e Mechanism:

o Friction Disc Braking Mechanism: a friction disc, either flat or conical, is rigidly
connected to the motor shaft. A spring forces this disc against a fixed surface to block
movement (see video for flat friction disc)

e Operation:

o De-energized state (Safe State): when no electrical power is applied, the spring force
engages the brake. This force defines the available braking torque (Ty)

o Energized state: when the brake is energized, an electric actuator (typically a
solenoid) overcomes the spring force and releases the friction disc, allowing the shaft
to rotate. In conical-rotor brake motors (see Demag design), the brake release occurs
automatically when the motor starts

e Actuation Methods:
o Brake release can be achieved through an electric actuator (solenoid) that counteracts
the spring force. The actuator may be powered by:
= Independent DC or AC Source (Figure 1)
= Rectified AC voltage: uses the motor's own phase currents via a rectifier
bridge (Figure 2)

o In Conical-Rotor brake Motors (see Demag), brake actuation relies directly on the
motor’s electromagnetic operation. When the motor is energized, the stator magnetic
field produces not only a rotational torque but also an axial magnetic force. This axial
force pulls the rotor axially, disengaging the brake. The friction disc has a conical
geometry, and this axial movement assures the separation of the friction surfaces,
releasing the brake (Figure 3). As a result, no external brake actuator or solenoid is
required, since brake release is achieved purely by the motor’s magnetic field.
(https://www.demagcranes.com/en/products/drives/motors/conical-rotor-brake-
motors, https://youtu.be/Es-xdcBcU38)

The operational performance of an electromechanical brake, specifically its response time during
actuation (t;) or deactivation (t;), is not a fixed constant. These parameters are directly
determined by the configuration of the control circuit and the specific type of power supply
employed.
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The choice of the various options and their conditions of use should be based on the information
provided by the manufacturers of the motors.

Figure 1 - Example from SEW - Drive Engineering- Practical Implementation - Disc Brakes

Y Stella « Star+ Etoile + Sternschaltung  (380-415V) A Triangolo » Delta « Triangle « Dreieckschaltung  (220-240V)
O O
Freno ; Freno
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Figure 2 - Examples from Carpanelli Motori Elletrici- Technical catalogue

Stator Brake disc

Brake spring Rotor Brake lining Brake cap

Unique design provides mechanical
link between the rotor and the brake

Figure 3 - Demag Conical-Rotor Brake Motor (KB éeries) using conical friction disk (ref) T

2.1 Key technical data points to consider
2.1.1 Mechanical & Performance Ratings

¢ Nominal Braking Torque (T): the static torque exerted by the spring force when the
brake is not actuated.

e Permissible Braking Work (I4},,.,): the maximum energy the brake can dissipate in a
single stop or per hour without overheating.

e Maximum Operating Speed: the highest RPM at which the mechanical brake can safely
be engaged.

2.1.2 Dynamic Response Times

e Application Time (t,): the interval between switching off the power and the brake
actually engaging (reaching 10% or 90% torque).

e Release Time (t;): the time required for the actuator (solenoid) to move the disc against
the spring and free the shaft.

e Switching Frequency: the maximum number of braking operations permitted per hour to
avoid thermal failure.
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2.1.3 Electrical Specifications

e Actuator Supply Voltage: whether the solenoid requires an independent DC source or a
specific AC rectified voltage.

e Coil Current/Power: the power consumption required to keep the brake released during
motor operation.

e Control Circuit Requirements: specifications for the rectifiers or contactors needed to
interface the brake with the motor power circuit.

2.1.4 Environmental & Maintenance Limits

e Wear Allowance: the minimum thickness of the friction disc before replacement is
required.

e Protection Rating (IP): the level of protection against dust and moisture, especially for
friction-based systems.

e Manual Release Availability: whether the unit includes a hand lever to release the brake
during power failures or maintenance.

3. Electrical Braking Strategies

Electrical braking leverages the motor's ability to act as a generator, converting kinetic energy
into electrical energy.

3.1 Regenerative Braking

Occurs when the motor is driven by the load above its synchronous speed (negative slip) (Figure
4),

e Process: the motor acts as a generator, returning active power to the grid.

e Applications: hoists, winches, or downhill conveyors where the load "overhauls” the
motor.

e Constraint: the power supply must be capable of absorbing the returned energy.

