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Power Sensors Ltd

A Division of Power Standards Lab




PSL - Power Sensors Ltd

a Division of Power Standards

> Founded in 2000 - Alameda CA , USA
> Power Quality Experts - |EC standards
> Manufacturer of leading Power Quality monitors
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Power Sensors Ltd
A Division of Power Standards Lab

We Capture
All Bad Power Quality
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C |EC-61000-4-30 Class A Edition 3

* Class A dips/swells/interruptions
* Class A mains frequency

* Class A voltage harmonics — up to 50" — gapless

* Class A flicker — Class F1 performance (IEC 61000-4-15)
* Class A Current harmonics — up to 50t — gapless

* Class A voltage and current unbalances (zero & negative seq)

* Class A Rapid Voltage changes
* 250 nano-seconds High Frequency Transient capture
» 2kHz-150kHz conducted emissions — Supra-harmonics

Powe e so s



IEC62053-22 Class 0.25

ANSI C12.20 Class 0.2

Revenue Grade Meter Accuracy
ncluding Current Transtormers |




PQube 3: sends the information recorded
directly to your email inbox |




PQUBE 3e
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PQube 3

Best Energy Information Device
Used as a Real Time Meter
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../../../Products/PSL Software/MODBUS/PSL PQube Modbus Client_3_2_0_10/PSL PQube Modbus Client.exe

h Melden of Power Stand wrde Lab
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Best Energy Information Device
Strip Chart Recorder with
min/avg/max values

Never miss a single cycle!
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Best Energy Information Device
Oscilloscope Triggers
Never miss a single cycle!




Monitoring 2 kHz to 150 kHz Emissions
Photovoltaic power generation (PV sites)

Residential/commercial area
No or low PV penetration

f Trends/ Statistics
P;qa_ PQube 3 N

Power Analysi

Start End

2015/09/23Wed

2015/09/23 00:00 23:59

L-E 2kHz-150kHz Conducted Emissions

] 14:00

3 Wed

2015/09/23Wed

www.PowerSenscrsLtd.com

20,50V (=114dBpV)

0.50V [114dBpV)
0.45V [113dBpV)
0.40V [112dBpv)
0.35V [111dBpV)
0.30V (110dBpV)
0.25V [108dBpV)
0.20V [106dBpV)

0.15V [104dBpv)
0.10V [100dBpV)
0.05V [94dByv)

<0.05V (<84dBpv)

PSL - Alameda, California

Main Electrical Service

Monitoring two 3ph breakers

Max Values

1.24Vpk (122dBuV)
10kHz N-E 855
1.15Vpk (121dBpv)
12kHz N-E 8:55
0.89Vpk [119dBpv)
10kHz L2-E 15:46
2.92Vpk (129dBpV)
2kHz L1-E 13:06
2.10Vpk (128dBpv)
2kHz L2-E 542
2.,03Vpk (126dBpv)
2kHz L1-E 16:37

?iq; PQube’3

B Power Analysis

2016/01/24

Residential area

close to a major PV inverter

\ﬁ Trends/Statistics
o ——

Start End
2016/01/24Sun 2016/01/24Sun
00:00 23:59

10:00 12:00 14300 16:00

2016/01/24 Sun

o ——

N

.com

ww  TowarSensor

20,50V (>114dBpV)
0.50V (114dBpV)
0.45V {113dBpv)
0.40V (112dBpv)
0.35V {111dBuV)
0.30V (110dBpv)
0.25V (108dBpV)
0.20V {106dBpv)
0.15V (104dBpV)
0.10V (100dBpv)
0.05V (34dBpV)
<0.05V (<84dBpV)

My House
(nate not set)
(note not set)

Max Values

56.57 Vpk (155dBuV)
58kHz L1-E 11.57
56.13 Vpk (155dBpV)
58kHz L1-E 12:05
55.96 Vpk (155dBpV)
58kHz L1-E 11:50
13.41Vpk (143dBuv)
2kHz L1-E 21:57
13.07 Vpk [142dBpV)

2kHz L1-E 6:42
11.15Vpk {141dBpV)

2kHz L1-E 2:37




2 kHz to 150 kHz Emissions ?

