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(57) ABSTRACT 

A system for servicing a computer controlled machine 
comprising: a computer controlled machine including a 
device operable to perform a function, a controller control 
ling the operation of that device, and a data access port for 
transferring data and commands from the controller, and a 
service tool operably connected to the data access port, the 
service tool including a remote communications capability, 
a computer, and diagnostics and graphing Software; and an 
expert observer system operably linked to the remote com 
munications capability of the service tool and including 
historical machine data, machine sales information, Software 
revisions for the controller, additional diagnostics Software, 
and an expert observer capable of providing a mentor 
capability to the operator of a service tool. 
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HVAC SERVICE TOOL WITH INTERNET 
CAPABILITY 

0001. This is a division of U.S. patent application Ser. 
No. 10/125,364 as filed on 16 Apr. 2002. 

BACKGROUND OF THE INVENTION 

0002 The present invention is directed to a heating, 
ventilating and air conditioning (HVAC) system service tool 
with internet capabilities. More specifically, the HVAC 
service tool has improved diagnostic capabilities through the 
use of an expert observer feature and can also update itself 
and the HVAC system with the latest software upgrades. 
Additionally, the latest diagnostic information, sales infor 
mation, and service information can be quickly provided to 
the service tool. 

0003 Modern air conditioning systems are equipped with 
digital controllers. Often each controllable component of 
Such a system has its own microprocessor controller, and 
that controller typically has at least one sensor providing a 
sensory input for use as a basis for the component's opera 
tion. For example, an expansion valve may have a micro 
processor controller modulating the position of the expan 
sion valve in response to Superheat as sensed by one or more 
sensors. Usually a unit controller is provided to oversee and 
coordinate the operation of each component of a particular 
unit. For example, the unit controller may override the 
expansion valve controller in anticipation of a variable speed 
compressor's change in speed. Furthermore, a commercial 
or an applied air conditioning system with multiple units 
may include a system controller to coordinate the operation 
of the multiple units. From the point of view of a service 
technician, this is a nightmare to diagnose or troubleshoot. 
Exemplary control systems are sold by The Trane Company, 
a Division of American Standard Inc., under the trademark 
UCP2. 

0004 Service technicians already encounter many diffi 
culties in servicing HVAC and building automation (BAS) 
equipment and systems. The location of these systems is 
usually in relatively inaccessible service and maintenance 
areas. The lighting may be poor, and the conditions may be 
extreme since the service and maintenance areas are often 
not air conditioned, heated, or protected from inclement 
weather. 

0005 The use of sophisticated controls on air condition 
ing systems raise even further difficulties. Even within a 
single company there are a plethora of products, accessories, 
and generations of controllers. The service technician needs 
to identify the specific HVAC equipment, perform the cor 
rect diagnostics and maintenance procedures, and appropri 
ately repair, maintain or upgrade that equipment. 
0006. This is very challenging for an experienced service 
technician and even more challenging for the typical HVAC 
service technician who often has less than two years on the 
job experience. 

SUMMARY OF THE INVENTION 

0007. It is an object, feature and advantage of the present 
invention to solve the problems of previous service tools and 
their use in HVAC systems. 
0008. It is an object, feature and advantage of the present 
invention to improve the diagnostic analysis of HVAC and 
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BAS systems by providing an expert observer to assist an 
inexperienced service technician. 
0009. It is an object, feature and advantage of the present 
invention to provide an HVAC service tool with internet 
capabilities. 
0010. It is a further object, feature and advantage of the 
present invention to provide an HVAC service tool which 
can identify the HVAC equipment to which the service tool 
is connected and perform Software upgrades and fixes for all 
generations of that HVAC system. 
0011. It is an object, feature and advantage of the present 
invention to provide an HVAC service tool which includes 
maintenance and efficiency measuring tests. 
0012. It is an object, feature and advantage of the present 
invention to provide an HVAC service tool having improved 
diagnostics including historical, current and real time graph 
ing capabilities. 

