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Abstract

The microgrid power quality analysis senior project addresses power quality assessment.
Our senior project uses the PowerSight 3000 power measurement tool to record and analyze
various electrical measurements including voltage, current, power, power factor, harmonics and
AC frequency.

Our project will analyze power quality issues that result from switching from the utility
grid to a smart grid run on primarily photovoltaic distributed generation. In the event of a utility
failure, the smart grid can serve as an isolated grid for the system, this is called islanded mode.
Our project assesses the reliability of operation in islanded mode. Our analysis should identify if
the power quality remains adequate to support the required loads of a system.



Chapter 1: Introduction

This project aims to identify power quality problems in various power systems by using a power
measurement tool to extract and analyze the electrical parameters of a system. The power
measurement tool used is the PowerSight 3000. The first phase of the project involves becoming
familiar with the functionality of the PowerSight 3000 by performing various tests in one of the
EE departments Power Labs. We will gain access to a power lab and connect the PowerSight
3000 to a 208V 3- ¢ source. The tests performed will involve the following:

e Monitoring the 3- ¢ source for a brief time period (1 hour).

e Monitoring the 3- ¢ source for an extended time period (over 24 hours).

e Monitoring the 3- ¢ source while applying a variable load (Induction motor).

The second phase of the project involves analyzing and characterizing the collected data from the
tests performed. Characterizing the data will involve the following:

e Producing plots of Voltage vs. Time for the tests performed.

e Analyzing the phase differences of the 3- ¢ Voltage and Current.

e Analyzing the Reactive and Real Powers of the system.

e ldentifying how data in the measurements can relate to power systems problems.

The third phase of the project will involve characterizing and analyzing data from a power
system used in a working environment during various times of the day. The system will be
analyzed at the start of the day when employees arrive to work, when the AC system turns on,
and when employees leave work.



Chapter 2: Requirements and Specifications

Customer Needs Assessment
Power assessment of micro grid: measure and analyze power quality characteristics.

Requirements and Specifications
Knowing what the customer wanted we determined what specifications and requirements we will
need. We wanted to make sure we were not going to burden the company while taking the
measurements so we wanted to be out of their way during this time while still sustaining a safe
environment. We didn’t want to miss any changes in power so we need have the equipment set
up for a long period time (continuously). The last thing, as with all projects, we want to keep the
cost down for the customer; we will do this by using equipment that we already have, which has
the end result of saving the company thousands of dollars.

All engineering specifications and marketing requirements can be seen in Table 1.

TABLE 1

POWER QUALITY MEASUREMENTS AND ANALYSIS REQUIREMENTS AND SPECIFICATIONS

Marketing
Requirements

Engineering
Specifications

Justification

1

Ability to measure and analyze voltage,
current, frequency, harmonics, and power
factor

To monitor all instances of power quality
issues with precise accuracy and continuous
measurements

1,5 Ability to setup, measure, and analyze the Setup not exposed to the workplace in order to
power system safely avoid accidents
2,35 Setup should not interfere with client To avoid injury and cause little disturbance to
workplace for longer than two work days clients business
1,3 Sampling of less than 5 second intervals Ability to take more precise measurements and
thus increase accuracy
3 Should not use excessively expensive To keep costs down, equipment and hardware
equipment chosen to both perform the necessary
measurement and analysis tasks and minimize
costs
1,46 Results identify power quality problems such | Measured and characterized power quality data

as voltage spikes, sags, frequency and phase
synchronization, and harmonic distortion

presented in a way that clearly and accurately
identifies problems in the power quality of the
system

Marketing Requirements
1. Accurately measure Power Quality

o g~ wd

Minimal setup/breakdown time

Keep equipment and hardware costs down

User friendly results

Perform all measurements and analysis safely

Identify failures in PV systems due to power inefficiencies




Chapter 3: Functional Decomposition

The level Zero block diagram of our project, seen in Figure 1 below, consists of 3-Phase voltage
and current inputs and Characterized Data as an output. A more detailed description of the
function requirements can be seen in Table 3.

Yoltage ———— g

Analyze .
o P Characterized Data
Curent —— gyl Fower Quality

Figure 1: Level Zero Block Diagram

Table 3: Function requirements for Level Zero block diagram

Module Power Quality Analysis
Inputs e 3-¢ Voltage from generator
e  3-¢ Current from generator
Outputs e Characterized Data
Functionality Measure 3-¢ voltage and current with a PS3000 Power Analyzer to obtain Power
Parameters. From the data retrieved by PS3000 analyze and output characterized data.




The level One block diagram, seen below in Figure 2, consists of the same inputs but contains a
more detailed description of the main Power Quality Analysis block. The 3-Phase voltage and
current inputs are feed into the PowerSight power measurement tool. The PowerSight stores the
data onto a computer hard drive. The stored data is then processed via the pre-installed
PowerSight software. VVoltage, Current, Total Harmonic Distortion, and Real and Reactive power
measurements are retrieved from the PowerSight software. The data is then analyzed and
characterized by our group to be presented in a way that meets the customer’s needs.