Power Sensors Ltd

Photovoltaic power generation (PV sites) ==

Color map : 0.0 — 25.0V

COISHTEENQO — 0.5V | L-E 2kHz-1-50kHz Conductedf Emissions
: e d v vt b bt R b i K irvoren st bt b Frywest . ey Pt a5 i it e v Bt e bt d >25.00V

3 i 5 , 25.00V
,,_,_‘ ... ..- L'"’“ o~ -. : ... 11 2250V

Eed i i e | ' 20.00V
: 17.50V
15.00V
12.50V
10.00V
7.50V (
5.00V (

i

b sl

www.PowerSensorsltd.com

Continuous emissions

(another source) :
Daylight

Photovoltaic power generation



2kHz to 150 kHz Emissions

No software: PQube3 generated this graph internally
and automatically emails to your inbox

S (\ Trends and Statistics
Pﬁi Power Analysis

Start End
2015/04/27 Mon 2015/04/27 Mmon Bidg 90 - Panel 90A9A - Breaker 16
2015 / 04 / 27 00:00 LBNL Bldg 90 Energy Monitoring Project

Environmental Energy Technologies Division - BTD

2-150kHz Conducted Emissions

Max Values

And also in ASCII format (CSV) : ol e
'____1“ ‘ : 4.“"‘{' LSS "T."."."'_f"“—.': ATElaY ol il L » 9-150kHz }—

O-8 oz

102kHz  2.14Vpk

O-8 nmn

2kHz 14.62Vpk

O-E 1536

7.8kHz  8.17Vpk

14:00  16:00




14 current channels
14 Single Phase Loads




14 Current PQube 3 ::0:1_‘;5?;"\:; L
Wiring example: Fourteen single-phase loads i
Load #1
N Trowin Mikein s . 1-Phase HIE-
i B = Load #2 —
. a _’"‘""" — ~ = 1-Phase Hi
B 1 ] Load #3
- | = - 1-Phase |
. 3
~ i A
) -7 ) ad [ Load #4
B W~ e
. wenpa 1-Phase @
bty 1 Load #5
-~ | .
A ‘ = | 1-Phase @
-~ { oWt g T
¢ — '"_:I‘I"‘_"'_._' : g _“__'“_,'.' el S S Load #6
e — e B
O O Y adllC b ] Load #7 —
- = - €
- | # 1-Phase 2
phase g eutrs < L e
- e Load #8
O U > d - 1-Phase ‘(E‘E
X gepende gle phase - HIRN NnuRREERsS 5 .
. G . : ._.‘ ‘1’_‘_' J E"“‘l”’"c- s
F S i
Load #9 IR
] 1-Phase "E- Bl ds b B By I I E MNLilzLi
j.i E““: |.|, Current Inputs AC Voltage Inputs
2 — Load #10 —
() Dhage o ANO - § Hid o 1-Phase PSL PQube3 AC Analyzer
'lr-r-'-rw}r - UH
gepe U E aie p dSE C - Load #11
1-Phase | i -
- | - 1=
E ‘ ?L% Load #12 -
" pe a3 s e s | 1-Phase "E 1
R e e [L
Load #13 —
; . Current Inputs | _ Brieroutpus  eosen S | USH) USS
- ! 1-Phase @ Iz Lol Dhalala | meoae o :::‘n ::. U é =
- |§ 32— ] [ o o
E == Load 14 FECEEE | T
: T e 1-Phase
w L
L1 L2 L3 N L
s casra To other Loads

Pejube 2, 14 Current Wiring, 14x1-P Loads-01
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14 Current PQube 3 Load #1
Wiring example: Four 3-phase loads 3-Phase
(Total Load)

