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1 Introduction

This guide is intended for engineers and installers applying the i550 in pumping applications. Unlike the
generic i550 manuals this guide purely focuses on pump specific functionalities. For additional features
like mapping of various fieldbuses please refer to the Lenze Product pages or the Help Texts of the Lenze
VFD PC-Tool Drive Starter.

2 General Settings for Pumps

Motor Control Mode: Disgnosis Setngs Parameterlst Trend  Btras

For simple and energy efficient motor control Q € Overview\Motor control v
Lenze recommends the following motor control

settings: (Eo>Motor control mode (1] {VA control open koop) (6] i"&’é‘i;?@:‘nw
the inverter to the motor

AC Induction motors, set the “Motor control 'T‘;::“‘W,::

mode” (P300.000) = “V/f control (open loop) [6]” osf"mk&‘ag:‘d'g;

and set “V/f characteristic shape” (P302.000) =

“Quadratic [1]”. For fans with PMAC motors, “Mo- Modaof ol (7] NS Velocky mode 121

tor control mode (P300:000)” should be set to LRl e

“Sensorless Contr. (SLSM-PSM) [8].” 2 chaactesic e (1] [Qundc 1] (—

Motor rated cument

Start on Power Up

Diagnosis Settings Parameterlist Trend +Oscilloscope+ Extras

A common reqUIrement for drives in fan appllca- ‘@ €— Overview\Basic setting\Starting/stopping performance

tions is to start on the application of power if the
RUN command is already asserted. Normally, the
drive must power-up first and then receive a RUN
command to avoid a FAULT. The drive may be pro- L (1] .On 1
grammed to allow start on power-up simply by
setting “Start at Power-up” (0x2838:002 -
P203:002)=[1]10n

Light Duty Mode

The light duty mode is in general available on i5x0 cabinet = 3 kW, 1P21/31 (NEMA 1) inverters but not for
IP66 & IP55 inverters. The standard default setting is heavy duty but can be parameterized also for light
duty, allowing a continuous higher current rating with the same inverter. This helps the customer to select
a smaller inverter.
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To use light duty mode the drive |Dasoss Setngs Paameterst Trend <Oscloscopes Exras
must use 4kHz carrier frequency @ € Overview\Motor Control\Switching frequency changeover
(0x2939:000- P305:000 Switch-

. Select the switching frequency:
ing frequency).

Lower switching frequencies resuk in higher energy efficiency and reducing the leakage current
Higher switching frequencies avoid hearing audble noise.

Foed

0 4kHz
O 8kHz
O 12kHz
O 16kHz

Variable, the inverter can switch to a lower frequency in case overoad occurs
O 2.4kHz
O 2.8kHz
O 2.12kHz

Readin

I Swiching frequency (1] 4kHzfed /mn. Py [16] |

Once done activate light duty | Pesneterist Tend Oscloscopes Ets
mode: Set “Inverter load charac- | / ay X Hpasneten ¥
teristic: Duty selection” o Dl i v =
(0x2D43:001 - P306:001) = Light |. i :
[ 02083001 | P306:001 Inverter load charactenstic' Duty selec
Duty [1].

End-User Experience Optimization (Favorite menu)

Select within Easy-Starter the top | = st =
5-10 parameters in preferred or- ilepemae . S

arameter kst X
der in the favorite menu. : Bl €]

Device data: Seral number
Device data: CU fimware version
Device data: CUfimware type
Device data: CU bootioader version

1 Pos. Address Name B
DDD000  Output frequency
BE078000 | Curert actual vake

0x2D83:000 | Motor votage =
O603F.000 | Eror code

2
3
4
FEUHP“-ES sz CUbootoadertype E] 5 0B | Corkolselecton
vl Al ce dats: Object drectary verson 6 |0@BS0001 | Frequency conirk: Defauk sepont souce
l.- F-' '--' l ' FJ "', Device data: PU fimware version 7 |02838001 | Stat/stop corfiguration: Start method
« Devos data: PUfimware type @ 8 DB | Stat/sop configuration: Siop method
'.] \ '..' L-' '--' Devce data: PU bootoader verson 9 |0SH0001 | Mans seings: Rated mans vokage
REM AUTO SET- Device data: PUboctoadertype 1002915000 | Mnimum fequency
Devis data: Mode -fiware vers 11 |0@916000 | Madmumfrequency
Devis name 12 (091700 | Accelerationtie 1

Device modue: CU type code
Device modue: PL type code

13 02918000  Decelerationtime 1

14 |0C00000 | Motor control mode

Device mode: CU serial number G2B00.000 | VA characteristic shape
Device modue: PU seral number 02801001 | V/ shape data: Base vokage
Enor history buffer - 17 |(x2B01:002 | VA shape data: Base frequency -

5

Leakage current optimization
The i500 inverters do in general have low leakage currents. In principle the i5x0 inverters can be used up to
11 kW on a 30mA RCD device, details can be found in the respective product documentation. Usage of
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short motor cables and removing the IT-screws (available on i5x0 cabinet inverters) can further decrease
the leak-age current.

Also, the following settings can help t0 [Gews 55 Pesmania Ted Osiomme: G

minimize the leakage current: f < o < g frequency
. X Select the sweching frequency
1. Set “SWltChlng frequency" Lower swiching frequencies resut in higher energy efficiency and reducng the leakage curent
Higher swtchng frequencies avoud heamg audble nose

(0x2939:000- P305:000) for the —
lowest possible set frequency.

O 12kHz
O 16kHz

Variable, the inverter can switch to a lower frequency in case overoad occurs
O 2.4kHz
O 2.8kHz
O 2.12kHz

I Switching frequency [T] 4kHzfixed /min. Pv [16) l

2. Set the minimum frequency to |Dagnoss Setings Parameterlist Trend +Osclloscope+ Edras
15t0 20 Hz. This means the mo- Q €~ Overview\Basic setting\Frequency limits and ramp times

tor runs at no less than that
The frequency range can be limited by setting a minimum and maximum frequency. For the

speed on start-up. “Minimum 1 Eos omsrwuved (s staris rave 20 04
frequency”  (0x2915:000 -
P210:000) Minimum/maximum i
aMnnunfrememy @Mmrunfvecuenq
[ 100 He [1] 600 He

3. Set the fastest acceleration Diognosis Setings | P it | Trond ; . Bt
time possible. This action re-
duces the chance of tripping @ €= Overview\Basic setting\Frequency limits and ramp times
during speed increase. “Accel-

. . 2 . The frequency range can be limited by setting a minimum and maximum frequency. For the
eration time 17(0x2917:000 - frequency setpoint, two different ramps can be parameterised. Change-over to ramp 2 can be
p220:000)‘ camied out manually or automatically.

Minimum/maximum frequency
QMmfremenq @Maadnunfrequenq
1] 100 H: 1] 600 H:
Acceleration/deceleration ramps
@Acceiera'ont'me ODeoeleralonm»e
Standard ramp 15 s [I]50 s
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4. Use the shortest possible motor power cables. Long leads add capacitance to the system and in-
crease the leakage level.

5. Make sure there is a good ground connection. The motor power cables should have a shield and be
terminated on the drive end.

6. Checkthe motor manufacturer for grounding requirements on their side.
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PM Motor Control Support

Lenze

Lenze offers a very powerful and flexible PM motor control scheme “SLSM-PSM”. Parameter 0x2C00:000-

P300:000 [Motor control mode] with selection [8] SLSM-PSM. This selection works best at carrier frequen-
cies of 8kHz.

Most important is to select the right Low speed method: 0x2C13:000 with the two options:

Diagnosis  Settngs Parameterist Trend +Osclloscopes Exiras

m m €= | Overview\Motor Control

Motor control mode [T] Sensod. contr. (SLSM-PSM) (8]

Control of 3 permanent magnet synchronous motor. In SLSM-PSM mode, the inverter is calibrated to the permanent
magnet motor (without feedback) which provides high torque response and accurate speed reguiation. The use of
permanent magnet motors ncreases system efficiency by reducing motor losses associated with the use of typical
asynchronous

induction motors

Q 00

[2] =i/f based

i/f based is the recommended universal method for any motor in particular for pump & fan applications

and typically applied in the market as it is easy to commission with OK performance.

[1] -Carrier Based [DEFAULT Setting]

This is the Lenze unique method to support dynamic and precise motor control even in low speed with a
possible stating torque of up to 200%. It is particularly easy to use and powerful with the Lenze IE5 motors.

Itis recommended for dynamic applications; however, it might not be suitable for every motor.

Basic Commissioning Steps

1.

Enter motor nameplate data

Rated values from motor nameplate

'

Rated power ES | kw Rated vokage (1] 460
Rated speed (@[5 ] om Rated frequency [1][s00
Rated motor curent [1][2800 | A Cosine phi (Moo
Additional data
Overcurent monitorng Overspeed monitoring
Threshold (1[1es | A Threshold (1][s000
Max. mator speed (jsors
Motor moment of neia  [1][90.00 | kgem?

Overspeed monkoring is inactive, due to a lower Max motor speed
. (0x6080) configuration

2.

