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FLECTRICAL POWER FORMULAE
&
POWER FACTOR
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ENERGY (WORK) & Pow

111
AJ

Energy (Work) Power
SRR 5 * TP Units
. £t.1b,

* Ft.lbs per min (1 hp = 33,000 ft.lb./min)

* BtUu (1 Btu = 778 ft.lb
( - 2 B ERNEr Do SSIE CRER N ~ S50%Ct b,/ sec)

* Btu per hour (1 Btuh = 0.2931 Watt)
e ST Units
e Joule = Newton x Meter NS Unakiss
*1J = 1N.m e 1 Joule per sec = 1 Watt
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ENERGY (WORK) & Pow!

Hydronics Electrical

* Head = Energy per pound * Voltage = Energy per unit charge

= FOSIOARoY
= ft
* Ampere = Flow of charge per second
* Power = Head x Flow * Power = Voltage x Amperes (Watts)

Head x GPM
3960

Water HP =



120 Volts

B s s @

Qonex
orr g 5

Watts = (3600 x Kh ) + t




PURE RESISTIVE LOAD
Power VA = Volts x Amps
Power VA =120x 10 =1200

Watt-hour meter reads a RATE of 1200 Watts.

(It is a Watt-hour meter but you can compute Watts.)

Watts = VA =1200

B120 Volts

BE mw e 0

ore ﬁ:" 5

Line readings match Watt-hour meter power

Watts = (3600 x Kh ) + t
readings.

You are using 1200 and paying for 1200.

Mr. Burns is happy.



1 HP 115V 1& 1750 RPM

WTE?
You gre
Pipping me
off!

:::::

115 Volts

B s e @
Somex

0"04.' .

VA = Volts x Amps = 115 x 13 = 1495 VA
Wattmeter Reads = 1061 Watts

Ratio of Watts to VA = 1061/1495 = 0.71
In other words - the Wattmeter is reading 71% of the system VA

You are paying for 71% of the energy Mr. Burns has to produce for you

& 100% Loaded



50% Loaded

Real Power 1 HP 115V 1® 1750 RPM
Active Power %

Watts or kW

We will call this
IIWII Or lIleI

tts &

622 Wa
o1 ey

50% Loaded

Apparent Power
VA or kVA

115 Volts

B s e @
& onex

We will call this "VA" or
llkVAII

.

VA = Volt A = 115 10.6 = 1219 VA . .
CIEENE 3 This is the

Wattmeter Reads = 622 Watts POWER FACTOR
PF = Watts/VA

Ratio of Watts to VA = 622/1219 = 0.51 PF = kW/kVA

In other words - the Wattmeter is reading 51% of the system VA

You are paying for 51% of the energy Mr. Burns has to produce for you
- and now he is really pissed!
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Capacitor Bank

1 HP 115V 1® 1750 RPM

50% Loaded

M115 Volts

B w0
&

e .’_:n‘ %




POWER FACTOR
BALDOR 1-HP 115V 1® 1725 ODP

Amps

dzty 15,00

14.00

8.00

AMPS

6.00

| S
o]
]
L® ]
(1]
L
| 9
@
3
o]
o

4.00

2.00

0.00
0% 25% 50% 75% 100% 125% 150%

Rated Load

75%
Rated Load




SOME USEFUL. FORMULAS

Power Factor (PF)
Power Factor (PF)
AC 1-Phase Watts
AC 1-Phase KW
AC 1-Phase AmpsS
AC 1-Phase Amps =

When VA is known

Watts

Volt x Amperes

kW
kVA

Volts x Amps x PF

V X A x PF

x 1.732 for 3-Phase

1000

kWw x 1000

VA

Volts x PF

Volts

Note:

x 1.732 for 3-Phase

PF is in the
denominator



Motor magnetizing power (Reactive Power)

| VAR = \/VAZ ~ W

| WETRS = \/12192 G2 2
VAR = 1048 VAR

Notes:

1. Some Utilities use this "VAR" for assessing PF penalty.

2. 0ld electro-mechanical Power Meters can only read Watts
(or kW) . Separate kVAR meters were installed. Newer

digital Meters "know" all 3.

Reactive Power
1048 VAR

Real Power
622x' 3. In the near future they will start basing energy charges
on VA-hr usage and then the PF will become the
Customer's problem not the Utility's.

PF = Cos® = W/VA



0 CURRENT LAGS THE VOLTAGE IN INDUCTORS

—~N

Pure Resistance
V & I in Phase

I
!\/L ; $=0 ’

A ——— "Pressure" and
"Flow" are lined up
=0

Current in phase with voltage

Vv
~
rd

V(H)=Vmsine

=+

Tt takes energy This magnetic

to set up these

field "fights"

magnetic fields e Cu;‘;;;zt SOt Current lags behind voltage
=) V Voltage
[ Pressure
—— = o _— ) "
T E@@@) e N
< QQQ Q ™ Flux Lines (9) o 4o
< |~ & by
Induced EMF S
Current | - QO@
(1) '
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BEFORE MR. BURNS WAS IN NUCLEAR ENERGY, HE
RENTED OUT HORSES TO PULL CANAL. BOATS

He got patd by keeping a
recovol of how ma ny miles
his horse pulled the boat




A BAD ANALOGY — DON'T CARRY IT TOO FAR!

Small angle © = Large (near 1) Power Factor = Good



A BAD ANALOGY — DON'T CARRY IT TOO FAR!

Large angle © = Small (near 0) Power Factor = Bad

YOU\ are

killing my




LIFE IS LIKE
A MONKEY...

T THROWS
SHIT AT YOU