0013. It is an object, feature and advantage of the present 
invention to provide an HVAC service tool which includes 
parts information and availability. 
0014. It is an object, feature and advantage of the present 
invention to provide an HVAC service tool which can 
benchmark the system which the service tool is presently 
analyzing in comparison to other similar systems. 
0015. It is an object, feature and advantage of the present 
invention to provide a service technician with appropriate 
sales, repair and replacement information in response to an 
identified problem. 
0016. It is an object, feature and advantage of the present 
invention to allow an HVAC unit to be simultaneously 
monitored by a service technician at the job site as well as 
by a remote observer. 
0017. It is an object, feature and advantage of the present 
invention to allow a service technician to easily graph 
multiple pieces of live data versus time to aid in diagnosing 
an HVAC system problem. 
0018. It is an object, feature and advantage of the present 
invention to allow a service technician to easily graph 
multiple pieces of historical data over time to aid in diag 
nosing an HVAC system problem. 
0019. It is an object, feature and advantage of the present 
invention to provide a diagnostic HVAC service tool which 
shows the precise value of data being measured and the 
relationship of that data to associated trip points and limit 
points. 

0020. It is an object, feature and advantage of the present 
invention to provide an HVAC service tool which can 
provide a graphical overview of the entire HVAC system 
with associated temperature sensors, pressure sensors, and 
mechanical actuators. 

0021. It is an object, feature and advantage of the present 
invention to provide the capability to exercise HVAC system 
components directly via a manual override commands. 
0022. It is an object, feature and advantage of the present 
invention to provide up-to-date service literature, installa 
tion operation and maintenance manuals, wiring diagrams, 
and service bulletins while at a job site. 
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0023 The present invention provides a diagnostic sys 
tem. The diagnostic system comprises an on-site service tool 
operatively connected to and capable of interfacing with a 
process system and obtaining data and/or information from 
the process system; a display associated with the service tool 
and operatively capable of displaying the data and/or infor 
mation; an on-site technician operating the on-site service 
tool and reviewing a remote service tools data and/or 
information; a remote duplication capability remotely dupli 
cating to the remove service tool the data and/or information 
displayed by the display or obtained from the process 
system; and an off-site observer operating the remote service 
tool and receiving the data and/or information from the 
remote duplication capability and providing instructions 
and/or advice to the on-site technician. 

0024. The present invention also provides a portable 
service tool. The portable service tool comprises a body; and 
first, second and third communication systems within the 
body. Each communication system has a respective first, 
second and third external port. The service tool includes a 
diagnostics function operably connected to the first, second, 
and third communications systems, and located within the 
body operable to receive data from the first system, to 
analyze said data, and to forward the analyzed results to the 
second and third communications systems. The third com 
munication system includes a remote communications facil 
ity, the second communication system is connected by the 
second port to a service technician, and the first communi 
cation system receives analog and/or digital data. 
0.025 The present invention further provides a method of 
servicing an automated system. The method comprises the 
steps of dispatching a service technician to the automated 
system; connecting a portable service tool to the automated 
system; connecting the service tool via a remote link to a 
remote location; performing diagnostics on the automated 
system; forwarding the results of the diagnostics to the 
remote location; analyzing the diagnostic results at the 
remote location; and providing advice and direction to the 
service technician from the remote location. 

