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ELECTRIC DEFINITIONS



Definitions

e Electric Current:
— Flow of electrons
— Unit is ampere

R
« Electric Resistance:
— Measure of difficulty to pass electric current
— Unit is ohm VY
"R
« \oltage:
— Electric potential Have you seen similar terminology in

— Unit is voltage (V) heat transfer?



Definitions

* Power:
— The rate of electrical energy transformed
— Unitis J/S = Watt
— P =V x| (Apparent vs real power)

« Electric consumption:
— Is the form of energy consumption that uses electric energy

 Transformers

— Reduce voltage from the power lines
(from more than 110 kV to 110 V)

upsbatterycenter.com



Definitions

« Alternating Current:
— Change of current direction periodically, change the voltage level
— https://youtu.bel/i-j-1j2gD28

— https://cdn.sparkfun.com/assets/a/0/7/b/a/
522783e0757b7fc2168b4567.qif

Sine Wave

+

time

amplitude

V (t) = Vpsin (21 ft + ¢)

learn.sparkfun.com



Definitions

« Alternating Current:
— What'’s the voltage and current in this form?



Definitions

« Alternating Current:
— What'’s the voltage and current in this form?

voltage peak voltage
--------- RMS voltage
0 >
time

Raeng.org.uk

b
RMS value - LJ y2at
b-a g

Vrms = 0.7 Vpeak or Vpeak = 14X Vrus



* Direct Current:

Definitions

— Provides a constant voltage and current

Plot of DC Voltage
1.5V

voltage

learn.sparkfun.com

time >



Definitions

« ACvs. DC

« ACis
— Used for building electrical outlets
— Easier to transport and generate across long distances

— Transported at high voltage (110 kV)
 Low amperage
* Less heat generated
» Use transformers to lower voltage on the distribution site

learn.sparkfun.com



Definitions

« ACvs. DC

 DC:
— Most appliances convert from AC back to DC

— Examples:
» Cell phones
* Flatscreen TVs
» Laptops

learn.sparkfun.com



Definitions

Electric wiring

Line:

— Usually black color wire known
as hot comes from the electric
panel

Load:

— Usually black or red color wire

— Continuation of the line and
goes to the device

Neutral:

— Usually white color wire

— Completes the circuit

— Carries excess current to
ground

Ground:

— Usually green

— Carries any inadvertent current
from the circuit

Function

Color Code (for 120//208/240 V) |  Color Code (for 277/480 V)

Three Phase Line (L1)

Three Phase Line (L2)

="

Three Phase Line (L3)

e —

Neutral (N)

i

="

Protective Earth or Ground (PG)

— NV

Single Phase Lme

(for 2 hot)

gogowire.co




Electric Power

« Single Phase:

— Entail two wires of Alternating T ad
Current (AC) power 120 V
— Use mostly in residential buildings l
— What is the voltage in the US? Neutral
* Other countries?
 Three phase: Z:Z
— Entail three wires of AC power b ‘{ 120V
— Use mostly in commercial buildings ~20° - £120 S

— Provide 1.732 times more power
than single phase (sqrt(3))

u/,’ne"
453 458 461
vV \'
12
Oempanels.com




Electric Power

« Most US industrial facilities use two high voltage
configurations:
— 480V Three phase Wye (“Y")
— 480V Three phase Delta

 Benefits are:

— Reduce construction cost for electrical service, wiring, and electrical
devices

— Reduce energy loses



Electric Power

* 480V Three phase Wye:
— Use 277V or below 300V

— Can be used for single phase lighting
load

« 480V Three phase Delta:

T Phase A
277V 480V 480V
) Phase B
277V 480V
I Neutral
277V
\ ! Y Phase C
x T Phase A
480V 480V
l Phase B
=
480V
l y Phase C

Oempanels.com
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Electric Power

« What is the typical electric power draw for the following
items:
— Your personal laptop?
— Your phone?
— LED lights?
— Fluorescent lights?
— Your office desktop?