T motor

e
'S

s

Generator

Figure 4 - Torque-speed curve for induction motor
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3.2 Plugging (Reverse Current Braking)

Achieved by interchanging two stator phases while the motor is running, until the motor runs
close to stopping (Figure 5).

o Effect: the rotating magnetic field reverses direction, creating a massive braking torque.
e Warning: this creates extremely high currents and mechanical stress. It should only be
used after consulting manufacturer specifications.

Both the powers
get dissipated as heat

Interchanging
of stator leads

Load

Figure 5 - Plugging (Reverse Current Braking)

3.3 DC Injection Braking

Consists of disconnecting the AC supply and injecting Direct Current into two phases of the stator
windings. The DC current can be obtained from a power source or by rectification of the phases
available for motor power (Figure 6).

e Mechanism: the DC current creates a stationary magnetic field. As the rotor moves
through this field, a braking torque is generated.
e Advantage: smooth deceleration without the risk of the motor reversing direction.
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Figure 6 - DC Injection Braking
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3.4 Dynamic & Self-Excited Braking

e Self-Excited: uses capacitors to maintain the magnetic field after the power is cut,
dissipating energy through braking resistors or the windings themselves (Figure 7).

e Phase Removal (Wound Rotor - legacy motors!): disconnecting or reconfiguring a phase
to run the motor in an unbalanced "single-phase” mode, dissipating energy through rotor

rheostats (Figure 8).

Ref. https://www.electrical4u.com/induction-motor-braking/

L2~ - T ;/ MOTOR Rotor

INDUGAO
Lﬁ_ —_ T3

Y A e

C, C crcuit

(a) Two lead connections

J Supply
J ) lines
Stator
Rotor
Rheostat
in rotor
crcuit

(b) Three lead connections

Figure 7 - Self-Excited Figure 8 - Phase Removal (Wound Rotor)
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2- Ex. TP6-1. Rotating table driven by a three-phase induction motor

Consider a rotating table and select a three-phase induction motor that meets the
established drive requirements. Consider additionally the available data:

* Muoving parts = 550 kg

" Mtable moving mass — 250 kg
- e = 19m

l‘ ll

support bearings position -

- #support bearings friction

table axis = 650 kng

] total moving masses

s Negple = 3.5TPpM

- Lacceleration = 05s
M gtobat = 71 % , of the mechanical transmission system between the motor and the

table (includes a gear box, pinion and sprocket, and a transmission ratio compatible
with 4-pole motors per phase).

a) Choose a motor from the table in (SEW_DT71D4_ClassPL6.pdf) that best meets the specified
requirements, in particular the indication for an acceleration time close to 0.5 seconds.

b) Represent the characteristic curve (w,T), indicating the values corresponding to the chosen
motor and the operating point for the maximum load.

c) What is the motor slip corresponding to the operating point?

3- Ex. TP6-2. Vertical load and motors with 2 velocities
(adapted from SEW-Practical Drive Engineering)

Consider a lifting platform for which you want to choose a two-speed three-phase induction
motor that allows you to meet the drive requirements established according to the following data:

- Mipad = 300 kg
" Mpmoving platform = 200 kg
- Vpigh = 0.3m/s
1
“ Viow = thigh

-cdf =50%
) nglobal =85%
- transmission ratio compatible with 2/8 pole per phase motors

Normal travel will be done at high speed, both on the way up and down. The stop, on the ascent
or descent movements, will be made through the brake incorporated into the motor, after
switching to low speed.

Choose a motor from the table (SEW_SDT100LS8_2_ClassPL6.pdf) that is capable of meeting the
specified requirements. Verify the motor's behaviour on the up and down movements, from start
to stop conditions.
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2- Ex. TP6-1. Rotating table driven by a three-phase induction motor

Consider a rotating table and select a three-phase induction motor that meets the
established drive requirements. Consider additionally the available data:

* Muoving parts = 550 kg

" Mtable moving mass — 250 kg
- e = 19m

support bearings position -

- #support bearings friction

_ ]table axis = 650 kng

total moving masses
s Negple = 3.5TPpM
- Lacceleration = 05s
M gtobat = 71 % , of the mechanical transmission system between the motor and the

table (includes a gear box, pinion and sprocket, and a transmission ratio compatible
with 4-pole motors per phase).

a) Choose a motor from the table in (SEW_DT71D4_ClassPL6.pdf) that best meets the specified
requirements, in particular the indication for an acceleration time close to 0.5 seconds.

b) Represent the characteristic curve (w,T), indicating the values corresponding to the chosen
motor and the operating point for the maximum load.

c) What is the motor slip corresponding to the operating point?

