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	Use of electronically commutated motors (ECMs) in air terminal units.
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ABSTRACT 

This paper provides an overview of the electronically commutated motor (ECM), specifically as it applies to an application in an air terminal unit. Comparisons of efficiencies for an ECM and traditional permanent split capacitor (PSC) motor are presented, as well as a novel relationship for the determination of a system's downstream static pressure when an ECM motor's rpm and flow rate are known. In this investigation, the ECM motor consumed less power than the PSC motor for all points examined. The cost difference for operating the ECM motor ranged from about 30% lower during high flow rate conditions to about 70% lower during turndown. 

INTRODUCTION 

Electronically commutated motors (ECM) have recently seen applications for fractional horsepower motors in the use of series and parallel air terminal units. The benefits of this application can include reduced energy usage and lowered energy costs over the life cycle of the project. In fact, the Nonresidential Compliance Manual for California's 2005 Energy Efficiency Standards has recently mandated the use of an ECM motor in series fan-powered terminal units (CEC 2005) unless a standard motor that can be shown to be at least 70% efficient is used. 

The definition of commutate, according to Merriam-Webster, is "to reverse every other half cycle of (an alternating current) so as to form a unidirectional current." This is the heart of how the ECM motor works and what allows the ECM motor to be so efficient--an electronically controlled inverter moving a magnetic field. General Electric invented the first ECM motor in 1969 (GE 2006a, 2006b). Since then, ECM motors of all sizes have been applied in diverse industries from aerospace to automotive to HVAC. 

There are many advantages to using an ECM motor over a permanent split capacitor (PSC) motor. The one advantage most often cited is efficiency, especially during turndown, or partial loads. GE states that an ECM motor's efficiency can be as high as 82% and, compared to a PSC motor, claims 20% greater efficiency at full load and 30% better efficiency at turndown (GE 2006b). Energy savings due to efficiencies are most prominent for fractional hp motors because PSC motor efficiency improves significantly for three-phase motors over that of single-phase motors. 

The torque-driven design of the ECM motor that allows it to be efficient at turndown is also what allows it to maintain a set flow rate regardless of downstream static pressure. This allows for a unique relationship between rpm and downstream static pressure that does not exist for a PSC motor. Because of this relationship, a designer can, using curves provided by the manufacturer who developed the ECM motor's program, back-calculate the system's actual downstream static pressure using an ECM motor's recorded rpm. It is not always easy to measure a downstream static pressure in an installed system, and this method provides a way to determine downstream static pressure using rpm data that are visible to the balancer and can be provided in the balance report for little or no additional cost. 

ECM MOTOR DESIGN 

ECM motor design differs from that of a traditional PSC motor because of the permanent magnet on the rotor, as shown in Figure 1. Every motor consists of both a rotor, which is the part that rotates, and a stator, which is the fixed part of the motor that generally includes the motor's housing assembly and windings. A PSC motor's rotor spins due to changing the magnetic poles on the magnet mounted to the rotor. In contrast, the ECM has a permanently poled magnet mounted on the rotor and instead varies the polarity of stator magnetic fields, causing a rotating magnetic field to be generated. 

[FIGURE 1 OMITTED] 

Why is this so much more efficient? The simple answer is that the design minimizes or eliminates opportunities for losses. The most efficient motor design is a DC motor. These motors are efficient because they can vary speed in accordance with speeds required by the application, and this translates to better efficiency at turndown, or partial loads. This speed-matching capability reduces rotor, or cycling, losses, and it also reduces losses from flow rate throttling (Roth et al. 2004). Like an ECM motor, the DC rotor has a magnet with permanent poles, which reduces the rotor losses to nearly zero. In a DC motor, the stator's magnetic field is switched, or commutated, using an inverter powered by a direct AC line and the DC motor is speed and torque controlled. These principles are the same principles employed in ECM motor design. 

While AC current is connected to the ECM motor, it has an internal rectifier that converts AC current to DC power. This allows the ECM to behave like a DC motor. There is the added benefit of the motor speed operating independently of the AC current and AC voltage allowing use of one motor for application across global markets. 

