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The LQT40A is a programmable multi transducer for power systems. All electrical
quantities for AC current and voltage (True RMS) are covered by one single unit. It can
measure single phase systems up to 4-wire unbalanced load systems. With its 4
analog and 2 digital outputs together with a serial interface RS 485, Modbus, LQT40A
offers almost unlimited possibilities.

Our free transducer configuration software “ConfigLQT” is used to easily program the
LQT40A via its USB-port.




Table of contents

1 INSETUCTIONS ..ttt bbb sttt e bbb se e n et et et eneebenbeeneee 1
1.1 PUurpose of thiS QOCUMENT .......ecuiieieieiirieeiee ettt sttt 1
1.2 IVIOUNEING .ttt eb e bt b e e st e s e bt e bt e b e se e n et et e st eneebesaeeneee 1
1.3 INSTAHATION ..ottt 1
R @ o T 1o TSRS 1
LD SATELY .ttt e bt h e h bt e n ettt n e ae b b ee 1
1.6 WWAINING ..ottt b bbbt bbb e n et et e st e bt ebesbe b e 2
1.7 IMIAINTENEAINCE ...ttt ettt bttt b et b et bt b e bt st s bttt e bt e b ee 2
L8 SYMDOIS ...ttt et st be b e teebe e be s teeaa e beeaeenreereentas 2
2 COMNECLIONS ...ttt ettt ettt ettt b et bbb bt b b s et et e b et e b e e e b et eb e s e bt st e st ane st nteneas 3
2.1 CONNECLION TIAGIAM.....eouiitititeieitettete ettt ettt ettt sttt b et et e b et st ebe s bt s be s b et et e be s e e eseebeeseebeneens 3
2.2 EIBCIIIC CONMNECTION ...ttt ettt b st b e bbbttt beebe b neen 4
2.3 Connection diagrams — SYStEM CONNECLION.........ceecverieeieriiceeteete ettt e re et re e ee et e eanas 4
K I |V 1= TN o OSSR 7
3.1 MEASUIEH QUANTITIES .. eeuvesveieeeiesieeeeteee e te st et e et e e te st e e ste e e e teeseestesseessessesseenseseeessessesnnensensennss 7
3.2 IMEASSUIING SYSLEIM ..eeeieieieeeiesteetete et et et et e ste st e e s tesseebesseesseseeseessesseessessesseensesseensessesseensessennses 8
3.2.1 Phase-LoCKEd 100D = PLL ...ocviiieieiieeeierteeeese sttt ettt et sa e see e e te e sesneensesrennnens 8
3.2.2 SOTEIMOUE ...ttt ettt bbbt et b et e b e st s s 8
3.2.3 BIOCK QIAGIAM .....cueitiieieiecteeieete ettt ettt et s et e st e et e be s ae et e s be e s e teebeesbesbeensesbesasessesseensesteesnans 8
3.2.4 FIEUUENCY TIILEE ..ottt sttt et e st e e s e steensesseesaesesseensessennnans 8
O @ 11 11 | £ PTRRPR 9
g AN g1 oo 01110 LU RS R 9
4.2 DIgITAl OULPULS ...ttt ettt e st e st ebeeae et e s st e e e seeeneenseseeeneesesaeenes 9
4.3 MOUDUS RSABS ... oottt sttt ettt s a et e s te st e beeae et e sse e s esteeneenseseeeneesesaeenes 9
4.3.1 Interface ModbUS RTU ..ottt 9
O A |V FoTo | o1 U E 34T o] o1 PSR 10
SO0 14101 [S1S] o] T o SRS RPRR SR 12
5.1 Programming Of the tranSUUCET .........eoeeiirieiece ettt sttt eneens 12
5.2 LED TUNCLIONAIITY ...ttt sttt et e e et e te s st esesteeneens 12
B TECHNICAI DALA.......coueuireiieieiiteeee bbb 13




1 Instructions
1.1 Purpose of this document

This document describes how to use the LQT40A multi transducer. The user manual is intended to be
used by:

¢ installation personnel and commissioning engineers
e service and maintenance personnel

® planners
1.2 Mounting

The transducer can be mounted on a 35 mm DIN rail according EN50022, on a wall or device cabinet
for suitable protection. The enclosure shall not be accessible without tools.