0026. The present invention still further provides a 
method of improving diagnostics of an HVAC system. The 
method comprises the steps of providing a field service 
technician at the location of the HVAC system; linking an 
expert observer at a remote site to the field service techni 
cian; analyzing the HVAC system on location; Substantially 
simultaneously providing the analysis to both the service 
technician and the expert observer, analyzing the results at 
the remote site using the expert observer, and providing the 
analysis from the expert observer to the service technician at 
the HVAC system location. 
0027. The present invention yet further provides a system 
for servicing a computer controlled machine. The system 
comprises a computer controlled machine including a device 
operable to perform a function, a controller controlling the 
operation of that device, and a data access port for trans 
ferring data and commands from the controller. The system 
also comprises a service tool operably connected to the data 
access port. The service tool includes a remote communi 
cations capability, a computer, and diagnostics and graphing 
software. The system further comprises an expert observer 
system operably linked to the remote communications capa 
bility of the service tool and including historical machine 
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data, machine sales information, Software revisions for the 
controller, additional diagnostics Software, and an expert 
observer capable of providing a mentor capability to the 
operator of a service tool. 
0028. The present invention moreover provides a service 
arrangement. The arrangement comprises a computer or 
control system; a local observer in proximity to the system 
and operatively capable of accessing, maintaining, repairing, 
modifying, servicing, or upgrading the system; a remote 
observer located elsewhere; and a service tool operatively 
capable of providing data and/or information to the local and 
remote observers, receiving data and information from the 
local observer and modifying the system accordingly. 
0029. The present invention additionally provides a 
method of servicing, upgrading or maintaining a computer 
or control system. The method comprises the steps of 
monitoring, analyzing, Servicing or diagnosing a computer 
or control system to obtain specific information about the 
status, condition and operational capabilities of the system; 
providing, Substantially at the same time, the information to 
a local observer in the area of the system and to a remote 
observer located out of the proximity of the system; and 
communicating advice or commentary from the remote 
observer to the local observer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0030 FIG. 1 shows a perspective view of an HVAC 
system, a service tool, an expert observer in accordance with 
the present invention. 
0031 FIG. 2 is a block diagram of the service tool of 
FIG. 1 and its relationship to the HVAC system in the 
remote site. 

DETAILED DESCRIPTION OF THE DRAWINGS 

0032. The present invention is directed to an improved 
service tool 10 for an HVAC or BAS system 12 where the 
service tool 10 includes a remote communications capability 
14 Such as a phone line and modem or a wireless internet 
connection. Service tools without the remote communica 
tions capability are and have been sold by Trane, a Division 
of American Standard Inc., under the trademarks Rover and 
Everyman. BAS systems are marketed by Trane under the 
trademark Tracer and HVAC systems are marketed by Trane 
under many trademarks including, but not limited to: Cen 
TraVac, Horizon, Series R, Voyager, Trane, Heritage. Alli 
ance, VariTrane and VariTrac. 
0033. Using the improved service tool 10 of the present 
invention, a relatively inexperienced service technician 22 
can connect the service tool 10 to the system 12, and operate 
the service tool 10 by means of a keyboard and display 13, 
shown physically separate from the service tool 10 for 
clarity but preferably implemented as a laptop computer. 
The service tool 10 includes diagnostic software, firmware, 
or hardware so that the operation of the system 12 can be 
analyzed. By displaying the results of that analysis to the 
service technician 22 and by also simultaneously forwarding 
the results of the analysis to a remotely located expert 
observer 16 via the remote communications capability 14, 
the remote communications capability 14 allows the expert 
observer 16 (with a second service tool 18 similar in 
capability and design to the service tool 10 at the job site 20) 
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to monitor and advise the service technician 22. The expert 
observer 16 can then aid the relatively inexperienced service 
technician 22 in diagnosing or troubleshooting the operation 
of the system 12. 

0034. The present invention is described in terms of an 
applied chiller system that is intended to encompass all 
HVAC and BAS systems. However, the system 12 can be 
implemented in a multiplicity of physical embodiments 
including applied systems, packaged systems, rooftop sys 
tems, residential air conditioners, self contained systems, 
and split systems. Furthermore, the concept of the present 
invention is applicable to process systems, to remotely 
located equipment, and to facilities requiring service or 
maintenance by skilled technicians. Various complexity of 
controls are contemplated from individual component con 
trols through unit controls, system controls and global 
system coordinators. A building automation system (BAS) is 
contemplated to link the multiple components into a control 
system. Exemplary systems are shown in applicant's U.S. 
Pat. Nos. 5,347,821 to Oltman et al.; 5,355,691 to Sullivan 
et al., 5,419,146 to Sibik et al. and 5,224,648 to Simon, 
deceased et al. These references are commonly assigned 
with the present invention and are incorporated by reference. 
0035. The system 12 in the preferred implementation of 
the present invention includes an evaporator 30, a condenser 
32 and a compressor 34, all serially linked into a refrigera 
tion system, but a person of skill will recognize that the 
system 12 will vary in its implementation dependant upon 
the application and environment to which the invention is 
applied. In the described embodiment of FIG. 1, the evapo 
rator 30 cools a fluid such as water in a water loop 36, and 
the fluid in the water loop 36 is used as a heat transfer 
medium. An air conditioning device 38 such as an air 
handling unit, a water source heat pump, a fan coil or the like 
uses the fluid in water loop 36 to condition air. A refrigerant 
in the evaporator 30 vaporizes in absorbing heat from the 
fluid in the water loop 36. The vaporized refrigerant is 
compressed by the compressor 34, and the compressed 
refrigerant is condensed in the condenser32. The condenser 
32 is typically in a heat exchange relationship with a second 
water loop 40 and a cooling tower 42 or other heat sink. The 
cooling tower 42 is used to dispose of the excess heat 
acquired by a fluid in the water loop 40 during the process 
of cooling the compressed refrigerant. A control panel 44 is 
typically attached to the system 12 and includes temperature 
sensors 46, pressure sensors 48, and actuators 50 for moni 
toring and controlling the operation of a system 12. 