On the ECM's stator, instead of using a simple inverter to control the magnetic field, the magnetic pole switching (commutation) is controlled electronically. These electronics control both the switching timing to the motor windings as well as the adjustment of the driving width voltage. Figure 2 shows the stator windings in both an ECM and in a PSC motor. 

The speed of an ECM motor is proportional to the line voltage, and the torque is linearly proportional to the current. The speed of an ECM motor is adjusted through a controller that changes the width of the square wave pulse into the motor. Because this pulse width modulation (PWM) is achieved through layering the controls over the existing commutation controls, it allows this technology to be offered with negligible additional cost (Roth et al. 2004). These control electronics are also what offer the variable-speed capability in these motors.
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DC motors also have another characteristic lending to efficiency that an ECM motor shares: no rotor slip losses. Mismatched rotor speed inefficiency is inherent in traditional PSC motor design when compared to the synchronous speed dictated by AC line frequency (Hauer 2001). A PSC motor will always have some degree of slip loss, and these losses are amplified at lower speeds. Even if a variable transformer is used to control the motor, instead of the SCR used by many air terminal unit manufacturers, the slip losses rise as the motor is turned down. Motor operating temperature will also rise. ECM motors maintain their efficiencies regardless of the speed range because there are no slip losses. As an added benefit, the ECM motor also has a lower thermal load to dissipate, and the temperature does not tend to rise during turndown. 

ECM ADVANTAGES 

In addition to increased efficiency, there are other reasons to choose an ECM motor in an air terminal unit over a standard PSC motor. These advantages include consistent airflow over a range of downstream static pressures, gradual ramp-up to setpoint flow rate at start-up, longer motor life, and less motor noise. 

Airflow Independent of Downstream Static Pressure 

One of the most obvious differences between an ECM and a PSC motor in an air terminal unit is that, once set, the airflow remains constant over a range of downstream static pressures. This is because the ECM is designed to provide a consistent airflow independent of downstream static pressure, a feature that a standard PSC motor simply cannot offer. 

A typical fan curve for an air terminal application is shown in Figure 3. The space between the top (solid) line and the bottom (dashed) line represents the valid operating points for this motor. As the static pressure increases, the overall flow rate decreases. Contrast this to Figure 4, which is a fan "curve" for an ECM motor. The shaded area represents all of the valid operating points, similar to the maximum and minimum curves of the standard PSC motor. Notice, however, that at the higher pressures both the maximum and the minimum curves each maintain the same values seen at lower downstream static pressures. This is because the ECM motor operates independently of downstream static pressure. 

The ECM motor senses a change in downstream static pressure through the motor's torque changes. The motor is designed to sense these changes and responds by changing the motor's torque back to the torque required to maintain the motor's setpoint. This allows the motor to compensate for added or decreased load. The result is a smoothly operating motor that gives out a consistent flow rate regardless of the downstream static pressure changes. This highlights another inherent difference between an ECM and a PSC motor: torque control. 

The operating points, or flow curve, for an ECM motor attached to a blower are developed uniquely for each application. The process starts with programming the ECM motor to operate in a constant-torque mode for a predefined flow range. While in this operating mode, the motor is installed in an assembly that resembles a traditional fan-curve development setup. Then, similar to a traditional PSC's motor-blower curve development, the downstream static pressure is varied and the resulting flow rate is recorded. This is where the similarities end. These flow rate data are then input into a program provided by the motor manufacturer, which uses the information to develop a torque curve for the motor. The constants for the characteristic torque curve are then programmed back into the motor and the motor's run mode is changed to constant cfm. Next, the downstream static pressure is varied for several different flow rates, and the resulting rpm data are plugged into a curve-fitting! program that is also proprietary to the motor manufacturer. Seldom does the first constant-torque data set produce a curve within the 95% tolerance level that is required for the motor, and usually two to five iterations of constant cfm data are required to produce the final torque curve constants. The rpm curve-fitting process yields new constants, which are again programmed into the motor. This process continues until the measured rpm's are within the 95% tolerance, the accepted deviance for the torque curve model in predicting the actual flow rate at a particular downstream static pressure. The final program's flow settings are then confirmed independently of the curve-fitting process in a bench-top experiment. 
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Gradual Ramp-Up to Set Speed Conditions 