1.3 Installation

The installation shall be made by trained personnel and in accordance with applicable regulations.
Before the installation, please check that the transducer is the correct type and complies with the
installation needs.

A marked external circuit breaker to turn off the power supply to the
transducer must be installed near. The OFF-position shall be clearly
marked.

Attention: Danger to life! Ensure that all leads are free of potential when
connection them!

Voltage measurements inputs must have circuit breakers or fuses rated 5
Amps or less.

The measuring circuits from the current transformers must be short-
circuited before disconnection. No fuses are allowed on the current inputs.

>B> B

1.4 Operation

The transducer is intended for operation at an altitude not exceeding 2000 m and in an environment
that is not considered as wet location.

Operation temperature: -20...22...24...+455°C

Proper function is only guaranteed if the USB is not connected to the transducer and all the
instructions in this manual are followed for safety reasons.

1.5 Safety
All inputs and outputs are galvanically isolated from each other.
Protection class: I, protective insulation, voltage inputs via protective
impedance.
Protection: IP40 (housing), IP20 (terminals)




1.6 A Warning!

Connection must comply with current regulations for systems with rated voltage up to 1000 V.
Before switching on or off and if the housing is removed, all voltages to the equipment must be
switched off and external currents circuit shorted before disconnected.

1.7 Maintenance

The transducer requires no maintenance. Any repairs shall be performed by trained personnel, or the
equipment shall be returned to the supplier for repair.

1.8 Symbols

Double insulated device, protection class 2.

Warning for life-threatening or hazardous for properties situations.

Caution, possibility of electric shock

Read the manual before use

The device must be discarded in a professional way

I ) > B[O

CE conformity mark
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2 Connections
2.1 Connection diagram

Voltage input

Uu 2
U 5
Uiz 8
N 11
Currentinput In
I 1
1P} 4
I3 7
Aux Power Supply
13
14

Analog Output

20
Al
21
22
A2
23
24
A3
25
26
A4
27
Digital Output
D1 30,31
D2 32,33
Modbus RS485
A 40
B 41

GND 42

Out

1

205

2N@2SS

2 5 8 1 13 =~ 14 ||N
Uiq U, Uz N Aux_supply
40 41 42 | 20 21 22 23| 24 25 26 27

A B GND| +A1-

RS-485 (Cad

+A2- | +A3- +A4-
G+ G G+

TiliQuIsT

Made in Sweden

LQTHO

Starus 3N~ 3E |0'2| El ACG

Power 30 31 32 33
L~ L~
S8 D1 D2

1 13 4 2 g 7 39 i

P/N: LQT40A-42110000
S/N: 2228010321
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2.2 Electric connection
The plug-in terminals needs to be removed before accessing the input terminals.

Inputs L1, L2, L3, N, 11, 12, I3, Aux.supply

Wire section: 6.0 mm?/ 10 AWG

Clamp opening size: 3.2x3.9mm

Wire stripping: max 9 mm

Recommended torque: 0.8-0.88Nm/7.2-7.9in.lbs

Analog Outputs, Digital Outputs, RS 485 (plug-in terminals)

Wire section: 2.5mm?/ 14 AWG

Clamp opening size: 2.8x3.1mm

Wire stripping: max 8 mm

Recommended torque: 0.5-0.55Nm/4.5-4.9in.lbs

2.3 Connection diagrams — System connection

LQT40A system connection is programmable from single phase to 4-wire balanced or unbalanced
connection.

Configurable System Connection

System
. Application 11 12 13 U1l u2 u3 N Ul2 | U23 | U3l
connection
-00 4wire, 3 phase symmetric load X - - X - - X
-01 1-wire, 1 phase X - - X - - X
-02 3-wire, 3 phase symmetric load X - - - - - - X
-03 3-wire, 3 phase symmetric load X - - - - - - - X
-04 3-wire, 3 phase symmetric load X - - - - - - - - X
-05 3-wire, 3 phase symmetric load X - - X X X - X X X
-09 3-wire, 3 phase asymmetric load X - X X X X - X X X
-11 4-wire, 3 phase asymmetric load X X X X X X X X X X
-11 4-wire, 3 phase asymmetric load Open Delta X X X X X X - X X X




