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1. Introduction

This report will review two methods of assessing air conditioner and heat pump performance being considered by the Northwest Energy Efficiency Alliance (the Alliance) as part of their Performance-Tested Comfort Systems (PTCS) program.  The two methods are the Carrier Charging-Airflow Method and the ACRx method developed by Field Diagnostic Service, Inc. under license agreement to Honeywell (now sold as the Honeywell Service Assistant).  The latter method is based on principles very similar to the Carrier method, but uses an automated data collection and storage system as part of the evaluation.  The Carrier method is presented in this format as the method relying on the Carrier charge/airflow slide rule and developed by Proctor Engineering Group (PEG) as their CheckMe!™ program.  

PTCS began in 1998 as a research program with the intent of investigating the applicability of improved duct and HVAC measurement and repair techniques.  Protocols were developed for evaluating and fixing ducts, furnaces, and heat pumps so that the region could benefit from more efficient systems and HVAC contractors could become involved in energy conservation efforts.  

After the research phases were completed in 1999, the program was rolled out as a non-profit corporation with a board of directors.  Technical protocols were developed and presented to the Alliance’s subcontractor (the Oregon Office of Energy) by Ecotope for duct evaluation, air conditioner and heat pump evaluation, and gas furnace evaluation.

This document reports on recent side-by-side testing carried out by the author and also comments on an earlier set of tests, carried out by PTCS technical staff, which compared the two methods.   The report also examines the pros and cons of each approach in a broader programmatic context, considering the applicability of each system to a largely residential HVAC service program.

2. Overview of PTCS Technical Requirements for Heat Pumps and Air Conditioners

The PTCS technical requirements for verification of efficient operation of heat pumps and air conditioners include a definitive assessment of refrigerant charge and of evaporator airflow.  As currently configured, the PTCS protocols rely on the Carrier method (regarded as the HVAC industry standard) for assessment of air conditioning system superheat for fixed-orifice metering devices and subcooling for thermostatic expansion valves (TXVs).  

Obviously, there are a number of other factors involved in the operation of the air conditioner and heat pump, electrical component function being the most obvious.  The  program does not presume to suggest to technicians how they might fix more dramatic problems such as inoperative compressors or faulty electrical components.  These problems must be rectified before a technician can move forward to assess charge and evaporator airflow.  

The superheat is evaluated by comparing the actual system superheat with the target superheat, which is based on outdoor dry bulb temperature and evaporator entering wet bulb temperature: both of these are required to completely describe the load on the air conditioner in the heat pump and cooling mode.  System subcooling is used to evaluate charge in systems equipped with TXVs, since the TXV maintains a relatively consistent superheat over a wide range of cooling load conditions 

It should be noted that because of the way the refrigeration cycle works, refrigerant charge can only be definitively assessed in cooling mode.  Additional protocols are available for heating mode, but they have not been included in PTCS up to this point because of the relative complexity of the heating season protocol (which requires measurement of Coefficient of Performance (COP), etc.)

The other requirement of the PTCS program is an evaluation of the evaporator airflow.  Assessment of evaporator airflow is critical in refrigeration systems, whether they be for straight refrigeration, air conditioning, or heat pumps.  Knowledge of the evaporator airflow facilitates evaluation of several important factors: overall capacity of the equipment (how many tons of cooling or heating can be delivered)), the system efficiency (which includes COP and duct efficiency), system operating temperatures and pressures (which have a direct bearing on compressor function and life), and air handler longevity.  

In the context of PTCS, it is critical to know the air handler flow in order to allow estimation of duct system losses and potential improvements from addressing duct problems.  As we know from research over the past ten years, system airflow needs to be measured in some manner which will put all the pieces together in estimating overall system delivery efficiency.  Until very recently, measurement of evaporator airflow in residential systems has been limited by the accuracy of the most commonly used methods in the HVAC trades.  These include temperature rise method, external static pressure method, Pitot tube traverse, hotwire anemometer, and so on.  

Over the past several years, the energy research community has devised alternative methods, including Duct Blaster( matching tests, flow hood measurement, and so on, but these methods either suffer from inaccuracies, cumbersome set-up time, or both.  The field has advanced considerably in the past two years, and there is now a device that will allow direct measurement of airflow: The Energy Conservatory’s TrueFlow( Meter.  

