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Ingersoll Rand Awarded
World Environment Center’s 2019

Gold Medal Award for
International Sustainable Development

orld Environment Center
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Engineers Update

The basic function of an electric motor
is to convert electrical energy into
mechanical energy. Considering the
ready availability of electricity and the
myriad uses for mechanical energy,

it'’s no surprise that electric motors

are widely used.

In the HVAC realm, electric motors
drive fans and compressors, which
makes these components largely
responsible for the electrical energy
that’s consumed by an HVAC system.
So, when a new motor technology is
introduced —one that promises
remarkably better efficiency—it’s
worth a closer look.

Such is the case with brushless DC, or
“electronically commutated,” motors
(ECMs). Proponents of brushless
technology claim that the design
results in quieter operation, more
efficient performance, greater output
power, higher operating speeds,

and longer service life.

To help you assess the science behind
the promises, this EN provides a
refresher on basic motor operation.
Along the way, it explains what makes
a brushless DC motor different and
considers their appropriateness for
HVAC applications.

AC,DC... and
something in-between

The most basic way to classify electric
motors is by power supply and size.

As for power supply, motors either

use alternating current (AC) or direct
current (DC). AC power is readily
available from the distribution grid,
while DC power requires a battery or,
more commonly, a converter that
changes AC to DC. In the size category,
motors are either fractional (smaller
than 1 hp) or integral (1 hp or larger).*

More than 80 percent of the motor
energy used in commercial HVAC
applications is consumed by integral
horsepower AC motors.[2] Under the

* An instruction manual authored by the
U.S. Census Bureau uses output ratings
to define three motor categories: integral
hp =1 hp; fractional hp = 1/10 hp but
<1hp; and subfractional hp > 1/1000 hp
but <1/10 hp.[1]

Basic “anatomy” of a motor ...

stator. The supports and stationary
portions of the magnetic circuit,

associated winding, and leads of a motor.

rotor. Sometimes called an armature.
It is the motor’s rotating member,
including the shaft.

commutator. A cylindrical ring or disc
assembly of conducting members ...
with an exposed surface for contact
with a current-collecting device.

brush. A conductor, usually composed
(in part) of some form of carbon,
serving to maintain an electric
connection between stationary and
moving parts of a motor or generator.

(1]

Energy Policy Act, many of these
motors already meet or exceed the
minimum efficiency requirements in
ASHRAE Standard 90.1-1989.

So, why are fractional horsepower

DC motors garnering the attention of
HVAC manufacturers and building
owners alike when the opportunity for
savings seems so limited?

Quest for single-phase
efficiency

When it comes to energy use, small
(fractional horsepower) single-phase
AC motors leave considerable room
for improvement.

AC motors are designed to run most
efficiently at the rated voltage and
speed. When an application requires
multiple speeds, the conventional
solution is either to use a motor with
multiple taps (the least expensive
option) or to add an SCR (silicon-
controlled rectifier).

Each of these adaptations causes
the motor to run less efficiently.
The performance degradation can
be significant: The typical full-load
efficiency of 55 to 65 percent at the
rated voltage can drop to as little as
15 to 20 percent at part load and
reduced voltage.

When compared with more common
motor technologies, such as shaded
pole and permanent split capacitor,
the brushless design’s full-load
efficiency of 75 percent or better
offers substantial energy savings for
motors
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Figure 1. Typical full-load efficiencies for
subfractional motors

brushless DC

with subfractional horsepower ratings (Figure 1).
But the real advantage of a brushless DC motor
becomes evident at part load, where its performance
edge doubles or triples.

All electric motors rely on the attraction and repulsion
of magnetic fields to operate, so what’s responsible
for this dramatic difference in performance? The
answer requires review of a few motor fundamentals.

AC induction motors

In AC motors, the magnetic field in the stator
is created by passing alternating current
through coils of wire. The rise and fall of this
magnetic field causes current to flow in the
bars of the squirrel-cage rotor, which in turn
creates another magnetic field. (It’s the
interaction of these magnetic fields

Figure 2. Typical speed-torque
relationship

CD = AD-BD = AB

speed

>0

torque

“Slip” (CD) is the difference in rotor speed
relative to that of synchronous speed.

that produces torque.) Induction motors are
so-named because the stator’s fluctuating
magnetic field “induces” current in the rotor.

In a three-phase motor,t the stator coils
energize and de-energize sequentially,
creating a rotating magnetic field. Torque
results when the induced magnetic field of
the rotor “chases” the rotating stator fields;
when the fields align, torque disappears.
AC induction motors depend on the rotor
turning slower than the rotation of the stator
fields. As the speed of the rotor approaches
that of the stator fields, the force (torque)
on the rotor diminishes. The difference
between these speeds is called slip.

Figure 2 illustrates the relationship between
torque and speed. Notice that rotor speed
(and, therefore, shaft speed) decreases as
load is applied to the motor. In HVAC terms,
a fan connected to this motor will require
higher torque to maintain airflow as the
system static pressure increases (for example,
a damper closes), resulting in slower shaft
rotation and (therefore) less airflow.

t The three-phase motor is used to simplify the
explanation of rotating fields; but small, single-
phase motors are typically the frame of reference
for comparisons of AC and BLDC performance.