Perform Energized Calibration

ok oo iy

Uy oo Ciabibar. e Vs W vl e made Bulratosly
e

SEFRE D O

coryroler

o sirge
Moor cyltraton. can b Sorw wreaed and non-enepied

[ S — Diefack enier Chuceciensiac =l be loaded and

aprre crmal g SR Y Tuise] e o e el ceesd e

Tew e will cdenitly 2o rrester Sharpchinass @ frg ond agurvailerl ool Sagras Saa B econd
et Fumeg pory sagd cumert wil B PR P Pt
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3. Checkthe Ld and Lqg inductance values and determine the saliency. If saliencyis less than 5...10% then
set “SLSM-low speed method” (0x2C13:000) to i/f based [2]; otherwise, leave Carrier Based [1] selected

SLSMow speed method

H
8 42.5% Saliency
| mH

4. Configure a trend or trace plotting “Speed setpoint” (0x2DD#:001) versus “Actual speed” (0x6044:000-
P783:000). Attempt to run the motor up to rated / application speed.

If the motor does not start or is not able to get to set speed, you may need to tune the low-speed range,
please refer to “low speed [non-observable] range tuning advice” at the end of this procedure.

wes - —e - e e oo 4

Speed controller

Sealed load neria [1][o0d | kgem [ Gain [T][000060 | Memsipm
Coupiing [T ] Weh Backiash (2] | Resettme [1] (000 | me
Actuslspeedfitertime  [1][20 | me o]

If actual speed is still not tracking setpoint satisfactorily for the application, check the trend again. Begin
manual speed loop tuning as described in step 6.

6. Manually tune Speed Controller settings:
a) Increase actual speed filter time [to 4.0...5.0 ms], check the trend to see if actual velocity is tracking
setpoint satisfactorily. If the tracking is still not satisfactory, then continue to step 6b.

Speed controller

Scaled load inertia [MME | kgem Gan [T][oo00s0 | Nmspm
Couphng [1]]Wehbackiash 2] Reset tme @00 |ms
Actusl speed fitertive [ 1]/20 ms 6b ' e

6a

Ensure comect parameterization of cument
controfler, load and feedback system before
initializing speed controller settings!
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b) Adjust Speed controller Gain and Reset time using the advice in the graphic below. Generally, adjust-
ments to Gain and Reset time are done in +/- 10...30% increments. After each adjustment, check the trend
to see the effects and determine if the actual velocity is tracking setpoint satisfactorily. Once the tracking

is satisfactory, you are done.

Gain
Too Low

Gain
Optimized

Gain
Too High

Reset time
Too Fast

Reset time
Optimized

[/
=

Reset time
Too Slow

Low Speed [non-observable] range tuning advices

0x2C13:000 [SLSM Low speed method] =[1] -Carrier Based [DEFAULT Setting]

If the motor hums but does not start or takes longer than settime to accelerate, thenincreasing
the HF Injection amplitude [0x2C10:001] may be necessary. Increase 0x2C10:001 in 10% in-
crements to get satisfactory starting/acceleration.

Set the HF injection range to a value lower than the lowest continuous or long-term operating
speed for the application, but not lower than necessary for the application. This ensures the
long-term/continuous operation will be in the high speed (observable) range.

Some applications/motors perform better with faster acceleration through the low-speed
range. If necessary, apply the 0x291B:000 [Auto-change.thresh.ramp?2] for auto switching from
accel ramp time 1 to ramp time 2.

“SLSM Low speed method” (0x2C13:000) =[2] -i/f based
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The most common problem with the low-speed range operation, in this mode, is instability
and/or stalling when at the transition point from low-speed range to high-speed range. This is
typically due to the injected current being higher than necessary. Tuning (typically reducing) the
low-speed current values, “Acceleration current” (0x2C12:001) and “Standstill current”
(0x2C12:002), is usually necessary, especially for applications with variable or quadratic torque
profiles.

Tuning of “Acceleration current” (0x2C12:001) and “Standstill current” (0x2C12:002) is this
mode is a balancing act. Higher current values than necessary will cause instability while tran-
sitioningto the high-speed observable range. Lower current values may cause problems starting
and driving the application in the low-speed range if high torque is required in that range.

In this mode a higher transition point is typically beneficial. Reduction of the default [10%]
should only be done if absolutely necessary for the application. Increasing to 20...30% can
have stability benefits, if that application allows
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Increase the base output voltage on the i550 motec
The maximum possible output voltage depends on the DC-Bus voltage. Depending on the amount of ca-

pacitors, the voltage ripple may be quite high.
This parameter shall provide a selection on which DC-Bus voltage level the output voltage must be limited.

Value Meaning Description
0 Automatic(default) |Output voltage will be limited depending on active control mode
1 Minimum Output voltage will be limited to the bottom value of DC-Bus voltage
2 Average Output voltage will be limited to the average value of the DC-Bus voltage

Using the service setting - Limit Output Voltage 0x2DE0:029, the base output voltage on the inverter can be
increased by approximately 30.0 V. This increases the base output voltage at the frequency inverter output
close to the mains input voltage.

To do this, change the parameter 0x2DE0:029 from "Automatic (0)" to "Average (2)".

4 PID -temperature and pressure control

Proportional Integral Differential (PID) controlis a closed-loop method that monitors a process varia-
ble, such as pressure or temperature, and requires the fan to vary its speed in order for that variable to
be held to a constant value.

Common applications requiring PID controlinclude heating, cooling or pressure.

First, an appropriate analog sensor is installed into the system. This could be a pressure sensor, a ther-
mal sensor or other.

PID applications are either “normal acting” or “reverse acting”. This term is from the perspective of
the fan in relation to the monitored process variable. If an increase in the speed of the fan results in an
increase in the monitored process variable (such as direct pressure), then the PID application is “nor-
malacting”. If an increase in the speed of the fan results in a decrease in the process variable (such as
afan supplying cooling air to a process monitoring temperature), then the process is “reverse acting”.

Set the operating mode:

Set the “Operating mode” (0x4020:001 - P600:001) for either “Normal operation [1]” or “Reverse opera-
tion [2]” as appropriate for the application.

Dagnoss Se8ngs Forameterist Trend  «Dncloscopes  Extras

Q =  Ovendew\Configunng the process controlles O, o0
E i often desred to manpulsbe the speed of the imverer (0 reguisle & process Lmng an aruiog feedback sigrnal § e from a pressore transducer in fhe system) the dive is green & sishon of a process vanable of
warable uch a3 pressure flow | terpersture efc ) the syateen The derng wll then amp Lo and down ity speed to huve the dive reguiste that prcess vasabie 1o 8 desired set pord
Fox thes puspose the mvrerter cortaira a PID iprapotional. integral and Thin i diosed oo conirad
devyabne ) procets conteol dgorthes

I Crrerarg mode [T] Homal cpermtion (1]
Disable P10 cortrober [1] et corrected (0] €]

Document number: 123456 Project name: Application Guide Pump

© Last change: 10t July 2025 Page: 9 to 36 www.lenze.com



Application Guide

Pumps and Pump Systems | Lenze VFDs

Lenze

Program the analog input:

Next, we need to program which drive analog input will be used as the monitored process variable. Set
“PID process variable” (0x4020:002 - P600:002) either equal to “Analog input 1 [1]” or “Analog input
2[2]”.

Diagnosis  Settings  Parameterlist  Trend  +Oscilloscopes  Exiras

@ € Overview'\Configuring the process controller

M setpast
[1] -300% PIDum
MAX zlamm threshold

@ [1] 10000 PiDuw=

Cument process variable

FID process vasiable P {1l PID wnt > 1
[T] Analog input 111} S <7
MIN alarm threshold

@ [0 rPDux

Program the setpoint source

Next, we need to program the drive for where the set point source is. The set point is the command value
the drive is trying to get the monitored process variable to match. Set point sources caninclude the keypad,
an analog signal (must not be the same analog input as the monitored process variable) or a predefined
internal set point. Set “Default set point source” (0x2860:002

- P201:002)” to one of the following selections as appropriate: “Keypad [1]”, “Analog input 1[2]”, “Analog
input 2[3]”, or “PID preset 1 [11]”. If you use “PID preset 1 [11]” as the setpoint, ensure you also program
that desired set point value in “Preset 1” (0x4022:001 - P451:001).

Diagnosis  Settings Parameterlist Trend +Osclloscopes Extras
m €~ Overview\Flexible I/O configuration\Setpoint change-over

Defauk setpoint souce | 1| Analoginput 1[2] Configuration of analog inputs
PID control

Defaut setpont source [T] PIDpreset 1[11)

Defauk setport souce 1] Andloginput 1[2) Confiquration of analog inputs

When there is a requirement for oversiding the default setpoint then & is necessary to setup a overiding setpoint selection

B Override with analog input
B Override with keypad value
@ Override with network value

B Override with fixed preset values

Definttion of digtal trigger that overwrite default setpoint with one of n fixed preset setpoints
Setpoint selection is done by a binary combination of 4 bt
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Diagnosis Settings Parameterlist Trend +Oscilloscopes+ BExras
m €— Overview\Flexible /O configuration\Setpoint change-over
Owverride with network value
B Owerride with fixed preset values
Definition of digital trigger that overwrite default setpoint with one of n fixed preset setpoints.
Setpoint selection is done by a binary combination of 4 bit.
= Activate preset (bit 3) [T] Not connected [0]
E poTmTm e Activate preset bit 2) [T] Neot connected [0]
H ¥ S e Activate preset (bit 1) |I| Digital imnput 5 [15]
iR Activate preset &4 0) [1] Optal mpust 4 (141
oo @
% '.v * i Freguency control PID control Tormuse control
000 (o] o (4] o no override
@o1|o|o|o| 1 [1] 200 Hz [1] 5.00 PID unit [I] w00 =
@oz|o0o|o|1]|0 [1] #00 Hz [1] oo0 PID unit [I] w00 =
@oz3|o|o| 1] 1 [1] so0.0 Hz [1] o.co PID unit [I] 100 =
@os4|0| 1|00 [1] oo Hz [1] o.o0 PID unit [I] 1000 =
@os|o| 1|0] -1 [I] o0 Hz [1] oo0 PID unit [T] w00 =

Please note, the set point value is in User defined PID units, which in turn are configured in the monitored
process variable’s analog input channel configuration. Program both the “Min PID value” (0x263x:004 -
P43x:004) and the “Max PID value” (0x263x:005 - P43x:005) to match the signal range of the analog sensor
used to monitor the process variable.