0036) The system 12 typically includes a diagnostic pro 
gram or programs in Software, firmware, or hardware. The 
particular diagnostic will vary depending on the nature, 
application, complexity and arrangement of the system 12. 
An example of Such a diagnostic with reference to a com 
mercial rooftop system is shown in U.S. Pat. No. 5,042.265 
to Baldwin et al. This reference is commonly assigned with 
the present invention and is hereby incorporated by refer 
ence. A person of ordinary skill in the art will recognize that 
other diagnostic systems are available and readily usable in 
accordance with the invention. Other exemplary diagnostic 
systems are included in the service products of Trane under 
the trademarks Rover and Everyman. 

0037) Service tools with some wireless capability have 
been previously considered as shown by applicant's U.S. 
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Pat. No. 5,361,985 to Rein et al. which is commonly 
assigned with the present invention and incorporated by 
reference herein. The present inventions use of an expert 
observer 16 and a remote communications function 14 
immeasurably improves the operation of previous service 
tools and allows a relatively inexperienced service techni 
cian to function as an experienced technician without the 
necessity of having an experienced technician on site. 

0038) Referring to FIG. 2, the service tool 10 of the 
present invention is implemented in a conventional laptop 
computer 52 which is preferably hardened to withstand the 
rigors of a service and maintenance environment. The laptop 
52 includes a first port 54, preferably an RS232 port, for 
communicating with any one of a multiplicity of controllers 
44. The physical link 56 between the first port 54 and the 
controller 44 allows the service tool 10 to exchange data and 
commands with the controller 44 regarding the HVAC 
system 12. The laptop 52 includes the diagnostic and soft 
ware templates providing a communications protocol for 
communication with any particular system 12. 

0.039 The service tool 10 includes a second port 60 for 
user input/output communications 62 with the service tech 
nician 22 by means of a conventional human/interface Such 
as a keyboard, mouse and display 64. A handheld device 
Such as a palm is also contemplated. 

0040. The service tool 10 includes a third port 70 includ 
ing a modem allowing remote communications with a 
network, an intranet, or the internet, all generically referred 
to as the remote communications capability 14. The remote 
communications capability 14 allows the same information 
being provided through the second “user port 60 to also be 
echoed 72 through of the third “remote communications' 
port 70 to the expert observer 16. The third remote com 
munications port Supports two way traffic and allows the 
expert observer 16 to provide expert diagnostics information 
74 through the remote communications facility 14. Addi 
tionally, the service technician 22 can obtain service infor 
mation 76 or sales information 78 as well as model and parts 
information 80 through the remote communications facility 
14. 

