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1. Safety instructions

Carefully read the User Manual and the Application Guide before starting to work with EC-Control.
Disregarding warnings and these instructions may result in malfunction or troubles. Make sure the User
Manual is always kept at hand wherever the software is used. When selling the software or passing it on,
both the installation instructions and the User Manual are to be passed on as well. For information on
potential hazards and how to avoid them, this installation instruction may be copied and passed on.

e Handling and operation are subject to national directives on workplace safety.

/\ Electromagnetic radiation may come into play.

Should unacceptable radiation intensities occur once installed, the customer has to provide adequate
and appropriate shielding.

/\ Make sure no fan can be switched on accidentally! Switching on is possible if EC- Control is used
\ carelessly. There is a chance of bodily harm, if not fatal accidents, being caused this way! Always
operate fans with guard grilles in place and make sure you have taken every conceivable safety

precaution.

/\ This software is not designed for use in safety-critical or vital systems!
\ This software does not support real time use.

Proper use

B Proper use is defined as open-loop control and diagnosis of ebm-papst fans with RS485-based
ebmBUS V3 or MODBUS with ebm-papst standard profile.

Improper use

Operating the interface converter on interfaces not intended for such use
Operating interface converters at higher voltages than specified in their instructions
Using interface converter cables in an improper way and not as specified
Operation in extremely humid environments (heavy rain or intense humidity)
Operation in explosive environments

Putting fans into operation via software without their safety features being active
Deactivating of safety features of the fan firmware by setting improper parameters
Using the software in safety-critical or vital systems
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2. Basic information and terminology used with EC-Control

EC-Control allows ebmBUS und MODBUS fan networks to be visualised and parameterised.

EC-Control especially facilitates the following activities:

interface converters)

Setting of fan parameters such as operation mode, set value and control parameters
Changing the fan address
Readout of fan parameters such as actual speed, serial number and production date
Readout of failure status as well as failure memory
Monitoring of plants, including the option to report failures via e-mail

Managing a number of plants within one programme installation, useful for service technicians
Supporting RS232/RS485 and Ethernet/RS485 interface converters

Simultaneous monitoring of plant parts based on ebmBUS und MODBUS (requiring at least two

This Application Guide is a document supplementing the manual. It contains practical examples to help you
to make full use of the entire functional scope of EC-Control V 2.0.

Note: This Application Guide uses screenshots of EC-Control V 2.0 Beta 13-16. lllustrations of EC-Control
may therefore differ from your version. We also used a fan with MODBUS Protocol version V3.02 (version

01.09.2010). Devices using older firmware do not offer all functions.

What does EC-Control V 2.0 look like? The programme has the following structure:

| Device shown
Logical device address

Physical address

Device bype

MODEUS Plug Fant
2@ EPTEDLS40)
MODEUS ebr-papst Standard

etkings

- Parameter set 1

- Parameter set 2
Sensor settings

-~ Input curve 1

-~ Input curve 2

- OubpUt curve

- Sek value ramp
Rotating direction

- Fail save Function

- Limits

- Communication parameters

- Motor Einstellungen

- Braking

- LoadfSave

= Information

- Ackual values

Device data

- Electronics
- Maotor

Set value [%%]

Source of set value

Save set value to EEPROM
Current PYWM

Current speed

Curkent parameter set
Active operating mode

Source of parameter switch

—1 Current cortraller function
Source For controller function

Status

=l

e

|Rs4siBus

r

|13

[a74

[t

IPWM contral

[rs4esteus

IHeatingJ‘PUsitive

[rs4ssreus

K3 K 8 O

[Fan oK

EC-Control V 2.0

o et

w Set all

[llustration 1: Overview EC-Control

Gl Reset

B The structure of EC-Control V 2.0
consists of three major items:
» Overview
» Settings
> Information

B Application Guide describes the
possibilities the user is offered in

Settings.
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The table below is an overview of the different menu items with their sub-items.

Menu item Settings

Sub-items

Short description

Parameter set 1
respectively

parameter set 2

Current parameter set
Parameter set
Operating mode

Min PWM [%)]

Max PWM [%]

Motor Stop Enable
Controller function
P-factor [%)]

|-factor [%]

Two sets of parameters allow the user
to change the settings easily;

you may select operating mode or
active controller function, among others.

Sensor settings

Min sensor value

Max sensor value

Sensor unit

Source for controller function

Controller function

Settings for actual value parameters
through sensor, only relevant in

Input curve 1

Input curve X1

Input curve X2

The input curve determines which set

respectively value is to be reached with which input
Input curve 2 o Input curve Y1 quantity (current/voltage)

o |nput curve Y2

¢ Function of analogue output

7 The terminal strip of the ebm-papst

© Quipri U A [ units has a 0-10V output to connect

Output curve o Output curve X2 [%] further units. This 0-10V output can be
assigned to either the PWM phase
¢ Output curve Y1 [V] control factor 0-100% or rpm.
o QOutput curve Y2 [V]

Set value ramp

Ramp up time [s]

Ramp down time [s]

The set value ramp defines the time
needed by the fan to reach full speed.
Shortening this time results in the motor
having a higher running noise.

Direction of rotation

Source of rotating direction

Here, the direction of rotation can be
changed temporarily.

Fail-safe function

Fail-safe speed
Set value fail-safe speed

Time lag fail-safe speed

With cable break (set value input), the
motor keeps running at a set fail-safe
operation speed.

Limits

Maximum speed [rpm]
Maximum permitted speed [rpm]
Minimum permitted PWM
Maximum permitted PWM

Start PWM [%]

Here, the maximum speed can be set
and other limiting values are displayed

Communication parameters

Here, the device address can be
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e Device address

changed. MODBUS devices have the
address 1 as per delivery status.

Motor settings

Speed limit [rpm]

This is the unchangeable limit speed of
the motor

Braking speed [rpm]

Here, the braking speed and braking
angle is displayed; nothing can be

BT o Braking angle 1[°] changed, this is for your information
o Braking angle 2 [°] only.
o Load OEM data Depending on authorisations,

Load / Save o Save data in OEM configurations can be saved

o Activate factory settings

respectively loaded.

The terminal strip of an ebm-papst MODBUS device has the following design. Depending on size and
production date, you may notice differences:

Terminal strip 3 | ]

) O,
( ——=

N

P |

lllustration 2: Terminal stfip ofan ebm-papst MODBUS device

! " L] y
i Ve N \ @,y g
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Terminal strip 1 Q

=l
m——y
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Description of the MODBUS terminal strip:

Terminals Designation Description
1 L1
: Supply voltage
K12 L2 Mains supply | 3_" 380,480V AC, 50/60Hz
3 L3
PE PE PE conductor PE terminal
1 NC Status relay Status signalling switches for protection purposes are triggered with: over-
temperature motor/electronics, DC-link over-fundervoltage, Hall failure,
NES COoM Status relay locked-rotor protection, phase error, characteristic NC-COM - “break for
3 NO Status relay failure”, characteristic NO-COM* make for failure”
1 RSA Bus terminal RS485-RSA; MODBUS RTU-D1
2 RSB Bus terminal RS485-RSB; MODBUS RTU-DO
3 GND Ground Reference ground for control interface / common line for RS485/MODBUS
. Analogue input 1 | Analogue set value specification for 0-10 V set point device,
4 Ain1 U ;
(set value) e.g. potentiometer, see also 3.7
5 +10V Auxiliary voltage | Supply voltage for additional external units,
+10 VDC e.g. potentiometer
, Analogue input 1 | Analogue set value specification for 4-20 mA set point device,
6 Aint |
(set value) see also 3.7
Enabling electronics
7 Din1 Digital input 1 Enable: Pin open or applied voltage 5-50 VDC
Disable: Bridge to GND or applied voltage < 1 VDC
KL3 Switching parameter sets (P), see also 3.3
8 Din2 Digital input 2 P1: Pin open or applied voltage 5-50 VDC
P2: Bridge to GND or applied voltage <1 VDC
Select active direction, see also 2.5
9 Din3 Digital input 3 Positive/Heating: Pin open or applied voltage 5-50 VDC
Negative/Cooling: Bridge to GND or applied voltage < 1 VDC
10  GND Ground Reference ground/ for control interface / common line for RS485/MODBUS
. Analogue input 2 | Analogue actual value specification for 0-10V sensors,
11  Ain2U
(actual value) see also 3.5
Auxiliary voltage | Supply voltage for additional external units, max. 40mA
12 +20V
+20 VDC €.g. sensor
. Analogue input2 | Analogue actual value specification for 4-20 mA sensors,
13 Ain2l
(actual value) see also 3.5
14 Aout Analogue output Output of current phase control factor or
current speed, see also 3.8.3
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2.1. Open Loop Control

Open loop control is an open functional chain in which the input variable influences the output variable, but
not vice versa (see lllustration 3). The aim is to correctly choose the actuating variable y to bring the output
variable x (actual value) to the desired reference input variable w (set value). There is no comparison
between set value and actual value, and no correction of the actuating value resulting from such a
comparison. Potential interfering factors are not compensated.

Interfering
factor
r4
Reference input Actuating l Output variable/
variable/) ___ | Controller | variable | System |  Actualvalue
Set value w y (process) x
lllustration 3: Block diagram of an open loop control
Open loop with 0-10V / PWM controlled fan (lllustration 4):
z
Reference input 0-10V signal/
value/ PWM sianal = l Physical
set value 9 > I> ” % quantity
W y \

lllustration 4: Open loop control ebm-papst

2.2. Closed-Loop Control

With a closed-loop control, the actual value x is collected and compared with the set value w via a
measuring device as feedback variable r (see illustration 5). In the comparing element, these values are
taken to form the error variable e. This error variable is also known as control deviation. It is the difference
between set value and feedback variable and is constantly recalculated, as the controlled section is
permanently influenced by potentially interfering factors z. In contrast to the open loop control described
above, a closed-loop control can compensate any such occurring interference thanks to this feedback and
can thus align the control variable x with the set process.

For lllustration 5 and illustration 6, the following definitions apply:
Reference input variable (set value)

Control difference

Controller output variable

Actuating variable

Interfering factor

Control variable (actual value)

Feedback variable

- X N< c o =
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|
| o TTTTTTTTTTTTT T T N 4
: ' Comparing i i : ! l
i1 element _ ! : | Actuatip «
i ! e=w-r| Controlling | ! u R AN !
i T—’O—’ element > Actuator | » Section —¢>
; | 4 ! | ! |
: : - i : ! element
1 1 ! | |
I N L H b i______________l
: Controller | Actuating system
S S S
Closed-loop control system
Measuring
r device

lllustration 5: Block diagram of a closed-loop control

Generally, there is no differentiation between closed-loop controller output variable u and actuating variable
y; rather, they are jointly referred to as actuating variable y. The impact of the measuring device is also
often ignored, and so the feedback variable r is often referred to as the control variable (actual value) x.

Thus, we get a simplified control-loop:

PI controller :
+ = -
R i Y > %l x
(+)
. CL speed control I
- - mmmmmm e e e e e eeeeem o
CL sensor control B
X

lllustration 6: Closed Loop control ebm-papst

Typical measuring devices for fans are pressure, airflow and temperature sensors.
The set value w can be set in analogue or digital way using EC-Control software for setting it. A Pl
controller is tasked with compensating for the system deviation and achieving set value = actual value.