L1 < : - @ —T
14 current gy L i

channels

(i

g-datel "

& Iadsd 3

Monitoring scenarios :

3 phase currents, Neutral current,
Ground current (5 channels)

== |

|
enaenensuesitiibereye S 3 PEfllEgld [E.2¥v:

g 1a2st 1

PLUS 3 independent single phase _.. * Cumeminputs | |AG vottags Inputs
loads . & = = @ PSL PQube3d AC Analyzer
: | Load #3

o S E
3-Phase £ I:I
80

Or 3 Phase currents , and 5 :?‘_—‘E D”““
independent single phase channels L N 1

Retsy oulputs,  Powwe| Eth. | USS | USE
Current Inputs e/l __'G 2|3
B2 Do D41 D12 Baa B | muvras e omves e sasine e=r

| PE .
! # G000 000 QCoOO0000
e B TR 3000 30 30 4R 4 4240 5

== ]|

E :

L

AR T

L1 L2 l‘.'ﬁ
Other Loads

POk 3, 14 Cunrent Wiring, 4 53-F Loads-01



-our Analog Inputs

A multitude of combinations for measurements



Four Analog Inputs
+/-10V or +/-60V

Perfect to monitor additional channels:
Fuel levels (DC, telecom cellular towers..)
Battery charge currents (DC,UPS, inverters ...)
Battery voltage (DC, UPS, Inverters...)
Mobile energy efficiency programs
Verification of rectifiers noise
2kHz ~ 150 kHz rectifier emissions

Wind speed velocity (Wind turbines)

Wind turbines blade rotation speed

Irradiance (sun light intensity (PV sites)
Machine vibration levels
And much more ....

nl Interior l Exterior
= :
Cellular Base Station Application Air Conditionsr 1
Stage 1: High Accuracy AC Power Quality and DC Monitormg o -
o ===
| i Tewbon Yl :jT_
1 =
= g :
AC Mains In
=

i
Hi-

Alarm output
DOptions [shiwn

=H

— —

—

@

L R R Y
) msa = =5 = Genenstor
ey
T [!_,‘i,‘,!i_\!’,:tﬁl_ﬁ‘j,h_'ﬁ'ﬂ . -
= —— = =
R |- s S B E DR
i I
A H
‘_9‘ !; W —— ————
SIS Stage 1- High Accusiey AC et DG Viltage Menitoring
Includes.
TR B Mave Power Quality Monitoring
« DC buss manstering (26VDC and 48VOC bund
- Cabinet DC voitage monitoring

~ Cabsinet Doce Switch monitiorieg

{1} 8channeds of AC Current Monitonng
- Mains Currant/Poawee Frargy (1)
- Generator Status - using current detaction (1)
-UPS Status uwng - curment detection (1}
- At Caniones Status - wiing curment detection (1)
= J4VOC Buss current output {1}
- 48YDC Buss curmwet output {1)

Pressure Sensing

(31 Generator Fued Levved Sesming



Dual voltage monitoring

Great for UPS, DVR, ATS monitoring ....
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2 sets of 3 phase voltages:

|deal for monitoring UPS, DVR , ATS...

"upstream” set of voltages : flicker, harmonics

sags/swells/interruption....

"downstream” set of voltages: harmonics,
sags/swells/interruption....

3 load currents

PoL

L

L1

L2

Mains

(Upstream)
N

E

Relay Output eg. alarm notification

Analog Input eg. UPS 24Vdc battery voltage
PQube 3 power (if powered from 24Vdc)

Analog Input eg. UPS DC current

Load
(Downstream)

EnviroSensor
eg. UPS Battery Temp.

1 L2 13 N E
AC Voltage Inputs

hLkBhkislkblIs Ilml’
p
e
s

PS'. PQube 3 AC Analyzer PSI

UPS1 Module
30 min. backup
{optional)

awy|| Analog inputs

pig. ||| pwr || Bt || use || use
2 || 3

a1 e w2 0 £ ane | [IMPUE] || I

EnviroSensor
eg. Ambient Temp.