Enter this value in PID units (so if the sensor was 0-10VDC = 0-10PSlI, set 0x263x:004 - P43x:004 = 0 and
0x2363x:005 - P43x:005 = 10)

Disgrosis  Seings  Pasmetecht Trend  «Dsclloacopes Bt
m ﬁ =  Ovenview'Flexible V'O configurstion’ Configuration of anslog inputs =
— Torgue vahus
i %
Maniarnng condion
LK trgger Sreshold [0}
et rerge R L Monkorrsg theeshold D 1 fmquency vale Moee ke
[0 wvecm 01 = Mos = D Max freuency vike (]800 e
\f 21 % Frequency value
% \L <7 Hr \—LJ
1 s
(e ]
100 St @ M FID vake Mo  Powe
[T] Fa P € M PID e [[ & Powe
Maromng treshold @
» E Process controller valus
\—m PiD
) Dead band ] 0o

PID tuning:

The PID loop must then be tuned on to the running system for the application. Acommon approach to PID
tuning is the following.

1. To deactivate the |-component, set the reset time for the I-component to 6000 msin “PID I-component”
(0x4049:000 - P602:000). With this setting and the default setting of “PID D-component” (0x404A:000 -
P603:000), the process controller operates as P controller.

2. Increase gain of the P-component step by step in “PID P-component” (0x4048:000 - P601:000) until the
system becomes unstable (oscillates).
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3. Reduce the gain again until the system is stable again (stops oscillating).

4. Reduce the gain by another 15%.

5. Set reset time for the I-component in “PID I-component” (0x4049:000 - P602:000). With this setting it
should be noted that too low reset time may cause overshoots, especially in case of high steps of the sys-
tem deviation.

6. Optional: set the gain of the D component in “PID D-component” (0x404A:000 - P603:000).

With this setting it should be noted that the D-component responds very sensitively to electrical noise dis-
turbances on the feedback, as well as digitization errors. For most systems, the “PID D-component”
(0x404A:000 - P603:000) may be left at a value of 0. This is typically only required for extremely fast acting
systems.

Dagross  560nGh Pagmeterimt Trend  <Oncloscopes Bt

Ej Gh = | Overview'\Configuring the process controller 4 a0
| = often Sesred (o marspulate e wpeod of he rveter o regulate 8 process Usng an anaiog feedback sgnal § «. from 3 prossurs Faneducer n the svstem) The dive i grven & fatus of & proceas vanable of
wariable {puch a3 pressure, fiow, temperaium, o) the system. The drwe will Fren ramp up and down i speed ba hawe the drve mguiste thaf process vanabie {08 deared sel pori
For fhin purpose the rrverter cortaine a PID proportiondl inbegral and This m closed loop cortml

dery irve | procen cordod dgontihm

Opertrg mode I Hormal opersiion [1]
Dinatie P10 controler (1] Met commected [0} @
P [Mlse
Curert seteort Macmue setpoet PID setport ramp ! & m
Setgont chance-over {1 PiDunt [ @ ro [l=s = o [Tlas
= / o F\: l =) ! ||/' /
= = T_ | He

5 Minimum flow rate (Seal life and energy conservation)

Centrifugal pumps often specify a minimum flow rate be maintained through the pump while running in
order to keep the seals from overheating. Similarly, if a minimum flow rate is not maintained it is often de-
sired for the pump to shut off to conserve energy.

If a centrifugal pump is being used in a PID control application the Sleep function may be used for this pur-
pose.

The “PID sleep mode: Activation (P610:001)” should be set to “Output freq.< threshold [1]” for a centrifugal
pump application. The “Frequency threshold (P610:003)” must be set for a low value determined for the
application to be just below the minimum flow rate being required. A “Delay time (P610:005)” must be en-
tered. Avalue should be selected that ensures the application should indeed have the pump shut off. If too
short a time period is selected, the application may chatter.

A pumping application recovery is typically desired to occur based upon the monitored process. Set the
“Recovery P610:006)” to either “PVar<recovery thresh. [1]” for normal acting PID applications or to
“PVar>recovery thresh. [2]” for reverse acting PID applications.

Finally, set the “Recovery Threshold (P610:008)” for the maximum value which the application can tolerate
as a variance for the monitored process variable. This value is entered in user defined PID units and is in
scale. (i.e., if the process set point was 80 and a max drop to a value of 70 could be tolerated, enter 70).
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Dagross  Setings  Paameterist  Toend

Q & Overview\Configur..\Process controller - icie state and rinse function v QU oo
B e state Funcaon
Often at bmes of low demand we wil want the mverter 10 $10p runnng 10 Conserve energy a3 there i3 no demand on the drven system in a PID process
controlier apphicaten This is known a3 idle state
The user may configure the method by which the inverter will evaluate 10 determine when 10 enter idle state.
The user may also conbgure the method by which the swerter wil evaluate when 10 recover (ext) froen idle state
Entry
O Disabled Frequencysetport  [1)/00 i
[ 08 y satpont < F y Breshokd (+Delay tme) Frequency tesholpp[1) 200 He
() Frequency setpont < Frequency #weshold (+Delay tene) OR Cument process vanable > Feedback threshold (+Delsy  Current peocess vanable @_OW P10 unt
OF setpont < F hold (+Delay time) OR Cumment process varisbie < Feedback threshold (+Delay  Feedback threshold [ 1] 000 PID unit
~ Delay Sme &R ] s
= Banda2h (Doc0 PID undt
D> ® Comiod
O Ramp 1o 0 Recoveey thrashold Epp( 1] 7000 PID unt
Sioo mathod (1) Sandard amo 11 v
O Sup method
Recovery

O Frequency setpont > Fraquency Breshold (+2Hz Hysteresis ) OR PID eeror vakus > Bandwicth
D> ®) Current process variable < Recovery threshold
O Current process vanabie > Recovery threshold

If a pump is being used in a non-PID application, the drive’s “Minimum frequency (P210:000)” setting can
be used for this purpose. Enter a value appropriate so that the desired minimum flow rate is expected to be
maintained.

Diagnosis Settings Parameterlist Trend

GD<—Overview =
Q—

i ttin: Motor control
Device name m [MY Device ] Motor control n
Modes of operation [1] | MS: Velocty mode [-2] >
Rated mains voltage [1] | 230 Vet [0] ~ | Rated speed
Activate network control 1 [ Not connected [0] ~| Rated frequenc

nfigurin n rk Motor rated cur
Default setpoint source [1] | Analog input 1 [2] ~ V/f characteristi

Configuration of analog inputs Base voltage

Start method
Start at power-up
Stop method

[1] | Nomal [0}
(1] |of (01
[1] | Standard ramp [1]

~ Base frequenc

N Fixed boost

Minimum frequency $z] Hz
Maximum frequency II] Hz
Acceleration time 1 m s
Deceleration time 1 m s
Quick stop decel. time m s
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6 Carrier frequency selection and audible noise

“Switching frequency”
(0x2939:000- P305:000) sets
the carrier frequency (switch-
ing frequency) of the drive’s
output IGBT’s. Higher switch-
ing rates result in less audible
noise (electric

motor whine) emitted from the
motor, but the efficiency of the
drive decreases as the carrier
frequency rises. Therefore, this
parameter should be set to the
lowest value which

yields acceptable sound lev-
els. Most people cannot hear
excessive electric motor whine
at frequencies of 8kHz; how-
ever, some are more suscepti-
ble to that audible frequency.
1500 series drives allow set-
tings up to 16kHz to elevate the
frequency beyond the range of
human hearing.

It must be noted that lower car-

Lenze

Diagnosis  Settings Parameterlist Trend +Oscilloscope+ Extras

m € Overview\Motor Control\Switching frequency changeover

Select the switching frequency

Lower switching frequencies result in higher energy efficiency and reducing the leakage cumrent

Higher switching frequencies avoid hearing audible noise.

Fixed

() 4kHz
() 8kHz
) 12kHz
O 16kH:z

Variable, the inverter can switch to a lower frequency in case overload occurs
) 2.4kHz

O 2.8kHz

O 2.12kHz

Resulting parameter:

Switching frequency 16 kHz fixed / min. Pv [18]

Actual switching frequency m

rier frequencies should be used if leakage current is a concern for GFCl or RCD compatibility. It should also
be noted that the ability to operate a drive at higher carrier frequencies depends on the drive’s horsepower
rating, driven load, drive enclosure, and ambient temperature. Consult the derating factors in the drive’s
Project Planning guide for specific data for your application.

7 Rinse (in PID applications using the sleep function)

Fluids may contain particles in suspension (i.e., drinking water may contain sediment). If a pump is stopped
for long enough, these particles may fall out of suspension and build up in the pump. This, in turn, can
cause wear for the pump seals and performance problems. To prevent this the i500 features a Rinse func-
tion. This periodic function runs the pump at a programmed speed and for a programmed period of time to
churn back up the fluid in the pump to keep the particles in suspension within the fluid while the drive is in

Sleep.