2.3. P-and I-factor

Ideally, the deviation between set and actual value with a closed-loop control is zero (remaining control
difference e(t)=0 for t—<). Is there a difference with the closed-loop control as illustrated above, the actual
value becomes adjusted. The proportional band (P-contribution) and the integral time (I-contribution) of the
Pl-controller determine how precisely and how quickly this adjustment is effected
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2.3.1. Proportional control

If the I-contribution of a Pl-controller is zero, we speak of a pure P-control. A P-controller works like an
amplifier for the control difference e. To understand how the P —factor is calculated in EC-Control, have a
look at lllustration 7.

1 1
Phase i< sensor range >
control E E
factor i <+—— cr for low P-factor L i
| |
1 1
! <4—— control range (cr) —» !
| |
| . |
| cr for high |
! <+—  P-factor > '
| |
100% ----- R e R L Lt ro----
| |
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
! P-factor !
| |
1 1
1 1
1 1
1 1
0% : ; ! g
min. value  Set value Actual value max. value
Sensor range Sensor range

lllustration 7: P-factor

The actual value is established using a sensor. The sensor itself is limited by its minimum and maximum
value, also known as the “sensor range”. This range can either be defined by the sensor itself or manually
changed in EC-Control.

The desired set value is defined analogically (terminal Ain1 U or Ain1 I) or digitally via EC-Control. The
difference between the actual value and the set value, which results in a phase control factor of the motor
of 100%, is referred to as the control range. Control range and P-factor are dependent on each other. They
are different representations of the same value. Using sensor range and control range, the P-factor can be
calculated.

(Max — Min) «100% — sensor range
control range control range

P Factor = x100% (1)

The P-factor can be entered via EC-Control. It is generally accepted that:

B Too high a P-factor may result in continuous oscillations of the closed-loop control.
B Too low a P-factor will result in permanent control deviation, and the set value is never reached exactly.

Using the P-factor, the P-contribution (contribution to absolute deviation) can be calculated. The control
deviation e here is the difference between the defined set value and the current actual value which is
constantly updated by the sensor.

10
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Control difference e(t)
Sensor range

P contribution = P factor x

(2)

Incorporating equation (1) in (2), you get:

sensor range «100% x Control difference e(t) _ Control difference e(t)

_— = x100%
control range sensor range control range

P contribution =

(3)

If Control differencee(t) > control range, the motor runs at a maximum phase control factor of 100%. If
control difference is below the set control range, the phase control factor decreases.

2.3.2. Pl-control

Instead of the P-controller with purely proportional contribution, we now have a look at a Pl-controller with
additional integral contribution (contribution of the sum of all deviations).

PI-

[-factor

w elt) :

______________________

lllustration 8: PI-controller

We talk of a controller with proportionally integrating effect. The controller output variable u is made up of
the sum of the P-contribution and the I-contribution, with the I-contribution trying to keep the control
deviation at zero in the timely weighted average.

Controller output = P contribution + | contribution (4)

How to calculate the P-contribution is already known. I-contribution is calculated as follows:

P factor control difference e(t)

A | contribution = | factor x X
100% sensor range

(5)

The I-factor here is the value as entered by the user in EC-Control. Adding up the difference of the I-
contribution per sampling instance across a certain range, you get the following equation allowing you to
calculate the controller output:

t
Controller output (t) = P contribution (t) + z A 1 contribution (i)

©) :

11
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Using equations (2) and (5) for P- and I|-contribution, we thus get:

e(t ! P factor
Controller output (t) =P factorrx¢+ Z | factor x x

sensor range % 100%  sensor range

To arrive at the sort of representation we know from automatic control engineering, the equation needs to

be rearranged:

t
Controller output (t) :mxe(t) — factor 1 factor D e(t)
sensor range sensorrange  100% 3
t
Controlleroutput (t) __PFakior e(t) + | Faktor D e(t)
sensor range 100% =

Using the proportional coefficient

_ P factor
P sensor range

and the ratio between sampling time T, and reset time Ty

T, | factor

T  100%

n

equation (10) and (11) yield the conventional equation (12) of a Pl-controller:

Controlleroutput (t) = kp(e(t) + I—a Zt: e(t)j

n i=0

With ebm-papst, sampling time T, is 50ms, so for the |-factor, we get this equation (13):

50ms

| factor = x100%

n

The generally known form of representation is:

t
Controller output (t) =k, (e(t) + Tij e(t) dtj

2.4. Operation modes of EC-Control

(7)

(10)

EC-Control works with three possible operation modes. The mode of operation can be selected in EC-

12
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rDevice shown M d f a
Logical device address MODEUS Plug Fang 'Zn‘ O eS 0 0 pe ratl 0 n
Physical address 2 @ EPTED94Q w
Device type MODEUS ebm-papst Standard g
i+ Device status 1=
Bl Settings Current parameter set Il . . .
Parameter sat 1 o | 5 B Electing the mode of operation is
- Parameter set 2 OUTCE Of parameter switd R5485/Bus < .
sonr settngs decisive for many other and
Ink | i E - .
- Input curve 1 MLernal parameter s= IParameter Set1 J fU I'thel' functlons
Input curve 2 Control mode (P1) EWM cantral - .
ot ae e = B Modes of operation can be
ot valuo ramp Wi PM (L) E:Dseg }oop speed conttrolI
A rame el A allocated to the two parameter
- Rotating direction 1) S |
o Max P (P1 1
Fail save Function 70 SetS P1 and P2 |ndependent|y
-~ Limits
Motar stop enable (P13 W
Communication parameters o from eaCh Other
- Motor Einstellungen Controller Function (F1) IHeatinngnsitive d
- Braking
- LoadfSave —1 P-Factor (P1} [%%] I50,19
= Information .
- Actual values Iractor (PL) [%] IG’25
- Device data
- Electronics
- Mokor LI
o Set v Set all A Reset

lllustration 9: Modes of operation

The sensor collects the actual value in the form of temperature, pressure or airflow. The set value is
provided using the same unit. In case there is a control difference between set and actual value, the
fan tries to minimise it despite any potential interfering factors.

Set and actual values are directly given as speed using revolutions per minute [rpm]. Current speed is
established by electronics, and the controller adjusts it in accordance with the set value. The fan tries to
compensate for any interference respectively change in load in order to keep its speed constant.

Purely an open loop control. This mode of operation has no feedback, which might be necessary to
compensate for any occurring interference. P- and |-factor do not apply here.

2.5. Active direction of a control circuit (only for operational mode “Sensor control”)

function. This function is not relevant for the two other modes of operation. As shown in lllustration 10,
when switching the active controller function, the set value and the actual value are inverted

made between feedback variable r and set value x.

13
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Switching active controller function

|
: |
1 I l
|
|
' X
! Reference variable/  Cooling + e I> @
Set value 1
1 1
| L 4 I:/ = : \
1 w ' I
: r !
: a |
| ) |
| Control variable |+ I
Actual value | X ! '
i s i |
' I
: M I CL sensor control
|
1 N <

With positive active controller function (“heating”), the rule is: ~ Control difference = Set — Actual value
With negative active controller function (“cooling®), the rule is:  Control difference = Actual — Set value

[ Device shown f
Logical device address MODBLS Plug Fang Htrm CO ntro I I e r fu n Ctl O n
el e BEEAEEY % Heating/positive resp. Cooling/negative
Device bype MODELS ebrm-papst Standard
¢ Device status =
E} Settings Minimum sensor value - . .
R ) | 2 m  Controller function decides on the
" B algebraic sign when calculating
Sensor unit = i
Inpt curve 1 E the control difference
- Input curve 2 OUFCE SENSOF Yalue v F
oot cree ’ ‘ 2Lzt =] m  Controller function only relevant
;aiv:\uedr.amf. Source For controller function IRS485)’Bus j for Sensor COI"ltrOl
otating direction R R B et e
F.ail.sava Funiction artaley vl (L) ICUDI‘HGJ‘NB@“VB j | Can be Set fOF bOth SetS Of
I;;nr"n::nunlcatlon parameters GestelrmiTon (G2 IHeating,l’Positive j parameters
:ot:r Einstellungzn P-Band (P1} [*C] [10.03 B The terms |-_|e_a_t|Dg and _C_09|_||'lg
- Braking .
- Losdlfsave I peandipz)[oc) e are actually also used with
R pressure control and airflow
Device data Control .
- Electronics
Mokar LI
o Set w Set all Gl Reset

lllustration 11: Active direction

The active controller function, however, has no impact on the direction the motor rotates; it solely plays a
role in calculating the control difference.
The switch in active controller function becomes a lot easier to understand by looking at the x-axis in

14
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pwm T
100% S N RLEEETERE GG (-
i “Cooling”
| —
0% | »  Temperature /
Actual value Set value Actual value B Pressure /
Airflow

lllustration 12: Heating / Cooling

2.6. Limiting values for speed and PWM signal

to display the limiting values as set by ebm-papst.

Physical address 2 @ EPTEDI4Q
Device type MODELS ebrm-papst Standard

— o ono
L:;:E:\Sd;v.:; address MODEUS Plug Fan L Im Itl n g Val ues

- Device status
L:} Settings Maxirmumn speed 550 . .
- Parameter et 1 o sl o] ' B Maximum speed can be written by
. Parameter se aximurn allowed speed [rpm 1000
;ensnr ;ettin;sz I CUStomer
el B Remaining limiting values can
rput curve i allowed fl
oot crve " - fio only be written by ebm-papst,
| hvenme et Z customer write-in is not enabled
Fail save Function
Communication parameters
- Motor Einstellungen
Braking
- Load|Save b
[ Information
- Actual values

|»

Minirnumn allcwed PYWM |5

Device data
- Electronics

IMaokor LI
o Set v Set all A Reset

lllustration 13: Limiting values

For limiting speed, the following two terms are used:

Maximum_allowed speed Permissible speed limit as set by ebm-papst, user write-in is not enabled

Maximum_speed User can limit the speed within the permissible range himself.

15
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input current) and is only used for purposes of scale.

The other three limiting values can also not be changed with the normal level of customer authorisation.

within the PWM control limits thus defined.

]Minimum allowed PWM < Min. PWM < permissible phase control factor < Max. PWM < Max. allowed PWM \

z .
rDevice shown
Logical device address MODEUS Plug Fang ”! M I n/M aX PWM
Physical address 2 @ EPTED94Q «
Device type MODELS ebm-papst Standard
i+ Device status 1=
[ Settings Current parameter set Il . .
Parameter set 1 ; ] : . I J . Here PWM Ilmlted by user:
- Parameter set 2 S F (FEIEmE T R R.5455/Bus - 0 -
Sensor settings Internal parameter sek I J 1 5-70 AJ PWM Slgnal
Parameter Set 1 ~ e
e B Limiting values by ebm-papst
TR CurvE Control mads (P1) Closed loop speed control - A o
o QUbpUE curve I L J (|||UStratI0n 1 3)
Set valug ramp i P (P1) |15 0, 1
- Raotating direction 5 1 00 A" PWM Slgnal
Fail save Function (e (A ) |7U
- Limits Matar stop enable (P1) I~
Communication parameters
- Mokor Einstellungen Controller function (P1) ICoDIing,l’Negative j
EBraking
- LoadiSave —1 P-Factor (P13 [%] IED’IQ
= Information
- Actual values Hractar (PL[%] Iﬁ’z5
- Device data
- Electronics
- Mokor LI
o Set v Set all A Reset

lllustration 14: Minimal and maximal PWM signal

16
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3. Setting options and basic functions of MODBUS

3.1. Networking and addressing of MODBUS nodes

In order to have the fans operate smoothly on a network, the devices have to be correctly addressed.
Some basic principles need to be borne in mind:

B Addresses within a MODBUS segment have to be unique and unambiguous
B Each address may only exist once. There may be no double assignment.
B Factory setting of the fans is address 1
B The first installation step is to re-address the fans (replacing 1).
TZ;:Z\S\:'I:E‘;V::I; address MODELS Plug Fang ¥ DeViCe address
Physical address 3 @ EPTEDI40)
Device type MODEBUS ebm-papst Standard
» Davice status -]
B Settings Device address 5

 Pranesr s W Keep address 1 free

. Sansor settings B When replacing a defect device, a
it new device with the preset
Rl address 1 can be re-addressed in
. Rotating drecton the network.