Solution problem 6.1:  Rotating table with a three-phase induction motor

a) Selecting a motor from the motor s table (SEW_DT71D4_ClassPL6.pdf) that closest
satisfies the requirements established, in particular the acceleration time (0.5 sec).

Steps

1- Horizontal loads: use as reference for the motor s nominal power (Py) the total power
(static + acceleration, i.e. Pyyal),

Ptotal = Pacceleration]motor + Pacceleration]load + Pstatic
Motor not selected yet:
Ptotal - Pacel.]load + Pstatic - 2466 + 182 - 2648 W

Load power, referred to motor s shaft:

motor _ motor .
Pacel.]load - Tacel.]load Wmotor (
load axis .
T, ‘W motor 477.1-0.367
motor __ ‘taceljload load P — =246.6 W
or, Pacel.]load = 7]7 bl accel Jload 0.71
globa
I =g Tyeces = 650 0.734 = 477.1 Nm
accel — 0367 _ 0.734 d ,
o=t | =L = .734rad/s
- k At = tyecer = 0.5 sec

At = tyecer = 0.5 sec
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2- Selecting motor from table (SEW_DT71D4_ClassPL6.pdf):

PN > Ptotal Or(?*): PN ~ Ptotal (*) {

motor 4 poles

35.3-0.367

0.71

Py = 264.8 W
Ngine = 1500 rpm

=182W

0.6
(550 +250) - 9.81-0.015 - —- = 353 Nm

(*) It should be taken into account that, using the total power (Pyta) @s a reference for the
motor’s nominal power (Py), the motor will be oversized for operation at constant speed, since
Py will be much higher than Pg,ic. Also the starting, and acceleration torque, of these type of
motors are typically 2 to 3 times higher than nominal torque (Ty). So it can be justified that the
selected motor s power be less than the calculated total power, particularly if it is required for
to limit the acceleration values.

To illustrate this situation various alternative motors were selected for evaluation.

3- Data from de selected motors SEW (1500 rpm) (SEW_DT71D4_ClassPL6.pdf )
Motor SEW:
1500rpm 157.08 rad/s DT71D4 DR63L4 DR63M4 DR6354
Py [kW] 0.37 0.25 0.18 0.12
Ny [rpm]/[rad/s] 1380/144.51 | 1300/136.14 | 1320/138.23 | 1380/144.42
Ty [Nm] 2.6 1.8 1.3 0.83
Totart (Ma) [Nm] 4.68 3.24 2.34 1.99
Ju (with brake) [x10-%kgm?] 5.5 5.6 4.8 4.8
Zy (BG) [cycles/hour] 6000 10000 10000 10000

4- Verification of motors compatibility with load requirements.

- starting phase, calculating the acceleration time, assuming motor will work accelerate to

nominal speed

At

motor

_ (]motor +]load

) T Wy _ (]motor +]

motor
load

motor

) T Wy _ (]motor +]load ) T Wy

»T

Taccel - Tstatic

load_axis

load

motor _

2
. (wload)
Wy

load —

n

T Pstatic
accel wy
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SEW Motor : DT71D4

1500rpm 157.08 rad/s DR63L4 DR63M4 DR63S4
Py [kW] 0.37 0.25 0.18 0.12
ny [rpm]/[rad/s] 1380/144.51 1300/136.14 | 1320/138.23 | 1380/144.42
Tn [Nm] 2.6 1.8 1.3 0.83
Tstart (Ma) [Nm] 4.68 3.24 2.34 1.99
In [x10* kgm?] 5.5 5.6 4.8 4.8
Jinotor [x10* kgm?] 59.0 66.53 64.5 59.1
T sratic [Nm] 0.126 0.134 0.132 0.126
At [sec] 0.205 0.316 0.434 0.495
Zy KoK Ky [cycles/hour]

Comments:

- Given the difference between P,..; and Pyqic , the motor that best satisfies the acceleration
time request (0.5 sec) is the motor with Py (120 W), well below the calculated P, (246.6 W)
and Pg.q:ic (18.2 W) together, while keeping the acceleration and nominal torque well above the
requirements.

