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In this report, the results of overall market research relating to the proposed HVAC zonal heating/cooling system are summarized.  Key focus areas for this report are patents/prior art, market realization (of patented/prior art systems) and resulting project direction obtained from market analysis.

Prior Art and Patents:

In order to determine whether the proposed design concept is applicable for exclusivity, a thorough search for preceding work and patents was necessary.  While conducting the search, several patents were identified as well as the prior art references contained within the identified patents.  The following table lists specific U.S. patents discovered and a brief description of what their key focus or technology relates to.

	

	U.S. Patent Documents
	Date
	Applicant
	Abstract Summary

	4,217,646
	8/1980
	Caltragirone et al.
	Central electronic control system which manages zonal HVAC through remote activation of zone devices (i.e. heaters, AC)

	4,244,517
	1/1981
	Stanke et al.
	Variable air volume valve in HVAC system

	4,264,034
	4/1981
	Hyltin et al.
	LCD Digital Thermostat

	4,298,163
	11/1981
	Richardson et al.
	Multi-zone timed temperature control

	4,319,711
	3/1982
	Barker et al.
	Wall mounted thermostat

	4,386,649
	6/1983
	Hines et al.
	Isothermal control of single zone

	4,388,692
	6/1983
	Jones at al.
	Single zone sense and response system, with emphasis on thermal hysteresis

	4,406,397
	9/1983
	Kamata et al.
	Central HVAC system with sensors and dampers to control zonal heating

	4,460,125
	7/1984
	Barker et al.
	Flip down face, wall mounted thermostat

	4,479,604
	10/1984
	Didner
	Zoned control through zone interface with zone actuators

	4,530,395
	7/1985
	Parker et al.
	Central HVAC system with sensors and dampers to control zonal heating, with specific emphasis on a central control system to coordinate zones

	4,682,279
	7/1987
	Watabe
	Single zone controller, that can switch autonomously between heating and cooling

	4,683,939
	8/1987
	Levine
	Single zone controller, that can switch autonomously between heating, cooling or be locked to specific operations only

	4,716,957
	1/1988
	Thompson et al.
	Central HVAC system with sensors and dampers to control zonal heating, with specific emphasis on system efficiency and overall system interactions

	4,931,948
	6/1990
	Parker et al.
	Central HVAC system with sensors and dampers to control zonal heating, with specific emphasis on a zonal control system which does not require a central control system to coordinate zones

	Table A:  Prior Art Patents


Of the aforementioned patents, four in particular specifically relate to the proposed HVAC zonal heating/cooling system:  US4406397, US4530395, US4716957 and US4931948.

US4406397

The first patent listed, US4406397, was filed in 1983 and is the initial conceptualization of the integrated sense and response system described in the project proposal.  The patent fully incorporates all of the components and concepts as described in the proposed project but is limited in its level of detail regarding each subsystem.  The system description is not as advanced as the project proposal or later patents in that it uses a crude damper/blower system for each zone instead of good control over the main HVAC system.  The description of the control logic between zonal thermostats is extremely lacking and allows for numerous improvements and functional detail in later patents.  The main goal of US4406397 was to make improvements to a much older Japanese patent (55-22696) that allowed zonal sensors to turn off air flow to rooms independently and without communication with the main system.  The challenge of the old Japanese patent was that the HVAC system would run at full speed trying to satisfy one zone where the thermostat was located while all the rest might be open, increasing system noise and reducing overall operating efficiency.
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	Figure A:  System overview in US4406397
	
	Figure B:  Duct and Damper configuration in US4406397


US4530395
The second patent listed, US4530395, is a much more detailed version of the first patent with a great deal of focus on the control system.  US4530395 introduces the idea of a central monitor in the system which can interface with not only the zones and dampers but also with the HVAC system as a whole.  As a measure of detail change, the first patent had 7 claims whereas the second patent has 45 claims, most of these revolving around how the system would exactly accomplish the sense and control logic.  Ten pages of the patent are dedicated to wiring schematics establishing the actual circuitry required to bridge the gap between the thermostats, monitor, delivery system and HVAC prime mover.  One simplification in this patent relates to the individual blowers that were allocated to each zone in US4406397, which have now been removed and replaced with more wiring logic detail, preferring to have the monitor and individual thermostats work together to adjust HVAC fan speed.  One oversight with regard to fluid mechanics that is omitted from this patent, is the lack of a static pressure sensor.  The adjustment of the fan speed and delivery volume has been considered only for load changes, not for system noise.  As in the older Japanese patent referenced in US4406397, system noise is related to differential pressure across the dampers and vents, not reducing fan speed when a great deal of restriction is present in the duct work will result in increased system noise.  In addition to the lack of static pressure sense and measurement, very little detail is present regarding the dampers, more than likely due to the focus placed on the electronic control system.  The dampers are rolled into a grouping in this patent referred to as governors and no detail or sketches are submitted regarding there design.
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	Figure B:  System overview in US4530395


US4716957
The third patent listed, US4716957, was recorded in 1988 and takes a step back from the excess claims listed in US4530395.  US4716957 has a much greater thermodynamic emphasis and describes system fundamentals and operations more graphically that any of the previous patents.  US4716957 also incorporates new functionality within the realm of system diagnostics, efficiency monitoring and cost of operation reporting capability.  One aspect of US4530395 that was counterproductive is that it over documented the exact specifics of how the wired control system would operate with the monitor, whereas US4716957 simply illustrates flow charts of how the logic would flow and the types of questions and queries the system would need to ask in order to operate properly.  The oversight regarding the static pressure sensors in US4530395 have been identified and incorporated as enhanced functionality in US4716957.
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	Figure C:  System overview in US4716957