- Fail save Function
- Limiks

Communication parameters

Maotor Einstellungen

Braking

LoadiSawve b
= Information

Actual values

Device data
Electronics

Mokar ;I
o Set f Sek all | Gl Reset
lllustration 15: Device address

With MODBUS-RTU, an address range of 1-247 is provided for. When networking, however, it is - by
definition - possible to handle four (4) communication paths, respectively subnets, in parallel. The address
range of a subnet can thus be multiplied. The subnets are defined via the interface converter and are
named accordingly. As shown in the example below, the communication path is integral part of the
address.

Subnets respectively communication paths:

e RS232/RS 485 1...247
e FEthernet/ RS485 1...247
e Bluetooth / RS485 1...247

Would result in the following physical addresses:
o 1..247@RS232_Converter_1

o 1..247@Ethernet_Converter_2

o 1...247@Bluetooth_Converter_3

17
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Networking the MODBUS members is shown in lllustration 16 und in lllustration 17 (see pages 19/20).

The connection diagram in lllustration 16 contains the following features:

Simple Twisted Pair cable

ebm-papst recommends using a simple Twisted Pair cable. A Twisted Pair cable is a cable that has the
wires of a pair of wires twisted around each other. Due to this twisting, such cables offer protection
against symmetric disturbances.

Common line

Implementing a common data line is explicitly recommended in the MODBUS specification in order to
counter transmission problems. The GND potentials of the interface modules are linked, and so all
controls have the same common reference potential (ground).

Line termination (line termination resistors)

In the connection diagrams at the bottom, the common line is additionally equipped with line
terminations (LT) in the form of resistors in order to minimise the reflections at the line ends and thus to
get a better signal quality. Line termination resistors are placed at the beginning and end of the bus
between DO (RSB) and D1 (RSA). However, no more than two resistors — 1xLT each at the beginning
and 1x LT each at the end of the line each — may be installed. We recommend 120Q LT resistors with
a capacity of 0.5W each.

The connection diagram in lllustration 17 contains the following features:

Shielded Twisted Pair cable

For use in interference-prone areas, MODBUS.org recommends using shielded Twisted Pair cables.
Their shield is made of aluminium foil or copper-mesh and prevents impacts from electromagnetic
fields.

Common line
See above

Line termination (line termination resistors)
See above
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lllustration 16: Connecting a number of devices to MODBUS via Twisted Pair cables with 2 wire pairs
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lllustration 17: Connecting a number of devices to MODBUS via shielded Twisted Pair cables with 2 wire pairs
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3.2. Soft On/Off (Motor Stop enable)

Constantly switching EC motors on and off via mains is additional stress for the electronic components and
shortens their service life. To avoid this, ebm-papst EC motors have an On/Off function to bring the motor
softly to a standstill. Using EC-Control, you can stop the motor despite ebm-papst having pre-set a

minimally permissible PWM signal (see 2.6).

switch off the motor softly.

rDevice shown
Logical device address MODELS Flug Fané HErH
Physical address 3 @ EPTED940Q w
Device type MODELS ebm-papst Standard
- Device status =
E:] Settings Current parameker set |1
-~ Parameter sef 1
Parameter set 2 Source of parameter switch IRS485,|’Eus j
-~ Sensor settings
Intetnal parameter set
- Tnput curve 1 P IParameter Set 1 j
- Input curve 2 Control mads (1) Iclosed loop sensor contral j
- QUbpUE curve
- Set valuz ramp 1Min P (P1) IS
- Raotating direction
Fail save Function (s (e ) I100
- Limits Matar stop enable (P1) v«
Communication parameters
- Motor Einstellungen Controller function (P11} ICnnIingINegative d
- Braking
- LoadfSave —1 p-Factor (p1) [%] 50,19
[=F Information
I-Factor (P1) [
- Actual values FLL] IG’25
- Device data
- Electronics
. Mokar =l
o et w Set all Gl Reset

activated to bring the motor to a
standstill softly.

If the function is deactivated, the
motor always runs at least with

lllustration 18: Motor Stop Enable

100% T :

Min. |____ 2 !

PWM |
oV 07V 1V 10V

lllustration 19: Motor stop enable

lne):

Motor stops with signal < 0.7V
(interrupted ling):

Motor runs at minimum PWM-
signal

Hysteresis: Motor starts at a
voltage of 1V, but only stops with

activated)
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3.3. Switching the parameter set

MODBUS offers the possibility to save two parameter sets. By selecting the parameter set, different preset
options are possible. Each of the two sets of parameters contains the following setting options:

Parameter sets P1/P2

Explanation of the parameters

i Device shown
Logical device address MODEUS Plug Fang L
Physical address 3@ EPTEDS40) %
Device bype MODBLS ebm-papst Standard
¢ Device status )=
[t Settings Current parameter set Il
S8 Farameter seb 1
- Parameter set 2 Source of parameter switch |95435."BU5 j
- Sensor sektings
Intetnal parameter sek
- Input curve 1 P IParamatar Set 1 j
- Input curve 2 Control mode (P1) ICIosad loop speed cantrol |
- Qutput curve
- Set value ramp Min PWH (PL) IID
Raotating direction
- Fail save function Max P (F 1) IIEIU
Limits Motar stop enable (P1) m
- Communication parameters
Motar Einstellungen Controller Function (P1) ICooIing)’Neqative j
- Braking
- LoadiSave —1 P-Factor (P1) [%:] |50119
B} Information
I-Factar (P1) [%
- Ackual values (F1L%] |6‘25
- Device data
- Electronics
. Motor /\J\
o et v Set all Al Reset
| Device shown
Logical device address -\ /- MODELUS Flug Fand ¥
Physical address 3 @ EPTEDS40Q) %
Device bype MODBLS ebm-papst Standard
¢ Device status =
Bt Settings Current parameter set Il
- Parameter st 1
- Everisier eoh 2 Source of parameter switch |95435."BU5 j
- Sensor settings
Internal parameter seb
Tnpt curve 1 IParamatar Set 1 j
- Inpuk curve 2 Control mads (P2) ICIosad loop sensor contral ﬂ
- Qutpuk curve
- Set value ramp Min P (P2} IS
- Rokating direction
Fail save Function R=dnuli o) I35
- Limits Matar stop enable (P2) v
- Communicakion parameters
- Mator Einstelungen Controller Function (P2) ICooIlng;’Negatlve j
- Braking
Load/Save —1 P-Factor (P2) [%] Iluuu
B} Information
I-Factar (PZ) [
- Ackual values L] ID
Device data
- Electronics
- Mator =
o et w Set all @l Reset

lllustration 20: Parameter set 1 and parameter set 2

parameter sets via EC-Control is no longer possible.
B Parameter set 1 is selected whenever Din2 (respectively Din3) is open or if there is a voltage of >5V.
B Parameter set 2 can be selected by bridging Din2 (respectively Din3) with GND.

B Source of parameter switch
via EC-Control, Terminal__ Din2
corresponds with switching via digital
input Din2 of the terminal strip.

B Internal parameter set

If the source of the parameter set is
you to switch between parameter set 1
and parameter set 2.

B Control mode

The control mode can be selected for
each parameter set independently
from each other (see 2.4).

® Min PWM resp. Max PWM
The limits of the phase control factor
the motor works with (see 2.6).

B Motor stop enable

If this function is enabled, the motor
can be stopped (see 3.2).

W Controller function (see 2.5)
W P-Factor / I-Factor

Here, the closed-loop  control
parameters  P-Factor respectively
[-Factor can be entered. Their values
have an impact on the closed-loop
control mode in the operation modes
sensor__ control  and
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In order to store a set value for each parameter set, the following settings have to be decided on one by
one and in their proper sequence. In doing so, it is important to activate the set point by clicking Set as
soon as each step is completed.

rDievice shown
Logical device address

Physical address

Device type

MODELS Flug Fané
3@ EPTED94Q
MODEUS ebr-papst Standard

E:] Settings

Set value [%]

Saving set value

For both parameter sets

Je
- Parameter set 1
Parameter set 2 Source of set value IRS485,|’Eus |
- Sensor settings
7 Sawve set value to EEPROM 7
Input curve 1
- Input curve 2 Current PWM Ig
Cubput curve
- Set value ramp Current speed |263
- Raotating direction
- Fail save function Current parameker set Iz
- Limiks Active operating mode IPWM contral j
- Zommunication parameters
- Mokor Einstellungen Source of parameter switch IRS485,|’Eus j
- Braking
- LoadiSave —1  Current controller Function ICoDIlng,l’Negatlve j
= Information
Source For controller Function
- hctual values IRS485,|’Eus =]
- Device data Shatus IFan oK
- Electronics
Mator =l
o Set v Set all Al Reset

[llustration 21: Save set value to EEPROM

enter set value.

between parameter sets.

3.4. Fail-safe function

B [f connection with interface is lost, this function allows the motor to run at a pre-set fail-safe operation

speed.

| Device shown

Logical device address
Phiysical address

Device bype

MODELS Flug Fand
3 @ EPTEDS4Q
MODELS ebrm-papst Standard

i Dewice status
[l Settings
- Parameter st 1
- Parameter set 2
-~ Sensor settings
Input curwe 1
-~ Input curve 2
Dukput curve
- Set walue ramp
- Rotating direction
=8 Fail s3ve Function

-+ Limits
Communication parameters
- Motor Einstellungen
+ Braking
v LoadfSave
=} Information

- Actual values
- Device data

Electronics
- MMator

=

Fail safe speed function
Set value fail save speed [rpm]

Time lag Fail safe speed [sec]

I

|z20

5

Emergency operation
function

o set

w Set all

lllustration 22; Fail-safe speed function

Gl Reset

Activate Emergency speed by
ticking the box

Enter time lag value to determine
period of time to elapse before
emergency operation speed is to
be adopted

Note exceptions!
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Exceptions:

B Time lag of 0 seconds
Please note that in this instance the motor adopts fail-safe speed at once — even without cable break.
For any such short time lag, we recommend setting the time to 0.1s.

B Cable break at MODBUS interface and fail-safe function is not activated
Motor does not stop but continues to run at constant speed. Connection with MODBUS interface has
broken down and motor can no longer be controlled. No changes in speed can be effected any more,
stopping the motor is no longer possible.

B Motor to come to complete standstill with cable break (Fail-safe speed = 0 rpm)

to run at minimal PWM-signal.

B Closing EC-Control, fail-safe speed activated

sensors. The sensors can indicate pressure, temperature or airflow.

For connecting the sensor, the terminal strip (KL) offers the two analogue ports
Ain2 U and Ain2 | (see lllustration 23). Alternatively, terminals Ain1 U and Ain1 | can be chosen. Voltage
supply is via terminal 12 with a voltage of +20VDC.