Total Harmanic
Distortion

Yaoltage Measurements

3-Phase voltage E— Measire Store Voltage
Voltage and f——p{ and Current data = Organize Data
3-Phase Current ——p» Cugrrent

Current Measurements

Analyze and Charactatize
Data

f——_p Characterized Data

Real and Reactive Power

Figure 2: Level One Block Diagram




Chapter 4:PowerSight 3000 Instruction
Manual

Equipment List
PowerSight 3000 Module x1 [A]

Voltage Probe x4 [VA, VB, VC, VN]
Current Probe x3 [CA, CB, CC]
Com to Module connector [B]
Module Charger x1 [C]

A

- g W
end )

Picture 1: Equipment List
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Step by Step Instructions

Set up (Hardware
1) Ensure that you have all pieces of the PowerSight kit as depicted in Picture 1
2) Ensure you have the correct version of PowerSight installed on your computer or
laptop. See Setup (Software).
3) Connect the DC Module Charger to the PowerSight outlet marked “Input”. Also
connect the charger to an available power outlet.

4) Connect the Com to Module connector [B] to an available Serial Port on your
computer. Then connect the other end to the PowerSight port marked “Serial
Comm” as seen in Picture 2.

Picture 2: Serial Comm
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5) Connect each voltage probe [VA, VB, VC, VN] to its corresponding input port on the
PowerSight as seen in Picture 3. Each voltage probe should be marked which phase
it is designed for.

Note: it is not necessary to connect VN if you are not utilizing a Y-connected
source/load.

AR R e

Voltage Sense 60

Vn Va Vb Ve (,-1{
Hpe. ‘ . ~ 600V

NeL‘n—ra_l

Picture 3: Connecting Voltage Probes and DC Charger
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6) Connect each current probe [CA, CB, CC] to its corresponding input port located on
the left and right sides of the PowerSight as seen in Picture 4 and 5.
Note: It is not necessary to connect CN if you are not utilizing a Y-connected
source/load.

Current Sense
\j v

n a

; Current Sense

\ \ 4 1(

Picture 4 & 5: Connecting Current Probes
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Connecting to the Source or load

1) Please read these steps carefully to avoid dangerous shorts. Never perform these
steps alone or without qualified supervision.

2) If possible, turn off the source/load.

3) Start by exposing a small segment of the source or load wire so that the voltage
probe can get a clean connection as seen in Picture 6.

Do not to touch exposed wires if source/load is live. A

Picture 6: Safely Exposed Segment of Wire (Cal Poly Power Lab)
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4) Carefully squeeze and place the voltage probe [VA, VB, VC, VN] on the exposed wire
or connecting segment. Refer to Picture 7 and 8 for clarification.

Picture 7 & 8: Connecting Voltage Probes to Source/Load

NOTE: For operations in a Cal Poly Power lab: If the probe does not initially stay
connected, squeeze the connector against the probe and wall to force it still (as seen
in Picture 9).



Picture 9: Squeeze Exposed Wire Against Probe

16
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5) Next clamp the Current probes [CA, CB, CC] onto the corresponding source/load
wire as seen in Picture 10.

Picture 10: Connecting the Current Probes

6) Once all probes are in place and the area is clear of contact, proceed to the Software
Setup.
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Software Installation and Setup

1) Go to PowerSight.com and download the corresponding version of PowerSight
Manager depending on the series of PowerSight you are using. For the PS3000,
download version 2.0J.

2) Install the software.

3) After installing, connect the Serial Comm cord to an available Serial Port on your
computer as seen in Software Picture 1.

Software Picture 1: Connecting Serial Comm to Computer

4) Make sure the PowerSight is plugged in to the power outlet as described in the
hardware setup.

5) Turn on the PowerSight 3000.

6) Open the PowerSight Manager software.



7) You should see a menu pop up like in Software Picture 2. Click “Connect to Unit”.

Puwerﬁight Man

File Settings Wiew Waveform Datalogging Help

LOG
Y=

WFM
i’%

LOG
i"&

w880 v

| Help

PowerSight Manager
Werzsion 200, Moy 4, 2004

I

|

|

| |

| To zelect a different
|

|

|

|

|

Software Options

Connect to Uit

Setup Unit

Hemate Contral communications channel or

ko learn more about
the communications ports of
thiz computer, click an
Software Optionz.

Summary Measurement

Receive Waveform

Receive Datalog

Wie W aveform

Wigw D atalog

Software Picture 2: No Unit Connected
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8) The menu should now say “Unit Connected” in green as seen in Software Picture 3.