« Calculate the monthly electric consumption of the devices
the above devices

15



electroschematics.com

Examples of Devices

Appliance Power rating( in Current
Watts) consumption
Standard in 1 Hour (in Amps)
Compact 8,11,18,35 0.03,0.040,0.078,0.15
Fluorescent Lamp
CFL
Bulb 25,40,60,100 0.11,0.17,0.26,0.43
Fluorescent Lamp | 20,40 0.01,0.2
Fan 25-80 0.1-04
TV 80-400 04--2
Fridge 200-300 1-1.4
Heater 1000-3000 4.5-15
Vacuum cleaner 150400 0.7-2
Mixi 300-600 14-2.8
Washing Machine | 800-1000 445
Microwave Oven | 600-1500 2.6-6.5
Table Fan 10-25 0.04-0.11
Computer 80-150 1-1.3
Laptop 20-50 0.09-0.22
Laser Printer 1000-1500 43-6.5
Ink Jet Printer 25-50 0.11-0.22
Electric Iron 450-1000 2-3
DVD 20-50 0.09-0.22
A/C 1HP 1000-1500 43-6.5
Water Pump 2 HP | 500-1000 2.174.3
Hair Dryer 1200-1500 52-6.5
Music system 20-40 0.09-0.17

16



Examples of Devices

\——n—‘ tlm;""f\“ 8 4%

energyvanguard

IS

1 hp =745.7 Watt

LENNOX
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TEXAS
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COMPRESSOR
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PH 1
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« Power factor “true power”: is the cosine of the phase angle

Power

between current and voltage
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« Power factor “true power”: is the cosine of the phase angle

Power Factor

between current and voltage

Magnitude
Voltage Level

|

Progress Energy
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Load Types

* Type of loads:
— Resistive:
* Incandescent lamp, resistance heat
— Inductive
* Motors, contractor coils, relays
— Capacitive
» Start capacitors
— Combination of these loads



Load Types

* Resistive load profile:

Magnitude

 Inductive load lagging:

Magnitude
Level

openeh
g /‘\\)9 ))(\0

« Capacitive load leading:

Magnitude
Level

%

Progress Energy

Level

N
969’\\0 \\)a ))(\0

Duration
Time

Duration

Time

/968\\0 |\

Duration
Time
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Power Factor

S =P+ 3jQ
S =P+ Q?
Q, Reactive Power — 2
S| =4/ P"+Q
P, real power
P, Real Power cos @, power factor =
|S|, apparent power
Increasing power factor Decreasing power factor
Pafe“tvower :
S, AP ) Q, Reactive Power 6, Hesctive Power

P, Real Power

s

P, Real Power

Power factor is usually less than 1 22
Progress Energy



Power Factor

* Power factor is equal to:

A= Reactive Power

B= True Power
Watts, KW, Power

Progress Energy

VAR, kVAR Reactance

kW kW

PF = =
KVA kW? + KVAr?

= C0S5(0)

PF = Power Factor (PU)

kW = KW of theload (Real Power)

KVAr = KVArof the load (Imaginary Power)
KVA = KVA of the load (Apparent Power)

8 = Power Factor Angle(deg)

23



ELECTRIC POWER MEASUREMENTS



Ammeter

« Ammeters:
Are low-resistance instruments for measuring current

Should be connected in series with the circuit being measured
Have minimal influences on the measurement

Have several ranges

M

500Q FS.=1mA

Rshunt

METER

= |

black test
lead

Fig. 16 Ammeter Connected in
Power Circuit

red test
lead

25



Ammeter

Have two windings:

— Connect the primary in series with the circuit in which the current is
measured

— Connect the secondary winding a scaled-down version of the primary
current, which is connected to an ammeter

