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ZIEHL-ABEGG as a single source supplier

Frequency inverters

Electronic devices

Digital products

Machine frames

Accessories



ZIEHL-ABEGG »

1

Electro-mechanical
brakes - Basics
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Elevator Machine: Brakes

EN 81-20: 5.9.2.2.2 Electro-mechanical brake

= 5.9.2.2.2.1 This brake on its own shall be capable of stopping the machine when the car is travelling
downward at rated speed and with the rated load plus 25 %. In these conditions the average retardation
of the car shall not exceed that resulting from operation of the safety gear or stopping on the buffer.

= All the mechanical components of the brake which take part in the application of the braking action on the
braking surface shall be installed at least in two sets. If one of the brake sets is not working due to failure
of a component a sufficient braking effort to decelerate, stop and hold the car, travelling downwards at
rated speed and with rated load in the car and upward with empty car shall continue to be exercised.

These requirements must be tested by a notified body.
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Elevator Machine: Brake

Common features of brakes requested by EN81

1. Elevator brakes must operate under the ,fail-safe“ principle

= Means that the elevator brakes must be normally closed (in current-less operation) and only open if
current flows through the brake coil.

2. Redundancy of safety

= There must be at least two separate brake circuits, which can operate independently from another.
Each circuit has to provide enough torque to decelerate the car.

3. Monitoring of the condition of brakes*

= *For specific requirements (UCM compliance) montoring is crucial to detect UCM
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Closed brake

Functionality of closed brakes X
(0]

current

No
= Springs inside of the brake apply mechanical force on current
the armature disc, which is pushed against the friction o)
pad to build up braking torque. e

WL

= Microswitches monitor the air-gap between the coill
carrier and the armature disk and hand the signal
over to the elevator control.

(LTINS oL

Exemplary brake of an SM250 Machine
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Opened brake

Functionality of opened brakes

= The coil inside of the coil carrier can build up an
electromagnetic field, which overcomes the springs
mechanical force and attracts the armature disk. The
friction pad can rotate freely.

= The airgap between the armature disk and the coil
carrier is closed. This condition is monitored by the
microswitch and the signal of an opened brake is
handed over to the controller.

Current

Current

(I

Exemplary brake of an SM250 Machine
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Did you know?

Minimal additional costs increase the service life

A release monitoring system prevents impermissible operating
states on the lift motor, such as such running against a closed
brake and is therefore an essential element.

Due to heat, materials tend to expand and microswitches must
monitor a small movement. In addition, there is hysteresis of the
mechanical microswitch due to its internal structure.

Malfunction of the microswitch (temporary failure) or complete

failure generates a service and corresponding costs.
inEnne

Proximity switches solve this problems

oscillator
electronic

ferrite core
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Electro-mechanical
brakes - UCM & ACOP
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Elevator Machine: Brake

EN81-20: UCM

= Definition:

= Unintended car movement: non-commanded movement of the car with doors open within the
door zone away from the landing, excluding movements resulting form loading/unloading
operation

= When is a detection against UCM needed?

= Only in case that a relevelling of the car with opened doors is allowed.
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EN 81-20 Rules for UCM distances

Maximum dispositioning distance (EN 81-20)

= During UCM, the maximum distance of
car travel shall not exceed 1,2 min
both upwards or downwards direction.

= The safety measures installed should
bring the car to a stop within this range!

These values shall be obtained with any load in the car, up to 100 % of rated load, moving away from a
standstill position at landing level.
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Brake certification: To use the electro-mechanical brake as a
device against UCM

Example: How to interpret the values in the certification

1.2

1.21

Use as braking element - part of the protection device against unintended car movement (act-
ing in up and down direction) — permissible brake torques, tripping rotary speeds and charac-

teristics
Nominal brake torques and response times with relation to a brand-new brake element as well as
type designation 8012. _0_ _ 8012 _1__ 8012 _2__ 8012 _3_ __
Diame- Max. Maximum response times™*
Min. nominal | Max.nominal | terof | tripping [ms]
Size brake torque® | brake torque * | rotor rotary without overexcitation
[Nm] [Nm] [mm] speed
frpm) | " e »
2x890=180 40 70 95
150 2225 981
2 % 200 = 400 20 40 80
2x120 = 240 235 B5 145 190
200 979
2 x 250 = 500 253 30 60 110
2x185=370 50 75 110
250 a 253 | 800
2x 320 = 640 25 45 85
2 x 250 = 500 60 100 125
350 273 800
2 % 460 = 920 30 50 85
2 x 320 = 640 253 90 130 190
450 2 x 500 = 1000 253 600
1
2 x 550 = 1100 281 9% " %

Interim values can be interpolated

tx values: Time difference between
power-outage on the brake and
establishing X% of the nominal brake
torque

T50 means 50% of the braking
torque is established after xx ms of
power-outage on the brake
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Unintended car movement protection (UCMP)

What UCMP does

1.