Engineers Update

DC motors

As in AC motors, the driving force
provided by a DC motor results from
the interaction of rotating magnetic
fields in the rotor and stator. But
because direct current doesn’t
oscillate, the polarity fluctuations
needed to keep the rotor turning
must be created mechanically. There
are several ways to do this, as
evidenced by the types of DC motors
available; shunt-wound, series-wound,
compound-wound, and permanent-
magnet are just a few. To understand
the principles of DC motor operation,
let’s look at how a permanent-magnet
motor works.

When current passes through a coil of
wire placed between the north and
south poles of a permanent magnet
(Figure 3), the magnetic field
generated by the coil interacts with
the field from the permanent magnet
and applies rotational force (torque).

If the coil is allowed to rotate (from
the position in Figure 3A), the fields
eventually align such that the plane
of the armature coil is perpendicular
to the field of the permanent magnet

Figure 3. Forces created by interaction of a magnetic field and armature flux

field magnet

si.rEe—Iuop F

arrmature field magnet

@ clockwise torque

singledoop
F armature

( no torque
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Figure 4. Two-segment commutator configuration and resulting

toraue curve for a DC motor
DC power
supply

=R

W

4 brush

field magnet commutator

(Figure 3B) and torque disappears. Rotation can be
maintained by reversing the direction of current flow
in the coil of wire as it reaches the position shown in
Figure 3B.

In a permanent-magnet DC motor, the permanent
magnet forms the stator, the loops of wire (armature
coil) are placed on the rotating shaft (rotor), and a
commutator switches the current flow from one coil
to the other (Figure 4) at exactly the right moment.
The commutator provides a means for connecting a
stationary power source to the rotating coils,
typically via conductive rods (brushes) that ride on
smooth conductive plates. The uneven torque that
results from a single-coil armature can be smoothed
by adding additional coils and commutator segments
(Figure 5).

Unlike AC motors, in which a certain amount of slip
is unavoidable, the synchronous nature of DC motors
means that they operate at a fixed speed for a fixed
voltage, providing a significant advantage in

applications where knowing motor speed is important.

Changing the voltage produces a predictable change
in speed. Adding load to the motor (that is, increasing
the torque on the shaft) increases the current draw
without slowing shaft rotation.

Motor fact. A motor will draw only as
much power and consume only as much
energy as it takes to satisfy the load:

motor load x operating time

energy = ;
o motor efficiency

To save energy:

* Reduce the load

* Reduce the operating time
* Increase efficiency [3]

i1 revalution

The Achilles” heel for a DC motor is its
commutator. Consistently transferring
current from a stationary point to the
rotating shaft requires materials that can
carry current, yet withstand friction and
arcing. Commutators require periodic
maintenance, decrease motor life, and
limit the maximum speed at which the
motor can turn.

Best of both:
Brushless DC motors

A brushless DC (BLDC) motor implements
the basic operating principles of DC motor
operation a bit differently by placing the
permanent magnet in the rotor and the
coil(s) in the stator. The coil windings are
electrically separate from each other,
which allows them to be turned on and
off in a sequence that creates a rotating
magnetic field. In this case, it’s the field
of the rotor’s permanent magnet
(“chasing” the rotating stator field) that
makes the rotor turn.

One significant advantage of this
arrangement is that the commutator
doesn’t carry current to the rotor— which
eliminates the brushes and their wear-
related drawbacks.

Engineers Update

Motor fact. According to a U.S.
Department of Energy Fact Sheet (DOE/
GO-10096-314), electric motors are
responsible for consuming more than
half of all of the electrical energy used in
the United States.

It’s still necessary to know the rotor position so
that excitation of the stator field always leads the
permanent-magnet field to produce torque. In a
BLDC motor, this function is provided by a
commutation assembly consisting of electronic
circuitry and a series of sensors (usually photo
sensors, Hall effect devices, or magneto resistors).
The circuitry decodes the sensor signals to
determine the position of the shaft and energize
the appropriate stator windings.

It's the combination of permanent-magnet rotor,
wound-field stator, and electronic commutation
that defines the brushless DC motor and gives rise
to its other aliases (electronically commutated
motor or ECM, and electronically commutated
permanent magnet or ECPM motor).

Figure 5. Four-segment commutator configuration and resulting

torque curve for a DC motor

DC power

supply

=L

& e
brush

i EN

field magnet commutator

1 revolution —————————!

to be continued...
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dksuaunsailkii
SYSTEM CODE HYDROSTATIC PNEUMATIC
BOILER-POWER ASME SECTION | 1.5 x MAWP NOT PERMITTED
BOILER-PIPING ASME SECTION VI 1.5 x MAWP NOT PERMITTED
PRESSURE VESSEL ASME SECTION VI
DIVISION 1 1.3 x MAWP 1.1 x MAWP
DIVISION 2 1.43 x MAWP 1.15 x MAWP
POWER PIPING ASME SECTION B31.1 1.5 x DESIGN PRESSURE 1.5 x DESIGN PRESSURE