8
9

o
~—

12
13
14

11

Din2
Din3
GND
Ain2 U
+20V
Ain2 |
Aout

N
PE
L1
L
L

NO
2 |COM

RSA
2 |RSB
3 [GND
— | 4 [AinlU
5 [+10V
6 [Ainll
7 |Dinl

1

P

3 KL 2 PE KL1

lllustration 23: terminal strip, ports for setting actual value with closed-loop sensor control

Depending on sensor output, two inputs for setting actual value can be used:

m Ain2 U respectively Ain1 U Analogue port 11 respectively 4 (for sensors with 0-10V output)
B Ain2 | respectively Ain1 | Analogue port 13 respectively 6 (for sensors with 4-20mA output)

In principle, there are two different terminal connection methods: 3-wires and 2-wires (see lllustration 24).
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3-wire 2-wire
: +20V
+ IN + IN  —
! internally in
! electronic
/ (: ) out / <: ) ouT | circuit
O ——— GND O 1000

lllustration 24: Terminal connection methods, 3-wire and 2-wire

W 2-wire sensors
Are directly connected to the voltage source and provide a 4-20mA signal. GND wiring is via internal
100Q) resistor (apparent ohmic resistance) in the fan. On the terminal strip shown in lllustration 23,
such a sensor would be connected to Ain2 | and +20V.

W 3-wire sensors
However, are available with both output signals - current signal (4-20mA) respectively voltage signal (0-
10V). Depending on type, inputs Ain2 | (terminal 13) or Ain2 U (terminal11) have to be used.
On the terminal strip shown in lllustration 23, such a sensor would be connected to Ain2 | respectively
Ain2 U, +20V and GND.

3.6. Setting actual value with two sensors

An additional option for setting actual value is to use two sensors at the same time. In the picture shown
below (lllustration 25), two temperature sensors with ebm-papst part no. 50005-1-0174 are used.

Two sensors

Example picture

B Two temperature sensors with
part no. 50005-1-0174

B Sensor 1:
Ain1 U
+20V
GND

B Sensor 2:
Ain2 U
+20V
GND

lllustration 25: Connecting two sensors

The sensor range is from - 20°C to + 80°C. Circuit points Ain1 U and Ain2 U are both used to set actual
values. For sensors with a 4-20mA output, terminals Ain1 | and Ain2 | will have to be used accordingly.

For calculating the actual value based on the two measured values, there are the following options:

B Maximum (Ain1:Ain2) the higher of the two sensor values serves as actual value

B Minimum (Ain1:Ain2) the lower of the two sensor values serves as actual value

25



Application Guide EC-Control

ebmpapst

B Mean (Ain1:Ain2)

The mean value of both sensor values serves as actual value

Important note on establishing actual value via two sensors:

are already used!

' ~Device shown
Logical device address

Physical address

Device type

MODBEUS Plug Fang
3 @ EPTEDS40
MODBUS ebm-papst Standard

- Device status

Sl Settings

- Parameter set 1

-~ Parameter set 2

-~ Sensor setkings

-~ Input curve 1
Input curve 2

- Qutput curye

- 5et value ramp

- Ratating direction

- Fail save function

- Limits

- Communication parameters
Motor Einstellungen

- Braking

- Load/5ave

= InFarmation

- Ackual values

- Device data

+ Electronics
-~ Motar

|»

=

Minimum sensor value I,gg

Maximum sensor valug IED

Sensor unit |°C

Source sensor valle ANz AinZT j
. Ainll/Ainll

Source For controller Function Ain2 U} AinZL

axdmum (And:AnZ)
Minimurn (Aind: AinZ)
Average (ANl :AINZ)

Controller Function (P1)

Cantroller Function (PZ) ICoDIing.l'Negative j

P-Band (P1) [°C] |1u,c|3

P-Band {P2) [*C] IZUU

Two sensors

Sensor settings

o et

w Set all Gl peset

lllustration 26: Establishing actual value via two sensors

B Sensor range -20°C to 80°C

B Sensor unit: °C

B Under Source sensor value
establishing actual value via two
sensors can be selected.

B Always connect sensors to Ain1 U
and Ain2 U respectively Ain1 |
and Ain2 | with this option.

3.7. Setvalue setting via inputs Ainl U respectively Ainl | or via EC-Control

| Device shown
Logical device address

Phrysical address

Device bype

MODEUS Plug Fané
3@ EPTEDS40)
MODELS ebm-papst Standard

- Device status
E:_I Settings

- Parameter set 1
- Parameter sgt 2
-~ Sensar settings
- Input curve 1

| v

Set value [%]

Source of set valug

Save set value ko EEFROM

- Input curve 2 Current PWM |3
- Qutpuk curve
Set value ramp Current speed |234
- Raotating direction
- Fai save Function Current parameter set Iz
+ Limiks 4 a
Active operating mode -
- Communication parameters IPWM ol J
+ Mokor Einstellungen Source of parameter switch |R5485;’Bus j
+ Braking
LoadjSave —  Current controller Function ICDoIingJ‘Nagativa j
[} Information
Source for controller function
- Actual valuss |R5485)’Bus ﬂ
- Device data Status IFan o
+ Electronics
Mator =l
o St v Set all Gl Reset

lllustration 27: Set value source analogue or RS485

Your set value can be entered
digitally in EC-Control
A voltage or a current signal is
provided via terminal strip Ain1 U
or Ain1 |

W With analogue set value source,
the function Save set value to
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An external set value source has to be connected to the terminal strip, (e.g. potentiometer). In doing so,
terminal 5 can be used as auxiliary voltage source with 10VDC.

w|lo |2 | Y2 T
D>_

N[ N N s

AR EIEEINEE =

aO|la|lo|<| + << Ool0O]| O L —|

210 2 o | d] 4

3>— — || » —
— — |

A EIRE R

X|lx|lo|<<| +|<<| O

~—~ | N[O T | O] O M~

|_|#|_| KL 2 PE KL 1

10k potentiometer. linear

lllustration 28: Terminal strip, ports for setting set values

Terminals 4 and 6 in lllustration 28 are the analogue ports for setting set values. As with setting actual
values, there are two different inputs:

Hm AntU Analogue port 1, terminal 4 for 0-10V setpoint device (e.g. potentiometer)
H Aintl Analogue port 1, terminal 6 for 4-20mA setpoint device

3.8. Curves

3.8.1. Inputcurve

B With set value source Analogue_Ainl via analogue ports Ain1 U respectively Ain1 |, it is possible to

B Under Settings , you find the sub-item Input curve 1 respectively Input curve 2
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| Device shown
Logical device address MODELS Flug Fang
Physical address 3@ EPTED24Q

Device bype

MODELS ebm-papst Standard

s

¢ Device status

| v

Input curve %1 {P1) [¥]

Input curve

Parameter set 1

lllustration 30: Examples for input curves of P1 and P2

E} Settings 0
- Parameter set | : B Example Parameter set 1:
Parameter sk 2 Input curve ¥1 (P13 [rpm] |IDD . )
~ Sensor seltings Operation mode: closed-loop
oy Input curve 52 (P13 Y] |1°
ot e 1251 o] speed control
 utput curve i i froo B Example left: Linear progression
Rt from 100 to 700rpm
Failsave function W |nput curve can be set for both
- Limiks .
Communication parameters parameter SetS |ndependent|y
3 :f;;;;‘““”““ga” from each other.
 Loasave = B Deactivate Save set value to
& | et EEPROM as set value source is
- peveedats Analogue Ainl
. Motor =l B Curve, see lllustration 30
o Set v Set all Gal Reset
| Device shown
Logical device address MODEUS Plug Fané ¥
Physical address 3 @ EPTED94Q I n p Ut C u rVe
Device bype MODELIS ebm-papst Standard Parameter set 2
¢ Device status =
Bt Settings Input curve %1 (P2)[¥] ISJDD
- Parameter set | W Example Parameter set 2:
- Parameter set 2 Input curve ¥1 (P23 [%] Izg . i
. Sensor settings ok a2 (59 ] E Operation mode: PWM control
i ot W Example left: Power factor control
S8 [npuk curve 2 Input curve Y2 (P2 [% 1 i
Cutput e ’ fo > 20% is only possible as of 5V
et on input voltage
 Falsmvencten W |nput curve can be set for both
. Commurication perameters parameter sets independently
o ntelunaen from each other.
- Loxisve 5 B Deactivate Save set value to
=t Information .
o v EEPROM as set value source is
- Device data i
- Electronics A_n_al_()ggg _Al_n_l .
Hotor =l B Curve, see lllustration 30
o st # Set all Ql Reset
lllustration 29: Input curve
Input curve Parameter set 1 Input curve Parameter set 2
Set value Set value
A A
700 80% v
rpm ! PWM no
: /I b
] ] 1
: o
| 1/ 1 1
1 I 1 1
: / Vo
| / Vo
] 4 | |
| y | 1
100 ! 20% - fT-—————- : oo
rpm | PWM ! Lo
! [ ! ! ! n
» 1 \ \ >
: Input ! " Input
ov 10V voltage oV 5V 8v 10V voltage
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3.8.2. Inverse curves

With analogue definition of set value, the input curve also offers the chance to generate an inverse curve.
This means that the phase control factor increases with a decreasing input signal.

| rDevice shown
Logical device address MODBLIS Plug Fané u:rm | nve rse Cu rve
Physical address 3 @ EPTEDI4Q w
Device bype MODELS ebm-papst Standard
- Device stakus =
E- Settings Input curve 21 (PLY[Y] IU .
- Parameter <ot | B Curve from lllustration 30 was
- Parameter set 2 Input curve ¥1 (P1) [rpm] I?UEI . r't d
SEHS sings Input curve 52 (P1) V] |1El Inverte .
- Mo B Example input voltage:
- Input curve 2 Input curve ¥2 {P1) [rpm] |1DD
- Qutput curve OV — 700 I"pm
Set value ramp
Raotating direction 1 OV_) 1 00 rpm
- relsove functon B Increasing the signal reduces the
Imics
- Communicakion parameters phase COﬂtrOI faCtor
- Motor Einstelungen
- Braking
- LoadfSave oo
b Information
Actual values
Device data
- Electronics
- Mokor LI
o et w Set &l Gl Reset

[llustration 31: Inverse curve

The inverse curve becomes clear when comparing above lllustration 30 with lllustration 32 below.

Inverse input curve Parameter set 1

Set value

700 T
rpm

100
rpm

> Input voltage
oV 10V

lllustration 32: Example of inverse curve

In practice, we know applications where an inverse curve guarantees that the fan operates with maximum
phase factor control from analogue set value (— input signal 0V) even with cable break.

29



Application Guide EC-Control ebmpapst

3.8.3. Output curve

In order to connect further slaves to a master fan, the terminal MODBUS strip has an output Aout.
Depending on speed respectively PWM signal, this output yields a voltage signal that is constantly given.