A traditional PSC motor is a single-speed motor that has a speed controller added to it. This speed controller is an inefficient way of chopping the voltage that the motor sees in order to regulate the rotating velocity. This controller is generally set once and left alone. This means that in a system that cycles on and off, the motor goes from off and no flow rate to completely on and maximum flow rate, with no gradual ramp-up to the setpoint. This can cause an air noise issue in some applications. An ECM motor has a variable-speed control that varies the voltage from 0% to 100% of speed. Because this ability is contained within the pulse width modulator of the ECM motor itself, the motor does not behave like a light switch; instead, it gradually increases rpm to reach the torque setpoint. The result is a much gentler start-up condition, which does not create excess air noise. 

[FIGURE 4 OMITTED] 

Longer Motor Life 

ECM motors can offer longer motor life than traditional PSC motors, because the construction uses true ball bearings instead of sleeve bearings. Sleeve bearings do not last as long as ball bearings, generally, and the lubrication is dependent on the warm-up of the motor itself. Ball bearings run more smoothly and for longer. Also, the reduced temperature rise during turndown also serves to protect motor components and keep performance up to specifications for a longer period of time. 

Less Motor Noise 

Motor construction with ball bearings also means that it will generate less motor noise during operation. Paired with constant-volume flow rate, which tends to not be distracting, as well as the gradual ramp-up when started, both contribute to the sound quality of the motor. However, the use of ball bearings also affects the sound by running the motor's shaft more smoothly. 

ECM MOTOR DISADVANTAGES 

Disadvantages of using ECM motors in air terminal units include higher capital costs, existence of only one ECM motor supplier, and the lack of off-the-shelf solutions for repair and maintenance. 

Higher Capital Cost 

While the cost of ECM motors has been dropping and their availability has become more widespread, the capital cost is still greater than a standard PSC motor. Manufacturer costs can be between $150 and $250 over that of a standard motor, a cost that is typically marked up and passed on to the buyer. However, increased energy savings over the life of the project, as shown below, easily offset this initial capital cost. 

Single Supplier 

At this time, there is only one supplier for these motors. Other motor manufacturers have attempted to market either their own proprietary version or a licensed version of the GE ECM[c] motor, but these have not been successful endeavors. Currently, the only source for a true fractional hp ECM motor is GE. 

Lack of Off-the-Shelf Solutions for Repair and Maintenance 

Another disadvantage of using ECM motors in an air terminal unit application is if there is a catastrophic incident and one or more of these motors fail due to unforeseen circumstances, these motors cannot be replaced by generic off-the-shelf solutions. In the case of an air terminal unit, the original manufacturer would have to be contacted for a replacement, as the original ECM motor supplied had a unique torque curve fit to pair it to the blower that cannot be duplicated without repeating the programming procedure described above. While the original supplier can easily provide motors with the original program, it would be nearly impossible for a local supplier or other manufacturer to reproduce the fan performance. This potentially can lead to increased downtime if a spare motor is not kept on site or in the event of an electrical storm or other event destroying many motors. 

EXPERIMENTAL SETUP AND METHOD 

This experiment was performed in a laboratory in Clearwater, Florida. The setup consisted of a series (constant volume) air terminal unit, sufficient downstream duct to ensure uniform flow, and a flow measuring station. The setup is shown in Figure 5. Pressure data were collected using TSI model 8702 micromanometers, which had an accuracy of 1% of reading [+ or -]0.005 in. w.c. The flow sensor used in the experiment, using the TSI model 8702 micromanometers, was compared to a sharp-edged orifice (also using the TSI model 8702) and was found to be accurate within [+ or -]1.7% of expected value across the full measurement range. Two motors were used, a 1/2 hp PSC and a 1/2 hp ECM. The ECM motor's torque curve development had taken place in conjunction with earlier research and was not specially developed for this experiment. The same size blower was used for both motors, as was the terminal unit case wrapper size. The only change between the two setups was switching out the ! motor and adding the appropriate controller. Power supplied to both motors was 277 V. The operating points were located sufficiently below the PSC motor's system curve so that the flow rates were not limited as the downstream static pressure increased. 