PuwerS'ﬂht

File Settings Wiew Waveformm Datalogging Help

Sernial Comm: enabled
Dratalogging: enabled
Harmonics: enabled

Receve \wavelform

Receive Datalog

Wie W aveform

[EE | E WFM| LOG | WFM| LOG @
k2| = § | Y | biE | @ |
Hel FowerSight Manager
| ==F I Version 2.00, Now 4, 2004
Software Optiohs |
LConnect to Unit |
Setp Unit | Serial I'\Iurrllll:urﬁ;; EE?EU
Firrmware: 2.63
Bemate Control | Hardware: 5.42
Surnmary Measuremneant | WFa”aLrl"t.'r' Eﬂﬁ Egﬂl 82*’ %2
ar Uze WwWith: .

Wiew [ atalog

Software Picture 3: Unit Connected



21

Checking Connections and Setup

9) It's very important that your phase connected wires (Voltage and Current Probes)

are accurate. The PowerSight has a simple method for checking connections. Once
the hardware setup is complete, press the “Setup” button on the PowerSight and hit
“Yes” when the check connection menu pops up on the LCD screen. You can then
verify the phase, voltage, frequency, current, etc of your setup.

Logging Data to the PowerSight

10)After the unit is connected to the software you can begin by going to the Datalogging

tab at the top of the menu. Click on “Advanced Data Logging Setup”.

11)A menu like in Software Picture 4 should pop up. This menu allows you to customize

the time interval in which you take data. Edit any or all options you need for your
measurements. Notice the maximum data points possible that the PowerSight can
hold at any time and the maximum duration you can record before the PowerSight
will be at capacity.

Advanced Data Logging Setup &J

Log Capacity Save Log Setup Get Log Setup

Time: 7.9 hours Save o PowerSight | From PowerSight |
Records: 975 |

Defaults

F File ...
Sl | Start Logging

Save to File _..

Help

Log Setup
Logging Period: |1 seconds Units Thiz Setup is ...
Log Start Mode: |Dun't use j Start Time .. From PowerSight
Log Stop Mode: |Dun't stop j Stop Time __.
Thiz Setup’s name is
Input Frequency: |‘l.r'ariahle, 45-66Hz ﬂ |[:U5TI]H
Yoltage Mode: |Phase-Neutral j
Power Mode: |Alwa_-,-s Pozitive j
Configure Inputs: |Nun-mu:u:ed inputs j Define Inputs ___
Meazurement Types Used: Measurement Types Available:

TimefDate [1)

Yoltage [9]

Current [12]

True Power [9]

VA Power [9]

Power Factor [9]

Frequency [3] P
THD Vaoltage (3] m

THD Current [4]

Software Picture 4: Advanced DataLogging Menu



22

12)After you finish editing your options, click “Save to PowerSight”.

NOTE: Doing this will delete all previously recorded data in the PowerSight.
13)After saving your setup to the PowerSight, click “Start Logging.”

14)If you set a time to stop logging (Stop Time), simply wait until the PowerSight has
finished, indicated by the text “Monitoring has ended” on the PowerSight LCD

display.

15)If you did not set a specified stop time, when you are finished taking data open the
Datalogging tab again and go to “Basic Data Logging Setup.” A menu like in Software
Picture 5 will pop up. Ignore start time menu and click “Stop Now” and click OK.
The PowerSight will finish it’s last data point and display “Monitoring has ended.”

Datalogging Start/Stop Control eS|
Start Logging
" Start Now
@ Dont use start time
- Start at |FE‘t‘fLIwif},' _I I1:E::| |:'|i|74:’
Stop Logaing
(" Stop Now
" Stop when full
* Don't Stop
" Stop at [February  ~| [18= [2014=
0K | Cancel | Help |

Software Picture 5: Basic DataLogging Menu
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Retrieving Stored Data

16)To retrieve and view your data, at the main menu click “Receive Datalog.” A menu
like the one in Software Picture 6 will pop up. In the box that has “psm.log” give your
new file a name but make sure to give it a “.log” extension.

Receive Data Log L7 ||
File Name I Receive & View I
psm.log| Browse -
[ — Receive Only |
Summary Cancel |
phase-neutral
Log Start:  02/18/1411:23:08 Help |
Receive Time: 21 secs
Data Records: 144 Options
Record Number: 0 {* Retain
Corrections: " Purge

Software Picture 6: Retrieving Stored data

17)Click either receive and view or receive only to start downloading your data from
the PowerSight. NOTE: the PowerSight Manager sometimes comes across strange
errors like “BadSum.” Ignore these errors and initiate step 15 again. This may take
several times depending on your version of PowerSight Manager.

18)After it has reached 100% completion, your new file will appear on either the
desktop or the folder you decided to store the file.

Viewing Stored Data

19)To view your data, you can either use the main menu and click View Datalog or
right click the file and open with Microsoft Excel to view the physical data points
and plot the graph(s) yourself. NOTE: The graphing options in PowerSight Manager
are severely limited and only allow basic graphs to be displayed.