The set value source is irrelevant for this.

i Device shown

f Output curve

& C'UbpUt curve
- Set value ramp Output curve ¥2 [¥]
-~ Rotating direction

- Fail save Function

- Limits

- _OmmuUnication parameters
-+ Motor Einstellungen

- Braking

- Load{Save

[=F Information

- Actual values

- Device data
- Electronics

- Mator ;I

W Coordinates of output curve can

be entered here

B OQutput curve, see lllustration 34

Logical device address MODELUS Plug Fang
Physical address 3 @ EPTEDI40)
Device type MODELUS ebm-papst Standard
i+ Device status 1=
= Settings Function of analog output ICurr’ent speed j
Parameter set 1
. Parameter set 2 Cutput curve 21 [rpm] Img
Sensor sethings Output curve Y1 [¥] IU
- Input curve 1
Input curve 2 Qutput curve %2 [rpm] Igm

left

fto

B The output curve can be geared
to Actual-PWM or actual speed,

o et o setal

Gl Reset

lllustration 33: Output curve

The output curve thus generated can be adapted individually to your needs. The menu item Settings gives

Output
signal

L e

v

ov

100 rpm 870 rpm

Actual speed

If the motor runs at a speed of 870 rpm, there
is a voltage of 10V at the output Aout. With
speeds < 100 rpm, a 0V-signal is generated.
Maximum speed is limited as per setting

lllustration 34: Output curve

Output
signal
A
10V - fr-mmmmm oo
+ PWM-Signal
ov —
0% 100%

If the motor runs at a PWM-signal of 100%,
there is a voltage of 10V at the output Aout.
The curve has a linear progression. With
0% PWM-signal, the output issues a 0V-
signal.

30



Application Guide EC-Control ebmpapst

4. Use of EC-Control in customer applications

The following points can be taken as exemplary advice on setting parameters and give connection
diagrams of typical customer applications. They are to be taken as recommendations and do not constitute

binding specifications for the relevant application. Settings concerning the are indicated by a
background. Settings concerning the are marked in . Settings concerning all members are in
and

4.1. Refrigeration plants

4.1.1. Master-Slave configuration (star-shaped)

In a refrigeration plant, one fan normally serves as master and the others are slaves.

In order to set such an operation to closed-loop pressure control, ebm-papst recommends defining the
following system settings for the master respectively the slaves in EC-Control. The objective is to keep
condensing pressure constant.

rDevice shovn .
Logical device address MODELS Flug Fand Ste p 1 .
Physical address 3 @ EPTEDS40) % g
Device bype MODELS ebm-papst Standard Settl ng Param eter Set
¢~ Device status =
El- Settings Current parameter set |1 M f
Parameter set 1
. Parameter set 2 Source of parameter switch IRS485)’Bus d aSter an
- Sensor settings Internal parameter sek IParameter et 1 j
- Inpuk curve 1 2 o .
- Topuk curve 2 Control mode (PL) e W Setting operation mode:
Cutput curve _ Closed-loop sensor control
- Set value ramp Min P (P1) IS L 4. . ST .
. Rekating drecticn e 1 W Active direction: Cooling/Negative
[ N W P-Factor  2000%
Imits Mokar stop enable (P1) I
Communication parameters I-Factor 0%
:;:;gEinsteHungan Conkroller function (P1) ICooI\ngJ‘Nagativa j pure P-Control
e i = fooe B Source for parameter set
Actual values LR IU Se|eCt|0n
S normally RS485/Bus;
- Mator =l Terminal Din2 respectively Din3
o @ setal Qi Reset | can also be set.

lllustration 35: Parameter set settings for master of refrigeration plant

rDevice shovn .
Logical device address MODEUS Flug Fani ! Ste p 2 .
Physical address 3 @ EPTEDI40) % Deflnlng sensor SettlngS

Drevice bype MODELUS ebm-papst Standard
- Device status -
- S__l_att,:::meter . Winimum sensor value |D Master fan
Mazximum sersor value o
Sensor unit
ek arve 2 S :i?;um o W Select sensor range (max, min),
e ey g 5 ore: &.%00ar
Ratating draction _ W Consult manufacturer information
T i fooahegene = W Sensor unit: bar
- Communicaton parameters centolerfuneten (2 |cooinalteqatie =l B Connect sensor and select
o nelunaen o e bt = appropriate actual value source,
L Lot " It.%0 provided are Ain2U/Ain2l
- actusl vakes W Source of active dir.: RS485/Bus
Bpstietnn B Active direction Cooling/Negative
. Motor || ®  Control range: 1.5 bar
o et o setal ol Reset

lllustration 36: Sensor settings for temperature sensor of master
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| Device shown

Logical device address
Physical address
Device bype

MODELS Flug Fand
3@ EPTED94Q
MODELS ebm-papst Standard

S D
E:J Settings

Step 3:

Enter set value settings for master

Master fan

Set walue [BAR] |12
- Parameter set 1
- Parameter set 2 Source of set valus IRS485)’Bus j
bt Eti
Ensar setings Sawve set value ko EEPROM I
- Inpuk curve 1
- Input curye 2 Current sensor value [BAR] |13‘3g
Output curve
- Set walue ramp Current speed IE'SD
- Rokating direction
Fail save Funiction Current parameter set |1
- Limits
Active operating mode -
- Communicakion parameters ICIDSEd Ioop senisor conitrol J
Motor Einstellungen Source of parameter switch IRS485)’Bus j
- Braking
- LoadjSave —1 cCurrent controller function ICunhngJ‘Nagativa d
Bl Information
Source For controller Function
- Actual values IRS485;’Bus &
- Device data Status IFan oK
Electronics
- Motor =l
o St v Set all Gl Reset

B Activate Save set value to

[
B Enter set value
[

Set values can only be saved in
the active parameter set

lllustration 37: Entering set values of master

The slaves get their set value in the form of a 0-10V signal from the Aout port of the master via their
terminals Ain1 U and GND. The output curve of the master is therefore set as shown in lllustration 38. The

rDievice shown
Logical device address

Physical address
Device bype

MODELS Flug Fané
3@ EPTEDS40
MODELS ebm-papst Standard

;- Device status
E} Settings

- Parameter set 1
- Parameter set 2
- Sensor settings
-~ Input curve 1
- Input curve 2
= Cutput curve
- Set value ramp
- Rokating direction
- Fail save function

-+ Limits

- Communication parameters

-+ Mator Einstellungen
Braking

- LoadfSave

= Information

Actual values

- Dievice data
- Electronics
Mokar

|»

Function of analog output
Oukput curve X1 [%]
Qukput curye ¥1 [4]
Qutput curve X2 [%]

Qutput curve Yz [4]

=l

ICurrent P

[~

Step 4.

Output curve of the master

Master fan

o et

v Set all

Gl Reset

lllustration 38: Output curve for master with refrigeration plants

Slave settings (see below):
As the slaves do not need a sensor or two parameter sets, their system settings are comparatively easy to
accomplish (see lllustration 39).

B Function of the analogue output:

B Output curve linear
0% correspond to 0V
100% correspond to 10V

Important note concerning slave settings:

Steps 5, 6 and 7 have to be done for ALL slaves.
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| Device shown

Logical device address
Physical address

Device bype

MODELS Flug Fand
1 @ EPTED940)
MODELS ebm-papst Standard

v

¢ Device status
[t Settings
= Fara et 1

- Parameter set 2

- Sensar settings

- Input curve 1
Input curve 2

- Qutput curve

- Set walue ramp
Direction of rotation

- Fail save function

- Limits
Communication parameters

Current parameter set
Source of parameter switch
Internal parameter set
Conkral mode (PL)

Tl PR (PL)

Max PWM (P1)

Mokar stop enable (P1)

Jt

|rs4as(Bus

IParamatar Set 1

IPWM control

L L L

5

[t

~

Step 5:

Operation mode of slaves:
PWM control

Slave fans

B Operation mode: PWM Control
B For slaves, only one parameter

set has to be configured, here P1
W Active direction and P-

respectively I-Factor in operation

- Motor Einstellungen Controller function (P1) ICooIing)’Negative j
- Braking \ mode PWM control not relevant
Load/Save —! P-Factor (P1) [%] IlEIUEI .
& Information W Activate Motor stop enable
I-Factor (P1) [%:] IU —————————————
- Ackual values
- Device data
- Electronics
- Makor LI
o et w Set all @l Reset
Device shown- 1
Logical device address MODBLS Plug Fané § Ste p 6 "
Physical address 3 @EPTED94Q e r .
Devie type MIODBUS ebm-papst Standard Overview, analogue set value
I 0vice 2. [N source
=1 Settings Set value [%] |1g
Parameter set | Slave fans
Parameter set 2 Source of set vele [analog aint |
Stivor sl Save set value to EEPROM r
Input curve |
ki Current P fis B Set value source: Analogue Ainl
utput curve .
Sot vaue ramp Current speed s B Deactivate Save set value to
Rotating direction
Fail save Function Current parameter set |1 _E_EP_R_O_M
uimis Acive cparsting mode [Pom = B Slaves get 0-10V signal from
Communication parameters
Motor Enstellungen Source of parameter switch I 4 j maSter OUtPUt
Braking
LoadSave —  Curent controller function Jce |
= Inf i
hformation Source for controller Function | ;I
Actual values
Device data Status
oK
Electronics Fm
Motor LI
o Set @ setal M Reset
rDievice shown
Logical device address MODELS Flug Fand ! St 7 o
GREEN e .
Physical address 1 @ EPTED940 v
Device type MODELS ebm-papst Standard Input Curve
- Device status =
E:] Settings Input curve 81 (P13 [Y] Ig
-~ Parameter sef 1
Parameter set 2 Input curve ¥1 (P1)[%] Ig Slave fanS
- Jensor settings Input curve B2 (P13 [V] |1°
- Tz I crve Y2 (P4 (%] fi% B Linear input curve for slaves
- QUbpUE curve
- Set value ramp
- Direction of rotation
- Fail save funckion
- Limiks
- Zommunication parameters
- Mokor Einstellungen
- Braking
- LoadfSawve =
= Information
- Actual values
Device data
- Electronics
IMokor LI
o Set v Set all A Reset

lllustration 39: Settings for slave fans
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lllustration 40 on the next page shows the connection diagram of master and slaves in a refrigeration plant.

B Fans are arranged in star shape

B Set value is given by the master via output Aout as 0-10V signal on a patch panel. To this distributor,
the set value source Ain1 U of the respective slaves is connected.

The advantage of such a star-shaped configuration over the serial one (connection in series)

B With defects, the relevant device can be replaced easily and quickly without having to disconnect the
entire system. The only problem is with long distances, as a considerably larger amount of lines has to
be used.

As an alternative to the pressure sensor used in the example, there are also 2-wire sensors that do not
require a GND connection. Their output signal can be a current signal with 4-20mA. In this case, the sensor
would have to be connected to the actual value input Ain2 | and terminal +20V (see also chapter 3.5)
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Z®

Pressure sensor

Master: Closed-loop sensor control

V23 E— AL,
a N Slaves: PWM control with analogue a1
set value source Ain1 U S
wlo |2 |Y 2T ol o2 2T

-] - o -
EEIEEIRE = = EEINEEIRE
Q00|+ || o|O0|0L o|lo|lol| |o|lo|lO|g|+|<|<

Z|o|z Z|o|z
o - =] -
> ~ || ™ N ™ >
SIBl2|E|2|E|E Group alarm SIBI2|El2|E|E
¥ X o|lg|+|<|O Patch Panel (break for failure) || O|l<|+ ||
— | N[O || WO]|O© (M — | N T |O]|O| MM~
Master . / V I/ M I Slave n
zlal3|2elad|e|3|2]||olZ|o|Z|o|Z|ol2

o 2
wlo |2 |Y 2T — ol o2 2T

o - | o -

- -
SHEEIEERE = oldlo||S|2|2|28|2|3
OQ|0|C<|+|<C| < o|l0|© Z|0|2 OQ|0|<|+|<C<|<

Z|lo|z
Q< <= [a B = | -
slB|l2|E|2|E|E s|B|Z2|E|2|E|E
E|Ix(O|<|[+|<|O | x(Oo|<|+|(<|0O
— | N[O || WO]|O©|M — | N[O | FT|WO]O©| M
Slave 1 — | Slave 2

lllustration 40: Connection diagram, star-shaped Master-Slave configuration for refrigeration plants
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4.1.2. Master-Slave configuration with cascading mode

Another possible Master-Slave configuration is cascading mode. The master gives off the set value in
the form of a 0-10V signal via analogue output Aout to the first slave. Other than with the star-shaped
configuration shown in lllustration 40, the slaves here are not connected in parallel, but in series, and
the output curve of all members gets aligned.