The third requirement of PTCS (although not a technical one) is documentation of the as-found condition of the heat pump or air conditioner (in terms of refrigerant charge and airflow) and a record of what happened if repairs are performed.  This information is crucial to quality control and must be provided to PTCS and sponsoring utilities through a reliable third-party process.  There are various ways that this can be accomplished, but this step needs to be included so that the system operation is verified.  PTCS is currently a residential program, so documentaton also needs to be provided to the consumer.  Documentation spurs the technician to record data carefully and to repair systems that are out of adjustment.

3. Comparing the Systems

3.1. Equipment/Technician Interface

This section has to do with the relative ease of use of the Carrier and ACRx methods.  The Carrier method requires a set of refrigerant manifold gauges, a digital thermometer (two-channel preferred, with a known calibration), and a set of thermocouples (whether bare-ended or the more expensive but more convenient pipe clamp such as those manufactured by Fluke Corporation).  One of the thermocouples must be set up with wet bulb capability, which is most easily accomplished by placing a piece of cotton cloth over the end of a thermocouple and securing it.  

The ACRx system uses a rugged, weather-tight box containing pressure sensors, electronics, a refrigerant gauge manifold head which allows attachment of refrigerant measurement hoses, and a serial port which accommodates an array of temperature sensors.  The “quick array” of temperature sensors shipped with the ACRx measure ambient temperature, and suction and liquid refrigerant line temperatures.  Additional arrays can be purchased that measure temperatures such as return and supply air dry bulb temperature, compressor discharge line temperature, and so on.  The ACRx was first designed to be used on commercial package units, and the default version of its software assumes a fixed humidity of the air entering the evaporator (rather than requiring the technician to measure the wet bulb temperature of the air entering the evaporator), so this is why there are only three temperature sensors in the quick array.   

A Palm Pilot attaches to the box and is the technician’s interface with measurement of pressure and temperature readings.  The Palm Pilot provides a number of options in terms of what will be measured, how data will be stored, and how data can be uploaded and reported.  The system displays data as long as it is hooked up; the technician decides when to store the data.

The Carrier method requires no direct interaction with a computer.  Information can be recorded on standard datasheets and the Carrier slide rule used to evaluate charge.  When the technician calls in data, the CheckMe!( operator enters data into a computer and charge and evaporator airflow are evaluated. The default Carrier method for assessing airflow (found on the Carrier Slide Rule) is very limited, as it assumes one outdoor air temperature for all cases.  However, Proctor Engineering has developed airflow tables for a wide range of outdoor air temperature and entering wet bulb temperature and has incorporated these tables into the CheckMe!( program.   

The hardware advantages of the Carrier method are that the equipment required is not any different from what many or most technicians already have on hand (the use of more durable thermocouples or pipe clamp thermocouples could be considered an upgrade), and the thermometer needs to have a known calibration within certain tolerances.

The ACRx requires a little more handling.  The main faults of the system have to do with pipe sensor attachments and sensor length, and the connection between the electronics box and the Palm Pilot.  That is to say, the thermistor sensors can be unwieldy to work with and attach to refrigerant lines, especially in package units where it is often difficult to access the needed portion of the liquid line.  The sensors rely on a small bracket and bungee chord assembly to attach, and it can be difficult to make the sensor conform to certain piping configurations.  The serial cable between the electronics box and the Palm Pilot is also relatively flimsy, so care must be taken to ensure that this connection remains continuous.

In its current configuration, the ACRx cannot accomodate measurement of return and supply air dry bulb temperatures on residential split systems.  Distances and obstacles are too great.  These measurements must be taken by some means other than the ACRx themistors.  A software path would have to be developed in ACRx that would determine a target sensible temperature split and compare it to the measured data.  There is already a means for doing this with the evaporator entering wet bulb temperature. 

PTCS’ experience in training HVAC techs in use of the ACRx and listening to their feedback is that once the ACRx has been used on several systems, the techs get the hang of setting it up and using the Palm interface.  

We expect motivated technicians can master set-up and operation of each system with some practice.  The more crucial differences between systems concern how information is interpreted, collected, and acted upon.  

3.2. Information Interpretation

With the Carrier method as applied by the CheckMe!( program, the technician measures of system operating temperatures and pressures, and calls a toll-free number, at which time the information is entered into a large database by a phone operator, and the system evaluated.  The technician is told the results of the charge and evaporator airflow evaluation and given suggestions on how to proceed if repairs are indicated.  In the version of CheckMe!( used by most HVAC firms, diagnostics are limited to charge and airflow.  More advanced versions (which incorporate diagnostics similar to ACRx) of CheckMe!( are readily available.    