Set “Rinsing in sleep mode (P615:001)” to “Enabled [1]”. Enter the time in minutes for how often the Rinse
should be executed in “Rinse interval (P615:002).” Enter the “Rinse speed (P615:003).” Finally enter the
time in seconds for how long the Rinse should last in “Rinse period (P615:004).”
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Dagross  Se=rgs Paameter it Trend

{R) ¢« [Overview\Configur.\Process controle - idie state and rinse function | | Q op

O Dissbled Frequency setport  [1]/00 | Mz

© e L <F gvoshold (+Deley me) Frequencytweshold  [1][200 Mz

OF y setpoint < F tveshold (+Delay time) OR Cumment process variable > Feedback Sveshold (+Delsy  Curront peocess vadable [1) /000 | P10 unt

OF y setpoint < reshold (+Delay tene) OR Curent process variabie < Feedback Bveshold (+Delsy  Foedbackthreshold (1) (000 PID unt

Stop type Delay time ()20 :
Bandwath (1]/000 PID unit

® Coasto 0 - :

O Recoverytveshold (12000 PID unt
Sip mathod (1) | Sndard v 11

O Sup method

Recovery
O Frequency setpoint > F Breshold (+2Hz Hysteresss ) OR PID eror value > Bandwidh

(®) Current peocess varable < Recovery threshold
O Current peocess vasable > Recovery threshald

B Rirse hrction

This uncson accelerates the motoe in idle state of the process controlier ot regular miervals 10 8 defned speed
Abypical applicabion for s function is the rinsing of a pipe system with a pump that has been in an inactive state for 3 lnger penod 1o prevent deposits.

Rinsing in sleep modiEae] | Eratied [1] v

PID sleep mode actve .

© Rinse mteral (2] R Gl
@ Rinse speed 1 : :
|
© Rt perod - - : -
| | |
: 0 -0~ 0 -0 '
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8 Purge (in PID applications)

Often in pumping applications
that employ PID, a Purge function
is desired to clear the lines (i.e.,
for cleaning in place). This func-
tion temporarily overrides the PID
control and sets the pump to run
at a predefined speed (usually full
speed).

First, set “Deactivate PID control-
ler (P400:045)” = to the desired
Digital Input to trigger the Purge
(i.e., “Dl4 [14]”).

Diagnosis  S#ngs  Parameterkst Trend
ﬂh — Ovewiw\Cunﬁguring the process controller ¥

It is often desired to manipulate the speed of the inverter to regulate
a procass variable (such as pressure, flow, lemperature, sic ).
For this purpose the mverter 1

Lenze

Using an analog feedback signal (i e from a pres:
process variable of the system. The drive will then

ins a PID (proportional,

and derivative) process confrol algenthm

Operating mode

(1] inhibted [0

Deactivate PID mnmﬂm Digital ingut 4 [14]

Setpoint change-over

i

process vanable to a desired set point This is clo:

Current setpoint Maximum setpoint PID setpoint rar
/_Eli_&l pownt  [1)[30000] piD unit M0 | .
o | N I\ [
- S =
Minimum setpaint

Next, set “Activate preset (bit 0) (P400:018)” to be triggered by the same Digital Input to trigger the purge
(i.e., “D14 [14]”). Finally, set the Purge speed (i.e., 60Hz) in “Preset 1 (P450:001)”.

Diagnosis

Settings Parameterlist Trend +Oscilloscope+

Exras

Q €— Overview\Flexible I/O configuration\Setpoint change-over

B Override with network value

B Override with fixed preset values

Definition of digital trigger that overwrite default setpoint with one of n fixed preset setpoints.
Setpoint selection is done by a binary combination of 4 bit.

Frmmmmmmme————— Activate preset bt 3) [T] Not connected [0]

1

E P e R Activate preset (bt 2) (1] Net connected [0]

1

P} === Activate preset (bt 1) [T] Not connected [0]

! 1

o 5 s Activate preset bt 0) (1] Digtal input 4 [14]

000

V v Y * Frequency control PID control Torque control
@o|o|ofofo —0.0xscide
@o1|o|o|o]1 [1] 180 H:z [I] 500 PIDunt [1] 1000 =
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9 Pump runout (or Zero head or Open flow) detection

Running a centrifugal pump with no (or insufficient) back pressure causes excessive flow and makes the
pump run off its pump curve (very inefficient) at max available power. This condition often arises due to a
pipe burst or the piping system not being completely installed (or someone could have left a drain open by
mistake). *Note: Certain pumps used in the agricultural industry are designed to normally operate in this
condition without issue.

The drive’s Motor overload setting can be used to detect and fault from this condition (and thereby prevent
flooding) for most applications. Set the “Maximum utilization (60s) (P308:001)” = 120%. Set the “Motor
rated current (P323:000)” to match the motor’s nameplate data. Finally set the “Response (P308:003)” =
“Fault [3]”.

Dogross  Setings  Paameterbt  Trend

Q €  Overview\Motor controf\Motor protection v Q

B Thermal overload motor peotechion ()

Tnp tme
tis)
200

@ Maximum uisaton
Motoc rated current

The inverter supports & “Low sp
molors at lower speed

Thes mode will tnp the motor sooner when running at siower speeds
1 compensate for the decreased cooling of AC inducton motors
when thew fan s urning at slow speed

Speed compensston (1] On ) ¥ 100

pensabon” mode 10 protect

g\ Inorder to ensure compliance with UL, you must select "Speed
_'l compensabion” 10 value “On” and "Response” 1o value “Fault’ LY

100 110 150 200 20 1%

L o Motor current
Response Q.l.wm v (1]/00 A

10 Water hammer minimization (and Pipe fill)

Fluid accelerating or decelerating too fast within a piping system can cause pressure shocks which can
stress and damage the equipment and the piping system itself. These shocks are called “Water hammer.”
The i500 can help minimize this problem when the pump is changing speeds and also particularly when a
pump is first started and pushing fluid into an empty piping system (Pipe Fill) by programming longer accel-
eration and deceleration times.

For applications not using PID, use longer times for both “Acceleration time 1 (P220:000)” and “Decelera-
tion time 1 (P221:000)”.
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Dognosis  Settings  Parameterist  Trend

B R « overview Y] [memnds

Configuration of analoq inputs Base voltage (M[20 Jv
Stat method (1) [ Nomal 0} v Base frequency @& | He
St ol bowerop (1) s 1 v Fixed boost (1) [«0 ] %
Stop method (1] | Standard ramp [1] v
Minimum frequency (1 (00 | Wz
Maximum frequency (1) (00 | Hez

Acceleration tme 1 m:mo s
Deoebwbonml»mrﬁ s
Quick stop decel. tme [D‘° ] 3

For applications utilizing PID, additionally use longer times for “PID setpoint ramp (P604:000)”, “Acceltime
of activation (P607:001)”, and Decel time for masking out (P607:002)".

Dagross  SeUrgs  Pammeter it Toond

D Q & Overview\Configuring the process controlier v QU oo
-y T 4
Manenm Seguen
r (DB ]« OICEEE™
Current sopont Masmom segart PID setpont ram ! D% | e Cortroled speed rang
/—{ljm POwe (13000 PO e =0 1, o (Mo . M |«
[~ | O [ 1 {/1 ~1 /
=] k=l z 1, e
Mamum sepont Inhtst PO Icomponant
(1[990 o e (1] Mot comected 11 v @
MAX alaem Breshok SetPO oot 00
@ (1% po (1) Mot connacted 1 v @
Cument process varad Deviation <1% .
process vanabie /_*:Cm POw
ey ront 11} v g |

MN alarm Breshold
@ 60 ] poum

Acceleraton e | D20 |,
Deocelornston teme | D20 |,

Aso used in Ereguency s and rae Senes
{1100 e

Document number: 123456 Project name: Application Guide Pump
© Last change: 10t July 2025 Page: 18 to 36 www.lenze.com



Application Guide

Pumps and Pump Systems | Lenze VFDs

Lenze

11 Cavitation prevention and Run dry (Loss of prime) protection

Centrifugal pumps should not be run without fluid in them. Doing so can cause the seals to heat and can
damage them, as well as the motor and other components. This condition is called “Run dry” or is also
referred to as “Loss of prime.” This condition can be detected via the same method used to prevent cavita-
tion.

If the pump is always run at the same speed, a drop in NPSH can be detected as a drop in motor load.

First examine “Current actual value (P103.000)” while the pump is running in the system’s normal stable
condition. Then lower the inlet pressure to cause cavitation and again observe “Current actual value
(P103.000).” Determine a safe value between those two levels to account for variability of the system. Enter
that value into “Threshold (P710.001).”

Next, we need to add some delay to the detection to prevent trips during startup or sudden changes due to
opening/closing valves. Determine a safe time period and enter that into “Delay time (P710.002).”