- However, it should be noticed that other working operating conditions were not considered,
i.e. duty cycle, starting/stopping frequency and inertias ratios (Jiad/ Jw)-

As a suggestion, proceed with b) and c) considering the two identified motors.

b) Represent the characteristic curve (®,T), indicating the values for the selected motor
and the working point corresponding to maximum load.

TINm] o T[Nm]

N
—
y

n[rpm]

c) Calculate the slip corresponding to the working point.

MRB/PA
SEL PL 6 9/17




PORTO Master in Mechanical Engineering | 1st year

FACULDADE DE ENGENHARIA M.EM010| Electromechanical Systems (SE)| 2025-2026 - 2nd Semester
FEUP UNIVERSIDADE DO PORTO

PL 6 - AC Motors - Selection (2)

3- Ex. TP6-2. Vertical load and motor with 2 velocities
(adapted from SEW-Practical Drive Engineering)

Consider a lifting platform for which you want to choose a two-speed three-phase induction
motor that allows you to meet the drive requirements established according to the following data:

- Mypqq = 300 kg
- Mpoving platform = 200 kg
- Upign = 0.3m/s
1
“ Viow = thigh
-cdf =50%
) 77global =85%
- transmission ratio compatible with 2/8 pole per phase motors

Normal travel will be done at high speed, both on the way up and down. The stop, on the ascent
or descent movements, will be made through the brake incorporated into the motor, after
switching to low speed.

Choose a motor from the table (SEW_SDT100LS8_2_ClassPL6.pdf) that is capable of meeting the
specified requirements. Verify the motor's behaviour on the up and down movements, from start

to stop conditions.
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Solution problem 6.2: Selecting a motor from the motor “s table
(SEW_SDT100LS8_2_ClassPL6.pdf)

Selection steps

1- Vertical load movements: using as a reference for the nominal power of the motor (Py)
the static power (i.e. Psatic),

1 1 1471.52
Praric = Meotar" g * V b (300+200) -9.81-0.3 5oz =—joc— = 17312 W
2- Motor selection from available motors table (SEW_SDT100LS8_2_ClassPL6.pdf):

Py > Pyuie = Py>1731.2W = Motor (SDT100LS8/2): Py = 0.45 /1.8 kW

3- Data of selected motor (SDT100LS8/2) (750/3000 rpm)
(8 poles) (2 poles)
Py=0.45 kW; Pn=1.8 kW;
ny= 630 rpm (wy = 65.97 rad/s); Ny = 2680 rpm (wy = 280.65 rad/s);
Ngine = 750 rpm (wsine = 78.54 rad/s); Ngine = 3000 rpm (wsine = 314.16 rad/s);
Ty =Py /on=6.82 Nm; Tn=Pn/on= 6.41 Nm;
Tacel. = 10.91 Nm; Tgiare = 11.59 Nm Tacet, = 14.10 Nm; Tyiare = 15.38 Nm
Zo=9000 ; Option BGE Zo = 2600 ; Option BGE

Towitching= 2.5 X Tacel (8 pole) = 27.28 Nm
Thrake = 20 Nm
Jmotor = 48.1 x 104 Kgm? ;  (Option BGE) (brake control circuit)

AT[Nm]

15,4

The average regenerative braking torque (Tswitching),

available during the speed commutation phase (from 2 11,60~ T =1(n) 8P [1]
to 8 poles) due to generator operation, corresponds to R S :
the average difference between the torque curve of the T, i |

2-pole motor and the motor curve with 8 poles. It can
be considered approximately as 2 to 2.5 times the

starting torque of the 8-pole motor [adapted from 0 2000 00 n/mic]
SEW_Drive Engineering]. o0 .

[2]
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4- Verification of moving the load with the selected motor

i) Ascending movement: starting from zero to high speed, switching to low speed; stop
with brake action. The load opposes movement.