Group alarm
(break for failure)

T : Master Slave 1

...,' \h\fg‘« |
..x' %\1#

=k |

[}

8
9
10
1
12
14
8
9
10
1
2
13
14

13

1

Din2
Din3
GND
+20V
Ain2 |
Aout
Din2
Din3
GND
+20V
Ain21
Aout

NO
2 |COM

3 [NC
NO

2 |COM
NC

RSA
2 |RSB
— 3 |GND
4 |Ain1U |Ain2U
5 [+10V
6 |Ain1l
7 | Din1
RSA
2 |RSB
4 |Ain1U |Ain2U
5 (+10V
6 |Ain1l
7 | Din1

1
1

— 3 |GND

Slave 2

&

Master: Operation mode at will
Output curve aligned

11

8
9
10
12
13
14

Slaves: PWM control with analogue
set value source Ain1 U
Output curve aligned

Din2
Din3
GND
+20V
Ain2 |
Aout

NO
2 |COM
NC

4 [Ain1U |Ain2U
5 [+10V

6 [Ain1l

7 |Din1

1

|
RSA
2 |RSB

— 3 |GND

Cascaded phase control L ¢
factor possible by aligning
output curve

Slave n

=\ &
|

11

8
9
10
12
13
14

Din2
Din3
GND
+20V
Ain2 |
Aout

NO
2 ([coMm
NC

RSA
2 |RSB
— 3 |GND
4 |AinMU |Ain2U
5 [+10V
6 |Ain1l
7 | Din1

1

lllustration 41: Connection diagram, cascading mode, Master-Slave configuration for refrigeration plant
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Requirement for cascading mode:

B Operation mode of master at will
B Operation mode of slaves: PWM control
B Set value source slaves: Analogue Ainl and Save set value to EEPROM deactivated
B |nput curves of all members unchanged (0V / 0% and 10V/100%)
B Aligned output curve for master and all slaves, example lllustration 42
Output curve
Output
signal Cascading mode
A
10V B The standard output curve
\ (0%/0V and 100%/10V) is
Y - shifted in the lower range of
! the phase control in order to
i generate the desired
| cascading mode (10%/0V
: and 100%/10V)
i W Setting the parameters of this
! output curve has to be done
P AVARERE SERTRIRERIRIRIRIRIRIPIAS o8 i fOI' all members (master and
13V ket bl 3 slaves).
PWM signal
0.6V seeeeglenn )
ov — —
'13% G 30% 100%
10% 22%

lllustration 42: Output curve for cascading mode

llustration 42 shows a curve as an example where, whenever the master runs at low speed, the slaves
assume an even lower speed in turns. This should result in the last slaves in the chain switching off.

Rule applying to the output curve above:
The higher the speed of the master, the lower the difference to the rest of the members. With full phase
control of the master, the slaves will also run at 100%.

First example: Master = 30%. The phase control factor of the master is to be 30%.

B As per output curve in lllustration 42, it gives off a signal of about 2.2V to slave 1
— therefore phase control factor Slave 1 = 22%

B Slave 1 has the same output curve as the master and thus passes a signal of about 1.3V to slave 2
— therefore phase control factor Slave 2 = 13%

B Slave 2 has the same output curve as Master, thus passing on a signal of < Min. PWM to slave 3
— therefore phase control factor Slave 3 = 0%, and thus standstill

Second example: Master = 100% phase control factor

B As per output curve in lllustration 42, it gives off a signal of about 10V to slave 1
— therefore phase control factor Slave 1 = 100%

B Slave 1 has the same output curve as Master and thus passes on a signal of about 10V to Slave 2
— therefore phase control factor Slave 2 = 100%

B Slave 2 has the same output curve as Master and thus passes on a signal of about 10V to Slave 3
— therefore phase control factor Slave 3 = 100%
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Cascading mode should only be realised with maximally 3-4 slaves.

lllustration 43 shows the settings you need to define in EC-Control for input and output curve with
cascading mode as per lllustration 42. The important thing is not to change the input curve and to have

| [ Device shown
Logical device address
Physical address

Device type

MODELUS Plug Fang
3@ EPTED940)
MODELS ebm-papst Standard

Output curve

- Device status

El- Settings

-+ Parameter set 1
Parameter set 2

- Sensor setkings

- Input curve 1

- Input curve 2

S Cutpub curve
- Set value ramp
Ratating direction
~- Fail save Function
~ Limiks
- Communication parameters
-+ Maotor Einstellungen
Braking
v Load[Sawve
[} Information
- Actual values

- Device data
Electronics

- Mator

Function of analog output
Output curve K1 [%]
Oukput curve ¥1 [4]
Cutput curve K2 [%]

Cukput curve Y2 [V]

ICurrEnt Pl

[

o et

w Set all

Gl Reset

W Qutput curve of the master and of all
slaves has to be aligned

®  Coordinate X1 to be shifted by 10%
compared to standard curve

T rDevice shown
Logical device address
Phiysical address

Device type

MODELUS Plug Fang
3@ EPTED240)
MODELS ebm-papst Standard

Input curve

i Dewice status
[l Settings
-+ Parameter set 1
Parameter set 2
-+ Sensar sethings

Input curve 2
- QUEpUE CUrve
- Set walue ramp
Ratating direction
- Fail save Function

- Limits
Communication paramekers
- Motor Einstellungen
- Braking
w- Load/Sawve
[} Information

- Actual values
- Device data
- Electronics
- Maotor

Input curve X1 (P13 [V]
Input curve Y1 (P1) [%]
Input curve X2 (P13 [¥]

Input curve Y2 (P1) [%]

100

Slave fans

o et

v Set all

Gl Reset

lllustration 43: Output and input curve for cascading mode

4.1.3. Reverse mode to clean and defrost exchanger

Only relevant for slaves

Linear input curve

Input curve of all slaves has to be
set to standard (0V/0% and
10V/100%)

Reverse mode allows you to change the direction of rotation of a fan. Devices equipped with MODBUS
interface and protocol version greater or equal to V3.02, it is possible for the user to change the
direction of rotation himself via digital input Din3.
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<

Counter-clockwise
direction of rotation

e N

lllustration 44: Direction of rotation of an axial fan

Example: Switch between two parameter sets including reverse mode

direction of rotation
To realise this operation, the following setting steps have to be gone through in their correct sequence:

>

Clockwise direction
of rotation

Preferential direction of rotation is

factory setting; reverse mode means

direction of rotation is opposite the

preferential direction of rotation.

Any statements as to whether

direction of rotation is clockwise or

counter-clockwise are therefore
impossible to make.

 Device shown

Logical device address
Phiysical address
Device bype

MODELS Flug Fans
3@ EPTEDS40)
MODEUS ebm-papst Standard

i+ Device status
El- Settings

2 Farameter set 1

Current parameter sek

Step 1.

Defining parameter set 1

1

. Parameter set 2 Source of parameter switch IC\amp Dinz j
- Sensor settings
Intetnal parameter set

o Tnput curve 1 P IParameter Set 1 j
- Input curvs 2 Control mode (P1) IPWM cortrol =]
o Cutpuk curve
- Set valuz ramp 1in P (PL) |5
- Rotating direction

Fail save Function R=drl ey IIUU

Lt Motor stop enable (P1) v

Communication paramekers

Maotor Einstellungen Controller Function (F1} IHBating)’PDsitiva j

Braking

Load/Save —! P-Factor (P1) [%] f34,20

[=} Information
I-Factar (P1) [
- Actual values e |2,98
- Device data
- Electronics
- Matar =
o Set v Set all Gl Reset

W Source for parameter set:

direction of rotation and switch

parameter set at almost the
same time (by bridging Din2
and GND)

B P- respectively |-Factor and
active direction irrelevant for
PWM control

 Device shown

Logical device address
Phrysical address
Device type

MODELUS Flug Fang
1 @ ERPTED940)
MODELS ebm-papst Standard

- Parameter sef 1

- Parameter set 2

- Sensar sethings

- Input curve 1

- Input curve 2

e CQUEpUE CUrve

+- Set value ramp

- Direction of rotation
~- Fail save Function
+ Limiks

- Communication parameters
~- Motor Einstellungen
- Braking

w- Load/Sawve

[=} Information

Set value [%]

Source of set value

Save set value o EEPROM
Current PWWH

Current speed [rpm]
Current parameter sek
Active operating mode

Source of parameter switch

—1 Current controller Function

Source For cantroller Function

Step 2:

Select set value source
RS485/Bus

fo

[rs48s/E0s =]
I

o

o

Jt

IPWM contral

IC\amp oinz

IHaatlng)’PDsltlve

Ll L« L« L«

- Actual values IRS"SSJ‘B”s
- Device data Status |Fan o
- Electronics
- Matar =l
o et w set all Gl Reset

activated
B Set value source: RS485/Bus

[llustration 45: Parameter set 1
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" rDevice shown
Logical device address

Physical address

Device type

MODEUS Plug Fang
1 @ EPTEL34%
MODEUS ebm-papst Standard

- Device status
[ Settings
Parameter st 1

S Faramet: Z
-~ Sensor settings
-~ Input curve 1
~ Input curve 2
-~ Qutpuk curve
- Set walue ramp
- Direction of rotation
- Fail save Function
- Limits

Communication parameters
- Mokor Einstellungen
- Braking

LoadiSave
= Information
- Actual values

Device data
- Electronics
-~ Maotor

Current parameter set
Source of parameter switch
Internal parameter set
Contral mode {F2)

Min Py (PZ)

Max PWM (F2)

Motar stop enable (P2}
Contraller function (P2}
P-Factaor (P2) [%]

I-Factor (P2} [%:]

Step 3:

Define parameter set 2

Jt

Ic\amp Dinz

IParameter Set 1

IC\osed loop speed control

Ll Lo L]

5

100

I

IHaating)’PDsitiva

|5UJ 19

[6.25

o set

|_/_

w Set all

8
9
10
12

13
14

Din2
Din3
GND
Ain2 U
+20V

Ain2 |
Aout

Gl Reset

NC

PE
L1
L

L3

NO
2 (COM

RSA
2 |RSB
3 [GND
5 [+10V
6 [Ain1l
7 (Din1

1

|4 |An1U

=
w

KL 2

PE

KL1

has already been assigned to
Clamp Din2

50%
6.25%

PWM control

Step 4.

Activate parameter set 2

B Activate parameter set 2 by
bridging GND to Din2

W Step 5 can only be executed if
P2 is activated in step 4.