If there are technical questions or issues that arise in the course of calling in the information, the technician can speak to an experienced field technician, who can offer backup advice on what might be done to the system.  This service is included in the normal per-run fee charged to use CheckMe!(.  

With the ACRx system, information is displayed continuously and the technician chooses when to store data.  Data can be uploaded to Honeywell’s web server for purposes of program reporting at a later time.  Diagnostic procedures are suggested to the technician by the ACRx via the Palm screen.  Depending on the technician’s level of experience and motivation, the diagnostic information from ACRx can be immediately useful in fixing problems and performing repairs.  However, if the diagnostic information is confusing or perhaps contradictory, the technician may not benefit. To the extent that PTCS finds this an important issue, provisions need to be made to provide an intermediate step (perhaps an on-call technician at PTCS) so that confusing information can be dealt with quickly.

3.3. Evaporator Airflow Measurement and Use 

Assessment of evaporator airflow is needed in order to facilitate the refrigerant charge evaluation.  If airflow is critically low or excessive, the heat transfer properties of the evaporator are altered sufficiently to cast doubt on the charge evaluation.  Knowledge of airflow is also very useful in evaluating system efficiency, which has already been discussed.

Neither the Carrier method or ACRx provide a direct measurement of evaporator airflow, that is, a result of cubic feet per minute (CFM) of air passing across the evaporator.  The Carrier method, which is the industry standard, relies on a measurement of sensible temperature split across the evaporator (combined with knowledge of the moisture content of the air entering the evaporator, which is known by measuring the wet bulb temperature of this entering air).  At a given outdoor temperature, the air conditioner has a nominal fixed amount of total cooling, which is a combination of sensible and weight cooling.  If the entering wet bulb indicates a high latent load, then obviously the sensible cooling will be reduced and the expected sensible temperature split will be less.

The ACRx system, at least in its default format, does not require measurement of entering wet bulb temperature.  It assumes a fixed relative humidity in estimating the cooling load and therefore the expected superheat (for systems not using a TXV).  In the more recent version of its software, the entering wet bulb temperature can be measured with a standard wet bulb thermocouple (not supplied by Honeywell) and manually entered, which results in an improved estimation of the cooling load and expected superheat.    

The entering and leaving dry bulb temperature of the air stream can also be measured with the ACRx sensors, but this is impractical in split systems (since the ACRx sensor wires are too short) and the ACRx does not currently evaluate the sensible split and impute an evaporator airflow.  This step could presumably be added easily to the ACRx software, but the unwieldy sensor situation is a bigger issue.  

The ACRx system indirectly indicates low evaporator airflow by comparing evaporator saturation temperature with ambient temperature.  If the comparison suggests the evaporator is working at lowered efficiency, the technician is directed to look at the condition of the system’s “low” side (which includes the evaporator, ducts and system filter).    

In practice, the Carrier method will indicate adequate airflow over a wide range of flow conditions between about 275 – 500 CFM per ton.  This is based on our comparisons of the Carrier method with the TrueFlow( meter method.  All this means is that the Carrier method will indicate systems which have very low or very high airflow relative to manufacturers’ recommended levels.  A significant number of cases with sub-optimal low airflow will be missed.  Many of these systems could benefit from airflow improvements.  

Both systems could improve their usefulness by utilizing the TrueFlow( meter on all tests, or at least all tests where it can be used (there are certain configurations in which it cannot be used, probably representing 10 – 20 % of the Northwest housing stock).  This device, which is very quick to use in most cases, will provide a direct measurement of system airflow, and therefore the systems’ airflow performance will always be known, so it can be used in assessing the performance of the heat pump or air conditioner and in assessing issues having to do with the duct system performance, assuming that further work may be done on the ducts.  That is to say, if the airflow is known and duct leakage tests are done, the potential for savings from a duct retrofit will also be known.  It makes much more sense to have the airflow test done when the equipment is looked at versus just the ducts, because this airflow is directly tied to the performance of the heat pump.

The CheckMe!( process and form now have a space for TrueFlow( measurements; it is simply a matter of activating them on the current version of CheckMe!( . It is also very likely that Honeywell would accommodate the TrueFlow(  within ACRx..