For all experiments, regardless of motor, flow rate was set at the beginning of the run and the downstream static pressure was then adjusted from 0.25 to 0.55 in. w.c. (62 to 137 Pa). The only time flow rate was readjusted after the addition of downstream static pressure was for the PSC motor experiment, where the objective was to confirm that the motor maintained nearly constant flow rate after downstream static pressure was added. Motor rpm's were compared to ensure this condition. 
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ECM VS. PSC EFFICIENCY 

Efficiency at Turndown and Near Full Flow Rate 

ECM motors and PSC motors can put out the same amount of air from an identical blower as long as the operating point is under the PSC motor's system curve. Even as static pressure is added, as long as the points are sufficiently far from the PSC motor's limits, the airflow will remain reasonably constant. This is illustrated well when rpm data are compared between the ECM and the PSC motor. To confirm that the ECM and PSC motors were exhibiting the same air output during the experiment, the rpm's were plotted against each other. As expected, at the same experimental output flow rate, the rpm of the motors is nearly equal. This is illustrated in Figure 6. The data trend in a straight line with a slope of 0.9947 ([r.sup.2] = 0.96) and a y-intercept of zero. When the watts required for the two motors are compared, a significant difference does arise. 

Table 1 compares the watts drawn by each motor when flow rate is held constant and downstream static pressure is increased. Power consumption for both motors was measured independently of the controller. In all cases, the PSC motor drew more power than the ECM motor, with the highest differences being during turndown conditions. With a downstream static pressure of 0.25 in. w.c. (62 Pa) and a flow rate of 700 cfm (330 L/s), the ECM motor used only about 30% of the power required by the PSC motor. The power draw differences are not as stark on the high end, with the ECM motor using about 80% of the power required by the PSC motor at 1600 cfm (755 L/s) and 0.55 in. w.c. (137 Pa) downstream static pressure. 
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An overdesigned motor-blower pair will put the operating flow rate well below the system performance line at very low flow rates and allow it to remain under it as the static pressure increases (i.e., fan output will not significantly decrease with the addition of downstream static pressure). However, as Table 1 shows, the energy-saving advantages of the ECM motor are not mimicked as the PSC motor becomes more inefficient compared to the ECM motor as it is turned down further.

Concerning overall efficiency, it is interesting to note that both motors become more "inefficient" at higher flow rates if a comparison of watts per flow rate is used. For the PSC motor in this experiment, the watts per cfm vary from 0.39 to 0.44 (0.81-0.93 W per L/s), encompassing all flow rates at static pressures from 0.25 to 0.55 in. w.c. (62 to 137 Pa). The watts per cubic feet per minute for the ECM motor also increased, from 0.11-0.33 W per L/s (0.24-0.72 watts per L/s) over the same conditions. While it is commonly understood that a PSC motor has greater inefficiencies at turndown, when examined on a watts per flow rate basis, this was not exhibited in this experiment. However, when the watts per flow rate were compared between a PSC and an ECM motor, the same overall conclusion was drawn: the ECM motor uses fewer watts than the PSC motor for the same output flow rate and downstream static pressure load. 

Effect of Primary Supply on Efficiency of a PSC Motor 

The data shown in Table 1 were taken with no primary air supplied. A second experiment examined the effects of a primary air supply. Three different operating conditions were examined: (1) 95% primary supply air, (2) 50% primary supply air, and (3) 50% primary supply air with the induction port inlet blocked off 50%. It has been the author's experience that it is common practice for overdesigned terminal units (i.e., units with significantly more fan flow than is required) to be installed. This forces the air terminal unit to continually run in a turndown motor condition with primary supply air choked off, requiring that additional makeup air be supplied from the plenum through the induction port. This experiment was to examine if the percent of primary supplied or the size of the induction port, and the static load associated with it, would affect power draw of a PSC motor. 

The results, shown in Table 2, indicate that the power draw for a PSC motor receiving between 95% of the fan's set flow rate supplied as primary and 50% of the fan's set flow rate supplied at primary are negligible. However, when the air terminal unit's induction port was blocked off 50%, the power draw usually decreased along with the downstream flow rate. This is a result of a static pressure load added to the inlet of the terminal unit. The motor responds the same way to upstream static pressure as downstream static pressure; the motor only sees the load and is not concerned where the load comes from. The lower watt draw may imply better energy efficiency, but actually the motor is not strong enough to overcome the load applied and therefore the watts decrease due to the lesser flow rate supplied. 