Network

(PoE enabled)

Digital input. eg. UPS alarm sensing

Note: Potential Transformers (PTs)
or voltage dividers required for
downstream voltage inputs
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Three USB ports

Front USB 2.0 port used for :
Local configuration (read and write)
Local firmware update

Local measurement recordings extraction
(read)

Two USB 1.0 port used for :
Connecting ENV2 EnviroSensors

Adds temperature /humidity /barometric
pressure channels

Adds mechanical shock/ seismic
disturbance channels




Touch Screen



Touch Screen

Date/Time  Config

alles

Language Network Advanced

- W &

Can be operated with safety gloves

Recent Events

Monitor voltage, currents , powers,
frequency , harmonics, unbalances,
EnviroSensors

Review recent events directly on screen ® 10/09/14

Review the wiring configuration and the L1
waveform before you leave the site...

Power Confliguration
Allows to extract measurement
recordings on a USB thumb drive or on

the extractible 8GB micro SDCard

- J . , . Yy B
oaqg became Maior Sa

a2

0.046MW
0.008MW
0.013MW
0.025MW




Power Sensors Ltd

A Division of Power Standards Lab

Digital Input



Digital Input

Triggers an event and recording upon
occurrence of for example:

Protection relay tripping
ATS transfer switch command
Overheat

Process related actuator commands
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ENVZ2
EnviroSensors

Up to 2 ENV2 EnviroSensors to
monitor for example, indoor and
outdoor conditions

Adds permanent or real time
monitoring and detection (alarms) :
> temperature,

> humidity,

> barometric pressure

Detect mechanical shocks/seismic
disturbances with 3 axis accelerometer

recordings
43.6% RH
1013.96hPa
?55
l : _Wn | Ava__ pQube3 screen of ambient
T Saerr Lty Probe_A_Ambient Temp (deg) condilions at a data center




EnviroSensors

Detect mechanical shocks/seismic
disturbances with 3 axis accelerometer

recordings

Mechanical shocks
Tilt angle changes

Seismic disturbances

TR Prete A Wacharscsl Sheck ~
PL=v— e = \
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What do fab customers owe you?

> Power — clean or not? Reliable or not? Low source impedance or not?
> Conditioned air — temperature, humidity, filtered

> Process cooling water — flow? Contaminants? (Flint Michigan?)

> Shelter from the elements — rain, snow, harsh sun, etc.

> Good wafers and skilled operators

What else?




Seismic Hazard Map of Thailand

Pepuermnent of Mineral Resowrces, Thnilanl 2006
Mamestry of Natural Resoarces and Enviroament

- Seismic | e
activity and substations '

Where do most earthquakes, big and small, happen? f i

NGRS vt vy 4 very Tew aadvy
expwnialy Rvoeshic citr meverers.

7 bty UV Menals Sode
Febt jpuew mmeeanly endoeny, enpen iy
o agpaer Shaoes 1ol Seiblags
Saboity ¥ - VI Mesall) Saale
Fehi Oy sewts everponc, mntdk
Dlgmty avetaned
batonity VI VT Mevcalb Soole
Shight » soterute davnge 16 well - bualt

arfieary VWi

Sowrce of Informagion

1. Department of Maseral Resouroes

2, The Metscoborogacal Deparnmeht *

3, Nsomnl Esrthquako Indorsation Canter (USAY

Issgary 3005
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Seismic disturbance recording for
substations and critical loads

Probe A Seismic Disturbance
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(0 0 [T E

%

RN
BEEEH

e

Every PQube 3 supports a pair of EnviroSensors — T/H/P/3-axis A

Seismic tremors are extremely local.
> Constructive and destructive interference
> Building structure — resonance, reflections, nodes and peaks

(450mm problem, especially)

Sensitive! PQube 3 Envirosensor detects micro-tremors,
too small for humans to feel, but can disrupt
ultra-sensitive mechanical systems — mask align

-~



Rogowski Coils Support



Flexible
AC current

No
integrator

required

SENSOIS

(Rogowski coils)

* Flexible, IP 65 weather resistant loop

* Plugs directly into your PQube 3
all 14 current inputs

- no integrator required !
* Calibrated to match PQube 3 impedance

« Nominal 30 to 3000A range

fect for applications where
ted space makes installation of
itional current transformers

ult or impossible.