3.4. Field Test #1

The comparisons of field data gathered by ACRx and CheckMe( are the most direct assessment of the utility of the ACRx tool.  There are proprietary algorithms used by ACRx to suggest diagnostics and repairs, but these are not discussed in much detail, given the inner workings are known only to Field Diagnostic Service, Inc. (the designer of the ACRx tool).  Comparisons were made on both residential (split) air conditioning/heat pump systems and commercial packaged air conditioning/heat pump systems.

On August 14 – 16, 2001, PTCS engaged Ken Rose, an experienced refrigeration mechanic and trainer for Inland NW HVAC, to perform side-by-side tests of ACRx and CheckMe!  Twelve air conditioning units located in Medford, OR, were evaluated (but only nine units were called in to Proctor Engineering).  Most of these units were split systems.  All of them had fixed metering devices, therefore the charge evaluations are all based on measured superheat versus target superheat.  However, it is difficult to carefully compare the charge assessments from CheckMe!( and ACRx in this set of data.  This is because the ACRx target superheat is not reported on most of the field data forms.  Target superheat is not displayed on the main Palm screen; the technician has to tap the screen and get the target superheat.  The target superheat also is not recorded in the Palm datafile so it must be written down if it is to be remembered.   It would have been more helpful in this report if target superheats had been recorded for all the runs.  In later testing (reported in a later section of this report), it is possible to directly compare the targets from both approaches.  

There is a further complication.  Because evaporator entering wet bulb temperature is not required by the default version of ACRx used in this set of tests, we would not expect to find direct agreement between the target superheat from the ACRx and that given by the Carrier method.  That is, the ACRx default mode assumes a relative humidity for the air entering the evaporator and uses this in determining target superheat.

Where a direct comparison could be made (6 runs), the Carrier method and ACRx agreed on charge assessment on all but one case.  ACRx determined one unit had correct charge while the Carrier method indicated low charge.  Airflow evaluation is more difficult to compare, since both methods provide only indirect assessments of system airflow.  CheckMe!( evaluates airflow and possible diminished air conditioner capacity on all runs.  Because ACRx does not record the sensible temperature split (or use another direct method of airflow measurement), the ACRx diagnostic message “fix low side heat transfer problem” (based primarily on the comparison of evaporator temperature with ambient temperature) is assumed to indicate low evaporator air flow (although other factors could contribute to this diagnostic output).  In four out of six cases where CheckMe!( indicated low airflow, ACRx returned this diagnostic message.

Overall, the comparison of data between the two methods shows significant agreement on qualitative charge assessment.  The target superheat determined by ACRx is probably significantly different from that determined by the Carrier method in most cases, but the charge assessment is similar.  

In some cases, the diagnostic measurements and assessments of system efficiency provided by ACRx diagnostics were contradictory to what one would expect.  For example, in two cases, the ACRx estimates system efficiency (which is probably a calculation based on actual volumetric compression efficiency, based on suction and discharge pressures measured by the device) actually decreases after an adjustment is made to the charge to bring it to the proper level.  In another case, ACRx suggests a low side heat transfer problem exists even after the unit’s charge is adjusted to what the Carrier method recommends and the airflow appears adequate based on the sensible temperature split.  These findings are reason for concern, given the amount of emphasis ACRx places on the value of the diagnostics.

3.5. Field Test #2

In late November, Ecotope carried out tests, primarily on commercial packaged air conditioning units in southern California, to see how the ACRx device compared with CheckMe!  In this case, special attention was paid to recording the ACRx target superheat values.  (All systems tested in California had fixed (non-TXV) metering devices.) The tests are run immediately following each other, so load conditions are virtually the same for the comparisons.  Results are summarized below.

Refrigerant Charge Assessment Comparison:  Carrier Method (CM) & ACRx

	Unit
	CM target super-heat (SH) ((F)
	ACR target  SH1

((F)
	CM actual SH
((F)
	ACRx actual SH

((F)
	Corrected ACRx actual SH

((F)
	CM charge conclusion
	ACRx charge conclusion2
	Corrected ACRx charge 

conclusion

	PI0033-02
	<5
	8
	24
	34
	25
	underchg
	underchg
	underchg

	PI0033-03
	<5
	10
	2
	10
	2
	correct
	correct
	overchg

	PI0033-06
	<5
	7
	18
	26
	19
	underchg
	underchg
	underchg

	PI0034-01
	9
	16
	28
	36
	28
	underchg
	underchg
	underchg

	PI0034-03
	11
	15
	35
	39
	33
	underchg
	underchg
	underchg

	PI0035-01
	13
	24
	13
	23
	13
	correct
	correct
	overchg

	PI0035-02
	7
	4*
	3
	18
	3
	correct
	underchg
	correct

	40562
	123
	20
	33
	34
	N/A
	underchg
	underchg
	N/A


1measured evaporator entering wet bulb used for target only in cases marked with *. All other targets use default entering wet bulb temperature.