' | Device shown
Logical device address
Physical address

Device bype

MODELS Plug Fané
3 @ ERFTEDS40)
MODELS ebm-papst Standard

E} Settings
- Parameter set 1
- Parameter set 2
Sensor setkings
- Input curve 1
- Input curve 2
Oukput curve
- Set value ramp
- Rotating direction
- Fail save function
Limits
- Communication parameters
-+ Motor Einstellungen
Braking
- LoadfSave
= Information

- Actual values

Device data
- Electronics
- Mokor

[

Sek value [rpm]

Source of set value

Save set walue to EEPROM
Current speed

Current parameter set
Ackive operating mode
Source of parameter switch
Current controller Function
Source For controller Function

Status

J300

[rs4asiBus

~

|EE]

|2

ICIosad loop speed contral

ICIamp Din2

IHEating,l’PnsitivE

Jrs4asiaus

K1 K KR

[Fan ok

Step 5:

Enter and save set value

=

w Set all

[llustration 46: Parameter set 2

Al Reset

W Parameter set 2 has to be

activated first (see step 4)
B Set value source: RS485/Bus
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Parameter set 1 and preferential direction of rotation: Din2 open or applied voltage 5...50V
Parameter set 2 and reverse mode: Bridge to GND or applied voltage < 1V

| Device shown

Logical device address MODELS Plug Fang L Ste p 6 :

Phrysical address 3 @ EPTEDS40) & f . d 5 o

Device type MODELS ebm-papst Standard - Source 0 rOtatI ng IreCtlon

- Device status =

£l Settings Source of rotating direction Clamp DinZ d ) ) .
- Paranate o B Direction of rotation source
-+ Sensar sethings Q_'G;mg _Dl_n_2
| kare? B Source of rotating direction has
- ouputcurve to be the same terminal as

+- Set walue ramp

source for parameter set

Ratating direction

- Fail save Function

~+ Limits

-+ Communication paramekers

+- Motor Einstellungen

- Braking

v Load/Save -
=} Information

- Actual values

- Device data
Electronics

- MMator ﬂ
o Set @ Set all Gl Reset

lllustration 47: Reverse mode, direction of rotation source

Switching between both parameter sets and changing direction of rotation at the same time is done by
bridging Din2 to GND.

4.2. Notes on setting parameters for closed-loop airflow control in air-con units

The differential pressure method compares the static pressure before the inlet nozzle with the static
pressure in the inlet nozzle of an EC centrifugal fan. Flow rate [m3/h] can be calculated on the basis of
differential pressure (differential pressure of the static pressures in [Pa]) as per following equation:

.2
V =kx,/A p, respectively Ap, = I:/_Z

In the ebm-papst product catalogue “Plug Fans with EC-Motor”, the following table for the k-values
depending on the size of the fan is given. The table refers to backward-curved centrifugal fans.
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Inlet nozzles with measuring device to determine air flow for backward curved centrifugal fans

Part no. Part no.

25075-2-4013" / 25080-2-4013@
28075-2-4013" / 28080-2-4013%
31575-2-4013" / 31580-2-4013@
35675-2-4013" / 35680-2-4013@
40075-2-4013" / 40080-2-4013%
45075-2-4013" / 45080-2-4013%
64025-2-4013" / 64002-2-4013@
64030-2-4013" / 64001-2-4013@

subject to alterations a

with one pressure tap

Size

250
280
310
355
400
450
500
560

@

k-value

70
93
116
148
188
240
281
348

For dimensions, see

page 7

page 9

page 11
page 13 /15
page 17
page 19
page 21
page 23

with piezometer ring (4 pressure taps connected by tubing)

With constant nozzle pressure, constant airflow can be controlled accordingly. One respectively four

pressure taps to measure Apy are situated along the circumference of the inlet nozzle.

Example to demonstrate this:

W Hall with a floor space of 600m?2, 3m in height
® Air volume of the room is therefore 1800m3.
W This volume is to be completely exchanged via fans every 30 minutes

— Air flow is thus 3600 m3/h

B Product used:; R3G450-AY86-01, k-value = 240

— Differential pressure therefore (3600/240)? = 225 Pa

Differential pressure in the nozzle has to be kept at a constant 225 Pa. The fan provides constant
volume irrespective of pressure conditions in the plant. Fan speed is automatically adjusted along its

vertical curve.

Kennlinien | R3G450-AY86-01

[Pa]
[in H,O

Vertical curves

V> 2000 I 4000

lllustration 48: Characteristic curves, diagram for R3G450-AY86-01

6000

5000

8000

]
[min]

1750
1750
1750
1750

1450
1450
1450
1450

1155
1185
1185
1155

POO0 0000 0000

w]

1036
1457
1616
1524

5N
812
906
810

306
427
462
an

|
[A]

1,61
2,25
2,50
2,33

0,92
1,28
1,42
1,27
0,56
0,73
0,77
0,70

Lw,
[dB(A)]

87
80
77
80
82
15

[CFM]

Pressure increase in the plant

#

Differential pressure in the nozzle
(here 225 Pa)

[mm]
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Based on the expected differential pressure in the nozzle, here is some advice on setting parameters for

EC-Control.

" Device shown
Logical device address

Phrysical address

Device type

MODELS Plug Fang
3@ EPTEDS40)
MODEUS ebm-papst Standard

i+ Dewice status
[z} Settings

S Farameter set 1

Current parameter sek

Step 1:

Define parameter set 1

i

- Parameter set 2 Source of parameter switch IRS485IBus j ———————
sensor settngs sensor control
9 Internal parameter set IParameter et 1 j __________
- lredtane ! W Source for parameter set:
-+ Inpuk curve Control made (F1} lased | | -
 Ouptcuree ICose loop sensor control J R_S_4_8§/_B_U_S
Set walue ramp I¥in P (P L) Is - Q
~ Rokating direction . P_-Ea'_c_th_ 50 AJ
- Fail save Function s (R P I100 I_Factor: 6.25%
- Limits Mokor stop enable (P1 At
Communication paramekers ey o . ACtlvate parameter Set 1
+- Motor Einstellungen Controller Function (P1} ICDUIlng,iNegatwe j
+- Braking
- Load/Save —1 P-Factor (P1) [%] Isg
[l Information .
- Actual values Hractar (PLI[%] |6’25
- Device data
- Electronics
Mator LI
W et w Set &l Gl Reset
lllustration 49: Parameter set 1
Device shown .
Logical device address MODEUS Piug Fané Ste p 2 .
Phiysical address 3 @ EPTEDMQ Q | -
e e e _ Sensor settings, 0...500 Pa
Device status i
= Settings Minimum sensor value ||] i
Parameter set 1 , B With 0...500 Pa sensor
Parameter set 2 Madmum sensor value [gng ) .
Sensor settings eI MJU_S_eg§Qr_V_aI_U_e 0 Pa
. . £ - Max. sensor value: 500 Pa
¥ Source sensor value Ain2UfAInz1 - .
ouput curve B Sensor unit: Pa
Set value ramp Source for controller function RS4B5/6 <1 | | = el e
Rotating drecton =D - B Select Source sensor Value
Fal save function Eotleiochon (L) |cooingfegative | accordingly
Limits Ber Funct " . - 1 .
Crmasiiiion perammiies SHEAs b S0 |Coolngitegtive =l B Alternative sensor type:
Motor Einstellungen P-Band (P1) [PA] 1000
s | 0...1000 Pa
Load/Save —  P-Band (F2) [PA] IlODU
- Information
Actual values
Device data
Electronics
Motor ..'_l
o et @ setal QM Reset

lllustration 50: Sensor settings for pressure sensor

4.2.1.
switch

Digital definition of set values with closed-loop airflow control, e.g. Day/Night mode

As per equation given in chapter 4.2, changing the differential pressure in the nozzle can also change
the airflow. For the above example with Plug Fan R3G450-AY86-01, a k-value of 240, and a 0...500 Pa
pressure sensor, we get the curve given in lllustration 51. The ratio between differential pressure and
sensor voltage is thus defined as:

B A differential pressure of

500 Pa corresponds to a sensor voltage of 10V.
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B A differential pressure of 225 Pa corresponds to a sensor voltage of 4.5V
(see lllustration 51 broken line)

W A differential pressure of 0 Pa corresponds to a sensor voltage of 0 V
500 —— 10
Example above: required airflow
3600 m°/h, set value to be defined
& 1400 - thus 225 Pa, +8
= Resulting sensor voltage 4.5V 2
S 300 - S
2 2
S - =
= 200 A o
ﬁ 100 ~ £
a n
0 T T T T T T T T 0

100 700 1300 1900 2500 3100 3700 4300 4900

Airflow in m3/h
lllustration 51: Pressure curve, airflow curve

Once all settings from chapter 4.2 have been defined, you can finally enter the set value for the

value is done via EC-Control. Maintaining a constant pressure of 225 Pa in the nozzle guarantees
constant airflow — here 3600m?3/h.

A
| Device shawn . <VC>4>

Lohgical t‘:la::e address MODELUS Plug Fang Ste p 3a- . £ v/ Qq
Physical address 3 @ EPTEDS4G) « o q
Device type MODEUS ebm-papst Standard Deflnlng Set Value via RS485/BUS
EJ Settings W Set walue [PA] |225

- Parameter et 1 I I B B Set value here: 225 Pa

- Parameter set 2 B Sl Rl RS455/Bus -

-~ Sensor settings Da'y mOde

Save set value ko EEPROM v

- It aree B Set value source: RS485/Bus

- Input curve Current sensor value [PA] 225,66 1

. Output curve | W Activate Save set value to

Set walue ramp Current speed |583
- Ratating direction _E_E_P_R_QM
- Fail save function cutrent parameter et I W Enter required differential
Limits 2 .

- Communication parameters R R T IC‘OSEd Iacp sensor cantral j pressure Under Sgt_v_alu_e tO

gqrztz;;zinstallungen Source of parameter switch IRS485IBus j COﬂtrOl to Constant alrﬂow

. Load[Save —1 Current controller Function ICDoIing,iNegative j . Set Value ~ Actual Value
=} Informatian ; ller Functi

- ctual valuss Source For cantraoller Function |R5435J'BU5 j

- Device data Status IFan %

- Electronics

- Mator LI

o Set | @ Set all Gl Reset

lllustration 52: Digital set value definition for parameter set 1, differential pressure 225 Pa, enter set value for Day mode
Optionally, a second parameter set can be defined, for instance for a so-called Day/Night switch:

Once the sensor settings have been defined, the following steps have to be taken to save set values for
P1 and P2 (Click on Set required after each step):
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T rDevice shown

Logical device address
Phiysical address

Device bype

MODELUS Plug Fang
1 @ EPTED940)
MODEUS ebm-papst Standard

i Dewice status

| »

Step 4.