-00 1-phase 4-wire
1 element 3-phase symmetric load
112581346779 1258134679 1e2s813467F9
—-O0—0—0—C0—0—0—000=0C -0 Co—0—C o—0—0—0—— {u{%@ —O0—0—0—0——
I L ___1 LI T X __R ____1
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Le Lo Lo
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N N N
-01 1-phase 2-wire
1 element Single-phase AC
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u
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o . . .
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1 element 3-phase symmetric load phase-shift U12-11
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Lp L2 Le
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-03 1-phase 3-wire
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OO0 0—C—0—C0—0C—0—-—C 00000 - o0—0—0— —O0—0—0 O—0—0—-0C—"0—0——
tﬁl\;i‘: :7:77Y EHLiL
u
L1 L1 [~ L1 T
Le L2 L2
L3 L3 L3
-04 1-phase 3-wire
1 element 3-phase symmetric load phase-shift U31-11
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3-phase
1 element

3-wire
3-phase symmetrical load
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1258134679 112581346739
—(—0O0—C0—0—0—C0—0—0—0—C —O0——0O0—C0—0—0——0—C0—< 1:17)7
A Y A Y { i £ £
=== =
Ll ——e Ll ——s [ L1
L2 Le - L2
L3 . L3 . L3 ’
N — DI i




3 Measuring
3.1 Measured quantities

Prefix

S3

u12

u23

U3l

PF

PF1

PF2

PF3

QF

QF1

QF2

QF3

LF

LF1

LF2

LF3

PA

PAl

PA2

PA3

IS

IS1

1S2

1S3

P I1_U12
P_11_U23
P 11_U31
Q11 U12
Q11 U23
Q11 U3l
F

Quantity

Input current
Phase current L1
Phase current L2
Phase current L3
Input voltage

L1 Phase voltage
L2 Phase voltage
L3 Phase voltage
Active power
Active power L1
Active power L2
Active power L3
Reactive power
Reactive power L1
Reactive power L2
Reactive power L3
Apparent power
Apparent power L1
Apparent power L2
Apparent power L3
Main voltagelL1-L2
Main voltage L2-L3
Main voltage L3-L1

Active power factor
Active power factor

Active power factor
Active power factor

Reactive power factor
Reactive power factor
Reactive power factor
Reactive power factor

LF factor
LF factor

LF factor
LF factor
Phase angel
Phase angel
Phase angel
Phase angel

Input current with sign

Phase current with sign
Phase current with sign

Phase current with sign

Active power, System connection-02
Active power, System connection -03
Active power, System connection -04
Reactive power, System connection -02
Active power, System connection -03
Active power, System connection -04
Frequency

Calculation
(11+12+13)/3

(U1+U2+U3)/3

P1+P2+P3

Q1+Q2+Q3

S1+S2+S3

P/S
COS(¢@1)=P1/S1
COS(¢2)=P2/S2
COS(¢3)=P3/S3
Q/s
SIN(¢1)=Q1/S1
SIN(92)=Q2/S2
SIN(¢3)=Q3/S3
sign(Q)*(1-|PF|)
sign(Q1)*(1-|PF1[)
sign(Q2)*(1-|PF2])
sign(Q3)*(1-|PF3))

PA=(PA1+PA2+PA3)/3

@1=ARCCOS(P1/S1)/PI*180*sign(P1)
2=ARCCOS(P2/S2)/PI*180*sign(P2)
3=ARCCOS(P3/S3)/PI*180*sign(P3)

(IS1+1S2+1S3)/3
11*sign(P1)
12*sign(P2)
13*sign(P3)

System / Phase
System
L1

L2

L3
System
L1

L2

L3
System
L1

L2

L3
System
L1

L2

L3
System
L1

L2

L3
L1-L2
L2-13
L3-L1
System
L1

L2

L3
System
L1

L2

L3
System
L1

L2

L3

System
System
System
System
System
System
System




3.2 Meassuring system

3.2.1 Phase-Locked loop - PLL
The measuring system use a phase-locked loop (PLL) between 10-120 Hz. All quantities are being

measured. The number of samples per period is deppending of the frequency.