Dagnosis  Setngs  Paameter it Trend

E[] Q & Overview\Additional functions\Load loss detection vt

P
o
<]

The motor load (current) is mondored when the motor 18 runmn
Mot rated cumrers (1/2400 B ™l
Current actual value (1)j00 “

© Theeshoid &I: 00 %

@ ooyime  (EROIN1)00 . ——

Load loss detected

Loss of load detecton i3 dsabled whie DC braking 13 actve
¥ the motor load i3 less than the threshold value for longer

$han the delay tme, the loss of load will be inggered

The ioss of load event can be used 10 Inpoer user relay, etc

10 sccomplsh the spechic tasks

Elexbie VO confiouration

Next, assign either “Activate fault 1 (P400:043)” or “Activate fault 2 (P400:044)” to “Load loss detected [83]”
to fault the drive with either “User-defined fault 1” or “User-defined fault 2” based upon the loss of NPSH.
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Dagross  Se0ror  Paameter bt Tand
ID Q & Overview\Flenible VO configuration\Triggering » user-defined fault
R 2 posstie 10 Noger 2 User ¥ Il CONGAOns Fom B uter Drocess
Only B frst Wpoer rogures & tault reset
For anamgie - £ Bv user process has 3enscrs or swiches Pt are riended 15 HOD he process (Wop he mator
Under Censm CONGAOnS. Then Prese serscr Tadchet Coud be Conrectnd 1 B rveder Corfpued 1 recoure

YO ot condtons

Aler e ¥ lault condton i cleared £ @ always necessary 1o re-naate » Ensble command

Input

Lenze

Run 1) Dgtal ot 1111) - @
Reset fack 1) Ogral vpu 2012 - @ - — - ~ ~
I ] ] )
Actunte faut | 1) Lowd lons detected B3 - @ - = f - - - =
Acteate taut 2 1] Nt connected I} - @ : 1 . : : : —
| ]
' ' : ' | ' ' '
1
1 ' 1 ' ' 1
Output ' 1 : N 1 ' ' '
Ot bequency inverter g ! 1 - ' | ! ! '
' ' [ 1 | 1
) ! ] ] I
] ! ] ] 1
' 1 s ' f ' ' )
[ ' ! ' ! ' ' 1
N ! ! Il i
' T : ] L ] ' T-
' ! | ' 1 ' ' ! '
R — — — | e
g ! L, ! — . :
y - | Sm——— ! LS E—
At speed = 0 1 ] ] []
e — == pr—

If the drive will be run at varying duty points, then an external pressure sensor must be used. The sensor
needs to be installed into the application’s process piping system upstream of the pump. Good practice is
to install the sensor a distance upstream from the pump, equal to between 3 and 5 pipe diameters.

The most economical solution is to use a pressure switch (contact closure) that closes when the minimum
required pressure is reached. Wire the switch between “24V” and one of the drive’s digital inputs (i.e., DI3).

Dix 3

24v O

Next assign that DI as the trigger to either “Activate fault 1 (P400:043)” or “Activate fault 2 (P400:044)” to
fault the drive with either “User-defined fault 1” or “User-defined fault 2” based upon the loss of NPSH.
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m Q € Overview\Flexible VO configuration\Trigoerng » user-defined faut v QU
R possdie 10 Noper 2 user 1o faull CONGAOns Som B User Drocess
Ondy B fest ¥ip0er rogures & laull reset
For anampie - £ B wner process has 3enecrs o swiches Bat are riended 1 Mop he process (op The motor)
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Inpest
R (1) Dgtatreue 1011 - @
Roset tat (1) Dot roue 2029 - @ n _ = = -
Actate tout § (1) Lot lowe dutected 123 - @ - = - - - - -
1 > 3 I ] 1 1 -
Achwate ta 3 (1) Nt conmected B} ) - - . —— , N -
' ' : 1 : ' 1 1
' ' ' ' ' 1
Output 1 1 : 1 | 1 1 1
Outpnst Sroguancy mverter 0 | 1 } 1 : ' 1 1
' 1 1 1 ' \
' ! 1 ' '
' - 1 ' '
' A\ - ' ' 1 '
' ' ! ' | 1 1 '
' 1
1 1 2
| . s ™ | - ™
' ' : : 1 ! : 1 1 ' : '
- ° ] R ] 1 : ] 1
Al speed = 0 | SEE— - e
1 ] ) ]
Foult actve J— _ —

As we need the open switch to trigger the fault the digital input’s action must be inverted. Set P411.00x (x is
the desired DI) = “Inverted [1]”.

Blink Login Resetfouk W inhidxt Manual

Online commands

Diagnosis  Settings  Parameterlit Trend

&]/@@5'/ lQ Al parameters Y

Display
Address parameter Name Value Unit
0x2632001 | P411:001 Inversion of digital inputs: Digital input 1 Notinverted [0]

P411:002 Inversion of digital inputs: Digital input 2 Notinverted (0]

P411:003 Inversion of digital inputs: Digital input 3 Inverted [1]
0x2632004 | P411:.004 Inversion of digital inputs: Digital input4 Notinverted (0]
0x2632005 | P411:005 Inversion of digital inputs: Digital input 5 Notinverted (0]

12 Cascade application (Multi and Booster pump application solution)

Some pump drives offer built-in logic to solve duplex and triplex pump applications. The i500 can be em-
ployed in these types of applications with the addition of an upper-level controller (such as the Lenze c430)
that would perform the logical tasks and use the drives as I/0.

That being said, the i500 can be employed in a simple booster pump application without the addition of an
upper-level controller. In this example system two i500 drives will be utilized. One to drive the main pump
and another that will run the fixed speed booster pump. The first application consideration that must be
noted is that the combination of both pumps (main and booster) must have more capacity than is required
by the total system.

The second application consideration that must be noted is the main pump needs to have more capacity
than the booster pump so that controllability of the system can be achieved. If both pumps are physically
identical this can be achieved by running the booster pump at a slightly reduced speed (i.e., 45Hz).
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Set up the booster pump’s drive as follows:

e Setthe “Motor control mode (P300:000)” to “V/f control (open loop) [6]”.
e Setthe “V/f characteristic shape (P302:000)” to “Quadratic [1]".

e Setthe “Maximum utilization (P308:001)” to “120”%.

e Setthe Motor data per the motor’s nameplate.

Diagnosis  Settngs  Parameterist Trend

Q € Overview\Motor control

Motor control mode dﬂ VA control (open loop) [6]

Modes of operation  [1] | MS: Velocty mode [2)
VA characterigtic control (VFC

Vif characteristic shEPRSP 1] | Quadatic (1]

Motor rotating direction
Limitation of rotation [ 1] Both retational drect. [1]

witching fr h: i

Switching frequency [ 1] 8Hz var /opt /&Hz min. [21]

Motor protection

Maximum wlvuhm [120 %
Max current E] :ZWO J %
Threshold [M[ss A

Control of a typical asynchronous AC induction motor.

In VFC mode the inverter is programmed for basic motor compatibility but it is not
necessary to calibrate the inverter to the motor.

No motor feedback is supported in this mode.

Torque response and speed regulation are sufficient for many general purpose
applications like conveyors, pumps

Motor name
Motor rated current
Rated speed

Rated frequency

e Next, set the “Default setpoint source (P201:001)” to “Frequency preset 1 [11]”.
e Set“Enable inverter (P400:001)” to “Constant TRUE [1]".

e Set“Run (P400:002)” to “Digital input 1 [11]".

e Enter an appropriate frequency into “Preset 1 (P450:001)” that ensures that both the combination of

Lenze

both the booster and main pumps’ capacity exceeds the overall system capacity and is still a lower
value so that the capacity of the booster pump is smaller than the capacity of the main pump (i.e. If
both pumps are physically identical and both combined have sufficient capacity, then set the fre-

quency to 45 Hz).

e Enter a long enough time into both “Acceleration time 1 (P220:000)” and “Deceleration time 1
(P221:000)” to ensure water hammer is minimized during pipe fill for system startup (i.e., 20 seconds).
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Dogwss Setrgs Paameterkt Trend

E R « (owven Z Q oo
® ] ® ke
Bas seting Moior control Elsxdie 1O confiouration
Device name (1] My Device Motor control mode [T]) | VA cortra openiecp) 16) v Enable inverter  @EI® (1] Constart TRUE 1)
Modes of opecabon (1) | MS: Velocty mode [2) v Select motor Run = (1] Ogtalpne 1[11)
Rated mains voltage (1) 20ve iy v Rated speed @170 om Activate quick stop [T] Nt conmected 1)
Actvate network control (1] | Net connected [0) v Rated frequency (1) |s00 Hz Run forward (CW) (1] Net conmected 19}
Confiouring the network Motor rated current (1] 240 Run reverse (CCW) (1] | Net comnected B}
Defoult setpoint soulEmp» 1] | Frequency preset 111] v YA chacacteriatic convol (VFC)
Setpont change-gver Base woitage (1) /20 v Actvote preset (b40) (1] Ootairpxe 4 114)
Start method (1) | Mot 2 v Base frequency (10 Hz Activate preset (bt 1) (1) | Dgtalnexe 5(19)
Start ot power-up [0 orm v Fixed boost (1) /40 - Proset 1 => (1) ™
Stop method (1] | Standerd ramo 11) v Preset2 (1)[®0 He
Preset3 (|0 Hz
Mnimum frequency Fﬂ 00 Hz Conk " "
Maxmonm frequancy (1] (s00 He ———
Accelecatontme 1 Exe» (1] (200 . Addifocal Scicos

D«d«mm’»fﬂ 20 s
Quick stop decel sme  [1][10 .

Lenze

e Next, wire the booster pump’s drive DI1 to be triggered by the combination of both the main pump’s
drive DO1 and Relay output. This will be a series circuit. We will use the combination of both outputs
to ensure the booster is only turned on when called for by the main pump’s drive and also to ensure
the booster is not turned on if the main pump’s drive is not running.