Detect Unintended Movement

The system monitors the elevator for any movement away from the landing with open or unlocked
doors.

. Stop the Elevator Immediately

Upon detection, UCMP applies a dedicated emergency brake to stop and hold the car, even with full
rated load.

. Stay Locked Out Until a Technician Resets It

After activation, the UCMP system must remain engaged until manually reset by qualified personnel; the
elevator cannot run again automatically.
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UCM calculations with ZAlift Web

Data input for calculating UCM

Unintended Car Movement (UCM)

Inputs
Door zone Dead time Velocity Limit acceleration to 2.5 m/s?
|22 [ Lol } ; e iy l 8 ‘ v - | Motor short circuit braking circuit |_

Control values

= The inputs for calculating UCM are values from the control manufacturer.
= Door zone = Distance of detection, when a UCM occurs
= Dead time = Time it takes for the signal to initiate shut-off

= Velocity = Additional speed detector to monitor the speed at open doors (optional)
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UCM calculations with ZAlift Web

Considerations for UCM calculations

= Based on the inputs, internally the two least favourable
scenarios are compared:

= Empty car travelling in upwards direction

= |Loaded car travelling in downwards direction

= The least favourable scenario out of these two will be
calculated by ZAlift:
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UCM calculations with ZAlift Web

Explanation of the 6 phases of UCM calculations

Start: Car moves with open doors
End: UCM detected

Start: UCM detected T

End: Elevator dead time overcome

. Start: Elevator dead time overcome
3

End: First deceleration by brake
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UCM calculations with ZAlift Web

Explanation of the 6 phases of UCM calculations
Start: First deceleration by brake

End: Maximum speed of car

. Start: Maximum speed of car
: End: 90% of nominal brake force reached

Start: 90% of nominal brake force reached
H End: Car standstill
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Elevator machine: Brake ACOP function

What is Ascending Car Overspeed Protection (ACOP)?

= ACORP is a safety function designed to prevent the lift car from accelerating upwards
beyond its permitted speed.

= Typically, only overspeed in downward direction is protected by the safety gears on a car.

= This function is certified by notified bodies with the manufacturer of the brakes.
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Functional safety of
electronic products
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Certified safety functions of electronic components

Brake self-monitoring (UCM and ACOP)

= Protective devices (e.g. brakes) for UCM are
considered as a safety component and must be
verified according to the requirements of chapter 5.8.
of EN81-50.

= The brake-selfmonitoring is required by a certified
device or function.

= Regular check-up for the brake self-monitoring
function (with every software update the function has
to be tested again).

= This function is also tested during commissioning of
the elevator by a notified body.
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Certified safety functions of electronic components

Safe Torque Off (STO)

= Required function to ensure a safe stop by the
elevator.

= This function is integrated and certified within our

ZETADYN / ZAdyn / ZAdynpro frequency inverters.

No additional safety devices needed.
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Certified safety functions of electronic components

Trip counter

= Certified function to monitor the number of direction
changes.

= Especially needed for traction means that are not
considered by the EN81. (PU-ropes, belts, steel-
ropes < 8 mm)

4

tinstituut

'Declaration for trip direction change counter

Date of issue of onginal declaration June 24, 2011
Revision number 4

Revision date 21-01-2022
Requirements EN 81-20:2020
Project no : P210323

[1. General specifications

MName and address : ZIEHL-ABEGG SE
manufacturer Heinz-Ziehl-Strasse
74853 Kinzelsau
Germany
Description of the reviewed : Safe trip direction change counter
component
Frequency inverier type : Type series ZETADYN and ZAdyn
Data of examination . April 2011 - June 2011, May 2016, November
2016, January 2022
Examination done by A van den Burg
Laboratory . None
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Traction calculations
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Traction calculation

General things about traction calculations

= To determine the traction, the following two values always have to be calculated:
1. Traction which the sheave with its grooves can provide

2. Traction which is needed by the elevator installation for a certain case

It has to be made sure that the groove provides more traction than needed by the elevator in
normal operation.
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Groove shapes

General information

= Usually a circular round groove shape does not provide enough traction.
= Therefore a specific groove shape is necessary which increases the

= (Contact pressure and also the traction.

= Generally, there are 2 different groove shapes:
= V-groove

= U-groove with undercut



V-groove

Y

\ /—_\I
\ /
\ /
\ U
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= The rope has 2 contact points. The triangle build by the
contact forces (red) are equal to the force which pulls the
rope into the groove (green).

= The V-groove angle must not be less than 35°. Typical
values are 35°, 40°, 45° and 50°.