3.2.2 Soft mode
A fixed sample rate of 1800 samples/second (soft mode) is used when the frequency is lower than
10 Hz or higher than 120 Hz. Measured quantities in soft mode are voltage (U), current (I) and
frequency (F).

3.2.3 Block diagram
Schematic block diagram of measure process.

3N — Input

U, 1, P Q,5, IS, PA, LF, PF, QF

Frequency [Hz] Sampel/Period
0-10 Soft mode *
A/D
10-18,7 238 i
16-bit rETE - | | Calculation
37,4-75,3 72 of samples
75,3-120 36
120- Soft mode
F
Adjustable
PLL mix Edge binomial
LP-filter |—> »  Amplify || & .
phases measurment filter
I | I 0-10 samples

Output
register

* Soft mode = 1800 samples / second

3.2.4 Frequency filter
The frequency measurement is low-pass filtered with a binomial filter. This setting determines the
length of the filter in periods of the measured frequency. A shorter length gives a more responsive
measurement. A longer length gives a slower, more stable measurement.
Frequency filter is adjustable between 0 — 10.

Analog output
updates every
2ms

h 4

Modbus
RS-485




4 Outputs
4.1 Analog output

The analog outputs can be assigned any measured quantity, see table "3.1 Measured quantities”.
The output is available with three different ranges, £20 mA, £5 mA or £10V. The resolution of the
output is 16 bits. 2 to 5 characteristic point can be programmed for each channel. It is possible to
set a fixed value for the output. Fixed output is useful when testing an installation. Off position is
the sameasOmAorV.

Analog output #1

Output made

Analog output #2

Output mode

Analog output #3

Output mode

Analog output #4

Output mode

@ On O Fixed autput O Off @ On O Fixed autput O Off @ On O Fixed autput O Off @ On O Fixed output O O
Measured value| P~ | Rows | 3w Measuredvalue]l @ Vv | Rows | 3~ Measured value| U12 ™ | Rows | 3~ Measured valuel P~ | Rows | 3 v
Input value Output value Input value Output value Input value Output value Input value Output value
- ~ ~ - ~ ~ ~ - ~ ~
95263 | -20 o ma | 05263 (2 yvar 10 o ma | | 0 o 4 o mA ‘ 95263 [ w 4 o mA
~ ~ ~ ~ ~ ~ ~ ~
‘9 = o e MA | ‘9 - VEr 0 - M | &s - V 6 v MA ‘ |9 W 4 e mA
_— ~ -, ~ - g ~ ~ - ~ - ~ _—— ~ - ~
‘ 952.63 — 20 o mA | ‘ 952,63 o ver 10 o mA | 132 oV 20 o mA ‘ | 95263 oW 20 < mA
Hide graph Hide graph Hide graph Hide graph
Output Outout Output Output
- Input B Input - Input B Input
500

866025 _

866025

4.2 Digital outputs

866025 _

866025

866025 _

866025

Digital output is used to pulse energy, P (active power) or Q (reactive power) as export or import.

Binary output #1

@ Pulse mode

o Fixed mode

Energy of Por p
Direction Exported
Pulse frequency 500
Pulse frequency 17321
Pulse value 0.025
Pulse value 40
Pulse length 50

4.3 Modbus RS485

4.3.1
Protocol:

Physics:
Baud rate:

Number of participants:

imp/kWh Secondary

imp/h

imp/Wh Primary

Wh/imp Primary

ms

Interface Modbus RTU

Modbus RTU
RS-485, max 1200 m (4000 ft)
2400, 4800, 9600, 19200, 38400 Baud

max 32

For additional information about Modbus: www.modbus.org

9
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4.3.2 Modbus mapping

Different Modbus protocol profiles are available, depending of needs and the update frequency of
data.