- STARTING PHASE (2 poles)
- acceleration time: tacer. = 0.19 sec

]total Aw 5.482 X 10_3 - 280.65
Lacel = YT = 793

Jeotat = Jmotor + Jioaa = 48.1 X 107* + 672 x 10~* = 5.482 x 1073 Kgm?
ZT = Toer = Toraric = 1410 — 6.17 = 7.93 Nm

= 0.19 sec

m(u)z (300 + 200)( 0.3 )2 _571x107*

= —|— =6.72 X 107* Kgm?
Jioaa = ] - 280.65 0.85 gm
Pyarie 1471.52/h  5.243 5243
static = — ) 280.65 ,~ 0gs _ o17Nm
- acceleration:
a=20 _ 03 _ 1.58 2
tacel o019 m/s

- distance moved during acceleration:
Sacel = % "V tacel = % -0.3-0.19 =0.029m =29 mm
- Switching to low speed (8 poles)

- switching time tswitching = 0.036 sec

Umotor + Jioaa h) “Aw .

t . . e
switening Tswitching + Tioaa " 711
(48.1 x 107* + 5.71 x 10™* - 0.85) - (280.65 — 65.97)
= = 0.036 sec
27.28 + 5.243- 0.85
- deceleration a=-—637m/s?
Ay 03 -% -03
a= = = —6.37 m/s?
t acel 0.036
- distance moved during switching: Sswitching = 6.7 mm

1 1 630
Sswitching = 5 (Vo + V) " tacer = 5 (0.3+0.3 -m) +0.036 = 0.0067 m = 6.7 mm
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- BRAKING at the final phase of the ascending movement

- response time of brake actuation: tuctuation = 0.015 sec

(Data: SEW_Brake_Data_ClassPL6.pdf)

- velocity reduction before effective braking: An = 121 rpm

Tioaa " tactuation 5.243- 0.85-0.015
Aw =

rad
- - =12.62— = 120.
Jmotor + Jioaa * 11 48.1 x 107* 4+ 5.71 x 10=*- 0.85 s 0.55 rpm

- distance moved during brake response time

1 1 630 630 — 121
s =5 (V0 + ) taca =57 (0.3 505+ 03— 25) <0015 = 0.00096 m = 0.96 mm

- braking time due to available torque brake: t,, ki, = 0.012 sec

Umotor+Jioad h):(w—Aw—0) (48.1x10™*+5.71x10*0.85)(65.97—12.62)
tbraking = = = 0.0116 sec
9 TbrakingtTioad 1 20+ 5.243-0.85

- deceleration during braking

N 03630121
v 03.830121
= 2680 _ 475 m/s?

a= =
tbraking 0.012

- distance moved during braking (tg)

1 630 — 121

1
St2 = E ’ (UO + U) “lacel =5 (03 2680

> +0)-0.0116 = 0.00033m = 0.33 mm

- total distance moved during braking (t;+ts)

Stotal braking =096+ 0.33 =0.00129 mm

MRB/PA
SEL PL 6

13/17



PORTO Master in Mechanical Engineering | 1st year

eacuLoaoe ot encenrama  M-EMO10] Electromechanical Systems (SE)| 2025-2026 - 2nd Semester
FEUP UNIVERSIDADE DO PORTO

PL 6 - AC Motors - Selection (2)

- Allowed starts and stops frequency in ascending movements (Z,)

Zy=1Zo" K Ky Kp=2600-0.88-056-032=410c/h

1 Jmotor 48.1x107%
/ ]lolilad'”ventilator ]load+]ventilator+1motor 5.71><1r0 4+ 0 +48.1x10™*
14—t n 0.85
Jmotor
K
Tload P" i i iEﬁi:G E
o o1 _Tacerh—Tipga _1410-085-5243 1 olodd Pl
M Tacer Tacer " 11 14.10-0.85 . 0‘8 : ! E I 0:4
Pstatic 1731.2 = 0.96 GFE N 1:_ __________ :_=_g_'§
Pn 1800
Kp = 0.32 S 04N gt 8
cdf cdf = 50% ' -
02Nz o
ol N "y
01525 40 60 100

ii) Descend movement: starting from zero to high speed, switching to low speed; stop with
brake action. The load action is in the same direction of motor motion.

