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Executive Summarv: 

Project Objective: Currently only 5% of residential HVAC systems are sold with 
variable speed (VS) circulating blower motors in spite of the significant energy savings 
and comfort benefits associated with variable speed motors. This is due to the very high 
cost of variable speed motors currently on the market. The project goal is to develop a 
version of the DynaMotorTM variable speed motor for use in residential HVAC systems. 
The motor will have performance similar to existing VS motors used in HVAC systems 
but will sell to HVAC OEM’s for 40-50% less than existing VS motors thus bringing 
energy saving VS motor technology to middle tier HVAC systems. The DynaMotor is a 
unique, patented variable speed motor/drive technology that has significant advantages 
over other VS motor/drive technologies including low cost. Prior to this project 
development was focused exclusively on the factory automation market. 

Project Summary: The project goals included efficiency, speed range, audible noise, 
reliability and cost. All goals except cost have been obtained. Cost cannot be finally 
determined until a manufacturing partner is selected although the cost goals appear to be 
achievable. Negotiations with two potential manufacturing partners are underway. 
Although the project technical goals have been achieved, further improvements in audible 
noise, torque ripple and simplicity of controls are being explored. The project is moving 
from the R&D phase to commercialization. In addition to the previously mentioned 
negotiations with potential manufacturing partners, approximately ten motors have been 
supplied to HVAC OEMs for test and evaluation. Reaction has been largely positive. If 
the cost goals are met it is expected that significant sales of the motor will result thus 
increasing the utilization of VS motors in residential HVAC and resulting in significant 
national energy savings. 

Comparison of proiect goals with results: 

Overall the project is considered a success. Technical goals have been achieved although 
in some cases further improvements are being explored. Costs goals cannot be finally 
evaluated until a manufacturing partner is selected. These goals, however, appear to be 
achievable. The scope of the project was severely underestimated in both time and cost. 
Although the DOE funds are exhausted, DynaMotors remains committed to this project. 
The cost overruns have been and will continue to be funded by DynaMotors. 

Specific technical goals: 

Goal Actual 
Efficiency: 55-70% 68% 
Speed Range: 3 : 1 4: 1 
Audible noise: 65dBA@3 ft 
Reliability: 50,000 MTBF Ongoing. No problems yet observed. 
cost: $45 Ongoing 

63dBA @ 3 ft (This surpasses the goal) 



A discussing of project milestones and tasks follows: 

Milestone 1- Acquire motor design tools: Prior to this project a computer simulation 
model was developed by Case Western Reserve University (CWRU). This simulator had 
the significant limitation in that it was a linear model. It was believed that commercially 
available motor design tools could be purchased and modified for use with the 
DynaMotor. After an extensive search it was determined that existing programs could not 
be adapted to the motor. This was a serious setback as motor prototypes had to be 
constructed and tested rather than the much simpler and faster task of simulating the 
motor. Therefore, CWRU was retained to develop a non-linear model of the motor. When 
this project was well underway a Canadian company emerged who claimed to be able to 
model the motor. This turned out to be the case and the software was purchased. Since its 
implementation this tool has significantly reduced the cost and time to evaluate motor 
changes. 

Milestone 2- Acquire Capital Goods: It was anticipated that one or two new hires 
would be added for this project. It was not possible to find individuals with the 
experience in motor design as well as electronics design that were required for the project 
so a number of consultants were used instead. It was expected that an additional 
dynamometer, oscilloscope and computer would be purchased for the new hires. Since 
consultants were used, this capital equipment was not required and no capital goods were 
acquired for the project. 

Milestone 3- Mechanical Design: 

Task 3.1- Stator/Armature Geometry- The optimization of the stator/armature 
geometry is important to achieve the project goals, primarily efficiency, noise, and torque 
ripple. Although initially slowed by the lack of a motor simulator, these goals have been 
satisfactorily met. Efficiency of 68% is sufficient for the application. Noise of 63dBA @ 
3 ft exceeds the project goal of 65dBA. Torque ripple has been reduced by a factor of 
five. Further reductions in noise and torque ripple are being pursued. 

Task 3.2- Winding Pattern- Winding patterns which were projected to cause 
self-commutation were tried without success. This would have allowed the use of less 
expensive scr or triac switches. 