LINE H, LOAD
CURRENT —/I X,
TRANSFORMER P e B
Conductor ' (:;r‘w :llrn::iw
METER 4D ,
._{l' Hollow Cora ,v, P L e
Ammater [
N D>
@ (A/) C.T Secondary
o \"Vll'dng
Primary .
Current ',

Circuit
Symbo

Construction

Fig. 17 Ammeter with Current

Transformer
26



Voltmeter

« Benefit from high-resistance instruments
« Connect across the load in parallel
* Influence measurements (ideally has finite impedance)

M

LOAD

METER %250 MQ

@ UV —
o
) ¥ voltmeter
o % 250 MQ (10 MQ)
o o > g

Fig. 18 Voltmeter Connected
Across Load

27



Voltmeter

Utilize voltage transformers to increase the operating range
of a voltmeter

Typically use isolation from high voltages and prevent
operator injury

« Similar to Ammeters: LINE _ ] LOAD
* One winding is “’L,WJ
VOLTAGE TRANSFORMER ———
connected across the v
high voltage to be METER—~ @ L,
measured
O o,
* One connected to the

voltmeter Fig. 19 Voltmeter with Potential
Transformer

4]



Watt Meters

* Measure the active power of an AC circuit
 Combines voltmeter and ammeter

« Entail two sets of terminals:
— One connected to the load voltage

— One connected in series to the load current

M

LOAD

METER

D

O
O

Fig. 20 Wattmeter in Single-Phase
Circuit Measuring Power Load plus Loss
in Current-Coil Circuit

LINE

1]

METER

D

O
O

LOAD

Fig.21 Wattmeter in Single-Phase
Circuit Measuring Power Load plus Loss

in Potential-Coil Circuit
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Watt Meters

Extend the range with transformers or isolate it from high
voltage

LINE H, LOAD
H‘WN CURRENT — Ix
\TRANSFORMER L
x/VVV\ VOLTAGE
TRANSFORMER

D

O
e m® 4

METER -

Fig. 22 Wattmeter with Current and
Potential Transformer



Power-Factor Meters

« Meter measure the ratio of active to apparent power
« Have similar connections to wattmeters
« Extend the range using current and voltage transformer

— w
O
O

T

T

LINE % % + 25 X

PHASE LOAD
LOAD SEQUENCE
1-2-3

METER METER

D S

O
Q
Q

O
O

. . Fig. 26 Three-Wire, Three-Phase
Fig. 25 Single-Phase Power-Factor Power-Factor Meter

Meter
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Clamp Meter

Clamp Meter = Ampmeter + Voltmeter

Created primarily as a single purpose test tool for
electricians

Evolved to:

— Include additional measurement functions
— Provide higher accuracy

— Use for specific measurement features



Clamp Meter

Can measure large AC currents based on simple transformer
action:
— Clamp around a conductor carrying AC current

— Convert that current into a secondary winding that is connected
across the shunt of the meter’s input

If the secondary has 1000 windings, then the secondary
current is 1/1000 the current flowing in the primary:

— 1 amp of current in the conductor being measured would produce
0.001 amps or 1 milliamp



Digital Multimeter (DMM)

diode measurements

Logging/Graphing

with optional FC modules and

phone app or PC software

Product !
Comparison
Fluke 3000 FC Series Fluke 87V Industrial Fluke 279 FC TRMS Thermal
Wireless Multimeter » Multimeter » Multimeter »
v v
Price comparison $299.99 $449.99 $999.99
Safety rating: v v v
CAT IV 600 V/ CAT Il 1000 V
Counts 6,000 20,000 6,000
Voltage AC/DC 1000 V 1000 V 1000 V
Current AC/DC 400 mA 10A 2500 A AC w/iFlex current
clamp
DC Current via accessory
clamp
Measurement temperature with T3000 temp module v
Frequency and capacitance v v v
measurements
Resistance, continuity and v v v

vaphne = EFlyke.com

34



Clamp Meter vs Digital Multimeter

e Clamp meters vs. common digital multimeter (DMM):
— Similar functionality with an internal current transformer