Viewing Real-Time data
1) The first method to see the real time voltage, current, real, and apparent power

measurements click “Summary Measurement.” You can save and name this file as

seen in Software Picture 7 below.
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-

Summary Measurements

File Mame

||:-srn. AT,

L

Capture to file...

True Power

Help

Wy Poveer

")
E xit |
_ bk |

Wan Wb Yion

1190 1195 1194
119.0 1195 1196
1192 1196 1195
1190 1196 11986
1183 1195 1194
119.0 1195 1194
1191 1194 1196
1190 1195 1194
1190 1194 1194
1191 1194 1135
1191 1195 1194
1191 1194 119h%
1191 1194 1195
119.0 1194 1135
1190 1195 1194
1190 1196 1194
1190 1196 1196
119.0 1196 1194

la b Iz I Fa

1576 1582 1866 0000 1317
1573 1567 1571 0000 1315
16564 1577 1584 0000 1805
1673 1570 1880 0000 1316
1574 1573 1575 0000 1316
1561 1573 18563 0000 1739
1665 1565 1573 0000 1805
1673 1573 1865 0000 1317
16577 1569 1575 0000 131.8
1566 1573 1857 0000 1305
1675 1580 1867 0000 131.8
1670 1577 1882 0000 1311
1562 1576 1565 0000 1739
1566 1564 18562 0000 1306
1668 1577 18580 0000 1808
1678 1572 18575 0000 1317
1568 1573 1576 0000 1307
1672 1567 18564 0000 1314

Fb

1836
181.7
1821
1823
1831
183.0
181.5
1826
181.9
182.8
1822
1829
18248
181.3
1829
1824
1833
182.0

Pr

1809
181.6
180.3
1826
1821
180.5
181.7
1809
181.8
173.7
180.8
180.3
180.6
180.3
180.0
1819
1821
1804

FPa Phb Fc

1877 1891 1873
1873 1874 18749
1864 1887 18649
187.4 1880 189.0
1873 1887 1882
1858 1886 18648
1865 1870 1882
1873 1882 1872
1878 1875 1882
1864 1885 1862
1876 1888 1873
187.0 1885 1867
186.0 1883 1871
1863 1863 1867
1866 1885 1864
1875 1881 1883
186.,7 188.3 1836
187.2 1875 1864

m

Software Picture 7: Summary Measurement

NOTE: PowerSight Manager does not save every single point that has been recorded.




2) The second method to viewing the real-time measurements is by using either the
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buttons on the PowerSight or by using “Remote Control Mode,” as seen on the main
menu and in Software Picture 8.

-

Remote Control

Fowersight

ENERGY ANALYZER

Cal Poly S.U.
San Luis Obispo

Monitoring
OnfOft

Voltage Current

Freq OnfOff
Cycles

Yes Mo
Accept Reject

Measure
Mode

Admin

ey
Surrmmid

Spikes

Bower

[7]

Power
Factor
[4]

s

Harmonics

Energy
[&]

Demand
[5]

Calibra
[2]

Print

Maore...

Cost

[9]

Time
[6]

Setup

Software Picture 8: Remote Control Mode
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Chapter 5: Testing

RL-Load Test:

The Resistor-Inductor Load test circuit shown in Figure 3 was constructed. The test setup
is shown in Figure 4.

6) Va Za

\/c Vb
7b ZC

Figure 3: RL load Test Circuit

Ve

Figure 4: RL load Test Setup
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Figure 5 depicts the 3-¢ Voltage vs. Time data retrieved from the PS3000. The load in the
power lab was not strong enough to significantly affect the voltage; therefore, no power
quality factors could be determined.

RL-Load Voltage vs Time

120
119.8 — L] [l
119.6 M wy : im W - | Q-I
T e e TR T
%1194 - | - R B T iy
& 1192 ! St B
= 119
> 118.8 Va
118.6 Vb
118.4
118.2 Ve
aoOMINE IO MINE NN OO MINEINOOMNINETEINDOOMINA LN O NN
moeddfgunmendTFanNoN AN Ao Mme TN
N MNMIFIFTIFONDOOINNODOITTTOODO AN N MMIFIFLNDOODNNDN OO
FTHITIIAIIISTISTITIISIT TN N0 N NN N NN NN
mmmommomemommomonomomomonomomomonomomomnomnomomonononomn
A A A A A A A A A A A A A A A A A A A A A A A A A
Time

Figure 5: 3-¢ Voltage vs. Time
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Induction Motor Test:

The Induction Motor test circuit shown below in Figure 6 was constructed. The test setup is
shown in Figure 7. The induction motor is rated at 1/3 HP, 1725 RPM and 2.4 AMPS.

6) Va Za

\Yo Vb

zZc
Zb

Figure 6: Induction Motor Test Circuit

Figure 7: Induction Motor Test Setup
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Figure 8 depicts the 3-¢ Current vs. Time data retrieved from the PS3000. The data shows
the load current increasing as the induction motor torque is increased. This test was
performed to show the PS3000’s measurement capability for a variable load.