- START PHASE (2 poles)
- acceleration time: tacer. = 0.09 sec

5.71 x 107*
—4 e E AV .
Unmotor + ]lilad )+ Aw - (48.1 X 10™* + 085 ) 314.16

t = 14.10 + 5.243 - 0.85
acet Tacer + Tstatic *m

= 0.09 sec

_3000-2m

= 314.1
50 3 6rad/s

Aw

——

- acceleration:

3000
Av .

0.3 0——
a= = 2080 = 373 m/s?
tacel 0.09

- distance moved during acceleration:

1 3000

Sacet =5 U Lacer =+ 0.3 220,09 = 0.0151 m = 15 mm
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- Switching to low speed (8 poles)

- switching time tswitcning = 0.055 sec
( Umotor + Jioaa* m) - Aw (48.1 x107* + 5.71 x 107*-0.85) - 235.62
I Cswitching = = = 0.055 sec
4 Tswitching — Istatic ' M 27.28 —5.243 - 0.85
3000-2mr 750-2m
I\ Aw = w P — Pl = 0~ gg = 314107854 =235.62rad/s

- deceleration a=—458m/s?
3000 750
A 0.3>— — 0.3 ——
i)  a=-— =280 2680 — 458 m/s?
tacel 0.055
- distance moved during switching Sswitching = 11.5 mm

1 1 3000 750
Sowitching =5 (Vo T V) tacer = 5+ (03 52o0+ 0.3 525 -0.055 = 0.0115 m = 11.5 mm

- BRAKING at final phase of descent movement

- response time of brake actuation (t;):t,.1ion = 0.015 sec
(Data: SEW_Brake_Data_classPL6.pdf)
- speed increase before effective brake action: An = 121 rpm

Toaa  Laction 5.243- 0.85-0.015 rad
Aw = - — 1262 ~ 120555
O Joag n  481x10~* +5.71x 10-*-0.85 s rpm

- distance moved during brake time response (t;)

720 0320 12L ) 015 = 0.00136m = 1.36
2680 T 03 2680 0015 =0 = oo mm

1 1
St2 = E '(UO + U) “tacet = E (0.3
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- braking time due to available torque brake: ¢, qxing = 0.027 sec

Umotor + Jioaa* n) *Bw (481 x107™* + 5.71x 107" 0.85) - 78.62
Tbraking — Tstatic " B 20 — 5.243-0.85

= 0.027 sec

thraking =

Aw = (07 + Aw) = 65.97 + 12.65 = 78.62 rad /s

sinc

- deceleration during braking

A 03 750+121

v 3=

- 2680 361 m/s?
t--braking 0.027

a

- distance moved during braking (tg)

1 750 +121

~.(0.3 0)-0.027 = 0.0013 m = 1.3
7 ¢ 2680 O mn mm

1
St2 ZE '(UO +v)'tacel =

- total distance during braking (t;+tg)

Stotal braking = 1.36 + 1.3 = 2.66 mm

- Allowed starts and stops frequency in descending movements (Z,)
Z,=7Zy K Ky Kp=2600-0.91-0.68-0.55 = 885c/h

48.1x107%

_ 1 _ Jmotor _ _
K] h Ww+l - JioadM+JventilatortJmotor T 571x1074-0.85+ 0 + 48.1x10~% 0.91
motor
_ _ Tioad M _ Tacel=TloaaM __ 14.10—5.243-0.85 F\ Vi i i 1
Ky =1 Tacel Tacel - 14.10 = 0.68 Fa P i%ﬁ? 0 ;
L s s
Pstatich 1471.52-0.85 _ i p i | I 0.4
Py 1800 = 0.69 087 i T
Kp = 0.55 s 06 5 i= 0,6
cdf cdf = 50% 22 !
OA4 =N <08
024+
plb & =)
K. = number of permitted cycles, given by: 01525 40 60 100 >
KIP 'sz 4‘10'885
K, = = =280c/h
€T Kp+K,p 410 + 885 ¢/
MRB/PA
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Sketch of the velocity profile, including

starting/stopping phases in ascending (Movimento

subida) and descending (Movimento descida) movements:

Vimis) A
03— — —
/1 I , ,
/ | |\ Movimento subida
| I}
I |
| | II'|
I
/ I L
! I I \I
,-‘f I Lo
| |
0,071
0057 = = t= == 3\27
I I .l AT-0,055
[ =009
/ : IL | :\ | |1 Az=0,03
t T T 7 -
Ar=0,19 | ne=0,036 | | l : Ap=0L015( tis)
a—n.m's: | 1 : : :."l
Aa=0,012'| | (
o084 | _ATHS S
0088 b— — — — — — — :Tr:— — _,:lr_\f
[
I |
I| [ : I|
I
||| I Movimento descida
I
I: I
L I
|||
[
03— - — — |
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