Modbus protocol profile Mapping 001

The output registry for the measured quantities is updated every 100 ms with profile mapping 001.

adr | format  parameter explanation
0 binary32 F Hz | Frequency system
2 | binary32 || A Input current system I = (11+12+13)/3
4 | binary32 |11 A Phase current L1
6 | binary32 |12 A Phase current L2
8 | binary32 13 A Phase current L3
10 | binary32 U \Y Input voltage system U= (U1+U2+U3)/3
12 | binary32 U1 \Y Phase voltage L1-N
14 | binary32 | U2 \Y Phase voltage L2-N
16 | binary32 | U3 \Y Phase voltage L3-N
18 | binary32 |U12 |V Main voltage L1-L2
20 | binary32 |U23 |V Main voltage L2-L3
22 | binary32 |U31 |V Main voltage L3-L1
24 | binary32 | P W | Active power system P =P1+P2+P3
26 | binary32 | P1 W | Active power L1
28 | binary32 | P2 W | Active power L2
30 | binary32 | P3 W | Active power L3
32 binary32 | Q var | Reactive power system Q=Q1+Q2+Q3
34 | binary32 Q1 var | Reactive power L1
36 | binary32 | Q2 var | Reactive power L2
38 | binary32 | Q3 var | Reactive power L3
40 | binary32 |S VA | Apparent power system S =S51+52+S3
42 | binary32 ' S1 VA | Apparent power L1 S1=U1*11
44 | binary32 | S2 VA | Apparent power L2 S1=U1*12
46 | binary32 | S3 VA | Apparent power L3 S1=U1*I3
48 | binary32 | LF - LF factor system LF = sign(Q)*(1-| PF])
50 binary32 | LF1 |- LF factor L1 LF1 =sign(Q1)*(1-|PF1])
52 binary32 |[LF2 |- LF factor L2 LF2 =sign(Q2)*(1-|PF2|)
54 | binary32 | LF3 |- LF factor L3 LF3 =sign(Q3)*(1-|PF3|)
56  binary32 | PF - Active power factor system PF1 = P/S = COS(¢) = COS(PA)
58 binary32 | PF1 |- Active power factor L1 PF1=P1/S1 = COS(¢$1) = COS(PA1)
60 binary32 | PF2 |- Active power factor L2 PF2 = P2/S2 = COS(¢$2) = COS(PA2)
62 binary32 | PF3 |- Active power factor L3 PF3 = P3/S3 = COS(¢$3) = COS(PA3)
64 binary32 | QF - Reactive power factor | system QF1 =Q/S = SIN(d) = SIN(PA)
66 binary32 QF1 |- Reactive power factor L1 QF1 =Q1/51 = SIN(¢b1) = SIN(PA1)
68 binary32 QF2 |- Reactive power factor L2 QF2 =Q2/52 = SIN(¢$2) = SIN(PA2)
70 binary32 ' QF3 |- Reactive power factor L3 QF3 =Q3/S3 = SIN(¢b3) = SIN(PA3)
72 | binary32 | PA °el | Phase angle ¢ system PA=(PA1+PA2+PA3)/3
74 | binary32 | PA1 |°el | Phaseangle ¢1 L1 PA1 = ARCCOS(P1/S1)/PI*180*sign(P1)
76  binary32 | PA2 | °el | Phaseangle ¢2 L2 PA1 = ARCCOS(P2/S2)/PI*180*sign(P2)
78  binary32 | PA3 | °el | Phaseangle ¢3 L3 PA1 = ARCCOS(P3/S3)/PI*180*sign(P3)
80 binary32 | IS A Input current with sign | system IS = (IS1+1S2+1S3)/3
82 binary32 I1S1 | A Phase current with sign | L1 IS1 = 11*sign(P1)
84 binary32 1S2 | A Phase current with sign | L2 IS2 = 12*sign(P2)
86 binary32 1S3 | A Phase current with sign | L3 IS3 = 13*sign(P3)

120 binary32 | CTR | A/A | primary to secondary current transformer ratio (i.e. 600A/1A)
122 binary32 | PTR |V/V | primary to secondary potential (voltage) transformer ratio (i.e. 220kV/110V)

10




Modbus protocol profile Mapping 002

The output registry for the measured quantities is updated every 25 ms with profile mapping 002.