L Lk s N E

AL Voltage Inputs

LbhkBEBERIIDR

|

PS'. PQube 3 AC Analyzer

UP51 Module
30 min. backup
eetonal}

Prr || Bt (1 pemg | [use

wy|| Analog Inputs ||oig
iff| = 2 || 3




ANSI 0.2 Class
including Current Transformers!

With PSL advanced calibration
technology, the measurement
accuracy exceeds the requirements
of Class 0.2, for both the meter and
its CT's combined

Power Sensors Ltd

Every CT comes with its own NIST-
Traceable Calibration Certificate (see

)

Best amplitude accuracy! £0.05% typ
Best angular accuracy! £0.07° typ

Best noise immunity! Fully shielded
double-insulated cable

PSL Ultra-Precise CT Series

e



me Synchro

°S, NTP SNT

N1zation
D




Time
synchronization

GPS Time Synchronization

Perfectly synchronized time stamps to
compare results from measurements
done at different locations.

The most precise time-stamps
available, better than Class A (by a
factor of 10!) for power quality

Safest, most noise-free GPS receiver
available — PSL-patent-pending full
electrical isolation

Also synchronization via NTP and
SNTP available




Latching Relay



Relay output

Latching relay

Can be programmed to trip on most of
the PQube3 event detected:

Sags, swells , interruptions

Frequency

Current faults

Analog input (low and high thresholds)

= PQube 3 Configurator 3.3.6.2

:‘* PQube general info
:* AC voltage

:* Voltage triggering

:* AC current

:* AC additional currents
:* Current triggering

:* Downstream voltage
:* Analog inputs

:* Analog triggering

:* ENW1 EnviroSensor
:* ENWZ accelerometer
:\'i Relay outputs

:\” Event setup

PQube3 version 3.3

Restore Defaults

All events on Relay

Relay outputs

Trigger relay on dip

Trigger relay On major dip

Trigger relay on swell

Trigger relay on interruption

Trigger relay on underfreguency
Trigger relay on overfreguency
Trigger relay on snapshot

Trigger relay on waveshape change

Trigger relay on phase current
Trigger relay on neutral current
Trigger relay on earth current
Trigger relay on 1§ current
Trigger relay on I7 current
Trigger relay on 18 current

e e e o o

Trigger relay on AN1 dip
Trigger relay on AN1 swell
Trigger relay on AN2 dip
Trigger relay on ANZ swell
Trigger relay on AN1-AN2Z dip
Trigger relay on AN1-ANZ swell
Trigger relay on AN3 dip
Trigger relay on AN3 swell

Trigger relay on AN4 dip [

e

0.306kW
0.184kW
0.122kW

0.000kW
& S




SNMP
Version 1, 2c and 3 Ready



SNMP _ﬂ’;tj
Interface

Thu Mar 5 17,14:53 2015
Thu Mae 5 171043 015
'-ﬂ Thu Mar 5 17.10.35 2015
RM Tha Mex 517.05.48 2015
"“ Thi Mar 5 17:05.33 2015
‘1“ Tha Mar 5 17.04:55 2015
Rm Tha Mo 5 17.04:51 2015
i"' Theu Mar 5 17.04°50 2015

Simple Network Ru e
Management Protocol e

l‘ﬂ Thu Mar 5 17-04:3 2015
"1 Tha Mar 5 17:04:35 2015
3"1 Thu Mar 5170430 2015

B

Manage PQube 3's on the network just
like routers, printers and servers ...