The wiring diagram is shown below:

Main pump drive

Connection diagram ®9

X3 NO | Relay NO contact
= O e ey egwan o MC | Relay NC contact
53328 X5538558 Y
Y P Y (R S I I | — COM | Relay centre contact
T
, I |
1 Start
r-- I
: Pressure sensor
___________________ --=-=r

Cascade pump

Connection diagram

X3

- = = = =|-GND
— AL

For the Main pump drive:
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e Setthe “Motor control mode (P300:000)” to “V/f control (open loop) [6]".
e Setthe “V/f characteristic shape (P302:000)” to “Quadratic [1]”.

e Setthe “Maximum utilization (P308:001)” to “120”%.

e Setthe Motor data per the motor’s nameplate.

Disgnosis  Settngs  Parameterist Trend
Q € Overview\Motor control <

Moooceonuolmodew V/A control open loop) [6] v Control of a typical asynchronous AC induction motor.

In VFC mode the inverter is programmed for basic motor compatibility but it is not

necessary to calibrate the inverter to the motor.
No motor feedback is supported in this mode.

Torque response and speed regulation are sufficient for many general purpose

applications like conveyors, pumps

Modes of operation [T] MS: Velocty mode [-2) v
VA characteristic control (VEC)
Vi characteristic s L] Quadtatc (1] v/ Motorname 1] [Defauk Motor

Motor rated current [1][2400 ] A
M r ir Rated speed m1750 < m
Limitation of rotation 1] | Both rotational drect. [1] v Rated frequency [T [s00 | He

Switchina fr h

Switching frequency m 8kHz var /opt /4&Hz min. [21) v

M TP
Maximum wlluhm'ﬂo ] % Vi voltage boost
Max current E]2°°° % kip f -

T 1 $Slip compensation
Threshold (1]ss A :

e Next, set“Enable inverter (P400:001)” to “Constant TRUE [1]”.

Lenze

e Set“Run (P400:002)” to “Digitalinput 1 [11]”. You will wire your system RUN/STOP contact to DI1 of the

Main Pump Drive.

e Finally, enter a long enough time into both “Acceleration time 1 (P220:000)” and “Deceleration time 1

(P221:000)” to ensure water hammer is minimized during pipe fill for system startup (i.e., 20 seconds).

Use the same value for these times as was entered in the Booster Pump Drive.

Dognoss  S6Engs Parameteciat  Trend

0 QR « (ovwenvew & Q op
® G ® %3
Bz semng Motor control Elemble VO configurabon
Device name [T] | My Device Motor control mode (1] VA cortrel fopen ocp) 6] v Enable imverter (1] Constart TRUE (1)
Modes of cperston (1] | MS: Velocky mode £2) v Select motor. Run $[ﬂ Digtal e 1 (1)
Rated mains voltsge (1) 20 ver 0} v Rated speed ) mm Actiote quick stop (1] Net connected [0}
Actote network control (1] Net connected 10] v Rated frequency (1) [s00 Hz Run forward (CW) (1] Met connected 0}
Configuring the network Motor rated current (11400 A Run reverse (CCW) (1] | Nt connected [0}
Defoult setpointsource (1) Keypad [1] v YA characteriatic control (VFC)
Frequency setpoint [MD[200 Base voltage 20 v Activate preset (bit 0) (1) Dotalrpue 4[14)
Stat method (1] | Nomsi 3 v Base requency @M= Hz Actiate preset (bt 1) (1) Dotalrpue 515)
Start ot power-up (1) on i v Fuxed boost (152 (% Preset 1 m20
Stop method (1) Standard ramp (1) v Proset2 (1) [«00
Preset3 [1)[e00
Minamum frequency D20 Hz Conk . "
Maxemum frequency (1) 500 Hz e,
Accelecsbon bme 1 1]|200 s
= =
Quack stop decel tme 1 v s

e Set“Start at power-up (P203:002)” to “On [1]".
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] Ry « [oveniews s9\Starting/stopping performance v Q op

The start can be optonally made with DC braking or flying restart Grcut. Moreover. an automatc
start can be actwated after switch-on

In the default seling. the motor is brought 10 3 standstill aer 3 stop command with standard
ramp. Allernatively, coasting or ramping down with quick stop ramp can be selected.

[ hen (amp tma:

Start method (1] Noemal [0} v Input
Enabie imveder (1] | Constant TRUE 1) - @
Run (1) Ogtalrpe 1111 v @
Mains power

|

.

Output frequency invert. [1](00 | 1z 1[Hz) t /_\
1

DC Brake

Start at power-up [Monm v Input
Enable inverter (1] | Constart TRUE [1) v @®
Run (1) | Dgtal inpxe 1111) v @
RisRapos 1 Sk 1 1 1
Output | : : 1 | 1
Output frequency invert... [1](00 | iz 'INI" :/_k ./—\ :/_\
1 ! 1

Now PID must be set up for the application:

e First, an appropriate analog sensor is installed into the system. Wire this pressure transducer to AIN1
of the Main Pump Drive. Pressure control from a centrifugal pump is a “normal acting” PID application.

e Setthe “Operating mode (P600:001)” for “Normal operation [1]”.

e Next, we need to program which drive analog input will be used as the monitored process variable. Set
“PID process variable (P600:002)” either equal to “Analog input 1 [1]”.

e e

H] () + OwvewiConpung te proces contre — 2 o
LA B ot >
: . @~ :
e e o
Semect Sacae s y 08%®  rowa 1) 3680 »o w DEe") . o [es L) 1 es .
' - 5 - d
= N7 ‘Pt
— 1
£ = { J - L =
e e
1) 50 o o 1) Nt it 24 L J
o s S
@ (1958 roww 1) et cwrciet 1 @
D Ot <1 % °
1O o et DE rocm
— >
-y =
o e o
® ___ PO wa A vt e
s
e B
i
S — D :
- ) 1) Comtars T L
St et - r N 1 e
1) o st s £ P

e Next, we need to program the drive for where the set point source is. The set point is the command
value the drive is trying to get the monitored process variable to match. Set point sources can include
the keypad, an analog signal (must not be the same analog input as the monitored process variable)
or a predefined internal set point. Set “Default set point source (P201:002)” to one of the following
selections as appropriate: “Keypad [1]”, “Analog input 2 [3]”, or “PID preset 1 [11]”. If you use “PID pre-
set 1 [11]” as the set point, ensure you also program that desired set point value in “Preset 1
(P451.001)".
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'ﬁ' « | Overviewh\Flexible /O conﬁguraﬁon\Se‘fpcint. change-owver

Lenze

For general speed applications the user must set a reference for the relevant main (default) setpoint.
For application cnly requiring one setpoint (ne requirement for an over-riding setpoint). then default setpoint is the only parameter that must

Frequency control

Diefault setpoint source II' Analog input 1 [2]
PID control

Default setpoint source lII PID preset 1 I1‘!]
Torgue control

Default setpoint source | 1] | Analog input 1 [2]

Configuration of analeg inputs

Configuration of analeg inputs

When there is a requirement for over-riding the default setpoint then it is necessary to setup a over-riding setpoint selection

]

Owerride with analog input

]

Override with keypad signal

]

Override with netweork valus

E. Owverride with fixed preset values
Drefinition of digital trigger that overwrite default setpoint with one of n segment setpoints.
Segment setpoint selection is done by a binary combination of 4 bit.
e e Activate preset (bit 3) [T] | Mot connected (01 ~
i L L o) Activate preset (bit 2) [T]| Mot connected [01 -
i i :' --------- Activate preset (bit 1} [1]| Digital input 5 115} =
E i | §~----- Activate preset (bit D} [1] | Digital input 4 [14] -
es00
Y * Yy Frequency confrol PID control Torque control
@ oo| o a (1] (e] no overwrite
@ o1|lo|o|o|1 [M[z0 | = (1] [EE | Pio unit [T1[7060 | =
@oz|o|o|1]|0 [T]|4ee | p= (I1[e00 | Pio unit (1][7080 ] =
@oz|o]o|1]|1 [Tl[eond | n= [T][000 | piounit [I][1000 | =

Please note the set point value is in User defined PID units, which in turn are configured in the monitored
process variable’s analog input channel configuration. Program both the “Min PID value (P43x:004)” and
the “Max PID value (P43x:005)” to match the signal range of the analog sensor used to monitor the process
variable. Enter this value in PID units (so if the sensor was 0-10VDC =

20-100PSI, set P43x:004 = 20.0 and P43x:005 = 100).
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The PID loop must then be tuned on to the running system for the application. Do this under a load that can
be sustained by the Main pump running alone. A common approach to PID tuning is the following.
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1. Set the reset time for the | component to 6000 ms in “PID I-component (P602.000)” to deactivate
the | component. With this setting and the default setting of “PID D-component (P603.000),” the
process controller operates as P controller.

2. Increase gain of the P component step by step in “PID P-component (P601.000)” until the system
becomes unstable (oscillates).

3. Reduce the gain again until the system is stable again (stops oscillating).

Reduce the gain by another 15%.

5. Setreset time for the | component in “PID I-component (P602.000).” With this setting it should be
noted that a too low reset time may cause overshoots, especially in case of high steps of the system

»>

deviation.
Optional: set the gain of the D component in “PID D-component (P603.000).”