Current vs. Time
Induction Motor Test

1- (‘
10Q. -
. I
8. B

2 7. ]

gg. :

54 R_,‘l: Ia
3. A It Ib
2 ] — — - ‘

1. Ic
0. :

N ININNOO I OMINNINOO A M ININOO T NIININOO A OMININOD A MWD DNO

mamaNmmmeMmMeNddfdTdnaununaNmnmmemem o ddT o

N IFTIFTININONNDNODODOITTIDTOO—ATH AN ANMNMNMIFLNLND O OINNDNOOOSD

i e B B B B o B B B LN O O O O O M BN RO HE O TN M BN O BN RO O B

FFFIFFSISFFFASISSFIFFASIS IS FF SIS S FFFIFSF F

R T o TR o TR o TR o T o TR o TR o R o T o T o B o R o TR o TR e T R o R o R o TR o T o B o R o R o R o R o B o B o B o R o |

Time

Figure 8: Current vs. Time for a variable load.

This test was performed in a few stages. The first step was to give the motor time to reach a
steady state current setting (while we set up another test nearby). At Point A we increased
the motor torque slightly to decrease the rotor speed, thus increasing the current. After
finishing another test setup we increased the torque again at Point B then quickly increased
the torque to the point of motor shut off at Point C. We can see that the PowerSight quickly
responds to this rapid change in current. It should be noted that the PowerSight also
monitored voltage and frequency during this test; however, a single inductive motor was
not enough to significantly cause any voltage sag, spike, or variance in frequency.
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24 Hour Resistor-Inductor Load Test:

Figure 9 shows Voltage data vs. time for a duration of approximately 24 hours, thus
demonstrating the monitoring capabilities of the PS3000. The purpose of this test was
simply to show how the PS3000 can capture sudden changes in load voltage. It should be
noted that the load itself was not strong enough to present any significant power quality
problems; as such, the current and power factor of each phase was relatively constant.

Voltage vs Time 24-hour RL Load

VOOV WOWOOOOVOVOVOLOWOWLOMMMMMMMMMMmMMmMMmMmMmMmMmMmMmMMmMM

NN NN NN NN NN NN NN 660 60 60 60 60 60 60 60 &0 60 B B B B B ©

FefFadegfiaeaiagideadagiagtaegtaetas o

OO =T AN AN MNMODOH AN NNMIFTIENMOVONNODOOODODOHANNMF T N

— AN AN AN AN AN AN R B o TR o R TR o R o B o IR o TR |
Time

Figure 9: 24 hour PS3000 data
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Chapter 6: Client Data

12KV Line

Lol 12RV /2087
)

meter 1 () meter 2 () () meter 3

3

PV1 ﬁ/\ Future

PV2 Energy

Storage

HVAC System

Schematic 1: Power System schematic

Schematic 1 shows a schematic of a power system being monitored. The circles labeled meter 1,
meter 2, and meter 3 are smart meters used to retrieve Electrical data (\Voltage, Current, Power).
Data retrieved from meter 1 consists of rooftop PV data (PV 1) and HVAC load data.

The proceeding figures and graphs are from data retrieved by meter 1. Power Quality analysis is
needed to ensure successful microgrid operation.
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Figure 10 shows the power data of the building depicted in Schematic 1. This data doesn’t reflect
the power delivered from the rooftop photovoltaic system (PV 1). Therefore the power factor
shown in figure _ is lower than it actually is. This is due to a decrease in real power (kW)
without a decrease to reactive power (KVAR).

Real Power KW

EQ (1): Power Factor = — = —————
Apparant Power  VKWZ2+kVAR?

EQ (1) shows that if real power (kW) decreases while reactive power remains constant (kVAR)
then power factor decreases.

160 1
- 0.8
120 oo
< - 07
Z " A e
< 80 - ; Iv 0.5 &
5]
60 ), . - 04 3
3 o ' 03 g
" a0 - 0-2
0 - : - : - 0
Fri 10/5 Sat 10/6 Time Sun 10/7 Mon 10/8

——— Apparent Power Real Power Reactive Power Power Factor

Figure 10: Power Data from Raytheon
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8am Total Power
100

90 ]
80

g

60

50
40 * =®— 8am Total Power

Power, KW

30

20 -

10

0 T T T T 1
09/28 10/18 11/07 11/27 12/17 01/06
Date

Figure 11: 8AM Total Power Data

Figure 11 shows the total power each day at 8am, the time when most employees get to work and
begin using significant power loads. No power quality issues can be determined from this graph;
however, we can determine that level of power consumption on weekdays vs. weekend. Each
maximum peak was verified as a weekday and each minimum was verified as a weekend day.
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Figure 12: 12PM Total Power Data

Figure 12 shows the total power each day at noon, the time when most employees are generally
using the most power in the facility due to specific loads and also AC units. We can see a
dramatic difference in consumption during the end of summer (October and early November).
Again, no power quality issues can be determined from this graph.
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Figure 13: 5PM Total Power Data

Figure 13 shows the total power each day at 5pm, the time when most employees are ending
their workday. During the warmer months of October we can see a larger power consumption
compared to the winter months of late November through December. No power quality issues
can be determined from this graph.
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Line to Line Voltage Summary (Per Month)

One of the most important characteristics in power quality analysis is voltage imbalance.
The equation for voltage imbalance is seen here.