Table 2 illustrates that during lower flow ranges, when primary supply is turned down and the induction inlet very small, the power draw can increase about 10 watts over a 95% primary supply and large induction inlet condition. This shows that the PSC motor's efficiency is affected by the size of the inlet induction port. Greater energy savings could be realized by substituting an ECM motor for a PSC motor when the air terminal unit's design provides a smaller induction opening and less than maximum flows are called for. An ECM motor should also be able to overcome the additional static load upstream, as long as the total static pressure load (upstream plus downstream) remains within the range of the original torque curve developed for the ECM motor. Near the top of the PSC's fan curve, however, adding an upstream static load decreases energy consumption. Flows could also be reduced in this range. 

USING ECM RPM TO PREDICT ACTUAL DOWNSTREAM STATIC PRESSURE 

Because the ECM motor's output flow rate will not reduce with the addition, or increase with the subtraction, of downstream static pressure, a unique relationship can be developed between the ECM motor's rpm and downstream static pressure. Each motor's performance will be independent. The relationship is based on a family of curves over a range of static pressures, each at a constant flow rate. The ability to deduce the downstream static pressure in this manner depends directly on the ability of the motor's programmer to develop an accurate torque curve. If there are inaccuracies in the torque curve, these inaccuracies will be exploited when the data set is collected to create the curve family used in this method. Factors that can influence the torque curve development include inaccurate flow rate measurement, improper execution of the torque development process, incorrect static pressure measurements, or even the improper application of torque curves after development. Ho! wever, in any industrial laboratory, the measurement methods and instrumentation should be familiar to the persons using them and general laboratory error should be minimized. Also, any manufacturer selling an ECM motor-driven product should be trained in the development and application of motor torque curves. 

The torque curve developed for ECM motor programming is like any best-fit model. It will perform best in the midrange of operation and could begin to deviate near the limits of the operating range. Factors influencing how well it behaves are the same factors that influence the development. A better-developed torque curve should behave better near the operating limits. For this reason, it is recommended that the family of curves developed for this method be limited to between 15% and 85% of the motor's full flow rate and start and end at pressures 0.1 in w.c. (25 Pa) or greater than the motor's cataloged minimum or at least 0.1 in. w.c. (25 Pa) less than the cataloged maximum. This ensures that the curves developed will not be influenced by any of the inherent deviations of the torque curve at the extreme limits of the program. As a side note, it is not good engineering practice to size a fan at the limits of its performance curve, regardless of the motor. 

Figure 7 is an example of this family of curves. Because the flow rate remains constant once it is set, a family of curves is required for each motor. Flow rates between 20% and 80% are shown, exclusive of the 50% flow rate curve. Deviations in the 50% curve data produced modeled results that were as great as [+ or -]50% of the actual value. Modeled values in the 20-80% curves, exclusive of the 50% curve, were within 10% for static pressures greater than 0.1 in w.c. (25 Pa) and flow rates under 70%. For flow rates over 70%, five data points (50%) deviated as much as 21% (modeled vs. measured), with three of those five points agreeing within 15% or better. For the 50% flow rate, only two points fell within 10% agreement and the remaining points had an average offset of 28%. Each of these points was biased low; the bias did not appear randomly distributed. A flow rate measurement error is suspected. 

DISCUSSION 

Effect of Efficiency on Electric Cost 

While ECM motors can represent a greater up-front capital cost, the real savings come over the life of the installation. Assuming a 15-year design life and a five-day 12-hour run cycle for a constant-volume box, the difference of a few watts can yield significant savings. The greatest advantage is seen at turndown conditions, with the operating cost of the ECM-driven air terminal unit being 70% less than the cost for the PSC-driven air terminal unit. As the flow rate and downstream static load increased, the ECM motor efficiency over the PSC motor decreased until at the maximum flow rate and static pressure point examined, only 20% of the electrical cost was saved. It is important to note that while 1600 cfm (755 L/s) is the top end of the developed motor torque curve for the ECM motor tested, it was not the top end of the fan curve for the PSC motor examined. This resulted in a slight bias in favor of the ECM motor on the high end of the flow rate scale because a PSC moto! r will be most efficient near the top end of the flow curve with a reasonable (>0.01 in. w.c. [25 Pa]) downstream static pressure load. 