Allows to monitor fleet status
in real time

Reports PQube3 measured parameters
in long term charts.

More than 300 polling registers
available

Compatible with V1, V2C and V3

Receive immediate notification when
event occur - TRAPS

1381413507001 172474 10 Status Events Yiamng Event Washage Changa L1 R 2015-03.05T10 34, 4 4227 0.0000 00000 Blank 0 000000 TEST ofice@PSL
1361473507001 W21T4 Satus Events Yiemng Everrt Wavechape Change L1_N 2015-03-05T10 14 14 4222 00000 00000 Btark 0 000000 TEST ofcei@PSL
1381412607001 121742 Seatus Events VWamng Event RVD L1_N 201503 95T17.07.30.5742 0.0030 3, 0000 Vedis 4.000000 930 Adlarnc fos

00 (G0 AMtartic e

000 562 Alantic Ave

00 W30 Adtartic fuve

Event Impulse L)_E 2015-03-05T17:41:17.561Z 0.0080 12890000 Volts 450000000 980 Atlantic Ave

Event RVC L1_M 2015-03-05T17:41:13.2247 0.0080 183.0000 Volts 4.000000 980 Atlantic Ave

020 380 Alantic Ave

) (30 Adlarhic fus
0000000 TEST efce@PSL
Event RV @ 015-03-05T17-41:13.224Z 0.0000 0.0000 Volts 4.000000 980 Atlantic Ave 000960 At Ave
0000000 TEST ofcagP3L
k0. 000000 380 Atlantic A
k0. 00000 G0 Atlantic fow

et kb el il

SNMP register polling
24 Hours ( 09.09 15 18:08 - 10.09.15 18.08 )

PQube3_-__ 226 / Voltage L1-N

voltsAC

P PO o

‘ Thu 00:00
120.5200 voltsAC LAST

100 40
0 L1_N_RMS_Halt

Thu 06:00 Thu 12:00 Thy 15:00
123:1933 voltsAC MAX  121,9958 voltsAC
Default Template
Check Command check_snep_neter
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MOdOUS PQube3Modbus Cllent h “
Interface e

More than 3000 registers available I—Eﬂl—l—m DefaultScaIing Auto Scaling | Im Im Apply Scaling | DefaultScahng Auto Scaling |
Simultaneous client connections L LTy £'

Scan rate up to 3 times a second
L1_E RMS_Half (V) Frequency (Hz)
Free Modbus client !

Waveform voltage and currents
Harmonic spectrum

2kHz -150kHz spectrum
In REAL TIME !

PSi

T ————"



Power Sensors Ltd

A Division of Power Standards Lab

KYZ Output



KYZ Output

PQube3 uses its output relay ' ——
RLY+ and RLY- for the output o184 [
toggling function " G120

Pulse per energy units

configured by user (e.g. TkWh)




480 — 750 - 1200 Volts DC
up to 1500 Amps DC




High voltage
D(C
measurements

Data centers - 400VDC

Metro & Tramway electrification High Voltage
600 -750 VDC e

IIIIIII
uuuuu

PQube 3 can measure :

up to 1200VDC,
ATT1 attenuator modules

up to 1500Amps DC, p—
(Hall effect sensors) — ATT2 modules — e &

=
oL

LR s g i




PQube 3
s easy to install, anywhere....



PQube 3
Installation
options

On DIN —rall
On poles

Pre-wired rugged wall-mount

On walls

In 19" rack
Portable

Snap onto DIN-rail Use your own DIN rail enclosure




PQube 3
Installation

Portable

Pluggable connections - easy field wiring.
Voltage measurement range 100~480Vac
8 current channels

Relay output, analog and digital inputs

PQube 3 powered from measured voltage
(360~480Vac), or 24Vdc input plug.

30-minute internal battery backup for
PQube 3

Fused voltage cables with alligator clips
included

Temperature rating: -20 to +50°C
i.

I.'nln--l' aatianiam
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