0041. The service tool 10 includes a self contained source 
of power and/or an AC power connection, both generally 
indicated by a block 82. 
0042. The service tool 10 also includes a diagnostics 
function indicated by block 84 and a graphing function 86 
including the capability to graph both historical graphs 88 
and real time graphs 90. The service tool 10 preferably also 
includes the typical personal computer components and 
functions including memory, a CPU, and circuits and soft 
ware containing and linking the other components of the 
service tool. This is generally indicated by block 92. 
0043. The operation of the present invention is described 
as follows: A service technician 22 is dispatched to the 
HVAC system 12 at a job site 20 to diagnose a problem or 
to perform routine maintenance. The service technician 22 
connects the service tool 10 to a controller 44 at the job site 
20, connects the power supply 82 to an outlet (not shown) 
if an AC power Supply is being used, and connects the 
service tool 10 to a telephone line, a cellular phone, or the 
like to complete the remote communications capability 14. 
With the service tool 10, the service technician 22 deter 
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mines the type and configuration of the HVAC system 12 
using information available from the controller 44. The 
service technician 22 determines if the software in either the 
controller 44 or the service tool 10 should be updated and, 
if so, obtains the necessary information from the service 
information site 76 over the remote communications facility 
14. The service technician 22 then ensures that an echo 
function 72 is operable and that the service tool 10 is in 
communication with the expert observer 16. The service 
technician 22 initiates the diagnostics function 84. 
0044) The diagnostics function 84 initiates preset rou 
tines which, dependent upon the product and configuration, 
exercise each function and feature of the HVAC system 12 
and, preferably, provide graphical representations of the 
results through the graphing function 86 to the service 
technician 22 and to the expert observer 16. The expert 
observer 16 than advises and guides the service technician 
22 in maintaining, repairing, troubleshooting or studying the 
system 12 as needed. Once the problem is identified and 
direction provided, the expert observer 16 can break com 
munication with the service technician 12. 

0045. The expert observer 16 is able to remotely super 
vise a number of service techs 22 and thereby increase the 
knowledge base and the experience base being used to 
analyze the results of the diagnostic function 84. Once a 
problem is identified or maintenance requirements deter 
mined, a decision is made as to whether repair of a com 
ponent, replacement of a component, or upgrade of the 
component or the system 12 is the appropriate course of 
action. If the owner's decision is required, parts availability 
can be determined from the block 80 and sales information 
can be determined from the block 78. Additionally, the 
appropriate service information for the specific repair, 
upgrade or replacement is provided from the service func 
tion block 76. A quick and comprehensive cost estimate can 
immediately be provided to the owner. 

0046) The union of the remote communications facility 
14 with the service tool 10 as well as the expert observer 16 
tremendously increases the capability, efficiency and perfor 
mance of not just one but all of the service technicians 22 
using a service tool 10 in accordance with the present 
invention. The experienced expert observer 16 is much more 
likely than an inexperienced service technician 22 to detect 
an anomaly or to recognize a pattern from the real time or 
historical graphs. Additionally, the provision of the same 
material through the echo function 72 to both the service 
technician 22 and the expert observer 16 ensures that each 
is operating with a full set of information. This serves to both 
educate the service technician 22 by focusing on the most 
appropriate items of data in the multiplicity of data provided 
by the diagnostics function 84, and also to avoid the waste 
of the expert observer's 16 time in travelling to a job site 20 
and performing the basic setup functions. 

0047 What has been described is a novel and unique 
HVAC service tool 10 including remote communications 
facilities and expert observer functions. It will be apparent 
that the service tool applies to all HVAC and BAS systems 
and can be modified in a variety of ways including the nature 
of the laptop used, the capabilities of a laptop and the various 
data provided over the remote link. The remote link itself 
can be modified from the use of a conventional phone line 
to use a cellular phone, a satellite uplink and downlink to the 
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second service tool 18. Additionally, the second service tool 
18 need not be a substantially identical counterpart to the 
service tool 10 but can be implemented on a functional basis 
in a wide variety of computers. The service tool of the 
present invention can be modified for non-HVAC and non 
BAS applications, so that the benefits of the present inven 
tion can be used to analyze complex systems needing repair 
or maintenance. All Such modifications and alterations are 
contemplated to fall within the claimed invention. 

What is claimed for Letters Patent of the United States is set 
forth in the following claims: 
1. (canceled) 
2. (canceled) 
3. (canceled) 
4. (canceled) 
5. (canceled) 
6. (canceled) 
7. (canceled) 
8. (canceled) 
9. (canceled) 
10. A portable service tool comprising: 
a body; 

first, second and third communication systems within the 
body, each communication system having a respective 
first, second and third external port; 

diagnostics function, operably connected to the first, 
second, and third communications systems, located 
within the body operable to receive data from the first 
system, to analyze said data, and to forward the ana 
lyzed results to the second and third communications 
systems; 

wherein the third communication system includes a 
remote communications facility, the second communi 
cation system is connected by the second port to a 
service technician, and the first communication system 
receives analog and/or digital data. 