adr

00 o h~N O

10
12
14
16
18
20
22
24
26

Modbus function code 04: Read Input Registers

format
binary32
binary32
binary32
binary32
binary32
binary32
binary32
binary32
binary32
binary32
binary32
binary32
binary32
binary32

parameter

F Hz | Frequency

| A Input current
11 A Phase current
12 A Phase current
13 A Phase current
U \Y Input voltage
Ul \Y Phase voltage
u2 \Y Phase voltage
u3 \Y Phase voltage
ui2 v Main voltage
u23 v Main voltage
u3ir v Main voltage
P W | Active power
Q var | Reactive power

explanation

system

system I = (11+12+13)/3
L1

L2

L3

system U= (U1+U2+U3)/3
L1-N

L2-N

L3-N

L1-L2

L2-L3

L3-L1

system P =P1+P2+P3
system Q=Q1+Q2+Q3

The data format used is IEEE 754 single-precision binary floating-point format: binary32
Parameters are represented as two consecutive Modbus registers.

The value of a parameter is represented in Sl unit as secondary values on transducer input.

To calculate primary values, use the primary to secondary transformer ratio of parameter CTR, PTR
The CTR and PTR parameter can be configured by the user by editing primary to secondary
current- and voltage-ratio in ConfigLQT.

11




5 Commissioning
5.1 Programming of the transducer

"ConfigLQT” is a free configuration software, it is availible for download from Tillquist homepage,
www.tillquist.com. The software connects to the transducer and make it possible to change the
configuration of adjustable parameters and to visualize live readings.

ConfigLQT supports offline configuration of adjustable parameters.

Save and load configuration file.

Functionality of ConfigLQT

ConfigLQT allows the user to:
e See online readings of measured values
e Adjust the functionality of the outputs
e Save parameter settings to a file
e Load parameter settings from a file
e  Print settings report
e Upgrade firmware

5.2 LED functionality

LQT40A have two LEDs at front, Power and Status.

State Power Status

Start-up Flashing - On 1 sec / Off 0.5 sec Flashing - On 1 sec / Off 0.5 sec
Normal operation On Off

Modbus active On Flashing - On 200 ms / Off 200 ms
Error Flashing - On 100 ms / Off 100 ms Off

12




6 Technical Data

Technical Data

Input Voltage range (Un)

Measuring range
Configurable measuring range
Frequency

Overload voltage
Consumption

Current (In)

Measuring range
Configurable measuring range
Overload current
Consumption

Auxiliary power supply
Burden

Analog outputs
Programmable range
Resolution

External resistance load

Output

Response time
Ripple
Digital Outputs

Communication

Accuracy

Galvanic isolation

Connection terminals / Torque

General Data

Humidity
USB
Temperature

Test voltage

Inputs

Pollution degree
Dimension (W x H x D)
Weight

Protection

Standards

*Depending on the version
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Details
100 — 400 V (L-L) main voltage (nominal)
1-520V TRMS L-L 50/60 Hz or
1-520VTRMS L-L 16% Hz
0-500VL-L/0-300VL-N
50/60 Hz (10...40....70...120 Hz)
16%: Hz (10...15....18...120 Hz)
1.5 x Un —continuously, 2xUn—-10s
U x 1 mA/phase
1-5A
5mA-10 ATRMS
0-10A
2 x In continuously, 10 xIn 155s,40xIn1s
<0.05 VA / phase
24-230VDC/90—-230VAC+10%
max 7.1 W/ 15 VA
4o0r2
+20mA, £5 mA, +10V (settings within the range)*
16 bits
Current output: max 750 Q (15 V)
Voltage output: min 750 Q
<100 msec
<0.2%
2 (Energy pulse output)
max 100 VAC/VDC 0.1 A
Modbus RS485 (RTU)
0.2 (Ref. temp. 23 °C)

Supply, in- and output are galvanically isolated
Input and Auxiliary power supply: 6 mm?/ 0.8 Nm
Output: 2.5 mm?/ 0.5 Nm
95 % non-condensing
USB Micro-B, port for configuration
-10...455 °C (operation)
-40...+70 °C (storage)
Temperature coefficient < 0.1 % / 10 °C
4 kV AC/1 min
overvoltage cat. lll
2
70x 132 x 101 mm
330 gr
IP40 (housing), IP20 (terminals)

IEC 60688:2021 Transducers
SS-EN 61010-1 Safety
EN 61000-6-2 / -6-4 / -6-5