Vmax

A
% Voltage Imbalance = — x 100%

avg

For our analysis, we characterized the voltage imbalances by month below in Table 3.

Table 3: LL Voltage Summary

As long as the voltage imbalance remains below 3% the system can be characterized as stable.
The maximum voltage imbalance for any given month was well below that limit, varying only as
high as 1.15% in June. Also, the maximum and minimum line voltages were within typical
norms for most months but did vary as high as 215.5 volts in April and as low as 197.7 in
August. The voltage swing is usually caused by the sudden or frequent turn on or turn off of a
reactive load, in this case, the HVAC unit. The hot summer months require greater air
conditioning; as such, June, July, and August saw more variation in voltage imbalance. We also
noticed that AC unit #8 consistently saw a higher average voltage imbalance than all the other
loads each month which suggests that it is used more often.

It should be noted that there was insufficient data during September and October.

Appendix B contains the full voltage imbalance and max & min voltage data.
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Step Load Data by Month

Figures 15 and 16 show a comparison of summer and winter current vs. time plots for AC unit 1
and 3. From the variations in load you can see that the HVAC system is controlled by a set
temperature value. When the room reaches a certain temperature the HVAC unit turns on and
off. This explains the periodical cycle that appears. This cycle can be seen more clearly in Figure
14. Figure 14 shows the 15 minute current vs. Time intervals for 6™ of August.

From the plots you can see the HVAC units are more loaded during the warmer month of July
and less loaded during the colder month of November. The max spikes of current are the result of
inrush currents or starting current from the AC turning on. Normally, the initial turn on of the
AC would cause a noticeable voltage sag; however, the data given to us was only in 15 minute
intervals which is incapable of capturing the transient voltage sags that would occur.

Appendix B contains more current vs. time plots per month.

AC3- August 6th (24hr Current vs. Time)
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Figure 14: Current vs. Time 24hr data in August
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Figure 15: AC1 Summer and Winter Current vs. Time Comparison
Figure 15 shows the vast difference just within a single HVAC unit for different seasons. AC1
shows frequent usage during July as the total current often fell between 30 and 80 Amps, with
occasional readings (most likely inrush current readings) of greater than 80A. As expected of a
colder month, November saw a much lower and infrequent use of the AC unit, never reaching
above 70A.
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Figure 16: AC3 Summer and Winter Current vs. Time Comparison

Figure 16 shows the same seasonal comparison but for AC3, which we found is used more
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frequently than most other HVAC units. We can see during July that the AC unit is used several

times a day and draws a very high and consistent inrush current. November on the other hand
only sees occasional use during the first few weeks. The important fact to take away from this
comparison is that AC3 is used far more than other AC units and thus the PV system should be

designed to handle this load first during the summer months.
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APPENDIX A - POWER QUALITY

Voltage Imbalance:

Voltage Imbalance is defined as (referring to IEEE Std 936-1987 ): The difference between the
highest and the lowest fundamental rms values in a three-phase system, referred to the average
of the three fundamental rms values of current or voltages, respectively [1].

Voltage imbalance can then be calculated as follows:

AV,
Voltage %Imbalance = Vmax

avg

AV, 1S defined as the maximum deviation between line or phase voltages.

_ 1% pt Vb + 7, .
vg = % (Average line voltage)

51

~ Voot Vpep+V
Vivg = W (Average phase voltage)

Voltage imbalance occurs in a system when the RMS line/phase voltages are unequal. Three
phase voltage is rarely equal but when the voltage difference becomes excessive problems can
arise. One of the main effects of voltage imbalance is damaging motors and creating unwanted
harmonics. When dealing with three-phase inverter based Distributed Resources, harmonics can
affect inverter operation. According to IEEE Std 1547, a voltage imbalance of greater than 3%
can cause problems to three-phase inverter based distributed resources [2].

Overvoltage: An increase in the rms of ac voltage greater than 110% at the power frequency for
a duration longer than 1 minute [3]. Overvoltages are usually the result of Load Switching.

Undervoltage: A decrease in the rms of ac voltage lower than 90% at the power frequency for a
duration longer than 1 minute [3].

Voltage Sag: A decrease to between 0.1 and 0.9 pu in rms voltage or current at the power
frequency for durations from 0.5 cycles to 1 minute [3].

Voltage Swell: An increase to between 1.1 and 1.8 pu in rms voltage or current at the power
frequency for durations from 0.5 cycles to 1 minute [3].