IGTENTY 114 oo s s ramres
; s

<

Transcat.com Fluke.com

35



Clamp Meter

7 e .‘||

Fluke.com



Clamp Meter

« Specification of Fluke 902 Clamp Meter:
— 600 A AC current measurement
— 600 V AC and DC voltage measurement
— Temperature measurement from -10 °C to 400 °C (14 °F to 752 °F)
— 1000 uyF capacitance measurement
— DC Current measurement to 200 pA
— Resistance measurement to 60 kQ

Fluke.com



Home Electric Measurements & Utilities

* Advanced Power Strips

TRICKLESTAR 7-OUTLET APS

ey w &

After a $10 Instant Rebate

ComedMarket.com

TRICKLESTAR 7-OUTLET MULTI SENSING
APS
CAR



Home Electric Measurements & Utilities

« Advanced Power Strips works based on the idea of plug load
managements. They include:
— Couple of controlled outlets:
 Different thresholds (e.g. 10 W, 22 W, and 42 W)
— 1-2 always on outlet(s)
— 1 master outlet

— 1 144,000A + 2160 Joules
/ Fireproof, Ceramic Encased
Heavy Duty Cable / Surge Protection
[ \
J

+ Angled Space

Saver Plug LED | e > DvD / Game Stereo /
Indicators  \ 3 S DVR/TIVO/ Cable/Sat/ TV/ Blu-ray  Console / External Misc TV /
? \ Router Modem Computer  /Printer Copier HDD PC Peripheral

Trickie

“ i it
g} ‘ | |
[ . ( o
[ o \ <40dB Noise Always On Control Switched Transformer
\ - / Filtering Outlets (2) OQutlet OQutlets (4) Spaced Outlet
Resettable : . ®
Circuit ¢ 3 Transformer Child Protection
Breaker, Adjustable Threshold Switch

CO med M a rket .CO 120vac, 15a ensures PC & TV compatibility Spaced Ouet Covers



ELECTRICITY DATA LOGGERS



Logging electricity use

 Power is instantaneous
* Energy is integral

* Do electricity data loggers log power or energy?
— i.e. power draw or power consumption?



Logging electricity use

Electromechanical induction watt-hour meter

Counts the revolutions of a metal disc that
rotates at a speed proportional to the power

::::

;’:f’iuagnetic
e Brake

Rotating
Aluminium
Disc

Voltage Coile—

copper shading Ring

current coils <§

https://www.electrical4u.com

https://the-gadgeteer.com

42



Plug-Load Monitors “Kill A Watt”

* Monitor appliance consumption

* Record for an interval

Model:

Operating Voltage:
Max Voltage:

Max Current:

Max Power:
Weight:

Dimensions:

P3international.com

P4400
115 VAC
125 VAC

15 A<
1875 VA

5 oz.

51/8"Hx23/8"Wx15/8"D

KILL A WATT® @

'METER CLOCK

(23

Voit Watt KWH

Amp Hz
VA PF Hour




Building Measurement Example

« Actual building measurement

Space Type: ICON Lab Teleg;gsr:nce Open Office Porch Office Lounge Kitchen
Area (ft2): 1647 676 2374 1218 270 157
L] d
] Copier/ e
Printer — (N
l I Copier/ —
i P Workstations Servers ™'
| ) | Printer
7 ICON _ L _\ S — TN
(g lab B inva b [Bie\ Bho” l e
: PIESS s Zaks SEC R
W 1l 3 R o 5)
o . 3 4+ — - a0
DO0O00000 l Pz L5 - > o " % = /
| (¥ ArETTeRs ] #75 xc.-,°.l' -l.b,. O);SC’ /(/

OO000000

| Telepresence
I

s —-Prm
- ,if‘@.:’. y Gl

I AO0] 5 iH @
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— — . :-_-.~Y_._.... — ] :

o4
g
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Amenities orkstations

Delgoshaei et al.