2the ACRx reports charge is “ok” or some version of “lo” or “hi” to indicate degrees of over or undercharge.  

3this system has a TXV and therefore the CM target superheat reported is actually a target subcooling value. Superheat values are also reported because ACRx assumes a target superheat of 20 F for systems equipped with a TXV.  Actual subcooling for this sytem was 3( F, indicating the system is undercharged. Comparing actual superheat to the ACRx default superheat gives the same conclusion.


Evaporator Airflow Comparison:  Carrier Method (CM) & ACRx
	Unit
	CM target sensible split1 ((F)
	CM actual sensible split ((F)
	CM airflow conclusion2
	ACRx airflow conclusion3

	PI0033-02
	20.4
	25
	Low airflow
	“Fix low side heat transfer problem”

	PI0033-03
	20.1
	22
	okay
	No message 

	PI0033-06
	19.3
	26
	Low airflow
	“FLSHTP”

	PI0034-01
	20.6
	26
	Low airflow
	“FLSHTP”

	PI0034-03
	20.9
	25
	Low airflow
	No message

	PI0035-01
	18.2
	26
	Low airflow
	“FLSHTP”

	PI0035-02
	17.3
	24
	Low airflow
	“FLSHTP”

	40562
	Not yet evaluated
	19
	Not yet evaluated
	No message


1”sensible split” is the difference between the dry bulb temperature of air entering and leaving the evaporator

2if the measured sensible split is 3 F or more than  target, a “low flow” conclusion is returned.  If the split is more than 3 less than the target, CM will suggest charge be looked at first then the system re-tested and airflow re-evaluated.  If the same measurement is found, then the airflow could be higher than desired.

3fix low side heat transfer problem (FLSHTP)” used as a surrogate to indicate low evaporator airflow.  If “No message” returned, assume evaporator airflow is okay.

A persistent problem occurred with the thermistor used to measure suction line temperature.  At different sites, this thermistor read from 5-15( F higher than either a Fluke pipe clamp thermocouple or a bare-ended Type K thermocouple securely attached to the suction line and insulated.  No such problem existed for either the ambient temperature sensor or the liquid line sensor.  It appears the thermistor used form the suction line was providing non-linear response in the range of temperatures encountered.  Honeywell is checking into this problem and should know the answer soon.  A correction is made for this in the table, based on the actual suction line temperature reported by the Fluke pipe clamp.

The refrigerant charge conclusions reached by the Carrier method and ACRx are the same in seven out of eight cases with the measured superheat uncorrected for the bad thermistor.  When the bad thermistor readings are corrected, the charge conclusions agree in six out of eight cases.  Two cases where ACRx reported correct charge with the uncorrected suction line temperature change to “overcharged” when the correction is made, and one case where ACRx had reported “undercharge” agrees with the CM analysis of “correct charge” when the temperature correction is made. 

The target superheats as determined by the default version of ACRx are systematically higher than the Carrier method. This probably has to do with a fixed assumed humidity content of the air entering the evaporator.  

Evaporator airflow comparisons are somewhat tenuous, as in the first field test.  The diagnostic “fix low side heat transfer problem” is used as a surrogate for low airflow, and this surrogate agrees with the Carrier method in five out of six cases where low airflow is identified by the Carrier method.

This is not a statistically valid comparison by any means, but it indicates the Carrier method and ACRx method give similar conclusions in most cases.  Differences between the two are probably the result of different target superheats, and this is based largely on (we assume) some differences in which charging charts are used and (certainly) the assumption of a fixed entering wet bulb in the ACRx default software.

Other problems had to do with software version and web reporting.   The special version of the software which incorporates entering wet bulb temperature into calculation of the cooling load was inadvertently written over before the first part of the testing. This means six out of eight runs were done with the default version of the software.  

Because of another misstep with the Palm device, the data from the field tests was not successfully uploaded to the web server or an Excel spreadsheet.  This is not a critical issue, but at some point it would be worthwhile running more tests and exercising this part of the ACRx process.  PTCS has reported good results in their experience with the web service.

The refrigeration system pressures are not reported in the table, but observation at each site showed the ACRx pressure readings agreed with the manifold gauges used for the Carrier method within 5 psig in all cases. 