Table 3 shows the annual differences in electric cost, assuming electricity costs $0.06/kWh. The percent of savings remains constant, regardless of what electrical cost is factored in. Table 3 also shows comparative data for a single motor/blower combination that runs for 3120 hours annually. 

In this experiment, and in the majority of applications, the torque-driven control of the ECM motor will result in moderate to significant cost savings through reduced energy consumption over the life of a project. These benefits extend beyond the building installation itself when reduced pollution emissions associated with power generation are factored in. All of these can outweigh the initial capital costs required when installing ECM motors. In a typical installation, where terminal units tend to be overdesigned to meet restrictive sound power numbers, an ECM is an excellent choice. 

There are situations, however, where an ECM motor is not the most energy-efficient choice. This is why a designer should perform an examination of every project independently and make decisions on a project-by-project basis. Some air terminal manufacturers have presented research showing instances where the installation of a PSC motor performing on the high end of the performance curve actually exhibits a lower watt draw than an ECM motor under the same demands. This situation is not typical, but it can exist, and the designer should perform the appropriate analysis before making a final determination. 

Another issue, which has not been examined here, is the use of power factor to determine efficiency. Caution must be used when applying this method to ECM motors because power factor can be determined two ways: displacement power factor (often referred to as "cos([phi])") and power factor (the ratio of the watts to the volt-amps), which are equal for a PSC motor. For an ECM motor, the harmonics of the square wave can cause a lower power factor (but not displacement power factor) while the actual power draw is unaffected. 

CONCLUSION 

ECM motor technology applies DC brushless motor technology to improve energy efficiency. There are other advantages to using ECM motors, such as smoother start-up and increased motor life. ECM motors are more expensive than PSC motors, but ECM motor technology can, in many instances, be worth the additional capital costs. In a turndown application, an ECM motor can have operational costs up to 70% less than an equivalent PSC motor. However, if the design flow rates will approach the PSC motor's fan curve, the designer will have to determine which choice is best, as the ECM motor may not be the most energy-efficient choice. 
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Another benefit of ECM motor technology is the possibility of determining the as-built downstream static pressure that the motor sees. Because ECM motor rpm is directly related to downstream static pressure at a known flow rate, it can be used to determine actual downstream static pressure. If the balancer is required to provide the motor flow rate setting and the associated rpm, then engineers would have a way to estimate, after installation, the true downstream static pressure seen by the motor after installation. Obtaining this information from field conditions can range from difficult to impossible in an installed project. Currently, terminal unit manufacturers are not cataloging flow-based static pressure vs. rpm curves such as are shown here, but it would not be cumbersome for manufacturers to create the curves if designers request them. 
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DISCUSSION 

Craig Messmer, Director of Engineering, Unico, Inc., St. Louis, MO: (1) What is the actual motor efficiency at full load? I have heard values between 70% and 84%. How does that compare to that of PSC motors, which in my experience is between 65% and 75%. (2) What is the maximum rpm? Our applications require 1700 rpm. 

Kerstin Lesley Kenty: (1) This experiment did not test the efficiency of the ECM motor at full load; it only compared the power draw of the ECM to the PSC motor under equivalent conditions. However, I will point out that the concept of "at full load" is not truly meaningful with an ECM motor. ECM motors have the ability to adjust for the load that exists and, effectively, are always at their highest efficiency. This is in contrast to PSC motors, which will have a better efficiency "at full load" because the motor has no way to adjust for the load. 

(2) For the motors that I have worked with, there is a maximum 1500 rpm per the manufacturer (this is for 1/2 hp and above motors). The applications I have been involved with, however, have started torque limiting at 1300 rpm. 