Define parameter set 2

[l Settings Current parameter sek |2
- Parameter set 1 B Operation mode: Closed-loop
.. J——— Source of parameter switch |R5485J‘Bus j _______ !
- Sansor setings sensor control
Internal parameter set IParameter Set 2 j ——————————
- oo W P-Factor: 50%
- Input curve 2 Contral mode (P2} Closed loap sensor cantral j __________
' L-Factor: 6.25%
Set walue ramp ¥in P (PE2) 5 -
. Rotsting drsction ! B Activate parameter set 2
+ Fail save Function s ) I100
Limits Motar stop enable (P2) v
- Communication parameters
~- Motor Einstellungen Controller Function (F2) Icguﬁngmggativg d
Braking
- Load/Save —1 P-Factor (P2Z) [%:] ISDJIQ
= Information
- Actual values e (R 2 IE"Z5
- Device data
- Electronics
- Mator LI
o Set @ Set all Gl Reset
lllustration 53: Parameter set 2
" Device shawn .
Logical device address MODEUS Plug Fang Ste p 5 o
Physical address 1 @ EPTEDS4G) w - q
Device bype MODELS ebm-papst Standard DEfInIng Set Values Vla
T < RS485/Bus
B- Settings Set value [PA] |450
- Parameter set 1
P . £ Source of set value R5485/Bus - .
- P ! =l | m Setvalue here: 450 Pa
S t walue ko EEPROM H -
- Tnput curve 1 AV et vals o Night switch
- Input curve 2 Current sensor value [PA] .
- QUEpUE CUrve |451‘94 . Set Va|Ue Source _R_S_4_8_5£B_U_S
- Set valuz ramp Current: speed |643 . ACt'Vate Save Set Value to
- Raotating direction (. mmmmmmmmm——
. Fail sawe Function Current parameter seb Iz EEPROM
- Limits : : R . :
A —— Active opsrating mods [Clsedlocp sensor contrel 7] W Enter required differential
Motklor Einstellungen Source of parameter switch |R5435J'BU5 j pressure Value under Set Value
~ Braking o
- Load/Save —1 Current controller Function ICDUIlng,iNegatwe j tO COﬂtI’O| tO ConStant alrﬂOW
=} Information ) =~
e e S ey sl e [rstasious d B Set value = Actual value
- Device data Status |Fan o
- Electronics
- Maotor LI
o et v Set all Gl Reset

lllustration 54: Digital set value definition for parameter set 1, differential pressure 450 Pa, enter set value Night mode

4.2.2. Analogue definition of set value with closed-loop airflow control

As another option to the digital definition of set value as given in chapter 4.2.1, it is also possible to
define the set value in an analogue way via inputs Ain1 U or Ain1 I. lllustration 55 shows an example of
how a potentiometer can be connected to define the set value for the closed-loop airflow control.

Day/Night switching with two different set values is not possible with analogue source for set value.
Step 4 and 5 of the example given above do thus not apply to this chapter.

45




Application Guide EC-Control ebmpapst

closed-loop airflow
control

Pressure sensor for :} _H ” _ﬂ {{ M“ ([ li };“: C

Potentiometer for
analogue definition of
set value

lllustration 55: Analogue definition of set value via potentiometer with closed-loop airflow control

In EC-Control, additional settings have to be defined (in addition to the parameters set in chapter 4.2).

| Device shown .
Logical device address MODELS Flug Fans S Ste p 3 b "
Physia acres 3@ EPTED9AQ 7@ | Analogue definition of set value
Device type MODELIS ebm-papst Standard — - -
via Ainl
EI Settings Set value [PA] |225‘37
-+ Parameter set 1
Patameter set 2 Sourcs of set valuz IAnang Ainl j
- Sonsor sltngs S sk v to EPROM ~ B Set value source: Analogue
+ Input curve .
Input curve 2 Current sensor value [PA] |226,23 A_In_]:
- QUEpUE CUrve G
s = W Deactivate Save sef valug fo
di
Sz;astal:i F::cc;l;: Current parameter seb Il _E_E_P_R_O_M
- Uk et ] B Set required differential
- Communication parameters R B g i IC\osed Ioop serisor conitral j H
_ _ pressure with external set value
+ Motor Einstellungen Source of parameter switch IRS‘ISSJ‘Bus d .
Braking e | - source in order to control to
- Load/save —1' Current contraller Function CoolingNegative - q
= Information Source For contraller function I J ConStant alrﬂow
R5935/B ~ -
Actual valucs = W Set value = Actual value
[ Dree o stats Famo
- Electronics
- Mator LI
' et ' Set all Gl peset

lllustration 56: Analogue definition of set value, differential pressure 225 Pa, define set value via potentiometer
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4.3. Closed-loop temperature control — Random control curve with temperature
sensor

Temperature-controlled systems can be found in many applications. To allow customers to put such a
closed-loop control into operation, we will explain how to set the control curve in the following sub-
chapters.

To collect the actual value with a temperature sensor and generate an individual control curve from this,
a few settings have to be done. The following sensor is used in this example:

B Temperature sensor ebm-papst
part no. 50005-1-0174
B Measuring range -20°C to 80°C
B To be connected to:
+20V
Ain2 U
GND

lllustration 57: Standardised temperature sensor, part no. 50005-1-0174

For this temperature sensor, you get the sensor curve given in lllustration 58.

Si m 0-10V signal from sensor output
ignal 5 Sensor curve progresses linearly to
measuring range (-20°C to
10V-- 80°C)
}
-20°C 0°C 80°C

lllustration 58: Sensor curve for temperature sensor
To simplify the setting of the control range for the used, the following formula

sensor range
P Factor

Control range = x100%

is already integrated in EC-Control, as shown in the comparison in lllustration 59. This is valid whenever
the I-factor is 0%.
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" Device shown
Logical device address

Phrysical address

Device type

MODEUS Plug Fang
3@ EPTEDS40)
MODEUS ebm-papst Standard

;- Device status
[l Settings

& Farameter sef 1

Parameter set 2
- Sensar sethings
- Input curve 1
- Input curve 2
Dutput curve
- Set walue ramp
+ Rotating direction

~ Fail save Function

- Limiks

- Communication parameters
- Mator Einstellungen

Current parameter set
Source of parameter switch
Internal parameter set
Conkral mode (P1)

Min P (PLY

Max WM (PL)

Mator stop enable (P1)

Contraller function (P13}

Step 1.

Pure P-control

Ju

|rs4ssiEus =l
[Parameter set 1 =l
| Closed oop sensor control =l
3

100

I

ICnnI\ngJ‘Nagativa

W P-Factor 1000%

W |-Factor 0%

m  With closed-loop temperature
control pure P-control

W Active direction:

- Rotating direction
Fail save Function
~ Limiks
- Communication parameters
+- Motor Einstellungen
- Braking
v Load/Save
[=} Information
- Actual values

Device data
- Electronics
-~ Motor

Controller function (F1)
Controller function (P2}

P-Band (P1) [*C]

—1 p-Band (P2} [*C]

ICDD'\I‘II]J‘NEI;EHVE

[ T K

ICooI\ngJ‘Nagativa

10

[eo0

Brakng - — | oo od =
- Load/Save —1 P-Factor (P1)[%] |1000
[} Information .
- Actual values Fractor (P1) [%] IU
- Device data
- Electronics
-~ Motor LI
o et V Set all Gal Reset
" Device shown .
Logical device address MODEUS Flug Fang . ll Ste p 2 .
Physical address 3@ EPTED94Q V [
Device type MODEUS ebm-papst Standard Temperature sensor SEttI ngs
i+ Device status )=
i+ Settings Minimum sensor value I_ZU
- Parameter sot 1 B Sensor range: -20°C t0 80°C
. Parameter set 2 Maximum sensor value Igg R e —. =
e _ B Actual value sensor source;
Tt s 1 Sensar unit Ioc . .
Tewane ! Ain2U/AIn2I
;- Input curve Source sensor value mnzuisinzz . o« | = A~ . . .
Outpt curve = B Source of active direction:
- Set value ramp Source For contraller Function IRS485)’Bus

RS485/Bus

m  Control range P1: 10°C

o et

v Set all

lllustration 59: Control range and P-Factor

Control range =

80°C — (-20°C)

1000%

x100% =10°C

The control range respectively the P-Factor can be changed using two selection windows. As the two
values depend on each other, entering the P-Factor automatically results in changes to the control
range and vice versa. If the I-Factor is bigger than 0%, the input window is displayed in grey (see

[llustration 59, control range parameter set 2).

The importance of the control range with a closed-loop temperature control can best be explained in the
settings given in our example from lllustration 60.
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" Device shown
Logical device address

Phiysical address
Device type

MODELS Flug Fang
3@ EPTEDS40)
MODELS ebm-papst Standard

B Settings

Step 3 (2 examples)

Entering set temperature value

Example 1:
m in[°C]

Set value: 20
Actual value: 21.99
Control difference:  1.99
Control range: 10

B Phase control factor thus 20%
And speed 574 rpm

Control difference above:
21.99°C-20.0°C = 1.99°C

Control difference below:
25.02°C-20.0°C = 5.02°C

Example 2:
m in[°C]
Set value: 20

Actual value; 25.02
Control difference:  5.02
Control range: 10

B Phase control factor thus 50%
And speed 1561 rpm

Set value [°C] IZU
- Parameter sef 1
- Parameter set 2 smeE2 af et vallo s =]
Sensor settings Save set value to EEPROM I~
- Input curve 1
- Input curve 2 Current sensor value [°C] |22J06
Dutput curve
- Set value ramp Current spesd |582
+ Rotating direction
Fail save Funchion Current parameter sek Il
~ Limiks
Active operating mode -
- Communication parameters IC\osed Ioop sensor control J
Maotor Einstellungen Source of parameter switch IRS485IBus j
- Braking
- Load/Save —1  Current controller Function ICDolingiNegative j
=} Information
Source For cantroller Function
- Aectual values IRS"SSIB”S [
- Device data Status |Fan o
- Electronics
- Matar =l
o Set v Set all Gl Reset
" Device shown
Logical device address MODEUS Plug Fang Gﬁrm
Physical address 1 @ EPTEDS4G) w
Device bype MODELS ebm-papst Standard
EI Settings Set value [°C] Izn
- Parameter set 1
- Parameter set 2 Sourcs of set valus IRS485IBus j
Sensor settings Sawve set value ko EEPROM '
- Input curve 1
- Input curve 2 Current sensor value [°C] |24Jg7
o Cutpuk curve
Set value ramp Current speed [rpm] |1544
- Direction of rotation
. Fail save function Current parameter sek |1
- Limits 2 .
Active operating mode -
- Communication parameters IC\osed loop sensor cantrol J
- Motor Einstellungen Source of parameter switch |R5485J‘Bus j
- Braking
Load/Save —1 Current controller Function ICDoIingiNegative j
[=} Information
Source For cantraller Function
- Aectual values IF"S"SSJ'B"'s [l
- Device data Status IFan o
Electronics
- Matar =l
o Set v Set &l Gl peset

lllustration 60: Closed-loop temperature control with control difference 2°C and a difference of 5°C

Increasing the control difference increases the phase control factor.

With the example given above, the full speed of the motor would be reached as soon as the actual
value, i.e. the temperature presently read by the sensor, reached 30°C while the set value still remained

20°C.

Depending on the control range, control curves such as in lllustration. 61 can be generated accordingly.
The control range of the example above corresponds with control curve 2. The two control differences,
2°C and 5°C, are given in the diagram as well. If one were to choose a wider control range for the

control difference given above, say control curve 4, for instance, the motor would run at very much lower

speed with the same actual value for temperature.
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Control ranges 1-4

1 A~ 1
1 1
| A ! |
- —~ .
| A ] E !
Phase control [ Y E i E
factor 100% E i
1 : !
3 l
50% --{---#-- : |
20% -f ! !
! i Temperature
0% . —>

20°C 25°C 30°C 40°C 60°C
lllustration. 61: Four exemplary open-loop control curves for different closed-loop control ranges
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RSA ..o 7
RSB...oeeeee s 7
Save set value to EEPROM .............. 23,27, 46
SENSON ...ttt 34,47
SENSON FANGE ....cvvveriiierire s 10
SEtVAIUE ... 26
Setting actual value...........cccovevveevciciciene, 25
Setting set value.......cccocvvviiinnncc, 43
Setting the setvalue........ccccoevvvvvcicienee, 26
Start PWM.....cooeeecee e 16
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