PROCESS PIPING

ASME SECTION B31.3

1.5 x DESIGN PRESSURE

1.5 x DESIGN PRESSURE

BUILDING SERVICE PIPING

ASME SECTION B31.9

1.5 x DESIGN PRESSURE

1.5 x DESIGN PRESSURE

SPRINKLER

NFPA13

200 PS

40 PSI

MAWP: Maximum Allowable Working Pressure
ASME: American Society of Mechanical Engineers
NFPA: National Fire Protection Association
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drsuunasmunaniBaundlUluvunmsaado
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ASTM A53 : Standard Specification for Pipe Steel, Black
and Hot Dipped, Zinc-Coated, Welded and
Seamless.
ASTM A106 : Standard Specification for Seamless Carbon
Steel Pipe for High Temperature Service.
ASTM A312 : Standard Specification for Seamless,
Welded, and Heavily Cold Worked
Austenitic Stainless Steel Pipes.

Engineers Update

at Pipe size 8" SCH 40

IoSAN Design Pressure uovs:uudvldu1n
Maximum Operating Pressure SounufiuAIN
doviio (Safety Factor) rlks3dovnadou
UhrSoaudaddgauduIrinia drsunacion
idon SCH IkanursanuAudunnagould

FAKSUISNNISASIDADUIINDIICAYUNIQSUAD
auldinmiksorEnskIavd

The required pressure piping wall thickness
may be calculated according to ASME
B31.3-2014 section 304.1.2 as follows :

PD

T 2(SEW 1 PY)

Where

t  :the pressure design thickness = 8.18 mm
for internal pressure

P :lInternal design pressure (gauge) =  9.03 MPa

= 90.30 bar

D : Outside diameter of the pipe = 219.10 mm

S Stress value of material = 138.00 MPa
(pipe design tensile strength)

E : Weld quality factor = 0.85
(weld efficiency)

W . Weld joint strength reducti = 1
reduction factor

Y : Coefficient from Table 304.1.1, = 0.4

valid for t < D/6

INCADgvYWUIINDUUNQ 87 SCH 40 aunsasu

AUAUIAaVEY 90.3 bar nddunlUlgviunomuKnD

godu v:rfRAoUaIUISOluNISSUAIAUAQAY
1UovoN Stress Value of Material KSo Allowable

Stress DAN@0avLUUIDY FvaLACGELTNISASIVEDU
dolUfio aunsaunus:nouflus:uurionsu ktnilau
K30 21D JnauisasuALAUluNsnadauldrso
TJ donaavfuaision 2

aNs1of 2 Pressure-Temperature Flange Rating

Temperature Nominal Pressure (data in bar (psi))
Range 150 lbs 300 Ibs 600 Ibs 900 Ibs 1500 Ibs
[:223 ,;: if:r?ﬂ 19.0 (275) 49.6 (719) 99.3 (1440) 1489 (2159) | 248.2(3599)
50°C (122 °F) 18.4 [267) 48.1 [697) 96.2 (1395) 144.3 (2092) 240.6 (3489)
100 °C (212 °F) 16.2 (235) 422 (612) 84.4 (1224) 1266 (1836) | 211.0 (3059)
150 *C (302 °F) 14.8 (215) 38.5 (558) 77.0(1116) 115.5(1675) | 192.5(2791)
200 °C (392 °F) 13.7 (199 35.7 (518) 71.3[1034) 107.0 (1551) 178.3 [2588)
250 °C (482 °F) 12.1 (175) 33.4 (484) 66.8 (969) 100.1 (1451) | 166.9 (2420)
300 °C (572 °F) 10.2 (148) 31.6 (458) 63.2 (916} 94.0 (1376) 158.1 (2292)
325°C (617 °F) 9.31135) 30.9 [448) 61.8 [898) 02,7 [1344) 154.4(2239)
350 °C (662 °F) 8.4(122) 30.3 (439) 60.7 (880} 91.0(1319) 151.6(2189)
75 °C (707 °F) 7.4(107) 20.9 (434) 59.8 (867) 89.6(1299) 149.4 [2166)
400 *C (752 *F) 6.5 (94 20.4 (426) 58.9 (854) 88.3 (1280) 147.2 (2134)
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We're Hiring

[ &

SUduASLIU

ANNKUY
Assistant Service Manager 1
 nsoINWH | 1
Sales Engineer (EBS) - :
Service 1
Solutions . . ,
Technician 1
Technician 1
Technician | S0 1
Assistant Control Sales Manager 1
Assistant Contracting
Control & Fulfillment Manager 1
Contracting
Contracting Sales Engineer 1
Project Engineer 2
Applied Sales Engineer 1
Unitary VRF Sales Engineer 1

ATUWSSTU SUNUNUU: (WAD)
Ins. 02 761 1111 cio 8903
Jofio & Line 0888096790
e-mail : Punnee.Chandanabhumma®@trane.com

douniudoyawuiaulan...

nUUIWBSUSAATKU lwooinn:du 1assind nsoinw< 10400
Ins. 02761 1111, 0 2761 1119

@tranethailand FB/tranethailand www.tranethailand.com