US4931948

The fourth and last patent listed, US4931948, is an improvement of patent US4530395, refilled by the original applicants.  The main focus of the resubmitted patent was to describe how the system could be changed through wiring control to allow for the removal of the central monitor which was a main component of the previous patent as well as all other competing patents.  The system still uses a ‘monitor’ but is now just a master thermostat which can slave the remaining thermostats in the various zones.  In the proposed project, a master thermostat was also envisioned, but not along with the removal of the central control devise as achieved by the applicants in US4931948.  As in the second patent, an enormous amount of wiring control detail was published in this patent, with a total of 92 claims filed.


Some of the rational for the 92 claims is the enhanced functionality and ease of use of a master, overriding thermostat.  The new master thermostat allows for typical single zone control of an entire structure without having to reset all of the individual zone thermostat controls.  This concept of master control was envisioned in the proposed project and seems necessarily for general acceptance and use of the system.
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	Figure D:  System overview in US4931948


Market Realization:

As an additional point of study, a search was conducted in order to determine if any of the patented concepts had been realized or promoted as packaged systems for any markets.  What was determined is that there has been no residential penetration of any of the patented systems.  A general search of available products was conducted based upon distributor offerings, OEM manufactures and through governmental energy efficiency organizations like the Department of Energy, but none of these entities revealed any offerings as conceived in the four main system prior art patents.  The only centrally controlled zonal systems that currently exist are commercial versions that incorporate fan powered boxes or remotely controlled zonal appliances (i.e. space heaters) as described in US4217646.  The only residential furnace OEM that offered a zonal temperature control product was Carrier (Comfort Zone II, IV & IIX), and there system was based upon software and sensors, working to reduce trouble zones without the capability to effect the rate of delivery to specific locations.  Additional information has been requested from Carrier to understand how they can achieve any measure of zonal control without zonal mechanical manipulation, but no response has been received. 


In addition to the traditional HVAC technology, new forms of heating like radiant heating are beginning to emerge.  A few examples of zonal control systems using radiant or hydro-radiant heating systems were identified, but while these systems offered zonal heating, they still have not been melded with an antonymous control system nor overcome the challenges of a combined cooling package.  As a whole, the patents filed have not been realized nor appear as points of interest or excitement on any innovative technology pages (web) referring to up and coming heating and cooling technologies.

Conclusion:

While several well detailed patents are currently in place, the volume of the registered patents help to infer that there are openings for system improvements and clarifications to referenced components that have yet to be designed.  The majority of the patents registered focus almost exclusively on the detailed analysis of the electronic logic control system, and almost without any attention to the challenges that still persist within the delivery control and manipulation aspects of the system.  

The powered vent apertures described in the proposed system are most closely related to devices called dampers in the four main prior art patents.  The vent apertures have not been specifically patented nor designed to any significance greater than a simple sketch in US4406397.  In terms of addressing the thermodynamic challenges associated with adequately controlling a single HVAC unit to effectively vary or hold the temperatures in multi-zones, US4716957 has documented the most information that would need to be used to write the actual source code.  US4716957 also describes the dampers as being in the zones, whereas the other patents are much vaguer and sometimes even infer that the dampers are buried somewhere deep in the duct work.  For a residential system to be retrofitted or maintained cost effectively, the variable apertures should be located in the zones where the static pressure readings will be most accurate and relevant due to major losses in the ducts.

The lack of detail regarding the dampers is understandable because it could lead to a loop hole in the system patents, but might be an opportunity for an exclusive patent or battery of patents to cover various technologies.  After reviewing the aforementioned patents, pursuit of a system patent at this point would be fairly challenging, time consuming and outside of the time constraints of this initial project.  Since no market penetration has occurred and the patents have become highly detailed, a more simplified and ground floor version of the system might be advisable.  A more effective system approach might be to go back to the original Japanese patent (55-22696) and look at how antonymous, disconnected zonal thermostats might work in conjunction with zone specific variable delivery apertures.  The system would be far more limited but could overcome the efficiency and noise challenges of 55-22696 by incorporating static pressure sensors in the duct work that would limit the fan speed (govern it) without feedback from any specific zone.  The zones would be free to open and close their respective delivery apertures without complex feedback and communication with a master thermostat or central monitor.  The limitation to the system would be that it would not have all of the overrides and slave functions as envisioned in US4931948, but might be marketable where the previous patents were not successful at attracting a major OEM.  The resulting system could also be much more effective (cost and physical limitations) at being added to existing systems due to the reduction in connected control wire, advances in WiFi network communication and the scalability of desired implementation.

For the remainder of the proposed project, a more focused analysis will be applied to the design of one or two functional damper/variable delivery apertures.  The resulting apertures would be applicable for incorporation with any of the listed patents as well as the new ground floor system concept described in the previous paragraph.  The lack of focus in the damper area may be a major obstacle for current OEM’s to overcome concerns about the patented systems.  An efficient and unobtrusive damper/delivery aperture design will be a vital crucible in the overall satisfaction or dissatisfaction of end users.
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