APPENDIX B - CHARACTERIZED DATA

42



43

LL Voltage March Data
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Table 5: LL Voltage April Data

570
570
970¢

§S1C
r'S1e
6¥1¢

3|
Jad Uil % el

8LCeec 0 ELPTCTO L9510 LLTEETO LASLTTO CBCLETO 8eSLLTD  RCEETO

bLLEEL T
6LLCBL0 EriiEr 0 90SEERD ERiLEpD ETEORP0 #PTIES0 CGG08S0 Jbwasll

ST 9T E€dZ w0 eT0C TEE WL ZT0C
STe 9T Ldf L9 e el EWiD 970
e¢lc  9T¢  6dc 8T ETC PED  9E0T 670

A A A Il CElC ¥l vlld 99l Ti¢
9l edd ddIe SEl wvle LA vSle RTI
9l vl LA 6EIE 9%l TER  6¥lL T

g LN 9 5% Y £ (W 1

B3e(] 3883(07, 3UT 032Ul

Pe0T] Jad 30U [eqLU| 38830A 5% aBelany
LBUOIA] Ja¢ 2UB[RqLU| 33E3(0A, % K
PO J3d 20U L] 3BR3j0/, 56 KE

ET7183E0A Ul
£7133E30A U
ZT128E) 0 UIA

£77 88eg |0, X
£771 95830 ¥EJ
AR EETVIREN

peoT/ sBe|on,

[




45

LL Voltage May Data
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LL Voltage June Data
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LL Voltage July Data

Table 8
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Table 9: LL Voltage August Data
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Figure 17: Total Current vs. Time data for AC1 and AC2 in the month of March
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Figure 18: Total Current vs. Time data for AC1 and AC2 in the month of April
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Figure 19: Total Current vs. Time data for AC1 and AC2 in the month of May
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Figure 20: Total Current vs. Time data for AC1 and AC2 in the month of June
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Figure 21: Total Current vs. Time data for AC1 and AC2 in the month of July
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Figure 22: Total Current vs. Time data for AC1 and AC2 in the month of August
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Total Current vs. Time

80
70
- IS *s
2 60
g
<50
g 40
3 30
10
I e N
11/2/13 11/7/13 11/12/13 11/17/13 11/22/13 11/27/13
Time
AC3-November
Total Current vs. Time
140
120 “
g 100
<
E 80
: ‘0"‘0“0‘w
=
(&)
g 40
=
20 ————
O T T T T 1
11/2/13 11/7/13 11/12/13 11/17/13 11/22/13 11/27/13
Time

Figure 23: Total Current vs. Time data for AC1 and AC2 in the month of November
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APPENDIX C - ANALYSIS OF SENIOR
PROJECT DESIGN

Summary of Functional Requirements:

Our project involves monitoring issues that can cause economic or environmental
distress due to power inefficiency. Our project will analyze issues that result from
switching from the utility grid to a smart grid run on primarily photovoltaic
“components”.

The primary Functional Requirements are as follows:

Able to measure and analyze power quality continuously and accurately

Able to setup, measure, and analyze the power system safely

Setup should not interfere with client workplace for extended durations of time
Sampling of less than 5 second intervals attainable

Measured and characterized power quality data should be presented in a way that
clearly and accurately identifies problems in the power quality of the system

agkrownE

Primary Constraints:

Our project involves using the PS3000 power measurement tool to perform data
analysis on a power system. Therefore the first challenge involved was getting
accustomed to using the PS3000. Multiple tests were performed to become proficient in
both using the hardware and software associated with the PS3000.

Another challenge and limiting factor to our project is gaining access to a power
system. Since our project involves monitoring and characterizing data from a power
system, a power system must be located and permission must be attained to perform
measurements. We have plans to perform power system analysis at a Navy base through
Raytheon. Thus gaining access to Raytheon’s site is the primary limiting factor so far.

Economic:

Based on our readings, companies can lose large amounts of money due to power
inefficiency. for example some companies have reported losing hundreds of thousands of
dollars from less than a tenth of a second momentary power interruption. From these
findings we can conclude that the power quality analysis of a system can result in
economic growth,
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Our project makes use of a faculty owned instrument (PS3000), therefore the
costs required to successfully complete this project include the following: Shipping,
Calibration, Gas, Hotel and Misc. A cost estimate, Figure 3, and explanation for costs
can be seen below.

Cost Estimates

B Shipping

H Calibration
m Gas

H Hotel

m Misc.

Figure 24: Cost Estimate Pie Chart

Shipping: The PS3000 needs to be shipped to the manufacturer in Walnut Creek, CA to
be calibrated. Due to the device’s large and heavy nature, a $50 shipping estimate is
reasonable.

Calibration: The PS3000 needs to be calibrated to function accurately. The labor and
other charges needed are priced at $295.