Milestone 4- Electrical design: 

Task 4.1- Design Non-Transistor Control- As mentioned in section 3.2, a self- 
commutating winding pattern would have allowed the use of scr’s or triac’s in place or 
the more expensive FET or IGBT switches. This effort was not successful. 

Task 4.2- Evaluate Speed Control- Several speed control methods were 
evaluated. These include “position control”, “phase control”, “counter control”, “stator 
triac control”, and “microprocessor control”. The triac control and microprocessor control 
were selected as the best and least expensive candidates. The initial focus was on the triac 



control due to its inherent low cost. Prototypes were constructed and tested with 
satisfactory results. Speed feedback by way of a built in tachometer was utilized. This 
offers very accurate speed control at very low cost. This is the control method used on the 
motors which have been and are being evaluated by potential manufacturing partners and 
customers. More recently an effort has been initiated to determine if a microprocessor 
control can be used without a cost penalty. The microprocessor control would increase 
flexibility and capability of the motor where constant airflow, for example, is desired. 
This effort is ongoing. 

Task 5- Select HVAC Partner- Early discussions with the major HVAC OEM’s 
indicate that they are interested in motor technologies brought to them only by the major 
motor manufactures because they have they ability to manufacture the motors in large 
quantities at low cost. Consequently we have delayed our efforts to team up with the 
major HVAC OEM’s until we have a motor manufacturing/marketing partner. We are 
having discussions with some of the smaller HVAC OEM’s who are much more 
receptive to technology from a company such as DynaMotors. Several of these OEM’s 
have been provided with prototype motors for test and evaluation. Results have been 
mixed. Although the audible noise deign goal has been met it is thought that the motor 
may not be quiet enough. Some OEM’s have stated that the motor should be somewhat 
quieter, other have said it is satisfactory as is. All have found the motors control and size 
to be satisfactory. Efficiency is of significant interest. While some OEM’s state that the 
motors efficiency is high enough, others desire it to be higher. In the end, the motors 
efficiency may not matter as much as the large power savings resulting from running the 
blower at a lower speed. It is probable that at least two markets will emerge. One for 
premium efficiency motors at high prices which can be satisfied by the currently 
available technology. Two, for lower performance, lower efficiency motors at much 
lower prices. 

Task 6- Build Lab Prototypes- Complete 

Task 7- Test and Evaluate Prototype- This task is complete for the purpose of meeting 
the initial project goals. Further refinement of the motors design continues as does 
testing. 

Task 8- Select Manufacturing Partner- Development of the motor is done to the point 
that it can be demonstrated to potential manufacturing/marketing partners. Contacts with 
the largest motor manufactures who currently are active in the residential HVAC market 
have not been productive. This is because they either have or are developing a competing 
product. The lure of a potentially low cost option has not been sufficient to cause them to 
change direction. This is to be expected as a large investment has been made and is not 
easily abandoned. Conversely contacts with motor manufactures who are not currently in 
the HVAC market but are anxious to grow have been fruitful. We are currently in 
negotiations with two existing motor manufactures about contract manufacturing the 
Dynamotor as well as licensing the technology for the own use. Both are US companies 
with manufacturing worldwide. We are also independently seeking sources in Asia for 
complete motors as well as motor components. 



Task 9- Reiterate DesigdTest Process- This process is ongoing. The project goals have 
largely been met but room for improvement exists. 

Task 10- Investigate UL, CE Standards- This task has been only superfcially 
addressed. The appropriate standards have been obtained and to the extent possible the 
motor has been designed in accordance with those standards. Contact has been 
established with a consultant who it highly experienced in standard compliance. It is 
expected that the manufacturing partner, once selected, will have substantial experience 
and expertise in obtaining certifications. 

Milestone 11- Build Pre-Production Prototypes- This task is ongoing. A quantity of 
motors have been built for evaluation by potential customers. Customer reaction was 
discussed under task 5 .  This process continues. 

Milestone 12- Project Management and Reporting- Self explanatory. 