3.6. Summary of Field Comparisons and Related Considerations

Overall, it appears that the technical information provided by the Carrier method and the ACRx is similar.  Where there are differences in target superheat between the methods, it would be an easy software change for ACRx to incorporate the Carrier charging charts in its system.  A standardized way of measuring airflow (which provides an actual CFM output) would be helpful to both methods.

Of as much importance, we believe, is the type of service that each of these methods provides.  In the case of the Carrier method, as supported by Proctor Engineering Group’s CheckMe!( program, the technician’s data is stored as soon as he calls in, he is encouraged to fix non-optimized systems, and he knows the results of his testing will be sent to the homeowner.  He has access to experienced air conditioning technicians while on the line if he has questions.  

With ACRx, information collection is automated, which probably reduces errors in data transcription.  (However, CheckMe has built-in error checking that catches bad values.) The technician has immediate access to automated diagnostics, which can very helpful.   But there is no obvious source of technical support if data or diagnostics are contradictor.  This might be a service that PTCS could provide, but it could require a significant commitment of manpower.

The data from the test is stored in the Palm Pilot and can be uploaded to a computer or web-based server for later evaluation.  The ACRx is still primarily intended for evaluating commercial systems, where the building or maintenance manager will be the one accessing the data collected on the roof.  There is no direct provision for reporting data to individual homeowners, although this could probably be developed through use of the Palm’s infrared data transfer port.   

There is also a cost question.  To become trained in CheckMe!(, an HVAC company must currently pay on the order of $3,300 for training and licensing.  Between 2 – 4 technicians can be trained in one session.  The license fee is typically a one-time charge.  There is a per-run fee of $25 for the first run and $12 for all additional runs needed for repair (that is, $12 for the entire set of necessary additional runs).  It is true that this represents a cost that must be bourn by the customer in some form.  However, for this fee the residential customer receives a report, the technician receives technical backup if needed, and PTCS receives regular reports of work done by company and by service territory.  The amount of additional equipment required for contractors to do the work is relatively small, usually about $125 for a two channel digital thermometer and an additional $100 for high quality thermocouple wires. 

For ACRx, up-front costs could be higher, but might be very similar to the CheckMe!( training and licensing costs.  This depends on the deal PTCS might make with Honeywell.  The technician still needs a digital thermometer and thermocouples to measure the entering wet bulb temperature and enter it manually into the Palm Pilot so that the cooling load can be fully described.  

A better approach would be to require a direct measurement of airflow.  CheckMe!( is set up to receive this input and and ACRx could certainly accommodate this information.  The TrueFlow( device currently costs about $950. 

4. Summary and Conclusions

Based on the information available from its own testing and other testing conducted by Ken Rose, Ecotope recommends provisional approval of the ACRx tool.  Improvements to measurement procedure and software should eliminate differences between the approach, but PTCS also has to consider how ACRx would fit into into a largely residential program.   

Here are the issues which must be addressed:

1. The systematic problem with the thermistors must be resolved.  The sets we used provided faulty readings for the suction line temperature, which resulted in over-inflated apparent superheat readings.

2. Honeywell has already written custom software which allows full description of the cooling load by taking into account the evaporator entering wet bulb temperature.  There is no reason to expect they would not be willing to also use the same refrigeration charging charts and target superheat determination procedure used by the Carrier method.  This would make target superheat identical for both methods.

3. Use of the TrueFlow( meter by both methods would get rid of ambiguities in determination of system airflow.  CheckMe!( is already set up to receive this input and ACRx could surely be set up to receive it. 

4. The issue of diagnostics needs further discussion.  The ACRx diagnostics can be helpful to some technicians in some cases, but they can also prove confusing and contradictory.  The technician should have easy  access to someone at PTCS or elsewhere who can answer questions about the device or troublesome systems.  PTCS should also recognize that higher-level diagnostics are available for the asking from CheckMe!(   

5. There are some issues that need to be explored further with Honeywell and FDSI regarding reporting of information.  The ACRx is currently set up so that data can be uploaded by the technician to the Honeywell server and then downloaded by PTCS for review and reporting.  Although this may be satisfactory as far as PTCS is concerned for overall program record keeping, we believe that additional experience needs to be gained with this download procedure and, furthermore, there needs to be some method for providing written information to individual home-owners at the time of the field visit.  Reporting of this sort improves homeowner buy-in and serves to motivate technicians to keep working on systems that need repairs.
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