Building Measurement Example

« |CON Lab Measurements

Weekday Weekend

——Wed, 09/05/2012 —e—Sat, 09/08/2012

7k ¢ Thu, 09/06/2012 < Sun, 09/09/2012
-o-Fri, 09/07/2012 2ttt ————— -
Al Mon, 09/10/2012
*» Tue, 09/11/2012
Wed, 09/12/2012 9

1.5f "

[ ——Thu, 09/13/2012

Telepresence and ICON Lab Load (kW)
Telepresence and ICON Lab Load (kW)

4
1 ™ g
3t
24
0.5¢ 1
1+
00102030405060708091011121314151617181920212223 0102030405060708091011121314151617181920212223
Time (hour) Time (hour)

Delgoshaei et al.



0.7

o
o

Data Center Load (kW)
o
w

e
(S

e
-

Building Measurement Example

Servers

Weekday

e
£
T

-

-o- Fri, 09/07/2012 ettg 1

0.6

-

T

vvvvvvvvvvvvvvvvv

——Wed, 09/05/2012
< Thu, 09/06/2012

* Tue, 09/11/2012
Wed, 09/12/2012
—<4—Thu, 09/13/2012

AAAAAAAAAAAAAAAAAAAAAA

0102030405060708091011121314151617181920212223
Time (hour)

Delgoshaei et al.

Data Center Load (kW)
e e o e e
w Y o » N

e
N

e
-

Weekend
- Sat, 09/08/2012
- 4 Sun, 09/09/2012
Tttt Tt

T

AAAAAAAAAAAAAAAAAAAAAA

0102030405060708091011121314151617181920212223
Time (hour)
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Building Measurement Example

Workstations

Weekday

Tyl T iy rr Iy rTrrTrrrrrYrYrYT

——Wed, 09/05/2012

< Thu, 09/06/2012

[ -~ Fri, 09/07/2012

+-Mon, 09/10/2012

* Tue, 09/11/2012
Wed, 09/12/2012

- —e—Thu, 09/13/2012

......................

0102030405060708091011121314151617 181920212223
Time (hour)

Delgoshaei et al.

Weekend

e
~

e
)
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—e—Sat, 09/08/2012
-4 Sun, 09/09/2012

e 9 L <
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e
o

e
w

Workstations Load (kW)
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o
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e
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0102030405060708091011121314151617181920212223
Time (hour)



» Copier/ Printer

Weekday

Building Measurement Example

05| — Wed, 09/05/2012
' < Thu, 09/06/2012
0.45} == Fri, 09/07/2012
s ~»—Mon, 09/10/2012
X 04F » Tue, 09/11/2012
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T 0.35}
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S 03} :
€ i
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30.15f
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Delgoshaei et al.
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Building Measurement Example

« Kitchen
Weekday

vvvvvvvvvvvvvvvvvvvvvv

——Wed, 09/05/2012
< Thu, 09/06/2012

- =~ Fri, 09/07/2012 1
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Delgoshaei et al.
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< Sun, 09/09/2012

0102030405060708091011121314151617181920212223
Time (hour)



CLASS ACTIVITY



Class Activity: Electrical Power Measurements

* Activity:
— Measure power draw / electricity consumption of:
1. Afan at three different fan speeds (low, medium, and high)
2. A portable space heater
3. Lamps with CFL and incandescent light bulbs

+ Using the following tools:
— Onset Energy Logger Pro with CT only (no voltage)
— Onset HOBO Plug Load Logger
— Fluke hand held clamp meter
— Kill a Watt
— Watts Up Pro



Class Activity

Onset Energy Logger Pro w/ CT

Fluke clamp meter
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Class Activity

Kill A Watt meters

Onset plug load loggers

Wty T O SR

B B /-
® @

@ Kill A Watt.

Wireless

@ Kill A Watt.

Wireless