11. The service tool of claim 10 wherein the remote 
communications facility includes an internet link. 

12. The service tool of claim 11 wherein the remote 
communications facility includes an expert observer receiv 
ing the analyzed results. 

13. The service tool of claim 12 wherein the expert 
observer studies the analyzed results and provides advice to 
the service technician. 

14. The service tool of claim 13 wherein the advice is 
provided via the second and third communication systems. 

15. The service tool of claim 14 further including the 
capability at the remote communications facility to provide 
Software upgrades and fixes for all generations of the data 
received from the first system. 

16. The service tool of claim 15 wherein the diagnostics 
function includes a first operative capability to perform 
maintenance and efficiency measuring tests and to display 
diagnostics including historical, current and real time graph 
ing capabilities. 

17. The service tool of claim 16 wherein the diagnostics 
function includes a second operative capability, in associa 
tion with the remote communications facility, to display 
parts information and availability and to provide appropriate 
sales repair and replacement information in response to an 
identified problem. 
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18. The service tool of claim 17 wherein the diagnostics 
function includes a third operative capability to benchmark 
the first system being analyzed by the service tool in 
comparison to other similar systems. 

19. The service tool of claim 18 wherein the diagnostics 
function includes a fourth operative capability to show an 
observer the precise value of data being measured and to 
show the observer the relationship of the measured data to 
associated trip points and limit points of the first system. 

20. (canceled) 
21. (canceled) 
22. (canceled) 
23. (canceled) 
24. (canceled) 
25. (canceled) 
26. (canceled) 
27. (canceled) 
28. (canceled) 
29. (canceled) 
30. (canceled) 
31. (canceled) 
32. (canceled) 
33. (canceled) 
34. (canceled) 
35. (canceled) 
36. (canceled) 
37. (canceled) 
38. (canceled) 
39. (canceled) 
40. (canceled) 
41. (canceled) 
42. (canceled) 
43. (canceled) 
44. (canceled) 
45. (canceled) 
46. (canceled) 
47. (canceled) 
48. (canceled) 
49. (canceled) 
50. (canceled) 
51. (canceled) 
52. (canceled) 
53. (canceled) 
54. (canceled) 
55. (canceled) 
56. (canceled) 
57. (canceled) 
58. (canceled) 
59. A method of using a portable service tool comprising 

the steps of: 
providing first, second and third communication systems 

within a body, each communication system having a 
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respective first, second and third external port wherein 
the third communication system includes a remote 
communications facility; 

operably connecting a diagnostics function to the first, 
second, and third communications systems; 

locating the diagnostic function within the body; 

receiving data in the diagnostics function from the first 
system; 

analyzing said data; 
forwarding the analyzed results to the second and third 

communications systems; 
connecting the second communication system by the 

second port to a service technician; and 
receiving analog and/or digital data in the first commu 

nication system. 
60. The method of claim 59 including the step of provid 

ing a remote communications facility including an internet 
link. 

61. The method of claim 60 including the step of for 
warding the analysis results by mean of the remote com 
munications facility to an expert observer. 

62. The method of claim 61 including the step of provid 
ing advice from the expert observer to the service technician. 

63. The method of claim 62 including the step of provid 
ing the advice via the second and third communication 
systems. 

64. The method of claim 63 further including the step of 
providing software upgrades and fixes for all generations of 
the data received from the first system. 

65. The method of claim 64 including the steps of 
performing maintenance and efficiency measuring tests and 
displaying diagnostics including historical, current and real 
time graphing capabilities. 

66. The method of claim 65 including the steps of 
displaying parts information and availability and providing 
appropriate sales repair and replacement information in 
response to an identified problem. 

67. The method of claim 66 including the step of bench 
marking the first system being analyzed by the service tool 
in comparison to other similar systems. 

68. The method of claim 67 including the steps of 
showing an observer the precise value of data being mea 
sured and showing the observer the relationship of the 
measured data to associated trip points and limit points of 
the first system. 