7. With this setting it should be noted that the D component responds very sensitively to electrical
noise disturbances on the feedback as well as digitization errors. For most systems, the “PID D-
component (P603:000)” may be left at a value of 0. This is typically only required for extremely fast
acting systems.
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Now we must create the triggering conditions to control DO1 and the Relay output of the Main pump drive
to start and stop the Booster Pump drive.

e Configure the “Digital outputs function: Relay (P420:001)” for “PID MAX alarm active [76]” also con-
figure the “Inversion of digital outputs: Relay (P421:001)” to be “Inverted [1]”. This is a default set-
ting, and we will be using parameter change over to switch the assignments to complete the appli-
cation controlin a later step.

e Set “Digital outputs function: Digital output 1 (P420:002)” to “Running [50]".

e Set the “Relay: Switch on delay (0x4018:004)” and the “Relay: Switch off delay (0x4018:003)” to a
value LONGER than that which was set for the “Acceleration time 1 (P220:000)” and “Deceleration
time 1 (P221:000)”. Recommend the value be at least 50% more (so if Acceleration time 1 is set to
20 seconds, set the Switch on and switch off delays to at least 30 seconds). This is necessary to
create a hysteresis and have controllability of the system.
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E[] m € | Overview\Flexible I/O configuration\Configuration of digital outputs v \ Q 00
The user may assign a condition to control the state of In addition each output can be individually configured so that the
the inverter digital outputs and relay. When the signal sent from the inverter is logically inverted such that the inverter
condition is true the digital output or relay will be can be configured to give either lly open (default) or lly
asserted / energized. closed (inverted) functionality to each digital output or relay.

X9
M=) coM
Relay D> (1] PO MAXdsmactve [76] =
‘ —}- NC
O L NO o
X3.001
Digital output 1 £ [T] | Runing [50) v — ° @

Dagnosis  Setngs  Paameterbst  Trend

m @ € | Overview\Flexible I/O configuration\Configuration of digital outputs v Q op
The user may assign a condition to control the state of In addition each output can be indnidually configured so that the
the inverter digital outputs and relay. When the signal sent from the inverter is logically inverted such that the inverter
conditod
asserted Delay X
S—r
Relay -

Digtal of

Function

Y
Y

e Setthe “MAX alarm threshold (P608:002)” to the highest level the system can tolerate above the set-
point to define the pressure at which the Booster pump should turn off. This value is entered in PID
units.
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ﬂ-h € | Overview\Configuring the process controller o I IR oo ~ -
Itis often desired to manipulate the speed of the inverter to regulate Using an analog feedback signal (i.e. from a pressure transducer in the system) the drive is given a status o
a process variable (such as pressure, flow, temperature, etc.). process variable of the system. The drive will then ramp up and down its speed to have the drive regulate th
For this the inverter aPID I process variable to a desired set point. This is closed loop control.
and derivative) process control algorithm.

Operating mode m Nommal operation [1) v
Deactivate PID controll... [T] Net connected [0] v @
P Mo |«
Current setpoint Maximum setpoint PID setpoint ram v @™ :400 i
Setpeuatchangeo:ar /_11];000 | PID unit [Dmoo PID unit [I]k200 js o [I,_DO Jt
= = = I O L
=5 /\ l_] V_
Minimum setpoint Inhibit PID I+
[1]/:300.0¢ PID unit (1] | Not conne
MAX alarm thresholc Set PID outp
P IH] poun (10 et o
Current process vari Deviation <1
,—11][001
PID process variable \ | PID unit " [—Tl
(1] [ Analog nput 111} v C< ]
MIN alarm threshold
@ [1][5000 | Pip unit Aecalimeta
Decel. ime fc

Acceleration time 1 M0 ] &

e Setthe “Analoginput 1: monitoring condition (P430:009)” to “IN< trigger threshold [0]”.

e Then set the value of the “Analog input 1: monitoring threshold (P430:008)” to the minimum allowable
value for the pressure transducer to fall to in the application to define the point at which the Booster
Pump should come on. Note: This value is set as a percentage of the Analog input 1’s overall range. It
is NOT in PID units.

e Setthe “Analoginput 1: Error response (P430:010)” to “No response [0]”.

Dagnoss  Setngs  Parameterlst  Trend

O « o o of analog inputs Q op
The user may 3130 Program the drive 1 Monor the anaiog signal value 10 ger 3 condion in the drve. (16 Max alarm can be used 1 tigger 3 fault in the drive)
B Analoginput 1
@ M 1orque value Mmoo | «
@ Max torque value @00 | «
—— Torque value
|Z :—{I 00 | %
mmuw-mn v
Input range Fiter bme Montonng thresho O Mntequencyvaive  [1[00 | 1z
Mo rovocw v Mo | ms $msoo - @ Maxtequencyvaive  [1](600 | wz
°_|Z K <>: %; Wz \_{‘j'm""" Setpoint change-over
100 | we Confiourinn the orocess coorolier
Noo |
Erroc response © Mo PID value M0 | P10 unit
Q[l] Mo response [0] v € 1ax PID voloe (1)[10000] PO wnit
Montoring teeshold @
- Process controlier value
=
© Desdband Mmoo ] %

24V supply OK
Calibration successhul

Input current 100 low
Input voitage 100 low
Input voltage 100 hoh

Lastly, the Parameter change-over function must be configured to achieve the control action. Set the fol-
lowing:
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e  “Activation of parameter set (P755:000)” = “Select. changed (immed) [3]”

e  “Select parameter set (bit 0) (P400:041)” = “Error of analoginput 1 [81]”

e Configure both the “Digital output function: Relay (P420:001)” and the “Inversion of digital outputs:
Relay (P421:001)” parameters to be switched as shown below for BOTH “Value 1” and “Value 2”:

Cascade control with VFD and contactor control

This feature allows you to control multiple drives in fan and pump applications. The main drive is controlled
by the inverter and the (maximum two) auxiliary drives are switched on directly via contactors if required.
The main drive is controlled by the PID controller or another alternative setpoint source (digital/analog in-
puts, keypad, network) The switching cycles of the auxiliary drives are triggered depending on the actual
load (PID controller).

Example with i550 cabinet frequency inverter:

Additional relays may be required to control the power contactors if the cur-
rent/ voltage range from the relay/digital output is not sufficient for direct
control.

Operating modes

Two operating modes are available forthe cascade function, "withoutramp"
and "with ramp". The following diagrams illustrate the respective behavior.

M Main drive
Al Auxiliary drive 1
A2 Auxiliary drive 2

0x405C:001 (P770.01) = "1: without ramp"
Actual frequency Settling time When the current frequency reaches the start
S b 0x405C:005 0x405C:005 0x405C:005 frequency set in 0x405C:003 (P770.03), the
— —  —— delay time set in 0x405C:006 (P770.06) starts.
Start frequency 4oHz - K- PN e The delay time is used to avoid unwanted
0x405C:003 U iR | on/off cycles.
30 Hz | . i 0X405C:006 .
- i -+ After the delay time has elapsed:
20 Hz 0)‘405(_:1005 0X405C|1005 E i « The on/off command for the next auxiliary
Delay time | Lo drive is set.
Stopfrequeney 1oz fessesosssmmssasmmiilinnmss ol etfises
0x405C:004 ; | d * The settling time set in 0x405C:005 (P770.05)
OHz : T : + starts.
Main drive | ' Z‘ During the settling time, no other auxiliary drive
o 1 i ! t | may be controlled by means of an on/off
Assist drive 1 | ‘ . », |command. This time is also required so that the
Assist drive 2 | ' 2 PID controller for the main drive can regulate
t |itself again.
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0x405C:001 (P770.01) = "2: with ramp"

Actual frequency
50 Hz

Delay time
0x405C:006

0x405C:006

0x405C:006

A ‘A ?*

Start frequency 40Hz -\ A, Ao
0x405C:003
Upper frequency threshold 30Hz i

Assist drive 1 |

T T

0x405C:008 / } \/ : \/\ | After the delay time has elapsed:
Lower frequency threshold 201z 3 T E i 3 + The on/off command for the next auxiliary

0x405C:007 i — i i\ —— drive is set.

Stop frequency 10Hz i"Dx4OSC:DOS ffffff 1 0x405C:005 ) _f 0x405C:005
0x405C:004 | Settling time ! j o * The frequency is reduced via a ramp to the
0 Hz 3 3 T ‘ — t | lower frequency threshold set in 0x405C:007
Main drive | Z_ (RFTC):

Assist drive 2 | ! i | J 0x405C:005 (P770.05) starts.
! | | ] [ t | During the settling time, no other auxiliary drive
Ramp up/down | '—‘ >y |Mmay be controlled by means of an on/off

When the current frequency reaches the start
frequency set in 0x405C:003 (P770.03), the
delay time set in 0x405C:006 (P770.06) starts.
The delay time is used to avoid unwanted
on/off cycles.

When the current frequency reaches the lower
frequency threshold, the settling time set in

command. This time is also required so that the
PID controller for the main drive can regulate
itself again.

13 Sequenzer

The i500 features aninternal advanced sequencer. This can be used to remove the need for supplementary
controls in basic repetitive pumping processes. For details on this, see the i510 or i550 Commissioning

manual.

Diagnosis  Settings  Parameterlist Trend

@ € | Overview\Sequencer

| o0

The sequencer 8 individual that can be h

Each sequence is comprised of 16 preconfigured steps.

Each sequence step can call a segment or a higher number individual sequence.
Calling higher numbered sequences allows the execution of sub-sequences within the higher numbered sequence.

d or combined into larger sequences.