Following is a comparison of the project cost estimates with totals to date as of 
313 012005 : 

Milestone/ Task Title Approved Project 
Task Budget Expenditures 

Number 

Spend i n g Sc hed u le 

% of Budget 

Milestone 4 
Task 4.1 
Task 4.2 
Task 4.3 
Task 4.4 

Milestone/ 
Task 5 

Electrical design 
Design non-transistor control $23,734 $60,374 254 

Design speed feedback $3,802 $19,529 ~ 514 

Select HVAC partner $15,057 $20,163 1 34 

Evaluate speed control $20,378 $75,902 372 

Implement protective circuits $17,034 $1,132 7 

Milestone 6 
Task 6.1 

Build lab prototypes 
Procure Darts $13.308 $71.255 535 

Task 6.2 
Milestone/ 

Task 7 
Milestone/ 

Task 8 
Milestone/ 

. I  

Assemble motors $19,008 $331665 177 
Test and evaluate prototype $34,367 $133,240 38E 

Select manufacturing partner $22,653 $30,406 1 34 

Reiterate desiadtest $42.289 $48.219 114 

~ 

I .  I I I . I  I Milestone 12 I Proiect mananement 

Task 9 
Milestone/ 

Task 10 
Milestone 1 1 

Task 11 .I 
Task 11.2 

process 
Investigate UL, CE standards $14,118 $5,309 3E 

Build pre-production prototypes 
Procure parts $8,506 $22,635 26E 
Assemble motors $8,736 $9,255 1 OE 

I ITotal I $366.4741 $769.961 I 21 (I 

Task 11.3 
Task 11.4 

Install motor in partner HVAC $5,629 $1,006 I€ 
AlDha test $6.470 $0 C 

Task 12.1 
Task 12.2 

and reporting 
Weekly progress meetings $19,401 $34,292 177 
DOE required reports $29,363 $21,348 72 

DOE Share 
Cost Share 

$200,000 $200,000 
$1 66.474 $569.96 1 



Publications, Brochures, Etc: 

In February, 2005 DynaMotors exhibited at the AHR expo in Orlando FL. This is the 
preeminent trade show for the W A C  trade. Over 100 quality leads were obtained. 
Industry interest in a low cost alternative to the VS motor currently on the market 
remains high. Following is a photograph of the trade show booth: 



The following article was published in the April, 2004 Issue of “Appliance 
Manufacturer” Magazine: 

3 









The following brochure and specification sheet was developed for use as a sales tool in 
the W A C  market: 





Specification - Direct Drive 54 HP Blower Motor 

Applicable Standards: 

Application: 

Phase and voltage: 

Type: 

Rotation: 

Enclosure: 

Mounting: 

Rated Horsepower: 

Supply frequency: 

Speed range: 

Service factor and duty cycle: 

Maximum ambient temperature: 

Maximum Winding Temperature 
rise: 

Maximum Efficiency: 

Noise level dBA @ 3 feet: 

Construction: 

Motor designed in accordance with NEMA MG- 1 and Underwriters 
Laboratories@ Standard for Safety No. UL 1004. 

Direct Drive W A C  Blower Motor. Designed for continuous air-over 
applications such as furnace blowers or central air handling units having 
single shaft requirements. 

Single phase, 1 15 or 230 Vac nominal 

Variable speed DynaMotor, reversible 

Reversible 

5.625 inch (nominal) diameter, open, air over construction. 

Round frame for use with "belly-band" bracket 

?4 hp at 1100 rpm 

50/60 Hertz 

Continuously variable from 400 rpm to 1800 rpm 

Service factor 1.15 
Duty cycle at maximum rated speed and load and in a 40" C 
( 104" F) ambient is continuous 

40" C (104°F) 

60" C 

68 % 

63dl3a at 1 100 rpm and full load 

Four-pole salient type stator, four-pole armature with four coils. 
Maximum stator and armature lamination stack length is 2.55 
inches. 
Four inch motor shaft extension 
Thermal cut-off switch in stator 
Armature electronics and power transistors mounted on armature 
shaft inside motor enclosure 
Speed control electronics mounted to inside of end shield inside 
motor enclosure 
Cold-rolled steel shell with ventilation openings 
Die-cast end shields with ventilation openings 
Permanently lubricated ball bearings 
Approximate weight 18.5 Lbs. 
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