Kerstin Lesley Kenty, PE 

Associate member ASHRAE 

Kerstin Lesley Kenty is a PhD candidate in the College of Engineering, Department of Chemical Engineering, University of South Florida, Tampa, FL. 

Table 1. Comparison of Power Draw between a PSC and ECM Motor* 

RPM,     [P.sub.s],     PSC,  ECM, 

% Diff.  in. w.c. (Pa)  W     W     % of PSC 

3.2      0.25 (62)      270    80   29.6 

0.1      0.35 (87)      270   100   37.0 

1.3      0.45 (112)     290   130   44.8 

0.1      0.55 (137)     280   150   53.6 

4.8      0.25 (62)      420   160   38.1 

0.7      0.35 (87)      410   190   46.3 

0.5      0.45 (112)     410   190   46.3 

1.3      0.55 (137)     400   220   55.0 

2.2      0.25 (62)      560   270   48.2 

0.6      0.35 (87)      550   300   54.5 

3.1      0.45 (112)     540   330   61.1 

2.5      0.55 (137)     540   380   70.4 

6.8      0.25 (62)      700   520   74.3 

3.0      0.35 (87)      700   530   75.7 

1.8      0.45 (112)     690   530   76.8 

3.0      0.55 (137)     680   540   79.4 

* With the same airflow delivery and the same downstream static 

pressure, the watts consumed can be significant between an ECM and PSC 

motor--the values range from about 90% difference down to about 30% 

difference.  

Table 2. PSC Motor Power Consumption when Primary Air is Turned Down*

                                               50% 

                           95%       50%       Primary/ 

Flow,       [P.sub.s],     Primary,  Primary,  50% 

cfm (L/s)   in. w.c. (Pa)  W         W         blocked, W 

 700 (330)  0.25 (62)      220       210       220 

 700 (330)  0.35 (87)      230       220       230 

 700 (330)  0.45 (112)     230       230       240 

 700 (330)  0.55 (137)     240       240       250 

1000 (470)  0.25 (62)      340       330       320 

1000 (470)  0.35 (87)      350       340       330 

1000 (470)  0.45 (112)     350       350       340 

1000 (470)  0.55 (137)     360       360       350 

1300 (615)  0.25 (62)      460       470       440 

1300 (615)  0.35 (87)      460       470       450 

1300 (615)  0.45 (112)     470       480       440 

1300 (615)  0.55 (137)     470       480       430 

1600 (755)  0.25 (62)      610       610       590 

1600 (755)  0.35 (87)      600       600       560 

1600 (755)  0.45 (112)     590       590       550 

1600 (755)  0.55 (137)     580       580       540 

* Flow rates for the 50% blocked-off condition were sometimes less than 

the fan delivered before the addition of the upstream load (block off) 

and the downstream static pressure. 

Table 3. Annual Cost Comparison Based on kWh Difference* 

PSC,  ECM,  PSC,    ECM,    PSC Cost,  ECM Cost,  Difference, 

W     W     kWh     kWh     $          $          % 

270    80    842.4   249.6  33.70       9.98      70.37 

270   100    842.4   312    33.70      12.48      62.96 

290   130    904.8   405.6  36.19      16.22      55.17 

280   150    873.6   468    34.94      18.72      46.43 

420   160   1310.4   499.2  52.42      19.97      61.90 

410   190   1279.2   592.8  51.17      23.71      53.66 

410   190   1279.2   592.8  51.17      23.71      53.66 

400   220   1248     686.4  49.92      27.46      45.00 

560   270   1747.2   842.4  69.89      33.70      51.79 

550   300   1716     936    68.64      37.44      45.45 

540   330   1684.8  1029.6  67.39      41.18      38.89 

540   380   1684.8  1185.6  67.39      47.42      29.63 

700   520   2184    1622.4  87.36      64.90      25.71 

700   530   2184    1653.6  87.36      66.14      24.29 

690   530   2152.8  1653.6  86.11      66.14      23.19 

680   540   2121.6  1684.8  84.86      67.39      20.59 

* The ECM motor can save up to about 70% over the cost of running a PSC 

motor. As the flow rate approaches the top of the PSC's fan curve, 

there is a decrease in savings. Electricity cost is assumed at 



$0.06/kWh. 
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