Gas: Expected to drive 360 miles to Miramar, CA to visit the facility and perform
measurements. $120 for gas expenses is a rough but reasonable estimate.

Hotel: will be required to stay one to two nights in San Diego. Average prices range from
$80-$150 a night.

Misc: Food and other expenses necessary to complete the measurements and return to
San Luis Obispo.
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Gantt Chart:
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Figure 25: Cost Estimate Pie Chart
The primary inputs required are human input to setup the instrument and to
characterize the data accurately. Another input required is the Voltage and Current of the
system.
The total cost of the project is estimated at $715.

The fees will be partially paid by the department and the remaining fees will be
paid by the students involved in the project.

The projects earnings are based off of the power systems improved efficiency.
Therefore the earnings are to be determined.

The entity profiting from the project would be the establishment benefitting from
an improved power system.
e This project does not require manufacturing.
e Environmental:

Project doesn’t involve manufacturing. Use of power monitoring equipment does
not have environmental impact.

This project does not use any natural resources directly; however, natural
resources are indirectly consumed to produce the power that the system consumes. As
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stated earlier, our project aims to reduce the overall power consumption and
inefficiencies.

This project aims to improve a system’s power efficiency by identifying power
quality problems. Increasing power efficiency will decrease a system’s overall power
consumption and thus decrease the use of natural resources needed to create power.

The project has the potential to enhance a systems overall power efficiency. This can
impact species in a positive way by creating more efficient power systems and thus
reducing our ecological footprint on Earth.

This project does not require manufacturing
Sustainability:

Several issues that could arise from maintaining the system include: ensuring the
PowerSight remains untouched while performing measurements, the PowerSight
configuration does not reset from lack of battery charge, and not allowing unauthorized
personnel to access the project.

The project aims to improve the sustainability of power resources by monitoring
power consumption in the system and identifying potential issues that can cause
overconsumption or irregularities in efficiency.

The project could be improved by using updated power technology like the
PowerSight PS4500 that measures power characteristics more accurately and quantifies
data in a more presentable format.

The major challenge in upgrading the technology is that the newer versions of the
PowerSight meter cost upwards of $5,000. New software and expertise would also be
required.

Ethical:

For our project we are dealing with smart-grids and their efficiency on a large
scale. Since we are dealing with the efficiency of the power/energy, the analysis of data
we obtain will allow us to find suggestions that will help out with the lowering of use of
energy which helps out the environment; not running these analysis’ are detrimental to
the environment because there is wasted energy in most systems. This is directly related
to the first part of IEEE’s Code of Ethics: the responsibility of the well-being of the
public.
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Other parts of this project that deal with ethics is the use of the PowerSight. The
PowerSight needs to be calibrated, and if the person that is using doesn’t keep it
calibrated, the values that are measured can be inaccurate, which will result in bad data,
resulting in an incorrect analysis. Not calibrating the PowerSight could cause false
readings on a system; these false readings could cause injury to individuals or even
property damage. The IEEE’s Code of Ethics talks about how we need to take actions to
avoid these situations.

Health and Safety:

Several safety concerns arise while setting up the PowerSight meter and while the
meter is operating. The PowerSight requires a live connection which presents a danger
due to the high voltage. While the PowerSight is operating, the setup must be isolated
from unauthorized personnel to prevent potentially fatal injuries.

Social and Political:

As the state of California’s population continues to increase the necessity of
efficient energy systems is needed. Large energy companies, like PG&E, have lobbying
groups that try and pass laws that will benefit them. These laws change the ways we are
able to acquire energy for our houses as well as how much we have to pay.

The project will directly impact Ratheon because that is the company we are working
with. The indirect stakeholders could be the individuals that work under the smart-grid
(employees that have desk jobs using the power from the walls).

The project would benefit all stakeholders because of the efficiency increase in their
system. Less dips in power, as well as less power loss which equals to money saved.

This project has no inequities. All stakeholders receive benefit in ways that can only
benefit them.

Development:

During the course of the project we have learned how to effectively use the
PowerSight software and hardware when attached to high voltage systems. We also
independently researched power quality and how it impacts power systems. We are
currently researching how to characterize the resulting data from the PowerSight to give
an accurate and effective report on the system.
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> Two Supporting Development Literature Resources

PS3000 Energy Analyzer “The Tool of First Resort”, Summit Technology Inc., Walnut
Creek, CA.

The source was chosen because it’s the datasheet of the measurement tool were using
to retrieve data from a power system. The datasheet can be useful by supplying more
information about how the PS3000 operates.

The source has authority because it’s the manufacturer of the measurement tool being
used in our senior project.

"IEEE Recommended Practice for Utility Interface of Photovoltaic (PV) Systems," IEEE
Std 929-2000, vol., no., pp.-, 2000.

The source was chosen because it covers a wide variety of topics necessary for our
project including utility fault conditions for PV systems.

The source was published in a yearly IEEE journal, therefore the source has been peer
reviewed.