= Wear on the groove does change the traction, therefore the
V-groove is normally hardened to at least 50 HRC to avoid
any wear and keep the traction constant for the entire
lifetime.
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U-groove with undercut

Y groove opening angle

= The undercut angle must be 106° or less.
106° = undercut width 80 % of rope diameter

/\ = Typical angles are from 105° in 5° steps down to 70°.

N,

E\/
contact forces

= Wear on the groove does not change the traction, see

undercut angle picture below.

undercut width

= Therefore, the U-groove does not need hardening.
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Friction

What does friction mean

- . normal force u = Friction coefficient
friction coefficient i friction force Fn _ normal force
ﬂ <= F; = friction force

If F; > u ™ F, Object will slip
If F; < u * F, Object will not slip

Combination steel ropes with steel or casted sheave:
u=0.1 (EN81-20)
u = 0.09 (TRA = technical rules for elevators — old german normative)

u is different for static and dynamic case. For steel ropes, dynamic value is lower that static

value.
-> friction is lower, when ropes are slipping
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Traction - Calculation

General information

Rope force I

S2 or S1

|

Rope force
S1orS2

= The traction, which is needed by the elevator
is calculated by dividing the rope forces S1/
S2, where S1 is always the higher value
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Traction - Calculation

Example: Dynamic calculation

Case 1: Empty car

~

S1=M_,” (gravity + a)

S2 = P * (gravity — a)
Rope force Rope force
S2 I \ St S1/S2 = (M, * (gravity + a)) / (P * (gravity — a))
= (1500 kg * 10.81 m/s?) / (1000 kg * 8,81 m/s?)
P=10m ., = 1500 kg = 1.84

a=1m/s2 l Ia=1m/s2
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Traction - Calculation

Example: Dynamic calculation

Case 2: Loaded car

S1=(P+Q)* (gravity + a)
S2 =M, * (gravity — a)

S1/S2 = ((P + Q) * (gravity + a)) / (M, ™ (gravity — a))
= (2000 kg * 10.81 m/s?) / (1500 kg * 8,81 m/s?)
=1.636

Rope force Rope force
S2 S1
—
P =1000 kg «w = 1500 kg
a=1m/szl la=1m/s’4‘
/
Q = 1000 kg




Calculation of the various traction conditions

Traction conditions according EN81

= EN81 only considers “emergency” situation which could lead to a dangerous situation.

Loading (125 %)

considers 125 % static load assumed friction coefficient: 0.1 (steel ropes)

—h

There must be enough traction to hold the car in position.
Example: Q = 1000 kg; F = 1000 kg; Mcw = 1500 kg; s = 55 kg; 1:1; car at bottom position
S1/S2 =(1,25*Q + F +s)/ Mcw = (1250 kg + 1000 kg + 55 kg) / 1500 kg

= 1.5367

friction coefficient u = 0.1; U-groove with undercut angle g = 90° ->e/*® = 91892 — 71,8119

?1.5367 < 1.8119 -> ok!
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Calculation of the various traction conditions

Traction conditions according EN81

2. emergency stop

considers an emergency stop for all cases empty and full, up and down

there must be enough traction to reach a deceleration of at least 0.5 m/s?

to consider different elevator speeds, the friction coefficient to be assumed is depending on the

rope speed:

ll:
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0,07 ] — —
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Calculation of the various traction conditions

Traction conditions according EN81

2. emergency stop
Example: Q = 1000 kg; F = 1000 kg; Mcw = 1500 kg; s = 55 kg; HK =20 kg; 1:1; 1 m/s
empty car at top position

S1/S2 = (Mcw + ) * (g + a) / ((F + HK) * (g — a))
— (1555 kg) * (9,81 + 0,5) m/s2/ (1020 kg * (9,81 — 0,5) m/s?)
= 1.688

friction coefficient u_dyn=0.1/(1 +v /10) = 0.0909

U-groove with undercut angle g = 90° ->ef @ = %1727 = 1,7166

» 1.688 < 1.7166 -> ok!
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Calculation of the various traction conditions

Traction conditions according EN81

3. blocked

in case the counterweight is blocked, for example it rests on the buffer when the car is at upmost
position, the car must not be lifted up any further.

There must not be too much traction to lift the car when the counterweight is blocked.

a | Safety functions

= Assumed friction coefficient: 0.2 (steel ropes)
© S1=car weight; S2 = rope weight

§ Example (empty car at top position):
S1/S2=1000kg /55 kg =18.18

friction coefficient u = 0.2; U-groove with undercut angle g = 90° -> ef'® = 037847 = 3,283
18.18 > 3.283 -> ok!

SEELIift SYMPOSIU
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Calculation of the various traction conditions

Traction conditions on basis of TRA (old german normative which has long been expired)

1. empty, top, accelerated
calculates the worst case of regular operation
considers a reasonable amount of acceleration, depending on elevator speed

2. 150 % loaded, not moving
this case is not important as today's elevators need an overload device which should

prevent a 150 % loading
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