Jen nfiquration

The drive has 8 segments available for use with the sequencer.

Each segment is comprised of a setpoint. a time and a combined acceleration/deceleration time.
Optionally segments may also define a state for the analog or digital outputs.

Segment conﬁgurahon

The sequencer's control functions must be assigned to either digital inputs or drive conditions.
Elexible I nfiquration

Additionally the sequencer requires a basic setting.

Sequencer basic settings

Since the sequencer only generates setpoints, the sequencer can be run when the drive is stopped or inhibited
This is a practical feature that allows the user to debug a sequence while the motor is off

i

The "sequencer" function serves to transfer a programmed sequence of setpoints to the motor control. The

switch-over to the next setpoint can be made time-controlled or even-controlled. Optionally, the "

quencer" function can also trigger the digital and analog outputs.

Se-

The sequencer only generates setpoints. However, the sequencer does not control the motor opera-
tion (does not output any start and stop commands). Versions with I0-Link do not offer this function.

Basics: Sequences, steps and segments
e Overall, sequences with the numbers 1 to 8 can be configured.
Each sequence consists of 16 configurable steps.

Each step of a sequence can call a "segment".
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- A segment contains, among other things preset setpoints (speed setpoint, PID control value, torque
setpoint), a combined acceleration/deceleration for the speed setpoint and optionally a configuration

for the digital and analog outputs.

- 8 different segments and one end segment can be configured.

e Alternatively, to calling a single segment, a complete sequence (with a higher number) can also be
called from one step. This serves to implement nested sequences or summarize several sequences to

one sequence.

1 2)

Sequence 1 Sequence 2

}Y Segment 1 5y Segment 1

P] segment s

k] Segment 7

[l segments

e

End segment

Commissioning

3

Sequence 2

Sequence 2
Sequence 3
Segment 7

) segment 8

Segment 1

Segment 2

Segment 3

Sequence 3

Segment &

Segment &

L} Ssegment 3

Segment 1

segment 5

Segment 7

Segment 8

For commissioning the sequencer, we recommend the following proceeding:
1. Configure segments (including end segment).

Details: ® Segment configuration page 101

2. Configure sequences:

a) Assign the segments to the single steps of a sequence.
b) Set the number of cycles for the respective sequence.
Details: ® Sequence configuration page 111

3. Make the basic setting of the sequencer:
a) Set the desired operating mode (time and/or step operation).

b) Optionally adjust the sequence end mode and the sequence start mode.
Details: ® Sequencer configuration page 115

4. Configure the control of the sequencer:
a) Assign the functions for selecting a sequence to suitable triggers (e. g. digital inputs).

b) Assign the functions for controlling the sequencer (start, stop, cancel, ...) to suitable triggers.
Details: : ® Sequencer configuration page 118

Control

The sequencer can be controlled with the following function. For details, see chapter "Sequencer control

functions" page 118
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Function Information

Select sequence (bit 0) ... Select Bit coded selection of the sequence to be started
sequence (bit 3)

Start sequence The selected sequence is started. The start can take place edge or status-controlled depending on the
configuration.

Next sequence step Immediate jump to the next step irrespective of the time set for the segment.

Pause sequence The sequencer stops in the current step. The elapsing time set for the segment is stopped. The sequencer
setpoint remains active.

Suspend sequence There is a temporary return to the normal setpoint control. The sequence is then continued at the point
where it was suspended.

Stop sequence Direct jump to the end segment. The further execution depends on the selected end of sequence mode.

Abort sequence Immediate return to the normal setpoint control. The end segment is not executed anymore.

Impeller Anti Jam

Impeller Anti Jam is a feature in some pump drives that will look for high motor currents at low speeds to
determine if the impeller is jammed by some solid material. It may also perform a quick reversal to dislodge
the jam. This is very commonly required for macerator pumps. The i500 can perform the same function
by means of its sequencer and current limit detection capabilities. Below are the parameter settings to

accomplish a basic impeller anti jam.

*Please note: For a macerator pump, “Motor controlmode (P300:000)” should be set to “Sensorless Vector

(SLVC) [4]” in order to manage the quick dynamic loading of the grinding operation.

Current Limit condition starts sequencer to run reverse 50Hz 0.5 seconds Accell/Decel = 1.0 second
End of sequence operation = continue to RUN

**NOTE: Drive must be configured for FWD/REV rotation**
“Limit of rotation (P304:000)” = “Both rotational direct [1]”

“Max current (P324:000)” = 1800 (decimal)

“Start sequence (P400:031)” = “Current limit reached [78]”
“Select sequence (bit 0) (P400:050)” = “Constant TRUE [1]”
“Sequencer mode (P800:000)” = “Time operation [1]”
“Sequencer Segment 1: Frequency setpoint (P801:001)”= “-50.0”
“Sequencer Segment 1: Accel/deceleration(P801:002)” = ”1.0”
“Sequencer Segment 1: Time (P801:003)” = “1.0”

“End of sequence mode (P824:000)” = “Abort [3]”

“Sequence 1: Step 1 (P830:001)” = “Segment 1[1]”

“Cycles Sequence 1 (P831:000)” = “1”

14 Keypad user units

The keypad for i500 cabinet series and i500 protec series drives may

have the legend of the run screen changed to any 6 ASCII UEL:RUN:FUD  Ft/sec

characters so that the display makes sense for the actual application E’ l (:J
(i.e., “deg F,” “deg C,” “ft/sec,’ etc.). If the drive is in PID mode, set MAN SET-
the legend in “User unit PID control” (0x2865:002 — P709:002).

Ifthe drive isin velocity mode, set the legend in “User unit MS velocity
mode” (0x2865:001 - P709:001).

Document number: 123456 Project name: Application Guide Pump
© Last change: 10t July 2025 Page: 33 to 36

www.lenze.com



Application Guide

Pumps and Pump Systems | Lenze VFDs Lenze

Diagnosis  Settings  Parameterlst Trend  +Osclloscopes Extras

YBE/ A ot ¥

: ' Miwss  Dww Name Vake Unt
(02602002 | P708.002 Manual cortrol Keypad otatonal drecton —~ Forwad [0
02602003 | P708.003 Manualcortrl. Mode Manal contrl of [0
02865001 | PR09.001 Keypad dsplay setup: User unt MS velocty mode 7
O ¢ ser unt P .

Gop | 04006001 [P7I0001 | Loadloss detecton: Theshold 00 %

0006002 |PTIO02 | Loadloss deection: Delaytme 00 s
VMIXJSOOG _P710w3 »Loadbadetechw Esmor response No response (0]

Also in velocity mode, program in a multiplier with “Speed display scaling” (0x4002:000 - P702:000) to con-
vert Hz to the desired units (i.e., if 60Hz corresponds to 750 ft/sec, enter in a value of 12.50).

Parameterlist Trend +Oscilloscopes Extras

| / nt Q Al parameters Y
Mdess DR Name Value Unt
02022011 |P700011 | Device commands: Save parameter set 1 ?
02022012 |P700012 | Device commands: Save parameter set 2 12
(02022013 |P700013 | Device commands: Save parameter set 3 B
(02022014 |P700014 | Device commands: Save parameter set 4 12
(02022015 | P700.015 | Device commands: Delete logbook OFf / ready [0
(02862000 | P701:000 | Keypad setport increment 1

£ (x4002:000
0x2864:000 | P703:000 Keypad status display 0

15 Switch/Potentiometer set

The switch/potentiometer set can be used to generate and supply simple control signals via standard 1/0.

This example shows a local 2-wire control of the inverter.

. The potentiometer is connected to analoginput 1, which is configured as a setpoint source in the de-
fault setting. The potentiometer can be used to vary the frequency setpoint in the range from 0 Hz to
the maximum frequency set in 0x2916 (P211.00).

. Switch in FWD position starts the motor in forward direction of rotation.

. Switch in REV position starts the motor in backward direction of rotation.

. Switch in 0 position stops the motor.
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Local 2-wire control

A B
GND 50 Hz
AL J
Al
Lr
2 AO1
o ]| el
2V
o: | [
o
FWD 3 (O o o2 - _
rev L 3—4 _on
= B
DIs 50 Hz
DO1
GND Motor | 0 Hz
Speed
NO
com
NC
A 2-wire control
B Drive behavior
2122 Potentiometer terminals
FWD 3/4, REV 3/4 Switch terminals
Commissioning
Setting parameters
1. Load default setting withP700:1.
2. Set the following parameters.
[Display code Name
P400.02 Run Digital input 1 [11]
P400.04 Reset fault Not connected (0]
P400.08 Run forward Digital input 2 [12]
P400.09 Run reverse Digital input 3 [13]
P400:13 Reverse rotational direction Not connected [0
P400.18 Setp: Preset b0 Not connected [0
P400.19 Setp: Preset bl Not connected [0
P210.00 Min. frequency Application specific
P211.00 Max. frequency Application specific
P220.00 Acceleration time 1 Application specific
P221.00 Acceleration time 2 Application specific
P430.02 All freq @ min Application specific
P430.03 All freq @ max Application specific

All

(7
P430.02
P210.00 %
t
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16 Disclaimer

This guide is provided for informational purposes only. While every effort has been made to ensure the ac-
curacy of the information, we cannot guarantee that it is free from errors or omissions. Users are advised
to verify any information before relying on it. We accept no liability for any loss or damage caused by reli-
ance on this guide.
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